
Universidade Federal do Rio de Janeiro 
Escola de Comunicação 

Programa de Pós-Graduação em Comunicação e Cultura 
Linha de Pesquisa Novas Tecnologias e Estética 

 

 

 

Marina Pantoja Boechat 

 

 

To visualize, to discover and to share 
On the uses of information visualization for building shared spaces for public debate, 

the cases of data journalism and controversy mapping 

 

 

 

 

 

 

 

 

 

 

Rio de Janeiro 

2016  



 

 

ii 

Marina Pantoja Boechat 

 

 

To visualize, to discover and to share 
On the uses of information visualization for building shared spaces for public debate, 

the cases of data journalism and controversy mapping 

 

 

Tese apresentada como requisito para obtenção 
do grau de Doutor em Comunicação e Cultura, 
no Programa de Pós-Graduação em 
Comunicação e Cultura da Escola de 
Comunicação da UFRJ, linha de pesquisa 
Novas Tecnologias e Estética. 

Orientador: André de Souza Parente, ECo-
UFRJ 

Co-orientador: Tommaso Venturini, Sciences 
Po Paris 

 

 

 

 

 

 

 

Rio de Janeiro 

2016 



CIP - Catalogação na Publicação

Elaborado pelo Sistema de Geração Automática da UFRJ com os
dados fornecidos pelo(a) autor(a).

B669v
Boechat, Marina Pantoja
   Visualizar, descobrir e compartilhar: Sobre os
usos da visualização de informação para construir
espaços compartilhados para o debate, os casos do
jornalismo de dados e da cartografia de
controvérsias / Marina Pantoja Boechat. -- Rio de
Janeiro, 2015.
   277 f.

   Orientador: André de Souza Parente.
   Coorientador: Tommaso Venturini.
   Tese (doutorado) - Universidade Federal do Rio
de Janeiro, Escola da Comunicação, Programa de Pós
Graduação em Comunicação, 2015.   

   1. visualização de informação. 2. debate
público. 3. cartografia de controvérsias. 4.
jornalismo de dados. I. Parente, André de Souza,
orient. II. Venturini, Tommaso, coorient. III.
Título.



 

 

iii 

Marina Pantoja Boechat 

To visualize, to discover and to share 
On the uses of information visualization for building shared spaces for public debate, 

the cases of data journalism and controversy mapping 

Tese apresentada como requisito para obtenção 
do grau de Doutor em Comunicação e Cultura, 
no Programa de Pós-Graduação em 
Comunicação e Cultura da Escola de 
Comunicação da UFRJ, linha de pesquisa Novas 
Tecnologias e Estética. 

Aprovada em 29/04/2015 

 

___________________________________ 

André de Souza Parente, doutor, ECo-UFRJ 

(orientador) 

 

___________________________________ 

Marcio Tavares d’Amaral, doutor, ECo-

UFRJ 

 

___________________________________ 

Henrique Antoun, doutor, ECo-UFRJ 

 

___________________________________ 

Ivan Capeler, doutor, ECo-UFRJ (Suplente) 

 

___________________________________ 

Tatiana Marins Roque, doutora, Instituto de 

Matemática da UFRJ 

 

___________________________________ 

Marco André Feldman Schneider, doutor, 

IBICT/UFF 

 

___________________________________ 

Fernando Álvares Salis, doutor, ECo-UFRJ 

 
 
___________________________________ 

Gustavo Silva Saldanha, doutor, 

IBICT/UniRio (Suplente) 

 



 

 

iv 

Abstract 

The thesis seeks to understand if in societies with ubiquitous data, that are heavily mediated 
by digital technologies, visualization can collaborate to compose shared spaces for public 
debate. This would involve making complex aspects of social life and public agenda visible. 
For this, first it was important to investigate the roots of visualization and its joint 
development with data, which is increasingly used as a basic unit to describe, record and 
manage social interactions. Second, it was also necessary to discuss the practices of 
information visualization and the challenges for its use as a tool for equipping public debate, 
especially in the fields of media and social sciences, where the issues of representing social 
reality are crucial. Therefore, the thesis was organized in two main approaches: first, we 
composed a small history of what we see as a process of discretization and reassemblage of 
supports and forms of information. With that, we seek to highlight the relation of mutual 
constitution between data and visualization, de-naturalizing the ubiquity of the former and 
contextualizing the importance of the latter. Second, we carried empirical work, by means of 
direct observation and qualitative interviews in two fields: data journalism and digital 
methods of social research, more specifically controversy mapping. Our main findings are 
mainly towards establishing the importance of the many and progressive transformations 
visualizations go through between visual analysis and final presentations, therefore 
considering visualizations as traces of debates and many interpretations along the way; and 
also the different perspectives and ways in which visualizations are accessed, organized and 
related at each moment. Finally, it led us towards the understanding that these practices point 
to a reversal of some traditional informational flows, by generating and reprocessing data that 
comes from digital tools into new mediation devices. 

Keywords: information visualization, public debate, controversy mapping, data journalism 
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Marina Pantoja Boechat 

Visualizar, descobrir e compartilhar 
Sobre os usos da visualização de informação para construir espaços compartilhados 

para o debate, os casos do jornalismo de dados e da cartografia de controvérsias 

 

Resumo 

Discutimos como, em sociedades pesadamente mediadas por tecnologias da comunicação e da 
informação, onde os dados se tornam ubíquos, a visualização pode colaborar para compor 
espaços comuns para o debate público, o que envolveria tornar visíveis aspectos complexos 
da vida social e da agenda pública. Para tal, entendemos que é importante investigar as raízes 
da visualização e seu desenvolvimento em conjunto com os dados, cada vez mais utilizados 
como unidade básica para descrever, registrar e gerir as interações sociais. Em segundo lugar, 
é necessário também discutir as práticas de visualização e os desafios para seu uso como 
ferramenta para instrumentar o debate público, especialmente nos campos da mídia e das 
ciências sociais, onde as questões relativas à representação da realidade social são cruciais. 
Para tal, a tese foi organizada em duas abordagens principais: primeiramente, foi composta 
uma pequena história do que entendemos como um processo de discretização e recomposição 
de suportes e formas de registro. Procuramos com isso ressaltar o vínculo de mútua 
constituição entre a visualização e os dados, desnaturalizando a ubiquidade destes últimos e 
contextualizando a importância dos primeiros. Em segundo lugar, realizamos um trabalho 
empírico, por meio de observação direta e entrevistas qualitativas, em dois campos: o 
jornalismo de dados, e os métodos digitais de pesquisa social, mais especificamente a 
Cartografia de Controvérsias. Nossos principais achados vão rumo, primeiramente, à 
percepção da importância das progressivas transformações nas visualizações entre a análise e 
os resultados finais – consideradas por nós como rastros do debate e das diversas 
interpretações ao longo do caminho –, e também das diferentes perspectivas e maneiras pelas 
quais as visualizações são acessadas e relacionadas a cada momento. Finalmente, rumo a uma 
compreensão de que tais práticas apontam para uma reversão de alguns fluxos tradicionais de 
informação, por gerarem e reprocessarem dados a partir da informação circulante, utilizando-
os como fontes para novos aparelhos de mediação. 

Palavras-chave: visualização de informação, debate público, cartografia de controvérsias, 
jornalismo de dados. 
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1. INTRODUCTION 

In societies that are heavily mediated by digital tools, more and more of our experiences, 

knowledges and practices is described as data, in order to be integrated in information and 

communication systems. This collaborates to a deluge of data and information that has been 

raising much concern on to how to store, recover and understand all these informational flows 

and reserves. Nevertheless, historically we have had other informational booms: many authors 

will indicate the invention of the movable type and the press as a turning point to information 

accumulation, that triggered a host of other devices for the production, organization, 

circulation and even political control of texts, such as libraries, archives, scholarly disciplines 

etc. (see, for example, CHARTIER: 1998). Others will point to the origin of the codex and 

even to the invention of phonetic writing (see, for example, BOTTÉRO:1995). To an extreme, 

studies in cognitive science will show that visual perception itself it coupled with procedures 

that reduce the amount of information that will be registered, in order to avoid overloads and 

better manage the available resources (see, for example, KIRSH, 2000, 2006, 2010a and 

2010b; WARE, 2003 and GIBSON, 2014). In order to differentiate the information overflow 

that characterized the last decades of the twentieth century onwards, we could, of course, 

argue in terms of quantity and talk about the many terabytes of information produced and the 

amounts that increase geometrically (see, for example, WURMAN, 2000). But that would 

only describe information from a computational point of view, that is of course the description 

that best matches the ethos of our computational age and a specific kind of information. So we 

should focus on the specific character of our informational boom: the fact that it is data-based 

and works from inside digital technologies. This presents at the same time specific challenges 

and specific opportunities.  

We have, on the one hand, a multiplication of spaces of discourse in the varied information 

architectures constructed in information systems, each one with specific rules, that select and 

aggregate messages to be circulated in specific ways, and not always will be compatible with 

one another. In this sense the many discursive spaces that have always existed in societies will 

be multiplied and reified in technical devices that often work to naturalize many discursive 

strategies. On the other hand, due to a wider variety of sources of recorded data and 

information, to the fragmentation of messages and to the discrete nature of data, information 

gets scattered as much as it gets ubiquitous, breaking contexts of reference. The challenge of 

achieving inclusive representations of social life, that has existed in many different ways 
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throughout human history, becomes fundamentally connected to the related tasks of 

overcoming platform biases in technical devices and to reassembling context from scattered 

references. 

In this sense, we see the visualization of data and information as a very important resource for 

dealing with the present informational landscape. It has quite nebulous origins that are mixed 

with the origins of cartography, but made its first major advances at the dawn of statistics 

from the eighteenth century on, connected with the needs of the management of accumulated 

records, like in the work of Priestley, or public and commercial administration, a bit later with 

Playfair (ROSENBERG & GRAFTON, 2010). From then on, and especially with digital 

technologies, visualization has penetrated the most varied spheres of experience in interfaces, 

digital tools and others. It has become a tool for describing the informational flows with 

which we deal on a daily basis and also an interface for access to information and for 

interaction with many tools.  

On the other hand, in the last few years, the use of visual data analysis – and therefore 

exploratory visualization – in scientific research in the humanities and social sciences has 

dramatically increased. In an environment of ubiquitous technical mediation by digital tools, 

every interaction generates more traces, which collaborates to a deluge of data. The challenge 

of making sense of this affluence becomes ever more important because, with these records 

and the growing formalization of our knowledge and exchanges in the form of data-based 

content, many aspects of our reality can now be tracked, treated and made visible (see 

VENTURINI & LATOUR, 2010; Rogers, 2013). Visualization comes in as an important tool 

throughout the whole scientific process when data is used: for the data analysis, but also for 

facilitating the exchanges and discussions between peers during the inquiry and 

communicating the findings. Of course, data analysis does not always involve visualization: 

in quite a few scientific fields, especially in the natural sciences, data is mostly analyzed 

through abstract procedures and calculations that do not involve visual mapping. Throughout 

this thesis, when we talk about data analysis, we will be referring to visual data analysis, and 

considering the possibilities it opens for widening the publics that can profit from these tools, 

across disciplines and social groups. 

Towards the fields of media studies and in relation to concerns like digital citizenship, we 

should also consider the new opportunities opened for a better understanding of the 

communicational exchanges outside the major mediatic encodings, of the uses this visibility 
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can have to foster and equip public debate and the social production of knowledge. As Viégas 

and Wattenberg declare, “visualization is ready to be a mass medium” (2010). We should 

understand what kind of medium visualization it can be and, most of all, how it may change 

the notion of mass communication, as every new technology does change the settings from 

which it is bred. Our main setting for discussing visualization is, therefore, in between 

scientific practices in the social sciences, professional media and everyday use. In fact, it is in 

the translations between these instances that reside our main concerns. 

The thesis seeks to understand if in societies with ubiquitous data, that are heavily mediated 

by digital technologies, visualization can collaborate to compose shared spaces for public 

debate. Even though visualization has seen countless uses in countless environments, for the 

fact that we are relating it with public debate, understood as the discursive part of the 

exchanges in social life, something that develops shared and negotiated maps of meaning and 

is part of the social disputes, we will emphasize its connections to social research, media and 

journalism and citizenship. Visualization is, of course, also a tool for decision making, for 

developing corporate strategy, for public policy etc. Also, we should not ignore the fact that in 

these environments there is definitely much debate. Nevertheless, as we want to emphasize 

the political and social aspect of debate, as in public debate, we will accordingly emphasize 

the power of visualization for achieving innovative descriptions of social reality, 

recontextualizing scattered content, and providing renewed access to information sources. 

Lastly, as we are going to see in the first chapter, visualization itself can be a broad subject, 

but we will be focusing on its role in societies where data is becoming ubiquitous, as in data 

and information visualization. As public debate does not choose specific environments and 

penetrates in a way or another all social practices and the same begins to become true for data 

and information visualization, we do hope that some of our results may be useful for 

corporate decision-making, for example, but we will not approach these subjects directly. 

In order to better situate our inquiry, it is first necessary to develop a working definition of 

visualization in the first chapter, and to discuss some of its frontiers and gray areas, according 

to some of the main disciplines that deal with it. This is not a straightforward task, 

considering that, along with the penetration of visualization tools in many spheres of our 

societies, there are many fields of knowledge and practice involved in its use and 

development. Also for the fact that our approach, for its interdisciplinarity, engages many of 

them. We realize that the tradition of the research in HCI (Human-Computer Interaction) does 

place much value on the amount of information that can be condensed and communicated 
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through visualization, almost as if the effectivity of visualization was mostly derived from its 

efficiency, from loading more and more information through our eyes at each time, and faster. 

Even though we understand that this is an important feature of visualization, especially in 

these times of data deluge, we believe this synthesis may mask a wider cultural and socio-

technical context and thus narrow our understanding of the theme. For example, we identify a 

tendency to face data as something raw that has, by itself, relevant information while 

visualization would mostly reveal it. In practice, what we see is that data is never raw, it is 

produced inside specific methods and systems, and may carry many biases. Also, that 

visualization and data have a relationship of mutual constitution, which means that new and 

different informations may be produced from data while visualizing, and that the discrete 

aspect of data is paired with discrete aspects in representation systems. 

Second, we should situate the fundamental importance of information access, exchange and 

structuring to public debate and collectivity, and outline some of the main ways in which 

these connections were translated into practices since the emergence of the modern 

democratic states. This will characterize knowledge production as a practice that is also 

social, that is part of collective existence, and will also point to the collective dimension of 

devices of mediation, among them visualization. We should also point to some issues about 

the circulation of messages and information in contemporary societies, in order to account for 

power strategies and disputes in this field. These are the goals of the second chapter. 

Both aspects, the mutual constitution of visualization and data and their collective dimension, 

indicate that we must try to point out to which extent visualization already is, historically, 

penetrated by many traditions, and, from that base, to discuss how they are enlivened and 

reenacted in today's tools and methods. Therefore, this thesis has a double approach: the first 

is historical and based in discussing many examples of visual displays of information, 

connected to many devices and worldviews; the second was carried out through fieldwork for 

understanding practices and uses of visualization in data journalism and digital social 

research. We are focused on understanding more about visualization through some of its 

contexts, in two directions: on the one hand its roots, traditions and constitutive relations and, 

on the other hand the practices and challenges of visualization in the digital methods of social 

research – more specifically controversy mapping – and in data journalism. With that, we 

believe we have the opportunity to develop a better understanding of the workings of 

visualization, its challenges and the possibilities for using it to foster public debate.  
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In the third chapter, we develop this historical approach in the form of an antiquities hunt, 

bringing up examples and tracing relations, without aiming at recomposing an actual history 

of visualization. We advance that this mutual constitution of data and visualization has 

historically been organized by a progressive movement of discretization of languages, 

supports and technologies. This issue involves far too many levels of human craft and 

knowledge to allow for a thorough appreciation, but will serve as a guideline to establish 

some aspects of the fundamental relation between visualization and the emergence of data. In 

a wider sense, this emergence has been happening long before actual digital technology, and 

the history of visualization makes it visible, evident. This chapter is organized in five main 

parts: first, in a large introduction, we seek to describe this intertwined emergence of the 

contemporary ideas of information, visualization and of the digital; then, in the three next 

parts we go deeper in out antiquing and search for this movement of discretization in the 

representations of time and space and in the composition of context. Last, we discuss some of 

the main structures we found along the way: lists, tables and grids, their interchangeability 

and their role in the movement of discretization and its complement, the movement of 

reassemblage. We identify these movements of discretization and reassemblage to be part of 

the history of visualization and of the contemporary technologies of information, but also to 

be fundamental for contemporary methods of visualization. 

In the fourth chapter, we address our field work in data journalism and digital methods of 

social research, particularly controversy mapping, towards understanding some of the main 

contemporary practices. In the media environment, we can perceive a tension between what 

would become known as the traditional model of centered communication as in broadcast 

media, and the possibilities now widely available through digital and networked media. Since 

the beginning and popularization of the internet, we have been witnessing a redistribution of 

content production, editing and publishing tools that also redistributes the work of media 

professionals and the placement of news organizations. Coupled with that redistribution, there 

is a growing presence of data-oriented knowledge and technology in our daily lives, as well as 

in the management of social life in general. Everyday, journalists face the challenge of 

translating, contextualising and analysing these sets of data, and one of the most powerful 

answers to that has been the work on infographics and data visualization. In fact, data 

visualization, especially for statistical and demographic data, has been increasingly present in 

news pieces throughout the history of journalism, so much that recently we came to see news 

stories composed mainly by graphs. In the emerging field of data journalism, visualization 
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becomes key also inside the newsroom, while producing the news pieces, as tools for analysis 

and for finding or building stories. For publishing these stories, visualizations have become 

increasingly complex, for example with online access, interactive features and real time data 

display. 

On the other hand, scientific visualization and, more generally, scientific images, have for 

long been an important part of the scientific research and determinant for producing and 

approaching objects of study. Data visualization, while already traditional for analysing data 

and publishing results, comes to be especially integrated in research inquiries with the 

development of digital methods that draw from the data produced in digital networked media, 

as in digital methods of social research. By deploying links and other relations between data 

entities into visual structures, it opens the path to a better understanding of social networks 

and flows, drawing at the same time from social theory and analysis and from computational 

methods and models. The particular method we observed, called controversy mapping, is 

largely based on actor-network theory and seeks to return the maps (visualizations) produced 

to the actors of the controversy, as tools for public debate, to equip citizenship. So there is this 

alignment of social research, public debate and citizenship that is indeed very interesting for 

advancing the subject of this thesis. 

So we turned our attention to practices of visualization in both data journalism and 

controversy mapping, areas of media and research where we believe the issues of knowledge 

production and public debate through visualization can be better identified. For data 

journalism, we were able to visit some of the main newsrooms in Brazil, and conducted 

interviews with more than twenty journalists, designers and editors from news companies and 

institutions inside and outside the country. For the digital methods of social research, we were 

able to visit the médialab, a center of research of Sciences Po Paris, and the origin of the 

method of controversy mapping, where we focused this part of our inquiry. We followed and 

participated with european project Emaps, and were able to observe up-close the challenges 

and possibilities of the use of visualization in the method. We also conducted many interviews 

with the project participants, from different universities and research institutions in Europe. 

Chapter four describes the main characteristics of the use of visualizations in both fields, 

journalism and social sciences, details the methods used for fieldwork and the initial issues 

found. In journalism, we outline major changes in the use of visualizations once data analysis 

starts being incorporated to general practices, and relate these to new possibilities for relating 
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mediatic agenda to public agenda. In social sciences, there is also a similar shift, but mostly 

inside the digital methods of research, whose main issues and challenges we seek to describe. 

In order to highlight the importance of the performative and collective aspect of visualizations 

as controversial devices whose many transformations may make the richness of debate 

visible, we draw from the work observed in the Emaps project to discuss the many 

movements recorded in visualizations, from data exploration towards presentation of results. 

We advance that we should understand this as a process of many transformations that 

associate data and visualization, rather than two stable and separated levels of display, one for 

exploration in analysis and other for communication in presentation. In order to explore these 

transformations, we develop two pairs of concepts: first, the reification of issues and 

reenaction of insights, that relate more directly to the transformations between visualizations 

towards debate; and, second, the camera and the album, that relate to the transformations in 

the actual use and access of those visualizations during the same process. 

The fifth chapter is dedicated to outlining the complementary effects and strategies of 

reification of issues and reenaction of insights, also developing a discussion about the quest 

for simplification, present in the traditional uses of visualization in journalism as well as in 

social research. We understand that, although simplification may occur during the process, it 

should not be taken as a goal in itself, but as a by-product of all the transformations and 

refinements. Instead, we propose the idea of shallowness, to describe this effect of clear 

outlining of discursive objects and their contexts that comes from the work of reifying issues 

and reenacting insights. The sixth chapter is dedicated to explore the approaches of camera 

and album, which are two different but not mutually excluding aspects of the organization or 

structuring of visualizations for being accessed at each moment. We mix examples of 

visualizations published in media outlets with examples from controversy mapping projects. 

The camera approach is more evident in interactive visualizations, where the presentation is 

transformed along exploration of a digital reserve, and different views are outlined. The 

album performs the complementary movement, of collecting several kinds of visualizations 

into a set and sewing them together into a narrative. This brings up a discussion about 

interactivity, that we also address by positing that there are many levels of interactivity and 

many different needs for interactive resources. We understand that these should reflect the 

path that was outlined during the transformations in the exploratory stages, which is the 

fundamental and underlying data narrative. 
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We conclude by reinforcing the crucial role of visualization for public debate in societies that 

are heavily mediated by digital technologies and also for the constitution of this contemporary 

landscape itself. We seek to deepen the interpretation of the informations collected in our 

fieldwork, identifying, inside the configurations of dispute that are part of the public debate, a 

specific field of dispute, not exactly of the origin or property of information, but of the place 

of mediation of the many flows of information. This dispute sprouts from this critical 

approach towards the current structures of information dissemination, and does not involve 

specifically the creation of new and independent media outlets, but of artifacts that may be 

able to map out and integrate the available flows and sources of data towards new syntheses. 

While media outlets and information systems constantly propose structures and specific 

contextualizations to describe events and organize data flows, researchers and hackers extract 

data and make maps for new interpretations, creating new mediations. These processes revert 

and restructure the available flows of communication, because the data that operationally 

describes all the information flows is repurposed to generate new mediatic syntheses towards 

the interpretation of social reality, especially through visualization. To close our thesis and 

account for this newfound plasticity of informational flows through visualization, we propose 

the concept of reverse mediation. 
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2. FIRST CHAPTER: THE PROBLEM WITH VISUALIZATION 

The term visualization is quite tough to frame, because it is at once broad and specific. It is 

broad in non-expert circles or circumstances: in the english language, the verb “visualize” 

may mean to imagine or remember by forming a picture in your mind, in order to organize 

what you know about something. When it ceases to be a verb and turns into a noun, 

visualization, it is linked with devices: as Ricci (personal communication, July 18th, 2014) 

points out, even a photographic camera can be thought of as a visualization device, because it 

gives you access to a specific way of seeing something. Photographs, in that sense, would be 

visualizations or views of that something which has been portrayed. So, curiously enough, the 

discussion about visualization is transferred from the realm of memory and imagination to 

include a network of objects and more devices that collaborate in the praxis of visual 

cognition. Visualization will be part of technical mediation. 

On the other hand, the term is quite specific in expert fields: computer sciences, information 

science, a host of biomedical sciences, cognitive studies, statistics, communications and 

journalism, art, design and computation, to name a few, all have designations for visualization 

that intend to be as strict as possible, but are divergent in many aspects. The problem worsens 

because there are many word combinations and related terms: the frontiers between 

information visualization, scientific visualization, data visualization, infographics, graphs, 

maps, charts, visual narratives, etc. may be hard or impossible to establish. Practitioners or 

specialists in many different fields of research and practice will have specific terms to refer to 

the visualizations they use, according to their traditions and the way in which they treat their 

concerns. For example, many of the designers and reporters that we interviewed, who had 

experience in newsrooms and with data-driven news, use infographics as an umbrella term, 

even though the term visualization is growing in acceptance. On the other hand, scholars and 

designers working with controversy mapping tend to use maps as an umbrella term, even 

though they use quite a wide variety of visualization methods, much wider than the ones from 

traditional cartography. 

Manovich (2010), defines visualization as a “remapping of other codes into a visual code”, 

which brings up another aspect of technical mediation, besides the coupling with devices: the 

constant movements of translation. We find a correspondent discussion in Cairo (2012), who 

speaks from the point of view of a designer and visual journalist with large experience in 
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newsrooms, and interacts with these traditions, where infographics are the most widely used 

term to refer to graphical displays of data and information. He understands that many authors 

consider infographics and information visualization to be two very distinct and separated 

things, where the first would serve only the purpose of presentation while the second would 

be focused on exploration and analysis. He proposes a different approach, based on the idea 

that both visualization and infographics have a common nature, that of associating 

presentation and exploration, just in different levels. So he aligns infographics and 

information visualization as the two ends of a straight line (see figure 1.1), and associates the 

first with presentation and the last with exploration, a reorganization of terms that allows for 

much flexibility in the use of both infographics and visualizations, as well as experimenting 

with many intermediate forms. Even though we believe this to be a strong proposition, we 

should note that the term infographic, as it is used in journalistic circles, is also quite broad 

and includes presentations that are not exactly spatialized displays of data, like the floor plan 

of a building or a diagram that explains a food chain in a specific ecosystem. Which is 

probably why Tufte (1983), when discussing graphics, stresses the fact that he is addressing 

quantitative displays of information, to afterwards write another book on visual explanations 

(1997), that are not necessarily based on data. In practice, both quantitative displays and 

visual explanations fall into the field of infographics. As we are going to discuss ahead, 

information visualization, on the other hand, is considered, at least in the field of human-

computer interaction (HCI), to be based on data. 

 

Figure 1.1: The continuum between information visualization and infographics according to Cairo (2012). 

Ricci (personal communication, June 18th, 2014), in an approach that is similar to Cairo’s, 

proposes a continuum between data visualization and information visualization, also 

understanding that there are no clear frontiers between them. So towards one direction you 

would be closer to the data, and would have a focus on the exploration and the search for 

patterns through complex mappings, with data visualization. Towards the other direction you 

would have more aggregated presentations, displaying more streamlined objects and 

narratives and a focus on discussing assumptions, as in information visualization (see figure 
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1.2). Therefore, in comparison to HCI, he draws a narrower interpretation of the term 

information visualization, in the sense of also being based on data, but interpreted data. Direct 

visualizations of raw data would fall closer to the category of data visualization. 

 

Figure 1.2: The continuum between data visualization and information visualization, according to Ricci 
(personal communication, June 18th, 2014). 

We consider Ricci’s approach to be especially useful to our discussion, for two main reasons. 

First, because it reinforces the general idea that information is aggregated and interpreted 

data, and allows us to organize some of the other terms used in many fields do designate 

visualization and its related formats or devices. For example, we come to realize that most 

quantitative displays that journalists call infographics, by associating many different contents, 

would fall closer to information visualization, while what they call graphs or charts would fall 

closer to data visualization. Second, because it also encompasses the idea that data 

visualization may progressively become closer to information visualization along the work of 

analysis, interpretation and narration, a subject we will explore in other chapters. This brings 

us back to Manovich’s definition, that emphasises the translation of other codes info visual 

codes, but with a very important twist: the translation does not happen only in the first visual 

mapping, it continues throughout the analysis. 

Of course, there are kinds of visualization that do not fall within this continuum, like most of 

what is called scientific visualization. Also, this schema cannot be used to trace the 

differences between methods of visualization like geographic maps and bar graphs, for 

example, because what distinguishes them is not some distance or proximity in relation to 

base data. But it does account for our main concerns for the discussion about visualization and 

public debate, which are closely related to discussing the visual interpretations and contexts 

for debate that we progressively build over data, through visualization. The complementary 

relation between the two kinds of visualization – or, we may say, two continuous aspects of 

visualization – makes it more reasonable to address both of them in this thesis. We will be 
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focusing on the work over visual displays that are based on data, be it in more direct 

mappings, be it in more interpreted and aggregated presentations. 

2.1. HOW DIFFERENT FIELDS APPROACH VISUALIZATION 

All the different takes on visualization and its related terms are, if anything, indications of the 

broad use of visualizations nowadays. As visualization serves many disciplines and many 

professional fields, sensible methods and tools for visualizing data do not cease to emerge and 

evolve, especially considering the growing presence of data in the description and 

management of every aspect of our lives. We gathered three main strands of conceptualization 

of visualization to which we will refer during our work: the strand of communications and 

design, that connects with semiotics and aesthetics and is concerned with the presentation of 

graphs and the messages they may convey; the strand of STS that connects to the history of 

sciences and some of the many methodological discussions in scientific fields that use 

visualization, especially where visualization allows for the use of data in social analysis, like 

in the digital humanities; and finally the strand of HCI, connected to computer sciences and 

cognitive studies, that center their concerns around amplifying cognition and visually 

exploring large quantities of data through interactive tools. In what follows, we will briefly 

introduce the main points each strand brings to our discussion, while bringing more density to 

the outline we are proposing for our subject. 

2.1.1. Communications and design 

The practices of visualization in journalistic and editorial content create an interesting space 

of convergence for the disciplines of communication studies and design. Designers’ 

procedures and concerns interact with those from editors and content producers, putting 

visualization in a very interesting place, for its relation with different associated content, for 

the concern with combined narratives and with the developments in mediatic and public 

agendas. Traditionally, by this perspective, visualization is mostly described and approached 

as a form of visual explanation and visual narrative, being its most central objectives to reach 

visual clarity and to reveal insight. The terms used in these fields to refer to visualization may 

range from graphics, to graphs, to infographics, data displays and, more recently, information 

visualization. 
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After some outstanding pioneers, like the Scottish engineer William Playfair (2005), who is 

praised for inventing classic formats like the bar and pie graphics still in the end of the 

eighteenth century, and the French geographer Jacques Bertin (2011), who is known for 

structuring many concepts for statistical graphics for the first time in the 1960’s, Edward 

Tufte would be the standard reference on the subject, with his work on the standards for 

designing proper graphical display of data (see especially TUFTE, 1983). 

According to Spence & Wainer (in PLAYFAIR, 2005), Playfair started creating and 

perfecting some of the most traditional methods for the graphic display of data in the end of 

the eighteenth century, in a time when writings on economics usually displayed data in tables. 

Even though large archives of data had been available over a century before Playfair, it took 

many decades for graphics to be adopted in scientific papers. The main concerns at the time 

were connected with possible distortions and misinterpretations caused by visual perception. 

Nevertheless, outside specific scientific circles, some praised the fact that graphics could ease 

comprehension, like a universal graphical system that could cross language barriers. An 

example to this perception was the reaction of king Louis XVI, who, upon receiving 

Playfair’s Commercial and Political Atlas, was highly pleased for understanding their content 

at once (p.1). This impression of the graphics displaying a clear and universal language can 

also be found in Tarde (1883), almost a century later, when he advocates that graphics could 

be like a clear and untainted retina for accessing reality. 

In Bertin (2011), this universal aspect of graphics and visualization is still central, but will be 

the fruit of a careful labor of creating a graphic system to suitably display all the values and 

categories present in data. He understands the development of data graphs should be guided 

first of all by a careful consideration of the structure in the dataset, and how variables and 

values relate to one another. Afterwards it would be possible to test different variations and 

formats, in order to find the one that most clearly displays the issue at hand. He highlights the 

progressive and logical decisions one needs to go through while building data displays, and 

also the importance of graphics for information processing and storage. 

Tufte, on the other hand, places much emphasis in the idea that graphs should reveal data, in 

the sense that, without a visual display, data and the relevant information it may contain will 

not be accessible. He is concerned especially with graphics as published content. He writes 

from the perspective of someone who has witnessed the modernization and popularization of 

the printing industry and the emergence of desktop publishing, and is deeply concerned with 
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the lack of criteria for the use of graphic resources that often followed in media outlets and 

even in scientific publications. Tufte advocates clarity, precision and efficacy, and points to 

the need of clearing the graphs of what he calls chartjunk. Chartjunk are unnecessary and 

confusing decorations or visual metaphors included just for the sake of visual impact or 

entertainment. In opposition to this problem, he coined the concept of data-ink, which refers 

to the “non-erasable core of the graphic, the non-redundant ink arranged in response to 

variation in the numbers presented.” (1993, p.93) So one of the central purposes of Tufte’s 

principles will be to maximize as much as possible the share of data-ink in relation elements 

devoted to things other than data, the non-data-ink. Even part of the data-ink itself may be 

removed (and its corresponding data as well), if  it is considered redundant to the issue at 

hand. Tufte also creates a measure for data density, based on the proportion between data 

points displayed in the graphic’s matrix (total entries) and its total area, in order to treat the 

issue of a graphic’s relevance (see figures 1.3 to 1.5). 

 

Figure 1.3: From left to right, an example of progressive improvements on the data density of a bar graph by 
removing non-data-ink elements. Based on TUFTE: 2001, p.126-127. 

There is also another set of concerns, which is the relation between graphs and other kinds of 

content and the possibilities for developing visual narratives through data and information. 

Tufte understands that combinations with other kinds of elements, like textual comments, 

labels and highlights, collaborates for making data complexity accessible. Like Bertin, he 

believes the fundamental choice of how to display quantitative data will be guided by the 

characteristics of the dataset, like the amount of labels and the volume and ordering of data. 

But, at the same time, as he is concerned with publishing, he highlights that there are different 

basic devices for displaying data: sentences, text-tables, tables, demi-graphics and graphics. 

For reduced amounts of values or depending on the kind of comparisons you wish to draw, 

graphics might not be the best choice. Graphics will in general be the most powerful choice as 

datasets become more complex, but even when they are chosen as the main solution for the 



 

 

28 

display, the final published result will usually combine other devices, like sentences and 

tables, in order to attract and introduce the reader to the richness of data. For Tufte, a certain 

narrative quality of graphics is important to their clarity, and is reached mainly by the care 

with these associated devices. 

Tufte also notes that there is an artificial separation between images and text in modern 

publishing, that he credits mostly to the separation of professional specialties. He believes this 

hinders the proper integration of content, be it in the page structure or in the content 

producing itself, where graphics are published as illustrations and texts become unnecessarily 

heavy with redundant data content. Kanno (2013), on the other hand, demonstrates how 

historically the printing technologies collaborated to such separation: typesetting, for 

example, served mostly for text, while initially it was necessary to print images in separate 

pages, using different techniques. The technical possibility of integrating image and text, two 

parts of a same content, was only partially achieved with off-set printing, after a long process 

of technical improvements that was simultaneous with the structuring of journalism as a 

professional field, so a strong heritage of separation between images and text is still very 

much alive in practices of page layout, reporting and editing. Kanno proposes the term “visual 

journalism”, highlighting the integration of various visual resources within the text to better 

tell the news story. 

In recent references, and also in Tufte’s more recent works, different concerns take central 

stage, like the problem of larger and larger datasets with many variables. That more complex 

data displays, based on large and multivariate datasets, may fall into the concerns of 

communications and design is no mere accident, considering the growing presence of data for 

the description and management of today’s connected societies, followed by the interest of 

wider publics, that feel they are affected by issues that are better approached through data 

analysis. To better address this, there are deeper investigations on the possibilities of 

exploratory and interactive visualizations that would enable the display of many details and 

different views while keeping a sense of context for displaying the data as an integrated 

whole. Before, this kind of tool would be mostly used in visual data mining and other 

activities related primarily to the analysis of data and not for displaying relevant issues for 

wider publics. So the field of communications and design starts dealing with different aspects 

of visualization, with a tendency to combine visual exploration and visual explanation. For 

example, Cairo (2012), who is specialized in infographics and has a large experience in 

newsrooms, talks about a partnership between exploration and presentation, pointing to this 
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double use of visualization in the media, something that wasn’t very much highlighted in old 

school references in the field. 

This shift in approach signals to an approximation with some concerns of statistics and 

computer science, fields that traditionally have worked to advance robust tools for the 

exploration of complex datasets, but rely on tried and tested formats and lack much concern 

for the visual quality of data displays and how effectively they may be communicating. Fry 

(2004), for example, advocates a deeper methodological integration between visual design, 

data mining techniques and software-based information visualization, in order to deal with the 

limitations in each area. So there is a growing and mutual influence between practices that 

work to aid understanding and to improve communication, and others that focus on complex 

analysis and can handle the large amounts of data present in today’s networks and information 

systems and organize the infrastructure for that. A sign of this growing exchange is also the 

fact that in professional practice in communications and design the terms information 

visualization or data visualization, that are traditional inside computer science and human-

computer interaction, are growing in acceptance. 

Finally, one last relevant concern: Tufte (1983) and Cairo (2012), for example, advocate the 

refining of the graphics in many cycles of progressive revision and editing. As visualizations 

gain complexity and new metrics for evaluating user behavior are available for online 

publications, these cycles can encompass refining the graphics according to the interaction of 

a wider public of users. In that sense, we can profit from the specific field of design and their 

research on methods, even if we do not have many references addressed directly at the 

problem of visualization. While the tradition of design have focused historically on delivering 

form that follows function, recent theory and methods will be concerned with addressing the 

many situations of use and, moving ahead, with the different functions (and meanings) that 

may arise from use (CARDOSO, 2012). The designed object gets to be considered something 

that evolves in time, going through many unexpected appropriations. In terms of design 

methods, this is translated into iterative cycles that encompass an attention to the uses before 

design, and the uses after design: the appropriations should be included into design practice in 

order to feed new cycles of improvements and transformations, as in participatory design and 

in the idea of design after design (DISALVO, 2012). We believe these efforts tend to 

approach the designed object as a collective, social object, and not as something that is 

projected for the cognitive and functional needs of an individual, for individual reception and 

use. 
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Something similar occurs in the field of communication studies, where, apart from the theory 

directly related to visualization in newsmaking, we find the specific subject of visualization to 

be somehow underdeveloped. Nevertheless, we believe we could definitely profit from the 

classic concern of the field with the processes of mediation and with the reception by readers. 

Recently, and especially with the arising of some issues more evident in digital media, 

communication studies have been offering relevant keys to discuss visualizations as collective 

mediation devices and as interfaces for broader social processes. Indeed, we believe 

approaching visualizations as media devices and including it as such inside the field’s 

concerns is one of the main contributions we intend to bring with this thesis. 

2.1.2. STS and the history of science 

The field of STS approaches visual documents in general as evidences of scientific processes 

and methods. They are also seen as tools for the communication between colleagues, that 

make collective research practice possible, as well as demonstrations and reinforcements of 

scientific ethos, as in the work of Daston & Galison (2010). On the other hand, they are 

analysed as traces of the many stages of the work being done, of the development of 

discussions that generate scientific knowledge, where the transformations and translations that 

happen along the way are in focus. 

Daston & Galison (2010) discuss the many historical developments of the quest for 

objectivity in the natural sciences since the eighteenth century, using the scientific atlases as 

empirical object. They highlight the collective aspect of the atlases, and the fact that they 

aimed at “selecting and constituting ‘working objects’”(p.19), being tools for “collective 

empiricism”(p.26) that train the eye to recognize significant traits and frame what is 

acceptable as a scientific object at each field of the natural sciences. For the authors, scientific 

atlases display the evolution of different approaches to scientific practice and different criteria 

for perfecting fundamental epistemic virtues, among which objectivity. And these criteria 

draw the boundaries in which scientific debates take place.  

Eighteenth century atlases, carefully crafted by reputed naturalists and their chosen artists, 

collaborated to refine ideal types of nature, that is, seeked ideal representations that would 

clear out many variations between specimens. It was believed that the variations masked the 

underlying nature of the phenomenon: the authors call this perspective “truth-to-nature”. By 

the end of the nineteenth century, mostly with the first experimentations with photography, it 



 

 

31 

becomes clear that the variation in specimens is part of nature, part of phenomena. After the 

evidence delivered by mechanical record, all the efforts of refining archetypical types start to 

be seen as far too human and, to put it briefly, subjective. So atlas makers become obsessed 

with intervening the least possible in the images produced mechanically, so that nature could 

be portrayed without the distortions caused by human idealistic projections, interpretations 

and expectations. The machines, rather than direct observation, become instruments for 

scientific discoveries, in some sort of blind sight. They call it “mechanical objectivity”: the 

objects portrayed become characteristic, examples of certain issues, in order to draw, by 

comparison, a perimeter of the variations of what was to be considered normal and what was 

deviant. But as the images multiplied, so did the criteria of organization, the passion for detail, 

hindering the clarity and transparency that they were aiming at. 

As Daston & Galison advance, this perspective evolved into two upcoming views: one that 

seeked to abolish images themselves, called “structural objectivity”, and another that valued 

visual interpretation, called “trained judgment”. The first one, structural objectivity, refers to 

groups of scientists that were concerned with the limits and variability of human perception, 

and also of language. They believed that reality and experience could never be fully 

represented and transmitted from mind to mind, because: “anything that was picturable, 

subject to the laws of association, and above all private was ipso facto ‘psychological’ and 

could not be modified by the adjective ‘objective’” (p.270). The challenge here was to 

“transcend the privacy and individuality of representations and intuitions” (p.273). So, for 

them, the quest for objectivity involved searching for things that could be identical for 

everyone: they believed only pure relations could be communicated and were, therefore, the 

only objective experience possible. Simple structures for collective convenience were to be 

the goal of every scientific work. The true essence of things was out of reach. The closer to 

images this scientific ethos created were abstract schemas that aimed at communicating these 

relations. 

On the other hand, trained judgment brought to light the limitations of using specific images 

as “boundary posts for the normal” (p.309). The fact was that atlases like the ones from 

mechanical objectivity originally proposed that the task of representing should stay on the 

image itself, but towards the twentieth century, this responsibility was increasingly transferred 

to the readers. It was in the hands of the reader to compare, relate and arrive at new syntheses, 

so judgment followed from there. Scientists that work inside the ethos of trained judgment 

will advocate and assume the need of a discipline for judgment and interpretation that would 
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add to the mechanically produced image. They point to the “necessity of seeing scientifically 

through an interpretive eye” (p.311), and to accept the role of intuition in scientific 

hypotheses and scientific work. This new training and discipline for judgment would produce 

an “interpreted image” (p.311), refined by trained judgment, and end up building a new set of 

criteria for atlas making. 

Abstract schemas, describing experience and reality as a set of relations, recognizing and 

analyzing patterns... Unfortunately for us, Daston & Galison pass right beside the subject of 

information visualization, but do not dwell in it. Nevertheless, this massive theory does 

address many relevant issues for treating the subject of visualization: it establishes how 

several kinds of sight were involved historically in building scientific knowledge and how this 

is a collective and therefore communicational problem. More specifically, it also hints at the 

emergence and evolution of visual comparisons and relations as well as visual patterns as 

important assets for scientific research and communication. 

While Daston & Galison focus mostly on the finished atlases or images as objects of analysis, 

Lynch (1985) presents us with a discussion about visual documents in the sciences that 

focuses specifically on the processes of selection and mathematization images go through so 

they can present and take part in the construction of scientific facts. For him, by the 

progressive use of selective perception, images are annotated and schematized in a sort of 

distilling process until they can clearly display and even demonstrate the object of interest and 

its relevant characteristics. He makes the point of declaring that it is necessary to separate the 

idea of observation of its individual and cognitive base, and associate it with what he calls 

“rétine exteriorisé”1 (p.110), that is, the shared material where images circulate, that helps 

building working objects to be dealt with. For Lynch, in the traditions of pragmatic, 

phenomenological and interpretative sociology, perception is many times compared to a filter 

that, from a chaotic world, operates choices, simplifies and puts in order, according to projects 

and interests of each individual. He believes we should regard the idea of selection as 

something that is connected to coordinated practices of collectives, and not only to the sole 

individual. Therefore the idea of externalized retina: it is the visual criteria that is externalized 

as social practice in scientific images. 

                                                
1 “Externalized retina” (our translation) 
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This is not a process of invention: these images are, in fact, a construction that emerges from 

the interaction of several actors and procedures. He describes two main themes: the 

simplification, that addresses the way in which scientific methods simplify and schematize 

their objects of study, and the mathematization, or the movement of attributing mathematical 

order to natural objects. To discuss simplification, he brings up pairs of photographs and their 

correspondent schematic drawings: one is the result of the initial object being turned into 

image by an automatic photographic device, the other is the result of a process of reduction 

and filtering of the first one to its relevant graphic elements, like contours, frontiers or 

surfaces. So there are sequential transformations that aim mainly at: filtering noise and 

irrelevant detail; standardization to better fit visual conventions and better communicate; 

amelioration, to improve the clarity of the image; and définition, for clearly distinguishing 

different elements, which entails classification to a certain extent. As for mathematization, it 

entails a geometrization of forms that would better clarify measures and reinforce the 

approximative linearity, uniformity and regularity ascribed to the objects along the study (see 

figures 1.6 and 1.7). 

Latour & Biezunski (2005) talk about the hardening of scientific facts as a social undertaking, 

that is, many methods and processes by which facts are outlined, proven and reified, many 

times, to an extent in which they become irrefutable. Much earlier, in an article titled “Les 

vues de l’esprit” (1985), Latour had already put forward the idea of the mobiles immuables, or 

immutable mobiles, which would be in the center of scientific activity: normalized and 

stabilized objects that could be recombined and transported to different contexts. Later, in the 

book Pandora’s hope (1999) he also beautifully describes a series of transformations between 

the complex (or raw) object of study and progressively compatible and standardized elements, 

in devices, inscriptions and images, where each keeps a verifiable reference towards the 

previous, allowing for the retracing and verification of procedures. 
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Figure 1.4: Ribosome model. Simplification in visual scientific 
documents. Source: Stephens, Grover; North, Barbara. Biology. 

New York, John Wiley and Sons, 1974, p.87. Apud Lynch, 
1985. p. 112. 

 

Figure 1.5: Ridges. Mathematization in 
visual scientific documents. Source: 

idem, p.327. Apud Lynch, 1985, p.115 

 

So, as we have seen, most of STS literature, when discussing the role of images for the 

construction of scientific knowledge or even of different epistemologies (like in Daston & 

Galison), deals mostly with what we could call scientific visualization. There is, like in the 

trained judgment described by Daston & Galison or in the externalized retina of Lynch, a 

coupling with automatized and systematized methods of documentation and layers of 

annotations and refining that consolidate elements. Latour does include a wider set of devices 

and methods alongside the specific activities of image-making in the transformations he 

follows, but the spatial character as a reference that can be trailed back to the original messy 

natural object across each step of transformation is still an important issue. 

As we intend to further develop in this thesis, the spatial character of information 

visualization is ascribed and built in a different way: since in the beginning of the 

visualization process what you have is data, there is no image of nature (neither of external 

visual references) to be refined into other images and image sequences. Spatiality is ascribed 

according to methodological issues, hypotheses and relations between quantities and/or 

categories in base data. And a certain spatial character may be traced all along the 
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transformations or may change completely between images: as we discussed earlier, testing 

different forms of spatialization is key to the process of visual data analysis. And this is not 

necessarily a difference that goes back to the separation between natural and social sciences: 

natural sciences do use information visualization and, on the other hand, social sciences might 

use maps that target physical distribution of social phenomena. With digital measuring and 

sampling devices, translating enormous amounts of records into data and information 

visualizations has become commonplace. To an extreme, part of what is registered in the Big 

Hadron Collider at CERN, for example, is analyzed as data, through visualization: either 

because particles are so small they cannot be actually photographed (or otherwise 

imagetically registered), only measured; or because they are tracked by such a huge amount of 

indirect traces, that it is necessary to assemble them into visualizations in order to recognize 

patterns. 

This leads us to a very delicate discussion, which is the differentiation between scientific 

visualization and information visualization. Munzner (2008), for example, understands that 

the difference lies in the ontological origin of the spatial dimension: while with information 

visualization the spatial dimension is chosen (or at least configured or constructed), for 

scientific visualization the spatial dimension is given. This can be related to the process of 

“imposition”, as described by Bertin: in information visualization there is always the 

fundamental stage of deciding how data will be mapped, of imposing spatial dimensionality 

that was not there to begin with. On the other hand, Bederson & Shneiderman (2003), 

researchers from the field of Human Computer Interaction (HCI), provide us with a more 

detailed and, we believe, more accurate differentiation. They understand that researchers of 

scientific visualization are concerned primarily with three-dimensional objects, with their 

volumes and surfaces, fluxes and formations, and seek to answer questions about inside or 

outside, above and below, left or right. On the other hand, researchers of information 

visualization are focused in representing abstract phenomena to which there might not be a 

correspondent physical reality to be captured as an image: variations on the values of stocks, 

monitoring of production and distribution flows, variations in glycemic levels, social 

relationships etc. Even if both sources are coming from the physical world, with information 

visualization the emphasis is in finding relations between variables and patterns in the whole, 

while with scientific visualization reproduces objects and phenomena in images in order to 

understand physical structures and processes by means of annotating and measuring. 

And this also has effects on the kind of data and variables used: 
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“scientific visualization users are primarily interested in continuous variables such 
as density, temperature, or pressure, whereas information visualization users deal 
with continuous as well as categorical variables, such as gender, race, home 
ownership, date of birth, state name and number of bedrooms.” (BEDERSON & 
SHNEIDERMAN: 2003, p.ix)  

These differences in the variables used also points to the proximity between information 

visualization and the social sciences, that will need devices to deal with phenomena that are 

not immediately visible. 

For Lynch (1985), scientific visualization builds the physiognomy of scientific objects, as the 

movements of simplification and mathematization transform samples in facts. Likewise, we 

could say that information visualization, while working from complex data mappings towards 

new syntheses, builds visibility to different objects, and turns samples into measured 

phenomena. One starts with data, the other starts with an image, but both will face many 

challenges to ensure the reliability of their starting points and of the following 

transformations. So, instead of drawing the line between scientific and information 

visualizations by evaluating which has a more direct or indicial link to a reference, it seems 

more productive to realize that the conditions for the emergence of spatiality are different at 

each case. 

Of course, like much of the STS literature we are using elaborates, all the annotations, tracing, 

filtering and improving that scientific images go through until they turn into stabilized 

working objects will eventually make them closer to diagrams based on measurements than to 

pictures of the raw and messy natural object; closer to pictures of what is known about 

something rather than pictures of a specific something. 

After all, should we scribble yet another continuum, this time between scientific visualization 

and infographics? We probably could: at one side, we would have photographs or their 

variants, indicial impressions of a certain specimen. Towards the other, we would have, 

progressively, annotations on their surfaces, schematic drawings that would clear much noise 

and define relevant limits and surfaces, and progressive regularization and geometrization of 

forms, until we got to a point where the scientific image would not be discernible from – 

picture that! – an infographic. We might as well come back to figure 1.7. What matters most 

to us is that in both continuums – the one between data visualization and information 

visualization and the other, between scientific visualization and infographics – the road seems 

to be gained with progressive interpretation and outlining of relevant objects or elements. The 
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focus for these transformations seems to rest on in pattern recognition, either for pulling apart 

different textures or borders, or identifying sets of occurrences, in order to separate 

information from noise and to generate the interpreted image. 

So there are two main concerns in STS regarding the scientific images or inscriptions that are 

central to our approach. First for associating images to the collective aspect of scientific 

developments, for providing science with shared stabilized objects that set the stage for 

exchange, communication and collective work and, second, for providing access points for 

understanding the development of those discussions through observing the visible 

transformations between images. While in STS these concerns are more clearly approached 

through discussions about scientific visualization, we feel they are very relevant for 

understanding information visualization and its role in creating visual working objects. We 

understand that the process of deriving scientific knowledge from visualizing data entails 

specific concerns and will aid collective work, stabilize shared objects and go through many 

transformations in very specific ways that merit much attention, especially considering the 

role of data in today’s connected societies and, on the other hand, the penetration of scientific 

controversies and evidence in public debate. As Lynch, for example, problematizes the 

relation of scientific visualizations with the pictured object, we should problematize the 

relation of information visualization with data, and the transformations elaborated over it. 

2.1.3. HCI and computer sciences 

HCI scholars, on their turn, use only the term “information visualization” to refer to 

the spatialized presentations of data that are in the core of their work as interfaces for the 

interactions between humans and computers. Information visualization, in fact, is considered 

to be a subfield of HCI (BEDERSON & SHNEIDERMAN, 2003), so the field offers a quite 

strong and organized literature on the subject. Card and other relevant scholars coined a 

widely adopted concept of information visualization: “the use of computer-supported, 

interactive, visual representations of abstract data to amplify cognition” (CARD et alii, 1999, 

p.7). This concept makes clear that there is a deep concern for the technical features a 

visualization may dispose of and also for the subject of amplifying cognition. Tying 

information visualization to those technical features (of being necessarily interactive and 

computer-supported) will seem quite restrictive for the ones coming from the theories of 

communications and design and from journalistic practice, but they also signal to the focus of 
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the field on complex mappings and exploratory tools for visual data mining, where they 

deliver the most useful theory to our work. 

We should note that there are authors in related fields who do not observe this strict 

link between visualization and interactive features, and sometimes not even with computer-

supported technologies. Börner & Polley (2014), for example, use the most varied examples 

of visualizations in their work, from interactive, to digital static, to print, to hand-drawn. Even 

if they focus on advanced data mining and computer tools, and even if Börner identifies 

herself as a researcher and professor in Information and Computer Sciences, they take into 

account the insights provided by many different resources for the task of making sense of 

data, and have a broader view on what visualization is. We will discuss and refer to HCI’s 

contributions for the theme of information visualization, but will take on a broader approach, 

like the one proposed by Börner & Polley. 

In HCI, this general goal of making sense of data is translated in the concern with 

amplifying cognition. In fact, for HCI, the theme of amplified cognition is in the backbone of 

the relation between humans and computers, where there is a complementarity between 

human visual-cognitive system and computer graphics. Ware (2003), for example, highlights 

the importance of thinking tools for cognition: the capacities of the mind for reasoning by 

itself are overrated, because thinking almost never goes on solely inside people’s heads. We 

think with many objects, we think with the world, so cognition is externalized with 

instruments, and amplifying it involves creating better thinking tools. Information 

visualization is, for HCI, an interface between the two systems of computation and human 

cognition, and the relation is two-fold: if there is an amplification of cognition, there is, on the 

other hand, an amplification of the computing possibilities through human cognition. A strong 

example of this is visual data mining, where humans are said to lend cognitive power to 

computers, so data can be organized (KEIM, 2002). 

According to Ware (2003, p.3-4), the main advantages of visualization are: allowing 

the understanding of large amounts of data; giving a general view of many records, therefore 

allowing the perception of patterns or emergent properties; making problems with data (like 

biases and vices in methods or artifacts) evident; facilitating understanding of both large-scale 

and small-scale features of data; and facilitating hypothesis formation. Apart from that, the 

author does highlight that visualization fundamentally takes advantage from the visual 

cognitive system, that is capable of processing several data points simultaneously, registering 
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visual stimuli in parallel. Card et alii (1999) summarize this last aspect by praising the 

bandwidth and the processing capabilities of the visual-cognitive system. 

For Card et alii (1999), visualization is one of the procedures by which one can develop a 

process of knowledge crystallization, that is motivated by the search for a better 

understanding of a problem, with the aim of feeding decision-making. Knowledge 

crystallization involves different stages: first, there is information gathering and the 

construction of a representational framework to make sense out of what has been collected. 

Using a framework will always involve the schematization or abstraction of information, as 

well as the omission of informations that are not relevant to the problem and do not fit into the 

chosen schema. This means that, on the one hand, the problem is formulated while knowledge 

is crystallized, and also that in this process there is always some loss, some cutting off of 

information on account of the normalization of data. So there should always be some 

consideration for the trade-offs of the available options. From there, with information 

structured in the chosen schema, one can package the patterns, that is, highlight the patterns 

discovered and instrument the discussion or propose a solution for the problem.  

This evaluation for fitting the data into a schema is clearly a process of reducing an initial 

only broadly defined problem into a matter of pros and cons, a logical issue, it is driving the 

problem away from a much uncertain and undefined terrain. Card et alii highlight the 

selective character of this process: the task or problem at hand will orient the omission of 

complexity levels in the data that are not relevant in a given context. They also point to an 

interesting theme, that the selective omission of information is at work in every biological 

information processing system, as part of mechanisms geared towards the efficiency of 

actions.  

It is also interesting to notice how this process of knowledge crystallization describes 

visualization not only as something that develops over time and is paired not only with 

decision-making processes, through interaction, but also as something that is related with the 

physiology of visual cognition itself, at least as it is described in the field. This points to the 

integration of the human cognitive system and the computer, that is so dear to the research in 

HCI. Bederson & Shneiderman (2003), for example, do bring up the importance of the flow in 

information visualization. Flow is a concept developed by Csikszentmihalyi (apud 

BEDERSON & SHNEIDERMAN, 2003) to address the sense of an optimal and fluid 

experience in one’s exchange with the world. For information visualization, this is translated 
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into a few objectives and recommendations, so the computer interface can allow the users to 

concentrate on the tasks at hand, becoming an extension of the user’s body and offering users 

a sense of control and confidence while he/she makes progress toward their goals (p.XV). 

Ware (2003), translates the search for this integration between information 

visualization and user into seeking a sort of alignment between the human cognitive system 

and the computer, so he developed a set of recommendations for information visualization 

based on the research on the physiology of human cognition. According to him, visual and 

cognitive processing happens in three stages. To put it briefly, first, low-complexity data like 

shape, color, orientation, movement and texture is collected from the visual field at the same 

time by the many sensors in the eye,  that work in parallel. This is stored in a temporary iconic 

memory. In a second stage, there is a slower process of devising different regions in the whole 

that has been perceived, building a map of the distribution of those traits and its patterns. On 

the third stage, objects are identified and stored in the short-term memory. Long-term memory 

interacts with the more superficial levels of iconic memory and short-term memory all the 

time during this process: according to pragmatic problems the individual is faced with, the 

brain translates tasks in visual parameters and performs visual queries throughout the system. 

So the process combines bottom-up procedures in the low levels of visual cognition with top-

down categories in the long-term memory. 

Therefore, there is this pairing or partial mirroring of cycles in both parts, of cognition and 

visualization, where both systems activate the whole chain through interaction, guided by 

practical needs or interests. But, more than that, we identify that they are both (even human 

cognition) described in terms of data extraction and treatment, while the social environment 

seems to be left outside of the many interactive cycles. As we are aiming at discussing the 

uses of visualization for public debate, it can become quite limiting to talk about cognition 

mostly as a physiologic, and therefore individual, process. From our point of view, it is not 

enough to consider that data itself comes from social environment and the insights developed 

through the joint cycles of cognition and visualization go back to it. Even if Card et alii 

(1999) work with the concept of external cognition, in a certain sense cognition is brought 

back inside the interiority of a closed circuit with a specific device. The schemes of the 

authors we referred to encompass a one-on-one relationship with the machine, but we might 

just need to address the amplification of cognition in other terms: it will have to include 

debate and collective reasoning also as amplifications. And, of course, this cannot be done 
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without some consideration to the bumps, irregularities, translations and compositions that 

come into play when discussing technical mediation inside social practices and public debate. 

2.2. THE WORKINGS OF DATA AND INFORMATION VISUALIZATION 

French geographer Jacques Bertin (2011) advocates from the beginning that thought can only 

be expressed through a system of shared signs, and that graphics should work just like that: as 

coherent systems of signs to communication and thought. Therefore, the title of his classic 

book, The semiology of graphics. He proposes many terms that aid evaluating and discussing 

datasets from the point of view of graphics-making, a task he calls the analysis of information. 

From the structural understanding of data that these terms collaborate to, there is a process of 

imposition of data into the two-dimensional plane, that we could call a first spatialization of 

data. Before everything, this involves the choice of a graphic structure that should follow the 

structure of the dataset, more specifically the relations between variables (that he calls 

components). Of course, since the geometrical plane will initially display two dimensions, one 

at the vertical axis, another at the horizontal axis, two main variables of the dataset must be 

chosen for this initial imposition, even if more are available. The other dimensions may be 

portrayed by different features, such as color or size of graphic marks, or even by projecting a 

third dimension on the plane, or displaying variations in small multiples. So, in these two 

variables, if there are correspondences to be traced between all the values in one variable and 

all the values in the other variable, then the graphic should be a diagram. For example: a bar 

graphic that displays variations on the prices of a certain commodity, in which a price 

corresponds to a specific date. If there are correspondences between all the values in the same 

variable, it will be a network, like in networks of social interactions. Finally, if the values of 

one variable are to be distributed on the plane according to their geographic location, then we 

have a geographic map. 
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Figure 1.6: A tree of possible choices for mapping the same data table. Source: BERTIN:2011, p.101. 

It is important to notice that these criteria, however straightforward and data-adherent they 

may seem, also involve considerations that are not strictly connected to data structure, but to 

the aspects one may choose to highlight on data, according to the problem at hand, and also to 

concerns over the situations of use and clarity for publishing. This can be perceived in an 

example he develops to discuss other more detailed choices of graphic structure, after this first 

level of analysis and decision. Even in a dataset that contains geographical data, structures 

other than maps can and sometimes should be used (see figure 1.9). There are many different 
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graphic solutions to address different data and varying concerns in analysis and emphases in 

display. 

Börner & Polley (2014) also point to the relation between graphic structures and the internal 

relations between variables and value in the dataset, but highlight the different questions that 

can be asked at each configuration of data and graphic structure. For them, there are five main 

types of analysis, that are related to questions that can be asked: Statistical Analysis/Profiling, 

related to traditional demographics and so on, drawing profiles and categories from a group; 

Temporal Analysis (when), that deals with the evolution of entities in time; Geospatial 

Analysis (where), when the focus is on displacements, locations or distributions in physical 

space; Topical Analysis (what), focusing on themes, word analysis etc; and, finally, Network 

Analysis (with whom), that focuses on relations and interactions between entities. There are 

also three levels, depending on the number and coverage of records being analysed: from 

micro/individual, to meso/local, to macro/global. This categorization that is centered on kinds 

of questions to be asked and the size of the universe to be approached highlights the focus on 

the insights that the activities of building visualizations provide during and after their 

undertaking. 

They propose a workflow for the design of visualizations (see figure 1.10), in which at start 

you would have the stakeholders (providers of the data, readers or concerned publics), then 

(as in Bertin) you would go through a first superficial analysis of data, to determine its general 

structure and coverage. At this stage, data will be read and analyzed, and it might have to be 

cleaned and preprocessed. Afterwards, you get into the stages dedicated more specifically to 

visualizing, which are choosing a visualization scheme; overlaying data, that is, inserting (or 

imposing, for Bertin) the data into the chosen structure; and, finally, visually encode the data, 

that is, working on standards to represent the other dimensions that may work well together. 

Once this visual system is defined, the visualization can be deployed – that means to be 

published or distributed – and presented to stakeholders for validation, which will initiate new 

cycles. They define this as a needs-driven workflow design, in the sense of building 

visualization according to specific needs or tasks, that will guide from data selection to 

parsing, to graphic structures and the interaction with them. No wonder it is organized as a 

loop that integrates the stakeholders. 
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Figure 1.7: Needs-driven workflow design. Redrawn from Börner & Polley, 2013, p.18. 

One other interesting aspect of the work done by Börner & Polley (2014), is that they do see 

visualization as a kind of framework for visual exploration and insight, but do not link 

exploration necessarily to interactive features. They understand that even static or print 

visualizations can be relevant for visual data analysis. According to them, there are many 

kinds of visualizations, related to their structure and level of complexity, and each one will be 

best for addressing a specific kind of question. 

Card et alii (1999), on their turn, define a reference model for visualization (see figure 1.11) 

that gives special attention to the transformations imposed on data and the feedback loops 

performed during the process of building and accessing visualizations. It is relevant to us for 

offering a view on the specific processes for interactive visualizations. From the start we have 

raw data, that may have the most varied presentations and are in this sense idiosyncratic: 

registries that may be hard to combine or simply are not structured according to specific 

needs. To work around these variations and arrive at a normalization that allows for the 

visualization of uniform levels of comparison, data is inserted into tables. This involves a 

transformation of data to reveal objects and relations that may be described in mathematical 

terms, and the combination with structural data, or metadata. This is an intermediate stage, 

between raw data and visualization, when data becomes standardized, sortable and workable, 

and at the same time assume already a first spatial characteristic that is fundamental for 

performing basic comparisons. 
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Then there is the mapping of data into graphic structures, that afterwards incorporate spatial 

coordinates, visual highlights and other graphic properties: all of these create a code for 

visually presenting the the dimensions, quantities and categories present in data tables. These 

graphic structures are like visual information models, that are going to be displayed according 

to interaction in updated views, that is, transitory organizations of the structure that are 

produced according to the user’s exploration. The passage between different views is 

achieved by view transformations, that are the result of transitions demanded by user 

interaction. As a matter of fact, the visualizations HCI is interested in are processes of 

visualizing from data, to tables, to graphic structures and to views, they exist in time. 

 
Figure 1.8: Information Visualization Model (redrawn from CARD et alii: 2013, p.17) 

Card et alii have also classified some kinds of transformations and described some levels of 

feedback loops. After the data transformations involved in transforming raw data into data 

tables, which may include discarding values or making approximations for missing ones, 

there are the transformations directly associated with imposing data into the visual structures, 

and, finally, there are the view transformations, which are something exclusive to interactive 

visualizations. There are basically three of them: location probes, in which extra data related 

to a specific data-point or area is displayed, adding to the data present in the initial landscape; 

viewpoint controls, where the visual structure is magnified or displayed by another point of 

view or another part of it; and, finally, distortion, which distorts the larger structure in order to 

show detail while keeping sight of the overview in a single continuous space. The view 

transformations, conducted during human interaction, account for the feedback loops we see 

in the reference model (see figure 1.11). We believe it is because of all these necessary 

transformations in data that they choose to use the term information visualization in the place 

of data visualization: it implies a formatting and interpretive work so that visualizations may 

exist, a process that extracts and maps relevant data, to relate it towards information. 
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Figure 1.9: Stages for producing a visualization. Source: FRY: 2004, p.31. 

Fry (2004) points to the fact that information visualization encompasses tasks that mobilize 

many different kinds of specialists, and proposes a method that might better integrate different 

capacities, that he calls computational information design. As he argues, the different stages 

of information visualization (see figure 1.12) are usually best conducted by different kinds of 

professionals: acquire and parsing are inside the field of computer science; filtering and 

mining, in mathematics, statistics and data mining; representing and refining in graphic design 

and, finally, planning and deploying the interactive tools is a task for information 

visualization specialists and HCI. Every specialty has some limitation towards information 

visualization: visual design usually does not have the tools for handling large amounts of data; 

data mining techniques are meant for dealing with large amounts of data but do not address 

the means for interacting with it; software-based information visualization usually builds tools 

or features for interacting with large datasets, but is disconnected from the visual design 

principles that would allow for better understanding and operation (p.11). He also believes 

that, as every professional specialty deals with a part of the process isolatedly, “each step of 

the process diminishes aspects of the initial question under consideration” (p.14), so much 

density and interest are lost in the final result. 

Like the model from the HCI scholars, Fry’s model considers the cycles of transformation in 

user’s interaction, that reorganize the chain, so production and access are overlayed. But Fry, 

for bringing to the center stage the exchanges between professionals with different expertises, 

takes one step further: for every stage, he proposes a few methodological improvements that 

add to the visualizations’ flexibility in terms of new materials and criteria that may emerge 

along the process. At the acquire stage, the system should be able to deal with live or 

changing data sources; at the parse stage, modular parsers should be built so new data sources 

can be included; filters should automate processes and allow for real-time modifications; and 
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so on and so forth. So, instead of many different systems, one for each visualization and 

dataset, Fry brings up the modular possibilities of programming as a way of working towards 

building blocks that can be integrated, recombined and reconfigured for specific and changing 

needs. We believe this is an interesting way of technically incorporating ongoing debates and 

the collective aspect of research in the core and workings of visualizations. Of course, this can 

be related to many practices and methods that do not cease to gain acceptance in 

programming and software development community, like widely adopted standards, data-

exchanging interfaces like APIs, and open-source software. Between the extremes of 

situation-specific visualizations and the utopic (and perhaps badly framed) goal of producing 

universal or all-purpose visualization systems, we find Fry’s perspective to be more 

productive, at least considering interactive computer-supported visualizations. 

2.3. ASSUMPTIONS TO BE QUESTIONED 

As we have seen, most of the traditional literature that can be more directly linked to data and 

information visualization is quite in accord about a few assumptions. First of all, they praise 

the fact that visualization will condense large amounts of data into a single image. 

Visualization is, in general, valued for the quantitative advantages that are ascribed to it: 

mostly for the fact that it can aggregate and represent at once enormous amounts of data and 

for the fact that it takes advantage of the capacity of the visual-cognitive system for also 

transmitting these large amounts of information at the same time, in parallel. From our point 

of view, these advantages tend to be taken as straightforward values in themselves, probably 

for the many and relevant concerns raised by the data deluge we have been living in since the 

popularization of digital technologies and networks. We believe we should allow ourselves to 

question the fundamental character of these advantages, so we can contextualize them while 

exploring the constructive relation between information flow and visualization. 

Another advantage or quality that is ascribed to visualization is that it reveals information that 

would otherwise be hidden (or we could say invisible) in data. This, again, is built atop some 

very reasonable assumptions: checking and comparing the huge amounts of records that can 

be fed into and produced by today’s information networks is impossible without some method 

for aggregated and contextualized access. Comparisons between different individual records 

would be impossible in simpler structures like tables and lists, so some relevant information 

would not be uncovered. But, on the other hand, we feel that this phrasing of things tends to 
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take the relationship between data and visual mappings for granted, as something natural, and 

also tends to assume that data has in itself, a certain amount of information that only needs to 

be brought to light, to the visible world. This second assumption is probably the most 

dangerous, because it could lead to the idea that data is some sort of hidden or underlying 

code for everything and visualization comes as a new tool that would help us uncover it. It 

could also lead us to disregard the fact that data is a form among many to describe things for 

specific uses, and especially that visualizations are after all interpretations that may lead to 

many other different interpretations in analysis, and also carry many rhetoric strategies that 

build over data. We should keep in mind that this polyphonic, interpretative aspect is in the 

roots of producing information and especially of building knowledge. 

We believe the emergence of data as such a powerful and useful description of our reality 

goes back to a long process of discretization in the techniques and technologies for recording, 

storing and exchanging knowledge and information. As we intend to demonstrate, this can be 

traced in workings of devices and in the surfaces and structures of documents and images, and 

points to a joint development of data and its spatial presentations, among which there is 

visualization. So the contexts we build from data through visualization should be seen as 

something a bit less normalized and straightforward; and the relationship between data and 

visualization should also be seen as rich in tensions and productive interaction that may lead 

to unexpected results. 

This leads us to another major aspect of the traditional literature about visualization, which is 

its collective aspect, that is, in our opinion, underdeveloped. As we have seen, transformations 

are always highlighted when one discusses making and accessing interactive visualizations, 

but they are not contextualized inside collective practices and methods where visualization is 

inserted: transformations are not seen as part of the debate. Nevertheless, even as researchers, 

for example, work with static visualizations, these serve the purpose of communication 

together with analysis, in the sense that people gather around them to discuss and exchange 

ideas. The different versions of visualizations, especially of the static ones, are not only by-

products of sequential improvements in the design process: they are the trail debate leaves 

behind, and testify for its collaborative development. 

Connected to this concern for the collective nature of visualizations, there is also the problem 

of how this body of theory deals with the issue of insight in visualization: it is often seen as an 

individual enterprise, connected to the efficient functioning of cognition. Again, this sprouts 
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from some very relevant and undisputable discoveries of cognitive sciences about the 

functioning of human visual perception, but, as we would like to discuss below, the most 

efficient cognitive and perceptual system may not be the most insightful. For the rest of this 

chapter, we will take a closer look at this specific issue. 

2.3.1 Sight, interaction and insight 

Indeed, sight is a very complex sense and a very powerful dimension of human cognition. 

According to Bederson & Shneiderman (2003), “There is simply more bandwidth and 

processing power for input through the human eyes than through any other sensory modality.” 

(p.ix) It offers the possibility of non-linear apprehending through images, whereas the other 

senses would only dispose of linear or sequential modes. So in a surprising equivalence to 

computation devices, HCI researches would say that vision offers the possibility of parallel 

processing while the other senses would offer only serial processing.  

Nevertheless, we believe it is important to understand that, if this is true, it is so partly 

because vision has gone through a long process of specialization and coupling with different 

visual practices. Crary (1990) describes this long process where former functions of the eye 

were progressively altered by a detachment between visual and bodily experience. Especially 

from the first half of the nineteenth century on, there is a significant growth in “practices in 

which visual images no longer have any reference to the position of an observer in a ‘real’, 

optically perceived world” (p.2). Vision gets abstracted and conversely abstracts what is seen. 

It is so common to find praises for the parallel processing of the visual-cognitive system, that 

we forget that other senses also offer this possibility. It is key for hearing, for example, 

otherwise we would lose much of our spatial orientation. For example, according to Chion 

(1985), the introduction of Dolby sound systems in cinema rooms was crucial for our sense of 

immersion in the image: while vision has been largely abstracted from bodily presence, the 

other senses continue to be closely connected to our bodies and ground our experience. In 

cinema rooms, sounds that come all around the audience re-locate the body into a 

tridimensional space, collaborating for an immersive experience with the film. So the same 

technologies that profit from all these advantages ascribed to vision collaborated to form ways 

of seeing that that are useful and productive for them and, at the same time, were themselves 

developed along centuries for this vision that was emerging. 
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On the other hand, the fact that parallel processing opens the possibility of making 

comparisons very efficiently is key for the uses of visualization, but it is also central for our 

interaction with the world in a general way. According to Ware (2003), once we know our 

surroundings, we have developed cognitive schemas, or mental images derived from 

experience, that summarize the most useful aspects and the points of interaction with the 

environment, to which we cling to the most. Comparing only superficial perceptions to those 

general schemas in order to get around lowers the pressure and the effort of being always 

attentive, always focused, open and actively processing detailed information. Ware explains 

that the process of visual perception and cognition in three stages that we described earlier, as 

well as the process of rechecking the whole chain with the images stored in long-term 

memory and new indices from vision that tunes up the whole system, can all be understood as 

a process of attention (p.22). We are always performing this as we go through our lives, and 

attention can have a superficial, fluid aspect to it or it can be active, selective. 

We understand that visual interfaces in general encourage active and selective attention, not 

because this is necessarily the best way to explore them, but because they are designed with 

hierarchical graphic systems to differentiate elements and a priori visual relations, at least in a 

superficial level. Also because, especially in the case of interactive visualizations, we can say 

that their functioning is like a chain of actions and reactions: commands from the user and 

returns from the software that updates the views. Therefore, when Ware seeks neurosensorial 

evidences for the development of visualizations that may be quickly learnt and understood, he 

privileges of course a selective and focused use of vision, that receives clues each time clearer 

and stratified, that aim at clearer communication and easier operation for an acceleration of 

interactive cycles.  

The problem is that, if the predefined schemas of the sensorimotor system reigned entirely, 

there would be no space for the uncertainty that leads to discovery. It is necessary that there is 

some break in the flow of interaction for the discoveries to take place, otherwise 

visualizations would only be communicational tools in the most restricted sense, of 

transmitting some pre-existing information, and would never do for investigation or analysis. 

If something new is discovered, it is because it differs, it strikes out and breaks the flow. This 

is related to the idea of breakdown, as proposed by Varela (1989): when some inconsistency 

is perceived, this leads to an inventive break in the existing perceptual structures, it is the key 

to invention. We would like to point to the fact that many times the success of visualizations 

is gauged by how much they integrate with cognitive habits and collaborate for their 
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efficiency: if routine cognitive procedures aim at saving effort and resources to be efficient, 

likewise, the geometry used in visualizations flattens a land to be accurately measured and 

mapped, it takes off unexpected bumps. If insight is in the deviations, we could run the risk of 

using visualization to obscure information and insight instead of revealing it. 

According to Deleuze (1990), indeed we normally perceive only clichés: very efficiently, we 

process everything we perceive to create sensorimotor images that are partial, that record 

whatever is useful at some point according to our interests. This simplifies decisions and lets 

us focus on possible actions. Of course, this agrees with the researches referred to by Ware 

(2003) and points again to the issue of selection and loss to guarantee the efficiency of 

cognitive and perceptual systems, present some way or another in all biological systems. 

From a certain point of view, images also serve this purpose: they are visual systems that give 

away some codification so that we do not always perceive everything, because indeed that 

would be unbearable. Every image ends up by falling into a cliche. Even when we perceive 

something for the first time, never seen before, the hyper population of memorized 

sensorimotor schemas is such that they will work as filters, so that many details will recede to 

the background. 

Deleuze posits that it is necessary that the sensorimotor structure breaks from the inside so 

that we can have a more direct access to what we see. It is right in the moment when these 

schemas break or are not functional anymore that another image emerges, a whole image 

without any metaphor that might cover it, the direct image of the thing itself, in its radical 

character. This breaking is the key to the experience of the image-time, a concept created by 

Deleuze to address many aspects of the aesthetics of cinema. For him, in cinema history there 

is a passage towards the experience of the image-time from the neo-realism on. In traditional 

realism, the cinema image has a strong link to the sensorimotor system, in such a way that the 

viewer, identifying himself or herself with the characters of the drama, extends perception 

into action, following the chain of events in the movie. The sensorimotor image occurs in a 

well qualified (p.14) environment, that is, clearly established, and works with the game of 

action and reaction: action that is going to reveal more about the environment or that will 

react to it, either aiming at adaptation to it or modification of it. 

Interactive technologies are generally thought of in terms of efficacy for getting things done 

and problem-solving, which favors the continuation of the image into motor action. In fact, 

we believe a common effect of interactivity is this emphasis in the action-reaction cycles, that 
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are in general described as a three-step sequence: overview, displacement (pan) and view of 

details (see, for example, KEIN, 2002). In general these cycles reinforce this motor aspect of 

perception that removes us from the object and what is seen and, at one extreme, may cover 

gaps, irregularities, perturbations or simply empty areas that are necessary for opening space 

for problematization and investigation. Deleuze encourages us to look at the the cycles of 

access of visualizations through a different light when he describes the possibilities for 

overcoming the sensorimotor system in the perceptive cycles themselves. These are described 

as cycles that always return to the landscape that has been formed, producing new 

interpretations, amplifying and reassessing at each time the field of references that is 

associated to it, from where mental images are mobilized. So at each cycle, the access to 

details, instead of reducing the landscape by framing, may amplify the information field that 

is being mobilized, and covers the mental image that was formed in the previous cycle with 

another full image of the whole. We will try to see the interaction with visualizations as the 

access to a small virtual reserve that is reconnected in cycles of progressively larger coverage.  

Deleuze takes reference in Bergson and the differences he traces between motor (or 

automatic) recognition and attentive recognition: the first kind of recognition operates by 

prolonging (or projecting) cognitive automatisms like visual schemas into the image, and 

therefore habit and everyday uses would reign: perception is prolonged into usual movements 

and the movement prolongs perception to take from it useful, practical effects. This ends up 

by removing us from the initial perception, and creates a horizontal movement of association 

of images and accumulation of schematic and motor data. The second kind, on the other hand, 

the attentive recognition, there would be an interruption of this prolonging of habits, and the 

attention would be freed to return to the object and discover further details, restart over and 

over from scratch, and the movements would have a different nature, would be more subtle. 

This separation shows how the passage from one form of recognition to another – associated 

to the rooted schemas on the one side and their overcoming on the other side – is in fact quite 

floating, it is a variation from one to another. 

At this point it is important to note that Deleuze does not propose that this exit from the 

sensorimotor schemes and their continuation in useful action represent an exit from action as 

a whole. He understands the action happens, but takes on a more mental aspect. Bringing once 

more this discussion closer to the context of media, and, therefore, with the more 

encompassing discussion about the relation between subject and technique, we would like to 

bring up the difference, traced by Kirsh & Maglio (1995), between pragmatic action and 
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epistemic action. While performing an experiment with players of video-game Tetris, the 

authors managed to determine that not all the commands that were entered by users aimed at 

better positioning the the pieces in the most adequate position to fit with the bottom ones. The 

game demanded that many actions should be performed in a minimum amount of time, and 

therefore a maximum economy and efficiency of actions should be expected for good results. 

Nevertheless, many users, especially the most experienced, at times moved and rotated the 

pieces just to think, regardless of the best position for each situation. Even though the game 

offered a limited quantity of fitting positions and those very quickly get to be memorized by 

players, it was like they seeked to visualize the contours of the piece and the possibilities for 

fitting it  directly on screen instead of mentally projecting these possibilities. According to 

Kirsh & Maglio, this kind of action can be characterized as epistemic, because it manipulates 

the world in order to think more efficiently, to form a visible field of possibilities and 

diminish the demands over memory and cognition. We understand that visualization should 

work as an environment where the emphasis should be on epistemic action, that have no 

direct pragmatic goals, and at each cycle will amplify the field of information that is 

associated and mobilized. 
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3. SECOND CHAPTER: PUBLIC DEBATE AND VISIBILITY 

As we have been discussing, data and information visualization are used in many different 

fields of knowledge and practice. Even as many references will point that their main 

advantages are dealing with and transmitting huge amounts of data by their coupling with the 

visual cognitive system, we want to bring into focus other aspects that may be more 

influential for public debate and collectivity. In this chapter we intend to trace some relations 

between data and the management and representation of social life. Also, considering that the 

access of information is key for participation in democratic societies, we also intend to discuss 

the role and importance of making the social visible through data and information 

visualization. 

One thing is certain: we have never produced such huge amounts records. In the last couple of 

decades, most of the theoretical and critical works that have been dealing with this issue start 

with the same adagio: impressive statistics that show that the amount of information being 

produced is growing exponentially, and that just in the last decade – or even year, or month – 

we have produced more information than in the whole history before the twentieth century 

(see, for example, WURMAN: 2000). We are also reminded that all this deluge of data 

completely surpasses the cognitive capacities of a human being, that is, a person cannot 

pretend to read, observe and understand all the content that flows from different sources, not 

even by far. 

For the present discussion, first we could point out that once one cannot process a 

comprehensive amount of information about the society he/she lives in, this will obviously 

interfere negatively on his/her participation in collective concerns and, to an extent, make this 

person more vulnerable to the many competing forces that might affect his life. For that, many 

counter-measures have been proposed: Wurman (2000), for example, presents us with the 

growing field of information architecture, for taking on the task of structuring and editing 

information, even before digital networks, and embed published materials with visual 

navigation aids. Others will point to the growing importance of filters and relevance sorting 

that might reduce the amount of information to deal with directly, or at least prioritize the 

different contents, so that people can find their way in a complex and scattered information 

landscape. Producing these interfaces or devices to organize the access of information 

becomes one of the main concerns of fields like archivology, information sciences, 
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communications and others. Does that mean that the data deluge in which we are living now 

is making it harder to reach reliable and comprehensive syntheses of our experiences and of 

social life? At the end of the day, will the data deluge and the broader access to information 

that we have now only allow for either too complex or too reducing representations of the 

world, while keeping reality itself, as an experience, out of reach? 

These questions may be quite relevant from a personal and psychological point of view, but, 

at the same time, we believe we should look a little deeper and try to understand upon which 

assumptions they are built, asking ourselves yet another set of questions. For example, what 

would it mean if a person could actually process all the information and data produced 

nowadays? Before the digital age or even before typesetting, were we ever able to do this, to 

process every possible information we could potentially get our hands on or reach with our 

senses? As we discussed earlier, the cognitive system is highly efficient, in the sense of 

producing mental images or cognitive syntheses that will guide us through known landscapes 

and serve as references for any new stimuli that comes our way. Things are taken for their 

correspondent schemas unless significant variations strike us or unanticipated needs emerge. 

In other words, the human cognitive system is very efficient precisely in not processing 

everything that comes its way. So why is it that, especially with digital technologies, desktop 

publishing and, later, the internet, we feel like we are obliged to process enormous amounts of 

information just in order to participate in the reality we already live in? 

Imagine a person, in the seventeenth century, for example, who has always lived by the side 

of a forest, and must cross it to get to the nearest village. If he/she knows all the main paths 

that cut through the forest, can locate its main landmarks, like a stream, some bigger rocks, 

maybe a clearing or even some very significant trees, this person might be said to know the 

forest quite well. But, really, he/she does not need to have a comprehensive memory of each 

changing leaf or every growing tree, nor does he/she need to know the parts of the forest that 

are outside the already marked paths in order to reach his/her goal. This person only needs to 

have their roadmap memorized. 

Now imagine that the forest is constantly changing its major physical features and paths, and 

that, in order to cross it, this person must rely on contradictory descriptions left by different 

people who crossed it recently, sometimes retold by other people who did not cross the forest 

themselves, added to traces left by animals in their non-related activities, that should be 

interpreted on the spot. How much information would be necessary to build a mental image of 
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the forest that is updated, reliable and sufficiently detailed? How does one decide which 

pieces of information are the most reliable and which should discarded? So this is where our 

metaphor is heading: our biggest anxiety is perhaps not having a reliable roadmap to all the 

intricacies that affect our lives. And this may grow more and more distressful as globalization 

and communication systems create productive and cultural links that extend far beyond our 

immediate reality, and that we feel that affect us just the same. Because of that, it is hard to 

recognize when we have built enough knowledge in order to be fair in our judgments, safe in 

our investments, successful in our tasks, sure about the relevance of our concerns and so on 

and so forth. Potentially there is no limit to information gathering and, without constant 

gathering, there is also no criteria to update and assess the reliability of our provisory maps. 

So even though the amount of information produced nowadays poses many challenges with 

which a whole industry of information and communication technologies is very much 

concerned, we would like to highlight that this is the surface of deeper and older concerns, 

that is brought to the forefront once we take the role of information in today’s heavily 

mediated societies as our point of reference. The production of data grew and will keep on 

growing, but this is because data and digitally-based information became structural to 

research, to communications, to most technologies of everyday life, and so on. Data-based 

forms of information organize our lives. Digital technologies work like an universal 

converter, not because data descriptions can get to the essence of things, but because they are 

useful for many ends. And this leads us to the uses of data for the management of social life 

and for the establishment of shared references: social reality is penetrated by data and 

information that are used strategically to organize its many voices. Information devices 

(especially digital, but not exclusively) are technical tools but also set the arenas where the 

negotiation of collective interests takes place. So as concerned and affected individuals we 

would do well to keep up, developing our own strategies for information consumption. 

Of course, the belief that broad public debate is needed for fairer societies and also in its 

necessary connection to the broad access of information carries many assumptions that derive 

from ideals inherited from the Enlightenment. These went through many transformations and 

reinterpretations since they were developed in the foundations of modern democratic systems. 

On the other hand, Marxist tradition will integrate debate and information production and 

exchange in a wider setting of social struggle. According to Whiteford (1999), recent 

reinterpretations of Marx’s works will place much emphasis in communication as a force that 

may produce resistance and highlight autonomy even as strategies of control penetrate the 
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tiniest of social relations. To better ground the discussion that follows, we would like to look 

a little deeper into some of these currents and interpretations, so we can identify some main 

issues regarding the dynamics of public debate, and trace some links between these and the 

management of social life through data, as well as communication technologies and the media 

in general. 

3.1. REASON, INTELLECT AND PUBLIC DEBATE 

While discussing the famous article by Kant, Das ist Aufklarung, Foucault (2009) describes 

the Enlightenment as some sort of exit, where people would go from a state of minority when 

the use of reason and reasoning would be restricted to a few, to a new social order where 

individuals are otherwise aggregated by the public use of reason and reasoning. They would 

leave a situation where they would be forced to delegate the use of reason to an authority that 

would lead them, where there was no room for the private use of reason, or for reasoning as a 

human activity in general. In this movement of exit from the restrictions to the public use of 

reason, there had to be a collective and individual choice to take on the task of daring to 

know. 

For that to happen, first it was necessary that one could pull apart what ensues of obedience 

and what ensues of reason: develop an understanding that, inside a regime where obedience is 

required, it would be possible to make use of reason. Obey to be able to reason, and 

reasoning, in this sense, for the purpose of reasoning itself, as a human capability that 

integrates humanity. Second, it was also necessary differentiate the public and the private use 

of reason: according to Foucault, Kant understands that reason should be free in its public use 

and submissive in its private use. Here, the private use of reason corresponds to its use in the 

private sector, meaning in work, production, when the individual is part of a productive 

apparatus where tasks must be performed in a certain way, with specific ends. So the use of 

reason cannot be freely exercised, and should submit to these circumstances. In this sense, 

individuals should understand the political principle of obedience and from this understanding 

would obey, willingly collaborating towards the broader social harmony, without the need of 

the use of force or any forms of social coercion. On the other hand, the public use of reason 

occurs when one reasons as a member of rational humanity, and then it should be free. From 

this we understand that the Enlightenment was not just about guaranteeing the freedom of 

thought and reasoning for people in general, but of constructing the grounds that would make 
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its universal use coincide with its free use and it public use, in the effort of preserving private 

men from authoritarian and arbitrary attitudes of their sovereigns. As Foucault points out, in 

this text Kant understands that even the political principle of obedience must agree with 

universal reason, to which every authority should bow, and only then can obedience be 

rational. 

Foucault sees in Kant’s standpoint an early rehearsal of what could be considered a modern 

attitude, which involves: a search for a heroic present, demanding some questioning about 

how one relates to it; a creative work of imagination and transfiguration of this present; and 

last, devoting oneself to their own reinvention as an autonomous individual and historical 

being, reinventing and aesthetizing life itself. This would describe, for Foucault, the modern 

solution to the exit initiated by the lights: in this sense we are all historical beings, still 

determined to a good extent by the Enlightenment. Nevertheless, there is a remarkable 

difference between these solutions: while for Kant the Enlightenment was the epoch of the 

critique, that is, of constant evaluation about where or to which extent to use reason, Foucault 

proposes what he considers a positive turn towards investigating the limits of the use of 

reason and the possibilities for surpassing these limits towards new experiences. We see, in 

this turn from a negative perspective towards a positive one (in Foucault’s words), a shift on 

the public use of reason, where it should become, in other words, investigative, led towards 

experimentation, not and not exactly towards parametrization. 

What interests us most about these reflexions is how both of them place the use of reason in 

the center stage of social life, and it comes to be deeply linked with discursivity and debate. 

Each vision, in its own way, advances the general idea that reason is experienced discursively, 

and that the task of building a common social world demands opening space for discourse, 

debate or exchange. While for the experience of the Enlightenment reason should be the 

universal measure of the meanings and limits of authority and obedience, for the moderns, it 

would come to be the common ground for transforming and re-narrating the present towards 

the future. They are both talking about liberation, but different kinds of it: for the 

Enlightenment, it was an exit from the subjection to the sovereign, an affirmation of reason as 

a human trait and the foundation for building of a safer common world; while for the moderns 

it was a different exit, that could be described as a way of living – emancipation as the only 

possible destination. 
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This general perspective that associated reason with the constitution of public spaces through 

discursivity, and in a sense devised discursivity as a form of social praxis of reason, will be in 

the roots of the modern democratic state, as proposed by Habermas (1991) in the concept of 

the public sphere. According to him, the public sphere is a rational and discursive space with 

relative autonomy of the state, where private men can discuss and negotiate matters that affect 

the collectivity. The space of negotiation and exchange unravelled in the public sphere derives 

mostly of some transformations on the participation of the state facing the growth of private 

institutions in the public scene. In a monarchic state, the power is concentrated in the person 

of the king and his image, and so his will is absolute, not needing to resort to any authority or 

external reference, nor any socially shared notions. The status of this power is indifferent to 

the categories of public and private, as are all the feudal or pre-bourgeois power structures. 

As we summarized, Kant had already proposed that, with the Enlightenment, there is a 

separation between public and private, while universal reason should be general reference for 

obedience and negotiations. Focusing on the formation of the institutions in modern 

democracies, Habermas describes the long process of disaggregation of centralized feudal 

powers until the end of the eighteenth century, with a polarization of private elements at one 

side and public ones at the other. That is how the institutions of public power are 

differentiated from the private sector, and are progressively converted in state bodies of 

nations, putting together public administration and relating closely to the military power. So, 

in the roots of the modern project of democracy there is the result of a search of the 

bourgeoisie for autonomy in relation to the power of the state, in the establishment of a social 

space ruled by reason, called public sphere. It emerges as a space that could guarantee a 

relative emancipation of the private affairs, including the domestic, familial and psychological 

spaces, also comprising of course commercial exchange and the productive sectors. 

Habermas also highlights the discursive aspect of the collective use of reason, defining the 

public sphere also as a field of social life where public opinion is developed. The later derives 

of an argumentative practice and involves the exit of reason from the psychological spaces 

and from domestic intimacy into public space. Public opinion is, therefore, the social product 

of the public use of reason and should guide social practices and the negotiation of private 

issues that affect the collectivity. For Gomes (2005), public opinion is the will that legitimizes 

itself as reason (p.19). So, in this sense, the public sphere becomes some sort of publicization 

of reason through public opinion. 
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According to Gomes (2005), this concept of public sphere, as exposed by Habermas, demands 

that, in the modern democratic state, there has to be a certain degree of rationality, where 

several points of view would mutually and honestly verify one another, aiming at reasonable 

convictions, standpoints and consensus about the issues being discussed (p.16-17). It is a 

formal and polite debate between private gentlemen. So, if this notion is used for describing 

modern states it becomes quite naive and in practice surprisingly excluding of several parts of 

the collectivity that are directly affected by the issues being discussed. Naive because it 

assumes that it would be possible, at a large scale, that all citizens were willing to openly 

debate issues of interest without resorting to authoritative discourse, equally devoid of pride 

and vanity in relation to their own convictions, and without imposing personal interests in 

detriment of the collectivity. And excluding because there is a clear issue of access, once the 

ideal of the public sphere seems to be closely connected to an ideal of debate between like 

minds and well read people, which would demand some ability and even a specific discipline 

for debate, let alone disposing of private property and the means of production. That is why, 

for Gomes (2005), Habermas’ concept of public sphere should be taken as some sort of 

prescription, that is, an indication of democracy’s fundamental values and duties, rather than a 

description of its actual practices. So this prescription, this proposal, is going to be put in 

practice in different ways according to context. 

It is true that the principles of the Enlightenment looked at reason as a universal and basic 

human trait that would inform all authority and obedience, and that this was presented in that 

historical context as path for liberation of humankind through conscience and willing 

participation in duties in society. Nevertheless, the interpretation of these same principles by 

recent authors such as Habermas may betray a point of view that, even if seen as prescriptive, 

demands a discipline for debate, fences it up in some specific arenas, and fails to consider the 

unavoidably polyphonic, non-uniform and even chaotic character of public debate, if we 

intend it to be more inclusive. 

Indeed, as Rancière (1996) argues, in the greek Polis – that was a fundamental reference to 

democratic ideals from the Enlightenment on – the basic exigence for politics was a 

presupposition of an equality from the point of view of speech, that would mirror an equality 

of possibilities in a debate. Since those times, this equality of speech demanded a scene to be 

set, a common ground for speech. This equality also was, by all practical terms, impossible to 

be entirely fulfilled: for the ones who do not master the use of language – or argumentation 

and rhetorics, or knowledge of the disciplines of the management of social life or that are not 
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in a position of speech –, all that is left is to yel. Rancière notes that equality will become its 

contrary once it is transferred to a place of social and state organization, that is, institutional 

(p.46). Therefore, this intellectual emancipation that we have been discussing in the terms of 

the exit described by Kant and of the posture of the moderns according to Foucault, as it also 

appears in the ideal of the democratic state in Habermas’ concept of public sphere, cannot be 

institutionalized without becoming some sort of instruction of the people, that is, organizing 

and managing their permanent state of minority. 

So when Habermas goes on to describe a degradation of the public sphere in the second half 

of the twentieth century through mass media and through the penetration of private interests 

in public institutions, we have to point out two main problems: first, that the same public 

sphere can be considered, from the beginning, as a space for the management of states of 

minority, in which collective life is organized according to the vision of likewise minded and 

educated gentlemen. Second, that, in this sense, mass media and public institutions only 

embody means and strategies of domination specific to a certain epoch, a few among various 

others, that are transformed along a history of permanent dispute. In both aspects, what we see 

is that we cannot fully separate debate and collective interest from the mess of the streets and 

popular struggle without pairing it with strategies for domination. The public sphere is, in this 

sense, degraded from its very start. 

This takes us to one more aspect of the configuration of the modern western democracies, 

especially from the second half of the twentieth century on, that is the staging of the public 

sphere.  Both political institutions and the media work towards formatting political positions 

and developing strategies to ease public adherence to them. So in modern democracies the 

public is occasionally called to participate mostly by choosing between this or that position, 

represented by this or that party or candidate, while the only part of this institutionalized 

public sphere of debate to which they have access is generally staged to present these reified 

discourses and positions. To Gomes, from the twentieth century on, and specially with mass 

media, positions still have to be defended discursively, but now this is not done inside the 

public sphere, but staged before the public sphere (2005, p.23). So the public sphere becomes, 

not a medium of debate from which one might expect to see the emergence of an opinion, but 

a medium of circulation of established opinions to which adherence is expected, as broadly as 

possible, from a public that is called from time to time to act as in a referendum. A public 

sphere that is constituted by these artifices is nothing more than a medium of propaganda 

(GOMES, 2005, p.24).  
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We could point out many spheres where public debate is staged and these positions are 

organized strategically, through political campaigns, media discourse, public policy, 

marketing and product management, among others. This reduces the complexity of 

discussions in state politics, in current affairs and in themes approached by the media, but also 

of individual experiences when they are grouped in demographic categories, of the tastes and 

preferences one might cling to in identification processes. From our point of view, it is 

important to place public debate inside and beyond state politics and the traditional idea of the 

public sphere, and include in our discussion these other more distributed strategies, that aim at 

managing something more pervasive, to which Gomes refers as the public scene. This 

reduction that operates in the most varied levels of collective and individual experience is 

often necessary to allow for the management of several aspects of our society, but to an 

extreme it does limit the complexity of debate and with that the possibility for participation in 

collective matters. Gomes calls all these efforts of management of the public opinion an 

engineering of consensus. In that sense, we might be in dire need of an engineering of 

controversy that could be more inclusive. 

Marxist tradition, on the other hand, centers the description of societies at their conflictual 

aspects, at the social struggles between productive and living labor and the efforts for its 

domination by capital. Whiteford (1999) describes what he calls the deaths of Marxism, by 

the critique of mainly two currents, the Neoliberalism and the Post-Marxism, and moves on to 

reaffirm the multiplicity of Marx’s works and the relevance of Marxist currents for 

understanding current societies. For Whiteford, the neoliberal critique does not differentiate 

marxist theory and state socialism, and places the end of both in the disintegration of the 

USSR and in the assimilation of China into the globalized market. According to it , one of the 

main reasons for this collapse would be an inherent incapacity of socialist regimes to deal 

with new information technologies and post-fordist production techniques, that some 

neoliberal voices would argue could be traced back to some inherent flaws in marxist theory. 

Post-marxist critique, on the other hand, would point to what is seen as a reductionism on the 

part of a more traditional marxist theory: that people’s identity should not be reduced to their 

role as workforce, that domination is carried out and identities are formed in very different 

ways according to specific social groups, such as women, immigrants, children etc. So 

classical marxist theory would be reducing people’s complex interrelations and identification 

processes to their capacity for work and to the struggles related to waged labor, while 

restricting spaces of struggle to the workshops or factories, and not fully considering the 
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participation and the complexity of other spaces such as the ones where unwaged labor is 

executed, like female domestic work. 

Dyer-Whiteford points to a more recent current, referred to as autonomist Marxism, that 

expands the limits of traditional Marxism and works to inventively reassess the foundations of 

Marx’s work and extend it to contemporary world. He ascribes to this line of thought authors 

such as Tronti and Negri. For Dyer-Whiteford, this current is marked by the very fundamental 

perception that capital has had a large centrality in Marxist theory, as an inexorable 

organizing force, while the working force had been seen as passive. Autonomists believe that 

this vision should be inversed: “the worker is in fact the active subject of production, the 

wellspring of the skills, innovation and collaboration on which capital depends.” (p.65) 

Therefore the use of the term “autonomy”. 

They envisage three main cycles in capitalism, regarding working class struggles, that 

correspond to different strategies of control and to different forms of resistance: the cycle of 

the professional worker, of the factory worker and of the socialized worker. The first would 

be the qualified artisan in the workshops, the second, would be the deskilled worker in the 

fordist chain of production, that shattered collective organization, and the third would be the 

socialized worker, where every level of society becomes a part of the productive cycle and is 

subject to multiple control strategies. In each cycle, technology is used in different ways for 

organizing living labor and to seek a relative emancipation of capital. According to 

Whiteford, contrary to the idea that the workforce in capitalism is seen as a mass, capital 

draws different social groups for better social control on a global scale, but at the same time 

develops several strategies to break apart and deskill collectivities that resist its exploitation. 

So the working class is defined by its struggle and by the living labor. Contrary to the Post-

Marxist critique, autonomists will insist that this definition of the working class does not have 

to deny the diversity that is present in this struggle, and that, on the opposite, it will mess up 

the categories in which capital seeks to place workers for better control. 

Moreover, they understand that working class struggle is precisely what drives capitalist 

development: “capitalism does not unfold according to a self-contained logic, spinning new 

technologies and organizations out of its own body.” (p. 66-67) In this sense, while capital 

strives to develop technology as some sort do dead capital in order to better control the living 

working force, or even try to emancipate itself from it, workers use their creative power, the 

same that capital needs for innovation, as a form of reinvention and appropriation of 
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technologies. For the socialized worker, it is especially the communication technologies that 

are reappropriated. At the same time that capital extends its control beyond the factory, and 

into education and private life, integrating the society as a whole as part of capitalist 

production and consumption cycles, different collectivities are recomposed. It is an emerging 

“worker’s use of science” (p.71). 

So in Marxist theory, especially in the recent work of autonomists and more clearly from the 

context of the socialized worker, we see the span of political action extending far beyond that 

of the State, and far beyond its organized arenas of debate. Indeed, according to Virno (2008), 

with digital communication and information technologies, and considering their development 

as part of this dynamics of emancipation and resistance, there is a change in the traditional 

relationship between political action and the two spheres that traced its perimeter: work and 

intellect. Work, for being penetrated by innovation as its modus operandi, loses some of its 

repetitive character and becomes a space for constant reorganization and negotiation, clearly 

displaying the multiple roles technology plays in social struggles. Intellect, on its turn, instead 

of something of an individual level, abstract and invisible, becomes visible in multiple 

communication and information technologies, and takes central stage in drawing together the 

collectivity. As systems of capitalist management become more pervasive, so does the 

political sense of every social interaction, so political action penetrates work and intellectual 

activity. 

Related to this we have the discussion proposed by DiSalvo (2012), who brings up the idea of 

agonism, used to describe the passion underlying public debate and the conflictual character 

of collective life, and relates it to its possible embodiments in several technological devices. 

According to him, “democracy is not simply order and rationality displayed in voting, 

structured decision making, and legislating, but also and necessarily is contentious affect and 

expression” (p.4). Our heritage since the Enlightenment and the ideal of the modern 

democratic state seeks consensus through debate, but agonism brings the idea that social life 

is in itself a condition of disagreement and confrontation, of pluralism, of constant 

reorganization and controversy that cannot be reduced to democratic institutions and the 

staging of predefined positions. 

So we should be able to differentiate politics from the political, which will help us 

differentiate practices from institutions. DiSalvo refers to Mouffe when he explains that 

politics are an “ensemble of practices, discourses and institutions which seek to establish a 
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certain order and organize human coexistence” (p.7). Politics is what Habermas would call the 

institutionalization of the public sphere. From a different perspective, we could also add that 

they are the structures of management of social life. Politics embody certain representations 

of social life and, regardless of the many stable procedures developed, are always potentially 

conflictual because they are affected by the political debates in general. The political, 

according to DiSalvo, is a condition of life. It is inherent to social interactions and can take 

many forms, since living together will always fundamentally entail negotiation and debate. 

This transfers back to the public scene and therefore to public debate their fundamental 

political role. 

So we have this double sided problem which is the coupling of the limitations of 

representative democracy, that institutionalizes debate with the alignment of institutions and 

generalizing positions, with limitations in the representation of the actual public issues, that is 

far too reduced in diversity of variables and arguments, and, as Gomes puts it, stages social 

struggles from the outside. At the same time, we have the notion that social struggle is 

pervasive, and that there is a collective intellect embodied in devices whose struggles become 

apparent in technological development. So this concern with representation becomes deeper 

once we understand that the problem of representation of social issues must incorporate the 

conflictual and agonistic character of technological development and appropriation 

themselves. 

3.2. MANAGING SOCIAL LIFE 

Foucault describes a long set of transformations in the attitude towards sexuality from the 

eighteenth century on, where first there would be a contrast between the way it was 

experienced in the countryside and in the new disciplinary spaces that were being structured 

in the new urban centers, followed by an association between scientific inquiries on behavior 

and health, law, criminology, public administration and institutionalized education, to develop 

boundaries between the normal and a myriad of deviants and to promote an economy of 

private life and of bodily behavior. Likewise, as commercial exchanges extend over larger and 

larger territories, and cities start to grow, different challenges for managing all these many 

commercial flows and other activities, and also flows of people, of garbage and merchandise, 

they demand monitoring, records, values, rules, laws. Even as private property and private 

spaces are reinforced, there is the complementary public management of private behavior.  
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All those related movements have in records and statistics some fundamental tools. Tarde 

(1883), for example, by the end of the nineteenth century, compared the statistical curves in 

the quantitative graphics to the line suggested by flight of a swallow. While statistics turn 

fluctuations into appreciable values, the graphics return their continuity so their aggregated 

sense may be concatenated and narrated.  The same way as the eye sees many different states 

of the movement of the swallow as a continuous line. He moved ahead by proposing that in 

the future newspapers, instead of publishing polemics in literary form for the exchange 

between the very well-read elite, would give statistical graphics a place of honour. 

Newspapers would therefore become the publishing terminals of several statistics offices, 

constituting the social equivalent of the organs of the senses (p.509). Even though Tarde does 

express some concern for the ways in which statistics are used, these ideas show a very strong 

disposition to consider statistics (and data in general) as the most reliable access to reality, 

and the graphics themselves as the devices for access. 

As the twentieth century approaches, the relation between the public management of the 

private life of the masses and the management of public opinion of the general public only 

becomes narrower. Statistics are applied in various fields outside economics, and used as an 

instrument for establishing social groups and developing knowledge about them. So the use of 

data and statistics to manage public opinion only deepens in the twentieth century, be it in 

opinion polls, voting surveys, demographics, audience rates, consuming patterns and others. 

This represents the emergence of a complex set of disciplines to deal with the deprivatized 

publics, whose profiles and personal choices become something of great importance for 

institutions of private interest and for governments. These disciplines, as ways of describing 

collectivity, work, from end to end, by structuring political positions, market shares, 

demographic groups and so on. Knowledge is generated, from the beginning, though 

classifications that create a categorical map of society in order to organize it for different 

strategies. 

Hacking (1995) also understands that this kind of institutionalized classification of people was 

possible only from the emergence of the industrial bureaucratic systems, in the first urban 

centers. He refers to this phenomenon under the name of human kinds, and seeks to identify 

some of the criteria for their constitution and evolution, as well as some the effects these kinds 

may have over the people that are classified. According to him, “human kinds are formulated 

in the hope of immediate or future interventions in the lives of individual human beings.” 

(p.351). They are instruments for state of the art research and for social intervention, for 
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framing and understanding phenomena and making reliable predictions. This will include of 

course the description of demographic characteristics, but also and specially the causal 

relations between certain behaviors or social conditions to measurable variables. 

These human kinds are used by many institutions and specially the media, to refer to and 

describe social groups affected or involved in current events. They reverberate to wider 

publics and are incorporated in public debate. This happens whether the kinds are based on 

race, behavior or consumption patterns: human kinds start by one point and incorporate other 

dimensions as the profiling work advances. This classificatory vocabulary gets to be adopted 

by the same ones that are classified and has a strong adherence to the discourses about 

collective issues and in political action and social engagement in general. Members of a 

certain human kind tend to identify themselves as such, adhering with more or less restrictions 

to associated discourses and demands, and also producing their own. For Hacking, identifying 

and naming these kinds has the effect of grouping and levelling the people under them for 

social intervention, but at the same time opens the possibility for looping effects, that is, of 

mutual constitution, when, for example, the classified persons assume their kind as a 

discursive tool for passing demands and engaging collectivities. Therefore, human kinds, 

contrary to human natures, bring on constant translations and changes in the criteria of use 

and for behavior prediction, and their interpretation will vary in time with the developments in 

the state of the art of research and policy, and with the social tensions at stake, having to be 

constantly reevaluated. Like the stereotypes that drew the concern of Lippmann (1922), the 

human kinds also become landmarks defining the social places of different actors, but 

Hacking considers from the start the work of manufacture involved as a complex set of 

collective study, practice and behavior, and signals to a deeper interaction between many 

different actors when he points to the looping effects. Those actors can be scientists and 

scientific institutions, politicians and government policy makers and administrators, 

companies, product managers and designers, concerned publics and consumers and so on: 

human kinds are translated and appropriated, and do not belong to specific actors, they are in 

the wider sphere of the public scene. 

Recently, the penetration of innovation in the work environment has to be coupled with highly 

skilled and productive workforce that needs science, communication and the communication 

of knowledge as its raw material. Dyer-Whiteford (1999, p.83-87) describes a schematic 

opposition between communication and information, as proposed by Negri: information 

would be similar to dead labor, part of inert representations of reality, once communication 



 

 

68 

has been expropriated from its actors. It is hierarchic and centralized in its structuring. On the 

other hand, communication, like living labor, is inventive, transversal exchange. Once more, 

emphasis is given to living labor as the autonomous force at the origin of information. The 

repurposing of information technologies reverses “the cycle of information into a collective 

organisation of knowledge and language.” (Dyer-Whiteford, 1999: p.71).  

We could add that, inside as well as outside of the work environment, the management of 

information flows becomes critical for work, political action and collectivity. It is through 

communication that information is not only produced, but also reassimilated into knowledge. 

It is through communication (or exchange, public debate) that information may be 

reconducted as part of political action. Nevertheless, the effects of the accumulation of these 

flows and of the creation of different interfaces (as contexts for displaying information that 

are sometimes incompatible between each other), create a new level of challenge for broad 

communication and the distributed production of knowledge, because they stretch human 

cognitive availability to a limit. For Boullier (2012), we should keep in mind that this 

availability is not just in terms of time (already scarce), but also in terms of the spirit, of the 

attention that is requested by informations and attractions of all kinds. To put it briefly, he 

understands this to be a cognitive issue. 

3.3. ATTENTION ECONOMY, ONLINE MEDIA AND THE PUBLICIZATION OF 

THE INTELLECT 

As social interactions, in and outside the state and institutions, are very distributed, it is hard 

to keep track, fully debate and develop a cohesive understanding of social reality and its 

events, so people rely on specialized translators like journalists and delegate wider debates 

and decisions to politicians. But this, on the other hand, bounces back as more competition for 

attention, because politicians will seek popular support for their positions and proposals 

(especially but not exclusively in electoral periods), and media outlets will compete for 

audience. What Boullier highlights is not exactly the issue of the excess of information 

produced nowadays, that is so dear to many discussions about visualization, but the issue of 

the excess of requests that fractures the continuity of our processes of attention, affects our 

concentration, and hinders our possibilities for developing our own cognitive syntheses. This 

proposes a fundamental shift in our discussion, because it brings up the concern for the effects 

of an economy of attention. Citton (2013) understands that this economy of attention is not 
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new and that, to an extreme, there are problems connected to it in all communicational 

processes: there are always discursive strategies being developed so that a certain message 

gets the due attention, even in informal conversations. For the author, what is important is 

understanding that, in the information age, the main rarity that will be scarce and has to be 

carefully managed and sought after will be the human attention, the cognitive availability that 

is necessary to make sense of the abundant information available. So many practices for the 

management of attention come into play, as the ones from media outlets, for example, also 

from marketing and advertising, and a host of other strategies to which we are exposed as we 

go on in our everyday lives. 

Boullier (2008) ponders that composing a common world becomes, therefore, a much 

uncertain task, while everyone goes on with their occupations and preoccupations, skipping 

from piece to piece in a fractured landscape. For him, we would do good to rediscover the 

dynamics of attention of traditional societies, which kept a sense of care and continuous 

dedication that would allow us to recapture a relation to the cosmos, or at least to reconnect 

and deepen our experiences. In opposition to the current attention regimes, this regime of 

lasting attention that the author associates with traditional societies would be formed by a 

capacity for taking the time to pay attention, for a long duration, to all the surroundings, that 

constitutes a form of caring that is delivered to all the beings in the cosmos. Nowadays, we 

would have fractured and superficial attention at work in a context of struggle with the many 

demands for the affiliation of the general public. Curiously, we would tend to relate the 

concentration of lasting attention to crafts that demand individual focus, like writing or 

manual work, but for the author it shows up as having the force to reconnect social relations. 

This can be related to the cycles of attentive recognition as described by Deleuze (1990), that 

we explored in the previous chapter: deepening the understanding about something by 

reassessing it many times, while at each cycle reconnecting it to a wider cognitive reserve, 

broadening and integrating the landscape. 

So in fact what we call cognitive overflow (KIRSH, 2000) would not be caused exactly by an 

excess of information, but by a competition between attractors that does not allow this 

dedicated time for caring for and deepening our relations with the world, which would at last 

aggregate a cosmos and an integrated society. Regardless of the amount of records produced, 

essentially the amount of information that is assimilated always depends on processes of 

attention. Maybe the difference is that, in the traditional societies described by Boullier 

(2012), in order to have more information, it was necessary to observe more and for longer 
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periods of time. Meanwhile, nowadays, it is with the superficial and fractured attention, that 

does not dwell deeper, that one has contact with more records (taken as equivalents to more 

information), along which he/she navigates generically. Even though the amount of records is 

an issue, we recognize once more that the fragmentary character of this experience is the key.  

So the data and information deluge does not worry only because of the excess, but because 

being excessive means it becomes harder to create contexts for cognitive syntheses and for 

exchange, the roadmaps. On the other hand, social phenomena are not always self-evident, 

because they are composed of many distributed interactions, so even experiences with social 

events that have a direct physical existence might need some effort in order to be put into 

context and being suitably interpreted. So, to some extent, associating things to visible records 

becomes a condition to their social existence. Nevertheless, once everything is potentially 

recordable, visibility can turn into its opposite, it can obscure understanding. So we would 

like to advance that there is a change in this demand for visibility, especially from the second 

half of the twentieth century on: more than uncovering and storing things, it becomes 

necessary to build devices for relating and comparing records, to contextualize the access to 

them. So visualization comes to sort out a problem of visibility but also of mediation. 

Digital networked media does not exactly the create a space that did not previously exist, but 

equips public debate with new tools. From our point of view, this equipping goes in two 

senses: first, it displays more clearly – or we could say publicizes – varied points of view and 

processes of identification between people, institutions, products, ideas and other people, in 

such a way that keeps and amplifies most of their fluctuations and plurality. The attributes of 

these processes do not emerge with online communications, since public opinion has always 

been the fruit of much noise and plurality, despite all the efforts for its management. 

Nevertheless, they become more evident thereafter, and can be tracked in their processes and 

not only as stabilized relations, when interactions are recorded and processed infinitely. What 

happens is that an enormous field of commentary and exchange becomes more visible and 

measurable, even through and inside the strategies of institutions of private interest and the 

state. 

We borrow from Berger & Luckman (2005) the idea that collective debate, information 

exchange and, at an extreme, social acceptance, produce objective knowledge, and not the 

other way around. With that we do not mean to argue that every knowledge is a fabrication or 

a staging for other interests, but that they only become objective after much work and 
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discussion has been invested in making them so, after it has been connected and asserted by 

the performances defined in institutions of disciplinary knowledge and social authority. 

Objective knowledge demands methods, verifications, institutions and so on, but it also 

demands public concern and engagement, so that it can be more shared and accepted. So, 

fundamentally, more than access to information, debate itself is at stake for contemporary 

democracies, for turning information into shared knowledge. We propose that visualization 

can be a useful tool to that end. 

To better develop our conception of visualization as a device for collective and social 

performance, we bring up the relation between work and intellect, as traced by Paolo Virno 

(2008), a philosopher of marxist influence, that Whiteford includes in the group of the 

autonomists. While seeking to address the problem of political action in contemporary 

societies, he advances that, according to traditional political theory, the idea of action could be 

outlined by two frontiers: at the one side, there would be work, and all its morose nature, and 

the automatism that makes it a repetitive and predictable process. At the other side, there 

would be intellect, or pure reason, and its solitary and unseen nature. Political action, 

therefore, would be different from work, because it would intervene on social relations rather 

than on raw materials, and would be related with new and unforeseen possibilities. Also, 

contrary to intellectual activity, political action is public, contingent. Virno posits that we can 

no longer rely on these differentiations between action, work and intellect: first, because work 

has absorbed traits of political action, and is carried out through constant variation, 

adaptation, negotiation. Second, that the intellect has become public, has broken into the 

world of appearances by a coupling between private reasoning and information tools, 

becoming also a key for collective life in an update of the notion of general intellect, as 

proposed by Marx. On both sides, we see the problematization of the embodiment of 

discursive performances. We believe that it is in this sense that Disalvo (2013) proposes the 

design of contestational objects, as a performative embodiment of political action. 

According to Virno, Marx considers the general intellect as the objectification of the natural 

sciences in productive machines, as a form of fixed capital. Virno, on the other hand, proposes 

that we give maximum prominence to the general intellect as a direct attribute of work, a 

repertoire of a diffused and collective intelligence that gathers a crowd. What interests us 

most in this discussion is the idea that with the publicization of the intellect, the human 

faculty of reasoning for reason itself (KANT, 2005) gets translated into the most basic 

cognitive capabilities of the human being, that are the condition of every composition and of 
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every experience, and are now coupled with information and communication devices. So the 

most fundamental and generic features of the mind, like the faculty of language, the 

disposition for learning, the capacity of abstraction and correlation and the access to self-

reflexion, become public resources that gather collectivities, we should add, by information 

exchange and debate. In this sense, we should ask how the basic cognitive capability of 

pattern recognition, as promoted by visualization, could be part of this shared repertoire for 

composing spaces for collective action.  

On the other hand, this signals to the concern for the structures that are going to organize the 

use of these basic repertoires, and how they may channel and set the stages for what can be 

said and how should it be said, creating frameworks for the general intellect. Manovich 

(2012) argues that there is an infinity of different architectures and devices that specify “how 

information is presented visually and/or spatially, how it is updated over time, and how users 

can interact with it”.  He calls them design patterns: these are deeply influential to how we 

experience information and, in a heavily mediated landscape, with how the publicization of 

the intellect will turn into social practices. 

3.4. DEBATE, MEDIATION AND ACCUMULATION 

According to the british empiricist Lippmann (1922), social reality is out of sight: it is too big, 

varied, complex and fleeting to be fully understood, so most of the time it should be imagined. 

And this, according to the author, leads to a key problem for modern societies, that is the fact 

that people will often build distorted versions of reality, not only caused by emotional issues, 

but because of the stereotypes that are built as interpretive tools that – like the mental schemas 

we have been discussing in the previous chapter – carry previous interpretations. They tend to 

build a pseudo environment in which people act and that would determine a great deal of 

political behavior. These stereotypes start from personal experience, but are really reinforced 

and structured through interactions with others. Groups of people that share similar references 

use these shared projections to position themselves in the group and draw their appreciation of 

the positions of the others and of outsiders, and their value. We can say that, within these 

groups, we have the creation of systems of stereotypes that are developed into frames of 

reference, that organize what should be discussed and how. Stereotypes are stabilized by 

practices, and will also need some suspension of critical thought. A related and perhaps even 
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more serious concern is the fact that these stereotypes, that are in the core of the building of 

public opinion, can be manufactured by different competing forces. 

To address both issues, Lippmann proposes that journalists should act as specialized 

translators of social reality, so that citizens could have access to reliable information, in order 

to develop their opinions and transcend their stereotypes. One problem with this solution 

would be that the specialists themselves, despite devoting their lives to suitably reporting on 

social reality, also have stereotypes in their minds, affecting their judgment of the facts they 

are collecting, and can also be influenced by many interests. Nevertheless, we believe 

Lippmann’s proposition, after all, has roots in the more fundamental idea that the circulation 

of information and the broad public debate are the most efficient tools for counteracting the 

disadvantages of the pictures in our heads, the stereotypes, and to dismantle much of the 

strategies for their manufacture. Moreover, we also propose that broader exchange of 

information develops the conditions for a shared world, if it manages to cross barriers of those 

systems of stereotypes and develop a wider and shared plane of reference for a more inclusive 

debate. In this sense, and also considering the important and even structural role that data has 

taken up in heavily mediated societies, we believe visualization could collaborate in building 

these common spaces of debate towards wider and more inclusive representations of social 

life.  

Nevertheless, while understanding the important role that media (especially journalism) has 

for the broader circulation of information in modern western societies, we must carefully 

consider the specific challenges their content strategies and methods pose to allowing richer 

and more inclusive debate. According to Wolf (1987) in his work on communication theory 

and mass media, with the progressive mediatization of social relations by technical devices 

from the first half of the twentieth century on, there is a tendency of stressing the efficiency 

and clarity of communicational channels, while communication itself is approached more as a 

process of transmission than of sharing information. He indicates a communicational model 

derived from information theory and from the fundamental works of Nyquist, Hartley and 

Shannon, that form mostly a theory for informational efficiency. As we are going to discuss in 

the third chapter, this theory sets aside issues related to the meaning of messages and puts 

processes of transmission of information between people, between people and machines and 

even only between machines at the same operational level. The central issues gather around 

channel efficiency and appropriate encoding at one end, transmission with minimum loss and 

decoding at the other end, through a uniform code. 
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Wolf also points out the importance of the work of Jakobson in the integration of 

linguistics with the mathematical theory of communication, leading to the broadening of the 

idea of information, and also to its abstraction. As we previously discussed, information 

becomes that which remains constant across all the reversible operations of translation and 

codification. Therefore you have, at the same time, a wider and less specific scope for 

information theory, and a communicational model that is focused on a functional relationship 

between sender and receiver, where the code is to be considered uniform and the reception is 

restricted to matching the literal sense of the message on an individual level. 

Nevertheless, with the development of semiotic studies and sociology applied to 

communicational problems, there is a growing awareness of, on the one hand, the meaning of 

messages as derived from the communication processes and, on the other hand, of the 

collective and cumulative effects of information flows. Wolf names this, apud Eco and 

Fabbri, the semiotic-informational communicational model: communication is seen as the 

transformation of one system by another, due to semantic exchange introduced by 

codifications. This model will assess communicational processes by their dynamics rather 

than by their efficiency, and will highlight the processes by which the public builds up 

meaning from the messages received. 

As this model is mostly confined to analysing messages, their codes and 

communicational structure, Wolf advances that it is not fully equipped to deal with larger 

communicational phenomena, such as mass media. He describes then a third communicational 

model, the semiotic-textual: the general attention for individualized messages is replaced by a 

concern for sets of textual practices. According to him, with mass media, people do not only 

receive messages that are recognizable according to known codes, but sets of textual 

practices, that will compose the basis for the recognition of grammatical systems for many 

messages. 

In that sense, this new perspective, associated to the sociology of knowledge, will 

progressively build upon the understanding that communications do not influence directly the 

explicit behavior, but are the means by which individuals will organize their image or 

perception of the environment. So there are some major changes in the methods and 

procedures of communications studies: instead of focusing on specific cases, like campaigns, 

news series or even messages as individualized objects, there is the tendency to focus on 

specific themes and trying to understand their representation across several medias; less use of 
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survey data and the development of complex methodologies based on other kinds of data and 

traces; less interpretation on the changes of opinions and attitudes and more effort on 

reconstructing the processes by which the individual modifies his/her representation of social 

reality (NEUMANN:1983, apud WOLF, 1987). 

Wolf draws attention to the fact that this general concern for the effects of 

communication and mediation processes in the social construction of reality had already been 

evident before recent years, although in a more fragmented way. Walter Lippmann (1922), for 

example, shares this concern for the effects of communications, and describes the pseudo-

environment that everyone builds from the information they receive, the stereotypes, or 

pictures in our heads, and the difficulties of representing social reality. We should note that 

this new paradigm brings the research perspective of communication studies quite close to the 

general perspective of controversy mapping, because of this passage from the analysis of the 

message as an object to the analysis of meaningful exchanges as part of the formation of a 

social context. 

Hall (1993), while working on the more specific subject of the television medium, 

discusses yet other limitations of the traditional communicational model of the 

sender/message/receiver, and proposes other forms of describing and approaching the 

communicational process, that may reconcile the message and its form with the collective 

aspect of its circulation, and the many translations involved. First, he points out to the fact that 

the traditional model, understood as a loop, is too linear and restricted to the transfer of the 

message, without a solid conceptualization that would account for the complex set of relations 

that is present at each moment, at each translation. He proposes the articulation of four 

distinct and related moments: production, circulation, distribution/consumption and 

reproduction. Each of these would represent a set of interconnected practices that influence 

the other moments without fully defining them. With this, at the same time he addresses and 

associates, on the one hand, the productive and material means of communication, and, on the 

other hand, the discursive form, where the circulation and the distribution take place. He 

argues that the operations of meaning are the fundamental moving force: “Once 

accomplished, the discourse must then be translated – transformed again – into social 

practices if the circuit is to be both completed and effective. If no ‘meaning’ is taken, there 

can be no ‘consumption’. If the meaning is not articulated in practice, it has no effect.” (p.91). 
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So the moments of encoding and decoding become determinant not only for the 

continuation of transmission from one end to the other, but in the attribution of meaning and, 

therefore, to enable the complex set of relations in each moment and in the passage between 

them. A social event, when reported, must pass under the sign of discourse, it “must become a 

story before it can become a communicative event. (...) The ‘message form’ is the necessary 

‘form of appearance’ of the event in its passage from source to receiver.” (p.92). This moment 

when the event is set in a discursive form involves the dominance of the rules of discourse, set 

themselves in an organization of social relations. According to Hall, this leads us to the 

realization that: 

“circulation and reception are, indeed, ‘moments’ of the production process in 
television and are reincorporated, via a number of skewed and structured 
‘feedbacks’, into the production process itself. The consumption or reception of the 
television message is thus also itself a ‘moment’ of the production process in its 
larger sense, though the latter is ‘predominant’ because it is the ‘point of departure 
for the ‘realization’ of the message.” (p.92-93) 

So reception incorporates the message into society and integrates its perceived 

meanings in world views and behaviors, that will also be reinterpreted as social events by the 

media. We should draw attention to the fact that these feedbacks are skewed, because, for 

Hall, the determinant moments of encoding and decoding may not use perfectly symmetrical 

codes. In one moment, the media infrastructure applies a code and forms a message, and in 

another moment the message is decoded and reenters social reality in the form of social 

practices, to be reinterpreted by new mediatic messages. Between both moments there are 

many differences of position, once the relation between the public and the medias is not 

symmetrical and the situation of those moments differs greatly.  

So we are back to the issue that brought much concern to authors like Lippmann: 

according to Hall, the knowledge that derives from these many discourses will not be a 

transparent representation of the real in the form of language, but “the articulation of language 

in real relations and conditions.” (p.95) Hall also posits that there is no transparent code: the 

effect of realism or fidelity between the representation and the thing to which it refers is the 

result of a discursive practice, of a “certain articulation of the language with the ‘real’” (p.95). 

Therefore, the possibility of a closer alignment between the codes used in encoding and 

decoding moments, in situations where a code is widely and much uniformly distributed in a 

society, does not point to a more natural, transparent or realistic representation, but to the 

depth, the deeply rooted habits in which this dominant code is set. Stabilized codes like this 
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carry the dangerous effect of concealing ideological practices of coding that are always 

present. An equivalence of codes that is produced by habit may, in a broader 

communicational level, impoverish the exchanges of meaning. 

One last important point that is made by Hall refers to the difference between 

denotation and connotation in communicative processes. He draws our attention to the fact 

that “denotation” is often considered to be a stricter or literal translation of the reality to 

which the term may refer to, but is, in fact, a more strict and stable connection to a specific 

meaning. “Connotation”, on the other hand, is associated to a less rigid and more 

conversational use of words, through associative meanings, and may vary according to the 

situations of use. While the connotation of words displays more clearly the interference of 

ideologies or interests, the naturalization of denotation may hide these same ideological 

meanings, that are equally present. The main difference is that in denotation, these ideological 

contents are more fixed, stabilized. So both categories, connotation and denotation, should be 

used more in analytical terms, as tools for distinguishing different levels in which ideologies 

and discourses intersect. 

What is most interesting to us is that, from the appreciation of these two categories, 

Hall proposes a very powerful interpretation for the role of codes to developing certain 

relations between signs and the wider social and ideological universe. By connotation, “the 

environmental world invades the linguistic and semantic system” (BARTHES apud HALL, 

1993). Hall advances that codes are the means by which power and ideology are continued, 

reinforced or challenged, and are led into social practices by driving meaning to particular 

discourses. Socially shared codes create references between signs and maps of meaning into 

which culture is classified. Hall actually describes codes as maps of social reality that “have 

the whole range of social meanings, practices, and usages, power and interest ‘written into’ 

them” (p.98). 

These maps are always the object of much dispute. However changing and polysemic 

the many socially shared codes may be, any culture tends to impose its classifications of the 

social, cultural and political world in a dominant cultural order that organizes different 

discursive spaces of dominant meanings. Every new event, however disruptive of this order it 

may be, will have to be assigned to a certain discursive domain in order to make sense in 

general terms, which paradoxically may drain much of its significance. So, according to Hall, 

this assignment mobilizes a set of performative rules, that develop competences and uses, in 
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order to reinforce one semantic domain over the other at each situation, and move items from 

one setting to another, transforming their affiliation and meaning. So the reception of 

communicational messages and the integration of them into actions has this deep and 

fundamental performative aspect that will, of course, be reintegrated in the skewed feedbacks 

of reproduction. 

We believe that the language and the boundaries of what can be said and how it will be 

said, this discursive practice, are the main site of dispute in communicational processes. We 

should point out that the skewed feedbacks described by Hall are equally important outside 

the dynamics related to the television medium and even to mass media. Online media is a very 

fertile field for these disputes in encoding and decoding, where, by a new distribution of 

publishing devices or communication infrastructures, the polysemy of codes and translations 

is publicized and therefore becomes more visible. Of course, the dispute between different 

codes and different meaning attributions is still present, but accumulated with other strategies. 

As an example, we have the work of professional media outlets towards increasing the 

penetration and visibility of their content in social media. As we have discussed elsewhere 

(CARVALHO & BOECHAT, 2015), cartographies of social media activity may display quite 

clearly these disputes of credibility and relevance and the concentration of flows around these 

major social actors. To a certain extent, this configuration reproduces the dynamics of mass 

media, as described by Hall, but, from another point of view, this new environment keeps 

records and amplifies the possibilities of other minor flows, that may display the effects of the 

appropriation of these dominant codes to the social organization of meaning. 

Of course, in a media environment dominated by mass media, the major flows are 

more visible, but, at the reception and consumption moments, with the processes of decoding, 

there has always been much circulation and skewed reproduction of messages. The problem 

was that it was not visible on a collective scale, it was hidden under the major flows, so 

dominant codes were more easily regarded as transparent, their strategies hidden in plain 

sight. As Wolf (1987) explains, contemporary strands of communication theory will seek in 

semiotics and in the sociology of knowledge the tools to overcome an approach that focuses 

on understanding the possibilities for matching and uniform interpretation of dominant codes 

and will dive into those disputes along encoding and decoding moments. 

In journalism theory more specifically, some of the main forces at play in these 

disputes are discussed in the theory of agenda setting. According to it, news outlets influence 
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the formation of a public agenda, which is nothing more, nothing less, than a map of issues 

and the corresponding code in which enunciation and reception might take place. 

According to portuguese journalist and researcher Traquina (2002), agendas are the set 

of current affairs being followed in different spheres of society. It can be a mediatic agenda, 

referring to the discussions presented in the media outlets, an agenda of governmental policy, 

meaning how the state translates different agendas into policy, and a public agenda, meaning 

the issues emerging from the direct interactions and opinions of common citizens. They can 

be very different, both in terms of priorities and in terms of how the issues are framed, and 

they also exert pressure to affect one-another. Journalists, for example, may frame events in 

such a way that has little to do with the issues of interest of their public, it would be 

reasonable to imagine that media outlets may define the public agenda. Nevertheless, for 

Traquina, it is not so straightforward: even though the influence is clear, if a certain mediatic 

agenda has no resonance with the concerns or references of the public, it will not be adopted. 

On the other hand, newsrooms are also like boxes of resonance of the many pressures issued 

from state and private institutions, that will willingly provide overworked journalists with 

information and approaches in accordance with their interests, with the intention of 

influencing public agenda through mediatic agenda. So journalistic practice itself is affected 

by strategies of agenda setting, if not only from representing and reencoding the effects of 

journalistic agenda setting on public debate, also by being the target of the strategies of other 

institutions and their respective agendas. 

Traquina also refers to Molotch & Lester, who defined three kinds of actors that take 

part in these dynamics, from the point of view of journalistic practice: the news promoters, 

people who identify an occurrence as relevant (therefore making it observable) and exert 

pressure and feed reporting; the news assemblers, professionals who transform an observable 

and finite set of occurrences into public events through publication therefore defining mediatic 

agenda; and the news consumers, who access certain occurrences that are made available by 

the media outlets. The news promoters, in this classification, are specialists, people who 

propose the governmental agenda, people from politics. It is quite clear that with digital 

networked media the news promoters also publish content that participate in the public 

agenda, and more people from the general public are included in this group. And, of course, 

news assemblers are also consumers. 
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Before digital networks, journalistic agenda setting seemed to place itself outside of 

public debate: for Lippmann (1922), journalists should be the experts that would be able to 

identify the issues in the public agenda from the outside, and search for comprehensible and 

true information to feed back to the general public. As public agenda becomes more visible, 

like in the social medias, for example, journalistic practice is more deeply implicated with 

these translations between different actors. These exchanges point to a process of construction 

of public issues through journalism: while an occurrence is just something that happens in 

time and can be visible, the constitution of a journalistic event means giving it public 

existence and constituting it as a resource for debate. Then, the biggest concern is that 

journalists get isolated from public debate and too close to governmental or institutional 

agendas, and may be framing events in a way that hides relevant issues. In order to avoid this 

problem, the solution in journalistic practice in general would be to search for as many voices 

as possible (DURHAM, 1998), so the issue bears as much grounding as possible to actual 

controversies. 

At the same time, Wolf (1987) draws attention to this cumulative effect of mass media: 

the capacity of mass media to create and maintain the relevance of a certain theme is the 

accumulated result of the workings of media coverage, of repeated exposition, and not isolated 

effects. And this has continued effects, because even if different informations are given on the 

fringes of the main accumulation, the common features and similarities tend to be taken as 

more significative than the different approaches. 

Hall, on the other hand, refers to the idea of selective perception, that is used by 

researchers interested in understanding the deviant interpretations of media messages on the 

part of the public, and how to reduce them. According to Wolf, selective perception is 

understood as a very specific way in which individuals decode messages: according to how 

attached they are to their values or previous assumptions, they may chose to highlight and de-

contextualize certain aspects of a message while toning down others, or the whole significance 

of the message. Nevertheless, Hall relates the use of this notion mainly to the concern that the 

audience might fail to grasp the meaning of the message as intended by broadcasters. He sees 

this notion from a more productive point of view: “This [selective perception] is the door via 

which a residual pluralism evades the compulsions of a highly structured, asymmetrical and 

non-equivalent process.” (p.100) 
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Considering the comulative effect of media messages indicated by Wolf and adding to 

it the information deluge we face in contemporary networked societies, we can see that this 

selective perception may be a defensive perception that not only defends a person’s values, but 

forces many messages into simplified models, for the sake of maximizing cognitive capacity 

quantitatively. We relate this tendency to the cognitive efforts of, when overexposed to 

information, trying to recognize patterns and to develop standard schemas to connect with, 

directly in action-reaction loops, as we described on the first chapter. 

We should also note that Wolf talks about a process of agenda setting by 

accumulation, of feeding large amounts of information according to the themes and 

approaches present in the desired agenda while leaving other themes, considered to be less 

relevant, to be poorly represented in terms of occurrence and detail. These last, despite present 

in general news coverage, get, as time passes, cumulatively buried by the rest, so we might 

also talk about agenda setting by superposition, or even occlusion. This is also a fundamental 

feature of the specific sort of economy of attention we live inside a context of information and 

cognitive overload: more than the traditional competition of several attractors for their 

messages, there is an accumulation organized by dominant codes that gives form to excluding 

communication landscapes. 

In this sense there is a capacity of pattern recognition being developed, but it is a 

defensive one, much different from the pattern recognition that is associated with the 

exploration and interpretation of visualizations, because it works by stabilizing codes and 

mappings. As we described in the first chapter, it is the continuation of the image into 

utilitarian action by the sensorimotor system, in direct translations of automatic cognitive 

reproduction. This does not mean that the codes in the encoding and decoding moments will 

necessarily match, but mostly that they will configure systems that do not communicate in a 

deeper and transformative sense. Selectivity and occluding accumulation will empty most of 

the informative quality of messages, in the sense that they will no longer be capable of 

informing or being actually translated into other systems of attribution or new practices. The 

production of forms that is connected to the circulation of messages and information might be 

varied, but will also be very superficial. So there is, in communicational processes and 

discursive practices, effects that have been described at ANT as blackboxing: gathering 

complexity in simplified representations that fade into the background of tacit assumptions 

(LATOUR, 2009). In the case at hand, this creates the impression of transparent 
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representation, and also reproduces and reinforces the separations of discursive spaces that are 

present in every society. 

We believe that visualization can help to counter that tendency, not precisely for dealing with 

large amounts of information, but for three main reasons, that we intend to explore in the rest 

of this thesis: first, it may compose shareable planes of reference, where categories are found, 

can be built from the bottom up, and not necessarily imposed by previous schemas. Second, 

as we signaled in the previous chapter, it can build different forms of access to information, 

integrating the processes of display and exploration with the attentive recognition, integrating 

scattered records into continuous landscapes to counteract some of the effects of the 

contemporary economy of attention. Third, for transcending individual cognitive aspects and 

becoming tools for collective work, mediating devices around which people can gather.  
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4. THIRD CHAPTER: DISCRETIZATION AND VISUALIZATION 

Over the previous pages we have been dodging a central issue to this thesis and it is time we 

deal with it head first: what is information, what is data and how to pull them apart, if ever? 

The task can become surprisingly challenging, considering the intricacies of technical 

mediation involved in the development of both categories. Information designer Zer-Aviv 

(2014) offers us a very strong and streamlined definition of information and data, summarized 

in the figure 3.1.: the DIKW pyramid displays the progressive relation of data with 

information, towards knowledge and finally wisdom. He explains it is  

“a framework for thinking about how data gains context and meaning and becomes 
information. This information needs to be consumed and understood to become 
knowledge. And finally when knowledge influences our insights and our decision 
making about the future it becomes wisdom. Data visualization is one of the ways to 
push data up the pyramid towards wisdom in order to affect our actions and 
decisions.”  

 

Figure 4.1. DIKW pyramid, by Zer-Aviv. Source: https://visualisingadvocacy.org/blog/disinformation-
visualization-how-lie-datavis. 

Despite drawing attention to several issues of our interest, like the progressive chain of 

translations from data to wisdom and the relation between context and knowledge, his 

formulation is closely connected to decision making and a linear temporality, associated to the 

continuation of perception into useful action, like the sensorimotor schemas of action and 
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reaction described by Deleuze (1990). It does not account for the collective and social aspects 

of either knowledge or wisdom, that are central to our discussion, neither for the coupling 

between information, technical devices and visual display that provides the base for these 

movements. We will explore this second theme in this chapter, along the thread of a 

progressive discretization of languages, supports and technologies of data and information, 

always accompanied with complementary movements of reassemblage. 

Gleick (2012), while building a history of information, advances that every new technology 

reorganizes the world around it and forces people to deal with new facts while adapting old 

terms to describe them, which leads, at first, to much inconsistent meanings (p.161). We have 

witnessed this phenomenon in the last few decades with the many visual and verbal 

metaphors that rapidly populated the emerging digital communication technologies, like the 

term “e-mail” or the desktop in operational systems, that refer back to previous devices. At 

times, in software design these inheritances can be used on purpose, as a strategy to ease the 

learning and adaptation of users to new environments. This is related to Gibson’s theory of 

affordances (GIBSON, 2014): the idea that in every environment people look for clues for 

possible actions or points for interaction and memorize them. So, in software design, inserting 

elements that carry some reference to previous experiences of users will ease learning and 

interaction. In this case it is a design strategy. But, most of the time, these adaptations are 

improvised, generating much confusion, until a community of specialists develops a more or 

less stable understanding of the new vocabulary, usually changing the meaning of traditional 

terms. 

Gleick (2012), while discussing this issue, describes the many changes that took place with 

the establishment of the first telegraph networks in the 1840’s. Among other curious stories of 

that time, he tells the tale of a man who took a written message to the telegraph office and 

could not believe it had been sent because the piece of paper he had brought was still in the 

operator’s desk (p.161). So the word “message”, that referred to an object that encompassed 

the text and the physical material in which it was written – the written piece of paper was the 

message – started to be seen as something closer to the idea we have of information 

nowadays, some content that could be translated across different devices. From the piece of 

paper to the telegraph wires, the message was transmitted, it became something that flowed 

across a network of objects, being present at different places at the same time. 
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So the term “information” has gone through the same kind of transformation: it was distilled 

from the many variations in its sense, until it was a perfect neutral intersection between 

technological devices and practices of communication, exchange and transmission. “When it 

was made simple, distilled, counted in bits, information was found to be everywhere.” (p.11). 

So purified it became, that it is at once in the flow of every exchange and a fundamental 

approach for describing everything: the body is an information processor through the senses, 

the genes are embodied information to be transmitted and replicated, the signals transmitted 

by technical devices become encoded information. 

Gleick develops a historical approach for discussing the role of information, pointing out 

relevant aspects of the interaction between mathematics, language and logic for the 

development of information technologies. Capurro (2014), on the other hand, privileges a 

philosophical and etymological point of view. He points out, first of all, that the word 

information has greek roots, in the term informatio, and that in antiquity it had two meanings: 

on the one hand, it was related to giving shape do some material, as in defining a form; on the 

other hand, it meant to transfer knowledge to someone, carrying a pedagogical and political 

sense. At a first glance, these two interpretations of the word seem quite different, but we 

understand that they are connected and even interchangeable to a certain extent: giving shape 

to something ascribes meaning to it, inserting it into a network of transfers that also includes 

people who are receiving and transferring information. Nevertheless, they point to two aspects 

of information: one focuses on objects or, to put it in contemporary terms, instruments and 

devices of information; the other focuses on information as base for knowledge, as the content 

of communication, available for subjective interpretation. 

Capurro demonstrates that these two aspects, that he qualifies as being respectively objective 

and subjective, will be constantly at play in the many variations in the interpretations of the 

term information across the centuries. So in ancient Greece information had both objective 

and subjective roles, and, according to him, this continued into medieval traditions, with 

scholastic philosophy. In the objective sense, Thomas Aquinas (apud CAPURRO, 2014, p.7) 

draws a distinction between the physical and biological processes of reproduction of forms 

and the divine creation, as a transcendent cause that creates ex-nihilo. In the subjective or 

epistemological sense, he underlines the active role of the individual agent in the processes of 

recognition of forms that are abstracted from phenomena (informatio sensus and informatio 

intellectus) and also uses the term informatio in pedagogical and ethical contexts, that would 

involve wider social issues. 
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According to Capurro, towards Modernity the objective sense of information progressively 

disappears from ordinary language, reinforcing its subjective sense, of communicating 

something to someone. He relates this to the progressive transformation of the substantial 

man of the Middle Ages to the communicational man of Modernity. It also matches the 

emerging empiricist traditions where information ceases to be something that is underlying 

cosmical natural processes and becomes specifically linked to human knowledge, like an 

impression in the mind and the processes of memory and reasoning, and also to the moral 

perfection of the individual or of society as a whole. In every way, the main praxis of 

information will be the act of communicating something to someone. 

From the twentieth century on, the association with the emerging information technologies, 

like the telegraph, the radio, and a mathematical approach towards information bring back the 

objective aspect of information, but with a different twist. Capurro brings up the example of 

Shannon’s article A Mathematical Theory of Communication (SHANNON, 1948), that set the 

path to modern computational systems. In this article, the Bell Labs researcher detaches the 

idea of information from subjective meaning and from its human epistemological context, 

aiming at the development of discrete ways of codifying and measuring it for improving 

quality and reliability of transmission. For Shannon, efficient transmission of information was 

in focus: 

“The fundamental problem of communication is that of reproducing at one point 
either exactly or approximately a message selected at another point. Frequently the 
messages have meaning; that is they refer to or are correlated according to some 
system with certain physical or conceptual entities. These semantic aspects of 
communication are irrelevant to the engineering problem. The significant aspect is 
that the actual message is one selected from a set of possible messages. The system 
must be designed to operate for each possible selection, not just the one which will 
actually be chosen since this is unknown at the time of design.” (p. 379). 

Information is converted into an engineering problem and, moreover, a matter of probability 

in which statistics will come to play an important role. In fact, for Shannon, information is 

associated with uncertainty, it implies surprise. If, in a transmission, only one message is 

possible, there is no uncertainty, no possible surprises, therefore no information. Likewise, if, 

after a specific letter, the probability that another specific letter follows is very high, then not 

so much information is conveyed. He begins to think in terms of language redundancy, of 

information as surprise and of messages as being sequences of discrete elements to which 

statistics would apply.  
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Shannon classifies the technologies for the transmission of information in three kinds: the 

discrete, like the telegraph, where the message is formed by a set of discrete symbols; the 

continuous, like traditional radio or television transmissions, where the message it transmitted 

by modulation; and the mixed ones, where there is a digital presentation of an analogical 

signal. Shannon’s measurements and statistical approach in many ways make these different 

kinds compatible, something that collaborates for today’s convergence in digitally based 

communication technologies. 

Moreover, there is also a coupling with formal logic, in order to develop systems that could 

receive and reproduce instructions. Like Turing has done in the abstract machines he 

imagined as part of a few thought experiments, Shannon developed methods for encoding 

instructions as numbers, that were to be mapped into series of electric switches and relays, 

that would describe series of only two values: yes or no, closed or open circuits, electric 

current flowing or not, zeroes and ones. They were pairing logical operators with electric 

circuits; algebraic functions and machine instructions (GLEICK, 2012, p.222). This use of the 

term information will bring back a material and objective aspect to it, guided towards the 

formation and transformation of messages into networks or series of devices. 

Returning to Gleick’s example of the telegraph (GLEICK, 2012, p.161), we can say that 

information as a practice of producing forms and communicating does acquire a certain 

autonomy from particular objects, since the message floats between many of them, along 

many translations. This could lead to an emphasis in its subjective aspects. Nevertheless, at 

the same time, there is a complementary movement of re-objectification of information, that is 

reinforced by seeing it as a formal, discrete resource to be managed and, well, formatted for 

transmission independently of its meaning and subjective interpretations. Capurro (2014) adds 

that contemporary thought tends to recover the objective aspect of information because of the 

natural sciences, that after all must derive information from specimens, and because of the 

presence of information in informal language, an effect of the popularization of information 

technologies.  

We would like to point out that one of the effects of this new objectification of information is 

modifying the relation between the two fundamental aspects pointed out by Capurro: the 

penetration of the management of information as a formal resource in wider social contexts – 

the political and pedagogical role of information – accelerates the translations between 

objective and subjective levels, inside our practices. The notion of information has always, in 
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a way or another, been connected to materials, but nowadays materiality is destabilized by 

many translations and conversions, so information is once again everywhere in the world. 

We understand that there is a similar process in the uses of the term data. Spence & Wainer 

(in PLAYFAIR, 2005) draw attention to the work of William Petty and John Graunt, who, 

still in the seventeenth century, worked with many different records to manage fiscal 

contributions, national income and public health concerns, developing the first efforts towards 

statistics. According to Spence & Warner, since that time there were already large collections 

of data available, and analyzing them became progressively important to modern economies. 

Nevertheless, the existence of recorded data itself can be considered to be prior to statistics 

and to the maritime empires: Gleick (2012) and Bottéro (1995) point to the Babylonian clay 

tablets, dating approximately from 3000 BCE to 2000 BCE, that were found by the end of the 

nineteenth century (see figure 3.2). In cuneiform writing, these tablets displayed lists and 

tables of stating commercial exchanges, conversions and many calculations, and are 

considered to be the most ancient evidences of written language and of mathematical 

operations.  

According to Roque (2012), in that period there was a considerable population growth in the 

region, which led to the development of cities and to the perfecting of techniques for the 

administration of common life. Conversely, the first written records are about quantities, 

storage of goods and commercial exchanges (p.35-36). 

Bottéro explains that their writing system was not yet fully phonetic, but was already not 

pictorial: that was, in fact, an example where phonetic writing came about progressively, 

inside one same society, probably because of the intense commerce developed in the region at 

the time, and for the needs of communication between many cultures. He highlights the 

importance of these tablets as an emergent form of science, a science of the lists, that would 

bring to surface forms of categorization and would develop a notation removed from 

particular and direct experience, leading towards abstract knowledge. Gleick, on the other 

hand, highlights the connection between writing, mathematics and economy: 

“When scholars did learn to read the Uruk tablets, they found them to be, in their 
way, humdrum: civic memoranda, contracts and laws, and receipts and bills for 
barley, livestock, oil, reed mats, and pottery. Nothing like poetry or literature 
appeared in cuneiform for hundreds of years to come. The tables were the quotidiana 
of nascent commerce and the bureaucracy. The tablets not only recorded the 
commerce and the bureaucracy but, in the first place, made them possible.” 
(GLEICK, 2102, p.45) 
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Roque (2012, p.39) also highlights a decisive turning point brought on by these records: the 

development of the concept of the numbers, despite being pushed forward by concrete and 

practical needs, involves some abstraction. Whereas counting things is a concrete procedure, 

using a single number to refer to equal quantities of distinct things is an abstract procedure. 

According to Gleick (2012), it took many decades after the first excavations for 

mathematicians to examine the tablets and find many evidences of complex mathematical 

operations, comparable to geometric progressions, linear equations, quadratic equations and 

others. While Gleick and other authors see in these tablets evidences of these many operations 

and especially an early approach to algorithms, Roque (2012) will set aside this idea, 

demonstrating that Babylonians, even if they performed the important movement of 

abstraction towards numbers as we described, did not develop mathematical methods as we 

understand them nowadays, as linked to algebra in abstract problem solving. In their methods 

they were focused in calculating things that could be measured, that is, their own 

correspondent of algebra was based in geometric procedures of cutting and pasting, worked 

mostly over quantities. So saying that babylonians have somehow anticipated algorithms is a 

mistake, caused by examining the evidence in the tablets through a contemporary point of 

view, without fully considering the context in which they were created and where they were 

applied. Nevertheless, in their numbers as well as in their words, they took a revolutionary 

step of abstraction of quantities and of categories, in a stabilized system of writing. This step 

towards abstraction is also a step back from pointing at things towards operating logically 

with language, looking at symbols and examining them, and developing metalinguistic 

procedures. 
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Figure 4.2: Cuneiform script tablet from the Kirkor Minassian 
collection in the Library of Congress. From Year 6 in the reign from 

Amar-Suena/Amar-Sin between 2041 and 2040 BC. Source: 
http://commons.wikimedia.org/wiki/File:Cuneiform_script2.png  

 
 

So, even when it is organized in structures like lists or tables, data does start already as 

something discrete, because it is geared towards quantities, it is in the roots of statistics and 

relates to the discrete character of phonetic writing systems. As we summarized, Gleick 

(2012) highlights a surprising approximation between logic (or Boolean notation for symbolic 

logic), calculus and the workings of electrical circuits in Shannon’s work in the first 

experimentations towards digital technologies. Shannon (apud GLEICK, 2012), the 

researcher from Bell Tabs, represents mathematical equations and basic logical operations 

through series of circuits and relays, where, at every step, the logical paths were defined 

depending if the circuit was closed or not. It was not a matter of transmitting energy, but of 

procedurally establishing binary facts, that is, the closed circuit or the open circuit, inside a 

logical sequence. Following Boole, Shannon had concluded that he needed only two values 

for these equations: zero and one, for the open and the closed circuit. So, coming back to his 

mathematical theory of communication (SHANNON, 1948), you get to a maximum economy 

of signs in a Morse-like system, that is paired up with an electrical circuit, and to which 

subjective meaning is not central, only procedural logic. So we believe there is yet another 

underlying detachment that is performed in these experiments: data, or binary values, do not 

matter for their meaning, that is, for counting or classifying things, but for keeping the logical 

circuit going and producing more values, more data. They are the engines of the functioning 

of complex machines. 
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According to Gleick: 

“Turing was encoding his machines just as Gödel had encoded the language of 
symbolic logic. This obliterated the distinction between data and instructions: in the 
end they were all numbers. For every computable number, there must be a 
correspondent machine number.” (p.220) 

So data also starts to be measured, and in the most discrete way. The new measure was the 

binary digits, or bits, the smallest possible amount of information. As information is 

connected to uncertainty, a binary choice, like flipping a coin, would be the indivisible unit. 

And, to every new bit included, possibilities add up exponentially. As another illustration of 

the pairing of information and data to the structure of devices, Gleick describes a graph that 

Shannon once drafted on a piece of paper: an axis for bits storage capacity, ranging from 100 

to 1013, and along that he organized items such as a digit wheel (used as a desktop adding 

machine, with 10 digits), a punched card, a typed page, the genetic constitution of men, phono 

records, a professional journal, the Encyclopaedia Britannica and, at last, the Library of 

Congress (p. 243). Of course, it is an informal note and many of the capacities he assigns miss 

the mark by several magnitudes. But it is very representative of the transformations taking 

place, because several different objects (and even institutions) with varied functions and 

structures are aligned with the human genome and are all quantitatively evaluated by their 

capacity for data storage. 

With digital technologies, data becomes part of a flow, it is a formal resource, something to be 

managed and shaped, something that also produces forms, information. The difference 

between data and information is difficult to define nowadays because they are constantly 

being translated into one another: data can be given shape to be interpreted as information, but 

it can also be extracted from information and be given new shapes. Both of them travel along 

networks of devices, but data can be thought of as being less connected to subjectivity and 

more to formal procedures, while the work of interpreting it leads it towards information. 

One of the many contemporary concerns about the use of data is the fact that, once much of 

our life comes to be described as data, all our knowledge, art and different experiences might 

be dealt with quantitatively. This would lead to pervasive and technically efficient methods of 

evaluation, monitoring and surveillance. It might also lead to the development of 

measurements that, although efficient, do not describe the complexity of our experiences, and 

might impoverish those same experiences and develop impoverished criteria for the 

management of social life and for decision making. Or so the argument goes. Marche 
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provides a good example of this concern in a 2012 essay entitled Literature Is Not Data. After 

describing how Google started scanning books en masse so they could be available for search 

in Google Books, and explaining some studies on literary works, in which scripts are run in 

texts by the bulk to identify quantitative patterns, Marche advances that literature is the 

opposite of data, that what literature is about transcends data and cannot be described by it. 

He also points out that data precedes written literature, and refers to the same clay tablets 

described by Gleick (2011), Bottéro (1995) and Roque (2012), with lists of merchandise and 

their quantities, which he understands as data, while the first written literary work was 

Gilgamesh, which appeared much later. 

Even though Marche’s argument touches very significant concerns about how we deal with 

data and use it to extract or produce information about different subjects, it has, from our 

point of view, a few problems, that are derived from the idea he has about what is data, and, 

conversely, what literature can be in relation to it. As Selisker (2012) reminds us while 

commenting on this essay, almost nothing in the world is data, so we should not fear that the 

researches in the digital humanities, for example, would want to reduce literature to data. Data 

is a form of description that serves specific goals. It can help in the storage and transmission 

information, for example. In research, it allows some specific questions about research 

objects, while in journalism it can be a source for assessing collective or complex events. 

Most of our experiences, will, of course, present themselves in several dimensions, many of 

them not describable by data, and neither by literature, for that matter.  

In essays like this, in which data is taken as a historical object, there is a dangerous confusion, 

which we would like to avoid ourselves: of mixing and erasing the difference between data as 

some sort of recorded hard fact – like a quantity, a measure, a category or a name – and on the 

other hand as the base for digital technologies. It is easy to blur the limits of what data 

actually is and start seeing danger in data itself, like if it was some kind transcendent entity or 

worse, some sort of second nature. As we previously discussed, data is a base for digital 

technologies in the sense that things are described, stored and transmitted as data in a very 

broad and detailed manner. It helps formalizing and compatibilizing more and more fields of 

knowledge, kinds of content and spheres of production, so our society becomes networked. So 

there is this general impression that everything may be converted into data, because, in a 

sense, there is actually the practical possibility that every single traceable object has a digital 

description. But data is, nevertheless, a way of looking at, making and converting things. 
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So it becomes clear that the difference between data and information is performative, that is, it 

depends on the ways we approach things and on the interactions with technical objects, on the 

approximations of what is being said or recorded and its role in giving shape to realities 

(AUSTIN, 1975). It is not that things were not composed by data in a distant and nostalgic 

past before computers, where experience would have been fuller, richer and deeper. Previous 

technologies of information – or technologies of intelligence, if we want to use the broader 

expression coined by Lévy (1997) – like medieval parchments or even the inside walls of 

egyptian pyramids with their hieroglyphs, for example, can all be sources of data, if one 

counts the letters of signs, compares it to other instances, performs measurements and so on, 

and that does not oblige us to lose sight of the fact that they could be simply read as 

continuous text and still be used and accessed as a regular parchment or ritual decoration, as 

instruments of communicating. 

Therefore, in the chapters that follow we want to avoid certain pitfalls in the notion of data. 

First, the idea that data is raw and completely stripped of biases, representing objective reality 

in direct terms. This is not very precise, in the sense that data, however discrete and atomized 

it may be, will always carry some structure or the criteria from which it was generated. It is 

only raw in the sense of demanding treatment in order to be used, precisely because one needs 

to adapt or clear inherited structures towards other uses. 

Second, we should be careful with the idea that data is everywhere: as we have discussed, 

with computation the meaning of data was added with another layer, that of a procedural 

resource and formal description of logical operations of software and circuits, that must be 

shaped and gives shape to information. So saying that data is everywhere, once it is coupled 

with digital systems, tends to imply that computation is everywhere but it is hard to imagine 

that computation can stand for the whole of our experiences in communicating, or for all the 

living meanings of information as described by Capurro. Data does become ubiquitous along 

with the wide range of digital devices we use, deal with and are exposed to nowadays and it is 

true that more and more of our personal experience and of social life is being formalized, 

recorded and transmitted by digital technologies. But, in that sense, information is wider than 

data, and data itself can be thought of as something older and broader than computing 

machines. In a sense, data has always been there. We can refer to the description of the 

workings of the visual cognitive apparatus that we summarized in the first chapter: atomized 

impressions of shades and colors, or data from the environment, are registered in parallel and 

aggregated towards useful information. We can also, as we pointed out, count and atomize 
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anything you like: data is potentially a description to everything, but it does not mean that it 

necessarily will reduce our experiences and knowledge. Contemporary computers, their 

software and programming languages perform functions that are much more varied than the 

logical sequences that are in their deeper base, and the subjective aspects of information are, 

for better or worse, also present in all the related uses and practices. 

This brings us to question a third idea, that data would be like a second nature: as information 

proliferates in digital devices, data is present in the processes that generate all these forms, so 

we might get the impression that it becomes a world onto itself that is messy, complex and 

incomprehensible, but we should always keep in mind that data is produced and that it is in 

the roots of the visible traces of our exchanges. Data can be found everywhere, but it is not 

necessarily there, available from the start: it demands an effort to be produced and work for 

extracting, distilling etc. 

One last important observation would be pointing out that, as we already signaled, the 

categories of data, information and knowledge are not linked to particular devices or 

technologies of intelligence. It is precisely through this ubiquitous presence that data and 

information can circulate across devices, being more visible and shareable, which can 

generate socially shared knowledge, either in a political or a pedagogical sense. 

As we have been discussing, the idea of information is developed from intricate exchanges 

between its subjective or expressive aspects, the objective production of forms and a political 

and pedagogical function along with many devices that compose the technologies of 

intelligence. The history of informatics clearly follows a path of progressive discretization of 

information that values formal logic, calculus and data, that is entangled with a correspondent 

discretization of devices’ structures, or at least with the closer engagement of devices with 

discrete structures. 

We would like to advance that this progressive discretization, that has been discussed in the 

context of the first experiments towards informatics, is part of a process that can be outlined 

in earlier technologies, historically in the many engagements between cognition, language and 

devices that inform. We consider it to be an important key to understand the emergence of the 

contemporary notions of data and information, that is historically conjugated with their visual 

displays in a similar way in which it has been mapped to transistors and relays by pioneers of 

computation like Shannon or Turing. 
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Following this process demands a new differentiation, which is between analog and digital 

signals: for computational information theory, the first would be continuous, modulated, 

while the second would be discrete, with no fluid variations of intensity, just fixed degrees. 

“A rheostat – light dimmer – is analog; a wall switch that snaps on or off, digital” (GLEICK, 

2012, p.256). We should observe that according to this criteria, the digital is quite broader 

than what we call nowadays digital technology. Even though this difference did sustain for a 

while a separation between cognitive activity and computation, just like with the continuous 

communication signals and the discrete ones, there is an approximation of both categories 

through measurement. For example, once you measure brain waves or radio signals in Hertz, 

you can work out discrete elements from continuous phenomena. This is one of the paths 

towards the convergence of every media into digital media, and for seeing the human brain 

and cognition as very efficient information processors. As we have discussed in the first 

chapter, much of the theory on information visualization works from this standpoint, or at 

least considering mainly this aspect of cognition. 

Deleuze (2003) offers us an interesting perspective on the difference between analog and 

digital, that takes on a different standpoint, placing both terms as philosophical categories. 

While analyzing the works of painter Francis Bacon, he draws a discussion that is not exactly 

about defining clear frontiers between digital and analog, but about the interactions and 

transformations between analog and digital stances in the cognition that works with images. 

For him, the digital is already found in the measurements and in counting, it is in the diagrams 

that are present in a canvas even before it can be filled with brush strokes, it is, above all, in 

the measuring hand and the recognizing eye that matches schemas, codes to everything that 

comes along and aligns sequences of interactions, building a determined world, but not 

necessarily deepening perception and experience. He proposes that the aim of art should be to 

retrieve an analog language, beyond the digit, “a language of relations, of expressive 

movements, paralinguistic signs, breaths, screams and so on” (p.113). 

Deleuze talks about a diagram, that can be built by the painter in order to make surfaces 

emerge, as opposed to a code, a preexisting set of divisions of the canvas, an optic schema. 

The code is “digital in the sense of the finger that counts” (p.104), like the letters in a word. 

We are submerged in geometry and from our eyes geologic lines emerge even in blank pages, 

emerge out of chaos, and digitalize things. The world has already been synthesized and it is 

up to artists to work and sometimes deform these preformatted surfaces to produce analog 

languages. The painting can build an analogic language in the sense of the hand that gestures 
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and retrieves continuity and intensities, and integrates senses and surfaces into another 

landscape. Deleuze assumes that he is pointing to some sort of reversal of Platonism, where 

new transcendents can be bred out of discrete or digitizing perception and devices, and not to 

the unmaking of codes in order to recede back to some previously existing continuity. 

His approach interests us for not being focused on technology, but, at the same time, being 

very attentive to the effects on the surface of devices and the process of building images, in 

this case the paintings. He reinserts a fuller sense of cognition and of the processes of 

subjectivation in the core of the tensions between digital codification and analog languages, 

while keeping the attention to the surfaces of devices. This allows us to link back devices and 

technologies of intelligence to processes that lie inside and beyond the borders of specific 

digital technologies, also retrieving information and communication as social and political 

practices that move towards building a shared world. 

Along the history of the technologies of intelligence, we can identify these many conversions 

between analog and digital. For example, the history of written language can be seen as a 

history of discretization of records and signs, that is also influenced by the reinsertion and 

combination with fluid and continuous modulation. Pictographic systems built sequences of 

pictures based on direct experience; they cut out and simplify visible objects. On the other 

hand, the movement towards phonetic writing involved – according to Bottéro (1995) with the 

example of Mesopotamia between around 3000 and 1750 BCE – a movement of abstraction 

and discretization, because words that meant something in oral language were broken into 

specific abstract sounds, each one represented by a letter. In fact, even inside pictographic 

writing systems we can see this progressive movement of abstraction, where the original 

meaning of a pictogram may be set aside in favor of assembling a certain sequence of sounds.  

The clay tablets of Mesopotamia were marked with cuneiform writing, that displayed more or 

less atomized signs, and were organized into lists of instructions and tables, in order to 

reconnect the records that were mainly commercial and administrative. The first works of 

literary interest, that would emerge much later, will privilege linear and continuous 

organizations of text, because they are mirroring oral narratives that follow chains of events in 

flows of sounds. 

Carved Greek and Roman writing also display atomized signs. Nevertheless, with the 

introduction of materials like animal skin in parchments or vegetable fibers and paper as 

supports for writing and of paint and brushes, we have the emergence of cursive writing, to 
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which there are evidences even in antiquity. Cursive writing is developed at first for faster 

recording, and it tends to join words into single complex strokes. The atomized aspect of 

phonetic writing remains, of course, but is added of a layer of continuous gestures through 

which the eye flows. For the purposes of readability and standardization, during the 

Carolingian Empire between the eighth and the ninth centuries, carolingian minuscule writing 

was established as a standard for communications, and it applied differences between capital 

and minuscule letters, and all of them were more separated and round, with vertical traces (see 

figures 3.3, 3.4 and 3.5).  

 
Figure 4.3: Vergilius Augusteus, Georgica141ff, written in capitalis quadrata and in scriptio continua. Source: 

http://commons.wikimedia.org/wiki/File:Vergilius_Augusteus,_Georgica_141.jpg 

 
Figure 4.4: Page of text (folio 160v) from a Carolingian Gospel Book (British Library, MS Add. 11848), written 

in Carolingian minuscule. Text is VulgateLuke 23:15-26. Source: 
http://commons.wikimedia.org/wiki/File:Minuscule_caroline.jpg 
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Figure 4.5: Greek manuscript in ancient cursive script, papyrus, dated 545 A.D., Brit. Mus. Pap. 1319 (now 

British Library Pap. 1319). Source: 
http://commons.wikimedia.org/wiki/File:Greek_manuscript_cursive_6th_century.png 

At the same time, we could trace a history of the development of punctuations, spaces, line 

breaks and other graphic elements that create separations and at the same time group pieces of 

text for better reading. Whether in cursive writing or in more formal styles like Classical 

Greek or Latin, texts were once written without any separation. Around the fifth century BCE, 

Greeks were using interpuncts to separate words, but it took many centuries for western texts 

to use full punctuation, around the tenth century. This was associated with the production of 

many copies of the bible by the medieval scribes, and the efforts of giving visual cues of 

rhythm and pauses for reading aloud. 

But we could also look at the supports in which written text is inscribed and realize that, 

between the scrolls and the codex there is also a process of fragmentation of surfaces, from 

one continuous parchment to a series of pages, adding to portability and easing access. Also 

that with the printed books and more accumulation of pages this will demand page 

numbering, and maybe indexes: we start building relating tools to navigate larger amounts of 

content non-linearly, possibly building new continuities. 

With the invention of the movable type, we have yet another development towards 

discretization, but this time it also encompasses the structure of the machine itself, in the 

types, one for each letter, that should be assembled at each edition, and afterwards 

reassembled for others. Movable type is seen as one of the great enablers of journalism, and 

we can see some of its many transformations in newspaper pages (see figures 3.6 and 3.7). 

Until the end of the nineteenth century, newspapers followed the basic tradition of book 

printing with single-column pages. Later, most started to print in four or six columns, in order 

to enable faster reading and to fit more text in simple pages. These columns, nevertheless, 

displayed continuous text, separated only by the main titles of news pieces. Afterwards, more 

groupings begin to be drawn, demanding the setting of hierarchical levels of importance 
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through differentiated graphic treatment, developing complex diagrams and visual codes for 

the display of the news. 

 

Figure 4.6: Cover page of The New York Times. Source: http://timesmachine.nytimes.com/browser 

 

Figure 4.7: Cover page of Jornal Estado de São Paulo. Source: http://acesso.estadao.com.br/login/?origem=dp 

Moving on to more recent examples, with the telegraph people were taking advantage of 

electric flow to transfer messages using discrete codes but, a few decades on, radio was 
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broadcasting in waves and was followed by television, only to be more recently converted to 

digitally-based formats in digital and web television and radio. That takes us to one very 

particular aspect of contemporary technologies, that is the fact that all analog bases are 

converging rapidly to digital technologies in a narrow sense, while displaying and allowing 

for many modulations. Even the devices that did not operate exactly from discrete elements – 

even though they were definitely measured and calculated –, like the radio or the television, 

converge into digital technologies. On the other hand, data itself is so atomized that it 

becomes a flow. It breaks, unbinds traditional structures so they can be fed into the flow: 

Marche (2012), for example, describes with deep concern the fact that Google, in order to 

accelerate book digitizing for Google Books built a machine that could cut off book spines 

and scan loose pages faster. Previous groupings and structures may not withstand the pull of 

the data current. 

What we are trying to demonstrate here is that these variations between discrete and 

structurally assembled aspects of these technologies bring up issues that have always crossed 

the borders between language, cognition and devices, either in the sense of instruments used 

to record something, the object that is invested with information or the artifacts used to 

transmission and display.  Once you think in terms of discretization, it is hard to pull apart 

what ensues of language systems, for example, and what ensues of the supports or devices for 

making, displaying, storing and transmitting records. So every translation or agency tends to 

jump between different classes of objects, and developing a linear history does not seem like 

the best choice for dealing with the subject. 

We understand that developing an approach on these derivations in the constructive 

interactions between information as communication, data and visual displays will aid us to 

better understand the role and workings of visualization in heavily mediated societies. We 

will build this approach as an antiquing work, for slowly gathering a collection of items that 

may demonstrate these translations along the axis of discretization of visual displays towards 

our contemporary understanding of data, information and visualization. We are using the term 

discretization in place of digitalization in the sense proposed by Deleuze, in the attempt of 

avoiding confusion and reinforcing the fact that we will discuss phenomena that is broader 

than digital technologies specifically. We shall focus on visual inscriptions as traces of the 

development and the sharing of information. Therefore, our main goal for the remaining of 

this chapter is to link back information, data, language and visuality before and after the 

invention of computers and digital technologies in a strict sense. So we are bringing up these 



 

 

101 

antique objects and intend to place them as landmarks, chosen for representing certain 

specific issues on the visual representation of data and information. We will discuss their 

methods in order to better reveal aspects of today’s methods, that is, in order to better address 

these same issues as revealed in today’s methods. It is actually a manual craft, sewing work, 

that would, of course, take much more time and dedication than we can offer now, but we 

believe even this partial attempt will be very useful for the discussion that follows. 

We will organize our itinerary around three main branches: the representation (and 

building) of time, space and, lastly, the composition of context through visual representation. 

Each theme will part our path into one lineage, in order to reveal three facets of the same 

processes of discretization, penetrated by new syntheses and second-level continuities. First, 

we should gather visual representations of time, like timelines as sequences of events and 

graphs with time axes, projected on the cartesian plane. The main theme here will be the 

passage from a continuous and irregular representation of time to time represented in regular 

and discrete intervals and the emergence of time as monitoring sequences and time series 

graphics, the issue of sampling and scale. This will take us to a second lineage, organized 

around the visual representation of space or the organization of territory, with charts and 

maps. The main issue to be explored here will be the relation between space and territory, and 

the graphic plane as geometric territory, as the land for spatial measurements. At last, a third 

lineage would take us to analyze the importance of the idea of context for visual 

representation, which will lead us to discuss cosmological representations and networks. 

Nevertheless, it is important to highlight that each of these three lineages possesses 

powerful contents that can be related to all the three themes, and also that the themes 

themselves are mutually defined. There is no experience of time without space and vice-versa 

and, we would like to argue, there is no experience of time nor space without the perimeter of 

a context. Therefore, the association between the themes and the lineages and their main 

components is mostly instrumental. It is mostly guided by the density in which we normally 

experiment these three themes in each of the components. Our goal and method will not 

involve reconstituting a historical continuity, but retracing interesting links, this time between 

visualization and the experience of the three themes we chose. 

As a last subchapter, we will talk about lists, tables and grids as three main objects that can be 

associated with data and the fragmentation of inscriptions, and can also be placed as basic 

objects for building contemporary visualizations. Along the three themes we will explore, 
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lists, tables and grids take part in the construction of all the visualization formats we may 

bring up as examples, and always resurface, sometimes as a precodifying base, sometimes as 

diagrams. Things like lists, tables or grids can be tools for describing things through data, at 

the same time for producing data and for relating data towards information. We will close this 

chapter discussing their role in the histories of discretization and, conversely, for the 

reassemblage of another, secondhand continuity. 

4.1. TIME 

Time, for Deleuze, cannot be unidimensional: an event, when it happens, is, all at once, 

present and past, because it happens and in perceived, and because once it happens it is 

already gone. He sees two forms of approaching the past, related to two flows of 

differentiation of time: first, past can be seen as preexistence in general, as a memory of 

temporal regions and layers that coexist, of pasts that are kept in memory. Second, as presents 

that pass sequentially, forming an accumulation of old presents (1990, p.87-120). Deleuze 

formulates this image of the two flows of differentiation of time as related to the concept of 

image-time, that he develops while thinking about the experience of time in cinema. We 

understand that these ideas encompass experiences broader than cinema and, therefore, 

become useful as a reference to our discussion about graphic representations of time. 

Timelines certainly present this sequential accumulation of past presents, stabilized by all this 

process of standardization of which we have been tracing some references. Nevertheless, we 

consider that it would be by far too restrictive to take them only by this second flow of time, 

of the consecutive presents. Historiographic perspective persists, it is clear, in the flow of 

pasts that accumulate and in the experience of living while apprehending the fact that one 

lives. But once the material record of those pasts becomes commonplace, this brings to 

surface the reconstitution of the past at each access, through reorganizing the virtual reserve 

of past that is the other flow of time. 

Deleuze calls a time crystal this structure in whose center the actual image and the virtual 

image become indiscernible. This happens in the moment when there is a connection, a 

crystallizing bond between a present and its contemporary past, that is, between an actual 

image and its virtual correspondent. Likewise, observing a visual representation of time also 

mobilizes and crystallizes a core of indiscernibility between the actual data and a reserve of 

past, in which the timeline takes part, pointing to a bivalence of visual representation. Even if 
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the straight line itself suggests and is a reference of sequential reading, it is not a 

straightforward fact that it will be read like that. Moreover, sequential reading, as it often 

happens, is just in the beginning of the recognition processes. Timelines surround each event 

in a world of events and crystallize this core of indiscernibility between events with clear 

boundaries and a virtual reserve of pasts. As it becomes more evident with interactive media, 

but not exclusively, its most contemporary quality is actually on the rehearsal, in the failed 

temporal arrangements, in the stalemates… and in the progressive mobilization of these 

events with other pasts and in the non-sequential reassembling of the extension of time. 

Depending of the level of detail we choose to use, the evolution of the species can look like it 

is linear or not: it happens amidst several accidents, rehearsing and encompassing not only 

bifurcations, but also contaminations and dead ends. Until recently, timelines were mostly the 

stabilization of temporal course, but what becomes evident in recent times is the incorporation 

of this cognitive wandering in the structure of the graphic representation of time, so that its 

presentation it assembled while being accessed. This time order that is multiplied, non-linear, 

is, finally, an experience of time that overflows from interactive visualizations, in terms of 

composition and access, but can also be experimented even while building print timelines, 

with different version for the same timeframe, or the rehearsal of different solutions for an 

issue regarding time. Rehearsals also go in the interpretation of graphs and timelines, an 

aspect that is quite useful if we consider turning visualizations into devices for inclusive 

debate. 

Still in the frame of the reflections over the image-time, Deleuze dwells a bit more over this 

process of rearranging the virtual reserve of pasts at each time we try to build an 

understanding of an image-time. He relates it to the perceptive experience: we need to place 

ourselves in the space where things are present, get out of ourselves in order to perceive them. 

The past is like a general preexistence, that our remembrances suppose and from where they 

might emerge, while the present is like a tip of the past, indefinitely contracted. Each present 

can therefore mobilize, by cognitively tracing circles back to the present, different regions of 

the reserve of the past. The present is the outskirts of the past: it would not pass if it did not 

carry a certain imprint of the past. The past configures itself as the coexistence of circles more 

or less contracted of temporal experience. Deleuze compares these circles with regions, 

deposits or sheets, between which we jump to find this or that remembrance. In these 

dynamics – where all the sheets coexist in the common limit of their tips of present – would 

be the foundations of non-chronological time. 
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Instead of seeing the present as a place for a succession of things, each taking the place of the 

other, we can focus on the event at hand, and how it is prepared (it is expected), happens and 

ends, we are taking a point of view that is longitudinal, that is, which crosses a succession of 

presents towards an in depth view, that distinguishes the event from the space that gives place 

to it in the present. There is a present in the future, a present of the present and a present in the 

past, and all of them are tangled in a time that is interior to the event. These are simultaneous 

tips of present. So, for Deleuze, there are two aspects of the representation of time: the aspects 

(regions of past) and the accents (tips of present). 

So, for Deleuze, present has a plastic characteristic while past has an architectural one. When 

we place ourselves in this or that sheet of past, we are also conducting a transformation of 

contractions and distensions, and building a diagram of the stacking of these layers and of 

points of correspondence. It is like a mental and diagrammatic cartography of time (1990, 

p.149). In the following pages, we will use this conception of image-time as our main 

guideline to our antiquing, since it encompasses a rich perspective on the translations of time, 

on the movements between continuous experience and discrete jumps between specific points 

of time. 

According to Serres (2003), the experience of time has its initial bearing on the organic 

rhythms and on the path of the sun and other celestial bodies in the sky, as well as the 

displacement and the relative positioning of the individual himself in the land. It is, therefore, 

rooted in the body as a reference point for the displacement of other bodies and for the 

conquest of distances, which demands duration. They are, from the beginning, lines that set 

up courses, based in embodied experience. Instruments for the counting of time often operate 

by an impression of those initial lines, like the course of the shadow in sundials, for example. 

Also, since the most rudimentary machines, by a transfer of these lines to the parts of the 

devices, like the extension of the ropes in weight systems that measured time in medieval 

monasteries. So we observe a first displacement of the experience of time that passes, by 

decal or transference, to useful devices. We believe that, as our experience of time became 

increasingly connected to many instruments that tell and represent time, to the measurement 

of time and even to monitoring and its intervals, we come to have different configurations for 

the relation between time and space. Be it space as distance to be gained by the body or as 

visual representation. For the purpose of this thesis, we propose a discussion about different 

visual representations of time and the progressive discretization of its elements towards new 
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synthesis, which we believe will lead to a deeper understanding of contemporary 

visualizations and their many transformations. 

Rosenberg & Grafton, in their book Cartographies of Time (2010), describe in detail the 

many evolutions of graphic representations of time until the emergence of the timeline, and 

how this process is related to the development of modern historical time. They advocate that, 

in general terms, our idea of time always refers to and is involved with the line as an essential 

geometric form, with lengths and with the displacement along this line, to the extent in which 

we cannot tell time without the mediation of space. One of the goals of their book is to 

describe the many experimentations and variations that the representation of time has gone 

through since antiquity until the modern graphic structure of the timeline was formed, in 

accordance with the modern the notion of historical time. They begin by discussing the 

Chronicle of Eusebius de Caesarea, a series of books composed on the fourth century 

comparing four historical chronologies, according to the records of different peoples that were 

related to the rise of the christian world, and end by discussing contemporary examples and 

the timeline as some sort of graphic interface for a database, a form of organizing the access 

to a reserve of information. 

According to the authors, the timeline as a visual representation of sequential events is 

relatively recent, having emerged no more than 250 years ago. Nevertheless, it has roots in 

other temporal graphic structures and is presented in many different variations nowadays. The 

first major example that is presented, the Chronicles of Eusebius, tries to conciliate different 

accounts of events of about the same period of time, by aligning each coincident date in the 

same row. This tabular format allows for an analysis of the differences between each account 

in terms of what is being recorded for certain epochs and for noticing how different events 

and people in different parts of the world relate to one another in terms of timeframe. It is a 

device for putting together different times and it does, after all, demonstrate how different 

kingdoms were progressively aggregated in the Roman Empire, until the point in time when 

the message of Jesus Christ could reach all of those peoples. 

We should notice that, in order to conduct these comparisons and associations, it was 

necessary to break up the linearity of the text to present parallel and comparable lists of 

events, in table cells. It was necessary to make them interchangeable so the sequence in the 

narrative would be unmistakable, it was necessary to distill the list from the narrative in order 
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to build a single history from parallel events in different places. So, curiously, in the story 

presented by Rosemberg & Grafton, the table precedes the line. 

They move on, telling us how in the early Middle Ages the most common format for 

recording events were the annals, listing dates in one column and events on the other. Other 

than this basic structure, they lacked categories for organizing accounts, making all sorts of 

entries (or failing to make them) with no consistent criteria. But, towards the Renaissance, 

chronologies flourished, mixing genealogic trees and historical accounts. For the authors, 

chronologies at the time were the subject of much dedication and plight, being, in some 

aspects, more valued than historiography itself, because of the idea that history dealt with 

narratives, or even poetry, while chronologies dealt with facts, having stronger implications 

outside the academic study of history. For european christians, it was important to consolidate 

representations that would match biblical time with the history of european dynasties and 

even the observations of astronomers. While the authority of many kings was reinforced by 

their family trees, sometimes stretching until biblical characters, the movement of celestial 

bodies was seen as the utmost reference of a regular and uniform time. Big historical events 

were often linked to astronomical ones like eclipses and, after all, Jesus Christ was born under 

a guiding star. So we believe that this was, after all, a cosmological effort, that aimed to build 

a harmonious interface between religious, political and scientific concerns.  

 

Figure 4.1.1:A page of Werner Rolevinck’s fifteenth century Fasciculus Temporum, with the horizontal timeline 
crossing several pages. Source: http://dioscorides.ucm.es/proyecto_digitalizacion/index.php 
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Figure 4.1.2: A spread of Johann Funck’s Chronologia, from 1545, that used astronomical data to link biblical 
with classical history. A row for each year. Source: http://books.google.com 

And this was a huge challenge: the difficulties of managing detail and scale are apparent in 

several documents. The solutions found at each situation were quite varied. For example, 

while some chose to represent royal family lineages along horizontal lines across many pages, 

with annotations above and below (see figure 4.1.1), others used tables and strictly one row 

for each year, keeping that regularity even for years where nothing was recorded (see figure 

4.1.2). The first emphasizes the rules of different kings, and their beginning and end marked 

different epochs, but the line was proportional to the details available or brought up for each 

period, not to its duration. The second emphasizes time regularity and precision, keeping the 

number of rows tied to the number of years portrayed, but cannot avoid adapting the height of 

these rows when there are significant events to describe and consequentially more text at a 

specific entry. 

At the eighteenth century, there is a renewed passion for chronologies, associated with the 

scientific revolution. According to Rosenberg & Grafton, the main advances achieved at that 

time were innovations in information organization. Many experimentations led to 

chronologies in the most varied formats, from pocket tables, to scrolls in fancy cases, 
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sometimes with handles, to discs, sometimes mixing modular structures with ancient visual 

metaphors. In the Discus Chronologicus (see figure 4.1.3), each of the slices stands for a 

hundred years, from the first to the eighteenth century, and each of the rings represents a 

kingdom. So, in order to fit more information, the kingdoms that endured the most were 

organized towards the edges, and the ones that did not last for many centuries or of which 

there was not much information were organized towards the center. It is, if that is possible, a 

circular table. It allows for a general view of the records, and this seems to be one of the main 

concerns for chronologies at the time. Nevertheless, by keeping the strict division between 

centuries across the circles of all kingdoms, it does not represent visually the beginning and 

end (also the transitions) between important historical periods, that, of course, did not 

coincide with the turn of the centuries and differed from kingdom to kingdom. 

For the authors, the work of Joseph Priestley would be the most influential for what became 

the classic structure of the timeline, from the second half of the eighteenth century on. The 

Chart of Biography (see figures 4.1.4 and 4.1.5), for example, combines the years with the 

names of  important kings as an orientation to read the position and the length of the lines 

representing the lifetime of each historical character. Then, it categorizes the names in the 

vertical axis, according to the field in which they excelled. It is important to point out that one 

of the first differences of this chart to the other tables and table variations is that time is 

actually brought in as a continuous variable: the placement of each life dash and its length do 

not follow some modular division, but the actual proportional position of the dates of birth 

and death. So it does actually display the distribution of these lives along the period of time in 

a much more fluid manner, where the concentrations and vacant areas along the years become 

self evident. We can, for example, discuss the lack of artists and poets from the eighth to the 

eleventh century, and the significant raise in those numbers from the fifteenth century on: was 

it a matter of actually having more artists towards the time in which this chart was made, or 

was it that the idea of what was art had changed? Many different discussions may arise from 

it.  



 

 

109 

 

Figure 4.1.3. Discus 
Chronologicus, published in the 
early 1820s by Christoph 
Wiegel. Source: 
https://www.flickr.com/photos/
bibliodyssey/4501667579/sizes/
o/. See Annex I, figure A1.1, for 
color plate. 

 

Another interesting aspect of this chart is that it is focused on only two kinds of discrete 

events, people’s births and deaths. It strips the temporal progression from preformatted 

periods and other kinds of events, so the spatial distribution of the ones that are displayed can 

match their temporal distribution. At the same time, the surface of the chart does not present 

divisions like tables do, but regular marks or thresholds, orientations that must be followed for 

positioning the events. With this regular, marked space that has no actual separations, the 

distribution of the elements in the chart may follow their own values. It is a new kind of 

chronology, it tells stories with data and is called a chart instead. 

We believe that this chart and the rest of Priestley’s works represent a very important 

transition, one that allowed for a closer matching between continuous or categorical data and 

the space of the display, and that advances towards the atomization of elements. Charts like 

these would, according to Rosenberg & Grafton, influence the first statistical graphs a few 

decades later, in the work of Playfair (2005). We should point out that new experiences and 
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representations of time are emerging, and they demand regular and universally standardized 

time to be mapped in the regular grid of the geometrical plane, as well as clearer 

chronological demarcation of events and periods, so they can be defined by discrete values. 

So we have the combination of this regularized timeline with the geometrical plane at the 

quantitative time series – in bar, line or diffusion graphs, for example. We believe this will 

further differentiate the timeline from the discipline of history, and bring it closer to the 

sequences of data derived from monitoring, that is, of time series of measured samples. 

   

Figure 4.1.4: A Chart of Biography, by Joseph Priestley. Source: Rosenberg & Grafton, 2010, p.118-119 
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Figure 4.1.5: A Specimen of a Chart of Biography, by Joseph Priestley, displaying a fraction of the data 
displayed of the larger chart. Source: http://commons.wikimedia.org/wiki/File:PriestleyChart.gif 

But this movement of developing standards and matching visual representations aligned to 

them in not recent. Roque (2012) explains that quantification and measure are fundamental 

for the ideal of knowledge emerging even before Modernity, actually from the Renaissance 

on. She points out that Descartes advocated that we can only have an understanding of things 

through quantification and measure, and therefore the idea of an universal knowledge could 

only be attained through a mathematical base. Apart from that, we would be developing 

obscure knowledge, and would become more exposed to error. But, of course, this very 

important movement has two faces. Roque refers to Barbin to explain that, while approaching 

everything in quantifiable terms, we are working towards turning reality into something 

quantifiable by separation and triage. These procedures are in the core of what came to be 

called the Scientific Revolution of the seventeenth century. They are also made visible and 

collaborate to structure our representations of time. 

We relate this triage, this discretization of time to two related developments that were more 

clearly configured especially towards the second half of the nineteenth century: first, this is 

crucial for the what we have been calling the management of social life, and for the 

experience of time from the nineteenth century on. These advances of the eighteenth century 

regarding the representation of time towards the widely accepted format of the timeline are 

related with the growing interest in monitoring economic and demographic variables, that is, 

of checking the evolution of many phenomena along discrete samples taken on regular time 
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intervals. Second, and this also follows from an interest in monitoring, there is the recording 

of samples in time by mechanical artifacts. Daston & Galison (2010) described this historical 

moment when mechanical artifacts like photographic cameras started to be used to produce 

visual documents with the aim of freeing scientific images from human subjective 

interpretations and projections, showing direct impressions of nature. They connect this to a 

specific scientific ethos, the mechanical objectivity. Even though the focus of Rosenberg & 

Grafton is in the timelines as historiographical artifacts, they also do point to the relation 

between these and automatic or mechanical forms of recording time in images, like the 

chronophotography of Etienne-Jules Marey, or the earlier “weather clock” by Christopher 

Wren, that were emerging as scientific techniques to study movement and monitor variations 

along time. 

 

Figure 4.1.6: A contemporary drawing of Wren's "weather clock.” Source: 
http://www.gutenberg.org/files/32482/32482-h/32482-h.htm 

The weather clock (see figure 4.1.6) was first sketched by Wren in 1663 and Robert Hooke 

completed its first working copy in 1679 (MULTHAUF,  1961). It is considered to be the first 

self-registering meteorological instrument, combining a clock with previous measuring 

instruments, like a barometer, a thermometer and a rain bucket, to record the changes of the 

weather along time. This device drew points or lines in a roll of paper and, according to their 

location, it was translated in terms of different ranges for each variable. Rosenberg & Grafton 

point out that the creator of the project never expected the raw records of the clock to draw 
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any interest. Probably for him the marks in the paper were just traces, and the real importance 

of the artefact was in the finished results, translated into numbers. The great importance 

ascribed to the device itself was, after all, to provide comparable records across places and 

times, as with all the early mechanical recording devices. 

So by the end of the nineteenth century, when photography started to be more broadly applied 

to science, the idea of real-time data recording was more or less established, as the weather 

clock and later variants demonstrate. The first experimentations with chronophotography 

involved varieties of photographical guns, that would expose the plate at short intervals and 

document positions of moving objects, animals or persons, their duration and sequence. Many 

of these informations were not evident to the naked eye, but became very clear once 

instantaneous snapshots were taken at regular intervals, fragmenting the continuity of 

movement. 

The inventor of the weather clock never wanted to display the resulting image, but the 

finished, translated data tables. Nevertheless, in raw data instruments this, the image is 

already abstract. The direct records already represent some sort of schema of the variations 

recorded, that can be evaluated visually and be used for weather analysis. On the other hand, 

Photography does not record measurements, but images, so they demand some extra effort in 

order to be measured and translated into data. So with artifacts adapted from photographical 

technique, there must be an effort for schematizing the image, so it can collaborate for 

measurements. This goes for many props used during the photoshoots, like the use of a black 

background and sometimes black clothes with contrasting white traces so the position of the 

limbs can be clearly assessed, or to other translations made towards schematic and distilled 

presentations (see figure 4.1.7). 

So, along the development we have been describing, we have the passage from narratives to 

collections of periods and events, and from that to atomized facts and to periodical markings 

or samples, which increases to the regularity of the intervals and the preciseness and 

atomization of each single record. Lines are so blended in devices that the graphic form of the 

line becomes a device for vision that collaborates for the modern breaching between body and 

vision. The line in the timeline is not a natural factor, but a trace, like many others, of the 

relationship of people with technique and technology, of its evolution and mutual constitution. 
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Figure 4.1.7: Man walking, by Étienne Jules Marey, 
1890-91. Source: 
http://commons.wikimedia.org/wiki/File:Marey-
_Man_walking,_1890%E2%80%9391.jpg 

 
 

Another aspect of this relationship between technology and our experience of time is the 

displacement of time towards its abstraction, as it also loses its anchoring in the experience of 

the displacement of the body itself, especially from Modernity on. We see, in different authors 

like Lévy (1997), Virilio (1993) and Crary (2007), the discussion about how the different 

speeds to which the body is subject with new systems of transportation and more generally the 

acceleration of modern life transform time into something elastic, of which we desperately 

need to keep track, following the lines drawn by the hands of the timepieces and many other 

paths traced in different devices that will keep on showing us non-elastic time. They keep at 

reach the reference of measure that is needed for time to be taken as a regular and reliable 

variable in order to organize different speeds. The experience of time is not anchored in 

bodily experience anymore, and space, on its turn, is experienced in different ways, depending 

on the speed available. 

With historical accumulation and the efforts for education of the disciplinary societies of the 

nineteenth century, there emerges a didactic concern: many games and and other trinkets are 

designed and patented in order to ease the memorization of historical data. Nowadays we got 

used to delegating our memory to devices of access and storage of information, and tend to 

value the structural understanding of academic subjects, but at that time, the ability to 
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memorize dates, names and even classic novels in their entirety was regarded as something 

necessary for great intelligence. The writer Mark Twain, who also designed games based on 

historical chronology, posits that dates are valuable assets, but are very hard to memorize; and 

that this is because they are composed of numbers, that do not have any striking difference in 

appearance, form no pictures, and so do not profit from the help of the eyes. He trusted 

pictures to do the trick (apud ROSEMBERG & GRAFTON, 2010). So following that line of 

thinking, many puzzles and board games were created, where historical knowledge was 

translated into mixing, matching and ordering pieces. Historical time becomes like a 

repository of discrete events to which only one order will be correct. 

 

Figure 4.1.8: Elizabeth Palmer Peabody, Polish-American System of Chronology, 1850. Source: Rosemberg; 
Grafton,  2010, p.205. See Annex I, figure A1.2, for color plate. 

Rosemberg & Grafton also point out to a very interesting educational device, known as the 

Polish System (see figure 4.1.8), that was created by Antoni Jażwińsky in the 1820’s and over 

the following decade became very popular at schools in the USA and Europe, especially 

France. The system consisted of a grid of ten by ten, where each box had three by three 

subdivisions. The time scale was variable: each box could represent a year, a decade or a 

century, depending on the timeframe at hand. Each square in the small grids would represent a 

type of event, to be painted in a specific color, according to the country where it happened. 

There were also three special symbols, to modify the types of events. This system was used in 

the teaching of history to improve student’s memorization of dates, by mapping them to 

locations in a grid and creating codified mental images. But, most of all, it was regarded by its 
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most enthusiastic promoter, the educator Elizabeth Palmer Peabody, as an aid for reading 

difficult classical texts, as worksheets for thinking through and organizing ideas. Extended 

cognition at its best: the charts that were preserved “look nothing like one another. Each is the 

imprint of an individual student’s imagination.” (p.206) 

The need of thinking devices only grows once more information circulates as we draw nearer 

to the twentieth century. The authors point to the fact that the timeline becomes some sort 

ubiquitous device: “Along with the list and the link, the timeline is one of the central 

organizing structures of the contemporary user interface” (p.246). Indeed, timelines are one of 

the main features we have at our disposal for organizing and accessing information nowadays, 

let alone managing collective activities at work and elsewhere. We would like to add that the 

graphic representation of time (not exactly historic) has taken up many different shapes, 

especially since the popularization of digital technologies. Nowadays, it can collaborate for 

the exploration of richer and multi-levelled organizations of events, like the example of the 

project Kindred Britain (figure 4.1.9), that brings up a new sense for genealogy: it mixes a 

network graph of the family links between british historical characters with a multi-levelled 

timeline, in an interactive interface. Time is also crucial for our access to our own files, by 

dates of creation, modification etc. Little by little, the past itself starts to be seen as a reserve, 

waiting to be displayed in different configurations, like memory; and time becomes a variable 

to be managed, depending on various factors. 

 

Figure 4.1.9: A view from Kindred Britain, by Nicholas Jenkins, 2013. Source: http://kindred.stanford.edu 
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Speaking from the point of view of the forms of recording knowledge, Lévy (1997), while 

discussing the role of what he calls technologies of intelligence, defines three poles of the 

spirit: the pole of primary orality, the pole of writing and the informatic-mediatic pole. Each 

of them relates to a different way of dealing with knowledge and reveal forms of representing 

time and expressing it. Even though each pole is more clearly identified with a certain 

historical period, Lévy explains that they can be pertinent to contexts outside those specific 

epochs. To put it briefly, the pole of the primary orality is related to societies where oral 

communication is the predominant form of expressing, maintaining and transferring 

knowledge, that is, therefore, always embodied in the members of the community. Societies 

where there is written systems may be nevertheless immersed in orality, if writing is very not 

relevant for organizing and maintaining knowledge and institutions, and in everyday life. 

Because of that, to Lévy in a strict sense the establishing of the pole of writing happens, not 

with the invention of written language, but with the diffusion of the typographic press, that 

brought writing to common, everyday practices. From that moment on, knowledge is 

materialized in written records in a broader way, which organize institutions and there is the 

accumulation of information and knowledge, produced in a progressive manner, aligned with 

causal historical order. Lastly, there is the mediatic-informatic pole, that is related with real-

time media and the permanent modulation and relativity of knowledge. 

In terms of the experience of time specifically, Lévy identifies primary orality with circular 

time, of the natural and ritual cycles, that always return to the present, where there is no 

accumulation of records. At the pole of writing, there is historical time, more clearly 

identified with the form of the line, stretched by, in the one hand a past considered archaic 

where knowledge was unreliable, and in the other hand a project of future and progress. 

Knowledge and history are accumulated in objects. Because the members of the community 

do not share the same context of enunciation, there is also a pressure for universality and a 

corresponding standpoint of the subject, that develops some critical distance. Finally, a the 

informatic-mediatic pole, time is finally fragmented as a variable, in points and segments, 

and, because the physical restrictions to the transmission of content weaken, local context is 

dissolved and is equally weakened the pressure for universality. 

When Lévy talks about the representation of time as a circle, he refers to a specific variety of 

time, which does not accumulate narratives, only resumes and refines them at each cycle, like 

the narratives in myths that are told over and over. At the height of the accumulation carried 

out since the beginning of written record, Maeda (2006), in his book about cultivating 
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simplicity in design, technology and business, proposes the idea that through repetition one 

may, at each cycle, reach a simpler, more concise formulation. The example is a famous 

design professor that, at each edition of his summer course, by saying the same thing, each 

time simpler, “was able to reduce everything that he knew to the concentrated essence of what 

he wished to convey.” (p.36) In their own way, cycles are alive and well nowadays, as much 

as the ritual character of teaching, connecting the experience of time with, narratives and 

knowledge. On the shift to the informatic-mediatic pole, we have a shift from the experience 

of time as a linear variable for an experience of a multidimensional time, as a network with 

vertices and many connections. 

So this periodization created by Lévy makes it clear that there are other relevant graphic 

forms for time that are productive for visual representations. We can, for example, bring up 

some pre-columbian calendars in the Americas, that showed cyclical time weather in circular 

structures or not. But, we will also have circular representations of time in societies that are 

mostly on the mediatic-informatic pole, when the cyclical characteristic of time is to be 

highlighted, depending on the context. The clock is an obvious example, but there are others, 

like the visualization in figure 4.1.10: it was important to compare the quantities for each 

similar period, to account for the seasonal nature of the variable, so the circle came up as an 

adequate solution.  

 

Figure 4.1.10: A visualisation of energy data over 
the course of half a year, by Peter Cook. Source: 
http://charts.animateddata.co.uk/energywheel 
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Apart from the issue of aligning and normalizing time, we should also highlight the issue of 

the constitution of events and their individualization as elements that can be related and 

permuted over the regular line of time. There is, as much as with the data within the table 

cells, a relative reduction of the complexity of the events and of what they mobilize in their 

respective contexts, so that they can be efficiently represented in a line, aligned, ordered and 

reordered. Likewise, the structuring of records in tables – classifications, lists, chronologies 

etc. – is related with the construction of objects of knowledge, in the form of facts, events or 

data. This idea is related to what Latour (1995) proposes, with the example of the perspective. 

While Panofsky & Wood (1991), for example, in his classic essay written 1924, highlights the 

fact that, with perspective, pictorial space has measures that can be transferred to physical 

space and back, creating an important sense of continuity, Latour thinks the development of 

perspective and projective drawing is meaningful for the production of knowledge because it 

flattens and normalizes a plane of representation and individualizes objects. These objects can 

now be calculated moved around the uniform plane. This allows for more mobility and 

acceleration for the objects of knowledge, while their integrity is preserved, like mathematical 

constants. It is like a process of constitution of objects of study, evidences or facts, in a way in 

which they could be effectively reproduced and verified repetitively in a uniform and 

flattened context. 

Perspective drawing is not, of course, the only visual or graphic strategy for the construction 

of objects of knowledge: the structure of tables, for example, establishes a grid of relations 

and also, while isolating the terms into cells, reinforces their factual aspect, and at the same 

time, it disembodied aspect, as data. Also, graphs in general are also constituted in this double 

movement: uniformize the plane of representation, that becomes a given field, and align 

individualized objects, facts to be moved and linked in various ways. 

Time series graphs are, from this point of view, a kind of merger between the cartesian plane 

and statistics that only came to be fully structured by the end of the eighteenth century. 

Nowadays we have many varieties of this kind of graph, among them bar, dispersion and line 

graphs. All of them have in common the two cartesian axes (some including also a third axis, 

for a third dimension to accommodate one more variable), many times with the horizontal 

representing time. Of course, many of them will not involve a temporal dimension, but this is 

our entry point for discussing them here. 
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Even though statistics have been established as a powerful tool for management and analysis 

of social life, the geometrical plane relates to an older mathematical and geometric tradition. 

It precedes Descartes himself, and is directly related to the ideals of measure and 

quantification. In ancient Greece, in aristotelian physics, geometric figures were used to 

demonstrate theorems starting from abstract problems. These figures were stable, and were 

devices for a kind of knowledge that did not consider variations of state or movement. This 

was because, for Aristoteles, movement either was an intrinsic quality of the object, and 

therefore was cyclic and returned to itself, or was a temporary variation, that would cease 

once the object returned to the place reserved to it by essence. For Roque (2012), there is a 

significative change in this approach at the fourteenth century, when some scholars start 

envisaging the possibility of quantifying the qualities of objects, and propose that they had 

degrees of intensity that could be studies and, more importantly to us, schematized 

geometrically. Before that, qualities were classified into pairs of extremes, like wet or dry 

and, even though they had roots in empirical experience, they could not be measured. An 

example is the work conducted by Oresme, who understood that a property could vary from a 

moment to another, or from one place to another. To demonstrate that, he traced graphs where 

a horizontal line would represent extension (time or space) and the vertical one would 

represent the intensity of the quality. So, instead of proposing a graphic solution for an 

algebra problem, as it came to be done later, these graphs present variations according to an 

extension, using geometrical proportions to demonstrate theorems about the movement and 

the variation of an object’s qualities.  

What Oresme did, even though his work was in general terms in the bounds of aristotelian 

physics, where movement is also a quality or a temporary variation from natural order, was 

parting extension (either time or space) and intensity (chosen qualities) into two different but 

related streams. By this division he was opening the possibility of turning them into 

quantifiable variables, that is, to make further divisions and count and relate indefinitely. So 

these figures are one of the basis for today’s graphs, where the basic variables will be plotted 

as extensions in the graphic space. 

Galileu is going to deepen the use of diagrams to represent the variation of quantities that 

happens in movement, mapped out in geometrical forms. According to Roque (2012), for him, 

any qualities that could not be quantified did not have relevance for scientific knowledge and 

should be disregarded. Nevertheless, his diagrams will still be disconnected from algebra, and 
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will not serve as an instrument for algebraic demonstration, which would be the fundamental 

innovation of the cartesian plane. 

So the great merit of Descartes, in the context of our discussion, was instrumenting a new art 

of invention, that is, aiming at theoretical devices that would serve mathematics in the same 

way as technical objects served social life in general (ROQUE, 2012, p.318). So the 

demonstrations should generate knowledge about the nature of the problem and propose paths 

towards its solution, instead of clarifying and perfecting certainties. Also, they should propose 

some sort of experimental context for the resolution of practical problems. Therefore relating 

a geometric curve of the possible solutions for an equation and the trajectory of a projectile, 

for example: demonstrations close in on simulations and project back their lines and quantities 

into our understanding of the landscape. Also, it will be the basis for today’s computer 

vectorial graphics. 

In the graphs with coordinate axis nowadays, one of the lines, as a basic and unidimensional 

geometric form, will bring back regular extension to time, or even to space, while the other 

axis will present densities for each corresponding point. As Deleuze puts it, movement can 

only subordinate time and turn it into a number that indirectly measures it if it is somehow 

normalized (1990, p.50). Returning to our main subject in this chapter, movement, in our 

case, is the enchainment of events over the normalized line, so time shows up as a number of 

this movement, in the sense of being its measure.  
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Figure 4.1.11: Stories of the Past and Future by Randall Mundoe, 2015. Source: http://xkcd.com/1491 

If historically the basic line has been maintained as the central axis for the visual 

representation of time, timelines have assumed many different presentations, becoming at 

times multileveled, spiraled, cut into connected sections etc. Without dissolving the line as a 

basic resource for conducting transformations and linking, timelines are no longer necessarily 

centered around a central axis, but oriented by many. Network maps, for example, can display 
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sequences of simultaneous events: in social media analysis, links may display sequences of 

system requisitions like retweets, in public health research, sequences of contagion. There 

may also be layers of superimposed times, like the graph crafted by Randall Munroe in his 

online comic strip, were fictional time and historical time, past and future, meet in the same 

plane (see figure 4.1.11).  

As representations of time are connected or generated by systems of information, also being 

structured in real time, the access to them becomes a negotiation of how to map time, and we 

are closer to the sort of experience of time described by Deleuze, as something that may be 

architectural or have a certain plasticity. Visualizations start, finally, to link navigation with a 

topological experience of the reserve of past that complement our own memory. Of the many 

approaches one can have towards a timeline, we start to refine a point of view where the 

presentation itself in an issue, it is part of the discussion of the events at hand. Instead of 

experiencing spatialized time, we come use timelines as devices to experience temporalized 

space, where configurations and transformed and are problematized. This is especially true for 

some forms of interactive visualization, but is also part of an approach that can change how 

we use traditional ones. 

4.2. SPACE 

As we observed in the previous sub-chapter, representing space is closely connected to 

representing time, and the relationship between both dimensions of experience is always 

rearranged as we represent them. In the pages that follow, we will discuss some historical 

variations of the visual representation of space, especially cartography, and its connection to 

contemporary visualizations. Classic cartographies may emphasize the description of physical 

geographic features and political frontiers, or these may be used as a basis for visually 

displaying the geographic distribution of other information, like in statistical maps. At a first 

glance, this second configuration seems more connected to modern forms of management of 

social life and to our work, that involves discussing the elaborations we build from data. But 

history shows that both perspectives are quite ancient in mapmaking and inform much of our 

experience with space in contemporary visualizations. 

According to Harley & Woodward (1987, 1992, 1994), who organized a collection of books 

titled The History of Cartography, even though maps or ancient variations of maps may be 

said to exist since prehistoric times, the term “cartography” or even the term “map” still lacks 
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some clarification. Studies of the history of cartography have been either accepting the terms 

uncritically or settling for very restricted definitions, understanding cartography as a depiction 

of the surface of the earth, or a part of it, therefore tied to a narrow conception of geography. 

They also explain that, despite the important role of maps in ancient societies, there are no 

specific terms to designate them in ancient languages. The roots for the english term “map” 

are in the latin word mappa, meaning a cloth. While many languages share this same root, the 

correspondent term for map in others is derived from yet another latin root, carta, which 

meant any formal document. These same terms or variations of these are still in use, 

designating other objects than maps. We could also point out the use of the term “chart” in the 

English language for maps for sea navigation and tables at the same time. So even the 

question of what is a map brings up many issues. 

The authors settle for the following definition: “Maps are graphic representations that 

facilitate a spatial understanding of things, concepts, conditions, processes, or events in the 

human world.” (p.xvi) They point out that maps are not restricted to depicting physical space 

or land, and that elaborate cartographies have been composed to depict worlds of dreams and 

speculations, and these should be part of the history of cartography, as well as celestial 

cartography and maps of imagined cosmographies. They explain that this definition matches 

both their concerns “with maps as artifacts and with the way maps store, communicate, and 

promote spatial understanding” (p.xvi), and also avoids the understanding of maps exclusively 

from the point of view of a historical-literate experience and from the criteria of specific 

methods and procedures, like latitude and longitude or those connected to systems of 

numeration or metrology. 

On the other hand, it is important to notice that the spatial understanding of all the things they 

list in this definition does not seem to be necessarily restricted to geographies, nor to any 

previous notion of space that would be depicted in the map. As we have seen in the previous 

sub-chapter, the visual understanding of events may involve a graphic, spatialized 

representation of time. So of course we can argue that timelines produce a geography of time 

– hence the title of the book Cartographies of Time, by Rosenberg & Grafton (2010) – , but 

then the definition offered by Harley & Woodward would fit for any and all visualizations. 

Nevertheless, when they move towards defining cartography itself and the scope of their 

books on the history of cartography, they say that it should be necessarily connected to: 

“the historically unique mental ability of map-using peoples to store, articulate, and 
communicate concepts and facts that have a spatial dimension; and (...), since 
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cartography is nothing if not a perspective on the world, a general history of 
cartography ought to lay the foundations, at the very least, for a world view and its 
own growth.” (p.xviii) 

This necessary spatial dimension they identify in cartography is, therefore, to be considered as 

something anterior to mapping, or at least that relates to other spaces outside the map, like a 

spacial distribution or organization of things, either measured, conceptualized or imagined, 

that should be depicted somehow. In this chapter we use maps to discuss this relation, 

between the spatial dimension of experience and its constitutive depiction. 

Although there are many scattered evidences of prehistoric representations of space, like 

drawings of valleys with contours of hills and villages and lines of rivers, or the arrangement 

of houses or even of stars in the sky, it is hard to tell at which point these landscapes could 

serve similar purposes of maps, so the origin of maps is quite nebulous. According to Smith 

(in HALEY & WOODWARD, 1987, p.45-49), the study of this material has been 

insufficient, mostly because of scholars’ lack of appreciation for the relations between these 

quasi-maps and the cognitive development of early civilizations and the needs they faced, that 

were different from those of modern times. For example, Lewis (idem, p.50-53) posits that, 

contrary to modern scientific awareness, where the focus is on order and regularity, where 

maps should display with the most precision what is known and progressively amplify its 

range and detail, prehistoric people had to maintain a constant state of alertness for the 

unanticipated and unexpected. Therefore, prehistoric maps focused on irregularities and on 

uncertainties rather certainties. On the other hand, there are also ancient cosmological 

representations that seeked to represent spatial dimensions, even if it was a space 

disconnected from wayfinding. 

So we have this evolution in the cartographic field, from a moment in time when there was 

not a clear distinction between on the one hand ritual and teleological representations and on 

the other hand instrumental maps, for aiding hunting or mobility; to the many different 

representations of space we have nowadays, like astronomical maps, world maps, maps with 

physical information on the land’s surface, statistical maps, along with cosmological 

representations, maps of fictional and onyrical lands and many other variations. Each of these 

will circulate in different environments and have different criteria for attributed value and 

meaning.  

There is a long path of transformations from ancient maps that combined empirical 

knowledge with symbolic aspects; and the current state of cartographic specialization that 
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produces many different forms, but elevates the measured decals produced by modern 

cartography as the pinnacle of cartographic works in general. The maps and map variations in 

ancient Greece display a strong example of this change of perspective: even though the Greek 

civilization can be said to have existed since 21.000 BC, the first evidences of map-making 

date from about the sixth century BC. According to Aujac et alii (in HALEY & 

WOODWARD, 1987, p.130-147) the earliest maps were influenced by Homer, who is to be 

considered the first geographer in history. Even though he did not produce any maps – any 

maps that accompany Odyssey and Iliad were produced afterwards, from interpretations of his 

writings –, his rich geographic descriptions influenced subsequent map-making in Greece. 

They posit that the contribution of Greek cartography lie more in the speculative and 

theoretical realm than on the practical realm: terrestrial mappings lacked precise direct 

observation and astronomical projections relied more in abstract geometry than in methodical 

measurements. Even though from the Hellenistic period on geography was regarded 

specifically as a description of the earth, for the authors it is clear that for the Greek 

mapmaking also included a concern with depictions of the universe as a whole. 

 

 

Figure 4.2.1. Reconstruction of the shield 
of Achilles from Homer’s Iliad. HALEY & 
WOODWARD, 1987, P.131. Apud 
WILLCOCK, Malcolm M. A Companion 
to the Iliad. Chicago: University of 
Chicago Press, 1976, p.210. 

 

From the start, they draw attention to Achilles’ mythic shield (see figure 4.2.1), described as a 

round piece composed by concentric pieces: in the center, depictions of the sun, moon and 

star constellations summarize the astronomical knowledge they had at the time, and around it, 

two cities, one in peace, the other at war, and further out rural scenes, and everything 
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embraced by a circular sea. According to Aujac et alii, “Even in this poetic form we can 

glimpse the use of a map, almost as a heuristic device, to bring some order into concept and 

observation and to codify the early Greeks' reflections on the nature and constitution of their 

world.” (p.132) 

Nowadays it may seem mysterious to us that this schema places the sky as the smallest part in 

the center, because we are used to imagine the sky as encompassing everything, not the sea. 

We believe this shield is part of a world vision that is anterior to the bird’s eye standard we 

have for mapping, either in regular, measured maps and in cosmological representations. We 

would like to advance that it depicts the world through the vision of someone who is planted 

on the soil, on earth, and, at the same time, dominates all the habitable world until its limits in 

the vast sea and up ahead, sees the sky. Examples of similar points of view, that are not 

evident for us nowadays, can be found, for example, in religious paintings that portray the 

heavens in medieval churches and in a contemporary and less biblical perspective, in the 

pictures of Randy Scott Slavin through 360 degree fisheye lenses (see figures 4.2.2 and 4.2.3). 

 

Figure 4.2.2. Ceiling of Duomo di Parma, 
"Assunzione della Vergine", by Antonio da 
Correggio. Source: 
http://commons.wikimedia.org/wiki/File:Cupola_Duo
mo_Parma_Correggio.jpg 
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Figure 4.2.3. Photography with 360° fisheye lens, by Randy Scott Slavin / Rex Feature. Source: 
http://www.dailymail.co.uk/news/article-2131638/Who-needs-Instagram-Photographer-uses-traditional-fisheye-

technique-capture-extraordinary-landscapes-America.html See Annex I, figure A1.3, for color plate. 

Even afterwards, in the maps proposed or produced by Anaximander and Hecataeus in the 

sixth century BC, this round shape has been the most widely adopted, with a flat land and one 

single ocean embracing all of it. Hecataeus drew a fairly faithful description of the world 

known to Greeks at the time, claiming to be an improvement of Anaximander’s, to which 

there are only references nowadays. It was already composed from a bird’s eye point of view, 

and divided the world in two continents, Europe and Asia, this later including Libya, at the 

time a general name for the African continent. Even though his map and its variations 

depicted the coastlines of the Mediterranean shore with relative precision, the units associated 

to it were not linear, but associated with time: days of sailing on the sea and days of marching 

on dry land. Its round shape was soon to be questioned, not to say ridiculed, and caution was 

warranted because of the non-regular measures it displayed. Nevertheless, these circuits of the 

earth continued to be used much longer, even when most already knew the shape of the 

continents was much broader in every direction, and that the proportions were misleading. 
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It was Herodotus, in the fifth century BC, who systematically challenged this general 

configuration, advancing that mapmaking should be based on experience rather than 

geometry. He argued that there was at the time no clear knowledge that there was water 

around the Asian continent, for example, and that there was no clear motivation or criteria for 

tracing the frontiers between the continents and advocated that lines should be traced 

according to positions of geographic features. Also, he saw no sense in drawing maps that 

encompassed the whole earth, since it had not been fully explored. Maybe for the fact that 

Herodotus never drew graphic solutions that supported his argument, he is not considered to 

be a geographer. But we can say that he, nevertheless, collaborated to a movement towards 

the combination of theoretical knowledge and direct observation: he “seems to have urged a 

return to empirical cartography founded on exploration and travel. Theory, in his view, should 

give way to experience.” (p. 136). Yet, it was Aristotle, in the fourth century BC, who 

established that the Earth was spherical, combining observation and geometric theory: he 

observed that, for example, the lunar eclipse was always circular and that ships seem to sink 

when they reach the horizon, and that some stars can be seen only from certain parts of the 

Earth. So he mapped different areas or slices of the globe and developed geometrical 

demonstrations of seasons, winds and astronomical events. 

From that point on, Aujac et alii relate the progressive establishment of an empirical 

cartography in Greece with new political, military and cultural developments in the society as 

a whole, especially with the role cartography starts to have for the growing educational 

structures. Also, with more exploration and conquests, the Greek world expanded and this 

demanded an organized body of knowledge about it. For sure, there is evidence that some 

varieties of maps were used before that time, at least in the Greek polis, in a microscale: maps 

for mines, for travelling, for depicting the city. Maps for everyday life that had a much more 

practical sense. Nevertheless, it is with this expansion of the Greek world that the first 

systems of orientation, coordinates and latitudes start being defined by Pytheas, expanding the 

work of Aristotle, which led to more precision in macro geographic projections. 

Eratosthenes took these developments to an experimental level, when he measured the 

circumference of the Earth. He argued that accurate maps depended on linear measurements 

and developed a system of meridians for charting with more precision. But it was Ptolemy 

who developed a method of perspective projection laying out a grid of coordinate parallels of 

latitude and meridians of longitude over the globe. This uniformized scale and measures and 

proposed an equivalence between cartographic space and physical space. Lines on the map 
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ceased to be organized by surface measures, incorporating projections of this grid. Dilke (in 

HALEY & WOODWARD, 1987, p.177-200) also highlights that the most crucial legacy of 

Ptolemy to the development of cartography was the way in which he codified instructions to 

how maps should be drawn. This is related to this discretization of the surface of the globe in 

grid units: 

“To make a simple analogy to modern cartographic data bases, we might say that 
Ptolemy transmitted his cartographic knowledge in digital rather than graphic form, 
leaving his successors to recreate the images he so clearly envisaged as the end 
product of the mapping process.” (p.180) 

The author also discusses Ptolemy’s cartographic tables: lists of locations and their 

coordinates: we can see that the astronomer and geographer created a discrete system that 

allowed for many transformations between structures. From the models of the globe to a grid 

of coordinates covering its surface, to data tables and back to surfaces in the maps (see figure 

4.2.4). 

 

Figure 4.2.4. A Reconstruction of the World of Claudius Ptolemy. Source,  Dilke, in Haley & Woodward, 1987, 
p.185. Apud Edward Herbert Bunbury, A History of Ancient Geography among the Greeks and Romans from the 

Earliest Ages till the Fall of the Roman Empire, 2d ed., 2 vols., 1883, p. 578. 

In parallel to these developments in Greece, there were other cartographic techniques being 

developed in China that display yet another interesting aspect of the development of 

cartography towards modern uses. According to Yee (in HARLEY & WOODWARD,  1994, 
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p. 96-127), we could say that chinese cartography went through a different development than 

greek or western cartography: they worked on complex systems of representation for 

economic data, that was integrated with measure, and had also different criteria for 

representing topographical information. An example of this first difference are the 

cartographic works of the Han dynasty, a set of seven maps in wooden blocks, dating from 

around the fourth century. These display overlapping spreads of land, and indications of 

administrative counties, rivers and roads, along with sites for gathering different types of 

timber, and sometimes distances between them. They account for an area of approximately 

107 by 68 Km, and can be considered the oldest economic maps, crafted long before Strabo’s 

maps, their first western equivalents in this sense. There are also three maps from the Han 

dynasty, found to be a bit more recent and complex, for covering a larger area and displaying 

more information, including figures on populations and military sites, along with distances 

between landmarks. These annotations could be quite elaborated and codified, as the 

reconstruction in figure 4.2.5 shows. 

We can identify a higher integration and dependency between textual information or figures 

and the spatial depiction of the land, which was fruit of much plight in developing 

cartographic language, but, on the other hand, showed a lack of precision in the reproduction 

of physical features and in the scale. The use of regular grids for mapping would only come 

with cartographer Pei Xiu, in the third century AD. According to Yee, Pei Xiu went to lengths 

to develop drawing methods that would narrow the gap between observation and depiction: he 

observed, for example, that mountains and hills were depicted all in a uniform manner, with 

no regard for their varying heights or base widths and other physical features. As Chinese 

maps at the time of Pei Xiu, due to aesthetic traditions, had an oblique point of view (and not 

really perpendicular, like the Greek ones or like most modern ones), he developed a complex 

system of geometric projections and equivalences to depict these varying proportions. One of 

his major contributions was managing to display these topographical elevations with more 

accuracy. By the beginning of the seventh century, the Emperor Yang commissioned officials 

throughout the empire to document the customs, products, demographics of all provinces, that 

were to be used in the development of many contiguous statistical/economic maps. Those 

were maps of peoples that reinforced the human aspect of geography in ancient times through 

cartographic systems. 
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Figure 4.2.5. Reconstructed Garrison Map from 
Mawangdui, from the second century BC. Source: 
Yee in Haley & Woodward, 1994, p.45. Apud Gu 
ditu lunwenji (Essays on ancient maps). Beijing: 
Wenwu Chubanshe, 1977. 

 

 

These point to the assumption that maps in China were, since the first cartographical attempts, 

devices for social control and management, that used the surface to organize data about 

locations, developing elaborate coding systems for integrating textual information and 

depicting physical features in detail. They took longer to refine projection techniques and 

uniform scale, using workarounds like writing the distances, once scale was not very much 

reliable. They had different priorities from Greek geographers and only stabilized uniform 

scale around the eighth century. To the Greeks, the emphasis seemed to be in exploration and 

in the strong combination with theoretical geometry that drove them to develop larger abstract 

systems. 

Despite these differences, we can identify in both technological strands a tension between two 

uses of the grid: first, for mapping through landmarks and lines of distance between them, so 

the use of the grid would come as an aid for proportion, and the map would be a large 

collection of individual and relative measurements; second for mapping through geometrical 

projections, where the grids would serve as systems for point location by coordinates. From 

one process, position would be attained through the organization of many linear 

measurements, from the other, linear measurements would be achieved by projecting 

positions. In a sense, the history of maps can be seen as a history of transforming 

measurements into machines for more measurements, for more reproduction of 
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measurements, or it can be seen as the history of developing systems for relating textual 

information with a spatial display. Both are present in visualizations nowadays. 

Therefore, maps are produced from a set of many measurements and/or projections of 

distances and/or positions, and are afterwards used to produce other figures, derived of 

intersections and sums, extracted with the compass and calculated with the scale. The 

measurements made initially are reproduced to be again verified and reproduced in new 

calculations. The map organizes measures but is also a device for measuring, it projects 

measures back into measured space. Here we have broadly the same idea we have discussed 

in the previous chapter: that graphic structures constitutes data in order to be reproduced and 

verified. The map is past course but also a device for future courses. 

According to Foucault (2003), nowadays we have a substitution of extension by place: the 

place is configured once one specifies a point from where to act in the space. This new 

perspective has connections with contemporary fields such as demography, geography or 

logistics, that address the problem of the arrangement of things and how they are displaced. If 

in the Middle Ages, the place of things was for them origin and destiny, nowadays the many 

possible spatial arrangements set the stage for an endless and problematic rearrangement. 

Therefore, the issue of place is not solved in arranging things in such a way as to have space 

for everything, but goes beyond, encompassing also a management of the relations between 

things, their storage, circulation and many other variables. The forms that better relate to this 

perspective are actually the diagrams and mappings that account for places of importance and 

the relations between them, and not exactly extensions, surfaces and frontiers. 

While considering contemporary cartography, November et alii (2010) describe the separation 

between physical and human geography, where the first is more connected to the description 

and measurement of physical features of the land, while the second focuses on organizing 

informations that include statistical data about the populations like revenue distribution or 

patterns of consumption. This second approach produces maps where the contours of land and 

seas, rivers and slopes, political frontiers and region perimeters would be used more like a 

diagram for the distribution of the main information. This latter perspective, already rehearsed 

since ancient chinese cartography, draws a connection with visual data analysis, like in 

Bertin’s work with statistical maps. Nevertheless, as digital navigation gets more 

sophisticated, this diagram in which figures are displayed acquires much more plasticity in its 
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use, with zooms, distortions, pans and filtering, emphasizing a topological sense, like in 

network maps, that have no previously set reference system.  

This leads us to the differentiation between the mimetic use and the navigational use of maps 

that is proposed by November et alii (2010): first, they argue that maps have always been an 

interface for calculations. As we already discussed, maps aggregate measurements and 

projections for new calculations. According to the authors, digital technology transforms 

cartography into a navigational platform, that aggregates databases, an interface for its 

treatment and recovery, a panel for the interaction with other users and a variety of possible 

outputs, one of them being print media. Moreover, all the paraphernalia of many actors, 

institutions, productive and publishing resources that is always present, even in the production 

of regular print maps, becomes more evident, more visible, has to be dealt with, in the realm 

of digital navigation. 

Second, they point out that digital maps break more clearly the mimetic relation in navigation, 

because it becomes clearer that the user does not seek exactly a relation of similarity between 

the map and the territory to which it refers: the user relates to special points and figures that 

are relevant to his/her objectives. It is still a relationship of correspondence between 

representation and referent, but this time it is guided by the recognition of useful points that 

connect the two surfaces. 

For the authors, cartographic traditions still inherit from nineteenth century paintings the need 

to put the map under the gauge of the values of mimetic representation. Mimetic 

representation works towards organizing the relation between two poles, the prototype and the 

copy, where this last one will always end up projecting a virtual image of what it is supposed 

to be representing. That way, the diagram composed in maps will project its lines back to the 

space they refer to and organize our experience with it in a regular, unified way.  

For Deleuze & Guattari (1995, p.17), the notion of unity shows up only when in a multiplicity 

the significant takes over. In this case, the many experiences with extension, place and 

displacement are taken over and unified in a continuous space by regular projections. The 

unity always operates in the core of an empty dimension, supplementary to the one of the 

system that is at stake (overcoding). This takeover can assume the most varied forms, be it in 

the constitution of a language or code, of a territory, be it in more provisional processes, like 

an interactive path that organizes an overcoding by a specific access point. Maps, as 

visualizations in general, are in a sense an overcoding that stabilizes a complexity. 
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On the other hand, scientific images function differently: they should be evaluated inside a 

series, because its power as an evidence is not inside the image, in its constitution, but in the 

constant that is perceived in the passage between images. So there are much more 

correspondences being mobilized by the scientific images, but they come to light along series 

of inscriptions that are assessed over and over and progressively refined to highlight constants 

that must be measured and calculated. An image like this, when subtracted from its series, 

will go back to project, like images in general, a virtual image of the thing which it is 

supposed to depict. In this sense, it can even have aesthetic and rhetoric value, but will be 

disconnected from the value of evidence. For the authors, that is just what happens in 

traditional cartography when there is the impression that the map corresponds to a territory, 

that it is a decal of the territory. 

So, as soon as the image is removed from the series, it loses its value as evidence and 

becomes mimetic, projecting a virtual image of the thing it depicts. Although this projected 

image looks like it is external and previous to the representation, it is no more than a 

projection of what is organized in the image. The notion of territory is always a virtual image, 

a projection of the mimetic perspective of the map. So we can say both territory and map are 

representations of a useful perspective, organized in accordance to the dynamics of the 

sensorimotor apparatus that, as we described in the first chapter, reinforces schemas that build 

a continuity between vision and pragmatic action. The map is extended into spatial 

displacement by simplifying sensorimotor schemas. 

On the other hand, we understand that the experience of navigation, even with a traditional 

map, also involves, to a certain degree, a non-mimetic approach and a reconstruction, a 

structural game that reproduces – produces again – and reenacts the initial measurements. 

With digital technologies this is suitably equipped with specific features: once it is possible to 

navigate by layers of complexity and detail, operate panoramic movements and even 

distortions in its structure, digital navigation is recomposing a series. There is an exit from the 

mimetic perspective and, in this destabilization of resemblance, there is a precision gain and 

certainty in the measurements and positioning.  

Also, this discussion, even if it is broad, addresses a specific conception of maps, the ones that 

refer to a spacial organization that is exterior to them. As we pointed out, many times we use 

the term map to indicate structures that aim at organizing just networks of elements, like 

many kinds of diagrams. For example, a map of allocation of resources of some institution 
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along the working week. There is not exactly a geographical territory being described in scale, 

but a distribution of concentrations in a grid of allocations. In this sense, the confusion we 

indicated in the beginning of this subchapter is significant: the term chart, which has the same 

latin root as, for example, the term carta, the Italian equivalent to maps, is both used for 

nautical maps and for diagrams displaying the most varied kinds of data. So we can see that a 

map is not only a device for displaying measurements of distances, but that, in a broader and 

more fundamental sense, it is a spatial allocation of lines, concentrations and directions, 

where distances multiply and may take on different measures, depending on the lines to which 

they are attached of related. 

To Deleuze & Guattari (1995, p.16-17), a grid (like the ones built in maps) is a plan of 

consistency: like a field of forces, of lines of flight that always point to the outside, 

recombining until filling up the plan. The plan gives consistency and selects from the 

multiplicity, it is the space it fills and at the same time the projections to the outside. This 

description matches the main aspects we have been discussing about the grid in cartography: a 

game of lines. The grid, in this sense, may encase measurements, but will also provoke 

transformations in these measurements and will propose a consistency that is very different 

from the mimetic decal from a territory, denounced by November et alii. 

What November et alii call a mimetic perspective, Deleuze & Guattari will call a decal. For 

these last, the map is something different, more productive: it would be open, always at issue, 

and may always be connected, relinked, restructured. The decal, on its turn, would transfer 

structures, would always be a reference to something, from where its stability would derive. A 

map is renovated according to the entrance point (and there are many), while the decal always 

returns to itself. A map is a matter of performance, while the decal always refers to some 

presumed competence (DELEUZE & GUATTARI,  1995, p.22). 

So the map described by Deleuze & Guattari is very close to what November et alii elaborate 

on the subject of the digital navigation, while the decal is close to the mimetic perspective. 

From our point of view, visualization rehearses both perspectives in its performance, it may 

be at the same time map and decal. In this sense we may also say that there is a movement 

towards the abstraction of maps, not for rising them to an elementary or structural or even 

ideal form, but, again, as an interface for calculation and multiplication of variables in a plan. 

We believe that it is in this aspect that cartography lends its strength to the other 

visualizations. 
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So we notice that the possibilities for an exit from the mimetic perspective of maps do not 

issue from digital navigation: in fact, this innovation opens a window to the recovery of 

cartographic varieties and territories that do not fit in the standards of classic cartography, 

rooted in the mimetic reference to a external territory. Documents from the turn to the 

twentieth century (see, for example, WINKLER, 1901), describe the use of stick charts by 

native fishermen in the Marshall Islands. These were instruments for navigation, that at the 

time was made only in canoes. They were made from small sticks tied together, occasionally 

with shells, and, instead of seeking to represent the shape of the costs of the islands and their 

distances in the most precise way, their priority was aligning the variations and ondulations in 

the waters and their currents in the regions, and how they were reflected in the islands. The 

record and the knowledge of the patterns of waves was not primarily important for avoiding 

risks: the primary use of these charts was for orientation. The sailor would orient himself by 

these patterns of dispersion of the waves and the currents, recognizing them with the 

movement of the canoe. This technique was so refined that there was actually a classification 

of different kinds of these water movements. Another amazing aspect of these charts is that 

they were not carried in the journeys by canoe, but memorized and left in the shore. This leads 

us to believe that maybe, more than instruments of information storage and recovery that 

would project a virtual image, the stick charts were devices for organizing a knowledge: the 

lines in the sticks helping to compose an organized memory of the experience with a territory. 

What interests us most in these maps is that they are examples of a cartography that focuses in 

patterns that expand and aggregate, resurfacing a logic that is present in maps in general. In 

fact, some centuries of western mapmaking will go by before we manage such abstraction and 

economy of forms, and it will come only through many interactive layers, that alternate 

between depuration and complexity. 

Despite being very abstract, the stick charts also differ from the kind of geometric abstraction 

developed in the west since the theoretical approach of the ancient Greeks towards 

cartography. These last developed a strong cartographic basis based on geometric 

demonstrations and projections that would bring regularity to a space that would always, by 

all means, be experimented cognitively in many different ways. We refer to Serres (2004) to 

advance that the price geometry pays to build an universal language is the fact that no form 

that is shown though it corresponds really to the thing it measures and demonstrates. Roque 

(2012a) also explains that geometry will seek to access the absolute that is encased in the 

forms, and that therefore, all forms are preexistent to their demonstration. So constructing a 
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form is in fact a way of understanding it. Back to Serres, we can say that geometry is always 

creating to itself a land to be measured, or many lands, given the variety of geometries that 

exist under a general impression of unity. From this point of view, every cartography does not 

cease to be the projection of a referent: one that does not correspond to it, but to a transitory 

presentation of a knowledge about it. Al last, the cartography continues to be a trace of the 

experience with a territory, be it physical or abstract. 

This also points to another important issue we should consider, which is the relation between 

the dimensions of information and space. Again according to November et alii (2010), the 

classical idea of space was constructed with euclidian geometry, where, in a regular plan it is 

possible to position constant objects in different ways, without changing their constitution. 

Euclidian space is like a repository where objects can be moved without transformation and 

become calculable along all these different positions. This vision is similar to a world drawn 

on paper according to the principles of perspective drawing and, later, to projective geometry 

(MAYNARD, 2005). It is as if the world was duplicated by geometry and afterwards 

reduplicated back as a virtual image, a regular space that would stand for our world. In fact, 

there is not a sequence from one stage to another, or first one translation and then the other, 

because we constitute this projected image from the moment we see the world as space. 

Benedikt (1996) advances that information in space is space in information, taking into 

account that not only there is no ontologic anteriority of the territory in relation to the map, 

but neither of space itself in relation to information. Sensorially, space only exists as part of 

our experience when it is already and at once information, and vice-versa. We come to realize 

that a space that is external to any information is indeterminate and outside our experience, 

and that measuring and even cognitively processing space unfolds extension, in all directions. 

Each technique of representation produces, in short, a navigable space accumulated by all the 

maps we see as a mimetic representation or navigational device. 

Foucault (2003) develops the concept of heterotopia, according to which there are other 

spaces that are not the space to which we got used to refer to. These spaces are like layers of 

experience that relate to the whole of the regular spaces. One of the characteristics of 

heterotopia is that it manages to superpose, in the same real space, several spaces and places 

that by themselves would be incompatible. The space of a theater stage and the cinema screen 

are examples in a list where one could easily add the computer screen or, generally speaking, 

all the digital devices, because it is through them that the informational spaces of our time 

infold. 
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This principle of superposition of heterotopias draws attention to the access in layers of 

variable complexity and scope that is characteristic of digital navigation as described by 

November et alii. It seems that, apart from accumulating many spaces in the same surface 

(like the cinema), visualizations accumulate spacial variables that can be mapped in many 

different ways, creating different spaces, different plans of consistency. 

4.3. CONTEXT 

Data is not useful in itself. It needs to be applied into a certain structure, either for feeding 

information systems, for communicating or for analysis. Communicating through data can be 

done in many ways, from direct description, to presentation in tables, to visual tools, while 

some analyses can also be carried out through abstract mathematical procedures. We would 

like to contend that the labor of turning data into something meaningful and useful is related 

to the search or the construction of a context for and of data, especially when visualization is 

used. As we mention specifically the contexts related to data and data visualization, we should 

also acknowledge that the concern about the hyperproduction of data through digital 

information systems often hides the fact that disaggregation in information and knowledge 

systems and the counter-effort of building context are not recent nor bred only in digital 

technologies. 

In this chapter we will explore different aspects of the idea of context as it is organized and 

produced in technologies of intelligence (Lévy,  1997), from three main points of view: the 

context of origin, the context of use and circulation, and the internal context of relations that 

is created in any artifact of the kind. For this third part of our antiquing, that has already gone 

through discussing the experiences of time, space and now turns to the experience of context, 

we will trace some parallels between examples of cosmological representations and examples 

of network maps. The first ones will be related to the effort of representing totality in systems 

of equivalence and the second ones will help us to approach the building of context through 

partial sets of relation. Between the two groups there is a transformation of the position of the 

observer and of the procedures for producing or establishing knowledge. So we would like to 

contend that with the former we would have systems of unified reference from a totalizing 

point of view, and with the latter, sets of contextualizing relations with many possible 

entrances. We believe there is a productive tension between on the one hand the visual 

representations that aim at putting together a totalizing vision from the outside and on the 
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other hand the ones that are outlined mostly by intrinsic relations forming partial contexts. 

These are actually two complementary movements that happen in many levels, and their 

interaction is quite relevant and fundamental for our understanding of contemporary 

visualization. 

Roque (2012) describes the space in aristotelian physics as a universe divided into two 

regions, the sublunar, where there was erratic movement and degradation, and the superlunar, 

where there was perfect movement, circular, eternal, constant. It is impressive how variations 

of this separation this still ring true in some popular conceptions of scientific activity: erratic 

movement for living bodies and social interactions, regular movement for celestial bodies and 

the concerns of physics. The place of a body would be defined by its essential qualities, so 

movement would derive from the tendency of a body to return to its essential place: this 

matches the importance of the idea of order in classic greek cosmology. Even though 

cosmology has taken up many facets, this effort of finding aggregating perspectives remains, 

by descriptions that can represent the universe as an ordered cosmos, a whole where order 

holds, as complex and hard to access as it may be. Geometry, drawings, schemas and lately 

visualizations remain as tools for building a territory for the calculus of the universe. 

According to Roque, this principle of regularity and order present in aristotelian physics and 

the belief that the earth was the center of the universe demanded that the movements of the 

cosmos would be represented as concentric and aligned circles, even if this did not correspond 

to direct observation. Planets and other celestial bodies do not seem, to the naked eye, to be 

moving continuously, always in the same direction, and at times seem to close up or withdraw 

from Earth. Even so, many physicists, astronomers and mathematicians after Aristotle tried to 

depict systems that would convey the universe according to these principles. 

Foucault (2003) proposes that, in the Middle Ages, space was seen as a reflection on divine 

order, having a stable order, organized in facing poles, like heaven and hell, sacred and 

profane etc. It was a scholastic translation of the classic greek cosmology. This space was 

orderly arranged, where every living thing, every tiny thing had its place or tended towards it, 

and every sickness or malefice would issue from drifting away from this place. Knowledge 

was also derived from analogy, and this was projected in systems of visual representation of 

what was known. The cosmos was represented by these same principles and cosmological 

representations were one of the main visual paradigms of this world vision. The world was 
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finite and there was a tendency to symmetry and regularity in astronomical representations, 

that became flattened and stable (see figure 4.3.1). 

 

Figure 4.3.1 The Ancient and Medieval cosmos as 
depicted in Peter Apian's Cosmographia (Antwerp, 
1539). It mixes astronomic observation, astrology and 
christian traditions. The text reads: “The scheme of 
the aforementioned division of spheres. · The 
empyrean (fiery) heaven, dwelling of God and of all 
the selected · 10 Tenth heaven, first cause · 9 Ninth 
heaven, crystalline · 8 Eighth heaven of the 
firmament · 7 Heaven of Saturn · 6 Jupiter · 5 Mars · 
4 Sun · 3 Venus · 2 Mercury · 1 Moon”. Source: 
http://commons.wikimedia.org/wiki/File:Ptolemaicsy
stem-small.png 

Roque (2012) describes how the Scientific Revolution along the sixteenth and seventeenth 

centuries transformed scholastic knowledge by rediscovering their ancient roots in the classic 

greek traditions. One of the landmarks for such transformation was the work of Copernicus, 

which is set in the beginning of a trail of many different versions of cosmological schemas 

that are tried out in the attempt of better matching representation and observation (see figures 

4.3.1, 4.3.2 and 4.3.3.). We identify an effort to better describe the placement and movement 

of celestial bodies that will progressively put observation ahead of the principles of divine 

order. To Foucault (2003), the great revolution brought on by Galileo is not exactly the idea 

that the earth is not the center of the universe – at that time this had already been advanced by 

some astronomers – but the idea of infinity that it entails. Understanding the cosmos as 

something infinite breaks stable positions and mirrored relations, so the stable places of 

medieval times are destabilized, and we are thrown in the open field (SLOTERDIJK, 2011). 

Foucault (2003) describes this as trading location for extension, in a world indefinitely open 

where the place of something tends to be a point in its movement and things themselves 

become stable only by temporarily slowing down this constant movement. He understands 

this transformation is clearer from the Renaissance on. 
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Figure 4.3.2. Theoricae Novae Planetarum, by 
Peuerbach, 1488. The cover page displays the orbit of 

the Sun around the Earth. According to Roque 
(2012), Peuerbach seeks to account for details in 
observation (hence the width of the orbit and the 

relative position of the sun in it) while still keeping 
the geocentric model. Source: 

http://www.cbi.umn.edu/hostedpublications/Tomash/I
mages%20web%20site/Image%20files/P%20Images/
pages/Peurbach.Theoricae%20novae%20planetarum.

1488.title.color.htm 

Figure 4.3.3. Heliocentric model of the solar system 
in Copernicus' manuscript. “De revolutionibus", p. 9 

verso. The book was printed in 1543. Source: 
http://commons.wikimedia.org/wiki/File:De_Revoluti

onibus_manuscript_p9b.jpg 

 

We believe a corresponding movement happens with the development of perspective drawing, 

from Renaissance on. For Panofsky & Wood (1991), perspective drawing turns images into 

windows to a projected space. The authors advance that the planification and regularization of 

pictorial space create a certain continuity with physical space. In a sense, the projected 

pictorial space, where arrangements of the physical space are depicted, projects its lines back 

into physical space when observed, because the bodily position of the observer suddenly gets 

transformed into a point of view upon what is beyond this window. 

A bit along these same lines, but from a very different entry point, Latour (1985) stresses that 

the continuity between pictorial space and physical space in perspective drawing does not 
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entail, of course, an equivalence of both spaces, but allows for some exchangeability mediated 

by geometry and measure (see figure 4.3.4). Once pictorial space becomes uniform and 

discrete by the use of projective geometry, scale and proportions can be calculated. They are a 

regular set of relations that is linked to the relative distance between objects. So the geometry 

of pictorial space is aligned with the geometry of physical space, allowing for a network of 

correspondences. This creates a necessary connection between proportion and position that is 

a requisite for our analytical appreciation. At the same time, objects depicted become 

movable, they can be rearranged in the regular geometric surface without losing their 

structure. 

 

Figure 4.3.4: Albrecht Dürer, Artist and nude, circa 1525. The devices and labor of building regular vision in 
perspective drawing. Source: http://commons.wikimedia.org/wiki/File:DURER2.png 

Foucault analyzes the painting Las Niñas, painted by Velásquez in the first half of the 

seventeenth century (see figure 4.3.5): it depicts the painter himself, in front of a large canvas 

of which we only see a small portion of the back, given it is mostly out of the image’s frame. 

Beside the painter, a domestic scene with the infanta Margarita and her maids is set against 

the sombre and tall walls of a large hall. It takes some observation to realize that Velásquez 

built this composition in such a way as to put the observer of the painting in the position of 

the model of the other painting he is working on in the image. It took us the hints provided by 

Foucault to understand that on the far and dark wall behind all these elements there is a mirror 

turned in the direction of the observer, and this mirror shows the image of the king and queen, 

posing for Velásquez. So this painting performs a series of movements: when most paintings 

would be depicted from the point of view of the painter, which would later be assumed by the 

observer, in this case the painter puts himself in the picture, operating a game of mirrors, in 

order to put the models in the place to be assumed by the observer. So, when some of the 
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people who are depicted are looking in front of them, they are looking at the models, not at 

the painter, not posing to be pictured. All this builds a complex arrangement of lines of sight 

that plays with the stability of the relation between vision and pictorial space that was 

organized from perspective drawing on. 

 

Figure 4.3.5. Las Meninas or La familia de Felipe IV, pintura de Diego Velázquez (1656). Source: 
http://commons.wikimedia.org/wiki/File:Las_Meninas_(1656),_by_Velazquez.jpg See Annex I, figure A1.4, for 

color plate. 

 Moving ahead, Crary (2007), while discussing the transformations during the eighteenth 

century towards modern sight, will translate this in terms of a disaggregation between vision 

and the other senses, towards its specialization and abstraction. For him, this is part of an 

epoch where images start being mechanically produced that have no anchoring on bodily 

experience, like microscopic photographs, for example. Again, an analytical perspective is 

reinforced, as well as vision as if from a window, but here it becomes clearer that the image is 

turned into some sort of machine for seeing. 

In classic cosmology there was no place for the point of view of the observer, the 

representations were distilled from sets of concepts, it was a view from nowhere. In 
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perspective drawing and in later astronomical schemas, the observer is entangled in the 

projection: even if the point of view is placed in a location that is impossible for bodily 

experience, it is a place relative to the projection. The central condition to all that is that our 

relation to space become optical, and that our vision become abstracted and analytical, so we 

can determine position and depth by evaluating and comparing relative proportions, angles 

and planes. Context is built by means of such positionings and conversions. In both cases, of 

astronomical representations and of perspective drawing, we see the visible traces of a 

passage between medieval analogic thought and the modern categorial, analytical thought. 

Nevertheless, as we discussed in the previous subchapter, geometry and measurements built a 

regular space to be measured and converted, but, as we aim to advance in what follows, 

twentieth century physics disentangled cosmology from totalizing visual representations. 

Contemporary cosmology in physics relies on mathematical models that are often translated 

into visualizations, but have their foundations in measurements and abstract demonstrations.  

According to Novello (2006), cosmology was only accepted as a branch of physics in 

traditional scientific circles in 1964. The idea of studying an object that can never be observed 

(or represented) in its entirety, that can never be seen from the outside, since it is infinite, was 

faced with much resistance. It was not enough to establish, in the 1920s, that the universe was 

expanding: this scientific fact, by itself, would be applicable to the universe as a whole and 

would exemplify the possibility of of approaching it as an object of study, even in the 

impossibility of representing it in its totality. It was necessary to establish the measurement, in 

1967, of the radiation of 2.7 degrees kelvin, that fills the whole universe, for scientists to 

ponder that, even in the impossibility of probing and measuring every centimeter of the 

cosmos, it could still be somehow studied in its totality.  

But the plot thickens: physicists understand that there are four fundamental forces that govern 

the processes and the dynamics of every phenomena in the universe, but the only one that has 

a broader reach (supplanting atomic scale) and effect (considering that it affects even the 

same particles that serve its propagation) is gravitational force. Therefore it should be the 

main concern of cosmology. To develop a gravitational cosmology, it would be necessary to 

associate it to a unified space-time structure, that could be described by geometry. But, as 

gravity affects itself, it creates some sort of curvature of space-time, that distorts the regularity 

of the space-time continuum, demanding for different geometries to be applied in different 

fields. According to Novello, Einstein developed some theoretical reflexions on how to build 

this new geometry that would be able to describe universe as a whole, but it was left to other 
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physicists to prove that gravitational force indeed has the power to modify the geometry of 

space-time, and they have done it by calculation. It is interesting to notice that geometry tends 

to build diagrams in a potentially infinite space: that extends its lines indefinitely and in this 

sense tends expand beyond the representational space. Nevertheless, the extreme of 

representing all there is, that is, the whole universe, breaks its regularity. 

When we consider the evolution of natural sciences and their many probes, from spacecrafts 

to microscopes, we realize there are infinities in every direction: in micro and macro scales, in 

the past and in the future, and also in the production of information about all these infinities, 

and the many appropriations and interpretations of circulating information. It is important to 

stress that, when we talk about context, we are also talking about the modulation of the limits 

of the dimensions of time and space. 

An interesting metaphor that plays with both continuities, of time and space and connects it 

with the problem of information would be the fictional library of Babel described by Borges 

(2001), where hexagonal book rooms are connected with one another by mirrored halls, in 

which there are stairs that spiral indefinitely upwards and downwards, leading to other levels 

with the same structure. The library is so huge, that people are born, live and die in it without 

ever getting to reach its end, and therefore have it as their universe. They are referred to as 

librarians. All the shelves are the same size and all the books have the same number of pages 

and standards for text display, and use the same alphabet. Yet, the library contains all the 

possible texts, their possible versions and text commentaries, in all possible languages and 

some impossible, all the possible combinations of letters, and, to an extreme, all the possible 

gibberish combinations. So the situation is that, according to the narrator, the books that carry 

actual readable text or text bits, regardless of their language, are hidden between a huge 

amount gibberish letter combinations, to an extent where a person will probably go through 

his/her whole life in the library without reaching one single book that offers meaningful 

content. 

This library turns potential combinations of discrete elements along regular structures into 

architecture and bibliography, but at the same time, in its extreme, it dismantles literacy. We 

see it is a metaphor for intertextuality… without context: even if we can imagine secret and 

codified connections between the books, and also imagine, with the narrator, the existence of 

a full and accurate catalog of all the library somewhere along these many shelves, which 

would equal the word of God, such connections or indexes are not accessible to human 
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experience in this dismaying universe. To bring this architecture into the sphere of human 

existence it is necessary to build layers of interpretation that would generate more text and 

images, but also would allow people to navigate, debate and exchange, it would build context 

and open space for richer human subjective experience with the books in the library. The 

books about books have their own intertextuality but produce intertextuality between the 

books already given in the library. We are talking about creating knowledge systems by 

building texts about texts, bibliographical interfaces, and, to an extreme, metadata. 

The main character and narrator of Borges’ The library of Babel explains different theories 

about whether the library is finite or infinite, and at times these theories resort to statistical 

arguments, like the idea that there cannot be an infinite combination of letters, considering 

that the books have all the same shape and length and use a limited set of base characters. At 

times, they resort to spatial or cyclical metaphors, like the final one, upon which he settles: the 

Library is unlimited, but periodic. If an eternal traveler should journey in any direction, he 

would find after untold centuries that the same volumes were repeated in the same disorder, 

which would then reflect an order, the Order (p.36).  From our point of view, this would be 

the cosmological solution: a tautological formulation that entertains the possibility of an 

eternity (as in the eternal traveller) to experience an infinity, and takes on a view from 

nowhere, aiming at totalizing representations. 

There is also a connection to be made between the extent of information, that is potentially 

infinite, and the infinite space of the universe. Of course, this library can also be taken as a 

metaphor for our physical universe, where the things that are at our reach may not give us the 

answers we seek, no matter how much we keep extending our perimeters and diving into 

detail. So another solution would be the modern one, of exploring, probing, building 

progressive layers of classification between the books, and mapping halls and writing 

compendiums that, despite all efforts, would always be incomplete, but at least would be at 

reach. It is a critical, analytical perspective that allows for accumulation of knowledge. Each 

would gather a full collection and, in the same way as with the examples of perspective 

drawing and modern astronomical representations, each would contextualize the reader in the 

universe it creates, guide him through a central, top-down analytical point of view. 

There is yet another path, that we relate to a contemporary perspective, which would be to 

find connections or possible references between the books, therefore roaming the library 

oriented by such references, experiencing point by point a non experienced intertextuality. 
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This point by point route is exemplified by the narrator of Borges’ tale as a fair but 

impracticable alternative for understanding the books in the library. While the books in the 

library themselves, consisting of paper binds and not having any apparent order despite the 

countless number of shelves, could not be mapped into this experienced intertextuality, or 

only in a very restricted sense, if they are translated into data or inserted into information 

systems, such connections can be built in a broader sense. 

In the visualization in figure 4.3.6, we see an interesting effort of converting a large scientific 

compendium into a visual landscape: according to Börner & Polley (2012), it displays the text 

of four volumes of the Henry Smith Williams’s A History of Science (1904) in the ellipse that 

encompasses the word cloud. The full text of each book fills a quadrant of the ellipse. The 

preface of each book is displayed in the correspondent corner, while the introduction to each 

major school or movement is displayed in columns that radiate from the center, also matching 

each book’s quadrant. The word cloud in the center represents the terms found in all the four 

books, where the ones in larger font size would have occurred more often. The words towards 

the middle would have occurred throughout the text, while the others may float nearer the bits 

of text where they were most common. The words in red are the ones with capitalized first 

letters, typically proper nouns like names of places or people, and will in general float to the 

borders. 

The first thing that strikes us in this visualization is that it contains the whole content it aims 

to map. In this sense it looks like a map the size of the territory, with the disadvantage that the 

text is harder to read in its fullness. But it also makes us realize how much linear text is non-

visual and, well, hard to grasp in its objects and relations. In the case of the library of Babel, 

there is the added problem of the broken literacy, so bringing the content of those books into 

human experience is difficult. Nowadays in western societies we have the issue of excess and 

disaggregation, that causes a similar problem of making it all, in practice, a bit unreadable. 

But, as a basis for this visualization, we have a classic compendium about the history of 

science that is supposed to be, by itself, a roadmap. It is a reference work already packed with 

indexes and stabilized categories, typical of the modern perspective over knowledge. 

Nevertheless, this visualization offers a complementary path to the content of the book by 

correlating its classic structure (the books and chapters, for example) with what was found 

with word co-occurrence analysis. The structure of the book becomes the starting point for 

what the authors call the visualization’s reference system, while the word cloud in the center 

will allow for a quali-quantitative evaluation of the compendium’s content, taking into 
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account variations of density on the subjects and so on. So this visualization is not like a map 

that is the size of the territory, but a map that turns linear text into a visual territory through 

indexes derived from its intrinsic components. The same way as the continuity of printed 

linear text is mapped by discrete elements, we should also remember that Foucault (2003) 

posits that nowadays our idea of space does not emphasize extension: space is seen as a 

collection of many places. And a place, in this sense, takes form in the relation of many 

locations, it comes from assuming a point from where one would act in space. Space and also 

text or information get to be composed as a set of variables, subject to endless managing and 

rearranging. 

 

Figure 4.3.6: TextArc visualization of The History of Science (2006), by Bradford Paley (apud Börner & Polley). 
See Annex I, figure A1.5, for color plate. 

In an age where we have unparalleled access to information, the quest for stable and totalizing 

representations recedes into the background, because, like in the library of Babel, the whole of 

the informational sphere exceeds our cognitive capacities but, unlike Borges’ tale, it is always 

shifting. Börner & Polley (2014), for example, refer to a study where it was found that, as the 
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internet grew and more cutting-edge scientific papers became available online, a group of 

scholars from an american university started citing more from their own community than from 

all the many available sources online. So, just when we expected that the internet would cross 

geographic barriers, scholars tended to reinforce local ties. Likewise, context, rather than 

overarching order, becomes central nowadays. 

We understand that network maps are among the forms that best represent this attitude, 

because they map out landmarks and their relations, not exactly privileging extensions, but 

relative positioning and density. A classic orientation about networks in information design is 

offered by Bertin (2011), who classifies kinds of graphs precisely by the relationships 

between base data: for him, the graph is a network when correspondences can be established 

between all the values in the same variable (or, in the terms of the author, all the elements in 

the same component). For example, the relations between elements in an organogram or a 

treemap. As Börner & Polley (2014) explain, they do not have a preset reference system, like 

many other graphs: it will be defined by the choices made according to the data available. So 

these visualizations are very close to data, in the sense that they do not derive of much pre-

interpretation, and leave much space for interpretation and further refining in other 

visualizations or views that might be produced from it. 

Network maps are heavily used in digital methods of social and literary research, in the set of 

fields broadly named the digital humanities. It is related to statistical approaches like in 

bibliometrics and scientometrics, because it emphasizes data-points and their connections, in 

methods like word frequency and co-occurrence analysis, and to the composition of an 

intertextual context by granular occurrences in the text itself. In figure 4.3.7 and 4.3.8, we see 

a network map built from Wikipedia content. It considered, in all the entries from the history 

of philosophy section, the relations of influence between philosophers that are shown in the 

right-hand box (see figure 4.3.9). So each node in the graphic represents a philosopher, and 

the lines are relations of influence. The bigger the node, the more influential the philosopher 

is. Nodes get to be closer from one another if they have similar relations of influence. 

The title of the graph might be surprising: “Graphing the History of Philosophy”, because it 

might seem strange to imagine a history as a network. Indeed, the graph presents several 

different philosophers, collected along the whole history of western philosophical thought. 

Also, if the relationships of influence are to be considered something temporal, that would 

have at least partially a chained occurrence, we can think of this graph as representing a 
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history. Nevertheless, it is a very specific approach on the idea of history, because influences 

are not exactly seen as the movement of thought, concepts and theories transforming 

themselves from one into the other, as a result of continuous dialog and exchange. Influences 

are seen straightforward as connections, and not transformations, while philosophers are 

subsumed into quantitative and relational entities, like indices, more or less influential if they 

influenced more colleagues. Nevertheless, by losing this deeper dimension of the 

transformation in time, one can have a pretty clear and revealing vision of the context of 

knowledge these influences develop. 

With all the details presented in the map, it is possible to evaluate the categories and 

attributions made by the community of Wikipedia as a connected whole. This allows many 

different entry points into the main theme and builds a new layer of appreciation. For 

example, by coloring the different philosophical traditions, one can discuss the exchanges of 

influence between them, and even elaborate on the adequacy of such philosophical divisions. 

On the other hand, it is also possible to reassess the links of influence of Wikipedia 

themselves, that were built mostly from a top-down perspective, that is, based in critical, 

categorial appreciation, and now can be evaluated from a different point of view. For 

example, Adam Hogan, in his blog Design and Analytics, brings up an interesting discussion 

about this network: judging for the centrality and the size of the node of Hegel, he would 

probably be the most influential philosopher in history, which seems curious, considering the 

fundamental place ancient greek philosophers like Plato have in western philosophy. So, is he 

really king? Moreover, did the editors of Wikipedia themselves had any previous 

consideration of how this aggregated result would look like when they went, point by point, 

defining the influences of each philosopher? Probably not. It was only visible… well, by 

visualization, by assembling a visual context to these scattered bit of information. 
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Figure 4.3.7. Graphing the History of Philosophy, by Drunks and Lampshots. Source: 
http://www.coppelia.io/2012/06/graphing-the-history-of-philosophy/ 

See Annex I, figure A1.6, for color plate. 

 

Figure 4.3.8. Idem, detail. 
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Of course metrics like that, that analyse content by the bulk and do not necessarily involve a 

previous critical work and stabilized categories, will in general generate some resistance. 

Some fear they might build a reductionist approach over knowledge, literature and academic 

production, by its quantitative aspect. Nevertheless, we believe both perspectives may be used 

to check on one-another, like in the case of the network on the history of philosophy 

according to Wikipedia. 

 

Figure 4.3.9. Detail of the right-hand box of the Wikipedia entry 
on Immanuel Kant, showing the influences of the philosopher 
and the ones influenced by him. Source: 
http://en.wikipedia.org/wiki/Immanuel_Kant 

 

All of these three historical variants carry a certain concern for totalization in representation, 

even if at different emphases and with varying translations of the idea of totality. They will be 

part of different cosmological views, even if, for example, thinking in classic cosmological 

terms may not be seen as something current in contemporary western societies. This is 

because building context entails a modulation of the limits of the dimensions of time and 

space, of framing and scale from the most particular and local context of experience to 

widening contexts towards unreachable universals and totalizations. And because we want to 

highlight this modulation that is key for the experience with contemporary visualizations, we 

will avoid opposing contextualization and totalization. 
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In a more fundamental approach, the building of context is deeply entangled with issues 

central for communication and language itself. Bertin (2011), for example, talks about 

defining a code, a system of signs that can be coherent along the graphics, so they can 

communicate clearly and efficiently. Every context functions as a plane of reference for 

cognition and for communication. Each visualization uses and develops visual codes and 

languages that are crucial for its construction and reception, and can build the character of the 

relations it displays. While some authors will advocate building these sets of visual signs from 

a perceptual basis, in order to avoid cultural biases in their interpretation, we would like to 

propose we look a bit more attentively to the processes of forming those contexts, that entail 

material from many contexts. 

So once we want to discuss the building of context through devices of information, we have to 

acknowledge that the matter is manifold. In the specific case of visualization, for example, we 

can discuss the building of context while focusing on the many transformations of data and its 

aggregation towards a visual landscape; or we can privilege the associated communicational 

function of visualization, emphasizing its linguistic or semiotic dimension and the 

development of a system of signs that co-creates the insights derived from it. From this point 

of view, the context created by a visual display of information is understood as a field of 

enunciation. While both dimensions co-occur, we can identify the emphasis in the first one 

with data analysis and in the second one with presentation. Of course, there is no analysis 

without a concern for the communicational aspects of the visualization, as much as there is no 

presentation without visible relations between data. 

In both dimensions, we propose three main aspects for the idea of context, one pointing for 

the past, one for the future and one for the insides of visual displays. Again, speaking from the 

point of view of data visualization, first we would have the context where the data was 

produced, that will give us hints about its coverage, possible biases etc. This part would also 

include the standard graphic structures and features that, once used, will guide the 

fundamental relations and proportions from which its visual language will emerge. It points to 

the past, as in the context of origin. Second, we would also have the context of use that is 

intended for the objects that use or are based on this data, be they software or graphs, which 

will entail critical concerns to HCI and information design, for example. This points to the 

future. Last, we have the context made visible by displaying data points and their relations 

and proportions, the display as a context in itself. Of course, as we have seen in the previous 

chapters, these three aspects will be constantly at play in the work with visualization. In fact, 
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building visualizations entails necessarily a concern with them, for these contexts will 

eventually allow us to refine the difference between information and noise at each situation. 

We can widen these three aspects if we are to discuss the importance of building context in 

other technologies of intelligence (LÉVY,  1997): First, context as place of origin is related to 

where and when a certain text was written, or picture taken, or, for that matter, how a certain 

dataset was extracted or produced. Thinking about the context of origin of things, in this 

sense, involves relinking them with the socio-technical networks from which they were bred, 

towards developing a wider understanding of the tensions and agencies involved in their 

production. These networks include, of course, other objects, people and institutions. It also 

tends to emphasize a certain stability of these devices, that are taken as well defined objects, 

that are results and agents of this wider context, to which connections are traced mainly 

according to critical interpretations of their content. As with data visualization, this aspect of 

the idea of context turns towards the past. Second, there is the idea of context as related to 

where and when such devices may circulate, where and in which situations they could be used 

or be relevant. These appropriations also relink them to wider socio-technical networks, that 

include books, people, collections, institutions, technical infrastructures, so on and so forth. It 

points to the future. Both of these aspects are talking about fairly well defined objects whose 

story and uses can be traced and evaluated by a critical and interpretative approach towards 

their content. They are talking about intertextuality, but being mostly from a critical point of 

view, it will be highly penetrated by relations that are exterior to the content, building a 

context for it. 

Speaking from the point of view of the linguistic dimension of the idea of context, we can 

also pull the three aspects we outlined: first, we have context as past, as the heritage of the 

visual structures that have been stabilized across much usage, from where the general features 

of the visual display arise, together with the assets and characteristics of our visual apparatus, 

that will organize the whole that is perceived in a certain way. Second, we have the related 

context of the circulation of these signs and structures, how they are interpreted and 

appropriated. And last, we have the display itself as a sort of context, that is the one that is 

more valued by Bertin, where the interaction between signs and graphic variations unfolds 

new possibilities for interpretation. 

These contexts are always present: for example, if someone decides to apply scientometric 

methods to a specific collection of a library, say, the collection on astronomy, there will 
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always be some tension between the bottom-up categories the researcher wants to produce, 

and the top-down, critical categories of the scientific community and of the institutional 

priorities of the library that gathered that specific collection in a certain way. So both aspects 

of context are talking at the same time about intertextuality and about institutions and social 

networks of belonging and appropriation. In figure 4.3.10, we see an example of a 

visualization that is closely related to this perspective: the history of science fiction strands 

are mapped out in an elaborated hand-drawn visualization that summarizes and contextualizes 

the result of an enormous amount of work in literary critique. It aims at being exhaustive, and 

the strands that are not represented were not considered relevant for the story being told. 

On the other hand, the third aspect of the idea of context is related to emphasizing the 

constituting relations and building the context from there. It involves a bottom-up approach, 

like the references from book to book in the exploration of Borges’ library. It involved also 

laying out a network of connections that does not necessarily match institutional borders, for 

example. The focus is on building a universe from its intrinsic relations, even though 

classification will occur, and this intrinsic aspect of context will always influence and be 

influenced by the others. In this sense, the first two aspects of context are somehow 

semantical, while the third is more grammatical. 

In the first two aspects of context (of origin and of circulation), the limits of the representation 

would relate and be outlined by external references, be them collections, institutions or 

predefined categories and critical standpoints. Therefore, there is an effort to account for the 

whole of this space that needs charting. On the other hand, when the context is built through 

deploying relations, the limits of the representation are outlined in the exhaustion of those 

relations: the network grows until all relevant relations are traced. 
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Figure 4.3.10: The History of Science Fiction, v.1, by Ward Shelley. Source: 
http://www.wardshelley.com/paintings/pages/HistoryofScienceFiction.html 

See Annex I, figure A1.7, for color plate. 

Nowadays, the movement that recedes and encompasses more, related to totalizing views, and 

its complementary movement, of closing in on the detail, become more and more a 

modulation of transitory and utilitarian perspectives in interfaces of computer software. More 

than aiming at representing the totality of life’s complexity or establishing our incapacity for 

that, the necessity of creating relevant partial contexts or localizing entry points from where 

contexts may be organized becomes the central concern. Information is excessive and 

scattered, so it is not enough to filter the relevant parts: it is necessary to create relevance by 

contextualization. Each map, diagram, page or navigation menu intends to be a general and 

useful schema for some set of information and opens the path for a game of approximations, 

distanciations and localizations from which contexts may be organized and experienced. 

4.4. LISTS, TABLES AND GRIDS 

This subchapter closes the path we have been threading with our antiquing in the previous 

subchapters, by highlighting the presence and role of these three objects: lists, tables and 

grids. They are constitutive and effective across many technologies for production, storage 

and circulation of data and information, and therefore connect visualizations to wider 

traditions. Since the beginning of this large chapter we have been emphasizing the role of 
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such structures for creating discrete and interchangeable objects, but in the pages that follow 

we would also like to advance that an important feature of these is their interchangeability. 

The fact that more can be derived out of discrete elements once they are arranged along 

different structures is crucial for understanding the role of visualization nowadays. 

4.4.1. Researching with lists, tables and grids 

According to Bottéro (1995), lists are in the roots of phonetic writing systems. He takes 

special interest in the emergence of written language in Mesopotamia, because in this case the 

emergence of phonetic writing from ideogrammatic writing occurs inside the same society’s 

history, making some developments more evident. To him, ideogrammatic writing is based 

initially in the evocation and the recognition of concrete objects of daily life, and always 

returns to an experience or knowledge already given, so it was inappropriate to elaborate 

something new. Ideogrammatic systems pose a higher demand that all the participants be 

immerse in the same concrete and coincident context, together with language itself. Therefore, 

to evolve it was necessary to adjust written language to spoken language; to adjust written 

record to words and not to things anymore. 

Even before phonetic writing, the use of ideograms goes through some changes that will lead 

to phonetic writing: each object begins to represent not only an object in the immediate 

reality, but the word itself, its sound, so purely phonetic combinations begin to emerge, and 

the drawn figures become more disembodied and universal. It is therefore in this sense that 

written language is simplified and becomes discrete: in the sense that it is composed by 

combinable segments that are also independent of objectified references. Bottéro (1995) calls 

our attention to the social context of the time, explaining that there was then, in the region in 

question, the coexistence of different peoples with varied tongues, that were in intense 

commercial exchange. This must have augmented the pressure for the development of a 

writing system that was more abstract and functional, as well as an emphasis on data records, 

for managing sales and stocks. We have in phonetic writing an instrument that is more suited 

to the accumulation of messages, data and knowledge, that will improve a more broad and 

detailed approach, because it is more context-independent and exchangeable. 

We understand that these developments also as an approximation to the contemporary idea of 

data, especially as it came to be applied in the fields of computation and in the management 

inside information sciences: one starts to produce knowledge from discrete elements which 
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demand the development of structures for recording that are capable of building more 

aggregate context of information. This goes for syntactical structures and grammar, and for 

graphic structures as well (GOODY, 1997). 

On the other hand, this whole discussion is also related with the roots of scientific and literary 

traditions, that demand, each in its terms, the accumulation, maturation and interconnection 

for progress. As Latour (1985) puts it, one of the biggest challenges or goals for techniques of 

inscription in general is the production of what he calls mobiles immuables: knowledge 

objects that are stable, discrete and can be transported between contexts without losing utility 

or applicability. Bottéro (1995) speaks of lists as science: if language now is composed of 

discrete elements, the structures in which these are recorded grow in relevance in their 

application. He brings up mesopotamic boards where terms were organized spatially each in 

relation to the others, in a sort of classification and ordination: lists that organize a set of 

information. What this example shows is a radical change of approach regarding written 

record. If before the focus was mostly on making reference (with all the richness this might 

entail), with these lists in phonetic writing a new set objectives emerge: to know, to clearly 

register, define, situate, to classify and understand… these are concerns that become possible 

only through writing (BOTTÉRO, 1995, p.26). 

These considerations make clear that the words, then, begin to refer to mental creations, to 

categories that gather different objects around the general accumulated knowledge about 

them. The lists described by Bottéro are not only lists of stocks and orders, like the ones 

whose previous existence has been documented. These specific lists called the 

anthropologist’s attention because they are reference works, in the sense that they catalog and 

classify objects. Therefore, they work over language, return to language itself when aim at 

composing an aggregated and logical description of the world. This description is also 

utilitarian, because it aims at a practical use and dominance over worldly things. So we have 

the possibility of perceiving the set of things that are represented and sorted and also to 

understand its broad extension as categories, which is unfathomable by concrete means. The 

ability of speaking of a set of things without necessarily possessing them, not even in 

perceptual terms: lists are indeed powerful devices. 

Sometimes it is hard to recognize when a list turns into a table. While Bottéro highlights 

Babylonian clay tablets that show an emergent science of the list, Gleick (2011) will point to 

yet other tablets from the same civilization and describes them as tables of instructions and 
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values that were later considered to be the first rehearsals of algorithms. Indeed, tables are 

similar to lists, but they have an extra dimension that brings on a qualitative change: they 

allow for metadata, that classifies records, and also allow comparisons and transformations in 

more directions. 

While discussing the example of classical ethnographic methods as applied to the study of 

african communities, Goody (1997) cautions to the fact that lists can also work towards a 

reduction of the knowledge that is gathered with observation. That is a graphical reduction, 

where broader and more fluid concepts of spoken language are organized and narrowed in a 

structure that imposes order, turning them into discrete exchangeable objects. When the 

ethnographer gathers material through interviews and oral accounts, the organization of the 

record in a list entails a distancing of the more commonplace circumstances of speech. 

Categories are, at once, more visible and more abstract (p.150). Especially with tables, that 

can be taken as bidimensional combinations of lists, they smash accounts into discrete pieces 

to recollect them in a spatial structure that can be read in different directions, offer 

comparisons and reveal relations. There is a matter of continuity and discontinuity at each 

transformation. 

Goody’s concern is that the systematization of the records of interviews and direct 

observations might contribute to fit findings in ethnocentric perspectives, while disembodying 

and restructuring their original meaning. Nevertheless, he understands that the main goal of 

these procedures is to grant some sort of reproducibility to the data, which is a central element 

of all systematic development of knowledge. The term reproducibility here is not used in the 

sense of the ability of generating many copies, but in the sense of being able to produce again 

the same results. Goody uses the methodological notes and bibliographical references of 

academic papers as examples of this kind of reproduction: for checking sources, for showing 

how one can perform the same study again and reproduce the same results. Being able to 

reproduce is being able to verify (GOODY, 1997, p.118). 

As the systematization of information becomes more complex, lists are superimposed and 

combined into tables that relate term by term. The frontier between a list and a table can 

sometimes be unclear, especially because they are interchangeable, meaning that the same set 

of data can be made into different lists or into different tables, depending on criteria adopted, 

which will, of course, change the possibilities for deriving information from them. It is only 

that tables highlight non-linear comparisons and relationships, and work bidimensionally, that 
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is, in two different axes, while lists will highlight ordering and work mostly in one dimension, 

one axis. 

With lists and tables the relation to language and text is quite evident: we could easily follow 

up on Goody’s discussion about the systematization of ethnographic accounts, and talk about 

these accounts as narratives that are mostly linear and get broken up into concepts and 

categories, to be then ordained in lists or organized in tables for correlations and comparisons. 

Pretty much like literary text can be put into databases according to keywords and metadata 

that are, in sum, also organized as tables. On the other hand, there is also the aspect of time: 

lists are, in a very fundamental way, a structure that is going to turn sequence into an issue: 

how should entries be ordered? Which should be the first ones to be read? What do we 

discover or highlight by trying different criteria for ordering? Also, time is an important 

aspect when we think about lists or tables as sequences of events: again, there is the distilling 

of discrete elements, now in the form of events. It is enough to think about monitoring 

systems, that will align certain points of data to certain points in time. Should we present the 

events in chronological order? Or reverse that order like we do in blogs? Does the list end or 

does it continue indefinitely? 

Grids, as we intend to discuss them, are instruments for slicing and scanning surfaces. A 

wonderful example of the use of grids in research is given to us by Latour (1999) when he 

describes the work of a group of researchers that study variations in the soil of the fringes of a 

forest. In his account there are mainly two grids: the one that is traced through the forest, 

slicing its surface in order to guide the sampling of different parts of the soil, and the grid of 

the podofil, a standardized suitcase where these samples are organized in small cubes, 

according to their original position in the forest. We consider this a beautiful image of what 

digitalization does: it gathers points, samples of the mess and complexity of our forests and 

makes them comparable, exchangeable, transportable. The forest is, of course, a much 

complex and confusing environment, but those samples gather what is relevant, for the 

purposes of that specific inquiry. Putting them in another grid (as in the podofil) will keep its 

reference to the grid in the forest, but can also make room for other arrangements. In this 

sense, computer scanners are grids for capturing color points, as are computer screens, for 

organizing color points according to data and code. Grids organize maps, floorplans, 

diagrams, newspaper pages and site pages. The cartesian plane can be seen as a grid. Tables 

can sometimes be seen as grids. Grids are interchangeable with lists and tables, it will depend 

on the goals we have for the data. 
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Until now, we have been talking about data and graphic structure mostly from technological 

and scientific points of view. The mesopotamian boards, approached mainly as taxonomic 

works that, as said, return to language while working over categories, the ethnographic tables 

and lists, as analytical instruments for field records, the grids that organize the sampling of 

forest soil and further sample analysis: these are all instruments for data distilling and 

analysis, for the production of knowledge. As Latour (1999) puts it, all of them work towards 

progressive transformations for more compatibility and standardization and less locality and 

materiality. If we focus on graphic or visual structures as we have been, we understand that, at 

each step in the sequence of transformations Latour describes, there is a movement of 

fragmentation, followed by the complementary assemblage of a new continuity in which 

structure plays a meaningful role. It is meaningful in the sense that it opens the path for 

multiple combinations that trace relations and move towards a narrative structure.  

We would only like to point out that, as we have seen in many examples along our antiquing 

work, the transformations towards more compatibility and standardization do not align lists, 

tables and grids progressively. In the very case of the podofil, the forest is translated into a 

grid for the samples, the samples organized in a correspondent grid, that which may turn into 

a table of values attributed for the samples, and that may, on its turn, be organized in another, 

different grid, that will organize a representation of a transversal cut in the land, for example. 

Lists, tables and grids are translated into one another all the time, and there is not a necessary, 

progressive order between the three. 

4.4.2. Mediating with lists, tables and grids 

Lists, tables and grids are also present in everyday life in a surprisingly ubiquitous way. For 

Latour (2012), we live in a world populated by socio-technical objects, by networks of 

agencies between persons and objects where everything is far too narrated to be only the 

object of physics or to be considered purely natural. Either in everyday tools or in narrative 

forms that explain and describe our daily experiences, there is a growing penetration of 

techno-scientific content and procedure for our interactions, through digital technologies. 

Those tools and narrative forms will also unfold as graphic structures like lists, tables and 

grids, because exploring these debates or using these tools will demand that they be 

represented. 
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This phenomena, of the penetration of techno-scientific procedures and content in social life, 

might be described in media studies inside the scope of technical mediation. It highlights the 

growing integration of technological procedures – more specifically, digital media – with 

cognitive processes and with the production of subjectivity through mediation. Once our 

language and interactions are deeply integrated with devices of technical mediation, more 

about these processes becomes traceable. This entails another aspect, pointed out by Venturini 

(2014): there is a growing formalization of different aspects of social life, which means that 

interactions that were not accounted for, that were out of chart, become traceable and 

potentially the object of analysis. This formalization occurs specially through digital tools, 

such as social networks, when objects like lists, tables and grids are not only in their surface 

(in the graphic interfaces), but are constituents of the technology itself. These objects are in 

the roots and branches of digital technologies. 

So there is this coupling of techno-scientific procedure and content with digital tools that 

mediate our daily experiences, work and social life. Of course, this will also highlight the 

importance of techno-scientific controversies in general public debate and citizenship in 

general, as well as the political and social aspect of the making of science and technology. For 

the purpose of this work, it is important that we look closely at those processes of mediation, 

at the medias themselves. It should follow up on that same double movement of fragmentation 

and reassemblage that we outlined previously, but this time considering processes of 

mediation and media devices. 

This double movement is as relevant for graphic or visual structures as it is for the supports 

themselves. That way, scrolls of parchment get broken down into pages and reassembled in 

codexes, which will give place to books with numbered pages, tables of content and several 

kinds of indexes. Before typesetting, cursive text itself by the ninth century will be broken 

into separate words and and sentences, through the introduction of spaces, the difference 

between uppercase and lowercase letters and punctuation, followed later by paragraphs and 

different levels of titling, marking their internal hierarchies and groupings. Typesetting will 

break up the continuity of the lowercase cursive text and allow for the emergence of the press. 

The sequential and one-column grid of the classic book will, in the nineteenth century, inspire 

the graphic organization of the first newspapers, to be later broken down into a grid of several 

columns by the turn to the twentieth century and, halfway into this same century, organized in 

modules that group specific content and span across multiple columns, over complex grids. 

With this, and several layers of titling and visual cues, the reader will be able to get a grasp of 
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the content’s structure at a glance, and, by given graphic emphases will explore the page in 

his/her own prefered order. Hypertext will take these same modules, indexes and multiple 

references to new heights, bringing content closer to data tables, for it growing modularization 

and interchangeability. Data tables are, after all, one of the basis for computation in the 

databases, distributed with computer systems just a few decades before.  

Of course, in many points the story we just told will not have such tight concatenation, that is, 

will not be as fluid. This is especially true for the first transformations in writing systems: of 

course there were, back then and also nowadays, several different systems at hand, and most 

of them would not display the continuity of elements of medieval cursive writing, some of 

them would not even be phonetic. Also, the passage of the scroll to the codex is only central 

when we consider european practices inside the church at the time. As we move towards the 

twentieth century, transformations become more standard and unified in western countries. 

This is probably one of the consequences of what Latour (2013) calls the modernization front: 

progress and standardization for efficiency are part of this logic that, of course, also comes 

with free commerce and heavier exchange between nations. 

Nevertheless, it is important to highlight that at each transformation there is more content and 

accumulation, more need for orientation aids, more decisions that are left to the reader, and 

there is more non-linear exploration. Lists, tables and grids will also be basic objects that will 

organize these different structures. In fact, looking for and revealing their presence helps us 

realise how they graphically organize passages between narration and data, a phenomena we 

think will be more evident in the content of the medias. 

Lists, tables and grids are also, of course, everyday objects. In The Laws of Simplicity, Maeda 

(2010) advocates that simplicity should be a principle from our daily lives to business strategy 

and product development. When talking about the second law, Organize, he highlights the 

importance of the tab key, even in traditional typewriters: a “generous sprinkling of tabs” 

(p.16) creates tables, which makes categories come to life. Categorization, in terms of 

inscriptions, might be summed up to adequate spacing: “In the medium of text, tabs break up 

the linear space of a document such that the paragraphs can stand out as the organizing 

principle.”(p.16) And we do need visual organizing principles. 

There are lists, tables and grids in our refrigerator doors – so we do not forget to buy the 

groceries we need – and in our table calendars. Our smartphone apps are filled with them. 

From our drafted lists, where we rehearse many possibilities to organize our daily life, 
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ordering and reordering priorities, we come to the lists and tables that are in the base of 

computing systems, through a huge network of practices and technologies that structure our 

knowledge, many of them older than digital tools. Likewise, as systems become more 

sophisticated, there is a growth in the variety of presentations and uses of those basic objects 

we have been talking about, in order to give access to information each time more complex 

and specialized. Couzinet brings up the appearance of the first thesauri, that combine 

expressions and words, alphabetic ordering, permuted and hierarchical. We understand that 

the fact that, for the author, the structure of the list is able to aggregate different sublists and 

permutations, and that its structure might always be in negotiation during its use, that all these 

traits approximate lists from the dynamics of devices for social interaction. In fact, according 

to Couzinet (2012, p.138-139), lists are info-communicational devices. In this sense, 

databases substitute stable order by a set of fields rearrangeable according to queries or 

interfaces for presentation. They are like a superposition of lists and tables, that will become a 

standard form of knowledge storage and circulation in information technologies. 

As we pointed out in the previous chapter, Manovich (2012) talks about the influence of 

design patterns in the access of information. He also explains us that the patterns that are 

shared across many devices may become what he calls forms of information. In a previous 

article (1998), he had already defined the database as one of these forms: he pondered, like 

Couzinet, that databases are basic structures for informatics, storing lists of objects that can be 

reordered and recombined. Unlike Couzinet, he adds an interesting remark: the database, for 

its multidirectional relations, is like a catalog of objects organized in space, rather than time, 

and in this sense it is opposed to the narrative, another historically dominant way of 

organizing information. In the article of 2012, he takes this discussion a bit further, and posits 

that, with social media, there is the emergence of another dominant form, the data stream, in 

which, instead of browsing a collection of elements, the user would experience a continuous 

flow of events. He also adds that, although in platforms like Facebook and Twitter the 

experience seems to be very passive, it is always somehow configured by the user. 

We would like to point out that, from our point of view, there is indeed a difference of 

experience when the interface is like a news feed and when it is organized like and archive, 

but we should always keep in mind that these two are interchangeable, and can even be based 

upon the same data. The first emphasizes recombinations while the second emphasizes 

modulations, that is, not an objective control of what the news feed will show, but 

configurations based on general criteria of privacy, priority and connections to information 
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sources (in the case of Twitter, the profiles you follow). Nevertheless, one experience turns 

into another once, for example, you try to manage your list of friends in Facebook or, on the 

other hand, you see an archive that is updated in real time as a news feed. In this sense, our 

lists, tables and grids are not information forms, but information tools that are in the roots of 

many translations and conversions. 

So with personal computers and more intensely with the internet, there is a 

multiplication of personal and collaborative tools that use lists, tables and grids in their visible 

displays or organize their inner processes through these same objects. So apart from helping 

institutions to organize and store specialist knowledge, these structural tools will be part of 

our common practices, be it in a more evident manner, be it in more sophisticated and subtle 

applications. Many of those devices that are based on and that display lists, tables and grids 

will be, in fact, a stage for many disputes between logics of categorization and ordering 

proposed by specialists, that inscribe their knowledge and priorities in the resources offered 

by the devices, and other forms that emerge from ordinary practices and narratives. 

 

Figure 4.4.1. Chain of 
information-producing 
transformations in scientific 
inquiries. Source: 
Latour,1999, p.71 

 

Latour, in his beautiful diagram (figure 4.4.1), aligns many transformations where research 

objects are defined from the complexity of the world and become at each step more 

compatible, standardized, textual and relatively universal, while carrying through the 

methodological links with the starting references. Because we are looking at forms of 

visualization and basic structures like lists, tables and grids, we realize that, in the display of 

content, there are similar steps, but they range between data and narrative, and they may not 

be sequential like what we see when looking at the process of research as a whole. Even in the 

process described by Latour, there is this oscillation of conversions between lists, tables and 
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grids, back and forth, not necessarily in this order. We want to consider these three objects as 

filters, or encoding/decoding systems for the many translations that are necessary for the 

development of visual analyses and demonstrations through information visualization. Even 

in the decoding stages, newspapers and also scientific publications develop many strategies to 

guide the reader through many passages, back and forth, between data and narrative, during 

the process of reading. These echoes the difference between data and literature that for many 

must be so stressed. Nevertheless, in the context of this study we will keep this in mind as a 

guideline: while revealing the data structures, look for processes of transformation between 

data and narrative that develop information and knowledge. 
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5. FOURTH CHAPTER: VISUALIZATION AND ITS PRACTICES — SOCIAL 

SCIENCES AND JOURNALISM 

As previously stated, for this thesis we were able to conduct fieldwork in two specific fields: 

data journalism and controversy mapping, each one inserted in the broader fields of 

journalism and of social sciences, respectively. In this chapter we intend to: characterize data 

journalism and controversy mapping, describing what differentiates them from other methods 

and practices in the respective larger fields and outlining aspects about the usage of 

visualization tools; describe our methodology and tasks carried out in fieldwork; and discuss 

some preliminary findings. But first it is important to briefly outline some traditions in the 

broader fields in which data journalism and controversy mapping are inserted.  

According to Spence & Wainer (in PLAYFAIR, 2005), even though large collections of 

statistical data were widely available even by the second half of the seventeenth century, the 

first major experiments with statistical graphics would only start from the end of the 

eighteenth century on, with Playfair’s Commercial and Political Atlas, addressing 

macroeconomic data on international trades. This publication was a collection of statistical 

graphics and text commentaries and was intended as a work of economic theory, but also 

proposed this new format for displaying hard facts. He believed that it was possible to go 

without the data tables, since the graphics communicated so much better. Nevertheless, the 

scientific ethos of the time was characterized by some resistance to images in general as aids 

for scientific work outside the natural sciences, and critics expressed some concerns with the 

possibility of misunderstandings and distortions, in comparison to the raw values organized in 

tables. Adding to this general distrust of the images and the senses, there were the technical 

difficulties of printing images, that also significantly delayed a broader adoption of graphics. 

Nevertheless, as we previously discussed, by the end of the nineteenth century, the sociologist 

Tarde (1883) had already proposed, quite enthusiastically, that statistical graphics would be 

the social equivalent of the organs of the senses, providing a clear view on current events, and 

especially bringing back some notion of continuity in the relation between discontinuous 

records. As we could say nowadays, it would allow the readers to move from the record to the 

pattern. He compared the trace of lines in line graphs to the flight of a swallow, displaying 

contextualized intensities instead of fragmented data. He advocated their broad use in 

newspapers, for the general public. 
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According to Healy & Moody (2014), towards the end of the nineteenth century and in the 

beginning of the twentieth century, sociological work was published with rich graphs using 

varied methods. But, for some time afterwards, graphs became once again very rare in these 

publications, and quite complex data tables became the rule for displaying quantitative data. 

Among the many reasons ascribed by the authors is the possibility that, in the quick rise of 

causal-inferential modeling methods, statistical images were considered like common figures, 

taken mainly as descriptive resources. There was a concern that the visual display might lead 

do imprecisions in the interpretation of statistical data. Paradoxically, visualization might 

have become a victim of early adoption of quantitative methods in social sciences, that valued 

the regularity of numbers and developed reservations towards visual representations. At the 

time, the tables, even if they were very difficult to decipher, did manage to contain actual data 

and not summaries, because of the smaller size of datasets. Later on, even as visualization 

started to be recognized as a valid resource for analysing data and displaying results, there 

was a pressure that every graph be supported by data tables, to allow the replication of results 

and the use of the same material in other works. 

Recently some technological changes allowed for a different approach of data visualization in 

social sciences: 

"The utility of visualization methods — in particular their ability to effectively 
summarize very large quantities of data or very sophisticated modeling techniques 
— is partly dependent on related developments in the areas of data sharing and 
reproducible research. If data is accessible as needed, using figures instead of tables 
becomes much easier." (HEALY & MOODY,  2014, p.5) 

We should note that they are not exactly talking about the technical reproduction of graphics, 

but about the technical possibilities of making base data available and accessible for 

verification, replication and reuse, without the necessity of publishing them directly into 

scientific journals in the form of enormous tables. 

Healy & Moody make a distinction between visualization for exploration and for presenting 

final findings. Visualization for exploration is associated with exploratory data analysis, 

which involves using graphical tools for rapid interactive visualization and discovery that is 

openly inductive. These methods are for some regarded as too unstructured, allowing for the 

risk of facilitating spurious associations. Nevertheless, as the size and complexity of datasets 

increase, exploratory data analysis becomes more necessary, and at the same time is coupled 

with new methods for confirmation and validation. These techniques are nowadays in the 
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center of social cartography like controversy mapping. On the other hand, visualization for 

presenting results has a rhetorical component, at the very least to convince the audience of 

one's findings, and would face the challenge of being effective in relation to one's arguments 

and at the same time faithful to the data. 

For Offenhuber (2010), there are also two main purposes for data visualization: thinking and 

showing, which would be fulfilled respectively by an exploratory function and a rhetorical 

function. The exploratory function is closely related to data analysis and in information 

sciences it is linked to objectives such as of amplifying cognition and crystallizing 

knowledge. In this case, "the story is inside, implicit in the data" (p.367). The rhetorical 

function, on the other hand, is most theorized by designers and other fields that deal with 

forms of communication. Visualization, as any inscription, is also the place for narrativity and 

polemics, it is guided by the possibility of sharing. In this case, the story is the social narrative 

associated with the visual representation, and it comes from outside, from the discursive 

context of the visualization. For Offenhuber, visualization should be understood as a 

representation of meaning. This meaning is neither a preexistent nor an underlying feature of 

data: it comes from an interpretation of data when it is structured in a specific way. Therefore, 

visualization sets an ambiguous space where the exploratory and rhetorical functions are 

intertwined. 

Visualization is traditionally used in journalism as an artifice for visual explanation: it makes 

certain kinds of information clearer. Mario Kano (2013), coordinator of infographics at Folha 

de São Paulo, discusses the idea of a visual journalism, and explains that some informations 

are simply better expressed in images. So, it is not a matter of turning every bit of information 

into graphics, but understanding which bits are clearer if displayed visually. He argues that, 

historically, newspapers separated image from text, mainly for restrictions in the printing 

technologies. This created an artificial separation between the work related to producing text 

and to producing images in newsrooms, and delayed for many decades the broader adoption 

of statistical or otherwise quantitative graphics in newspapers. With offset and color prints, 

these two strategies for informing started to be reconciled. Apart from quantitative graphs and 

schematic drawings, he refers to other sorts of visual arrangements, like bullet lists with icons, 

that would aid quick and non-linear reading in his conception of visual journalism. 

This resonates, we believe, with the discussion we proposed in the last chapter, about a 

progressive fragmentation of content, as yet another strategy for fragmenting and 
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reassembling. Also, while working with the broad concept of visual journalism, visualization 

is framed inside the logic of the visual explanation (TUFTE, 1997), in a narrow sense. 

However complex and important this function may be, we believe it to be an indication that in 

many journalistic traditions this rhetorical feature of visualizations that is indicated by 

Offenhuber tended to get stripped from the exploratory features and from giving access to 

meanings that might emerge directly from the visual display. There is a story to be told in text 

and image and published visualizations will mostly point to stable aspects of this narrative, 

that will work with objects and references that are outside the data. This effect, if it is not 

coupled with some exploratory dimension, can be very restrictive in terms of the experience 

with the visualization, making it mostly an appendix, an empty shell to be signified by the 

textual narrative. 

We should point to the possibility that with the effort of clarifying messages in visualization, 

one might be reifying previous assumptions, not feeding debate. Also, that the structures of 

visualization themselves, for the fact that they carry many traditions and will of course 

highlight specific aspects of the data, might indeed develop biases and hide relevant 

information. Around the world we find examples of misleading visualizations in the news, 

especially in graphs and charts of the more traditional kinds, like bar, line or pie graphs:2 

these stabilized and well adopted formats are more naturalized and the reader may take them 

superficially for their general presentation, without noticing many structural biases, 

identifiable only in the fine print. Nevertheless, we would like to draw attention to another 

concern, which is related to the mutual influences between mediatic and public agendas, and 

how unfounded stereotypes present in public conceptions of social reality may be reified in 

the news if there is not a careful attention to the visual display of data and its interaction to the 

more general context of debate where it is going to be decoded. Like in journalistic sourcing, 

pluralism may be a good solution; in this case, to develop many different graphs in order to 

see and compare many aspects of the data. 

Elections are occasions where even newsrooms who have a very literary tradition will turn to 

data. Brazil is coming from three consecutive presidential mandates of a traditional left-wing 

party, PT (Workers’ Party). The first two were from Luiz Inácio da Silva, and the third was 

from Dilma Houssef, who has been recently been reelected for more four years, that started in 

                                                
2 For a few examples, see http://gizmodo.com/how-to-lie-with-data-visualization-1563576606, and, for a more in 
depth discussion, https://visualisingadvocacy.org/blog/disinformation-visualization-how-lie-datavis. 
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the beginning of 2015. One of the main characteristics of these three mandates was the 

investment in projects aimed at the most poor, like a program of conditional transference of 

income called Bolsa Família. For that, there was a deep concern, among opposing sectors, that 

these programs might make the beneficiaries dependent and not lead to a durable effect in 

terms of better income distribution in the country, and that they might aim at gathering votes 

for following elections. 

Brazil’s geography shows how serious the issue of income distribution is, because populations 

are very concentrated in big urban centers and the states that concentrate the country’s 

industries, services and most of the revenue are in the Southeast region, while the poorest are 

in the Northeast. So logically in the populations of the states in the Northeast there was a 

bigger proportion of beneficiaries of Bolsa Família. 

In the pre-election polls, the states where Houssef was more popular were mostly in the 

Northeast. Quantitative graphs published in some news outlets confirmed that there was 

indeed a correlation: the municipalities where there was a bigger proportion of beneficiaries 

also have shown a bigger proportion of intentions of vote in Houssef. When the results of the 

second round of the elections came, most of the news outlets gave the results in maps where 

each state was color-coded depending on the winner. The Northeast was all bright red for 

Houssef. The general impression: the Northeast elected Houssef. Social networks were 

flooded with shaming messages towards the northeasterners, and maps proposing that the 

nation should be separated by a wall in two independent countries, one with the south and 

other with the north. Most of these fictional frontiers ignored the varying proportions of votes 

throughout the all states and municipalities, and also the fact that Houssef had the majority of 

votes in Minas Gerais (MG) and Rio de Janeiro (RJ), states in the richest region of the 

country, and that Neves, the other candidate, had the majority in the northern states of 

Rondonia (RO) and Acre (AC). 
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Figure 6.1. Map of the results of the 
election divided by state with no 
reference to absolute numbers. It 
reinforces the concern that the president 
was elected on the votes of the poorest, 
who were beneficiaries of programs of 
conditional income redistribution. Even 
though the poorest states are in the 
Northeast, the ones in the Southwest are 
far more populous, and elections in 
Brazil are won by absolute numbers 
(http://www.uol.com.br). 

 

It took a speech from a state deputy for a wake-up call: contrary to the american elections, 

brazilian elections are not won state by state, but in absolute numbers. Since there was no 

emphasis on the actual number of votes, and the Northeast of the country has a bigger 

territory and more states than the Southeast, those maps and even the accompanying tables 

gave us the wrong impression. If you added the votes for Houssef in the Southeast and 

compare them with the number of votes in the Northeast, you would find that both regions 

had given almost the same number of votes towards her election. Even though in all four 

states of the Southeast region she had only won in two, it is far more populous than the 

Northeast. After the elections, the news site G1, of the same media group as Jornal O Globo, 
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published a very rich analysis of the results3 with many interesting visualizations, but failed to 

deal with this issue. 

Sometimes, the solution for such misinterpretations can be quite simple. The data journalism 

blog Na Base dos Dados from Jornal O Globo Online, by Gabriela Allegro and Fabio 

Vasconcellos, has a more experimental approach, and published a bar graph a few days after 

the election, that gave a more realistic view of the distribution of votes by region. Of course, 

they realized the misinterpretation that was flooding social media, and decided to show 

another aspect of the same data set. This shows how the encodings in professional media and 

the decodings across wider social contexts may interact creating new visual interpretations of 

data, and how the many versions of visual displays of the same data tell a story of a wider 

debate. Once again, the use of many visualizations in order to display different aspects of the 

data, may develop a more realistic representation of social reality and thus feed debate, not 

reify assumptions. 

  

Figure 6.2. Less visually appealing bar graphs display a more realistic view of the distribution of votes by region. 
Source: http://www.oglobo.globo.com/blogs/base-dados 

                                                
3 http://g1.globo.com/politica/eleicoes/2014/blog/eleicao-em-numeros/1.html 
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Before election, graphs showed the increase of popularity of Houssef in municipalities where 

there was a higher concentration of Bolsa Família beneficiaries. They were repeatedly used as 

evidence and crystallized a nebulous concern. The statistical maps of the final results gave the 

final blow. Even though it is interesting to show the proportion of votes in each state, we 

believe the maps have been oversimplified and showed only a much restricted aspect of the 

data. There were many possible graphic solutions to reconcile the raw numbers with the 

percentages, but the data was presented in an overly aggregated form. So in some cases, 

visualization can collaborate to reinforce concerns of public agenda, without really providing 

tools for debate. More than ever, it is important to differentiate issues from ungrounded 

certainties and stereotypes, that may find in the power of evidence of data and visualization a 

mistaken confirmation. 

The effort of demonstrating clear and well defined facts, which ends up restricting the 

possibilities for uncovering meaning from data in visualizations, is quite central in traditional 

newsrooms, and aims to address very real concerns, like avoiding misinterpretations while 

being well adapted to superficial attention habits. At the same time, in scientific circles, there 

is a stronger tendency for demonstrating the analysis, and therefore building the narrative 

from inside the relations displayed in the visualizations used in association with other 

narratives. Demonstration, in this sense, means reproducing the findings, even if in a staged 

way, in order to stabilize it as a verifiable scientific fact. This means that the coupling 

between the exploratory and the rhetorical functions is more effective, as described by 

Offenhuber. Nevertheless, when a scientist faces the challenge of communicating to a wider 

public, of people who may not share the references of the narratives of the laboratory life, we 

see the emergence of discussions that are similar to the ones in journalistic circles, regarding 

the depictions of social reality: of either developing representations that will stabilize 

scientific certainties (or social facts), that have no resonance with the controversial and 

complex reality of scientific work (or social events), or give way to complexity and 

controversy in displays that may not conquer the same adherence from the part of the public 

(see, for example, MASSARANI, 1998). 
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5.1. JOURNALISM, DATA AND VISUALIZATION 

5.1.1. What is data journalism 

Data journalism emerges in the form of a growing emphasis on data analysis for newsmaking 

and provides new tools and methods that reposition the practices of traditional journalism, 

from the newsroom, sourcing and editing to publishing. According to many professionals 

(GRAY et alii, 2012), it is an answer to the growing importance and penetration of data in 

contemporary societies, which demands that journalists develop new skills in data sourcing 

and analysis, "to be able to analyze and describe today's events with a discerning eye" (GRAY 

et alii, 2012). We will approach data journalism as a set of practices and methods that can be 

present throughout the whole news making process and in news publishing, not necessarily 

replacing traditional methods, but collaborating with them. Data visualization may or may not 

be present in the final publication, but we realized that, as the practices of data journalism 

mature and become more robust, visualization tools become important for analysis and more 

elaborated graphs are published for readers on print and online media. 

Of course, data has been used traditionally in journalism: mainly governmental or otherwise 

institutional data, be it demographic or financial, has been for many decades used to illustrate 

or describe reported events (TUFTE, 1983). More recently, surveys made by the news outlets 

themselves show voting intentions for elections and other kinds of popular opinion and 

demographics. So journalists, depending on the profile of their news outlets, have been for a 

while more or less comfortable about using and presenting these kinds of data. But nowadays, 

the web, mobile technology, and, more broadly, the penetration of digital networked 

technology in several levels of our societies, form a different kind of data landscape where 

our lives become increasingly and more pervasively described and managed as data. In the 

one hand, everything one does online leaves traces that can be tracked and even traditional 

demographics and financial data, due to more refined monitoring methods, become more 

voluminous and complex. All this data is in general more abundant, accessible and less 

filtered than traditional data used in social sciences or that were traditionally incorporated in 

the news, and for that it presents not just a quantitative growth, but in many aspects a 

qualitative change. So many challenges arise in terms of methods used for its analysis, be it in 

company strategy, public policy, social research or news reporting. In journalism, this 

highlights the need for additional skills in data query and analysis, as well as a more critical 
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approach to data manufacture and its possible biases. It also entails different challenges 

regarding the ways in which journalists will frame and narrate events. 

Journalistic practice has been historically guided by a concern with objectivity, but the ways 

in which this is translated into actual guidelines and practices has gone through many 

transformations. In that sense, the promise that data could lead to more reliable reporting 

mirrors some traditional concerns of journalistic practice that have been on the agenda of 

professionals for quite a while. Because of that, we understand that data journalism inherits 

some formulations from previous strands. Meyer (1991) believes that most limitations of 

modern journalism, like lacking clarity of what are the most important stories to report on, 

being too dependent on press releases and easily manipulated by many interests, are due to a 

lack of training in information science or in methods that would help them dealing with the 

challenges of reporting in a time of information overload. He traces a parallel between 

journalism and scientific traditions, advocating that both have much in common. He proposes 

a new strand of journalistic practice, issued from the joining of journalistic traditions and 

information science, called precision journalism. 

Data journalism, in that sense, rather than setting aside objectivity claims, proposes yet 

another approach to objectivity. Traditional journalism would target objectivity mostly by 

searching for impartiality and plurality of human and institutional sources for reporting a story 

and putting these observations into a language that is as clear and faithful as possible. 

Reporters would trust that the audience would be capable of unpacking the story and critically 

assess the information that is given towards their own take on events. The methods developed 

in data journalism would contribute by focusing on analyses that can be verified and 

replicated again, while trusting data as source and data analysis as a reliable method for 

describing events, in that sense drawing from contemporary scientific methods. Thus, 

visualization inside newsrooms may be used much like it is used inside research, that is, to 

constitute and analyse objects (facts or events, for that matter). But in order to publish 

visualizations journalists face the challenge of developing new ways of storytelling that would 

convey this scientific replicability, while still aiming at one of the profession's main duties, 

which is to fuel debate, to "advocate democracy without advocating particular solutions" 

(DURHAM, 1998, p.122). 

Journalism is one of the main practices that can set the stage for public debate, mediating and 

translating different social aggregations and forces. Journalists have as their main concern the 
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goal of reporting for as many citizens as possible, while being as thorough and as unbiased as 

possible in their sourcing and content. But, in practice, that challenge may represent two 

opposed needs: for encompassing larger and larger publics, the news tend to be simplified, 

but, on the other hand, it is hard to be thorough given the speed in which events are spotted 

nowadays, and due to the complexity of social life and debates in general. In the pages that 

follow we will try to point out some changes in sourcing and reporting practices since 

journalism started to incorporate data as one of its sources, and examine some examples of 

visualization tools that can help meeting these challenges. 

5.1.2. Methods and field description 

For our empirical work on this issue, we were able to visit some of the main newsrooms in 

Brazil – Folha de São Paulo, Estado de São Paulo, Jornal O Globo, Globo.com e Jornal O Dia 

–  and to interview about twenty different professionals, among journalists, designers and data 

specialists that had consistent work in data-based journalism for different kinds of news 

outlets, inside and outside Brazil. What we came to find were professionals with varied 

backgrounds and profiles, each one with his/her own very enticing idea of what journalism 

could advance with data, and how to reveal social issues with data. Our main entry points to 

this very large discussion was the challenge of changing everyday practices of traditional 

reporting and how it affected the work and the challenges the newsrooms designers faced. 

For data journalism, we interviewed professionals with experience in newsrooms, be it on 

print or online publications, on daily newspapers or monthly magazines, journalistic 

associations or design or media firms. They were a total of twenty-five interviewees, among 

which twelve were designers, ten were journalists and three worked in managing or 

coordinating positions. Most of them were brazilian, even though some of these worked 

outside the country. We also had the opportunity of visiting five of the major newsrooms in 

Brazil, which were Globo.com, Jornal O Globo, Jornal O Dia, Folha de São Paulo and O 

Estado de São Paulo. Our main goals were: [1] understanding the use of data and visualization 

in newsrooms from sourcing to publishing: who uses and how? [2] understanding how the use 

of data and visualization may influence agenda setting, if at all; [3] identify the main concerns 

of professionals of the field about data and visualization in journalism, and the connection of 

these resources with public debate through newsmaking. Even if it was not part of our initial 
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goals, we were also able to gather an interesting outlook on the first major advances of data-

driven journalism in Brazil. 

With these objectives in mind, we prepared a basic script for the interviews, that could be 

adjusted according to the specific profile of the professional. The interviews lasted between 

45 minutes and one hour and a half, depending on the interviewee’s availability and on the 

discussions raised. Some were presencial, others were conducted through video calls. When 

necessary, we were able to follow up on the interviews a few days later through e-mail, in 

order to gather more detail on specific issues. 

The general script for the interviews: 

Part 1: profile 

a) Please tell me a bit about your experience, how it led you into data journalism, and how is 

your work nowadays. 

b) What about the places you work at now and worked at before, how do you think they 

support the use of data in journalism? 

c) How do you see the use of data in journalism nowadays? Are there any fundamental 

differences when data analysis is used in newsmaking? 

d) There are some methods of social research being developed nowadays, which are largely 

based on data analysis for defining and developing inquiries. How would you compare the 

scientific approach to the journalistic approach towards data? Do you see any possible 

approximations or clear frontiers between them? 

Part 2: newsmaking 

e) How is your work method? From the data: what kinds of data and data sources do you 

work with; to the investigation itself: what kinds of technologies and methods do you use? 

f) Do you work in direct collaboration with other professionals, such as developers, designers 

or journalists with different specialties? How do you feel about your collaboration? 

g) Telling news stories becomes significantly different when they are based on data? To 

which extent do you feel it is important to explain your methodology and objectively what 

you found to the common reader? 
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h) Do you think a story that is based in data can be harder to report? Why? 

Part 3: visualization 

i) The field of visualization is filled with many terms that overlap each other. How would you 

trace the difference between information visualization, data visualization, infographics, 

graphics etc? 

j) Do you use visualization to analyse data? 

k) What about the final news piece? Do you believe visualization can be useful for telling the 

story once it is based on data? What challenges does it entail? 

l) Do you think the visualizations used in analysis are different from the ones that get 

published? In what way? Is there a routine for transforming one kind into another? 

m) What do you think about the use of visualization in journalism? Do you see any 

fundamental differences between print, video and web supports in that sense? 

n) (Only for outlets that have both print and digital versions) Do you produce visualizations 

first for digital or for print? Do you have a routine to translate one into the other? What are the 

challenges in your opinion?  

o) How do you see the relation between text and visualization in the published material? 

p) Have you ever had any experience working with collaborative or real time data? What do 

you think about its possibilities and challenges? 

q) Do you see any possible uses of visualization in tools for journalists inside newsrooms? Do 

you have anything of the sort in your company/institution? For example, presenting a dataset 

on all the available electoral results, so that at every new election they can access the data and 

look for patterns. 

The field of data journalism 

We can say that, nowadays, most large news outlets practice data journalism at some point, 

especially considering that data tables have appeared now and then in the news since the 

nineteenth century, and that throughout the history of newsmaking the presence and the role 

of data in western societies just grew, leading, conversely, to the use of many formats of data 
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display and some methods data analysis. Nevertheless, there are companies and institutions 

that integrate the use of data in a broader, more structured way. We would like to draft two 

main experiences that we could identify: first, the intensification of the use of data in 

reporting can happen through its use in data-driven applications and elaborated visualizations. 

Outlets that have this profile will tend to have big infographics departments, that put together 

designers, developers and editors to produce specific features based on data. These can 

generate news stories or be related with many of them. In these cases, the infographics 

department has more autonomy than in traditional newsrooms, like it is the case in The New 

York Times, one of the strongest examples of the use of data visualization in the news in the 

world. Another experience can come through the creation of specific data journalism 

departments, that will try to furnish the newsroom with the resources for producing data-

driven news. In the case of International Consortium of Investigative Journalists (ICIJ), for 

example, they created a specific division for data-driven journalism, but, from our point of 

view, there is a certain continuity between data analysis and some classic perspectives of 

investigative journalism, that entail checking records and look for traces outside the official 

discourse. Data analysis comes to equip and deepen investigative activities that were already 

in place. ICIJ has become a reference in data-driven journalism since they dealt with a leak of 

offshore bank accounts, in The Offshore Leaks Project. Also, many news outlets will have 

data specialists in key positions in the newsroom, so that they can give support to the use of 

data. Other outlets who have relevant work in the field, either using visualization or not, are 

The Guardian, Le Monde and the ones focused on economics, like The Financial Times. 

Even if our goal with this thesis is not to examine the perspectives for data journalism in 

Brazil particularly, we had the unique opportunity, while visiting some brazilian newsrooms, 

to observe an interesting moment, where the use of data analysis starts being heavily 

discussed and tested in newsrooms. The fact is that, traditionally, the use of data in Brazil has 

been mostly limited to public surveys, and governmental demographical statistics. The contact 

the journalists had with this data was mostly indirect, meaning they did not actually put their 

hands on the data, they mainly looked at graphs, tables and analyses that were published by 

other institutions and transferred it into the news. So it was easy for a research institute to 

influence this kind of reporting, depending on how they described what the data had to show. 

But with digital media the sources of data multiplied, and data became more available, but 

less aggregated. Many of those news organizations were also conducting editorial projects on 

the web, and, as the information technologies advanced and became more accessible, these 
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same projects turned into new kinds of data to be assembled to generate content. Since Brazil 

has a huge territory and many isolated regions, there is an important governmental effort to 

use online information systems: the annual revenue tax declarations are done online, and so is 

the control of taxes in ports all along the brazilian coast, for example. There are many laws for 

transparency being passed, so many datasets on governmental activities and public budget are 

now available online. Data became more varied than demographics, but, on the other hand, 

much more complex. 

We started the brazilian part of our fieldwork expecting to find just a minor concern for data 

among journalists and maybe some deeper reflexion about the issue among designers, since, 

you know, they built the graphs. This last idea, about the designers, did stand, because, even if 

data analysis in not common procedure in most brazilian newsrooms, they are the ones who 

must deliver the graphics and that will work directly with the data. Because of that, they will 

tend to be the ones who will spot any problems in the data and will have to face the 

responsibility of finding reasonable workarounds. So the basic issues of working with data are 

more evident in their daily work, and they tend to have many thoughts to share. Apart from 

that, we were quite surprised to identify many strategies for dealing with data, some recent, 

some fully incorporated, and a strong disposition on the part of the professionals for 

discussing the issue. 

The newspaper Folha de São Paulo is known for its use of data-based infographics, that have 

become their tradition for decades. They have a very strong team working on visualization 

and many features that have won many prizes under the coordination of Mario Kanno. The 

Folha de São Paulo Group has a company called DataFolha, for public surveys: it is an 

independent company, not a division of Folha de São Paulo, but it produces many surveys and 

demographics to the newspaper and lends likewise service to many other institutions. Even 

though DataFolha may give the newspaper Folha de São Paulo much autonomy from some of 

the biases of government demographics, and even considering their outstanding work in 

visualization, there is still some work to be done so that data analysis can really penetrate the 

newsroom and reporting practices in general. According to Marcelo Soares da Silva, who 

works as data specialist in the paper, it is very hard to include data analysis in the routine of 

the newsroom, because it demands a very different profile of journalist, where most of them 

are still issued from the point of view a literary tradition. Silva is a journalist, but his interest 

in data analysis has led him to work with metrics and monitoring of the digital content of the 

company. 
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By the time the interviews were conducted, the most known effort to bring data analysis into 

the regular practices of journalists was Estadão Dados, the data division of Estado de São 

Paulo. They have assembled a dedicated team of professionals whose the task would be to 

collect, process and interpret relevant data for either producing data-driven news themselves 

or equipping the whole newsroom with data-driven applications. At the time of our research, 

they were a team of four reporters that had mixed training in journalism and development or 

data analysis, and a senior reporter with a career in journalism of politics and economics. 

They were quite independent from the rest of the newsroom, a situation that presented some 

advantages and disadvantages. On the one hand, they were quite free to develop projects and 

careful analysis and post them on their blog4, commenting and deepening the approach on the 

current hard news published on the print and online versions of the paper. They also develop 

work for the main pages of Estado de São Paulo. On the other hand, they had a hard time 

getting their point across the newsroom itself. The senior reporter tells us that there are some 

crude misconceptions that have already been clearly exposed through data analysis, but 

reporters keep repeating them over and over in their texts. Also, that reporters outside Estadão 

Dados will seldom look closely at data when it is at hand or look for data sources behind the 

story they are working on, let alone come for them for support. On the other hand, since they 

do not have dedicated designers, they have to compete with the rest of the newsroom for the 

time of the professionals in the infographics division. Most of the visualizations presented in 

their works are built in automatic tools, based from their more elaborated work of data-driven 

journalism. When they heard that at GloboEsporte.com, another news outlet from another 

media group, they had a team that mixed designers, video makers and developers, they were 

quite amazed and maybe even a bit jealous. 

GloboEsporte.com is the sports division of Globo.com, the news portal of Organizações 

Globo. It is independent of the print Jornal O Globo, that has its own portal, O Globo Online. 

Indeed, GloboEsporte.com has a very interesting team of designers, but they work from a 

different perspective than EstadãoDados. While the later is a division composed by journalists 

and works mostly analysing state policy, the economy and politics in general, at 

GloboEsporte.com, because they report on sports, there is a different approach. In fact, they 

have two divisions that deal with data: the infographics division and the FutDados division. 

The projects developed in the infographics division can vary from the more playful aspect of 

                                                
4 http://blog.estadaodados.com 
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the interactive animations, to the analysis of sports statistics. They have much autonomy to 

produce independent features that may become prominent in the pages since this is an online 

publication. On the other hand, the division called FutDados is composed of a team of eight 

reporters mostly dedicated to reporting soccer through data. The name is a contraction of the 

words soccer and data, in portuguese. As EstadãoDados, they do not have designers. 

The infographics division produces projects that range from classic infographics like animated 

cartoons, to visual stories of the snowfall variety, that combine images, videos and many 

forms of text, and data visualizations. They have a team of designers of mixed profiles, from 

illustration and video-making, to web design and front-end development, to information 

design. They have some autonomy to produce special features that might not be originated 

from traditional reporting, like some specials developed for the Fifa World Cup in 2014, but 

also provide graphics and smaller features for regular news pieces on request. For that, the 

team also had a special aid, that is a journalist who is in charge of orienting reporters on their 

demands of infographic material, either refining raw ideas or turning them down. This is an 

interesting initiative for a publication that has a lot of demand for visual impact, but also aims 

for relevant content. During the World Cup, they managed to test some new formats and 

languages, and came out with many projects that were strongly data-driven. 

FutDados had an outsourced service that delivered statistics about each match in brazilian 

state and national championships, while three of those journalists would recheck the data and 

make different tests for analyzing the events. Apart from the huge importance the sport has in 

brazilian culture, that heightens the public interest for every single detail, Flavio Campos 

(personal communication, July 24th, 2014), one of those very specialized data journalists, 

noted the fact that soccer is very different from basketball or baseball, for example. Those 

games offer many evident metrics: they have more points in the score, more faults, 

differences in punctuation… All of those configure metrics that are easily recorded and give 

you more material for statistical analysis. With soccer, a single goal may define the final 

match of a championship, so it is common that journalists find themselves wondering for 

reliable ways to assert whether if the result really represented the quality of both teams in the 

field. They give support to all the reporters in GloboEsporte.com’s newsroom, but their 

interaction with the infographics division was not very frequent. 

There are also the cases like Superinteressante, a monthly print magazine from Editora Abril, 

dedicated to scientific curiosities and to the popularization of science. They have a very 
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elaborated work on infographics that has become a reference. In their case, the visualizations 

are the main part of the news piece, where the text often comes in the form of an introduction 

and of annotations and more detailed comments, that elaborate on the visualizations. Often, 

visualizations are produced at the same time for data exploration and final publication, and the 

news piece is produced in a close collaboration between designer and journalist. 

According to designers and also journalists who already have a profile turned towards data-

driven news, like Silva, the data specialist of Folha de São Paulo, Allegro, the data journalist 

of Jornal O Globo and the crew from Estadão Dados, the biggest challenge for implementing 

data-driven news in their newsrooms is inserting the culture of using data into the everyday 

work of the common reporter. In general terms, they point out that reporting with data 

demands at least using tools like spreadsheets and acquiring some basic knowledge of data 

analysis. They also understand that the biggest challenge for these reporters is 

counterbalancing a routine of sourcing with people and using declarations with the realization 

that behind most news stories there is data to be explored, in order to ground reporting and 

improve the story. 

Paiva, chief of infographics of Jornal O Globo, points to another problem, which is the classic 

separation between journalists and infographics or art departments in most traditional 

newsrooms: to an extreme, designers are seen as technicians or decorators whose work does 

not collaborate for producing relevant content. This goes back to older discussions in the field 

about visual narratives (KANNO, 2013), that also point to the need for closer partnerships and 

interaction between journalists and designers, with a bit more autonomy for these last. As 

digital and interactive content grows and many newsrooms turn to the “digital first” approach, 

this discussion takes on a new aspect. Designers need to acquire specific knowledge for 

developing complex projects that demand a point of view of data analysis. Because of that, in 

many cases, they are going to have a clearer understanding of the impact of a dataset to the 

news piece and could take on an important role in producing data-driven content. To profit 

from this, it is necessary to find new paths or alternate routines in everyday work and, in an 

extreme, considering the possibility of reorganizing the structure of newsrooms, so that more 

interaction between teams can be reached and other kinds of professionals can be integrated, 

like specialized developers and data analysts. 

So in most of the newsrooms we visited, even though there was not a mature solution of 

integrating data analysis in reporting, there was some concern about the use of data, about 
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how it could ground the reporter’s claims, about ways in which it could be integrated in 

regular reporting, orient traditional sourcing and reveal other aspects of events. The use of 

data also seems to give rise many issues on team composition and on the interaction between 

different teams and professional profiles. The questions of how to integrate developers in 

newsrooms, of whether to understand designers also as analysts and content producers might 

be very challenging for traditional newsrooms that tend to pull apart content and image, 

leading to frozen structures and less collaboration between different specialties. Also, there is 

the issue of how data should be displayed, how it could reach more people, and whether if 

source data should also be published, as a strategy for participation. And things are evolving 

quite fast: few days after we had the chance to talk to Gabriela Allegro, data journalist of 

Jornal O Globo, we heard the news that they were starting their own data division, with her on 

the lead. At the same time, she started a blog called Na Base dos Dados, with another data 

journalist called Fabio Vasconcellos. They use it to experiment with data-driven analyses, and 

develop ways of publishing them as part of the regular content of Jornal O Globo. 

5.1.3. Discussion 

Before commencing fieldwork, we mostly believed the work with data, and especially big 

data, had an association with scientific methods and more reliable metrics, and therefore could 

help avoiding some biases in newsmaking. Also, that by publishing more visualizations, more 

dimensions of data could be available for the reader, allowing for more interpretation and a 

critical approach. 

One of the first surprises we had in the field, as brilliantly summarized by Marcelo Soares da 

Silva, data specialist from Folha de São Paulo (personal communication, August 11th, 2014), 

was that “data is just like any other interviewee”: if you torture data, it will tell you whatever 

you want to hear. In fact, we found that this expression “torture the data” is very current in the 

newsrooms we visited, always with a negative connotation. So it is not as if data itself could 

bring more credibility to newsmaking, but maybe integrating more reliable methods of data 

analysis could have a positive impact on all aspects of the practice. In newsrooms that have a 

more literary tradition, like most in Brazil, even for news pieces that use statistics or 

economic indexes, data comes already packaged by statistical institutions through aggregated 

reports or translated by specialists’ declarations. So it is as if data was used indirectly because, 

strictly saying, it is not actually analysed in the newsroom. 
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What we found was that, even though there is a strong discussion circulating newsrooms 

about regaining credibility to journalism through the use of data, the most important aspect of 

integrating data analysis into newsrooms seems to be that it forces reporters and editors to 

reassess weak points in the whole process of newsmaking. According to Cabra (personal 

communication, august 25th, 2014), coordinator of  the Data Division at ICIJ, investigative 

journalists are used to looking at records and finding details and discrepancies. But, in order 

to take a step back, examine the wider set of evidences and see the patterns (especially in 

today’s huge records) you need a data analysis approach: “The reason I fell in love with data 

is because it allows me to go from the case to the pattern.” Journalists will use data to find 

and frame issues for the news pieces, while building a clearer perception of their relevance in 

a wider context. Of course, this has deep effects on agenda setting. Moving on, data is very 

seldom the only source for reporting: the owners of the data, people who gathered or 

generated the dataset, are important sources, because they will give precious information 

about its underlying criteria, original purposes and possible biases. This maps out what can 

and what can’t be inferred or extrapolated from a dataset. 

So here we have an example of a practice that addresses the need for a critical approach 

towards data. Also, once the main actors and issues are framed, this opens a larger field of 

sources of information to investigate outside the computer. It is always important to translate 

issues in terms of human experience, so interviewing people who have been affected by or 

witnessed an event or issue remains crucial. Before data, finding these people could be quite 

random, and the reporter would tend to rely on good quotes as evidence to build the story. 

“Data takes out part of that randomness” (personal communication, august 25th, 2014), 

serving as a road map to decide who are the relevant sources.  

We could say that if the starting point for a news piece is a dataset, less trust has to rest on 

institutions and specialists as reliable sources, and more effort must be done in terms of 

analysing the data while understanding its initial purposes and methods and avoiding its 

specific biases. We could also say that data makes a better source than institutional discourse 

represented in the person of specialist, a manager or a politician, that have the tendency of 

representing interests, propagating power structures and concentrations of social power and 

not representing issues from the point of view of the affected people. But, on the other hand, 

we have to consider that avoiding biases and correcting possible distortions in data entails 

more than developing reliable methods of data analysis. It demands re-connecting data to 

those institutions of origin. To an extreme, data must be considered as a discourse that can 
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also propagate these same interests and concentrations. So data and traditional sources present 

different kinds of biases, but working with both helps developing a critical standpoint that 

deeply collaborates for the relevance and quality of the news. What we find especially 

interesting about Cabra’s point of view is that it integrates both perspectives and sets a 

working environment where they can check one another for more reliability. 

As for the published content, an important point that seems to be emerging among our 

interviewees is of always giving account for the sources of data and methods used to treat 

them and get to the story. Usually they believe it is paramount to give access to base data as 

much as possible, so that other actors can reproduce results and bring new insight to the table. 

Many believe this transparency of procedures collaborates for credibility. Allegro, coordinator 

of the new data division at Jornal O Globo also advocates for maximum transparency 

regarding datasets, sources and methods used. We asked Allegro about the tendency of many 

media outlets to create strategies to guarantee exclusive access to sources and how it could be 

adapted to data-driven journalism. She just smiled and used a very brazilian expression, that 

could be roughly translated to something like “This is gone.” It is not up to media outlets to 

control the channels of information, this is (fortunately) gone. It is better to accept that and 

work from there, sharing and encouraging exchange. According to Bramatti, reporter of 

Estadão Dados, they also do not see the use in keeping raw information to themselves: 

journalistic practice derives its value in analysis and contextualization. In Estado de São Paulo 

newspaper, some visualizations are produced for analysis and published in the Estadão 

Dados’ blog. They may serve as basic reference for reporters about specific subjects, thus 

supporting the production of many news pieces, but at the same time are accessible to 

interested readers and even to other news outlets. 

Visualization in data journalism 

Mario leite, coordinator of the infographics division of GloboEsporte.com (the sports section 

of Globo.com news portal) says that he would rather have his division called Visual 

Narratives Division. He explains that this is because narratives are what they do out of 

scattered things like data, images from many sources, illustrations, videos and so on: they 

create content to be visually explored, that develops narratives through exploration. 

There is, indeed, much confusion in the terminology used for visualization inside news 

outlets. Old school journalists in Brazil will call “art” every image that is not photographic. 
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This is already an outdated approach, mostly from a time when newspapers used images to fill 

in blank space or as decorations. Then there are infographics, the most current term 

nowadays: it refers to graphic displays both of data or information, and to visual explanations 

in general. So a quantitative graph of the inflation and a drawing that would show the insides 

of a nuclear submarine are both infographics. They are usually used as visual explanations 

that will complement the text. 

Like previously discussed, visualizations (or graphs) have been used in the news for quite 

some time now, but, the same way data was not in general an integrated part of the process of 

newsmaking, neither was data visualization. As the designer Gianordoli points out (personal 

communication, June 27th, 2014), if you do not have data as part of the process of 

construction of the news, the visualization will not be something relevant, it will necessarily 

be an illustration. Indeed, graphs become more like visual explanations (TUFTE, 1997) of 

hardened facts (LATOUR, 1985), which constitutes a very powerful function and a difficult 

task, but is still a sign that data is being used indirectly. When it is possible to integrate a 

deeper data analysis approach, many visualizations may be tried out so interesting patterns 

may emerge, and then other journalistic methods might be incorporated to develop the story, 

like described by Cabra. The final piece may or may not contain visualizations, but chances 

are that the ones that do get published will be much different from the ones used in analysis: 

apart from being more polished visually, they will demonstrate the most relevant aspects of 

data where patterns were found. They will accompany the text mostly in a complementary 

way, but, apart from explaining hardened facts, they may also be capable of demonstrating 

part of the discussion itself, since the process included visualizing. So visualizations 

incorporate a relevant part of the news story being told, and become one more resource so that 

the published story may account for its own assemblage. We believe that this change of focus 

for visualizations highlights the controversial aspects of every news story and might prompt 

debate through visualizing. 

On a related aspect, as the amount and complexity of the data used in newsrooms starts 

growing, there is also a search for richer solutions, many times interactive, for the 

visualization of data, and a deeper discussion about its uses and resources. Also, once the 

perspective of the media professionals about the control of information and information 

channels start changing, they start incorporating auxiliary spaces to the main outlets. One 

example is the blog of Estadão Dados, that offers visualizations with full datasets, not aimed 

at specific news pieces, and the blog Na Base dos Dados, from jornal O Globo, where Allegro 
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and Vasconcellos publish more experimental data-based content. In these spaces, digital 

networks help reorganizing some flows: this might lead to a more fluid exchange between the 

spaces of analysis and the spaces of explanation. 

But all these experimentations do bring many concerns regarding the reception by the ones 

who actually read the news piece: of course, hardened facts are much easier to understand and 

adopt on a daily basis, while understanding processes and insights may demand too much 

dedication for most people. Will the readers understand what is being shown, let alone be 

interested in delving in such discussions through exploring sometimes complex and unusual 

visualizations? Carlos Lemos, designer at GloboEsporte.com says that he does not work for 

an imaginary average reader, but to create a dialogic relationship (personal communication, 

May 28th, 2014). This comes from an understanding of the fact that each visualization 

configures a specific context for reader-medium exchange. On the other hand, Marcio Leite, 

coordinator of infographics also at GloboEsporte.com, believes that this old fashioned 

abstraction of the average reader is alive and well: from experience, he has learned to respect 

the limits to which some people will cling in order to understand a visualization (personal 

communication, July 24th, 2014). So, the larger and more varied is the audience, the more 

didactic we tend to be. While Lemos points to a clearly explorative perspective that will 

assemble a narrative along the way, Leite points to simplified visualizations and sequential 

tours and other resources that will take the user by the hand. These are examples of two 

conflictual perspectives that generate many interesting discussions, especially in the fields of 

communication and design. Apart from different standpoints regarding design practices, there 

are also the traditions of journalistic editing at play: according to our interviewees, editors will 

usually prefer to present a finished story, and that usually does not get along very well with a 

more exploratory perspective which might present conflictual aspects of the story. 

From what we could observe, the traditional and practical answer to this discussion is 

simplification: most believe the reader of a daily newspaper, for example, does not have time 

to deal with complex visual narratives, let alone explore interactive ones that force them to 

learn yet another set of controls, another user interface. Nevertheless, we could identify a few 

experiments for achieving a more productive experience with visualization, either in print or 

online publications. To put it briefly, we believe that this didactic effort should not be denied 

or accepted entirely: if being didactic means giving broader view of the process of 

constitution of a news story, it could be very interesting for instrumenting debate and 

composing shared landscapes. If it means assuming that the public needs always simplified 
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content in order to be able follow it, then we might just be under the impression that didactics 

works towards obscuring complexity, and not towards giving access to many possible 

understandings of it. 

5.2. DIGITAL METHODS OF SOCIAL RESEARCH AND CONTROVERSY 

MAPPING 

5.2.1. What is controversy mapping 

Controversy mapping is a research method based largely on actor-network theory (TAR), and 

bred in an intersection between the general fields of Digital Humanities and Science Studies. 

The first emerged especially from the 1980s on from humanities computing, and nowadays 

became a research practice that combines methodologies from the humanities with computing 

tools to analyse both digitized and digitally native (ROGERS, 2011) materials. Inquiries in the 

Digital Humanities may encompass concerns from humanistic fields like history, literature, 

medieval studies and the social sciences, and use tools like data mining, statistics, text mining 

and data visualization. An example of such inquiries would be, for example, seeking, in a 

literary corpus, patterns of word occurrence that may point to authorship claims or networks 

of influence. Of course, this promising approach generates quite a few challenges for 

equalizing the largely quantitative approach of computational methods with the critical and 

qualitative traditions of humanistic fields. On the other hand, Science Studies, or as it came to 

be called, Science, Technology and Society (STS), is a field that studies scientific activity 

from the point of view of the broader sociological, philosophical and historical contexts. It is 

also highly interdisciplinary, including inquiries that discuss the production of scientific 

knowledge as a social process, and its representation and interpretation by sectors of society 

and society as a whole (LATOUR, 1999). Variations like the Scientific Humanities will 

address the role of scientific controversies in wider social contexts. 

Actor-network theory (ANT) is developed initially inside STS research, from the work of 

researchers like Michel Callon, Bruno Latour and John Law, and later becomes wider, 

moving on to address the many areas of interest of sociology and related fields. According to 

Law (1992), starting from a discussion about the production of scientific knowledge as a 

social process, the funding authors of ANT will highlight the importance of other actors 

besides human actors, like instruments, practices, inscriptions and a host of other objects that 
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are interconnected, interact and transform themselves to form the heterogeneous network that 

society is. The central idea is that society itself would not be possible if it were not for all this 

heterogeneity: after all, objects are the instances that reify and give permanence to social 

relations (LATOUR, 2009). Indeed, ANT understands that what makes up the social are 

groups and aggregates (networks) of actors and their relations. Things such as institutions and 

knowledge systems are mostly instruments we use to perpetuate or continue certain sets of 

social relations (LATOUR, 2009; LAW, 1992). Perhaps two of the most powerful points of 

ANT are, firstly, the idea that the category of actors is not restricted to humans, meaning that 

objects (including semiotic ones) also have agency, that is, carry intention and gather and 

translate actions and intentions. Secondly, that there is nothing under, behind or above actors' 

actions and the networks that they form, no superior law that would explain and guide their 

interactions, but interactions themselves that get more or less crystallized in the form of 

aggregates, institutions, practices etc. Everything that merits investigation must come from 

the actual traces of those relations, so, in order to study the social, we should simply follow 

the actors' traces. Therefore, the task of sociology will be to characterize the networks of the 

social it all their heterogeneity, and examine how they could generate effects like the 

structuring of institutions, the creation of inequalities and the concentration of social power 

(LAW, 1992). 

To many researchers, ANT cannot be considered a full theory: it should be taken more like a 

set of methodological indications to the social sciences, that seek to avoid that preexisting 

theoretical frameworks reproduce and naturalize the power structures and generalizing 

theoretical assumptions. Venturini (personal communication, August 11th, 2014) explains 

that, while trying to explain society, or that which is social, many branches of social theory 

tend to separate it in two levels: the level of structure and the level of local interactions. So 

they end up locating their efforts in understanding how structures configure interactions, or 

how we use structures in our interactions. Then, ANT comes as a set of recommendations on 

how not to look at social phenomena: it refuses this binary separation and postulates that 

society is flat, and all actors work on the same level, so we should always begin social 

research and analysis by following the social actor’s traces, the actual traces of local 

interactions, before trying to impose preformatted structures and patterns. And, because this is 

mainly a negative argument, it can be difficult to be taught and put into practice. The visible 

traces of social actors should be the first and foremost material for the social sciences. 

Controversies are regarded, in that sense, as privileged environments for ANT research, 



 

 

193 

because inside disputes, the contents and crystallized relations, that tend to otherwise fade to 

the background of habit and tacit assumptions, are exposed and become traceable.  

Controversy mapping is largely based on ANT: it began as a method for demonstrating its 

principles. Even though the ANT could be applied to research using paper and pencil and not 

necessarily with digital tools, controversy mapping has established itself mainly in the digital 

environment, as a set of methods for mapping and tracking controversial issues from traces 

left by actors in digital networks, through communication and information technologies 

(LATOUR et alii, 2012; VENTURINI, 2009; VENTURINI et alii,  2010). As the experience 

with digital methods advanced, controversy mapping matured and became something bigger, 

more like a full-fledged method that would use data produced inside communication and 

information technologies to map social interactions and analyse social issues in general 

(Venturini, personal communication, October, 9th, 2014). The data used can come from many 

different sources, either governmental, institutional, from other researches or from media 

outlets and social media: the fact that more aspects of social life are being digitized and 

tracked by information technologies opens up the possibility of tracking social phenomena in 

the making, in their controversial aspects, and not only when they get stabilized into things 

like laws, documents and institutions. This represents an important transition from traditional 

social research, also because it understands online data as a source for social analysis in 

general, not restricted to online culture (ROGERS, 2009). 

In terms of practice, controversy mapping may start with a list: a controversial issue is chosen, 

and one should just list the statements involved. With that, one can track the debates or 

discussions involved, and determine the actors that take part in it. Then it is possible to move 

on to assemble networks that display proximities and distances, as well as alliances and 

disagreements between actors, and to develop a fuller understanding about the controversy 

and about social interactions (VENTURINI et alii, 2012). Many different sources may be 

used, along with many tools and methods for extracting, treating and visualizing data. As 

controversy mapping comes from a deep concern for social interactions, the network maps 

and social network analysis will tend to be central in cartographic work, but they are not 

alone, as many other aspects of data will need to be explored, and therefore will demand other 

tools and kinds of visualization. The finished results will be published in the form of an atlas, 

with many different visualizations generated for various datasets that may show different 

aspects of the controversy, and a narrative, a scientific text that will expose methods, source 

data and discuss the maps and findings. Controversy mapping scholars at the médialab at 
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Sciences Po have been devoting efforts towards opening the cartographic process to the 

participation of engaged actors of the controversies and for returning these atlases as tools for 

public debate and citizenship. 

Controversy mapping, as a method of digital social research, aims to explore the possibilities 

of opportunities derived of the massive amount of data about social interactions that is 

available today, mostly on the web. For Rogers (2009, 2011), digital research methods inside 

the social sciences should work on advancing digitally native methods that would go beyond 

the use of digital tools to amplify traditional ones. So, instead of celebrating that, for example, 

traditional tools such as questionnaires can now reach a higher number of respondents and 

spread to wider geographical areas through online forms, different methods based on traces 

left by networked communications and monitoring start to be tested and refined. Some of 

them come from information technology environments, but take on different approaches 

derived from social sciences' standpoints and concerns. Overall, the main idea is that, instead 

of using digital technologies to further traditional methods or either studying how digital 

networks modify the ways in which we communicate and organize our society's networks 

(which would take us to media studies or media culture studies), we should be focusing on the 

data produced inside the medium as a source for broader evidence and analysis of issues of 

society in general: "virtual methods and user studies in the social sciences and the humanities 

have shifted the attention away from the data of the medium and the opportunities for study 

far more than online culture." (ROGERS, 2009, p.2) 

This discussion relates to what Venturini & Latour (2010b) describe as an artificial 

qualitative/quantitative divide in the social sciences. According to them, natural sciences are 

in a much better position to track the phenomena they study: technologies and devices like 

particle accelerators or petri dishes and microscopes allow scientists to track natural 

phenomena in the making. Meanwhile, the local interactions that compose the social fabric 

are much more difficult to follow. Objects like written records, laws or institutions, often the 

raw materials of the social sciences, are the result of much work done by actors in many 

interactions, so they display the stabilized results, not the processes by which social forms 

emerge and are reinforced. 

According to the authors, in the early days of Sociology, statistics came as a revolutionary 

tool, because, by calculating averages, probabilities and estimates, social scientists could now 

describe social structures, project and intervene. Nevertheless, this created an artificial 
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separation between the micro level of the interactions and the macro level of the structures, 

and the demand for formulae that would explain how one level influenced the other. Also, a 

separation between the micro level, that could be studied by means of qualitative methods of 

research, and the macro level, that demanded a quantitative approach. 

In societies that are heavily mediated by information and communication technologies, we 

come to a culture of the commentary (JOHNSON, 2001), where the conversation that was 

always present between different works, in the form of influences, references and 

appropriations, becomes more visible but, at the same time, there is a hyperproduction of 

documents, and those tend to be less compliant to disciplinary knowledge and classic 

hierarchized categorization. Therefore, there is a growth in the demand, not only for filters, 

but especially for instruments that might mediate the access to available data and might work 

as interfaces to organize information. Answers to this concern are developed in fields such as 

information sciences, human-computer interaction, communication and media studies, among 

others. 

According to Venturini & Latour, this new affluence of digital traces presents itself as an 

unparalleled opportunity for the social sciences, because it offers the possibility of tracking, 

representing and analysing social reality from local interactions, and to render visible the 

work of assemblage and maintenance of otherwise seemingly stable social structures. Quali-

quantitative methods emerge as an attempt to bridge the qualitative and quantitative divide: 

far from being just a juxtaposition between statistical analysis and ethnographic observation, 

they propose procedures to track each of the actors and interactions in social phenomena, 

something that was impossible before the existence and wide distribution of digital 

technologies. 

But this approach entails many challenges. For Venturini (2012b), we live contradictory 

times, because all this richness in data is not produced inside social research, nor according to 

its criteria: social sciences have done nothing to deserve such abundance, and now face the 

challenge of adapting this “second hand data” (p.2) for the interests of scientific research. Part 

of this challenge comes actually from the level of detail, granularity and acceleration of their 

production inside the networks of information, so that it becomes difficult to define an 

interesting outline for a controversy at hand and even more complicated to have a relevant 

understanding of its movements. But this is the kind of positive challenge, because it is very 

productive, as we might see from the examples to be discussed: it points to the possibility of 
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following a controversy in detail and of attaining a less static description of it, unfolding 

movements in time from the traces of digital mediations.  

On the other hand, there is also the concern that controversy mapping in the social sciences, 

while using this second-hand data, might be inadvertently studying the effects of media 

structures, rather than studying social phenomena. This is because data that is extracted from 

social media, for example, carries traits of the platform. In Twitter, for example, we have 

hashtags that categorise and structure the content horizontally. We should always question 

how these categories that were created inside communication systems should be adapted to 

the investigation at hand. According to what Marres & Gerlitz propose, while observing 

mapping results: “proportional measures (frequency) are more likely to direct our attention to 

medium-specific dynamics (busting; hyping), while relational measures (connectedness) can 

help to foreground some substantive dynamics.” (2014, p.19). This is one of the reasons why 

network analysis is so strong in controversy mapping: it allows scholars to develop a 

sensibility for the relations between actors and their density (Venturini, personal 

communication, 2014). 

There is, according to Rogers (2009), the need for what he calls a grounding of the digital 

traces so that scientific findings really refer to social interactions and not to effects of 

platform. Controversy mapping may then be associated to ethnographic, anthropological or 

geographical tools, or from other traditions, that may contribute for a critical position towards 

the data. Besides that, it also becomes clear that, as a complement to more careful methods for 

extracting, treating and visualizing data, it is necessary to develop a critical understanding of 

the workings of the medium that originated the data in the first place. We believe this entails a 

return to the communication theories, that engage many theoretical resources that are relevant 

to the discussion, like semiotics, discourse analysis, cultural critique and aesthetics. 

We should note how controversy mapping also derives its collective aspect from a 

fundamental transit between discourse, argumentative positions, meaning attributions and 

people: semiotic objects, like terms or keywords, are the starting source for assembling a 

landscape, but they will organize statements, which will lead to outlining debates, and to 

identifying actors and networks (VENTURINI et alii,  2012). This interchangeability and 

these transformations along entities, described as variations in complexity, are very much 

aligned with the general principles of ANT, in which the method of controversy mapping is 

based: social reality and its controversies are composed by networks of many kinds of actors, 
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being them people and institutions, objects or even semiotic/discursive objects like terms, 

keywords or statements. One of the most innovative aspect of ANT is advocating that objects 

also have agency, cause translations and actively take part in sociotechnical networks. The 

other one, demonstrated with controversy mapping, is that all the elements in a network will 

always display more complexity than the whole, totalizing view: it is in the details and local 

connections that complexity lies. But when we consider maps as media objects, for their 

collective and performative aspect, we realize there is yet another important shift, that is the 

fundamental sensibility to the fact that subjective exchanges, like in information flows, 

encodings and decodings, do describe the positions, agreements and disagreements of people, 

and their shifting place in collectivity and how their engagement in debates takes place. And 

the visibility to the processes by which this entanglement is constructed might develop new 

forms of engagement. 

Publics are gathered around issues, and this cartographic process of issuifying discourses 

inside controversies changes public debate, if only by giving them tools with which to relate, 

in the sense of terms, positions and other elements: maps of meaning. And it seems to be a 

reasonable procedure: contrary to many traditions in the social sciences, controversy mapping 

does the best efforts to avoid closing controversies into hegemonic positions that would say 

the truth about the affair, and seeks to create shared tools for debate where actors and relations 

are defined from traces of their interactions, and not by vertical categories. It is not meant for 

social intervention, even though it will have a looping effect. For example, we have no doubt 

that the Emaps atlas on climate change adaptation will popularize the issue of adaptation and 

the objects mapped to a larger public, changing the controversy. But it will do so mostly for 

the sake of a shared and inclusive public debate. This signals to the importance of considering 

the evolution of the controversy, and of considering the effects of mapping to the controversy. 

The discussion goes deeper: Marres (2005), while analyzing the possibilities for an object-

guided democracy, discusses the idea that democracy happens, not when everybody has 

unlimited access to uncontested truths, but when institutions fail and information is 

controversial. The author reminds us of some ideas proposed by American philosopher 

Dewey (DEWEY & ROGERS (ed), 2012), when she advances that democracy works when 

debate is unavoidable, and when there are issues around which publics can gather. Like 

Marres summarizes: “no issue, not public” (2005, p.7). That is probably why it was relevant 

for Venturini, Ricci et alii (2013) to title their article on strategies for engaging the publics of 

controversies with the maps “Designing controversies and their publics”: this term 
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“designing”, is not aiming exactly at graphic design, but to the idea that publics and 

controversies are being outlined and mutually constructed through mapping. 

5.2.2. Methods and field description 

For our fieldwork we were able to follow up on the research activities of the médialab of 

Sciences Po Paris5, especially the work done in Emaps6, one of their main projects. The 

médialab was founded in 2009 by Bruno Latour, with the purpose of being an innovation 

center for the advancing of the digital humanities. A staff of more than twenty researchers, 

developers, designers and other professionals collaborate in research projects to advance 

social analyses, tools and methods that draw from the technologies of communication and 

information. 

For this research, we had access to staff meetings and documents and able observe and 

participate where possible in two of the 2014 sprints: the Amsterdam (March 2014) and the 

Oxford sprint (April 2014), and to follow up project meetings at the médialab in Paris. We 

also had the opportunity to interview eight scholars, developers and designers who took part 

in the project and talked about its goals, challenges and the role of visualization in defining 

and presenting issues, while working for a better understanding of controversies and fueling 

public debate and citizenship. 

Our main concerns were: [1] understanding the method of controversy mapping, its roots, 

developments and present challenges; [2] understanding how the participants aim at equipping 

citizenship and public debate, given that this is one of the objectives of the method of 

controversy mapping; [3] Directly observe their practices to identify their main challenges 

related to visualization and the general development of an inquiry in controversy mapping. 

The persons we managed to interview were: Tommaso Venturini, chargé de recherche of the 

médialab; Anders Munk, professor at the University of Aalborg, visiting professor at the 

médialab Sciences Po; Axel Meunier, project manager at Emaps; Mathieu Jacomy, researcher 

and developer at the médialab Sciences Po, one of the creators of the open source software 

Gephi; Donato Ricci, design lead at médialab Sciences Po; professor Richard Rogers, director 

                                                
5 http://www.medialab.sciences-po.fr 

6 http://www.emapsproject.com/blog 
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of DMI (Digital Methods Initiative), University of Amsterdam; Peter Gerry, researcher at 

Young Foundation; and Michele Mauri, designer at Density Design, Politecnico di Milano. 

With these general goals and profiles in mind, we developed a basic script for the interviews, 

that could be adapted, depending on the profile of the interviewee. 

The general script for the interviews 

Profile 
a) Please tell me a bit about your experience, how it led you into your current work, and how 

is your work nowadays. 

b) What are your current concerns in terms of research? 

c) What is your take on the participation of each research center that collaborates in Emaps, in 

terms of the specific knowledge and particular points of view they bring? 

Emaps 
d) What is your take on the format of Sprints that is used in Emaps? 

e) How would you compare the sprints that went on so far? 

f) It seems that in the last sprint in Milano you would be mostly focused on making some sort 

of atlas from the work in previous sprints. Do you already have some ideas on how to 

structure this atlas, how should it be? 

g) How do you relate your center’s work with controversy mapping? Do you feel there are 

differences between the methods you use and the point of view of different scholars that take 

part in Emaps? 

Mapping methods 
h) How do you see the difference between data visualization and information visualization? 

What is your take on network maps (nodes and lines) as visualizations? 

i) One of the goals of Emaps project is creating tools for citizenship. How do you think the 

maps themselves can or should collaborate towards these goals? 



 

 

200 

j) At the sprints, I noticed some efforts for the use of visualizations for presentation, but also 

for data processing and analysis. How would you compare the visualizations produced in each 

stage, inside the context of Emaps and in broader terms? 

k) There are many different forms of interaction with maps. From what I could observe, there 

is a tendency to use interactive resources such as data filtering and zoom in the processing and 

analysis stages, and static maps for presentation. How do you see this distribution of resources 

according to these main purposes? 

l) Static visualizations, as in print media, are still more portable and stable, in the sense of 

being encapsulated in a single file, and for that they may present some advantages over 

interactive visualizations. How do you see the comparison in terms of the distribution or 

circulation of the maps? 

m) How do you see this tension between static and interactive maps in terms of differences in 

user experience? 

n) When inquiries like the ones in Emaps are developed, some believe that if there is a clear 

story to be told the results will be stronger, so this story starts being developed since data 

gathering and it presents the final findings. How do you think visualization and maps 

participate in the structuring of facts towards the organization of stories and their display? 

o) Have you ever analysed or displayed real time data? What is your take on the possibilities 

of those for research and the challenges it poses to map making? 

p) And what about data journalism and visualization? Did you ever collaborate with news 

outlets? What is your take on the use of visualization in data-driven news? 

The field of controversy mapping 

The ongoing projects at the médialab aim at very varied controversies, in varied societal 

contexts. At the time of this research, there was, for example, a project called The Fabrique de 

la Loi7 (The Law Factory), which produced various analyses about the legislative process in 

french parliament, organizing and mapping data about proposals and amendments. This, of 

                                                
7 For general informations about the project, refer to http://www.cee.sciences-po.fr/fr/recherche/larticulation-
entre-participation-democratie-et-gouvernement/la-fabrique-de-la-loi.html. Results were published at 
http://www.lafabriquedelaloi.fr 
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course, generated academic papers, but also a tool for public access that let common citizens 

explore and develop a better understanding of the disputes and controversies present in 

lawmaking. It is not a manual that explains how french legislation works and describes the 

main events on the subject. It is actually an effort for giving many actors (including other 

members of society who are affected by those disputes), a map on the transformations of laws 

as they are being stabilized, which turns into a visualization of the debates and negotiations of 

the legislative sphere of french government. Instead of discussing the finished and stabilized 

artifact of the law, one is able to have an access to the many interactions and translations 

involved in its creation, an access into the complexity of laws. 

Emaps was an european project that aimed at advancing the method of controversy mapping, 

in the sense of bringing other actors into the mapping process. The chosen themes were 

climate change adaptation and aging in Europe, very relevant controversies that affect the 

scientific community, but also society in general. Apart from the médialab, took part in the 

project the Digital Methods Initiative (DMI) of the University of Amsterdam (UvA), the 

Density Design Lab of the Politecnico di Milano, the Young Foundation, a british non-profit 

entity for social and applied innovation, Barcelona Media, a spanish non-profit entity for 

innovation in digital media, and the Institute of Spatial Planning of the University of 

Dortmund. The collaboration of these centers also entailed an interesting exchange in methods 

and tools, mainly DMI’s research on the Digital Methods, the information design methods 

developed in Density and controversy mapping as developed in the médialab. 

The project started in November 2011, and lasted three years, ending October 2014. For its 

last phase, it focused on the theme of adaptation to climate change. Work was organized in 

four sprints, which were work weeks where scholars, developers, designers and issue experts 

joined forces for a few days of intense work and gathered, treated and visualised data while 

developing and improving research questions, issues and analyses. Of course there was much 

work to be done in between sprints, like trying to anticipate necessities like specific datasets, 

evaluating results achieved so far and general planning. The result has recently been 

published in a website8, following the spirit of an atlas, with the collection of maps associated 

in what they started to call issue stories, explanations about the methods used and reference to 

source data. 

                                                
8 http://www.climaps.eu 



 

 

202 

According to Meunier (personal communication, April 10th, 2014), project manager of 

Emaps, its main concern is to understand if maps of controversy can be used as inclusive tools 

for public debate, around which more people could gather and participate. Emaps follows the 

main objectives of Marcospol, a previous project that was developed at the médialab, but 

while the later surveyed refined digital tools for controversy mapping, it was during Emaps 

that the method moved fully into the digital technologies (Venturini, personal communication, 

October 9th, 2014). 

5.2.3. Discussion 

Following project Emaps was indeed a rare opportunity because it enabled us to observe some 

of the main research strands that intersect in the method of controversy mapping, some of the 

most challenging aspects for its future developments and also some valuable information on 

the tools used and the approach on visualization. The research strands were quite clear by 

observing each participant institution and what they brought to the table: the médialab brought 

a strong STS tradition to deal with scientific controversies and the roots in the ANT 

principles, as well as, of course, the method of controversy mapping. On the other hand, DMI 

(Digital Methods Initiative, University of Amsterdam), brought on a strong work inside the 

digital methods from the point of view of media studies, a combination which helped develop 

a critical posture towards biases of devices and platforms where the data came from and a 

careful attention to the narrative aspects of the inquiry and, as Venturini (personal 

communication, October 9th, 2014) points out, making the complexity of the controversies 

legible to a wider public. The designers from Density Design (Politecnico di Milano) brought 

on a solid work in information design, participatory design and, as Rogers (personal 

communication, May 9th, 2014) highlights, an innovative approach on visual data analysis. 

Finally, as Munk (personal communication, April 16th, 2014) explains, the Young Foundation 

brought on the specific experience with collaborative work with stakeholders, from their 

tradition of research in applied social innovation. This would be crucial for the aim of 

integrating the actors of the controversy in the mapping process. 

This leads us to discussing one of the main challenges of the method, which is the 

participation of stakeholders or actors of the controversy or, still, engaged publics. We have 

seen that, for controversy mapping and other close variants in the field of digital social 

research, the constitution of a public can be a very dynamic thing, because it cannot be 
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described by demographics, but by local interactions and engagement on controversial issues. 

Therefore, in the case of Emaps, they searched the actors that were more engaged in the 

controversy of adaptation to climate change. According to Venturini (personal 

communication, October 9th, 2014), by looking at the preliminary network graphs that were 

built to track the debates on the web, they could determine that this was mainly an expert 

controversy, involving climatologists, public policy agents, lobbyists etc. The non-specialized 

audience would not discuss climate change adaptation, but related subjects like climate 

change itself and global warming, if it existed and whether it was caused by human activity. 

Even the debate around efforts for mitigating was present, but not for adaptation. So it was 

primarily an expert debate, and the organizers made an effort for having a varied group of 

them present during the sprints. They were referred to as issue experts. 

They were mostly incorporated in the project as references for understanding the origins, 

structure and possible biases of the data used, and for discussing the partial results in iterative 

cycles of development. For Munk (personal communication, April 16th, 2014), their 

participation is a big differential of Emaps project, because they can help deploying the 

controversy and developing relevant and adequate research questions: 

“So if the theme is vulnerability assessment, then a guy who works directly with 
vulnerability assessment can tell us, in a dataset, what are the problems with that and 
the interesting discussions about how it is supplied, how it is used. First we would 
have that person to present it to us, but afterwards it is also important to have that 
person at hand, to make sure that you formulate the research well… because (...) we 
have to make sure we do that in a manner that they can recognize.” 

But, on the other hand, he recognizes some tensions in this relationship: he believes that, 

while deploying the controversy in a central concern at the médialab, it may not be so for the 

issue experts. They may be just looking forward to having a very good visualization on a 

dataset they already know, for example. So the scholars must always be careful not to lose 

track of the controversy, always search for ways to reinsert it in the process, as they are 

iterating the research questions. Venturini (personal communication, October 9th, 2014) also 

sees some tensions in this relationship, some deeper consequences for the interests of issue 

experts:  

“on the one hand the cartographer, little by little becomes an expert is his 
controversy, and on the other hand is constantly dependent on the information he 
can get from his informants. A little bit like an anthropologist or an ethnographer, 
who would rely a lot on the information they can get his informant. So, this 
relationship is complicated, for many reasons, probably the most important being 
that the actors, precisely because they are acting in the controversy, they have an 
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interest in the controversy (...), even when they are willing to help the mapper to do 
his mapping, they also have their interest, so they are also acting strategically in the 
controversy and in the mapping. And that is something that cartographers have to 
take into account. For example, trying to have as many and as diverse experts as 
possible, in order to be sure that he or she is able to represent is his mapping as 
many points of view as possible.” 

We think it is amazing how this reflects some issues in journalistic practice, especially what 

Cabra, for example, tell us about turning the “owners of the data” into good sources in order 

to be able to translate the data into relevant reports. Indeed, Meunier (personal 

communication, April 10th, 2014), envisages the possibility of integrating journalists as a 

different kind of expert or actor of the controversy, mostly because of the ways in which they 

approach public debate and they build narratives. Venturini (personal communication, 

October 9th, 2014) identifies many similarities between controversy mapping and data 

journalism, and believes that controversy mapping could offer much value for data journalism 

by bringing them their methods of using digital traces, while the latter could bring to the table 

their experience in reaching larger publics. 

The insertion of issue experts in Emaps and the plans for collaboration with data journalists 

still do not exactly build an approach that would fit lay people and controversies that are not 

technoscientific. But, on the other hand, we believe it performs a very positive movement of 

proposing a more collaborative attitude towards the actors of the controversy or the engaged 

publics. This changes the criteria for the construction of visualizations and can generate a rich 

base for future efforts of addressing other kinds of controversies and publics. 

About the tools used, they work with varied data methods for extracting and treating data, 

including mining, web scraping and many others. For that, besides custom scripts, the 

médialab and the DMI have developed some tools, and both of the centers have sites in which 

they offer these for free. The main ones would be Navicrawler, that crawls connections of 

links between sites and builds databases for constellations of websites, and Hyphe, along with 

a series of converting and parsing tools. For the visualizations, the most robust software 

would be Gephi, an open source initiative that is bred from the tradition of social network 

analysis. Traditionally Gephi exports static images, but, as the interest in web-based 

visualizations grew, some tools for deploying HTML/javascript based networks were 

incorporated to their catalog. Manylines is their most recent visualizing software, also open 

source, that aims to address specifically this issue, of easier web sharing, also offering better 
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possibilities for integration with information systems and incorporating interactive features. 

To this set, DMI adds textual analysis tools and some other specifics. 

Indeed, visualization is an important part of controversy mapping: according to Munk, this is 

in the very roots of controversy mapping and, at the same time, brings a whole new sense to 

scientific inquiry, because it allows for the participation of a wider range of specialists and 

actors, and becomes a space in which the inquiries become visible and are collectively 

developed. Meunier, for example, believes visualizations should come into the research 

process as early as possible: they should be specified and streamlined iteratively, together 

with the research questions. The traditions of digital methods involve the heavy use of 

visualizations in the exploratory stages, but these are in general conducted inside specialist 

software like Gephi, that offers many tools for exploring the data landscape, but demand a 

process of translation in order to distribute the visualizations. Either you have static pictures 

of what went on inside the software, or there must be a specific work of building more 

streamlined versions: they might follow the definitions reached during the whole exploration 

process, but, technically, are mostly made from scratch. So one of the many challenges 

regarding visualizations in controversy mapping, is to better integrate these two moments, of 

exploration and presentation, in terms of the process of producing the visualizations. 

When considering the circulation and distribution of the finished maps, most scholars we 

interviewed were somehow cautious with the idea of interactive visualizations, especially 

with real time data. They understand that static visualizations are more portable, and therefore 

more stable and less exposed to compatibility issues. Of course, static visualizations can 

deploy controversies quite well, without the need for data filtering, zooms or pans and it is 

true that they present clear advantages for keeping their structure and presentation across 

many devices: one can view a bitmap file in several different screen sizes, project it in a wall, 

print it, mail it, transfer by FTP, bluetooth, email and so on. On the other hand, a single 

interactive visualization, even if it may be unstable, can offer many views on the data 

landscape, privileging an exploratory approach. Munk, for example, sees it as an important 

path to follow. Ricci (personal communication, June 18th, 2014), on the other hand, worries 

(quite reasonably) about the experience of the user. He explains that, when too many 

interactive features are added, we may start looking at a complicated cockpit of commands, 

that demands much learning from the user, and a shift on the design work towards software 

development that might hinder the focus on deploying and exploring the controversies. 
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Indeed, as we are going to discuss later on, the issue of interactivity and of how people may 

interact with either static or interactive visualizations becomes more relevant as the method of 

controversy mapping aims at reaching beyond the walls of academia. In the published result 

of project Emaps in Climaps.eu, some visualizations had interactive features, others were 

static, but this depended mostly on the character of each dataset and on the specific iterations 

and transformations that came about in each inquiry. 
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6. FIFTH CHAPTER: FROM ANALYSIS TO PRESENTATION: REIFICATION OF 

ISSUES, REENACTION OF INSIGHTS 

In this chapter we are looking at how visualizations are used throughout the more exploratory 

stages of data analysis and how they aid in outlining issues and objects, that are also 

discursive resources for communication and building up insight. We understand that 

visualizations in the exploratory part of the process differ from the ones used to present 

findings, but we believe it is more productive to consider this difference, rather than as two 

separate and stable levels of visualization, as something that is developed throughout the 

process of analysis, much as a chain of transformations. We would like to contend that this 

process advances by developing clearer understandings of the issues being studied, which 

could be related to the hardening of facts and objects of study, parallel to organizing possible 

connections between these elements in a largely narrative way. Of course, in social research 

as much as in news reporting, the outlining of issues to be approached is an important part of 

the whole process, and it can be done through images or not. Nevertheless, our goal here is to 

discuss how visualizations of data and information, once they are used, can carry out these 

tasks from analysis to presentation, and to identify some ways in which they make visible the 

processes of building knowledge and thus can be used for public debate. We will discuss the 

many transformations of visualizations throughout the process of analysis until the 

presentation of results. Even though our cases will be mostly from Emaps project, we will 

trace some parallels with some strategies in data journalism. 

As we have indicated in the first chapter, the discussion about scientific images, the many 

devices used for scientific investigation and the translations from the beginning of the inquiry 

towards standardized and measured objects that ground scientific discoveries is central in STS 

literature. In an article titled “Les vues de l’esprit” (1985), Latour had already put forward the 

idea of the mobiles immuables, or immutable mobiles, which would be in the center of 

scientific activity: normalized and stabilized objects that could be recombined and transported 

to different contexts. Later, in the book Pandora’s hope (1999) he also beautifully describes a 

series of transformations between the complex (or raw) object of study and progressively 

compatible and standardized elements. In the same journal as “Les vues de l’esprit”, Lynch 

(1985) had already presented an article that focuses more specifically on the process of 

selection and mathematization of visual documents, that is, scientific visualizations. Later on, 

Latour & Biezunski (2005) will deepen this discussion by emphasizing the social aspect of 
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developing scientific knowledge: they will talk about the hardening of facts, that is, many 

methods and processes by which facts are outlined, proven and reified, many times, to an 

extent in which they become irrefutable. This connects STS with the sociology of knowledge, 

and to the implications of scientific images as as social objects and even media devices, as we 

have signaled throughout this work. Even though all these works highlight some very 

important issues for our discussion, they are mostly concerned with the whole scientific 

process and the many devices used and produced, or focused on scientific visualizations, but 

not on specific problems related to data visualization.  

The discussions about scientific images that we identified in STS literature in general consider 

an initial messy object to be studied, like the jungle in Pandora’s hope (LATOUR, 1999), that 

is either measured, pictured, sampled, and the processes of normalization and 

mathematization that sprout from there. As we described in the first chapter, this is especially 

visible in the examples used by Lynch (1985) and in scientific visualization more specifically. 

Nevertheless, in a sense, data can also look like a messy jungle, an ever-growing mass of 

seemingly scattered givens that we feed with our interactions and with our work, that needs to 

be parsed, selected and transformed to be visualized or fed into information systems in order 

to become useful or at least meaningful. In the first chapter, we described a continuum 

between data visualization and information visualization: from visual displays that are more 

raw and closer to data, to displays that incorporate the results of analysis and aggregated 

objects. This labor of developing analysis that is paired with refining visual displays bears 

much similarity with the process of mathematization of scientific visualization described by 

Lynch. Both will work towards visually defining objects and pulling information from noise. 

Nevertheless, contrary to the visual documents discussed by Lynch, data itself does not have 

specific spatiality: even geographic data might be visualized in many different ways, 

depending on the choices made for analysis. With data visualization, in a sense the image is 

already mathematized from the beginning, when it is mapped in a geometrical plane even as 

we recognize there will still be an effort of refining information from it. Also, as we intend to 

demonstrate, along the transformations in data and information visualization, the spatial 

quality of the initial visualization will probably not be kept throughout the transformations: 

new structures and methods may be tried in order to advance the needs of the inquiry. So the 

chain of transformations involved in data analysis entails many choices on how to select and 

display its dimensions and variables in space. And we can add still one more difference: while 

in scientific visualization a pattern or quality should be outlined and observed across a series 
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of images, with data visualization each graphic also condenses its own series, even if it is part 

of a series of graphs, and is taken by itself as a context where patterns can be outlined. We 

understand that the specific theme of the transformations of data visualization along inquiry 

merits specific attention. 

In the fourth chapter, we discussed some aspects of the controversy mapping method, and 

how it was important that the results of the inquiries be published as a set of many different 

materials: from network graph versions, to views of details, to other kinds of graphs, source 

data, texts, lists of actors, trees of disagreement and so on. According to Venturini (personal 

communication, October 9th, 2014), there is indeed a close relationship between controversy 

mapping and social network analysis, because both share a deep concern for the interactions 

and relations between actors and their varying densities. So even though there is no obligation 

to use them, network graphs tend to be the first and more traditional mapping structures to be 

used in most projects. Other centers of digital social research, like the DMI, from the 

University of Amsterdam, for example, will emphasize other graphic structures, like sankey 

graphs or even those usually associated with statistics, like bar and pie graphs. Their approach 

and treatment of the data, however, will be very different from traditional statistics, and will 

emphasize categories that emerge in discourse and other quali-quantitative aspects. 

Meunier, project manager of Emaps at the médialab, believes that network maps, even though 

they offer much material for analysis, can be a bit overwhelming and even whimsical, so their 

complexity should always be countered with other kinds of visualization (personal 

communication, April 10th, 2014). Ricci, design lead at médialab, also shares this general 

conception and adds that the process between analysis to presentation involves an effort of 

“disentangling the graph from the network” (personal communication, June 18th, 2014). He 

explains that, since the different relations and their density play a central role on the method 

of controversy mapping, they usually start by making networks, that are complex objects, 

closer to the data. The network map may be closer to the core of the data, but many versions 

may be developed along the iterations in analysis stages, and even other kinds of graphs must 

be tried out in order to communicate with the different actors that are taking part in the 

process, and in the different contexts, and develop the inquiry. Ricci does highlight that 

visualizations are also necessary as communication tools for researchers during work: also 

because of that it is often necessary to translate what has been established into other kinds of 

visualization or either simpler or partial versions of the network, but translating is itself part 

of the inquiry. This effort is also part of a process of separating what is noise and what is 
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information, depending on the situation and the objects at hand, but it also frames the issues 

studied and how they can be described through the data available, by making them visible. As 

the work progresses, new objects like categories and clusters are outlined and it is possible to 

elaborate other ways of treating the data and visualizing it, according to questions and 

hypotheses that are each time more precise and that match more defined objects. Each version 

produced incorporates and presents more and more the results of interpretation and analysis. 

In fact, the aim of controversy mapping seems to be to take on a very bottom-up approach to 

social analysis through visualization (see, for example, VENTURINI et alii, 2013, p.6-10), so 

the process of outlining controversial issues by assembling and identifying clusters or sets has 

been quite evident as we observed their work. By performing this progressive work of 

refining data and visualization, they get closer to information visualization, and get to 

visualize more aggregated objects in other methods of visualization, in other graphs. These 

new graphs may be networks or not. So with controversy mapping new objects are produced 

whose spatiality does not necessarily map back to the original network, while the data itself 

can be filtered and converted into other structures. 

An example of this process is the network titled CO2 Landscape from ISI-WoS: we have a 

summary of the process of development in figure 6.1 and a streamlined, yet still complex, 

version of the network for the years of 1960 to 1969, that highlights the clusters of nodes, in 

figure 6.2. The authors searched for articles containing the keywords “carbon dioxide” or 

“CO2” in the Web of Science database, and from them they extracted the cited references, to 

build an initial network map of reference co-occurrence. As we can see in the illustration, this 

first network is so crowded that it becomes illegible and does not help visual analysis. Then a 

second version is created by using a force vector algorithm that makes clusters evident. Then, 

another layer of data is produced from extracting metadata from cited references: the network 

of references is added with nodes that give new information about the references. Along this 

path, many elements were defined and put in relation between one another: articles, 

references, keywords and categories of keywords, presented in the different colors. Also, we 

can realize how transformations in visualization are intertwined with transformations in data. 
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Figure 6.1. CO2 Landscape from ISI-WoS, Method 
Diagram. By Kari De Pryck & Tommaso Venturini, 

forthcoming. See Annex I, figure A1.8, for color plate. 

Figure 6.2. Carte Scientometrique des CO2, by Kari De 
Pryck & Tommaso Venturini, forthcoming. 

See Annex I, figure A1.9, for color plate. 

To better examine in the realm of visualization this chain of transformations from initial 

analysis to presentation, we would like to call it a process of reification of issues. We are 

using the term issues (and not scientific objects or even facts), because we want to highlight 

the possibilities visualization might offer for public debate. This movement, of reification of 

issues towards analysis and presentation is complemented by another movement that we 

would like to call the reenaction of insights. This last is related to the concerns about 

presentation, that will of course entail varying levels of didacticism and rhetorics 

(OFFENHUBER, 2010). Our point here will be to discuss how insights that happen in the 

analysis stages collaborate to outline scientific and discursive objects and have to be reenacted 

(or demonstrated) in presentation, so presentation might, from this path, also benefit from an 

exploratory perspective. 

We should point to the complementarity between reifying issues and reenacting insights. This 

last is related to the concerns about communication and presentation, that will of course entail 
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varying levels of didacticism and rhetorics. The many transformations on visualizations are a 

fundamental part of a narrative of the analysis. This process may also appear in the final 

results in order to feed discussion, and not just as, well, the final clearly displayed and 

delimited results. Offenhuber points to a rhetorical maneuver used when researchers 

demonstrate results of visual data analysis: 

“...after puzzling the audience with a complex visualization, the presenter selects, 
seemingly arbitrarily, a single data point and connects it to a story, an anecdote that 
unlocks the principle of the whole representation. I suspect this single data point is 
seldom as arbitrary as it might seem, in fact the whole visualization might be 
designed to highlight this single point – a rhetorical device allowing the audience to 
reproduce the discovery of meaning in the data.” (OFFENHUBER, 2010, p.370) 

This makes the case of the author for what he calls a “visual anecdote”, a strategy that 

contextualizes the visual exploration in a wider social environment, pointing to its 

applications and also aiding persuasion by mirroring the audience’s direct experiences. We 

would like to add that this rhetorical strategy also points to reenacting the transformations 

carried out during analysis: the transformations between visualizations, carried out either by 

making series of static visualizations or by operating interactive ones, are reaccessed, 

selected, beautified and repurposed if one aims to demonstrate the story behind the results. 

This is related to what Latour (1999) calls the chain of reference of scientific artifacts, where 

at each step of transformation it is important to keep the link to the previous step in case 

results need to be reproduced, but involves a staged presentation, a reenaction of the chain as 

a story. Of course, in scientific circles demonstration of results is a traditional concern, but 

with data analysis and especially in controversy mapping, as showing different points of view 

and aspects of the data is paramount, the issue stories could work towards this recollection of 

chains of visualization. 

In this sense we could say that experimentations with ways in which to present complex data 

landscapes and highlight different aspects in order to reenact insight are crucial to data 

journalism, because they seem to endure much more pressure to be clear to a wider and more 

varied public, while, on the other hand, must face more limitations in terms of schedule with 

the short deadlines of newsrooms. As scientific methods like controversy mapping try to 

reach beyond the walls of the academia, they are facing similar challenges. Nevertheless, to 

locate the reenaction of insights only on the final results would be too narrow: newsrooms, as 

well as research labs like the médialab, gather many different people, with different 

backgrounds, so the visualizations during analysis are also instruments for debate, debate 
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itself being part of analysis. As Ricci points out, there must be a concern for communication 

between different actors taking part in analysis, and visualizations are the main tools. We 

understand that, in bigger or smaller amounts, even during analysis, reenaction of insights is 

rehearsed, and is part of the debate that constitutes analysis and reifies issues. 

We should reassess the discussion presented in a previous chapter, about the use of 

connotation and denotation as analytical categories to deal with the moment of encoding and 

decoding of messages according to Hall: curiously, the same demonstration that connects data 

points with familiar narratives in order to reenact insight, is equivalent to the maneuver of 

connotation in the decoding moment. The reenaction of insights is what bridges specific 

encodings with more polysemic and controversial aspects of the display that may feed debate. 

On the other hand, this reenaction that problematizes the representation itself seems to run 

counter to the challenge of communicating complex affairs, to which simplification in the 

representations is usually in order. This is, as we saw, a very important concern for media 

outlets, and becomes even more important as the publications aim at larger publics. All these 

transformations inside the exploratory stages towards presentation might work into the frame 

of simplification, but we would be narrowing the discussion if we mistook this to be mainly a 

didactic effort: simplification happens a by-product of defining objects. 
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Figure 6.3. Adaptation Aid per Fund - Germanwatch Index. One of the visualizations in the series that displayed 
the allocations of each fund across countries, ordered by vulnerability to climate change, according to the 
Germanwatch Index. Circles along the y axis refer to countries that were not indexed. The allocations are 

represented by their value in dollars. Source: Emaps archives. 
See Annex I, figure A1.10, for color plate. 

Therefore, we must clear out a classic pitfall when talking about visualizations and the 

challenge of instrumenting public debate: the idea that simplification is a safe path for making 

visualizations more broadly accessible. This line of thought and practice can be found in 

various circles and might be more evident in media, especially in news outlets, and in certain 

efforts for the popularization of science. We would like to contend that, even though 

simplification most of the times does occur in the process between inquiries and presentation 

of results, it should not be considered a necessity or an objective in itself. We think 

simplification should be seen as one of the resources available, and sometimes almost a 

byproduct, for the two purposes of reifying issues and reenacting insights as the work moves 

toward presentation. This is because the process that goes from analysis to presentation entails 

of course the definition and hardening of facts and objects of study, as well as the progressive 

outlining of narratives and rhetorical strategies.  
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In the case of the presidential elections in Brazil that we displayed in a previous 

chapter, we cannot credit the problem to short deadlines: as the election day is a planned event 

of national interest and relevance, the visualizations were projected in advance, and in the 

main news sites they were quite refined technologically. Some of them even displayed real-

time data, as the data from each electronic ballot box was uploaded by the end of the day. We 

believe that one of the reasons for the problem in the representation of the results was the 

general concern with simplification in communication, associated with the use of dominant 

and widely accepted visual formats, but both without a deeper consideration to the socio-

political context. 

During the Emaps sprints (work weeks of the research project) we were able to follow in 

detail the transformations in visualizations during data exploration. We identified a chain of 

transformations starting in the Amsterdam sprint, in March 2014, which we will discuss in the 

following pages. The sprint gathered scholars, developers and designers from the participant 

centers in the University of Amsterdam for five days of intensive work. Participants were 

organized in five workgroups, each of them working with different datasets and sources to 

explore research questions around the general theme of climate change adaptation. In Group 

4, titled Uses and Users of Vulnerability Indexes, there were two projects: the first, aimed at 

studying and comparing the uses of indexes of climate change vulnerability in the adaptation 

spaces. In the second project, the team seeked to explore the extent to/ways in which flows of 

adaptation funds are related to vulnerability assessments. The criteria for adaptation funding 

had already been a subject of investigation in the previous sprint in Paris, and the group would 

continue the work. 

For the second project, some main questions were defined, and the visualizations we intend to 

discuss were meant to address two of them: 

● Are those [countries] considered most vulnerable also the ones who receive the most 

adaptation funds? 

● Do those [countries] considered vulnerable by some indices receive more adaptation 

funds than those considered vulnerable by other indices? 

The included indexes were: the DARA Climate Vulnerability Monitor, Germanwatch’s 

Climate Risk Index and Maplecroft’s Climate Change Vulnerability Index. The UN Human 

Development Index was also used, once it was identified in the debates that were analysed a 

perceived link between vulnerability to climate change and lower human development 
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conditions, that led to precarious living situations, and thus a higher exposure to climate 

hazards. A basic dataset on the allocation of funds by country was available for each of the 

major international funds: the Adaptation Fund (AF), with a total of $189,720,000 allocated in 

the timeframe analyzed; the Least Developed Countries Fund (LDCF), with $504,379,998; 

the Special Climate Change Fund (SCCF) with $179,280,000; and the Pilot Programme for 

Climate Resilience (PPCR), with $413,200,017. 

The adaptation indexes were turned into rankings and two kinds of bubble graphs were tried 

out: one was a static image generated from vectorial graphics. It fitted the whole plane in a 

single glance by superposing data points of the allocations of the four funds (figure 6.3). We 

could have a clear idea of which countries were getting more or less funds and compare their 

vulnerability according to each ranking, one at a time. The other graph was based in HTML 

and Javascript, and was structured as a long list of countries organized by vulnerability, with 

circles proportional to the amount of funding received, relative to the total budget of each 

fund (figure 6.4). 

At the end of the sprint, as all the groups presented their results, the HTML graph, however 

problematic in terms of information design it was, got a lot of praise from DMI’s director 

Richard Rogers. Later on, we had the chance to interview the professor and asked him why 

did he approve it so much. After all, it had many design problems, we did not have a general 

view of the data points (scroll was needed) and it had less dimensions, failing to show the 

actual amounts of funds being allocated. He just answered that the graph answered very well 

the question at hand. As we were puzzled by this reply, we made one more desperate attempt: 

was it because it is interactive? He just said that the graph was useful because showed very 

clearly that the indexes were not a relevant criteria for the choices of the funds regarding their 

allocations across countries (personal communication, May 9th, 2014). 

Indeed, looking closely, one of the differences of this graph in relation to the others that were 

produced at the same time, from the same basic data set and with the same basic visual 

structure, was that it displayed the amounts in terms of the percentages of the total budget 

each fund allocated. So we did not have a visual representation of which countries were 

getting more money, but of the chosen priorities of each fund, to be compared with the 

ranking positions according to each index. This allowed for different considerations, more 

geared towards discussing criteria of funders and the relevance of the indexes, and not the 

financial result, and was, indeed, more connected to the question at hand. 
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In the final results that were published in the site Climaps.eu, the two approaches are present: 

in figures 6.5 and 6.6 we see different views of an interactive version of the initial static graph 

in figure 6.3, that shows the fund’s allocations in single circles for each country, avoiding 

superposition. Now the colors of the bubbles are only used to reinforce the growing 

vulnerability assigned to the countries towards the right. In figure 6.7 we see a much clearer 

and condensed, streamlined version of the initial HTML graph in figure 6.4. Each 

visualization presents, of course, different aspects of the data, and the final versions were not 

exactly simpler than the initial ones. 

In the Oxford sprint, that took place at the Centre for Environmental Studies in the University 

of Oxford, in Abril 2014, participants were gathered in four groups, where two of them used 

variations of the HTML bubble graph in order to display square matrixes. For Group 3, that 

seeked to profile adaptation practices, it was turned into a large graph for initial exploration 

and comparison of data points that described adaptations projects along many topics (we see a 

partial reproduction of this graph in figure 6.9). 
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Figure 6.4. A view of the HTML visualization that 
displayed proportional allocations of each fund for each 
country, ordered according to the Germanwatch Index. 
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Group 1 was also interested in profiling projects, but for the goal of understanding which 

kinds of projects and hazards were more related to the insurance industry. So the same 

structure was used, but with different data, combining sets from two different sources: the 

databases from UNDP and ci:Grasp. Both of them are available in websites of public access. 

The figure 6.8 shows an example of a project profile in the ci:grasp site: the site interface 

organizes the many fields that describe all the projects in a certain way, which gives a 

contextualized view of each project but does not allow comparisons en masse, between the 

more than three hundred projects on the catalog. As the the people in Emaps did not have 

access to the source database, a custom script was built to scrape the data from all the pages, 

and the resulting dataset was repurposed into the bubble grid. So the new structure offered a 

different view on the dataset, a different form of building information from it, while also 

helping to combine two different datasets, and enriching the landscape for profiling the 

projects. Of course, graphs that aid in an initial appreciation of large amounts of records, with 

many data points, will be the starting point to many transformations in data and into new 

visualizations. This enormous bubble graph was, quite humorously, named “The big grid” by 

Bounegru and Rastall, two of the Oxford sprint participants. 

 
Figure 6.5. Multilateral Adaptation Funding And Vulnerability Indexes. The interactive version, where one can 

choose an index in which to order the x axis (Germanwatch in this case), and to select the funds to be included in 
the mapping, thus changing the size of the circles proportionally. Source: http://climaps.eu/#!/map/multilateral-

adaptation-funding-and-vulnerability-indexes 
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Figure 6.6. Multilateral Adaptation Funding And Vulnerability Indexes. Another view from the previous 
visualization, displaying only the LDC Fund in the colored areas, with the gray circles indicating the total funds 

allocated to each country. Source: http://climaps.eu/#!/map/multilateral-adaptation-funding-and-vulnerability-
indexes. See Annex I, figure A1.11, for color plate. 

As an example, according to Meunier (personal communication, April 10th, 2014), afterwards 

the grid was used to compare the cases of India and Bangladesh, in order to enrich the work of 

Oxford sprint Group 4, that had the main goal of tracking adaptation finance in Bangladesh. 

This comparison generated the drafted graphs in figures 6.10, 6.11 and 6.12, and was 

represented in a more complex interactive visualization in the final results in Climaps.eu 

(figure 6.13). The drafted graphs (figures 6.10 to 6.12) still used the language of bubbles to 

represent the different proportions at each variable, but the final interactive visualization at 

Climaps.eu replaced them with bars, that had the advantage of showing the proportion of each 

value to the maximum value displayed, aiding comparison. Nevertheless, the general table-

like structure continued, was inherited from the square matrix of the bubbles (figure 6.9): now 

it is a square matrix of bars. 
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Figure 6.7. Multilateral Adaptation Funding And Vulnerability Indices - Matrix. In this version, the bars for each 

country are ordered vertically according to each index, and the color density is proportional to the amount 
allocated from each fund. An extra column was added to represent the total amount allocated for each country, 

hinting at the ones that were more heavily financed in absolute numbers. In this print, we are highlighting 
Argentina, that is assigned as quite vulnerable by the German Index, but not at all according to the others. 

Source: http://climaps.eu/#!/map/multilateral-adaptation-funding-and-vulnerability-indices-matrix. See Annex I, 
figure A1.12, for color plate. 

We identify three main movements of transformation in this case: first, the display of the first 

bubble graph was refined into a more streamlined and clear presentation; second, the structure 

of the big grid was a bit polished in order to function as a simple tool for other research 

questions; third, the analysis of the data in it drove new data treatments and the production of 

other, more advanced and precise visualizations (see a schematic summary in figure 6.14). 

We believe that it becomes quite clear that, across work groups and sprints, from analysis to 

presentation in the final atlas, simplification was not the driving force, neither for reifying 

objects, nor for reenacting insights. 

While examining these movements, we initially come across two interpretations for the idea 

of visual simplification. First, we could think of simplification as a process in the chain of 

transformations in scientific images and devices, as described in STS literature. It can be 

understood as a progressive schematization that condensates many relevant cues and 

information, and, thus, visually simplifies an initial messy object. Second, we could think of 

simplification as a concern for communicating, as part of the effort of making visualizations 
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more broadly accessible. This second interpretation for the subject of simplification is present 

in the classic literature of information design, like, for example, when Tufte talks about data 

ink and improving the data ink ratio of quantitative graphics: he advances we should clear all 

the visual information that does not display data and would be, therefore, decorative. 

 

Figure 6.8. A project profile in ci:grasp 
website. Source: http://www.pik-
potsdam.de/~wrobel/ci_2/adaptation_pr
ojects/325.html 

While both facets of simplification are present in the transformations we examined, we would 

like to advance that there is yet a third aspect to these movements which we will call 

shallowness. In the first movement, the html bubble graph, despite its many problems in terms 

of information design, did display very clearly the (non)relation between the priorities of 

funders for distributing the available funds across countries and the vulnerability indexes. We 

believe this is related to the fact that it had a very flat presentation, where the bubbles were 

distributed almost as if in a table, with no superpositions, no depth in the presentation; and, at 

the same time, a normalized dataset, where differences in the sizes of total budgets were 

cleared out of sight by treating them as percentages. Since the research question at hand was 

geared towards the priorities and choices of each fund, and to comparing those to the 



 

 

223 

priorities suggested by vulnerability indexes, displaying amounts in dollars would introduce 

unnecessary depth to the visualization, considering the funds had very varied amounts of 

money. In this sense, the initial bubble graph is shallower than the better visually designed 

visualization in figure 6.3, because, on the one hand, it is more limited and more focused, and, 

on the other hand, it is more regular visually. We consider the final streamlined version in 

figure 6.7 to be even more shallow, because it does not depend on navigation to display all the 

data for all indexes, organizing them side by side and aiding comparison. At each step, the 

visualizations did not become simpler, and not necessarily displayed less information. 

 

Figure 6.9. The big grid, a square matrix to integrate datasets from different profiling sources and to help 
identifying patterns between many projects. 
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Figures 6.10, 6.11 and 6.12 (from 
top left, clockwise): visualizations 
drafted to highlight aspects of the 
profiles of India and Bangladesh, 
that served for the communication 
between researchers. First, the 
comparison on vulnerability 
ranking, second, the comparison 
of number of projects by funding 
source, and, third, the number of 
projects funded by each key 
collaborator, among which were 
country offices, governments, 
ONGs, the private sector etc. 
These graphs take one step further 
from the initial grid, selecting 
only the data points considered to 
be the most relevant, after the 
general view the grid provided. 

 

In the second movement, the bubble graph was turned into a square matrix for profiling 

adaptation projects: this time, on the contrary, despite some new information design problems, 

some extra elements were added to the structure to ease exploration so it could be a general 

tool for integrating different datasets and to an initial exploration of data. In the third 

movement, the structure was used to reconcile different datasets so that researchers could 

have a more complete landscape, and afterwards specific data points and details that were 
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identified in the grid were displayed in more limited visualizations, that advanced the labor of 

outlining issues and enriching their description.  

 

Figure 6.13. One of the visualizations that were finally published on the site Climaps.eu, on the subject of 
adaptation project profiling and using the same datasets: a tool where the user can explore different combinations 
and either verify the findings exposed in the text or search for other meaningful comparisons or patterns. There is 

a highlight for the India and Bangladesh comparison, but there is also the possibility of taking a broader view, 
choosing to see the data on all the projects from the countries available. 

Network graphs, as explained by Venturini (personal communication, October 9th, 2014), 

display relations between nodes and their proximity and density, and are probably the more 

direct visual representations of the vision of ANT. Nevertheless, for the questions at hand in 

the Oxford sprint, that involved different levels of adaptation project profiling, and for the 

data available on these projects, it was interesting to use the format of the square matrix, in 

order to be able to compare their characteristics. So we should note that the big grid (figure 

6.9), that was produced from the initial bubble graph, became something like a general tool 

that was used for an initial appreciation of data, just like the tradition of the network graphs. It 

is closer to the data, displaying a raw interpretation of it, and the transformations and 

conversions that followed came to disentangle (Ricci, personal communication, June 18th, 

2014) other graphs that are more interpreted, as the result of further analysis and iteration. The 

main criteria for choosing between using the big grid or a network map for an initial 

appreciation will be mostly its matching to the research question at hand and to the structure 

of the datasets available. Of course, using both resources will offer different views on the 

data, will present different descriptions to advance the research questions. 

By looking at the diagram of diagrams that we composed in figure 6.14, we also realize that, 

as in every scientific inquiry, the work on Emaps is deeply interconnected, and this is shown 

in the transformations between maps. Maps that at the start were aimed at one set of 
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questions, became tools to address others; those that started as series (that are traditionally 

called small multiples) were transformed into interactive versions, either displaying each 

multiple according to a set of configurations or flattening the variety of views in one single 

surface; others were drastically simplified with a narrow focus and then complexified again. 

We see also variations in grid use, as between figure 6.3 and 6.4, and conversions between 

grid-like structures to table-like, to list-like, and many combinations in the final interactive 

ones. Many other visualizations were produced and transformed during the sprints and, as one 

can verify in the Climaps site, many were published. Due to the highly collaborative profile of 

Emaps, there are probably many more influences and transformations to be traced. 

In and all, neither simplification nor didacticism seemed to be defining issues for reaching the 

final presentations. Effective communication, in this project, was reached by combining the 

reification of issues with reenaction of insights: the final maps communicate by 

demonstrating. Surprisingly enough, scientific verification is found to be an interesting 

communicational asset for introducing complex structures, in such a way as to generate many 

understandings through exploration and discussion. 
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Figure 6.14. A schematic representation of some of the transformations observed in Emaps. See Annex A, figure 
A1.13, for color plate. 
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7. SIXTH CHAPTER: SORTING IT OUT AND NAVIGATING: THE CAMERA AND 

THE ALBUM 

"I think the best way for us to look at these maps would be like an animation", says Peter 

Gerry, researcher in Applied Social Innovation at Young Foundation, as he shuffles between 

beautifully crafted bubble graphs, displayed on the big screen. It is the final presentation, the 

closing of an exhausting and very inspiring week of work in Amsterdam, and Gerry presents 

some of the results of his workgroup. The participants of the work week (called sprint) 

include scholars and professionals from different research centers in Europe, data analysts and 

information designers, who worked in 5 different teams to develop maps on diverse aspects of 

climate change adaptation. 

Each graph offers a selection of data points of the same data set, but their joint narrative was 

only visible or approachable in the format created for presentation. This is an evidence of how 

analysis and presentation are not separated stages, but should be taken as dimensions, many 

times coincident, of inquiry, but it also highlights the importance of how the access to 

visualizations, and the narratives involved, are also determinant for the inquiry. In this chapter 

we would like to follow the thread of the complementary concepts of the reification of issues 

and the reenaction of insights to propose procedures by which visualizations are actually 

organized and accessed in the process. For that, we propose yet another pair of concepts, 

which will be related to two complementary approaches: the approach of the camera, in which 

exploration of data landscapes is carried out through composing different views from 

visualizations; and the approach of the album, in which several different maps are aggregated 

to form a narrative. We could say that the camera approach will be more evident during 

analysis and the album approach at the presentation. But these forms are neither mutually 

exclusive nor restricted to such moments, as we believe the discussion instrumented by these 

same concepts will help to show. 

We will use two main examples: first, the visualization Cidade da Copa (City of the World 

Cup), produced at the infographics division at GloboEsporte.com, by Carlos Lemos and Fabio 

Pena, under the coordination of Mario Leite9; and, second, the atlas of Emaps, that, as we 

already described, presented the final results of the project in the website Climaps10. The first 

                                                
9 http://app.globoesporte.globo.com/copa-do-mundo/cidade-da-copa 

10 http://www.climaps.eu 
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example will mainly demonstrate the characteristics we are assigning to the approach of the 

camera, while the second will exemplify the approach of the album. 

First of all, we should note that both strategies aim at developing visual narratives as a 

procedure to display different aspects, objects and issues of a theme. From our point of view, 

both of them are related to the idea of scientific atlas, as defined by Daston & Galison (2010): 

collections of images that display objects of scientific interest according to relevant scientific 

criteria. For the authors, scientific atlases, however varied forms they might have assumed 

historically, have a deep impact in scientific practices because they provide them with 

working objects that can be collectively shared and used as references, landmarks for 

evaluating specimens and evidences. They point out that classic scientific atlases served 

scientific practice by training the eye to “see the essential and overlook the incidental, which 

objects are typical and which are anomalous” (p.26), so that every practitioner would look at 

and refer to the same thing, would be “visually coordinated” (p.26). Atlases, therefore, made 

scientific collaborations possible: “the atlas is always – and fundamentally – an exemplary 

form of collective empiricism”, they “enroll practitioners as well as phenomena”. 

Daston & Galison build a history of the many conceptions of objectivity and how the 

corresponding epistemological ethea were defined and sought after by refining scientific 

images in atlases, and by disciplining the eye. Like we pondered in the first chapter, the 

authors aim mostly at what we have been calling scientific visualization: from ideal models in 

the eighteenth century atlases, that seeked to convey the perfection and regularity of nature in 

hand-made paintings; to specimen that were mechanically reproduced in pictures where every 

effort was made to painstakingly efface every trace of human subjective interpretation; to 

annotated images and series that would display patterns found by the trained eye; they define 

three main epistemologies of the eye. These are: truth to nature, mechanical objectivity and 

trained judgment, respectively. 

The point made by Daston & Galison (2010) is that scientific images in atlases configure a 

scientific ethos, in the sense of providing means, the space in which to produce scientific 

knowledge and moving in scientific issues. They are intrinsically a collective undertaking, 

they are meant for sharing. This relates to what Hall proposes about the different moments of 

encoding and decoding, and to the operational maps of meaning and effects of meaning 

attribution: while Hall stresses codes and maps of meaning attribution, Daston & Galison will 

stress atlases and epistemological ethea. Either way, for the purpose of our work, we must 
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point to the performative and collective procedures of the atlases we are discussing, and to the 

possibilities they offer for setting ground for debate that is intrinsically connected to 

knowledge production. Differently from the previous chapter, we will not be focusing on the 

transformations between visualizations, but in the composition of spaces corresponding to 

these ethea, however flexible and plastic they might have become in contemporary debates. 

Instead of scientific visualizations, our atlases gather information visualizations, and the 

outline we are trying to build is much more fluid: we need a theoretical object that may 

account, not only for the transformations that took place in its composition, which form the 

base narrative, but also for the possibilities of many decodings that will come back as many 

reencodings, that is, further transformations. This is necessary in order to fit our collections in 

the contemporary social landscape, where debate is closely coupled with information and 

media devices, and maps become media devices themselves. Both controversy mapping and 

data journalism should cultivate a sensibility and an attention to these appropriations and 

further transformations, that are after all part of the digital traces to be reencoded for 

representations of social life. Our atlases are, therefore, collections of visualizations of data 

and information (or unique complex visualizations) that temporarily stabilize conflictual 

subjects, in order to compose a shared field in which debate can occur. 

Nevertheless, the collective aspect and even the effort of visually coordinating and of training 

the eye remains relevant. An atlas will aggregate views, tell a story and mostly guide the 

reader’s visual interpretation. It will perform a narrative function that is two-sided: at once, it 

recovers the transformations that led to its configuration, thus looking at the past, and yet, it 

proposes new narratives that relate to the reader/user/actor’s experiences, aiming at future 

possible developments. It will develop a shareable set of criteria for accessing visualizations, 

therefore aiding to create common grounds for debate. All these tasks can be addressed in 

many different ways, with resort to many different structures. 

Both the procedures of the camera and the album borrow references from cinema and 

photography theories. The camera approach will focus on framing, zoom, pan, many camera 

movements. As we described in the first chapter, these movements entail cycles of alternated 

human interaction and transformations in views, mappings and data, that are the subject of 

interest of HCI (CARD et alii, 2013). It is more closely connected to our traditional idea of 

interactivity. A device for seeing offers some controls with which we explore a landscape, the 

montage is dynamic. The album, on its turn, assembles many views, sometimes based in 
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different structures and different datasets, and demands that one discovers a narrative in 

between the patterns of each visualization. On the first, one performs the movement of 

developing a narrative to produce a collection, on the second, one accesses and recombines a 

collection to build a narrative. 

Eisenstein (2002), the experimental movie-maker and cinema theorist, advanced, in the 

beginning of the twentieth century, that cinema had the potential of being an universal 

language, and that what made it cross the barrier of simply transmitting continuous recorded 

flows, towards engendering concepts, was cinematographic montage. With montage, the 

mainly indicial transfer of scenes into film by means of a camera could be cut into more 

iconic representations and reassembled into sequences of related objects, that would produce 

discursive meaning, the cinematographic concept. He advances that, the more iconic the 

representation gets to be, the more the cinematographic language may develop a grammar that 

engenders this second semantic level. While proposing these ideas, Eisenstein takes resource 

in japanese ideogrammatic writing, and not on phonetic writing. So the most important thing 

to accomplish in order to create a specific cinematographic language was overcoming the 

indicial origins of its images towards a more iconic presentation and, from there, 

grammatically reassembling a narrative towards symbolic concepts. 

Recently, Lévy (1998) analyses this dream of cinema as an universal language, that most 

pioneers cherished in its origins, and argues that cinema never could reach this ideal for a lack 

of linguisticality, that is, for not being able to match linguistic structures. For example, he 

posits that there cannot be a direct equivalent for words in cinema. He explains that in 

phonetic writing we have the elements of the first articulation, which are endowed with 

meaning: these are the morphemes, or words that are combined to form syntagmas. And then 

we have also the elements of the second articulation, which are the phonemes, that possess 

just enough value to be different from one another, but do not have meaning.  In cinema, the 

second articulation is absent: because of the fundamental indicial character of its images, the 

tiniest element, even a single film frame, is already endowed with unique meaning. Therefore, 

there are no cinematographic words, because there is no filmed image that is not already a 

scene, a duration, a phrase. 

It is clear that Lévy has associated the idea of achieving an universal language, and even of 

having linguisticality, necessarily to the structures of verbal communication and, more 

fundamentally, to phonetic whiting. We should note that the ways in which images may be 
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invested in building messages and discourses may be very varied, and may develop 

sometimes fleeting but nevertheless complex grammars. There are cinematographic forms and 

resources that move between the fundamental indicial character and a deeply symbolic and, to 

an extent, syntagmatic elaboration: that is precisely where its specific narrative form is bred. 

In this sense, Manovich (2001) develops a very useful parallel between cinematographic 

language and the language of new media, while discussing how the first prepared some 

resources that are later enlivened by the second. 

For the author, and that relates to the general theme of discretization and complementary 

reassemblage that we have been elaborating on this thesis, modernization involved a 

disruption, a fragmentation of of the continuity of physical space, which gives way for 

producing interchangeable and mobile signs over objects that are rooted as original 

references. Cognitive experience becomes each time closer to a constant rearrangement of 

reserves of these compatible, interchangeable signs, much like the montage as described by 

Eisenstein. So one of the main challenges and potencies of cinema and, at the same time, of 

digital media, is merging the dynamics of database and of narrative into a communicational 

form, that will be based in interface operations. We would like to advance, continuing the 

general approach that we have been building throughout this thesis, that the key for describing 

the discursive aspect of atlases is in this fluctuation between fragmentation and continuity, of 

the database and the interface, of the collection and the narrative, that the procedures of the 

album and the camera perform. 

The composition of atlases bring up a discussion about interactivity and the uses of interactive 

features in visualization, that we believe can be quite misleading. As research in the digital 

humanities and new forms of journalism turn to the web and experiment with digital 

networked presentation tools, there is the promise that new interactive resources might bridge 

the practical and instrumental gap between investigation and presentation, giving more people 

the opportunity to have an exploratory perspective over data and conveying more information 

with access to detail, while offering more persuasive ways for simulating the insights 

experienced during the exploratory phases. Indeed, in some cases we recognize a tendency for 

the use of interactive and more complex and open visualizations on the exploratory phases, 

and what would be considered as static visualizations for presenting results. We believe this is 

mainly because for visual data analysis there exists complex and specialized software, that 

would provide sophisticated tools for different structures and many transformations in the 

visual exploration of datasets. Meanwhile, for presentation there are different needs in focus, 
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such as compatibility, stability and easy distribution, which are in general best addressed with 

static visualizations. From this organization of things comes the idea of bridging presentation 

and analysis through interactive resources as a strategy for improving the debate based on 

data visualization. This would lead us to design concerns other than specifically information 

design, that are those of interface and software design, for example. 

Nevertheless, we believe that, on the one hand, interactivity, as it came to be experienced 

through digital software, does not always provide adequate resources for exploration or 

collective debate, while visualizations that are considered static might succeed as tools for 

discussion and collaboration, and help building collective understandings about controversies. 

On the other hand, it is necessary to understand that, even though digital networked 

technologies do bring very interesting and even groundbreaking interactive resources, 

interaction and interactivity themselves come in all shapes and sizes, as in many technologies, 

techniques, tools and situations of use, many of which are older than digital technologies, and 

still applied in many communication devices. Mayer (2011), for example, develops a very 

interesting discussion about how even printed scientific images can engage much more than 

the trained eye, and how these many possibilities of interaction make them collective objects 

of inquiry. We should therefore avoid thinking of the distinction between interactive and 

static visualizations as a clear frontier that is traced with digital technologies and consider a 

broader scope of interaction. Even though we do believe new interactive resources should 

definitely be explored, in order to advance on our specific discussion we should rather try to 

focus on how the composition of atlases may give way to varied experiences of access and not 

on these specific interactive features. 

In fact, our particular version of the idea of an atlas is quite loose: it comes from the general 

assumption that, in order to feed debate and avoid reifying previous assumptions or 

conceptions that reproduce structures of social power and dogmatic knowledge, we should 

make our best efforts to assemble many different approaches and aspects of the same issues. 

Atlases are combinations of visual assemblages of data (the visualizations), either to be 

explored, either to be related. 

The following examples, besides clarifying our conceptions of atlas, camera and album, will 

also allow us to discuss a related issues, which are the relation between text and visualizations 

in atlases. In the scene we described in the beginning of this chapter, Gerry was shuffling 

through some of the visualizations we talked about in the last chapter: we had four different 
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vulnerability indexes that were used to rank dozens of countries, and four different funds and 

the data regarding their allocations between countries. So one of the strategies to verify if 

there was significant correlation between assigned vulnerability and adaptation funding was to 

develop a series of bubble graphs, each displaying countries ordered by a specific index and 

bubbles sized according to the amount of funding received. As there were four different 

funds, bubbles were separated into color-coded concentric circles, each color corresponding to 

one of the funds (see figure 6.3). Of course, there were patterns and significative data points 

to be discovered and discussed in each one of the of the graphs, but the answer to the research 

question was in between the collected graphs: it was not single a pattern, but a comparison of 

a series of patterns, an appreciation that had to move across the series. Interactivity in this 

sense was missed in between the maps, not exactly inside them. That is probably why Gerry 

felt the need for an animation, or some resource to aid a comparison of patterns. 

In the final atlas at Climaps.eu, the graphs were condensed into an interactive visualization: 

although it had the same general structure for mapping the data, it transferred to the user the 

decisions of how to pass from seeing the display of one part of the data to another part (see 

figures 6.5 and 6.6). The commands allowed the user to select which index would order the 

country list in the x axis, and also which funds’ allocations would appear. This solution, a tiny 

atlas, was, as most of them, in the middle ground between the camera and the album: on the 

one hand, it demanded the interaction in the form of a sensorimotor loop, of action and 

reaction in order to examine the set, and, on the other hand, it displayed a limited and 

predefined collection of maps that should be compared, of which there was no actual 

exploration, no structural transformation. Despite its interactivity, there is mostly a collection 

being shifted through, not a modulation of a data landscape from which one pulls interesting 

views. While we are considering this visualization to be itself a tiny atlas, we should observe 

that it was published inside the larger atlas of Emaps, so the concept of atlas we are working 

on also encompasses the possibility of encasing one set inside the other. 

The pair camera/album also brings up the issue of the use of text while accessing or 

presenting visualizations. In this sense, visualizations that privilege the exploratory aspect and 

the procedure of the camera tend to have no annotations or accompanying comments or 

analyses. This is mostly the case with many of the more elaborated interactive visualizations 

some news outlets have been experimenting with. On the other hand, sets that privilege the 

assembling of different points of view over the same issue through data (be it through several 

datasets or different visualizations of the same one) tend to use more text, as to contextualize 
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methods and integrate the many pieces into a coordinated whole. But once again, these are not 

clearly separated procedures. For example, Gianordoli (personal communication, June 27th, 

2014), information designer at Ideo, points out that people who design interactive 

visualizations should learn with print visualizations how to annotate more, how to develop 

contextual annotations that would make exploration more worthwhile. As we have observed 

in the work of GloboEsporte.com, one of the main challenges they have been taking on is to 

develop integrated ways to annotate or highlight interesting aspects in complex exploratory 

visualizations. Along these lines, we have the visualization in figure 7.1, that shows the main 

visualization, with interactive features for exploration, and a few featured stories derived from 

it. This solution combines the editorial narrative with an exploratory perspective. While 

discussing the result achieved with this visualization, the team of designers came to the 

conclusion that it would have profited from offering the user the possibility of taking and 

sharing snapshots (Lemos, Pena & Leite, personal communication, may 27th to June 1st, 

2014). Of course, social media sharing is very positive for improving a webpage’s visibility, 

but apart from that we could point to another aspect, that interests us more: snapshots would 

crystalize significant moments of the user’s exploration, and help connecting the visualization 

with other narratives in the wider social context, thus increasing its relevance as a whole by 

feeding many conversations. Here we see aspects from the camera approach combined to the 

album approach in the collection of highlights, that after all can be used as entry points for a 

wider exploration. 
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Figure 7.1. Rota dos Convocados, 
displays parallel timelines, one for each 
soccer player that was drafted for the 
Brazilian team at the 2014 World Cup. 
They indicate and ranked the teams in 
which each one played, and the duration 
of contracts. Below, some highlights on 
specific timelines and annotations 
developed by the editors. Source: 
http://globoesporte.globo.com/futebol/c
opa-do-mundo/rota-dos-
convocados.html 

 

But it is probably in print media that we find the strongest examples of the integration 

between editorial narratives based in text annotations and the visualizations, as described by 

Gianordoli. In fact, these are quite traditional resources. In figure 7.2, we see a page spread 

from magazine Superinteressante, a publication that is mainly dedicated to popular science, 

history and curiosities. We see a combination of different methods of visualization, text 

analysis and demographical data with annotations. It is a collection of different and integrated 
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views, using different visual features. This is didactic, but at the same time proposes a 

discussion. 

 

Figure 7.2. Quais as últimas palavras dos condenados à morte? (What were the last words of those who faced 
the death penalty?) Design: Gabriel Gianordoli, Revista Superinteressante, abril de 2011. 

During the 2014 Fifa World Cup, Lemos and Pena, both working at the infographics division 

of GloboEsporte.com under the supervision of Leite, collaborated to create a quite complex 

interactive visualization that showed the patterns of goals for each match in the history of the 

event. They called it City of the World Cup, an interesting but also difficult metaphor that was 

inspired in the areas of the graph and the height of some vertical bars that referred to the 

number of goals. In fact, it was not just one visualization, but many that transformed into one 

another, in a narrated sequence where the user could pause and explore at will (see figures 

7.3, 7.4 and 7.5). 

We can see here a very interesting combination of guidance and didactics with tools of 

exploration, and also a mixture of the cinema camera, where the movement is predefined, 

with some elements of a video game camera, that matches the user’s interaction. Instead of 

integrating paragraphs of text explaining the main highlights chosen in the graph, the camera 

movements that explored the visualization were organized according to a script and 
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accompanied by a voice-over narration. The many transitions we see in the animation do not 

emphasize conclusions or the final work of the journalists or editors, but the structure of the 

visualization itself. It narrates a demonstration of its geography, or we should say urban 

landscape, to follow the chosen metaphor. The graphs change and convert into one another 

before our eyes, showing us many interesting landscapes. In determinate moments, the 

structure stabilizes and we can make our own explorations. The graphs themselves are quite 

simple, but the variability of classic structures is explored to the maximum in those passages. 

We have the tendency to think that exploration may free the reader (or user) to reach their 

own conclusions, therefore better addressing journalistic objectives, but if a reader has to stop 

and learn how to operate a visualization full of controls, like a complex cockpit, the issue is 

not visible. This sort of structure demonstrated the main issues of each related visualization 

and eased the user into operating it, so the ones who are interested can go on exploring. 

  

Figure 7.3. Cidade da Copa: highlights along the way clarify the structure of the integrated visualizations. 
Source: http://app.globoesporte.globo.com/copa-do-mundo/cidade-da-copa/ See Annex I, figure A1.14, for color 

plate. 
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Figure 7.4. Cidade da Copa: In specific moments, the user can explore one of the versions presented or choose to 
follow with the presentation. All the time there are the buttons for pausing and advancing in the footer. Source: 

Idem. See Annex I, figure A1.15, for color plate. 

 

Figure 7.5. Cidade da Copa: This image demonstrates the metaphor of the city: the three-dimensional variation 
presents bars that are taller according to the goals scored in each match. The visualization is divided into four 
main structures that accompany the urbanistic metaphor: Terrain, Urbanism, Architecture and Expansion. 
Source: Idem. See Annex I, figure A1.16, for color plate. 

Pena (personal communication July 27th, 2014), who developed the screenplay, comes from a 

background in audiovisual media and brings on a different view towards visualization. He 

remembers that, while working on this project, he and Lemos would often fall into the issue 
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of deciding whether it was a video or an infographic. Whenever this happened, he would 

remind the colleague that it had a script, audio narration and animated movement, so it was a 

video. Nevertheless, the difference from this work and most narrative movies or videos is that 

the script seems to be bred from the structure of the visualization. Cidade da Copa makes this 

aspect more evident, but we can see signs of it in all the other examples, as long as there is at 

least some basic data analysis. 

Coming back to our reference in the language of cinema, this reminds us of Peter Greenaway, 

the movie-maker and visual artist, and what he once said, on the occasion of the centenary of 

the first commercial cinema exhibition. He declared that even after a hundred years of history 

cinema was not yet cinema, in general it still had not developed its own language, being too 

focused on illustrating text and narratives still derived from the model of eighteenth century 

novels (ARRUDA, 1998). As we consider this radical declaration, we can’t help but noticing 

that with visualization the process might be a little inverted: text and narrative seems to spring 

from visual cues, not the other way around. It is like the screenplay would come at the end, 

being constructed along many visual operations and transformations. 

Which leads us to our last example, the large atlas that was built for publishing the results of 

Emaps project. It is a full website, that organizes 33 visualizations, grouped in five issue 

stories. For each visualization (or map, the term used by the participants), there is a specific 

page, that explains how it was conceived and developed, gives access to the datasets and 

sources and, if possible, to the tools used to treat the data and create the visualization. It also 

states to which issue stories the map is related, for there are some maps that appear in more 

than one story. Each issue story is also a page, with a longer discussion about the debates 

addressed, and comparisons and relations between maps (see, for example, figures 7.6 and 

7.7). Scholars and designers who took part in the atlas’ development point out that they 

wanted its structure to be as simple as possible, so that the visualizations could take central 

stage. 

From what we observed, this association of many different maps is not a particularity of 

Emaps, but a recommendation for controversy mapping. Maps of controversy are almost 

never published alone, that is, only one map published. Even if in specific inquiries one may 

choose to compose a single complex network, it is going to be necessary to make multiple 

snapshots of that same network, with different classifications, view of details etc. Normally 

research conducted in controversy mapping tends to use several different visualizations to 
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show different aspects of the data and levels of detail and complexity, and combine them with 

text and other media in order to compose narratives. Therefore we have the controversy 

website or atlas, that gathers several maps in a digital narrative, while it is also common to 

develop traditional academic papers. 

In the surface, the format that was created for Climaps seems to take reference in traditional 

scientific papers: objects, hypotheses and research questions, visualizing the material that was 

collected, discussion, conclusions. Nevertheless, it encompasses some profound issues with 

narrativity and narrative building that of course are the base to assembling and using atlases in 

general. First of all, there is the issue of the use of text for narrativity. We notice that in the 

issue stories and also in the map pages, there is no interference of textual annotations inside 

the visualizations. The text that appears inside visualizations in only for the labels and, in 

some cases, in tooltips, little tags that appear according to mouse interactions to offer specific 

information, like more labels or values. This strong integrity of the space of the visualization 

does not match examples in journalism, like the figure 7.2, where part of the interest is 

precisely in how the designer managed to integrate and combine different elements into a 

harmonious spread. The text in Climaps is, therefore, more continuous and linear, it is not 

specially spatialized to integrate with the visualization structures. Likewise, the visualizations 

have quite precise borders and limits. 

For Venturini (personal communication, October 9th, 2014), adding a layer of narrativity is 

essential for engaging the public of a controversy with the maps, and this should be done with 

the texts, because, to a certain extent, it is only possible to tell stories through text, and it is 

definitely very hard to tell them through visualization. Also, he believes that a narrative 

demands well defined objects, and those are outlined in analysis, so telling a structured story 

is only possible at the end of the research project. Although there is definitely a narrative 

being unfolded in the analysis stages, along all the exploration and the insights, it is implicit. 

So for presentation it must be organized and made explicit, in the additional textual layer. In 

this sense, we can say that the issue stories are the narratives of how the issue was mapped. 

The issue of exploration in the final presentation comes up: Venturini believes that offering 

some possibility of exploration of the results, either with interactive features or not, is 

important in order to deploy the controversy for the public. Once the story is told in the text, 

the public can go further and explore the complexity of the controversy. Of course, this 

perception matches the logic behind the combined solutions in Cidade da Copa, for example, 
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that introduce a story and allow exploration. Nevertheless, we should point to the fact that 

readership is not always this linear, in general it will not be. This means that most readers will 

not first understand the story, and then choose to explore the visualizations. We can point two 

main reasons for that: first, even static images have a much more immediate reception. 

Second, following Gibson’s affordance theory (2014), that we referred to in the third chapter, 

the tendency is that the opposite takes place: the visual cues in interactive features will pull 

for the sensorimotor loops of action-reaction. So, chances are, people will probably read the 

titles that are visually more evident, browse through images, test the possible interactions in 

the interactive visualizations and only then try to understand the story. 

In the procedures of access, the proposed narrative is likely to be experienced as something 

that is behind the presentation, and not an introduction to it. The user would have to be 

already engaged with the controversy and with the maps themselves to be compelled to read 

the story behind the presented maps. Describing the text as a narrative layer that is added to 

the visualizations and would be the first to be accessed is probably a description that is 

constructed from the point of view of the scholar who is engaged, in a sense, in the debate 

about the debate, in deploying the controversy. So, even when there is some involvement of 

the publics in the mapping process, it is important to consider that a different point of view, of 

the one who is actually immersed in the debate, has a specific stance, is likely to be at play. 

The access that is organized in layers may not work as planned because readership has for 

long developed non-linear procedures that mix layers. And this can be an interesting asset.  

That is why we believe we should focus on a translation between the exploration on the 

analysis stages and in the presentation of findings in the atlas, that also shows how the 

procedures of the atlas are closely related to reenacting insights. Indeed, Venturini does point 

to a circle between exploration in analysis and the exploratory use of visualizations on the part 

of the public engagement: “we use exploration to produce a story, then we use it to interest 

people in the controversy through the exploration of the data”. This is a double movement in 

exploration, that might also engender new cycles of mapping, thus evolving with the 

controversy. 

The relationship between narrative and visualization is indeed a complex one, and this is 

especially because of all the transformations and translations between structures, and this 

game we have been pointing to, of creating discrete descriptions of continuities and 

reassembling them in new, overlaid and mapped continuities. When one builds a table out of a 
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narrative, they break the narrative, but can relate the resultant elements in many directions 

without necessarily losing track of the reference to the original narrative. When one builds a 

text from a work on data analysis, what are they doing? Our point is that they are not 

reassembling a story that came broken. In the case of controversy mapping, they are retaking 

the steps used to reach that graphic synthesis, and giving keys for interpreting the maps, 

together with a few interpretations of their own. In data journalism, they are telling the story 

they sourced starting from the data analysis, and using visualizations as a visual explanation.  
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Figures 7.6 and 7.7. Climate Adaptation in Bangladesh: Selected parts of the issue story, displaying many 

varieties of maps, interactive and static, and a relatively long text. Source: http://climaps.eu/#!/narrative/climate-
adaptation-in-bangladesh See Annex I, figure A1.17, for color plate. 
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We believe atlas making, especially in the digital methods of social research, could gain much 

by carefully considering a cyclic access, that would navigate between database and narrative, 

visualization and text, in iterative cycles. This part seems to be sorted out quite well in many 

outstanding works in page design in the news: scanning and non-linear readership are already 

incorporated in the traditions of many outlets. On the other hand, journalistic uses of 

visualization could work on using the process of building the news as a guideline to 

organizing the narrative, like the traditions in the social sciences do so well. And, once again, 

we realize that scientific verifiability is in the narrative as much as in the chain of 

transformations of analysis. In this sense, a strong strategy to engage affected and interested 

publics would be to invest in turning scientific verifiability into a cyclic procedure for 

presentation. This procedure would amplify, at each loop, the range and richness of the 

controversy, evolving with it like the cycles of attentive perception described by Deleuze 

(1990). 
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8. CONCLUSIONS 

During our work, we looked at the many interpretations of what information visualization is 

and the different inflexions of this notion in some of the many fields of knowledge and 

practice that use it. We described the emphasis that some fields give to the efficiency of 

visualizations in transmitting large amounts of information, and on its pairing with some 

functional descriptions of the visual cognitive processes, and argued that we could gain a 

better understanding of visualization and its possibilities for equipping public debate and the 

social production of knowledge by countering these positions with an approach that would 

value the collective, performative aspects of visualization. We had to trace some relations 

between debate, knowledge and social reality as they were organized in many different ways 

since the origins of modern states and inside social struggle, in order to establish visibility as a 

key issue to social existence and debate as a technically mediated process. Also, to discuss 

some effects of the contemporary attention economy and pattern recognition as a fundamental 

cognitive capability for societies that are heavily mediated by digital technologies. 

We also had to follow a thread of mutual constitution of data and visual representations, 

organized by the outlining of movements of discretization and reassemblage, in order to de-

naturalize some widely shared perceptions about data as a fundamental unit. That led us to 

explore some lines of experience, namely, time, space and context, and to outline three 

recurring objects, the lists, the table and the grid, that are historical and, at the same time, part 

of the many transformations and conversions visualizations go through in their use and 

circulation. 

We connected these routes to fieldwork in two environments of practice where visualization 

plays a central role and that are fundamentally concerned with knowledge production, 

processes of mediation and public debate: data journalism and controversy mapping. So we 

had to understand how these dealt with public debate and the use of data and visualization, 

and how they met the challenges characteristic of their respective activities and methods. This 

led us to the discussion presented in the last two chapters, that connects the constitution of 

visualizations to the many movements in the analysis and circulation, to collective exchange, 

highlighting the effects of this processual development in the transformations between 

visualizations. This approximates analysis and presentation, and accounts for the possibility of 

new iterations after presentation, due to the circulation of atlases. 
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Now we must finish our journey by opening our scope back to the wider social processes, and 

establish a few issues about how visualizations are constituted into media objects and, 

likewise, how repurposing data in a cartographic, visual approach might develop shared 

spaces for public debate. We propose one last concept, which is the idea of reverse mediation. 

For the most part of the last twenty years since the internet was broadly available, one of the 

reactions for issues like biases in media outlets involved, among other strategies, the creation 

of new independent outlets that would question hegemonic flows of information. So the web 

is celebrated not just for broadening access to information, but also for redistributing the tools 

and resources for creating, publishing and disseminating information. This collaborates for the 

democratization of information and forces traditional media companies to reposition their 

activities and procedures and to the breeding of new models, once they no longer have the 

exclusivity of distribution channels. Nevertheless, there is once more the problem of excess 

and mostly, as we have been stressing, the problem of disaggregation in the media landscape. 

In this sense, the fact that more channels are opened only deepens the issue: broader access to 

information and to publishing tools ceases to be enough. Because public debate becomes so 

generally integrated with technologies of information and communication, the main challenge 

seems to be to set common grounds for debate and relink that which composes the issues, 

controversies or disputes at stake in public agenda, to make them visible. Without this effort, 

“Social reality is out of sight”: the age-old expression used by Lippman (1922) renews its 

relevance. 

We identify an emerging field of dispute, not exactly of the origin or property of information, 

but of the place of mediation of the many flows of information. This dispute sprouts from a 

critical approach towards the traditional structures of information dissemination but also 

inside new models like social media – think of the algorithms that organize feeds in 

Facebook, for example. It does not involve specifically the creation of new and independent 

media outlets, but of artifacts that may enable the mapping and integration of the available 

flows and sources of data towards new syntheses and contextualized access. 

For the purpose of our work, we have been moving around two related questions: first, can the 

maps produced inside controversy mapping be understood as media objects, and would this 

collaborate with the method’s goals? Conversely, would journalism in general profit from a 

more cartographic approach on public agenda, that is more integrated with digital traces? We 

believe this contextualization or relinking of social reality through the digital traces left in 
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communication and information networks becomes key for public debate in today’s heavily 

mediated societies, because it produces visible, explorable and shareable landscapes. Once 

data becomes such a powerful and fundamental description of many aspects of social life, 

visualization can become key for developing contexts for debate, much as a plane of reference 

is key to perception and language and to the production of knowledge that, we insist, is a 

social undertaking. While medias and information systems constantly propose structures and 

specific contextualizations to describe events and organize data flows, researchers like the 

ones who work with controversy mapping extract data and make maps for new 

interpretations, creating new mediations. We believe that data journalism might also move 

towards producing these new synthesis, incorporating data analysis in their routine, while 

developing new data-based tools to aid reporting events and their effects and repercussions. 

These processes revert and restructure the available flows of communication, because the 

traces left by actors are repurposed to generate new mediatic syntheses towards the 

interpretation of social reality. This leads us to advance the concept of reverse mediation, 

where social complexity is not only filtered or structured for exploration, but reprocessed. 

Data descriptions are extracted from informational structures, to be later turned into 

reassembled information, new mediatic syntheses. 

But we should strengthen these claims by showing how this repurposing of communicational 

data has been going on, at least in the case of digital methods of social research and 

controversy mapping. As we have discussed, the flood of data originated from interactions in 

the digital networks of information and communications is seen as both an unparalleled 

opportunity for social analysis and, at the same time, a considerable challenge, because all this 

data was not produced according the needs and concerns of social research. So the powerful 

realization that the digital traces left by actors in social networks should be taken as evidence 

for studying society in general and not just online culture (ROGERS, 2009) must be countered 

by a careful attention to platform biases and to how society is technically mediated. We 

should stress the fact that these platform biases can cause distortions in the data and its 

interpretation, but are fundamentally part of the process of technical mediation: each interface 

or information architecture organizes a certain set of rules and offers some tools for 

enunciation, like an ethos, and overcoming or at least developing a critical stance for working 

with data that is bred according to these discursive codes can be quite tricky. Because of that, 

in a more general aspect, it will also involve understanding the many processes of mediation 

and encoding and decoding that go through in the circulation of messages and their 
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appropriation in social practices, something that will in many instances guide the process of 

analysis itself. 

In a sense, the need for this critical understanding is not restricted to digital methods of social 

research: it is nowadays in the center of public debate. It happens necessarily through a 

critical approach of the big media companies and also the more distributed publishing tools 

and social media, and of their role in building public opinion or feeding public debate. This 

amounts in a dispute regarding the interpretation and contextualization of social events and 

interactions, regarding the way in which society is technically mediated. 

 

Figure 8.3. Eleições 2014. Source: http://labic.net/eleicoes2014. See Annex I, figure A1.18, for color plate. 

 

In practice, this brings up many issues of how to pull apart or interpret the various platform 

biases, and also how to identify the strategies of powerful sources like the big medias without 

losing sight of the small interactions and distributed exchanges that also build the social 
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landscape and should be considered for non-hegemonic descriptions. It is a careful work of 

extracting data that is circulating in the medias and reprocessing and repurposing it in new 

informational forms, the visualizations. This is a challenge that is at the core of controversy 

mapping, but also finds some first reverberations in data journalism. 

For example, in the project by Labic (figure 8.1), tweets and retweets from the day of the 

presidential debate in Brazil, that carried the hashtag #debatenarecord were mapped, showing 

clearly the quantitative importance of some actors like major news outlets and media 

personalities. This approach does show the penetration of large media companies and their 

encodings in social media, but much of the exchanges themselves gets masked behind the 

central sources, and should be revealed in order to display the richness of the controversy. 

Also, there is no hint of how the interpretation of these dominant encodings are being decoded 

and incorporated into more distributed discursive practices. 

The project Emaps, on the other hand, faces this challenge from a different perspective: they 

present a profile of Twitter accounts (figure 8.2) made at the DMI Summer School 2013, 

where the emphasis was in revealing how the subject of climate change was made into a 

matter of concern to be shared, that is, how it was framed and how the correspondent 

discursive features were built in Twitter. For that, they captured tweets from november 2012 

to may 2013 that contained either hashtags or keywords in their content that were related to 

climate change. From this corpus, they defined four major climate change issues, queried by 

the terms [skeptic], [mitigation], [adaptation], [conflict OR violence], in order to generate 

some metrics for profiling. The graphic shows the popularity of each issue and informations 

like the main related hashtags and how they compare across issues. It also shows the main 

sources linked and the most active profiles, which gives us interesting information on the 

subject. The main difference here is that hashtags are not taken by face value: all these 

correlations aid in developing a better understanding of actually what they mean in the space 

they assemble. The emphasis stays on the debate and how it is shared on Twitter.  
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Figure 8.2. Profiling Adaptation And Its Place In Climate Change Debates With Twitter (I). Source: 
http://climaps.eu/#!/map/profiling-adaptation-and-its-place-in-climate-change-debates-with-twitter-i 
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On the results of the Emaps project, on the Climaps.eu site, this graphic is associated to a map 

(figure 8.3), that displays the main hashtags found and their proximity according to co-

occurence in tweets, inside the set of tweets that contained the hashtags or keywords “climate 

change” or “global warming” between November 2012 and November 2013. This gives us yet 

another point of access to examining the debate on Twitter, that helps us understanding how 

different hashtags may be related, and thus translated in their use. The chosen theme (climate 

change) organizes a Twitter space, a landscape to be explored for its specific issues. Both 

visualizations highlight hashtags and keywords as powerful traces for organizing maps of 

debates, and, as their positions may shift and get reorganized, so do the many actors and 

positions involved. This comparative and relational approach also enriches the discussion 

because it favors a critical approach on the hashtags as platform-specific resources, in order to 

take a step back and evaluate also their effects and biases. This work reveals a more 

relational, qualitative network of arguments and gives us material to discuss the processes of 

attribution of signs in different maps of meaning, that is involved in every decoding process. 

 

Figure 8.2. Profiling Adaptation And Its Place In Climate Change Debates With Twitter (I). Source: 
http://climaps.eu/#!/map/profiling-adaptation-and-its-place-in-climate-change-debates-with-twitter-ii 

Until now, we have been giving much emphasis to the challenge of assembling useful 

representations, visual contexts, out of a scattered landscape, which, in the third chapter, we 
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related to the process of discretization in the technologies for recording and displaying 

information. Nevertheless, as we have proposed in the second chapter, the problem of a 

scattered info-communicational landscape is also connected to the formation, in any society, 

of distinct discursive spaces, that, according to Hall, will reflect the continuation, 

reinforcement or challenging of power and ideology inside discursive practices. We would 

like to advance that the constitution of discursive spaces has its effects on the communication 

infrastructures and interfaces, that also constitute frames for what can be said and how it 

should be said: they participate in structuring discourse and information through many 

different matrixes, in general relying on different codes, inside varied maps of meaning. 

This can be considered yet another kind of dominance at the encoding moment, but this time 

it is brought on by the communicational infrastructure itself: the effects of the information 

architectures and the many features for managing the information flows. Again, a strong 

example comes from the social media: sites like Facebook, for example, are constantly 

making improvements in their interface’s structure and adding new features. For a while 

along its first years, there were many of such updates, and at each one we had the impression 

that it would be hard to adapt, but soon found ourselves not having a clear idea of in what 

consisted the changes themselves. The features had quickly faded into the background, as an 

encoded base structure that maps the means for our exchanges and debates. So with online 

media we have both complementary aspects: more visibility and more structuring to canalize 

discourse and debate into the informational flow. There is a stage of dispute of meaning 

attributions that is displayed in how the computer interfaces are organized, how data is 

visualized, how the places of mediation create paths and structures and participate in broader 

production of social knowledge. In other words, the compositions derived from the 

architecture of information become more spread in the consumption moments but at the same 

time more varied and naturalized. We believe that most of the concern for the effects of the 

platform in the digital methods of social research comes from this entangled relation between 

public debate and dominant information architectures, that are fundamental for professional 

outlets as well as for individual users of social media or self-publishing platforms. 

While traditional print and broadcast media had almost exclusivity on publishing channels, it 

might have been adequate, even though not precise, to describe the production and circulation 

of messages in society through, on the one side, major channels and codes, and, on the other 

side either individual decoding, mainly as a psychological behavior, or statistical behavior 

that could be extrapolated into conclusions about collective message reception. Substantially, 
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the sphere of public debate as a social phenomena was seen as an untrackable mess. These 

approaches, even though they do bring much insight to the table, miss the point that 

communication has always been technically mediated, in every level, and that, in that sense, 

mediations are multidirectional. With the spread of online platforms it becomes unavoidable 

to carefully consider other distributed mediations as part of the media landscape, but there is 

no actual modification of communication flows, just intensification of exchanges. 

The work conducted in digital social research in general, and in the journalistic practices that 

incorporate these methods or develop combinations with traditional models, is creating new 

mediations, new interfaces in the form of maps, that repurpose information flows. Once there 

is a general recognition that technical mediation produces traces that can be used for 

describing society in general, these methods are discovering the strength of extracting data 

from information to reassess information: this translates many encodings, many structures, 

many discursive spaces into an assembled landscape. We understand that this reprocessing 

and repurposing of information reverses mediations, not in the sense of inverting flows, but in 

the sense of problematizing and surpassing information structures. After all architecture, there 

might be a recovery of the plasticity for information through data extraction and visual 

analysis. 

We stress terms like “reversing” or “repurposing” in order to avoid thinking of visualizations, 

in the context of reverse mediations, as yet another layer that piles up our already overlayered 

experiences. We have found that, when one seeks to map debates, either in social sciences or 

in journalism, there is the risk that the representations start to be seen mostly as meta-debates, 

the debate about the debate, accumulating indefinitely layers of representation of debates 

about debates. Indeed, even without mapping, debates will of course take place with the use 

of many and contradictory representations of a certain issue, and there would be neither an 

issue nor an engaged public if all the representations and codes coincided. So we believe this 

movement of reversing, or bringing the informational structures inside out, is crucial for 

equipping citizenship in heavily mediated societies, not exactly because of what is 

represented, but because of the many points of access it offers to a complex communicational 

landscape. The debate about the debate is part of the work of social scientists and of 

journalists, but will not necessarily be a procedure in public debate, especially considering the 

important communicational moment of decoding messages and incorporating them as actions, 

into social practices. Venturini (2012) advances that controversy mapping is not a method for 

social intervention, which is a very innovative and powerful claim, but, on the other hand, we 
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should keep in mind that the adoption of those maps by the engaged publics must include 

social intervention, but in the sense of political action inside the controversy. And we are 

using the term political in its broader sense, that runs across states, institutions and everyday 

life. Like Virno explains, it is with the publicization of intellect that political action gets 

intertwined with the basic features of language and cognition. When visualizations that aim at 

creating shared landscapes are appropriated by the concerned publics, one should expect, and 

aim for, a coincidence between debate and action. 
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Figure A1.2. Discus Chronologicus, published in the early 1820s by Christoph Wiegel.
Source: https://www.flickr.com/photos/bibliodyssey/4501667579/sizes/o/
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Figure A1.3. Elizabeth Palmer Peabody, Polish-American System of Chronology, 1850. Source: Rosemberg; 
Grafton: 2010, p.205.

Figure A1.4. Photography with 360° fisheye lens, by Randy Scott Slavin / Rex Feature
Source: http://www.dailymail.co.uk/news/article-2131638/Who-needs-Instagram-Photographer-uses-tradition-
al-fisheye-technique-capture-extraordinary-landscapes-America.html
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Figure A1.5. Las Meninas 
ou La familia de Felipe IV, 
pintura de Diego Velázquez 
(1656)
Source: http://commons.
wikimedia.org/wiki/
File:Las_Meninas_(1656),_
by_Velazquez.jpg

Figure A1.19. Eleições 
2014. Source: http://lab-

ic.net/eleicoes2014
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Now it is patent enough, at first glance, that the veriest savage must have been an observer of the phenomena of nature. But it may not be so obvious that he must also have been a classifier of his observations—an organizer of knowledge. Yet the more we consider the case, the more clear it will become that the two methods are too closely linked together to be dissevered. To observe outside phenomena is not more inherent in the nature of the mind than to draw inferences from these phenomena. A deer passing through the forest scents the ground and detects a certain odor. A sequence of ideas is generated in the mind of the deer. Nothing in the deer´s experience can produce that odor but a wolf; therefore the scientific inference is drawn that wolves have passed that way. But it is a part of the deer´s scientific knowledge, based on previous experience, individual and racial; that wolves are dangerous beasts, and so, combining direct observation in the present with the application of a general principle based on past experience, the deer reaches the very logical conclusion that it may wisely turn about and run in another direction. All this implies, essentially, a comprehension and use of scientific principles; and, strange as it seems to speak of a deer as possessing scientific knowledge, yet there is really no absurdity in the statement. The deer does possess scientific knowledge; knowledge differing in degree only, not in kind, from the knowledge of a Newton. Nor is the animal, within the range of its intelligence, less logical, less scientific in the application of that knowledge, than is the man. The animal that could not make accurate scientific observations of its surroundings, and deduce accurate scientific conclusions from them, would soon pay the penalty of its lack of logic. What is true of man´s precursors in the animal scale is, of course, true in a wider and fuller sense of man himself at the very lowest stage of his development. Ages before the time which the limitations of our knowledge force us to speak of as the dawn of history, man had reached a high stage of development. As a social being, he had developed all the elements of a primitive civilization. If, for convenience of classification, we speak of his state as savage, or barbaric, we use terms which, after all, are relative, and which do not shut off our primitive ancestors from a tolerably close association with our own ideals. We know that, even in the Stone Age, man had learned how to domesticate animals and make them useful to him, and that he had also learned to cultivate the soil. Later on, doubtless by slow and painful stages, he attained those wonderful elements of knowledge that enabled him to smelt metals and to produce implements of bronze, and then of iron. Even in the Stone Age he was a mechanic of marvellous skill, as any one of to-day may satisfy himself by attempting to duplicate such an implement as a chipped arrow-head. And a barbarian who could fashion an axe or a knife of bronze had certainly gone far in his knowledge of scientific principles and their practical application. The practical application was, doubtless, the only thought that our primitive ancestor had in mind; quite probably the question as to principles that might be involved troubled him not at all. Yet, in spite of himself, he knew certain rudimentary principles of science, even though he did not formulate them. Let us inquire what some of these principles are. Such an inquiry will, as it were, clear the ground for our structure of science. It will show the plane of knowledge on which historical investigation begins. Incidentally, perhaps, it will reveal to us unsuspected affinities between ourselves and our remote ancestor.
Without attempting anything like a full analysis, we may note in passing, not merely what primitive man knew, but what he did not
know; that at least a vague notion may be gained of the field for scientific research that lay open for historic man to cultivate. It must be understood that the knowledge of primitive man, as we
are about to outline it, is inferential. We cannot trace the development of these principles, much less can we say who discovered them. Some of them, as already suggested, are man´s
heritage from non-human ancestors. Others can only have been
grasped by him after he had reached a relatively high stage of human development. But all the principles here listed must surely
have been parts of our primitive ancestor´s knowledge before those earliest days of Egyptian and Babylonian civilization, the records of which constitute our first introduction to the so-called historical period. Taken somewhat in the order of their
probable discovery, the scientific ideas of primitive man may be
roughly listed as follows: 1. Primitive man must have conceived that the earth is flat and
of limitless extent. By this it is not meant to imply that he had a distinct conception of infinity, but, for that matter, it cannot be said that any one to-day has a conception of infinity
that could be called definite. But, reasoning from experience and
the reports of travellers, there was nothing to suggest to early
man the limit of the earth. He did, indeed, find in his wanderings, that changed climatic conditions barred him from
farther progress; but beyond the farthest reaches of his migrations, the seemingly flat land-surfaces and water-surfaces
stretched away unbroken and, to all appearances, without end. It
would require a reach of the philosophical imagination to conceive a limit to the earth, and while such imaginings may have
been current in the prehistoric period, we can have no proof of
them, and we may well postpone consideration of man´s early
dreamings as to the shape of the earth until we enter the historical epoch where we stand on firm ground. 2. Primitive man must, from a very early period, have observed
that the sun gives heat and light, and that the moon and stars
seem to give light only and no heat. It required but a slight
extension of this observation to note that the changing phases of
the seasons were associated with the seeming approach and
recession of the sun. This observation, however, could not have
been made until man had migrated from the tropical regions, and
had reached a stage of mechanical development enabling him to
live in subtropical or temperate zones. Even then it is conceivable that a long period must have elapsed before a direct
causal relation was felt to exist between the shifting of the sun
and the shifting of the seasons; because, as every one knows, the
periods of greatest heat in summer and greatest cold in winter
usually come some weeks after the time of the solstices. Yet, the
fact that these extremes of temperature are associated in some
way with the change of the sun´s place in the heavens must, in
time, have impressed itself upon even a rudimentary intelligence.
It is hardly necessary to add that this is not meant to imply any
definite knowledge of the real meaning of, the seeming
oscillations of the sun. We shall see that, even at a relatively
late period, the vaguest notions were still in vogue as to the
cause of the sun´s changes of position. That the sun, moon, and stars move across the heavens must
obviously have been among the earliest scientific observations.
It must not be inferred, however, that this observation implied a
necessary conception of the complete revolution of these bodies
about the earth. It is unnecessary to speculate here as to how
the primitive intelligence conceived the transfer of the sun from
the western to the eastern horizon, to be effected each night,
for we shall have occasion to examine some historical
speculations regarding this phenomenon. We may assume, however,
that the idea of the transfer of the heavenly bodies beneath the
earth (whatever the conception as to the form of that body) must
early have presented itself. It required a relatively high development of the observing
faculties, yet a development which man must have attained ages
before the historical period, to note that the moon has a
secondary motion, which leads it to shift its relative position
in the heavens, as regards the stars; that the stars themselves,
on the other hand, keep a fixed relation as regards one another,
with the notable exception of two or three of the most brilliant
members of the galaxy, the latter being the bodies which came to
be known finally as planets, or wandering stars. The wandering
propensities of such brilliant bodies as Jupiter and Venus cannot
well have escaped detection. We may safely assume, however, that
these anomalous motions of the moon and planets found no
explanation that could be called scientific until a relatively
late period. 3. Turning from the heavens to the earth, and ignoring such
primitive observations as that of the distinction between land
and water, we may note that there was one great scientific law
which must have forced itself upon the attention of primitive
man. This is the law of universal terrestrial gravitation. The
word gravitation suggests the name of Newton, and it may excite
surprise to hear a knowledge of gravitation ascribed to men who
preceded that philosopher by, say, twenty-five or fifty thousand
years. Yet the slightest consideration of the facts will make it
clear that the great central law that all heavy bodies fall
directly towards the earth, cannot have escaped the attention of
the most primitive intelligence. The arboreal habits of our
primitive ancestors gave opportunities for constant observation
of the practicalities of this law. And, so soon as man had
developed the mental capacity to formulate ideas, one of the
earliest ideas must have been the conception, however vaguely
phrased in words, that all unsupported bodies fall towards the
earth. The same phenomenon being observed to operate on
water-surfaces, and no alteration being observed in its operation
in different portions of man´s habitat, the most primitive
wanderer must have come to have full faith in the universal
action of the observed law of gravitation. Indeed, it is
inconceivable that he can have imagined a place on the earth
where this law does not operate. On the other hand, of course, he
never grasped the conception of the operation of this law beyond
the close proximity of the earth. To extend the reach of
gravitation out to the moon and to the stars, including within
its compass every particle of matter in the universe, was the
work of Newton, as we shall see in due course. Meantime we shall
better understand that work if we recall that the mere local fact
of terrestrial gravitation has been the familiar knowledge of all
generations of men. It may further help to connect us in sympathy
with our primeval ancestor if we recall that in the attempt to
explain this fact of terrestrial gravitation Newton made no
advance, and we of to-day are scarcely more enlightened than the
man of the Stone Age. Like the man of the Stone Age, we know that
an arrow shot into the sky falls back to the earth. We can
calculate, as he could not do, the arc it will describe and the
exact speed of its fall; but as to why it returns to earth at
all, the greatest philosopher of to-day is almost as much in the
dark as was the first primitive bowman that ever made the
experiment. Other physical facts going to make up an elementary science of
mechanics, that were demonstratively known to prehistoric man,
were such as these: the rigidity of solids and the mobility of
liquids; the fact that changes of temperature transform solids to
liquids and vice versa—that heat, for example, melts copper and
even iron, and that cold congeals water; and the fact that
friction, as illustrated in the rubbing together of two sticks,
may produce heat enough to cause a fire. The rationale of this
last experiment did not receive an explanation until about the
beginning of the nineteenth century of our own era. But the
experimental fact was so well known to prehistoric man that he
employed this method, as various savage tribes employ it to this
day, for the altogether practical purpose of making a fire; just
as he employed his practical knowledge of the mutability of
solids and liquids in smelting ores, in alloying copper with tin
to make bronze, and in casting this alloy in molds to make
various implements and weapons. Here, then, were the germs of an
elementary science of physics. Meanwhile such observations as
that of the solution of salt in water may be considered as giving
a first lesson in chemistry, but beyond such altogether
rudimentary conceptions chemical knowledge could not have
gone—unless, indeed, the practical observation of the effects of
fire be included; nor can this well be overlooked, since scarcely
another single line of practical observation had a more direct
influence in promoting the progress of man towards the heights of
civilization. 4. In the field of what we now speak of as biological knowledge,
primitive man had obviously the widest opportunity for practical
observation. We can hardly doubt that man attained, at an early
day, to that conception of identity and of difference which Plato
places at the head of his metaphysical system. We shall urge
presently that it is precisely such general ideas as these that
were man´s earliest inductions from observation, and hence that
came to seem the most universal and “innate” ideas of his
mentality. It is quite inconceivable, for example, that even the
most rudimentary intelligence that could be called human could
fail to discriminate between living things and, let us say, the
rocks of the earth. The most primitive intelligence, then, must
have made a tacit classification of the natural objects about it
into the grand divisions of animate and inanimate nature.
Doubtless the nascent scientist may have imagined life animating
many bodies that we should call inanimate—such as the sun,
wandering planets, the winds, and lightning; and, on the other
hand, he may quite likely have relegated such objects as trees to
the ranks of the non-living; but that he recognized a fundamental
distinction between, let us say, a wolf and a granite bowlder we
cannot well doubt. A step beyond this—a step, however, that may
have required centuries or millenniums in the taking—must have
carried man to a plane of intelligence from which a primitive
Aristotle or Linnaeus was enabled to note differences and
resemblances connoting such groups of things as fishes, birds,
and furry beasts. This conception, to be sure, is an abstraction
of a relatively high order. We know that there are savage races
to-day whose language contains no word for such an abstraction as
bird or tree. We are bound to believe, then, that there were long
ages of human progress during which the highest man had attained
no such stage of abstraction; but, on the other hand, it is
equally little in question that this degree of mental development
had been attained long before the opening of our historical
period. The primeval man, then, whose scientific knowledge we are
attempting to predicate, had become, through his conception of
fishes, birds, and hairy animals as separate classes, a
scientific zoologist of relatively high attainments.
In the practical field of medical knowledge, a certain stage of
development must have been reached at a very early day. Even
animals pick and choose among the vegetables about them, and at
times seek out certain herbs quite different from their ordinary
food, practising a sort of instinctive therapeutics. The cat´s
fondness for catnip is a case in point. The most primitive man,
then, must have inherited a racial or instinctive knowledge of
the medicinal effects of certain herbs; in particular he must
have had such elementary knowledge of toxicology as would enable
him to avoid eating certain poisonous berries. Perhaps, indeed,
we are placing the effect before the cause to some extent; for,
after all, the animal system possesses marvellous powers of
adaption, and there is perhaps hardly any poisonous vegetable
which man might not have learned to eat without deleterious
effect, provided the experiment were made gradually. To a certain
extent, then, the observed poisonous effects of numerous plants
upon the human system are to be explained by the fact that our
ancestors have avoided this particular vegetable. Certain fruits
and berries might have come to have been a part of man´s diet,
had they grown in the regions he inhabited at an early day, which
now are poisonous to his system. This thought, however, carries
us too far afield. For practical purposes, it suffices that
certain roots, leaves, and fruits possess principles that are
poisonous to the human system, and that unless man had learned in
some way to avoid these, our race must have come to disaster. In
point of fact, he did learn to avoid them; and such evidence
implied, as has been said, an elementary knowledge of toxicology.
Coupled with this knowledge of things dangerous to the human
system, there must have grown up, at a very early day, a belief
in the remedial character of various vegetables as agents to
combat disease. Here, of course, was a rudimentary therapeutics,
a crude principle of an empirical art of medicine. As just
suggested, the lower order of animals have an instinctive
knowledge that enables them to seek out remedial herbs (though we
probably exaggerate the extent of this instinctive knowledge);
and if this be true, man must have inherited from his prehuman
ancestors this instinct along with the others. That he extended
this knowledge through observation and practice, and came early
to make extensive use of drugs in the treatment of disease, is
placed beyond cavil through the observation of the various
existing barbaric tribes, nearly all of whom practice elaborate
systems of therapeutics. We shall have occasion to see that even
within historic times the particular therapeutic measures
employed were often crude, and, as we are accustomed to say,
unscientific; but even the crudest of them are really based upon
scientific principles, inasmuch as their application implies the
deduction of principles of action from previous observations.
Certain drugs are applied to appease certain symptoms of disease
because in the belief of the medicine-man such drugs have proved
beneficial in previous similar cases. All this, however, implies an appreciation of the fact that man
is subject to “natural” diseases, and that if these diseases are
not combated, death may result. But it should be understood that
the earliest man probably had no such conception as this.
Throughout all the ages of early development, what we call
“natural” disease and “natural” death meant the onslaught of a
tangible enemy. A study of this question leads us to some very
curious inferences. The more we look into the matter the more the
thought forces itself home to us that the idea of natural death,
as we now conceive it, came to primitive man as a relatively late
scientific induction. This thought seems almost startling, so
axiomatic has the conception “man is mortal” come to appear. Yet
a study of the ideas of existing savages, combined with our
knowledge of the point of view from which historical peoples
regard disease, make it more probable that the primitive
conception of human life did not include the idea of necessary
death. We are told that the Australian savage who falls from a
tree and breaks his neck is not regarded as having met a natural
death, but as having been the victim of the magical practices of
the “medicine-man” of some neighboring tribe. Similarly, we shall
find that the Egyptian and the Babylonian of the early historical
period conceived illness as being almost invariably the result of
the machinations of an enemy. One need but recall the
superstitious observances of the Middle Ages, and the yet more
recent belief in witchcraft, to realize how generally disease has
been personified as a malicious agent invoked by an unfriendly
mind. Indeed, the phraseology of our present-day speech is still
reminiscent of this; as when, for example, we speak of an “attack
of fever,“ and the like. When, following out this idea, we picture to ourselves the
conditions under which primitive man lived, it will be evident at
once how relatively infrequent must have been his observation of
what we usually term natural death. His world was a world of
strife; he lived by the chase; he saw animals kill one another;
he witnessed the death of his own fellows at the hands of
enemies. Naturally enough, then, when a member of his family was
“struck down” by invisible agents, he ascribed this death also to
violence, even though the offensive agent was concealed.
Moreover, having very little idea of the lapse of time—being
quite unaccustomed, that is, to reckon events from any fixed
era—primitive man cannot have gained at once a clear conception
of age as applied to his fellows. Until a relatively late stage
of development made tribal life possible, it cannot have been
usual for man to have knowledge of his grandparents; as a rule he
did not know his own parents after he had passed the adolescent
stage and had been turned out upon the world to care for himself.
If, then, certain of his fellow-beings showed those evidences of
infirmity which we ascribe to age, it did not necessarily follow
that he saw any association between such infirmities and the
length of time which those persons had lived. The very fact that
some barbaric nations retain the custom of killing the aged and
infirm, in itself suggests the possibility that this custom arose
before a clear conception had been attained that such drags upon
the community would be removed presently in the natural order of
things. To a person who had no clear conception of the lapse of
time and no preconception as to the limited period of man´s life,
the infirmities of age might very naturally be ascribed to the
repeated attacks of those inimical powers which were understood
sooner or later to carry off most members of the race. And
coupled with this thought would go the conception that inasmuch
as some people through luck had escaped the vengeance of all
their enemies for long periods, these same individuals might
continue to escape for indefinite periods of the future. There
were no written records to tell primeval man of events of long
ago. He lived in the present, and his sweep of ideas scarcely
carried him back beyond the limits of his individual memory. But
memory is observed to be fallacious. It must early have been
noted that some people recalled events which other participants
in them had quite forgotten, and it may readily enough have been
inferred that those members of the tribe who spoke of events
which others could not recall were merely the ones who were
gifted with the best memories. If these reached a period when
their memories became vague, it did not follow that their
recollections had carried them back to the beginnings of their
lives. Indeed, it is contrary to all experience to believe that
any man remembers all the things he has once known, and the
observed fallaciousness and evanescence of memory would thus tend
to substantiate rather than to controvert the idea that various
members of a tribe had been alive for an indefinite period.
Without further elaborating the argument, it seems a justifiable
inference that the first conception primitive man would have of
his own life would not include the thought of natural death, but
would, conversely, connote the vague conception of endless life.
Our own ancestors, a few generations removed, had not got rid of
this conception, as the perpetual quest of the spring of eternal
youth amply testifies. A naturalist of our own day has suggested
that perhaps birds never die except by violence. The thought,
then, that man has a term of years beyond which “in the nature of
things,“ as the saying goes, he may not live, would have dawned
but gradually upon the developing intelligence of successive
generations of men; and we cannot feel sure that he would fully
have grasped the conception of a “natural” termination of human
life until he had shaken himself free from the idea that disease
is always the result of the magic practice of an enemy. Our
observation of historical man in antiquity makes it somewhat
doubtful whether this conception had been attained before the
close of the prehistoric period. If it had, this conception of
the mortality of man was one of the most striking scientific
inductions to which prehistoric man attained. Incidentally, it
may be noted that the conception of eternal life for the human
body being a more primitive idea than the conception of natural
death, the idea of the immortality of the spirit would be the
most natural of conceptions. The immortal spirit, indeed, would
be but a correlative of the immortal body, and the idea which we
shall see prevalent among the Egyptians that the soul persists
only as long as the body is intact—the idea upon which the
practice of mummifying the dead depended—finds a ready
explanation. But this phase of the subject carries us somewhat
afield. For our present purpose it suffices to have pointed out
that the conception of man´s mortality—a conception which now
seems of all others the most natural and “innate”—was in all
probability a relatively late scientific induction of our
primitive ancestors. 5. Turning from the consideration of the body to its mental
complement, we are forced to admit that here, also, our primitive
man must have made certain elementary observations that underlie

such sciences as psychology, mathematics, and political economy.

The elementary emotions associated with hunger and with satiety,

with love and with hatred, must have forced themselves upon the

earliest intelligence that reached the plane of conscious
self-observation. The capacity to count, at least to the number
four or five, is within the range of even animal intelligence.
Certain savages have gone scarcely farther than this; but our
primeval ancestor, who was forging on towards civilization, had
learned to count his fingers and toes, and to number objects
about him by fives and tens in consequence, before be passed
beyond the plane of numerous existing barbarians. How much beyond

this he had gone we need not attempt to inquire; but the
relatively high development of mathematics in the early
historical period suggests that primeval man had attained a not
inconsiderable knowledge of numbers. The humdrum vocation of

looking after a numerous progeny must have taught the mother the

rudiments of addition and subtraction; and the elements of
multiplication and division are implied in the capacity to carry
on even the rudest form of barter, such as the various tribes
must have practised from an early day.
As to political ideas, even the crudest tribal life was based on
certain conceptions of ownership, at least of tribal ownership,
and the application of the principle of likeness and difference
to which we have already referred. Each tribe, of course,
differed in some regard from other tribes, and the recognition of

these differences implied in itself a political classification. A
certain tribe took possession of a particular hunting- ground,
which became, for the time being, its home, and over which it
came to exercise certain rights. An invasion of this territory by
another tribe might lead to war, and the banding together of the

members of the tribe to repel the invader implied both a
recognition of communal unity and a species of prejudice in favor

of that community that constituted a primitive patriotism. But
this unity of action in opposing another tribe would not prevent

a certain rivalry of interest between the members of the same
tribe, which would show itself more and more prominently as the

tribe increased in size. The association of two or more persons
implies, always, the ascendency of some and the subordination of

others. Leadership and subordination are necessary correlatives

of difference of physical and mental endowment, and rivalry
between leaders would inevitably lead to the formation of
primitive political parties. With the ultimate success and
ascendency of one leader, who secures either absolute power or

power modified in accordance with the advice of subordinate
leaders, we have the germs of an elaborate political system—an

embryo science of government.
Meanwhile, the very existence of such a community implies the

recognition on the part of its members of certain individual
rights, the recognition of which is essential to communal
harmony. The right of individual ownership of the various
articles and implements of every-day life must be recognized, or

all harmony would be at an end. Certain rules of justice—
primitive laws—must, by common consent, give protection to the

weakest members of the community. Here are the rudiments of a

system of ethics. It may seem anomalous to speak of this
primitive morality, this early recognition of the principles of
right and wrong, as having any relation to science. Yet, rightly

considered, there is no incongruity in such a citation. There
cannot well be a doubt that the adoption of those broad
principles of right and wrong which underlie the entire structure

of modern civilization was due to scientific induction,—in other

words, to the belief, based on observation and experience, that

the principles implied were essential to communal progress. He

who has scanned the pageant of history knows how often these

principles seem to be absent in the intercourse of men and
nations. Yet the ideal is always there as a standard by which all

deeds are judged. It would appear, then, that the entire superstructure of later

science had its foundation in the knowledge and practice of

prehistoric man. The civilization of the historical period could

not have advanced as it has had there not been countless
generations of culture back of it. The new principles of science

could not have been evolved had there not been great basal

principles which ages of unconscious experiment had impressed

upon the mind of our race. Due meed of praise must be given,

then, to our primitive ancestor for his scientific
accomplishments; but justice demands that we should look a little

farther and consider the reverse side of the picture. We have had

to do, thus far, chiefly with the positive side of
accomplishment. We have pointed out what our primitive ancestor

knew, intimating, perhaps, the limitations of his knowledge; but

we have had little to say of one all-important feature of his

scientific theorizing. The feature in question is based on the

highly scientific desire and propensity to find explanations for

the phenomena of nature. Without such desire no progress could be

made. It is, as we have seen, the generalizing from experience

that constitutes real scientific progress; and yet, just as most

other good things can be overdone, this scientific propensity may

be carried to a disastrous excess.
Primeval man did not escape this danger. He observed, he

reasoned, he found explanations; but he did not always
discriminate as to the logicality of his reasonings. He failed to

recognize the limitations of his knowledge. The observed
uniformity in the sequence of certain events impressed on his

mind the idea of cause and effect. Proximate causes known, he

sought remoter causes; childlike, his inquiring mind was always

asking, Why? and, childlike, he demanded an explicit answer. If

the forces of nature seemed to combat him, if wind and rain

opposed his progress and thunder and lightning seemed to menace

his existence, he was led irrevocably to think of those human

foes who warred with him, and to see, back of the warfare of the

elements, an inscrutable malevolent intelligence which took this

method to express its displeasure. But every other line of

scientific observation leads equally, following back a sequence

of events, to seemingly causeless beginnings. Modern science can

explain the lightning, as it can explain a great number of the

mysteries which the primeval intelligence could not penetrate.

But the primordial man could not wait for the revelations of

scientific investigation: he must vault at once to a final
solution of all scientific problems. He found his solution by

peopling the world with invisible forces, anthropomorphic in

their conception, like himself in their thought and action,

differing only in the limitations of their powers. His own dream

existence gave him seeming proof of the existence of an alter

ego, a spiritual portion of himself that could dissever itself

from his body and wander at will; his scientific inductions

seemed to tell him of a world of invisible beings, capable of

influencing him for good or ill. From the scientific exercise of

his faculties he evolved the all-encompassing generalizations of

invisible and all-powerful causes back of the phenomena of

nature. These generalizations, early developed and seemingly

supported by the observations of countless generations, came to

be among the most firmly established scientific inductions of our

primeval ancestor. They obtained a hold upon the mentality of our

race that led subsequent generations to think of them, sometimes

to speak of them, as “innate” ideas. The observations upon which

they were based are now, for the most part, susceptible of other

interpretations; but the old interpretations have precedent and

prejudice back of them, and they represent ideas that are more

difficult than almost any others to eradicate. Always, and

everywhere, superstitions based upon unwarranted early scientific

deductions have been the most implacable foes to the progress of

science. Men have built systems of philosophy around their

conception of anthropomorphic deities; they have linked to these

systems of philosophy the allied conception of the immutability

of man´s spirit, and they have asked that scientific progress

should stop short at the brink of these systems of philosophy and

accept their dictates as final. Yet there is not to-day in
existence, and there never has been, one jot of scientific

evidence for the existence of these intangible anthropomorphic

powers back of nature that is not susceptible of scientific

challenge and of more logical interpretation. In despite of which

the superstitious beliefs are still as firmly fixed in the minds

of a large majority of our race as they were in the mind of our

prehistoric ancestor. The fact of this baleful heritage must not

be forgotten in estimating the debt of gratitude which historic

man owes to his barbaric predecessor.
<chapterheader lines=14> 14   II. EGYPTIAN SCIENCE

II. EGYPTIAN SCIENCEII.
 EG

YP
TI

AN
 SC

IE
NC

E

In the previous chapter we have purposely refrained from

In
 th

e p
re

vio
us

 ch
ap

te
r w

e h
av

e p
ur

po
se

ly 
re

fra
ine

d f
ro

m

referring to any particular tribe or race of historical man. Now,

re
fer

rin
g t

o a
ny

 pa
rti

cu
lar

 tr
ibe

 or
 ra

ce
 of

 hi
sto

ric
al 

m
an

. N
ow

,

however, we are at the beginnings of national existence, and we

ho
we

ve
r, 

we
 ar

e a
t t

he
 be

gin
nin

gs
 of

 na
tio

na
l e

xis
te

nc
e, 

an
d w

e

have to consider the accomplishments of an individual race; or

ha
ve

 to
 co

ns
ide

r t
he

 ac
co

m
pli

sh
m

en
ts 

of
 an

 in
div

idu
al 

ra
ce

; o
r

rather, perhaps, of two or more races that occupied successively

ra
th

er
, p

er
ha

ps
, o

f t
wo

 or
 m

or
e r

ac
es

 th
at

 oc
cu

pie
d s

uc
ce

ssi
ve

ly

the same geographical territory. But even now our studies must

th
e s

am
e g

eo
gr

ap
hic

al 
te

rri
to

ry
. B

ut
 ev

en
 no

w 
ou

r s
tu

die
s m

us
t

for a time remain very general; we shall see little or nothing of

fo
r a

 ti
m

e r
em

ain
 ve

ry
 ge

ne
ra

l; w
e s

ha
ll s

ee
 lit

tle
 or

 no
th

ing
 of

the deeds of individual scientists in the course of our study of

th
e d

ee
ds

 of
 in

div
idu

al 
sci

en
tis

ts 
in 

th
e c

ou
rse

 of
 ou

r s
tu

dy
 of

Egyptian culture. We are still, it must be understood, at the

Eg
yp

tia
n c

ult
ur

e. 
W

e a
re

 st
ill,

 it
 m

us
t b

e u
nd

er
sto

od
, a

t t
he

beginnings of history; indeed, we must first bridge over the gap

be
gin

nin
gs

 of
 hi

sto
ry

; in
de

ed
, w

e m
us

t f
irs

t b
rid

ge
 ov

er
 th

e g
ap

from the prehistoric before we may find ourselves fairly on the

fro
m

 th
e p

re
his

to
ric

 be
fo

re
 w

e m
ay

 fin
d o

ur
se

lve
s f

air
ly 

on
 th

e

line of march of historical science.

lin
e o

f m
ar

ch
 of

 hi
sto

ric
al 

sci
en

ce
.

At the very outset we may well ask what constitutes the

distinction between prehistoric and historic epochs —a

distinction which has been constantly implied in much that we

have said. The reply savors somewhat of vagueness. It is a

distinction having to do, not so much with facts of human

progress as with our interpretation of these facts. When we speak

of the dawn of history we must not be understood to imply that,

at the period in question, there was any sudden change in the

intellectual status of the human race or in the status of any

individual tribe or nation of men. What we mean is that modern

knowledge has penetrated the mists of the past for the period we

term historical with something more of clearness and precision

than it has been able to bring to bear upon yet earlier periods.

New accessions of knowledge may thus shift from time to time the

bounds of the so-called historical period. The clearest

illustration of this is furnished by our interpretation of

Egyptian history. Until recently the biblical records of the

Hebrew captivity or service, together with the similar account of

Josephus, furnished about all that was known of Egyptian history

even of so comparatively recent a time as that of Ramses II.

(fifteenth century B.C.), and from that period on there was

almost a complete gap until the story was taken up by the Greek

historians Herodotus and Diodorus. It is true that the king-lists

of the Alexandrian historian, Manetho, were all along accessible

in somewhat garbled copies. But at best they seemed to supply

unintelligible lists of names and dates which no one was disposed

to take seriously. That they were, broadly speaking, true

historical records, and most important historical records at

that, was not recognized by modern scholars until fresh light had

been thrown on the subject from altogether new sources.

These new sources of knowledge of ancient history demand a

moment´s consideration. They are all-important because they have

been the means of extending the historical period of Egyptian

history (using the word history in the way just explained) by

three or four thousand years. As just suggested, that historical

period carried the scholarship of the early nineteenth century

scarcely beyond the fifteenth century B.C., but to-day´s vision

extends with tolerable clearness to about the middle of the fifth

millennium B.C. This change has been brought about chiefly

through study of the Egyptian hieroglyphics. These hieroglyphics

constitute, as we now know, a highly developed system of writing;

a system that was practised for some thousands of years, but

which fell utterly into disuse in the later Roman period, and the

knowledge of which passed absolutely from the mind of man. For

about two thousand years no one was able to read, with any degree

of explicitness, a single character of this strange script, and

the idea became prevalent that it did not constitute a real

system of writing, but only a more or less barbaric system of

religious symbolism. The falsity of this view was shown early in

the nineteenth century when Dr. Thomas Young was led, through

study of the famous trilingual inscription of the Rosetta stone,

to make the first successful attempt at clearing up the mysteries

of the hieroglyphics. This is not the place to tell the story of his fascinating

discoveries and those of his successors. That story belongs to

nineteenth-century science, not to the science of the Egyptians.

Suffice it here that Young gained the first clew to a few of the

phonetic values of the Egyptian symbols, and that the work of

discovery was carried on and vastly extended by the Frenchman

Champollion, a little later, with the result that the firm

foundations of the modern science of Egyptology were laid.

Subsequently such students as Rosellini the Italian, Lepsius the

German, and Wilkinson the Englishman, entered the field, which in

due course was cultivated by De Rouge in France and Birch in

England, and by such distinguished latter-day workers as Chabas,

Mariette, Maspero, Amelineau, and De Morgan among the Frenchmen;

Professor Petrie and Dr. Budge in England; and Brugsch Pasha and

Professor Erman in Germany, not to mention a large coterie of

somewhat less familiar names. These men working, some of them in

the field of practical exploration, some as students of the

Egyptian language and writing, have restored to us a tolerably

precise knowledge of the history of Egypt from the time of the

first historical king, Mena, whose date is placed at about the

middle of the fifth century B.C. We know not merely the names of

most of the subsequent rulers, but some thing of the deeds of

many of them; and, what is vastly more important, we know, thanks

to the modern interpretation of the old literature, many things

concerning the life of the people, and in particular concerning

their highest culture, their methods of thought, and their

scientific attainments, which might well have been supposed to be

past finding out. Nor has modern investigation halted with the

time of the first kings; the recent explorations of such

archaeologists as Amelineau, De Morgan, and Petrie have brought

to light numerous remains of what is now spoken of as the

predynastic period—a period when the inhabitants of the Nile

Valley used implements of chipped stone, when their pottery was

made without the use of the potter´s wheel, and when they buried

their dead in curiously cramped attitudes without attempt at

mummification. These aboriginal inhabitants of Egypt cannot

perhaps with strict propriety be spoken of as living within the

historical period, since we cannot date their relics with any

accuracy. But they give us glimpses of the early stages of

civilization upon which the Egyptians of the dynastic period were

to advance. It is held that the nascent civilization of these Egyptians of

the Neolithic, or late Stone Age, was overthrown by the invading

hosts of a more highly civilized race which probably came from

the East, and which may have been of a Semitic stock. The

presumption is that this invading people brought with it a

knowledge of the arts of war and peace, developed or adopted in

its old home. The introduction of these arts served to bridge

somewhat suddenly, so far as Egypt is concerned, that gap between

the prehistoric and the historic stage of culture to which we

have all along referred. The essential structure of that bridge,

let it now be clearly understood, consisted of a single element.

That element is the capacity to make written records: a knowledge

of the art of writing. Clearly understood, it is this element of

knowledge that forms the line bounding the historical period.

Numberless mementos are in existence that tell of the

intellectual activities of prehistoric man; such mementos as

flint implements, pieces of pottery, and fragments of bone,

inscribed with pictures that may fairly be spoken of as works of

art; but so long as no written word accompanies these records, so

long as no name of king or scribe comes down to us, we feel that

these records belong to the domain of archaeology rather than to

that of history. Yet it must be understood all along that these

two domains shade one into the other and, it has already been

urged, that the distinction between them is one that pertains

rather to modern scholarship than to the development of

civilization itself. Bearing this distinction still in mind, and

recalling that the historical period, which is to be the field of

our observation throughout the rest of our studies, extends for

Egypt well back into the fifth millennium B.C., let us briefly

review the practical phases of that civilization to which the

Egyptian had attained before the beginning of the dynastic

period. Since theoretical science is everywhere linked with the

mechanical arts, this survey will give us a clear comprehension

of the field that lies open for the progress of science in the

long stages of historical time upon which we are just entering.

We may pass over such rudimentary advances in the direction of

civilization as are implied in the use of articulate language,

the application of fire to the uses of man, and the systematic

making of dwellings of one sort or another, since all of these

are stages of progress that were reached very early in the

prehistoric period. What more directly concerns us is to note

that a really high stage of mechanical development had been

reached before the dawnings of Egyptian history proper. All

manner of household utensils were employed; the potter´s wheel

aided in the construction of a great variety of earthen vessels;

weaving had become a fine art, and weapons of bronze, including

axes, spears, knives, and arrow-heads, were in constant use.

Animals had long been domesticated, in particular the dog, the

cat, and the ox; the horse was introduced later from the East.

The practical arts of agriculture were practised almost as they

are at the present day in Egypt, there being, of course, the same

dependence then as now upon the inundations of the Nile.

As to government, the Egyptian of the first dynasty regarded his

king as a demi-god to be actually deified after his death, and

this point of view was not changed throughout the stages of later

Egyptian history. In point of art, marvellous advances upon the

skill of the prehistoric man had been made, probably in part

under Asiatic influences, and that unique style of stilted yet

expressive drawing had come into vogue, which was to be

remembered in after times as typically Egyptian. More important

than all else, our Egyptian of the earliest historical period was

in possession of the art of writing. He had begun to make those

specific records which were impossible to the man of the Stone

Age, and thus he had entered fully upon the way of historical

progress which, as already pointed out, has its very foundation

in written records. From now on the deeds of individual kings

could find specific record. It began to be possible to fix the

chronology of remote events with some accuracy; and with this

same fixing of chronologies came the advent of true history. The

period which precedes what is usually spoken of as the first

dynasty in Egypt is one into which the present-day searcher is

still able to see but darkly. The evidence seems to suggest than

an invasion of relatively cultured people from the East

overthrew, and in time supplanted, the Neolithic civilization of

the Nile Valley. It is impossible to date this invasion

accurately, but it cannot well have been later than the year 5000

500   B.C., and it may have been a great many centuries earlier than

this. Be the exact dates what they may, we find the Egyptian of

the fifth millennium B.C. in full possession of a highly

organized civilization. All subsequent ages have marvelled at the pyramids, some of which

date from about the year 4000 B.C., though we may note in passing

4000   that these dates must not be taken too literally. The chronology

of ancient Egypt cannot as yet be fixed with exact accuracy, but

the disagreements between the various students of the subject

need give us little concern. For our present purpose it does not

in the least matter whether the pyramids were built three

thousand or four thousand years before the beginning of our era.

It suffices that they date back to a period long antecedent to

the beginnings of civilization in Western Europe. They prove that

the Egyptian of that early day had attained a knowledge of

practical mechanics which, even from the twentieth-century point

of view, is not to be spoken of lightly. It has sometimes been

suggested that these mighty pyramids, built as they are of great

blocks of stone, speak for an almost miraculous knowledge on the

part of their builders; but a saner view of the conditions gives

no warrant for this thought. Diodoras, the Sicilian, in his

famous World´s History, written about the beginning of our era,

explains the building of the pyramids by suggesting that great

quantities of earth were piled against the side of the rising

structure to form an inclined plane up which the blocks of stone

were dragged. He gives us certain figures, based, doubtless, on

reports made to him by Egyptian priests, who in turn drew upon

the traditions of their country, perhaps even upon written

records no longer preserved. He says that one hundred and twenty

thousand men were employed in the construction of the largest

pyramid, and that, notwithstanding the size of this host of

workers, the task occupied twenty years. We must not place too

much dependence upon such figures as these, for the ancient

historians are notoriously given to exaggeration in recording

numbers; yet we need not doubt that the report given by Diodorus

is substantially accurate in its main outlines as to the method

through which the pyramids were constructed. A host of men

putting their added weight and strength to the task, with the aid

of ropes, pulleys, rollers, and levers, and utilizing the

principle of the inclined plane, could undoubtedly move and

elevate and place in position the largest blocks that enter into

the pyramids or—what seems even more wonderful—the most

gigantic obelisks, without the aid of any other kind of mechanism

or of any more occult power. The same hands could, as Diodorus

suggests, remove all trace of the debris of construction and

leave the pyramids and obelisks standing in weird isolation, as

if sprung into being through a miracle.
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It has been necessary to bear in mind these phases of practical

civilization because much that we know of the purely scientific

attainments of the Egyptians is based upon modern observation of

their pyramids and temples. It was early observed, for example,

that the pyramids are obviously oriented as regards the direction

in which they face, in strict accordance with some astronomical

principle. Early in the nineteenth century the Frenchman Biot

made interesting studies in regard to this subject, and a hundred

years later, in our own time, Sir Joseph Norman Lockyer,

following up the work of various intermediary observers, has

given the subject much attention, making it the central theme of

his work on The Dawn of Astronomy.[1] Lockyer´s researches make

it clear that in the main the temples of Egypt were oriented with

reference to the point at which the sun rises on the day of the

summer solstice. The time of the solstice had peculiar interest

for the Egyptians, because it corresponded rather closely with

the time of the rising of the Nile. The floods of that river

appear with very great regularity; the on-rushing tide reaches

the region of Heliopolis and Memphis almost precisely on the day

of the summer solstice. The time varies at different stages of

the river´s course, but as the civilization of the early

dynasties centred at Memphis, observations made at this place had

widest vogue. Considering the all-essential character of the Nile

floods-without which civilization would be impossible in

Egypt—it is not strange that the time of their appearance should

be taken as marking the beginning of a new year. The fact that

their coming coincides with the solstice makes such a division of

the calendar perfectly natural. In point of fact, from the

earliest periods of which records have come down to us, the new

year of the Egyptians dates from the summer solstice. It is

certain that from the earliest historical periods the Egyptians

were aware of the approximate length of the year. It would be

strange were it otherwise, considering the ease with which a

record of days could be kept from Nile flood to Nile flood, or

from solstice to solstice. But this, of course, applies only to

an approximate count. There is some reason to believe that in the

earliest period the Egyptians made this count only 360 days. The

360   fact that their year was divided into twelve months of thirty

days each lends color to this belief; but, in any event, the

mistake was discovered in due time and a partial remedy was

applied through the interpolation of a “little month” of five

days between the end of the twelfth month and the new year. This

nearly but not quite remedied the matter. What it obviously

failed to do was to take account of that additional quarter of a

day which really rounds out the actual year.

It would have been a vastly convenient thing for humanity had it

chanced that the earth had so accommodated its rotary motion with

its speed of transit about the sun as to make its annual flight

in precisely 360 days. Twelve lunar months of thirty days each

360   would then have coincided exactly with the solar year, and most

of the complexities of the calendar, which have so puzzled

historical students, would have been avoided; but, on the other

hand, perhaps this very simplicity would have proved detrimental

to astronomical science by preventing men from searching the

heavens as carefully as they have done. Be that as it may, the

complexity exists. The actual year of three hundred and

sixty-five and (about) one-quarter days cannot be divided evenly

into months, and some such expedient as the intercalation of days

here and there is essential, else the calendar will become

absolutely out of harmony with the seasons.

In the case of the Egyptians, the attempt at adjustment was made,

as just noted, by the introduction of the five days, constituting

what the Egyptians themselves termed “the five days over and

above the year.“ These so-called epagomenal days were undoubtedly

introduced at a very early period. Maspero holds that they were

in use before the first Thinite dynasty, citing in evidence the

fact that the legend of Osiris explains these days as having been

created by the god Thot in order to permit Nuit to give birth to

all her children; this expedient being necessary to overcome a

ban which had been pronounced against Nuit, according to which

she could not give birth to children on any day of the year. But,

of course, the five additional days do not suffice fully to

rectify the calendar. There remains the additional quarter of a

day to be accounted for. This, of course, amounts to a full day

every fourth year. We shall see that later Alexandrian science

hit upon the expedient of adding a day to every fourth year; an

expedient which the Julian calendar adopted and which still gives

us our familiar leap-year. But, unfortunately, the ancient

Egyptian failed to recognize the need of this additional day, or

if he did recognize it he failed to act on his knowledge, and so

it happened that, starting somewhere back in the remote past with

a new year´s day that coincided with the inundation of the Nile,

there was a constantly shifting maladjustment of calendar and

seasons as time went on.
The Egyptian seasons, it should be explained, were three in

number: the season of the inundation, the season of the

seed-time, and the season of the harvest; each season being, of

course, four months in extent. Originally, as just mentioned, the

season of the inundations began and coincided with the actual

time of inundation. The more precise fixing of new year´s day was

accomplished through observation of the time of the so-called

heliacal rising of the dog-star, Sirius, which bore the Egyptian

name Sothis. It chances that, as viewed from about the region of

Heliopolis, the sun at the time of the summer solstice occupies

an apparent position in the heavens close to the dog-star. Now,

as is well known, the Egyptians, seeing divinity back of almost

every phenomenon of nature, very naturally paid particular

reverence to so obviously influential a personage as the sun-god.

In particular they thought it fitting to do homage to him just as

he was starting out on his tour of Egypt in the morning; and that

they might know the precise moment of his coming, the Egyptian

astronomer priests, perched on the hill-tops near their temples,

were wont to scan the eastern horizon with reference to some star

which had been observed to precede the solar luminary. Of course

the precession of the equinoxes, due to that axial wobble in

which our clumsy earth indulges, would change the apparent

position of the fixed stars in reference to the sun, so that the

same star could not do service as heliacal messenger

indefinitely; but, on the other hand, these changes are so slow

that observations by many generations of astronomers would be

required to detect the shifting. It is believed by Lockyer,

though the evidence is not quite demonstrative, that the

astronomical observations of the Egyptians date back to a period

when Sothis, the dog-star, was not in close association with the

sun on the morning of the summer solstice. Yet, according to the

calculations of Biot, the heliacal rising of Sothis at the

solstice was noted as early as the year 3285 B.C., and it is

3285   certain that this star continued throughout subsequent centuries

to keep this position of peculiar prestige. Hence it was that

Sothis came to be associated with Isis, one of the most important

divinities of Egypt, and that the day in which Sothis was first

visible in the morning sky marked the beginning of the new year;

that day coinciding, as already noted, with the summer solstice

and with the beginning of the Nile flow.

But now for the difficulties introduced by that unreckoned

quarter of a day. Obviously with a calendar of 365 days only, at

365   the end of four years, the calendar year, or vague year, as the

Egyptians came to call it, had gained by one full day upon the

actual solar year— that is to say, the heliacal rising of

Sothis, the dog- star, would not occur on new year´s day of the

faulty calendar, but a day later. And with each succeeding period

of four years the day of heliacal rising, which marked the true

beginning of the year—and which still, of course, coincided with

the inundation—would have fallen another day behind the

calendar. In the course of 120 years an entire month would be

120   lost; and in 480 years so great would become the shifting that

480   the seasons would be altogether misplaced; the actual time of

inundations corresponding with what the calendar registered as

the seed-time, and the actual seed-time in turn corresponding

with the harvest-time of the calendar.
At first thought this seems very awkward and confusing, but in

all probability the effects were by no means so much so in actual

practice. We need go no farther than to our own experience to

know that the names of seasons, as of months and days, come to

have in the minds of most of us a purely conventional

significance. Few of us stop to give a thought to the meaning of

the words January, February, etc., except as they connote certain

climatic conditions. If, then, our own calendar were so defective

that in the course of 120 years the month of February had shifted

120   back to occupy the position of the original January, the change

would have been so gradual, covering the period of two life-times

or of four or five average generations, that it might well escape

general observation.
Each succeeding generation of Egyptians, then, may not improbably

have associated the names of the seasons with the contemporary

climatic conditions, troubling themselves little with the thought

that in an earlier age the climatic conditions for each period of

the calendar were quite different. We cannot well suppose,

however, that the astronomer priests were oblivious to the true

state of things. Upon them devolved the duty of predicting the

time of the Nile flood; a duty they were enabled to perform

without difficulty through observation of the rising of the

solstitial sun and its Sothic messenger. To these observers it

must finally have been apparent that the shifting of the seasons

was at the rate of one day in four years; this known, it required

no great mathematical skill to compute that this shifting would

finally effect a complete circuit of the calendar, so that after

(4 X 365 =) 1460 years the first day of the calendar year would

365   1460   again coincide with the heliacal rising of Sothis and with the

coming of the Nile flood. In other words, 1461 vague years or

1461   Egyptian calendar years Of 365 days each correspond to 1460

365   146   actual solar years of 365 1/4 days each. This period, measured

365   thus by the heliacal rising of Sothis, is spoken of as the Sothic

cycle. To us who are trained from childhood to understand that the year

consists of (approximately) 365 1/4 days, and to know that the

365   calendar may be regulated approximately by the introduction of an

extra day every fourth year, this recognition of the Sothic cycle

seems simple enough. Yet if the average man of us will reflect

how little he knows, of his own knowledge, of the exact length of

the year, it will soon become evident that the appreciation of

the faults of the calendar and the knowledge of its periodical

adjustment constituted a relatively high development of

scientific knowledge on the part of the Egyptian astronomer. It

may be added that various efforts to reform the calendar were

made by the ancient Egyptians, but that they cannot be credited

with a satisfactory solution of the problem; for, of course, the

Alexandrian scientists of the Ptolemaic period (whose work we

shall have occasion to review presently) were not Egyptians in

any proper sense of the word, but Greeks.

Since so much of the time of the astronomer priests was devoted

to observation of the heavenly bodies, it is not surprising that

they should have mapped out the apparent course of the moon and

the visible planets in their nightly tour of the heavens, and

that they should have divided the stars of the firmament into

more or less arbitrary groups or constellations. That they did so

is evidenced by various sculptured representations of

constellations corresponding to signs of the zodiac which still

ornament the ceilings of various ancient temples. Unfortunately

the decorative sense, which was always predominant with the

Egyptian sculptor, led him to take various liberties with the

distribution of figures in these representations of the

constellations, so that the inferences drawn from them as to the

exact map of the heavens as the Egyptians conceived it cannot be

fully relied upon. It appears, however, that the Egyptian

astronomer divided the zodiac into twenty-four decani, or

constellations. The arbitrary groupings of figures, with the aid

of which these are delineated, bear a close resemblance to the

equally arbitrary outlines which we are still accustomed to use

for the same purpose.
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In viewing this astronomical system of the Egyptians one cannot

avoid the question as to just what interpretation was placed upon

it as regards the actual mechanical structure of the universe. A

proximal answer to the question is supplied us with a good deal

of clearness. It appears that the Egyptian conceived the sky as a

sort of tangible or material roof placed above the world, and

supported at each of its four corners by a column or pillar,

which was later on conceived as a great mountain. The earth

itself was conceived to be a rectangular box, longer from north

to south than from east to west; the upper surface of this box,

upon which man lived, being slightly concave and having, of

course, the valley of the Nile as its centre. The pillars of

support were situated at the points of the compass; the northern

one being located beyond the Mediterranean Sea; the southern one

away beyond the habitable regions towards the source of the Nile,

and the eastern and western ones in equally inaccessible regions.

Circling about the southern side of the, world was a great river

suspended in mid-air on something comparable to mountain cliffs;

on which river the sun-god made his daily course in a boat,

fighting day by day his ever-recurring battle against Set, the

demon of darkness. The wide channel of this river enabled the

sun-god to alter his course from time to time, as he is observed

to do; in winter directing his bark towards the farther bank of

the channel; in summer gliding close to the nearer bank. As to

the stars, they were similar lights, suspended from the vault of

the heaven; but just how their observed motion of translation

across the heavens was explained is not apparent. It is more than

probable that no one explanation was, universally accepted.

In explaining the origin of this mechanism of the heavens, the

Egyptian imagination ran riot. Each separate part of Egypt had

its own hierarchy of gods, and more or less its own explanations

of cosmogony. There does not appear to have been any one central

story of creation that found universal acceptance, any more than

there was one specific deity everywhere recognized as supreme

among the gods. Perhaps the most interesting of the cosmogonic

myths was that which conceived that Nuit, the goddess of night,

had been torn from the arms of her husband, Sibu the earth-god,

and elevated to the sky despite her protests and her husband´s

struggles, there to remain supported by her four limbs, which

became metamorphosed into the pillars, or mountains, already

mentioned. The forcible elevation of Nuit had been effected on

the day of creation by a new god, Shu, who came forth from the

primeval waters. A painting on the mummy case of one Betuhamon,

now in the Turin Museum, illustrates, in the graphic manner so

characteristic of the Egyptians, this act of creation. As

Maspero[2] points out, the struggle of Sibu resulted in

contorted attitudes to which the irregularities of the earth´s

surface are to be ascribed.
In contemplating such a scheme of celestial mechanics as that

just outlined, one cannot avoid raising the question as to just

the degree of literalness which the Egyptians themselves put upon

it. We know how essentially eye-minded the Egyptian was, to use a

modern psychological phrase—that is to say, how essential to him

it seemed that all his conceptions should be visualized. The

evidences of this are everywhere: all his gods were made

tangible; he believed in the immortality of the soul, yet he

could not conceive of such immortality except in association with

an immortal body; he must mummify the body of the dead, else, as

he firmly believed, the dissolution of the spirit would take

place along with the dissolution of the body itself. His world

was peopled everywhere with spirits, but they were spirits

associated always with corporeal bodies; his gods found lodgment

in sun and moon and stars; in earth and water; in the bodies of

reptiles and birds and mammals. He worshipped all of these

things: the sun, the moon, water, earth, the spirit of the Nile,

the ibis, the cat, the ram, and apis the bull; but, so far as we

can judge, his imagination did not reach to the idea of an

absolutely incorporeal deity. Similarly his conception of the

mechanism of the heavens must be a tangibly mechanical one. He

must think of the starry firmament as a substantial entity which

could not defy the law of gravitation, and which, therefore, must

have the same manner of support as is required by the roof of a

house or temple. We know that this idea of the materiality of the

firmament found elaborate expression in those later cosmological

guesses which were to dominate the thought of Europe until the

time of Newton. We need not doubt, therefore, that for the

Egyptian this solid vault of the heavens had a very real

existence. If now and then some dreamer conceived the great

bodies of the firmament as floating in a less material

plenum—and such iconoclastic dreamers there are in all ages—no

record of his musings has come down to us, and we must freely

admit that if such thoughts existed they were alien to the

character of the Egyptian mind as a whole.

While the Egyptians conceived the heavenly bodies as the

abiding-place of various of their deities, it does not appear

that they practised astrology in the later acceptance of that

word. This is the more remarkable since the conception of lucky

and unlucky days was carried by the Egyptians to the extremes of

absurdity. “One day was lucky or unlucky,“ says Erman,[3]

“according as a good or bad mythological incident took place on

that day. For instance, the 1st of Mechir, on which day the sky

was raised, and the 27th of Athyr, when Horus and, Set concluded

27   peace together and divided the world between them, were lucky

days; on the other hand, the 14th of Tybi, on which Isis and

14   Nephthys mourned for Osiris, was an unlucky day. With the unlucky

days, which, fortunately, were less in number than the lucky

days, they distinguished different degrees of ill-luck. Some were

very unlucky, others only threatened ill-luck, and many, like the

17th and the 27th Choiakh, were partly good and partly bad

17   27   according to the time of day. Lucky days might, as a rule, be

disregarded. At most it might be as well to visit some specially

renowned temple, or to ‘celebrate a joyful day at home,´ but no

particular precautions were really necessary; and, above all, it

was said, ‘what thou also seest on the day is lucky.´ It was

quite otherwise with the unlucky and dangerous days, which

imposed so many and such great limitations on people that those

who wished to be prudent were always obliged to bear them in mind

when determining on any course of action. Certain conditions were

easy to carry out. Music and singing were to be avoided on the

14th Tybi, the day of the mourning of Osiris, and no one was

14   allowed to wash on the 16th Tybi; whilst the name of Set might

16   not be pronounced on the 24th of Pharmuthi. Fish was forbidden on

24   certain days; and what was still more difficult in a country so

rich in mice, on the 12th of Tybi no mouse might be seen. The

12   most tiresome prohibitions, however, were those which occurred

not infrequently, namely, those concerning work and going out:

for instance, four times in Paophi the people had to ‘do nothing

at all,´ and five times to sit the whole day or half the day in

the house; and the same rule had to be observed each month. It

was impossible to rejoice if a child was born on the 23d of

23   Thoth; the parents knew it could not live. Those born on the 20th

20   of Choiakh would become blind, and those born on the 3d of

Choiakh, deaf.“ CHARMS AND INCANTATIONS
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Where such conceptions as these pertained, it goes without saying

that charms and incantations intended to break the spell of the

unlucky omens were equally prevalent. Such incantations consisted

usually of the recitation of certain phrases based originally, it

would appear, upon incidents in the history of the gods. The

words which the god had spoken in connection with some lucky

incident would, it was thought, prove effective now in bringing

good luck to the human supplicant—that is to say, the magician

hoped through repeating the words of the god to exercise the

magic power of the god. It was even possible, with the aid of the

magical observances, partly to balk fate itself. Thus the person

predestined through birth on an unlucky day to die of a serpent

bite might postpone the time of this fateful visitation to

extreme old age. The like uncertainty attached to those spells

which one person was supposed to be able to exercise over

another. It was held, for example, that if something belonging to

an individual, such as a lock of hair or a paring of the nails,

could be secured and incorporated in a waxen figure, this figure

would be intimately associated with the personality of that

individual. An enemy might thus secure occult power over one; any

indignity practised upon the waxen figure would result in like

injury to its human prototype. If the figure were bruised or

beaten, some accident would overtake its double; if the image

were placed over a fire, the human being would fall into a fever,

and so on. But, of course, such mysterious evils as these would

be met and combated by equally mysterious processes; and so it

was that the entire art of medicine was closely linked with

magical practices. It was not, indeed, held, according to

Maspero, that the magical spells of enemies were the sole sources

of human ailments, but one could never be sure to what extent

such spells entered into the affliction; and so closely were the

human activities associated in the mind of the Egyptian with one

form or another of occult influences that purely physical

conditions were at a discount. In the later times, at any rate,

the physician was usually a priest, and there was a close

association between the material and spiritual phases of

therapeutics. Erman[4] tells us that the following formula had to

be recited at the preparation of all medicaments: “That Isis

might make free, make free. That Isis might make Horus free from

all evil that his brother Set had done to him when he slew his

father, Osiris. O Isis, great enchantress, free me, release me

from all evil red things, from the fever of the god, and the

fever of the goddess, from death and death from pain, and the

pain which comes over me; as thou hast freed, as thou hast

released thy son Horus, whilst I enter into the fire and come

forth from the water,“ etc. Again, when the invalid took the

medicine, an incantation had to be said which began thus: “Come

remedy, come drive it out of my heart, out of these limbs strong

in magic power with the remedy.“ He adds: ”There may have been a

few rationalists amongst the Egyptian doctors, for the number of

magic formulae varies much in the different books. The book that

we have specially taken for a foundation for this account of

Egyptian medicine— the great papyrus of the eighteenth dynasty

edited by Ebers[5]—contains, for instance, far fewer exorcisms

than some later writings with similar contents, probably because

the doctor who compiled this book of recipes from older sources

had very little liking for magic.“
It must be understood, however—indeed, what has just been said

implies as much—that the physician by no means relied upon

incantations alone; on the contrary, he equipped himself with an

astonishing variety of medicaments. He had a particular fondness

for what the modern physician speaks of as a “shot-gun”

prescription—one containing a great variety of ingredients. Not

only did herbs of many kinds enter into this, but such substances

as lizard´s blood, the teeth of swine, putrid meat, the moisture

from pigs´ ears, boiled horn, and numerous other even more

repellent ingredients. Whoever is familiar with the formulae

employed by European physicians even so recently as the

eighteenth century will note a striking similarity here. Erman

points out that the modern Egyptian even of this day holds

closely to many of the practices of his remote ancestor. In

particular, the efficacy of the beetle as a medicinal agent has

stood the test of ages of practice. “Against all kinds of

witchcraft,“ says an ancient formula, ”a great scarabaeus beetle;

cut off his head and wings, boil him; put him in oil and lay him

out; then cook his head and wings, put them in snake fat, boil,

and let the patient drink the mixture.“ The modern Egyptian, says

Erman, uses almost precisely the same recipe, except that the

snake fat is replaced by modern oil.

In evidence of the importance which was attached to practical

medicine in the Egypt of an early day, the names of several

physicians have come down to us from an age which has preserved

very few names indeed, save those of kings. In reference to this

Erman says[6]: “We still know the names of some of the early body

physicians of this time; Sechmetna´eonch, ‘chief physician of the

Pharaoh,´ and Nesmenan his chief, the ‘superintendent of the

physicians of the Pharaoh.´ The priests also of the

lioness-headed goddess Sechmet seem to have been famed for their

medical wisdom, whilst the son of this goddess, the demi-god

Imhotep, was in later times considered to be the creator of

medical knowledge. These ancient doctors of the New Empire do not

seem to have improved upon the older conceptions about the

construction of the human body.“

As to the actual scientific attainments of the Egyptian

physician, it is difficult to speak with precision. Despite the

cumbersome formulae and the grotesque incantations, we need not

doubt that a certain practical value attended his therapeutics.

He practised almost pure empiricism, however, and certainly it

must have been almost impossible to determine which ones, if any,

of the numerous ingredients of the prescription had real

efficacy. The practical anatomical knowledge of the physician, there is

every reason to believe, was extremely limited. At first thought

it might seem that the practice of embalming would have led to

the custom of dissecting human bodies, and that the Egyptians, as

a result of this, would have excelled in the knowledge of

anatomy. But the actual results were rather the reverse of this.

Embalming the dead, it must be recalled, was a purely religious

observance. It took place under the superintendence of the

priests, but so great was the reverence for the human body that

the priests themselves were not permitted to make the abdominal

incision which was a necessary preliminary of the process. This

incision, as we are informed by both Herodotus[7] and

Diodorus[8], was made by a special officer, whose status, if we

may believe the explicit statement of Diodorus, was quite

comparable to that of the modern hangman. The paraschistas, as he

was called, having performed his necessary but obnoxious

function, with the aid of a sharp Ethiopian stone, retired

hastily, leaving the remaining processes to the priests. These,

however, confined their observations to the abdominal viscera;

under no consideration did they make other incisions in the body.

It follows, therefore, that their opportunity for anatomical

observations was most limited.

Since even the necessary mutilation inflicted on the corpse was

regarded with such horror, it follows that anything in the way of

dissection for a less sacred purpose was absolutely prohibited.

Probably the same prohibition extended to a large number of

animals, since most of these were held sacred in one part of

Egypt or another. Moreover, there is nothing in what we know of

the Egyptian mind to suggest the probability that any Egyptian

physician would make extensive anatomical observations for the

love of pure knowledge. All Egyptian science is eminently

practical. If we think of the Egyptian as mysterious, it is

because of the superstitious observances that we everywhere

associate with his daily acts; but these, as we have already

tried to make clear, were really based on scientific observations

of a kind, and the attempt at true inferences from these

observations. But whether or not the Egyptian physician desired

anatomical knowledge, the results of his inquiries were certainly

most meagre. The essentials of his system had to do with a series

of vessels, alleged to be twenty-two or twenty-four in number,

which penetrated the head and were distributed in pairs to the

various members of the body, and which were vaguely thought of as

carriers of water, air, excretory fluids, etc. Yet back of this

vagueness, as must not be overlooked, there was an all-essential

recognition of the heart as the central vascular organ. The heart

is called the beginning of all the members. Its vessels, we are

told, “lead to all the members; whether the doctor lays his

finger on the forehead, on the back of the head, on the hands, on

the place of the stomach (?), on the arms, or on the feet,

everywhere he meets with the heart, because its vessels lead to

all the members.“[9] This recognition of the pulse must be

credited to the Egyptian physician as a piece of practical

knowledge, in some measure off-setting the vagueness of his

anatomical theories.
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But, indeed, practical knowledge was, as has been said over and

over, the essential characteristic of Egyptian science. Yet

another illustration of this is furnished us if we turn to the

more abstract departments of thought and inquire what were the

Egyptian attempts in such a field as mathematics. The answer does

not tend greatly to increase our admiration for the Egyptian

mind. We are led to see, indeed, that the Egyptian merchant was

able to perform all the computations necessary to his craft, but

we are forced to conclude that the knowledge of numbers scarcely

extended beyond this, and that even here the methods of reckoning

were tedious and cumbersome. Our knowledge of the subject rests

largely upon the so- called papyrus Rhind,[10] which is a sort of

10   mythological hand-book of the ancient Egyptians. Analyzing this

document, Professor Erman concludes that the knowledge of the

Egyptians was adequate to all practical requirements. Their

mathematics taught them “how in the exchange of bread for beer

the respective value was to be determined when converted into a

quantity of corn; how to reckon the size of a field; how to

determine how a given quantity of corn would go into a granary of

a certain size,“ and like every-day problems. Yet they were

obliged to make some of their simple computations in a very

roundabout way. It would appear, for example, that their mental

arithmetic did not enable them to multiply by a number larger

than two, and that they did not reach a clear conception of

complex fractional numbers. They did, indeed, recognize that each

part of an object divided into 10 pieces became 1/10 of that

10   10   object; they even grasped the idea of 2/3 this being a conception

easily visualized; but they apparently did not visualize such a

conception as 3/10 except in the crude form of 1/10 plus 1/10

10   10   plus 1/10. Their entire idea of division seems defective. They

10   viewed the subject from the more elementary stand-point of

multiplication. Thus, in order to find out how many times 7 is

contained in 77, an existing example shows that the numbers

77   representing 1 times 7, 2 times 7, 4 times 7, 8 times 7 were set

down successively and various experimental additions made to find

out which sets of these numbers aggregated 77.

77     —1 7   —2 14   —4 28   —8 56 A line before the first, second, and fourth of these numbers

indicated that it is necessary to multiply 7 by 1 plus 2 plus

8—that is, by 11, in order to obtain 77; that is to say, 7 goes

11   77   11 times in 77. All this seems very cumbersome indeed, yet we

11   77   must not overlook the fact that the process which goes on in our

own minds in performing such a problem as this is precisely

similar, except that we have learned to slur over certain of the

intermediate steps with the aid of a memorized multiplication

table. In the last analysis, division is only the obverse side of

multiplication, and any one who has not learned his

multiplication table is reduced to some such expedient as that of

the Egyptian. Indeed, whenever we pass beyond the range of our

memorized multiplication table-which for most of us ends with the

twelves—the experimental character of the trial multiplication

through which division is finally effected does not so greatly

differ from the experimental efforts which the Egyptian was

obliged to apply to smaller numbers.

Despite his defective comprehension of fractions, the Egyptian

was able to work out problems of relative complexity; for

example, he could determine the answer of such a problem as this:

a number together with its fifth part makes 21; what is the

21   number? The process by which the Egyptian solved this problem

seems very cumbersome to any one for whom a rudimentary knowledge

of algebra makes it simple, yet the method which we employ

differs only in that we are enabled, thanks to our hypothetical

x, to make a short cut, and the essential fact must not be

overlooked that the Egyptian reached a correct solution of the

problem. With all due desire to give credit, however, the fact

remains that the Egyptian was but a crude mathematician. Here, as

elsewhere, it is impossible to admire him for any high

development of theoretical science. First, last, and all the

time, he was practical, and there is nothing to show that the

thought of science for its own sake, for the mere love of

knowing, ever entered his head.

In general, then, we must admit that the Egyptian had not

progressed far in the hard way of abstract thinking. He

worshipped everything about him because he feared the result of

failing to do so. He embalmed the dead lest the spirit of the

neglected one might come to torment him. Eye-minded as he was, he

came to have an artistic sense, to love decorative effects. But

he let these always take precedence over his sense of truth; as,

for example, when he modified his lists of kings at Abydos to fit

the space which the architect had left to be filled; he had no

historical sense to show to him that truth should take precedence

over mere decoration. And everywhere he lived in the same

happy-go-lucky way. He loved personal ease, the pleasures of the

table, the luxuries of life, games, recreations, festivals. He

took no heed for the morrow, except as the morrow might minister

to his personal needs. Essentially a sensual being, he scarcely

conceived the meaning of the intellectual life in the modern

sense of the term. He had perforce learned some things about

astronomy, because these were necessary to his worship of the

gods; about practical medicine, because this ministered to his

material needs; about practical arithmetic, because this aided

him in every-day affairs. The bare rudiments of an historical

science may be said to be crudely outlined in his defective lists

of kings. But beyond this he did not go. Science as science, and

for its own sake, was unknown to him. He had gods for all

material functions, and festivals in honor of every god; but

there was no goddess of mere wisdom in his pantheon. The

conception of Minerva was reserved for the creative genius of

another people.
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The great capital of the Babylonians during the later period of

their history was the famed city of Babylon itself; the most

famous capital of the Assyrians was Nineveh, that city to which,

as every Bible- student will recall, the prophet Jonah was

journeying when he had a much-exploited experience, the record of

which forms no part of scientific annals. It was the kings of

Assyria, issuing from their palaces in Nineveh, who dominated the

civilization of Western Asia during the heyday of Hebrew history,

and whose deeds are so frequently mentioned in the Hebrew

chronicles. Later on, in the year 606 B.C., Nineveh was

606   overthrown by the Medes[1] and Babylonians. The famous city was

completely destroyed, never to be rebuilt. Babylon, however,

though conquered subsequently by Cyrus and held in subjection by

Darius,[2] the Persian kings, continued to hold sway as a great

world-capital for some centuries. The last great historical event

that occurred within its walls was the death of Alexander the

Great, which took place there in the year 322 B.C.

322   In the time of Herodotus the fame of Babylon was at its height,

and the father of history has left us a most entertaining account

of what he saw when he visited the wonderful capital.

Unfortunately, Herodotus was not a scholar in the proper

acceptance of the term. He probably had no inkling of the

Babylonian language, so the voluminous records of its literature

were entirely shut off from his observation. He therefore

enlightens us but little regarding the science of the

Babylonians, though his observations on their practical

civilization give us incidental references of no small

importance. Somewhat more detailed references to the scientific

attainments of the Babylonians are found in the fragments that

have come down to us of the writings of the great Babylonian

historian, Berosus,[3] who was born in Babylon about 330 B.C.,

330   and who was, therefore, a contemporary of Alexander the Great.

But the writings of Berosus also, or at least such parts of them

as have come down to us, leave very much to be desired in point

of explicitness. They give some glimpses of Babylonian history,

and they detail at some length the strange mythical tales of

creation that entered into the Babylonian conception of

cosmogony—details which find their counterpart in the allied

recitals of the Hebrews. But taken all in all, the glimpses of

the actual state of Chaldean[4] learning, as it was commonly

called, amounted to scarcely more than vague wonder-tales. No one

really knew just what interpretation to put upon these tales

until the explorers of the nineteenth century had excavated the

ruins of the Babylonian and Assyrian cities, bringing to light

the relics of their wonderful civilization. But these relics

fortunately included vast numbers of written documents, inscribed

on tablets, prisms, and cylinders of terra-cotta. When

nineteenth-century scholarship had penetrated the mysteries of

the strange script, and ferreted out the secrets of an unknown

tongue, the world at last was in possession of authentic records

by which the traditions regarding the Babylonians and Assyrians

could be tested. Thanks to these materials, a new science

commonly spoken of as Assyriology came into being, and a most

important chapter of human history was brought to light. It

became apparent that the Greek ideas concerning Mesopotamia,

though vague in the extreme, were founded on fact. No one any

longer questions that the Mesopotamian civilization was fully on

a par with that of Egypt; indeed, it is rather held that

superiority lay with the Asiatics. Certainly, in point of purely

scientific attainments, the Babylonians passed somewhat beyond

their Egyptian competitors. All the evidence seems to suggest

also that the Babylonian civilization was even more ancient than

that of Egypt. The precise dates are here in dispute; nor for our

present purpose need they greatly concern us. But the

Assyrio-Babylonian records have much greater historical accuracy

as regards matters of chronology than have the Egyptian, and it

is believed that our knowledge of the early Babylonian history is

carried back, with some certainty, to King Sargon of Agade,[5]

for whom the date 3800 B.C. is generally accepted; while somewhat

3800   vaguer records give us glimpses of periods as remote as the

sixth, perhaps even the seventh or eighth millenniums before our

era. At a very early period Babylon itself was not a capital and

Nineveh had not come into existence. The important cities, such

as Nippur and Shirpurla, were situated farther to the south. It

is on the site of these cities that the recent excavations have

been made, such as those of the University of Pennsylvania

expeditions at Nippur,[6] which are giving us glimpses into

remoter recesses of the historical period.

Even if we disregard the more problematical early dates, we are

still concerned with the records of a civilization extending

unbroken throughout a period of about four thousand years; the

actual period is in all probability twice or thrice that.

Naturally enough, the current of history is not an unbroken

stream throughout this long epoch. It appears that at least two

utterly different ethnic elements are involved. A preponderance

of evidence seems to show that the earliest civilized inhabitants

of Mesopotamia were not Semitic, but an alien race, which is now

commonly spoken of as Sumerian. This people, of whom we catch

glimpses chiefly through the records of its successors, appears

to have been subjugated or overthrown by Semitic invaders, who,

coming perhaps from Arabia (their origin is in dispute), took

possession of the region of the Tigris and Euphrates, learned

from the Sumerians many of the useful arts, and, partly perhaps

because of their mixed lineage, were enabled to develop the most

wonderful civilization of antiquity. Could we analyze the details

of this civilization from its earliest to its latest period we

should of course find the same changes which always attend racial

progress and decay. We should then be able, no doubt, to speak of

certain golden epochs and their periods of decline. To a certain

meagre extent we are able to do this now. We know, for example,

that King Khammurabi, who lived about 2200 B.C., was a great

2200   law-giver, the ancient prototype of Justinian; and the epochs of

such Assyrian kings as Sargon II., Asshurnazirpal, Sennacherib,

and Asshurbanapal stand out with much distinctness. Yet, as a

whole, the record does not enable us to trace with clearness the

progress of scientific thought. At best we can gain fewer

glimpses in this direction than in almost any other, for it is

the record of war and conquest rather than of the peaceful arts

that commanded the attention of the ancient scribe. So in dealing

with the scientific achievements of these peoples, we shall

perforce consider their varied civilizations as a unity, and

attempt, as best we may, to summarize their achievements as a

whole. For the most part, we shall not attempt to discriminate as

to what share in the final product was due to Sumerian, what to

Babylonian, and what to Assyrian. We shall speak of Babylonian

science as including all these elements; and drawing our

information chiefly from the relatively late Assyrian and

Babylonian sources, which, therefore, represent the culminating

achievements of all these ages of effort, we shall attempt to

discover what was the actual status of Mesopotamian science at

its climax. In so far as we succeed, we shall be able to judge

what scientific heritage Europe received from the Orient; for in

the records of Babylonian science we have to do with the Eastern

mind at its best. Let us turn to the specific inquiry as to the

achievements of the Chaldean scientist whose fame so dazzled the

eyes of his contemporaries of the classic world.

BABYLONIAN ASTRONOMY

BABYLONIAN ASTRONOMY

Our first concern naturally is astronomy, this being here, as in

Egypt, the first-born and the most important of the sciences. The

fame of the Chaldean astronomer was indeed what chiefly commanded

the admiration of the Greeks, and it was through the results of

astronomical observations that Babylonia transmitted her most

important influences to the Western world. “Our division of time

is of Babylonian origin,“ says Hornmel;[7] ”to Babylonia we owe

the week of seven days, with the names of the planets for the

days of the week, and the division into hours and months.“ Hence

the almost personal interest which we of to-day must needs feel

in the efforts of the Babylonian star-gazer.

It must not be supposed, however, that the Chaldean astronomer

had made any very extraordinary advances upon the knowledge of

the Egyptian “watchers of the night.“ After all, it required

patient observation rather than any peculiar genius in the

observer to note in the course of time such broad astronomical

conditions as the regularity of the moon´s phases, and the

relation of the lunar periods to the longer periodical

oscillations of the sun. Nor could the curious wanderings of the

planets escape the attention of even a moderately keen observer.

The chief distinction between the Chaldean and Egyptian

astronomers appears to have consisted in the relative importance

they attached to various of the phenomena which they both

observed. The Egyptian, as we have seen, centred his attention

upon the sun. That luminary was the abode of one of his most

important gods. His worship was essentially solar. The

Babylonian, on the other hand, appears to have been peculiarly

impressed with the importance of the moon. He could not, of

course, overlook the attention-compelling fact of the solar year;

but his unit of time was the lunar period of thirty days, and his

year consisted of twelve lunar periods, or 360 days. He was

360   perfectly aware, however, that this period did not coincide with

the actual year; but the relative unimportance which he ascribed

to the solar year is evidenced by the fact that he interpolated

an added month to adjust the calendar only once in six years.

Indeed, it would appear that the Babylonians and Assyrians did

not adopt precisely the same method of adjusting the calendar,

since the Babylonians had two intercular months called Elul and

Adar, whereas the Assyrians had only a single such month, called

the second Adar.[8] (The Ve´Adar of the Hebrews.) This diversity

further emphasizes the fact that it was the lunar period which

received chief attention, the adjustment of this period with the

solar seasons being a necessary expedient of secondary

importance. It is held that these lunar periods have often been

made to do service for years in the Babylonian computations and

in the allied computations of the early Hebrews. The lives of the

Hebrew patriarchs, for example, as recorded in the Bible, are

perhaps reckoned in lunar “years.“ Divided by twelve, the ”years”

of Methuselah accord fairly with the usual experience of mankind.

Yet, on the other hand, the convenience of the solar year in

computing long periods of time was not unrecognized, since this

period is utilized in reckoning the reigns of the Assyrian kings.

It may be added that the reign of a king “was not reckoned from

the day of his accession, but from the Assyrian new year´s day,

either before or after the day of accession. There does not

appear to have been any fixed rule as to which new year´s day

should be chosen; but from the number of known cases, it appears

to have been the general practice to count the reigning years

from the new year´s day nearest the accession, and to call the

period between the accession day and the first new year´s day

´the beginning of the reign,´ when the year from the new year´s

day was called the first year, and the following ones were

brought successively from it. Notwithstanding, in the dates of

several Assyrian and Babylonian sovereigns there are cases of the

year of accession being considered as the first year, thus giving

two reckonings for the reigns of various monarchs, among others,

Shalmaneser, Sennacherib, Nebuchadrezzar.“[9] This uncertainty as

to the years of reckoning again emphasizes the fact that the

solar year did not have for the Assyrian chronology quite the

same significance that it has for us.

The Assyrian month commenced on the evening when the new moon was

first observed, or, in case the moon was not visible, the new

month started thirty days after the last month. Since the actual

lunar period is about twenty-nine and one-half days, a practical

adjustment was required between the months themselves, and this

was probably effected by counting alternate months as Only 29

days in length. Mr. R. Campbell Thompson[10] is led by his

10   studies of the astrological tablets to emphasize this fact. He

believes that “the object of the astrological reports which

related to the appearance of the moon and sun was to help

determine and foretell the length of the lunar month.“ Mr.

Thompson believes also that there is evidence to show that the

interculary month was added at a period less than six years. In

point of fact, it does not appear to be quite clearly established

as to precisely how the adjustment of days with the lunar months,

and lunar months with the solar year, was effected. It is clear,

however, according to Smith, “that the first 28 days of every

28   month were divided into four weeks of seven days each; the

seventh, fourteenth, twenty-first, twenty-eighth days

respectively being Sabbaths, and that there was a general

prohibition of work on these days.“ Here, of course, is the

foundation of the Hebrew system of Sabbatical days which we have

inherited. The sacredness of the number seven itself—the belief

in which has not been quite shaken off even to this day —was

deduced by the Assyrian astronomer from his observation of the

seven planetary bodies—namely, Sin (the moon), Samas (the sun),

Umunpawddu (Jupiter), Dilbat (Venus), Kaimanu (Saturn), Gudud

(Mercury), Mustabarru-mutanu (Mars).[11] Twelve lunar periods,

11   making up approximately the solar year, gave peculiar importance

to the number twelve also. Thus the zodiac was divided into

twelve signs which astronomers of all subsequent times have

continued to recognize; and the duodecimal system of counting

took precedence with the Babylonian mathematicians over the more

primitive and, as it seems to us, more satisfactory decimal

system. Another discrepancy between the Babylonian and Egyptian years

appears in the fact that the Babylonian new year dates from about

the period of the vernal equinox and not from the solstice.

Lockyer associates this with the fact that the periodical

inundation of the Tigris and Euphrates occurs about the

equinoctial period, whereas, as we have seen, the Nile flood

comes at the time of the solstice. It is but natural that so

important a phenomenon as the Nile flood should make a strong

impression upon the minds of a people living in a valley. The

fact that occasional excessive inundations have led to most

disastrous results is evidenced in the incorporation of stories

of the almost total destruction of mankind by such floods among

the myth tales of all peoples who reside in valley countries. The

flooding of the Tigris and Euphrates had not, it is true, quite

the same significance for the Mesopotamians that the Nile flood

had for the Egyptians. Nevertheless it was a most important

phenomenon, and may very readily be imagined to have been the

most tangible index to the seasons. But in recognizing the time

of the inundations and the vernal equinox, the Assyrians did not

dethrone the moon from its accustomed precedence, for the year

was reckoned as commencing not precisely at the vernal equinox,

but at the new moon next before the equinox.

ASTROLOGY

ASTROLOGY

Beyond marking the seasons, the chief interests that actuated the

Babylonian astronomer in his observations were astrological.

After quoting Diodorus to the effect that the Babylonian priests

observed the position of certain stars in order to cast

horoscopes, Thompson tells us that from a very early day the very

name Chaldean became synonymous with magician. He adds that “from

Mesopotamia, by way of Greece and Rome, a certain amount of

Babylonian astrology made its way among the nations of the west,

and it is quite probable that many superstitions which we

commonly record as the peculiar product of western civilization

took their origin from those of the early dwellers on the

alluvial lands of Mesopotamia. One Assurbanipal, king of Assyria

B.C. 668-626, added to the royal library at Nineveh his

668   626   contribution of tablets, which included many series of documents

which related exclusively to the astrology of the ancient

Babylonians, who in turn had borrowed it with modifications from

the Sumerian invaders of the country. Among these must be

mentioned the series which was commonly called ‘the Day of Bel,´

and which was decreed by the learned to have been written in the

time of the great Sargon I., king of Agade, 3800 B.C. With such

3800   ancient works as these to guide them, the profession of deducing

omens from daily events reached such a pitch of importance in the

last Assyrian Empire that a system of making periodical reports

came into being. By these the king was informed of all the

occurrences in the heavens and on earth, and the results of

astrological studies in respect to after events. The heads of the

astrological profession were men of high rank and position, and

their office was hereditary. The variety of information contained

in these reports is best gathered from the fact that they were

sent from cities as far removed from each other as Assur in the

north and Erech in the south, and it can only be assumed that

they were despatched by runners, or men mounted on swift horses.

As reports also came from Dilbat, Kutba, Nippur, and Bursippa,

all cities of ancient foundation, the king was probably well

acquainted with the general course of events in his empire.“[12]

12   From certain passages in the astrological tablets, Thompson draws

the interesting conclusion that the Chaldean astronomers were

acquainted with some kind of a machine for reckoning time. He

finds in one of the tablets a phrase which he interprets to mean

measure-governor, and he infers from this the existence of a kind

of a calculator. He calls attention also to the fact that Sextus

Empiricus[13] states that the clepsydra was known to the

13   Chaldeans, and that Herodotus asserts that the Greeks borrowed

certain measures of time from the Babylonians. He finds further

corroboration in the fact that the Babylonians had a time-measure

by which they divided the day and the night; a measure called

kasbu, which contained two hours. In a report relating to the day

of the vernal equinox, it is stated that there are six kasbu of

the day and six kasbu of the night.

While the astrologers deduced their omens from all the celestial

bodies known to them, they chiefly gave attention to the moon,

noting with great care the shape of its horns, and deducing such

a conclusion as that “if the horns are pointed the king will

overcome whatever he goreth,“ and that ”when the moon is low at

its appearance, the submission (of the people) of a far country

will come.“[14] The relations of the moon and sun were a source

14   of constant observation, it being noted whether the sun and moon

were seen together above the horizon; whether one set as the

other rose, and the like. And whatever the phenomena, there was

always, of course, a direct association between such phenomena

and the well-being of human kind—in particular the king, at

whose instance, and doubtless at whose expense, the observations

were carried out.
From omens associated with the heavenly bodies it is but a step

to omens based upon other phenomena of nature, and we, shall see

in a moment that the Babylonian prophets made free use of their

opportunities in this direction also. But before we turn from the

field of astronomy, it will be well to inform ourselves as to

what system the Chaldean astronomer had invented in explanation

of the mechanics of the universe. Our answer to this inquiry is

not quite as definite as could be desired, the vagueness of the

records, no doubt, coinciding with the like vagueness in the

minds of the Chaldeans themselves. So far as we can interpret the

somewhat mystical references that have come down to us, however,

the Babylonian cosmology would seem to have represented the earth

as a circular plane surrounded by a great circular river, beyond

which rose an impregnable barrier of mountains, and resting upon

an infinite sea of waters. The material vault of the heavens was

supposed to find support upon the outlying circle of mountains.

But the precise mechanism through which the observed revolution

of the heavenly bodies was effected remains here, as with the

Egyptian cosmology, somewhat conjectural. The simple fact would

appear to be that, for the Chaldeans as for the Egyptians,

despite their most careful observations of the tangible phenomena

of the heavens, no really satisfactory mechanical conception of

the cosmos was attainable. We shall see in due course by what

faltering steps the European imagination advanced from the crude

ideas of Egypt and Babylonia to the relatively clear vision of

Newton and Laplace.
CHALDEAN MAGIC

CHALDEAN MAGIC

We turn now from the field of the astrologer to the closely

allied province of Chaldean magic—a province which includes the

other; which, indeed, is so all- encompassing as scarcely to

leave any phase of Babylonian thought outside its bounds.

The tablets having to do with omens, exorcisms, and the like

magic practices make up an astonishingly large proportion of the

Babylonian records. In viewing them it is hard to avoid the

conclusion that the superstitions which they evidenced absolutely

dominated the life of the Babylonians of every degree. Yet it

must not be forgotten that the greatest inconsistencies

everywhere exist between the superstitious beliefs of a people

and the practical observances of that people. No other problem is

so difficult for the historian as that which confronts him when

he endeavors to penetrate the mysteries of an alien religion; and

when, as in the present case, the superstitions involved have

been transmitted from generation to generation, their exact

practical phases as interpreted by any particular generation must

be somewhat problematical. The tablets upon which our knowledge

of these omens is based are many of them from the libraries of

the later kings of Nineveh; but the omens themselves are, in such

cases, inscribed in the original Accadian form in which they have

come down from remote ages, accompanied by an Assyrian

translation. Thus the superstitions involved had back of them

hundreds of years, even thousands of years, of precedent; and we

need not doubt that the ideas with which they are associated were

interwoven with almost every thought and deed of the life of the

people. Professor Sayce assures us that the Assyrians and

Babylonians counted no fewer than three hundred spirits of

heaven, and six hundred spirits of earth. “Like the Jews of the

Talmud,“ he says, ”they believed that the world was swarming with

noxious spirits, who produced the various diseases to which man

is liable, and might be swallowed with the food and drink which

support life.“ Fox Talbot was inclined to believe that exorcisms

were the exclusive means used to drive away the tormenting

spirits. This seems unlikely, considering the uniform association

of drugs with the magical practices among their people. Yet there

is certainly a strange silence of the tablets in regard to

medicine. Talbot tells us that sometimes divine images were

brought into the sick-chamber, and written texts taken from holy

books were placed on the walls and bound around the sick man´s

members. If these failed, recourse was had to the influence of

the mamit, which the evil powers were unable to resist. On a

tablet, written in the Accadian language only, the Assyrian

version being taken, however, was found the following:

  1. Take a white cloth. In it place the mamit,

  2. in the sick man´s right hand.

  3. Take a black cloth,

  4. wrap it around his left hand.

  5. Then all the evil spirits (a long list of them is given)

  6. and the sins which he has committed

  7. shall quit their hold of him

  8. and shall never return.

The symbolism of the black cloth in the left hand seems evident.

The dying man repents of his former evil deeds, and he puts his

trust in holiness, symbolized by the white cloth in his right

hand. Then follow some obscure lines about the spirits:

  1. Their heads shall remove from his head.

  2. Their heads shall let go his hands.

  3. Their feet shall depart from his feet.

Which perhaps may be explained thus: we learn from another tablet

that the various classes of evil spirits troubled different parts

of the body; some injured the head, some the hands and the feet,

etc., therefore the passage before may mean “the spirits whose

power is over the hand shall loose their hands from his,“ etc.

“But,“ concludes Talbot, ”I can offer no decided opinion upon

such obscure points of their superstition.“[15]

15   In regard to evil spirits, as elsewhere, the number seven had a

peculiar significance, it being held that that number of spirits

might enter into a man together. Talbot has translated[16] a

16   “wild chant” which he names “The Song of the Seven Spirits.“

  1. There are seven! There are seven!

  2. In the depths of the ocean there are seven!

  3. In the heights of the heaven there are seven!

  4. In the ocean stream in a palace they were born.

  5. Male they are not: female they are not!

  6. Wives they have not! Children are not born to them!

  7. Rules they have not! Government they know not!

  8. Prayers they hear not!

  9. There are seven! There are seven! Twice over there are

seven! The tablets make frequent allusion to these seven spirits. One

starts thus:
  1. The god (—-) shall stand by his bedside;

  2. These seven evil spirits he shall root out and shall expel

them from his body,

  3. and these seven shall never return to the sick man

again.[17] 17   Altogether similar are the exorcisms intended to ward off

disease. Professor Sayce has published translations of some of

these.[18] Each of these ends with the same phrase, and they

18   differ only in regard to the particular maladies from which

freedom is desired. One reads:

“From wasting, from want of health, from the evil spirit of the

ulcer, from the spreading quinsy of the gullet, from the violent

ulcer, from the noxious ulcer, may the king of heaven preserve,

may the king of earth preserve.“

Another is phrased thus:

“From the cruel spirit of the head, from the strong spirit of the

head, from the head spirit that departs not, from the head spirit

that comes not forth, from the head spirit that will not go, from

the noxious head spirit, may the king of heaven preserve, may the

king of earth preserve.“

As to omens having to do with the affairs of everyday life the

number is legion. For example, Moppert has published, in the

Journal Asiatique,[19] the translation of a tablet which contains

19   on its two sides several scores of birth-portents, a few of which

maybe quoted at random:

“When a woman bears a child and it has the ears of a lion, a

strong king is in the country.“ ”When a woman bears a child and

it has a bird´s beak, that country is oppressed.“ ”When a woman

bears a child and its right hand is wanting, that country goes to

destruction.“ ”When a woman bears a child and its feet are

wanting, the roads of the country are cut; that house is

destroyed.“ ”When a woman bears a child and at the time of its

birth its beard is grown, floods are in the country.“ ”When a

woman bears a child and at the time of its birth its mouth is

open and speaks, there is pestilence in the country, the Air-god

inundates the crops of the country, injury in the country is

caused.“ Some of these portents, it will be observed, are not in much

danger of realization, and it is curious to surmise by what

stretch of the imagination they can have been invented. There is,

for example, on the same tablet just quoted, one reference which

assures us that “when a sheep bears a lion the forces march

multitudinously; the king has not a rival.“ There are other

omens, however, that are so easy of realization as to lead one to

suppose that any Babylonian who regarded all the superstitious

signs must have been in constant terror. Thus a tablet translated

by Professor Sayce[20] gives a long list of omens furnished by

20   dogs, in which we are assured that:

  1. If a yellow dog enters into the palace, exit from that

palace will be baleful.

  2. If a dog to the palace goes, and on a throne lies down, that

palace is burned.
  3. if a black dog into a temple enters, the foundation of that

temple is not stable.

  4. If female dogs one litter bear, destruction to the city.

It is needless to continue these citations, since they but

reiterate endlessly the same story. It is interesting to recall,

however, that the observations of animate nature, which were

doubtless superstitious in their motive, had given the

Babylonians some inklings of a knowledge of classification. Thus,

according to Menant,[21] some of the tablets from Nineveh, which

21   are written, as usual, in both the Sumerian and Assyrian

languages, and which, therefore, like practically all Assyrian

books, draw upon the knowledge of old Babylonia, give lists of

animals, making an attempt at classification. The dog, lion, and

wolf are placed in one category; the ox, sheep, and goat in

another; the dog family itself is divided into various races, as

the domestic dog, the coursing dog, the small dog, the dog of

Elan, etc. Similar attempts at classification of birds are found.

Thus, birds of rapid flight, sea-birds, and marsh-birds are

differentiated. Insects are classified according to habit; those

that attack plants, animals, clothing, or wood. Vegetables seem

to be classified according to their usefulness. One tablet

enumerates the uses of wood according to its adaptability for

timber-work of palaces, or construction of vessels, the making of

implements of husbandry, or even furniture. Minerals occupy a

long series in these tablets. They are classed according to their

qualities, gold and silver occupying a division apart; precious

stones forming another series. Our Babylonians, then, must be

credited with the development of a rudimentary science of natural

history. BABYLONIAN MEDICINE

BABYLONIAN MEDICINE

We have just seen that medical practice in the Babylonian world

was strangely under the cloud of superstition. But it should be

understood that our estimate, through lack of correct data,

probably does much less than justice to the attainments of the

physician of the time. As already noted, the existing tablets

chance not to throw much light on the subject. It is known,

however, that the practitioner of medicine occupied a position of

some, authority and responsibility. The proof of this is found in

the clauses relating to the legal status of the physician which

are contained in the now famous code[22] of the Babylonian King

22   Khamurabi, who reigned about 2300 years before our era. These

2300   clauses, though throwing no light on the scientific attainments

of the physician of the period, are too curious to be omitted.

They are clauses 215 to 227 of the celebrated code, and are as

215   227   follows: 215. If a doctor has treated a man for a severe wound with a

215   lancet of bronze and has cured the man, or has opened a tumor

with a bronze lancet and has cured the man´s eye, he shall

receive ten shekels of silver.

216. If it was a freedman, he shall receive five shekels of

216   silver. 217. If it was a man´s slave, the owner of the slave shall give

217   the doctor two shekels of silver.

218. If a physician has treated a free-born man for a severe

218   wound with a lancet of bronze and has caused the man to die, or

has opened a tumor of the man with a lancet of bronze and has

destroyed his eye, his hands one shall cut off.

219. If the doctor has treated the slave of a freedman for a

219   severe wound with a bronze lancet and has caused him to die, he

shall give back slave for slave.

220. If he has opened his tumor with a bronze lancet and has

220   ruined his eye, he shall pay the half of his price in money.

221. If a doctor has cured the broken limb of a man, or has

221   healed his sick body, the patient shall pay the doctor five

shekels of silver.
222. If it was a freedman, he shall give three shekels of silver.

222   223. If it was a man´s slave, the owner of the slave shall give

223   two shekels of silver to the doctor.

224. If the doctor of oxen and asses has treated an ox or an ass

224   for a grave wound and has cured it, the owner of the ox or the

ass shall give to the doctor as his pay one-sixth of a shekel of

silver. 225. If he has treated an ox or an ass for a severe wound and has

225   caused its death, he shall pay one-fourth of its price to the

owner of the ox or the ass.

226. If a barber-surgeon, without consent of the owner of a

226   slave, has branded the slave with an indelible mark, one shall

cut off the hands of that barber.

227. If any one deceive the surgeon-barber and make him brand a

227   slave with an indelible mark, one shall kill that man and bury

him in his house. The barber shall swear, “I did not mark him

wittingly,“ and he shall be guiltless.

ESTIMATES OF BABYLONIAN SCIENCE

ESTIMATES OF BABYLONIAN SCIENCE

Before turning from the Oriental world it is perhaps worth while

to attempt to estimate somewhat specifically the world-influence

of the name, Babylonian science. Perhaps we cannot better gain an

idea as to the estimate put upon that science by the classical

world than through a somewhat extended quotation from a classical

author. Diodorus Siculus, who, as already noted, lived at about

the time of Augustus, and who, therefore, scanned in perspective

the entire sweep of classical Greek history, has left us a

striking summary which is doubly valuable because of its

comparisons of Babylonian with Greek influence. Having viewed the

science of Babylonia in the light of the interpretations made

possible by the recent study of original documents, we are

prepared to draw our own conclusions from the statements of the

Greek historian. Here is his estimate in the words of the quaint

translation made by Philemon Holland in the year 1700:[23]

1700   23   “They being the most ancient Babylonians, hold the same station

and dignity in the Common-wealth as the Egyptian Priests do in

Egypt: For being deputed to Divine Offices, they spend all their

Time in the study of Philosophy, and are especially famous for

the Art of Astrology. They are mightily given to Divination, and

foretel future Events, and imploy themselves either by

Purifications, Sacrifices, or other Inchantments to avert Evils,

or procure good Fortune and Success. They are skilful likewise in

the Art of Divination, by the flying of Birds, and interpreting

of Dreams and Prodigies: And are reputed as true Oracles (in

declaring what will come to pass) by their exact and diligent

viewing the Intrals of the Sacrifices. But they attain not to

this Knowledge in the same manner as the Grecians do; for the

Chaldeans learn it by Tradition from their Ancestors, the Son

from the Father, who are all in the mean time free from all other

publick Offices and Attendances; and because their Parents are

their Tutors, they both learn every thing without Envy, and rely

with more confidence upon the truth of what is taught them; and

being train´d up in this Learning, from their very Childhood,

they become most famous Philosophers, (that Age being most

capable of Learning, wherein they spend much of their time). But

the Grecians for the most part come raw to this study, unfitted

and unprepar´d, and are long before they attain to the Knowledge

of this Philosophy: And after they have spent some small time in

this Study, they are many times call´d off and forc´d to leave

it, in order to get a Livelihood and Subsistence. And although

some, few do industriously apply themselves to Philosophy, yet

for the sake of Gain, these very Men are opinionative, and ever

and anon starting new and high Points, and never fix in the steps

of their Ancestors. But the Barbarians keeping constantly close

to the same thing, attain to a perfect and distinct Knowledge in

every particular.
“But the Grecians, cunningly catching at all Opportunities of

Gain, make new Sects and Parties, and by their contrary Opinions

wrangling and quarelling concerning the chiefest Points, lead

their Scholars into a Maze; and being uncertain and doubtful what

to pitch upon for certain truth, their Minds are fluctuating and

in suspence all the days of their Lives, and unable to give a

certain assent unto any thing. For if any Man will but examine

the most eminent Sects of the Philosophers, he shall find them

much differing among themselves, and even opposing one another in

the most weighty parts of their Philosophy. But to return to the

Chaldeans, they hold that the World is eternal, which had neither

any certain Beginning, nor shall have any End; but all agree,

that all things are order´d, and this beautiful Fabrick is

supported by a Divine Providence, and that the Motions of the

Heavens are not perform´d by chance and of their own accord, but

by a certain and determinate Will and Appointment of the Gods.

“Therefore from a long observation of the Stars, and an exact

Knowledge of the motions and influences of every one of them,

wherein they excel all others, they fortel many things that are

to come to pass.
“They say that the Five Stars which some call Planets, but they

Interpreters, are most worthy of Consideration, both for their

motions and their remarkable influences, especially that which

the Grecians call Saturn. The brightest of them all, and which

often portends many and great Events, they call Sol, the other

Four they name Mars, Venus, Mercury, and Jupiter, with our own

Country Astrologers. They give the Name of Interpreters to these

Stars, because these only by a peculiar Motion do portend things

to come, and instead of Jupiters, do declare to Men before-hand

the good- will of the Gods; whereas the other Stars (not being of

the number of the Planets) have a constant ordinary motion.

Future Events (they say) are pointed at sometimes by their

Rising, and sometimes by their Setting, and at other times by

their Colour, as may be experienc´d by those that will diligently

observe it; sometimes foreshewing Hurricanes, at other times

Tempestuous Rains, and then again exceeding Droughts. By these,

they say, are often portended the appearance of Comets, Eclipses

of the Sun and Moon, Earthquakes and all other the various

Changes and remarkable effects in the Air, boding good and bad,

not only to Nations in general, but to Kings and Private Persons

in particular. Under the course of these Planets, they say are

Thirty Stars, which they call Counselling Gods, half of whom

observe what is done under the Earth, and the other half take

notice of the actions of Men upon the Earth, and what is

transacted in the Heavens. Once every Ten Days space (they say)

one of the highest Order of these Stars descends to them that are

of the lowest, like a Messenger sent from them above; and then

again another ascends from those below to them above, and that

this is their constant natural motion to continue for ever. The

chief of these Gods, they say, are Twelve in number, to each of

which they attribute a Month, and one Sign of the Twelve in the

Zodiack. “Through these Twelve Signs the Sun, Moon, and the other Five

Planets run their Course. The Sun in a Years time, and the Moon

in the space of a Month. To every one of the Planets they assign

their own proper Courses, which are perform´d variously in lesser

or shorter time according as their several motions are quicker or

slower. These Stars, they say, have a great influence both as to

good and bad in Mens Nativities; and from the consideration of

their several Natures, may be foreknown what will befal Men

afterwards. As they foretold things to come to other Kings

formerly, so they did to Alexander who conquer´d Darius, and to

his Successors Antigonus and Seleucus Nicator; and accordingly

things fell out as they declar´d; which we shall relate

particularly hereafter in a more convenient time. They tell

likewise private Men their Fortunes so certainly, that those who

have found the thing true by Experience, have esteem´d it a

Miracle, and above the reach of man to perform. Out of the Circle

of the Zodiack they describe Four and Twenty Stars, Twelve

towards the North Pole, and as many to the South.

“Those which we see, they assign to the living; and the other

that do not appear, they conceive are Constellations for the

Dead; and they term them Judges of all things. The Moon, they

say, is in the lowest Orb; and being therefore next to the Earth

(because she is so small), she finishes her Course in a little

time, not through the swiftness of her Motion, but the shortness

of her Sphear. In that which they affirm (that she has but a

borrow´d light, and that when she is eclips´d, it´s caus´d by the

interposition of the shadow of the Earth) they agree with the

Grecians.
“Their Rules and Notions concerning the Eclipses of the Sun are

but weak and mean, which they dare not positively foretel, nor

fix a certain time for them. They have likewise Opinions

concerning the Earth peculiar to themselves, affirming it to

resemble a Boat, and to be hollow, to prove which, and other

things relating to the frame of the World, they abound in

Arguments; but to give a particular Account of ‘em, we conceive

would be a thing foreign to our History. But this any Man may

justly and truly say, That the Chaldeans far exceed all other Men

in the Knowledge of Astrology, and have study´d it most of any

other Art or Science: But the number of years during which the

Chaldeans say, those of their Profession have given themselves to

the study of this natural Philosophy, is incredible; for when

Alexander was in Asia, they reckon´d up Four Hundred and Seventy

Thousand Years since they first began to observe the Motions of

the Stars.“ Let us now supplement this estimate of Babylonian influence with

another estimate written in our own day, and quoted by one of the

most recent historians of Babylonia and Assyria.[24] The estimate

24   in question is that of Canon Rawlinson in his Great Oriental

Monarchies.[25] Of Babylonia he says:

25   “Hers was apparently the genius which excogitated an alphabet;

worked out the simpler problems of arithmetic; invented

implements for measuring the lapse of time; conceived the idea of

raising enormous structures with the poorest of all materials,

clay; discovered the art of polishing, boring, and engraving

gems; reproduced with truthfulness the outlines of human and

animal forms; attained to high perfection in textile fabrics;

studied with success the motions of the heavenly bodies;

conceived of grammar as a science; elaborated a system of law;

saw the value of an exact chronology—in almost every branch of

science made a beginning, thus rendering it comparatively easy

for other nations to proceed with the superstructure.... It was

from the East, not from Egypt, that Greece derived her

architecture, her sculpture, her science, her philosophy, her

mathematical knowledge—in a word, her intellectual life. And

Babylon was the source to which the entire stream of Eastern

civilization may be traced. It is scarcely too much to say that,

but for Babylon, real civilization might not yet have dawned upon

the earth.“ Considering that a period of almost two thousand years separates

the times of writing of these two estimates, the estimates

themselves are singularly in unison. They show that the greatest

of Oriental nations has not suffered in reputation at the hands

of posterity. It is indeed almost impossible to contemplate the

monuments of Babylonian and Assyrian civilization that are now

preserved in the European and American museums without becoming

enthusiastic. That certainly was a wonderful civilization which

has left us the tablets on which are inscribed the laws of a

Khamurabi on the one hand, and the art treasures of the palace of

an Asshurbanipal on the other. Yet a candid consideration of the

scientific attainments of the Babylonians and Assyrians can

scarcely arouse us to a like enthusiasm. In considering the

subject we have seen that, so far as pure science is concerned,

the efforts of the Babylonians and Assyrians chiefly centred

about the subjects of astrology and magic. With the records of

their ghost-haunted science fresh in mind, one might be forgiven

for a momentary desire to take issue with Canon Rawlinson´s

words. We are assured that the scientific attainments of Europe

are almost solely to be credited to Babylonia and not to Egypt,

but we should not forget that Plato, the greatest of the Greek

thinkers, went to Egypt and not to Babylonia to pursue his

studies when he wished to penetrate the secrets of Oriental

science and philosophy. Clearly, then, classical Greece did not

consider Babylonia as having a monopoly of scientific knowledge,

and we of to-day, when we attempt to weigh the new evidence that

has come to us in recent generations with the Babylonian records

themselves, find that some, at least, of the heritages for which

Babylonia has been praised are of more than doubtful value.

Babylonia, for example, gave us our seven-day week and our system

of computing by twelves. But surely the world could have got on

as well without that magic number seven; and after some hundreds

of generations we are coming to feel that the decimal system of

the Egyptians has advantages over the duodecimal system of the

Babylonians. Again, the Babylonians did not invent the alphabet;

they did not even accept it when all the rest of the world had

recognized its value. In grammar and arithmetic, as with

astronomy, they seemed not to have advanced greatly, if at all,

upon the Egyptians. One field in which they stand out in

startling pre- eminence is the field of astrology; but this, in

the estimate of modern thought, is the very negation of science.

Babylonia impressed her superstitions on the Western world, and

when we consider the baleful influence of these superstitions, we

may almost question whether we might not reverse Canon

Rawlinson´s estimate and say that perhaps but for Babylonia real

civilization, based on the application of true science, might

have dawned upon the earth a score of centuries before it did.

Yet, after all, perhaps this estimate is unjust. Society, like an

individual organism, must creep before it can walk, and perhaps

the Babylonian experiments in astrology and magic, which European

civilization was destined to copy for some three or four thousand

years, must have been made a part of the necessary evolution of

our race in one place or in another. That thought, however, need

not blind us to the essential fact, which the historian of

science must needs admit, that for the Babylonian, despite his

boasted culture, science spelled superstition.
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The familiar Greek legend assures us that a Phoenician named

Kadmus was the first to bring a knowledge of letters into Europe.

An elaboration of the story, current throughout classical times,

offered the further explanation that the Phoenicians had in turn

acquired the art of writing from the Egyptians or Babylonians.

Knowledge as to the true origin and development of the art of

writing did not extend in antiquity beyond such vagaries as

these. Nineteenth-century studies gave the first real clews to an

understanding of the subject. These studies tended to

authenticate the essential fact on which the legend of Kadmus was

founded; to the extent, at least, of making it probable that the

later Grecian alphabet was introduced from Phoenicia—though not,

of course, by any individual named Kadmus, the latter being,

indeed, a name of purely Greek origin. Further studies of the

past generation tended to corroborate the ancient belief as to

the original source of the Phoenician alphabet, but divided

scholars between two opinions: the one contending that the

Egyptian hieroglyphics were the source upon which the Phoenicians

drew; and the other contending with equal fervor that the

Babylonian wedge character must be conceded that honor.

But, as has often happened in other fields after years of

acrimonious controversy, a new discovery or two may suffice to

show that neither contestant was right. After the Egyptologists

of the school of De Rouge[1] thought they had demonstrated that

the familiar symbols of the Phoenician alphabet had been copied

from that modified form of Egyptian hieroglyphics known as the

hieratic writing, the Assyriologists came forward to prove that

certain characters of the Babylonian syllabary also show a

likeness to the alphabetical characters that seemingly could not

be due to chance. And then, when a settlement of the dispute

seemed almost hopeless, it was shown through the Egyptian

excavations that characters even more closely resembling those in

dispute had been in use all about the shores of the

Mediterranean, quite independently of either Egyptian or Assyrian

writings, from periods so ancient as to be virtually prehistoric.

Coupled with this disconcerting discovery are the revelations

brought to light by the excavations at the sites of Knossos and

other long-buried cities of the island of Crete.[2] These

excavations, which are still in progress, show that the art of

writing was known and practised independently in Crete before

that cataclysmic overthrow of the early Greek civilization which

archaeologists are accustomed to ascribe to the hypothetical

invasion of the Dorians. The significance of this is that the art

of writing was known in Europe long before the advent of the

mythical Kadmus. But since the early Cretan scripts are not to be

identified with the scripts used in Greece in historical times,

whereas the latter are undoubtedly of lineal descent from the

Phoenician alphabet, the validity of the Kadmus legend, in a

modified form, must still be admitted.

As has just been suggested, the new knowledge, particularly that

which related to the great antiquity of characters similar to the

Phoenician alphabetical signs, is somewhat disconcerting. Its

general trend, however, is quite in the same direction with most

of the new archaeological knowledge of recent decades—-that is

to say, it tends to emphasize the idea that human civilization in

most of its important elaborations is vastly older than has

hitherto been supposed. It may be added, however, that no

definite clews are as yet available that enable us to fix even an

approximate date for the origin of the Phoenician alphabet. The

signs, to which reference has been made, may well have been in

existence for thousands of years, utilized merely as property

marks, symbols for counting and the like, before the idea of

setting them aside as phonetic symbols was ever conceived.

Nothing is more certain, in the judgment of the present-day

investigator, than that man learned to write by slow and painful

stages. It is probable that the conception of such an analysis of

speech sounds as would make the idea of an alphabet possible came

at a very late stage of social evolution, and as the culminating

achievement of a long series of improvements in the art of

writing. The precise steps that marked this path of intellectual

development can for the most part be known only by inference; yet

it is probable that the main chapters of the story may be

reproduced with essential accuracy.

FIRST STEPS

FIRST STEPS

For the very first chapters of the story we must go back in

imagination to the prehistoric period. Even barbaric man feels

the need of self-expression, and strives to make his ideas

manifest to other men by pictorial signs. The cave-dwellers

scratched pictures of men and animals on the surface of a

reindeer horn or mammoth tusk as mementos of his prowess. The

American Indian does essentially the same thing to-day, making

pictures that crudely record his successes in war and the chase.

The Northern Indian had got no farther than this when the white

man discovered America; but the Aztecs of the Southwest and the

Maya people of Yucatan had carried their picture- making to a

much higher state of elaboration.[3] They had developed systems

of pictographs or hieroglyphics that would doubtless in the

course of generations have been elaborated into alphabetical

systems, had not the Europeans cut off the civilization of which

they were the highest exponents.

What the Aztec and Maya were striving towards in the sixteenth

century A.D., various Oriental nations had attained at least five

or six thousand years earlier. In Egypt at the time of the

pyramid-builders, and in Babylonia at the same epoch, the people

had developed systems of writing that enabled them not merely to

present a limited range of ideas pictorially, but to express in

full elaboration and with finer shades of meaning all the ideas

that pertain to highly cultured existence. The man of that time

made records of military achievements, recorded the transactions

of every-day business life, and gave expression to his moral and

spiritual aspirations in a way strangely comparable to the manner

of our own time. He had perfected highly elaborate systems of

writing. EGYPTIAN WRITING

EGYPTIAN WRITING

Of the two ancient systems of writing just referred to as being

in vogue at the so-called dawnings of history, the more

picturesque and suggestive was the hieroglyphic system of the

Egyptians. This is a curiously conglomerate system of writing,

made up in part of symbols reminiscent of the crudest stages of

picture-writing, in part of symbols having the phonetic value of

syllables, and in part of true alphabetical letters. In a word,

the Egyptian writing represents in itself the elements of the

various stages through which the art of writing has developed.[4]

We must conceive that new features were from time to time added

to it, while the old features, curiously enough, were not given

up. Here, for example, in the midst of unintelligible lines and

pot-hooks, are various pictures that are instantly recognizable

as representations of hawks, lions, ibises, and the like. It can

hardly be questioned that when these pictures were first used

calligraphically they were meant to represent the idea of a bird

or animal. In other words, the first stage of picture-writing did

not go beyond the mere representation of an eagle by the picture

of an eagle. But this, obviously, would confine the presentation

of ideas within very narrow limits. In due course some inventive

genius conceived the thought of symbolizing a picture. To him the

outline of an eagle might represent not merely an actual bird,

but the thought of strength, of courage, or of swift progress.

Such a use of symbols obviously extends the range of utility of a

nascent art of writing. Then in due course some wonderful

psychologist—or perhaps the joint efforts of many generations of

psychologists—made the astounding discovery that the human

voice, which seems to flow on in an unbroken stream of endlessly

varied modulations and intonations, may really be analyzed into a

comparatively limited number of component sounds—into a few

hundreds of syllables. That wonderful idea conceived, it was only

a matter of time until it would occur to some other enterprising

genius that by selecting an arbitrary symbol to represent each

one of these elementary sounds it would be possible to make a

written record of the words of human speech which could be

reproduced—rephonated—by some one who had never heard the words

and did not know in advance what this written record contained.

This, of course, is what every child learns to do now in the

primer class, but we may feel assured that such an idea never

occurred to any human being until the peculiar forms of

pictographic writing just referred to had been practised for many

centuries. Yet, as we have said, some genius of prehistoric Egypt

conceived the idea and put it into practical execution, and the

hieroglyphic writing of which the Egyptians were in full

possession at the very beginning of what we term the historical

period made use of this phonetic system along with the

ideographic system already described.

So fond were the Egyptians of their pictorial symbols used

ideographically that they clung to them persistently throughout

the entire period of Egyptian history. They used symbols as

phonetic equivalents very frequently, but they never learned to

depend upon them exclusively. The scribe always interspersed his

phonetic signs with some other signs intended as graphic aids.

After spelling a word out in full, he added a picture, sometimes

even two or three pictures, representative of the individual

thing, or at least of the type of thing to which the word

belongs. Two or three illustrations will make this clear.

Thus qeften, monkey, is spelled out in full, but the picture of a

monkey is added as a determinative; second, qenu, cavalry, after

being spelled, is made unequivocal by the introduction of a

picture of a horse; third, temati, wings, though spelled

elaborately, has pictures of wings added; and fourth, tatu,

quadrupeds, after being spelled, has a picture of a quadruped,

and then the picture of a hide, which is the usual determinative

of a quadruped, followed by three dashes to indicate the plural

number. It must not be supposed, however, that it was a mere whim which

led the Egyptians to the use of this system of determinatives.

There was sound reason back of it. It amounted to no more than

the expedient we adopt when we spell “to,“ ”two,“ or ”too,“ in

indication of a single sound with three different meanings. The

Egyptian language abounds in words having more than one meaning,

and in writing these it is obvious that some means of distinction

is desirable. The same thing occurs even more frequently in the

Chinese language, which is monosyllabic. The Chinese adopt a more

clumsy expedient, supplying a different symbol for each of the

meanings of a syllable; so that while the actual word-sounds of

their speech are only a few hundreds in number, the characters of

their written language mount high into the thousands.

BABYLONIAN WRITING
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While the civilization of the Nile Valley was developing this

extraordinary system of hieroglyphics, the inhabitants of

Babylonia were practising the art of writing along somewhat

different lines. It is certain that they began with

picture-making, and that in due course they advanced to the

development of the syllabary; but, unlike their Egyptian cousins,

the men of Babylonia saw fit to discard the old system when they

had perfected a better one.[5] So at a very early day their

writing—as revealed to us now through the recent

excavations—had ceased to have that pictorial aspect which

distinguishes the Egyptian script. What had originally been

pictures of objects—fish, houses, and the like—had come to be

represented by mere aggregations of wedge-shaped marks. As the

writing of the Babvlonians was chiefly inscribed on soft clay,

the adaptation of this wedge-shaped mark in lieu of an ordinary

line was probably a mere matter of convenience, since the

sharp-cornered implement used in making the inscription naturally

made a wedge-shaped impression in the clay. That, however, is a

detail. The essential thing is that the Babylonian had so fully

analyzed the speech-sounds that he felt entire confidence in

them, and having selected a sufficient number of conventional

characters—each made up of wedge-shaped lines—to represent all

the phonetic sounds of his language, spelled the words out in

syllables and to some extent dispensed with the determinative

signs which, as we have seen, played so prominent a part in the

Egyptian writing. His cousins the Assyrians used habitually a

system of writing the foundation of which was an elaborate

phonetic syllabary; a system, therefore, far removed from the old

crude pictograph, and in some respects much more developed than

the complicated Egyptian method; yet, after all, a system that

stopped short of perfection by the wide gap that separates the

syllabary from the true alphabet.

A brief analysis of speech sounds will aid us in understanding

the real nature of the syllabary. Let us take for consideration

the consonantal sound represented by the letter b. A moment´s

consideration will make it clear that this sound enters into a

large number of syllables. There are, for example, at least

twenty vowel sounds in the English language, not to speak of

certain digraphs; that is to say, each of the important vowels

has from two to six sounds. Each of these vowel sounds may enter

into combination with the b sound alone to form three syllables;

as ba, ab, bal, be, eb, bel, etc. Thus there are at least sixty

b-sound syllables. But this is not the end, for other consonantal

sounds may be associated in the syllables in such combinations as

bad, bed, bar, bark, cab, etc. As each of the other twenty odd

consonantal sounds may enter into similar combinations, it is

obvious that there are several hundreds of fundamental syllables

to be taken into account in any syllabic system of writing. For

each of these syllables a symbol must be set aside and held in

reserve as the representative of that particular sound. A perfect

syllabary, then, would require some hundred or more of symbols to

represent b sounds alone; and since the sounds for c, d, f, and

the rest are equally varied, the entire syllabary would run into

thousands of characters, almost rivalling in complexity the

Chinese system. But in practice the most perfect syllabary, Such

as that of the Babylonians, fell short of this degree of

precision through ignoring the minor shades of sound; just as our

own alphabet is content to represent some thirty vowel sounds by

five letters, ignoring the fact that a, for example, has really

half a dozen distinct phonetic values. By such slurring of sounds

the syllabary is reduced far below its ideal limits; yet even so

it retains three or four hundred characters.

In point of fact, such a work as Professor Delitzsch´s Assyrian

Grammar[6] presents signs for three hundred and thirty-four

syllables, together with sundry alternative signs and

determinatives to tax the memory of the would-be reader of

Assyrian. Let us take for example a few of the b sounds. It has

been explained that the basis of the Assyrian written character

is a simple wedge-shaped or arrow-head mark. Variously repeated

and grouped, these marks make up the syllabic characters.

To learn some four hundred such signs as these was the task set,

as an equivalent of learning the a b c´s, to any primer class in

old Assyria in the long generations when that land was the

culture Centre of the world. Nor was the task confined to the

natives of Babylonia and Assyria alone. About the fifteenth

century B.C., and probably for a long time before and after that

period, the exceedingly complex syllabary of the Babylonians was

the official means of communication throughout western Asia and

between Asia and Egypt, as we know from the chance discovery of a

collection of letters belonging to the Egyptian king Khun-aten,

preserved at Tel-el-Amarna. In the time of Ramses the Great the

Babylonian writing was in all probability considered by a

majority of the most highly civilized people in the world to be

the most perfect script practicable. Doubtless the average scribe

of the time did not in the least realize the waste of energy

involved in his labors, or ever suspect that there could be any

better way of writing.

Yet the analysis of any one of these hundreds of syllables into

its component phonetic elements—had any one been genius enough

to make such analysis— ould have given the key to simpler and

better things. But such an analysis was very hard to make, as the

sequel shows. Nor is the utility of such an analysis

self-evident, as the experience of the Egyptians proved. The

vowel sound is so intimately linked with the consonant—the

con-sonant, implying this intimate relation in its very

name—that it seemed extremely difficult to give it individual

recognition. To set off the mere labial beginning of the sound by

itself, and to recognize it as an all-essential element of

phonation, was the feat at which human intelligence so long

balked. The germ of great things lay in that analysis. It was a

process of simplification, and all art development is from the

complex to the simple. Unfortunately, however, it did not seem a

simplification, but rather quite the reverse. We may well suppose

that the idea of wresting from the syllabary its secret of

consonants and vowels, and giving to each consonantal sound a

distinct sign, seemed a most cumbersome and embarrassing

complication to the ancient scholars—that is to say, after the

time arrived when any one gave such an idea expression. We can

imagine them saying: “You will oblige us to use four signs

instead of one to write such an elementary syllable as ‘bard,´

for example. Out upon such endless perplexity!“ Nor is such a

suggestion purely gratuitous, for it is an historical fact that

the old syllabary continued to be used in Babylon hundreds of

years after the alphabetical system had been introduced.[7]

Custom is everything in establishing our prejudices. The Japanese

to-day rebel against the introduction of an alphabet, thinking it

ambiguous.
Yet, in the end, conservatism always yields, and so it was with

opposition to the alphabet. Once the idea of the consonant had

been firmly grasped, the old syllabary was doomed, though

generations of time might be required to complete the

obsequies—generations of time and the influence of a new nation.

We have now to inquire how and by whom this advance was made.

THE ALPHABET ACHIEVED
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We cannot believe that any nation could have vaulted to the final

stage of the simple alphabetical writing without tracing the

devious and difficult way of the pictograph and the syllabary. It

is possible, however, for a cultivated nation to build upon the

shoulders of its neighbors, and, profiting by the experience of

others, to make sudden leaps upward and onward. And this is

seemingly what happened in the final development of the art of

writing. For while the Babylonians and Assyrians rested content

with their elaborate syllabary, a nation on either side of them,

geographically speaking, solved the problem, which they perhaps

did not even recognize as a problem; wrested from their syllabary

its secret of consonants and vowels, and by adopting an arbitrary

sign for each consonantal sound, produced that most wonderful of

human inventions, the alphabet.

The two nations credited with this wonderful achievement are the

Phoenicians and the Persians. But it is not usually conceded that

the two are entitled to anything like equal credit. The Persians,

probably in the time of Cyrus the Great, used certain characters

of the Babylonian script for the construction of an alphabet; but

at this time the Phoenician alphabet had undoubtedly been in use

for some centuries, and it is more than probable that the Persian

borrowed his idea of an alphabet from a Phoenician source. And

that, of course, makes all the difference. Granted the idea of an

alphabet, it requires no great reach of constructive genius to

supply a set of alphabetical characters; though even here, it may

be added parenthetically, a study of the development of alphabets

will show that mankind has all along had a characteristic

propensity to copy rather than to invent.

Regarding the Persian alphabet-maker, then, as a copyist rather

than a true inventor, it remains to turn attention to the

Phoenician source whence, as is commonly believed, the original

alphabet which became “the mother of all existing alphabets” came

into being. It must be admitted at the outset that evidence for

the Phoenician origin of this alphabet is traditional rather than

demonstrative. The Phoenicians were the great traders of

antiquity; undoubtedly they were largely responsible for the

transmission of the alphabet from one part of the world to

another, once it had been invented. Too much credit cannot be

given them for this; and as the world always honors him who makes

an idea fertile rather than the originator of the idea, there can

be little injustice in continuing to speak of the Phoenicians as

the inventors of the alphabet. But the actual facts of the case

will probably never be known. For aught we know, it may have been

some dreamy-eyed Israelite, some Babylonian philosopher, some

Egyptian mystic, perhaps even some obscure Cretan, who gave to

the hard-headed Phoenician trader this conception of a

dismembered syllable with its all-essential, elemental,

wonder-working consonant. But it is futile now to attempt even to

surmise on such unfathomable details as these. Suffice it that

the analysis was made; that one sign and no more was adopted for

each consonantal sound of the Semitic tongue, and that the entire

cumbersome mechanism of the Egyptian and Babylonian writing

systems was rendered obsolescent. These systems did not yield at

once, to be sure; all human experience would have been set at

naught had they done so. They held their own, and much more than

held their own, for many centuries. After the Phoenicians as a

nation had ceased to have importance; after their original script

had been endlessly modified by many alien nations; after the

original alphabet had made the conquest of all civilized Europe

and of far outlying portions of the Orient—the Egyptian and

Babylonian scribes continued to indite their missives in the same

old pictographs and syllables.

The inventive thinker must have been struck with amazement when,

after making the fullest analysis of speech-sounds of which he

was capable, he found himself supplied with only a score or so of

symbols. Yet as regards the consonantal sounds he had exhausted

the resources of the Semitic tongue. As to vowels, he scarcely

considered them at all. It seemed to him sufficient to use one

symbol for each consonantal sound. This reduced the hitherto

complex mechanism of writing to so simple a system that the

inventor must have regarded it with sheer delight. On the other

hand, the conservative scholar doubtless thought it distinctly

ambiguous. In truth, it must be admitted that the system was

imperfect. It w
as a vast improvement on the old syllabary, but it

had its drawbacks. Perhaps it had been made a bit too simple;

certainly it should have had symbols for the vowel sounds as well

as for the consonants. Nevertheless, the vowel-lacking alphabet

seems to have taken the popular fancy, and to this day Semitic

people have never supplied its deficiencies save with certain

dots and points.

Peoples using the Aryan speech soon saw the defect, and the

Greeks supplied symbols for several new sounds at a very early

day.[8] But there the matter rested, and the alphabet has

remained imperfect. For the purposes of the English language

there should certainly have been added a dozen or more new

characters. It is clear, for example, that, in the interest of

explicitness, we should have a separate symbol for the vowel

sound in each of the following syllables: bar, bay, bann, ball,

to cite a single illustration.

There is, to be sure, a seemingly valid reason for not extending

our alphabet, in the fact that in multiplying syllables it would

be difficult to select characters at once easy to make and

unambiguous. Moreover, the conservatives might point out, with

telling effect, that the present alphabet has proved admirably

effective for about three thousand years. Yet the fact that our

dictionaries supply diacritical marks for some thirty vowels

sounds to indicate the pronunciation of the words of our

every-day speech, shows how we let memory and guessing do the

work that might reasonably be demanded of a really complete

alphabet. But, whatever its defects, the existing alphabet is a

marvellous piece of mechanism, the result of thousands of years

of intellectual effort. It i
s, perhaps without exception, the

most stupendous invention of the human intellect within

historical times—an achievement taking rank with such great

prehistoric discoveries as the use of articulate speech, the

making of a fire, and the invention of stone implements, of the

wheel and axle, and of picture-writing. It made possible for the

first time that education of the masses upon which all later

progress of civilization was so largely to depend.
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Such citations as these serve to bring vividly to mind the fact

that we are entering a new epoch of thought. Hitherto our studies

have been impersonal. Among Egyptians and Babylonians alike we

have had to deal with classes of scientific records, but we have

scarcely come across a single name. Now, however, we shall begin

to find records of the work of individual investigators. In

general, from now on, we shall be able to trace each great idea,

if not to its originator, at least to some one man of genius who

was prominent in bringing it before the world. The first of these

vitalizers of thought, who stands out at the beginnings of Greek

history, is this same Thales, of Miletus. His is not a very

sharply defined personality as we look back upon it, and we can

by no means be certain that all the discoveries which are

ascribed to him are specifically his. Of his individuality as a

man we know very little
. It is not even quite certain as to where

he was born; Miletus is usually accepted as his birthplace, but

one tradition makes him by birth a Phenician. It is not at all in

question, however, that by blood he was at least in part an

Ionian Greek. It will be recalled that in the seventh century

B.C., when Thales was born—and for a long time thereafter—the

eastern shores of the aegean Sea were quite as prominently the

centre of Greek influence as was the peninsula of Greece itself.

Not merely Thales, but his followers and disciples, Anaximander

and Anaximenes, were born there. So also was Herodotas, the

Father of History, not to extend the list. There is nothing

anomalous, then, in the fact that Thales, the father of Greek

thought, was born and passed his life on soil that was not

geographically a part of Greece; but the fact has an important

significance of another kind. Thanks to his environment, Thales

was necessarily brought more or less in contact with Oriental

ideas. There was close commercial contact between the land of his

nativity and the great Babylonian capital off to the east, as

also with Egypt. Doubtless this association was of influence in

shaping the development of Thales´s mind. Indeed, it was an

accepted tradition throughout classical times that the Milesian

philosopher had travelled in Egypt, and had there gained at least

the rudiments of his knowledge of geometry. In the fullest sense,

then, Thales may be regarded as representing a link in the chain

of thought connecting the learning of the old Orient with the

nascent scholarship of the new Occident. Occupying this position,

it is fittin
g that the personality of Thales should partake

somewhat of mystery; that the scene may not be shifted too

suddenly from the vague, impersonal East to the individualism of

Europe.
All of this, however, must not be taken as casting any doubt upon

the existence of Thales as a real person. Even the dates of his

life—640 to 546 B.C.—may be accepted as at least approximately

640   546   trustworthy; and the specific discoveries ascribed to him

illustrate equally well the stage of development of Greek

thought, whether Thales himself or one of his immediate disciples

were the discoverer. We have already mentioned the feat which was

said to have given Thales his great reputation. That Thales was

universally credited with having predicted the famous eclipse is

beyond question. That he actually did predict it in
 any precise

sense of the word is open to doubt. At all events, his prediction

was not based upon any such precise knowledge as that of the

modern astronomer. There is, indeed, only one way in which he

could have foretold the eclipse, and that is through knowledge of

the regular succession of preceding eclipses. But that knowledge

implies access on the part of some one to long series of records

of practical observations of the heavens. Such records, as we

have seen, existed in Egypt and even more notably in Babylonia.

That these records were the source of the information which

established the reputation of Thales is an unavoidable inference.

In other words, the magical prevision of the father of Greek

thought was but a reflex of Oriental wisdom. Nevertheless, it

sufficed to establish Thales as the father of Greek astronomy. In

point of fact, his actual astronomical attainments would appear

to have been meagre enough. There is nothing to show that he

gained an inkling of the true character of the solar system. He

did not even recognize the sphericity of the earth, but held,

still fo
llowing the Oriental authorities, that the world is a

flat disk. Even his famous cosmogonic guess, according to which

water is the essence of all things and the primordial element out

of which the earth was developed, is but an elaboration of the

Babylonian conception.

When we turn to the other field of thought with which the name of

Thales is associated—namely, geometry—we again find evidence of

the Oriental influence. The science of geometry, Herodotus

assures us, was invented in Egypt. It w
as there an eminently

practical science, being applied, as the name literally suggests,

to the measurement of the earth´s surface. Herodotus tells us

that the Egyptians were obliged to cultivate the science because

the periodical inundations washed away the boundary-lines between

their farms. The primitive geometer, then, was a surveyor. The

Egyptian records, as now revealed to us, show that the science

had not been carried far in the land of its birth. The Egyptian

geometer was able to measure irregular pieces of land only

approximately. He never fully grasped the idea of the

perpendicular as the true index of measurement for the triangle,

but based his calculations upon measurements of the actual side

of that figure. Nevertheless, he had learned to square the circle

with a close approximation to the truth, and, in general, his

measurement sufficed for all his practical needs. Just how much

of the geometrical knowledge which added to the fame of Thales

was borrowed directly from the Egyptians, and how much he

actually created we cannot be sure. Nor is the question raised in

disparagement of his genius. Receptivity is the first

prerequisite to progressive thinking, and that Thales reached out

after and imbibed portions of Oriental wisdom argues in itself

for the creative character of his genius. Whether borrower of

originator, however, Thales is credited with the expression of

the following geometrical truths:

1. That the circle is bisected by its diameter.

2. That the angles at the base of an isosceles triangle are

equal. 3. That when two straight lines cut each other the vertical

opposite angles are equal.

4. That the angle in a semicircle is a right angle.

5. That one side and one acute angle of a right-angle triangle

determine the other sides of the triangle.

It was by the application of the last of these principles that

Thales is said to have performed the really notable feat of

measuring the distance of a ship from the shore, his method being

precisely the same in principle as that by which the guns are

sighted on a modern man-of-war. Another practical demonstration

which Thales was credited with making, and to which also his

geometrical studies led him, was the measurement of any tall

object, such as a pyramid or building or tree, by means of its

shadow. The method, though simple enough, was ingenious. It

consisted merely in observing the moment of the day when a

perpendicular stick casts a shadow equal to its own length.

Obviously the tree or monument would also cast a shadow equal to

its own height at the same moment. It re
mains then but to measure

the length of this shadow to determine the height of the object.

Such feats as this evidence the practicality of the genius of

Thales. They suggest that Greek science, guided by imagination,

was starting on the high-road of observation. We are told that

Thales conceived for the first time the geometry of lines, and

that this, indeed, constituted his real advance upon the

Egyptians. We are told also that he conceived the eclipse of the

sun as a purely natural phenomenon, and that herein lay his

advance upon the Chaldean point of view. But if th
is be true

Thales was greatly in advance of his time, for it w
ill be

recalled that fully two hundred years later the Greeks under

Nicias before Syracuse were so disconcerted by the appearance of

an eclipse, which was interpreted as a direct omen and warning,

that Nicias threw away the last opportunity to rescue his army.

Thucydides, it is true, in recording this fact speaks

disparagingly of the superstitious bent of the mind of Nicias,

but Thucydides also was a man far in advance of his time.

All that we know of the psychology of Thales is summed up in the

famous maxim, “Know thyself,“ a maxim which, taken in connection

with the proven receptivity of the philosopher´s mind, suggests

to us a marvellously rounded personality.

The disciples or successors of Thales, Anaximander and

Anaximenes, were credited with advancing knowledge through the

invention or introduction of the sundial. We may be sure,

however, that the gnomon, which is the rudimentary sundial, had

been known and used from remote periods in the Orient, and the

most that is probable is that Anaximander may have elaborated

some special design, possibly the bowl- shaped sundial, through

which the shadow of the gnomon would indicate the time. The same

philosopher is said to have made the first sketch of a

geographical map, but this again is a statement which modern

researches have shown to be fallacious, since a Babylonian

attempt at depicting the geography of the world is still

preserved to us on a clay tablet. Anaximander may, however, have

been the first Greek to make an attempt of this kind. Here again

the influence of Babylonian science upon the germinating Western

thought is suggested.

It is said that Anaximander departed from Thales´s conception of

the earth, and, it m
ay be added, from the Babylonian conception

also, in that he conceived it as a cylinder, or rather as a

truncated cone, the upper end of which is the habitable portion.

This conception is perhaps the first of these guesses through

which the Greek mind attempted to explain the apparent fixity of

the earth. To ask what supports the earth in space is most

natural, but the answer given by Anaximander, like that more

familiar Greek solution which transformed the cone, or cylinder,

into the giant Atlas, is but another illustration of that

substitution of unwarranted inference for scientific induction

which we have already so often pointed out as characteristic of

the primitive stages of thought.

Anaximander held at least one theory which, as vouched for by

various copyists and commentators, entitles him to be considered

perhaps the first teacher of the idea of organic evolution.

According to this idea, man developed from a fishlike ancestor,

“growing up as sharks do until able to help himself and then

coming forth on dry land.“[1] The thought here expressed finds

its germ, perhaps, in the Babylonian conception that everything

came forth from a chaos of waters. Yet the fact that the thought

of Anaximander has come down to posterity through such various

channels suggests that the Greek thinker had got far enough away

from the Oriental conception to make his view seem to his

contemporaries a novel and individual one. Indeed, nothing we

know of the Oriental line of thought conveys any suggestion of

the idea of transformation of species, whereas that idea is

distinctly formulated in the traditional views of Anaximander.
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A strange development that for a stripling pugilist. But we must

not forget that in the Greek world athletics held a peculiar

place. The chief winner of Olympian games gave his name to an

epoch (the ensuing Olympiad of four years), and was honored

almost before all others in the land. A sound mind in a sound

body was the motto of the day. To excel in feats of strength and

dexterity was an accomplishment that even a philosopher need not

scorn. It w
ill be recalled that aeschylus distinguished himself

at the battle of Marathon; that Thucydides, the greatest of Greek

historians, was a general in the Peloponnesian War; that

Xenophon, the pupil and biographer of Socrates, was chiefly famed

for having led the Ten Thousand in the memorable campaign of

Cyrus the Younger; that Plato himself was credited with having

shown great aptitude in early life as a wrestler. If, t
hen,

Pythagoras the philosopher was really the Pythagoras who won the

boxing contest, we may suppose that in looking back upon this

athletic feat from the heights of his priesthood—for he came to

be almost deified—he regarded it not as an indiscretion of his

youth, but as one of the greatest achievements of his life. Not

unlikely he recalled with pride that he was credited with being

no less an innovator in athletics than in philosophy. At all

events, tradition credits him with the invention of “scientific”

boxing. Was it he, perhaps, who taught the Greeks to strike a

rising and swinging blow from the hip, as depicted in the famous

metopes of the Parthenon? If so, the innovation of Pythagoras was

as little
 heeded in this regard in a subsequent age as was his

theory of the motion of the earth; for to strike a swinging blow

from the hip, rather than from the shoulder, is a trick which the

pugilist learned anew in our own day.

But enough of pugilism and of what, at best, is a doubtful

tradition. Our concern is with another “science” than that of the

arena. We must follow the purple-robed victor to Italy—if,

indeed, we be not over-credulous in accepting the tradition—and

learn of triu
mphs of a different kind that have placed the name

of Pythagoras high on the list of the fathers of Grecian thought.

To Italy? Yes, to the western limits of the Greek world. Here it

was, beyond the confines of actual Greek territory, that Hellenic

thought found its second home, its first home being, as we have

seen, in Asia Minor. Pythagoras, indeed, to whom we have just

been introduced, was born on the island of Samos, which lies near

the coast of Asia Minor, but he probably migrated at an early day

to Crotona, in Italy. There he lived, taught, and developed his

philosophy until rather late in life, when, having incurred the

displeasure of his fellow-citizens, he suffered the not unusual

penalty of banishment.

Of the three other great Italic leaders of thought of the early

period, Xenophanes came rather late in life to Elea and founded

the famous Eleatic School, of which Parmenides became the most

distinguished ornament. These two were Ionians, and they lived in

the sixth century before our era. Empedocles, the Sicilian, was

of Doric origin. He lived about the middle of the fifth
 century

B.C., at a time, therefore, when Athens had attained a position

of chief glory among the Greek states; but there is no evidence

that Empedocles ever visited that city, though it was rumored

that he returned to the Peloponnesus to die. The other great

Italic philosophers just named, living, as we have seen, in the

previous century, can scarcely have thought of Athens as a centre

of Greek thought. Indeed, the very fact that these men lived in

Italy made that peninsula, rather than the mother-land of Greece,

the centre of Hellenic influence. But all these men, it m
ust

constantly be borne in mind, were Greeks by birth and language,

fully recognized as such in their own time and by posterity. Yet

the fact that they lived in a land which was at no time a part of

the geographical territory of Greece must not be forgotten. They,

or their ancestors of recent generations, had been pioneers among

those venturesome colonists who reached out into distant portions

of the world, and made homes for themselves in much the same

spirit in
 which colonists from Europe began to populate America

some two thousand years later. In general, colonists from the

different parts of Greece localized themselves somewhat

definitely in their new homes; yet there must naturally have been

a good deal of commingling among the various families of

pioneers, and, to a certain extent, a mingling also with the

earlier inhabitants of the country. This racial mingling,

combined with the well-known vitalizing influence of the pioneer

life, led, we may suppose, to a more rapid and more varied

development than occurred among the home-staying Greeks. In proof

of this, witness the remarkable schools of philosophy which, as

we have seen, were thus developed at the confines of the Greek

world, and which were presently to invade and, as it were, take

by storm the mother-country itself.

As to the personality of these pioneer philosophers of the West,

our knowledge is for the most part more or less traditional. What

has been said of Thales may be repeated, in the main, regarding

Pythagoras, Parmenides, and Empedocles. That they were real

persons is not at all in question, but much that is merely

traditional has come to be associated with their names.

Pythagoras was the senior, and doubtless his ideas may have

influenced the others more or less, though each is usually spoken

of as the founder of an independent school. Much confusion has

all along existed, however, as to the precise ideas which were to

be ascribed to each of the leaders. Numberless commentators,

indeed, have endeavored to pick out from among the traditions of

antiquity, aided by such fragments, of the writing of the

philosophers as have come down to us, the particular ideas that

characterized each thinker, and to weave these ideas into

systems. But such efforts, notwithstanding the mental energy that

has been expended upon them, were, of necessity, futile, since,

in the first place, the ancient philosophers themselves did not

specialize and systematize their ideas according to modern

notions, and, in the second place, the records of their

individual teachings have been too scantily preserved to serve

for the purpose of classification. It is freely admitted that

fable has woven an impenetrable mesh of contradictions about the

personalities of these ancient thinkers, and it would be folly to

hope that this same artific
er had been less busy with their

beliefs and theories. When one reads that Pythagoras advocated an

exclusively vegetable diet, yet that he was the first to train

athletes on meat diet; that he sacrificed only inanimate things,

yet that he offered up a hundred oxen in honor of his great

discovery regarding the sides of a triangle, and such like

inconsistencies in the same biography, one gains a realizing

sense of the extent to which diverse traditions enter into the

story as it has come down to us. And yet we must reflect that

most men change their opinions in the course of a long lifetime,

and that the antagonistic reports may both be true.

True or false, these fables have an abiding interest, since they

prove the unique and extraordinary character of the personality

about which they are woven. The alleged witticisms of a Whistler,

in our own day, were doubtless, for the most part, quite unknown

to Whistler himself, yet they never would have been ascribed to

him were they not akin to witticisms that he did originate—were

they not, in short, ty
pical expressions of his personality. And

so of the heroes of the past. “It is no ordinary man,“ said

George Henry Lewes, speaking of Pythagoras, “whom fable exalts

into the poetic region. Whenever you find romantic or miraculous

deeds attributed, be certain that the hero was great enough to

maintain the weight of the crown of this fabulous glory.“[1] We

may not doubt, then, that Pythagoras, Parmenides, and Empedocles,

with whose names fable was so busy throughout antiquity, were men

of extraordinary personality. We are here chiefly concerned,

however, neither with the personality of the man nor yet with the

precise doctrines which each one of them taught. A knowledge of

the latter would be interesting were it attainable, but in the

confused state of the reports that have come down to us we cannot

hope to be able to ascribe each idea with precision to its proper

source. At best we can merely outline, even here not too

precisely, the scientific doctrines which the Italic philosophers

as a whole seem to have advocated.

First and foremost, there is the doctrine that the earth is a

sphere. Pythagoras is said to have been the first advocate of

this theory; but, unfortunately, it is
 reported also that

Parmenides was its author. This rivalship for the discovery of an

important truth we shall see repeated over and over in more

recent tim
es. Could we know the whole truth, it w

ould perhaps

appear that the idea of the sphericity of the earth was

originated long before the time of the Greek philosophers. But it

must be admitted that there is no record of any sort to give

tangible support to such an assumption. So far as we can

ascertain, no Egyptian or Babylonian astronomer ever grasped the

wonderful conception that the earth is round. That the Italic

Greeks should have conceived that idea was perhaps not so much

because they were astronomers as because they were practical

geographers and geometers. Pythagoras, as we have noted, was born

at Samos, and, therefore, made a relatively long sea voyage in

passing to Italy. Now, as every one knows, the most simple and

tangible demonstration of the convexity of the earth´s surface is

furnished by observation of an approaching ship at sea. On a

clear day a keen eye may discern the mast and sails rising

gradually above the horizon, to be followed in due course by the

hull. Similarly, on approaching the shore, high objects become

visible before those that lie nearer the water. It is
 at least a

plausible supposition that Pythagoras may have made such

observations as these during the voyage in question, and that

therein may lie the germ of that wonderful conception of the

world as a sphere.

To what extent further proof, based on the fact that the earth´s

shadow when the moon is eclipsed is always convex, may have been

known to Pythagoras we cannot say. There is no proof that any of

the Italic philosophers made extensive records of astronomical

observations as did the Egyptians and Babylonians; but we must

constantly recall that the writings of classical antiquity have

been almost altogether destroyed. The absence of astronomical

records is, therefore, no proof that such records never existed.

Pythagoras, it should be said, is reported to have travelled in

Egypt, and he must there have gained an inkling of astronomical

methods. Indeed, he speaks of himself specifically, in a letter

quoted by Diogenes, as one who is accustomed to study astronomy.

Yet a later sentence of the letter, which asserts that the

philosopher is not always occupied about speculations of his own

fancy, suggesting, as it does, the dreamer rather than the

observer, gives us probably a truer glimpse into the

philosopher´s mind. There is, indeed, reason to suppose that the

doctrine of the sphericity of the earth appealed to Pythagoras

chiefly because it accorded with his conception that the sphere

is the most perfect solid, just as the circle is the most perfect

plane surface. Be that as it m
ay, the fact remains that we have

here, as far as we can trace its origin, the first expression of

the scientific theory that the earth is round. Had the Italic

philosophers accomplished nothing more than this, their

accomplishment would none the less mark an epoch in the progress

of thought.
That Pythagoras was an observer of the heavens is further

evidenced by the statement made by Diogenes, on the authority of

Parmenides, that Pythagoras was the first person who discovered

or asserted the identity of Hesperus and Lucifer—that is to say,

of the morning and the evening star. This was really a remarkable

discovery, and one that was no doubt instrumental later on in

determining that theory of the mechanics of the heavens which we

shall see elaborated presently. To have made such a discovery

argues again for the practicality of the mind of Pythagoras. His,

indeed, would seem to have been a mind in which practical

common-sense was strangely blended with the capacity for wide and

imaginative generalization. As further evidence of his

practicality, it is
 asserted that he was the first person who

introduced measures and weights among the Greeks, this assertion

being made on the authority of Aristoxenus. It w
ill be observed

that he is said to have introduced, not to have invented, weights

and measures, a statement which suggests a knowledge on the part

of the Greeks that weights and measures were previously employed

in Egypt and Babylonia.

The mind that could conceive the world as a sphere and that

interested itself in weights and measures was, obviously, a mind

of the visualizing type. It is
 characteristic of this type of

mind to be interested in the tangibilities of geometry, hence it

is not surprising to be told that Pythagoras “carried that

science to perfection.“ The most famous discovery of Pythagoras

in this field was that the square of the hypotenuse of a

right-angled triangle is equal to the squares of the other sides

of the triangle. We have already noted the fable that his

enthusiasm over this discovery led him to sacrifice a hecatomb.

Doubtless the story is apocryphal, but doubtless, also, it

expresses the truth as to the fervid joy with which the

philosopher must have contemplated the results of his creative

imagination.
No line alleged to have been written by Pythagoras has come down

to us. We are told that he refrained from publishing his

doctrines, except by word of mouth. “The Lucanians and the

Peucetians, and the Messapians and the Romans,“ we are assured,

“flocked around him, coming with eagerness to hear his

discourses; no fewer than six hundred came to him every night;

and if any one of them had ever been permitted to see the master,

they wrote of it to
 their frie

nds as if th
ey had gained some

great advantage.“ Nevertheless, we are assured that until th
e

time of Philolaus no doctrines of Pythagoras were ever published,

to which statement it is
 added that “when the three celebrated

books were published, Plato wrote to have them purchased for him

for a hundred minas.“[2] But if such books existed, they are lost

to the modern world, and we are obliged to accept the assertions

of relatively late writers as to the theories of the great

Crotonian.
Perhaps we cannot do better than quote at length from an

important summary of the remaining doctrines of Pythagoras, which

Diogenes himself quoted from the work of a predecessor.[3]

Despite its somewhat inchoate character, this summary is a most

remarkable one, as a brief analysis of its contents will show. It

should be explained that Alexander (whose work is now lost) is

said to have found these dogmas set down in the commentaries of

Pythagoras. If th
is assertion be accepted, we are brought one

step nearer the philosopher himself. The summary is as follows:

“That the monad was the beginning of everything. From the monad

proceeds an indefinite duad, which is subordinate to the monad as

to its cause. That from the monad and the indefinite duad proceed

numbers. And from numbers signs. And from these last, lin
es of

which plane figures consist. And from plane figures are derived

solid bodies. And from solid bodies sensible bodies, of which

last there are four elements—fire, water, earth, and air. And

that the world, which is indued with life and intellect, and

which is of a spherical figure, having the earth, which is also

spherical, and inhabited all over in its centre,[4] results from

a combination of these elements, and derives its motion from

them; and also that there are antipodes, and that what is below,

as respects us, is above in respect of them.

“He also taught that light and darkness, and cold and heat, and

dryness and moisture, were equally divided in the world; and that

while heat was predominant it w
as summer; while cold had the

mastery, it w
as winter; when dryness prevailed, it w

as spring;

and when moisture preponderated, winter. And while all these

qualities were on a level, then was the loveliest season of the

year; of which the flourishing spring was the wholesome period,

and the season of autumn the most pernicious one. Of the day, he

said that the flourishing period was the morning, and the fading

one the evening; on which account that also was the least healthy

time. “Another of his theories was that the air around the earth was

immovable and pregnant with disease, and that everything in it

was mortal; but that the upper air was in perpetual motion, and

pure and salubrious, and that everything in that was immortal,

and on that account divine. And that the sun and the moon and the

stars were all gods; for in them the warm principle predominates

which is the cause of life
. And that the moon derives its light

from the sun. And that there is a relationship between men and

the gods, because men partake of the divine principle; on which

account, also, God exercises his providence for our advantage.

Also, that Fate is the cause of the arrangement of the world both

generally and particularly. Moreover, that a ray from the sun

penetrated both the cold aether and the dense aether; and they

call the air the cold aether, and the sea and moisture they call

the dense aether. And this ray descends into the depths, and in

this way vivifies everything. And everything which partakes of

the principle of heat lives, on which account, also, plants are

animated beings; but that all living things have not necessarily

souls. And that the soul is a something tom off fro
m the aether,

both warm and cold, from its partaking of the cold aether. And

that the soul is something different from life. Also, that it is

immortal, because that from which it has been detached is

immortal.
“Also, that animals are born from one another by seeds, and that

it is impossible for there to be any spontaneous production by

the earth. And that seed is a drop from the brain which contains

in itself a warm vapor; and that when this is applied to the womb

it tra
nsmits virtue and moisture and blood from the brain, from

which flesh and sinews and bones and hair and the whole body are

produced. And from the vapor is produced the soul, and also

sensation. And that the infant firs
t becomes a solid body at the

end of forty days; but, according to the principles of harmony,

it is not perfect till 
seven, or perhaps nine, or at most ten

months, and then it is brought forth. And that it c
ontains in

itself all the principles of life
, which are all connected

together, and by their union and combination form a harmonious

whole, each of them developing itself at the appointed time.

“The senses in general, and especially the sight, are a vapor of

excessive warmth, and on this account a man is said to see

through air and through water. For the hot principle is opposed

by the cold one; since, if th
e vapor in the eyes were cold, it

would have the same temperature as the air, and so would be

dissipated. As it is, in some passages he calls the eyes the

gates of the sun; and he speaks in a similar manner of hearing

and of the other senses.

“He also says that the soul of man is divided into three parts:

into intuition and reason and mind, and that the first and last

divisions are found also in other animals, but that the middle

one, reason, is only found in man. And that the chief abode of

the soul is in those parts of the body which are between the

heart and the brain. And that that portion of it w
hich is in the

heart is the mind; but that deliberation and reason reside in the

brain. Moreover, that the senses are drops from them; and that the

reasoning sense is immortal, but the others are mortal. And that

the soul is nourished by the blood; and that reasons are the

winds of the soul. That it is
 invisible, and so are its reasons,

since the aether itself is invisible. That the links of the soul

are the veins and the arteries and the nerves. But that when it

is vigorous, and is by itself in a quiescent state, then its

links are words and actions. That when it is cast forth upon the

earth it w
anders about, resembling the body. Moreover, that

Mercury is the steward of the souls, and that on this account he

has the name of Conductor, and Commercial, and Infernal, since it

is he who conducts the souls from their bodies, and from earth

and sea; and that he conducts the pure souls to the highest

region, and that he does not allow the impure ones to approach

them, nor to come near one another, but commits them to be bound

in indissoluble fetters by the Furies. The Pythagoreans also

assert th
at the whole air is full of souls, and that these are

those which are accounted daemons and heroes. Also, that it is
 by

them that dreams are sent among men, and also the tokens of

disease and health; these last, too, being sent not only to men,

but to sheep also, and other cattle. Also that it is
 they who are

concerned with purifications and expiations and all kinds of

divination and oracular predictions, and things of that kind.“[5]

A brief consideration of this summary of the doctrines of

Pythagoras will show that it a
t least outlines a most

extraordinary variety of scientific ideas. (1) There is suggested

a theory of monads and the conception of the development from

simple to more complex bodies, passing through the stages of

lines, plain figures, and solids to sensible bodies. (2) The

doctrine of the four elements—fire, water, earth, and air—as

the basis of all organisms is put forward. (3) The idea, not

merely of the sphericity of the earth, but an explicit conception

of the antipodes, is expressed. (4) A conception of the sanitary

influence of the air is clearly expressed. (5) An idea of the

problems of generation and heredity is shown, together with a

distinct disavowal of the doctrine of spontaneous generation— a

doctrine which, it m
ay be added, remained in vogue, nevertheless,

for some twenty-four hundred years after the time of Pythagoras.

(6) A remarkable analysis of mind is made, and a distinction

between animal minds and the human mind is based on this

analysis. The physiological doctrine that the heart is the organ

of one department of mind is offset by the clear statement that

the remaining factors of mind reside in the brain. This early

recognition of brain as the organ of mind must not be forgotten

in our later studies. It should be recalled, however, that a

Crotonian physician, Alemaean, a younger contemporary of

Pythagoras, is also credited with the same theory. (7) A

knowledge of anatomy is at least vaguely foreshadowed in the

assertion that veins, arteries, and nerves are the links of the

soul. In this connection it should be recalled that Pythagoras

was a practical physician.

As against these scientific doctrines, however, some of them

being at least remarkable guesses at the truth, attention must be

called to the concluding paragraph of our quotation, in which the

old familiar daemonology is outlined, quite after the Oriental

fashion. We shall have occasion to say more as to this phase of

the subject later on. Meantime, before leaving Pythagoras, let us

note that his practical studies of humanity led him to assert th
e

doctrine that “the property of frie
nds is common, and that

friendship is equality.“ His disciples, we are told, used to put

all their possessions together in one store and use them in

common. Here, then, seemingly, is the doctrine of communism put

to the test of experiment at this early day. If it
 seem that

reference to this carries us beyond the bounds of science, it m
ay

be replied that questions such as this will not lie beyond the

bounds of the science of the near future.

XENOPHANES AND PARMENIDES

XENOPHANES AND PARMENIDES

There is a whimsical tale about Pythagoras, according to which

the philosopher was wont to declare that in an earlier state he

had visited Hades, and had there seen Homer and Hesiod tortured

because of the absurd things they had said about the gods.

Apocrypbal or otherwise, the tale suggests that Pythagoras was an

agnostic as regards the current Greek religion of his time. The

same thing is perhaps true of most of the great thinkers of this

earliest period. But one among them was remembered in later tim
es

as having had a peculiar aversion to the anthropomorphic

conceptions of his fellows. This was Xenophanes, who was born at

Colophon probably about the year 580 B.C., and who, after a life

580   of wandering, settled finally in Italy and became the founder of

the so-called Eleatic School.

A few fragments of the philosophical poem in which Xenophanes

expressed his views have come down to us, and these fragments

include a tolerably definite avowal of his faith. “God is one

supreme among gods and men, and not like mortals in body or in

mind,“ says Xenophanes. Again he asserts that ”mortals suppose

that the gods are born (as they themselves are), that they wear

man´s clothing and have human voice and body; but,“ he continues,

“if cattle or lions had hands so as to paint with their hands and

produce works of art as men do, they would paint their gods and

give them bodies in form like their own—horses like horses,

cattle like cattle.“ Elsewhere he says, with great acumen: ”There

has not been a man, nor will th
ere be, who knows distinctly what

I say about the gods or in regard to all things. For even if one

chance for the most part to
 say what is true, still h

e would not

know; but every one thinks that he knows.“[6]

In the same spirit X
enophanes speaks of the battles of Titans, of

giants, and of centaurs as “fictions of former ages.“ All this

tells of the questioning spirit w
hich distinguishes the

scientific investigator. Precisely whither this spirit le
d him we

do not know, but the writers of a later tim
e have preserved a

tradition regarding a belief of Xenophanes that perhaps entitles

him to be considered the father of geology. Thus Hippolytus

records that Xenophanes studied the fossils to be found in

quarries, and drew from their observation remarkable conclusions.

His words are as follows: “Xenophanes believes that once the

earth was mingled with the sea, but in the course of tim
e it

became freed from moisture; and his proofs are such as these:

that shells are found in the midst of the land and among the

mountains, that in the quarries of Syracuse the imprints of a

fish and of seals had been found, and in Paros the imprint of an

anchovy at some depth in the stone, and in Melite shallow

impressions of all sorts of sea products. He says that these

imprints were made when everything long ago was covered with mud,

and then the imprint dried in the mud. Further, he says that all

men will be destroyed when the earth sinks into the sea and

becomes mud, and that the race will begin anew from the

beginning; and this transformation takes place for all

worlds.“[7] Here, then, we see this earliest of paleontologists

studying the fossil-bearing strata of the earth, and drawing from

his observations a marvellously scientific induction. Almost two

thousand years later another famous citizen of Italy, Leonardo da

Vinci, was independently to think out similar conclusions from

like observations. But not until th
e nineteenth century of our

era, some twenty-four hundred years after the time of Xenophanes,

was the old Greek´s doctrine to be accepted by the scientific

world. The ideas of Xenophanes were known to his contemporaries

and, as we see, quoted for a few centuries by his successors,

then they were ignored or quite forgotten; and if any philosopher

of an ensuing age before the time of Leonardo championed a like

rational explanation of the fossils, we have no record of the

fact. The geological doctrine of Xenophanes, then, must be listed

among those remarkable Greek anticipations of nineteenth -century

science which suffered almost total eclipse in the intervening

centuries.
Among the pupils of Xenophanes was Parmenides, the thinker who

was destined to carry on the work of his master along the same

scientific lines, though at the same time mingling his scientific

conceptions with the mysticism of the poet. We have already had

occasion to mention that Parmenides championed the idea that the

earth is round; noting also that doubts exist as to whether he or

Pythagoras originated this doctrine. No explicit answer to this

question can possibly be hoped for. It s
eems clear, however, that

for a long time the Italic School, to which both these

philosophers belonged, had a monopoly of the belief in question.

Parmenides, like Pythagoras, is credited with having believed in

the motion of the earth, though the evidence furnished by the

writin
gs of the philosopher himself is not as demonstrative as

one could wish. Unfortunately, the copyists of a later age were

more concerned with metaphysical speculations than with more

tangible things. But as far as the fragmentary references to the

ideas of Parmenides may be accepted, they do not support th
e idea

of the earth´s motion. Indeed, Parmenides is made to say

explicitly, in preserved fragments, that “the world is immovable,

limited, and spheroidal in form.“[8]

Nevertheless, some modern interpreters have found an opposite

meaning in Parmenides. Thus Ritter interprets him as supposing

“that the earth is in the centre spherical, and maintained in

rotary motion by its equiponderance; around it lie
 certain rings,

the highest composed of the rare element fire
, the next lower a

compound of light and darkness, and lowest of all one wholly of

night, which probably indicated to his mind the surface of the

earth, the centre of which again he probably considered to be

fire.“[9] But this, like too many interpretations of ancient

thought, appears to read into the fragments ideas which the words

themselves do not warrant. There seems no reason to doubt,

however, th
at Parmenides actually held the doctrine of the

earth´s sphericity. Another glimpse of his astronomical doctrines

is furnished us by a fragment which tells us that he conceived

the morning and the evening stars to be the same, a doctrine

which, as we have seen, was ascribed also to Pythagoras. Indeed,

we may repeat that it is
 quite impossible to distinguish between

the astronomical doctrines of these two philosophers.

The poem of Parmenides in which the cosmogonic speculations occur

treats also of the origin of man. The author seems to have had a

clear conception that intelligence depends on bodily organism,

and that the more elaborately developed the organism the higher

the intelligence. But in the interpretation of this thought we

are hampered by the characteristic vagueness of expression, which

may best be evidenced by putting before the reader two English

translations of the same stanza. Here is Ritter´s rendering, as

made into English by his translator, Morrison:

 “For exactly as each has the state of his limbs many-jointed, 

So invariably stands it w
ith men in their mind and their     

reason;  For the system of lim
bs is that which thinketh in

mankind  Alike in all and in each: for thought is the

fulness.“[10]

10   The same stanza is given thus by George Henry Lewes:

 “Such as to each man is the nature of his many-jointed limbs, 

Such also is the intelligence of each man; for it is
  The nature

of lim
bs (organization) which thinketh in men,  Both in one and

in all; fo
r the highest degree of organization      g

ives the

highest degree of thought.“[11]

11   Here it w
ill be observed that there is virtual agreement between

the translators except as to the last clause, but that clause is

most essential. The Greek phrase is <gr to gar pleon esti nohma>.

Ritter, it w
ill be observed, renders this, “for thought is the

fulness.“ Lewes paraphrases it, ”for the highest degree of

organization gives the highest degree of thought.“ The difference

is intentional, since Lewes himself criticises the translation of

Ritter. Ritter´s translation is certainly the more literal, but

the fact that such diversity is possible suggests one of the

chief elements of uncertainty that hamper our interpretation of

the thought of antiquity. Unfortunately, the mind of the

commentator has usually been directed towards such subtleties,

rather than towards the expression of precise knowledge. Hence it

is that the philosophers of Greece are usually thought of as mere

dreamers, and that their tru
e status as scientific discoverers is

so often overlooked. With these intangibilitie
s we have no

present concern beyond this bare mention; for us it suffices to

gain as clear an idea as we may of the really scientific

conceptions of these thinkers, leaving the subtleties of their

deductive reasoning for the most part untouched.

EMPEDOCLES

EMPEDOCLES

The latest of the important pre-Socratic philosophers of the

Italic school was Empedocles, who was born about 494 B.C. and

494   lived to the age of sixty. These dates make Empedocles strictly

contemporary with Anaxagoras, a fact which we shall do well to

bear in mind when we come to consider the latter´s philosophy in

the succeeding chapter. Like Pythagoras, Empedocles is an

imposing figure. Indeed, there is much of similarity between the

personalities, as between the doctrines, of the two men.

Empedocles, like Pythagoras, was a physician; like him also he

was the founder of a cult. As statesman, prophet, physicist,

physician, reformer, and poet he showed a versatility
 that,

coupled with profundity, marks the highest genius. In point of

versatility
 we shall perhaps hardly find his equal at a later

day—unless, indeed, an exception be made of Eratosthenes. The

myths that have grown about the name of Empedocles show that he

was a remarkable personality. He is said to have been an

awe-inspiring figure, clothing himself in Oriental splendor and

moving among mankind as a superior being. Tradition has it th
at

he threw himself into the crater of a volcano that his otherwise

unexplained disappearance might lead his disciples to believe

that he had been miraculously translated; but tra
dition goes on

to say that one of the brazen slippers of the philosopher was

thrown up by the volcano, thus revealing his subterfuge. Another

tradition of far more credible aspect asserts that Empedocles

retreated from Italy, returning to the home of his fathers in

Peloponnesus to die there obscurely. It s
eems odd that the facts

regarding the death of so great a man, at so comparatively late a

period, should be obscure; but this, perhaps, is in keeping with

the personality of the man himself. H
is disciples would hesitate

to ascribe a merely natural death to so inspired a prophet.

Empedocles appears to have been at once an observer and a

dreamer. He is credited with noting that the pressure of air will

sustain the weight of water in an inverted tube; with divining,

without the possibility of proof, th
at light has actual motion in

space; and with asserting that centrifu
gal motion must keep the

heavens from falling. He is credited with a great sanitary feat

in the draining of a marsh, and his knowledge of medicine was

held to be supernatural. Fortunately, some fragments of the

writin
gs of Empedocles have come down to us, enabling us to judge

at firs
t hand as to part of his doctrines; while still m

ore is

known through the references made to him by Plato, Aristotle, and

other commentators. Empedocles was a poet whose verses stood the

test of criticism. In this regard he is in a like position with

Parmenides; but in neither case are the preserved fragments

sufficient to enable us fully to estimate their author´s

scientific attainments. Philosophical writin
gs are obscure enough

at the best, and they perforce become doubly so when expressed in

verse. Yet there are certain passages of Empedocles that are

unequivocal and full of interest. Perhaps the most im
portant

conception which the works of Empedocles reveal to us is the

denial of anthropomorphism as applied to deity. We have seen how

early the anthropomorphic conception was developed and how

closely it w
as all along clung to; to shake the mind free from it

then was a remarkable feat, in accomplishing which Empedocles

took a long step in the direction of rationalism. His conception

is paralleled by that of another physician, Alcmaeon, of Proton,

who contended that man´s ideas of the gods amounted to mere

suppositions at the very most. A rationalistic or sceptical

tendency has been the accompaniment of medical tra
ining in all

ages. The words in which Empedocles expresses his conception of deity

have been preserved and are well worth quoting: “It is not

impossible,“ he says, ”to draw near (to
 god) even with the eyes

or to take hold of him with our hands, which in truth is the best

highway of persuasion in the mind of man; for he has no human

head fitte
d to a body, nor do two shoots branch out fro

m the

trunk, nor has he feet, nor swift le
gs, nor hairy parts, but he

is sacred and ineffable mind alone, darting through the whole

world with swift th
oughts.“[8]

How far Empedocles carried his denial of anthropomorphism is

illustrated by a reference of Aristotle, who asserts “that

Empedocles regards god as most lacking in the power of

perception; for he alone does not know one of the elements,

Strife
 (hence), of perishable things.“ It is

 difficult to
 avoid

the feeling that Empedocles here approaches the modern

philosophical conception that God, however postulated as

immutable, must also be postulated as unconscious, since

intelligence, as we know it, is
 dependent upon the transmutations

of matter. But to urge this thought would be to yield to that

philosophizing tendency which has been the bane of interpretation

as applied to the ancient thinkers.

Considering for a moment the more tangible accomplishments of

Empedocles, we find it alleged that one of his “miracles”

consisted of the preservation of a dead body without putrefaction

for some weeks after death. We may assume from this that he had

gained in some way a knowledge of embalming. As he was

notoriously fond of experiment, and as the body in question

(assuming for the moment the authenticity of the legend) must

have been preserved without disfigurement, it i
s conceivable even

that he had hit upon the idea of injecting the arteries. This, of

course, is pure conjecture; yet it f
inds a certain warrant, both

in the fact that the words of Pythagoras lead us to believe that

the arteries were known and studied, and in the fact that

Empedocles´ own words reveal him also as a student of the

vascular system. Thus Plutarch cites Empedocles as believing

“that the ruling part is not in the head or in the breast, but in

the blood; wherefore in whatever part of the body the more of

this is spread in that part m
en excel.“[13] And Empedocles´ own

13   words, as preserved by Stobaeus, assert “(the heart) li
es in seas

of blood which dart in
 opposite directions, and there most of all

intelligence centres for men; for blood about the heart is

intelligence in the case of man.“ All th
is implies a really

remarkable appreciation of the dependence of vital activities

upon the blood.

This correct physiological conception, however, was by no means

the most remarkable of the ideas to which Empedoeles was led by

his anatomical studies. His greatest accomplishment was to have

conceived and clearly expressed an idea which the modern

evolutionist connotes when he speaks of homologous parts—an idea

which found a famous modern expositor in Goethe, as we shall see

when we come to deal with eighteenth-century science. Empedocles

expresses the idea in these words: “Hair, and leaves, and thick

feathers of birds, are the same thing in origin, and reptile

scales too on strong limbs. But on hedgehogs sharp-pointed hair

bristles on their backs.“[14] That the idea of tra
nsmutation of

14   parts, as well as of mere homology, was in mind is evidenced by a

very remarkable sentence in which Aristotle asserts, “Empedocles

says that fin
gernails rise from sinew from hardening.“ Nor is

this quite all, fo
r surely we find the germ of the Lamarckian

conception of evolution through the transmission of acquired

characters in the assertion that “many characteristics appear in

animals because it happened to be thus in their birth, as that

they have such a spine because they happen to be descended from

one that bent itself backward.“[15] Aristotle, in quoting this

15   remark, asserts, with the dogmatism which characterizes the

philosophical commentators of every age, that “Empedocles is

wrong,“ in making this assertion; but Lamarck, who lived

twenty-three hundred years after Empedocles, is famous in the

history of the doctrine of evolution for elaborating this very

idea. It is fair to
 add, however, th

at the dreamings of Empedocles

regarding the origin of living organisms led him to some

conceptions that were much less luminous. On occasion, Empedocles

the poet got the better of Empedocles the scientist, and we are

presented with a conception of creation as grotesque as that

which delighted the readers of Paradise Lost at a later day.

Empedocles assures us that “many heads grow up without necks, and

arms were wandering about, necks bereft of shoulders, and eyes

roamed about alone with no foreheads.“[16] This chaotic

16   condition, so the poet dreamed, led to the union of many

incongruous parts, producing “creatures with double faces,

offspring of oxen with human faces, and children of men with oxen

heads.“ But out of this chaos came, finally, we are led to infer,

a harmonious aggregation of parts, producing ultim
ately the

perfected organisms that we see. Unfortunately the preserved

portions of the writin
gs of Empedocles do not enlighten us as to

the precise way in which final evolution was supposed to be

effected; although the idea of endless experimentation until

natural selection resulted in survival of the fitte
st seems not

far afield from certain of the poetical assertions. Thus: “As

divinity was mingled yet more with divinity, these things (the

various members) kept coming together in whatever way each might

chance.“ Again: ”At one tim
e all th

e limbs which form the body

united into one by love grew vigorously in the prime of life
; but

yet at another tim
e, separated by evil Strife

, they wander each

in different directions along the breakers of the sea of life
.

Just so is it w
ith plants, and with fishes dwelling in watery

halls, and beasts whose lair is in the mountains, and birds borne

on wings.“[17]

17   All th
is is poetry rather than science, yet such imaginings could

come only to one who was groping towards what we moderns should

term an evolutionary conception of the origins of organic life;

and however grotesque some of these expressions may appear, it

must be admitted that the morphological ideas of Empedocles, as

above quoted, give the Sicilian philosopher a secure place among

the anticipators of the modern evolutionist.
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e G
ree

k r
ac

e.

The Greeks, for the first tim
e, occupied the centre of the

Th
e G

ree
ks,

 fo
r t

he
 fir

st 
tim

e, 
oc

cu
pie

d t
he

 ce
nt

re 
of 

th
e

historical stage; for the brief interval of about half a century

his
tor

ica
l st

ag
e; 

for
 th

e b
rie

f in
ter

va
l o

f a
bo

ut
 ha

lf a
 ce

nt
ury

the different Grecian principalitie
s lived together in relative

th
e d

iffe
ren

t G
rec

ian
 pr

inc
ipa

liti
es

 liv
ed

 to
ge

th
er 

in 
rel

ati
ve

harmony. One city was recognized as the metropolis of the loosely

ha
rm

on
y. 

On
e c

ity
 w

as
 re

co
gn

ize
d a

s t
he

 m
etr

op
oli

s o
f th

e l
oo

se
ly

bound empire; one city became the home of culture and the Mecca

bo
un

d e
mpir

e; 
on

e c
ity

 be
ca

me t
he

 ho
me o

f c
ult

ure
 an

d t
he

 M
ec

ca

towards which all eyes turned; that city, of course, was Athens.

tow
ard

s w
hic

h a
ll e

ye
s t

urn
ed

; th
at 

cit
y, 

of 
co

urs
e, 

was
 At

he
ns

.

For a brief tim
e all ro

ads led to Athens, as, at a later date,

Fo
r a

 br
ief

 tim
e a

ll r
oa

ds
 le

d t
o A

th
en

s, a
s, a

t a
 la

ter
 da

te,

they all led to Rome. The waterways which alone bound the widely

th
ey

 al
l le

d t
o R

om
e. 

Th
e w

ate
rw

ay
s w

hic
h a

lon
e b

ou
nd

 th
e w

ide
ly

scattered parts of Hellas into a united whole led out fro
m Athens

sca
tte

red
 pa

rts
 of

 He
lla

s in
to 

a u
nit

ed
 w

ho
le 

led
 ou

t fr
om

 At
he

ns

and back to Athens, as the spokes of a wheel to its hub. Athens

an
d b

ac
k t

o A
th

en
s, a

s t
he

 sp
ok

es 
of 

a w
he

el 
to 

its
 hu

b. 
At

he
ns

was the commercial centre, and, largely for that reason, it

was
 th

e c
om

merc
ial

 ce
nt

re,
 an

d, 
lar

ge
ly 

for
 th

at 
rea

so
n, 

it

became the centre of culture and intellectual influence also. The

be
ca

me t
he

 ce
nt

re 
of 

cu
ltu

re 
an

d i
nt

ell
ec

tu
al 

inf
lue

nc
e a

lso
. T

he

wise men from the colonies visited the metropolis, and the wise

wise
 m

en
 fro

m th
e c

olo
nie

s v
isi

ted
 th

e m
etr

op
oli

s, a
nd

 th
e w

ise

Athenians went out to the colonies. Whoever aspired to become a

At
he

nia
ns

 w
en

t o
ut

 to
 th

e c
olo

nie
s. W

ho
ev

er 
as

pir
ed

 to
 be

co
me a

leader in politics, in art, in
 literature, or in philosophy, made

lea
de

r in
 po

liti
cs,

 in
 ar

t, i
n l

ite
rat

ure
, o

r in
 ph

ilo
so

ph
y, 

mad
e

his way to the capital, and so, with almost bewildering

his
 w

ay
 to

 th
e c

ap
ita

l, a
nd

 so
, w

ith
 al

mos
t b

ew
ild

eri
ng

suddenness, there blossomed the civilization of the age of

su
dd

en
ne

ss,
 th

ere
 bl

os
so

med
 th

e c
ivi

liz
ati

on
 of

 th
e a

ge
 of

Pericles; the civilization which produced aeschylus, Sophocles,

Pe
ric

les
; th

e c
ivi

liz
ati

on
 w

hic
h p

rod
uc

ed
 ae

sch
ylu

s, S
op

ho
cle

s,

Euripides, Herodotus, and Thucydides; the civilization which made

Eu
rip

ide
s, H

ero
do

tu
s, a

nd
 Th

uc
yd

ide
s; t

he
 civ

iliz
ati

on
 w

hic
h m

ad
e

possible the building of the Parthenon.

po
ssi

ble
 th

e b
uil

din
g o

f th
e P

art
he

no
n.

ANAXAGORAS

ANAXAGORAS

Sometime during the early part of this golden age there came to

Athens a middle-aged man from Clazomenae, who, fro
m our present

stand-point, was a more interesting personality than perhaps any

other in the great galaxy of remarkable men assembled there. The

name of this new-comer was Anaxagoras. It w
as said in after-tim

e,

we know not with what degree of tru
th, that he had been a pupil

of Anaximenes. If s
o, he was a pupil who departed far fro

m the

teachings of his master. W
hat we know for certain is that

Anaxagoras was a truly original thinker, and that he became a

close frie
nd—in a sense the teacher—of Pericles and of

Euripides. Just how long he remained at Athens is not certain;

but the tim
e came when he had made himself in

 some way

objectionable to the Athenian populace through his teachings.

Filled with the spirit o
f the investigator, he could not accept

the current conceptions as to the gods. He was a sceptic, an

innovator. Such men are never welcome; they are the chief factors

in the progress of thought, but they must look always to

posterity for recognition of their w
orth; fro

m their

contemporaries they receive, not thanks, but persecution.

Sometimes this persecution takes one form, sometimes another; to

the credit of the Greeks be it said, that with them it u
sually

led to nothing more severe than banishment. In
 the case of

Anaxagoras, it is
 alleged that the sentence pronounced was death;

but that, th
anks to the influence of Pericles, this sentence was

commuted to banishment. In
 any event, th

e aged philosopher was

sent away from the city of his adoption. He retired to Lampsacus.

“It is not I th
at have lost the Athenians,“ he said; ”it is the

Athenians that have lost me.“

The exact position which Anaxagoras had among his contemporaries,

and his exact place in the development of philosophy, have always

been somewhat in dispute. It is
 not known, of a certainty, that

he even held an open school at Athens. Ritter thinks it d
oubtful

that he did. It w
as his fate to be misunderstood, or

underestimated, by Aristotle; that in itself would have sufficed

greatly to dim his fame—might, in
deed, have led to his almost

entire neglect had he not been a truly remarkable thinker. W
ith

most of the questions that have exercised the commentators we

have but scant concern. Following Aristotle, most historians of

philosophy have been metaphysicians; they have concerned

themselves far less with what the ancient thinkers really knew

than with what they thought. A chance using of a verbal quibble,

an esoteric phrase, the expression of a vague mysticism—these

would suffice to call fo
rth reams of exposition. It h

as been the

favorite pastime of historians to weave their own anachronistic

theories upon the scanty woof of the half- re
membered thoughts of

the ancient philosophers. To make such cloth of the imagination

as this is an alluring pastime, but one that must not divert us

here. Our point of view reverses that of the philosophers. We are

chiefly concerned, not with some vague saying of Anaxagoras, but

with what he really knew regarding the phenomena of nature; with

what he observed, and with the comprehensible deductions that he

derived from his observations. In attempting to answer these

inquiries, we are obliged, in part, to
 take our evidence at

second-hand; but, fo
rtunately, some fragments of writin

gs of

Anaxagoras have come down to us. We are told that he wrote only a

single book. It w
as said even (by Diogenes) that he was the first

man that ever wrote a work in prose. The latter statement would

not bear too close an examination, yet it i
s true that no

extensive prose compositions of an earlier day than this have

been preserved, though numerous others are known by their

fragments. Herodotus, “the father of prose,“ was a slightly

younger contemporary of the Clazomenaean philosopher; not

unlikely the two men may have met at Athens.

Notwithstanding the loss of the greater part of the writin
gs of

Anaxagoras, however, a tolerably precise account of his

scientific
 doctrines is accessible. Diogenes Laertius expresses

some of them in very clear and precise terms. We have already

pointed out the uncertainty that attaches to such evidence as

this, but it i
s as valid for Anaxagoras as for another. If 

we

reject such evidence, we shall often have almost nothing left; in

accepting it w
e may at least feel certain that we are viewing the

thinker as his contemporaries and immediate successors viewed

him. Following Diogenes, then, we shall fin
d some remarkable

scientific
 opinions ascribed to Anaxagoras. “He asserted,“ we are

told, “that the sun was a mass of burning iron, greater than

Peloponnesus, and that the moon contained houses and also hills

and ravines.“ In corroboration of this, Plato represents him as

having conjectured the right explanation of the moon´s light, and

of the solar and lunar eclipses. He had other astronomical

theories that were more fanciful; th
us “he said that the stars

originally moved about in irre
gular confusion, so that at firs

t

the pole-star, w
hich is continually visible, always appeared in

the zenith, but that afterwards it acquired a certain

declination, and that the Milky Way was a reflection of the light

of the sun when the stars did not appear. The comets he

considered to be a concourse of planets emittin
g rays, and the

shooting- stars he thought were sparks, as it w
ere, leaping from

the firm
ament.“

Much of this is far enough from the truth, as we now know it, y
et

all of it s
hows an earnest endeavor to explain the observed

phenomena of the heavens on rational principles. To have

predicated the sun as a great molten mass of iro
n was indeed a

wonderful anticipation of the results of the modern spectroscope.

Nor can it b
e said that this hypothesis of Anaxagoras was a

purely visionary guess. It w
as in all probability

 a scientific

deduction from the observed character of meteoric stones.

Reference has already been made to the alleged prediction of the

fall of the famous meteor at aegespotomi by Anaxagoras. The

assertion that he actually predicted this fall in
 any proper

sense of the word would be obviously absurd. Yet the fact that

his name is associated with it suggests that he had studied

similar meteorites, or else that he studied this particular one,

since it is
 not quite clear whether it w

as before or after this

fall th
at he made the famous assertion that space is full of

falling stones. We should stretch the probabilitie
s were we to

assert th
at Anaxagoras knew that shooting-stars and meteors were

the same, yet there is an interesting suggestiveness in his

likening the shooting-stars to sparks leaping from the firm
ament,

taken in connection with his observation on meteorites. Be this

as it m
ay, the fact that something which falls from heaven as a

blazing light turns out to be an iron-like mass may very well

have suggested to the most rational of thinkers that the great

blazing light called the sun has the same composition. This idea

grasped, it w
as a not unnatural extension to conceive the other

heavenly bodies as having the same composition.

This led to a truly startlin
g thought. Since the heavenly bodies

are of the same composition as the earth, and since they are

observed to be whirlin
g about the earth in space, may we not

suppose that they were once a part of the earth itself, and that

they have been thrown off by the force of a whirlin
g motion? Such

was the conclusion which Anaxagoras reached; such his explanation

of the origin of the heavenly bodies. It w
as a marvellous guess.

Deduct fro
m it a

ll th
at recent science has shown to be untrue;

bear in mind that the stars are suns, compared with which the

earth is a mere speck of dust; re
call th

at the sun is parent, not

daughter, of the earth, and despite all th
ese deductions, the

cosmogonic guess of Anaxagoras remains, as it seems to us, one of

the most marvellous feats of human intelligence. It w
as the first

explanation of the cosmic bodies that could be called, in any

sense, an anticipation of what the science of our own day accepts

as a true explanation of cosmic origins. Moreover, le
t us urge

again that this was no mere accidental flig
ht of the imagination;

it w
as a scientific

 induction based on the only data available;

perhaps it is
 not too much to say that it w

as the only scientific

induction which these data would fairly sustain. Of course it is

not for a moment to be inferred that Anaxagoras understood, in

the modern sense, the character of that whirlin
g force which we

call centrifu
gal. About tw

o thousand years were yet to elapse

before that force was explained as elementary inertia; and even

that explanation, let us not forget, m
erely sufficed to push back

the barriers of mystery by one other stage; for even in our day

inertia is a statement of fact rather than an explanation.

But however litt
le Anaxagoras could explain the centrifu

gal force

on mechanical principles, the practical powers of that force were

sufficiently open to his observation. The mere experiment of

throwing a stone from a sling would, to an observing mind, be

full of suggestiveness. It w
ould be obvious that by whirlin

g the

sling about, th
e stone which it h

eld would be sustained in its

circling path about the hand in seeming defiance of the earth´s

pull, and after the stone had left th
e sling, it c

ould fly away

from the earth to a distance which the most casual observation

would prove to be proportionate to the speed of its
 flig

ht.

Extremely rapid motion, then, might project bodies from the

earth´s surface off in
to space; a sufficiently rapid whirl w

ould

keep them there. Anaxagoras conceived that this was precisely

what had occurred. His imagination even carried him a step

farther—to a conception of a slackening of speed, through which

the heavenly bodies would lose their centrifu
gal force, and,

responding to the perpetual pull of gravitation, would fall back

to the earth, just as the great stone at aegespotomi had been

observed to do.

Here we would seem to have a clear conception of the idea of

universal gravitation, and Anaxagoras stands before us as the

anticipator of Newton. Were it n
ot for one scientific

 maxim, we

might exalt th
e old Greek above the greatest of modern natural

philosophers; but that maxim bids us pause. It i
s phrased thus,

“He discovers who proves.“ Anaxagoras could not prove; his

argument was at best suggestive, not demonstrative. He did not

even know the laws which govern falling bodies; much less could

he apply such laws, even had he known them, to sidereal bodies at

whose size and distance he could only guess in the vaguest terms.

Still h
is cosmogonic speculation remains as perhaps the most

remarkable one of antiquity. How widely his speculation found

currency among his immediate successors is instanced in a passage

from Plato, where Socrates is represented as scornfully answering

a calumniator in these terms: “He asserts that I say the sun is a

stone and the moon an earth. Do you think of accusing Anaxagoras,

Miletas, and have you so low an opinion of these men, and think

them so unskilled in laws, as not to know that the books of

Anaxagoras the Clazomenaean are full of these doctrin
es. And

forsooth the young men are learning these matters from me which

sometimes they can buy from the orchestra for a drachma, at the

most, and laugh at Socrates if h
e pretends they are

his-particularly seeing they are so strange.“

The element of error contained in these cosmogonic speculations

of Anaxagoras has led critic
s to do them something less than

justice. But there is one other astronomical speculation for

which the Clazomenaean philosopher has received full credit. It

is generally admitted that it w
as he who firs

t found out the

explanation of the phases of the moon; a knowledge that that body

shines only by reflected light, and that its
 visible forms,

waxing and waning month by month from crescent to disk and from

disk to crescent, m
erely represent our shiftin

g view of its

sun-illu
mined face. It i

s diffic
ult to

 put ourselves in the place

of the ancient observer and realize how littl
e the appearances

suggest the actual fact. That a body of the same structure as the

earth should shine with the radiance of the moon merely because

sunlight is reflected from it, i
s in itself a supposition

seemingly contradicted by ordinary experience. It r
equired the

mind of a philosopher, sustained, perhaps, by some experimental

observations, to conceive the idea that what seems so obviously

bright may be in reality dark. The germ of the conception of what

the philosopher speaks of as the noumena, or actualitie
s, back of

phenomena or appearances, had perhaps this crude beginning.

Anaxagoras could surely point to the moon in support of his

seeming paradox that snow, being really composed of water, w
hich

is dark, is in reality black and not white—a contention to which

we shall re
fer more at length in a moment.

But there is yet another striking thought connected with this new

explanation of the phases of the moon. The explanation implies

not merely the reflection of lig
ht by a dark body, but by a dark

body of a particular form. Granted that reflections are in

question, no body but a spherical one could give an appearance

which the moon presents. The moon, then, is not merely a mass of

earth, it i
s a spherical mass of earth. Here there were no flaws

in the reasoning of Anaxagoras. By scientific
 induction he passed

from observation to explanation. A new and most im
portant element

was added to the science of astronomy.

Looking back from the latter-day stand-point, it 
would seem as if

the mind of the philosopher must have taken one other step: the

mind that had conceived sun, moon, stars, and earth to be of one

substance might naturally, we should think, have reached out to

the further induction that, since the moon is a sphere, the other

cosmic bodies, including the earth, must be spheres also. But

generalizer as he was, Anaxagoras was too rigidly scientific
 a

thinker to make this assumption. The data at his command did not,

as he analyzed them, seem to point to this conclusion. We have

seen that Pythagoras probably, and Parmenides surely, out th
ere

in Italy had conceived the idea of the earth´s rotundity, but th
e

Pythagorean doctrin
es were not rapidly taken up in the mother-

country, and Parmenides, it m
ust be recalled, was a strict

contemporary of Anaxagoras himself. It
 is no reproach, therefore,

to the Clazomenaean philosopher that he should have held to the

old idea that th
e earth is flat, or at most a convex disk—the

latter being the Babylonian conception which probably dominated

that Milesian school to which Anaxagoras harked back.

Anaxagoras may never have seen an eclipse of the moon, and even

if he had he might have reflected that, fro
m certain directions,

a disk may throw precisely the same shadow as a sphere. Moreover,

in reference to the shadow cast by the earth, there was, so

Anaxagoras believed, an observation open to him nightly which, we

may well suppose, was not without influence in suggesting to his

mind the probable shape of the earth. The Milky Way, which

doubtless had puzzled astronomers from the beginnings of history

and which was to continue to puzzle them for many centuries after

the day of Anaxagoras, was explained by the Clazomenaean

philosopher on a theory obviously suggested by the theory of the

moon´s phases. Since the earth- lik
e moon shines by reflected

light at night, and since the stars seem obviously brighter on

dark nights, Anaxagoras was but following up a perfectly logical

induction when he propounded the theory that th
e stars in the

Milky Way seem more numerous and brighter th
an those of any other

part of the heavens, merely because the Milky Way marks the

shadow of the earth. Of course the inference was wrong, so far as

the shadow of the earth is concerned; yet it c
ontained a part

truth, the force of which was never fully recognized until th
e

time of Galileo. This consists in the assertio
n that th

e

brightness of the Milky Way is merely due to the glow of many

stars. The shadow- th
eory of Anaxagoras would naturally cease to

have validity so soon as the sphericity of the earth was proved,

and with it, s
eemingly, fell fo

r th
e tim

e the companion theory

that th
e Milky Way is made up of a multitu

de of stars.

It has been said by a modern critic
[1] that th

e shadow-theory was

childish in that it f
ailed to note that th

e Milky Way does not

follow the course of the ecliptic. But th
is critic

ism only holds

good so long as we reflect on the tru
e character of the earth as

a symmetrical body poised in space. It i
s quite possible to

conceive a body occupying the position of the earth with

reference to the sun which would cast a shadow having such a

tenuous form as the Milky Way presents. Such a body obviously

would not be a globe, but a long-drawn-out, attenuated figure.

There is, to be sure, no direct evidence preserved to show that

Anaxagoras conceived the world to present such a figure as this,

but what we know of that philosopher´s close-reasoning, logical

mind gives some warrant to
 the assumption—gratuitous though in a

sense it b
e— that th

e author of the theory of the moon´s phases

had not failed to ask himself w
hat must be the form of that

terrestrial body which could cast th
e tenuous shadow of the Milky

Way. Moreover, w
e must recall th

at th
e habitable earth, as known

to the Greeks of that day, was a relatively narrow band of

territo
ry, stretching far to

 the east and to the west.

Anaxagoras as Meteorologist

The man who had studied the meteorite of aegospotami, and been

put by it o
n the track of such remarkable inductions, was,

naturally, not oblivious to the other phenomena of the

atmosphere. Indeed, such a mind as that of Anaxagoras was sure to

investigate all m
anner of natural phenomena, and almost equally

sure to throw new light on any subject th
at it i

nvestigated.

Hence it is
 not surprising to find Anaxagoras credited with

explaining the winds as due to the rarefactions of the atmosphere

produced by the sun. This explanation gives Anaxagoras full rig
ht

to be called “the father of meteorology,“ a title
 which, it m

ay

be, no one has thought of applying to him, chiefly because the

science of meteorology did not make its real beginnings until

some twenty-four hundred years after th
e death of its

 firs
t great

votary. Not content with explaining the winds, this prototype of

Franklin turned his attention even to the tipper atmosphere.

“Thunder,“ he is reputed to have said, ”was produced by the

collision of the clouds, and lightning by the rubbing together of

the clouds.“ We dare not go so far as to suggest th
at th

is

implies an association in the mind of Anaxagoras between the

friction of the clouds and the observed electrical effects

generated by the fric
tion of such a substance as amber. To make

such a suggestion doubtless would be to fall victim
 to the old

familiar propensity to read into Homer th
ings that Homer never

knew. Yet th
e significant fact remains that Anaxagoras ascribed

to thunder and to lightning their tr
ue position as strictly

natural phenomena. For him it w
as no god that menaced humanity

with thundering voice and the flash of his divine fire
s from the

clouds. Little
 wonder th

at th
e thinker whose science carried him

to such scepticism as this should have felt th
e wrath of the

superstitio
us Athenians.

Biological Speculations

Passing from the phenomena of the air to
 those of the earth

itself, w
e learn that Anaxagoras explained an earthquake as being

produced by the returning of air in
to the earth. We cannot be

sure as to the exact meaning here, though the idea that gases are

imprisoned in the substance of the earth seems not far afield.

But a far more remarkable insight th
an this would imply was shown

by Anaxagoras when he asserted that a certain amount of air is

contained in water, and that fis
hes breathe this air. T

he passage

of Aristotle in which this opinion is ascribed to Anaxagoras is

of sufficient interest to
 be quoted at length:

“Democritu
s, of Abdera,“ says Aristotle, ”and some others, that

have spoken concerning respiration, have determined nothing

concerning other animals, but seem to have supposed that all

animals respire. But Anaxagoras and Diogenes (Apolloniates), w
ho

say that all animals respire, have also endeavored to explain how

fishes, and all th
ose animals that have a hard, rough shell, such

as oysters, mussels, etc., re
spire. And Anaxagoras, indeed, says

that fis
hes, when they emit w

ater th
rough their gills, attra

ct

air fr
om the mouth to the vacuum in the viscera from the water

which surrounds the mouth; as if a
ir w

as inherent in the

water.“[2]
It should be recalled that of th

e three philosophers thus

mentioned as contending that all animals respire, Anaxagoras was

the elder; he, therefore, was presumably the originator of th
e

idea. It w
ill b

e observed, too, that Anaxagoras alone is held

responsible for th
e idea that fis

hes respire air th
rough their

gills, “attra
cting” it fr

om the water. This certainly was one of

the shrewdest physiological guesses of any age, if i
t be regarded

as a mere guess. With greater justice we might refer to
 it a

s a

profound deduction from the principle of th
e uniformity of

nature.
In making such a deduction, Anaxagoras was far in advance of his

tim
e as illu

strated by the fact th
at Aristotle makes the citation

we have just quoted merely to add that “such things are

impossible,“ and to refute these ”impossible” ideas by means of

metaphysical reasonings that seemed demonstrative not merely to

himself, b
ut to

 many generations of his followers.

We are told that Anaxagoras alleged that all animals were

originally generated out of moisture, heat, and earth particles.

Just what opinion he held concerning man´s development we are not

informed. Yet th
ere is one of his phrases which

suggests—without, perhaps, quite proving—that he was an

evolutionist. This phrase asserts, with insight th
at is fairly

startlin
g, that m

an is the most intelligent of animals because he

has hands. The man who could make that assertio
n must, it 

would

seem, have had in mind the idea of th
e development of

intelligence through the use of hands— an idea the full fo
rce of

which was not evident to
 subsequent generations of th

inkers until

the tim
e of Darwin.

Physical Speculations

Anaxagoras is cited by Aristotle as believing that “plants are

animals and feel pleasure and pain, inferrin
g this because they

shed their le
aves and let th

em grow again.“ The idea is fanciful,

yet it s
uggests again a tru

ly philosophical conception of th
e

unity of nature. The man who could conceive that idea was but

littl
e hampered by traditional conceptions. He was exercising a

rare combination of th
e rigidly scientific

 spirit w
ith the

poetical im
agination. He who possesses these gifts is sure not to

stop in his questionings of nature until h
e has found some

thinkable explanation of th
e character of matter its

elf.

Anaxagoras found such an explanation, and, as good luck would

have it, t
hat explanation has been preserved. Let us examine his

reasoning in some detail. W
e have already referred to the claim

alleged to have been made by Anaxagoras that snow is not re
ally

white, but black. The philosopher explained his paradox, we are

told, by assertin
g that snow is really water, and that water is

dark, when viewed under proper conditions—as at th
e bottom of a

well. T
hat idea contains the germ of th

e Clazomenaean

philosopher´s conception of th
e nature of matter. In

deed, it i
s

not unlikely that th
is theory of matter grew out of his

observation of th
e changing forms of water. H

e seems clearly to

have grasped the idea that snow on the one hand, and vapor on the

other, are of th
e same intim

ate substance as the water fro
m which

they are derived and into which they may be again transformed.

The fact th
at steam and snow can be changed back into water, and

by simple manipulation cannot be changed into any other

substance, fin
ds, as we now believe, its

 tru
e explanation in the

fact th
at th

e molecular structure, as we phrase it—
that is to

say, the ultim
ate particle of which water is composed, is not

changed, and this is precisely the explanation which Anaxagoras

gave of th
e same phenomena. For him the unit particle of water

constitu
ted an elementary body, uncreated, unchangeable,

indestructible. This particle, in association with like

particles, constitu
tes the substance which we call w

ater. The

same particle in association with particles unlike itself, m
ight

produce totally different substances—as, for example, when water

is taken up by the roots of a plant and becomes, seemingly, a

part o
f th

e substance of th
e plant. But whatever th

e changed

association, so Anaxagoras reasoned, the ultim
ate particle of

water re
mains a particle of water still. 

And what was tru
e of

water was tru
e also, so he conceived, of every other substance.

Gold, silver, iro
n, earth, and the various vegetables and animal

tissues—in short, e
ach and every one of all th

e different

substances with which experience makes us familiar, is
 made up of

unit particles which maintain their in
tegrity

 in whatever

combination they may be associated. This implies, obviously, a

multitu
de of prim

ordial particles, each one having an

individuality of its
 own; each one, lik

e the particle of water

already cited, uncreated, unchangeable, and indestructible.

Fortunately, we have the philosopher´s own words to guide us as

to his speculations here. The fragments of his writin
gs that have

come down to us (chiefly through the quotations of Simplicius)

deal almost exclusively with these ultim
ate conceptions of his

imagination. In ascribing to him, then, this conception of

diverse, uncreated, prim
ordial elements, which can never be

changed, but can only be mixed together to
 form substances of th

e

material world, we are not re
ading back post-Daltonian knowledge

into the system of Anaxagoras. Here are his words: “The Greeks do

not rig
htly use the terms ‘coming into being´ and ‘perishing.´

For nothing comes into being, nor, yet, does anything perish; but

there is mixture and separation of th
ings that are. So they would

do right in calling ‘coming into being´ ‘m
ixture´ and ‘perishing´

´separation.´ For how could hair come fro
m what is not hair? Or

flesh fro
m what is not fle

sh?“

Elsewhere he tells us that (at one stage of th
e world´s

development) “the dense, the moist, th
e cold, the dark, collected

there where now is earth; the rare, the warm, the dry, the

bright, departed towards the further part o
f th

e aether. The

earth is condensed out of th
ese things that are separated, for

water is separated fro
m the clouds, and earth fro

m the water; and

from the earth stones are condensed by the cold, and these are

separated farther fro
m the water.“ Here again the influence of

heat and cold in determining physical qualitie
s is kept

pre-eminently in mind. The dense, the moist, th
e cold, the dark

are contrasted with the rare, the warm, the dry, and bright; and

the formation of stones is spoken of as a specific condensation

due to the influence of cold. Here, then, we have nearly all th
e

elements of th
e Daltonian theory of atoms on the one hand, and

the nebular hypothesis of Laplace on the other. But th
is is not

quite all. In
 additio

n to such diverse elementary particles as

those of gold, water, and the rest, A
naxagoras conceived a

species of particles differing fro
m all th

e others, not m
erely as

they differ fro
m one another, but constitu

ting a class by

themselves; particles infinitely smaller th
an the others;

particles that are described as infinite, self-p
owerful, m

ixed

with nothing, but existing alone. That is to say (interpreting

the theory in the only way that seems plausible), th
ese most

minute particles do not m
ix with the other prim

ordial particles

to form material substances in the same way in which these mixed

with one another. But, on the other hand, these “infinite,

self-p
owerful, and unmixed” particles commingle everywhere and in

every substance whatever with the mixed particles that go to make

up the substances.

There is a distinction here, it w
ill b

e observed, which at once

suggests the modern distinction between physical processes and

chemical processes, or, puttin
g it o

therwise, between molecular

processes and atomic processes; but th
e reader m

ust be guarded

against supposing that Anaxagoras had any such thought as this in

mind. His ultim
ate mixable particles can be compared only with

the Daltonian atom, not with the molecule of th
e modern

physicist, and his “infinite, self- p
owerful, and unmixable”

particles are not comparable with anything but th
e ether of th

e

modern physicist, w
ith which hypothetical substance they have

many points of resemblance. But th
e “infinite, self- p

owerful,

and unmixed” particles constitu
ting thus an ether-lik

e plenum

which permeates all m
aterial structures, have also, in the mind

of Anaxagoras, a function which carrie
s them perhaps a stage

beyond the province of th
e modern ether. For th

ese “infinite,

self powerful, and unmixed” particles are imbued with, and,

indeed, themselves constitu
te, what Anaxagoras terms nous, a word

which the modern tra
nslator has usually paraphrased as “mind.“

Neither th
at word nor any other available one probably conveys an

accurate idea of what Anaxagoras meant to
 imply by the word nous.

For him the word meant not m
erely “mind” in the sense of

receptive and comprehending intelligence, but directive and

creative intelligence as well. A
gain let Anaxagoras speak for

himself: “
Other th

ings include a portio
n of everything, but nous

is infinite, and self-p
owerful, and mixed with nothing, but it

exists alone, its
elf by itself. F

or if i
t were not by itself, b

ut

were mixed with anything else, it w
ould include parts of all

things, if i
t were mixed with anything; for a portio

n of

everything exists in every thing, as has been said by me before,

and things mingled with it w
ould prevent it f

rom having power

over anything in the same way that it d
oes now that it i

s alone

by itself. F
or it i

s the most ra
refied of all th

ings and the

purest, and it h
as all knowledge in regard to everything and the

greatest power; over all th
at has life

, both greater and less,

nous rules. And nous ruled the rotation of th
e whole, so that it

set it i
n rotation in the beginning. First it b

egan the rotation

from a small beginning, then more and more was included in the

motion, and yet m
ore will b

e included. Both the mixed and the

separated and distinct, all th
ings nous recognized. And whatever

things were to be, and whatever th
ings were, as many as are now,

and whatever th
ings shall be, all th

ese nous arranged in order;

and it a
rranged that ro

tation, according to which now rotate

stars and sun and moon and air and aether, now that th
ey are

separated. Rotation itself caused the separation, and the dense

is separated fro
m the rare, the warm fro

m the cold, the bright

from the dark, the dry fro
m the moist. A

nd when nous began to set

things in motion, there was separation fro
m everything that was

in motion, all th
is was made distinct. The rotation of th

e things

that were moved and made distinct caused them to be yet m
ore

distinct.“[3]

Nous, then, as Anaxagoras conceives it, i
s “the most ra

refied of

all th
ings, and the purest, and it h

as knowledge in regard to

everything and the greatest power; over all th
at has life

, both

greater and less, it r
ules.“ But th

ese are postulants of

omnipresence and omniscience. In other words, nous is nothing

less than the omnipotent artifi
cer of th

e material universe. It

lacks nothing of th
e power of deity, save only that we are not

assured that it 
created the prim

ordial partic
les. The creation of

these partic
les was a conception that fo

r Anaxagoras, as for th
e

modern Spencer, la
y beyond the range of im

agination. Nous is the

artifi
cer, w

orking with “uncreated” partic
les. Back of nous and

the partic
les lies, for an Anaxagoras as for a Spencer, th

e

Unknowable. But nous itself is
 the equivalent of th

at universal

energy of m
otion which science recognizes as operating between

the partic
les of m

atter, and which the theologist personifies as

Deity. It i
s Pantheistic deity as Anaxagoras conceives it; h

is

may be called the firs
t scientific

 conception of a non-

anthropomorphic god. In elaborating this conception Anaxagoras

proved himself one of th
e most re

markable scientific
 dreamers of

antiquity. To have substitu
ted for th

e Greek Pantheon of

anthropomorphic deities the conception of a non-anthropomorphic

immaterial and ethereal entity
, of all th

ings in the world “the

most ra
refied and the purest,“ is to have performed a feat which,

considering the age and the environment in
 which it w

as

accomplished, staggers the imagination. As a stric
tly scientific

accomplishment th
e great th

inker´s conception of prim
ordial

elements contained a germ of th
e tru

th which was to lie dormant

for 2200 years, but which then, as modified and vitalized by the

2200   genius of Dalton, was to dominate the new chemical science of th
e

nineteenth century. If t
here are intim

ations that th
e prim

ordial

element of Anaxagoras and of Dalton may turn out in
 the near

future to be itself a compound, th
ere will s

till r
emain the yet

finer partic
les of th

e nous of Anaxagoras to baffle
 the most

subtle analysis of which to-day´s science gives us any

pre-vision. All in
 all, th

en, th
e work of Anaxagoras must stand

as that of perhaps the most fa
r-seeing scientific

 imagination of

pre-Socratic antiquity.

LEUCIPPUS AND DEMOCRITUS

LEUCIPPUS AND DEMOCRITUS

But we must not leave this alluring field of speculation as to

the nature of m
atter without re

ferrin
g to another scientific

guess, which soon followed that of Anaxagoras and was destined to

gain even wider fa
me, and which in modern tim

es has been somewhat

unjustly held to eclipse the glory of th
e other achievement. W

e

mean, of course, th
e atomic theory of Leucippus and Democritu

s.

This theory reduced all m
atter to

 prim
ordial elements, called

atoms <gr atoma> because they are by hypothesis incapable of

further division. These atoms, making up the entire
 material

universe, are in this theory conceived as qualitatively

identical, diffe
ring fro

m one another only in size and perhaps in

shape. The union of diffe
rent-sized atoms in endless combinations

produces the diverse substances with which our senses make us

familiar.
Before we pass to a consideration of th

is alluring theory, and

partic
ularly to a comparison of it w

ith the theory of Anaxagoras,

we must catch a glim
pse of th

e personality of th
e men to whom the

theory owes its origin. One of th
ese, Leucippus, presents so

uncertain a figure as to be almost m
ythical. In

deed, it w
as long

questioned whether such a man had actually lived, or whether be

were not re
ally an invention of his alleged disciple, Democritu

s.

Latterday scholarship, however, accepts him as a real personage,

though knowing scarcely more of him than that he was the author

of th
e famous theory with which his name was associated. It i

s

suggested that he was a wanderer, lik
e most philosophers of his

tim
e, and that later in

 life
 he came to Abdera, in Thrace, and

through this circumstance became the teacher of Democritu
s. This

fable answers as well as another. W
hat we really know is that

Democritu
s himself, th

rough whose writin
gs and teachings the

atomic theory gained vogue, was born in Abdera, about th
e year

460 B.C.—
that is to say, just about th

e tim
e when his great

460   precursor, A
naxagoras, was migrating to Athens. Democritu

s, lik
e

most others of th
e early Greek thinkers, liv

es in tra
ditio

n as a

picturesque figure. It i
s vaguely reported that he tra

velled for

a tim
e, perhaps in the East and in Egypt, and that th

en he

settle
d down to spend the remainder of his life

 in Abdera.

Whether or not he visited Athens in the course of his wanderings

we do not know. At Abdera he was revered as a sage, but his

influence upon the practical civilization of th
e tim

e was not

marked. He was pre-eminently a dreamer and a write
r. Like his

confreres of th
e epoch, he entered all fie

lds of th
ought. H

e

wrote voluminously, but, u
nfortunately, his writin

gs have, for

the most part, p
erished. The fables and tra

ditio
ns of a later day

asserted that Democritu
s had voluntarily put out his own eyes

that he might tu
rn his thoughts inward with more concentration.

Doubtless this is fiction, yet, as usual with such fictions, it

contains a germ of tru
th; for we may well suppose that th

e

promulgator of th
e atomic theory was a man whose mind was

attra
cted by the subtleties of th

ought ra
ther th

an by the

tangibilitie
s of observation. Yet th

e term “laughing

philosopher,“ which seems to have been universally applied to

Democritu
s, suggests a mind not altogether withdrawn fro

m the

world of practicalitie
s.

So much for Democritu
s the man. Let us return now to his theory

of atoms. This theory, it m
ust be confessed, made no very great

impression upon his contemporaries. It f
ound an expositor, a

littl
e later, in

 the philosopher Epicurus, and later still t
he

poet Lucretius gave it p
opular expression. But it 

seemed scarcely

more than the dream of a philosopher or th
e vagary of a poet

until t
he day when modern science began to penetrate the

mysteries of m
atter. W

hen, fin
ally, th

e researches of Dalton and

his followers had placed the atomic theory on a surer fo
oting as

the foundation of m
odern chemistry, th

e ideas of th
e old laughing

philosopher of Abdera, which all along had been half d
erisively

remembered, were recalled with a new interest. N
ow it a

ppeared

that th
ese ideas had curiously foreshadowed nineteenth-century

knowledge. It a
ppeared that away back in the fift

h century B.C. a

man had dreamed out a conception of th
e ultim

ate nature of m
atter

which had waited all th
ese centuries for corroboration. And now

the historians of philosophy became more than anxious to do

justice to the memory of Democritu
s.

It is
 possible that th

is effort a
t poetical restitu

tion has

carrie
d the enthusiast to

o far. There is, indeed, a curious

suggestiveness in the theory of Democritu
s; th

ere is

philosophical allurement in
 his reduction of all m

atter to
 a

single element; it
 contains, it m

ay be, not m
erely a germ of th

e

science of th
e nineteenth-century chemistry, but perhaps the

germs also of th
e yet undeveloped chemistry of th

e tw
entieth

century. Yet we dare suggest th
at in

 their enthusiasm for th
e

atomic theory of Democritu
s the historians of our generation have

done something less than justice to that philosopher´s precursor,

Anaxagoras. And one suspects that th
e mere accident of a name has

been instrumental in producing this result. D
emocritu

s called his

prim
ordial element an atom; Anaxagoras, to

o, conceived a

prim
ordial element, b

ut he called it m
erely a seed or th

ing; he

failed to christen it d
istinctively. Modern science adopted the

word atom and gave it u
niversal vogue. It o

wed a debt of

gratitu
de to Democritu

s for supplying it t
he word, but it

somewhat overpaid the debt in
 too closely linking the new meaning

of th
e word with its old original one. For, le

t it 
be clearly

understood, th
e Daltonian atom is not precisely comparable with

the atom of Democritu
s. The atom, as Democritu

s conceived it, w
as

monistic; all atoms, according to this hypothesis, are of th
e

same substance; one atom diffe
rs fro

m another m
erely in size and

shape, but not at all in
 quality. But th

e Daltonian hypothesis

conceived, and nearly all th
e experim

ental efforts of th
e

nineteenth century seemed to prove, th
at th

ere are numerous

classes of atoms, each diffe
ring in its very essence fro

m the

others.
As the case stands to-day the chemist deals with seventy-odd

substances, which he calls elements. Each one of th
ese substances

is, as he conceives it, m
ade up of elementary atoms having a

unique personality
, each diffe

ring in quality
 fro

m all th
e

others. As far as experim
ent has thus far safely carrie

d us, th
e

atom of gold is a prim
ordial element w

hich remains an atom of

gold and nothing else, no matter w
ith what other atoms it is

associated. So, to
o, of th

e atom of silver, o
r zinc, or

sodium—in short, o
f each and every one of th

e seventy-odd

elements. There are, indeed, as we shall see, experim
ents that

suggest th
e dissolution of th

e atom—that suggest, in
 short, t

hat

the Daltonian atom is misnamed, being a structure that m
ay, under

certain conditio
ns, be broken asunder. B

ut th
ese experim

ents

have, as yet, th
e warrant ra

ther of philosophy than of pure

science, and to-day we demand that th
e philosophy of science

shall be the handmaid of experim
ent.

When experim
ent shall have demonstrated that th

e Daltonian atom

is a compound, and that in
 tru

th there is but a single tru
e atom,

which, combining with its fellows perhaps in varying numbers and

in diffe
rent special re

lations, produces the Daltonian atoms,

then the philosophical th
eory of m

onism will h
ave the

experim
ental warrant w

hich to-day it la
cks; th

en we shall be a

step nearer to
 the atom of Democritu

s in one direction, a step

farther away in the other. W
e shall be nearer, in

 that th
e

conception of Democritu
s was, in a sense, monistic; farther away,

in that all th
e atoms of Democritu

s, large and small alike, were

considered as permanently fixed in size. Democritu
s postulated

all his atoms as of th
e same substance, diffe

ring not at all in

quality
; yet he was obliged to conceive that th

e varying size of

the atoms gave to them varying functions which amounted to

qualita
tive diffe

rences. He might claim for his largest atom the

same quality
 of substance as for his smallest, b

ut so long as he

conceived that th
e large atoms, when adjusted together to

 form a

tangible substance, formed a substance diffe
rent in

 quality
 fro

m

the substance which the small atoms would make up when similarly

grouped, th
is concession amounts to the predication of diffe

rence

of quality
 between the atoms themselves. The entire

 question

reduces itself virtu
ally to a quibble over th

e word quality
, So

long as one atom conceived to be prim
ordial and indivisible is

conceded to be of such a nature as necessarily
 to produce a

diffe
rent im

pression on our senses, when grouped with its

fellows, fro
m the im

pression produced by other atoms when

similarly grouped, such prim
ordial atoms do diffe

r among

themselves in precisely the same way for all practical purposes

as do the prim
ordial elements of Anaxagoras.

The monistic conception towards which tw
entieth- century

chemistry seems to be carrying us may perhaps show that all th
e

so-called atoms are compounded of a single element. A
ll th

e tru
e

atoms making up that element m
ay then properly be said to have

the same quality
, but none the less will it

 remain tru
e that th

e

combinations of th
at element th

at go to make up the diffe
rent

Daltonian atoms diffe
r fro

m one another in
 quality

 in precisely

the same sense in which such tangible substances as gold, and

oxygen, and mercury, and diamonds diffe
r fro

m one another. In
 the

last analysis of th
e monistic philosophy, th

ere is but one

substance and one quality
 in the universe. In the widest view of

that philosophy, gold and oxygen and mercury and diamonds are one

substance, and, if y
ou please, one quality

. But such refinements

of analysis as this are for th
e tra

nscendental philosopher, and

not fo
r th

e scientist. W
hatever th

e allurement of such reasoning,

we must fo
r th

e purpose of science let w
ords have a specific

meaning, nor m
ust w

e let a mere word-jugglery blind us to the

evidence of fa
cts. That w

as the rock on which Greek science

foundered; it i
s the rock which the modern helmsman sometim

es

finds it d
iffic

ult to
 avoid. And if w

e mistake not, th
is case of

the atom of Democritu
s is precisely a case in point. B

ecause

Democritu
s said that his atoms did not diffe

r in
 quality

, th
e

modern philosopher has seen in his theory the essentials of

monism; has discovered in it n
ot m

erely a forecast of th
e

chemistry of th
e nineteenth century, but a forecast of th

e

hypothetical chemistry of th
e future. And, on the other hand,

because Anaxagoras predicted a diffe
rent quality

 for his

prim
ordial elements, th

e philosopher of our day has discredited

the prim
ordial element of Anaxagoras.

Yet if 
our analysis does not le

ad us astray, th
e theory of

Democritu
s was not tru

ly monistic; his indestructible atoms,

diffe
ring fro

m one another in
 size and shape, utterly incapable

of being changed fro
m the form which they had maintained fro

m the

beginning, were in reality
 as tru

ly and prim
ordially diffe

rent as

are the prim
ordial elements of Anaxagoras. In other w

ords, th
e

atom of Democritu
s is nothing less than the prim

ordial seed of

Anaxagoras, a litt
le more tangibly visualized and given a

distinctive name. Anaxagoras explicitly
 conceived his elements as

invisibly small, a
s infinite in number, and as made up of an

indefinite number of kinds—one for each distinctive substance in

the world. But precisely the same postulates are made of th
e atom

of Democritu
s. These also are invisibly small; th

ese also are

infinite in number; th
ese also are made up of an indefinite

number of kinds, corresponding with the observed diffe
rence of

substances in the world. “P
rim

itiv
e seeds,“ o

r ”a
toms,“ w

ere

alike conceived to be prim
ordial, un- changeable, and

indestructible. W
herein then lies the diffe

rence? We answer,

chiefly in a name; almost solely in the fact th
at Anaxagoras did

not attempt to
 postulate the physical propertie

s of th
e elements

beyond stating that each has a distinctive personality
, while

Democritu
s did attempt to

 postulate these propertie
s. He, to

o,

admitte
d that each kind of element has its distinctive

personality
, and he attempted to visualize and describe the

characteristics of th
e personality

.

Thus while Anaxagoras tells us nothing of his elements except

that th
ey diffe

r fro
m one another, D

emocritu
s postulates a

diffe
rence in size, im

agines some elements as heavier and some as

lighter, and conceives even that th
e elements may be provided

with projecting hooks, with the aid of w
hich they link themselves

one with another. N
o one to-day takes these crude visualizings

seriously as to their d
etails. The sole element of tru

th which

these dreamings contain, as distinguishing them fro
m the

dreamings of Anaxagoras, is in the conception that th
e various

atoms diffe
r in

 size and weight. H
ere, indeed, is a vague

fore-shadowing of th
at chemistry of fo

rm which began to come into

prominence towards the close of th
e nineteenth century. To have

forecast even dimly this newest phase of chemical knowledge,

across the abyss of centuries, is indeed a feat to
 put Democritu

s

in the fro
nt ra

nk of th
inkers. But th

is estim
ate should not blind

us to the fact th
at th

e pre-vision of Democritu
s was but a slight

elaboration of a theory which had its origin with another

thinker. T
he association between Anaxagoras and Democritu

s cannot

be directly tra
ced, but it 

is an association which the historian

of id
eas should never fo

r a moment fo
rget. If

 we are not to
 be

misled by mere word-jugglery, we shall re
cognize the founder of

the atomic theory of m
atter in

 Anaxagoras; its
 expositors along

slightly diffe
rent lin

es in Leucippus and Democritu
s; its

re-discoverer of th
e nineteenth century in Dalton. All in

 all,

then, just as Anaxagoras preceded Democritu
s in tim

e, so must he

take precedence over him also as an inductive thinker, w
ho

carrie
d the use of th

e scientific
 im

agination to its farthest

reach.
An analysis of th

e theories of th
e tw

o men leads to somewhat th
e

same conclusion that m
ight be reached fro

m a comparison of th
eir

lives. Anaxagoras was a sceptical, experim
ental scientist, g

ifte
d

also with the prophetic im
agination. He reasoned always fro

m the

partic
ular to

 the general, after th
e manner of tru

e induction,

and he scarcely took a step beyond the confines of secure

induction. True scientist th
at he was, he could content himself

with postulating diffe
rent qualitie

s for his elements, without

pretending to know how these qualitie
s could be defined. His

elements were by hypothesis invisible, hence he would not attempt

to visualize them. Democritu
s, on the other hand, re

fused to

recognize this barrie
r. W

here he could not know, he still 
did not

hesitate to guess. Ju
st as he conceived his atom of a definite

form with a definite structure, even so he conceived that th
e

atmosphere about him was full of in
visible spirits

; he accepted

the current superstitio
ns of his tim

e. Like the average Greeks of

his day, he even believed in such omens as those furnished by

inspecting the entrails of a fowl. These chance bits of biography

are weather- v
anes of th

e mind of Democritu
s. They tend to

substantiate our conviction that Democritu
s must ra

nk below

Anaxagoras as a devotee of pure science. But, a
fter all, s

uch

comparisons and estim
ates as this are utterly futile

. The

essential fact fo
r us is that here, in the fift

h century before

our era, we fin
d put fo

rward the most penetrating guess as to the

constitu
tion of m

atter th
at th

e history of ancient th
ought has to

present to
 us. In one direction, th

e avenue of progress is

barred; th
ere will b

e no farther step that w
ay till

 we come down

the centuries to the tim
e of Dalton.
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These studies of th
e constitu

tion of m
atter have carrie

d us to

the lim
its of th

e fie
ld of scientific

 im
agination in antiquity;

let us now turn sharply and consider a departm
ent of science in

which theory joins hands with practicality
. Let us witness the

beginnings of scientific
 therapeutics.

Medicine among the early Greeks, before the tim
e of Hippocrates,

was a crude mixture of re
ligion, necromancy, and mysticism.

Temples were erected to the god of m
edicine, aesculapius, and

sick persons made their w
ay, or w

ere carrie
d, to

 these temples,

where they sought to
 gain the favor of th

e god by suitable

offerings, and learn the way to regain their h
ealth through

remedies or m
ethods revealed to them in dreams by the god. W

hen

the patient had been thus cured, he placed a tablet in
 the temple

describing his sickness, and tellin
g by what m

ethod the god had

cured him. He again made suitable offerings at th
e temple, which

were sometim
es in the form of gold or silver re

presentations of

the diseased organ—a gold or silver m
odel of a heart, h

and,

foot, e
tc.

Nevertheless, despite this belief in
 the supernatural, m

any drugs

and healing lotions were employed, and the Greek physicians

possessed considerable skill in
 dressing wounds and bandaging.

But th
ey did not depend upon these surgical dressings alone,

using with them certain appropriate prayers and incantations,

recited over th
e injured member at th

e tim
e of applying the

dressings.

Even the very early Greeks had learned something of anatomy. The

daily contact w
ith wounds and broken bones must of necessity lead

to a crude understanding of anatomy in general. The firs
t Greek

anatomist, h
owever, w

ho is recognized as such, is said to have

been Alcmaeon. He is said to have made extensive dissections of

the lower animals, and to have described many hitherto unknown

structures, such as the optic nerve and the Eustachian canal—
the

small tu
be leading into the throat fro

m the ear. H
e is credited

with many unique explanations of natural phenomena, such as, fo
r

example, th
e explanation that “h

earing is produced by the hollow

bone behind the ear; fo
r all h

ollow things are sonorous.“ H
e was

a rationalist, a
nd he taught th

at th
e brain is the organ of m

ind.

The sources of our in
formation about his work, however, a

re

unreliable.

Democedes, who lived in the sixth century B.C., is
 the firs

t

physician of w
hom we have any tru

stworthy history. W
e learn fro

m

Herodotus that he came fro
m Croton to aegina, where, in

recognitio
n of his skill, h

e was appointed medical offic
er of th

e

city. From aegina he was called to Athens at an increased salary,

and later w
as in charge of m

edical affairs in several other Greek

citie
s. He was fin

ally called to Samos by the tyrant Polycrates,

who reigned there fro
m about 536 to 522 B.C. But on the death of

536   
522   Polycrates, who was murdered by the Persians, Democedes became a

slave. His fame as a physician, however, h
ad reached the ears of

the Persian monarch, and shortly
 after his capture he was

permitte
d to show his skill u

pon King Darius himself. T
he Persian

monarch was suffering fro
m a sprained ankle, which his Egyptian

surgeons had been unable to cure. Democedes not only cured the

injured member but used his influence in saving the lives of his

Egyptian riv
als, who had been condemned to death by the king.

At another tim
e he showed his skill b

y curing the queen, who was

suffering fro
m a chronic abscess of lo

ng standing. This so

pleased the monarch that he offered him as a reward anything he

might desire, except his lib
erty. But th

e costly gifts
 of Darius

did not satisfy him so long as he remained a slave; and

determined to secure his fre
edom at any cost, h

e volunteered to

lead some Persian spies into his native country, promising to use

his influence in convertin
g some of th

e leading men of his nation

to the Persian cause. Laden with the wealth that had been heaped

upon him by Darius, he set fo
rth

 upon his mission, but upon

reaching his native city of Croton he threw off h
is mask,

renounced his Persian mission, and became once more a fre
e Greek.

While the story of Democedes throws litt
le lig

ht upon the medical

practices of th
e tim

e, it 
shows that paid city medical offic

ers

existed in Greece as early as the fift
h and sixth centuries B.C.

Even then there were diffe
rent “s

chools” of m
edicine, whose

disciples disagreed radically in their m
ethods of tre

ating

diseases; and there were also specialists in certain diseases,

quacks, and charlatans. Some physicians depended entire
ly upon

external lo
tions for healing all d

isorders; others were

“hydrotherapeutists” or “b
ath- physicians”; w

hile there were a

host of physicians who administered a great variety of herbs and

drugs. There were also magicians who pretended to heal by

sorcery, and great numbers of bone-setters, oculists, and

dentists.
Many of th

e wealthy physicians had hospitals, or clinics, where

patients were operated upon and tre
ated. They were not hospitals

in our m
odern understanding of th

e term, but w
ere more like

dispensaries, where patients were tre
ated temporarily

, but w
ere

not allowed to remain for any length of tim
e. Certain communitie

s

established and supported these dispensaries for th
e care of th

e

poor.
But anything approaching a rational system of m

edicine was not

established, until H
ippocrates of Cos, th

e “fa
ther of m

edicine,“

came upon the scene. In
 an age that produced Phidias, Lysias,

Herodotus, Sophocles, and Pericles, it 
seems but natural th

at th
e

medical art s
hould fin

d an exponent w
ho would rise above

superstitio
us dogmas and lay the foundation for a medical

science. His rejection of th
e supernatural alone stamps the

greatness of his genius. But, b
esides this, he introduced more

detailed observation of diseases, and demonstrated the im
portance

that attaches to prognosis.

Hippocrates was born at Cos, about 460 B.C., b
ut spent m

ost of

460   his life
 at Larissa, in

 Thessaly. He was educated as a physician

by his father, a
nd tra

velled extensively as an itin
erant

practitio
ner fo

r several years. His tra
vels in diffe

rent clim
ates

and among many diffe
rent people undoubtedly tended to sharpen his

keen sense of observation. He was a practical physician as well

as a theorist, a
nd, withal, a clear and concise write

r. “L
ife is

short,“
 he says, ”o

pportu
nity fle

eting, ju
dgment diffic

ult,

treatment easy, but tr
eatment after th

ought is proper and

profita
ble.“

His knowledge of anatomy was necessarily
 very im

perfect, a
nd was

gained largely fro
m his predecessors, to

 whom he gave full

credit. D
issections of th

e human body were forbidden him, and he

was obliged to confine his experim
ental re

searches to operations

on the lower animals. His knowledge of th
e stru

cture and

arrangement of th
e bones, however, w

as fairly
 accurate, but th

e

anatomy of th
e softer tis

sues, as he conceived it, 
was a queer

jumbling together of blood-vessels, m
uscles, and tendons. He does

refer to
 “nerves,“ to

 be sure, but apparently the stru
ctures

referred to are the tendons and lig
aments, ra

ther th
an the nerves

themselves. He was better acquainted with the principal organs in

the cavitie
s of th

e body, and knew, fo
r example, th

at th
e heart

is divided into four cavitie
s, tw

o of w
hich he supposed to

contain blood, and the other tw
o air.

His most re
volutionary step was his divorcing of th

e supernatural

from the natural, and establishing the fact th
at disease is due

to natural causes and should be tre
ated accordingly. The effect

of such an attit
ude can hardly be over-estim

ated. The

establishment of such a theory was naturally followed by a close

observation as to the course of diseases and the effects of

treatment. T
o facilita

te this, he intro
duced the custom of

writin
g down his observations as he made them—the “clinical

history” of th
e case. Such clinical re

cords are in use all o
ver

the world to-day, and their im
portance is so obvious that it 

is

almost in
comprehensible that th

ey should have fallen into disuse

shortly
 after th

e tim
e of Hippocrates, and not brought in

to

general use again until a
lmost tw

o thousand years later.

But scarcely less im
portant th

an his recognitio
n of disease as a

natural phenomenon was the im
portance he attri

buted to prognosis.

Prognosis, in
 the sense of prophecy, was common before the tim

e

of Hippocrates. But prognosis, as he practised it a
nd as we

understand it t
o-day, is prophecy based on careful observation of

the course of diseases—something more than superstitio
us

conjecture.

Although Hippocratic medicine rested on the belief in
 natural

causes, neverth
eless, dogma and theory held an im

portant place.

The humoral th
eory of disease was an all-im

portant one, and so

fully was this theory accepted that it 
influenced the science of

medicine all th
rough succeeding centuries. According to this

celebrated theory there are four humors in the body— blood,

phlegm, yellow bile, and black bile. W
hen these humors are mixed

in exact proportio
ns they constitu

te health; but any deviations

from these proportio
ns produce disease. In

 tre
ating diseases the

aim of th
e physician was to discover w

hich of th
ese humors were

out of proportio
n and to restore them to their n

atural

equilib
rium. It 

was in the methods employed in this restitu
tion,

rather th
an a disagreement about th

e humors themselves, th
at

resulted in the various “schools” of m
edicine.

In many ways the surgery of Hippocrates showed a better

understanding of th
e stru

cture of th
e organs than of th

eir

functions. Some of th
e surgical procedures as described by him

are followed, with slight m
odific

ations, to
-day. M

any of his

methods were entire
ly lost sight of until m

odern tim
es, and one,

the tre
atment of dislocation of th

e outer end of th
e collar-b

one,

was not re
vived until s

ome tim
e in the eighteenth century.

Hippocrates, it 
seems, lik

e modern physicians, sometim
es suffered

from the ingratitu
de of his patients. “T

he physician visits a

patient suffering fro
m fever or a wound, and prescribes for him,“

he says; “o
n the next day, if t

he patient fe
els worse the blame

is laid upon the physician; if,
 on the other hand, he feels

better, n
ature is extolled, and the physician reaps no praise.“

The essence of th
is has been repeated in rhyme and prose by

write
rs in every age and country, but th

e “fa
ther of m

edicine”

cautions physicians against allowing it t
o influence their

attit
ude towards their p

rofession.
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Doubtless it h
as been noticed that our earlie

r scientists were as

Dou
btl

ess
 it 

ha
s b

ee
n n

oti
ced

 th
at 

ou
r e

arl
ier

 sc
ien

tis
ts w

ere
 as

far re
moved as possible fro

m the lim
itations of specialism. In

far
 re

mov
ed

 as
 po

ssi
ble

 fro
m th

e l
im

ita
tio

ns 
of 

spe
cia

lism
. In

point of fa
ct, in

 this early day, knowledge had not been

po
int

 of
 fa

ct,
 in

 th
is e

arl
y d

ay
, kn

ow
led

ge
 ha

d n
ot 

be
en

classifie
d as it c

ame to be later on. The philosopher w
as, as his

cla
ssi

fie
d a

s it
 ca

me t
o b

e l
ate

r o
n. 

Th
e p

hil
oso

ph
er 

was,
 as

 hi
s

name im
plied, a lover of knowledge, and he did not fin

d it b
eyond

na
me im

pli
ed

, a
 lo

ve
r o

f k
no

wled
ge

, a
nd

 he
 di

d n
ot 

fin
d i

t b
ey

on
d

the reach of his capacity to apply himself to
 all d

epartm
ents of

the
 re

ach
 of

 hi
s c

ap
aci

ty 
to 

ap
ply

 hi
msel

f to
 al

l d
ep

art
men

ts o
f

the fie
ld of human investigation. It 

is nothing strange to

the
 fie

ld 
of 

hu
man

 in
ve

sti
ga

tio
n. 

It i
s n

oth
ing

 str
an

ge
 to

discover th
at Anaximander and the Pythagoreans and Anaxagoras

dis
cov

er 
tha

t A
na

xim
an

de
r a

nd
 th

e P
yth

ag
ore

an
s a

nd
 Ana

xag
ora

s

have propounded theories regarding the stru
cture of th

e cosmos,

ha
ve

 pr
op

ou
nd

ed
 th

eo
rie

s re
ga

rdi
ng

 th
e s

tru
ctu

re 
of 

the
 co

sm
os,

the origin and development of animals and man, and the nature of

the
 or

igi
n a

nd
 de

ve
lop

men
t o

f a
nim

als
 an

d m
an

, a
nd

 th
e n

atu
re 

of

matter its
elf. N

owadays, so enormously involved has become the

matt
er 

its
elf

. N
ow

ad
ay

s, s
o e

no
rm

ou
sly

 in
vo

lve
d h

as 
be

com
e t

he

mass of m
ere facts regarding each of th

ese departm
ents of

mass
 of

 m
ere

 fa
cts

 re
ga

rdi
ng

 ea
ch 

of 
the

se 
de

pa
rtm

en
ts o

f

knowledge that no one man has the temerity
 to attempt to

 master

kn
ow

led
ge

 th
at 

no
 on

e m
an

 ha
s th

e t
em

eri
ty 

to 
att

em
pt 

to 
mast

er

them all. B
ut it 

was diffe
rent in

 those days of beginnings. Then

the
m al

l. B
ut 

it w
as 

dif
fer

en
t in

 th
ose

 da
ys 

of 
be

gin
nin

gs.
 Th

en

the methods of observation were still 
crude, and it w

as quite the

the
 m

eth
od

s o
f o

bse
rva

tio
n w

ere
 sti

ll c
rud

e, 
an

d i
t w

as 
qu

ite
 th

e

custom for a thinker of fo
rceful personality

 to fin
d an eager

cus
tom

 fo
r a

 th
ink

er 
of 

for
cef

ul 
pe

rso
na

lity
 to

 fin
d a

n e
ag

er

following among disciples who never th
ought of puttin

g his

fol
low

ing
 am

on
g d

isc
ipl

es 
who

 ne
ve

r th
ou

gh
t o

f p
utt

ing
 hi

s

theories to the test of experim
ent. T

he great le
sson that tr

ue

the
ori

es 
to 

the
 te

st o
f e

xp
eri

men
t. T

he
 gr

ea
t le

sso
n t

ha
t tr

ue

science in the last re
sort d

epends upon observation and

sci
en

ce 
in 

the
 la

st r
eso

rt d
ep

en
ds 

up
on

 ob
ser

va
tio

n a
nd

measurement, u
pon compass and balance, had not yet been learned,

mea
sur

em
en

t, u
po

n c
om

pa
ss 

an
d b

ala
nce

, h
ad

 no
t y

et 
be

en
 le

arn
ed

,

though here and there a thinker lik
e Anaxagoras had gained an

tho
ug

h h
ere

 an
d t

he
re 

a t
hin

ke
r li

ke
 Ana

xag
ora

s h
ad

 ga
ine

d a
n

inkling of it.

ink
lin

g o
f it

.

For th
e moment, in

deed, th
ere in Attic

a, w
hich was now, th

anks to

Fo
r th

e m
om

en
t, i

nd
ee

d, 
the

re 
in 

Attic
a, 

whic
h w

as 
no

w, th
an

ks 
to

that outburst of Periclean culture, th
e centre of th

e world´s

tha
t o

utb
urs

t o
f P

eri
cle

an
 cu

ltu
re,

 th
e c

en
tre

 of
 th

e w
orl

d´s

civilization, th
e tre

nd of th
ought w

as to take quite another

civ
iliz

ati
on

, th
e t

ren
d o

f th
ou

gh
t w

as 
to 

tak
e q

uit
e a

no
the

r

direction. The very year w
hich saw the birth

 of Democritu
s at

dir
ect

ion
. Th

e v
ery

 ye
ar 

whic
h s

aw
 th

e b
irth

 of
 Dem

ocr
itu

s a
t

Abdera, and of Hippocrates, m
arked also the birth

, at Athens, of

Abd
era

, a
nd

 of
 Hipp

ocr
ate

s, m
ark

ed
 al

so 
the

 bi
rth

, a
t A

the
ns,

 of

another re
markable man, w

hose influence it w
ould scarcely be

an
oth

er 
rem

ark
ab

le 
man

, w
ho

se 
inf

lue
nce

 it 
wou

ld 
sca

rce
ly b

e

possible to over-estim
ate. This man was Socrates. The main facts

po
ssi

ble
 to

 ov
er-

est
im

ate
. Th

is m
an

 w
as 

So
cra

tes
. Th

e m
ain

 fa
cts

of his history are familia
r to

 every one. It 
will b

e recalled

of 
his

 hi
sto

ry 
are

 fa
milia

r to
 ev

ery
 on

e. 
It w

ill 
be

 re
cal

led

that Socrates spent his entire
 life

 in Athens, m
ingling

tha
t S

ocr
ate

s s
pe

nt 
his

 en
tire

 lif
e in

 Athe
ns,

 m
ing

lin
g

everywhere with the populace; haranguing, so the tra
ditio

n goes,

ev
ery

whe
re 

with
 th

e p
op

ula
ce;

 ha
ran

gu
ing

, so
 th

e t
rad

itio
n g

oe
s,

every one who would listen; in
culcating moral le

ssons, and

ev
ery

 on
e w

ho
 w

ou
ld 

list
en

; in
cul

cat
ing

 m
ora

l le
sso

ns,
 an

d

finally incurrin
g the disapprobation of at le

ast a voting

fin
all

y in
cur

rin
g t

he
 di

sap
pro

ba
tio

n o
f a

t le
ast

 a v
oti

ng

majority
 of his fellow-citiz

ens. He gathered about him a company

majo
rity

 of
 hi

s fe
llo

w-ci
tiz

en
s. H

e g
ath

ere
d a

bo
ut 

him
 a c

om
pa

ny

of re
markable men with Plato at th

eir h
ead, but th

is could not

of 
rem

ark
ab

le 
men

 w
ith

 Pl
ato

 at
 th

eir
 he

ad
, b

ut 
thi

s c
ou

ld 
no

t

save him fro
m the disapprobation of th

e multitu
des, at w

hose

sav
e h

im
 fro

m th
e d

isa
pp

rob
ati

on
 of

 th
e m

ult
itu

de
s, a

t w
ho

se

hands he suffered death, le
gally administered after a public

ha
nd

s h
e s

uff
ere

d d
ea

th,
 le

ga
lly

 ad
mini

ste
red

 af
ter

 a p
ub

lic

tria
l. The facts at command as to certain customs of th

e Greeks

tria
l. T

he
 fa

cts
 at

 co
mman

d a
s to

 ce
rta

in 
cus

tom
s o

f th
e G

ree
ks

at th
is period make it p

ossible to raise a question as to whether

at 
thi

s p
eri

od
 m

ak
e it

 po
ssi

ble
 to

 ra
ise

 a q
ue

sti
on

 as
 to

 w
he

the
r

the alleged “corru
ption of youth,“ w

ith which Socrates was

the
 al

leg
ed

 “c
orr

up
tio

n o
f y

ou
th,

“ w
ith

 w
hic

h S
ocr

ate
s w

as

charged, m
ay not have had a diffe

rent im
plication fro

m what

cha
rge

d, 
may

 no
t h

av
e h

ad
 a d

iffe
ren

t im
pli

cat
ion

 fro
m w

ha
t

posterity
 has preferred to ascribe to it. 

But th
is thought,

po
ste

rity
 ha

s p
ref

err
ed

 to
 as

cri
be

 to
 it.

 Bu
t th

is t
ho

ug
ht,

almost shocking to the modern mind and seeming altogether

alm
ost

 sh
ock

ing
 to

 th
e m

od
ern

 m
ind

 an
d s

ee
ming

 al
tog

eth
er

sacrile
gious to most students of Greek philosophy, need not here

sac
rile

gio
us 

to 
most

 stu
de

nts
 of

 Gree
k p

hil
oso

ph
y, n

ee
d n

ot 
he

re

detain us; neither have we much concern in the present connection

de
tai

n u
s; n

eit
he

r h
av

e w
e m

uch
 co

nce
rn 

in 
the

 pr
ese

nt 
con

ne
cti

on

with any part o
f th

e teaching of th
e martyred philosopher. F

or

with
 an

y p
art

 of
 th

e t
ea

chi
ng

 of
 th

e m
art

yre
d p

hil
oso

ph
er.

 Fo
r

the historian of m
etaphysics, Socrates marks an epoch, but fo

r

the
 hi

sto
ria

n o
f m

eta
ph

ysi
cs,

 So
cra

tes
 m

ark
s a

n e
po

ch,
 bu

t fo
r

the historian of science he is a much less consequential fig
ure.

the
 hi

sto
ria

n o
f sc

ien
ce 

he
 is 

a m
uch

 le
ss 

con
seq

ue
nti

al 
fig

ure
.

Similarly regarding Plato, th
e aristocratic Athenian who sat at

the feet of Socrates, and through whose writin
gs the teachings of

the master fo
und widest currency. Some students of philosophy

find in Plato “th
e greatest th

inker and write
r of all ti

me.“[1
]

The student of science must re
cognize in him a thinker w

hose

point of view was essentially non-scientific
; one who tended

always to reason fro
m the general to

 the partic
ular ra

ther th
an

fro
m the partic

ular to
 the general. P

lato´s writin
gs covered

almost th
e entire

 fie
ld of th

ought, a
nd his ideas were presented

with such lite
rary charm

 that successive generations of re
aders

turned to them with unflagging interest, a
nd gave them wide

currency through copies that fin
ally preserved them to our own

tim
e. Thus we are not obliged in his case, as we are in the case

of every other G
reek philosopher, to

 estim
ate his teachings

largely fro
m hearsay evidence. Plato himself speaks to us

directly. It 
is tru

e, th
e lite

rary form
 which he always adopted,

namely, th
e dialogue, does not give quite the same certainty as

to when he is expressing his own opinions that a more direct

narrative would have given; yet, in
 the main, th

ere is litt
le

doubt as to the tenor of his own opinions—except, in
deed, such

doubt as always attaches to the philosophical re
asoning of th

e

abstract th
inker.

What is
 chiefly signific

ant fr
om our present standpoint is

 that

the great ethical te
acher had no signific

ant m
essage to give the

world regarding the physical sciences. He apparently had no

sharply defined opinions as to the mechanism of th
e universe; no

clear conception as to the origin or development of organic

beings; no tangible ideas as to the problems of physics; no

favorite
 dreams as to the nature of m

atte
r. V

irtu
ally his back

was turned on this entire
 fie

ld of th
ought. H

e was under th
e sway

of th
ose innate ideas which, as we have urged, w

ere among the

earlie
st in

ductions of science. But he never fo
r a moment

suspected such an origin for th
ese ideas. He supposed his

conceptions of being, his standards of ethics, to
 lie

 back of all

experience; fo
r him they were the most fu

ndamental and most

dependable of fa
cts. He critic

ised Anaxagoras for having tended

to deduce general la
ws fro

m observation. As we moderns see it,

such critic
ism is the highest possible praise. It 

is a critic
ism

that m
arks the distinction between the scientist w

ho is also a

philosopher and the philosopher w
ho has but a vague notion of

physical science. Plato seemed, in
deed, to

 realize the value of

scientific
 investigation; he referre

d to the astro
nomical studies

of th
e Egyptians and Chaldeans, and spoke hopefully of th

e

results that m
ight accrue were such studies to be taken up by

that G
reek mind which, as he justly conceived, had the power to

vitalize and enrich all th
at it 

touched. But he told here of w
hat

he would have others do, not of w
hat he himself th

ought of doing.

His voice was prophetic, but it 
stim

ulated no worker of his own

tim
e.

Plato himself h
ad tra

velled widely. It 
is a familia

r le
gend that

he liv
ed for years in Egypt, e

ndeavoring there to penetrate the

mysteries of Egyptian science. It 
is said even that th

e rudiments

of geometry which he acquired there influenced all h
is later

teachings. But be that as it m
ay, th

e historian of science must

recognize in the founder of th
e Academy a moral te

acher and

metaphysical dreamer and sociologist, b
ut not, in

 the modern

acceptance of th
e term

, a scientist. T
hose wider phases of

biological science which fin
d their e

xpression in metaphysics, in

ethics, in
 politic

al economy, lie
 without our present scope; and

for th
e development of th

ose subjects with which we are more

directly concerned, Plato, lik
e his master, h

as a negative

signific
ance.
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When we pass to that th
ird great A

thenian teacher, A
ristotle, th

e

case is far diffe
rent. H

ere was a man whose name was to be

received as almost a synonym for G
reek science for m

ore than a

thousand years after his death. All th
rough the Middle Ages his

writin
gs were to be accepted as virtu

ally the last w
ord regarding

the problems of nature. W
e shall see that his followers actually

preferre
d his mandate to the testim

ony of th
eir o

wn senses. W
e

shall see, fu
rth

er, th
at m

odern science progressed somewhat in

proportio
n as it o

verth
rew the Aristotelian dogmas. But th

e

tra
ditio

ns of seventeen or eighteen centuries are not easily set

aside, and it i
s perhaps not to

o much to say that th
e name of

Aristotle stands, even in our own tim
e, as vaguely representative

in the popular m
ind of all th

at w
as highest and best in

 the

science of antiquity. Yet, p
erhaps, it 

would not be going too far

to assert t
hat something lik

e a reversal of th
is judgment w

ould

be nearer th
e tru

th. Aristotle did, in
deed, bring together a

great m
ass of fa

cts regarding animals in his work on natural

history, w
hich, being preserved, has been deemed to entitl

e its

author to
 be called the “fa

ther of zoology.“ B
ut th

ere is no

reason to suppose that any considerable portio
n of th

is work

contained matte
r th

at w
as novel, o

r re
corded observations that

were original w
ith Aristotle; and the classific

ations there

outlin
ed are at best but a vague foreshadowing of th

e elaboration

of th
e science. Such as it i

s, however, th
e natural history

stands to the credit o
f th

e Stagirite
. He must be credited, to

o,

with a clear enunciation of one most im
porta

nt scientific

doctrin
e—namely, th

e doctrin
e of th

e spherical fig
ure of th

e

earth
. W

e have already seen that th
is theory originated with the

Pythagorean philosophers out in
 Ita

ly. W
e have seen, to

o, th
at

the doctrin
e had not m

ade its
 way in Attic

a in the tim
e of

Anaxagoras. But in
 the intervening century it h

ad gained wide

curre
ncy, else so essentially conservative a thinker as Aristotle

would scarcely have accepted it. 
He did accept it,

 however, a
nd

gave the doctrin
e clearest and most precise expression. Here are

his words:[2]

“As to the fig
ure of th

e earth
 it m

ust necessarily
 be

spherical.... 
If it

 were not so, th
e eclipses of th

e moon would

not have such sections as they have. For in
 the configurations in

the course of a month the deficient part t
akes all d

iffe
rent

shapes; it 
is stra

ight, a
nd concave, and convex; but in

 eclipses

it a
lways has the lin

e of divisions convex; w
herefore, since the

moon is eclipsed in consequence of th
e interpositio

n of th
e

earth
, th

e periphery of th
e earth

 must be the cause of th
is by

having a spherical fo
rm

. And again, fro
m the appearance of th

e

stars it i
s clear, n

ot only that th
e earth

 is round, but th
at its

size is not very large; fo
r w

hen we make a small re
moval to

 the

south or th
e north

, th
e circle of th

e horizon becomes palpably

diffe
rent, s

o that th
e stars overhead undergo a great change, and

are not th
e same to those that tr

avel in
 the north

 and to the

south. For some stars are seen in Egypt or at Cyprus, but are not

seen in the countrie
s to the north

 of th
ese; and the stars that

in the north
 are visible while they make a complete circuit,

there undergo a settin
g. So that fr

om this it i
s manifest, n

ot

only that th
e form

 of th
e earth

 is round, but also that it 
is a

part o
f a not very large sphere; fo

r otherwise the diffe
rence

would not be so obvious to persons making so small a
 change of

place. W
herefore we may judge that th

ose persons who connect th
e

region in the neighborhood of th
e pilla

rs of H
ercules with that

towards India, and who assert t
hat in

 this way the sea is one, do

not assert t
hings very im

probable. They confirm
 this conjecture

moreover by the elephants, w
hich are said to be of th

e same

species towards each extre
me; as if t

his circumstance was a

consequence of th
e conjunction of th

e extre
mes. The

mathematicians who try
 to calculate the measure of th

e

circumference, m
ake it a

mount to
 four hundred thousand stadia;

whence we collect th
at th

e earth
 is not only spherical, b

ut is

not la
rge compared with the magnitude of th

e other stars.“

But in
 giving full m

eed of praise to Aristotle for th
e

promulgation of th
is doctrin

e of th
e sphericity of th

e earth
, it

must unfortu
nately be added that th

e conservative philosopher

paused without ta
king one other im

porta
nt step. He could not

accept, b
ut, o

n the contra
ry, he expressly repudiated, th

e

doctrin
e of th

e earth
´s motion. W

e have seen that th
is idea also

was a part o
f th

e Pythagorean doctrin
e, and we shall h

ave

occasion to dwell m
ore at le

ngth on this point in
 a succeeding

chapter. It
 has even been contended by some criti

cs that it 
was

the adverse conviction of th
e Perip

atetic philosopher w
hich, m

ore

than any other single influence, te
nded to retard the progress of

the tru
e doctrin

e regarding the mechanism of th
e heavens.

Aristotle accepted the sphericity of th
e earth

, and that doctrin
e

became a commonplace of scientific
 knowledge, and so continued

throughout classical antiq
uity. But A

ristotle rejected the

doctrin
e of th

e earth
´s motion, and that doctrin

e, th
ough

promulgated actively by a few contemporaries and im
mediate

successors of th
e Stagirit

e, w
as then doomed to sink out of view

for m
ore than a thousand years. If 

it b
e a corre

ct assumption

that th
e influence of Aristotle was, in

 a large measure,

responsible for th
is result, t

hen we shall p
erhaps not be far

astra
y in assuming that th

e great fo
under of th

e Perip
atetic

school w
as, on the whole, m

ore instru
mental in

 retarding the

progress of astro
nomical science that any other one man that ever

lived.
The fie

ld of science in which Aristotle was pre-eminently a

pathfinder is
 zoology. His writi

ngs on natural history have

largely been preserved, and they constitu
te by far th

e most

importa
nt contrib

ution to the subject th
at has come down to us

fro
m antiq

uity. They show us that A
ristotle had gained possession

of th
e widest ra

nge of fa
cts regarding the animal kingdom, and,

what is
 far m

ore im
porta

nt, h
ad atte

mpted to classify these

facts. In
 so doing he became the founder of systematic zoology.

Aristotle´s classific
ation of th

e animal kingdom was known and

studied throughout th
e Middle Ages, and, in

 fact, re
mained in

vogue until s
uperseded by that of Cuvier in

 the nineteenth

century. It 
is not to

 be supposed that all th
e term

s of

Aristotle´s classific
ation originated with

 him. Some of th
e

divisions are too patent to
 have escaped the observation of his

predecessors. Thus, fo
r example, th

e distin
ction between birds

and fis
hes as separate classes of animals is so obvious that it

must appeal to
 a child or to

 a savage. But th
e effo

rts of

Aristotle extended, as we shall see, to
 less patent

generalizations. At th
e very outset, h

is grand division of th
e

animal kingdom into blood-bearin
g and bloodless animals im

plies a

very broad and philosophical conception of th
e entire

 animal

kingdom. The modern physiologist does not accept th
e

classific
ation, in

asmuch as it i
s now known that colorless flu

ids

perfo
rm

 the functions of blood for all th
e lower organisms. But

the fact re
mains that A

ristotle´s grand divisions corre
spond to

the grand divisions of th
e Lamarckian system—verte

brates and

inverte
brates— which every one now accepts. Aristotle, as we

have said, based his classific
ation upon observation of th

e

blood; Lamarck was guided by a study of th
e skeleton. The fact

that such diverse points of view could direct th
e observer

towards the same result g
ives, in

ferentially, a suggestive lesson

in what th
e modern physiologist calls the homologies of parts of

the organism.

Aristotle divides his so-called blood-bearin
g animals into fiv

e

classes: (1
) Four-fo

oted animals that brin
g forth

 their y
oung

alive; (2
) bird

s; (3
) egg-laying four- f

ooted animals (in
cluding

what m
odern naturalists call re

ptile
s and amphibians); (4

) w
hales

and their a
llie

s; (5
) fis

hes. This classific
ation, as will b

e

observed, is not so very far afield fro
m the modern divisions

into mammals, bird
s, re

ptile
s, amphibians, and fis

hes. That

Aristotle should have recognized the fundamental distin
ction

between fis
hes and the fis

h- lik
e whales, dolphins, and porpoises

proves the far fr
om superfic

ial character of his studies.

Aristotle knew that th
ese animals breathe by means of lu

ngs and

that th
ey produce liv

ing young. He recognized, th
erefore, th

eir

affin
ity with

 his firs
t class of animals, even if h

e did not,

like the modern naturalist, c
onsider th

ese affin
itie

s close

enough to justify
 brin

ging the tw
o types together in

to a single

class.
The bloodless animals were also divided by Aristotle into fiv

e

classes—namely: (1
) Cephalopoda (th

e octopus, cuttle
-fis

h,

etc.); (
2) w

eak-shelled animals (crabs, etc.); (
3) in

sects and

their a
llie

s (in
cluding various form

s, such as spiders and

centip
edes, w

hich the modern classifie
r prefers to place by

themselves); (4
) hard-shelled animals (clams, oysters, snails,

etc.); (
5) a conglomerate group of m

arin
e form

s, in
cluding

star-fi
sh, sea-urchins, and various anomalous form

s that w
ere

regarded as lin
king the animal to

 the vegetable world
s. This

classific
atio

n of th
e lower fo

rm
s of animal lif

e contin
ued in

vogue until C
uvier substitu

ted for it
 his famous grouping into

artic
ulates, m

ollusks, and radiates; w
hich grouping in turn was

in part s
uperseded later in

 the nineteenth century.

What A
ristotle did for th

e animal kingdom his pupil,

Theophrastus, did in some measure for th
e vegetable kingdom.

Theophrastus, however, w
as much less a classifie

r th
an his

master, a
nd his work on botany, called The Natural History of

Development, p
ays comparatively slight atte

ntio
n to theoretical

questio
ns. It 

deals largely with
 such practicalitie

s as the

making of charcoal, o
f pitch, and of re

sin, and the effects of

vario
us plants on the animal organism when taken as foods or as

medicines. In
 this regard the work of Theophrastus, is more

nearly akin to the natural history of th
e famous Roman compiler,

Pliny. It 
remained, however, th

roughout antiq
uity as the most

importa
nt w

ork on its
 subject, a

nd it e
ntitl

es Theophrastus to be

called the “fa
ther of botany.“ T

heophrastus deals also with
 the

mineral kingdom afte
r m

uch the same fashion, and here again his

work is the most notable that w
as produced in antiq

uity.
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IX.
 GREE

K SC
IEN

CE
 OF T

HE A
LE

XA
NDRIAN OR HEL

LE
NIST

IC 
PER

IOD

We are enterin
g now upon the most im

porta
nt scientifi

c epoch of

We a
re 

en
ter

ing n
ow

 up
on

 th
e m

ost
 im

po
rta

nt sc
ien

tifi
c e

po
ch of

antiq
uity. W

hen Aristotle and Theophrastus passed fro
m the scene,

an
tiq

uit
y. W

hen
 Arist

otl
e a

nd T
heo

ph
ras

tus
 pa

sse
d f

rom
 th

e s
cen

e,

Athens ceased to be in any sense the scientifi
c centre

 of th
e

Athen
s c

eas
ed

 to
 be

 in
 an

y s
en

se 
the s

cie
ntifi

c c
en

tre
 of

 th
e

world
. That city still 

retained its
 reminiscent g

lory, and cannot

worl
d. 

Th
at 

cit
y s

till
 re

tai
ned

 its
 re

minisc
en

t g
lor

y, a
nd c

an
not

be ignored in the history of cultu
re, but no great scientifi

c

be
 ig

nore
d i

n th
e h

isto
ry 

of 
cul

tur
e, b

ut 
no g

rea
t sc

ien
tifi

c

leader w
as ever again to be born or to

 take up his perm
anent

lea
de

r w
as 

eve
r a

ga
in to

 be
 bo

rn or
 to

 ta
ke 

up
 his p

erm
an

en
t

abode with
in the confines of G

reece proper. W
ith

 almost

ab
od

e w
ith

in th
e c

on
fin

es 
of 

Gree
ce 

pro
pe

r. W
ith

 alm
ost

cataclysmic suddenness, a new intellectual centre
 appeared on the

cat
acl

ysm
ic s

ud
de

nness
, a 

new
 in

tel
lec

tua
l ce

ntre
 ap

pe
are

d o
n th

e

south shore of th
e Mediterra

nean. This was th
e city of

sou
th sh

ore
 of

 th
e M

ed
ite

rra
nean

. Th
is w

as 
the c

ity
 of

Alexandria, a city which Alexander th
e Great h

ad founded durin
g

Alex
an

dri
a, a

 cit
y w

hich
 Alex

an
de

r th
e G

rea
t h

ad
 fo

un
de

d d
uri

ng

his brief visit t
o Egypt, a

nd which became th
e capital of Ptolemy

his b
rie

f v
isit

 to
 Eg

yp
t, a

nd w
hich

 be
cam

e t
he c

ap
ita

l o
f P

tol
em

y

Soter w
hen he chose Egypt as his portio

n of th
e dismembered

So
ter

 when
 he c

hose
 Eg

yp
t a

s h
is p

ort
ion

 of
 th

e d
ism

em
be

red

empire of th
e great M

acedonian. Ptolemy had been with
 his master

em
pir

e o
f th

e g
rea

t M
ace

do
nian

. P
tol

em
y h

ad
 be

en
 with

 his m
ast

er

in th
e East, a

nd was with
 him in Babylonia when he died. He had

in th
e E

ast
, an

d w
as 

with
 him

 in
 Bab

ylo
nia w

hen
 he d

ied
. H

e h
ad

therefore come personally in contact w
ith

 Babylonian

there
for

e c
om

e p
ers

on
all

y in
 co

ntac
t w

ith
 Bab

ylo
nian

civiliz
atio

n, and we cannot d
oubt th

at th
is had a most im

porta
nt

civ
iliz

ati
on

, an
d w

e c
an

not 
do

ub
t th

at 
this h

ad
 a m

ost
 im

po
rta

nt

influence upon his life
, and th

rough him upon th
e new

influ
en

ce 
up

on
 his l

ife
, an

d t
hrou

gh
 him

 up
on

 th
e n

ew

civiliz
atio

n of th
e West. In

 point of cultu
re, Alexandria must b

e

civ
iliz

ati
on

 of
 th

e W
est

. In
 po

int o
f cu

ltu
re,

 Alex
an

dri
a m

ust
 be

regarded as th
e successor of Babylon, scarcely less directly th

an

reg
ard

ed
 as

 th
e s

ucc
ess

or 
of 

Bab
ylo

n, sc
arc

ely
 les

s d
ire

ctl
y t

han

of G
reece. Following th

e Babylonian model, P
tolemy erected a

of 
Gree

ce.
 Fo

llo
wing t

he B
ab

ylo
nian

 m
od

el,
 Pt

ole
my e

rec
ted

 a

great m
useum and began collectin

g a lib
rary. Before his death it

gre
at 

muse
um

 an
d b

eg
an

 co
lle

cti
ng a

 lib
rar

y. B
efo

re 
his d

eat
h it

was said th
at h

e had collected no fewer th
an tw

o hundred th
ousand

was 
sai

d t
hat 

he h
ad

 co
lle

cte
d n

o f
ew

er 
than

 tw
o h

un
dre

d t
hou

san
d

manuscrip
ts. He had gathered also a company of great te

achers and

man
usc

rip
ts.

 He h
ad

 ga
there

d a
lso

 a c
om

pa
ny o

f g
rea

t te
ach

ers
 an

d

founded a school of science which, as has just b
een said, m

ade

fou
nde

d a
 sc

hoo
l of

 sc
ien

ce 
which

, as
 has 

jus
t b

een
 sa

id,
 m

ad
e

Alexandria th
e cultu

re-centre
 of th

e world
.

Alex
an

dri
a t

he c
ult

ure
-ce

ntre
 of

 th
e w

orl
d.

Athens in th
e day of her p

rim
e had known nothing quite lik

e th
is.

Such private citiz
ens as Aristotle are known to have had

libraries, but th
ere were no great p

ublic collectio
ns of books in

Athens, or in
 any other p

art o
f th

e Greek domain, until P
tolemy

founded his famous lib
rary. As is well k

nown, such lib
raries had

existed in Babylonia for th
ousands of years. The character w

hich

the Ptolemaic epoch took on was no doubt d
ue to Babylonian

influence, but q
uite as much to th

e personal experience of

Ptolemy himself a
s an explorer in

 th
e Far East. T

he marvellous

conquerin
g journey of A

lexander h
ad enorm

ously widened th
e

horizon of th
e Greek geographer, a

nd stim
ulated th

e im
aginatio

n

of all ra
nks of th

e people, It 
was b

ut n
atural, th

en, th
at

geography and its
 parent science astro

nomy should occupy th
e

atte
ntio

n of th
e best m

inds in th
is s

ucceeding epoch. In
 point of

fact, s
uch a company of st

ar-g
azers a

nd earth
-m

easurers came upon

the scene in th
is t

hird
 century B.C. as h

ad never b
efore existed

anywhere in th
e world

. The whole tre
nd of th

e tim
e was to

wards

mechanics. It 
was a

s if
 th

e greatest t
hinkers h

ad sq
uarely faced

about fr
om th

e attit
ude of th

e mystic
al philosophers o

f th
e

preceding century, and had se
t th

emselves th
e task of so

lving all

the mechanical rid
dles o

f th
e universe

, They no longer tr
oubled

themselves a
bout p

roblems o
f “b

eing” and “b
ecoming”; t

hey gave

but lit
tle heed to metaphysical su

btleties; t
hey demanded th

at

their t
houghts s

hould be gauged by objective realitie
s. H

ence

there arose a su
ccessio

n of great g
eometers, 

and th
eir

conceptio
ns w

ere applied to th
e constru

ctio
n of new mechanical

contriv
ances o

n th
e one hand, and to th

e elaboratio
n of th

eories

of si
dereal m

echanics o
n th

e other.

The wonderfu
l company of m

en who perfo
rm

ed th
e feats t

hat are

about to
 be recorded did not all fi

nd th
eir h

ome in Alexandria,

to be su
re; but th

ey all c
ame more or le

ss u
nder th

e Alexandrian

influence. W
e sh

all s
ee th

at th
ere are tw

o other im
porta

nt

centre
s; o

ne out in
 Sicily, almost a

t th
e confines o

f th
e Greek

territ
ory in th

e west; 
the other in

 Asia
 Minor, n

otably on th
e

isla
nd of Samos—

the isla
nd which, it 

will b
e recalled, w

as a
t an

earlie
r d

ay th
e birth

place of Pythagoras. B
ut w

hereas in
 th

e

previous century colonists
 fro

m th
e confin

es o
f th

e civiliz
ed

world
 came to

 Athens, n
ow all e

yes tu
rned to

wards A
lexandria, and

so im
proved were th

e faciliti
es fo

r communicatio
n th

at n
o doubt

the discoveries o
f one coterie of w

orkers w
ere known to

 all th
e

others m
uch more quickly th

an had ever b
een possib

le before. W
e

learn, fo
r example, th

at th
e stu

dies o
f A

rist
archus o

f Samos w
ere

defin
itely known to

 Archimedes o
f Syracuse, out in

 Sicily.

Indeed, as w
e sh

all s
ee, it 

is t
hrough a chance reference

preserved in one of th
e writi

ngs o
f A

rchimedes th
at o

ne of th
e

most i
mporta

nt sp
eculatio

ns o
f A

rist
archus is

 made known to
 us.

This il
lustra

tes su
ffic

iently th
e intercommunicatio

n th
rough

which th
e th

ought o
f th

e Alexandrian epoch was b
rought in

to a

sin
gle channel. W

e no longer, a
s in

 th
e day of th

e earlie
r

schools o
f G

reek philosophy, have iso
lated groups o

f th
inkers.

The scientifi
c drama is n

ow played out u
pon a sin

gle sta
ge; and

if w
e pass, 

as w
e sh

all in
 th

e present chapter, fr
om Alexandria

to Syracuse and fro
m Syracuse to

 Samos, t
he sh

ift o
f sc

enes d
oes

no violence to
 th

e dramatic unitie
s.

Notwith
sta

nding th
e number o

f great w
orkers w

ho were not p
roperly

Alexandrians, n
one th

e less t
he epoch is w

ith
 propriety term

ed

Alexandrian. N
ot m

erely in th
e th

ird
 century B.C., b

ut th
roughout

the lapse of at le
ast f

our su
cceeding centuries, t

he city of

Alexander and th
e Ptolemies contin

ued to
 hold its

 place as th
e

undisp
uted cultu

re-centre
 of th

e world
. D

urin
g th

at p
erio

d Rome

rose to
 its

 pinnacle of glory and began to
 decline, w

ith
out ever

challenging th
e intellectual su

premacy of th
e Egyptian city. W

e

shall s
ee, in

 a later chapter, t
hat th

e Alexandrian influ
ences

were passe
d on to

 th
e Mohammedan conquerors, 

and every one is

aware th
at w

hen Alexandria was fi
nally overth

rown its
 place was

taken by another G
reek city, Byzantiu

m or C
onsta

ntin
ople. But

that tr
ansfe

r d
id not o

ccur u
ntil A

lexandria had enjoyed a longer

perio
d of su

premacy as a
n intellectual centre

 th
an had perhaps

ever b
efore been granted to

 any city, w
ith

 th
e possib

le

exceptio
n of Babylon.
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Our p
resent concern is w

ith
 th

at fi
rst 

wonderfu
l development o

f

scientifi
c activity which began under th

e firs
t P

tolemy, and

which presents, 
in th

e course
 of th

e firs
t century of A

lexandrian

influ
ence, th

e most r
emarkable coterie of sc

ientifi
c workers a

nd

thinkers t
hat antiq

uity produced. The earlie
st g

roup of th
ese new

leaders i
n science had at it

s h
ead a man whose name has b

een a

household word ever si
nce. This w

as E
uclid, th

e father o
f

syste
matic geometry

. Traditio
n has p

reserved to
 us b

ut lit
tle of

the perso
nality

 of th
is r

emarkable teacher; b
ut, o

n th
e other

hand, his m
ost i

mporta
nt w

ork has come down to
 us in

 its

entire
ty. The Elements o

f G
eometry

, w
ith

 which th
e name of Euclid

is a
sso

ciated in th
e mind of every school-b

oy, presented th
e

chief propositi
ons o

f it
s su

bject in
 so

 sim
ple and logical a form

that th
e work remained a textbook everywhere for m

ore th
an tw

o

thousand years. 
Indeed it i

s o
nly now beginning to

 be su
perse

ded.

It is
 not tw

enty years s
ince English

 mathematicians could deplore

the fact th
at, d

espite certa
in rather o

bvious d
efects o

f th
e work

of Euclid, no bette
r te

xtbook th
an th

is w
as a

vailable. Euclid´s

work, of course
, gives e

xpressio
n to

 much knowledge th
at d

id not

orig
inate with

 him. W
e have already se

en th
at se

veral im
porta

nt

propositi
ons o

f geometry
 had been developed by Thales, a

nd one by

Pythagoras, a
nd th

at th
e ru

diments o
f th

e su
bject w

ere at le
ast

as o
ld as E

gyptian civiliz
atio

n. Precise
ly how much Euclid added

through his o
wn investig

atio
ns cannot b

e ascerta
ined. It 

seems

probable th
at h

e was a
 diffu

ser o
f knowledge rather th

an an

orig
inator, b

ut as a
 great te

acher h
is f

ame is s
ecure. H

e is

credited with
 an epigram which in its

elf m
ight in

sure him

perpetuity of fa
me: “T

here is n
o ro

yal ro
ad to

 geometry
,“ w

as h
is

answ
er to

 Ptolemy when th
at ru

ler h
ad questio

ned whether th
e

Elements m
ight n

ot b
e sim

plifie
d. D

oubtle
ss t

his, l
ike most

sim
ilar g

ood sa
yings, is

 apocryphal; b
ut w

hoever in
vented it h

as

made th
e world

 his d
ebtor.
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The catholicity of Ptolemy´s t
aste

s le
d him

, naturally enough, to

cultiv
ate th

e biological no less t
han th

e physic
al sc

iences. I
n

partic
ular h

is i
nflu

ence perm
itte

d an epochal advance in th
e

field of m
edicine. Two anatomists

 became famous th
rough th

e

investig
atio

ns th
ey were perm

itte
d to

 make under th
e patro

nage of

the enlightened ru
ler. T

hese earlie
st o

f re
ally scientifi

c

investig
ators o

f th
e mechanism

 of th
e human body were named

Herophilus a
nd Erasist

ratus. T
hese tw

o anatomists
 gained th

eir

knowledge by th
e disse

ctio
n of human bodies (t

heirs 
are th

e fir
st

records th
at w

e have of su
ch practices), 

and King Ptolemy him
self

is s
aid to

 have been present at so
me of th

ese disse
ctio

ns. T
hey

were th
e fir

st t
o disc

over th
at th

e nerve- tr
unks h

ave th
eir

orig
in in th

e brain and sp
inal cord, and th

ey are credite
d also

with
 th

e disc
overy th

at th
ese nerve-tru

nks a
re of tw

o diffe
rent

kinds—
one to

 convey motor, a
nd th

e other se
nsory im

pulse
s. T

hey

disc
overed, describ

ed, and named th
e coverin

gs o
f th

e brain. The

name of H
erophilus is

 sti
ll a

pplied by anatomists
, in

 honor o
f

the disc
overer, t

o one of th
e sin

uses o
r la

rge canals t
hat convey

the venous b
lood fro

m th
e head. H

erophilus a
lso

 noticed and

describ
ed four cavitie

s o
r ventric

les in
 th

e brain, and reached

the conclusio
n th

at o
ne of th

ese ventric
les w

as th
e se

at o
f th

e

soul—
a belief sh

ared until c
omparatively recent ti

mes b
y many

physio
logists

. H
e made also

 a careful and fairly
 accurate stu

dy

of th
e anatomy of th

e eye, a greatly im
proved th

e old operatio
n

for cataract.

With
 th

e increased knowledge of anatomy came also
 corre

sponding

advances in
 su

rgery, and many experim
ental operatio

ns a
re sa

id to

have been perfo
rm

ed upon condemned crim
inals w

ho were handed over

to th
e su

rgeons b
y th

e Ptolemies. W
hile many modern write

rs h
ave

atte
mpted to

 disc
redit t

hese asse
rtio

ns, i
t is

 not im
probable

that su
ch operatio

ns w
ere perfo

rm
ed. In

 an age when human life

was h
eld so

 cheap, and among a people accusto
med to

 to
rtu

rin
g

condemned priso
ners f

or comparatively sli
ght o

ffe
nces, i

t is
 not

unlikely th
at th

e su
rgeons w

ere allowed to
 inflic

t p
erhaps le

ss

painful to
rtu

res in
 th

e cause of sc
ience. Furth

erm
ore, w

e know

that condemned crim
inals w

ere so
metim

es h
anded over to

 th
e

medical professio
n to

 be “o
perated upon and kille

d in whatever

way th
ey th

ought b
est”

 even as la
te as th

e six
teenth century.

Tertu
llia

n[1] p
robably exaggerates, h

owever, w
hen he puts t

he

number o
f su

ch victim
s in

 Alexandria at si
x hundred.

Had Herophilus a
nd Erasist

ratus b
een as h

appy in th
eir d

eductio
ns

as to
 th

e functio
ns o

f th
e organs a

s th
ey were in th

eir k
nowledge

of anatomy, th
e science of m

edicine would have been placed upon a

very high plane even in th
eir t

im
e. U

nfortu
nately, however, t

hey

not o
nly drew erro

neous in
ferences a

s to
 th

e functio
ns o

f th
e

organs, b
ut also

 disa
greed radically as to

 what fu
nctio

ns certa
in

organs p
erfo

rm
ed, and how dise

ases sh
ould be tre

ated, even when

agreeing perfe
ctly on th

e su
bject o

f anatomy its
elf. T

heir

contrib
utio

n to
 th

e knowledge of th
e scientifi

c tre
atm

ent o
f

dise
ases h

olds n
o su

ch place, th
erefore, as th

eir a
natomical

investig
atio

ns.

Half a
 century afte

r th
e tim

e of H
erophilus th

ere appeared a

Greek physic
ian, H

eraclides, w
hose reputatio

n in th
e use of d

rugs

far su
rpasse

s th
at o

f th
e anatomists

 of th
e Alexandrian school.

His r
eputatio

n has b
een handed down th

rough th
e centurie

s a
s th

at

of a physic
ian, ra

ther th
an a su

rgeon, alth
ough in his o

wn tim
e

he was consid
ered one of th

e great su
rgeons o

f th
e perio

d.

Heraclides b
elonged to

 th
e “E

mpiric
” sc

hool, w
hich rejected

anatomy as u
seless, 

depending entire
ly on th

e use of d
rugs. H

e is

thought to
 have been th

e fir
st p

hysic
ian to

 point o
ut th

e value

of opium in certa
in painful dise

ases. H
is p

rescrip
tio

n of th
is

drug for certa
in cases o

f “s
leeplessn

ess, 
spasm

, cholera, and

colic,“ s
hows th

at h
is u

se of it
 was n

ot u
nlike th

at o
f th

e

modern physic
ian in certa

in cases; a
nd his t

reatm
ent o

f fe
vers,

by keeping th
e patie

nt´s
 head cool and facilita

tin
g th

e

secretio
ns o

f th
e body, is

 sti
ll re

cognized as “g
ood practice.“

He advocated a fre
e use of liq

uids in
 quenching th

e fever

patie
nt´s

 th
irst

—
a recognized th

erapeutic measure to
-day, but

one th
at w

as w
idely condemned a century ago.
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We do not know just w
hen Euclid died, but as h

e was a
t th

e height

of h
is f

ame in th
e tim

e of Ptolemy I., 
whose reign ended in th

e

year 2
85 B.C., it

 is 
hardly probable th

at h
e was st

ill l
iving

285   when a young man named Archim
edes came to

 Alexandria to
 stu

dy.

Archim
edes w

as b
orn in th

e Greek colony of Syracuse, on th
e

isla
nd of Sicily, in

 th
e year 2

87 B.C. W
hen he visit

ed Alexandria

287   he probably found Apollonius o
f Perga, th

e pupil o
f Euclid, at

the head of th
e mathematical sc

hool th
ere. Ju

st h
ow long

Archim
edes re

mained at A
lexandria

 is 
not known. W

hen he had

satisf
ied his c

urio
sity

 or completed his s
tudies, h

e returned to

Syracuse and sp
ent h

is l
ife th

ere, chiefly under th
e patro

nage of

King Hiero, w
ho se

ems fu
lly to

 have appreciated his a
bilit

ies.

Archim
edes w

as p
rim

arily
 a mathematician. Left t

o his o
wn

devices, h
e would probably have devoted his e

ntire
 tim

e to
 th

e

stu
dy of g

eometric
al problems. B

ut K
ing Hiero had disc

overed th
at

his p
rotege had wonderfu

l m
echanical in

genuity, and he made good

use of th
is d

isc
overy. U

nder st
ress o

f th
e king´s u

rgings, t
he

philosopher w
as le

d to
 invent a great varie

ty of m
echanical

contriv
ances, s

ome of th
em m

ost c
urio

us o
nes. A

ntiq
uity credite

d

him
 with

 th
e inventio

n of m
ore th

an fo
rty

 machines, a
nd it i

s

these, ra
ther th

an his p
urely m

athematical disc
overie

s, t
hat g

ave

his n
ame popular vogue both among his c

ontemporarie
s a

nd with

poste
rity

. Every one has h
eard of th

e screw of A
rchim

edes,

through which th
e paradoxical effe

ct w
as p

roduced of m
aking water

seem to
 flo

w up hill. 
The best i

dea of th
is c

urio
us m

echanism
 is

obtained if o
ne will t

ake in hand an ordinary corkscrew, and

im
agine th

is i
nstr

ument to
 be changed into a hollow tu

be,

retaining precise
ly th

e sa
me sh

ape but in
creased to

 so
me feet in

length and to
 a proportio

nate diameter. If
 one will h

old th
e

corkscrew in a sla
ntin

g dire
ctio

n and tu
rn it s

lowly to
 th

e

rig
ht, s

upposin
g th

at th
e point d

ips u
p a portio

n of w
ater each

tim
e it r

evolves, o
ne can in im

aginatio
n fo

llow th
e flo

w of th
at

portio
n of w

ater fr
om sp

ira
l to

 sp
ira

l, th
e water always ru

nning

downward, of course
, yet p

aradoxically being lift
ed higher and

higher to
wards th

e base of th
e corkscrew, until f

inally it p
ours

out (i
n th

e actual A
rchim

edes´ t
ube) at th

e to
p. There is 

another

form
 of th

e sc
rew in which a revolving sp

ira
l blade operates

with
in a cylinder, b

ut th
e prin

ciple is 
precise

ly th
e sa

me. W
ith

eith
er fo

rm
 water m

ay be lift
ed, by th

e m
ere tu

rning of th
e

screw, to
 any desire

d height. T
he ingenious m

echanism
 excite

d th
e

wonder o
f th

e contemporarie
s o

f A
rchim

edes, a
s w

ell it
 m

ight.

More effic
ient d

evices h
ave su

perse
ded it i

n m
odern tim

es, b
ut it

stil
l excite

s th
e admira

tio
n of all w

ho examine it, 
and its

effe
cts s

eem as p
aradoxical as e

ver.

Some other o
f th

e m
echanism

s o
f A

rchim
edes h

ave been m
ade known

to su
ccessiv

e generatio
ns o

f re
aders t

hrough th
e pages o

f

Polybius a
nd Plutarch. These are th

e devices th
rough which

Archim
edes a

ided King Hiero to
 ward off t

he atta
cks o

f th
e Roman

general M
arcellus, w

ho in th
e course

 of th
e se

cond Punic war la
id

sie
ge to

 Syracuse.

Plutarch, in
 his l

ife of M
arcellus, d

escrib
es th

e Roman´s a
tta

ck

and Archim
edes´ d

efence in m
uch detail. I

ncidentally he te
lls 

us

also
 how Archim

edes c
ame to

 m
ake th

e devices th
at re

ndered th
e

sie
ge so

 famous:

“M
arcellus h

im
self, w

ith
 th

reescore galleys o
f fi

ve ro
wers a

t

every bank, w
ell a

rm
ed and fu

ll o
f all s

orts
 of artil

lery and

fire
works, d

id assa
ult b

y se
a, and ro

wed hard to
 th

e wall, h
aving

made a great e
ngine and device of b

atte
ry, upon eight g

alleys

chained to
gether, t

o batte
r th

e wall: t
rustin

g in th
e great

multit
ude of h

is e
ngines o

f b
atte

ry, and to
 all s

uch other

necessa
ry provisio

n as h
e had fo

r w
ars, 

as a
lso

 in his o
wn

reputatio
n. But A

rchim
edes m

ade lig
ht account o

f all h
is d

evices,

as in
deed th

ey were nothing comparable to
 th

e engines h
im

self h
ad

invented. This i
nventiv

e art t
o fra

me instr
uments a

nd engines

(w
hich are called m

echanical, o
r o

rganical, s
o highly commended

and este
emed of all s

orts
 of p

eople) w
as fi

rst
 se

t fo
rth

 by

Archita
s, a

nd by Eudoxus: p
artly

 to
 beautify

 a litt
le th

e sc
ience

of g
eometry

 by th
is f

ineness, 
and partly

 to
 prove and confirm

 by

materia
l examples a

nd se
nsib

le instr
uments, 

certa
in geometric

al

conclusio
ns, w

here of a m
an cannot fi

nd out th
e conceivable

demonstr
atio

ns b
y enforced re

asons a
nd proofs. 

As th
at conclusio

n

which instr
ucteth one to

 se
arch out tw

o lin
es m

ean proportio
nal,

which cannot b
e proved by re

ason demonstr
ativ

e, and yet

notw
ith

sta
nding is 

a prin
ciple and an accepted ground fo

r m
any

things w
hich are contained in th

e art o
f p

ortra
itu

re. Both of

them have fashioned it t
o th

e workmanship of certa
in instr

uments,

called m
esolabes o

r m
esographs, w

hich se
rve to

 fin
d th

ese m
ean

lines p
roportio

nal, b
y drawing certa

in curve lin
es, a

nd

overth
wart a

nd obliq
ue se

ctio
ns. B

ut afte
r th

at P
lato was

offe
nded with

 th
em, and m

aintained against t
hem, th

at th
ey did

utte
rly

 corru
pt and disg

race, th
e worth

iness a
nd excellence of

geometry
, m

aking it t
o descend fro

m th
ings n

ot comprehensib
le and

with
out b

ody, unto th
ings se

nsib
le and m

ateria
l, a

nd to
 brin

g it

to a palpable su
bsta

nce, w
here th

e vile and base handiwork of m
an

is t
o be employed: si

nce th
at ti

me, I s
ay, handicraft, 

or th
e art

of engines, c
ame to

 be se
parated fro

m geometry
, and being long

tim
e despise

d by th
e philosophers, 

it c
ame to

 be one of th
e

warlik
e arts

.

“But A
rchim

edes h
aving to

ld King Hiero, his k
insm

an and fri
end,

that it
 was p

ossib
le to

 re
move as g

reat a
 weight a

s h
e would,

with
 as li

ttle
 str

ength as h
e lis

ted to
 put to

 it: 
and boastin

g

him
self t

hus (a
s th

ey re
port o

f h
im

) and tru
stin

g to
 th

e fo
rce of

his r
easons, w

herewith
 he proved th

is c
onclusio

n, th
at if

 th
ere

were another g
lobe of earth

, he was a
ble to

 re
move th

is o
f o

urs,

and pass i
t o

ver to
 th

e other: K
ing Hiero wonderin

g to
 hear h

im
,

require
d him

 to
 put h

is d
evice in executio

n, and to
 m

ake him
 se

e

by experie
nce, so

me great o
r h

eavy weight re
moved, by litt

le

force. So Archim
edes c

aught h
old with

 a book of o
ne of th

e

greatest c
arects, 

or h
ulks o

f th
e king (th

at to
 draw it t

o th
e

shore out o
f th

e water re
quire

d a m
arvellous n

umber o
f p

eople to

go about it
, and was h

ardly to
 be done so

) and put a
 great n

umber

of m
en m

ore into her, t
han her o

rdinary burden: and he him
self

sitt
ing alone at h

is e
ase far o

ff, w
ith

out a
ny str

aining at a
ll,

drawing th
e end of an engine with

 m
any wheels a

nd pulleys, f
air

and so
ftly

 with
 his h

and, m
ade it c

ome as g
ently

 and sm
oothly to

him
, as it

 had flo
ated in th

e se
a. The king wonderin

g to
 se

e th
e

sig
ht, a

nd knowing by proof th
e greatness o

f h
is a

rt; 
be prayed

him
 to

 m
ake him

 so
me engines, b

oth to
 assa

ult a
nd defend, in

 all

manner o
f si

eges a
nd assa

ults.
 So Archim

edes m
ade him

 m
any

engines, b
ut K

ing Hiero never o
ccupied any of th

em, because he

reigned th
e m

ost p
art o

f h
is t

im
e in peace with

out a
ny wars. 

But

this p
rovisio

n and m
unitio

n of engines, s
erved th

e Syracusan´s

turn m
arvellously

 at th
at ti

me: and not o
nly th

e provisio
n of th

e

engines re
ady m

ade, but a
lso

 th
e engineer a

nd work-m
aste

r

him
self, t

hat h
ad invented th

em.

“Now th
e Syracusans, s

eeing th
emselves a

ssa
ulte

d by th
e Romans,

both by se
a and by land, w

ere m
arvellously

 perplexed, and could

not te
ll w

hat to
 sa

y, th
ey were so

 afra
id: im

agining it w
as

im
possi

ble fo
r th

em to
 with

sta
nd so

 great a
n arm

y. But w
hen

Archim
edes fe

ll t
o handlin

g his e
ngines, a

nd to
 se

t th
em at

lib
erty

, th
ere fle

w in th
e air in

fin
ite

 kinds o
f sh

ot, a
nd

marvellous g
reat st

ones, w
ith

 an incredible noise
 and fo

rce on

the su
dden, upon th

e fo
otm

en th
at came to

 assa
ult t

he city
 by

land, bearin
g down, and te

arin
g in pieces a

ll t
hose which came

against t
hem, or in

 what p
lace so

ever th
ey lig

hted, no earth
ly

body being able to
 re

sis
t th

e violence of so
 heavy a weight: s

o

that a
ll t

heir r
anks w

ere m
arvellously

 diso
rdered. A

nd as fo
r th

e

galleys th
at g

ave assa
ult b

y se
a, so

me were su
nk with

 long pieces

of ti
mber lik

e unto th
e yards o

f sh
ips, w

hereto th
ey faste

n th
eir

sails,
 which were su

ddenly blown over th
e walls 

with
 fo

rce of

their e
ngines in

to th
eir g

alleys, a
nd so

 su
nk th

em by th
eir o

ver

great w
eight.“

Polybius d
escrib

es w
hat w

as p
erhaps th

e m
ost i

mporta
nt o

f th
ese

contriv
ances, w

hich was, h
e te

lls 
us, “

a band of ir
on, hanging by

a chain fro
m th

e beak of a m
achine, w

hich was u
sed in th

e

follo
wing m

anner. T
he perso

n who, lik
e a pilot, g

uided th
e beak,

having let fa
ll t

he hand, and catched hold of th
e prow of any

vesse
l, d

rew down th
e opposite

 end of th
e m

achine th
at w

as o
n th

e

insid
e of th

e walls.
 And when th

e vesse
l w

as th
us ra

ise
d erect

upon its
 ste

m, th
e m

achine its
elf w

as h
eld im

movable; but, t
he

chain being su
ddenly loosened fro

m th
e beak by th

e m
eans o

f

pulleys, s
ome of th

e vesse
ls w

ere th
rown upon th

eir s
ides, o

thers

turned with
 th

e botto
m upwards; a

nd th
e greatest p

art, 
as th

e

prows w
ere plunged fro

m a consid
erable height in

to th
e se

a, w
ere

fille
d with

 water, a
nd all t

hat w
ere on board th

rown into tu
mult

and diso
rder.

“M
arcellu

s w
as in

 no sm
all d

egree embarra
sse

d,“ P
olybius

contin
ues, “

when he fo
und him

self e
ncountered in every atte

mpt b
y

such re
sis

tance. H
e perceived th

at a
ll h

is e
ffo

rts
 were defeated

with
 loss; 

and were even derid
ed by th

e enemy. But, a
midst a

ll

the anxiety th
at h

e su
ffe

red, he could not h
elp jestin

g upon th
e

inventio
ns o

f A
rchim

edes. T
his m

an, sa
id he, employs o

ur sh
ips a

s

buckets t
o draw water: a

nd boxing about o
ur sa

ckbuts, 
as if

 th
ey

were unworth
y to

 be asso
ciated with

 him
, driv

es th
em fro

m his

company with
 disg

race. Such was th
e su

ccess o
f th

e sie
ge on th

e

sid
e of th

e se
a.“

Subsequently
, however, M

arcellu
s to

ok th
e city

 by str
ategy, and

Archim
edes w

as k
ille

d, contra
ry, it 

is s
aid, to

 th
e express

orders o
f M

arcellu
s. “

Syracuse being ta
ken,“ s

ays P
lutarch,

“nothing grie
ved M

arcellu
s m

ore th
an th

e loss o
f A

rchim
edes. W

ho,

being in his s
tudy when th

e city
 was ta

ken, busily
 se

eking out b
y

him
self t

he demonstr
atio

n of so
me geometric

al p
ropositi

on which

he had drawn in fig
ure, and so

 earnestly
 occupied th

erein, as h
e

neith
er sa

w nor h
eard any noise

 of enemies th
at ra

n up and down

the city
, and m

uch less k
new it w

as ta
ken: he wondered when he

saw a so
ldier b

y him
, th

at b
ade him

 go with
 him

 to
 M

arcellu
s.

Notw
ith

sta
nding, he sp

ake to
 th

e so
ldier, a

nd bade him
 ta

rry

until 
he had done his c

onclusio
n, and brought it

 to

demonstr
atio

n: but th
e so

ldier b
eing angry with

 his a
nsw

er, d
rew

out h
is s

word and kille
d him

. O
thers s

ay, th
at th

e Roman so
ldier

when he came, offe
red th

e sw
ord´s p

oint to
 him

, to
 kill h

im
: and

that A
rchim

edes w
hen he sa

w him
, prayed him

 to
 hold his h

and a

litt
le, th

at h
e m

ight n
ot le

ave th
e m

atte
r h

e looked fo
r

im
perfe

ct, w
ith

out d
emonstr

atio
n. But th

e so
ldier m

aking no

reckoning of h
is s

peculatio
n, kille

d him
 presently

. It
 is

reporte
d a th

ird
 way also

, sa
ying th

at certa
in so

ldiers m
et h

im

in th
e str

eets g
oing to

 M
arcellu

s, c
arry

ing certa
in m

athematical

instr
uments i

n a lit
tle

 pretty
 coffe

r, a
s d

ials f
or th

e su
n,

spheres, a
nd angles, w

herewith
 th

ey m
easure th

e greatness o
f th

e

body of th
e su

n by view: and th
ey su

pposin
g he had carrie

d so
me

gold or si
lver, o

r o
ther p

recious je
wels i

n th
at li

ttle
 coffe

r,

sle
w him

 fo
r it

. But it
 is 

most c
erta

in th
at M

arcellu
s w

as

marvello
usly

 so
rry

 fo
r h

is d
eath, and ever a

fte
r h

ated th
e

villa
in th

at sl
ew him

, as a
 curse

d and execrable perso
n: and how

he had m
ade also

 m
arvello

us m
uch afte

rw
ards o

f A
rchim

edes´

kinsm
en fo

r h
is s

ake.“

We are fu
rth

er in
debted to

 Plutarch fo
r a

 su
mmary of th

e

character a
nd influ

ence of A
rchim

edes, a
nd fo

r a
n interestin

g

suggestio
n as to

 th
e estim

ate which th
e great p

hilo
sopher p

ut

upon th
e re

lativ
e im

porta
nce of h

is o
wn disc

overie
s.

“N
otw

ith
sta

nding Archim
edes h

ad su
ch a great m

ind, and was so

profoundly learned, having hidden in him
 th

e only tre
asure and

secrets o
f g

eometric
al in

ventio
ns: a

s b
e would never se

t fo
rth

any book how to
 m

ake all t
hese warlik

e engines, w
hich won him

 at

that ti
me th

e fame and glory, not o
f m

an´s k
nowledge, but ra

ther

of d
ivine wisd

om. But h
e este

eming all k
ind of h

andicraft a
nd

inventio
n to

 m
ake engines, a

nd generally all m
anner o

f sc
iences

brin
ging common commodity

 by th
e use of th

em, to
 be but v

ile,

beggarly
, and m

ercenary dross:
 employed his w

it a
nd stu

dy only to

write
 th

ings, t
he beauty and su

btle
ty whereof w

ere not m
ingled

anything at a
ll w

ith
 necessi

ty. For a
ll t

hat h
e hath writt

en, are

geometric
al p

ropositi
ons, w

hich are with
out compariso

n of any

other w
riti

ngs w
hatso

ever: b
ecause th

e su
bject w

here of th
ey

tre
at, d

oth appear b
y demonstr

atio
n, th

e m
aker g

ives th
em th

e

grace and th
e greatness,

 and th
e demonstr

atio
n proving it s

o

exquisit
ely, w

ith
 wonderfu

l re
ason and facilit

y, as it
 is 

not

repugnable. For in
 all g

eometry
 are not to

 be fo
und m

ore profound

and diffi
cult m

atte
rs w

ritt
en, in

 m
ore plain and sim

ple te
rm

s,

and by m
ore easy prin

ciples, t
han th

ose which he hath invented.

Now so
me do im

pute th
is, 

to th
e sh

arpness o
f h

is w
it a

nd

underst
anding, w

hich was a
 natural g

ift 
in him

: others d
o re

fer

it t
o th

e extre
me pains h

e to
ok, w

hich m
ade th

ese th
ings c

ome so

easily
 fro

m him
, th

at th
ey se

emed as if
 th

ey had been no tro
uble

to him
 at a

ll. F
or n

o m
an liv

ing of h
im

self c
an devise

 th
e

demonstr
atio

n of h
is p

ropositi
ons, w

hat p
ains so

ever h
e ta

ke to

seek it:
 and yet st

raight so
 so

on as h
e cometh to

 declare and

open it,
 every m

an th
en im

agineth with
 him

self h
e could have

found it o
ut w

ell e
nough, he can th

en so
 plainly m

ake

demonstr
atio

n of th
e th

ing he m
eaneth to

 sh
ow. A

nd th
erefore th

at

methinks is
 lik

ely to
 be tru

e, w
hich th

ey write
 of h

im
: th

at h
e

was s
o ra

vish
ed and drunk with

 th
e sw

eet e
ntic

ements o
f th

is

sire
n, w

hich as it
 were lay contin

ually with
 him

, as h
e fo

rgot

his m
eat a

nd drin
k, and was c

areless 
otherw

ise
 of h

im
self, t

hat

ofte
ntim

es h
is s

ervants g
ot h

im
 against h

is w
ill t

o th
e baths to

wash and anoint h
im

: and yet b
eing th

ere, he would ever b
e

drawing out o
f th

e geometric
al fig

ures, e
ven in

 th
e very im

bers

of th
e chim

ney. A
nd while th

ey were anointin
g of h

im
 with

 oils

and sw
eet sa

vours, 
with

 his f
inger h

e did draw lin
es u

pon his

naked body: so
 far w

as h
e ta

ken fro
m him

self, a
nd brought in

to an

ecsta
sy or tr

ance, w
ith

 th
e delig

ht h
e had in

 th
e stu

dy of

geometry
, and tru

ly ra
vish

ed with
 th

e love of th
e M

uses. B
ut

amongst m
any notable th

ings h
e devise

d, it
 appeareth, th

at h
e

most e
ste

emed th
e demonstr

atio
n of th

e proportio
n betw

een th
e

cylin
der (t

o wit, 
the ro

und column) and th
e sp

here or g
lobe

contained in
 th

e sa
me: fo

r h
e prayed his k

insm
en and fri

ends,

that a
fte

r h
is d

eath th
ey would put a

 cylin
der u

pon his t
omb,

containing a m
assy

 sp
here, w

ith
 an in

scrip
tio

n of th
e proportio

n,

whereof th
e contin

ent e
xceedeth th

e th
ing contained.“[2

]

It s
hould be observed th

at n
eith

er P
olybius n

or P
lutarch m

entio
ns

the use of b
urning-glasse

s in
 connectio

n with
 th

e sie
ge of

Syracuse, nor in
deed are th

ese re
ferre

d to
 by any other a

ncient

write
r o

f authority
. N

everth
eless,

 a sto
ry gained credence down

to a late day to
 th

e effe
ct th

at A
rchim

edes h
ad se

t fi
re to

 th
e

fle
et o

f th
e enemy with

 th
e aid of concave m

irro
rs. 

An experim
ent

was m
ade by Sir I

saac Newton to
 sh

ow th
e possi

bilit
y of a

phenomenon so
 well in

 accord with
 th

e genius o
f A

rchim
edes, b

ut

the sil
ence of all t

he early
 authoriti

es m
akes it

 m
ore th

an

doubtfu
l w

hether a
ny su

ch expedient w
as re

ally adopted.

It w
ill b

e observed th
at th

e chief p
rin

ciple in
volved in

 all

these m
echanism

s w
as a

 capacity
 to

 tra
nsm

it g
reat p

ower th
rough

levers a
nd pulleys, a

nd th
is b

rin
gs u

s to
 th

e m
ost i

mporta
nt

fie
ld of th

e Syracusan philo
sopher´s

 activ
ity

. It
 was a

s a

stu
dent o

f th
e lever a

nd th
e pulley th

at A
rchim

edes w
as le

d to

some of h
is g

reatest m
echanical d

isc
overie

s. H
e is 

even credite
d

with
 being th

e disc
overer o

f th
e compound pulley. M

ore lik
ely he

was it
s d

eveloper o
nly, si

nce th
e prin

ciple of th
e pulley was

known to
 th

e old Babylonians, a
s th

eir s
culptures te

stif
y. But

there is 
no re

ason to
 doubt th

e general o
utlin

es o
f th

e sto
ry

that A
rchim

edes a
sto

unded King Hiero by proving th
at, w

ith
 th

e

aid of m
ultip

le pulleys, t
he str

ength of o
ne m

an could su
ffic

e to

drag th
e largest s

hip fro
m its

 m
oorin

gs.

The property
 of th

e lever, f
rom its

 fu
ndamental p

rin
ciple, w

as

stu
died by him

, b
eginning with

 th
e se

lf- 
evident fa

ct th
at “e

qual

bodies a
t th

e ends o
f th

e equal arm
s o

f a
 ro

d, su
pporte

d on its

middle point, w
ill b

alance each other”; 
or, w

hat a
mounts t

o th
e

same th
ing sta

ted in
 another w

ay, a re
gular cylin

der o
f u

nifo
rm

matte
r w

ill b
alance at it

s m
iddle point. F

rom th
is s

tartin
g-point

he elaborated th
e su

bject o
n su

ch clear a
nd sa

tisf
actory

prin
ciples th

at th
ey sta

nd to
-day practic

ally unchanged and with

few additio
ns. F

rom all h
is s

tudies a
nd experim

ents h
e fin

ally

form
ulated th

e prin
ciple th

at “b
odies w

ill b
e in

 equilib
rio

 when

their d
ista

nce fro
m th

e fu
lcrum or p

oint o
f su

pport i
s in

verse
ly

as th
eir w

eight.“ 
He is 

credite
d with

 having su
mmed up his

estim
ate of th

e capabilit
ies o

f th
e lever w

ith
 th

e well-k
nown

expressi
on, “G

ive m
e a fu

lcrum on which to
 re

st o
r a

 place on

which to
 sta

nd, and I w
ill m

ove th
e earth

.“

But p
erhaps th

e fe
at o

f a
ll o

thers t
hat m

ost a
ppealed to

 th
e

im
aginatio

n of h
is c

ontemporarie
s, a

nd possi
bly also

 th
e one th

at

had th
e greatest b

earin
g upon th

e positi
on of A

rchim
edes a

s a

scientifi
c disc

overer, w
as th

e one m
ade fa

milia
r th

rough th
e ta

le

of th
e crown of H

iero. This c
rown, so

 th
e sto

ry goes, w
as

supposed to
 be m

ade of so
lid

 gold, b
ut K

ing Hiero fo
r so

me re
ason

suspected th
e honesty

 of th
e jeweller, a

nd desire
d to

 know if

Archim
edes c

ould devise
 a way of te

stin
g th

e questio
n with

out

injurin
g th

e crown. G
reek im

aginatio
n se

ldom sp
oiled a sto

ry in

the te
llin

g, and in
 th

is c
ase th

e ta
le was a

llo
wed to

 ta
ke on th

e

most p
icturesque of p

hases. T
he philo

sopher, w
e are assu

red,

pondered th
e problem fo

r a
 lo

ng tim
e with

out su
cceeding, b

ut o
ne

day as h
e ste

pped in
to a bath, his a

tte
ntio

n was a
ttr

acted by th
e

overflo
w of w

ater. A
 new tra

in of id
eas w

as s
tarte

d in
 his

ever-re
ceptiv

e brain. W
ild

 with
 enthusia

sm
 he sp

rang fro
m th

e

bath, and, fo
rgettin

g his r
obe, d

ashed along th
e str

eets o
f

Syracuse, sh
outin

g: “E
ureka! Eureka!“ (

I h
ave fo

und it!
) T

he

thought th
at h

ad come in
to his m

ind was th
is: 

That a
ny heavy

substa
nce m

ust h
ave a bulk proportio

nate to
 its

 weight; t
hat g

old

and sil
ver d

iffe
r in

 weight, b
ulk fo

r b
ulk, and th

at th
e way to

test t
he bulk of su

ch an irr
egular o

bject a
s a

 crown was to

im
merse

 it 
in water. T

he experim
ent w

as m
ade. A

 lu
mp of p

ure gold

of th
e weight o

f th
e crown was im

merse
d in

 a certa
in re

ceptacle

fill
ed with

 water, a
nd th

e overflo
w noted. Then a lu

mp of p
ure

silv
er o

f th
e sa

me weight w
as s

im
ilarly

 im
merse

d; la
stly

 th
e

crown its
elf w

as im
merse

d, and of course
—

for th
e sto

ry m
ust n

ot

lack its
 dramatic

 se
quel—

was fo
und bulkier th

an its
 weight o

f

pure gold. Thus th
e genius th

at c
ould balk warrio

rs a
nd arm

ies

could also
 fo

il t
he wiles o

f th
e sil

versm
ith

.

Whatever th
e tru

th of th
is p

icturesque narra
tiv

e, th
e fa

ct

remains th
at so

me, su
ch experim

ents a
s th

ese m
ust h

ave paved th
e

way fo
r p

erhaps th
e greatest o

f a
ll t

he stu
dies o

f

Archim
edes—

those th
at re

late to
 th

e buoyancy of w
ater. L

eaving

the fie
ld of fa

ble, w
e m

ust n
ow examine th

ese with
 so

me

precisio
n. Fortu

nately, th
e writi

ngs o
f A

rchim
edes h

im
self a

re

stil
l extant, i

n which th
e re

sults 
of h

is r
emarkable experim

ents

are re
lated, so

 we m
ay present th

e re
sults 

in th
e words o

f th
e

disc
overer.

Here th
ey are: “F

irst
: The su

rfa
ce of e

very coherent li
quid in

 a

sta
te of re

st i
s s

pheric
al, a

nd th
e centre

 of th
e sp

here

coincides w
ith

 th
e centre

 of th
e earth

. Second: A
 so

lid
 body

which, b
ulk fo

r b
ulk, is

 of th
e sa

me weight a
s a

 liq
uid, if

im
merse

d in
 th

e liq
uid will s

ink so
 th

at th
e su

rfa
ce of th

e body

is e
ven with

 th
e su

rfa
ce of th

e liq
uid, b

ut w
ill n

ot si
nk deeper.

Third
: A

ny so
lid

 body which is 
lig

hter, b
ulk fo

r b
ulk, th

an a

liq
uid, if 

placed in
 th

e liq
uid will s

ink so
 deep as to

 disp
lace

the m
ass 

of li
quid equal in

 weight to
 another b

ody. Fourth
: If 

a

body which is 
lig

hter th
an a liq

uid is 
forcibly im

merse
d in

 th
e

liq
uid, it

 will b
e presse

d upward with
 a fo

rce corre
sponding to

the weight o
f a

 lik
e volume of w

ater, l
ess 

the weight o
f th

e body

itse
lf. F

ifth
: Solid

 bodies w
hich, b

ulk fo
r b

ulk, are heavier

than a liq
uid, w

hen im
merse

d in
 th

e liq
uid sin

k to
 th

e botto
m,

but b
ecome in

 th
e liq

uid as m
uch lig

hter a
s th

e weight o
f th

e

disp
laced water it

self d
iffe

rs f
rom th

e weight o
f th

e so
lid

.“

These propositi
ons a

re not d
iffi

cult t
o demonstr

ate, once th
ey

are conceived, b
ut th

eir d
isc

overy, combined with
 th

e disc
overy

of th
e laws o

f st
atic

s a
lre

ady re
ferre

d to
, m

ay ju
stly

 be

consid
ered as p

roving Archim
edes th

e m
ost i

nventiv
e experim

enter

of a
ntiq

uity
.

Curio
usly

 enough, th
e disc

overy which Archim
edes h

im
self i

s s
aid

to have consid
ered th

e m
ost i

mporta
nt o

f a
ll h

is i
nnovatio

ns is

one th
at se

ems m
uch less 

str
iking. It

 is 
the answ

er to
 th

e

questio
n, W

hat is
 th

e re
latio

n in
 bulk betw

een a sp
here and its

circ
umscrib

ing cylin
der? A

rchim
edes fi

nds th
at th

e ra
tio

 is

sim
ply tw

o to
 th

ree. W
e are not in

form
ed as to

 how he re
ached his

conclusio
n, b

ut a
n obvious m

ethod would be to
 im

merse
 a ball in

 a

cylin
dric

al cup. The experim
ent is

 one which any one can m
ake fo

r

him
self, w

ith
 approxim

ate accuracy, w
ith

 th
e aid of a

 tu
mbler a

nd

a so
lid

 ru
bber b

all o
r a

 billia
rd-ball o

f ju
st t

he rig
ht si

ze.

Another g
eometric

al p
roblem which Archim

edes s
olved was th

e

problem as to
 th

e siz
e of a

 tri
angle which has e

qual area with
 a

circ
le; th

e answ
er b

eing, a tri
angle having fo

r it
s b

ase th
e

circ
umference of th

e circ
le and fo

r it
s a

ltit
ude th

e ra
dius.

Archim
edes s

olved also
 th

e problem of th
e re

latio
n of th

e

diameter o
f th

e circ
le to

 its
 circ

umference; h
is a

nsw
er b

eing a

close approxim
atio

n to
 th

e fa
milia

r 3
.1416, w

hich every ty
ro in

3.1416   geometry
 will r

ecall a
s th

e equivalent o
f p

i.

Numerous o
ther o

f th
e stu

dies o
f A

rchim
edes h

aving re
ference to

conic se
ctio

ns, p
ropertie

s o
f curves a

nd sp
ira

ls, 
and th

e lik
e,

are to
o te

chnical to
 be detaile

d here. The extent o
f h

is

mathematic
al knowledge, h

owever, i
s s

uggeste
d by th

e fa
ct th

at h
e

computed in
 great d

etail t
he number o

f g
rains o

f sa
nd th

at w
ould

be re
quire

d to
 cover th

e sp
here of th

e su
n´s o

rbit, 
making

certa
in hypothetic

al assu
mptio

ns a
s to

 th
e siz

e of th
e earth

 and

the dista
nce of th

e su
n fo

r th
e purposes o

f a
rgument.

Mathematic
ians fi

nd his c
omputatio

n peculiarly
 in

terestin
g

because it 
evidences a

 crude conceptio
n of th

e id
ea of

logarith
ms. F

rom our p
resent st

and-point, t
he paper in

 which th
is

calculatio
n is 

contained has c
onsid

erable in
terest b

ecause of it
s

assu
mptio

ns a
s to

 celestia
l m

echanics. T
hus A

rchim
edes s

tarts
 out

with
 th

e prelim
inary assu

mptio
n th

at th
e circ

umference of th
e

earth
 is 

less 
than th

ree m
illio

n sta
dia. It

 m
ust b

e underst
ood

that th
is a

ssu
mptio

n is 
purely fo

r th
e sa

ke of a
rgument.

Archim
edes e

xpressl
y sta

tes th
at h

e ta
kes th

is n
umber b

ecause it

is “
ten tim

es a
s la

rge as th
e earth

 has b
een su

pposed to
 be by

certa
in in

vestig
ators.“

 Here, p
erhaps, t

he re
ference is 

to

Eratosth
enes, w

hose m
easurement o

f th
e earth

 we sh
all h

ave

occasio
n to

 re
vert t

o in
 a m

oment. C
ontin

uing, A
rchim

edes a
sse

rts

that th
e su

n is 
larger th

an th
e earth

, and th
e earth

 larger th
an

the m
oon. In

 th
is a

ssu
mptio

n, h
e sa

ys, h
e is 

follo
wing th

e

opinion of th
e m

ajority
 of a

str
onomers. 

In th
e th

ird
 place,

Archim
edes a

ssu
mes th

at th
e diameter o

f th
e su

n is 
not m

ore th
an

thirty
 tim

es g
reater th

an th
at o

f th
e m

oon. H
ere he is 

probably

basin
g his a

rgument u
pon another se

t o
f m

easurements o
f

Arist
archus, t

o which, also
, w

e sh
all p

resently
 re

fer m
ore at

length. In
 re

ality
, h

is a
ssu

mptio
n is 

very fa
r fr

om th
e tru

th,

sin
ce th

e actual d
iameter o

f th
e su

n, as w
e now know, is

something lik
e fo

ur h
undred tim

es th
at o

f th
e m

oon. Fourth
, th

e

circ
umference of th

e su
n is 

greater th
an one sid

e of th
e

thousand- fa
ced fig

ure in
scrib

ed in
 its

 orbit. 
The m

easurement,

it i
s e

xpressl
y sta

ted, is
 based on th

e m
easurements o

f

Arist
archus, w

ho m
akes th

e diameter o
f th

e su
n 1/170 of it

s

170   orbit. 
Archim

edes a
dds, h

owever, t
hat h

e him
self h

as m
easured th

e

angle and th
at it

 appears t
o him

 to
 be less 

than 1/164, and

164   greater th
an 1/200 part o

f th
e orbit. 

That is
 to

 sa
y, re

duced to

200   modern te
rm

inology, h
e places th

e lim
it o

f th
e su

n´s a
pparent

siz
e betw

een th
irty

-th
ree m

inutes a
nd tw

enty-se
ven m

inutes o
f

arc. A
s th

e re
al d

iameter is
 th

irty
-tw

o m
inutes, t

his c
alculatio

n

is s
urprisi

ngly exact, c
onsid

erin
g th

e im
plements t

hen at

command. B
ut th

e honor o
f fi

rst
 m

aking it 
must b

e given to

Arist
archus a

nd not to
 Archim

edes.

We need not fo
llo

w Archim
edes to

 th
e lim

its
 of h

is

incomprehensib
le numbers o

f sa
nd-grains. T

he calculatio
n is

chiefly
 re

markable because it 
was m

ade before th
e in

tro
ductio

n of

the so
-calle

d Arabic numerals h
ad sim

plifi
ed m

athematic
al

calculatio
ns. I

t w
ill b

e re
calle

d th
at th

e Greeks u
sed lette

rs

for n
umerals, 

and, h
aving no cipher, t

hey so
on fo

und th
emselves

in diffi
cultie

s w
hen large numbers w

ere in
volved. The Roman

syste
m of n

umerals s
im

plifi
ed th

e m
atte

r so
mewhat, b

ut th
e

beautifu
l si

mplicity
 of th

e decim
al sy

ste
m did not c

ome in
to

vogue until 
the M

iddle Ages, a
s w

e sh
all s

ee. N
otw

ith
sta

nding th
e

diffi
cultie

s, h
owever, A

rchim
edes fo

llo
wed out h

is c
alculatio

ns

to th
e pilin

g up of b
ewild

erin
g numbers, 

which th
e m

odern

mathematic
ian fin

ds to
 be th

e consis
tent o

utcome of th
e problem

he had se
t h

im
self.

But it
 re

mains to
 notic

e th
e m

ost i
nteresti

ng fe
ature of th

is

document in
 which th

e calculatio
n of th

e sa
nd- g

rains is

contained. “I
t w

as k
nown to

 m
e,“ s

ays A
rchim

edes, ”
that m

ost

astr
onomers u

nderst
and by th

e expressi
on ‘w

orld
´ (u

niverse
) a

ball o
f w

hich th
e centre

 is 
the m

iddle point o
f th

e earth
, and of

which th
e ra

dius is
 a str

aight li
ne betw

een th
e centre

 of th
e

earth
 and th

e su
n.“ A

rchim
edes h

im
self a

ppears t
o accept th

is

opinion of th
e m

ajority
,—

it a
t le

ast s
erves a

s w
ell a

s th
e

contra
ry hypothesis

 fo
r th

e purpose of h
is c

alculatio
n,—

but h
e

goes o
n to

 sa
y: “A

ris
tarchus o

f S
amos, i

n his w
riti

ng against t
he

astr
onomers, 

seeks to
 esta

blish
 th

e fa
ct th

at th
e world

 is 
really

very diffe
rent fr

om th
is. 

He holds th
e opinion th

at th
e fix

ed

sta
rs a

nd th
e su

n are im
movable and th

at th
e earth

 re
volves in

 a

circ
ular li

ne about th
e su

n, th
e su

n being at th
e centre

 of th
is

circ
le.“ T

his r
emarkable bit o

f te
sti

mony esta
blish

es b
eyond

questi
on th

e posit
ion of A

ris
tarchus o

f S
amos a

s th
e Copernicus

of a
ntiq

uity
. W

e m
ust m

ake fu
rth

er in
quiry

 as to
 th

e te
achings o

f

the m
an who had gained su

ch a re
markable in

sig
ht in

to th
e tru

e

syste
m of th

e heavens.

ARISTARCHUS OF SAMOS, THE COPERNICUS OF ANTIQUITY

ARISTARCHUS OF SAMOS, THE COPERNICUS OF ANTIQUITY

It a
ppears t

hat A
ris

tarchus w
as a

 contemporary of A
rchim

edes, b
ut

the exact d
ates o

f h
is l

ife
 are not k

nown. H
e was a

ctiv
ely

engaged in
 m

aking astr
onomical o

bservatio
ns in

 Samos s
omewhat

before th
e m

iddle of th
e th

ird
 century B.C.; in

 other w
ords, j

ust

at th
e tim

e when th
e activ

itie
s o

f th
e Alexandria

n sc
hool w

ere at

their h
eight. H

ipparchus, a
t a

 later d
ay, w

as e
nabled to

 compare

his o
wn observatio

ns w
ith

 th
ose m

ade by Aris
tarchus, a

nd, as w
e

have ju
st s

een, h
is w

ork was w
ell k

nown to
 so

 dist
ant a

contemporary as A
rchim

edes. Y
et th

e fa
cts o

f h
is l

ife
 are alm

ost

a blank fo
r u

s, a
nd of h

is w
riti

ngs o
nly a sin

gle one has b
een

preserved. That o
ne, h

owever, i
s a

 m
ost i

mporta
nt a

nd in
teresti

ng

paper o
n th

e m
easurements o

f th
e su

n and th
e m

oon. U
nfortu

nately,

this p
aper g

ives u
s n

o dire
ct c

lew as to
 th

e opinions o
f

Aris
tarchus c

oncerning th
e re

lativ
e posit

ions o
f th

e earth
 and

sun. B
ut th

e te
sti

mony of A
rchim

edes a
s to

 th
is i

s u
nequivocal,

and th
is t

esti
mony is 

supporte
d by other ru

mors i
n th

emselves

less 
authorita

tiv
e.

In contemplatin
g th

is a
str

onomer o
f S

amos, t
hen, w

e are in
 th

e

presence of a
 m

an w
ho had so

lved in
 its

 esse
ntia

ls t
he problem of

the m
echanism

 of th
e so

lar sy
ste

m. It
 appears f

rom th
e w

ords o
f

Archim
edes th

at A
ris

tarchus; h
ad propounded his t

heory in

explicit w
riti

ngs. U
nquesti

onably, th
en, h

e held to
 it 

as a

posit
ive doctrin

e, n
ot a

s a
 m

ere vague guess.
 W

e sh
all s

how, in
 a

moment, o
n w

hat g
rounds h

e based his o
pinion. H

ad his t
eaching

found vogue, th
e sto

ry of sc
ience w

ould be very diffe
rent fr

om

what it
 is.

 W
e sh

ould th
en have no ta

le to
 te

ll o
f a

 Copernicus

coming upon th
e sc

ene fu
lly

 se
venteen hundred years l

ater w
ith

the re
volutio

nary doctrin
e th

at o
ur w

orld
 is 

not th
e centre

 of

the universe
. W

e sh
ould not h

ave to
 te

ll o
f th

e perse
cutio

n of a

Bruno or o
f a

 Galile
o fo

r te
aching th

is d
octrin

e in
 th

e

seventeenth century of a
n era w

hich did not b
egin til

l tw
o

hundred years a
fte

r th
e death of A

ris
tarchus. B

ut, a
s w

e know,

the te
aching of th

e astr
onomer o

f S
amos d

id not w
in its

 w
ay. The

old conservativ
e geocentric

 doctrin
e, se

emingly so
 m

uch m
ore in

accordance w
ith

 th
e every-day observatio

ns o
f m

ankind, su
pporte

d

by th
e m

ajority
 of a

str
onomers w

ith
 th

e Perip
atetic

 philo
sophers

at th
eir h

ead, h
eld its

 place. It
 fo

und fre
sh su

pporte
rs

presently
 among th

e later A
lexandria

ns, a
nd so

 fu
lly

 eclip
sed th

e

helio
centric

 view th
at w

e sh
ould sc

arcely know th
at v

iew had even

found an advocate w
ere it 

not fo
r h

ere and th
ere su

ch a chance

record as th
e phrases w

e have ju
st q

uoted fro
m Archim

edes. Y
et,

as w
e now se

e, th
e helio

centric
 doctrin

e, w
hich w

e know to
 be

tru
e, h

ad been th
ought o

ut a
nd advocated as th

e corre
ct th

eory of

celesti
al m

echanics b
y at le

ast o
ne w

orker o
f th

e th
ird

 century

B.C. Such an id
ea, w

e m
ay be su

re, d
id not sp

rin
g in

to th
e m

ind

of it
s o

rig
inator e

xcept a
s th

e culm
inatio

n of a
 lo

ng se
rie

s o
f

observatio
ns a

nd in
ferences. T

he precise
 character o

f th
e

evolutio
n w

e perhaps c
annot tr

ace, b
ut it

s b
roader o

utlin
es a

re

open to
 our o

bservatio
n, and w

e m
ay not le

ave so
 im

porta
nt a

topic w
ith

out a
t le

ast b
rie

fly
 notin

g th
em.

Fully
 to

 underst
and th

e th
eory of A

ris
tarchus, w

e m
ust g

o back a

century or tw
o and re

call t
hat a

s lo
ng ago as th

e tim
e of th

at

other g
reat n

ativ
e of S

amos, P
ythagoras, t

he conceptio
n had been

reached th
at th

e earth
 is 

in m
otio

n. W
e sa

w, in
 dealin

g w
ith

Pythagoras, t
hat w

e could not b
e su

re as to
 precise

ly w
hat h

e

him
self t

aught, b
ut th

ere is 
no questi

on th
at th

e id
ea of th

e

world
´s m

otio
n became fro

m an early
 day a so

-calle
d Pythagorean

doctrin
e. W

hile
 all t

he other p
hilo

sophers, 
so fa

r a
s w

e know,

sti
ll b

elie
ved th

at th
e w

orld
 w

as fl
at, t

he Pythagoreans o
ut in

Ita
ly ta

ught th
at th

e w
orld

 is 
a sp

here and th
at th

e apparent

motio
ns o

f th
e heavenly bodies a

re re
ally

 due to
 th

e actual

motio
n of th

e earth
 its

elf. 
They did not, h

owever, v
ault t

o th
e

conclusio
n th

at th
is t

rue m
otio

n of th
e earth

 ta
kes p

lace in
 th

e

form
 of a

 circ
uit a

bout th
e su

n. In
ste

ad of th
at, t

hey conceived

the centra
l b

ody of th
e universe

 to
 be a great fi

re, in
visib

le

fro
m th

e earth
, b

ecause th
e in

habite
d sid

e of th
e te

rre
str

ial

ball w
as tu

rned away fro
m it.

 The su
n, it

 w
as h

eld, is
 but a

great m
irro

r, w
hich re

fle
cts t

he lig
ht fr

om th
e centra

l fi
re. Sun

and earth
 alik

e re
volve about th

is g
reat fi

re, each in
 its

 own

orbit. 
Betw

een th
e earth

 and th
e centra

l fi
re th

ere w
as,

curio
usly

 enough, su
pposed to

 be an in
visib

le earth
lik

e body

which w
as g

iven th
e name of A

ntic
thon, o

r c
ounter-e

arth
. This

body, it
self r

evolving about th
e centra

l fi
re, w

as s
upposed to

sh
ut o

ff t
he centra

l lig
ht n

ow and again fro
m th

e su
n or fr

om th
e

moon, and th
us to

 account fo
r c

erta
in eclip

ses fo
r w

hich th
e

sh
adow of th

e earth
 did not se

em re
sp

onsib
le. It

 w
as, p

erhaps,

largely to
 account fo

r su
ch eclip

ses th
at th

e counter-e
arth

 w
as

invented. B
ut it

 is 
su

pposed th
at th

ere w
as a

nother re
ason. The

Pythagoreans h
eld th

at th
ere is 

a peculia
r sa

credness 
in th

e

number te
n. Ju

st a
s th

e Babylonians o
f th

e early
 day and th

e

Hegelia
n philo

sophers o
f a

 m
ore re

cent e
poch sa

w a sa
cred

connectio
n betw

een th
e number se

ven and th
e number o

f p
lanetary

bodies, s
o th

e Pythagoreans t
hought th

at th
e universe

 m
ust 

be

arra
nged in

 accordance w
ith

 th
e number te

n. Their c
ount o

f th
e

heavenly bodies, i
ncluding th

e sp
here of th

e fix
ed st

ars,
 se

emed

to sh
ow nine, and th

e counter-e
arth

 su
pplie

d th
e m

iss
ing body.

The precise
 genesis

 and development o
f th

is i
dea cannot n

ow be

follo
wed, b

ut th
at it

 w
as p

revalent a
bout th

e fif
th century B.C.

as a
 Pythagorean doctrin

e cannot b
e questi

oned. A
naxagoras a

lso

is s
aid to

 have ta
ken account o

f th
e hypothetic

al counter-e
arth

in his e
xplanatio

n of e
clip

ses; t
hough, as w

e have se
en, h

e

probably did not a
ccept th

at p
art o

f th
e doctr

ine w
hich

 held th
e

earth
 to

 be a sp
here. The names o

f P
hilo

laus a
nd Heraclid

es h
ave

been lin
ked w

ith
 ce

rta
in of th

ese Pythagorean doctr
ines. E

udoxus,

too, w
ho, lik

e th
e others,

 liv
ed in

 Asia
 M

inor in
 th

e fo
urth

century B.C., w
as h

eld to
 have m

ade sp
ecia

l st
udies o

f th
e

heavenly sp
heres a

nd perhaps t
o have ta

ught th
at th

e earth
 m

oves.

So, to
o, N

ice
tas m

ust 
be named among th

ose w
hom ru

mor c
redite

d

with
 having ta

ught th
at th

e w
orld

 is 
in m

otio
n. In

 a w
ord, th

e

evidence, so
 fa

r a
s w

e ca
n garner it

 fro
m th

e re
maining

fra
gments,

 te
nds t

o sh
ow th

at a
ll a

long, fr
om th

e tim
e of th

e

early
 Pythagoreans, t

here had been an undercu
rre

nt o
f o

pinion in

the philo
sophica

l w
orld

 w
hich

 questi
oned th

e fix
ity

 of th
e earth

;

and it 
would se

em th
at th

e sc
hool o

f th
inkers w

ho te
nded to

acce
pt th

e re
volutio

nary view ce
ntre

d in
 Asia

 M
inor, n

ot fa
r fr

om

the early
 home of th

e fo
under o

f th
e Pythagorean doctr

ines. I
t

was n
ot s

tra
nge, th

en, th
at th

e m
an w

ho w
as fi

nally
 to

 ca
rry

these new opinions t
o th

eir l
ogica

l co
nclu

sio
n sh

ould hail f
rom

Samos.

But w
hat w

as t
he su

pport w
hich

 observatio
n co

uld give to
 th

is

new, st
range co

nce
ptio

n th
at th

e heavenly bodies d
o not in

reality
 m

ove as t
hey se

em to
 m

ove, b
ut th

at th
eir a

pparent m
otio

n

is d
ue to

 th
e actu

al re
volutio

n of th
e earth

? It
 is 

extre
mely

diffi
cu

lt f
or a

ny one nowadays t
o put h

im
self i

n a m
ental

posit
ion to

 answ
er th

is q
uesti

on. W
e are so

 accu
sto

med to

co
nce

ive th
e so

lar s
yste

m as w
e know it 

to be, th
at w

e are w
ont

to fo
rget h

ow very diffe
rent it

 is 
fro

m w
hat it

 se
ems. Y

et o
ne

needs b
ut to

 glance
 up at th

e sk
y, and th

en to
 glance

 about o
ne

at th
e so

lid
 earth

, to
 grant, o

n a m
oment´s

 re
fle

cti
on, th

at th
e

geoce
ntric

 id
ea is 

of a
ll o

thers 
the m

ost 
natural; a

nd th
at to

co
nce

ive th
e su

n as t
he actu

al C
entre

 of th
e so

lar s
yste

m is 
an

idea w
hich

 m
ust 

look fo
r s

upport t
o so

me other e
vidence

 th
an th

at

which
 ordinary observatio

n ca
n give. Such

 w
as t

he view of m
ost 

of

the ancie
nt p

hilo
so

phers,
 and su

ch
 co

ntin
ued to

 be th
e opinion of

the m
ajority

 of m
ankind lo

ng afte
r th

e tim
e of C

opernicu
s. W

e

must 
not fo

rget th
at e

ven so
 great a

n observing astr
onomer a

s

Tych
o Brahe, so

 la
te as t

he se
venteenth ce

ntury, d
eclin

ed to

acce
pt th

e helio
ce

ntric
 th

eory, th
ough admitti

ng th
at a

ll t
he

planets 
exce

pt th
e earth

 re
volve about th

e su
n. W

e sh
all s

ee th
at

before th
e Alexandria

n sc
hool lo

st 
its

 in
flu

ence
 a geoce

ntric

sch
eme had been evolved w

hich
 fu

lly
 explained all t

he apparent

motio
ns o

f th
e heavenly bodies. A

ll t
his, 

then, m
akes u

s b
ut

wonder th
e m

ore th
at th

e genius o
f a

n Aris
tarch

us c
ould give

prece
dence

 to
 sc

ientifi
c in

ducti
on as a

gainst 
the se

emingly cle
ar

evidence
 of th

e se
nses.

What, t
hen, w

as t
he lin

e of sc
ientifi

c in
ducti

on th
at le

d

Aris
tarch

us t
o th

is w
onderfu

l g
oal? F

ortu
nately, w

e are able to

answ
er th

at q
uery, at le

ast 
in part. 

Aris
tarch

us g
ained his

evidence
 th

rough so
me w

onderfu
l m

easu
rements.

 Firs
t, h

e m
easu

red

the disk
s o

f th
e su

n and th
e m

oon. This, 
of c

ourse
, co

uld in

its
elf g

ive him
 no cle

w to
 th

e dist
ance

 of th
ese bodies, a

nd

therefore no cle
w as t

o th
eir r

elativ
e siz

e; b
ut in

 atte
mptin

g to

obtain su
ch

 a cle
w he hit u

pon a w
onderfu

l yet a
lto

gether s
im

ple

experim
ent. I

t o
ccu

rre
d to

 him
 th

at w
hen th

e m
oon is 

precis
ely

dich
otomize

d—
 th

at is
 to

 sa
y, p

recis
ely at th

e half-t
he lin

e of

visio
n fro

m th
e earth

 to
 th

e m
oon m

ust 
be precis

ely at ri
ght

angles w
ith

 th
e lin

e of li
ght p

assi
ng fro

m th
e su

n to
 th

e m
oon.

At th
is m

oment, t
hen, th

e im
aginary lin

es jo
ining th

e su
n, th

e

moon, and th
e earth

, m
ake a rig

ht a
ngle tri

angle. B
ut th

e

propertie
s o

f th
e rig

ht-a
ngle tri

angle had lo
ng been st

udied and

were w
ell u

nder s
tood. O

ne acu
te angle of su

ch
 a tri

angle

determ
ines t

he fig
ure of th

e tri
angle its

elf. 
We have alre

ady

seen th
at T

hales, t
he very earlie

st 
of th

e Greek philo
so

phers,

measu
red th

e dist
ance

 of a
 sh

ip at s
ea by th

e applica
tio

n of th
is

prin
cip

le. N
ow Aris

tarch
us s

ights 
the su

n in
 place

 of T
hales´

sh
ip, and, si

ghtin
g th

e m
oon at th

e sa
me tim

e, m
easu

res t
he angle

and esta
blish

es t
he sh

ape of h
is r

ight-a
ngle tri

angle. This d
oes

not te
ll h

im
 th

e dist
ance

 of th
e su

n, to
 be su

re, fo
r h

e does n
ot

know th
e le

ngth of h
is b

ase-lin
e—

that is
 to

 sa
y, o

f th
e lin

e

betw
een th

e m
oon and th

e earth
. B

ut it
 does e

sta
blish

 th
e

relatio
n of th

at b
ase-lin

e to
 th

e other li
nes o

f th
e tri

angle; in

other w
ords, i

t te
lls 

him
 th

e dist
ance

 of th
e su

n in
 te

rm
s o

f th
e

moon´s 
dist

ance
. A

s A
ris

tarch
us s

trik
es t

he angle, it
 sh

ows t
hat

the su
n is 

eighteen tim
es a

s d
ist

ant a
s t

he m
oon. N

ow, b
y

co
mparin

g th
e apparent s

ize
 of th

e su
n w

ith
 th

e apparent s
ize

 of

the m
oon—

which
, as w

e have se
en, A

ris
tarch

us h
as a

lre
ady

measu
red—

he is 
able to

 te
ll u

s t
hat, t

he su
n is 

“m
ore th

an 5832

583   tim
es, a

nd le
ss 

than 8000" ti
mes la

rger th
an th

e m
oon; th

ough his

8000   measu
rements,

 ta
ken by th

emselves, g
ive no cle

w to
 th

e actu
al

bulk of e
ith

er b
ody. T

hese co
nclu

sio
ns, b

e it 
underst

ood, are

abso
lutely valid

 in
ference

s—
nay, d

emonstr
atio

ns—
fro

m th
e

measu
rements 

involved, p
rovided only th

at th
ese m

easu
rements 

have

been co
rre

ct.
 Unfortu

nately, th
e angle of th

e tri
angle w

e have

just 
seen m

easu
red is 

exce
edingly diffi

cu
lt t

o determ
ine w

ith

accu
racy, w

hile
 at th

e sa
me tim

e, as a
 m

oment´s
 re

fle
cti

on w
ill

sh
ow, it

 is 
so

 la
rge an angle th

at a
 very sli

ght d
eviatio

n fro
m

the tru
th w

ill 
greatly

 affe
ct 

the dist
ance

 at w
hich

 its
 lin

e

joins t
he other s

ide of th
e tri

angle. T
hen again, it

 is 
virtu

ally

im
possi

ble to
 te

ll t
he precis

e m
oment w

hen th
e m

oon is 
at h

alf,

as t
he lin

e it 
gives is

 not s
o sh

arp th
at w

e ca
n fix

 it 
with

abso
lute accu

racy. T
here is,

 m
oreover, a

nother e
lement o

f e
rro

r

due to
 th

e re
fra

cti
on of li

ght b
y th

e earth
´s 

atm
osp

here. T
he

experim
ent w

as p
robably m

ade w
hen th

e su
n w

as n
ear th

e horiz
on,

at w
hich

 tim
e, as w

e now know, b
ut a

s A
ris

tarch
us p

robably did

not s
usp

ect,
 th

e apparent d
isp

lace
ment o

f th
e su

n´s 
posit

ion is

co
nsid

erable; and th
is d

isp
lace

ment, i
t w

ill 
be observed, is

 in

the dire
cti

on to
 le

sse
n th

e angle in
 questi

on.

In point o
f fa

ct,
 Aris

tarch
us e

sti
mated th

e angle at e
ighty-se

ven

degrees. H
ad his i

nstr
ument b

een m
ore precis

e, and had he been

able to
 ta

ke acco
unt o

f a
ll t

he elements 
of e

rro
r, h

e w
ould have

found it 
eighty-se

ven degrees a
nd fif

ty-tw
o m

inutes. T
he

diffe
rence

 of m
easu

rement s
eems s

lig
ht; b

ut it
 su

ffic
ed to

 m
ake

the co
mputatio

ns d
iffe

r a
bsu

rdly fro
m th

e tru
th. T

he su
n is

really
 not m

erely eighteen tim
es b

ut m
ore th

an tw
o hundred tim

es

the dist
ance

 of th
e m

oon, as W
endelein disc

overed on re
peatin

g

the experim
ent o

f A
ris

tarch
us a

bout tw
o th

ousand years 
later. Y

et

this d
isc

repancy does n
ot in

 th
e le

ast 
take away fro

m th
e

valid
ity

 of th
e m

ethod w
hich

 Aris
tarch

us e
mployed. M

oreover, h
is

co
nclu

sio
n, st

ated in
 general te

rm
s, w

as p
erfe

ctl
y co

rre
ct:

 th
e

su
n is 

many tim
es m

ore dist
ant th

an th
e m

oon and vastl
y la

rger

than th
at b

ody. G
ranted, th

en, th
at th

e m
oon is,

 as A
ris

tarch
us

co
rre

ctl
y belie

ved, co
nsid

erably le
ss 

in siz
e th

an th
e earth

, th
e

su
n m

ust 
be enorm

ously
 la

rger th
an th

e earth
; and th

is i
s t

he

vita
l in

ference
 w

hich
, m

ore th
an any other, m

ust 
have se

emed to

Aris
tarch

us t
o co

nfirm
 th

e su
sp

icio
n th

at th
e su

n and not th
e

earth
 is 

the ce
ntre

 of th
e planetary sy

ste
m. It

 se
emed to

 him

inherently
 im

probable th
at a

n enorm
ously

 la
rge body lik

e th
e su

n

sh
ould re

volve about a
 sm

all o
ne su

ch
 as t

he earth
. A

nd again, it

seemed in
co

nce
ivable th

at a
 body so

 dist
ant a

s t
he su

n sh
ould

whirl 
through sp

ace
 so

 ra
pidly as t

o m
ake th

e cir
cu

it o
f it

s

orbit i
n tw

enty- fo
ur h

ours.
 But, o

n th
e other h

and, th
at a

 sm
all

body lik
e th

e earth
 sh

ould re
volve about th

e gigantic
 su

n se
emed

inherently
 probable. T

his p
roposit

ion granted, th
e ro

tatio
n of

the earth
 on its

 axis f
ollo

ws a
s a

 nece
ssa

ry co
nsequence

 in

explanatio
n of th

e se
eming m

otio
n of th

e st
ars.

 Here, th
en, w

as

the helio
ce

ntric
 doctr

ine re
duce

d to
 a virtu

al d
emonstr

atio
n by

Aris
tarch

us o
f S

amos, s
omewhere about th

e m
iddle of th

e th
ird

ce
ntury B.C.

It m
ust 

be underst
ood th

at in
 fo

llo
wing out th

e, st
eps o

f

reaso
ning by w

hich
 w

e su
ppose Aris

tarch
us t

o have re
ach

ed so

remarkable a co
nclu

sio
n, w

e have to
 so

me extent g
uesse

d at th
e

proce
sse

s o
f th

ought- d
evelopment; f

or n
o lin

e of e
xplic

atio
n

writt
en by th

e astr
onomer h

im
self o

n th
is p

artic
ular p

oint h
as

co
me down to

 us. T
here does e

xist
, h

owever, a
s w

e have alre
ady

sta
ted, a

 very re
markable tre

atis
e by Aris

tarch
us o

n th
e Size

 and

Dist
ance

 of th
e Sun and th

e M
oon, w

hich
 so

 cle
arly

 su
ggests

 th
e

methods o
f re

aso
ning of th

e great a
str

onomer, a
nd so

 explic
itly

cit
es t

he re
su

lts
 of h

is m
easu

rements,
 th

at w
e ca

nnot w
ell p

ass

it b
y w

ith
out q

uotin
g fro

m it 
at s

ome le
ngth. It

 is 
ce

rta
inly one

of th
e m

ost 
remarkable sc

ientifi
c d

ocu
ments 

of a
ntiq

uity
. A

s

alre
ady noted, th

e helio
ce

ntric
 doctr

ine is 
not e

xpressl
y st

ated

here. It
 se

ems t
o be ta

cit
ly im

plie
d th

roughout, b
ut it

 is 
not a

nece
ssa

ry co
nsequence

 of a
ny of th

e proposit
ions e

xpressl
y

sta
ted. T

hese proposit
ions h

ave to
 do w

ith
 ce

rta
in observatio

ns

and m
easu

rements 
and w

hat A
ris

tarch
us b

elie
ves t

o be in
evita

ble

deducti
ons fr

om th
em, a

nd he perhaps d
id not w

ish
 to

 have th
ese

deducti
ons c

halle
nged th

rough asso
cia

tin
g th

em w
ith

 a th
eory

which
 his c

ontemporarie
s d

id not a
cce

pt. I
n a w

ord, th
e paper o

f

Aris
tarch

us is
 a rig

idly sc
ientifi

c d
ocu

ment u
nvitia

ted by

asso
cia

tio
n w

ith
 any th

eoriz
ings t

hat a
re not d

ire
ctl

y germ
ane to

its
 ce

ntra
l th

eme. T
he tre

atis
e opens w

ith
 ce

rta
in hypotheses a

s

follo
ws:

“Firs
t. T

he m
oon re

ce
ives it

s li
ght fr

om th
e su

n.

“Seco
nd. T

he earth
 m

ay be co
nsid

ered as a
 point a

nd as t
he ce

ntre

of th
e orbit o

f th
e m

oon.

“Third
. W

hen th
e m

oon appears 
to us d

ich
otomize

d it 
offe

rs 
to our

view a great c
irc

le [o
r a

ctu
al m

erid
ian] o

f it
s c

irc
umference

which
 divides t

he ill
uminated part f

rom th
e dark part.

“Fourth
. W

hen th
e m

oon appears 
dich

otomize
d its

 dist
ance

 fro
m th

e

su
n is 

less 
than a quarte

r o
f th

e cir
cu

mference
 [o

f it
s o

rbit] 
by

a th
irti

eth part o
f th

at q
uarte

r.“

That is
 to

 sa
y, in

 m
odern te

rm
inology, th

e m
oon at th

is t
im

e

lack
s t

hree degrees (o
ne th

irti
eth of n

inety degrees) o
f b

eing at

rig
ht a

ngles w
ith

 th
e lin

e of th
e su

n as v
iewed fro

m th
e earth

;

or, s
tated otherw

ise
, th

e angular d
ist

ance
 of th

e m
oon fro

m th
e

su
n as v

iewed fro
m th

e earth
 is 

at th
is t

im
e eighty-se

ven

degrees—
this b

eing, a
s w

e have alre
ady observed, th

e fu
ndamental

measu
rement u

pon w
hich

 so
 m

uch
 depends. W

e m
ay fa

irly
 su

ppose

that s
ome previous p

aper o
f A

ris
tarch

us´s
 has d

etaile
d th

e

measu
rement w

hich
 here is 

taken fo
r g

ranted, yet w
hich

 of c
ourse

co
uld depend so

lely on observatio
n.

“Fifth
. T

he diameter o
f th

e sh
adow [c

ast 
by th

e earth
 at th

e

point w
here th

e m
oon´s 

orbit c
uts 

that s
hadow w

hen th
e m

oon is

ecli
psed] is

 double th
e diameter o

f th
e m

oon.“

Here again a knowledge of p
reviously

 esta
blish

ed m
easu

rements 
is

taken fo
r g

ranted; b
ut, i

ndeed, th
is i

s t
he ca

se th
roughout th

e

tre
atis

e.

“Sixth. T
he arc 

su
btended in

 th
e sk

y by th
e m

oon is 
a fif

teenth

part o
f a

 sig
n” o

f th
e zo

diac; t
hat is

 to
 sa

y, si
nce

 th
ere are

tw
enty-fo

ur, s
igns in

 th
e zo

diac, o
ne-fif

teenth of o
ne

tw
enty-fo

urth
, o

r in
 m

odern te
rm

inology, o
ne degree of a

rc.
 This

is A
ris

tarch
us´s

 m
easu

rement o
f th

e m
oon to

 w
hich

 w
e have alre

ady

referre
d w

hen sp
eaking of th

e m
easu

rements 
of A

rch
im

edes.

“If
 w

e admit t
hese six

 hypotheses,“
 Aris

tarch
us c

ontin
ues, ”

it

follo
ws t

hat th
e su

n is 
more th

an eighteen tim
es m

ore dist
ant

fro
m th

e earth
 th

an is 
the m

oon, a
nd th

at it
 is 

less 
than tw

enty

tim
es m

ore dist
ant, a

nd th
at th

e diameter o
f th

e su
n bears 

a

co
rre

sp
onding re

latio
n to

 th
e diameter o

f th
e m

oon; w
hich

 is

proved by th
e posit

ion of th
e m

oon w
hen dich

otomize
d. B

ut th
e

ratio
 of th

e diameter o
f th

e su
n to

 th
at o

f th
e earth

 is 
greater

than nineteen to
 th

ree and le
ss 

than fo
rty

-th
ree to

 six
. T

his i
s

demonstr
ated by th

e re
latio

n of th
e dist

ance
s, b

y th
e posit

ion

[of th
e m

oon] in
 re

latio
n to

 th
e earth

´s 
sh

adow, a
nd by th

e fa
ct

that th
e arc 

su
btended by th

e m
oon is 

a fif
teenth part o

f a

sig
n.“

Aris
tarch

us f
ollo

ws w
ith

 nineteen proposit
ions in

tended to

elucid
ate his h

ypotheses a
nd to

 demonstr
ate his v

ario
us

co
ntentio

ns. T
hese sh

ow a sin
gularly

 cle
ar g

rasp
 of g

eometric
al

problems a
nd an alto

gether c
orre

ct 
co

nce
ptio

n of th
e general

relatio
ns a

s t
o siz

e and posit
ion of th

e earth
, th

e m
oon, a

nd th
e

su
n. H

is r
easo

ning has t
o do la

rgely w
ith

 th
e sh

adow ca
st 

by th
e

earth
 and by th

e m
oon, a

nd it 
presu

pposes a
 co

nsid
erable

knowledge of th
e phenomena of e

cli
pses. H

is f
irs

t p
roposit

ion is

that “
tw

o equal sp
heres m

ay alw
ays b

e cir
cu

mscr
ibed in

 a

cy
lin

der; t
wo unequal sp

heres in
 a co

ne of w
hich

 th
e apex is

found on th
e sid

e of th
e sm

alle
r s

phere; a
nd a st

raight li
ne

joining th
e ce

ntre
s o

f th
ese sp

heres is
 perpendicu

lar to
 each

 of

the tw
o cir

cle
s m

ade by th
e co

ntact 
of th

e su
rfa

ce
 of th

e

cy
lin

der o
r o

f th
e co

ne w
ith

 th
e sp

heres.“

It w
ill 

be observed th
at A

ris
tarch

us h
as in

 m
ind here th

e m
oon,

the earth
, a

nd th
e su

n as s
pheres t

o be cir
cu

mscr
ibed w

ith
in a

co
ne, w

hich
 co

ne is 
made ta

ngible and m
easu

rable by th
e sh

adows

ca
st 

by th
e non-lu

minous b
odies; s

ince
, co

ntin
uing, h

e cle
arly

sta
tes in

 proposit
ion nine, th

at “
when th

e su
n is 

totally

ecli
psed, a

n observer o
n th

e earth
´s 

su
rfa

ce
 is 

at a
n apex of a

co
ne co

mpris
ing th

e m
oon and th

e su
n.“ V

ario
us p

roposit
ions d

eal

with
 other re

latio
ns o

f th
e sh

adows w
hich

 need not d
etain us

sin
ce

 th
ey are not fu

ndamentally
 im

porta
nt, a

nd w
e m

ay pass 
to

the fin
al co

nclu
sio

ns o
f A

ris
tarch

us, a
s r

each
ed in

 his

proposit
ions t

en to
 nineteen.

Now, si
nce

 (p
roposit

ion te
n) “t

he diameter o
f th

e su
n is 

more

than eighteen tim
es a

nd le
ss 

than tw
enty tim

es g
reater th

an th
at

of th
e m

oon,“ i
t fo

llo
ws (

proposit
ion eleven) ”t

hat th
e bulk of

the su
n is 

to th
at o

f th
e m

oon in
 ra

tio
, g

reater th
an 5832 to

 1,

5832   and le
ss 

than 8000 to
 1.“

8000   “P
roposit

ion six
teen. T

he diameter o
f th

e su
n is 

to th
e diameter

of th
e earth

 in
 greater p

roporti
on th

an nineteen to
 th

ree, a
nd

less 
than fo

rty
-th

ree to
 six

.

“P
roposit

ion se
venteen. T

he bulk of th
e su

n is 
to th

at o
f th

e

earth
 in

 greater p
roporti

on th
an 6859 to

 27, a
nd le

ss 
than 79,507

6859   
27   

79,50   to 216.

216   “P
roposit

ion eighteen. T
he diameter o

f th
e earth

 is 
to th

e

diameter o
f th

e m
oon in

 greater p
roporti

on th
an 108 to

 43 and

108   
43   less 

than 60 to
 19.

60   
19   “P

roposit
ion nineteen. T

he bulk of th
e earth

 is 
to th

at o
f th

e

moon in
 greater p

roporti
on th

an 1,259,712 to
 79,507 and le

ss 
than

1,259,712   

79,507   20,000 to
 6859.“

20,000   

6859   Such
 th

en are th
e m

ore im
porta

nt c
onclu

sio
ns o

f th
is v

ery

remarkable paper—
a paper w

hich
 se

ems t
o have in

terest 
to th

e

su
cce

sso
rs 

of A
ris

tarch
us g

eneratio
n afte

r g
eneratio

n, si
nce

 th
is

alone of a
ll t

he w
rit

ings o
f th

e great a
str

onomer h
as b

een

prese
rved. H

ow w
idely th

e exact 
resu

lts
 of th

e m
easu

rements 
of

Aris
tarch

us, d
iffe

r fr
om th

e tru
th, w

e have pointed out a
s w

e

progresse
d. B

ut le
t it

 be re
peated th

at th
is d

etra
cts

 lit
tle

 fro
m

the cr
edit o

f th
e astr

onomer w
ho had su

ch
 cle

ar a
nd co

rre
ct

co
nce

ptio
ns o

f th
e re

latio
ns o

f th
e heavenly bodies a

nd w
ho

invented su
ch

 co
rre

ct 
methods o

f m
easu

rement. L
et it

 be

parti
cu

larly
 obse

rved, h
owever, t

hat a
ll t

he co
nclu

sio
ns o

f

Aris
tarch

us a
re st

ated in
 re

lativ
e te

rm
s. H

e nowhere atte
mpts 

to

esti
mate th

e precis
e siz

e of th
e earth

, o
f th

e m
oon, o

r o
f th

e

su
n, o

r th
e actu

al d
ist

ance
 of o

ne of th
ese

 bodies f
rom another.

The obvious r
easo

n fo
r th

is i
s t

hat n
o data w

ere at h
and fro

m

which
 to

 m
ake su

ch
 precis

e m
easu

rements.
 Had Aris

tarch
us k

nown

the siz
e of a

ny one of th
e bodies in

 questi
on, h

e m
ight re

adily
,

of c
ourse

, h
ave determ

ined th
e siz

e of th
e others 

by th
e m

ere

applic
atio

n of h
is r

elativ
e sc

ale; b
ut h

e had no m
eans o

f

determ
ining th

e siz
e of th

e earth
, a

nd to
 th

is e
xte

nt h
is s

yste
m

of m
easu

rements 
remained im

perfe
ct.

 W
here Aris

tarch
us h

alte
d,

however, a
nother w

orker o
f th

e sa
me perio

d to
ok th

e ta
sk in

 hand

and by an alto
gether w

onderfu
l m

easu
rement d

eterm
ined th

e siz
e of

the earth
, a

nd th
us b

rought th
e sc

ientifi
c t

heorie
s o

f c
osm

ology

to th
eir c

lim
ax. 

This w
orth

y su
pplementor o

f th
e w

ork of

Aris
tarch

us w
as E

ratosth
enes o

f A
lexa

ndria
.

ERATOSTHENES, “T
HE SURVEYOR OF THE W

ORLD”

An alto
gether re

markable m
an w

as t
his n

ativ
e of C

yrene, w
ho ca

me

to Alexa
ndria

 fro
m Athens t

o be th
e ch

ief li
braria

n of P
tolemy

Euergetes. H
e w

as n
ot m

erely an astr
onomer a

nd a geographer, b
ut

a poet a
nd grammaria

n as w
ell. 

His c
ontemporarie

s je
sti

ngly

ca
lle

d him
 Beta th

e Seco
nd, b

eca
use

 he w
as s

aid th
rough th

e

universa
lity

 of h
is a

tta
inments 

to be “a
 se

co
nd Plato” in

philo
so

phy, “a
 se

co
nd Thales” 

in astr
onomy, a

nd so
 on th

roughout

th
e lis

t. H
e w

as a
lso

 ca
lle

d th
e “s

urveyor o
f th

e w
orld

,“ i
n

reco
gnitio

n of h
is s

ervice
s t

o geography. H
ipparch

us s
aid of h

im
,

perhaps h
alf j

esti
ngly, th

at h
e had st

udied astr
onomy as a

geographer a
nd geography as a

n astr
onomer. I

t is
 not q

uite
 cl

ear

wheth
er th

e epigram w
as m

eant a
s c

omplim
ent o

r a
s c

rit
ici

sm
.

Sim
ila

r p
hrase

s h
ave been tu

rned against 
men of v

ersa
tile

 ta
lent

in every age. B
e th

at a
s it

 m
ay, E

ratosth
enes p

asse
d in

to hist
ory

as t
he fa

th
er o

f s
cie

ntifi
c g

eography and of s
cie

ntifi
c

ch
ronology; a

s t
he astr

onomer w
ho fir

st 
measu

red th
e obliq

uity
 of

th
e ecli

ptic
; a

nd as t
he in

ventiv
e genius w

ho perfo
rm

ed th
e

asto
unding fe

at o
f m

easu
rin

g th
e siz

e of th
e globe on w

hich
 w

e

liv
e at a

 tim
e w

hen only a re
lativ

ely sm
all p

orti
on of th

at

globe´s 
su

rfa
ce

 w
as k

nown to
 ci

viliz
ed m

an. It
 is 

no disc
redit t

o

approach
 astr

onomy as a
 geographer a

nd geography as a
n

astr
onomer if

 th
e re

su
lts

 are su
ch

 as t
hese

. W
hat

Eratosth
enes r

eally
 did w

as t
o approach

 both
 astr

onomy and

geography fro
m tw

o se
emingly divergent p

oints 
of a

tta
ck

—
namely,

fro
m th

e st
and-p

oint o
f th

e geometer a
nd also

 fro
m th

at o
f th

e

poet. P
erhaps n

o m
an in

 any age has b
rought a

 bette
r c

ombinatio
n

of o
bse

rving and im
aginativ

e fa
cu

ltie
s t

o th
e aid of s

cie
nce

.

Nearly
 all t

he disc
overie

s o
f E

ratosth
enes a

re asso
cia

ted w
ith

obse
rvatio

ns o
f th

e sh
adows c

ast 
by th

e su
n. W

e have se
en th

at,

in th
e st

udy of th
e heavenly bodies, m

uch
 depends o

n th
e

measu
rement o

f a
ngles. N

ow th
e easie

st 
way in

 w
hich

 angles c
an be

measu
red, w

hen so
lar a

ngles a
re in

 questi
on, is

 to
 pay atte

ntio
n,

not to
 th

e su
n its

elf, 
but to

 th
e sh

adow th
at it

 ca
sts

. W
e sa

w

th
at T

hales m
ade so

me re
markable m

easu
rements 

with
 th

e aid of

sh
adows, a

nd w
e have m

ore th
an once

 re
ferre

d to
 th

e gnomon, w
hich

is t
he m

ost 
prim

itiv
e, b

ut w
hich

 lo
ng re

mained th
e m

ost

im
porta

nt, o
f a

str
onomica

l in
str

uments.
 It 

is b
elie

ved th
at

Eratosth
enes in

vented an im
porta

nt m
odific

atio
n of th

e gnomon

which
 w

as e
laborated afte

rw
ard

s b
y Hipparch

us a
nd ca

lle
d an

arm
illa

ry sp
here. T

his c
onsis

ts 
esse

ntia
lly

 of a
 sm

all g
nomon, o

r

perp
endicu

lar p
ost,

 atta
ch

ed to
 a plane re

prese
ntin

g th
e earth

´s

equator a
nd a hemisp

here in
 im

ita
tio

n of th
e earth

´s 
su

rfa
ce

.

With
 th

e aid of th
is, 

th
e sh

adow ca
st 

by th
e su

n co
uld be very

accu
rately m

easu
red. It

 in
volves n

o new prin
cip

le. E
very

perp
endicu

lar p
ost 

or o
bject 

of a
ny kind place

d in
 th

e su
nlig

ht

ca
sts

 a sh
adow fro

m w
hich

 th
e angles n

ow in
 questi

on co
uld be

roughly m
easu

red. T
he province

 of th
e arm

illa
ry sp

here w
as t

o

make th
ese

 m
easu

rements 
extr

emely accu
rate.

With
 th

e aid of th
is i

mplement, E
ratosth

enes c
arefully

 noted th
e

longest 
and th

e sh
orte

st 
sh

adows c
ast 

by th
e gnomon—

th
at is

 to

sa
y, th

e sh
adows c

ast 
on th

e days o
f th

e so
lst

ice
s. H

e fo
und th

at

th
e dist

ance
 betw

een th
e tro

pics
 th

us m
easu

red re
prese

nted 47

degrees 4
2´ 3

9" o
f a

rc.
 O

ne-half o
f th

is, 
or 2

3 degrees 5
,’

42   
39   
23   19.5", r

eprese
nted th

e obliq
uity

 of th
e ecli

ptic
—

th
at is

 to
 sa

y,

19.5   th
e angle by w

hich
 th

e earth
´s 

axis
 dipped fro

m th
e perp

endicu
lar

with
 re

ference
 to

 its
 orb

it. 
This w

as a
 m

ost 
im

porta
nt

obse
rvatio

n, a
nd beca

use
 of it

s a
ccu

racy
 it 

has s
erved m

odern

astr
onomers 

well f
or c

omparis
on in

 m
easu

rin
g th

e tri
flin

g ch
ange

due to
 our e

arth
´s 

slo
w, sw

inging w
obble. F

or th
e earth

, b
e it

underst
ood, li

ke a great t
op sp

inning th
rough sp

ace
, h

olds it
s

posit
ion w

ith
 re

lativ
e but n

ot q
uite

 abso
lute fix

ity
. It

 m
ust 

not

be su
ppose

d, h
owever, t

hat t
he exp

erim
ent in

 questi
on w

as q
uite

new w
ith

 Eratosth
enes. H

is m
erit

 co
nsis

ts 
rath

er in
 th

e accu
racy

with
 w

hich
 he m

ade his o
bse

rvatio
n th

an in
 th

e novelty
 of th

e

co
nce

ptio
n; fo

r it
 is 

reco
rd

ed th
at E

udoxu
s, a

 fu
ll c

entu
ry

earlie
r, h

ad re
marked th

e obliq
uity

 of th
e ecli

ptic
. T

hat

obse
rver h

ad sa
id th

at t
he obliq

uity
 co

rre
sp

onded to
 th

e sid
e of

a pentadeca
gon, o

r fi
fte

en-si
ded fig

ure, w
hich

 is 
equivalent in

modern
 phrase

ology t
o tw

enty-
 fo

ur d
egrees o

f a
rc.

 But s
o lit

tle

is k
nown re

gard
ing th

e w
ay in

 w
hich

 Eudoxu
s r

each
ed his e

sti
mate

th
at t

he m
easu

rement o
f E

ratosth
enes is

 usu
ally

 sp
oke

n of a
s if

it w
ere th

e fir
st 

effo
rt o

f th
e ki

nd.

Much
 m

ore st
rik

ing, a
t le

ast 
in its

 appeal to
 th

e popular

im
aginatio

n, w
as t

hat o
th

er g
reat fe

at w
hich

 Erato
sth

enes

perfo
rm

ed w
ith

 th
e aid of h

is p
erfe

cte
d gnomon—

th
e m

easu
rement

of th
e earth

 its
elf. 

When w
e re

fle
ct 

th
at a

t t
his p

erio
d th

e

porti
on of th

e earth
 open to

 obse
rvatio

n exte
nded only 

fro
m th

e

Stra
its

 of G
ibralta

r o
n th

e w
est 

to
 In

dia on th
e east,

 and fro
m

th
e North

 Sea to
 Upper E

gyp
t, i

t c
erta

inly 
se

ems e
nigmatic

al—
at

firs
t t

hought a
lm

ost 
mira

cu
lous—

th
at a

n obse
rver s

hould have

been able to
 m

easu
re th

e entir
e globe. T

hat h
e sh

ould have

acc
omplish

ed th
is t

hrough obse
rvatio

n of n
oth

ing m
ore th

an a tin
y

bit o
f E

gyp
tia

n te
rri

to
ry 

and a glim
pse

 of th
e su

n´s 
sh

adow m
ake

s

it s
eem but t

he m
ore w

onderfu
l. Y

et t
he m

eth
od of E

rato
sth

enes,

lik
e m

any a
noth

er e
nigma, se

ems s
im

ple enough once
 it 

is

exp
lained. It

 re
quire

d but t
he applic

atio
n of a

 very 
elementary

kn
owledge of th

e geometry
 of c

irc
les, c

ombined w
ith

 th
e use

 of a

fact 
or t

wo fro
m lo

ca
l g

eography—
which

 detra
cts

 noth
ing fro

m th
e

genius o
f th

e m
an w

ho co
uld re

aso
n fro

m su
ch

 sim
ple premise

s t
o

so
 w

onderfu
l a

 co
nclu

sio
n.

Stated in
 a fe

w w
ord

s, t
he exp

erim
ent o

f E
rato

sth
enes w

as t
his.

His g
eographica

l st
udies h

ad ta
ught h

im
 th

at t
he to

wn of S
ye

ne

lay d
ire

ctl
y s

outh
 of A

lexa
ndria

, o
r, a

s w
e sh

ould sa
y, 

on th
e

sa
me m

erid
ian of la

tit
ude. H

e had le
arn

ed, fu
rth

er, t
hat S

ye
ne

lay d
ire

ctl
y u

nder t
he tr

opic,
 sin

ce
 it 

was r
eporte

d th
at a

t n
oon

on th
e day o

f th
e su

mmer s
olst

ice
 th

e gnomon th
ere ca

st 
no

sh
adow, w

hile
 a deep w

ell w
as il

lumined to
 th

e botto
m by t

he su
n.

A th
ird

 ite
m of k

nowledge, su
pplie

d by t
he su

rveyo
rs 

of P
to

lemy,

made th
e dist

ance
 betw

een Sye
ne and Alexa

ndria
 fiv

e th
ousa

nd

sta
dia. T

hese
, th

en, w
ere th

e prelim
inary 

data re
quire

d by

Erato
sth

enes. T
heir s

ignific
ance

 co
nsis

ts 
in th

e fa
ct 

th
at h

ere

is a
 m

easu
red bit o

f th
e earth

´s 
arc 

fiv
e th

ousa
nd st

adia in

length
. If

 w
e co

uld fin
d out w

hat a
ngle th

at b
it o

f a
rc 

su
btends,

a m
ere m

atte
r o

f m
ultip

lic
atio

n w
ould give us t

he siz
e of th

e

earth
. B

ut h
ow determ

ine th
is a

ll-i
mporta

nt n
umber? 

The answ
er

ca
me th

ro
ugh re

fle
cti

on on th
e re

latio
ns o

f c
once

ntri
c c

irc
les.

If y
ou draw any n

umber o
f c

irc
les, o

f w
hatever s

ize
, a

bout a

given ce
ntre

, a
 pair o

f ra
dii d

rawn fro
m th

at c
entre

 w
ill 

cu
t

arcs
 of th

e sa
me re

lativ
e siz

e fro
m all t

he ci
rcl

es. O
ne ci

rcl
e

may b
e so

 sm
all t

hat t
he actu

al a
rc 

su
btended by t

he ra
dii i

n a

given ca
se

 m
ay b

e but a
n in

ch
 in

 le
ngth

, w
hile

 anoth
er c

irc
le is

so
 la

rg
e th

at it
s c

orre
sp

onding are is 
measu

red in
 m

illi
ons o

f

mile
s; b

ut in
 each

 ca
se

 th
e sa

me number o
f s

o-ca
lle

d degrees w
ill

represe
nt t

he re
latio

n of e
ach

 arc 
to

 its
 ci

rcu
mference

. N
ow,

Erato
sth

enes k
new, a

s ju
st 

sta
ted, th

at t
he su

n, w
hen on th

e

merid
ian on th

e day o
f th

e su
mmer s

olst
ice

, w
as d

ire
ctl

y o
ver t

he

to
wn of S

ye
ne. T

his m
eant t

hat a
t t

hat m
oment a

 ra
dius o

f th
e

earth
 pro

jecte
d fro

m Sye
ne w

ould point d
ire

ctl
y t

oward
s t

he su
n.

Meanwhile
, o

f c
ourse

, th
e ze

nith
 w

ould re
prese

nt t
he pro

jecti
on

of th
e ra

dius o
f th

e earth
 passi

ng th
ro

ugh Alexa
ndria

. A
ll t

hat

was r
equire

d, th
en, w

as t
o m

easu
re, a

t A
lexa

ndria
, th

e angular

dist
ance

 of th
e su

n fro
m th

e ze
nith

 at n
oon on th

e day o
f th

e

so
lst

ice
 to

 se
cu

re an appro
xim

ate m
easu

rement o
f th

e arc 
of th

e

su
n´s 

cir
cu

mference
, c

orre
sp

onding to
 th

e arc 
of th

e earth
´s

su
rfa

ce
 re

prese
nted by t

he m
easu

red dist
ance

 betw
een Alexa

ndria

and Sye
ne.

The re
ader w

ill 
obse

rve th
at t

he m
easu

rement c
ould not b

e

abso
lutely 

acc
urate, b

eca
use

 it 
is m

ade fro
m th

e su
rfa

ce
 of th

e

earth
, a

nd not fr
om th

e earth
´s 

ce
ntre

, b
ut t

he siz
e of th

e earth

is s
o in

sig
nific

ant in
 co

mparis
on w

ith
 th

e dist
ance

 of th
e su

n

th
at t

his s
lig

ht d
isc

repancy
 co

uld be disr
egard

ed.

The w
ay i

n w
hich

 Erato
sth

enes m
easu

red th
is a

ngle w
as v

ery

sim
ple. H

e m
erely 

measu
red th

e angle of th
e sh

adow w
hich

 his

perp
endicu

lar g
nomon at A

lexa
ndria

 ca
st 

at m
id-d

ay o
n th

e day o
f

th
e so

lst
ice

, w
hen, a

s a
lre

ady n
oted, th

e su
n w

as d
ire

ctl
y

perp
endicu

lar a
t S

ye
ne. N

ow a glance
 at t

he diagram w
ill 

make
 it

cle
ar t

hat t
he m

easu
rement o

f th
is a

ngle of th
e sh

adow is 
merely

a co
nve

nient m
eans o

f d
eterm

ining th
e precis

ely 
equal o

pposit
e

angle su
btending an arc 

of a
n im

aginary 
cir

cle
 passi

ng th
ro

ugh

th
e su

n; th
e are w

hich
, a

s a
lre

ady e
xp

lained, c
orre

sp
onds w

ith

th
e arc 

of th
e earth

´s 
su

rfa
ce

 re
prese

nted by t
he dist

ance

betw
een Alexa

ndria
 and Sye

ne. H
e fo

und th
is a

ngle to
 re

prese
nt 7

degrees 1
2’, o

r o
ne-fif

tie
th

 of th
e ci

rcl
e. F

ive
 th

ousa
nd st

adia,

12   th
en, re

prese
nt o

ne-fif
tie

th
 of th

e earth
´s 

cir
cu

mference
; th

e

entir
e ci

rcu
mference

 being, th
erefore, 2

50,000 st
adia.

250,000   Unfortu
nately,

 w
e do not k

now w
hich

 one of th
e va

rio
us

measu
rements 

use
d in

 antiq
uity

 is 
represe

nted by t
he st

adia of

Erato
sth

enes. A
cc

ord
ing to

 th
e re

se
arch

es o
f L

epsiu
s, h

oweve
r,

th
e st

adium in
 questi

on re
prese

nted 180 m
eters,

 and th
is w

ould

180   make
 th

e earth
, a

cc
ord

ing to
 th

e m
easu

rement o
f E

rato
sth

enes,

about t
wenty-

eight t
housa

nd m
ile

s in
 ci

rcu
mference

, a
n answ

er

su
ffic

iently
 exa

ct 
to

 ju
sti

fy 
th

e w
onder w

hich
 th

e exp
erim

ent

exc
ite

d in
 antiq

uity
, a

nd th
e admira

tio
n w

ith
 w

hich
 it 

has e
ve

r

sin
ce

 been re
gard

ed.

{ill
ustr

atio
n ca

ptio
n =  D

IAGRAM TO IL
LU

STRATE ERATOSTHENES´

MEASUREMENT O
F THE GLO

BE

MEASUREMENT O
F THE GLO

BE

FIG
. 1

. A
F is 

a gnomon at A
lexa

ndria
; S

B a gnomon at S
ve

ne; IS

and JK
 re

prese
nt t

he su
n´s 

rays
. T

he angle actu
ally

 m
easu

red by

Erato
sth

enes is
 KFA, a

s d
eterm

ined by t
he sh

adow ca
st 

by t
he

gnomon AF. T
his a

ngle is 
equal to

 th
e opposit

e angle JF
L, 

which

measu
res t

he su
n´s 

dist
ance

 fro
m th

e ze
nith

; a
nd w

hich
 is 

also

equal to
 th

e angle AES—
to

 determ
ine th

e Size
 of w

hich
 is 

th
e

real o
bject 

of th
e entir

e m
easu

rement.

FIG
. 2

 sh
ows t

he fo
rm

 of th
e gnomon actu

ally
 employe

d in

antiq
uity

. T
he hemisp

here KA being m
arke

d w
ith

 a sc
ale, it

 is

obvio
us t

hat in
 actu

al p
racti

ce
 Erato

sth
enes r

equire
d only 

to
 se

t

his g
nomon in

 th
e su

nlig
ht a

t t
he pro

per m
oment, a

nd re
ad off t

he

answ
er t

o his p
ro

blem at a
 glance

. T
he sim

plic
ity

 of th
e m

eth
od

make
s t

he re
su

lt s
eem all t

he m
ore w

onderfu
l.}

Of c
ourse

 it 
is t

he m
eth

od, a
nd not it

s d
etails

 or it
s e

xa
ct

resu
lts

, th
at e

xc
ite

s o
ur in

terest.
 And beyo

nd questi
on th

e

meth
od w

as a
n admira

ble one. It
s r

esu
lt, 

howeve
r, c

ould not h
ave

been abso
lutely 

acc
urate, b

eca
use

, w
hile

 co
rre

ct 
in prin

cip
le,

its
 data w

ere defecti
ve

. In
 point o

f fa
ct 

Sye
ne did not li

e

precis
ely 

on th
e sa

me m
erid

ian as A
lexa

ndria
, n

eith
er d

id it 
lie

exa
ctl

y o
n th

e tr
opic.

 H
ere, th

en, a
re tw

o elements 
of

inacc
uracy

. M
oreove

r, i
t is

 doubtfu
l w

heth
er E

rato
sth

enes m
ade

allo
wance

, a
s h

e sh
ould have

 done, fo
r t

he se
mi-d

iameter o
f th

e

su
n in

 m
easu

rin
g th

e angle of th
e sh

adow. B
ut t

hese
 are m

ere

details
, sc

arce
ly 

worth
y o

f m
entio

n fro
m our p

rese
nt s

tand-p
oint.

What p
erh

aps is
 dese

rvi
ng of m

ore atte
ntio

n is 
th

e fa
ct 

th
at t

his

epoch
-m

akin
g m

easu
rement o

f E
rato

sth
enes m

ay n
ot h

ave
 been th

e

fir
st 

one to
 be m

ade. A
 passa

ge of A
ris

to
tle

 re
co

rd
s t

hat t
he

siz
e of th

e earth
 w

as s
aid to

 be 400,000 st
adia. S

ome

400,000   co
mmentato

rs 
have

 th
ought t

hat A
ris

to
tle

 m
erely 

referre
d to

 th
e

area of th
e in

habite
d porti

on of th
e earth

 and not t
o th

e

cir
cu

mference
 of th

e eart
h its

elf, 
but h

is w
ord

s s
eem doubtfu

lly

su
sce

ptib
le of th

is i
nterp

retat
ion; a

nd if 
he m

eant, a
s h

is w
ord

s

se
em to

 im
ply,

 th
at 

philo
so

phers 
of h

is d
ay

 had
 a 

to
lerably

precis
e id

ea o
f th

e globe, w
e m

ust 
as

su
me th

at 
th

is i
dea w

as

bas
ed upon so

me so
rt 

of m
eas

urement. T
he re

co
rd

ed siz
e, 4

00,000

400,00   sta
dia,

 is 
a s

uffic
ient a

ppro
xim

ati
on to

 th
e tr

uth
 to

 su
ggest

so
meth

ing m
ore th

an
 a 

mere unsu
pporte

d guess.
 N

ow, si
nce

Aris
to

tle
 died m

ore th
an

 fif
ty 

ye
ars

 before Erat
osth

enes w
as

born
, h

is r
eport 

as
 to

 th
e al

leged siz
e of th

e eart
h ce

rta
inly

has
 a 

su
ggesti

ve
ness 

th
at 

ca
nnot b

e ove
rlo

oke
d; b

ut it
 ar

ouse
s

sp
ecu

lat
ions w

ith
out g

ivi
ng an

 in
kli

ng as
 to

 th
eir s

olutio
n. If

Erat
osth

enes h
ad

 a 
precu

rso
r a

s a
n eart

h-m
eas

urer, n
o hint o

r

ru
mor h

as
 co

me down to
 us t

hat 
would enab

le us t
o guess 

who th
at

precu
rso

r m
ay

 hav
e been. H

is p
erso

nali
ty 

is a
s d

eeply 
enve

loped

in th
e m

ist
s o

f th
e pas

t a
s a

re th
e perso

nali
tie

s o
f th

e great

prehist
oric

 disc
ove

rers.
 Fo

r t
he purp

ose
 of th

e hist
oria

n,

Erat
osth

enes m
ust 

sta
nd as

 th
e in

ve
nto

r o
f th

e m
eth

od w
ith

 w
hich

his n
am

e is 
as

so
cia

ted, a
nd as

 th
e fir

st 
man

 of w
hom w

e ca
n sa

y

with
 ce

rta
inty 

th
at 

he m
eas

ured th
e siz

e of th
e eart

h. R
ight

worth
ily

, th
en, h

ad
 th

e Alexa
ndria

n philo
so

pher w
on his p

ro
ud

tit
le of “

su
rve

yo
r o

f th
e w

orld
.“

HIPPARCHUS, “T
HE LO

VER O
F T

RUTH”

Erat
osth

enes o
utliv

ed m
ost 

of h
is g

reat 
co

ntemporar
ies. H

e sa
w

th
e tu

rn
ing of th

at 
fir

st 
an

d greate
st 

ce
ntu

ry 
of A

lexa
ndria

n

sci
ence

, th
e th

ird
 ce

ntu
ry 

before our e
ra.

 H
e died in

 th
e ye

ar

196 B.C., h
av

ing, it
 is 

sa
id, st

arv
ed him

se
lf t

o death
 to

 esca
pe

196   th
e m

ise
rie

s o
f b

lin
dness;

—
to

 th
e m

eas
urer o

f s
had

ows, l
ife

with
out li

ght s
eemed not w

orth
 th

e liv
ing. E

rat
osth

enes le
ft n

o

im
mediat

e su
cc

esso
r. A

 generat
ion la

ter, h
oweve

r, a
noth

er g
reat

fig
ure ap

peare
d in

 th
e as

tro
nomica

l w
orld

 in
 th

e perso
n of

Hipparc
hus, a

 m
an

 w
ho, a

s a
 te

ch
nica

l o
bse

rve
r, h

ad
 perh

ap
s n

o

peer in
 th

e an
cie

nt w
orld

: o
ne w

ho se
t s

o high a 
va

lue upon

ac
cu

rac
y o

f o
bse

rva
tio

n as
 to

 earn
 th

e tit
le of “

th
e lo

ve
r o

f

tru
th

.“ H
ipparc

hus w
as

 born
 at

 N
ica

ea, 
in Bith

yn
ia,

 in
 th

e ye
ar

160 B.C. H
is l

ife
, a

ll t
oo sh

ort 
for t

he in
terests

 of s
cie

nce
,

160   ended in
 th

e ye
ar 

125 B.C. T
he obse

rva
tio

ns o
f th

e great

125   as
tro

nomer w
ere m

ad
e ch

iefly
, p

erh
ap

s e
ntir

ely,
 at

 Rhodes. A

misi
nterp

retat
ion of P

to
lemy´s

 w
rit

ings le
d to

 th
e id

ea t
hat

Hipparc
hus, p

erfo
rm

ed his c
hief la

bors 
in Alexa

ndria
, b

ut it
 is

now ad
mitt

ed th
at 

th
ere is 

no evid
ence

 fo
r t

his.
 D

elam
bre

doubted, a
nd m

ost 
su

bse
quent w

rit
ers 

follo
w him

 here, w
heth

er

Hipparc
hus e

ve
r s

o m
uch

 as
 vi

sit
ed Alexa

ndria
. In

 an
y e

ve
nt t

here

se
ems t

o be no questi
on th

at 
Rhodes m

ay
 cl

aim
 th

e honor o
f b

eing

th
e ch

ief s
ite

 of h
is a

cti
vit

ies.

It w
as

 H
ipparc

hus w
hose

 so
mewhat 

equivo
ca

l c
omment o

n th
e w

ork 
of

Era
to

sth
enes w

e hav
e al

read
y n

oted. N
o co

unter-c
harg

e in
 ki

nd

co
uld be m

ad
e ag

ain
st 

th
e cr

itic
 him

se
lf; 

he w
as

 an
 as

tro
nomer

pure an
d sim

ple. H
is g

ift
 w

as
 th

e gift
 of a

cc
urat

e obse
rva

tio
n

rat
her t

han
 th

e gift
 of im

ag
inati

on. N
o sc

ientif
ic 

pro
gress 

is

possi
ble w

ith
out s

cie
ntif

ic 
guessi

ng, b
ut H

ipparc
hus b

elonged to

th
at 

cla
ss 

of o
bse

rve
rs 

with
 w

hom hyp
oth

esis
 is 

held rig
idly

su
bse

rvi
ent t

o fa
ct.

 It 
was

 not t
o be exp

ecte
d th

at 
his m

ind

would be at
tra

cte
d by t

he helio
ce

ntri
c t

heory 
of A

ris
tar

ch
us. H

e

use
d th

e fa
cts

 an
d obse

rva
tio

ns g
ath

ered by h
is g

reat 
predece

sso
r

of S
am

os, b
ut h

e decli
ned to

 ac
ce

pt h
is t

heorie
s. F

or h
im

 th
e

world
 w

as
 ce

ntra
l; h

is p
ro

blem w
as

 to
 exp

lai
n, if

 he co
uld, th

e

irr
egular

itie
s o

f m
otio

n w
hich

 su
n, m

oon, a
nd plan

ets 
sh

owed in

th
eir s

eeming ci
rcu

its
 ab

out t
he eart

h. H
ipparc

hus h
ad

 th
e gnomon

of E
rat

osth
enes—

doubtle
ss 

in a 
perfe

cte
d fo

rm
—

to
 ai

d him
, a

nd

he so
on pro

ve
d him

se
lf a

 m
as

ter in
 its

 use
. F

or h
im

, a
s w

e hav
e

sa
id, a

cc
urac

y w
as

 eve
ryt

hing; th
is w

as
 th

e one element t
hat 

led

to
 al

l h
is g

reat 
su

cc
esse

s.

Perh
ap

s h
is g

reate
st 

feat 
was

 to
 demonstr

ate
 th

e ecc
entri

cit
y o

f

th
e su

n´s 
se

eming orb
it. 

W
e of to

-d
ay

, th
an

ks
 to

 Keppler a
nd his

follo
wers,

 kn
ow th

at 
th

e eart
h an

d th
e oth

er p
lan

etar
y b

odies i
n

th
eir c

irc
uit a

bout t
he su

n descr
ibe an

 ellip
se

 an
d not a

 ci
rcl

e.

But in
 th

e day
 of H

ipparc
hus, t

hough th
e ellip

se
 w

as
 re

co
gnize

d

as
 a 

geometri
ca

l fi
gure (it

 had
 been descr

ibed an
d nam

ed al
ong

with
 th

e para
bola 

an
d hyp

erb
ola 

by A
pollo

nius o
f P

erg
a, 

th
e pupil

of E
ucli

d), y
et it

 w
ould hav

e been th
e ra

nke
st 

heresy
 to

 su
ggest

an
 ellip

tic
al 

co
urse

 fo
r a

ny h
eav

enly 
body. 

A m
etap

hys
ica

l

th
eory,

 as
 pro

pounded perh
ap

s b
y t

he Pyth
ag

orean
s b

ut a
rd

ently

su
pporte

d by A
ris

to
tle

, d
ecla

red th
at 

th
e ci

rcl
e is

 th
e perfe

ct

fig
ure, a

nd pro
nounce

d it 
inco

nce
iva

ble th
at 

th
e m

otio
ns o

f th
e

sp
heres s

hould be oth
er t

han
 ci

rcu
lar

. T
his 

th
ought d

ominate
d th

e

mind of H
ipparc

hus, a
nd so

 w
hen his 

ca
refu

l m
eas

urements 
led him

to
 th

e disc
ove

ry 
th

at 
th

e north
ward

 an
d so

uth
ward

 jo
urn

eyin
gs o

f

th
e su

n did not d
ivi

de th
e ye

ar 
into

 fo
ur e

qual 
part

s, t
here w

as

noth
ing open to

 him
 but t

o eith
er a

ssu
me th

at 
th

e eart
h does n

ot

lie
 precis

ely 
at 

th
e ce

ntre
 of t

he su
n´s 

cir
cu

lar
 orb

it o
r t

o

fin
d so

me al
tern

ati
ve

 hyp
oth

esis
.

In point o
f fa

ct,
 th

e su
n (re

ve
rsi

ng th
e point o

f v
iew in

ac
co

rd
an

ce
 w

ith
 m

odern
 disc

ove
rie

s) 
does l

ie at
 one fo

cu
s o

f t
he

eart
h´s 

ellip
tic

al 
orb

it, 
an

d th
erefore aw

ay
 fro

m th
e phys

ica
l

ce
ntre

 of t
hat 

orb
it; 

in oth
er w

ord
s, t

he obse
rva

tio
ns o

f

Hipparc
hus w

ere ab
so

lutely 
ac

cu
rat

e. H
e w

as
 quite

 co
rre

ct 
in

fin
ding th

at 
th

e su
n sp

ends m
ore tim

e on one si
de of t

he equato
r

th
an

 on th
e oth

er. W
hen, th

erefore, h
e esti

mate
d th

e re
lat

ive

dist
an

ce
 of t

he eart
h fro

m th
e geometri

ca
l c

entre
 of t

he su
n´s

su
ppose

d ci
rcu

lar
 orb

it, 
an

d sp
oke

 of t
his 

as
 th

e m
eas

ure of t
he

su
n´s 

ecc
entri

cit
y, 

he pro
pounded a 

th
eory 

in w
hich

 tr
ue data

 of

obse
rva

tio
n w

ere cu
rio

usly
 m

ingled w
ith

 a 
posit

ive
ly 

inve
rte

d

th
eory.

 Th
at 

th
e th

eory 
of H

ipparc
hus w

as
 ab

so
lutely 

co
nsis

tent

with
 al

l th
e fa

cts
 of t

his 
part

icu
lar

 obse
rva

tio
n is

 th
e best

evid
ence

 th
at 

co
uld be give

n of t
he diffi

cu
ltie

s t
hat 

sto
od in

th
e w

ay
 of a

 tr
ue exp

lan
ati

on of t
he m

ech
an

ism
 of t

he heav
ens.

But it
 is

 not m
erely 

th
e su

n w
hich

 w
as

 obse
rve

d to
 va

ry 
in th

e

sp
eed of it

s o
rb

ita
l p

ro
gress;

 th
e m

oon an
d th

e plan
ets 

als
o sh

ow

cu
rio

us a
cc

elerat
ions a

nd re
tar

dati
ons o

f m
otio

n. T
he m

oon in

part
icu

lar
 re

ce
ive

d m
ost 

ca
refu

l a
tte

ntio
n fro

m H
ipparc

hus.

Dominate
d by h

is 
co

nce
ptio

n of t
he perfe

ct 
sp

heres, h
e co

uld fin
d

but o
ne exp

lan
ati

on of t
he an

omalo
us m

otio
ns w

hich
 he obse

rve
d,

an
d th

is 
was

 to
 as

su
me th

at 
th

e va
rio

us h
eav

enly 
bodies d

o not

fly
 on in

 an
 unva

ryi
ng ar

c i
n th

eir c
irc

uit a
bout t

he eart
h, b

ut

descr
ibe m

inor c
irc

les a
s t

hey g
o w

hich
 ca

n be lik
ened to

 noth
ing

so
 ta

ngibly 
as

 to
 a 

lig
ht a

tta
ch

ed to
 th

e rim
 of a

 w
ag

on-w
heel in

motio
n. If

 su
ch

 an
 in

vis
ible 

whee
l b

e i
mag

ined as
 ca

rry
ing th

e

su
n, fo

r e
xa

mple,
 on its

 rim
, w

hile
 its

 in
vis

ible 
hub fo

llo
ws

unsw
erv

ingly 
th

e ci
rcl

e of t
he s

un´s 
mean

 orb
it (

th
is 

whee
l, b

e

it u
nders

to
od, ly

ing in
 th

e p
lan

e o
f t

he o
rb

it, 
not a

t r
ight-

an
gles

 to
 it)

, th
en

 it 
must 

be o
bvio

us t
hat 

while
 th

e h
ub re

main
s

alw
ay

s a
t t

he sa
me d

ist
an

ce
 fro

m th
e e

art
h, th

e c
irc

lin
g rim

 w
ill

ca
rry

 th
e s

un nea
rer

 th
e e

art
h, th

en
 fa

rth
er 

aw
ay

, a
nd th

at 
while

it i
s t

rav
ers

ing th
at 

porti
on of t

he a
re 

which
 brin

gs i
t t

oward
s

th
e e

art
h, th

e a
ctu

al 
fo

rw
ard

 pro
gres

s o
f t

he s
un w

ill 
be

ret
ard

ed
 notw

ith
sta

nding th
e u

nifo
rm

 m
otio

n of t
he h

ub, ju
st 

as

it w
ill 

be a
cc

ele
rat

ed
 in

 th
e o

pposit
e a

rc.
 N

ow, if
 w

e s
uppose

our s
un-b

ea
rin

g w
hee

l to
 tu

rn
 so

 sl
owly 

th
at 

th
e s

un re
vo

lve
s b

ut

once
 ab

out it
s i

mag
inary

 hub w
hile

 th
e w

hee
l it

se
lf i

s m
ak

ing th
e

en
tir

e c
irc

uit o
f t

he o
rb

it, 
we s

hall
 hav

e a
cc

ounted
 fo

r t
he

obse
rve

d fa
ct 

th
at 

th
e s

un pas
se

s m
ore 

quick
ly 

th
ro

ugh one-h
alf

of t
he o

rb
it t

han
 th

ro
ugh th

e o
th

er.
 M

oreo
ve

r, i
f w

e c
an

vis
uali

ze
 th

e p
ro

ce
ss 

an
d im

ag
ine t

he s
un to

 hav
e l

eft
 a 

vis
ible

lin
e o

f fi
re 

beh
ind him

 th
ro

ughout t
he c

ourse
, w

e s
hall

 se
e t

hat

in re
ali

ty 
th

e t
wo ci

rcu
lar

 m
otio

ns i
nvo

lve
d hav

e r
ea

lly
 re

su
lte

d

in pro
ducin

g an
 el

lip
tic

al 
orb

it.

Th
e i

dea
 is

 perh
ap

s m
ad

e c
lea

rer
 if 

we p
ict

ure 
th

e a
ctu

al

pro
gres

s o
f t

he l
an

ter
n at

tac
hed

 to
 th

e r
im

 of a
n ord

inary

ca
rt-

whee
l. W

hen
 th

e c
art

 is
 draw

n fo
rw

ard
 th

e l
an

ter
n is

 m
ad

e t
o

rev
olve

 in
 a 

cir
cle

 as
 re

gard
s t

he h
ub of t

he w
hee

l, b
ut s

ince

th
at 

hub is
 co

nsta
ntly

 going fo
rw

ard
, th

e a
ctu

al 
path

 des
cri

bed

by t
he l

an
ter

n is
 not a

 ci
rcl

e a
t a

ll b
ut a

 w
av

ing lin
e. 

It i
s

prec
ise

ly 
th

e s
am

e w
ith

 th
e i

m
ag

ined
 co

urse
 of t

he s
un in

 its

orb
it, 

only 
th

at 
we v

iew
 th

es
e l

ines
 ju

st 
as

 w
e s

hould vi
ew

 th
e

lan
ter

n on th
e w

hee
l if

 w
e l

ooke
d at

 it 
fro

m
 dire

ctl
y a

bove
 an

d

not f
ro

m
 th

e s
ide. 

Th
e p

ro
of t

hat 
th

e s
un is

 des
cri

bing th
is

wav
ing lin

e, 
an

d th
ere

fo
re 

m
ust 

be c
onsid

ere
d as

 at
tac

hed
 to

 an

im
ag

inary
 w

hee
l, i

s f
urn

ish
ed

, a
s i

t s
ee

m
ed

 to
 H

ipparc
hus, b

y t
he

obse
rve

d fa
ct 

of t
he s

un´s 
va

ryi
ng sp

ee
d.

Th
at 

is 
one w

ay
 of lo

okin
g at

 th
e m

att
er.

 It 
is 

an
 hyp

oth
es

is

th
at 

ex
plai

ns t
he o

bse
rve

d fa
cts

—
aft

er 
a f

as
hion, a

nd in
dee

d a

ve
ry 

rem
ark

ab
le 

fas
hion. T

he i
dea

 of s
uch

 an
 ex

plan
ati

on did not

orig
inate

 w
ith

 H
ipparc

hus. T
he g

erm
s o

f t
he t

hought w
ere

 as
 old

as
 th

e P
yth

ag
orea

n doctr
ine t

hat 
th

e e
art

h re
vo

lve
s a

bout a

ce
ntre

 th
at 

we c
an

not s
ee

. E
udoxu

s g
av

e t
he c

once
ptio

n grea
te

r

tan
gibilit

y, 
an

d m
ay

 be c
onsid

ere
d as

 th
e f

ath
er 

of t
his 

doctr
ine

of w
hee

ls—
ep

icy
cle

s, a
s t

hey
 ca

m
e t

o be c
all

ed
. T

wo ce
ntu

rie
s

befo
re 

th
e t

im
e o

f H
ipparc

hus h
e c

once
ive

d a 
doctr

ine o
f s

phere
s

which
 Aris

to
tle

 fo
und m

ost 
inte

res
tin

g, a
nd w

hich
 se

rve
d to

ex
plai

n, a
long th

e l
ines

 w
e h

av
e j

ust 
fo

llo
wed

, th
e o

bse
rve

d

m
otio

ns o
f t

he h
ea

ve
nly 

bodies
. C

ali
ppus, t

he r
efo

rm
er 

of t
he

ca
len

dar,
 is

 sa
id to

 hav
e c

arr
ied

 an
 ac

co
unt o

f t
his 

th
eo

ry 
to

Aris
to

tle
. A

s n
ew

 irr
eg

ular
itie

s o
f m

otio
n of t

he s
un, m

oon, a
nd

plan
et

ary
 bodies

 w
ere

 pointe
d out, n

ew
 ep

icy
cle

s w
ere

 in
ve

nte
d.

Th
ere

 is
 no lim

it t
o th

e n
um

ber 
of im

ag
inary

 ci
rcl

es
 th

at 
m

ay
 be

insc
rib

ed
 ab

out a
n im

ag
inary

 ce
ntre

, a
nd if 

we c
once

ive
 ea

ch
 one

of t
hes

e c
irc

les
 to

 hav
e a

 pro
per 

m
otio

n of it
s o

wn, a
nd ea

ch
 one

to
 ca

rry
 th

e s
un in

 th
e l

ine o
f t

hat 
m

otio
n, e

xc
ep

t a
s i

t is

dive
rte

d by t
he o

th
er 

m
otio

ns—
if w

e c
an

 vi
su

ali
ze

 th
is 

co
m

plex

m
inglin

g of w
hee

ls—
we s

hall
 ce

rta
inly 

be a
ble 

to
 im

ag
ine t

he

hea
ve

nly 
body w

hich
 lie

s a
t t

he j
unctu

re 
of a

ll t
he r

im
s, a

s

bein
g ca

rri
ed

 fo
rw

ard
 in

 as
 er

rat
ic 

an
d w

obbly 
a m

an
ner 

as
 co

uld

be d
es

ire
d. In

 oth
er 

word
s, t

he t
heo

ry 
of e

picy
cle

s w
ill 

ac
co

unt

fo
r a

ll t
he f

ac
ts 

of t
he o

bse
rve

d m
otio

ns o
f a

ll t
he h

ea
ve

nly

bodies
, b

ut in
 so

 doing it 
fill

s t
he u

nive
rse

 w
ith

 a 
m

ost

bew
ild

eri
ng net

work 
of in

te
rse

cti
ng ci

rcl
es

. E
ve

n in
 th

e t
im

e o
f

Cali
ppus f

ift
y-f

ive
 of t

hes
e s

phere
s w

ere
 co

m
pute

d.

W
e m

ay
 w

ell
 beli

ev
e t

hat 
th

e c
lea

r-s
ee

ing Aris
tar

ch
us w

ould lo
ok

as
ka

nce
 at

 su
ch

 a 
co

m
plex

 sy
ste

m
 of im

ag
inary

 m
ac

hinery
. B

ut

Hipparc
hus, 

pre-
em

inen
tly

 an
 obse

rve
r r

ath
er 

th
an

 a 
th

eo
riz

er,

se
em

s t
o hav

e b
ee

n co
nte

nt t
o ac

ce
pt t

he t
heo

ry 
of e

picy
cle

s a
s

he f
ound it,

 th
ough his 

stu
dies

 ad
ded

 to
 its

 co
m

plex
itie

s; a
nd

Hipparc
hus w

as
 th

e d
om

inan
t s

cie
ntif

ic 
per

so
nali

ty 
of h

is

ce
ntu

ry.
 W

hat 
he b

eli
ev

ed
 bec

am
e a

s a
 la

w to
 his 

im
m

ed
iat

e

su
cc

es
so

rs.
 H

is 
te

net
s w

er
e a

cc
ep

te
d as

 fin
al 

by t
heir

 gre
at

popular
ize

r, P
to

lem
y, 

th
ree

 ce
ntu

rie
s l

ate
r; a

nd so
 th

e

heli
oce

ntri
c t

heo
ry 

of A
ris

tar
ch

us p
as

se
d under

 a 
clo

ud al
m

ost 
at

th
e h

our o
f it

s d
aw

ning, th
er

e t
o re

m
ain

 obsc
ure

d an
d fo

rg
otte

n

fo
r t

he l
ong la

pse
 of c

en
tu

rie
s. 

A th
ousa

nd pitie
s t

hat 
th

e

gre
ate

st 
obse

rvi
ng as

tro
nom

er
 of a

ntiq
uity

 co
uld not, l

ike
 one o

f

his 
gre

at 
pre

cu
rso

rs,
 hav

e a
ppro

ac
hed

 as
tro

nom
y f

ro
m

 th
e

sta
nd-p

oint o
f g

eo
grap

hy a
nd poet

ry.
 H

ad
 he d

one s
o, p

er
hap

s h
e

m
ight h

av
e r

efl
ec

te
d, li

ke
 Aris

tar
ch

us b
efo

re
 him

, th
at 

it s
ee

m
s

ab
su

rd
 fo

r o
ur e

art
h to

 hold th
e g

ian
t s

un in
 th

ral
dom

; th
en

per
hap

s h
is 

im
ag

inati
on w

ould hav
e r

ea
ch

ed
 out t

o th
e

heli
oce

ntri
c d

octr
ine, 

an
d th

e c
obweb

 hyp
oth

es
is 

of e
picy

cle
s,

with
 th

at 
ye

t m
ore

 in
tan

gible 
fig

m
en

t o
f t

he p
er

fec
t c

irc
le,

m
ight h

av
e b

ee
n w

iped
 aw

ay
.

But it
 w

as
 not t

o be. 
W

ith
 Aris

tar
ch

us t
he s

cie
ntif

ic 
im

ag
inati

on

had
 re

ac
hed

 its
 highes

t f
lig

ht; b
ut w

ith
 H

ipparc
hus i

t w
as

beg
inning to

 se
ttl

e b
ac

k i
nto

 re
gions o

f fo
ggier

 at
m

osp
her

e a
nd

narr
ower

 horiz
ons. 

Fo
r w

hat,
 af

te
r a

ll, 
does

 it 
m

att
er

 th
at

Hipparc
hus s

hould go on to
 m

ea
su

re
 th

e p
re

cis
e l

en
gth

 of t
he y

ea
r

an
d th

e a
ppare

nt s
ize

 of t
he m

oon´s 
disk

; th
at 

he s
hould m

ak
e a

ch
art

 of t
he h

ea
ve

ns s
howing th

e p
lac

e o
f 1

080 st
ars

; e
ve

n th
at

1080   he s
hould disc

ove
r t

he p
re

ce
ssi

on of t
he e

quinox;—
what,

 af
te

r

all
, is

 th
e s

ignific
an

ce
 of t

hes
e d

et
ail

s a
s a

gain
st 

th
e

all
-es

se
ntia

l fa
ct 

th
at 

th
e g

re
ate

st 
sc

ien
tif

ic 
au

th
orit

y o
f h

is

ce
ntu

ry—
th

e o
ne t

ru
ly 

her
oic 

sc
ien

tif
ic 

fig
ure

 of h
is

ep
och

—
sh

ould hav
e l

en
t a

ll t
he f

orce
s o

f h
is 

co
m

m
an

ding

influ
en

ce
 to

 th
e o

ld, fa
lse

 th
eo

ry 
of c

osm
ology, 

when
 th

e t
ru

e

th
eo

ry 
had

 bee
n pro

pounded
 an

d w
hen

 he, 
per

hap
s, 

was
 th

e o
nly 

m
an

in th
e w

orld
 w

ho m
ight h

av
e s

ubsta
ntia

te
d an

d vi
tal

ize
d th

at

th
eo

ry?
 It 

is 
ea

sy
 to

 ove
re

sti
m

ate
 th

e i
nflu

en
ce

 of a
ny s

ingle

m
an

, a
nd, c

ontra
riw

ise
, to

 under
es

tim
ate

 th
e p

ower
 of t

he

Zeit
geis

t. B
ut w

hen
 w

e r
efl

ec
t t

hat 
th

e d
octr

ines
 of H

ipparc
hus,

as
 pro

m
ulgate

d by P
to

lem
y, 

bec
am

e, 
as

 it 
wer

e, 
th

e l
as

t w
ord

 of

as
tro

nom
ica

l s
cie

nce
 fo

r b
oth

 th
e E

as
te

rn
 an

d W
es

te
rn

 w
orld

s, 
an

d

so
 co

ntin
ued

 af
te

r a
 th

ousa
nd ye

ars
, it

 is
 per

hap
s n

ot t
oo m

uch

to
 sa

y t
hat 

Hipparc
hus, 

“th
e l

ove
r o

f t
ru

th
,“ m

iss
ed

 one o
f t

he

gre
ate

st 
opportu

nitie
s f

or t
he p

ro
m

ulgati
on of t

ru
th

 ev
er

vo
uch

sa
fed

 to
 a 

dev
ote

e o
f p

ure
 sc

ien
ce

.

But a
ll t

his,
 of c

ourse
, d

et
rac

ts 
noth

ing fr
om

 th
e m

er
its

 of

Hipparc
hus a

s a
n obse

rvi
ng as

tro
nom

er
. A

 fe
w w

ord
s m

ore
 m

ust 
be

sa
id as

 to
 his 

sp
ec

ific
 disc

ove
rie

s i
n th

is 
fie

ld. A
cc

ord
ing to

his 
m

ea
su

re
m

en
t, t

he t
ro

pic 
ye

ar 
co

nsis
ts 

of 3
65

 day
s, 

5 hours,

365   an
d 49 m

inute
s, 

va
ryi

ng th
us o

nly 
12 se

co
nds f

ro
m

 th
e t

ru
e y

ea
r,

49   
12   as

 th
e m

oder
n as

tro
nom

er
 es

tim
ate

s i
t. Y

et
 m

ore
 re

m
ark

ab
le,

bec
au

se
 of t

he g
re

ate
r d

iff
icu

ltie
s i

nvo
lve

d, w
as

 H
ipparc

hus´s

att
em

pt t
o m

ea
su

re
 th

e a
ctu

al 
dist

an
ce

 of t
he m

oon. A
ris

tar
ch

us

had
 m

ad
e a

 si
m

ila
r a

tte
m

pt b
efo

re
 him

. H
ipparc

hus b
as

ed
 his

co
m

putat
ions o

n st
udies

 of t
he m

oon in
 ec

lip
se

, a
nd he r

ea
ch

ed

th
e c

onclu
sio

n th
at 

th
e d

ist
an

ce
 of t

he m
oon is

 eq
ual 

to
 59

 ra
dii

59
   of t

he e
art

h (in
 re

ali
ty 

it i
s 6

0.2
7 r

ad
ii).

 H
er

e, 
th

en
, w

as
 th

e

60
.27

   m
ea

su
re

 of t
he b

as
e-

lin
e o

f t
hat 

fam
ous t

ria
ngle 

with
 w

hich

Aris
tar

ch
us h

ad
 m

ea
su

re
d th

e d
ist

an
ce

 of t
he s

un. H
ipparc

hus m
ust

hav
e k

nown of t
hat 

m
ea

su
re

m
en

t, s
ince

 he q
uote

s t
he w

ork 
of

Aris
ta

rch
us i

n oth
er

 fie
lds. 

Had
 he n

ow but r
ep

ea
te

d th
e

ex
per

im
en

t o
f A

ris
ta

rch
us, 

with
 his 

per
fec

te
d in

str
um

en
ts 

an
d his

per
hap

s g
re

at
er

 obse
rva

tio
nal 

sk
ill,

 he w
as

 in
 posit

ion to

co
m

pute
 th

e a
ctu

al 
dist

an
ce

 of t
he s

un in
 te

rm
s n

ot m
er

ely
 of t

he

m
oon´s 

dist
an

ce
 but o

f t
he e

art
h´s 

rad
ius. 

And now th
er

e w
as

 th
e

ex
per

im
en

t o
f E

rat
osth

en
es

 to
 give

 th
e l

en
gth

 of t
hat

 ra
dius i

n

pre
cis

e t
er

m
s. 

In oth
er

 w
ord

s, 
Hipparc

hus m
ight h

av
e m

ea
su

re
d th

e

dist
an

ce
 of t

he s
un in

 st
ad

ia.
 But if

 he h
ad

 m
ad

e t
he

at
te

m
pt—

an
d, in

dee
d, it

 is
 m

ore
 th

an
 lik

ely
 th

at
 he d

id so
—

th
e

ele
m

en
ts 

of e
rro

r in
 his 

m
ea

su
re

m
en

ts 
would st

ill 
hav

e k
ep

t h
im

wide o
f t

he t
ru

e f
igure

s.

Th
e c

hief
 st

udies
 of H

ipparc
hus w

er
e d

ire
cte

d, a
s w

e h
av

e s
ee

n,

to
ward

s t
he s

un an
d th

e m
oon, b

ut a
 phen

om
en

on th
at

 occ
urre

d in

th
e y

ea
r 1

34
 B.C. le

d him
 fo

r a
 tim

e t
o give

 m
ore

 part
icu

lar

13
4  

 at
te

ntio
n to

 th
e f

ixe
d st

ars
. T

he p
hen

om
en

on in
 ques

tio
n w

as
 th

e

su
dden

 outb
urst

 of a
 new

 st
ar;

 a 
phen

om
en

on w
hich

 has
 bee

n

re
pea

te
d now an

d ag
ain

, b
ut w

hich
 is

 su
ffi

cie
ntly

 ra
re

 an
d

su
ffi

cie
ntly

 m
ys

te
rio

us t
o hav

e e
xc

ite
d th

e u
nusu

al 
at

te
ntio

n of

as
tro

nom
er

s i
n al

l g
en

er
at

ions. 
Moder

n sc
ien

ce
 offe

rs 
an

ex
plan

at
ion of t

he p
hen

om
en

on, a
s w

e s
hall

 se
e i

n due c
ourse

. W
e

do not k
now th

at
 H

ipparc
hus a

tte
m

pte
d to

 ex
plai

n it,
 but h

e w
as

led
 to

 m
ak

e a
 ch

art
 of t

he h
ea

ve
ns, 

pro
bab

ly 
with

 th
e i

dea
 of

guiding fu
tu

re
 obse

rve
rs 

in th
e o

bse
rva

tio
n of n

ew
 st

ars
. H

er
e

ag
ain

 H
ipparc

hus w
as

 not a
lto

get
her

 an
 in

nova
to

r, s
ince

 a 
ch

art

sh
owing th

e b
rig

hte
st 

sta
rs 

had
 bee

n m
ad

e b
y E

rat
osth

en
es

; b
ut

th
e n

ew
 ch

art
s w

er
e m

uch
 el

ab
orat

ed
.

Th
e s

tu
dies

 of H
ipparc

hus l
ed

 him
 to

 obse
rve

 th
e s

ta
rs 

ch
ief

ly

with
 re

fer
en

ce
 to

 th
e m

er
idian

 ra
th

er
 th

an
 w

ith
 re

fer
en

ce
 to

th
eir

 ris
ing, a

s h
ad

 hith
er

to
 bee

n th
e c

usto
m

. In
 m

ak
ing th

es
e

stu
dies

 of t
he r

ela
tiv

e p
osit

ion of t
he s

ta
rs,

 H
ipparc

hus w
as

 le
d

to
 co

m
pare

 his 
obse

rva
tio

ns w
ith

 th
ose

 of t
he B

ab
ylo

nian
s, 

which
,

it w
as

 sa
id, A

lex
an

der
 had

 ca
use

d to
 be t

ra
nsm

itt
ed

 to
 G

re
ec

e. 
He

m
ad

e u
se

 al
so

 of t
he o

bse
rva

tio
ns o

f A
ris

ta
rch

us a
nd oth

er
s o

f

his 
Gre

ek
 pre

cu
rso

rs.
 Th

e r
es

ult o
f h

is 
co

m
pari

so
ns p

ro
ve

d th
at

th
e s

pher
e o

f t
he f

ixe
d st

ars
 had

 ap
par

en
tly

 sh
ift

ed
 its

 posit
ion

in re
fer

en
ce

 to
 th

e p
lan

e o
f t

he s
un´s 

orb
it—

th
at

 is
 to

 sa
y, 

th
e

plan
e o

f t
he e

cli
ptic

 no lo
nger

 se
em

ed
 to

 cu
t t

he s
pher

e o
f t

he

fix
ed

 st
ar

s a
t p

re
cis

ely
 th

e p
oint w

her
e t

he t
wo co

incid
ed

 in

fo
rm

er
 ce

ntu
rie

s. 
Th

e p
lan

e o
f t

he e
cli

ptic
 m

ust 
th

er
efo

re
 be

co
nce

ive
d as

 sl
owly 

re
vo

lvi
ng in

 su
ch

 a 
way

 as
 gra

duall
y t

o

cir
cu

m
nav

igat
e t

he h
ea

ve
ns. 

Th
is 

im
porta

nt p
hen

om
en

on is

des
cri

bed
 as

 th
e p

re
ce

ssi
on of t

he e
quinoxe

s.

It i
s m

uch
 in

 ques
tio

n w
het

her
 th

is 
phen

om
en

on w
as

 not k
nown to

th
e a

ncie
nt E

gyp
tia

n as
tro

nom
er

s; 
but in

 an
y e

ve
nt, H

ippar
ch

us i
s

to
 be c

re
dite

d w
ith

 dem
onstr

at
ing th

e f
ac

t a
nd m

ak
ing it 

kn
own to

th
e W

es
te

rn
 w

orld
. A

 fu
rth

er
 se

rvi
ce

 w
as

 re
nder

ed
 th

eo
re

tic
al

as
tro

nom
y b

y H
ippar

ch
us t

hro
ugh his 

inve
ntio

n of t
he p

lan
osp

her
e,

an
 in

str
um

en
t f

or t
he r

ep
re

se
nta

tio
n of t

he m
ec

han
ism

 of t
he

hea
ve

ns. 
His 

co
m

puta
tio

ns o
f t

he p
ro

per
tie

s o
f t

he s
pher

es
 le

d

him
 al

so
 to

 w
hat

 w
as

 vi
rtu

all
y a

 disc
ove

ry 
of t

he m
et

hod of

tri
gonom

et
ry,

 givi
ng him

, th
er

efo
re

, a
 high posit

ion in
 th

e f
iel

d

of m
at

hem
at

ics
. A

ll i
n al

l, t
hen

, H
ippar

ch
us i

s a
 m

ost 
her

oic

fig
ure

. H
e m

ay
 w

ell
 be c

onsid
er

ed
 th

e g
re

at
es

t s
ta

r-g
az

er
 of

an
tiq

uity
, th

ough he c
an

not, w
ith

out in
justi

ce
 to

 his 
gre

at

pre
cu

rso
rs,

 be a
llo

wed
 th

e t
itl

e w
hich

 is
 so

m
et

im
es

 give
n him

 of

“fa
th

er
 of s

ys
te

m
at

ic 
as

tro
nom

y.“

CTE
SIB

IU
S A

ND H
ER

O: M
AGICIA

NS O
F A

LE
XANDRIA

CTE
SIB

IU
S A

ND H
ER

O: M
AGICIA

NS O
F A

LE
XANDRIA

Ju
st 

ab
out t

he t
im

e w
hen

 H
ippar

ch
us w

as
 w

orki
ng out a

t R
hodes

 his

puzz
les

 of c
ele

sti
al 

m
ec

han
ics

, th
er

e w
as

 a 
m

an
 in

 A
lex

an
dria

 w
ho

was
 ex

er
cis

ing a 
str

an
gely

 in
ve

ntiv
e g

en
ius o

ve
r m

ec
han

ica
l

pro
blem

s o
f a

noth
er

 so
rt;

 a 
m

an
 w

ho, fo
llo

wing th
e e

xa
m

ple 
se

t b
y

Arch
im

ed
es

 a 
ce

ntu
ry 

befo
re

, w
as

 st
udyin

g th
e p

ro
blem

s o
f m

at
te

r

an
d putti

ng his 
stu

dies
 to

 pra
cti

ca
l a

pplic
at

ion th
ro

ugh th
e

inve
ntio

n of w
eir

d dev
ice

s. 
Th

e m
an

´s 
nam

e w
as

 Cte
sib

ius. 
W

e k
now

sc
ar

ce
ly 

m
ore

 of h
im

 th
an

 th
at

 he l
ive

d in
 A

lex
an

dria
, p

ro
bab

ly

in th
e f

irs
t h

alf
 of t

he s
ec

ond ce
ntu

ry 
B.C. H

is 
an

te
ce

den
ts,

 th
e

plac
e a

nd ex
ac

t t
im

e o
f h

is 
birt

h an
d dea

th
, a

re
 quite

 unkn
own.

Neit
her

 ar
e w

e q
uite

 ce
rta

in as
 to

 th
e p

re
cis

e r
an

ge o
f h

is

stu
dies

 or t
he e

xa
ct 

num
ber

 of h
is 

disc
ove

rie
s. 

It a
ppea

rs 
th

at

he h
ad

 a 
pupil n

am
ed

 H
er

o, w
hose

 per
so

nali
ty,

 unfo
rtu

nat
ely

, is

sc
ar

ce
ly 

les
s o

bsc
ure

 th
an

 th
at

 of h
is 

m
as

te
r, b

ut w
ho w

ro
te

 a

book t
hro

ugh w
hich

 th
e r

ec
ord

 of t
he m

as
te

r´s
 in

ve
ntio

ns w
as

pre
se

rve
d to

 poste
rit

y. 
Her

o, in
dee

d, w
ro

te
 se

ve
ra

l b
ooks

, th
ough

only 
one o

f t
hem

 has
 bee

n pre
se

rve
d. T

he o
nes

 th
at

 ar
e l

ost 
bea

r

th
e f

ollo
wing su

gges
tiv

e t
itl

es
: O

n th
e C

onstr
ucti

on of S
lin

gs;

On th
e C

onstr
ucti

on of M
iss

ile
s; 

On th
e A

uto
m

at
on; O

n th
e M

et
hod

of L
ift

ing H
ea

vy
 Bodies

; O
n th

e D
ioptri

c o
r S

pyin
g-tu

be. 
Th

e w
ork

th
at

 re
m

ain
s i

s c
all

ed
 Pneu

m
at

ics
, a

nd so
 in

te
re

sti
ng a 

work 
it

is 
as

 to
 m

ak
e u

s d
oubly 

re
gre

t t
he l

oss 
of it

s c
om

pan
ion vo

lum
es

.

Had
 th

es
e o

th
er

 books
 bee

n pre
se

rv
ed

 w
e s

hould doubtle
ss 

hav
e a

cle
ar

er
 in

sig
ht t

han
 is

 now possi
ble 

into
 so

m
e a

t le
as

t o
f t

he

m
ec

han
ica

l p
ro

blem
s t

hat
 ex

er
cis

ed
 th

e m
inds o

f t
he a

ncie
nt

philo
so

pher
s. 

Th
e b

ook t
hat

 re
m

ain
s i

s c
hief

ly 
co

nce
rn

ed
, a

s i
ts

nam
e i

m
plie

s, 
with

 th
e s

tu
dy o

f g
as

es
, o

r, r
at

her
, w

ith
 th

e s
tu

dy

of a
 si

ngle 
gas

, th
is 

bein
g, o

f c
ourse

, th
e a

ir. 
But it

 te
lls

 us

als
o of c

er
ta

in st
udies

 in
 th

e d
yn

am
ics

 of w
at

er
 th

at
 ar

e m
ost

inte
re

sti
ng, a

nd fo
r t

he h
ist

oria
n of s

cie
nce

 m
ost 

im
porta

nt.

Unfo
rtu

nat
ely

, th
e p

upil o
f C

te
sib

ius, 
what

ev
er

 his 
ingen

uity
,

was
 a 

m
an

 w
ith

 a 
defi

cie
nt s

en
se

 of t
he e

th
ics

 of s
cie

nce
. H

e

te
lls

 us i
n his 

pre
fac

e t
hat

 th
e o

bjec
t o

f h
is 

book i
s t

o re
co

rd

so
m

e i
ngen

ious d
isc

ove
rie

s o
f o

th
er

s, 
to

get
her

 w
ith

 ad
diti

onal

disc
ove

rie
s o

f h
is 

own, b
ut n

owher
e i

n th
e b

ook i
tse

lf d
oes

 he

give
 us t

he, 
sli

ghte
st 

cle
w as

 to
 w

her
e t

he l
ine i

s d
ra

wn bet
wee

n

th
e o

ld an
d th

e n
ew

. O
nce

, in
 disc

ussi
ng th

e w
eig

ht o
f w

at
er

, h
e

m
en

tio
ns t

he l
aw

 of A
rch

im
ed

es
 re

gar
ding a 

flo
at

ing body, 
but

th
is 

is 
th

e o
nly 

ca
se

 in
 w

hich
 a 

sc
ien

tif
ic 

prin
cip

le 
is 

tra
ce

d

to
 its

 so
urce

 or in
 w

hich
 cr

ed
it i

s g
ive

n to
 an

y o
ne f

or a

disc
ove

ry.
 Th

is 
is 

th
e m

ore
 to

 be r
eg

re
tte

d bec
au

se
 H

er
o has

disc
usse

d at
 so

m
e l

en
gth

 th
e t

heo
rie

s i
nvo

lve
d in

 th
e t

re
at

m
en

t

of h
is 

su
bjec

t. T
his 

re
tic

en
ce

 on th
e p

ar
t o

f H
er

o, c
om

bined
 w

ith

th
e f

ac
t t

hat
 su

ch
 so

m
ew

hat
 la

te
r w

rit
er

s a
s P

lin
y a

nd Vitr
uviu

s

do not m
en

tio
n H

er
o´s 

nam
e, 

while
 th

ey
 fr

eq
uen

tly
 m

en
tio

n th
e

nam
e o

f h
is 

m
as

te
r, C

te
sib

ius, 
has

 le
d m

oder
n cr

iti
cs

 to
 a

so
m

ew
hat

 sc
ep

tic
al 

at
tit

ude r
eg

ar
ding th

e p
osit

ion of H
er

o as
 an

ac
tu

al 
disc

ove
re

r.

Th
e m

an
 w

ho w
ould co

olly
 ap

pro
pria

te
 so

m
e d

isc
ove

rie
s o

f o
th

er
s

under
 cl

oak
 of a

 m
er

e p
re

fat
oria

l re
fer

en
ce

 w
as

 per
hap

s a
n

ex
pounder

 ra
th

er
 th

an
 an

 in
nova

to
r, a

nd had
, it

 is
 sh

re
wdly

su
sp

ec
te

d, n
ot m

uch
 of h

is 
own to

 offe
r. M

ea
nwhile

, it
 is

to
ler

ab
ly 

ce
rta

in th
at

 Cte
sib

ius w
as

 th
e d

isc
ove

re
r o

f t
he

prin
cip

le 
of t

he s
iphon, o

f t
he f

orci
ng-p

um
p, a

nd of a
 pneu

m
at

ic

org
an

. A
n ex

am
inat

ion of H
er

o´s 
book w

ill 
sh

ow th
at

 th
es

e a
re

re
all

y t
he c

hief
 prin

cip
les

 in
vo

lve
d in

 m
ost 

of t
he v

ar
ious

inte
re

sti
ng m

ec
han

ism
s w

hich
 he d

es
cri

bes
. W

e a
re

 co
nstr

ain
ed

,

th
en

, to
 beli

ev
e t

hat
 th

e i
nve

ntiv
e g

en
ius w

ho w
as

 re
all

y

re
sp

onsib
le 

fo
r t

he m
ec

han
ism

s w
e a

re
 ab

out t
o des

cri
be w

as

Cte
sib

ius, 
th

e m
as

te
r. Y

et
 w

e o
we a

 deb
t o

f g
ra

tit
ude t

o H
er

o,

th
e p

upil, 
fo

r h
av

ing give
n w

ider
 vo

gue t
o th

es
e d

isc
ove

rie
s, 

an
d

in par
tic

ular
 fo

r t
he d

isc
ussi

on of t
he p

rin
cip

les
 of

hyd
ro

sta
tic

s a
nd pneu

m
at

ics
 co

nta
ined

 in
 th

e i
ntro

ducti
on to

 his

book. 
Th

is 
disc

ussi
on fu

rn
ish

es
 us a

lm
ost 

our o
nly 

kn
owled

ge a
s

to
 th

e p
ro

gre
ss 

of G
re

ek
 philo

so
pher

s i
n th

e f
iel

d of m
ec

han
ics

sin
ce

 th
e t

im
e o

f A
rch

im
ed

es
.

Th
e m

ain
 purp

ose
 of H

er
o in

 his 
pre

lim
inar

y t
hes

is 
has

 to
 do w

ith

th
e n

at
ure

 of m
at

te
r, a

nd re
ca

lls
, th

er
efo

re
, th

e s
tu

dies
 of

Anax
ag

ora
s a

nd D
em

ocri
tu

s. 
Her

o, h
owev

er
, a

ppro
ac

hes
 his 

su
bjec

t

fro
m

 a 
pure

ly 
m

at
er

ial
 or p

ra
cti

ca
l s

ta
nd-p

oint. H
e i

s a
n

ex
plic

it c
ham

pion of w
hat

 w
e n

owad
ay

s c
all

 th
e m

olec
ular

 th
eo

ry

of m
at

te
r. “

Ev
er

y b
ody,“

 he t
ell

s u
s, 

”is
 co

m
pose

d of m
inute

par
tic

les
, b

et
wee

n w
hich

 ar
e e

m
pty

 sp
ac

es
 le

ss 
th

an
 th

es
e

par
tic

les
 of t

he b
ody. 

It i
s, 

th
er

efo
re

, e
rro

neo
us t

o sa
y t

hat

th
er

e i
s n

o va
cu

um
 ex

ce
pt b

y t
he a

pplic
at

ion of f
orce

, a
nd th

at

ev
er

y s
pac

e i
s f

ull e
ith

er
 of a

ir o
r w

at
er

 or s
om

e o
th

er

su
bsta

nce
. B

ut in
 pro

porti
on as

 an
y o

ne o
f t

hes
e p

ar
tic

les

re
ce

des
, s

om
e o

th
er

 fo
llo

ws i
t a

nd fil
ls 

th
e v

ac
an

t s
pac

e;

th
er

efo
re

 th
er

e i
s n

o co
ntin

uous v
ac

uum
, e

xc
ep

t b
y t

he

ap
plic

at
ion of s

om
e f

orce
 [li

ke
 su

cti
on]—

th
at

 is
 to

 sa
y, 

an

ab
so

lute
 va

cu
um

 is
 nev

er
 fo

und, e
xc

ep
t a

s i
t is

 pro
duce

d

ar
tif

ici
all

y.“
 H

er
o brin

gs f
orw

ar
d so

m
e t

horo
ughly 

co
nvin

cin
g

pro
ofs 

of
 th

e t
hes

is 
he i

s m
ain

ta
ining. “

If t
her

e w
er

e n
o vo

id

plac
es

 bet
wee

n th
e p

ar
tic

les
 of

 w
at

er
,“ 

he s
ay

s, 
”th

e r
ay

s o
f

lig
ht c

ou
ld

 not
 pen

et
ra

te
 th

e w
at

er
; m

or
eo

ve
r, a

not
her

 liq
uid,

su
ch

 as
 w

ine, 
co

uld
 not

 sp
re

ad
 its

elf
 th

ro
ugh th

e w
at

er
, a

s i
t is

ob
se

rv
ed

 to
 do, w

er
e t

he p
ar

tic
les

 of
 w

at
er

 ab
so

lute
ly

co
ntin

uou
s.“

 Th
e l

at
te

r il
lustr

at
ion

 is
 on

e t
he v

ali
dity

 of
 w

hich

ap
pea

ls 
as

 fo
rci

bly 
to

 th
e p

hys
ici

sts
 of

 to
-d

ay
 as

 it 
did to

Her
o. 

Th
e s

am
e i

s t
ru

e o
f t

he a
rg

um
en

t d
ra

wn fr
om

 th
e

co
m

pre
ssi

bilit
y o

f g
as

es
. H

er
o h

as
 ev

iden
tly

 m
ad

e a
 ca

re
fu

l s
tu

dy

of
 th

is 
su

bjec
t. H

e k
now

s t
hat

 an
 in

ve
rte

d tu
be f

ull o
f a

ir m
ay

be i
m

m
er

se
d in

 w
at

er
 w

ith
ou

t b
ec

om
ing w

et
 on

 th
e i

nsid
e, 

pro
vin

g

th
at

 ai
r is

 a 
phys

ica
l s

ubsta
nce

; b
ut h

e k
now

s a
lso

 th
at

 th
is

sa
m

e a
ir m

ay
 be c

au
se

d to
 ex

pan
d to

 a 
m

uch
 gre

at
er

 bulk 
by t

he

ap
plic

at
ion

 of
 hea

t, o
r m

ay
, o

n th
e o

th
er

 han
d, b

e c
on

den
se

d by

pre
ssu

re
, in

 w
hich

 ca
se

, a
s h

e i
s w

ell
 aw

ar
e, 

th
e a

ir e
xe

rts

fo
rce

 in
 th

e a
tte

m
pt t

o r
eg

ain
 its

 nor
m

al 
bulk.

 But, h
e a

rg
ues

,

su
re

ly 
we a

re
 not

 to
 beli

ev
e t

hat
 th

e p
ar

tic
les

 of
 ai

r e
xp

an
d to

fill
 al

l th
e s

pac
e w

hen
 th

e b
ulk 

of
 ai

r a
s a

 w
hole

 ex
pan

ds u
nder

th
e i

nflu
en

ce
 of

 hea
t; n

or
 ca

n w
e c

on
ce

ive
 th

at
 th

e p
ar

tic
les

 of

nor
m

al 
air

 ar
e i

n ac
tu

al 
co

nta
ct,

 el
se

 w
e s

hou
ld

 not
 be a

ble 
to

co
m

pre
ss 

th
e a

ir. 
Hen

ce
 his 

co
nclu

sio
n, w

hich
, a

s w
e h

av
e s

ee
n,

he m
ak

es
 gen

er
al 

in its
 ap

plic
at

ion
 to

 al
l m

at
te

r, t
hat

 th
er

e a
re

sp
ac

es
, o

r, a
s h

e c
all

s t
hem

, v
ac

ua, 
bet

wee
n th

e p
ar

tic
les

 th
at

go t
o m

ak
e u

p al
l s

ubsta
nce

s, 
whet

her
 liq

uid
, s

oli
d, o

r g
as

eo
us.

Her
e, 

cle
ar

ly 
en

ou
gh, w

as
 th

e i
dea

 of
 th

e “
at

om
ic”

 nat
ure

 of

m
at

te
r a

cc
ep

te
d as

 a 
fu

ndam
en

ta
l n

ot
ion

. T
he a

rg
um

en
ta

tiv
e

at
tit

ude a
ssu

m
ed

 by H
er

o s
how

s t
hat

 th
e d

oc
tri

ne c
ou

ld
 not

 be

ex
pec

te
d to

 go u
nch

all
en

ged
. B

ut, o
n th

e o
th

er
 han

d, th
er

e i
s

not
hing in

 his 
phra

sin
g to

 su
gges

t a
n in

te
ntio

n to
 cl

aim

or
iginali

ty
 fo

r a
ny p

has
e o

f t
he d

oc
tri

ne. 
W

e m
ay

 in
fe

r t
hat

 in

th
e t

hre
e h

undre
d ye

ar
s t

hat
 had

 el
ap

se
d si

nce
 th

e t
im

e o
f

Anax
ag

or
as

, th
at

 philo
so

pher
´s 

id
ea

 of
 th

e m
ole

cu
lar

 nat
ur

e o
f

m
at

te
r h

ad
 gain

ed
 fa

irl
y w

id
e c

urre
ncy

. A
s t

o t
he e

xp
an

siv
e p

ow
er

of
 gas

, w
hich

 H
er

o d
es

cri
bes

 at
 so

m
e l

en
gth

 w
ith

ou
t g

ivi
ng us a

cle
w to

 his 
au

th
or

iti
es

, w
e m

ay
 as

su
m

e t
hat

 Cte
sib

ius w
as

 an

or
iginal 

wor
ke

r, y
et

 th
e g

en
er

al 
fac

ts 
invo

lve
d w

er
e d

ou
btle

ss

m
uc

h ol
der

 th
an

 his 
day

. H
er

o, 
fo

r e
xa

m
ple,

 te
lls

 us o
f t

he

cu
pping-g

las
s u

se
d by p

hys
ici

an
s, 

which
 he s

ay
s i

s m
ad

e i
nto

 a

va
cu

um
 by b

ur
ning up

 th
e a

ir i
n it;

 but
 th

is 
ap

par
at

us
 had

pro
bab

ly 
bee

n lo
ng in

 us
e, 

an
d H

er
o m

en
tio

ns i
t n

ot
 in

 or
der

 to

des
cri

be t
he o

rd
inar

y c
up

ping-g
las

s w
hich

 is
 re

fe
rre

d to
, b

ut
 a

m
od

ific
at

ion
 of

 it.
 H

e r
ef

er
s t

o t
he o

ld
 fo

rm
 as

 if 
it w

er
e

so
m

et
hing fa

m
ilia

r t
o a

ll.

Again
, w

e k
now

 th
at

 Em
ped

oc
les

 st
ud

ied
 th

e p
re

ssu
re

 of
 th

e a
ir i

n

th
e f

ift
h ce

ntu
ry

 B.
C., a

nd disc
ov

er
ed

 th
at

 it 
wou

ld
 su

ppor
t a

co
lum

n of
 w

at
er

 in
 a 

clo
se

d tu
be, 

so
 th

is 
phas

e o
f t

he s
ub

jec
t is

not
 new

. B
ut

 th
er

e i
s n

o h
in

t a
nyw

her
e b

ef
or

e t
his 

wor
k o

f H
er

o

of
 a 

cle
ar

 un
der

sta
nding th

at
 th

e e
xp

an
siv

e p
ro

per
tie

s o
f t

he a
ir

when
 co

m
pre

sse
d, o

r w
hen

 hea
te

d, m
ay

 be m
ad

e a
va

ila
ble 

as
 a 

m
ot

or

pow
er

. H
er

o, 
how

ev
er

, h
as

 th
e c

lea
re

st 
not

ion
s o

n th
e s

ub
jec

t a
nd

put
s t

hem
 to

 th
e p

ra
cti

ca
l te

st 
of

 ex
per

im
en

t. T
hus

 he c
on

str
uc

ts

num
er

ou
s m

ec
han

ism
s i

n w
hich

 th
e e

xp
an

siv
e p

ow
er

 of
 ai

r u
nder

pre
ssu

re
 is

 m
ad

e t
o d

o w
or

k, 
an

d ot
her

s i
n w

hich
 th

e s
am

e e
nd is

ac
co

m
plis

hed
 th

ro
ug

h th
e e

xp
an

siv
e p

ow
er

 of
 hea

te
d ai

r. F
or

ex
am

ple,
 th

e d
oo

rs 
of

 a 
te

m
ple 

ar
e m

ad
e t

o s
win

g op
en

au
to

m
at

ica
lly

 w
hen

 a 
fir

e i
s l

ig
hte

d on
 a 

dist
an

t a
lta

r, c
los

in
g

ag
ain

 w
hen

 th
e f

ire
 dies

 ou
t—

ef
fe

cts
 w

hich
 m

us
t h

av
e f

ille
d th

e

m
in

ds o
f t

he p
iou

s o
bse

rv
er

s w
ith

 bew
ild

er
m

en
t a

nd w
on

der
,

se
rv

in
g a 

m
os

t u
se

fu
l p

ur
pos

e f
or

 th
e p

rie
sts

, w
ho a

lon
e, 

we m
ay

as
su

m
e, 

wer
e i

n th
e s

ec
re

t. T
her

e w
er

e t
wo m

et
hod

s b
y w

hich
 th

is

ap
par

at
us

 w
as

 w
or

ke
d. In

 on
e t

he h
ea

te
d ai

r p
re

ss
ed

 on
 th

e w
at

er

in
 a 

clo
se

 re
to

rt 
co

nnec
te

d w
ith

 th
e a

lta
r, f

or
cin

g w
at

er
 ou

t o
f

th
e r

et
or

t in
to

 a 
buc

ke
t, w

hich
 by i

ts 
weig

ht a
pplie

d a 
fo

rce

th
ro

ug
h pull

ey
s a

nd ro
pes

 th
at

 tu
rn

ed
 th

e s
ta

ndar
ds o

n w
hich

 th
e

te
m

ple 
doo

rs 
re

vo
lve

d. W
he

n t
he

 fir
e d

ied
 dow

n t
he

 ai
r

co
nt

ra
cte

d, th
e w

at
er

 w
as

 si
pho

ne
d bac

k f
ro

m
 th

e b
uc

ke
t, w

hich
,

bein
g th

us
 lig

ht
en

ed
, le

t t
he

 doo
rs 

clo
se

 ag
ain

 th
ro

ug
h t

he

ac
tio

n o
f a

n o
rd

in
ar

y w
eig

ht
. T

he
 ot

he
r m

et
ho

d w
as

 a 
sli

ght

m
od

ific
at

ion
, in

 w
hi

ch
 th

e r
et

or
t o

f w
at

er
 w

as
 disp

en
se

d w
ith

 an
d

a l
ea

th
er

 sa
ck

 lik
e a

 la
rg

e f
oo

tb
all

 su
bsti

tu
ed

. T
he

 ro
pes

an
d pul

ley
s w

er
e c

on
ne

cte
d w

ith
 th

is 
sa

ck
, w

hi
ch

 ex
er

te
d a 

pul
l

whe
n t

he
 ho

t a
ir e

xp
an

ded
, a

nd
 w

hi
ch

 co
lla

pse
d an

d th
us

 re
lax

ed

its
 st

ra
in

 w
he

n t
he

 ai
r c

oo
led

. A
 gl

an
ce

 at
 th

e i
llu

str
at

ion
s

ta
ke

n f
ro

m
 H

er
o´

s b
oo

k w
ill 

m
ak

e t
he

 det
ail

s c
lea

r.

Oth
er

 m
ec

ha
ni

sm
s u

til
ize

d a 
so

m
ew

ha
t d

iff
er

en
t c

om
bin

at
ion

 of

weig
ht

s, 
pul

ley
s, 

an
d si

pho
ns

, o
per

at
ed

 by t
he

 ex
pan

siv
e p

ow
er

 of

air
, u

nh
ea

te
d but

 un
der

 pre
ss

ur
e, 

su
ch

 pre
ss

ur
e b

ein
g a

pplie
d

with
 a 

fo
rce

- p
um

p, o
r b

y t
he

 w
eig

ht
 of

 w
at

er
 ru

nn
in

g i
nt

o a

clo
se

d re
ce

pta
cle

. O
ne

 su
ch

 m
ec

ha
ni

sm
 give

s u
s a

 co
ns

ta
nt

 je
t o

f

wat
er

 or
 per

pet
ua

l fo
un

ta
in

. A
no

th
er

 cu
rio

us
 ap

plic
at

ion
 of

 th
e

prin
cip

le 
fu

rn
ish

es
 us

 w
ith

 an
 el

ab
or

at
e t

oy
, c

on
sis

tin
g o

f a

gr
ou

p of
 bird

s w
hi

ch
 al

te
rn

at
ely

 w
hi

stl
e o

r a
re

 si
len

t, w
hi

le 
an

ow
l s

ea
te

d on
 a 

ne
ig

hb
or

in
g p

er
ch

 tu
rn

s t
ow

ar
ds t

he
 bird

s w
he

n

th
eir

 so
ng

 beg
in

s a
nd

 aw
ay

 fr
om

 th
em

 w
he

n i
t e

nd
s. 

Th
e “

sin
gi

ng
”

of
 th

e b
ird

s, 
it m

us
t b

e e
xp

lai
ne

d, is
 pro

duc
ed

 by t
he

 ex
pul

sio
n

of
 ai

r t
hr

ou
gh

 tin
y t

ub
es

 pas
sin

g u
p th

ro
ug

h t
he

ir t
hr

oa
ts 

fro
m

 a

ta
nk

 belo
w. T

he
 ow

l is
 m

ad
e t

o t
ur

n b
y a

 m
ec

ha
ni

sm
 si

m
ila

r t
o

th
at

 w
hi

ch
 m

an
ip

ul
at

es
 th

e t
em

ple 
do

or
s. 

Th
e p

re
ss

ur
e i

s s
up

plie
d

m
er

ely
 by a

 st
re

am
 of

 ru
nn

in
g w

at
er

, a
nd

 th
e p

er
iod

ica
l s

ile
nc

e

of
 th

e b
ird

s i
s d

ue
 to

 th
e f

ac
t t

ha
t t

hi
s p

re
ss

ur
e i

s r
eli

ev
ed

th
ro

ug
h t

he
 au

to
m

at
ic 

sip
ho

ni
ng

 of
f o

f t
he

 w
at

er
 w

he
n i

t r
ea

ch
es

a c
er

ta
in

 he
ig

ht
. T

he
 ac

tio
n o

f t
he

 si
pho

n, 
it m

ay
 be a

dd
ed

, is

co
rre

ctl
y e

xp
lai

ne
d b

y H
er

o a
s d

ue
 to

 th
e g

re
at

er
 w

eig
ht

 of
 th

e

wat
er

 in
 th

e l
on

ge
r a

rm
 of

 th
e b

en
t t

ub
e. 

As b
ef

or
e m

en
tio

ne
d,

th
e s

ip
ho

n i
s r

ep
ea

te
dl

y u
se

d i
n t

he
se

 m
ec

ha
ni

sm
s o

f H
er

o. 
Th

e

di
ag

ra
m

 w
ill 

m
ak

e c
lea

r t
he

 ex
ac

t a
pplic

at
ion

 of
 it

 in
 th

e

pre
se

nt
 m

os
t i

ng
en

iou
s m

ec
ha

ni
sm

. W
e m

ay
 ad

d t
ha

t t
he

 prin
cip

le

of
 th

e w
hi

stl
e w

as
 a 

fav
or

ite
 on

e o
f H

er
o. 

By
 th

e a
id

 of
 a

sim
ila

r m
ec

ha
ni

sm
 he

 bro
ug

ht
 ab

ou
t t

he
 blow

in
g o

f t
ru

m
pet

s w
he

n

th
e t

em
ple 

do
or

s w
er

e o
pen

ed
, a

 phe
no

m
en

on
 w

hi
ch

 m
us

t g
re

at
ly

ha
ve

 en
ha

nc
ed

 th
e m

ys
tif

ica
tio

n. 
It 

is 
pos

sib
le 

th
at

 th
is

prin
cip

le 
was

 ut
iliz

ed
 al

so
 in

 co
nn

ec
tio

n w
ith

 st
at

ue
s t

o p
ro

du
ce

se
em

in
gl

y s
up

er
na

tu
ra

l e
ffe

cts
. T

hi
s m

ay
 be t

he
 ex

plan
at

ion
 of

th
e t

ra
di

tio
n o

f t
he

 sp
ea

kin
g s

ta
tu

e i
n t

he
 te

m
ple 

of
 A

m
m

on
 at

Th
eb

es
.

{ill
us

tra
tio

n c
ap

tio
n =

 D
EV

IC
E F

OR C
AUSIN

G TH
E D

OORS
 O

F T
HE

TE
M

PL
E T

O O
PE

N W
HEN

 TH
E F

IR
E O

N TH
E A

LT
AR I

S L
IG

HTE
D (A

ir h
ea

te
d

in
 th

e a
lta

r F
 dr

ive
s w

at
er

 fr
om

 th
e c

los
ed

 re
ce

pt
ac

le 
H th

ro
ug

h

th
e t

ub
e K

L i
nt

o t
he

 bu
ck

et
 M

, w
hi

ch
 de

sc
en

ds
 th

ro
ug

h g
ra

vit
y,

th
us

 op
en

in
g t

he
 do

or
s. 

W
he

n t
he

 al
ta

r c
oo

ls,
 th

e a
ir c

on
tra

cts
,

th
e w

at
er

 is
 su

ck
ed

 fr
om

 th
e b

uc
ke

t, a
nd

 th
e w

eig
ht

 an
d p

ul
ley

clo
se

 th
e d

oo
rs.

)}

{ill
us

tra
tio

n c
ap

tio
n =

 TH
E S

TE
AM

-E
NGIN

E O
F H

ER
O (T

he
 st

ea
m

ge
ne

ra
te

d i
n t

he
 re

ce
pt

ac
le 

AB p
as

se
s t

hr
ou

gh
 th

e t
ub

e E
F i

nt
o

th
e g

lo
be

, a
nd

 es
ca

pe
s t

hr
ou

gh
 th

e b
en

t t
ub

es
 H

 an
d K

, c
au

sin
g

th
e g

lo
be

 to
 ro

ta
te

 on
 th

e a
xis

 LG
.)}

Th
e u

til
iza

tio
n o

f t
he

 pr
op

er
tie

s o
f c

om
pr

es
se

d a
ir w

as
 no

t

co
nf

in
ed

, h
ow

ev
er

, e
xc

lu
siv

ely
 to

 m
er

e t
oy

s, 
or

 to
 pr

od
uc

e

m
ira

cu
lo

us
 ef

fe
cts

. T
he

 sa
m

e p
rin

cip
le 

was
 ap

pl
ied

 to
 a 

pr
ac

tic
al

fir
e-

en
gi

ne
, w

or
ke

d b
y l

ev
er

s a
nd

 fo
rce

-p
um

ps
; a

n a
pp

ar
at

us
, in

sh
or

t, a
lto

ge
th

er
 si

m
ila

r t
o t

ha
t s

til
l in

 us
e i

n r
ur

al

di
str

ict
s. 

A sl
ig

ht
ly 

di
ffe

re
nt

 ap
pl

ica
tio

n o
f t

he
 m

ot
ive

 po
wer

of
 ex

pa
nd

in
g a

ir i
s f

ur
ni

sh
ed

 in
 a 

ve
ry

 cu
rio

us
 to

y c
all

ed
 “t

he

da
nc

in
g f

ig
ur

es
.“ 

In
 th

is,
 ai

r h
ea

te
d i

n a
 re

to
rt 

lik
e a

m
in

iat
ur

e a
lta

r is
 al

lo
wed

 to
 es

ca
pe

 th
ro

ug
h t

he
 si

de
s o

f t
wo

pa
irs

 of
 re

vo
lvi

ng
 ar

m
s p

re
cis

ely
 lik

e t
ho

se
 of

 th
e o

rd
in

ar
y

re
vo

lvi
ng

 fo
un

ta
in

 w
ith

 w
hi

ch
 w

e a
re

 ac
cu

sto
m

ed
 to

 w
at

er
 ou

r

law
ns

, th
e r

ev
ol

vin
g a

rm
s b

ein
g a

tta
ch

ed
 to

 a 
pl

an
e o

n w
hi

ch

se
ve

ra
l p

air
s o

f s
ta

tu
et

te
s r

ep
re

se
nt

in
g d

an
ce

rs 
ar

e p
lac

ed
, A

n

ev
en

 m
or

e i
nt

er
es

tin
g a

pp
lic

at
ion

 of
 th

is 
pr

in
cip

le 
of

 se
tti

ng
 a

whe
el 

in
 m

ot
io

n i
s f

ur
ni

sh
ed

 in
 a 

m
ec

ha
ni

sm
 w

hi
ch

 m
us

t b
e

co
ns

id
er

ed
 th

e e
ar

lie
st 

of
 st

ea
m

-e
ng

in
es

. H
er

e, 
as

 th
e n

am
e

im
pl

ies
, th

e g
as

 su
pp

lyi
ng

 th
e m

ot
ive

 po
wer

 is
 ac

tu
all

y s
te

am
.

Th
e a

pp
ar

at
us

 m
ad

e t
o r

ev
ol

ve
 is

 a 
gl

ob
e c

on
ne

cte
d w

ith
 th

e

ste
am

-re
to

rt 
by

 a 
tu

be
 w

hi
ch

 se
rv

es
 as

 on
e o

f it
s a

xe
s, 

th
e s

te
am

es
ca

pi
ng

 fr
om

 th
e g

lo
be

 th
ro

ug
h t

wo b
en

t t
ub

es
 pl

ac
ed

 at
 ei

th
er

en
d o

f a
n e

qu
at

or
ial

 di
am

et
er

. It
 do

es
 no

t a
pp

ea
r t

ha
t H

er
o h

ad

an
y t

ho
ug

ht
 of

 m
ak

in
g p

ra
cti

ca
l u

se
 of

 th
is 

ste
am

- e
ng

in
e. 

It 
was

m
er

ely
 a 

cu
rio

us
 to

y—
no

th
in

g m
or

e. 
Ye

t h
ad

 no
t t

he
 ag

e t
ha

t

su
cc

ee
de

d t
ha

t o
f H

er
o b

ee
n o

ne
 in

 w
hi

ch
 in

ve
nt

ive
 ge

ni
us

 w
as

do
rm

an
t, s

om
e o

ne
 m

us
t s

oo
n h

av
e h

it 
up

on
 th

e i
de

a t
ha

t t
hi

s

ste
am

- e
ng

in
e m

ig
ht

 be
 im

pr
ov

ed
 an

d m
ad

e t
o s

er
ve

 a 
us

ef
ul

pu
rp

os
e. 

As t
he

 ca
se

 st
an

ds
, h

ow
ev

er
, th

er
e w

as
 no

 ad
va

nc
e m

ad
e

up
on

 th
e s

te
am

 m
ot

or
 of

 H
er

o f
or

 al
m

os
t t

wo t
ho

us
an

d y
ea

rs.
 A

nd
,

in
de

ed
, w

he
n t

he
 pr

ac
tic

al 
ap

pl
ica

tio
n o

f s
te

am
 w

as
 m

ad
e, 

to
war

ds

th
e c

lo
se

 of
 th

e e
ig

ht
ee

nt
h c

en
tu

ry
, it

 w
as

 m
ad

e p
ro

ba
bl

y q
ui

te

with
ou

t r
ef

er
en

ce
 to

 th
e e

xp
er

im
en

t o
f H

er
o, 

th
ou

gh
 kn

ow
led

ge
 of

hi
s t

oy
 m

ay
 pe

rh
ap

s h
av

e g
ive

n a
 cl

ew
 to

 W
at

t o
r h

is

pr
ed

ec
es

so
rs.

{il
lu

str
at

io
n c

ap
tio

n =
 TH

E S
LO

T-
M

ACH
IN

E O
F H

ER
O (T

he
 co

in

in
tro

du
ce

d a
t A

 fa
lls

 on
 th

e l
ev

er
 R,

 an
d b

y i
ts 

weig
ht

 op
en

s t
he

va
lve

 S,
 pe

rm
itt

in
g t

he
 liq

ui
d t

o e
sc

ap
e t

hr
ou

gh
 th

e i
nv

isi
bl

e

tu
be

 LM
. A

s t
he

 le
ve

r t
ip

s, 
th

e c
oi

n s
lid

es
 of

f a
nd

 th
e v

alv
e

clo
se

s. 
Th

e l
iq

ui
d i

n t
an

k m
us

t o
f c

ou
rse

 be
 ke

pt
 ab

ov
e F

.)}

In
 re

ce
nt

 ti
m

es
 th

er
e h

as
 be

en
 a 

te
nd

en
cy

 to
 gi

ve
 to

 th
is

ste
am

-e
ng

in
e o

f H
er

o s
om

et
hi

ng
 m

or
e t

ha
n f

ul
l m

ee
d o

f

ap
pr

ec
iat

io
n. 

To
 be

 su
re

, it
 m

ar
ke

d a
 m

os
t i

m
po

rta
nt

 pr
in

cip
le 

in

th
e c

on
ce

pt
io

n t
ha

t s
te

am
 m

ig
ht

 be
 us

ed
 as

 a 
m

ot
ive

 po
wer

, b
ut

,

ex
ce

pt
 in

 th
e d

em
on

str
at

io
n o

f t
hi

s p
rin

cip
le,

 th
e m

ec
ha

ni
sm

 of

Her
o w

as
 m

uc
h t

oo
 pr

im
iti

ve
 to

 be
 of

 an
y i

m
po

rta
nc

e. 
Bu

t t
he

re
 is

on
e m

ec
ha

ni
sm

 de
sc

rib
ed

 by
 H

er
o w

hi
ch

 w
as

 a 
m

os
t e

xp
lic

it

an
tic

ip
at

io
n o

f a
 de

vic
e, 

whi
ch

 pr
es

um
ab

ly 
so

on
 w

en
t o

ut
 of

 us
e,

an
d w

hi
ch

 w
as

 no
t r

ein
ve

nt
ed

 un
til

 to
war

ds
 th

e c
lo

se
 of

 th
e

ni
ne

te
en

th
 ce

nt
ur

y. 
Th

is 
was

 a 
de

vic
e w

hi
ch

 ha
s b

ec
om

e f
am

ilia
r

in
 re

ce
nt

 ti
m

es
 as

 th
e p

en
ny

-in
-th

e-
slo

t m
ac

hi
ne

. W
he

n t
ow

ar
ds

th
e c

lo
se

 of
 th

e n
in

et
ee

nt
h c

en
tu

ry
 so

m
e i

nv
en

tiv
e c

ra
fts

m
an

 hi
t

up
on

 th
e i

de
a o

f a
n a

ut
om

at
ic 

m
ac

hi
ne

 to
 su

pp
ly 

ca
nd

y, 
a b

ox
 of

cig
ar

et
te

s, 
or

 a 
whi

ff 
of

 p
er

fu
m

er
y, 

he
 m

ay
 or

 m
ay

 no
t h

av
e

bo
rro

wed
 hi

s i
de

a f
ro

m
 th

e s
lo

t-m
ac

hi
ne

 of
 H

er
o; 

bu
t i

n a
ny

ev
en

t, i
ns

te
ad

 of
 b

ein
g a

n i
nn

ov
at

or
 he

 w
as

 re
all

y t
wo t

ho
us

an
d

ye
ar

s b
eh

in
d t

he
 ti

m
es

, fo
r t

he
 sl

ot
-m

ac
hi

ne
 of

 H
er

o i
s t

he

pr
ec

ise
 p

ro
to

ty
pe

 of
 th

es
e m

od
er

n o
ne

s.

Th
e p

ar
tic

ul
ar

 fu
nc

tio
n w

hi
ch

 th
e m

ec
ha

ni
sm

 of
 H

er
o w

as
 de

sti
ne

d

to
 fu

lfi
l w

as
 th

e d
ist

rib
ut

io
n o

f a
 je

t o
f w

at
er

, p
re

su
m

ab
ly 

us
ed

fo
r s

ac
ra

m
en

ta
l p

ur
po

se
s, 

whi
ch

 w
as

 gi
ve

n o
ut

 au
to

m
at

ica
lly

 w
he

n

a f
ive

- d
ra

ch
m

a c
oi

n w
as

 dr
op

pe
d i

nt
o t

he
 sl

ot
 at

 th
e t

op
 of

 th
e

m
ac

hi
ne

. T
he

 in
te

rn
al 

m
ec

ha
ni

sm
 of

 th
e m

ac
hi

ne
 w

as
 si

m
pl

e e
no

ug
h,

co
ns

ist
in

g m
er

ely
 of

 a 
lev

er
 op

er
at

in
g a

 va
lve

 w
hi

ch
 w

as
 op

en
ed

by
 th

e w
eig

ht
 of

 th
e c

oi
n d

ro
pp

in
g o

n t
he

 lit
tle

 sh
elf

 at
 th

e e
nd

of
 th

e l
ev

er
, a

nd
 w

hi
ch

 cl
os

ed
 ag

ain
 w

he
n t

he
 co

in
 sl

id
 of

f t
he

sh
elf

. T
he

 ill
us

tra
tio

n w
ill 

sh
ow

 ho
w si

m
pl

e t
hi

s m
ec

ha
ni

sm
 w

as
.

Ye
t t

o t
he

 w
or

sh
ip

pe
rs,

 w
ho

 p
ro

ba
bl

y h
ad

 en
te

re
d t

he
 te

m
pl

e

th
ro

ug
h d

oo
rs 

m
ira

cu
lo

us
ly 

op
en

ed
, a

nd
 w

ho
 no

w w
itn

es
se

d t
hi

s

se
em

in
gl

y i
nt

ell
ig

en
t r

es
po

ns
e o

f a
 m

ac
hi

ne
, th

e r
es

ul
t m

us
t h

av
e

se
em

ed
 m

ys
tif

yin
g e

no
ug

h;
 an

d,
 in

de
ed

, fo
r u

s a
lso

, w
he

n w
e

co
ns

id
er

 ho
w re

lat
ive

ly 
cru

de
 w

as
 th

e m
ec

ha
ni

ca
l k

no
wled

ge
 of

 th
e

tim
e, 

th
is 

m
us

t s
ee

m
 no

th
in

g l
es

s t
ha

n m
ar

ve
llo

us
. A

s i
n

im
ag

in
at

io
n w

e w
alk

 up
 to

 th
e s

ac
re

d t
an

k, 
dr

op
 ou

r d
ra

ch
m

a i
n

th
e s

lo
t, a

nd
 ho

ld
 ou

r h
an

d f
or

 th
e s

pu
rt 

of
 ho

ly-
wat

er
, c

an
 w

e

re
ali

ze
 th

at
 th

is 
is 

th
e l

an
d o

f t
he

 Ph
ar

ao
hs

, n
ot

 En
gl

an
d o

r

Am
er

ica
; th

at
 th

e k
in

gd
om

 of
 th

e P
to

lem
ies

 is
 st

ill 
at

 it
s

he
ig

ht
; th

at
 th

e r
ep

ub
lic

 of
 Ro

m
e i

s m
ist

re
ss

 of
 th

e w
or

ld
; th

at

all
 Eu

ro
pe

 no
rth

 of
 th

e A
lp

s i
s i

nh
ab

ite
d s

ol
ely

 b
y b

ar
ba

ria
ns

;

th
at

 C
leo

pa
tra

 an
d 

Ju
liu

s C
ae

sa
r a

re
 ye

t u
nb

or
n;

 th
at

 th
e

Ch
ris

tia
n e

ra
 ha

s n
ot

 ye
t b

eg
un

? T
ru

ly,
 it

 se
em

s a
s i

f t
he

re

co
ul

d b
e n

o n
ew

 th
in

g u
nd

er
 th

e s
un

.

<ch
ap

te
rh

ea
de

r l
in
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W
e h

av
e s

ee
n t

ha
t t

he
 th

ird
 ce

nt
ur

y B
.C

. w
as

 a 
tim

e w
he

n

We have seen that the third century B.C. was a tim
e when

Alex
an

dr
ian

 sc
ien

ce
 w

as
 at

 it
s h

eig
ht

, b
ut

 th
at

 th
e s

ec
on

d

Alexandrian science was at its
 height, but that the second

ce
nt

ur
y p

ro
du

ce
d 

als
o i

n H
ip

pa
rch

us
 at

 le
as

t o
ne

 in
ve

sti
ga

to
r o

f

century produced also in Hipparchus at least one investigator of

th
e v

er
y f

irs
t r

an
k; 

th
ou

gh
, to

 b
e s

ur
e, 

Hip
pa

rch
us

 ca
n b

e c
all

ed

the very firs
t rank; though, to be sure, Hipparchus can be called

an
 A

lex
an

dr
ian

 on
ly 

by
 co

ur
te

sy
. In

 th
e e

ns
ui

ng
 ge

ne
ra

tio
ns

 th
e

an Alexandrian only by courtesy. In the ensuing generations the

Gre
ek

 ca
pi

ta
l a

t t
he

 m
ou

th
 of

 th
e N

ile
 co

nt
in

ue
d 

to
 ho

ld
 it

s

Greek capital at the mouth of the Nile continued to hold its

pl
ac

e a
s t

he
 ce

nt
re

 of
 sc

ien
tif

ic 
an

d 
ph

ilo
so

ph
ica

l t
ho

ug
ht

. T
he

place as the centre of scientific
 and philosophical thought. The

kin
gd

om
 of

 th
e P

to
lem

ies
 st

ill 
flo

ur
ish

ed
 w

ith
 at

 le
as

t t
he

kingdom of the Ptolemies still f
lourished with at least the

ou
tw

ar
d 

ap
pe

ar
an

ce
s o

f it
s o

ld
-ti

m
e g

lo
ry

, a
nd

 a 
co

m
pa

ny
 of

outward appearances of its
 old-tim

e glory, and a company of

gr
am

m
ar

ian
s a

nd
 co

m
m

en
ta

to
rs 

of
 no

 sm
all

 m
er

it 
co

ul
d 

alw
ay

s b
e

grammarians and commentators of no small m
erit c

ould always be

fo
un

d 
in

 th
e s

er
vic

e o
f t

he
 fa

m
ou

s m
us

eu
m

 an
d 

lib
ra

ry
; b

ut
 th

e

found in the service of the famous museum and library; but the

who
le 

as
pe

ct
 of

 w
or

ld
-h

ist
or

y w
as

 ra
pi

dl
y c

ha
ng

in
g.

 G
re

ec
e, 

af
te

r

whole aspect of world-history was rapidly changing. Greece, after

he
r b

rie
f d

ay
 of

 p
ol

iti
ca

l s
up

re
m

ac
y, 

was
 si

nk
in

g r
ap

id
ly

her brief day of politic
al supremacy, was sinking rapidly

in
to

 d
es

ue
tu

de
, a

nd
 th

e h
ar

d-
he

ad
ed

 Ro
m

an
 in

 th
e W

es
t w

as
 m

ak
in

g

into desuetude, and the hard-headed Roman in the West was making

hi
m

se
lf m

as
te

r e
ve

ry
whe

re
. W

hi
le 

Hip
pa

rch
us

 of
 Rh

od
es

 w
as

 in
 hi

s

himself m
aster everywhere. While Hipparchus of Rhodes was in his

pr
im

e, 
Co

rin
th

, th
e l

as
t s

tro
ng

ho
ld

 of
 th

e m
ain

-la
nd

 of
 G

re
ec

e,

prime, Corinth, the last stronghold of the main-land of Greece,

ha
d 

fa
lle

n b
ef

or
e t

he
 p

ro
wes

s o
f t

he
 Ro

m
an

, a
nd

 th
e k

in
gd

om
 of

had fallen before the prowess of the Roman, and the kingdom of

th
e P

to
lem

ies
, t

ho
ug

h s
til

l n
om

in
all

y f
re

e, 
ha

d 
be

gu
n t

o c
om

e

the Ptolemies, though still n
ominally free, had begun to come

with
in

 th
e s

ph
er

e o
f R

om
an

 in
flu

en
ce

.

within the sphere of Roman influence.

Ju
st 

wha
t s

ha
re

 th
es

e p
ol

iti
ca

l c
ha

ng
es

 ha
d 

in
 ch

an
gi

ng
 th

e

as
pe

ct
 of

 G
re

ek
 th

ou
gh

t i
s a

 q
ue

sti
on

 re
ga

rd
in

g 
whi

ch
 d

iff
er

en
ce

of
 op

in
io

n m
ig

ht
 ea

sil
y p

re
va

il; 
bu

t t
he

re
 ca

n b
e n

o q
ue

sti
on

th
at

, fo
r o

ne
 re

as
on

 or
 an

ot
he

r, t
he

 A
lex

an
dr

ian
 sc

ho
ol

 as
 a

cr
ea

tiv
e c

en
tre

 w
en

t i
nt

o a
 ra

pi
d 

de
cli

ne
 at

 ab
ou

t t
he

 ti
m

e o
f

th
e R

om
an

 ri
se

 to
 w

or
ld

-p
ow

er
. T

he
re

 ar
e s

om
e d

ist
in

gu
ish

ed

na
m

es
, b

ut
, a

s a
 g

en
er

al 
ru

le,
 th

e s
pi

rit
 of

 th
e t

im
es

 is

re
m

in
isc

en
t r

at
he

r t
ha

n 
cr

ea
tiv

e; 
th

e w
or

ke
rs 

te
nd

 to
 co

lla
te

 th
e

re
se

ar
ch

es
 of

 th
eir

 p
re

de
ce

ss
or

s r
at

he
r t

ha
n 

to
 m

ak
e n

ew
 an

d

or
ig

in
al 

re
se

ar
ch

es
 fo

r t
he

m
se

lve
s. 

Er
at

os
th

en
es

, t
he

 in
ve

nt
ive

wor
ld

-m
ea

su
re

r, w
as

 su
cc

ee
de

d 
by

 St
ra

bo
, t

he
 in

du
str

io
us

 co
lla

to
r

of
 fa

ct
s; 

Aris
ta

rc
hu

s a
nd

 H
ip

pa
rc

hu
s, 

th
e o

rig
in

at
or

s o
f n

ew

as
tro

no
m

ica
l m

et
ho

ds
, w

er
e s

uc
ce

ed
ed

 b
y P

to
lem

y, 
th

e p
er

fe
ct

er
 of

th
eir

 m
et

ho
ds

 an
d 

th
e s

ys
te

m
at

ize
r o

f t
he

ir 
kn

ow
led

ge
. M

ea
nw

hi
le,

in
 th

e W
es

t, 
Ro

m
e n

ev
er

 b
ec

am
e a

 tr
ue

 cu
ltu

re
-ce

nt
re

. T
he

 g
re

at

ge
ni

us
 of

 th
e R

om
an

 w
as

 p
ol

iti
ca

l; t
he

 A
ug

us
ta

n 
Age

 p
ro

du
ce

d 
a

fe
w g

re
at

 h
ist

or
ian

s a
nd

 p
oe

ts,
 b

ut
 n

ot
 a 

sin
gl

e g
re

at

ph
ilo

so
ph

er
 or

 cr
ea

tiv
e d

ev
ot

ee
 of

 sc
ien

ce
. C

ice
ro

, L
uc

ian
,

Se
ne

ca
, M

ar
cu

s A
ur

eli
us

, g
ive

 us
 at

 b
es

t a
 re

fle
ct

io
n 

of
 G

re
ek

ph
ilo

so
ph

y. 
Pl

in
y, 

th
e o

ne
 w

or
ld

-fa
m

ou
s n

am
e i

n 
th

e s
cie

nt
ifi

c

an
na

ls 
of

 Ro
m

e, 
ca

n 
lay

 cl
aim

 to
 n

o h
ig

he
r c

re
di

t t
ha

n 
th

at
 of

 a

m
ar

ve
llo

us
ly 

in
du

str
io

us
 co

lle
ct

or
 of

 fa
ct

s—
th

e c
om

pi
ler

 of
 an

en
cy

clo
pa

ed
ia 

whi
ch

 co
nt

ain
s n

ot
 on

e c
re

at
ive

 to
uc

h.

All i
n 

all
, t

he
n,

 th
is 

ep
oc

h 
of

 Ro
m

an
 d

om
in

at
io

n 
is 

on
e t

ha
t n

ee
d

de
ta

in
 th

e h
ist

or
ian

 of
 sc

ien
ce

 b
ut

 a 
br

ief
 m

om
en

t. 
W

ith
 th

e

cu
lm

in
at

io
n 

of
 G

re
ek

 ef
fo

rt 
in

 th
e s

o-
ca

lle
d 

Hell
en

ist
ic 

pe
rio

d

we h
av

e s
ee

n 
an

cie
nt

 sc
ien

ce
 at

 it
s c

lim
ax

. T
he

 Ro
m

an
 p

er
io

d 
is

bu
t a

 ti
m

e o
f t

ra
ns

iti
on

, m
ar

kin
g,

 as
 it

 w
er

e, 
a p

lat
ea

u o
n 

th
e

slo
pe

 b
et

wee
n 

th
os

e e
ar

lie
r h

eig
ht

s a
nd

 th
e d

ee
p,

 d
ar

k v
all

ey
s o

f

th
e M

id
dl

e A
ge

s. 
Ye

t w
e c

an
no

t q
ui

te
 d

isr
eg

ar
d 

th
e e

ffo
rts

 of

su
ch

 w
or

ke
rs 

as
 th

os
e w

e h
av

e j
us

t n
am

ed
. L

et
 us

 ta
ke

 a 
m

or
e

sp
ec

ifi
c g

lan
ce

 at
 th

eir
 ac

co
m

pl
ish

m
en

ts.

ST
RA

BO
 TH

E G
EO

GRA
PH

ER

ST
RA

BO
 TH

E G
EO

GRA
PH

ER

Th
e e

ar
lie

st 
of

 th
es

e w
or

ke
rs 

in
 p

oi
nt

 of
 ti

m
e i

s S
tra

bo
. T

hi
s

m
os

t f
am

ou
s o

f a
nc

ien
t g

eo
gr

ap
he

rs 
was

 b
or

n 
in

 A
m

as
ia,

 Po
nt

us
,

ab
ou

t 6
3 B

.C
., a

nd
 liv

ed
 to

 th
e y

ea
r 2

4 A
.D

., l
ivi

ng
, t

he
re

fo
re

,

63
   

24
   in

 th
e a

ge
 of

 C
ae

sa
r a

nd
 A

ug
us

tu
s, 

du
rin

g 
whi

ch
 th

e f
in

al

tra
ns

fo
rm

at
io

n 
in

 th
e p

ol
iti

ca
l p

os
iti

on
 of

 th
e k

in
gd

om
 of

 Eg
yp

t

was
 ef

fe
ct

ed
. T

he
 n

am
e o

f S
tra

bo
 in

 a 
m

od
ifi

ed
 fo

rm
 h

as
 b

ec
om

e

po
pu

lar
ize

d 
th

ro
ug

h 
a c

ur
io

us
 ci

rc
um

sta
nc

e. 
Th

e g
eo

gr
ap

he
r, 

it

ap
pe

ar
s, 

was
 af

fli
ct

ed
 w

ith
 a 

pe
cu

lia
r s

qu
in

t o
f t

he
 ey

es
, h

en
ce

th
e n

am
e s

tra
bi

sm
us

, w
hi

ch
 th

e m
od

er
n 

oc
ul

ist
 ap

pl
ies

 to
 th

at

pa
rti

cu
lar

 in
fir

m
ity

.

Fo
rtu

na
te

ly,
 th

e g
re

at
 g

eo
gr

ap
he

r h
as

 n
ot

 b
ee

n 
fo

rc
ed

 to
 d

ep
en

d

up
on

 h
ea

rsa
y e

vid
en

ce
 fo

r r
ec

og
ni

tio
n.

 H
is 

co
m

pr
eh

en
siv

e w
or

k o
n

ge
og

ra
ph

y h
as

 b
ee

n 
pr

es
er

ve
d 

in
 it

s e
nt

ire
ty

, b
ein

g 
on

e o
f t

he

fe
w ex

pa
ns

ive
 cl

as
sic

al 
writ

in
gs

 of
 w

hi
ch

 th
is 

is 
tru

e. 
Th

e o
th

er

writ
in

gs
 of

 St
ra

bo
, h

ow
ev

er
, in

clu
di

ng
 ce

rta
in

 h
ist

or
ies

 of
 w

hi
ch

re
po

rts
 h

av
e c

om
e d

ow
n 

to
 u

s, 
ar

e e
nt

ire
ly 

lo
st.

 Th
e g

eo
gr

ap
hy

 is

in
 m

an
y w

ay
s a

 re
m

ar
ka

bl
e b

oo
k. 

It 
is 

no
t, 

ho
wev

er
, a

 w
or

k i
n

whi
ch

 an
y i

m
po

rta
nt

 n
ew

 p
rin

cip
les

 ar
e i

nv
ol

ve
d.

 Ra
th

er
 is

 it

ty
pi

ca
l o

f it
s a

ge
 in

 th
at

 it
 is

 an
 el

ab
or

at
e c

om
pi

lat
io

n 
an

d 
a

cr
iti

ca
l r

ev
iew

 of
 th

e l
ab

or
s o

f S
tra

bo
´s 

pr
ed

ec
es

so
rs.

 D
ou

bt
les

s

it 
co

nt
ain

s a
 va

st 
de

al 
of

 n
ew

 in
fo

rm
at

io
n 

as
 to

 th
e d

et
ail

s o
f

ge
og

ra
ph

y—
pr

ec
ise

 ar
ea

s a
nd

 d
ist

an
ce

, q
ue

sti
on

s o
f g

eo
gr

ap
hi

ca
l

lo
ca

tio
ns

 as
 to

 la
tit

ud
e a

nd
 zo

ne
s, 

an
d 

th
e l

ike
. B

ut
 h

ow
ev

er

im
po

rta
nt

 th
es

e d
et

ail
s m

ay
 h

av
e b

ee
n 

fro
m

 a 
co

nt
em

po
ra

ry

sta
nd

-p
oi

nt
, t

he
y, 

of
 co

ur
se

, c
an

 h
av

e n
ot

hi
ng

 m
or

e t
ha

n

hi
sto

ric
al 

in
te

re
st 

to
 p

os
te

rit
y. 

Th
e v

alu
e o

f t
he

 w
or

k f
ro

m
 ou

r

pr
es

en
t s

ta
nd

-p
oi

nt
 is

 ch
ief

ly 
du

e t
o t

he
 cr

iti
cis

m
s w

hi
ch

 St
ra

bo

pa
ss

es
 u

po
n 

hi
s f

or
er

un
ne

rs,
 an

d 
to

 th
e i

nc
id

en
ta

l h
ist

or
ica

l a
nd

sc
ien

tif
ic 

re
fe

re
nc

es
 w

ith
 w

hi
ch

 h
is 

wor
k a

bo
un

ds
. B

ein
g 

writ
te

n

in
 th

is 
clo

sin
g 

pe
rio

d 
of

 an
cie

nt
 p

ro
gr

es
s, 

an
d 

su
m

m
ar

izi
ng

, a
s

it 
do

es
, in

 fu
ll d

et
ail

 th
e g

eo
gr

ap
hi

ca
l k

no
wled

ge
 of

 th
e t

im
e,

it 
se

rv
es

 as
 an

 im
po

rta
nt

 g
ui

de
-m

ar
k f

or
 th

e s
tu

de
nt

 of
 th

e

pr
og

re
ss

 of
 sc

ien
tif

ic 
th

ou
gh

t. 
W

e c
an

no
t d

o b
et

te
r t

ha
n 

br
ief

ly

to
 fo

llo
w St

ra
bo

 in
 h

is 
es

tim
at

es
 an

d 
cr

iti
cis

m
s o

f t
he

 w
or

k o
f

hi
s p

re
de

ce
ss

or
s, 

ta
kin

g 
no

te
 th

us
 of

 th
e p

oi
nt

 of
 vi

ew
 fr

om

whi
ch

 h
e h

im
se

lf l
oo

ke
d 

ou
t u

po
n 

th
e w

or
ld

. W
e s

ha
ll t

hu
s g

ain
 a

cle
ar

 id
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 th
e g

re
at

 o
ce

an
 h

eld
 th

e m
ar

in
er

 b
ac

k,

ra
th

er
 th

an
 an

y d
ou

bt
 as

 to
 w

he
re

 h
e w

ou
ld

 ar
riv

e a
t t

he
 en

d 
of

th
e v

oy
ag

e.

Co
up

led
 w

ith
 th

e i
de

a t
ha

t t
he

 h
ab

ita
bl

e p
or

tio
n 

of
 th

e e
ar

th
 is

an
 is

lan
d,

 th
er

e w
as

 lin
ke

d 
a t

ol
er

ab
ly 

de
fin

ite
 n

ot
io

n 
as

 to
 th

e

sh
ap

e o
f t

hi
s i

sla
nd

. T
hi

s s
ha

pe
 St

ra
bo

 lik
en

s t
o 

a m
ilit

ar
y

clo
ak

. T
he

 co
m

pa
ris

on
 d

oe
s n

ot
 se

em
 p

ec
ul

iar
ly 

ap
t w

he
n 

w
e a

re

to
ld

 p
re

se
nt

ly 
th

at
 th

e l
en

gt
h 

of
 th

e h
ab

ita
bl

e e
ar

th
 is

 m
or

e

th
an

 tw
ice

 it
s b

re
ad

th
. T

hi
s i

de
a, 

St
ra

bo
 as

su
re

s u
s, 

ac
co

rd
s

w
ith

 th
e m

os
t a

cc
ur

at
e o

bs
er

va
tio

ns
 “b

ot
h 

an
cie

nt
 an

d 
m

od
er

n.
“

Th
es

e o
bs

er
va

tio
ns

 se
em

ed
 to

 sh
ow

 th
at

 it
 is

 n
ot

 p
os

sib
le 

to
 liv

e

in
 th

e r
eg

io
n 

clo
se

 to
 th

e e
qu

at
or

, a
nd

 th
at

, o
n 

th
e o

th
er

 h
an

d,

th
e c

ol
d 

te
m

pe
ra

tu
re

 sh
ar

pl
y l

im
its

 th
e h

ab
ita

bi
lit

y o
f t

he
 g

lo
be

to
w

ar
ds

 th
e n

or
th

. A
ll t

he
 ci

vil
iza

tio
n 

of
 an

tiq
ui

ty
 cl

us
te

re
d

ab
ou

t t
he

 M
ed

ite
rra

ne
an

, o
r e

xt
en

de
d 

of
f t

ow
ar

ds
 th

e e
as

t a
t

ab
ou

t t
he

 sa
m

e l
at

itu
de

. H
en

ce
 g

eo
gr

ap
he

rs 
ca

m
e t

o 
th

in
k o

f t
he

ha
bi

ta
bl

e g
lo

be
 as

 h
av

in
g 

th
e s

om
ew

ha
t l

en
tic

ul
ar

 sh
ap

e w
hi

ch
 a

cr
ud

e m
ap

 o
f t

he
se

 re
gi

on
s s

ug
ge

sts
. W

e h
av

e a
lre

ad
y h

ad
 o

cc
as

io
n

to
 se

e t
ha

t a
t a

n 
ea

rli
er

 d
ay

 A
na

xa
go

ra
s w

as
 p

er
ha

ps
 in

flu
en

ce
d

in
 h

is 
co

nc
ep

tio
n 

of
 th

e s
ha

pe
 o

f t
he

 ea
rth

 b
y t

hi
s i

de
a, 

an
d 

th
e

co
ns

ta
nt

 re
fe

re
nc

es
 o

f S
tra

bo
 im

pr
es

s u
po

n 
us

 th
e t

ho
ug

ht
 th

at

th
is 

lo
ng

, r
el

at
ive

ly 
na

rro
w

 ar
ea

 o
f t

he
 ea

rth
´s 

su
rfa

ce
 is

 th
e

on
ly 

on
e w

hi
ch

 ca
n 

be
 co

nc
eiv

ed
 o

f a
s h

ab
ita

bl
e.

St
ra

bo
 h

ad
 m

uc
h 

to
 te

ll u
s c

on
ce

rn
in

g 
zo

ne
s, 

w
hi

ch
, fo

llo
w

in
g

Po
sid

on
iu

s, 
he

 b
el

iev
es

 to
 h

av
e b

ee
n 

fir
st 

de
sc

rib
ed

 b
y

Pa
rm

en
id

es
. W

e m
ay

 n
ot

e, 
ho

w
ev

er
, t

ha
t o

th
er

 tr
ad

iti
on

s a
ss

er
t

th
at

 b
ot

h 
Th

ale
s a

nd
 P

yt
ha

go
ra

s h
ad

 d
ivi

de
d 

th
e e

ar
th

 in
to

 zo
ne

s.

Th
e n

um
be

r o
f z

on
es

 ac
ce

pt
ed

 b
y S

tra
bo

 is
 fi

ve
, a

nd
 h

e

cr
iti

cis
es

 P
ol

yb
iu

s f
or

 m
ak

in
g 

th
e n

um
be

r s
ix.

 Th
e f

ive

zo
ne

s a
cc

ep
te

d 
by

 St
ra

bo
 ar

e a
s f

ol
lo

w
s: 

th
e u

ni
nh

ab
ita

bl
e t

or
rid

zo
ne

 ly
in

g 
in

 th
e r

eg
io

n 
of

 th
e e

qu
at

or
; a

 zo
ne

 o
n 

eit
he

r s
id

e o
f

th
is 

ex
te

nd
in

g 
to

 th
e t

ro
pi

c; 
an

d 
th

en
 th

e t
em

pe
ra

te
 zo

ne
s

ex
te

nd
in

g 
in

 ei
th

er
 d

ire
ct

io
n 

fro
m

 th
e t

ro
pi

c t
o 

th
e a

rc
tic

re
gi

on
s. 

Th
er

e s
ee

m
s t

o 
ha

ve
 b

ee
n 

a g
oo

d 
de

al 
of

 d
isp

ut
e a

m
on

g

th
e s

ch
ol

ar
s o

f t
he

 ti
m

e a
s t

o 
th

e e
xa

ct
 ar

ra
ng

em
en

t o
f t

he
se

zo
ne

s, 
bu

t t
he

 g
en

er
al 

id
ea

 th
at

 th
e n

or
th

-te
m

pe
ra

te
 zo

ne
 is

 th
e

pa
rt 

of
 th

e e
ar

th
 w

ith
 w

hi
ch

 th
e g

eo
gr

ap
he

r d
ea

ls 
se

em
ed

 cl
ea

rly

es
ta

bl
ish

ed
. T

ha
t t

he
 so

ut
h-

te
m

pe
ra

te
 zo

ne
 w

ou
ld

 al
so

 p
re

se
nt

 a

ha
bi

ta
bl

e a
re

a i
s a

n 
id

ea
 th

at
 is

 so
m

et
im

es
 su

gg
es

te
d,

 th
ou

gh

se
ld

om
 o

r n
ev

er
 d

ist
in

ct
ly 

ex
pr

es
se

d.
 It

 is
 p

ro
ba

bl
e t

ha
t

di
ffe

re
nt

 o
pi

ni
on

s w
er

e h
el

d 
as

 to
 th

is,
 an

d 
no

 d
ire

ct
 ev

id
en

ce

be
in

g 
av

ail
ab

le
, a

 ca
ut

io
us

ly 
sc

ien
tif

ic 
ge

og
ra

ph
er

 lik
e S

tra
bo

w
ou

ld
 n

at
ur

all
y a

vo
id

 th
e e

xp
re

ss
io

n 
of

 an
 o

pi
ni

on
 re

ga
rd

in
g 

it.

In
de

ed
, h

is 
ow

n 
w

or
ds

 le
av

e u
s s

om
ew

ha
t i

n 
do

ub
t a

s t
o 

th
e

pr
ec

ise
 ch

ar
ac

te
r o

f h
is 

no
tio

n 
re

ga
rd

in
g 

th
e z

on
es

. P
er

ha
ps

 w
e

sh
all

 d
o 

be
st 

to
 q

uo
te

 th
em

:

“L
et

 th
e e

ar
th

 b
e s

up
po

se
d 

to
 co

ns
ist

 o
f f

ive
 zo

ne
s. 

(1
) T

he

eq
ua

to
ria

l c
irc

le
 d

es
cr

ib
ed

 ar
ou

nd
 it

. (2
) A

no
th

er
 p

ar
all

el
 to

th
is,

 an
d 

de
fin

in
g 

th
e f

rig
id

 zo
ne

 o
f t

he
 n

or
th

er
n 

he
m

isp
he

re
.

(3
) A

 ci
rc

le
 p

as
sin

g 
th

ro
ug

h 
th

e p
ol

es
 an

d 
cu

tti
ng

 th
e t

w
o

pr
ec

ed
in

g 
cir

cle
s a

t r
ig

ht
- a

ng
le

s. 
Th

e n
or

th
er

n 
he

m
isp

he
re

co
nt

ain
s t

w
o 

qu
ar

te
rs 

of
 th

e e
ar

th
, w

hi
ch

 ar
e b

ou
nd

ed
 b

y t
he

eq
ua

to
r a

nd
 ci

rc
le

 p
as

sin
g 

th
ro

ug
h 

th
e p

ol
es

. E
ac

h 
of

 th
es

e

qu
ar

te
rs 

sh
ou

ld
 b

e s
up

po
se

d 
to

 co
nt

ain
 a 

fo
ur

-si
de

d 
di

str
ict

, it
s

no
rth

er
n 

sid
e b

ei
ng

 o
f o

ne
-h

alf
 o

f t
he

 p
ar

all
el

 n
ex

t t
he

 p
ol

e,

its
 so

ut
he

rn
 b

y t
he

 h
alf

 o
f t

he
 eq

ua
to

r, 
an

d 
its

 re
m

ain
in

g 
sid

es

by
 tw

o 
se

gm
en

ts 
of

 th
e c

irc
le

 d
ra

w
n 

th
ro

ug
h 

th
e p

ol
es

, o
pp

os
ite

to
 ea

ch
 o

th
er

, a
nd

 eq
ua

l in
 le

ng
th

. In
 o

ne
 o

f t
he

se
 (w

hi
ch

 o
f

th
em

 is
 o

f n
o 

co
ns

eq
ue

nc
e)

 th
e e

ar
th

 w
hi

ch
 w

e i
nh

ab
it 

is

sit
ua

te
d,

 su
rro

un
de

d 
by

 a 
se

a a
nd

 si
m

ila
r t

o 
an

 is
lan

d.
 Th

is,
 as

w
e s

aid
 b

ef
or

e, 
is 

ev
id

en
t b

ot
h 

to
 o

ur
 se

ns
es

 an
d 

to
 o

ur
 re

as
on

.

Bu
t l

et
 an

y o
ne

 d
ou

bt
 th

is,
 it

 m
ak

es
 n

o 
di

ffe
re

nc
e s

o 
fa

r a
s

ge
og

ra
ph

y i
s c

on
ce

rn
ed

 w
he

th
er

 yo
u 

be
lie

ve
 th

e p
or

tio
n 

of
 th

e

ea
rth

 w
hi

ch
 w

e i
nh

ab
it 

to
 b

e a
n 

isl
an

d 
or

 o
nl

y a
dm

it 
w

ha
t w

e k
no

w

fro
m

 ex
pe

rie
nc

e —
na

m
el

y, 
th

at
 w

he
th

er
 yo

u 
sta

rt 
fro

m
 th

e e
as

t o
r

th
e w

es
t y

ou
 m

ay
 sa

il a
ll a

ro
un

d 
it.

 C
er

ta
in

 in
te

rm
ed

iat
e s

pa
ce

s

m
ay

 h
av

e b
ee

n 
le

ft 
(u

ne
xp

lo
re

d)
, b

ut
 th

es
e a

re
 as

 lik
el

y t
o 

be

oc
cu

pi
ed

 b
y s

ea
 as

 u
ni

nh
ab

ite
d 

lan
d.

 Th
e o

bj
ec

t o
f t

he
 g

eo
gr

ap
he

r

is 
to

 d
es

cr
ib

e k
no

w
n 

co
un

tri
es

. T
ho

se
 w

hi
ch

 ar
e u

nk
no

w
n 

he
 p

as
se

s

ov
er

 eq
ua

lly
 w

ith
 th

os
e b

ey
on

d 
th

e l
im

its
 o

f t
he

 in
ha

bi
te

d 
ea

rth
.

It 
w

ill,
 th

er
ef

or
e, 

be
 su

ffi
cie

nt
 fo

r d
es

cr
ib

in
g 

th
e c

on
to

ur
 o

f

th
e i

sla
nd

 w
e h

av
e b

ee
n 

sp
ea

kin
g 

of
, if

 w
e j

oi
n 

by
 a 

rig
ht

 lin
e

th
e o

ut
m

os
t p

oi
nt

s w
hi

ch
, u

p 
to

 th
is 

tim
e, 

ha
ve

 b
ee

n 
ex

pl
or

ed
 b

y

vo
ya

ge
rs 

alo
ng

 th
e c

oa
st 

on
 ei

th
er

 si
de

.“[
3]

W
e m

ay
 p

as
s o

ve
r t

he
 sp

ec
ifi

c c
rit

ici
sm

s o
f S

tra
bo

 u
po

n 
va

rio
us

ex
pl

or
at

io
ns

 th
at

 se
em

 to
 h

av
e b

ee
n 

of
 g

re
at

 in
te

re
st 

to
 h

is

co
nt

em
po

ra
rie

s, 
in

clu
di

ng
 an

 al
le

ge
d 

tri
p 

of
 o

ne
 Eu

do
xu

s o
ut

 in
to

th
e A

tla
nt

ic,
 an

d 
th

e j
ou

rn
ey

in
gs

 o
f P

yt
he

as
 in

 th
e f

ar
 n

or
th

. It

is 
Py

th
ea

s, 
w

e m
ay

 ad
d,

 w
ho

 w
as

 ci
te

d 
by

 H
ip

pa
rc

hu
s a

s h
av

in
g

m
ad

e t
he

 m
ist

ak
en

 o
bs

er
va

tio
n 

th
at

 th
e l

en
gt

h 
of

 th
e s

ha
do

w
 o

f

th
e g

no
m

on
 is

 th
e s

am
e a

t M
ar

se
ille

s a
nd

 B
yz

an
tiu

m
, h

en
ce

 th
at

th
es

e t
w

o 
pl

ac
es

 ar
e o

n 
th

e s
am

e p
ar

all
el

. M
od

er
n 

co
m

m
en

ta
to

rs

ha
ve

 d
ef

en
de

d 
Py

th
ea

s a
s r

eg
ar

ds
 th

is 
ob

se
rv

at
io

n,
 cl

aim
in

g 
th

at

it 
w

as
 H

ip
pa

rc
hu

s a
nd

 n
ot

 P
yt

he
as

 w
ho

 m
ad

e t
he

 se
co

nd
 o

bs
er

va
tio

n

fro
m

 w
hi

ch
 th

e f
au

lty
 in

du
ct

io
n 

w
as

 d
ra

w
n.

 Th
e p

oi
nt

 is
 o

f n
o

gr
ea

t s
ig

ni
fic

an
ce

, h
ow

ev
er

, e
xc

ep
t a

s s
ho

w
in

g 
th

at
 a 

co
rre

ct

m
et

ho
d 

of
 d

et
er

m
in

in
g 

th
e p

ro
bl

em
s o

f l
at

itu
de

 h
ad

 th
us

 ea
rly

be
en

 su
gg

es
te

d.
 Th

at
 fa

ul
ty

 o
bs

er
va

tio
ns

 an
d 

fa
ul

ty
 ap

pl
ica

tio
n

of
 th

e c
or

re
ct

 p
rin

cip
le

 sh
ou

ld
 h

av
e b

ee
n 

m
ad

e i
s n

ot
 su

rp
ris

in
g.

Ne
ith

er
 n

ee
d 

w
e c

on
ce

rn
 o

ur
se

lve
s w

ith
 th

e d
et

ail
s a

s t
o 

th
e

ge
og

ra
ph

ica
l d

ist
an

ce
s, 

w
hi

ch
 St

ra
bo

 fo
un

d 
so

 w
or

th
y o

f c
rit

ici
sm

an
d 

co
nt

ro
ve

rsy
. B

ut
 in

 le
av

in
g 

th
e g

re
at

 g
eo

gr
ap

he
r w

e m
ay

em
ph

as
ize

 h
is 

po
in

t o
f v

ie
w

 an
d 

th
at

 o
f h

is 
co

nt
em

po
ra

rie
s b

y

qu
ot

in
g 

th
re

e f
un

da
m

en
ta

l p
rin

cip
le

s w
hi

ch
 h

e r
ei

te
ra

te
s a

s b
ei

ng

am
on

g 
th

e “
fa

ct
s e

sta
bl

ish
ed

 b
y n

at
ur

al 
ph

ilo
so

ph
er

s.“
 H

e t
el

ls

us
 th

at
 “(

1)
 Th

e e
ar

th
 an

d 
he

av
en

s a
re

 sp
he

ro
id

al.
 (2

) T
he

te
nd

en
cy

 o
f a

ll b
od

ie
s h

av
in

g 
w

ei
gh

t i
s t

ow
ar

ds
 a 

ce
nt

re
. (

3)

Fu
rth

er
, t

he
 ea

rth
 b

ei
ng

 sp
he

ro
id

al 
an

d 
ha

vin
g 

th
e s

am
e c

en
tre

 as

th
e h

ea
ve

ns
, is

 m
ot

io
nl

es
s, 

as
 w

el
l a

s t
he

 ax
is 

th
at

 p
as

se
s

th
ro

ug
h 

bo
th

 it
 an

d 
th

e h
ea

ve
ns

. T
he

 h
ea

ve
ns

 tu
rn

 ro
un

d 
bo

th
 th

e

ea
rth

 an
d 

its
 ax

is,
 fr

om
 ea

st 
to

 w
es

t. 
Th

e f
ixe

d 
sta

rs 
tu

rn
 ro

un
d

w
ith

 it
 at

 th
e s

am
e r

at
e a

s t
he

 w
ho

le
. T

he
se

 fi
xe

d 
sta

rs 
fo

llo
w

in
 th

ei
r c

ou
rse

 p
ar

all
el

 ci
rc

le
s, 

th
e p

rin
cip

al 
of

 w
hi

ch
 ar

e t
he

eq
ua

to
r, 

tw
o 

tro
pi

cs
, a

nd
 th

e a
rc

tic
 ci

rc
le

s; 
w

hi
le

 th
e p

lan
et

s,

th
e s

un
, a

nd
 th

e m
oo

n 
de

sc
rib

e c
er

ta
in

 ci
rc

le
s c

om
pr

eh
en

de
d

w
ith

in
 th

e z
od

iac
.“[

4]

He
re

, t
he

n,
 is

 a 
cu

rio
us

 m
in

gl
in

g 
of

 tr
ut

h 
an

d 
er

ro
r. 

Th
e

Py
th

ag
or

ea
n 

do
ct

rin
e t

ha
t t

he
 ea

rth
 is

 ro
un

d 
ha

d 
be

co
m

e a

co
m

m
on

pl
ac

e, 
bu

t i
t w

ou
ld

 ap
pe

ar
 th

at
 th

e t
he

or
y o

f A
ris

ta
rc

hu
s,

ac
co

rd
in

g 
to

 w
hi

ch
 th

e e
ar

th
 is

 in
 m

ot
io

n,
 h

as
 b

ee
n 

alm
os

t

ab
so

lu
te

ly 
fo

rg
ot

te
n.

 St
ra

bo
 d

oe
s n

ot
 so

 m
uc

h 
as

 re
fe

r t
o 

it;

ne
ith

er
, a

s w
e s

ha
ll s

ee
, is

 it
 tr

ea
te

d 
w

ith
 g

re
at

er
 re

sp
ec

t b
y

th
e o

th
er

 w
rit

er
s o

f t
he

 p
er

io
d.

TW
O 

FA
M

OU
S E

XP
OS

IT
OR

S—
PL

IN
Y 

AN
D 

PT
OL

EM
Y

TW
O 

FA
M

OU
S E

XP
OS

IT
OR

S—
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as

s o
f p

hy
sic

ia
ns

 w
ho

pr
ac

tis
ed

 m
ed

ici
ne

 al
on

g 
ra

tio
na

l o
r l

eg
iti

m
at

e 
lin

es
, in

 th
e

fo
ot

st
ep

s o
f t

he
 g

re
at

 H
ip

po
cr

at
es

, t
he

re
 ap

pe
ar

ed
 g

re
at

 n
um

be
rs

of
 “s

pe
cia

lis
ts

,“ 
m

os
t o

f t
he

m
 ch

ar
la

ta
ns

, w
ho

 p
re

te
nd

ed
 to

po
ss

es
s s

up
er

na
tu

ra
l in

sig
ht

 in
 th

e 
m

et
ho

ds
 o

f t
re

at
in

g 
ce

rta
in

fo
rm

s o
f d

ise
as

e.
 T

he
se

 p
hy

sic
ia

ns
 ri

gh
tly

 e
ar

ne
d 

th
e 

co
nt

em
pt

 o
f

th
e 

be
tte

r c
la

ss
 o

f R
om

an
s, 

an
d 

w
er

e 
m

ad
e 

th
e 

ob
je

ct
 o

f m
an

y

at
ta

ck
s b

y t
he

 sa
tir

ist
s o

f t
he

 ti
m

e.
 S

uc
h 

sp
ec

ia
lis

ts
 tr

av
el

le
d

ab
ou

t f
ro

m
 p

la
ce

 to
 p

la
ce

 in
 m

uc
h 

th
e 

sa
m

e 
m

an
ne

r a
s t

he

iti
ne

ra
nt

 “I
nd

ia
n 

do
ct

or
s”

 an
d 

“li
gh

tn
in

g 
to

ot
h-

ex
tra

ct
or

s”
 d

o

to
-d

ay
. E

ye
-d

oc
to

rs
 se

em
 to

 h
av

e 
be

en
 p

ar
tic

ul
ar

ly
 n

um
er

ou
s, 

an
d

th
es

e 
w

er
e 

di
vi

de
d 

in
to

 tw
o 

cla
ss

es
, e

ye
-s

ur
ge

on
s a

nd
 e

ye
-d

oc
to

rs

pr
op

er
. T

he
 e

ye
-s

ur
ge

on
 p

er
fo

rm
ed

 su
ch

 o
pe

ra
tio

ns
 as

 ca
ut

er
izi

ng

fo
r i

ng
ro

w
in

g 
ey

el
as

he
s a

nd
 o

pe
ra

tin
g 

up
on

 g
ro

w
th

s a
bo

ut
 th

e

ey
es

; w
hi

le
 th

e 
ey

e-
do

ct
or

s d
ep

en
de

d 
en

tir
el

y u
po

n 
sa

lv
es

 an
d

lo
tio

ns
. T

he
se

 e
ye

-s
al

ve
s w

er
e 

fre
qu

en
tly

 st
am

pe
d 

w
ith

 th
e 

se
al

of
 th

e 
ph

ys
ici

an
 w

ho
 co

m
po

un
de

d 
th

em
, s

om
et

hi
ng

 lik
e 

tw
o 

hu
nd

re
d

of
 th

es
e 

se
al

s b
ei

ng
 st

ill
 in

 e
xis

te
nc

e.
 T

he
re

 w
er

e 
be

sid
es

 th
es

e

qu
ac

ks
, h

ow
ev

er
, r

ep
ut

ab
le

 e
ye

-d
oc

to
rs

 w
ho

 m
us

t h
av

e 
po

ss
es

se
d

co
ns

id
er

ab
le

 sk
ill

 in
 th

e 
tre

at
m

en
t o

f c
er

ta
in

 o
ph

th
al

m
ia

s. 
Am

on
g

so
m

e 
Ro

m
an

 su
rg

ica
l in

st
ru

m
en

ts
 d

isc
ov

er
ed

 at
 R

he
im

s w
er

e 
fo

un
d

al
so

 so
m

e 
dr

ug
s e

m
pl

oy
ed

 b
y o

ph
th

al
m

ic 
su

rg
eo

ns
, a

nd
 an

 an
al

ys
is

of
 th

es
e 

sh
ow

 th
at

 th
ey

 co
nt

ai
ne

d,
 am

on
g 

ot
he

r i
ng

re
di

en
ts

, s
om

e

th
at

 ar
e 

st
ill

 e
m

pl
oy

ed
 in

 th
e 

tre
at

m
en

t o
f c

er
ta

in
 af

fe
ct

io
ns

 o
f

th
e 

ey
e.

On
e 

of
 th

e 
fir

st
 st

ep
s t

ak
en

 in
 re

co
gn

iti
on

 o
f t

he
 se

rv
ice

s o
f

ph
ys

ici
an

s w
as

 b
y J

ul
iu

s C
ae

sa
r, 

w
ho

 g
ra

nt
ed

 ci
tiz

en
sh

ip
 to

 al
l

ph
ys

ici
an

s p
ra

ct
isi

ng
 in

 R
om

e.
 T

hi
s w

as
 ab

ou
t f

ift
y y

ea
rs

 b
ef

or
e

th
e 

Ch
ris

tia
n 

er
a,

 an
d 

fro
m

 th
at

 ti
m

e 
on

 th
er

e 
w

as
 a 

gr
ad

ua
l

im
pr

ov
em

en
t i

n 
th

e 
at

tit
ud

e 
of

 th
e 

Ro
m

an
s t

ow
ar

ds
 th

e 
m

em
be

rs
 o

f

th
e 

m
ed

ica
l p

ro
fe

ss
io

n.
 A

s t
he

 R
om

an
s d

eg
en

er
at

ed
 fr

om
 a 

ra
ce

 o
f

st
ur

dy
 w

ar
rio

rs
 an

d 
be

ca
m

e 
m

or
e 

an
d 

m
or

e 
de

pr
av

ed
 p

hy
sic

al
ly

, t
he

ne
ce

ss
ity

 fo
r p

hy
sic

ia
ns

 m
ad

e 
its

el
f m

or
e 

ev
id

en
t. 

Co
ur

t

ph
ys

ici
an

s, 
an

d 
ph

ys
ici

an
s-

in
-o

rd
in

ar
y, 

w
er

e 
cr

ea
te

d 
by

 th
e

em
pe

ro
rs

, a
s w

er
e 

al
so

 ci
ty

 an
d 

di
st

ric
t p

hy
sic

ia
ns

. In
 th

e 
ye

ar

13
3 

A.
D.

 H
ad

ria
n 

gr
an

te
d 

im
m

un
ity

 fr
om

 ta
xe

s a
nd

 m
ili

ta
ry

 se
rv

ice

13
3 

  to p
hy

sic
ia

ns
 in

 re
co

gn
iti

on
 o

f t
he

ir 
pu

bl
ic 

se
rv

ice
s.

Th
e 

cit
y a

nd
 d

ist
ric

t p
hy

sic
ia

ns
, k

no
w

n 
as

 th
e 

ar
ch

ia
tri

po
pu

la
ire

s, 
tre

at
ed

 an
d 

ca
re

d 
fo

r t
he

 p
oo

r w
ith

ou
t r

em
un

er
at

io
n,

ha
vi

ng
 a 

po
sit

io
n 

an
d 

sa
la

ry
 fi

xe
d 

by
 la

w
 an

d 
pa

id
 th

em

se
m

i-a
nn

ua
lly

. T
he

se
 w

er
e 

ho
no

ra
bl

e 
po

sit
io

ns
, a

nd
 th

e 
ar

ch
ia

tri

w
er

e 
ob

lig
ed

 to
 g

iv
e 

in
st

ru
ct

io
n 

in
 m

ed
ici

ne
, w

ith
ou

t p
ay

, t
o 

th
e

po
or

 st
ud

en
ts

. T
he

y w
er

e 
al

lo
w

ed
 to

 re
ce

iv
e 

fe
es

 an
d 

do
na

tio
ns

fro
m

 th
ei

r p
at

ie
nt

s, 
bu

t n
ot

, h
ow

ev
er

, u
nt

il t
he

 d
an

ge
r f

ro
m

 th
e

m
al

ad
y w

as
 p

as
t. 

Sp
ec

ia
l la

w
s w

er
e 

en
ac

te
d 

to
 p

ro
te

ct
 th

em
, a

nd

an
y p

er
so

n 
su

bj
ec

tin
g 

th
em

 to
 an

 in
su

lt 
w

as
 lia

bl
e 

to
 a 

fin
e 

“n
ot

ex
ce

ed
in

g 
on

e 
th

ou
sa

nd
 p

ou
nd

s.“

An
 e

xa
m

pl
e 

of
 R

om
an

 p
ra

ct
ica

lit
y i

s s
ho

w
n 

in
 th

e 
m

et
ho

d 
of

tre
at

in
g 

he
m

or
rh

ag
e,

 as
 d

es
cr

ib
ed

 b
y A

ul
us

 C
or

ne
liu

s C
el

su
s (

53

B.
C.

 to
 7

 A
.D

.).
 H

ip
po

cr
at

es
 an

d 
Hi

pp
oc

ra
tic

 w
rit

er
s t

re
at

ed

he
m

or
rh

ag
e 

by
 ap

pl
ica

tio
n 

of
 co

ld
, p

re
ss

ur
e,

 st
yp

tic
s, 

an
d

so
m

et
im

es
 b

y a
ct

ua
l c

au
te

riz
in

g;
 b

ut
 th

ey
 kn

ew
 n

ot
hi

ng
 o

f t
he

sim
pl

e 
m

et
ho

d 
of

 st
op

pi
ng

 a 
he

m
or

rh
ag

e 
by

 a 
lig

at
ur

e 
tie

d 
ar

ou
nd

th
e 

bl
ee

di
ng

 ve
ss

el
. C

el
su

s n
ot

 o
nl

y r
ec

om
m

en
de

d 
ty

in
g 

th
e 

en
d 

of

th
e 

in
ju

re
d 

ve
ss

el
, b

ut
 d

es
cr

ib
es

 th
e 

m
et

ho
d 

of
 ap

pl
yi

ng
 tw

o

lig
at

ur
es

 b
ef

or
e 

th
e 

ar
te

ry
 is

 d
iv

id
ed

 b
y t

he
 su

rg
eo

n—
a c

om
m

on

pr
ac

tic
e 

am
on

g 
su

rg
eo

ns
 at

 th
e 

pr
es

en
t t

im
e.

 T
he

 cu
t i

s m
ad

e

be
tw

ee
n 

th
es

e 
tw

o,
 an

d 
th

us
 h

em
or

rh
ag

e 
is 

av
oi

de
d 

fro
m

 e
ith

er
 e

nd

of
 th

e 
di

vi
de

d 
ve

ss
el

.

An
ot

he
r R

om
an

 su
rg

eo
n,

 H
el

io
do

ru
s, 

no
t o

nl
y d

es
cr

ib
es

 th
e 

us
e 

of

th
e 

lig
at

ur
e 

in
 st

op
pi

ng
 h

em
or

rh
ag

e,
 b

ut
 al

so
 th

e 
pr

ac
tic

e 
of

to
rs

io
n—

tw
ist

in
g 

sm
al

le
r v

es
se

ls,
 w

hi
ch

 ca
us

es
 th

ei
r l

in
in

g

m
em

br
an

e 
to

 co
nt

ra
ct

 in
 a 

m
an

ne
r t

ha
t p

ro
du

ce
s c

oa
gu

la
tio

n 
an

d

st
op

s h
em

or
rh

ag
e.

 It
 is

 re
m

ar
ka

bl
e 

th
at

 so
 si

m
pl

e 
an

d 
pr

ac
tic

al
 a

m
et

ho
d 

as
 th

e 
us

e 
of

 th
e 

lig
at

ur
e 

in
 st

op
pi

ng
 h

em
or

rh
ag

e 
co

ul
d

ha
ve

 g
on

e 
ou

t o
f u

se
, o

nc
e 

it 
ha

d 
be

en
 d

isc
ov

er
ed

; b
ut

 d
ur

in
g 

th
e

M
id

dl
e 

Ag
es

 it
 w

as
 al

m
os

t e
nt

ire
ly

 lo
st

 si
gh

t o
f, 

an
d 

w
as

 n
ot

re
in

tro
du

ce
d 

un
til

 th
e 

tim
e 

of
 A

m
br

oi
se

 P
ar

e,
 in

 th
e 

six
te

en
th

ce
nt

ur
y.

Ev
en

 a
t a

 ve
ry

 e
ar

ly
 p

er
io

d 
th

e 
Ro

m
an

s r
ec

og
ni

ze
d 

th
e 

ad
va

nt
ag

e

of
 su

rg
ica

l m
et

ho
ds

 o
n 

th
e 

fie
ld

 o
f b

at
tle

. E
ac

h 
so

ld
ie

r w
as

su
pp

lie
d 

w
ith

 b
an

da
ge

s, 
an

d 
w

as
 p

ro
ba

bl
y i

ns
tru

ct
ed

 in
 a

pp
ly

in
g

th
em

, s
om

et
hi

ng
 in

 th
e 

sa
m

e 
m

an
ne

r a
s i

s d
on

e 
no

w
 in

 a
ll m

od
er

n

ar
m

ie
s. 

Th
e 

Ro
m

an
s a

lso
 m

ad
e 

us
e 

of
 m

ili
ta

ry
 h

os
pi

ta
ls 

an
d 

ha
d

es
ta

bl
ish

ed
 a

 ru
de

 b
ut

 ve
ry

 p
ra

ct
ica

l f
ie

ld
-a

m
bu

la
nc

e 
se

rv
ice

.

“In
 e

ve
ry

 tr
oo

p 
or

 b
an

do
n 

of
 tw

o 
or

 fo
ur

 h
un

dr
ed

 m
en

, e
ig

ht
 o

r

te
n 

st
ou

t f
el

lo
w

s w
er

e 
de

pu
te

d 
to

 ri
de

 im
m

ed
ia

te
ly

 b
eh

in
d 

th
e

fig
ht

in
g-

lin
e 

to
 p

ick
 u

p 
an

d 
re

sc
ue

 th
e 

w
ou

nd
ed

, f
or

 w
hi

ch

pu
rp

os
e 

th
ei

r s
ad

dl
es

 h
ad

 tw
o 

st
irr

up
s o

n 
th

e 
le

ft 
sid

e,
 w

hi
le

th
ey

 th
em

se
lv

es
 w

er
e 

pr
ov

id
ed

 w
ith

 w
at

er
-fl

as
ks

, a
nd

 p
er

ha
ps

ap
pl

ie
d 

te
m

po
ra

ry
 b

an
da

ge
s. 

Th
ey

 w
er

e 
en

co
ur

ag
ed

 b
y a

 re
w

ar
d 

of
 a

pi
ec

e 
of

 g
ol

d 
fo

r e
ac

h 
m

an
 th

ey
 re

sc
ue

d.
 ‘N

os
co

m
i´ 

w
er

e 
m

al
e

nu
rs

es
 a

tta
ch

ed
 to

 th
e 

m
ili

ta
ry

 h
os

pi
ta

ls,
 b

ut
 n

ot
 in

sc
rib

ed
 ‘o

n

st
re

ng
th

´ o
f t

he
 le

gi
on

s, 
an

d 
w

er
e 

pr
ob

ab
ly

 fo
r t

he
 m

os
t p

ar
t o

f

th
e 

se
rv

ile
 cl

as
s.“

[6
]

Fr
om

 th
e 

tim
e 

of
 th

e 
ea

rly
 A

le
xa

nd
ria

ns
, H

er
op

hi
lu

s a
nd

Er
as

ist
ra

tu
s, 

w
ho

se
 w

or
k w

e 
ha

ve
 a

lre
ad

y e
xa

m
in

ed
, t

he
re

 h
ad

 b
ee

n

va
rio

us
 a

na
to

m
ist

s o
f s

om
e 

im
po

rta
nc

e 
in

 th
e 

Al
ex

an
dr

ia
n 

sc
ho

ol
,

th
ou

gh
 n

on
e 

qu
ite

 e
qu

al
 to

 th
es

e 
ea

rli
er

 w
or

ke
rs

. T
he

 b
es

t-k
no

w
n

na
m

es
 a

re
 th

os
e 

of
 C

el
su

s (
of

 w
ho

m
 w

e 
ha

ve
 a

lre
ad

y s
po

ke
n)

, w
ho

co
nt

in
ue

d 
th

e 
w

or
k o

f a
na

to
m

ica
l in

ve
st

ig
at

io
n,

 a
nd

 M
ar

in
us

, w
ho

liv
ed

 d
ur

in
g 

th
e 

re
ig

n 
of

 N
er

o,
 a

nd
 R

uf
us

 o
f E

ph
es

us
. P

ro
ba

bl
y

al
l o

f t
he

se
 w

ou
ld

 h
av

e 
be

en
 b

et
te

r r
em

em
be

re
d 

by
 su

cc
ee

di
ng

ge
ne

ra
tio

ns
 h

ad
 th

ei
r e

ffo
rts

 n
ot

 b
ee

n 
ec

lip
se

d 
by

 th
os

e 
of

Ga
le

n.
 T

hi
s g

re
at

es
t o

f a
nc

ie
nt

 a
na

to
m

ist
s w

as
 b

or
n 

at
 P

er
ga

m
us

of
 G

re
ek

 p
ar

en
ts

. H
is 

fa
th

er
, N

ico
n,

 w
as

 a
n 

ar
ch

ite
ct

 a
nd

 a
 m

an

of
 co

ns
id

er
ab

le
 a

bi
lit

y. 
Un

til
 h

is 
fif

te
en

th
 ye

ar
 th

e 
yo

ut
hf

ul

Ga
le

n 
w

as
 in

st
ru

ct
ed

 a
t h

om
e,

 ch
ie

fly
 b

y h
is 

fa
th

er
; b

ut
 a

fte
r

th
at

 ti
m

e 
he

 w
as

 p
la

ce
d 

un
de

r s
ui

ta
bl

e 
te

ac
he

rs
 fo

r i
ns

tru
ct

io
n

in
 th

e 
ph

ilo
so

ph
ica

l s
ys

te
m

s i
n 

vo
gu

e 
at

 th
at

 p
er

io
d.

 S
ho

rtl
y

af
te

r t
hi

s, 
ho

w
ev

er
, t

he
 su

pe
rs

tit
io

us
 N

ico
n,

 fo
llo

w
in

g 
th

e

in
te

rp
re

ta
tio

ns
 o

f a
 d

re
am

, d
ec

id
ed

 th
at

 h
is 

so
n 

sh
ou

ld
 ta

ke
 u

p

th
e 

st
ud

y o
f m

ed
ici

ne
, a

nd
 p

la
ce

d 
hi

m
 u

nd
er

 th
e 

in
st

ru
ct

io
n 

of

se
ve

ra
l l

ea
rn

ed
 p

hy
sic

ia
ns

.

Ga
le

n 
w

as
 a

 ti
re

le
ss

 w
or

ke
r, 

m
ak

in
g 

lo
ng

 to
ur

s i
nt

o 
As

ia
 M

in
or

an
d 

Pa
le

st
in

e 
to

 im
pr

ov
e 

hi
m

se
lf 

in
 p

ha
rm

ac
ol

og
y, 

an
d 

st
ud

yi
ng

an
at

om
y f

or
 so

m
e 

tim
e 

at
 A

le
xa

nd
ria

. H
e 

ap
pe

ar
s t

o 
ha

ve
 b

ee
n 

fu
ll

of
 th

e 
su

pe
rs

tit
io

ns
 o

f t
he

 a
ge

, h
ow

ev
er

, a
nd

 e
ar

ly
 in

 h
is 

ca
re

er

m
ad

e 
an

 e
xt

en
de

d 
to

ur
 in

to
 w

es
te

rn
 A

sia
 in

 se
ar

ch
 o

f t
he

ch
im

er
ica

l “
je

t-s
to

ne
”—

a 
st

on
e 

po
ss

es
sin

g 
th

e 
pe

cu
lia

r q
ua

lit
ie

s

of
 “b

ur
ni

ng
 w

ith
 a

 b
itu

m
in

ou
s o

do
r a

nd
 su

pp
os

ed
 to

 p
os

se
ss

 g
re

at

po
te

nc
y i

n 
cu

rin
g 

su
ch

 d
ise

as
es

 a
s e

pi
le

ps
y, 

hy
st

er
ia

, a
nd

 g
ou

t.“

By
 th

e 
tim

e 
he

 h
ad

 re
ac

he
d 

hi
s t

w
en

ty
-e

ig
ht

h 
ye

ar
 h

e 
ha

d

pe
rfe

ct
ed

 h
is 

ed
uc

at
io

n 
in

 m
ed

ici
ne

 a
nd

 re
tu

rn
ed

 to
 h

is 
ho

m
e 

in

Pe
rg

am
us

. E
ve

n 
at

 th
at

 ti
m

e 
he

 h
ad

 a
cq

ui
re

d 
co

ns
id

er
ab

le
 fa

m
e 

as

a 
su

rg
eo

n,
 a

nd
 h

is 
fe

llo
w

-c
iti

ze
ns

 sh
ow

ed
 th

ei
r c

on
fid

en
ce

 in
 h

is

ab
ili

ty
 b

y c
ho

os
in

g 
hi

m
 a

s s
ur

ge
on

 to
 th

e 
w

ou
nd

ed
 g

la
di

at
or

s

sh
or

tly
 a

fte
r h

is 
re

tu
rn

 to
 h

is 
na

tiv
e 

cit
y. 

In
 th

es
e 

du
tie

s h
is

kn
ow

le
dg

e 
of

 a
na

to
m

y a
id

ed
 h

im
 g

re
at

ly
, a

nd
 h

e 
is 

sa
id

 to
 h

av
e

he
al

ed
 ce

rta
in

 ki
nd

s o
f w

ou
nd

s t
ha

t h
ad

 p
re

vi
ou

sly
 b

af
fle

d 
th

e

su
rg

eo
ns

.

In
 th

e 
tim

e 
of

 G
al

en
 d

iss
ec

tio
ns

 o
f t

he
 h

um
an

 b
od

y w
er

e 
fo

rb
id

de
n

by
 la

w
, a

nd
 h

e 
w

as
 o

bl
ig

ed
 to

 co
nf

in
e 

hi
m

se
lf 

to
 d

iss
ec

tio
ns

 o
f

th
e 

lo
w

er
 a

ni
m

al
s. 

He
 h

ad
 th

e 
ad

va
nt

ag
e,

 h
ow

ev
er

, o
f t

he

an
at

om
ica

l w
or

ks
 o

f H
er

op
hi

lu
s a

nd
 E

ra
sis

tra
tu

s, 
an

d 
he

 m
us

t h
av

e

de
pe

nd
ed

 u
po

n 
th

em
 in

 p
er

fe
ct

in
g 

hi
s c

om
pa

ris
on

 b
et

w
ee

n 
th

e

an
at

om
y o

f m
en

 a
nd

 th
e 

lo
w

er
 a

ni
m

al
s. 

It 
is 

po
ss

ib
le

 th
at

 h
e 

di
d

m
ak

e 
hu

m
an

 d
iss

ec
tio

ns
 su

rre
pt

iti
ou

sly
, b

ut
 o

f t
hi

s w
e 

ha
ve

 n
o

pr
oo

f.
He

 w
as

 fa
m

ili
ar

 w
ith

 th
e 

co
m

pl
ica

te
d 

st
ru

ct
ur

e 
of

 th
e 

bo
ne

s o
f

th
e 

cr
an

iu
m

. H
e 

de
sc

rib
ed

 th
e 

ve
rte

br
ae

 cl
ea

rly
, d

iv
id

ed
 th

em

in
to

 g
ro

up
s, 

an
d 

na
m

ed
 th

em
 a

fte
r t

he
 m

an
ne

r o
f a

na
to

m
ist

s o
f

to
-d

ay
. H

e 
w

as
 le

ss
 a

cc
ur

at
e 

in
 h

is 
de

sc
rip

tio
n 

of
 th

e 
m

us
cle

s,

al
th

ou
gh

 a
 la

rg
e 

nu
m

be
r o

f t
he

se
 w

er
e 

de
sc

rib
ed

 b
y h

im
. L

ik
e 

al
l

an
at

om
ist

s b
ef

or
e 

th
e 

tim
e 

of
 H

ar
ve

y,
 h

e 
ha

d 
a 

ve
ry

 e
rro

ne
ou

s

co
nc

ep
tio

n 
of

 th
e 

cir
cu

la
tio

n,
 a

lth
ou

gh
 h

e 
un

de
rs

to
od

 th
at

 th
e

he
ar

t w
as

 a
n 

or
ga

n 
fo

r t
he

 p
ro

pu
lsi

on
 o

f b
lo

od
, a

nd
 h

e 
sh

ow
ed

th
at

 th
e 

ar
te

rie
s o

f t
he

 li
vi

ng
 a

ni
m

al
s d

id
 n

ot
 co

nt
ai

n 
ai

r

al
on

e,
 a

s w
as

 ta
ug

ht
 b

y m
an

y a
na

to
m

ist
s. 

He
 kn

ew
, a

lso
, t

ha
t t

he

he
ar

t w
as

 m
ad

e 
up

 o
f l

ay
er

s o
f f

ib
re

s t
ha

t r
an

 in
 ce

rta
in

 fi
xe

d

di
re

ct
io

ns
—

th
at

 is
, lo

ng
itu

di
na

l, t
ra

ns
ve

rs
e,

 a
nd

 o
bl

iq
ue

; b
ut

he
 d

id
 n

ot
 re

co
gn

ize
 th

e 
he

ar
t a

s a
 m

us
cu

la
r o

rg
an

. In
 p

ro
of

 o
f

th
is 

he
 p

oi
nt

ed
 o

ut
 th

at
 a

ll 
m

us
cle

s r
eq

ui
re

 re
st

, a
nd

 a
s t

he

he
ar

t d
id

 n
ot

 re
st

 it
 co

ul
d 

no
t b

e 
co

m
po

se
d 

of
 m

us
cu

la
r t

iss
ue

.

M
an

y o
f h

is 
ph

ys
io

lo
gi

ca
l e

xp
er

im
en

ts
 w

er
e 

co
nd

uc
te

d 
up

on

sc
ie

nt
ifi

c p
rin

cip
le

s. 
Th

us
 h

e 
pr

ov
ed

 th
at

 ce
rta

in
 m

us
cle

s w
er

e

un
de

r t
he

 co
nt

ro
l o

f d
ef

in
ite

 se
ts

 o
f n

er
ve

s b
y c

ut
tin

g 
th

es
e

ne
rv

es
 in

 li
vi

ng
 a

ni
m

al
s, 

an
d 

ob
se

rv
in

g 
th

at
 th

e 
m

us
cle

s s
up

pl
ie

d

by
 th

em
 w

er
e 

re
nd

er
ed

 u
se

le
ss

. H
e 

po
in

te
d 

ou
t a

lso
 th

at
 n

er
ve

s

ha
ve

 n
o 

po
w

er
 in

 th
em

se
lv

es
, b

ut
 m

er
el

y c
on

du
ct

 im
pu

lse
s t

o 
an

d

fro
m

 th
e 

br
ai

n 
an

d 
sp

in
al

-c
or

d.
 H

e 
tu

rn
ed

 th
is 

pe
cu

lia
r k

no
w

le
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e

to
 a

cc
ou

nt
 in

 th
e 

ca
se

 o
f a

 ce
le

br
at

ed
 so

ph
ist

, P
au

sa
ni

as
, w

ho

ha
d 

be
en

 u
nd

er
 th

e 
tre

at
m

en
t o

f v
ar

io
us

 p
hy

sic
ia

ns
 fo

r a
 n

um
bn

es
s

in
 th

e 
fo

ur
th

 a
nd

 fi
fth

 fi
ng

er
s o

f h
is 

le
ft 

ha
nd

. T
he

se

ph
ys

ici
an

s h
ad

 b
ee

n 
tre

at
in

g 
th

is 
co

nd
iti

on
 b

y a
pp

lic
at

io
ns

 o
f

po
ul

tic
es

 to
 th

e 
ha

nd
 it

se
lf.

 G
al

en
, b

ei
ng

 ca
lle

d 
in

co
ns

ul
ta

tio
n,

 p
oi

nt
ed

 o
ut

 th
at

 th
e 

in
ju

ry
 w

as
 p

ro
ba

bl
y n

ot
 in

 th
e

ha
nd

 it
se

lf,
 b

ut
 in

 th
e 

ul
ne

r n
er

ve
, w

hi
ch

 co
nt

ro
ls 

se
ns

at
io

n 
in

th
e 

fo
ur

th
 a

nd
 fi

fth
 fi

ng
er

s. 
Su

rm
isi

ng
 th

at
 th

e 
ne

rv
e 

m
us

t h
av

e

be
en

 in
ju

re
d 

in
 so

m
e 

w
ay

, h
e 

m
ad

e 
ca

re
fu

l i
nq

ui
rie

s o
f t

he

pa
tie

nt
, w

ho
 re

ca
lle

d 
th

at
 h

e 
ha

d 
be

en
 th

ro
w

n 
fro

m
 h

is 
ch

ar
io

t

so
m

e 
tim

e 
be

fo
re

, s
tri

ki
ng

 a
nd

 in
ju

rin
g 

hi
s b

ac
k.

 A
ct

in
g 

up
on

th
is 

in
fo

rm
at

io
n,

 G
al

en
 a

pp
lie

d 
st

im
ul

at
in

g 
re

m
ed

ie
s t

o 
th

e

so
ur

ce
 o

f t
he

 n
er

ve
 it

se
lf—

th
at

 is
, t

o 
th

e 
bu

nd
le

 o
f

ne
rv

e-
tru

nk
s k

no
w

n 
as

 th
e 

br
ac

hi
al

 p
le

xu
s, 

in
 th

e 
sh

ou
ld

er
. T

o

th
e 

su
rp

ris
e 

an
d 

co
nf

us
io

n 
of

 h
is 

fe
llo

w
-p

hy
sic

ia
ns

, t
hi

s m
et

ho
d

of
 tr

ea
tm

en
t p

ro
ve

d 
ef

fe
ct

iv
e 

an
d 

th
e 

pa
tie

nt
 re

co
ve

re
d

co
m

pl
et

el
y i

n 
a 

sh
or

t t
im

e.

Al
th

ou
gh

 th
e 

fu
nc

tio
ns

 o
f t

he
 o

rg
an

s i
n 

th
e 

ch
es

t w
er

e 
no

t w
el

l

un
de

rs
to

od
 b

y G
al

en
, h

e 
w

as
 w

el
l a

cq
ua

in
te

d 
w

ith
 th

ei
r a

na
to

m
y.

He
 kn

ew
 th

at
 th

e 
lu

ng
s w

er
e 

co
ve

re
d 

by
 th

in
 m

em
br

an
e,

 a
nd

 th
at

th
e 

he
ar

t w
as

 su
rro

un
de

d 
by

 a
 sa

c o
f v

er
y s

im
ila

r t
iss

ue
. H

e 
m

ad
e

co
ns

ta
nt

 co
m

pa
ris

on
s a

lso
 b

et
w

ee
n 

th
es

e 
or

ga
ns

 in
 d

iff
er

en
t

an
im

al
s, 

as
 h

is 
di

ss
ec

tio
ns

 w
er

e 
pe

rfo
rm

ed
 u

po
n 

be
as

ts
 ra

ng
in

g 
in

siz
e 

fro
m

 a
 m

ou
se

 to
 a

n 
el

ep
ha

nt
. T

he
 m

in
ut

en
es

s o
f h

is

ob
se

rv
at

io
ns

 is
 sh

ow
n 

by
 th

e 
fa

ct
 th

at
 h

e 
ha

d 
no

te
d 

an
d 

de
sc

rib
ed

th
e 

rin
g 

of
 b

on
e 

fo
un

d 
in

 th
e 

he
ar

ts
 o

f c
er

ta
in

 a
ni

m
al

s, 
su

ch
 a

s

th
e 

ho
rs

e,
 a

lth
ou

gh
 n

ot
 fo

un
d 

in
 th

e 
hu

m
an

 h
ea

rt 
or

 in
 m

os
t

an
im

al
s.

Hi
s d

es
cr

ip
tio

n 
of

 th
e 

ab
do

m
in

al
 o

rg
an

s w
as

 in
 g

en
er

al
 a

cc
ur

at
e.

He
 h

ad
 n

ot
ed

 th
at

 th
e 

ab
do

m
in

al
 ca

vi
ty

 w
as

 li
ne

d 
w

ith
 a

 p
ec

ul
ia

r

sa
cli

ke
 m

em
br

an
e,

 th
e 

pe
rit

on
eu

m
, w

hi
ch

 a
lso

 su
rro

un
de

d 
m

os
t o

f

th
e 

or
ga

ns
 co

nt
ai

ne
d 

in
 th

e 
ca

vi
ty

, a
nd

 h
e 

m
ad

e 
sp

ec
ia

l n
ot

e 
th

at

th
is 

m
em

br
an

e 
al

so
 e

nv
el

op
ed

 th
e 

liv
er

 in
 a

 p
ec

ul
ia

r m
an

ne
r. 

Th
e

ex
ac

tn
es

s o
f t

he
 la

st
 o

bs
er

va
tio

n 
se

em
s t

he
 m

or
e 

w
on

de
rfu

l w
he

n

w
e 

re
fle

ct
 th

at
 e

ve
n 

to
-d

ay
 th

e 
m

ed
ica

l, s
tu

de
nt

 fi
nd

s a
 co

rre
ct

un
de

rs
ta

nd
in

g 
of

 th
e 

po
sit

io
n 

of
 th

e 
fo

ld
s o

f t
he

 p
er

ito
ne

um
 o

ne

of
 th

e 
m

os
t d

iff
icu

lt 
su

bj
ec

ts
 in

 a
na

to
m

y.

As
 a

 p
ra

ct
ica

l p
hy

sic
ia

n 
he

 w
as

 h
el

d 
in

 th
e 

hi
gh

es
t e

st
ee

m
 b

y t
he

Ro
m

an
s. 

Th
e 

Em
pe

ro
r M

ar
cu

s A
ur

el
iu

s c
al

le
d 

hi
m

 to
 R

om
e 

an
d

ap
po

in
te

d 
hi

m
 p

hy
sic

ia
n-

in
or

di
na

ry
 to

 h
is 

so
n 

Co
m

m
od

us
, a

nd
 o

n

sp
ec

ia
l o

cc
as

io
ns

 M
ar

cu
s A

ur
el

iu
s h

im
se

lf 
ca

lle
d 

in
 G

al
en

 a
s h

is

m
ed

ica
l a

dv
ise

r. 
On

 o
ne

 o
cc

as
io

n,
 th

e 
th

re
e 

ar
m

y s
ur

ge
on

s i
n

at
te

nd
an

ce
 u

po
n 

th
e 

em
pe

ro
r d

ec
la

re
d 

th
at

 h
e 

w
as

 a
bo

ut
 to

 b
e

at
ta

ck
ed

 b
y a

 fe
ve

r. 
Ga

le
n 

re
la

te
s h

ow
 “o

n 
sp

ec
ia

l c
om

m
an

d 
I f

el
t

hi
s p

ul
se

, a
nd

 fi
nd

in
g 

it 
qu

ite
 n

or
m

al
, c

on
sid

er
in

g 
hi

s a
ge

 a
nd

th
e 

tim
e 

of
 d

ay
, I 

de
cla

re
d 

it 
w

as
 n

o 
fe

ve
r b

ut
 a

 d
ig

es
tiv

e

di
so

rd
er

, d
ue

 to
 th

e 
fo

od
 h

e 
ha

d 
ea

te
n,

 w
hi

ch
 m

us
t b

e 
co

nv
er

te
d

in
to

 p
hl

eg
m

 b
ef

or
e 

be
in

g 
ex

cr
et

ed
. T

he
n 

th
e 

em
pe

ro
r r

ep
ea

te
d

th
re

e 
tim

es
, ‘T

ha
t´s

 th
e 

ve
ry

 th
in

g,
´ a

nd
 a

sk
ed

 w
ha

t w
as

 to
 b

e

do
ne

. I 
an

sw
er

ed
 th

at
 I u

su
al

ly
 g

av
e 

a 
gl

as
s o

f w
in

e 
w

ith
 p

ep
pe

r

sp
rin

kl
ed

 o
n 

it,
 b

ut
 fo

r y
ou

 ki
ng

s w
e 

on
ly

 u
se

 th
e 

sa
fe

st

re
m

ed
ie

s, 
an

d 
it 

w
ill

 su
ffi

ce
 to

 a
pp

ly
 w

oo
l s

oa
ke

d 
in

 h
ot

 n
ar

d

oi
nt

m
en

t l
oc

al
ly

. T
he

 e
m

pe
ro

r o
rd

er
ed

 th
e 

w
oo

l, w
in

e,
 e

tc
., t

o 
be

br
ou

gh
t, 

an
d 

I l
ef

t t
he

 ro
om

. H
is 

fe
et

 w
er

e 
w

ar
m

ed
 b

y r
ub

bi
ng

w
ith

 h
ot

 h
an

ds
, a

nd
 a

fte
r d

rin
ki

ng
 th

e 
pe

pp
er

ed
 w

in
e,

 h
e 

sa
id

 to

Pi
th

ol
au

s (
hi

s s
on

´s
 tu

to
r),

 ‘W
e 

ha
ve

 o
nl

y o
ne

 d
oc

to
r, 

an
d 

th
at

an
 h

on
es

t o
ne

,´ 
an

d 
w

en
t o

n 
to

 d
es

cr
ib

e 
m

e 
as

 th
e 

fir
st

 o
f

ph
ys

ici
an

s a
nd

 th
e 

on
ly

 p
hi

lo
so

ph
er

, f
or

 h
e 

ha
d 

tri
ed

 m
an

y b
ef

or
e

w
ho

 w
er

e 
no

t o
nl

y l
ov

er
s o

f m
on

ey
, b

ut
 a

lso
 co

nt
en

tio
us

,

am
bi

tio
us

, e
nv

io
us

, a
nd

 m
al

ig
na

nt
.“[
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 p
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 b
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s c
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t m
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by
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iu
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 d
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l a

s y
ou

?“
 T

o 
th
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re
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r b
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d 

it 
is 

ha
rd

ly
 to

 b
e 

su
pp

os
ed

 th
at

 h
e 

m
ea

nt
 it

 li
te

ra
lly

.

Hi
s s

ys
te

m
s o

f t
re

at
m

en
t w

er
e 

fa
r i

n 
ad

va
nc

e 
of

 h
is 

th
eo

rie
s

re
ga

rd
in

g 
th

e 
fu

nc
tio

ns
 o

f o
rg

an
s, 

ca
us

es
 o

f d
ise

as
e,

 e
tc

., a
nd

so
m

e 
of

 th
em

 a
re

 st
ill

 fi
rs

t p
rin

cip
le

s w
ith

 p
hy

sic
ia

ns
. L

ik
e

Hi
pp

oc
ra

te
s, 

he
 la

id
 g

re
at

 st
re

ss
 o

n 
co

rre
ct

 d
ie

t, 
ex

er
cis

e,
 a

nd

re
lia

nc
e 

up
on

 n
at

ur
e.

 “N
at

ur
e 

is 
th

e 
ov

er
se

er
 b

y 
w

ho
m

 h
ea

lth
 is

su
pp

lie
d 

to
 th

e 
sic

k,
“ h

e 
sa

ys
. ”

Na
tu

re
 le

nd
s h

er
 a

id
 o

n 
al

l

sid
es

, s
he

 d
ec

id
es

 a
nd

 cu
re

s d
ise

as
es

. N
o 

on
e 

ca
n 

be
 sa

ve
d 

un
le

ss

na
tu

re
 co

nq
ue

rs
 th

e 
di

se
as

e,
 a

nd
 n

o 
on

e 
di

es
 u

nl
es

s n
at

ur
e

su
cc

um
bs

.“

Fr
om

 th
e 

pi
ct

ur
e 

th
us

 d
ra

w
n 

of
 G

al
en

 a
s a

n 
an

at
om

ist
 a

nd

ph
ys

ici
an

, o
ne

 m
ig

ht
 in

fe
r t

ha
t h

e 
sh

ou
ld

 ra
nk

 v
er

y 
hi

gh
 a

s a

sc
ie

nt
ifi

c e
xp

on
en

t o
f m

ed
ici

ne
, e

ve
n 

in
 co

m
pa

ris
on

 w
ith

 m
od

er
n

ph
ys

ici
an

s. 
Th

er
e 

is,
 h

ow
ev

er
, a

no
th

er
 si

de
 to

 th
e 

pi
ct

ur
e.

 H
is

kn
ow

le
dg

e 
of

 a
na

to
m

y 
w

as
 ce

rta
in

ly
 v

er
y 

co
ns

id
er

ab
le

, b
ut

 m
an

y 
of

hi
s d

ed
uc

tio
ns

 a
nd

 th
eo

rie
s a

s t
o 

th
e 

fu
nc

tio
ns

 o
f o

rg
an

s, 
th

e

ca
us

e 
of

 d
ise

as
es

, a
nd

 h
is 

m
et

ho
ds

 o
f t

re
at

in
g 

th
em

, w
ou

ld
 b

e

re
co

gn
ize

d 
as

 a
bs

ur
d 

by
 a

 m
od

er
n 

sc
ho

ol
-b

oy
 o

f a
ve

ra
ge

in
te

lli
ge

nc
e.

 H
is 

gr
ea

tn
es

s m
us

t b
e 

ju
dg

ed
 in

 co
m

pa
ris

on
 w

ith

an
cie

nt
, n

ot
 w

ith
 m

od
er

n,
 sc

ie
nt

ist
s. 

He
 m

ai
nt

ai
ne

d,
 fo

r e
xa

m
pl

e,

th
at

 re
sp

ira
tio

n 
an

d 
th

e 
pu

lse
-b

ea
t w

er
e 

fo
r o

ne
 a

nd
 th

e 
sa

m
e

pu
rp

os
e—

th
at

 o
f t

he
 re

ce
pt

io
n 

of
 a

ir 
in

to
 th

e 
ar

te
rie

s o
f t

he

bo
dy

. T
o 

hi
m

 th
e 

ac
t o

f b
re

at
hi

ng
 w

as
 fo

r t
he

 p
ur

po
se

 o
f

ad
m

itt
in

g 
ai

r i
nt

o 
th

e 
lu

ng
s, 

w
he

nc
e 

it 
fo

un
d 

its
 w

ay
 in

to
 th

e

he
ar

t, 
an

d 
fro

m
 th

er
e 

w
as

 d
ist

rib
ut

ed
 th

ro
ug

ho
ut

 th
e 

bo
dy

 b
y

m
ea

ns
 o

f t
he

 a
rte

rie
s. 

Th
e 

sk
in

 a
lso

 p
la

ye
d 

an
 im

po
rta

nt
 p

ar
t i

n

su
pp

ly
in

g 
th

e 
bo

dy
 w

ith
 a

ir,
 th

e 
po

re
s a

bs
or

bi
ng

 th
e 

ai
r a

nd

di
st

rib
ut

in
g 

it 
th

ro
ug

h 
th

e 
ar

te
rie

s. 
Bu

t, 
as

 w
e 

kn
ow

 th
at

 h
e 

w
as

aw
ar

e 
of

 th
e 

fa
ct

 th
at

 th
e 

ar
te

rie
s a

lso
 co

nt
ai

ne
d 

bl
oo

d,
 h

e 
m

us
t

ha
ve

 b
el

ie
ve

d 
th

at
 th

es
e 

ve
ss

el
s c

on
ta

in
ed

 a
 m

ix
tu

re
 o

f t
he

 tw
o.

M
od

er
n 

an
at

om
ist

s k
no

w
 th

at
 th

e 
he

ar
t i

s d
iv

id
ed

 in
to

 tw
o

ap
pr

ox
im

at
el

y 
eq

ua
l p

ar
ts

 b
y 

an
 im

pe
rm

ea
bl

e 
se

pt
um

 o
f t

ou
gh

fib
re

s. 
Ye

t, 
Ga

le
n,

 w
ho

 d
iss

ec
te

d 
th

e 
he

ar
ts

 o
f a

 v
as

t n
um

be
r o

f

th
e 

lo
w

er
 a

ni
m

al
s a

cc
or

di
ng

 to
 h

is 
ow

n 
ac

co
un

t, 
m

ai
nt

ai
ne

d 
th

at

th
is 

se
pt

um
 w

as
 p

er
m

ea
bl

e,
 a

nd
 th

at
 th

e 
ai

r, 
en

te
rin

g 
on

e 
sid

e 
of

th
e 

he
ar

t f
ro

m
 th

e 
lu

ng
s, 

pa
ss

ed
 th

ro
ug

h 
it 

in
to

 th
e 

op
po

sit
e

sid
e 

an
d 

w
as

 th
en

 tr
an

sf
er

re
d 

to
 th

e 
ar

te
rie

s.

He
 w

as
 e

qu
al

ly
 a

t f
au

lt,
 a

lth
ou

gh
 p

er
ha

ps
 m

or
e 

ex
cu

sa
bl

y 
so

, in

hi
s e

xp
la

na
tio

n 
of

 th
e 

ac
tio

n 
of

 th
e 

ne
rv

es
. H

e 
ha

d 
rig

ht
ly

po
in

te
d 

ou
t t

ha
t n

er
ve

s w
er

e 
m

er
el

y 
co

nn
ec

tio
ns

 b
et

w
ee

n 
th

e 
br

ai
n

an
d 

sp
in

al
-c

or
d 

an
d 

di
st

an
t m

us
cle

s a
nd

 o
rg

an
s, 

an
d 

ha
d

re
co

gn
ize

d 
th

at
 th

er
e 

w
er

e 
tw

o 
ki

nd
s o

f n
er

ve
s, 

bu
t h

is

ex
pl

an
at

io
n 

of
 th

e 
ac

tio
n 

of
 th

es
e 

ne
rv

es
 w

as
 th

at
 “n

er
vo

us

sp
iri

ts
” w

er
e 

ca
rri

ed
 to

 th
e 

ca
vi

tie
s o

f t
he

 b
ra

in
 b

y

bl
oo

d-
ve

ss
el

s, 
an

d 
fro

m
 th

er
e 

tra
ns

m
itt

ed
 th

ro
ug

h 
th

e 
bo

dy
 a

lo
ng

th
e 

ne
rv

e-
tru

nk
s.

In
 th

e 
hu

m
an

 sk
ul

l, o
ve

rly
in

g 
th

e 
na

sa
l c

av
ity

, t
he

re
 a

re
 tw

o

th
in

 p
la

te
s o

f b
on

e 
pe

rfo
ra

te
d 

w
ith

 n
um

er
ou

s s
m

al
l a

pe
rtu

re
s.

Th
es

e 
ap

er
tu

re
s a

llo
w

 th
e 

pa
ss

ag
e 

of
 n

um
er

ou
s n

er
ve

-fi
la

m
en

ts

w
hi

ch
 e

xt
en

d 
fro

m
 a

 g
ro

up
 o

f c
el

ls 
in

 th
e 

br
ai

n 
to

 th
e 

de
lic

at
e

m
em

br
an

es
 in

 th
e 

na
sa

l c
av

ity
. T

he
se

 p
er

fo
ra

tio
ns

 in
 th

e 
bo

ne
,

th
er

ef
or

e,
 a

re
 si

m
pl

y 
to

 a
llo

w
 th

e 
pa

ss
ag

e 
of

 th
e 

ne
rv

es
. B

ut

Ga
le

n 
ga

ve
 a

 v
er

y 
di

ffe
re

nt
 e

xp
la

na
tio

n.
 H

e 
be

lie
ve

d 
th

at
 im

pu
re

“a
ni

m
al

 sp
iri

ts
” w

er
e 

ca
rri

ed
 to

 th
e 

ca
vi

tie
s o

f t
he

 b
ra

in
 b

y 
th

e

ar
te

rie
s i

n 
th

e 
ne

ck
 a

nd
 fr

om
 th

er
e 

w
er

e 
sif

te
d 

ou
t t

hr
ou

gh
 th

es
e

pe
rfo

ra
te

d 
bo

ne
s, 

an
d 

so
 e

xp
el

le
d 

fro
m

 th
e 

bo
dy

.

He
 h

ad
 o

bs
er

ve
d 

th
at

 th
e 

sk
in

 p
la

ye
d 

an
 im

po
rta

nt
 p

ar
t i

n 
co

ol
in

g

th
e 

bo
dy

, b
ut

 h
e 

se
em

s t
o 

ha
ve

 b
el

ie
ve

d 
th

at
 th

e 
he

ar
t w

as

eq
ua

lly
 a

ct
iv

e 
in

 o
ve

rh
ea

tin
g 

it.
 T

he
 sk

in
, t

he
re

fo
re

, a
bs

or
be

d

ai
r f

or
 th

e 
pu

rp
os

e 
of

 “c
oo

lin
g 

th
e 

he
ar

t,“
 a

nd
 th

is 
co

ol
in

g

pr
oc

es
s w

as
 a

id
ed

 b
y 

th
e 

br
ai

n,
 w

ho
se

 se
cr

et
io

ns
 a

id
ed

 a
lso

 in

th
e 

co
ol

in
g 

pr
oc

es
s. 

Th
e 

he
ar

t i
ts

el
f w

as
 th

e 
se

at
 o

f c
ou

ra
ge

;

th
e 

br
ai

n 
th

e 
se

at
 o

f t
he

 ra
tio

na
l s

ou
l; a

nd
 th

e 
liv

er
 th

e 
se

at

of
 lo

ve
.

Th
e 

gr
ea

tn
es

s o
f G

al
en

´s
 te

ac
hi

ng
s l

ay
 in

 h
is 

kn
ow

le
dg

e 
of

an
at

om
y 

of
 th

e 
or

ga
ns

; h
is 

w
ea

kn
es

s w
as

 in
 h

is 
in

te
rp

re
ta

tio
ns

 o
f

th
ei

r f
un

ct
io

ns
. U

nf
or

tu
na

te
ly

, s
uc

ce
ed

in
g 

ge
ne

ra
tio

ns
 o

f

ph
ys

ici
an

s f
or

 so
m

et
hi

ng
 li

ke
 a

 th
ou

sa
nd

 y
ea

rs
 re

je
ct

ed
 th

e

fo
rm

er
 b

ut
 cl

un
g 

to
 th

e 
la

tte
r, 

so
 th

at
 th

e 
ad

va
nc

es
 h

e 
ha

d 
m

ad
e

w
er

e 
co

m
pl

et
el

y 
ov

er
sh

ad
ow

ed
 b

y 
th

e 
m

ist
ak

es
 o

f h
is 

te
ac

hi
ng

s.

<c
ha

pt
er

he
ad

er
 li

ne
s=
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XI. A RETROSPECTIVE GLANCE AT CLASSICAL SCIENCE

It 
is 

a 
fa

vo
rit

e 
te

ne
t o

f t
he

 m
od

er
n 

hi
st

or
ia

n 
th

at
 h

ist
or

y 
is 

a

It is a favorite tenet of the modern historian that history is a

co
nt

in
uo

us
 st

re
am

. T
he

 co
nt

en
tio

n 
ha

s f
ul

le
st

 w
ar

ra
nt

. S
ha

rp

continuous stream. The contention has fullest warrant. Sharp

lin
es

 o
f d

em
ar

ca
tio

n 
ar

e 
an

 e
vi

de
nc

e 
of

 m
an

´s
 a

na
ly

tic
al

lines of demarcation are an evidence of man´s analytical

pr
op

en
sit

y 
ra

th
er

 th
an

 th
e 

w
or

k 
of

 n
at

ur
e.

 N
ev

er
th

el
es

s i
t w

ou
ld

propensity rather than the work of nature. Nevertheless it would

be
 a

bs
ur

d 
to

 d
en

y 
th

at
 th

e 
st

re
am

 o
f h

ist
or

y 
pr

es
en

ts
 a

n

be absurd to deny that the stream of history presents an

ev
er

-v
ar

yi
ng

 cu
rre

nt
. T

he
re

 a
re

 ti
m

es
 w

he
n 

it 
se

em
s t

o 
ru

sh

ever-varying current. There are times when it seems to rush

ra
pi

dl
y 

on
; t

im
es

 w
he

n 
it 

sp
re

ad
s o

ut
 in

to
 a

 b
ro

ad
—

se
em

in
gl

y

rapidly on; times when it spreads out into a broad—seemingly

st
at

ic—
cu

rre
nt

; t
im

es
 w

he
n 

its
 ca

ta
st

ro
ph

ic 
ch

an
ge

s r
em

in
d 

us
 o

f

static—current; times when its catastrophic changes remind us of

no
th

in
g 

bu
t a

 g
ig

an
tic

 ca
ta

ra
ct

. R
ap

id
s a

nd
 w

hi
rlp

oo
ls,

 b
ro

ad

nothing but a gigantic cataract. Rapids and whirlpools, broad

es
tu

ar
ie

s a
nd

 tu
m

ul
tu

ou
s c

at
ar

ac
ts

 a
re

 in
de

ed
 p

ar
t o

f t
he

 sa
m

e

estuaries and tumultuous cataracts are indeed part of the same

st
re

am
, b

ut
 th

ey
 a

re
 p

ar
ts

 th
at

 v
ar

y 
on

e 
fro

m
 a

no
th

er
 in

 th
ei

r

stream, but they are parts that vary one from another in their

sa
lie

nt
 fe

at
ur

es
 in

 su
ch

 a
 w

ay
 a

s t
o 

fo
rc

e 
th

e 
m

in
d 

to
 cl

as
sif

y

salient features in such a way as to force the mind to classify

th
em

 a
s t

hi
ng

s a
pa

rt 
an

d 
gi

ve
 th

em
 in

di
vi

du
al

 n
am

es
.

them as things apart and give them individual names.

So
 it

 is
 w

ith
 th

e 
st

re
am

 o
f h

ist
or

y;
 h

ow
ev

er
 st

ro
ng

ly
 w

e 
in

sis
t

So it is with the stream of history; however strongly we insist

on
 it

s c
on

tin
ui

ty
 w

e 
ar

e 
no

ne
 th

e 
le

ss
 fo

rc
ed

 to
 re

co
gn

ize
 it

s

on its continuity we are none the less forced to recognize its

pe
rio

di
ci

ty
. I

t m
ay

 n
ot

 b
e 

de
sir

ab
le

 to
 fi

x o
n 

sp
ec

ifi
c d

at
es

 a
s

periodicity. It may not be desirable to fix on specific dates as

tu
rn

in
g-

po
in

ts
 to

 th
e 

ex
te

nt
 th

at
 o

ur
 p

re
de

ce
ss

or
s w

er
e 

w
on

t t
o

turning-points to the extent that our predecessors were wont to

do
. W

e 
m

ay
 n

ot
, f

or
 e

xa
m

pl
e,

 b
e 

di
sp

os
ed

 to
 a

dm
it 

th
at

 th
e 

Ro
m

an

do. We may not, for example, be disposed to admit that the Roman

Em
pi

re
 ca

m
e 

to
 a

ny
 su

ch
 ca

ta
cl

ys
m

ic
 fi

ni
sh

 a
s t

he
 y

ea
r 4

76
 A

.D
.,

47
6 

  

Empire came to any such cataclysmic finish as the year 476 A.D.,

w
he

n 
ci

te
d 

in
 co

nn
ec

tio
n 

w
ith

 th
e 

ov
er

th
ro

w
 o

f t
he

 la
st

 R
om

an

when cited in connection with the overthrow of the last Roman

Em
pi

re
 o

f t
he

 W
es

t, 
m

ig
ht

 se
em

 to
 in

di
ca

te
. B

ut
, o

n 
th

e 
ot

he
r

Empire of the West, might seem to indicate. But, on the other

ha
nd

, n
o 

st
ud

en
t o

f t
he

 p
er

io
d 

ca
n 

fa
il 

to
 re

al
ize

 th
at

 a
 g

re
at

hand, no student of the period can fail to realize that a great

ch
an

ge
 ca

m
e 

ov
er

 th
e 

as
pe

ct
 o

f t
he

 h
ist

or
ic

al
 st

re
am

 to
w

ar
ds

 th
e

change came over the aspect of the historical stream towards the

cl
os

e 
of

 th
e 

Ro
m

an
 e

po
ch

.

close of the Roman epoch.

Th
e 

sp
an

 fr
om

 T
ha

le
s t

o 
Ga

le
n 

ha
s c

om
pa

ss
ed

 a
bo

ut
 e

ig
ht

 h
un

dr
ed

ye
ar

s—
le

t u
s s

ay
 th

irt
y 

ge
ne

ra
tio

ns
. T

hr
ou

gh
ou

t t
hi

s p
er

io
d

th
er

e 
is 

sc
ar

ce
ly

 a
 g

en
er

at
io

n 
th

at
 h

as
 n

ot
 p

ro
du

ce
d 

gr
ea

t

sc
ie

nt
ifi

c t
hi

nk
er

s—
m

en
 w

ho
 h

av
e 

pu
t t

he
ir 

m
ar

k 
up

on
 th

e

pr
og

re
ss

 o
f c

iv
ili

za
tio

n;
 b

ut
 w

e 
sh

al
l s

ee
, a

s w
e 

lo
ok

 fo
rw

ar
d

fo
r a

 co
rre

sp
on

di
ng

 p
er

io
d,

 th
at

 th
e 

en
su

in
g 

th
irt

y 
ge

ne
ra

tio
ns

pr
od

uc
ed

 sc
ar

ce
ly

 a
 si

ng
le

 sc
ie

nt
ifi

c t
hi

nk
er

 o
f t

he
 fi

rs
t r

an
k.

Ei
gh

t h
un

dr
ed

 y
ea

rs
 o

f i
nt

el
le

ct
ua

l a
ct

iv
ity

 —
th

irt
y 

ge
ne

ra
tio

ns

of
 g

re
at

ne
ss

; t
he

n 
ei

gh
t h

un
dr

ed
 y

ea
rs

 o
f s

ta
sis

—
th

irt
y

ge
ne

ra
tio

ns
 o

f m
ed

io
cr

ity
; s

uc
h 

se
em

s t
o 

be
 th

e 
re

co
rd

 a
s v

ie
w

ed

in
 p

er
sp

ec
tiv

e.
 D

ou
bt

le
ss

 it
 se

em
ed

 fa
r d

iff
er

en
t t

o 
th

e

co
nt

em
po

ra
ry

 o
bs

er
ve

r; 
it 

is 
on

ly
 in

 re
as

on
ab

le
 p

er
sp

ec
tiv

e 
th

at

an
y 

sc
en

e 
ca

n 
be

 v
ie

w
ed

 fa
irl

y.
 B

ut
 fo

r u
s, 

lo
ok

in
g 

ba
ck

 w
ith

ou
t

pr
ej

ud
ic

e 
ac

ro
ss

 th
e 

st
ag

e 
of

 y
ea

rs
, it

 se
em

s i
nd

isp
ut

ab
le

 th
at

 a

gr
ea

t e
po

ch
 ca

m
e 

to
 a

 cl
os

e 
at

 a
bo

ut
 th

e 
tim

e 
w

he
n 

th
e 

ba
rb

ar
ia

n

na
tio

ns
 o

f E
ur

op
e 

be
ga

n 
to

 sw
ee

p 
do

w
n 

in
to

 G
re

ec
e 

an
d 

Ita
ly

. W
e

ar
e 

fo
rc

ed
 to

 fe
el

 th
at

 w
e 

ha
ve

 re
ac

he
d 

th
e 

lim
its

 o
f p

ro
gr

es
s o

f

w
ha

t h
ist

or
ia

ns
 a

re
 p

le
as

ed
 to

 ca
ll 

th
e 

an
ci

en
t w

or
ld

. F
or

 a
bo

ut

ei
gh

t h
un

dr
ed

 y
ea

rs
 G

re
ek

 th
ou

gh
t h

as
 b

ee
n 

do
m

in
an

t, 
bu

t i
n 

th
e

en
su

in
g 

pe
rio

d 
it 

is 
to

 p
la

y 
a 

qu
ite

 su
bo

rd
in

at
e 

pa
rt,

 e
xc

ep
t i

n

so
 fa

r a
s i

t i
nf

lu
en

ce
s t

he
 th

ou
gh

t o
f a

n 
al

ie
n 

ra
ce

. A
s w

e 
le

av
e

th
is 

cl
as

sic
al

 e
po

ch
, t

he
n,

 w
e 

m
ay

 w
el

l r
ec

ap
itu

la
te

 in
 b

rie
f i

ts

tri
um

ph
s. 

A 
fe

w
 w

or
ds

 w
ill

 su
ffi

ce
 to

 su
m

m
ar

ize
 a

 st
or

y 
th

e

de
ta

ils
 o

f w
hi

ch
 h

av
e 

m
ad

e 
up

 o
ur

 re
ce

nt
 ch

ap
te

rs
.

In
 th

e 
fie

ld
 o

f c
os

m
ol

og
y,

 G
re

ek
 g

en
iu

s h
as

 d
em

on
st

ra
te

d 
th

at
 th

e

ea
rth

 is
 sp

he
ro

id
al

, t
ha

t t
he

 m
oo

n 
is 

ea
rth

lik
e 

in
 st

ru
ct

ur
e 

an
d

m
uc

h 
sm

al
le

r t
ha

n 
ou

r g
lo

be
, a

nd
 th

at
 th

e 
su

n 
is 

va
st

ly
 la

rg
er

an
d 

m
an

y 
tim

es
 m

or
e 

di
st

an
t t

ha
n 

th
e 

m
oo

n.
 T

he
 a

ct
ua

l s
ize

 o
f t

he

ea
rth

 a
nd

 th
e 

an
gl

e 
of

 it
s a

xi
s w

ith
 th

e 
ec

lip
tic

 h
av

e 
be

en

m
ea

su
re

d 
w

ith
 a

pp
ro

xi
m

at
e 

ac
cu

ra
cy

. I
t h

as
 b

ee
n 

sh
ow

n 
th

at
 th

e

su
n 

an
d 

m
oo

n 
pr

es
en

t i
ne

qu
al

iti
es

 o
f m

ot
io

n 
w

hi
ch

 m
ay

 b
e

th
eo

re
tic

al
ly

 e
xp

la
in

ed
 b

y 
su

pp
os

in
g 

th
at

 th
e 

ea
rth

 is
 n

ot

sit
ua

te
d 

pr
ec

ise
ly

 a
t t

he
 ce

nt
re

 o
f t

he
ir 

or
bi

ts
. A

 sy
st

em
 o

f

ec
ce

nt
ric

s a
nd

 e
pi

cy
cl

es
 h

as
 b

ee
n 

el
ab

or
at

ed
 w

hi
ch

 se
rv

es
 to

ex
pl

ai
n 

th
e 

ap
pa

re
nt

 m
ot

io
ns

 o
f t

he
 h

ea
ve

nl
y 

bo
di

es
 in

 a
 m

an
ne

r

th
at

 m
ay

 b
e 

ca
lle

d 
sc

ie
nt

ifi
c e

ve
n 

th
ou

gh
 it

 is
 b

as
ed

, a
s w

e 
no

w

kn
ow

, u
po

n 
a 

fa
lse

 h
yp

ot
he

sis
. T

he
 tr

ue
 h

yp
ot

he
sis

, w
hi

ch
 p

la
ce

s

th
e 

su
n 

at
 th

e 
ce

nt
re

 o
f t

he
 p

la
ne

ta
ry

 sy
st

em
 a

nd
 p

os
tu

la
te

s t
he

or
bi

ta
l a

nd
 a

xi
al

 m
ot

io
ns

 o
f o

ur
 e

ar
th

 in
 e

xp
la

na
tio

n 
of

 th
e

m
ot

io
ns

 o
f t

he
 h

ea
ve

nl
y 

bo
di

es
, h

as
 b

ee
n 

pu
t f

or
w

ar
d 

an
d 

ar
de

nt
ly

ch
am

pi
on

ed
, b

ut
, u

nf
or

tu
na

te
ly

, is
 n

ot
 a

cc
ep

te
d 

by
 th

e 
do

m
in

an
t

th
in

ke
rs

 a
t t

he
 cl

os
e 

of
 o

ur
 e

po
ch

. I
n 

th
is 

re
ga

rd
, t

he
re

fo
re

, a

va
st

 re
vo

lu
tio

na
ry

 w
or

k 
re

m
ai

ns
 fo

r t
he

 th
in

ke
rs

 o
f a

 la
te

r

pe
rio

d.
 M

or
eo

ve
r, 

su
ch

 o
bs

er
va

tio
ns

 a
s t

he
 p

re
ce

ss
io

n 
of

 th
e

eq
ui

no
xe

s a
nd

 th
e 

m
oo

n´
s e

ve
ct

io
n 

ar
e 

as
 y

et
 u

ne
xp

la
in

ed
, a

nd

m
ea

su
re

m
en

ts
 o

f t
he

 e
ar

th
´s

 si
ze

, a
nd

 o
f t

he
 su

n´
s s

ize
 a

nd

di
st

an
ce

, a
re

 so
 cr

ud
e 

an
d 

im
pe

rfe
ct

 a
s t

o 
be

 in
 o

ne
 ca

se
 o

nl
y 

an

ap
pr

ox
im

at
io

n,
 a

nd
 in

 th
e 

ot
he

r a
n 

ab
su

rd
ly

 in
ad

eq
ua

te

su
gg

es
tio

n.
 B

ut
 w

ith
 a

ll 
th

es
e 

de
fe

ct
s, 

th
e 

to
ta

l a
ch

ie
ve

m
en

t o
f

th
e 

Gr
ee

k 
as

tro
no

m
er

s i
s s

tu
pe

nd
ou

s. 
To

 h
av

e 
cl

ea
rly

 g
ra

sp
ed

 th
e

id
ea

 th
at

 th
e 

ea
rth

 is
 ro

un
d 

is 
in

 it
se

lf 
an

 a
ch

ie
ve

m
en

t t
ha

t

m
ar

ks
 o

ff 
th

e 
cl

as
sic

al
 fr

om
 th

e 
Or

ie
nt

al
 p

er
io

d 
as

 b
y 

a 
gr

ea
t

gu
lf.

In
 th

e 
ph

ys
ic

al
 sc

ie
nc

es
 w

e 
ha

ve
 se

en
 a

t l
ea

st
 th

e 
be

gi
nn

in
gs

 o
f

gr
ea

t t
hi

ng
s. 

Dy
na

m
ic

s a
nd

 h
yd

ro
st

at
ic

s m
ay

 n
ow

, f
or

 th
e 

fir
st

tim
e,

 cl
ai

m
 a

 p
la

ce
 a

m
on

g 
th

e 
sc

ie
nc

es
. G

eo
m

et
ry

 h
as

 b
ee

n

pe
rfe

ct
ed

 a
nd

 tr
ig

on
om

et
ry

 h
as

 m
ad

e 
a 

su
re

 b
eg

in
ni

ng
. T

he

co
nc

ep
tio

n 
th

at
 th

er
e 

ar
e 

fo
ur

 e
le

m
en

ta
ry

 su
bs

ta
nc

es
, e

ar
th

,

w
at

er
, a

ir,
 a

nd
 fi

re
, m

ay
 n

ot
 a

pp
ea

r a
 se

cu
re

 fo
un

da
tio

n 
fo

r

ch
em

ist
ry

, y
et

 it
 m

ar
ks

 a
t l

ea
st

 a
n 

at
te

m
pt

 in
 th

e 
rig

ht

di
re

ct
io

n.
 S

im
ila

rly
, t

he
 co

nc
ep

tio
n 

th
at

 a
ll 

m
at

te
r i

s m
ad

e 
up

of
 in

di
vi

sib
le

 p
ar

tic
le

s a
nd

 th
at

 th
es

e 
ha

ve
 a

dj
us

te
d 

th
em

se
lv

es

an
d 

ar
e 

pe
rh

ap
s h

el
d 

in
 p

la
ce

 b
y 

a 
w

hi
rli

ng
 m

ot
io

n,
 w

hi
le

 it
 is

sc
ar

ce
ly

 m
or

e 
th

an
 a

 sc
ie

nt
ifi

c d
re

am
, i

s, 
af

te
r a

ll,
 a

 d
re

am
 o

f

m
ar

ve
llo

us
 in

sig
ht

.

In
 th

e 
fie

ld
 o

f b
io

lo
gi

ca
l s

ci
en

ce
 p

ro
gr

es
s h

as
 n

ot
 b

ee
n 

so

m
ar

ke
d,

 y
et

 th
e 

el
ab

or
at

e 
ga

rn
er

in
g 

of
 fa

ct
s r

eg
ar

di
ng

 a
na

to
m

y,

ph
ys

io
lo

gy
, a

nd
 th

e 
zo

ol
og

ic
al

 sc
ie

nc
es

 is
 a

t l
ea

st
 a

 v
al

ua
bl

e

pr
ep

ar
at

io
n 

fo
r t

he
 g

en
er

al
iza

tio
ns

 o
f a

 la
te

r t
im

e.

If 
w

ith
 a

 m
ap

 b
ef

or
e 

us
 w

e 
gl

an
ce

 a
t t

he
 p

or
tio

n 
of

 th
e 

gl
ob

e

w
hi

ch
 w

as
 k

no
w

n 
to

 th
e 

w
or

ke
rs

 o
f t

he
 p

er
io

d 
no

w
 in

 q
ue

st
io

n,

be
ar

in
g 

in
 m

in
d 

at
 th

e 
sa

m
e 

tim
e 

w
ha

t w
e 

ha
ve

 le
ar

ne
d 

as
 to

 th
e

se
at

 o
f l

ab
or

s o
f t

he
 v

ar
io

us
 g

re
at

 sc
ie

nt
ifi

c t
hi

nk
er

s f
ro

m

Th
al

es
 to

 G
al

en
, w

e 
ca

nn
ot

 fa
il 

to
 b

e 
st

ru
ck

 w
ith

 a
 ra

th
er

st
ar

tli
ng

 fa
ct

, i
nt

im
at

io
ns

 o
f w

hi
ch

 h
av

e 
be

en
 g

iv
en

 fr
om

 ti
m

e 
to

tim
e—

th
e 

fa
ct

, n
am

el
y,

 th
at

 m
os

t o
f t

he
 g

re
at

 G
re

ek
 th

in
ke

rs
 d

id

no
t l

iv
e 

in
 G

re
ec

e 
its

el
f. 

As
 o

ur
 e

ye
 fa

lls
 u

po
n 

As
ia

 M
in

or
 a

nd

its
 o

ut
ly

in
g 

isl
an

ds
, w

e 
re

fle
ct

 th
at

 h
er

e 
w

er
e 

bo
rn

 su
ch

 m
en

 a
s

Th
al

es
, A

na
xi

m
an

de
r, 

An
ax

im
en

es
, H

er
ac

lit
us

, P
yt

ha
go

ra
s,

An
ax

ag
or

as
, S

oc
ra

te
s, 

Ar
ist

ar
ch

us
, H

ip
pa

rc
hu

s, 
Eu

do
xu

s,

Ph
ilo

la
us

, a
nd

 G
al

en
. F

ro
m

 th
e 

no
rth

er
n 

sh
or

es
 o

f t
he

 a
eg

ea
n 

ca
m

e

Lu
ci

pp
us

, D
em

oc
rit

us
, a

nd
 A

ris
to

tle
. I

ta
ly

, o
ff 

to
 th

e 
w

es
t, 

is

th
e 

ho
m

e 
of

 P
yt

ha
go

ra
s a

nd
 X

en
op

ha
ne

s i
n 

th
ei

r l
at

er
 y

ea
rs

, a
nd

of
 P

ar
m

en
id

es
 a

nd
 E

m
pe

do
cl

es
, Z

en
o,

 a
nd

 A
rc

hi
m

ed
es

. N
or

th
er

n

Af
ric

a 
ca

n 
cl

ai
m

, b
y 

bi
rth

 o
r b

y 
ad

op
tio

n,
 su

ch
 n

am
es

 a
s E

uc
lid

,

Ap
ol

lo
ni

us
 o

f P
er

ga
, H

er
op

hi
lu

s, 
Er

as
ist

ra
tu

s, 
Ar

ist
ip

pu
s,

Er
at

os
th

en
es

, C
te

sib
iu

s, 
He

ro
, S

tra
bo

, a
nd

 P
to

le
m

y.
 T

hi
s i

s b
ut

ru
nn

in
g 

ov
er

 th
e 

lis
t o

f g
re

at
 m

en
 w

ho
se

 d
isc

ov
er

ie
s h

av
e 

cl
ai

m
ed

ou
r a

tte
nt

io
n.

 W
er

e 
w

e 
to

 e
xt

en
d 

th
e 

lis
t t

o 
in

cl
ud

e 
a 

ho
st

 o
f

w
or

ke
rs

 o
f t

he
 se

co
nd

 ra
nk

, w
e 

sh
ou

ld
 b

ut
 e

m
ph

as
ize

 th
e 

sa
m

e

fa
ct

.
Al

l a
lo

ng
 w

e 
ar

e 
sp

ea
ki

ng
 o

f G
re

ek
s, 

or
, a

s t
he

y 
ca

ll 
th

em
se

lv
es

,

He
lle

ne
s, 

an
d 

w
e 

m
ea

n 
by

 th
es

e 
w

or
ds

 th
e 

pe
op

le
 w

ho
se

 h
om

e 
w

as
 a

sm
al

l j
ag

ge
d 

pe
ni

ns
ul

a 
ju

tt
in

g 
in

to
 th

e 
M

ed
ite

rra
ne

an
 a

t t
he

so
ut

he
as

te
rn

 e
xt

re
m

ity
 o

f E
ur

op
e.

 W
e 

th
in

k 
of

 th
is 

pe
ni

ns
ul

a 
as

th
e 

ho
m

e 
of

 G
re

ek
 cu

ltu
re

, y
et

 o
f a

ll 
th

e 
gr

ea
t t

hi
nk

er
s w

e 
ha

ve

ju
st

 n
am

ed
, n

ot
 o

ne
 w

as
 b

or
n 

on
 th

is 
pe

ni
ns

ul
a,

 a
nd

 p
er

ha
ps

 n
ot

on
e 

in
 fi

ve
 e

ve
r s

et
 fo

ot
 u

po
n 

it.
 In

 p
oi

nt
 o

f f
ac

t, 
on

e 
Gr

ee
k

th
in

ke
r o

f t
he

 v
er

y 
fir

st
 ra

nk
, a

nd
 o

ne
 o

nl
y,

 w
as

 b
or

n 
in

 G
re

ec
e

pr
op

er
; t

ha
t o

ne
, h

ow
ev

er
, w

as
 P

la
to

, p
er

ha
ps

 th
e 

gr
ea

te
st

 o
f

th
em

 a
ll.

 W
ith

 th
is 

on
e 

br
ill

ia
nt

 e
xc

ep
tio

n 
(a

nd
 e

ve
n 

he
 w

as
 b

or
n

of
 p

ar
en

ts
 w

ho
 ca

m
e 

fro
m

 th
e 

pr
ov

in
ce

s)
, a

ll 
th

e 
gr

ea
t t

hi
nk

er
s

of
 G

re
ec

e 
ha

d 
th

ei
r o

rig
in

 a
t t

he
 ci

rc
um

fe
re

nc
e 

ra
th

er
 th

an
 th

e

ce
nt

re
 o

f t
he

 e
m

pi
re

. A
nd

 if
 w

e 
re

fle
ct

 th
at

 th
is 

ci
rc

um
fe

re
nc

e

of
 th

e 
Gr

ee
k 

w
or

ld
 w

as
 in

 th
e 

na
tu

re
 o

f t
he

 ca
se

 th
e 

w
id

el
y

ci
rc

lin
g 

re
gi

on
 in

 w
hi

ch
 th

e 
Gr

ee
k 

ca
m

e 
in

 co
nt

ac
t w

ith
 o

th
er

na
tio

ns
, w

e 
sh

al
l s

ee
 a

t o
nc

e 
th

at
 th

er
e 

co
ul

d 
be

 n
o 

m
or

e

st
rik

in
g 

ill
us

tra
tio

n 
in

 a
ll 

hi
st

or
y 

th
an

 th
at

 fu
rn

ish
ed

 u
s h

er
e

of
 th

e 
va

lu
e 

of
 ra

ci
al

 m
in

gl
in

g 
as

 a
 st

im
ul

us
 to

 in
te

lle
ct

ua
l

pr
og

re
ss

.
Bu

t t
he

re
 is

 o
ne

 o
th

er
 fe

at
ur

e 
of

 th
e 

m
at

te
r t

ha
t m

us
t n

ot
 b

e

ov
er

lo
ok

ed
. R

ac
ia

l m
in

gl
in

g 
gi

ve
s v

ita
lit

y,
 b

ut
 to

 p
ro

du
ce

 th
e

be
st

 e
ffe

ct
 th

e 
m

in
gl

in
g 

m
us

t b
e 

th
at

 o
f r

ac
es

 a
ll 

of
 w

hi
ch

 a
re

at
 a

 re
la

tiv
el

y 
hi

gh
 p

la
ne

 o
f c

iv
ili

za
tio

n.
 In

 A
sia

 M
in

or
 th

e

Gr
ee

k 
m

in
gl

ed
 w

ith
 th

e 
Se

m
ite

, w
ho

 h
ad

 th
e 

he
rit

ag
e 

of
 ce

nt
ur

ie
s

of
 cu

ltu
re

; a
nd

 in
 It

al
y 

w
ith

 th
e 

Um
br

ia
ns

, O
sc

an
s, 

an
d

Et
ru

sc
an

s, 
w

ho
, l

itt
le

 a
s w

e 
kn

ow
 o

f t
he

ir 
an

te
ce

de
nt

s, 
ha

ve
 le

ft

us
 m

on
um

en
ts

 to
 te

st
ify

 to
 th

ei
r h

ig
h 

de
ve

lo
pm

en
t. 

Th
e 

ch
ie

f

re
as

on
 w

hy
 th

e 
ra

ci
al

 m
in

gl
in

g 
of

 a
 la

te
r d

ay
 d

id
 n

ot
 a

va
il 

at

on
ce

 to
 g

iv
e 

ne
w

 li
fe

 to
 R

om
an

 th
ou

gh
t w

as
 th

at
 th

e 
ra

ce
s w

hi
ch

sw
ep

t d
ow

n 
fro

m
 th

e 
no

rth
 w

er
e 

ba
rb

ar
ia

ns
. I

t w
as

 n
o 

m
or

e

po
ss

ib
le

 th
at

 th
ey

 sh
ou

ld
 sp

rin
g 

to
 th

e 
he

ig
ht

s o
f c

la
ss

ic
al

cu
ltu

re
 th

an
 it

 w
ou

ld
, f

or
 e

xa
m

pl
e,

 b
e 

po
ss

ib
le

 in
 tw

o 
or

 th
re

e

ge
ne

ra
tio

ns
 to

 p
ro

du
ce

 a
 ra

ce
r f

ro
m

 a
 st

oc
k 

of
 d

ra
ug

ht
 h

or
se

s.

Ev
ol

ut
io

n 
do

es
 n

ot
 p

ro
ce

ed
 b

y 
su

ch
 v

au
lts

 a
s t

hi
s w

ou
ld

 im
pl

y.

Ce
lt,

 G
ot

h,
 H

un
, a

nd
 S

la
v 

m
us

t u
nd

er
go

 p
ro

gr
es

siv
e 

de
ve

lo
pm

en
t

fo
r m

an
y 

ge
ne

ra
tio

ns
 b

ef
or

e 
th

e 
po

pu
la

tio
n 

of
 n

or
th

er
n 

Eu
ro

pe
 ca

n

ca
tc

h 
st

ep
 w

ith
 th

e 
cl

as
sic

al
 G

re
ek

 a
nd

 p
re

pa
re

 to
 m

ar
ch

 fo
rw

ar
d.

Th
at

, p
er

ha
ps

, i
s o

ne
 re

as
on

 w
hy

 w
e 

co
m

e 
to

 a
 p

er
io

d 
of

 st
as

is 
or

re
tro

gr
es

sio
n 

w
he

n 
th

e 
tim

e 
of

 cl
as

sic
al

 a
ct

iv
ity

 is
 o

ve
r. 

Bu
t,

at
 b

es
t, 

it 
is 

on
ly

 o
ne

 re
as

on
 o

f s
ev

er
al

.

Th
e 

in
flu

en
ce

 o
f t

he
 b

ar
ba

ria
n 

na
tio

ns
 w

ill
 cl

ai
m

 fu
rth

er

at
te

nt
io

n 
as

 w
e 

pr
oc

ee
d.

 B
ut

 n
ow

, f
or

 th
e 

m
om

en
t, 

w
e 

m
us

t t
ur

n

ou
r e

ye
s i

n 
th

e 
ot

he
r d

ire
ct

io
n 

an
d 

gi
ve

 a
tt

en
tio

n 
to

 ce
rta

in

ph
as

es
 o

f G
re

ek
 a

nd
 o

f O
rie

nt
al

 th
ou

gh
t w

hi
ch

 w
er

e 
de

st
in

ed
 to

pl
ay

 a
 m

os
t i

m
po

rta
nt

 p
ar

t i
n 

th
e 

de
ve

lo
pm

en
t o

f t
he

 W
es

te
rn

m
in

d—
a 

m
or

e 
im

po
rta

nt
 p

ar
t, 

in
de

ed
, i

n 
th

e 
ea

rly
 m

ed
ia

ev
al

pe
rio

d 
th

an
 th

at
 p

la
ye

d 
by

 th
os

e 
im

po
rta

nt
 in

du
ct

io
ns

 o
f s

ci
en

ce

w
hi

ch
 h

av
e 

ch
ie

fly
 cl

ai
m

ed
 o

ur
 a

tt
en

tio
n 

in
 re

ce
nt

 ch
ap

te
rs

. T
he

su
bj

ec
t i

n 
qu

es
tio

n 
is 

th
e 

ol
d 

fa
m

ili
ar

 o
ne

 o
f f

al
se

 in
du

ct
io

ns

or
 p

se
ud

os
ci

en
ce

. I
n 

de
al

in
g 

w
ith

 th
e 

ea
rly

 d
ev

el
op

m
en

t o
f

th
ou

gh
t a

nd
 w

ith
 O

rie
nt

al
 sc

ie
nc

e,
 w

e 
ha

d 
oc

ca
sio

n 
to

 e
m

ph
as

ize

th
e 

fa
ct

 th
at

 su
ch

 fa
lse

 in
du

ct
io

ns
 le

d 
ev

er
yw

he
re

 to
 th

e

pr
ev

al
en

ce
 o

f s
up

er
st

iti
on

. I
n 

de
al

in
g 

w
ith

 G
re

ek
 sc

ie
nc

e,
 w

e

ha
ve

 la
rg

el
y 

ig
no

re
d 

th
is 

su
bj

ec
t, 

co
nf

in
in

g 
at

te
nt

io
n 

ch
ie

fly
 to

th
e 

pr
og

re
ss

iv
e 

ph
as

es
 o

f t
ho

ug
ht

; b
ut

 it
 m

us
t n

ot
 b

e 
in

fe
rre

d

fro
m

 th
is 

th
at

 G
re

ek
 sc

ie
nc

e,
 w

ith
 a

ll 
its

 se
cu

re
 in

du
ct

io
ns

, w
as

en
tir

el
y 

fre
e 

fro
m

 su
pe

rs
tit

io
n.

 O
n 

th
e 

co
nt

ra
ry

, t
he

 m
os

t c
as

ua
l

ac
qu

ai
nt

an
ce

 w
ith

 G
re

ek
 li

te
ra

tu
re

 w
ou

ld
 su

ffi
ce

 to
 sh

ow
 th

e

in
co

rre
ct

ne
ss

 o
f s

uc
h 

a 
su

pp
os

iti
on

. T
ru

e,
 th

e 
gr

ea
t t

hi
nk

er
s o

f

Gr
ee

ce
 w

er
e 

pr
ob

ab
ly

 fr
ee

r f
ro

m
 th

is 
th

ra
ld

om
. o

f f
al

se

in
du

ct
io

ns
 th

an
 a

ny
 o

f t
he

ir 
pr

ed
ec

es
so

rs
. E

ve
n 

at
 a

 v
er

y 
ea

rly

da
y 

su
ch

 m
en

 a
s X

en
op

ha
ne

s, 
Em

pe
do

cl
es

, A
na

xa
go

ra
s, 

an
d 

Pl
at

o

at
ta

in
ed

 to
 a

 si
ng

ul
ar

ly
 ra

tio
na

lis
tic

 co
nc

ep
tio

n 
of

 th
e

un
iv

er
se

.
W

e 
sa

w
 th

at
 “t

he
 fa

th
er

 o
f m

ed
ic

in
e,

“ H
ip

po
cr

at
es

, b
an

ish
ed

de
m

on
ol

og
y 

an
d 

co
nc

ei
ve

d 
di

se
as

e 
as

 d
ue

 to
 n

at
ur

al
 ca

us
es

. A
t a

sli
gh

tly
 la

te
r d

ay
 th

e 
so

ph
ist

s c
ha

lle
ng

ed
 a

ll 
kn

ow
le

dg
e,

 a
nd

Py
rrh

on
ism

 b
ec

am
e 

a 
sy

no
ny

m
 fo

r s
ce

pt
ic

ism
 in

 re
co

gn
iti

on
 o

f t
he

le
ad

er
sh

ip
 o

f a
 m

as
te

r d
ou

bt
er

. T
he

 e
nt

ire
 sc

ho
ol

 o
f A

le
xa

nd
ria

ns

m
us

t h
av

e 
be

en
 re

la
tiv

el
y 

fre
e 

fro
m

 su
pe

rs
tit

io
n,

 e
lse

 th
ey

 co
ul

d

no
t h

av
e 

re
as

on
ed

 w
ith

 su
ch

 e
ffe

ct
iv

e 
lo

gi
ca

lit
y 

fro
m

 th
ei

r

ob
se

rv
at

io
ns

 o
f n

at
ur

e.
 It

 is
 a

lm
os

t i
nc

on
ce

iv
ab

le
 th

at
 m

en
 li

ke

Eu
cl

id
 a

nd
 A

rc
hi

m
ed

es
, a

nd
 A

ris
ta

rc
hu

s a
nd

 E
ra

to
st

he
ne

s, 
an

d

Hi
pp

ar
ch

us
 a

nd
 H

er
o,

 co
ul

d 
ha

ve
 b

ee
n 

th
e 

vi
ct

im
s o

f s
uc

h

ill
us

io
ns

 re
ga

rd
in

g 
oc

cu
lt 

fo
rc

es
 o

f n
at

ur
e 

as
 w

er
e 

co
ns

ta
nt

ly

po
st

ul
at

ed
 b

y 
O

rie
nt

al
 sc

ie
nc

e.
 H

er
op

hi
lu

s a
nd

 E
ra

sis
tra

tu
s a

nd

Ga
le

n 
w

ou
ld

 h
ar

dl
y 

ha
ve

 p
ur

su
ed

 th
ei

r a
na

to
m

ic
al

 st
ud

ie
s w

ith

eq
ua

ni
m

ity
 h

ad
 th

ey
 b

el
ie

ve
d 

th
at

 g
ho

st
ly

 a
pp

ar
iti

on
s w

at
ch

ed

ov
er

 li
vi

ng
 a

nd
 d

ea
d 

al
ik

e,
 a

nd
 e

xe
rc

ise
d 

at
 w

ill
 a

 m
al

ig
n

in
flu

en
ce

.
Do

ub
tle

ss
 th

e 
Eg

yp
tia

n 
of

 th
e 

pe
rio

d 
co

ns
id

er
ed

 th
e 

w
or

k,
 o

f t
he

Pt
ol

em
ai

c a
na

to
m

ist
s a

n 
un

sp
ea

ka
bl

e 
pr

of
an

at
io

n,
 a

nd
, i

nd
ee

d,
 it

w
as

 n
ot

hi
ng

 le
ss

 th
an

 re
vo

lu
tio

na
ry

—
so

 re
vo

lu
tio

na
ry

 th
at

 it

co
ul

d 
no

t b
e 

su
st

ai
ne

d 
in

 su
bs

eq
ue

nt
 g

en
er

at
io

ns
. W

e 
ha

ve
 se

en

th
at

 th
e 

gr
ea

t G
al

en
, a

t R
om

e,
 fi

ve
 ce

nt
ur

ie
s a

fte
r t

he
 ti

m
e 

of

He
ro

ph
ilu

s, 
w

as
 p

ro
hi

bi
te

d 
fro

m
 d

iss
ec

tin
g 

th
e 

hu
m

an
 su

bj
ec

t. 
Th

e

fa
ct

 sp
ea

ks
 v

ol
um

es
 fo

r t
he

 a
tt

itu
de

 o
f t

he
 R

om
an

 m
in

d 
to

w
ar

ds

sc
ie

nc
e.

 V
as

t a
ud

ie
nc

es
 m

ad
e 

up
 o

f e
ve

ry
 st

ra
tu

m
 o

f s
oc

ie
ty

th
ro

ng
ed

 th
e 

am
ph

ith
ea

tr
e,

 a
nd

 w
at

ch
ed

 e
xu

lti
ng

ly
 w

hi
le

 m
an

 sl
ew

hi
s f

el
lo

w
-m

an
 in

 si
ng

le
 o

r i
n 

m
ul

tip
le

 co
m

ba
t. 

Sh
ou

ts
 o

f

fre
nz

ie
d 

jo
y 

bu
rs

t f
ro

m
 a

 h
un

dr
ed

 th
ou

sa
nd

 th
ro

at
s w

he
n 

th
e

de
at

h-
st

ro
ke

 w
as

 g
iv

en
 to

 a
 n

ew
 v

ic
tim

. T
he

 b
od

ie
s o

f t
he

 sl
ai

n,

by
 sc

or
es

, e
ve

n 
by

 h
un

dr
ed

s, 
w

er
e 

dr
ag

ge
d 

ru
th

le
ss

ly
 fr

om
 th

e

ar
en

a 
an

d 
hu

rle
d 

in
to

 a
 d

itc
h 

as
 co

nt
em

pt
uo

us
ly

 a
s i

f p
ity

 w
er

e

ye
t u

nb
or

n 
an

d 
hu

m
an

 li
fe

 th
e 

m
er

es
t b

au
bl

e.
 Y

et
 th

e 
sa

m
e 

ey
es

th
at

 w
itn

es
se

d 
th

es
e 

sc
en

es
 w

ith
 e

cs
ta

tic
 a

pp
ro

va
l w

ou
ld

 h
av

e

be
en

 a
ve

rt
ed

 in
 p

io
us

 h
or

ro
r h

ad
 a

n 
an

at
om

ist
 d

ar
ed

 to
 a

pp
ro

ac
h

on
e 

of
 th

e 
m

ut
ila

te
d 

bo
di

es
 w

ith
 th

e 
sc

al
pe

l o
f s

ci
en

ce
. I

t w
as

sp
or

t t
o 

se
e 

th
e 

bl
ad

e 
of

 th
e 

gl
ad

ia
to

r e
nt

er
 th

e 
qu

iv
er

in
g,

liv
in

g 
fle

sh
 o

f h
is 

fe
llo

w
-g

la
di

at
or

; i
t w

as
 jo

y 
to

 se
e 

th
e 

w
ar

m

bl
oo

d 
sp

ur
t f

or
th

 fr
om

 th
e 

w
rit

hi
ng

 v
ic

tim
 w

hi
le

 h
e 

st
ill

 li
ve

d;

bu
t i

t w
er

e 
sa

cr
ile

gi
ou

s t
o 

ap
pr

oa
ch

 th
at

 b
od

y 
w

ith
 th

e 
kn

ife
 o

f

th
e 

an
at

om
ist

, o
nc

e 
it 

ha
d 

ce
as

ed
 to

 p
ul

sa
te

 w
ith

 li
fe

. L
ife

its
el

f w
as

 h
el

d 
ut

te
rly

 in
 co

nt
em

pt
, b

ut
 a

bo
ut

 th
e 

re
al

m
 o

f d
ea

th

ho
ve

re
d 

th
e 

th
re

at
en

in
g 

gh
os

ts
 o

f s
up

er
st

iti
on

. A
nd

 su
ch

, b
e 

it

un
de

rs
to

od
, w

as
 th

e 
at

tit
ud

e 
of

 th
e 

Ro
m

an
 p

op
ul

ac
e 

in
 th

e 
ea

rly

an
d 

th
e 

m
os

t b
ril

lia
nt

 e
po

ch
 o

f t
he

 e
m

pi
re

, b
ef

or
e 

th
e 

W
es

te
rn

w
or

ld
 ca

m
e 

un
de

r t
he

 in
flu

en
ce

 o
f t

ha
t O

rie
nt

al
 p

hi
lo

so
ph

y 
w

hi
ch

w
as

 p
re

se
nt

ly
 to

 e
nc

om
pa

ss
 it

.

In
 th

is 
re

ga
rd

 th
e 

Al
ex

an
dr

ia
n 

w
or

ld
 w

as
, a

s j
us

t i
nt

im
at

ed
, f

ar

m
or

e 
ad

va
nc

ed
 th

an
 th

e 
Ro

m
an

, y
et

 e
ve

n 
th

er
e 

w
e 

m
us

t s
up

po
se

 th
at

th
e 

le
ad

er
s o

f t
ho

ug
ht

 w
er

e 
w

id
el

y 
at

 v
ar

ia
nc

e 
w

ith
 th

e 
po

pu
la

r

co
nc

ep
tio

ns
. A

 fe
w

 il
lu

st
ra

tio
ns

, d
ra

w
n 

fro
m

 G
re

ek
 li

te
ra

tu
re

 a
t

va
rio

us
 a

ge
s, 

w
ill

 su
gg

es
t t

he
 p

op
ul

ar
 a

tt
itu

de
. I

n 
th

e 
fir

st

in
st

an
ce

, c
on

sid
er

 th
e 

po
em

s o
f H

om
er

 a
nd

 o
f H

es
io

d.
 F

or
 th

es
e

w
rit

er
s, 

an
d 

do
ub

tle
ss

 fo
r t

he
 v

as
t m

aj
or

ity
 o

f t
he

ir 
re

ad
er

s,

no
t m

er
el

y 
of

 th
ei

r o
w

n 
bu

t o
f m

an
y 

su
bs

eq
ue

nt
 g

en
er

at
io

ns
, t

he

w
or

ld
 is

 p
eo

pl
ed

 w
ith

 a
 m

ul
tit

ud
e 

of
 in

vi
sib

le
 a

pp
ar

iti
on

s,

w
hi

ch
, u

nd
er

 ti
tle

 o
f g

od
s, 

ar
e 

he
ld

 to
 d

om
in

at
e 

th
e 

af
fa

irs
 o

f

m
an

. I
t i

s s
om

et
im

es
 d

iff
ic

ul
t t

o 
di

sc
rim

in
at

e 
as

 to
 w

he
re

 th
e

Gr
ee

k 
im

ag
in

at
io

n 
dr

ew
 th

e 
lin

e 
be

tw
ee

n 
fa

ct
 a

nd
 a

lle
go

ry
; n

or

ne
ed

 w
e 

at
te

m
pt

 to
 a

na
ly

se
 th

e 
ea

rly
 p

oe
tic

 n
ar

ra
tiv

es
 to

 th
is

en
d.

 It
 w

ill
 b

et
te

r s
er

ve
 o

ur
 p

re
se

nt
 p

ur
po

se
 to

 ci
te

 th
re

e 
or

fo
ur

 in
st

an
ce

s w
hi

ch
 il

lu
st

ra
te

 th
e 

ta
ng

ib
ili

ty
 o

f b
el

ie
fs

 b
as

ed

up
on

 p
se

ud
o-

sc
ie

nt
ifi

c i
nd

uc
tio

ns
.

Le
t u

s c
ite

, f
or

 e
xa

m
pl

e,
 th

e 
ac

co
un

t w
hi

ch
 H

er
od

ot
us

 g
iv

es
 u

s o
f

th
e 

ac
tio

ns
 o

f t
he

 G
re

ek
s a

t P
la

ta
ea

, w
he

n 
th

ei
r a

rm
y 

co
nf

ro
nt

ed

th
e 

re
m

na
nt

 o
f t

he
 a

rm
y 

of
 X

er
xe

s, 
in

 th
e 

ye
ar

 4
79

 B
.C

. H
er

e 
w

e

47
9 

  see
 e

ac
h 

sid
e 

he
sit

at
in

g 
to

 a
tt

ac
k 

th
e 

ot
he

r, 
m

er
el

y 
be

ca
us

e 
th

e

or
ac

le
 h

ad
 d

ec
la

re
d 

th
at

 w
hi

ch
ev

er
 si

de
 st

ru
ck

 th
e 

fir
st

 b
lo

w

w
ou

ld
 lo

se
 th

e 
co

nf
lic

t. 
Ev

en
 a

fte
r t

he
 P

er
sia

n 
so

ld
ie

rs
, w

ho

se
em

in
gl

y 
w

er
e 

a 
jo

t l
es

s s
up

er
st

iti
ou

s o
r a

 sh
ad

e 
m

or
e 

im
pa

tie
nt

th
an

 th
ei

r o
pp

on
en

ts
, h

ad
 b

eg
un

 th
e 

at
ta

ck
, w

e 
ar

e 
to

ld
 th

at
 th

e

Gr
ee

ks
 d

ar
ed

 n
ot

 re
sp

on
d 

at
 fi

rs
t, 

th
ou

gh
 th

ey
 w

er
e 

fa
lli

ng

be
fo

re
 th

e 
ja

ve
lin

s o
f t

he
 e

ne
m

y,
 b

ec
au

se
, f

or
so

ot
h,

 th
e 

en
tr

ai
ls

of
 a

 fo
w

l d
id

 n
ot

 p
re

se
nt

 a
n 

au
sp

ic
io

us
 a

pp
ea

ra
nc

e.
 A

nd
 th

es
e

w
er

e 
Gr

ee
ks

 o
f t

he
 sa

m
e 

ge
ne

ra
tio

n 
w

ith
 E

m
pe

do
cl

es
 a

nd
 A

na
xa

go
ra

s

an
d 

ae
sc

hy
lu

s; 
of

 th
e 

sa
m

e 
ep

oc
h 

w
ith

 P
er

ic
le

s a
nd

 S
op

ho
cl

es
 a

nd

Eu
rip

id
es

 a
nd

 P
hi

di
as

. S
uc

h 
w

as
 th

e 
sc

ie
nt

ifi
c s

ta
tu

s o
f t

he

av
er

ag
e 

m
in

d—
na

y,
 o

f t
he

 b
es

t m
in

ds
—

w
ith

 h
er

e 
an

d 
th

er
e 

a 
ra

re

ex
ce

pt
io

n,
 in

 th
e 

go
ld

en
 a

ge
 o

f G
re

ci
an

 cu
ltu

re
.

W
er

e 
w

e 
to

 fo
llo

w
 d

ow
n 

th
e 

pa
ge

s o
f G

re
ek

 h
ist

or
y,

 w
e 

sh
ou

ld
 b

ut

re
pe

at
 th

e 
sa

m
e 

st
or

y 
ov

er
 a

nd
 o

ve
r. 

W
e 

sh
ou

ld
, f

or
 e

xa
m

pl
e,

 se
e

Al
ex

an
de

r t
he

 G
re

at
 b

al
ke

d 
at

 th
e 

ba
nk

s o
f t

he
 H

yp
ha

sis
, a

nd

fo
rc

ed
 to

 tu
rn

 b
ac

k 
be

ca
us

e 
of

 in
au

sp
ic

io
us

 a
ug

ur
ie

s b
as

ed
 a

s

be
fo

re
 u

po
n 

th
e 

di
ss

ec
tio

n 
of

 a
 fo

w
l. 

Al
ex

an
de

r h
im

se
lf,

 to
 b

e

su
re

, w
ou

ld
 h

av
e 

sc
or

ne
d 

th
e 

au
gu

ry
; h

ad
 h

e 
be

en
 th

e 
pr

ey
 o

f s
uc

h

pe
tt

y 
su

pe
rs

tit
io

ns
 h

e 
w

ou
ld

 n
ev

er
 h

av
e 

co
nq

ue
re

d 
As

ia
. W

e 
kn

ow

ho
w

 h
e 

co
m

pe
lle

d 
th

e 
or

ac
le

 a
t D

el
ph

i t
o 

yi
el

d 
to

 h
is 

w
ish

es
; h

ow

he
 cu

t t
he

 G
or

di
an

 k
no

t; 
ho

w
 h

e 
m

ad
e 

hi
s d

om
in

at
in

g 
pe

rs
on

al
ity

fe
lt 

at
 th

e 
te

m
pl

e 
of

 A
m

m
on

 in
 E

gy
pt

. W
e 

kn
ow

, i
n 

a 
w

or
d,

 th
at

 h
e

yi
el

de
d 

to
 su

pe
rs

tit
io

ns
 o

nl
y 

in
 so

 fa
r a

s t
he

y 
se

rv
ed

 h
is

pu
rp

os
e.

 L
ef

t t
o 

hi
s o

w
n 

de
vi

ce
s, 

he
 w

ou
ld

 n
ot

 h
av

e 
co

ns
ul

te
d 

an

or
ac

le
 a

t t
he

 b
an

ks
 o

f t
he

 H
yp

ha
sis

; o
r, 

co
ns

ul
tin

g,
 w

ou
ld

 h
av

e

fo
rc

ed
 fr

om
 th

e 
or

ac
le

 a
 fa

vo
ra

bl
e 

an
sw

er
. B

ut
 h

is 
su

bo
rd

in
at

es

w
er

e 
m

ut
in

ou
s a

nd
 h

e 
ha

d 
no

 ch
oi

ce
. S

uf
fic

e 
it 

fo
r o

ur
 p

re
se

nt

pu
rp

os
e 

th
at

 th
e 

or
ac

le
 w

as
 co

ns
ul

te
d,

 a
nd

 th
at

 it
s a

ns
w

er
 tu

rn
ed

th
e 

co
nq

ue
ro

r b
ac

k.

O
ne

 o
r t

w
o 

in
st

an
ce

s f
ro

m
 R

om
an

 h
ist

or
y 

m
ay

 co
m

pl
et

e 
th

e 
pi

ct
ur

e.

Pa
ss

in
g 

ov
er

 a
ll 

th
os

e 
m

yt
hi

ca
l n

ar
ra

tiv
es

 w
hi

ch
 v

irt
ua

lly

co
ns

tit
ut

e 
th

e 
ea

rly
 h

ist
or

y 
of

 R
om

e,
 a

s p
re

se
rv

ed
 to

 u
s b

y 
su

ch

hi
st

or
ia

ns
 a

s L
iv

y 
an

d 
Di

on
ys

iu
s, 

w
e 

fin
d 

so
 lo

gi
ca

l a
n 

hi
st

or
ia

n

as
 T

ac
itu

s r
ec

or
di

ng
 a

 m
ira

cu
lo

us
 a

ch
ie

ve
m

en
t o

f V
es

pa
sia

n

w
ith

ou
t a

dv
er

se
 co

m
m

en
t. 

“D
ur

in
g 

th
e 

m
on

th
s w

he
n 

Ve
sp

as
ia

n 
w

as

w
ai

tin
g 

at
 A

le
xa

nd
ria

 fo
r t

he
 p

er
io

di
ca

l s
ea

so
n 

of
 th

e 
su

m
m

er

w
in

ds
, a

nd
 a

 sa
fe

 n
av

ig
at

io
n,

 m
an

y 
m

ira
cl

es
 o

cc
ur

re
d 

by
 w

hi
ch

 th
e

fa
vo

r o
f H

ea
ve

n 
an

d 
a 

so
rt

 o
f b

ia
s i

n 
th

e 
po

w
er

s a
bo

ve
 to

w
ar

ds

Ve
sp

as
ia

n 
w

er
e 

m
an

ife
st

ed
.“ 

Ta
ci

tu
s t

he
n 

de
sc

rib
es

 in
 d

et
ai

l t
he

cu
re

 o
f v

ar
io

us
 m

al
ad

ie
s b

y 
th

e 
em

pe
ro

r, 
an

d 
re

la
te

s t
ha

t t
he

em
pe

ro
r o

n 
vi

sit
in

g 
a 

te
m

pl
e 

w
as

 m
et

 th
er

e,
 in

 th
e 

sp
iri

t, 
by

 a

pr
om

in
en

t E
gy

pt
ia

n 
w

ho
 w

as
 p

ro
ve

d 
to

 b
e 

at
 th

e 
sa

m
e 

tim
e 

so
m

e

ei
gh

ty
 m

ile
s d

ist
an

t f
ro

m
 A

le
xa

nd
ria

.

It 
m

us
t b

e 
ad

m
itt

ed
 th

at
 T

ac
itu

s, 
in

 re
la

tin
g 

th
at

 V
es

pa
sia

n

ca
us

ed
 th

e 
bl

in
d 

to
 se

e 
an

d 
th

e 
la

m
e 

to
 w

al
k,

 q
ua

lif
ie

s h
is

na
rra

tiv
e 

by
 a

ss
er

tin
g 

th
at

 “p
er

so
ns

 w
ho

 a
re

 p
re

se
nt

 a
tt

es
t t

he

tr
ut

h 
of

 th
e 

tr
an

sa
ct

io
n 

w
he

n 
th

er
e 

is 
no

th
in

g 
to

 b
e 

ga
in

ed
 b

y

fa
lse

ho
od

.“ 
No

r m
us

t w
e 

ov
er

lo
ok

 th
e 

fa
ct

 th
at

 a
 si

m
ila

r b
el

ie
f

in
 th

e 
po

w
er

 o
f r

oy
al

ty
 h

as
 p

er
sis

te
d 

al
m

os
t t

o 
ou

r o
w

n 
da

y.
 B

ut

no
 su

ch
 sa

vo
r o

f s
ce

pt
ic

ism
 a

tt
ac

he
s t

o 
a 

na
rra

tiv
e 

w
hi

ch
 D

io
n

Ca
ss

iu
s g

iv
es

 u
s o

f a
n 

in
ci

de
nt

 in
 th

e 
lif

e 
of

 M
ar

cu
s

Au
re

liu
s—

an
 in

ci
de

nt
 th

at
 h

as
 b

ec
om

e 
fa

m
ou

s a
s t

he
 e

pi
so

de
 o

f

Th
e 

Th
un

de
rin

g 
Le

gi
on

. X
ip

hi
lin

us
 h

as
 p

re
se

rv
ed

 th
e 

ac
co

un
t o

f

Di
on

, a
dd

in
g 

ce
rt

ai
n 

pi
ct

ur
es

qu
e 

in
te

rp
re

ta
tio

ns
 o

f h
is 

ow
n.

 T
he

or
ig

in
al

 n
ar

ra
tiv

e,
 a

s c
ite

d,
 a

ss
er

ts
 th

at
 d

ur
in

g 
on

e 
of

 th
e

no
rt

he
rn

 ca
m

pa
ig

ns
 o

f M
ar

cu
s A

ur
el

iu
s, 

th
e 

em
pe

ro
r a

nd
 h

is 
ar

m
y

w
er

e 
su

rr
ou

nd
ed

 b
y 

th
e 

ho
st

ile
 Q

ua
di

, w
ho

 h
ad

 e
ve

ry
 a

dv
an

ta
ge

 o
f

po
sit

io
n 

an
d 

w
ho

 p
re

se
nt

ly
 ce

as
ed

 h
os

til
iti

es
 in

 th
e 

ho
pe

 th
at

he
at

 a
nd

 th
irs

t w
ou

ld
 d

el
iv

er
 th

ei
r a

dv
er

sa
rie

s i
nt

o 
th

ei
r h

an
ds

w
ith

ou
t t

he
 tr

ou
bl

e 
of

 fu
rt

he
r f

ig
ht

in
g.

 “N
ow

,“ 
sa

ys
 D

io
n,

 ”w
hi

le

th
e 

Ro
m

an
s, 

un
ab

le
 e

ith
er

 to
 co

m
ba

t o
r t

o 
re

tr
ea

t, 
an

d 
re

du
ce

d 
to

th
e 

la
st

 e
xt

re
m

ity
 b

y 
w

ou
nd

s, 
fa

tig
ue

, h
ea

t, 
an

d 
th

irs
t, 

w
er

e

st
an

di
ng

 h
el

pl
es

sly
 a

t t
he

ir 
po

st
s, 

cl
ou

ds
 su

dd
en

ly
 g

at
he

re
d 

in

gr
ea

t n
um

be
r a

nd
 ra

in
 d

es
ce

nd
ed

 in
 fl

oo
ds

—
ce

rt
ai

nl
y 

no
t w

ith
ou

t

di
vi

ne
 in

te
rv

en
tio

n,
 si

nc
e 

th
e 

Eg
yp

tia
n 

M
ae

ge
 A

rn
ul

ph
is,

 w
ho

 w
as

w
ith

 M
ar

cu
s A

nt
on

in
us

, i
s s

ai
d 

to
 h

av
e 

in
vo

ke
d 

se
ve

ra
l g

en
ii 

by

th
e 

ae
ria

l m
er

cu
ry

 b
y 

en
ch

an
tm

en
t, 

an
d 

th
us

 th
ro

ug
h 

th
em

 h
ad

br
ou

gh
t d

ow
n 

ra
in

.“

He
re

, i
t w

ill
 b

e 
ob

se
rv

ed
, a

 su
pe

rn
at

ur
al

 e
xp

la
na

tio
n 

is 
gi

ve
n 

of

a 
na

tu
ra

l p
he

no
m

en
on

. B
ut

 th
e 

na
rr

at
or

 d
oe

s n
ot

 st
op

 w
ith

 th
is.

If 
w

e 
ar

e 
to

 a
cc

ep
t t

he
 a

cc
ou

nt
 o

f X
ip

hi
lin

us
, D

io
n 

br
in

gs

fo
rw

ar
d 

so
m

e 
st

rik
in

g 
pr

oo
fs

 o
f d

iv
in

e 
in

te
rfe

re
nc

e.
 X

ip
hi

lin
us

gi
ve

s t
he

se
 p

ro
of

s i
n 

th
e 

fo
llo

w
in

g 
re

m
ar

ka
bl

e 
pa

ra
gr

ap
h:

“D
io

n 
ad

ds
 th

at
 w

he
n 

th
e 

ra
in

 b
eg

an
 to

 fa
ll 

ev
er

y 
so

ld
ie

r l
ift

ed

hi
s h

ea
d 

to
w

ar
ds

 h
ea

ve
n 

to
 re

ce
iv

e 
th

e 
w

at
er

 in
 h

is 
m

ou
th

; b
ut

af
te

rw
ar

ds
 o

th
er

s h
ol

d 
ou

t t
he

ir 
sh

ie
ld

s o
r t

he
ir 

he
lm

et
s t

o

ca
tc

h 
th

e 
w

at
er

 fo
r t

he
m

se
lv

es
 a

nd
 fo

r t
he

ir 
ho

rs
es

. B
ei

ng
 se

t

up
on

 b
y 

th
e 

ba
rb

ar
ia

ns
 . .

 . w
hi

le
 o

cc
up

ie
d 

in
 d

rin
ki

ng
, t

he
y

w
ou

ld
 h

av
e 

be
en

 se
rio

us
ly

 in
co

m
m

od
ed

 h
ad

 n
ot

 h
ea

vy
 h

ai
l a

nd

nu
m

er
ou

s t
hu

nd
er

bo
lts

 th
ro

w
n 

co
ns

te
rn

at
io

n 
in

to
 th

e 
ra

nk
s o

f t
he

en
em

y.
 F

ire
 a

nd
 w

at
er

 w
er

e 
se

en
 to

 m
in

gl
e 

as
 th

ey
 le

ft 
th

e

he
av

en
s. 

Th
e 

fir
e,

 h
ow

ev
er

, d
id

 n
ot

 re
ac

h 
th

e 
Ro

m
an

s, 
bu

t i
f i

t

di
d 

by
 ch

an
ce

 to
uc

h 
on

e 
of

 th
em

 it
 w

as
 im

m
ed

ia
te

ly
 e

xt
in

gu
ish

ed
,

w
hi

le
 a

t t
he

 sa
m

e 
tim

e 
th

e 
ra

in
, i

ns
te

ad
 o

f c
om

fo
rt

in
g 

th
e

ba
rb

ar
ia

ns
, s

ee
m

ed
 m

er
el

y 
to

 e
xc

ite
 li

ke
 o

il 
th

e 
fir

e 
w

ith
 w

hi
ch

th
ey

 w
er

e 
be

in
g 

co
ns

um
ed

. S
om

e 
ba

rb
ar

ia
ns

 in
fli

ct
ed

 w
ou

nd
s u

po
n

th
em

se
lv

es
 a

s t
ho

ug
h 

th
ei

r b
lo

od
 h

ad
 p

ow
er

 to
 e

xt
in

gu
ish

 fl
am

es
,

w
hi

le
 m

an
y 

ru
sh

ed
 o

ve
r t

o 
th

e 
sid

e 
of

 th
e 

Ro
m

an
s, 

ho
pi

ng
 th

at

th
er

e 
w

at
er

 m
ig

ht
 sa

ve
 th

em
.“

W
e 

ca
nn

ot
 b

et
te

r c
om

pl
et

e 
th

es
e 

ill
us

tr
at

io
ns

 o
f p

ag
an

 cr
ed

ul
ity

th
an

 b
y 

ad
di

ng
 th

e 
co

m
m

en
t o

f X
ip

hi
lin

us
 h

im
se

lf.
 T

ha
t w

rit
er

 w
as

a 
Ch

ris
tia

n,
 li

vi
ng

 so
m

e 
ge

ne
ra

tio
ns

 la
te

r t
ha

n 
Di

on
. H

e 
ne

ve
r

th
ou

gh
t o

f q
ue

st
io

ni
ng

 th
e 

fa
ct

s, 
bu

t h
e 

fe
lt 

th
at

 D
io

n´
s

in
te

rp
re

ta
tio

n 
of

 th
es

e 
fa

ct
s m

us
t n

ot
 g

o 
un

ch
al

le
ng

ed
. A

s h
e

in
te

rp
re

ts
 th

e 
m

at
te

r, 
it 

w
as

 n
o 

pa
ga

n 
m

ag
ic

ia
n 

th
at

 w
ro

ug
ht

 th
e

m
ira

cl
e.

 H
e 

ev
en

 in
cl

in
es

 to
 th

e 
be

lie
f t

ha
t D

io
n 

hi
m

se
lf 

w
as

aw
ar

e 
th

at
 C

hr
ist

ia
n 

in
te

rfe
re

nc
e,

 a
nd

 n
ot

 th
at

 o
f a

n 
Eg

yp
tia

n,

sa
ve

d 
th

e 
da

y.
 “D

io
n 

kn
ew

,“ 
he

 d
ec

la
re

s, 
”t

ha
t t

he
re

 e
xi

st
ed

 a

le
gi

on
 ca

lle
d 

Th
e 

Th
un

de
rin

g 
Le

gi
on

, w
hi

ch
 n

am
e 

w
as

 g
iv

en
 it

 fo
r

no
 o

th
er

 re
as

on
 th

an
 fo

r w
ha

t c
am

e 
to

 p
as

s i
n 

th
is 

w
ar

,“ 
an

d 
th

at

th
is 

le
gi

on
 w

as
 co

m
po

se
d 

of
 so

ld
ie

rs
 fr

om
 M

ili
te

ne
 w

ho
 w

er
e 

al
l

pr
of

es
se

d 
Ch

ris
tia

ns
. “

Du
rin

g 
th

e 
ba

tt
le

,“ 
co

nt
in

ue
s X

ip
hi

lin
us

,

“t
he

 ch
ie

f o
f t

he
 P

re
to

ni
an

s ,
 h

ad
 se

t a
t M

ar
cu

s A
nt

on
in

us
, w

ho

w
as

 in
 g

re
at

 p
er

pl
ex

ity
 a

t t
he

 tu
rn

 e
ve

nt
s w

er
e 

ta
ki

ng
,

re
pr

es
en

tin
g 

to
 h

im
 th

at
 th

er
e 

w
as

 n
ot

hi
ng

 th
e 

pe
op

le
 ca

lle
d

Ch
ris

tia
ns

 co
ul

d 
no

t o
bt

ai
n 

by
 th

ei
r p

ra
ye

rs
, a

nd
 th

at
 a

m
on

g 
hi

s

fo
rc

es
 w

as
 a

 tr
oo

p 
co

m
po

se
d 

w
ho

lly
 o

f f
ol

lo
w

er
s o

f t
ha

t r
el

ig
io

n.

Re
jo

ic
ed

 a
t t

hi
s n

ew
s, 

M
ar

cu
s A

nt
on

in
us

 d
em

an
de

d 
of

 th
es

e

so
ld

ie
rs

 th
at

 th
ey

 sh
ou

ld
 p

ra
y 

to
 th

ei
r g

od
, w

ho
 g

ra
nt

ed
 th

ei
r

pe
tit

io
n 

on
 th

e 
in

st
an

t, 
se

nt
 li

gh
tn

in
g 

am
on

g 
th

e 
en

em
y 

an
d

co
ns

ol
ed

 th
e 

Ro
m

an
s w

ith
 ra

in
. S

tr
uc

k 
by

 th
is 

w
on

de
rfu

l s
uc

ce
ss

,

th
e 

em
pe

ro
r h

on
or

ed
 th

e 
Ch

ris
tia

ns
 in

 a
n 

ed
ic

t a
nd

 n
am

ed
 th

ei
r

le
gi

on
 T

he
 T

hu
nd

er
in

g.
 It

 is
 e

ve
n 

as
se

rt
ed

 th
at

 a
 le

tt
er

 e
xi

st
ed

by
 M

ar
cu

s A
nt

on
in

us
 o

n 
th

is 
su

bj
ec

t. 
Th

e 
pa

ga
ns

 w
el

l k
ne

w
 th

at

th
e 

co
m

pa
ny

 w
as

 ca
lle

d 
Th

e 
Th

un
de

re
rs

, h
av

in
g 

at
te

st
ed

 th
e 

fa
ct

th
em

se
lv

es
, b

ut
 th

ey
 re

ve
al

ed
 n

ot
hi

ng
 o

f t
he

 o
cc

as
io

n 
on

 w
hi

ch

th
e 

le
ad

er
 re

ce
iv

ed
 th

e 
na

m
e.

“[
1]

Pe
cu

lia
r i

nt
er

es
t a

tt
ac

he
s t

o 
th

is 
na

rr
at

iv
e 

as
 il

lu
st

ra
tin

g 
bo

th

cr
ed

ul
ou

sn
es

s a
s t

o 
m

at
te

rs
 o

f f
ac

t a
nd

 p
se

ud
o-

sc
ie

nt
ifi

c

ex
pl

an
at

io
n 

of
 a

lle
ge

d 
fa

ct
s. 

Th
e 

m
od

er
n 

in
te

rp
re

te
r m

ay
 su

pp
os

e

th
at

 a
 v

io
le

nt
 th

un
de

rs
to

rm
 ca

m
e 

up
 d

ur
in

g 
th

e 
co

ur
se

 o
f a

 b
at

tle

be
tw

ee
n 

th
e 

Ro
m

an
s a

nd
 th

e 
so

-c
al

le
d 

ba
rb

ar
ia

ns
, a

nd
 th

at
 o

w
in

g

to
 th

e 
lo

ca
l c

ha
ra

ct
er

 o
f t

he
 st

or
m

, o
r a

 ch
an

ce
 d

isc
ha

rg
e 

of

lig
ht

ni
ng

, t
he

 b
ar

ba
ria

ns
 su

ffe
re

d 
m

or
e 

th
an

 th
ei

r o
pp

on
en

ts
. W

e

m
ay

 w
el

l q
ue

st
io

n 
w

he
th

er
 th

e 
ph

ilo
so

ph
ic

al
 e

m
pe

ro
r h

im
se

lf 
pu

t

an
y 

ot
he

r i
nt

er
pr

et
at

io
n 

th
an

 th
is 

up
on

 th
e 

in
ci

de
nt

. B
ut

, o
n 

th
e

ot
he

r h
an

d,
 w

e 
ne

ed
 n

ot
 d

ou
bt

 th
at

 th
e 

m
aj

or
 p

ar
t o

f h
is 

so
ld

ie
rs

w
ou

ld
 v

er
y 

re
ad

ily
 a

cc
ep

t s
uc

h 
an

 e
xp

la
na

tio
n 

as
 th

at
 g

iv
en

 b
y

Di
on

 C
as

siu
s, 

ju
st

 a
s m

os
t r

ea
de

rs
 o

f a
 fe

w
 ce

nt
ur

ie
s l

at
er

 w
ou

ld

ac
ce

pt
 th

e 
ex

pl
an

at
io

n 
of

 X
ip

hi
lin

us
. I

t i
s w

el
l t

o 
be

ar
 th

is

th
ou

gh
t i

n 
m

in
d 

in
 co

ns
id

er
in

g 
th

e 
st

at
ic

 p
er

io
d 

of
 sc

ie
nc

e 
up

on

w
hi

ch
 w

e 
ar

e 
en

te
rin

g.
 W

e 
sh

al
l p

er
ha

ps
 b

es
t u

nd
er

st
an

d 
th

is

pe
rio

d,
 a

nd
 it

s s
ee

m
in

g 
re

tr
og

re
ss

io
ns

, i
f w

e 
su

pp
os

e 
th

at
 th

e

av
er

ag
e 

m
an

 o
f t

he
 M

id
dl

e 
Ag

es
 w

as
 n

o 
m

or
e 

cr
ed

ul
ou

s, 
no

 m
or

e

su
pe

rs
tit

io
us

, t
ha

n 
th

e 
av

er
ag

e 
Ro

m
an

 o
f a

n 
ea

rli
er

 p
er

io
d 

or

th
an

 th
e 

av
er

ag
e 

Gr
ee

k;
 th

ou
gh

 th
e 

pr
ec

ise
 co

m
pl

ex
io

n 
of

 h
is

cr
ed

ul
ity

 h
ad

 ch
an

ge
d 

un
de

r t
he

 in
flu

en
ce

 o
f O

rie
nt

al
 id

ea
s, 

as

w
e 

ha
ve

 ju
st

 se
en

 il
lu

st
ra

te
d 

by
 th

e 
na

rr
at

iv
e 

of
 X

ip
hi

lin
us

.

AP
PE

ND
IX

AP
PE

ND
IX

RE
FE

RE
NC

E 
LI

ST
, N

O
TE

S,
 A

ND
 B

IB
LI

O
GR

AP
HI

ES
RE

FE
RE

NC
E 

LI
ST

, N
O

TE
S,

 A
ND

 B
IB

LI
O

GR
AP

HI
ES

CH
AP

TE
R 

I. 
PR

EH
IS

TO
RI

C 
SC

IE
NC

E

CH
AP

TE
R 

I. 
PR

EH
IS

TO
RI

C 
SC

IE
NC

E

Le
ng

th
 o

f t
he

 P
re

hi
st

or
ic

 P
er

io
d.

—
It 

is 
of

 co
ur

se
 q

ui
te

im
po

ss
ib

le
 to

 re
du

ce
 th

e 
pr

eh
ist

or
ic

 p
er

io
d 

to
 a

ny
 d

ef
in

ite

nu
m

be
r o

f y
ea

rs
. T

he
re

 a
re

, h
ow

ev
er

, n
um

er
ou

s b
its

 o
f e

vi
de

nc
e

th
at

 e
na

bl
e 

an
 a

nt
hr

op
ol

og
ist

 to
 m

ak
e 

ro
ug

h 
es

tim
at

es
 a

s t
o 

th
e

re
la

tiv
e 

le
ng

th
s o

f t
he

 d
iff

er
en

t p
er

io
ds

 in
to

 w
hi

ch
 p

re
hi

st
or

ic

tim
e 

is 
di

vi
de

d.
 G

ab
rie

l d
e 

M
or

til
le

t, 
on

e 
of

 th
e 

m
os

t

in
du

st
rio

us
 st

ud
en

ts
 o

f p
re

hi
st

or
ic

 a
rc

ha
eo

lo
gy

, v
en

tu
re

d 
to

 g
iv

e

a 
te

nt
at

iv
e 

es
tim

at
e 

as
 to

 th
e 

nu
m

be
rs

 o
f y

ea
rs

 in
vo

lv
ed

 in
 e

ac
h

pe
rio

d.
 H

e 
of

 co
ur

se
 cl

ai
m

ed
 fo

r t
hi

s n
ot

hi
ng

 m
or

e 
th

an
 th

e 
va

lu
e

of
 a

 sc
ie

nt
ifi

c g
ue

ss
. I

t i
s, 

ho
w

ev
er

, a
 g

ue
ss

 b
as

ed
 o

n 
a 

ve
ry

ca
re

fu
l s

tu
dy

 o
f a

ll 
da

ta
 a

t p
re

se
nt

 a
va

ila
bl

e.
 M

or
til

le
t d

iv
id

es

th
e 

pr
eh

ist
or

ic
 p

er
io

d,
 a

s a
 w

ho
le

, i
nt

o 
fo

ur
 e

po
ch

s. 
Th

e 
fir

st

of
 th

es
e 

is 
th

e 
pr

eg
la

ci
al

, w
hi

ch
 h

e 
es

tim
at

es
 a

s c
om

pr
isi

ng

se
ve

nt
y-

ei
gh

t t
ho

us
an

d 
ye

ar
s; 

th
e 

se
co

nd
 is

 th
e 

gl
ac

ia
l, 

co
ve

rin
g

on
e 

hu
nd

re
d 

th
ou

sa
nd

 y
ea

rs
; t

he
n 

fo
llo

w
s w

ha
t h

e 
te

rm
s t

he

So
lu

tr
ee

n,
 w

hi
ch

 n
um

be
rs

 e
le

ve
n 

th
ou

sa
nd

 y
ea

rs
; a

nd
, f

in
al

ly
, t

he

M
ag

da
le

ni
en

, c
om

pr
isi

ng
 th

irt
y-

th
re

e 
th

ou
sa

nd
 y

ea
rs

. T
hi

s g
iv

es
,

fo
r t

he
 p

re
hi

st
or

ic
 p

er
io

d 
pr

op
er

, a
 te

rm
 o

f a
bo

ut
 tw

o 
hu

nd
re

d

an
d 

tw
en

ty
-t

w
o 

th
ou

sa
nd

 y
ea

rs
. A

dd
 to

 th
is 

pe
rh

ap
s t

w
el

ve

th
ou

sa
nd

 y
ea

rs
 u

sh
er

in
g 

in
 th

e 
ci

vi
liz

at
io

n 
of

 E
gy

pt
, a

nd
 th

e 
six

th
ou

sa
nd

 y
ea

rs
 o

f s
ta

bl
e,

 su
re

 ch
ro

no
lo

gy
 o

f t
he

 h
ist

or
ic

al

pe
rio

d,
 a

nd
 w

e 
ha

ve
 so

m
et

hi
ng

 li
ke

 tw
o 

hu
nd

re
d 

an
d 

th
irt

y

th
ou

sa
nd

 o
r t

w
o 

hu
nd

re
d 

an
d 

fo
rt

y 
th

ou
sa

nd
 y

ea
rs

 a
s t

he
 a

ge
 o

f

m
an

.
“T

he
se

 fi
gu

re
s,“

 sa
ys

 M
or

til
le

t, 
”a

re
 ce

rt
ai

nl
y 

no
t e

xa
gg

er
at

ed
.

It 
is 

ev
en

 p
ro

ba
bl

e 
th

at
 th

ey
 a

re
 b

el
ow

 th
e 

tr
ut

h.
 C

on
st

an
tly

 n
ew

di
sc

ov
er

ie
s a

re
 b

ei
ng

 m
ad

e 
th

at
 te

nd
 to

 re
m

ov
e 

fa
rt

he
r b

ac
k 

th
e

da
te

 o
f m

an
´s

 a
pp

ea
ra

nc
e.

“ W
e 

se
e,

 th
en

, a
cc

or
di

ng
 to

 th
is

es
tim

at
e,

 th
at

 a
bo

ut
 a

 q
ua

rt
er

 o
f a

 m
ill

io
n 

ye
ar

s h
av

e 
el

ap
se

d

sin
ce

 m
an

 e
vo

lv
ed

 to
 a

 st
at

e 
th

at
 co

ul
d 

pr
op

er
ly

 b
e 

ca
lle

d 
hu

m
an

.

Th
is 

gu
es

s i
s a

s g
oo

d 
as

 a
no

th
er

, a
nd

 it
 m

ay
 a

dv
an

ta
ge

ou
sly

 b
e

ke
pt

 in
 m

in
d,

 a
s i

t w
ill

 e
na

bl
e 

us
 a

ll 
al

on
g 

to
 u

nd
er

st
an

d 
be

tt
er

th
an

 w
e 

m
ig

ht
 o

th
er

w
ise

 b
e 

ab
le

 to
 d

o 
th

e 
tr

em
en

do
us

 fo
rc

e 
of

ce
rt

ai
n 

pr
ej

ud
ic

es
 a

nd
 p

re
co

nc
ep

tio
ns

 w
hi

ch
 re

ce
nt

 m
an

 in
he

rit
ed

fro
m

 h
is 

pr
eh

ist
or

ic
 a

nc
es

to
r. 

Id
ea

s w
hi

ch
 h

ad
 p

as
se

d 
cu

rr
en

t a
s

un
qu

es
tio

ne
d 

tr
ut

hs
 fo

r o
ne

 h
un

dr
ed

 th
ou

sa
nd

 y
ea

rs
 o

r s
o 

ar
e 

no
t

ea
sil

y 
ca

st
 a

sid
e.

In
 g

oi
ng

 b
ac

k,
 in

 im
ag

in
at

io
n,

 to
 th

e 
be

gi
nn

in
g 

of
 th

e

pr
eh

ist
or

ic
 p

er
io

d,
 w

e 
m

us
t o

f c
ou

rs
e 

re
fle

ct
, i

n 
ac

co
rd

an
ce

 w
ith

m
od

er
n 

id
ea

s o
n 

th
e 

su
bj

ec
t, 

th
at

 th
er

e 
w

as
 n

o 
ye

ar
, n

o

m
ill

en
ni

um
 e

ve
n,

 w
he

n 
it 

co
ul

d 
be

 sa
id

 e
xp

re
ss

ly
: “

Th
is 

be
in

g 
w

as

hi
th

er
to

 a
 p

rim
at

e,
 h

e 
is 

no
w

 a
 m

an
.“ 

Th
e 

tr
an

sit
io

n 
pe

rio
d 

m
us

t

ha
ve

 b
ee

n 
en

or
m

ou
sly

 lo
ng

, a
nd

 th
e 

ch
an

ge
s f

ro
m

 g
en

er
at

io
n 

to

ge
ne

ra
tio

n,
 e

ve
n 

fro
m

 ce
nt

ur
y 

to
 ce

nt
ur

y,
 m

us
t h

av
e 

be
en

 v
er

y

sli
gh

t. 
In

 sp
ea

ki
ng

 o
f t

he
 e

xt
en

t o
f t

he
 a

ge
 o

f m
an

 th
is 

m
us

t b
e

bo
rn

e 
in

 m
in

d:
 it

 m
us

t b
e 

re
ca

lle
d 

th
at

, e
ve

n 
if 

th
e 

pe
rio

d 
w

er
e

no
t v

ag
ue

 fo
r o

th
er

 re
as

on
s, 

th
e 

va
gu

en
es

s o
f i

ts
 b

eg
in

ni
ng

 m
us

t

m
ak

e 
it 

in
de

te
rm

in
at

e.
Bi

bl
io

gr
ap

hi
ca

l N
ot

es
.—

A 
gr

ea
t m

as
s o

f l
ite

ra
tu

re
 h

as
 b

ee
n

pr
od

uc
ed

 in
 re

ce
nt

 y
ea

rs
 d

ea
lin

g 
w

ith
 v

ar
io

us
 p

ha
se

s o
f t

he

hi
st

or
y 

of
 p

re
hi

st
or

ic
 m

an
. N

o 
sin

gl
e 

w
or

k 
kn

ow
n 

to
 th

e 
w

rit
er

de
al

s c
om

pr
eh

en
siv

el
y 

w
ith

 th
e 

sc
ie

nt
ifi

c a
tt

ai
nm

en
ts

 o
f e

ar
ly

m
an

; i
nd

ee
d,

 th
e 

su
bj

ec
t i

s u
su

al
ly

 ig
no

re
d,

 e
xc

ep
t w

he
re

pr
ac

tic
al

 p
ha

se
s o

f t
he

 m
ec

ha
ni

ca
l a

rt
s a

re
 in

 q
ue

st
io

n.
 B

ut
 o

f

co
ur

se
 a

ny
 a

tt
em

pt
 to

 co
ns

id
er

 th
e 

co
nd

iti
on

 o
f p

rim
iti

ve
 m

an

ta
lie

s i
nt

o 
ac

co
un

t, 
by

 in
fe

re
nc

e 
at

 le
as

t, 
hi

s k
no

w
le

dg
e 

an
d

at
ta

in
m

en
ts

. T
he

re
fo

re
, m

os
t w

or
ks

 o
n 

an
th

ro
po

lo
gy

, e
th

no
lo

gy
,

an
d 

pr
im

iti
ve

 c
ul

tu
re

 m
ay

 b
e 

ex
pe

ct
ed

 to
 th

ro
w

 so
m

e 
lig

ht
 o

n 
ou

r

pr
es

en
t s

ub
je

ct
. W

or
ks

 d
ea

lin
g 

w
ith

 th
e 

so
ci

al
 a

nd
 m

en
ta

l

co
nd

iti
on

s o
f e

xi
st

in
g 

sa
va

ge
s a

re
 a

lso
 o

f i
m

po
rt

an
ce

, s
in

ce
 it

is 
no

w
 a

n 
ac

ce
pt

ed
 b

el
ie

f t
ha

t t
he

 a
nc

es
to

rs
 o

f c
iv

ili
ze

d 
ra

ce
s

ev
ol

ve
d 

al
on

g 
sim

ila
r l

in
es

 a
nd

 p
as

se
d 

th
ro

ug
h 

co
rr

es
po

nd
in

g

st
ag

es
 o

f n
as

ce
nt

 c
ul

tu
re

. H
er

be
rt

 S
pe

nc
er

´s
 D

es
cr

ip
tiv

e

So
ci

ol
og

y 
pr

es
en

ts
 a

n 
un

eq
ua

lle
d 

m
as

s o
f f

ac
ts

 re
ga

rd
in

g 
ex

ist
in

g

pr
im

iti
ve

 ra
ce

s, 
bu

t, 
un

fo
rt

un
at

el
y,

 it
s i

na
rt

ist
ic

 m
et

ho
d 

of

ar
ra

ng
em

en
t m

ak
es

 it
 re

pe
lle

nt
 to

 th
e 

ge
ne

ra
l r

ea
de

r. 
E.

 B
.

Ty
le

r´
s P

rim
iti

ve
 C

ul
tu

re
 a

nd
 A

nt
hr

op
ol

og
y;

 L
or

d 
Av

eb
ur

y´
s

Pr
eh

ist
or

ic
 T

im
es

, T
he

 O
rig

in
 o

f C
iv

ili
za

tio
n,

 a
nd

 T
he

 P
rim

iti
ve

Co
nd

iti
on

 o
f M

an
; W

. B
oy

d 
Da

w
ki

n´
s C

av
e-

Hu
nt

in
g 

an
d 

Ea
rly

 M
an

 in

Br
ita

in
; a

nd
 E

dw
ar

d 
Cl

od
d´

s C
hi

ld
ho

od
 o

f t
he

 W
or

ld
 a

nd
 S

to
ry

 o
f

Pr
im

iti
ve

 M
an

 a
re

 d
es

er
ve

dl
y 

po
pu

la
r. 

Pa
ul

 T
op

in
ar

d´
s E

le
m

en
ts

d´
An

th
ro

po
lo

gi
e 

Ge
ne

ra
le

 is
 o

ne
 o

f t
he

 b
es

t-
kn

ow
n 

an
d 

m
os

t

co
m

pr
eh

en
siv

e 
Fr

en
ch

 w
or

ks
 o

n 
th

e 
te

ch
ni

ca
l p

ha
se

s o
f

an
th

ro
po

lo
gy

; b
ut

 M
or

til
le

t´
s L

e 
Pr

eh
ist

or
iq

ue
 h

as
 a

 m
or

e 
po

pu
la

r

in
te

re
st

, o
w

in
g 

to
 it

s c
ha

pt
er

s o
n 

pr
im

iti
ve

 in
du

st
rie

s, 
th

ou
gh

th
is 

w
or

k 
al

so
 co

nt
ai

ns
 m

uc
h 

th
at

 is
 ra

th
er

 te
ch

ni
ca

l. 
Am

on
g

pe
rio

di
ca

ls,
 th

e 
Re

vu
e 

de
 l´

Ec
ol

e 
d´

An
th

ro
po

lo
gi

e 
de

 P
ar

is,

pu
bl

ish
ed

 b
y 

th
e 

pr
of

es
so

rs
, t

re
at

s o
f a

ll 
ph

as
es

 o
f

an
th

ro
po

lo
gy

, a
nd

 th
e 

Am
er

ic
an

 A
nt

hr
op

ol
og

ist
, e

di
te

d 
by

 F
. W

.

Ho
dg

e 
fo

r t
he

 A
m

er
ic

an
 A

nt
hr

op
ol

og
ic

al
 A

ss
oc

ia
tio

n,
 a

nd
 in

te
nd

ed

as
 “a

 m
ed

iu
m

 o
f c

om
m

un
ic

at
io

n 
be

tw
ee

n 
st

ud
en

ts
 o

f a
ll 

br
an

ch
es

 o
f

an
th

ro
po

lo
gy

,“ 
co

nt
ai

ns
 m

uc
h 

th
at

 is
 o

f i
nt

er
es

t f
ro

m
 th

e 
pr

es
en

t

st
an

d-
po

in
t. 

Th
e 

la
st

-n
am

ed
 jo

ur
na

l d
ev

ot
es

 a
 g

oo
d 

de
al

 o
f s

pa
ce

to
 In

di
an

 la
ng

ua
ge

s.
CH

AP
TE

R 
II.

 E
GY

PT
IA

N
 S

CI
EN

CE

CH
AP

TE
R 

II.
 E

GY
PT

IA
N

 S
CI

EN
CE

1 
(p

. 3
4)

. S
ir 

J. 
N

or
m

an
 L

oc
ky

er
, T

he
 D

aw
n 

of
 A

st
ro

no
m

y;
 a

 st
ud

y

34
   o

f t
he

 te
m

pl
e 

w
or

sh
ip

 a
nd

 m
yt

ho
lo

gy
 o

f t
he

 a
nc

ie
nt

 E
gy

pt
ia

ns
,

Lo
nd

on
, 1

89
4.

18
94

   2
 (p

. 4
3)

. G
. M

as
pe

ro
, H

ist
oi

re
 A

nc
ie

-n
ne

 d
es

 P
eu

pl
es

 d
e 

l´O
rie

nt

43
   C

la
ss

iq
ue

, P
ar

is,
 1

89
5.

 T
ra

ns
la

te
d 

as
 (1

) T
he

 D
aw

n 
of

18
95

   C
iv

ili
za

tio
n,

 (2
) T

he
 S

tr
ug

gl
e 

of
 th

e 
N

at
io

ns
, (

3)
 T

he
 P

as
sin

g 
of

th
e 

Em
pi

re
s, 

3 
vo

ls.
, L

on
do

n 
an

d 
N

ew
 Y

or
k,

 1
89

4-
19

00
. P

ro
fe

ss
or

18
94

   
19

00
   M

as
pe

ro
 is

 o
ne

 o
f t

he
 m

os
t f

am
ou

s o
f l

iv
in

g 
O

rie
nt

al
ist

s. 
Hi

s

m
os

t i
m

po
rt

an
t s

pe
ci

al
 st

ud
ie

s h
av

e 
to

 d
o 

w
ith

 E
gy

pt
ol

og
y,

 b
ut

hi
s w

rit
in

gs
 c

ov
er

 th
e 

en
tir

e 
fie

ld
 o

f O
rie

nt
al

 a
nt

iq
ui

ty
. H

e 
is

a 
no

ta
bl

e 
st

yl
ist

, a
nd

 h
is 

w
or

ks
 a

re
 a

t o
nc

e 
re

ad
ab

le
 a

nd

au
th

or
ita

tiv
e.

3 
(p

. 4
4)

. A
do

lf 
Er

m
an

, L
ife

 in
 A

nc
ie

nt
 E

gy
pt

, L
on

do
n,

 1
89

4,
 p

.

44
   

18
94

   3
52

. (
Tr

an
sla

te
d 

fro
m

 th
e 

or
ig

in
al

 G
er

m
an

 w
or

k 
en

tit
le

d 
Ae

gy
pt

en

35
2 

  und
 a

eg
yp

tis
ch

es
 L

eb
en

 in
 A

lte
rt

hu
m

, T
ilb

ig
en

, 1
88

7.
) A

n

18
87

   a
lto

ge
th

er
 a

dm
ira

bl
e 

w
or

k,
 fu

ll 
of

 in
te

re
st

 fo
r t

he
 g

en
er

al

re
ad

er
, t

ho
ug

h 
ba

se
d 

on
 th

e 
m

os
t e

ru
di

te
 st

ud
ie

s.

4 
(p

. 4
7)

. E
rm

an
, o

p.
 c

it.
, p

p.
 3

56
, 3

57
.

47
   

35
6 

  
35

7 
  5 (p

. 4
8)

. E
rm

an
, o

p.
 c

it.
, p

. 3
57

. T
he

 w
or

k 
on

 E
gy

pt
ia

n 
m

ed
ic

in
e

48
   

35
7 

  her
e 

re
fe

rr
ed

 to
 is

 G
eo

rg
 E

be
rs

´ e
di

tio
n 

of
 a

n 
Eg

yp
tia

n 
do

cu
m

en
t

di
sc

ov
er

ed
 b

y 
th

e 
ex

pl
or

er
 w

ho
se

 n
am

e 
it 

be
ar

s. 
It 

re
m

ai
ns

 th
e

m
os

t i
m

po
rt

an
t s

ou
rc

e 
of

 o
ur

 k
no

w
le

dg
e 

of
 E

gy
pt

ia
n 

m
ed

ic
in

e.
 A

s

m
en

tio
ne

d 
in

 th
e 

te
xt

, t
hi

s d
oc

um
en

t d
at

es
 fr

om
 th

e 
ei

gh
te

en
th

dy
na

st
y—

th
at

 is
 to

 sa
y,

 fr
om

 a
bo

ut
 th

e 
fif

te
en

th
 o

r s
ix

te
en

th

ce
nt

ur
y,

 B
.C

., 
a 

re
la

tiv
el

y 
la

te
 p

er
io

d 
of

 E
gy

pt
ia

n 
hi

st
or

y.

6 
(p

. 4
9)

. E
rm

an
, o

p.
 c

it.
, p

. 3
57

.

49
   

35
7 

  7 (p
. 5

0)
. T

he
 H

ist
or

y 
of

 H
er

od
ot

us
, p

p.
 8

5-
90

. T
he

re
 a

re

50
   

85
   

90
   n

um
er

ou
s t

ra
ns

la
tio

ns
 o

f t
he

 fa
m

ou
s w

or
k 

of
 th

e 
“f

at
he

r o
f

hi
st

or
y,

“ o
ne

 o
f t

he
 m

os
t r

ec
en

t a
nd

 a
ut

ho
rit

at
iv

e 
be

in
g 

th
at

 o
f

G.
 C

. M
ac

au
la

y,
 M

.A
., 

in
 tw

o 
vo

lu
m

es
, M

ac
m

ill
an

 &
 C

o.
, L

on
do

n 
an

d

N
ew

 Y
or

k,
 1

89
0.

18
90

   8
 (p

. 5
0)

. T
he

 H
ist

or
ic

al
 L

ib
ra

ry
 o

f D
io

do
ru

s t
he

 S
ic

ili
an

,

50
   L

on
do

n,
 1

70
0.

 T
hi

s m
os

t f
am

ou
s o

f a
nc

ie
nt

 w
or

ld
 h

ist
or

ie
s i

s

17
00

   d
iff

ic
ul

t t
o 

ob
ta

in
 in

 a
n 

En
gl

ish
 v

er
sio

n.
 T

he
 m

os
t r

ec
en

tly

pu
bl

ish
ed

 tr
an

sla
tio

n 
kn

ow
n 

to
 th

e 
w

rit
er

 is
 th

at
 o

f G
. B

oo
th

,

Lo
nd

on
, 1

81
4.

18
14

   9
 (p

. 5
1)

. E
rm

an
, o

p.
 c

it.
, p

. 3
57

.

51
   

35
7 

  10 
(p

. 5
2)

. T
he

 P
ap

yr
us

 R
hi

nd
 is

 a
 so

rt
 o

f m
at

he
m

at
ic

al
 h

an
d-

bo
ok

10
   

52
   o

f t
he

 a
nc

ie
nt

 E
gy

pt
ia

ns
; i

t w
as

 m
ad

e 
in

 th
e 

tim
e 

of
 th

e 
Hy

ks
os

Ki
ng

s (
ab

ou
t 2

00
0 

B.
C.

), 
bu

t i
s a

 c
op

y 
of

 a
n 

ol
de

r b
oo

k.
 It

 is

20
00

   n
ow

 p
re

se
rv

ed
 in

 th
e 

Br
iti

sh
 M

us
eu

m
.

Th
e 

m
os

t a
cc

es
sib

le
 re

ce
nt

 so
ur

ce
s o

f i
nf

or
m

at
io

n 
as

 to
 th

e

so
ci

al
 c

on
di

tio
ns

 o
f t

he
 a

nc
ie

nt
 E

gy
pt

ia
ns

 a
re

 th
e 

w
or

ks
 o

f

M
as

pe
ro

 a
nd

 E
rm

an
, a

bo
ve

 m
en

tio
ne

d;
 a

nd
 th

e 
va

rio
us

 p
ub

lic
at

io
ns

of
 W

. M
. F

lin
de

rs
 P

et
rie

, T
he

 P
yr

am
id

s a
nd

 T
em

pl
es

 o
f G

iz
eh

,

Lo
nd

on
, 1

88
3;

 T
an

is 
I.,

 L
on

do
n,

 1
88

5;
 T

an
is 

H.
, N

eb
es

he
h,

 a
nd

18
83

   
18

85
   D

ef
e-

nn
el

, L
on

do
n,

 1
88

7;
 T

en
 Y

ea
rs

´ D
ig

gi
ng

s, 
Lo

nd
on

, 1
89

2;
 S

yr
ia

18
87

   
18

92
   a

nd
 E

gy
pt

 fr
om

 th
e 

Te
l-e

l-A
m

ar
-n

a 
Le

tt
er

s, 
Lo

nd
on

, 1
89

8,
 e

tc
. T

he

18
98

   v
ar

io
us

 w
or

ks
 o

f P
ro

fe
ss

or
 P

et
rie

, r
ec

or
di

ng
 h

is 
ex

pl
or

at
io

ns

fro
m

 y
ea

r t
o 

ye
ar

, g
iv

e 
th

e 
fu

lle
st

 a
va

ila
bl

e 
in

sig
ht

 in
to

Eg
yp

tia
n 

ar
ch

ae
ol

og
y.

CH
AP

TE
R 

III
. S

CI
EN

CE
 O

F 
BA

BY
LO

N
IA

 A
N

D
 A

SS
YR

IA
CH

AP
TE

R 
III

. S
CI

EN
CE

 O
F 

BA
BY

LO
N

IA
 A

N
D

 A
SS

YR
IA

1 
(p

. 5
7)

. T
he

 M
ed

es
. S

om
e 

di
ffe

re
nc

e 
of

 o
pi

ni
on

 e
xi

st
s a

m
on

g

57
   h

ist
or

ia
ns

 a
s t

o 
th

e 
ex

ac
t e

th
ni

c 
re

la
tio

ns
 o

f t
he

 c
on

qu
er

or
s;

th
e 

pr
ec

ise
 d

at
e 

of
 th

e 
fa

ll 
of

 N
in

ev
eh

 is
 a

lso
 in

 d
ou

bt
.

2 
(p

. 5
7)

. D
ar

iu
s. 

Th
e 

fa
m

ili
ar

 H
eb

re
w

 n
ar

ra
tiv

e 
as

cr
ib

es
 th

e

57
   f

irs
t P

er
sia

n 
co

nq
ue

st
 o

f B
ab

yl
on

 to
 D

ar
iu

s, 
bu

t i
ns

cr
ip

tio
ns

 o
f

Cy
ru

s a
nd

 o
f N

ab
on

id
us

, t
he

 B
ab

yl
on

ia
n 

ki
ng

, m
ak

e 
it 

ce
rt

ai
n 

th
at

Cy
ru

s w
as

 th
e 

re
al

 c
on

qu
er

or
. T

he
se

 in
sc

rip
tio

ns
 a

re
 p

re
se

rv
ed

 o
n

cy
lin

de
rs

 o
f b

ak
ed

 c
la

y,
 o

f t
he

 ty
pe

 m
ad

e 
fa

m
ili

ar
 b

y 
th

e

ex
ca

va
tio

n 
of

 th
e 

pa
st

 fi
fty

 y
ea

rs
, a

nd
 th

ey
 a

re
 in

va
lu

ab
le

hi
st

or
ic

al
 d

oc
um

en
ts

.
3 

(p
. 5

8)
. B

er
os

us
. T

he
 fr

ag
m

en
ts

 o
f B

er
os

us
 h

av
e 

be
en

 tr
an

sla
te

d

58
   b

y 
L.

 P
. C

or
y,

 a
nd

 in
cl

ud
ed

 in
 h

is 
An

ci
en

t F
ra

gm
en

ts
 o

f

Ph
en

ic
ia

n,
 C

ha
ld

ea
n,

 E
gy

pt
ia

n,
 a

nd
 O

th
er

 W
rit

er
s, 

Lo
nd

on
, 1

82
6,

18
26

   s
ec

on
d 

ed
iti

on
, 1

83
2.

18
32

   4
 (p

. 5
8)

. C
ha

ld
ea

n 
le

ar
ni

ng
. R

ec
en

t w
rit

er
s r

es
er

ve
 th

e 
na

m
e

58
   C

ha
ld

ea
n 

fo
r t

he
 la

te
r p

er
io

d 
of

 B
ab

yl
on

ia
n 

hi
st

or
y—

 th
e 

tim
e

w
he

n 
th

e 
Gr

ee
ks

 c
am

e 
in

 c
on

ta
ct

 w
ith

 th
e 

M
es

op
ot

am
ia

ns
—

in

co
nt

ra
di

st
in

ct
io

n 
to

 th
e 

ea
rli

er
 p

er
io

ds
 w

hi
ch

 a
re

 re
ve

al
ed

 to
 u

s

by
 th

e 
ar

ch
ae

ol
og

ic
al

 re
co

rd
s.

5 
(p

. 5
9)

 K
in

g 
Sa

rg
on

 o
f A

ga
de

. T
he

 d
at

e 
gi

ve
n 

fo
r t

hi
s e

ar
ly

59
   k

in
g 

m
us

t n
ot

 b
e 

ac
ce

pt
ed

 a
s a

bs
ol

ut
e;

 b
ut

 it
 is

 p
ro

ba
bl

y

ap
pr

ox
im

at
el

y 
co

rr
ec

t.
6 

(p
. 5

9)
. N

ip
pu

r. 
Se

e 
th

e 
ac

co
un

t o
f t

he
 e

ar
ly

 e
xp

ed
iti

on
s a

s

59
   r

ec
or

de
d 

by
 th

e 
di

re
ct

or
, D

r. 
Jo

hn
 P

. P
et

er
s, 

N
ip

pu
r, 

or

ex
pl

or
at

io
ns

 a
nd

 a
dv

en
tu

re
s, 

et
c.

, N
ew

 Y
or

k 
an

d 
Lo

nd
on

, 1
89

7.

18
97

   7
 (p

. 6
2)

. F
rit

z H
om

m
el

, G
es

ch
ic

ht
e 

Ba
by

lo
ni

en
s u

nd
 A

ss
yr

ie
ns

,

62
   B

er
lin

, 1
88

5.

18
85

   8
 (p

. 6
3)

. R
. C

am
pb

el
l T

ho
m

ps
on

, R
ep

or
ts

 o
f t

he
 M

ag
ic

ia
ns

 a
nd

63
   A

st
ro

lo
ge

rs
 o

f N
in

ev
eh

 a
nd

 B
ab

yl
on

, L
on

do
n,

 1
90

0,
 p

. x
ix

.

19
00

   9
 (p

. 6
4)

. G
eo

rg
e 

Sm
ith

, T
he

 A
ss

yr
ia

n 
Ca

no
n,

 p
. 2

1.

64
   

21
   1

0 
(p

. 6
4)

. T
ho

m
ps

on
, o

p.
 c

it.
, p

. x
ix

.

10
   

64
   1

1 
(p

. 6
5)

. T
ho

m
ps

on
, o

p.
 c

it.
, p

. 2
.

11
   

65
   1

2 
(p

. 6
7)

. T
ho

m
ps

on
, o

p.
 c

it.
, p

. x
vi

.

12
   

67
   1

3 
(p

. 6
8)

. S
ex

tu
s E

m
pi

ric
us

, a
ut

ho
r o

f A
dv

er
su

s M
at

he
m

at
ic

os
,

13
   

68
   l

iv
ed

 a
bo

ut
 2

00
 A

.D
.

20
0 

  14 
(p

. 6
8)

. R
. C

am
pb

el
l T

ho
m

ps
on

, o
p.

 c
it.

, p
. x

xi
v.

14
   

68
   1

5 
(p

. 7
2)

. R
ec

or
ds

 o
f t

he
 P

as
t (

ed
ito

r, 
Sa

m
ue

l B
irc

h)
, V

ol
.

15
   

72
   I

II.
, p

. 1
39

.
13

9 
  16 

(p
. 7

2)
. I

bi
d.

, V
ol

. V
., 

p.
 1

6.

16
   

72
   

16
   1

7 
(p

. 7
2)

. Q
uo

te
d 

in
 R

ec
or

ds
 o

f t
he

 P
as

t, 
Vo

l. 
III

., 
p.

 1
43

,

17
   

72
   

14
3 

  fro
m

 th
e 

Tr
an

sla
tio

ns
 o

f t
he

 S
oc

ie
ty

 o
f B

ib
lic

al
 A

rc
he

ol
og

y,
 v

ol
.

II.
, p

. 5
8.

58
   1

8 
(p

. 7
3)

. R
ec

or
ds

 o
f t

he
 P

as
t, 

vo
l. 

L,
 p

. 1
31

.

18
   

73
   

13
1 

  19 
(p

. 7
3)

. I
bi

d.
, v

ol
. V

., 
p.

 1
71

.

19
   

73
   

17
1 

  20 
(p

. 7
4)

. I
bi

d.
, v

ol
. V

., 
p.

 1
69

.
20

   
74

   
16

9 
  21 

(p
. 7

4)
. J

oa
ch

im
 M

en
an

t, 
La

 B
ib

lio
th

eq
ue

 d
u 

Pa
la

is 
de

 N
in

iv
e,

21
   

74
   P

ar
is,

 1
88

o.
18

8 
  22 

(p
. 7

6)
. C

od
e 

of
 K

ha
m

ur
ab

i. 
Th

is 
fa

m
ou

s i
ns

cr
ip

tio
n 

is 
on

 a

22
   

76
   b

lo
ck

 o
f b

la
ck

 d
io

rit
e 

ne
ar

ly
 e

ig
ht

 fe
et

 in
 h

ei
gh

t. 
It 

w
as

di
sc

ov
er

ed
 a

t S
us

a 
by

 th
e 

Fr
en

ch
 e

xp
ed

iti
on

 u
nd

er
 M

. d
e 

M
or

ga
n,

in
 D

ec
em

be
r, 

19
02

. W
e 

qu
ot

e 
th

e 
tr

an
sla

tio
n 

gi
ve

n 
in

 T
he

19
02

   H
ist

or
ia

ns
´ H

ist
or

y 
of

 th
e 

W
or

ld
, e

di
te

d 
by

 H
en

ry
 S

m
ith

 W
ill

ia
m

s,

Lo
nd

on
 a

nd
 N

ew
 Y

or
k,

 1
90

4,
 V

ol
. I

, p
. 5

10
.

19
04

   
51

0 
  23 

(p
. 7

7)
. T

he
 H

ist
or

ic
al

 L
ib

ra
ry

 o
f D

io
do

ru
s S

ic
ul

us
, p

. 5
19

.

23
   

77
   

51
9 

  24 
(p

. 8
2)

. G
eo

rg
e 

S.
 G

oo
ds

pe
ed

, P
h.

D
., 

H
ist

or
y 

of
 th

e

24
   

82
   B

ab
yl

on
ia

ns
 a

nd
 A

ss
yr

ia
ns

, N
ew

 Y
or

k,
 1

90
2.

19
02

   2
5 

(p
. 8

2)
. G

eo
rg

e 
Ra

w
lin

so
n,

 G
re

at
 O

rie
nt

al
 M

on
ar

ch
ie

s, 
(s

ec
on

d

25
   

82
   e

di
tio

n,
 L

on
do

n,
 1

87
1)

, V
ol

. I
II.

, p
p.

 7
5 

ff.

18
71

   
75

   O
f t

he
 b

oo
ks

 m
en

tio
ne

d 
ab

ov
e,

 th
at

 o
f H

om
m

el
 is

 p
ar

tic
ul

ar
ly

 fu
ll

in
 re

fe
re

nc
e 

to
 c

ul
tu

re
 d

ev
el

op
m

en
t; 

Go
od

sp
ee

d´
s s

m
al

l v
ol

um
e

gi
ve

s a
n 

ex
ce

lle
nt

 c
on

de
ns

ed
 a

cc
ou

nt
; t

he
 o

rig
in

al
 d

oc
um

en
ts

 a
s

tr
an

sla
te

d 
in

 th
e 

va
rio

us
 v

ol
um

es
 o

f R
ec

or
ds

 o
f t

he
 P

as
t a

re
 fu

ll

of
 in

te
re

st
; a

nd
 M

en
an

t´
s l

itt
le

 b
oo

k 
is 

al
to

ge
th

er
 a

dm
ira

bl
e.

Th
e 

w
or

k 
of

 e
xc

av
at

io
n 

is 
st

ill
 g

oi
ng

 o
n 

in
 o

ld
 B

ab
yl

on
ia

, a
nd

ne
w

ly
 d

isc
ov

er
ed

 te
xt

s a
dd

 fr
om

 ti
m

e 
to

 ti
m

e 
to

 o
ur

 k
no

w
le

dg
e,

bu
t A

. H
. L

ay
ar

d´
s N

in
ev

eh
 a

nd
 it

s R
em

ai
ns

 (L
on

do
n,

 1
84

9)
 st

ill

18
49

   h
as

 im
po

rt
an

ce
 a

s a
 re

co
rd

 o
f t

he
 m

os
t i

m
po

rt
an

t e
ar

ly

di
sc

ov
er

ie
s. 

Th
e 

ge
ne

ra
l h

ist
or

ie
s o

f A
nt

iq
ui

ty
 o

f D
un

ck
er

,

Le
no

rm
an

t, 
M

as
pe

ro
, a

nd
 M

ey
er

 g
iv

e 
fu

ll 
tr

ea
tm

en
t o

f B
ab

yl
on

ia
n

an
d 

As
sy

ria
n 

de
ve

lo
pm

en
t. 

Sp
ec

ia
l h

ist
or

ie
s o

f B
ab

yl
on

ia
 a

nd

As
sy

ria
, i

n 
ad

di
tio

n 
to

 th
es

e 
na

m
ed

 a
bo

ve
, a

re
 T

ie
le

´s
Ba

by
lo

ni
sc

h-
As

sy
ris

ch
e 

Ge
sc

hi
ch

te
 (Z

w
ei

 T
ie

le
, G

ot
ha

, 1
88

6-
18

88
);

18
86

   
18

88
   W

in
ck

le
r´

s G
es

ch
ic

ht
e 

Ba
by

lo
ni

en
s u

nd
 A

ss
yr

ie
ns

 (B
er

lin
,

18
85

-1
88

8)
, a

nd
 R

og
er

s´
 H

ist
or

y 
of

 B
ab

yl
on

ia
 a

nd
 A

ss
yr

ia
, N

ew

18
85

   
18

88
   Y

or
k 

an
d 

Lo
nd

on
, 1

90
0,

 th
e 

la
st

 o
f w

hi
ch

, h
ow

ev
er

, d
ea

ls 
al

m
os

t

19
00

   e
xc

lu
siv

el
y 

w
ith

 p
ol

iti
ca

l h
ist

or
y.

 C
er

ta
in

 p
ha

se
s o

f s
ci

en
ce

,

pa
rt

ic
ul

ar
ly

 w
ith

 re
fe

re
nc

e 
to

 c
hr

on
ol

og
y 

an
d 

co
sm

ol
og

y,
 a

re

tr
ea

te
d 

by
 E

dw
ar

d 
M

ey
er

 (G
es

ch
ic

ht
e 

de
s A

lte
rt

hu
m

, V
ol

. I
.,

St
ut

tg
ar

t, 
18

84
), 

an
d 

by
 P

. J
en

se
n 

(D
ie

 K
os

m
ol

og
ie

 d
er

18
84

   B
ab

yl
on

ie
r, 

St
ra

ss
bu

rg
, 1

89
0)

, b
ut

 n
o 

co
m

pr
eh

en
siv

e 
sp

ec
ifi

c

18
90

   t
re

at
m

en
t o

f t
he

 su
bj

ec
t i

n 
its

 e
nt

ire
ty

 h
as

 y
et

 b
ee

n 
at

te
m

pt
ed

.

CH
AP

TE
R 

IV
. T

H
E 

D
EV

EL
O

PM
EN

T 
O

F 
TH

E 
AL

PH
AB

ET
CH

AP
TE

R 
IV

. T
H

E 
D

EV
EL

O
PM

EN
T 

O
F 

TH
E 

AL
PH

AB
ET

1 
(p

. 8
7)

. V
ic

om
te

 E
. d

e 
Ro

ug
e,

 M
em

oi
re

 su
r l

´O
rig

in
e 

Eg
yp

tie
nn

e

87
   d

e 
l´A

lp
ha

be
t P

hi
ni

ci
en

, P
ar

is,
 1

87
4.

18
74

   2
 (p

. 8
8)

. S
ee

 th
e 

va
rio

us
 p

ub
lic

at
io

ns
 o

f M
r. 

Ar
th

ur
 E

va
ns

.

88
   3

 (p
. 8

0)
. A

zt
ec

 a
nd

 M
ay

a 
w

rit
in

g.
 T

he
se

 p
ic

to
gr

ap
hs

 a
re

 st
ill

 in

80
   t

he
 m

ai
n 

un
de

ci
ph

er
ab

le
, a

nd
 o

pi
ni

on
s d

iff
er

 a
s t

o 
th

e 
ex

ac
t

st
ag

e 
of

 d
ev

el
op

m
en

t w
hi

ch
 th

ey
 re

pr
es

en
t.

4 
(p

. 9
0)

. E
. A

. W
al

la
ce

 B
ud

ge
´s

 F
irs

t S
te

ps
 in

 E
gy

pt
ia

n,
 L

on
do

n,

90
   1

89
5,

 is
 a

n 
ex

ce
lle

nt
 e

le
m

en
ta

ry
 w

or
k 

on
 th

e 
Eg

yp
tia

n 
w

rit
in

g.

18
95

   P
ro

fe
ss

or
 E

rm
an

´s
 E

gy
pt

ia
n 

Gr
am

m
ar

, L
on

do
n,

 1
89

4,
 is

 th
e 

w
or

k 
of

18
94

   p
er

ha
ps

 th
e 

fo
re

m
os

t l
iv

in
g 

Eg
yp

to
lo

gi
st

.
5 

(P
. 9

3)
. E

xt
an

t e
xa

m
pl

es
 o

f B
ab

yl
on

ia
n 

an
d 

As
sy

ria
n 

w
rit

in
g

93
   g

iv
e 

op
po

rt
un

ity
 to

 c
om

pa
re

 e
ar

lie
r a

nd
 la

te
r s

ys
te

m
s, 

so
 th

e
fa

ct
 o

f e
vo

lu
tio

n 
fro

m
 th

e 
pi

ct
or

ia
l t

o 
th

e 
ph

on
et

ic
 sy

st
em

 re
st

s
on

 so
m

et
hi

ng
 m

or
e 

th
an

 m
er

e 
th

eo
ry

.
6 

(p
. 9

6)
. F

rie
dr

ic
h 

D
el

itz
sc

h,
 A

ss
yr

isc
hc

 L
es

es
tu

ck
e 

m
it

96
   g

ra
m

m
at

isc
he

n 
Ta

be
lle

n 
un

d 
vo

lls
td

nd
ig

em
 G

lo
ss

ar
 e

in
fii

hr
un

g 
in

di
e 

as
sy

ris
ch

e 
un

d 
ba

by
lo

ni
sc

he
 K

ei
lsc

hr
ift

-li
tt

er
at

ur
 b

is 
hi

na
uf

zu
 H

am
m

ur
ab

i, 
Le

ip
zi

g,
 1

90
0.

19
00

   7
 (p

. 9
7)

. I
t d

oe
s n

ot
 a

pp
ea

r t
ha

t t
he

 B
ab

yl
on

ia
ns

 th
cm

se
lv

es

97
   e

ve
r g

av
e 

up
 th

e 
ol

d 
sy

st
em

 o
f w

rit
in

g,
 so

 lo
ng

 a
s t

he
y 

re
ta

in
ed

po
lit

ic
al

 a
ut

on
om

y.
8 

(p
. 1

01
). 

Se
e 

Isa
ac

 T
ay

lo
r´

s H
ist

or
y 

of
 th

e 
Al

ph
ab

et
; a

n

10
1 

  Acc
ou

nt
 o

f t
he

 o
rig

in
 a

nd
 D

ev
el

op
m

en
t o

f L
et

te
rs

, n
ew

 e
di

tio
n,

 2
vo

ls.
, L

on
do

n,
 1

89
9.

18
99

   F
or

 fa
cs

im
ile

s o
f t

he
 v

ar
io

us
 sc

rip
ts

, s
ee

 H
en

ry
 S

m
ith

 W
ill

ia
m

s´
H

ist
or

y 
of

 th
e 

Ar
t O

f W
rit

in
g,

 4
 v

ol
s, 

N
ew

 Y
or

k 
an

d 
Lo

nd
on

,
19

02
-1

90
3.

19
02

   
19

03
   C

H
AP

TE
R 

V.
 T

H
E 

BE
GI

N
N

IN
GS

 O
F 

GR
EE

K 
SC

IE
N

CE
CH

AP
TE

R 
V.

 T
H

E 
BE

GI
N

N
IN

GS
 O

F 
GR

EE
K 

SC
IE

N
CE

1 
(p

. I
II)

. A
na

xi
m

an
de

r, 
as

 re
co

rd
ed

 b
y 

Pl
ut

ar
ch

, v
ol

. V
III

-. 
Se

e
Ar

th
ur

 F
ai

rb
an

ks
´F

irs
t P

hi
lo

so
ph

er
s o

f G
re

ec
e:

 a
n 

Ed
iti

on
 a

nd
Tr

an
sla

tio
n 

of
 th

e 
Re

m
ai

ni
ng

 F
ra

gm
en

ts
 o

f t
he

 P
re

-S
oc

ra
tic

Ph
ilo

so
ph

er
s, 

to
ge

th
er

 w
ith

 a
 T

ra
ns

la
tio

n 
of

 th
e 

m
or

e 
Im

po
rt

an
t

Ac
co

un
ts

 o
f t

he
ir 

O
pi

ni
on

s C
on

ta
in

ed
 in

 th
e 

Ea
rly

 E
pi

to
m

cs
 o

f
th

ei
r W

or
ks

, L
on

do
n,

 1
89

8.
 T

hi
s h

ig
hl

y 
sc

ho
la

rly
 a

nd
 e

xt
re

m
el

y

18
98

   u
se

fu
l b

oo
k 

co
nt

ai
ns

 th
e 

Gr
ee

k 
te

xt
 a

s w
el

l a
s t

ra
ns

la
tio

ns
.

CH
AP

TE
R 

VI
. T

H
E 

EA
RL

Y 
GR

EE
K 

PH
IL

O
SO

PH
ER

S 
IN

 IT
AL

Y
CH

AP
TE

R 
VI

. T
H

E 
EA

RL
Y 

GR
EE

K 
PH

IL
O

SO
PH

ER
S 

IN
 IT

AL
Y

1 
(p

. 1
17

). 
Ge

or
ge

 H
en

ry
 L

ew
es

, A
 B

io
gr

ap
hi

ca
l H

ist
or

y 
of

11
7 

  Phi
lo

so
ph

y 
fro

m
 it

s O
rig

in
 in

 G
re

ec
e 

do
w

n 
to

 th
e 

Pr
es

en
t D

ay
,

en
la

rg
ed

 e
di

tio
n,

 N
ew

 Y
or

k,
 1

88
8,

 p
. 1

7.
18

88
   

17
   2

 (p
. 1

21
). 

D
io

ge
ne

s L
ae

rt
iu

s, 
Th

e 
Li

ve
s a

nd
 O

pi
ni

on
s o

f E
m

in
en

t
12

1 
  Phi

lo
so

ph
er

s, 
C.

 D
. Y

on
ge

´s
 tr

an
sla

tio
n,

 L
on

do
n,

 1
85

3,
 V

III
., 

p.
18

53
   1

53
.

15
3 

  3 (p
. 1

21
). 

Al
ex

an
de

r, 
Su

cc
es

sio
ns

 o
f P

hi
lo

so
ph

er
s.

12
1 

  4 (p
. 1

22
). 

“A
ll 

ov
er

 it
s c

en
tr

e.
“ P

re
su

m
ab

ly
 th

is 
is 

in
te

nd
ed

 to
12

2 
  refe

r t
o 

th
e 

en
tir

e 
eq

ua
to

ria
l r

eg
io

n.
5 

(p
. 1

25
). 

La
er

tiu
s, 

op
. c

it.
, p

p.
 3

48
-3

51
.

12
5 

  
34

8 
  

35
1 

  6 (p
. 1

28
). 

Ar
th

ur
 F

ai
rb

an
ks

, T
he

 F
irs

t P
hi

lo
so

ph
er

s o
f G

re
ec

e
12

8 
  Lon

do
n,

 1
89

8,
 p

p.
 6

7-
71

7.
18

98
   

67
   

71
7 

  7 (p
. 1

29
). 

Ib
id

., 
p.

 8
38

.
12

9 
  

83
8 

  8 (p
. 1

30
). 

Ib
id

., 
p.

 1
09

.
13

0 
  

10
9 

  9 (p
. 1

30
). 

H
ei

nr
ic

h 
Ri

tt
er

, T
he

 H
ist

or
y 

of
 A

nc
ie

nt
 P

hi
lo

so
ph

y,
13

0 
  tra

ns
la

te
d 

fro
m

 th
e 

Ge
rm

an
 b

y 
A.

 J.
 W

. M
or

ris
on

, 4
 v

ol
s.,

 L
on

do
n,

18
38

, v
ol

, I
., 

p.
 4

63
.

18
38

   
46

3 
  10 

(p
. 1

31
). 

Ib
id

., 
p.

 4
65

.
10

   
13

1 
  

46
5 

  11 
(p

. 1
32

). 
Ge

or
ge

 H
en

ry
 L

ew
es

, o
p.

 c
it.

, p
. 8

1.
11

   
13

2 
  

81
   1

2 
(p

. 1
35

). 
Fa

irb
an

ks
, o

p.
 c

it.
, p

. 2
01

.
12

   
13

5 
  

20
1 

  13 
(p

. 1
36

). 
Ib

id
., 

P.
 2

34
.

13
   

13
6 

  
23

4 
  14 

(p
. 1

37
). 

Ib
id

., 
p.

 1
89

.
14

   
13

7 
  

18
9 

  15 
(p

. 1
37

). 
Ib

id
., 

P.
 2

20
.

15
   

13
7 

  
22

0 
  16 

(p
. 1

38
). 

Ib
id

., 
p.

 1
89

.
16

   
13

8 
  

18
9 

  17 
(p

. 1
38

). 
Ib

id
., 

p.
 1

91
.

17
   

13
8 

  
19

1 
  CH

AP
TE

R 
VI

I. 
GR

EE
K 

SC
IE

N
CE

 IN
 T

H
E 

EA
RL

Y 
AT

TI
C 

PE
RI

O
D

CH
AP

TE
R 

VI
I. 

GR
EE

K 
SC

IE
N

CE
 IN

 T
H

E 
EA

RL
Y 

AT
TI

C 
PE

RI
O

D
1 

(p
. 1

50
). 

Th
eo

do
r G

om
pe

rz
, G

re
ek

 T
hi

nk
er

s: 
a 

H
ist

or
y 

of
 A

nc
ie

nt
15

0 
  Phi

lo
so

ph
y 

(tr
an

sla
te

d 
fro

m
 th

e 
Ge

rm
an

 b
y 

La
ur

ie
 M

ag
ne

s)
, N

ew
Yo

rk
, 1

90
 1

, p
p.

 2
20

, 2
21

.
19

0 
  

22
0 

  
22

1 
  2 (p

. 1
53

). 
Ar

ist
ot

le
´s

 T
re

at
ise

 o
n 

Re
sp

ira
tio

n,
 c

h.
 ii

.
15

3 
  3 (p

. 1
59

). 
Fa

irb
an

ks
´ t

ra
ns

la
tio

n 
of

 th
e 

fra
gm

en
ts

 o
f

15
9 

  An
ax

ag
or

as
, i

n 
Th

e 
Fi

rs
t P

hi
lo

so
ph

er
s o

f G
re

ec
e,

 p
p.

 2
39

-2
43

.
23

9 
  

24
3 

  CH
AP

TE
R 

VI
II.

 P
O

ST
-S

O
CR

AT
IC

 S
CI

EN
CE

 A
T 

AT
H

EN
S

CH
AP

TE
R 

VI
II.

 P
O

ST
-S

O
CR

AT
IC

 S
CI

EN
CE

 A
T 

AT
H

EN
S

1 
(p

. 1
80

). 
Al

fre
d 

W
ill

ia
m

 B
er

n,
 T

he
 P

hi
lo

so
ph

y 
of

 G
re

ec
e

18
0 

  Con
sid

er
ed

 in
 R

el
at

io
n 

to
 th

e 
Ch

ar
ac

te
r a

nd
 H

ist
or

y 
of

 it
s

Pe
op

le
, L

on
do

n,
 1

89
8,

 p
. 1

86
.

18
98

   
18

6 
  2 (p

. 1
83

). 
Ar

ist
ot

le
, q

uo
te

d 
in

 W
ill

ia
m

 W
he

w
el

l´s
 H

ist
or

y 
of

 th
e

18
3 

  Ind
uc

tiv
e 

Sc
ie

nc
es

 (s
ec

on
d 

ed
iti

on
, L

on
do

n,
 1

84
7)

, V
ol

. I
I.,

 p
.

18
47

   1
61

.
16

1 
  CH

AP
TE

R 
IX

. G
RE

EK
 S

CI
EN

CE
 O

F 
TH

E 
AL

EX
AN

D
RI

AN
 O

R 
H

EL
LE

N
IS

TI
C

CH
AP

TE
R 

IX
. G

RE
EK

 S
CI

EN
CE

 O
F 

TH
E 

AL
EX

AN
D

RI
AN

 O
R 

H
EL

LE
N

IS
TI

C
PE

RI
O

D
PE

RI
O

D
1 

(p
. 1

95
). 

Te
rt

ul
lia

n´
s A

po
lo

ge
tic

us
.

19
5 

  2 (p
. 2

05
). 

W
e 

qu
ot

e 
th

e 
qu

ai
nt

 o
ld

 tr
an

sla
tio

n 
of

 N
or

th
, p

rin
te

d
20

5 
  in 1

65
7.

16
57

   C
H

AP
TE

R 
X.

 S
CI

EN
CE

 O
F 

TH
E 

RO
M

AN
 P

ER
IO

D
CH

AP
TE

R 
X.

 S
CI

EN
CE

 O
F 

TH
E 

RO
M

AN
 P

ER
IO

D
1 

(p
. 2

58
). 

Th
e 

Ge
og

ra
ph

y 
of

 S
tr

ab
o,

 tr
an

sla
te

d 
by

 H
. C

. H
am

ilt
on

25
8 

  and
 W

. F
al

co
ne

r, 
3 

vo
ls.

, L
on

do
n,

 1
85

7,
 V

ol
. I

, p
p.

 1
9,

 2
0.

18
57

   
19

   
20

   2
 (p

. 2
60

). 
Ib

id
., 

p.
 1

54
.

26
0 

  
15

4 
  3 (p

. 2
63

). 
Ib

id
., 

pp
. 1

69
, 1

70
.

26
3 

  
16

9 
  

17
0 

  4 (p
. 2

64
) I

bi
d.

, p
p.

 1
66

, 1
67

.
26

4 
  

16
6 

  
16

7 
  5 (p

. 2
71

). 
K.

 0
. M

ill
er

 a
nd

 Jo
hn

 W
. D

on
al

ds
on

, T
he

 H
ist

or
y 

of
27

1 
  the

 L
ite

ra
tu

re
 o

f G
re

ec
e,

 3
 v

ol
s.,

 L
on

do
n,

 V
ol

. I
II.

, p
. 2

68
.

26
8 

  6 (p
. 2

76
). 

E.
 T

. W
ith

in
gt

on
, M

ed
ic

al
 H

ist
or

y 
fro

n.
, t

he
 E

ar
lie

st
27

6 
  Tim

es
, L

on
do

n,
 1

89
4,

 p
. 1

18
.

18
94

   
11

8 
  7 (p

. 2
81

). 
Ib

id
.

28
1 

  8 (p
. 2

81
). 

Jo
ha

nn
 H

er
m

an
n 

Ba
ss

, H
ist

or
y 

of
 M

ed
ic

in
e,

 N
ew

 Y
or

k,
28

1 
  188

9.
18

89
   C

H
AP

TE
R 

XI
. A

 R
ET

RO
SP

EC
TI

VE
 G

LA
N

CE
 A

T 
CL

AS
SI

CA
L 

SC
IE

N
CE

CH
AP

TE
R 

XI
. A

 R
ET

RO
SP

EC
TI

VE
 G

LA
N

CE
 A

T 
CL

AS
SI

CA
L 

SC
IE

N
CE

(p
. 2

98
). 

D
io

n 
Ca

ss
iu

s, 
as

 p
re

se
rv

ed
 b

y 
Xi

ph
ili

nu
s. 

O
ur

 e
xt

ra
ct

29
8 

  is q
uo

te
d 

fro
m

 th
e 

tr
an

sla
tio

n 
gi

ve
n 

in
 T

he
 H

ist
or

ia
ns

´ H
ist

or
y

of
 th

e 
W

or
ld

 (e
di

te
d 

by
 H

en
ry

 S
m

ith
 W

ill
ia

m
s)

, 2
5 

vo
ls.

, L
on

do
n

25
   a

nd
 N

ew
 Y

or
k,

 1
90

4,
 V

ol
. V

I.,
 p

. 2
97

 ff
.

19
04

   
29

7 
  [Fo

r f
ur

th
er

 b
ib

lio
gr

ap
hi

c a
l n

ot
es

, t
he

 re
ad

er
 is

 re
fe

rr
ed

 to
 th

e
Ap

pe
n d

ix
 o

f v
ol

um
e 

V.
]

A 
H

ist
or

y 
of

 S
ci

en
ce

, V
ol

um
e 

2,
 b

y 
H

en
ry

 S
m

ith
 W

ill
ia

m
s

Sc
an

ne
d 

by
 C

ha
rle

s K
el

le
r w

ith
 O

m
ni

Pa
g e

 P
ro

fe
ss

io
na

l O
CR

 so
ftw

ar
e

A H
IS

TO
RY

 O
F 

SC
IE

N
CE

H
IS

TO
RY

 O
F 

SC
IE

N
CE

BY
BY

H
EN

RY
 S

M
IT

H
 W

IL
LI

AM
S,

 M
.D

., 
LL

.D
.

H
EN

RY
 S

M
IT

H
 W

IL
LI

AM
S,

 M
.D

., 
LL

.D
.

AS
SI

ST
ED

 B
Y

AS
SI

ST
ED

 B
Y

ED
W

AR
D

 H
. W

IL
LI

AM
S,

 M
.D

.
ED

W
AR

D
 H

. W
IL

LI
AM

S,
 M

.D
.

IN
 F

IV
E 

VO
LU

M
ES

IN
 F

IV
E 

VO
LU

M
ES

VO
LU

M
E 

II.
VO

LU
M

E 
II.

CO
N

TE
N

TS
CO

N
TE

N
TS

BO
O

K 
II

BO
O

K 
II

CH
AP

TE
R 

I. 
SC

IE
N

CE
 IN

 T
H

E 
D

AR
K 

AG
E

CH
AP

TE
R 

I. 
SC

IE
N

CE
 IN

 T
H

E 
D

AR
K 

AG
E

CH
AP

TE
R 

II.
 M

ED
IA

EV
AL

 S
CI

EN
CE

 A
M

O
N

G 
TH

E 
AR

AB
IA

N
S

CH
AP

TE
R 

II.
 M

ED
IA

EV
AL

 S
CI

EN
CE

 A
M

O
N

G 
TH

E 
AR

AB
IA

N
S

CH
AP

TE
R 

III
. M

ED
IA

EV
AL

 S
CI

EN
CE

 IN
 T

H
E 

W
ES

T
CH

AP
TE

R 
III

. M
ED

IA
EV

AL
 S

CI
EN

CE
 IN

 T
H

E 
W

ES
T

CH
AP

TE
R 

IV
. T

H
E 

N
EW

 C
O

SM
O

LO
GY

—
CO

PE
RN

IC
US

 T
O

 K
EP

LE
R 

AN
D

 G
AL

IL
EO

CH
AP

TE
R 

IV
. T

H
E 

N
EW

 C
O

SM
O

LO
GY

—
CO

PE
RN

IC
US

 T
O

 K
EP

LE
R 

AN
D

 G
AL

IL
EO

CH
AP

TE
R 

V.
 G

AL
IL

EO
 A

N
D

 T
H

E 
N

EW
 P

H
YS

IC
S

CH
AP

TE
R 

V.
 G

AL
IL

EO
 A

N
D

 T
H

E 
N

EW
 P

H
YS

IC
S

CH
AP

TE
R 

VI
. T

W
O

 P
SE

UD
O

-S
CI

EN
CE

S—
AL

CH
EM

Y 
AN

D
 A

ST
RO

LO
GY

CH
AP

TE
R 

VI
. T

W
O

 P
SE

UD
O

-S
CI

EN
CE

S—
AL

CH
EM

Y 
AN

D
 A

ST
RO

LO
GY

CH
AP

TE
R 

VI
I. 

FR
O

M
 P

AR
AC

EL
SU

S 
TO

 H
AR

VE
Y

CH
AP

TE
R 

VI
I. 

FR
O

M
 P

AR
AC

EL
SU

S 
TO

 H
AR

VE
Y

CH
AP

TE
R 

VI
II.

 M
ED

IC
IN

E 
IN

 T
H

E 
SI

XT
EE

N
TH

 A
N

D
 S

EV
EN

TE
EN

TH
 C

EN
TU

RI
ES

CH
AP

TE
R 

VI
II.

 M
ED

IC
IN

E 
IN

 T
H

E 
SI

XT
EE

N
TH

 A
N

D
 S

EV
EN

TE
EN

TH
 C

EN
TU

RI
ES

CH
AP

TE
R 

IX
. P

H
IL

O
SO

PH
ER

-S
CI

EN
TI

ST
S 

AN
D

 N
EW

 IN
ST

IT
UT

IO
N

S 
O

F
CH

AP
TE

R 
IX

. P
H

IL
O

SO
PH

ER
-S

CI
EN

TI
ST

S 
AN

D
 N

EW
 IN

ST
IT

UT
IO

N
S 

O
F

LE
AR

N
IN

G
LE

AR
N

IN
G

CH
AP

TE
R 

X.
 T

H
E 

SU
CC

ES
SO

RS
 O

F 
GA

LI
LE

O
 IN

 P
H

YS
IC

AL
 S

CI
EN

CE
CH

AP
TE

R 
X.

 T
H

E 
SU

CC
ES

SO
RS

 O
F 

GA
LI

LE
O

 IN
 P

H
YS

IC
AL

 S
CI

EN
CE

CH
AP

TE
R 

XI
. N

EW
TO

N
 A

N
D

 T
H

E 
CO

M
PO

SI
TI

O
N

 O
F 

LI
GH

T
CH

AP
TE

R 
XI

. N
EW

TO
N

 A
N

D
 T

H
E 

CO
M

PO
SI

TI
O

N
 O

F 
LI

GH
T

CH
AP

TE
R 

XI
I. 

N
EW

TO
N

 A
N

D
 T

H
E 

LA
W

 O
F 

GR
AV

IT
AT

IO
N

CH
AP

TE
R 

XI
I. 

N
EW

TO
N

 A
N

D
 T

H
E 

LA
W

 O
F 

GR
AV

IT
AT

IO
N

CH
AP

TE
R 

XI
II.

 IN
ST

RU
M

EN
TS

 O
F 

PR
EC

IS
IO

N
 IN

 T
H

E 
AG

E 
O

F 
N

EW
TO

N
CH

AP
TE

R 
XI

II.
 IN

ST
RU

M
EN

TS
 O

F 
PR

EC
IS

IO
N

 IN
 T

H
E 

AG
E 

O
F 

N
EW

TO
N

CH
AP

TE
R 

XI
V.

 P
RO

GR
ES

S 
IN

 E
LE

CT
RI

CI
TY

 F
RO

M
 G

IL
BE

RT
 A

N
D

 V
O

N
CH

AP
TE

R 
XI

V.
 P

RO
GR

ES
S 

IN
 E

LE
CT

RI
CI

TY
 F

RO
M

 G
IL

BE
RT

 A
N

D
 V

O
N

GU
ER

IC
KE

 T
O

 F
RA

N
KL

IN
GU

ER
IC

KE
 T

O
 F

RA
N

KL
IN

CH
AP

TE
R 

XV
. N

AT
UR

AL
 H

IS
TO

RY
 T

O
 T

H
E 

TI
M

E 
O

F 
LI

N
N

AE
US

CH
AP

TE
R 

XV
. N

AT
UR

AL
 H

IS
TO

RY
 T

O
 T

H
E 

TI
M

E 
O

F 
LI

N
N

AE
US

AP
PE

N
D

IX
AP

PE
N

D
IX

A 
H

IS
TO

RY
 O

F 
SC

IE
N

CE
A 

H
IS

TO
RY

 O
F 

SC
IE

N
CE

<
bo

ok
he

ad
er

 li
ne

s=
48

>
48

   B
O

O
K 

II
BO

O
K 

II

BO
O

K 
II

TH
E 

BE
GI

N
N

IN
GS

 O
F 

M
O

D
ER

N
 S

CI
EN

CE
TH

E 
BE

GI
N

N
IN

GS
 O

F 
M

O
D

ER
N

 S
CI

EN
CE

TH
E 

BE
G

IN
N

IN
G

S 
O

F 
M

O
D

ER
N

 S
CI

EN
CE

Th
e 

st
ud

ie
s o

f t
he

 p
re

se
nt

 b
oo

k 
co

ve
r t

he
 p

ro
gr

es
s o

f s
ci

en
ce

Th
e 

st
ud

ie
s o

f t
he

 p
re

se
nt

 b
oo

k 
co

ve
r t

he
 p

ro
gr

es
s o

f s
ci

en
ce

fro
m

 th
e 

cl
os

e 
of

 th
e 

Ro
m

an
 p

er
io

d 
in

 th
e 

fif
th

 c
en

tu
ry

 A
.D

. t
o

fr
om

 th
e 

cl
os

e 
of

 th
e 

Ro
m

an
 p

er
io

d 
in

 th
e 

fif
th

 c
en

tu
ry

 A
.D

. t
o

ab
ou

t t
he

 m
id

dl
e 

of
 th

e 
ei

gh
te

en
th

 c
en

tu
ry

. I
n 

tr
ac

in
g 

th
e 

co
ur

se

ab
ou

t t
he

 m
id

dl
e 

of
 th

e 
ei

gh
te

en
th

 c
en

tu
ry

. I
n 

tr
ac

in
g 

th
e 

co
ur

se

of
 e

ve
nt

s t
hr

ou
gh

 so
 lo

ng
 a

 p
er

io
d,

 a
 d

iff
ic

ul
ty

 b
ec

om
es

 p
ro

m
-

of
 e

ve
nt

s t
hr

ou
gh

 so
 lo

ng
 a

 p
er

io
d,

 a
 d

iff
ic

ul
ty

 b
ec

om
es

 p
ro

m
-

in
en

t w
hi

ch
 e

ve
ry

w
he

re
 b

es
et

s t
he

 h
ist

or
ia

n 
in

 le
ss

 d
eg

re
e—

a

in
en

t w
hi

ch
 e

ve
ry

w
he

re
 b

es
et

s t
he

 h
is

to
ria

n 
in

 le
ss

 d
eg

re
e—

a

di
ffi

cu
lty

 d
ue

 to
 th

e 
co

nf
lic

t b
et

w
ee

n 
th

e 
st

ric
tly

 c
hr

on
ol

og
ic

al

di
ffi

cu
lty

 d
ue

 to
 th

e 
co

nf
lic

t b
et

w
ee

n 
th

e 
st

ric
tly

 c
hr

on
ol

og
ic

al

an
d 

th
e 

to
pi

ca
l m

et
ho

d 
of

 tr
ea

tm
en

t. 
W

e 
m

us
t h

ol
d 

as
 c

lo
se

ly
 a

s

an
d 

th
e 

to
pi

ca
l m

et
ho

d 
of

 tr
ea

tm
en

t. 
W

e 
m

us
t h

ol
d 

as
 c

lo
se

ly
 a

s

po
ss

ib
le

 to
 th

e 
ac

tu
al

 se
qu

en
ce

 o
f e

ve
nt

s, 
sin

ce
, a

s a
lre

ad
y

po
ss

ib
le

 to
 th

e 
ac

tu
al

 se
qu

en
ce

 o
f e

ve
nt

s, 
si

nc
e,

 a
s a

lre
ad

y

po
in

te
d 

ou
t, 

on
e 

di
sc

ov
er

y 
le

ad
s o

n 
to

 a
no

th
er

. B
ut

, o
n 

th
e 

ot
he

r

po
in

te
d 

ou
t, 

on
e 

di
sc

ov
er

y 
le

ad
s o

n 
to

 a
no

th
er

. B
ut

, o
n 

th
e 

ot
he

r

ha
nd

, p
ro

gr
es

siv
e 

st
ep

s a
re

 ta
ke

n 
co

nt
em

po
ra

ne
ou

sly
 in

 th
e

ha
nd

, p
ro

gr
es

si
ve

 st
ep

s a
re

 ta
ke

n 
co

nt
em

po
ra

ne
ou

sl
y 

in
 th

e

va
rio

us
 fi

el
ds

 o
f s

ci
en

ce
, a

nd
 if

 w
e 

w
er

e 
to

 a
tt

em
pt

 to
 in

tr
od

uc
e

va
rio

us
 fi

el
ds

 o
f s

ci
en

ce
, a

nd
 if

 w
e 

w
er

e 
to

 a
tt

em
pt

 to
 in

tr
od

uc
e

th
es

e 
in

 st
ric

t c
hr

on
ol

og
ic

al
 o

rd
er

 w
e 

sh
ou

ld
 lo

se
 a

ll 
se

ns
e 

of

th
es

e 
in

 st
ric

t c
hr

on
ol

og
ic

al
 o

rd
er

 w
e 

sh
ou

ld
 lo

se
 a

ll 
se

ns
e 

of

to
pi

ca
l c

on
tin

ui
ty

.

to
pi

ca
l c

on
tin

ui
ty

.

O
ur

 m
et

ho
d 

ha
s b

ee
n 

to
 a

do
pt

 a
 c

om
pr

om
ise

, f
ol

lo
w

in
g 

th
e 

O
ur

 m
et

ho
d 

ha
s b

ee
n 

to
 a

do
pt

 a
 c

om
pr

om
is

e,
 fo

llo
w

in
g 

th
e 

co
ur

se
 o

f a
 si

ng
le

 sc
ie

nc
e 

in
 e

ac
h 

gr
ea

t e
po

ch
 to

 a
 c

on
ve

ni
en

t

co
ur

se
 o

f a
 si

ng
le

 sc
ie

nc
e 

in
 e

ac
h 

gr
ea

t e
po

ch
 to

 a
 c

on
ve

ni
en

t

st
op

pi
ng

-p
oi

nt
, a

nd
 th

en
 tu

rn
in

g 
ba

ck
 to

 b
rin

g 
fo

rw
ar

d 
th

e 

st
op

pi
ng

-p
oi

nt
, a

nd
 th

en
 tu

rn
in

g 
ba

ck
 to

 b
rin

g 
fo

rw
ar

d 
th

e 

st
or

y 
of

 a
no

th
er

 sc
ie

nc
e.

 T
hu

s, 
fo

r e
xa

m
pl

e,
 w

e 
te

ll 
th

e 
st

or
y 

st
or

y 
of

 a
no

th
er

 sc
ie

nc
e.

 T
hu

s, 
fo

r e
xa

m
pl

e,
 w

e 
te

ll 
th

e 
st

or
y 

of
 C

op
er

ni
cu

s a
nd

 G
al

ile
o,

 b
rin

gi
ng

 th
e 

re
co

rd
 o

f c
os

m
ic

al
 a

nd

of
 C

op
er

ni
cu

s a
nd

 G
al

ile
o,

 b
rin

gi
ng

 th
e 

re
co

rd
 o

f c
os

m
ic

al
 a

nd

m
ec

ha
ni

ca
l p

ro
gr

es
s d

ow
n 

to
 a

bo
ut

 th
e 

m
id

dl
e 

of
 th

e 
se

ve
n-

m
ec

ha
ni

ca
l p

ro
gr

es
s d

ow
n 

to
 a

bo
ut

 th
e 

m
id

dl
e 

of
 th

e 
se

ve
n-

te
en

th
 c

en
tu

ry
, b

ef
or

e 
tu

rn
in

g 
ba

ck
 to

 ta
ke

 u
p 

th
e 

ph
ys

io
lo

gi
ca

l

te
en

th
 c

en
tu

ry
, b

ef
or

e 
tu

rn
in

g 
ba

ck
 to

 ta
ke

 u
p 

th
e 

ph
ys

io
lo

gi
ca

l

pr
og

re
ss

 o
f t

he
 fi

fte
en

th
 a

nd
 si

xt
ee

nt
h 

ce
nt

ur
ie

s. 
O

nc
e 

th
e

pr
og

re
ss

 o
f t

he
 fi

ft
ee

nt
h 

an
d 

si
xt

ee
nt

h 
ce

nt
ur

ie
s. 

O
nc

e 
th

e

la
tt

er
 st

re
am

 is
 e

nt
er

ed
, h

ow
ev

er
, w

e 
fo

llo
w

 it
 w

ith
ou

t

la
tt

er
 st

re
am

 is
 e

nt
er

ed
, h

ow
ev

er
, w

e 
fo

llo
w

 it
 w

ith
ou

t

in
te

rr
up

tio
n 

to
 th

e 
tim

e 
of

 H
ar

ve
y 

an
d 

hi
s c

on
te

m
po

ra
rie

s i
n 

th
e

in
te

rr
up

tio
n 

to
 th

e 
tim

e 
of

 H
ar

ve
y 

an
d 

hi
s c

on
te

m
po

ra
rie

s i
n 

th
e

m
id

dl
e 

of
 th

e 
se

ve
nt

ee
nt

h 
ce

nt
ur

y,
 w

he
re

 w
e 

le
av

e 
it 

to
 re

tu
rn

 to

m
id

dl
e 

of
 th

e 
se

ve
nt

ee
nt

h 
ce

nt
ur

y,
 w

he
re

 w
e 

le
av

e 
it 

to
 re

tu
rn

 to

th
e 

fie
ld

 o
f m

ec
ha

ni
cs

 a
s e

xp
lo

ite
d 

by
 th

e 
su

cc
es

so
rs

 o
f G

al
ile

o,

th
e 

fie
ld

 o
f m

ec
ha

ni
cs

 a
s e

xp
lo

ite
d 

by
 th

e 
su

cc
es

so
rs

 o
f G

al
ile

o,

w
ho

 w
er

e 
al

so
 th

e 
pr

ed
ec

es
so

rs
 a

nd
 c

on
te

m
po

ra
rie

s o
f N

ew
to

n.

w
ho

 w
er

e 
al

so
 th

e 
pr

ed
ec

es
so

rs
 a

nd
 c

on
te

m
po

ra
rie

s o
f N

ew
to

n.

In
 g

en
er

al
, i

t w
ill

 a
id

 th
e 

re
ad

er
 to

 re
ca

ll 
th

at
, s

o 
fa

r a
s

In
 g

en
er

al
, i

t w
ill

 a
id

 th
e 

re
ad

er
 to

 re
ca

ll 
th

at
, s

o 
fa

r a
s

po
ss

ib
le

, w
e 

ho
ld

 a
lw

ay
s t

o 
th

e 
sa

m
e 

se
qu

en
ce

s o
f t

op
ic

al

po
ss

ib
le

, w
e 

ho
ld

 a
lw

ay
s t

o 
th

e 
sa

m
e 

se
qu

en
ce

s o
f t

op
ic

al

tr
ea

tm
en

t o
f c

on
te

m
po

ra
ry

 e
ve

nt
s; 

as
 a

 ru
le

 w
e 

tr
ea

t f
irs

t t
he

tr
ea

tm
en

t o
f c

on
te

m
po

ra
ry

 e
ve

nt
s; 

as
 a

 ru
le

 w
e 

tr
ea

t f
irs

t t
he

co
sm

ic
al

, t
he

n 
th

e 
ph

ys
ic

al
, t

he
n 

th
e 

bi
ol

og
ic

al
 sc

ie
nc

es
. T

he

co
sm

ic
al

, t
he

n 
th

e 
ph

ys
ic

al
, t

he
n 

th
e 

bi
ol

og
ic

al
 sc

ie
nc

es
. T

he

sa
m

e 
or

de
r o

f t
re

at
m

en
t w

ill
 b

e 
he

ld
 to

 in
 su

cc
ee

di
ng

 v
ol

um
es

.

sa
m

e 
or

de
r o

f t
re

at
m

en
t w

ill
 b

e 
he

ld
 to

 in
 su

cc
ee

di
ng

 v
ol

um
es

.

Se
ve

ra
l o

f t
he

 v
er

y 
gr

ea
te

st
 o

f s
ci

en
tif

ic
 g

en
er

al
iz

at
io

ns
 a

re

Se
ve

ra
l o

f t
he

 v
er

y 
gr

ea
te

st
 o

f s
ci

en
tif

ic
 g

en
er

al
iz

at
io

ns
 a

re

de
ve

lo
pe

d 
in

 th
e 

pe
rio

d 
co

ve
re

d 
by

 th
e 

pr
es

en
t b

oo
k:

 fo
r e

xa
m

pl
e,

de
ve

lo
pe

d 
in

 th
e 

pe
rio

d 
co

ve
re

d 
by

 th
e 

pr
es

en
t b

oo
k:

 fo
r e

xa
m

pl
e,

th
e 

Co
pe

rn
ic

an
 th

eo
ry

 o
f t

he
 so

la
r s

ys
te

m
, t

he
 tr

ue
 d

oc
tr

in
e 

of

th
e 

Co
pe

rn
ic

an
 th

eo
ry

 o
f t

he
 so

la
r s

ys
te

m
, t

he
 tr

ue
 d

oc
tr

in
e 

of

pl
an

et
ar

y 
m

ot
io

ns
, t

he
 la

w
s o

f m
ot

io
n,

 th
e 

th
eo

ry
 o

f t
he

pl
an

et
ar

y 
m

ot
io

ns
, t

he
 la

w
s o

f m
ot

io
n,

 th
e 

th
eo

ry
 o

f t
he

ci
rc

ul
at

io
n 

of
 th

e 
bl

oo
d,

 a
nd

 th
e 

N
ew

to
ni

an
 th

eo
ry

 o
f

ci
rc

ul
at

io
n 

of
 th

e 
bl

oo
d,

 a
nd

 th
e 

N
ew

to
ni

an
 th

eo
ry

 o
f

gr
av

ita
tio

n.
 T

he
 la

bo
rs

 o
f t

he
 in

ve
st

ig
at

or
s o

f t
he

 e
ar

ly
 d

ec
ad

es

gr
av

ita
tio

n.
 T

he
 la

bo
rs

 o
f t

he
 in

ve
st

ig
at

or
s o

f t
he

 e
ar

ly
 d

ec
ad

es

of
 th

e 
ei

gh
te

en
th

 c
en

tu
ry

, t
er

m
in

at
in

g 
w

ith
 F

ra
nk

lin
´s

 d
isc

ov
er

y

of
 th

e 
ei

gh
te

en
th

 c
en

tu
ry

, t
er

m
in

at
in

g 
w

ith
 F

ra
nk

lin
´s

 d
is

co
ve

ry

of
 th

e 
na

tu
re

 o
f l

ig
ht

ni
ng

 a
nd

 w
ith

 th
e 

Li
nn

ae
an

 c
la

ss
ifi

ca
tio

n

of
 th

e 
na

tu
re

 o
f l

ig
ht

ni
ng

 a
nd

 w
ith

 th
e 

Li
nn

ae
an

 c
la

ss
ifi

ca
tio

n

of
 p

la
nt

s a
nd

 a
ni

m
al

s, 
br

in
g 

us
 to

 th
e 

cl
os

e 
of

 o
ur

 se
co

nd
 g

re
at

of
 p

la
nt

s a
nd

 a
ni

m
al

s, 
br

in
g 

us
 to

 th
e 

cl
os

e 
of

 o
ur

 se
co

nd
 g

re
at

ep
oc

h;
 o

r, 
to

 p
ut

 it
 o

th
er

w
ise

, t
o 

th
e 

th
re

sh
ol

d 
of

 th
e 

m
od

er
n 

pe
rio

d.

ep
oc

h;
 o

r, 
to

 p
ut

 it
 o

th
er

w
is

e,
 to

 th
e 

th
re

sh
ol

d 
of

 th
e 

m
od

er
n 

pe
rio

d.

<
ch

ap
te

rh
ea

de
r l

in
es

=
11

>
11

   I
. S

CI
EN

CE
 IN

 T
H

E 
D

AR
K 

AG
E

I. 
SC

IE
N

CE
 IN

 T
H

E 
D

AR
K 

AG
E

I. SCIENCE IN THE DARK AGE

An
 o

bv
io

us
 d

ist
in

ct
io

n 
be

tw
ee

n 
th

e 
cl

as
sic

al
 a

nd
 m

ed
ia

ev
al

 e
po

ch
s

An obvious distinction between the classical and mediaeval epochs

m
ay

 b
e 

fo
un

d 
in

 th
e 

fa
ct

 th
at

 th
e 

fo
rm

er
 p

ro
du

ce
d,

 w
he

re
as

 th
e

may be found in the fact that the former produced, whereas the

la
tt

er
 fa

ile
d 

to
 p

ro
du

ce
, a

 fe
w

 g
re

at
 th

in
ke

rs
 in

 e
ac

h 
ge

ne
ra

tio
n

latter failed to produce, a few great thinkers in each generation

w
ho

 w
er

e 
im

bu
ed

 w
ith

 th
at

 sc
ep

tic
ism

 w
hi

ch
 is

 th
e 

fo
un

da
tio

n 
of

who were imbued with that scepticism which is the foundation of

th
e 

in
ve

st
ig

at
in

g 
sp

iri
t; 

w
ho

 th
ou

gh
t f

or
 th

em
se

lv
es

 a
nd

 su
pp

lie
d

the investigating spirit; who thought for themselves and supplied

m
or

e 
or

 le
ss

 ra
tio

na
l e

xp
la

na
tio

ns
 o

f o
bs

er
ve

d 
ph

en
om

en
a.

 C
ou

ld

more or less rational explanations of observed phenomena. Could

w
e 

el
im

in
at

e 
th

e 
w

or
k 

of
 so

m
e 

sc
or

e 
or

 so
 o

f c
la

ss
ic

al
 o

bs
er

ve
rs

we eliminate the work of some score or so of classical observers

an
d 

th
in

ke
rs

, t
he

 c
la

ss
ic

al
 e

po
ch

 w
ou

ld
 se

em
 a

s m
uc

h 
a 

da
rk

 a
ge

and thinkers, the classical epoch would seem as much a dark age

as
 d

oe
s t

he
 e

po
ch

 th
at

 su
cc

ee
de

d 
it.

as does the epoch that succeeded it.

Bu
t i

m
m

ed
ia

te
ly

 w
e 

ar
e 

m
et

 w
ith

 th
e 

qu
es

tio
n:

 W
hy

 d
o 

no
 g

re
at

or
ig

in
al

 in
ve

st
ig

at
or

s a
pp

ea
r d

ur
in

g 
al

l t
he

se
 la

te
r c

en
tu

rie
s?

W
e 

ha
ve

 a
lre

ad
y 

of
fe

re
d 

a 
pa

rt
 e

xp
la

na
tio

n 
in

 th
e 

fa
ct

 th
at

 th
e

bo
rd

er
s o

f c
iv

ili
za

tio
n,

 w
he

re
 ra

ci
al

 m
in

gl
in

g 
na

tu
ra

lly
 to

ok
pl

ac
e,

 w
er

e 
pe

op
le

d 
w

ith
 se

m
i-b

ar
ba

ria
ns

. B
ut

 w
e 

m
us

t n
ot

 fo
rg

et
th

at
 in

 th
e 

ce
nt

re
s o

f c
iv

ili
za

tio
n 

al
l a

lo
ng

 th
er

e 
w

er
e 

m
an

y 
m

en
of

 p
ow

er
fu

l i
nt

el
le

ct
. I

nd
ee

d,
 it

 w
ou

ld
 v

io
la

te
 th

e 
pr

in
ci

pl
e 

of
hi

st
or

ic
al

 c
on

tin
ui

ty
 to

 su
pp

os
e 

th
at

 th
er

e 
w

as
 a

ny
 su

dd
en

 c
ha

ng
e

in
 th

e 
le

ve
l o

f m
en

ta
lit

y 
of

 th
e 

Ro
m

an
 w

or
ld

 a
t t

he
 c

lo
se

 o
f t

he
cl

as
sic

al
 p

er
io

d.
 W

e 
m

us
t a

ss
um

e,
 th

en
, t

ha
t t

he
 d

ire
ct

io
n 

in
w

hi
ch

 th
e 

gr
ea

t m
in

ds
 tu

rn
ed

 w
as

 fo
r s

om
e 

re
as

on
 c

ha
ng

ed
. N

ew
to

n
is 

sa
id

 to
 h

av
e 

al
le

ge
d 

th
at

 h
e 

m
ad

e 
hi

s d
isc

ov
er

ie
s b

y
“in

te
nd

in
g”

 h
is 

m
in

d 
in

 a
 c

er
ta

in
 d

ire
ct

io
n 

co
nt

in
uo

us
ly

. I
t i

s
pr

ob
ab

le
 th

at
 th

e 
sa

m
e 

ex
pl

an
at

io
n 

m
ay

 b
e 

gi
ve

n 
of

 a
lm

os
t e

ve
ry

gr
ea

t s
ci

en
tif

ic
 d

isc
ov

er
y.

 A
na

xa
go

ra
s c

ou
ld

 n
ot

 h
av

e 
th

ou
gh

t o
ut

th
e 

th
eo

ry
 o

f t
he

 m
oo

n´
s p

ha
se

s; 
Ar

ist
ar

ch
us

 c
ou

ld
 n

ot
 h

av
e 

fo
un

d
ou

t t
he

 tr
ue

 m
ec

ha
ni

sm
 o

f t
he

 so
la

r s
ys

te
m

; E
ra

to
st

he
ne

s c
ou

ld
no

t h
av

e 
de

ve
lo

pe
d 

hi
s p

la
n 

fo
r m

ea
su

rin
g 

th
e 

ea
rt

h,
 h

ad
 n

ot
 e

ac
h

of
 th

es
e 

in
ve

st
ig

at
or

s “
in

te
nd

ed
” h

is 
m

in
d 

pe
rs

ist
en

tly
 to

w
ar

ds
th

e 
pr

ob
le

m
s i

n 
qu

es
tio

n.
N

or
 c

an
 w

e 
do

ub
t t

ha
t m

en
 li

ve
d 

in
 e

ve
ry

 g
en

er
at

io
n 

of
 th

e 
da

rk
ag

e 
w

ho
 w

er
e 

ca
pa

bl
e 

of
 c

re
at

iv
e 

th
ou

gh
t i

n 
th

e 
fie

ld
 o

f s
ci

en
ce

,
ba

d 
th

ey
 c

ho
se

n 
sim

ila
rly

 to
 “i

nt
en

d”
 th

ei
r m

in
ds

 in
 th

e 
rig

ht
di

re
ct

io
n.

 T
he

 d
iff

ic
ul

ty
 w

as
 th

at
 th

ey
 d

id
 n

ot
 so

 c
ho

os
e.

 T
he

ir
m

in
ds

 h
ad

 a
 q

ui
te

 d
iff

er
en

t b
en

t. 
Th

ey
 w

er
e 

un
de

r t
he

 sp
el

l o
f

di
ffe

re
nt

 id
ea

ls;
 a

ll 
th

ei
r m

en
ta

l e
ffo

rt
s w

er
e 

di
re

ct
ed

 in
to

di
ffe

re
nt

 c
ha

nn
el

s. 
W

ha
t t

he
se

 d
iff

er
en

t c
ha

nn
el

s w
er

e 
ca

nn
ot

 b
e

in
 d

ou
bt

—
th

ey
 w

er
e 

th
e 

ch
an

ne
ls 

of
 o

rie
nt

al
 e

cc
le

sia
st

ic
ism

. O
ne

al
l-s

ig
ni

fic
an

t f
ac

t s
pe

ak
s v

ol
um

es
 h

er
e.

 It
 is

 th
e 

fa
ct

 th
at

, a
s

Pr
of

es
so

r R
ob

in
so

n[
1]

 p
oi

nt
s o

ut
, f

ro
m

 th
e 

tim
e 

of
 B

oe
th

iu
s (

di
ed

52
4 

or
 5

25
 A

.D
.) 

to
 th

at
 o

f D
an

te
 (1

26
5-

13
21

 A
.D

.) 
th

er
e 

w
as

 n
ot

52
4 

  
52

5 
  

12
65

   
13

21
   a

 si
ng

le
 w

rit
er

 o
f r

en
ow

n 
in

 w
es

te
rn

 E
ur

op
e 

w
ho

 w
as

 n
ot

 a
pr

of
es

sio
na

l c
hu

rc
hm

an
. A

ll 
th

e 
le

ar
ni

ng
 o

f t
he

 ti
m

e,
 th

en
,

ce
nt

re
d 

in
 th

e 
pr

ie
st

ho
od

. W
e 

kn
ow

 th
at

 th
e 

sa
m

e 
co

nd
iti

on
 o

f

th
in

gs
 p

er
ta

in
ed

 in
 E

gy
pt

, w
he

n 
sc

ie
nc

e 
be

ca
m

e 
st

at
ic

 th
er

e.
 B

ut
,

co
nt

ra
riw

ise
, w

e 
ha

ve
 se

en
 th

at
 in

 G
re

ec
e 

an
d 

ea
rly

 R
om

e 
th

e
sc

ie
nt

ifi
c 

w
or

ke
rs

 w
er

e 
la

rg
el

y 
ph

ys
ic

ia
ns

 o
r p

ro
fe

ss
io

na
l

te
ac

he
rs

; t
he

re
 w

as
 sc

ar
ce

ly
 a

 p
ro

fe
ss

io
na

l t
he

ol
og

ia
n 

am
on

g
th

em
.

Si
m

ila
rly

, a
s w

e 
sh

al
l s

ee
 in

 th
e 

Ar
ab

ic
 w

or
ld

, w
he

re
 a

lo
ne

 th
er

e

w
as

 p
ro

gr
es

s i
n 

th
e 

m
ed

ia
ev

al
 e

po
ch

, t
he

 le
ar

ne
d 

m
en

 w
er

e,
 fo

r

th
e 

m
os

t p
ar

t, 
ph

ys
ic

ia
ns

. N
ow

 th
e 

m
ea

ni
ng

 o
f t

hi
s m

us
t b

e
se

lf-
ev

id
en

t. 
Th

e 
ph

ys
ic

ia
n 

na
tu

ra
lly

 “i
nt

en
ds

” h
is 

m
in

d 
to

w
ar

ds

th
e 

pr
ac

tic
al

iti
es

. H
is 

pr
of

es
sio

na
l s

tu
di

es
 te

nd
 to

 m
ak

e 
hi

m
 a

n

in
ve

st
ig

at
or

 o
f t

he
 o

pe
ra

tio
ns

 o
f n

at
ur

e.
 H

e 
is 

us
ua

lly
 a

sc
ep

tic
, w

ith
 a

 sp
on

ta
ne

ou
s i

nt
er

es
t i

n 
pr

ac
tic

al
 sc

ie
nc

e.
 B

ut

th
e 

th
eo

lo
gi

an
 “i

nt
en

ds
” h

is 
m

in
d 

aw
ay

 fr
om

 p
ra

ct
ic

al
iti

es
 a

nd

to
w

ar
ds

 m
ys

tic
ism

. H
e 

is 
a 

pr
of

es
sio

na
l b

el
ie

ve
r i

n 
th

e
su

pe
rn

at
ur

al
; h

e 
di

sc
ou

nt
s t

he
 v

al
ue

 o
f m

er
el

y 
“n

at
ur

al
”

ph
en

om
en

a.
 H

is 
w

ho
le

 a
tt

itu
de

 o
f m

in
d 

is 
un

sc
ie

nt
ifi

c;
 th

e

fu
nd

am
en

ta
l t

en
et

s o
f h

is 
fa

ith
 a

re
 b

as
ed

 o
n 

al
le

ge
d 

oc
cu

rr
en

ce
s

w
hi

ch
 in

du
ct

iv
e 

sc
ie

nc
e 

ca
nn

ot
 a

dm
it—

na
m

el
y,

 m
ira

cl
es

. A
nd

 so

th
e 

m
in

ds
 “i

nt
en

de
d”

 to
w

ar
ds

 th
e 

su
pe

rn
at

ur
al

 a
ch

ie
ve

d 
on

ly
 th

e

ha
zy

 m
ys

tic
ism

 o
f m

ed
ia

ev
al

 th
ou

gh
t. 

In
st

ea
d 

of
 in

ve
st

ig
at

in
g

na
tu

ra
l l

aw
s, 

th
ey

 p
ai

d 
he

ed
 (a

s, 
fo

r e
xa

m
pl

e,
 T

ho
m

as
 A

qu
in

as

do
es

 in
 h

is 
Su

m
m

a 
Th

eo
lo

gi
a)

 to
 th

e 
“a

ct
s o

f a
ng

el
s,“

 th
e

“s
pe

ak
in

g 
of

 a
ng

el
s,“

 th
e 

”s
ub

or
di

na
tio

n 
of

 a
ng

el
s,“

 th
e 

”d
ee

ds

of
 g

ua
rd

ia
n 

an
ge

ls,
“ a

nd
 th

e 
lik

e.
 T

he
y 

di
sp

ut
ed

 su
ch

 im
po

rt
an

t

qu
es

tio
ns

 a
s, 

H
ow

 m
an

y 
an

ge
ls 

ca
n 

st
an

d 
up

on
 th

e 
po

in
t o

f a

ne
ed

le
? T

he
y 

ar
gu

ed
 p

ro
 a

nd
 c

on
 a

s t
o 

w
he

th
er

 C
hr

ist
 w

er
e 

co
ev

al

w
ith

 G
od

, o
r w

he
th

er
 h

e 
ha

d 
be

en
 m

er
el

y 
cr

ea
te

d 
“in

 th
e

be
gi

nn
in

g,
“ p

er
ha

ps
 a

ge
s b

ef
or

e 
th

e 
cr

ea
tio

n 
of

 th
e 

w
or

ld
. H

ow

co
ul

d 
it 

be
 e

xp
ec

te
d 

th
at

 sc
ie

nc
e 

sh
ou

ld
 fl

ou
ris

h 
w

he
n 

th
e

gr
ea

te
st

 m
in

ds
 o

f t
he

 a
ge

 c
ou

ld
 c

on
ce

rn
 th

em
se

lv
es

 w
ith

 p
ro

bl
em

s

su
ch

 a
s t

he
se

?
D

es
pi

te
 o

ur
 p

re
co

nc
ep

tio
ns

 o
r p

re
ju

di
ce

s, 
th

er
e 

ca
n 

be
 b

ut
 o

ne

an
sw

er
 to

 th
at

 q
ue

st
io

n.
 O

rie
nt

al
 su

pe
rs

tit
io

n 
ca

st
 it

s b
lig

ht

up
on

 th
e 

fa
ir 

fie
ld

 o
f s

ci
en

ce
, w

ha
te

ve
r c

om
pe

ns
at

io
n 

it 
m

ay
 o

r

m
ay

 n
ot

 h
av

e 
br

ou
gh

t i
n 

ot
he

r f
ie

ld
s. 

Bu
t w

e 
m

us
t b

e 
on

 o
ur

 g
ua

rd

le
st

 w
e 

ov
er

es
tim

at
e 

or
 in

co
rr

ec
tly

 e
st

im
at

e 
th

is 
in

flu
en

ce
.

Po
st

er
ity

, i
n 

gl
an

ci
ng

 b
ac

kw
ar

d,
 is

 a
lw

ay
s p

ro
ne

 to
 st

am
p 

an
y

gi
ve

n 
ag

e 
of

 th
e 

pa
st

 w
ith

 o
ne

 id
ea

, a
nd

 to
 d

es
ire

 to

ch
ar

ac
te

riz
e 

it 
w

ith
 a

 si
ng

le
 p

hr
as

e;
 w

he
re
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 re
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at
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 d
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 b
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r t
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 d
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 c
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 p
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 c
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t p
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l t
o 

ar
tis

tic

an
d 

sc
ie

nt
ifi

c 
no

 le
ss

 th
an

 to
 m

at
er

ia
l p
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ra
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 c
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 b
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 b
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 m
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at
io

n 
w

ill
 sh

ow
 it

s i
m

po
rt

an
ce

. H
ow

 sh
ou

ld
 w

e 
fa

re
 to

-d
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f f
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rin

g 
th

e 
M

id
dl

e 
Ag

es
. A

t a
n 

ea
rli

er

da
y 

bo
ok

s w
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, b
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 m
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 d
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at
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 c
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f c
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, f
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 c
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 c
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 c
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 c
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 b
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 c
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t b
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 c
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 d
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 c
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ra
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 m
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e 

co
nd

iti
on

s u
nd

er
 w

hi
ch

 a
nc

ie
nt

 b
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 d
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 p
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 p
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 b
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 p
ag

es
 a

t b
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 b
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 c
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 p
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 p
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.
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 p
er

io
d,

 it
 fo

llo
w

s t
ha

t m
os

t o
f t

he
se

 a
ut

ho
rs

 m
us

t h
av

e

be
en

 o
bl

ig
ed

 to
 c
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 c
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r o
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 b
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t r
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r p
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 p
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 d
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 c
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f b
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 b
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 p
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s b
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r p
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f c
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f r
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 o
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t o
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 b
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e 

sc
ie

nt
ifi

c 
w

or
ks

 su
ffe

re
d 

at
 le

as
t a

s l
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 d
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r f
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 o
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ra
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 re
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 b
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 p
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 c
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 m
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e 

ha
ve

 se
en

, w
as

 tr
an

sla
te

d 
in

to
 A

ra
bi

c,
 a

nd
 w

hi
ch

 w
as

at
 a

 la
te

r d
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t o
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 m
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t c
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 c
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, d
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 b
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 p
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rip

tio
ns

 o
f t

he
 c

la
ss

ic
al

 a
ut

ho
rs

, a
nd

 th
us

 a
 g

re
at

 m
as

s o
f

lit
er

at
ur

e 
w

as
 p

re
se

rv
ed

, w
hi

le
 th

e 
co

rr
es

po
nd

in
g 

w
or

ks
 w

er
e

qu
ite

 fo
rg

ot
te

n 
in

 w
es

te
rn

 E
ur

op
e.

M
ea

nt
im

e 
m

an
y 

of
 th

es
e 

w
or

ks
 w

er
e 

tr
an

sla
te

d 
in

to
 S

yr
ia

c,

Ar
m

en
ia

n,
 a

nd
 P

er
sia

n,
 a

nd
 w

he
n 

la
te

r o
n 

th
e 

By
za

nt
in

e

ci
vi

liz
at

io
n 

de
ge

ne
ra

te
d,

 m
an

y 
w

or
ks

 th
at

 w
er

e 
no

 lo
ng

er
 to

 b
e

ha
d 

in
 th

e 
Gr

ee
k 

or
ig

in
al

s c
on

tin
ue

d 
to

 b
e 

w
id

el
y 

ci
rc

ul
at

ed
 in

Sy
ria

c,
 P

er
sia

n,
 A

rm
en

ia
n,

 a
nd

, u
lti

m
at

el
y,

 in
 A

ra
bi

c

tr
an

sla
tio

ns
. W

he
n 

th
e 

Ar
ab

s s
ta

rt
ed

 o
ut

 in
 th

ei
r c

on
qu

es
ts

,

w
hi

ch
 c

ar
rie

d 
th

em
 th

ro
ug

h 
Eg

yp
t a

nd
 a

lo
ng

 th
e 

so
ut

he
rn

 c
oa

st
 o

f

th
e 

M
ed

ite
rr

an
ea

n,
 u

nt
il 

th
ey

 fi
na

lly
 in

va
de

d 
Eu

ro
pe

 fr
om

 th
e

w
es

t b
y 

w
ay

 o
f G

ib
ra

lta
r, 

th
ey

 c
ar

rie
d 

w
ith

 th
em

 th
ei

r

tr
an

sla
tio

ns
 o

f m
an

y 
a 

Gr
ee

k 
cl

as
sic

al
 a

ut
ho

r, 
w

ho
 w

as
 in

tr
od

uc
ed

an
ew

 to
 th

e 
w

es
te

rn
 w

or
ld

 th
ro

ug
h 

th
is 

st
ra

ng
e 

ch
an

ne
l.

W
e 

ar
e 

to
ld

, f
or

 e
xa

m
pl

e,
 th

at
 A

ve
rr

ho
es

, t
he

 fa
m

ou
s c

om
m

en
ta

to
r

of
 A

ris
to

tle
, w

ho
 li

ve
d 

in
 S

pa
in

 in
 th

e 
tw

el
fth

 c
en

tu
ry

, d
id

 n
ot

kn
ow

 a
 w

or
d 

of
 G

re
ek

 a
nd

 w
as

 o
bl

ig
ed

 to
 g

ai
n 

hi
s k

no
w

le
dg

e 
of

 th
e

m
as

te
r t

hr
ou

gh
 a

 S
yr

ia
c 

tr
an

sla
tio

n;
 o

r, 
as

 o
th

er
s a

lle
ge

d

(d
en

yi
ng

 th
at

 h
e 

kn
ew

 e
ve

n 
Sy

ria
c)

, t
hr

ou
gh

 a
n 

Ar
ab

ic
 v

er
sio

n

tr
an

sla
te

d 
fro

m
 th

e 
Sy

ria
c.

 W
e 

kn
ow

, t
oo

, t
ha

t t
he

 fa
m

ou
s

ch
ro

no
lo

gy
 o

f E
us

eb
iu

s w
as

 p
re

se
rv

ed
 th

ro
ug

h 
an

 A
rm

en
ia

n

tr
an

sla
tio

n;
 a

nd
 re

fe
re

nc
e 

ha
s m

or
e 

th
an

 o
nc

e 
be

en
 m

ad
e 

to
 th

e

Ar
ab

ic
 tr

an
sla

tio
n 

of
 P

to
le

m
y´

s g
re

at
 w

or
k,

 to
 w

hi
ch

 w
e 

st
ill

ap
pl

y 
its

 A
ra

bi
c t

itl
e 

of
 A

lm
ag

es
t.

Th
e 

fa
m

ili
ar

 st
or

y 
th

at
 w

he
n 

th
e 

Ar
ab

s i
nv

ad
ed

 E
gy

pt
 th

ey
 b

ur
ne

d

th
e 

Al
ex

an
dr

ia
n 

lib
ra

ry
 is

 n
ow

 re
ga

rd
ed

 a
s a

n 
in

ve
nt

io
n 

of
 la

te
r

tim
es

. I
t s

ee
m

s m
uc

h 
m

or
e 

pr
ob

ab
le

 th
at

 th
e 

lib
ra

ry
 b

ad
 b

ee
n

la
rg

el
y 

sc
at

te
re

d 
be

fo
re

 th
e 

co
m

in
g 

of
 th

e 
M

os
le

m
s. 

In
de

ed
, i

t

ha
s e

ve
n 

be
en

 su
gg

es
te

d 
th

at
 th

e 
Ch

ris
tia

ns
 o

f a
n 

ea
rli

er
 d

ay

re
m

ov
ed

 th
e 

re
co

rd
s o

f p
ag

an
 th

ou
gh

t. 
Be

 th
at

 a
s i

t m
ay

, t
he

fa
m

ou
s A

le
xa

nd
ria

n 
lib

ra
ry

 h
ad

 d
isa

pp
ea

re
d 

lo
ng

 b
ef

or
e 

th
e

re
vi

va
l o

f i
nt

er
es

t i
n 

cl
as

sic
al

 le
ar

ni
ng

. M
ea

nw
hi

le
, a

s w
e 

ha
ve

sa
id

, t
he

 A
ra

bs
, f

ar
 fr

om
 d

es
tr

oy
in

g 
th

e 
w

es
te

rn
 li

te
ra

tu
re

, w
er

e

its
 ch

ie
f p

re
se

rv
er

s. 
Pa

rt
ly

 a
t l

ea
st

 b
ec

au
se

 o
f t

he
ir 

re
ga

rd
 fo

r

th
e 

re
co

rd
s o

f t
he

 cr
ea

tiv
e 

w
or

k 
of

 e
ar

lie
r g

en
er

at
io

ns
 o

f a
lie

n

pe
op

le
s, 

th
e 

Ar
ab

s w
er

e 
en

ab
le

d 
to

 o
ut

st
rip

 th
ei

r c
on

te
m

po
ra

rie
s.

Fo
r i

t c
an

no
t b

e 
in

 d
ou

bt
 th

at
, d

ur
in

g 
th

at
 lo

ng
 st

re
tc

h 
of

 ti
m

e

w
he

n 
th

e 
w

es
te

rn
 w

or
ld

 w
as

 ig
no

rin
g 

sc
ie

nc
e 

al
to

ge
th

er
 o

r a
t m

os
t

co
nt

en
tin

g 
its

el
f w

ith
 th

e 
ca

su
al

 re
ad

in
g 

of
 A

ris
to

tle
 a

nd
 P

lin
y,

th
e 

Ar
ab

s h
ad

 th
e 

un
iq

ue
 d

ist
in

ct
io

n 
of

 a
tt

em
pt

in
g 

or
ig

in
al

in
ve

st
ig

at
io

ns
 in

 sc
ie

nc
e.

 T
o 

th
em

 w
er

e 
du

e 
al

l i
m

po
rt

an
t

pr
og

re
ss

iv
e 

st
ep

s w
hi

ch
 w

er
e 

m
ad

e 
in

 a
ny

 sc
ie

nt
ifi

c f
ie

ld

w
ha

te
ve

r f
or

 a
bo

ut
 a

 th
ou

sa
nd

 y
ea

rs
 a

fte
r t

he
 ti

m
e 

of
 P

to
le

m
y 

an
d

Ga
le

n.
 T

he
 p

ro
gr

es
s m

ad
e 

ev
en

 b
y 

th
e 

Ar
ab

s d
ur

in
g 

th
is 

lo
ng

pe
rio

d 
se

em
s m

ea
gr

e 
en

ou
gh

, y
et

 it
 h

as
 so

m
e 

sig
ni

fic
an

t f
ea

tu
re

s.

Th
es

e 
w

ill
 n

ow
 d

em
an

d 
ou

r a
tt

en
tio

n.

<c
ha

pt
er

he
ad
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s=
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I. 
M

ED
IA

EV
AL

 S
CI

EN
CE

 A
M

O
NG

 T
HE

 A
RA

BI
AN

S
II.

 M
ED

IA
EV

AL
 S

CI
EN

CE
 A

M
O

NG
 T

HE
 A

RA
BI

AN
S

II. MEDIAEVAL SCIENCE AMONG THE ARABIANS

Th
e 

su
cc

es
so

rs
 o

f M
oh

am
m

ed
 sh

ow
ed

 th
em

se
lv

es
 cu

rio
us

ly
 re

ce
pt

iv
e

The successors of Mohammed showed themselves curiously receptive

of
 th

e 
id

ea
s o

f t
he

 w
es

te
rn

 p
eo

pl
e 

w
ho

m
 th

ey
 co

nq
ue

re
d.

 T
he

y 
ca

m
e

of the ideas of the western people whom they conquered. They came

in
 co

nt
ac

t w
ith

 th
e 

Gr
ee

ks
 in

 w
es

te
rn

 A
sia

 a
nd

 in
 E

gy
pt

, a
nd

, a
s

in contact with the Greeks in western Asia and in Egypt, and, as

ha
s b

ee
n 

sa
id

, b
ec

am
e 

th
ei

r v
irt

ua
l s

uc
ce

ss
or

s i
n 

ca
rr

yi
ng

has been said, became their virtual successors in carrying

fo
rw

ar
d 

th
e 

to
rc

h 
of

 le
ar

ni
ng

. I
t m

us
t n

ot
 b

e 
in

fe
rr

ed
, h

ow
ev

er
,

forward the torch of learning. It must not be inferred, however,

th
at

 th
e 

Ar
ab

ia
n 

sc
ho

la
rs

, a
s a

 cl
as

s, 
w

er
e 

co
m

pa
ra

bl
e 

to
 th

ei
r

that the Arabian scholars, as a class, were comparable to their

pr
ed

ec
es

so
rs

 in
 cr

ea
tiv

e 
ge

ni
us

. O
n 

th
e 

co
nt

ra
ry

, t
he

y 
re

ta
in

ed

predecessors in creative genius. On the contrary, they retained

m
uc

h 
of

 th
e 

co
ns

er
va

tiv
e 

or
ie

nt
al

 sp
iri

t. 
Th

ey
 w

er
e 

un
de

r t
he

much of the conservative oriental spirit. They were under the

sp
el

l o
f t

ra
di

tio
n,

 a
nd

, i
n 

th
e 

m
ai

n,
 w

ha
t t

he
y 

ac
ce

pt
ed

 fr
om

 th
e

spell of tradition, and, in the main, what they accepted from the

Gr
ee

ks
 th

ey
 re

ga
rd

ed
 a

s a
lm

os
t f

in
al

 in
 it

s t
ea

ch
in

g.
 T

he
re

 w
er

e,

Greeks they regarded as almost final in its teaching. There were,

ho
w

ev
er

, a
 fe

w
 n

ot
ab

le
 e

xc
ep

tio
ns

 a
m

on
g 

th
ei

r m
en

 o
f s

ci
en

ce
, a

nd

however, a few notable exceptions among their men of science, and

to
 th

es
e 

m
us

t b
e 

as
cr

ib
ed

 se
ve

ra
l d

isc
ov

er
ie

s o
f s

om
e 

im
po

rt
an

ce
.

to these must be ascribed several discoveries of some importance.

Th
e 

ch
ie

f s
ub

je
ct

s t
ha

t e
xc

ite
d 

th
e 

in
te

re
st

 a
nd

 e
xe

rc
ise

d 
th

e

in
ge

nu
ity

 o
f t

he
 A

ra
bi

an
 sc

ho
la

rs
 w

er
e 

as
tr

on
om

y,
 m

at
he

m
at

ic
s,

an
d 

m
ed

ic
in

e.
 T

he
 p

ra
ct

ic
al

 p
ha

se
s o

f a
ll 

th
es

e 
su

bj
ec

ts
 w

er
e

gi
ve

n 
pa

rt
ic

ul
ar

 a
tt

en
tio

n.
 T

hu
s i

t i
s w

el
l k

no
w

n 
th

at
 o

ur

so
-c

al
le

d 
Ar

ab
ia

n 
nu

m
er

al
s d

at
e 

fro
m

 th
is 

pe
rio

d.
 T

he

re
vo

lu
tio

na
ry

 e
ffe

ct
 o

f t
he

se
 ch

ar
ac

te
rs

, a
s a

pp
lie

d 
to

 p
ra

ct
ic

al

m
at

he
m

at
ic

s, 
ca

n 
ha

rd
ly

 b
e 

ov
er

es
tim

at
ed

; b
ut

 it
 is

 g
en

er
al

ly

co
ns

id
er

ed
, a

nd
 in

 fa
ct

 w
as

 a
dm

itt
ed

 b
y 

th
e 

Ar
ab

s t
he

m
se

lv
es

,

th
at

 th
es

e 
nu

m
er

al
s w

er
e 

re
al

ly
 b

or
ro

w
ed

 fr
om

 th
e 

Hi
nd

oo
s, 

w
ith

w
ho

m
 th

e 
Ar

ab
s c

am
e 

in
 co

nt
ac

t o
n 

th
e 

ea
st

. C
er

ta
in

 o
f t

he
 H

in
do

o

al
ph

ab
et

s, 
no

ta
bl

y 
th

at
 o

f t
he

 B
at

ta
ks

 o
f S

um
at

ra
, g

iv
e 

us
 cl

ew
s

to
 th

e 
or

ig
in

al
s o

f t
he

 n
um

er
al

s. 
It 

do
es

 n
ot

 se
em

 ce
rt

ai
n,

ho
w

ev
er

, t
ha

t t
he

 H
in

do
os

 e
m

pl
oy

ed
 th

es
e 

ch
ar

ac
te

rs
 a

cc
or

di
ng

 to

th
e 

de
ci

m
al

 sy
st

em
, w

hi
ch

 is
 th

e 
pr

im
e 

el
em

en
t o

f t
he

ir

im
po

rt
an

ce
. K

no
w

le
dg

e 
is 

no
t f

or
th

co
m

in
g 

as
 to

 ju
st

 w
he

n 
or

 b
y

w
ho

m
 su

ch
 a

pp
lic

at
io

n 
w

as
 m

ad
e.

 If
 th

is 
w

as
 a

n 
Ar

ab
ic

 in
no

va
tio

n,

it 
w

as
 p

er
ha

ps
 th

e 
m

os
t i

m
po

rt
an

t o
ne

 w
ith

 w
hi

ch
 th

at
 n

at
io

n 
is

to
 b

e 
cr

ed
ite

d.
 A

no
th

er
 m

at
he

m
at

ic
al

 im
pr

ov
em

en
t w

as
 th

e

in
tr

od
uc

tio
n 

in
to

 tr
ig

on
om

et
ry

 o
f t

he
 si

ne
—

th
e 

ha
lf-

ch
or

d 
of

 th
e

do
ub

le
 a

rc
—

in
st

ea
d 

of
 th

e 
ch

or
d 

of
 th

e 
ar

c i
ts

el
f w

hi
ch

 th
e

Gr
ee

k 
as

tr
on

om
er

s h
ad

 e
m

pl
oy

ed
. T

hi
s i

m
pr

ov
em

en
t w

as
 d

ue
 to

 th
e

fa
m

ou
s A

lb
at

eg
ni

us
, w

ho
se

 w
or

k 
in

 o
th

er
 fi

el
ds

 w
e 

sh
al

l e
xa

m
in

e

in
 a

 m
om

en
t.

An
ot

he
r e

vi
de

nc
e 

of
 p

ra
ct

ic
al

ity
 w

as
 sh

ow
n 

in
 th

e 
Ar

ab
ia

n 
m

et
ho

d

of
 a

tt
em

pt
in

g 
to

 a
dv

an
ce

 u
po

n 
Er

at
os

th
en

es
´ m

ea
su

re
m

en
t o

f t
he

ea
rt

h.
 In

st
ea

d 
of

 tr
us

tin
g 

to
 th

e 
m

ea
su

re
m

en
t o

f a
ng

le
s, 

th
e

Ar
ab

s d
ec

id
ed

 to
 m

ea
su

re
 d

ire
ct

ly
 a

 d
eg

re
e 

of
 th

e 
ea

rt
h´

s

su
rfa

ce
—

or
 ra

th
er

 tw
o 

de
gr

ee
s. 

Se
le

ct
in

g 
a 

le
ve

l p
la

in
 in

M
es

op
ot

am
ia

 fo
r t

he
 e

xp
er

im
en

t, 
on

e 
pa

rt
y 

of
 th

e 
su

rv
ey

or
s

pr
og

re
ss

ed
 n

or
th

w
ar

d,
 a

no
th

er
 p

ar
ty

 so
ut

hw
ar

d,
 fr

om
 a

 g
iv

en
 p

oi
nt

to
 th

e 
di

st
an

ce
 o

f o
ne

 d
eg

re
e 

of
 a

rc
, a

s d
et

er
m

in
ed

 b
y

as
tr

on
om

ic
al

 o
bs

er
va

tio
ns

. T
he

 re
su

lt 
fo

un
d 

w
as

 fi
fty

-s
ix

 m
ile

s

fo
r t

he
 n

or
th

er
n 

de
gr

ee
, a

nd
 fi

fty
-s

ix
 a

nd
 tw

o-
th

ird
 m

ile
s f

or

th
e 

so
ut

he
rn

. U
nf

or
tu

na
te

ly
, w

e 
do

 n
ot

 k
no

w
 th

e 
pr

ec
ise

 le
ng

th
 o

f

th
e 

m
ile

 in
 q

ue
st

io
n,

 a
nd

 th
er

ef
or

e 
ca

nn
ot

 b
e 

as
su

re
d 

as
 to

 th
e

ac
cu

ra
cy

 o
f t

he
 m

ea
su

re
m

en
t. 

It 
is 

in
te

re
st

in
g 

to
 n

ot
e,

 h
ow

ev
er

,

th
at

 th
e 

tw
o 

de
gr

ee
s w

er
e 

fo
un

d 
of

 u
ne

qu
al

 le
ng

th
s, 

su
gg

es
tin

g

th
at

 th
e 

ea
rt

h 
is 

no
t a

 p
er

fe
ct

 sp
he

re
—

a 
su

gg
es

tio
n 

th
e 

va
lid

ity

of
 w

hi
ch

 w
as

 n
ot

 to
 b

e 
pu

t t
o 

th
e 

te
st

 o
f c

on
cl

us
iv

e 
m

ea
su

re
m

en
ts

un
til

 a
bo

ut
 th

e 
cl

os
e 

of
 th

e 
ei

gh
te

en
th

 ce
nt

ur
y.

 T
he

 A
ra

b

m
ea

su
re

m
en

t w
as

 m
ad

e 
in

 th
e 

tim
e 

of
 C

al
ip

h 
Ab

da
lla

h 
al

-M
am

un
, t

he

so
n 

of
 th

e 
fa

m
ou

s H
ar

un
-a

l-R
as

hi
d.

 B
ot

h 
fa

th
er

 a
nd

 so
n 

w
er

e

fa
m

ou
s f

or
 th

ei
r i

nt
er

es
t i

n 
sc

ie
nc

e.
 H

ar
un

-a
l-R

as
hi

d 
w

as
, i

t

w
ill

 b
e 

re
ca

lle
d,

 th
e 

fri
en

d 
of

 C
ha

rle
m

ag
ne

. I
t i

s s
ai

d 
th

at
 h

e

se
nt

 th
at

 ru
le

r, 
as

 a
 to

ke
n 

of
 fr

ie
nd

sh
ip

, a
 m

ar
ve

llo
us

 cl
oc

k

w
hi

ch
 le

t f
al

l a
 m

et
al

 b
al

l t
o 

m
ar
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t o
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t p
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 re
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l t
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 re
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t c
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s b
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r c
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s c
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 p
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 b
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 p

oi
nt

 S
, w

hi
ch

 is
, a

cc
or

di
ng

 to
 th

e 
hy

po
th

es
is,

ni
ne

te
en

 d
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 b
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 re
pr
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 b
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 d
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ra
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at
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pr
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at
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 p
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 p
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 m
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 p
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at
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 p
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 p
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 d
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em
 in

ve
st

ig
at

or
s

w
ho

 tu
rn

ed
 co

ns
ta

nt
ly

 to
 n

at
ur

e 
he

rs
el

f f
or

 h
id

de
n 

tru
th

s, 
an

d

w
er

e 
re

ad
y 

to
 u

ph
ol

d 
th

e 
su

pe
rio

rit
y 

of
 a

ct
ua

l o
bs

er
va

tio
n 

to

m
er

e 
re

ad
in

g.
 T

hu
s t

he
 p

hy
sic

ia
n 

Ab
d 

el
-L

et
if,

 w
hi

le
 in

 E
gy

pt
,

m
ad

e 
ca

re
fu

l s
tu

di
es

 o
f a

 m
ou

nd
 o

f b
on

es
 co

nt
ai

ni
ng

 m
or

e 
th

an

tw
en

ty
 th

ou
sa

nd
 sk

el
et

on
s. 

W
hi

le
 e

xa
m

in
in

g 
th

es
e 

bo
ne

s h
e

di
sc

ov
er

ed
 th

at
 th
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as
 so

 im
pr

es
se

d

w
ith

 h
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 d
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 re
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 p
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 b
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 d
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 b
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r t
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 b
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 d
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 m
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e 

ve
ry

 o
ut

se
t, 

th
e

sc
ie

nc
e 

of
 m

ed
ic

in
e 

w
as

 d
iv

or
ce

d 
fro

m
 re

lig
io

n 
am

on
g 

th
e

Ar
ab

ia
ns

; f
or

 if
 th

e 
pr

op
he

t h
im

se
lf 

co
ul

d 
em

pl
oy

 th
e 

se
rv

ic
es

 o
f

an
 u

nb
el

ie
ve

r, 
su

re
ly

 o
th

er
s m

ig
ht

 fo
llo

w
 h
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at
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 m
or

e 
lu

xu
rio

us
 in

st
itu

tio
n—

th
e 

M
an

su
ri 

ho
sp

ita
l a

t

Ca
iro

. I
t s

ee
m

s t
ha

t a
 ce

rta
in

 su
lta

n,
 h

av
in

g 
be

en
 cu

re
d 

by

m
ed

ic
in

es
 fr

om
 th

e 
Da

m
as

ce
ne

 h
os

pi
ta

l, d
et

er
m

in
ed

 to
 b

ui
ld

 o
ne

 o
f

hi
s o

w
n 

at
 C

ai
ro

 w
hi

ch
 sh

ou
ld

 e
cl

ip
se

 e
ve

n 
th

e 
gr

ea
t D

am
as

ce
ne

in
st

itu
tio

n.
In

 a
 si

ng
le

 y
ea

r (
12

83
-1

28
4)

 th
is 

ho
sp

ita
l w

as
 b

eg
un

 a
nd

12
83

   
12

84
   c

om
pl

et
ed

. N
o 

ef
fo

rts
 w

er
e 

sp
ar

ed
 in

 h
ur

ry
in

g 
on

 th
e 

go
od

 w
or

k,

an
d 

no
 o

ne
 w

as
 e

xe
m

pt
 fr

om
 p

er
fo

rm
in

g 
la

bo
r o

n 
th

e 
bu

ild
in

g 
if 

he

ch
an

ce
d 

to
 p

as
s o

ne
 o

f t
he

 a
dj

oi
ni

ng
 st

re
et

s. 
It 

w
as

 th
e 

or
de

r o
f

th
e 

su
lta

n 
th

at
 a

ny
 p

er
so

n 
pa

ss
in

g 
ne

ar
 co

ul
d 

be
 im

pr
es

se
d 

in
to

th
e 

w
or

k,
 a

nd
 th

is 
or

de
r w

as
 ca

rri
ed

 o
ut

 to
 th

e 
le

tte
r, 

no
bl

em
en

an
d 

be
gg

ar
s a

lik
e 

be
in

g 
fo

rc
ed

 to
 le

nd
 a

 h
an

d.
 V

er
y 

na
tu

ra
lly

,

th
e 

ad
ja

ce
nt

 th
or

ou
gh

fa
re

s b
ec

am
e 

un
po

pu
la

r a
nd

 p
ra

ct
ica

lly

de
se

rte
d,

 b
ut

 st
ill

 th
e 

ho
ly

 w
or

k 
pr

og
re

ss
ed

 ra
pi

dl
y 

an
d 

w
as

sh
or

tly
 co

m
pl

et
ed

.

Th
is 

im
m

en
se

 st
ru

ct
ur

e 
is 

sa
id

 to
 h

av
e 

co
nt

ai
ne

d 
fo

ur
 co

ur
ts

,

ea
ch

 h
av

in
g 

a 
fo

un
ta

in
 in

 th
e 

ce
nt

re
; le

ct
ur

e-
ha

lls
, w

ar
ds

 fo
r

iso
la

tin
g 

ce
rta

in
 d

ise
as

es
, a

nd
 a

 d
ep

ar
tm

en
t t

ha
t c

or
re

sp
on

de
d 

to

th
e 

m
od

er
n 

ho
sp

ita
l´s

 “o
ut

-p
at

ie
nt

” d
ep

ar
tm

en
t. 

Th
e 

ye
ar

ly

en
do

w
m

en
t a

m
ou

nt
ed

 to
 so

m
et

hi
ng

 li
ke

 th
e 

eq
ui

va
le

nt
 o

f o
ne

hu
nd

re
d 

an
d 

tw
en

ty
-fi

ve
 th

ou
sa

nd
 d

ol
la

rs
. A

 n
ov

el
 fe

at
ur

e 
w

as
 a

ha
ll 

w
he

re
 m

us
ici

an
s p

la
ye

d 
da

y 
an

d 
ni

gh
t, 

an
d 

an
ot

he
r w

he
re

st
or

y-
te

lle
rs

 w
er

e 
em

pl
oy

ed
, s

o 
th

at
 p

er
so

ns
 tr

ou
bl

ed
 w

ith

in
so

m
ni

a 
w

er
e 

am
us

ed
 a

nd
 m

el
an

ch
ol

ia
cs

 ch
ee

re
d.

 T
ho

se
 o

f a

re
lig

io
us

 tu
rn

 o
f m

in
d 

co
ul

d 
lis

te
n 

to
 re

ad
in

gs
 o

f t
he

 K
or

an
,

co
nd

uc
te

d 
co

nt
in

uo
us

ly
 b

y 
a 

st
af

f o
f s

om
e 

fif
ty

 ch
ap

la
in

s. 
Ea

ch

pa
tie

nt
 o

n 
le

av
in

g 
th

e 
ho

sp
ita

l r
ec

ei
ve

d 
so

m
e 

go
ld

 p
ie

ce
s, 

th
at

he
 n

ee
d 

no
t b

e 
ob

lig
ed

 to
 a

tte
m

pt
 h

ar
d 

la
bo

r a
t o

nc
e.

In
 co

ns
id

er
in

g 
th

e 
as

to
ni

sh
in

g 
ta

le
s o

f t
he

se
 su

m
pt

uo
us

 A
ra

bi
an

in
st

itu
tio

ns
, it

 sh
ou

ld
 b

e 
bo

rn
e 

in
 m

in
d 

th
at

 o
ur

 a
cc

ou
nt

s o
f

th
em

 a
re

, f
or

 th
e 

m
os

t p
ar

t, 
fro

m
 M

oh
am

m
ed

an
 so

ur
ce

s.

Ne
ve

rth
el

es
s, 

th
er

e 
ca

n 
be

 li
ttl

e 
qu

es
tio

n 
th

at
 th

ey
 w

er
e

en
or

m
ou

s i
ns

tit
ut

io
ns

, f
ar

 su
rp

as
sin

g 
an

y 
sim

ila
r i

ns
tit

ut
io

ns
 in

w
es

te
rn

 E
ur

op
e.

 T
he

 so
-c

al
le

d 
ho

sp
ita

ls 
in

 th
e 

W
es

t w
er

e,
 a

t t
hi

s

tim
e,

 b
ra

nc
he

s o
f m

on
as

te
rie

s u
nd

er
 su

pe
rv

isi
on

 o
f t

he
 m

on
ks

, a
nd

di
d 

no
t c

om
pa

re
 fa

vo
ra

bl
y 

w
ith

 th
e 

Ar
ab

ia
n 

ho
sp

ita
ls.

Bu
t w

hi
le

 th
e 

m
ed

ica
l s

cie
nc

e 
of

 th
e 

M
oh

am
m

ed
an

s g
re

at
ly

ov
er

sh
ad

ow
ed

 th
at

 o
f t

he
 C

hr
ist

ia
ns

 d
ur

in
g 

th
is 

pe
rio

d,
 it

 d
id

no
t c

om
pl

et
el

y 
ob

lit
er

at
e 

it.
 A

bo
ut

 th
e 

ye
ar

 1
00

0 
A.

D.
 ca

m
e 

in
to

10
00

   p
ro

m
in

en
ce

 th
e 

Ch
ris

tia
n 

m
ed

ica
l s

ch
oo

l a
t S

al
er

no
, s

itu
at

ed
 o

n

th
e 

Ita
lia

n 
co

as
t, 

so
m

e 
th

irt
y 

m
ile

s s
ou

th
ea

st
 o

f N
ap

le
s. 

Ju
st

ho
w

 lo
ng

 th
is 

sc
ho

ol
 h

ad
 b

ee
n 

in
 e

xi
st

en
ce

, o
r b

y 
w

ho
m

 it
 w

as

fo
un

de
d,

 ca
nn

ot
 b

e 
de

te
rm

in
ed

, b
ut

 it
s p

er
io

d 
of

 g
re

at
es

t

in
flu

en
ce

 w
as

 th
e 

el
ev

en
th

, t
w

el
fth

, a
nd

 th
irt

ee
nt

h 
ce

nt
ur

ie
s.

Th
e 

m
em

be
rs

 o
f t

hi
s s

ch
oo

l g
ra

du
al

ly
 a

do
pt

ed
 A

ra
bi

c m
ed

ici
ne

,

m
ak

in
g 

us
e 

of
 m

an
y 

dr
ug

s f
ro

m
 th

e 
Ar

ab
ic 

ph
ar

m
ac

op
oe

ia
, a

nd
 th

is

fo
rm

ed
 o

ne
 o

f t
he

 st
ep

pi
ng

-s
to

ne
s t

o 
th

e 
in

tro
du

ct
io

n 
of

 A
ra

bi
an

m
ed

ici
ne

 a
ll 

th
ro

ug
h 

w
es

te
rn

 E
ur

op
e.

It 
w

as
 n

ot
 th

e 
ad

op
tio

n 
of

 A
ra

bi
an

 m
ed

ici
ne

s, 
ho

w
ev

er
, t

ha
t h

as

m
ad

e 
th

e 
sc

ho
ol

 a
t S

al
er

no
 fa

m
ou

s b
ot

h 
in

 rh
ym

e 
an

d 
pr

os
e,

 b
ut

ra
th

er
 th

e 
fa

ct
 th

at
 w

om
en

 th
er

e 
pr

ac
tis

ed
 th

e 
he

al
in

g 
ar

t.

Gr
ea

te
st

 a
m

on
g 

th
em

 w
as

 T
ro

tu
la

, w
ho

 li
ve

d 
in

 th
e 

el
ev

en
th

ce
nt

ur
y,

 a
nd

 w
ho

se
 le

ar
ni

ng
 is

 re
pu

te
d 

to
 h

av
e 

eq
ua

lle
d 

th
at

 o
f

th
e 

gr
ea

te
st

 p
hy

sic
ia

ns
 o

f t
he

 d
ay

. S
he

 is
 a

cc
re

di
te

d 
w

ith
 a

 w
or

k

on
 D

ise
as

es
 o

f W
om

en
, s

til
l e

xt
an

t, 
an

d 
m

an
y 

of
 h

er
 w

rit
in

gs
 o

n

ge
ne

ra
l m

ed
ica

l s
ub

je
ct

s w
er

e 
qu

ot
ed

 th
ro

ug
h 

tw
o 

su
cc

ee
di

ng

ce
nt

ur
ie

s. 
If 

w
e 

m
ay

 ju
dg

e 
fro

m
 th

es
e 

w
rit

in
gs

, s
he

 se
em

ed
 to

ha
ve

 h
ad

 m
an

y 
ex

ce
lle

nt
 id

ea
s a

s t
o 

th
e 

pr
op

er
 m

et
ho

ds
 o

f

tre
at

in
g 

di
se

as
es

, b
ut

 it
 is

 d
iff

icu
lt 

to
 d

et
er

m
in

e 
ju

st
 w

hi
ch

 o
f

th
e 

w
rit

in
gs

 cr
ed

ite
d 

to
 h

er
 a

re
 in

 re
al

ity
 h

er
s. 

In
de

ed
, t

he

un
ce

rta
in

ty
 is

 e
ve

n 
gr

ea
te

r t
ha

n 
th

is 
im

pl
ie

s, 
fo

r, 
ac

co
rd

in
g 

to

so
m

e 
w

rit
er

s, 
“T

ro
tu

la
” i

s m
er

el
y 

th
e 

tit
le

 o
f a

 b
oo

k.
 S

uc
h 

an

au
th

or
ity

 a
s M

al
ga

ig
ne

, h
ow

ev
er

, b
el

ie
ve

d 
th

at
 su

ch
 a

 w
om

an

ex
ist

ed
, a

nd
 th

at
 th

e 
w

or
ks

 a
cc

re
di

te
d 

to
 h

er
 a

re
 a

ut
he

nt
ic.

 T
he

tru
th

 o
f t

he
 m

at
te

r m
ay

 p
er

ha
ps

 n
ev

er
 b

e 
fu

lly
 e

st
ab

lis
he

d,
 b

ut

th
is 

at
 le

as
t i

s c
er

ta
in

—
th

e 
tra

di
tio

n 
in

 re
ga

rd
 to

 T
ro

tu
la

co
ul

d 
ne

ve
r h

av
e 

ar
ise

n 
ha

d 
no

t w
om

en
 h

el
d 

a 
fa

r d
iff

er
en

t

po
sit

io
n 

am
on

g 
th

e 
Ar

ab
ia

ns
 o

f t
hi

s p
er

io
d 

fro
m

 th
at

 a
cc

or
de

d

th
em

 in
 co

nt
em

po
ra

ry
 C

hr
ist

en
do

m
.

<c
ha

pt
er

he
ad
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ne
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III. MEDIAEVAL SCIENCE IN THE WEST

W
e 

ha
ve

 p
re

vi
ou

sly
 re

fe
rre

d 
to

 th
e 

in
flu

en
ce

 o
f t

he
 B

yz
an

tin
e

We have previously referred to the influence of the Byzantine

civ
ili

za
tio

n 
in

 tr
an

sm
itt

in
g 

th
e 

le
ar

ni
ng

 o
f a

nt
iq

ui
ty

 a
cr

os
s t

he

civilization in transmitting the learning of antiquity across the

ab
ys

m
 o

f t
he

 d
ar

k 
ag

e.
 It

 m
us

t b
e 

ad
m

itt
ed

, h
ow

ev
er

, t
ha

t t
he

abysm of the dark age. It must be admitted, however, that the

im
po

rta
nc

e 
of

 th
at

 ci
vi

liz
at

io
n 

di
d 

no
t e

xt
en

d 
m

uc
h 

be
yo

nd
 th

e

importance of that civilization did not extend much beyond the

ta
sk

 o
f t

he
 co

m
m

on
 ca

rri
er

. T
he

re
 w

er
e 

no
 g

re
at

 cr
ea

tiv
e

task of the common carrier. There were no great creative

sc
ie

nt
ist

s i
n 

th
e 

la
te

r R
om

an
 e

m
pi

re
 o

f t
he

 E
as

t a
ny

 m
or

e 
th

an
 in

scientists in the later Roman empire of the East any more than in

th
e 

co
rre

sp
on

di
ng

 e
m

pi
re

 o
f t

he
 W

es
t. 

Th
er

e 
w

as
, h

ow
ev

er
, o

ne

the corresponding empire of the West. There was, however, one

fie
ld

 in
 w

hi
ch

 th
e 

By
za

nt
in

e 
m

ad
e 

re
sp

ec
ta

bl
e 

pr
og

re
ss

 a
nd

field in which the Byzantine made respectable progress and

re
ga

rd
in

g 
w

hi
ch

 th
ei

r e
ffo

rts
 re

qu
ire

 a
 fe

w
 w

or
ds

 o
f s

pe
cia

l

regarding which their efforts require a few words of special

co
m

m
en

t. 
Th

is 
w

as
 th

e 
fie

ld
 o

f m
ed

ici
ne

.

comment. This was the field of medicine.

Th
e 

By
za

nt
in

es
 o

f t
hi

s t
im

e 
co

ul
d 

bo
as

t o
f t

w
o 

gr
ea

t m
ed

ica
l m

en
,

The Byzantines of this time could boast of two great medical men,

Ae
tiu

s o
f A

m
id

a 
(a

bo
ut

 5
02

-5
75

 A
.D

.) 
an

d 
Pa

ul
 o

f A
eg

in
a 

(a
bo

ut

50
2 

  
57

5 
  

Aetius of Amida (about 502-575 A.D.) and Paul of Aegina (about

62
0-

69
0)

. T
he

 w
or

ks
 o

f A
et

iu
s w

er
e 

of
 v

al
ue

 la
rg

el
y 

be
ca

us
e 

th
ey

62
0 

  
69

0 
  

620-690). The works of Aetius were of value largely because they

re
co

rd
ed

 th
e 

te
ac

hi
ng

s o
f m

an
y 

of
 h

is 
em

in
en

t p
re

de
ce

ss
or

s, 
bu

t

recorded the teachings of many of his eminent predecessors, but

he
 w

as
 n

ot
 e

nt
ire

ly
 la

ck
in

g 
in

 o
rig

in
al

ity
, a

nd
 w

as
 p

er
ha

ps
 th

e

he was not entirely lacking in originality, and was perhaps the

fir
st

 p
hy

sic
ia

n 
to

 m
en

tio
n 

di
ph

th
er

ia
, w

ith
 a

n 
al

lu
sio

n 
to

 so
m

e

first physician to mention diphtheria, with an allusion to some

ob
se

rv
at

io
ns

 o
f t

he
 p

ar
al

ys
is 

of
 th

e 
pa

la
te

 w
hi

ch
 so

m
et

im
es

observations of the paralysis of the palate which sometimes

fo
llo

w
s t

hi
s d

ise
as

e.

follows this disease.

Pa
ul

 o
f A

eg
in

a,
 w

ho
 ca

m
e 

fro
m

 th
e 

Al
ex

an
dr

ia
n 

sc
ho

ol
 a

bo
ut

 a

ce
nt

ur
y 

la
te

r, 
w

as
 o

ne
 o

f t
ho

se
 re

m
ar

ka
bl

e 
m

en
 w

ho
se

 id
ea

s a
re

ce
nt

ur
ie

s a
he

ad
 o

f t
he

ir 
tim

e.
 T

hi
s w

as
 p

ar
tic

ul
ar

ly
 tr

ue
 o

f P
au

l

in
 re

ga
rd

 to
 su

rg
er

y,
 a

nd
 h

is 
at

tit
ud

e 
to

w
ar

ds
 th

e 
su

pe
rn

at
ur

al

in
 th

e 
ca

us
at

io
n 

an
d 

tre
at

m
en

t o
f d

ise
as

es
. H

e 
w

as
 e

ss
en

tia
lly

 a

su
rg

eo
n,

 b
ei

ng
 p

ar
tic

ul
ar

ly
 fa

m
ili

ar
 w

ith
 m

ili
ta

ry
 su

rg
er

y,
 a

nd

so
m

e 
of

 h
is 

de
sc

rip
tio

ns
 o

f c
om

pl
ica

te
d 

an
d 

di
ffi

cu
lt 

op
er

at
io

ns

ha
ve

 b
ee

n 
lit

tle
 im

pr
ov

ed
 u

po
n 

ev
en

 in
 m

od
er

n 
tim

es
. In

 h
is 

bo
ok

s

he
 d

es
cr

ib
es

 su
ch

 o
pe

ra
tio

ns
 a

s t
he

 re
m

ov
al

 o
f f

or
ei

gn
 b

od
ie

s

fro
m

 th
e 

no
se

, e
ar

, a
nd

 e
so

ph
ag

us
; a

nd
 h

e 
re

co
gn

ize
s f

or
ei

gn

gr
ow

th
s s

uc
h 

as
 p

ol
yp

i i
n 

th
e 

ai
r-p

as
sa

ge
s, 

an
d 

gi
ve

s t
he

 m
et

ho
d

of
 th

ei
r r

em
ov

al
. S

uc
h 

op
er

at
io

ns
 a

s t
ra

ch
eo

to
m

y,
 to

ns
el

lo
to

m
y,

br
on

ch
ot

om
y,

 st
ap

hy
lo

to
m

y,
 e

tc
., w

er
e 

pe
rfo

rm
ed

 b
y h

im
, a

nd
 h

e

ev
en

 a
dv

oc
at

ed
 a

nd
 d

es
cr

ib
ed

 p
un

ct
ur

e 
of

 th
e 

ab
do

m
in

al
 ca

vi
ty

,

gi
vi

ng
 ca

re
fu

l d
ire

ct
io

ns
 a

s t
o 

th
e 

lo
ca

tio
n 

in
 w

hi
ch

 su
ch

pu
nc

tu
re

s s
ho

ul
d 

be
 m

ad
e.

 H
e 

ad
vo

ca
te

d 
am

pu
ta

tio
n 

of
 th

e 
br

ea
st

fo
r t

he
 cu

re
 o

f c
an

ce
r, 

an
d 

de
sc

rib
ed

 e
xt

irp
at

io
n 

of
 th

e 
ut

er
us

.

Ju
st

 h
ow

 su
cc

es
sf

ul
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 su
ch

 cr
iti

cis
m

s a
re

 ju
st

ifi
ed

. It
 is

 ce
rta

in
,

ho
w

ev
er

, t
ha

t i
n 

th
is 

pa
rt 

he
 d

es
cr

ib
es

 th
e a

na
to

m
y o

f t
he

 ey
e

w
ith

 g
re

at
 ac

cu
ra

cy
, a

nd
 d

isc
us

se
s m

irr
or

s a
nd

 le
ns

es
.

Th
e m

ag
ni

fy
in

g 
po

w
er

 o
f t

he
 se

gm
en

t o
f a

 g
la

ss
 sp

he
re

 h
ad

 b
ee

n

no
te

d 
by

 A
lh

az
en

, w
ho

 h
ad

 o
bs

er
ve

d 
al

so
 th

at
 th

e m
ag

ni
fic

at
io

n

w
as

 in
cr

ea
se

d 
by

 in
cr

ea
sin

g 
th

e s
ize

 o
f t

he
 se

gm
en

t u
se

d.
 B

ac
on

to
ok

 u
p 

th
e d

isc
us

sio
n 

of
 th

e c
om

pa
ra

tiv
e a

dv
an

ta
ge

s o
f s

eg
m

en
ts

,

an
d 

in
 th

is 
di

sc
us

sio
n 

se
em

s t
o 

sh
ow

 th
at

 h
e u

nd
er

st
oo

d 
ho

w
 to

tra
ce

 th
e p

ro
gr

es
s o

f t
he

 ra
ys

 o
f l

ig
ht

 th
ro

ug
h 

a s
ph

er
ica

l

tra
ns

pa
re

nt
 b

od
y, 

an
d 

ho
w

 to
 d

et
er

m
in

e t
he

 p
la

ce
 o

f t
he

 im
ag

e. 
He

al
so

 d
es

cr
ib

ed
 a 

m
et

ho
d 

of
 co

ns
tru

ct
in

g 
a t

el
es

co
pe

, b
ut

 it
 is

 b
y

no
 m

ea
ns

 cl
ea

r t
ha

t h
e h

ad
 ev

er
 ac

tu
al

ly 
co

ns
tru

ct
ed

 su
ch

 an

in
st

ru
m

en
t. 

It 
is 

al
so

 a 
m

oo
te

d 
qu

es
tio

n 
as

 to
 w

he
th

er
 h

is

in
st

ru
ct

io
ns

 as
 to

 th
e c

on
st

ru
ct

io
n 

of
 su

ch
 an

 in
st

ru
m

en
t w

ou
ld

ha
ve

 en
ab

le
d 

an
y o

ne
 to

 co
ns

tru
ct

 o
ne

. T
he

 va
ga

rie
s o

f t
he

 n
am

es

of
 te

rm
s a

s h
e u

se
s t

he
m

 al
lo

w
 su

ch
 la

tit
ud

e i
n 

in
te

rp
re

ta
tio

n

th
at

 m
od

er
n 

sc
ie

nt
ist

s a
re

 n
ot

 ag
re

ed
 as

 to
 th

e p
ra

ct
ica

bi
lit

y o
f

Ba
co

n´
s s

ug
ge

st
io

ns
. F

or
 ex

am
pl

e, 
he

 co
ns

ta
nt

ly 
re

fe
rs

 to
 fo

rc
e

un
de

r s
uc

h 
na

m
es

 as
 vi

rtu
s, 

sp
ec

ie
s, 

im
ag

o,
 ag

en
tis

, a
nd

 a 
sc

or
e

of
 o

th
er

 n
am

es
, a

nd
 th

is 
na

tu
ra

lly
 g

ive
s r

ise
 to

 th
e g

re
at

di
ffe

re
nc

es
 in

 th
e i

nt
er

pr
et

at
io

ns
 o

f h
is 

w
rit

in
gs

, w
ith

co
rre

sp
on

di
ng

 d
iff

er
en

ce
s i

n 
es

tim
at

es
 o

f t
he

m
.

Th
e c

la
im

 th
at

 B
ac

on
 o

rig
in

at
ed

 th
e u

se
 o

f l
en

se
s, 

in
 th

e f
or

m
 o

f

sp
ec

ta
cle

s, 
ca

nn
ot

 b
e p

ro
ve

n.
 Sm

ith
 h

as
 d

et
er

m
in

ed
 th

at
 as

 ea
rly

as
 th

e o
pe

ni
ng

 ye
ar

s o
f t

he
 fo

ur
te

en
th

 ce
nt

ur
y s

uc
h 

le
ns

es
 w

er
e

in
 u

se
, b

ut
 th

is 
pr

ov
es

 n
ot

hi
ng

 as
 re

ga
rd

s B
ac

on
´s 

co
nn

ec
tio

n

w
ith

 th
ei

r i
nv

en
tio

n.
 Th

e k
no

w
le

dg
e o

f l
en

se
s s

ee
m

s t
o 

be
 ve

ry

an
cie

nt
, if

 w
e m

ay
 ju

dg
e f

ro
m

 th
e c

on
ve

x l
en

s o
f r

oc
k c

ry
st

al

fo
un

d 
by

 La
ya

rd
 in

 h
is 

ex
ca

va
tio

ns
 at

 N
im

ru
d.

 Th
er

e i
s n

ot
hi

ng
 to

sh
ow

, h
ow

ev
er

, t
ha

t t
he

 an
cie

nt
s e

ve
r t

ho
ug

ht
 o

f u
sin

g 
th

em
 to

co
rre

ct
 d

ef
ec

ts
 o

f v
isi

on
. N

ei
th

er
, a

pp
ar

en
tly

, is
 it

 fe
as

ib
le

 to

de
te

rm
in

e w
he

th
er

 th
e i

de
a o

f s
uc

h 
an

 ap
pl

ica
tio

n 
or

ig
in

at
ed

 w
ith

Ba
co

n.
An

ot
he

r m
ec

ha
ni

ca
l d

isc
ov

er
y a

bo
ut

 w
hi

ch
 th

er
e h

as
 b

ee
n 

a g
re

at

de
al

 o
f d

isc
us

sio
n 

is 
Ba

co
n´

s s
up

po
se

d 
in

ve
nt

io
n 

of
 g

un
po

w
de

r. 
It

ap
pe

ar
s t

ha
t i

n 
a c

er
ta

in
 p

as
sa

ge
 o

f h
is 

w
or

k h
e d

es
cr

ib
es

 th
e

pr
oc

es
s o

f m
ak

in
g 

a s
ub

st
an

ce
 th

at
 is

, in
 ef

fe
ct

, o
rd

in
ar

y

gu
np

ow
de

r; 
bu

t i
t i

s m
or

e t
ha

n 
do

ub
tfu

l w
he

th
er

 h
e u

nd
er

st
oo

d 
th

e

pr
op

er
tie

s o
f t

he
 su

bs
ta

nc
e h

e d
es

cr
ib

es
. It

 is
 fa

irl
y w

el
l

es
ta

bl
ish

ed
, h

ow
ev

er
, t

ha
t i

n 
Ba

co
n´

s t
im

e g
un

po
w

de
r w

as
 kn

ow
n 

to

th
e A

ra
bs

, s
o 

th
at

 it
 sh

ou
ld

 n
ot

 b
e s

ur
pr

isi
ng

 to
 fi

nd
 re

fe
re

nc
es

m
ad

e t
o 

it 
in

 B
ac

on
´s 

w
or

k, 
sin

ce
 th

er
e i

s r
ea

so
n 

to
 b

el
ie

ve
 th

at

he
 co

ns
ta

nt
ly 

co
ns

ul
te

d 
Ar

ab
ian

 w
rit

in
gs

.

Th
e g

re
at

 m
er

it 
of

 B
ac

on
´s 

w
or

k, 
ho

w
ev

er
, d

ep
en

ds
 o

n 
th

e

pr
in

cip
le

s t
au

gh
t a

s r
eg

ar
ds

 ex
pe

rim
en

t a
nd

 th
e o

bs
er

va
tio

n 
of

na
tu

re
, r

at
he

r t
ha

n 
on

 an
y s

in
gl

e i
nv

en
tio

n.
 H

e h
ad

 th
e

al
l-i

m
po

rta
nt

 id
ea

 o
f b

re
ak

in
g 

w
ith

 tr
ad

iti
on

. H
e c

ha
m

pi
on

ed

un
fe

tte
re

d 
in

qu
iry

 in
 ev

er
y f

ie
ld

 o
f t

ho
ug

ht
. H

e h
ad

 th
e i

ns
tin

ct

of
 a 

sc
ie

nt
ifi

c w
or

ke
r—

a r
ar

e i
ns

tin
ct

 in
de

ed
 in

 th
at

 ag
e. 

No
r

ne
ed

 w
e d

ou
bt

 th
at

 to
 th

e b
es

t o
f h

is 
op

po
rtu

ni
tie

s h
e w

as

hi
m

se
lf 

an
 o

rig
in

al
 in

ve
st

ig
at

or
.

LE
ON

AR
DO

 D
A 

VI
NC

I

LE
ON

AR
DO

 D
A 

VI
NC

I

Th
e r

el
at

ive
 in

fe
rti

lit
y o

f B
ac

on
´s 

th
ou

gh
t i

s s
ho

w
n 

by
 th

e f
ac

t

th
at

 h
e f

ou
nd

ed
 n

o 
sc

ho
ol

 an
d 

le
ft 

no
 tr

ac
e o

f d
isc

ip
le

sh
ip

. T
he

en
tir

e c
en

tu
ry

 af
te

r h
is 

de
at

h 
sh

ow
s n

o 
sin

gl
e E

ur
op

ea
n 

na
m

e t
ha

t

ne
ed

 cl
aim

 th
e a

tte
nt

io
n 

of
 th

e h
ist

or
ian

 o
f s

cie
nc

e. 
In

 th
e

la
tte

r p
ar

t o
f t

he
 fi

fte
en

th
 ce

nt
ur

y, 
ho

w
ev

er
, t

he
re

 is
 ev

id
en

ce

of
 a 

re
na

iss
an

ce
 o

f s
cie

nc
e n

o 
le

ss
 th

an
 o

f a
rt.

 Th
e G

er
m

an

M
ul

le
r b

ec
am

e f
am

ou
s u

nd
er

 th
e l

at
in

ize
d 

na
m

ed
 o

f R
eg

io
 M

on
ta

nu
s

(1
43

7-
14

72
), 

alt
ho

ug
h 

hi
s a

ct
ua

l s
cie

nt
ifi

c a
tta

in
m

en
ts

 w
ou

ld

14
37

   
14

72
   ap

pe
ar

 to
 h

av
e b

ee
n 

im
po

rta
nt

 o
nl

y i
n 

co
m

pa
ris

on
 w

ith
 th

e u
tte

r

ig
no

ra
nc

e o
f h

is 
co

nt
em

po
ra

rie
s. 

Th
e m

os
t d

ist
in

gu
ish

ed
 w

or
ke

r o
f

th
e n

ew
 er

a w
as

 th
e f

am
ou

s I
ta

lia
n 

Le
on

ar
do

 d
a V

in
ci—

a m
an

 w
ho

ha
s b

ee
n 

ca
lle

d 
by

 H
am

er
to

n 
th

e m
os

t u
ni

ve
rsa

l g
en

iu
s t

ha
t e

ve
r

liv
ed

. L
eo

na
rd

o´
s p

os
iti

on
 in

 th
e h

ist
or

y o
f a

rt 
is 

kn
ow

n 
to

ev
er

y o
ne

. W
ith

 th
at

, o
f c

ou
rse

, w
e h

av
e n

o 
pr

es
en

t c
on

ce
rn

; b
ut

it 
is 

w
or

th
 o

ur
 w

hi
le

 to
 in

qu
ire

 at
 so

m
e l

en
gt

h 
as

 to
 th

e f
am

ou
s

pa
in

te
r´s

 ac
co

m
pl

ish
m

en
ts

 as
 a 

sc
ie

nt
ist

.

Fr
om

 a 
pa

ss
ag

e i
n 

th
e w

or
ks

 o
f L

eo
na

rd
o,

 fi
rst

 b
ro

ug
ht

 to
 lig

ht

by
 V

en
tu

ri,
[1

] i
t w

ou
ld

 se
em

 th
at

 th
e g

re
at

 p
ain

te
r a

nt
ici

pa
te

d

Co
pe

rn
icu

s i
n 

de
te

rm
in

in
g 

th
e m

ov
em

en
t o

f t
he

 ea
rth

. H
e m

ad
e

m
at

he
m

at
ica

l c
alc

ul
at

io
ns

 to
 p

ro
ve

 th
is,

 an
d 

ap
pe

ar
s t

o 
ha

ve

re
ac

he
d 

th
e d

ef
in

ite
 co

nc
lu

sio
n 

th
at

 th
e e

ar
th

 d
oe

s m
ov

e—
or

 w
ha

t

am
ou

nt
s t

o 
th

e s
am

e t
hi

ng
, t

ha
t t

he
 su

n 
do

es
 n

ot
 m

ov
e. 

M
un

tz
 is

au
th

or
ity

 fo
r t

he
 st

at
em

en
t t

ha
t i

n 
on

e o
f h

is 
w

rit
in

gs
 h

e

de
cla

re
s, 

“Il
 so

le
 n

on
 si

 m
ou

ve
”—

th
e s

un
 d

oe
s n

ot
 m

ov
e.[

2]

Am
on

g 
hi

s i
nv

en
tio

ns
 is

 a 
dy

na
m

om
et

er
 fo

r d
et

er
m

in
in

g 
th

e

tra
ct

io
n 

po
w

er
 o

f m
ac

hi
ne

s a
nd

 an
im

als
, a

nd
 h

is 
ex

pe
rim

en
ts

 w
ith

st
ea

m
 h

av
e l

ed
 so

m
e o

f h
is 

en
th

us
ias

tic
 p

ar
tis

an
s t

o 
cla

im
 fo

r

hi
m

 p
rio

rit
y t

o 
W

at
t i

n 
th

e i
nv

en
tio

n 
of

 th
e s

te
am

-e
ng

in
e. 

In

th
es

e e
xp

er
im

en
ts

, h
ow

ev
er

, L
eo

na
rd

o 
se

em
s t

o 
ha

ve
 ad

va
nc

ed

lit
tle

 b
ey

on
d 

He
ro

 o
f A

le
xa

nd
ria

 an
d 

hi
s s

te
am

 to
y. 

He
ro

´s

st
ea

m
-e

ng
in

e d
id

 n
ot

hi
ng

 b
ut

 ro
ta

te
 it

se
lf 

by
 vi

rtu
e o

f e
sc

ap
in

g

je
ts

 o
f s

te
am

 fo
rc

ed
 fr

om
 th

e b
en

t t
ub

es
, w

hi
le

 Le
on

ar
do

´s

“s
te

am
-e

ng
in

e”
 “d

ro
ve

 a 
ba

ll w
ei

gh
in

g 
on

e t
ale

nt
 o

ve
r a

 d
ist

an
ce

of
 si

x s
ta

di
a.“

 In
 a 

m
an

us
cr

ip
t n

ow
 in

 th
e l

ib
ra

ry
 o

f t
he

In
st

itu
t d

e F
ra

nc
e, 

Da
 V

in
ci 

de
sc

rib
es

 th
is 

en
gi

ne
 m

in
ut

el
y. 

Th
e

ac
tio

n 
of

 th
is 

m
ac

hi
ne

 w
as

 d
ue

 to
 th

e s
ud

de
n 

co
nv

er
sio

n 
of

 sm
all

qu
an

tit
ie

s o
f w

at
er

 in
to

 st
ea

m
 (“

sm
ok

e,“
 as

 h
e c

all
ed

 it
) b

y

co
m

in
g 

su
dd

en
ly 

in
 co

nt
ac

t w
ith

 a 
he

at
ed

 su
rfa

ce
 in

 a 
pr

op
er

re
ce

pt
ac

le
, t

he
 ra

pi
dl

y f
or

m
ed

 st
ea

m
 ac

tin
g 

as
 a 

pr
op

ul
siv

e f
or

ce

af
te

r t
he

 m
an

ne
r o

f a
n 

ex
pl

os
ive

. It
 is

 re
all

y a
 st

ea
m

-g
un

,

ra
th

er
 th

an
 a 

ste
am

-e
ng

in
e, 

an
d 

it 
is 

no
t u

nl
ike

ly 
th

at
 th

e s
tu

dy

of
 th

e a
ct

io
n 

of
 g

un
po

w
de

r m
ay

 h
av

e s
ug

ge
ste

d 
it 

to
 Le

on
ar

do
.

It 
is 

be
lie

ve
d 

th
at

 Le
on

ar
do

 is
 th

e t
ru

e d
isc

ov
er

er
 o

f t
he

ca
m

er
a-

ob
sc

ur
a, 

alt
ho

ug
h 

th
e N

ea
po

lit
an

 p
hi

lo
so

ph
er

, G
iam

ba
tti

sta

Po
rta

, w
ho

 w
as

 n
ot

 b
or

n 
un

til
 so

m
e t

w
en

ty
 ye

ar
s a

fte
r t

he
 d

ea
th

of
 Le

on
ar

do
, is

 u
su

all
y c

re
di

te
d 

w
ith

 fi
rst

 d
es

cr
ib

in
g 

th
is

de
vic

e. 
Th

er
e i

s l
itt

le
 d

ou
bt

, h
ow

ev
er

, t
ha

t D
a V

in
ci 

un
de

rst
oo

d

th
e p

rin
cip

le
 o

f t
hi

s m
ec

ha
ni

sm
, fo

r h
e d

es
cr

ib
es

 h
ow

 su
ch

 a

ca
m

er
a c

an
 b

e m
ad

e b
y c

ut
tin

g 
a s

m
all

, r
ou

nd
 h

ol
e t

hr
ou

gh
 th

e

sh
ut

te
r o

f a
 d

ar
ke

ne
d 

ro
om

, t
he

 re
ve

rse
d 

im
ag

e o
f o

bj
ec

ts 
ou

tsi
de

be
in

g 
sh

ow
n 

on
 th

e o
pp

os
ite

 w
all

.

Lik
e o

th
er

 p
hi

lo
so

ph
er

s i
n 

all
 ag

es
, h

e h
ad

 o
bs

er
ve

d 
a g

re
at

nu
m

be
r o

f f
ac

ts 
w

hi
ch

 h
e w

as
 u

na
bl

e t
o 

ex
pl

ain
 co

rre
ct

ly.
 B

ut

su
ch

 ac
cu

m
ul

at
io

ns
 o

f s
cie

nt
ifi

c o
bs

er
va

tio
ns

 ar
e a

lw
ay

s

in
te

re
sti

ng
, a

s s
ho

w
in

g 
ho

w
 m

an
y c

en
tu

rie
s o

f o
bs

er
va

tio
n

fre
qu

en
tly

 p
re

ce
de

 co
rre

ct
 ex

pl
an

at
io

n.
 H

e o
bs

er
ve

d 
m

an
y f

ac
ts

ab
ou

t s
ou

nd
s, 

am
on

g 
ot

he
rs 

th
at

 b
lo

w
s s

tru
ck

 u
po

n 
a b

el
l p

ro
du

ce
d

sy
m

pa
th

et
ic 

so
un

ds
 in

 a 
be

ll o
f t

he
 sa

m
e k

in
d;

 an
d 

th
at

 st
rik

in
g

th
e s

tri
ng

 o
f a

 lu
te

 p
ro

du
ce

d 
vib

ra
tio

n 
in

 co
rre

sp
on

di
ng

 st
rin

gs

of
 lu

te
s s

tru
ng

 to
 th

e s
am

e p
itc

h.
 H

e k
ne

w
, a

lso
, t

ha
t s

ou
nd

s

co
ul

d 
be

 h
ea

rd
 at

 a 
di

sta
nc

e a
t s

ea
 b

y l
ist

en
in

g 
at

 o
ne

 en
d 

of
 a

tu
be

, t
he

 o
th

er
 en

d 
of

 w
hi

ch
 w

as
 p

lac
ed

 in
 th

e w
at

er
; a

nd
 th

at

th
e s

am
e e

xp
ed

ie
nt

 w
or

ke
d 

su
cc

es
sfu

lly
 o

n 
lan

d,
 th

e e
nd

 o
f t

he

tu
be

 b
ei

ng
 p

lac
ed

 ag
ain

st 
th

e g
ro

un
d.

Th
e k

no
w

le
dg

e o
f t

hi
s g

re
at

 n
um

be
r o

f u
ne

xp
lai

ne
d 

fa
ct

s i
s o

fte
n

in
te

rp
re

te
d 

by
 th

e a
dm

ire
rs 

of
 D

a V
in

ci,
 as

 sh
ow

in
g 

an
 al

m
os

t

oc
cu

lt 
in

sig
ht

 in
to

 sc
ie

nc
e m

an
y c

en
tu

rie
s i

n 
ad

va
nc

e o
f h

is

tim
e. 

Su
ch

 in
te

rp
re

ta
tio

ns
, h

ow
ev

er
, a

re
 ill

us
ive

. T
he

ob
se

rv
at

io
n,

 fo
r e

xa
m

pl
e, 

th
at

 a 
tu

be
 p

lac
ed

 ag
ain

st 
th

e g
ro

un
d

en
ab

le
s o

ne
 to

 h
ea

r m
ov

em
en

ts 
on

 th
e e

ar
th

 at
 a 

di
sta

nc
e, 

is 
no

t

in
 it

se
lf 

ev
id

en
ce

 o
f a

ny
th

in
g 

m
or

e t
ha

n 
ac

ut
e s

cie
nt

ifi
c

ob
se

rv
at

io
n,

 as
 a 

sim
ila

r m
et

ho
d 

is 
in

 u
se

 am
on

g 
alm

os
t e

ve
ry

ra
ce

 o
f s

av
ag

es
, n

ot
ab

ly 
th

e A
m

er
ica

n 
In

di
an

s. 
On 

th
e o

th
er

 h
an

d,

on
e i

s i
nc

lin
ed

 to
 g

ive
 cr

ed
en

ce
 to

 al
m

os
t a

ny
 st

or
y o

f t
he

br
ea

dt
h 

of
 kn

ow
le

dg
e o

f t
he

 m
an

 w
ho

 ca
m

e s
o 

ne
ar

 an
tic

ip
at

in
g

Hu
tto

n,
 Ly

el
l, a

nd
 D

ar
w

in
 in

 h
is 

in
te

rp
re

ta
tio

n 
of

 th
e g

eo
lo

gi
ca

l

re
co

rd
s a

s h
e f

ou
nd

 th
em

 w
rit

te
n 

on
 th

e r
oc

ks
.

It 
is 

in
 th

is 
fie

ld
 o

f g
eo

lo
gy

 th
at

 Le
on

ar
do

 is
 en

tit
le

d 
to

 th
e

gr
ea

te
st 

ad
m

ira
tio

n 
by

 m
od

er
n 

sc
ie

nt
ist

s. 
He

 h
ad

 o
bs

er
ve

d 
th

e

de
po

sit
 o

f f
os

sil
 sh

el
ls 

in
 va

rio
us

 st
ra

ta
 o

f r
oc

ks
, e

ve
n 

on
 th

e

to
ps

 o
f m

ou
nt

ain
s, 

an
d 

he
 re

je
ct

ed
 o

nc
e f

or
 al

l t
he

 th
eo

ry
 th

at

th
ey

 h
ad

 b
ee

n 
de

po
sit

ed
 th

er
e b

y t
he

 D
el

ug
e. 

He
 ri

gh
tly

in
te

rp
re

te
d 

th
ei

r p
re

se
nc

e a
s e

vid
en

ce
 th

at
 th

ey
 h

ad
 o

nc
e b

ee
n

de
po

sit
ed

 at
 th

e b
ot

to
m

 o
f t

he
 se

a. 
Th

is 
pr

oc
es

s h
e a

ss
um

ed
 b

ad

ta
ke

n 
hu

nd
re

ds
 an

d 
th

ou
sa

nd
s o

f c
en

tu
rie

s, 
th

us
 ta

cit
ly 

re
je

ct
in

g

th
e b

ib
lic

al 
tra

di
tio

n 
as

 to
 th

e d
at

e o
f t

he
 cr

ea
tio

n.

No
tw

ith
sta

nd
in

g 
th

e o
bv

io
us

 in
te

re
st 

th
at

 at
ta

ch
es

 to
 th

e

in
ve

sti
ga

tio
ns

 o
f L

eo
na

rd
o,

 it
 m

us
t b

e a
dm

itt
ed

 th
at

 h
is 

w
or

k i
n

sc
ie

nc
e r

em
ain

ed
 al

m
os

t a
s i

nf
er

til
e a

s t
ha

t o
f h

is 
gr

ea
t

pr
ec

ur
so

r, 
Ba

co
n.

 Th
e r

ea
lly

 st
im

ul
at

ive
 w

or
k o

f t
hi

s g
en

er
at

io
n

w
as

 d
on

e b
y a

 m
an

 o
f a

ffa
irs

, w
ho

 kn
ew

 lit
tle

 o
f t

he
or

et
ica

l

sc
ie

nc
e e

xc
ep

t i
n 

on
e l

in
e, 

bu
t w

ho
 p

ur
su

ed
 th

at
 o

ne
 p

ra
ct

ica
l

lin
e u

nt
il h

e a
ch

ie
ve

d 
a w

on
de

rfu
l r

es
ul

t. 
Th

is 
m

an
 w

as

Ch
ris

to
ph

er
 C

ol
um

bu
s. 

It 
is 

no
t n

ec
es

sa
ry

 h
er

e t
o 

te
ll t

he
 tr

ite

sto
ry

 o
f h

is 
ac

co
m

pl
ish

m
en

t. 
Su

ffi
ce

 it
 th

at
 h

is 
pr

ac
tic

al

de
m

on
str

at
io

n 
of

 th
e r

ot
un

di
ty

 o
f t

he
 ea

rth
 is

 re
ga

rd
ed

 b
y m

os
t

m
od

er
n 

w
rit

er
s a

s m
ar

kin
g 

an
 ep

oc
h 

in
 h

ist
or

y. 
W

ith
 th

e y
ea

r o
f

hi
s v

oy
ag

e t
he

 ep
oc

h 
of

 th
e M

id
dl

e A
ge

s i
s u

su
all

y r
eg

ar
de

d 
as

co
m

in
g 

to
 an

 en
d.

 It
 m

us
t n

ot
 b

e s
up

po
se

d 
th

at
 an

y v
er

y s
ud

de
n

ch
an

ge
 ca

m
e o

ve
r t

he
 as

pe
ct

 o
f s

ch
ol

ar
sh

ip
 o

f t
he

 ti
m

e, 
bu

t t
he

pr
el

im
in

ar
ies

 o
f g

re
at

 th
in

gs
 h

ad
 b

ee
n 

ac
hi

ev
ed

, a
nd

 w
he

n

Co
lu

m
bu

s m
ad

e h
is 

fa
m

ou
s v

oy
ag

e i
n 

14
92

, t
he

 m
an

 w
as

 al
re

ad
y

14
92

   ali
ve

 w
ho

 w
as

 to
 b

rin
g 

fo
rw

ar
d 

th
e f

irs
t g

re
at

 vi
ta

liz
in

g 
th

ou
gh

t

in
 th

e f
iel

d 
of

 p
ur

e s
cie

nc
e t

ha
t t

he
 W

es
te

rn
 w

or
ld

 h
ad

or
ig

in
at

ed
 fo

r m
or

e t
ha

n 
a t

ho
us

an
d 

ye
ar

s. 
Th

is 
m

an
 b

or
e t

he
 n

am
e

of
 K

op
er

ni
k, 

or
 in

 it
s f

am
ilia

r A
ng

lic
ize

d 
fo

rm
, C

op
er

ni
cu

s. 
Hi

s

lif
e w

or
k a

nd
 th

at
 o

f h
is 

di
sc

ip
le

s w
ill 

cla
im

 o
ur

 at
te

nt
io

n 
in

th
e s

uc
ce

ed
in

g 
ch

ap
te

r.

<c
ha

pt
er

he
ad

er
 lin

es
=2

0>
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IV. THE NEW COSMOLOGY—COPERNICUS TO KEPLER AND GALILEO

W
e h

av
e s

ee
n 

th
at

 th
e P

to
le

m
aic

 as
tro

no
m

y, 
w

hi
ch

 w
as

 th
e a

cc
ep

te
d

We have seen that the Ptolemaic astronomy, which was the accepted

do
ct

rin
e t

hr
ou

gh
ou

t t
he

 M
id

dl
e A

ge
s, 

ta
ug

ht
 th

at
 th

e e
ar

th
 is

doctrine throughout the Middle Ages, taught that the earth is

ro
un

d.
 D

ou
bt

le
ss

 th
er

e w
as

 a 
po

pu
lar

 o
pi

ni
on

 cu
rre

nt
 w

hi
ch

round. Doubtless there was a popular opinion current which

re
ga

rd
ed

 th
e e

ar
th

 as
 fl

at
, b

ut
 it

 m
us

t b
e u

nd
er

sto
od

 th
at

 th
is

regarded the earth as flat, but it must be understood that this

op
in

io
n 

ha
d 

no
 ch

am
pi

on
s a

m
on

g 
m

en
 o

f s
cie

nc
e d

ur
in

g 
th

e M
id

dl
e

opinion had no champions among men of science during the Middle

Ag
es

. W
he

n,
 in

 th
e y

ea
r 1

49
2, 

Co
lu

m
bu

s s
ail

ed
 o

ut
 to

 th
e w

es
t o

n

14
92

   

Ages. When, in the year 1492, Columbus sailed out to the west on

hi
s m

em
or

ab
le

 vo
ya

ge
, h

is 
ex

pe
ct

at
io

n 
of

 re
ac

hi
ng

 In
di

a h
ad

 fu
ll

his memorable voyage, his expectation of reaching India had full

sc
ien

tif
ic 

w
ar

ra
nt

, h
ow

ev
er

 m
uc

h 
it 

m
ay

 h
av

e b
ee

n 
sc

ou
te

d 
by

scientific warrant, however much it may have been scouted by

ce
rta

in
 ec

cle
sia

sti
cs

 an
d 

by
 th

e a
ve

ra
ge

 m
an

 o
f t

he
 p

er
io

d.

certain ecclesiastics and by the average man of the period.

Nev
er

th
ele

ss
, w

e m
ay

 w
ell

 su
pp

os
e t

ha
t t

he
 su

cc
es

sfu
l v

oy
ag

e o
f

Nevertheless, we may well suppose that the successful voyage of

Co
lu

m
bu

s, 
an

d 
th

e s
til

l m
or

e d
em

on
str

at
ive

 o
ne

 m
ad

e a
bo

ut
 th

irt
y

Columbus, and the still more demonstrative one made about thirty

ye
ar

s l
at

er
 b

y M
ag

el
lan

, g
av

e t
he

 th
eo

ry
 o

f t
he

 ea
rth

´s 
ro

tu
nd

ity

years later by Magellan, gave the theory of the earth´s rotundity

a c
er

ta
in

ty
 it

 co
ul

d 
ne

ve
r p

re
vio

us
ly 

ha
ve

 h
ad

. A
lex

an
dr

ian

a certainty it could never previously have had. Alexandrian

ge
og

ra
ph

er
s h

ad
 m

ea
su

re
d 

th
e s

ize
 o

f t
he

 ea
rth

, a
nd

 h
ad

 n
ot

geographers had measured the size of the earth, and had not

he
sit

at
ed

 to
 as

se
rt 

th
at

 b
y s

ail
in

g 
w

es
tw

ar
d 

on
e m

ig
ht

 re
ac

h

hesitated to assert that by sailing westward one might reach

In
di

a. 
Bu

t t
he

re
 is

 a 
w

id
e g

ap
 b

et
w

ee
n 

th
eo

ry
 an

d 
pr

ac
tic

e, 
an

d

India. But there is a wide gap between theory and practice, andit 
re

qu
ire

d 
th

e v
oy

ag
es

 o
f C

ol
um

bu
s a

nd
 h

is 
su

cc
es

so
rs 

to
 b

rid
ge

it required the voyages of Columbus and his successors to bridge

th
at

 g
ap

.

that gap.

Af
te

r t
he

 co
m

pa
ni

on
s o

f M
ag

ell
an

 co
m

pl
et

ed
 th

e c
irc

um
na

vig
at

io
n

of
 th

e g
lo

be
, t

he
 g

en
er

al 
sh

ap
e o

f o
ur

 ea
rth

 w
ou

ld
, o

bv
io

us
ly,

ne
ve

r a
ga

in
 b

e c
all

ed
 in

 q
ue

sti
on

. B
ut

 d
em

on
str

at
io

n 
of

 th
e

sp
he

ric
ity

 o
f t

he
 ea

rth
 h

ad
, o

f c
ou

rse
, n

o 
di

re
ct

 b
ea

rin
g 

up
on

th
e q

ue
sti

on
 o

f t
he

 ea
rth

´s 
po

sit
io

n 
in

 th
e u

ni
ve

rse
. T

he
re

fo
re

th
e v

oy
ag

e o
f M

ag
ell

an
 se

rv
ed

 to
 fo

rti
fy

, r
at

he
r t

ha
n 

to
 d

isp
ut

e,

th
e P

to
lem

aic
 th

eo
ry

. A
cc

or
di

ng
 to

 th
at

 th
eo

ry
, a

s w
e h

av
e s

ee
n,

th
e e

ar
th

 w
as

 su
pp

os
ed

 to
 lie

 im
m

ov
ab

le 
at

 th
e c

en
tre

 o
f t

he

un
ive

rse
; t

he
 va

rio
us

 h
ea

ve
nl

y b
od

ies
, in

clu
di

ng
 th

e s
un

,

re
vo

lvi
ng

 ab
ou

t i
t i

n 
ec

ce
nt

ric
 ci

rc
les

. W
e h

av
e s

ee
n 

th
at

se
ve

ra
l o

f t
he

 an
cie

nt
 G

re
ek

s, 
no

ta
bl

y A
ris

ta
rc

hu
s, 

di
sp

ut
ed

 th
is

co
nc

ep
tio

n,
 d

ec
lar

in
g 

fo
r t

he
 ce

nt
ra

l p
os

iti
on

 o
f t

he
 su

n 
in

 th
e

un
ive

rse
, a

nd
 th

e m
ot

io
n 

of
 th

e e
ar

th
 an

d 
ot

he
r p

lan
et

s a
bo

ut

th
at

 b
od

y. 
Bu

t t
hi

s r
ev

ol
ut

io
na

ry
 th

eo
ry

 se
em

ed
 so

 o
pp

os
ed

 to
 th

e

or
di

na
ry

 o
bs

er
va

tio
n 

th
at

, h
av

in
g 

be
en

 d
isc

ou
nt

en
an

ce
d 

by

Hip
pa

rc
hu

s a
nd

 P
to

lem
y, 

it 
di

d 
no

t f
in

d 
a s

in
gl

e i
m

po
rta

nt

ch
am

pi
on

 fo
r m

or
e t

ha
n 

a t
ho

us
an

d 
ye

ar
s a

fte
r t

he
 ti

m
e o

f t
he

las
t g

re
at

 A
lex

an
dr

ian
 as

tro
no

m
er

.

Th
e f

irs
t m

an
, s

ee
m

in
gl

y, 
to

 h
ar

k b
ac

k t
o 

th
e A

ris
ta

rc
hi

an

co
nc

ep
tio

n 
in

 th
e n

ew
 sc

ien
tif

ic 
er

a t
ha

t w
as

 n
ow

 d
aw

ni
ng

 w
as

 th
e

no
te

d 
ca

rd
in

al,
 N

iko
lau

s o
f C

us
a, 

who
 liv

ed
 in

 th
e f

irs
t h

alf
 o

f

th
e f

ift
ee

nt
h 

ce
nt

ur
y, 

an
d 

was
 d

ist
in

gu
ish

ed
 as

 a 
ph

ilo
so

ph
ica

l

writ
er

 an
d 

m
at

he
m

at
ici

an
. H

is 
De D

oc
ta

 Ig
no

ra
nt

ia 
ex

pr
es

sly

pr
op

ou
nd

s t
he

 d
oc

tri
ne

 o
f t

he
 ea

rth
´s 

m
ot

io
n.

 N
o 

on
e, 

ho
wev

er
,

pa
id

 th
e s

lig
ht

es
t a

tte
nt

io
n 

to
 h

is 
su

gg
es

tio
n,

 w
hi

ch
, t

he
re

fo
re

,

m
er

ely
 se

rv
es

 to
 fu

rn
ish

 u
s w

ith
 an

ot
he

r i
nt

er
es

tin
g 

illu
str

at
io

n

of
 th

e f
ut

ilit
y o

f p
ro

po
un

di
ng

 ev
en

 a 
co

rre
ct

 h
yp

ot
he

sis
 b

ef
or

e

th
e t

im
e i

s r
ip

e t
o 

re
ce

ive
 it

—
pa

rti
cu

lar
ly 

if 
th

e h
yp

ot
he

sis
 is

no
t f

ul
ly 

fo
rti

fie
d 

by
 re

as
on

in
g 

ba
se

d 
on

 ex
pe

rim
en

t o
r

ob
se

rv
at

io
n.

Th
e m

an
 w

ho
 w

as
 d

es
tin

ed
 to

 p
ut

 fo
rw

ar
d 

th
e t

he
or

y o
f t

he
 ea

rth
´s

m
ot

io
n 

in
 a 

way
 to

 co
m

m
an

d 
at

te
nt

io
n 

was
 b

or
n 

in
 14

73
, a

t t
he

14
73

   vil
lag

e o
f T

ho
rn

, in
 ea

ste
rn

 P
ru

ss
ia.

 H
is 

na
m

e w
as

 N
ich

ol
as

Co
pe

rn
icu

s. 
Th

er
e i

s n
o 

m
or

e f
am

ou
s n

am
e i

n 
th

e e
nt

ire
 an

na
ls 

of

sc
ien

ce
 th

an
 th

is,
 ye

t p
os

te
rit

y h
as

 n
ev

er
 b

ee
n 

ab
le 

fu
lly

 to

es
ta

bl
ish

 th
e l

in
ea

ge
 o

f t
he

 fa
m

ou
s e

xp
os

ito
r o

f t
he

 tr
ue

do
ct

rin
e o

f t
he

 so
lar

 sy
ste

m
. T

he
 ci

ty
 o

f T
ho

rn
 lie

s i
n 

a

pr
ov

in
ce

 o
f t

ha
t b

or
de

r t
er

rit
or

y w
hi

ch
 w

as
 th

en
 u

nd
er

 co
nt

ro
l o

f

Po
lan

d,
 b

ut
 w

hi
ch

 su
bs

eq
ue

nt
ly 

be
ca

m
e a

 p
ar

t o
f P

ru
ss

ia.
 It

 is

cla
im

ed
 th

at
 th

e a
sp

ec
ts 

of
 th

e c
ity

 w
er

e e
ss

en
tia

lly
 G

er
m

an
, a

nd

it 
is 

ad
m

itt
ed

 th
at

 th
e m

ot
he

r o
f C

op
er

ni
cu

s b
elo

ng
ed

 to
 th

at

ra
ce

. T
he

 n
at

io
na

lit
y o

f t
he

 fa
th

er
 is

 m
or

e i
n 

do
ub

t, 
bu

t i
t i

s

ur
ge

d 
th

at
 C

op
er

ni
cu

s u
se

d 
Ger

m
an

 as
 h

is 
m

ot
he

r-t
on

gu
e. 

His 
gr

ea
t

wor
k w

as
, o

f c
ou

rse
, w

rit
te

n 
in

 La
tin

, a
cc

or
di

ng
 to

 th
e c

us
to

m
 o

f

th
e t

im
e; 

bu
t i

t i
s s

aid
 th
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ro
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 d
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e c
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 o
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l m
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e p
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e c
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 b
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f c
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e c
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e b
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s m
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e m
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e c
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 re
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e l
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, d
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s c
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 o
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 p
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e m
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a c
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s p
er

io
d 

th
e g

re
at

 w
or

k o
f

Co
pe

rn
icu

s w
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ot
 p
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ye
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 d
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 ve
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s u
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ly 
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 d
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ev
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ot

 b
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e
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m
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Py
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e d
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t c
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y o
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e l
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 m
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cu
s h

ad
 d
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k t
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gh
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e c
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 b
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e p
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f c
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 d
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e c
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e b
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a d
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l c

rit
ici

sm
. B

e t
ha

t

as
 it

 m
ay

, C
op

er
ni

cu
s w

as
 re
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y d
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e d
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f c
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f C
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, b
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e D
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e c
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r t
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 b
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 p
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at
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 b
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o p
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o s
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t p
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e p
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w C
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 b
eli

ev
e, 

m
os

t h
ol

y f
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 p
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r o
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e b
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 d
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s d
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t o
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I b
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s c

on
fir

m
ed

 b
y t

he
 op

in
io

n 
of

 m
an

y c
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s t
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ra
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y p
os

se
ss

io
n 

no
t o

nl
y n

in
e y

ea
rs,

 b
ut

 al
re

ad
y i

nt
o

fo
ur

 ti
m

es
 th

e n
in

th
 ye

ar
. N

ot
 a 

fe
w ot

he
r d

ist
in

gu
ish

ed
 an

d 
ve

ry

lea
rn

ed
 m

en
 as

ke
d 

m
e t

o d
o t

he
 sa

m
e t

hi
ng

, a
nd

 to
ld

 m
e t

ha
t I

ou
gh

t n
ot

, o
n 

ac
co

un
t o

f m
y a

nx
iet

y, 
to

 d
ela

y a
ny

 lo
ng

er
 in

co
ns

ec
ra

tin
g 

m
y w

or
k t

o t
he

 g
en

er
al 

se
rv

ice
 of

 m
at

he
m

at
ici

an
s.

“B
ut

 yo
ur

 h
ol

in
es

s w
ill 

pe
rh

ap
s n

ot
 so

 m
uc

h 
won

de
r t

ha
t I

 h
av

e

da
re

d 
to

 b
rin

g 
th

e r
es

ul
ts 

of
 m

y n
ig

ht
 la

bo
rs 

to
 th

e l
ig

ht
 of

da
y, 

af
te

r h
av

in
g 

ta
ke

n 
so

 m
uc

h 
ca

re
 in

 el
ab

or
at

in
g 

th
em

, b
ut

 is

wait
in

g 
in

ste
ad

 to
 h

ea
r h

ow
 it

 en
te

re
d 

m
y m

in
d 

to
 im

ag
in

e t
ha

t

th
e e

ar
th

 m
ov

ed
, c

on
tra

ry
 to

 th
e a

cc
ep

te
d 

op
in

io
n 

of

m
at

he
m

at
ici

an
s—

na
y, 

alm
os

t c
on

tra
ry

 to
 or

di
na

ry
 h

um
an

un
de

rst
an

di
ng

. T
he

re
fo

re
 I w

ill 
no

t c
on

ce
al 

fro
m

 yo
ur

 h
ol

in
es

s

th
at

 w
ha

t m
ov

ed
 m

e t
o c

on
sid

er
 an

ot
he

r w
ay

 of
 re

ck
on

in
g 

th
e

m
ot

io
ns

 of
 th

e h
ea

ve
nl

y b
od

ies
 w

as
 n

ot
hi

ng
 el

se
 th

an
 th

e f
ac

t

th
at

 th
e m

at
he

m
at

ici
an

s d
o n

ot
 ag

re
e w

ith
 on

e a
no

th
er

 in
 th

eir

in
ve

sti
ga

tio
ns

. In
 th

e f
irs

t p
lac

e, 
th

ey
 ar

e s
o u

nc
er

ta
in

 ab
ou

t

th
e m

ot
io

ns
 of

 th
e s

un
 an

d 
m

oo
n 

th
at

 th
ey

 ca
nn

ot
 fin

d 
ou

t t
he

len
gt

h 
of

 a 
fu

ll y
ea

r. 
In

 th
e s

ec
on

d 
pl

ac
e, 

th
ey

 ap
pl

y n
eit

he
r

th
e s

am
e l

aw
s o

f c
au

se
 an

d 
ef

fe
ct

, in
 d

et
er

m
in

in
g 

th
e m

ot
io

ns
 of

th
e s

un
 an

d 
m

oo
n 

an
d 

of
 th

e f
ive

 p
lan

et
s, 

no
r t

he
 sa

m
e p

ro
of

s.

So
m

e e
m

pl
oy

 on
ly 

co
nc

en
tri

c c
irc

les
, o

th
er

s u
se

 ec
ce

nt
ric

 an
d

ep
icy

cli
c o

ne
s, 

with
 w

hi
ch

, h
ow

ev
er

, t
he

y d
o n

ot
 fu

lly
 at

ta
in

 th
e

de
sir

ed
 en

d.
 Th

ey
 co

ul
d 

no
t e

ve
n 

di
sc

ov
er

 n
or

 co
m

pu
te

 th
e m

ain

th
in

g—
na

m
ely

, t
he

 fo
rm

 of
 th
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at
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o s
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 m
ot

io
ns

of
 th

e h
ea

ve
nl

y b
od

ies
. F

irs
t I

 fo
un

d 
in

 C
ice

ro
 th

at
 N

ice
tie

s h
ad

be
lie

ve
d 

in
 th

e m
ot

io
n 

of
 th

e e
ar

th
. A

fte
rw

ar
ds

 I f
ou

nd
 in

Pl
ut

ar
ch

, li
ke

wise
, t

ha
t s

om
e o

th
er

s h
ad

 h
eld

 th
e s

am
e o

pi
ni

on
.

Th
is 

in
du

ce
d 

m
e a

lso
 to

 b
eg

in
 to

 co
ns

id
er

 th
e m

ov
ab

ilit
y o

f t
he

ea
rth

, a
nd

, a
lth

ou
gh

 th
e t

he
or

y a
pp

ea
re

d 
co

nt
ra

ry
 to

 re
as

on
, I

di
d 

so
 b

ec
au

se
 I k

ne
w th

at
 ot

he
rs 

be
fo

re
 m

e h
ad

 b
ee

n 
all

ow
ed

 to

as
su

m
e r

ot
ar

y m
ov

em
en

ts 
at

 w
ill,

 in
 or

de
r t

o e
xp

lai
n 

th
e

ph
en

om
en

a o
f t

he
se

 ce
les

tia
l b

od
ies

. I 
was

 of
 th

e o
pi

ni
on

 th
at

 I,

to
o, 

m
ig

ht
 b

e p
er

m
itt

ed
 to

 se
e w

he
th

er
, b

y p
re

su
pp

os
in

g 
m

ot
io

n 
in

th
e e

ar
th

, m
or

e r
eli

ab
le 

co
nc

lu
sio

ns
 th

an
 h

ith
er

to
 re

ac
he

d 
co

ul
d

no
t b

e d
isc

ov
er

ed
 fo

r t
he

 ro
ta

ry
 m

ot
io

ns
 of

 th
e s

ph
er

es
. A

nd

th
us

, a
ct

in
g 

on
 th

e h
yp

ot
he

sis
 of

 th
e m

ot
io

n 
whi

ch
, in

 th
e

fo
llo

win
g 

bo
ok

, I 
as

cr
ib

e t
o t

he
 ea

rth
, a

nd
 b

y l
on

g 
an

d 
co

nt
in

ue
d

ob
se

rv
at

io
ns

, I 
ha

ve
 fin

all
y d

isc
ov

er
ed

 th
at

 if 
th

e m
ot

io
n 

of
 th

e

ot
he

r p
lan

et
s b

e c
ar

rie
d 

ov
er

 to
 th

e r
ela

tio
n 

of
 th

e e
ar

th
 an

d

th
is 

is 
m

ad
e t

he
 b

as
is 

fo
r t

he
 ro

ta
tio

n 
of

 ev
er

y s
ta

r, n
ot

 on
ly

will 
th

e p
he

no
m

en
a o

f t
he

 p
lan

et
s b

e e
xp

lai
ne

d 
th

er
eb

y, 
bu

t a
lso

th
e l

aw
s a

nd
 th

e s
ize

 of
 th

e s
ta

rs;
 al

l t
he

ir 
sp

he
re

s a
nd

 th
e

he
av

en
s t

he
m

se
lve

s w
ill 

ap
pe

ar
 so

 h
ar

m
on

io
us

ly 
co

nn
ec

te
d 

th
at

no
th

in
g 

co
ul

d 
be

 ch
an

ge
d 

in
 an

y p
ar

t o
f t

he
m

 w
ith

ou
t c

on
fu

sio
n 

in

th
e r

em
ain

in
g 

pa
rts

 an
d 

in
 th

e w
ho

le 
un

ive
rse

. I 
do

 n
ot

 d
ou

bt

th
at

 cl
ev

er
 an

d 
lea

rn
ed

 m
en

 w
ill 

ag
re

e w
ith

 m
e i

f t
he

y a
re

willi
ng

 fu
lly

 to
 co

m
pr

eh
en

d 
an

d 
to

 co
ns

id
er

 th
e p

ro
of

s w
hi

ch
 I

ad
va

nc
e i

n 
th

e b
oo

k b
ef

or
e u

s. 
In

 or
de

r, h
ow

ev
er

, t
ha

t b
ot

h 
th

e

lea
rn

ed
 an

d 
th

e u
nl

ea
rn

ed
 m

ay
 se

e t
ha

t I
 fe

ar
 n

o m
an

´s 
ju

dg
m

en
t,

I w
an

te
d 

to
 d

ed
ica

te
 th

es
e, 

m
y n

ig
ht

 la
bo

rs,
 to

 yo
ur

 ho
lin

es
s,

ra
th

er
 th

an
 to

 an
y o

ne
 el

se
, b

ec
au

se
 yo

u,
 ev

en
 in

 th
is 

re
m

ot
e

co
rn

er
 of

 th
e e

ar
th

 w
he

re
 I l

ive
, a

re
 he

ld
 to

 b
e t

he
 g

re
at

es
t i

n

di
gn

ity
 of

 st
at

io
n a

nd
 in

 lo
ve

 fo
r a

ll s
cie

nc
es

 an
d 

fo
r

m
at

he
m

at
ics

, s
o t

ha
t y

ou
, t

hr
ou

gh
 yo

ur
 p

os
iti

on
 an

d 
ju

dg
m

en
t, 

ca
n

ea
sil

y s
up

pr
es

s t
he

 b
ite

s o
f s

lan
de

re
rs,

 al
th

ou
gh

 th
e p

ro
ve

rb

sa
ys

 th
at

 th
er

e i
s n

o r
em

ed
y a

ga
in

st 
th

e b
ite

 of
 ca

lu
m

ny
.“

In
 ch

ap
te

r X
. o

f b
oo

k I
., “

On t
he

 O
rd

er
 of

 th
e S

ph
er

es
,“ 

oc
cu

rs 
a

m
or

e d
et

ail
ed

 p
re

se
nt

at
io

n o
f t

he
 sy

ste
m

, a
s f

ol
lo

ws:

“T
ha

t w
hi

ch
 M

ar
tia

nu
s C

ap
ell

a, 
an

d 
a f

ew
 ot

he
r L

at
in

s, 
ve

ry
 w

ell

kn
ew

, a
pp

ea
rs 

to
 m

e e
xt

re
m

ely
 no

te
wor

th
y. 

He b
eli

ev
ed

 th
at

 V
en

us

an
d 

M
er

cu
ry

 re
vo

lve
 ab

ou
t t

he
 su

n a
s t

he
ir 

ce
nt

re
 an

d 
th

at
 th

ey

ca
nn

ot
 go

 fa
rth

er
 aw

ay
 fr

om
 it

 th
an

 th
e c

irc
les

 of
 th

eir
 or

bi
ts

pe
rm

it,
 si

nc
e t

he
y d

o n
ot

 re
vo

lve
 ab

ou
t t

he
 ea

rth
 lik

e t
he

 ot
he

r

pl
an

et
s. 

Acc
or

di
ng

 to
 th

is 
th

eo
ry

, th
en

, M
er

cu
ry

´s 
or

bi
t w

ou
ld

 b
e

in
clu

de
d 

with
in

 th
at

 of
 V

en
us

, w
hi

ch
 is

 m
or

e t
ha

n t
wice

 as
 gr

ea
t,

an
d 

wou
ld

 fin
d 

ro
om

 en
ou

gh
 w

ith
in

 it
 fo

r i
ts 

re
vo

lu
tio

n.

“If
, a

ct
in

g u
po

n t
hi

s s
up

po
sit

io
n,

 w
e c

on
ne

ct
 Sa

tu
rn

, J
up

ite
r,

an
d 

M
ar

s w
ith

 th
e s

am
e c

en
tre

, k
ee

pi
ng

 in
 m

in
d 

th
e g

re
at

er
 ex

te
nt

of
 th

eir
 or

bi
ts,

 w
hi

ch
 in

clu
de

 th
e e

ar
th

´s 
sp

he
re

 b
es

id
es

 th
os

e

of
 M

er
cu

ry
 an

d 
Ve

nu
s, 

we c
an

no
t f

ail
 to

 se
e t

he
 ex

pl
an

at
io

n o
f

th
e r

eg
ul

ar
 or

de
r o

f t
he

ir 
m

ot
io

ns
. H

e i
s c

er
ta

in
 th

at
 Sa

tu
rn

,

Ju
pi

te
r, a

nd
 M

ar
s a

re
 al

way
s n

ea
re

st 
th

e e
ar

th
 w

he
n t

he
y r

ise
 in

th
e e

ve
ni

ng
—

th
at

 is
, w

he
n t

he
y a

pp
ea

r o
ve

r a
ga

in
st 

th
e s

un
, o

r

th
e e

ar
th

 st
an

ds
 b

et
wee

n t
he

m
 an

d 
th

e s
un

—
bu

t t
ha

t t
he

y a
re

fa
rth

es
t f

ro
m

 th
e e

ar
th

 w
he

n t
he

y s
et

 in
 th

e e
ve

ni
ng

—
th

at
 is

,

whe
n w

e h
av

e t
he

 su
n b

et
wee

n t
he

m
 an

d 
th

e e
ar

th
. T

hi
s p

ro
ve

s

su
ffi

cie
nt

ly 
th

at
 th

eir
 ce

nt
re

 b
elo

ng
s t

o t
he

 su
n a

nd
 is

 th
e s

am
e

ab
ou

t w
hi

ch
 th

e o
rb

its
 of

 V
en

us
 an

d 
M

er
cu

ry
 ci

rcl
e. 

Sin
ce

,

ho
wev

er
, a

ll h
av

e o
ne

 ce
nt

re
, it

 is
 ne

ce
ss

ar
y f

or
 th

e s
pa

ce

in
te

rv
en

in
g b

et
wee

n t
he

 or
bi

ts 
of

 V
en

us
 an

d M
ar

s t
o i

nc
lu

de
 th

e

ea
rth

 w
ith

 he
r a

cc
om

pa
ny

in
g m

oo
n a

nd
 al

l t
ha

t i
s b

en
ea

th
 th

e

m
oo

n;
 fo

r t
he

 m
oo

n,
 w

hi
ch

 st
an

ds
 un

qu
es

tio
na

bl
y n

ea
re

st 
th

e

ea
rth

, c
an

 in
 no

 w
ay

 b
e s

ep
ar

at
ed

 fr
om

 he
r, e

sp
ec

ial
ly 

as
 th

er
e

is 
su

ffi
cie

nt
 ro

om
 fo

r t
he

 m
oo

n i
n t

he
 af

or
es

aid
 sp

ac
e. 

Hen
ce

 w
e

do
 no

t h
es

ita
te

 to
 cl

aim
 th

at
 th

e w
ho

le 
sy

ste
m

, w
hi

ch
 in

clu
de

s

th
e m

oo
n w

ith
 th

e e
ar

th
 fo

r i
ts 

ce
nt

re
, m

ak
es

 th
e r

ou
nd

 of
 th

at

gr
ea

t c
irc

le 
be

tw
ee

n t
he

 p
lan

et
s, 

in
 ye

ar
ly 

m
ot

io
n a

bo
ut

 th
e s

un
,

an
d r

ev
ol

ve
s a

bo
ut

 th
e c

en
tre

 of
 th

e u
ni

ve
rse

, in
 w

hi
ch

 th
e s

un

re
sts

 m
ot

io
nl

es
s, 

an
d t

ha
t a

ll w
hi

ch
 lo

ok
s l

ike
 m

ot
io

n i
n t

he
 su

n

is 
ex

pl
ain

ed
 b

y t
he

 m
ot

io
n o

f t
he

 ea
rth

. T
he

 ex
te

nt
 of

 th
e

un
ive

rse
, h

ow
ev

er
, is

 so
 gr

ea
t t

ha
t, w

he
re

as
 th

e d
ist

an
ce

 of
 th

e

ea
rth

 fr
om

 th
e s

un
 is

 co
ns

id
er

ab
le 

in
 co

m
pa

ris
on

 w
ith

 th
e s

ize
 of

th
e o

th
er

 p
lan

et
ar

y o
rb

its
, it

 di
sa

pp
ea

rs 
whe

n c
om

pa
re

d w
ith

 th
e

sp
he

re
 of

 th
e f

ixe
d s

ta
rs.

 I h
ol

d t
hi

s t
o b

e m
or

e e
as

ily

co
m

pr
eh

en
sib

le 
th

an
 w

he
n t

he
 m

in
d i

s c
on

fu
se

d b
y a

n a
lm

os
t

en
dl

es
s n

um
be

r o
f c

irc
les

, w
hi

ch
 is

 ne
ce

ss
ar

ily
 th

e c
as

e w
ith

th
os

e w
ho

 ke
ep

 th
e e

ar
th

 in
 th

e m
id

dl
e o

f t
he

 un
ive

rse
. A

lth
ou

gh

th
is 

m
ay

 ap
pe

ar
 in

co
m

pr
eh

en
sib

le 
an

d c
on

tra
ry

 to
 th

e o
pi

ni
on

 of

m
an

y, 
I s

ha
ll, 

if G
od

 w
ills

, m
ak

e i
t c

lea
re

r t
ha

n t
he

 su
n,

 at

lea
st 

to
 th

os
e w

ho
 ar

e n
ot

 ig
no

ra
nt

 of
 m

at
he

m
at

ics
.

“T
he

 or
de

r o
f t

he
 sp

he
re

s i
s a

s f
ol

lo
ws: 

Th
e f

irs
t a

nd
 lig

ht
es

t

of
 al

l t
he

 sp
he

re
s i

s t
ha

t o
f t

he
 fix

ed
 st

ar
s, 

whi
ch

 in
clu

de
s

its
elf

 an
d a

ll o
th

er
s, 

an
d h

en
ce

 is
 m

ot
io

nl
es

s a
s t

he
 p

lac
e i

n

th
e u

ni
ve

rse
 to

 w
hi

ch
 th

e m
ot

io
n a

nd
 p

os
iti

on
 of

 al
l o

th
er

 st
ar

s

is 
re

fe
rre

d.

“T
he

n f
ol

lo
ws t

he
 ou

te
rm

os
t p

lan
et

, S
at

ur
n, 

whi
ch

 co
m

pl
et

es
 it

s

re
vo

lu
tio

n a
ro

un
d t

he
 su

n i
n t

hi
rty

 ye
ar

s; 
ne

xt
 co

m
es

 Ju
pi

te
r

with
 a 

tw
elv

e y
ea

rs´
 re

vo
lu

tio
n; 

th
en

 M
ar

s, 
whi

ch
 co

m
pl

et
es

 it
s

co
ur

se
 in

 tw
o y

ea
rs.

 Th
e f

ou
rth

 on
e i

n o
rd

er
 is

 th
e y

ea
rly

re
vo

lu
tio

n w
hi

ch
 in

clu
de

s t
he

 ea
rth

 w
ith

 th
e m

oo
n´

s o
rb

it 
as

 an

ep
icy

cle
. In

 th
e f

ift
h p

lac
e i

s V
en

us
 w

ith
 a 

re
vo

lu
tio

n o
f n

in
e

m
on

th
s. 

Th
e s

ixt
h p

lac
e i

s t
ak

en
 by

 M
er

cu
ry

, w
hi

ch
 co

m
pl

et
es

 it
s

co
ur

se
 in

 ei
gh

ty
 da

ys
. In

 th
e m

id
dl

e o
f a

ll s
ta

nd
s t

he
 su

n, 
an

d

who
 co

ul
d w

ish
 to

 pl
ac

e t
he

 la
m

p o
f t

hi
s m

os
t b

ea
ut

ifu
l t

em
pl

e i
n

an
ot

he
r o

r b
et

te
r p

lac
e. 

Th
us

, in
 fa

ct,
 th

e s
un

, s
ea

te
d u

po
n t

he

ro
ya

l t
hr

on
e, 

co
nt

ro
ls 

th
e f

am
ily

 of
 th

e s
ta

rs 
whi

ch
 ci

rcl
e

ar
ou

nd
 hi

m
. W

e f
in

d i
n t

he
ir 

or
de

r a
 ha

rm
on

io
us

 co
nn

ec
tio

n w
hi

ch

ca
nn

ot
 be

 fo
un

d e
lse

whe
re

. H
er

e t
he

 at
te

nt
ive

 ob
se

rv
er

 ca
n s

ee

why
 th

e w
ax

in
g a

nd
 w

an
in

g o
f J

up
ite

r s
ee

m
s g

re
at

er
 th

an
 w

ith

Sa
tu

rn
 an

d s
m

all
er

 th
an

 w
ith

 M
ar

s, 
an

d a
ga

in
 gr

ea
te

r w
ith

 Ve
nu

s

th
an

 w
ith

 M
er

cu
ry

. A
lso

, w
hy

 Sa
tu

rn
, J

up
ite

r, a
nd

 M
ar

s a
re

 ne
ar

er

to
 th

e e
ar

th
 w

he
n t

he
y r

ise
 in

 th
e e

ve
ni

ng
 th

an
 w

he
n t

he
y

di
sa

pp
ea

r i
n t

he
 ra

ys
 of

 th
e s

un
. M

or
e p

ro
m

in
en

tly
, h

ow
ev

er
, is

it 
se

en
 in

 th
e c

as
e o

f M
ar

s, 
whi

ch
 w

he
n i

t a
pp

ea
rs 

in
 th

e h
ea

ve
ns

at
 ni

gh
t, s

ee
m

s t
o e

qu
al 

Ju
pi

te
r i

n s
ize

, b
ut

 so
on

 af
te

rw
ar

ds
 is

fo
un

d a
m

on
g t

he
 st

ar
s o

f s
ec

on
d m

ag
ni

tu
de

. A
ll o

f t
hi

s r
es

ul
ts

fro
m

 th
e s

am
e c

au
se

—
na

m
ely

, fr
om

 th
e e

ar
th

´s 
m

ot
io

n. 
Th

e f
ac

t

th
at

 no
th

in
g o

f t
hi

s i
s t

o b
e s

ee
n i

n t
he

 ca
se

 of
 th

e f
ixe

d s
ta

rs

is 
a p

ro
of

 of
 th

eir
 im

m
ea

su
ra

bl
e d

ist
an

ce
, w

hi
ch

 m
ak

es
 ev

en
 th

e

or
bi

t o
f y

ea
rly

 m
ot

io
n o

r i
ts 

co
un

te
rp

ar
t i

nv
isi

bl
e t

o u
s.“

[1
]

Th
e f

ac
t t

ha
t t

he
 st

ar
s s

ho
w no

 pa
ra

lla
x h

ad
 be

en
 re

ga
rd

ed
 as

 an

im
po

rta
nt

 ar
gu

m
en

t a
ga

in
st 

th
e m

ot
io

n o
f t

he
 ea

rth
, a

nd
 it

 w
as

sti
ll s

o c
on

sid
er

ed
 by

 th
e o

pp
on

en
ts 

of
 th

e s
ys

te
m

 of
 Co

pe
rn

icu
s.

It 
ha

d, 
in

de
ed

, b
ee

n n
ec

es
sa

ry
 fo

r A
ris

ta
rch

us
 to

 ex
pl

ain
 th

e

fa
ct 

as
 du

e t
o t

he
 ex

tre
m

e d
ist

an
ce

 of
 th

e s
ta

rs;
 a 

pe
rfe

ctl
y

co
rre

ct 
ex

pl
an

at
io

n, 
bu

t o
ne

 th
at

 im
pl

ies
 di

sta
nc

es
 th

at
 ar

e

alt
og

et
he

r i
nc

on
ce

iva
bl

e. 
It 

re
m

ain
ed

 fo
r n

in
et

ee
nt

h-
ce

nt
ur

y

as
tro

no
m

er
s t

o s
ho

w, w
ith

 th
e a

id
 of

 in
str

um
en

ts 
of

 gr
ea

te
r

pr
ec

isi
on

, th
at

 ce
rta

in
 of

 th
e s

ta
rs 

ha
ve

 a 
pa

ra
lla

x. 
Bu

t l
on

g

be
fo

re
 th

is 
de

m
on

str
at

ion
 ha

d b
ee

n b
ro

ug
ht

 fo
rw

ar
d, 

th
e s

ys
te

m
 of

Co
pe

rn
icu

s h
ad

 be
en

 ac
ce

pt
ed

 as
 a 

pa
rt 

of
 co

m
m

on
 kn

ow
led

ge
.

W
hi

le 
Co

pe
rn

icu
s p

os
tu

lat
ed

 a 
co

sm
ica

l s
ch

em
e t

ha
t w

as
 co

rre
ct 

as

to
 it

s m
ain

 fe
at

ur
es

, h
e d

id
 no

t a
lto

ge
th

er
 br

ea
k a

way
 fr

om

ce
rta

in
 de

fe
cts

 of
 th

e P
to

lem
aic

 hy
po

th
es

is.
 In

de
ed

, h
e s

ee
m

s t
o

ha
ve

 re
ta

in
ed

 as
 m

uc
h o

f t
hi

s a
s p

ra
cti

ca
bl

e, 
in

 de
fe

re
nc

e t
o t

he

pr
eju

di
ce

 of
 hi

s t
im

e. 
Th

us
 he

 re
co

rd
s t

he
 pl

an
et

ar
y o

rb
its

 as

cir
cu

lar
, a

nd
 ex

pl
ain

s t
he

ir e
cc

en
tri

cit
ies

 by
 re

so
rti

ng
 to

 th
e

th
eo

ry
 of

 ep
icy

cle
s, 

qu
ite

 af
te

r t
he

 Pt
ol

em
aic

 m
et

ho
d. 

Bu
t n

ow
,

of
 co

ur
se

, a
 m

uc
h m

or
e s

im
pl

e m
ec

ha
ni

sm
 su

ffi
ce

d t
o e

xp
lai

n t
he

pl
an

et
ar

y m
ot

ion
s, 

sin
ce

 th
e o

rb
its

 w
er

e c
or

re
ctl

y r
ef

er
re

d t
o

th
e c

en
tra

l s
un

 an
d n

ot
 to

 th
e e

ar
th

.

Nee
dl

es
s t

o s
ay

, th
e r

ev
ol

ut
ion

ar
y c

on
ce

pt
ion

 of
 Co

pe
rn

icu
s d

id

no
t m

ee
t w

ith
 im

m
ed

iat
e a

cc
ep

ta
nc

e. 
A nu

m
be

r o
f p

ro
m

in
en

t

as
tro

no
m

er
s, 

ho
wev

er
, to

ok
 it

 up
 al

m
os

t a
t o

nc
e, 

am
on

g t
he

se

be
in

g R
ha

et
icu

s, 
who

 w
ro

te
 a 

co
m

m
en

ta
ry

 on
 th

e e
vo

lu
tio

ns
;

Er
as

m
us

 Re
in

ho
ld

, th
e a

ut
ho

r o
f t

he
 Pr

ut
en

ic 
ta

bl
es

; R
ot

hm
an

n,

as
tro

no
m

er
 to

 th
e L

an
dg

ra
ve

 of
 H

es
se

, a
nd

 M
ae

stl
in

, th
e

in
str

uc
to

r o
f K

ep
ler

. T
he

 Pr
ut

en
ic 

ta
bl

es
, ju

st 
re

fe
rre

d t
o, 

so

ca
lle

d b
ec

au
se

 of
 th

eir
 Pr

us
sia

n o
rig

in
, w

er
e c

on
sid

er
ed

 an

im
pr

ov
em

en
t o

n t
he

 ta
bl

es
 of

 Co
pe

rn
icu

s, 
an

d w
er

e h
ig

hl
y e

ste
em

ed

by
 th

e a
str

on
om

er
s o

f t
he

 ti
m

e. 
Th

e c
om

m
en

ta
ry

 of
 Rh

ae
tic

us
 gi

ve
s

us
 th

e i
nt

er
es

tin
g i

nf
or

m
at

ion
 th

at
 it

 w
as

 th
e o

bs
er

va
tio

n o
f t

he

or
bi

t o
f M

ar
s a

nd
 of

 th
e v

er
y g

re
at

 di
ffe

re
nc

e b
et

wee
n h

is

ap
pa

re
nt

 di
am

et
er

s a
t d

iff
er

en
t t

im
es

 w
hi

ch
 fir

st 
led

 Co
pe

rn
icu

s

to
 co

nc
eiv

e t
he

 he
lio

ce
nt

ric
 id

ea
. O

f R
ein

ho
ld

 it
 is

 re
co

rd
ed

th
at

 he
 co

ns
id

er
ed

 th
e o

rb
it 

of
 M

er
cu

ry
 el

lip
tic

al,
 an

d t
ha

t h
e

ad
vo

ca
te

d a
 th

eo
ry

 of
 th

e m
oo

n, 
ac

co
rd

in
g t

o w
hi

ch
 he

r e
picy

cle

re
vo

lve
d o

n a
n e

llip
tic

al 
or

bit,
 th

us
 in

 a 
m

ea
su

re
 an

tic
ip

at
in

g

on
e o

f t
he

 gr
ea

t d
isc

ov
er

ies
 of

 Ke
pler

 to
 w

hi
ch

 w
e s

ha
ll r

ef
er

pre
se

nt
ly.

 Th
e L

an
dg

ra
ve

 of
 H

es
se

 w
as

 a 
pra

cti
ca

l a
str

on
om

er
, w

ho

pro
du

ce
d a

 ca
ta

log
ue

 of
 fix

ed
 st

ar
s w

hi
ch

 ha
s b

ee
n c

om
par

ed
 w

ith

th
at

 of
 Ty

ch
o B

ra
he

. H
e w

as
 as

sis
te

d b
y R

ot
hm

an
n a

nd
 by J

us
tu

s

By
rg

iu
s. 

M
ae

stl
in

, th
e p

re
ce

pto
r o

f K
ep

ler
, is

 re
put

ed
 to

 ha
ve

bee
n t

he
 fir

st 
m

od
er

n o
bse

rv
er

 to
 gi

ve
 a 

co
rre

ct 
ex

plan
at

ion
 of

th
e l

ig
ht

 se
en

 on
 por

tio
ns

 of
 th

e m
oo

n n
ot

 di
re

ctl
y i

llu
m

in
ed

 by

th
e s

un
. H

e e
xp

lai
ne

d t
hi

s a
s n

ot
 du

e t
o a

ny
 pro

per
 lig

ht
 of

 th
e

m
oo

n i
tse

lf, 
but

 as
 lig

ht
 re

fle
cte

d f
ro

m
 th

e e
ar

th
. C

er
ta

in
 of

th
e G

re
ek

 phi
los

op
he

rs,
 ho

wev
er

, a
re

 sa
id

 to
 ha

ve
 gi

ve
n t

he
 sa

m
e

ex
plan

at
ion

, a
nd

 it 
is 

all
eg

ed
 al

so
 th

at
 Le

on
ar

do
 da

 Vin
ci

an
tic

ip
at

ed
 M

ae
stl

in
 in

 th
is 

re
ga

rd
.[2

]

W
hi

le,
 va

rio
us

 as
tro

no
m

er
s o

f s
om

e e
m

in
en

ce
 th

us
 ga

ve
 su

ppor
t t

o

th
e C

op
er

ni
ca

n s
ys

te
m

, a
lm

os
t f

ro
m

 th
e b

eg
in

ni
ng

, it

un
fo

rtu
na

te
ly 

ch
an

ce
d t

ha
t b

y f
ar

 th
e m

os
t f

am
ou

s o
f t

he

im
m

ed
iat

e s
uc

ce
ss

or
s o

f C
op

er
ni

cu
s d

ec
lin

ed
 to

 ac
ce

pt t
he

 th
eo

ry

of
 th

e e
ar

th
´s 

m
ot

ion
. T

hi
s w

as
 Ty

ch
o B

ra
he

, o
ne

 of
 th

e g
re

at
es

t

ob
se

rv
in

g a
str

on
om

er
s o

f a
ny

 ag
e. 

Ty
ch

o B
ra

he
 w

as
 a 

Dan
e, 

bor
n a

t

Kn
ud

str
up

 in
 th

e y
ea

r 1
54

6. 
He d

ied
 in

 16
01

 at
 Pr

ag
ue

, in

15
46

   
16

01
   Bo

he
m

ia.
 D

ur
in

g a
 co

ns
id

er
ab

le 
por

tio
n o

f h
is 

life
 he

 fo
un

d a

pat
ro

n i
n F

re
der

ick
, K

in
g o

f D
en

m
ar

k, 
who

 as
sis

te
d hi

m
 to

 buil
d a

sp
len

did
 ob

se
rv

at
or

y o
n t

he
 Is

lan
d of

 H
ue

ne
. O

n t
he

 dea
th

 of
 hi

s

pat
ro

n T
yc

ho
 m

ov
ed

 to
 G

er
m

an
y, 

whe
re

, a
s g

oo
d lu

ck
 w

ou
ld

 ha
ve

 it,

he
 ca

m
e i

n c
on

ta
ct 

with
 th

e y
ou

th
fu

l K
ep

ler
, a

nd
 th

us
, n

o d
ou

bt,

was
 in

str
um

en
ta

l in
 st

im
ul

at
in

g t
he

 am
biti

on
s o

f o
ne

 w
ho

 in
 la

te
r

ye
ar

s w
as

 to
 be k

no
wn a

s a
 fa

r g
re

at
er

 th
eo

ris
t t

ha
n h

im
se

lf. 
As

ha
s b

ee
n s

aid
, T

yc
ho

 re
jec

te
d th

e C
op

er
ni

ca
n t

he
or

y o
f t

he

ea
rth

´s 
m

ot
ion

. It
 sh

ou
ld

 be a
dded

, h
ow

ev
er

, th
at

 he
 ac

ce
pte

d

th
at

 par
t o

f t
he

 Cop
er

ni
ca

n t
he

or
y w

hi
ch

 m
ak

es
 th

e s
un

 th
e c

en
tre

of
 al

l t
he

 plan
et

ar
y m

ot
ion

s, 
th

e e
ar

th
 bein

g e
xc

ep
te

d. H
e t

hu
s

dev
elo

ped
 a 

sy
ste

m
 of

 hi
s o

wn, 
whi

ch
 w

as
 in

 so
m

e s
or

t a

co
m

pro
m

ise
 bet

wee
n t

he
 Pt

ole
m

aic
 an

d th
e C

op
er

ni
ca

n s
ys

te
m

s. 
As

Ty
ch

o c
on

ce
ive

d it,
 th

e s
un

 re
vo

lve
s a

bou
t t

he
 ea

rth
, c

ar
ry

in
g

with
 it 

th
e p

lan
et

s-M
er

cu
ry

, V
en

us
, M

ar
s, 

Ju
pite

r, a
nd

 Sa
tu

rn
,

whi
ch

 plan
et

s h
av

e t
he

 su
n a

nd
 no

t t
he

 ea
rth

 as
 th

e c
en

tre
 of

th
eir

 or
bits

. T
hi

s c
os

m
ica

l s
ch

em
e, 

it s
ho

ul
d be a

dded
, m

ay
 be

m
ad

e t
o e

xp
lai

n t
he

 ob
se

rv
ed

 m
ot

ion
s o

f t
he

 he
av

en
ly 

bod
ies

, b
ut

it i
nv

olv
es

 a 
m

uc
h m

or
e c

om
plex

 m
ec

ha
ni

sm
 th

an
 is

 pos
tu

lat
ed

 by

th
e C

op
er

ni
ca

n t
he

or
y.

Var
iou

s e
xp

lan
at

ion
s h

av
e b

ee
n of

fe
re

d of
 th

e c
on

se
rv

at
ism

 w
hich

held
 th

e g
re

at
 D

an
ish

 as
tro

nom
er

 bac
k f

ro
m

 fu
ll a

cc
ep

ta
nce

 of
 th

e

re
lat

ive
ly 

sim
ple 

an
d, a

s w
e n

ow
 kn

ow
, c

or
re

ct 
Cop

er
nica

n

doc
tri

ne. 
Fr

om
 ou

r la
tte

r-d
ay

 poin
t o

f v
iew

, it
 se

em
s s

o m
uc

h

m
or

e n
at

ur
al 

to
 ac

ce
pt t

han
 to

 re
jec

t t
he C

op
er

nica
n sy

ste
m

, th
at

we f
in

d it 
diff

icu
lt t

o p
ut

 ou
rse

lve
s i

n th
e p

lac
e o

f a

six
te

en
th

-ce
ntu

ry
 ob

se
rv

er
. Y

et
 if 

we r
ec

all
 th

at
 th

e t
ra

diti
on

al

vie
w, h

av
in

g w
ar

ra
nt o

f a
cc

ep
ta

nce
 by n

ea
rly

 al
l th

in
ke

rs 
of

ev
er

y a
ge, 

re
co

rd
ed

 th
e e

ar
th

 as
 a 

fix
ed

, im
m

ov
ab

le 
bod

y, 
we

sh
all

 se
e t

hat
 ou

r s
ur

pris
e s

hou
ld

 be e
xc

ite
d ra

th
er

 by t
he

th
in

ke
r w

ho c
an

 bre
ak

 aw
ay

 fr
om

 th
is 

vie
w th

an
 by t

he o
ne w

ho

sti
ll t

en
ds t

o c
lin

g to
 it.

M
or

eo
ve

r, i
t is

 us
ele

ss 
to

 at
te

m
pt t

o d
isg

uis
e t

he f
ac

t t
hat

so
m

et
hin

g m
or

e t
han

 a 
m

er
e v

ag
ue

 tr
ad

iti
on

 w
as

 su
ppos

ed
 to

su
ppor

t t
he i

dea
 of

 th
e e

ar
th

´s 
ov

er
sh

ad
ow

ing im
por

ta
nce

 in
 th

e

co
sm

ica
l s

ch
em

e. 
Th

e s
ixt

ee
nth

-ce
ntu

ry
 m

ind w
as

 ov
er

m
as

te
re

d by

th
e t

en
et

s o
f e

cc
les

ias
tic

ism
, a

nd it 
was

 a 
dan

ger
ou

s h
er

es
y t

o

dou
bt t

hat
 th

e H
eb

re
w w

rit
ings, 

up
on

 w
hich

 ec
cle

sia
sti

cis
m

 bas
ed

its
 cl

aim
, c

on
ta

ined
 th

e l
as

t w
or

d re
gar

ding m
at

te
rs 

of
 sc

ien
ce

.

Bu
t t

he w
rit

er
s o

f t
he H

eb
re

w te
xt

 had
 bee

n un
der

 th
e i

nflu
en

ce

of
 th

at
 Ba

bylo
nian

 co
nce

ptio
n of

 th
e u

nive
rse

 w
hich

 ac
ce

pte
d th

e

ea
rth

 as
 un

qua
lifi

ed
ly 

ce
ntra

l—
which

, in
dee

d, h
ad

 nev
er

 so
 m

uc
h

as
 co

nce
ive

d a 
co

ntra
dict

or
y h

yp
ot

hes
is;

 an
d so

 th
e W

es
te

rn

wor
ld

, w
hich

 had
 co

m
e t

o a
cc

ep
t t

hes
e w

rit
ings a

s a
ctu

all
y

su
per

nat
ur

al 
in or

igin, la
y u

nder
 th

e s
pell

 of
 O

rie
nta

l id
ea

s o
f

a p
re

-sc
ien

tif
ic 

er
a. 

In
 ou

r o
wn day

, n
o o

ne s
pea

kin
g w

ith

au
th

or
ity

 th
inks

 of
 th

es
e H

eb
re

w w
rit

ings a
s h

av
ing an

y

sc
ien

tif
ic 

weig
ht w

hat
ev

er
. T

heir
 in

te
re

st 
in th

is 
re

gar
d is

pure
ly 

an
tiq

uar
ian

; h
en

ce
 fr

om
 ou

r c
han

ged
 poin

t o
f v

iew
 it 

se
em

s

sc
ar

ce
ly 

cre
dib

le 
th

at
 Ty

ch
o B

ra
he c

an
 hav

e b
ee

n in
 ea

rn
es

t w
hen

he q
uot

es
 th

e H
eb

re
w tr

ad
iti

on
s a

s p
ro

of
 th

at
 th

e s
un re

vo
lve

s

ab
ou

t t
he e

ar
th

. Y
et

 w
e s

hall
 se

e t
hat

 fo
r a

lm
os

t t
hre

e c
en

tu
rie

s

aft
er

 th
e t

im
e o

f T
yc

ho, 
th

es
e s

am
e d

re
am

ings c
on

tin
ued

 to
 be

cit
ed

 in
 op

pos
iti

on
 to

 th
os

e s
cie

ntif
ic 

ad
va

nce
s w

hich
 new

ob
se

rv
at

ion
s m

ad
e n

ec
es

sa
ry

; a
nd th

is 
not

with
sta

nding th
e f

ac
t

th
at

 th
e O

rie
nta

l p
hra

sin
g is

, fo
r t

he m
os

t p
ar

t, p
oe

tic
all

y

am
biguou

s a
nd su

sc
ep

tib
le 

of
 sh

ift
ing in

te
rp

re
ta

tio
ns, 

as
 th

e

cri
tic

ism
 of

 su
cc

es
siv

e g
en

er
at

ion
s h

as
 am

ply 
te

sti
fie

d.

As w
e h

av
e s

aid
, T

yc
ho B

ra
he, 

gre
at

 ob
se

rv
er

 as
 he w

as
, c

ou
ld

 not

sh
ak

e h
im

se
lf f

re
e f

ro
m

 th
e O

rie
nta

l in
cu

bus. 
He b

eg
an

 his

ob
jec

tio
ns, 

th
en

, to
 th

e C
op

er
nica

n sy
ste

m
 by q

uot
ing th

e a
dve

rse

te
sti

m
on

y o
f a

 H
eb

re
w pro

phet
 w

ho l
ive

d m
or

e t
han

 a 
th

ou
sa

nd

ye
ar

s B
.C. A

ll o
f t

his 
sh

ow
s s

uffi
cie

ntly
 th

at
 Ty

ch
o B

ra
he w

as

not
 a 

gre
at

 th
eo

ris
t. H

e w
as

 es
se

ntia
lly

 an
 ob

se
rv

er
, b

ut in
 th

is

re
gar

d he w
on

 a 
se

cu
re

 plac
e i

n th
e v

er
y f

irs
t r

an
k. 

In
dee

d, h
e

was
 ea

sil
y t

he g
re

at
es

t o
bse

rv
ing as

tro
nom

er
 si

nce
 H

ip
par

ch
us,

bet
wee

n w
hom

 an
d him

se
lf t

her
e w

er
e m

an
y p

oin
ts 

of
 re

se
m

blan
ce

.

Hip
par

ch
us, 

it w
ill 

be r
ec

all
ed

, re
jec

te
d th

e A
ris

ta
rch

ian

co
nce

ptio
n of

 th
e u

nive
rse

 ju
st 

as
 Ty

ch
o r

eje
cte

d th
e c

on
ce

ptio
n

of
 Cop

er
nicu

s.

But if
 Ty

ch
o p

ro
pou

nded
 no g

re
at

 gen
er

ali
za

tio
ns, 

th
e l

ist
 of

sp
ec

ific
 ad

va
nce

s d
ue t

o h
im

 is
 a 

lon
g on

e, 
an

d so
m

e o
f t

hes
e

wer
e t

o p
ro

ve
 im

por
ta

nt a
ids i

n th
e h

an
ds o

f la
te

r w
or

ke
rs 

to
 th

e

se
cu

re
 dem

on
str

at
ion

 of
 th

e C
op

er
nica

n id
ea

. O
ne o

f h
is 

m
os

t

im
por

ta
nt s

er
ies

 of
 st

udies
 had

 to
 do w

ith
 co

m
et

s. 
Reg

ar
ding

th
es

e b
od

ies
 th

er
e h

ad
 bee

n th
e g

re
at

es
t u

nce
rta

inty
 in

 th
e m

inds

of
 as

tro
nom

er
s. 

Th
e g

re
at

es
t v

ar
iet

y o
f o

pinion
s r

eg
ar

ding th
em

pre
va

ile
d; th

ey
 w

er
e t

hou
ght o

n th
e o

ne h
an

d to
 be d

ivi
ne

m
es

se
nger

s, 
an

d on th
e o

th
er

 to
 be m

er
ely

 ig
neo

us p
hen

om
en

a o
f

th
e e

ar
th

´s 
at

m
osp

her
e. 

Ty
ch

o Bra
he d

ec
lar

ed
 th

at
 a 

co
m

et
 w

hich

he o
bse

rv
ed

 in
 th

e y
ea

r 1
57

7 h
ad

 no par
all

ax
, p

ro
vin

g its
 ex

tre
m

e

15
77

   dist
an

ce
. T

he o
bse

rv
ed

 co
urse

 of t
he c

om
et

 in
te

rse
cte

d th
e

plan
et

ar
y o

rb
its

, w
hich

 fa
ct 

gav
e a

 quiet
us t

o th
e l

ong-m
oote

d

ques
tio

n as
 to

 w
het

her
 th

e P
to

lem
aic

 sp
her

es
 w

er
e t

ra
nsp

ar
en

t

so
lid

s o
r m

er
ely

 im
ag

inar
y; 

sin
ce

 th
e c

om
et

 w
as

 se
en

 to
 in

te
rse

ct

th
es

e a
lle

ged
 sp

her
es

, it
 w

as
 obvio

us t
hat

 th
ey

 co
uld

 not b
e t

he

so
lid

 su
bsta

nce
 th

at
 th

ey
 w

er
e c

om
m

only 
im

ag
ined

 to
 be, 

an
d th

is

fac
t in

 its
elf

 w
en

t f
ar

 to
war

ds d
isc

re
diti

ng th
e P

to
lem

aic

sy
ste

m
. It

 sh
ould be r

ec
all

ed
, h

owev
er

, th
at

 th
is 

su
pposit

ion of

ta
ngib

le 
sp

her
es

 fo
r t

he v
ar

ious p
lan

et
ar

y a
nd st

ell
ar

 orb
its

 w
as

a m
ed

iae
va

l in
te

rp
re

ta
tio

n of P
to

lem
y´s

 th
eo

ry
 ra

th
er

 th
an

 an

inte
rp

re
ta

tio
n of P

to
lem

y h
im

se
lf, 

th
er

e b
ein

g noth
ing to

 sh
ow

th
at

 th
e A

lex
an

dria
n as

tro
nom

er
 re

gar
ded

 his 
cy

cle
s a

nd ep
icy

cle
s

as
 oth

er
 th

an
 th

eo
re

tic
al.

An in
te

re
sti

ng pra
cti

ca
l d

isc
ove

ry 
m

ad
e b

y T
yc

ho w
as

 his 
m

et
hod

of d
et

er
m

ining th
e l

at
itu

de o
f a

 plac
e b

y m
ea

ns o
f t

wo

obse
rv

at
ions m

ad
e a

t a
n in

te
rv

al 
of t

welv
e h

ours.
 H

ith
er

to
 it 

had

bee
n nec

es
sa

ry 
to

 obse
rv

e t
he s

un´s 
an

gle 
on th

e e
quinocti

al

day
s, 

a p
er

iod of s
ix 

m
onth

s b
ein

g th
er

efo
re

 re
quire

d. T
yc

ho

m
ea

su
re

d th
e a

ngle 
of e

lev
at

ion of s
om

e s
ta

r s
itu

at
ed

 nea
r t

he

pole,
 w

hen
 on th

e m
er

idian
, a

nd th
en

, tw
elv

e h
ours 

lat
er

,

m
ea

su
re

d th
e a

ngle 
of e

lev
at

ion of t
he s

am
e s

ta
r w

hen
 it 

ag
ain

ca
m

e t
o th

e m
er

idian
 at

 th
e o

pposit
e p

oint o
f it

s a
ppar

en
t c

irc
le

ab
out t

he p
oles

ta
r. H

alf
 th

e s
um

 of t
hes

e a
ngles

 give
s t

he

lat
itu

de o
f t

he p
lac

e o
f o

bse
rv

at
ion.

As i
llu

str
at

ing th
e a

cc
ura

cy
 of T

yc
ho´s 

obse
rv

at
ions, 

it m
ay

 be

note
d th

at
 he r

ed
isc

ove
re

d a 
th

ird
 in

eq
uali

ty
 of t

he m
oon´s

m
otio

n at
 its

 va
ria

tio
n, h

e, 
in co

m
m

on w
ith

 oth
er

 Eu
ro

pea
n

as
tro

nom
er

s, 
bein

g th
en

 quite
 unaw

ar
e t

hat
 th

is 
ineq

uali
ty

 had

bee
n obse

rv
ed

 by a
n A

ra
bian

 as
tro

nom
er

. T
yc

ho pro
ve

d al
so

 th
at

th
e a

ngle 
of in

cli
nat

ion of t
he m

oon´s 
orb

it t
o th

e e
cli

ptic
 is

su
bjec

t t
o sl

ight v
ar

iat
ion.

Th
e v

er
y b

ril
lia

nt n
ew

 st
ar

 w
hich

 sh
one f

orth
 su

dden
ly 

in th
e

co
nste

lla
tio

n of C
as

sio
peia

 in
 th

e y
ea

r 1
57

2, 
was

 m
ad

e t
he o

bjec
t

15
72

   of s
pec

ial
 st

udies
 by T

yc
ho, w

ho pro
ve

d th
at

 th
e s

ta
r h

ad
 no

se
nsib

le 
par

all
ax

 an
d co

nse
quen

tly
 w

as
 fa

r b
ey

ond th
e p

lan
et

ar
y

re
gions. 

Th
e a

ppea
ra

nce
 of a

 new
 st

ar
 w

as
 a 

phen
om

en
on not

unkn
own to

 th
e a

ncie
nts,

 si
nce

 Pl
iny r

ec
ord

s t
hat

 H
ippar

ch
us w

as

led
 by s

uch
 an

 ap
pea

ra
nce

 to
 m

ak
e h

is 
ca

ta
logue o

f t
he f

ixe
d

sta
rs.

 But t
he p

hen
om

en
on is

 su
ffi

cie
ntly

 unco
m

m
on to

 at
tra

ct

unusu
al 

at
te

ntio
n. A

 si
m

ila
r p

hen
om

en
on occ

urre
d in

 th
e y

ea
r

16
04

, w
hen

 th
e n

ew
 st

ar
—

in th
is 

ca
se

 ap
pea

rin
g in

 th
e

16
04

   co
nste

lla
tio

n of S
er

pen
ta

riu
s—

was
 ex

plai
ned

 by K
ep

ler
 as

pro
bab

ly 
pro

ce
ed

ing fr
om

 a 
va

st 
co

m
busti

on. T
his 

ex
plan

at
ion—

in

which
 Kep

ler
 is

 sa
id to

 hav
e f

ollo
wed

. T
yc

ho—
is 

fu
lly

 in
 ac

co
rd

with
 th

e m
ost 

re
ce

nt t
heo

rie
s o

n th
e s

ubjec
t, a

s w
e s

hall
 se

e i
n

due c
ourse

. It
 is

 su
rp

ris
ing to

 hea
r T

yc
ho cr

ed
ite

d w
ith

 so

sta
rtl

ing a 
th

eo
ry,

 but, o
n th

e o
th

er
 han

d, s
uch

 an
 ex

plan
at

ion

is 
pre

cis
ely

 w
hat

 sh
ould be e

xp
ec

te
d fr

om
 th

e o
th

er
 as

tro
nom

er

nam
ed

. F
or J

ohan
n Kep

ler
, o

r, a
s h

e w
as

 orig
inall

y n
am

ed
, Jo

han
n

vo
n Kap

pel,
 w

as
 one o

f t
he m

ost 
sp

ec
ulat

ive
 as

tro
nom

er
s o

f a
ny

ag
e. 

He w
as

 fo
re

ve
r t

heo
riz

ing, b
ut s

uch
 w

as
 th

e p
ec

ulia
r q

uali
ty

of h
is 

m
ind th

at
 his 

th
eo

rie
s n

ev
er

 sa
tis

fie
d him

 fo
r lo

ng unles
s

he c
ould put t

hem
 to

 th
e t

es
t o

f o
bse

rv
at

ion. T
han

ks
 to

 th
is

hap
py c

om
binat

ion of q
uali

tie
s, 

Kep
ler

 bec
am

e t
he d

isc
ove

re
r o

f

th
re

e f
am

ous l
aw

s o
f p

lan
et

ar
y m

otio
n w

hich
 lie

 at
 th

e v
er

y

fo
undat

ion of m
oder

n as
tro

nom
y, 

an
d w

hich
 w

er
e t

o be l
ar

gely

instr
um

en
ta

l in
 guiding N

ew
to

n to
 his 

sti
ll g

re
at

er

gen
er

ali
za

tio
n. T

hes
e l

aw
s o

f p
lan

et
ar

y m
otio

n w
er

e v
as

tly

im
porta

nt a
s c

orro
bora

tin
g th

e C
oper

nica
n th

eo
ry 

of t
he u

nive
rse

,

th
ough th

eir
 posit

ion in
 th

is 
re

gar
d w

as
 not im

m
ed

iat
ely

re
co

gnize
d by c

onte
m

pora
ry 

th
inke

rs.
 Le

t u
s e

xa
m

ine w
ith

 so
m

e

det
ail

 in
to

 th
eir

 disc
ove

ry,
 m

ea
ntim

e c
at

ch
ing a 

glim
pse

 of t
he

life
 hist

ory 
of t

he r
em

ar
ka

ble 
m

an
 w

hose
 nam

e t
hey

 bea
r.

JO
HANN KEP

LE
R A

ND TH
E L

AW
S O

F P
LA

NET
ARY M

OTIO
N

JO
HANN KEP

LE
R A

ND TH
E L

AW
S O

F P
LA

NET
ARY M

OTIO
N

Jo
han

n Kep
ler

 w
as

 born
 th

e 2
7t

h of D
ec

em
ber

, 1
57

1, 
in th

e l
itt

le

27
   

15
71

   to
wn of W

eil
, in

 W
urte

m
burg

. H
e w

as
 a 

wea
k, 

sic
kly

 ch
ild

, fu
rth

er

en
fee

bled
 by a

 se
ve

re
 at

ta
ck

 of s
m

all
-p

ox. 
It w

ould se
em

par
ad

oxic
al 

to
 as

se
rt 

th
at

 th
e p

ar
en

ts 
of s

uch
 a 

gen
ius w

er
e

m
ism

at
ed

, b
ut t

heir
 hom

e w
as

 not a
 hap

py o
ne, 

th
e m

oth
er

 bein
g of

a n
er

vo
us t

em
per

am
en

t, w
hich

 per
hap

s i
n so

m
e m

ea
su

re
 ac

co
unte

d

fo
r t

he g
en

ius o
f t

he c
hild

. T
he f

at
her

 le
d th

e l
ife

 of a

so
ldier

, a
nd fin

all
y p

er
ish

ed
 in

 th
e c

am
paig

n ag
ain

st 
th

e T
urks

.

Young Kep
ler

´s 
stu

dies
 w

er
e d

ire
cte

d w
ith

 an
 ey

e t
o th

e m
inist

ry.

Afte
r a

 pre
lim

inar
y t

ra
ining he a

tte
nded

 th
e u

nive
rsi

ty 
at

Tu
bingen

, w
her

e h
e c

am
e u

nder
 th

e i
nflu

en
ce

 of t
he c

ele
bra

te
d

Mae
stl

in an
d bec

am
e h

is 
life

-lo
ng fr

ien
d.

Curio
usly

 en
ough, it

 is
 re

co
rd

ed
 th

at
 at

 fir
st 

Kep
ler

 had
 no

ta
ste

 fo
r a

str
onom

y o
r f

or m
at

hem
at

ics
. B

ut t
he d

oors 
of t

he

m
inist

ry 
bein

g pre
se

ntly
 bar

re
d to

 him
, h

e t
urn

ed
 w

ith
 en

th
usia

sm

to
 th

e s
tu

dy o
f a

str
onom

y, 
bein

g fr
om

 th
e f

irs
t a

n ar
den

t

ad
vo

ca
te

 of t
he C

oper
nica

n sy
ste

m
. H

is 
te

ac
her

, M
ae

stl
in,

ac
ce

pte
d th

e s
am

e d
octr

ine, 
th

ough he w
as

 oblig
ed

, fo
r

th
eo

logica
l re

as
ons, 

to
 te

ac
h th

e P
to

lem
aic

 sy
ste

m
, a

s a
lso

 to

oppose
 th

e G
re

goria
n re

fo
rm

 of t
he c

ale
ndar

.

Th
e G

re
goria

n ca
len

dar
, it

 sh
ould be e

xp
lai

ned
, is

 so
 ca

lle
d

bec
au

se
 it 

was
 in

sti
tu

te
d by P

ope G
re

gory 
XIII.

, w
ho put it

 in
to

eff
ec

t in
 th

e y
ea

r 1
58

2, 
up to

 w
hich

 tim
e t

he s
o-ca

lle
d Ju

lia
n

15
82

   ca
len

dar
, a

s i
ntro

duce
d by J

uliu
s C

ae
sa

r, h
ad

 bee
n ev

er
yw

her
e

ac
ce

pte
d in

 Chris
te

ndom
. T

his 
Ju

lia
n ca

len
dar

, a
s w

e h
av

e s
ee

n,

was
 a 

gre
at

 im
pro

ve
m

en
t o

n pre
ce

ding ones
, b

ut s
til

l la
ck

ed

so
m

et
hing of p

er
fec

tio
n in

as
m

uch
 as

 its
 th

eo
re

tic
al 

day
 diff

er
ed

ap
pre

cia
bly 

fro
m

 th
e a

ctu
al 

day
. In

 th
e c

ourse
 of fi

fte
en

 hundre
d

ye
ar

s, 
sin

ce
 th

e t
im

e o
f C

ae
sa

r, t
his 

defe
ct 

am
ounte

d to
 a

disc
re

pan
cy

 of a
bout e

lev
en

 day
s. 

Pope G
re

gory 
pro

pose
d to

co
rre

ct 
th

is 
by o

m
itt

ing te
n day

s f
ro

m
 th

e c
ale

ndar
, w

hich
 w

as

done i
n Se

pte
m

ber
, 1

58
2. 

To
 pre

ve
nt s

im
ila

r in
ac

cu
ra

cie
s i

n th
e

15
82

   fu
tu

re
, th

e G
re

goria
n ca

len
dar

 pro
vid

ed
 th

at
 once

 in
 fo

ur

ce
ntu

rie
s t

he a
dditio

nal 
day

 to
 m

ak
e a

 le
ap

-ye
ar

 sh
ould be

om
itt

ed
, th

e d
at

e s
ele

cte
d fo

r s
uch

 om
iss

ion bein
g th

e l
as

t y
ea

r

of e
ve

ry 
fo

urth
 ce

ntu
ry.

 Th
us t

he y
ea

rs 
15

00
, 1

90
0, 

an
d 23

00
,

15
00

   
19

00
   

23
00

   A.D
., w

ould not b
e l

ea
p-ye

ars
. B

y t
his 

arr
an

gem
en

t a
n ap

pro
xim

at
e

re
cti

fic
at

ion of t
he c

ale
ndar 

was
 ef

fec
te

d, th
ough ev

en
 th

is 
does

not m
ak

e i
t a

bso
lute

ly 
ex

ac
t.

Su
ch

 a 
re

cti
fic

at
ion as

 th
is 

was
 obvio

usly
 des

ira
ble,

 but t
her

e

was
 re

all
y n

o nec
es

sit
y f

or t
he o

m
iss

ion of t
he t

en
 day

s f
ro

m
 th

e

ca
len

dar.
 Th

e e
quinocti

al 
day

 had
 sh

ift
ed

 so
 th

at
 in

 th
e y

ea
r

15
82

 it 
fel

l o
n th

e 1
0t

h of M
arc

h an
d Se

pte
m

ber
. T

her
e w

as
 no

15
82

   
10

   re
as

on w
hy i

t s
hould not h

av
e r

em
ain

ed
 th

er
e. 

It w
ould gre

at
ly

hav
e s

im
plifi

ed
 th

e t
as

k o
f fu

tu
re

 hist
oria

ns h
ad

 G
re

gory

co
nte

nte
d him

se
lf w

ith
 pro

vid
ing fo

r t
he f

utu
re

 st
ab

ilit
y o

f t
he

ca
len

dar 
with

out m
ak

ing th
e n

ee
dles

s s
hift

 in
 ques

tio
n. W

e a
re

 so

ac
cu

sto
m

ed
 to

 th
ink o

f t
he 2

1s
t o

f M
arc

h an
d 21

st 
of S

ep
te

m
ber

 as

21
   

21
   th

e n
at

ural
 per

iods o
f t

he e
quinox, 

th
at

 w
e a

re
 lik

ely
 to

 fo
rg

et

th
at

 th
es

e a
re

 pure
ly 

arb
itr

ary
 dat

es
 fo

r w
hich

 th
e 1

0t
h m

ight

10
   hav

e b
ee

n su
bsti

tu
te

d w
ith

out a
ny i

nco
nve

nien
ce

 or in
co

nsis
te

ncy
.

But t
he o

pposit
ion to

 th
e n

ew
 ca

len
dar,

 to
 w

hich
 re

fer
en

ce
 has

bee
n m

ad
e, 

was
 not b

as
ed

 on an
y s

uch
 co

nsid
er

at
ions a

s t
hes

e. 
It

was
 due, 

lar
gely

 at
 an

y r
at

e, 
to

 th
e f

ac
t t

hat
 G

er
m

an
y a

t t
his

tim
e w

as
 under

 sw
ay

 of t
he L

uth
er

an
 re

vo
lt a

gain
st 

th
e p

ap
ac

y. 
So

eff
ec

tiv
e w

as
 th

e o
pposit

ion th
at

 th
e G

re
goria

n ca
len

dar 
did not

co
m

e i
nto

 vo
gue i

n G
er

m
an

y u
ntil 

th
e y

ea
r 1

69
9. 

It m
ay

 be a
dded

16
99

   th
at

 En
glan

d, u
nder

 st
re

ss 
of t

he s
am

e m
an

ner
 of p

re
judice

, h
eld

out a
gain

st 
th

e n
ew

 re
ck

oning until 
th

e y
ea

r 1
75

1, 
while

 Russi
a

17
51

   does
 not a

cc
ep

t it
 ev

en
 now.

As t
he P

ro
te

sta
nt le

ad
er

s t
hus o

ppose
d th

e p
ap

al 
at

tit
ude i

n a

m
at

te
r o

f s
o prac

tic
al 

a c
hara

cte
r a

s t
he c

ale
ndar,

 it 
m

ight

per
hap

s h
av

e b
ee

n ex
pec

te
d th

at
 th

e L
uth

er
an

s w
ould hav

e h
ad

 a

lea
ning to

ward
s t

he C
oper

nica
n th

eo
ry 

of t
he u

nive
rse

, s
ince

 th
is

th
eo

ry 
was

 oppose
d by t

he p
ap

ac
y. 

Su
ch

, h
owev

er
, w

as
 not t

he

ca
se

. L
uth

er
 him

se
lf p

ointe
d out w

ith
 gre

at
 st

re
nuousn

es
s, 

as
 a

fin
al 

an
d dem

onstr
at

ive
 ar

gum
en

t, t
he f

ac
t t

hat
 Jo

sh
ua c

om
m

an
ded

th
e s

un an
d not t

he e
art

h to
 st

an
d st

ill;
 an

d his 
fo

llo
wer

s w
er

e

quite
 as

 in
to

ler
an

t t
oward

s t
he n

ew
 te

ac
hing as

 w
er

e t
heir

ultr
am

ontan
e o

pponen
ts.

 Kep
ler

 him
se

lf w
as

, a
t v

ari
ous t

im
es

, to

fee
l th

e r
es

tra
int o

f e
cc

les
ias

tic
al 

opposit
ion, th

ough he w
as

nev
er

 su
bjec

te
d to

 dire
ct 

per
se

cu
tio

n, a
s w

as
 his 

fri
en

d an
d

co
nte

m
porar

y, 
Gali

leo
. A

t t
he v

er
y o

utse
t o

f K
ep

ler
´s 

ca
re

er

th
er

e w
as

, in
dee

d, q
ues

tio
n as

 to
 th

e p
ublic

ati
on of a

 w
ork 

he

had
 w

rit
te

n, b
ec

au
se

 th
at 

work 
to

ok f
or g

ran
te

d th
e t

ru
th

 of t
he

Coper
nica

n doctr
ine. 

Th
is 

work 
ap

pea
re

d, h
owev

er
, in

 th
e y

ea
r

15
96. 

It b
ore

 th
e t

itle
 M

ys
te

riu
m

 Cosm
ograp

hium
, a

nd it 
att

em
pte

d

15
96

   to
 ex

plai
n th

e p
osit

ions o
f t

he v
ari

ous p
lan

et
ary

 bodies
.

Coper
nicu

s h
ad

 dev
ote

d m
uch

 tim
e t

o obse
rva

tio
n of t

he p
lan

et
s

with
 re

fer
en

ce
 to

 m
ea

su
rin

g th
eir

 dist
an

ce
, a

nd his 
eff

orts
 had

bee
n at

te
nded

 w
ith

 co
nsid

er
ab

le 
su

cc
es

s. 
He d

id not, i
ndee

d, k
now

th
e a

ctu
al 

dist
an

ce
 of t

he s
un, a

nd, th
er

efo
re

, w
as

 quite
 unab

le

to
 fix

 th
e d

ist
an

ce
 of a

ny p
lan

et
; b

ut, o
n th

e o
th

er
 han

d, h
e

det
er

m
ined

 th
e r

ela
tiv

e d
ist

an
ce

 of a
ll t

he p
lan

et
s t

hen
 kn

own,

as
 m

ea
su

re
d in

 te
rm

s o
f t

he s
un´s 

dist
an

ce
, w

ith
 re

m
ark

ab
le

ac
cu

rac
y.

W
ith

 th
es

e m
ea

su
re

m
en

ts 
as

 a 
guide, 

Kep
ler

 w
as

 le
d to

 a 
ve

ry

fan
cif

ul th
eo

ry,
 ac

co
rd

ing to
 w

hich
 th

e o
rb

its
 of t

he f
ive

prin
cip

al 
plan

et
s s

usta
in a 

pec
ulia

r r
ela

tio
n to

 th
e f

ive
 re

gular

so
lid

s o
f g

eo
m

et
ry.

 H
is 

th
eo

ry 
was

 th
is:

 “A
ro

und th
e o

rb
it o

f t
he

ea
rth

 des
cri

be a
 dodec

ah
ed

ro
n—

th
e c

irc
le 

co
m

pris
ing it 

will 
be

th
at 

of M
ars

; a
ro

und M
ars

 des
cri

be a
 te

tra
hed

ro
n—

th
e c

irc
le

co
m

pris
ing it 

will 
be t

hat 
of J

upite
r; a

ro
und Ju

pite
r d

es
cri

be a

cu
be—

th
e c

irc
le 

co
m

pris
ing it 

will 
be t

hat 
of S

atu
rn

; n
ow w

ith
in

th
e e

art
h´s 

orb
it i

nsc
rib

e a
n ic

osa
hed

ro
n—

th
e i

nsc
rib

ed
 ci

rcl
e

will 
be t

hat 
of V

en
us; 

in th
e o

rb
it o

f V
en

us i
nsc

rib
e a

n

octa
hed

ro
n —

th
e c

irc
le 

insc
rib

ed
 w

ill 
be t

hat 
of M

er
cu

ry.
“[3

]

Th
ough th

is 
arr

an
gem

en
t w

as
 a 

fan
cif

ul o
ne, 

which
 no one w

ould

now re
ca

ll h
ad

 not t
he t

heo
riz

er
 obtai

ned
 su

bse
quen

t f
am

e o
n m

ore

su
bsta

ntia
l g

ro
unds, 

ye
t it

 ev
iden

ce
d a 

philo
so

phica
l s

pirit
 on

th
e p

art
 of t

he a
str

onom
er

 w
hich

, m
isd

ire
cte

d as
 it 

was
 in

 th
is

insta
nce

, p
ro

m
ise

d w
ell

 fo
r t

he f
utu

re
. T

yc
ho Brah

e, 
to

 w
hom

 a

co
py o

f t
he w

ork 
was

 se
nt, h

ad
 th

e a
cu

m
en

 to
 re

co
gnize

 it 
as

 a

work 
of g

en
ius. 

He s
um

m
oned

 th
e y

oung as
tro

nom
er

 to
 be h

is

as
sis

tan
t a

t P
rag

ue, 
an

d no doubt t
he a

sso
cia

tio
n th

us b
eg

un w
as

instr
um

en
tal

 in
 det

er
m

ining th
e c

hara
cte

r o
f K

ep
ler

´s 
fu

tu
re

work.
 It 

was
 pre

cis
ely

 th
e t

rai
ning in

 m
inute

 obse
rva

tio
n th

at

co
uld av

ail
 m

ost 
fo

r a
 m

ind w
hich

, li
ke

 Kep
ler

´s,
 te

nded

insti
ncti

ve
ly 

to
 th

e f
orm

ulat
ion of t

heo
rie

s. 
W

hen
 Ty

ch
o Brah

e

died
, in

 1601, K
ep

ler
 bec

am
e h

is 
su

cc
es

so
r. I

n due t
im

e h
e

1601   se
cu

re
d ac

ce
ss 

to
 al

l th
e u

npublis
hed

 obse
rva

tio
ns o

f h
is 

gre
at

pre
dec

es
so

r, a
nd th

es
e w

er
e o

f in
es

tim
ab

le 
va

lue t
o him

 in
 th

e

pro
gre

ss 
of h

is 
own st

udies
.

Kep
ler

 w
as

 not o
nly 

an
 ar

den
t w

orke
r a

nd an
 en

th
usia

sti
c

th
eo

riz
er

, b
ut h

e w
as

 an
 in

defa
tig

ab
le 

writ
er

, a
nd it 

plea
se

d him

to
 ta

ke
 th

e p
ublic

 fu
lly

 in
to

 his 
co

nfid
en

ce
, n

ot m
er

ely
 as

 to

his 
su

cc
es

se
s, 

but a
s t

o his 
fai

lure
s. 

Th
us h

is 
works

 el
ab

orat
e

fal
se

 th
eo

rie
s a

s w
ell

 as
 co

rre
ct 

ones
, a

nd det
ail

 th
e

obse
rva

tio
ns t

hro
ugh w

hich
 th

e i
nco

rre
ct 

gues
se

s w
er

e r
efu

te
d by

th
eir

 orig
inato

r. S
om

e o
f t

hes
e a

cc
ounts 

are
 highly 

inte
re

sti
ng,

but t
hey

 m
ust 

not d
et

ain
 us h

ere
. F

or o
ur p

re
se

nt p
urp

ose
 it 

m
ust

su
ffi

ce
 to

 point o
ut t

he t
hree

 im
porta

nt t
heo

rie
s, 

which
, a

s

cu
lle

d fr
om

 am
ong a 

sc
ore

 or s
o of in

co
rre

ct 
ones

, K
ep

ler
 w

as

ab
le 

to
 dem

onstr
ate

 to
 his 

own sa
tis

fac
tio

n an
d to

 th
at 

of

su
bse

quen
t o

bse
rve

rs.
 St

ate
d in

 a 
few

 w
ord

s, t
hes

e t
heo

rie
s,

which
 hav

e c
om

e t
o bea

r t
he n

am
e o

f K
ep

ler
´s 

La
ws, a

re 
th

e

fo
llo

wing:

1. T
hat 

th
e p

lan
et

ary
 orb

its
 ar

e n
ot c

irc
ular

, b
ut e

llip
tic

al,

th
e s

un occ
upyin

g one f
ocu

s o
f t

he e
llip

se
s.

2. T
hat 

th
e s

pee
d of p

lan
et

ary
 m

otio
n va

rie
s i

n diff
ere

nt p
art

s

of t
he o

rb
it i

n su
ch

 a 
way

 th
at 

an
 im

ag
inary

 lin
e d

raw
n fr

om
 th

e

su
n to

 th
e p

lan
et

—
th

at 
is 

to
 sa

y, 
th

e r
ad

ius v
ec

to
r o

f t
he

plan
et

´s 
orb

it—
alw

ay
s s

wee
ps t

he s
am

e a
rea

 in
 a 

give
n tim

e.

Th
es

e t
wo la

ws K
ep

ler
 publis

hed
 as

 ea
rly

 as
 1609. M

an
y y

ea
rs 

m
ore

1609   of p
ati

en
t in

ve
sti

gati
on w

ere
 re

quire
d befo

re 
he f

ound out t
he

se
cre

t o
f t

he r
ela

tio
n bet

wee
n plan

et
ary

 dist
an

ce
s a

nd tim
es

 of

rev
olutio

n w
hich

 his 
th

ird
 la

w ex
pres

se
s. I

n 1618, h
owev

er,
 he

1618   was
 ab

le 
to

 fo
rm

ulat
e t

his 
rel

ati
on al

so
, a

s f
ollo

ws:

3. T
he s

quare
s o

f t
he d

ist
an

ce
 of t

he v
ari

ous p
lan

et
s f

ro
m

 th
e

su
n ar

e p
ro

porti
onal 

to
 th

e c
ubes

 of t
heir

 peri
ods o

f r
ev

olutio
n

ab
out t

he s
un.

All t
hes

e l
aw

s, i
t w

ill 
be o

bse
rve

d, ta
ke

 fo
r g

ran
te

d th
e f

ac
t

th
at 

th
e s

un is
 th

e c
en

tre
 of t

he p
lan

et
ary

 orb
its

. It
 m

ust 
be

unders
to

od, to
o, th

at 
th

e e
art

h is
 co

nsta
ntly

 re
gard

ed
, in

ac
co

rd
an

ce
 w

ith
 th

e C
opern

ica
n sy

ste
m

, a
s b

ein
g its

elf
 a 

m
em

ber

of t
he p

lan
et

ary
 sy

ste
m

, su
bjec

t t
o prec

ise
ly 

th
e s

am
e l

aw
s a

s

th
e o

th
er 

plan
et

s. L
ong fa

m
ilia

rit
y h

as
 m

ad
e t

hes
e w

onderf
ul la

ws

of K
ep

ler
 se

em
 su

ch
 a 

m
att

er 
of c

ourse
 th

at 
it i

s d
iffi

cu
lt n

ow

to
 ap

prec
iat

e t
hem

 at
 th

eir
 fu

ll v
alu

e. 
Yet

, a
s h

as
 bee

n al
rea

dy

pointe
d out, i

t w
as

 th
e k

nowled
ge o

f t
hes

e m
arv

ell
ously

 si
m

ple

rel
ati

ons b
et

wee
n th

e p
lan

eta
ry 

orb
its

 th
at 

lai
d th

e f
oundati

on

fo
r t

he N
ew

to
nian

 la
w of u

nive
rsa

l g
rav

ita
tio

n. C
ontem

porar
y

judgm
en

t c
ould not, o

f c
ourse

, a
ntic

ipate
 th

is 
cu

lm
inati

on of a

lat
er 

gen
era

tio
n. W

hat 
it c

ould unders
tan

d w
as

 th
at 

th
e f

irs
t la

w

of K
ep

ler
 at

tac
ke

d one o
f t

he m
ost 

tim
e-h

onored
 of m

eta
phys

ica
l

co
nce

ptio
ns—

nam
ely

, th
e A

ris
to

tel
ian

 id
ea

 th
at 

th
e c

irc
le 

is 
th

e

perf
ec

t f
igure,

 an
d hen

ce
 th

at 
th

e p
lan

eta
ry 

orb
its

 m
ust 

be

cir
cu

lar
. N

ot e
ve

n Copern
icu

s h
ad

 doubted
 th

e v
ali

dity
 of t

his

as
su

m
ptio

n. T
hat 

Kep
ler

 dare
d disp

ute 
so

 fir
m

ly 
fix

ed
 a 

beli
ef,

an
d one t

hat 
se

em
ingly 

had
 so

 so
und a 

philo
so

phica
l b

as
is,

ev
iden

ce
d th

e i
co

nocla
sti

c n
atu

re 
of h

is 
gen

ius. T
hat 

he d
id not

res
t c

onten
t u

ntil 
he h

ad
 dem

onstr
ate

d th
e v

ali
dity

 of h
is

rev
olutio

nary
 as

su
m

ptio
n sh

ows h
ow tr

uly 
th

is 
grea

t t
heo

riz
er

mad
e h

is 
hyp

oth
es

es
 su

bse
rvi

en
t t

o th
e m

ost 
rig

id in
ducti

ons.

GALIL
EO

 G
ALIL

EI

GALIL
EO

 G
ALIL

EI

W
hile

 Kep
ler

 w
as

 so
lvi

ng th
es

e r
iddles

 of p
lan

eta
ry 

motio
n, th

ere

was
 an

 ev
en

 m
ore 

fam
ous m

an
 in

 Ita
ly 

whose
 ch

am
pionsh

ip of t
he

Copern
ica

n doctr
ine w

as
 des

tin
ed

 to
 give

 th
e g

rea
tes

t p
ossi

ble

public
ity

 to
 th

e n
ew

 id
ea

s. T
his 

was
 G

ali
leo

 G
ali

lei
, o

ne o
f t

he

most 
ex

tra
ord

inary
 sc

ien
tif

ic 
obse

rve
rs 

of a
ny a

ge. 
Gali

leo
 w

as

born
 at

 Pisa
, o

n th
e 1

8th
 of F

eb
ru

ary
 (o

ld st
yle

), 1
564. T

he d
ay

18   
1564   of h

is 
birt

h is
 doubly 

mem
orab

le,
 si

nce
 on th

e s
am

e d
ay

 th
e

grea
tes

t It
ali

an
 of t

he p
rec

ed
ing ep

och
, M

ich
ae

l A
ngelo

, b
reath

ed

his 
las

t. P
ers

ons f
ond of s

ym
bolis

m hav
e f

ound in
 th

e c
oincid

en
ce

a f
orec

as
t o

f t
he t

ran
sit

 fr
om th

e a
rti

sti
c t

o th
e s

cie
ntif

ic

ep
och

 of t
he l

ate
r R

enais
sa

nce
. G

ali
leo ca

me of a
n im

pove
ris

hed

noble 
fam

ily
. H

e w
as

 educa
ted

 fo
r t

he p
ro

fes
sio

n of m
ed

ici
ne, 

but

did not p
ro

gress 
far

 before his 
natu

ral
 pro

cli
vit

ies
 dire

cte
d him

to
ward

s t
he phys

ica
l s

cie
nce

s. M
eetin

g w
ith

 opposit
ion in

 Pisa
,

he earl
y a

cc
epted a 

ca
ll t

o th
e ch

air
 of n

atu
ral

 philo
so

phy i
n

th
e U

nive
rsi

ty 
of P

ad
ua, 

an
d la

ter in
 lif

e he m
ad

e his 
home at

Flo
rence

. T
he m

ech
an

ica
l a

nd phys
ica

l d
isc

ove
rie

s o
f G

ali
leo w

ill

cla
im

 our a
tte

ntio
n in

 an
oth

er c
hap

ter. O
ur p

rese
nt c

once
rn

 is

with
 his 

co
ntri

butio
n to

 th
e Copern

ica
n th

eory.

Gali
leo him

se
lf r

eco
rd

s i
n a 

lette
r t

o Kepler t
hat 

he beca
me a

co
nve

rt 
to

 th
is 

th
eory 

at 
an

 earl
y d

ay
. H

e w
as

 not e
nab

led,

howeve
r, t

o m
ak

e an
y m

ark
ed co

ntri
butio

n to
 th

e su
bject,

 beyo
nd

th
e in

flu
ence

 of h
is 

general
 te

ac
hings, u

ntil 
ab

out t
he ye

ar

1610. T
he brill

ian
t c

ontri
butio

ns w
hich

 he m
ad

e w
ere due la

rg
ely

1610   to
 a 

sin
gle disc

ove
ry—

nam
ely,

 th
at 

of t
he te

lesco
pe. H

ith
erto

th
e as

tro
nomica

l o
bse

rva
tio

ns h
ad

 been m
ad

e w
ith

 th
e unaid

ed eye
.

Glas
s l

ense
s h

ad
 been kn

own si
nce

 th
e th

irt
eenth

 ce
ntu

ry,
 but,

until 
now, n

o one had
 th

ought o
f t

heir p
ossi

ble use
 as

 ai
ds t

o

dist
an

t v
isi

on. T
he questi

on of p
rio

rit
y o

f d
isc

ove
ry 

has
 neve

r

been se
ttl

ed. It
 is

 ad
mitt

ed, h
oweve

r, t
hat 

th
e ch

ief h
onors

belong to
 th

e optic
ian

s o
f t

he N
eth

erla
nds.

As e
arl

y a
s t

he ye
ar 

1590 th
e D

utch
 optic

ian
 Zac

hari
as

 Je
nse

n

1590   plac
ed a 

co
nca

ve
 an

d a 
co

nve
x l

ens r
esp

ecti
ve

ly 
at 

th
e ends o

f a

tu
be ab

out e
ighteen in

ch
es l

ong, a
nd use

d th
is 

instr
ument f

or t
he

purp
ose

 of m
ag

nify
ing sm

all
 objects

—
pro

ducin
g, in

 sh
ort,

 a 
cru

de

micr
osco

pe. S
ome ye

ars
 la

ter, J
ohan

nes L
ippersh

ey, 
of w

hom not

much
 is

 kn
own exc

ept t
hat 

he died in
 1619, e

xp
erim

ented w
ith

 a

1619   so
mewhat 

sim
ila

r c
ombinati

on of le
nse

s, a
nd m

ad
e th

e st
art

lin
g

obse
rva

tio
n th

at 
th

e w
eath

er-v
an

e on a 
dist

an
t c

hurch
-st

eeple

se
emed to

 be bro
ught m

uch
 neare

r w
hen vi

ewed th
ro

ugh th
e le

ns.

Th
e co

mbinati
on of le

nse
s h

e employe
d is

 th
at 

sti
ll u

se
d in

 th
e

co
nstr

ucti
on of o

pera-
glas

se
s; t

he G
erm

an
s s

till
 ca

ll s
uch

 a

co
mbinati

on a 
Dutch

 te
lesco

pe.

Doubtle
ss 

a l
arg

e number o
f e

xp
erim

enters 
to

ok t
he m

att
er u

p an
d

th
e fa

me of th
e new in

str
ument s

pread
 ra

pidly 
ab

ro
ad

. G
ali

leo,

down in
 Ita

ly,
 heard

 ru
mors 

of th
is 

remark
ab

le co
ntri

va
nce

,

th
ro

ugh th
e use

 of w
hich

 it 
was

 sa
id “d

ist
an

t o
bjects

 m
ight b

e

se
en as

 cl
earl

y a
s t

hose
 near 

at 
han

d.“ H
e at

 once
 se

t t
o w

ork 
to

co
nstr

uct 
for h

im
se

lf a
 si

mila
r in

str
ument, a

nd his 
effo

rts
 w

ere

so
 fa

r s
ucc

essf
ul th

at 
at 

fir
st 

he “s
aw

 objects
 th

ree tim
es a

s

near 
an

d nine tim
es e

nlar
ged.“ C

ontin
uing his 

effo
rts

, h
e

prese
ntly

 so
 im

pro
ve

d his 
glas

s t
hat 

objects
 w

ere enlar
ged al

most

a t
housa

nd tim
es a

nd m
ad

e to
 ap

pear 
th

irt
y t

im
es n

eare
r t

han
 w

hen

se
en w

ith
 th

e nak
ed eye

. N
atu

ral
ly 

enough, G
ali

leo tu
rn

ed th
is

fas
cin

ati
ng in

str
ument t

oward
s t

he sk
ies, a

nd he w
as

 al
most

im
mediat

ely 
reward

ed by s
eve

ral
 st

art
lin

g disc
ove

rie
s. A

t t
he

ve
ry 

outse
t, h

is m
ag

nify
ing-g

las
s b

ro
ught t

o vi
ew a 

va
st 

number

of s
tar

s t
hat 

are
 in

vis
ible to

 th
e nak

ed eye
, a

nd enab
led th

e

obse
rve

r t
o re

ac
h th

e co
nclu

sio
n th

at 
th

e haz
y l

ight o
f th

e M
ilk

y

W
ay

 is 
merely 

due to
 th

e ag
gregati

on of a
 va

st 
number o

f ti
ny

sta
rs.

Turn
ing his t

elesco
pe to

ward
s t

he m
oon, G

ali
leo fo

und th
at 

body

ro
ugh an

d eart
h-lik

e in
 co

nto
ur, i

ts 
su

rfa
ce

 co
ve

red w
ith

mountai
ns, w

hose
 height c

ould be ap
pro

xim
ate

ly 
meas

ured th
ro

ugh

stu
dy o

f th
eir s

had
ows. T

his w
as

 disq
uietin

g, b
eca

use
 th

e cu
rre

nt

Aris
to

telia
n doctr

ine su
ppose

d th
e m

oon, in
 co

mmon w
ith

 th
e

plan
ets,

 to
 be a 

perfe
ctl

y s
pheric

al,
 sm

ooth
 body. 

The

metap
hys

ica
l id

ea o
f a

 perfe
ct 

unive
rse

 w
as

 su
re to

 be dist
urb

ed

by t
his s

eemingly 
ro

ugh w
orkm

an
sh

ip of th
e m

oon. T
hus f

ar,

howeve
r, t

here w
as

 noth
ing in

 th
e obse

rva
tio

ns o
f G

ali
leo to

 bear

dire
ctl

y u
pon th

e Copern
ica

n th
eory;

 but w
hen an

 in
sp

ecti
on w

as

mad
e of th

e plan
ets 

th
e ca

se
 w

as
 quite

 diffe
rent. W

ith
 th

e ai
d of

his t
elesco

pe, G
ali

leo sa
w th

at 
Venus, f

or e
xa

mple, p
as

se
s

th
ro

ugh phas
es p

recis
ely 

sim
ila

r t
o th

ose
 of th

e m
oon, d

ue, o
f

co
urse

, to
 th

e sa
me ca

use
. H

ere, th
en, w

as
 demonstr

ati
ve

 evid
ence

th
at 

th
e plan

ets 
are

 dark
 bodies r

efle
cti

ng th
e lig

ht o
f th

e su
n,

an
d an

 exp
lan

ati
on w

as
 give

n of th
e fa

ct,
 hith

erto
 urg

ed in

opposit
ion to

 th
e Copern

ica
n th

eory,
 th

at 
th

e in
ferio

r p
lan

ets 
do

not s
eem m

an
y t

im
es b

rig
hter w

hen neare
r t

he eart
h th

an
 w

hen in

th
e m

ost 
dist

an
t p

art
s o

f th
eir o

rb
its

; th
e exp

lan
ati

on being, o
f

co
urse

, th
at 

when th
e plan

ets 
are

 betw
een th

e eart
h an

d th
e su

n

only 
a s

mall
 porti

on of th
eir i

llu
mined su

rfa
ce

s is
 vi

sib
le fro

m

th
e eart

h.

On in
sp

ecti
ng th

e plan
et J

upite
r, a

 st
ill 

more st
rik

ing

reve
lat

ion w
as

 m
ad

e, a
s f

our t
iny s

tar
s w

ere obse
rve

d to
 occ

upy

an
 equato

ria
l p

osit
ion near 

th
at 

plan
et, a

nd w
ere se

en, w
hen

watc
hed night a

fte
r n

ight, t
o be ci

rcl
ing ab

out t
he plan

et,

precis
ely 

as
 th

e m
oon ci

rcl
es a

bout t
he eart

h. H
ere, o

bvio
usly

,

was
 a 

miniat
ure so

lar
 sy

ste
m—

a t
an

gible object-
lesso

n in
 th

e

Copern
ica

n th
eory.

 In
 honor o

f th
e ru

lin
g Fl

orentin
e house

 of th
e

perio
d, G

ali
leo nam

ed th
ese

 m
oons o

f J
upite

r, M
edice

an
 st

ars
.

Turn
ing at

tentio
n to

 th
e su

n its
elf, 

Gali
leo obse

rve
d on th

e

su
rfa

ce
 of th

at 
luminary

 a 
sp

ot o
r b

lemish
 w

hich
 grad

uall
y

ch
an

ged its
 sh

ap
e, su

ggesti
ng th

at 
ch

an
ges w

ere ta
kin

g plac
e in

th
e su

bsta
nce

 of th
e su

n—
ch

an
ges o

bvio
usly

 in
co

mpati
ble w

ith
 th

e

perfe
ct 

co
nditio

n deman
ded by t

he m
etap

hys
ica

l th
eoris

ts.
 But

howeve
r d

isq
uietin

g fo
r t

he co
nse

rva
tiv

e, th
e su

n´s 
sp

ots 
se

rve
d

a m
ost 

use
ful p

urp
ose

 in
 enab

lin
g Gali

leo to
 demonstr

ate
 th

at 
th

e

su
n its

elf r
evo

lve
s o

n its
 ax

is, 
sin

ce
 a 

give
n sp

ot w
as

 se
en to

pas
s a

cro
ss 

th
e disk

 an
d af

ter d
isa

ppeari
ng to

 re
ap

pear 
in due

co
urse

. T
he perio

d of ro
tat

ion w
as

 fo
und to

 be ab
out t

wenty-
four

day
s.

It m
ust 

be ad
ded th

at 
va

rio
us o

bse
rve

rs 
disp

uted prio
rit

y o
f

disc
ove

ry 
of th

e su
n´s 

sp
ots 

with
 Gali

leo. U
nquesti

onab
ly 

a

su
n-sp

ot h
ad

 been se
en by e

arl
ier o

bse
rve

rs,
 an

d by t
hem m

ist
ak

en

for t
he tr

an
sit

 of a
n in

ferio
r p

lan
et. K

epler h
im

se
lf h

ad
 m

ad
e

th
is m

ist
ak

e. B
efore th

e day
 of th

e te
lesco

pe, h
e had

 vi
ewed th

e

im
ag

e of th
e su

n as
 th

ro
wn on a 

scr
een in

 a 
ca

mera-
obscu

ra,
 an

d

had
 obse

rve
d a 

sp
ot o

n th
e disk

 w
hich

 be in
terp

reted as

represe
ntin

g th
e plan

et M
ercu

ry,
 but w

hich
, a

s is
 now kn

own, m
ust

hav
e been a 

su
n-sp

ot, s
ince

 th
e plan

etar
y d

isk
 is 

to
o sm

all
 to

hav
e been re

ve
ale

d by t
his m

eth
od. S

uch
 obse

rva
tio

ns a
s t

hese
,

howeve
r in

teresti
ng, c

an
not b

e cl
aim

ed as
 disc

ove
rie

s o
f th

e

su
n-sp

ots.
 It 

is p
ro

bab
le, h

oweve
r, t

hat s
eve

ral
 disc

ove
rers

(notably 
Jo

hann Fa
bric

ius) 
made th

e te
lesco

pic 
obse

rva
tio

n of th
e

sp
ots,

 and re
co

gnize
d th

em as h
avin

g to
 do w

ith
 th

e su
n´s

su
rfa

ce
, a

lm
ost 

sim
ulta

neously
 w

ith
 Galile

o. O
ne of th

ese

cla
im

ants 
was a

 Je
su

it n
amed Sch

einer, a
nd th

e je
alousy

 of th
is

man is 
sa

id to
 have

 had a sh
are in

 brin
ging about t

hat

perse
cu

tio
n to

 w
hich

 w
e m

ust 
now re

fer.

There is 
no m

ore fa
mous in

cid
ent in

 th
e hist

ory 
of s

cie
nce

 th
an

th
e heresy

 tr
ial th

ro
ugh w

hich
 Galile

o w
as le

d to
 th

e nominal

renuncia
tio

n of h
is c

heris
hed doctr

ines. T
here is 

sca
rce

ly

anoth
er in

cid
ent t

hat h
as b

een co
mmented upon so

 va
rio

usly
. E

ach

su
cc

eeding generatio
n has p

ut it
s o

wn in
terp

retatio
n on it.

 The

facts
, h

oweve
r, h

ave
 been but li

ttl
e questi

oned. It
 appears 

th
at

in th
e ye

ar 1
616 th

e ch
urch

 beca
me at la

st 
aro

use
d to

 th
e

1616   im
plic

atio
ns o

f th
e helio

ce
ntri

c d
octr

ine of th
e unive

rse
.

Apparently
 it 

se
emed cl

ear t
o th

e ch
urch

 auth
orit

ies t
hat t

he

auth
ors 

of th
e Bible belie

ve
d th

e w
orld

 to
 be im

mova
bly 

fix
ed at

th
e ce

ntre
 of th

e unive
rse

. S
uch

, in
deed, w

ould se
em to

 be th
e

natu
ral in

ference
 fro

m va
rio

us f
amilia

r p
hrase

s o
f th

e H
ebrew

text,
 and w

hat w
e now kn

ow of th
e st

atu
s o

f O
rie

ntal sc
ience

 in

antiq
uity

 give
s f

ull w
arra

nt t
o th

is i
nterp

retatio
n. T

here is 
no

reaso
n to

 su
ppose

 th
at t

he co
nce

ptio
n of th

e su
bord

inate place
 of

th
e w

orld
 in

 th
e so

lar s
ys

tem had eve
r s

o m
uch

 as o
cc

urre
d, e

ve
n

as a
 va

gue sp
ecu

latio
n, to

 th
e auth

ors 
of G

enesis
. In

 co
mmon w

ith

th
eir c

ontemporarie
s, t

hey b
elie

ve
d th

e earth
 to

 be th
e

all-i
mporta

nt b
ody i

n th
e unive

rse
, a

nd th
e su

n a lu
minary 

place
d

in th
e sk

y f
or t

he so
le purp

ose
 of g

ivi
ng lig

ht t
o th

e earth
.

There is 
noth

ing st
range, n

oth
ing anomalous, i

n th
is v

iew; it

merely 
refle

cts
 th

e cu
rre

nt n
otio

ns o
f O

rie
ntal p

eoples in

antiq
uity

. W
hat is

 st
range and anomalous is

 th
e fa

ct 
th

at t
he

Orie
ntal d

reamings t
hus e

xp
resse

d co
uld have

 been su
ppose

d to

represe
nt t

he acm
e of s

cie
ntif

ic 
kn

owledge. Y
et s

uch
 a hold had

th
ese

 w
rit

ings t
ake

n upon th
e W

este
rn

 w
orld

 th
at n

ot e
ve

n a

Galile
o dared co

ntra
dict

 th
em openly;

 and w
hen th

e ch
urch

 fa
th

ers

grave
ly 

decla
red th

e helio
ce

ntri
c t

heory 
nece

ssa
rily

 fa
lse

,

beca
use

 co
ntra

dict
ory 

to
 Scri

ptu
re, th

ere w
ere pro

bably 
few

people in
 Chris

tendom w
hose

 m
ental a

tti
tu

de w
ould perm

it t
hem

justl
y t

o apprecia
te th

e humor o
f s

uch
 a pro

nounce
ment. A

nd,

indeed, if
 here and th

ere a m
an m

ight h
ave

 ris
en to

 su
ch

 an

apprecia
tio

n, th
ere w

ere abundant r
easo

ns f
or t

he re
pressi

on of

th
e im

pulse
, fo

r t
here w

as n
oth

ing humoro
us a

bout t
he re

sp
onse

with
 w

hich
 th

e auth
orit

ies o
f th

e tim
e w

ere w
ont t

o m
eet t

he

exp
ressi

on of ic
onocla

sti
c o

pinions. T
he burn

ing at t
he st

ake
 of

Giord
ano Bru

no, in
 th

e ye
ar 1

600, w
as, f

or e
xa

mple, a
n

1600   object-
lesso

n w
ell c

alcu
lated to

 re
str

ain th
e enth

usia
sm

 of o
th

er

sim
ila

rly
 m

inded te
ach

ers.

Doubtle
ss 

it w
as s

uch
 co

nsid
eratio

ns t
hat e

xp
lained th

e re
lativ

e

sil
ence

 of th
e ch

ampions o
f th

e Copern
ica

n th
eory,

 acc
ountin

g fo
r

th
e oth

erw
ise

 in
exp

lic
able fa

ct 
th

at a
bout e

ighty 
ye

ars 
elapse

d

afte
r t

he death
 of C

opern
icu

s h
im

se
lf b

efore a sin
gle te

xt-
book

exp
ounded his t

heory.
 The te

xt-
book w

hich
 th

en appeared, u
nder

date of 1
622, w

as w
rit

ten by t
he fa

mous K
epler, w

ho perh
aps w

as

1622   sh
ielded in

 a m
easu

re fro
m th

e papal c
onse

quence
s o

f s
uch

hard
ihood by t

he fa
ct 

of re
sid

ence
 in

 a Pro
testa

nt c
ountry

. N
ot

th
at t

he Pro
testa

nts 
of th

e tim
e fa

vored th
e helio

ce
ntri

c

doctr
ine—

we have alre
ady q

uoted Lu
th

er in
 an adverse

 se
nse

—
but

of c
ourse

 it 
was c

haracte
ris

tic
 of th

e Reform
atio

n te
mper t

o

oppose
 any p

apal p
ro

nounce
ment, h

ence
 th

e ultr
amontane

decla
ratio

n of 1
616 m

ay i
ndire

ctl
y h

ave aided th
e doctr

ine w
hich

1616   it a
tta

ck
ed, b

y m
akin

g th
at d

octr
ine le

ss 
obnoxio

us t
o Lu

th
eran

eye
s. B

e th
at a

s it
 m

ay, 
th

e w
ork 

of K
epler b

ro
ught it

s a
uth

or

into
 no dire

ct 
co

nflic
t w

ith
 th

e auth
orit

ies. B
ut t

he re
su

lt w
as

quite
 diffe

rent w
hen, in

 1632, G
alile

o at la
st 

bro
ke

 sil
ence

 and

1632   gave th
e w

orld
, u

nder c
over o

f th
e fo

rm
 of d

ialogue, a
n elaborate

exp
osit

ion of th
e Copern

ica
n th

eory.
 Galile

o, it
 m

ust 
be

exp
lained, h

ad previously
 been w

arn
ed to

 ke
ep sil

ent o
n th

e

su
bject,

 hence
 his p

ublic
atio

n doubly 
offe

nded th
e auth

orit
ies.

To be su
re, h

e co
uld re

ply 
th

at h
is d

ialogue in
tro

duce
d a

ch
ampion of th

e Pto
lemaic 

sys
tem to

 disp
ute w

ith
 th

e upholder o
f

th
e opposit

e view, a
nd th

at, b
oth

 views b
eing prese

nted w
ith

 fu
ll

arra
y o

f a
rg

ument, t
he re

ader w
as le

ft t
o re

ach
 a verd

ict
 fo

r

him
se

lf, 
th

e auth
or h

aving nowhere pointedly 
exp

resse
d an

opinion. B
ut s

uch
 an arg

ument, o
f c

ourse
, w

as s
pecio

us, f
or n

o

one w
ho re

ad th
e dialogue co

uld be in
 doubt a

s t
o th

e opinion of

th
e auth

or. M
oreover, i

t w
as h

inted th
at S

im
plic

io, th
e ch

aracte
r

who upheld th
e Pto

lemaic 
doctr

ine and w
ho w

as e
veryw

here w
orst

ed

in th
e arg

ument, w
as in

tended to
 re

prese
nt t

he pope him
se

lf—
a

su
ggesti

on w
hich

 pro
bably 

did no good to
 Galile

o´s 
ca

use
.

The ch
aracte

r o
f G

alile
o´s 

arti
sti

c p
rese

ntatio
n m

ay b
est 

be

judged fro
m an exa

mple, il
lustr

atin
g th

e vigoro
us a

ssa
ult o

f

Salviati, 
th

e ch
ampion of th

e new th
eory,

 and th
e fe

eble re
to

rts

of h
is c

onse
rvativ

e antagonist
:

“Salviati. 
Le

t u
s t

hen begin our d
isc

ussi
on w

ith
 th

e

co
nsid

eratio
n th

at, w
hatever m

otio
n m

ay b
e attr

ibuted to
 th

e

earth
, y

et w
e, a

s d
welle

rs 
upon it,

 and hence
 as p

arti
cip

ato
rs 

in

its
 m

otio
n, c

annot p
ossi

bly 
perce

ive anyth
ing of it

, p
resu

pposin
g

th
at w

e are to
 co

nsid
er o

nly 
earth

ly 
th

ings. O
n th

e oth
er h

and,

it i
s ju

st 
as n

ece
ssa

ry 
th

at t
his s

ame m
otio

n belong apparently

to
 all o

th
er b

odies a
nd visib

le objects
, w

hich
, b

eing se
parated

fro
m th

e earth
, d

o not t
ake

 part 
in its

 m
otio

n. T
he co

rre
ct

meth
od to

 disc
over w

heth
er o

ne ca
n ascr

ibe m
otio

n to
 th

e earth
,

and w
hat k

ind of m
otio

n, is
, th

erefore, to
 in

vesti
gate and

obse
rve w

heth
er in

 bodies o
utsi

de th
e earth

 a perce
ptib

le m
otio

n

may b
e disc

overed w
hich

 belongs t
o all a

lik
e. B

eca
use

 a m
ovement

which
 is 

perce
ptib

le only 
in th

e m
oon, fo

r in
sta

nce
, a

nd has

noth
ing to

 do w
ith

 Venus o
r J

upite
r o

r o
th

er s
tars,

 ca
nnot

possi
bly 

be pecu
lia

r t
o th

e earth
, n

or c
an its

 se
at b

e anyw
here

else
 th

an in
 th

e m
oon. N

ow th
ere is 

one su
ch

 universa
l m

ovement

which
 co

ntro
ls a

ll o
th

ers—
namely,

 th
at w

hich
 th

e su
n, m

oon, th
e

oth
er p

lanets,
 th

e fix
ed st

ars—
in sh

ort,
 th

e w
hole universe

,

with
 th

e sin
gle exc

eptio
n of th

e earth
—

appears 
to

 exe
cu

te fro
m

east 
to

 w
est 

in th
e sp

ace
 of tw

enty-
four h

ours.
 This n

ow, a
s it

appears 
at t

he fir
st 

glance
 anyw

ay, 
might ju

st 
as w

ell b
e a

motio
n of th

e earth
 alone as o

f a
ll t

he re
st 

of th
e universe

 w
ith

th
e exc

eptio
n of th

e earth
, fo

r t
he sa

me phenomena w
ould re

su
lt

fro
m eith

er h
yp

oth
esis

. B
eginning w

ith
 th

e m
ost 

general, I
 w

ill

enumerate th
e re

aso
ns w

hich
 se

em to
 sp

eak i
n fa

vor o
f th

e earth
´s

motio
n. W

hen w
e m

erely 
co

nsid
er t

he im
mensit

y o
f th

e st
arry

sp
here in

 co
mparis

on w
ith

 th
e sm

alln
ess 

of th
e te

rre
str

ial b
all,

which
 is 

co
ntained m

any m
illi

on tim
es in

 th
e fo

rm
er, a

nd th
en

th
ink o

f th
e ra

pidity
 of th

e m
otio

n w
hich

 co
mpletes a

 w
hole

rotatio
n in

 one day a
nd night, I

 ca
nnot p

ersu
ade m

yse
lf h

ow any

one ca
n hold it 

to
 be m

ore re
aso

nable and cr
edible th

at it
 is 

th
e

heavenly 
sp

here w
hich

 ro
tates, w

hile
 th

e earth
 st

ands s
till

.

“Sim
plic

io. I 
do not w

ell u
nderst

and how th
at p

owerfu
l m

otio
n m

ay

be sa
id to

 as g
ood as n

ot e
xis

t fo
r th

e su
n, th

e m
oon, th

e oth
er

planets,
 and th

e in
numerable host 

of fi
xe

d st
ars.

 Do you ca
ll

th
at n

oth
ing w

hen th
e su

n goes f
rom one m

erid
ian to

 anoth
er,

ris
es u

p over th
is h

oriz
on and sin

ks 
behind th

at o
ne, b

rin
gs n

ow

day, a
nd now night; w

hen th
e m

oon goes t
hrough sim

ila
r c

hanges,

and th
e oth

er p
lanets 

and fix
ed st

ars 
in th

e sa
me w

ay?

“Salviati. 
All t

he ch
anges y

ou m
entio

n are su
ch

 only in
 re

sp
ect

to th
e earth

. T
o co

nvince
 yourse

lf o
f it

, o
nly im

agine th
e earth

out o
f e

xis
tence

. T
here w

ould th
en be no ris

ing and se
tti

ng of

th
e su

n or o
f th

e m
oon, n

o horiz
on, n

o m
erid

ian, n
o day, n

o

night—
in sh

ort,
 th

e sa
id m

otio
n ca

use
s n

o ch
ange of a

ny so
rt i

n

th
e re

latio
n of th

e su
n to

 th
e m

oon or to
 any of th

e oth
er

heavenly bodies, b
e th

ey planets 
or fi

xe
d st

ars.
 All c

hanges a
re

rath
er in

 re
sp

ect 
to th

e earth
; th

ey m
ay all b

e re
duce

d to
 th

e

sim
ple fa

ct 
th

at t
he su

n is 
firs

t v
isib

le in
 China, th

en in

Persi
a, a

fte
rw

ard
s in

 Egypt, G
reece

, F
rance

, S
pain, A

meric
a,

etc.
, a

nd th
at t

he sa
me th

ing happens w
ith

 th
e m

oon and th
e oth

er

heavenly bodies. E
xa

ctl
y th

e sa
me th

ing happens a
nd in

 exa
ctl

y

th
e sa

me w
ay if,

 in
ste

ad of d
ist

urb
ing so

 la
rg

e a part o
f th

e

universe
, y

ou le
t t

he earth
 re

volve about it
se

lf. 
The diffi

cu
lty

is, 
however, d

oubled, in
asm

uch
 as a

 se
co

nd very im
porta

nt p
roblem

prese
nts 

its
elf. 

If, 
namely, th

at p
owerfu

l m
otio

n is 
ascr

ibed to

th
e heavens, i

t is
 abso

lutely nece
ssa

ry to
 re

gard
 it 

as o
ppose

d

to th
e in

dividual m
otio

n of a
ll t

he planets,
 every one of w

hich

indubita
bly has it

s o
wn very le

isu
rely and m

oderate m
ovement fr

om

west 
to east.

 If,
 on th

e oth
er h

and, y
ou le

t t
he earth

 m
ove about

its
elf, 

th
is o

pposit
ion of m

otio
n disa

ppears.

“The im
probabilit

y is 
tri

pled by th
e co

mplete overth
row of th

at

ord
er w

hich
 ru

les a
ll t

he heavenly bodies in
 w

hich
 th

e re
volving

motio
n is 

defin
ite

ly esta
blish

ed. T
he greater th

e sp
here is 

in

su
ch

 a ca
se

, so
 m

uch
 lo

nger is
 th

e tim
e re

quire
d fo

r it
s

revolutio
n; th

e sm
alle

r th
e sp

here th
e sh

orte
r th

e tim
e. S

atu
rn

,

whose
 orb

it s
urp

asse
s t

hose
 of a

ll t
he planets 

in siz
e, tr

averse
s

it i
n th

irt
y years.

 Ju
pite

r[4
] c

ompletes it
s s

malle
r c

ourse
 in

tw
elve years,

 M
ars 

in tw
o; th

e m
oon perfo

rm
s it

s m
uch

 sm
alle

r

revolutio
n w

ith
in a m

onth
. Ju

st 
as c

learly
 in

 th
e M

edice
an st

ars,

we se
e th

at th
e one nearest 

Ju
pite

r c
ompletes it

s r
evolutio

n in
 a

very sh
ort t

im
e—

about fo
rty

-tw
o hours;

 th
e next 

in about th
ree

and one-half d
ays, t

he th
ird

 in
 se

ven, a
nd th

e m
ost 

dist
ant o

ne

in six
teen days. T

his r
ule, w

hich
 is 

follo
wed th

roughout, w
ill

sti
ll r

emain if 
we ascr

ibe th
e tw

enty-fo
ur-h

ourly
 m

otio
n to

 a

rotatio
n of th

e earth
. If

, h
owever, t

he earth
 is 

left m
otio

nless,

we m
ust 

go fir
st 

fro
m th

e very sh
ort r

ule of th
e m

oon to
 ever

greater o
nes—

to th
e tw

o-yearly
 ru

le of M
ars,

 fro
m th

at to
 th

e

tw
elve-yearly

 one of Ju
pite

r, f
rom here to

 th
e th

irt
y-yearly

 one

of S
aturn, a

nd th
en su

ddenly to
 an in

co
mparably greater s

phere,

to w
hich

 also
 w

e m
ust 

ascr
ibe a co

mplete ro
tatio

n in
 tw

enty-fo
ur

hours.
 If,

 however, w
e assu

me a m
otio

n of th
e earth

, th
e ra

pidity

of th
e perio

ds is
 very w

ell p
rese

rved; fr
om th

e slo
west 

sp
here of

Saturn w
e co

me to
 th

e w
holly

 m
otio

nless 
fix

ed st
ars.

 W
e also

esca
pe th

ereby a fo
urth

 diffi
cu

lty
, w

hich
 aris

es a
s s

oon as w
e

assu
me th

at th
ere is 

motio
n in

 th
e sp

here of th
e st

ars.
 I m

ean

th
e great u

nevenness 
in th

e m
ovement o

f th
ese

 very st
ars,

 so
me of

which
 w

ould have to
 re

volve w
ith

 extr
aord

inary ra
pidity

 in

im
mense

 ci
rcl

es, w
hile

 oth
ers 

moved very slo
wly in

 sm
all c

irc
les,

sin
ce

 so
me of th

em are at a
 greater, o

th
ers 

at a
 le

ss,
 dist

ance

fro
m th

e pole. T
hat is

 lik
ewise

 an in
co

nvenience
, fo

r, o
n th

e one

hand, w
e se

e all t
hose

 st
ars,

 th
e m

otio
n of w

hich
 is 

indubita
ble,

revolve in
 great c

irc
les, w

hile
, o

n th
e oth

er h
and, th

ere se
ems

to be lit
tle

 object 
in placin

g bodies, w
hich

 are to
 m

ove in

cir
cle

s, a
t a

n enorm
ous d

ist
ance

 fro
m th

e ce
ntre

 and th
en le

t

th
em m

ove in
 very sm

all c
irc

les. A
nd not o

nly are th
e siz

e of th
e

diffe
rent c

irc
les a

nd th
erewith

 th
e ra

pidity
 of th

e m
ovement v

ery

diffe
rent in

 th
e diffe

rent fi
xe

d st
ars,

 but th
e sa

me st
ars 

also

ch
ange th

eir o
rb

its
 and th

eir r
apidity

 of m
otio

n. T
herein

co
nsis

ts 
th

e fif
th in

co
nvenience

. T
hose

 st
ars,

 namely, w
hich

 w
ere

at th
e equator tw

o th
ousand years 

ago, a
nd hence

 descr
ibed great

cir
cle

s in
 th

eir r
evolutio

ns, m
ust 

to-day m
ove m

ore slo
wly and in

sm
alle

r c
irc

les, b
eca

use
 th

ey are m
any degrees r

emoved fro
m it.

It w
ill 

even happen, a
fte

r n
ot s

o very lo
ng a tim

e, th
at o

ne of

those
 w

hich
 have hith

erto
 been co

ntin
ually

 in
 m

otio
n w

ill 
fin

ally

co
incid

e w
ith

 th
e pole and st

and st
ill,

 but a
fte

r a
 perio

d of

repose
 w

ill 
again begin to

 m
ove. T

he other s
tars 

in th
e m

ean

while
, w

hich
 unquesti

onably m
ove, a

ll h
ave, a

s w
as s

aid, a
 great

cir
cle

 fo
r a

n orb
it a

nd keep th
is u

nch
angeably.

“The im
probabilit

y is 
furth

er in
cre

ase
d—

this m
ay be co

nsid
ered

the six
th in

co
nvenience

—
by th

e fa
ct 

that it
 is 

im
possi

ble to

co
nce

ive w
hat d

egree of s
olid

ity
 th

ose
 im

mense
 sp

heres m
ust 

have,

in th
e depths o

f w
hich

 so
 m

any st
ars 

are fix
ed so

 endurin
gly th

at

they are kept re
volving evenly in

 sp
ite

 of s
uch

 diffe
rence

 of

motio
n w

ith
out c

hanging th
eir r

esp
ecti

ve posit
ions. O

r if
,

acco
rding to

 th
e m

uch
 m

ore probable th
eory, th

e heavens a
re

flu
id, a

nd every st
ar d

escr
ibes a

n orb
it o

f it
s o

wn, a
cco

rding to

what la
w th

en, o
r fo

r w
hat re

aso
n, a

re th
eir o

rbits
 so

 arra
nged

that, w
hen lo

oked at fr
om th

e earth
, th

ey appear to
 be co

ntained

in one sin
gle sp

here? T
o atta

in th
is i

t s
eems t

o m
e m

uch
 easie

r

and m
ore co

nvenient to
 m

ake th
em m

otio
nless 

inste
ad of m

oving,

just 
as t

he paving-st
ones o

n th
e m

arket-p
lace

, fo
r in

sta
nce

,

remain in
 order m

ore easily
 th

an th
e sw

arm
s o

f c
hild

ren ru
nning

about o
n th

em.

“Finally
, th

e se
venth diffi

cu
lty

: If
 w

e attr
ibute th

e daily

rotatio
n to

 th
e higher re

gion of th
e heavens, w

e sh
ould have to

endow it 
with

 fo
rce

 and power s
uffic

ient to
 ca

rry
 w

ith
 it 

the

innumerable host 
of th

e fix
ed st

ars 
—

every one a body of v
ery

great c
ompass 

and m
uch

 la
rger th

an th
e earth

—
and all t

he

planets,
 alth

ough th
e la

tte
r, l

ike th
e earth

, m
ove naturally

 in

an opposit
e dire

cti
on. In

 th
e m

idst 
of a

ll t
his t

he lit
tle

 earth
,

sin
gle and alone, w

ould obsti
nately and w

ilfu
lly

 w
ith

sta
nd su

ch

force
—

a su
pposit

ion w
hich

, it
 appears 

to m
e, h

as m
uch

 against

it. 
I c

ould also
 not e

xplain w
hy th

e earth
, a

 fre
ely poise

d body,

balancin
g its

elf a
bout it

s c
entre

, a
nd su

rro
unded on all s

ides b
y

a flu
id m

edium, sh
ould not b

e affe
cte

d by th
e universa

l ro
tatio

n.

Such
 diffi

cu
ltie

s, h
owever, d

o not c
onfro

nt u
s if

 w
e attr

ibute

motio
n to

 th
e earth

—
su

ch
 a sm

all, 
insig

nific
ant b

ody in

co
mparis

on w
ith

 th
e w

hole universe
, a

nd w
hich

 fo
r th

at v
ery

reaso
n ca

nnot e
xerci

se any power o
ver th

e la
tte

r.

“Sim
plic

io. Y
ou su

pport y
our a

rguments 
throughout, i

t s
eems t

o

me, o
n th

e greater e
ase and sim

plic
ity

 w
ith

 w
hich

 th
e sa

id

effe
cts

 are produce
d. Y

ou m
ean th

at a
s a

 ca
use th

e m
otio

n of th
e

earth
 alone is 

just 
as s

atis
facto

ry as t
he m

otio
n of a

ll t
he re

st

of th
e universe

 w
ith

 th
e exce

ptio
n of th

e earth
; y

ou hold th
e

actu
al e

vent to
 be m

uch
 easie

r in
 th

e fo
rm

er c
ase th

an in
 th

e

latte
r. F

or th
e ru

ler o
f th

e universe
, h

owever, w
hose m

ight is

infin
ite

, it
 is 

no le
ss 

easy to
 m

ove th
e universe

 th
an th

e earth

or a
 st

raw balm
. B

ut if
 his p

ower is
 in

fin
ite

, w
hy sh

ould not a

greater, r
ather th

an a very sm
all, 

part o
f it

 be re
vealed to

 m
e?

“Salviati. 
If I

 had sa
id th

at th
e universe

 does n
ot m

ove on

acco
unt o

f th
e im

potence
 of it

s r
uler, I

 sh
ould have been w

rong

and your re
buke w

ould have been in
 order. I

 admit t
hat it

 is 
just

as e
asy fo

r a
n in

fin
ite

 power to
 m

ove a hundred th
ousand as t

o

move one. W
hat I 

said, h
owever, d

oes n
ot re

fer to
 him

 w
ho ca

uses

the m
otio

n, b
ut to

 th
at w

hich
 is 

moved. In
 answ

er to
 your re

mark

that it
 is 

more fit
tin

g fo
r a

n in
fin

ite
 power to

 re
veal a

 la
rge

part o
f it

self r
ather th

an a lit
tle

, I a
nsw

er th
at, i

n re
latio

n

to th
e in

fin
ite

, o
ne part i

s n
ot g

reater th
an another, i

f b
oth

are fin
ite

. H
ence

 it 
is u

nallo
wable to

 sa
y th

at a
 hundred

thousand is 
a la

rger p
art o

f a
n in

fin
ite

 number th
an tw

o,

alth
ough th

e fo
rm

er is
 fif

ty th
ousand tim

es g
reater th

an th
e

latte
r. I

f, t
herefore, w

e co
nsid

er th
e m

oving bodies, w
e m

ust

unquesti
onably re

gard th
e m

otio
n of th

e earth
 as a

 m
uch

 sim
pler

proce
ss 

than th
at o

f th
e universe

; if
, fu

rth
erm

ore, w
e dire

ct 
our

atte
ntio

n to
 so

 m
any other s

im
plifi

ca
tio

ns w
hich

 m
ay be re

ach
ed

only by th
is t

heory, th
e daily

 m
ovement o

f th
e earth

 m
ust 

appear

much
 m

ore probable th
an th

e m
otio

n of th
e universe

 w
ith

out th
e

earth
, fo

r, a
cco

rding to
 Aris

totle
´s 

just 
axiom, ‘F

rustr
a fit

 per

plura, q
uod potest 

fie
ri p

er p
 aucio

ra´ (I
t is

 vain to
 expend

many m
eans w

here a fe
w are su

ffic
ient).“

[2]

The w
ork w

as w
idely cir

cu
lated, a

nd it 
was r

ece
ived w

ith
 an

interest 
which

 besp
eaks a

 w
ide-sp

read undercu
rre

nt o
f b

elie
f in

the Copernica
n doctr

ine. N
aturally

 enough, it
 attr

acte
d im

mediate

atte
ntio

n fro
m th

e ch
urch

 authoriti
es. G

alile
o w

as s
ummoned to

appear a
t R

ome to
 defend his c

onduct.
 The philo

so
pher, w

ho w
as

now in
 his s

eventie
th year, p

leaded age and in
firm

ity
. H

e had no

desir
e fo

r p
erso

nal e
xperie

nce
 of th

e tri
bunal o

f th
e

Inquisit
ion; b

ut th
e m

andate w
as r

epeated, a
nd Galile

o w
ent to

Rome. T
here, a

s e
very one knows, h

e disa
vowed any in

tentio
n to

oppose th
e te

ach
ings o

f S
cri

pture, a
nd fo

rm
ally

 re
nounce

d th
e

heretic
al d

octr
ine of th

e earth
´s 

motio
n. A

cco
rding to

 a ta
le

which
 so

 lo
ng passe

d cu
rre

nt th
at e

very hist
oria

n m
ust 

sti
ll

repeat it
 th

ough no one now belie
ves it

 authentic
, G

alile
o

qualifi
ed his r

enuncia
tio

n by m
utte

rin
g to

 him
self, 

“E pur s
i

muove” (I
t d

oes m
ove, n

one th
e le

ss)
, a

s h
e ro

se to
 his f

eet a
nd

retire
d fro

m th
e presence

 of h
is p

erse
cu

tors.
 The ta

le is 
one of

those fic
tio

ns w
hich

 th
e dramatic

 se
nse of h

umanity
 is 

wont to

im
pose upon hist

ory, b
ut, l

ike m
ost 

su
ch

 fic
tio

ns, i
t e

xpresse
s

the sp
irit

 if 
not th

e le
tte

r o
f tr

uth; fo
r ju

st 
as n

o one

belie
ves t

hat G
alile

o´s 
lip

s u
tte

red th
e phrase, so

 no one doubts

that th
e re

bellio
us w

ords w
ere in

 his m
ind.

Afte
r h

is f
orm

al re
nuncia

tio
n, G

alile
o w

as a
llo

wed to
 depart, 

but

with
 th

e in
juncti

on th
at h

e absta
in in

 fu
ture fro

m heretic
al

teach
ing. T

he re
maining te

n years 
of h

is l
ife

 w
ere devoted

ch
iefly

 to
 m

ech
anics

, w
here his e

xperim
ents 

fortu
nately opposed

the Aris
totelia

n ra
ther th

an th
e Hebrew te

ach
ings. G

alile
o´s

death occu
rre

d in
 1642, a

 hundred years 
afte

r th
e death of

1642   Copernicu
s. K

epler h
ad died th

irte
en years 

before, a
nd th

ere

remained no astr
onomer in

 th
e fie

ld w
ho is 

co
nsp

icu
ous in

 th
e

hist
ory of sc

ience
 as a

 ch
ampion of th

e Copernica
n doctr

ine. B
ut

in tru
th it 

might b
e sa

id th
at th

e th
eory no lo

nger n
eeded a

ch
ampion. T

he re
search

es o
f K

epler a
nd Galile

o had produce
d a

mass 
of e

vidence
 fo

r th
e Copernica

n th
eory w

hich
 amounted to

demonstr
atio

n. A
 generatio

n or tw
o m

ight b
e re

quire
d fo

r th
is

evidence
 to

 m
ake its

elf e
verywhere known among m

en of sc
ience

,

and of c
ourse

 th
e eccl

esia
sti

ca
l a

uthoriti
es m

ust 
be expecte

d to

sta
nd by th

eir g
uns fo

r a
 so

mewhat lo
nger p

erio
d. In

 point o
f

fact,
 th

e eccl
esia

sti
ca

l b
an w

as n
ot te

ch
nica

lly
 re

moved by th
e

str
iking of th

e Copernica
n books fr

om th
e lis

t o
f th

e In
dex

Expurgatoriu
s u

ntil 
the year 1

822, a
lm

ost 
tw

o hundred years 
afte

r

1822   the date of G
alile

o´s 
dialogue. B

ut th
is, 

of c
ourse

, is
 in

 no

sense a guide to
 th

e st
ate of g

eneral o
pinion re

garding th
e

theory. W
e sh

all g
ain a tru

e gauge as t
o th

is i
f w

e assu
me th

at

the greater n
umber o

f im
porta

nt th
inkers 

had acce
pted th

e

helio
ce

ntric
 doctr

ine before th
e m

iddle of th
e se

venteenth

ce
ntury, a

nd th
at b

efore th
e clo

se of th
at c

entury th
e old

Ptolemaic i
dea had been quite

 abandoned. A
 w

onderfu
l re

volutio
n

in m
an´s 

esti
mate of th

e universe
 had th

us b
een effe

cte
d w

ith
in

about tw
o ce

nturie
s a

fte
r th

e birth
 of C

opernicu
s.
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Afte
r G

alile
o had fe

lt t
he st

rong hand of th
e In

quisit
ion, in

After Galileo had felt the strong hand of the Inquisition, in

1632, h
e w

as c
areful to

 co
nfin

e his r
esearch

es, o
r a

t le
ast 

his

1632   

1632, he was careful to confine his researches, or at least his

public
atio

ns, t
o to

pics
 th

at s
eemed fre

e fro
m th

eologica
l

publications, to topics that seemed free from theological

im
plic

atio
ns. I

n doing so
 he re

verte
d to

 th
e fie

ld of h
is

implications. In doing so he reverted to the field of his

earlie
st 

stu
dies —

namely, th
e fie

ld of m
ech

anics
; a

nd th
e

earliest studies —
namely, the field of mechanics; and the

Dialoghi d
elle

 Nuove Scie
nze

, w
hich

 he fin
ish

ed in
 1636, a

nd

1636   

Dialoghi delle Nuove Scienze, which he finished in 1636, and

which
 w

as p
rin

ted tw
o years 

later, a
tta

ined a ce
lebrity

 no le
ss

which was printed two years later, attained a celebrity no less

than th
at o

f th
e heretic

al d
ialogue th

at h
ad prece

ded it.
 The

than that of the heretical dialogue that had preceded it. The

later w
ork w

as fr
ee fro

m all a
pparent h

eresie
s, y

et p
erhaps it

later work was free from all apparent heresies, yet perhaps it

did m
ore to

wards t
he esta

blish
ment o

f th
e Copernica

n doctr
ine,

did more towards the establishment of the Copernican doctrine,

through th
e te

ach
ing of c

orre
ct 

mech
anica

l p
rin

cip
les, t

han th
e

through the teaching of correct mechanical principles, than the

other w
ork had acco

mplish
ed by a m

ore dire
ct 

method.

other work had accomplished by a more direct method.

Galile
o´s 

astr
onomica

l d
isc

overie
s w

ere, a
s w

e have se
en, in

 a

Galileo´s astronomical discoveries were, as we have seen, in a

sense acci
dental; a

t le
ast,

 th
ey re

ce
ived th

eir i
nce

ptio
n th

rough

sense accidental; at least, they received their inception through

the in
ventiv

e genius o
f a

nother. H
is m

ech
anica

l d
isc

overie
s, o

n

the inventive genius of another. His mechanical discoveries, on

the other h
and, w

ere th
e natural o

utput o
f h

is o
wn cr

eativ
e

the other hand, were the natural output of his own creative

genius. A
t th

e very beginning of h
is c

areer, w
hile

 yet a
 very

genius. At the very beginning of his career, while yet a very

young m
an, th

ough a professo
r o

f m
athematic

s a
t P

isa
, h

e had

young man, though a professor of mathematics at Pisa, he had

begun th
at o

nsla
ught u

pon th
e old Aris

totelia
n id

eas w
hich

 he w
as

begun that onslaught upon the old Aristotelian ideas which he was

to co
ntin

ue th
roughout h

is l
ife

. A
t th

e fa
mous le

aning to
wer in

to continue throughout his life. At the famous leaning tower in

Pisa
, th

e young ico
nocla

st 
perfo

rm
ed, in

 th
e year 1

590, o
ne of

1590   

Pisa, the young iconoclast performed, in the year 1590, one of

the m
ost 

theatric
al d

emonstr
atio

ns in
 th

e hist
ory of sc

ience
.

the most theatrical demonstrations in the history of science.

Asse
mblin

g a m
ultit

ude of c
hampions o

f th
e old id

eas, h
e proposed

Assembling a multitude of champions of the old ideas, he proposed

to demonstr
ate th

e fa
lsit

y of th
e Aris

totelia
n doctr

ine th
at th

e

to demonstrate the falsity of the Aristotelian doctrine that the

velocit
y of fa

llin
g bodies is

 proportio
nate to

 th
eir w

eight.

velocity of falling bodies is proportionate to their weight.

There is 
perhaps n

o fa
ct 

more st
rongly ill

ustr
ativ

e of th
e te

mper

There is perhaps no fact more strongly illustrative of the temper

of th
e M

iddle Ages t
han th

e fa
ct 

that th
is d

octr
ine, a

s t
aught b

y

of the Middle Ages than the fact that this doctrine, as taught by

the Aris
totelia

n philo
so

pher, s
hould so

 lo
ng have gone unch

alle
nged. 

the Aristotelian philosopher, should so long have gone unchallenged. 

Now, h
owever, i

t w
as p

ut to
 th

e te
st;

 Galile
o re

leased a half-p
ound 

Now, however, it was put to the test; Galileo released a half-pound 

weight a
nd a hundred-pound ca

nnon-ball f
rom near th

e to
p of th

e 

weight and a hundred-pound cannon-ball from near the top of the tower, a
nd, n

eedless 
to sa

y, th
ey re

ach
ed th

e ground to
gether. O

f 

tower, and, needless to say, they reached the ground together. Of 

co
urse

, th
e sp

ecta
tors 

were but li
ttle

 pleased w
ith

 w
hat th

ey sa
w. 

course, the spectators were but little pleased with what they saw. 

They co
uld not d

oubt th
e evidence

 of th
eir o

wn se
nses a

s t
o th

e 

They could not doubt the evidence of their own senses as to the 

partic
ular e

xperim
ent in

 questi
on; th

ey co
uld su

ggest,
 however, 

particular experiment in question; they could suggest, however, 

that th
e experim

ent in
volved a violatio

n of th
e la

ws o
f n

ature 

that the experiment involved a violation of the laws of nature 

through th
e practi

ce
 of m

agic. 
To co

ntro
vert s

o fir
mly esta

blish
ed 

through the practice of magic. To controvert so firmly established 

an id
ea sa

vored of h
eresy. T

he young m
an guilty

 of su
ch

 ico
nocla

sm
 

an idea savored of heresy. The young man guilty of such iconoclasm 

was n
aturally

 lo
oked at a

skance
 by th

e sc
holarsh

ip of h
is t

im
e. 

was naturally looked at askance by the scholarship of his time. 

Inste
ad of b

eing applauded, h
e w

as h
iss

ed, and he fo
und it 

Instead of being applauded, he was hissed, and he found it 

expedient p
resently

 to
 re

tire
 fro

m Pisa
.

expedient presently to retire from Pisa.

Fortu
nately, h

owever, t
he new sp

irit
 of p

rogress 
had m

ade its
elf

felt m
ore effe

cti
vely in

 so
me other p

ortio
ns o

f It
aly, and so

Galile
o fo

und a re
fuge and a fo

llo
wing in

 Padua, and afte
rw

ards

in Florence
; and w

hile
, as w

e have se
en, h

e w
as o

blig
ed to

 cu
rb

his e
nthusia

sm
 re

garding th
e su

bject 
that w

as p
erhaps n

earest 
his

heart—
the promulgatio

n of th
e Copernica

n th
eory—

yet h
e w

as

perm
itte

d in
 th

e m
ain to

 ca
rry

 on his e
xperim

ental o
bservatio

ns

unrestr
ained. T

hese experim
ents 

gave him
 a place

 of u
nquesti

oned

authority
 among his c

ontemporarie
s, a

nd th
ey have tra

nsm
itte

d his

name to
 poste

rity
 as t

hat o
f o

ne of th
e greatest 

of e
xperim

enters

and th
e virtu

al fo
under o

f m
odern m

ech
anica

l sc
ience

. T
he

experim
ents 

in questi
on ra

nge over a
 w

ide fie
ld; b

ut fo
r th

e m
ost

part t
hey have to

 do w
ith

 m
oving bodies a

nd w
ith

 questi
ons o

f

force
, o

r, a
s w

e sh
ould now sa

y, o
f e

nergy. T
he experim

ent a
t th

e

leaning to
wer s

howed th
at th

e velocit
y of fa

llin
g bodies is

independent o
f th

e w
eight o

f th
e bodies, p

rovided th
e w

eight is

su
ffic

ient to
 overco

me th
e re

sis
tance

 of th
e atm

osp
here. Later

experim
ents 

with
 fa

llin
g bodies le

d to
 th

e disc
overy of la

ws

regarding th
e acce

lerated velocit
y of fa

ll. S
uch

 velocit
ies w

ere

found to
 bear a

 sim
ple re

latio
n to

 th
e perio

d of ti
me fro

m th
e

beginning of th
e fa

ll. O
ther e

xperim
ents,

 in
 w

hich
 balls 

were

allo
wed to

 ro
ll d

own in
clin

ed planes, c
orro

borated th
e

observatio
n th

at th
e pull o

f g
ravita

tio
n gave a velocit

y

proportio
nate to

 th
e le

ngth of fa
ll, w

hether s
uch

 fa
ll w

ere

dire
ct 

or in
 a sla

ntin
g dire

cti
on.

These st
udies w

ere asso
cia

ted w
ith

 observatio
ns o

n projecti
les,

regarding w
hich

 Galile
o w

as t
he fir

st 
to enterta

in co
rre

ct

notio
ns. A

cco
rding to

 th
e cu

rre
nt id

ea, a projecti
le fir

ed, fo
r

example, fr
om a ca

nnon, m
oved in

 a st
raight h

oriz
ontal li

ne until

the propulsiv
e fo

rce
 w

as e
xhauste

d, and th
en fe

ll t
o th

e ground

in a perpendicu
lar li

ne. G
alile

o ta
ught th

at th
e projecti

le

begins t
o fa

ll a
t o

nce
 on le

aving th
e m

outh of th
e ca

nnon and

tra
verse

s a
 parabolic 

co
urse

. A
cco

rding to
 his i

dea, w
hich

 is 
now

familia
r to

 every one, a ca
nnon-ball d

ropped fro
m th

e le
vel o

f

the ca
nnon´s 

muzzl
e w

ill 
str

ike th
e ground sim

ulta
neously

 w
ith

 a

ball f
ire

d horiz
ontally

 fro
m th

e ca
nnon. A

s t
o th

e paraboloid

co
urse

 pursu
ed by th

e projecti
le, th

e re
sis

tance
 of th

e air i
s a

facto
r w

hich
 Galile

o co
uld not a

ccu
rately co

mpute, and w
hich

interfe
res w

ith
 th

e practi
cal re

aliza
tio

n of h
is t

heory. B
ut th

is

is a
 m

inor c
onsid

eratio
n. The great im

porta
nce

 of h
is i

dea

co
nsis

ts 
in th

e re
co

gnitio
n th

at s
uch

 a fo
rce

 as t
hat o

f

gravita
tio

n acts
 in

 precis
ely th

e sa
me w

ay upon all u
nsu

pporte
d

bodies, w
hether o

r n
ot s

uch
 bodies b

e at th
e sa

me tim
e acte

d upon

by a fo
rce

 of tr
ansla

tio
n.

Out o
f th

ese st
udies o

f m
oving bodies w

as g
radually

 developed a

co
rre

ct 
notio

n of se
veral im

porta
nt g

eneral la
ws o

f

mech
anics

—
laws a

 knowledge of w
hich

 w
as a

bso
lutely esse

ntia
l to

the progress 
of p

hysic
al sc

ience
. The belie

f in
 th

e ro
tatio

n of

the earth
 m

ade nece
ssa

ry a cle
ar c

once
ptio

n th
at a

ll b
odies a

t

the su
rfa

ce
 of th

e earth
 parta

ke of th
at m

otio
n quite

independently
 of th

eir v
ario

us o
bserved m

otio
ns in

 re
latio

n to

one another. T
his i

dea w
as h

ard to
 grasp

, as a
n oft-

repeated

argument s
hows. I

t w
as a

sse
rte

d again and again th
at, i

f th
e

earth
 ro

tates, a
 st

one dropped fro
m th

e to
p of a

 to
wer c

ould not

fall a
t th

e fo
ot o

f th
e to

wer, s
ince

 th
e earth

´s 
motio

n w
ould

sw
eep th

e to
wer fa

r a
way fro

m its
 orig

inal p
osit

ion w
hile

 th
e

sto
ne is 

in tra
nsit

.

This w
as o

ne of th
e st

ock arguments 
against 

the earth
´s 

motio
n,

yet it
 w

as o
ne th

at c
ould be re

futed w
ith

 th
e greatest 

ease by

reaso
ning fro

m st
ric

tly
 analogous e

xperim
ents.

 It 
might re

adily

be observed, fo
r e

xample, th
at a

 st
one dropped fro

m a m
oving ca

rt

does n
ot s

trik
e th

e ground dire
ctl

y below th
e point fr

om w
hich

 it

is d
ropped, b

ut p
arta

kes o
f th

e fo
rw

ard m
otio

n of th
e ca

rt. 
If

any one doubt th
is h

e has b
ut to

 ju
mp fro

m a m
oving ca

rt t
o be

given a practi
cal d

emonstr
atio

n of th
e fa

ct 
that h

is e
ntire

 body

was in
 so

me w
ay in

flu
ence

d by th
e m

otio
n of tr

ansla
tio

n.

Sim
ila

rly
, th

e sim
ple experim

ent o
f to

ssi
ng a ball f

rom th
e deck

of a
 m

oving sh
ip w

ill c
onvince

 any one th
at th

e ball p
arta

kes o
f

the m
otio

n of th
e sh

ip, so
 th

at it
 ca

n be m
anipulated precis

ely

as if
 th

e m
anipulator w

ere st
anding on th

e earth
. In

 sh
ort,

every-day experie
nce

 gives u
s il

lustr
atio

ns o
f w

hat m
ight b

e

calle
d co

mpound m
otio

n, w
hich

 m
akes it

 se
em alto

gether p
lausib

le

that, i
f th

e earth
 is 

in m
otio

n, o
bjects

 at it
s s

urfa
ce

 w
ill

parta
ke of th

at m
otio

n in
 a w

ay th
at d

oes n
ot in

terfe
re w

ith
 any

other m
ovements 

to w
hich

 th
ey m

ay be su
bjecte

d. A
s t

he Copernica
n

doctr
ine m

ade its
 w

ay, th
is i

dea of c
ompound m

otio
n naturally

rece
ived m

ore and m
ore atte

ntio
n, and su

ch
 experim

ents 
as t

hose

of G
alile

o prepared th
e w

ay fo
r a

 new in
terpretatio

n of th
e

mech
anica

l p
rin

cip
les in

volved.

The great d
iffi

cu
lty

 w
as t

hat th
e su

bject 
of m

oving bodies h
ad

all a
long been co

ntemplated fro
m a w

rong point o
f v

iew. Since

force
 m

ust 
be applie

d to
 an object 

to put it
 in

 m
otio

n, it
 w

as

perhaps n
ot u

nnaturally
 assu

med th
at s

im
ila

r fo
rce

 m
ust 

co
ntin

ue

to be applie
d to

 keep th
e object 

in m
otio

n. W
hen, fo

r e
xample, a

sto
ne is 

thrown fro
m th

e hand, th
e dire

ct 
force

 applie
d

nece
ssa

rily
 ce

ases a
s s

oon as t
he projecti

le le
aves t

he hand. The

sto
ne, n

everth
eless,

 fli
es o

n fo
r a

 ce
rta

in dist
ance

 and th
en

falls 
to th

e ground. H
ow is 

this f
lig

ht o
f th

e st
one to

 be

explained? T
he ancie

nt p
hilo

sophers p
uzzl

ed m
ore th

an a lit
tle

over th
is p

roblem, and th
e Aris

totelia
ns re

ach
ed th

e co
nclu

sio
n

that th
e m

otio
n of th

e hand had im
parte

d a propulsiv
e m

otio
n to

the air, 
and th

at th
is p

ropulsiv
e m

otio
n w

as t
ransm

itte
d to

 th
e

sto
ne, p

ush
ing it 

on. Ju
st 

how th
e air t

ook on th
is p

ropulsiv
e

property
 w

as n
ot e

xplained, and th
e vagueness 

of th
ought th

at

ch
aracte

riz
ed th

e tim
e did not d

emand an explanatio
n. P

ossi
bly

the dying away of ri
pples in

 w
ater m

ay have fu
rnish

ed, b
y

analogy, an explanatio
n of th

e gradual d
ying out o

f th
e im

pulse

which
 propels t

he st
one.

All o
f th

is w
as, o

f c
ourse

, an unfortu
nate m

aladjustm
ent o

f th
e

point o
f v

iew. A
s e

very one nowadays k
nows, t

he air r
etards t

he

progress 
of th

e st
one, enablin

g th
e pull o

f g
ravita

tio
n to

 drag

it t
o th

e earth
 earlie

r th
an it 

otherw
ise

 co
uld. W

ere th
e

resis
tance of th

e air a
nd th

e pull o
f g

ravita
tio

n re
moved, th

e

sto
ne as p

rojected fro
m th

e hand w
ould fly

 on in
 a st

raight li
ne,

at a
n unchanged velocity

, fo
rever. B

ut th
is f

act, w
hich is

expresse
d in

 w
hat w

e now te
rm

 th
e fir

st 
law of m

otio
n, w

as

extre
mely diffi

cu
lt t

o grasp
. The fir

st 
im

porta
nt s

tep to
wards it

was p
erhaps im

plie
d in

 Galile
o´s s

tudy of fa
llin

g bodies. T
hese

stu
dies, a

s w
e have se

en, d
emonstr

ated th
at a

 half-p
ound w

eight

and a hundred-pound w
eight fa

ll w
ith

 th
e sa

me velocity
. It

 is,

however, m
atte

r o
f c

ommon experie
nce th

at c
erta

in bodies, a
s, f

or

example, fe
athers,

 do not fa
ll a

t th
e sa

me ra
te of sp

eed w
ith

these heavier b
odies. T

his a
nomaly demands a

n explanatio
n, and

the explanatio
n is 

found in
 th

e re
sis

tance offe
red th

e re
lativ

ely

lig
ht o

bject b
y th

e air. 
Once th

e id
ea th

at th
e air m

ay th
us a

ct

as a
n im

peding fo
rce w

as g
rasp

ed, th
e in

vesti
gator o

f m
echanical

prin
ciples h

ad entered on a new and promisin
g course

.

Galile
o could not d

emonstr
ate th

e re
tarding in

flu
ence of a

ir i
n

the w
ay w

hich became fa
milia

r a
 generatio

n or tw
o later; h

e could

not p
ut a

 fe
ather a

nd a coin in
 a vacuum tu

be and prove th
at th

e

tw
o w

ould th
ere fa

ll w
ith

 equal velocity
, b

ecause, in
 his d

ay,

the air-p
ump had not y

et b
een in

vented. The experim
ent w

as m
ade

only a generatio
n afte

r th
e tim

e of G
alile

o, as w
e sh

all s
ee;

but, m
eantim

e, th
e great It

alia
n had fu

lly
 grasp

ed th
e id

ea th
at

atm
osp

heric
 re

sis
tance plays a

 m
ost i

mporta
nt p

art i
n re

gard to

the m
otio

n of fa
llin

g and projected bodies. T
hanks la

rgely to
 his

own experim
ents,

 but p
artly

 also
 to

 th
e effo

rts
 of o

thers, 
he had

come, b
efore th

e end of h
is l

ife
, p

retty
 defin

ite
ly to

 re
alize

that th
e m

otio
n of a

 projectile
, fo

r e
xample, m

ust b
e th

ought o
f

as in
herent in

 th
e projectile

 its
elf, 

and th
at th

e re
tardatio

n or

ultim
ate cessa

tio
n of th

at m
otio

n is 
due to

 th
e actio

n of

antagonist
ic fo

rces. I
n other w

ords, h
e had come to

 grasp
 th

e

meaning of th
e fir

st l
aw of m

otio
n. It

 re
mained, h

owever, f
or th

e

great F
renchman Descarte

s to
 give precise

 expressi
on to

 th
is l

aw

tw
o years a

fte
r G

alile
o´s d

eath. A
s D

escarte
s e

xpresse
d it 

in his

Prin
cipia Philo

sophiae, p
ublish

ed in
 1644, any body once in

1644   motio
n te

nds to
 go on in

 a str
aight li

ne, at a
 unifo

rm
 ra

te of

sp
eed, fo

rever. C
ontra

riw
ise

, a sta
tio

nary body w
ill r

emain

forever a
t re

st u
nless 

acted on by so
me dist

urbing fo
rce.

This a
ll-i

mporta
nt la

w, w
hich lie

s a
t th

e very fo
undatio

n of a
ll

tru
e conceptio

ns o
f m

echanics, w
as th

us w
orked out d

urin
g th

e

firs
t h

alf o
f th

e se
venteenth century, as th

e outcome of

numberle
ss 

experim
ents f

or w
hich Galile

o´s e
xperim

ents w
ith

failin
g bodies fu

rnish
ed th

e fo
undatio

n. So numerous a
nd so

gradual w
ere th

e ste
ps b

y w
hich th

e re
versa

l o
f v

iew re
garding

moving bodies w
as e

ffe
cted th

at it
 is 

im
possi

ble to
 tra

ce th
em in

detail. W
e m

ust b
e content to

 re
fle

ct th
at a

t th
e beginning of

the Galile
an epoch utte

rly
 fa

lse
 notio

ns re
garding th

e su
bject

were enterta
ined by th

e very greatest p
hilo

sophers—
by Galile

o

him
self, 

for e
xample, and by Kepler—

whereas a
t th

e close of th
at

epoch th
e corre

ct a
nd highly illu

minativ
e view had been atta

ined.

We m
ust n

ow consid
er so

me other e
xperim

ents o
f G

alile
o w

hich le
d

to sc
arcely le

ss-
im

porta
nt re

sults
. The experim

ents i
n questi

on

had to
 do w

ith
 th

e m
ovements o

f b
odies p

assi
ng down an in

clin
ed

plane, and w
ith

 th
e allie

d su
bject o

f th
e m

otio
n of a

 pendulum.

The elaborate experim
ents o

f G
alile

o re
garding th

e fo
rm

er su
bject

were m
ade by m

easurin
g th

e velocity
 of a

 ball r
ollin

g down a

plane in
clin

ed at v
ario

us a
ngles. H

e fo
und th

at th
e velocity

acquire
d by a ball w

as p
roportio

nal to
 th

e height fr
om w

hich th
e

ball d
escended re

gardless 
of th

e ste
epness 

of th
e in

clin
e.

Experim
ents w

ere m
ade also

 w
ith

 a ball r
ollin

g down a curved

gutte
r, t

he curve re
presentin

g th
e are of a

 circ
le. These

experim
ents l

ed to
 th

e stu
dy of th

e curvilin
ear m

otio
ns o

f a

weight su
sp

ended by a cord; in
 other w

ords, o
f th

e pendulum.

Regarding th
e m

otio
n of th

e pendulum, so
me very curio

us fa
cts

were so
on ascerta

ined. G
alile

o fo
und, fo

r e
xample, th

at a

pendulum of a
 given length perfo

rm
s it

s o
scilla

tio
ns w

ith
 th

e

same fre
quency th

ough th
e arc describ

ed by th
e pendulum be varie

d

greatly
.[1

] H
e fo

und, also
, th

at th
e ra

te of o
scilla

tio
n fo

r

pendulums o
f d

iffe
rent le

ngths v
arie

s a
ccording to

 a sim
ple law.

In order th
at o

ne pendulum sh
all o

scilla
te one-half a

s fa
st a

s

another, t
he length of th

e pendulums m
ust b

e as fo
ur to

 one.

Sim
ila

rly
, b

y lengthening th
e pendulums n

ine tim
es, t

he

oscilla
tio

n is 
reduced to

 one-th
ird

, In
 other w

ords, t
he ra

te of

oscilla
tio

n of p
endulums v

arie
s in

verse
ly as th

e sq
uare of th

eir

length. H
ere, th

en, is
 a sim

ple re
latio

n betw
een th

e m
otio

ns o
f

sw
inging bodies w

hich su
ggests

 th
e re

latio
n w

hich Kepler b
ad

disc
overed betw

een th
e re

lativ
e m

otio
ns o

f th
e planets. 

Every

such disc
overy coming in

 th
is a

ge of th
e re

juvenatio
n of

experim
ental sc

ience had a peculia
r fo

rce in
 te

aching m
en th

e

all-i
mporta

nt le
sso

n th
at si

mple laws li
e back of m

ost o
f th

e

diverse
 phenomena of n

ature, if
 only th

ese laws c
an be

disc
overed.

Galile
o fu

rth
er o

bserved th
at h

is p
endulum m

ight b
e constr

ucted

of a
ny weight su

ffic
iently

 heavy re
adily to

 overcome th
e

atm
osp

heric
 re

sis
tance, and th

at, w
ith

 th
is q

ualifi
catio

n,

neith
er th

e weight n
or th

e m
ateria

l h
ad any in

flu
ence upon th

e

tim
e of o

scilla
tio

n, th
is b

eing so
lely determ

ined by th
e length

of th
e cord. N

aturally, th
e practic

al u
tili

ty of th
ese

disc
overie

s w
as n

ot o
verlo

oked by Galile
o. Since a pendulum of a

given length oscilla
tes w

ith
 unvarying ra

pidity
, h

ere is 
an

obvious m
eans o

f m
easurin

g tim
e. G

alile
o, h

owever, a
ppears n

ot to

have m
et w

ith
 any great m

easure of su
ccess 

in puttin
g th

is i
dea

into practic
e. It

 re
mained fo

r th
e m

echanical in
genuity

 of

Huyghens to
 constr

uct a
 sa

tis
factory pendulum clock.

As a
 th

eoretic
al re

sult o
f th

e stu
dies o

f ro
llin

g and oscilla
tin

g

bodies, t
here was d

eveloped what is
 usually sp

oken of a
s th

e

third
 law of m

otio
n—

namely, th
e law th

at a
 given fo

rce operates

upon a m
oving body with

 an effe
ct p

roportio
nate to

 its
 effe

ct

upon th
e sa

me body when at re
st. 

Or, a
s W

hewell s
tates th

e law:

“The dynamical effe
ct o

f fo
rce is 

as th
e sta

tic
al effe

ct; t
hat

is, 
the velocity

 which any fo
rce generates in

 a given tim
e, w

hen

it p
uts t

he body in
 m

otio
n, is

 proportio
nal to

 th
e pressu

re which

this s
ame fo

rce produces in
 a body at re

st.“
[2] A

ccording to
 th

e

second law of m
otio

n, each one of th
e diffe

rent fo
rces, o

peratin
g

at th
e sa

me tim
e upon a m

oving body, p
roduces th

e sa
me effe

ct a
s

if i
t o

perated upon th
e body while

 at re
st.
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It a
ppears, 

then, th
at th

e m
echanical st

udies o
f G

alile
o, ta

ken

as a
 whole, w

ere nothing less 
than re

volutio
nary. They

consti
tuted th

e fir
st g

reat a
dvance upon th

e dynamic stu
dies o

f

Archim
edes, a

nd th
en led to

 th
e se

cure fo
undatio

n fo
r o

ne of th
e

most i
mporta

nt o
f m

odern sc
iences. W

e sh
all s

ee th
at a

n im
porta

nt

company of st
udents e

ntered th
e fie

ld im
mediately afte

r th
e tim

e

of G
alile

o, and carrie
d fo

rw
ard th

e work he had so
 well b

egun.

But b
efore passi

ng on to
 th

e consid
eratio

n of th
eir l

abors, 
we

must c
onsid

er w
ork in

 allie
d fie

lds o
f tw

o m
en who were

contemporarie
s o

f G
alile

o and whose orig
inal la

bors w
ere in

 so
me

respects s
carcely less 

im
porta

nt th
an his o

wn. These m
en are th

e

Dutchman Stevinus, w
ho m

ust a
lw

ays b
e re

membered as a
 co-la

borer

with
 Galile

o in
 th

e fo
undatio

n of th
e sc

ience of d
ynamics, a

nd

the English
man Gilb

ert, 
to whom is 

due th
e unqualifi

ed praise
 of

firs
t su

bjectin
g th

e phenomenon of m
agnetis

m to
 a str

ictly

scientifi
c in

vesti
gatio

n.

Stevinus w
as b

orn in
 th

e year 1
548, and died in

 1620. H
e was a

1548   

1620   man of a
 practic

al g
enius, a

nd he attr
acted th

e atte
ntio

n of h
is

non-sc
ientifi

c contemporarie
s, a

mong other w
ays, b

y th
e

constr
uctio

n of a
 curio

us la
nd-craft, 

which, m
ounted on wheels,

was to
 be propelle

d by sa
ils 

like a boat. N
ot o

nly did he write
 a

book on th
is c

urio
us h

orse
less 

carria
ge, b

ut h
e put h

is i
dea in

to

practic
al applicatio

n, p
roducing a vehicle which actually

tra
verse

d th
e dista

nce betw
een Scheveningen and Petto

n, w
ith

 no

fewer th
an tw

enty-se
ven passe

ngers, 
one of th

em being Prin
ce

Mauric
e of O

range. This d
emonstr

atio
n was m

ade about th
e year

1600. It
 does n

ot a
ppear, h

owever, t
hat a

ny im
porta

nt u
se was

1600   made of th
e str

ange vehicle; b
ut th

e m
an who in

vented it 
put h

is

mechanical in
genuity

 to
 other u

se with
 bette

r e
ffe

ct. I
t w

as h
e

who so
lved th

e problem of o
bliq

ue fo
rces, a

nd who disc
overed th

e

im
porta

nt h
ydrosta

tic
 prin

ciple th
at th

e pressu
re of fl

uids is

proportio
nate to

 th
eir d

epth, w
ith

out re
gard to

 th
e sh

ape of th
e

including vesse
l.

The stu
dy of o

bliq
ue fo

rces w
as m

ade by Stevinus w
ith

 th
e aid of

inclin
ed planes. H

is m
ost d

emonstr
ativ

e experim
ent w

as a
 very

sim
ple one, in

 which a chain of b
alls 

of e
qual w

eight w
as h

ung

fro
m a tri

angle; th
e tri

angle being so
 constr

ucted as to
 re

st o
n

a horiz
ontal b

ase, th
e obliq

ue sid
es b

earin
g th

e re
latio

n to
 each

other o
f tw

o to
 one. Stevinus fo

und th
at h

is c
hain of b

alls 
just

balanced when fo
ur b

alls 
were on th

e lo
nger si

de and tw
o on th

e

shorte
r a

nd ste
eper si

de. The balancing of fo
rce th

us b
rought

about c
onstit

uted a sta
ble equilib

riu
m, Stevinus b

eing th
e fir

st

to disc
rim

inate betw
een su

ch a conditio
n and th

e unbalanced

conditio
n calle

d unsta
ble equilib

riu
m. B

y th
is s

im
ple experim

ent

was la
id th

e fo
undatio

n of th
e sc

ience of st
atic

s. S
tevinus h

ad a

full g
rasp of th

e prin
ciple which his e

xperim
ent in

volved, and he

applie
d it 

to th
e so

lutio
n of o

bliq
ue fo

rces in
 all d

ire
ctio

ns.

Earlie
r in

vestig
atio

ns o
f S

tevinus w
ere publish

ed in
 1608. H

is

1608   colle
cted works w

ere publish
ed at L

eyden in
 1634.

1634   This s
tudy of th

e equilib
riu

m of p
ressu

re of b
odies a

t re
st l

ed

Stevinus, n
ot u

nnaturally, to
 consid

er th
e allie

d su
bject o

f th
e

pressu
re of li

quids. H
e is 

to be credite
d with

 th
e explanatio

n of

the so
-calle

d hydrosta
tic

 paradox. The fa
milia

r m
odern experim

ent

which illu
str

ates th
is p

aradox is 
made by in

sertin
g a lo

ng

perpendicular tu
be of sm

all c
alib

er in
to th

e to
p of a

 tig
ht

barre
l. O

n fil
lin

g th
e barre

l and tu
be with

 water, i
t is

 possi
ble

to produce a pressu
re which will b

urst
 th

e barre
l, t

hough it 
be a

str
ong one, and th

ough th
e actual w

eight o
f w

ater in
 th

e tu
be is

comparativ
ely in

sig
nific

ant. T
his i

llu
str

ates th
e fa

ct th
at th

e

pressu
re at th

e botto
m of a

 column of li
quid is 

proportio
nate to

the height o
f th

e column, and not to
 its

 bulk, th
is b

eing th
e

hydrosta
tic

 paradox in
 questio

n. The explanatio
n is 

that a
n

enclosed flu
id under p

ressu
re exerts

 an equal fo
rce upon all

parts
 of th

e circ
umscrib

ing wall; t
he aggregate pressu

re m
ay,

therefore, b
e in

creased in
defin

ite
ly by in

creasin
g th

e su
rfa

ce.

It i
s th

is p
rin

ciple, of course
, w

hich is 
utili

zed in
 th

e

familia
r h

ydrosta
tic

 press.
 Theoretic

al explanatio
ns o

f th
e

pressu
re of li

quids w
ere su

pplie
d a generatio

n or tw
o later b

y

numerous in
vestig

ators, 
including Newton, b

ut th
e practic

al

refoundatio
n of th

e sc
ience of h

ydrosta
tic

s in
 m

odern tim
es d

ates

fro
m th

e experim
ents o

f S
tevinus.
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Experim
ents o

f a
n allie

d character, h
aving to

 do with
 th

e

equilib
riu

m of fl
uids, e

xercise
d th

e in
genuity

 of G
alile

o. Some

of h
is m

ost i
nterestin

g experim
ents h

ave to
 do with

 th
e su

bject

of fl
oatin

g bodies. I
t w

ill b
e re

calle
d th

at A
rchim

edes, a
way

back in
 th

e Alexandria
n epoch, h

ad so
lved th

e m
ost i

mporta
nt

problems o
f h

ydrosta
tic

 equilib
riu

m. N
ow, h

owever, h
is

experim
ents w

ere overlo
oked or fo

rgotte
n, and Galile

o was o
blig

ed

to m
ake experim

ents a
new, and to

 combat fa
llacious v

iews th
at

ought lo
ng sin

ce to
 have been abandoned. Perhaps th

e m
ost

illu
minativ

e view of th
e sp

irit
 of th

e tim
es c

an be gained by

quotin
g at le

ngth a paper o
f G

alile
o´s, 

in which he details 
his

own experim
ents w

ith
 flo

atin
g bodies a

nd contro
verts

 th
e views o

f

his o
pponents. 

The paper h
as fu

rth
er v

alue as il
lustr

atin
g

Galile
o´s m

ethods b
oth as e

xperim
enter a

nd as s
peculativ

e

reasoner.

The curre
nt v

iew, w
hich Galile

o here underta
kes to

 re
fute,

asse
rts

 th
at w

ater o
ffe

rs r
esis

tance to
 penetra

tio
n, and th

at

this r
esis

tance is 
instr

umental in
 determ

ining whether a
 body

placed in
 water w

ill f
loat o

r si
nk. G

alile
o contends th

at w
ater

is n
on-re

sis
tant, a

nd th
at b

odies fl
oat o

r si
nk in

 virtu
e of

their r
espectiv

e weights. 
This, 

of course
, is

 m
erely a

resta
tement o

f th
e law of A

rchim
edes. B

ut it
 re

mains to
 explain

the fa
ct th

at b
odies o

f a
 certa

in sh
ape will f

loat, w
hile bodies

of th
e sa

me m
ateria

l and weight, b
ut o

f a
 diffe

rent sh
ape, w

ill

sin
k. W

e sh
all s

ee what e
xplanatio

n Galile
o fin

ds o
f th

is a
nomaly

as w
e proceed.

In th
e fir

st p
lace, G

alile
o m

akes a
 cone of w

ood or o
f w

ax, and

shows th
at w

hen it 
flo

ats w
ith

 eith
er it

s p
oint o

r it
s b

ase in

the water, i
t d

isp
laces e

xactly
 th

e sa
me amount o

f fl
uid,

alth
ough th

e apex is 
by its

 sh
ape bette

r a
dapted to

 overcome th
e

resis
tance of th

e water, i
f th

at w
ere th

e cause of b
uoyancy.

Again, th
e experim

ent m
ay be varie

d by te
mperin

g th
e wax with

fili
ngs o

f le
ad til

l it
 sin

ks in
 th

e water, w
hen it 

will b
e fo

und

that in
 any fig

ure th
e sa

me quantity
 of cork m

ust b
e added to

 it

to ra
ise

 th
e su

rfa
ce.

“But,“ 
says G

alile
o, ”t

his s
ilences n

ot m
y antagonists

; th
ey sa

y

that a
ll t

he disc
ourse

 hith
erto

 m
ade by m

e im
ports

 lit
tle

 to

them, and th
at it

 se
rves th

eir t
urn; th

at th
ey have demonstr

ated

in one in
sta

nce, and in
 su

ch m
anner a

nd fig
ure as p

leases th
em

best —
namely, in

 a board and in
 a ball o

f e
bony—

that o
ne when

put in
to th

e water si
nks to

 th
e botto

m, and th
at th

e other st
ays

to sw
im

 on th
e to

p; and th
e m

atte
r b

eing th
e sa

me, and th
e tw

o

bodies d
iffe

rin
g in

 nothing but in
 fig

ure, th
ey affir

m th
at w

ith

all p
ersp

icuity
 th

ey have demonstr
ated and se

nsib
ly m

anife
ste

d

what th
ey underto

ok. N
everth

eless,
 I b

elieve, and th
ink I c

an

prove, th
at th

is v
ery experim

ent p
roves n

othing against m
y

theory. A
nd fir

st, 
it i

s fa
lse

 th
at th

e ball s
inks a

nd th
e board

not; f
or th

e board will s
ink, to

o, if 
you do to

 both th
e fig

ures

as th
e words o

f o
ur q

uestio
n re

quire
; th

at is
, if 

you put th
em

both in
 th

e water; f
or to

 be in
 th

e water im
plies to

 be placed in

the water, a
nd by Arist

otle
´s o

wn defin
itio

n of p
lace, to

 be

placed im
ports

 to
 be enviro

ned by th
e su

rfa
ce of th

e ambient

body; b
ut w

hen m
y antagonists

 sh
ow th

e flo
atin

g board of e
bony,

they put it
 not in

to th
e water, b

ut u
pon th

e water; w
here, b

eing

detained by a certa
in im

pedim
ent (o

f w
hich m

ore anon), it
 is

surro
unded, p

artly
 with

 water, p
artly

 with
 air, 

which is 
contra

ry

to our a
greement, f

or th
at w

as th
at b

odies s
hould be in

 th
e

water, a
nd not p

art i
n th

e water, p
art i

n th
e air.

“I w
ill n

ot o
mit a

nother re
ason, fo

unded also
 upon experie

nce,

and, if 
I d

eceive not m
yself, c

onclusiv
e against t

he notio
n th

at

fig
ure, and th

e re
sis

tance of th
e water to

 penetra
tio

n, have

anything to
 do with

 th
e buoyancy of b

odies. C
hoose a piece of

wood or o
ther m

atte
r, a

s, f
or in

sta
nce, w

alnut-w
ood, of w

hich a

ball r
ise

s fr
om th

e botto
m of th

e water to
 th

e su
rfa

ce m
ore

slo
wly th

an a ball o
f e

bony of th
e sa

me siz
e sin

ks, s
o th

at,

clearly
, th

e ball o
f e

bony divides th
e water m

ore re
adily in

sin
king th

an th
e ball o

f w
ood does in

 ris
ing. Then ta

ke a board

of w
alnut-tr

ee equal to
 and lik

e th
e flo

atin
g one of m

y

antagonists
; and if i

t b
e tru

e th
at th

is l
atte

r fl
oats b

y re
ason

of th
e fig

ure being unable to
 penetra

te th
e water, t

he other o
f

walnut-tr
ee, w

ith
out a

 questio
n, if 

thrust t
o th

e botto
m, ought

to sta
y th

ere, as h
aving th

e sa
me im

peding fig
ure, and being less

apt to
 overcome th

e sa
id re

sis
tance of th

e water. B
ut if

 we fin
d

by experie
nce th

at n
ot o

nly th
e th

in board, b
ut e

very other

fig
ure of th

e sa
me walnut-tr

ee, w
ill r

eturn to
 flo

at, a
s

unquestio
nably we sh

all, t
hen I m

ust d
esire

 m
y opponents t

o

forbear to
 attr

ibute th
e flo

atin
g of th

e ebony to
 th

e fig
ure of

the board, si
nce th

e re
sis

tance of th
e water is

 th
e sa

me in

risi
ng as in

 sin
king, and th

e fo
rce of ascensio

n of th
e

walnut-tr
ee is 

less 
than th

e ebony´s f
orce fo

r g
oing to

 th
e

botto
m.

“N
ow let u

s re
turn to

 th
e th

in plate of g
old or si

lver, o
r th

e

thin board of e
bony, and let u

s la
y it 

lig
htly

 upon th
e water, s

o

that it
 m

ay sta
y th

ere with
out si

nking, and carefully observe th
e

effe
ct. I

t w
ill a

ppear clearly
 th

at th
e plates a

re a consid
erable

matte
r lo

wer th
an th

e su
rfa

ce of th
e water, w

hich ris
es u

p and

makes a
 kind of ra

mpart r
ound th

em on every sid
e. But if

 it 
has

alre
ady penetra

ted and overcome th
e contin

uity
 of th

e water, a
nd

is o
f it

s o
wn nature heavier th

an th
e water, w

hy does it
 not

contin
ue to

 sin
k, but st

op and su
spend its

elf in
 th

at li
ttle

dim
ple th

at it
s w

eight h
as m

ade in
 th

e water? M
y answ

er is
,

because in
 sin

king til
l it

s s
urfa

ce is 
below th

e water, w
hich

rise
s u

p in
 a bank ro

und it,
 it d

raws a
fte

r a
nd carrie

s a
long

with
 it t

he air a
bove it,

 so
 th

at th
at w

hich, in
 th

is c
ase,

descends in
 th

e water is
 not o

nly th
e board of e

bony or th
e plate

of ir
on, but a

 compound of e
bony and air, 

fro
m which compositi

on

results 
a so

lid
 no longer sp

ecific
ally heavier th

an th
e water, a

s

was th
e ebony or g

old alone. But, g
entle

men, w
e want th

e sa
me

matte
r; y

ou are to
 alte

r n
othing but th

e sh
ape, and, th

erefore,

have th
e goodness 

to re
move th

is a
ir, w

hich m
ay be done sim

ply by

washing th
e su

rfa
ce of th

e board, fo
r th

e water h
aving once got

betw
een th

e board and th
e air w

ill r
un to

gether, a
nd th

e ebony

will g
o to

 th
e botto

m; and if i
t d

oes n
ot, y

ou have won th
e day.

“But m
ethinks I 

hear so
me of m

y antagonists
 cunningly opposin

g

this, 
and te

llin
g m

e th
at th

ey will n
ot o

n any account a
llo

w

their b
oards to

 be wette
d, because th

e weight o
f th

e water so

added, by m
aking it h

eavier th
an it w

as b
efore, draws it

 to
 th

e

botto
m, and th

at th
e additio

n of n
ew weight is

 contra
ry to

 our

agreement, w
hich was th

at th
e m

atte
r sh

ould be th
e sa

me.

“To th
is I

 answ
er, f

irst
, th

at n
obody can su

ppose bodies to
 be

put in
to th

e water w
ith

out th
eir b

eing wet, n
or d

o I w
ish

 to
 do

more to
 th

e board th
an you m

ay do to
 th

e ball. M
oreover, it

 is

not tr
ue th

at th
e board sin

ks o
n account o

f th
e weight o

f th
e

water a
dded in

 th
e washing; fo

r I w
ill p

ut te
n or tw

enty drops o
n

the flo
atin

g board, and so
 long as th

ey sta
nd se

parate it s
hall

not si
nk; but if

 th
e board be ta

ken out a
nd all t

hat w
ater w

iped

off, 
and th

e whole su
rfa

ce bathed with
 one sin

gle drop, and put

it a
gain upon th

e water, t
here is 

no questio
n but it

 will s
ink,

the other w
ater ru

nning to
 cover it

, being no longer h
indered by

the air. I
n th

e next p
lace, it

 is 
alto

gether fa
lse

 th
at w

ater can

in any way increase th
e weight o

f b
odies im

merse
d in it,

 fo
r

water h
as n

o weight in
 water, s

ince it d
oes n

ot si
nk. N

ow ju
st a

s

he who sh
ould sa

y th
at b

rass b
y its

 own nature sin
ks, b

ut th
at

when fo
rm

ed into th
e sh

ape of a kettle
 it a

cquire
s fr

om th
at

fig
ure th

e virtu
e of ly

ing in water w
ith

out si
nking, w

ould sa
y

what is
 false

, because th
at is

 not p
urely brass w

hich th
en is 

put

into th
e water, b

ut a
 compound of b

rass a
nd air; s

o is 
it n

eith
er

more nor le
ss f

alse
 th

at a
 th

in plate of b
rass o

r e
bony sw

im
s b

y

virtu
e of it

s d
ilated and broad fig

ure. A
lso

, I c
annot o

mit t
o

tell m
y opponents t

hat th
is c

onceit o
f re

fusin
g to

 bathe th
e

surfa
ce of th

e board m
ight b

eget a
n opinion in a th

ird
 perso

n of

a poverty
 of argument o

n th
eir s

ide, especially as th
e

conversa
tio

n began about fl
akes o

f ic
e, in

 which it w
ould be

sim
ple to

 re
quire

 th
at th

e su
rfa

ces sh
ould be kept d

ry; not to

mentio
n th

at su
ch pieces o

f ic
e, w

hether w
et o

r d
ry, always

flo
at, a

nd so
 m

y antagonists
 sa

y, because of th
eir s

hape.

“Some m
ay wonder th

at I a
ffir

m th
is p

ower to
 be in th

e air o
f

keeping plate of b
rass o

r si
lver a

bove water, a
s if

 in a certa
in

sense I w
ould attri

bute to
 th

e air a
 kind of m

agnetic
 virtu

e fo
r

susta
ining heavy bodies w

ith
 which it i

s in
 contact. T

o sa
tisf

y

all t
hese doubts I

 have contriv
ed th

e fo
llo

wing experim
ent to

demonstr
ate how tru

ly th
e air d

oes su
pport t

hese bodies; f
or I

have fo
und, w

hen one of th
ese bodies w

hich flo
ats w

hen placed

lig
htly

 on th
e water is

 th
oroughly bathed and su

nk to
 th

e botto
m,

that b
y carry

ing down to
 it a

 lit
tle

 air w
ith

out o
therw

ise

touching it i
n th

e least, 
I am able to

 ra
ise

 and carry
 it b

ack to

the to
p, w

here it f
loats a

s b
efore. To th

is e
ffe

ct, I
 ta

ke a ball

of w
ax, and with

 a lit
tle

 lead m
ake it j

ust h
eavy enough to

 sin
k

very slo
wly to

 th
e botto

m, ta
king care th

at it
s su

rfa
ce be quite

sm
ooth and even. This, 

if p
ut g

ently
 into th

e water, s
ubmerges

alm
ost e

ntire
ly, th

ere re
maining visib

le only a lit
tle

 of th
e

very to
p, w

hich, so
 long as it

 is 
joined to

 th
e air, k

eeps th
e

ball a
flo

at; b
ut if

 we ta
ke away th

e contact o
f th

e air b
y

wettin
g th

is t
op, th

e ball s
inks to

 th
e botto

m and re
mains th

ere.

Now to
 m

ake it r
eturn to

 th
e su

rfa
ce by virtu

e of th
e air w

hich

before su
sta

ined it, 
thrust i

nto th
e water a

 glass w
ith

 th
e m

outh

downward, w
hich will c

arry
 with

 it t
he air i

t contains, a
nd m

ove

this d
own to

wards th
e ball u

ntil 
you se

e, by th
e tra

nsparency of

the glass, 
that th

e air h
as re

ached th
e to

p of it
; th

en gently

draw th
e glass u

pward, and you will s
ee th

e ball r
ise

, and

afte
rw

ards st
ay on th

e to
p of th

e water, if
 you carefully part

the glass a
nd water w

ith
out to

o m
uch distu

rbing it.“
[3]

It w
ill b

e se
en th

at G
alile

o, w
hile holding in th

e m
ain to

 a

corre
ct th

esis
, yet m

ingles w
ith

 it s
ome false

 ideas. A
t th

e very

outse
t, o

f course
, it 

is n
ot tr

ue th
at w

ater h
as n

o re
sis

tance to

penetra
tio

n; it 
is t

rue, however, in
 th

e se
nse in which Galile

o

uses th
e te

rm
—

that is
 to

 sa
y, th

e re
sis

tance of th
e water to

penetra
tio

n is 
not th

e determ
ining factor o

rdinarily
 in deciding

whether a
 body sin

ks o
r fl

oats. 
Yet in

 th
e case of th

e fla
t b

ody

it i
s n

ot a
lto

gether in
appropria

te to
 sa

y th
at th

e water re
sis

ts

penetra
tio

n and th
us su

pports
 th

e body. The m
odern physic

ist

explains th
e phenomenon as d

ue to
 su

rfa
ce-te

nsio
n of th

e flu
id.

Of course
, G

alile
o´s d

isq
uisit

ion on th
e m

ixing of air w
ith

 th
e

flo
atin

g body is 
utte

rly
 fancifu

l. H
is e

xperim
ents w

ere

beautifu
lly exact; h

is t
heorizing fro

m th
em was, i

n th
is

insta
nce, alto

gether fa
llacious. T

hus, a
s a

lre
ady intim

ated, his

paper is
 admira

bly adapted to
 convey a double lesso

n to
 th

e

stu
dent o

f sc
ience.
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It w
ill b

e observed th
at th

e stu
dies o

f G
alile

o and Stevinus w
ere

chiefly concerned with
 th

e fo
rce of g

ravita
tio

n. M
eanwhile, th

ere

was a
n English

 philo
sopher o

f corre
sponding genius, w

hose

atte
ntio

n was d
ire

cted to
wards in

vestig
atio

n of th
e equally

myste
rio

us fo
rce of te

rre
str

ial m
agnetism

. W
ith

 th
e doubtfu

l

exceptio
n of B

acon, G
ilb

ert w
as th

e m
ost d

isti
nguish

ed m
an of

science in England durin
g th

e re
ign of Q

ueen Elizabeth. H
e was

for m
any years c

ourt p
hysic

ian, and Queen Elizabeth ultim
ately

settle
d upon him

 a pensio
n th

at e
nabled him

 to
 contin

ue his

researches in
 pure sc

ience.

His i
nvestig

atio
ns in

 chemistr
y, alth

ough su
pposed to

 be of g
reat

im
porta

nce, are m
ostly

 lost; 
but h

is g
reat w

ork, D
e Magnete, on

which he labored fo
r u

pwards o
f eighteen years, 

is a
 work of

suffic
ient im

porta
nce, as H

allam sa
ys, “

to ra
ise

 a lastin
g

reputatio
n fo

r it
s a

uthor.“ 
From its

 fir
st a

ppearance it c
reated

a profound im
pressi

on upon th
e learned m

en of th
e contin

ent,

alth
ough in England Gilb

ert´s
 th

eorie
s se

em to
 have been so

mewhat

less f
avorably re

ceived. G
alile

o fre
ely expresse

d his a
dmira

tio
n

for th
e work and its

 author; B
acon, w

ho admire
d th

e author, d
id

not e
xpress t

he sa
me admira

tio
n fo

r h
is t

heorie
s; b

ut D
r.

Prie
stle

y, la
ter, d

eclared him
 to

 be “th
e father o

f m
odern

electric
ity

.“

Stra
ngely enough, G

ilb
ert´s

 book had never b
een tra

nsla
ted into

English
, or a

pparently
 into any other la

nguage, until 
recent

years, 
alth

ough at th
e tim

e of it
s p

ublicatio
n certa

in learned

men, unable to
 re

ad th
e book in th

e orig
inal, h

ad asked th
at it

should be. By th
is n

eglect, o
r o

versig
ht, a

 great n
umber o

f

general re
aders a

s w
ell a

s m
any sc

ientist
s, t

hrough su
cceeding

centurie
s, h

ave been depriv
ed of th

e benefit 
of w

riti
ngs th

at

contained a good sh
are of th

e fu
ndamental fa

cts a
bout m

agnetism

as k
nown to

-day.

Gilb
ert w

as th
e fir

st t
o disc

over th
at th

e earth
 is 

a great

magnet, a
nd he not o

nly gave th
e name of “p

ole” to
 th

e

extre
mitie

s o
f th

e m
agnetic needle, but a

lso
 sp

oke of th
ese

“poles” a
s n

orth
 and so

uth pole, alth
ough he used th

ese names in

the opposite
 se

nse fro
m th

at in
 which we now use th

em, his s
outh

pole being th
e extre

mity
 which pointed to

wards th
e north

, and

vice versa
. H

e was a
lso

 fir
st t

o m
ake use of th

e te
rm

s “e
lectric

force,“ ”
electric

 emanatio
ns,“ 

and ”e
lectric

 attra
ctio

ns.“

It i
s h

ardly necessa
ry to

 sa
y th

at so
me of th

e views ta
ken by

Gilb
ert, 

many of h
is t

heorie
s, a

nd th
e accuracy of so

me of h
is

experim
ents h

ave in re
cent ti

mes b
een fo

und to
 be erro

neous. A
s a

pioneer in
 an unexplored fie

ld of sc
ience, however, h

is w
ork is

remarkably accurate. “O
n th

e whole,“ s
ays D

r. J
ohn Robinson,

“th
is p

erfo
rm

ance contains m
ore re

al in
form

atio
n th

an any writi
ng

of th
e age in which he liv

ed, and is 
scarcely exceeded by any

that h
as a

ppeared sin
ce.“[4

]

In th
e preface to

 his w
ork Gilb

ert s
ays: “

Since in th
e disc

overy

of se
cret th

ings, a
nd in th

e investig
atio

n of h
idden causes,

str
onger re

asons a
re obtained fro

m su
re experim

ents a
nd

demonstr
ated arguments t

han fro
m probable conjectures a

nd th
e

opinions o
f p

hilosophical sp
eculators o

f th
e common so

rt,

therefore, to
 th

e end of th
at n

oble su
bsta

nce of th
at g

reat

loadsto
ne, our common m

other (t
he earth

), s
till

 quite
 unknown,

and also
 th

at th
e fo

rces e
xtra

ordinary and exalte
d of th

is g
lobe

may th
e bette

r b
e underst

ood, w
e have decided, fir

st, 
to begin

with
 th

e common sto
ny and ferru

ginous m
atte

r, a
nd m

agnetic

bodies, a
nd th

e part o
f th

e earth
 th

at w
e m

ay handle and m
ay

perceive with
 se

nses, a
nd th

en to
 proceed with

 plain m
agnetic

experim
ents, 

and to
 penetra

te to
 th

e inner p
arts

 of th
e

earth
.“[5

]

Before taking up th
e demonstr

atio
n th

at th
e earth

 is 
sim

ply a

giant lo
adsto

ne, G
ilb

ert d
emonstr

ated in an ingenious w
ay th

at

every loadsto
ne, of w

hatever si
ze, has d

efin
ite

 and fix
ed poles.

He did th
is b

y placing th
e sto

ne in a m
etal la

the and convertin
g

it in
to a sp

here, and upon th
is s

phere demonstr
ated how th

e poles

can be fo
und. To th

is r
ound loadsto

ne he gave th
e name of

terre
lla—

that is
, lit

tle
 earth

.

“To fin
d, th

en, poles a
nsw

erin
g to

 th
e earth

,“ h
e sa

ys, ”
take in

your h
and th

e ro
und sto

ne, and lay on it a
 needle or a piece of

iro
n wire

: th
e ends o

f th
e wire

 m
ove ro

und th
eir m

iddle point,

and su
ddenly come to

 a sta
ndstil

l. N
ow, w

ith
 ochre or w

ith
 chalk,

mark where th
e wire

 lie
s st

ill a
nd sti

cks. T
hen m

ove th
e m

iddle

or centre
 of th

e wire
 to

 another sp
ot, a

nd so
 to

 a th
ird

 and

fourth
, always m

arking th
e sto

ne along th
e length of th

e wire

where it s
tands st

ill; 
the lin

es so
 m

arked will e
xhibit m

erid
ian

circles, o
r circles li

ke m
erid

ians, o
n th

e sto
ne or te

rre
lla; and

manifestly
 th

ey will a
ll c

ome to
gether at th

e poles o
f th

e sto
ne.

The circle being contin
ued in th

is w
ay, th

e poles a
ppear, b

oth

the north
 and th

e so
uth, and betw

ixt th
ese, m

idway, w
e m

ay draw a

large circle fo
r an equator, a

s is
 done by th

e astr
onomer in

 th
e

heavens a
nd on his s

pheres, a
nd by th

e geographer o
n th

e

terre
str

ial globe.“[6
]

Gilb
ert h

ad tri
ed th

e familia
r e

xperim
ent o

f p
lacing th

e

loadsto
ne on a flo

at in
 water, a

nd observed th
at th

e poles a
lways

revolved until t
hey pointed north

 and so
uth, w

hich he explained

as d
ue to

 th
e earth

´s m
agnetic attra

ctio
n. In

 th
is s

ame

connectio
n he noticed th

at a piece of w
rought ir

on m
ounted on a

cork flo
at w

as a
ttra

cted by other m
etals t

o a sli
ght d

egree, and

he observed also
 th

at an ordinary iro
n bar, if

 su
spended

horizontally by a th
read, assu

mes in
varia

bly a north
 and so

uth

dire
ctio

n. These, w
ith

 m
any other experim

ents o
f a sim

ilar

nature, convinced him
 th

at th
e earth

 “is
 a m

agnet and a

loadsto
ne,“ w

hich he sa
ys is

 a ”n
ew and till

 now unheard-of view

of th
e earth

.“

Fully to
 appreciate Gilbert´s

 revolutio
nary views c

oncerning th
e

earth
 as a

 m
agnet, it

 sh
ould be remembered th

at n
umberle

ss

theorie
s to

 explain th
e actio

n of th
e electric

 needle had been

advanced. Columbus a
nd Paracelsu

s, f
or example, believed th

at th
e

magnet w
as a

ttra
cted by so

me point in
 th

e heavens, s
uch as a

magnetic sta
r. G

ilbert h
im

self t
ells 

of so
me of th

e beliefs t
hat

had been held by his p
redecesso

rs, 
many of w

hom he declares

“w
ilfu

lly falsif
y.“ O

ne of h
is f

irst
 ste

ps w
as to

 refute by

experim
ent su

ch asse
rtio

ns a
s th

at o
f C

ardan, th
at “a

 wound by a

magnetized needle was p
ainless”

; and also
 th

e asse
rtio

n of

Fracasto
ni th

at lo
adsto

ne attra
cts s

ilver; o
r th

at o
f Scalinger,

that th
e diamond will a

ttra
ct ir

on; and th
e sta

tement o
f

Matth
iolus th

at “i
ron ru

bbed with
 garlic

 is 
no longer attra

cted

to th
e loadsto

ne.“

Gilbert m
ade extensiv

e experim
ents t

o explain th
e dipping of th

e

needle, w
hich had been fir

st n
oticed by W

illia
m Norm

an. H
is

deductio
n as to

 th
is p

henomenon led him
 to

 believe th
at th

is w
as

also
 explained by th

e m
agnetic attra

ctio
n of th

e earth
, and to

predict w
here th

e vertic
al dip would be fo

und. These deductio
ns

seem th
e m

ore wonderfu
l because at th

e tim
e he m

ade th
em th

e dip

had just b
een disc

overed, and had not b
een stu

died except at

London. H
is t

heory of th
e dip was, t

herefore, a scientifi
c

predictio
n, based on a preconceived hypothesis.

 Gilbert f
ound th

e

dip to
 be 72 degrees a

t London; eight years l
ater H

udson fo
und

72   the dip at 7
5 degrees 2

2’ north
 latitu

de to
 be 89 degrees 3

0’;

75   22   89   30   but it
 was n

ot u
ntil o

ver tw
o hundred years l

ater, in
 1831, th

at

1831   the vertic
al dip was fi

rst
 observed by Sir J

ames R
oss a

t about 7
0

degrees 5
’ north

 latitu
de, and 96 degrees 4

3’ w
est l

ongitu
de.

96   43   This w
as n

ot th
e exact p

oint assu
med by Gilbert, 

and his

scientifi
c predictio

ns, t
herefore, w

ere not q
uite

 corre
ct; b

ut

such comparativ
ely sli

ght and excusable erro
rs m

ar b
ut lit

tle
 th

e

excellence of h
is w

ork as a
 whole.

A brie
f epito

me of so
me of h

is o
ther im

porta
nt d

isc
overie

s

suffic
es to

 sh
ow th

at th
e exalte

d positi
on in science accorded

him
 by contemporarie

s, a
s w

ell a
s su

cceeding generatio
ns o

f

scientist
s, w

as w
ell m

erite
d. H

e was fi
rst

 to
 disti

nguish
 betw

een

magnetism
 and electric

ity, giving th
e latte

r it
s n

ame. H
e

disc
overed also

 th
e “e

lectric
al charge,“ a

nd pointed th
e way to

the disc
overy of in

sulatio
n by sh

owing th
at th

e charge could be

retained so
me tim

e in th
e excite

d body by coverin
g it w

ith
 so

me

non-conductin
g su

bsta
nce, su

ch as si
lk; alth

ough, of course
,

electric
al conductio

n can hardly be sa
id to

 have been more th
an

vaguely su
rm

ise
d, if 

underst
ood at all b

y him
. The fir

st

electric
al in

str
ument ever m

ade, and known as su
ch, w

as in
vented

by him
, as w

as a
lso

 th
e fir

st m
agnetometer, a

nd th
e fir

st

electric
al in

dicatin
g device. Alth

ough th
ree centurie

s h
ave

elapsed sin
ce his d

eath, th
e method of m

agnetizing iro
n fir

st

intro
duced by him

 is 
in common use to

-day.

He made exhaustiv
e experim

ents w
ith

 a needle balanced on a pivot

to se
e how many su

bsta
nces h

e could fin
d which, lik

e amber, o
n

being ru
bbed affe

cted th
e needle. In

 th
is w

ay he disc
overed th

at

light su
bsta

nces w
ere attra

cted by alum, m
ica, arse

nic,

sealing-w
ax, la

c su
lphur, s

lags, b
eryl, a

methyst, 
rock-crysta

l,

sapphire
, je

t, c
arbuncle, diamond, opal, B

rist
ol st

one, glass,

glass o
f antim

ony, gum-m
astic

, hard resin
, ro

ck-sa
lt, a

nd, of

course
, amber. H

e disc
overed also

 th
at atm

ospheric conditio
ns

affe
cted th

e productio
n of electric

ity, dryness b
eing unfavorable

and moistu
re favorable.

Galile
o´s e

stim
ate of th

is f
irst

 electric
ian is 

the verdict o
f

succeeding generatio
ns. “

I extre
mely admire

 and envy th
is

author,“ 
he sa

id. ”I 
think him

 worth
y of th

e greatest p
raise

 for

the many new and tru
e observatio

ns w
hich he has m

ade, to
 th

e

disg
race of so

 many vain and fabling authors.“
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We have se
en th

at G
ilbert w

as b
y no means la

cking in versa
tilit

y,

yet th
e investig

atio
ns u

pon which his f
ame is f

ounded were all

pursu
ed along one lin

e, so
 th

at th
e father o

f m
agnetism

 may be

consid
ered one of th

e earlie
st o

f sp
ecialist

s in
 physic

al

science. M
ost w

orkers o
f th

e tim
e, on th

e other b
and, extended

their in
vestig

atio
ns in

 many dire
ctio

ns. T
he su

m to
tal of

scientifi
c knowledge of th

at d
ay had not b

ulked so
 large as to

exclude th
e possib

ility
 th

at o
ne man might m

aste
r it

 all. S
o we

fin
d a Galile

o, fo
r example, m

aking revolutio
nary disc

overie
s in

astro
nomy, and perfo

rm
ing fundamental experim

ents i
n vario

us

fields o
f p

hysic
s. G

alile
o´s g

reat contemporary, Kepler, w
as

alm
ost e

qually versa
tile

, th
ough his a

stro
nomical st

udies w
ere of

such pre-eminent im
porta

nce th
at h

is o
ther in

vestig
atio

ns si
nk

into relative insig
nific

ance. Yet h
e perfo

rm
ed so

me notable

experim
ents i

n at le
ast o

ne departm
ent o

f p
hysic

s. T
hese

experim
ents h

ad to
 do with

 th
e refra

ctio
n of lig

ht, a
 su

bject

which Kepler w
as le

d to
 investig

ate, in
 part a

t le
ast, 

through

his i
nterest i

n th
e telescope.

We have se
en th

at P
tolemy in th

e Alexandrian tim
e, and Alhazen,

the Arab, m
ade stu

dies o
f re

fra
ctio

n. Kepler re
peated th

eir

experim
ents, 

and, st
riving as a

lways to
 generalize his

observatio
ns, h

e atte
mpted to

 fin
d th

e law th
at g

overned th
e

observed change of d
ire

ctio
n which a ray of lig

ht assu
mes in

passin
g fro

m one medium to
 another. K

epler m
easured th

e angle of

refra
ctio

n by means o
f a sim

ple yet in
genious tr

ough-lik
e

apparatus w
hich enabled him

 to
 compare readily th

e dire
ct and

refra
cted rays. H

e disc
overed th

at w
hen a ray of lig

ht p
asse

s

through a glass p
late, if 

it s
trik

es th
e farth

er su
rfa

ce of th
e

glass a
t an angle greater th

an 45 degrees it
 will b

e to
tally

45   refra
cted inste

ad of p
assin

g th
rough into th

e air. H
e could not

well fa
il to

 know th
at d

iffe
rent m

ediums re
fra

ct lig
ht

diffe
rently, and th

at fo
r th

e sa
me medium th

e amount o
f lig

ht

valies w
ith

 th
e change in th

e angle of in
cidence. H

e was n
ot

able, however, t
o generalize his o

bservatio
ns a

s h
e desire

d, and

to th
e last t

he law th
at g

overns re
fra

ctio
n escaped him

. It

remained for W
ille

brord Snell, a
 Dutchman, about th

e year 1621,

1621   to disc
over th

e law in questio
n, and for D

escarte
s, a

 litt
le

later, t
o form

ulate it. 
Descarte

s, in
deed, has so

metim
es b

een

supposed to
 be th

e disc
overer o

f th
e law. There is r

eason to

believe th
at h

e based his g
eneralizatio

ns o
n th

e experim
ent o

f

Snell, t
hough he did not o

penly acknowledge his i
ndebtedness. 

The

law, as D
escarte

s e
xpresse

d it, 
sta

tes th
at th

e sin
e of th

e angle

of in
cidence bears a

 fix
ed ratio

 to
 th

e sin
e of th

e angle of

refra
ctio

n for any given medium. H
ere, th

en, w
as a

nother

illu
stra

tio
n of th

e fact th
at alm

ost i
nfin

ite
ly varied phenomena

may be brought w
ith

in th
e scope of a sim

ple law. O
nce th

e law had

been expresse
d, it 

could be teste
d and verifi

ed with
 th

e greatest

ease; and, as u
sual, th

e disc
overy being made, it 

seems

surprisi
ng th

at earlie
r in

vestig
ators—

in partic
ular so

 sa
gacious

a guesse
r as K

epler—
should have misse

d it.

Galile
o him

self m
ust h

ave been to
 so

me extent a stu
dent o

f lig
ht,

sin
ce, as w

e have se
en, he made su

ch notable contrib
utio

ns to

practical optics th
rough perfe

ctin
g th

e telescope; but h
e se

ems

not to
 have added anything to

 th
e th

eory of lig
ht. T

he su
bject o

f

heat, h
owever, a

ttra
cted his a

tte
ntio

n in a so
mewhat d

iffe
rent

way, and he was le
d to

 th
e inventio

n of th
e fir

st c
ontriv

ance for

measurin
g temperatures. H

is t
herm

ometer w
as b

ased on th
e

afte
rwards fa

milia
r p

rin
ciple of th

e expansio
n of a liq

uid under

the influ
ence of heat; b

ut as a
 practical m

eans o
f m

easurin
g

temperature it w
as a

 very crude affa
ir, b

ecause th
e tu

be th
at

contained th
e measurin

g liq
uid was e

xposed to
 th

e air, h
ence

barometric
 changes o

f pressu
re vitia

ted th
e experim

ent. It

remained for G
alile

o´s I
talian su

ccesso
rs o

f th
e Accademia del

Cimento of Florence to
 im

prove upon th
e apparatus, a

fte
r th

e

experim
ents o

f Torric
elli—

to which we sh
all re

fer in
 a

moment—
had th

rown new lig
ht o

n th
e questio

n of atm
ospheric

pressu
re. Still 

later th
e celebrated Huygens h

it u
pon th

e idea of

usin
g th

e meltin
g and th

e boilin
g point o

f w
ater as fi

xed points

in a scale of m
easurements, 

which fir
st g

ave defin
iteness t

o

therm
ometric

 tests
.

TORRICELLI

TORRICELLI

In th
e closin

g years o
f his l

ife Galile
o to

ok into his f
amily, as

his a
dopted disciple in science, a young man, Evangelist

a

Torric
elli (

1608-1647), w
ho proved himself, d

urin
g his s

hort

1608   
1647   life

tim
e, to

 be a worth
y follower o

f his g
reat m

aste
r. N

ot o
nly

worth
y on account o

f his g
reat sc

ientifi
c discoveries, b

ut

grateful as w
ell, f

or w
hen he had made th

e great d
iscovery th

at

the “su
ctio

n” m
ade by a vacuum was re

ally nothing but air

pressu
re, and not su

ctio
n at all, h

e regrette
d th

at so
 im

porta
nt

a ste
p in science might n

ot h
ave been made by his g

reat te
acher,

Galile
o, in

ste
ad of by himself. “

This g
enerosity

 of Torric
elli,“

says P
layfair, “

was, p
erhaps, r

arer th
an his g

enius: t
here are

more who might h
ave discovered th

e su
spensio

n of m
ercury in th

e

barometer th
an who would have been willin

g to
 part w

ith
 th

e honor

of th
e discovery to

 a maste
r o

r a frie
nd.“

Torric
elli´s

 discovery was m
ade in 1643, le

ss t
han tw

o years

1643   afte
r th

e death of his m
aste

r. G
alile

o had observed th
at w

ater

will n
ot ri

se in an exhauste
d tu

be, su
ch as a

 pump, to
 a height

greater th
an th

irty
-th

ree feet, b
ut h

e was n
ever able to

 offe
r a

satisf
actory explanatio

n of th
e prin

ciple. Torric
elli w

as a
ble to

demonstra
te th

at th
e height at w

hich th
e water st

ood depended

upon nothing but it
s w

eight as compared with
 th

e weight o
f air.

If t
his b

e tru
e, it 

is e
vident th

at any flu
id will b

e su
pporte

d

at a defin
ite height, a

ccording to
 its

 relative weight as

compared with
 air. T

hus m
ercury, w

hich is a
bout th

irte
en tim

es

more dense th
an water, s

hould only ris
e to

 one-th
irte

enth th
e

height o
f a column of w

ater—
that is

, about th
irty

 inches.

Reasoning in th
is w

ay, Torric
elli p

roceeded to
 prove th

at h
is

theory was corre
ct. F

illin
g a long tu

be, closed at o
ne end, w

ith

mercury, he inverte
d th

e tu
be with

 its
 open orifi

ce in a vesse
l

of m
ercury. The column of m

ercury fell a
t o

nce, but at a height

of about th
irty

 inches it
 sto

pped and remained sta
tio

nary, th
e

pressu
re of th

e air o
n th

e mercury in th
e vesse

l m
aintaining it

at th
at h

eight. T
his d

iscovery was a
 sh

atte
rin

g blow to
 th

e old

theory th
at h

ad dominated th
at fie

ld of physics fo
r so

 many

centuries. It
 was completely revolutio

nary to
 prove th

at, in
ste

ad

of a myste
rio

us so
mething with

in th
e tu

be being responsib
le for

the su
spensio

n of liq
uids a

t certa
in heights, 

it w
as si

mply th
e

ordinary atm
ospheric pressu

re myste
rio

us e
nough, it 

is

tru
e—pushing upon th

em fro
m with

out. T
he pressu

re exerte
d by th

e

atm
osphere was b

ut lit
tle understo

od at th
at ti

me, but

Torric
elli´s

 discovery aided materially in so
lving th

e myste
ry.

The whole class o
f si

milar p
henomena of air p

ressu
re, w

hich had

been held in th
e tra

mmel of lo
ng-esta

blish
ed but fa

lse
 doctrin

es,

was n
ow reduced to

 one sim
ple law, and th

e door to
 a so

lutio
n of

a host o
f unsolved problems th

rown open.

It h
ad long been su

spected and believed th
at th

e density
 of th

e

atm
osphere varies a

t certa
in tim

es. T
hat th

e air is
 so

metim
es

“heavy” and at o
ther ti

mes “l
ight” i

s a
pparent to

 th
e se

nses

with
out sc

ientifi
c apparatus fo

r d
emonstra

tio
n. It 

is e
vident,

then, th
at Torric

elli´s
 column of m

ercury sh
ould ris

e and fall

just i
n proportio

n to th
e lig

htness o
r h

eaviness o
f th

e air. A

short s
eries o

f observatio
ns p

roved th
at it

 did so
, and with

those observatio
ns w

ent n
aturally th

e observatio
ns a

s to
 changes

in th
e weather. It

 was o
nly necessa

ry, th
erefore, to

 scratch a

scale on th
e glass t

ube, in
dicatin

g relative atm
ospheric

pressu
res, a

nd th
e Torric

ellia
n barometer w

as complete.

Such a revolutio
nary th

eory and su
ch an im

porta
nt d

iscovery were,

of course
, not to

 be accepted with
out contro

versy
, but th

e feeble

arguments o
f th

e opponents s
howed how untenable th

e old th
eory

had become. In
 1648 Pascal su

ggeste
d th

at if 
the th

eory of th
e

1648   pressu
re of air u

pon th
e mercury was corre

ct, it
 could be

demonstra
ted by ascending a mountain with

 th
e mercury tu

be. As

the air w
as known to get p

rogressiv
ely lig

hter fr
om base to

summit, t
he height of th

e column should be progressiv
ely lesse

ned

as th
e ascent w

as m
ade, and increase again on th

e descent in
to

the denser air. T
he experim

ent w
as m

ade on th
e mountain called

the Puy-de-Dome, in
 Auvergne, and th

e column of m
ercury fell a

nd

rose progressively th
rough a space of about th

ree inches as th
e

ascent and descent w
ere made.

This experim
ent p

ractically sealed th
e verdict on th

e new th
eory,

but it
 also suggested something more. If 

the mercury descended to

a certa
in mark on th

e scale on a mountain-to
p whose height w

as

known, w
hy was not th

is a means of m
easurin

g th
e heights of all

other elevatio
ns? And so th

e beginning was made which, w
ith

certa
in modific

atio
ns and corre

ctio
ns in details, is now th

e

basis of barometric
al m

easurements of heights.

In hydraulics, also, Torric
elli s

eems to have taken one of th
e

firs
t steps. He did th

is by showing th
at th

e water w
hich issues

fro
m a hole in th

e side or b
otto

m of a vessel does so at th
e same

velocity as th
at w

hich a body would acquire by fallin
g fro

m th
e

level of th
e surfa

ce of th
e water to

 th
at of th

e orifi
ce. This

discovery was of th
e greatest im

porta
nce to a corre

ct

understanding of th
e science of th

e motio
ns of flu

ids. He also

discovered th
e valuable mechanical prin

ciple th
at if 

any number

of bodies be connected so th
at b

y th
eir m

otio
n th

ere is neith
er

ascent n
or d

escent of th
eir c

entre
 of gravity, th

ese bodies are

in equilib
riu

m.

Besides making th
ese discoveries, he greatly im

proved th
e

microscope and th
e telescope, and invented a simple microscope

made of a globule of glass. In
 1644 he published a tra

ct on th
e

1644   propertie
s of th

e cycloid in which he suggested a solutio
n of th

e

problem of its
 quadrature. As soon as th

is pamphlet appeared its

author w
as accused by Gille

s Roberval (1
602-1675) of having

1602   
1675   appropriated a solutio

n already offered by him. This led to a

long debate, durin
g which Torric

elli w
as seized with

 a fever,

fro
m the effects of w

hich he died, in
 Florence, O

ctober 25, 1647.

25   
1647   There is reason to believe, however, th

at w
hile Roberval´s

discovery was made before Torric
elli´s

, th
e latte

r re
ached his

conclusions independently.
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In recent chapters we have seen science come forward with

In recent chapters we have seen science come forward with

tre
mendous strid

es. A new era is obviously at hand. But w
e shall

tremendous strides. A new era is obviously at hand. But we shall

misconceive the spirit
 of th

e tim
es if w

e fail to
 understand that

misconceive the spirit of the times if we fail to understand that

in the midst of all th
is progress there was still 

room for

in the midst of all this progress there was still room for

mediaeval superstiti
on and for th

e pursuit o
f fa

llacious ideals.

mediaeval superstition and for the pursuit of fallacious ideals.

Two form
s of pseudo-science were peculiarly prevalent —

alchemy

Two forms of pseudo-science were peculiarly prevalent —
alchemy

and astro
logy. Neith

er of th
ese can with

 full p
ropriety be called

and astrology. Neither of these can with full propriety be called

a science, yet b
oth were pursued by many of th

e greatest

a science, yet both were pursued by many of the greatest

scientifi
c workers of th

e perio
d. M

oreover, th
e studies of th

e

scientific workers of the period. Moreover, the studies of the

alchemist m
ay with

 some propriety be said to have laid the

alchemist may with some propriety be said to have laid the

foundatio
n for th

e latte
r-d

ay science of chemistry
; w

hile

foundation for the latter-day science of chemistry; while

astro
logy was closely allie

d to astro
nomy, th

ough its
 relatio

ns

astrology was closely allied to astronomy, though its relations

to that science are not as intim
ate as has sometim

es been

to that science are not as intimate as has sometimes been

supposed.

supposed.

Just w
hen the study of alchemy began is undeterm

ined. It 
was

Just when the study of alchemy began is undetermined. It was

certa
inly of very ancient orig

in, perhaps Egyptian, but it
s most

certainly of very ancient origin, perhaps Egyptian, but its most

flourishing tim
e was fro

m about th
e eighth century A.D. to

 the

flourishing time was from about the eighth century A.D. to the

eighteenth century. The stories of th
e Old Testament fo

rm
ed a

eighteenth century. The stories of the Old Testament formed a

basis for some of th
e stra

nge beliefs regarding the propertie
s of

basis for some of the strange beliefs regarding the properties of

the magic “elixir,“
 or ”p

hilosopher´s stone.“ A
lchemists believed

the magic “elixir,“ or ”philosopher´s stone.“ Alchemists believed

that m
ost of th

e antediluvians, perhaps all o
f th

em, possessed a

that most of the antediluvians, perhaps all of them, possessed a

knowledge of th
is stone. How, otherwise, could they have

knowledge of this stone. How, otherwise, could they have

prolonged their li
ves to nine and a half c

enturies? And Moses was

prolonged their lives to nine and a half centuries? And Moses was

surely a firs
t-ra

te alchemist, a
s is proved by the story of th

e

surely a first-rate alchemist, as is proved by the story of the

Golden Calf.[1
] A

fte
r A

aron had made the calf o
f gold, M

oses

Golden Calf.[1] After Aaron had made the calf of gold, Mosesperfo
rm

ed the much more diffic
ult t

ask of grin
ding it t

o powder

performed the much more difficult task of grinding it to powder

and “stre
wing it u

pon the waters,“ t
hus showing that he had

and “strewing it upon the waters,“ thus showing that he had

tra
nsmuted it i

nto some lig
hter substance.

transmuted it into some lighter substance.

But antediluvians and Biblical characters were not th
e only

But antediluvians and Biblical characters were not the only

persons who were thought to
 have discovered the coveted.

persons who were thought to have discovered the coveted.

“elixir.“
 Hundreds of aged mediaeval chemists were credited with

“elixir.“ Hundreds of aged mediaeval chemists were credited with

having made the discovery, and were thought to
 be liv

ing on

having made the discovery, and were thought to be living on

through the centuries by its
 means. Alaies de Lisle, fo

r example,

through the centuries by its means. Alaies de Lisle, for example,

who died in 1298, at th
e age of 110, w

as alleged to have been at

1298   
110   

who died in 1298, at the age of 110, was alleged to have been at

the point of death at th
e age of fif

ty, but ju
st at th

is tim
e he

the point of death at the age of fifty, but just at this time he

made the fortu
nate discovery of th

e magic stone, and so contin
ued

made the fortunate discovery of the magic stone, and so continued

to liv
e in health

 and afflu
ence for sixty years more. And De

to live in health and affluence for sixty years more. And De

Lisle was but one case among hundreds.

Lisle was but one case among hundreds.

An aged and wealth
y alchemist could claim with

 seeming

plausibility
 that he was prolonging his life

 by his magic;

whereas a younger m
an might assert t

hat, k
nowing the great

secret, h
e was keeping himself y

oung through the centuries. In

eith
er case such a statement, o

r ru
mor, a

bout a learned and

wealth
y alchemist w

as lik
ely to be believed, partic

ularly among

stra
ngers; and as such a man would, of course, be the object of

much atte
ntion, th

e claim was fre
quently made by persons seeking

notoriety. One of th
e most celebrated of th

ese im
postors was a

certa
in Count de Saint-G

erm
ain, w

ho was connected with
 the court

of Louis XV. His statements carrie
d the more weight because,

having apparently no means of m
aintenance, he contin

ued to liv
e

in afflu
ence year afte

r year—
for tw

o thousand years, as he

himself a
dmitte

d—by means of th
e magic stone. If 

at any tim
e his

statements were doubted, he was in the habit o
f re

ferrin
g to his

valet fo
r confirm

ation, th
is valet being also under th

e influence

of th
e elixir o

f lif
e.

“Upon one occasion his master w
as tellin

g a party
 of la

dies and

gentlemen, at dinner, s
ome conversation he had had in Palestin

e,

with
 King Richard I., o

f England, w
hom he describ

ed as a very

partic
ular fr

iend of his. Signs of astonishment and incredulity

were visible on the faces of th
e company, upon which

Saint-G
erm

ain very coolly turned to his servant, w
ho stood behind

his chair, a
nd asked him if h

e had not spoken the tru
th. ‘I

really cannot say,´ re
plied the man, w

ith
out m

oving a muscle;

´you forget, s
ir, I

 have been only fiv
e hundred years in your

service.´ ‘A
h, tru

e,´ s
aid his master, ‘I

 remember now; it 
was a

litt
le before your tim

e!´ “
[2]

In the tim
e of Saint-G

erm
ain, only a litt

le over a century ago,

belief in
 alchemy had almost disappeared, and his extra

ordinary

tales were probably regarded in the lig
ht of amusing stories.

Still 
there was undoubtedly a lin

gering suspicion in the minds of

many that th
is man possessed some peculiar secret. A

 few

centuries earlie
r his tales would hardly have been questioned,

for at th
at tim

e the belief in
 the existence of th

is magic

something was so stro
ng that th

e search for it 
became almost a

form
 of m

ania; and once a man was seized with
 it, 

lie gambled

away health
, positio

n, and life
 its

elf in
 pursuing the coveted

stake. An example of th
is is seen in Albertu

s Magnus, one of th
e

most le
arned men of his tim

e, w
ho it i

s said resigned his

positio
n as bishop of Ratisbon in order th

at he might pursue his

researches in alchemy.

If s
elf-s

acrific
e was not suffic

ient to
 secure the prize, crim

e

would naturally follow, fo
r th

ere could be no lim
it to

 the price

of th
e stakes in this game. The notorious Marechal de Reys,

failin
g to fin

d the coveted stone by ordinary methods of

laboratory research, w
as persuaded by an im

postor th
at if 

he

would propitia
te the frie

ndship of th
e devil th

e secret w
ould be

revealed. To this end De Reys began secretly capturing young

children as they passed his castle and murdering them. W
hen he

was at la
st brought to

 justice it w
as proved that he had murdered

something lik
e a hundred children within a period of th

ree years.

So, at le
ast, ru

ns one version of th
e story of th

is perverte
d

being.
Naturally monarchs, constantly in need of fu

nds, w
ere interested

in these alchemists. Even sober England did not escape, and

Raymond Lully, one of th
e most fa

mous of th
e thirte

enth and

fourte
enth century alchemists, is said to have been secretly

invited by King Edward I. (
or II.

) to
 leave Milan and settle

 in

England. According to some accounts, apartm
ents were assigned to

his use in the Tower of London, w
here he is alleged to have made

some six millio
n pounds sterlin

g for th
e monarch, out of iro

n,

mercury, le
ad, and pewter.

Pope John XXII., 
a frie

nd and pupil o
f th

e alchemist A
rnold de

Ville
neuve, is reporte

d to have learned the secrets of alchemy

fro
m his master. L

ater he issued tw
o bulls against “p

retenders”

in the art, w
hich, fa

r fr
om showing his disbelief, w

ere cited by

alchemists as proving that he recognized pretenders as distinct

fro
m tru

e masters of m
agic.

To moderns the attit
ude of m

ind of th
e alchemist is

 diffic
ult to

comprehend. It 
is, perhaps, possible to conceive of animals or

plants possessing souls, but th
e early alchemist attri

buted the

same thing—or something kin to it—
to metals also. Furth

erm
ore,

just as plants germ
inated fro

m seeds, so metals were supposed to

germ
inate also, and hence a constant growth of m

etals in the

ground. To prove this the alchemist cited cases where previously

exhausted gold-m
ines were found, after a lapse of tim

e, to

contain fre
sh quantiti

es of gold. The “seed” of th
e remaining

partic
les of gold had multip

lied and increased. But th
is

germ
inating process could only take place under fa

vorable

conditio
ns, ju

st as the seed of a plant m
ust have its

 proper

surro
undings before germ

inating; and it w
as believed that th

e

action of th
e philosopher´s stone was to hasten this process, as

man may hasten the growth of plants by artif
icial m

eans. Gold was

looked upon as the most perfect m
etal, a

nd all o
ther m

etals

imperfect, b
ecause not yet “p

urifie
d.“ B

y some alchemists they

were regarded as lepers, w
ho, w

hen cured of th
eir le

prosy, w
ould

become gold. And since nature intended that all th
ings should be

perfect, it
 was the aim of th

e alchemist to
 assist her in

 this

purify
ing process, and incidentally to gain wealth and prolong

his life
.

By other alchemists the process of tr
ansitio

n fro
m baser m

etals

into gold was conceived to be lik
e a process of rip

ening fru
it.

The rip
ened product w

as gold, w
hile the green fru

it, i
n various

stages of m
aturity

, w
as represented by the base metals. Silver,

for example, w
as more nearly rip

e than lead; but th
e diffe

rence

was only one of “d
igestion,“ a

nd it w
as thought th

at by furth
er

“digestion” le
ad might fir

st become silver and eventually gold.

In other w
ords, Nature had not completed her w

ork, and was

wofully slow at it 
at best; b

ut m
an, w

ith his superior fa
cultie

s,

was to hasten the process in his laboratories—if h
e could but

hit u
pon the rig

ht m
ethod of doing so.

It s
hould not be inferre

d that th
e alchemist set about his task

of assisting nature in a haphazard way, and without tr
aining in

the various alchemic laboratory methods. On the contra
ry, he

usually served a long apprenticeship in the rudiments of his

callin
g. He was obliged to learn, in

 a general w
ay, m

any of th
e

same things that m
ust be understood in either chemical or

alchemical la
boratories. The general knowledge that certa

in

liquids vaporize at lo
wer te

mperatures than others, and that th
e

meltin
g-points of m

etals diffe
r greatly, fo

r example, w
as just as

necessary to alchemy as to chemistry. The knowledge of th
e gross

stru
cture, or nature, of m

aterials was much the same to the

alchemist as to the chemist, a
nd, fo

r th
at m

atte
r, m

any of th
e

experim
ents in calcining, distilli

ng, etc., w
ere practically

identical.

To the alchemist th
ere were three principles—salt, s

ulphur, a
nd

mercury—and the sources of th
ese principles were the four

elements—earth
, w

ater, fi
re, and air. T

hese four elements were

accountable for every substance in nature. Some of th
e

experim
ents to prove this were so illu

sive, and yet apparently so

simple, th
at one is not surprised that it 

took centuries to

disprove them. That w
ater w

as composed of earth
 and air s

eemed

easily proven by the simple process of boilin
g it i

n a

tea-kettle
, fo

r th
e residue left w

as obviously an earth
y

substance, w
hereas the steam driven off w

as supposed to be air.

The fact th
at pure water le

aves no residue was not demonstrated

until a
fter alchemy had practically ceased to exist. It

 was

possible also to demonstrate that w
ater could be turned into fire

by thrusting a red-hot poker under a bellglass containing a dish

of w
ater. N

ot only did the quantity
 of w

ater diminish, but, if
 a

lighted candle was thrust under th
e glass, th

e contents ignited

and burned, proving, apparently, th
at w

ater had been converte
d

into fire
. These, and scores of other similar experim

ents, seemed

so easily explained, and to accord so well w
ith the “fo

ur

elements” th
eory, th

at th
ey were seldom questioned until a

 later

age of in
ductive science.

But th
ere was one experim

ent to
 which the alchemist pinned his

faith in showing that m
etals could be “kille

d” and “re
vived,“

when proper m
eans were employed. It 

had been known for m
any

centuries that if 
any metal, o

ther th
an gold or silver, w

ere

calcined in an open crucible, it 
turned, after a tim

e, in
to a

peculiar kind of ash. This ash was thought by the alchemist to

represent th
e death of th

e metal. B
ut if 

to this same ash a few

grains of w
heat w

ere added and heat again applied to the

crucible, th
e metal w

as seen to “ris
e fro

m its
 ashes” and resume

its original fo
rm

—a well-k
nown phenomenon of re

ducing metals

fro
m oxides by the use of carbon, in

 the form
 of w

heat, o
r, fo

r

that m
atte

r, a
ny other carbonaceous substance. W

heat w
as,

therefore, m
ade the symbol of th

e resurre
ction of th

e life

eternal. O
ats, corn, or a piece of charcoal w

ould have “re
vived”

the metals fro
m the ashes equally well, b

ut th
e mediaeval

alchemist seems not to
 have known this. However, in

 this

experim
ent th

e metal seemed actually to be destro
yed and

revivifie
d, and, as science had not as yet explained this

strik
ing phenomenon, it 

is litt
le wonder th

at it 
deceived the

alchemist.

Since the alchemists pursued their s
earch of th

e magic stone in

such a methodical w
ay, it 

would seem that th
ey must have some

idea of th
e appearance of th

e substance they sought. P
robably

they did, each according to his own mental bias; but, if
 so, th

ey

seldom committe
d themselves to writin

g, confining their

discourses largely to speculations as to the propertie
s of th

is

illu
sive substance. Furth

erm
ore, th

e desire for secrecy would

prevent th
em fro

m expressing so im
portant a piece of in

form
ation.

But on the subject of th
e propertie

s, if 
not on the appearance of

the “essence,“ th
ey were voluminous write

rs. It 
was supposed to

be the only perfect substance in existence, and to be confined in

various substances, in
 quantitie

s proportio
nate to the state of

perfection of th
e substance. Thus, gold being most nearly perfect

would contain more, silver le
ss, le

ad still 
less, and so on. The

“essence” contained in the more nearly perfect m
etals was thought

to be more potent, a
 very small q

uantity
 of it 

being capable of

creating large quantitie
s of gold and of prolonging life

indefinitely.

It w
ould appear fr

om many of th
e writin

gs of th
e alchemists that

their c
onception of nature and the supernatural w

as so confused

and entangled in an inexplicable philosophy that th
ey themselves

did not re
ally understand the meaning of w

hat th
ey were

atte
mpting to convey. But it 

should not be forgotte
n that alchemy

was kept as much as possible fro
m the ignorant general public,

and the alchemists themselves had knowledge of secret w
ords and

expressions which conveyed a definite meaning to one of th
eir

number, b
ut w

hich would appear a meaningless jumble to an

outsider. S
ome of th

ese write
rs declared openly that th

eir

writin
gs were intended to convey an entire

ly erro
neous

impression, and were sent out only for th
at purpose.

However, w
hile it m

ay have been tru
e that th

e vagaries of th
eir

writin
gs were made purposely, th

e case is probably more correctly

explained by saying that th
e very nature of th

e art m
ade definite

statements im
possible. They were dealing with something that did

not exist—
could not exist. T

heir a
tte

mpted descriptions became,

therefore, th
e language of ro

mance rather th
an the language of

science.

But if 
the alchemists themselves were usually silent as to the

appearance of th
e actual substance of th

e philosopher´s stone,

there were numberless other w
rite

rs who were less reticent. B
y

some it w
as supposed to be a stone, by others a liq

uid or elixir,

but m
ore commonly it w

as described as a black powder. It
 also

possessed diffe
rent degrees of effic

iency according to its

degrees of purity
, certain forms only possessing the power of

turning base metals into gold, w
hile others gave eternal youth

and life
 or diffe

rent degrees of health. Thus an alchemist, w
ho

had made a partia
l discovery of th

is substance, could prolong

life
 a certain number of years only, or, p

ossessing only a small

and inadequate amount of th
e magic powder, h

e was obliged to give

up the ghost w
hen the effect of th

is small q
uantity

 had passed

away.
This belief in

 the supernatural power of th
e philosopher´s stone

to prolong life
 and heal diseases was probably a later phase of

alchemy, possibly developed by attempts to connect th
e power of

the mysterious essence with Biblical te
achings. The early Roman

alchemists, w
ho claimed to be able to tra

nsmute metals, seem not

to have made other claims for th
eir m

agic stone.

By the fift
eenth century the belief in

 the philosopher´s stone

had become so fix
ed that governments began to be alarmed lest

some lucky possessor of th
e secret should flo

od the country with

gold, th
us rendering the existing coin of lit

tle value. Some

littl
e consolation was found in the thought th

at in
 case all th

e

baser m
etals were converted into gold iro

n would then become the

“precious metal,“ a
nd would remain so until s

ome new

philosopher´s stone was found to convert g
old back into iro

n—a

much more diffic
ult fe

at, it
 was thought. H

owever, to
 be on the

safe side, th
e English Parlia

ment, in
 1404, saw fit 

to pass an

1404   act declaring the making of gold and silver to
 be a felony.

Neverth
eless, in

 1455, King Henry VI. g
ranted permission to

1455   several “k
nights, citiz

ens of London, chemists, and monks” to

find the philosopher´s stone, or elixir, t
hat th

e crown might

thus be enabled to pay off it
s debts. The monks and ecclesiastics

were supposed to be most lik
ely to discover th

e secret process,

since “th
ey were such good artis

ts in tra
nsubstantiating bread

and wine.“

In Germany the emperors Maximilia
n I., R

udolf II
., and Frederick

II. g
ave considerable attention to the search, and the example

they set w
as followed by thousands of th

eir subjects. It 
is said

that some noblemen developed the unpleasant custom of in
vitin

g to

their c
ourts men who were reputed to have found the stone, and

then im
prisoning the poor alchemists until t

hey had made a

certain quantity
 of gold, stim

ulating their a
ctivity with

tortu
res of th

e most atro
cious kinds. Thus this danger of being

imprisoned and held for ra
nsom until s

ome fabulous amount of gold

should be made became the constant m
enace of th

e alchemist. It

was useless for an alchemist to
 plead poverty once it w

as noised

about th
at he had learned the secret. F

or how could such a man be

poor w
hen, with a piece of m

etal and a few grains of m
agic

powder, h
e was able to provide himself w

ith gold? It w
as,

therefore, a reckless alchemist in
deed who dared boast th

at he

had made the coveted discovery.

The fate of a certain indiscreet alchemist, supposed by many to

have been Seton, a Scotchman, was not an uncommon one. W
ord

having been brought to
 the elector of Saxony that th

is alchemist

was in Dresden and boasting of his powers, th
e elector caused him

to be arrested and im
prisoned. Forty guards were stationed to see

that he did not escape and that no one visited him save the

elector himself. F
or some tim

e the elector tr
ied by argument and

persuasion to penetrate his secret or to
 induce him to make a

certain quantity
 of gold; but as Seton steadily refused, th

e rack

was trie
d, and for several m

onths he suffered tortu
re, until

finally, re
duced to a mere skeleton, be was rescued by a riv

al

candidate of th
e elector, a

 Pole named Michael Sendivogins, who

drugged the guards. However, b
efore Seton could be “persuaded” by

his new captor, h
e died of his injuries.

But Sendivogins was also ambitio
us in alchemy, and, since Seton

was beyond his reach, he took the next best step and marrie
d his

widow. From her, a
s the story goes, he received an ounce of black

powder—
the verita

ble philosopher´s stone. W
ith this he

manufactured great quantitie
s of gold, even invitin

g Emperor

Rudolf II
. to

 see him work the miracle. That m
onarch was so

impressed that he caused a tablet to
 be inserted in the wall o

f

the room in which he had seen the gold made.

Sendivogins had learned discretion fro
m the misfortu

ne of Seton,

so that he took the precaution of concealing most of th
e precious

powder in
 a secret chamber of his carria

ge when he tra
velled,

having only a small q
uantity

 carrie
d by his steward in a gold

box. In
 partic

ularly dangerous places, he is said to have

exchanged clothes with his coachman, m
aking the servant ta

ke his

place in the carria
ge while he mounted the box.

About th
e middle of th

e seventeenth century alchemy took such

firm
 root in

 the religious fie
ld that it 

became the basis of th
e

sect known as the Rosicrucians. The name was derived fro
m the

teaching of a German philosopher, R
osenkreutz, who, having been

healed of a dangerous illn
ess by an Arabian supposed to possess

the philosopher´s stone, re
turned home and gathered about him a

chosen band of fri
ends, to

 whom he im
parted the secret. T

his sect

came rapidly into prominence, and for a short t
ime at le

ast

created a sensation in Europe, and at th
e tim

e were credited with

having “re
fined and spiritu

alized” alchemy. But by the end of th
e

seventeenth century their n
umber had dwindled to a mere handful,

and henceforth
 they exerted litt

le influence.

Another and earlie
r re

ligious sect w
as the Aureacrucians, fo

unded

by Jacob Bohme, a shoemaker, b
orn in Prussia in 1575. According

1575   to his teachings the philosopher´s stone could be discovered by a

dilig
ent search of th

e Old and the New Testaments, and more

partic
ularly the Apocalypse, which contained all th

e secrets of

alchemy. This sect fo
und quite a number of fo

llowers during the

life
 of Bohme, but gradually died out after his death; not,

however, u
ntil m

any of its
 members had been tortu

red for heresy,

and one at le
ast, K

uhlmann, of M
oscow, burned as a sorcerer.

The names of th
e diffe

rent substances that at various tim
es were

thought to
 contain the large quantitie

s of th
e “essence” during

the many centuries of searching for it,
 form a list of

practically all substances that w
ere known, discovered, or

invented during the period. Some believed that acids contained

the substance; others sought it 
in minerals or in

 animal or

vegetable products; while still 
others looked to fin

d it a
mong

the distille
d “spirits

”—
the alcoholic liq

uors and distille
d

products. On the intro
duction of alcohol by the Arabs that

substance became of all-a
bsorbing interest, a

nd for a long tim
e

allured the alchemist in
to believing that th

rough it t
hey were

soon to be rewarded. They rectifie
d and refined it u

ntil

“sometim
es it w

as so stro
ng that it 

broke the vessels containing

it,“ 
but still 

it fa
iled in its magic power. L

ater, b
randy was

substitu
ted for it,

 and this in turn discarded for m
ore recent

discoveries.

There were always, of course, tw
o classes of alchemists: serious

investigators whose honesty could not be questioned, and clever

impostors whose legerdemain was probably largely responsible for

the extended belief in
 the existence of th

e philosopher´s stone.

Sometim
es an alchemist practised both, using the profits

 of his

sleight-of-hand to procure the means of carrying on his serious

alchemical re
searches. The im

postures of some of th
ese jugglers

deceived even the most in
tellig

ent and learned men of th
e tim

e,

and so kept th
e fla

me of hope constantly burning. The age of cold

investigation had not arriv
ed, and it i

s easy to understand how

an unscrupulous mediaeval Hermann or Kellar m
ight completely

deceive even the most in
tellig

ent and thoughtful scholars. In

scoffin
g at th

e credulity
 of such an age, it 

should not be

forgotten that th
e “Keely motor” w

as a late nineteenth-century

illu
sion.

But lo
ng before the belief in

 the philosopher´s stone had died

out, th
e methods of th

e legerdemain alchemist had been

investigated and reported upon offic
ially by bodies of m

en

appointed to make such investigations, although it t
ook several

generations completely to overth
row a superstitio

n that had been

handed down through several th
ousand years. In

 April o
f 1772

177   Monsieur Geoffro
y made a report to

 the Royal Academy of Sciences,

at Paris, on the alchemic cheats principally of th
e sixteenth and

seventeenth centuries. In
 this report h

e explains many of th
e

seemingly marvellous feats of th
e unscrupulous alchemists. A very

common form of deception was the use of a double-bottomed

crucible. A copper or brass crucible was covered on the inside

with a layer of w
ax, cleverly painted so as to resemble the

ordinary metal. B
etween this layer of w

ax and the bottom of th
e

crucible, however, w
as a layer of gold dust or silver. W

hen the

alchemist w
ished to demonstrate his power, h

e had but to
 place

some mercury or w
hatever substance he chose in the crucible, heat

it, t
hrow in a grain or tw

o of some mysterious powder, p
ronounce

a few equally mysterious phrases to im
press his audience, and,

behold, a lump of precious metal would be found in the bottom of

his pot. T
his was the favorite

 method of m
ediocre performers, but

was, of course, easily detected.

An equally successful but m
ore diffic

ult w
ay was to insert

surreptitio
usly a lump of m

etal in
to the mixture, using an

ordinary crucible. This required great dexterity
, but w

as

facilita
ted by the use of m

any mysterious ceremonies on the part

of th
e operator w

hile performing, ju
st as the modern vaudeville

performer diverts the attention of th
e audience to his rig

ht hand

while his left is
 engaged in the tric

k. Such ceremonies were not

questioned, fo
r it 

was the common belief th
at th

e whole process

“lay in the spirit 
as much as in the substance,“ m

any, as we have

seen, re
garding the whole process as a divine manifestation.

Sometim
es a hollow rod was used for stirr

ing the mixture in the

crucible, th
is rod containing gold dust, a

nd having the end

plugged either w
ith wax or soft m

etal th
at w

as easily melted.

Again, pieces of le
ad were used which had been plugged with lumps

of gold carefully covered over; a
nd a very simple and im

pressive

demonstration was making use of a nugget of gold that had been

coated over w
ith quicksilver and tarnished so as to resemble lead

or some base metal. W
hen this was thrown into acid the coating

was removed by chemical action, leaving the shining metal in
 the

bottom of th
e vessel. In

 order to
 perform some of th

ese tric
ks,

it is
 obvious that th

e alchemist m
ust have been well supplied

with gold, as some of th
em, when performing before a royal

audience, gave the products to their v
isitors. But it 

was always

a paying investment, fo
r once his reputation was established the

gold-maker fo
und an endless variety of w

ays of tu
rning his

alleged knowledge to account, fr
equently amassing great w

ealth.

Some of th
e cleverest of th

e charlatans often invited royal or

other distinguished guests to bring with them iro
n nails to be

turned into gold ones. They were tra
nsmuted in the alchemist´s

crucible before the eyes of th
e visitors, th

e juggler adroitly

extracting the iro
n nail and insertin

g a gold one without

detection. It 
mattered litt

le if t
he converted gold nail d

iffe
red

in size and shape fro
m the original, fo

r th
is change in shape

could be laid to the process of tra
nsmutation; and even the very

critic
al were hardly likely to fin

d fault w
ith the exchange thus

made. Furthermore, it w
as believed that gold possessed the

property of changing its bulk under certain conditio
ns, some of

the more conservative alchemists maintaining that gold was only

increased in bulk, not necessarily
 created, by certain forms of

the magic stone. Thus a very proficient operator w
as thought to

be able to increase a grain of gold into a pound of pure metal,

while one less expert c
ould only double, or possibly tre

ble, its

original weight.

The actual number of useful discoveries resultin
g fro

m the

efforts of th
e alchemists is considerable, some of th

em of

incalculable value. Roger Bacon, who lived in the thirte
enth

century, while devoting much of his tim
e to alchemy, m

ade such

valuable discoveries as the theory, at le
ast, o

f th
e telescope,

and probably gunpowder. O
f th

is latter w
e cannot be sure that th

e

discovery was his own and that he had not le
arned of it 

through

the source of old manuscripts. But it 
is not im

possible nor

improbable that he may have hit u
pon the mixture that m

akes the

explosives while searching for th
e philosopher´s stone in his

laboratory. “V
on Helmont, in

 the same pursuit, d
iscoverd the

propertie
s of gas,“ says Mackay; ”G

eber m
ade discoveries in

chemistry, which were equally im
portant; a

nd Paracelsus, amid his

perpetual visions of th
e tra

nsmutation of m
etals, fo

und that

mercury was a remedy for one of th
e most odious and excruciating

of all th
e diseases that afflic

t humanity.“´ A
s we shall see a

littl
e farther on, alchemy fin

ally evolved into modern chemistry,

but not until i
t had passed through several im

portant

transitio
nal stages.

ASTROLOGY

ASTROLOGY

In a general way modern astronomy may be considered as the

outgrowth of astrology, just as modern chemistry is the result o
f

alchemy. It i
s quite possible, however, th

at astronomy is the

older of th
e tw

o; but astrology must have developed very shortly

after. T
he prim

itiv
e astronomer, h

aving acquired enough knowledge

from his observations of th
e heavenly bodies to make correct

predictions, such as the tim
e of th

e coming of th
e new moon,

would be led, naturally, to
 believe that certain predictions

other th
an purely astronomical ones could be made by studying the

heavens. Even if t
he astronomer himself d

id not believe this,

some of his superstitio
us admirers would; fo

r to
 the unscientific

mind predictions of earthly events would surely seem no more

miraculous than correct predictions as to the future movements of

the sun, m
oon, and stars. W

hen astronomy had reached a stage of

development so that such things as eclipses could be predicted

with anything like accuracy, th
e occult k

nowledge of th
e

astronomer w
ould be unquestioned. Turning this apparently occult

knowledge to account in
 a mercenary way would then be the

inevitable result, a
lthough it c

annot be doubted that m
any of th

e

astrologers, in all ages, were sincere in their b
eliefs.

Later, a
s the business of astrology became a profita

ble one,

sincere astronomers would fin
d it e

xpedient to
 practise astrology

as a means of gaining a livelihood. Such a philosopher as Kepler

freely admitte
d that he practised astrology “to

 keep fro
m

starving,“ a
lthough he confessed no faith in such predictions.

“Ye otherwise philosophers,“ h
e said, ”y

e censure this daughter

of astronomy beyond her deserts; know ye not th
at she must

support h
er m

other by her charms.“

Once astrology had become an established practice, any

considerable knowledge of astronomy was unnecessary, fo
r as it

was at best but a system of good guessing as to future events,

clever im
postors could thrive equally well w

ithout tro
ubling to

study astronomy. The celebrated astrologers, however, w
ere

usually astronomers as well, a
nd undoubtedly based many of th

eir

predictions on the positio
n and movements of th

e heavenly bodies.

Thus, th
e casting of a horoscope that is, th

e methods by which

the astrologers ascertained the relative positio
n of th

e heavenly

bodies at th
e tim

e of a birth
—was a simple but fa

irly
 exact

procedure. Its
 basis was the zodiac, or th

e path tra
ced by the

sun in his yearly course through certain constellations. At th
e

moment of th
e birth

 of a child, th
e firs

t care of th
e astrologer

was to note the partic
ular part o

f th
e zodiac that appeared on

the horizon. The zodiac was then divided into “houses”—
that is,

into tw
elve spaces—on a chart. I

n these houses were inserted the

places of th
e planets, sun, and moon, with reference to the

zodiac. W
hen this chart w

as completed it m
ade a fairly

 correct

diagram of th
e heavens and the positio

n of th
e heavenly bodies as

they would appear to
 a person standing at th

e place of birth
 at a

certain tim
e.

Up to this point th
e process was a simple one of astronomy. But

the next step—the really im
portant one—that of in

terpreting

this chart, w
as the one which called forth the skill a

nd

imagination of th
e astrologer. In

 this interpretation, not in
 his

mere observations, lay the secret of his success. Nor did his

task cease with simply foretellin
g future events that w

ere to

happen in the life
 of th

e newly born infant. H
e must not only

point out th
e dangers, but show the means whereby they could be

averted, and his prophylactic measures, lik
e his predictions,

were alleged to be based on his reading of th
e stars.

But casting a horoscope at th
e tim

e of birth
s was, of course,

only a small p
art o

f th
e astrologer´s duty. His offic

es were

sought by persons of all ages for predictions as to their

futures, th
e movements of an enemy, where to fin

d stolen goods,

and a host of everyday occurrences. In such cases it is
 more than

probable that th
e astrologers did very litt

le consultin
g of th

e

stars in making their p
redictions. They became expert

physiognomists and excellent ju
dges of human nature, and were

thus able to foretell fu
tures with the same shrewdness and by the

same methods as the modern “m
ediums,“ p

almists, and

fortune-tellers. To strengthen belief in
 their p

owers, it b
ecame

a common thing for some supposedly lost document of th
e

astrologer to
 be mysteriously discovered after an im

portant

event, th
is document purportin

g to foretell th
is very event. It

was also a common practice with astrologers to retain, or have

access to, th
eir o

riginal charts, cleverly altering them fro
m

tim
e to tim

e to fit 
conditio

ns.

The dangers attendant upon astrology were of such a nature that

the lot of th
e astrologer w

as likely to prove anything but an

enviable one. As in the case of th
e alchemist, th

e greater th
e

reputation of an astrologer th
e greater dangers he was likely to

fall in
to. If h

e became so famous that he was employed by kings

or noblemen, his too tru
e or to

o false prophecies were likely to

bring him into disrepute—even to endanger his life
.

Throughout th
e dark age the astrologers flo

urished, but th
e

sixteenth and seventeenth centuries were the golden age of th
ese

impostors. A skilfu
l astrologer w

as as much an essential to
 the

government as the highest offic
ial, and it w

ould have been a bold

monarch, indeed, who would undertake any expeditio
n of im

portance

unless sanctioned by the governing stars as interpreted by these

offic
ials.

It should not be understood, however, th
at belief in

 astrology

died with the advent of th
e Copernican doctrin

e. It d
id become

separated fro
m astronomy very shortly

 after, to
 be sure, and

undoubtedly among the scientists it lo
st m

uch of its
 prestige.

But it 
cannot be considered as entire

ly passed away, even to-day,

and even if w
e leave out of consideration street-corner

“astrologers” and fortune-tellers, whose signs may be seen in

every large city, th
ere still r

emains quite a large class of

relatively intellig
ent people who believe in what th

ey call “t
he

science of astrology.“ N
eedless to say, such people are not fo

und

among the scientific
 thinkers; but it 

is significant th
at

scarcely a year passes that some book or pamphlet is not

published by some ardent believer in
 astrology, attempting to

prove by the illo
gical dogmas characteristic of unscientific

thinkers that astrology is a science. The arguments contained in

these pamphlets are very much the same as those of th
e

astrologers three hundred years ago, except th
at th

ey lack the

quaint fo
rm of wording which is one of th

e features that le
nds

interest to
 the older documents. These pamphlets need not be

taken seriously, but th
ey are interesting as exemplifying how

diffic
ult it

 is, even in an age of science, to
 entire

ly stamp out

firm
ly established superstitio

ns. Here are some of th
e arguments

advanced in defence of astrology, taken fro
m a litt

le brochure

entitle
d “Astrology Vindicated,“ p

ublished in 1898: It w
ill b

e

1898   found that a person born when the Sun is in tw
enty degrees

Scorpio has the left e
ar as his exceptional feature and the nose

(Sagitta
rius) bent to

wards the left e
ar. A

 person born when the

Sun is in any of th
e latter degrees of Taurus, say the

twenty-fift
h degree, will h

ave a small, s
harp, weak chin, curved

up towards Gemini, th
e tw

o vertic
al lin

es on the upper lip
.“[4

]

The tim
e was when science went out of its

 way to prove that such

statements were untrue; but th
at tim

e is past, and such write
rs

are usually classed among those energetic but m
isguided persons

who are unable to distinguish between logic and sophistry.

In England, fro
m the tim

e of Elizabeth to the reign of W
illia

m

and Mary, judicial astrology was at its
 height. A

fter th
e great

London fire
, in 1666, a committe

e of th
e House of Commons

1666   publicly summoned the famous astrologer, Lilly, to
 come before

Parlia
ment and report to

 them on his alleged prediction of th
e

calamity that had befallen the city. Lilly, for some reason best

known to himself, d
enied having made such a prediction, being, as

he explained, “m
ore interested in determining affairs of m

uch

more im
portance to the future welfare of th

e country.“ S
ome of

the explanations of his interpretations will s
uffice to show

their absurditie
s, which, however, w

ere by no means regarded as

absurditie
s at th

at tim
e, for Lilly was one of th

e greatest

astrologers of his day. He said that in
 1588 a prophecy had been

1588   printed in Greek characters which foretold exactly the tro
ubles

of England between the years 1641. and 1660. “A
nd after him shall

1641   
1660   come a dreadful dead man,“ ra

n the prophecy, ”a
nd with him a

royal G of th
e best blood in the world, and he shall have the

crown and shall set England on the rig
ht w

ay and put out all

heresies. His interpretation of th
is was that, “Monkery being

extinguished above eighty or ninety years, and the Lord General´s

name being Monk, is the dead man. The royal G or C (it 
is gamma

in the Greek, intending C in the Latin, being the third letter in

the alphabet) is
 Charles II., 

who, for his extraction, may be

said to be of th
e best blood of th

e world.“[5]

This may be taken as a fair sample of Lilly´s interpretations of

astrological prophesies, but m
any of his own writin

gs, while

somewhat m
ore definite and direct, are still l

eft sufficiently

vague to allow his skilfu
l interpretations to set rig

ht an

apparent m
istake. One of his famous documents was “The Starry

Messenger,“ a litt
le pamphlet purportin

g to explain the

phenomenon of a “strange apparitio
n of th

ree suns” that w
ere seen

in London on November 19, 1644—-the anniversary of th
e birth

 of

19   
1644   Charles I., t

hen the reigning monarch. This phenomenon caused a

great stir a
mong the English astrologers, coming, as it d

id, at a

tim
e of great politic

al disturbance. Prophecies were numerous,

and Lilly´s brochure is only one of m
any that appeared at th

at

tim
e, most of which, however, h

ave been lost. Lilly, in his

preface, says: “If th
ere be any of so prevaricate a judgment as

to think that th
e apparitio

n of th
ese three Suns doth intim

ate no

Novelle thing to happen in our own Clim
ate, where they were

manifestly visible, I shall la
ment th

eir in
dispositio

n, and

conceive their b
rains to be shallow, and voyde of understanding

humanity, or notice of common History.“

Having thus forgiven his few doubting readers, who were by no

means in the majority
 in his day, he takes up in review the

records of th
e various appearances of th

ree suns as they have

occurred during the Christian era, showing how such phenomena

have governed certain human events in a very definite manner.

Some of th
ese are worth recording.

“Anno 66. A comet was seen, and also three Suns: In which yeer,

66   Florus President of th
e Jews was by them slain. Paul write

s to

Timothy. The Christians are warned by a divine Oracle, and depart

out of Je
rusalem. Boadice a Britis

h Queen, killeth seventy

thousand Romans. The Nazareni, a scurvie Sect, b
egun, th

at

boasted much of Revelations and Visions. About a year after Nero

was proclaimed enemy to the State of Rome.“

Again, “Anno 1157, in September, th
ere were seen three Suns

1157   together, in
 as clear weather as could be: And a few days after,

in the same month, th
ree Moons, and, in the Moon that stood in

the middle, a white Crosse. Sueno, King of Denmark, at a great

Feast, killeth Canutus: Sueno is himself slain, in pursuit o
f

Waldemar. The Order of Eremites, according to the rule of Saint

Augustine, begun this year; and in the next, th
e Pope submits to

the Emperour: (w
as not th

is miraculous?) Lombardy was also

adjudged to the Emperour.“

Continuing this list of peculiar phenomena he comes down to

within a few years of his own tim
e.

“Anno 1622, th
ree Suns appeared at Heidelberg. The woful

1622   Calamitie
s that have ever since fallen upon the Palatinate, we

are all sensible of, and of th
e loss of it, 

for any thing I see,

for ever, fr
om the rig

ht Heir. O
sman the great Turk is strangled

that year; and Spinola besiegeth Bergen up Zoom, etc.“

Fortifi
ed by the enumeration of th

ese past events, he then

proceeds to make his deductions. “Only this I m
ust te

ll th
ee,“ he

write
s, “that th

e interpretation I w
rite

 is, I c
onceive, grounded

upon probable foundations; and who lives to see a few years over

his head, will e
asily perceive I have unfolded as much as was fit

to discover, and that m
y judgment was not a mile and a half fr

om

truth.“
There is a great significance in this “as much as was fit t

o

discover”—a mysterious something that Lilly thinks it e
xpedient

not to
 divulge. But, n

evertheless, one would imagine that he was

about to
 make some definite prediction about Charles I., s

ince

these three suns appeared upon his birth
day and surely must

portend something concerning him. But after ra
mbling on through

many pages of dissertations upon planets and prophecies, he

finally makes his own indefinite prediction.

“O all you Emperors, Kings, Princes, Rulers and Magistrates of

Europe, th
is unaccustomed Apparitio

n is like the Handwritin
g in

Daniel to
 some of you; it p

remonisheth you, above all other

people, to make your peace with God in tim
e. You shall every one

of you smart, a
nd every one of you taste (none excepted) th

e

heavie hand of God, who will s
trengthen your subjects with

invincible courage to suppress your m
isgovernments and

Oppressions in Church or Common-wealth; . . .
 Those words are

general: a word for m
y own country of England. . . .

 Look to

yourselves; here´s some monstrous death towards you. But to
 whom?

wilt t
hou say. Herein we consider th

e Signe, Lord thereof, and

the House; The Sun signifies in that Royal Signe, great ones; th
e

House signifies captivity, poison, Treachery: From which is

derived thus much, That some very great m
an, what King, Prince,

Duke, or th
e like, I re

ally affirm
 I perfectly know not, shall, I

say, come to some such untim
ely end.“[6]

Here is shown a typical example of astrological prophecy, which

seems to tell something or nothing, according to the point of

view of th
e reader. A

ccording to a believer in
 astrology, after

the execution of Charles I., f
ive years later, th

is could be made

to seem a direct and exact prophecy. For example, he says: “You

Kings, Princes, etc., ... 
it p

remonisheth you ... t
o make your

peace with God.... L
ook to yourselves; here´s some monstrous

death towards you. ... T
hat some very great m

an, what King,

Prince, . shall, I 
say, come to such untim

ely end.“

But by the doubter th
e complete prophecy could be shown to be

absolutely indefinite, and applicable as much to the king of

France or Spain as to Charles I., o
r to

 any king in the future,

since no definite tim
e is stated. Furthermore, Lilly distinctly

states, “What King, Prince, Duke, or th
e like, I re

ally affirm
 I

perfectly know not”—which last, at least, w
as a most tru

thful

statement. The same ingenuity that m
ade “Gen. Monk” the “dreadful

dead man,“ could easily make such a prediction apply to the

execution of Charles I. S
uch a definite statement th

at, on such

and such a day a certain number of years in the future, th
e

monarch of England would be beheaded—such an exact statement can

scarcely be found in any of th
e works on astrology. It s

hould be

borne in mind, also, that Lilly was of th
e Cromwell party and

opposed to the king.

After th
e death of Charles I., L

illy admitte
d that th

e monarch

had given him a thousand pounds to cast his horoscope. “I advised

him,“ says Lilly, ”to proceed eastwards; he went west, and all

the world knows the result.“ It is
 an unfortunate thing for th

e

cause of astrology that Lilly failed to mention this until a
fter

the downfall of th
e monarch. In fact, th

e sudden death, or

decline in power, of any monarch, even to-day, brings out th
e

perennial post-m
ortem predictions of astrologers.

We see how Lilly, an opponent of th
e king, made his so-called

prophecy of th
e disaster of th

e king and his army. At th
e same

tim
e another celebrated astrologer and rival of Lilly, George

Wharton, also made some predictions about th
e outcome of th

e

eventful march fro
m Oxford. Wharton, unlike Lilly, was a follower

of th
e king´s party, but th

at, of course, should have had no

influence in his “scientific
” reading of th

e stars. Wharton´s

predictions are much less verbose than Lilly´s, much more

explicit, a
nd, incidentally, much more incorrect in

 this

partic
ular in

stance. “The Moon Lady of th
e 12,“ he wrote, ”and

12   moving betwixt th
e 8 degree, 34 min., and 21 degree, 26 min. of

34   21   26   Aquarius, gives us to understand that His Majesty shall re
ceive

much contentment by certain Messages brought him fro
m foreign

parts; and that he shall re
ceive some sudden and unexpected

supply of . . 
. by the means of some that assimilate the

conditio
n of his Enemies: And withal th

is comfort; t
hat His

Majesty shall be exceeding successful in Besieging Towns,

Castles, or Forts, and in persuing the enemy.

“Mars his Sextile to the Sun, Lord of th
e Ascendant (w

hich

happeneth the 18 day of May) will e
ncourage our Soldiers to

18   advance with much alacrity
 and cheerfulness of spirit;

 to show

themselves gallant in
 the most dangerous attempt.... 

And now to

sum up all: It
 is most apparent to

 every impartia
l and ingenuous

judgment; That although His Majesty cannot expect to
 be secured

from every triv
ial disaster th

at m
ay befall his army, either by

the too much Presumption, Ignorance, or Negligence of some

partic
ular Persons (which is fre

quently incident and unavoidable

in the best of Armies), yet th
e several positio

ns of th
e Heavens

duly considered and compared among themselves, as well in
 the

prefixed Scheme as at th
e Quarterly Ingresses, do generally

render His Majesty and his whole Army unexpectedly victorious and

successful in all his designs; Believe it (L
ondon), th

y Miseries

approach, they are like to be many, great, and grievous, and not

to be diverted, unless thou seasonably crave Pardon of God for

being Nurse to this present Rebellion, and speedily submit to
 thy

Prince´s Mercy; Which shall be the daily Prayer of Geo.

Wharton.“[7]

In the light of after events, it i
s probable that W

harton´s stock

as an astrologer was not greatly enhanced by this document, at

least among members of th
e Royal family. Lilly´s book, on the

other hand, became a favorite
 with the Parliamentary army.

After th
e downfall and death of Napoleon there were unearthed

many alleged authentic astrological documents foretelling his

ruin. And on the death of George IV., in
 1830, there appeared a

1830   document (u
nknown, as usual, until t

hat tim
e) purportin

g to

foretell th
e death of th

e monarch to the day, and this without

the astrologer knowing that his horoscope was being cast fo
r a

monarch. A full account of th
is prophecy is told, with full

belief, by Roback, a nineteenth-century astrologer. H
e says:

“In the year 1828, a stranger of noble mien, advanced in life
,

1828   but possessing the most bland manners, arriv
ed at th

e abode of a

celebrated astrologer in London,“ asking that th
e learned man

foretell his future. “The astrologer complied with the request of

the mysterious visitor, drew forth his tables, consulted his

ephemeris, and cast th
e horoscope or celestial map for th

e hour

and the moment of th
e inquiry, according to the established rules

of his art.

“The elements of his calculation were adverse, and a feeling of

gloom cast a shade of serious thought, if 
not dejection, over his

countenance.

“ ‘You are of high rank,´ said the astrologer, as he calculated

and looked on the stranger, ‘a
nd of illu

strio
us titl

e.´ The

stranger m
ade a graceful inclination of th

e head in token of

acknowledgment of th
e complimentary remarks, and the astrologer

proceeded with his mission.

“The celestial signs were ominous of calamity to the stranger,

who, probably observing a sudden change in the countenance of th
e

astrologer, eagerly inquired what evil or good fortune had been

assigned him by the celestial orbs.

´To the firs
t part o

f your inquiry,´ said the astrologer, ‘I 
can

readily reply. You have been a favorite
 of fortune; her smiles on

you have been abundant, her fro
wns but few; you have had, perhaps

now possess, wealth and power; th
e impossibility

 of th
eir

accomplishment is the only lim
it to

 the fulfilm
ent of your

desires.´ “

“ ‘You have spoken tru
ly of th

e past,´ s
aid the stranger. ‘I 

have

full fa
ith in your re

velations of th
e future: what say you of my

pilgrim
age in this life

—is it s
hort o

r long?´

“ ‘I re
gret,´ r

eplied the astrologer, in
 answer to

 this inquiry,

´to be the herald of ill,
 though TRUE, fortune; your sojourn on

earth will b
e short.´

“ ‘How short?´ eagerly inquired the excited and anxious stranger.

“ ‘Give me a momentary tru
ce,´ said the astrologer; ‘I 

will

consult th
e horoscope, and may possibly find some mitig

ating

circumstances.´

“Having cast his eyes over th
e celestial map, and paused for some

moments, he surveyed the countenance of th
e stranger with great

sympathy, and said, ‘I a
m sorry that I c

an find no planetary

influences that oppose your destiny—your death will ta
ke place

in two years.´

“The event justifie
d the astrologic prediction: George IV. died

on May 18, 1830, exactly two years fro
m the day on which he had

18   
1830   visited the astrologer.“[8]

This makes a very pretty story, but it h
ardly seems like occult

insight th
at an astrologer should have been able to predict an

early death of a man nearly seventy years old, or to
 have guessed

that his well-groomed visitor “had, perhaps now possesses, wealth

and power.“ Here again, however, th
e point of view of each

individual plays the governing part in
 determining the importance

of such a document. To the scientist it p
roves nothing; to the

believer in astrology, everything. The significant th
ing is that

it appeared shortly
 AFTER the death of th

e monarch.

On the Continent astrologers were even more in favor th
an in

England. Charlemagne, and some of his immediate successors, to be

sure, attempted to exterminate them, but such rulers as Louis XI.

and Catherine de´ Medici patronized and encouraged them, and it

was many years after th
e tim

e of Copernicus before their

influence was entire
ly stamped out even in official life

. There

can be no question that what gave the color of tru
th to many of

the predictions was the fact th
at so many of th

e prophecies of

sudden deaths and great conflagrations were known to have come

true—in many instances were made to come tru
e by the astrologer

himself. A
nd so it h

appened that when the prediction of a great

conflagration at a certain tim
e culminated in such a

conflagration, many tim
es a second but less-im

portant burning

took place, in which the ambitious astrologer, or his followers,

took a central part about a stake, being convicted of

incendiarism, which they had committe
d in order th

at th
eir

prophecies might be fulfille
d.

But, on the other hand, these predictions were sometim
es turned

to account by interested frie
nds to warn certain persons of

approaching dangers.

For example, a certain astrologer fo
retold the death of Prince

Alexander de´ Medici. He not only foretold the death, but

described so minutely the circumstances that would attend it, a
nd

gave such a correct description of th
e assassin who should murder

the prince, that he was at once suspected of having a hand in the

assassination. It d
eveloped later, however, th

at such was

probably not th
e case; but th

at some frie
nd of Prince Alexander,

knowing of th
e plot to

 take his life
, had induced the astrologer

to foretell th
e event in order th

at th
e prince might have tim

ely

warning and so elude the conspirators.

The cause of th
e decline of astrology was the growing prevalence

of th
e new spirit o

f experim
ental science. Doubtless the most

direct blow was dealt by the Copernican theory. So soon as this

was established, the recognition of th
e earth´s subordinate place

in the universe must have made it d
iffic

ult fo
r astronomers to be

longer deceived by such coincidences as had sufficed to convince

the observers of a more credulous generation. Tycho Brahe was,

perhaps, the last astronomer of prominence who was a

conscientious practiser of th
e art o

f th
e astrologer.
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In the year 1526 there appeared a new lecturer on the platform at

1526   

In the year 1526 there appeared a new lecturer on the platform at

the University at Basel—a small, b
eardless, effeminate-looking

the University at Basel—
a small, beardless, effeminate-looking

person—who had already inflamed all Christendom with his

person—
who had already inflamed all Christendom with his

peculiar philosophy, his revolutionary methods of tre
ating

peculiar philosophy, his revolutionary methods of treating

diseases, and his unparalleled success in curing them. A man who

diseases, and his unparalleled success in curing them. A man who

was to be remembered in after-tim
e by some as the father of

was to be remembered in after-time by some as the father of

modern chemistry and the founder of modern medicine; by others as

modern chemistry and the founder of modern medicine; by others asmadman, charlatan, im
postor; and by still o

thers as a combination

madman, charlatan, impostor; and by still others as a combinationof all th
ese. This soft-c

heeked, effeminate, woman-hating man,

of all these. This soft-cheeked, effeminate, woman-hating man,whose very sex has been questioned, was Theophrastus von

whose very sex has been questioned, was Theophrastus von

Hohenheim, better known as Paracelsus (1493-1541).

1493   
1541   

Hohenheim, better known as Paracelsus (1493-1541).

To appreciate his work, something must be known of th
e life

 of

To appreciate his work, something must be known of the life of

the man. He was born near Maria-Einsiedeln, in Switzerland, the

the man. He was born near Maria-Einsiedeln, in Switzerland, the

son of a poor physician of th
e place. He began the study of

son of a poor physician of the place. He began the study of

medicine under th
e instruction of his father, and later on came

medicine under the instruction of his father, and later on came

under th
e instruction of several learned churchmen. At th

e age of

under the instruction of several learned churchmen. At the age of

sixteen he entered the University of Basel, but, soon becoming

sixteen he entered the University of Basel, but, soon becoming

disgusted with the philosophical teachings of th
e tim

e, he

disgusted with the philosophical teachings of the time, he

quitte
d the scholarly world of dogmas and theories and went to

quitted the scholarly world of dogmas and theories and went to

live among the miners in the Tyrol, in
 order th

at he might study

live among the miners in the Tyrol, in order that he might study

nature and men at fir
st hand. Ordinary methods of study were

nature and men at first hand. Ordinary methods of study were

thrown aside, and he devoted his tim
e to personal

thrown aside, and he devoted his time to personal

observation—the only tru
e means of gaining useful knowledge, as

observation—
the only true means of gaining useful knowledge, as

he preached and practised ever after. H
ere he became familiar

he preached and practised ever after. Here he became familiar

with the art o
f mining, learned the physical propertie

s of

with the art of mining, learned the physical properties of

minerals, ores, and metals, and acquired some knowledge of

minerals, ores, and metals, and acquired some knowledge of

mineral waters. More important still, 
he came in contact with

mineral waters. More important still, he came in contact with

such diseases, wounds, and injuries as miners are subject to
, and

such diseases, wounds, and injuries as miners are subject to, and

he trie
d his hand at th

e practical tre
atment of th

ese conditions,

he tried his hand at the practical treatment of these conditions,

untrammelled by the traditions of a profession in which his

untrammelled by the traditions of a profession in which his

training had been so scant.

training had been so scant.

Having acquired some empirical skill in
 treating diseases,

Paracelsus set out wandering from place to place all over Europe,

gathering practical information as he went, and learning more and

more of the medicinal virtu
es of plants and minerals. His

wanderings covered a period of about ten years, at th
e end of

which tim
e he returned to Basel, w

here he was soon invited to

give a course of lectures in the university.

These lectures were revolutionary in two respects—they were

given in German instead of tim
e-honored Latin, and they were

based upon personal experience rather th
an upon the works of such

write
rs as Galen and Avicenna. Indeed, the iconoclastic teacher

spoke with open disparagement of these revered masters, and

openly upbraided his fellow-practitio
ners for following their

tenets. Naturally such teaching raised a storm of opposition

among the older physicians, but for a tim
e the unparalleled

success of Paracelsus in curing diseases more than offset his

unpopularity. Gradually, however, his bitte
r to

ngue and his

coarse personality rendered him so unpopular, even among his

patients, that, fin
ally, his liberty and life

 being jeopardized,

he was obliged to flee from Basel, and became a wanderer. H
e

lived for brief periods in Colmar, N
uremberg, Appenzell, Z

urich,

Pfeffers, Augsburg, and several other cities, until fi
nally at

Salzburg his eventful life
 came to a close in 1541. His enemies

1541   said that he had died in a tavern from the effects of a

protracted debauch; his supporters maintained that he had been

murdered at th
e instigation of riv

al physicians and apothecaries.

But th
e effects of his teachings had taken firm

 root, and

continued to spread after his death. He had shown the fallibility

of many of the teachings of the hitherto standard methods of

treating diseases, and had demonstrated the advantages of

independent reasoning based on observation. In his Magicum he

gives his reasons for breaking with tradition. “I did,“ he says,

“embrace at th
e beginning these doctrin

es, as my adversaries

(followers of Galen) have done, but since I saw that fro
m their

procedures nothing resulted but death, murder, stranglings,

anchylosed lim
bs, paralysis, and so forth, that th

ey held most

diseases incurable. . . .
 therefore have I quitted this wretched

art, a
nd sought for tru

th in any other direction. I asked myself

if th
ere were no such thing as a teacher in medicine, where could

I learn this art b
est? Nowhere better th

an the open book of

nature, writte
n with God´s own finger.“ We shall see, however,

that th
is “book of nature” taught Paracelsus some very strange

lessons. Modesty was not one of these. “Now at th
is tim

e,“ he

declares, “I, Theophrastus Paracelsus, Bombast, M
onarch of the

Arcana, was endowed by God with special gifts for th
is end, that

every searcher after th
is supreme philosopher´s work may be

forced to imitate and to follow me, be he Italian, Pole, Gaul,

German, or whatsoever or whosoever he be. Come hither after me,

all ye philosophers, astronomers, and spagirists. . . .
 I w

ill

show and open to you ... t
his corporeal regeneration.“[1]

Paracelsus based his medical teachings on four “pillars”

—philosophy, astronomy, alchemy, and virtu
e of the physician—a

strange-enough equipment surely, and yet, properly interpreted,

not quite so anomalous as it seems at firs
t blush. Philosophy was

the “gate of medicine,“ whereby the physician entered rightly

upon the tru
e course of learning; astronomy, the study of the

stars, was all-im
portant because “they (the stars) caused disease

by their exhalations, as, for instance, the sun by excessive

heat”; alchemy, as he interpreted it, m
eant th

e improvement of

natural substances for man´s benefit; w
hile virtu

e in the

physician was necessary since “only the virtu
ous are permitted to

penetrate into the innermost nature of man and the universe.“

All his writin
gs aim to promote progress in medicine, and to hold

before the physician a grand ideal of his profession. In this his

views are wide and far-re
aching, based on the relationship which

man bears to nature as a whole; but in his sweeping condemnations

he not only rejected Galenic therapeutics and Galenic anatomy,

but condemned dissections of any kind. He laid the cause of all

diseases at th
e door of the three mystic elements—salt, sulphur,

and mercury. In health he supposed these to be mingled in the

body so as to be indistinguishable; a slight separation of them

produced disease; and death he supposed to be the result of their

complete separation. The spiritu
al agencies of diseases, he said,

had nothing to do with either angels or devils, but were the

spirits
 of human beings.

He believed that all fo
od contained poisons, and that th

e

function of digestion was to separate the poisonous from the

nutriti
ous. In the stomach was an archaeus, or alchemist, w

hose

duty was to make this separation. In digestive disorders the

archaeus failed to do this, and the poisons thus gaining access

to the system were “coagulated” and deposited in the joints and

various other parts of the body. Thus the deposits in the kidneys

and tartar on the teeth were formed; and the stony deposits of

gout were particularly familiar examples of this. All th
is is

visionary enough, yet it s
hows at least a groping after rational

explanations of vital phenomena.

Like most others of his tim
e, Paracelsus believed firm

ly in the

doctrin
e of “signatures”—a belief that every organ and part of

the body had a corresponding form in nature, whose function was

to heal diseases of the organ it re
sembled. The vagaries of this

peculiar doctrin
e are too numerous and complicated for lengthy

discussion, and varied greatly from generation to generation. In

general, however, th
e theory may be summed up in the words of

Paracelsus: “As a woman is known by her shape, so are the

medicines.“ Hence the physicians were constantly searching for

some object of corresponding shape to an organ of the body. The

most natural application of this doctrin
e would be the use of the

organs of the lower animals for the treatment of the

corresponding diseased organs in man. Thus diseases of the heart

were to be treated with the hearts of animals, liver disorders

with livers, and so on. But this apparently simple form of

treatment had endless modifications and restrictions, for not all

animals were useful. For example, it w
as useless to give the

stomach of an ox in gastric diseases when the indication in such

cases was really for the stomach of a rat. Nor were the organs of

animals the only “signatures” in nature. Plants also played a

very important role, and the herb-doctors devoted endless labor

to searching for such plants. Thus the blood-root, w
ith its red

juice, was supposed to be useful in blood diseases, in stopping

hemorrhage, or in subduing the redness of an inflammation.

Paracelsus´s system of signatures, however, w
as so complicated by

his theories of astronomy and alchemy that it i
s practically

beyond comprehension. It i
s possible that he himself m

ay have

understood it, b
ut it i

s improbable that any one else did—as

shown by the endless discussions that have taken place about it.

But with all th
e vagaries of his theories he was still r

ational

in his applications, and he attacked to good purpose the

complicated “shot-gun” prescriptions of his contemporaries,

advocating more simple methods of tre
atment.

The ever-fascinating subject of electricity, or, m
ore

specifically, “magnetism,“ found great favor with him, and with

properly adjusted magnets he claimed to be able to cure many

diseases. In epilepsy and lockjaw, for example, one had but to

fasten magnets to the four extremities of the body, and then,

“when the proper medicines were given,“ the cure would be

effected. The easy loop-hole for excusing failure on the ground

of im
proper medicines is obvious, but Paracelsus declares that

this one prescription is of more value than “all th
e humoralists

have ever writte
n or taught.“

Since Paracelsus condemned the study of anatomy as useless, he

quite naturally regarded surgery in the same light. In
 this he

would have done far better to have studied some of his

predecessors, such as Galen, Paul of Aegina, and Avicenna. But

instead of “cuttin
g men to pieces,“ he taught that surgeons would

gain more by devoting their tim
e to searching for the universal

panacea which would cure all diseases, surgical as well as

medical. In
 this we detect a taint of the popular belief in the

philosopher´s stone and the magic elixir of life
, his belief in

which have been stoutly denied by some of his followers. He did

admit, h
owever, th

at one operation alone was perhaps

permissible—lithotomy, or the “cuttin
g for stone.“

His influence upon medicine rests undoubtedly upon his

revolutionary attitu
de, rather than on any great or new

discoveries made by him. It i
s claimed by many that he brought

prominently into use opium and mercury, and if th
is were

indisputably proven his services to medicine could hardly be

overestimated. Unfortunately, however, th
ere are good grounds for

doubting that he was particularly influential in reintroducing

these medicines. His chief influence may perhaps be summed up in

a single phrase—he overthrew old traditions.

To Paracelsus´s endeavors, however, if 
not to the actual products

of his work, is due the credit of settin
g in motion the chain of

thought that developed finally into scientific
 chemistry. Nor can

the ultim
ate aim of the modern chemist seek a higher object than

that of this sixteenth-century alchemist, w
ho taught that “true

alchemy has but one aim and object, to
 extract the quintessence

of things, and to prepare arcana, tin
ctures, and elixirs which

may restore to man the health and soundness he has lost.“

THE GREAT ANATOMISTS

THE GREAT ANATOMISTS

About the beginning of the sixteenth century, while Paracelsus

was scoffing at the study of anatomy as useless, and using his

influence against it, 
there had already come upon the scene the

first of the great anatomists whose work was to make the century

conspicuous in that branch of medicine.

The young anatomist Charles etienne (1503-1564) made one of the

1503   
1564   first noteworthy discoveries, pointing out for the firs

t tim
e

that the spinal cord contains a canal, continuous throughout its

length. He also made other minor discoveries of some importance,

but his researches were completely overshadowed and obscured by

the work of a young Fleming who came upon the scene a few years

later, and who shone with such brillia
ncy in the medical world

that he obscured completely the work of his contemporary until

many years later. This young physician, who was destined to lead

such an eventful career and meet such an untimely end as a martyr

to science, was Andrew Vesalius (1514-1564), w
ho is called the

1514   
1564   “greatest of anatomists.“ At the tim

e he came into the field

medicine was struggling against the dominating Galenic teachings

and the theories of Paracelsus, but perhaps most of all against

the superstitio
ns of the tim

e. In France human dissections were

attended with such dangers that the young Vesalius transferred

his field of labors to Italy, where such investigations were

covertly permitted, if n
ot openly countenanced.

From the very start th
e young Fleming looked askance at the

accepted teachings of the day, and began a series of independent

investigations based upon his own observations. The results of

these investigations he gave in a treatise on the subject which

is regarded as the first comprehensive and systematic work on

human anatomy. This remarkable work was published in the author´s

twenty-eighth or tw
enty-ninth year. Soon after this Vesalius was

invited as imperial physician to the court of Emperor Charles V.

He continued to act in the same capacity at the court of Philip

II., a
fter the abdication of his patron. But in spite of this

royal favor there was at work a factor more powerful than the

influence of the monarch himself—
an instrument that did so much

to retard scientific
 progress, and by which so many lives were

brought to a premature close.

Vesalius had received permission from the kinsmen of a certain

grandee to perform an autopsy. While making his observations the

heart of the outraged body was seen to palpitate—so at least it

was reported. This was brought im
mediately to the attention of

the Inquisition, and it w
as only by the intervention of the king

himself th
at the anatomist escaped the usual fate of those

accused by that trib
unal. As it w

as, he was obliged to perform a

pilgrimage to the Holy Land. While returning from this he was

shipwrecked, and perished from hunger and exposure on the island

of Zante.

At the very tim
e when the anatomical writin

gs of Vesalius were

startlin
g the medical world, there was living and working

contemporaneously another great anatomist, Eustachius (died

1574), whose records of his anatomical investigations were ready

1574   for publication only nine years after the publication of the work

of Vesalius. Owing to the unfortunate circumstances of the

anatomist, however, th
ey were never published during his

lifetime—not, in
 fact, until 1

714. When at last they were given

1714   to the world as Anatomical Engravings, they showed conclusively

that Eustachius was equal, if n
ot superior to Vesalius in his

knowledge of anatomy. It h
as been said of this remarkable

collection of engravings that if t
hey had been published when

they were made in the sixteenth century, anatomy would have been

advanced by at least tw
o centuries. But be this as it m

ay, they

certainly show that their author was a most careful dissector and

observer.

Eustachius described accurately for the first tim
e certain

structures of the middle ear, and rediscovered the tube leading

from the ear to the throat that bears his name. He also made

careful studies of the teeth and the phenomena of firs
t and

second dentitio
n. He was not baffled by the minuteness of

structures and where he was unable to study them with the naked

eye he used glasses for the purpose, and resorted to macerations

and injections for the study of certain complicated structures.

But while the fruit of his pen and pencil were lost for more than

a century after his death, the effects of his teachings were not;

and his two pupils, Fallopius and Columbus, are almost as well

known to-day as their ill
ustrious teacher. Columbus (1490-1559)

1490   
1559   did much in correcting the mistakes made in the anatomy of the

bones as described by Vesalius. He also added much to the science

by giving correct accounts of the shape and cavities of the

heart, a
nd made many other discoveries of minor im

portance.

Fallopius (1523-1562) added considerably to the general knowledge

1523   
1562   of anatomy, made several discoveries in the anatomy of the ear,

and also several organs in the abdominal cavity.

At this tim
e a most vitally important controversy was in progress

as to whether or not the veins of the bodies were supplied with

valves, many anatomists being unable to find them. etienne had

first described these structures, and Vesalius had confirm
ed his

observations. It w
ould seem as if th

ere could be no diffic
ulty in

settlin
g the question as to the fact of such valves being present

in the vessels, for the demonstration is so simple that it i
s now

made daily by medical students in all physiological laboratories

and dissecting-rooms. But many of the great anatomists of the

sixteenth century were unable to make this demonstration, even

when it h
ad been brought to their attention by such an authority

as Vesalius. Fallopius, writin
g to Vesalius on the subject in

1562, declared that he was unable to find such valves. Others,

1562   however, such as Eustachius and Fabricius (1537-1619), were more

1537   
1619   successful, and found and described these structures. But the

purpose served by these valves was entirely misinterpreted. That

they act in preventing the backward flow of the blood in the

veins on its way to the heart, ju
st as the valves of the heart

itself prevent regurgitation, has been known since the tim
e of

Harvey; but the best interpretation that could be given at that

time, even by such a man as Fabricius, was that they acted in

retarding the flow of the blood as it comes from the heart, a
nd

thus prevent its
 too rapid distribution throughout the body. The

fact that the blood might have been going towards the heart,

instead of coming from it, s
eems never to have been considered

seriously until d
emonstrated so conclusively by Harvey.

Of this important and remarkable controversy over the valves in

veins, Withington has this to say: “This is truly a marvellous

story. A great Galenic anatomist is first to give a full and

correct description of the valves and their fu
nction, but fails

to see that any modification of the old view as to the motion of

the blood is required. Two able dissectors carefully test their

action by experiment, and come to a result. th
e exact reverse of

the truth. Urged by them, the two foremost anatomists of the age

make a special search for valves and fail to
 find them. Finally,

passing over lesser peculiaritie
s, an aged and honorable

professor, who has lived through all th
is, calmly asserts that no

anatomist, ancient or modern, has ever mentioned valves in veins

till h
e discovered them in 1574!“[2]

1574   Among the anatomists who probably discovered these valves was

Michael Servetus (1511-1553); but if t
his is somewhat in doubt,

1511   
1553   it is certain that he discovered and described the pulmonary

circulation, and had a very clear idea of the process of

respiration as carried on in the lungs. The description was

contained in a famous document sent to Calvin in 1545—a document

1545   which the reformer carefully kept for seven years in order that

he might make use of some of the heretical statements it

contained to accomplish his desire of bringing its writer to the

stake. The awful fate of Servetus, the interesting character of

the man, and the fact that he came so near to anticipating the

discoveries of Harvey make him one of the most interesting

figures in medical history.

In this document which was sent to Calvin, Servetus rejected the

doctrine of natural, vital, and animal spirits
, as contained in

the veins, arteries, and nerves respectively, and made the

all-im
portant statement that the fluids contained in veins and

arteries are the same. He showed also that the blood is “purged

from fume” and purifie
d by respiration in the lungs, and declared

that there is a new vessel in the lungs, “formed out of vein and

artery.“ Even at the present day there is littl
e to add to or

change in this description of Servetus´s.

By keeping this document, pregnant with advanced scientific

views, fro
m the world, and in the end only using it as a means of

destroying its author, th
e great reformer showed the same

jealousy in retarding scientific
 progress as had his arch-enemies

of the Inquisition, at whose dictates Vesalius became a martyr to

science, and in whose dungeons etienne perished.

THE COMING OF HARVEY

THE COMING OF HARVEY

The tim
e was ripe for the culminating discovery of the

circulation of the blood; but as yet no one had determined the

all-im
portant fact that there are two currents of blood in the

body, one going to the heart, o
ne coming from it. T

he valves in

the veins would seem to show conclusively that the venous current

did not come from the heart, a
nd surgeons must have observed

thousands of tim
es the every-day phenomenon of congested veins at

the distal extremity of a limb around which a ligature or

constriction of any kind had been placed, and the simultaneous

depletion of the vessels at the proximal points above the

ligature. But it s
hould be remembered that inductive science was

in its infancy. This was the sixteenth, not the nineteenth

century, and few men had learned to put im
plicit confidence in

their observations and convictions when opposed to existing

doctrines. The tim
e was at hand, however, when such a man was to

make his appearance, and, as in the case of so many revolutionary

doctrines in science, this man was an Englishman. It r
emained for

William Harvey (1578-1657) to solve the great mystery which had

1578   
1657   puzzled the medical world since the beginning of history; not

only to solve it, b
ut to prove his case so conclusively and so

simply that for all tim
e his littl

e booklet must he handed down

as one of the great masterpieces of lucid and almost faultless

demonstration.

Harvey, the son of a prosperous Kentish yeoman, was born at

Folkestone. His education was begun at the grammar-school of

Canterbury, and later he became a pensioner of Caius College,

Cambridge. Soon after taking his degree of B.A., at the age of

nineteen, he decided upon the profession of medicine, and went to

Padua as a pupil of Fabricius and Casserius. Returning to England

at the age of tw
enty-four, he soon after (1609) obtained the

1609   reversion of the post of physician to St. Bartholomew´s Hospital,

his application being supported by James I. himself. Even at this

time he was a popular physician, counting among his patients such

men as Francis Bacon. In 1618 he was appointed physician

1618   extraordinary to the king, and, a littl
e later, physician in

ordinary. He was in attendance upon Charles I. at the battle of

Edgehill, in
 1642, where, with the young Prince of Wales and the

1642   Duke of York, after seeking shelter under a hedge, he drew a book

out of his pocket and, forgetful of the battle, became absorbed

in study, until fi
nally the cannon-balls from the enemy´s

artille
ry made him seek a more sheltered position.

On the fall of Charles I. he retired from practice, and lived in

retirement with his brother. He was then well along in years, but

still p
ursued his scientific researches with the same vigor as

before, directing his attention chiefly to the study of

embryology. On June 3, 1657, he was attacked by paralysis and

1657   died, in his eightieth year. He had lived to see his theory of

the circulation accepted, several years before, by all th
e

eminent anatomists of the civilized world.

A keenness in the observation of facts, characteristic of the

mind of the man, had led Harvey to doubt the truth of existing

doctrines as to the phenomena of the circulation. Galen had

taught that “the arteries are fille
d, like bellows, because they

are expanded,“ but Harvey thought that the action of spurting

blood from a severed vessel disproved this. For the spurting was

remittant, “now with greater, now with less impetus,“ and its

greater force always corresponded to the expansion (diastole),

not the contraction (systole) of the vessel. Furthermore, it w
as

evident that contraction of the heart and the arteries was not

simultaneous, as was commonly taught, because in that case there

would be no marked propulsion of the blood in any direction; and

there was no gainsaying the fact that the blood was forcibly

propelled in a definite direction, and that direction away from

the heart.

Harvey´s investigations led him to doubt also the accepted theory

that there was a porosity in the septum of tissue that divides

the two ventricles of the heart. It
 seemed unreasonable to

suppose that a thick fluid like the blood could find its way

through pores so small th
at they could not be demonstrated by any

means devised by man. In evidence that there could be no such

openings he pointed out that, since the two ventricles contract

at the same tim
e, this process would impede rather than

facilitate such an intra-ventricular passage of blood. But what

seemed the most conclusive proof of all was the fact that in the

foetus there existed a demonstrable opening between the two

ventricles, and yet this is closed in the fully developed heart.

Why should Nature, if s
he intended that blood should pass between

the two cavities, choose to close this opening and substitute

microscopic openings in place of it? It w
ould surely seem more

reasonable to have the small perforations in the thin, easily

permeable membrane of the foetus, and the opening in the adult

heart, ra
ther than the reverse. From all th

is Harvey drew his

correct conclusions, declaring earnestly, “By Hercules, there ARE

no such porosities, and they cannot be demonstrated.“

Having convinced himself th
at no intra-ventricular opening

existed, he proceeded to study the action of the heart its
elf,

untrammelled by too much faith in established theories, and, as

yet, with no theory of his own. He soon discovered that the

commonly accepted theory of the heart striking against the

chest-wall during the period of relaxation was entirely wrong,

and that its action was exactly the reverse of this, the heart

striking the chest-wall during contraction. Having thus disproved

the accepted theory concerning the heart´s action, he took up the

subject of the action of arteries, and soon was able to

demonstrate by vivisection that the contraction of the arteries

was not simultaneous with contractions of the heart. H
is

experiments demonstrated that these vessels were simply elastic

tubes whose pulsations were “nothing else than the impulse of the

blood within them.“ The reason that the arterial pulsation was

not simultaneous with the heart-beat he found to be because of

the tim
e required to carry the impulse along the tube,

By a series of further careful examinations and experiments,

which are too extended to be given here, he was soon able further

to demonstrate the action and course of the blood during the

contractions of the heart. H
is explanations were practically the

same as those given to-day—first the contraction of the auricle,

sending blood into the ventricle; then ventricular contraction,

making the pulse, and sending the blood into the arteries. He had

thus demonstrated what had not been generally accepted before,

that the heart w
as an organ for the propulsion of blood. To make

such a statement to-day seems not unlike the sober announcement

that the earth is round or that the sun does not revolve about

it. Before Harvey´s tim
e, however, it w

as considered as an organ

that was “in some mysterious way the source of vitality and

warmth, as an animated crucible for the concoction of blood and

the generation of vital spirits.“[3]

In watching the rapid and ceaseless contractions of the heart,

Harvey was impressed with the fact that, even if a very small

amount of blood was sent out at each pulsation, an enormous

quantity must pass through the organ in a day, or even in an

hour. Estimating the size of the cavities of the heart, and

noting that at least a drachm must be sent out with each

pulsation, it w
as evident that the two thousand beats given by a

very slow human heart in
 an hour must send out some forty pounds

of blood—more than twice the amount in the entire body. The

question was, what became of it a
ll? For it s

hould be remembered

that the return of the blood by the veins was unknown, and

nothing like a “circulation” more than vaguely conceived even by

Harvey himself. O
nce it could be shown that the veins were

constantly returning blood to the heart, th
e discovery that the

blood in some way passes from the arteries to the veins was only

a short step. Harvey, by resorting to vivisections of lower

animals and reptiles, soon demonstrated beyond question the fact

that the veins do carry the return blood. “But this, in

particular, can be shown clearer than daylight,“ says Harvey.

“The vena cava enters the heart at an inferior portion, while the

artery passes out above. Now if th
e vena cava be taken up with

forceps or the thumb and finger, and the course of the blood

intercepted for some distance below the heart, you will at once

see it almost emptied between the fingers and the heart, th
e

blood being exhausted by the heart´s pulsation, the heart at the

same tim
e becoming much paler even in its dilatation, smaller in

size, owing to the deficiency of blood, and at length languid in

pulsation, as if about to die. On the other hand, when you

release the vein the heart im
mediately regains its color and

dimensions. After that, if y
ou leave the vein free and tie and

compress the arteries at some distance from the heart, you will

see, on the contrary, their included portion grow excessively

turgid, the heart becoming so beyond measure, assuming a dark-red

color, even to lividity, and at length so overloaded with blood

as to seem in danger of suffocation; but when the obstruction is

removed it re
turns to its normal condition, in size, color, and

movement.“[4]

This conclusive demonstration that the veins return the blood to

the heart m
ust have been most im

pressive to Harvey, who had been

taught to believe that the blood current in the veins pursued an

opposite course, and must have tended to shake his faith in all

existing doctrines of the day.

His next step was the natural one of demonstrating that the blood

passes from the arteries to the veins. He demonstrated

conclusively that this did occur, but for once his rejection of

the ancient writers and one modern one was a mistake. For Galen

had taught, and had attempted to demonstrate, that there are sets

of minute vessels connecting the arteries and the veins; and

Servetus had shown that there must be such vessels, at least in

the lungs.

However, th
e little

 flaw in the otherwise complete demonstration

of Harvey detracts nothing from the main issue at stake. It w
as

for others who followed to show just how these small vessels

acted in effecting the transfer of the blood from artery to vein,

and the grand general statement that such a transfer does take

place was, after all, th
e all-im

portant one, and the exact method

of how it ta
kes place a detail. Harvey´s experiments to

demonstrate that the blood passes from the arteries to the veins

are so simply and concisely stated that they may best be given in

his own words.

“I have here to cite certain experiments,“ he wrote, ”from which

it seems obvious that the blood enters a limb by the arteries,

and returns from it by the veins; that the arteries are the

vessels carrying the blood from the heart, and the veins the

returning channels of the blood to the heart; th
at in the limbs

and extreme parts of the body the blood passes either by

anastomosis from the arteries into the veins, or im
mediately by

the pores of the flesh, or in both ways, as has already been said

in speaking of the passage of the blood through the lungs; whence

it appears manifest that in the circuit th
e blood moves from

thence hither, and hence thither; fro
m the centre to the

extremities, to wit, and from the extreme parts back again to the

centre. Finally, upon grounds of circulation, with the same

elements as before, it w
ill be obvious that the quantity can

neither be accounted for by the ingesta, nor yet be held

necessary to nutritio
n.

“Now let any one make an experiment on the arm of a man, either

using such a fille
t as is employed in blood-letting or grasping

the limb tightly with his hand, the best subject for it b
eing one

who is lean, and who has large veins, and the best tim
e after

exercise, when the body is warm, the pulse is full, and the blood

carried in large quantitie
s to the extremities, for all then is

more conspicuous; under such circumstances let a ligature be

thrown about the extremity and drawn as tightly as can be borne:

it will fir
st be perceived that beyond the ligature neither in

the wrist nor anywhere else do the arteries pulsate, that at the

same time immediately above the ligature the artery begins to

rise higher at each diastole, to throb more violently, and to

swell in its vicinity with a kind of tid
e, as if it 

strove to

break through and overcome the obstacle to its current; th
e

artery here, in short, appears as if it 
were permanently full.

The hand under such circumstances retains its natural color and

appearances; in the course of tim
e it begins to fall somewhat in

temperature, indeed, but nothing is DRAWN into it.

“After the bandage has been kept on some short tim
e in this way,

let it b
e slackened a little

, brought to the state or term of

middling tightness which is used in bleeding, and it w
ill be seen

that the whole hand and arm will in
stantly become deeply suffused

and distended, injected, gorged with blood, DRAWN, as it is
 said,

by this middling ligature, without pain, or heat, or any horror

of a vacuum, or any other cause yet indicated.

“As we have noted, in connection with the tight ligature, that

the artery above the bandage was distended and pulsated, not

below it, so, in the case of the moderately tight bandage, on the

contrary, do we find that the veins below, never above, the

fillet swell and become dilated, while the arteries shrink; and

such is the degree of distention of the veins here that it is

only very strong pressure that will fo
rce the blood beyond the

fillet and cause any of the veins in the upper part of the arm to

rise.
“From these facts it is easy for any careful observer to learn

that the blood enters an extremity by the arteries; for when they

are effectively compressed nothing is DRAWN to the member; th
e

hand preserves its color; nothing flows into it, n
either is it

distended; but when the pressure is diminished, as it is with the

bleeding fille
t, it i

s manifest that the blood is instantly

thrown in with force, for then the hand begins to swell; w
hich is

as much as to say that when the arteries pulsate the blood is

flowing through them, as it is when the moderately tight ligature

is applied; but when they do not pulsate, or when a tight

ligature is used, they cease from transmittin
g anything; they are

only distended above the part where the ligature is applied. The

veins again being compressed, nothing can flow through them; the

certain indication of which is that below the ligature they are

much more tumid than above it, a
nd than they usually appear when

there is no bandage upon the arm.

“It th
erefore plainly appears that the ligature prevents the

return of the blood through the veins to the parts above it, a
nd

maintains those beneath it in
 a state of permanent distention.

But the arteries, in spite of the pressure, and under the force

and impulse of the heart, send on the blood from the internal

parts of the body to the parts beyond the bandage.“[5]

This use of ligatures is very significant, because, as shown, a

very tight ligature stops circulation in both arteries and veins,

while a loose one, while checking the circulation in the veins,

which lie nearer the surface and are not so directly influenced

by the force of the heart, d
oes not stop the passage of blood in

the arteries, which are usually deeply imbedded in the tissues,

and not so easily influenced by pressure from without.

The last step of Harvey´s demonstration was to prove that the

blood does flow along the veins to the heart, aided by the valves

that had been the cause of so much discussion and dispute between

the great sixteenth-century anatomists. Harvey not only

demonstrated the presence of these valves, but showed

conclusively, by simple experiments, what their function was,

thus completing his demonstration of the phenomena of the

circulation.

The final ocular demonstration of the passage of the blood from

the arteries to the veins was not to be made until fo
ur years

after Harvey´s death. This process, which can be observed easily

in the web of a frog´s foot by the aid of a low-power lens, was

first demonstrated by Marcello Malpighi (1628-1694) in 1661. By

1628   
1694   
1661   the aid of a lens he first saw the small “capillary” vessels

connecting the veins and arteries in a piece of dried lung.

Taking his cue from this, he examined the lung of a turtle, and

was able to see in it th
e passage of the corpuscles through these

minute vessels, making their way along these previously unknown

channels from the arteries into the veins on their journey back

to the heart. Thus the work of Harvey, all but complete, was made

absolutely entire by the great Italian. And all this in a single

generation.

LEEUWENHOEK DISCOVERS BACTERIA

LEEUWENHOEK DISCOVERS BACTERIA

The seventeenth century was not to close, however, without

another discovery in science, which, when applied to the

causation of disease almost two centuries later, revolutionized

therapeutics more completely than any one discovery. This was the

discovery of microbes, by Antonius von Leeuwenhoek (1632-1723),

1632   
1723   in 1683. Von Leeuwenhoek discovered that “in the white matter

1683   between his teeth” there were millions of microscopic

“animals”—more, in fact, than “there were human beings in the

united Netherlands,“ and all ”moving in the most delightful

manner.“ There can be no question that he saw them, for we can

recognize in his descriptions of these various forms of littl
e

“animals” the four principal forms of microbes—the long and

short ro
ds of bacilli and bacteria, the spheres of micrococci,

and the corkscrew spirillu
m.

The presence of these microbes in his mouth greatly annoyed

Antonius, and he tried various methods of getting rid of them,

such as using vinegar and hot coffee. In doing this he little

suspected that he was anticipating modern antiseptic surgery by a

century and three-quarters, and to be attempting what antiseptic

surgery is now able to accomplish. For the fundamental principle

of antisepsis is the use of medicines for ridding wounds of

similar microscopic organisms. Von Leenwenhoek was only

temporarily successful in his attempts, however, and took

occasion to communicate his discovery to the Royal Society of

England, hoping that they would be “interested in this novelty.“

Probably they were, but not sufficiently so for any member to

pursue any protracted investigations or reach any satisfactory

conclusions, and the whole matter was practically forgotten until

the middle of the nineteenth century.
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Of the half-dozen surgeons who were prominent in the sixteenth

century, Ambroise Pare (1517-1590), called the father of French

1517   
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century, Ambroise Pare (1517-1590), called the father of French

surgery, is perhaps the most widely known. He rose from the

surgery, is perhaps the most widely known. He rose from the

position of a common barber to that of surgeon to three French

position of a common barber to that of surgeon to three French

monarchs, Henry II., F
rancis II., a

nd Charles IX. Some of his

monarchs, Henry II., Francis II., and Charles IX. Some of his

mottoes are still fi
rst principles of the medical man. Among

mottoes are still first principles of the medical man. Among

others are: “He who becomes a surgeon for the sake of money, and

others are: “He who becomes a surgeon for the sake of money, and

not for the sake of knowledge, will accomplish nothing”; and “A

not for the sake of knowledge, will accomplish nothing”; and “A

tried remedy is better than a newly invented.“ On his statue is

tried remedy is better than a newly invented.“ On his statue is

his modest estimate of his work in caring for the wounded, “Je le

his modest estimate of his work in caring for the wounded, “Je le

pansay, Dieu le guarit”—I dressed him, God cured him.

pansay, Dieu le guarit”—
I dressed him, God cured him.

It was in this dressing of wounds on the battlefield that he

accidentally discovered how useless and harmful was the terribly

painful treatment of applying boiling oil to gunshot wounds as

advocated by John of Vigo. It h
appened that after a certain

battle, where there was an unusually large number of casualties,

Pare found, to his horror, that no more boiling oil was available

for the surgeons, and that he should be obliged to dress the

wounded by other simpler methods. To his amazement the results

proved entirely satisfactory, and from that day he discarded the

hot-oil tre
atment.

As Pare did not understand Latin he wrote his treatises in

French, thus inaugurating a custom in France that was begun by

Paracelsus in Germany half a century before. He reintroduced the

use of the ligature in controlling hemorrhage, introduced the

“figure of eight” suture in the operation for hare-lip, improved

many of the medico-legal doctrines, and advanced the practice of

surgery generally. He is credited with having successfully

performed the operation for strangulated hernia, but he probably

borrowed it fro
m Peter Franco (1505-1570), who published an

1505   
1570   account of this operation in 1556. As this operation is

1556   considered by some the most important operation in surgery, its

discoverer is entitled to more than passing notice, although he

was despised and ignored by the surgeons of his time.

Franco was an illite
rate travelling lithotomist—a class of

itinerant physicians who were very generally frowned down by the

regular practitioners of medicine. But Franco possessed such

skill as an operator, and appears to have been so earnest in the

pursuit of what he considered a legitimate calling, that he

finally overcame the popular prejudice and became one of the

salaried surgeons of the republic of Bern. He was the first

surgeon to perform the suprapubic lithotomy operation—the

removal of stone through the abdomen instead of through the

perineum. His works, while writte
n in an illite

rate style, give

the clearest descriptions of any of the early modern writers.

As the fame of Franco rests upon his operation for prolonging

human life, so the fame of his Italian contemporary, Gaspar

Tagliacozzi (1545-1599), rests upon his operation for increasing

1545   
1599   human comfort and happiness by restoring amputated noses. At the

time in which he lived amputation of the nose was very common,

partly from disease, but also because a certain pope had fixed

the amputation of that member as the penalty for larceny.

Tagliacozzi probably borrowed his operation from the East; but he

was the first Western surgeon to perform it and describe it. So

great was the fame of his operations that patients flocked to him

from all over Europe, and each “went away with as many noses as

he liked.“ Naturally, the man who directed his efforts to

restoring structures that bad been removed by order of the Church

was regarded in the light of a heretic by many theologians; and

though he succeeded in cheating the stake or dungeon, and died a

natural death, his body was finally cast out of the church in

which it had been buried.

In the sixteenth century Germany produced a surgeon, Fabricius

Hildanes (1560-1639), whose work compares favorably with that of

1560   
1639   Pare, and whose name would undoubtedly have been much better

known had not the circumstances of the time in which he lived

tended to obscure his merits. The blind followers of Paracelsus

could see nothing outside the pale of their master´s teachings,

and the disastrous Thirty Years´ War tended to obscure and retard

all scientific advances in Germany. Unlike many of his

fellow-surgeons, Hildanes was well versed in Latin and Greek;

and, contrary to the teachings of Paracelsus, he laid particular

stress upon the necessity of the surgeon having a thorough

knowledge of anatomy. He had a helpmate in his wife, who was also

something of a surgeon, and she is credited with having first

made use of the magnet in removing particles of metal from the

eye. Hildanes tells of a certain man who had been injured by a

small piece of steel in the cornea, which resisted all his

efforts to remove it. A
fter observing Hildanes´ fruitless efforts

for a time, it suddenly occurred to his wife to attempt to make

the extraction with a piece of loadstone. While the physician

held open the two lids, his wife attempted to withdraw the steel

with the magnet held close to the cornea, and after several

efforts she was successful—which Hildanes enumerates as one of

the advantages of being a married man.

Hildanes was particularly happy in his inventions of surgical

instruments, many of which were designed for locating and

removing the various missiles recently introduced in warfare.

The seventeenth century, which was such a flourishing one for

anatomy and physiology, was not as productive of great surgeons

or advances in surgery as the sixteenth had been or the

eighteenth was to be. There was a gradual improvement all along

the line, however, and much of the work begun by such surgeons as

Pare and Hildanes was perfected or improved. Perhaps the most

progressive surgeon of the century was an Englishman, Richard

Wiseman (1625-1686), who, like Harvey, enjoyed royal favor, being

1625   
1686   in the service of all the Stuart kings. He was the first surgeon

to advocate primary amputation, in gunshot wounds, of the limbs,

and also to introduce the treatment of aneurisms by compression;

but he is generally rated as a conservative operator, who favored

medication rather than radical operations, where possible.

In Italy, Marcus Aurelius Severinus (1580-1656) and Peter

1580   
1656   Marchettis (1589-1675) were the leading surgeons of their nation.

1589   
1675   Like many of his predecessors in Europe, Severinus ran amuck with

the Holy Inquisition and fled from Naples. But the waning of the

powerful arm of the Church is shown by the fact that he was

brought back by the unanimous voice of the grateful citizens, and

lived in safety despite the frowns of the theologians.

The sixteenth century cannot be said to have added much of

importance in the field of practical medicine, and, as in the

preceding and succeeding centuries, was at best only struggling

along in the wake of anatomy, physiology, and surgery. In the

seventeenth century, however, at least one discovery in

therapeutics was made that has been an inestimable boon to

humanity ever since. This was the introduction of cinchona bark

(from which quinine is obtained) in 1640. But this century was

1640   productive of many medical SYSTEMS, and could boast of many great

names among the medical profession, and, on the whole, made

considerably more progress than the preceding century.

Of the founders of medical systems, one of the most widely known

is Jan Baptista van Helmont (1578-1644), an eccentric genius who

1578   
1644   constructed a system of medicine of his own and for a time

exerted considerable influence. But in the end his system was

destined to pass out of existence, not very long after the death

of its author. Van Helmont was not only a physician, but was

master of all the other branches of learning of the time, taking

up the study of medicine and chemistry as an after-thought, but

devoting himself to them with the greatest enthusiasm once he had

begun his investigations. His attitu
de towards existing doctrines

was as revolutionary as that of Paracelsus, and he rejected the

teachings of Galen and all the ancient writers, although

retaining some of the views of Paracelsus. He modified the

archaeus of Paracelsus, and added many complications to it. H
e

believed the whole body to be controlled by an archaeus influus,

the soul by the archaei insiti, and these in turn controlled by

the central archeus. His system is too elaborate and complicated

for full explanation, but its chief service to medicine was in

introducing new chemical methods in the preparation of drugs. In

this way he was indirectly connected with the establishment of

the Iatrochemical school. It w
as he who first used the word

“gas”—a word coined by him, along with many others that soon

fell into disuse.

The principles of the Iatrochemical school were the use of

chemical medicines, and a theory of pathology different from the

prevailing “humoral” pathology. The founder of this school was

Sylvius (Franz de le Boe, 1614-1672), professor of medicine at

1614   
1672   Leyden. He attempted to establish a permanent system of medicine

based on the newly discovered theory of the circulation and the

new chemistry, but his name is remembered by medical men because

of the fissure in the brain (fissure of Sylvius) that bears it.

He laid great stress on the cause of fevers and other diseases as

originating in the disturbances of the process of fermentation in

the stomach. The doctrines of Sylvius spread widely over the

continent, but were not generally accepted in England until

modified by Thomas Willis (1622-1675), whose name, like that of

1622   
1675   Sylvius, is perpetuated by a structure in the brain named after

him, the circle of Willis. Willis´s descriptions of certain

nervous diseases, and an account of diabetes, are the first

recorded, and added materially to scientific medicine. These

schools of medicine lasted until th
e end of the seventeenth

century, when they were finally overthrown by Sydenham.

The Iatrophysical school (also called iatromathematical,

iatromechanical, or physiatric) was founded on theories of

physiology, probably by Borelli, of Naples (1608-1679), although

1608   
1679   Sanctorius; Sanctorius, a professor at Padua, was a precursor, if

not directly interested in establishing it. Sanctorius discovered

the fact that an “insensible perspiration” is being given off by

the body continually, and was amazed to find that loss of weight

in this way far exceeded the loss of weight by all other

excretions of the body combined. He made this discovery by means

of a peculiar weighing-machine to which a chair was attached, and

in which he spent most of his time. Very naturally he

overestimated the importance of this discovery, but it w
as,

nevertheless, of great value in pointing out the hygienic

importance of the care of the skin. He also introduced a

thermometer which he advocated as valuable in cases of fever, but

the instrument was probably not his own invention, but borrowed

from his friend Galileo.

Harvey´s discovery of the circulation of the blood laid the

foundation of the Iatrophysical school by showing that this vital

process was comparable to a hydraulic system. In his On the

Motive of Animals, Borelli fir
st attempted to account for the

phenomena of life and diseases on these principles. The

iatromechanics held that the great cause of disease is due to

different states of elasticity of the solids of the body

interfering with the movements of the fluids, which are

themselves subject to changes in density, one or both of these

conditions continuing to cause stagnation or congestion. The

school thus founded by Borelli was the outcome of the unbounded

enthusiasm, with its accompanying exaggeration of certain

phenomena with the corresponding belittlin
g of others that

naturally follows such a revolutionary discovery as that of

Harvey. Having such a founder as the brilliant Italian Borelli,

it was given a sufficient impetus by his writings to carry it

some distance before it fin
ally collapsed. Some of the

exaggerated mathematical calculations of Borelli himself are

worth noting. Each heart-beat, as he calculated it, overcomes a

resistance equal to one hundred and eighty thousand pounds;—the

modern physiologist estimates its force at from five to nine

ounces!
THOMAS SYDENHAM

THOMAS SYDENHAM

But while the Continent was struggling with these illusive

“systems,“ and dabbling in mystic theories that were to scarcely

outlive the men who conceived

them, there appeared in England—the “land of common-sense,“ as a

German scientist has called it—
“a cool, clear, and unprejudiced

spirit,“ who in the golden age of systems declined ”to be like

the man who builds the chambers of the upper story of his house

before he had laid securely the foundation walls.“[1] This man

was Thomas Sydenham (1624-1689), who, while the great Harvey was

1624   
1689   serving the king as surgeon, was fighting as a captain in the

parliamentary army. Sydenham took for his guide the teachings of

Hippocrates, modified to suit the advances that had been made in

scientific knowledge since the days of the great Greek, and

established, as a standard, observation and experience. He cared

little
 for theory unless confirmed by practice, but took the

Hippocratic view that nature cured diseases, assisted by the

physician. He gave due credit, however, to the importance of the

part played by the assistant. As he saw it, m
edicine could be

advanced in three ways: (1) “By accurate descriptions or natural

histories of diseases; (2) by establishing a fixed principle or

method of treatment, founded upon experience; (3) by searching

for specific remedies, which he believes must exist in

considerable numbers, though he admits that the only one yet

discovered is Peruvian bark.“[2] As it happened, another equally

specific remedy, mercury, when used in certain diseases, was

already known to him, but he evidently did not recognize it as

such.
The influence on future medicine of Sydenham´s teachings was most

pronounced, due mostly to his teaching of careful observation. To

most physicians, however, he is now remembered chiefly for his

introduction of the use of laudanum, still considered one of the

most valuable remedies of modern pharmacopoeias. The German gives

the honor of introducing this preparation to Paracelsus, but the

English-speaking world will always believe that the credit should

be given to Sydenham.

<chapterheader lines=25>

25   IX. PHILOSOPHER-SCIENTISTS AND NEW INSTITUTIONS OF LEARNING

IX. PHILOSOPHER-SCIENTISTS AND NEW INSTITUTIONS OF LEARNING

IX. PHILOSOPHER-SCIENTISTS AND NEW
 INSTITUTIONS OF LEARNING

We saw that in the old Greek days there was no sharp line of

W
e saw that in the old Greek days there was no sharp line of

demarcation between the field of the philosopher and that of the

demarcation between the field of the philosopher and that of the

scientist. In the Hellenistic epoch, however, knowledge became

scientist. In the Hellenistic epoch, however, knowledge became

more specialized, and our recent chapters have shown us

more specialized, and our recent chapters have shown us

scientific investigators whose efforts were far enough removed

scientific investigators whose efforts were far enough removed

from the intangibilities of the philosopher. It m
ust not be

from the intangibilities of the philosopher. It must not be

overlooked, however, that even in the present epoch there were

overlooked, however, that even in the present epoch there were

men whose intellectual efforts were primarily directed towards

men whose intellectual efforts were primarily directed towards

the subtleties of philosophy, yet who had also a penchant for

the subtleties of philosophy, yet who had also a penchant for

strictly scientific imaginings, if not indeed for practical
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scientific experiments. At least three of these men were of

sufficient importance in the history of the development of

sufficient importance in the history of the development of
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1646   
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Descartes, pursuing the methods pointed out by Bacon, carried the
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same line of abstract reason into practice as well; while
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Leibnitz, coming some years later, and having the advantage of

the wisdom of his two great predecessors, was naturally

the wisdom of his two great predecessors, was naturally

influenced by both in his views of abstract scientific

influenced by both in his views of abstract scientific

principles.

principles.

Bacon´s career as a statesman and his faults and misfortunes as a

man do not concern us here. Our interest in him begins with his

entrance into Trinity College, Cambridge, where he took up the

study of all the sciences taught there at that tim
e. During the

three years he became more and more convinced that science was

not being studied in a profitable manner, until at last, at the

end of his college course, he made ready to renounce the old

Aristotelian methods of study and advance his theory of inductive

study. For although he was a great admirer of Aristotle´s work,

he became convinced that his methods of approaching study were

entirely wrong.

“The opinion of Aristotle,“ he says, in his De Argumentum

Scientiarum, “seemeth to me a negligent opinion, that of those

things which exist by nature nothing can be changed by custom;

using for example, that if a stone be thrown ten thousand times

up it will not learn to ascend; and that by often seeing or

hearing we do not learn to see or hear better. For though this

principle be true in things wherein nature is peremptory (the

reason whereof we cannot now stand to discuss), yet it is

otherwise in things wherein nature admitteth a latitude. For he

might see that a straight glove will come more easily on with

use; and that a wand will by use bend otherwise than it grew; and

that by use of the voice we speak louder and stronger; and that

by use of enduring heat or cold we endure it th
e better, and the

like; which latter sort have a nearer resemblance unto that

subject of manners he handleth than those instances which he

allegeth.“[1]

These were his opinions, formed while a young man in college,

repeated at intervals through his maturer years, and reiterated

and emphasized in his old age. Masses of facts were to be

obtained by observing nature at first hand, and from such

accumulations of facts deductions were to be made. In short,

reasoning was to be from the specific to the general, and not

vice versa.

It was by his teachings alone that Bacon thus contributed to the

foundation of modern science; and, while he was constantly

thinking and writing on scientific subjects, he contributed

little
 in the way of actual discoveries. “I only sound the

clarion,“ he said, ”but I enter not the battle.“

The case of Descartes, however, is different. He both sounded the

clarion and entered into the fight. He himself fre
ely

acknowledges his debt to Bacon for his teachings of inductive

methods of study, but modern criticism places his work on the

same plane as that of the great Englishman. “If you lay hold of

any characteristic product of modern ways of thinking,“ says

Huxley, “either in the region of philosophy or in that of

science, you find the spirit o
f that thought, if n

ot its form,

has been present in the mind of the great Frenchman.“[2]

Descartes, the son of a noble family of France, was educated by

Jesuit teachers. Like Bacon, he very early conceived the idea

that the methods of teaching and studying science were wrong, but

be pondered the matter well into middle life before putting into

writing his ideas of philosophy and science. Then, in his

Discourse Touching the Method of Using One´s Reason Rightly and

of Seeking Scientific Truth, he pointed out the way of seeking

after truth. His central idea in this was to emphasize the

importance of DOUBT, and avoidance of accepting as truth anything

that does not admit of absolute and unqualified proof. In

reaching these conclusions he had before him the striking

examples of scientific deductions by Galileo, and more recently

the discovery of the circulation of the blood by Harvey. This

last came as a revelation to scientists, reducing this seemingly

occult process, as it did, to the field of mechanical phenomena.

The same mechanical laws that governed the heavenly bodies, as

shown by Galileo, governed the action of the human heart, and,

for aught any one knew, every part of the body, and even the mind

itself.
Having once conceived this idea, Descartes began a series of

dissections and experiments upon the lower animals, to find, if

possible, further proof of this general law. To him the human

body was simply a machine, a complicated mechanism, whose

functions were controlled just as any other piece of machinery.

He compared the human body to complicated machinery run by

water-falls and complicated pipes. “The nerves of the machine

which I am describing,“ he says, ”may very well be compared to

the pipes of these waterworks; its muscles and its tendons to the

other various engines and springs which seem to move them; its

animal spirits to the water which impels them, of which the heart

is the fountain; while the cavities of the brain are the central

office. Moreover, respiration and other such actions as are

natural and usual in the body, and which depend on the course of

the spirits, are like the movements of a clock, or a mill, w
hich

may be kept up by the ordinary flow of water.“[3]

In such passages as these Descartes anticipates the ideas of

physiology of the present tim
e. He believed that the functions

are performed by the various organs of the bodies of animals and

men as a mechanism, to which in man was added the soul. This soul

he located in the pineal gland, a degenerate and presumably

functionless little
 organ in the brain. For years Descartes´s

idea of the function of this gland was held by many

physiologists, and it was only the introduction of modern

high-power microscopy that reduced this also to a mere mechanism,

and showed that it is
 apparently the remains of a Cyclopean eye

once common to man´s remote ancestors.

Descartes was the originator of a theory of the movements of the

universe by a mechanical process—the Cartesian theory of

vortices—which for several decades after its promulgation

reigned supreme in science. It is the ingenuity of this theory,

not the truth of its assertions, that still excites admiration,

for it has long since been supplanted. It w
as certainly the best

hitherto advanced—the best “that the observations of the age

admitted,“ according to D´Alembert.

According to this theory the infinite universe is full of matter,

there being no such thing as a vacuum. Matter, as Descartes

believed, is uniform in character throughout the entire universe,

and since motion cannot take place in any part of a space

completely filled, without simultaneous movement in all other

parts, there are constant more or less circular movements,

vortices, or whirlpools of particles, varying, of course, in size

and velocity. As a result of this circular movement the particles

of matter tend to become globular from contact with one another.

Two species of matter are thus formed, one larger and globular,

which continue their circular motion with a constant tendency to

fly from the centre of the axis of rotation, the other composed

of the clippings resulting from the grinding process. These

smaller “filings” from the main bodies, becoming smaller and

smaller, gradually lose their velocity and accumulate in the

centre of the vortex. This collection of the smaller matter in

the centre of the vortex constitutes the sun or star, while the

spherical particles propelled in straight lines from the centre

towards the circumference of the vortex produce the phenomenon of

light radiating from the central star. Thus this matter becomes

the atmosphere revolving around the accumulation at the centre.

But the small particles being constantly worn away from the

revolving spherical particles in the vortex, become entangled in

their passage, and when they reach the edge of the inner strata

of solar dust they settle upon it and form what we call

sun-spots. These are constantly dissolved and reformed, until

sometimes they form a crust round the central nucleus.

As the expansive force of the star diminishes in the course of

time, it is encroached upon by neighboring vortices. If th
e part

of the encroaching star be of a less velocity than the star which

it has swept up, it w
ill presently lose its hold, and the smaller

star pass out of range, becoming a comet. But if th
e velocity of

the vortex into which the incrusted star settles be equivalent to

that of the surrounded vortex, it w
ill hold it as a captive,

still re
volving and “wrapt in its own firmament.“ Thus the

several planets of our solar system have been captured and held

by the sun-vortex, as have the moon and other satellites.

But although these new theories at first created great enthusiasm

among all classes of philosophers and scientists, they soon came

under the ban of the Church. While no actual harm came to

Descartes himself, his writings were condemned by the Catholic

and Protestant churches alike. The spirit of philosophical

inquiry he had engendered, however, lived on, and is largely

responsible for modern philosophy.

In many ways the life and works of Leibnitz remind us of Bacon

rather than Descartes. His life was spent in fillin
g high

political positions, and his philosophical and scientific

writings were by-paths of his fertile mind. He was a theoretical

rather than a practical scientist, his contributions to science

being in the nature of philosophical reasonings rather than

practical demonstrations. Had he been able to withdraw from

public life and devote himself to science alone, as Descartes

did, he would undoubtedly have proved himself equally great as a

practical worker. But during the time of his greatest activity in

philosophical fields, between the years 1690 and 1716, he was all

1690   
1716   the time performing extraordinary active duties in entirely

foreign fields. His work may be regarded, perhaps, as doing for

Germany in particular what Bacon´s did for England and the rest

of the world in general.

Only a comparatively small part of his philosophical writings

concern us here. According to his theory of the ultimate elements

of the universe, the entire universe is composed of individual

centres, or monads. To these monads he ascribed numberless

qualities by which every phase of nature may be accounted. They

were supposed by him to be percipient, self-acting beings, not

under arbitrary control of the deity, and yet God himself was the

original monad from which all the rest are generated. With this

conception as a basis, Leibnitz deduced his doctrine of

pre-established harmony, whereby the numerous independent

substances composing the world are made to form one universe. He

believed that by virtue of an inward energy monads develop

themselves spontaneously, each being independent of every other.

In short, each monad is a kind of deity in itself—a microcosm

representing all the great features of the macrocosm.

It would be impossible clearly to estimate the precise value of

the stimulative influence of these philosophers upon the

scientific thought of their tim
e. There was one way, however, in

which their influence was made very tangible—namely, in the

incentive they gave to the foundation of scientific societies.
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At the present time, when the elements of time and distance are

practically eliminated in the propagation of news, and when cheap

printing has minimized the difficulties of publishing scientific

discoveries, it is difficult to understand the isolated position

of the scientific investigation of the ages that preceded steam

and electricity. Shut off fro
m the world and completely out of

touch with fellow-laborers perhaps only a few miles away, the

investigators were naturally seriously handicapped; and

inventions and discoveries were not made with the same rapidity

that they would undoubtedly have been had the same men been

receiving daily, weekly, or monthly communications from

fellow-laborers all over the world, as they do to-day. Neither

did they have the advantage of public or semi-public

laboratories, where they were brought into contact with other

men, from whom to gather fresh trains of thought and receive the

stimulus of their successes or failures. In the natural course of

events, however, neighbors who were interested in somewhat

similar pursuits, not of the character of the rivalry of trade or

commerce, would meet more or less frequently and discuss their

progress. The mutual advantages of such intercourse would be at

once appreciated; and it would be but a short step from the

casual meeting of two neighborly scientists to the establishment

of “societies,“ meeting at fixed times, and composed of members

living within reasonable travelling distance. There would,

perhaps, be the weekly or monthly meetings of men in a limited

area; and as the natural outgrowth of these little
 local

societies, with frequent meetings, would come the formation of

larger societies, meeting less often, where members travelled a

considerable distance to attend. And, finally, with increased

facilities for communication and travel, the great international

societies of to-day would be produced—the natural outcome of the

neighborly meetings of the primitive mediaeval investigators.

In Italy, at about the time of Galileo, several small societies

were formed. One of the most important of these was the Lyncean

Society, founded about the year 1611, Galileo himself being a

1611   member. This society was succeeded by the Accademia del Cimento,

at Florence, in 1657, which for a time flourished, with such a

1657   famous scientist as Torricelli as one of its members.

In England an impetus seems to have been given by Sir Francis

Bacon´s writings in criticism and censure of the systern of

teaching in colleges. It is supposed that his suggestions as to

what should be the aims of a scientific society led eventually to

the establishment of the Royal Society. He pointed out how little

had really been accomplished by the existing institutions of

learning in advancing science, and asserted that little
 good

could ever come from them while their methods of teaching

remained unchanged. He contended that the system which made the

lectures and exercises of such a nature that no deviation from

the established routine could be thought of was pernicious. But

he showed that if any teacher had the temerity to turn from the

traditional paths, the daring pioneer was likely to find

insurmountable obstacles placed in the way of his advancement.

The studies were “imprisoned” within the limits of a certain set

of authors, and originality in thought or teaching was to be

neither contemplated nor tolerated.

The words of Bacon, given in strong and unsparing terms of

censure and condemnation, but nevertheless with perfect

justification, soon bore fruit. As early as the year 1645 a small

1645   company of scientists had been in the habit of meeting at some

place in London to discuss philosophical and scientific subjects

for mental advancement. In 1648, owing to the political

1648   disturbances of the time, some of the members of these meetings

removed to Oxford, among them Boyle, Wallis, and Wren, where the

meetings were continued, as were also the meetings of those left

in London. In 1662, however, when the political situation bad

1662   become more settled, these two bodies of men were united under a

charter from Charles II., and Bacon´s ideas were practically

expressed in that learned body, the Royal Society of London. And

it matters little
 that in some respects Bacon´s views were not

followed in the practical workings of the society, or that the

division of labor in the early stages was somewhat different than

at present. The aim of the society has always been one for the

advancement of learning; and if Bacon himself could look over its

records, he would surely have little
 fault to find with the aid

it has given in carrying out his ideas for the promulgation of

useful knowledge.

Ten years after the charter was granted to the Royal Society of

London, Lord Bacon´s words took practical effect in Germany, with

the result that the Academia Naturae Curiosorum was founded,

under the leadership of Professor J. C. Sturm. The early labors

of this society were devoted to a repetition of the most notable

experiments of the time, and the work of the embryo society was

published in two volumes, in 1672 and 1685 respectively, which

1672   
1685   were practically text-books of the physics of the period. It was

not until 1700 that Frederick I. founded the Royal Academy of

1700   Sciences at Berlin, after the elaborate plan of Leibnitz, who was

himself the first president.

Perhaps the nearest realization of Bacon´s ideal, however, is in

the Royal Academy of Sciences at Paris, which was founded in 1666

166   under the administration of Colbert, during the reign of Louis

XIV. This institution not only recognized independent members,

but had besides twenty pensionnaires who received salaries from

the government. In this way a select body of scientists were

enabled to pursue their investigations without being obliged to

“give thought to the morrow” for their sustenance. In return they

were to furnish the meetings with scientific memoirs, and once a

year give an account of the work they were engaged upon. Thus a

certain number of the brightest minds were encouraged to devote

their entire time to scientific research, “delivered alike from

the temptations of wealth or the embarrassments of poverty.“ That

such a plan works well is amply attested by the results emanating

from the French academy. Pensionnaires in various branches of

science, however, either paid by the state or by learned

societies, are no longer confined to France.

Among the other early scientific societies was the Imperial

Academy of Sciences at St. Petersburg, projected by Peter the

Great, and established by his widow, Catharine I., in 1725; and

1725   also the Royal Swedish Academy, incorporated in 1781, and

1781   counting among its early members such men as the celebrated

Linnaeus. But after the first impulse had resulted in a few

learned societies, their manifest advantage was so evident that

additional numbers increased rapidly, until at present almost

every branch of every science is represented by more or less

important bodies; and these are, individually and collectively,

adding to knowledge and stimulating interest in the many fields

of science, thus vindicating Lord Bacon´s asseverations that

knowledge could be satisfactorily promulgated in this manner.
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His experiments to prove the atmospheric pressure are most

interesting and conclusive. “Having three small, round glass

bubbles, blown at the flame of a lamp, about the size of

hazel-nuts,“ he says, ”each of them with a short, slender stem,

by means whereof they were so exactly poised in water that a very

small change of weight would make them either emerge or sink; at

a time when the atmosphere was of convenient weight, I put them

into a wide-mouthed glass of common water, and leaving them in a

quiet place, where they were frequently in my eye, I observed

that sometimes they would be at the top of the water, and remain

there for several days, or perhaps weeks, together, and sometimes

fall to the bottom, and after having continued there for some

time rise again. And sometimes they would rise or fall as the air

was hot or cold.“[2]

It was in the course of these experiments that the observations

made by Boyle led to the invention of his “statical barometer,“

the mercurial barometer having been invented, as we have seen, by

Torricelli, in 1643. In describing this invention he says:

1643   “Making choice of a large, thin, and light glass bubble, blown at

the flame of a lamp, I counterpoised it with a metallic weight,

in a pair of scales that were suspended in a frame, that would

turn with the thirtieth part of a grain. Both the frame and the

balance were then placed near a good barometer, whence I might

learn the present weight of the atmosphere; when, though the

scales were unable to show all the variations that appeared in

the mercurial barometer, yet they gave notice of those that

altered the height of the mercury half a quarter of an inch.“[3]

A fairly sensitive barometer, after all. This statical barometer

suggested several useful applications to the fertile imagination

of its inventor, among others the measuring of mountain-peaks, as

with the mercurial barometer, the rarefication of the air at the

top giving a definite ratio to the more condensed air in the

valley.
Another of his experiments was made to discover the atmospheric

pressure to the square inch. After considerable difficulty he

determined that the relative weight of a cubic inch of water and

mercury was about one to fourteen, and computing from other known

weights he determined that “when a column of quicksilver thirty

inches high is sustained in the barometer, as it fre
quently

happens, a column of air that presses upon an inch square near

the surface of the earth must weigh about fifte
en avoirdupois

pounds.“[4] As the pressure of air at the sea-level is now

estimated at 14.7304 pounds to the square inch, it will be seen

14.7304   that Boyle´s calculation was not far wrong.

From his numerous experiments upon the air, Boyle was led to

believe that there were many “latent qualities” due to substances

contained in it that science had as yet been unable to fathom,

believing that there is “not a more heterogeneous body in the

world.“ He believed that contagious diseases were carried by the

air, and suggested that eruptions of the earth, such as those

made by earthquakes, might send up “venomous exhalations” that

produced diseases. He suggested also that the air might play an

important part in some processes of calcination, which, as we

shall see, was proved to be true by Lavoisier late in the

eighteenth century. Boyle´s notions of the exact chemical action

in these phenomena were of course vague and indefinite, but he

had observed that some part was played by the air, and he was

right in supposing that the air “may have a great share in

varying the salts obtainable from calcined vitriol.“[5]

Although he was himself such a painstaking observer of facts, he

had the fault of his age of placing too much faith in hear-say

evidence of untrained observers. Thus, from the numerous stories

he heard concerning the growth of metals in previously exhausted

mines, he believed that the air was responsible for producing

this growth—in which he undoubtedly believed. The story of a

tin-miner that, in his own time, after a lapse of only

twenty-five years, a heap, of earth previously exhausted of its

ore became again even more richly impregnated than before by

lying exposed to the air, seems to have been believed by the

philosopher.

As Boyle was an alchemist, and undoubtedly believed in the

alchemic theory that metals have “spirits” and various other

qualities that do not exist, it is
 not surprising that he was

credulous in the matter of beliefs concerning peculiar phenomena

exhibited by them. Furthermore, he undoubtedly fell into the

error common to “specialists,“ or persons working for long

periods of time on one subject—the error of over-enthusiasm in

his subject. He had discovered so many remarkable qualities in

the air that it is not surprising to find that he attributed to

it many more that he could not demonstrate.

Boyle´s work upon colors, although probably of less importance

than his experiments and deductions upon air, show that he was in

the van as far as the science of his day was concerned. As he

points out, the schools of his time generally taught that “color

is a penetrating quality, reaching to the innermost part of the

substance,“ and, as an example of this, sealing-wax was cited,

which could be broken into minute bits, each particle retaining

the same color as its fellows or the original mass. To refute

this theory, and to show instances to the contrary, Boyle, among

other things, shows that various colors—blue, red, yellow—may

be produced upon tempered steel, and yet the metal within “a

hair´s-breadth of its surface” have none of these colors.

Therefore, he was led to believe that color, in opaque bodies at

least, is superficial.

“But before we descend to a more particular consideration of our

subject,“ he says, ” ‘tis proper to observe that colors may be

regarded either as a quality residing in bodies to modify light

after a particular manner, or else as light itself so modified as

to strike upon the organs of sight, and cause the sensation we

call color; and that this latter is the more proper acceptation

of the word color will appear hereafter. And indeed it is the

light itself, which after a certain manner, either mixed with

shades or other-wise, strikes our eyes and immediately produces

that motion in the organ which gives us the color of an

object.“[6]
In examining smooth and rough surfaces to determine the cause of

their color, he made use of the microscope, and pointed out the

very obvious example of the difference in color of a rough and a

polished piece of the same block of stone. He used some striking

illustrations of the effect of light and the position of the eye

upon colors. “Thus the color of plush or velvet will appear

various if you stroke part of it one way and part another, the

posture of the particular threads in regard to the light, or the

eye, being thereby varied. And ‘tis observable that in a field of

ripe corn, blown upon by the wind, there will appear waves of a

color different from that of the rest of the corn, because the

wind, by depressing some of the ears more than others, causes one

to reflect more light from the lateral and strawy parts than

another.“[7] His work upon color, however, as upon light, was

entirely overshadowed by the work of his great fellow-countryman

Newton.
Boyle´s work on electricity was a continuation of Gilbert´s, to

which he added several new facts. He added several substances to

Gilbert´s list of “electrics,“ experimented on smooth and rough

surfaces in exciting of electricity, and made the important

discovery that amber retained its attractive virtue after the

friction that excited it bad ceased. “For the attrition having

caused an intestine motion in its parts,“ he says, ”the heat

thereby excited ought not to cease as soon as ever the rubbing is

over, but to continue capable of emitting effluvia for some time

afterwards, longer or shorter according to the goodness of the

electric and the degree of the commotion made; all which, joined

together, may sometimes make the effect considerable; and by this

means, on a warm day, I, with a certain body not bigger than a

pea, but very vigorously attractive, moved a steel needle, freely

poised, about three minutes after I had left off rubbing it.“[8]

MARIOTTE AND VON GUERICKE
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Working contemporaneously with Boyle, and a man whose name is

usually associated with his as the propounder of the law of

density of gases, was Edme Mariotte (died 1684), a native of

1684   Burgundy. Mariotte demonstrated that but for the resistance of

the atmosphere, all bodies, whether light or heavy, dense or

thin, would fall with equal rapidity, and he proved this by the

well-known “guinea-and-feather” experiment. Having exhausted the

air from a long glass tube in which a guinea piece and a feather

had been placed, he showed that in the vacuum thus formed they

fell with equal rapidity as often as the tube was reversed. From

his various experiments as to the pressure of the atmosphere he

deduced the law that the density and elasticity of the atmosphere

are precisely proportional to the compressing force (the law of

Boyle and Mariotte). He also ascertained that air existed in a

state of mechanical mixture with liquids, “existing between their

particles in a state of condensation.“ He made many other

experiments, especially on the collision of bodies, but his most

important work was upon the atmosphere.

But meanwhile another contemporary of Boyle and Mariotte was

interesting himself in the study of the atmosphere, and had made

a wonderful invention and a most striking demonstration. This was

Otto von Guericke (1602-1686), Burgomaster of Magdeburg, and

1602   1686   councillor to his “most serene and potent Highness” the elector

of that place. When not engrossed with the duties of public

office, he devoted his time to the study of the sciences,

particularly pneumatics and electricity, both then in their

infancy. The discoveries of Galileo, Pascal, and Torricelli

incited him to solve the problem of the creation of a vacuum—a

desideratum since before the days of Aristotle. His first

experiments were with a wooden pump and a barrel of water, but he

soon found that with such porous material as wood a vacuum could

not be created or maintained. He therefore made use of a globe of

copper, with pump and stop-cock; and with this he was able to

pump out air almost as easily as water. Thus, in 1650, the

1650   air-pump was invented. Continuing his experiments upon vacuums

and atmospheric pressure with his newly discovered pump, he made

some startling discoveries as to the enormous pressure exerted by

the air.
It was not his intention, however, to demonstrate his newly

acquired knowledge by words or theories alone, nor by mere

laboratory experiments; but he chose instead an open field, to

which were invited Emperor Ferdinand III., and all the princes of

the Diet at Ratisbon. When they were assembled he produced two

hollow brass hemispheres about two feet in diameter, and placing

their exactly fitting surfaces together, proceeded to pump out

the air from their hollow interior, thus causing them to stick

together firm
ly in a most remarkable way, apparently without

anything holding them. This of itself was strange enough; but now

the worthy burgomaster produced teams of horses, and harnessing

them to either side of the hemispheres, attempted to pull the

adhering brasses apart. Five, ten, fifteen teams—thirty horses,

in all—were attached; but pull and tug as they would they could

not separate the firmly clasped hemispheres. The enormous

pressure of the atmosphere had been most strikingly demonstrated.

But it is one thing to demonstrate, another to convince; and many

of the good people of Magdeburg shook their heads over this

“devil´s contrivance,“ and predicted that Heaven would punish the

Herr Burgomaster, as indeed it had once by striking his house

with lightning and injuring some of his infernal contrivances.

They predicted his future punishment, but they did not molest

him, for to his fellow-citizens, who talked and laughed, drank

and smoked with him, and knew him for the honest citizen that he

was, he did not seem bewitched at all. And so he lived and worked

and added other facts to science, and his brass hemispheres were

not destroyed by fanatical Inquisitors, but are still preserved

in the royal library at Berlin.

In his experiments with his air-pump he discovered many things

regarding the action of gases, among others, that animals cannot

live in a vacuum. He invented the anemoscope and the air-balance,

and being thus enabled to weight the air and note the changes

that preceded storms and calms, he was able still further to

dumfound his wondering fellow-Magde-burgers by more or less

accurate predictions about the weather.

Von Guericke did not accept Gilbert´s theory that the earth was a

great magnet, but in his experiments along lines similar to those

pursued by Gilbert, he not only invented the first electrical

machine, but discovered electrical attraction and repulsion. The

electrical machine which he invented consisted of a sphere of

sulphur mounted on an iron axis to imitate the rotation of the

earth, and which, when rubbed, manifested electrical reactions.

When this globe was revolved and stroked with the dry hand it was

found that it attached to it “all sorts of little fragments, like

leaves of gold, silver, paper, etc.“ ”Thus this globe,“ he says,

“when brought rather near drops of water causes them to swell and

puff up. It likewise attracts air, smoke, etc.“[9] Before the

time of Guericke´s demonstrations, Cabaeus had noted that chaff

leaped back from an “electric,“ but he did not interpret the

phenomenon as electrical repulsion. Von Guericke, however,

recognized it as such, and refers to it as what he calls

“expulsive virtue.“ ”Even expulsive virtue is seen in this

globe,“ he says, ”for it not only attracts, but also REPELS again

from itself little bodies of this sort, nor does it receive them

until they have touched something else.“ It will be observed from

this that he was very close to discovering the discharge of the

electrification of attracted bodies by contact with some other

object, after which they are reattracted by the electric.

He performed a most interesting experiment with his sulphur globe

and a feather, and in doing so came near anticipating Benjamin

Franklin in his discovery of the effects of pointed conductors in

drawing off the discharge. Having revolved and stroked his globe

until it repelled a bit of down, he removed the globe from its

rack and advancing it towards the now repellent down, drove it

before him about the room. In this chase he observed that the

down preferred to alight against “the points of any object

whatsoever.“ He noticed that should the down chance to be driven

within a few inches of a lighted candle, its attitude towards the

globe suddenly changed, and instead of running away from it, it

now “flew to it for protection” —the charge on the down having

been dissipated by the hot air. He also noted that if one face of

a feather had been first attracted and then repelled by the

sulphur ball, that the surface so affected was always turned

towards the globe; so that if the positions of the two were

reversed, the sides of the feather reversed also.

Still another important discovery, that of electrical conduction,

was made by Von Guericke. Until his discovery no one had observed

the transference of electricity from one body to another,

although Gilbert had some time before noted that a rod rendered

magnetic at one end became so at the other. Von Guericke´s

experiments were made upon a linen thread with his sulphur globe,

which, he says, “having been previously excited by rubbing, can

exercise likewise its virtue through a linen thread an ell or

more long, and there attract something.“ But this discovery, and

his equally important one that the sulphur ball becomes luminous

when rubbed, were practically forgotten until again brought to

notice by the discoveries of Francis Hauksbee and Stephen Gray

early in the eighteenth century. From this we may gather that Von

Guericke himself did not realize the import of his discoveries,

for otherwise he would certainly have carried his investigations

still further. But as it was he turned his attention to other

fields of research.

ROBERT HOOKE
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A slender, crooked, shrivelled-limbed, cantankerous little man,

with dishevelled hair and haggard countenance, bad-tempered and

irritable, penurious and dishonest, at least in his claims for

priority in discoveries—this is the picture usually drawn, alike

by friends and enemies, of Robert Hooke (1635-1703), a man with

1635   1703   an almost unparalleled genius for scientific discoveries in

almost all branches of science. History gives few examples so

striking of a man whose really great achievements in science

would alone have made his name immortal, and yet who had the

pusillanimous spirit of a charlatan—an almost insane mania, as

it seems—for claiming the credit of discoveries made by others.

This attitude of mind can hardly be explained except as a mania:

it is certainly more charitable so to regard it. For his own

discoveries and inventions were so numerous that a few more or

less would hardly have added to his fame, as his reputation as a

philosopher was well established. Admiration for his ability and

his philosophical knowledge must always be marred by the

recollection of his arrogant claims to the discoveries of other

philosophers.

It seems pretty definitely determined that Hooke should be

credited with the invention of the balance-spring for regulating

watches; but for a long time a heated controversy was waged

between Hooke and Huygens as to who was the real inventor. It

appears that Hooke conceived the idea of the balance-spring,

while to Huygens belongs the credit of having adapted the COILED

spring in a working model. He thus made practical Hooke´s

conception, which is without value except as applied by the

coiled spring; but, nevertheless, the inventor, as well as the

perfector, should receive credit. In this controversy, unlike

many others, the blame cannot be laid at Hooke´s door.

Hooke was the first curator of the Royal Society, and when

anything was to be investigated, usually invented the mechanical

devices for doing so. Astronomical apparatus, instruments for

measuring specific weights, clocks and chronometers, methods of

measuring the velocity of falling bodies, freezing and boiling

points, strength of gunpowder, magnetic instruments—in short,

all kinds of ingenious mechanical devices in all branches of

science and mechanics. It was he who made the famous air-pump of

Robert Boyle, based on Boyle´s plans. Incidentally, Hooke claimed

to be the inventor of the first air-pump himself, although this

claim is now entirely discredited.

Within a period of two years he devised no less than thirty

different methods of flying, all of which, of course, came to

nothing, but go to show the fertile imagination of the man, and

his tireless energy. He experimented with electricity and made

some novel suggestions upon the difference between the electric

spark and the glow, although on the whole his contributions in

this field are unimportant. He also first pointed out that the

motions of the heavenly bodies must be looked upon as a

mechanical problem, and was almost within grasping distance of

the exact theory of gravitation, himself originating the idea of

making use of the pendulum in measuring gravity. Likewise, he

first proposed the wave theory of light; although it was Huygens

who established it on its present foundation.

Hooke published, among other things, a book of plates and

descriptions of his Microscopical Observations, which gives an

idea of the advance that had already been made in microscopy in

his time. Two of these plates are given here, which, even in this

age of microscopy, are both interesting and instructive. These

plates are made from prints of Hooke´s original copper plates,

and show that excellent lenses were made even at that time. They

illustrate, also, how much might have been accomplished in the

field of medicine if more attention had been given to microscopy

by physicians. Even a century later, had physicians made better

use of their microscopes, they could hardly have overlooked such

an easily found parasite as the itch mite, which is quite as

easily detected as the cheese mite, pictured in Hooke´s book.

In justice to Hooke, and in extenuation of his otherwise

inexcusable peculiarities of mind, it should be remembered that

for many years he suffered from a painful and wasting disease.

This may have affected his mental equilibrium, without

appreciably affecting his ingenuity. In his own time this

condition would hardly have been considered a disease; but

to-day, with our advanced ideas as to mental diseases, we should

be more inclined to ascribe his unfortunate attitude of mind to a

pathological condition, rather than to any manifestation of

normal mentality. From this point of view his mental deformity

seems not unlike that of Cavendish´s, later, except that in the

case of Cavendish it manifested itself as an abnormal

sensitiveness instead of an abnormal irritability.

CHRISTIAN HUYGENS
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If for nothing else, the world is indebted to the man who

invented the pendulum clock, Christian Huygens (1629-1695), of

1629   1695   the Hague, inventor, mathematician, mechanician, astronomer, and

physicist. Huygens was the descendant of a noble and

distinguished family, his father, Sir Constantine Huygens, being

a well-known poet and diplomatist. Early in life young Huygens

began his career in the legal profession, completing his

education in the juridical school at Breda; but his taste for

mathematics soon led him to neglect his legal studies, and his

aptitude for scientific researches was so marked that Descartes

predicted great things of him even while he was a mere tyro in

the field of scientific investigation.

One of his first endeavors in science was to attempt an

improvement of the telescope. Reflecting upon the process of

making lenses then in vogue, young Huygens and his brother

Constantine attempted a new method of grinding and polishing,

whereby they overcame a great deal of the spherical and chromatic

aberration. With this new telescope a much clearer field of

vision was obtained, so much so that Huygens was able to detect,

among other things, a hitherto unknown satellite of Saturn. It

was these astronomical researches that led him to apply the

pendulum to regulate the movements of clocks. The need for some

more exact method of measuring time in his observations of the

stars was keenly felt by the young astronomer, and after several

experiments along different lines, Huygens hit upon the use of a

swinging weight; and in 1656 made his invention of the pendulum

1656   clock. The year following, his clock was presented to the

states-general. Accuracy as to time is absolutely essential in

astronomy, but until the invention of Huygens´s clock there was

no precise, nor even approximately precise, means of measuring

short intervals.

Huygens was one of the first to adapt the micrometer to the

telescope—a mechanical device on which all the nice

determination of minute distances depends. He also took up the

controversy against Hooke as to the superiority of telescopic

over plain sights to quadrants, Hooke contending in favor of the

plain. In this controversy, the subject of which attracted wide

attention, Huygens was completely victorious; and Hooke, being

unable to refute Huygens´s arguments, exhibited such irritability

that he increased his already general unpopularity. All of the

arguments for and against the telescope sight are too numerous to

be given here. In contending in its favor Huygens pointed out

that the unaided eye is unable to appreciate an angular space in

the sky less than about thirty seconds. Even in the best quadrant

with a plain sight, therefore, the altitude must be uncertain by

that quantity. If in place of the plain sight a telescope is

substituted, even if it magnify only thirty times, it will enable

the observer to fix the position to one second, with

progressively increased accuracy as the magnifying power of the

telescope is increased. This was only one of the many telling

arguments advanced by Huygens.

In the field of optics, also, Huygens has added considerably to

science, and his work, Dioptrics, is said to have been a favorite

book with Newton. During the later part of his life, however,

Huygens again devoted himself to inventing and constructing

telescopes, grinding the lenses, and devising, if not actually

making, the frame for holding them. These telescopes were of

enormous lengths, three of his object-glasses, now in possession

of the Royal Society, being of 123, 180, and 210 feet focal

123   180   210   length respectively. Such instruments, if constructed in the

ordinary form of the long tube, were very unmanageable, and to

obviate this Huygens adopted the plan of dispensing with the tube

altogether, mounting his lenses on long poles manipulated by

machinery. Even these were unwieldy enough, but the difficulties

of manipulation were fully compensated by the results obtained.

It had been discovered, among other things, that in oblique

refraction light is separated into colors. Therefore, any small

portion of the convex lens of the telescope, being a prism, the

rays proceed to the focus, separated into prismatic colors, which

make the image thus formed edged with a fringe of color and

indistinct. But, fortunately for the early telescope makers, the

degree of this aberration is independent of the focal length of

the lens; so that, by increasing this focal length and using the

appropriate eye-piece, the image can be greatly magnified, while

the fringe of colors remains about the same as when a less

powerful lens is used. Hence the advantage of Huygens´s long

telescope. He did not confine his efforts to simply lengthening

the focal length of his telescopes, however, but also added to

their efficiency by inventing an almost perfect achromatic

eye-piece.
In 1663 he was elected a fellow of the Royal Society of London,

1663   and in 1669 he gave to that body a concise statement of the laws

1669   governing the collision of elastic bodies. Although the same

views had been given by Wallis and Wren a few weeks earlier,

there is no doubt that Huygens´s views were reached

independently; and it is probable that he had arrived at his

conclusions several years before. In the Philosophical

Transactions for 1669 it is recorded that the society, being

1669   interested in the laws of the principles of motion, a request was

made that M. Huygens, Dr. Wallis, and Sir Christopher Wren submit

their views on the subject. Wallis submitted his paper first,

November 15, 1668. A month later, December 17th, Wren imparted to

15   1668   17   the society his laws as to the nature of the collision of bodies.

And a few days later, January 5, 1669, Huygens sent in his “Rules

1669   Concerning the Motion of Bodies after Mutual Impulse.“ Although

Huygens´s report was received last, he was anticipated by such a

brief space of time, and his views are so clearly stated—on the

whole rather more so than those of the other two—that we give

them in part here:

“1. If a hard body should strike against a body equally hard at

rest, after contact the former will rest and the latter acquire a

velocity equal to that of the moving body.

“2. But if that other equal body be likewise in motion, and

moving in the same direction, after contact they will move with

reciprocal velocities.

“3. A body, however great, is moved by a body however small

impelled with any velocity whatsoever.

“5. The quantity of motion of two bodies may be either increased

or diminished by their shock; but the same quantity towards the

same part remains, after subtracting the quantity of the contrary

motion.
“6. The sum of the products arising from multiplying the mass of

any hard body into the squares of its velocity is the same both

before and after the stroke.

“7. A hard body at rest will receive a greater quantity of motion

from another hard body, either greater or less than itself, by

the interposition of any third body of a mean quantity, than if

it was immediately struck by the body itself; and if the

interposing body be a mean proportional between the other two,

its action upon the quiescent body will be the greatest of

all.“[10]10   This was only one of several interesting and important

communications sent to the Royal Society during his lifetime. One

of these was a report on what he calls “Pneumatical Experiments.“

“Upon including in a vacuum an insect resembling a beetle, but

somewhat larger,“ he says, ”when it seemed to be dead, the air

was readmitted, and soon after it revived; putting it again in

the vacuum, and leaving it for an hour, after which the air was

readmitted, it was observed that the insect required a longer

time to recover; including it the third time for two days, after

which the air was admitted, it was ten hours before it began to

stir; but, putting it in a fourth time, for eight days, it never

afterwards recovered.... Several birds, rats, mice, rabbits, and

cats were killed in a vacuum, but if the air was admitted before

the engine was quite exhausted some of them would recover; yet

none revived that had been in a perfect vacuum.... Upon putting

the weight of eighteen grains of powder with a gauge into a

receiver that held several pounds of water, and firing the

powder, it raised the mercury an inch and a half; from which it

appears that there is one-fifth of air in gunpowder, upon the

supposition that air is about one thousand times lighter than

water; for in this experiment the mercury rose to the eighteenth

part of the height at which the air commonly sustains it, and

consequently the weight of eighteen grains of powder yielded air

enough to fill the eighteenth part of a receiver that contained

seven pounds of water; now this eighteenth part contains

forty-nine drachms of water; wherefore the air, that takes up an

equal space, being a thousand times lighter, weighs

one-thousandth part of forty-nine drachms, which is more than

three grains and a half; it follows, therefore, that the weight

of eighteen grains of powder contains more than three and a half

of air, which is about one-fifth of eighteen grains....“

From 1665 to 1681, accepting the tempting offer made him through

1665   1681   Colbert, by Louis XIV., Huygens pursued his studies at the

Bibliotheque du Roi as a resident of France. Here he published

his Horologium Oscillatorium, dedicated to the king, containing,

among other things, his solution of the problem of the “centre of

oscillation.“ This in itself was an important step in the history

of mechanics. Assuming as true that the centre of gravity of any

number of interdependent bodies cannot rise higher than the point

from which it falls, he reached correct conclusions as to the

general principle of the conservation of vis viva, although he

did not actually prove his conclusions. This was the first

attempt to deal with the dynamics of a system. In this work,

also, was the true determination of the relation between the

length of a pendulum and the time of its oscillation.

In 1681 he returned to Holland, influenced, it is believed, by

1681   the attitude that was being taken in France against his religion.

Here he continued his investigations, built his immense

telescopes, and, among other things, discovered “polarization,“

which is recorded in Traite de la Lumiere, published at Leyden in

1690. Five years later he died, bequeathing his manuscripts to

1690   the University of Leyden. It is interesting to note that he never

accepted Newton´s theory of gravitation as a universal property

of matter.
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Yet the man who was to achieve such distinction gave no early

premonition of future greatness. He was a sickly child from

birth, and a boy of little seeming promise. He was an indifferent

student, yet, on the other hand, he cared little for the common

amusements of boyhood. He early exhibited, however, a taste for

mechanical contrivances, and spent much time in devising

windmills, water-clocks, sun-dials, and kites. While other boys

were interested only in having kites that would fly, Newton—at

least so the stories of a later time would have us

understand—cared more for the investigation of the seeming

principles involved, or for testing the best methods of attaching

the strings, or the best materials to be used in construction.

Meanwhile the future philosopher was acquiring a taste for

reading and study, delving into old volumes whenever he found an

opportunity. These habits convinced his relatives that it was

useless to attempt to make a farmer of the youth, as had been

their intention. He was therefore sent back to school, and in the

summer of 1661 he matriculated at Trinity College, Cambridge.

1661   Even at college Newton seems to have shown no unusual mental

capacity, and in 1664, when examined for a scholarship by Dr.

1664   Barrow, that gentleman is said to have formed a poor opinion of

the applicant. It is said that the knowledge of the estimate

placed upon his abilities by his instructor piqued Newton, and

led him to take up in earnest the mathematical studies in which

he afterwards attained such distinction. The study of Euclid and

Descartes´s “Geometry” roused in him a latent interest in

mathematics, and from that time forward his investigations were

carried on with enthusiasm. In 1667 he was elected Fellow of

1667   Trinity College, taking the degree of M.A. the following spring.

It will thus appear that Newton´s boyhood and early manhood were

passed during that troublous time in British political annals

which saw the overthrow of Charles I., the autocracy of Cromwell,

and the eventual restoration of the Stuarts. His maturer years

witnessed the overthrow of the last Stuart and the reign of the

Dutchman, William of Orange. In his old age he saw the first of

the Hanoverians mount the throne of England. Within a decade of

his death such scientific path-finders as Cavendish, Black, and

Priestley were born—men who lived on to the close of the

eighteenth century. In a full sense, then, the age of Newton

bridges the gap from that early time of scientific awakening

under Kepler and Galileo to the time which we of the twentieth

century think of as essentially modern.

THE COMPOSITION OF WHITE LIGHT

THE COMPOSITION OF WHITE LIGHT

In December, 1672, Newton was elected a Fellow of the Royal

1672   Society, and at this meeting a paper describing his invention of

the refracting telescope was read. A few days later he wrote to

the secretary, making some inquiries as to the weekly meetings of

the society, and intimating that he had an account of an

interesting discovery that he wished to lay before the society.

When this communication was made public, it proved to be an

explanation of the discovery of the composition of white light.

We have seen that the question as to the nature of color had

commanded the attention of such investigators as Huygens, but

that no very satisfactory solution of the question had been

attained. Newton proved by demonstrative experiments that white

light is composed of the blending of the rays of diverse colors,

and that the color that we ascribe to any object is merely due to

the fact that the object in question reflects rays of that color,

absorbing the rest. That white light is really made up of many

colors blended would seem incredible had not the experiments by

which this composition is demonstrated become familiar to every

one. The experiments were absolutely novel when Newton brought

them forward, and his demonstration of the composition of light

was one of the most striking expositions ever brought to the

attention of the Royal Society. It is hardly necessary to add

that, notwithstanding the conclusive character of Newton´s work,

his explanations did not for a long time meet with general

acceptance.
Newton was led to his discovery by some experiments made with an

ordinary glass prism applied to a hole in the shutter of a

darkened room, the refracted rays of the sunlight being received

upon the opposite wall and forming there the familiar spectrum.

“It was a very pleasing diversion,“ he wrote, ”to view the vivid

and intense colors produced thereby; and after a time, applying

myself to consider them very circumspectly, I became surprised to

see them in varying form, which, according to the received laws

of refraction, I expected should have been circular. They were

terminated at the sides with straight lines, but at the ends the

decay of light was so gradual that it was difficult to determine

justly what was their figure, yet they seemed semicircular.

“Comparing the length of this colored spectrum with its breadth,

I found it almost five times greater; a disproportion so

extravagant that it excited me to a more than ordinary curiosity

of examining from whence it might proceed. I could scarce think

that the various thicknesses of the glass, or the termination

with shadow or darkness, could have any influence on light to

produce such an effect; yet I thought it not amiss, first, to

examine those circumstances, and so tried what would happen by

transmitting light through parts of the glass of divers

thickness, or through holes in the window of divers bigness, or

by setting the prism without so that the light might pass through

it and be refracted before it was transmitted through the hole;

but I found none of those circumstances material. The fashion of

the colors was in all these cases the same.

“Then I suspected whether by any unevenness of the glass or other

contingent irregularity these colors might be thus dilated. And

to try this I took another prism like the former, and so placed

it that the light, passing through them both, might be refracted

contrary ways, and so by the latter returned into that course

from which the former diverted it. For, by this means, I thought,

the regular effects of the first prism would be destroyed by the

second prism, but the irregular ones more augmented by the

multiplicity of refractions. The event was that the light, which

by the first prism was diffused into an oblong form, was by the

second reduced into an orbicular one with as much regularity as

when it did not all pass through them. So that, whatever was the

cause of that length, ‘twas not any contingent irregularity.

“I then proceeded to examine more critically what might be

effected by the difference of the incidence of rays coming from

divers parts of the sun; and to that end measured the several

lines and angles belonging to the image. Its distance from the

hole or prism was 22 feet; its utmost length 13 1/4 inches; its

22   13   breadth 2 5/8; the diameter of the hole 1/4 of an inch; the angle

which the rays, tending towards the middle of the image, made

with those lines, in which they would have proceeded without

refraction, was 44 degrees 56’; and the vertical angle of the

44   56   prism, 63 degrees 12’. Also the refractions on both sides of the

63   12   prism—that is, of the incident and emergent rays—were, as near

as I could make them, equal, and consequently about 54 degrees

54   4’; and the rays fell perpendicularly upon the wall. Now,

subducting the diameter of the hole from the length and breadth

of the image, there remains 13 inches the length, and 2 3/8 the

13   breadth, comprehended by those rays, which, passing through the

centre of the said hole, which that breadth subtended, was about

31´, answerable to the sun’s diameter; but the angle which its

31   length subtended was more than five such diameters, namely 2

degrees 49’.49   “Having made these observations, I first computed from them the

refractive power of the glass, and found it measured by the ratio

of the sines 20 to 31. And then, by that ratio, I computed the

20   31   refractions of two rays flowing from opposite parts of the sun´s

discus, so as to differ 31’ in their obliquity of incidence, and

31   found that the emergent rays should have comprehended an angle of

31’, as they did, before they were incident.

31   “But because this computation was founded on the hypothesis of

the proportionality of the sines of incidence and refraction,

which though by my own experience I could not imagine to be so

erroneous as to make that angle but 31’, which in reality was 2

31   degrees 49’, yet my curiosity caused me again to make my prism.

49   And having placed it at my window, as before, I observed that by

turning it a little about its axis to and fro, so as to vary its

obliquity to the light more than an angle of 4 degrees or 5

degrees, the colors were not thereby sensibly translated from

their place on the wall, and consequently by that variation of

incidence the quantity of refraction was not sensibly varied. By

this experiment, therefore, as well as by the former computation,

it was evident that the difference of the incidence of rays

flowing from divers parts of the sun could not make them after

decussation diverge at a sensibly greater angle than that at

which they before converged; which being, at most, but about 31’

31   or 32’, there still remained some other cause to be found out,

32   from whence it could be 2 degrees 49’.“

49   All this caused Newton to suspect that the rays, after their

trajection through the prism, moved in curved rather than in

straight lines, thus tending to be cast upon the wall at

different places according to the amount of this curve. His

suspicions were increased, also, by happening to recall that a

tennis-ball sometimes describes such a curve when “cut” by a

tennis-racket striking the ball obliquely.

“For a circular as well as a progressive motion being

communicated to it by the stroke,“ he says, ”its parts on that

side where the motions conspire must press and beat the

contiguous air more violently than on the other, and there excite

a reluctancy and reaction of the air proportionately greater. And

for the same reason, if the rays of light should possibly be

globular bodies, and by their oblique passage out of one medium

into another acquire a circulating motion, they ought to feel the

greater resistance from the ambient ether on that side where the

motions conspire, and thence be continually bowed to the other.

But notwithstanding this plausible ground of suspicion, when I

came to examine it I could observe no such curvity in them. And,

besides (which was enough for my purpose), I observed that the

difference ‘twixt the length of the image and diameter of the

hole through which the light was transmitted was proportionable

to their distance.

“The gradual removal of these suspicions at length led me to the

experimentum crucis, which was this: I took two boards, and,

placing one of them close behind the prism at the window, so that

the light must pass through a small hole, made in it for the

purpose, and fall on the other board, which I placed at about

twelve feet distance, having first made a small hole in it also,

for some of the incident light to pass through. Then I placed

another prism behind this second board, so that the light

trajected through both the boards might pass through that also,

and be again refracted before it arrived at the wall. This done,

I took the first prism in my hands and turned it to and fro

slowly about its axis, so much as to make the several parts of

the image, cast on the second board, successively pass through

the hole in it, that I might observe to what places on the wall

the second prism would refract them. And I saw by the variation

of these places that the light, tending to that end of the image

towards which the refraction of the first prism was made, did in

the second prism suffer a refraction considerably greater than

the light tending to the other end. And so the true cause of the

length of that image was detected to be no other than that LIGHT

consists of RAYS DIFFERENTLY REFRANGIBLE, which, without any

respect to a difference in their incidence, were, according to

their degrees of refrangibility, transmitted towards divers parts

of the wall.“[1]

THE NATURE OF COLOR

THE NATURE OF COLOR

Having thus proved the composition of light, Newton took up an

exhaustive discussion as to colors, which cannot be entered into

at length here. Some of his remarks on the subject of compound

colors, however, may be stated in part. Newton´s views are of

particular interest in this connection, since, as we have already

pointed out, the question as to what constituted color could not

be agreed upon by the philosophers. Some held that color was an

integral part of the substance; others maintained that it was

simply a reflection from the surface; and no scientific

explanation had been generally accepted. Newton concludes his

paper as follows:

“I might add more instances of this nature, but I shall conclude

with the general one that the colors of all natural bodies have

no other origin than this, that they are variously qualified to

reflect one sort of light in greater plenty than another. And

this I have experimented in a dark room by illuminating those

bodies with uncompounded light of divers colors. For by that

means any body may be made to appear of any color. They have

there no appropriate color, but ever appear of the color of the

light cast upon them, but yet with this difference, that they are

most brisk and vivid in the light of their own daylight color.

Minium appeareth there of any color indifferently with which ‘tis

illustrated, but yet most luminous in red; and so Bise appeareth

indifferently of any color with which ‘tis illustrated, but yet

most luminous in blue. And therefore Minium reflecteth rays of

any color, but most copiously those indued with red; and

consequently, when illustrated with daylight—that is, with all

sorts of rays promiscuously blended—those qualified with red

shall abound most in the reflected light, and by their prevalence

cause it to appear of that color. And for the same reason, Bise,

reflecting blue most copiously, shall appear blue by the excess

of those rays in its reflected light; and the like of other

bodies. And that this is the entire and adequate cause of their

colors is manifest, because they have no power to change or alter

the colors of any sort of rays incident apart, but put on all

colors indifferently with which they are enlightened.“[2]

This epoch-making paper aroused a storm of opposition. Some of

Newton´s opponents criticised his methods, others even doubted

the truth of his experiments. There was one slight mistake in

Newton´s belief that all prisms would give a spectrum of exactly

the same length, and it was some time before he corrected this

error. Meanwhile he patiently met and answered the arguments of

his opponents until he began to feel that patience was no longer

a virtue. At one time he even went so far as to declare that,

once he was “free of this business,“ he would renounce scientific

research forever, at least in a public way. Fortunately for the

world, however, he did not adhere to this determination, but went

on to even greater discoveries—which, it may be added, involved

still greater controversies.

In commenting on Newton´s discovery of the composition of light,

Voltaire said: “Sir Isaac Newton has demonstrated to the eye, by

the bare assistance of a prism, that light is a composition of

colored rays, which, being united, form white color. A single ray

is by him divided into seven, which all fall upon a piece of

linen or a sheet of white paper, in their order one above the

other, and at equal distances. The first is red, the second

orange, the third yellow, the fourth green, the fifth blue, the

sixth indigo, the seventh a violet purple. Each of these rays

transmitted afterwards by a hundred other prisms will never

change the color it bears; in like manner as gold, when

completely purged from its dross, will never change afterwards in

the crucible.“[3]
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seventeenth century´s awakening of science. 

Then the consideration of Kepler´s Third Law of planetary motion 

suggested to many minds perhaps independently the probability that 

the force hitherto mentioned merely as centripetal, through the

operation of which the planets are held in their orbits is a

force varying inversely as the square of the distance from the

sun. This idea had come to Robert Hooke, to Wren, and perhaps to

Halley, as well as to Newton; but as yet no one had conceived a

method by which the validity of the suggestion might be tested.

It was claimed later on by Hooke that he had discovered a method

demonstrating the truth of the theory of inverse squares, and

after the full announcement of Newton´s discovery a heated

controversy was precipitated in which Hooke put forward his

claims with accustomed acrimony. Hooke, however, never produced

his demonstration, and it may well be doubted whether he had

found a method which did more than vaguely suggest the law which

the observations of Kepler had partially revealed. Newton´s great

merit lay not so much in conceiving the law of inverse squares as

in the demonstration of the law. He was led to this demonstration

through considering the orbital motion of the moon. According to

the familiar story, which has become one of the classic myths of

science, Newton was led to take up the problem through observing

the fall of an apple. Voltaire is responsible for the story,

which serves as well as another; its truth or falsity need not in

the least concern us. Suffice it that through pondering on the

familiar fact of terrestrial gravitation, Newton was led to

question whether this force which operates so tangibly here at

the earth´s surface may not extend its influence out into the

depths of space, so as to include, for example, the moon.

Obviously some force pulls the moon constantly towards the earth;

otherwise that body would fly off at a tangent and never return.

May not this so-called centripetal force be identical with

terrestrial gravitation? Such was Newton´s query. Probably many

another man since Anaxagoras had asked the same question, but

assuredly Newton was the first man to find an answer.

The thought that suggested itself to Newton´s mind was this: If

we make a diagram illustrating the orbital course of the moon for

any given period, say one minute, we shall find that the course

of the moon departs from a straight line during that period by a

measurable distance—that: is to say, the moon has been virtually

pulled towards the earth by an amount that is represented by the

difference between its actual position at the end of the minute

under observation and the position it would occupy had its course

been tangential, as, according to the first law of motion, it

must have been had not some force deflected it towards the earth.

Measuring the deflection in question—which is equivalent to the

so-called versed sine of the arc traversed—we have a basis for

determining the strength of the deflecting force. Newton

constructed such a diagram, and, measuring the amount of the

moon´s departure from a tangential rectilinear course in one

minute, determined this to be, by his calculation, thirteen feet.

Obviously, then, the force acting upon the moon is one that would

cause that body to fall towards the earth to the distance of

thirteen feet in the first minute of its fall. Would such be the

force of gravitation acting at the distance of the moon if the

power of gravitation varies inversely as the square of the

distance? That was the tangible form in which the problem

presented itself to Newton. The mathematical solution of the

problem was simple enough. It is based on a comparison of the

moon´s distance with the length of the earth´s radius. On making

this calculation, Newton found that the pull of gravitation—if

that were really the force that controls the moon—gives that

body a fall of slightly over fifteen feet in the first minute,

instead of thirteen feet. Here was surely a suggestive

approximation, yet, on the other band, the discrepancy seemed to

be too great to warrant him in the supposition that he had found

the true solution. He therefore dismissed the matter from his

mind for the time being, nor did he return to it definitely for

some years.
{illustration caption =  DIAGRAM TO ILLUSTRATE NEWTON´S LAW OF

GRAVITATION (E represents the earth and A the moon. Were the

earth´s pull on the moon to cease, the moon´s inertia would cause

it to take the tangential course, AB. On the other hand, were the

moon´s motion to be stopped for an instant, the moon would fall

directly towards the earth, along the line AD. The moon´s actual

orbit, resulting from these component forces, is AC. Let AC

represent the actual flight of the moon in one minute. Then BC,

which is obviously equal to AD, represents the distance which the

moon virtually falls towards the earth in one minute. Actual

computation, based on measurements of the moon´s orbit, showed

this distance to be about fifteen feet. Another computation

showed that this is the distance that the moon would fall towards

the earth under the influence of gravity, on the supposition that

the force of gravity decreases inversely with the square of the

distance; the basis of comparison being furnished by falling

bodies at the surface of the earth. Theory and observations thus

coinciding, Newton was justified in declaring that the force that

pulls the moon towards the earth and keeps it in its orbit, is

the familiar force of gravity, and that this varies inversely as

the square of the distance.)}

It was to appear in due time that Newton´s hypothesis was

perfectly valid and that his method of attempted demonstration

was equally so. The difficulty was that the earth´s proper

dimensions were not at that time known. A wrong estimate of the

earth´s size vitiated all the other calculations involved, since

the measurement of the moon´s distance depends upon the

observation of the parallax, which cannot lead to a correct

computation unless the length of the earth´s radius is accurately

known. Newton´s first calculation was made as early as 1666, and

1666   it was not until 1682 that his attention was called to a new and

1682   apparently accurate measurement of a degree of the earth´s

meridian made by the French astronomer Picard. The new

measurement made a degree of the earth´s surface 69.10 miles,

69.10   instead of sixty miles.

Learning of this materially altered calculation as to the earth´s

size, Newton was led to take up again his problem of the falling

moon. As he proceeded with his computation, it became more and

more certain that this time the result was to harmonize with the

observed facts. As the story goes, he was so completely

overwhelmed with emotion that he was forced to ask a friend to

complete the simple calculation. That story may well be true,

for, simple though the computation was, its result was perhaps

the most wonderful demonstration hitherto achieved in the entire

field of science. Now at last it was known that the force of

gravitation operates at the distance of the moon, and holds that

body in its elliptical orbit, and it required but a slight effort

of the imagination to assume that the force which operates

through such a reach of space extends its influence yet more

widely. That such is really the case was demonstrated presently

through calculations as to the moons of Jupiter and by similar

computations regarding the orbital motions of the various

planets. All results harmonizing, Newton was justified in

reaching the conclusion that gravitation is a universal property

of matter. It remained, as we shall see, for nineteenth-century

scientists to prove that the same force actually operates upon

the stars, though it should be added that this demonstration

merely fortified a belief that had already found full acceptance.

Having thus epitomized Newton´s discovery, we must now take up

the steps of his progress somewhat in detail, and state his

theories and their demonstration in his own words. Proposition

IV., theorem 4, of his Principia is as follows:

“That the moon gravitates towards the earth and by the force of

gravity is continually drawn off from a rectilinear motion and

retained in its orbit.

“The mean distance of the moon from the earth, in the syzygies in

semi-diameters of the earth, is, according to Ptolemy and most

astronomers, 59; according to Vendelin and Huygens, 60; to

59   60   Copernicus, 60 1/3; to Street, 60 2/3; and to Tycho, 56 1/2. But

60   60   56   Tycho, and all that follow his tables of refractions, making the

refractions of the sun and moon (altogether against the nature of

light) to exceed the refractions of the fixed stars, and that by

four or five minutes NEAR THE HORIZON, did thereby increase the

moon´s HORIZONTAL parallax by a like number of minutes, that is,

by a twelfth or fifteenth part of the whole parallax. Correct

this error and the distance will become about 60 1/2

60   semi-diameters of the earth, near to what others have assigned.

Let us assume the mean distance of 60 diameters in the syzygies;

60   and suppose one revolution of the moon, in respect to the fixed

stars, to be completed in 27d. 7h. 43’, as astronomers have

27   43   determined; and the circumference of the earth to amount to

123,249,600 Paris feet, as the French have found by mensuration.

123,249,600   And now, if we imagine the moon, deprived of all motion, to be

let go, so as to descend towards the earth with the impulse of

all that force by which (by Cor. Prop. iii.) it is retained in

its orb, it will in the space of one minute of time describe in

its fall 15 1/12 Paris feet. For the versed sine of that arc

15   12   which the moon, in the space of one minute of time, would by its

mean motion describe at the distance of sixty semi-diameters of

the earth, is nearly 15 1/12 Paris feet, or more accurately 15

15   12   feet, 1 inch, 1 line 4/9. Wherefore, since that force, in

approaching the earth, increases in the reciprocal-duplicate

proportion of the distance, and upon that account, at the surface

of the earth, is 60 x 60 times greater than at the moon, a body

60   60   in our regions, falling with that force, ought in the space of

one minute of time to describe 60 x 60 x 15 1/12 Paris feet; and

60   60   15   12   in the space of one second of time, to describe 15 1/12 of those

15   12   feet, or more accurately, 15 feet, 1 inch, 1 line 4/9. And with

15   this very force we actually find that bodies here upon earth do

really descend; for a pendulum oscillating seconds in the

latitude of Paris will be 3 Paris feet, and 8 lines 1/2 in

length, as Mr. Huygens has observed. And the space which a heavy

body describes by falling in one second of time is to half the

length of the pendulum in the duplicate ratio of the

circumference of a circle to its diameter (as Mr. Huygens has

also shown), and is therefore 15 Paris feet, 1 inch, 1 line 4/9.

15   And therefore the force by which the moon is retained in its

orbit is that very same force which we commonly call gravity;

for, were gravity another force different from that, then bodies

descending to the earth with the joint impulse of both forces

would fall with a double velocity, and in the space of one second

of time would describe 30 1/6 Paris feet; altogether against

30   experience.“[1]
All this is beautifully clear, and its validity has never in

recent generations been called in question; yet it should be

explained that the argument does not amount to an actually

indisputable demonstration. It is at least possible that the

coincidence between the observed and computed motion of the moon

may be a mere coincidence and nothing more. This probability,

however, is so remote that Newton is fully justified in

disregarding it, and, as has been said, all subsequent

generations have accepted the computation as demonstrative.

Let us produce now Newton´s further computations as to the other

planetary bodies, passing on to his final conclusion that gravity

is a universal force.

          “PROPOSITION V., THEOREM V.

“That the circumjovial planets gravitate towards Jupiter; the

circumsaturnal towards Saturn; the circumsolar towards the sun;

and by the forces of their gravity are drawn off from rectilinear

motions, and retained in curvilinear orbits.

“For the revolutions of the circumjovial planets about Jupiter,

of the circumsaturnal about Saturn, and of Mercury and Venus and

the other circumsolar planets about the sun, are appearances of

the same sort with the revolution of the moon about the earth;

and therefore, by Rule ii., must be owing to the same sort of

causes; especially since it has been demonstrated that the forces

upon which those revolutions depend tend to the centres of

Jupiter, of Saturn, and of the sun; and that those forces, in

receding from Jupiter, from Saturn, and from the sun, decrease in

the same proportion, and according to the same law, as the force

of gravity does in receding from the earth.

“COR. 1.—There is, therefore, a power of gravity tending to all

the planets; for doubtless Venus, Mercury, and the rest are

bodies of the same sort with Jupiter and Saturn. And since all

attraction (by Law iii.) is mutual, Jupiter will therefore

gravitate towards all his own satellites, Saturn towards his, the

earth towards the moon, and the sun towards all the primary

planets.
“COR. 2.—The force of gravity which tends to any one planet is

reciprocally as the square of the distance of places from the

planet´s centre.
“COR. 3.—All the planets do mutually gravitate towards one

another, by Cor. 1 and 2, and hence it is that Jupiter and

Saturn, when near their conjunction, by their mutual attractions

sensibly disturb each other´s motions. So the sun disturbs the

motions of the moon; and both sun and moon disturb our sea, as we

shall hereafter explain.

          “SCHOLIUM
“The force which retains the celestial bodies in their orbits has

been hitherto called centripetal force; but it being now made

plain that it can be no other than a gravitating force, we shall

hereafter call it gravity. For the cause of the centripetal force

which retains the moon in its orbit will extend itself to all the

planets by Rules i., ii., and iii.

          “PROPOSITION VI., THEOREM VI.

“That all bodies gravitate towards every planet; and that the

weights of the bodies towards any the same planet, at equal

distances from the centre of the planet, are proportional to the

quantities of matter which they severally contain.

“It has been now a long time observed by others that all sorts of

heavy bodies (allowance being made for the inability of

retardation which they suffer from a small power of resistance in

the air) descend to the earth FROM EQUAL HEIGHTS in equal times;

and that equality of times we may distinguish to a great accuracy

by help of pendulums. I tried the thing in gold, silver, lead,

glass, sand, common salt, wood, water, and wheat. I provided two

wooden boxes, round and equal: I filled the one with wood, and

suspended an equal weight of gold (as exactly as I could) in the

centre of oscillation of the other. The boxes hanging by eleven

feet, made a couple of pendulums exactly equal in weight and

figure, and equally receiving the resistance of the air. And,

placing the one by the other, I observed them to play together

forward and backward, for a long time, with equal vibrations. And

therefore the quantity of matter in gold was to the quantity of

matter in the wood as the action of the motive force (or vis

motrix) upon all the gold to the action of the same upon all the

wood—that is, as the weight of the one to the weight of the

other: and the like happened in the other bodies. By these

experiments, in bodies of the same weight, I could manifestly

have discovered a difference of matter less than the thousandth

part of the whole, had any such been. But, without all doubt, the

nature of gravity towards the planets is the same as towards the

earth. For, should we imagine our terrestrial bodies removed to

the orb of the moon, and there, together with the moon, deprived

of all motion, to be let go, so as to fall together towards the

earth, it is certain, from what we have demonstrated before,

that, in equal times, they would describe equal spaces with the

moon, and of consequence are to the moon, in quantity and matter,

as their weights to its weight.

“Moreover, since the satellites of Jupiter perform their

revolutions in times which observe the sesquiplicate proportion

of their distances from Jupiter´s centre, their accelerative

gravities towards Jupiter will be reciprocally as the square of

their distances from Jupiter´s centre—that is, equal, at equal

distances. And, therefore, these satellites, if supposed to fall

TOWARDS JUPITER from equal heights, would describe equal spaces

in equal times, in like manner as heavy bodies do on our earth.

And, by the same argument, if the circumsolar planets were

supposed to be let fall at equal distances from the sun, they

would, in their descent towards the sun, describe equal spaces in

equal times. But forces which equally accelerate unequal bodies

must be as those bodies—that is to say, the weights of the

planets (TOWARDS THE SUN must be as their quantities of matter.

Further, that the weights of Jupiter and his satellites towards

the sun are proportional to the several quantities of their

matter, appears from the exceedingly regular motions of the

satellites. For if some of these bodies were more strongly

attracted to the sun in proportion to their quantity of matter

than others, the motions of the satellites would be disturbed by

that inequality of attraction. If at equal distances from the sun

any satellite, in proportion to the quantity of its matter, did

gravitate towards the sun with a force greater than Jupiter in

proportion to his, according to any given proportion, suppose d

to e; then the distance between the centres of the sun and of the

satellite´s orbit would be always greater than the distance

between the centres of the sun and of Jupiter nearly in the

subduplicate of that proportion: as by some computations I have

found. And if the satellite did gravitate towards the sun with a

force, lesser in the proportion of e to d, the distance of the

centre of the satellite´s orb from the sun would be less than the

distance of the centre of Jupiter from the sun in the

subduplicate of the same proportion. Therefore, if at equal

distances from the sun, the accelerative gravity of any satellite

towards the sun were greater or less than the accelerative

gravity of Jupiter towards the sun by one-one-thousandth part of

the whole gravity, the distance of the centre of the satellite´s

orbit from the sun would be greater or less than the distance of

Jupiter from the sun by one one-two-thousandth part of the whole

distance—that is, by a fifth part of the distance of the utmost

satellite from the centre of Jupiter; an eccentricity of the

orbit which would be very sensible. But the orbits of the

satellites are concentric to Jupiter, and therefore the

accelerative gravities of Jupiter and of all its satellites

towards the sun, at equal distances from the sun, are as their

several quantities of matter; and the weights of the moon and of

the earth towards the sun are either none, or accurately

proportional to the masses of matter which they contain.

“COR. 5.—The power of gravity is of a different nature from the

power of magnetism; for the magnetic attraction is not as the

matter attracted. Some bodies are attracted more by the magnet;

others less; most bodies not at all. The power of magnetism in

one and the same body may be increased and diminished; and is

sometimes far stronger, for the quantity of matter, than the

power of gravity; and in receding from the magnet decreases not

in the duplicate, but almost in the triplicate proportion of the

distance, as nearly as I could judge from some rude observations.

          “PROPOSITION VII., THEOREM VII.

“That there is a power of gravity tending to all bodies,

proportional to the several quantities of matter which they

contain.
That all the planets mutually gravitate one towards another we

have proved before; as well as that the force of gravity towards

every one of them considered apart, is reciprocally as the square

of the distance of places from the centre of the planet. And

thence it follows, that the gravity tending towards all the

planets is proportional to the matter which they contain.

“Moreover, since all the parts of any planet A gravitates towards

any other planet B; and the gravity of every part is to the

gravity of the whole as the matter of the part is to the matter

of the whole; and to every action corresponds a reaction;

therefore the planet B will, on the other hand, gravitate towards

all the parts of planet A, and its gravity towards any one part

will be to the gravity towards the whole as the matter of the

part to the matter of the whole. Q.E.D.

“HENCE IT WOULD APPEAR THAT the force of the whole must arise

from the force of the component parts.“

Newton closes this remarkable Book iii. with the following words:

“Hitherto we have explained the phenomena of the heavens and of

our sea by the power of gravity, but have not yet assigned the

cause of this power. This is certain, that it must proceed from a

cause that penetrates to the very centre of the sun and planets,

without suffering the least diminution of its force; that

operates not according to the quantity of the surfaces of the

particles upon which it acts (as mechanical causes used to do),

but according to the quantity of solid matter which they contain,

and propagates its virtue on all sides to immense distances,

decreasing always in the duplicate proportions of the distances.

Gravitation towards the sun is made up out of the gravitations

towards the several particles of which the body of the sun is

composed; and in receding from the sun decreases accurately in

the duplicate proportion of the distances as far as the orb of

Saturn, as evidently appears from the quiescence of the aphelions

of the planets; nay, and even to the remotest aphelions of the

comets, if those aphelions are also quiescent. But hitherto I

have not been able to discover the cause of those properties of

gravity from phenomena, and I frame no hypothesis; for whatever

is not deduced from the phenomena is to be called an hypothesis;

and hypotheses, whether metaphysical or physical, whether of

occult qualities or mechanical, have no place in experimental

philosophy. . . . And to us it is enough that gravity does really

exist, and act according to the laws which we have explained, and

abundantly serves to account for all the motions of the celestial

bodies and of our sea.“[2]

The very magnitude of the importance of the theory of universal

gravitation made its general acceptance a matter of considerable

time after the actual discovery. This opposition had of course

been foreseen by Newton, and, much as be dreaded controversy, he

was prepared to face it and combat it to the bitter end. He knew

that his theory was right; it remained for him to convince the

world of its truth. He knew that some of his contemporary

philosophers would accept it at once; others would at first

doubt, question, and dispute, but finally accept; while still

others would doubt and dispute until the end of their days. This

had been the history of other great discoveries; and this will

probably be the history of most great discoveries for all time.

But in this case the discoverer lived to see his theory accepted

by practically all the great minds of his time.

Delambre is authority for the following estimate of Newton by

Lagrange. “The celebrated Lagrange,“ he says, ”who frequently

asserted that Newton was the greatest genius that ever existed,

used to add—´and the most fortunate, for we cannot find MORE

THAN ONCE a system of the world to establish.´ “ With pardonable

exaggeration the admiring followers of the great generalizer

pronounced this epitaph:

 “Nature and Nature´s laws lay hid in night;

  God said ‘Let Newton be!´ and all was light.“
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It seems practically settled that the first telescope was

invented in Holland in 1608; but three men, Hans Lippershey,

1608   James Metius, and Zacharias Jansen, have been given the credit of

the invention at different times. It would seem from certain

papers, now in the library of the University of Leyden, and

included in Huygens´s papers, that Lippershey was probably the

first to invent a telescope and to describe his invention. The

story is told that Lippershey, who was a spectacle-maker,

stumbled by accident upon the discovery that when two lenses are

held at a certain distance apart, objects at a distance appear

nearer and larger. Having made this discovery, be fitted two

lenses with a tube so as to maintain them at the proper distance,

and thus constructed the first telescope.

It was Galileo, however, as referred to in a preceding chapter,

who first constructed a telescope based on his knowledge of the

laws of refraction. In 1609, having heard that an instrument had

1609   been invented, consisting of two lenses fixed in a tube, whereby

objects were made to appear larger and nearer, he set about

constructing such an instrument that should follow out the known

effects of refraction. His first telescope, made of two lenses

fixed in a lead pipe, was soon followed by others of improved

types, Galileo devoting much time and labor to perfecting lenses

and correcting errors. In fact, his work in developing the

instrument was so important that the telescope came gradually to

be known as the “Galilean telescope.“

In the construction of his telescope Galileo made use of a convex

and a concave lens; but shortly after this Kepler invented an

instrument in which both the lenses used were convex. This

telescope gave a much larger field of view than the Galilean

telescope, but did not give as clear an image, and in consequence

did not come into general use until the middle of the seventeenth

century. The first powerful telescope of this type was made by

Huygens and his brother. It was of twelve feet focal length, and

enabled Huygens to discover a new satellite of Saturn, and to

determine also the true explanation of Saturn´s ring.

It was Huygens, together with Malvasia and Auzout, who first

applied the micrometer to the telescope, although the inventor of

the first micrometer was William Gascoigne, of Yorkshire, about

1636. The micrometer as used in telescopes enables the observer

1636   to measure accurately small angular distances. Before the

invention of the telescope such measurements were limited to the

angle that could be distinguished by the naked eye, and were, of

course, only approximately accurate. Even very careful observers,

such as Tycho Brahe, were able to obtain only fairly accurate

results. But by applying Gascoigne´s invention to the telescope

almost absolute accuracy became at once possible. The principle

of Gascoigne´s micrometer was that of two pointers lying

parallel, and in this position pointing to zero. These were

arranged so that the turning of a single screw separated or

approximated them at will, and the angle thus formed could be

determined with absolute accuracy.

Huygens´s micrometer was a slip of metal of variable breadth

inserted at the focus of the telescope. By observing at what

point this exactly covered an object under examination, and

knowing the focal length of the telescope and the width of the

metal, he could then deduce the apparent angular breadth of the

object. Huygens discovered also that an object placed in the

common focus of the two lenses of a Kepler telescope appears

distinct and clearly defined. The micrometers of Malvasia, and

later of Auzout and Picard, are the development of this

discovery. Malvasia´s micrometer, which he described in 1662,

1662   consisted of fine silver wires placed at right-angles at the

focus of his telescope.

As telescopes increased in power, however, it was found that even

the finest wire, or silk filaments, were much too thick for

astronomical observations, as they obliterated the image, and so,

finally, the spider-web came into use and is still used in

micrometers and other similar instruments. Before that time,

however, the fine crossed wires had revolutionized astronomical

observations. “We may judge how great was the improvement which

these contrivances introduced into the art of observing,“ says

Whewell, “by finding that Hevelius refused to adopt them because

they would make all the old observations of no value. He had

spent a laborious and active life in the exercise of the old

methods, and could not bear to think that all the treasures which

he had accumulated had lost their worth by the discovery of a new

mine of richer ones.“[1]

Until the time of Newton, all the telescopes in use were either

of the Galilean or Keplerian type, that is, refractors. But about

the year 1670 Newton constructed his first reflecting telescope,

1670   which was greatly superior to, although much smaller than, the

telescopes then in use. He was led to this invention by his

experiments with light and colors. In 1671 he presented to the

1671   Royal Society a second and somewhat larger telescope, which he

had made; and this type of instrument was little improved upon

until the introduction of the achromatic telescope, invented by

Chester Moor Hall in 1733.

1733   As is generally known, the element of accurate measurements of

time plays an important part in the measurements of the movements

of the heavenly bodies. In fact, one was scarcely possible

without the other, and as it happened it was the same man,

Huygens, who perfected Kepler´s telescope and invented the

pendulum clock. The general idea had been suggested by Galileo;

or, better perhaps, the equal time occupied by the successive

oscillations of the pendulum had been noted by him. He had not

been able, however, to put this discovery to practical account.

But in 1656 Huygens invented the necessary machinery for

1656   maintaining the motion of the pendulum and perfected several

accurate clocks. These clocks were of invaluable assistance to

the astronomers, affording as they did a means of keeping time

“more accurate than the sun itself.“ When Picard had corrected

the variation caused by heat and cold acting upon the pendulum

rod by combining metals of different degrees of expansibility, a

high degree of accuracy was possible.

But while the pendulum clock was an unequalled stationary

time-piece, it was useless in such unstable situations as, for

example, on shipboard. But here again Huygens played a prominent

part by first applying the coiled balance-spring for regulating

watches and marine clocks. The idea of applying a spring to the

balance-wheel was not original with Huygens, however, as it had

been first conceived by Robert Hooke; but Huygens´s application

made practical Hooke´s idea. In England the importance of

securing accurate watches or marine clocks was so fully

appreciated that a reward of L20,000 sterling was offered by

20,000   Parliament as a stimulus to the inventor of such a time-piece.

The immediate incentive for this offer was the obvious fact that

with such an instrument the determination of the longitude of

places would be much simplified. Encouraged by these offers, a

certain carpenter named Harrison turned his attention to the

subject of watch-making, and, after many years of labor, in 1758

175   produced a spring time-keeper which, during a sea-voyage

occupying one hundred and sixty-one days, varied only one minute

and five seconds. This gained for Harrison a reward Of L5000

500   sterling at once, and a little later L10,000 more, from

10,000   Parliament.
While inventors were busy with the problem of accurate

chronometers, however, another instrument for taking longitude at

sea had been invented. This was the reflecting quadrant, or

sextant, as the improved instrument is now called, invented by

John Hadley in 1731, and independently by Thomas Godfrey, a poor

1731   glazier of Philadelphia, in 1730. Godfrey´s invention, which was

1730   constructed on the same principle as that of the Hadley

instrument, was not generally recognized until two years after

Hadley´s discovery, although the instrument was finished and

actually in use on a sea-voyage some months before Hadley

reported his invention. The principle of the sextant, however,

seems to have been known to Newton, who constructed an instrument

not very unlike that of Hadley; but this invention was lost sight

of until several years after the philosopher´s death and some

time after Hadley´s invention.

The introduction of the sextant greatly simplified taking

reckonings at sea as well as facilitating taking the correct

longitude of distant places. Before that time the mariner was

obliged to depend upon his compass, a cross-staff, or an

astrolabe, a table of the sun´s declination and a correction for

the altitude of the polestar, and very inadequate and incorrect

charts. Such were the instruments used by Columbus and Vasco da

Gama and their immediate successors.

During the Newtonian period the microscopes generally in use were

those constructed of simple lenses, for although compound

microscopes were known, the difficulties of correcting aberration

had not been surmounted, and a much clearer field was given by

the simple instrument. The results obtained by the use of such

instruments, however, were very satisfactory in many ways. By

referring to certain plates in this volume, which reproduce

illustrations from Robert Hooke´s work on the microscope, it will

be seen that quite a high degree of effectiveness had been

attained. And it should be recalled that Antony von Leeuwenboek,

whose death took place shortly before Newton´s, had discovered

such micro-organisms as bacteria, had seen the blood corpuscles

in circulation, and examined and described other microscopic

structures of the body.
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In 1705, however, Francis Hauksbee began a series of experiments

1705   that resulted in some startling demonstrations. For many years it

had been observed that a peculiar light was seen sometimes in the

mercurial barometer, but Hauksbee and the other scientific

investigators supposed the radiance to be due to the mercury in a

vacuum, brought about, perhaps, by some agitation. That this

light might have any connection with electricity did not, at

first, occur to Hauksbee any more than it had to his

predecessors. The problem that interested him was whether the

vacuum in the tube of the barometer was essential to the light;

and in experimenting to determine this, he invented his

“mercurial fountain.“ Having exhausted the air in a receiver

containing some mercury, he found that by allowing air to rush

through the mercury the metal became a jet thrown in all

directions against the sides of the vessel, making a great,

flaming shower, “like flashes of lightning,“ as he said. But it

seemed to him that there was a difference between this light and

the glow noted in the barometer. This was a bright light, whereas

the barometer light was only a glow. Pondering over this,

Hauksbee tried various experiments, revolving pieces of amber,

flint, steel, and other substances in his exhausted air-pump

receiver, with negative, or unsatisfactory, results. Finally, it

occurred to him to revolve an exhausted glass tube itself.

Mounting such a globe of glass on an axis so that it could be

revolved rapidly by a belt running on a large wheel, he found

that by holding his fingers against the whirling globe a purplish

glow appeared, giving sufficient light so that coarse print could

be read, and the walls of a dark room sensibly lightened several

feet away. As air was admitted to the globe the light gradually

diminished, and it seemed to him that this diminished glow was

very similar in appearance to the pale light seen in the

mercurial barometer. Could it be that it was the glass, and not

the mercury, that caused it? Going to a barometer he proceeded to

rub the glass above the column of mercury over the vacuum,

without disturbing the mercury, when, to his astonishment, the

same faint light, to all appearances identical with the glow seen

in the whirling globe, was produced.

Turning these demonstrations over in his mind, he recalled the

well-known fact that rubbed glass attracted bits of paper,

leaf-brass, and other light substances, and that this phenomenon

was supposed to be electrical. This led him finally to determine

the hitherto unsuspected fact, that the glow in the barometer was

electrical as was also the glow seen in his whirling globe.

Continuing his investigations, he soon discovered that solid

glass rods when rubbed produced the same effects as the tube. By

mere chance, happening to hold a rubbed tube to his cheek, he

felt the effect of electricity upon the skin like “a number of

fine, limber hairs,“ and this suggested to him that, since the

mysterious manifestation was so plain, it could be made to show

its effects upon various substances. Suspending some woollen

threads over the whirling glass cylinder, he found that as soon

as he touched the glass with his hands the threads, which were

waved about by the wind of the revolution, suddenly straightened

themselves in a peculiar manner, and stood in a radical position,

pointing to the axis of the cylinder.

Encouraged by these successes, he continued his experiments with

breathless expectancy, and soon made another important discovery,

that of “induction,“ although the real significance of this

discovery was not appreciated by him or, for that matter, by any

one else for several generations following. This discovery was

made by placing two revolving cylinders within an inch of each

other, one with the air exhausted and the other unexhausted.

Placing his hand on the unexhausted tube caused the light to

appear not only upon it, but on the other tube as well. A little

later he discovered that it is not necessary to whirl the

exhausted tube to produce this effect, but simply to place it in

close proximity to the other whirling cylinder.

These demonstrations of Hauksbee attracted wide attention and

gave an impetus to investigators in the field of electricity; but

still no great advance was made for something like a quarter of a

century. Possibly the energies of the scientists were exhausted

for the moment in exploring the new fields thrown open to

investigation by the colossal work of Newton.

THE EXPERIMENTS OF STEPHEN GRAY
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In 1729 Stephen Gray (died in 1736), an eccentric and irascible

1729   1736   old pensioner of the Charter House in London, undertook some

investigations along lines similar to those of Hauksbee. While

experimenting with a glass tube for producing electricity, as

Hauksbee had done, he noticed that the corks with which he had

stopped the ends of the tube to exclude the dust, seemed to

attract bits of paper and leaf-brass as well as the glass itself.

He surmised at once that this mysterious electricity, or

“virtue,“ as it was called, might be transmitted through other

substances as it seemed to be through glass.

“Having by me an ivory ball of about one and three-tenths of an

inch in diameter,“ he writes, ”with a hole through it, this I

fixed upon a fir-stick about four inches long, thrusting the

other end into the cork, and upon rubbing the tube found that the

ball attracted and repelled the feather with more vigor than the

cork had done, repeating its attractions and repulsions for many

times together. I then fixed the ball on longer sticks, first

upon one of eight inches, and afterwards upon one of twenty-four

inches long, and found the effect the same. Then I made use of

iron, and then brass wire, to fix the ball on, inserting the

other end of the wire in the cork, as before, and found that the

attraction was the same as when the fir-sticks were made use of,

and that when the feather was held over against any part of the

wire it was attracted by it; but though it was then nearer the

tube, yet its attraction was not so strong as that of the ball.

When the wire of two or three feet long was used, its vibrations,

caused by the rubbing of the tube, made it somewhat troublesome

to be managed. This put me to thinking whether, if the ball was

hung by a pack-thread and suspended by a loop on the tube, the

electricity would not be carried down the line to the ball; I

found it to succeed accordingly; for upon suspending the ball on

the tube by a pack-thread about three feet long, when the tube

had been excited by rubbing, the ivory ball attracted and

repelled the leaf-brass over which it was held as freely as it

had done when it was suspended on sticks or wire, as did also a

ball of cork, and another of lead that weighed one pound and a

quarter.“
Gray next attempted to determine what other bodies would attract

the bits of paper, and for this purpose he tried coins, pieces of

metal, and even a tea-kettle, “both empty and filled with hot or

cold water”; but he found that the attractive power appeared to

be the same regardless of the substance used.

“I next proceeded,“ he continues, ”to try at what greater

distances the electric virtues might be carried, and having by me

a hollow walking-cane, which I suppose was part of a fishing-rod,

two feet seven inches long, I cut the great end of it to fit into

the bore of the tube, into which it went about five inches; then

when the cane was put into the end of the tube, and this excited,

the cane drew the leaf-brass to the height of more than two

inches, as did also the ivory ball, when by a cork and stick it

had been fixed to the end of the cane.... With several pieces of

Spanish cane and fir-sticks I afterwards made a rod, which,

together with the tube, was somewhat more than eighteen feet

long, which was the greatest length I could conveniently use in

my chamber, and found the attraction very nearly, if not

altogether, as strong as when the ball was placed on the shorter

rods.“This experiment exhausted the capacity of his small room, but on

going to the country a little later he was able to continue his

experiments. “To a pole of eighteen feet there was tied a line of

thirty-four feet in length, so that the pole and line together

were fifty-two feet. With the pole and tube I stood in the

balcony, the assistant below in the court, where he held the

board with the leaf-brass on it. Then the tube being excited, as

usual, the electric virtue passed from the tube up the pole and

down the line to the ivory ball, which attracted the leaf-brass,

and as the ball passed over it in its vibrations the leaf-brass

would follow it till it was carried off the board.“

Gray next attempted to send the electricity over a line suspended

horizontally. To do this he suspended the pack-thread by pieces

of string looped over nails driven into beams for that purpose.

But when thus suspended he found that the ivory ball no longer

excited the leaf-brass, and he guessed correctly that the

explanation of this lay in the fact that “when the electric

virtue came to the loop that was suspended on the beam it went up

the same to the beam,“ none of it reaching the ball. As we shall

see from what follows, however, Gray had not as yet determined

that certain substances will conduct electricity while others

will not. But by a lucky accident he made the discovery that

silk, for example, was a poor conductor, and could be turned to

account in insulating the conducting-cord.

A certain Mr. Wheler had become much interested in the old

pensioner and his work, and, as a guest at the Wheler house, Gray

had been repeating some of his former experiments with the

fishing-rod, line, and ivory ball. He had finally exhausted the

heights from which these experiments could be made by climbing to

the clock-tower and exciting bits of leaf-brass on the ground

below.“As we had no greater heights here,“ he says, ”Mr. Wheler was

desirous to try whether we could not carry the electric virtue

horizontally. I then told him of the attempt I had made with that

design, but without success, telling him the method and materials

made use of, as mentioned above. He then proposed a silk line to

support the line by which the electric virtue was to pass. I told

him it might do better upon account of its smallness; so that

there would be less virtue carried from the line of

communication.
“The first experiment was made in the matted gallery, July 2,

1729, about ten in the morning. About four feet from the end of

1729   the gallery there was a cross line that was fixed by its ends to

each side of the gallery by two nails; the middle part of the

line was silk, the rest at each end pack-thread; then the line to

which the ivory ball was hung and by which the electric virtue

was to be conveyed to it from the tube, being eighty and one-half

feet in length, was laid on the cross silk line, so that the ball

hung about nine feet below it. Then the other end of the line was

by a loop suspended on the glass cane, and the leaf-brass held

under the ball on a piece of white paper; when, the tube being

rubbed, the ball attracted the leaf-brass, and kept it suspended

on it for some time.“
This experiment succeeded so well that the string was lengthened

until it was some two hundred and ninety-three feet long; and

still the attractive force continued, apparently as strong as

ever. On lengthening the string still more, however, the extra

weight proved too much for the strength of the silk

suspending-thread. “Upon this,“ says Gray, ”having brought with

me both brass and iron wire, instead of the silk we put up small

iron wire; but this was too weak to bear the weight of the line.

We then took brass wire of a somewhat larger size than that of

iron. This supported our line of communication; but though the

tube was well rubbed, yet there was not the least motion or

attraction given by the ball, neither with the great tube, which

we made use of when we found the small solid cane to be

ineffectual; by which we were now convinced that the success we

had before depended upon the lines that supported the line of

communication being silk, and not upon their being small, as

before trial I had imagined it might be; the same effect

happening here as it did when the line that is to convey the

electric virtue is supported by pack-thread.“

Soon after this Gray and his host suspended a pack-thread six

hundred and sixty-six feet long on poles across a field, these

poles being slightly inclined so that the thread could be

suspended from the top by small silk cords, thus securing the

necessary insulation. This pack-thread line, suspended upon poles

along which Gray was able to transmit the electricity, is very

suggestive of the modern telegraph, but the idea of signalling or

making use of it for communicating in any way seems not to have

occurred to any one at that time. Even the successors of Gray who

constructed lines some thousands of feet long made no attempt to

use them for anything but experimental purposes—simply to test

the distances that the current could be sent. Nevertheless, Gray

should probably be credited with the discovery of two of the most

important properties of electricity—that it can be conducted and

insulated, although, as we have seen, Gilbert and Von Guericke

had an inkling of both these properties.

EXPERIMENTS OF CISTERNAY DUFAY
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So far England had produced the two foremost workers in

electricity. It was now France´s turn to take a hand, and,

through the efforts of Charles Francois de Cisternay Dufay, to

advance the science of electricity very materially. Dufay was a

highly educated savant, who had been soldier and diplomat

betimes, but whose versatility and ability as a scientist is

shown by the fact that he was the only man who had ever

contributed to the annals of the academy investigations in every

one of the six subjects admitted by that institution as worthy of

recognition. Dufay upheld his reputation in this new field of

science, making many discoveries and correcting many mistakes of

former observers. In this work also he proved himself a great

diplomat by remaining on terms of intimate friendship with Dr.

Gray—a thing that few people were able to do.

Almost his first step was to overthrow the belief that certain

bodies are “electrics” and others “non-electrics”—that is, that

some substances when rubbed show certain peculiarities in

attracting pieces of paper and foil which others do not. Dufay

proved that all bodies possess this quality in a certain degree.

“I have found that all bodies (metallic, soft, or fluid ones

excepted),“ he says, ”may be made electric by first heating them

more or less and then rubbing them on any sort of cloth. So that

all kinds of stones, as well precious as common, all kinds of

wood, and, in general, everything that I have made trial of,

became electric by beating and rubbing, except such bodies as

grow soft by beat, as the gums, which dissolve in water, glue,

and such like substances. ‘Tis also to be remarked that the

hardest stones or marbles require more chafing or heating than

others, and that the same rule obtains with regard to the woods;

so that box, lignum vitae, and such others must be chafed almost

to the degree of browning, whereas fir, lime-tree, and cork

require but a moderate heat.

“Having read in one of Mr. Gray´s letters that water may be made

electrical by holding the excited glass tube near it (a dish of

water being fixed to a stand and that set on a plate of glass, or

on the brim of a drinking-glass, previously chafed, or otherwise

warmed), I have found, upon trial, that the same thing happened

to all bodies without exception, whether solid or fluid, and that

for that purpose ‘twas sufficient to set them on a glass stand

slightly warmed, or only dried, and then by bringing the tube

near them they immediately became electrical. I made this

experiment with ice, with a lighted wood-coal, and with

everything that came into my mind; and I constantly remarked that

such bodies of themselves as were least electrical had the

greatest degree of electricity communicated to them at the

approval of the glass tube.“
His next important discovery was that colors had nothing to do

with the conduction of electricity. “Mr. Gray says, towards the

end of one of his letters,“ he writes, ”that bodies attract more

or less according to their colors. This led me to make several

very singular experiments. I took nine silk ribbons of equal

size, one white, one black, and the other seven of the seven

primitive colors, and having hung them all in order in the same

line, and then bringing the tube near them, the black one was

first attracted, the white one next, and others in order

successively to the red one, which was attracted least, and the

last of them all. I afterwards cut out nine square pieces of

gauze of the same colors with the ribbons, and having put them

one after another on a hoop of wood, with leaf-gold under them,

the leaf-gold was attracted through all the colored pieces of

gauze, but not through the white or black. This inclined me first

to think that colors contribute much to electricity, but three

experiments convinced me to the contrary. The first, that by

warming the pieces of gauze neither the black nor white pieces

obstructed the action of the electrical tube more than those of

the other colors. In like manner, the ribbons being warmed, the

black and white are not more strongly attracted than the rest.

The second is, the gauzes and ribbons being wetted, the ribbons

are all attracted equally, and all the pieces of gauze equally

intercept the action of electric bodies. The third is, that the

colors of a prism being thrown on a white gauze, there appear no

differences of attraction. Whence it proceeds that this

difference proceeds, not from the color, as a color, but from the

substances that are employed in the dyeing. For when I colored

ribbons by rubbing them with charcoal, carmine, and such other

substances, the differences no longer proved the same.“

In connection with his experiments with his thread suspended on

glass poles, Dufay noted that a certain amount of the current is

lost, being given off to the surrounding air. He recommended,

therefore, that the cords experimented with be wrapped with some

non-conductor—that it should be “insulated” (“isolee”), as he

said, first making use of this term.

DUFAY DISCOVERS VITREOUS AND RESINOUS ELECTRICITY
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It has been shown in an earlier chapter how Von Guericke

discovered that light substances like feathers, after being

attracted to the sulphur-ball electric-machine, were repelled by

it until they touched some object. Von Guericke noted this, but

failed to explain it satisfactorily. Dufay, repeating Von

Guericke´s experiments, found that if, while the excited tube or

sulphur ball is driving the repelled feather before it, the ball

be touched or rubbed anew, the feather comes to it again, and is

repelled alternately, as, the hand touches the ball, or is

withdrawn. From this he concluded that electrified bodies first

attract bodies not electrified, “charge” them with electricity,

and then repel them, the body so charged not being attracted

again until it has discharged its electricity by touching

something.
“On making the experiment related by Otto von Guericke,“ he says,

“which consists in making a ball of sulphur rendered electrical

to repel a down feather, I perceived that the same effects were

produced not only by the tube, but by all electric bodies

whatsoever, and I discovered that which accounts for a great part

of the irregularities and, if I may use the term, of the caprices

that seem to accompany most of the experiments on electricity.

This principle is that electric bodies attract all that are not

so, and repel them as soon as they are become electric by the

vicinity or contact of the electric body. Thus gold-leaf is first

attracted by the tube, and acquires an electricity by approaching

it, and of consequence is immediately repelled by it. Nor is it

reattracted while it retains its electric quality. But if while

it is thus sustained in the air it chance to light on some other

body, it straightway loses its electricity, and in consequence is

reattracted by the tube, which, after having given it a new

electricity, repels it a second time, which continues as long as

the tube keeps its electricity. Upon applying this principle to

the various experiments of electricity, one will be surprised at

the number of obscure and puzzling facts that it clears up. For

Mr. Hauksbee´s famous experiment of the glass globe, in which

silk threads are put, is a necessary consequence of it. When

these threads are arranged in the form of rays by the electricity

of the sides of the globe, if the finger be put near the outside

of the globe the silk threads within fly from it, as is well

known, which happens only because the finger or any other body

applied near the glass globe is thereby rendered electrical, and

consequently repels the silk threads which are endowed with the

same quality. With a little reflection we may in the same manner

account for most of the other phenomena, and which seem

inexplicable without attending to this principle.

“Chance has thrown in my way another principle, more universal

and remarkable than the preceding one, and which throws a new

light on the subject of electricity. This principle is that there

are two distinct electricities, very different from each other,

one of which I call vitreous electricity and the other resinous

electricity. The first is that of glass, rock-crystal, precious

stones, hair of animals, wool, and many other bodies. The second

is that of amber, copal, gumsack, silk thread, paper, and a

number of other substances. The characteristic of these two

electricities is that a body of the vitreous electricity, for

example, repels all such as are of the same electricity, and on

the contrary attracts all those of the resinous electricity; so

that the tube, made electrical, will repel glass, crystal, hair

of animals, etc., when rendered electric, and will attract silk

thread, paper, etc., though rendered electrical likewise. Amber,

on the contrary, will attract electric glass and other substances

of the same class, and will repel gum-sack, copal, silk thread,

etc. Two silk ribbons rendered electrical will repel each other;

two woollen threads will do the like; but a woollen thread and a

silken thread will mutually attract each other. This principle

very naturally explains why the ends of threads of silk or wool

recede from each other, in the form of pencil or broom, when they

have acquired an electric quality. From this principle one may

with the same ease deduce the explanation of a great number of

other phenomena; and it is probable that this truth will lead us

to the further discovery of many other things.

“In order to know immediately to which of the two classes of

electrics belongs any body whatsoever, one need only render

electric a silk thread, which is known to be of the resinuous

electricity, and see whether that body, rendered electrical,

attracts or repels it. If it attracts it, it is certainly of the

kind of electricity which I call VITREOUS; if, on the contrary,

it repels it, it is of the same kind of electricity with the

silk—that is, of the RESINOUS. I have likewise observed that

communicated electricity retains the same properties; for if a

ball of ivory or wood be set on a glass stand, and this ball be

rendered electric by the tube, it will repel such substances as

the tube repels; but if it be rendered electric by applying a

cylinder of gum-sack near it, it will produce quite contrary

effects—namely, precisely the same as gum-sack would produce. In

order to succeed in these experiments, it is requisite that the

two bodies which are put near each other, to find out the nature

of their electricity, be rendered as electrical as possible, for

if one of them was not at all or but weakly electrical, it would

be attracted by the other, though it be of that sort that should

naturally be repelled by it. But the experiment will always

succeed perfectly well if both bodies are sufficiently

electrical.“[1]
As we now know, Dufay was wrong in supposing that there were two

different kinds of electricity, vitreous and resinous. A little

later the matter was explained by calling one “positive”

electricity and the other “negative,“ and it was believed that

certain substances produced only the one kind peculiar to that

particular substance. We shall see presently, however, that some

twenty years later an English scientist dispelled this illusion

by producing both positive (or vitreous) and negative (or

resinous) electricity on the same tube of glass at the same time.

After the death of Dufay his work was continued by his

fellow-countryman Dr. Joseph Desaguliers, who was the first

experimenter to electrify running water, and who was probably the

first to suggest that clouds might be electrified bodies. But

about, this time—that is, just before the middle of the

eighteenth century—the field of greatest experimental activity

was transferred to Germany, although both England and France were

still active. The two German philosophers who accomplished most

at this time were Christian August Hansen and George Matthias

Bose, both professors in Leipsic. Both seem to have conceived the

idea, simultaneously and independently, of generating electricity

by revolving globes run by belt and wheel in much the same manner

as the apparatus of Hauksbee.
With such machines it was possible to generate a much greater

amount of electricity than Dufay had been able to do with the

rubbed tube, and so equipped, the two German professors were able

to generate electric sparks and jets of fire in a most startling

manner. Bose in particular had a love for the spectacular, which

he turned to account with his new electrical machine upon many

occasions. On one of these occasions he prepared an elaborate

dinner, to which a large number of distinguished guests were

invited. Before the arrival of the company, however, Bose

insulated the great banquet-table on cakes of pitch, and then

connected it with a huge electrical machine concealed in another

room. All being ready, and the guests in their places about to be

seated, Bose gave a secret signal for starting this machine,

when, to the astonishment of the party, flames of fire shot from

flowers, dishes, and viands, giving a most startling but

beautiful display.
To add still further to the astonishment of his guests, Bose then

presented a beautiful young lady, to whom each of the young men

of the party was introduced. In some mysterious manner she was

insulated and connected with the concealed electrical machine, so

that as each gallant touched her fingertips he received an

electric shock that “made him reel.“ Not content with this, the

host invited the young men to kiss the beautiful maid. But those

who were bold enough to attempt it received an electric shock

that nearly “knocked their teeth out,“ as the professor tells it.

LUDOLFF´S EXPERIMENT WITH THE ELECTRIC SPARK
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But Bose was only one of several German scientists who were

making elaborate experiments. While Bose was constructing and

experimenting with his huge machine, another German, Christian

Friedrich Ludolff, demonstrated that electric sparks are actual

fire—a fact long suspected but hitherto unproved. Ludolff´s

discovery, as it chanced, was made in the lecture-hall of the

reorganized Academy of Sciences at Berlin, before an audience of

scientists and great personages, at the opening lecture in 1744.

1744   In the course of this lecture on electricity, during which some

of the well-known manifestations of electricity were being shown,

it occurred to Ludolff to attempt to ignite some inflammable

fluid by projecting an electric spark upon its surface with a

glass rod. This idea was suggested to him while performing the

familiar experiment of producing a spark on the surface of a bowl

of water by touching it with a charged glass rod. He announced to

his audience the experiment he was about to attempt, and having

warmed a spoonful of sulphuric ether, he touched its surface with

the glass rod, causing it to burst into flame. This experiment

left no room for doubt that the electric spark was actual fire.

As soon as this experiment of Ludolff´s was made known to Bose,

he immediately claimed that he had previously made similar

demonstrations on various inflammable substances, both liquid and

solid; and it seems highly probable that he had done so, as he

was constantly experimenting with the sparks, and must almost

certainly have set certain substances ablaze by accident, if not

by intent. At all events, he carried on a series of experiments

along this line to good purpose, finally succeeding in exploding

gun-powder, and so making the first forerunner of the electric

fuses now so universally used in blasting, firing cannon, and

other similar purposes. It was Bose also who, observing some of

the peculiar manifestations in electrified tubes, and noticing

their resemblance to “northern lights,“ was one of the first, if

not the first, to suggest that the aurora borealis is of electric

origin.These spectacular demonstrations had the effect of calling public

attention to the fact that electricity is a most wonderful and

mysterious thing, to say the least, and kept both scientists and

laymen agog with expectancy. Bose himself was aflame with

excitement, and so determined in his efforts to produce still

stronger electric currents, that he sacrificed the tube of his

twenty-foot telescope for the construction of a mammoth

electrical machine. With this great machine a discharge of

electricity was generated powerful enough to wound the skin when

it happened to strike it.
Until this time electricity had been little more than a plaything

of the scientists—or, at least, no practical use had been made

of it. As it was a practising physician, Gilbert, who first laid

the foundation for experimenting with the new substance, so again

it was a medical man who first attempted to put it to practical

use, and that in the field of his profession. Gottlieb Kruger, a

professor of medicine at Halle in 1743, suggested that

1743   electricity might be of use in some branches of medicine; and the

year following Christian Gottlieb Kratzenstein made a first

experiment to determine the effects of electricity upon the body.

He found that “the action of the heart was accelerated, the

circulation increased, and that muscles were made to contract by

the discharge”: and he began at once administering electricity in

the treatment of certain diseases. He found that it acted

beneficially in rheumatic affections, and that it was

particularly useful in certain nervous diseases, such as palsies.

This was over a century ago, and to-day about the most important

use made of the particular kind of electricity with which he

experimented (the static, or frictional) is for the treatment of

diseases affecting the nervous system.

By the middle of the century a perfect mania for making

electrical machines had spread over Europe, and the whirling,

hand-rubbed globes were gradually replaced by great cylinders

rubbed by woollen cloths or pads, and generating an “enormous

power of electricity.“ These cylinders were run by belts and

foot-treadles, and gave a more powerful, constant, and

satisfactory current than known heretofore. While making

experiments with one of these machines, Johann Heinrichs Winkler

attempted to measure the speed at which electricity travels. To

do this he extended a cord suspended on silk threads, with the

end attached to the machine and the end which was to attract the

bits of gold-leaf near enough together so that the operator could

watch and measure the interval of time that elapsed between the

starting of the current along the cord and its attracting the

gold-leaf. The length of the cord used in this experiment was

only a little over a hundred feet, and this was, of course,

entirely inadequate, the current travelling that space apparently

instantaneously.
The improved method of generating electricity that had come into

general use made several of the scientists again turn their

attention more particularly to attempt putting it to some

practical account. They were stimulated to these efforts by the

constant reproaches that were beginning to be heard on all sides

that electricity was merely a “philosopher´s plaything.“ One of

the first to succeed in inventing something that approached a

practical mechanical contrivance was Andrew Gordon, a Scotch

Benedictine monk. He invented an electric bell which would ring

automatically, and a little “motor,“ if it may be so called. And

while neither of these inventions were of any practical

importance in themselves, they were attempts in the right

direction, and were the first ancestors of modern electric bells

and motors, although the principle upon which they worked was

entirely different from modern electrical machines. The motor was

simply a wheel with several protruding metal points around its

rim. These points were arranged to receive an electrical

discharge from a frictional machine, the discharge causing the

wheel to rotate. There was very little force given to this

rotation, however, not enough, in fact, to make it possible to

more than barely turn the wheel itself. Two more great

discoveries, galvanism and electro-magnetic induction, were

necessary before the practical motor became possible.

The sober Gordon had a taste for the spectacular almost equal to

that of Bose. It was he who ignited a bowl of alcohol by turning

a stream of electrified water upon it, thus presenting the

seeming paradox of fire produced by a stream of water. Gordon

also demonstrated the power of the electrical discharge by

killing small birds and animals at a distance of two hundred

ells, the electricity being conveyed that distance through small

wires.THE LEYDEN JAR DISCOVERED
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As yet no one had discovered that electricity could be stored, or

generated in any way other than by some friction device. But very

soon two experimenters, Dean von Kleist, of Camin, Pomerania, and

Pieter van Musschenbroek, the famous teacher of Leyden,

apparently independently, made the discovery of what has been

known ever since as the Leyden jar. And although Musschenbroek is

sometimes credited with being the discoverer, there can be no

doubt that Von Kleist´s discovery antedated his by a few months

at least.Von Kleist found that by a device made of a narrow-necked bottle

containing alcohol or mercury, into which an iron nail was

inserted, be was able to retain the charge of electricity, after

electrifying this apparatus with the frictional machine. He made

also a similar device, more closely resembling the modern Leyden

jar, from a thermometer tube partly filled with water and a wire

tipped with a ball of lead. With these devices he found that he

could retain the charge of electricity for several hours, and

could produce the usual electrical manifestations, even to

igniting spirits, quite as well as with the frictional machine.

These experiments were first made in October, 1745, and after a

1745   month of further experimenting, Von Kleist sent the following

account of them to several of the leading scientists, among

others, Dr. Lieberkuhn, in Berlin, and Dr. Kruger, of Halle.

“When a nail, or a piece of thick brass wire, is put into a small

apothecary´s phial and electrified, remarkable effects follow;

but the phial must be very dry, or warm. I commonly rub it over

beforehand with a finger on which I put some pounded chalk. If a

little mercury or a few drops of spirit of wine be put into it,

the experiment succeeds better. As soon as this phial and nail

are removed from the electrifying-glass, or the prime conductor,

to which it has been exposed, is taken away, it throws out a

pencil of flame so long that, with this burning machine in my

hand, I have taken above sixty steps in walking about my room.

When it is electrified strongly, I can take it into another room

and there fire spirits of wine with it. If while it is

electrifying I put my finger, or a piece of gold which I hold in

my hand, to the nail, I receive a shock which stuns my arms and

shoulders.“A tin tube, or a man, placed upon electrics, is electrified much

stronger by this means than in the common way. When I present

this phial and nail to a tin tube, which I have, fifteen feet

long, nothing but experience can make a person believe how

strongly it is electrified. I am persuaded,“ he adds, ”that in

this manner Mr. Bose would not have taken a second electrical

kiss. Two thin glasses have been broken by the shock of it. It

appears to me very extraordinary, that when this phial and nail

are in contact with either conducting or non-conducting matter,

the strong shock does not follow. I have cemented it to wood,

metal, glass, sealing-wax, etc., when I have electrified without

any great effect. The human body, therefore, must contribute

something to it. This opinion is confirmed by my observing that

unless I hold the phial in my hand I cannot fire spirits of wine

with it.“[2]But it seems that none of the men who saw this account were able

to repeat the experiment and produce the effects claimed by Von

Kleist, and probably for this reason the discovery of the obscure

Pomeranian was for a time lost sight of.
Musschenbroek´s discovery was made within a short time after Von

Kleist´s—in fact, only a matter of about two months later. But

the difference in the reputations of the two discoverers insured

a very different reception for their discoveries. Musschenbroek

was one of the foremost teachers of Europe, and so widely known

that the great universities vied with each other, and kings were

bidding, for his services. Naturally, any discovery made by such

a famous person would soon be heralded from one end of Europe to

the other. And so when this professor of Leyden made his

discovery, the apparatus came to be called the “Leyden jar,“ for

want of a better name. There can be little doubt that

Musschenbroek made his discovery entirely independently of any

knowledge of Von Kleist´s, or, for that matter, without ever

having heard of the Pomeranian, and his actions in the matter are

entirely honorable.
His discovery was the result of an accident. While experimenting

to determine the strength of electricity he suspended a

gun-barrel, which he charged with electricity from a revolving

glass globe. From the end of the gun-barrel opposite the globe

was a brass wire, which extended into a glass jar partly filled

with water. Musschenbroek held in one hand this jar, while with

the other he attempted to draw sparks from the barrel. Suddenly

he received a shock in the hand holding the jar, that “shook him

like a stroke of lightning,“ and for a moment made him believe

that “he was done for.“ Continuing his experiments, nevertheless,

he found that if the jar were placed on a piece of metal on the

table, a shock would be received by touching this piece of metal

with one hand and touching the wire with the other—that is, a

path was made for the electrical discharge through the body. This

was practically the same experiment as made by Von Kleist with

his bottle and nail, but carried one step farther, as it showed

that the “jar” need not necessarily be held in the hand, as

believed by Von Kleist. Further experiments, continued by many

philosophers at the time, revealed what Von Kleist had already

pointed out, that the electrified jar remained charged for some

time.Soon after this Daniel Gralath, wishing to obtain stronger

discharges than could be had from a single Leyden jar, conceived

the idea of combining several jars, thus for the first time

grouping the generators in a “battery” which produced a discharge

strong enough to kill birds and small animals. He also attempted

to measure the strength of the discharges, but soon gave it up in

despair, and the solution of this problem was left for late

nineteenth-century scientists.
The advent of the Leyden jar, which made it possible to produce

strong electrical discharges from a small and comparatively

simple device, was followed by more spectacular demonstrations of

various kinds all over Europe. These exhibitions aroused the

interest of the kings and noblemen, so that electricity no longer

remained a “plaything of the philosophers” alone, but of kings as

well. A favorite demonstration was that of sending the electrical

discharge through long lines of soldiers linked together by

pieces of wire, the discharge causing them to “spring into the

air simultaneously” in a most astonishing manner. A certain monk

in Paris prepared a most elaborate series of demonstrations for

the amusement of the king, among other things linking together an

entire regiment of nine hundred men, causing them to perform

simultaneous springs and contortions in a manner most amusing to

the royal guests. But not all the experiments being made were of

a purely spectacular character, although most of them

accomplished little except in a negative way. The famous Abbe

Nollet, for example, combined useful experiments with spectacular

demonstrations, thus keeping up popular interest while aiding the

cause of scientific electricity.
WILLIAM WATSON
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Naturally, the new discoveries made necessary a new nomenclature,

new words and electrical terms being constantly employed by the

various writers of that day. Among these writers was the English

scientist William Watson, who was not only a most prolific writer

but a tireless investigator. Many of the words coined by him are

now obsolete, but one at least, “circuit,“ still remains in use.

In 1746, a French scientist, Louis Guillaume le Monnier, bad made1746   a circuit including metal and water by laying a chain half-way

around the edge of a pond, a man at either end holding it. One of

these men dipped his free hand in the water, the other presenting

a Leyden jar to a rod suspended on a cork float on the water,

both men receiving a shock simultaneously. Watson, a year later,

attempted the same experiment on a larger scale. He laid a wire

about twelve hundred feet long across Westminster Bridge over the

Thames, bringing the ends to the water´s edge on the opposite

banks, a man at one end holding the wire and touching the water.

A second man on the opposite side held the wire and a Leyden jar;

and a third touched the jar with one hand, while with the other

he grasped a wire that extended into the river. In this way they

not only received the shock, but fired alcohol as readily across

the stream as could be done in the laboratory. In this experiment

Watson discovered the superiority of wire over chain as a

conductor, rightly ascribing this superiority to the continuity

of the metal.Watson continued making similar experiments over longer

watercourses, some of them as long as eight thousand feet, and

while engaged in making one of these he made the discovery so

essential to later inventions, that the earth could be used as

part of the circuit in the same manner as bodies of water.

Lengthening his wires he continued his experiments until a

circuit of four miles was made, and still the electricity seemed

to traverse the course instantaneously, and with apparently

undiminished force, if the insulation was perfect.

BENJAMIN FRANKLIN
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Watson´s writings now carried the field of active discovery

across the Atlantic, and for the first time an American scientist

appeared—a scientist who not only rivalled, but excelled, his

European contemporaries. Benjamin Franklin, of Philadelphia,

coming into possession of some of Watson´s books, became so

interested in the experiments described in them that he began at

once experimenting with electricity. In Watson´s book were given

directions for making various experiments, and these assisted

Franklin in repeating the old experiments, and eventually adding

new ones. Associated with Franklin, and equally interested and

enthusiastic, if not equally successful in making discoveries,

were three other men, Thomas Hopkinson, Philip Sing, and Ebenezer

Kinnersley. These men worked together constantly, although it

appears to have been Franklin who made independently the

important discoveries, and formulated the famous Franklinian

theory.Working steadily, and keeping constantly in touch with the

progress of the European investigators, Franklin soon made some

experiments which he thought demonstrated some hitherto unknown

phases of electrical manifestation. This was the effect of

pointed bodies “in DRAWING OFF and THROWING OFF the electrical

fire.“ In his description of this phenomenon, Franklin writes:

“Place an iron shot of three or four inches diameter on the mouth

of a clean, dry, glass bottle. By a fine silken thread from the

ceiling right over the mouth of the bottle, suspend a small cork

ball, about the bigness of a marble; the thread of such a length

that the cork ball may rest against the side of the shot.

Electrify the shot, and the ball will be repelled to the distance

of four or five inches, more or less, according to the quantity

of electricity. When in this state, if you present to the shot

the point of a long, slender shaft-bodkin, at six or eight inches

distance, the repellency is instantly destroyed, and the cork

flies to the shot. A blunt body must be brought within an inch,

and draw a spark, to produce the same effect.
“To prove that the electrical fire is DRAWN OFF by the point, if

you take the blade of the bodkin out of the wooden handle and fix

it in a stick of sealing-wax, and then present it at the distance

aforesaid, or if you bring it very near, no such effect follows;

but sliding one finger along the wax till you touch the blade,

and the ball flies to the shot immediately. If you present the

point in the dark you will see, sometimes at a foot distance, and

more, a light gather upon it like that of a fire-fly or
glow-worm; the less sharp the point, the nearer you must bring it

to observe the light; and at whatever distance you see the light,

you may draw off the electrical fire and destroy the repellency.

If a cork ball so suspended be repelled by the tube, and a point

be presented quick to it, though at a considerable distance, ‘tis

surprising to see how suddenly it flies back to the tube. Points

of wood will do as well as those of iron, provided the wood is

not dry; for perfectly dry wood will no more conduct electricity

than sealing-wax.
“To show that points will THROW OFF as well as DRAW OFF the

electrical fire, lay a long, sharp needle upon the shot, and you

cannot electrify the shot so as to make it repel the cork ball.

Or fix a needle to the end of a suspended gun-barrel or iron rod,

so as to point beyond it like a little bayonet, and while it

remains there, the gun-barrel or rod cannot, by applying the tube

to the other end, be electrified so as to give a spark, the fire

continually running out silently at the point. In the dark you

may see it make the same appearance as it does in the case before

mentioned.“[3]Von Guericke, Hauksbee, and Gray had noticed that pointed bodies

attracted electricity in a peculiar manner, but this
demonstration of the “drawing off” of “electrical fire” was

original with Franklin. Original also was the theory that he now

suggested, which had at least the merit of being thinkable even

by non-philosophical minds. It assumes that electricity is like a

fluid, that will flow along conductors and accumulate in proper

receptacles, very much as ordinary fluids do. This conception is

probably entirely incorrect, but nevertheless it is likely to
remain a popular one, at least outside of scientific circles, or

until something equally tangible is substituted.
FRANKLIN´S THEORY OF ELECTRICITY
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According to Franklin´s theory, electricity exists in all bodies

as a “common stock,“ and tends to seek and remain in a state of

equilibrium, just as fluids naturally tend to seek a level. But

it may, nevertheless, be raised or lowered, and this equilibrium

be thus disturbed. If a body has more electricity than its normal

amount it is said to be POSITIVELY electrified; but if it has
less, it is NEGATIVELY electrified. An over-electrified or “plus”

body tends to give its surplus stock to a body containing the

normal amount; while the “minus” or under-electrified body will

draw electricity from one containing the normal amount.

Working along lines suggested by this theory, Franklin attempted

to show that electricity is not created by friction, but simply

collected from its diversified state, the rubbed glass globe
attracting a certain quantity of “electrical fire,“ but ever
ready to give it up to any body that has less. He explained the

charged Leyden jar by showing that the inner coating of tin-foil

received more than the ordinary quantity of electricity, and in

consequence is POSITIVELY electrified, while the outer coating,

having the ordinary quantity of electricity diminished, is
electrified NEGATIVELY.
These studies of the Leyden jar, and the studies of pieces of

glass coated with sheet metal, led Franklin to invent his
battery, constructed of eleven large glass plates coated with

sheets of lead. With this machine, after overcoming some defects,

he was able to produce electrical manifestations of great
force—a force that “knew no bounds,“ as he declared (”except in

the matter of expense and of labor”), and which could be made to

exceed “the greatest know effects of common lightning.“

This reference to lightning would seem to show Franklin´s belief,

even at that time, that lightning is electricity. Many eminent

observers, such as Hauksbee, Wall, Gray, and Nollet, had noticed

the resemblance between electric sparks and lightning, but none

of these had more than surmised that the two might be identical.

In 1746, the surgeon, John Freke, also asserted his belief in1746   this identity. Winkler, shortly after this time, expressed the
same belief, and, assuming that they were the same, declared that

“there is no proof that they are of different natures”; and still
he did not prove that they were the same nature.
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Even before Franklin proved conclusively the nature of lightning,

his experiments in drawing off the electric charge with points

led to some practical suggestions which resulted in the invention

of the lightning-rod. In the letter of July, 1750, which he wrote1750   on the subject, he gave careful instructions as to the way in
which these rods might be constructed. In part Franklin wrote:

“May not the knowledge of this power of points be of use to
mankind in preserving houses, churches, ships, etc., from the
stroke of lightning by directing us to fix on the highest parts
of the edifices upright rods of iron made sharp as a needle, and

gilt to prevent rusting, and from the foot of these rods a wire
down the outside of the building into the grounds, or down round

one of the shrouds of a ship and down her side till it reaches
the water? Would not these pointed rods probably draw the
electrical fire silently out of a cloud before it came nigh
enough to strike, and thereby secure us from that most sudden and

terrible mischief?“To determine this question, whether the clouds that contain the

lightning are electrified or not, I propose an experiment to be
tried where it may be done conveniently. On the top of some high

tower or steeple, place a kind of sentry-box, big enough to
contain a man and an electrical stand. From the middle of the
stand let an iron rod rise and pass, bending out of the door, and
then upright twenty or thirty feet, pointed very sharp at the
end. If the electrical stand be kept clean and dry, a man
standing on it when such clouds are passing low might be
electrified and afford sparks, the rod drawing fire to him from a
cloud. If any danger to the man be apprehended (though I think
there would be none), let him stand on the floor of his box and
now and then bring near to the rod the loop of a wire that has
one end fastened to the leads, he holding it by a wax handle; so
the sparks, if the rod is electrified, will strike from the rod
to the wire and not effect him.“[4]
Not satisfied with all the evidence that he had collected
pointing to the identity of lightning and electricity, he adds
one more striking and very suggestive piece of evidence.
Lightning was known sometimes to strike persons blind without
killing them. In experimenting on pigeons and pullets with his
electrical machine, Franklin found that a fowl, when not killed
outright, was sometimes rendered blind. The report of these
experiments were incorporated in this famous letter of the
Philadelphia philosopher.
The attitude of the Royal Society towards this clearly stated
letter, with its useful suggestions, must always remain as a blot
on the record of this usually very receptive and liberal-minded
body. Far from publishing it or receiving it at all, they derided
the whole matter as too visionary for discussion by the society.
How was it possible that any great scientific discovery could be
made by a self-educated colonial newspaper editor, who knew
nothing of European science except by hearsay, when all the great
scientific minds of Europe had failed to make the discovery? How
indeed! And yet it would seem that if any of the influential
members of the learned society had taken the trouble to read over
Franklin´s clearly stated letter, they could hardly have failed
to see that his suggestions were worthy of consideration. But at
all events, whether they did or did not matters little. The fact
remains that they refused to consider the paper seriously at the
time; and later on, when its true value became known, were
obliged to acknowledge their error by a tardy report on the
already well-known document.
But if English scientists were cold in their reception of
Franklin´s theory and suggestions, the French scientists were
not. Buffon, perceiving at once the importance of some of
Franklin´s experiments, took steps to have the famous letter
translated into French, and soon not only the savants, but
members of the court and the king himself were intensely
interested. Two scientists, De Lor and D´Alibard, undertook to
test the truth of Franklin´s suggestions as to pointed rods
“drawing off lightning.“ In a garden near Paris, the latter
erected a pointed iron rod fifty feet high and an inch in
diameter. As no thunder-clouds appeared for several days, a guard
was stationed, armed with an insulated brass wire, who was
directed to test the iron rods with it in case a storm came on
during D´Alibard´s absence. The storm did come on, and the guard,
not waiting for his employer´s arrival, seized the wire and
touched the rod. Instantly there was a report. Sparks flew and
the guard received such a shock that he thought his time had
come. Believing from his outcry that he was mortally hurt, his
friends rushed for a spiritual adviser, who came running through
rain and hail to administer the last rites; but when he found the
guard still alive and uninjured, he turned his visit to account
by testing the rod himself several times, and later writing a
report of his experiments to M. d´Alibard. This scientist at once
reported the affair to the French Academy, remarking that
“Franklin´s idea was no longer a conjecture, but a reality.“
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Europe, hitherto somewhat sceptical of Franklin´s views, was by
this time convinced of the identity of lightning and electricity.
It was now Franklin´s turn to be sceptical. To him the fact that
a rod, one hundred feet high, became electrified during a storm
did not necessarily prove that the storm-clouds were electrified.
A rod of that length was not really projected into the cloud, for
even a very low thunder-cloud was more than a hundred feet above
the ground. Irrefutable proof could only be had, as he saw it, by
“extracting” the lightning with something actually sent up into
the storm-cloud; and to accomplish this Franklin made his silk
kite, with which he finally demonstrated to his own and the
world´s satisfaction that his theory was correct.
Taking his kite out into an open common on the approach of a
thunder-storm, he flew it well up into the threatening clouds,
and then, touching, the suspended key with his knuckle, received
the electric spark; and a little later he charged a Leyden jar
from the electricity drawn from the clouds with his kite.
In a brief but direct letter, he sent an account of his kite and
his experiment to England:
“Make a small cross of two light strips of cedar,“ he wrote, ”the
arms so long as to reach to the four corners of a large, thin,
silk handkerchief when extended; tie the corners of the
handkerchief to the extremities of the cross so you have the body
of a kite; which being properly accommodated with a tail, loop,
and string, will rise in the air like those made of paper; but
this being of silk is fitter to bear the wind and wet of a
thunder-gust without tearing. To the top of the upright stick of
the cross is to be fixed a very sharp-pointed wire, rising a foot
or more above the wood. To the end of the twine, next the hand,
is to be tied a silk ribbon; where the silk and twine join a key
may be fastened. This kite is to be raised when a thunder-gust
appears to be coming on, and the person who holds the string must
stand within a door or window or under some cover, so that the
silk ribbon may not be wet; and care must be taken that the twine
does not touch the frame of the door or window. As soon as any of
the thunder-clouds come over the kite, the pointed wire will draw
the electric fire from them, and the kite, with all the twine,
will be electrified and the loose filaments will stand out
everywhere and be attracted by the approaching finger, and when
the rain has wet the kite and twine so that it can conduct the
electric fire freely, you will find it stream out plentifully
from the key on the approach of your knuckle, and with this key
the phial may be charged; and from electric fire thus obtained
spirits may be kindled and all other electric experiments
performed which are usually done by the help of a rubbed glass
globe or tube, and thereby the sameness of the electric matter
with that of lightning completely demonstrated.“[5]
In experimenting with lightning and Franklin´s pointed rods in
Europe, several scientists received severe shocks, in one case
with a fatal result. Professor Richman, of St. Petersburg, while
experimenting during a thunder-storm, with an iron rod which he
had erected on his house, received a shock that killed him
instantly.About 1733, as we have seen, Dufay had demonstrated that there1733   were two apparently different kinds of electricity; one called
VITREOUS because produced by rubbing glass, and the other
RESINOUS because produced by rubbed resinous bodies. Dufay
supposed that these two apparently different electricities could
only be produced by their respective substances; but twenty years
later, John Canton (1715-1772), an Englishman, demonstrated that1715   1772   under certain conditions both might be produced by rubbing the
same substance. Canton´s experiment, made upon a glass tube with
a roughened surface, proved that if the surface of the tube were
rubbed with oiled silk, vitreous or positive electricity was
produced, but if rubbed with flannel, resinous electricity was
produced. He discovered still further that both kinds could be
excited on the same tube simultaneously with a single rubber. To
demonstrate this he used a tube, one-half of which had a
roughened the other a glazed surface. With a single stroke of the
rubber he was able to excite both kinds of electricity on this
tube. He found also that certain substances, such as glass and
amber, were electrified positively when taken out of mercury, and
this led to his important discovery that an amalgam of mercury
and tin, when used on the surface of the rubber, was very
effective in exciting glass.
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Reference has been made in an earlier chapter to the microscopic
investigations of Marcello Malpighi, who, as there related, was
the first observer who actually saw blood corpuscles pass through
the capillaries. Another feat of this earliest of great
microscopists was to dissect muscular tissue, and thus become the
father of microscopic anatomy. But Malpighi did not confine his
observations to animal tissues. He dissected plants as well, and
he is almost as fully entitled to be called the father of
vegetable anatomy, though here his honors are shared by the
Englishman Grew. In 1681, while Malpighi´s work, Anatomia1681   plantarum, was on its way to the Royal Society for publication,
Grew´s Anatomy of Vegetables was in the hands of the publishers,
making its appearance a few months earlier than the work of the
great Italian. Grew´s book was epoch-marking in pointing out the
sex-differences in plants.Robert Hooke developed the microscope, and took the first steps
towards studying vegetable anatomy, publishing in 1667, among1667   other results, the discovery of the cellular structure of cork.
Hooke applied the name “cell” for the first time in this
connection. These discoveries of Hooke, Malpighi, and Grew, and
the discovery of the circulation of the blood by William Harvey
shortly before, had called attention to the similarity of animal
and vegetable structures. Hales made a series of investigations
upon animals to determine the force of the blood pressure; and
similarly he made numerous statical experiments to determine the
pressure of the flow of sap in vegetables. His Vegetable Statics,
published in 1727, was the first important work on the subject of1727   vegetable physiology, and for this reason Hales has been called
the father of this branch of science.
In botany, as well as in zoology, the classifications of Linnaeus
of course supplanted all preceding classifications, for the
obvious reason that they were much more satisfactory; but his
work was a culmination of many similar and more or less
satisfactory attempts of his predecessors. About the year 1670167   Dr. Robert Morison (1620-1683), of Aberdeen, published a1620   1683   classification of plants, his system taking into account the
woody or herbaceous structure, as well as the flowers and fruit.
This classification was supplanted twelve years later by the
classification of Ray, who arranged all known vegetables into
thirty-three classes, the basis of this classification being the
fruit. A few years later Rivinus, a professor of botany in the
University of Leipzig, made still another classification,
determining the distinguishing character chiefly from the flower,
and Camerarius and Tournefort also made elaborate
classifications. On the Continent Tournefort´s classification was
the most popular until the time of Linnaeus, his systematic
arrangement including about eight thousand species of plants,
arranged chiefly according to the form of the corolla.
Most of these early workers gave attention to both vegetable and
animal kingdoms. They were called naturalists, and the field of
their investigations was spoken of as “natural history.“ The
specialization of knowledge had not reached that later stage in
which botanist, zoologist, and physiologist felt their labors to
be sharply divided. Such a division was becoming more and more
necessary as the field of knowledge extended; but it did not
become imperative until long after the time of Linnaeus. That
naturalist himself, as we shall see, was equally distinguished as
botanist and as zoologist. His great task of organizing knowledge
was applied to the entire range of living things.
Carolus Linnaeus was born in the town of Rashult, in Sweden, on
May 13, 1707. As a child he showed great aptitude in learning13   1707   botanical names, and remembering facts about various plants as
told him by his father. His eagerness for knowledge did not
extend to the ordinary primary studies, however, and, aside from
the single exception of the study of physiology, he proved
himself an indifferent pupil. His backwardness was a sore trial
to his father, who was desirous that his son should enter the
ministry; but as the young Linnaeus showed no liking for that
calling, and as he had acquitted himself well in his study of
physiology, his father at last decided to allow him to take up
the study of medicine. Here at last was a field more to the
liking of the boy, who soon vied with the best of his
fellow-students for first honors. Meanwhile he kept steadily at
work in his study of natural history, acquiring considerable
knowledge of ornithology, entomology, and botany, and adding
continually to his collection of botanical specimens. In 1729 his1729   botanical knowledge was brought to the attention of Olaf Rudbeck,
professor of botany in the University of Upsala, by a short paper
on the sexes of plants which Linnaeus had prepared. Rudbeck was
so impressed by some of the ideas expressed in this paper that he
appointed the author as his assistant the following year.
This was the beginning of Linnaes´s career as a botanist. The
academic gardens were thus thrown open to him, and he found time
at his disposal for pursuing his studies between lecture hours
and in the evenings. It was at this time that he began the
preparation of his work the Systema naturae, the first of his
great works, containing a comprehensive sketch of the whole field
of natural history. When this work was published, the clearness
of the views expressed and the systematic arrangement of the
various classifications excited great astonishment and
admiration, and placed Linaeus at once in the foremost rank of
naturalists. This work was followed shortly by other
publications, mostly on botanical subjects, in which, among other
things, he worked out in detail his famous “system.“
This system is founded on the sexes of plants, and is usually
referred to as an “artificial method” of classification because
it takes into account only a few marked characters of plants,
without uniting them by more general natural affinities. At the
present time it is considered only as a stepping-stone to the
“natural” system; but at the time of its promulgation it was
epoch-marking in its directness and simplicity, and therefore
superiority, over any existing systems.
One of the great reforms effected by Linnaeus was in the matter
of scientific terminology. Technical terms are absolutely
necessary to scientific progress, and particularly so in botany,
where obscurity, ambiguity, or prolixity in descriptions are
fatally misleading. Linnaeus´s work contains something like a
thousand terms, whose meanings and uses are carefully explained.
Such an array seems at first glance arbitrary and unnecessary,
but the fact that it has remained in use for something like two
centuries is indisputable evidence of its practicality. The
descriptive language of botany, as employed by Linnaeus, still
stands as a model for all other subjects.
Closely allied to botanical terminology is the subject of
botanical nomenclature. The old method of using a number of Latin
words to describe each different plant is obviously too
cumbersome, and several attempts had been made prior to the time
of Linnaeus to substitute simpler methods. Linnaeus himself made
several unsatisfactory attempts before he finally hit upon his
system of “trivial names,“ which was developed in his Species
plantarum, and which, with some, minor alterations, remains in
use to this day. The essence of the system is the introduction of
binomial nomenclature—that is to say, the use of two names and
no more to designate any single species of animal or plant. The
principle is quite the same as that according to which in modern
society a man has two names, let us say, John Doe, the one
designating his family, the other being individual. Similarly
each species of animal or plant, according to the Linnaeean
system, received a specific or “trivial” name; while various
species, associated according to their seeming natural affinities
into groups called genera, were given the same generic name. Thus
the generic name given all members of the cat tribe being Felis,
the name Felis leo designates the lion; Felis pardus, the
leopard; Felis domestica, the house cat, and so on. This seems
perfectly simple and natural now, but to understand how great a
reform the binomial nomenclature introduced we have but to
consult the work of Linnaeus´s predecessors. A single
illustration will suffice. There is, for example, a kind of
grass, in referring to which the naturalist anterior to Linnaeus,
if he would be absolutely unambiguous, was obliged to use the
following descriptive formula: Gramen Xerampelino, Miliacea,
praetenuis ramosaque sparsa panicula, sive Xerampelino congener,
arvense, aestivum; gramen minutissimo semine. Linnaeus gave to
this plant the name Poa bulbosa—a name that sufficed, according
to the new system, to distinguish this from every other species
of vegetable. It does not require any special knowledge to
appreciate the advantage of such a simplification.
While visiting Paris in 1738 Linnaeus met and botanized with the1738   two botanists whose “natural method” of classification was later
to supplant his own “artificial system.“ These were Bernard and
Antoine Laurent de Jussieu. The efforts of these two scientists
were directed towards obtaining a system which should aim at
clearness, simplicity, and precision, and at the same time be
governed by the natural affinities of plants. The natural system,
as finally propounded by them, is based on the number of
cotyledons, the structure of the seed, and the insertion of the
stamens. Succeeding writers on botany have made various
modifications of this system, but nevertheless it stands as the
foundation-stone of modern botanical classification.
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HEVELIUS AND HALLEY HEVELIUS AND HALLEY HEVELIUS AND HALLEY 

STRANGELY enough, the decade immediately following Newton was one STRANGELY enough, the decade im
m

ediately following Newton was one 

of comparative barrenness in scientific progress, the early years of com
parative barrenness in scientific progress, the early years 

of the eighteenth century not being as productive of great of the eighteenth century not being as productive of great 

astronomers as the later years of the seventeenth, or, for that astronom
ers as the later years of the seventeenth, or, for that 

matter, as the later years of the eighteenth century itself. m
atter, as the later years of the eighteenth century itself. 

Several of the prominent astronomers of the later seventeenth Several of the prom
inent astronom

ers of the later seventeenth 

century lived on into the opening years of the following century, century lived on into the opening years of the following century, 

however, and the younger generation soon developed a coterie of however, and the younger generation soon developed a coterie of 

astronomers, among whom Euler, Lagrange, Laplace, and Herschel, astronom
ers, am

ong whom
 Euler, Lagrange, Laplace, and Herschel, 

as we shall see, were to accomplish great things in this field as we shall see, were to accom
plish great things in this field 

before the century closed. before the century closed. 

One of the great seventeenth-century astronomers, who died just before the close of the century, was Johannes Hevelius (1611-
1611   1687), of Dantzig, who advanced astronomy by his accurate 
1687   description of the face and the spots of the moon. But he is remembered also for having retarded progress by his influence in refusing to use telescopic sights in his observations, preferring until his death the plain sights long before discarded by most other astronomers. The advantages of these telescope sights have been discussed under the article treating of Robert Hooke, but no such advantages were ever recognized by Hevelius. So great was Hevelius´s reputation as an astronomer that his refusal to recognize the advantage of the telescope sights caused many astronomers to hesitate before accepting them as superior to the plain; and even the famous Halley, of whom we shall speak further in a moment, was sufficiently in doubt over the matter to pay the aged astronomer a visit to test his skill in using the old-style sights. Side by side, Hevelius and Halley made their observations, Hevelius with his old instrument and Halley with the new. The results showed slightly in the younger man´s favor, but not enough to make it an entirely convincing demonstration. The explanation of this, however, did not lie in the lack of superiority of the telescopic instrument, but rather in the marvellous skill of the aged Hevelius, whose dexterity almost compensated for the defect of his instrument. What he might have accomplished could he have been induced to adopt the telescope can only be surmised. Halley himself was by no means a tyro in matters astronomical at that time. As the only son of a wealthy soap-boiler living near London, he had been given a liberal education, and even before leaving college made such novel scientific observations as that of the change in the variation of the compass. At nineteen years of age he discovered a new method of determining the elements of the planetary orbits which was a distinct improvement over the old. The year following he sailed for the Island of St, Helena to make observations of the heavens in the southern hemisphere. It was while in St. Helena that Halley made his famous observation of the transit of Mercury over the sun´s disk, this observation being connected, indirectly at least, with his discovery of a method of determining the parallax of the planets. By parallax is meant the apparent change in the position of an object, due really to a change in the position of the observer. Thus, if we imagine two astronomers making observations of the sun from opposite sides of the earth at the same time, it is obvious that to these observers the sun will appear to be at two different points in the sky. Half the angle measuring this difference would be known as the sun´s parallax. This would depend, then, upon the distance of the earth from the sun and the length of the earth´s radius. Since the actual length of this radius has been determined, the parallax of any heavenly body enables the astronomer to determine its exact distance. The parallaxes can be determined equally well, however, if two observers are separated by exactly known distances, several hundreds or thousands of miles apart. In the case of a transit of Venus across the sun´s disk, for example, an observer at New York notes the image of the planet moving across the sun´s disk, and notes also the exact time of this observation. In the same manner an observer at London makes similar observations. Knowing the distance between New York and London, and the different time of the passage, it is thus possible to calculate the difference of the parallaxes of the sun and a planet crossing its disk. The idea of thus determining the parallax of the planets originated, or at least was developed, by Halley, and from this phenomenon he thought it possible to conclude the dimensions of all the planetary orbits. As we shall see further on, his views were found to be correct by later astronomers. In 1721 Halley succeeded Flamsteed as astronomer royal at the 
1721   Greenwich Observatory. Although sixty- four years of age at that time his activity in astronomy continued unabated for another score of years. At Greenwich he undertook some tedious observations of the moon, and during those observations was first 

to detect the acceleration of mean motion. He was unable to explain this, however, and it remained for Laplace in the closing years of the century to do so, as we shall see later. Halley´s book, the Synopsis Astronomiae Cometicae, is one of the 
most valuable additions to astronomical literature since the time of Kepler. He was first to attempt the calculation of the orbit of a comet, having revived the ancient opinion that comets belong 
to the solar system, moving in eccentric orbits round the sun, and his calculation of the orbit of the comet of 1682 led him to 

1682   predict correctly the return of that comet in 1758. Halley´s 
1758   Study of Meteors. Like other astronomers of his time be was greatly puzzled over the well-known phenomena of shooting- stars, or meteors, making 

many observations himself, and examining carefully the observations of other astronomers. In 1714 he gave his views as 
1714   to the origin and composition of these mysterious visitors in the 

earth´s atmosphere. As this subject will be again referred to in a later chapter, Halley´s views, representing the most advanced 
views of his age, are of interest. “The theory of the air seemeth at present,“ he says, ”to be perfectly well understood, and the differing densities thereof at 
all altitudes; for supposing the same air to occupy spaces reciprocally proportional to the quantity of the superior or incumbent air, I have elsewhere proved that at forty miles high 
the air is rarer than at the surface of the earth at three thousand times; and that the utmost height of the atmosphere, 
which reflects light in the Crepusculum, is not fully forty-five 
miles, notwithstanding which ‘tis still manifest that some sort 
of vapors, and those in no small quantity, arise nearly to that 
height. An instance of this may be given in the great light the 
society had an account of (vide Transact. Sep., 1676) from Dr. 

1676   Wallis, which was seen in very distant counties almost over all 
the south part of England. Of which though the doctor could not 
get so particular a relation as was requisite to determine the 
height thereof, yet from the distant places it was seen in, it 
could not but be very many miles high. “So likewise that meteor which was seen in 1708, on the 31st of 

1708   31   July, between nine and ten o´clock at night, was evidently 
between forty and fifty miles perpendicularly high, and as near 
as I can gather, over Shereness and the buoy on the Nore. For it 
was seen at London moving horizontally from east by north to east 
by south at least fifty degrees high, and at Redgrove, in Suffolk, on the Yarmouth road, about twenty miles from the east 
coast of England, and at least forty miles to the eastward of 
London, it appeared a little to the westward of the south, 
suppose south by west, and was seen about thirty degrees high, 
sliding obliquely downward. I was shown in both places the 
situation thereof, which was as described, but could wish some 
person skilled in astronomical matters bad seen it, that we might 
pronounce concerning its height with more certainty. Yet, as it 
is, we may securely conclude that it was not many more miles 
westerly than Redgrove, which, as I said before, is about forty 
miles more easterly than London. Suppose it, therefore, where 
perpendicular, to have been thirty-five miles east from London, 
and by the altitude it appeared at in London— viz., fifty 
degrees, its tangent will be forty-two miles, for the height of 
the meteor above the surface of the earth; which also is rather 
of the least, because the altitude of the place shown me is 
rather more than less than fifty degrees; and the like may be 
concluded from the altitude it appeared in at Redgrove, near 
seventy miles distant. Though at this very great distance, it 
appeared to move with an incredible velocity, darting, in a very 
few seconds of time, for about twelve degrees of a great circle 
from north to south, being very bright at its first appearance; 
and it died away at the east of its course, leaving for some time 
a pale whiteness in the place, with some remains of it in the 
track where it had gone; but no hissing sound as it passed, or 
bounce of an explosion were heard. “It may deserve the honorable society´s thoughts, how so great a 
quantity of vapor should be raised to the top of the atmosphere, 
and there collected, so as upon its ascension or otherwise 
illumination, to give a light to a circle of above one hundred 
miles diameter, not much inferior to the light of the moon; so as 
one might see to take a pin from the ground in the otherwise dark 
night. ‘Tis hard to conceive what sort of exhalations should rise 
from the earth, either by the action of the sun or subterranean 
heat, so as to surmount the extreme cold and rareness of the air 
in those upper regions: but the fact is indisputable, and 
therefore requires a solution.“ From this much of the paper it appears that there was a general 
belief that this burning mass was heated vapor thrown off from 
the earth in some mysterious manner, yet this is unsatisfactory 
to Halley, for after citing various other meteors that have 
appeared within his knowledge, he goes on to say: “What sort of substance it must be, that could be so impelled and 
ignited at the same time; there being no Vulcano or other 
Spiraculum of subterraneous fire in the northeast parts of the 
world, that we ever yet heard of, from whence it might be 
projected. “I have much considered this appearance, and think it one of the 
hardest things to account for that I have yet met with in the 
phenomena of meteors, and I am induced to think that it must be 
some collection of matter formed in the aether, as it were, by 
some fortuitous concourse of atoms, and that the earth met with 
it as it passed along in its orb, then but newly formed, and 
before it had conceived any great impetus of descent towards the 
sun. For the direction of it was exactly opposite to that of the 
earth, which made an angle with the meridian at that time of 
sixty-seven gr., that is, its course was from west southwest to 
east northeast, wherefore the meteor seemed to move the contrary 
way. And besides falling into the power of the earth´s gravity, 
and losing its motion from the opposition of the medium, it seems 
that it descended towards the earth, and was extinguished in the 
Tyrrhene Sea, to the west southwest of Leghorn. The great blow 
being heard upon its first immersion into the water, and the 
rattling like the driving of a cart over stones being what 
succeeded upon its quenching; something like this is always heard 
upon quenching a very hot iron in water. These facts being past 
dispute, I would be glad to have the opinion of the learned 
thereon, and what objection can be reasonably made against the 
above hypothesis, which I humbly submit to their censure.“[1] 
These few paragraphs, coming as they do from a leading 
eighteenth-century astronomer, convey more clearly than any 
comment the actual state of the meteorological learning at that 
time. That this ball of fire, rushing “at a greater velocity than 
the swiftest cannon-ball,“ was simply a mass of heated rock 
passing through our atmosphere, did not occur to him, or at least 
was not credited. Nor is this surprising when we reflect that at 
that time universal gravitation had been but recently discovered; 
heat had not as yet been recognized as simply a form of motion; 
and thunder and lightning were unexplained mysteries, not to be 
explained for another three-quarters of a century. In the chapter 
on meteorology we shall see how the solution of this mystery that 
puzzled Halley and his associates all their lives was finally 
attained.  BRADLEY AND THE ABERRATION OF LIGHT BRADLEY AND THE ABERRATION OF LIGHT 
Halley was succeeded as astronomer royal by a man whose useful 
additions to the science were not to be recognized or appreciated 
fully until brought to light by the Prussian astronomer Bessel 
early in the nineteenth century. This was Dr. James Bradley, an 
ecclesiastic, who ranks as one of the most eminent astronomers of 
the eighteenth century. His most remarkable discovery was the 
explanation of a peculiar motion of the pole-star, first 
observed, but not explained, by Picard a century before. For many 
years a satisfactory explanation was sought unsuccessfully by 
Bradley and his fellow-astronomers, but at last he was able to 
demonstrate that the stary Draconis, on which he was making his 
observations, described, or appeared to describe, a small 
ellipse. If this observation was correct, it afforded a means of 
computing the aberration of any star at all times. The 
explanation of the physical cause of this aberration, as Bradley 
thought, and afterwards demonstrated, was the result of the 
combination of the motion of light with the annual motion of the 
earth. Bradley first formulated this theory in 1728, but it was 

1728   not until 1748—twenty years of continuous struggle and 

1748   observation by him—that he was prepared to communicate the 
results of his efforts to the Royal Society. This remarkable 
paper is thought by the Frenchman, Delambre, to entitle its 
author to a place in science beside such astronomers as 
Hipparcbus and Kepler. Bradley´s studies led him to discover also the libratory motion 
of the earth´s axis. “As this appearance of g Draconis. indicated 
a diminution of the inclination of the earth´s axis to the plane 
of the ecliptic,“ he says; ”and as several astronomers have 
supposed THAT inclination to diminish regularly; if this 
phenomenon depended upon such a cause, and amounted to 18" in 

18   nine years, the obliquity of the ecliptic would, at that rate, 
alter a whole minute in thirty years; which is much faster than 
any observations, before made, would allow. I had reason, 
therefore, to think that some part of this motion at the least, 
if not the whole, was owing to the moon´s action upon the 
equatorial parts of the earth; which, I conceived, might cause a 
libratory motion of the earth´s axis. But as I was unable to 
judge, from only nine years observations, whether the axis would 
entirely recover the same position that it had in the year 1727, 

1727   I found it necessary to continue my observations through a whole 
period of the moon´s nodes; at the end of which I had the 
satisfaction to see, that the stars, returned into the same 
position again; as if there had been no alteration at all in the 
inclination of the earth´s axis; which fully convinced me that I 
had guessed rightly as to the cause of the phenomena. This 
circumstance proves likewise, that if there be a gradual 
diminution of the obliquity of the ecliptic, it does not arise 
only from an alteration in the position of the earth´s axis, but 
rather from some change in the plane of the ecliptic itself; 
because the stars, at the end of the period of the moon´s nodes, 
appeared in the same places, with respect to the equator, as they 
ought to have done, if the earth´s axis had retained the same 
inclination to an invariable plane.“[2]  FRENCH ASTRONOMERS FRENCH ASTRONOMERS 
Meanwhile, astronomers across the channel were by no means idle. 
In France several successful observers were making many additions 
to the already long list of observations of the first astronomer 
of the Royal Observatory of Paris, Dominic Cassini (1625-1712), 

1625   1712   whose reputation among his contemporaries was much greater than 
among succeeding generations of astronomers. Perhaps the most 
deserving of these successors was Nicolas Louis de Lacaille 
(1713-1762), a theologian who had been educated at the expense of 

1713   1762   the Duke of Bourbon, and who, soon after completing his clerical 
studies, came under the patronage of Cassini, whose attention had 
been called to the young man´s interest in the sciences. One of 
Lacaille´s first under-takings was the remeasuring of the French 
are of the meridian, which had been incorrectly measured by his 
patron in 1684. This was begun in 1739, and occupied him for two 

1684   1739   years before successfully completed. As a reward, however, he was 
admitted to the academy and appointed mathematical professor in 
Mazarin College. In 1751 he went to the Cape of Good Hope for the purpose of 

1751   determining the sun´s parallax by observations of the parallaxes 
of Mars and Venus, and incidentally to make observations on the 
other southern hemisphere stars. The results of this undertaking 
were most successful, and were given in his Coelum australe 
stelligerum, etc., published in 1763. In this he shows that in 

1763   the course of a single year he had observed some ten thousand 
stars, and computed the places of one thousand nine hundred and 
forty-two of them, measured a degree of the meridian, and made 
many observations of the moon—productive industry seldom 
equalled in a single year in any field. These observations were 
of great service to the astronomers, as they afforded the 
opportunity of comparing the stars of the southern hemisphere 
with those of the northern, which were being observed 
simultaneously by Lelande at Berlin. Lacaille´s observations followed closely upon the determination 
of an absorbing question which occupied the attention of the 
astronomers in the early part of the century. This question was 
as to the shape of the earth—whether it was actually flattened 
at the poles. To settle this question once for all the Academy of 
Sciences decided to make the actual measurement of the length of 
two degrees, one as near the pole as possible, the other at the 
equator. Accordingly, three astronomers, Godin, Bouguer, and La 
Condamine, made the journey to a spot on the equator in Peru, 
while four astronomers, Camus, Clairaut, Maupertuis, and 
Lemonnier, made a voyage to a place selected in Lapland. The 
result of these expeditions was the determination that the globe 
is oblately spheroidal. A great contemporary and fellow-countryman of Lacaille was Jean 
Le Rond d´Alembert (1717-1783), who, although not primarily an 

1717   1783   astronomer, did so much with his mathematical calculations to aid 
that science that his name is closely connected with its progress 
during the eighteenth century. D´Alembert, who became one of the 
best-known men of science of his day, and whose services were 
eagerly sought by the rulers of Europe, began life as a 
foundling, having been exposed in one of the markets of Paris. 
The sickly infant was adopted and cared for in the family of a 
poor glazier, and treated as a member of the family. In later 
years, however, after the foundling had become famous throughout 
Europe, his mother, Madame Tencin, sent for him, and acknowledged 
her relationship. It is more than likely that the great 
philosopher believed her story, but if so he did not allow her 
the satisfaction of knowing his belief, declaring always that 
Madame Tencin could “not be nearer than a step-mother to him, 
since his mother was the wife of the glazier.“ 
D´Alembert did much for the cause of science by his example as 
well as by his discoveries. By living a plain but honest life, 
declining magnificent offers of positions from royal patrons, at 
the same time refusing to grovel before nobility, he set a worthy 
example to other philosophers whose cringing and pusillanimous 
attitude towards persons of wealth or position had hitherto 
earned them the contempt of the upper classes. 
His direct additions to astronomy are several, among others the 
determination of the mutation of the axis of the earth. He also 
determined the ratio of the attractive forces of the sun and 
moon, which he found to be about as seven to three. From this he 
reached the conclusion that the earth must be seventy times 
greater than the moon. The first two volumes of his Researches on 
the Systems of the World, published in 1754, are largely devoted 

1754   to mathematical and astronomical problems, many of them of little 
importance now, but of great interest to astronomers at that 
time. Another great contemporary of D´Alembert, whose name is closely 
associated and frequently confounded with his, was Jean Baptiste 
Joseph Delambre (1749- 1822). More fortunate in birth as also in 

1749   1822   his educational advantages, Delambre as a youth began his studies 
under the celebrated poet Delille. Later he was obliged to 
struggle against poverty, supporting himself for a time by making 
translations from Latin, Greek, Italian, and English, and acting 
as tutor in private families. The turning-point of his fortune 
came when the attention of Lalande was called to the young man by 
his remarkable memory, and Lalande soon showed his admiration by 
giving Delambre certain difficult astronomical problems to solve. 
By performing these tasks successfully his future as an 
astronomer became assured. At that time the planet Uranus had 
just been discovered by Herschel, and the Academy of Sciences 
offered as the subject for one of its prizes the determination of 
the planet´s orbit. Delambre made this determination and won the 
prize—a feat that brought him at once into prominence. 
By his writings he probably did as much towards perfecting modern 
astronomy as any one man. His History of Astronomy is not merely 
a narrative of progress of astronomy but a complete abstract of 
all the celebrated works written on the subject. Thus he became 
famous as an historian as well as an astronomer. 
 LEONARD EULER LEONARD EULER 
Still another contemporary of D´Alembert and Delambre, and 
somewhat older than either of them, was Leonard Euler (1707-

1707   1783), of Basel, whose fame as a philosopher equals that of 

1783   either of the great Frenchmen. He is of particular interest here 
in his capacity of astronomer, but astronomy was only one of the 
many fields of science in which he shone. Surely something out of 
the ordinary was to be expected of the man who could “repeat the 
AEneid of Virgil from the beginning to the end without 
hesitation, and indicate the first and last line of every page of 
the edition which he used.“ Something was expected, and he 
fulfilled these expectations. In early life he devoted himself to the study of theology and the 
Oriental languages, at the request of his father, but his love of 
mathematics proved too strong, and, with his father´s consent, he 
finally gave up his classical studies and turned to his favorite 
study, geometry. In 1727 he was invited by Catharine I. to reside 

1727   in St. Petersburg, and on accepting this invitation he was made 
an associate of the Academy of Sciences. A little later he was 
made professor of physics, and in 1733 professor of mathematics. 

1733   In 1735 he solved a problem in three days which some of the 

1735   eminent mathematicians would not undertake under several months. 

In 1741 Frederick the Great invited him to Berlin, where he soon 

1741   became a member of the Academy of Sciences and professor of 
mathematics; but in 1766 he returned to St. Petersburg. Towards 

1766   the close of his life be became virtually blind, being obliged to 
dictate his thoughts, sometimes to persons entirely ignorant of 
the subject in hand. Nevertheless, his remarkable memory, still 
further heightened by his blindness, enabled him to carry out the 
elaborate computations frequently involved. 
Euler´s first memoir, transmitted to the Academy of Sciences of 
Paris in 1747, was on the planetary perturbations. This memoir 

1747   carried off the prize that had been offered for the analytical 
theory of the motions of Jupiter and Saturn. Other memoirs 
followed, one in 1749 and another in 1750, with further 

1749   1750   expansions of the same subject. As some slight errors were found 
in these, such as a mistake in some of the formulae expressing 
the secular and periodic inequalities, the academy proposed the 
same subject for the prize of 1752. Euler again competed, and won 

1752   this prize also. The contents of this memoir laid the foundation 
for the subsequent demonstration of the permanent stability of 
the planetary system by Laplace and Lagrange. 
It was Euler also who demonstrated that within certain fixed 
limits the eccentricities and places of the aphelia of Saturn and 
Jupiter are subject to constant variation, and he calculated that 
after a lapse of about thirty thousand years the elements of the 
orbits of these two planets recover their original values. 
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The results? What could they be? Such enthusiasm would move 

mountains. But, after all, the moving of mountains seems a 
liliputian task compared with what Herschel really did with those 

wonderful telescopes. He moved worlds, stars, a universe— even, 

if you please, a galaxy of universes; at least he proved that 
they move, which seems scarcely less wonderful; and he expanded 

the cosmos, as man conceives it, to thousands of times the 
dimensions it had before. As a mere beginning, he doubled the 

diameter of the solar system by observing the great outlying 
planet which we now call Uranus, but which he christened Georgium 

Sidus, in honor of his sovereign, and which his French 
contemporaries, not relishing that name, preferred to call 
Herschel. This discovery was but a trifle compared with what Herschel did 

later on, but it gave him world-wide reputation none the less. 
Comets and moons aside, this was the first addition to the solar 

system that had been made within historic times, and it created a 

veritable furor of popular interest and enthusiasm. Incidentally 

King George was flattered at having a world named after him, and 

he smiled on the astronomer, and came with his court to have a 

look at his namesake. The inspection was highly satisfactory; and 

presently the royal favor enabled the astronomer to escape the 

thraldom of teaching music and to devote his entire time to the 

more congenial task of star-gazing. 
Thus relieved from the burden of mundane embarrassments, he 

turned with fresh enthusiasm to the skies, and his discoveries 
followed one another in bewildering profusion. He found various 

hitherto unseen moons of our sister planets; be made special 
studies of Saturn, and proved that this planet, with its rings, 
revolves on its axis; he scanned the spots on the sun, and 
suggested that they influence the weather of our earth; in short, 

he extended the entire field of solar astronomy. But very soon 

this field became too small for him, and his most important 
researches carried him out into the regions of space compared 

with which the span of our solar system is a mere point. With his 

perfected telescopes he entered abysmal vistas which no human eve 

ever penetrated before, which no human mind had hitherto more 

than vaguely imagined. He tells us that his forty-foot reflector 

will bring him light from a distance of “at least eleven and 
three-fourths millions of millions of millions of miles”—light 

which left its source two million years ago. The smallest stars 

visible to the unaided eye are those of the sixth magnitude; this 

telescope, he thinks, has power to reveal stars of the 1342d 

1342   magnitude. But what did Herschel learn regarding these awful depths of space 

and the stars that people them? That was what the world wished to 

know. Copernicus, Galileo, Kepler, had given us a solar system, 

but the stars had been a mystery. What says the great reflector—

are the stars points of light, as the ancients taught, and as 
more than one philosopher of the eighteenth century has still 

contended, or are they suns, as others hold? Herschel answers, 

they are suns, each and every one of all the millions—suns, many 

of them, larger than the one that is the centre of our tiny 
system. Not only so, but they are moving suns. Instead of being 

fixed in space, as has been thought, they are whirling in 
gigantic orbits about some common centre. Is our sun that centre? 

Far from it. Our sun is only a star like all the rest, circling 
on with its attendant satellites—our giant sun a star, no 
different from myriad other stars, not even so large as some; a 

mere insignificant spark of matter in an infinite shower of 
sparks. Nor is this all. Looking beyond the few thousand stars that are 

visible to the naked eye, Herschel sees series after series of 

more distant stars, marshalled in galaxies of millions; but at 

last he reaches a distance beyond which the galaxies no longer 

increase. And yet—so he thinks—he has not reached the limits of 

his vision. What then? He has come to the bounds of the sidereal 

system—seen to the confines of the universe. He believes that he 

can outline this system, this universe, and prove that it has the 

shape of an irregular globe, oblately flattened to almost 
disklike proportions, and divided at one edge—a bifurcation that 

is revealed even to the naked eye in the forking of the Milky 

Way. This, then, is our universe as Herschel conceives it— a vast 

galaxy of suns, held to one centre, revolving, poised in space. 

But even here those marvellous telescopes do not pause. Far, far 

out beyond the confines of our universe, so far that the awful 

span of our own system might serve as a unit of measure, are 

revealed other systems, other universes, like our own, each 

composed, as he thinks, of myriads of suns, clustered like our 

galaxy into an isolated system—mere islands of matter in an 

infinite ocean of space. So distant from our universe are these 

now universes of Herschel´s discovery that their light reaches us 

only as a dim, nebulous glow, in most cases invisible to the 

unaided eye. About a hundred of these nebulae were known when 

Herschel began his studies. Before the close of the century he 

had discovered about two thousand more of them, and many of these 

had been resolved by his largest telescopes into clusters of 

stars. He believed that the farthest of these nebulae that he 

could see was at least three hundred thousand times as distant 

from us as the nearest fixed star. Yet that nearest star—so more 

recent studies prove—is so remote that its light, travelling one 

hundred and eighty thousand miles a second, requires three and 

one-half years to reach our planet. 
As if to give the finishing touches to this novel scheme of 

cosmology, Herschel, though in the main very little given to 

unsustained theorizing, allows himself the privilege of one 

belief that he cannot call upon his telescope to substantiate. He 

thinks that all the myriad suns of his numberless systems are 

instinct with life in the human sense. Giordano Bruno and a long 

line of his followers had held that some of our sister planets 

may be inhabited, but Herschel extends the thought to include the 

moon, the sun, the stars—all the heavenly bodies. He believes 

that he can demonstrate the habitability of our own sun, and, 

reasoning from analogy, he is firmly convinced that all the suns 

of all the systems are “well supplied with inhabitants.“ In this, 

as in some other inferences, Herschel is misled by the faulty 

physics of his time. Future generations, working with perfected 

instruments, may not sustain him all along the line of his 

observations, even, let alone his inferences. But how one´s 

egotism shrivels and shrinks as one grasps the import of his 

sweeping thoughts! Continuing his observations of the innumerable nebulae, Herschel 

is led presently to another curious speculative inference. He 

notes that some star groups are much more thickly clustered than 

others, and he is led to infer that such varied clustering tells 

of varying ages of the different nebulae. He thinks that at first 

all space may have been evenly sprinkled with the stars and that 

the grouping has resulted from the action of gravitation. 
“That the Milky Way is a most extensive stratum of stars of 

various sizes admits no longer of lasting doubt,“ he declares, 

“and that our sun is actually one of the heavenly bodies 

belonging to it is as evident. I have now viewed and gauged this 

shining zone in almost every direction and find it composed of 

stars whose number ... constantly increases and decreases in 

proportion to its apparent brightness to the naked eye. 
“Let us suppose numberless stars of various sizes, scattered over 

an indefinite portion of space in such a manner as to be almost 

equally distributed throughout the whole. The laws of attraction 

which no doubt extend to the remotest regions of the fixed stars 

will operate in such a manner as most probably to produce the 

following effects: “In the first case, since we have supposed the stars to be of 

various sizes, it will happen that a star, being considerably 

larger than its neighboring ones, will attract them more than 

they will be attracted by others that are immediately around 

them; by which means they will be, in time, as it were, condensed 

about a centre, or, in other words, form themselves into a 

cluster of stars of almost a globular figure, more or less 

regular according to the size and distance of the surrounding 

stars.... “The next case, which will also happen almost as frequently as 

the former, is where a few stars, though not superior in size to 

the rest, may chance to be rather nearer one another than the 

surrounding ones,... and this construction admits of the utmost 

variety of shapes. . . . “From the composition and repeated conjunction of both the 

foregoing formations, a third may be derived when many large 

stars, or combined small ones, are spread in long, extended, 

regular, or crooked rows, streaks, or branches; for they will 

also draw the surrounding stars, so as to produce figures of 

condensed stars curiously similar to the former which gave rise 

to these condensations. “We may likewise admit still more extensive combinations; when, 

at the same time that a cluster of stars is forming at the one 

part of space, there may be another collection in a different but 

perhaps not far- distant quarter, which may occasion a mutual 

approach towards their own centre of gravity. 
“In the last place, as a natural conclusion of the former cases, 

there will be formed great cavities or vacancies by the 

retreating of the stars towards the various centres which attract 

them.“[1]  Looking forward, it appears that the time must come when all the 

suns of a system will be drawn together and destroyed by impact 

at a common centre. Already, it seems to Herschel, the thickest 

clusters have “outlived their usefulness” and are verging towards 

their doom. But again, other nebulae present an appearance suggestive of an 

opposite condition. They are not resolvable into stars, but 

present an almost uniform appearance throughout, and are hence 

believed to be composed of a shining fluid, which in some 

instances is seen to be condensed at the centre into a glowing 

mass. In such a nebula Herschel thinks he sees a sun in process 

of formation.  THE NEBULAR HYPOTHESIS OF KANT 

THE NEBULAR HYPOTHESIS OF KANT 

Taken together, these two conceptions outline a majestic cycle of 

world formation and world destruction— a broad scheme of 

cosmogony, such as had been vaguely adumbrated two centuries 

before by Kepler and in more recent times by Wright and 

Swedenborg. This so-called “nebular hypothesis” assumes that in 

the beginning all space was uniformly filled with cosmic matter 

in a state of nebular or “fire-mist” diffusion, “formless and 

void.“ It pictures the condensation— coagulation, if you will—

of portions of this mass to form segregated masses, and the 

ultimate development out of these masses of the sidereal bodies 

that we see. Perhaps the first elaborate exposition of this idea was that 

given by the great German philosopher Immanuel Kant (born at 

Konigsberg in 1724, died in 1804), known to every one as the 

1724   1804   author of the Critique of Pure Reason. Let us learn from his own 

words how the imaginative philosopher conceived the world to have 

come into existence. “I assume,“ says Kant, ”that all the material of which the globes 

belonging to our solar system—all the planets and comets—

consist, at the beginning of all things was decomposed into its 

primary elements, and filled the whole space of the universe in 

which the bodies formed out of it now revolve. This state of 

nature, when viewed in and by itself without any reference to a 

system, seems to be the very simplest that can follow upon 

nothing. At that time nothing has yet been formed. The 

construction of heavenly bodies at a distance from one another, 

their distances regulated by their attraction, their form arising 

out of the equilibrium of their collected matter, exhibit a later 

state.... In a region of space filled in this manner, a universal 

repose could last only a moment. The elements have essential 

forces with which to put each other in motion, and thus are 

themselves a source of life. Matter immediately begins to strive 

to fashion itself. The scattered elements of a denser kind, by 

means of their attraction, gather from a sphere around them all 

the matter of less specific gravity; again, these elements 

themselves, together with the material which they have united 

with them, collect in those points where the particles of a still 

denser kind are found; these in like manner join still denser 

particles, and so on. If we follow in imagination this process by 

which nature fashions itself into form through the whole extent 

of chaos, we easily perceive that all the results of the process 

would consist in the formation of divers masses which, when their 

formation was complete, would by the equality of their attraction 

be at rest and be forever unmoved. 
“But nature has other forces in store which are specially exerted 

when matter is decomposed into fine particles. They are those 

forces by which these particles repel one another, and which, by 

their conflict with attractions, bring forth that movement which 

is, as it were, the lasting life of nature. This force of 

repulsion is manifested in the elasticity of vapors, the 

effluences of strong-smelling bodies, and the diffusion of all 

spirituous matters. This force is an uncontestable phenomenon of 

matter. It is by it that the elements, which may be falling to 

the point attracting them, are turned sideways promiscuously from 

their movement in a straight line; and their perpendicular fall 

thereby issues in circular movements, which encompass the centre 

towards which they were falling. In order to make the formation 

of the world more distinctly conceivable, we will limit our view 

by withdrawing it from the infinite universe of nature and 

directing it to a particular system, as the one which belongs to 

our sun. Having considered the generation of this system, we 

shall be able to advance to a similar consideration of the origin 

of the great world-systems, and thus to embrace the infinitude of 

the whole creation in one conception. 
“From what has been said, it will appear that if a point is 

situated in a very large space where the attraction of the 

elements there situated acts more strongly than elsewhere, then 

the matter of the elementary particles scattered throughout the 

whole region will fall to that point. The first effect of this 

general fall is the formation of a body at this centre of 

attraction, which, so to speak, grows from an infinitely small 

nucleus by rapid strides; and in the proportion in which this 

mass increases, it also draws with greater force the surrounding 

particles to unite with it. When the mass of this central body 

has grown so great that the velocity with which it draws the 

particles to itself with great distances is bent sideways by the 

feeble degree of repulsion with which they impede one another, 

and when it issues in lateral movements which are capable by 

means of the centrifugal force of encompassing the central body 

in an orbit, then there are produced whirls or vortices of 

particles, each of which by itself describes a curved line by the 

composition of the attracting force and the force of revolution 

that had been bent sideways. These kinds of orbits all intersect 

one another, for which their great dispersion in this space gives 

place. Yet these movements are in many ways in conflict with one 

another, and they naturally tend to bring one another to a 

uniformity—that is, into a state in which one movement is as 

little obstructive to the other as possible. This happens in two 

ways: first by the particles limiting one another´s movement till 

they all advance in one direction; and, secondly, in this way, 

that the particles limit their vertical movements in virtue of 

which they are approaching the centre of attraction, till they 

all move horizontally—i. e., in parallel circles round the sun 

as their centre, no longer intercept one another, and by the 

centrifugal force becoming equal with the falling force they keep 

themselves constantly in free circular orbits at the distance at 

which they move. The result, finally, is that only those 

particles continue to move in this region of space which have 

acquired by their fall a velocity, and through the resistance of 

the other particles a direction, by which they can continue to 

maintain a FREE CIRCULAR MOVEMENT.... 
“The view of the formation of the planets in this system has the 

advantage over every other possible theory in holding that the 

origin of the movements, and the position of the orbits in 

arising at that same point of time—nay, more, in showing that 

even the deviations from the greatest possible exactness in their 

determinations, as well as the accordances themselves, become 

clear at a glance. The planets are formed out of particles which, 

at the distance at which they move, have exact movements in 

circular orbits; and therefore the masses composed out of them 

will continue the same movements and at the same rate and in the 

same direction.“[2]  It must be admitted that this explanation leaves a good deal to 

be desired. It is the explanation of a metaphysician rather than 

that of an experimental scientist. Such phrases as “matter 

immediately begins to strive to fashion itself,“ for example, 

have no place in the reasoning of inductive science. 

Nevertheless, the hypothesis of Kant is a remarkable conception; 

it attempts to explain along rational lines something which 

hitherto had for the most part been considered altogether 

inexplicable. But there are various questions that at once suggest themselves 

which the Kantian theory leaves unanswered. How happens it, for 

example, that the cosmic mass which gave birth to our solar 

system was divided into several planetary bodies instead of 

remaining a single mass? Were the planets struck from the sun by 

the chance impact of comets, as Buffon has suggested? or thrown 

out by explosive volcanic action, in accordance with the theory 

of Dr. Darwin? or do they owe their origin to some unknown law? 

In any event, how chanced it that all were projected in nearly 

the same plane as we now find them? 
 LAPLACE AND THE NEBULAR HYPOTHESIS 
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It remained for a mathematical astronomer to solve these puzzles. 

The man of all others competent to take the subject in hand was 

the French astronomer Laplace. For a quarter of a century he had 

devoted his transcendent mathematical abilities to the solution 

of problems of motion of the heavenly bodies. Working in friendly 

rivalry with his countryman Lagrange, his only peer among the 

mathematicians of the age, he had taken up and solved one by one 

the problems that Newton left obscure. Largely through the 

efforts of these two men the last lingering doubts as to the 

solidarity of the Newtonian hypothesis of universal gravitation 

had been removed. The share of Lagrange was hardly less than that 

of his co-worker; but Laplace will longer be remembered, because 

he ultimately brought his completed labors into a system, and, 

incorporating with them the labors of his contemporaries, 

produced in the Mecanique Celeste the undisputed mathematical 

monument of the century, a fitting complement to the Principia of 

Newton, which it supplements and in a sense completes. 

In the closing years of the eighteenth century Laplace took up 

the nebular hypothesis of cosmogony, to which we have just 

referred, and gave it definite proportions; in fact, made it so 

thoroughly his own that posterity will always link it with his 

name. Discarding the crude notions of cometary impact and 

volcanic eruption, Laplace filled up the gaps in the hypothesis 

with the aid of well-known laws of gravitation and motion. He 

assumed that the primitive mass of cosmic matter which was 

destined to form our solar system was revolving on its axis even 

at a time when it was still nebular in character, and filled all 

space to a distance far beyond the present limits of the system. 

As this vaporous mass contracted through loss of heat, it 

revolved more and more swiftly, and from time to time, through 

balance of forces at its periphery, rings of its substance were 

whirled off and left revolving there, subsequently to become 

condensed into planets, and in their turn whirl off minor rings 

that became moons. The main body of the original mass remains in 

the present as the still contracting and rotating body which we 

call the sun. Let us allow Laplace to explain all this in detail: 

“In order to explain the prime movements of the planetary 

system,“ he says, ”there are the five following phenomena: The 

movement of the planets in the same direction and very nearly in 

the same plane; the movement of the satellites in the same 

direction as that of the planets; the rotation of these different 

bodies and the sun in the same direction as their revolution, and 

in nearly the same plane; the slight eccentricity of the orbits 

of the planets and of the satellites; and, finally, the great 

eccentricity of the orbits of the comets, as if their 

inclinations had been left to chance. 
“Buffon is the only man I know who, since the discovery of the 

true system of the world, has endeavored to show the origin of 

the planets and their satellites. He supposes that a comet, in 

falling into the sun, drove from it a mass of matter which was 

reassembled at a distance in the form of various globes more or 

less large, and more or less removed from the sun, and that these 

globes, becoming opaque and solid, are now the planets and their 

satellites. “This hypothesis satisfies the first of the five preceding 

phenomena; for it is clear that all the bodies thus formed would 

move very nearly in the plane which passed through the centre of 

the sun, and in the direction of the torrent of matter which was 

produced; but the four other phenomena appear to be inexplicable 

to me by this means. Indeed, the absolute movement of the 

molecules of a planet ought then to be in the direction of the 

movement of its centre of gravity; but it does not at all follow 

that the motion of the rotation of the planets should be in the 

same direction. Thus the earth should rotate from east to west, 

but nevertheless the absolute movement of its molecules should be 

from east to west; and this ought also to apply to the movement 

of the revolution of the satellites, in which the direction, 

according to the hypothesis which he offers, is not necessarily 

the same as that of the progressive movement of the planets. 

“A phenomenon not only very difficult to explain under this 

hypothesis, but one which is even contrary to it, is the slight 

eccentricity of the planetary orbits. We know, by the theory of 

central forces, that if a body moves in a closed orbit around the 

sun and touches it, it also always comes back to that point at 

every revolution; whence it follows that if the planets were 

originally detached from the sun, they would touch it at each 

return towards it, and their orbits, far from being circular, 

would be very eccentric. It is true that a mass of matter driven 

from the sun cannot be exactly compared to a globe which touches 

its surface, for the impulse which the particles of this mass 

receive from one another and the reciprocal attractions which 

they exert among themselves, could, in changing the direction of 

their movements, remove their perihelions from the sun; but their 

orbits would be always most eccentric, or at least they would not 

have slight eccentricities except by the most extraordinary 

chance. Thus we cannot see, according to the hypothesis of 

Buffon, why the orbits of more than a hundred comets already 

observed are so elliptical. This hypothesis is therefore very far 

from satisfying the preceding phenomena. Let us see if it is 

possible to trace them back to their true cause. 

“Whatever may be its ultimate nature, seeing that it has caused 

or modified the movements of the planets, it is necessary that 

this cause should embrace every body, and, in view of the 

enormous distances which separate them, it could only have been a 

fluid of immense extent. In order to have given them an almost 

circular movement in the same direction around the sun, it is 

necessary that this fluid should have enveloped the sun as in an 

atmosphere. The consideration of the planetary movements leads us 

then to think that, on account of excessive heat, the atmosphere 

of the sun originally extended beyond the orbits of all the 

planets, and that it was successively contracted to its present 

limits. “In the primitive condition in which we suppose the sun to have 

been, it resembled a nebula such as the telescope shows is 

composed of a nucleus more or less brilliant, surrounded by a 

nebulosity which, on condensing itself towards the centre, forms 

a star. If it is conceived by analogy that all the stars were 

formed in this manner, it is possible to imagine their previous 

condition of nebulosity, itself preceded by other states in which 

the nebulous matter was still more diffused, the nucleus being 

less and less luminous. By going back as far as possible, we thus 

arrive at a nebulosity so diffused that its existence could 

hardly be suspected. 
“For a long time the peculiar disposition of certain stars, 

visible to the unaided eye, has struck philosophical observers. 

Mitchell has already remarked how little probable it is that the 

stars in the Pleiades, for example, could have been contracted 

into the small space which encloses them by the fortuity of 

chance alone, and he has concluded that this group of stars, and 

similar groups which the skies present to us, are the necessary 

result of the condensation of a nebula, with several nuclei, and 

it is evident that a nebula, by continually contracting, towards 

these various nuclei, at length would form a group of stars 

similar to the Pleiades. The condensation of a nebula with two 

nuclei would form a system of stars close together, turning one 

upon the other, such as those double stars of which we already 

know the respective movements. 
“But how did the solar atmosphere determine the movements of the 

rotation and revolution of the planets and satellites? If these 

bodies had penetrated very deeply into this atmosphere, its 

resistance would have caused them to fall into the sun. We can 

therefore conjecture that the planets were formed at their 

successive limits by the condensation of a zone of vapors which 

the sun, on cooling, left behind, in the plane of his equator. 

“Let us recall the results which we have given in a preceding 

chapter. The atmosphere of the sun could not have extended 

indefinitely. Its limit was the point where the centrifugal force 

due to its movement of rotation balanced its weight. But in 

proportion as the cooling contracted the atmosphere, and those 

molecules which were near to them condensed upon the surface of 

the body, the movement of the rotation increased; for, on account 

of the Law of Areas, the sum of the areas described by the vector 

of each molecule of the sun and its atmosphere and projected in 

the plane of the equator being always the same, the rotation 

should increase when these molecules approach the centre of the 

sun. The centrifugal force due to this movement becoming thus 

larger, the point where the weight is equal to it is nearer the 

sun. Supposing, then, as it is natural to admit, that the 

atmosphere extended at some period to its very limits, it should, 

on cooling, leave molecules behind at this limit and at limits 

successively occasioned by the increased rotation of the sun. The 

abandoned molecules would continue to revolve around this body, 

since their centrifugal force was balanced by their weight. But 

this equilibrium not arising in regard to the atmospheric 

molecules parallel to the solar equator, the latter, on account 

of their weight, approached the atmosphere as they condensed, and 

did not cease to belong to it until by this motion they came upon 

the equator. “Let us consider now the zones of vapor successively left behind. 

These zones ought, according to appearance, by the condensation 

and mutual attraction of their molecules, to form various 

concentric rings of vapor revolving around the sun. The mutual 

gravitational friction of each ring would accelerate some and 

retard others, until they had all acquired the same angular 

velocity. Thus the actual velocity of the molecules most removed 

from the sun would be the greatest. The following cause would 

also operate to bring about this difference of speed. The 

molecules farthest from the sun, and which by the effects of 

cooling and condensation approached one another to form the outer 

part of the ring, would have always described areas proportional 

to the time since the central force by which they were controlled 

has been constantly directed towards this body. But this 

constancy of areas necessitates an increase of velocity 

proportional to the distance. It is thus seen that the same cause 

would diminish the velocity of the molecules which form the inner 

part of the ring. “If all the molecules of the ring of vapor continued to condense 

without disuniting, they would at length form a ring either solid 

or fluid. But this formation would necessitate such a regularity 

in every part of the ring, and in its cooling, that this 

phenomenon is extremely rare; and the solar system affords us, 

indeed, but one example—namely, in the ring of Saturn. In nearly 

every case the ring of vapor was broken into several masses, each 

moving at similar velocities, and continuing to rotate at the 

same distance around the sun. These masses would take a spheroid 

form with a rotatory movement in the direction of the revolution, 

because their inner molecules had less velocity than the outer. 

Thus were formed so many planets in a condition of vapor. But if 

one of them were powerful enough to reunite successively by its 

attraction all the others around its centre of gravity, the ring 

of vapor would be thus transformed into a single spheroidical 

mass of vapor revolving around the sun with a rotation in the 

direction of its revolution. The latter case has been that which 

is the most common, but nevertheless the solar system affords us 

an instance of the first case in the four small planets which 

move between Jupiter and Mars; at least, if we do not suppose, as 

does M. Olbers, that they originally formed a single planet which 

a mighty explosion broke up into several portions each moving at 

different velocities. 
“According to our hypothesis, the comets are strangers to our 

planetary system. In considering them, as we have done, as minute 

nebulosities, wandering from solar system to solar system, and 

formed by the condensation of the nebulous matter everywhere 

existent in profusion in the universe, we see that when they come 

into that part of the heavens where the sun is all-powerful, he 

forces them to describe orbits either elliptical or hyperbolic, 

their paths being equally possible in all directions, and at all 

inclinations of the ecliptic, conformably to what has been 

observed. Thus the condensation of nebulous matter, by which we 

have at first explained the motions of the rotation and 

revolution of the planets and their satellites in the same 

direction, and in nearly approximate planes, explains also why 

the movements of the comets escape this general law.“[3] 

 The nebular hypothesis thus given detailed completion by Laplace 

is a worthy complement of the grand cosmologic scheme of 

Herschel. Whether true or false, the two conceptions stand as the 

final contributions of the eighteenth century to the history of 

man´s ceaseless efforts to solve the mysteries of cosmic origin 

and cosmic structure. The world listened eagerly and without 

prejudice to the new doctrines; and that attitude tells of a 

marvellous intellectual growth of our race. Mark the transition. 

In the year 1600, Bruno was burned at the stake for teaching that 

1600   our earth is not the centre of the universe. In 1700, Newton was 

1700   pronounced “impious and heretical” by a large school of 

philosophers for declaring that the force which holds the planets 

in their orbits is universal gravitation. In 1800, Laplace and 

1800   Herschel are honored for teaching that gravitation built up the 

system which it still controls; that our universe is but a minor 

nebula, our sun but a minor star, our earth a mere atom of 

matter, our race only one of myriad races peopling an infinity of 

worlds. Doctrines which but the span of two human lives before 

would have brought their enunciators to the stake were now 

pronounced not impious, but sublime. 
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The first day of the nineteenth century was fittingly signalized 

by the discovery of a new world. On the evening of January 1, 

1801, an Italian astronomer, Piazzi, observed an apparent star of 

1801   about the eighth magnitude (hence, of course, quite invisible to 

the unaided eye), which later on was seen to have moved, and was 

thus shown to be vastly nearer the earth than any true star. He 

at first supposed, as Herschel had done when he first saw Uranus, 

that the unfamiliar body was a comet; but later observation 

proved it a tiny planet, occupying a position in space between 

Mars and Jupiter. It was christened Ceres, after the tutelary 

goddess of Sicily. 
Though unpremeditated, this discovery was not unexpected, for 

astronomers had long surmised the existence of a planet in the 

wide gap between Mars and Jupiter. Indeed, they were even 

preparing to make concerted search for it, despite the protests 

of philosophers, who argued that the planets could not possibly 

exceed the magic number seven, when Piazzi forestalled their 

efforts. But a surprise came with the sequel; for the very next 

year Dr. Olbers, the wonderful physician- astronomer of Bremen, 

while following up the course of Ceres, happened on another tiny 

moving star, similarly located, which soon revealed itself as 

planetary. Thus two planets were found where only one was 

expected. The existence of the supernumerary was a puzzle, but Olbers 

solved it for the moment by suggesting that Ceres and Pallas, as 

he called his captive, might be fragments of a quondam planet, 

shattered by internal explosion or by the impact of a comet. 

Other similar fragments, he ventured to predict, would be found 

when searched for. William Herschel sanctioned this theory, and 

suggested the name asteroids for the tiny planets. The explosion 

theory was supported by the discovery of another asteroid, by 

Harding, of Lilienthal, in 1804, and it seemed clinched when 

1804   Olbers himself found a fourth in 1807. The new-comers were named 

1807   Juno and Vesta respectively. 
There the case rested till 1845, when a Prussian amateur 

1845   astronomer named Hencke found another asteroid, after long 

searching, and opened a new epoch of discovery. From then on the 

finding of asteroids became a commonplace. Latterly, with the aid 

of photography, the list has been extended to above four hundred, 

and as yet there seems no dearth in the supply, though doubtless 

all the larger members have been revealed. Even these are but a 

few hundreds of miles in diameter, while the smaller ones are too 

tiny for measurement. The combined bulk of these minor planets is 

believed to be but a fraction of that of the earth. 

Olbers´s explosion theory, long accepted by astronomers, has been 

proven open to fatal objections. The minor planets are now 

believed to represent a ring of cosmical matter, cast off from 

the solar nebula like the rings that went to form the major 

planets, but prevented from becoming aggregated into a single 

body by the perturbing mass of Jupiter. 

 The Discovery of Neptune 
As we have seen, the discovery of the first asteroid confirmed a 

conjecture; the other important planetary discovery of the 

nineteenth century fulfilled a prediction. Neptune was found 

through scientific prophecy. No one suspected the existence of a 

trans-Uranian planet till Uranus itself, by hair-breadth 

departures from its predicted orbit, gave out the secret. No one 

saw the disturbing planet till the pencil of the mathematician, 

with almost occult divination, had pointed out its place in the 

heavens. The general predication of a trans-Uranian planet was 

made by Bessel, the great Konigsberg astronomer, in 1840; the 

1840   analysis that revealed its exact location was undertaken, half a 

decade later, by two independent workers—John Couch Adams, just 

graduated senior wrangler at Cambridge, England, and U. J. J. 

Leverrier, the leading French mathematician of his generation. 

Adams´s calculation was first begun and first completed. But it 

had one radical defect—it was the work of a young and untried 

man. So it found lodgment in a pigeon-hole of the desk of 

England´s Astronomer Royal, and an opportunity was lost which 

English astronomers have never ceased to mourn. Had the search 

been made, an actual planet would have been seen shining there, 

close to the spot where the pencil of the mathematician had 

placed its hypothetical counterpart. But the search was not made, 

and while the prophecy of Adams gathered dust in that regrettable 

pigeon-hole, Leverrier´s calculation was coming on, his tentative 

results meeting full encouragement from Arago and other French 

savants. At last the laborious calculations proved satisfactory, 

and, confident of the result, Leverrier sent to the Berlin 

observatory, requesting that search be made for the disturber of 

Uranus in a particular spot of the heavens. Dr. Galle received 

the request September 23, 1846. That very night he turned his 

23   1846   telescope to the indicated region, and there, within a single 

degree of the suggested spot, he saw a seeming star, invisible to 

the unaided eye, which proved to be the long-sought planet, 

henceforth to be known as Neptune. To the average mind, which 

finds something altogether mystifying about abstract mathematics, 

this was a feat savoring of the miraculous. 

Stimulated by this success, Leverrier calculated an orbit for an 

interior planet from perturbations of Mercury, but though 

prematurely christened Vulcan, this hypothetical nursling of the 

sun still haunts the realm of the undiscovered, along with 

certain equally hypothetical trans-Neptunian planets whose 

existence has been suggested by “residual perturbations” of 

Uranus, and by the movements of comets. No other veritable 

additions of the sun´s planetary family have been made in our 

century, beyond the finding of seven small moons, which chiefly 

attest the advance in telescopic powers. Of these, the tiny 

attendants of our Martian neighbor, discovered by Professor Hall 

with the great Washington refractor, are of greatest interest, 

because of their small size and extremely rapid flight. One of 

them is poised only six thousand miles from Mars, and whirls 

about him almost four times as fast as he revolves, seeming thus, 

as viewed by the Martian, to rise in the west and set in the 

east, and making the month only one-fourth as long as the day. 

 The Rings of Saturn 
The discovery of the inner or crape ring of Saturn, made 

simultaneously in 1850 by William C. Bond, at the Harvard 

1850   observatory, in America, and the Rev. W. R. Dawes in England, was 

another interesting optical achievement; but our most important 

advances in knowledge of Saturn´s unique system are due to the 

mathematician. Laplace, like his predecessors, supposed these 

rings to be solid, and explained their stability as due to 

certain irregularities of contour which Herschel bad pointed out. 

But about 1851 Professor Peirce, of Harvard, showed the 

1851   untenability of this conclusion, proving that were the rings such 

as Laplace thought them they must fall of their own weight. Then 

Professor J. Clerk-Maxwell, of Cambridge, took the matter in 

hand, and his analysis reduced the puzzling rings to a cloud of 

meteoric particles—a “shower of brickbats”—each fragment of 

which circulates exactly as if it were an independent planet, 

though of course perturbed and jostled more or less by its 

fellows. Mutual perturbations, and the disturbing pulls of 

Saturn´s orthodox satellites, as investigated by Maxwell, explain 

nearly all the phenomena of the rings in a manner highly 

satisfactory. After elaborate mathematical calculations covering many pages of 

his paper entitled “On the Stability of Saturn´s Rings,“ he 

summarizes his deductions as follows: 

“Let us now gather together the conclusions we have been able to 

draw from the mathematical theory of various kinds of conceivable 

rings. “We found that the stability of the motion of a solid ring 

depended on so delicate an adjustment, and at the same time so 

unsymmetrical a distribution of mass, that even if the exact 

conditions were fulfilled, it could scarcely last long, and, if 

it did, the immense preponderance of one side of the ring would 

be easily observed, contrary to experience. These considerations, 

with others derived from the mechanical structure of so vast a 

body, compel us to abandon any theory of solid rings. 

“We next examined the motion of a ring of equal satellites, and 

found that if the mass of the planet is sufficient, any 

disturbances produced in the arrangement of the ring will be 

propagated around it in the form of waves, and will not introduce 

dangerous confusion. If the satellites are unequal, the 

propagations of the waves will no longer be regular, but 

disturbances of the ring will in this, as in the former case, 

produce only waves, and not growing confusion. Supposing the ring 

to consist, not of a single row of large satellites, but a cloud 

of evenly distributed unconnected particles, we found that such a 

cloud must have a very small density in order to be permanent, 

and that this is inconsistent with its outer and inner parts 

moving with the same angular velocity. Supposing the ring to be 

fluid and continuous, we found that it will be necessarily broken 

up into small portions. 
“We conclude, therefore, that the rings must consist of 

disconnected particles; these must be either solid or liquid, but 

they must be independent. The entire system of rings must, 

therefore, consist either of a series of many concentric rings 

each moving with its own velocity and having its own system of 

waves, or else of a confused multitude of revolving particles not 

arranged in rings and continually coming into collision with one 

another. “Taking the first case, we found that in an indefinite number of 

possible cases the mutual perturbations of two rings, stable in 

themselves, might mount up in time to a destructive magnitude, 

and that such cases must continually occur in an extensive system 

like that of Saturn, the only retarding cause being the 

irregularity of the rings. 
“The result of long-continued disturbance was found to be the 

spreading-out of the rings in breadth, the outer rings pressing 

outward, while the inner rings press inward. 

“The final result, therefore, of the mechanical theory is that 

the only system of rings which can exist is one composed of an 

indefinite number of unconnected particles, revolving around the 

planet with different velocities, according to their respective 

distances. These particles may be arranged in series of narrow 

rings, or they may move through one another irregularly. In the 

first case the destruction of the system will be very slow, in 

the second case it will be more rapid, but there may be a 

tendency towards arrangement in narrow rings which may retard the 

process. “We are not able to ascertain by observation the constitution of 

the two outer divisions of the system of rings, but the inner 

ring is certainly transparent, for the limb of Saturn has been 

observed through it. It is also certain that though the space 

occupied by the ring is transparent, it is not through the 

material parts of it that the limb of Saturn is seen, for his 

limb was observed without distortion; which shows that there was 

no refraction, and, therefore, that the rays did not pass through 

a medium at all, but between the solar or liquid particles of 

which the ring is composed. Here, then, we have an optical 

argument in favor of the theory of independent particles as the 

material of the rings. The two outer rings may be of the same 

nature, but not so exceedingly rare that a ray of light can pass 

through their whole thickness without encountering one of the 

particles. “Finally, the two outer rings have been observed for two hundred 

years, and it appears, from the careful analysis of all the 

observations of M. Struve, that the second ring is broader than 

when first observed, and that its inner edge is nearer the planet 

than formerly. The inner ring also is suspected to be approaching 

the planet ever since its discovery in 1850. These appearances 

1850   seem to indicate the same slow progress of the rings towards 

separation which we found to be the result of theory, and the 

remark that the inner edge of the inner ring is more distinct 

seems to indicate that the approach towards the planet is less 

rapid near the edge, as we had reason to conjecture. As to the 

apparent unchangeableness of the exterior diameter of the outer 

ring, we must remember that the outer rings are certainly far 

more dense than the inner one, and that a small change in the 

outer rings must balance a great change in the inner one. It is 

possible, however, that some of the observed changes may be due 

to the existence of a resisting medium. If the changes already 

suspected should be confirmed by repeated observations with the 

same instruments, it will be worth while to investigate more 

carefully whether Saturn´s rings are permanent or transitory 

elements of the solar system, and whether in that part of the 

heavens we see celestial immutability or terrestrial corruption 

and generation, and the old order giving place to the new before 

our eyes.“[4] 
 Studies of the Moon 
But perhaps the most interesting accomplishments of mathematical 

astronomy—from a mundane standpoint, at any rate—are those that 

refer to the earth´s own satellite. That seemingly staid body was 

long ago discovered to have a propensity to gain a little on the 

earth, appearing at eclipses an infinitesimal moment ahead of 

time. Astronomers were sorely puzzled by this act of 

insubordination; but at last Laplace and Lagrange explained it as 

due to an oscillatory change in the earth´s orbit, thus fully 

exonerating the moon, and seeming to demonstrate the absolute 

stability of our planetary system, which the moon´s misbehavior 

had appeared to threaten. 
This highly satisfactory conclusion was an orthodox belief of 

celestial mechanics until 1853, when Professor Adams of Neptunian 

1853   fame, with whom complex analyses were a pastime, reviewed 

Laplace´s calculation, and discovered an error which, when 

corrected, left about half the moon´s acceleration unaccounted 

for. This was a momentous discrepancy, which at first no one 

could explain. But presently Professor Helmholtz, the great 

German physicist, suggested that a key might be found in tidal 

friction, which, acting as a perpetual brake on the earth´s 

rotation, and affecting not merely the waters but the entire 

substance of our planet, must in the long sweep of time have 

changed its rate of rotation. Thus the seeming acceleration of 

the moon might be accounted for as actual retardation of the 

earth´s rotation—a lengthening of the day instead of a 

shortening of the month. 
Again the earth was shown to be at fault, but this time the moon 

could not be exonerated, while the estimated stability of our 

system, instead of being re-established, was quite upset. For the 

tidal retardation is not an oscillatory change which will 

presently correct itself, like the orbital wobble, but a 

perpetual change, acting always in one direction. Unless fully 

counteracted by some opposing reaction, therefore (as it seems 

not to be), the effect must be cumulative, the ultimate 

consequences disastrous. The exact character of these 

consequences was first estimated by Professor G. H. Darwin in 

1879. He showed that tidal friction, in retarding the earth, must 

1879   also push the moon out from the parent planet on a spiral orbit. 

Plainly, then, the moon must formerly have been nearer the earth 

than at present. At some very remote period it must have actually 

touched the earth; must, in other words, have been thrown off 

from the then plastic mass of the earth, as a polyp buds out from 

its parent polyp. At that time the earth was spinning about in a 

day of from two to four hours. 

Now the day has been lengthened to twenty-four hours, and the 

moon has been thrust out to a distance of a quarter-million 

miles; but the end is not yet. The same progress of events must 

continue, till, at some remote period in the future, the day has 

come to equal the month, lunar tidal action has ceased, and one 

face of the earth looks out always at the moon with that same 

fixed stare which even now the moon has been brought to assume 

towards her parent orb. Should we choose to take even greater 

liberties with the future, it may be made to appear (though some 

astronomers dissent from this prediction) that, as solar tidal 

action still continues, the day must finally exceed the month, 

and lengthen out little by little towards coincidence with the 

year; and that the moon meantime must pause in its outward 

flight, and come swinging back on a descending spiral, until 

finally, after the lapse of untold aeons, it ploughs and 

ricochets along the surface of the earth, and plunges to 

catastrophic destruction. 
But even though imagination pause far short of this direful 

culmination, it still is clear that modern calculations, based on 

inexorable tidal friction, suffice to revolutionize the views 

formerly current as to the stability of the planetary system. The 

eighteenth-century mathematician looked upon this system as a 

vast celestial machine which had been in existence about six 

thousand years, and which was destined to run on forever. The 

analyst of to-day computes both the past and the future of this 

system in millions instead of thousands of years, yet feels well 

assured that the solar system offers no contradiction to those 

laws of growth and decay which seem everywhere to represent the 

immutable order of nature. 

 COMETS AND METEORS 

COMETS AND METEORS 

Until the mathematician ferreted out the secret, it surely never 

could have been suspected by any one that the earth´s serene 

attendant,  “That orbed maiden, with white fire laden,  Whom mortals call the 

moon,“ could be plotting injury to her parent orb. But there is another 

inhabitant of the skies whose purposes have not been similarly 

free from popular suspicion. Needless to say I refer to the black 

sheep of the sidereal family, that “celestial vagabond” the 

comet. Time out of mind these wanderers have been supposed to presage 

war, famine, pestilence, perhaps the destruction of the world. 

And little wonder. Here is a body which comes flashing out of 

boundless space into our system, shooting out a pyrotechnic tail 

some hundreds of millions of miles in length; whirling, perhaps, 

through the very atmosphere of the sun at a speed of three or 

four hundred miles a second; then darting off on a hyperbolic 

orbit that forbids it ever to return, or an elliptical one that 

cannot be closed for hundreds or thousands of years; the tail 

meantime pointing always away from the sun, and fading to 

nothingness as the weird voyager recedes into the spatial void 

whence it came. Not many times need the advent of such an 

apparition coincide with the outbreak of a pestilence or the 

death of a Caesar to stamp the race of comets as an ominous clan 

in the minds of all superstitious generations. 

It is true, a hard blow was struck at the prestige of these 

alleged supernatural agents when Newton proved that the great 

comet of 1680 obeyed Kepler´s laws in its flight about the sun; 

1680   and an even harder one when the same visitant came back in 1758, 

1758   obedient to Halley´s prediction, after its three-quarters of a 

century of voyaging but in the abyss of space. Proved thus to bow 

to natural law, the celestial messenger could no longer fully, 

sustain its role. But long-standing notoriety cannot be lived 

down in a day, and the comet, though proved a “natural” object, 

was still regarded as a very menacing one for another hundred 

years or so. It remained for the nineteenth century to completely 

unmask the pretender and show how egregiously our forebears had 

been deceived. 
The unmasking began early in the century, when Dr. Olbers, then 

the highest authority on the subject, expressed the opinion that 

the spectacular tail, which had all along been the comet´s chief 

stock-in-trade as an earth-threatener, is in reality composed of 

the most filmy vapors, repelled from the cometary body by the 

sun, presumably through electrical action, with a velocity 

comparable to that of light. This luminous suggestion was held 

more or less in abeyance for half a century. Then it was 

elaborated by Zollner, and particularly by Bredichin, of the 

Moscow observatory, into what has since been regarded as the most 

plausible of cometary theories. It is held that comets and the 

sun are similarly electrified, and hence mutually repulsive. 

Gravitation vastly outmatches this repulsion in the body of the 

comet, but yields to it in the case of gases, because electrical 

force varies with the surface, while gravitation varies only with 

the mass. From study of atomic weights and estimates of the 

velocity of thrust of cometary tails, Bredichin concluded that 

the chief components of the various kinds of tails are hydrogen, 

hydrocarbons, and the vapor of iron; and spectroscopic analysis 

goes far towards sustaining these assumptions. 

But, theories aside, the unsubstantialness of the comet´s tail 

has been put to a conclusive test. Twice during the nineteenth 

century the earth has actually plunged directly through one of 

these threatening appendages—in 1819, and again in 1861, once 

1819   1861   being immersed to a depth of some three hundred thousand miles in 

its substance. Yet nothing dreadful happened to us. There was a 

peculiar glow in the atmosphere, so the more imaginative 

observers thought, and that was all. After such fiascos the 

cometary train could never again pose as a world-destroyer. 

But the full measure of the comet´s humiliation is not yet told. 

The pyrotechnic tail, composed as it is of portions of the 

comet´s actual substance, is tribute paid the sun, and can never 

be recovered. Should the obeisance to the sun be many times 

repeated, the train-forming material will be exhausted, and the 

comet´s chiefest glory will have departed. Such a fate has 

actually befallen a multitude of comets which Jupiter and the 

other outlying planets have dragged into our system and helped 

the sun to hold captive here. Many of these tailless comets were 

known to the eighteenth- century astronomers, but no one at that 

time suspected the true meaning of their condition. It was not 

even known how closely some of them are enchained until the 

German astronomer Encke, in 1822, showed that one which he had 

1822   rediscovered, and which has since borne his name, was moving in 

an orbit so contracted that it must complete its circuit in about 

three and a half years. Shortly afterwards another comet, 

revolving in a period of about six years, was discovered by 

Biela, and given his name. Only two more of these short-period 

comets were discovered during the first half of last century, but 

latterly they have been shown to be a numerous family. Nearly 

twenty are known which the giant Jupiter holds so close that the 

utmost reach of their elliptical tether does not let them go 

beyond the orbit of Saturn. These aforetime wanderers have 

adapted themselves wonderfully to planetary customs, for all of 

them revolve in the same direction with the planets, and in 

planes not wide of the ecliptic. 

Checked in their proud hyperbolic sweep, made captive in a 

planetary net, deprived of their trains, these quondam free-

lances of the heavens are now mere shadows of their former 

selves. Considered as to mere bulk, they are very substantial 

shadows, their extent being measured in hundreds of thousands of 

miles; but their actual mass is so slight that they are quite at 

the mercy of the gravitation pulls of their captors. And worse is 

in store for them. So persistently do sun and planets tug at them 

that they are doomed presently to be torn into shreds. 

Such a fate has already overtaken one of them, under the very 

eyes of the astronomers, within the relatively short period 

during which these ill-fated comets have. been observed. In 1832 

1832   Biela´s comet passed quite near the earth, as astronomers measure 

distance, and in doing so created a panic on our planet. It did 

no greater harm than that, of course, and passed on its way as 

usual. The very next time it came within telescopic hail it was 

seen to have broken into two fragments. Six years later these 

fragments were separated by many millions of miles; and in 1852, 

1852   when the comet was due again, astronomers looked for it in vain. 

It had been completely shattered. 

What had become of the fragments? At that time no one positively 

knew. But the question was to be answered presently. It chanced 

that just at this period astronomers were paying much attention 

to a class of bodies which they had hitherto somewhat neglected, 

the familiar shooting-stars, or meteors. The studies of Professor 

Newton, of Yale, and Professor Adams, of Cambridge, with 

particular reference to the great meteor-shower of November, 

1866, which Professor Newton had predicted and shown to be 

1866   recurrent at intervals of thirty-three years, showed that meteors 

are not mere sporadic swarms of matter flying at random, but 

exist in isolated swarms, and sweep about the sun in regular 

elliptical orbits. 
Presently it was shown by the Italian astronomer Schiaparelli 

that one of these meteor swarms moves in the orbit of a 

previously observed comet, and other coincidences of the kind 

were soon forthcoming. The conviction grew that meteor swarms are 

really the debris of comets; and this conviction became a 

practical certainty when, in November, 1872, the earth crossed 

1872   the orbit of the ill-starred Biela, and a shower of meteors came 

whizzing into our atmosphere in lieu of the lost comet. 

And so at last the full secret was out. The awe- inspiring comet, 

instead of being the planetary body it had all along been 

regarded, is really nothing more nor less than a great 

aggregation of meteoric particles, which have become clustered 

together out in space somewhere, and which by jostling one 

another or through electrical action become luminous. So widely 

are the individual particles separated that the cometary body as 

a whole has been estimated to be thousands of times less dense 

than the earth´s atmosphere at sea- level. Hence the ease with 

which the comet may be dismembered and its particles strung out 

into streaming swarms. 
So thickly is the space we traverse strewn with this cometary 

dust that the earth sweeps up, according to Professor Newcomb´s 

estimate, a million tons of it each day. Each individual 

particle, perhaps no larger than a millet seed, becomes a 

shooting-star, or meteor, as it burns to vapor in the earth´s 

upper atmosphere. And if one tiny planet sweeps up such masses of 

this cosmic matter, the amount of it in the entire stretch of our 

system must be beyond all estimate. What a story it tells of the 

myriads of cometary victims that have fallen prey to the sun 

since first he stretched his planetary net across the heavens! 

 THE FIXED STARS 

THE FIXED STARS 

When Biela´s comet gave the inhabitants of the earth such a 

fright in 1832, it really did not come within fifty millions of 

1832   miles of us. Even the great comet through whose filmy tail the 

earth passed in 1861 was itself fourteen millions of miles away. 

1861   The ordinary mind, schooled to measure space by the tiny 

stretches of a pygmy planet, cannot grasp the import of such 

distances; yet these are mere units of measure compared with the 

vast stretches of sidereal space. Were the comet which hurtles 

past us at a speed of, say, a hundred miles a second to continue 

its mad flight unchecked straight into the void of space, it must 

fly on its frigid way eight thousand years before it could reach 

the very nearest of our neighbor stars; and even then it would 

have penetrated but a mere arm´s-length into the vistas where lie 

the dozen or so of sidereal residents that are next beyond. Even 

to the trained mind such distances are only vaguely imaginable. 

Yet the astronomer of our century has reached out across this 

unthinkable void and brought back many a secret which our 

predecessors thought forever beyond human grasp. 

A tentative assault upon this stronghold of the stars was being 

made by Herschel at the beginning of the century. In 1802 that 

1802   greatest of observing astronomers announced to the Royal Society 

his discovery that certain double stars had changed their 

relative positions towards one another since he first carefully 

charted them twenty years before. Hitherto it had been supposed 

that double stars were mere optical effects. Now it became clear 

that some of them, at any rate, are true “binary systems,“ linked 

together presumably by gravitation and revolving about one 

another. Halley had shown, three-quarters of a century before, 

that the stars have an actual or “proper” motion in space; 

Herschel himself had proved that the sun shares this motion with 

the other stars. Here was another shift of place, hitherto quite 

unsuspected, to be reckoned with by the astronomer in fathoming 

sidereal secrets. 
 Double Stars 
When John Herschel, the only son and the worthy successor of the 

great astronomer, began star-gazing in earnest, after graduating 

senior wrangler at Cambridge, and making two or three tentative 

professional starts in other directions to which his versatile 

genius impelled him, his first extended work was the observation 

of his father´s double stars. His studies, in which at first he 

had the collaboration of Mr. James South, brought to light scores 

of hitherto unrecognized pairs, and gave fresh data for the 

calculation of the orbits of those longer known. So also did the 

independent researches of F. G. W. Struve, the enthusiastic 

observer of the famous Russian observatory at the university of 

Dorpat, and subsequently at Pulkowa. Utilizing data gathered by 

these observers, M. Savary, of Paris, showed, in 1827, that the 

1827   observed elliptical orbits of the double stars are explicable by 

the ordinary laws of gravitation, thus confirming the assumption 

that Newton´s laws apply to these sidereal bodies. Henceforth 

there could be no reason to doubt that the same force which holds 

terrestrial objects on our globe pulls at each and every particle 

of matter throughout the visible universe. 

The pioneer explorers of the double stars early found that the 

systems into which the stars are linked are by no means confined 

to single pairs. Often three or four stars are found thus closely 

connected into gravitation systems; indeed, there are all 

gradations between binary systems and great clusters containing 

hundreds or even thousands of members. It is known, for example, 

that the familiar cluster of the Pleiades is not merely an 

optical grouping, as was formerly supposed, but an actual 

federation of associated stars, some two thousand five hundred in 

number, only a few of which are visible to the unaided eve. And 

the more carefully the motions of the stars are studied, the more 

evident it becomes that widely separated stars are linked 

together into infinitely complex systems, as yet but little 

understood. At the same time, all instrumental advances tend to 

resolve more and more seemingly single stars into close pairs and 

minor clusters. The two Herschels between them discovered some 

thousands of these close multiple systems; Struve and others 

increased the list to above ten thousand; and Mr. S. W. Burnham, 

of late years the most enthusiastic and successful of double-star 

pursuers, added a thousand new discoveries while he was still an 

amateur in astronomy, and by profession the stenographer of a 

Chicago court. Clearly the actual number of multiple stars is 

beyond all present estimate. 

The elder Herschel´s early studies of double stars were 

undertaken in the hope that these objects might aid him in 

ascertaining the actual distance of a star, through measurement 

of its annual parallax—that is to say, of the angle which the 

diameter of the earth´s orbit would subtend as seen from the 

star. The expectation was not fulfilled. The apparent shift of 

position of a star as viewed from opposite sides of the earth´s 

orbit, from which the parallax might be estimated, is so 

extremely minute that it proved utterly inappreciable, even to 

the almost preternaturally acute vision of Herschel, with the aid 

of any instrumental means then at command. So the problem of star 

distance allured and eluded him to the end, and he died in 1822 

1822   without seeing it even in prospect of solution. His estimate of 

the minimum distance of the nearest star, based though it was on 

the fallacious test of apparent brilliancy, was a singularly 

sagacious one, but it was at best a scientific guess, not a 

scientific measurement. 

 The Distance of the Stars 

Just about this time, however, a great optician came to the aid 

of the astronomers. Joseph Fraunhofer perfected the refracting 

telescope, as Herschel had perfected the reflector, and invented 

a wonderfully accurate “heliometer,“ or sun-measurer. With the 

aid of these instruments the old and almost infinitely difficult 

problem of star distance was solved. In 1838 Bessel announced 

1838   from the Konigsberg observatory that he had succeeded, after 

months of effort, in detecting and measuring the parallax of a 

star. Similar claims had been made often enough before, always to 

prove fallacious when put to further test; but this time the 

announcement carried the authority of one of the greatest 

astronomers of the age, and scepticism was silenced. 

Nor did Bessel´s achievement long await corroboration. Indeed, as 

so often happens in fields of discovery, two other workers had 

almost simultaneously solved the same problem—Struve at Pulkowa, 

where the great Russian observatory, which so long held the palm 

over all others, had now been established; and Thomas Henderson, 

then working at the Cape of Good Hope, but afterwards the 

Astronomer Royal of Scotland. Henderson´s observations had actual 

precedence in point of time, but Bessel´s measurements were so 

much more numerous and authoritative that he has been uniformly 

considered as deserving the chief credit of the discovery, which 

priority of publication secured him. 

By an odd chance, the star on which Henderson´s observations were 

made, and consequently the first star the parallax of which was 

ever measured, is our nearest neighbor in sidereal space, being, 

indeed, some ten billions of miles nearer than the one next 

beyond. Yet even this nearest star is more than two hundred 

thousand times as remote from us as the sun. The sun´s light 

flashes to the earth in eight minutes, and to Neptune in about 

three and a half hours, but it requires three and a half years to 

signal Alpha Centauri. And as for the great majority of the 

stars, had they been blotted out of existence before the 

Christian era, we of to-day should still receive their light and 

seem to see them just as we do. When we look up to the sky, we 

study ancient history; we do not see the stars as they ARE, but 

as they WERE years, centuries, even millennia ago. 

The information derived from the parallax of a star by no means 

halts with the disclosure of the distance of that body. Distance 

known, the proper motion of the star, hitherto only to be 

reckoned as so many seconds of arc, may readily be translated 

into actual speed of progress; relative brightness becomes 

absolute lustre, as compared with the sun; and in the case of the 

double stars the absolute mass of the components may be computed 

from the laws of gravitation. It is found that stars differ 

enormously among themselves in all these regards. As to speed, 

some, like our sun, barely creep through space—compassing ten or 

twenty miles a second, it is true, yet even at that rate only 

passing through the equivalent of their own diameter in a day. At 

the other extreme, among measured stars, is one that moves two 

hundred miles a second; yet even this “flying star,“ as seen from 

the earth, seems to change its place by only about three and a 

half lunar diameters in a thousand years. In brightness, some 

stars yield to the sun, while others surpass him as the arc-light 

surpasses a candle. Arcturus, the brightest measured star, shines 

like two hundred suns; and even this giant orb is dim beside 

those other stars which are so distant that their parallax cannot 

be measured, yet which greet our eyes at first magnitude. As to 

actual bulk, of which apparent lustre furnishes no adequate test, 

some stars are smaller than the sun, while others exceed him 

hundreds or perhaps thousands of times. Yet one and all, so 

distant are they, remain mere disklike points of light before the 

utmost powers of the modern telescope. 

 Revelations of the Spectroscope 

All this seems wonderful enough, but even greater things were in 

store. In 1859 the spectroscope came upon the scene, perfected by 

1859   Kirchhoff and Bunsen, along lines pointed out by Fraunhofer 

almost half a century before. That marvellous instrument, by 

revealing the telltale lines sprinkled across a prismatic 

spectrum, discloses the chemical nature and physical condition of 

any substance whose light is submitted to it, telling its story 

equally well, provided the light be strong enough, whether the 

luminous substance be near or far—in the same room or at the 

confines of space. Clearly such an instrument must prove a 

veritable magic wand in the hands of the astronomer. 

Very soon eager astronomers all over the world were putting the 

spectroscope to the test. Kirchhoff himself led the way, and 

Donati and Father Secchi in Italy, Huggins and Miller in England, 

and Rutherfurd in America, were the chief of his immediate 

followers. The results exceeded the dreams of the most visionary. 

At the very outset, in 1860, it was shown that such common 

1860   terrestrial substances as sodium, iron, calcium, magnesium, 

nickel, barium, copper, and zinc exist in the form of glowing 

vapors in the sun, and very soon the stars gave up a 

corresponding secret. Since then the work of solar and sidereal 

analysis has gone on steadily in the hands of a multitude of 

workers (prominent among whom, in this country, are Professor 

Young of Princeton, Professor Langley of Washington, and 

Professor Pickering of Harvard), and more than half the known 

terrestrial elements have been definitely located in the sun, 

while fresh discoveries are in prospect. 

It is true the sun also contains some seeming elements that are 

unknown on the earth, but this is no matter for surprise. The 

modern chemist makes no claim for his elements except that they 

have thus far resisted all human efforts to dissociate them; it 

would be nothing strange if some of them, when subjected to the 

crucible of the sun, which is seen to vaporize iron, nickel, 

silicon, should fail to withstand the test. But again, chemistry 

has by no means exhausted the resources of the earth´s supply of 

raw material, and the substance which sends its message from a 

star may exist undiscovered in the dust we tread or in the air we 

breathe. In the year 1895 two new terrestrial elements were 

1895   discovered; but one of these had for years been known to the 

astronomer as a solar and suspected as a stellar element, and 

named helium because of its abundance in the sun. The 

spectroscope had reached out millions of miles into space and 

brought back this new element, and it took the chemist a score of 

years to discover that he had all along had samples of the same 

substance unrecognized in his sublunary laboratory. There is 

hardly a more picturesque fact than that in the entire history of 

science. But the identity in substance of earth and sun and stars was not 

more clearly shown than the diversity of their existing physical 

conditions. It was seen that sun and stars, far from being the 

cool, earthlike, habitable bodies that Herschel thought them 

(surrounded by glowing clouds, and protected from undue heat by 

other clouds), are in truth seething caldrons of fiery liquid, or 

gas made viscid by condensation, with lurid envelopes of belching 

flames. It was soon made clear, also, particularly by the studies 

of Rutherfurd and of Secchi, that stars differ among themselves 

in exact constitution or condition. There are white or Sirian 

stars, whose spectrum revels in the lines of hydrogen; yellow or 

solar stars (our sun being the type), showing various metallic 

vapors; and sundry red stars, with banded spectra indicative of 

carbon compounds; besides the purely gaseous stars of more recent 

discovery, which Professor Pickering had specially studied. 

Zollner´s famous interpretation of these diversities, as 

indicative of varying stages of cooling, has been called in 

question as to the exact sequence it postulates, but the general 

proposition that stars exist under widely varying conditions of 

temperature is hardly in dispute. 

The assumption that different star types mark varying stages of 

cooling has the further support of modern physics, which has been 

unable to demonstrate any way in which the sun´s radiated energy 

may be restored, or otherwise made perpetual, since meteoric 

impact has been shown to be—under existing conditions, at any 

rate—inadequate. In accordance with the theory of Helmholtz, the 

chief supply of solar energy is held to be contraction of the 

solar mass itself; and plainly this must have its limits. 

Therefore, unless some means as yet unrecognized is restoring the 

lost energy to the stellar bodies, each of them must gradually 

lose its lustre, and come to a condition of solidification, 

seeming sterility, and frigid darkness. In the case of our own 

particular star, according to the estimate of Lord Kelvin, such a 

culmination appears likely to occur within a period of five or 

six million years. 
 The Astronomy of the Invisible 

But by far the strongest support of such a forecast as this is 

furnished by those stellar bodies which even now appear to have 

cooled to the final stage of star development and ceased to 

shine. Of this class examples in miniature are furnished by the 

earth and the smaller of its companion planets. But there are 

larger bodies of the same type out in stellar space—veritable 

“dark stars”—invisible, of course, yet nowadays clearly 

recognized. 
The opening up of this “astronomy of the invisible” is another of 

the great achievements of the nineteenth century, and again it is 

Bessel to whom the honor of discovery is due. While testing his 

stars for parallax; that astute observer was led to infer, from 

certain unexplained aberrations of motion, that various stars, 

Sirius himself among the number, are accompanied by invisible 

companions, and in 1840 he definitely predicated the existence of 

1840   such “dark stars.“ The correctness of the inference was shown 

twenty years later, when Alvan Clark, Jr., the American optician, 

while testing a new lens, discovered the companion of Sirius, 

which proved thus to be faintly luminous. Since then the 

existence of other and quite invisible star companions has been 

proved incontestably, not merely by renewed telescopic 

observations, but by the curious testimony of the ubiquitous 

spectroscope. 
One of the most surprising accomplishments of that instrument is 

the power to record the flight of a luminous object directly in 

the line of vision. If the luminous body approaches swiftly, its 

Fraunhofer lines are shifted from their normal position towards 

the violet end of the spectrum; if it recedes, the lines shift in 

the opposite direction. The actual motion of stars whose distance 

is unknown may be measured in this way. But in certain cases the 

light lines are seen to oscillate on the spectrum at regular 

intervals. Obviously the star sending such light is alternately 

approaching and receding, and the inference that it is revolving 

about a companion is unavoidable. From this extraordinary test 

the orbital distance, relative mass, and actual speed of 

revolution of the absolutely invisible body may be determined. 

Thus the spectroscope, which deals only with light, makes 

paradoxical excursions into the realm of the invisible. What 

secrets may the stars hope to conceal when questioned by an 

instrument of such necromantic power? 

But the spectroscope is not alone in this audacious assault upon 

the strongholds of nature. It has a worthy companion and 

assistant in the photographic film, whose efficient aid has been 

invoked by the astronomer even more recently. Pioneer work in 

celestial photography was, indeed, done by Arago in France and by 

the elder Draper in America in 1839, but the results then 

1839   achieved were only tentative, and it was not till forty years 

later that the method assumed really important proportions. In 

1880, Dr. Henry Draper, at Hastings-on-the-Hudson, made the first 

1880   successful photograph of a nebula. Soon after, Dr. David Gill, at 

the Cape observatory, made fine photographs of a comet, and the 

flecks of starlight on his plates first suggested the 

possibilities of this method in charting the heavens. 

Since then star-charting with the film has come virtually to 

supersede the old method. A concerted effort is being made by 

astronomers in various parts of the world to make a complete 

chart of the heavens, and before the close of our century this 

work will be accomplished, some fifty or sixty millions of 

visible stars being placed on record with a degree of accuracy 

hitherto unapproachable. Moreover, other millions of stars are 

brought to light by the negative, which are too distant or dim to 

be visible with any telescopic powers yet attained—a fact which 

wholly discredits all previous inferences as to the limits of our 

sidereal system. Hence, notwithstanding the wonderful 

instrumental advances of the nineteenth century, knowledge of the 

exact form and extent of our universe seems more unattainable 

than it seemed a century ago. 

 The Structure of Nebulae 

Yet the new instruments, while leaving so much untold, have 

revealed some vastly important secrets of cosmic structure. In 

particular, they have set at rest the long-standing doubts as to 

the real structure and position of the mysterious nebulae—those 

lazy masses, only two or three of them visible to the unaided 

eye, which the telescope reveals in almost limitless abundance, 

scattered everywhere among the stars, but grouped in particular 

about the poles of the stellar stream or disk which we call the 

Milky Way. 
Herschel´s later view, which held that some at least of the 

nebulae are composed of a “shining fluid,“ in process of 

condensation to form stars, was generally accepted for almost 

half a century. But in 1844, when Lord Rosse´s great six-foot 

1844   reflector—the largest telescope ever yet constructed—was turned 

on the nebulae, it made this hypothesis seem very doubtful. Just 

as Galileo´s first lens had resolved the Milky Way into stars, 

just as Herschel had resolved nebulae that resisted all 

instruments but his own, so Lord Rosse´s even greater reflector 

resolved others that would not yield to Herschel´s largest 

mirror. It seemed a fair inference that with sufficient power, 

perhaps some day to be attained, all nebulae would yield, hence 

that all are in reality what Herschel had at first thought them— 

vastly distant “island universes,“ composed of aggregations of 

stars, comparable to our own galactic system. 

But the inference was wrong; for when the spectroscope was first 

applied to a nebula in 1864, by Dr. Huggins, it clearly showed 

1864   the spectrum not of discrete stars, but of a great mass of 

glowing gases, hydrogen among others. More extended studies 

showed, it is true, that some nebulae give the continuous 

spectrum of solids or liquids, but the different types 

intermingle and grade into one another. Also, the closest 

affinity is shown between nebulae and stars. Some nebulae are 

found to contain stars, singly or in groups, in their actual 

midst; certain condensed “planetary” nebulae are scarcely to be 

distinguished from stars of the gaseous type; and recently the 

photographic film has shown the presence of nebulous matter about 

stars that to telescopic vision differ in no respect from the 

generality of their fellows in the galaxy. The familiar stars of 

the Pleiades cluster, for example, appear on the negative 

immersed in a hazy blur of light. All in all, the accumulated 

impressions of the photographic film reveal a prodigality of 

nebulous matter in the stellar system not hitherto even 

conjectured. 
And so, of course, all question of “island universes” vanishes, 

and the nebulae are relegated to their true position as component 

parts of the one stellar system—the one universe—that is open 

to present human inspection. And these vast clouds of world-stuff 

have been found by Professor Keeler, of the Lick observatory, to 

be floating through space at the starlike speed of from ten to 

thirty-eight miles per second. 

The linking of nebulae with stars, so clearly evidenced by all 

these modern observations, is, after all, only the scientific 

corroboration of what the elder Herschel´s later theories 

affirmed. But the nebulae have other affinities not until 

recently suspected; for the spectra of some of them are 

practically identical with the spectra of certain comets. The 

conclusion seems warranted that comets are in point of fact minor 

nebulae that are drawn into our system; or, putting it otherwise, 

that the telescopic nebulae are simply gigantic distant comets. 

 Lockyer´s Meteoric Hypothesis 

Following up the surprising clews thus suggested, Sir Norman 

Lockyer, of London, has in recent years elaborated what is 

perhaps the most comprehensive cosmogonic guess that has ever 

been attempted. His theory, known as the “meteoric hypothesis,“ 

probably bears the same relation to the speculative thought of 

our time that the nebular hypothesis of Laplace bore to that of 

the eighteenth century. Outlined in a few words, it is an attempt 

to explain all the major phenomena of the universe as due, 

directly or indirectly, to the gravitational impact of such 

meteoric particles, or specks of cosmic dust, as comets are 

composed of. Nebulae are vast cometary clouds, with particles 

more or less widely separated, giving off gases through meteoric 

collisions, internal or external, and perhaps glowing also with 

electrical or phosphorescent light. Gravity eventually brings the 

nebular particles into closer aggregations, and increased 

collisions finally vaporize the entire mass, forming planetary 

nebulae and gaseous stars. Continued condensation may make the 

stellar mass hotter and more luminous for a time, but eventually 

leads to its liquefaction, and ultimate consolidation— the 

aforetime nebulae becoming in the end a dark or planetary star. 

The exact correlation which Lockyer attempts to point out between 

successive stages of meteoric condensation and the various types 

of observed stellar bodies does not meet with unanimous 

acceptance. Mr. Ranyard, for example, suggests that the visible 

nebulae may not be nascent stars, but emanations from stars, and 

that the true pre-stellar nebulae are invisible until condensed 

to stellar proportions. But such details aside, the broad general 

hypothesis that all the bodies of the universe are, so to speak, 

of a single species— that nebulae (including comets), stars of 

all types, and planets, are but varying stages in the life 

history of a single race or type of cosmic organisms—is accepted 

by the dominant thought of our time as having the highest warrant 

of scientific probability. 

All this, clearly, is but an amplification of that nebular 

hypothesis which, long before the spectroscope gave us warrant to 

accurately judge our sidereal neighbors, had boldly imagined the 

development of stars out of nebulae and of planets out of stars. 

But Lockyer´s hypothesis does not stop with this. Having traced 

the developmental process from the nebular to the dark star, it 

sees no cause to abandon this dark star to its fate by assuming, 

as the original speculation assumed, that this is a culminating 

and final stage of cosmic existence. For the dark star, though 

its molecular activities have come to relative stability and 

impotence, still retains the enormous potentialities of molar 

motion; and clearly, where motion is, stasis is not. Sooner or 

later, in its ceaseless flight through space, the dark star must 

collide with some other stellar body, as Dr. Croll imagines of 

the dark bodies which his “pre-nebular theory” postulates. Such 

collision may be long delayed; the dark star may be drawn in 

comet-like circuit about thousands of other stellar masses, and 

be hurtled on thousands of diverse parabolic or elliptical 

orbits, before it chances to collide—but that matters not: 

“billions are the units in the arithmetic of eternity,“ and 

sooner or later, we can hardly doubt, a collision must occur. 

Then without question the mutual impact must shatter both 

colliding bodies into vapor, or vapor combined with meteoric 

fragments; in short, into a veritable nebula, the matrix of 

future worlds. Thus the dark star, which is the last term of one 

series of cosmic changes, becomes the first term of another 

series—at once a post-nebular and a pre-nebular condition; and 

the nebular hypothesis, thus amplified, ceases to be a mere 

linear scale, and is rounded out to connote an unending series of 

cosmic cycles, more nearly satisfying the imagination. 

In this extended view, nebulae and luminous stars are but the 

infantile and adolescent stages of the life history of the cosmic 

individual; the dark star, its adult stage, or time of true 

virility. Or we may think of the shrunken dark star as the germ-

cell, the pollen-grain, of the cosmic organism. Reduced in size, 

as becomes a germ-cell, to a mere fraction of the nebular body 

from which it sprang, it yet retains within its seemingly non- 

vital body all the potentialities of the original organism, and 

requires only to blend with a fellow-cell to bring a new 

generation into being. Thus may the cosmic race, whose aggregate 

census makes up the stellar universe, be perpetuated—individual 

solar systems, such as ours, being born, and growing old, and 

dying to live again in their descendants, while the universe as a 

whole maintains its unified integrity throughout all these 

internal mutations—passing on, it may be, by infinitesimal 

stages, to a culmination hopelessly beyond human comprehension. 
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It was not that the rudiments of this story are so very hard to 

decipher—though in truth they are hard enough—but rather that 

the men who made the attempt had all along viewed the subject 

through an atmosphere of preconception, which gave a distorted 

image. Before this image could be corrected it was necessary that 

a man should appear who could see without prejudice, and apply 

sound common-sense to what he saw. And such a man did appear 

towards the close of the century, in the person of William Smith, 

the English surveyor. He was a self-taught man, and perhaps the 

more independent for that, and he had the gift, besides his sharp 

eyes and receptive mind, of a most tenacious memory. By 

exercising these faculties, rare as they are homely, he led the 

way to a science which was destined, in its later developments, 

to shake the structure of established thought to its foundations. 

Little enough did William Smith suspect, however, that any such 

dire consequences were to come of his act when he first began 

noticing the fossil shells that here and there are to be found in 

the stratified rocks and soils of the regions over which his 

surveyor´s duties led him. Nor, indeed, was there anything of 

such apparent revolutionary character in the facts which he 

unearthed; yet in their implications these facts were the most 

disconcerting of any that had been revealed since the days of 

Copernicus and Galileo. In its bald essence, Smith´s discovery 

was simply this: that the fossils in the rocks, instead of being 

scattered haphazard, are arranged in regular systems, so that any 

given stratum of rock is labelled by its fossil population; and 

that the order of succession of such groups of fossils is always 

the same in any vertical series of strata in which they occur. 

That is to say, if fossil A underlies fossil B in any given 

region, it never overlies it in any other series; though a kind 

of fossils found in one set of strata may be quite omitted in 

another. Moreover, a fossil once having disappeared never 

reappears in any later stratum. 

From these novel facts Smith drew the commonsense inference that 

the earth had had successive populations of creatures, each of 

which in its turn had become extinct. He partially verified this 

inference by comparing the fossil shells with existing species of 

similar orders, and found that such as occur in older strata of 

the rocks had no counterparts among living species. But, on the 

whole, being eminently a practical man, Smith troubled himself 

but little about the inferences that might be drawn from his 

facts. He was chiefly concerned in using the key he had 

discovered as an aid to the construction of the first geological 

map of England ever attempted, and he left to others the 

untangling of any snarls of thought that might seem to arise from 

his discovery of the succession of varying forms of life on the 

globe. He disseminated his views far and wide, however, in the course of 

his journeyings—quite disregarding the fact that peripatetics 

went out of fashion when the printing-press came in—and by the 

beginning of the nineteenth century he had begun to have a 

following among the geologists of England. It must not for a 

moment be supposed, however, that his contention regarding the 

succession of strata met with immediate or general acceptance. On 

the contrary, it was most bitterly antagonized. For a long 

generation after the discovery was made, the generality of men, 

prone as always to strain at gnats and swallow camels, preferred 

to believe that the fossils, instead of being deposited in 

successive ages, had been swept all at once into their present 

positions by the current of a mighty flood—and that flood, 

needless to say, the Noachian deluge. Just how the numberless 

successive strata could have been laid down in orderly sequence 

to the depth of several miles in one such fell cataclysm was 

indeed puzzling, especially after it came to be admitted that the 

heaviest fossils were not found always at the bottom; but to 

doubt that this had been done in some way was rank heresy in the 

early days of the nineteenth century. 
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But once discovered, William Smith´s unique facts as to the 

succession of forms in the rocks would not down. There was one 

most vital point, however, regarding which the inferences that 

seem to follow from these facts needed verification—the 

question, namely, whether the disappearance of a fauna from the 

register in the rocks really implies the extinction of that 

fauna. Everything really depended upon the answer to that 

question, and none but an accomplished naturalist could answer it 

with authority. Fortunately, the most authoritative naturalist of 

the time, George Cuvier, took the question in hand—not, indeed, 

with the idea of verifying any suggestion of Smith´s, but in the 

course of his own original studies—at the very beginning of the 

century, when Smith´s views were attracting general attention. 

Cuvier and Smith were exact contemporaries, both men having been 

born in 1769, that “fertile year” which gave the world also 

1769   Chateaubriand, Von Humboldt, Wellington, and Napoleon. But the 

French naturalist was of very different antecedents from the 

English surveyor. He was brilliantly educated, had early gained 

recognition as a scientist, and while yet a young man had come to 

be known as the foremost comparative anatomist of his time. It 

was the anatomical studies that led him into the realm of 

fossils. Some bones dug out of the rocks by workmen in a quarry 

were brought to his notice, and at once his trained eye told him 

that they were different from anything he had seen before. 

Hitherto such bones, when not entirely ignored, had been for the 

most part ascribed to giants of former days, or even to fallen 

angels. Cuvier soon showed that neither giants nor angels were in 

question, but elephants of an unrecognized species. Continuing 

his studies, particularly with material gathered from gypsum beds 

near Paris, he had accumulated, by the beginning of the 

nineteenth century, bones of about twenty-five species of animals 

that he believed to be different from any now living on the 

globe. The fame of these studies went abroad, and presently fossil bones 

poured in from all sides, and Cuvier´s conviction that extinct 

forms of animals are represented among the fossils was sustained 

by the evidence of many strange and anomalous forms, some of them 

of gigantic size. In 1816 the famous Ossements Fossiles, 

1816   describing these novel objects, was published, and vertebrate 

paleontology became a science. Among other things of great 

popular interest the book contained the first authoritative 

description of the hairy elephant, named by Cuvier the mammoth, 

the remains of which bad been found embedded in a mass of ice in 

Siberia in 1802, so wonderfully preserved that the dogs of the 

1802   Tungusian fishermen actually ate its flesh. Bones of the same 

species had been found in Siberia several years before by the 

naturalist Pallas, who had also found the carcass of a rhinoceros 

there, frozen in a mud-bank; but no one then suspected that these 

were members of an extinct population—they were supposed to be 

merely transported relics of the flood. 

Cuvier, on the other hand, asserted that these and the other 

creatures he described had lived and died in the region where 

their remains were found, and that most of them have no living 

representatives upon the globe. This, to be sure, was nothing 

more than William Smith had tried all along to establish 

regarding lower forms of life; but flesh and blood monsters 

appeal to the imagination in a way quite beyond the power of mere 

shells; so the announcement of Cuvier´s discoveries aroused the 

interest of the entire world, and the Ossements Fossiles was 

accorded a popular reception seldom given a work of technical 

science—a reception in which the enthusiastic approval of 

progressive geologists was mingled with the bitter protests of 

the conservatives. 

 “Naturalists certainly have neither explored all the continents,“ 

said Cuvier, “nor do they as yet even know all the quadrupeds of 

those parts which have been explored. New species of this class 

are discovered from time to time; and those who have not examined 

with attention all the circumstances belonging to these 

discoveries may allege also that the unknown quadrupeds, whose 

fossil bones have been found in the strata of the earth, have 

hitherto remained concealed in some islands not yet discovered by 

navigators, or in some of the vast deserts which occupy the 

middle of Africa, Asia, the two Americas, and New Holland. 

“But if we carefully attend to the kind of quadrupeds that have 

been recently discovered, and to the circumstances of their 

discovery, we shall easily perceive that there is very little 

chance indeed of our ever finding alive those which have only 

been seen in a fossil state. 

“Islands of moderate size, and at a considerable distance from 

the large continents, have very few quadrupeds. These must have 

been carried to them from other countries. Cook and Bougainville 

found no other quadrupeds besides hogs and dogs in the South Sea 

Islands; and the largest quadruped of the West India Islands, 

when first discovered, was the agouti, a species of the cavy, an 

animal apparently between the rat and the rabbit. 

“It is true that the great continents, as Asia, Africa, the two 

Americas, and New Holland, have large quadrupeds, and, generally 

speaking, contain species common to each; insomuch, that upon 

discovering countries which are isolated from the rest of the 

world, the animals they contain of the class of quadruped were 

found entirely different from those which existed in other 

countries. Thus, when the Spaniards first penetrated into South 

America, they did not find it to contain a single quadruped 

exactly the same with those of Europe, Asia, and Africa. The 

puma, the jaguar, the tapir, the capybara, the llama, or glama, 

and vicuna, and the whole tribe of sapajous, were to them 

entirely new animals, of which they had not the smallest idea.... 

“If there still remained any great continent to be discovered, we 

might perhaps expect to be made acquainted with new species of 

large quadrupeds, among which some might be found more or less 

similar to those of which we find the exuviae in the bowels of 

the earth. But it is merely sufficient to glance the eye over the 

maps of the world and observe the innumerable directions in which 

navigators have traversed the ocean, in order to be satisfied 

that there does not remain any large land to be discovered, 

unless it may be situated towards the Antarctic Pole, where 

eternal ice necessarily forbids the existence of animal life.“[1] 

Cuvier then points out that the ancients were well acquainted 

with practically all the animals on the continents of Europe, 

Asia, and Africa now known to scientists. He finds little 

grounds, therefore, for belief in the theory that at one time 

there were monstrous animals on the earth which it was necessary 

to destroy in order that the present fauna and men might 

flourish. After reviewing these theories and beliefs in detail, 

he takes up his Inquiry Respecting the Fabulous Animals of the 

Ancients. “It is easy,“ he says, ”to reply to the foregoing 

objections, by examining the descriptions that are left us by the 

ancients of those unknown animals, and by inquiring into their 

origins. Now that the greater number of these animals have an 

origin, the descriptions given of them bear the most unequivocal 

marks; as in almost all of them we see merely the different parts 

of known animals united by an unbridled imagination, and in 

contradiction to every established law of nature.“[2] 

Having shown how the fabulous monsters of ancient times and of 

foreign nations, such as the Chinese, were simply products of the 

imagination, having no prototypes in nature, Cuvier takes up the 

consideration of the difficulty of distinguishing the fossil 

bones of quadrupeds. 

We shall have occasion to revert to this part of Cuvier´s paper 

in another connection. Here it suffices to pass at once to the 

final conclusion that the fossil bones in question are the 

remains of an extinct fauna, the like of which has no present-day 

representation on the earth. Whatever its implications, this 

conclusion now seemed to Cuvier to be fully established. 

In England the interest thus aroused was sent to fever-heat in 

1821 by the discovery of abundant beds of fossil bones in the 

1821   stalagmite-covered floor of a cave at Kirkdale, Yorkshire which 

went to show that England, too, had once had her share of 

gigantic beasts. Dr. Buckland, the incumbent of the chair of 

geology at Oxford, and the most authoritative English geologist 

of his day, took these finds in hand and showed that the bones 

belonged to a number of species, including such alien forms as 

elephants, rhinoceroses, hippopotami, and hyenas. He maintained 

that all of these creatures had actually lived in Britain, and 

that the caves in which their bones were found had been the dens 

of hyenas. 
The claim was hotly disputed, as a matter of course. As late as 

1827 books were published denouncing Buckland, doctor of divinity 

1827   though he was, as one who had joined in an “unhallowed cause,“ 

and reiterating the old cry that the fossils were only remains of 

tropical species washed thither by the deluge. That they were 

found in solid rocks or in caves offered no difficulty, at least 

not to the fertile imagination of Granville Penn, the leader of 

the conservatives, who clung to the old idea of Woodward and 

Cattcut that the deluge had dissolved the entire crust of the 

earth to a paste, into which the relics now called fossils had 

settled. The caves, said Mr. Penn, are merely the result of gases 

given off by the carcasses during decomposition— great air-

bubbles, so to speak, in the pasty mass, becoming caverns when 

the waters receded and the paste hardened to rocky consistency. 

But these and such-like fanciful views were doomed even in the 

day of their utterance. Already in 1823 other gigantic creatures, 

1823   christened ichthyosaurus and plesiosaurus by Conybeare, had been 

found in deeper strata of British rocks; and these, as well as 

other monsters whose remains were unearthed in various parts of 

the world, bore such strange forms that even the most sceptical 

could scarcely hope to find their counterparts among living 

creatures. Cuvier´s contention that all the larger vertebrates of 

the existing age are known to naturalists was borne out by recent 

explorations, and there seemed no refuge from the conclusion that 

the fossil records tell of populations actually extinct. But if 

this were admitted, then Smith´s view that there have been 

successive rotations of population could no longer be denied. Nor 

could it be in doubt that the successive faunas, whose individual 

remains have been preserved in myriads, representing extinct 

species by thousands and tens of thousands, must have required 

vast periods of time for the production and growth of their 

countless generations. 

As these facts came to be generally known, and as it came to be 

understood in addition that the very matrix of the rock in which 

fossils are imbedded is in many cases one gigantic fossil, 

composed of the remains of microscopic forms of life, common-

sense, which, after all, is the final tribunal, came to the aid 

of belabored science. It was conceded that the only tenable 

interpretation of the record in the rocks is that numerous 

populations of creatures, distinct from one another and from 

present forms, have risen and passed away; and that the geologic 

ages in which these creatures lived were of inconceivable length. 

The rank and file came thus, with the aid of fossil records, to 

realize the import of an idea which James Hutton, and here and 

there another thinker, had conceived with the swift intuition of 

genius long before the science of paleontology came into 

existence. The Huttonian proposition that time is long had been 

abundantly established, and by about the close of the first third 

of the last century geologists had begun to speak of “ages” and 

“untold aeons of time” with a familiarity which their 

predecessors had reserved for days and decades. 
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And now a new question pressed for solution. If the earth has 

been inhabited by successive populations of beings now extinct, 

how have all these creatures been destroyed? That question, 

however, seemed to present no difficulties. It was answered out 

of hand by the application of an old idea. All down the 

centuries, whatever their varying phases of cosmogonic thought, 

there had been ever present the idea that past times were not as 

recent times; that in remote epochs the earth had been the scene 

of awful catastrophes that have no parallel in “these degenerate 

days.“ Naturally enough, this thought, embalmed in every 

cosmogonic speculation of whatever origin, was appealed to in 

explanation of the destruction of these hitherto unimagined 

hosts, which now, thanks to science, rose from their abysmal 

slumber as incontestable, but also as silent and as thought-

provocative, as Sphinx or pyramid. These ancient hosts, it was 

said, have been exterminated at intervals of odd millions of 

years by the recurrence of catastrophes of which the Mosaic 

deluge is the latest, but perhaps not the last. 

This explanation had fullest warrant of scientific authority. 

Cuvier had prefaced his classical work with a speculative 

disquisition whose very title (Discours sur les Revolutions du 

Globe) is ominous of catastrophism, and whose text fully sustains 

the augury. And Buckland, Cuvier´s foremost follower across the 

Channel, had gone even beyond the master, naming the work in 

which he described the Kirkdale fossils, Reliquiae Diluvianae, or 

Proofs of a Universal Deluge. 

Both these authorities supposed the creatures whose remains they 

studied to have perished suddenly in the mighty flood whose awful 

current, as they supposed, gouged out the modern valleys and 

hurled great blocks of granite broadcast over the land. And they 

invoked similar floods for the extermination of previous 

populations. 
It is true these scientific citations had met with only qualified 

approval at the time of their utterance, because then the 

conservative majority of mankind did not concede that there had 

been a plurality of populations or revolutions; but now that the 

belief in past geologic ages had ceased to be a heresy, the 

recurring catastrophes of the great paleontologists were accepted 

with acclaim. For the moment science and tradition were at one, 

and there was a truce to controversy, except indeed in those 

outlying skirmish-lines of thought whither news from headquarters 

does not permeate till it has become ancient history at its 

source. The truce, however, was not for long. Hardly had contemporary 

thought begun to adjust itself to the conception of past ages of 

incomprehensible extent, each terminated by a catastrophe of the 

Noachian type, when a man appeared who made the utterly 

bewildering assertion that the geological record, instead of 

proving numerous catastrophic revolutions in the earth´s past 

history, gives no warrant to the pretensions of any universal 

catastrophe whatever, near or remote. 

This iconoclast was Charles Lyell, the Scotchman, who was soon to 

be famous as the greatest geologist of his time. As a young man 

he had become imbued with the force of the Huttonian proposition, 

that present causes are one with those that produced the past 

changes of the globe, and he carried that idea to what he 

conceived to be its logical conclusion. To his mind this excluded 

the thought of catastrophic changes in either inorganic or 

organic worlds. 
But to deny catastrophism was to suggest a revolution in current 

thought. Needless to say, such revolution could not be effected 

without a long contest. For a score of years the matter was 

argued pro and con., often with most unscientific ardor. A mere 

outline of the controversy would fill a volume; yet the essential 

facts with which Lyell at last established his proposition, in 

its bearings on the organic world, may be epitomized in a few 

words. The evidence which seems to tell of past revolutions is 

the apparently sudden change of fossils from one stratum to 

another of the rocks. But Lyell showed that this change is not 

always complete. Some species live on from one alleged epoch into 

the next. By no means all the contemporaries of the mammoth are 

extinct, and numerous marine forms vastly more ancient still have 

living representatives. 

Moreover, the blanks between strata in any particular vertical 

series are amply filled in with records in the form of thick 

strata in some geographically distant series. For example, in 

some regions Silurian rocks are directly overlaid by the coal 

measures; but elsewhere this sudden break is filled in with the 

Devonian rocks that tell of a great “age of fishes.“ So commonly 

are breaks in the strata in one region filled up in another that 

we are forced to conclude that the record shown by any single 

vertical series is of but local significance— telling, perhaps, 

of a time when that particular sea-bed oscillated above the 

water-line, and so ceased to receive sediment until some future 

age when it had oscillated back again. But if this be the real 

significance of the seemingly sudden change from stratum to 

stratum, then the whole case for catastrophism is hopelessly 

lost; for such breaks in the strata furnish the only suggestion 

geology can offer of sudden and catastrophic changes of wide 

extent. Let us see how Lyell elaborates these ideas, particularly with 

reference to the rotation of species.[2] 

“I have deduced as a corollary,“ he says, ”that the species 

existing at any particular period must, in the course of ages, 

become extinct, one after the other. ‘They must die out,´ to 

borrow an emphatic expression from Buffon, ‘because Time fights 

against them.´ If the views which I have taken are just, there 

will be no difficulty in explaining why the habitations of so 

many species are now restrained within exceeding narrow limits. 

Every local revolution tends to circumscribe the range of some 

species, while it enlarges that of others; and if we are led to 

infer that new species originate in one spot only, each must 

require time to diffuse itself over a wide area. It will follow, 

therefore, from the adoption of our hypothesis that the recent 

origin of some species and the high antiquity of others are 

equally consistent with the general fact of their limited 

distribution, some being local because they have not existed long 

enough to admit of their wide dissemination; others, because 

circumstances in the animate or inanimate world have occurred to 

restrict the range within which they may once have obtained. . . 

. “If the reader should infer, from the facts laid before him, that 

the successive extinction of animals and plants may be part of 

the constant and regular course of nature, he will naturally 

inquire whether there are any means provided for the repair of 

these losses? Is it possible as a part of the economy of our 

system that the habitable globe should to a certain extent become 

depopulated, both in the ocean and on the land, or that the 

variety of species should diminish until some new era arrives 

when a new and extraordinary effort of creative energy is to be 

displayed? Or is it possible that new species can be called into 

being from time to time, and yet that so astonishing a phenomenon 

can escape the naturalist? 

“In the first place, it is obviously more easy to prove that a 

species once numerously represented in a given district has 

ceased to be than that some other which did not pre-exist had 

made its appearance—assuming always, for reasons before stated, 

that single stocks only of each animal and plant are originally 

created, and that individuals of new species did not suddenly 

start up in many different places at once. 

“So imperfect has the science of natural history remained down to 

our own times that, within the memory of persons now living, the 

numbers of known animals and plants have doubled, or even 

quadrupled, in many classes. New and often conspicuous species 

are annually discovered in parts of the old continent long 

inhabited by the most civilized nations. Conscious, therefore, of 

the limited extent of our information, we always infer, when such 

discoveries are made, that the beings in question bad previously 

eluded our research, or had at least existed elsewhere, and only 

migrated at a recent period into the territories where we now 

find them. 
“What kind of proofs, therefore, could we reasonably expect to 

find of the origin at a particular period of a new species? 

“Perhaps, it may be said in reply, that within the last two or 

three centuries some forest tree or new quadruped might have been 

observed to appear suddenly in those parts of England or France 

which had been most thoroughly investigated—that naturalists 

might have been able to show that no such being inhabited any 

other region of the globe, and that there was no tradition of 

anything similar having been observed in the district where it 

had made its appearance. 

“Now, although this objection may seem plausible, yet its force 

will be found to depend entirely on the rate of fluctuation which 

we suppose to prevail in the animal world, and on the proportions 

which such conspicuous subjects of the animal and vegetable 

kingdoms bear to those which are less known and escape our 

observation. There are perhaps more than a million species of 

plants and animals, exclusive of the microscopic and infusory 

animalcules, now inhabiting the terraqueous globe, so that if 

only one of these were to become extinct annually, and one new 

one were to be every year called into being, much more than a 

million of years might be required to bring about a complete 

revolution of organic life. 

“I am not hazarding at present any hypothesis as to the probable 

rate of change, but none will deny that when the annual birth and 

the annual death of one species on the globe is proposed as a 

mere speculation, this, at least, is to imagine no slight degree 

of instability in the animate creation. If we divide the surface 

of the earth into twenty regions of equal area, one of these 

might comprehend a space of land and water about equal in 

dimensions to Europe, and might contain a twentieth part of the 

million of species which may be assumed to exist in the animal 

kingdom. In this region one species only could, according to the 

rate of mortality before assumed, perish in twenty years, or only 

five out of fifty thousand in the course of a century. But as a 

considerable portion of the whole world belongs to the aquatic 

classes, with which we have a very imperfect acquaintance, we 

must exclude them from our consideration, and, if they constitute 

half of the entire number, then one species only might be lost in 

forty years among the terrestrial tribes. Now the mammalia, 

whether terrestrial or aquatic, bear so small a proportion to 

other classes of animals, forming less, perhaps, than a 

thousandth part of a whole, that, if the longevity of species in 

the different orders were equal, a vast period must elapse before 

it would come to the turn of this conspicuous class to lose one 

of their number. If one species only of the whole animal kingdom 

died out in forty years, no more than one mammifer might 

disappear in forty thousand years, in a region of the dimensions 

of Europe. 
“It is easy, therefore, to see that in a small portion of such an 

area, in countries, for example, of the size of England and 

France, periods of much greater duration must elapse before it 

would be possible to authenticate the first appearance of one of 

the larger plants or animals, assuming the annual birth and death 

of one species to be the rate of vicissitude in the animal 

creation throughout the world.“[3] 

 In a word, then, said Lyell, it becomes clear that the numberless 

species that have been exterminated in the past have died out one 

by one, just as individuals of a species die, not in vast shoals; 

if whole populations have passed away, it has been not by 

instantaneous extermination, but by the elimination of a species 

now here, now there, much as one generation succeeds another in 

the life history of any single species. The causes which have 

brought about such gradual exterminations, and in the long lapse 

of ages have resulted in rotations of population, are the same 

natural causes that are still in operation. Species have died out 

in the past as they are dying out in the present, under influence 

of changed surroundings, such as altered climate, or the 

migration into their territory of more masterful species. Past 

and present causes are one—natural law is changeless and 

eternal. 
Such was the essence of the Huttonian doctrine, which Lyell 

adopted and extended, and with which his name will always be 

associated. Largely through his efforts, though of course not 

without the aid of many other workers after a time, this idea—

the doctrine of uniformitarianism, it came to be called—became 

the accepted dogma of the geologic world not long after the 

middle of the nineteenth century. The catastrophists, after 

clinging madly to their phantom for a generation, at last 

capitulated without terms: the old heresy became the new 

orthodoxy, and the way was paved for a fresh controversy. 
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The fresh controversy followed quite as a matter of course. For 

the idea of catastrophism had not concerned the destruction of 

species merely, but their introduction as well. If whole faunas 

had been extirpated suddenly, new faunas had presumably been 

introduced with equal suddenness by special creation; but if 

species die out gradually, the introduction of new species may be 

presumed to be correspondingly gradual. Then may not the new 

species of a later geological epoch be the modified lineal 

descendants of the extinct population of an earlier epoch? 

The idea that such might be the case was not new. It had been 

suggested when fossils first began to attract conspicuous 

attention; and such sagacious thinkers as Buffon and Kant and 

Goethe and Erasmus Darwin had been disposed to accept it in the 

closing days of the eighteenth century. Then, in 1809, it had 

1809   been contended for by one of the early workers in systematic 

paleontology—Jean Baptiste Lamarck, who had studied the fossil 

shells about Paris while Cuvier studied the vertebrates, and who 

had been led by these studies to conclude that there had been not 

merely a rotation but a progression of life on the globe. He 

found the fossil shells—the fossils of invertebrates, as he 

himself had christened them—in deeper strata than Cuvier´s 

vertebrates; and he believed that there had been long ages when 

no higher forms than these were in existence, and that in 

successive ages fishes, and then reptiles, had been the highest 

of animate creatures, before mammals, including man, appeared. 

Looking beyond the pale of his bare facts, as genius sometimes 

will, he had insisted that these progressive populations had 

developed one from another, under influence of changed 

surroundings, in unbroken series. 

Of course such a thought as this was hopelessly misplaced in a 

generation that doubted the existence of extinct species, and 

hardly less so in the generation that accepted catastrophism; but 

it had been kept alive by here and there an advocate like 

Geoffrey Saint-Hilaire, and now the banishment of catastrophism 

opened the way for its more respectful consideration. Respectful 

consideration was given it by Lyell in each recurring edition of 

his Principles, but such consideration led to its unqualified 

rejection. In its place Lyell put forward a modified hypothesis 

of special creation. He assumed that from time to time, as the 

extirpation of a species had left room, so to speak, for a new 

species, such new species had been created de novo; and he 

supposed that such intermittent, spasmodic impulses of creation 

manifest themselves nowadays quite as frequently as at any time 

in the past. He did not say in so many words that no one need be 

surprised to-day were he to see a new species of deer, for 

example, come up out of the ground before him, “pawing to get 

free,“ like Milton´s lion, but his theory implied as much. And 

that theory, let it be noted, was not the theory of Lyell alone, 

but of nearly all his associates in the geologic world. There is 

perhaps no other fact that will bring home to one so vividly the 

advance in thought of our own generation as the recollection that 

so crude, so almost unthinkable a conception could have been the 

current doctrine of science less than half a century ago. 

This theory of special creation, moreover, excluded the current 

doctrine of uniformitarianism as night excludes day, though most 

thinkers of the time did not seem to be aware of the 

incompatibility of the two ideas. It may be doubted whether even 

Lyell himself fully realized it. If he did, he saw no escape from 

the dilemma, for it seemed to him that the record in the rocks 

clearly disproved the alternative Lamarckian hypothesis. And 

almost with one accord the paleontologists of the time sustained 

the verdict. Owen, Agassiz, Falconer, Barrande, Pictet, Forbes, 

repudiated the idea as unqualifiedly as their great predecessor 

Cuvier had done in the earlier generation. Some of them did, 

indeed, come to believe that there is evidence of a progressive 

development of life in the successive ages, but no such graded 

series of fossils had been discovered as would give countenance 

to the idea that one species had ever been transformed into 

another. And to nearly every one this objection seemed 

insuperable. 
But in 1859 appeared a book which, though not dealing primarily 

1859   with paleontology, yet contained a chapter that revealed the 

geological record in an altogether new light. The book was 

Charles Darwin´s Origin of Species, the chapter that wonderful 

citation of the “Imperfections of the Geological Record.“ In this 

epoch-making chapter Darwin shows what conditions must prevail in 

any given place in order that fossils shall be formed, how 

unusual such conditions are, and how probable it is that fossils 

once imbedded in sediment of a sea-bed will be destroyed by 

metamorphosis of the rocks, or by denudation when the strata are 

raised above the water-level. Add to this the fact that only 

small territories of the earth have been explored geologically, 

he says, and it becomes clear that the paleontological record as 

we now possess it shows but a mere fragment of the past history 

of organisms on the earth. It is a history “imperfectly kept and 

written in a changing dialect. Of this history we possess the 

last volume alone, relating only to two or three countries. Of 

this volume only here and there a short chapter has been 

preserved, and of each page only here and there a few lines.“ For 

a paleontologist to dogmatize from such a record would be as 

rash, he thinks, as “for a naturalist to land for five minutes on 

a barren point of Australia and then discuss the number and range 

of its productions.“ 

This citation of observations, which when once pointed out seemed 

almost self-evident, came as a revelation to the geological 

world. In the clarified view now possible old facts took on a new 

meaning. It was recalled that Cuvier had been obliged to 

establish a new order for some of the first fossil creatures he 

examined, and that Buckland had noted that the nondescript forms 

were intermediate in structure between allied existing orders. 

More recently such intermediate forms had been discovered over 

and over; so that, to name but one example, Owen had been able, 

with the aid of extinct species, to “dissolve by gradations the 

apparently wide interval between the pig and the camel.“ Owen, 

moreover, had been led to speak repeatedly of the “generalized 

forms” of extinct animals, and Agassiz had called them “synthetic 

or prophetic types,“ these terms clearly implying ”that such 

forms are in fact intermediate or connecting links.“ Darwin 

himself had shown some years before that the fossil animals of 

any continent are closely related to the existing animals of that 

continent—edentates predominating, for example, in South 

America, and marsupials in Australia. Many observers had noted 

that recent strata everywhere show a fossil fauna more nearly 

like the existing one than do more ancient strata; and that 

fossils from any two consecutive strata are far more closely 

related to each other than are the fossils of two remote 

formations, the fauna of each geological formation being, indeed, 

in a wide view, intermediate between preceding and succeeding 

faunas. 
So suggestive were all these observations that Lyell, the 

admitted leader of the geological world, after reading Darwin´s 

citations, felt able to drop his own crass explanation of the 

introduction of species and adopt the transmutation hypothesis, 

thus rounding out the doctrine of uniformitarianism to the full 

proportions in which Lamarck had conceived it half a century 

before. Not all paleontologists could follow him at once, of 

course; the proof was not yet sufficiently demonstrative for 

that; but all were shaken in the seeming security of their former 

position, which is always a necessary stage in the progress of 

thought. And popular interest in the matter was raised to white 

heat in a twinkling. 

So, for the third time in this first century of its existence, 

paleontology was called upon to play a leading role in a 

controversy whose interest extended far beyond the bounds of 

staid truth-seeking science. And the controversy waged over the 

age of the earth had not been more bitter, that over 

catastrophism not more acrimonious, than that which now raged 

over the question of the transmutation of species. The question 

had implications far beyond the bounds of paleontology, of 

course. The main evidence yet presented had been drawn from quite 

other fields, but by common consent the record in the rocks might 

furnish a crucial test of the truth or falsity of the hypothesis. 

“He who rejects this view of the imperfections of the geological 

record,“ said Darwin, ”will rightly reject the whole theory.“ 

With something more than mere scientific zeal, therefore, 

paleontologists turned anew to the records in the rocks, to 

inquire what evidence in proof or refutation might be found in 

unread pages of the “great stone book.“ And, as might have been 

expected, many minds being thus prepared to receive new evidence, 

such evidence was not long withheld. 
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Indeed, at the moment of Darwin´s writing a new and very 

instructive chapter of the geologic record was being presented to 

the public—a chapter which for the first time brought man into 

the story. In 1859 Dr. Falconer, the distinguished British 

1859   paleontologist, made a visit to Abbeville, in the valley of the 

Somme, incited by reports that for a decade before bad been sent 

out from there by M. Boucher de Perthes. These reports had to do 

with the alleged finding of flint implements, clearly the work of 

man, in undisturbed gravel- beds, in the midst of fossil remains 

of the mammoth and other extinct animals. What Falconer saw there 

and what came of his visit may best be told in his own words: 

“In September of 1856 I made the acquaintance of my distinguished 

1856   friend M. Boucher de Perthes,“ wrote Dr. Falconer, ”on the 

introduction of M. Desnoyers at Paris, when he presented to me 

the earlier volume of his Antiquites celtiques, etc., with which 

I thus became acquainted for the first time. I was then fresh 

from the examination of the Indian fossil remains of the valley 

of the Jumna; and the antiquity of the human race being a subject 

of interest to both, we conversed freely about it, each from a 

different point of view. M. de Perthes invited me to visit 

Abbeville, in order to examine his antediluvian collection, 

fossil and geological, gleaned from the valley of the Somme. This 

I was unable to accomplish then, but I reserved it for a future 

occasion. 
“In October, 1856, having determined to proceed to Sicily, I 

1856   arranged by correspondence with M. Boucher de Perthes to visit 

Abbeville on my journey through France. I was at the time in 

constant communication with Mr. Prestwich about the proofs of the 

antiquity of the human race yielded by the Broxham Cave, in which 

he took a lively interest; and I engaged to communicate to him 

the opinions at which I should arrive, after my examination of 

the Abbeville collection. M. de Perthes gave me the freest access 

to his materials, with unreserved explanations of all the facts 

of the case that had come under his observation; and having 

considered his Menchecourt Section, taken with such scrupulous 

care, and identified the molars of elephas primigenius, which he 

had exhumed with his own hands deep in that section, along with 

flint weapons, presenting the same character as some of those 

found in the Broxham Cave, I arrived at the conviction that they 

were of contemporaneous age, although I was not prepared to go 

along with M. de Perthes in all his inferences regarding the 

hieroglyphics and in an industrial interpretation of the various 

other objects which he had met with.“[4] 

 That Dr. Falconer was much impressed by the collection of M. de 

Perthes is shown in a communication which he sent at once to his 

friend Prestwich: 

“I have been richly rewarded,“ he exclaims. ”His collection of 

wrought flint implements, and of the objects of every description 

associated with them, far exceeds everything I expected to have 

seen, especially from a single locality. He has made great 

additions, since the publication of his first volume, in the 

second, which I now have by me. He showed me flint hatchets which 

HE HAD DUG UP with his own hands, mixed INDISCRIMINATELY with 

molars of elephas primigenius. I examined and identified plates 

of the molars and the flint objects which were got along with 

them. Abbeville is an out-of-the-way place, very little visited; 

and the French savants who meet him in Paris laugh at Monsieur de 

Perthes and his researches. But after devoting the greater part 

of a day to his vast collection, I am perfectly satisfied that 

there is a great deal of fair presumptive evidence in favor of 

many of his speculations regarding the remote antiquity of these 

industrial objects and their association with animals now 

extinct. M. Boucher´s hotel is, from the ground floor to garret, 

a continued museum, filled with pictures, mediaeval art, and 

Gaulish antiquities, including antediluvian flint-knives, fossil-

bones, etc. If, during next summer, you should happen to be 

paying a visit to France, let me strongly recommend you to come 

to Abbeville. I am sure you would be richly rewarded.“[5] 

 This letter aroused the interest of the English geologists, and 

in the spring of 1859 Prestwich and Mr. (afterwards Sir John) 

1859   Evans made a visit to Abbeville to see the specimens and examine 

at first hand the evidences as pointed out by Dr. Falconer. “The 

evidence yielded by the valley of the Somme,“ continues Falconer, 

in speaking of this visit, “was gone into with the scrupulous 

care and severe and exhaustive analysis which are characteristic 

of Mr. Prestwich´s researches. The conclusions to which he was 

conducted were communicated to the Royal Society on May 12, 1859, 
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1859   in his celebrated memoir, read on May 26th and published in the 

26   Philosophical Transactions of 1860, which, in addition to 

1860   researches made in the valley of the Somme, contained an account 

of similar phenomena presented by the valley of the Waveney, near 

Hoxne, in Suffolk. Mr. Evans communicated to the Society of 

Antiquaries a memoir on the character and geological position of 

the ‘Flint Implements in the Drift,´ which appeared in the 

Archaeologia for 1860. The results arrived at by Mr. Prestwich 

1860   were expressed as follows: 

“First. That the flint implements are the result of design and 

the work of man. 

“Second. That they are found in beds of gravel, sand, and clay, 

which have never been artificially disturbed. 

“Third. That they occur associated with the remains of land, 

fresh-water, and marine testacea, of species now living, and most 

of them still common in the same neighborhood, and also with the 

remains of various mammalia—a few species now living, but more 

of extinct forms. 

“Fourth. That the period at which their entombment took place was 

subsequent to the bowlder-clay period, and to that extent post-

glacial; and also that it was among the latest in geological 

time—one apparently anterior to the surface assuming its present 

form, so far as it regards some of the minor features.“[6] 

 These reports brought the subject of the very significant human 

fossils at Abbeville prominently before the public; whereas the 

publications of the original discoverer, Boucher de Perthes, 

bearing date of 1847, had been altogether ignored. A new aspect 

1847   was thus given to the current controversy. 

As Dr. Falconer remarked, geology was now passing through the 

same ordeal that astronomy passed in the age of Galileo. But the 

times were changed since the day when the author of the Dialogues 

was humbled before the Congregation of the Index, and now no 

Index Librorum Prohibitorum could avail to hide from eager human 

eyes such pages of the geologic story as Nature herself had 

spared. Eager searchers were turning the leaves with renewed zeal 

everywhere, and with no small measure of success. In particular, 

interest attached just at this time to a human skull which Dr. 

Fuhlrott had discovered in a cave at Neanderthal two or three 

years before—a cranium which has ever since been famous as the 

Neanderthal skull, the type specimen of what modern zoologists 

are disposed to regard as a distinct species of man, Homo 

neanderthalensis. Like others of the same type since discovered 

at Spy, it is singularly simian in character—low-arched, with 

receding forehead and enormous, protuberant eyebrows. When it was 

first exhibited to the scientists at Berlin by Dr. Fuhlrott, in 

1857, its human character was doubted by some of the witnesses; 

1857   of that, however, there is no present question. 

This interesting find served to recall with fresh significance 

some observations that had been made in France and Belgium a long 

generation earlier, but whose bearings had hitherto been ignored. 

In 1826 MM. Tournal and Christol had made independent discoveries 

1826   of what they believed to be human fossils in the caves of the 

south of France; and in 1827 Dr. Schmerling had found in the cave 

1827   of Engis, in Westphalia, fossil bones of even greater 

significance. Schmerling´s explorations had been made with the 

utmost care, and patience. At Engis he had found human bones, 

including skulls, intermingled with those of extinct mammals of 

the mammoth period in a way that left no doubt in his mind that 

all dated from the same geological epoch. He bad published a full 

account of his discoveries in an elaborate monograph issued in 

1833. 

1833   But at that time, as it chanced, human fossils were under a ban 

as effectual as any ever pronounced by canonical index, though of 

far different origin. The oracular voice of Cuvier had declared 

against the authenticity of all human fossils. Some of the bones 

brought him for examination the great anatomist had pettishly 

pitched out of the window, declaring them fit only for a 

cemetery, and that had settled the matter for a generation: the 

evidence gathered by lesser workers could avail nothing against 

the decision rendered at the Delphi of Science. But no ban, 

scientific or canonical, can longer resist the germinative power 

of a fact, and so now, after three decades of suppression, the 

truth which Cuvier had buried beneath the weight of his ridicule 

burst its bonds, and fossil man stood revealed, if not as a 

flesh-and-blood, at least as a skeletal entity. 

The reception now accorded our prehistoric ancestor by the 

progressive portion of the scientific world amounted to an 

ovation; but the unscientific masses, on the other hand, 

notwithstanding their usual fondness for tracing remote 

genealogies, still gave the men of Engis and Neanderthal the cold 

shoulder. Nor were all of the geologists quite agreed that the 

contemporaneity of these human fossils with the animals whose 

remains had been mingled with them had been fully established. 

The bare possibility that the bones of man and of animals that 

long preceded him had been swept together into the eaves in 

successive ages, and in some mysterious way intermingled there, 

was clung to by the conservatives as a last refuge. But even this 

small measure of security was soon to be denied them, for in 1865 

1865   two associated workers, M. Edouard Lartet and Mr. Henry Christy, 

in exploring the caves of Dordogne, unearthed a bit of evidence 

against which no such objection could be urged. This momentous 

exhibit was a bit of ivory, a fragment of the tusk of a mammoth, 

on which was scratched a rude but unmistakable outline portrait 

of the mammoth itself. If all the evidence as to man´s antiquity 

before presented was suggestive merely, here at last was 

demonstration; for the cave-dwelling man could not well have 

drawn the picture of the mammoth unless he had seen that animal, 

and to admit that man and the mammoth had been contemporaries was 

to concede the entire case. So soon, therefore, as the full 

import of this most instructive work of art came to be realized, 

scepticism as to man´s antiquity was silenced for all time to 

come. In the generation that has elapsed since the first drawing of the 

cave-dweller artist was discovered, evidences of the wide-spread 

existence of man in an early epoch have multiplied indefinitely, 

and to-day the paleontologist traces the history of our race back 

beyond the iron and bronze ages, through a neolithic or polished-

stone age, to a paleolithic or rough-stone age, with confidence 

born of unequivocal knowledge. And he looks confidently to the 

future explorer of the earth´s fossil records to extend the 

history back into vastly more remote epochs, for it is little 

doubted that paleolithic man, the most ancient of our recognized 

progenitors, is a modern compared to those generations that 

represented the real childhood of our race. 
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Coincidently with the discovery of these highly suggestive pages 

of the geologic story, other still more instructive chapters were 

being brought to light in America. It was found that in the Rocky 

Mountain region, in strata found in ancient lake beds, records of 

the tertiary period, or age of mammals, had been made and 

preserved with fulness not approached in any other region 

hitherto geologically explored. These records were made known 

mainly by Professors Joseph Leidy, O. C. Marsh, and E. D. Cope, 

working independently, and more recently by numerous younger 

paleontologists. 

The profusion of vertebrate remains thus brought to light quite 

beggars all previous exhibits in point of mere numbers. Professor 

Marsh, for example, who was first in the field, found three 

hundred new tertiary species between the years 1870 and 1876. 

1870   
1876   Meanwhile, in cretaceous strata, he unearthed remains of about 

two hundred birds with teeth, six hundred pterodactyls, or flying 

dragons, some with a spread of wings of twenty- five feet, and 

one thousand five hundred mosasaurs of the sea-serpent type, some 

of them sixty feet or more in length. In a single bed of Jurassic 

rock, not larger than a good-sized lecture-room, he found the 

remains of one hundred and sixty individuals of mammals, 

representing twenty species and nine genera; while beds of the 

same age have yielded three hundred reptiles, varying from the 

size of a rabbit to sixty or eighty feet in length. 

But the chief interest of these fossils from the West is not 

their number but their nature; for among them are numerous 

illustrations of just such intermediate types of organisms as 

must have existed in the past if the succession of life on the 

globe has been an unbroken lineal succession. Here are reptiles 

with bat-like wings, and others with bird-like pelves and legs 

adapted for bipedal locomotion. Here are birds with teeth, and 

other reptilian characters. In short, what with reptilian birds 

and birdlike reptiles, the gap between modern reptiles and birds 

is quite bridged over. In a similar way, various diverse 

mammalian forms, as the tapir, the rhinoceros, and the horse, are 

linked together by fossil progenitors. And, most important of 

all, Professor Marsh has discovered a series of mammalian 

remains, occurring in successive geological epochs, which are 

held to represent beyond cavil the actual line of descent of the 

modern horse; tracing the lineage of our one-toed species back 

through two and three toed forms, to an ancestor in the eocene or 

early tertiary that had four functional toes and the rudiment of 

a fifth. This discovery is too interesting and too important not 

to be detailed at length in the words of the discoverer. 

 Marsh Describes the Fossil Horse 

“It is a well-known fact,“ says Professor Marsh, ”that the 

Spanish discoverers of America discovered no horses on this 

continent, and that the modern horse (Equus caballus, Linn.) was 

subsequently introduced from the Old World. It is, however, not 

so generally known that these animals had formerly been abundant 

here, and that long before, in tertiary time, near relatives of 

the horse, and probably his ancestors, existed in the far West in 

countless numbers and in a marvellous variety of forms. The 

remains of equine mammals, now known from the tertiary and 

quaternary deposits of this country, already represent more than 

double the number of genera and species hitherto found in the 

strata of the eastern hemisphere, and hence afford most important 

aid in tracing out the genealogy of the horses still existing. 

“The animals of this group which lived in America during the 

three diversions of the tertiary period were especially numerous 

in the Rocky Mountain regions, and their remains are well 

preserved in the old lake basins which then covered so much of 

that country. The most ancient of these lakes—which extended 

over a considerable part of the present territories of Wyoming 

and Utah—remained so long in eocene times that the mud and sand, 

slowly deposited in it, accumulated to more than a mile in 

vertical thickness. In these deposits vast numbers of tropical 

animals were entombed, and here the oldest equine remains occur, 

four species of which have been described. These belong to the 

genus Orohippus (Marsh), and are all of a diminutive size, hardly 

bigger than a fox. The skeletons of these animals resemble that 

of the horse in many respects, much more indeed than any other 

existing species, but, instead of the single toe on each foot, so 

characteristic of all modern equines, the various species of 

Orohippus had four toes before and three behind, all of which 

reached the ground. The skull, too, was proportionately shorter, 

and the orbit was not enclosed behind by a bridge of bone. There 

were fifty four teeth in all, and the premolars were larger than 

the molars. The crowns of these teeth were very short. The canine 

teeth were developed in both sexes, and the incisors did not have 

the “mark” which indicates the age of the modern horse. The 

radius and ulna were separate, and the latter was entire through 

the whole length. The tibia and fibula were distinct. In the 

forefoot all the digits except the pollex, or first, were well 

developed. The third digit is the largest, and its close 

resemblance to that of the horse is clearly marked. The terminal 

phalanx, or coffin-bone, has a shallow median bone in front, as 

in many species of this group in the later tertiary. The fourth 

digit exceeds the second in size, and the second is much the 

shortest of all. Its metacarpal bone is considerably curved 

outward. In the hind-foot of this genus there are but three 

digits. The fourth metatarsal is much larger than the second. 

“The larger number of equine mammals now known from the tertiary 

deposits of this country, and their regular distributions through 

the subdivisions of this formation, afford a good opportunity to 

ascertain the probable descent of the modern horse. The American 

representative of the latter is the extinct Equus fraternus 

(Leidy), a species almost, if not wholly, identical with the Old 

World Equus caballus (Linnaeus), to which our recent horse 

belongs. Huxley has traced successfully the later genealogy of 

the horse through European extinct forms, but the line in America 

was probably a more direct one, and the record is more complete. 

Taking, then, as the extreme of a series, Orohippus agilis 

(Marsh), from the eocene, and Equus fraternus (Leidy), from the 

quaternary, intermediate forms may be intercalated with 

considerable certainty from thirty or more well-marked species 

that lived in the intervening periods. The natural line of 

descent would seem to be through the following genera: Orohippus, 

of the eocene; Miohippus and Anchitherium, of the miocene; 

Anchippus, Hipparion, Protohippus, Phohippus, of the pliocene; 

and Equus, quaternary and recent. 

The most marked changes undergone by the successive equine genera 

are as follows: First, increase in size; second, increase in 

speed, through concentration of limb bones; third, elongation of 

head and neck, and modifications of skull. The eocene Orohippus 

was the size of a fox. Miohippus and Anchitherium, from the 

miocene, were about as large as a sheep. Hipparion and 

Pliohippus, of the pliocene, equalled the ass in height; while 

the size of the quaternary Equus was fully up to that of a modern 

horse. “The increase of speed was equally well marked, and was a direct 

result of the gradual formation of the limbs. The latter were 

slowly concentrated by the reduction of their lateral elements 

and enlargement of the axial bone, until the force exerted by 

each limb came to act directly through its axis in the line of 

motion. This concentration is well seen—e.g., in the fore-limb. 

There was, first, a change in the scapula and humerus, especially 

in the latter, which facilitated motion in one line only; second, 

an expansion of the radius and reduction of the ulna, until the 

former alone remained entire and effective; third, a shortening 

of all the carpal bones and enlargement of the median ones, 

insuring a firmer wrist; fourth, an increase of size of the third 

digit, at the expense of those of each side, until the former 

alone supported the limb. 

“Such is, in brief, a general outline of the more marked changes 

that seemed to have produced in America the highly specialized 

modern Equus from his diminutive four-toed predecessor, the 

eocene Orohippus. The line of descent appears to have been 

direct, and the remains now known supply every important 

intermediate form. It is, of course, impossible to say with 

certainty through which of the three-toed genera of the pliocene 

that lived together the succession came. It is not impossible 

that the latter species, which appear generically identical, are 

the descendants of more distinct pliocene types, as the 

persistent tendency in all the earlier forms was in the same 

direction. Considering the remarkable development of the group 

through the tertiary period, and its existence even later, it 

seems very strange that none of the species should have survived, 

and that we are indebted for our present horse to the Old 

World.“[7] 
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These and such-like revelations have come to light in our own 

time—are, indeed, still being disclosed. Needless to say, no 

index of any sort now attempts to conceal them; yet something has 

been accomplished towards the same end by the publication of the 

discoveries in Smithsonian bulletins and in technical memoirs of 

government surveys. Fortunately, however, the results have been 

rescued from that partial oblivion by such interpreters as 

Professors Huxley and Cope, so the unscientific public has been 

allowed to gain at least an inkling of the wonderful progress of 

paleontology in our generation. 

The writings of Huxley in particular epitomize the record. In 

1862 he admitted candidly that the paleontological record as then 

1862   known, so far as it bears on the doctrine of progressive 

development, negatives that doctrine. In 1870 he was able to 

1870   “soften somewhat the Brutus-like severity” of his former verdict, 

and to assert that the results of recent researches seem “to 

leave a clear balance in favor of the doctrine of the evolution 

of living forms one from another.“ Six years later, when 

reviewing the work of Marsh in America and of Gaudry in Pikermi, 

he declared that, “on the evidence of paleontology, the evolution 

of many existing forms of animal life from their predecessors is 

no longer an hypothesis, but an historical fact.“ In 1881 he 

1881   asserted that the evidence gathered in the previous decade had 

been so unequivocal that, had the transmutation hypothesis not 

existed, “the paleontologist would have had to invent it.“ 

Since then the delvers after fossils have piled proof on proof in 

bewildering profusion. The fossil-beds in the “bad lands” of 

western America seem inexhaustible. And in the Connecticut River 

Valley near relatives of the great reptiles which Professor Marsh 

and others have found in such profusion in the West left their 

tracks on the mud-flats—since turned to sandstone; and a few 

skeletons also have been found. The bodies of a race of great 

reptiles that were the lords of creation of their day have been 

dissipated to their elements, while the chance indentations of 

their feet as they raced along the shores, mere footprints on the 

sands, have been preserved among the most imperishable of the 

memory-tablets of the world. 

Of the other vertebrate fossils that have been found in the 

eastern portions of America, among the most abundant and 

interesting are the skeletons of mastodons. Of these one of the 

largest and most complete is that which was unearthed in the bed 

of a drained lake near Newburg, New York, in 1845. This specimen 

1845   was larger than the existing elephants, and had tusks eleven feet 

in length. It was mounted and described by Dr. John C. Warren, of 

Boston, and has been famous for half a century as the “Warren 

mastodon.“ 
But to the student of racial development as recorded by the 

fossils all these sporadic finds have but incidental interest as 

compared with the rich Western fossil- beds to which we have 

already referred. From records here unearthed, the racial 

evolution of many mammals has in the past few years been made out 

in greater or less detail. Professor Cope has traced the ancestry 

of the camels (which, like the rhinoceroses, hippopotami, and 

sundry other forms now spoken of as “Old World,“ seem to have had 

their origin here) with much completeness. 

A lemuroid form of mammal, believed to be of the type from which 

man has descended, has also been found in these beds. It is 

thought that the descendants of this creature, and of the other 

“Old-World” forms above referred to, found their way to Asia, 

probably, as suggested by Professor Marsh, across a bridge at 

Bering Strait, to continue their evolution on the other 

hemisphere, becoming extinct in the land of their nativity. The 

ape-man fossil found in the tertiary strata of the island of Java 

in 1891 by the Dutch surgeon Dr. Eugene Dubois, and named 

1891   Pithecanthropus erectus, may have been a direct descendant of the 

American tribe of primitive lemurs, though this is only a 

conjecture. 
Not all the strange beasts which have left their remains in our 

“bad lands” are represented by living descendants. The 

titanotheres, or brontotheridae, for example, a gigantic tribe, 

offshoots of the same stock which produced the horse and 

rhinoceros, represented the culmination of a line of descent. 

They developed rapidly in a geological sense, and flourished 

about the middle of the tertiary period; then, to use Agassiz´s 

phrase,“ time fought against them.” The story of their evolution 

has been worked out by Professors Leidy, Marsh, Cope, and H. F. 

Osborne. 
A recent bit of paleontological evidence bearing on the question 

of the introduction of species is that presented by Dr. J. L. 

Wortman in connection with the fossil lineage of the edentates. 

It was suggested by Marsh, in 1877, that these creatures, whose 

1877   modern representatives are all South American, originated in 

North America long before the two continents had any land 

connection. The stages of degeneration by which these animals 

gradually lost the enamel from their teeth, coming finally to the 

unique condition of their modern descendants of the sloth tribe, 

are illustrated by strikingly graded specimens now preserved in 

the American Museum of Natural History, as shown by Dr. Wortman. 

All these and a multitude of other recent observations that 

cannot be even outlined here tell the same story. With one accord 

paleontologists of our time regard the question of the 

introduction of new species as solved. As Professor Marsh has 

said, “to doubt evolution today is to doubt science; and science 

is only another name for truth.“ 

Thus the third great battle over the meaning of the fossil 

records has come to a conclusion. Again there is a truce to 

controversy, and it may seem to the casual observer that the 

present stand of the science of fossils is final and impregnable. 

But does this really mean that a full synopsis of the story of 

paleontology has been told? Or do we only await the coming of the 

twentieth-century Lamarck or Darwin, who shall attack the 

fortified knowledge of to-day with the batteries of a new 

generalization? 
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One might naturally suppose that the science of the earth which 

One might naturally suppose that the science of the earth which 

lies at man´s feet would at least have kept pace with the science 

lies at man´s feet would at least have kept pace with the science 

of the distant stars. But perhaps the very obviousness of the 

of the distant stars. But perhaps the very obviousness of the 

phenomena delayed the study of the crust of the earth. It is the 

phenomena delayed the study of the crust of the earth. It is the 

unattainable that allures and mystifies and enchants the 

unattainable that allures and mystifies and enchants the 

developing mind. The proverbial child spurns its toys and cries 

developing mind. The proverbial child spurns its toys and cries 

for the moon. 

for the moon. 

So in those closing days of the eighteenth century, when 

So in those closing days of the eighteenth century, when 

astronomers had gone so far towards explaining the mysteries of 

astronomers had gone so far towards explaining the mysteries of 

the distant portions of the universe, we find a chaos of opinion 

the distant portions of the universe, we find a chaos of opinion 

regarding the structure and formation of the earth. Guesses were 

regarding the structure and formation of the earth. Guesses were 

not wanting to explain the formation of the world, it is true, 

not wanting to explain the formation of the world, it is true, 

but, with one or two exceptions, these are bizarre indeed. One 

but, with one or two exceptions, these are bizarre indeed. One 

theory supposed the earth to have been at first a solid mass of 

theory supposed the earth to have been at first a solid mass of 

ice, which became animated only after a comet had dashed against 

ice, which became animated only after a comet had dashed against 

it. Other theories conceived the original globe as a mass of 

it. Other theories conceived the original globe as a mass of 

water, over which floated vapors containing the solid elements, 

water, over which floated vapors containing the solid elements, 

which in due time were precipitated as a crust upon the waters. 

which in due time were precipitated as a crust upon the waters. 

In a word, the various schemes supposed the original mass to have 

In a word, the various schemes supposed the original mass to have 

been ice, or water, or a conglomerate of water and solids, 

been ice, or water, or a conglomerate of water and solids, 

according to the random fancies of the theorists; and the final 

according to the random fancies of the theorists; and the final 

separation into land and water was conceived to have taken place 

separation into land and water was conceived to have taken place 

in all the ways which fancy, quite unchecked by any tenable data, 

in all the ways which fancy, quite unchecked by any tenable data, 

could invent. 

could invent. 

Whatever important changes in the general character of the 

surface of the globe were conceived to have taken place since its 

creation were generally associated with the Mosaic: deluge, and 

the theories which attempted to explain this catastrophe were 

quite on a par with those which dealt with a remoter period of 

the earth´s history. Some speculators, holding that the interior 

of the globe is a great abyss of waters, conceived that the crust 

had dropped into this chasm and had thus been inundated. Others 

held that the earth had originally revolved on a vertical axis, 

and that the sudden change to its present position bad caused the 

catastrophic shifting of its oceans. But perhaps the favorite 

theory was that which supposed a comet to have wandered near the 

earth, and in whirling about it to have carried the waters, 

through gravitation, in a vast tide over the continents. 

Thus blindly groped the majority of eighteenth-century 

philosophers in their attempts to study what we now term geology. 

Deluded by the old deductive methods, they founded not a science, 

but the ghost of a science, as immaterial and as unlike anything 

in nature as any other phantom that could be conjured from the 

depths of the speculative imagination. And all the while the 

beckoning earth lay beneath the feet of these visionaries; but 

their eyes were fixed in air. 

At last, however, there came a man who had the penetration to see 

that the phantom science of geology needed before all else a body 

corporeal, and who took to himself the task of supplying it. This 

was Dr. James Hutton, of Edinburgh, physician, farmer, and 

manufacturing chemist—patient, enthusiastic, level-headed 

devotee of science. Inspired by his love of chemistry to study 

the character of rocks and soils, Hutton had not gone far before 

the earth stood revealed to him in a new light. He saw, what 

generations of predecessors had blindly refused to see, that the 

face of nature everywhere, instead of being rigid and immutable, 

is perennially plastic, and year by year is undergoing 

metamorphic changes. The solidest rocks are day by day 

disintegrated slowly, but none the less surely, by wind and rain 

and frost, by mechanical attrition and chemical decomposition, to 

form the pulverized earth and clay. This soil is being swept away 

by perennial showers, and carried off to the oceans. The oceans 

themselves beat on their shores, and eat insidiously into the 

structure of sands and rocks. Everywhere, slowly but surely, the 

surface of the land is being worn away; its substance is being 

carried to burial in the seas. 

Should this denudation continue long enough, thinks Hutton, the 

entire surface of the continents must be worn away. Should it be 

continued LONG ENOUGH! And with that thought there flashes on his 

mind an inspiring conception—the idea that solar time is long, 

indefinitely long. That seems a simple enough thought —almost a 

truism—to the twentieth-century mind; but it required genius to 

conceive it in the eighteenth. Hutton pondered it, grasped its 

full import, and made it the basis of his hypothesis, his “theory 

of the earth.“ 
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The hypothesis is this—that the observed changes of the surface 

of the earth, continued through indefinite lapses of time, must 

result in conveying all the land at last to the sea; in wearing 

continents away till the oceans overflow them. What then? Why, as 

the continents wear down, the oceans are filling up. Along their 

bottoms the detritus of wasted continents is deposited in strata, 

together with the bodies of marine animals and vegetables. Why 

might not this debris solidify to form layers of rocks—the basis 

of new continents? Why not, indeed? 

But have we any proof that such formation of rocks in an ocean-

bed has, in fact, occurred? To be sure we have. It is furnished 

by every bed of limestone, every outcropping fragment of fossil-

bearing rock, every stratified cliff. How else than through such 

formation in an ocean-bed came these rocks to be stratified? How 

else came they to contain the shells of once living organisms 

imbedded in their depths? The ancients, finding fossil shells 

imbedded in the rocks, explained them as mere freaks of “nature 

and the stars.“ Less superstitious generations had repudiated 

this explanation, but had failed to give a tenable solution of 

the mystery. To Hutton it is a mystery no longer. To him it seems 

clear that the basis of the present continents was laid in 

ancient sea-beds, formed of the detritus of continents yet more 

ancient. 
But two links are still wanting to complete the chain of Hutton´s 

hypothesis. Through what agency has the ooze of the ocean-bed 

been transformed into solid rock? and through what agency has 

this rock been lifted above the surface of the water to form new 

continents? Hutton looks about him for a clew, and soon he finds 

it. Everywhere about us there are outcropping rocks that are not 

stratified, but which give evidence to the observant eye of 

having once been in a molten state. Different minerals are mixed 

together; pebbles are scattered through masses of rock like plums 

in a pudding; irregular crevices in otherwise solid masses of 

rock—so-called veinings—are seen to be filled with equally 

solid granite of a different variety, which can have gotten there 

in no conceivable way, so Hutton thinks, but by running in while 

molten, as liquid metal is run into the moulds of the founder. 

Even the stratified rocks, though they seemingly have not been 

melted, give evidence in some instances of having been subjected 

to the action of heat. Marble, for example, is clearly nothing 

but calcined limestone. 

With such evidence before him, Hutton is at no loss to complete 

his hypothesis. The agency which has solidified the ocean-beds, 

he says, is subterranean heat. The same agency, acting 

excessively, has produced volcanic cataclysms, upheaving ocean-

beds to form continents. The rugged and uneven surfaces of 

mountains, the tilted and broken character of stratified rocks 

everywhere, are the standing witnesses of these gigantic 

upheavals. 
And with this the imagined cycle is complete. The continents, 

worn away and carried to the sea by the action of the elements, 

have been made over into rocks again in the ocean-beds, and then 

raised once more into continents. And this massive cycle, In 

Hutton´s scheme, is supposed to have occurred not once only, but 

over and over again, times without number. In this unique view 

ours is indeed a world without beginning and without end; its 

continents have been making and unmaking in endless series since 

time began. 
Hutton formulated his hypothesis while yet a young man, not long 

after the middle of the century. He first gave it publicity in 

1781, in a paper before the Royal Society of Edinburgh: 

1781   “A solid body of land could not have answered the purpose of a 

habitable world,“ said Hutton, ”for a soil is necessary to the 

growth of plants, and a soil is nothing but the material 

collected from the destruction of the solid land. Therefore the 

surface of this land inhabited by man, and covered by plants and 

animals, is made by nature to decay, in dissolving from that hard 

and compact state in which it is found; and this soil is 

necessarily washed away by the continual circulation of the water 

running from the summits of the mountains towards the general 

receptacle of that fluid. 

“The heights of our land are thus levelled with our shores, our 

fertile plains are formed from the ruins of the mountains; and 

those travelling materials are still pursued by the moving water, 

and propelled along the inclined surface of the earth. These 

movable materials, delivered into the sea, cannot, for a long 

continuance, rest upon the shore, for by the agitation of the 

winds, the tides, and the currents every movable thing is carried 

farther and farther along the shelving bottom of the sea, towards 

the unfathomable regions of the ocean. 

“If the vegetable soil is thus constantly removed from the 

surface of the land, and if its place is then to be supplied from 

the dissolution of the solid earth as here represented, we may 

perceive an end to this beautiful machine; an end arising from no 

error in its constitution as a world, but from that 

destructibility of its land which is so necessary in the system 

of the globe, in the economy of life and vegetation. 

“The immense time necessarily required for the total destruction 

of the land must not be opposed to that view of future events 

which is indicated by the surest facts and most approved 

principles. Time, which measures everything in our idea, and is 

often deficient to our schemes, is to nature endless and as 

nothing; it cannot limit that by which alone it has existence; 

and as the natural course of time, which to us seems infinite, 

cannot be bounded by any operation that may have an end, the 

progress of things upon this globe that in the course of nature 

cannot be limited by time must proceed in a continual succession. 

We are, therefore, to consider as inevitable the destruction of 

our land, so far as effected by those operations which are 

necessary in the purpose of the globe, considered as a habitable 

world, and so far as we have not examined any other part of the 

economy of nature, in which other operations and a different 

intention might appear. 

“We have now considered the globe of this earth as a machine, 

constructed upon chemical as well as mechanical principles, by 

which its different parts are all adapted, in form, in quality, 

and quantity, to a certain end—an end attained with certainty of 

success, and an end from which we may perceive wisdom in 

contemplating the means employed. 

“But is this world to be considered thus merely as a machine, to 

last no longer than its parts retain their present position, 

their proper forms and qualities? Or may it not be also 

considered as an organized body such as has a constitution, in 

which the necessary decay of the machine is naturally repaired in 

the exertion of those productive powers by which it has been 

formed? 
“This is the view in which we are now to examine the globe; to 

see if there be, in the constitution of the world, a reproductive 

operation by which a ruined constitution may be again repaired 

and a duration of stability thus procured to the machine 

considered as a world containing plants and animals. 

“If no such reproductive power, or reforming operation, after due 

inquiry, is to be found in the constitution of this world, we 

should have reason to conclude that the system of this earth has 

either been intentionally made imperfect or has not been the work 

of infinite power and wisdom.“[1] 

 This, then, was the important question to be answered—the 

question of the constitution of the globe. To accomplish this, it 

was necessary, first of all, to examine without prejudice the 

material already in hand, adding such new discoveries from time 

to time as might be made, but always applying to the whole 

unvarying scientific principles and inductive methods of 

reasoning. 
“If we are to take the written history of man for the rule by 

which we should judge of the time when the species first began,“ 

said Hutton, “that period would be but little removed from the 

present state of things. The Mosaic history places this beginning 

of man at no great distance; and there has not been found, in 

natural history, any document by which high antiquity might be 

attributed to the human race. But this is not the case with 

regard to the inferior species of animals, particularly those 

which inhabit the ocean and its shores. We find in natural 

history monuments which prove that those animals had long 

existed; and we thus procure a measure for the computation of a 

period of time extremely remote, though far from being precisely 

ascertained. 

“In examining things present, we have data from which to reason 

with regard to what has been; and from what actually has been we 

have data for concluding with regard to that which is to happen 

hereafter. Therefore, upon the supposition that the operations of 

nature are equable and steady, we find, in natural appearances, 

means for concluding a certain portion of time to have 

necessarily elapsed in the production of those events of which we 

see the effects. 

“It is thus that, in finding the relics of sea animals of every 

kind in the solid body of our earth, a natural history of those 

animals is formed, which includes a certain portion of time; and 

for the ascertaining this portion of time we must again have 

recourse to the regular operations of this world. We shall thus 

arrive at facts which indicate a period to which no other species 

of chronology is able to remount. 

“We find the marks of marine animals in the most solid parts of 

the earth, consequently those solid parts have been formed after 

the ocean was inhabited by those animals which are proper to that 

fluid medium. If, therefore, we knew the natural history of these 

solid parts, and could trace the operations of the globe by which 

they have been formed, we would have some means for computing the 

time through which those species of animals have continued to 

live. But how shall we describe a process which nobody has seen 

performed and of which no written history gives any account? This 

is only to be investigated, first, in examining the nature of 

those solid bodies the history of which we want to know; and, 

secondly, in examining the natural operations of the globe, in 

order to see if there now exist such operations as, from the 

nature of the solid bodies, appear to have been necessary for 

their formation. 

“There are few beds of marble or limestone in which may not be 

found some of those objects which indicate the marine object of 

the mass. If, for example, in a mass of marble taken from a 

quarry upon the top of the Alps or Andes there shall be found one 

cockle-shell or piece of coral, it must be concluded that this 

bed of stone has been originally formed at the bottom of the sea, 

as much as another bed which is evidently composed almost 

altogether of cockle-shells and coral. If one bed of limestone is 

thus found to have been of marine origin, every concomitant bed 

of the same kind must be also concluded to have been formed in 

the same manner. 

“In those calcareous strata, which are evidently of marine 

origin, there are many parts which are of sparry structure—that 

is to say, the original texture of those beds in such places has 

been dissolved, and a new structure has been assumed which is 

peculiar to a certain state of the calcareous earth. This change 

is produced by crystallization, in consequence of a previous 

state of fluidity, which has so disposed the concerting parts as 

to allow them to assume a regular shape and structure proper to 

that substance. A body whose external form has been modified by 

this process is called a CRYSTAL; one whose internal arrangement 

of parts is determined by it is said to be of a SPARRY STRUCTURE, 

and this is known from its fracture. 

“There are, in all the regions of the earth, huge masses of 

calcareous matter in that crystalline form or sparry state in 

which, perhaps, no vestige can be found of any organized body, 

nor any indication that such calcareous matter has belonged to 

animals; but as in other masses this sparry structure or 

crystalline state is evidently assumed by the marine calcareous 

substances in operations which are natural to the globe, and 

which are necessary to the consolidation of the strata, it does 

not appear that the sparry masses in which no figured body is 

formed have been originally different from other masses, which, 

being only crystallized in part, and in part still retaining 

their original form, have ample evidence of their marine origin. 

“We are led, in this manner, to conclude that all the strata of 

the earth, not only those consisting of such calcareous masses, 

but others superincumbent upon these, have had their origin at 

the bottom of the sea. 

“The general amount of our reasoning is this, that nine-tenths, 

perhaps, or ninety-nine-hundredths, of this earth, so far as we 

see, have been formed by natural operations of the globe in 

collecting loose materials and depositing them at the bottom of 

the sea; consolidating those collections in various degrees, and 

either elevating those consolidated masses above the level on 

which they were formed or lowering the level of that sea. 

“Let us now consider how far the other proposition of strata 

being elevated by the power of heat above the level of the sea 

may be confirmed from the examination of natural appearances. The 

strata formed at the bottom of the ocean are necessarily 

horizontal in their position, or nearly so, and continuous in 

their horizontal direction or extent. They may be changed and 

gradually assume the nature of each other, so far as concerns the 

materials of which they are formed, but there cannot be any 

sudden change, fracture, or displacement naturally in the body of 

a stratum. But if the strata are cemented by the heat of fusion, 

and erected with an expansive power acting below, we may expect 

to find every species of fracture, dislocation, and contortion in 

those bodies and every degree of departure from a horizontal 

towards a vertical position. 

“The strata of the globe are actually found in every possible 

position: for from horizontal they are frequently found vertical; 

from continuous they are broken and separated in every possible 

direction; and from a plane they are bent and doubled. It is 

impossible that they could have originally been formed, by the 

known laws of nature, in their present state and position; and 

the power that has been necessarily required for their change has 

not been inferior to that which might have been required for 

their elevation from the place in which they have been 

formed.“[2] 

 From all this, therefore, Hutton reached the conclusion that the 

elevation of the bodies of land above the water on the earth´s 

surface had been effected by the same force which had acted in 

consolidating the strata and giving them stability. This force he 

conceived to be exerted by the expansion of heated matter. 

“We have,“ he said, ”been now supposing that the beginning of our 

present earth had been laid in the bottom of the ocean, at the 

completion of the former land, but this was only for the sake of 

distinctness. The just view is this, that when the former land of 

the globe had been complete, so as to begin to waste and be 

impaired by the encroachment of the sea, the present land began 

to appear above the surface of the ocean. In this manner we 

suppose a due proportion to be always preserved of land and water 

upon the surface of the globe, for the purpose of a habitable 

world such as this which we possess. We thus also allow time and 

opportunity for the translation of animals and plants to occupy 

the earth. 
“But if the earth on which we live began to appear in the ocean 

at the time when the LAST began to be resolved, it could not be 

from the materials of the continent immediately preceding this 

which we examine that the present earth has been constructed; for 

the bottom of the ocean must have been filled with materials 

before land could be made to appear above its surface. 

“Let us suppose that the continent which is to succeed our land 

is at present beginning to appear above the water in the middle 

of the Pacific Ocean; it must be evident that the materials of 

this great body, which is formed and ready to be brought forth, 

must have been collected from the destruction of an earth which 

does not now appear. Consequently, in this true statement of the 

case there is necessarily required the destruction of an animal 

and vegetable earth prior to the former land; and the materials 

of that earth which is first in our account must have been 

collected at the bottom of the ocean, and begun to be concocted 

for the production of the present earth, when the land 

immediately preceding the present had arrived at its full extent. 

“We have now got to the end of our reasoning; we have no data 

further to conclude immediately from that which actually is; but 

we have got enough; we have the satisfaction to find that in 

nature there are wisdom, system, and consistency. For having in 

the natural history of the earth seen a succession of worlds, we 

may from this conclude that there is a system in nature; in like 

manner as, from seeing revolutions of the planets, it is 

concluded that there is a system by which they are intended to 

continue those revolutions. But if the succession of worlds is 

established in the system of nature, it is in vain to look for 

anything higher in the origin of the earth. The result, 

therefore, of our present inquiry is that we find no vestige of a 

beginning—no prospect of an end.“ 

 Altogether remarkable as this paper seems in the light of later 

knowledge, neither friend nor foe deigned to notice it at the 

moment. It was not published in book form until the last decade 

of the century, when Hutton had lived with and worked over his 

theory for almost fifty years. Then it caught the eye of the 

world. A school of followers expounded the Huttonian doctrines; a 

rival school under Werner in Germany opposed some details of the 

hypothesis, and the educated world as a whole viewed the 

disputants askance. The very novelty of the new views forbade 

their immediate acceptance. Bitter attacks were made upon the 

“heresies,“ and that was meant to be a soberly tempered judgment 

which in 1800 pronounced Hutton´s theories “not only hostile to 

1800   sacred history, but equally hostile to the principles of 

probability, to the results of the ablest observations on the 

mineral kingdom, and to the dictates of rational philosophy.“ And 

all this because Hutton´s theory presupposed the earth to have 

been in existence more than six thousand years. 

Thus it appears that though the thoughts of men had widened, in 

those closing days of the eighteenth century, to include the 

stars, they had not as yet expanded to receive the most patent 

records that are written everywhere on the surface of the earth. 

Before Hutton´s views could be accepted, his pivotal conception 

that time is long must be established by convincing proofs. The 

evidence was being gathered by William Smith, Cuvier, and other 

devotees of the budding science of paleontology in the last days 

of the century, but their labors were not brought to completion 

till a subsequent epoch. 

 NEPTUNISTS VERSUS PLUTONISTS 
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In the mean time, James Hutton´s theory that continents wear away 

and are replaced by volcanic upheaval gained comparatively few 

adherents. Even the lucid Illustrations of the Huttonian Theory, 

which Playfair, the pupil and friend of the great Scotchman, 

published in 1802, did not at once prove convincing. The world 

1802   had become enamoured of the rival theory of Hutton´s famous 

contemporary, Werner of Saxony —the theory which taught that “in 

the beginning” all the solids of the earth´s present crust were 

dissolved in the heated waters of a universal sea. Werner 

affirmed that all rocks, of whatever character, had been formed 

by precipitation from this sea as the waters cooled; that even 

veins have originated in this way; and that mountains are 

gigantic crystals, not upheaved masses. In a word, he practically 

ignored volcanic action, and denied in toto the theory of 

metamorphosis of rocks through the agency of heat. 

The followers of Werner came to be known as Neptunists; the 

Huttonians as Plutonists. The history of geology during the first 

quarter of the nineteenth century is mainly a recital of the 

intemperate controversy between these opposing schools; though it 

should not be forgotten that, meantime, the members of the 

Geological Society of London were making an effort to hunt for 

facts and avoid compromising theories. Fact and theory, however, 

were too closely linked to be thus divorced. 

The brunt of the controversy settled about the unstratified 

rocks—granites and their allies—which the Plutonists claimed as 

of igneous origin. This contention had the theoretical support of 

the nebular hypothesis, then gaining ground, which supposed the 

earth to be a cooling globe. The Plutonists laid great stress, 

too, on the observed fact that the temperature of the earth 

increases at a pretty constant ratio as descent towards its 

centre is made in mines. But in particular they appealed to the 

phenomena of volcanoes. 

The evidence from this source was gathered and elaborated by Mr. 

G. Poulett Scrope, secretary of the Geological Society of 

England, who, in 1823, published a classical work on volcanoes in 

1823   which he claimed that volcanic mountains, including some of the 

highest- known peaks, are merely accumulated masses of lava 

belched forth from a crevice in the earth´s crust. 

“Supposing the globe to have had any irregular shape when 

detached from the sun,“ said Scrope, ”the vaporization of its 

surface, and, of course, of its projecting angles, together with 

its rotatory motion on its axis and the liquefaction of its outer 

envelope, would necessarily occasion its actual figure of an 

oblate spheroid. As the process of expansion proceeded in depth, 

the original granitic beds were first partially disaggregated, 

next disintegrated, and more or less liquefied, the crystals 

being merged in the elastic vehicle produced by the vaporization 

of the water contained between the laminae. 

“Where this fluid was produced in abundance by great dilatation—

that is, in the outer and highly disintegrated strata, the 

superior specific gravity of the crystals forced it to ooze 

upward, and thus a great quantity of aqueous vapor was produced 

on the surface of the globe. As this elastic fluid rose into 

outer space, its continually increasing expansion must have 

proportionately lowered its temperature; and, in consequence, a 

part was recondensed into water and sank back towards the more 

solid surface of the globe. 

“And in this manner, for a certain time, a violent reciprocation 

of atmospheric phenomena must have continued—torrents of vapor 

rising outwardly, while equally tremendous torrents of condensed 

vapor, or rain, fell towards the earth. The accumulation of the 

latter on the yet unstable and unconsolidated surface of the 

globe constituted the primeval ocean. The surface of this ocean 

was exposed to continued vaporization owing to intense heat; but 

this process, abstracting caloric from the stratum of the water 

below, by partially cooling it, tended to preserve the remainder 

in a liquid form. The ocean will have contained, both in solution 

and suspension, many of the matters carried upward from the 

granitic bed in which the vapors from whose condensation it 

proceeded were produced, and which they had traversed in their 

rise. The dissolved matters will have been silex, carbonates, and 

sulphates of lime, and those other mineral substances which water 

at an intense temperature and under such circumstances was 

enabled to hold in solution. The suspended substances will have 

been all the lighter and finer particles of the upper beds where 

the disintegration had been extreme; and particularly their mica, 

which, owing to the tenuity of its plate-shaped crystals, would 

be most readily carried up by the ascending fluid, and will have 

remained longest in suspension. 

“But as the torrents of vapor, holding these various matters in 

solution and suspension, were forced upward, the greater part of 

the disintegrated crystals by degrees subsided; those of felspar 

and quartz first, the mica being, as observed above, from the 

form of its plates, of peculiar buoyancy, and therefore held 

longest in suspension. 

“The crystals of felspar and quartz as they subsided, together 

with a small proportion of mica, would naturally arrange 

themselves so as to have their longest dimensions more or less 

parallel to the surface on which they rest; and this parallelism 

would be subsequently increased, as we shall see hereafter, by 

the pressure of these beds sustained between the weight of the 

supported column of matter and the expansive force beneath them. 

These beds I conceive, when consolidated, to constitute the 

gneiss formation. 

“The farther the process of expansion proceeded in depth, the 

more was the column of liquid matter lengthened, which, 

gravitating towards the centre of the globe, tended to check any 

further expansion. It is, therefore, obvious that after the globe 

settled into its actual orbit, and thenceforward lost little of 

its enveloping matter, the whole of which began from that moment 

to gravitate towards its centre, the progress of expansion 

inwardly would continually increase in rapidity; and a moment 

must have at length arrived hen the forces of expansion and 

repression had reached an equilibrium and the process was stopped 

from progressing farther inwardly by the great pressure of the 

gravitating column of liquid. 

This column may be considered as consisting of different strata, 

though the passage from one extremity of complete solidity to the 

other of complete expansion, in reality, must have been perfectly 

gradual. The lowest stratum, immediately above the extreme limit 

of expansion, will have been granite barely DISAGGREGATED, and 

rendered imperfectly liquid by the partial vaporization of its 

contained water. 

“The second stratum was granite DISINTEGRATED; aqueous vapor, 

having been produced in such abundance as to be enabled to rise 

upward, partially disintegrating the crystals of felspar and 

mica, and superficially dissolving those of quartz. This mass 

would reconsolidate into granite, though of a smaller grain than 

the preceding rock. 

“The third stratum was so disintegrated that a greater part of 

the mica had been carried up by the escaping vapor IN SUSPENSION, 

and that of quartz in solution; the felspar crystals, with the 

remaining quartz and mica, SUBSIDING by their specific gravity 

and arranging themselves in horizontal planes. 

“The consolidation of this stratum produced the gneiss formation. 

“The fourth zone will have been composed of the ocean of turbid 

and heated water, holding mica, etc., in suspension, and quartz, 

carbonate of lime, etc., in solution, and continually traversed 

by reciprocating bodies of heated water rising from below, and of 

cold fluid sinking from the surface, by reason of their specific 

gravities. 
“The disturbance thus occasioned will have long retarded the 

deposition of the suspended particles. But this must by degrees 

have taken place, the quartz grains and the larger and coarser 

plates of mica subsiding first and the finest last. 

“But the fragments of quartz and mica were not deposited alone; a 

great proportion of the quartz held in SOLUTION must have been 

precipitated at the same time as the water cooled, and therefore 

by degrees lost its faculty of so much in solution. Thus was 

gradually produced the formation of mica-schist, the mica 

imperfectly recrystallizing or being merely aggregated together 

in horizontal plates, between which the quartz either spread 

itself generally in minute grains or unified into crystalline 

nuclei. On other spots, instead of silex, carbonate of lime was 

precipitated, together with more or less of the nucaceous 

sediment, and gave rise to saccharoidal limestones. At a later 

period, when the ocean was yet further cooled down, rock-salt and 

sulphate of lime were locally precipitated in a similar mode. 

“The fifth stratum was aeriform, and consisted in great part of 

aqueous vapors; the remainder being a compound of other elastic 

fluids (permanent gases) which had been formed probably from the 

volatilization of some of the substances contained in the 

primitive granite and carried upward with the aqueous vapor from 

below. These gases will have been either mixed together or 

otherwise disposed, according to their different specific 

gravities or chemical affinities, and this stratum constituted 

the atmosphere or aerial envelope of the globe. 

“When, in this manner, the general and positive expansion of the 

globe, occasioned by the sudden reduction of outward pressure, 

had ceased (in consequence of the REPRESSIVE FORCE, consisting of 

the weight of its fluid envelope, having reached an equilibrium 

with the EXPANSIVE FORCE, consisting of the caloric of the heated 

nucleus), the rapid superficial evaporation of the ocean 

continued; and, by gradually reducing its temperature, occasioned 

the precipitation of a proportionate quantity of the minerals it 

held in solution, particularly its silex. These substances 

falling to the bottom, accompanied by a large proportion of the 

matters held in solution, particularly the mica, in consequence 

of the greater comparative tranquillity of the ocean, 

agglomerated these into more or less compact beds of rock (the 

mica-schist formation), producing the first crust or solid 

envelope of the globe. Upon this, other stratified rocks, 

composed sometimes of a mixture, sometimes of an alternation of 

precipitations, sediments, and occasionally of conglomerates, 

were by degrees deposited, giving rise to the TRANSITION 

formations. 

“Beneath this crust a new process now commenced. The outer zones 

of crystalline matter having been suddenly refrigerated by the 

rapid vaporization and partial escape of the water they 

contained, abstracted caloric from the intensely heated nucleus 

of the globe. These crystalline zones were of unequal density, 

the expansion they had suffered diminishing from above downward. 

“Their expansive force was, however, equal at all points, their 

temperature everywhere bearing an inverse ratio to their density. 

But when by the accession of caloric from the inner and 

unliquefied nucleus the temperature, and consequently the 

expansive force of the lower strata of dilated crystalline 

matter, was augmented, it acted upon the upper and more liquefied 

strata. These being prevented from yielding OUTWARDLY by the 

tenacity and weight of the solid involucrum of precipitated and 

sedimental deposits which overspread them, sustained a pressure 

out of proportion to their expansive force, and were in 

consequence proportionately condensed, and by the continuance of 

the process, where the overlying strata were sufficiently 

resistant, finally consolidated. 

“This process of consolidation must have progressed from above 

downward, with the increase of the expansive force in the lower 

strata, commencing from the upper surface, which, its temperature 

being lowest, offered the least resistance to the force of 

compression. 

“By this process the upper zone of crystalline matter, which had 

intumesced so far as to allow of the escape of its aqueous vapor 

and of much of its mica and quartz, was resolidified, the 

component crystals arranging themselves in planes perpendicular 

to the direction of the pressure by which the mass was 

consolidated—that is, to the radius of the globe. The gneiss 

formation, as already observed, was the result. 

“The inferior zone of barely disintegrated granite, from which 

only a part of the steam and quartz and none of the mica had 

escaped, reconsolidated in a confused or granitoidal manner; but 

exhibits marks of the process it had undergone in its broken 

crystals of felspar and mica, its rounded and superficially 

dissolved grains of quartz, its imbedded fragments (broken from 

the more solid parts of the mass, as it rose, and enveloped by 

the softer parts), its concretionary nodules and new minerals, 

etc. “Beneath this, the granite which had been simply disintegrated 

was again solidified, and returned in all respects to its former 

condition. The temperature, however, and with it the expansive 

force of the inferior zone, was continually on the increase, the 

caloric of the interior of the globe still endeavoring to put 

itself in equilibrio by passing off towards the less-intensely 

heated crust. 

“This continually increasing expansive force must at length have 

overcome the resistance opposed by the tenacity and weight of the 

overlying consolidated strata. It is reasonable to suppose that 

this result took place contemporaneously, or nearly so, on many 

spots, wherever accidental circumstances in the texture or 

composition of the oceanic deposits led them to yield more 

readily; and in this manner were produced those original fissures 

in the primeval crust of the earth through some of which 

(fissures of elevation) were intruded portions of interior 

crystalline zones in a solid or nearly solid state, together with 

more or less of the intumescent granite, in the manner above 

described; while others (fissures of eruption) gave rise to 

extravasations of the heated crystalline matter, in the form of 

lavas—that is, still further liquefied by the greater 

comparative reduction of the pressure they endured.“[3] 

 The Neptunists stoutly contended for the aqueous origin of 

volcanic as of other mountains. But the facts were with Scrope, 

and as time went on it came to be admitted that not merely 

volcanoes, but many “trap” formations not taking the form of 

craters, had been made by the obtrusion of molten rock through 

fissures in overlying strata. Such, for example, to cite familiar 

illustrations, are Mount Holyoke, in Massachusetts, and the well-

known formation of the Palisades along the Hudson. 

But to admit the “Plutonic” origin of such widespread formations 

was practically to abandon the Neptunian hypothesis. So gradually 

the Huttonian explanation of the origin of granites and other 

“igneous” rocks, whether massed or in veins, came to be accepted. 

Most geologists then came to think of the earth as a molten mass, 

on which the crust rests as a mere film. Some, indeed, with 

Lyell, preferred to believe that the molten areas exist only as 

lakes in a solid crust, heated to melting, perhaps, by electrical 

or chemical action, as Davy suggested. More recently a popular 

theory attempts to reconcile geological facts with the claim of 

the physicists, that the earth´s entire mass is at least as rigid 

as steel, by supposing that a molten film rests between the 

observed solid crust and the alleged solid nucleus. But be that 

as it may, the theory that subterranean heat has been 

instrumental in determining the condition of “primary” rocks, and 

in producing many other phenomena of the earth´s crust, has never 

been in dispute since the long controversy between the Neptunists 

and the Plutonists led to its establishment. 

 LYELL AND UNIFORMITARIANISM 

LYELL AND UNIFORMITARIANISM 

If molten matter exists beneath the crust of the earth, it must 

contract in cooling, and in so doing it must disturb the level of 

the portion of the crust already solidified. So a plausible 

explanation of the upheaval of continents and mountains was 

supplied by the Plutonian theory, as Hutton had from the first 

alleged. But now an important difference of opinion arose as to 

the exact rationale of such upheavals. Hutton himself, and 

practically every one else who accepted his theory, had supposed 

that there are long periods of relative repose, during which the 

level of the crust is undisturbed, followed by short periods of 

active stress, when continents are thrown up with volcanic 

suddenness, as by the throes of a gigantic earthquake. But now 

came Charles Lyell with his famous extension of the 

“uniformitarian” doctrine, claiming that past changes of the 

earth´s surface have been like present changes in degree as well 

as in kind. The making of continents and mountains, he said, is 

going on as rapidly to-day as at any time in the past. There have 

been no gigantic cataclysmic upheavals at any time, but all 

changes in level of the strata as a whole have been gradual, by 

slow oscillation, or at most by repeated earthquake shocks such 

as are still often experienced. 

In support of this very startling contention Lyell gathered a 

mass of evidence of the recent changes in level of continental 

areas. He corroborated by personal inspection the claim which had 

been made by Playfair in 1802, and by Von Buch in 1807, that the 

1802   
1807   coast-line of Sweden is rising at the rate of from a few inches 

to several feet in a century. He cited Darwin´s observations 

going to prove that Patagonia is similarly rising, and Pingel´s 

claim that Greenland is slowly sinking. Proof as to sudden 

changes of level of several feet, over large areas, due to 

earthquakes, was brought forward in abundance. Cumulative 

evidence left it no longer open to question that such oscillatory 

changes of level, either upward or downward, are quite the rule, 

and it could not be denied that these observed changes, if 

continued long enough in one direction, would produce the highest 

elevations. The possibility that the making of even the highest 

ranges of mountains had been accomplished without exaggerated 

catastrophic action came to be freely admitted. 

It became clear that the supposedly stable-land surfaces are in 

reality much more variable than the surface of the “shifting 

sea”; that continental masses, seemingly so fixed, are really 

rising and falling in billows thousands of feet in height, ages 

instead of moments being consumed in the sweep between crest and 

hollow. 
These slow oscillations of land surfaces being understood, many 

geological enigmas were made clear— such as the alternation of 

marine and fresh-water formations in a vertical series, which 

Cuvier and Brongniart had observed near Paris; or the sandwiching 

of layers of coal, of subaerial formation, between layers of 

subaqueous clay or sandstone, which may be observed everywhere in 

the coal measures. In particular, the extreme thickness of the 

sedimentary strata as a whole, many times exceeding the depth of 

the deepest known sea, was for the first time explicable when it 

was understood that such strata had formed in slowly sinking 

ocean-beds. 

All doubt as to the mode of origin of stratified rocks being thus 

removed, the way was opened for a more favorable consideration of 

that other Huttonian doctrine of the extremely slow denudation of 

land surfaces. The enormous amount of land erosion will be patent 

to any one who uses his eyes intelligently in a mountain 

district. It will be evident in any region where the strata are 

tilted—as, for example, the Alleghanies— that great folds of 

strata which must once have risen miles in height have in many 

cases been worn entirely away, so that now a valley marks the 

location of the former eminence. Where the strata are level, as 

in the case of the mountains of Sicily, the Scotch Highlands, and 

the familiar Catskills, the evidence of denudation is, if 

possible, even more marked; for here it is clear that elevation 

and valley have been carved by the elements out of land that rose 

from the sea as level plateaus. 

But that this herculean labor of land-sculpturing could have been 

accomplished by the slow action of wind and frost and shower was 

an idea few men could grasp within the first half-century after 

Hutton propounded it; nor did it begin to gain general currency 

until Lyell´s crusade against catastrophism, begun about 1830, 

1830   had for a quarter of a century accustomed geologists to the 

thought of slow, continuous changes producing final results of 

colossal proportions. And even long after that it was combated by 

such men as Murchison, Director-General of the Geological Survey 

of Great Britain, then accounted the foremost field-geologist of 

his time, who continued to believe that the existing valleys owe 

their main features to subterranean forces of upheaval. Even 

Murchison, however, made some recession from the belief of the 

Continental authorities, Elie de Beaumont and Leopold von Buch, 

who contended that the mountains had sprung up like veritable 

jacks-in-the-box. Von Buch, whom his friend and fellow-pupil Von 

Humboldt considered the foremost geologist of the time, died in 

1853, still firm in his early faith that the erratic bowlders 

1853   found high on the Jura had been hurled there, like cannon-balls, 

across the valley of Geneva by the sudden upheaval of a 

neighboring mountain-range. 

 AGASSIZ AND THE GLACIAL THEORY 
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The bowlders whose presence on the crags of the Jura the old 

Gerinan accounted for in a manner so theatrical had long been a 

source of contention among geologists. They are found not merely 

on the Jura, but on numberless other mountains in all north-

temperate latitudes, and often far out in the open country, as 

many a farmer who has broken his plough against them might 

testify. The early geologists accounted for them, as for nearly 

everything else, with their supposititious Deluge. Brongniart and 

Cuvier and Buckland and their contemporaries appeared to have no 

difficulty in conceiving that masses of granite weighing hundreds 

of tons had been swept by this current scores or hundreds of 

miles from their source. But, of course, the uniformitarian faith 

permitted no such explanation, nor could it countenance the 

projection idea; so Lyell was bound to find some other means of 

transportation for the puzzling erratics. 

The only available medium was ice, but, fortunately, this one 

seemed quite sufficient. Icebergs, said Lyell, are observed to 

carry all manner of debris, and deposit it in the sea-bottoms. 

Present land surfaces have often been submerged beneath the sea. 

During the latest of these submergences icebergs deposited the 

bowlders now scattered here and there over the land. Nothing 

could be simpler or more clearly uniformitarian. And even the 

catastrophists, though they met Lyell amicably on almost no other 

theoretical ground, were inclined to admit the plausibility of 

his theory of erratics. Indeed, of all Lyell´s nonconformist 

doctrines, this seemed the one most likely to meet with general 

acceptance. 

Yet, even as this iceberg theory loomed large and larger before 

the geological world, observations were making in a different 

field that were destined to show its fallacy. As early as 1815 a 

1815   sharp-eyed chamois- hunter of the Alps, Perraudin by name, had 

noted the existence of the erratics, and, unlike most of his 

companion hunters, had puzzled his head as to how the bowlders 

got where he saw them. He knew nothing of submerged continents or 

of icebergs, still less of upheaving mountains; and though he 

doubtless had heard of the Flood, he had no experience of heavy 

rocks floating like corks in water. Moreover, he had never 

observed stones rolling uphill and perching themselves on 

mountain-tops, and he was a good enough uniformitarian (though he 

would have been puzzled indeed had any one told him so) to 

disbelieve that stones in past times had disported themselves 

differently in this regard from stones of the present. Yet there 

the stones are. How did they get there? 

The mountaineer thought that he could answer that question. He 

saw about him those gigantic serpent- like streams of ice called 

glaciers, “from their far fountains slow rolling on,“ carrying 

with them blocks of granite and other debris to form moraine 

deposits. If these glaciers had once been much more extensive 

than they now are, they might have carried the bowlders and left 

them where we find them. On the other hand, no other natural 

agency within the sphere of the chamois-hunter´s knowledge could 

have accomplished this, ergo the glaciers must once have been 

more extensive. Perraudin would probably have said that common-

sense drove him to this conclusion; but be that as it may, he had 

conceived one of the few truly original and novel ideas of which 

the nineteenth century can boast. 

Perraudin announced his idea to the greatest scientist in his 

little world—Jean de Charpentier, director of the mines at Bex, 

a skilled geologist who had been a fellow-pupil of Von Buch and 

Von Humboldt under Werner at the Freiberg School of Mines. 

Charpentier laughed at the mountaineer´s grotesque idea, and 

thought no more about it. And ten years elapsed before Perraudin 

could find any one who treated his notion with greater respect. 

Then he found a listener in M. Venetz, a civil engineer, who read 

a paper on the novel glacial theory before a local society in 

1823. This brought the matter once more to the attention of De 

1823   Charpentier, who now felt that there might be something in it 

worth investigation. 

A survey of the field in the light of the new theory soon 

convinced Charpentier that the chamois-hunter had all along been 

right. He became an enthusiastic supporter of the idea that the 

Alps had once been imbedded in a mass of ice, and in 1836 he 

1836   brought the notion to the attention of Louis Agassiz, who was 

spending the summer in the Alps. Agassiz was sceptical at first, 

but soon became a convert. 

In 1840 Agassiz published a paper in which the results of his 

1840   Alpine studies were elaborated. 

“Let us consider,“ he says, ”those more considerable changes to 

which glaciers are subject, or rather, the immense extent which 

they had in the prehistoric period. This former immense 

extension, greater than any that tradition has preserved, is 

proved, in the case of nearly every valley in the Alps, by facts 

which are both many and well established. The study of these 

facts is even easy if the student is looking out for them, and if 

he will seize the least indication of their presence; and, if it 

were a long time before they were observed and connected with 

glacial action, it is because the evidences are often isolated 

and occur at places more or less removed from the glacier which 

originated them. If it be true that it is the prerogative of the 

scientific observer to group in the field of his mental vision 

those facts which appear to be without connection to the vulgar 

herd, it is, above all, in such a case as this that he is called 

upon to do so. I have often compared these feeble effects, 

produced by the glacial action of former ages, with the 

appearance of the markings upon a lithographic stone, prepared 

for the purpose of preservation, and upon which one cannot see 

the lines of the draughtsman´s work unless it is known beforehand 

where and how to search for them. 

“The fact of the former existence of glaciers which have now 

disappeared is proved by the survival of the various phenomena 

which always accompany them, and which continue to exist even 

after the ice has melted. These phenomena are as follows: 

“1. Moraines.—The disposition and composition of moraines enable 

them to be always recognized, even when they are no longer 

adjacent to a glacier nor immediately surround its lower 

extremities. I may remark that lateral and terminal moraines 

alone enable us to recognize with certainty the limits of glacial 

extension, because they can be easily distinguished from the 

dikes and irregularly distributed stones carried down by the 

Alpine torrents, The lateral moraines deposited upon the sides of 

valleys are rarely affected by the larger torrents, but they are, 

however, often cut by the small streams which fall down the side 

of a mountain, and which, by interfering with their continuity, 

make them so much more difficult to recognize. 

“2. The Perched Bowlders.—It often happens that glaciers 

encounter projecting points of rock, the sides of which become 

rounded, and around which funnel- like cavities are formed with 

more or less profundity. When glaciers diminish and retire, the 

blocks which have fallen into these funnels often remain perched 

upon the top of the projecting rocky point within it, in such a 

state of equilibrium that any idea of a current of water as the 

cause of their transportation is completely inadmissible on 

account of their position. When such points of rock project above 

the surface of the glacier or appear as a more considerable islet 

in the midst of its mass (such as is the case in the Jardin of 

the Mer de Glace, above Montavert), such projections become 

surrounded on all sides by stones which ultimately form a sort of 

crown around the summit whenever the glaciers decrease or retire 

completely. Water currents never produce anything like this; but, 

on the contrary, whenever a stream breaks itself against a 

projecting rock, the stones which it carries down are turned 

aside and form a more or less regular trail. Never, under such 

circumstances, can the stones remain either at the top or at the 

sides of the rock, for, if such a thing were possible, the 

rapidity of the current would be accelerated by the increased 

resistance, and the moving bowlders would be carried beyond the 

obstruction before they were finally deposited. 

“3. The polished and striated rocks, such as have been described 

in Chapter XIV., afford yet further evidence of the presence of a 

glacier; for, as has been said already, neither a current nor the 

action of waves upon an extensive beach produces such effects. 

The general direction of the channels and furrows indicates the 

direction of the general movement of the glacier, and the streaks 

which vary more or less from this direction are produced by the 

local effects of oscillation and retreat, as we shall presently 

see. “4. The Lapiaz, or Lapiz, which the inhabitants of German 

Switzerland call Karrenfelder, cannot always be distinguished 

from erosions, because, both produced as they are by water, they 

do not differ in their exterior characteristics, but only in 

their positions. Erosions due to torrents are always found in 

places more or less depressed, and never occur upon large 

inclined surfaces. The Lapiaz, on the contrary, are frequently 

found upon the projecting parts of the sides of valleys in places 

where it is not possible to suppose that water has ever formed a 

current. Some geologists, in their embarrassment to explain these 

phenomena, have supposed that they were due to the infiltration 

of acidulated water, but this hypothesis is purely gratuitous. 

“We will now describe the remains of these various phenomena as 

they are found in the Alps outside the actual glacial limits, in 

order to prove that at a certain epoch glaciers were much larger 

than they are to-day. 

“The ancient moraines, situated as they are at a great distance 

from those of the present day, are nowhere so distinct or so 

frequent as in Valais, where MM. Venetz and J. de Charpentier 

noticed them for the first time; but as their observations are as 

yet unpublished, and they themselves gave me the information, it 

would be an appropriation of their discovery if I were to 

describe them here in detail. I will limit myself to say that 

there can be found traces, more or less distinct, of ancient 

terminal moraines in the form of vaulted dikes at the foot of 

every glacier, at a distance of a few minutes´ walk, a quarter of 

an hour, a half-hour, an hour, and even of several leagues from 

their present extremities. These traces become less distinct in 

proportion to their distance from the glacier, and, since they 

are also often traversed by torrents, they are not as continuous 

as the moraines which are nearer to the glaciers. The farther 

these ancient moraines are removed from the termination of a 

glacier, the higher up they reach upon the sides of the valley, 

which proves to us that the thickness of the glacier must have 

been greater when its size was larger. At the same time, their 

number indicates so many stopping-places in the retreat of the 

glacier, or so many extreme limits of its extension—limits which 

were never reached again after it had retired. I insist upon this 

point, because if it is true that all these moraines demonstrate 

a larger extent of the glacier, they also prove that their 

retreat into their present boundaries, far from having been 

catastrophic, was marked on the contrary by periods of repose 

more or less frequent, which caused the formation of a series of 

concentric moraines which even now indicate their retrogression. 

“The remains of longitudinal moraines are less frequent, less 

distinct, and more difficult to investigate, because, indicating 

as they do the levels to which the edges of the glacier reached 

at different epochs, it is generally necessary to look for them 

above the line of the paths along the escarpments of the valleys, 

and hence it is not always possible to follow them along a 

valley. Often, also, the sides of a valley which enclosed a 

glacier are so steep that it is only here and there that the 

stones have remained in place. They are, nevertheless, very 

distinct in the lower part of the valley of the Rhone, between 

Martigny and the Lake of Geneva, where several parallel ridges 

can be observed, one above the other, at a height of one 

thousand, one thousand two hundred, and even one thousand five 

hundred feet above the Rhone. It is between St. Maurice and the 

cascade of Pissevache, close to the hamlet of Chaux-Fleurie, that 

they are most accessible, for at this place the sides of the 

valley at different levels ascend in little terraces, upon which 

the moraines have been preserved. They are also very distinct 

above the Bains de Lavey, and above the village of Monthey at the 

entrance of the Val d´Illiers, where the sides of the valley are 

less inclined than in many other places. 

“The perched bowlders which are found in the Alpine valleys, at 

considerable distances from the glaciers, occupy at times 

positions so extraordinary that they excite in a high degree the 

curiosity of those who see them. For instance, when one sees an 

angular stone perched upon the top of an isolated pyramid, or 

resting in some way in a very steep locality, the first inquiry 

of the mind is, When and how have these stones been placed in 

such positions, where the least shock would seem to turn them 

over? But this phenomenon is not in the least astonishing when it 

is seen to occur also within the limits of actual glaciers, and 

it is recalled by what circumstances it is occasioned. 

“The most curious examples of perched stones which can be cited 

are those which command the northern part of the cascade of 

Pissevache, close to Chaux-Fleurie, and those above the Bains de 

Lavey, close to the village of Morcles; and those, even more 

curious, which I have seen in the valley of St. Nicolas and 

Oberhasli. At Kirchet, near Meiringen, can be seen some very 

remarkable crowns of bowlders around several domes of rock which 

appear to have been projected above the surface of the glacier 

which surrounded them. Something very similar can be seen around 

the top of the rock of St. Triphon. 

“The extraordinary phenomenon of perched stones could not escape 

the observing eye of De Saussure, who noticed several at Saleve, 

of which he described the positions in the following manner: ‘One 

sees,´ said he, ‘upon the slope of an inclined meadow, two of 

these great bowlders of granite, elevated one upon the other, 

above the grass at a height of two or three feet, upon a base of 

limestone rock on which both rest. This base is a continuation of 

the horizontal strata of the mountain, and is even united with it 

visibly on its lower face, being cut perpendicularly upon the 

other sides, and is not larger than the stone which it supports.´ 

But seeing that the entire mountain is composed of the same 

limestone, De Saussure naturally concluded that it would be 

absurd to think that it was elevated precisely and only beneath 

the blocks of granite. But, on the other hand, since he did not 

know the manner in which these perched stones are deposited in 

our days by glacial action, he had recourse to another 

explanation: He supposes that the rock was worn away around its 

base by the continual erosion of water and air, while the portion 

of the rock which served as the base for the granite had been 

protected by it. This explanation, although very ingenious, could 

no longer be admitted after the researches of M. Elie de Beaumont 

had proved that the action of atmospheric agencies was not by a 

good deal so destructive as was theretofore supposed. De Saussure 

speaks also of a detached bowlder, situated upon the opposite 

side of the Tete-Noire, ‘which is,´ he says, ‘of so great a size 

that one is tempted to believe that it was formed in the place it 

occupies; and it is called Barme russe, because it is worn away 

beneath in the form of a cave which can afford accommodation for 

more than thirty persons at a time.“[4] 

But the implications of the theory of glaciers extend, so Agassiz 

has come to believe, far beyond the Alps. If the Alps had been 

covered with an ice sheet, so had many other regions of the 

northern hemisphere. Casting abroad for evidences of glacial 

action, Agassiz found them everywhere in the form of transported 

erratics, scratched and polished outcropping rocks, and moraine-

like deposits. Finally, he became convinced that the ice sheet 

that covered the Alps had spread over the whole of the higher 

latitudes of the northern hemisphere, forming an ice cap over the 

globe. Thus the common-sense induction of the chamois- hunter 

blossomed in the mind of Agassiz into the conception of a 

universal ice age. 

In 1837 Agassiz had introduced his theory to the world, in a 

1837   paper read at Neuchatel, and three years later he published his 

famous Etudes sur les Glaciers, from which we have just quoted. 

Never did idea make a more profound disturbance in the scientific 

world. Von Buch treated it with alternate ridicule, contempt, and 

rage; Murchison opposed it with customary vigor; even Lyell, 

whose most remarkable mental endowment was an unfailing 

receptiveness to new truths, could not at once discard his 

iceberg theory in favor of the new claimant. Dr. Buckland, 

however, after Agassiz had shown him evidence of former glacial 

action in his own Scotland, became a convert—the more readily, 

perhaps, as it seemed to him to oppose the uniformitarian idea. 

Gradually others fell in line, and after the usual imbittered 

controversy and the inevitable full generation of probation, the 

idea of an ice age took its place among the accepted tenets of 

geology. All manner of moot points still demanded attention—the 

cause of the ice age, the exact extent of the ice sheet, the 

precise manner in which it produced its effects, and the exact 

nature of these effects; and not all of these have even yet been 

determined. But, details aside, the ice age now has full 

recognition from geologists as an historical period. There may 

have been many ice ages, as Dr. Croll contends; there was surely 

one; and the conception of such a period is one of the very few 

ideas of our century that no previous century had even so much as 

faintly adumbrated. 
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But, for that matter, the entire subject of historical geology is 

one that had but the barest beginning before our century. Until 

the paleontologist found out the key to the earth´s chronology, 

no one—not even Hutton— could have any definite idea as to the 

true story of the earth´s past. The only conspicuous attempt to 

classify the strata was that made by Werner, who divided the 

rocks into three systems, based on their supposed order of 

deposition, and called primary, transition, and secondary. 

Though Werner´s observations were confined to the small province 

of Saxony, he did not hesitate to affirm that all over the world 

the succession of strata would be found the same as there, the 

concentric layers, according to this conception, being arranged 

about the earth with the regularity of layers on an onion. But in 

this Werner was as mistaken as in his theoretical explanation of 

the origin of the “primary” rocks. It required but little 

observation to show that the exact succession of strata is never 

precisely the same in any widely separated regions. Nevertheless, 

there was a germ of truth in Werner´s system. It contained the 

idea, however faultily interpreted, of a chronological succession 

of strata; and it furnished a working outline for the observers 

who were to make out the true story of geological development. 

But the correct interpretation of the observed facts could only 

be made after the Huttonian view as to the origin of strata had 

gained complete acceptance. 

When William Smith, having found the true key to this story, 

attempted to apply it, the territory with which he had to deal 

chanced to be one where the surface rocks are of that later 

series which Werner termed secondary. He made numerous 

subdivisions within this system, based mainly on the fossils. 

Meantime it was found that, judged by the fossils, the strata 

that Brongniart and Cuvier studied near Paris were of a still 

more recent period (presumed at first to be due to the latest 

deluge), which came to be spoken of as tertiary. It was in these 

beds, some of which seemed to have been formed in fresh-water 

lakes, that many of the strange mammals which Cuvier first 

described were found. 

But the “transition” rocks, underlying the “secondary” system 

that Smith studied, were still practically unexplored when, along 

in the thirties, they were taken in hand by Roderick Impey 

Murchison, the reformed fox-hunter and ex-captain, who had turned 

geologist to such notable advantage, and Adam Sedgwick, the 

brilliant Woodwardian professor at Cambridge. 

Working together, these two friends classified the 

transition rocks into chronological groups, since familiar to 

every one in the larger outlines as the Silurian system (age of 

invertebrates) and the Devonian system (age of fishes)—names 

derived respectively from the country of the ancient Silures, in 

Wales and Devonshire, England. It was subsequently discovered 

that these systems of strata, which crop out from beneath newer 

rocks in restricted areas in Britain, are spread out into broad, 

undisturbed sheets over thousands of miles in continental Europe 

and in America. Later on Murchison studied them in Russia, and 

described them, conjointly with Verneuil and Von Kerserling, in a 

ponderous and classical work. In America they were studied by 

Hall, Newberry, Whitney, Dana, Whitfield, and other pioneer 

geologists, who all but anticipated their English contemporaries. 

The rocks that are of still older formation than those studied by 

Murchison and Sedgwick (corresponding in location to the 

“primary” rocks of Werner´s conception) are the surface feature 

of vast areas in Canada, and were first prominently studied there 

by William I. Logan, of the Canadian Government Survey, as early 

as 1846, and later on by Sir William Dawson. These rocks —

1846   
comprising the Laurentian system—were formerly supposed to 

represent parts of the original crust of the earth, formed on 

first cooling from a molten state; but they are now more 

generally regarded as once-stratified deposits metamorphosed by 

the action of heat. 

Whether “primitive” or metamorphic, however, these Canadian 

rocks, and analogous ones beneath the fossiliferous strata of 

other countries, are the oldest portions of the earth´s crust of 

which geology has any present knowledge. Mountains of this 

formation, as the Adirondacks and the Storm King range, 

overlooking the Hudson near West Point, are the patriarchs of 

their kind, beside which Alleghanies and Sierra Nevadas are 

recent upstarts, and Rockies, Alps, and Andes are mere parvenus 

of yesterday. 

The Laurentian rocks were at first spoken of as representing 

“Azoic” time; but in 1846 Dawson found a formation deep in their 

1846   
midst which was believed to b e the fossil relic of a very low 

form of life, and after that it became customary to speak of the 

system as “Eozoic.“ Still more recently the title of Dawson´s 

supposed fossil to rank as such has been questioned, and Dana´s 

suggestion that the early rocks be termed merely Archman has met 

with general favor. Murchison and Sedgwick´s Silurian, Devonian, 

and Carboniferous groups (the ages of invertebrates, of fishes, 

and of coal plants, respectively) are together spoken of as 

representing Paleozoic time. William Smith´s system of strata, 

next above these, once called “secondary,“ represents Mesozoic 

time, or the age of reptiles. Still higher, or more recent, are 

Cuvier and Brongniart´s tertiary rocks, representing the age of 

mammals. Lastly, the most recent formations, dating back, 

however, to a period far enough from recent in any but a 

geological sense, are classed as quaternary, representing the age 

of man. 
It must not be supposed, however, that the successive “ages” of 

the geologist are shut off from one another in any such arbitrary 

way as this verbal classification might seem to suggest. In point 

of fact, these “ages” have no better warrant for existence than 

have the “centuries” and the “weeks” of every-day computation. 

They are convenient, and they may even stand for local divisions 

in the strata, but they are bounded by no actual gaps in the 

sweep of terrestrial events. 

Moreover, it must be understood that the “ages” of different 

continents, though described under the same name, are not 

necessarily of exact contemporaneity. There is no sure test 

available by which it could be shown that the Devonian age, for 

instance, as outlined in the strata of Europe, did not begin 

millions of years earlier or later than the period whose records 

are said to represent the Devonian age in America. In attempting 

to decide such details as this, mineralogical data fail us 

utterly. Even in rocks of adjoining regions identity of structure 

is no proof of contemporaneous origin; for the veritable 

substance of the rock of one age is ground up to build the rocks 

of subsequent ages. Furthermore, in seas where conditions change 

but little the same form of rock may be made age after age. It is 

believed that chalk-beds still forming in some of our present 

seas may form one continuous mass dating back to earliest 

geologic ages. On the other hand, rocks different in character 

maybe formed at the same time in regions not far apart—say a 

sandstone along shore, a coral limestone farther seaward, and a 

chalk-bed beyond. This continuous stratum, broken in the process 

of upheaval, might seem the record of three different epochs. 

Paleontology, of course, supplies far better chronological tests, 

but even these have their limitations. There has been no time 

since rocks now in existence were formed, if ever, when the earth 

had a uniform climate and a single undiversified fauna over its 

entire land surface, as the early paleontologists supposed. 

Speaking broadly, the same general stages have attended the 

evolution of organic forms everywhere, but there is nothing to 

show that equal periods of time witnessed corresponding changes 

in diverse regions, but quite the contrary. To cite but a single 

illustration, the marsupial order, which is the dominant 

mammalian type of the living fauna of Australia to-day, existed 

in Europe and died out there in the tertiary age. Hence a future 

geologist might think the Australia of to-day contemporaneous 

with a period in Europe which in reality antedated it by perhaps 

millions of years. 

All these puzzling features unite to render the subject of 

historical geology anything but the simple matter the fathers of 

the science esteemed it. No one would now attempt to trace the 

exact sequence of formation of all the mountains of the globe, as 

Elie de Beaumont did a half-century ago. Even within the limits 

of a single continent, the geologist must proceed with much 

caution in attempting to chronicle the order in which its various 

parts rose from the matrix of the sea. The key to this story is 

found in the identification of the strata that are the surface 

feature in each territory. If Devonian rocks are at the surface 

in any given region, for example, it would appear that this 

region became a land surface in the Devonian age, or just 

afterwards. But a moment´s consideration shows that there is an 

element of uncertainty about this, due to the steady denudation 

that all land surfaces undergo. The Devonian rocks may lie at the 

surface simply because the thousands of feet of carboniferous 

strata that once lay above them have been worn away. All that the 

cautious geologist dare assert, therefore, is that the region in 

question did not become permanent land surface earlier than the 

Devonian age. 

But to know even this is much—sufficient, indeed, to establish 

the chronological order of elevation, if not its exact period, 

for all parts of any continent that have been geologically 

explored—understanding always that there must be no scrupling 

about a latitude of a few millions or perhaps tens of millions of 

years here and there. 

Regarding our own continent, for example, we learn through the 

researches of a multitude of workers that in the early day it was 

a mere archipelago. Its chief island—the backbone of the future 

continent—was a great V-shaped area surrounding what is now 

Hudson Bay, an area built tip, perhaps, through denudation of a 

yet more ancient polar continent, whose existence is only 

conjectured. To the southeast an island that is now the 

Adirondack Mountains, and another that is now the Jersey 

Highlands rose above the waste of waters, and far to the south 

stretched probably a line of islands now represented by the Blue 

Ridge Mountains. Far off to the westward another line of islands 

foreshadowed our present Pacific border. A few minor islands in 

the interior completed the archipelago. 

From this bare skeleton the continent grew, partly by the deposit 

of sediment from the denudation of the original islands (which 

once towered miles, perhaps, where now they rise thousands of 

feet), but largely also by the deposit of organic remains, 

especially in the interior sea, which teemed with life. In the 

Silurian ages, invertebrates—brachiopods and crinoids and 

cephalopods—were the dominant types. But very early—no one 

knows just when—there came fishes of many strange forms, some of 

the early ones enclosed in turtle-like shells. Later yet, large 

spaces within the interior sea having risen to the surface, great 

marshes or forests of strange types of vegetation grew and 

deposited their remains to form coal-beds. Many times over such 

forests were formed, only to be destroyed by the oscillations of 

the land surface. All told, the strata of this Paleozoic period 

aggregate several miles in thickness, and the time consumed in 

their formation stands to all later time up to the present, 

according to Professor Dana´s estimate, as three to one. 

Towards the close of this Paleozoic era the Appalachian Mountains 

were slowly upheaved in great convoluted folds, some of them 

probably reaching three or four miles above the sea-level, though 

the tooth of time has since gnawed them down to comparatively 

puny limits. The continental areas thus enlarged were peopled 

during the ensuing Mesozoic time with multitudes of strange 

reptiles, many of them gigantic in size. The waters, too, still 

teeming with invertebrates and fishes, had their quota of 

reptilian monsters; and in the air were flying reptiles, some of 

which measured twenty- five feet from tip to tip of their batlike 

wings. During this era the Sierra Nevada Mountains rose. Near the 

eastern border of the forming continent the strata were perhaps 

now too thick and stiff to bend into mountain folds, for they 

were rent into great fissures, letting out floods of molten lava, 

remnants of which are still in evidence after ages of denudation, 

as the Palisades along the Hudson, and such elevations as Mount 

Holyoke in western Massachusetts. 

Still there remained a vast interior sea, which later on, in the 

tertiary age, was to be divided by the slow uprising of the land, 

which only yesterday—that is to say, a million, or three or five 

or ten million, years ago— became the Rocky Mountains. High and 

erect these young mountains stand to this day, their sharp angles 

and rocky contours vouching for their youth, in strange contrast 

with the shrunken forms of the old Adirondacks, Green Mountains, 

and Appalachians, whose lowered heads and rounded shoulders 

attest the weight of ages. In the vast lakes which still remained 

on either side of the Rocky range, tertiary strata were slowly 

formed to the ultimate depth of two or three miles, enclosing 

here and there those vertebrate remains which were to be exposed 

again to view by denudation when the land rose still higher, and 

then, in our own time, to tell so wonderful a story to the 

paleontologist. 

Finally, the interior seas were filled, and the shore lines of 

the continent assumed nearly their present outline. 

Then came the long winter of the glacial epoch—perhaps of a 

succession of glacial epochs. The ice sheet extended southward to 

about the fortieth parallel, driving some animals before it, and 

destroying those that were unable to migrate. At its fulness, the 

great ice mass lay almost a mile in depth over New England, as 

attested by the scratched and polished rock surfaces and 

deposited erratics in the White Mountains. Such a mass presses 

down with a weight of about one hundred and twenty-five tons to 

the square foot, according to Dr. Croll´s estimate. It crushed 

and ground everything beneath it more or less, and in some 

regions planed off hilly surfaces into prairies. Creeping slowly 

forward, it carried all manner of debris with it. When it melted 

away its terminal moraine built up the nucleus of the land masses 

now known as Long Island and Staten Island; other of its deposits 

formed the “drumlins” about Boston famous as Bunker and Breed´s 

hills; and it left a long, irregular line of ridges of “till” or 

bowlder clay and scattered erratics clear across the country at 

about the latitude of New York city. 

As the ice sheet slowly receded it left minor moraines all along 

its course. Sometimes its deposits dammed up river courses or 

inequalities in the surface, to form the lakes which everywhere 

abound over Northern territories. Some glacialists even hold the 

view first suggested by Ramsey, of the British Geological Survey, 

that the great glacial sheets scooped out the basins of many 

lakes, including the system that feeds the St. Lawrence. At all 

events, it left traces of its presence all along the line of its 

retreat, and its remnants exist to this day as mountain glaciers 

and the polar ice cap. Indeed, we live on the border of the last 

glacial epoch, for with the closing of this period the long 

geologic past merges into the present. 

 PAST, PRESENT, AND FUTURE 

PAST, PRESENT, AND FUTURE 

And the present, no less than the past, is a time of change. This 

is the thought which James Hutton conceived more than a century 

ago, but which his contemporaries and successors were so very 

slow to appreciate. Now, however, it has become axiomatic—one 

can hardly realize that it was ever doubted. Every new scientific 

truth, says Agassiz, must pass through three stages —first, men 

say it is not true; then they declare it hostile to religion; 

finally, they assert that every one has known it always. Hutton´s 

truth that natural law is changeless and eternal has reached this 

final stage. Nowhere now could you find a scientist who would 

dispute the truth of that text which Lyell, quoting from 

Playfair´s Illustrations of the Huttonian Theory, printed on the 

title-page of his Principles: “Amid all the revolutions of the 

globe the economy of Nature has been uniform, and her laws are 

the only things that have resisted the general movement. The 

rivers and the rocks, the seas and the continents, have been 

changed in all their parts; but the laws which direct those 

changes, and the rules to which they are subject, have remained 

invariably the same.“ 

But, on the other hand, Hutton and Playfair, and in particular 

Lyell, drew inferences from this principle which the modern 

physicist can by no means admit. To them it implied that the 

changes on the surface of the earth have always been the same in 

degree as well as in kind, and must so continue while present 

forces hold their sway. In other words, they thought of the world 

as a great perpetual-motion machine. But the modern physicist, 

given truer mechanical insight by the doctrines of the 

conservation and the dissipation of energy, will have none of 

that. Lord Kelvin, in particular, has urged that in the periods 

of our earth´s in fancy and adolescence its developmental changes 

must have been, like those of any other infant organism, vastly 

more rapid and pronounced than those of a later day; and to every 

clear thinker this truth also must now seem axiomatic. 

Whoever thinks of the earth as a cooling globe can hardly doubt 

that its crust, when thinner, may have heaved under strain of the 

moon´s tidal pull—whether or not that body was nearer—into 

great billows, daily rising and falling, like waves of the 

present seas vastly magnified. 

Under stress of that same lateral pressure from contraction which 

now produces the slow depression of the Jersey coast, the slow 

rise of Sweden, the occasional belching of an insignificant 

volcano, the jetting of a geyser, or the trembling of an 

earthquake, once large areas were rent in twain, and vast floods 

of lava flowed over thousands of square miles of the earth´s 

surface, perhaps, at a single jet; and, for aught we know to the 

contrary, gigantic mountains may have heaped up their contorted 

heads in cataclysms as spasmodic as even the most ardent 

catastrophist of the elder day of geology could have imagined. 

The atmosphere of that early day, filled with vast volumes of 

carbon, oxygen, and other chemicals that have since been stored 

in beds of coal, limestone, and granites, may have worn down the 

rocks on the one hand and built up organic forms on the other, 

with a rapidity that would now seem hardly conceivable. 

And yet while all these anomalous things went on, the same laws 

held sway that now are operative; and a true doctrine of 

uniformitarianism would make no unwonted concession in conceding 

them all—though most of the imbittered geological controversies 

of the middle of the nineteenth century were due to the failure 

of both parties to realize that simple fact. 

And as of the past and present, so of the future. The same forces 

will continue to operate; and under operation of these unchanging 

forces each day will differ from every one that has preceded it. 

If it be true, as every physicist believes, that the earth is a 

cooling globe, then, whatever its present stage of refrigeration, 

the time must come when its surface contour will assume a 

rigidity of level not yet attained. Then, just as surely, the 

slow action of the elements will continue to wear away the land 

surfaces, particle by particle, and transport them to the ocean, 

as it does to-day, until, compensation no longer being afforded 

by the upheaval of the continents, the last foot of dry land will 

sink for the last time beneath the water, the last mountain- peak 

melting away, and our globe, lapsing like any other organism into 

its second childhood, will be on the surface—as presumably it 

was before the first continent rose—one vast “waste of waters.“ 

As puny man conceives time and things, an awful cycle will have 

lapsed; in the sweep of the cosmic life, a pulse- beat will have 

throbbed. 

 <chapterheader lines=54>

54   
V. THE NEW SCIENCE OF METEOROLOGY 

V. THE NEW SCIENCE OF METEOROLOGY 

V. THE NEW SCIENCE OF METEOROLOGY 

METEORITES 
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“An astonishing miracle has just occurred in our district,“ wrote 

“An astonishing miracle has just occurred in our district,“ wrote 

M. Marais, a worthy if undistinguished citizen of France, from 

M. Marais, a worthy if undistinguished citizen of France, from 

his home at L´Aigle, under date of “the 13th Floreal, year 11"—a 

13   
11   

his home at L´Aigle, under date of “the 13th Floreal, year 11"—
a 

date which outside of France would be interpreted as meaning May 

date which outside of France would be interpreted as meaning May 

3, 1803. This “miracle” was the appearance of a “fireball” in 

1803   

3, 1803. This “miracle” was the appearance of a “fireball” in 

broad daylight—“perhaps it was wildfire,“ says the naive 

broad daylight—
“perhaps it was wildfire,“ says the naive 

chronicle—which “hung over the meadow,“ being seen by many 

chronicle—
which “hung over the meadow,“ being seen by many 

people, and then exploded with a loud sound, scattering thousands 

people, and then exploded with a loud sound, scattering thousands 

of stony fragments over the surface of a territory some miles in 

of stony fragments over the surface of a territory some miles in 

extent. 

extent. 

Such a “miracle” could not have been announced at a more 

Such a “miracle” could not have been announced at a more 

opportune time. For some years the scientific world had been agog 

opportune time. For some years the scientific world had been agog 

over the question whether such a form of lightning as that 

over the question whether such a form of lightning as that 

reported—appearing in a clear sky, and hurling literal 

reported—
appearing in a clear sky, and hurling literal 

thunderbolts—had real existence. Such cases had been reported 

thunderbolts—
had real existence. Such cases had been reported 

often enough, it is true. The “thunderbolts” themselves were 

often enough, it is true. The “thunderbolts” themselves were 

exhibited as sacred relics before many an altar, and those who 

exhibited as sacred relics before many an altar, and those who 

doubted their authenticity had been chided as having “an evil 

doubted their authenticity had been chided as having “an evil 

heart of unbelief.“ But scientific scepticism had questioned the 

heart of unbelief.“ But scientific scepticism had questioned the 

evidence, and late in the eighteenth century a consensus of 

evidence, and late in the eighteenth century a consensus of 

opinion in the French Academy had declined to admit that such 

opinion in the French Academy had declined to admit that such 

stones had been “conveyed to the earth by lightning,“ let alone 

stones had been “conveyed to the earth by lightning,“ let alone 

any more miraculous agency. 

any more miraculous agency. 

In 1802, however, Edward Howard had read a paper before the Royal 

1802   

In 1802, however, Edward Howard had read a paper before the Royal 

Society in which, after reviewing the evidence recently put 

Society in which, after reviewing the evidence recently put 

forward, he had reached the conclusion that the fall of stones 

forward, he had reached the conclusion that the fall of stones 

from the sky, sometimes or always accompanied by lightning, must 

from the sky, sometimes or always accompanied by lightning, must 

be admitted as an actual phenomenon, however inexplicable. So 

be admitted as an actual phenomenon, however inexplicable. So 

now, when the great stone-fall at L´Aigle was announced, the 

now, when the great stone-fall at L´Aigle was announced, the 

French Academy made haste to send the brilliant young physicist 

French Academy made haste to send the brilliant young physicist 

Jean Baptiste Biot to investigate it, that the matter might, if 

Jean Baptiste Biot to investigate it, that the matter might, if 

possible, be set finally at rest. The investigation was in all 

possible, be set finally at rest. The investigation was in all 

respects successful, and Biot´s report transferred the stony or 

respects successful, and Biot´s report transferred the stony or 

metallic lightning-bolt—the aerolite or meteorite—from the 

metallic lightning-bolt—
the aerolite or meteorite—

from the 

realm of tradition and conjecture to that of accepted science. 

realm of tradition and conjecture to that of accepted science. 

But how explain this strange phenomenon? At once speculation was 

But how explain this strange phenomenon? At once speculation was 

rife. One theory contended that the stony masses had not actually 

rife. One theory contended that the stony masses had not actually 

fallen, but had been formed from the earth by the action of the 

fallen, but had been formed from the earth by the action of the 

lightning; but this contention was early abandoned. The chemists 

lightning; but this contention was early abandoned. The chemists 

were disposed to believe that the aerolites had been formed by 

were disposed to believe that the aerolites had been formed by 

the combination of elements floating in the upper atmosphere. 

the combination of elements floating in the upper atmosphere. 

Geologists, on the other hand, thought them of terrestrial 

Geologists, on the other hand, thought them of terrestrial 

origin, urging that they might have been thrown up by volcanoes. 

origin, urging that they might have been thrown up by volcanoes. 

The astronomers, as represented by Olbers and Laplace, modified 

The astronomers, as represented by Olbers and Laplace, modified 

this theory by suggesting that the stones might, indeed, have 

this theory by suggesting that the stones might, indeed, have 

been cast out by volcanoes, but by volcanoes situated not on the 

been cast out by volcanoes, but by volcanoes situated not on the 

earth, but on the moon. 

earth, but on the moon. 

And one speculator of the time took a step even more daring, 

urging that the aerolites were neither of telluric nor selenitic 

origin, nor yet children of the sun, as the old Greeks had, many 

of them, contended, but that they are visitants from the depths 

of cosmic space. This bold speculator was the distinguished 

German physicist Ernst F. F. Chladni, a man of no small repute in 

his day. As early as 1794 he urged his cosmical theory of 

1794   
meteorites, when the very existence of meteorites was denied by 

most scientists. And he did more: he declared his belief that 

these falling stones were really one in origin and kind with 

those flashing meteors of the upper atmosphere which are familiar 

everywhere as “shooting-stars.“ 

Each of these coruscating meteors, he affirmed, must tell of the 

ignition of a bit of cosmic matter entering the earth´s 

atmosphere. Such wandering bits of matter might be the fragments 

of shattered worlds, or, as Chladni thought more probable, merely 

aggregations of “world stuff” never hitherto connected with any 

large planetary mass. 

Naturally enough, so unique a view met with very scant favor. 

Astronomers at that time saw little to justify it; and the non-

scientific world rejected it with fervor as being “atheistic and 

heretical,“ because its acceptance would seem to imply that the 

universe is not a perfect mechanism. 

Some light was thrown on the moot point presently by the 

observations of Brandes and Benzenberg, which tended to show that 

falling-stars travel at an actual speed of from fifteen to ninety 

miles a second. This observation tended to discredit the 

selenitic theory, since an object, in order to acquire such speed 

in falling merely from the moon, must have been projected with an 

initial velocity not conceivably to be given by any lunar 

volcanic impulse. Moreover, there was a growing conviction that 

there are no active volcanoes on the moon, and other 

considerations of the same tenor led to the complete abandonment 

of the selenitic theory. 

But the theory of telluric origin of aerolites was by no means so 

easily disposed of. This was an epoch when electrical phenomena 

were exciting unbounded and universal interest, and there was a 

not unnatural tendency to appeal to electricity in explanation of 

every obscure phenomenon; and in this case the seeming similarity 

between a lightning flash and the flash of an aerolite lent color 

to the explanation. So we find Thomas Forster, a meteorologist of 

repute, still adhering to the atmospheric theory of formation of 

aerolites in his book published in 1823; and, indeed, the 

1823   
prevailing opinion of the time seemed divided between various 

telluric theories, to the neglect of any cosmical theory 

whatever. 

But in 1833 occurred a phenomenon which set the matter finally at 

1833   
rest. A great meteoric shower occurred in November of that year, 

and in observing it Professor Denison Olmstead, of Yale, noted 

that all the stars of the shower appeared to come from a single 

centre or vanishing-point in the heavens, and that this centre 

shifted its position with the stars, and hence was not telluric. 

The full significance of this observation was at once recognized 

by astronomers; it demonstrated beyond all cavil the cosmical 

origin of the shooting-stars. Some conservative meteorologists 

kept up the argument for the telluric origin for some decades to 

come, as a matter of course—such a band trails always in the 

rear of progress. But even these doubters were silenced when the 

great shower of shooting- stars appeared again in 1866, as 

1866   
predicted by Olbers and Newton, radiating from the same point of 

the heavens as before. 

Since then the spectroscope has added its confirmatory evidence 

as to the identity of meteorite and shooting-star, and, moreover, 

has linked these atmospheric meteors with such distant cosmic 

residents as comets and nebulae. Thus it appears that Chladni´s 

daring hypothesis of 1794 has been more than verified, and that 

1794   
the fragments of matter dissociated from planetary connection—

which be postulated and was declared atheistic for postulating—

have been shown to be billions of times more numerous than any 

larger cosmic bodies of which we have cognizance—so widely does 

the existing universe differ from man´s preconceived notions as 

to what it should be. 

Thus also the “miracle” of the falling stone, against which the 

scientific scepticism of yesterday presented “an evil heart of 

unbelief,“ turns out to be the most natural phenomena, inasmuch 

as it is repeated in our atmosphere some millions of times each 

day. 
 THE AURORA BOREALIS 

THE AURORA BOREALIS 

If fire-balls were thought miraculous and portentous in days of 

yore, what interpretation must needs have been put upon that 

vastly more picturesque phenomenon, the aurora? “Through all the 

city,“ says the Book of Maccabees, ”for the space of almost forty 

days, there were seen horsemen running in the air, in cloth of 

gold, armed with lances, like a band of soldiers: and troops of 

horsemen in array encountering and running one against another, 

with shaking of shields and multitude of pikes, and drawing of 

swords, and casting of darts, and glittering of golden ornaments 

and harness.“ Dire omens these; and hardly less ominous the 

aurora seemed to all succeeding generations that observed it down 

well into the eighteenth century—as witness the popular 

excitement in England in 1716 over the brilliant aurora of that 

1716   
year, which became famous through Halley´s description. 

But after 1752, when Franklin dethroned the lightning, all 

1752   
spectacular meteors came to be regarded as natural phenomena, the 

aurora among the rest. Franklin explained the aurora—which was 

seen commonly enough in the eighteenth century, though only 

recorded once in the seventeenth—as due to the accumulation of 

electricity on the surface of polar snows, and its discharge to 

the equator through the upper atmosphere. Erasmus Darwin 

suggested that the luminosity might be due to the ignition of 

hydrogen, which was supposed by many philosophers to form the 

upper atmosphere. Dalton, who first measured the height of the 

aurora, estimating it at about one hundred miles, thought the 

phenomenon due to magnetism acting on ferruginous particles in 

the air, and his explanation was perhaps the most popular one at 

the beginning of the last century. 

Since then a multitude of observers have studied the aurora, but 

the scientific grasp has found it as elusive in fact as it seems 

to casual observation, and its exact nature is as undetermined 

to-day as it was a hundred years ago. There has been no dearth of 

theories concerning it, however. Blot, who studied it in the 

Shetland Islands in 1817, thought it due to electrified 

1817   
ferruginous dust, the origin of which he ascribed to Icelandic 

volcanoes. Much more recently the idea of ferruginous particles 

has been revived, their presence being ascribed not to volcanoes, 

but to the meteorites constantly being dissipated in the upper 

atmosphere. Ferruginous dust, presumably of such origin, has been 

found on the polar snows, as well as on the snows of mountain-

tops, but whether it could produce the phenomena of auroras is at 

least an open question. 

Other theorists have explained the aurora as due to the 

accumulation of electricity on clouds or on spicules of ice in 

the upper air. Yet others think it due merely to the passage of 

electricity through rarefied air itself. Humboldt considered the 

matter settled in yet another way when Faraday showed, in 1831, 

1831   
that magnetism may produce luminous effects. But perhaps the 

prevailing theory of to-day assumes that the aurora is due to a 

current of electricity generated at the equator and passing 

through upper regions of space, to enter the earth at the 

magnetic poles—simply reversing the course which Franklin 

assumed. 

The similarity of the auroral light to that generated in a vacuum 

bulb by the passage of electricity lends support to the long-

standing supposition that the aurora is of electrical origin, but 

the subject still awaits complete elucidation. For once even that 

mystery- solver the spectroscope has been baffled, for the line 

it sifts from the aurora is not matched by that of any recognized 

substance. A like line is found in the zodiacal light, it is 

true, but this is of little aid, for the zodiacal light, though 

thought by some astronomers to be due to meteor swarms about the 

sun, is held to be, on the whole, as mysterious as the aurora 

itself. 
Whatever the exact nature of the aurora, it has long been known 

to be intimately associated with the phenomena of terrestrial 

magnetism. Whenever a brilliant aurora is visible, the world is 

sure to be visited with what Humboldt called a magnetic storm—a 

“storm” which manifests itself to human senses in no way 

whatsoever except by deflecting the magnetic needle and conjuring 

with the electric wire. Such magnetic storms are curiously 

associated also with spots on the sun—just how no one has 

explained, though the fact itself is unquestioned. Sun-spots, 

too, seem directly linked with auroras, each of these phenomena 

passing through periods of greatest and least frequency in 

corresponding cycles of about eleven years´ duration. 

It was suspected a full century ago by Herschel that the 

variations in the number of sun-spots had a direct effect upon 

terrestrial weather, and he attempted to demonstrate it by using 

the price of wheat as a criterion of climatic conditions, 

meantime making careful observation of the sun-spots. Nothing 

very definite came of his efforts in this direction, the subject 

being far too complex to be determined without long periods of 

observation. Latterly, however, meteorologists, particularly in 

the tropics, are disposed to think they find evidence of some 

such connection between sun-spots and the weather as Herschel 

suspected. Indeed, Mr. Meldrum declares that there is a positive 

coincidence between periods of numerous sun-spots and seasons of 

excessive rain in India. 

That some such connection does exist seems intrinsically 

probable. But the modern meteorologist, learning wisdom of the 

past, is extremely cautious about ascribing casual effects to 

astronomical phenomena. He finds it hard to forget that until 

recently all manner of climatic conditions were associated with 

phases of the moon; that not so very long ago showers of falling-

stars were considered “prognostic” of certain kinds of weather; 

and that the “equinoctial storm” had been accepted as a verity by 

every one, until the unfeeling hand of statistics banished it 

from the earth. 

Yet, on the other hand, it is easily within the possibilities 

that the science of the future may reveal associations between 

the weather and sun-spots, auroras, and terrestrial magnetism 

that as yet are hardly dreamed of. Until such time, however, 

these phenomena must feel themselves very grudgingly admitted to 

the inner circle of meteorology. More and more this science 

concerns itself, in our age of concentration and specialization, 

with weather and climate. Its votaries no longer concern 

themselves with stars or planets or comets or shooting-stars—

once thought the very essence of guides to weather wisdom; and 

they are even looking askance at the moon, and asking her to show 

cause why she also should not be excluded from their domain. 

Equally little do they care for the interior of the earth, since 

they have learned that the central emanations of heat which 

Mairan imagined as a main source of aerial warmth can claim no 

such distinction. Even such problems as why the magnetic pole 

does not coincide with the geographical, and why the force of 

terrestrial magnetism decreases from the magnetic poles to the 

magnetic equator, as Humboldt first discovered that it does, 

excite them only to lukewarm interest; for magnetism, they say, 

is not known to have any connection whatever with climate or 

weather. 

 EVAPORATION, CLOUD FORMATION, AND DEW 

EVAPORATION, CLOUD FORMATION, AND DEW 

There is at least one form of meteor, however, of those that 

interested our forebears whose meteorological importance they did 

not overestimate. This is the vapor of water. How great was the 

interest in this familiar meteor at the beginning of the century 

is attested by the number of theories then extant regarding it; 

and these conflicting theories bear witness also to the 

difficulty with which the familiar phenomenon of the evaporation 

of water was explained. 

Franklin had suggested that air dissolves water much as water 

dissolves salt, and this theory was still popular, though Deluc 

had disproved it by showing that water evaporates even more 

rapidly in a vacuum than in air. Deluc´s own theory, borrowed 

from earlier chemists, was that evaporation is the chemical union 

of particles of water with particles of the supposititious 

element heat. Erasmus Darwin combined the two theories, 

suggesting that the air might hold a variable quantity of vapor 

in mere solution, and in addition a permanent moiety in chemical 

combination with caloric. 

Undisturbed by these conflicting views, that strangely original 

genius, John Dalton, afterwards to be known as perhaps the 

greatest of theoretical chemists, took the question in hand, and 

solved it by showing that water exists in the air as an utterly 

independent gas. He reached a partial insight into the matter in 

1793, when his first volume of meteorological essays was 

1793   
published; but the full elucidation of the problem came to him in 

1801. The merit of his studies was at once recognized, but the 

1801   
tenability of his hypothesis was long and ardently disputed. 

While the nature of evaporation was in dispute, as a matter of 

course the question of precipitation must be equally 

undetermined. The most famous theory of the period was that 

formulated by Dr. Hutton in a paper read before the Royal Society 

of Edinburgh, and published in the volume of transactions which 

contained also the same author´s epoch-making paper on geology. 

This “theory of rain” explained precipitation as due to the 

cooling of a current of saturated air by contact with a colder 

current, the assumption being that the surplusage of moisture was 

precipitated in a chemical sense, just as the excess of salt 

dissolved in hot water is precipitated when the water cools. The 

idea that the cooling of the saturated air causes the 

precipitation of its moisture is the germ of truth that renders 

this paper of Hutton´s important. All correct later theories 

build on this foundation. 

“Let us suppose the surface of this earth wholly covered with 

water,“ said Hutton, ”and that the sun were stationary, being 

always vertical in one place; then, from the laws of heat and 

rarefaction, there would be formed a circulation in the 

atmosphere, flowing from the dark and cold hemisphere to the 

heated and illuminated place, in all directions, towards the 

place of the greatest cold. 

“As there is for the atmosphere of this earth a constant cooling 

cause, this fluid body could only arrive at a certain degree of 

heat; and this would be regularly decreasing from the centre of 

illumination to the opposite point of the globe, most distant 

from the light and heat. Between these two regions of extreme 

heat and cold there would, in every place, be found two streams 

of air following in opposite directions. If those streams of air, 

therefore, shall be supposed as both sufficiently saturated with 

humidity, then, as they are of different temperatures, there 

would be formed a continual condensation of aqueous vapor, in 

some middle region of the atmosphere, by the commixtion of part 

of those two opposite streams. 

“Hence there is reason to believe that in this supposed case 

there would be formed upon the surface of the globe three 

different regions—the torrid region, the temperate, and the 

frigid. These three regions would continue stationary; and the 

operations of each would be continual. In the torrid region, 

nothing but evaporation and heat would take place; no cloud could 

be formed, because in changing the transparency of the atmosphere 

to opacity it would be heated immediately by the operation of 

light, and thus the condensed water would be again evaporated. 

But this power of the sun would have a termination; and it is 

these that would begin the region of temperate heat and of 

continual rain. It is not probable that the region of temperance 

would reach far beyond the region of light; and in the hemisphere 

of darkness there would be found a region of extreme cold and 

perfect dryness. 

“Let us now suppose the earth as turning on its axis in the 

equinoctial situation. The torrid region would thus be changed 

into a zone, in which there would be night and day; consequently, 

here would be much temperance, compared with the torrid region 

now considered; and here perhaps there would be formed periodical 

condensation and evaporation of humidity, corresponding to the 

seasons of night and day. As temperance would thus be introduced 

into the region of torrid extremity, so would the effect of this 

change be felt over all the globe, every part of which would now 

be illuminated, consequently heated in some degree. Thus we would 

have a line of great heat and evaporation, graduating each way 

into a point of great cold and congelation. Between these two 

extremes of heat and cold there would be found in each hemisphere 

a region of much temperance, in relation to heat, but of much 

humidity in the atmosphere, perhaps of continual rain and 

condensation. 

“The supposition now formed must appear extremely unfit for 

making this globe a habitable world in every part; but having 

thus seen the effect of night and day in temperating the effects 

of heat and cold in every place, we are now prepared to 

contemplate the effects of supposing this globe to revolve around 

the sun with a certain inclination of its axis. By this beautiful 

contrivance, that comparatively uninhabited globe is now divided 

into two hemispheres, each of which is thus provided with a 

summer and a winter season. But our present view is limited to 

the evaporation and condensation of humidity; and, in this 

contrivance of the seasons, there must appear an ample provision 

for those alternate operations in every part; for as the place of 

the vertical sun is moved alternately from one tropic to the 

other, heat and cold, the original causes of evaporation and 

condensation, must be carried over all the globe, producing 

either annual seasons of rain or diurnal seasons of condensation 

and evaporation, or both these seasons, more or less—that is, in 

some degree. 

“The original cause of motion in the atmosphere is the influence 

of the sun heating the surface of the earth exposed to that 

luminary. We have not supposed that surface to have been of one 

uniform shape and similar substance; from whence it has followed 

that the annual propers of the sun, perhaps also the diurnal 

propers, would produce a regular condensation of rain in certain 

regions, and the evaporation of humidity in others; and this 

would have a regular progress in certain determined seasons, and 

would not vary. But nothing can be more distant from this 

supposition, that is the natural constitution of the earth; for 

the globe is composed of sea and land, in no regular shape or 

mixture, while the surface of the land is also irregular with 

respect to its elevations and depressions, and various with 

regard to the humidity and dryness of that part which is exposed 

to heat as the cause of evaporation. Hence a source of the most 

valuable motions in the fluid atmosphere with aqueous vapor, more 

or less, so far as other natural operations will admit; and hence 

a source of the most irregular commixture of the several parts of 

this elastic fluid, whether saturated or not with aqueous vapor. 

“According to the theory, nothing is required for the production 

of rain besides the mixture of portions of the atmosphere with 

humidity, and of mixing the parts that are in different degrees 

of heat. But we have seen the causes of saturating every portion 

of the atmosphere with humidity and of mixing the parts which are 

in different degrees of heat. Consequently, over all the surface 

of the globe there should happen occasionally rain and 

evaporation, more or less; and also, in every place, those 

vicissitudes should be observed to take place with some tendency 

to regularity, which, however, may be so disturbed as to be 

hardly distinguishable upon many occasions. Variable winds and 

variable rains should be found in proportion as each place is 

situated in an irregular mixture of land and water; whereas 

regular winds should be found in proportion to the uniformity of 

the surface; and regular rains in proportion to the regular 

changes of those winds by which the mixture of the atmosphere 

necessary to the rain may be produced. But as it will be 

acknowledged that this is the case in almost all this earth where 

rain appears according to the conditions here specified, the 

theory is found to be thus in conformity with nature, and natural 

appearances are thus explained by the theory.“[1] 

 The next ambitious attempt to explain the phenomena of aqueous 

meteors was made by Luke Howard, in his remarkable paper on 

clouds, published in the Philosophical Magazine in 1803—the 

1803   
paper in which the names cirrus, cumulus, stratus, etc., 

afterwards so universally adopted, were first proposed. In this 

paper Howard acknowledges his indebtedness to Dalton for the 

theory of evaporation; yet he still clings to the idea that the 

vapor, though independent of the air, is combined with particles 

of caloric. He holds that clouds are composed of vapor that has 

previously risen from the earth, combating the opinions of those 

who believe that they are formed by the union of hydrogen and 

oxygen existing independently in the air; though he agrees with 

these theorists that electricity has entered largely into the 

modus operandi of cloud formation. He opposes the opinion of 

Deluc and De Saussure that clouds are composed of particles of 

water in the form of hollow vesicles (miniature balloons, in 

short, perhaps filled with hydrogen), which untenable opinion was 

a revival of the theory as to the formation of all vapor which 

Dr. Halley had advocated early in the eighteenth century. 

Of particular interest are Howard´s views as to the formation of 

dew, which he explains as caused by the particles of caloric 

forsaking the vapor to enter the cool body, leaving the water on 

the surface. This comes as near the truth, perhaps, as could be 

expected while the old idea as to the materiality of heat held 

sway. Howard believed, however, that dew is usually formed in the 

air at some height, and that it settles to the surface, opposing 

the opinion, which had gained vogue in France and in America 

(where Noah Webster prominently advocated it), that dew ascends 

from the earth. 

The complete solution of the problem of dew formation— which 

really involved also the entire question of precipitation of 

watery vapor in any form—was made by Dr. W. C. Wells, a man of 

American birth, whose life, however, after boyhood, was spent in 

Scotland (where as a young man he enjoyed the friendship of David 

Hume) and in London. Inspired, no doubt, by the researches of 

Mack, Hutton, and their confreres of that Edinburgh school, Wells 

made observations on evaporation and precipitation as early as 

1784, but other things claimed his attention; and though he 

1784   
asserts that the subject was often in his mind, he did not take 

it up again in earnest until about 1812. 

1812   
Meantime the observations on heat of Rumford and Davy and Leslie 

had cleared the way for a proper interpretation of the facts—

about the facts themselves there had long been practical 

unanimity of opinion. Dr. Black, with his latent-heat 

observations, had really given the clew to all subsequent 

discussions of the subject of precipitation of vapor; and from 

this time on it had been known that heat is taken up when water 

evaporates, and given out again when it condenses. Dr. Darwin had 

shown in 1788, in a paper before the Royal Society, that air 

1788   
gives off heat on contracting and takes it up on expanding; and 

Dalton, in his essay of 1793, had explained this phenomenon as 

1793   
due to the condensation and vaporization of the water contained 

in the air. 

But some curious and puzzling observations which Professor 

Patrick Wilson, professor of astronomy in the University of 

Glasgow, had communicated to the Royal Society of Edinburgh in 

1784, and some similar ones made by Mr. Six, of Canterbury, a few 

1784   
years later, had remained unexplained. Both these gentlemen 

observed that the air is cooler where dew is forming than the air 

a few feet higher, and they inferred that the dew in forming had 

taken up heat, in apparent violation of established physical 

principles. 

It remained for Wells, in his memorable paper of 1816, to show 

1816   
that these observers had simply placed the cart before the horse. 

He made it clear that the air is not cooler because the dew is 

formed, but that the dew is formed because the air is cooler—

having become so through radiation of heat from the solids on 

which the dew forms. The dew itself, in forming, gives out its 

latent heat, and so tends to equalize the temperature. 

Wells´s paper is so admirable an illustration of the lucid 

presentation of clearly conceived experiments and logical 

conclusions that we should do it injustice not to present it 

entire. The author´s mention of the observations of Six and 

Wilson gives added value to his own presentation. 

 Dr. Wells´s Essay on Dew 

“I was led in the autumn of 1784, by the event of a rude 

1784   
experiment, to think it probable that the formation of dew is 

attended with the production of cold. In 1788, a paper on hoar-

1788   
frost, by Mr. Patrick Wilson, of Glasgow, was published in the 

first volume of the Transactions of the Royal Society of 

Edinburgh, by which it appeared that this opinion bad been 

entertained by that gentleman before it had occurred to myself. 

In the course of the same year, Mr. Six, of Canterbury, mentioned 

in a paper communicated to the Royal Society that on clear and 

dewy nights he always found the mercury lower in a thermometer 

laid upon the ground in a meadow in his neighborhood than it was 

in a similar thermometer suspended in the air six feet above the 

former; and that upon one night the difference amounted to five 

degrees of Fahrenheit´s scale. Mr. Six, however, did not suppose, 

agreeably to the opinion of Mr. Wilson and myself, that the cold 

was occasioned by the formation of dew, but imagined that it 

proceeded partly from the low temperature of the air, through 

which the dew, already formed in the atmosphere, had descended, 

and partly from the evaporation of moisture from the ground, on 

which his thermometer had been placed. The conjecture of Mr. 

Wilson and the observations of Mr. Six, together with many facts 

which I afterwards learned in the course of reading, strengthened 

my opinion; but I made no attempt, before the autumn of 1811, to 

1811   
ascertain by experiment if it were just, though it had in the 

mean time almost daily occurred to my thoughts. Happening, in 

that season, to be in that country in a clear and calm night, I 

laid a thermometer upon grass wet with dew, and suspended a 

second in the air, two feet above the other. An hour afterwards 

the thermometer on the grass was found to be eight degrees lower, 

by Fahrenheit´s division, than the one in the air. Similar 

results having been obtained from several similar experiments, 

made during the same autumn, I determined in the next spring to 

prosecute the subject with some degree of steadiness, and with 

that view went frequently to the house of one of my friends who 

lives in Surrey. 

At the end of two months I fancied that I had collected 

information worthy of being published; but, fortunately, while 

preparing an account of it I met by accident with a small 

posthumous work by Mr. Six, printed at Canterbury in 1794, in 

1794   
which are related differences observed on dewy nights between 

thermometers placed upon grass and others in the air that are 

much greater than those mentioned in the paper presented by him 

to the Royal Society in 1788. In this work, too, the cold of the 

1788   
grass is attributed, in agreement with the opinion of Mr. Wilson, 

altogether to the dew deposited upon it. The value of my own 

observations appearing to me now much diminished, though they 

embraced many points left untouched by Mr. Six, I gave up my 

intentions of making them known. Shortly after, however, upon 

considering the subject more closely, I began to suspect that Mr. 

Wilson, Mr. Six, and myself had all committed an error regarding 

the cold which accompanies dew as an effect of the formation of 

that fluid. I therefore resumed my experiments, and having by 

means of them, I think, not only established the justness of my 

suspicions, but ascertained the real cause both of dew and of 

several other natural appearances which have hitherto received no 

sufficient explanation, I venture now to submit to the 

consideration of the learned an account of some of my labors, 

without regard to the order of time in which they were performed, 

and of various conclusions which may be drawn from them, mixed 

with facts and opinions already published by others: 

“There are various occurrences in nature which seem to me 

strictly allied to dew, though their relation to it be not always 

at first sight perceivable. The statement and explanation of 

several of these will form the concluding part of the present 

essay. 
“1. I observed one morning, in winter, that the insides of the 

panes of glass in the windows of my bedchamber were all of them 

moist, but that those which had been covered by an inside shutter 

during the night were much more so than the others which had been 

uncovered. Supposing that this diversity of appearance depended 

upon a difference of temperature, I applied the naked bulbs of 

two delicate thermometers to a covered and uncovered pane; on 

which I found that the former was three degrees colder than the 

latter. The air of the chamber, though no fire was kept in it, 

was at this time eleven and one-half degrees warmer than that 

without. Similar experiments were made on many other mornings, 

the results of which were that the warmth of the internal air 

exceeded that of the external from eight to eighteen degrees, the 

temperature of the covered panes would be from one to five 

degrees less than the uncovered; that the covered were sometimes 

dewed, while the uncovered were dry; that at other times both 

were free from moisture; that the outsides of the covered and 

uncovered panes had similar differences with respect to heat, 

though not so great as those of the inner surfaces; and that no 

variation in the quantity of these differences was occasioned by 

the weather´s being cloudy or fair, provided the heat of the 

internal air exceeded that of the external equally in both of 

those states of the atmosphere. 

“The remote reason of these differences did not immediately 

present itself. I soon, however, saw that the closed shutter 

shielded the glass which it covered from the heat that was 

radiated to the windows by the walls and furniture of the room, 

and thus kept it nearer to the temperature of the external air 

than those parts could be which, from being uncovered, received 

the heat emitted to them by the bodies just mentioned. 

“In making these experiments, I seldom observed the inside of any 

pane to be more than a little damped, though it might be from 

eight to twelve degrees colder than the general mass of the air 

in the room; while, in the open air, I had often found a great 

dew to form on substances only three or four degrees colder than 

the atmosphere. This at first surprised me; but the cause now 

seems plain. The air of the chamber had once been a portion of 

the external atmosphere, and had afterwards been heated, when it 

could receive little accessories to its original moisture. It 

constantly required being cooled considerably before it was even 

brought back to its former nearness to repletion with water; 

whereas the whole external air is commonly, at night, nearly 

replete with moisture, and therefore readily precipitates dew on 

bodies only a little colder than itself. 

“When the air of a room is warmer than the external atmosphere, 

the effect of an outside shutter on the temperature of the glass 

of the window will be directly opposite to what has just been 

stated; since it must prevent the radiation, into the atmosphere, 

of the heat of the chamber transmitted through the glass. 

“2. Count Rumford appears to have rightly conjectured that the 

inhabitants of certain hot countries, who sleep at nights on the 

tops of their houses, are cooled during this exposure by the 

radiation of their heat to the sky; or, according to his manner 

of expression, by receiving frigorific rays from the heavens. 

Another fact of this kind seems to be the greater chill which we 

often experience upon passing at night from the cover of a house 

into the air than might have been expected from the cold of the 

external atmosphere. The cause, indeed, is said to be the 

quickness of transition from one situation to another. But if 

this were the whole reason, an equal chill would be felt in the 

day, when the difference, in point of heat, between the internal 

and external air was the same as at night, which is not the case. 

Besides, if I can trust my own observation, the feeling of cold 

from this cause is more remarkable in a clear than in a cloudy 

night, and in the country than in towns. The following appears to 

be the manner in which these things are chiefly to be explained: 

“During the day our bodies while in the open air, although not 

immediately exposed to the sun´s rays, are yet constantly 

deriving heat from them by means of the reflection of the 

atmosphere. This heat, though it produces little change on the 

temperature of the air which it traverses, affords us some 

compensation for the heat which we radiate to the heavens. At 

night, also, if the sky be overcast, some compensation will be 

made to us, both in the town and in the country, though in a less 

degree than during the day, as the clouds will remit towards the 

earth no inconsiderable quantity of heat. But on a clear night, 

in an open part of the country, nothing almost can be returned to 

us from above in place of the heat which we radiate upward. In 

towns, however, some compensation will be afforded even on the 

clearest nights for the heat which we lose in the open air by 

that which is radiated to us from the sun round buildings. 

To our loss of heat by radiation at times that we derive little 

compensation from the radiation of other bodies is probably to be 

attributed a great part of the hurtful effects of the night air. 

Descartes says that these are not owing to dew, as was the common 

opinion of his contemporaries, but to the descent of certain 

noxious vapors which have been exhaled from the earth during the 

heat of the day, and are afterwards condensed by the cold of a 

serene night. The effects in question certainly cannot be 

occasioned by dew, since that fluid does not form upon a healthy 

human body in temperate climates; but they may, notwithstanding, 

arise from the same cause that produces dew on those substances 

which do not, like the human body, possess the power of 

generating heat for the supply of what they lose by radiation or 

any other means.“[2] 

 This explanation made it plain why dew forms on a clear night, 

when there are no clouds to reflect the radiant heat. Combined 

with Dalton´s theory that vapor is an independent gas, limited in 

quantity in any given space by the temperature of that space, it 

solved the problem of the formation of clouds, rain, snow, and 

hoar-frost. Thus this paper of Wells´s closed the epoch of 

speculation regarding this field of meteorology, as Hutton´s 

paper of 1784 had opened it. The fact that the volume containing 

1784   
Hutton´s paper contained also his epoch-making paper on geology 

finds curiously a duplication in the fact that Wells´s volume 

contained also his essay on Albinism, in which the doctrine of 

natural selection was for the first time formulated, as Charles 

Darwin freely admitted after his own efforts had made the 

doctrine famous. 

 ISOTHERMS AND OCEAN CURRENTS 

ISOTHERMS AND OCEAN CURRENTS 

The very next year after Dr. Wells´s paper was published there 

appeared in France the third volume of the Memoires de Physique 

et de Chimie de la Societe d´Arcueil, and a new epoch in 

meteorology was inaugurated. The society in question was 

numerically an inconsequential band, listing only a dozen 

members; but every name was a famous one: Arago, Berard, 

Berthollet, Biot, Chaptal, De Candolle, Dulong, Gay-Lussac, 

Humboldt, Laplace, Poisson, and Thenard—
rare spirits every one. 

Little danger that the memoirs of such a band would be relegated 

to the dusty shelves where most proceedings of societies belong—

no milk-for-babes fare would be served to such a company. 

The particular paper which here interests us closes this third 

and last volume of memoirs. It is entitled “Des Lignes Isothermes 

et de la Distribution de la Chaleursurle Globe.“ The author is 

Alexander Humboldt. Needless to say, the topic is handled in a 

masterly manner. The distribution of heat on the surface of the 

globe, on the mountain-sides, in the interior of the earth; the 

causes that regulate such distribution; the climatic results—

these are the topics discussed. But what gives epochal character 

to the paper is the introduction of those isothermal lines 

circling the earth in irregular course, joining together places 

having the same mean annual temperature, and thus laying the 

foundation for a science of comparative climatology. 

It is true the attempt to study climates comparatively was not 

new. Mairan had attempted it in those papers in which he 

developed his bizarre ideas as to central emanations of heat. 

Euler had brought his profound mathematical genius to bear on the 

topic, evolving the “extraordinary conclusion that under the 

equator at midnight the cold ought to be more rigorous than at 

the poles in winter.“ And in particular Richard Kirwan, the 

English chemist, had combined the mathematical and the empirical 

methods and calculated temperatures for all latitudes. But 

Humboldt differs from all these predecessors in that he grasps 

the idea that the basis of all such computations should be not 

theory, but fact. He drew his isothermal lines not where some 

occult calculation would locate them on an ideal globe, but where 

practical tests with the thermometer locate them on our globe as 

it is. London, for example, lies in the same latitude as the 

southern extremity of Hudson Bay; but the isotherm of London, as 

Humboldt outlines it, passes through Cincinnati. 

Of course such deviations of climatic conditions between places 

in the same latitude had long been known. As Humboldt himself 

observes, the earliest settlers of America were astonished to 

find themselves subjected to rigors of climate for which their 

European experience had not at all prepared them. Moreover, 

sagacious travellers, in particular Cook´s companion on his 

second voyage, young George Forster, had noted as a general 

principle that the western borders of continents in temperate 

regions are always warmer than corresponding latitudes of their 

eastern borders; and of course the general truth of temperatures 

being milder in the vicinity of the sea than in the interior of 

continents had long been familiar. But Humboldt´s isothermal 

lines for the first time gave tangibility to these ideas, and 

made practicable a truly scientific study of comparative 

climatology. 

In studying these lines, particularly as elaborated by further 

observations, it became clear that they are by no means haphazard 

in arrangement, but are dependent upon geographical conditions 

which in most cases are not difficult to determine. Humboldt 

himself pointed out very clearly the main causes that tend to 

produce deviations from the average—
or, as Dove later on called 

it, the normal—
temperature of any given latitude. For example, 

the mean annual temperature of a region (referring mainly to the 

northern hemisphere) is raised by the proximity of a western 

coast; by a divided configuration of the continent into 

peninsulas; by the existence of open seas to the north or of 

radiating continental surfaces to the south; by mountain ranges 

to shield from cold winds; by the infrequency of swamps to become 

congealed; by the absence of woods in a dry, sandy soil; and by 

the serenity of sky in the summer months and the vicinity of an 

ocean current bringing water which is of a higher temperature 

than that of the surrounding sea. 

Conditions opposite to these tend, of course, correspondingly to 

lower the temperature. In a word, Humboldt says the climatic 

distribution of heat depends on the relative distribution of land 

and sea, and on the “hypsometrical configuration of the 

continents”; and he urges that “great meteorological phenomena 

cannot be comprehended when considered independently of 

geognostic relations”—
a truth which, like most other general 

principles, seems simple enough once it is pointed out. 

With that broad sweep of imagination which characterized him, 

Humboldt speaks of the atmosphere as the “aerial ocean, in the 

lower strata and on the shoals of which we live,“ and he studies 

the atmospheric phenomena always in relation to those of that 

other ocean of water. In each of these oceans there are vast 

permanent currents, flowing always in determinate directions, 

which enormously modify the climatic conditions of every zone. 

The ocean of air is a vast maelstrom, boiling up always under the 

influence of the sun´s heat at the equator, and flowing as an 

upper current towards either pole, while an undercurrent from the 

poles, which becomes the trade-winds, flows towards the equator 

to supply its place. 

But the superheated equatorial air, becoming chilled, descends to 

the surface in temperate latitudes, and continues its poleward 

journey as the anti-trade-winds. The trade-winds are deflected 

towards the west, because in approaching the equator they 

constantly pass over surfaces of the earth having a greater and 

greater velocity of rotation, and so, as it were, tend to lag 

behind—
 an explanation which Hadley pointed out in 1735, but 

1735   
which was not accepted until Dalton independently worked it out 

and promulgated it in 1793. For the opposite reason, the anti-

1793   
trades are deflected towards the east; hence it is that the 

western, borders of continents in temperate zones are bathed in 

moist sea-breezes, while their eastern borders lack this cold- 

dispelling influence. 

In the ocean of water the main currents run as more sharply 

circumscribed streams—
veritable rivers in the sea. Of these the 

best known and most sharply circumscribed is the familiar Gulf 

Stream, which has its origin in an equatorial current, impelled 

westward by trade-winds, which is deflected northward in the main 

at Cape St. Roque, entering the Caribbean Sea and Gulf of Mexico, 

to emerge finally through the Strait of Florida, and journey off 

across the Atlantic to warm the shores of Europe. 

Such, at least, is the Gulf Stream as Humboldt understood it. 

Since his time, however, ocean currents in general, and this one 

in particular, have been the subject of no end of controversy, it 

being hotly disputed whether either causes or effects of the Gulf 

Stream are just what Humboldt, in common with others of his time, 

conceived them to be. About the middle of the century Lieutenant 

M. F. Maury, the distinguished American hydrographer and 

meteorologist, advocated a theory of gravitation as the chief 

cause of the currents, claiming that difference in density, due 

to difference in temperature and saltness, would sufficiently 

account for the oceanic circulation. This theory gained great 

popularity through the wide circulation of Maury´s Physical 

Geography of the Sea, which is said to have passed through more 

editions than any other scientific book of the period; but it was 

ably and vigorously combated by Dr. James Croll, the Scottish 

geologist, in his Climate and Time, and latterly the old theory 

that ocean currents are due to the trade-winds has again come 

into favor. Indeed, very recently a model has been constructed, 

with the aid of which it is said to have been demonstrated that 

prevailing winds in the direction of the actual trade-winds would 

produce such a current as the Gulf Stream. 

Meantime, however, it is by no means sure that gravitation does 

not enter into the case to the extent of producing an insensible 

general oceanic circulation, independent of the Gulf Stream and 

similar marked currents, and similar in its larger outlines to 

the polar- equatorial circulation of the air. The idea of such 

oceanic circulation was first suggested in detail by Professor 

Lenz, of St. Petersburg, in 1845, but it was not generally 

1845   
recognized until Dr. Carpenter independently hit upon the idea 

more than twenty years later. The plausibility of the conception 

is obvious; yet the alleged fact of such circulation has been 

hotly disputed, and the question is still sub judice. 

But whether or not such general circulation of ocean water takes 

place, it is beyond dispute that the recognized currents carry an 

enormous quantity of heat from the tropics towards the poles. Dr. 

Croll, who has perhaps given more attention to the physics of the 

subject than almost any other person, computes that the Gulf 

Stream conveys to the North Atlantic one- fourth as much heat as 

that body receives directly from the sun, and he argues that were 

it not for the transportation of heat by this and similar Pacific 

currents, only a narrow tropical region of the globe would be 

warm enough for habitation by the existing faunas. Dr. Croll 

argues that a slight change in the relative values of northern 

and southern trade-winds (such as he believes has taken place at 

various periods in the past) would suffice to so alter the 

equatorial current which now feeds the Gulf Stream that its main 

bulk would be deflected southward instead of northward, by the 

angle of Cape St. Roque. Thus the Gulf Stream would be nipped in 

the bud, and, according to Dr. Croll´s estimates, the results 

would be disastrous for the northern hemisphere. The anti-trades, 

which now are warmed by the Gulf Stream, would then blow as cold 

winds across the shores of western Europe, and in all probability 

a glacial epoch would supervene throughout the northern 

hemisphere. 

The same consequences, so far as Europe is concerned at least, 

would apparently ensue were the Isthmus of Panama to settle into 

the sea, allowing the Caribbean current to pass into the Pacific. 

But the geologist tells us that this isthmus rose at a 

comparatively recent geological period, though it is hinted that 

there had been some time previously a temporary land connection 

between the two continents. Are we to infer, then, that the two 

Americas in their unions and disunions have juggled with the 

climate of the other hemisphere? Apparently so, if the estimates 

made of the influence of the Gulf Stream be tenable. It is a far 

cry from Panama to Russia. Yet it seems within the possibilities 

that the meteorologist may learn from the geologist of Central 

America something that will enable him to explain to the 

paleontologist of Europe how it chanced that at one time the 

mammoth and rhinoceros roamed across northern Siberia, while at 

another time the reindeer and musk-ox browsed along the shores of 

the Mediterranean. 

Possibilities, I said, not probabilities. Yet even the faint 

glimmer of so alluring a possibility brings home to one with 

vividness the truth of Humboldt´s perspicuous observation that 

meteorology can be properly comprehended only when studied in 

connection with the companion sciences. There are no isolated 

phenomena in nature. 

 CYCLONES AND ANTI-CYCLONES 

CYCLONES AND ANTI-CYCLONES 

Yet, after all, it is not to be denied that the chief concern of 

the meteorologist must be with that other medium, the “ocean of 

air, on the shoals of which we live.“ For whatever may be 

accomplished by water currents in the way of conveying heat, it 

is the wind currents that effect the final distribution of that 

heat. As Dr. Croll has urged, the waters of the Gulf Stream do 

not warm the shores of Europe by direct contact, but by warming 

the anti-trade-winds, which subsequently blow across the 

continent. And everywhere the heat accumulated by water becomes 

effectual in modifying climate, not so much by direct radiation 

as by diffusion through the medium of the air. 

This very obvious importance of aerial currents led to their 

practical study long before meteorology had any title to the rank 

of science, and Dalton´s explanation of the trade-winds had laid 

the foundation for a science of wind dynamics before the 

beginning of the nineteenth century. But no substantial further 

advance in this direction was effected until about 1827, when 

1827   
Heinrich W. Dove, of Konigsberg, afterwards to be known as 

perhaps the foremost meteorologist of his generation, included 

the winds among the subjects of his elaborate statistical studies 

in climatology. 

Dove classified the winds as permanent, periodical, and variable. 

His great discovery was that all winds, of whatever character, 

and not merely the permanent winds, come under the influence of 

the earth´s rotation in such a way as to be deflected from their 

course, and hence to take on a gyratory motion—
that, in short, 

all local winds are minor eddies in the great polar-equatorial 

whirl, and tend to reproduce in miniature the character of that 

vast maelstrom. For the first time, then, temporary or variable 

winds were seen to lie within the province of law. 

A generation later, Professor William Ferrel, the American 

meteorologist, who had been led to take up the subject by a 

perusal of Maury´s discourse on ocean winds, formulated a general 

mathematical law, to the effect that any body moving in a right 

line along the surface of the earth in any direction tends to 

have its course deflected, owing to the earth´s rotation, to the 

right hand in the northern and to the left hand in the southern 

hemisphere. This law had indeed been stated as early as 1835 by 

1835   
the French physicist Poisson, but no one then thought of it as 

other than a mathematical curiosity; its true significance was 

only understood after Professor Ferrel had independently 

rediscovered it (just as Dalton rediscovered Hadley´s forgotten 

law of the trade-winds) and applied it to the motion of wind 

currents. 

Then it became clear that here is a key to the phenomena of 

atmospheric circulation, from the great polar-equatorial 

maelstrom which manifests itself in the trade-winds to the most 

circumscribed riffle which is announced as a local storm. And the 

more the phenomena were studied, the more striking seemed the 

parallel between the greater maelstrom and these lesser eddies. 

Just as the entire atmospheric mass of each hemisphere is seen, 

when viewed as a whole, to be carried in a great whirl about the 

pole of that hemisphere, so the local disturbances within this 

great tide are found always to take the form of whirls about a 

local storm-centre—
which storm-centre, meantime, is carried 

along in the major current, as one often sees a little whirlpool 

in the water swept along with the main current of the stream. 

Sometimes, indeed, the local eddy, caught as it were in an 

ancillary current of the great polar stream, is deflected from 

its normal course and may seem to travel against the stream; but 

such deviations are departures from the rule. In the great 

majority of cases, for example, in the north temperate zone, a 

storm-centre (with its attendant local whirl) travels to the 

northeast, along the main current of the anti-trade-wind, of 

which it is a part; and though exceptionally its course may be to 

the southeast instead, it almost never departs so widely from the 

main channel as to progress to the westward. Thus it is that 

storms sweeping over the United States can be announced, as a 

rule, at the seaboard in advance of their coming by telegraphic 

communication from the interior, while similar storms come to 

Europe off the ocean unannounced. Hence the more practical 

availability of the forecasts of weather bureaus in the former 

country. 

But these local whirls, it must be understood, are local only in 

a very general sense of the word, inasmuch as a single one may be 

more than a thousand miles in diameter, and a small one is two or 

three hundred miles across. But quite without regard to the size 

of the whirl, the air composing it conducts itself always in one 

of two ways. It never whirls in concentric circles; it always 

either rushes in towards the centre in a descending spiral, in 

which case it is called a cyclone, or it spreads out from the 

centre in a widening spiral, in which case it is called an anti-

cyclone. The word cyclone is associated in popular phraseology 

with a terrific storm, but it has no such restriction in 

technical usage. A gentle zephyr flowing towards a “storm- 

centre” is just as much a cyclone to the meteorologist as is the 

whirl constituting a West-Indian hurricane. Indeed, it is not 

properly the wind itself that is called the cyclone in either 

case, but the entire system of whirls—
including the storm-centre 

itself, where there may be no wind at all. 

What, then, is this storm-centre? Merely an area of low 

barometric pressure—
an area where the air has become lighter 

than the air of surrounding regions. Under influence of 

gravitation the air seeks its level just as water does; so the 

heavy air comes flowing in from all sides towards the low-

pressure area, which thus becomes a “storm-centre.“ But the 

inrushing currents never come straight to their mark. In 

accordance with Ferrel´s law, they are deflected to the right, 

and the result, as will readily be seen, must be a vortex 

current, which whirls always in one direction—
namely, from left 

to right, or in the direction opposite to that of the hands of a 

watch held with its face upward. The velocity of the cyclonic 

currents will depend largely upon the difference in barometric 

pressure between the storm-centre and the confines of the cyclone 

system. And the velocity of the currents will determine to some 

extent the degree of deflection, and hence the exact path of the 

descending spiral in which the wind approaches the centre. But in 

every case and in every part of the cyclone system it is true, as 

Buys Ballot´s famous rule first pointed out, that a person 

standing with his back to the wind has the storm-centre at his 

left. 
The primary cause of the low barometric pressure which marks the 

storm-centre and establishes the cyclone is expansion of the air 

through excess of temperature. The heated air, rising into cold 

upper regions, has a portion of its vapor condensed into clouds, 

and now a new dynamic factor is added, for each particle of 

vapor, in condensing, gives up its modicum of latent heat. Each 

pound of vapor thus liberates, according to Professor Tyndall´s 

estimate, enough heat to melt five pounds of cast iron; so the 

amount given out where large masses of cloud are forming must 

enormously add to the convection currents of the air, and hence 

to the storm-developing power of the forming cyclone. Indeed, one 

school of meteorologists, of whom Professor Espy was the leader, 

has held that, without such added increment of energy constantly 

augmenting the dynamic effects, no storm could long continue in 

violent action. And it is doubted whether any storm could ever 

attain, much less continue, the terrific force of that most 

dreaded of winds of temperate zones, the tornado—
a storm which 

obeys all the laws of cyclones, but differs from ordinary 

cyclones in having a vortex core only a few feet or yards in 

diameter—
 without the aid of those great masses of condensing 

vapor which always accompany it in the form of storm- clouds. 

The anti-cyclone simply reverses the conditions of the cyclone. 

Its centre is an area of high pressure, and the air rushes out 

from it in all directions towards surrounding regions of low 

pressure. As before, all parts of the current will be deflected 

towards the right, and the result, clearly, is a whirl opposite 

in direction to that of the cyclone. But here there is a tendency 

to dissipation rather than to concentration of energy, hence, 

considered as a storm-generator, the anti- cyclone is of relative 

insignificance. 

In particular the professional meteorologist who conducts a 

“weather bureau”—
as, for example, the chief of the United States 

signal-service station in New York—
is so preoccupied with the 

observation of this phenomenon that cyclone-hunting might be said 

to be his chief pursuit. It is for this purpose, in the main, 

that government weather bureaus or signal- service departments 

have been established all over the world. Their chief work is to 

follow up cyclones, with the aid of telegraphic reports, mapping 

their course and recording the attendant meteorological 

conditions. Their so-called predictions or forecasts are 

essentially predications, gaining locally the effect of 

predictions because the telegraph outstrips the wind. 

At only one place on the globe has it been possible as yet for 

the meteorologist to make long-time forecasts meriting the title 

of predictions. This is in the middle Ganges Valley of northern 

India. In this country the climatic conditions are largely 

dependent upon the periodical winds called monsoons, which blow 

steadily landward from April to October, and seaward from October 

to April. The summer monsoons bring the all-essential rains; if 

they are delayed or restricted in extent, there will be drought 

and consequent famine. And such restriction of the monsoon is 

likely to result when there has been an unusually deep or very 

late snowfall on the Himalayas, because of the lowering of spring 

temperature by the melting snow. Thus here it is possible, by 

observing the snowfall in the mountains, to predict with some 

measure of success the average rainfall of the following summer. 

The drought of 1896, with the consequent famine and plague that 

1896   
devastated India the following winter, was thus predicted some 

months in advance. 

This is the greatest present triumph of practical meteorology. 

Nothing like it is yet possible anywhere in temperate zones. But 

no one can say what may not be possible in times to come, when 

the data now being gathered all over the world shall at last be 

co-ordinated, classified, and made the basis of broad inductions. 

Meteorology is pre-eminently a science of the future. 
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lightning-rod, and a host of minor inventions testify. In a 
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speculative way he had thought out more or less tenable 

conceptions as to the ultimate nature of matter, as witness the 
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had learned to measure none of them but heat with accuracy, and 

this one he could test only within narrow limits until late in 

this one he could test only within narrow limits until late in 

the century, when Josiah Wedgwood, the famous potter, taught him 

the century, when Josiah Wedgwood, the famous potter, taught him 
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to gauge the highest temperatures with the clay pyrometer. 

He spoke of the matter of heat as being the most universally 

distributed fluid in nature; as entering in some degree into the 

composition of nearly all other substances; as being sometimes 

liquid, sometimes condensed or solid, and as having weight that 

could be detected with the balance. Following Newton, he spoke of 

light as a “corpuscular emanation” or fluid, composed of shining 

particles which possibly are transmutable into particles of heat, 

and which enter into chemical combination with the particles of 

other forms of matter. Electricity he considered a still more 

subtile kind of matter-perhaps an attenuated form of light. 

Magnetism, “vital fluid,“ and by some even a ”gravic fluid,“ and 

a fluid of sound were placed in the same scale; and, taken 

together, all these supposed subtile forms of matter were classed 

as “imponderables.“ 

This view of the nature of the “imponderables” was in some 

measure a retrogression, for many seventeenth- century 

philosophers, notably Hooke and Huygens and Boyle, had held more 

correct views; but the materialistic conception accorded so well 

with the eighteenth- century tendencies of thought that only here 

and there a philosopher like Euler called it in question, until 

well on towards the close of the century. Current speech referred 

to the materiality of the “imponderables “ unquestioningly. 

Students of meteorology—
a science that was just dawning—

explained atmospheric phenomena on the supposition that heat, the 

heaviest imponderable, predominated in the lower atmosphere, and 

that light, electricity, and magnetism prevailed in successively 

higher strata. And Lavoisier, the most philosophical chemist of 

the century, retained heat and light on a par with oxygen, 

hydrogen, iron, and the rest, in his list of elementary 

substances. 
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But just at the close of the century the confidence in the status 

of the imponderables was rudely shaken in the minds of 

philosophers by the revival of the old idea of Fra Paolo and 

Bacon and Boyle, that heat, at any rate, is not a material fluid, 

but merely a mode of motion or vibration among the particles of 

“ponderable” matter. The new champion of the old doctrine as to 

the nature of heat was a very distinguished philosopher and 

diplomatist of the time, who, it may be worth recalling, was an 

American. He was a sadly expatriated American, it is true, as his 

name, given all the official appendages, will amply testify; but 

he had been born and reared in a Massachusetts village none the 

less, and he seems always to have retained a kindly interest in 

the land of his nativity, even though he lived abroad in the 

service of other powers during all the later years of his life, 

and was knighted by England, ennobled by Bavaria, and honored by 

the most distinguished scientific bodies of Europe. The American, 

then, who championed the vibratory theory of heat, in opposition 

to all current opinion, in this closing era of the eighteenth 

century, was Lieutenant-General Sir Benjamin Thompson, Count 

Rumford, F.R.S. 

Rumford showed that heat may be produced in indefinite quantities 

by friction of bodies that do not themselves lose any appreciable 

matter in the process, and claimed that this proves the 

immateriality of heat. Later on he added force to the argument by 

proving, in refutation of the experiments of Bowditch, that no 

body either gains or loses weight in virtue of being heated or 

cooled. He thought he had proved that heat is only a form of 

motion. 

His experiment for producing indefinite quantities of heat by 

friction is recorded by him in his paper entitled, “Inquiry 

Concerning the Source of Heat Excited by Friction.“ 

“Being engaged, lately, in superintending the boring of cannon in 

the workshops of the military arsenal at Munich,“ he says, ”I was 

struck with the very considerable degree of heat which a brass 

gun acquires in a short time in being bored; and with the still 

more intense heat (much greater than that of boiling water, as I 

found by experiment) of the metallic chips separated from it by 

the borer. 

“Taking a cannon (a brass six-pounder), cast solid, and rough, as 

it came from the foundry, and fixing it horizontally in a machine 

used for boring, and at the same time finishing the outside of 

the cannon by turning, I caused its extremity to be cut off; and 

by turning down the metal in that part, a solid cylinder was 

formed, 7 3/4 inches in diameter and 9 8/10 inches long; which, 

10   
when finished, remained joined to the rest of the metal (that 

which, properly speaking, constituted the cannon) by a small 

cylindrical neck, only 2 1/5 inches in diameter and 3 8/10 inches 

10   
long. 
“This short cylinder, which was supported in its horizontal 

position, and turned round its axis by means of the neck by which 

it remained united to the cannon, was now bored with the 

horizontal borer used in boring cannon. 

“This cylinder being designed for the express purpose of 

generating heat by friction, by having a blunt borer forced 

against its solid bottom at the same time that it should be 

turned round its axis by the force of horses, in order that the 

heat accumulated in the cylinder might from time to time be 

measured, a small, round hole 0.37 of an inch only in diameter 

0.37   
and 4.2 inches in depth, for the purpose of introducing a small 

4.2   
cylindrical mercurial thermometer, was made in it, on one side, 

in a direction perpendicular to the axis of the cylinder, and 

ending in the middle of the solid part of the metal which formed 

the bottom of the bore. 

“At the beginning of the experiment, the temperature of the air 

in the shade, as also in the cylinder, was just sixty degrees 

Fahrenheit. At the end of thirty minutes, when the cylinder had 

made 960 revolutions about its axis, the horses being stopped, a 

960   
cylindrical mercury thermometer, whose bulb was 32/100 of an inch 

32   
100   

in diameter and 3 1/4 inches in length, was introduced into the 

hole made to receive it in the side of the cylinder, when the 

mercury rose almost instantly to one hundred and thirty degrees. 

“In order, by one decisive experiment, to determine whether the 

air of the atmosphere had any part or not in the generation of 

the heat, I contrived to repeat the experiment under 

circumstances in which it was evidently impossible for it to 

produce any effect whatever. By means of a piston exactly fitted 

to the mouth of the bore of the cylinder, through the middle of 

which piston the square iron bar, to the end of which the blunt 

steel borer was fixed, passed in a square hole made perfectly 

air-tight, the excess of the external air, to the inside of the 

bore of the cylinder, was effectually prevented. I did not find, 

however, by this experiment that the exclusion of the air 

diminished in the smallest degree the quantity of heat excited by 

the friction. 

“There still remained one doubt, which, though it appeared to me 

to be so slight as hardly to deserve any attention, I was, 

however, desirous to remove. The piston which choked the mouth of 

the bore of the cylinder, in order that it might be air-tight, 

was fitted into it with so much nicety, by means of its collars 

of leather, and pressed against it with so much force, that, 

notwithstanding its being oiled, it occasioned a considerable 

degree of friction when the hollow cylinder was turned round its 

axis. Was not the heat produced, or at least some part of it, 

occasioned by this friction of the piston? and, as the external 

air had free access to the extremity of the bore, where it came 

into contact with the piston, is it not possible that this air 

may have had some share in the generation of the heat produced? 

“A quadrangular oblong deal box, water-tight, being provided with 

holes or slits in the middle of each of its ends, just large 

enough to receive, the one the square iron rod to the end of 

which the blunt steel borer was fastened, the other the small 

cylindrical neck which joined the hollow cylinder to the cannon; 

when this box (which was occasionally closed above by a wooden 

cover or lid moving on hinges) was put into its place—
 that is 

to say, when, by means of the two vertical opening or slits in 

its two ends, the box was fixed to the machinery in such a manner 

that its bottom being in the plane of the horizon, its axis 

coincided with the axis of the hollow metallic cylinder, it is 

evident, from the description, that the hollow, metallic cylinder 

would occupy the middle of the box, without touching it on either 

side; and that, on pouring water into the box and filling it to 

the brim, the cylinder would be completely covered and surrounded 

on every side by that fluid. And, further, as the box was held 

fast by the strong, square iron rod which passed in a square hole 

in the centre of one of its ends, while the round or cylindrical 

neck which joined the hollow cylinder to the end of the cannon 

could turn round freely on its axis in the round hole in the 

centre of the other end of it, it is evident that the machinery 

could be put in motion without the least danger of forcing the 

box out of its place, throwing the water out of it, or deranging 

any part of the apparatus.“ 

Everything being thus ready, the box was filled with cold water, 

having been made water-tight by means of leather collars, and the 

machinery put in motion. “The result of this beautiful 

experiment,“ says Rumford, ”was very striking, and the pleasure 

it afforded me amply repaid me for all the trouble I had had in 

contriving and arranging the complicated machinery used in making 

it. The cylinder, revolving at the rate of thirty-two times in a 

minute, had been in motion but a short time when I perceived, by 

putting my hand into the water and touching the outside of the 

cylinder, that heat was generated, and it was not long before the 

water which surrounded the cylinder began to be sensibly warm. 

“At the end of one hour I found, by plunging a thermometer into 

the box, . . . that its temperature had been raised no less than 

forty-seven degrees Fahrenheit, being now one hundred and seven 

degrees Fahrenheit. ... One hour and thirty minutes after the 

machinery had been put in motion the heat of the water in the box 

was one hundred and forty-two degrees. At the end of two hours 

... it was raised to one hundred and seventy-eight degrees; and 

at two hours and thirty minutes it ACTUALLY BOILED! 

“It would be difficult to describe the surprise and astonishment 

expressed in the countenances of the bystanders on seeing so 

large a quantity of cold water heated, and actually made to boil, 

without any fire. Though there was, in fact, nothing that could 

justly be considered as a surprise in this event, yet I 

acknowledge fairly that it afforded me a degree of childish 

pleasure which, were I ambitious of the reputation of a GRAVE 

PHILOSOPHER, I ought most certainly rather to hide than to 

discover....“ 

Having thus dwelt in detail on these experiments, Rumford comes 

now to the all-important discussion as to the significance of 

them—
the subject that had been the source of so much speculation 

among the philosophers—
 the question as to what heat really is, 

and if there really is any such thing (as many believed) as an 

igneous fluid, or a something called caloric. 

“From whence came this heat which was continually given off in 

this manner, in the foregoing experiments?“ asks Rumford. ”Was it 

furnished by the small particles of metal detached from the 

larger solid masses on their being rubbed together? This, as we 

have already seen, could not possibly have been the case. 

“Was it furnished by the air? This could not have been the case; 

for, in three of the experiments, the machinery being kept 

immersed in water, the access of the air of the atmosphere was 

completely prevented. 

“Was it furnished by the water which surrounded the machinery? 

That this could not have been the case is evident: first, because 

this water was continually RECEIVING heat from the machinery, and 

could not, at the same time, be GIVING TO and RECEIVING HEAT FROM 

the same body; and, secondly, because there was no chemical 

decomposition of any part of this water. Had any such 

decomposition taken place (which, indeed, could not reasonably 

have been expected), one of its component elastic fluids (most 

probably hydrogen) must, at the same time, have been set at 

liberty, and, in making its escape into the atmosphere, would 

have been detected; but, though I frequently examined the water 

to see if any air-bubbles rose up through it, and had even made 

preparations for catching them if they should appear, I could 

perceive none; nor was there any sign of decomposition of any 

kind whatever, or other chemical process, going on in the water. 

“Is it possible that the heat could have been supplied by means 

of the iron bar to the end of which the blunt steel borer was 

fixed? Or by the small neck of gun-metal by which the hollow 

cylinder was united to the cannon? These suppositions seem more 

improbable even than either of the before-mentioned; for heat was 

continually going off, or OUT OF THE MACHINERY, by both these 

passages during the whole time the experiment lasted. 

“And in reasoning on this subject we must not forget to consider 

that most remarkable circumstance, that the source of the heat 

generated by friction in these experiments appeared evidently to 

be INEXHAUSTIBLE. 

“It is hardly necessary to add that anything which any INSULATED 

body, or system of bodies, can continue to furnish WITHOUT 

LIMITATION cannot possibly be a MATERIAL substance; and it 

appears to me to be extremely difficult, if not quite impossible, 

to form any distinct idea of anything capable of being excited 

and communicated, in the manner the heat was excited and 

communicated in these experiments, except in MOTION.“[1] 
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But contemporary judgment, while it listened respectfully to 

Rumford, was little minded to accept his verdict. The cherished 

beliefs of a generation are not to be put down with a single 

blow. Where many minds have a similar drift, however, the first 

blow may precipitate a general conflict; and so it was here. 

Young Humphry Davy had duplicated Rumford´s experiments, and 

reached similar conclusions; and soon others fell into line. 

Then, in 1800, Dr. Thomas Young—
 “Phenomenon Young” they called 

1800   
him at Cambridge, because he was reputed to know everything—

took 

up the cudgels for the vibratory theory of light, and it began to 

be clear that the two “imponderables,“ heat and light, must stand 

or fall together; but no one as yet made a claim against the 

fluidity of electricity. 

Before we take up the details of the assault made by Young upon 

the old doctrine of the materiality of light, we must pause to 

consider the personality of Young himself. For it chanced that 

this Quaker physician was one of those prodigies who come but few 

times in a century, and the full list of whom in the records of 

history could be told on one´s thumbs and fingers. His 

biographers tell us things about him that read like the most 

patent fairy-tales. As a mere infant in arms he had been able to 

read fluently. Before his fourth birthday came he had read the 

Bible twice through, as well as Watts´s Hymns—
poor child!—

and 

when seven or eight he had shown a propensity to absorb languages 

much as other children absorb nursery tattle and Mother Goose 

rhymes. When he was fourteen, a young lady visiting the household 

of his tutor patronized the pretty boy by asking to see a 

specimen of his penmanship. The pretty boy complied readily 

enough, and mildly rebuked his interrogator by rapidly writing 

some sentences for her in fourteen languages, including such as, 

Arabian, Persian, and Ethiopic. 

Meantime languages had been but an incident in the education of 

the lad. He seems to have entered every available field of 

thought—
mathematics, physics, botany, literature, music, 

painting, languages, philosophy, archaeology, and so on to 

tiresome lengths—
and once he had entered any field he seldom 

turned aside until he had reached the confines of the subject as 

then known and added something new from the recesses of his own 

genius. He was as versatile as Priestley, as profound as Newton 

himself. He had the range of a mere dilettante, but everywhere 

the full grasp of the master. He took early for his motto the 

saying that what one man has done, another man may do. Granting 

that the other man has the brain of a Thomas Young, it is a true 

motto. 

Such, then, was the young Quaker who came to London to follow out 

the humdrum life of a practitioner of medicine in the year 1801. 

1801   
But incidentally the young physician was prevailed upon to occupy 

the interims of early practice by fulfilling the duties of the 

chair of Natural Philosophy at the Royal Institution, which Count 

Rumford had founded, and of which Davy was then Professor of 

Chemistry—
the institution whose glories have been perpetuated by 

such names as Faraday and Tyndall, and which the Briton of to-day 

speaks of as the “Pantheon of Science.“ Here it was that Thomas 

Young made those studies which have insured him a niche in the 

temple of fame not far removed from that of Isaac Newton. 

As early as 1793, when he was only twenty, Young had begun to 

1793   
Communicate papers to the Royal Society of London, which were 

adjudged worthy to be printed in full in the Philosophical 

Transactions; so it is not strange that he should have been asked 

to deliver the Bakerian lecture before that learned body the very 

first year after he came to London. The lecture was delivered 

November 12, 1801. Its subject was “The Theory of Light and 

12   
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Colors,“ and its reading marks an epoch in physical science; for 

here was brought forward for the first time convincing proof of 

that undulatory theory of light with which every student of 

modern physics is familiar—
the theory which holds that light is 

not a corporeal entity, but a mere pulsation in the substance of 

an all-pervading ether, just as sound is a pulsation in the air, 

or in liquids or solids. 

Young had, indeed, advocated this theory at an earlier date, but 

it was not until 1801 that he hit upon the idea which enabled him 

1801   
to bring it to anything approaching a demonstration. It was while 

pondering over the familiar but puzzling phenomena of colored 

rings into which white light is broken when reflected from thin 

films—
Newton´s rings, so called—

that an explanation occurred to 

him which at once put the entire undulatory theory on a new 

footing. With that sagacity of insight which we call genius, he 

saw of a sudden that the phenomena could be explained by 

supposing that when rays of light fall on a thin glass, part of 

the rays being reflected from the upper surface, other rays, 

reflected from the lower surface, might be so retarded in their 

course through the glass that the two sets would interfere with 

one another, the forward pulsation of one ray corresponding to 

the backward pulsation of another, thus quite neutralizing the 

effect. Some of the component pulsations of the light being thus 

effaced by mutual interference, the remaining rays would no 

longer give the optical effect of white light; hence the puzzling 

colors. 

Here is Young´s exposition of the subject: 

Of the Colors of Thin Plates 

“When a beam of light falls upon two refracting surfaces, the 

partial reflections coincide perfectly in direction; and in this 

case the interval of retardation taken between the surfaces is to 

their radius as twice the cosine of the angle of refraction to 

the radius. 

“Let the medium between the surfaces be rarer than the 

surrounding mediums; then the impulse reflected at the second 

surface, meeting a subsequent undulation at the first, will 

render the particles of the rarer medium capable of wholly 

stopping the motion of the denser and destroying the reflection, 

while they themselves will be more strongly propelled than if 

they had been at rest, and the transmitted light will be 

increased. So that the colors by reflection will be destroyed, 

and those by transmission rendered more vivid, when the double 

thickness or intervals of retardation are any multiples of the 

whole breadth of the undulations; and at intermediate thicknesses 

the effects will be reversed according to the Newtonian 

observation. 

“If the same proportions be found to hold good with respect to 

thin plates of a denser medium, which is, indeed, not improbable, 

it will be necessary to adopt the connected demonstrations of 

Prop. IV., but, at any rate, if a thin plate be interposed 

between a rarer and a denser medium, the colors by reflection and 

transmission may be expected to change places. 

 Of the Colors of Thick Plates 

“When a beam of light passes through a refracting surface, 

especially if imperfectly polished, a portion of it is 

irregularly scattered, and makes the surface visible in all 

directions, but most conspicuously in directions not far distant 

from that of the light itself; and if a reflecting surface be 

placed parallel to the refracting surface, this scattered light, 

as well as the principal beam, will be reflected, and there will 

be also a new dissipation of light, at the return of the beam 

through the refracting surface. These two portions of scattered 

light will coincide in direction; and if the surfaces be of such 

a form as to collect the similar effects, will exhibit rings of 

colors. The interval of retardation is here the difference 

between the paths of the principal beam and of the scattered 

light between the two surfaces; of course, wherever the 

inclination of the scattered light is equal to that of the beam, 

although in different planes, the interval will vanish and all 

the undulations will conspire. At other inclinations, the 

interval will be the difference of the secants from the secant of 

the inclination, or angle of refraction of the principal beam. 

From these causes, all the colors of concave mirrors observed by 

Newton and others are necessary consequences; and it appears that 

their production, though somewhat similar, is by no means as 

Newton imagined, identical with the production of thin 

plates.“[2] 

 By following up this clew with mathematical precision, measuring 

the exact thickness of the plate and the space between the 

different rings of color, Young was able to show mathematically 

what must be the length of pulsation for each of the different 

colors of the spectrum. He estimated that the undulations of red 

light, at the extreme lower end of the visible spectrum, must 

number about thirty-seven thousand six hundred and forty to the 

inch, and pass any given spot at a rate of four hundred and 

sixty-three millions of millions of undulations in a second, 

while the extreme violet numbers fifty-nine thousand seven 

hundred and fifty undulations to the inch, or seven hundred and 

thirty-five millions of millions to the second. 

 The Colors of Striated Surfaces 

Young similarly examined the colors that are produced by 

scratches on a smooth surface, in particular testing the light 

from “Mr. Coventry´s exquisite micrometers,“ which consist of 

lines scratched on glass at measured intervals. These microscopic 

tests brought the same results as the other experiments. The 

colors were produced at certain definite and measurable angles, 

and the theory of interference of undulations explained them 

perfectly, while, as Young affirmed with confidence, no other 

hypothesis hitherto advanced would explain them at all. Here are 

his words: 

“Let there be in a given plane two reflecting points very near 

each other, and let the plane be so situated that the reflected 

image of a luminous object seen in it may appear to coincide with 

the points; then it is obvious that the length of the incident 

and reflected ray, taken together, is equal with respect to both 

points, considering them as capable of reflecting in all 

directions. Let one of the points be now depressed below the 

given plane; then the whole path of the light reflected from it 

will be lengthened by a line which is to the depression of the 

point as twice the cosine of incidence to the radius. 

“If, therefore, equal undulations of given dimensions be 

reflected from two points, situated near enough to appear to the 

eye but as one, whenever this line is equal to half the breadth 

of a whole undulation the reflection from the depressed point 

will so interfere with the reflection from the fixed point that 

the progressive motion of the one will coincide with the 

retrograde motion of the other, and they will both be destroyed; 

but when this line is equal to the whole breadth of an 

undulation, the effect will be doubled, and when to a breadth and 

a half, again destroyed; and thus for a considerable number of 

alternations, and if the reflected undulations be of a different 

kind, they will be variously affected, according to their 

proportions to the various length of the line which is the 

difference between the lengths of their two paths, and which may 

be denominated the interval of a retardation. 

“In order that the effect may be the more perceptible, a number 

of pairs of points must be united into two parallel lines; and if 

several such pairs of lines be placed near each other, they will 

facilitate the observation. If one of the lines be made to 

revolve round the other as an axis, the depression below the 

given plane will be as the sine of the inclination; and while the 

eye and the luminous object remain fixed the difference of the 

length of the paths will vary as this sine. 

“The best subjects for the experiment are Mr. Coventry´s 

exquisite micrometers; such of them as consist of parallel lines 

drawn on glass, at a distance of one- five-hundredth of an inch, 

are the most convenient. Each of these lines appears under a 

microscope to consist of two or more finer lines, exactly 

parallel, and at a distance of somewhat more than a twentieth 

more than the adjacent lines. I placed one of these so as to 

reflect the sun´s light at an angle of forty-five degrees, and 

fixed it in such a manner that while it revolved round one of the 

lines as an axis, I could measure its angular motion; I found 

that the longest red color occurred at the inclination 10 1/4 

10   
degrees, 20 3/4 degrees, 32 degrees, and 45 degrees; of which the 

20   
32   
45   

sines are as the numbers 1, 2, 3, and 4. At all other angles 

also, when the sun´s light was reflected from the surface, the 

color vanished with the inclination, and was equal at equal 

inclinations on either side. 

This experiment affords a very strong confirmation of the theory. 

It is impossible to deduce any explanation of it from any 

hypothesis hitherto advanced; and I believe it would be difficult 

to invent any other that would account for it. There is a 

striking analogy between this separation of colors and the 

production of a musical note by successive echoes from 

equidistant iron palisades, which I have found to correspond 

pretty accurately with the known velocity of sound and the 

distances of the surfaces. 

“It is not improbable that the colors of the integuments of some 

insects, and of some other natural bodies, exhibiting in 

different lights the most beautiful versatility, may be found to 

be of this description, and not to be derived from thin plates. 

In some cases a single scratch or furrow may produce similar 

effects, by the reflection of its opposite edges.“[3] 

 This doctrine of interference of undulations was the absolutely 

novel part of Young´s theory. The all- compassing genius of 

Robert Hooke had, indeed, very nearly apprehended it more than a 

century before, as Young himself points out, but no one else bad 

so much as vaguely conceived it; and even with the sagacious 

Hooke it was only a happy guess, never distinctly outlined in his 

own mind, and utterly ignored by all others. Young did not know 

of Hooke´s guess until he himself had fully formulated the 

theory, but he hastened then to give his predecessor all the 

credit that could possibly be adjudged his due by the most 

disinterested observer. To Hooke´s contemporary, Huygens, who was 

the originator of the general doctrine of undulation as the 

explanation of light, Young renders full justice also. For 

himself he claims only the merit of having demonstrated the 

theory which these and a few others of his predecessors had 

advocated without full proof. 

The following year Dr. Young detailed before the Royal Society 

other experiments, which threw additional light on the doctrine 

of interference; and in 1803 he cited still others, which, he 

1803   
affirmed, brought the doctrine to complete demonstration. In 

applying this demonstration to the general theory of light, he 

made the striking suggestion that “the luminiferous ether 

pervades the substance of all material bodies with little or no 

resistance, as freely, perhaps, as the wind passes through a 

grove of trees.“ He asserted his belief also that the chemical 

rays which Ritter had discovered beyond the violet end of the 

visible spectrum are but still more rapid undulations of the same 

character as those which produce light. In his earlier lecture he 

had affirmed a like affinity between the light rays and the rays 

of radiant heat which Herschel detected below the red end of the 

spectrum, suggesting that “light differs from heat only in the 

frequency of its undulations or vibrations—
those undulations 

which are within certain limits with respect to frequency 

affecting the optic nerve and constituting light, and those which 

are slower and probably stronger constituting heat only.“ From 

the very outset he had recognized the affinity between sound and 

light; indeed, it had been this affinity that led him on to an 

appreciation of the undulatory theory of light. 

But while all these affinities seemed so clear to the great co-

ordinating brain of Young, they made no such impression on the 

minds of his contemporaries. The immateriality of light had been 

substantially demonstrated, but practically no one save its 

author accepted the demonstration. Newton´s doctrine of the 

emission of corpuscles was too firmly rooted to be readily 

dislodged, and Dr. Young had too many other interests to continue 

the assault unceasingly. He occasionally wrote something touching 

on his theory, mostly papers contributed to the Quarterly Review 

and similar periodicals, anonymously or under pseudonym, for he 

had conceived the notion that too great conspicuousness in fields 

outside of medicine would injure his practice as a physician. His 

views regarding light (including the original papers from the 

Philosophical Transactions of the Royal Society) were again given 

publicity in full in his celebrated volume on natural philosophy, 

consisting in part of his lectures before the Royal Institution, 

published in 1807; but even then they failed to bring conviction 

1807   
to the philosophic world. Indeed, they did not even arouse a 

controversial spirit, as his first papers had done. 

 ARAGO AND FRESNEL CHAMPION THE WAVE THEORY 

ARAGO AND FRESNEL CHAMPION THE WAVE THEORY 

So it chanced that when, in 1815, a young French military 

1815   
engineer, named Augustin Jean Fresnel, returning from the 

Napoleonic wars, became interested in the phenomena of light, and 

made some experiments concerning diffraction which seemed to him 

to controvert the accepted notions of the materiality of light, 

he was quite unaware that his experiments had been anticipated by 

a philosopher across the Channel. He communicated his experiments 

and results to the French Institute, supposing them to be 

absolutely novel. That body referred them to a committee, of 

which, as good fortune would have it, the dominating member was 

Dominique Francois Arago, a man as versatile as Young himself, 

and hardly less profound, if perhaps not quite so original. Arago 

at once recognized the merit of Fresnel´s work, and soon became a 

convert to the theory. He told Fresnel that Young had anticipated 

him as regards the general theory, but that much remained to be 

done, and he offered to associate himself with Fresnel in 

prosecuting the investigation. Fresnel was not a little dashed to 

learn that his original ideas had been worked out by another 

while he was a lad, but he bowed gracefully to the situation and 

went ahead with unabated zeal. 

The championship of Arago insured the undulatory theory a hearing 

before the French Institute, but by no means sufficed to bring 

about its general acceptance. On the contrary, a bitter feud 

ensued, in which Arago was opposed by the “Jupiter Olympus of the 

Academy,“ Laplace, by the only less famous Poisson, and by the 

younger but hardly less able Biot. So bitterly raged the feud 

that a life-long friendship between Arago and Biot was ruptured 

forever. The opposition managed to delay the publication of 

Fresnel´s papers, but Arago continued to fight with his customary 

enthusiasm and pertinacity, and at last, in 1823, the Academy 

1823   
yielded, and voted Fresnel into its ranks, thus implicitly 

admitting the value of his work. 

It is a humiliating thought that such controversies as this must 

mar the progress of scientific truth; but fortunately the story 

of the introduction of the undulatory theory has a more pleasant 

side. Three men, great both in character and in intellect, were 

concerned in pressing its claims—
Young, Fresnel, and Arago—

and 

the relations of these men form a picture unmarred by any of 

those petty jealousies that so often dim the lustre of great 

names. Fresnel freely acknowledged Young´s priority so soon as 

his attention was called to it; and Young applauded the work of 

the Frenchman, and aided with his counsel in the application of 

the undulatory theory to the problems of polarization of light, 

which still demanded explanation, and which Fresnel´s fertility 

of experimental resource and profundity of mathematical insight 

sufficed in the end to conquer. 

After Fresnel´s admission to the Institute in 1823 the opposition 

1823   
weakened, and gradually the philosophers came to realize the 

merits of a theory which Young had vainly called to their 

attention a full quarter- century before. Now, thanks largely to 

Arago, both Young and Fresnel received their full meed of 

appreciation. Fresnel was given the Rumford medal of the Royal 

Society of England in 1825, and chosen one of the foreign members 

1825   
of the society two years later, while Young in turn was elected 

one of the eight foreign members of the French Academy. As a 

fitting culmination of the chapter of felicities between the 

three friends, it fell to the lot of Young, as Foreign Secretary 

of the Royal Society, to notify Fresnel of the honors shown him 

by England´s representative body of scientists; while Arago, as 

Perpetual Secretary of the French Institute, conveyed to Young in 

the same year the notification that he had been similarly honored 

by the savants of France. 

A few months later Fresnel was dead, and Young survived him only 

two years. Both died prematurely, but their great work was done, 

and the world will remember always and link together these two 

names in connection with a theory which in its implications and 

importance ranks little below the theory of universal 

gravitation. 
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GALVANI AND VOLTA 

GALVANI AND VOLTA 

The full importance of Young´s studies of light might perhaps 

The full importance of Young´s studies of light might perhaps 

have gained earlier recognition had it not chanced that, at the 

have gained earlier recognition had it not chanced that, at the 

time when they were made, the attention of the philosophic world 

time when they were made, the attention of the philosophic world 

was turned with the fixity and fascination of a hypnotic stare 

was turned with the fixity and fascination of a hypnotic stare 

upon another field, which for a time brooked no rival. How could 

upon another field, which for a time brooked no rival. How could 

the old, familiar phenomenon, light, interest any one when the 

the old, familiar phenomenon, light, interest any one when the 

new agent, galvanism, was in view? As well ask one to fix 

new agent, galvanism, was in view? As well ask one to fix 

attention on a star while a meteorite blazes across the sky. 

attention on a star while a meteorite blazes across the sky. 

Galvanism was so called precisely as the Roentgen ray was 

Galvanism was so called precisely as the Roentgen ray was 

christened at a later day—
as a safe means of begging the 

christened at a later day—
as a safe means of begging the 

question as to the nature of the phenomena involved. The initial 

question as to the nature of the phenomena involved. The initial 

fact in galvanism was the discovery of Luigi Galvani (1737-1798), 

1737   
1798   

fact in galvanism was the discovery of Luigi Galvani (1737-1798), 

a physician of Bologna, in 1791, that by bringing metals in 

1791   

a physician of Bologna, in 1791, that by bringing metals in 

contact with the nerves of a frog´s leg violent muscular 

contact with the nerves of a frog´s leg violent muscular 

contractions are produced. As this simple little experiment led 

contractions are produced. As this simple little experiment led 

eventually to the discovery of galvanic electricity and the 

eventually to the discovery of galvanic electricity and the 

invention of the galvanic battery, it may be regarded as the 

invention of the galvanic battery, it may be regarded as the 

beginning of modern electricity. 

beginning of modern electricity. 

The story is told that Galvani was led to his discovery while 

preparing frogs´ legs to make a broth for his invalid wife. As 

the story runs, he had removed the skins from several frogs´ 

legs, when, happening to touch the exposed muscles with a scalpel 

which had lain in close proximity to an electrical machine, 

violent muscular action was produced. Impressed with this 

phenomenon, he began a series of experiments which finally 

resulted in his great discovery. But be this story authentic or 

not, it is certain that Galvani experimented for several years 

upon frogs´ legs suspended upon wires and hooks, until he finally 

constructed his arc of two different metals, which, when arranged 

so that one was placed in contact with a nerve and the other with 

a muscle, produced violent contractions. 

These two pieces of metal form the basic principle of the modern 

galvanic battery, and led directly to Alessandro Volta´s 

invention of his “voltaic pile,“ the immediate ancestor of the 

modern galvanic battery. Volta´s experiments were carried on at 

the same time as those of Galvani, and his invention of his pile 

followed close upon Galvani´s discovery of the new form of 

electricity. From these facts the new form of electricity was 

sometimes called “galvanic” and sometimes “voltaic” electricity, 

but in recent years the term “galvanism” and “galvanic current” 

have almost entirely supplanted the use of the term voltaic. 

It was Volta who made the report of Galvani´s wonderful discovery 

to the Royal Society of London, read on January 31, 1793. In this 

31   
1793   

letter he describes Galvani´s experiments in detail and refers to 

them in glowing terms of praise. He calls it one of the “most 

beautiful and important discoveries,“ and regarded it as the germ 

or foundation upon which other discoveries were to be made. The 

prediction proved entirely correct, Volta himself being the chief 

discoverer. 

W
orking along lines suggested by Galvani´s discovery, Volta 

constructed an apparatus made up of a number of disks of two 

different kinds of metal, such as tin and silver, arranged 

alternately, a piece of some moist, porous substance, like paper 

or felt, being interposed between each pair of disks. W
ith this 

“pile,“ as it was called, electricity was generated, and by 

linking together several such piles an electric battery could be 

formed. 

This invention took the world by storm. Nothing like the 

enthusiasm it created in the philosophic world had been known 

since the invention of the Leyden jar, more than half a century 

before. W
ithin a few weeks after Volta´s announcement, batteries 

made according to his plan were being experimented with in every 

important laboratory in Europe. 

As the century closed, half the philosophic world was speculating 

as to whether “galvanic influence” were a new imponderable, or 

only a form of electricity; and the other half was eagerly 

seeking to discover what new marvels the battery might reveal. 

The least imaginative man could see that here was an invention 

that would be epoch-making, but the most visionary dreamer could 

not even vaguely adumbrate the real m
easure of its importance. 

It was evident at once that almost any form
 of galvanic battery, 

despite im
perfections, was a m

ore satisfactory instrum
ent for 

generating electricity than the frictional m
achine hitherto in 

use, the advantage lying in the fact that the current from
 the 

galvanic battery could be controlled practically at will, and 

that the apparatus itself was inexpensive and required 

com
paratively little attention. These advantages were soon m

ade 

apparent by the practical application of the electric current in 

several fields. 

It will be recalled that despite the energetic endeavors of such 

philosophers as W
atson, Franklin, Galvani, and m

any others, the 

field of practical application of electricity was very lim
ited at 

the close of the eighteenth century. The lightning-rod had com
e 

into general use, to be sure, and its value as an invention can 

hardly be overestim
ated. But while it was the result of extensive 

electrical discoveries, and is a m
ost practical instrum

ent, it 

can hardly be called one that puts electricity to practical use, 

but sim
ply acts as a m

eans of warding off the evil effects of a 

natural m
anifestation of electricity. The invention, however, had 

all the effects of a m
echanism

 which turned electricity to 

practical account. But with the advent of the new kind of 

electricity the age of practical application began. 

 DAVY AND ELECTRIC LIGHT 

DAVY AND ELECTRIC LIGHT 

Volta´s announcem
ent of his pile was scarcely two m

onths old when 

two Englishm
en, Messrs. Nicholson and Carlisle, m

ade the 

discovery that the current from
 the galvanic battery had a 

decided effect upon certain chem
icals, am

ong other things 

decom
posing water into its elem

ents, hydrogen and oxygen. On May 

7, 1800, these investigators arranged the ends of two brass wires 

1800   
connected with the poles of a voltaic pile, com

posed of alternate 

silver and zinc plates, so that the current com
ing from

 the pile 

was discharged through a sm
all quantity of “New River water.“ ”A 

fine stream
 of m

inute bubbles im
m

ediately began to flow from
 the 

point of the lower wire in the tube which com
m

unicated with the 

silver,“ wrote Nicholson, ”and the opposite point of the upper 

wire becam
e tarnished, first deep orange and then black. . . .“ 

The product of gas during two hours and a half was two- 

thirtieths of a cubic inch. “It was then m
ixed with an equal 

quantity of com
m

on air,“ continues Nicholson, ”and exploded by 

the application of a lighted waxen thread.“ 

This dem
onstration was the beginning of the very im

portant 

science of electro-chem
istry. 

The im
portance of this discovery was at once recognized by Sir 

Hum
phry Davy, who began experim

enting im
m

ediately in this new 

field. He constructed a series of batteries in various 

com
binations, with which he attacked the “fixed alkalies,“ the 

com
position of which was then unknown. Very shortly he was able 

to decom
pose potash into bright m

etallic globules, resem
bling 

quicksilver. This new substance he nam
ed “potassium

.“ Then in 

rapid succession the elem
entary substances sodium

, calcium
, 

strontium
, and m

agnesium
 were isolated. 

It was soon discovered, also, that the new electricity, like the 

old, possessed heating power under certain conditions, even to 

the fusing of pieces of wire. This observation was probably first 

m
ade by From

m
sdorff, but it was elaborated by Davy, who 

constructed a battery of two thousand cells with which he 

produced a bright light from
 points of carbon—

the prototype of 

the m
odern arc lam

p. He m
ade this dem

onstration before the 

m
em

bers of the Royal Institution in 1810. But the practical 

1810   
utility of such a light for illum

inating purposes was still a 

thing of the future. The expense of constructing and m
aintaining 

such an elaborate battery, and the rapid internal destruction of 

its plates, together with the constant polarization, rendered its 

use in practical illum
ination out of the question. It was not 

until another m
ethod of generating electricity was discovered 

that Davy´s dem
onstration could be turned to practical account. 

In Davy´s own account of his experim
ent he says: 

“W
hen pieces of charcoal about an inch long and one-sixth of an 

inch in diam
eter were brought near each other (within the 

thirtieth or fortieth of an inch), a bright spark was produced, 

and m
ore than half the volum

e of the charcoal becam
e ignited to 

whiteness; and, by withdrawing the points from
 each other, a 

constant discharge took place through the heated air, in a space 

equal to at least four inches, producing a m
ost brilliant 

ascending arch of light, broad and conical in form
 in the m

iddle. 

W
hen any substance was introduced into this arch, it instantly 

becam
e ignited; platina m

elted as readily in it as wax in a 

com
m

on candle; quartz, the sapphire, m
agnesia, lim

e, all entered 

into fusion; fragm
ents of diam

ond and points of charcoal and 

plum
bago seem

ed to evaporate in it, even when the connection was 

m
ade in the receiver of an air-pum

p; but there was no evidence of 

their having previously undergone fusion. W
hen the com

m
unication 

between the points positively and negatively electrified was m
ade 

in the air rarefied in the receiver of the air-pum
p, the distance 

at which the discharge took place increased as the exhaustion was 

m
ade; and when the atm

osphere in the vessel supported only one- 

fourth of an inch of m
ercury in the barom

etrical gauge, the 

sparks passed through a space of nearly half an inch; and, by 

withdrawing the points from
 each other, the discharge was m

ade 

through six or seven inches, producing a m
ost brilliant 

coruscation of purple light; the charcoal becam
e intensely 

ignited, and som
e platina wire attached to it fused with 

brilliant scintillations and fell in large globules upon the 

plate of the pum
p. All the phenom

ena of chem
ical decom

position 

were produced with intense rapidity by this com
bination.“[1] 

But this experim
ent dem

onstrated another thing besides the 

possibility of producing electric light and chem
ical 

decom
position, this being the heating power capable of being 

produced by the electric current. Thus Davy´s experim
ent of 

fusing substances laid the foundation of the m
odern electric 

furnaces, which are of param
ount im

portance in several great 

com
m

ercial industries. 

W
hile som

e of the results obtained with Davy´s batteries were 

practically as satisfactory as could be obtained with m
odern cell 

batteries, the batteries them
selves were anything but 

satisfactory. They were expensive, required constant care and 

attention, and, what was m
ore im

portant from
 an experim

ental 

standpoint at least, were not constant in their action except for 

a very lim
ited period of tim

e, the current soon “running down.“ 

Num
erous experim

enters, therefore, set about devising a 

satisfactory battery, and when, in 1836, John Frederick Daniell 

1836   
produced the cell that bears his nam

e, his invention was epoch- 

m
aking in the history of electrical progress. The Royal Society 

considered it of sufficient im
portance to bestow the Copley m

edal 

upon the inventor, whose device is the direct parent of all 

m
odern galvanic cells. From

 the tim
e of the advent of the Daniell 

cell experim
ents in electricity were rendered com

paratively easy. 

In the m
ean while, however, another great discovery was m

ade. 

 ELECTRICITY AND MAGNETISM 

ELECTRICITY AND MAGNETISM 

For m
any years there had been a growing suspicion, am

ounting in 

m
any instances to belief in the close relationship existing 

between electricity and m
agnetism

. Before the winter of 1815, 

1815   
however, it was a belief that was surm

ised but not dem
onstrated. 

But in that year it occurred to Jean Christian Oersted, of 

Denm
ark, to pass a current of electricity through a wire held 

parallel with, but not quite touching, a suspended m
agnetic 

needle. The needle was instantly deflected and swung out of its 

position. 

“The first experim
ents in connection with the subject which I am

 

undertaking to explain,“ wrote Oersted, ”were m
ade during the 

course of lectures which I held last winter on electricity and 

m
agnetism

. From
 those experim

ents it appeared that the m
agnetic 

needle could be m
oved from

 its position by m
eans of a galvanic 

battery—
one with a closed galvanic circuit. Since, however, 

those experim
ents were m

ade with an apparatus of sm
all power, I 

undertook to repeat and increase them
 with a large galvanic 

battery. 

“Let us suppose that the two opposite ends of the galvanic 

apparatus are joined by a m
etal wire. This I shall always call 

the conductor for the sake of brevity. Place a rectilinear piece 

of this conductor in a horizontal position over an ordinary 

m
agnetic needle so that it is parallel to it. The m

agnetic needle 

will be set in m
otion and will deviate towards the west under 

that part of the conductor which com
es from

 the negative pole of 

the galvanic battery. If the wire is not m
ore than four-fifths of 

an inch distant from
 the m

iddle of this needle, this deviation 

will be about forty-five degrees. At a greater distance the angle 

of deviation becom
es less. Moreover, the deviation varies 

according to the strength of the battery. The conductor can be 

m
oved towards the east or west, so long as it rem

ains parallel to 

the needle, without producing any other result than to m
ake the 

deviation sm
aller. 

“The conductor can consist of several com
bined wires or m

etal 

coils. The nature of the m
etal does not alter the result except, 

perhaps, to m
ake it greater or less. W

e have used wires of 

platinum
, gold, silver, brass, and iron, and coils of lead, tin, 

and quicksilver with the sam
e result. If the conductor is 

interrupted by water, all effect is not cut off, unless the 

stretch of water is several inches long. 

“The conductor works on the m
agnetic needle through glass, 

m
etals, wood, water, and resin, through clay vessels and through 

stone, for when we placed a glass plate, a m
etal plate, or a 

board between the conductor and the needle the effect was not cut 

off; even the three together seem
ed hardly to weaken the effect, 

and the sam
e was the case with an earthen vessel, even when it 

was full of water. Our experim
ents also dem

onstrated that the 

said effects were not altered when we used a m
agnetic needle 

which was in a brass case full of water. 

“W
hen the conductor is placed in a horizontal plane under the 

m
agnetic needle all the effects we have described take place in 

precisely the sam
e way, but in the opposite direction to what 

took place when the conductor was in a horizontal plane above the 

needle. 

“If the conductor is m
oved in a horizontal plane so that it 

gradually m
akes ever-increasing angles with the m

agnetic 

m
eridian, the deviation of the m

agnetic needle from
 the m

agnetic 

m
eridian is increased when the wire is turned towards the place 

of the needle; it decreases, on the other hand, when it is turned 

away from
 that place. 

“A needle of brass which is hung in the sam
e way as the m

agnetic 

needle is not set in m
otion by the influence of the conductor. A 

needle of glass or rubber likewise rem
ains static under sim

ilar 

experim
ents. Hence the electrical conductor affects only the 

m
agnetic parts of a substance. That the electrical current is not 

confined to the conducting wire, but is com
paratively widely 

diffused in the surrounding space, is sufficiently dem
onstrated 

from
 the foregoing observations.“[2] 

 The effect of Oersted´s dem
onstration is alm

ost incom
prehensible. 

By it was shown the close relationship between m
agnetism

 and 

electricity. It showed the way to the establishm
ent of the 

science of electrodynam
ics; although it was by the French savant 

Andre M
arie Am

pere (1775-1836) that the science was actually 

1775   
1836   

created, and this within the space of one week after hearing of 

Oersted´s experim
ent in deflecting the needle. Am

pere first 

received the news of Oersted´s experim
ent on Septem

ber 11, 1820, 

11   
1820   

and on the 18th of the sam
e m

onth he announced to the Academ
y the 

18   
fundam

ental principles of the science of electro-dynam
ics—

 seven 

days of rapid progress perhaps unequalled in the history of 

science. 

Am
pere´s distinguished countrym

an, Arago, a few m
onths later, 

gave the finishing touches to Oersted´s and Am
pere´s discoveries, 

by dem
onstrating conclusively that electricity not only 

influenced a m
agnet, but actually produced m

agnetism
 under proper 

circum
stances —

a com
plem

ental fact m
ost essential in practical 

m
echanics 

Som
e four years after Arago´s discovery, Sturgeon m

ade the first 

“electro-m
agnet” by winding a soft iron core with wire through 

which a current of electricity was passed. This study of electro-

m
agnets was taken up by Professor Joseph Henry, of Albany, New 

York, who succeeded in m
aking m

agnets of enorm
ous lifting power 

by winding the iron core with several coils of wire. One of these 

m
agnets, excited by a single galvanic cell of less than half a 

square foot of surface, and containing only half a pint of dilute 

acids, sustained a weight of six hundred and fifty pounds. 

Thus by Oersted´s great discovery of the intim
ate relationship of 

m
agnetism

 and electricity, with further elaborations and 

discoveries by Am
pere, Volta, and Henry, and with the invention 

of Daniell´s cell, the way was laid for putting electricity to 

practical use. Soon followed the invention and perfection of the 

electro-m
agnetic telegraph and a host of other but little less 

im
portant devices. 

 FARADAY AND ELECTRO-M
AGNETIC INDUCTION 

FARADAY AND ELECTRO-M
AGNETIC INDUCTION 

W
ith these great discoveries and inventions at hand, electricity 

becam
e no longer a toy or a “plaything for philosophers,“ but of 

enorm
ous and growing im

portance com
m

ercially. Still, electricity 

generated by chem
ical action, even in a very perfect cell, was 

both feeble and expensive, and, withal, only applicable in a 

com
paratively lim

ited field. Another im
portant scientific 

discovery was necessary before such things as electric traction 

and electric lighting on a large scale were to becom
e possible; 

but that discovery was soon m
ade by Sir M

ichael Faraday. 

Faraday, the son of a blacksm
ith and a bookbinder by trade, had 

interested Sir Hum
phry Davy by his adm

irable notes on four of 

Davy´s lectures, which he had been able to attend. Although 

advised by the great scientist to “stick to his bookbinding” 

rather than enter the field of science, Faraday becam
e, at 

twenty-two years of age, Davy´s assistant in the Royal 

Institution. There, for several years, he devoted all his spare 

hours to scientific investigations and experim
ents, perfecting 

him
self in scientific technique. 

A few years later he becam
e interested, like all the scientists 

of the tim
e, in Arago´s experim

ent of rotating a copper disk 

underneath a suspended com
pass- needle. W

hen this disk was 

rotated rapidly, the needle was deflected, or even rotated about 

its axis, in a m
anner quite inexplicable. Faraday at once 

conceived the idea that the cause of this rotation was due to 

electricity, induced in the revolving disk—
not only conceived 

it, but put his belief in writing. For several years, however, he 

was unable to dem
onstrate the truth of his assum

ption, although 

he m
ade repeated experim

ents to prove it. But in 1831 he began a 

1831   
series of experim

ents that established forever the fact of 

electro-m
agnetic induction. 

In his fam
ous paper, read before the Royal Society in 1831, 

1831   
Faraday describes the m

ethod by which he first dem
onstrated 

electro-m
agnetic induction, and then explained the phenom

enon of 

Arago´s revolving disk. 

“About twenty-six feet of copper wire, one-twentieth of an inch 

in diam
eter, were wound round a cylinder of wood as a helix,“ he 

said, “the different spires of which were prevented from
 touching 

by a thin interposed twine. This helix was covered with calico, 

and then a second wire applied in the sam
e m

anner. In this way 

twelve helices were “superposed, each containing an average 

length of wire of twenty-seven feet, and all in the sam
e 

direction. The first, third, fifth, seventh, ninth, and eleventh 

of these helices were connected at their extrem
ities end to end 

so as to form
 one helix; the others were connected in a sim

ilar 

m
anner; and thus two principal helices were produced, closely 

interposed, having the sam
e direction, not touching anywhere, and 

each containing one hundred and fifty-five feet in length of 

wire. 
One of these helices was connected with a galvanom

eter, the other 

with a voltaic battery of ten pairs of plates four inches square, 

with double coppers and well charged; yet not the slightest 

sensible deflection of the galvanom
eter needle could be observed. 

“A sim
ilar com

pound helix, consisting of six lengths of copper 

and six of soft iron wire, was constructed. The resulting iron 

helix contained two hundred and eight feet; but whether the 

current from
 the trough was passed through the copper or the iron 

helix, no effect upon the other could be perceived at the 

galvanom
eter. 

“In these and m
any sim

ilar experim
ents no difference in action of 

any kind appeared between iron and other m
etals. 

“Two hundred and three feet of copper wire in one length were 

passed round a large block of wood; other two hundred and three 

feet of sim
ilar wire were interposed as a spiral between the 

turns of the first, and m
etallic contact everywhere prevented by 

twine. One of these helices was connected with a galvanom
eter and 

the other with a battery of a hundred pairs of plates four inches 

square, with double coppers and well charged. W
hen the contact 

was m
ade, there was a sudden and very slight effect at the 

galvanom
eter, and there was also a sim

ilar slight effect when the 

contact with the battery was broken. But whilst the voltaic 

current was continuing to pass through the one helix, no 

galvanom
etrical appearances of any effect like induction upon the 

other helix could be perceived, although the active power of the 

battery was proved to be great by its heating the whole of its 

own helix, and by the brilliancy of the discharge when m
ade 

through charcoal. 

“Repetition of the experim
ents with a battery of one hundred and 

twenty pairs of plates produced no other effects; but it was 

ascertained, both at this and at the form
er tim

e, that the slight 

deflection of the needle occurring at the m
om

ent of com
pleting 

the connection was always in one direction, and that the equally 

slight deflection produced when the contact was broken was in the 

other direction; and, also, that these effects occurred when the 

first helices were used. 

“The results which I had by this tim
e obtained with m

agnets led 

m
e to believe that the battery current through one wire did, in 

reality, induce a sim
ilar current through the other wire, but 

that it continued for an instant only, and partook m
ore of the 

nature of the electrical wave passed through from
 the shock of a 

com
m

on Leyden jar than of that from
 a voltaic battery, and, 

therefore, m
ight m

agnetize a steel needle although it scarcely 

affected the galvanom
eter. 

“This expectation was confirm
ed; for on substituting a sm

all 

hollow helix, form
ed round a glass tube, for the galvanom

eter, 

introducing a steel needle, m
aking contact as before between the 

battery and the inducing wire, and then rem
oving the needle 

before the battery contact was broken, it was found m
agnetized. 

“W
hen the battery contact was first m

ade, then an unm
agnetized 

needle introduced, and lastly the battery contact broken, the 

needle was found m
agnetized to an equal degree apparently with 

the first; but the poles were of the contrary kinds.“[3] 

To Faraday these experim
ents explained the phenom

enon of Arago´s 

rotating disk, the disk inducing the current from
 the m

agnet, 

and, in reacting, deflecting the needle. To prove this, he 

constructed a disk that revolved between the poles of an electro-

m
agnet, connecting the axis and the edge of the disk with a 

galvanom
eter. “. . . A disk of copper, twelve inches in diam

eter, 

fixed upon a brass axis,“ he says, ”was m
ounted in fram

es so as 

to be revolved either vertically or horizontally, its edge being 

at the sam
e tim

e introduced m
ore or less between the m

agnetic 

poles. The edge of the plate was well am
algam

ated for the purpose 

of obtaining good but m
ovable contact; a part round the axis was 

also prepared in a sim
ilar m

anner. 

“Conductors or collectors of copper and lead were constructed so 

as to com
e in contact with the edge of the copper disk, or with 

other form
s of plates hereafter to be described. These conductors 

we´re about four inches long, one-third of an inch wide, and one-

fifth of an inch thick; one end of each was slightly grooved, to 

allow of m
ore exact adaptation to the som

ewhat convex edge of the 

plates, and then am
algam

ated. Copper wires, one-sixteenth of an 

inch in thickness, attached in the ordinary m
anner by 

convolutions to the other ends of these conductors, passed away 

to the galvanom
eter. 

“All these arrangem
ents being m

ade, the copper disk was adjusted, 

the sm
all m

agnetic poles being about one-half an inch apart, and 

the edge of the plate inserted about half their width between 

them
. One of the galvanom

eter wires was passed twice or thrice 

loosely round the brass axis of the plate, and the other attached 

to a conductor, which itself was retained by the hand in contact 

with the am
algam

ated edge of the disk at the part im
m

ediately 

between the m
agnetic poles. Under these circum

stances all was 

quiescent, and the galvanom
eter exhibited no effect. But the 

instant the plate m
oved the galvanom

eter was influenced, and by 

revolving the plate quickly the needle could be deflected ninety 

degrees or m
ore.“[4] 

 This rotating disk was really a dynam
o electric m

achine in 

m
iniature, the first ever constructed, but whose direct 

descendants are the ordinary dynam
os. M

odern dynam
os range in 

power from
 little m

achines operating m
achinery requiring only 

fractions of a horsepower to great dynam
os operating street-car 

lines and lighting cities; but all are built on the sam
e 

principle as Faraday´s rotating disk. By this discovery the use 

of electricity as a practical and econom
ical m

otive power becam
e 

possible. 

 STORAGE BATTERIES 

STORAGE BATTERIES 

W
hen the discoveries of Faraday of electro-m

agnetic induction had 

m
ade possible the m

eans of easily generating electricity, the 

next natural step was to find a m
eans of storing it or 

accum
ulating it. This, however, proved no easy m

atter, and as yet 

a practical storage or secondary battery that is neither too 

cum
bersom

e, too fragile, nor too weak in its action has not been 

invented. If a satisfactory storage battery could be m
ade, it is 

obvious that its revolutionary effects could scarcely be 

overestim
ated. In the single field of aeronautics, it would 

probably solve the question of aerial navigation. Little wonder, 

then, that inventors have sought so eagerly for the invention of 

satisfactory storage batteries. As early as 1803 Ritter had 

1803   
attem

pted to m
ake such a secondary battery. In 1843 Grove also 

1843   
attem

pted it. But it was not until 1859, when Gaston Planche 

1859   
produced his invention, that anything like a reasonably 

satisfactory storage battery was m
ade. Planche discovered that 

sheets of lead im
m

ersed in dilute sulphuric acid were very 

satisfactory for the production of polarization effects. He 

constructed a battery of sheets of lead im
m

ersed in sulphuric 

acid, and, after charging these for several hours from
 the cells 

of an ordinary Bunsen battery, was able to get currents of great 

strength and considerable duration. This battery, however, from
 

its construction of lead, was necessarily heavy and cum
bersom

e. 

Faure im
proved it som

ewhat by coating the lead plates with red-

lead, thus increasing the capacity of the cell. Faure´s invention 

gave a fresh im
petus to inventors, and shortly after the m

arket 

was filled with storage batteries of various kinds, m
ost of them

 

m
odifications of Planche´s or Faure´s. The ardor of enthusiastic 

inventors soon flagged, however, for all these storage batteries 

proved of little practical account in the end, as com
pared with 

other known m
ethods of generating power. 

Three m
ethods of generating electricity are in general use: 

static or frictional electricity is generated by “plate” or 

“static” m
achines; galvanic, generated by batteries based on 

Volta´s discovery; and induced, or faradic, generated either by 

chem
ical or m

echanical action. There is still another kind, 

therm
o-electricity, that m

ay be generated in a m
ost sim

ple 

m
anner. In 1821 Seebecle, of Berlin, discovered that when a 

1821   
circuit was form

ed of two wires of different m
etals, if there be 

a difference in tem
perature at the juncture of these two m

etals 

an electrical current will be established. In this way heat m
ay 

be transm
itted directly into the energy of the current without 

the interposition of the steam
-engine. Batteries constructed in 

this way are of low resistance, however, although by arranging 

several of them
 in “series,“ currents of considerable strength 

can be generated. As yet, however, they are of little practical 

im
portance. 

About the m
iddle of the century Clerk-M

axwell advanced the idea 

that light waves were really electro- m
agnetic waves. If this 

were true and light proved to be sim
ply one form

 of electrical 

energy, then the sam
e would be true of radiant heat. M

axwell 

advanced this theory, but failed to substantiate it by 

experim
ental confirm

ation. But Dr. Heinrich Hertz, a few years 

later, by a series of experim
ents, dem

onstrated the correctness 

of M
axwell´s surm

ises. W
hat are now called “Hertzian waves” are 

waves apparently identical with light waves, but of m
uch lower 

pitch or period. In his experim
ents Hertz showed that, under 

proper conditions, electric sparks between polished balls were 

attended by ether waves of the sam
e nature as those of light, but 

of a pitch of several m
illions of vibrations per second. These 

waves could be dealt with as if they were light waves—
reflected, 

refracted, and polarized. These are the waves that are utilized 

in wireless telegraphy. 

 ROENTGEN RAYS, OR X-RAYS 

ROENTGEN RAYS, OR X-RAYS 

In Decem
ber of 1895 word cam

e out of Germ
any of a scientific 

1895   
discovery that startled the world. It cam

e first as a rum
or, 

little credited; then as a pronounced report; at last as a 

dem
onstration. It told of a new m

anifestation of energy, in 

virtue of which the interior of opaque objects is m
ade visible to 

hum
an eyes. One had only to look into a tube containing a screen 

of a certain com
position, and directed towards a peculiar 

electrical apparatus, to acquire clairvoyant vision m
ore 

wonderful than the discredited second-sight of the m
edium

. Coins 

within a purse, nails driven into wood, spectacles within a 

leather case, becam
e clearly visible when subjected to the 

influence of this m
agic tube; and when a hum

an hand was held 

before the tube, its bones stood revealed in weird sim
plicity, as 

if the living, palpitating flesh about them
 were but the shadowy 

substance of a ghost. 

Not only could the hum
an eye see these astounding revelations, 

but the im
partial evidence of inanim

ate chem
icals could be 

brought forward to prove that the m
ind harbored no illusion. The 

photographic film
 recorded the things that the eye m

ight see, and 

ghostly pictures galore soon gave a quietus to the doubts of the 

m
ost sceptical. W

ithin a m
onth of the announcem

ent of Professor 

Roentgen´s experim
ents com

m
ent upon the “X-ray” and the “new 

photography” had becom
e a part of the current gossip of all 

Christendom
. 

It is hardly necessary to say that such a revolutionary thing as 

the discovery of a process whereby opaque objects becam
e 

transparent, or translucent, was not achieved at a single bound 

with no interm
ediate discoveries. In 1859 the Germ

an physicist 

1859   
Julius Plucker (1801-1868) noticed that when there was an 

1801   
1868   

electrical discharge through an exhausted tube at a low pressure, 

on the surrounding walls of the tube near the negative pole, or 

cathode, appeared a greenish phosphorescence. This discovery was 

soon being investigated by a num
ber of other scientists, am

ong 

others Hittorf, Goldstein, and Professor (now Sir W
illiam

) 

Crookes. The explanations given of this phenom
enon by Professor 

Crookes concern us here m
ore particularly, inasm

uch as his views 

did not accord exactly with those held by the other two 

scientists, and as his researches were m
ore directly concerned in 

the discovery of the Roentgen  rays. He held that the heat and 

phosphorescence produced in a low-pressure tube were caused by 

stream
s of particles, projected from

 the cathode with great 

velocity, striking the sides of the glass tube. The com
position 

of the glass seem
ed to enter into this phosphorescence also, for 

while lead glass produced blue phosphorescence, soda glass 

produced a yellowish green. The com
position of the glass seem

ed 

to be changed by a long-continued pelting of these particles, the 

phosphorescence after a tim
e losing its initial brilliancy, 

caused by the glass becom
ing “tired,“ as Professor Crookes said. 

Thus when som
e opaque substance, such as iron, is placed between 

the cathode and the sides of the glass tube so that it casts a 

shadow in a certain spot on the glass for som
e little tim

e, it is 

found on rem
oving the opaque substance or changing its position 

that the area of glass at first covered by the shadow now 

responded to the rays in a different m
anner from

 the surrounding 

glass. 
The peculiar ray´s, now known as the cathode rays, not only cast 

a shadow, but are deflected by a m
agnet, so that the position of 

the phosphorescence on the sides of the tube m
ay be altered by 

the proxim
ity of a powerful m

agnet. From
 this it would seem

 that 

the rays are com
posed of particles charged with negative 

electricity, and Professor J. J. Thom
son has m

odified the 

experim
ent of Perrin to show that negative electricity is 

actually associated with the rays. There is reason for believing, 

therefore, that the cathode rays are rapidly m
oving charges of 

negative electricity. It is possible, also, to determ
ine the 

velocity at which these particles are m
oving by m

easuring the 

deflection produced by the m
agnetic field. 

From
 the fact that opaque substances cast a shadow in these rays 

it was thought at first that all solids were absolutely opaque to 

them
. Hertz, however, discovered that a sm

all am
ount of 

phosphorescence occurred on the glass even when such opaque 

substances as gold-leaf or alum
inium

 foil were interposed between 

the cathode and the sides of the tube. Shortly afterwards Lenard 

discovered that the cathode rays can be m
ade to pass from

 the 

inside of a discharge tube to the outside air. For convenience 

these rays outside the tube have since been known as “Lenard 

rays.“ 
In the closing days of Decem

ber, 1895, Professor W
ilhelm

 Konrad 

1895   
Roentgen, of W

urzburg, announced that he had m
ade the discovery 

of the rem
arkable effect arising from

 the cathode rays to which 

reference was m
ade above. He found that if a plate covered with a 

phosphorescent substance is placed near a discharge tube 

exhausted so highly that the cathode rays produced a green 

phosphorescence, this plate is m
ade to glow in a peculiar m

anner. 

The rays producing this glow were not the cathode rays, although 

apparently arising from
 them

, and are what have since been called 

the Roentgen rays, or X-rays. 

Roentgen found that a shadow is thrown upon the screen by 

substances held between it and the exhausted tube, the character 

of the shadow depending upon the density of the substance. Thus 

m
etals are alm

ost com
pletely opaque to the rays; such substances 

as bone m
uch less so, and ordinary flesh hardly so at all. If a 

coin were held in the hand that had been interposed between the 

tube and the screen the picture form
ed showed the coin as a black 

shadow; and the bones of the hand, while casting a distinct 

shadow, showed distinctly lighter; while the soft tissues 

produced scarcely any shadow at all. The value of such a 

discovery was obvious from
 the first; and was still further 

enhanced by the discovery m
ade shortly that, photographic plates 

are affected by the rays, thus m
aking it possible to m

ake 

perm
anent photographic records of pictures through what we know 

as opaque substances. 

W
hat adds m

aterially to the practical value of Roentgen´s 

discovery is the fact that the apparatus for producing the X-rays 

is now so sim
ple and relatively inexpensive that it is within the 

reach even of am
ateur scientists. It consists essentially of an 

induction coil attached either to cells or a street-current plug 

for generating the electricity, a focus tube, and a 

phosphorescence screen. These focus tubes are m
ade in various 

shapes, but perhaps the m
ost popular are in the form

 of a glass 

globe, not unlike an ordinary sm
all-sized water-bottle, this tube 

being closed and exhausted, and having the two poles (anode and 

cathode) sealed into the glass walls, but protruding at either 

end for attachm
ent to the conducting wires from

 the induction 

coil. This tube m
ay be m

ounted on a stand at a height convenient 

for m
anipulation. The phosphorescence screen is usually a plate 

covered with som
e platino-cyanide and m

ounted in the end of a box 

of convenient size, the opposite end of which is so shaped that 

it fits the contour of the face, shutting out the light and 

allowing the eyes of the observer to focalize on the screen at 

the end. For m
aking observations the operator has sim

ply to turn 

on the current of electricity and apply the screen to his eyes, 

pointing it towards the glowing tube, when the shadow of any 

substance interposed between the tube and the screen will appear 

upon the phosphorescence plate. 

The wonderful shadow pictures produced on the phosphorescence 

screen, or the photographic plate, would seem
 to com

e from
 som

e 

peculiar form
 of light, but the exact nature of these rays is 

still an open question. W
hether the Roentgen rays are really a 

form
 of light—

that is, a form
 of “electro-m

agnetic disturbance 

propagated through ether,“ is not fully determ
ined. Num

erous 

experim
ents have been undertaken to determ

ine this, but as yet no 

proof has been found that the rays are a form
 of light, although 

there appears to be nothing in their properties inconsistent with 

their being so. For the m
om

ent m
ost investigators are content to 

adm
it that the term

 X-ray virtually begs the question as to the 

intim
ate nature of the form

 of energy involved. 
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As we have seen, it was in 1831 that Faraday opened up the field 

1831   

As we have seen, it was in 1831 that Faraday opened up the field 

of m
agneto-electricity. Reversing the experim

ents of his 

of magneto-electricity. Reversing the experiments of his 

predecessors, who had found that electric currents m
ay generate 

predecessors, who had found that electric currents may generate 

m
agnetism

, he showed that m
agnets have power under certain 

magnetism, he showed that magnets have power under certain 

circum
stances to generate electricity; he proved, indeed, the 

circumstances to generate electricity; he proved, indeed, the 

interconvertibility of electricity and m
agnetism

. Then he showed 

interconvertibility of electricity and magnetism. Then he showed 

that all bodies are m
ore or less subject to the influence of 

that all bodies are more or less subject to the influence of 

m
agnetism

, and that even light m
ay be affected by m

agnetism
 as to 

magnetism, and that even light may be affected by magnetism as to 

its phenom
ena of polarization. He satisfied him

self com
pletely of 

its phenomena of polarization. He satisfied himself completely of 

the true identity of all the various form
s of electricity, and of 

the true identity of all the various forms of electricity, and of 

the convertibility of electricity and chem
ical action. Thus he 

the convertibility of electricity and chemical action. Thus he 

linked together light, chem
ical affinity, m

agnetism
, and 

linked together light, chemical affinity, magnetism, and 

electricity. And, m
oreover, he knew full well that no one of 

electricity. And, moreover, he knew full well that no one of 

these can be produced in indefinite supply from
 another. 

these can be produced in indefinite supply from another. 

“Nowhere,“ he says, ”is there a pure creation or production of 

“Nowhere,“ he says, ”is there a pure creation or production of 

power without a corresponding exhaustion of som
ething to supply 

power without a corresponding exhaustion of something to supply 

it.“ 

it.“ 

W
hen Faraday wrote those words in 1840 he was treading on the 

1840   

When Faraday wrote those words in 1840 he was treading on the 

very heels of a greater generalization than any which he actually 

very heels of a greater generalization than any which he actually 

form
ulated; nay, he had it fairly within his reach. He saw a 

formulated; nay, he had it fairly within his reach. He saw a 

great truth without fully realizing its im
port; it was left for 

great truth without fully realizing its import; it was left for 

others, approaching the sam
e truth along another path, to point 

others, approaching the same truth along another path, to point 

out its full significance. 

out its full significance. 

The great generalization which Faraday so narrowly m
issed is the 

truth which since then has becom
e fam

iliar as the doctrine of the 

conservation of energy—
the law that in transform

ing energy from
 

one condition to another we can never secure m
ore than an 

equivalent quantity; that, in short, “to create or annihilate 

energy is as im
possible as to create or annihilate m

atter; and 

that all the phenom
ena of the m

aterial universe consist in 

transform
ations of energy alone.“ Som

e philosophers think this 

the greatest generalization ever conceived by the m
ind of m

an. Be 

that as it m
ay, it is surely one of the great intellectual 

landm
arks of the nineteenth century. It stands apart, so 

stupendous and so far-reaching in its im
plications that the 

generation which first saw the law developed could little 

appreciate it; only now, through the vista of half a century, do 

we begin to see it in its true proportions. 

A vast generalization such as this is never a m
ushroom

 growth, 

nor does it usually spring full grown from
 the m

ind of any single 

m
an. Always a num

ber of m
inds are very near a truth before any 

one m
ind fully grasps it. Pre-em

inently true is this of the 

doctrine of the conservation of energy. Not Faraday alone, but 

half a dozen different m
en had an inkling of it before it gained 

full expression; indeed, every m
an who advocated the undulatory 

theory of light and heat was verging towards the goal. The 

doctrine of Young and Fresnel was as a highway leading surely on 

to the wide plain of conservation. The phenom
ena of electro- 

m
agnetism

 furnished another such highway. But there was yet 

another road which led just as surely and even m
ore readily to 

the sam
e goal. This w

as the road furnished by the phenom
ena of 

heat, and the m
en w

ho travelled it w
ere destined to outstrip 

their fellow-workers; though, as we have seen, wayfarers on other 

roads w
ere w

ithin hailing distance w
hen the leaders passed the 

m
ark. 

In order to do even approxim
ate justice to the m

en w
ho entered 

into the great achievem
ent, w

e m
ust recall that just at the close 

of the eighteenth century Count Rum
ford and Hum

phry Davy 

independently show
ed that labor m

ay be transform
ed into heat; and 

correctly interpreted this fact as m
eaning the transform

ation of 

m
olar into m

olecular m
otion. W

e can hardly doubt that each of 

these m
en of genius realized—

vaguely, at any rate—
that there 

m
ust be a close correspondence betw

een the am
ount of the m

olar 

and the m
olecular m

otions; hence that each of them
 w

as in sight 

of the law
 of the m

echanical equivalent of heat. But neither of 

them
 quite grasped or explicitly stated w

hat each m
ust vaguely 

have seen; and for just a quarter of a century no one else even 

cam
e abreast their line of thought, let alone passing it. 

But then, in 1824, a French philosopher, Sadi Carnot, caught step 

1824   
w

ith the great Englishm
en, and took a long leap ahead by 

explicitly stating his belief that a definite quantity of w
ork 

could be transform
ed into a definite quantity of heat, no m

ore, 

no less. Carnot did not, indeed, reach the clear view
 of his 

predecessors as to the nature of heat, for he still thought it a 

form
 of “im

ponderable” fluid; but he reasoned none the less 

clearly as to its m
utual convertibility w

ith m
echanical w

ork. But 

im
portant as his conclusions seem

 now
 that w

e look back upon them
 

w
ith clearer vision, they m

ade no im
pression w

hatever upon his 

contem
poraries. Carnot´s w

ork in this line w
as an isolated 

phenom
enon of historical interest, but it did not enter into the 

schem
e of the com

pleted narrative in any such w
ay as did the w

ork 

of Rum
ford and Davy. 

The m
an w

ho really took up the broken thread w
here Rum

ford and 

Davy had dropped it, and w
ove it into a com

pleted texture, cam
e 

upon the scene in 1840. His hom
e w

as in M
anchester, England; his 

1840   
occupation that of a m

anufacturer. He w
as a friend and pupil of 

the great Dr. Dalton. His nam
e w

as Jam
es Prescott Joule. W

hen 

posterity has done its final juggling w
ith the nam

es of the 

nineteenth century, it is not unlikely that the nam
e of this 

M
anchester philosopher w

ill be a household w
ord, like the nam

es 

of Aristotle, Copernicus, and New
ton. 

For Joule´s w
ork it w

as, done in the fifth decade of the century, 

w
hich dem

onstrated beyond all cavil that there is a precise and 

absolute equivalence betw
een m

echanical w
ork and heat; that 

w
hatever the form

 of m
anifestation of m

olar m
otion, it can 

generate a definite and m
easurable am

ount of heat, and no m
ore. 

Joule found, for exam
ple, that at the sea-level in M

anchester a 

pound w
eight falling through seven hundred and seventy-tw

o feet 

could generate enough heat to raise the tem
perature of a pound of 

w
ater one degree Fahrenheit. There w

as nothing haphazard, nothing 

accidental, about this; it bore the stam
p of unalterable law

. And 

Joule him
self saw

, w
hat others in tim

e w
ere m

ade to see, that 

this truth is m
erely a particular case w

ithin a m
ore general law

. 

If heat cannot be in any sense created, but only m
ade m

anifest as 

a transform
ation of another kind of m

otion, then m
ust not the 

sam
e thing be true of all those other form

s of “force”—
light, 

electricity, m
agnetism

—
w

hich had been show
n to be so closely 

associated, so m
utually convertible, w

ith heat? All analogy 

seem
ed to urge the truth of this inference; all experim

ent tended 

to confirm
 it. The law

 of the m
echanical equivalent of heat then 

becam
e the m

ain corner-stone of the greater law
 of the 

conservation of energy. 

But w
hile this citation is fresh in m

ind, w
e m

ust turn our 

attention w
ith all haste to a country across the Channel—

to 

Denm
ark, in short—

and learn that even as Joule experim
ented w

ith 

the transform
ation of heat, a philosopher of Copenhagen, Colding 

by nam
e, had hit upon the sam

e idea, and carried it far tow
ards a 

dem
onstration. And then, w

ithout pausing, w
e m

ust shift yet 

again, this tim
e to Germ

any, and consider the w
ork of three other 

m
en, w

ho independently w
ere on the track of the sam

e truth, and 

tw
o of w

hom
, it m

ust be adm
itted, reached it earlier than either 

Joule or Colding, if neither brought it to quite so clear a 

dem
onstration. The nam

es of these three Germ
ans are M

ohr, M
ayer, 

and Helm
holtz. Their share in establishing the great doctrine of 

conservation m
ust now

 claim
 our attention. 

As to Karl Friedrich M
ohr, it m

ay be said that his statem
ent of 

the doctrine preceded that of any of his fellow
s, yet that 

otherw
ise it w

as perhaps least im
portant. In 1837 this thoughtful 

1837   
Germ

an had grasped the m
ain truth, and given it expression in an 

article published in the Zeitschrift fur Physik, etc. But the 

article attracted no attention w
hatever, even from

 M
ohr´s ow

n 

countrym
en. Still, M

ohr´s title to rank as one w
ho independently 

conceived the great truth, and perhaps conceived it before any 

other m
an in the w

orld saw
 it as clearly, even though he did not 

dem
onstrate its validity, is not to be disputed. 

It w
as just five years later, in 1842, that Dr. Julius Robert 

1842   
M

ayer, practising physician in the little Germ
an tow

n of 

Heilbronn, published a paper in Liebig´s Annalen on “The Forces 

of Inorganic Nature,“ in w
hich not m

erely the m
echanical theory 

of heat, but the entire doctrine of the conservation of energy, 

is explicitly if briefly stated. Tw
o years earlier Dr. M

ayer, 

w
hile surgeon to a Dutch India vessel cruising in the tropics, 

had observed that the venous blood of a patient seem
ed redder 

than venous blood usually is observed to be in tem
perate 

clim
ates. He pondered over this seem

ingly insignificant fact, and 

at last reached the conclusion that the cause m
ust be the lesser 

am
ount of oxidation required to keep up the body tem

perature in 

the tropics. Led by this reflection to consider the body as a 

m
achine dependent on outside forces for its capacity to act, he 

passed on into a novel realm
 of thought, w

hich brought him
 at 

last to independent discovery of the m
echanical theory of heat, 

and to the first full and com
prehensive appreciation of the great 

law
 of conservation. Blood-letting, the m

odern physician holds, 

w
as a practice of very doubtful benefit, as a rule, to the 

subject; but once, at least, it led to m
arvellous results. No 

straw
 is go sm

all that 

it m
ay not point the receptive m

ind of genius to new
 and 

w
onderful truths. 

 M
AYER´S PAPER OF 1842 

1842   

M
AYER´S PAPER OF 1842 

The paper in w
hich M

ayer first gave expression to his 

revolutionary ideas bore the title of “The Forces of Inorganic 

Nature,“ and w
as published in 1842. It is one of the gem

s of 

1842   
scientific literature, and fortunately it is not too long to be 

quoted in its entirety. Seldom
 if ever w

as a great revolutionary 

doctrine expounded in briefer com
pass: 

“W
hat are w

e to understand by ‘forces´? and how
 are different 

forces related to each other? The term
 force conveys for the m

ost 

part the idea of som
ething unknow

n, unsearchable, and 

hypothetical; w
hile the term

 m
atter, on the other hand, im

plies 

the possession, by the object in question, of such definite 

properties as w
eight and extension. An attem

pt, therefore, to 

render the idea of force equally exact w
ith that of m

atter is one 

w
hich should be w

elcom
ed by all those w

ho desire to have their 

view
s of nature clear and unencum

bered by hypothesis. 

“Forces are causes; and accordingly w
e m

ay m
ake full application 

in relation to them
 of the principle causa aequat effectum

. If 

the cause c has the effect e, then c = e; if, in its turn, e is 

the cause of a second effect of f, w
e have e = f, and so on: c = 

e = f ... = c. In a series of causes and effects, a term
 or a 

part of a term
 can never, as is apparent from

 the nature of an 

equation, becom
e equal to nothing. This first property of all 

causes w
e call their indestructibility. 

“If the given cause c has produced an effect e equal to itself, 

it has in that very act ceased to be—
c has becom

e e. If, after 

the production of e, c still rem
ained in the w

hole or in part, 

there m
ust be still further effects corresponding to this 

rem
aining cause: the total effect of c w

ould thus be > e, w
hich 

w
ould be contrary to the supposition c = e. Accordingly, since c 

becom
es e, and e becom

es f, etc., w
e m

ust regard these various 

m
agnitudes as different form

s under w
hich one and the sam

e object 

m
akes its appearance. This capability of assum

ing various form
s 

is the second essential property of all causes. Taking both 

properties together, w
e m

ay say, causes an INDESTRUCTIBLE 

quantitatively, and quantitatively CONVERTIBLE objects. 

“There occur in nature tw
o causes w

hich apparently never pass one 

into the other,“ said M
ayer. ”The first class consists of such 

causes as possess the properties of w
eight and im

penetrability. 

These are kinds of m
atter. The other class is com

posed of causes 

w
hich are w

anting in the properties just m
entioned—

 nam
ely, 

forces, called also im
ponderables, from

 the negative property 

that has been indicated. Forces are therefore INDESTRUCTIBLE, 

CONVERTIBLE, IM
PONDERABLE OBJECTS. 

CONVERTIBLE, IM
PONDERABLE OBJECTS. 

“As an exam
ple of causes and effects, take m

atter: explosive gas, 

H + O, and w
ater, HO, are related to each other as cause and 

effect; therefore H + O = HO. But if H + O becom
es HO, heat, 

cal., m
akes its appearance as w

ell as w
ater; this heat m

ust 

likew
ise have a cause, x, and w

e have therefore H + O + X = HO + 

cal. It m
ight be asked, how

ever, w
hether H + O is really = HO, 

and x = cal., and not perhaps H + O = cal., and x = HO, w
hence 

the above equation could equally be deduced; and so in m
any other 

cases. The phlogistic chem
ists recognized the equation betw

een 

cal. and x, or phlogiston as they called it, and in so doing m
ade 

a great step in advance; but they involved them
selves again in a 

system
 of m

istakes by putting x in place of O. In this w
ay they 

obtained H = HO + x. 

“Chem
istry teaches us that m

atter, as a cause, has m
atter for its 

effect; but w
e m

ay say w
ith equal justification that to force as 

a cause corresponds force as effect. Since c = e, and e = c, it 

is natural to call one term
 of an equation a force, and the other 

an effect of force, or phenom
enon, and to attach different 

notions to the expression force and phenom
enon. In brief, then, 

if the cause is m
atter, the effect is m

atter; if the cause is a 

force, the effect is also a force. 

“The cause that brings about the raising of a w
eight is a force. 

The effect of the raised w
eight is, therefore, also a force; or, 

expressed in a m
ore general form

, SEPARATION IN SPACE OF 

PONDERABLE OBJECTS IS A FORCE; and since this force causes the 

fall of bodies, w
e call it FALLING FORCE. Falling force and fall, 

or, still m
ore generally, falling force and m

otion, are forces 

related to each other as cause and effect—
forces convertible 

into each other—
tw

o different form
s of one and the sam

e object. 

For exam
ple, a w

eight resting on the ground is not a force: it is 

neither the cause of m
otion nor of the lifting of another w

eight. 

It becom
es so, how

ever, in proportion as it is raised above the 

ground. The cause—
that is, the distance betw

een a w
eight and the 

earth, and the effect, or the quantity of m
otion produced, bear 

to each other, as show
n by m

echanics, a constant relation. 

´Gravity being regarded as the cause of the falling of bodies, a 

gravitating force is spoken of; and thus the ideas of PROPERTY 

and of FORCE are confounded w
ith each other. Precisely that w

hich 

is the essential attribute of every force—
that is, the UNION of 

indestructibility w
ith convertibility—

is w
anting in every 

property: betw
een a property and a force, betw

een gravity and 

m
otion, it is therefore im

possible to establish the equation 

required for a rightly conceived causal relation. If gravity be 

called a force, a cause is supposed w
hich produces effects 

w
ithout itself dim

inishing, and incorrect conceptions of the 

causal connections of things are thereby fostered. In order that 

a body m
ay fall, it is just as necessary that it be lifted up as 

that it should be heavy or possess gravity. The fall of bodies, 

therefore, ought not to be ascribed to their gravity alone. The 

problem
 of m

echanics is to develop the equations w
hich subsist 

betw
een falling force and m

otion, m
otion and falling force, and 

betw
een different m

otions. Here is a case in point: The m
agnitude 

of the falling force v is directly proportional (the earth´s 

radius being assum
ed—

oo) to the m
agnitude of the m

ass m
, and the 

height d, to w
hich it is raised—

that is, v = m
d. If the height d 

= l, to w
hich the m

ass m
 is raised, is transform

ed into the final 

velocity c = l of this m
ass, w

e have also v = m
c; but from

 the 

know
n relations existing betw

een d and c, it results that, for 

other values of d or of c, the m
easure of the force v is m

c 

squared; accordingly v = m
d = m

csquared. The law
 of the 

conservation of vis viva is thus found to be based on the general 

law
 of the indestructibility of causes. 

“In m
any cases w

e see m
otion cease w

ithout having caused another 

m
otion or the lifting of a w

eight. But a force once in existence 

cannot be annihilated—
it can only change its form

. And the 

question therefore arises, w
hat other form

s is force, w
hich w

e 

have becom
e acquainted w

ith as falling force and m
otion, capable 

of assum
ing? Experience alone can lead us to a conclusion on this 

point. That w
e m

ay experim
ent to advantage, w

e m
ust select 

im
plem

ents w
hich, besides causing a real cessation of m

otion, are 

as little as possible altered by the objects to be exam
ined. For 

exam
ple, if w

e rub together tw
o m

etal plates, w
e see m

otion 

disappear, and heat, on the other hand, m
ake its appearance, and 

there rem
ains to be determ

ined only w
hether M

OTION is the cause 

of heat. In order to reach a decision on this point, w
e m

ust 

discuss the question w
hether, in the num

berless cases in w
hich 

the expenditure of m
otion is accom

panied by the appearance of 

heat, the m
otion has not som

e other effect than the production of 

heat, and the heat som
e other cause than the m

otion. 

“A serious attem
pt to ascertain the effects of ceasing m

otion has 

never been m
ade. W

ithout w
ishing to exclude a priori the 

hypothesis w
hich it m

ay be possible to establish, therefore, w
e 

observe only that, as a rule, this effect cannot be supposed to 

be an alteration in the state of aggregation of the m
oved (that 

is, rubbing, etc.) bodies. If w
e assum

e that a certain quantity 

of m
otion v is expended in the conversion of a rubbing substance 

m
 into n, w

e m
ust then have m

 + v - n, and n = m
 + v; and w

hen n 

is reconverted into m
, v m

ust appear again in som
e form

 or other. 

By the friction of tw
o m

etallic plates continued for a very long 

tim
e, w

e can gradually cause the cessation of an im
m

ense quantity 

of m
ovem

ent; but w
ould it ever occur to us to look for even the 

sm
allest trace of the force w

hich has disappeared in the m
etallic 

dust that w
e could collect, and to try to regain it thence? W

e 

repeat, the m
otion cannot have been annihilated; and contrary, or 

positive and negative, m
otions cannot be regarded as = o any m

ore 

than contrary m
otions can com

e out of nothing, or a w
eight can 

raise itself. 

“W
ithout the recognition of a causal relation betw

een m
otion and 

heat, it is just as difficult to explain the production of heat 

as it is to give any account of the m
otion that disappears. The 

heat cannot be derived from
 the dim

inution of the volum
e of the 

rubbing substances. It is w
ell know

n that tw
o pieces of ice m

ay 

be m
elted by rubbing them

 together in vacuo; but let any one try 

to convert ice into w
ater by pressure, how

ever enorm
ous. The 

author has found that w
ater undergoes a rise of tem

perature w
hen 

shaken violently. The w
ater so heated (from

 tw
elve to thirteen 

degrees centigrade) has a greater bulk after being shaken than it 

had before. W
hence now

 com
es this quantity of heat, w

hich by 

repeated shaking m
ay be called into existence in the sam

e 

apparatus as often as w
e please? The vibratory hypothesis of heat 

is an approach tow
ards the doctrine of heat being the effect of 

m
otion, but it does not favor the adm

ission of this causal 

relation in its full generality. It rather lays the chief stress 

on restless oscillations. 

“If it be considered as now
 established that in m

any cases no 

other effect of m
otion can be traced except heat, and that no 

other cause than m
otion can be found for the heat that is 

produced, w
e prefer the assum

ption that heat proceeds from
 m

otion 

to the assum
ption of a cause w

ithout effect and of an effect 

w
ithout a cause. Just as the chem

ist, instead of allow
ing oxygen 

and hydrogen to disappear w
ithout further investigation, and 

w
ater to be produced in som

e inexplicable m
anner, establishes a 

connection betw
een oxygen and hydrogen on the one hand, and w

ater 

on the other. 

“W
e m

ay conceive the natural connection existing betw
een falling 

force, m
otion, and heat as follow

s: W
e know

 that heat m
akes its 

appearance w
hen the separate particles of a body approach nearer 

to each other; condensation produces heat. And w
hat applies to 

the sm
allest particles of m

atter, and the sm
allest intervals 

betw
een them

, m
ust also apply to large m

asses and to m
easurable 

distances. The falling of a w
eight is a dim

inution of the bulk of 

the earth, and m
ust therefore w

ithout doubt be related to the 

quantity of heat thereby developed; this quantity of heat m
ust be 

proportional to the greatness of the w
eight and its distance from

 

the ground. From
 this point of view

 w
e are easily led to the 

equations betw
een falling force, m

otion, and heat that have 

already been discussed. 

“But just as little as the connection betw
een falling force and 

m
otion authorizes the conclusion that the essence of falling 

force is m
otion, can such a conclusion be adopted in the case of 

heat. W
e are, on the contrary, rather inclined to infer that, 

before it can becom
e heat, m

otion m
ust cease to exist as m

otion, 

w
hether sim

ple, or vibratory, as in the case of light and radiant 

heat, etc. 

“If falling force and m
otion are equivalent to heat, heat m

ust 

also naturally be equivalent to m
otion and falling force. Just as 

heat appears as an EFFECT of the dim
inution of bulk and of the 

cessation of m
otion, so also does heat disappear as a CAUSE w

hen 

its effects are produced in the shape of m
otion, expansion, or 

raising of w
eight. 

“In w
ater-m

ills the continual dim
inution in bulk w

hich the earth 

undergoes, ow
ing to the fall of the w

ater, gives rise to m
otion, 

w
hich afterw

ards disappears again, calling forth unceasingly a 

great quantity of heat; and, inversely, the steam
-engine serves 

to decom
pose heat again into m

otion or the raising of w
eights. A 

locom
otive w

ith its train m
ay be com

pared to a distilling 

apparatus; the heat applied under the boiler passes off as 

m
otion, and this is deposited again as heat at the axles of the 

w
heels.“ 

M
ayer then closes his paper w

ith the follow
ing deduction: “The 

solution of the equations subsisting betw
een falling force and 

m
otion requires that the space fallen through in a given tim

e—
e. 

g., the first second—
 should be experim

entally determ
ined. In 

like m
anner, the solution of the equations subsisting betw

een 

falling force and m
otion on the one hand and heat on the other 

requires an answ
er to the question, How

 great is the quantity of 

heat w
hich corresponds to a given quantity of m

otion or falling 

force? For instance, w
e m

ust ascertain how
 high a given w

eight 

requires to be raised above the ground in order that its falling 

force m
aybe equivalent to the raising of the tem

perature of an 

equal w
eight of w

ater from
 0 degrees to 1 degrees centigrade. The 

attem
pt to show

 that such an equation is the expression of a 

physical truth m
ay be regarded as the substance of the foregoing 

rem
arks. 

“By applying the principles that have been set forth to the 

relations subsisting betw
een the tem

perature and the volum
e of 

gases, w
e find that the sinking of a m

ercury colum
n by w

hich a 

gas is com
pressed is equivalent to the quantity of heat set free 

by the com
pression; and hence it follow

s, the ratio betw
een the 

capacity for heat of air under constant pressure and its capacity 

under constant volum
e being taken as = 1.421, that the w

arm
ing of 

1.421   
a given w

eight of w
ater from

  0 degrees to 1 degrees centigrade 

corresponds to the fall of an equal w
eight from

 the height of 

about three hundred and sixty-five m
etres. If w

e com
pare w

ith 

this result the w
orking of our best steam

-engines, w
e see how

 

sm
all a part only of the heat applied under the boiler is really 

transform
ed into m

otion or the raising of w
eights; and this m

ay 

serve as justification for the attem
pts at the profitable 

production of m
otion by som

e other m
ethod than the expenditure of 

the chem
ical difference betw

een carbon and oxygen—
m

ore 

particularly by the transform
ation into m

otion of electricity 

obtained by chem
ical m

eans.“[1] 

 M
AYER AND HELM

HOLTZ 

M
AYER AND HELM

HOLTZ 

Here, then, w
as this obscure Germ

an physician, leading the 

hum
drum

 life of a village practitioner, yet seeing such visions 

as no hum
an being in the w

orld had ever seen before. 

The great principle he had discovered becam
e the dom

inating 

thought of his life, and filled all his leisure hours. He applied 

it far and w
ide, am

id all the phenom
ena of the inorganic and 

organic w
orlds. It taught him

 that both vegetables and anim
als 

are m
achines, bound by the sam

e law
s that hold sw

ay over 

inorganic m
atter, transform

ing energy, but creating nothing. Then 

his m
ind reached out into space and m

et a universe m
ade up of 

questions. Each star that blinked dow
n at him

 as he rode in 

answ
er to a night-call seem

ed an interrogation-point asking, How
 

do I exist? W
hy have I not long since burned out if your theory 

of conservation be true? No one had hitherto even tried to answ
er 

that question; few
 had so m

uch as realized that it dem
anded an 

answ
er. But the Heilbronn physician understood the question and 

found an answ
er. His m

eteoric hypothesis, published in 1848, gave 

1848   
for the first tim

e a tenable explanation of the persistent light 

and heat of our sun and the m
yriad other suns—

an explanation to 

w
hich w

e shall recur in another connection. 

All this tim
e our isolated philosopher, his brain aflam

e w
ith the 

glow
 of creative thought, w

as quite unaw
are that any one else in 

the w
orld w

as w
orking along the sam

e lines. And the outside w
orld 

w
as equally heedless of the w

ork of the Heilbronn physician. 

There w
as no friend to inspire enthusiasm

 and give courage, no 

kindred spirit to react on this m
asterful but lonely m

ind. And 

this is the m
ore rem

arkable because there are few
 other cases 

w
here a m

aster-originator in science has com
e upon the scene 

except as the pupil or friend of som
e other m

aster-originator. Of 

the m
en w

e have noticed in the present connection, Young w
as the 

friend and confrere of Davy; Davy, the protege of Rum
ford; 

Faraday, the pupil of Davy; Fresnel, the co-w
orker w

ith Arago; 

Colding, the confrere of Oersted; Joule, the pupil of Dalton. But 

M
ayer is an isolated phenom

enon—
one of the lone m

ountain-peak 

intellects of the century. That estim
ate m

ay be exaggerated w
hich 

has called him
 the Galileo of the nineteenth century, but surely 

no lukew
arm

 praise can do him
 justice. 

Yet for a long tim
e his w

ork attracted no attention w
hatever. In 

1847, w
hen another Germ

an physician, Herm
ann von Helm

holtz, one 

1847   
of the m

ost m
assive and tow

ering intellects of any age, had been 

independently led to com
prehension of the doctrine of the 

conservation of energy and published his treatise on the subject, 

he had hardly heard of his countrym
an M

ayer. W
hen he did hear of 

him
, how

ever, he hastened to renounce all claim
 to the doctrine 

of conservation, though the w
orld at large gives him

 credit of 

independent even though subsequent discovery. 

 JOULE´S PAPER OF 1843 

1843   

JOULE´S PAPER OF 1843 

M
eantim

e, in England, Joule w
as going on from

 one experim
ental 

dem
onstration to another, oblivious of his Germ

an com
petitors and 

alm
ost as little noticed by his ow

n countrym
en. He read his first 

paper before the chem
ical section of the British Association for 

the Advancem
ent of Science in 1843, and no one heeded it in the 

1843   
least. It is w

ell w
orth our w

hile, how
ever, to consider it at 

length. It bears the title, “On the Calorific Effects of M
agneto-

Electricity, and the M
echanical Value of Heat.“ The full text, as 

published in the Report of the British Association, is as 

follow
s: 

“Although it has been long know
n that fine platinum

 w
ire can be 

ignited by m
agneto-electricity, it still rem

ained a m
atter of 

doubt w
hether heat w

as evolved by the COILS in w
hich the m

agneto-

electricity w
as generated; and it seem

ed indeed not unreasonable 

to suppose that COLD w
as produced there in order to m

ake up for 

the heat evolved by the other part of the circuit. The author 

therefore has endeavored to clear up this uncertainty by 

experim
ent. His apparatus consisted of a sm

all com
pound electro-

m
agnet, im

m
ersed in w

ater, revolving betw
een the poles of a 

pow
erful stationary m

agnet. The m
agneto-electricity developed in 

the coils of the revolving electro-m
agnet w

as m
easured by an 

accurate galvanom
eter; and the tem

perature of the w
ater w

as taken 

before and after each experim
ent by a very delicate therm

om
eter. 

The influence of the tem
perature of the surrounding atm

ospheric 

air w
as guarded against by covering the revolving tube w

ith 

flannel, etc., and by the adoption of a system
 of interpolation. 

By an extensive series of experim
ents w

ith the above apparatus 

the author succeeded in proving that heat is evolved by the coils 

of the m
agneto-electrical m

achine, as w
ell as by any other part 

of the circuit, in proportion to the resistance to conduction of 

the w
ire and the square of the current; the m

agneto having, under 

com
parable circum

stances, the sam
e calorific pow

er as the voltaic 

electricity. 

“Professor Jacobi, of St. Petersburg, bad show
n that the m

otion 

of an electro-m
agnetic m

achine generates m
agneto-electricity in 

opposition to the voltaic current of the battery. The author had 

observed the sam
e phenom

enon on arranging his apparatus as an 

electro-m
agnetic m

achine; but had found that no additional heat 

w
as evolved on account of the conflict of forces in the coil of 

the electro-m
agnet, and that the heat evolved by the coil 

rem
ained, as before, proportional to the square of the current. 

Again, by turning the m
achine contrary to the direction of the 

attractive forces, so as to increase the intensity of the voltaic 

current by the assistance of the m
agneto-electricity, he found 

that the evolution of heat w
as still proportional to the square 

of the current. The author discovered, therefore, that the heat 

evolved by the voltaic current is invariably proportional to the 

square of the current, how
ever the intensity of the current m

ay 

be varied by m
agnetic induction. But Dr. Faraday has show

n that 

the chem
ical effects of the current are sim

ply as its quantity. 

Therefore he concluded that in the electro- m
agnetic engine a 

part of the heat due to the chem
ical actions of the battery is 

lost by the circuit, and converted into m
echanical pow

er; and 

that w
hen the electro-m

agnetic engine is turned CONTRARY to the 

direction of the attractive forces, a greater quantity of heat is 

evolved by the circuit than is due to the chem
ical reactions of 

the battery, the over-plus quantity being produced by the 

conversion of the m
echanical force exerted in turning the 

m
achine. By a dynam

om
etrical apparatus attached to his m

achine, 

the author has ascertained that, in all the above cases, a 

quantity of heat, capable of increasing the tem
perature of a 

pound of w
ater by one degree of Fahrenheit´s scale, is equal to 

the m
echanical force capable of raising a w

eight of about eight 

hundred and thirty pounds to the height of one foot.“[2] 

 JOULE OR M
AYER? 

JOULE OR M
AYER? 

Tw
o years later Joule w

ished to read another paper, but the 

chairm
an hinted that tim

e w
as lim

ited, and asked him
 to confine 

him
self to a brief verbal synopsis of the results of his 

experim
ents. Had the chairm

an but know
n it, he w

as curtailing a 

paper vastly m
ore im

portant than all the other papers of the 

m
eeting put together. How

ever, the synopsis w
as given, and one 

m
an w

as there to hear it w
ho had the genius to appreciate its 

im
portance. This w

as W
illiam

 Thom
son, the present Lord Kelvin, 

now
 know

n to all the w
orld as am

ong the greatest of natural 

philosophers, but then only a novitiate in science. He cam
e to 

Joule´s aid, started rolling the ball of controversy, and 

subsequently associated him
self w

ith the M
anchester experim

enter 

in pursuing his investigations. 

But m
eantim

e the acknow
ledged leaders of British science view

ed 

the new
 doctrine askance. Faraday, Brew

ster, Herschel—
those w

ere 

the great nam
es in physics at that day, and no one of them

 could 

quite accept the new
 view

s regarding energy. For several years no 

older physicist, speaking w
ith recognized authority, cam

e forw
ard 

in support of the doctrine of conservation. This culm
inating 

thought of the first half of the nineteenth century cam
e silently 

into the w
orld, unheralded and unopposed. The fifth decade of the 

century had seen it elaborated and substantially dem
onstrated in 

at least three different countries, yet even the leaders of 

thought did not so m
uch as know

 of its existence. In 1853 

1853   
W

hew
ell, the historian of the inductive sciences, published a 

second edition of his history, and, as Huxley has pointed out, he 

did not so m
uch as refer to the revolutionizing thought w

hich 

even then w
as a full decade old. 

By this tim
e, how

ever, the battle w
as brew

ing. The rising 

generation saw
 the im

portance of a law
 w

hich their elders could 

not appreciate, and soon it w
as noised abroad that there w

ere 

m
ore than one claim

ant to the honor of discovery. Chiefly through 

the efforts of Professor Tyndall, the w
ork of M

ayer becam
e know

n 

to the British public, and a m
ost regrettable controversy ensued 

betw
een the partisans of M

ayer and those of Joule—
a bitter 

controversy, in w
hich Davy´s contention that science know

s no 

country w
as not alw

ays regarded, and w
hich left its scars upon 

the hearts and m
inds of the great m

en w
hose personal interests 

w
ere involved. 

And so to this day the question w
ho is the chief discoverer of 

the law
 of the conservation of energy is not susceptible of a 

categorical answ
er that w

ould satisfy all philosophers. It is 

generally held that the first choice lies betw
een Joule and 

M
ayer. Professor Tyndall has expressed the belief that in future 

each of these m
en w

ill be equally rem
em

bered in connection w
ith 

this w
ork. But history gives us no w

arrant for such a hope. 

Posterity in the long run dem
ands alw

ays that its heroes shall 

stand alone. W
ho rem

em
bers now

 that Robert Hooke contested w
ith 

New
ton the discovery of the doctrine of universal gravitation? 

The judgm
ent of posterity is unjust, but it is inexorable. And so 

w
e can little doubt that a century from

 now
 one nam

e w
ill be 

m
entioned as that of the originator of the great doctrine of the 

conservation of energy. The m
an w

hose nam
e is thus rem

em
bered 

w
ill perhaps be spoken of as the Galileo, the New

ton, of the 

nineteenth century; but w
hether the nam

e thus dignified by the 

final verdict of history w
ill be that of Colding, M

ohr, M
ayer, 

Helm
holtz, or Joule, is not as, yet decided. 

 LORD KELVIN AND THE DISSIPATION OF ENERGY 

LORD KELVIN AND THE DISSIPATION OF ENERGY 

The gradual perm
eation of the field by the great doctrine of 

conservation sim
ply repeated the history of the introduction of 

every novel and revolutionary thought. Necessarily the elder 

generation, to w
hom

 all form
s of energy w

ere im
ponderable fluids, 

m
ust pass aw

ay before the new
 conception could claim

 the field. 

Even the w
ord energy, though Young had introduced it in 1807, did 

1807   
not com

e into general use till som
e tim

e after the m
iddle of the 

century. To the generality of philosophers (the w
ord physicist 

w
as even less in favor at this tim

e) the various form
s of energy 

w
ere still subtile fluids, and never w

as idea relinquished w
ith 

greater unw
illingness than this. The experim

ents of Young and 

Fresnel had convinced a large num
ber of philosophers that light 

is a vibration and not a substance; but so great an authority as 

Biot clung to the old em
ission idea to the end of his life, in 

1862, and held a follow
ing. 

1862   
M

eantim
e, how

ever, the com
pany of brilliant young m

en w
ho had 

just served their apprenticeship w
hen the doctrine of 

conservation cam
e upon the scene had grow

n into authoritative 

positions, and w
ere battling actively for the new

 ideas. 

Confirm
atory evidence that energy is a m

olecular m
otion and not 

an “im
ponderable” form

 of m
atter accum

ulated day by day. The 

experim
ents of tw

o Frenchm
en, Hippolyte L. Fizeau and Leon 

Foucault, served finally to convince the last lingering sceptics 

that light is an undulation; and by im
plication brought heat into 

the sam
e category, since Jam

es David Forbes, the Scotch 

physicist, had show
n in 1837 that radiant heat conform

s to the 

1837   
sam

e law
s of polarization and double refraction that govern 

light. But, for that m
atter, the experim

ents that had established 

the m
echanical equivalent of heat hardly left room

 for doubt as 

to the im
m

ateriality of this “im
ponderable.“ Doubters had indeed, 

expressed scepticism
 as to the validity of Joule´s experim

ents, 

but the further researches, experim
ental and m

athem
atical, of 

such w
orkers as Thom

son (Lord Kelvin), Rankine, and Tyndall in 

Great Britain, of Helm
holtz and Clausius in Germ

any, and of 

Regnault in France, dealing w
ith various m

anifestations of heat, 

placed the evidence beyond the reach of criticism
. 

Out of these studies, just at the m
iddle of the century, to w

hich 

the experim
ents of M

ayer and Joule had led, grew
 the new

 science 

of therm
o-dynam

ics. Out of them
 also grew

 in the m
ind of one of 

the investigators a new
 generalization, only second in im

portance 

to the doctrine of conservation itself. Professor W
illiam

 Thom
son 

(Lord Kelvin) in his studies in therm
odynam

ics w
as early 

im
pressed w

ith the fact that w
hereas all the m

olar m
otion 

developed through labor or gravity could be converted into heat, 

the process is not fully reversible. Heat can, indeed, be 

converted into m
olar m

otion or w
ork, but in the process a certain 

am
ount of the heat is radiated into space and lost. The sam

e 

thing happens w
henever any other form

 of energy is converted into 

m
olar m

otion. Indeed, every transm
utation of energy, of w

hatever 

character, seem
s com

plicated by a tendency to develop heat, part 

of w
hich is lost. This observation led Professor Thom

son to his 

doctrine of the dissipation of energy, w
hich he form

ulated before 

the Royal Society of Edinburgh in 1852, and published also in the 

1852   
Philosophical M

agazine the sam
e year, the title borne being, “On 

a Universal Tendency in Nature to the Dissipation of M
echanical 

Energy.“ 
From

 the principle here expressed Professor Thom
son drew

 the 

startling conclusion that, “since any restoration of this 

m
echanical energy w

ithout m
ore than an equivalent dissipation is 

im
possible,“ the universe, as know

n to us, m
ust be in the 

condition of a m
achine gradually running dow

n; and in particular 

that the w
orld w

e live on has been w
ithin a finite tim

e unfit for 

hum
an habitation, and m

ust again becom
e so w

ithin a finite 

future. This thought seem
s such a com

m
onplace to-day that it is 

difficult to realize how
 startling it appeared half a century 

ago. A generation trained, as ours has been, in the doctrines of 

the conservation and dissipation of energy as the very alphabet 

of physical science can but ill appreciate the m
ental attitude of 

a generation w
hich for the m

ost part had not even thought it 

problem
atical w

hether the sun could continue to give out heat and 

light forever. But those advance thinkers w
ho had grasped the 

im
port of the doctrine of conservation could at once appreciate 

the force of Thom
son´s doctrine of dissipation, and realize the 

com
plem

entary character of the tw
o conceptions. 

Here and there a thinker like Rankine did, indeed, attem
pt to 

fancy conditions under w
hich the energy lost through dissipation 

m
ight be restored to availability, but no such effort has m

et 

w
ith success, and in tim

e Professor Thom
son´s generalization and 

his conclusions as to the consequences of the law
 involved cam

e 

to be universally accepted. 

The introduction of the new
 view

s regarding the nature of energy 

follow
ed, as I have said, the course of every other grow

th of new
 

ideas. Young and im
aginative m

en could accept the new
 point of 

view
; older philosophers, their m

inds channelled by 

preconceptions, could not get into the new
 groove. So strikingly 

true is this in the particular case now
 before us that it is 

w
orth w

hile to note the ages at the tim
e of the revolutionary 

experim
ents of the m

en w
hose w

ork has been m
entioned as entering 

into the schem
e of evolution of the idea that energy is m

erely a 

m
anifestation of m

atter in m
otion. Such a list w

ill tell the 

story better than a volum
e of com

m
entary. 

Observe, then, that Davy m
ade his epochal experim

ent of m
elting 

ice by friction w
hen he w

as a youth of tw
enty. Young w

as no older 

w
hen he m

ade his first com
m

unication to the Royal Society, and 

w
as in his tw

enty-seventh year w
hen he first actively espoused 

the undulatory theory. Fresnel w
as tw

enty-six w
hen he m

ade his 

first im
portant discoveries in the sam

e field; and Arago, w
ho at 

once becam
e his cham

pion, w
as then but tw

o years his senior, 

though for a decade he had been so fam
ous that one involuntarily 

thinks of him
 as belonging to an elder generation. 

Forbes w
as under thirty w

hen he discovered the polarization of 

heat, w
hich pointed the w

ay to M
ohr, then thirty-one, to the 

m
echanical equivalent. Joule w

as tw
enty-tw

o in 1840, w
hen his 

1840   
great w

ork w
as begun; and M

ayer, w
hose discoveries date from

 the 

sam
e year, w

as then tw
enty-six, w

hich w
as also the age of 

Helm
holtz w

hen he published his independent discovery of the sam
e 

law
. W

illiam
 Thom

son w
as a youth just past his m

ajority w
hen he 

cam
e to the aid of Joule before the British Society, and but 

seven years older w
hen he form

ulated his ow
n doctrine of the 

dissipation of energy. And Clausius and Rankine, w
ho are usually 

m
entioned w

ith Thom
son as the great developers of therm

o-

dynam
ics, w

ere both far advanced w
ith their novel studies before 

they w
ere thirty. W

ith such a list in m
ind, w

e m
ay w

ell agree 

w
ith the father of inductive science that “the m

an w
ho is young 

in years m
ay be old in hours.“ 

Yet w
e m

ust not forget that the shield has a reverse side. For 

w
as not the greatest of observing astronom

ers, Herschel, past 

thirty-five before he ever saw
 a telescope, and past fifty before 

he discovered the heat rays of the spectrum
? And had not Faraday 

reached m
iddle life before he turned his attention especially to 

electricity? Clearly, then, to m
ake this phrase com

plete, Bacon 

should have added that “the m
an w

ho is old in years m
ay be young 

in im
agination.“ Here, how

ever, even m
ore appropriate than in the 

other case —
m

ore´s the pity—
w

ould have been the application of 

his qualifying clause: “but that happeneth rarely.“ 

 THE FINAL UNIFICATION 

THE FINAL UNIFICATION 

There are only a few
 great generalizations as yet thought out in 

any single field of science. Naturally, then, after a great 

generalization has found definitive expression, there is a period 

of lull before another forw
ard m

ove. In the case of the doctrines 

of energy, the lull has lasted half a century. Throughout this 

period, it is true, a m
ultitude of w

orkers have been delving in 

the field, and to the casual observer it m
ight seem

 as if their 

activity had been boundless, w
hile the practical applications of 

their ideas—
as exem

plified, for exam
ple, in the telephone, 

phonograph, electric light, and so on —
have been little less 

than revolutionary. Yet the m
ost com

petent of living authorities, 

Lord Kelvin, could assert in 1895 that in fifty years he had 

1895   
learned nothing new

 regarding the nature of energy. 

This, how
ever, m

ust not be interpreted as m
eaning that the w

orld 

has stood still during these tw
o generations. It m

eans rather 

that the rank and file have been m
oving forw

ard along the road 

the leaders had already travelled. Only a few
 m

en in the w
orld 

had the range of thought regarding the new
 doctrine of energy 

that Lord Kelvin had at the m
iddle of the century. The few

 

leaders then saw
 clearly enough that if one form

 of energy is in 

reality m
erely an undulation or vibration am

ong the particles of 

“ponderable” m
atter or of ether, all other m

anifestations of 

energy m
ust be of the sam

e nature. But the rank and file w
ere not 

even w
ithin sight of this truth for a long tim

e after they had 

partly grasped the m
eaning of the doctrine of conservation. W

hen, 

late in the fifties, that m
arvellous young Scotchm

an, Jam
es 

Clerk-M
axw

ell, form
ulating in other w

ords an idea of Faraday´s, 

expressed his belief that electricity and m
agnetism

 are but 

m
anifestations of various conditions of stress and m

otion in the 

ethereal m
edium

 (electricity a displacem
ent of strain, m

agnetism
 

a w
hirl in the ether), the idea m

et w
ith no im

m
ediate popularity. 

And even less cordial w
as the reception given the sam

e thinker´s 

theory, put forw
ard in 1863, that the ethereal undulations 

1863   
producing the phenom

enon w
e call light differ in no respect 

except in their w
ave-length from

 the pulsations of electro-

m
agnetism

. 

At about the sam
e tim

e Helm
holtz form

ulated a som
ew

hat sim
ilar 

electro-m
agnetic theory of light; but even the w

eight of this 

com
bined authority could not give the doctrine vogue until very 

recently, w
hen the experim

ents of Heinrich Hertz, the pupil of 

Helm
holtz, have show

n that a condition of electrical strain m
ay 

be developed into a w
ave system

 by recurrent interruptions of the 

electric state in the generator, and that such w
aves travel 

through the ether w
ith the rapidity of light. Since then the 

electro-m
agnetic theory of light has been enthusiastically 

referred to as the greatest generalization of the century; but 

the sober thinker m
ust see that it is really only w

hat Hertz 

him
self called it—

one pier beneath the great arch of 

conservation. It is an interesting detail of the architecture, 

but the part cannot equal the size of the w
hole. 

M
ore than that, this particular pier is as yet by no m

eans a very 

firm
 one. It has, indeed, been dem

onstrated that w
aves of 

electro-m
agnetism

 pass through space w
ith the speed of light, but 

as yet no one has developed electric w
aves even rem

otely 

approxim
ating the shortness of the visual rays. The m

ost that can 

positively be asserted, therefore, is that all the know
n form

s of 

radiant energy-heat, light, electro-m
agnetism

—
 travel through 

space at the sam
e rate of speed, and consist of traverse 

vibrations—
“lateral quivers,“ as Fresnel said of light—

know
n to 

differ in length, and not positively know
n to differ otherw

ise. 

It has, indeed, been suggested that the new
est form

 of radiant 

energy, the fam
ous X-ray of Professor Roentgen´s discovery, is a 

longitudinal vibration, but this is a m
ere surm

ise. Be that as it 

m
ay, there is no one now

 to question that all form
s of radiant 

energy, w
hatever their exact affinities, consist essentially of 

undulatory m
otions of one uniform

 m
edium

. 

A full century of experim
ent, calculation, and controversy has 

thus sufficed to correlate the “im
ponderable fluids” of our 

forebears, and reduce them
 all to m

anifestations of m
otion am

ong 

particles of m
atter. At first glim

pse that seem
s an enorm

ous 

change of view
. And yet, w

hen closely considered, that change in 

thought is not so radical as the change in phrase m
ight seem

 to 

im
ply. For the nineteenth-century physicist, in displacing the 

“im
ponderable fluids” of m

any kinds—
one each for light, heat, 

electricity, m
agnetism

—
has been obliged to substitute for them

 

one all-pervading fluid, w
hose various quivers, w

aves, ripples, 

w
hirls or strains produce the m

anifestations w
hich in popular 

parlance are term
ed form

s of force. This all-pervading fluid the 

physicist term
s the ether, and he thinks of it as having no 

w
eight. In effect, then, the physicist has dispossessed the m

any 

im
ponderables in favor of a single im

ponderable—
though the w

ord 

im
ponderable has been banished from

 his vocabulary. In this view
 

the ether—
w

hich, considered as a recognized scientific verity, 

is essentially a nineteenth- century discovery—
is about the m

ost 

interesting thing in the universe. Som
ething m

ore as to its 

properties, real or assum
ed, w

e shall have occasion to exam
ine as 

w
e turn to the obverse side of physics, w

hich dem
ands our 

attention in the next chapter. 
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“W
hatever difficulties w

e m
ay have in form

ing a consistent idea 

“Whatever difficulties we may have in forming a consistent idea 

of the constitution of the ether, there can be no doubt that the 

of the constitution of the ether, there can be no doubt that the 

interplanetary and interstellar spaces are not em
pty, but are 

interplanetary and interstellar spaces are not empty, but are 

occupied by a m
aterial substance or body w

hich is certainly the 

occupied by a material substance or body which is certainly the 

largest and probably the m
ost uniform

 body of w
hich w

e have any 

largest and probably the most uniform body of which we have any 

know
ledge.“ 

knowledge.“ 

Such w
as the verdict pronounced som

e thirty years ago by Jam
es 

Such was the verdict pronounced some thirty years ago by James 

Clerk-M
axw

ell, one of the very greatest of nineteenth-century 

Clerk-Maxwell, one of the very greatest of nineteenth-century 

physicists, regarding the existence of an all-pervading plenum
 in 

physicists, regarding the existence of an all-pervading plenum in 

the universe, in w
hich every particle of tangible m

atter is 

the universe, in which every particle of tangible matter is 

im
m

ersed. And this verdict m
ay be said to express the attitude of 

immersed. And this verdict may be said to express the attitude of 

the entire philosophical w
orld of our day. W

ithout exception, the 

the entire philosophical world of our day. Without exception, the 

authoritative physicists of our tim
e accept this plenum

 as a 

authoritative physicists of our time accept this plenum as a 

verity, and reason about it w
ith som

ething of the sam
e confidence 

verity, and reason about it with something of the same confidence 

they m
anifest in speaking of “ponderable” m

atter or of, energy. 

they manifest in speaking of “ponderable” matter or of, energy. 

It is true there are those am
ong them

 w
ho are disposed to deny 

that this all-pervading plenum
 m

erits the nam
e of m

atter. But 

that it is a som
ething, and a vastly im

portant som
ething at that, 

all are agreed. W
ithout it, they allege, w

e should know
 nothing 

of light, of radiant heat, of electricity or m
agnetism

; w
ithout 

it there w
ould probably be no such thing as gravitation; nay, 

they even hint that w
ithout this strange som

ething, ether, there 

w
ould be no such thing as m

atter in the universe. If these 

contentions of the m
odern physicist are justified, then this 

intangible ether is incom
parably the m

ost im
portant as w

ell as 

the “largest and m
ost uniform

 substance or body” in the universe. 

Its discovery m
ay w

ell be looked upon as one of the m
ost 

im
portant feats of the nineteenth century. 

For a discovery of that century it surely is, in the sense that 

all the know
n evidences of its existence w

ere gathered in that 

epoch. True dream
ers of all ages have, for m

etaphysical reasons, 

im
agined the existence of intangible fluids in space—

they had, 

indeed, peopled space several tim
es over w

ith different kinds of 

ethers, as M
axw

ell rem
arks—

but such vague dream
ings no m

ore 

constituted the discovery of the m
odern ether than the dream

 of 

som
e pre-Colum

bian visionary that land m
ight lie beyond the 

unknow
n w

aters constituted the discovery of Am
erica. In justice 

it m
ust be adm

itted that Huyghens, the seventeenth-century 

originator of the undulatory theory of light, caught a glim
pse of 

the true ether; but his contem
poraries and som

e eight generations 

of his successors w
ere utterly deaf to his claim

s; so he bears 

practically the sam
e relation to the nineteenth-century 

discoverers of ether that the Norsem
an bears to Colum

bus. 

The true Colum
bus of the ether w

as Thom
as Young. His discovery 

w
as consum

m
ated in the early days of the nineteenth century, w

hen 

he brought forw
ard the first, conclusive proofs of the undulatory 

theory of light. To say that light consists of undulations is to 

postulate som
ething that undulates; and this som

ething could not 

be air, for air exists only in infinitesim
al quantity, if at all, 

in the interstellar spaces, through w
hich light freely 

penetrates. But if not air, w
hat then? W

hy, clearly, som
ething 

m
ore intangible than air; som

ething supersensible, evading all 

direct efforts to detect it, yet existing everyw
here in seem

ingly 

vacant space, and also interpenetrating the substance of all 

transparent liquids and solids, if not, indeed, of all tangible 

substances. This intangible som
ething Young rechristened the 

Lum
iniferous Ether. 

In the early days of his discovery Young thought of the 

undulations w
hich produce light and radiant heat as being 

longitudinal—
a forw

ard and backw
ard pulsation, corresponding to 

the pulsations of sound—
and as such pulsations can be 

transm
itted by a fluid m

edium
 w

ith the properties of ordinary 

fluids, he w
as justified in thinking of the ether as being like a 

fluid in its properties, except for its extrem
e intangibility. 

But about 1818 the experim
ents of Fresnel and Arago w

ith 

1818   
polarization of light m

ade it seem
 very doubtful w

hether the 

theory of longitudinal vibrations is sufficient, and it w
as 

suggested by Young, and independently conceived and dem
onstrated 

by Fresnel, that the lum
iniferous undulations are not 

longitudinal, but transverse; and all the m
ore recent experim

ents 

have tended to confirm
 this view

. But it happens that ordinary 

fluids—
 gases and liquids—

cannot transm
it lateral vibrations; 

only rigid bodies are capable of such a vibration. So it becam
e 

necessary to assum
e that the lum

iniferous ether is a body 

possessing elastic rigidity—
a fam

iliar property of tangible 

solids, but one quite unknow
n am

ong fluids. 

The idea of transverse vibrations carried w
ith it another puzzle. 

W
hy does not the ether, w

hen set aquiver w
ith the vibration w

hich 

gives us the sensation w
e call light, have produced in its 

substance subordinate quivers, setting out at right angles from
 

the path of the original quiver? Such perpendicular vibrations 

seem
 not to exist, else w

e m
ight see around a corner; how

 explain 

their absence? The physicist could think of but one w
ay: they 

m
ust assum

e that the ether is incom
pressible. It m

ust fill all 

space—
at any rate, all space w

ith w
hich hum

an know
ledge deals—

perfectly full. 
These properties of the ether, incom

pressibility and elastic 

rigidity, are quite conceivable by them
selves; but difficulties 

of thought appear w
hen w

e reflect upon another quality w
hich the 

ether clearly m
ust possess—

 nam
ely, frictionlessness. By 

hypothesis this rigid, incom
pressible body pervades all space, 

im
bedding every particle of tangible m

atter; yet it seem
s not to 

retard the m
ovem

ents of this m
atter in the slightest degree. This 

is undoubtedly the m
ost difficult to com

prehend of the alleged 

properties of the ether. The physicist explains it as due to the 

perfect elasticity of the ether, in virtue of w
hich it closes in 

behind a m
oving particle w

ith a push exactly counterbalancing the 

stress required to penetrate it in front. 

To a person unaccustom
ed to think of seem

ingly solid m
atter as 

really com
posed of particles relatively w

ide apart, it is hard to 

understand the claim
 that ether penetrates the substance of 

solids—
of glass, for exam

ple—
and, to use Young´s expression, 

w
hich w

e have previously quoted, m
oves am

ong them
 as freely as 

the w
ind m

oves through a grove of trees. This thought, how
ever, 

presents few
 difficulties to the m

ind accustom
ed to philosophical 

speculation. But the question early arose in the m
ind of Fresnel 

w
hether the ether is not considerably affected by contact w

ith 

the particles of solids. Som
e of his experim

ents led him
 to 

believe that a portion of the ether w
hich penetrates am

ong the 

m
olecules of tangible m

atter is held captive, so to speak, and 

m
ade to m

ove along w
ith these particles. He spoke of such 

portions of the ether as “bound” ether, in contradistinction to 

the great m
ass of “free” ether. Half a century after Fresnel´s 

death, w
hen the ether hypothesis had becom

e an accepted tenet of 

science, experim
ents w

ere undertaken by Fizeau in France, and by 

Clerk-M
axw

ell in England, to ascertain w
hether any portion of 

ether is really thus bound to particles of m
atter; but the 

results of the experim
ents w

ere negative, and the question is 

still undeterm
ined. 

W
hile the undulatory theory of light w

as still fighting its w
ay, 

another kind of evidence favoring the existence of an ether w
as 

put forw
ard by M

ichael Faraday, w
ho, in the course of his 

experim
ents in electrical and m

agnetic induction, w
as led m

ore 

and m
ore to perceive definite lines or channels of force in the 

m
edium

 subject to electro-m
agnetic influence. Faraday´s m

ind, 

like that of New
ton and m

any other philosophers, rejected the 

idea of action at a distance, and he felt convinced that the 

phenom
ena of m

agnetism
 and of electric induction told strongly 

for the existence of an invisible plenum
 everyw

here in space, 

w
hich m

ight very probably be the sam
e plenum

 that carries the 

undulations of light and radiant heat. 

Then, about the m
iddle of the century, cam

e that final revolution 

of thought regarding the nature of energy w
hich w

e have already 

outlined in the preceding chapter, and w
ith that the case for 

ether w
as considered to be fully established. The idea that 

energy is m
erely a “m

ode of m
otion” (to adopt Tyndall´s fam

iliar 

phrase), com
bined w

ith the universal rejection of the notion of 

action at a distance, m
ade the acceptance of a plenum

 throughout 

space a necessity of thought—
so, at any rate, it has seem

ed to 

m
ost physicists of recent decades. The proof that all know

n form
s 

of radiant energy m
ove through space at the sam

e rate of speed is 

regarded as practically a dem
onstration that but one plenum

—
one 

ether—
is concerned in their transm

ission. It has, indeed, been 

tentatively suggested, by Professor J. O
liver Lodge, that there 

m
ay be tw

o ethers, representing the tw
o opposite kinds of 

electricity, but even the author of this hypothesis w
ould hardly 

claim
 for it a high degree of probability. 

The m
ost recent speculations regarding the properties of the 

ether have departed but little from
 the early ideas of Young and 

Fresnel. It is assum
ed on all sides that the ether is a 

continuous, incom
pressible body, possessing rigidity and 

elasticity. Lord Kelvin has even calculated the probable density 

of this ether, and its coefficient of rigidity. As m
ight be 

supposed, it is all but infinitely tenuous as com
pared w

ith any 

tangible solid, and its rigidity is but infinitesim
al as com

pared 

w
ith that of steel. In a w

ord, it com
bines properties of tangible 

m
atter in a w

ay not know
n in any tangible substance. Therefore w

e 

cannot possibly conceive its true condition correctly. The 

nearest approxim
ation, according to Lord Kelvin, is furnished by 

a m
ould of transparent jelly. It is a crude, inaccurate analogy, 

of course, the density and resistance of jelly in particular 

being utterly different from
 those of the ether; but the quivers 

that run through the jelly w
hen it is shaken, and the elastic 

tension under w
hich it is placed w

hen its m
ass is tw

isted about, 

furnish som
e analogy to the quivers and strains in the ether, 

w
hich are held to constitute radiant energy, m

agnetism
, and 

electricity. 
The great physicists of the day being at one regarding the 

existence of this all-pervading ether, it w
ould be a m

anifest 

presum
ption for any one standing w

ithout the pale to challenge so 

firm
ly rooted a belief. And, indeed, in any event, there seem

s 

little ground on w
hich to base such a challenge. Yet it m

ay not 

be altogether am
iss to reflect that the physicist of to-day is no 

m
ore certain of his ether than w

as his predecessor of the 

eighteenth century of the existence of certain alleged substances 

w
hich he called phlogiston, caloric, corpuscles of light, and 

m
agnetic and electric fluids. It w

ould be but the repetition of 

history should it chance that before the close of another century 

the ether should have taken its place along w
ith these discarded 

creations of the scientific im
agination of earlier generations. 

The philosopher of to-day feels very sure that an ether exists; 

but w
hen he says there is “no doubt” of its existence he speaks 

incautiously, and steps beyond the bounds of dem
onstration. He 

does not KNO
W

 that action cannot take place at a distance; he 

does not KNO
W

 that em
pty space itself m

ay not perform
 the 

functions w
hich he ascribes to his space-filling ether. 

M
eantim

e, how
ever, the ether, be it substance or be it only 

dream
-stuff, is serving an adm

irable purpose in furnishing a 

fulcrum
 for m

odern physics. Not alone to the student of energy 

has it proved invaluable, but to the student of m
atter itself as 

w
ell. O

ut of its hypothetical m
istiness has been reared the m

ost 

tenable theory of the constitution of ponderable m
atter w

hich has 

yet been suggested—
or, at any rate, the one that w

ill stand as 

the definitive nineteenth-century guess at this “riddle of the 

ages.“ I m
ean, of course, the vortex theory of atom

s—
that 

profound and fascinating doctrine w
hich suggests that m

atter, in 

all its m
ultiform

 phases, is neither m
ore nor less than ether in 

m
otion. 

The author of this w
onderful conception is Lord Kelvin. The idea 

w
as born in his m

ind of a happy union of m
athem

atical 

calculations w
ith concrete experim

ents. The m
athem

atical 

calculations w
ere largely the w

ork of Herm
ann von Helm

holtz, w
ho, 

about the year 1858, had undertaken to solve som
e unique problem

s 

1858   
in vortex m

otions. Helm
holtz found that a vortex w

hirl, once 

established in a frictionless m
edium

, m
ust go on, theoretically, 

unchanged forever. In a lim
ited m

edium
 such a w

hirl m
ay be V-

shaped, w
ith its ends at the surface of the m

edium
. W

e m
ay 

im
itate such a vortex by draw

ing the bow
l of a spoon quickly 

through a cup of w
ater. But in a lim

itless m
edium

 the vortex 

w
hirl m

ust alw
ays be a closed ring, w

hich m
ay take the sim

ple 

form
 of a hoop or circle, or w

hich m
ay be indefinitely contorted, 

looped, or, so to speak, knotted. W
hether sim

ple or contorted, 

this endless chain of w
hirling m

atter (the particles revolving 

about the axis of the loop as the particles of a string revolve 

w
hen the string is rolled betw

een the fingers) m
ust, in a 

frictionless m
edium

, retain its form
 and w

hirl on w
ith 

undim
inished speed forever. 

W
hile these theoretical calculations of Helm

holtz w
ere fresh in 

his m
ind, Lord Kelvin (then Sir W

illiam
 Thom

son) w
as show

n by 

Professor P. G. Tait, of Edinburgh, an apparatus constructed for 

the purpose of creating vortex rings in air. The apparatus, w
hich 

any one m
ay duplicate, consisted sim

ply of a box w
ith a hole 

bored in one side, and a piece of canvas stretched across the 

opposite side in lieu of boards. Fum
es of chloride of am

m
onia are 

generated w
ithin the box, m

erely to render the air visible. By 

tapping w
ith the band on the canvas side of the box, vortex rings 

of the clouded air are driven out, precisely sim
ilar in 

appearance to those sm
oke-rings w

hich som
e expert tobacco- 

sm
okers can produce by tapping on their cheeks, or to those 

larger ones w
hich w

e som
etim

es see blow
n out from

 the funnel of a 

locom
otive. 

The advantage of Professor Tait´s apparatus is its m
anageableness 

and the certainty w
ith w

hich the desired result can be produced. 

Before Lord Kelvin´s interested observation it threw
 out rings of 

various sizes, w
hich m

oved straight across the room
 at varying 

rates of speed, according to the initial im
pulse, and w

hich 

behaved very strangely w
hen com

ing in contact w
ith one another. 

If, for exam
ple, a rapidly m

oving ring overtook another m
oving in 

the sam
e path, the one in advance seem

ed to pause, and to spread 

out its periphery like an elastic band, w
hile the pursuer seem

ed 

to contract, till it actually slid through the orifice of the 

other, after w
hich each ring resum

ed its original size, and 

continued its course as if nothing had happened. W
hen, on the 

other hand, tw
o rings m

oving in slightly different directions 

cam
e near each other, they seem

ed to have an attraction for each 

other; yet if they im
pinged, they bounded aw

ay, quivering like 

elastic solids. If an effort w
ere m

ade to grasp or to cut one of 

these rings, the subtle thing shrank from
 the contact, and 

slipped aw
ay as if it w

ere alive. 

And all the w
hile the body w

hich thus conducted itself consisted 

sim
ply of a w

hirl in the air, m
ade visible, but not otherw

ise 

influenced, by sm
oky fum

es. Presently the friction of the 

surrounding air w
ore the ring aw

ay, and it faded into the general 

atm
osphere—

 often, how
ever, not until it had persisted for m

any 

seconds, and passed clear across a large room
. Clearly, if there 

w
ere no friction, the ring´s inertia m

ust m
ake it a perm

anent 

structure. O
nly the frictionless m

edium
 w

as lacking to fulfil all 

the conditions of Helm
holtz´s indestructible vortices. And at 

once Lord Kelvin bethought him
 of the frictionless m

edium
 w

hich 

physicists had now
 begun to accept—

the all-pervading ether. W
hat 

if vortex rings w
ere started in this ether, m

ust they not have 

the properties w
hich the vortex rings in air had exhibited—

inertia, attraction, elasticity? And are not these the properties 

of ordinary tangible m
atter? Is it not probable, then, that w

hat 

w
e call m

atter consists m
erely of aggregations of infinitesim

al 

vortex rings in the ether? 

Thus the vortex theory of atom
s took form

 in Lord Kelvin´s m
ind, 

and its expression gave the w
orld w

hat m
any philosophers of our 

tim
e regard as the m

ost plausible conception of the constitution 

of m
atter hitherto form

ulated. It is only a theory, to be sure; 

its author w
ould be the last person to claim

 finality for it. “It 

is only a dream
,“ Lord Kelvin said to m

e, in referring to it not 

long ago. But it has a basis in m
athem

atical calculation and in 

analogical experim
ent such as no other theory of m

atter can lay 

claim
 to, and it has a unifying or m

onistic tendency that m
akes 

it, for the philosophical m
ind, little less than fascinating. 

True or false, it is the definitive theory of m
atter of the 

tw
entieth century. 

Q
uite aside from

 the question of the exact constitution of the 

ultim
ate particles of m

atter, questions as to the distribution of 

such particles, their m
utual relations, properties, and actions, 

cam
e in for a full share of attention during the nineteenth 

century, though the foundations for the m
odern speculations w

ere 

furnished in a previous epoch. The m
ost popular eighteenth- 

century speculation as to the ultim
ate constitution of m

atter w
as 

that of the learned Italian priest, Roger Joseph Boscovich, 

published in 1758, in his Theoria Philosophiae Naturalis. “In 

1758   
this theory,“ according to an early com

m
entator, ”the w

hole m
ass 

of w
hich the bodies of the universe are com

posed is supposed to 

consist of an exceedingly great yet finite num
ber of sim

ple, 

indivisible, inextended atom
s. These atom

s are endued by the 

Creator w
ith REPULSIVE and ATTRACTIVE forces, w

hich vary 

according to the distance. At very sm
all distances the particles 

of m
atter repel each other; and this repulsive force increases 

beyond all lim
its as the distances are dim

inished, and w
ill 

consequently forever prevent actual contact. W
hen the particles 

of m
atter are rem

oved to sensible distances, the repulsive is 

exchanged for an attractive force, w
hich decreases in inverse 

ratio w
ith the squares of the distances, and extends beyond the 

spheres of the m
ost rem

ote com
ets.“ 

This conception of the atom
 as a m

ere centre of force w
as hardly 

such as could satisfy any m
ind other than the m

etaphysical. No 

one m
ade a conspicuous attem

pt to im
prove upon the idea, how

ever, 

till just at the close of the century, w
hen Hum

phry Davy w
as led, 

in the course of his studies of heat, to speculate as to the 

changes that occur in the intim
ate substance of m

atter under 

altered conditions of tem
perature. Davy, as w

e have seen, 

regarded heat as a m
anifestation of m

otion am
ong the particles of 

m
atter. As all bodies w

ith w
hich w

e com
e in contact have som

e 

tem
perature, Davy inferred that the intim

ate particles of every 

substance m
ust be perpetually in a state of vibration. Such 

vibrations, he believed, produced the “repulsive force” w
hich (in 

com
m

on w
ith Boscovich) he adm

itted as holding the particles of 

m
atter at a distance from

 one another. To heat a substance m
eans 

m
erely to increase the rate of vibration of its particles; thus 

also, plainly, increasing the repulsive forces and expanding the 

bulk of the m
ass as a w

hole. If the degree of heat applied be 

sufficient, the repulsive force m
ay becom

e strong enough quite to 

overcom
e the attractive force, and the particles w

ill separate 

and tend to fly aw
ay from

 one another, the solid then becom
ing a 

gas. 
Not m

uch attention w
as paid to these very suggestive ideas of 

Davy, because they w
ere founded on the idea that heat is m

erely a 

m
otion, w

hich the scientific w
orld then repudiated; but half a 

century later, w
hen the new

 theories of energy had m
ade their 

w
ay, there cam

e a revival of practically the sam
e ideas of the 

particles of m
atter (m

olecules they w
ere now

 called) w
hich Davy 

had advocated. Then it w
as that Clausius in Germ

any and Clerk-

M
axw

ell in England took up the investigation of w
hat cam

e to be 

know
n as the kinetic theory of gases—

the now
 fam

iliar conception 

that all the phenom
ena of gases are due to the helter- skelter 

flight of the show
ers of w

idely separated m
olecules of w

hich they 

are com
posed. The specific idea that the pressure or “spring” of 

gases is due to such m
olecular im

pacts w
as due to Daniel 

Bournelli, w
ho advanced it early in the eighteenth century. The 

idea, then little noticed, had been revived about a century later 

by W
illiam

 Herapath, and again w
ith som

e success by J. J. 

W
aterston, of Bom

bay, about 1846; but it gained no distinct 

1846   
footing until taken in hand by Clausius in 1857 and by Clerk-

1857   
M

axw
ell in 1859. 

1859   
The considerations that led Clerk-M

axw
ell to take up the 

com
putations m

ay be stated in his ow
n w

ords, as form
ulated in a 

paper “O
n the M

otions and Collisions of Perfectly Elastic 

Spheres.“ 
“So m

any of the properties of m
atter, especially w

hen in the 

gaseous form
,“ he says, ”can be deduced from

 the hypothesis that 

their m
inute parts are in rapid m

otion, the velocity increasing 

w
ith the tem

perature, that the precise nature of this m
otion 

becom
es a subject of rational curiosity. Daniel Bournelli, 

Herapath, Joule, Kronig, Clausius, etc., have show
n that the 

relations betw
een pressure, tem

perature, and density in a perfect 

gas can be explained by supposing the particles to m
ove w

ith 

uniform
 velocities in straight lines, striking against the sides 

of the containing vessel and thus producing pressure. It is not 

necessary to suppose each particle to travel to any great 

distance in the sam
e straight line; for the effect in producing 

pressure w
ill be the sam

e if the particles strike against each 

other; so that the straight line described m
ay be very short. M

. 

Clausius has determ
ined the m

ean length of path in term
s of the 

average of the particles, and the distance betw
een the centres of 

tw
o particles w

hen the collision takes place. W
e have at present 

no m
eans of ascertaining either of these distances; but certain 

phenom
ena, such as the internal friction of gases, the conduction 

of heat through a gas, and the diffusion of one gas through 

another, seem
 to indicate the possibility of determ

ining 

accurately the m
ean length of path w

hich a particle describes 

betw
een tw

o successive collisions. In order to lay the foundation 

of such investigations on strict m
echanical principles, I shall 

dem
onstrate the law

s of m
otion of an indefinite num

ber of sm
all, 

hard, and perfectly elastic spheres acting on one another only 

during im
pact. If the properties of such a system

 of bodies are 

found to correspond to those of gases, an im
portant physical 

analogy w
ill be established, w

hich m
ay lead to m

ore accurate 

know
ledge of the properties of m

atter. If experim
ents on gases 

are inconsistent w
ith the hypothesis of these propositions, then 

our theory, though consistent w
ith itself, is proved to be 

incapable of explaining the phenom
ena of gases. In either case it 

is necessary to follow
 out these consequences of the hypothesis. 

“Instead of saying that the particles are hard, spherical, and 

elastic, w
e m

ay, if w
e please, say the particles are centres of 

force, of w
hich the action is insensible except at a certain very 

sm
all distance, w

hen it suddenly appears as a repulsive force of 

very great intensity. It is evident that either assum
ption w

ill 

lead to the sam
e results. For the sake of avoiding the repetition 

of a long phrase about these repulsive bodies, I shall proceed 

upon the assum
ption of perfectly elastic spherical bodies. If w

e 

suppose those aggregate m
olecules w

hich m
ove together to have a 

bounding surface w
hich is not spherical, then the rotatory m

otion 

of the system
 w

ill close up a certain proportion of the w
hole vis 

viva, as has been show
n by Clausius, and in this w

ay w
e m

ay 

account for the value of the specific heat being greater than on 

the m
ore sim

ple hypothesis.“[1] 

 The elaborate investigations of Clerk-M
axw

ell served not m
erely 

to substantiate the doctrine, but threw
 a flood of light upon the 

entire subject of m
olecular dynam

ics. Soon the physicists cam
e to 

feel as certain of the existence of these show
ers of flying 

m
olecules m

aking up a gas as if they could actually see and w
atch 

their individual actions. Through study of the viscosity of 

gases—
that is to say, of the degree of frictional opposition 

they show
 to an object m

oving through them
 or to another current 

of gas—
an idea w

as gained, w
ith the aid of m

athem
atics, of the 

rate of speed at w
hich the particles of the gas are m

oving, and 

the num
ber of collisions w

hich each particle m
ust experience in a 

given tim
e, and of the length of the average free path traversed 

by the m
olecule betw

een collisions, These m
easurem

ents w
ere 

confirm
ed by study of the rate of diffusion at w

hich different 

gases m
ix together, and also by the rate of diffusion of heat 

through a gas, both these phenom
ena being chiefly due to the 

helter-skelter flight of the m
olecules. 

It is sufficiently astonishing to be told that such m
easurem

ents 

as these have been m
ade at all, but the astonishm

ent grow
s w

hen 

one hears the results. It appears from
 Clerk-M

axw
ell´s 

calculations that the m
ean free path, or distance traversed by 

the m
olecules betw

een collisions in ordinary air, is about one-

half-m
illionth of an inch; w

hile the speed of the m
olecules is 

such that each one experiences about eight billions of collisions 

per second! It w
ould be hard, perhaps, to cite an illustration 

show
ing the refinem

ents of m
odern physics better than this; 

unless, indeed, one other result that follow
ed directly from

 

these calculations be considered such—
the feat, nam

ely, of 

m
easuring the size of the m

olecules them
selves. Clausius w

as the 

first to point out how
 this m

ight be done from
 a know

ledge of the 

length of free path; and the calculations w
ere m

ade by Loschm
idt 

in Germ
any and by Lord Kelvin in England, independently. 

The w
ork is purely m

athem
atical, of course, but the results are 

regarded as unassailable; indeed, Lord Kelvin speaks of them
 as 

being absolutely dem
onstrative w

ithin certain lim
its of accuracy. 

This does not m
ean, how

ever, that they show
 the exact dim

ensions 

of the m
olecule; it m

eans an estim
ate of the lim

its of size 

w
ithin w

hich the actual size of the m
olecule m

ay lie. These 

lim
its, Lord Kelvin estim

ates, are about the one- ten-m
illionth 

of a centim
etre for the m

axim
um

, and the one-one-hundred-

m
illionth of a centim

etre for the m
inim

um
. Such figures convey no 

particular m
eaning to our blunt senses, but Lord Kelvin has given 

a tangible illustration that aids the im
agination to at least a 

vague com
prehension of the unthinkable sm

allness of the m
olecule. 

He estim
ates that if a ball, say of w

ater or glass, about “as 

large as a football, w
ere to be m

agnified up to the size of the 

earth, each constituent m
olecule being m

agnified in the sam
e 

proportion, the m
agnified structure w

ould be m
ore coarse-grained 

than a heap of shot, but probably less coarse-grained than a heap 

of footballs.“ 
Several other m

ethods have been em
ployed to estim

ate the size of 

m
olecules. O

ne of these is based upon the phenom
ena of contact 

electricity; another upon the w
ave-theory of light; and another 

upon capillary attraction, as show
n in the tense film

 of a soap-

bubble! N
o one of these m

ethods gives results m
ore definite than 

that due to the kinetic theory of gases, just outlined; but the 

im
portant thing is that the results obtained by these different 

m
ethods (all of them

 due to Lord Kelvin) agree w
ith one another 

in fixing the dim
ensions of the m

olecule at som
ew

here about the 

lim
its already m

entioned. W
e m

ay feel very sure indeed, 

therefore, that the m
olecules of m

atter are not the unextended, 

form
less points w

hich Boscovich and his follow
ers of the 

eighteenth century thought them
. But all this, it m

ust be borne 

in m
ind, refers to the m

olecule, not to the ultim
ate particle of 

m
atter, about w

hich w
e shall have m

ore to say in another 

connection. Curiously enough, w
e shall find that the latest 

theories as to the final term
 of the series are not so very far 

afield from
 the dream

ings of the eighteenth-century philosophers; 

the electron of J. J. Thom
pson show

s m
any points of resem

blance 

to the form
less centre of Boscovich. 

W
hatever the exact form

 of the m
olecule, its outline is subject 

to incessant variation; for nothing in m
olecular science is 

regarded as m
ore firm

ly established than that the m
olecule, under 

all ordinary circum
stances, is in a state of intense but variable 

vibration. The entire energy of a m
olecule of gas, for exam

ple, 

is not m
easured by its m

om
entum

, but by this plus its energy of 

vibration and rotation, due to the collisions already referred 

to. Clausius has even estim
ated the relative im

portance of these 

tw
o quantities, show

ing that the translational m
otion of a 

m
olecule of gas accounts for only three-fifths of its kinetic 

energy. The total energy of the m
olecule (w

hich w
e call “heat”) 

includes also another factor—
nam

ely, potential energy, or energy 

of position, due to the w
ork that has been done on expanding, in 

overcom
ing external pressure, and internal attraction betw

een the 

m
olecules them

selves. This potential energy (w
hich w

ill be 

recovered w
hen the gas contracts) is the “latent heat” of Black, 

w
hich so long puzzled the philosophers. It is latent in the sam

e 

sense that the energy of a ball throw
n into the air is latent at 

the m
om

ent w
hen the ball poises at its greatest height before 

beginning to fall. 
It thus appears that a variety of m

otions, real and potential, 

enter into the production of the condition w
e term

 heat. It is, 

how
ever, chiefly the translational m

otion w
hich is m

easurable as 

tem
perature; and this, too, w

hich m
ost obviously determ

ines the 

physical state of the substance that the m
olecules collectively 

com
pose—

w
hether, that is to say, it shall appear to our blunt 

perceptions as a gas, a liquid, or a solid. In the gaseous state, 

as w
e have seen, the translational m

otion of the m
olecules is 

relatively enorm
ous, the m

olecules being w
idely separated. It 

does not follow
, as w

e form
erly supposed, that this is evidence 

of a repulsive pow
er acting betw

een the m
olecules. The physicists 

of to-day, headed by Lord Kelvin, decline to recognize any such 

pow
er. They hold that the m

olecules of a gas fly in straight 

lines by virtue of their inertia, quite independently of one 

another, except at tim
es of collision, from

 w
hich they rebound by 

virtue of their elasticity; or on an approach to collision, in 

w
hich latter case, com

ing w
ithin the range of m

utual attraction, 

tw
o m

olecules m
ay circle about each other, as a com

et circles 

about the sun, then rush apart again, as the com
et rushes from

 

the sun. 
It is obvious that the length of the m

ean free path of the 

m
olecules of a gas m

ay be increased indefinitely by decreasing 

the num
ber of the m

olecules them
selves in a circum

scribed space. 

It has been show
n by Professors Tait and D

ew
ar that a vacuum

 m
ay 

be produced artificially of such a degree of rarefaction that the 

m
ean free path of the rem

aining m
olecules is m

easurable in 

inches. The calculation is based on experim
ents m

ade w
ith the 

radiom
eter of Professor Crookes, an instrum

ent w
hich in itself is 

held to dem
onstrate the truth of the kinetic theory of gases. 

Such an attenuated gas as this is considered by Professor Crookes 

as constituting a fourth state of m
atter, w

hich he term
s ultra- 

gaseous. 
If, on the other hand, a gas is subjected to pressure, its 

m
olecules are crow

ded closer together, and the length of their 

m
ean free path is thus lessened. Ultim

ately, the pressure being 

sufficient, the m
olecules are practically in continuous contact. 

M
eantim

e the enorm
ously increased num

ber of collisions has set 

the m
olecules m

ore and m
ore actively vibrating, and the 

tem
perature of the gas has increased, as, indeed, necessarily 

results in accordance w
ith the law

 of the conservation of energy. 

N
o am

ount of pressure, therefore, can suffice by itself to reduce 

the gas to a liquid state. It is believed that even at the centre 

of the sun, w
here the pressure is alm

ost inconceivably great, all 

m
atter is to be regarded as really gaseous, though the m

olecules 

m
ust be so packed together that the consistency is probably m

ore 

like that of a solid. 
If, how

ever, coincidently w
ith the application of pressure, 

opportunity be given for the excess of heat to be dissipated to a 

colder surrounding m
edium

, the m
olecules, giving off their excess 

of energy, becom
e relatively quiescent, and at a certain stage 

the gas becom
es a liquid. The exact point at w

hich this 
transform

ation occurs, how
ever, differs enorm

ously for different 

substances. In the case of w
ater, for exam

ple, it is a 
tem

perature m
ore than four hundred degrees above zero, 

centigrade; w
hile for atm

ospheric air it is one hundred and 
ninety-four degrees centigrade below

 zero, or m
ore than a hundred 

and fifty degrees below
 the point at w

hich m
ercury freezes. 

Be it high or low
, the tem

perature above w
hich any substance is 

alw
ays a gas, regardless of pressure, is called the critical 

tem
perature, or absolute boiling- point, of that substance. It 

does not follow
, how

ever, that below
 this point the substance is 

necessarily a liquid. This is a m
atter that w

ill be determ
ined by 

external conditions of pressure. Even far below
 the critical 

tem
perature the m

olecules have an enorm
ous degree of activity, 

and tend to fly asunder, m
aintaining w

hat appears to be a 
gaseous, but w

hat technically is called a vaporous, condition—
the distinction being that pressure alone suffices to reduce the 
vapor to the liquid state. Thus w

ater m
ay change from

 the gaseous 

to the liquid state at four hundred degrees above zero, but under 
conditions of ordinary atm

ospheric pressure it does not do so 
until the tem

perature is low
ered three hundred degrees further. 

Below
 four hundred degrees, how

ever, it is technically a vapor, 
not a gas; but the sole difference, it w

ill be understood, is in 
the degree of m

olecular activity. 
It thus appeared that the prevalence of w

ater in a vaporous and 
liquid rather than in a “perm

anently” gaseous condition here on 
the globe is a m

ere incident of telluric evolution. Equally 
incidental is the fact that the air w

e breathe is “perm
anently” 

gaseous and not liquid or solid, as it m
ight be w

ere the earth´s 
surface tem

perature to be low
ered to a degree w

hich, in the 
larger view

, m
ay be regarded as trifling. Betw

een the atm
ospheric 

tem
perature in tropical and in arctic regions there is often a 

variation of m
ore than one hundred degrees; w

ere the tem
perature 

reduced another hundred, the point w
ould be reached at w

hich 
oxygen gas becom

es a vapor, and under increased pressure w
ould be 

a liquid. Thirty-seven degrees m
ore w

ould bring us to the 
critical tem

perature of nitrogen. 
N

or is this a m
ere theoretical assum

ption; it is a determ
ination 

of experim
ental science, quite independent of theory. The 

physicist in the laboratory has produced artificial conditions of 
tem

perature enabling him
 to change the state of the m

ost 
persistent gases. Som

e fifty years since, w
hen the kinetic theory 

w
as in its infancy, Faraday liquefied carbonic-acid gas, am

ong 
others, and the experim

ents thus inaugurated have been extended 
by num

erous m
ore recent investigators, notably by Cailletet in 

Sw
itzerland, by Pictet in France, and by D

r. Thom
as. Andrew

s and 
Professor Jam

es D
ew

ar in England. In the course of these 
experim

ents not only has air been liquefied, but hydrogen also, 
the m

ost subtle of gases; and it has been m
ade m

ore and m
ore 

apparent that gas and liquid are, as Andrew
s long ago asserted, 

“only distant stages of a long series of continuous physical 
changes.“ O

f course, if the tem
perature be low

ered still further, 
the liquid becom

es a solid; and this change also has been 
effected in the case of som

e of the m
ost “perm

anent” gases, 
including air. 
The degree of cold—

that is, of absence of heat—
 thus produced 

is enorm
ous, relatively to anything of w

hich w
e have experience 

in nature here at the earth now
, yet the m

olecules of solidified 
air, for exam

ple, are not absolutely quiescent. In other w
ords, 

they still have a tem
perature, though so very low

. But it is 
clearly conceivable that a stage m

ight be reached at w
hich the 

m
olecules becam

e absolutely quiescent, as regards either 
translational or vibratory m

otion. Such a heatless condition has 
been approached, but as yet not quite attained, in laboratory 
experim

ents. It is called the absolute zero of tem
perature, and 

is estim
ated to be equivalent to tw

o hundred and seventy- three 
degrees Centigrade below

 the freezing-point of w
ater, or ordinary 

zero. 
A tem

perature (or absence of tem
perature) closely approxim

ating 
this is believed to obtain in the ethereal ocean of 
interplanetary and interstellar space, w

hich transm
its, but is 

thought not to absorb, radiant energy. W
e here on the earth´s 

surface are protected from
 exposure to this cold, w

hich w
ould 

deprive every organic thing of life alm
ost instantaneously, 

solely by the thin blanket of atm
osphere w

ith w
hich the globe is 

coated. It w
ould seem

 as if this atm
osphere, exposed to such a 

tem
perature at its surface, m

ust there be incessantly liquefied, 
and thus fall back like rain to be dissolved into gas again w

hile 
it still is m

any m
iles above the earth´s surface. This m

ay be the 
reason w

hy its scurrying m
olecules have not long ago w

andered off 
into space and left the w

orld w
ithout protection. 

But w
hether or not such liquefaction of the air now

 occurs in our 
outer atm

osphere, there can be no question as to w
hat m

ust occur 
in its entire depth w

ere w
e perm

anently shut off from
 the heating 

influence of the sun, as the astronom
ers threaten that w

e m
ay be 

in a future age. Each m
olecule, not alone of the atm

osphere, but 
of the entire earth´s substance, is kept aquiver by the energy 
w

hich it receives, or has received, directly or indirectly, from
 

the sun. Left to itself, each m
olecule w

ould w
ear out its energy 

and fritter it off into the space about it, ultim
ately running 

com
pletely dow

n, as surely as any hum
an-m

ade m
achine w

hose pow
er 

is not from
 tim

e to tim
e restored. If, then, it shall com

e to 
pass in som

e future age that the sun´s rays fail us, the 
tem

perature of the globe m
ust gradually sink tow

ards the absolute 
zero. That is to say, the m

olecules of gas w
hich now

 fly about at 
such inconceivable speed m

ust drop helpless to the earth; liquids 
m

ust in turn becom
e solids; and solids them

selves, their 
m

olecular quivers utterly stilled, m
ay perhaps take on properties 

the nature of w
hich w

e cannot surm
ise. 

Yet even then, according to the current hypothesis, the heatless 
m

olecule w
ill still be a thing instinct w

ith life. Its vortex 
w

hirl w
ill still go on, uninfluenced by the dying-out of those 

subordinate quivers that produced the transitory effect w
hich w

e 
call tem

perature. For those transitory thrills, though 
determ

ining the physical state of m
atter as m

easured by our crude 
organs of sense, w

ere no m
ore than non-essential incidents; but 

the vortex w
hirl is the essence of m

atter itself. Som
e estim

ates 
as to the exact character of this intram

olecular m
otion, together 

w
ith recent theories as to the actual structure of the m

olecule, 
w

ill claim
 our attention in a later volum

e. W
e shall also have 

occasion in another connection to m
ake fuller inquiry as to the 

phenom
ena of low

 tem
perature. 
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As regards chronology, the epoch covered in the present volum
e 

As
 re

ga
rd

s c
hr

on
ol

og
y,

 th
e 

ep
oc

h 
co

ve
re

d 
in

 th
e 

pr
es

en
t v

ol
um

e 

is identical w
ith that view

ed in the preceding one. But now
 as

is
 id

en
tic

al
 w

ith
 th

at
 v

ie
w

ed
 in

 th
e 

pr
ec

ed
in

g 
on

e.
 B

ut
 n

ow
 a

s

regards subject m
atter w

e pass on to those diverse phases of the

re
ga

rd
s s

ub
je

ct
 m

at
te

r w
e 

pa
ss

 o
n 

to
 th

os
e 

di
ve

rs
e 

ph
as

es
 o

f t
he

physical w
orld w

hich are the field of the chem
ist, and to those

ph
ys

ic
al

 w
or

ld
 w

hi
ch

 a
re

 th
e 

fie
ld

 o
f t

he
 c

he
m

is
t, 

an
d 

to
 th

os
e

yet m
ore intricate processes w

hich have to do w
ith living

ye
t m

or
e 

in
tr

ic
at

e 
pr

oc
es

se
s w

hi
ch

 h
av

e 
to

 d
o 

w
ith

 li
vi

ng

organism
s.  So radical are the changes here that w

e seem
 to 

or
ga

ni
sm

s. 
 S

o 
ra

di
ca

l a
re

 th
e 

ch
an

ge
s h

er
e 

th
at

 w
e 

se
em

 to
 

be entering new
 w

orlds; and yet, here as before, there are

be
 e

nt
er

in
g 

ne
w

 w
or

ld
s; 

an
d 

ye
t, 

he
re

 a
s b

ef
or

e,
 th

er
e 

ar
e

intim
ations of the new

 discoveries aw
ay back in the Greek days.

in
tim

at
io

ns
 o

f t
he

 n
ew

 d
is

co
ve

rie
s a

w
ay

 b
ac

k 
in

 th
e 

G
re

ek
 d

ay
s.

The solution of the problem
 of respiration w

ill rem
ind us that

Th
e 

so
lu

tio
n 

of
 th

e 
pr

ob
le

m
 o

f r
es

pi
ra

tio
n 

w
ill

 re
m

in
d 

us
 th

at

Anaxagoras half guessed the secret; and in those diversified

An
ax

ag
or

as
 h

al
f g

ue
ss

ed
 th

e 
se

cr
et

; a
nd

 in
 th

os
e 

di
ve

rs
ifi

ed

studies w
hich tell us of the D

altonian atom
 in its w

onderful

st
ud

ie
s w

hi
ch

 te
ll 

us
 o

f t
he

 D
al

to
ni

an
 a

to
m

 in
 it

s w
on

de
rf

ul

transm
utations, w

e shall be rem
inded again of the Clazom

enian

tr
an

sm
ut

at
io

ns
, w

e 
sh

al
l b

e 
re

m
in

de
d 

ag
ai

n 
of

 th
e 

Cl
az

om
en

ia
n

philosopher and his successor D
em

ocritus.

ph
ilo

so
ph

er
 a

nd
 h

is
 su

cc
es

so
r D

em
oc

rit
us

.

Yet w
e should press the analogy m

uch too far w
ere w

e to intim
ate

Ye
t w

e 
sh

ou
ld

 p
re

ss
 th

e 
an

al
og

y 
m

uc
h 

to
o 

fa
r w

er
e 

w
e 

to
 in

tim
at

e

that the Greek of the elder day or any thinker of a m
ore recent

th
at

 th
e 

G
re

ek
 o

f t
he

 e
ld

er
 d

ay
 o

r a
ny

 th
in

ke
r o

f a
 m

or
e 

re
ce

nt

period had penetrated, even in the vaguest w
ay, all of the

pe
rio

d 
ha

d 
pe

ne
tr

at
ed

, e
ve

n 
in

 th
e 

va
gu

es
t w

ay
, a

ll 
of

 th
e

m
ysteries that the nineteenth century has revealed in the fields

m
ys

te
rie

s t
ha

t t
he

 n
in

et
ee

nt
h 

ce
nt

ur
y 

ha
s r

ev
ea

le
d 

in
 th

e 
fie

ld
s

of chem
istry and biology.  At the very m

ost the insight of those

of
 c

he
m

is
tr

y 
an

d 
bi

ol
og

y.
  A

t t
he

 v
er

y 
m

os
t t

he
 in

si
gh

t o
f t

ho
se

great Greeks and of the w
onderful seventeenth-century

gr
ea

t G
re

ek
s a

nd
 o

f t
he

 w
on

de
rf

ul
 se

ve
nt

ee
nt

h-
ce

nt
ur

y

philosophers w
ho so often seem

ed on the verge of our later

ph
ilo

so
ph

er
s w

ho
 so

 o
ft

en
 se

em
ed

 o
n 

th
e 

ve
rg

e 
of

 o
ur

 la
te

r

discoveries did no m
ore than vaguely anticipate their successors

di
sc

ov
er

ie
s d

id
 n

o 
m

or
e 

th
an

 v
ag

ue
ly

 a
nt

ic
ip

at
e 

th
ei

r s
uc

ce
ss

or
s

of this later century. To gain an accurate, really specific

of
 th

is
 la

te
r c

en
tu

ry
. T

o 
ga

in
 a

n 
ac

cu
ra

te
, r

ea
lly

 sp
ec

ifi
c

know
ledge of the properties of elem

entary bodies w
as reserved for

kn
ow

le
dg

e 
of

 th
e 

pr
op

er
tie

s o
f e

le
m

en
ta

ry
 b

od
ie

s w
as

 re
se

rv
ed

 fo
r

the chem
ists of a recent epoch. The vague Greek questionings as

th
e 

ch
em

is
ts

 o
f a

 re
ce

nt
 e

po
ch

. T
he

 v
ag

ue
 G

re
ek

 q
ue

st
io

ni
ng

s a
s

to organic evolution w
ere w

orld-w
ide from

 the precise inductions

to
 o

rg
an

ic
 e

vo
lu

tio
n 

w
er

e 
w

or
ld

-w
id

e 
fr

om
 th

e 
pr

ec
is

e 
in

du
ct

io
ns

of a D
arw

in.  If the m
ediaeval Arabian endeavored to dull the

of
 a

 D
ar

w
in

.  I
f t

he
 m

ed
ia

ev
al

 A
ra

bi
an

 e
nd

ea
vo

re
d 

to
 d

ul
l t

he

knife of the surgeon w
ith the use of drugs, his results hardly

kn
ife

 o
f t

he
 su

rg
eo

n 
w

ith
 th

e 
us

e 
of

 d
ru

gs
, h

is
 re

su
lts

 h
ar

dl
y

m
erit to be term

ed even an anticipation of m
odern anaesthesia.

m
er

it 
to

 b
e 

te
rm

ed
 e

ve
n 

an
 a

nt
ic

ip
at

io
n 

of
 m

od
er

n 
an

ae
st

he
si

a.

And w
hen w

e speak of preventive m
edicine—

of bacteriology in all

An
d 

w
he

n 
w

e 
sp

ea
k 

of
 p

re
ve

nt
iv

e 
m

ed
ic

in
e—

of
 b

ac
te

rio
lo

gy
 in

 a
ll

its phases—
w

e have to do w
ith a m

arvellous field of w
hich no

its
 p

ha
se

s—
w

e 
ha

ve
 to

 d
o 

w
ith

 a
 m

ar
ve

llo
us

 fi
el

d 
of

 w
hi

ch
 n

o

previous generation of m
en had even the slightest inkling.

pr
ev

io
us

 g
en

er
at

io
n 

of
 m

en
 h

ad
 e

ve
n 

th
e 

sl
ig

ht
es

t i
nk

lin
g.

All in all, then, those that lie before us are perhaps the m
ost

Al
l i

n 
al

l, 
th

en
, t

ho
se

 th
at

 li
e 

be
fo

re
 u

s a
re

 p
er

ha
ps

 th
e 

m
os

t

w
onderful and the m

ost fascinating of all the fields of science.

w
on

de
rf

ul
 a

nd
 th

e 
m

os
t f

as
ci

na
tin

g 
of

 a
ll 

th
e 

fie
ld

s o
f s

ci
en

ce
.

As the chapters of the preceding book carried us out into a

As
 th

e 
ch

ap
te

rs
 o

f t
he

 p
re

ce
di

ng
 b

oo
k 

ca
rr

ie
d 

us
 o

ut
 in

to
 a

m
acrocosm

 of inconceivable m
agnitude, our present studies are 

m
ac

ro
co

sm
 o

f i
nc

on
ce

iv
ab

le
 m

ag
ni

tu
de

, o
ur

 p
re

se
nt

 st
ud

ie
s a

re
 

to reveal a m
icrocosm

 of equally inconceivable sm
allness. As the

to
 re

ve
al

 a
 m

ic
ro

co
sm

 o
f e

qu
al

ly
 in

co
nc

ei
va

bl
e 

sm
al

ln
es

s. 
As

 th
e

studies of the physicist attem
pted to reveal the very nature of

st
ud

ie
s o

f t
he

 p
hy

si
ci

st
 a

tt
em

pt
ed

 to
 re

ve
al

 th
e 

ve
ry

 n
at

ur
e 

of

m
atter and of energy, w

e have now
 to seek the solution of 

m
at

te
r a

nd
 o

f e
ne

rg
y,

 w
e 

ha
ve

 n
ow

 to
 se

ek
 th

e 
so

lu
tio

n 
of

 

the yet m
ore inscrutable problem

s of life and of m
ind.

th
e 

ye
t m

or
e 

in
sc

ru
ta

bl
e 

pr
ob

le
m

s o
f l

ife
 a

nd
 o

f m
in

d.
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I. THE PHLOGISTON THEORY IN CHEMISTRY

The developm
ent of the science of chem

istry from
 the “science” of

The development of the science of chemistry from the “science” of

alchem
y is a striking exam

ple of the com
plete revolution in the

alchemy is a striking example of the complete revolution in the

attitude of observers in the field of science. As has been

attitude of observers in the field of science. As has been

pointed out in a preceding chapter, the alchem
ist, having a

pointed out in a preceding chapter, the alchemist, having a

preconceived idea of how
 things should be, m

ade all his

preconceived idea of how things should be, made all his

experim
ents to prove his preconceived theory; w

hile the chem
ist

experiments to prove his preconceived theory; while the chemist

reverses this attitude of m
ind and bases his conceptions on the

reverses this attitude of mind and bases his conceptions on the

results of his laboratory experim
ents. In short, chem

istry is

results of his laboratory experiments. In short, chemistry is

w
hat alchem

y never could be, an inductive science.  But this

what alchemy never could be, an inductive science.  But this

transition from
 one point of view

 to an exactly opposite one w
as

transition from one point of view to an exactly opposite one was

necessarily a very slow
 process. Ideas that have held undisputed

necessarily a very slow process. Ideas that have held undisputed

sw
ay over the m

inds of succeeding generations for hundreds of

sway over the minds of succeeding generations for hundreds of

years cannot be overthrow
n in a m

om
ent, unless the agent of such

years cannot be overthrown in a moment, unless the agent of such

an overthrow
 be so obvious that it cannot be challenged.  The

an overthrow be so obvious that it cannot be challenged.  The

rudim
entary chem

istry that overthrew
 alchem

y had nothing so

rudimentary chemistry that overthrew alchemy had nothing so

obvious and palpable.

obvious and palpable.

The great first step w
as the substitution of the one principle,

phlogiston, for the three principles, salt, sulphur, and m
ercury.

W
e have seen how

 the experim
ent of burning or calcining such a

m
etal as lead “destroyed” the lead as such, leaving an entirely

different substance in its place, and how
 the original m

etal
could be restored by the addition of w

heat to the calcined
product. To the alchem

ist this w
as “m

ortification” and
“revivification” of the m

etal.  For, as pointed out by
Paracelsus, “anything that could be killed by m

an could also be
revivified by him

, although this w
as not possible to the things

killed by God.“  The burning of such substances as w
ood, w

ax,

oil, etc., w
as also looked upon as the sam

e “killing” process,
and the fact that the alchem

ist w
as unable to revivify them

 w
as

regarded as sim
ply the lack of skill on his part, and in no w

ise
affecting the theory itself.
But the iconoclastic spirit, if not the acceptance of all the
teachings, of the great Paracelsus had been gradually taking root

am
ong the better class of alchem

ists, and about the m
iddle of the

seventeenth century Robert Boyle (1626-1691) called attention to

1626   
1691   

the possibility of m
aking a w

rong deduction from
 the phenom

enon

of the calcination of the m
etals, because of a very im

portant

factor, the action of the air, w
hich w

as generally overlooked. 

And he urged his colleagues of the laboratories to give greater

heed to certain other phenom
ena that m

ight pass unnoticed in the

ordinary calcinating process. In his w
ork, The Sceptical Chem

ist,

he show
ed the reasons for doubting the threefold constitution of

m
atter; and in his General H

istory of the Air advanced som
e novel

and carefully studied theories as to the com
position of the

atm
osphere. This w

as an im
portant step, and although Boyle is not

directly responsible for the phlogiston theory, it is probable

that his experim
ents on the atm

osphere influenced considerably

the real founders, Becker and Stahl.
Boyle gave very definitely his idea of how

 he thought air m
ight

be com
posed. “I conjecture that the atm

ospherical air consists of

three different kinds of corpuscles,“ he says; ”the first, those

num
berless particles w

hich, in the form
 of vapors or dry

exhalations, ascend from
 the earth, w

ater, m
inerals, vegetables,

anim
als, etc.; in a w

ord, w
hatever substances are elevated by the

celestial or subterraneal heat, and thence diffused into the

atm
osphere.  The second m

ay be yet m
ore subtle, and consist of

those exceedingly m
inute atom

s, the m
agnetical effluvia of the

earth, w
ith other innum

erable particles sent out from
 the bodies

of the celestial lum
inaries, and causing, by their influence, the

idea of light in us.  The third sort is its characteristic and

essential property, I m
ean perm

anently elastic parts. Various

hypotheses m
ay be fram

ed relating to the structure of these later

particles of the air.  They m
ight be resem

bled to the springs of

w
atches, coiled up and endeavoring to restore them

selves; to

w
ool, w

hich, being com
pressed, has an elastic force; to slender

w
ires of different substances, consistencies, lengths, and

thickness; in greater curls or less, near to, or rem
ote from

 each

other, etc., yet all continuing springy, expansible, and

com
pressible. Lastly, they m

ay also be com
pared to the thin

shavings of different kinds of w
ood, various in their lengths,

breadth, and thickness. And this, perhaps, w
ill seem

 the m
ost

eligible hypothesis, because it, in som
e m

easure, illustrates the

production of the elastic particles w
e are considering.  For no

art or curious instrum
ents are required to m

ake these shavings

w
hose curls are in no w

ise uniform
, but seem

ingly casual; and

w
hat is m

ore rem
arkable, bodies that before seem

ed unelastic, as

beam
s and blocks, w

ill afford them
.“[1]

Although this explanation of the com
position of the air is m

ost

crude, it had the effect of directing attention to the fact that

the atm
osphere is not “m

ere nothingness,“ but a ”som
ething” w

ith

a definite com
position, and this served as a good foundation for

future investigations.  To be sure, Boyle w
as neither the first

nor the only chem
ist w

ho had suspected that the air w
as a m

ixture

of gases, and not a sim
ple one, and that only certain of these

gases take part in the process of calcination.  Jean Rey, a

French physician, and John M
ayow

, an Englishm
an, had preform

ed

experim
ents w

hich show
ed conclusively that the air w

as not a

sim
ple substance; but Boyle´s w

ork w
as better know

n, and in its

effect probably m
ore im

portant. But w
ith all Boyle´s explanations

of the com
position of air, he still believed that there w

as an

inexplicable som
ething, a “vital substance,“ w

hich he w
as unable

to fathom
, and w

hich later becam
e the basis of Stahl´s phlogiston

theory. Com
m

enting on this m
ysterious substance, Boyle says:

“The, difficulty w
e find in keeping flam

e and fire alive, though

but for a little tim
e, w

ithout air, renders it suspicious that

there be dispersed through the rest of the atm
osphere som

e odd

substance, either of a solar, astral, or other foreign nature; on

account of w
hich the air is so necessary to the substance of

flam
e!“ It w

as this idea that attracted the attention of George

Ernst Stahl (1660-1734), a professor of m
edicine in the

1660   
1734   

University of Halle, w
ho later founded his new

 theory upon it. 

Stahl´s theory w
as a developm

ent of an earlier chem
ist, Johann

Joachim
 Becker (1635-1682), in w

hose footsteps he follow
ed and

1635   
1682   

w
hose experim

ents he carried further.
In m

any experim
ents Stahl had been struck w

ith the fact that

certain substances, w
hile differing w

idely, from
 one another in

m
any respects, w

ere alike in com
bustibility. From

 this he argued

that all com
bustible substances m

ust contain a com
m

on principle,

and this principle he nam
ed phlogiston. This phlogiston he

believed to be intim
ately associated in com

bination w
ith other

substances in nature, and in that condition not perceivable by

the senses; but it w
as supposed to escape as a substance burned,

and becom
e apparent to the senses as fire or flam

e. In other

w
ords, phlogiston w

as som
ething im

prisoned in a com
bustible

structure (itself form
ing part of the structure), and only

liberated w
hen this structure w

as destroyed. Fire, or flam
e, w

as

FREE phlogiston, w
hile the im

prisoned phlogiston w
as called

CO
M

BIN
ED

 PHLO
GISTO

N
, or com

bined fire. The peculiar quality of

this strange substance w
as that it disliked freedom

 and w
as

alw
ays striving to conceal itself in som

e com
bustible substance. 

Boyle´s tentative suggestion that heat w
as sim

ply m
otion w

as

apparently not accepted by Stahl, or perhaps it w
as unknow

n to

him
.

According to the phlogistic theory, the part rem
aining after a

substance w
as burned w

as sim
ply the original substance deprived

of phlogiston. To restore the original com
bustible substance, it

w
as necessary to heat the residue of the com

bustion w
ith

som
ething that burned easily, so that the freed phlogiston m

ight

again com
bine w

ith the ashes. This w
as explained by the

supposition that the m
ore com

bustible a substance w
as the m

ore

phlogiston it contained, and since free phlogiston sought alw
ays

to com
bine w

ith som
e suitable substance, it w

as only necessary to

m
ix the phlogisticating agents, such as charcoal, phosphorus,

oils, fats, etc., w
ith the ashes of the original substance, and

heat the m
ixture, the phlogiston thus freed uniting at once w

ith

the ashes.  This theory fitted very nicely as applied to the

calcined lead revivified by the grains of w
heat, although w

ith

som
e other products of calcination it did not seem

 to apply at

all.
It w

ill be seen from
 this that the phlogistic theory w

as a step

tow
ards chem

istry and aw
ay from

 alchem
y.  It led aw

ay from
 the

idea of a “spirit” in m
etals that could not be seen, felt, or

appreciated by any of the senses, and substituted for it a

principle w
hich, although a falsely conceived one, w

as still m
uch

m
ore tangible than the “spirit,“ since it could be seen and felt

as free phlogiston and w
eighed and m

easured as com
bined

phlogiston. The definiteness of the statem
ent that a m

etal, for

exam
ple, w

as com
posed of phlogiston and an elem

ent w
as m

uch less

enigm
atic, even if w

rong, than the statem
ent of the alchem

ist

that “m
etals are produced by the spiritual action of the three

principles, salt, m
ercury, sulphur”—

particularly w
hen it is

explained that salt, m
ercury, and sulphur w

ere really not w
hat

their nam
es im

plied, and that there w
as no universally accepted

belief as to w
hat they really w

ere.
The m

etals, w
hich are now

 regarded as elem
entary bodies, w

ere

considered com
pounds by the phlogistians, and they believed that

the calcining of a m
etal w

as a process of sim
plification. They

noted, how
ever, that the rem

ains of calcination w
eighed m

ore than

the original product, and the natural inference from
 this w

ould

be that the m
etal m

ust have taken in som
e substance rather than

have given off anything.  But the phlogistians had not learned

the all-im
portant significance of w

eights, and their explanation

of variation in w
eight w

as either that such gain or loss w
as an

unim
portant “accident” at best, or that phlogiston, being light,

tended to lighten any substance containing it, so that driving it

out of the m
etal by calcination naturally left the residue

heavier.
At first the phlogiston theory seem

ed to explain in an

indisputable w
ay all the know

n chem
ical phenom

ena.  Gradually,

how
ever, as experim

ents m
ultiplied, it becam

e evident that the

plain theory as stated by Stahl and his follow
ers failed to

explain satisfactorily certain laboratory reactions.  To m
eet

these new
 conditions, certain m

odifications w
ere introduced from

tim
e to tim

e, giving the theory a flexibility that w
ould allow

 it

to cover all cases. But as the num
ber of inexplicable experim

ents

continued to increase, and new
 m

odifications to the theory becam
e

necessary, it w
as found that som

e of these m
odifications w

ere

directly contradictory to others, and thus the sim
ple theory

becam
e too cum

bersom
e from

 the num
ber of its m

odifications. Its

supporters disagreed am
ong them

selves, first as to the

explanation of certain phenom
ena that did not seem

 to accord w
ith

the phlogistic theory, and a little later as to the theory

itself.  But as yet there w
as no satisfactory substitute for this

theory, w
hich, even if unsatisfactory, seem

ed better than

anything that had gone before or could be suggested.

But the good effects of the era of experim
ental research, to

w
hich the theory of Stahl had given such an im

petus, w
ere show

ing

in the attitude of the experim
enters. The w

orks of som
e of the

older w
riters, such as Boyle and Hooke, w

ere again sought out in

their dusty corners and consulted, and their surm
ises as to the

possible m
ixture of various gases in the air w

ere m
ore carefully

considered.  Still the phlogiston theory w
as firm

ly grounded in

the m
inds of the philosophers, w

ho can hardly be censured for

adhering to it, at least until som
e satisfactory substitute w

as

offered.  The foundation for such a theory w
as finally laid, as

w
e shall see presently, by the w

ork of Black, Priestley,

Cavendish, and Lavoisier, in the eighteenth century, but the

phlogiston theory cannot be said to have finally succum
bed until

the opening years of the nineteenth century.
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II. THE BEGINNINGS OF MODERN CHEMISTRY

THE “PNEUM
ATIC” CHEM

ISTS

THE “PNEUMATIC” CHEMISTS

M
odern chem

istry m
ay be said to have its beginning w

ith the w
ork

Modern chemistry may be said to have its beginning with the work

of Stephen Hales (1677-1761), w
ho early in the eighteenth century

1677   
1761   

of Stephen Hales (1677-1761), who early in the eighteenth century

began his im
portant study of the elasticity of air. Departing

began his important study of the elasticity of air. Departing

from
 the point of view

 of m
ost of the scientists of the tim

e, be

from the point of view of most of the scientists of the time, be

considered air to be “a fine elastic fluid, w
ith particles of

considered air to be “a fine elastic fluid, with particles of

very different nature floating in it” ; and he show
ed that these

very different nature floating in it” ; and he showed that these

“particles” could be separated. He pointed out, also, that

“particles” could be separated. He pointed out, also, that

various gases, or “airs,“ as he called them
, w

ere contained in

various gases, or “airs,“ as he called them, were contained in

m
any solid substances. The im

portance of his w
ork, how

ever, lies

many solid substances. The importance of his work, however, lies

in the fact that his general studies w
ere along lines leading

in the fact that his general studies were along lines leading

aw
ay from

 the accepted doctrines of the tim
e, and that they gave

away from the accepted doctrines of the time, and that they gave

the im
petus to the investigation of the properties of gases by

the impetus to the investigation of the properties of gases by

such chem
ists as Black, Priestley, Cavendish, and Lavoisier,

such chemists as Black, Priestley, Cavendish, and Lavoisier,

w
hose specific discoveries are the foundation-stones of m

odern

whose specific discoveries are the foundation-stones of modern

chem
istry.

chemistry.

JO
SEPH BLACK

JO
SEPH BLACK

The careful studies of Hales w
ere continued by his younger

confrere, Dr. Joseph Black (1728-1799), w
hose experim

ents in the

1728   
1799   

w
eights of gases and other chem

icals w
ere first steps in

quantitative chem
istry. But even m

ore im
portant than his

discoveries of chem
ical properties in general w

as his discovery

of the properties of carbonic-acid gas.

Black had been educated for the m
edical profession in the

University of Glasgow
, being a friend and pupil of the fam

ous Dr.

W
illiam

 Cullen.  But his liking w
as for the chem

ical laboratory

rather than for the practice of m
edicine.  W

ithin three years

after com
pleting his m

edical course, and w
hen only tw

enty-three

years of age, he m
ade the discovery of the properties of carbonic

acid, w
hich he called by the nam

e of “fixed air.“  After

discovering this gas, Black m
ade a long series of experim

ents, by

w
hich he w

as able to show
 how

 w
idely it w

as distributed

throughout nature.  Thus, in 1757, be discovered that the bubbles

1757   
given off in the process of brew

ing, w
here there w

as vegetable

ferm
entation, w

ere com
posed of it. To prove this, he collected

the contents of these bubbles in a bottle containing lim
e-w

ater.

W
hen this bottle w

as shaken violently, so that the lim
e-w

ater and

the carbonic acid becam
e thoroughly m

ixed, an insoluble w
hite

pow
der w

as precipitated from
 the solution, the carbonic acid

having com
bined chem

ically w
ith the lim

e to form
 the insoluble

calcium
 carbonate, or chalk.  This experim

ent suggested another.

Fixing a piece of burning charcoal in the end of a bellow
s, he

arranged a tube so that the gas com
ing from

 the charcoal w
ould

pass through the lim
e-w

ater, and, as in the case of the bubbles

from
 the brew

er´s vat, he found that the w
hite precipitate w

as

throw
n dow

n; in short, that carbonic acid w
as given off in

com
bustion. Shortly after, Black discovered that by blow

ing

through a glass tube inserted into lim
e-w

ater, chalk w
as

precipitated, thus proving that carbonic acid w
as being

constantly throw
n off in respiration.

The effect of Black´s discoveries w
as revolutionary, and the

attitude of m
ind of the chem

ists tow
ards gases, or “airs,“ w

as

changed from
 that tim

e forw
ard. M

ost of the chem
ists, how

ever,

attem
pted to harm

onize the new
 facts w

ith the older theories—
to

explain all the phenom
ena on the basis of the phlogiston theory,

w
hich w

as still dom
inant. But w

hile m
any of Black´s discoveries

could not be m
ade to harm

onize w
ith that theory, they did not

directly overthrow
 it. It required the additional discoveries of

som
e of Black´s fellow

-scientists to com
plete its dow

nfall, as w
e

shall see.
HENRY CAVENDISH
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This w
ork of Black´s w

as follow
ed by the equally im

portant w
ork

of his form
er pupil, Henry Cavendish (1731-1810), w

hose discovery

1731   
1810   

of the com
position of m

any substances, notably of nitric acid and

of w
ater, w

as of great im
portance, adding another link to the

im
portant chain of evidence against the phlogiston theory.

Cavendish is one of the m
ost eccentric figures in the history of

science, being w
idely know

n in his ow
n tim

e for his im
m

ense

w
ealth and brilliant intellect, and also for his peculiarities

and his m
orbid sensibility, w

hich m
ade him

 dread society, and

probably did m
uch in determ

ining his career. Fortunately for him
,

and incidentally for the cause of science, he w
as able to pursue

laboratory investigations w
ithout being obliged to m

ingle w
ith

his dreaded fellow
-m

ortals, his every w
ant being provided for by

the im
m

ense fortune inherited from
 his father and an uncle.

W
hen a young m

an, as a pupil of Dr. Black, he had becom
e im

bued

w
ith the enthusiasm

 of his teacher, continuing Black´s

investigations as to the properties of carbonic-acid gas w
hen

free and in com
bination. O

ne of his first investigations w
as

reported in 1766, w
hen he com

m
unicated to the Royal Society his

1766   
experim

ents for ascertaining the properties of carbonic-acid and

hydrogen gas, in w
hich he first show

ed the possibility of

w
eighing perm

anently elastic fluids, although Torricelli had

before this show
n the relative w

eights of a colum
n of air and a

colum
n of m

ercury. O
ther im

portant experim
ents w

ere continued by

Cavendish, and in 1784 he announced his discovery of the

1784   
com

position of w
ater, thus robbing it of its tim

e-honored

position as an “elem
ent.“ But his claim

 to priority in this

discovery w
as at once disputed by his fellow

-countrym
an Jam

es

W
att and by the Frenchm

an Lavoisier. Lavoisier´s claim
 w

as soon

disallow
ed even by his ow

n countrym
en, but for m

any years a

bitter controversy w
as carried on by the partisans of W

att and

Cavendish.  The tw
o principals, how

ever, seem
. never to have

entered into this controversy w
ith anything like the sam

e ardor

as som
e of their successors, as they rem

ained on the best of

term
s.[1] It is certain, at any rate, that Cavendish announced

his discovery officially before W
att claim

ed that the

announcem
ent had been previously m

ade by him
, “and, w

hether right

or w
rong, the honor of scientific discoveries seem

s to be

accorded naturally to the m
an w

ho first publishes a dem
onstration

of his discovery.“ Englishm
en very generally adm

it the justness

of Cavendish´s claim
, although the French scientist Arago, after

review
ing the evidence carefully in 1833, decided in favor of

1833   
W

att.
It appears that som

ething like a year before Cavendish m
ade know

n

his com
plete dem

onstration of the com
position of w

ater, W
att

com
m

unicated to the Royal Society a suggestion that w
ater w

as

com
posed of “dephlogisticated air (oxygen) and phlogiston

(hydrogen) deprived of part of its latent heat.“ Cavendish knew

of the suggestion, but in his experim
ents refuted the idea that

the hydrogen lost any of its latent heat. Furtherm
ore, W

att

m
erely suggested the possible com

position w
ithout proving it,

although his idea w
as practically correct, if w

e can rightly

interpret the vagaries of the nom
enclature then in use. But had

W
att taken the steps to dem

onstrate his theory, the great “W
ater

Controversy” w
ould have been avoided. Cavendish´s report of his

discovery to the Royal Society covers som
ething like forty pages

of printed m
atter. In this he show

s how
, by passing an electric

spark through a closed jar containing a m
ixture of hydrogen gas

and oxygen, w
ater is invariably form

ed, apparently by the union

of the tw
o gases. The experim

ent w
as first tried w

ith hydrogen

and com
m

on air, the oxygen of the air uniting w
ith the hydrogen

to form
 w

ater, leaving the nitrogen of the air still to be

accounted for. W
ith pure oxygen and hydrogen, how

ever, Cavendish

found that pure w
ater w

as form
ed, leaving slight traces of any

other, substance w
hich m

ight not be interpreted as being Chem
ical

im
purities. There w

as only one possible explanation of this

phenom
enon—

that hydrogen and oxygen, w
hen com

bined, form
 w

ater.

“By experim
ents w

ith the globe it appeared,“ w
rote Cavendish,

“that w
hen inflam

m
able and com

m
on air are exploded in a proper

proportion, alm
ost all the inflam

m
able air, and near one-fifth

the com
m

on air, lose their elasticity and are condensed into dew
.

And by this experim
ent it appears that this dew

 is plain w
ater,

and consequently that alm
ost all the inflam

m
able air is turned

into pure w
ater.

“In order to exam
ine the nature of the m

atter condensed on firing

a m
ixture of dephlogisticated and inflam

m
able air, I took a glass

globe, holding 8800 grain m
easures, furnished w

ith a brass cock

8800   
and an apparatus for firing by electricity.  This globe w

as w
ell

exhausted by an air-pum
p, and then filled w

ith a m
ixture of

inflam
m

able and dephlogisticated air by shutting the cock,

fastening the bent glass tube into its m
outh, and letting up the

end of it into a glass jar inverted into w
ater and containing a

m
ixture of 19,500 grain m

easures of dephlogisticated air, and

19,500   
37,000 of inflam

m
able air; so that, upon opening the cock, som

e

37,000   
of this m

ixed air rushed through the bent tube and filled the

globe. The cock w
as then shut and the included air fired by

electricity, by m
eans of w

hich alm
ost all of it lost its

elasticity (w
as condensed into w

ater vapors). The cock w
as then

again opened so as to let in m
ore of the sam

e air to supply the

place of that destroyed by the explosion, w
hich w

as again fired,

and the operation continued till alm
ost the w

hole of the m
ixture

w
as let into the globe and exploded.  By this m

eans, though the

globe held not m
ore than a sixth part of the m

ixture, alm
ost the

w
hole of it w

as exploded therein w
ithout any fresh exhaustion of

the globe.“
At first this condensed m

atter w
as “acid to the taste and

contained tw
o grains of nitre,“ but Cavendish, suspecting that

this w
as due to im

purities, tried another experim
ent that proved

conclusively that his opinions w
ere correct. “I therefore m

ade

another experim
ent,“ he says, ”w

ith som
e m

ore of the sam
e air

from
 plants in w

hich the proportion of inflam
m

able air w
as

greater, so that the burnt air w
as alm

ost com
pletely

phlogisticated, its standard being one-tenth. The condensed

liquor w
as then not at all acid, but seem

ed pure w
ater.“

From
 these experim

ents he concludes “that w
hen a m

ixture of

inflam
m

able and dephlogisticated air is exploded, in such

proportions that the burnt air is not m
uch phlogisticated, the

condensed liquor contains a little acid w
hich is alw

ays of the

nitrous kind, w
hatever substance the dephlogisticated air is

procured from
; but if the proportion be such that the burnt air

is alm
ost entirely phlogisticated, the condensed liquor is not at

all acid, but seem
s pure w

ater, w
ithout any addition

w
hatever.“[2]

These sam
e experim

ents, w
hich w

ere undertaken to discover the

com
position of w

ater, led him
 to discover also the com

position of

nitric acid. He had observed that, in the com
bustion of hydrogen

gas w
ith com

m
on air, the w

ater w
as slightly tinged w

ith acid, but

that this w
as not the case w

hen pure oxygen gas w
as used.  Acting

upon this observation, he devised an experim
ent to determ

ine the

nature of this acid. He constructed an apparatus w
hereby an

electric spark w
as passed through a vessel containing com

m
on air. 

After this process had been carried on for several w
eeks a sm

all

am
ount of liquid w

as form
ed. This liquid com

bined w
ith a solution

of potash to form
 com

m
on nitre, w

hich “detonated w
ith charcoal,

sparkled w
hen paper im

pregnated w
ith it w

as burned, and gave out

nitrous fum
es w

hen sulphuric acid w
as poured on it.“  In other

w
ords, the liquid w

as show
n to be nitric acid. Now

, since nothing

but pure air had been used in the initial experim
ent, and since

air is com
posed of nitrogen and oxygen, there seem

ed no room
 to

doubt that nitric acid is a com
bination of nitrogen and oxygen.

This discovery of the nature of nitric acid seem
s to have been

about the last w
ork of im

portance that Cavendish did in the field

of chem
istry, although alm

ost to the hour of his death he w
as

constantly occupied w
ith scientific observations.  Even in the

last m
om

ents of his life this habit asserted itself, according to

Lord Brougham
.  “He died on M

arch 10, 1810, after a short

10   
1810   

illness, probably the first, as w
ell as the last, w

hich he ever

suffered. His habit of curious observation continued to the end.

He w
as desirous of m

arking the progress of the disease and the

gradual extinction of the vital pow
ers.  W

ith these ends in view
,

that he m
ight not be disturbed, he desired to be left alone. His

servant, returning sooner than he had w
ished, w

as ordered again

to leave the cham
ber of death, and w

hen be cam
e back a second

tim
e he found his m

aster had expired.[3]

JO
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JO
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W
hile the opulent but diffident Cavendish w

as m
aking his

im
portant discoveries, another Englishm

an, a poor country

preacher nam
ed Joseph Priestley (1733-1804) w

as not only

1733   
1804   

rivalling him
, but, if anything, outstripping him

 in the pursuit

of chem
ical discoveries. In 1761 this young m

inister w
as given a

1761   
position as tutor in a nonconform

ist academ
y at W

arrington, and

here, for six years, he w
as able to pursue his studies in

chem
istry and electricity. In 1766, w

hile on a visit to London,

1766   
he m

et Benjam
in Franklin, at w

hose suggestion he published his

History of Electricity.  From
 this tim

e on he m
ade steady

progress in scientific investigations, keeping up his

ecclesiastical duties at the sam
e tim

e. In 1780 he rem
oved to

1780   
Birm

ingham
, having there for associates such scientists as Jam

es

W
att, Boulton, and Erasm

us Darw
in.

Eleven years later, on the anniversary of the fall of the Bastile

in Paris, a fanatical m
ob, know

ing Priestley´s sym
pathies w

ith

the French revolutionists, attacked his house and chapel, burning

both and destroying a great num
ber of valuable papers and

scientific instrum
ents. Priestley and his fam

ily escaped violence

by flight, but his m
ost cherished possessions w

ere destroyed; and

three years later he quitted England forever, rem
oving to the

United States, w
hose struggle for liberty he had cham

pioned. The

last ten years of his life w
ere spent at Northum

berland,

Pennsylvania, w
here he continued his scientific researches.

Early in his scientific career Priestley began investigations

upon the “fixed air” of Dr. Black, and, oddly enough, he w
as

stim
ulated to this by the sam

e thing that had influenced

Black—
that is, his residence in the im

m
ediate neighborhood of a

brew
ery. It w

as during the course of a series of experim
ents on

this and other gases that he m
ade his greatest discovery, that of

oxygen, or “dephlogisticated air,“ as he called it. The story of

this im
portant discovery is probably best told in Priestley´s ow

n

w
ords:

“There are, I believe, very few
 m

axim
s in philosophy that have

laid firm
er hold upon the m

ind than that air, m
eaning atm

ospheric

air, is a sim
ple elem

entary substance, indestructible and

unalterable, at least as m
uch so as w

ater is supposed to be.  In

the course of m
y inquiries I w

as, how
ever, soon satisfied that

atm
ospheric air is not an unalterable thing; for that, according

to m
y first hypothesis, the phlogiston w

ith w
hich it becom

es

loaded from
 bodies burning in it, and the anim

als breathing it,

and various other chem
ical processes, so far alters and depraves

it as to render it altogether unfit for inflam
m

ation,

respiration, and other purposes to w
hich it is subservient; and I

had discovered that agitation in the w
ater, the process of

vegetation, and probably other natural processes, restore it to

its original purity....

“Having procured a lens of tw
elve inches diam

eter and tw
enty

inches local distance, I proceeded w
ith the greatest alacrity, by

the help of it, to discover w
hat kind of air a great variety of

substances w
ould yield, putting them

 into the vessel, w
hich I

filled w
ith quicksilver, and kept inverted in a basin of the sam

e

.... W
ith this apparatus, after a variety of experim

ents .... on

the 1st of August, 1774, I endeavored to extract air from

1774   
m

ercurius calcinatus per se; and I presently found that, by m
eans

of this lens, air w
as expelled from

 it very readily. Having got

about three or four tim
es as m

uch as the bulk of m
y m

aterials, I

adm
itted w

ater to it, and found that it w
as not im

bibed by it.

But w
hat surprised m

e m
ore than I can express w

as that a candle

burned in this air w
ith a rem

arkably vigorous flam
e, very m

uch

like that enlarged flam
e w

ith w
hich a candle burns in nitrous

oxide, exposed to iron or liver of sulphur; but as I had got

nothing like this rem
arkable appearance from

 any kind of air

besides this particular m
odification of vitrous air, and I knew

no vitrous acid w
as used in the preparation of m

ercurius

calcinatus, I w
as utterly at a loss to account for it.“[4]

The “new
 air” w

as, of course, oxygen.  Priestley at once

proceeded to exam
ine it by a long series of careful experim

ents,

in w
hich, as w

ill be seen, he discovered m
ost of the rem

arkable

qualities of this gas. Continuing his description of these

experim
ents, he says:

“The flam
e of the candle, besides being larger, burned w

ith m
ore

splendor and heat than in that species of nitrous air; and a

piece of red-hot w
ood sparkled in it, exactly like paper dipped

in a solution of nitre, and it consum
ed very fast; an experim

ent

that I had never thought of trying w
ith dephlogisticated nitrous

air.
“. . . I had so little suspicion of the air from

 the m
ercurius

calcinatus, etc., being w
holesom

e, that I had not even thought of

applying it to the test of nitrous air; but thinking (as m
y

reader m
ust im

agine I frequently m
ust have done) on the candle

burning in it after long agitation in w
ater, it occurred to m

e at

last to m
ake the experim

ent; and, putting one m
easure of nitrous

air to tw
o m

easures of this air, I found not only that it w
as

dim
inished, but that it w

as dim
inished quite as m

uch as com
m

on

air, and that the redness of the m
ixture w

as likew
ise equal to a

sim
ilar m

ixture of nitrous and com
m

on air.... The next day I w
as

m
ore surprised than ever I had been before w

ith finding that,

after the above-m
entioned m

ixture of nitrous air and the air from

m
ercurius calcinatus had stood all night, . . . a candle burned

in it, even better than in com
m

on air.“

A little later Priestley discovered that “dephlogisticated air .

. . is a principal elem
ent in the com

position of acids, and m
ay

be extracted by m
eans of heat from

 m
any substances w

hich contain

them
.... It is likew

ise produced by the action of light upon

green vegetables; and this seem
s to be the chief m

eans em
ployed

to preserve the purity of the atm
osphere.“

This recognition of the im
portant part played by oxygen in the

atm
osphere led Priestley to m

ake som
e experim

ents upon m
ice and

insects, and finally upon him
self, by inhalations of the pure

gas.  “The feeling in m
y lungs,“ he said, ”w

as not sensibly

different from
 that of com

m
on air, but I fancied that m

y

breathing felt peculiarly light and easy for som
e tim

e

afterw
ards. W

ho can tell but that in tim
e this pure air m

ay

becom
e a fashionable article in luxury? . . . Perhaps w

e m
ay from

these experim
ents see that though pure dephlogisticated air m

ight

be useful as a m
edicine, it m

ight not be so proper for us in the

usual healthy state of the body.“

This suggestion as to the possible usefulness of oxygen as a

m
edicine w

as prophetic.  A century later the use of oxygen had

becom
e a m

atter of routine practice w
ith m

any physicians. Even in

Priestley´s ow
n tim

e such m
en as Dr. John Hunter expressed their

belief in its efficacy in certain conditions, as w
e shall see,

but its value in m
edicine w

as not fully appreciated until several

generations later.

Several years after discovering oxygen Priestley thus sum
m

arized

its properties:  “It is this ingredient in the atm
ospheric air

that enables it to support com
bustion and anim

al life. By m
eans

of it m
ost intense heat m

ay be produced, and in the purest of it

anim
als w

ill live nearly five tim
es as long as in an equal

quantity of atm
ospheric air.  In respiration, part of this air,

passing the m
em

branes of the lungs, unites w
ith the blood and

im
parts to it its florid color, w

hile the rem
ainder, uniting w

ith

phlogiston exhaled from
 venous blood, form

s m
ixed air. It is

dephlogisticated air com
bined w

ith w
ater that enables fishes to

live in it.“[5]
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The discovery of oxygen w
as the last but m

ost im
portant blow

 to

the tottering phlogiston theory, though Priestley him
self w

ould

not adm
it it. But before considering the final steps in the

overthrow
 of Stahl´s fam

ous theory and the establishm
ent of

m
odern chem

istry, w
e m

ust review
 the w

ork of another great

chem
ist, Karl W

ilhelm
 Scheele (1742-1786), of Sw

eden, w
ho

1742   
1786   

discovered oxygen quite independently, although later than

Priestley.  In the m
atter of brilliant discoveries in a brief

space of tim
e Scheele probably eclipsed all his great

contem
poraries. He had a veritable genius for interpreting

chem
ical reactions and discovering new

 substances, in this

respect rivalling Priestley him
self. Unlike Priestley, how

ever,

he planned all his experim
ents along the lines of definite

theories from
 the beginning, the results obtained being the

logical outcom
e of a predeterm

ined plan.

Scheele w
as the son of a m

erchant of Stralsund, Pom
erania, w

hich

then belonged to Sw
eden.  As a boy in school he show

ed so little

aptitude for the study of languages that he w
as apprenticed to an

apothecary at the age of fourteen.  In this w
ork he becam

e at

once greatly interested, and, w
hen not attending to his duties in

the dispensary, he w
as busy day and night m

aking experim
ents or

studying books on chem
istry. In 1775, still em

ployed as an

1775   
apothecary, he m

oved to Stockholm
, and soon after he sent to

Bergm
an, the leading chem

ist of Sw
eden, his first discovery—

that

of tartaric acid, w
hich he had isolated from

 cream
 of tartar.

This w
as the beginning of his career of discovery, and from

 that

tim
e on until his death he sent forth accounts of new

 discoveries

alm
ost uninterruptedly. M

eanw
hile he w

as perform
ing the duties of

an ordinary apothecary, and struggling against poverty.  His

treatise upon Air and Fire appeared in 1777.  In this rem
arkable

1777   
book he tells of his discovery of oxygen—

“em
pyreal” or

“fire-air,“ as he calls it—
w

hich he seem
s to have m

ade

independently and w
ithout ever having heard of the previous

discovery by Priestley.  In this book, also, he show
s that air is

com
posed chiefly of oxygen and nitrogen gas.

Early in his experim
ental career Scheele undertook the solution

of the com
position of black oxide of m

anganese, a substance that

had long puzzled the chem
ists.  He not only succeeded in this,

but incidentally in the course of this series of experim
ents he

discovered oxygen, baryta, and chlorine, the last of far greater

im
portance, at least com

m
ercially, than the real object of his

search.  In speaking of the experim
ent in w

hich the discovery w
as

m
ade he says:

“W
hen m

arine (hydrochloric) acid stood over m
anganese in the cold

it acquired a dark reddish-brow
n color. As m

anganese does not

give any colorless solution w
ithout uniting w

ith phlogiston

[probably m
eaning hydrogen], it follow

s that m
arine acid can

dissolve it w
ithout this principle. But such a solution has a

blue or red color.  The color is here m
ore brow

n than red, the

reason being that the very finest portions of the m
anganese,

w
hich do not sink so easily, sw

im
 in the red solution; for

w
ithout these fine particles the solution is red, and red m

ixed

w
ith black is brow

n. The m
anganese has here attached itself so

loosely to acidum
 salis that the w

ater can precipitate it, and

this precipitate behaves like ordinary m
anganese.  W

hen, now
, the

m
ixture of m

anganese and spiritus salis w
as set to digest, there

arose an effervescence and sm
ell of aqua regis.“[6]

The “effervescence” he refers to w
as chlorine, w

hich he proceeded

to confine in a suitable vessel and exam
ine m

ore fully.  He

described it as having a “quite characteristically suffocating

sm
ell,“ w

hich w
as very offensive. He very soon noted the

decolorizing or bleaching effects of this now
 product, finding

that it decolorized flow
ers, vegetables, and m

any other

substances.
Com

m
ercially this discovery of chlorine w

as of enorm
ous

im
portance, and the practical application of this new

 chem
ical in

bleaching cloth soon supplanted the, old process of

crofting—
that is, bleaching by spreading the cloth upon the

grass. But although Scheele first pointed out the bleaching

quality of his new
ly discovered gas, it w

as the French savant,

Berthollet, w
ho, acting upon Scheele´s discovery that the new

 gas

w
ould decolorize vegetables and flow

ers, w
as led to suspect that

this property m
ight be turned to account in destroying the color

of cloth. In 1785 he read a paper before the Academ
y of Sciences

1785   
of Paris, in w

hich he show
ed that bleaching by chlorine w

as

entirely satisfactory, the color but not the substance of the

cloth being affected. He had experim
ented previously and found

that the chlorine gas w
as soluble in w

ater and could thus be m
ade

practically available for bleaching purposes.  In 1786 Jam
es W

att

1786   
exam

ined specim
ens of the bleached cloth m

ade by Berthollet, and

upon his return to England first instituted the process of

practical bleaching. His process, how
ever, w

as not entirely

satisfactory, and, after undergoing various m
odifications and

im
provem

ents, it w
as finally m

ade thoroughly practicable by M
r.

Tennant, w
ho hit upon a com

pound of chlorine and lim
e—

the

chloride of lim
e—

w
hich w

as a com
paratively cheap chem

ical

product, and answ
ered the purpose better even than chlorine

itself.
To appreciate how

 m
om

entous this discovery w
as to cloth

m
anufacturers, it should be rem

em
bered that the old process of

bleaching consum
ed an entire sum

m
er for the w

hitening of a single

piece of linen; the new
 process reduced the period to a few

hours.  To be sure, lim
e had been used w

ith fair success previous

to Tennant´s discovery, but successful and practical bleaching by

a solution of chloride of lim
e w

as first m
ade possible by him

 and

through Scheele´s discovery of chlorine.

Until the tim
e of Scheele the great subject of organic chem

istry

had rem
ained practically unexplored, but under the touch of his

m
arvellous inventive genius new

 m
ethods of isolating and studying

anim
al and vegetable products w

ere introduced, and a large num
ber

of acids and other organic com
pounds prepared that had been

hitherto unknow
n.  His explanations of chem

ical phenom
ena w

ere

based on the phlogiston theory, in w
hich, like Priestley, he

alw
ays, believed.  Although in error in this respect, he w

as,

nevertheless, able to m
ake his discoveries w

ith extrem
ely

accurate interpretations. A brief epitom
e of the list of som

e of

his m
ore im

portant discoveries conveys som
e idea, of his

fertility of m
ind as w

ell as his industry.  In 1780 he discovered

1780   
lactic acid,[7] and show

ed that it w
as the substance that caused

the acidity of sour m
ilk; and in the sam

e year he discovered

m
ucic acid. Next follow

ed the discovery of tungstic acid, and in

1783 he added to his list of useful discoveries that of

1783   
glycerine. Then in rapid succession cam

e his announcem
ents of the

new
 vegetable products citric, m

alic, oxalic, and gallic acids.

Scheele not only m
ade the discoveries, but told the w

orld how
 he

had m
ade them

—
how

 any chem
ist m

ight have m
ade them

 if he

chose—
for he never considered that he had really discovered any

substance until he had m
ade it, decom

posed it, and m
ade it again.

His experim
ents on Prussian blue are m

ost interesting, not only

because of the enorm
ous am

ount of w
ork involved and the skill he

displayed in his experim
ents, but because all the tim

e the

chem
ist w

as handling, sm
elling, and even tasting a com

pound of

one of the m
ost deadly poisons, ignorant of the fact that the

substance w
as a dangerous one to handle. His escape from

 injury

seem
s alm

ost m
iraculous; for his experim

ents, w
hich w

ere m
ost

elaborate, extended over a considerable period of tim
e, during

w
hich he seem

s to have handled this chem
ical w

ith im
punity.

W
hile only forty years of age and just at the zenith of his fam

e,

Scheele w
as stricken by a fatal illness, probably induced by his

ceaseless labor and exposure.  It is gratifying to know
, how

ever,

that during the last eight or nine years of his life he had been

less bound dow
n by pecuniary difficulties than before, as Bergm

an

had obtained for him
 an annual grant from

 the Academ
y.  But it

w
as characteristic of the m

an that, w
hile devoting one-sixth of

the am
ount of this grant to his personal w

ants, the rem
aining

five-sixths w
as devoted to the expense of his experim

ents.

LAVOISIER AND THE FOUNDATION OF M
ODERN CHEM

ISTRY

LAVOISIER AND THE FOUNDATION OF M
ODERN CHEM

ISTRY

The tim
e w

as ripe for form
ulating the correct theory of chem

ical

com
position: it needed but the m

aster hand to m
ould the m

aterials

into the proper shape. The discoveries in chem
istry during the

eighteenth century had been far-reaching and revolutionary in

character.  A brief review
 of these discoveries show

s how

com
pletely they had subverted the old ideas of chem

ical elem
ents

and chem
ical com

pounds.  Of the four substances earth, air, fire,

and w
ater, for m

any centuries believed to be elem
entary bodies,

not one has stood the test of the eighteenth-century chem
ists.

Earth had long since ceased to be regarded as an elem
ent, and

w
ater and air had suffered the sam

e fate in this century.  And

now
 at last fire itself, the last of the four “elem

ents” and the

keystone to the phlogiston arch, w
as show

n to be nothing m
ore

than one of the m
anifestations of the new

 elem
ent, oxygen, and

not “phlogiston” or any other intangible substance.

In this epoch of chem
ical discoveries England had produced such

m
ental giants and pioneers in science as Black, Priestley, and

Cavendish; Sw
eden had given the w

orld Scheele and Bergm
an, w

hose

w
ork, added to that of their English confreres, had laid the

broad base of chem
istry as a science; but it w

as for France to

produce a m
an w

ho gave the final touches to the broad but rough

w
orkm

anship of its foundation, and establish it as the science of

m
odern chem

istry.  It w
as for Antoine Laurent Lavoisier

(1743-1794) to gather together, interpret correctly, renam
e, and

1743   
1794   

classify the w
ealth of facts that his im

m
ediate predecessors and

contem
poraries had given to the w

orld.

The attitude of the m
other-countries tow

ards these illustrious

sons is an interesting piece of history.  Sw
eden honored and

rew
arded Scheele and Bergm

an for their efforts; England received

the intellectuality of Cavendish w
ith less appreciation than the

Continent, and a fanatical m
ob drove Priestley out of the

country; w
hile France, by sending Lavoisier to the guillotine,

dem
onstrated how

 dangerous it w
as, at that tim

e at least, for an

intelligent Frenchm
an to serve his fellow

m
an and his country

w
ell.

“The revolution brought about by Lavoisier in science,“ says

Hoefer, “coincides by a singular act of destiny w
ith another

revolution, m
uch greater indeed, going on then in the political

and social w
orld. Both happened on the sam

e soil, at the sam
e

epoch, am
ong the sam

e people; and both m
arked the com

m
encem

ent of

a new
 era in their respective spheres.“[8]

Lavoisier w
as born in Paris, and being the son of an opulent

fam
ily, w

as educated under the instruction of the best teachers

of the day. W
ith Lacaille he studied m

athem
atics and astronom

y;

w
ith Jussieu, botany; and, finally, chem

istry under Rouelle.  His

first w
ork of im

portance w
as a paper on the practical

illum
ination of the streets of Paris, for w

hich a prize had been

offered by M
. de Sartine, the chief of police. This prize w

as not

aw
arded to Lavoisier, but his suggestions w

ere of such im
portance

that the king directed that a gold m
edal be bestow

ed upon the

young author at the public sitting of the Academ
y in April, 1776.

1776   
Tw

o years later, at the age of thirty-five, Lavoisier w
as

adm
itted a m

em
ber of the Academ

y.

In this sam
e year he began to devote him

self alm
ost exclusively

to chem
ical inquiries, and established a laboratory in his hom

e,

fitted w
ith all m

anner of costly apparatus and chem
icals. Here he

w
as in constant com

m
unication w

ith the great m
en of science of

Paris, to all of w
hom

 his doors w
ere throw

n open. One of his

first undertakings in this laboratory w
as to dem

onstrate that

w
ater could not be converted into earth by repeated

distillations, as w
as generally advocated; and to show

 also that

there w
as no foundation to the existing belief that it w

as

possible to convert w
ater into a gas so “elastic” as to pass

through the pores of a vessel. He dem
onstrated the fallaciousness

of both these theories in 1768-1769 by elaborate experim
ents, a

1768   
1769   

single investigation of this series occupying one hundred and one

days.
In 1771 he gave the first blow

 to the phlogiston theory by his

1771   
experim

ents on the calcination of m
etals. It w

ill be recalled

that one basis for the belief in phlogiston w
as the fact that

w
hen a m

etal w
as calcined it w

as converted into an ash, giving up

its “phlogiston” in the process. To restore the m
etal, it w

as

necessary to add som
e substance such as w

heat or charcoal to the

ash.  Lavoisier, in exam
ining this process of restoration, found

that there w
as alw

ays evolved a great quantity of “air,“ w
hich he

supposed to be “fixed air” or carbonic acid—
the sam

e that

escapes in effervescence of alkalies and calcareous earths, and

in the ferm
entation of liquors. He then exam

ined the process of

calcination, w
hereby the phlogiston of the m

etal w
as supposed to

have been draw
n off. But far from

 finding that phlogiston or any

other substance had been driven off, he found that som
ething had

been taken on: that the m
etal “absorbed air,“ and that the

increased w
eight of the m

etal corresponded to the am
ount of air

“absorbed.“ M
eanw

hile he w
as w

ithin grasp of tw
o great

discoveries, that of oxygen and of the com
position of the air,

w
hich Priestley m

ade som
e tw

o years later.

The next im
portant inquiry of this great Frenchm

an w
as as to the

com
position of diam

onds.  W
ith the great lens of Tschirnhausen

belonging to the Academ
y he succeeded in burning up several

diam
onds, regardless of expense, w

hich, thanks to his

inheritance, he could ignore. In this process he found that a gas

w
as given off w

hich precipitated lim
e from

 w
ater, and proved to

be carbonic acid.  Observing this, and experim
enting w

ith other

substances know
n to give off carbonic acid in the sam

e m
anner, he

w
as evidently im

pressed w
ith the now

 w
ell-know

n fact that diam
ond

and charcoal are chem
ically the sam

e. But if he did really

believe it, he w
as cautious in expressing his belief fully.  “W

e

should never have expected,“ he says, ”to find any relation

betw
een charcoal and diam

ond, and it w
ould be unreasonable to

push this analogy too far; it only exists because both substances

seem
 to be properly ranged in the class of com

bustible bodies,

and because they are of all these bodies the m
ost fixed w

hen kept

from
 contact w

ith air.“

As w
e have seen, Priestley, in 1774, had discovered oxygen, or

1774   
“dephlogisticated air.“  Four years later Lavoisier first

advanced his theory that this elem
ent discovered by Priestley w

as

the universal acidifying or oxygenating principle, w
hich, w

hen

com
bined w

ith charcoal or carbon, form
ed carbonic acid; w

hen

com
bined w

ith sulphur, form
ed sulphuric (or vitriolic) acid; w

ith

nitrogen, form
ed nitric acid, etc., and w

hen com
bined w

ith the

m
etals form

ed oxides, or calcides. Furtherm
ore, he postulated the

theory that com
bustion w

as not due to any such illusive thing as

“phlogiston,“ since this did not exist, and it seem
ed to him

 that

the phenom
ena of com

bustion heretofore attributed to phlogiston

could be explained by the action of the new
 elem

ent oxygen and

heat. This w
as the final blow

 to the phlogiston theory, w
hich,

although it had been tottering for som
e tim

e, had not been

com
pletely overthrow

n.

In 1787 Lavoisier, in conjunction w
ith Guyon de M

orveau,

1787   
Berthollet, and Fourcroy, introduced the reform

 in chem
ical

nom
enclature w

hich until then had rem
ained practically unchanged

since alchem
ical days. Such expressions as “dephlogisticated” and

“phlogisticated” w
ould obviously have little m

eaning to a

generation w
ho w

ere no longer to believe in the existence of

phlogiston.  It w
as appropriate that a revolution in chem

ical

thought should be accom
panied by a corresponding revolution in

chem
ical nam

es, and to Lavoisier belongs chiefly the credit of

bringing about this revolution. In his Elem
ents of Chem

istry he

m
ade use of this new

 nom
enclature, and it seem

ed so clearly an

im
provem

ent over the old that the scientific w
orld hastened to

adopt it.  In this connection Lavoisier says: “W
e have,

therefore, laid aside the expression m
etallic calx altogether,

and have substituted in its place the w
ord oxide.  By this it m

ay

be seen that the language w
e have adopted is both copious and

expressive. The first or low
est degree of oxygenation in bodies

converts them
 into oxides; a second degree of additional

oxygenation constitutes the class of acids of w
hich the specific

nam
es draw

n from
 their particular bases term

inate in ous, as in

the nitrous and the sulphurous acids. The third degree of

oxygenation changes these into the species of acids distinguished

by the term
ination in ic, as the nitric and sulphuric acids; and,

lastly, w
e can express a fourth or higher degree of oxygenation

by adding the w
ord oxygenated to the nam

e of the acid, as has

already been done w
ith oxygenated m

uriatic acid.“[9]

This new
 w

ork w
hen given to the w

orld w
as not m

erely an

epoch-m
aking book; it w

as revolutionary.  It not only discarded

phlogiston altogether, but set forth that m
etals are sim

ple

elem
ents, not com

pounds of “earth” and “phlogiston.“  It upheld

Cavendish´s dem
onstration that w

ater itself, like air, is a

com
pound of oxygen w

ith another elem
ent.  In short, it w

as

scientific chem
istry, in the m

odern acceptance of the term
.

Lavoisier´s observations on com
bustion are at once im

portant and

interesting: “Com
bustion,“ he says, ”. . . is the decom

position

of oxygen produced by a com
bustible body.  The oxygen w

hich form
s

the base of this gas is absorbed by and enters into com
bination

w
ith the burning body, w

hile the caloric and light are set free. 

Every com
bustion necessarily supposes oxygenation; w

hereas, on

the contrary, every oxygenation does not necessarily im
ply

concom
itant com

bustion; because com
bustion properly so called

cannot take place w
ithout disengagem

ent of caloric and light.

Before com
bustion can take place, it is necessary that the base

of oxygen gas should have greater affinity to the com
bustible

body than it has to caloric; and this elective attraction, to use

Bergm
an´s expression, can only take place at a certain degree of

tem
perature w

hich is different for each com
bustible substance;

hence the necessity of giving the first m
otion or beginning to

every com
bustion by the approach of a heated body. This necessity

of heating any body w
e m

ean to burn depends upon certain

considerations w
hich have not hitherto been attended to by any

natural philosopher, for w
hich reason I shall enlarge a little

upon the subject in this place:

“Nature is at present in a state of equilibrium
, w

hich cannot

have been attained until all the spontaneous com
bustions or

oxygenations possible in an ordinary degree of tem
perature had

taken place.... To illustrate this abstract view
 of the m

atter by

exam
ple: Let us suppose the usual tem

perature of the earth a

little changed, and it is raised only to the degree of boiling

w
ater; it is evident that in this case phosphorus, w

hich is

com
bustible in a considerably low

er degree of tem
perature, w

ould

no longer exist in nature in its pure and sim
ple state, but w

ould

alw
ays be procured in its acid or oxygenated state, and its

radical w
ould becom

e one of the substances unknow
n to chem

istry.

By gradually increasing the tem
perature of the earth, the sam

e

circum
stance w

ould successively happen to all the bodies capable

of com
bustion; and, at the last, every possible com

bustion having

taken place, there w
ould no longer exist any com

bustible body

w
hatever, and every substance susceptible of the operation w

ould

be oxygenated and consequently incom
bustible.

“There cannot, therefore, exist, as far as relates to us, any

com
bustible body but such as are non-com

bustible at the ordinary

tem
perature of the earth, or, w

hat is the sam
e thing in other

w
ords, that it is essential to the nature of every com

bustible

body not to possess the property of com
bustion unless heated, or

raised to a degree of tem
perature at w

hich its com
bustion

naturally takes place. W
hen this degree is once produced,

com
bustion com

m
ences, and the caloric w

hich is disengaged by the

decom
position of the oxygen gas keeps up the tem

perature w
hich is

necessary for continuing com
bustion. W

hen this is not the

case—
that is, w

hen the disengaged caloric is not sufficient for

keeping up the necessary tem
perature—

the com
bustion ceases. This

circum
stance is expressed in the com

m
on language by saying that a

body burns ill or w
ith difficulty.“[10]

10   
It needed the genius of such a m

an as Lavoisier to com
plete the

refutation of the false but firm
ly grounded phlogiston theory,

and against such a book as his Elem
ents of Chem

istry the feeble

w
eapons of the supporters of the phlogiston theory w

ere hurled in

vain.
But w

hile chem
ists, as a class, had becom

e converts to the new

chem
istry before the end of the century, one m

an, Dr. Priestley,

w
hose w

ork had done so m
uch to found it, rem

ained unconverted. 

In this, as in all his life-w
ork, he show

ed him
self to be a m

ost

rem
arkable m

an. Davy said of him
, a generation later, that no

other person ever discovered so m
any new

 and curious substances

as he; yet to the last he w
as only an am

ateur in science, his

profession, as w
e know

, being the m
inistry. There is hardly

another case in history of a m
an not a specialist in science

accom
plishing so m

uch in original research as did this chem
ist,

physiologist, electrician; the m
athem

atician, logician, and

m
oralist; the theologian, m

ental philosopher, and political

econom
ist. He took all know

ledge for his field; but how
 he found

tim
e for his num

berless researches and m
ultifarious w

ritings,

along w
ith his every-day duties, m

ust ever rem
ain a m

ystery to

ordinary m
ortals.

That this m
arvellously receptive, flexible m

ind should have

refused acceptance to the clearly logical doctrines of the new

chem
istry seem

s equally inexplicable.  But so it w
as.  To the

very last, after all his friends had capitulated, Priestley kept

up the fight. From
 Am

erica he sent out his last defy to the

enem
y, in 1800, in a brochure entitled “The Doctrine of

1800   
Phlogiston Upheld,“ etc.  In the m

ind of its author it w
as little

less than a paean of victory; but all the w
orld beside knew

 that

it w
as the sw

an-song of the doctrine of phlogiston. Despite the

defiance of this single w
arrior the battle w

as really lost and

w
on, and as the century closed “antiphlogistic” chem

istry had

practical possession of the field.
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Sm
all beginnings as have great endings—

som
etim

es.  As a case in

Small beginnings as have great endings—sometimes.  As a case in

point, note w
hat cam

e of the sm
all, original effort of a

point, note what came of the small, original effort of a

self-trained back-country Quaker youth nam
ed John Dalton, w

ho

self-trained back-country Quaker youth named John Dalton, who

along tow
ards the close of the eighteenth century becam

e

along towards the close of the eighteenth century became

interested in the w
eather, and w

as led to construct and use a

interested in the weather, and was led to construct and use a

crude w
ater-gauge to test the am

ount of the rainfall. The sim
ple

crude water-gauge to test the amount of the rainfall. The simple

experim
ents thus inaugurated led to no few

er than tw
o hundred

experiments thus inaugurated led to no fewer than two hundred

thousand recorded observations regarding the w
eather, w

hich

thousand recorded observations regarding the weather, which

form
ed the basis for som

e of the m
ost epochal discoveries in

formed the basis for some of the most epochal discoveries in

m
eteorology, as w

e have seen.  But this w
as only a beginning. The

meteorology, as we have seen.  But this was only a beginning. The

sim
ple rain-gauge pointed the w

ay to the m
ost im

portant general-

simple rain-gauge pointed the way to the most important general-

ization of the nineteenth century in a field of science w
ith w

hich, 

ization of the nineteenth century in a field of science with which, 

to the casual observer, it m
ight seem

 to have no alliance w
hatever.  

to the casual observer, it m
ight seem to have no alliance whatever.  

The w
onderful theory of atom

s, on w
hich the w

hole gigantic structure 

The wonderful theory of atoms, on which the whole gigantic structure 

of m
odern chem

istry is founded, w
as the logical outgrow

th, in the 

of modern chemistry is founded, was the logical outgrowth, in the 

m
ind of John Dalton, of those early studies in m

eteorology.

mind of John Dalton, of those early studies in meteorology.

The w
ay it happened w

as this:  From
 studying the rainfall, Dalton

The way it happened was this:  From studying the rainfall, Dalton

turned naturally to the com
plem

entary process of evaporation. He

turned naturally to the complementary process of evaporation. He

w
as soon led to believe that vapor exists, in the atm

osphere as

was soon led to believe that vapor exists, in the atmosphere as

an independent gas.  But since tw
o bodies cannot occupy the sam

e

an independent gas.  But since two bodies cannot occupy the same

space at the sam
e tim

e, this im
plies that the various atm

ospheric

space at the same time, this implies that the various atmospheric

gases are really com
posed of discrete particles. These ultim

ate

gases are really composed of discrete particles. These ultimate

particles are so sm
all that w

e cannot see them
—

cannot, indeed,

particles are so small that we cannot see them—cannot, indeed,

m
ore than vaguely im

agine them
—

yet each particle of vapor, for

more than vaguely imagine them—yet each particle of vapor, for

exam
ple, is just as m

uch a portion of w
ater as if it w

ere a drop

example, is just as much a portion of water as if it w
ere a drop out of the ocean, or, for that m

atter, the ocean itself.  

out of the ocean, or, for that matter, the ocean itself.  

But, again, w
ater is a com

pound substance, for it m
ay be separated, 

as Cavendish has show
n, into the tw

o elem
entary substances hydrogen

and oxygen.  Hence the atom
 of w

ater m
ust be com

posed of tw
o

lesser atom
s joined together. Im

agine an atom
 of hydrogen and one

of oxygen.  Unite them
, and w

e have an atom
 of w

ater; sever them
,

and the w
ater no longer exists; but w

hether united or separate

the atom
s of hydrogen and of oxygen rem

ain hydrogen and oxygen

and nothing else.  Differently m
ixed together or united, atom

s

produce different gross substances; but the elem
entary atom

s

never change their chem
ical nature—

their distinct personality.

It w
as about the year 1803 that Dalton first gained a full grasp

1803   
of the conception of the chem

ical atom
.  At once he saw

 that the

hypothesis, if true, furnished a m
arvellous key to secrets of

m
atter hitherto insoluble—

questions relating to the relative

proportions of the atom
s them

selves. It is know
n, for exam

ple,

that a certain bulk of hydrogen gas unites w
ith a certain bulk of

oxygen gas to form
 w

ater. If it be true that this com
bination

consists essentially of the union of atom
s one w

ith another (each

single atom
 of hydrogen united to a single atom

 of oxygen), then

the relative w
eights of the original m

asses of hydrogen and of

oxygen m
ust be also the relative w

eights of each of their

respective atom
s. If one pound of hydrogen unites w

ith five and

one-half pounds of oxygen (as, according to Dalton´s experim
ents,

it did), then the w
eight of the oxygen atom

 m
ust be five and

one-half tim
es that of the hydrogen atom

. Other com
pounds m

ay

plainly be tested in the sam
e w

ay. Dalton m
ade num

erous tests

before he published his theory. He found that hydrogen enters

into com
pounds in sm

aller proportions than any other elem
ent

know
n to him

, and so, for convenience, determ
ined to take the

w
eight of the hydrogen atom

 as unity.  The atom
ic w

eight of

oxygen then becom
es (as given in Dalton´s first table of 1803)

1803   
5.5; that of w

ater (hydrogen plus oxygen) being of course 6.5.

5.5   
6.5   

The atom
ic w

eights of about a score of substances are given in

Dalton´s first paper, w
hich w

as read before the Literary and

Philosophical Society of M
anchester, October 21, 1803.  I w

onder

21   
1803   

if Dalton him
self, great and acute intellect though he had,

suspected, w
hen he read that paper, that he w

as inaugurating one

of the m
ost fertile m

ovem
ents ever entered on in the w

hole

history of science?

Be that as it m
ay, it is certain enough that Dalton´s

contem
poraries w

ere at first little im
pressed w

ith the novel

atom
ic theory. Just at this tim

e, as it chanced, a dispute w
as

w
aging in the field of chem

istry regarding a m
atter of em

pirical

fact w
hich m

ust necessarily be settled before such a theory as

that of Dalton could even hope for a bearing.  This w
as the

question w
hether or not chem

ical elem
ents unite w

ith one another

alw
ays in definite proportions. Berthollet, the great co-w

orker

w
ith Lavoisier, and now

 the m
ost authoritative of living

chem
ists, contended that substances com

bine in alm
ost

indefinitely graded proportions betw
een fixed extrem

es. He held

that solution is really a form
 of chem

ical com
bination—

a

position w
hich, if accepted, left no room

 for argum
ent.

But this contention of the m
aster w

as m
ost actively disputed, in

particular by Louis Joseph Proust, and all chem
ists of repute

w
ere obliged to take sides w

ith one or the other. For a tim
e the

authority of Berthollet held out against the facts, but at last

accum
ulated evidence told for Proust and his follow

ers, and

tow
ards the close of the first decade of our century it cam

e to

be generally conceded that chem
ical elem

ents com
bine w

ith one

another in fixed and definite proportions.

M
ore than that.  As the analysts w

ere led to w
eigh carefully the

quantities of com
bining elem

ents, it w
as observed that the

proportions are not only definite, but that they bear a very

curious relation to one another. If elem
ent A com

bines w
ith tw

o

different proportions of elem
ent B to form

 tw
o com

pounds, it

appears that the w
eight of the larger quantity of B is an exact

m
ultiple of that of the sm

aller quantity. This curious relation

w
as noticed by Dr. W

ollaston, one of the m
ost accurate of

observers, and a little later it w
as confirm

ed by Johan Jakob

Berzelius, the great Sw
edish chem

ist, w
ho w

as to be a dom
inating

influence in the chem
ical w

orld for a generation to com
e.  But

this com
bination of elem

ents in num
erical proportions w

as exactly

w
hat Dalton had noticed as early as 1802, and w

hat bad led him

1802   
directly to the atom

ic w
eights. So the confirm

ation of this

essential point by chem
ists of such authority gave the strongest

confirm
ation to the atom

ic theory.

During these sam
e years the rising authority of the French

chem
ical w

orld, Joseph Louis Gay-Lussac, w
as conducting

experim
ents w

ith gases, w
hich he had undertaken at first in

conjunction w
ith Hum

boldt, but w
hich later on w

ere conducted

independently. In 1809, the next year after the publication of

1809   
the first volum

e of Dalton´s New
 System

 of Chem
ical Philosophy,

Gay-Lussac published the results of his observations, and am
ong

other things brought out the rem
arkable fact that gases, under

the sam
e conditions as to tem

perature and pressure, com
bine

alw
ays in definite num

erical proportions as to volum
e. Exactly

tw
o volum

es of hydrogen, for exam
ple, com

bine w
ith one volum

e of

oxygen to form
 w

ater.  M
oreover, the resulting com

pound gas

alw
ays bears a sim

ple relation to the com
bining volum

es. In the

case just cited, the union of tw
o volum

es of hydrogen and one of

oxygen results in precisely tw
o volum

es of w
ater vapor.

Naturally enough, the cham
pions of the atom

ic theory seized upon

these observations of Gay-Lussac as lending strong support to

their hypothesis—
all of them

, that is, but the curiously

self-reliant and self-sufficient author of the atom
ic theory

him
self, w

ho declined to accept the observations of the French

chem
ist as valid. Yet the observations of Gay-Lussac w

ere

correct, as countless chem
ists since then have dem

onstrated anew
,

and his theory of com
bination by volum

es becam
e one of the

foundation-stones of the atom
ic theory, despite the opposition of

the author of that theory.

The true explanation of Gay-Lussac´s law
 of com

bination by

volum
es w

as thought out alm
ost im

m
ediately by an Italian savant,

Am
adeo, Avogadro, and expressed in term

s of the atom
ic theory.

The fact m
ust be, said Avogadro, that under sim

ilar physical

conditions every form
 of gas contains exactly the sam

e num
ber of

ultim
ate particles in a given volum

e.  Each of these ultim
ate

physical particles m
ay be com

posed of tw
o or m

ore atom
s (as in

the case of w
ater vapor), but such a com

pound atom
 conducts

itself as if it w
ere a sim

ple and indivisible atom
, as regards

the am
ount of space that separates it from

 its fellow
s under

given conditions of pressure and tem
perature. The com

pound atom
,

com
posed of tw

o or m
ore elem

entary atom
s, Avogadro proposed to

distinguish, for purposes of convenience, by the nam
e m

olecule. 

It is to the m
olecule, considered as the unit of physical

structure, that Avogadro´s law
 applies.

This vastly im
portant distinction betw

een atom
s and m

olecules,

im
plied in the law

 just expressed, w
as published in 1811. Four

1811   
years later, the fam

ous French physicist Am
pere outlined a

sim
ilar theory, and utilized the law

 in his m
athem

atical

calculations. And w
ith that the law

 of Avogadro dropped out of

sight for a full generation.  Little suspecting that it w
as the

very key to the inner m
ysteries of the atom

s for w
hich they w

ere

seeking, the chem
ists of the tim

e cast it aside, and let it fade

from
 the m

em
ory of their science.

This, how
ever, w

as not strange, for of course the law
 of Avogadro

is based on the atom
ic theory, and in 1811 the atom

ic theory w
as

1811   
itself still being w

eighed in the balance. The law
 of m

ultiple

proportions found general acceptance as an em
pirical fact; but

m
any of the leading lights of chem

istry still looked askance at

Dalton´s explanation of this law
. Thus W

ollaston, though from
 the

first he inclined to acceptance of the Daltonian view
, cautiously

suggested that it w
ould be w

ell to use the non-com
m

ittal w
ord

“equivalent” instead of “atom
”; and Davy, for a sim

ilar reason,

in his book of 1812, speaks only of “proportions,“ binding

1812   
him

self to no theory as to w
hat m

ight be the nature of these

proportions.

At least tw
o great chem

ists of the tim
e, how

ever, adopted the

atom
ic view

 w
ith less reservation.  One of these w

as Thom
as

Thom
son, professor at Edinburgh, w

ho, in 1807, had given an

1807   
outline of Dalton´s theory in a w

idely circulated book, w
hich

first brought the theory to the general attention of the chem
ical

w
orld. The other and even m

ore noted advocate of the atom
ic

theory w
as Johan Jakob Berzelius.  This great Sw

edish chem
ist at

once set to w
ork to put the atom

ic theory to such tests as m
ight

be applied in the laboratory.  He w
as an analyst of the utm

ost

skill, and for years be devoted him
self to the determ

ination of

the com
bining w

eights, “equivalents” or “proportions,“ of the

different elem
ents. These determ

inations, in so far as they w
ere

accurately m
ade, w

ere sim
ple expressions of em

pirical facts,

independent of any theory; but gradually it becam
e m

ore and m
ore

plain that these facts all harm
onize w

ith the atom
ic theory of

Dalton.  So by com
m

on consent the proportionate com
bining w

eights

of the elem
ents cam

e to be know
n as atom

ic w
eights—

the nam
e

Dalton had given them
 from

 the first—
and the tangible conception

of the chem
ical atom

 as a body of definite constitution and

w
eight gained steadily in favor.

From
 the outset the idea had had the utm

ost tangibility in the

m
ind of Dalton.  He had all along represented the different atom

s

by geom
etrical sym

bols—
as a circle for oxygen, a circle

enclosing a dot for hydrogen, and the like—
and had represented

com
pounds by placing these sym

bols of the elem
ents in

juxtaposition. Berzelius proposed to im
prove upon this m

ethod by

substituting for the geom
etrical sym

bol the initial of the Latin

nam
e of the elem

ent represented—
O for oxygen, H for hydrogen,

and so on—
a num

erical coefficient to follow
 the letter as an

indication of the num
ber of atom

s present in any given com
pound.

This sim
ple system

 soon gained general acceptance, and w
ith

slight m
odifications it is still universally em

ployed. Every

school-boy now
 is aw

are that H2O is the chem
ical w

ay of

expressing the union of tw
o atom

s of hydrogen w
ith one of oxygen

to form
 a m

olecule of w
ater.  But such a form

ula w
ould have had

no m
eaning for the w

isest chem
ist before the day of Berzelius.

The universal fam
e of the great Sw

edish authority served to give

general currency to his sym
bols and atom

ic w
eights, and the new

point of view
 thus developed led presently to tw

o im
portant

discoveries w
hich rem

oved the last lingering doubts as to the

validity of the atom
ic theory. In 1819 tw

o French physicists,

1819   
Dulong and Petit, w

hile experim
enting w

ith heat, discovered that

the specific heats of solids (that is to say, the am
ount of heat

required to raise the tem
perature of a given m

ass to a given

degree) vary inversely as their atom
ic w

eights. In the sam
e year

Eilhard M
itscherlich, a Germ

an investigator, observed that

com
pounds having the sam

e num
ber of atom

s to the m
olecule are

disposed to form
 the sam

e angles of crystallization—
a property

w
hich he called isom

orphism
.

Here, then, w
ere tw

o utterly novel and independent sets of

em
pirical facts w

hich harm
onize strangely w

ith the supposition

that substances are com
posed of chem

ical atom
s of a determ

inate

w
eight. This surely could not be coincidence—

it tells of law
.

And so as soon as the claim
s of Dulong and Petit and of

M
itscherlich had been substantiated by other observers, the law

s

of the specific heat of atom
s, and of isom

orphism
, took their

place as new
 levers of chem

ical science.  W
ith the aid of these

new
 tools an im

pregnable breastw
ork of facts w

as soon piled about

the atom
ic theory. And John Dalton, the author of that theory,

plain, provincial Quaker, w
orking on to the end in

sem
i-retirem

ent, becam
e know

n to all the w
orld and for all tim

e

as a m
aster of m

asters.

HUM
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During those early years of the nineteenth century, w
hen Dalton

w
as grinding aw

ay at chem
ical fact and theory in his obscure

M
anchester laboratory, another Englishm

an held the attention of

the chem
ical w

orld w
ith a series of the m

ost brilliant and w
idely

heralded researches.  This w
as Hum

phry Davy, a young m
an w

ho had

conic to London in 1801, at the instance of Count Rum
ford, to

1801   
assum

e the chair of chem
ical philosophy in the Royal Institution,

w
hich the fam

ous Am
erican had just founded.

Here, under Davy´s direction, the largest voltaic battery yet

constructed had been put in operation, and w
ith its aid the

brilliant young experim
enter w

as expected alm
ost to perform

m
iracles. And indeed he scarcely disappointed the expectation,

for w
ith the aid of his battery he transform

ed so fam
iliar a

substance as com
m

on potash into a m
etal w

hich w
as not only so

light that it floated on w
ater, but possessed the seem

ingly

m
iraculous property of bursting into flam

es as soon as it cam
e in

contact w
ith that fire-quenching liquid. If this w

ere not a

m
iracle, it had for the popular eye all the appearance of the

m
iraculous.

W
hat Davy really had done w

as to decom
pose the potash, w

hich

hitherto had been supposed to be elem
entary, liberating its

oxygen, and thus isolating its m
etallic base, w

hich he nam
ed

potassium
. The sam

e thing w
as done w

ith soda, and the closely

sim
ilar m

etal sodium
 w

as discovered—
m

etals of a unique type,

possessed of a strange avidity for oxygen, and capable of seizing

on it even w
hen it is bound up in the m

olecules of w
ater.

Considered as m
ere curiosities, these discoveries w

ere

interesting, but aside from
 that they w

ere of great theoretical

im
portance, because they show

ed the com
pound nature of som

e

fam
iliar chem

icals that had been regarded as elem
ents.  Several

other elem
entary earths m

et the sam
e fate w

hen subjected to the

electrical influence; the m
etals barium

, calcium
, and strontium

being thus discovered. Thereafter Davy alw
ays referred to the

supposed elem
entary substances (including oxygen, hydrogen, and

the rest) as “unde-com
pounded” bodies. These resist all present

efforts to decom
pose them

, but how
 can one know

 w
hat m

ight not

happen w
ere they subjected to an influence, perhaps som

e day to

be discovered, w
hich exceeds the battery in pow

er as the battery

exceeds the blow
pipe?

Another and even m
ore im

portant theoretical result that flow
ed

from
 Davy´s experim

ents during this first decade of the century

w
as the proof that no elem

entary substances other than hydrogen

and oxygen are produced w
hen pure w

ater is decom
posed by the

electric current. It w
as early noticed by Davy and others that

w
hen a strong current is passed through w

ater, alkalies appear at

one pole of the battery and acids at the other, and this though

the w
ater used w

ere absolutely pure. This seem
ingly told of the

creation of elem
ents—

a transm
utation but one step rem

oved from

the creation of m
atter itself—

under the influence of the new

“force.“  It w
as one of Davy´s greatest trium

phs to prove, in the

series of experim
ents recorded in his fam

ous Bakerian lecture of

1806, that the alleged creation of elem
ents did not take place,

1806   
the substances found at the poles of the battery having been

dissolved from
 the w

alls of the vessels in w
hich the w

ater

experim
ented upon had been placed. Thus the sam

e im
plem

ent w
hich

had served to give a certain philosophical w
arrant to the fading

dream
s of alchem

y banished those dream
s perem

ptorily from
 the

dom
ain of present science.

“As early as 1800,“ w
rites Davy, ”I had found that w

hen separate

1800   
portions of distilled w

ater, filling tw
o glass tubes, connected

by m
oist bladders, or any m

oist anim
al or vegetable substances,

w
ere subm

itted to the electrical action of the pile of Volta by

m
eans of gold w

ires, a nitro-m
uriatic solution of gold appeared

in the tube containing the positive w
ire, or the w

ire

transm
itting the electricity, and a solution of soda in the

opposite tube; but I soon ascertained that the m
uriatic acid ow

ed

its existence to the anim
al or vegetable m

atters em
ployed; for

w
hen the sam

e fibres of cotton w
ere m

ade use of in successive

experim
ents, and w

ashed after every process in a w
eak solution of

nitric acid, the w
ater in the apparatus containing them

, though

acted on for a great length of tim
e w

ith a very strong pow
er, at

last produced no effects upon nitrate of silver.

“In cases w
hen I had procured m

uch soda, the glass at its point

of contact w
ith the w

ire seem
ed considerably corroded; and I w

as

confirm
ed in m

y idea of referring the production of the alkali

principally to this source, by finding that no fixed saline

m
atter could be obtained by electrifying distilled w

ater in a

single agate cup from
 tw

o points of platina w
ith the Voltaic

battery.
“M

r. Sylvester, how
ever, in a paper published in M

r. Nicholson´s

journal for last August, states that though no fixed alkali or

m
uriatic acid appears w

hen a single vessel is em
ployed, yet that

they are both form
ed w

hen tw
o vessels are used. And to do aw

ay

w
ith all objections w

ith regard to vegetable substances or glass,

he conducted his process in a vessel m
ade of baked tobacco-pipe

clay inserted in a crucible of platina. I have no doubt of the

correctness of his results; but the conclusion appears

objectionable.  He conceives, that he obtained fixed alkali,

because the fluid after being heated and evaporated left a m
atter

that tinged turm
eric brow

n, w
hich w

ould have happened had it been

lim
e, a substance that exists in considerable quantities in all

pipe-clay; and even allow
ing the presence of fixed alkali, the

m
aterials em

ployed for the m
anufacture of tobacco-pipes are not

at all such as to exclude the com
binations of this substance.

“I resum
ed the inquiry; I procured sm

all cylindrical cups of

agate of the capacity of about one-quarter of a cubic inch each.

They were boiled for som
e hours in distilled water, and a piece

of very white and transparent am
ianthus that had been treated in

the sam
e way was m

ade then to connect together; they were filled

with distilled water and exposed by m
eans of two platina wires to

a current of electricity, from
 one hundred and fifty pairs of

plates of copper and zinc four inches square, m
ade active by

m
eans of solution of alum

. After forty-eight hours the process

was exam
ined: Paper tinged with litm

us plunged into the tube

containing the transm
itting or positive wire was im

m
ediately

strongly reddened. Paper colored by turm
eric introduced into the

other tube had its color m
uch deepened; the acid m

atter gave a

very slight degree of turgidness to solution of nitrate of soda.

The fluid that affected turm
eric retained this property after

being strongly boiled; and it appeared m
ore vivid as the quantity

becam
e reduced by evaporation; carbonate of am

m
onia was m

ixed

with it, and the whole dried and exposed to a strong heat; a

m
inute quantity of white m

atter rem
ained, which, as far as m

y

exam
inations could go, had the properties of carbonate of soda. I

com
pared it with sim

ilar m
inute portions of the pure carbonates

of potash, and sim
ilar m

inute portions of the pure carbonates of

potash and soda.  It was not so deliquescent as the form
er of

these bodies, and it form
ed a salt with nitric acid, which, like

nitrate of soda, soon attracted m
oisture from

 a dam
p atm

osphere

and becam
e fluid.

“This result was unexpected, but it was far from
 convincing m

e

that the substances which were obtained were generated. In a

sim
ilar process with glass tubes, carried on under exactly the

sam
e circum

stances and for the sam
e tim

e, I obtained a quantity

of alkali which m
ust have been m

ore than twenty tim
es greater,

but no traces of m
uriatic acid. There was m

uch probability that

the agate contained som
e m

inute portion of saline m
atter, not

easily detected by chem
ical analysis, either in com

bination or

intim
ate cohesion in its pores. To determ

ine this, I repeated

this a second, a third, and a fourth tim
e.  In the second

experim
ent turbidness was still produced by a solution of nitrate

of silver in the tube containing the acid, but it was less

distinct; in the third process it was barely perceptible; and in

the fourth process the two fluids rem
ained perfectly clear after

the m
ixture. The quantity of alkaline m

atter dim
inished in every

operation; and in the last process, though the battery had been

kept in great activity for three days, the fluid possessed, in a

very slight degree, only the power of acting on paper tinged with

turm
eric; but its alkaline property was very sensible to litm

us

paper slightly reddened, which is a m
uch m

ore delicate test; and

after evaporation and the process by carbonate of am
m

onia, a

barely perceptible quantity of fixed alkali was still left. The

acid m
atter in the other tube was abundant; its taste was sour;

it sm
elled like water over which large quantities of nitrous gas

have been long kept; it did not effect solution of m
uriate of

barytes; and a drop of it placed upon a polished plate of silver

left, after evaporation, a black stain, precisely sim
ilar to that

produced by extrem
ely diluted nitrous acid.

“After these results I could no longer doubt that som
e saline

m
atter existing in the agate tubes had been the source of the

acid m
atter capable of precipitating nitrate of silver and m

uch

of the alkali. Four additional repetitions of the process,

however, convinced m
e that there was likewise som

e other cause

for the presence of this last substance; for it continued to

appear to the last in quantities sufficiently distinguishable,

and apparently equal in every case. I had used every precaution,

I had included the tube in glass vessels out of the reach of the

circulating air; all the acting m
aterials had been repeatedly

washed with distilled water; and no part of them
 in contact with

the fluid had been touched by the fingers.

“The only substance that I could now conceive as furnishing the

fixed alkali was the water itself.  This water appeared pure by

the tests of nitrate of silver and m
uriate of barytes; but potash

of soda, as is well known, rises in sm
all quantities in rapid

distillation; and the New River water which I m
ade use of

contains anim
al and vegetable im

purities, which it was easy to

conceive m
ight furnish neutral salts capable of being carried

over in vivid ebullition.“[1] Further experim
ent proved the

correctness of this inference, and the last doubt as to the

origin of the puzzling chem
ical was dispelled.

Though the presence of the alkalies and acids in the water was

explained, however, their respective m
igrations to the negative

and positive poles of the battery rem
ained to be accounted for.

Davy´s classical explanation assum
ed that different elem

ents

differ am
ong them

selves as to their electrical properties, som
e

being positively, others negatively, electrified.  Electricity

and “chem
ical affinity,“ he said, apparently are m

anifestations

of the sam
e force, acting in the one case on m

asses, in the other

on particles. Electro-positive particles unite with

electro-negative particles to form
 chem

ical com
pounds, in virtue

of the fam
iliar principle that opposite electricities attract one

another. W
hen com

pounds are decom
posed by the battery, this

m
utual attraction is overcom

e by the stronger attraction of the

poles of the battery itself.

This theory of binary com
position of all chem

ical com
pounds,

through the union of electro-positive and electro-negative atom
s

or m
olecules, was extended by Berzelius, and m

ade the basis of

his fam
ous system

 of theoretical chem
istry.  This theory held

that all inorganic com
pounds, however com

plex their com
position,

are essentially com
posed of such binary com

binations. For m
any

years this view enjoyed alm
ost undisputed sway. It received what

seem
ed strong confirm

ation when Faraday showed the definite

connection between the am
ount of electricity em

ployed and the

am
ount of decom

position produced in the so-called electrolyte.

But its claim
s were really m

uch too com
prehensive, as subsequent

discoveries proved.
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W
hen Berzelius first prom

ulgated his binary theory he was careful

to restrict its unm
odified application to the com

pounds of the

inorganic world.  At that tim
e, and for a long tim

e thereafter,

it was supposed that substances of organic nature had som
e

properties that kept them
 aloof from

 the dom
ain of inorganic

chem
istry. It was little doubted that a so-called “vital force”

operated here, replacing or m
odifying the action of ordinary

“chem
ical affinity.“ It was, indeed, adm

itted that organic

com
pounds are com

posed of fam
iliar elem

ents—
chiefly carbon,

oxygen, hydrogen, and nitrogen; but these elem
ents were supposed

to be united in ways that could not be im
itated in the dom

ain of

the non-living. It was regarded alm
ost as an axiom

 of chem
istry

that no organic com
pound whatever could be put together from

 its

elem
ents—

synthesized—
in the laboratory. To effect the synthesis

of even the sim
plest organic com

pound, it was thought that the

“vital force” m
ust be in operation.

Therefore a veritable sensation was created in the chem
ical world

when, in the year 1828, it was announced that the young Germ
an

1828   
chem

ist, Friedrich W
ohler, form

erly pupil of Berzelius, and

already known as a com
ing m

aster, had actually synthesized the

well-known organic product urea in his laboratory at Sacrow.  The

“exception which proves the rule” is som
ething never heard of in

the dom
ain of logical science.  Natural law knows no exceptions. 

So the synthesis of a single organic com
pound sufficed at a blow

to break down the chem
ical barrier which the im

agination of the

fathers of the science had erected between anim
ate and inanim

ate

nature. Thenceforth the philosophical chem
ist would regard the

plant and anim
al organism

s as chem
ical laboratories in which

conditions are peculiarly favorable for building up com
plex

com
pounds of a few fam

iliar elem
ents, under the operation of

universal chem
ical laws.  The chim

era “vital force” could no

longer gain recognition in the dom
ain of chem

istry.

Now a wave of interest in organic chem
istry swept over the

chem
ical world, and soon the study of carbon com

pounds becam
e as

m
uch the fashion as electrochem

istry had been in the, preceding

generation.

Forem
ost am

ong the workers who rendered this epoch of organic

chem
istry m

em
orable were Justus Liebig in Germ

any and Jean

Baptiste Andre Dum
as in France, and their respective pupils,

Charles Frederic Gerhardt and Augustus Laurent.  W
ohler, too,

m
ust be nam

ed in the sam
e breath, as also m

ust Louis Pasteur,

who, though som
ewhat younger than the others, cam

e upon the scene

in tim
e to take chief part in the m

ost im
portant of the

controversies that grew out of their labors.

Several years earlier than this the way had been paved for the

study of organic substances by Gay-Lussac´s discovery, m
ade in

1815, that a certain com
pound of carbon and nitrogen, which he

1815   
nam

ed cyanogen, has a peculiar degree of stability which enables

it to retain its identity and enter into chem
ical relations after

the m
anner of a sim

ple body. A year later Am
pere discovered that

nitrogen and hydrogen, when com
bined in certain proportions to

form
 what he called am

m
onium

, have the sam
e property. Berzelius

had seized upon this discovery of the com
pound radical, as it was

called, because it seem
ed to lend aid to his dualistic theory. He

conceived the idea that all organic com
pounds are binary unions

of various com
pound radicals with an atom

 of oxygen, announcing

this theory in 1818. Ten years later, Liebig and W
ohler undertook

1818   
a joint investigation which resulted in proving that com

pound

radicals are indeed very abundant am
ong organic substances.  Thus

the theory of Berzelius seem
ed to be substantiated, and organic

chem
istry cam

e to be defined as the chem
istry of com

pound

radicals.
But even in the day of its seem

ing trium
ph the dualistic theory

was destined to receive a rude shock.  This cam
e about through

the investigations of Dum
as, who proved that in a certain organic

substance an atom
 of hydrogen m

ay be rem
oved and an atom

 of

chlorine substituted in its place without destroying the

integrity of the original com
pound—

m
uch as a child m

ight

substitute one block for another in its play-house. Such a

substitution would be quite consistent with the dualistic theory,

were it not for the very essential fact that hydrogen is a

powerfully electro-positive elem
ent, while chlorine is as

strongly electro-negative. Hence the com
pound radical which

united successively with these two elem
ents m

ust itself be at one

tim
e electro-positive, at another electro-negative—

a seem
ing

inconsistency which threw the entire Berzelian theory into

disfavor.
In its place there was elaborated, chiefly through the efforts of

Laurent and Gerhardt, a conception of the m
olecule as a unitary

structure, built up through the aggregation of various atom
s, in

accordance with “elective affinities” whose nature is not yet

understood A doctrine of “nuclei” and a doctrine of “types” of

m
olecular structure were m

uch exploited, and, like the doctrine

of com
pound radicals, becam

e useful as aids to m
em

ory and guides

for the analyst, indicating som
e of the plans of m

olecular

construction, though by no m
eans penetrating the m

ysteries of

chem
ical affinity. They are classifications rather than

explanations of chem
ical unions.  But at least they served an

im
portant purpose in giving definiteness to the idea of a

m
olecular structure built of atom

s as the basis of all

substances. Now at last the word m
olecule cam

e to have a distinct

m
eaning, as distinct from

 “atom
,“ in the m

inds of the generality

of chem
ists, as it had had for Avogadro a third of a century

before. Avogadro´s hypothesis that there are equal num
bers of

these m
olecules in equal volum

es of gases, under fixed

conditions, was revived by Gerhardt, and a little later, under

the cham
pionship of Cannizzaro, was exalted to the plane of a

fixed law. Thenceforth the conception of the m
olecule was to be

as dom
inant a thought in chem

istry as the idea of the atom
 had

becom
e in a previous epoch.

CHEM
ICAL AFFINITY

CHEM
ICAL AFFINITY

Of course the atom
 itself was in no sense displaced, but

Avogadro´s law soon m
ade it plain that the atom

 had often usurped

territory that did not really belong to it. In m
any cases the

chem
ists had supposed them

selves dealing with atom
s as units

where the true unit was the m
olecule. In the case of elem

entary

gases, such as hydrogen and oxygen, for exam
ple, the law of equal

num
bers of m

olecules in equal spaces m
ade it clear that the atom

s

do not exist isolated, as had been supposed.  Since two volum
es

of hydrogen unite with one volum
e of oxygen to form

 two volum
es

of water vapor, the sim
plest m

athem
atics show, in the light of

Avogadro´s law, not only that each m
olecule of water m

ust contain

two hydrogen atom
s (a point previously in dispute), but that the

original m
olecules of hydrogen and oxygen m

ust have been com
posed

in each case of two atom
s—

-else how could one volum
e of oxygen

supply an atom
 for every m

olecule of two volum
es of water?

W
hat, then, does this im

ply?  W
hy, that the elem

entary atom
 has

an avidity for other atom
s, a longing for com

panionship, an

“affinity”—
call it what you will—

which is bound to be satisfied

if other atom
s are in the neighborhood.  Placed solely am

ong

atom
s of its own kind, the oxygen atom

 seizes on a fellow oxygen

atom
, and in all their m

ad dancings these two m
ates cling

together—
possibly revolving about each other in m

iniature

planetary orbits. Precisely the sam
e thing occurs am

ong the

hydrogen atom
s. But now suppose the various pairs of oxygen atom

s

com
e near other pairs of hydrogen atom

s (under proper conditions

which need not detain us here), then each oxygen atom
 loses its

attachm
ent for its fellow, and flings itself m

adly into the

circuit of one of the hydrogen couplets, and—
presto!—

there are

only two m
olecules for every three there were before, and free

oxygen and hydrogen have becom
e water. The whole process, stated

in chem
ical phraseology, is sum

m
ed up in the statem

ent that under

the given conditions the oxygen atom
s had a greater affinity for

the hydrogen atom
s than for one another.

As chem
ists studied the actions of various kinds of atom

s, in

regard to their unions with one another to form
 m

olecules, it

gradually dawned upon them
 that not all elem

ents are satisfied

with the sam
e num

ber of com
panions. Som

e elem
ents ask only one,

and refuse to take m
ore; while others link them

selves, when

occasion offers, with two, three, four, or m
ore. Thus we saw that

oxygen forsook a single atom
 of its own kind and linked itself

with two atom
s of hydrogen.  Clearly, then, the oxygen atom

, like

a creature with two hands, is able to clutch two other atom
s. 

But we have no proof that under any circum
stances it could hold

m
ore than two. Its affinities seem

 satisfied when it has two

bonds.  But, on the other hand, the atom
 of nitrogen is able to

hold three atom
s of hydrogen, and does so in the m

olecule of

am
m

onium
 (NH3); while the carbon atom

 can hold four atom
s of

hydrogen or two atom
s of oxygen.

Evidently, then, one atom
 is not always equivalent to another

atom
 of a different kind in com

bining powers.  A recognition of

this fact by Frankland about 1852, and its further investigation

1852   
by others (notably A. Kekule and A. S. Couper), led to the

introduction of the word equivalent into chem
ical term

inology in

a new sense, and in particular to an understanding of the

affinities or “valency” of different elem
ents, which proved of

the m
ost fundam

ental im
portance. Thus it was shown that, of the

four elem
ents that enter m

ost prom
inently into organic com

pounds,

hydrogen can link itself with only a single bond to any other

elem
ent—

it has, so to speak, but a single hand with which to

grasp—
while oxygen has capacity for two bonds, nitrogen for

three (possibly for five), and carbon for four. The words

m
onovalent, divalent, trivalent, tretrava-lent, etc., were coined

to express this m
ost im

portant fact, and the various elem
ents

cam
e to be known as m

onads, diads, triads, etc.  Just why

different elem
ents should differ thus in valency no one as yet

knows; it is an em
pirical fact that they do.  And once the nature

of any elem
ent has been determ

ined as regards its valency, a m
ost

im
portant insight into the possible behavior of that elem

ent has

been secured. Thus a consideration of the fact that hydrogen is

m
onovalent, while oxygen is divalent, m

akes it plain that we m
ust

expect to find no m
ore than three com

pounds of these two

elem
ents—

nam
ely, H—

O—
(written HO by the chem

ist, and called

hydroxyl); H—
O—

H (H2O, or water), and H—
O—

O—
H (H2O2, or

hydrogen peroxide). It will be observed that in the first of

these com
pounds the atom

 of oxygen stands, so to speak, with one

of its hands free, eagerly reaching out, therefore, for another

com
panion, and hence, in the language of chem

istry, form
ing an

unstable com
pound. Again, in the third com

pound, though all hands

are clasped, yet one pair links oxygen with oxygen; and this also

m
ust be an unstable union, since the avidity of an atom

 for its

own kind is relatively weak. Thus the well-known properties of

hydrogen peroxide are explained, its easy decom
position, and the

eagerness with which it seizes upon the elem
ents of other

com
pounds.

But the m
olecule of water, on the other hand, has its atom

s

arranged in a state of stable equilibrium
, all their affinities

being satisfied.  Each hydrogen atom
 has satisfied its own

affinity by clutching the oxygen atom
; and the oxygen atom

 has

both its bonds satisfied by clutching back at the two hydrogen

atom
s. Therefore the trio, linked in this close bond, have no

tendency to reach out for any other com
panion, nor, indeed, any

power to hold another should it thrust itself upon them
. They

form
 a “stable” com

pound, which under all ordinary circum
stances

will retain its identity as a m
olecule of water, even though the

physical m
ass of which it is a part changes its condition from

 a

solid to a gas from
 ice to vapor.

But a consideration of this condition of stable equilibrium
 in

the m
olecule at once suggests a new question: How can an

aggregation of atom
s, having all their affinities satisfied, take

any further part in chem
ical reactions? Seem

ingly such a

m
olecule, whatever its physical properties, m

ust be chem
ically

inert, incapable of any atom
ic readjustm

ents. And so in point of

fact it is, so long as its com
ponent atom

s cling to one another

unrem
ittingly.  But this, it appears, is precisely what the atom

s

are little prone to do. It seem
s that they are fickle to the last

degree in their individual attachm
ents, and are as prone to break

away from
 bondage as they are to enter into it.  Thus the oxygen

atom
 which has just flung itself into the circuit of two hydrogen

atom
s, the next m

om
ent flings itself free again and seeks new

com
panions. It is for all the world like the incessant change of

partners in a rollicking dance.  This incessant dissolution and

reform
ation of m

olecules in a substance which as a whole rem
ains

apparently unchanged was first fully appreciated by Ste.-Claire

Deville, and by him
 nam

ed dissociation.  It is a process which

goes on m
uch m

ore actively in som
e com

pounds than in others, and

very m
uch m

ore actively under som
e physical conditions (such as

increase of tem
perature) than under others.  But apparently no

substances at ordinary tem
peratures, and no tem

perature above the

absolute zero, are absolutely free from
 its disturbing influence.

Hence it is that m
olecules having all the valency of their atom

s

fully satisfied do not lose their chem
ical activity—

since each

atom
 is m

om
entarily free in the exchange of partners, and m

ay

seize upon different atom
s from

 its form
er partners, if those it

prefers are at hand.

W
hile, however, an appreciation of this ceaseless activity of the

atom
 is essential to a proper understanding of its chem

ical

efficiency, yet from
 another point of view the “saturated”

m
olecule—

that is, the m
olecule whose atom

s have their valency

all satisfied—
m

ay be thought of as a relatively fixed or stable

organism
. Even though it m

ay presently be torn down, it is for

the tim
e being a com

pleted structure; and a consideration of the

valency of its atom
s gives the best clew that has hitherto been

obtainable as to the character of its architecture.  How

im
portant this m

atter of architecture of the m
olecule—

of space

relations of the atom
s—

m
ay be was dem

onstrated as long ago as

1823, when Liebig and W
ohler proved, to the utter bewilderm

ent of

1823   
the chem

ical world, that two substances m
ay have precisely the

sam
e chem

ical constitution—
the sam

e num
ber and kind of

atom
s—

and yet differ utterly in physical properties. The word

isom
erism

 was coined by Berzelius to express this anom
alous

condition of things, which seem
ed to negative the m

ost

fundam
ental truths of chem

istry.  Nam
ing the condition by no

m
eans explained it, but the fact was m

ade clear that som
ething

besides the m
ere num

ber and kind of atom
s is im

portant in the

architecture of a m
olecule. It becam

e certain that atom
s are not

thrown together haphazard to build a m
olecule, any m

ore than

bricks are thrown together at random
 to form

 a house.

How delicate m
ay be the gradations of architectural design in

building a m
olecule was well illustrated about 1850, when Pasteur

1850   
discovered that som

e carbon com
pounds—

as certain sugars—
can

only be distinguished from
 one another, when in solution, by the

fact of their twisting or polarizing a ray of light to the left

or to the right, respectively. But no inkling of an explanation

of these strange variations of m
olecular structure cam

e until the

discovery of the law of valency.  Then m
uch of the m

ystery was

cleared away; for it was plain that since each atom
 in a m

olecule

can hold to itself only a fixed num
ber of other atom

s, com
plex

m
olecules m

ust have their atom
s linked in definite chains or

groups. And it is equally plain that where the atom
s are

num
erous, the exact plan of grouping m

ay som
etim

es be susceptible

of change without doing violence to the law of valency. It is in

such cases that isom
erism

 is observed to occur.

By paying constant heed to this m
atter of the affinities,

chem
ists are able to m

ake diagram
m

atic pictures of the plan of

architecture of any m
olecule whose com

position is known. In the

sim
ple m

olecule of water (H2O), for exam
ple, the two hydrogen

atom
s m

ust have released each other before they could join the

oxygen, and the m
anner of linking m

ust apparently be that

represented in the graphic form
ula H—

O—
H. W

ith m
olecules

com
posed of a large num

ber of atom
s, such graphic representation

of the schem
e of linking is of course increasingly difficult,

yet, with the affinities for a guide, it is always possible. Of

course no one supposes that such a form
ula, written in a single

plane, can possibly represent the true architecture of the

m
olecule: it is at best suggestive or diagram

m
atic rather than

pictorial. Nevertheless, it affords hints as to the structure of

the m
olecule such as the fathers of chem

istry would not have

thought it possible ever to attain.

PERIODICITY OF ATOM
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These utterly novel studies of m
olecular architecture m

ay seem
 at

first sight to take from
 the atom

 m
uch of its form

er prestige as

the all-im
portant personage of the chem

ical world. Since so m
uch

depends upon the m
ere position of the atom

s, it m
ay appear that

com
paratively little depends upon the nature of the atom

s

them
selves.  But such a view is incorrect, for on closer

consideration it will appear that at no tim
e has the atom

 been

seen to renounce its peculiar personality. W
ithin certain lim

its

the character of a m
olecule m

ay be altered by changing the

positions of its atom
s (just as different buildings m

ay be

constructed of the sam
e bricks), but these lim

its are sharply

defined, and it would be as im
possible to exceed them

 as it would

be to build a stone building with bricks. From
 first to last the

brick rem
ains a brick, whatever the style of architecture it

helps to construct; it never becom
es a stone. And just as closely

does each atom
 retain its own peculiar properties, regardless of

its surroundings.

Thus, for exam
ple, the carbon atom

 m
ay take part in the form

ation

at one tim
e of a diam

ond, again of a piece of coal, and yet again

of a particle of sugar, of wood fibre, of anim
al tissue, or of a

gas in the atm
osphere; but from

 first to last—
from

 glass-cutting

gem
 to intangible gas—

there is no dem
onstrable change whatever

in any single property of the atom
 itself. So far as we know, its

size, its weight, its capacity for vibration or rotation, and its

inherent affinities, rem
ain absolutely unchanged throughout all

these varying fortunes of position and association. And the sam
e

thing is true of every atom
 of all of the seventy-odd elem

entary

substances with which the m
odern chem

ist is acquainted. Every one

appears always to m
aintain its unique integrity, gaining nothing

and losing nothing.

All this being true, it would seem
 as if the position of the

Daltonian atom
 as a prim

ordial bit of m
atter, indestructible and

non-transm
utable, had been put to the test by the chem

istry of

our century, and not found wanting. Since those early days of the

century when the electric battery perform
ed its m

iracles and

seem
ingly reached its lim

itations in the hands of Davy, m
any new

elem
entary substances have been discovered, but no single elem

ent

has been displaced from
 its position as an undecom

posable body.

Rather have the analyses of the chem
ist seem

ed to m
ake it m

ore

and m
ore certain that all elem

entary atom
s are in truth what John

Herschel called them
, “m

anufactured articles”—
prim

ordial,

changeless, indestructible.

And yet, oddly enough, it has chanced that hand in hand with the

experim
ents leading to such a goal have gone other experim

ents

arid speculations of exactly the opposite tenor. In each

generation there have been chem
ists am

ong the leaders of their

science who have refused to adm
it that the so-called elem

ents are

really elem
ents at all in any final sense, and who have sought

eagerly for proof which m
ight warrant their scepticism

. The first

bit of evidence tending to support this view was furnished by an

English physician, Dr. W
illiam

 Prout, who in 1815 called

1815   
attention to a curious relation to be observed between the atom

ic

weight of the various elem
ents. Accepting the figures given by

the authorities of the tim
e (notably Thom

son and Berzelius), it

appeared that a strikingly large proportion of the atom
ic weights

were exact m
ultiples of the weight of hydrogen, and that others

differed so slightly that errors of observation m
ight explain the

discrepancy. Prout felt that it could not be accidental, and he

could think of no tenable explanation, unless it be that the

atom
s of the various alleged elem

ents are m
ade up of different

fixed num
bers of hydrogen atom

s.  Could it be that the one true

elem
ent—

the one prim
al m

atter—
is hydrogen, and that all other

form
s of m

atter are but com
pounds of this original substance?

Prout advanced this startling idea at first tentatively, in an

anonym
ous publication; but afterwards he espoused it openly and

urged its tenability.  Com
ing just after Davy´s dissociation of

som
e supposed elem

ents, the idea proved alluring, and for a tim
e

gained such popularity that chem
ists were disposed to round out

the observed atom
ic weights of all elem

ents into whole num
bers.

But presently renewed determ
inations of the atom

ic weights seem
ed

to discountenance this practice, and Prout´s alleged law fell

into disrepute.  It was revived, however, about 1840, by Dum
as,

1840   
whose great authority secured it a respectful hearing, and whose

careful redeterm
ination of the weight of carbon, m

aking it

exactly twelve tim
es that of hydrogen, aided the cause.

Subsequently Stas, the pupil of Dum
as, undertook a long series of

determ
inations of atom

ic weights, with the expectation of

confirm
ing the Proutian hypothesis.  But his results seem

ed to

disprove the hypothesis, for the atom
ic weights of m

any elem
ents

differed from
 whole num

bers by m
ore, it was thought, than the

lim
its of error of the experim

ents. It was noteworthy, however,

that the confidence of Dum
as was not shaken, though he was led to

m
odify the hypothesis, and, in accordance with previous

suggestions of Clark and of Marignac, to recognize as the

prim
ordial elem

ent, not hydrogen itself, but an atom
 half the

weight, or even one-fourth the weight, of that of hydrogen, of

which prim
ordial atom

 the hydrogen atom
 itself is com

pounded. But

even in this m
odified form

 the hypothesis found great opposition

from
 experim

ental observers.

In 1864, however, a novel relation between the weights of the

1864   
elem

ents and their other characteristics was called to the

attention of chem
ists by Professor John A. R. Newlands, of

London, who had noticed that if the elem
ents are arranged

serially in the num
erical order of their atom

ic weights, there is

a curious recurrence of sim
ilar properties at intervals of eight

elem
ents This so-called “law of octaves” attracted little

im
m

ediate attention, but the facts it connotes soon cam
e under

the observation of other chem
ists, notably of Professors Gustav

Hinrichs in Am
erica, Dm

itri Mendeleeff in Russia, and Lothar

Meyer in Germ
any.  Mendeleeff gave the discovery fullest

expression, explicating it in 1869, under the title of “the

1869   
periodic law.“

Though this early exposition of what has since been adm
itted to

be a m
ost im

portant discovery was very fully outlined, the

generality of chem
ists gave it little heed till a decade or so

later, when three new elem
ents, gallium

, scandium
, and germ

anium
,

were discovered, which, on being analyzed, were quite

unexpectedly found to fit into three gaps which Mendeleeff had

left in his periodic scale. In effect the periodic law had

enabled Mendeleeff to predicate the existence of the new elem
ents

years before they were discovered. Surely a system
 that leads to

such results is no m
ere vagary. So very soon the periodic law

took its place as one of the m
ost im

portant generalizations of

chem
ical science.

This law of periodicity was put forward as an expression of

observed relations independent of hypothesis; but of course the

theoretical bearings of these facts could not be overlooked. As

Professor J. H. Gladstone has said, it forces upon us “the

conviction that the elem
ents are not separate bodies created

without reference to one another, but that they have been

originally fashioned, or have been built up, from
 one another,

according to som
e general plan.“  It is but a short step from

that proposition to the Proutian hypothesis.

NEW
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But the atom
ic weights are not alone in suggesting the com

pound

nature of the alleged elem
ents.  Evidence of a totally different

kind has contributed to the sam
e end, from

 a source that could

hardly have been im
agined when the Proutian hypothesis, was

form
ulated, through the tradition of a novel weapon to the

arm
am

entarium
 of the chem

ist—
the spectroscope.  The perfection

of this instrum
ent, in the hands of two Germ

an scientists, Gustav

Robert Kirchhoff and Robert W
ilhelm

 Bunsen, cam
e about through

the investigation, towards the m
iddle of the century, of the

m
eaning of the dark lines which had been observed in the solar

spectrum
 by Fraunhofer as early as 1815, and by W

ollaston a

1815   
decade earlier. It was suspected by Stokes and by Fox Talbot in

England, but first brought to dem
onstration by Kirchhoff and

Bunsen, that these lines, which were known to occupy definite

positions in the spectrum
, are really indicative of particular

elem
entary substances. By m

eans of the spectroscope, which is

essentially a m
agnifying lens attached to a prism

 of glass, it is

possible to locate the lines with great accuracy, and it was soon

shown that here was a new m
eans of chem

ical analysis of the m
ost

exquisite delicacy. It was found, for exam
ple, that the

spectroscope could detect the presence of a quantity of sodium
 so

infinitesim
al as the one two-hundred-thousandth of a grain.  But

what was even m
ore im

portant, the spectroscope put no lim
it upon

the distance of location of the substance it tested, provided

only that sufficient light cam
e from

 it. The experim
ents it

recorded m
ight be perform

ed in the sun, or in the m
ost distant

stars or nebulae; indeed, one of the earliest feats of the

instrum
ent was to wrench from

 the sun the secret of his chem
ical

constitution.

To render the utility of the spectroscope com
plete, however, it

was necessary to link with it another new chem
ical

agency—
nam

ely, photography.  This now fam
iliar process is based

on the property of light to decom
pose certain unstable com

pounds

of silver, and thus alter their chem
ical com

position. Davy and

W
edgwood barely escaped the discovery of the value of the

photographic m
ethod early in the nineteenth century. Their

successors quite overlooked it until about 1826, when Louis J. M.

1826   
Daguerre, the French chem

ist, took the m
atter in hand, and after

m
any years of experim

entation brought it to relative perfection

in 1839, in which year the fam
ous daguerreotype first brought the

1839   
m

atter to popular attention. In the sam
e year Mr. Fox Talbot read

a paper on the subject before the Royal Society, and soon

afterwards the efforts of Herschel and num
erous other natural

philosophers contributed to the advancem
ent of the new m

ethod.

In 1843 Dr. John W
. Draper, the fam

ous English-Am
erican chem

ist

1843   
and physiologist, showed that by photography the Fraunhofer lines

in the solar spectrum
 m

ight be m
apped with absolute accuracy;

also proving that the silvered film
 revealed m

any lines invisible

to the unaided eye. The value of this m
ethod of observation was

recognized at once, and, as soon as the spectroscope was

perfected, the photographic m
ethod, in conjunction with its use,

becam
e invaluable to the chem

ist. By this m
eans com

parisons of

spectra m
ay be m

ade with a degree of accuracy not otherwise

obtainable; and, in case of the stars, whole clusters of spectra

m
ay be placed on record at a single observation.

As the exam
ination of the sun and stars proceeded, chem

ists were

am
azed or delighted, according to their various preconceptions,

to witness the proof that m
any fam

iliar terrestrial elem
ents are

to be found in the celestial bodies.  But what perhaps surprised

them
 m

ost was to observe the enorm
ous preponderance in the

sidereal bodies of the elem
ent hydrogen. Not only are there vast

quantities of this elem
ent in the sun´s atm

osphere, but som
e

other suns appeared to show hydrogen lines alm
ost exclusively in

their spectra.  Presently it appeared that the stars of which

this is true are those white stars, such as Sirius, which had

been conjectured to be the hottest; whereas stars that are only

red-hot, like our sun, show also the vapors of m
any other

elem
ents, including iron and other m

etals.

In 1878 Professor J. Norm
an Lockyer, in a paper before the Royal

1878   
Society, called attention to the possible significance of this

series of observations. He urged that the fact of the sun showing

fewer elem
ents than are observed here on the cool earth, while

stars m
uch hotter than the sun show chiefly one elem

ent, and that

one hydrogen, the lightest of known elem
ents, seem

ed to give

color to the possibility that our alleged elem
ents are really

com
pounds, which at the tem

perature of the hottest stars m
ay be

decom
posed into hydrogen, the latter “elem

ent” itself being also

doubtless a com
pound, which m

ight be resolved under yet m
ore

trying conditions.

Here, then, was what m
ight be term

ed direct experim
ental evidence

for the hypothesis of Prout.  Unfortunately, however, it is

evidence of a kind which only a few experts are com
petent to

discuss—
so very delicate a m

atter is the spectral analysis of

the stars. W
hat is still m

ore unfortunate, the experts do not

agree am
ong them

selves as to the validity of Professor Lockyer´s

conclusions. Som
e, like Professor Crookes, have accepted them

with acclaim
, hailing Lockyer as “the Darwin of the inorganic

world,“ while others have sought a different explanation of the

facts he brings forward. As yet it cannot be said that the

controversy has been brought to final settlem
ent.  Still, it is

hardly to be doubted that now, since the periodic law has seem
ed

to join hands with the spectroscope, a belief in the com
pound

nature of the so-called elem
ents is rapidly gaining ground am

ong

chem
ists.  More and m

ore general becom
es the belief that the

Daltonian atom
 is really a com

pound radical, and that back of the

seem
ing diversity of the alleged elem

ents is a single form
 of

prim
ordial m

atter.  Indeed, in very recent m
onths, direct

experim
ental evidence for this view has at last com

e to hand,

through the study of radio-active substances.  In a later chapter

we shall have occasion to inquire how this cam
e about.
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In 1736 he was called to Gottingen as professor of anatomy,

1736   
surgery, chemistry, and botany.  During his labors in the

university he never neglected his literary work, sometimes living

and sleeping for days and nights together in his library, eating

his meals while delving in his books, and sleeping only when

actually compelled to do so by fatigue. During all this time he

was in correspondence with savants from all over the world, and

it is said of him that he never left a letter of any kind

unanswered.

Haller´s greatest contribution to medical science was his famous

doctrine of irritability, which has given him the name of “father

of modern nervous physiology,“ just as Harvey is called ”the

father of the modern physiology of the blood.“ It has been said

of this famous doctrine of irritability that “it moved all the

minds of the century—
and not in the departments of medicine

alone—
in a way of which we of the present day have no

satisfactory conception, unless we compare it with our modern

Darwinism.“[1]

The principle of general irritability had been laid down by

Francis Glisson (1597-1677) from deductive studies, but Haller

1597   
1677   

proved by experiments along the line of inductive methods that

this irritability was not common to all “fibre as well as to the

fluids of the body,“ but something entirely special, and peculiar

only to muscular substance. He distinguished between irritability

of muscles and sensibility of nerves. In 1747 he gave as the

1747   
three forces that produce muscular movements: elasticity, or

“dead nervous force”; irritability, or “innate nervous force”;

and nervous force in itself.  And in 1752 he described one

1752   
hundred and ninety experiments for determining what parts of the

body possess “irritability”—
that is, the property of contracting

when stimulated. His conclusion that this irritability exists in

muscular substance alone and is quite independent of the nerves

proceeding to it aroused a controversy that was never definitely

settled until late in the nineteenth century, when Haller´s

theory was found to be entirely correct.

It was in pursuit of experiments to establish his theory of

irritability that Haller made his chief discoveries in embryology

and development. He proved that in the process of incubation of

the egg the first trace of the heart of the chick shows itself in

the thirty-eighth hour, and that the first trace of red blood

showed in the forty-first hour. By his investigations upon the

lower animals he attempted to confirm the theory that since the

creation of genus every individual is derived from a preceding

individual—
the existing theory of preformation, in which he

believed, and which taught that “every individual is fully and

completely preformed in the germ, simply growing from microscopic

to visible proportions, without developing any new parts.“

In physiology, besides his studies of the nervous system, Haller

studied the mechanism of respiration, refuting the teachings of

Hamberger (1697-1755), who maintained that the lungs contract

1697   

1755   
independently. Haller, however, in common with his

contemporaries, failed utterly to understand the true function of

the lungs.  The great physiologist´s influence upon practical

medicine, while most profound, was largely indirect. He was a

theoretical rather than a practical physician, yet he is credited

with being the first physician to use the watch in counting the

pulse.
BATTISTA MORGAGNI AND MORBID ANATOMY
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A great contemporary of Haller was Giovanni Battista Morgagni

(1682-1771), who pursued what Sydenham had neglected, the

1682   

1771   
investigation in anatomy, thus supplying a necessary counterpart

to the great Englishman´s work.  Morgagni´s investigations were

directed chiefly to the study of morbid anatomy—
the study of the

structure of diseased tissue, both during life and post mortem,

in contrast to the normal anatomical structures. This work cannot

be said to have originated with him; for as early as 1679 Bonnet

1679   
had made similar, although less extensive, studies; and later

many investigators, such as Lancisi and Haller, had made

post-mortem studies.  But Morgagni´s De sedibus et causis

morborum per anatomen indagatis was the largest, most accurate,

and best-illustrated collection of cases that had ever been

brought together, and marks an epoch in medical science. From the

time of the publication of Morgagni´s researches, morbid anatomy

became a recognized branch of the medical science, and the effect

of the impetus thus given it has been steadily increasing since

that time.
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W
illiam Hunter (1718-1783) must always be remembered as one of

1718   

1783   
the greatest physicians and anatomists of the eighteenth century,

and particularly as the first great teacher of anatomy in

England; but his fame has been somewhat overshadowed by that of

his younger brother John.

Hunter had been intended and educated for the Church, but on the

advice of the surgeon W
illiam Cullen he turned his attention to

the study of medicine. His first attempt at teaching was in 1746,

1746   
when he delivered a series of lectures on surgery for the Society

of Naval Practitioners.  These lectures proved so interesting and

instructive that he was at once invited to give others, and his

reputation as a lecturer was soon established. He was a natural

orator and story-teller, and he combined with these attractive

qualities that of thoroughness and clearness in demonstrations,

and although his lectures were two hours long he made them so

full of interest that his pupils seldom tired of listening.  He

believed that he could do greater good to the world by “publicly

teaching his art than by practising it,“ and even during the last

few days of his life, when he was so weak that his friends

remonstrated against it, he continued his teaching, fainting from

exhaustion at the end of his last lecture, which preceded his

death by only a few days.

For many years it was Hunter´s ambition to establish a museum

where the study of anatomy, surgery, and medicine might be

advanced, and in 1765 he asked for a grant of a plot of ground

1765   
for this purpose, offering to spend seven thousand pounds on its,

erection besides endowing it with a professorship of anatomy. Not

being able to obtain this grant, however, he built a house, in

which were lecture and dissecting rooms, and his museum. In this

museum were anatomical preparations, coins, minerals, and

natural-history specimens.

Hunter´s weakness was his love of controversy and his resentment

of contradiction.  This brought him into strained relations with

many of the leading physicians of his time, notably his own

brother John, who himself was probably not entirely free from

blame in the matter. Hunter is said to have excused his own

irritability on the grounds that being an anatomist, and

accustomed to “the passive submission of dead bodies,“

contradictions became the more unbearable. Many of the

physiological researches begun by him were carried on and

perfected by his more famous brother, particularly his

investigations of the capillaries, but he added much to the

anatomical knowledge of several structures of the body, notably

as to the structure of cartilages and joints.

JOHN HUNTER

JOHN HUNTER

In Abbot Islip´s chapel in Westminster Abbey, close to the

resting-place of Ben Jonson, rest the remains of John Hunter

(1728-1793), famous in the annals of medicine as among the

1728   

1793   
greatest physiologists and surgeons that the world has ever

produced: a man whose discoveries and inventions are counted by

scores, and whose field of research was only limited by the

outermost boundaries of eighteenth-century science, although his

efforts were directed chiefly along the lines of his profession.

Until about twenty years of age young Hunter had shown little

aptitude for study, being unusually fond of out-door sports and

amusements; but about that time, realizing that some occupation

must be selected, he asked permission of his brother William to

attempt some dissections in his anatomical school in London.  To

the surprise of his brother he made this dissection unusually

well; and being given a second, he acquitted himself with such

skill that his brother at once predicted that he would become a

great anatomist.  Up to this time he had had no training of any

kind to prepare him for his professional career, and knew little

of Greek or Latin—
languages entirely unnecessary for him, as he

proved in all of his life work.  Ottley tells the story that,

when twitted with this lack of knowledge of the “dead languages”

in after life, he said of his opponent, “I could teach him that

on the dead body which he never knew in any language, dead or

living.“
By his second year in dissection he had become so skilful that he

was given charge of some of the classes in his brother´s school;

in 1754 he became a surgeon´s pupil in St. George´s Hospital, and

1754   
two years later house-surgeon. Having by overwork brought on

symptoms that seemed to threaten consumption, he accepted the

position of staff-surgeon to an expedition to Belleisle in 1760,

1760   
and two years later was serving with the English army at

Portugal.  During all this time he was constantly engaged in

scientific researches, many of which, such as his observations of

gun-shot wounds, he put to excellent use in later life. On

returning to England much improved in health in 1763, he entered

1763   
at once upon his career as a London surgeon, and from that time

forward his progress was a practically uninterrupted series of

successes in his profession.

Hunter´s work on the study of the lymphatics was of great service

to the medical profession.  This important net-work of minute

vessels distributed throughout the body had recently been made

the object of much study, and various students, including Haller,

had made extensive investigations since their discovery by

Asellius.  But Hunter, in 1758, was the first to discover the

1758   
lymphatics in the neck of birds, although it was his brother

William who advanced the theory that the function of these

vessels was that of absorbents. One of John Hunter´s pupils,

William Hewson (1739-1774), first gave an account, in 1768, of

1739   

1774   

1768   
the lymphatics in reptiles and fishes, and added to his teacher´s

investigations of the lymphatics in birds. These studies of the

lymphatics have been regarded, perhaps with justice, as Hunter´s

most valuable contributions to practical medicine.

In 1767 he met with an accident by which he suffered a rupture of

1767   
the tendo Achillis—

the large tendon that forms the attachment of

the muscles of the calf to the heel. From observations of this

accident, and subsequent experiments upon dogs, he laid the

foundation for the now simple and effective operation for the

cure of club feet and other deformities involving the tendons. 

In 1772 he moved into his residence at Earlscourt, Brompton,

1772   
where he gathered about him a great menagerie of animals, birds,

reptiles, insects, and fishes, which he used in his physiological

and surgical experiments. Here he performed a countless number of

experiments—
more, probably, than “any man engaged in

professional practice has ever conducted.“ These experiments

varied in nature from observations of the habits of bees and

wasps to major surgical operations performed upon hedgehogs,

dogs, leopards, etc.  It is said that for fifteen years he kept a

flock of geese for the sole purpose of studying the process of

development in eggs.

Hunter began his first course of lectures in 1772, being forced

1772   
to do this because he had been so repeatedly misquoted, and

because he felt that he could better gauge his own knowledge in

this way. Lecturing was a sore trial to him, as he was extremely

diffident, and without writing out his lectures in advance he was

scarcely able to speak at all.  In this he presented a marked

contrast to his brother William, who was a fluent and brilliant

speaker. Hunter´s lectures were at best simple readings of the

facts as he had written them, the diffident teacher seldom

raising his eyes from his manuscript and rarely stopping until

his complete lecture had been read through.  His lectures were,

therefore, instructive rather than interesting, as he used

infinite care in preparing them; but appearing before his classes

was so dreaded by him that he is said to have been in the habit

of taking a half-drachm of laudanum before each lecture to nerve

him for the ordeal. One is led to wonder by what name he shall

designate that quality of mind that renders a bold and fearless

surgeon like Hunter, who is undaunted in the face of hazardous

and dangerous operations, a stumbling, halting, and “frightened”

speaker before a little band of, at most, thirty young medical

students.  And yet this same thing is not unfrequently seen among

the boldest surgeons.

Hunter´s Operation for the Cure of Aneurisms

It should be an object-lesson to those who, ignorantly or

otherwise, preach against the painless vivisection as practised

to-day, that by the sacrifice of a single deer in the cause of

science Hunter discovered a fact in physiology that has been the

means of saving thousands of human lives and thousands of human

bodies from needless mutilation. We refer to the discovery of the

“collateral circulation” of the blood, which led, among other

things, to Hunter´s successful operation upon aneurisms.

Simply stated, every organ or muscle of the body is supplied by

one large artery, whose main trunk distributes the blood into its

lesser branches, and thence through the capillaries. Cutting off

this main artery, it would seem, should cut off entirely the

blood-supply to the particular organ which is supplied by this

vessel; and until the time of Hunter´s demonstration this belief

was held by most physiologists. But nature has made a provision

for this possible stoppage of blood-supply from a single source,

and has so arranged that some of the small arterial branches

coming from the main supply-trunk are connected with other

arterial branches coming from some other supply-trunk. Under

normal conditions the main arterial trunks supply their

respective organs, the little connecting arterioles playing an

insignificant part. But let the main supply-trunk be cut off or

stopped for whatever reason, and a remarkable thing takes place.

The little connecting branches begin at once to enlarge and draw

blood from the neighboring uninjured supply-trunk, This

enlargement continues until at last a new route for the

circulation has been established, the organ no longer depending

on the now defunct original arterial trunk, but getting on as

well as before by this “collateral” circulation that has been

established.

The thorough understanding of this collateral circulation is one

of the most important steps in surgery, for until it was

discovered amputations were thought necessary in such cases as

those involving the artery supplying a leg or arm, since it was

supposed that, the artery being stopped, death of the limb and

the subsequent necessity for amputation were sure to follow.

Hunter solved this problem by a single operation upon a deer, and

his practicality as a surgeon led him soon after to apply this

knowledge to a certain class of surgical cases in a most

revolutionary and satisfactory manner.

What led to Hunter´s far-reaching discovery was his investigation

as to the cause of the growth of the antlers of the deer. Wishing

to ascertain just what part the blood-supply on the opposite

sides of the neck played in the process of development, or,

perhaps more correctly, to see what effect cutting off the main

blood-supply would have, Hunter had one of the deer of Richmond

Park caught and tied, while he placed a ligature around one of

the carotid arteries—
one of the two principal arteries that

supply the head with blood. He observed that shortly after this

the antler (which was only half grown and consequently very

vascular) on the side of the obliterated artery became cold to

the touch—
from the lack of warmth-giving blood. There was

nothing unexpected in this, and Hunter thought nothing of it

until a few days later, when he found, to his surprise, that the

antler had become as warm as its fellow, and was apparently

increasing in size. Puzzled as to how this could be, and

suspecting that in some way his ligature around the artery had

not been effective, he ordered the deer killed, and on

examination was astonished to find that while his ligature had

completely shut off the blood-supply from the source of that

carotid artery, the smaller arteries had become enlarged so as to

supply the antler with blood as well as ever, only by a different

route.
Hunter soon had a chance to make a practical application of the

knowledge thus acquired.  This was a case of popliteal aneurism,

operations for which had heretofore proved pretty uniformly

fatal. An aneurism, as is generally understood, is an enlargement

of a certain part of an artery, this enlargement sometimes

becoming of enormous size, full of palpitating blood, and likely

to rupture with fatal results at any time.  If by any means the

blood can be allowed to remain quiet for even a few hours in this

aneurism it will form a clot, contract, and finally be absorbed

and disappear without any evil results. The problem of keeping

the blood quiet, with the heart continually driving it through

the vessel, is not a simple one, and in Hunter´s time was

considered so insurmountable that some surgeons advocated

amputation of any member having an aneurism, while others cut

down upon the tumor itself and attempted to tie off the artery

above and below. The first of these operations maimed the patient

for life, while the second was likely to prove fatal.

In pondering over what he had learned about collateral

circulation and the time required for it to become fully

established, Hunter conceived the idea that if the blood-supply

was cut off from above the aneurism, thus temporarily preventing

the ceaseless pulsations from the heart, this blood would

coagulate and form a clot before the collateral circulation could

become established or could affect it.  The patient upon whom he

performed his now celebrated operation was afflicted with a

popliteal aneurism—
that is, the aneurism was located on the

large popliteal artery just behind the knee-joint. Hunter,

therefore, tied off the femoral, or main supplying artery in the

thigh, a little distance above the aneurism. The operation was

entirely successful, and in six weeks´ time the patient was able

to leave the hospital, and with two sound limbs. Naturally the

simplicity and success of this operation aroused the attention of

Europe, and, alone, would have made the name of Hunter immortal

in the annals of surgery.  The operation has ever since been

called the “Hunterian” operation for aneurism, but there is

reason to believe that Dominique Anel (born about 1679) performed

1679   
a somewhat similar operation several years earlier. It is

probable, however, that Hunter had never heard of this work of

Anel, and that his operation was the outcome of his own

independent reasoning from the facts he had learned about

collateral circulation. Furthermore, Hunter´s mode of operation

was a much better one than Anel´s, and, while Anel´s must claim

priority, the credit of making it widely known will always be

Hunter´s.

The great services of Hunter were recognized both at home and

abroad, and honors and positions of honor and responsibility were

given him. In 1776 he was appointed surgeon-extraordinary to the

1776   
king; in 1783 he was elected a member of the Royal Society of

1783   
Medicine and of the Royal Academy of Surgery at Paris; in 1786 he

1786   
became deputy surgeon-general of the army; and in 1790 he was

1790   
appointed surgeon-general and inspector-general of hospitals. All

these positions he filled with credit, and he was actively

engaged in his tireless pursuit of knowledge and in discharging

his many duties when in October, 1793, he was stricken while

1793   
addressing some colleagues, and fell dead in the arms of a

fellow-physician.

LAZZARO SPALLANZANI
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Hunter´s great rival among contemporary physiologists was the

Italian Lazzaro Spallanzani (1729-1799), one of the most

1729   
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picturesque figures in the history of science. He was not

educated either as a scientist or physician, devoting, himself at

first to philosophy and the languages, afterwards studying law,

and later taking orders. But he was a keen observer of nature and

of a questioning and investigating mind, so that he is remembered

now chiefly for his discoveries and investigations in the

biological sciences. One important demonstration was his

controversion of the theory of abiogenesis, or “spontaneous

generation,“ as propounded by Needham and Buffon.  At the time of

Needham´s experiments it had long been observed that when animal

or vegetable matter had lain in water for a little time—
long

enough for it to begin to undergo decomposition—
the water became

filled with microscopic creatures, the “infusoria animalculis.“

This would tend to show, either that the water or the animal or

vegetable substance contained the “germs” of these minute

organisms, or else that they were generated spontaneously. It was

known that boiling killed these animalcules, and Needham agreed,

therefore, that if he first heated the meat or vegetables, and

also the water containing them, and then placed them in

hermetically scaled jars—
if he did this, and still the

animalcules made their appearance, it would be proof-positive

that they had been generated spontaneously.  Accordingly be made

numerous experiments, always with the same results—
that after a

few days the water was found to swarm with the microscopic

creatures. The thing seemed proven beyond question—
providing, of

course, that there had been no slips in the experiments.

But Abbe Spallanzani thought that he detected such slips in

Needham´s experiment.  The possibility of such slips might come

in several ways:  the contents of the jar might not have been

boiled for a sufficient length of time to kill all the germs, or

the air might not have been excluded completely by the sealing

process. To cover both these contingencies, Spallanzani first

hermetically sealed the glass vessels and then boiled them for

three-quarters of an hour. Under these circumstances no

animalcules ever made their appearance—
a conclusive

demonstration that rendered Needham´s grounds for his theory at

once untenable.[2]

Allied to these studies of spontaneous generation were

Spallanzani´s experiments and observations on the physiological

processes of generation among higher animals.  He experimented

with frogs, tortoises, and dogs; and settled beyond question the

function of the ovum and spermatozoon. Unfortunately he

misinterpreted the part played by the spermatozoa in believing

that their surrounding fluid was equally active in the

fertilizing process, and it was not until some forty years later

(1824) that Dumas corrected this error.

1824   THE CHEMICAL THEORY OF DIGESTION
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Among the most interesting researches of Spallanzani were his

experiments to prove that digestion, as carried on in the

stomach, is a chemical process.  In this he demonstrated, as Rene

Reaumur had attempted to demonstrate, that digestion could be

carried on outside the walls of the stomach as an ordinary

chemical reaction, using the gastric juice as the reagent for

performing the experiment. The question as to whether the stomach

acted as a grinding or triturating organ, rather than as a

receptacle for chemical action, had been settled by Reaumur and

was no longer a question of general dispute. Reaumur had

demonstrated conclusively that digestion would take place in the

stomach in the same manner and the same time if the substance to

be digested was protected from the peristalic movements of the

stomach and subjected to the action of the gastric juice only. He

did this by introducing the substances to be digested into the

stomach in tubes, and thus protected so that while the juices of

the stomach could act upon them freely they would not be affected

by any movements of the organ.

Following up these experiments, he attempted to show that

digestion could take place outside the body as well as in it, as

it certainly should if it were a purely chemical process. He

collected quantities of gastric juice, and placing it in suitable

vessels containing crushed grain or flesh, kept the mixture at

about the temperature of the body for several hours. After

repeated experiments of this kind, apparently conducted with

great care, Reaumur reached the conclusion that “the gastric

juice has no more effect out of the living body in dissolving or

digesting the food than water, mucilage, milk, or any other bland

fluid.“[3] Just why all of these experiments failed to

demonstrate a fact so simple does not appear; but to Spallanzani,

at least, they were by no means conclusive, and he proceeded to

elaborate upon the experiments of Reaumur.  He made his

experiments in scaled tubes exposed to a certain degree of heat,

and showed conclusively that the chemical process does go on,

even when the food and gastric juice are removed from their

natural environment in the stomach. In this he was opposed by

many physiologists, among them John Hunter, but the truth of his

demonstrations could not be shaken, and in later years we find

Hunter himself completing Spallanzani´s experiments by his

studies of the post-mortem action of the gastric juice upon the

stomach walls.

That Spallanzani´s and Hunter´s theories of the action of the

gastric juice were not at once universally accepted is shown by

an essay written by a learned physician in 1834. In speaking of

1834   
some of Spallanzani´s demonstrations, he writes: “In some of the

experiments, in order to give the flesh or grains steeped in the

gastric juice the same temperature with the body, the phials were

introduced under the armpits. But this is not a fair mode of

ascertaining the effects of the gastric juice out of the body;

for the influence which life may be supposed to have on the

solution of the food would be secured in this case.  The

affinities connected with life would extend to substances in

contact with any part of the system: substances placed under the

armpits are not placed at least in the same circumstances with

those unconnected with a living animal.“ But just how this writer

reaches the conclusion that “the experiments of Reaumur and

Spallanzani give no evidence that the gastric juice has any

peculiar influence more than water or any other bland fluid in

digesting the food”[4] is difficult to understand.

The concluding touches were given to the new theory of digestion

by John Hunter, who, as we have seen, at first opposed

Spallanzani, but who finally became an ardent champion of the

chemical theory. Hunter now carried Spallanzani´s experiments

further and proved the action of the digestive fluids after

death. For many years anatomists had been puzzled by pathological

lesion of the stomach, found post mortem, when no symptoms of any

disorder of the stomach had been evinced during life. Hunter

rightly conceived that these lesions were caused by the action of

the gastric juice, which, while unable to act upon the living

tissue, continued its action chemically after death, thus

digesting the walls of the stomach in which it had been formed. 

And, as usual with his observations, be turned this discovery to

practical use in accounting for certain phenomena of digestion. 

The following account of the stomach being digested after death

was written by Hunter at the desire of Sir John Pringle, when he

was president of the Royal Society, and the circumstance which

led to this is as follows: “I was opening, in his presence, the

body of a patient of his own, where the stomach was in part

dissolved, which appeared to him very unaccountable, as there had

been no previous symptom that could have led him to suspect any

disease in the stomach. I took that opportunity of giving him my

ideas respecting it, and told him that I had long been making

experiments on digestion, and considered this as one of the facts

which proved a converting power in the gastric juice. . . . There

are a great many powers in nature which the living principle does

not enable the animal matter, with which it is combined, to

resist—
viz., the mechanical and most of the strongest chemical

solvents. It renders it, however, capable of resisting the powers

of fermentation, digestion, and perhaps several others, which are

well known to act on the same matter when deprived of the living

principle and entirely to decompose it.  “

Hunter concludes his paper with the following paragraph: “These

appearances throw considerable light on the principle of

digestion, and show that it is neither a mechanical power, nor

contractions of the stomach, nor heat, but something secreted in

the coats of the stomach, and thrown into its cavity, which there

animalizes the food or assimilates it to the nature of the blood.

The power of this juice is confined or limited to certain

substances, especially of the vegetable and animal kingdoms; and

although this menstruum is capable of acting independently of the

stomach, yet it is indebted to that viscus for its

continuance.[5]

THE FUNCTION OF RESPIRATION
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It is a curious commentary on the crude notions of mechanics of

previous generations that it should have been necessary to prove

by experiment that the thin, almost membranous stomach of a

mammal has not the power to pulverize, by mere attrition, the

foods that are taken into it.  However, the proof was now for the

first time forthcoming, and the question of the general character

of the function of digestion was forever set at rest. Almost

simultaneously with this great advance, corresponding progress

was made in an allied field:  the mysteries of respiration were

at last cleared up, thanks to the new knowledge of chemistry. The

solution of the problem followed almost as a matter of course

upon the advances of that science in the latter part of the

century. Hitherto no one since Mayow, of the previous century,

whose flash of insight had been strangely overlooked and

forgotten, had even vaguely surmised the true function of the

lungs. The great Boerhaave had supposed that respiration is

chiefly important as an aid to the circulation of the blood; his

great pupil, Haller, had believed to the day of his death in 1777
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that the main purpose of the function is to form the voice. No

genius could hope to fathom the mystery of the lungs so long as

air was supposed to be a simple element, serving a mere

mechanical purpose in the economy of the earth.

But the discovery of oxygen gave the clew, and very soon all the

chemists were testing the air that came from the lungs—
Dr.

Priestley, as usual, being in the van.  His initial experiments

were made in 1777, and from the outset the problem was as good as
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solved. Other experimenters confirmed his results in all their

essentials—
notably Scheele and Lavoisier and Spallanzani and

Davy.  It was clearly established that there is chemical action

in the contact of the air with the tissue of the lungs; that some

of the oxygen of the air disappears, and that carbonic-acid gas

is added to the inspired air.  It was shown, too, that the blood,

having come in contact with the air, is changed from black to red

in color. These essentials were not in dispute from the first. 

But as to just what chemical changes caused these results was the

subject of controversy. Whether, for example, oxygen is actually

absorbed into the blood, or whether it merely unites with carbon

given off from the blood, was long in dispute.

Each of the main disputants was biased by his own particular

views as to the moot points of chemistry.  Lavoisier, for

example, believed oxygen gas to be composed of a metal oxygen

combined with the alleged element heat; Dr. Priestley thought it

a compound of positive electricity and phlogiston; and Humphry

Davy, when he entered the lists a little later, supposed it to be

a compound of oxygen and light. Such mistaken notions naturally

complicated matters and delayed a complete understanding of the

chemical processes of respiration. It was some time, too, before

the idea gained acceptance that the most important chemical

changes do not occur in the lungs themselves, but in the ultimate

tissues.  Indeed, the matter was not clearly settled at the close

of the century.  Nevertheless, the problem of respiration had

been solved in its essentials.  Moreover, the vastly important

fact had been established that a process essentially identical

with respiration is necessary to the existence not only of all

creatures supplied with lungs, but to fishes, insects, and even

vegetables—
in short, to every kind of living organism.

ERASMUS DARWIN AND VEGETABLE PHYSIOLOGY
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Some interesting experiments regarding vegetable respiration were

made just at the close of the century by Erasmus Darwin, and

recorded in his Botanic Garden as a foot-note to the verse:

“While spread in air the leaves respiring play.“

These notes are worth quoting at some length, as they give a

clear idea of the physiological doctrines of the time (1799),

1799   
while taking advance ground as to the specific matter in

question:

“There have been various opinions,“ Darwin says, ”concerning the

use of the leaves of plants in the vegetable economy.  Some have

contended that they are perspiratory organs.  This does not seem

probable from an experiment of Dr. Hales, Vegetable Statics, p. 

30.  He, found, by cutting off branches of trees with apples on
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them and taking off the leaves, that an apple exhaled about as

much as two leaves the surfaces of which were nearly equal to the

apple; whence it would appear that apples have as good a claim to

be termed perspiratory organs as leaves. Others have believed

them excretory organs of excrementitious juices, but as the vapor

exhaled from vegetables has no taste, this idea is no more

probable than the other; add to this that in most weathers they

do not appear to perspire or exhale at all.

“The internal surface of the lungs or air-vessels in men is said

to be equal to the external surface of the whole body, or almost

fifteen square feet; on this surface the blood is exposed to the

influence of the respired air through the medium, however, of a

thin pellicle; by this exposure to the air it has its color

changed from deep red to bright scarlet, and acquires something

so necessary to the existence of life that we can live scarcely a

minute without this wonderful process.

“The analogy between the leaves of plants and the lungs or gills

of animals seems to embrace so many circumstances that we can

scarcely withhold our consent to their performing similar

offices.

“1.  The great surface of leaves compared to that of the trunk

and branches of trees is such that it would seem to be an organ

well adapted for the purpose of exposing the vegetable juices to

the influence of the air; this, however, we shall see afterwards

is probably performed only by their upper surfaces, yet even in

this case the surface of the leaves in general bear a greater

proportion to the surface of the tree than the lungs of animals

to their external surfaces.

“2.  In the lung of animals the blood, after having been exposed

to the air in the extremities of the pulmonary artery, is changed

in color from deep red to bright scarlet, and certainly in some

of its essential properties it is then collected by the pulmonary

vein and returned to the heart. To show a similarity of

circumstances in the leaves of plants, the following experiment

was made, June 24, 1781.  A stalk with leaves and seed-vessels of
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large spurge (Euphorbia helioscopia) had been several days placed

in a decoction of madder (Rubia tinctorum) so that the lower part

of the stem and two of the undermost leaves were immersed in it.

After having washed the immersed leaves in clear water I could

readily discover the color of the madder passing along the middle

rib of each leaf.  The red artery was beautifully visible on the

under and on the upper surface of the leaf; but on the upper side

many red branches were seen going from it to the extremities of

the leaf, which on the other side were not visible except by

looking through it against the light. On this under side a system

of branching vessels carrying a pale milky fluid were seen coming

from the extremities of the leaf, and covering the whole under

side of it, and joining two large veins, one on each side of the

red artery in the middle rib of the leaf, and along with it

descending to the foot-stalk or petiole. On slitting one of these

leaves with scissors, and having a magnifying-glass ready, the

milky blood was seen oozing out of the returning veins on each

side of the red artery in the middle rib, but none of the red

fluid from the artery.

“All these appearances were more easily seen in a leaf of Picris

treated in the same manner; for in this milky plant the stems and

middle rib of the leaves are sometimes naturally colored reddish,

and hence the color of the madder seemed to pass farther into the

ramifications of their leaf-arteries, and was there beautifully

visible with the returning branches of milky veins on each side.“

Darwin now goes on to draw an incorrect inference from his

observations:

“3.  From these experiments,“ he says, ”the upper surface of the

leaf appeared to be the immediate organ of respiration, because

the colored fluid was carried to the extremities of the leaf by

vessels most conspicuous on the upper surface, and there changed

into a milky fluid, which is the blood of the plant, and then

returned by concomitant veins on the under surface, which were

seen to ooze when divided with scissors, and which, in Picris,

particularly, render the under surface of the leaves greatly

whiter than the upper one.“

But in point of fact, as studies of a later generation were to

show, it is the under surface of the leaf that is most abundantly

provided with stomata, or “breathing-pores.“ From the stand-point

of this later knowledge, it is of interest to follow our author a

little farther, to illustrate yet more fully the possibility of

combining correct observations with a faulty inference.

“4.  As the upper surface of leaves constitutes the organ of

respiration, on which the sap is exposed in the termination of

arteries beneath a thin pellicle to the action of the atmosphere,

these surfaces in many plants strongly repel moisture, as cabbage

leaves, whence the particles of rain lying over their surfaces

without touching them, as observed by Mr. Melville (Essays

Literary and Philosophical:  Edinburgh), have the appearance of

globules of quicksilver.  And hence leaves with the upper

surfaces on water wither as soon as in the dry air, but continue

green for many days if placed with the under surface on water, as

appears in the experiments of Monsieur Bonnet (Usage des

Feuilles). Hence some aquatic plants, as the water-lily

(Nymphoea), have the lower sides floating on the water, while the

upper surfaces remain dry in the air.

“5.  As those insects which have many spiracula, or breathing

apertures, as wasps and flies, are immediately suffocated by

pouring oil upon them, I carefully covered with oil the surfaces

of several leaves of phlomis, of Portugal laurel, and balsams,

and though it would not regularly adhere, I found them all die in

a day or two.

“It must be added that many leaves are furnished with muscles

about their foot-stalks, to turn their surfaces to the air or

light, as mimosa or Hedysarum gyrans.  From all these analogies I

think there can be no doubt but that leaves of trees are their

lungs, giving out a phlogistic material to the atmosphere, and

absorbing oxygen, or vital air.

“6.  The great use of light to vegetation would appear from this

theory to be by disengaging vital air from the water which they

perspire, and thence to facilitate its union with their blood

exposed beneath the thin surface of their leaves; since when pure

air is thus applied it is probable that it can be more readily

absorbed.  Hence, in the curious experiments of Dr. Priestley and

Mr. Ingenhouz, some plants purified less air than others—
that

is, they perspired less in the sunshine; and Mr. Scheele found

that by putting peas into water which about half covered them

they converted the vital air into fixed air, or carbonic-acid

gas, in the same manner as in animal respiration.

“7.  The circulation in the lungs or leaves of plants is very

similar to that of fish.  In fish the blood, after having passed

through their gills, does not return to the heart as from the

lungs of air-breathing animals, but the pulmonary vein taking the

structure of an artery after having received the blood from the

gills, which there gains a more florid color, distributes it to

the other parts of their bodies. The same structure occurs in the

livers of fish, whence we see in those animals two circulations

independent of the power of the heart—
viz., that beginning at

the termination of the veins of the gills and branching through

the muscles, and that which passes through the liver; both which

are carried on by the action of those respective arteries and

veins.“[6]

Darwin is here a trifle fanciful in forcing the analogy between

plants and animals.  The circulatory system of plants is really

not quite so elaborately comparable to that of fishes as he

supposed. But the all-important idea of the uniformity underlying

the seeming diversity of Nature is here exemplified, as elsewhere

in the writings of Erasmus Darwin; and, more specifically, a

clear grasp of the essentials of the function of respiration is

fully demonstrated.

ZOOLOGY AT THE CLOSE OF THE EIGHTEENTH CENTURY

ZOOLOGY AT THE CLOSE OF THE EIGHTEENTH CENTURY

Several causes conspired to make exploration all the fashion

during the closing epoch of the eighteenth century. New aid to

the navigator had been furnished by the perfected compass and

quadrant, and by the invention of the chronometer; medical

science had banished scurvy, which hitherto had been a perpetual

menace to the voyager; and, above all, the restless spirit of the

age impelled the venturesome to seek novelty in fields altogether

new.  Some started for the pole, others tried for a northeast or

northwest passage to India, yet others sought the great

fictitious antarctic continent told of by tradition. All these of

course failed of their immediate purpose, but they added much to

the world´s store of knowledge and its fund of travellers´ tales.

Among all these tales none was more remarkable than those which

told of strange living creatures found in antipodal lands. And

here, as did not happen in every field, the narratives were often

substantiated by the exhibition of specimens that admitted no

question. Many a company of explorers returned more or less laden

with such trophies from the animal and vegetable kingdoms, to the

mingled astonishment, delight, and bewilderment of the closet

naturalists. The followers of Linnaeus in the “golden age of

natural history,“ a few decades before, had increased the number

of known species of fishes to about four hundred, of birds to one

thousand, of insects to three thousand, and of plants to ten

thousand. But now these sudden accessions from new territories

doubled the figure for plants, tripled it for fish and birds, and

brought the number of described insects above twenty thousand. 

Naturally enough, this wealth of new material was sorely puzzling

to the classifiers. The more discerning began to see that the

artificial system of Linnaeus, wonderful and useful as it had

been, must be advanced upon before the new material could be

satisfactorily disposed of. The way to a more natural system,

based on less arbitrary signs, had been pointed out by Jussieu in

botany, but the zoologists were not prepared to make headway

towards such a system until they should gain a wider

understanding of the organisms with which they had to deal

through comprehensive studies of anatomy. Such studies of

individual forms in their relations to the entire scale of

organic beings were pursued in these last decades of the century,

but though two or three most important generalizations were

achieved (notably Kaspar Wolff´s conception of the cell as the

basis of organic life, and Goethe´s all-important doctrine of

metamorphosis of parts), yet, as a whole, the work of the

anatomists of the period was germinative rather than

fruit-bearing. Bichat´s volumes, telling of the recognition of

the fundamental tissues of the body, did not begin to appear till

the last year of the century. The announcement by Cuvier of the

doctrine of correlation of parts bears the same date, but in

general the studies of this great naturalist, which in due time

were to stamp him as the successor of Linnaeus, were as yet only

fairly begun.
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In the course of those studies of comparative anatomy which led

to his new classification, Cuvier´s attention was called

constantly to the peculiar co-ordination of parts in each

individual organism. Thus an animal with sharp talons for

catching living prey—
as a member of the cat tribe—

has also

sharp teeth, adapted for tearing up the flesh of its victim, and

a particular type of stomach, quite different from that of

herbivorous creatures. This adaptation of all the parts of the

animal to one another extends to the most diverse parts of the

organism, and enables the skilled anatomist, from the observation

of a single typical part, to draw inferences as to the structure

of the entire animal—
a fact which was of vast aid to Cuvier in

his studies of paleontology. It did not enable Cuvier, nor does

it enable any one else, to reconstruct fully the extinct animal

from observation of a single bone, as has sometimes been

asserted, but what it really does establish, in the hands of an

expert, is sufficiently astonishing.

“While the study of the fossil remains of the greater quadrupeds

is more satisfactory,“ he writes, ”by the clear results which it

affords, than that of the remains of other animals found in a

fossil state, it is also complicated with greater and more

numerous difficulties. Fossil shells are usually found quite

entire, and retaining all the characters requisite for comparing

them with the specimens contained in collections of natural

history, or represented in the works of naturalists. Even the

skeletons of fishes are found more or less entire, so that the

general forms of their bodies can, for the most part, be

ascertained, and usually, at least, their generic and specific

characters are determinable, as these are mostly drawn from their

solid parts. In quadrupeds, on the contrary, even when their

entire skeletons are found, there is great difficulty in

discovering their distinguishing characters, as these are chiefly

founded upon their hairs and colors and other marks which have

disappeared previous to their incrustation. It is also very rare

to find any fossil skeletons of quadrupeds in any degree

approaching to a complete state, as the strata for the most part

only contain separate bones, scattered confusedly and almost

always broken and reduced to fragments, which are the only means

left to naturalists for ascertaining the species or genera to

which they have belonged.

“Fortunately comparative anatomy, when thoroughly understood,

enables us to surmount all these difficulties, as a careful

application of its principles instructs us in the correspondences

and dissimilarities of the forms of organized bodies of different

kinds, by which each may be rigorously ascertained from almost

every fragment of its various parts and organs.

“Every organized individual forms an entire system of its own,

all the parts of which naturally correspond, and concur to

produce a certain definite purpose, by reciprocal reaction, or by

combining towards the same end.  Hence none of these separate

parts can change their forms without a corresponding change in

the other parts of the same animal, and consequently each of

these parts, taken separately, indicates all the other parts to

which it has belonged.  Thus, as I have elsewhere shown, if the

viscera of an animal are so organized as only to be fitted for

the digestion of recent flesh, it is also requisite that the jaws

should be so constructed as to fit them for devouring prey; the

claws must be constructed for seizing and tearing it to pieces;

the teeth for cutting and dividing its flesh; the entire system

of the limbs, or organs of motion, for pursuing and overtaking

it; and the organs of sense for discovering it at a distance.

Nature must also have endowed the brain of the animal with

instincts sufficient for concealing itself and for laying plans

to catch its necessary victims.  . . . . . . . . .

“To enable the animal to carry off its prey when seized, a

corresponding force is requisite in the muscles which elevate the

head, and this necessarily gives rise to a determinate form of

the vertebrae to which these muscles are attached and of the

occiput into which they are inserted. In order that the teeth of

a carnivorous animal may be able to cut the flesh, they require

to be sharp, more or less so in proportion to the greater or less

quantity of flesh that they have to cut. It is requisite that

their roots should be solid and strong, in proportion to the

quantity and size of the bones which they have to break to

pieces. The whole of these circumstances must necessarily

influence the development and form of all the parts which

contribute to move the jaws. . . . . . . . . .

After these observations, it will be easily seen that similar

conclusions may be drawn with respect to the limbs of carnivorous

animals, which require particular conformations to fit them for

rapidity of motion in general; and that similar considerations

must influence the forms and connections of the vertebrae and

other bones constituting the trunk of the body, to fit them for

flexibility and readiness of motion in all directions. The bones

also of the nose, of the orbit, and of the ears require certain

forms and structures to fit them for giving perfection to the

senses of smell, sight, and hearing, so necessary to animals of

prey. In short, the shape and structure of the teeth regulate the

forms of the condyle, of the shoulder-blade, and of the claws, in

the same manner as the equation of a curve regulates all its

other properties; and as in regard to any particular curve all

its properties may be ascertained by assuming each separate

property as the foundation of a particular equation, in the same

manner a claw, a shoulder-blade, a condyle, a leg or arm bone, or

any other bone separately considered, enables us to discover the

description of teeth to which they have belonged; and so also

reciprocally we may determine the forms of the other bones from

the teeth.  Thus commencing our investigations by a careful

survey of any one bone by itself, a person who is sufficiently

master of the laws of organic structure may, as it were,

reconstruct the whole animal to which that bone belonged.“[1]

We have already pointed out that no one is quite able to perform

the necromantic feat suggested in the last sentence; but the

exaggeration is pardonable in the enthusiast to whom the

principle meant so much and in whose hands it extended so far.

Of course this entire principle, in its broad outlines, is

something with which every student of anatomy had been familiar

from the time when anatomy was first studied, but the full

expression of the “law of co-ordination,“ as Cuvier called it,

had never been explicitly made before; and, notwithstanding its

seeming obviousness, the exposition which Cuvier made of it in

the introduction to his classical work on comparative anatomy,

which was published during the first decade of the nineteenth

century, ranks as a great discovery. It is one of those

generalizations which serve as guideposts to other discoveries.

BICHAT AND THE BODILY TISSUES
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Much the same thing may be said of another generalization

regarding the animal body, which the brilliant young French

physician Marie Francois Bichat made in calling attention to the

fact that each vertebrate organism, including man, has really two

quite different sets of organs—
one set under volitional control,

and serving the end of locomotion, the other removed from

volitional control, and serving the ends of the “vital processes”

of digestion, assimilation, and the like. He called these sets of

organs the animal system and the organic system, respectively. 

The division thus pointed out was not quite new, for Grimaud,

professor of physiology in the University of Montpellier, had

earlier made what was substantially the same classification of

the functions into “internal or digestive and external or

locomotive”; but it was Bichat´s exposition that gave currency to

the idea.

Far more important, however, was another classification which

Bichat put forward in his work on anatomy, published just at the

beginning of the last century.  This was the division of all

animal structures into what Bichat called tissues, and the

pointing out that there are really only a few kinds of these in

the body, making up all the diverse organs. Thus muscular organs

form one system; membranous organs another; glandular organs a

third; the vascular mechanism a fourth, and so on.  The

distinction is so obvious that it seems rather difficult to

conceive that it could have been overlooked by the earliest

anatomists; but, in point of fact, it is only obvious because now

it has been familiarly taught for almost a century. It had never

been given explicit expression before the time of Bichat, though

it is said that Bichat himself was somewhat indebted for it to

his master, Desault, and to the famous alienist Pinel.

However that may be, it is certain that all subsequent anatomists

have found Bichat´s classification of the tissues of the utmost

value in their studies of the animal functions. Subsequent

advances were to show that the distinction between the various

tissues is not really so fundamental as Bichat supposed, but that

takes nothing from the practical value of the famous

classification.

It was but a step from this scientific classification of tissues

to a similar classification of the diseases affecting them, and

this was one of the greatest steps towards placing medicine on

the plane of an exact science. This subject of these branches

completely fascinated Bichat, and he exclaimed, enthusiastically: 

“Take away some fevers and nervous trouble, and all else belongs

to the kingdom of pathological anatomy.“ But out of this

enthusiasm came great results.  Bichat practised as he preached,

and, believing that it was only possible to understand disease by

observing the symptoms carefully at the bedside, and, if the

disease terminated fatally, by post-mortem examination, he was so

arduous in his pursuit of knowledge that within a period of less

than six months he had made over six hundred autopsies—
a record

that has seldom, if ever, been equalled. Nor were his efforts

fruitless, as a single example will suffice to show. By his

examinations he was able to prove that diseases of the chest,

which had formerly been classed under the indefinite name

“peripneumonia,“ might involve three different structures, the

pleural sac covering the lungs, the lung itself, and the

bronchial tubes, the diseases affecting these organs being known

respectively as pleuritis, pneumonia, and bronchitis, each one

differing from the others as to prognosis and treatment. The

advantage of such an exact classification needs no demonstration.

LISTER AND THE PERFECTED MICROSCOPE
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At the same time when these broad macroscopical distinctions were

being drawn there were other workers who were striving to go even

deeper into the intricacies of the animal mechanism with the aid

of the microscope.  This undertaking, however, was beset with

very great optical difficulties, and for a long time little

advance was made upon the work of preceding generations. Two

great optical barriers, known technically as spherical and

chromatic aberration—
the one due to a failure of the rays of

light to fall all in one plane when focalized through a lens, the

other due to the dispersive action of the lens in breaking the

white light into prismatic colors—
confronted the makers of

microscopic lenses, and seemed all but insuperable. The making of

achromatic lenses for telescopes had been accomplished, it is

true, by Dolland in the previous century, by the union of lenses

of crown glass with those of flint glass, these two materials

having different indices of refraction and dispersion. But, aside

from the mechanical difficulties which arise when the lens is of

the minute dimensions required for use with the microscope, other

perplexities are introduced by the fact that the use of a wide

pencil of light is a desideratum, in order to gain sufficient

illumination when large magnification is to be secured.

In the attempt to overcome those difficulties, the foremost

physical philosophers of the time came to the aid of the best

opticians. Very early in the century, Dr. (afterwards Sir David)

Brewster, the renowned Scotch physicist, suggested that certain

advantages might accrue from the use of such gems as have high

refractive and low dispersive indices, in place of lenses made of

glass. Accordingly lenses were made of diamond, of sapphire, and

so on, and with some measure of success.  But in 1812 a much more

1812   important innovation was introduced by Dr. William Hyde

Wollaston, one of the greatest and most versatile, and, since the

death of Cavendish, by far the most eccentric of English natural

philosophers. This was the suggestion to use two plano-convex

lenses, placed at a prescribed distance apart, in lieu of the

single double-convex lens generally used.  This combination

largely overcame the spherical aberration, and it gained

immediate fame as the “Wollaston doublet.“

To obviate loss of light in such a doublet from increase of

reflecting surfaces, Dr. Brewster suggested filling the

interspace between the two lenses with a cement having the same

index of refraction as the lenses themselves—
an improvement of

manifest advantage. An improvement yet more important was made by

Dr. Wollaston himself in the introduction of the diaphragm to

limit the field of vision between the lenses, instead of in front

of the anterior lens.  A pair of lenses thus equipped Dr.

Wollaston called the periscopic microscope. Dr. Brewster

suggested that in such a lens the same object might be attained

with greater ease by grinding an equatorial groove about a thick

or globular lens and filling the groove with an opaque cement.

This arrangement found much favor, and came subsequently to be

known as a Coddington lens, though Mr. Coddington laid no claim

to being its inventor.

Sir John Herschel, another of the very great physicists of the

time, also gave attention to the problem of improving the

microscope, and in 1821 he introduced what was called an

1821   aplanatic combination of lenses, in which, as the name implies,

the spherical aberration was largely done away with. It was

thought that the use of this Herschel aplanatic combination as an

eyepiece, combined with the Wollaston doublet for the objective,

came as near perfection as the compound microscope was likely

soon to come. But in reality the instrument thus constructed,

though doubtless superior to any predecessor, was so defective

that for practical purposes the simple microscope, such as the

doublet or the Coddington, was preferable to the more complicated

one.
Many opticians, indeed, quite despaired of ever being able to

make a satisfactory refracting compound microscope, and some of

them had taken up anew Sir Isaac Newton´s suggestion in reference

to a reflecting microscope.  In particular, Professor Giovanni

Battista Amici, a very famous mathematician and practical

optician of Modena, succeeded in constructing a reflecting

microscope which was said to be superior to any compound

microscope of the time, though the events of the ensuing years

were destined to rob it of all but historical value. For there

were others, fortunately, who did not despair of the

possibilities of the refracting microscope, and their efforts

were destined before long to be crowned with a degree of success

not even dreamed of by any preceding generation.

The man to whom chief credit is due for directing those final

steps that made the compound microscope a practical implement

instead of a scientific toy was the English amateur optician

Joseph Jackson Lister.  Combining mathematical knowledge with

mechanical ingenuity, and having the practical aid of the

celebrated optician Tulley, he devised formulae for the

combination of lenses of crown glass with others of flint glass,

so adjusted that the refractive errors of one were corrected or

compensated by the other, with the result of producing lenses of

hitherto unequalled powers of definition; lenses capable of

showing an image highly magnified, yet relatively free from those

distortions and fringes of color that had heretofore been so

disastrous to true interpretation of magnified structures.

Lister had begun his studies of the lens in 1824, but it was not

1824   until 1830 that he contributed to the Royal Society the famous

1830   paper detailing his theories and experiments. Soon after this

various continental opticians who had long been working along

similar lines took the matter up, and their expositions, in

particular that of Amici, introduced the improved compound

microscope to the attention of microscopists everywhere. And it

required but the most casual trial to convince the experienced

observers that a new implement of scientific research had been

placed in their hands which carried them a long step nearer the

observation of the intimate physical processes which lie at the

foundation of vital phenomena.  For the physiologist this

perfection of the compound microscope had the same significance

that the, discovery of America had for the fifteenth-century

geographers—
it promised a veritable world of utterly novel

revelations. Nor was the fulfilment of that promise long delayed.

Indeed, so numerous and so important were the discoveries now

made in the realm of minute anatomy that the rise of histology to

the rank of an independent science may be said to date from this

period. Hitherto, ever since the discovery of magnifying-glasses,

there had been here and there a man, such as Leuwenhoek or

Malpighi, gifted with exceptional vision, and perhaps unusually

happy in his conjectures, who made important contributions to the

knowledge of the minute structure of organic tissues; but now of

a sudden it became possible for the veriest tyro to confirm or

refute the laborious observations of these pioneers, while the

skilled observer could step easily beyond the barriers of vision

that hitherto were quite impassable. And so, naturally enough,

the physiologists of the fourth decade of the nineteenth century

rushed as eagerly into the new realm of the microscope as, for

example, their successors of to-day are exploring the realm of

the X-ray.

Lister himself, who had become an eager interrogator of the

instrument he had perfected, made many important discoveries, the

most notable being his final settlement of the long-mooted

question as to the true form of the red corpuscles of the human

blood. In reality, as everybody knows nowadays, these are

biconcave disks, but owing to their peculiar figure it is easily

possible to misinterpret the appearances they present when seen

through a poor lens, and though Dr. Thomas Young and various

other observers had come very near the truth regarding them,

unanimity of opinion was possible only after the verdict of the

perfected microscope was given.

These blood corpuscles are so infinitesimal in size that

something like five millions of them are found in each cubic

millimetre of the blood, yet they are isolated particles, each

having, so to speak, its own personality.  This, of course, had

been known to microscopists since the days of the earliest

lenses. It had been noticed, too, by here and there an observer,

that certain of the solid tissues seemed to present something of

a granular texture, as if they, too, in their ultimate

constitution, were made up of particles.  And now, as better and

better lenses were constructed, this idea gained ground

constantly, though for a time no one saw its full significance.

In the case of vegetable tissues, indeed, the fact that little

particles encased a membranous covering, and called cells, are

the ultimate visible units of structure had long been known. But

it was supposed that animal tissues differed radically from this

construction.  The elementary particles of vegetables “were

regarded to a certain extent as individuals which composed the

entire plant, while, on the other hand, no such view was taken of

the elementary parts of animals.“

ROBERT BROWN AND THE CELL NUCLEUS
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In the year 1833 a further insight into the nature of the

1833   ultimate particles of plants was gained through the observation

of the English microscopist Robert Brown, who, in the course of

his microscopic studies of the epidermis of orchids, discovered

in the cells “an opaque spot,“ which he named the nucleus. 

Doubtless the same “spot” had been seen often enough before by

other observers, but Brown was the first to recognize it as a

component part of the vegetable cell and to give it a name.

“I shall conclude my observations on Orchideae,“ said Brown,

“with a notice of some points of their general structure, which

chiefly relate to the cellular tissue.  In each cell of the

epidermis of a great part of this family, especially of those

with membranous leaves, a single circular areola, generally

somewhat more opaque than, the membrane of the cell, is

observable. This areola, which is more or less distinctly

granular, is slightly convex, and although it seems to be on the

surface is in reality covered by the outer lamina of the cell.

There is no regularity as to its place in the cell; it is not

unfrequently, however, central or nearly so.

“As only one areola belongs to each cell, and as in many cases

where it exists in the common cells of the epidermis, it is also

visible in the cutaneous glands or stomata, and in these is

always double—
one being on each side of the limb—

it is highly

probable that the cutaneous gland is in all cases composed of two

cells of peculiar form, the line of union being the longitudinal

axis of the disk or pore.

“This areola, or nucleus of the cell as perhaps it might be

termed, is not confined to the epidermis, being also found, not

only in the pubescence of the surface, particularly when jointed,

as in cypripedium, but in many cases in the parenchyma or

internal cells of the tissue, especially when these are free from

the deposition of granular matter.

“In the compressed cells of the epidermis the nucleus is in a

corresponding degree flattened; but in the internal tissue it is

often nearly spherical, more or less firmly adhering to one of

the walls, and projecting into the cavity of the cell.  In this

state it may not unfrequently be found. in the substance of the

column and in that of the perianthium.

“The nucleus is manifest also in the tissue of the stigma, where

in accordance with the compression of the utriculi, it has an

intermediate form, being neither so much flattened as in the

epidermis nor so convex as it is in the internal tissue of the

column.

“I may here remark that I am acquainted with one case of apparent

exception to the nucleus being solitary in each utriculus or

cell—namely, in Bletia Tankervilliae.  In the utriculi of the

stigma of this plant, I have generally, though not always, found

a second areola apparently on the surface, and composed of much

larger granules than the ordinary nucleus, which is formed of

very minute granular matter, and seems to be deep seated.

“Mr. Bauer has represented the tissue of the stigma, in the

species of Bletia, both before and, as he believes, after

impregnation; and in the latter state the utriculi are marked

with from one to three areolae of similar appearance.

“The nucleus may even be supposed to exist in the pollen of this

family. In the early stages of its formation, at least a minute

areola is of ten visible in the simple grain, and in each of the

constituent parts of cells of the compound grain.  But these

areolae may perhaps rather be considered as merely the points of

production of the tubes.

“This nucleus of the cell is not confined to orchideae, but is

equally manifest in many other monocotyledonous families; and I

have even found it, hitherto however in very few cases, in the

epidermis of dicotyledonous plants; though in this primary

division it may perhaps be said to exist in the early stages of

development of the pollen. Among monocotyledons, the orders in

which it is most remarkable are Liliaceae, Hemerocallideae,

Asphodeleae, Irideae, and Commelineae.

“In some plants belonging to this last-mentioned family,

especially in Tradascantia virginica, and several nearly related

species, it is uncommonly distinct, not in the epidermis and in

the jointed hairs of the filaments, but in the tissue of the

stigma, in the cells of the ovulum even before impregnation, and

in all the stages of formation of the grains of pollen, the

evolution of which is so remarkable in tradascantia.

“The few indications of the presence of this nucleus, or areola,

that I have hitherto met with in the publications of botanists

are chiefly in some figures of epidermis, in the recent works of

Meyen and Purkinje, and in one case, in M. Adolphe Broigniart´s

memoir on the structure of leaves.  But so little importance

seems to be attached to it that the appearance is not always

referred to in the explanations of the figures in which it is

represented. Mr. Bauer, however, who has also figured it in the

utriculi of the stigma of Bletia Tankervilliae has more

particularly noticed it, and seems to consider it as only visible

after impregnation.“[2]

SCHLEIDEN AND SCHWANN AND THE CELL THEORY
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That this newly recognized structure must be important in the

economy of the cell was recognized by Brown himself, and by the

celebrated German Meyen, who dealt with it in his work on

vegetable physiology, published not long afterwards; but it

remained for another German, the professor of botany in the

University of Jena, Dr. M. J. Schleiden, to bring the nucleus to

popular attention, and to assert its all-importance in the

economy of the cell.

Schleiden freely acknowledged his indebtedness to Brown for first

knowledge of the nucleus, but he soon carried his studies of that

structure far beyond those of its discoverer. He came to believe

that the nucleus is really the most important portion of the

cell, in that it is the original structure from which the

remainder of the cell is developed. Hence he named it the

cytoblast.  He outlined his views in an epochal paper published

in Muller´s Archives in 1838, under title of “Beitrage zur

1838   Phytogenesis.“  This paper is in itself of value, yet the most

important outgrowth of Schleiden´s observations of the nucleus

did not spring from his own labors, but from those of a friend to

whom he mentioned his discoveries the year previous to their

publication. This friend was Dr. Theodor Schwann, professor of

physiology in the University of Louvain.

At the moment when these observations were communicated to him

Schwann was puzzling over certain details of animal histology

which he could not clearly explain.  His great teacher, Johannes

Muller, had called attention to the strange resemblance to

vegetable cells shown by certain cells of the chorda dorsalis

(the embryonic cord from which the spinal column is developed),

and Schwann himself had discovered a corresponding similarity in

the branchial cartilage of a tadpole.  Then, too, the researches

of Friedrich Henle had shown that the particles that make up the

epidermis of animals are very cell-like in appearance. Indeed,

the cell-like character of certain animal tissues had come to be

matter of common note among students of minute anatomy. Schwann

felt that this similarity could not be mere coincidence, but he

had gained no clew to further insight until Schleiden called his

attention to the nucleus.  Then at once he reasoned that if there

really is the correspondence between vegetable and animal tissues

that he suspected, and if the nucleus is so important in the

vegetable cell as Schleiden believed, the nucleus should also be

found in the ultimate particles of animal tissues.

Schwann´s researches soon showed the entire correctness of this

assumption. A closer study of animal tissues under the microscope

showed, particularly in the case of embryonic tissues, that

“opaque spots” such as Schleiden described are really to be found

there in abundance—forming, indeed, a most characteristic phase

of the structure. The location of these nuclei at comparatively

regular intervals suggested that they are found in definite

compartments of the tissue, as Schleiden had shown to be the case

with vegetables; indeed, the walls that separated such cell-like

compartments one from another were in some cases visible.

Particularly was this found to be the case with embryonic

tissues, and the study of these soon convinced Schwann that his

original surmise had been correct, and that all animal tissues

are in their incipiency composed of particles not unlike the

ultimate particles of vegetables in short, of what the botanists

termed cells.  Adopting this name, Schwann propounded what soon

became famous as his cell theory, under title of Mikroskopische

Untersuchungen uber die Ubereinstimmung in der Structur und dent

Wachsthum der Thiere und Pflanzen.  So expeditious had been his

work that this book was published early in 1839, only a few

1839   months after the appearance of Schleiden´s paper.

As the title suggests, the main idea that actuated Schwann was to

unify vegetable and animal tissues. Accepting cell-structure as

the basis of all vegetable tissues, he sought to show that the

same is true of animal tissues, all the seeming diversities of

fibre being but the alteration and development of what were

originally simple cells. And by cell Schwann meant, as did

Schleiden also, what the word ordinarily implies—a cavity walled

in on all sides. He conceived that the ultimate constituents of

all tissues were really such minute cavities, the most important

part of which was the cell wall, with its associated nucleus. He

knew, indeed, that the cell might be filled with fluid contents,

but he regarded these as relatively subordinate in importance to

the wall itself.  This, however, did not apply to the nucleus,

which was supposed to lie against the cell wall and in the

beginning to generate it.  Subsequently the wall might grow so

rapidly as to dissociate itself from its contents, thus becoming

a hollow bubble or true cell; but the nucleus, as long as it

lasted, was supposed to continue in contact with the cell wall.

Schleiden had even supposed the nucleus to be a constituent part

of the wall, sometimes lying enclosed between two layers of its

substance, and Schwann quoted this view with seeming approval.

Schwann believed, however, that in the mature cell the nucleus

ceased to be functional and disappeared.

The main thesis as to the similarity of development of vegetable

and animal tissues and the cellular nature of the ultimate

constitution of both was supported by a mass of carefully

gathered evidence which a multitude of microscopists at once

confirmed, so Schwann´s work became a classic almost from the

moment of its publication. Of course various other workers at

once disputed Schwann´s claim to priority of discovery, in

particular the English microscopist Valentin, who asserted, not

without some show of justice, that he was working closely along

the same lines.  Put so, for that matter, were numerous others,

as Henle, Turpin, Du-mortier, Purkinje, and Muller, all of whom

Schwann himself had quoted.  Moreover, there were various

physiologists who earlier than any of these had foreshadowed the

cell theory—notably Kaspar Friedrich Wolff, towards the close of

the previous century, and Treviranus about 1807, But, as we have

1807   seen in so many other departments of science, it is one thing to

foreshadow a discovery, it is quite another to give it full

expression and make it germinal of other discoveries. And when

Schwann put forward the explicit claim that “there is one

universal principle of development for the elementary parts, of

organisms, however different, and this principle is the formation

of cells,“ he enunciated a doctrine which was for all practical

purposes absolutely new and opened up a novel field for the

microscopist to enter. A most important era in physiology dates

from the publication of his book in 1839.

1839   THE CELL THEORY ELABORATED

THE CELL THEORY ELABORATED

That Schwann should have gone to embryonic tissues for the

establishment of his ideas was no doubt due very largely to the

influence of the great Russian Karl Ernst von Baer, who about ten

years earlier had published the first part of his celebrated work

on embryology, and whose ideas were rapidly gaining ground,

thanks largely to the advocacy of a few men, notably Johannes

Muller, in Germany, and William B. Carpenter, in England, and to

the fact that the improved microscope had made minute anatomy

popular.  Schwann´s researches made it plain that the best field

for the study of the animal cell is here, and a host of explorers

entered the field. The result of their observations was, in the

main, to confirm the claims of Schwann as to the universal

prevalence of the cell. The long-current idea that animal tissues

grow only as a sort of deposit from the blood-vessels was now

discarded, and the fact of so-called plantlike growth of animal

cells, for which Schwann contended, was universally accepted. Yet

the full measure of the affinity between the two classes of cells

was not for some time generally apprehended.

Indeed, since the substance that composes the cell walls of

plants is manifestly very different from the limiting membrane of

the animal cell, it was natural, so long as the, wall was

considered the most essential part of the structure, that the

divergence between the two classes of cells should seem very

pronounced.  And for a time this was the conception of the matter

that was uniformly accepted. But as time went on many observers

had their attention called to the peculiar characteristics of the

contents of the cell, and were led to ask themselves whether

these might not be more important than had been supposed.  In

particular, Dr. Hugo von Mohl, professor of botany in the

University of Tubingen, in the course of his exhaustive studies

of the vegetable cell, was impressed with the peculiar and

characteristic appearance of the cell contents. He observed

universally within the cell “an opaque, viscid fluid, having

granules intermingled in it,“ which made up the main substance of

the cell, and which particularly impressed him because under

certain conditions it could be seen to be actively in motion, its

parts separated into filamentous streams.

Von Mohl called attention to the fact that this motion of the

cell contents had been observed as long ago as 1774 by

1774   Bonaventura Corti, and rediscovered in 1807 by Treviranus, and

1807   that these observers had described the phenomenon under the “most

unsuitable name of ‘rotation of the cell sap.´ Von Mohl

recognized that the streaming substance was something quite

different from sap. He asserted that the nucleus of the cell lies

within this substance and not attached to the cell wall as

Schleiden had contended. He saw, too, that the chlorophyl

granules, and all other of the cell contents, are incorporated

with the “opaque, viscid fluid,“ and in 1846 he had become so

1846   impressed with the importance of this universal cell substance

that be gave it the name of protoplasm. Yet in so doing he had no

intention of subordinating the cell wall. The fact that Payen, in

1844, had demonstrated that the cell walls of all vegetables,

1844   high or low, are composed largely of one substance, cellulose,

tended to strengthen the position of the cell wall as the really

essential structure, of which the protoplasmic contents were only

subsidiary products.

Meantime, however, the students of animal histology were more and

more impressed with the seeming preponderance of cell contents

over cell walls in the tissues they studied.  They, too, found

the cell to be filled with a viscid, slimy fluid capable of

motion. To this Dujardin gave the name of sarcode.  Presently it

came to be known, through the labors of Kolliker, Nageli,

Bischoff, and various others, that there are numerous lower forms

of animal life which seem to be composed of this sarcode, without

any cell wall whatever. The same thing seemed to be true of

certain cells of higher organisms, as the blood corpuscles. 

Particularly in the case of cells that change their shape

markedly, moving about in consequence of the streaming of their

sarcode, did it seem certain that no cell wall is present, or

that, if present, its role must be insignificant.

And so histologists came to question whether, after all, the cell

contents rather than the enclosing wall must not be the really

essential structure, and the weight of increasing observations

finally left no escape from the conclusion that such is really

the case. But attention being thus focalized on the cell

contents, it was at once apparent that there is a far closer

similarity between the ultimate particles of vegetables and those

of animals than had been supposed. Cellulose and animal membrane

being now regarded as more by-products, the way was clear for the

recognition of the fact that vegetable protoplasm and animal

sarcode are marvellously similar in appearance and general

properties. The closer the observation the more striking seemed

this similarity; and finally, about 1860, it was demonstrated by

1860   Heinrich de Bary and by Max Schultze that the two are to all

intents and purposes identical. Even earlier Remak had reached a

similar conclusion, and applied Von Mohl´s word protoplasm to

animal cell contents, and now this application soon became

universal.  Thenceforth this protoplasm was to assume the utmost

importance in the physiological world, being recognized as the

universal “physical basis of life,“ vegetable and animal alike.

This amounted to the logical extension and culmination of

Schwann´s doctrine as to the similarity of development of the two

animate kingdoms. Yet at the, same time it was in effect the

banishment of the cell that Schwann had defined.  The word cell

was retained, it is true, but it no longer signified a minute

cavity.  It now implied, as Schultze defined it, “a small mass of

protoplasm endowed with the attributes of life.“ This definition

was destined presently to meet with yet another modification, as

we shall see; but the conception of the protoplasmic mass as the

essential ultimate structure, which might or might not surround

itself with a protective covering, was a permanent addition to

physiological knowledge. The earlier idea had, in effect,

declared the shell the most important part of the egg; this

developed view assigned to the yolk its true position.

In one other important regard the theory of Schleiden and Schwann

now became modified.  This referred to the origin of the cell.

Schwann had regarded cell growth as a kind of crystallization,

beginning with the deposit of a nucleus about a granule in the

intercellular substance—the cytoblastema, as Schleiden called

it. But Von Mohl, as early as 1835, had called attention to the

1835   formation of new vegetable cells through the division of a

pre-existing cell. Ehrenberg, another high authority of the time,

contended that no such division occurs, and the matter was still

in dispute when Schleiden came forward with his discovery of

so-called free cell-formation within the parent cell, and this

for a long time diverted attention from the process of division

which Von Mohl had described. All manner of schemes of

cell-formation were put forward during the ensuing years by a

multitude of observers, and gained currency notwithstanding Von

Mohl´s reiterated contention that there are really but two ways

in which the formation of new cells takes place—namely, “first,

through division of older cells; secondly, through the formation

of secondary cells lying free in the cavity of a cell.“

But gradually the researches of such accurate observers as Unger,

Nageli, Kolliker, Reichart, and Remak tended to confirm the

opinion of Von Mohl that cells spring only from cells, and

finally Rudolf Virchow brought the matter to demonstration about

1860.  His Omnis cellula e cellula became from that time one of

1860   the accepted data of physiology. This was supplemented a little

later by Fleming´s Omnis nucleus e nucleo, when still more

refined methods of observation had shown that the part of the

cell which always first undergoes change preparatory to new

cell-formation is the all-essential nucleus. Thus the nucleus was

restored to the important position which Schwann and Schleiden

had given it, but with greatly altered significance.  Instead of

being a structure generated de novo from non-cellular substance,

and disappearing as soon as its function of cell-formation was

accomplished, the nucleus was now known as the central and

permanent feature of every cell, indestructible while the cell

lives, itself the division-product of a pre-existing nucleus, and

the parent, by division of its substance, of other generations of

nuclei. The word cell received a final definition as “a small

mass of protoplasm supplied with a nucleus.“

In this widened and culminating general view of the cell theory

it became clear that every animate organism, animal or vegetable,

is but a cluster of nucleated cells, all of which, in each

individual case, are the direct descendants of a single

primordial cell of the ovum. In the developed individuals of

higher organisms the successive generations of cells become

marvellously diversified in form and in specific functions; there

is a wonderful division of labor, special functions being chiefly

relegated to definite groups of cells; but from first to last

there is no function developed that is not present, in a

primitive way, in every cell, however isolated; nor does the

developed cell, however specialized, ever forget altogether any

one of its primordial functions or capacities. All physiology,

then, properly interpreted, becomes merely a study of cellular

activities; and the development of the cell theory takes its

place as the great central generalization in physiology of the

nineteenth century.  Something of the later developments of this

theory we shall see in another connection.

ANIMAL CHEMISTRY

ANIMAL CHEMISTRY

Just at the time when the microscope was opening up the paths

that were to lead to the wonderful cell theory, another novel

line of interrogation of the living organism was being put

forward by a different set of observers. Two great schools of

physiological chemistry had arisen—one under guidance of Liebig

and Wohler, in Germany, the other dominated by the great French

master Jean Baptiste Dumas.  Liebig had at one time contemplated

the study of medicine, and Dumas had achieved distinction in

connection with Prevost, at Geneva, in the field of pure

physiology before he turned his attention especially to

chemistry.  Both these masters, therefore, and Wohler as well,

found absorbing interest in those phases of chemistry that have

to do with the functions of living tissues; and it was largely

through their efforts and the labors of their followers that the

prevalent idea that vital processes are dominated by unique laws

was discarded and physiology was brought within the recognized

province of the chemist. So at about the time when the microscope

had taught that the cell is the really essential structure of the

living organism, the chemists had come to understand that every

function of the organism is really the expression of a chemical

change—that each cell is, in short, a miniature chemical

laboratory. And it was this combined point of view of anatomist

and chemist, this union of hitherto dissociated forces, that made

possible the inroads into the unexplored fields of physiology

that were effected towards the middle of the nineteenth century.

One of the first subjects reinvestigated and brought to proximal

solution was the long-mooted question of the digestion of foods.

Spallanzani and Hunter had shown in the previous century that

digestion is in some sort a solution of foods; but little advance

was made upon their work until 1824, when Prout detected the

1824   presence of hydrochloric acid in the gastric juice. A decade

later Sprott and Boyd detected the existence of peculiar glands

in the gastric mucous membrane; and Cagniard la Tour and Schwann

independently discovered that the really active principle of the

gastric juice is a substance which was named pepsin, and which

was shown by Schwann to be active in the presence of hydrochloric

acid.
Almost coincidently, in 1836, it was discovered by Purkinje and

1836   Pappenheim that another organ than the stomach—namely, the

pancreas—has a share in digestion, and in the course of the

ensuing decade it came to be known, through the efforts of

Eberle, Valentin, and Claude Bernard, that this organ is

all-important in the digestion of starchy and fatty foods. It was

found, too, that the liver and the intestinal glands have each an

important share in the work of preparing foods for absorption, as

also has the saliva—that, in short, a coalition of forces is

necessary for the digestion of all ordinary foods taken into the

stomach.

And the chemists soon discovered that in each one of the

essential digestive juices there is at least one substance having

certain resemblances to pepsin, though acting on different kinds

of food.  The point of resemblance between all these essential

digestive agents is that each has the remarkable property of

acting on relatively enormous quantities of the substance which

it can digest without itself being destroyed or apparently even

altered. In virtue of this strange property, pepsin and the

allied substances were spoken of as ferments, but more recently

it is customary to distinguish them from such organized ferments

as yeast by designating them enzymes. The isolation of these

enzymes, and an appreciation of their mode of action, mark a long

step towards the solution of the riddle of digestion, but it must

be added that we are still quite in the dark as to the real

ultimate nature of their strange activity.

In a comprehensive view, the digestive organs, taken as a whole,

are a gateway between the outside world and the more intimate

cells of the organism.  Another equally important gateway is

furnished by the lungs, and here also there was much obscurity

about the exact method of functioning at the time of the revival

of physiological chemistry. That oxygen is consumed and carbonic

acid given off during respiration the chemists of the age of

Priestley and Lavoisier had indeed made clear, but the mistaken

notion prevailed that it was in the lungs themselves that the

important burning of fuel occurs, of which carbonic acid is a

chief product.  But now that attention had been called to the

importance of the ultimate cell, this misconception could not

long hold its ground, and as early as 1842 Liebig, in the course

1842   of his studies of animal heat, became convinced that it is not in

the lungs, but in the ultimate tissues to which they are

tributary, that the true consumption of fuel takes place.

Reviving Lavoisier´s idea, with modifications and additions,

Liebig contended, and in the face of opposition finally

demonstrated, that the source of animal heat is really the

consumption of the fuel taken in through the stomach and the

lungs.  He showed that all the activities of life are really the

product of energy liberated solely through destructive processes,

amounting, broadly speaking, to combustion occurring in the

ultimate cells of the organism. Here is his argument:

LIEBIG ON ANIMAL HEAT
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“The oxygen taken into the system is taken out again in the same

forms, whether in summer or in winter; hence we expire more

carbon in cold weather, and when the barometer is high, than we

do in warm weather; and we must consume more or less carbon in

our food in the same proportion; in Sweden more than in Sicily;

and in our more temperate climate a full eighth more in winter

than in summer.

“Even when we consume equal weights of food in cold and warm

countries, infinite wisdom has so arranged that the articles of

food in different climates are most unequal in the proportion of

carbon they contain. The fruits on which the natives of the South

prefer to feed do not in the fresh state contain more than twelve

per cent. of carbon, while the blubber and train-oil used by the

inhabitants of the arctic regions contain from sixty-six to

eighty per cent. of carbon.

“It is no difficult matter, in warm climates, to study moderation

in eating, and men can bear hunger for a long time under the

equator; but cold and hunger united very soon exhaust the body.

“The mutual action between the elements of the food and the

oxygen conveyed by the circulation of the blood to every part of

the body is the source of animal heat.

“All living creatures whose existence depends on the absorption

of oxygen possess within themselves a source of heat independent

of surrounding objects.

“This truth applies to all animals, and extends besides to the

germination of seeds, to the flowering of plants, and to the

maturation of fruits. It is only in those parts of the body to

which arterial blood, and with it the oxygen absorbed in

respiration, is conveyed that heat is produced. Hair, wool, or

feathers do not possess an elevated temperature. This high

temperature of the animal body, or, as it may be called,

disengagement of heat, is uniformly and under all circumstances

the result of the combination of combustible substance with

oxygen.

“In whatever way carbon may combine with oxygen, the act of

combination cannot take place without the disengagement of heat.

It is a matter of indifference whether the combination takes

place rapidly or slowly, at a high or at a low temperature; the

amount of heat liberated is a constant quantity. The carbon of

the food, which is converted into carbonic acid within the body,

must give out exactly as much heat as if it had been directly

burned in the air or in oxygen gas; the only difference is that

the amount of heat produced is diffused over unequal times. In

oxygen the combustion is more rapid and the heat more intense; in

air it is slower, the temperature is not so high, but it

continues longer.

“It is obvious that the amount of heat liberated must increase or

diminish with the amount of oxygen introduced in equal times by

respiration. Those animals which respire frequently, and

consequently consume much oxygen, possess a higher temperature

than others which, with a body of equal size to be heated, take

into the system less oxygen. The temperature of a child (102

10   degrees) is higher than that of an adult (99.5 degrees). That of

99.5   birds (104 to 105.4 degrees) is higher than that of quadrupeds

104   
105.4   (98.5 to 100.4 degrees), or than that of fishes or amphibia,

98.5   
100.4   whose proper temperature is from 3.7 to 2.6 degrees higher than

3.7   
2.6   that of the medium in which they live.  All animals, strictly

speaking, are warm-blooded; but in those only which possess lungs

is the temperature of the body independent of the surrounding

medium.

“The most trustworthy observations prove that in all climates, in

the temperate zones as well as at the equator or the poles, the

temperature of the body in man, and of what are commonly called

warm-blooded animals, is invariably the same; yet how different

are the circumstances in which they live.

“The animal body is a heated mass, which bears the same relation

to surrounding objects as any other heated mass. It receives heat

when the surrounding objects are hotter, it loses heat when they

are colder than itself.  We know that the rapidity of cooling

increases with the difference between the heated body and that of

the surrounding medium—that is, the colder the surrounding

medium the shorter the time required for the cooling of the

heated body. How unequal, then, must be the loss of heat of a man

at Palermo, where the actual temperature is nearly equal to that

of the body, and in the polar regions, where the external

temperature is from 70 to 90 degrees lower.

70   
90   “Yet notwithstanding this extremely unequal loss of heat,

experience has shown that the blood of an inhabitant of the

arctic circle has a temperature as high as that of the native of

the South, who lives in so different a medium.  This fact, when

its true significance is perceived, proves that the heat given

off to the surrounding medium is restored within the body with

great rapidity. This compensation takes place more rapidly in

winter than in summer, at the pole than at the equator.

“Now in different climates the quantity of oxygen introduced into

the system of respiration, as has been already shown, varies

according to the temperature of the external air; the quantity of

inspired oxygen increases with the loss of heat by external

cooling, and the quantity of carbon or hydrogen necessary to

combine with this oxygen must be increased in like ratio. It is

evident that the supply of heat lost by cooling is effected by

the mutual action of the elements of the food and the inspired

oxygen, which combine together.  To make use of a familiar, but

not on that account a less just illustration, the animal body

acts, in this respect, as a furnace, which we supply with fuel.

It signifies nothing what intermediate forms food may assume,

what changes it may undergo in the body, the last change is

uniformly the conversion of carbon into carbonic acid and of its

hydrogen into water; the unassimilated nitrogen of the food,

along with the unburned or unoxidized carbon, is expelled in the

excretions. In order to keep up in a furnace a constant

temperature, we must vary the supply of fuel according to the

external temperature—that is, according to the supply of oxygen.

“In the animal body the food is the fuel; with a proper supply of

oxygen we obtain the heat given out during its oxidation or

combustion.“[3]

BLOOD CORPUSCLES, MUSCLES, AND GLANDS
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Further researches showed that the carriers of oxygen, from the

time of its absorption in the lungs till its liberation in the

ultimate tissues, are the red corpuscles, whose function had been

supposed to be the mechanical one of mixing of the blood.  It

transpired that the red corpuscles are composed chiefly of a

substance which Kuhne first isolated in crystalline form in 1865,

1865   and which was named haemoglobin—a substance which has a

marvellous affinity for oxygen, seizing on it eagerly at the

lungs vet giving it up with equal readiness when coursing among

the remote cells of the body. When freighted with oxygen it

becomes oxyhaemoglobin and is red in color; when freed from its

oxygen it takes a purple hue; hence the widely different

appearance of arterial and venous blood, which so puzzled the

early physiologists.

This proof of the vitally important role played by the red-blood

corpuscles led, naturally, to renewed studies of these

infinitesimal bodies. It was found that they may vary greatly in

number at different periods in the life of the same individual,

proving that they may be both developed and destroyed in the

adult organism.  Indeed, extended observations left no reason to

doubt that the process of corpuscle formation and destruction may

be a perfectly normal one—that, in short, every red-blood

corpuscle runs its course and dies like any more elaborate

organism. They are formed constantly in the red marrow of bones,

and are destroyed in the liver, where they contribute to the

formation of the coloring matter of the bile.  Whether there are

other seats of such manufacture and destruction of the corpuscles

is not yet fully determined. Nor are histologists agreed as to

whether the red-blood corpuscles themselves are to be regarded as

true cells, or merely as fragments of cells budded out from a

true cell for a special purpose; but in either case there is not

the slightest doubt that the chief function of the red corpuscle

is to carry oxygen.

If the oxygen is taken to the ultimate cells before combining

with the combustibles it is to consume, it goes without saying

that these combustibles themselves must be carried there also.

Nor could it be in doubt that the chiefest of these ultimate

tissues, as regards, quantity of fuel required, are the muscles.

A general and comprehensive view of the organism includes, then,

digestive apparatus and lungs as the channels of fuel-supply;

blood and lymph channels as the transportation system; and muscle

cells, united into muscle fibres, as the consumption furnaces,

where fuel is burned and energy transformed and rendered

available for the purposes of the organism, supplemented by a set

of excretory organs, through which the waste products—the

ashes—are eliminated from the system.

But there remain, broadly speaking, two other sets of organs

whose size demonstrates their importance in the economy of the

organism, yet whose functions are not accounted for in this

synopsis. These are those glandlike organs, such as the spleen,

which have no ducts and produce no visible secretions, and the

nervous mechanism, whose central organs are the brain and spinal

cord.  What offices do these sets of organs perform in the great

labor-specializing aggregation of cells which we call a living

organism?

As regards the ductless glands, the first clew to their function

was given when the great Frenchman Claude Bernard (the man of

whom his admirers loved to say, “He is not a physiologist merely;

he is physiology itself”) discovered what is spoken of as the

glycogenic function of the liver. The liver itself, indeed, is

not a ductless organ, but the quantity of its biliary output

seems utterly disproportionate to its enormous size, particularly

when it is considered that in the case of the human species the

liver contains normally about one-fifth of all the blood in the

entire body. Bernard discovered that the blood undergoes a change

of composition in passing through the liver.  The liver cells

(the peculiar forms of which had been described by Purkinje,

Henle, and Dutrochet about 1838) have the power to convert

1838   certain of the substances that come to them into a starchlike

compound called glycogen, and to store this substance away till

it is needed by the organism.  This capacity of the liver cells

is quite independent of the bile-making power of the same cells;

hence the discovery of this glycogenic function showed that an

organ may have more than one pronounced and important specific

function. But its chief importance was in giving a clew to those

intermediate processes between digestion and final assimilation

that are now known to be of such vital significance in the

economy of the organism.

In the forty odd years that have elapsed since this pioneer

observation of Bernard, numerous facts have come to light showing

the extreme importance of such intermediate alterations of

food-supplies in the blood as that performed by the liver. It has

been shown that the pancreas, the spleen, the thyroid gland, the

suprarenal capsules are absolutely essential, each in its own

way, to the health of the organism, through metabolic changes

which they alone seem capable of performing; and it is suspected

that various other tissues, including even the muscles

themselves, have somewhat similar metabolic capacities in

addition to their recognized functions. But so extremely

intricate is the chemistry of the substances involved that in no

single case has the exact nature of the metabolisms wrought by

these organs been fully made out.  Each is in its way a chemical

laboratory indispensable to the right conduct of the organism,

but the precise nature of its operations remains inscrutable. The

vast importance of the operations of these intermediate organs is

unquestioned.

A consideration of the functions of that other set of organs

known collectively as the nervous system is reserved for a later

chapter.
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“Let us first direct our attention to the plant at the moment

when it develops out of the seed-kernel. The first organs of its

upward growth are known by the name of cotyledons; they have also

been called seed-leaves.

“They often appear shapeless, filled with new matter, and are

just as thick as they are broad.  Their vessels are

unrecognizable and are hardly to be distinguished from the mass

of the whole; they bear almost no resemblance to a leaf, and we

could easily be misled into regarding them as special organs. 

Occasionally, however, they appear as real leaves, their vessels

are capable of the most minute development, their similarity to

the following leaves does not permit us to take them for special

organs, but we recognize them instead to be the first leaves of

the stalk.

“The cotyledons are mostly double, and there is an observation to

be made here which will appear still more important as we

proceed—that is, that the leaves of the first node are often

paired, even when the following leaves of the stalk stand

alternately upon it. Here we see an approximation and a joining

of parts which nature afterwards separates and places at a

distance from one another. It is still more remarkable when the

cotyledons take the form of many little leaves gathered about an

axis, and the stalk which grows gradually from their midst

produces the following leaves arranged around it singly in a

whorl. This may be observed very exactly in the growth of the

pinus species. Here a corolla of needles forms at the same time a

calyx, and we shall have occasion to remember the present case in

connection with similar phenomena later.

“On the other hand, we observe that even the cotyledons which are

most like a leaf when compared with the following leaves of the

stalk are always more undeveloped or less developed. This is

chiefly noticeable in their margin which is extremely simple and

shows few traces of indentation.

“A few or many of the next following leaves are often already

present in the seed, and lie enclosed between the cotyledons; in

their folded state they are known by the name of plumules. Their

form, as compared with the cotyledons and the following leaves,

varies in different plants.  Their chief point of variance,

however, from the cotyledons is that they are flat, delicate, and

formed like real leaves generally. They are wholly green, rest on

a visible node, and can no longer deny their relationship to the

following leaves of the stalk, to which, however, they are

usually still inferior, in so far as that their margin is not

completely developed.

“The further development, however, goes on ceaselessly in the

leaf, from node to node; its midrib is elongated, and more or

less additional ribs stretch out from this towards the sides. The

leaves now appear notched, deeply indented, or composed of

several small leaves, in which last case they seem to form

complete little branches.  The date-palm furnishes a striking

example of such a successive transformation of the simplest leaf

form. A midrib is elongated through a succession of several

leaves, the single fan-shaped leaf becomes torn and diverted, and

a very complicated leaf is developed, which rivals a branch in

form.
“The transition to inflorescence takes place more or less

rapidly. In the latter case we usually observe that the leaves of

the stalk loose their different external divisions, and, on the

other hand, spread out more or less in their lower parts where

they are attached to the stalk. If the transition takes place

rapidly, the stalk, suddenly become thinner and more elongated

since the node of the last-developed leaf, shoots up and collects

several leaves around an axis at its end.

“That the petals of the calyx are precisely the same organs which

have hitherto appeared as leaves on the stalk, but now stand

grouped about a common centre in an often very different form,

can, as it seems to me, be most clearly demonstrated.  Already in

connection with the cotyledons above, we noticed a similar

working of nature. The first species, while they are developing

out of the seed-kernel, display a radiate crown of unmistakable

needles; and in the first childhood of these plants we see

already indicated that force of nature whereby when they are

older their flowering and fruit-giving state will be produced.

“We see this force of nature, which collects several leaves

around an axis, produce a still closer union and make these

approximated, modified leaves still more unrecognizable by

joining them together either wholly or partially.  The

bell-shaped or so-called one-petalled calices represent these

cloudy connected leaves, which, being more or less indented from

above, or divided, plainly show their origin.

“We can observe the transition from the calyx to the corolla in

more than one instance, for, although the color of the calyx is

still usually green, and like the color of the leaves of the

stalk, it nevertheless often varies in one or another of its

parts—at the tips, the margins, the back, or even, the inward

side—while the outer still remains on green.

“The relationship of the corolla to the leaves of the stalk is

shown in more than one way, since on the stalks of some plants

appear leaves which are already more or less colored long before

they approach inflorescence; others are fully colored when near

inflorescence.  Nature also goes over at once to the corolla,

sometimes by skipping over the organs of the calyx, and in such a

case we likewise have an opportunity to observe that leaves of

the stalk become transformed into petals. Thus on the stalk of

tulips, for instance, there sometimes appears an almost

completely developed and colored petal. Even more remarkable is

the case when such a leaf, half green and half of it belonging to

the stalk, remains attached to the latter, while another colored

part is raised with the corolla, and the leaf is thus torn in

two.
“The relationship between the petals and stamens is very close.

In some instances nature makes the transition regular—e.g.,

among the Canna and several plants of the same family.  A true,

little-modified petal is drawn together on its upper margin, and

produces a pollen sac, while the rest of the petal takes the

place of the stamen. In double flowers we can observe this

transition in all its stages. In several kinds of roses, within

the fully developed and colored petals there appear other ones

which are drawn together in the middle or on the side.  This

drawing together is produced by a small weal, which appears as a

more or less complete pollen sac, and in the same proportion the

leaf approaches the simple form of a stamen.

“The pistil in many cases looks almost like a stamen without

anthers, and the relationship between the formation of the two is

much closer than between the other parts.  In retrograde fashion

nature often produces cases where the style and stigma (Narben)

become retransformed into petals—that is, the Ranunculus

Asiaticus becomes double by transforming the stigma and style of

the fruit-receptacle into real petals, while the stamens are

often found unchanged immediately behind the corolla.

“In the seed receptacles, in spite of their formation, of their

special object, and of their method of being joined together, we

cannot fail to recognize the leaf form.  Thus, for instance, the

pod would be a simple leaf folded and grown together on its

margin; the siliqua would consist of more leaves folded over

another; the compound receptacles would be explained as being

several leaves which, being united above one centre, keep their

inward parts separate and are joined on their margins. We can

convince ourselves of this by actual sight when such composite

capsules fall apart after becoming ripe, because then every part

displays an opened pod.“[1]

The theory thus elaborated of the metamorphosis of parts was

presently given greater generality through extension to the

animal kingdom, in the doctrine which Goethe and Oken advanced

independently, that the vertebrate skull is essentially a

modified and developed vertebra. These were conceptions worthy of

a poet—impossible, indeed, for any mind that had not the poetic

faculty of correlation.  But in this case the poet´s vision was

prophetic of a future view of the most prosaic science. The

doctrine of metamorphosis of parts soon came to be regarded as of

fundamental importance.

But the doctrine had implications that few of its early advocates

realized. If all the parts of a flower—sepal, petal, stamen,

pistil, with their countless deviations of contour and color—are

but modifications of the leaf, such modification implies a

marvellous differentiation and development. To assert that a

stamen is a metamorphosed leaf means, if it means anything, that

in the long sweep of time the leaf has by slow or sudden

gradations changed its character through successive generations,

until the offspring, so to speak, of a true leaf has become a

stamen.  But if such a metamorphosis as this is possible—if the

seemingly wide gap between leaf and stamen may be spanned by the

modification of a line of organisms—where does the possibility

of modification of organic type find its bounds?  Why may not the

modification of parts go on along devious lines until the remote

descendants of an organism are utterly unlike that organism?  Why

may we not thus account for the development of various species of

beings all sprung from one parent stock?  That, too, is a poet´s

dream; but is it only a dream? Goethe thought not.  Out of his

studies of metamorphosis of parts there grew in his mind the

belief that the multitudinous species of plants and animals about

us have been evolved from fewer and fewer earlier parent types,

like twigs of a giant tree drawing their nurture from the same

primal root. It was a bold and revolutionary thought, and the

world regarded it as but the vagary of a poet.

ERASMUS DARWIN
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Just at the time when this thought was taking form in Goethe´s

brain, the same idea was germinating in the mind of another

philosopher, an Englishman of international fame, Dr. Erasmus

Darwin, who, while he lived, enjoyed the widest popularity as a

poet, the rhymed couplets of his Botanic Garden being quoted

everywhere with admiration. And posterity repudiating the verse

which makes the body of the book, yet grants permanent value to

the book itself, because, forsooth, its copious explanatory

foot-notes furnish an outline of the status of almost every

department of science of the time.

But even though he lacked the highest art of the versifier,

Darwin had, beyond peradventure, the imagination of a poet

coupled with profound scientific knowledge; and it was his poetic

insight, correlating organisms seemingly diverse in structure and

imbuing the lowliest flower with a vital personality, which led

him to suspect that there are no lines of demarcation in nature.

“Can it be,“ he queries, ”that one form of organism has developed

from another; that different species are really but modified

descendants of one parent stock?“  The alluring thought nestled

in his mind and was nurtured there, and grew in a fixed belief,

which was given fuller expression in his Zoonomia and in the

posthumous Temple of Nature.

Here is his rendering of the idea as versified in the Temple of

Nature:
 “Organic life beneath the shoreless waves

  Was born, and nursed in Ocean´s pearly caves;

  First forms minute, unseen by spheric glass,

  Move on the mud, or pierce the watery mass;

  These, as successive generations bloom,

  New powers acquire and larger limbs assume;

  Whence countless groups of vegetation spring,

  And breathing realms of fin, and feet, and wing.

 “Thus the tall Oak, the giant of the wood,

  Which bears Britannia´s thunders on the flood;

  The Whale, unmeasured monster of the main;

  The lordly lion, monarch of the plain;

  The eagle, soaring in the realms of air,

  Whose eye, undazzled, drinks the solar glare;

  Imperious man, who rules the bestial crowd,

  Of language, reason, and reflection proud,

  With brow erect, who scorns this earthy sod,

  And styles himself the image of his God—

  Arose from rudiments of form and sense,

  An embryon point or microscopic ens!“[2]

Here, clearly enough, is the idea of evolution.  But in that day

there was little proof forthcoming of its validity that could

satisfy any one but a poet, and when Erasmus Darwin died, in

1802, the idea of transmutation of species was still but an

1802   unsubstantiated dream.

It was a dream, however, which was not confined to Goethe and

Darwin. Even earlier the idea had come more or less vaguely to

another great dreamer—and worker—of Germany, Immanuel Kant, and

to several great Frenchmen, including De Maillet, Maupertuis,

Robinet, and the famous naturalist Buffon—a man who had the

imagination of a poet, though his message was couched in most

artistic prose.  Not long after the middle of the eighteenth

century Buffon had put forward the idea of transmutation of

species, and he reiterated it from time to time from then on till

his death in 1788. But the time was not yet ripe for the idea of

1788   transmutation of species to burst its bonds.

And yet this idea, in a modified or undeveloped form, had taken

strange hold upon the generation that was upon the scene at the

close of the eighteenth century. Vast numbers of hitherto unknown

species of animals had been recently discovered in previously

unexplored regions of the globe, and the wise men were sorely

puzzled to account for the disposal of all of these at the time

of the deluge.  It simplified matters greatly to suppose that

many existing species had been developed since the episode of the

ark by modification of the original pairs. The remoter bearings

of such a theory were overlooked for the time, and the idea that

American animals and birds, for example, were modified

descendants of Old-World forms—the jaguar of the leopard, the

puma of the lion, and so on—became a current belief with that

class of humanity who accept almost any statement as true that

harmonizes with their prejudices without realizing its

implications.

Thus it is recorded with eclat that the discovery of the close

proximity of America at the northwest with Asia removes all

difficulties as to the origin of the Occidental faunas and

floras, since Oriental species might easily have found their way

to America on the ice, and have been modified as we find them by

“the well-known influence of climate.“ And the persons who gave

expression to this idea never dreamed of its real significance. 

In truth, here was the doctrine of evolution in a nutshell, and,

because its ultimate bearings were not clear, it seemed the most

natural of doctrines.  But most of the persons who advanced it

would have turned from it aghast could they have realized its

import. As it was, however, only here and there a man like Buffon

reasoned far enough to inquire what might be the limits of such

assumed transmutation; and only here and there a Darwin or a

Goethe reached the conviction that there are no limits.
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And even Goethe and Darwin had scarcely passed beyond that

tentative stage of conviction in which they held the thought of

transmutation of species as an ancillary belief not ready for

full exposition. There was one of their contemporaries, however,

who, holding the same conception, was moved to give it full

explication. This was the friend and disciple of Buffon, Jean

Baptiste de Lamarck.  Possessed of the spirit of a poet and

philosopher, this great Frenchman had also the widest range of

technical knowledge, covering the entire field of animate nature. 

The first half of his long life was devoted chiefly to botany, in

which he attained high distinction.  Then, just at the beginning

of the nineteenth century, he turned to zoology, in particular to

the lower forms of animal life. Studying these lowly organisms,

existing and fossil, he was more and more impressed with the

gradations of form everywhere to be seen; the linking of diverse

families through intermediate ones; and in particular with the

predominance of low types of life in the earlier geological

strata.  Called upon constantly to classify the various forms of

life in the course of his systematic writings, he found it more

and more difficult to draw sharp lines of demarcation, and at

last the suspicion long harbored grew into a settled conviction

that there is really no such thing as a species of organism in

nature; that “species” is a figment of the human imagination,

whereas in nature there are only individuals.

That certain sets of individuals are more like one another than

like other sets is of course patent, but this only means, said

Lamarck, that these similar groups have had comparatively recent

common ancestors, while dissimilar sets of beings are more

remotely related in consanguinity.  But trace back the lines of

descent far enough, and all will culminate in one original stock. 

All forms of life whatsoever are modified descendants of an

original organism. From lowest to highest, then, there is but one

race, one species, just as all the multitudinous branches and

twigs from one root are but one tree. For purposes of convenience

of description, we may divide organisms into orders, families,

genera, species, just as we divide a tree into root, trunk,

branches, twigs, leaves; but in the one case, as in the other,

the division is arbitrary and artificial.

In Philosophie Zoologique (1809), Lamarck first explicitly

1809   formulated his ideas as to the transmutation of species, though

he had outlined them as early as 1801.  In this memorable

1801   publication not only did he state his belief more explicitly and

in fuller detail than the idea had been expressed by any

predecessor, but he took another long forward step, carrying him

far beyond all his forerunners except Darwin, in that he made an

attempt to explain the way in which the transmutation of species

had been brought about. The changes have been wrought, he said,

through the unceasing efforts of each organism to meet the needs

imposed upon it by its environment. Constant striving means the

constant use of certain organs. Thus a bird running by the

seashore is constantly tempted to wade deeper and deeper in

pursuit of food; its incessant efforts tend to develop its legs,

in accordance with the observed principle that the use of any

organ tends to strengthen and develop it. But such slightly

increased development of the legs is transmitted to the off

spring of the bird, which in turn develops its already improved

legs by its individual efforts, and transmits the improved

tendency. Generation after generation this is repeated, until the

sum of the infinitesimal variations, all in the same direction,

results in the production of the long-legged wading-bird. In a

similar way, through individual effort and transmitted tendency,

all the diversified organs of all creatures have been

developed—the fin of the fish, the wing of the bird, the hand of

man; nay, more, the fish itself, the bird, the man, even. 

Collectively the organs make up the entire organism; and what is

true of the individual organs must be true also of their

ensemble, the living being.

Whatever might be thought of Lamarck´s explanation of the cause

of transmutation—which really was that already suggested by

Erasmus Darwin—the idea of the evolution for which he contended

was but the logical extension of the conception that American

animals are the modified and degenerated descendants of European

animals. But people as a rule are little prone to follow ideas to

their logical conclusions, and in this case the conclusions were

so utterly opposed to the proximal bearings of the idea that the

whole thinking world repudiated them with acclaim. The very

persons who had most eagerly accepted the idea of transmutation

of European species into American species, and similar limited

variations through changed environment, because of the relief

thus given the otherwise overcrowded ark, were now foremost in

denouncing such an extension of the doctrine of transmutation as

Lamarck proposed.

And, for that matter, the leaders of the scientific world were

equally antagonistic to the Lamarckian hypothesis.  Cuvier in

particular, once the pupil of Lamarck, but now his colleague, and

in authority more than his peer, stood out against the

transmutation doctrine with all his force. He argued for the

absolute fixity of species, bringing to bear the resources of a

mind which, as a mere repository of facts, perhaps never was

excelled. As a final and tangible proof of his position, he

brought forward the bodies of ibises that had been embalmed by

the ancient Egyptians, and showed by comparison that these do not

differ in the slightest particular from the ibises that visit the

Nile to-day.

Cuvier´s reasoning has such great historical interest—being the

argument of the greatest opponent of evolution of that day—that

we quote it at some length.

“The following objections,“ he says, ”have already been started

against my conclusions.  Why may not the presently existing races

of mammiferous land quadrupeds be mere modifications or varieties

of those ancient races which we now find in the fossil state,

which modifications may have been produced by change of climate

and other local circumstances, and since raised to the present

excessive difference by the operations of similar causes during a

long period of ages?

“This objection may appear strong to those who believe in the

indefinite possibility of change of form in organized bodies, and

think that, during a succession of ages and by alterations of

habitudes, all the species may change into one another, or one of

them give birth to all the rest. Yet to these persons the

following answer may be given from their own system: If the

species have changed by degrees, as they assume, we ought to find

traces of this gradual modification.  Thus, between the

palaeotherium and the species of our own day, we should be able

to discover some intermediate forms; and yet no such discovery

has ever been made. Since the bowels of the earth have not

preserved monuments of this strange genealogy, we have no right

to conclude that the ancient and now extinct species were as

permanent in their forms and characters as those which exist at

present; or, at least, that the catastrophe which destroyed them

did not leave sufficient time for the productions of the changes

that are alleged to have taken place.

“In order to reply to those naturalists who acknowledge that the

varieties of animals are restrained by nature within certain

limits, it would be necessary to examine how far these limits

extend. This is a very curious inquiry, and in itself exceedingly

interesting under a variety of relations, but has been hitherto

very little attended to. . . . . . . . .

Wild animals which subsist upon herbage feel the influence of

climate a little more extensively, because there is added to it

the influence of food, both in regard to its abundance and its

quality. Thus the elephants of one forest are larger than those

of another; their tusks also grow somewhat longer in places where

their food may happen to be more favorable for the production of

the substance of ivory. The same may take place in regard to the

horns of stags and reindeer. But let us examine two elephants,

the most dissimilar that can be conceived, we shall not discover

the smallest difference in the number and articulations of the

bones, the structure of the teeth, etc. . . . . . . . .

“Nature appears also to have guarded against the alterations of

species which might proceed from mixture of breeds by influencing

the various species of animals with mutual aversion from one

another. Hence all the cunning and all the force that man is able

to exert is necessary to accomplish such unions, even between

species that have the nearest resemblances.  And when the mule

breeds that are thus produced by these forced conjunctions happen

to be fruitful, which is seldom the case, this fecundity never

continues beyond a few generations, and would not probably

proceed so far without a continuance of the same cares which

excited it at first. Thus we never see in a wild state

intermediate productions between the hare and the rabbit, between

the stag and the doe, or between the marten and the weasel.  But

the power of man changes this established order, and continues to

produce all these intermixtures of which the various species are

susceptible, but which they would never produce if left to

themselves.

“The degrees of these variations are proportional to the

intensity of the causes that produced them—namely, the slavery

or subjection under which those animals are to man. They do not

proceed far in half-domesticated species. In the cat, for

example, a softer or harsher fur, more brilliant or more varied

colors, greater or less size—these form the whole extent of

variety in the species; the skeleton of the cat of Angora differs

in no regular and constant circumstances from the wild-cat of

Europe. . . . . . . .

The most remarkable effects of the influence of man are produced

upon that animal which he has reduced most completely under

subjection. Dogs have been transported by mankind into every part

of the world and have submitted their action to his entire

direction. Regulated in their unions by the pleasure or caprice

of their masters, the almost endless varieties of dogs differ

from one another in color, in length, and abundance of hair,

which is sometimes entirely wanting; in their natural instincts;

in size, which varies in measure as one to five, mounting in some

instances to more than a hundredfold in bulk; in the form of

their ears, noses, and tails; in the relative length of their

legs; in the progressive development of the brain, in several of

the domesticated varieties occasioning alterations even in the

form of the head, some of them having long, slender muzzles with

a flat forehead, others having short muzzles with a forehead

convex, etc., insomuch that the apparent difference between a

mastiff and a water-spaniel and between a greyhound and a pugdog

are even more striking than between almost any of the wild

species of a genus. . . . . . . .

It follows from these observations that animals have certain

fixed and natural characters which resist the effects of every

kind of influence, whether proceeding from natural causes or

human interference; and we have not the smallest reason to

suspect that time has any more effect on them than climate.

“I am aware that some naturalists lay prodigious stress upon the

thousands which they can call into action by a dash of their

pens. In such matters, however, our only way of judging as to the

effects which may be produced by a long period of time is by

multiplying, as it were, such as are produced by a shorter time. 

With this view I have endeavored to collect all the ancient

documents respecting the forms of animals; and there are none

equal to those furnished by the Egyptians, both in regard to

their antiquity and abundance. They have not only left us

representatives of animals, but even their identical bodies

embalmed and preserved in the catacombs.

“I have examined, with the greatest attention, the engraved

figures of quadrupeds and birds brought from Egypt to ancient

Rome, and all these figures, one with another, have a perfect

resemblance to their intended objects, such as they still are

to-day.
“From all these established facts, there does not seem to be the

smallest foundation for supposing that the new genera which I

have discovered or established among extraneous fossils, such as

the paleoetherium, anoplotherium, megalonyx, mastodon,

pterodactylis, etc., have ever been the sources of any of our

present animals, which only differ so far as they are influenced

by time or climate. Even if it should prove true, which I am far

from believing to be the case, that the fossil elephants,

rhinoceroses, elks, and bears do not differ further from the

existing species of the same genera than the present races of

dogs differ among themselves, this would by no means be a

sufficient reason to conclude that they were of the same species;

since the races or varieties of dogs have been influenced by the

trammels of domesticity, which those other animals never did, and

indeed never could, experience.“[3]

To Cuvier´s argument from the fixity of Egyptian mummified birds

and animals, as above stated, Lamarck replied that this proved

nothing except that the ibis had become perfectly adapted to its

Egyptian surroundings in an early day, historically speaking, and

that the climatic and other conditions of the Nile Valley had not

since then changed. His theory, he alleged, provided for the

stability of species under fixed conditions quite as well as for

transmutation under varying conditions.

But, needless to say, the popular verdict lay with Cuvier; talent

won for the time against genius, and Lamarck was looked upon as

an impious visionary.  His faith never wavered, however. He

believed that he had gained a true insight into the processes of

animate nature, and he reiterated his hypotheses over and over,

particularly in the introduction to his Histoire Naturelle des

Animaux sans Vertebres, in 1815, and in his Systeme des

1815   Connaissances Positives de l´Homme, in 1820. He lived on till

1820   1829, respected as a naturalist, but almost unrecognized as a

1829   prophet.

TENTATIVE ADVANCES
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While the names of Darwin and Goethe, and in particular that of

Lamarck, must always stand out in high relief in this generation

as the exponents of the idea of transmutation of species, there

are a few others which must not be altogether overlooked in this

connection.  Of these the most conspicuous is that of Gottfried

Reinhold Treviranus, a German naturalist physician, professor of

mathematics in the lyceum at Bremen.

It was an interesting coincidence that Treviranus should have

published the first volume of his Biologie, oder Philosophie der

lebenden Natur, in which his views on the transmutation of

species were expounded, in 1802, the same twelvemonth in which

1802   Lamarck´s first exposition of the same doctrine appeared in his

Recherches sur l´Organisation des Corps Vivants.  It is singular,

too, that Lamarck, in his Hydrogelogie of the same date, should

independently have suggested “biology” as an appropriate word to

express the general science of living things. It is significant

of the tendency of thought of the time that the need of such a

unifying word should have presented itself simultaneously to

independent thinkers in different countries.

That same memorable year, Lorenz Oken, another philosophical

naturalist, professor in the University of Zurich, published the

preliminary outlines of his Philosophie der Natur, which, as

developed through later publications, outlined a theory of

spontaneous generation and of evolution of species. Thus it

appears that this idea was germinating in the minds of several of

the ablest men of the time during the first decade of our

century. But the singular result of their various explications

was to give sudden check to that undercurrent of thought which

for some time had been setting towards this conception.  As soon

as it was made clear whither the concession that animals may be

changed by their environment must logically trend, the recoil

from the idea was instantaneous and fervid. Then for a generation

Cuvier was almost absolutely dominant, and his verdict was

generally considered final.

There was, indeed, one naturalist of authority in France who had

the hardihood to stand out against Cuvier and his school, and who

was in a position to gain a hearing, though by no means to divide

the following. This was Etienne Geoffroy Saint-Hilaire, the

famous author of the Philosophie Anatomique, and for many years

the colleague of Lamarck at the Jardin des Plantes.  Like Goethe,

Geoffroy was pre-eminently an anatomist, and, like the great

German, he had early been impressed with the resemblances between

the analogous organs of different classes of beings.  He

conceived the idea that an absolute unity of type prevails

throughout organic nature as regards each set of organs. Out of

this idea grew his gradually formed belief that similarity of

structure might imply identity of origin—that, in short, one

species of animal might have developed from another.

Geoffroy´s grasp of this idea of transmutation was by no means so

complete as that of Lamarck, and he seems never to have fully

determined in his own mind just what might be the limits of such

development of species. Certainly he nowhere includes all organic

creatures in one line of descent, as Lamarck had done;

nevertheless, he held tenaciously to the truth as he saw it, in

open opposition to Cuvier, with whom he held a memorable debate

at the Academy of Sciences in 1830—the debate which so aroused

1830   the interest and enthusiasm of Goethe, but which, in the opinion

of nearly every one else, resulted in crushing defeat for

Geoffrey, and brilliant, seemingly final, victory for the

advocate of special creation and the fixity of species.

With that all ardent controversy over the subject seemed to end,

and for just a quarter of a century to come there was published

but a single argument for transmutation of species which

attracted any general attention whatever.  This oasis in a desert

generation was a little book called Vestiges of the Natural

History of Creation, which appeared anonymously in England in

1844, and which passed through numerous editions, and was the

1844   subject of no end of abusive and derisive comment. This book, the

authorship of which remained for forty years a secret, is now

conceded to have been the work of Robert Chambers, the well-known

English author and publisher.  The book itself is remarkable as

being an avowed and unequivocal exposition of a general doctrine

of evolution, its view being as radical and comprehensive as that

of Lamarck himself. But it was a resume of earlier efforts rather

than a new departure, to say nothing of its technical

shortcomings, which may best be illustrated by a quotation.

“The whole question,“ says Chambers, ”stands thus:  For the

theory of universal order—that is, order as presiding in both

the origin and administration of the world—we have the testimony

of a vast number of facts in nature, and this one in

addition—that whatever is left from the domain of ignorance, and

made undoubted matter of science, forms a new support to the same

doctrine.  The opposite view, once predominant, has been

shrinking for ages into lesser space, and now maintains a footing

only in a few departments of nature which happen to be less

liable than others to a clear investigation. The chief of these,

if not almost the only one, is the origin of the organic

kingdoms.  So long as this remains obscure, the supernatural will

have a certain hold upon enlightened persons. Should it ever be

cleared up in a way that leaves no doubt of a natural origin of

plants and animals, there must be a complete revolution in the

view which is generally taken of the relation of the Father of

our being.

“This prepares the way for a few remarks on the present state of

opinion with regard to the origin of organic nature. The great

difficulty here is the apparent determinateness of species. These

forms of life being apparently unchangeable, or at least always

showing a tendency to return to the character from which they

have diverged, the idea arises that there can have been no

progression from one to another; each must have taken its special

form, independently of other forms, directly from the appointment

of the Creator.  The Edinburgh Review writer says, ‘they were

created by the hand of God and adapted to the conditions of the

period.´ Now it is, in the first place, not certain that species

constantly maintain a fixed character, for we have seen that what

were long considered as determinate species have been transmuted

into others. Passing, however, from this fact, as it is not

generally received among men of science, there remain some great

difficulties in connection with the idea of special creation. 

First we should have to suppose, as pointed out in my former

volume, a most startling diversity of plan in the divine

workings, a great general plan or system of law in the leading

events of world-making, and a plan of minute, nice operation, and

special attention in some of the mere details of the process. The

discrepancy between the two conceptions is surely overpowering,

when we allow ourselves to see the whole matter in a steady and

rational light. There is, also, the striking fact of an

ascertained historical progress of plants and animals in the

order of their organization; marine and cellular plants and

invertebrated animals first, afterwards higher examples of both. 

In an arbitrary system we had surely no reason to expect mammals

after reptiles; yet in this order they came. The writer in the

Edinburgh Review speaks of animals as coming in adaptation to

conditions, but this is only true in a limited sense. The groves

which formed the coal-beds might have been a fitting habitation

for reptiles, birds, and mammals, as such groves are at the

present day; yet we see none of the last of these classes and

hardly any traces of the two first at that period of the earth. 

Where the iguanodon lived the elephant might have lived, but

there was no elephant at that time. The sea of the Lower Silurian

era was capable of supporting fish, but no fish existed.  It

hence forcibly appears that theatres of life must have remained

unserviceable, or in the possession of a tenantry inferior to

what might have enjoyed them, for many ages: there surely would

have been no such waste allowed in a system where Omnipotence was

working upon the plan of minute attention to specialities. The

fact seems to denote that the actual procedure of the peopling of

the earth was one of a natural kind, requiring a long space of

time for its evolution.  In this supposition the long existence

of land without land animals, and more particularly without the

noblest classes and orders, is only analogous to the fact, not

nearly enough present to the minds of a civilized people, that to

this day the bulk of the earth is a waste as far as man is

concerned.

“Another startling objection is in the infinite local variation

of organic forms.  Did the vegetable and animal kingdoms consist

of a definite number of species adapted to peculiarities of soil

and climate, and universally distributed, the fact would be in

harmony with the idea of special exertion.  But the truth is that

various regions exhibit variations altogether without apparent

end or purpose.  Professor Henslow enumerates forty-five distinct

flowers or sets of plants upon the surface of the earth,

notwithstanding that many of these would be equally suitable

elsewhere. The animals of different continents are equally

various, few species being the same in any two, though the

general character may conform. The inference at present drawn

from this fact is that there must have been, to use the language

of the Rev. Dr. Pye Smith, ‘separate and original creations,

perhaps at different and respectively distinct epochs.´ It seems

hardly conceivable that rational men should give an adherence to

such a doctrine when we think of what it involves. In the single

fact that it necessitates a special fiat of the inconceivable

Author of this sand-cloud of worlds to produce the flora of St.

Helena, we read its more than sufficient condemnation. It surely

harmonizes far better with our general ideas of nature to suppose

that, just as all else in this far-spread science was formed on

the laws impressed upon it at first by its Author, so also was

this. An exception presented to us in such a light appears

admissible only when we succeed in forbidding our minds to follow

out those reasoning processes to which, by another law of the

Almighty, they tend, and for which they are adapted.“[4]

Such reasoning as this naturally aroused bitter animadversions,

and cannot have been without effect in creating an undercurrent

of thought in opposition to the main trend of opinion of the

time. But the book can hardly be said to have done more than

that. Indeed, some critics have denied it even this merit. After

its publication, as before, the conception of transmutation of

species remained in the popular estimation, both lay and

scientific, an almost forgotten “heresy.“

It is true that here and there a scientist of greater or less

repute—as Von Buch, Meckel, and Von Baer in Germany, Bory

Saint-Vincent in France, Wells, Grant, and Matthew in England,

and Leidy in America—had expressed more or less tentative

dissent from the doctrine of special creation and immutability of

species, but their unaggressive suggestions, usually put forward

in obscure publications, and incidentally, were utterly

overlooked and ignored. And so, despite the scientific advances

along many lines at the middle of the century, the idea of the

transmutability of organic races had no such prominence, either

in scientific or unscientific circles, as it had acquired fifty

years before. Special creation held the day, seemingly unopposed.

DARWIN AND THE ORIGIN OF SPECIES
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But even at this time the fancied security of the

special-creation hypothesis was by no means real.  Though it

seemed so invincible, its real position was that of an apparently

impregnable fortress beneath which, all unbeknown to the

garrison, a powder-mine has been dug and lies ready for

explosion. For already there existed in the secluded work-room of

an English naturalist, a manuscript volume and a portfolio of

notes which might have sufficed, if given publicity, to shatter

the entire structure of the special-creation hypothesis. The

naturalist who, by dint of long and patient effort, had

constructed this powder-mine of facts was Charles Robert Darwin,

grandson of the author of Zoonomia.

As long ago as July 1, 1837, young Darwin, then twenty-eight

1837   years of age, had opened a private journal, in which he purposed

to record all facts that came to him which seemed to have any

bearing on the moot point of the doctrine of transmutation of

species.  Four or five years earlier, during the course of that

famous trip around the world with Admiral Fitzroy, as naturalist

to the Beagle, Darwin had made the personal observations which

first tended to shake his belief of the fixity of species. In

South America, in the Pampean formation, he had discovered “great

fossil animals covered with armor like that on the existing

armadillos,“ and had been struck with this similarity of type

between ancient and existing faunas of the same region.  He was

also greatly impressed by the manner in which closely related

species of animals were observed to replace one another as he

proceeded southward over the continent; and “by the

South-American character of most of the productions of the

Galapagos Archipelago, and more especially by the manner in which

they differ slightly on each island of the group, none of the

islands appearing to be very ancient in a geological sense.“

At first the full force of these observations did not strike him;

for, under sway of Lyell´s geological conceptions, he tentatively

explained the relative absence of life on one of the Galapagos

Islands by suggesting that perhaps no species had been created

since that island arose. But gradually it dawned upon him that

such facts as he had observed “could only be explained on the

supposition that species gradually become modified.“ From then

on, as he afterwards asserted, the subject haunted him; hence the

journal of 1837.

1837   It will thus be seen that the idea of the variability of species

came to Charles Darwin as an inference from personal observations

in the field, not as a thought borrowed from books.  He had, of

course, read the works of his grandfather much earlier in life,

but the arguments of Zoonomia and The Temple of Nature had not

served in the least to weaken his acceptance of the current

belief in fixity of species. Nor had he been more impressed with

the doctrine of Lamarck, so closely similar to that of his

grandfather.  Indeed, even after his South-American experience

had aroused him to a new point of view he was still unable to see

anything of value in these earlier attempts at an explanation of

the variation of species. In opening his journal, therefore, he

had no preconceived notion of upholding the views of these or any

other makers of hypotheses, nor at the time had he formulated any

hypothesis of his own. His mind was open and receptive; he was

eager only for facts which might lead him to an understanding of

a problem which seemed utterly obscure. It was something to feel

sure that species have varied; but how have such variations been

brought about?

It was not long before Darwin found a clew which he thought might

lead to the answer he sought.  In casting about for facts he had

soon discovered that the most available field for observation lay

among domesticated animals, whose numerous variations within

specific lines are familiar to every one.  Thus under

domestication creatures so tangibly different as a mastiff and a

terrier have sprung from a common stock. So have the Shetland

pony, the thoroughbred, and the draught-horse. In short, there is

no domesticated animal that has not developed varieties deviating

more or less widely from the parent stock. Now, how has this been

accomplished?  Why, clearly, by the preservation, through

selective breeding, of seemingly accidental variations. Thus one

horseman, by constantly selecting animals that “chance” to have

the right build and stamina, finally develops a race of

running-horses; while another horseman, by selecting a different

series of progenitors, has developed a race of slow, heavy

draught animals.

So far, so good; the preservation of “accidental” variations

through selective breeding is plainly a means by which races may

be developed that are very different from their original parent

form. But this is under man´s supervision and direction.  By what

process could such selection be brought about among creatures in

a state of nature? Here surely was a puzzle, and one that must be

solved before another step could be taken in this direction.

The key to the solution of this puzzle came into Darwin´s mind

through a chance reading of the famous essay on “Population”

which Thomas Robert Malthus had published almost half a century

before. This essay, expositing ideas by no means exclusively

original with Malthus, emphasizes the fact that organisms tend to

increase at a geometrical ratio through successive generations,

and hence would overpopulate the earth if not somehow kept in

check. Cogitating this thought, Darwin gained a new insight into

the processes of nature.  He saw that in virtue of this tendency

of each race of beings to overpopulate the earth, the entire

organic world, animal and vegetable, must be in a state of

perpetual carnage and strife, individual against individual,

fighting for sustenance and life.

That idea fully imagined, it becomes plain that a selective

influence is all the time at work in nature, since only a few

individuals, relatively, of each generation can come to maturity,

and these few must, naturally, be those best fitted to battle

with the particular circumstances in the midst of which they are

placed. In other words, the individuals best adapted to their

surroundings will, on the average, be those that grow to maturity

and produce offspring. To these offspring will be transmitted the

favorable peculiarities. Thus these peculiarities will become

permanent, and nature will have accomplished precisely what the

human breeder is seen to accomplish. Grant that organisms in a

state of nature vary, however slightly, one from another (which

is indubitable), and that such variations will be transmitted by

a parent to its offspring (which no one then doubted); grant,

further, that there is incessant strife among the various

organisms, so that only a small proportion can come to

maturity—grant these things, said Darwin, and we have an

explanation of the preservation of variations which leads on to

the transmutation of species themselves.

This wonderful coign of vantage Darwin had reached by 1839. Here

1839   was the full outline of his theory; here were the ideas which

afterwards came to be embalmed in familiar speech in the phrases

“spontaneous variation,“ and the ”survival of the fittest,“

through “natural selection.“  After such a discovery any ordinary

man would at once have run through the streets of science, so to

speak, screaming “Eureka!“  Not so Darwin.  He placed the

manuscript outline of his theory in his portfolio, and went on

gathering facts bearing on his discovery.  In 1844 he made an

1844   abstract in a manuscript book of the mass of facts by that time

accumulated. He showed it to his friend Hooker, made careful

provision for its publication in the event of his sudden death,

then stored it away in his desk and went ahead with the gathering

of more data. This was the unexploded powder-mine to which I have

just referred.

Twelve years more elapsed—years during which the silent worker

gathered a prodigious mass of facts, answered a multitude of

objections that arose in his own mind, vastly fortified his

theory. All this time the toiler was an invalid, never knowing a

day free from illness and discomfort, obliged to husband his

strength, never able to work more than an hour and a half at a

stretch; yet he accomplished what would have been vast

achievements for half a dozen men of robust health.  Two friends

among the eminent scientists of the day knew of his labors—Sir

Joseph Hooker, the botanist, and Sir Charles Lyell, the

geologist.  Gradually Hooker had come to be more than half a

convert to Darwin´s views. Lyell was still sceptical, yet he

urged Darwin to publish his theory without further delay lest he

be forestalled. At last the patient worker decided to comply with

this advice, and in 1856 he set to work to make another and

1856   fuller abstract of the mass of data he had gathered.

And then a strange thing happened.  After Darwin had been at work

on his “abstract” about two years, but before he had published a

line of it, there came to him one day a paper in manuscript, sent

for his approval by a naturalist friend named Alfred Russel

Wallace, who had been for some time at work in the East India

Archipelago.  He read the paper, and, to his amazement, found

that it contained an outline of the same theory of “natural

selection” which he himself had originated and for twenty years

had worked upon. Working independently, on opposite sides of the

globe, Darwin and Wallace had hit upon the same explanation of

the cause of transmutation of species. “Were Wallace´s paper an

abstract of my unpublished manuscript of 1844,“ said Darwin, ”it

1844   could not better express my ideas.“

Here was a dilemma.  To publish this paper with no word from

Darwin would give Wallace priority, and wrest from Darwin the

credit of a discovery which he had made years before his

codiscoverer entered the field.  Yet, on the other hand, could

Darwin honorably do otherwise than publish his friend´s paper and

himself remain silent? It was a complication well calculated to

try a man´s soul. Darwin´s was equal to the test.  Keenly alive

to the delicacy of the position, he placed the whole matter

before his friends Hooker and Lyell, and left the decision as to

a course of action absolutely to them.  Needless to say, these

great men did the one thing which insured full justice to all

concerned. They counselled a joint publication, to include on the

one hand Wallace´s paper, and on the other an abstract of

Darwin´s ideas, in the exact form in which it had been outlined

by the author in a letter to Asa Gray in the previous year—an

abstract which was in Gray´s hands before Wallace´s paper was in

existence. This joint production, together with a full statement

of the facts of the case, was presented to the Linnaean Society

of London by Hooker and Lyell on the evening of July 1, 1858,

1858   this being, by an odd coincidence, the twenty-first anniversary

of the day on which Darwin had opened his journal to collect

facts bearing on the “species question.“  Not often before in the

history of science has it happened that a great theory has been

nurtured in its author´s brain through infancy and adolescence to

its full legal majority before being sent out into the world.

Thus the fuse that led to the great powder-mine had been lighted.

The explosion itself came more than a year later, in November,

1859, when Darwin, after thirteen months of further effort,

1859   completed the outline of his theory, which was at first begun as

an abstract for the Linnaean Society, but which grew to the size

of an independent volume despite his efforts at condensation, and

which was given that ever-to-be-famous title, The Origin of

Species by Means of Natural Selection, or the Preservation of

Favored Races in the Struggle for Life.  And what an explosion it

was!  The joint paper of 1858 had made a momentary flare, causing

1858   the hearers, as Hooker said, to “speak of it with bated breath,“

but beyond that it made no sensation.  What the result was when

the Origin itself appeared no one of our generation need be told.

The rumble and roar that it made in the intellectual world have

not yet altogether ceased to echo after more than forty years of

reverberation.

NEW CHAMPIONS
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To the Origin of Species, then, and to its author, Charles

Darwin, must always be ascribed chief credit for that vast

revolution in the fundamental beliefs of our race which has come

about since 1859, and which made the second half of the century

1859   memorable. But it must not be overlooked that no such sudden

metamorphosis could have been effected had it not been for the

aid of a few notable lieutenants, who rallied to the standards of

the leader immediately after the publication of the Origin. 

Darwin had all along felt the utmost confidence in the ultimate

triumph of his ideas. “Our posterity,“ he declared, in a letter

to Hooker, “will marvel as much about the current belief [in

special creation] as we do about fossil shells having been

thought to be created as we now see them.“ But he fully realized

that for the present success of his theory of transmutation the

championship of a few leaders of science was all-essential. He

felt that if he could make converts of Hooker and Lyell and of

Thomas Henry Huxley at once, all would be well.

His success in this regard, as in others, exceeded his

expectations. Hooker was an ardent disciple from reading the

proof-sheets before the book was published; Lyell renounced his

former beliefs and fell into line a few months later; while

Huxley, so soon as he had mastered the central idea of natural

selection, marvelled that so simple yet all-potent a thought had

escaped him so long, and then rushed eagerly into the fray,

wielding the keenest dialectic blade that was drawn during the

entire controversy.  Then, too, unexpected recruits were found in

Sir John Lubbock and John Tyndall, who carried the war eagerly

into their respective territories; while Herbert Spencer, who had

advocated a doctrine of transmutation on philosophic grounds some

years before Darwin published the key to the mystery—and who

himself had barely escaped independent discovery of that

key—lent his masterful influence to the cause. In America the

famous botanist Asa Gray, who had long been a correspondent of

Darwin´s but whose advocacy of the new theory had not been

anticipated, became an ardent propagandist; while in Germany

Ernst Heinrich Haeckel, the youthful but already noted zoologist,

took up the fight with equal enthusiasm.

Against these few doughty champions—with here and there another

of less general renown—was arrayed, at the outset, practically

all Christendom.  The interest of the question came home to every

person of intelligence, whatever his calling, and the more deeply

as it became more and more clear how far-reaching are the real

bearings of the doctrine of natural selection. Soon it was seen

that should the doctrine of the survival of the favored races

through the struggle for existence win, there must come with it

as radical a change in man´s estimate of his own position as had

come in the day when, through the efforts of Copernicus and

Galileo, the world was dethroned from its supposed central

position in the universe.  The whole conservative majority of

mankind recoiled from this necessity with horror. And this

conservative majority included not laymen merely, but a vast

preponderance of the leaders of science also.

With the open-minded minority, on the other hand, the theory of

natural selection made its way by leaps and bounds. Its

delightful simplicity—which at first sight made it seem neither

new nor important—coupled with the marvellous comprehensiveness

of its implications, gave it a hold on the imagination, and

secured it a hearing where other theories of transmutation of

species had been utterly scorned. Men who had found Lamarck´s

conception of change through voluntary effort ridiculous, and the

vaporings of the Vestiges altogether despicable, men whose

scientific cautions held them back from Spencer´s deductive

argument, took eager hold of that tangible, ever-present

principle of natural selection, and were led on and on to its

goal.  Hour by hour the attitude of the thinking world towards

this new principle changed; never before was so great a

revolution wrought so suddenly.

Nor was this merely because “the times were ripe” or “men´s minds

prepared for evolution.“  Darwin himself bears witness that this

was not altogether so.  All through the years in which he brooded

this theory he sounded his scientific friends, and could find

among them not one who acknowledged a doctrine of transmutation.

The reaction from the stand-point of Lamarck and Erasmus Darwin

and Goethe had been complete, and when Charles Darwin avowed his

own conviction he expected always to have it met with ridicule or

contempt. In 1857 there was but one man speaking with any large

1857   degree of authority in the world who openly avowed a belief in

transmutation of species—that man being Herbert Spencer.  But

the Origin of Species came, as Huxley has said, like a flash in

the darkness, enabling the benighted voyager to see the way.  The

score of years during which its author had waited and worked had

been years well spent.  Darwin had become, as he himself says, a

veritable Croesus, “overwhelmed with his riches in facts”—facts

of zoology, of selective artificial breeding, of geographical

distribution of animals, of embryology, of paleontology. He had

massed his facts about his theory, condensed them and

recondensed, until his volume of five hundred pages was an

encyclopaedia in scope. During those long years of musing he had

thought out almost every conceivable objection to his theory, and

in his book every such objection was stated with fullest force

and candor, together with such reply as the facts at command

might dictate. It was the force of those twenty years of effort

of a master-mind that made the sudden breach in the

breaswtork{sic} of current thought.

Once this breach was effected the work of conquest went rapidly

on. Day by day squads of the enemy capitulated and struck their

arms. By the time another score of years had passed the doctrine

of evolution had become the working hypothesis of the scientific

world. The revolution had been effected.

And from amid the wreckage of opinion and belief stands forth the

figure of Charles Darwin, calm, imperturbable, serene; scatheless

to ridicule, contumely, abuse; unspoiled by ultimate success;

unsullied alike by the strife and the victory—take him for all

in all, for character, for intellect, for what he was and what he

did, perhaps the most Socratic figure of the century.  When, in

1882, he died, friend and foe alike conceded that one of the

1882   greatest sons of men had rested from his labors, and all the

world felt it fitting that the remains of Charles Darwin should

be entombed in Westminster Abbey close beside the honored grave

of Isaac Newton.  Nor were there many who would dispute the

justice of Huxley´s estimate of his accomplishment: “He found a

great truth trodden under foot.  Reviled by bigots, and ridiculed

by all the world, he lived long enough to see it, chiefly by his

own efforts, irrefragably established in science, inseparably

incorporated with the common thoughts of men, and only hated and

feared by those who would revile but dare not.“

THE ORIGIN OF THE FITTEST
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Wide as are the implications of the great truth which Darwin and

his co-workers established, however, it leaves quite untouched

the problem of the origin of those “favored variations” upon

which it operates. That such variations are due to fixed and

determinate causes no one understood better than Darwin; but in

his original exposition of his doctrine he made no assumption as

to what these causes are. He accepted the observed fact of

variation—as constantly witnessed, for example, in the

differences between parents and offspring—and went ahead from

this assumption.

But as soon as the validity of the principle of natural selection

came to be acknowledged speculators began to search for the

explanation of those variations which, for purposes of argument,

had been provisionally called “spontaneous.“ Herbert Spencer had

all along dwelt on this phase of the subject, expounding the

Lamarckian conceptions of the direct influence of the environment

(an idea which had especially appealed to Buffon and to Geoffroy

Saint-Hilaire), and of effort in response to environment and

stimulus as modifying the individual organism, and thus supplying

the basis for the operation of natural selection. Haeckel also

became an advocate of this idea, and presently there arose a

so-called school of neo-Lamarckians, which developed particular

strength and prominence in America under the leadership of

Professors A. Hyatt and E. D. Cope.

But just as the tide of opinion was turning strongly in this

direction, an utterly unexpected obstacle appeared in the form of

the theory of Professor August Weismann, put forward in 1883,

1883   which antagonized the Lamarckian conception (though not touching

the Darwinian, of which Weismann is a firm upholder) by denying

that individual variations, however acquired by the mature

organism, are transmissible. The flurry which this denial created

has not yet altogether subsided, but subsequent observations seem

to show that it was quite disproportionate to the real merits of

the case. Notwithstanding Professor Weismann´s objections, the

balance of evidence appears to favor the view that the Lamarckian

factor of acquired variations stands as the complement of the

Darwinian factor of natural selection in effecting the

transmutation of species.

Even though this partial explanation of what Professor Cope calls

the “origin of the fittest” be accepted, there still remains one

great life problem which the doctrine of evolution does not

touch. The origin of species, genera, orders, and classes of

beings through endless transmutations is in a sense explained;

but what of the first term of this long series?  Whence came that

primordial organism whose transmuted descendants make up the

existing faunas and floras of the globe?

There was a time, soon after the doctrine of evolution gained a

hearing, when the answer to that question seemed to some

scientists of authority to have been given by experiment.

Recurring to a former belief, and repeating some earlier

experiments, the director of the Museum of Natural History at

Rouen, M. F. A. Pouchet, reached the conclusion that organic

beings are spontaneously generated about us constantly, in the

familiar processes of putrefaction, which were known to be due to

the agency of microscopic bacteria. But in 1862 Louis Pasteur

1862   proved that this seeming spontaneous generation is in reality due

to the existence of germs in the air. Notwithstanding the

conclusiveness of these experiments, the claims of Pouchet were

revived in England ten years later by Professor Bastian; but then

the experiments of John Tyndall, fully corroborating the results

of Pasteur, gave a final quietus to the claim of “spontaneous

generation” as hitherto formulated.

There for the moment the matter rests.  But the end is not yet.

Fauna and flora are here, and, thanks to Lamarck and Wallace and

Darwin, their development, through the operation of those

“secondary causes” which we call laws of nature, has been

proximally explained. The lowest forms of life have been linked

with the highest in unbroken chains of descent.  Meantime,

through the efforts of chemists and biologists, the gap between

the inorganic and the organic worlds, which once seemed almost

infinite, has been constantly narrowed. Already philosophy can

throw a bridge across that gap. But inductive science, which

builds its own bridges, has not yet spanned the chasm, small

though it appear.  Until it shall have done so, the bridge of

organic evolution is not quite complete; yet even as it stands

to-day it is perhaps the most stupendous scientific structure of

the nineteenth century.
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“In the first place we consider Life; then Health, afterwards

Diseases; and lastly their several Remedies.

“Health the first general branch of Physic in our Institutions is

termed Physiology, or the Animal Oeconomy; demonstrating the

several Parts of the human Body, with their Mechanism and Actions.

“The second branch of Physic is called Pathology, treating of

Diseases, their Differences, Causes and Effects, or Symptoms; by

which the human Body is known to vary from its healthy state.

“The third part of Physic is termed Semiotica, which shows the

Signs distinguishing between sickness and Health, Diseases and

their Causes in the human Body; it also imports the State and

Degrees of Health and Diseases, and presages their future Events.

“The fourth general branch of Physic is termed Hygiene, or Prophylaxis.

“The fifth and last part of Physic is called Therapeutica; which

instructs us in the Nature, Preparation and uses of the Materia

Medica; and the methods of applying the same, in order to cure

Diseases and restore lost Health.“[1]

From this we may gather that his general view of medicine was not

unlike that taken at the present time.

Boerhaave´s doctrines were arranged into a “system” by Friedrich

Hoffmann, of Halle (1660-1742), this system having the merit of

1660   
1742   being simple and more easily comprehended than many others.  In

this system forces were considered inherent in matter, being

expressed as mechanical movements, and determined by mass,

number, and weight.  Similarly, forces express themselves in the

body by movement, contraction, and relaxation, etc., and life

itself is movement, “particularly movement of the heart.“ Life

and death are, therefore, mechanical phenomena, health is

determined by regularly recurring movements, and disease by

irregularity of them. The body is simply a large hydraulic

machine, controlled by “the aether” or “sensitive soul,“ and the

chief centre of this soul lies in the medulla.

In the practical application of medicines to diseases Hoffman

used simple remedies, frequently with happy results, for whatever

the medical man´s theory may be he seldom has the temerity to

follow it out logically, and use the remedies indicated by his

theory to the exclusion of long-established, although perhaps

purely empirical, remedies.  Consequently, many vague theorists

have been excellent practitioners, and Hoffman was one of these.

Some of the remedies he introduced are still in use, notably the

spirits of ether, or “Hoffman´s anodyne.“

ANIMISTS, VITALISTS, AND ORGANICISTS

ANIMISTS, VITALISTS, AND ORGANICISTS

Besides Hoffman´s system of medicine, there were numerous others

during the eighteenth century, most of which are of no importance

whatever; but three, at least, that came into existence and

disappeared during the century are worthy of fuller notice.  One

of these, the Animists, had for its chief exponent Georg Ernst

Stahl of “phlogiston” fame; another, the Vitalists, was

championed by Paul Joseph Barthez (1734-1806); and the third was

1734   
1806   the Organicists.  This last, while agreeing with the other two

that vital activity cannot be explained by the laws of physics

and chemistry, differed in not believing that life “was due to

some spiritual entity,“ but rather to the structure of the body

itself.
The Animists taught that the soul performed functions of ordinary

life in man, while the life of lower animals was controlled by

ordinary mechanical principles.  Stahl supported this theory

ardently, sometimes violently, at times declaring that there were

“no longer any doctors, only mechanics and chemists.“ He denied

that chemistry had anything to do with medicine, and, in the

main, discarded anatomy as useless to the medical man. The soul,

he thought, was the source of all vital movement; and the

immediate cause of death was not disease but the direct action of

the soul.  When through some lesion, or because the machinery of

the body has become unworkable, as in old age, the soul leaves

the body and death is produced. The soul ordinarily selects the

channels of the circulation, and the contractile parts, as the

route for influencing the body. Hence in fever the pulse is

quickened, due to the increased activity of the soul, and

convulsions and spasmodic movements in disease are due, to the,

same cause.  Stagnation of the, blood was supposed to be a

fertile cause of diseases, and such diseases were supposed to

arise mostly from “plethora”—an all-important element in Stahl´s

therapeutics.  By many this theory is regarded as an attempt on

the part of the pious Stahl to reconcile medicine and theology in

a way satisfactory to both physicians and theologians, but, like

many conciliatory attempts, it was violently opposed by both

doctors and ministers.

A belief in such a theory would lead naturally to simplicity in

therapeutics, and in this respect at least Stahl was consistent.

Since the soul knew more about the body than any physician could

know, Stahl conceived that it would be a hinderance rather than a

help for the physician to interfere with complicated doses of

medicine. As he advanced in age this view of the administration

of drugs grew upon him, until after rejecting quinine, and

finally opium, he at last used only salt and water in treating

his patients. From this last we may judge that his “system,“ if

not doing much good, was at least doing little harm.

The theory of the Vitalists was closely allied to that of the

Animists, and its most important representative, Paul Joseph

Barthez, was a cultured and eager scientist.  After an eventful

and varied career as physician, soldier, editor, lawyer, and

philosopher in turn, he finally returned to the field of

medicine, was made consulting physician by Napoleon in 1802, and

1802   died in Paris four years later.

The theory that he championed was based on the assumption that

there was a “vital principle,“ the nature of which was unknown,

but which differed from the thinking mind, and was the cause of

the phenomena of life. This “vital principle” differed from the

soul, and was not exhibited in human beings alone, but even in

animals and plants.  This force, or whatever it might be called,

was supposed to be present everywhere in the body, and all

diseases were the results of it.

The theory of the Organicists, like that of the Animists and

Vitalists, agreed with the other two that vital activity could

not be explained by the laws of physics and chemistry, but,

unlike them, it held that it was a part of the structure of the

body itself. Naturally the practical physicians were more

attracted by this tangible doctrine than by vague theories “which

converted diseases into unknown derangements of some equally

unknown ‘principle.´ “

It is perhaps straining a point to include this brief description

of these three schools of medicine in the history of the progress

of the science.  But, on the whole, they were negatively at least

prominent factors in directing true progress along its proper

channel, showing what courses were not to be pursued.  Some one

has said that science usually stumbles into the right course only

after stumbling into all the wrong ones; and if this be only

partially true, the wrong ones still play a prominent if not a

very creditable part. Thus the medical systems of William Cullen

(1710-1790), and John Brown (1735-1788), while doing little

1710   
1790   
1735   
1788   towards the actual advancement of scientific medicine, played so

conspicuous a part in so wide a field that the “Brunonian system”

at least must be given some little attention.

According to Brown´s theory, life, diseases, and methods of cure

are explained by the property of “excitability.“  All exciting

powers were supposed to be stimulating, the apparent debilitating

effects of some being due to a deficiency in the amount of

stimulus. Thus “the whole phenomena of life, health, as well as

disease, were supposed to consist of stimulus and nothing else.“

This theory created a great stir in the medical world, and

partisans and opponents sprang up everywhere.  In Italy it was

enthusiastically supported; in England it was strongly opposed;

while in Scotland riots took place between the opposing factions.

Just why this system should have created any stir, either for or

against it, is not now apparent.

Like so many of the other “theorists” of his century, Brown´s

practical conclusions deduced from his theory (or perhaps in

spite of it) were generally beneficial to medicine, and some of

them extremely valuable in the treatment of diseases. He first

advocated the modern stimulant, or “feeding treatment” of fevers,

and first recognized the usefulness of animal soups and beef-tea

in certain diseases.

THE SYSTEM OF HAHNEMANN

THE SYSTEM OF HAHNEMANN

Just at the close of the century there came into prominence the

school of homoeopathy, which was destined to influence the

practice of medicine very materially and to outlive all the other

eighteenth-century schools. It was founded by Christian Samuel

Friedrich Hahnemann (1755-1843), a most remarkable man, who,

1755   
1843   after propounding a theory in his younger days which was at least

as reasonable as most of the existing theories, had the

misfortune to outlive his usefulness and lay his doctrine open to

ridicule by the unreasonable teachings of his dotage,

Hahnemann rejected all the teachings of morbid anatomy and

pathology as useless in practice, and propounded his famous

“similia similibus curantur”—that all diseases were to be cured

by medicine which in health produced symptoms dynamically similar

to the disease under treatment. If a certain medicine produced a

headache when given to a healthy person, then this medicine was

indicated in case of headaches, etc. At the present time such a

theory seems crude enough, but in the latter part of the

eighteenth century almost any theory was as good as the ones

propounded by Animists, Vitalists, and other such schools. It

certainly had the very commendable feature of introducing

simplicity in the use of drugs in place of the complicated

prescriptions then in vogue. Had Hahnemann stopped at this point

he could not have been held up to the indefensible ridicule that

was brought upon him, with considerable justice, by his later

theories.  But he lived onto propound his extraordinary theory of

“potentiality”—that medicines gained strength by being

diluted—and his even more extraordinary theory that all chronic

diseases are caused either by the itch, syphilis, or fig-wart

disease, or are brought on by medicines.

At the time that his theory of potentialities was promulgated,

the medical world had gone mad in its administration of huge

doses of compound mixtures of drugs, and any reaction against

this was surely an improvement.  In short, no medicine at all was

much better than the heaping doses used in common practice; and

hence one advantage, at least, of Hahnemann´s methods. Stated

briefly, his theory was that if a tincture be reduced to

one-fiftieth in strength, and this again reduced to one-fiftieth,

and this process repeated up to thirty such dilutions, the

potency of such a medicine will be increased by each dilution,

Hahnemann himself preferring the weakest, or, as he would call

it, the strongest dilution.  The absurdity of such a theory is

apparent when it is understood that long before any drug has been

raised to its thirtieth dilution it has been so reduced in

quantity that it cannot be weighed, measured, or recognized as

being present in the solution at all by any means known to

chemists. It is but just to modern followers of homoeopathy to

say that while most of them advocate small dosage, they do not

necessarily follow the teachings of Hahnemann in this respect,

believing that the theory of the dose “has nothing more to do

with the original law of cure than the psora (itch) theory has;

and that it was one of the later creations of Hahnemann´s mind.“

Hahnemann´s theory that all chronic diseases are derived from

either itch, syphilis, or fig-wart disease is no longer advocated

by his followers, because it is so easily disproved, particularly

in the case of itch. Hahnemann taught that fully three-quarters

of all diseases were caused by “itch struck in,“ and yet it had

been demonstrated long before his day, and can be demonstrated

any time, that itch is simply a local skin disease caused by a

small parasite.

JENNER AND VACCINATION

JENNER AND VACCINATION

All advances in science have a bearing, near or remote, on the

welfare of our race; but it remains to credit to the closing

decade of the eighteenth century a discovery which, in its power

of direct and immediate benefit to humanity, surpasses any other

discovery of this or any previous epoch. Needless to say, I refer

to Jenner´s discovery of the method of preventing smallpox by

inoculation with the virus of cow-pox. It detracts nothing from

the merit of this discovery to say that the preventive power of

accidental inoculation had long been rumored among the peasantry

of England.  Such vague, unavailing half-knowledge is often the

forerunner of fruitful discovery.

To all intents and purposes Jenner´s discovery was original and

unique. Nor, considered as a perfect method, was it in any sense

an accident. It was a triumph of experimental science.  The

discoverer was no novice in scientific investigation, but a

trained observer, who had served a long apprenticeship in

scientific observation under no less a scientist than the

celebrated John Hunter.  At the age of twenty-one Jenner had gone

to London to pursue his medical studies, and soon after he proved

himself so worthy a pupil that for two years he remained a member

of Hunter´s household as his favorite pupil. His taste for

science and natural history soon attracted the attention of Sir

Joseph Banks, who intrusted him with the preparation of the

zoological specimens brought back by Captain Cook´s expedition in

1771. He performed this task so well that he was offered the

1771   position of naturalist to the second expedition, but declined it,

preferring to take up the practice of his profession in his

native town of Berkeley.

His many accomplishments and genial personality soon made him a

favorite both as a physician and in society.  He was a good

singer, a fair violinist and flute-player, and a very successful

writer of prose and verse. But with all his professional and

social duties he still kept up his scientific investigations,

among other things making some careful observations on the

hibernation of hedgehogs at the instigation of Hunter, the

results of which were laid before the Royal Society.  He also

made quite extensive investigations as to the geological

formations and fossils found in his neighborhood.

Even during his student days with Hunter he had been much

interested in the belief, current in the rural districts of

Gloucestershire, of the antagonism between cow-pox and small-pox,

a person having suffered from cow-pox being immuned to small-pox.

At various times Jenner had mentioned the subject to Hunter, and

he was constantly making inquiries of his fellow-practitioners as

to their observations and opinions on the subject. Hunter was too

fully engrossed in other pursuits to give the matter much serious

attention, however, and Jenner´s brothers of the profession gave

scant credence to the rumors, although such rumors were common

enough.
At this time the practice of inoculation for preventing

small-pox, or rather averting the severer forms of the disease,

was widely practised. It was customary, when there was a mild

case of the disease, to take some of the virus from the patient

and inoculate persons who had never had the disease, producing a

similar attack in them. Unfortunately there were many objections

to this practice. The inoculated patient frequently developed a

virulent form of the disease and died; or if he recovered, even

after a mild attack, he was likely to be “pitted” and disfigured. 

But, perhaps worst of all, a patient so inoculated became the

source of infection to others, and it sometimes happened that

disastrous epidemics were thus brought about.  The case was a

most perplexing one, for the awful scourge of small-pox hung

perpetually over the head of every person who had not already

suffered and recovered from it. The practice of inoculation was

introduced into England by Lady Mary Wortley Montague

(1690-1762), who had seen it practised in the East, and who

1690   
1762   announced her intention of “introducing it into England in spite

of the doctors.“

From the fact that certain persons, usually milkmaids, who had

suffered from cow-pox seemed to be immuned to small-pox, it would

seem a very simple process of deduction to discover that cow-pox

inoculation was the solution of the problem of preventing the

disease. But there was another form of disease which, while

closely resembling cow-pox and quite generally confounded with

it, did not produce immunity. The confusion of these two forms of

the disease had constantly misled investigations as to the

possibility of either of them immunizing against smallpox, and

the confusion of these two diseases for a time led Jenner to

question the possibility of doing so. After careful

investigations, however, he reached the conclusion that there was

a difference in the effects of the two diseases, only one of

which produced immunity from small-pox.

“There is a disease to which the horse, from his state of

domestication, is frequently subject,“ wrote Jenner, in his

famous paper on vaccination.  “The farriers call it the grease.

It is an inflammation and swelling in the heel, accompanied at

its commencement with small cracks or fissures, from which issues

a limpid fluid possessing properties of a very peculiar kind.

This fluid seems capable of generating a disease in the human

body (after it has undergone the modification I shall presently

speak of) which bears so strong a resemblance to small-pox that I

think it highly probable it may be the source of that disease.

“In this dairy country a great number of cows are kept, and the

office of milking is performed indiscriminately by men and maid

servants.  One of the former having been appointed to apply

dressings to the heels of a horse affected with the malady I have

mentioned, and not paying due attention to cleanliness,

incautiously bears his part in milking the cows with some

particles of the infectious matter adhering to his fingers. When

this is the case it frequently happens that a disease is

communicated to the cows, and from the cows to the dairy-maids,

which spreads through the farm until most of the cattle and

domestics feel its unpleasant consequences. This disease has

obtained the name of Cow-Pox. It appears on the nipples of the

cows in the form of irregular pustules. At their first appearance

they are commonly of a palish blue, or rather of a color somewhat

approaching to livid, and are surrounded by an inflammation. 

These pustules, unless a timely remedy be applied, frequently

degenerate into phagedenic ulcers, which prove extremely

troublesome.  The animals become indisposed, and the secretion of

milk is much lessened. Inflamed spots now begin to appear on

different parts of the hands of the domestics employed in

milking, and sometimes on the wrists, which run on to

suppuration, first assuming the appearance of the small

vesications produced by a burn. Most commonly they appear about

the joints of the fingers and at their extremities; but whatever

parts are affected, if the situation will admit the superficial

suppurations put on a circular form with their edges more

elevated than their centre and of a color distinctly approaching

to blue. Absorption takes place, and tumors appear in each

axilla. The system becomes affected, the pulse is quickened;

shiverings, succeeded by heat, general lassitude, and pains about

the loins and limbs, with vomiting, come on.  The head is

painful, and the patient is now and then even affected with

delirium. These symptoms, varying in their degrees of violence,

generally continue from one day to three or four, leaving

ulcerated sores about the hands which, from the sensibility of

the parts, are very troublesome and commonly heal slowly,

frequently becoming phagedenic, like those from which they

sprang. During the progress of the disease the lips, nostrils,

eyelids, and other parts of the body are sometimes affected with

sores; but these evidently arise from their being heedlessly

rubbed or scratched by the patient´s infected fingers. No

eruptions on the skin have followed the decline of the feverish

symptoms in any instance that has come under my inspection, one

only excepted, and in this case a very few appeared on the arms:

they were very minute, of a vivid red color, and soon died away

without advancing to maturation, so that I cannot determine

whether they had any connection with the preceding symptoms.

“Thus the disease makes its progress from the horse (as I

conceive) to the nipple of the cow, and from the cow to the human

subject.
“Morbid matter of various kinds, when absorbed into the system,

may produce effects in some degree similar; but what renders the

cow-pox virus so extremely singular is that the person that has

been thus affected is forever after secure from the infection of

small-pox, neither exposure to the variolous effluvia nor the

insertion of the matter into the skin producing this

distemper.“[2]

In 1796 Jenner made his first inoculation with cowpox matter, and

1796   two months later the same subject was inoculated with small-pox

matter. But, as Jenner had predicted, no attack of small-pox

followed. Although fully convinced by this experiment that the

case was conclusively proven, he continued his investigations,

waiting two years before publishing his discovery. Then,

fortified by indisputable proofs, he gave it to the world. The

immediate effects of his announcement have probably never been

equalled in the history of scientific discovery, unless, perhaps,

in the single instance of the discovery of anaesthesia. In Geneva

and Holland clergymen advocated the practice of vaccination from

their pulpits; in some of the Latin countries religious

processions were formed for receiving vaccination; Jenner´s

birthday was celebrated as a feast in Germany; and the first

child vaccinated in Russia was named “Vaccinov” and educated at

public expense. In six years the discovery had penetrated to the

most remote corners of civilization; it had even reached some

savage nations. And in a few years small-pox had fallen from the

position of the most dreaded of all diseases to that of being

practically the only disease for which a sure and easy preventive

was known.

Honors were showered upon Jenner from the Old and the New World,

and even Napoleon, the bitter hater of the English, was among the

others who honored his name.  On one occasion Jenner applied to

the Emperor for the release of certain Englishmen detained in

France.  The petition was about to be rejected when the name of

the petitioner was mentioned. “Ah,“ said Napoleon, ”we can refuse

nothing to that name!“

It is difficult for us of to-day clearly to conceive the

greatness of Jenner´s triumph, for we can only vaguely realize

what a ruthless and ever-present scourge smallpox had been to all

previous generations of men since history began.  Despite all

efforts to check it by medication and by direct inoculation, it

swept now and then over the earth as an all-devastating

pestilence, and year by year it claimed one-tenth of all the

beings in Christendom by death as its average quota of victims.

“From small-pox and love but few remain free,“ ran the old saw. A

pitted face was almost as much a matter of course a hundred years

ago as a smooth one is to-day.

Little wonder, then, that the world gave eager acceptance to

Jenner´s discovery.  No urging was needed to induce the majority

to give it trial; passengers on a burning ship do not hold aloof

from the life-boats. Rich and poor, high and low, sought succor

in vaccination and blessed the name of their deliverer. Of all

the great names that were before the world in the closing days of

the century, there was perhaps no other one at once so widely

known and so uniformly reverenced as that of the great English

physician Edward Jenner.  Surely there was no other one that

should be recalled with greater gratitude by posterity.
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For fifteen years before this Corvisart had practised percussion,

as the chest-tapping method is called, without succeeding in

convincing the profession of its value.  The method itself, it

should be added, had not originated with Corvisart, nor did the

French physician for a moment claim it as his own. The true

originator of the practice was the German physician Avenbrugger,

who published a book about it as early as 1761. This book had

1761   even been translated into French, then the language of

international communication everywhere, by Roziere de la

Chassagne, of Montpellier, in 1770; but no one other than

1770   Corvisart appears to have paid any attention to either original

or translation. It was far otherwise, however, when Corvisart

translated Avenbrugger´s work anew, with important additions of

his own, in 1808.

1808   “I know very well how little reputation is allotted to translator

and commentators,“ writes Corvisart, ”and I might easily have

elevated myself to the rank of an author if I had elaborated anew

the doctrine of Avenbrugger and published an independent work on

percussion. In this way, however, I should have sacrificed the

name of Avenbrugger to my own vanity, a thing which I am

unwilling to do. It is he, and the beautiful invention which of

right belongs to him, that I desire to recall to life.“[1]

By this time a reaction had set in against the metaphysical

methods in medicine that had previously been so alluring; the

scientific spirit of the time was making itself felt in medical

practice; and this, combined with Corvisart´s fame, brought the

method of percussion into immediate and well-deserved popularity.

Thus was laid the foundation for the method of so-called physical

diagnosis, which is one of the corner-stones of modern medicine.

The method of physical diagnosis as practised in our day was by

no means completed, however, with the work of Corvisart. 

Percussion alone tells much less than half the story that may be

elicited from the organs of the chest by proper interrogation. 

The remainder of the story can only be learned by applying the

ear itself to the chest, directly or indirectly. Simple as this

seems, no one thought of practising it for some years after

Corvisart had shown the value of percussion.

Then, in 1815, another Paris physician, Rene Theophile Hyacinthe

1815   Laennec, discovered, almost by accident, that the sound of the

heart-beat could be heard surprisingly through a cylinder of

paper held to the ear and against the patient´s chest.  Acting on

the hint thus received, Laennec substituted a hollow cylinder of

wood for the paper, and found himself provided with an instrument

through which not merely heart sounds but murmurs of the lungs in

respiration could be heard with almost startling distinctness.

The possibility of associating the varying chest sounds with

diseased conditions of the organs within appealed to the fertile

mind of Laennec as opening new vistas in therapeutics, which he

determined to enter to the fullest extent practicable. His

connection with the hospitals of Paris gave him full opportunity

in this direction, and his labors of the next few years served

not merely to establish the value of the new method as an aid to

diagnosis, but laid the foundation also for the science of morbid

anatomy.  In 1819 Laennec published the results of his labors in

1819   a work called Traite d´Auscultation Mediate,[2] a work which

forms one of the landmarks of scientific medicine. By mediate

auscultation is meant, of course, the interrogation of the chest

with the aid of the little instrument already referred to, an

instrument which its originator thought hardly worth naming until

various barbarous appellations were applied to it by others,

after which Laennec decided to call it the stethoscope, a name

which it has ever since retained.

In subsequent years the form of the stethoscope, as usually

employed, was modified and its value augmented by a binauricular

attachment, and in very recent years a further improvement has

been made through application of the principle of the telephone;

but the essentials of auscultation with the stethoscope were

established in much detail by Laennec, and the honor must always

be his of thus taking one of the longest single steps by which

practical medicine has in our century acquired the right to be

considered a rational science. Laennec´s efforts cost him his

life, for he died in 1826 of a lung disease acquired in the

1826   course of his hospital practice; but even before this his fame

was universal, and the value of his method had been recognized

all over the world.  Not long after, in 1828, yet another French

1828   physician, Piorry, perfected the method of percussion by

introducing the custom of tapping, not the chest directly, but

the finger or a small metal or hard-rubber plate held against the

chest-mediate percussion, in short.  This perfected the methods

of physical diagnosis of diseases of the chest in all essentials;

and from that day till this percussion and auscultation have held

an unquestioned place in the regular armamentarium of the

physician.
Coupled with the new method of physical diagnosis in the effort

to substitute knowledge for guess-work came the studies of the

experimental physiologists—in particular, Marshall Hall in

England and Francois Magendie in France; and the joint efforts of

these various workers led presently to the abandonment of those

severe and often irrational depletive methods—blood-letting and

the like—that had previously dominated medical practice. To this

end also the “statistical method,“ introduced by Louis and his

followers, largely contributed; and by the close of the first

third of our century the idea was gaining ground that the

province of therapeutics is to aid nature in combating disease,

and that this may often be accomplished better by simple means

than by the heroic measures hitherto thought necessary.  In a

word, scientific empiricism was beginning to gain a hearing in

medicine as against the metaphysical preconceptions of the

earlier generations.

PARASITIC DISEASES
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I have just adverted to the fact that Napoleon Bonaparte, as

First Consul and as Emperor, was the victim of a malady which

caused him to seek the advice of the most distinguished

physicians of Paris.  It is a little shocking to modern

sensibilities to read that these physicians, except Corvisart,

diagnosed the distinguished patient´s malady as “gale

repercutee”—that is to say, in idiomatic English, the itch

“struck in.“ It is hardly necessary to say that no physician of

today would make so inconsiderate a diagnosis in the case of a

royal patient. If by any chance a distinguished patient were

afflicted with the itch, the sagacious physician would carefully

hide the fact behind circumlocutions and proceed to eradicate the

disease with all despatch.  That the physicians of Napoleon did

otherwise is evidence that at the beginning of the century the

disease in question enjoyed a very different status.  At that

time itch, instead of being a most plebeian malady, was, so to

say, a court disease. It enjoyed a circulation, in high circles

and in low, that modern therapeutics has quite denied it; and the

physicians of the time gave it a fictitious added importance by

ascribing to its influence the existence of almost any obscure

malady that came under their observation. Long after Napoleon´s

time gale continued to hold this proud distinction. For example,

the imaginative Dr. Hahnemann did not hesitate to affirm, as a

positive maxim, that three-fourths of all the ills that flesh is

heir to were in reality nothing but various forms of “gale

repercutee.“
All of which goes to show how easy it may be for a masked

pretender to impose on credulous humanity, for nothing is more

clearly established in modern knowledge than the fact that “gale

repercutee” was simply a name to hide a profound ignorance; no

such disease exists or ever did exist.  Gale itself is a

sufficiently tangible reality, to be sure, but it is a purely

local disease of the skin, due to a perfectly definite cause, and

the dire internal conditions formerly ascribed to it have really

no causal connection with it whatever. This definite cause, as

every one nowadays knows, is nothing more or less than a

microscopic insect which has found lodgment on the skin, and has

burrowed and made itself at home there. Kill that insect and the

disease is no more; hence it has come to be an axiom with the

modern physician that the itch is one of the three or four

diseases that he positively is able to cure, and that very

speedily.  But it was far otherwise with the physicians of the

first third of our century, because to them the cause of the

disease was an absolute mystery.

It is true that here and there a physician had claimed to find an

insect lodged in the skin of a sufferer from itch, and two or

three times the claim had been made that this was the cause of

the malady, but such views were quite ignored by the general

profession, and in 1833 it was stated in an authoritative medical

1833   treatise that the “cause of gale is absolutely unknown.“  But

even at this time, as it curiously happened, there were certain

ignorant laymen who had attained to a bit of medical knowledge

that was withheld from the inner circles of the profession. As

the peasantry of England before Jenner had known of the curative

value of cow-pox over small-pox, so the peasant women of Poland

had learned that the annoying skin disease from which they

suffered was caused by an almost invisible insect, and,

furthermore, had acquired the trick of dislodging the pestiferous

little creature with the point of a needle.  From them a youth of

the country, F. Renucci by name, learned the open secret. He

conveyed it to Paris when he went there to study medicine, and in

1834 demonstrated it to his master Alibert.  This physician, at

1834   first sceptical, soon was convinced, and gave out the discovery

to the medical world with an authority that led to early

acceptance.
Now the importance of all this, in the present connection, is not

at all that it gave the clew to the method of cure of a single

disease. What makes the discovery epochal is the fact that it

dropped a brand-new idea into the medical ranks—an idea

destined, in the long-run, to prove itself a veritable bomb—the

idea, namely, that a minute and quite unsuspected animal parasite

may be the cause of a well-known, widely prevalent, and important

human disease. Of course the full force of this idea could only

be appreciated in the light of later knowledge; but even at the

time of its coming it sufficed to give a great impetus to that

new medical knowledge, based on microscopical studies, which had

but recently been made accessible by the inventions of the

lens-makers. The new knowledge clarified one very turbid medical

pool and pointed the way to the clarification of many others.

Almost at the same time that the Polish medical student was

demonstrating the itch mite in Paris, it chanced, curiously

enough, that another medical student, this time an Englishman,

made an analogous discovery of perhaps even greater importance. 

Indeed, this English discovery in its initial stages slightly

antedated the other, for it was in 1833 that the student in

1833   question, James Paget, interne in St. Bartholomew´s Hospital,

London, while dissecting the muscular tissues of a human subject,

found little specks of extraneous matter, which, when taken to

the professor of comparative anatomy, Richard Owen, were

ascertained, with the aid of the microscope, to be the cocoon of

a minute and hitherto unknown insect. Owen named the insect

Trichina spiralis.  After the discovery was published it

transpired that similar specks had been observed by several

earlier investigators, but no one had previously suspected or, at

any rate, demonstrated their nature.  Nor was the full story of

the trichina made out for a long time after Owen´s discovery. It

was not till 1847 that the American anatomist Dr. Joseph Leidy

1847   found the cysts of trichina in the tissues of pork; and another

decade or so elapsed after that before German workers, chief

among whom were Leuckart, Virchow, and Zenker, proved that the

parasite gets into the human system through ingestion of infected

pork, and that it causes a definite set of symptoms of disease

which hitherto had been mistaken for rheumatism, typhoid fever,

and other maladies. Then the medical world was agog for a time

over the subject of trichinosis; government inspection of pork

was established in some parts of Germany; American pork was

excluded altogether from France; and the whole subject thus came

prominently to public attention. But important as the trichina

parasite proved on its own account in the end, its greatest

importance, after all, was in the share it played in directing

attention at the time of its discovery in 1833 to the subject of

1833   microscopic parasites in general.

The decade that followed that discovery was a time of great

activity in the study of microscopic organisms and microscopic

tissues, and such men as Ehrenberg and Henle and Bory

Saint-Vincent and Kolliker and Rokitansky and Remak and Dujardin

were widening the bounds of knowledge of this new subject with

details that cannot be more than referred to here. But the

crowning achievement of the period in this direction was the

discovery made by the German, J. L. Schoenlein, in 1839, that a

1839   very common and most distressing disease of the scalp, known as

favus, is really due to the presence and growth on the scalp of a

vegetable organism of microscopic size.  Thus it was made clear

that not merely animal but also vegetable organisms of obscure,

microscopic species have causal relations to the diseases with

which mankind is afflicted. This knowledge of the parasites was

another long step in the direction of scientific medical

knowledge; but the heights to which this knowledge led were not

to be scaled, or even recognized, until another generation of

workers had entered the field.

PAINLESS SURGERY
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Meantime, in quite another field of medicine, events were

developing which led presently to a revelation of greater

immediate importance to humanity than any other discovery that

had come in the century, perhaps in any field of science

whatever. This was the discovery of the pain-dispelling power of

the vapor of sulphuric ether inhaled by a patient undergoing a

surgical operation. This discovery came solely out of America,

and it stands curiously isolated, since apparently no minds in

any other country were trending towards it even vaguely.  Davy,

in England, had indeed originated the method of medication by

inhalation, and earned out some most interesting experiments

fifty years earlier, and it was doubtless his experiments with

nitrous oxide gas that gave the clew to one of the American

investigators; but this was the sole contribution of preceding

generations to the subject, and since the beginning of the

century, when Davy turned his attention to other matters, no one

had made the slightest advance along the same line until an

American dentist renewed the investigation.

In view of the sequel, Davy´s experiments merit full attention.

Here is his own account of them, as written in 1799:

1799   “Immediately after a journey of one hundred and twenty-six miles,

in which I had no sleep the preceding night, being much

exhausted, I respired seven quarts of nitrous oxide gas for near

three minutes. It produced the usual pleasurable effects and

slight muscular motion. I continued exhilarated for some minutes

afterwards, but in half an hour found myself neither more nor

less exhausted than before the experiment. I had a great

propensity to sleep.

“To ascertain with certainty whether the more extensive action of

nitrous oxide compatible with life was capable of producing

debility, I resolved to breathe the gas for such a time, and in

such quantities, as to produce excitement equal in duration and

superior in intensity to that occasioned by high intoxication

from opium or alcohol.

“To habituate myself to the excitement, and to carry it on

gradually, on December 26th I was enclosed in an air-tight

26   breathing-box, of the capacity of about nine and one-half cubic

feet, in the presence of Dr. Kinglake.  After I had taken a

situation in which I could by means of a curved thermometer

inserted under the arm, and a stop-watch, ascertain the

alterations in my pulse and animal heat, twenty quarts of nitrous

oxide were thrown into the box.

“For three minutes I experienced no alteration in my sensations,

though immediately after the introduction of the nitrous oxide

the smell and taste of it were very evident.  In four minutes I

began to feel a slight glow in the cheeks and a generally

diffused warmth over the chest, though the temperature of the box

was not quite 50 degrees. . . . In twenty-five minutes the animal

50   heat was 100 degrees, pulse 124. In thirty minutes twenty quarts

100   124   more of gas were introduced.

“My sensations were now pleasant; I had a generally diffused

warmth without the slightest moisture of the skin, a sense of

exhilaration similar to that produced by a small dose of wine,

and a disposition to muscular motion and to merriment.

“In three-quarters of an hour the pulse was 104 and the animal

104   heat not 99.5 degrees, the temperature of the chamber 64 degrees.

99.5   64   The pleasurable feelings continued to increase, the pulse became

fuller and slower, till in about an hour it was 88, when the

88   animal heat was 99 degrees. Twenty quarts more of air were

99   admitted. I had now a great disposition to laugh, luminous points

seemed frequently to pass before my eyes, my hearing was

certainly more acute, and I felt a pleasant lightness and power

of exertion in my muscles. In a short time the symptoms became

stationary; breathing was rather oppressed, and on account of the

great desire for action rest was painful.

“I now came out of the box, having been in precisely an hour and

a quarter. The moment after I began to respire twenty quarts of

unmingled nitrous oxide. A thrilling extending from the chest to

the extremities was almost immediately produced.  I felt a sense

of tangible extension highly pleasurable in every limb; my

visible impressions were dazzling and apparently magnified, I

heard distinctly every sound in the room, and was perfectly aware

of my situation.  By degrees, as the pleasurable sensations

increased, I lost all connection with external things; trains of

vivid visible images rapidly passed through my mind and were

connected with words in such a manner as to produce perceptions

perfectly novel.

“I existed in a world of newly connected and newly modified

ideas. I theorized; I imagined that I made discoveries.  When I

was awakened from this semi-delirious trance by Dr. Kinglake, who

took the bag from my mouth, indignation and pride were the first

feelings produced by the sight of persons about me. My emotions

were enthusiastic and sublime; and for a minute I walked about

the room perfectly regardless of what was said to me. As I

recovered my former state of mind, I felt an inclination to

communicate the discoveries I had made during the experiment. I

endeavored to recall the ideas—they were feeble and indistinct;

one collection of terms, however, presented itself, and, with

most intense belief and prophetic manner, I exclaimed to Dr.

Kinglake, ‘Nothing exists but thoughts!—the universe is composed

of impressions, ideas, pleasures, and pains.´ “[3]

From this account we see that Davy has anaesthetized himself to a

point where consciousness of surroundings was lost, but not past

the stage of exhilaration.  Had Dr. Kinglake allowed the

inhaling-bag to remain in Davy´s mouth for a few moments longer

complete insensibility would have followed. As it was, Davy

appears to have realized that sensibility was dulled, for he adds

this illuminative suggestion: “As nitrous oxide in its extensive

operation appears capable of destroying physical pain, it may

probably be used with advantage during surgical operations in

which no great effusion of blood takes place.“[4]

Unfortunately no one took advantage of this suggestion at the

time, and Davy himself became interested in other fields of

science and never returned to his physiological studies, thus

barely missing one of the greatest discoveries in the entire

field of science. In the generation that followed no one seems to

have thought of putting Davy´s suggestion to the test, and the

surgeons of Europe had acknowledged with one accord that all hope

of finding a means to render operations painless must be utterly

abandoned—that the surgeon´s knife must ever remain a synonym

for slow and indescribable torture. By an odd coincidence it

chanced that Sir Benjamin Brodie, the acknowledged leader of

English surgeons, had publicly expressed this as his deliberate

though regretted opinion at a time when the quest which he

considered futile had already led to the most brilliant success

in America, and while the announcement of the discovery, which

then had no transatlantic cable to convey it, was actually on its

way to the Old World.

The American dentist just referred to, who was, with one

exception to be noted presently, the first man in the world to

conceive that the administration of a definite drug might render

a surgical operation painless and to give the belief application

was Dr. Horace Wells, of Hartford, Connecticut.  The drug with

which he experimented was nitrous oxide—the same that Davy had

used; the operation that he rendered painless was no more

important than the extraction of a tooth—yet it sufficed to mark

a principle; the year of the experiment was 1844.

1844   The experiments of Dr. Wells, however, though important, were not

sufficiently demonstrative to bring the matter prominently to the

attention of the medical world. The drug with which he

experimented proved not always reliable, and he himself seems

ultimately to have given the matter up, or at least to have

relaxed his efforts.  But meantime a friend, to whom he had

communicated his belief and expectations, took the matter up, and

with unremitting zeal carried forward experiments that were

destined to lead to more tangible results. This friend was

another dentist, Dr. W. T. G. Morton, of Boston, then a young man

full of youthful energy and enthusiasm. He seems to have felt

that the drug with which Wells had experimented was not the most

practicable one for the purpose, and so for several months he

experimented with other allied drugs, until finally he hit upon

sulphuric ether, and with this was able to make experiments upon

animals, and then upon patients in the dental chair, that seemed

to him absolutely demonstrative.

Full of eager enthusiasm, and absolutely confident of his

results, he at once went to Dr. J. C. Warren, one of the foremost

surgeons of Boston, and asked permission to test his discovery

decisively on one of the patients at the Boston Hospital during a

severe operation.  The request was granted; the test was made on

October 16, 1846, in the presence of several of the foremost

16   
1846   surgeons of the city and of a body of medical students. The

patient slept quietly while the surgeon´s knife was plied, and

awoke to astonished comprehension that the ordeal was over. The

impossible, the miraculous, had been accomplished.[5]

Swiftly as steam could carry it—slowly enough we should think it

to-day—the news was heralded to all the world. It was received

in Europe with incredulity, which vanished before repeated

experiments.  Surgeons were loath to believe that ether, a drug

that had long held a place in the subordinate armamentarium of

the physician, could accomplish such a miracle. But scepticism

vanished before the tests which any surgeon might make, and which

surgeons all over the world did make within the next few weeks. 

Then there came a lingering outcry from a few surgeons, notably

some of the Parisians, that the shock of pain was beneficial to

the patient, hence that anaesthesia—as Dr. Oliver Wendell Holmes

had christened the new method—was a procedure not to be advised. 

Then, too, there came a hue-and-cry from many a pulpit that pain

was God-given, and hence, on moral grounds, to be clung to rather

than renounced. But the outcry of the antediluvians of both

hospital and pulpit quickly received its quietus; for soon it was

clear that the patient who did not suffer the shock of pain

during an operation rallied better than the one who did so

suffer, while all humanity outside the pulpit cried shame to the

spirit that would doom mankind to suffer needless agony.  And so

within a few months after that initial operation at the Boston

Hospital in 1846, ether had made good its conquest of pain

1846   throughout the civilized world. Only by the most active use of

the imagination can we of this present day realize the full

meaning of that victory.

It remains to be added that in the subsequent bickerings over the

discovery—such bickerings as follow every great advance—two

other names came into prominent notice as sharers in the glory of

the new method. Both these were Americans—the one, Dr. Charles

T. Jackson, of Boston; the other, Dr. Crawford W. Long, of

Alabama.  As to Dr. Jackson, it is sufficient to say that he

seems to have had some vague inkling of the peculiar properties

of ether before Morton´s discovery. He even suggested the use of

this drug to Morton, not knowing that Morton had already tried

it; but this is the full measure of his association with the

discovery.  Hence it is clear that Jackson´s claim to equal share

with Morton in the discovery was unwarranted, not to say absurd.

Dr. Long´s association with the matter was far different and

altogether honorable.  By one of those coincidences so common in

the history of discovery, he was experimenting with ether as a

pain-destroyer simultaneously with Morton, though neither so much

as knew of the existence of the other. While a medical student he

had once inhaled ether for the intoxicant effects, as other

medical students were wont to do, and when partially under

influence of the drug he had noticed that a chance blow to his

shins was painless.  This gave him the idea that ether might be

used in surgical operations; and in subsequent years, in the

course of his practice in a small Georgia town, he put the idea

into successful execution. There appears to be no doubt whatever

that he performed successful minor operations under ether some

two or three years before Morton´s final demonstration; hence

that the merit of first using the drug, or indeed any drug, in

this way belongs to him. But, unfortunately, Dr. Long did not

quite trust the evidence of his own experiments.  Just at that

time the medical journals were full of accounts of experiments in

which painless operations were said to be performed through

practice of hypnotism, and Dr. Long feared that his own success

might be due to an incidental hypnotic influence rather than to

the drug. Hence he delayed announcing his apparent discovery

until he should have opportunity for further tests—and

opportunities did not come every day to the country practitioner.

And while he waited, Morton anticipated him, and the discovery

was made known to the world without his aid.  It was a true

scientific caution that actuated Dr. Long to this delay, but the

caution cost him the credit, which might otherwise have been his,

of giving to the world one of the greatest blessings—dare we

not, perhaps, say the very greatest?—that science has ever

conferred upon humanity.

A few months after the use of ether became general, the Scotch

surgeon Sir J. Y. Simpson[6] discovered that another drug,

chloroform, could be administered with similar effects; that it

would, indeed, in many cases produce anaesthesia more

advantageously even than ether. From that day till this surgeons

have been more or less divided in opinion as to the relative

merits of the two drugs; but this fact, of course, has no bearing

whatever upon the merit of the first discovery of the method of

anaesthesia.  Even had some other drug subsequently quite

banished ether, the honor of the discovery of the beneficent

method of anaesthesia would have been in no wise invalidated. And

despite all cavillings, it is unequivocally established that the

man who gave that method to the world was William T. G. Morton.

PASTEUR AND THE GERM THEORY OF DISEASE
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The discovery of the anaesthetic power of drugs was destined

presently, in addition to its direct beneficences, to aid greatly

in the progress of scientific medicine, by facilitating those

experimental studies of animals from which, before the day of

anaesthesia, many humane physicians were withheld, and which in

recent years have led to discoveries of such inestimable value to

humanity. But for the moment this possibility was quite

overshadowed by the direct benefits of anaesthesia, and the long

strides that were taken in scientific medicine during the first

fifteen years after Morton´s discovery were mainly independent of

such aid. These steps were taken, indeed, in a field that at

first glance might seem to have a very slight connection with

medicine. Moreover, the chief worker in the field was not himself

a physician. He was a chemist, and the work in which he was now

engaged was the study of alcoholic fermentation in vinous

liquors. Yet these studies paved the way for the most important

advances that medicine has made in any century towards the plane

of true science; and to this man more than to any other single

individual—it might almost be said more than to all other

individuals—was due this wonderful advance.  It is almost

superfluous to add that the name of this marvellous chemist was

Louis Pasteur.
The studies of fermentation which Pasteur entered upon in 1854

185   were aimed at the solution of a controversy that had been waging

in the scientific world with varying degrees of activity for a

quarter of a century.  Back in the thirties, in the day of the

early enthusiasm over the perfected microscope, there had arisen

a new interest in the minute forms of life which Leeuwenhoek and

some of the other early workers with the lens had first

described, and which now were shown to be of almost universal

prevalence. These minute organisms had been studied more or less

by a host of observers, but in particular by the Frenchman

Cagniard Latour and the German of cell-theory fame, Theodor

Schwann.  These men, working independently, had reached the

conclusion, about 1837, that the micro-organisms play a vastly

1837   more important role in the economy of nature than any one

previously had supposed. They held, for example, that the minute

specks which largely make up the substance of yeast are living

vegetable organisms, and that the growth of these organisms is

the cause of the important and familiar process of fermentation.

They even came to hold, at least tentatively, the opinion that

the somewhat similar micro-organisms to be found in all

putrefying matter, animal or vegetable, had a causal relation to

the process of putrefaction.

This view, particularly as to the nature of putrefaction, was

expressed even more outspokenly a little later by the French

botanist Turpin.  Views so supported naturally gained a

following; it was equally natural that so radical an innovation

should be antagonized.  In this case it chanced that one of the

most dominating scientific minds of the time, that of Liebig,

took a firm and aggressive stand against the new doctrine. In

1839 he promulgated his famous doctrine of fermentation, in which

1839   he stood out firmly against any “vitalistic” explanation of the

phenomena, alleging that the presence of micro-organisms in

fermenting and putrefying substances was merely incidental, and

in no sense causal.  This opinion of the great German chemist was

in a measure substantiated by experiments of his compatriot

Helmholtz, whose earlier experiments confirmed, but later ones

contradicted, the observations of Schwann, and this combined

authority gave the vitalistic conception a blow from which it had

not rallied at the time when Pasteur entered the field.  Indeed,

it was currently regarded as settled that the early students of

the subject had vastly over-estimated the importance of

micro-organisms.

And so it came as a new revelation to the generality of

scientists of the time, when, in 1857 and the succeeding

1857   half-decade, Pasteur published the results of his researches, in

which the question had been put to a series of altogether new

tests, and brought to unequivocal demonstration.

He proved that the micro-organisms do all that his most

imaginative predecessors had suspected, and more.  Without them,

he proved, there would be no fermentation, no putrefaction—no

decay of any tissues, except by the slow process of oxidation. It

is the microscopic yeast-plant which, by seizing on certain atoms

of the molecule, liberates the remaining atoms in the form of

carbonic-acid and alcohol, thus effecting fermentation; it is

another microscopic plant—a bacterium, as Devaine had christened

it—which in a similar way effects the destruction of organic

molecules, producing the condition which we call putrefaction. 

Pasteur showed, to the amazement of biologists, that there are

certain forms of these bacteria which secure the oxygen which all

organic life requires, not from the air, but by breaking up

unstable molecules in which oxygen is combined; that

putrefaction, in short, has its foundation in the activities of

these so-called anaerobic bacteria.

In a word, Pasteur showed that all the many familiar processes of

the decay of organic tissues are, in effect, forms of

fermentation, and would not take place at all except for the

presence of the living micro-organisms. A piece of meat, for

example, suspended in an atmosphere free from germs, will dry up

gradually, without the slightest sign of putrefaction, regardless

of the temperature or other conditions to which it may have been

subjected. Let us witness one or two series of these experiments

as presented by Pasteur himself in one of his numerous papers

before the Academy of Sciences.

EXPERIMENTS WITH GRAPE SUGAR
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“In the course of the discussion which took place before the

Academy upon the subject of the generation of ferments properly

so-called, there was a good deal said about that of wine, the

oldest fermentation known. On this account I decided to disprove

the theory of M. Fremy by a decisive experiment bearing solely

upon the juice of grapes.

“I prepared forty flasks of a capacity of from two hundred and

fifty to three hundred cubic centimetres and filled them half

full with filtered grape-must, perfectly clear, and which, as is

the case of all acidulated liquids that have been boiled for a

few seconds, remains uncontaminated although the curved neck of

the flask containing them remain constantly open during several

months or years.

“In a small quantity of water I washed a part of a bunch of

grapes, the grapes and the stalks together, and the stalks

separately. This washing was easily done by means of a small

badger´s-hair brush. The washing-water collected the dust upon

the surface of the grapes and the stalks, and it was easily shown

under the microscope that this water held in suspension a

multitude of minute organisms closely resembling either fungoid

spores, or those of alcoholic Yeast, or those of Mycoderma vini,

etc. This being done, ten of the forty flasks were preserved for

reference; in ten of the remainder, through the straight tube

attached to each, some drops of the washing-water were

introduced; in a third series of ten flasks a few drops of the

same liquid were placed after it had been boiled; and, finally,

in the ten remaining flasks were placed some drops of grape-juice

taken from the inside of a perfect fruit.  In order to carry out

this experiment, the straight tube of each flask was drawn out

into a fine and firm point in the lamp, and then curved. This

fine and closed point was filed round near the end and inserted

into the grape while resting upon some hard substance. When the

point was felt to touch the support of the grape it was by a

slight pressure broken off at the point file mark. Then, if care

had been taken to create a slight vacuum in the flask, a drop of

the juice of the grape got into it, the filed point was

withdrawn, and the aperture immediately closed in the alcohol

lamp.  This decreased pressure of the atmosphere in the flask was

obtained by the following means: After warming the sides of the

flask either in the hands or in the lamp-flame, thus causing a

small quantity of air to be driven out of the end of the curved

neck, this end was closed in the lamp. After the flask was

cooled, there was a tendency to suck in the drop of grape-juice

in the manner just described.

“The drop of grape-juice which enters into the flask by this

suction ordinarily remains in the curved part of the tube, so

that to mix it with the must it was necessary to incline the

flask so as to bring the must into contact with the juice and

then replace the flask in its normal position. The four series of

comparative experiments produced the following results:

“The first ten flasks containing the grape-must boiled in pure

air did not show the production of any organism. The grape-must

could possibly remain in them for an indefinite number of years. 

Those in the second series, containing the water in which the

grapes had been washed separately and together, showed without

exception an alcoholic fermentation which in several cases began

to appear at the end of forty-eight hours when the experiment

took place at ordinary summer temperature. At the same time that

the yeast appeared, in the form of white traces, which little by

little united themselves in the form of a deposit on the sides of

all the flasks, there were seen to form little flakes of

Mycellium, often as a single fungoid growth or in combination,

these fungoid growths being quite independent of the must or of

any alcoholic yeast.  Often, also, the Mycoderma vini appeared

after some days upon the surface of the liquid. The Vibria and

the lactic ferments properly so called did not appear on account

of the nature of the liquid.

“The third series of flasks, the washing-water in which had been

previously boiled, remained unchanged, as in the first series.

Those of the fourth series, in which was the juice of the

interior of the grapes, remained equally free from change,

although I was not always able, on account of the delicacy of the

experiment, to eliminate every chance of error. These experiments

cannot leave the least doubt in the mind as to the following

facts:
Grape-must, after heating, never ferments on contact with the

air, when the air has been deprived of the germs which it

ordinarily holds in a state of suspension.

“The boiled grape-must ferments when there is introduced into it

a very small quantity of water in which the surface of the grapes

or their stalks have been washed.

“The grape-must does not ferment when this washing-water has been

boiled and afterwards cooled.

“The grape-must does not ferment when there is added to it a

small quantity of the juice of the inside of the grape.

“The yeast, therefore, which causes the fermentation of the

grapes in the vintage-tub comes from the outside and not from the

inside of the grapes.  Thus is destroyed the hypothesis of MM. 

Trecol and Fremy, who surmised that the albuminous matter

transformed itself into yeast on account of the vital germs which

were natural to it. With greater reason, therefore, there is no

longer any question of the theory of Liebig of the transformation

of albuminoid matter into ferments on account of the oxidation.“

FOREIGN ORGANISMS AND THE WORT OF BEER
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“The method which I have just followed,“ Pasteur continues, ”in

order to show that there exists a correlation between the

diseases of beer and certain microscopic organisms leaves no room

for doubt, it seems to me, in regard to the principles I am

expounding.
“Every time that the microscope reveals in the leaven, and

especially in the active yeast, the production of organisms

foreign to the alcoholic yeast properly so called, the flavor of

the beer leaves something to be desired, much or little,

according to the abundance and the character of these little

germs. Moreover, when a finished beer of good quality loses after

a time its agreeable flavor and becomes sour, it can be easily

shown that the alcoholic yeast deposited in the bottles or the

casks, although originally pure, at least in appearance, is found

to be contaminated gradually with these filiform or other

ferments. All this can be deduced from the facts already given,

but some critics may perhaps declare that these foreign ferments

are the consequences of the diseased condition, itself produced

by unknown causes.

“Although this gratuitous hypothesis may be difficult to uphold,

I will endeavor to corroborate the preceding observations by a

clearer method of investigation.  This consists in showing that

the beer never has any unpleasant taste in all cases when the

alcoholic ferment properly so called is not mixed with foreign

ferments; that it is the same in the case of wort, and that wort,

liable to changes as it is, can be preserved unaltered if it is

kept from those microscopic parasites which find in it a suitable

nourishment and a field for growth.

“The employment of this second method has, moreover, the

advantage of proving with certainty the proposition that I

advanced at first—namely, that the germs of these organisms are

derived from the dust of the atmosphere, carried about and

deposited upon all objects, or scattered over the utensils and

the materials used in a brewery-materials naturally charged with

microscopic germs, and which the various operations in the

store-rooms and the malt-house may multiply indefinitely.

“Let us take a glass flask with a long neck of from two hundred

and fifty to three hundred cubic centimetres capacity, and place

in it some wort, with or without hops, and then in the flame of a

lamp draw out the neck of the flask to a fine point, afterwards

heating the liquid until the steam comes out of the end of the

neck. It can then be allowed to cool without any other

precautions; but for additional safety there can be introduced

into the little point a small wad of asbestos at the moment that

the flame is withdrawn from beneath the flask.  Before thus

placing the asbestos it also can be passed through the flame, as

well as after it has been put into the end of the tube. The air

which then first re-enters the flask will thus come into contact

with the heated glass and the heated liquid, so as to destroy the

vitality of any dust germs that may exist in the air.  The air

itself will re-enter very gradually, and slowly enough to enable

any dust to be taken up by the drop of water which the air forces

up the curvature of the tube. Ultimately the tube will be dry,

but the re-entering of the air will be so slow that the particles

of dust will fall upon the sides of the tube.  The experiments

show that with this kind of vessel, allowing free communication

with the air, and the dust not being allowed to enter, the dust

will not enter at all events for a period of ten or twelve years,

which has been the longest period devoted to these trials; and

the liquid, if it were naturally limpid, will not be in the least

polluted neither on its surface nor in its mass, although the

outside of the flask may become thickly coated with dust. This is

a most irrefutable proof of the impossibility of dust getting

inside the flask.
“The wort thus prepared remains uncontaminated indefinitely, in

spite of its susceptibility to change when exposed to the air

under conditions which allow it to gather the dusty particles

which float in the atmosphere. It is the same in the case of

urine, beef-tea, and grape-must, and generally with all those

putrefactable and fermentable liquids which have the property

when heated to boiling-point of destroying the vitality of dust

germs.“[7]
There was nothing in these studies bearing directly upon the

question of animal diseases, yet before they were finished they

had stimulated progress in more than one field of pathology. At

the very outset they sufficed to start afresh the inquiry as to

the role played by micro-organisms in disease. In particular they

led the French physician Devaine to return to some interrupted

studies which he had made ten years before in reference to the

animal disease called anthrax, or splenic fever, a disease that

cost the farmers of Europe millions of francs annually through

loss of sheep and cattle. In 1850 Devaine had seen multitudes of

1850   bacteria in the blood of animals who had died of anthrax, but he

did not at that time think of them as having a causal relation to

the disease. Now, however, in 1863, stimulated by Pasteur´s new

1863   revelations regarding the power of bacteria, he returned to the

subject, and soon became convinced, through experiments by means

of inoculation, that the microscopic organisms he had discovered

were the veritable and the sole cause of the infectious disease

anthrax.
The publication of this belief in 1863 aroused a furor of

1863   controversy. That a microscopic vegetable could cause a virulent

systemic disease was an idea altogether too startling to be

accepted in a day, and the generality of biologists and

physicians demanded more convincing proofs than Devaine as yet

was able to offer.

Naturally a host of other investigators all over the world

entered the field. Foremost among these was the German Dr. Robert

Koch, who soon corroborated all that Devaine had observed, and

carried the experiments further in the direction of the

cultivation of successive generations of the bacteria in

artificial media, inoculations being made from such pure cultures

of the eighth generation, with the astonishing result that

animals thus inoculated succumbed to the disease.

Such experiments seem demonstrative, yet the world was

unconvinced, and in 1876, while the controversy was still at its

1876   height, Pasteur was prevailed upon to take the matter in hand.

The great chemist was becoming more and more exclusively a

biologist as the years passed, and in recent years his famous

studies of the silk-worm diseases, which he proved due to

bacterial infection, and of the question of spontaneous

generation, had given him unequalled resources in microscopical

technique. And so when, with the aid of his laboratory associates

Duclaux and Chamberland and Roux, he took up the mooted anthrax

question the scientific world awaited the issue with bated

breath. And when, in 1877, Pasteur was ready to report on his

1877   studies of anthrax, he came forward with such a wealth of

demonstrative experiments—experiments the rigid accuracy of

which no one would for a moment think of questioning—going to

prove the bacterial origin of anthrax, that scepticism was at

last quieted for all time to come.

Henceforth no one could doubt that the contagious disease anthrax

is due exclusively to the introduction into an animal´s system of

a specific germ—a microscopic plant—which develops there. And

no logical mind could have a reasonable doubt that what is proved

true of one infectious disease would some day be proved true also

of other, perhaps of all, forms of infectious maladies.

Hitherto the cause of contagion, by which certain maladies spread

from individual to individual, had been a total mystery, quite

unillumined by the vague terms “miasm,“ ”humor,“ ”virus,“ and the

like cloaks of ignorance.  Here and there a prophet of science,

as Schwann and Henle, had guessed the secret; but guessing, in

science, is far enough from knowing. Now, for the first time, the

world KNEW, and medicine had taken another gigantic stride

towards the heights of exact science.

LISTER AND ANTISEPTIC SURGERY
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Meantime, in a different though allied field of medicine there

had been a complementary growth that led to immediate results of

even more practical importance.  I mean the theory and practice

of antisepsis in surgery.  This advance, like the other, came as

a direct outgrowth of Pasteur´s fermentation studies of alcoholic

beverages, though not at the hands of Pasteur himself. Struck by

the boundless implications of Pasteur´s revelations regarding the

bacteria, Dr. Joseph Lister (the present Lord Lister), then of

Glasgow, set about as early as 1860 to make a wonderful

1860   application of these ideas. If putrefaction is always due to

bacterial development, he argued, this must apply as well to

living as to dead tissues; hence the putrefactive changes which

occur in wounds and after operations on the human subject, from

which blood-poisoning so often follows, might be absolutely

prevented if the injured surfaces could be kept free from access

of the germs of decay.

In the hope of accomplishing this result, Lister began

experimenting with drugs that might kill the bacteria without

injury to the patient, and with means to prevent further access

of germs once a wound was freed from them. How well he succeeded

all the world knows; how bitterly he was antagonized for about a

score of years, most of the world has already forgotten. As early

as 1867 Lister was able to publish results pointing towards

1867   success in his great project; yet so incredulous were surgeons in

general that even some years later the leading surgeons on the

Continent had not so much as heard of his efforts.  In 1870 the

1870   soldiers of Paris died, as of old, of hospital gangrene; and

when, in 1871, the French surgeon Alphonse Guerin, stimulated by

1871   Pasteur´s studies, conceived the idea of dressing wounds with

cotton in the hope of keeping germs from entering them, he was

quite unaware that a British contemporary had preceded him by a

full decade in this effort at prevention and had made long

strides towards complete success. Lister´s priority, however, and

the superiority of his method, were freely admitted by the French

Academy of Sciences, which in 1881 officially crowned his

1881   achievement, as the Royal Society of London had done the year

before.
By this time, to be sure, as everybody knows, Lister´s new

methods had made their way everywhere, revolutionizing the

practice of surgery and practically banishing from the earth

maladies that hitherto had been the terror of the surgeon and the

opprobrium of his art. And these bedside studies, conducted in

the end by thousands of men who had no knowledge of microscopy,

had a large share in establishing the general belief in the

causal relation that micro-organisms bear to disease, which by

about the year 1880 had taken possession of the medical world.

1880   But they did more; they brought into equal prominence the idea

that, the cause of a diseased condition being known, it maybe

possible as never before to grapple with and eradicate that

condition.
PREVENTIVE INOCULATION
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The controversy over spontaneous generation, which, thanks to

Pasteur and Tyndall, had just been brought to a termination, made

it clear that no bacterium need be feared where an antecedent

bacterium had not found lodgment; Listerism in surgery had now

shown how much might be accomplished towards preventing the

access of germs to abraded surfaces of the body and destroying

those that already had found lodgment there. As yet, however,

there was no inkling of a way in which a corresponding onslaught

might be made upon those other germs which find their way into

the animal organism by way of the mouth and the nostrils, and

which, as was now clear, are the cause of those contagious

diseases which, first and last, claim so large a proportion of

mankind for their victims. How such means might be found now

became the anxious thought of every imaginative physician, of

every working microbiologist.

As it happened, the world was not kept long in suspense. Almost

before the proposition had taken shape in the minds of the other

leaders, Pasteur had found a solution. Guided by the empirical

success of Jenner, he, like many others, had long practised

inoculation experiments, and on February 9, 1880, he announced to

1880   the French Academy of Sciences that he had found a method of so

reducing the virulence of a disease germ that when introduced

into the system of a susceptible animal it produced only a mild

form of the disease, which, however, sufficed to protect against

the usual virulent form exactly as vaccinia protects against

small-pox. The particular disease experimented with was that

infectious malady of poultry known familiarly as “chicken

cholera.“  In October of the same year Pasteur announced the

method by which this “attenuation of the virus,“ as he termed it,

had been brought about—by cultivation of the disease germs in

artificial media, exposed to the air, and he did not hesitate to

assert his belief that the method would prove “susceptible of

generalization”—that is to say, of application to other diseases

than the particular one in question.

Within a few months he made good this prophecy, for in February,

1881, he announced to the Academy that with the aid, as before,

1881   of his associates MM.  Chamberland and Roux, he had produced an

attenuated virus of the anthrax microbe by the use of which, as

he affirmed with great confidence, he could protect sheep, and

presumably cattle, against that fatal malady.  “In some recent

publications,“ said Pasteur, ”I announced the first case of the

attenuation of a virus by experimental methods only. Formed of a

special microbe of an extreme minuteness, this virus may be

multiplied by artificial culture outside the animal body. These

cultures, left alone without any possible external contamination,

undergo, in the course of time, modifications of their virulency

to a greater or less extent.  The oxygen of the atmosphere is

said to be the chief cause of these attenuations—that is, this

lessening of the facilities of multiplication of the microbe; for

it is evident that the difference of virulence is in some way

associated with differences of development in the parasitic

economy.
“There is no need to insist upon the interesting character of

these results and the deductions to be made therefrom. To seek to

lessen the virulence by rational means would be to establish,

upon an experimental basis, the hope of preparing from an active

virus, easily cultivated either in the human or animal body, a

vaccine-virus of restrained development capable of preventing the

fatal effects of the former. Therefore, we have applied all our

energies to investigate the possible generalizing action of

atmospheric oxygen in the attenuation of virus.

“The anthrax virus, being one that has been most carefully

studied, seemed to be the first that should attract our

attention. Every time, however, we encountered a difficulty.

Between the microbe of chicken cholera and the microbe of anthrax

there exists an essential difference which does not allow the new

experiment to be verified by the old. The microbes of chicken

cholera do not, in effect, seem to resolve themselves, in their

culture, into veritable germs. The latter are merely cells, or

articulations always ready to multiply by division, except when

the particular conditions in which they become true germs are

known.
“The yeast of beer is a striking example of these cellular

productions, being able to multiply themselves indefinitely

without the apparition of their original spores.  There exist

many mucedines (Mucedinae?) of tubular mushrooms, which in

certain conditions of culture produce a chain of more or less

spherical cells called Conidae.  The latter, detached from their

branches, are able to reproduce themselves in the form of cells,

without the appearance, at least with a change in the conditions

of culture, of the spores of their respective mucedines. These

vegetable organisms can be compared to plants which are

cultivated by slipping, and to produce which it is not necessary

to have the fruits or the seeds of the mother plant.

The anthrax bacterium, in its artificial cultivation, behaves

very differently.  Its mycelian filaments, if one may so describe

them, have been produced scarcely for twenty-four or forty-eight

hours when they are seen to transform themselves, those

especially which are in free contact with the air, into very

refringent corpuscles, capable of gradually isolating themselves

into true germs of slight organization.  Moreover, observation

shows that these germs, formed so quickly in the culture, do not

undergo, after exposure for a time to atmospheric air, any change

either in their vitality or their virulence. I was able to

present to the Academy a tube containing some spores of anthrax

bacteria produced four years ago, on March 21, 1887. Each year

21   1887   the germination of these little corpuscles has been tried, and

each year the germination has been accomplished with the same

facility and the same rapidity as at first. Each year also the

virulence of the new cultures has been tested, and they have not

shown any visible falling off.  Therefore, how can we experiment

with the action of the air upon the anthrax virus with any

expectation of making it less virulent?

“The crucial difficulty lies perhaps entirely in this rapid

reproduction of the bacteria germs which we have just related. In

its form of a filament, and in its multiplication by division, is

not this organism at all points comparable with the microbe of

the chicken cholera?

“That a germ, properly so called, that a seed, does not suffer

any modification on account of the air is easily conceived; but

it is conceivable not less easily that if there should be any

change it would occur by preference in the case of a mycelian

fragment. It is thus that a slip which may have been abandoned in

the soil in contact with the air does not take long to lose all

vitality, while under similar conditions a seed is preserved in

readiness to reproduce the plant.  If these views have any

foundation, we are led to think that in order to prove the action

of the air upon the anthrax bacteria it will be indispensable to

submit to this action the mycelian development of the minute

organism under conditions where there cannot be the least

admixture of corpuscular germs. Hence the problem of submitting

the bacteria to the action of oxygen comes back to the question

of presenting entirely the formation of spores. The question

being put in this way, we are beginning to recognize that it is

capable of being solved.

“We can, in fact, prevent the appearance of spores in the

artificial cultures of the anthrax parasite by various artifices.

At the lowest temperature at which this parasite can be

cultivated—that is to say, about +16 degrees Centigrade—the

16   bacterium does not produce germs—at any rate, for a very long

time. The shapes of the minute microbe at this lowest limit of

its development are irregular, in the form of balls and pears—in

a word, they are monstrosities—but they are without spores. In

the last regard also it is the same at the highest temperatures

at which the parasite can be cultivated, temperatures which vary

slightly according to the means employed. In neutral chicken

bouillon the bacteria cannot be cultivated above 45 degrees.

45   Culture, however, is easy and abundant at 42 to 43 degrees, but

42   43   equally without any formation of spores.  Consequently a culture

of mycelian bacteria can be kept entirely free from germs while

in contact with the open air at a temperature of from 42 to 43

42   degrees Centigrade.  Now appear the three remarkable results.

After about one month of waiting the culture dies—that is to

say, if put into a fresh bouillon it becomes absolutely sterile.

“So much for the life and nutrition of this organism. In respect

to its virulence, it is an extraordinary fact that it disappears

entirely after eight days´ culture at 42 to 43 degrees

42   43   Centigrade, or, at any rate, the cultures are innocuous for the

guinea-pig, the rabbit, and the sheep, the three kinds of animals

most apt to contract anthrax. We are thus able to obtain, not

only the attenuation of the virulence, but also its complete

suppression by a simple method of cultivation. Moreover, we see

also the possibility of preserving and cultivating the terrible

microbe in an inoffensive state. What is it that happens in these

eight days at 43 degrees that suffices to take away the virulence

43   of the bacteria? Let us remember that the microbe of chicken

cholera dies in contact with the air, in a period somewhat

protracted, it is true, but after successive attenuations.  Are

we justified in thinking that it ought to be the same in regard

to the microbe of anthrax?  This hypothesis is confirmed by

experiment. Before the disappearance of its virulence the anthrax

microbe passes through various degrees of attenuation, and,

moreover, as is also the case with the microbe of chicken

cholera, each of these attenuated states of virulence can be

obtained by cultivation. Moreover, since, according to one of our

recent Communications, anthrax is not recurrent, each of our

attenuated anthrax microbes is, for the better-developed microbe,

a vaccine—that is to say, a virus producing a less-malignant

malady. What, therefore, is easier than to find in these a virus

that will infect with anthrax sheep, cows, and horses, without

killing them, and ultimately capable of warding off the mortal

malady? We have practised this experiment with great success upon

sheep, and when the season comes for the assembling of the flocks

at Beauce we shall try the experiment on a larger scale.

“Already M. Toussaint has announced that sheep can be saved by

preventive inoculations; but when this able observer shall have

published his results; on the subject of which we have made such

exhaustive studies, as yet unpublished, we shall be able to see

the whole difference which exists between the two methods—the

uncertainty of the one and the certainty of the other. That which

we announce has, moreover, the very great advantage of resting

upon the existence of a poison vaccine cultivable at will, and

which can be increased indefinitely in the space of a few hours

without having recourse to infected blood.“[8]

This announcement was immediately challenged in a way that

brought it to the attention of the entire world. The president of

an agricultural society, realizing the enormous importance of the

subject, proposed to Pasteur that his alleged discovery should be

submitted to a decisive public test. He proposed to furnish a

drove of fifty sheep half of which were to be inoculated with the

attenuated virus of Pasteur.  Subsequently all the sheep were to

be inoculated with virulent virus, all being kept together in one

pen under precisely the same conditions. The “protected” sheep

were to remain healthy; the unprotected ones to die of anthrax;

so read the terms of the proposition. Pasteur accepted the

challenge; he even permitted a change in the programme by which

two goats were substituted for two of the sheep, and ten cattle

added, stipulating, however, that since his experiments had not

yet been extended to cattle these should not be regarded as

falling rigidly within the terms of the test.

It was a test to try the soul of any man, for all the world

looked on askance, prepared to deride the maker of so

preposterous a claim as soon as his claim should be proved

baseless. Not even the fame of Pasteur could make the public at

large, lay or scientific, believe in the possibility of what he

proposed to accomplish.  There was time for all the world to be

informed of the procedure, for the first “preventive”

inoculation—or vaccination, as Pasteur termed it—was made on

May 5th, the second on May 17th, and another interval of two

17   weeks must elapse before the final inoculations with the

unattenuated virus. Twenty-four sheep, one goat, and five cattle

were submitted to the preliminary vaccinations.  Then, on May 31

st, all sixty of the animals were inoculated, a protected and

unprotected one alternately, with an extremely virulent culture

of anthrax microbes that had been in Pasteur´s laboratory since

1877. This accomplished, the animals were left together in one

1877   enclosure to await the issue.

Two days later, June 2d, at the appointed hour of rendezvous, a

vast crowd, composed of veterinary surgeons, newspaper

correspondents, and farmers from far and near, gathered to

witness the closing scenes of this scientific tourney. What they

saw was one of the most dramatic scenes in the history of

peaceful science—a scene which, as Pasteur declared afterwards,

“amazed the assembly.“  Scattered about the enclosure, dead,

dying, or manifestly sick unto death, lay the unprotected

animals, one and all, while each and every “protected” animal

stalked unconcernedly about with every appearance of perfect

health. Twenty of the sheep and the one goat were already dead;

two other sheep expired under the eyes of the spectators; the

remaining victims lingered but a few hours longer. Thus in a

manner theatrical enough, not to say tragic, was proclaimed the

unequivocal victory of science. Naturally enough, the unbelievers

struck their colors and surrendered without terms; the principle

of protective vaccination, with a virus experimentally prepared

in the laboratory, was established beyond the reach of

controversy.
That memorable scientific battle marked the beginning of a new

era in medicine.  It was a foregone conclusion that the principle

thus established would be still further generalized; that it

would be applied to human maladies; that in all probability it

would grapple successfully, sooner or later, with many infectious

diseases. That expectation has advanced rapidly towards

realization. Pasteur himself made the application to the human

subject in the disease hydrophobia in 1885, since which time that

1885   hitherto most fatal of maladies has largely lost its terrors. 

Thousands of persons bitten by mad dogs have been snatched from

the fatal consequences of that mishap by this method at the

Pasteur Institute in Paris, and at the similar institutes, built

on the model of this parent one, that have been established all

over the world in regions as widely separated as New York and

Nha-Trang.
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In the production of the rabies vaccine Pasteur and his

associates developed a method of attenuation of a virus quite

different from that which had been employed in the case of the

vaccines of chicken cholera and of anthrax. The rabies virus was

inoculated into the system of guinea-pigs or rabbits and, in

effect, cultivated in the systems of these animals. The spinal

cord of these infected animals was found to be rich in the virus,

which rapidly became attenuated when the cord was dried in the

air.  The preventive virus, of varying strengths, was made by

maceration of these cords at varying stages of desiccation. This

cultivation of a virus within the animal organism suggested, no

doubt, by the familiar Jennerian method of securing small-pox

vaccine, was at the same time a step in the direction of a new

therapeutic procedure which was destined presently to become of

all-absorbing importance—the method, namely, of so-called

serum-therapy, or the treatment of a disease with the blood serum

of an animal that has been subjected to protective inoculation

against that disease.

The possibility of such a method was suggested by the familiar

observation, made by Pasteur and numerous other workers, that

animals of different species differ widely in their

susceptibility to various maladies, and that the virus of a given

disease may become more and more virulent when passed through the

systems of successive individuals of one species, and,

contrariwise, less and less virulent when passed through the

systems of successive individuals of another species. These facts

suggested the theory that the blood of resistant animals might

contain something directly antagonistic to the virus, and the

hope that this something might be transferred with curative

effect to the blood of an infected susceptible animal. Numerous

experimenters all over the world made investigations along the

line of this alluring possibility, the leaders perhaps being Drs. 

Behring and Kitasato, closely followed by Dr. Roux and his

associates of the Pasteur Institute of Paris.  Definite results

were announced by Behring in 1892 regarding two important

1892   diseases—tetanus and diphtheria—but the method did not come

into general notice until 1894, when Dr. Roux read an

1894   epoch-making paper on the subject at the Congress of Hygiene at

Buda-Pesth.
In this paper Dr. Roux, after adverting to the labors of Behring,

Ehrlich, Boer, Kossel, and Wasserman, described in detail the

methods that had been developed at the Pasteur Institute for the

development of the curative serum, to which Behring had given the

since-familiar name antitoxine. The method consists, first, of

the cultivation, for some months, of the diphtheria bacillus

(called the Klebs-Loeffler bacillus, in honor of its discoverers)

in an artificial bouillon, for the development of a powerful

toxine capable of giving the disease in a virulent form.

This toxine, after certain details of mechanical treatment, is

injected in small but increasing doses into the system of an

animal, care being taken to graduate the amount so that the

animal does not succumb to the disease. After a certain course of

this treatment it is found that a portion of blood serum of the

animal so treated will act in a curative way if injected into the

blood of another animal, or a human patient, suffering with

diphtheria. In other words, according to theory, an antitoxine

has been developed in the system of the animal subjected to the

progressive inoculations of the diphtheria toxine.  In Dr. Roux´s

experience the animal best suited for the purpose is the horse,

though almost any of the domesticated animals will serve the

purpose.
But Dr. Roux´s paper did not stop with the description of

laboratory methods. It told also of the practical application of

the serum to the treatment of numerous cases of diphtheria in the

hospitals of Paris—applications that had met with a gratifying

measure of success.  He made it clear that a means had been found

of coping successfully with what had been one of the most

virulent and intractable of the diseases of childhood. Hence it

was not strange that his paper made a sensation in all circles,

medical and lay alike.

Physicians from all over the world flocked to Paris to learn the

details of the open secret, and within a few months the new

serum-therapy had an acknowledged standing with the medical

profession everywhere. What it had accomplished was regarded as

but an earnest of what the new method might accomplish presently

when applied to the other infectious diseases.

Efforts at such applications were immediately begun in numberless

directions—had, indeed, been under way in many a laboratory for

some years before. It is too early yet to speak of the results in

detail. But enough has been done to show that this method also is

susceptible of the widest generalization.  It is not easy at the

present stage to sift that which is tentative from that which

will be permanent; but so great an authority as Behring does not

hesitate to affirm that today we possess, in addition to the

diphtheria antitoxine, equally specific antitoxines of tetanus,

cholera, typhus fever, pneumonia, and tuberculosis—a set of

diseases which in the aggregate account for a startling

proportion of the general death-rate. Then it is known that Dr.

Yersin, with the collaboration of his former colleagues of the

Pasteur Institute, has developed, and has used with success, an

antitoxine from the microbe of the plague which recently ravaged

China. Dr. Calmette, another graduate of the Pasteur Institute, has

extended the range of the serum-therapy to include the prevention

and treatment of poisoning by venoms, and has developed an

antitoxine that has already given immunity from the lethal

effects of snake bites to thousands of persons in India and

Australia.
Just how much of present promise is tentative, just what are the

limits of the methods—these are questions for the future to

decide. But, in any event, there seems little question that the

serum treatment will stand as the culminating achievement in

therapeutics of our century. It is the logical outgrowth of those

experimental studies with the microscope begun by our

predecessors of the thirties, and it represents the present

culmination of the rigidly experimental method which has brought

medicine from a level of fanciful empiricism to the plane of a

rational experimental science.
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In America, indeed, there being no Middle Age precedents to

crystallize into established customs, the treatment accorded the

insane had seldom or never sunk to this level. Partly for this

reason, perhaps, the work of Dr. Rush at the Philadelphia

Hospital, in 1784, by means of which the insane came to be

1784   humanely treated, even to the extent of banishing the lash, has

been but little noted, while the work of the European leaders,

though belonging to later decades, has been made famous. And

perhaps this is not as unjust as it seems, for the step which

Rush took, from relatively bad to good, was a far easier one to

take than the leap from atrocities to good treatment which the

European reformers were obliged to compass. In Paris, for

example, Pinel was obliged to ask permission of the authorities

even to make the attempt at liberating the insane from their

chains, and, notwithstanding his recognized position as a leader

of science, he gained but grudging assent, and was regarded as

being himself little better than a lunatic for making so

manifestly unwise and hopeless an attempt. Once the attempt had

been made, however, and carried to a successful issue, the

amelioration wrought in the condition of the insane was so patent

that the fame of Pinel´s work at the Bicetre and the Salpetriere

went abroad apace. It required, indeed, many years to complete it

in Paris, and a lifetime of effort on the part of Pinel´s pupil

Esquirol and others to extend the reform to the provinces; but

the epochal turning-point had been reached with Pinel´s labors of

the closing years of the eighteenth century.

The significance of this wise and humane reform, in the present

connection, is the fact that these studies of the insane gave

emphasis to the novel idea, which by-and-by became accepted as

beyond question, that “demoniacal possession” is in reality no

more than the outward expression of a diseased condition of the

brain. This realization made it clear, as never before, how

intimately the mind and the body are linked one to the other. 

And so it chanced that, in striking the shackles from the insane,

Pinel and his confreres struck a blow also, unwittingly, at

time-honored philosophical traditions. The liberation of the

insane from their dungeons was an augury of the liberation of

psychology from the musty recesses of metaphysics. Hitherto

psychology, in so far as it existed at all, was but the

subjective study of individual minds; in future it must become

objective as well, taking into account also the relations which

the mind bears to the body, and in particular to the brain and

nervous system.
The necessity for this collocation was advocated quite as

earnestly, and even more directly, by another worker of this

period, whose studies were allied to those of alienists, and who,

even more actively than they, focalized his attention upon the

brain and its functions. This earliest of specialists in brain

studies was a German by birth but Parisian by adoption, Dr. Franz

Joseph Gall, originator of the since-notorious system of

phrenology.  The merited disrepute into which this system has

fallen through the exposition of peripatetic charlatans should

not make us forget that Dr. Gall himself was apparently a highly

educated physician, a careful student of the brain and mind

according to the best light of his time, and, withal, an earnest

and honest believer in the validity of the system he had

originated. The system itself, taken as a whole, was hopelessly

faulty, yet it was not without its latent germ of truth, as later

studies were to show. How firmly its author himself believed in

it is evidenced by the paper which he contributed to the French

Academy of Sciences in 1808. The paper itself was referred to a

1808   committee of which Pinel and Cuvier were members.  The verdict of

this committee was adverse, and justly so; yet the system

condemned had at least one merit which its detractors failed to

realize.  It popularized the conception that the brain is the

organ of mind.  Moreover, by its insistence it rallied about it a

band of scientific supporters, chief of whom was Dr. Kaspar

Spurzlieim, a man of no mean abilities, who became the

propagandist of phrenology in England and in America.  Of course

such advocacy and popularity stimulated opposition as well, and

out of the disputations thus arising there grew presently a

general interest in the brain as the organ of mind, quite aside

from any preconceptions whatever as to the doctrines of Gall and

Spurzheim.
Prominent among the unprejudiced class of workers who now

appeared was the brilliant young Frenchman Louis Antoine

Desmoulins, who studied first under the tutorage of the famous

Magendie, and published jointly with him a classical work on the

nervous system of vertebrates in 1825. Desmoulins made at least

1825   one discovery of epochal importance. He observed that the brains

of persons dying in old age were lighter than the average and

gave visible evidence of atrophy, and he reasoned that such decay

is a normal accompaniment of senility. No one nowadays would

question the accuracy of this observation, but the scientific

world was not quite ready for it in 1825; for when Desmoulins

1825   announced his discovery to the French Academy, that august and

somewhat patriarchal body was moved to quite unscientific wrath,

and forbade the young iconoclast the privilege of further

hearings. From which it is evident that the partially liberated

spirit of the new psychology had by no means freed itself

altogether, at the close of the first quarter of the nineteenth

century, from the metaphysical cobwebs of its long incarceration.
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While studies of the brain were thus being inaugurated, the

nervous system, which is the channel of communication between the

brain and the outside world, was being interrogated with even

more tangible results.  The inaugural discovery was made in 1811

181   by Dr. (afterwards Sir Charles) Bell,[1] the famous English

surgeon and experimental physiologist. It consisted of the

observation that the anterior roots of the spinal nerves are

given over to the function of conveying motor impulses from the

brain outward, whereas the posterior roots convey solely sensory

impulses to the brain from without. Hitherto it had been supposed

that all nerves have a similar function, and the peculiar

distribution of the spinal nerves had been an unsolved puzzle.

Bell´s discovery was epochal; but its full significance was not

appreciated for a decade, nor, indeed, was its validity at first

admitted.  In Paris, in particular, then the court of final

appeal in all matters scientific, the alleged discovery was

looked at askance, or quite ignored.  But in 1823 the subject was

1823   taken up by the recognized leader of French physiology—Francois

Magendie—in the course of his comprehensive experimental studies

of the nervous system, and Bell´s conclusions were subjected to

the most rigid experimental tests and found altogether valid.

Bell himself, meanwhile, had turned his attention to the cranial

nerves, and had proved that these also are divisible into two

sets—sensory and motor.  Sometimes, indeed, the two sets of

filaments are combined into one nerve cord, but if traced to

their origin these are found to arise from different brain

centres. Thus it was clear that a hitherto unrecognized duality

of function pertains to the entire extra-cranial nervous system.

Any impulse sent from the periphery to the brain must be conveyed

along a perfectly definite channel; the response from the brain,

sent out to the peripheral muscles, must traverse an equally

definite and altogether different course.  If either channel is

interrupted—as by the section of its particular nerve tract—the

corresponding message is denied transmission as effectually as an

electric current is stopped by the section of the transmitting

wire. Experimenters everywhere soon confirmed the observations of Bell

and Magendie, and, as always happens after a great discovery, a

fresh impulse was given to investigations in allied fields. 

Nevertheless, a full decade elapsed before another discovery of

comparable importance was made. Then Marshall Hall, the most

famous of English physicians of his day, made his classical

observations on the phenomena that henceforth were to be known as

reflex action.  In 1832, while experimenting one day with a

1832   decapitated newt, he observed that the headless creature´s limbs

would contract in direct response to certain stimuli.  Such a

response could no longer be secured if the spinal nerves

supplying a part were severed. Hence it was clear that responsive

centres exist in the spinal cord capable of receiving a sensory

message and of transmitting a motor impulse in reply—a function

hitherto supposed to be reserved for the brain. Further studies

went to show that such phenomena of reflex action on the part of

centres lying outside the range of consciousness, both in the

spinal cord and in the brain itself, are extremely common; that,

in short, they enter constantly into the activities of every

living organism and have a most important share in the sum total

of vital movements. Hence, Hall´s discovery must always stand as

one of the great mile-stones of the advance of neurological

science.
Hall gave an admirably clear and interesting account of his

experiments and conclusions in a paper before the Royal Society,

“On the Reflex Functions of the Medulla Oblongata and the Medulla

Spinalis,“ from which, as published in the Transactions of the

society for 1833, we may quote at some length:

1833   “In the entire animal, sensation and voluntary motion, functions

of the cerebrum, combine with the functions of the medulla

oblongata and medulla spinalis, and may therefore render it

difficult or impossible to determine those which are peculiar to

each; if, in an animal deprived of the brain, the spinal marrow

or the nerves supplying the muscles be stimulated, those muscles,

whether voluntary or respiratory, are equally thrown into

contraction, and, it may be added, equally in the complete and in

the mutilated animal; and, in the case of the nerves, equally in

limbs connected with and detached from the spinal marrow.

“The operation of all these various causes may be designated

centric, as taking place AT, or at least in a direction FROM,

central parts of the nervous system.  But there is another

function the phenomena of which are of a totally different order

and obey totally different laws, being excited by causes in a

situation which is EXCENTRIC in the nervous system—that is,

distant from the nervous centres. This mode of action has not, I

think, been hitherto distinctly understood by physiologists.

“Many of the phenomena of this principle of action, as they occur

in the limbs, have certainly been observed.  But, in the first

place, this function is by no means confined to the limbs; for,

while it imparts to each muscle its appropriate tone, and to each

system of muscles its appropriate equilibrium or balance, it

performs the still more important office of presiding over the

orifices and terminations of each of the internal canals in the

animal economy, giving them their due form and action; and, in

the second place, in the instances in which the phenomena of this

function have been noticed, they have been confounded, as I have

stated, with those of sensation and volition; or, if they have

been distinguished from these, they have been too indefinitely

denominated instinctive, or automatic. I have been compelled,

therefore, to adopt some new designation for them, and I shall

now give the reasons for my choice of that which is given in the

title of this paper—´Reflex Functions.´

“This property is characterized by being EXCITED in its action

and REFLEX in its course:  in every instance in which it is

exerted an impression made upon the extremities of certain nerves

is conveyed to the medulla oblongata or the medulla spinalis, and

is reflected along the nerves to parts adjacent to, or remote

from, that which has received the impression.

“It is by this reflex character that the function to which I have

alluded is to be distinguished from every other. There are, in

the animal economy, four modes of muscular action, of muscular

contraction.  The first is that designated VOLUNTARY: volition,

originated in the cerebrum and spontaneous in its acts, extends

its influence along the spinal marrow and the motor nerves in a

DIRECT LINE to the voluntary muscles. The SECOND is that of

RESPIRATION:  like volition, the motive influence in respiration

passes in a DIRECT LINE from one point of the nervous system to

certain muscles; but as voluntary motion seems to originate in

the cerebrum, so the respiratory motions originate in the medulla

oblongata: like the voluntary motions, the motions of

respirations are spontaneous; they continue, at least, after the

eighth pair of nerves have been divided.  The THIRD kind of

muscular action in the animal economy is that termed involuntary: 

it depends upon the principle of irritability and requires the

IMMEDIATE application of a stimulus to the nervo-muscular fibre

itself. These three kinds of muscular motion are well known to

physiologists; and I believe they are all which have been

hitherto pointed out. There is, however, a FOURTH, which

subsists, in part, after the voluntary and respiratory motions

have ceased, by the removal of the cerebrum and medulla

oblongata, and which is attached to the medulla spinalis, ceasing

itself when this is removed, and leaving the irritability

undiminished. In this kind of muscular motion the motive

influence does not originate in any central part of the nervous

system, but from a distance from that centre; it is neither

spontaneous in its action nor direct in its course; it is, on the

contrary, EXCITED by the application of appropriate stimuli,

which are not, however, applied immediately to the muscular or

nervo-muscular fibre, but to certain membraneous parts, whence

the impression is carried through the medulla, REFLECTED and

reconducted to the part impressed, or conducted to a part remote

from it in which muscular contraction is effected.

“The first three modes of muscular action are known only by

actual movements of muscular contractions.  But the reflex

function exists as a continuous muscular action, as a power

presiding over organs not actually in a state of motion,

preserving in some, as the glottis, an open, in others, as the

sphincters, a closed form, and in the limbs a due degree of

equilibrium or balanced muscular action—a function not, I think,

hitherto recognized by physiologists.

The three kinds of muscular motion hitherto known may be

distinguished in another way.  The muscles of voluntary motion

and of respiration may be excited by stimulating the nerves which

supply them, in any part of their course, whether at their source

as a part of the medulla oblongata or the medulla spinalis or

exterior to the spinal canal: the muscles of involuntary motion

are chiefly excited by the actual contact of stimuli.  In the

case of the reflex function alone the muscles are excited by a

stimulus acting mediately and indirectly in a curved and reflex

course, along superficial subcutaneous or submucous nerves

proceeding from the medulla. The first three of these causes of

muscular motion may act on detached limbs or muscles.  The last

requires the connection with the medulla to be preserved entire.

“All the kinds of muscular motion may be unduly excited, but the

reflex function is peculiar in being excitable in two modes of

action, not previously subsisting in the animal economy, as in

the case of sneezing, coughing, vomiting, etc. The reflex

function also admits of being permanently diminished or augmented

and of taking on some other morbid forms, of which I shall treat

hereafter.
“Before I proceed to the details of the experiments upon which

this disposition rests, it may be well to point out several

instances in illustration of the various sources of and the modes

of muscular action which have been enumerated. None can be more

familiar than the act of swallowing. Yet how complicated is the

act!  The apprehension of the food by the teeth and tongue, etc.,

is voluntary, and cannot, therefore, take place in an animal from

which the cerebrum is removed. The transition of food over the

glottis and along the middle and lower part of the pharynx

depends upon the reflex action: it can take place in animals from

which the cerebrum has been removed or the ninth pair of nerves

divided; but it requires the connection with the medulla

oblongata to be preserved entirely; and the actual contact of

some substance which may act as a stimulus:  it is attended by

the accurate closure of the glottis and by the contraction of the

pharynx. The completion of the act of deglutition is dependent

upon the stimulus immediately impressed upon the muscular fibre

of the oesophagus, and is the result of excited irritability.

“However plain these observations may have made the fact that

there is a function of the nervous muscular system distinct from

sensation, from the voluntary and respiratory motions, and from

irritability, it is right, in every such inquiry as the present,

that the statements and reasonings should be made with the

experiment, as it were, actually before us. It has already been

remarked that the voluntary and respiratory motions are

spontaneous, not necessarily requiring the agency of a stimulus.

If, then, an animal can be placed in such circumstances that such

motions will certainly not take place, the power of moving

remaining, it may be concluded that volition and the motive

influence of respiration are annihilated. Now this is effected by

removing the cerebrum and the medulla oblongata. These facts are

fully proved by the experiments of Legallois and M. Flourens, and

by several which I proceed to detail, for the sake of the

opportunity afforded by doing so of stating the arguments most

clearly. “I divided the spinal marrow of a very lively snake between the

second and third vertebrae.  The movements of the animal were

immediately before extremely vigorous and unintermitted. From the

moment of the division of the spinal marrow it lay perfectly

tranquil and motionless, with the exception of occasional

gaspings and slight movements of the head. It became quite

evident that this state of quiescence would continue indefinitely

were the animal secured from all external impressions.

“Being now stimulated, the body began to move with great

activity, and continued to do so for a considerable time, each

change of position or situation bringing some fresh part of the

surface of the animal into contact with the table or other

objects and renewing the application of stimulants.

“At length the animal became again quiescent; and being carefully

protected from all external impressions it moved no more, but

died in the precise position and form which it had last assumed.

“It requires a little manoeuvre to perform this experiment

successfully: the motions of the animal must be watched and

slowly and cautiously arrested by opposing some soft substance,

as a glove or cotton wool; they are by this means gradually

lulled into quiescence. The slightest touch with a hard

substance, the slightest stimulus, will, on the other hand, renew

the movements on the animal in an active form. But that this

phenomenon does not depend upon sensation is further fully proved

by the facts that the position last assumed, and the stimuli, may

be such as would be attended by extreme or continued pain, if the

sensibility were undestroyed:  in one case the animal remained

partially suspended over the acute edge of the table; in others

the infliction of punctures and the application of a lighted

taper did not prevent the animal, still possessed of active

powers of motion, from passing into a state of complete and

permanent quiescence.“
In summing up this long paper Hall concludes with this sentence:

“The reflex function appears in a word to be the COMPLEMENT of

the functions of the nervous system hitherto known.“[2]

All these considerations as to nerve currents and nerve tracts

becoming stock knowledge of science, it was natural that interest

should become stimulated as to the exact character of these nerve

tracts in themselves, and all the more natural in that the

perfected microscope was just now claiming all fields for its

own. A troop of observers soon entered upon the study of the

nerves, and the leader here, as in so many other lines of

microscopical research, was no other than Theodor Schwann. 

Through his efforts, and with the invaluable aid of such other

workers as Remak, Purkinje, Henle, Muller, and the rest, all the

mystery as to the general characteristics of nerve tracts was

cleared away. It came to be known that in its essentials a nerve

tract is a tenuous fibre or thread of protoplasm stretching

between two terminal points in the organism, one of such termini

being usually a cell of the brain or spinal cord, the other a

distribution-point at or near the periphery—for example, in a

muscle or in the skin. Such a fibril may have about it a

protective covering, which is known as the sheath of Schwann; but

the fibril itself is the essential nerve tract; and in many

cases, as Remak presently discovered, the sheath is dispensed

with, particularly in case of the nerves of the so-called

sympathetic system.
This sympathetic system of ganglia and nerves, by-the-bye, had

long been a puzzle to the physiologists.  Its ganglia, the

seeming centre of the system, usually minute in size and never

very large, are found everywhere through the organism, but in

particular are gathered into a long double chain which lies

within the body cavity, outside the spinal column, and represents

the sole nervous system of the non-vertebrated organisms. Fibrils

from these ganglia were seen to join the cranial and spinal nerve

fibrils and to accompany them everywhere, but what special

function they subserved was long a mere matter of conjecture and

led to many absurd speculations.  Fact was not substituted for

conjecture until about the year 1851, when the great Frenchman

1851   Claude Bernard conclusively proved that at least one chief

function of the sympathetic fibrils is to cause contraction of

the walls of the arterioles of the system, thus regulating the

blood-supply of any given part. Ten years earlier Henle had

demonstrated the existence of annular bands of muscle fibres in

the arterioles, hitherto a much-mooted question, and several

tentative explanations of the action of these fibres had been

made, particularly by the brothers Weber, by Stilling, who, as

early as 1840, had ventured to speak of “vaso-motor” nerves, and

1840   by Schiff, who was hard upon the same track at the time of

Bernard´s discovery. But a clear light was not thrown on the

subject until Bernard´s experiments were made in 1851.  The

1851   experiments were soon after confirmed and extended by

Brown-Sequard, Waller, Budge, and numerous others, and henceforth

physiologists felt that they understood how the blood-supply of

any given part is regulated by the nervous system.

In reality, however, they had learned only half the story, as

Bernard himself proved only a few years later by opening up a new

and quite unsuspected chapter.  While experimenting in 1858 he

1858   discovered that there are certain nerves supplying the heart

which, if stimulated, cause that organ to relax and cease

beating.  As the heart is essentially nothing more than an

aggregation of muscles, this phenomenon was utterly puzzling and

without precedent in the experience of physiologists. An impulse

travelling along a motor nerve had been supposed to be able to

cause a muscular contraction and to do nothing else; yet here

such an impulse had exactly the opposite effect. The only tenable

explanation seemed to be that this particular impulse must arrest

or inhibit the action of the impulses that ordinarily cause the

heart muscles to contract. But the idea of such inhibition of one

impulse by another was utterly novel and at first difficult to

comprehend. Gradually, however, the idea took its place in the

current knowledge of nerve physiology, and in time it came to be

understood that what happens in the case of the heart

nerve-supply is only a particular case under a very general,

indeed universal, form of nervous action.  Growing out of

Bernard´s initial discovery came the final understanding that the

entire nervous system is a mechanism of centres subordinate and

centres superior, the action of the one of which may be

counteracted and annulled in effect by the action of the other. 

This applies not merely to such physical processes as heart-beats

and arterial contraction and relaxing, but to the most intricate

functionings which have their counterpart in psychical processes

as well. Thus the observation of the inhibition of the heart´s

action by a nervous impulse furnished the point of departure for

studies that led to a better understanding of the modus operandi

of the mind´s activities than had ever previously been attained

by the most subtle of psychologists.
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The work of the nerve physiologists had thus an important bearing

on questions of the mind.  But there was another company of

workers of this period who made an even more direct assault upon

the “citadel of thought.“ A remarkable school of workers had been

developed in Germany, the leaders being men who, having more or

less of innate metaphysical bias as a national birthright, had

also the instincts of the empirical scientist, and whose

educational equipment included a profound knowledge not alone of

physiology and psychology, but of physics and mathematics as

well. These men undertook the novel task of interrogating the

relations of body and mind from the standpoint of physics.  They

sought to apply the vernier and the balance, as far as might be,

to the intangible processes of mind.

The movement had its precursory stages in the early part of the

century, notably in the mathematical psychology of Herbart, but

its first definite output to attract general attention came from

the master-hand of Hermann Helmholtz in 1851. It consisted of the

1851   accurate measurement of the speed of transit of a nervous impulse

along a nerve tract.  To make such measurement had been regarded

as impossible, it being supposed that the flight of the nervous

impulse was practically instantaneous. But Helmholtz readily

demonstrated the contrary, showing that the nerve cord is a

relatively sluggish message-bearer. According to his experiments,

first performed upon the frog, the nervous “current” travels less

than one hundred feet per second. Other experiments performed

soon afterwards by Helmholtz himself, and by various followers,

chief among whom was Du Bois-Reymond, modified somewhat the exact

figures at first obtained, but did not change the general

bearings of the early results. Thus the nervous impulse was shown

to be something far different, as regards speed of transit, at

any rate, from the electric current to which it had been so often

likened. An electric current would flash halfway round the globe

while a nervous impulse could travel the length of the human

body—from a man´s foot to his brain.

The tendency to bridge the gulf that hitherto had separated the

physical from the psychical world was further evidenced in the

following decade by Helmholtz´s remarkable but highly technical

study of the sensations of sound and of color in connection with

their physical causes, in the course of which he revived the

doctrine of color vision which that other great physiologist and

physicist, Thomas Young, had advanced half a century before. The

same tendency was further evidenced by the appearance, in 1852,

1852   of Dr. Hermann Lotze´s famous Medizinische Psychologie, oder

Physiologie der Seele, with its challenge of the old myth of a

“vital force.“  But the most definite expression of the new

movement was signalized in 1860, when Gustav Fechner published

1860   his classical work called Psychophysik.  That title introduced a

new word into the vocabulary of science. Fechner explained it by

saying, “I mean by psychophysics an exact theory of the relation

between spirit and body, and, in a general way, between the

physical and the psychic worlds.“ The title became famous and the

brunt of many a controversy. So also did another phrase which

Fechner introduced in the course of his book—the phrase

“physiological psychology.“ In making that happy collocation of

words Fechner virtually christened a new science.

FECHNER EXPOUNDS WEBER´S LAW
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The chief purport of this classical book of the German

psycho-physiologist was the elaboration and explication of

experiments based on a method introduced more than twenty years

earlier by his countryman E. H. Weber, but which hitherto had

failed to attract the attention it deserved. The method consisted

of the measurement and analysis of the definite relation existing

between external stimuli of varying degrees of intensity (various

sounds, for example) and the mental states they induce. Weber´s

experiments grew out of the familiar observation that the nicety

of our discriminations of various sounds, weights, or visual

images depends upon the magnitude of each particular cause of a

sensation in its relation with other similar causes.  Thus, for

example, we cannot see the stars in the daytime, though they

shine as brightly then as at night. Again, we seldom notice the

ticking of a clock in the daytime, though it may become almost

painfully audible in the silence of the night. Yet again, the

difference between an ounce weight and a two-ounce weight is

clearly enough appreciable when we lift the two, but one cannot

discriminate in the same way between a five-pound weight and a

weight of one ounce over five pounds.

This last example, and similar ones for the other senses, gave

Weber the clew to his novel experiments.  Reflection upon

every-day experiences made it clear to him that whenever we

consider two visual sensations, or two auditory sensations, or

two sensations of weight, in comparison one with another, there

is always a limit to the keenness of our discrimination, and that

this degree of keenness varies, as in the case of the weights

just cited, with the magnitude of the exciting cause.

Weber determined to see whether these common experiences could be

brought within the pale of a general law. His method consisted of

making long series of experiments aimed at the determination, in

each case, of what came to be spoken of as the least observable

difference between the stimuli. Thus if one holds an ounce weight

in each hand, and has tiny weights added to one of them, grain by

grain, one does not at first perceive a difference; but

presently, on the addition of a certain grain, he does become

aware of the difference. Noting now how many grains have been

added to produce this effect, we have the weight which represents

the least appreciable difference when the standard is one ounce.

Now repeat the experiment, but let the weights be each of five

pounds. Clearly in this case we shall be obliged to add not

grains, but drachms, before a difference between the two heavy

weights is perceived.  But whatever the exact amount added, that

amount represents the stimulus producing a just-perceivable

sensation of difference when the standard is five pounds. And so

on for indefinite series of weights of varying magnitudes. Now

came Weber´s curious discovery.  Not only did he find that in

repeated experiments with the same pair of weights the measure of

“just-{p}erceivable difference” remained approximately fixed, but

he found, further, that a remarkable fixed relation exists

between the stimuli of different magnitude.  If, for example, he

had found it necessary, in the case of the ounce weights, to add

one-fiftieth of an ounce to the one before a difference was

detected, he found also, in the case of the five-pound weights,

that one-fiftieth of five pounds must be added before producing

the same result.  And so of all other weights; the amount added

to produce the stimulus of “least-appreciable difference” always

bore the same mathematical relation to the magnitude of the

weight used, be that magnitude great or small.

Weber found that the same thing holds good for the stimuli of the

sensations of sight and of hearing, the differential stimulus

bearing always a fixed ratio to the total magnitude of the

stimuli. Here, then, was the law he had sought.

Weber´s results were definite enough and striking enough, yet

they failed to attract any considerable measure of attention

until they were revived and extended by Fechner and brought

before the world in the famous work on psycho-physics. Then they

precipitated a veritable melee. Fechner had not alone verified

the earlier results (with certain limitations not essential to

the present consideration), but had invented new methods of

making similar tests, and had reduced the whole question to

mathematical treatment.  He pronounced Weber´s discovery the

fundamental law of psycho-physics. In honor of the discoverer, he

christened it Weber´s Law.  He clothed the law in words and in

mathematical formulae, and, so to say, launched it full tilt at

the heads of the psychological world.  It made a fine commotion,

be assured, for it was the first widely heralded bulletin of the

new psychology in its march upon the strongholds of the

time-honored metaphysics. The accomplishments of the

microscopists and the nerve physiologists had been but

preliminary—mere border skirmishes of uncertain import. But here

was proof that the iconoclastic movement meant to invade the very

heart of the sacred territory of mind—a territory from which

tangible objective fact had been supposed to be forever barred.
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Hardly had the alarm been sounded, however, before a new movement

was made.  While Fechner´s book was fresh from the press, steps

were being taken to extend the methods of the physicist in yet

another way to the intimate processes of the mind. As Helmholtz

had shown the rate of nervous impulsion along the nerve tract to

be measurable, it was now sought to measure also the time

required for the central nervous mechanism to perform its work of

receiving a message and sending out a response. This was coming

down to the very threshold of mind. The attempt was first made by

Professor Donders in 1861, but definitive results were only

1861   obtained after many years of experiment on the part of a host of

observers. The chief of these, and the man who has stood in the

forefront of the new movement and has been its recognized leader

throughout the remainder of the century, is Dr. Wilhelm Wundt, of

Leipzig. The task was not easy, but, in the long run, it was accomplished.

Not alone was it shown that the nerve centre requires a

measurable time for its operations, but much was learned as to

conditions that modify this time.  Thus it was found that

different persons vary in the rate of their central nervous

activity—which explained the “personal equation” that the

astronomer Bessel had noted a half-century before. It was found,

too, that the rate of activity varies also for the same person

under different conditions, becoming retarded, for example, under

influence of fatigue, or in case of certain diseases of the

brain.  All details aside, the essential fact emerges, as an

experimental demonstration, that the intellectual

processes—sensation, apperception, volition—are linked

irrevocably with the activities of the central nervous tissues,

and that these activities, like all other physical processes,

have a time element.  To that old school of psychologists, who

scarcely cared more for the human head than for the heels—being

interested only in the mind—such a linking of mind and body as

was thus demonstrated was naturally disquieting. But whatever the

inferences, there was no escaping the facts.

Of course this new movement has not been confined to Germany. 

Indeed, it had long had exponents elsewhere. Thus in England, a

full century earlier, Dr. Hartley had championed the theory of

the close and indissoluble dependence of the mind upon the brain,

and formulated a famous vibration theory of association that

still merits careful consideration. Then, too, in France, at the

beginning of the century, there was Dr. Cabanis with his

tangible, if crudely phrased, doctrine that the brain digests

impressions and secretes thought as the stomach digests food and

the liver secretes bile. Moreover, Herbert Spencer´s Principles

of Psychology, with its avowed co-ordination of mind and body and

its vitalizing theory of evolution, appeared in 1855, half a

1855   decade before the work of Fechner.  But these influences, though

of vast educational value, were theoretical rather than

demonstrative, and the fact remains that the experimental work

which first attempted to gauge mental operations by physical

principles was mainly done in Germany.  Wundt´s Physiological

Psychology, with its full preliminary descriptions of the anatomy

of the nervous system, gave tangible expression to the growth of

the new movement in 1874; and four years later, with the opening

1874   of his laboratory of physiological psychology at the University

of Leipzig, the new psychology may be said to have gained a

permanent foothold and to have forced itself into official

recognition. From then on its conquest of the world was but a

matter of time.
It should be noted, however, that there is one other method of

strictly experimental examination of the mental field, latterly

much in vogue, which had a different origin. This is the

scientific investigation of the phenomena of hypnotism. This

subject was rescued from the hands of charlatans, rechristened,

and subjected to accurate investigation by Dr. James Braid, of

Manchester, as early as 1841. But his results, after attracting

1841   momentary attention, fell from view, and, despite desultory

efforts, the subject was not again accorded a general hearing

from the scientific world until 1878, when Dr. Charcot took it up

1878   at the Salpetriere, in Paris, followed soon afterwards by Dr.

Rudolf Heidenhain, of Breslau, and a host of other experimenters. 

The value of the method in the study of mental states was soon

apparent. Most of Braid´s experiments were repeated, and in the

main his results were confirmed.  His explanation of hypnotism,

or artificial somnambulism, as a self-induced state, independent

of any occult or supersensible influence, soon gained general

credence.  His belief that the initial stages are due to fatigue

of nervous centres, usually from excessive stimulation, has not

been supplanted, though supplemented by notions growing out of

the new knowledge as to subconscious mentality in general, and

the inhibitory influence of one centre over another in the

central nervous mechanism.
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These studies of the psychologists and pathologists bring the

relations of mind and body into sharp relief.  But even more

definite in this regard was the work of the brain physiologists.

Chief of these, during the middle period of the century, was the

man who is sometimes spoken of as the “father of brain

physiology,“ Marie Jean Pierre Flourens, of the Jardin des

Plantes of Paris, the pupil and worthy successor of Magendie. 

His experiments in nerve physiology were begun in the first

quarter of the century, but his local experiments upon the brain

itself were not culminated until about 1842. At this time the old

1842   dispute over phrenology had broken out afresh, and the studies of

Flourens were aimed, in part at least, at the strictly scientific

investigation of this troublesome topic.

In the course of these studies Flourens discovered that in the

medulla oblongata, the part of the brain which connects that

organ with the spinal cord, there is a centre of minute size

which cannot be injured in the least without causing the instant

death of the animal operated upon.  It may be added that it is

this spot which is reached by the needle of the garroter in

Spanish executions, and that the same centre also is destroyed

when a criminal is “successfully” hanged, this time by the forced

intrusion of a process of the second cervical vertebra. Flourens

named this spot the “vital knot.“  Its extreme importance, as is

now understood, is due to the fact that it is the centre of

nerves that supply the heart; but this simple explanation,

annulling the conception of a specific “life centre,“ was not at

once apparent.
Other experiments of Flourens seemed to show that the cerebellum

is the seat of the centres that co-ordinate muscular activities,

and that the higher intellectual faculties are relegated to the

cerebrum. But beyond this, as regards localization, experiment

faltered. Negative results, as regards specific faculties, were

obtained from all localized irritations of the cerebrum, and

Flourens was forced to conclude that the cerebral lobe, while

being undoubtedly the seat of higher intellection, performs its

functions with its entire structure. This conclusion, which

incidentally gave a quietus to phrenology, was accepted

generally, and became the stock doctrine of cerebral physiology

for a generation.
It will be seen, however, that these studies of Flourens had a

double bearing.  They denied localization of cerebral functions,

but they demonstrated the localization of certain nervous

processes in other portions of the brain.  On the whole, then,

they spoke positively for the principle of localization of

function in the brain, for which a certain number of students

contended; while their evidence against cerebral localization was

only negative. There was here and there an observer who felt that

this negative testimony was not conclusive.  In particular, the

German anatomist Meynert, who had studied the disposition of

nerve tracts in the cerebrum, was led to believe that the

anterior portions of the cerebrum must have motor functions in

preponderance; the posterior positions, sensory functions. 

Somewhat similar conclusions were reached also by Dr.

Hughlings-Jackson, in England, from his studies of epilepsy. But

no positive evidence was forthcoming until 1861, when Dr. Paul

1861   Broca brought before the Academy of Medicine in Paris a case of

brain lesion which he regarded as having most important bearings

on the question of cerebral localization.

The case was that of a patient at the Bicetre, who for twenty

years had been deprived of the power of speech, seemingly through

loss of memory of words. In 1861 this patient died, and an

1861   autopsy revealed that a certain convolution of the left frontal

lobe of his cerebrum had been totally destroyed by disease, the

remainder of his brain being intact. Broca felt that this

observation pointed strongly to a localization of the memory of

words in a definite area of the brain.  Moreover, it transpired

that the case was not without precedent.  As long ago as 1825 Dr.

1825   Boillard had been led, through pathological studies, to locate

definitely a centre for the articulation of words in the frontal

lobe, and here and there other observers had made tentatives in

the same direction. Boillard had even followed the matter up with

pertinacity, but the world was not ready to listen to him.  Now,

however, in the half-decade that followed Broca´s announcements,

interest rose to fever-beat, and through the efforts of Broca,

Boillard, and numerous others it was proved that a veritable

centre having a strange domination over the memory of articulate

words has its seat in the third convolution of the frontal lobe

of the cerebrum, usually in the left hemisphere. That part of the

brain has since been known to the English-speaking world as the

convolution of Broca, a name which, strangely enough, the

discoverer´s compatriots have been slow to accept.

This discovery very naturally reopened the entire subject of

brain localization.  It was but a short step to the inference

that there must be other definite centres worth the seeking, and

various observers set about searching for them.  In 1867 a clew

1867   was gained by Eckhard, who, repeating a forgotten experiment by

Haller and Zinn of the previous century, removed portions of the

brain cortex of animals, with the result of producing

convulsions. But the really vital departure was made in 1870 by

1870   the German investigators Fritsch and Hitzig, who, by stimulating

definite areas of the cortex of animals with a galvanic current,

produced contraction of definite sets of muscles of the opposite

side of the body. These most important experiments, received at

first with incredulity, were repeated and extended in 1873 by Dr.

1873   David Ferrier, of London, and soon afterwards by a small army of

independent workers everywhere, prominent among whom were Franck

and Pitres in France, Munck and Goltz in Germany, and Horsley and

Schafer in England.  The detailed results, naturally enough, were

not at first all in harmony.  Some observers, as Goltz, even

denied the validity of the conclusions in toto. But a consensus

of opinion, based on multitudes of experiments, soon placed the

broad general facts for which Fritsch and Hitzig contended beyond

controversy.  It was found, indeed, that the cerebral centres of

motor activities have not quite the finality at first ascribed to

them by some observers, since it may often happen that after the

destruction of a centre, with attending loss of function, there

may be a gradual restoration of the lost function, proving that

other centres have acquired the capacity to take the place of the

one destroyed.  There are limits to this capacity for

substitution, however, and with this qualification the

definiteness of the localization of motor functions in the

cerebral cortex has become an accepted part of brain physiology.

Nor is such localization confined to motor centres. Later

experiments, particularly of Ferrier and of Munck, proved that

the centres of vision are equally restricted in their location,

this time in the posterior lobes of the brain, and that hearing

has likewise its local habitation. Indeed, there is every reason

to believe that each form of primary sensation is based on

impressions which mainly come to a definitely localized goal in

the brain.  But all this, be it understood, has no reference to

the higher forms of intellection. All experiment has proved

futile to localize these functions, except indeed to the extent

of corroborating the familiar fact of their dependence upon the

brain, and, somewhat problematically, upon the anterior lobes of

the cerebrum in particular. But this is precisely what should be

expected, for the clearer insight into the nature of mental

processes makes it plain that in the main these alleged

“faculties” are not in themselves localized. Thus, for example,

the “faculty” of language is associated irrevocably with centres

of vision, of hearing, and of muscular activity, to go no

further, and only becomes possible through the association of

these widely separated centres. The destruction of Broca´s

centre, as was early discovered, does not altogether deprive a

patient of his knowledge of language. He may be totally unable to

speak (though as to this there are all degrees of variation), and

yet may comprehend what is said to him, and be able to read,

think, and even write correctly. Thus it appears that Broca´s

centre is peculiarly bound up with the capacity for articulate

speech, but is far enough from being the seat of the faculty of

language in its entirety.
In a similar way, most of the supposed isolated “faculties” of

higher intellection appear, upon clearer analysis, as complex

aggregations of primary sensations, and hence necessarily

dependent upon numerous and scattered centres. Some “faculties,“

as memory and volition, may be said in a sense to be primordial

endowments of every nerve cell—even of every body cell.  Indeed,

an ultimate analysis relegates all intellection, in its

primordial adumbrations, to every particle of living matter. But

such refinements of analysis, after all, cannot hide the fact

that certain forms of higher intellection involve a pretty

definite collocation and elaboration of special sensations. Such

specialization, indeed, seems a necessary accompaniment of mental

evolution.  That every such specialized function has its

localized centres of co-ordination, of some such significance as

the demonstrated centres of articulate speech, can hardly be in

doubt—though this, be it understood, is an induction, not as yet

a demonstration.  In other words, there is every reason to

believe that numerous “centres,“ in this restricted sense, exist

in the brain that have as yet eluded the investigator. Indeed,

the current conception regards the entire cerebral cortex as

chiefly composed of centres of ultimate co-ordination of

impressions, which in their cruder form are received by more

primitive nervous tissues—the basal ganglia, the cerebellum and

medulla, and the spinal cord.
This, of course, is equivalent to postulating the cerebral cortex

as the exclusive seat of higher intellection. This proposition,

however, to which a safe induction seems to lead, is far afield

from the substantiation of the old conception of brain

localization, which was based on faulty psychology and equally

faulty inductions from few premises. The details of Gall´s

system, as propounded by generations of his mostly unworthy

followers, lie quite beyond the pale of scientific discussion. 

Yet, as I have said, a germ of truth was there—the idea of

specialization of cerebral functions—and modern investigators

have rescued that central conception from the phrenological

rubbish heap in which its discoverer unfortunately left it

buried. THE MINUTE STRUCTURE OF THE BRAIN
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The common ground of all these various lines of investigations of

pathologist, anatomist, physiologist, physicist, and psychologist

is, clearly, the central nervous system—the spinal cord and the

brain. The importance of these structures as the foci of nervous

and mental activities has been recognized more and more with each

new accretion of knowledge, and the efforts to fathom the secrets

of their intimate structure has been unceasing. For the earlier

students, only the crude methods of gross dissections and

microscopical inspection were available. These could reveal

something, but of course the inner secrets were for the keener

insight of the microscopist alone. And even for him the task of

investigation was far from facile, for the central nervous

tissues are the most delicate and fragile, and on many accounts

the most difficult of manipulation of any in the body.

Special methods, therefore, were needed for this essay, and brain

histology has progressed by fitful impulses, each forward jet

marking the introduction of some ingenious improvement of

mechanical technique, which placed a new weapon in the hands of

the investigators.
The very beginning was made in 1824 by Rolando, who first thought

1824   of cutting chemically hardened pieces of brain tissues into thin

sections for microscopical examination—the basal structure upon

which almost all the later advances have been conducted. Muller

presently discovered that bichromate of potassium in solution

makes the best of fluids for the preliminary preservation and

hardening of the tissues.  Stilling, in 1842, perfected the

1842   method by introducing the custom of cutting a series of

consecutive sections of the same tissue, in order to trace nerve

tracts and establish spacial relations.  Then from time to time

mechanical ingenuity added fresh details of improvement. It was

found that pieces of hardened tissue of extreme delicacy can be

made better subject to manipulation by being impregnated with

collodion or celloidine and embedded in paraffine. Latterly it

has become usual to cut sections also from fresh tissues,

unchanged by chemicals, by freezing them suddenly with vaporized

ether or, better, carbonic acid. By these methods, and with the

aid of perfected microtomes, the worker of recent periods avails

himself of sections of brain tissues of a tenuousness which the

early investigators could not approach.
But more important even than the cutting of thin sections is the

process of making the different parts of the section visible, one

tissue differentiated from another.  The thin section, as the

early workers examined it, was practically colorless, and even

the crudest details of its structure were made out with extreme

difficulty.  Remak did, indeed, manage to discover that the brain

tissue is cellular, as early as 1833, and Ehrenberg in the same

1833   year saw that it is also fibrillar, but beyond this no great

advance was made until 1858, when a sudden impulse was received

1858   from a new process introduced by Gerlach.  The process itself was

most simple, consisting essentially of nothing more than the

treatment of a microscopical section with a solution of carmine.

But the result was wonderful, for when such a section was placed

under the lens it no longer appeared homogeneous. Sprinkled

through its substance were seen irregular bodies that had taken

on a beautiful color, while the matrix in which they were

embedded remained unstained.  In a word, the central nerve cell

had sprung suddenly into clear view.
A most interesting body it proved, this nerve cell, or ganglion

cell, as it came to be called.  It was seen to be exceedingly

minute in size, requiring high powers of the microscope to make

it visible. It exists in almost infinite numbers, not, however,

scattered at random through the brain and spinal cord.  On the

contrary, it is confined to those portions of the central nervous

masses which to the naked eye appear gray in color, being

altogether wanting in the white substance which makes up the

chief mass of the brain. Even in the gray matter, though

sometimes thickly distributed, the ganglion cells are never in

actual contact one with another; they always lie embedded in

intercellular tissues, which came to be known, following Virchow,

as the neuroglia.
Each ganglion cell was seen to be irregular in contour, and to

have jutting out from it two sets of minute fibres, one set

relatively short, indefinitely numerous, and branching in every

direction; the other set limited in number, sometimes even

single, and starting out directly from the cell as if bent on a

longer journey. The numerous filaments came to be known as

protoplasmic processes; the other fibre was named, after its

discoverer, the axis cylinder of Deiters.  It was a natural

inference, though not clearly demonstrable in the sections, that

these filamentous processes are the connecting links between the

different nerve cells and also the channels of communication

between nerve cells and the periphery of the body. The white

substance of brain and cord, apparently, is made up of such

connecting fibres, thus bringing the different ganglion cells

everywhere into communication one with another.

In the attempt to trace the connecting nerve tracts through this

white substance by either macroscopical or microscopical methods,

most important aid is given by a method originated by Waller in

1852. Earlier than that, in 1839, Nasse had discovered that a

1852   1839   severed nerve cord degenerates in its peripheral portions. Waller

discovered that every nerve fibre, sensory or motor, has a nerve

cell to or from which it leads, which dominates its nutrition, so

that it can only retain its vitality while its connection with

that cell is intact.  Such cells he named trophic centres.

Certain cells of the anterior part of the spinal cord, for
example, are the trophic centres of the spinal motor nerves.

Other trophic centres, governing nerve tracts in the spinal cord

itself, are in the various regions of the brain. It occurred to

Waller that by destroying such centres, or by severing the

connection at various regions between a nervous tract and its

trophic centre, sharply defined tracts could be made to
degenerate, and their location could subsequently be accurately

defined, as the degenerated tissues take on a changed aspect,

both to macroscopical and microscopical observation. Recognition

of this principle thus gave the experimenter a new weapon of

great efficiency in tracing nervous connections. Moreover, the

same principle has wide application in case of the human subject

in disease, such as the lesion of nerve tracts or the destruction

of centres by localized tumors, by embolisms, or by traumatisms.

All these various methods of anatomical examination combine to

make the conclusion almost unavoidable that the central ganglion

cells are the veritable “centres” of nervous activity to which so

many other lines of research have pointed. The conclusion was

strengthened by experiments of the students of motor
localization, which showed that the veritable centres of their

discovery lie, demonstrably, in the gray cortex of the brain, not

in the white matter.  But the full proof came from pathology. At

the hands of a multitude of observers it was shown that in

certain well-known diseases of the spinal cord, with resulting

paralysis, it is the ganglion cells themselves that are found to

be destroyed. Similarly, in the case of sufferers from chronic

insanities, with marked dementia, the ganglion cells of the

cortex of the brain are found to have undergone degeneration. The

brains of paretics in particular show such degeneration, in
striking correspondence with their mental decadence. The position

of the ganglion cell as the ultimate centre of nervous activities

was thus placed beyond dispute.
Meantime, general acceptance being given the histological scheme

of Gerlach, according to which the mass of the white substance of

the brain is a mesh-work of intercellular fibrils, a proximal
idea seemed attainable of the way in which the ganglionic

activities are correlated, and, through association, built up, so

to speak, into the higher mental processes. Such a conception

accorded beautifully with the ideas of the associationists, who

had now become dominant in psychology. But one standing puzzle

attended this otherwise satisfactory correlation of anatomical

observations and psychic analyses. It was this:  Since, according

to the histologist, the intercellular fibres, along which
impulses are conveyed, connect each brain cell, directly or
indirectly, with every other brain cell in an endless mesh-work,

how is it possible that various sets of cells may at times be
shut off from one another? Such isolation must take place, for

all normal ideation depends for its integrity quite as much upon

the shutting-out of the great mass of associations as upon the

inclusion of certain other associations. For example, a student

in solving a mathematical problem must for the moment become

quite oblivious to the special associations that have to do with

geography, natural history, and the like. But does histology give

any clew to the way in which such isolation may be effected?

Attempts were made to find an answer through consideration of the

very peculiar character of the blood-supply in the brain. Here,

as nowhere else, the terminal twigs of the arteries are arranged

in closed systems, not anastomosing freely with neighboring

systems. Clearly, then, a restricted area of the brain may,
through the controlling influence of the vasomotor nerves, be

flushed with arterial blood while neighboring parts remain
relatively anaemic. And since vital activities unquestionably
depend in part upon the supply of arterial blood, this peculiar

arrangement of the vascular mechanism may very properly be

supposed to aid in the localized activities of the central
nervous ganglia. But this explanation left much to be desired—in

particular when it is recalled that all higher intellection must
in all probability involve multitudes of widely scattered
centres. No better explanation was forthcoming, however, until the year

1889, when of a sudden the mystery was cleared away by a fresh

1889   discovery. Not long before this the Italian histologist Dr.
Camille Golgi had discovered a method of impregnating hardened

brain tissues with a solution of nitrate of silver, with the
result of staining the nerve cells and their processes almost
infinitely better than was possible by the methods of Gerlach, or

by any of the multiform methods that other workers had
introduced. Now for the first time it became possible to trace
the cellular prolongations definitely to their termini, for the
finer fibrils had not been rendered visible by any previous
method of treatment. Golgi himself proved that the set of fibrils

known as protoplasmic prolongations terminate by free
extremities, and have no direct connection with any cell save the

one from which they spring. He showed also that the axis
cylinders give off multitudes of lateral branches not hitherto
suspected.  But here he paused, missing the real import of the
discovery of which he was hard on the track.  It remained for the

Spanish histologist Dr. S. Ramon y Cajal to follow up the
investigation by means of an improved application of Golgi´s
method of staining, and to demonstrate that the axis cylinders,

together with all their collateral branches, though sometimes
extending to a great distance, yet finally terminate, like the
other cell prolongations, in arborescent fibrils having free
extremities.  In a word, it was shown that each central nerve
cell, with its fibrillar offshoots, is an isolated entity.
Instead of being in physical connection with a multitude of other

nerve cells, it has no direct physical connection with any other
nerve cell whatever.
When Dr. Cajal announced his discovery, in 1889, his

1889   revolutionary claims not unnaturally amazed the mass of
histologists.  There were some few of them, however, who were not

quite unprepared for the revelation; in particular His, who had
half suspected the independence of the cells, because they seemed

to develop from dissociated centres; and Forel, who based a
similar suspicion on the fact that he had never been able
actually to trace a fibre from one cell to another. These
observers then came readily to repeat Cajal´s experiments. So
also did the veteran histologist Kolliker, and soon afterwards
all the leaders everywhere.  The result was a practically
unanimous confirmation of the Spanish histologist´s claims, and
within a few months after his announcements the old theory of
union of nerve cells into an endless mesh-work was completely
discarded, and the theory of isolated nerve elements—the theory
of neurons, as it came to be called—was fully established in its
place. As to how these isolated nerve cells functionate, Dr. Cajal gave
the clew from the very first, and his explanation has met with
universal approval. In the modified view, the nerve cell retains its old position as
the storehouse of nervous energy.  Each of the filaments jutting
out from the cell is held, as before, to be indeed a transmitter
of impulses, but a transmitter that operates intermittently, like
a telephone wire that is not always “connected,“ and, like that
wire, the nerve fibril operates by contact and not by continuity. 
Under proper stimulation the ends of the fibrils reach out, come
in contact with other end fibrils of other cells, and conduct
their destined impulse.  Again they retract, and communication
ceases for the time between those particular cells. Meantime, by
a different arrangement of the various conductors, different sets
of cells are placed in communication, different associations of
nervous impulses induced, different trains of thought engendered.
Each fibril when retracted becomes a non-conductor, but when
extended and in contact with another fibril, or with the body of
another cell, it conducts its message as readily as a continuous
filament could do—precisely as in the case of an electric wire.
This conception, founded on a most tangible anatomical basis,
enables us to answer the question as to how ideas are isolated,
and also, as Dr. Cajal points out, throws new light on many other
mental processes.  One can imagine, for example, by keeping in
mind the flexible nerve prolongations, how new trains of thought
may be engendered through novel associations of cells; how
facility of thought or of action in certain directions is
acquired through the habitual making of certain nerve-cell
connections; how certain bits of knowledge may escape our memory
and refuse to be found for a time because of a temporary
incapacity of the nerve cells to make the proper connections, and
so on indefinitely. If one likens each nerve cell to a central telephone office, each
of its filamentous prolongations to a telephone wire, one can
imagine a striking analogy between the modus operandi of nervous
processes and of the telephone system. The utility of new
connections at the central office, the uselessness of the
mechanism when the connections cannot be made, the “wires in use”
that retard your message, perhaps even the crossing of wires,
bringing you a jangle of sounds far different from what you
desire—all these and a multiplicity of other things that will
suggest themselves to every user of the telephone may be imagined
as being almost ludicrously paralleled in the operations of the
nervous mechanism. And that parallel, startling as it may seem,
is not a mere futile imagining.  It is sustained and rendered
plausible by a sound substratum of knowledge of the anatomical
conditions under which the central nervous mechanism exists, and
in default of which, as pathology demonstrates with no less
certitude, its functionings are futile to produce the normal
manifestations of higher intellection.
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Fortunately, however, even the least scholarly observer is left
in no doubt as to the real import of the thing he sees, for an
obliging English label tells us that these three inscriptions are
renderings of the same message, and that this message is a
“decree of the priests of Memphis conferring divine honors on
Ptolemy V. (Epiphenes), King of Egypt, B.C. 195.“ The label goes

195   on to state that the upper inscription (of which, unfortunately,
only part of the last dozen lines or so remains, the slab being
broken) is in “the Egyptian language, in hieroglyphics, or
writing of the priests”; the second inscription “in the same
language is in Demotic, or the writing of the people”; and the
third “the Greek language and character.“  Following this is a
brief biography of the Rosetta Stone itself, as follows: “The
stone was found by the French in 1798 among the ruins of Fort

1798   Saint Julien, near the Rosetta mouth of the Nile.  It passed into
the hands of the British by the treaty of Alexandria, and was
deposited in the British Museum in the year 1801.“ There is a

1801   whole volume of history in that brief inscription—and a bitter
sting thrown in, if the reader chance to be a Frenchman.  Yet the
facts involved could scarcely be suggested more modestly.  They
are recorded much more bluntly in a graven inscription on the
side of the stone, which reads: “Captured in Egypt by the British
Army, 1801.“ No Frenchman could read those words without a

1801   veritable sinking of the heart.
The value of the Rosetta Stone depended on the fact that it gave
promise, even when casually inspected, of furnishing a key to the
centuries-old mystery of the hieroglyphics.  For two thousand
years the secret of these strange markings had been forgotten.
Nowhere in the world—quite as little in Egypt as elsewhere—had
any man the slightest clew to their meaning; there were those who
even doubted whether these droll picturings really had any
specific meaning, questioning whether they were not rather vague
symbols of esoteric religious import and nothing more. And it was
the Rosetta Stone that gave the answer to these doubters and
restored to the world a lost language and a forgotten literature.
The trustees of the museum recognized at once that the problem of
the Rosetta Stone was one on which the scientists of the world
might well exhaust their ingenuity, and promptly published to the
world a carefully lithographed copy of the entire inscription, so
that foreign scholarship had equal opportunity with the British
to try at the riddle. It was an Englishman, however, who first
gained a clew to the solution. This was none other than the
extraordinary Dr. Thomas Young, the demonstrator of the vibratory
nature of light. Young´s specific discoveries were these: (1) That many of the
pictures of the hieroglyphics stand for the names of the objects
actually delineated; (2) that other pictures are sometimes only
symbolic; (3) that plural numbers are represented by repetition;
(4) that numerals are represented by dashes; (5) that
hieroglyphics may read either from the right or from the left,
but always from the direction in which the animal and human
figures face; (6) that proper names are surrounded by a graven
oval ring, making what he called a cartouche; (7) that the
cartouches of the preserved portion of the Rosetta Stone stand
for the name of Ptolemy alone; (8) that the presence of a female
figure after such cartouches in other inscriptions always denotes
the female sex; (9) that within the cartouches the hieroglyphic
symbols have a positively phonetic value, either alphabetic or
syllabic; and (10) that several different characters may have the

10   same phonetic value. Just what these phonetic values are Young pointed out in the case
of fourteen characters representing nine sounds, six of which are
accepted to-day as correctly representing the letters to which he
ascribed them, and the three others as being correct regarding
their essential or consonant element. It is clear, therefore,
that he was on the right track thus far, and on the very verge of
complete discovery.  But, unfortunately, he failed to take the
next step, which would have been to realize that the same
phonetic values which were given to the alphabetic characters
within the cartouches were often ascribed to them also when used
in the general text of an inscription; in other words, that the
use of an alphabet was not confined to proper names. This was the
great secret which Young missed and which his French successor,
Jean Francois Champollion, working on the foundation that Young
had laid, was enabled to ferret out.
Young´s initial studies of the Rosetta Stone were made in 1814;

1814   his later publication bore date of 1819. Champollion´s first
1819   announcement of results came in 1822; his second and more
1822   important one in 1824.  By this time, through study of the
1824   cartouches of other inscriptions, Champollion had made out almost

the complete alphabet, and the “riddle of the Sphinx” was
practically solved.  He proved that the Egyptians had developed a
relatively complete alphabet (mostly neglecting the vowels, as
early Semitic alphabets did also) centuries before the
Phoenicians were heard of in history. What relation this alphabet
bore to the Phoenician we shall have occasion to ask in another
connection; for the moment it suffices to know that those strange
pictures of the Egyptian scroll are really letters.
Even this statement, however, must be in a measure modified.
These pictures are letters and something more.  Some of them are
purely alphabetical in character and some are symbolic in another
way. Some characters represent syllables.  Others stand sometimes
as mere representatives of sounds, and again, in a more extended
sense, as representations of things, such as all hieroglyphics
doubtless were in the beginning.  In a word, this is an alphabet,
but not a perfected alphabet, such as modern nations are
accustomed to; hence the enormous complications and difficulties
it presented to the early investigators.
Champollion did not live to clear up all these mysteries. His
work was taken up and extended by his pupil Rossellini, and in
particular by Dr. Richard Lepsius in Germany, followed by M.
Bernouf, and by Samuel Birch of the British Museum, and more
recently by such well-known Egyptologists as MM.  Maspero and
Mariette and Chabas, in France, Dr. Brugsch, in Germany, and Dr.
E. Wallis Budge, the present head of the Department of Oriental
Antiquities at the British Museum.  But the task of later
investigators has been largely one of exhumation and translation
of records rather than of finding methods.
TREASURES FROM NINEVEH

TREASURES FROM NINEVEH
The most casual wanderer in the British Museum can hardly fail to
notice two pairs of massive sculptures, in the one case winged
bulls, in the other winged lions, both human-headed, which guard
the entrance to the Egyptian hall, close to the Rosetta Stone. 
Each pair of these weird creatures once guarded an entrance to
the palace of a king in the famous city of Nineveh.  As one
stands before them his mind is carried back over some
twenty-seven intervening centuries, to the days when the “Cedar
of Lebanon” was “fair in his greatness” and the scourge of
Israel. The very Sculptures before us, for example, were perhaps seen by
Jonah when he made that famous voyage to Nineveh some seven or
eight hundred years B.C. A little later the Babylonian and the
Mede revolted against Assyrian tyranny and descended upon the
fair city of Nineveh, and almost literally levelled it to the
ground. But these great sculptures, among other things, escaped
destruction, and at once hidden and preserved by the accumulating
debris of the centuries, they stood there age after age, their
very existence quite forgotten. When Xenophon marched past their
site with the ill-starred expedition of the ten thousand, in the
year 400 B.C., he saw only a mound which seemed to mark the site

400   of some ancient ruin; but the Greek did not suspect that he
looked upon the site of that city which only two centuries before
had been the mistress of the world.
So ephemeral is fame!  And yet the moral scarcely holds in the
sequel; for we of to-day, in this new, undreamed-of Western
world, behold these mementos of Assyrian greatness fresh from
their twenty-five hundred years of entombment, and with them
records which restore to us the history of that long-forgotten
people in such detail as it was not known to any previous
generation since the fall of Nineveh.  For two thousand five
hundred years no one saw these treasures or knew that they
existed.  One hundred generations of men came and went without
once pronouncing the name of kings Shalmaneser or Asumazirpal or
Asurbanipal.  And to-day, after these centuries of oblivion,
these names are restored to history, and, thanks to the character
of their monuments, are assured a permanency of fame that can
almost defy time itself. It would be nothing strange, but rather
in keeping with their previous mutations of fortune, if the names
of Asurnazirpal and Asurbanipal should be familiar as household
words to future generations that have forgotten the existence of
an Alexander, a Caesar, and a Napoleon.  For when Macaulay´s
prospective New Zealander explores the ruins of the British
Museum the records of the ancient Assyrians will presumably still
be there unscathed, to tell their story as they have told it to
our generation, though every manuscript and printed book may have
gone the way of fragile textures. But the past of the Assyrian sculptures is quite necromantic
enough without conjuring for them a necromantic future. The story
of their restoration is like a brilliant romance of history. 
Prior to the middle of this century the inquiring student could
learn in an hour or so all that was known in fact and in fable of
the renowned city of Nineveh.  He had but to read a few chapters
of the Bible and a few pages of Diodorus to exhaust the important
literature on the subject. If he turned also to the pages of
Herodotus and Xenophon, of Justin and Aelian, these served
chiefly to confirm the suspicion that the Greeks themselves knew
almost nothing more of the history of their famed Oriental
forerunners. The current fables told of a first King Ninus and
his wonderful queen Semiramis; of Sennacherib the conqueror; of
the effeminate Sardanapalus, who neglected the warlike ways of
his ancestors but perished gloriously at the last, with Nineveh
itself, in a self-imposed holocaust.  And that was all. How much
of this was history, how much myth, no man could say; and for all
any one suspected to the contrary, no man could ever know. And
to-day the contemporary records of the city are before us in such
profusion as no other nation of antiquity, save Egypt alone, can
at all rival.  Whole libraries of Assyrian books are at hand that
were written in the seventh century before our era. These, be it
understood, are the original books themselves, not copies.  The
author of that remote time appeals to us directly, hand to eye,
without intermediary transcriber. And there is not a line of any
Hebrew or Greek manuscript of a like age that has been preserved
to us; there is little enough that can match these ancient books
by a thousand years. When one reads Moses or Isaiah, Homer,
Hesiod, or Herodotus, he is but following the transcription—often unquestionably faulty and probably never in
all parts perfect—of successive copyists of later generations. 
The oldest known copy of the Bible, for example, dates probably
from the fourth century A.D., a thousand years or more after the
last Assyrian records were made and read and buried and
forgotten. There was at least one king of Assyria—namely, Asurbanipal,
whose palace boasted a library of some ten thousand volumes—a
library, if you please, in which the books were numbered and
shelved systematically, and classified and cared for by an
official librarian.  If you would see some of the documents of
this marvellous library you have but to step past the winged
lions of Asurnazirpal and enter the Assyrian hall just around the
corner from the Rosetta Stone.  Indeed, the great slabs of stone
from which the lions themselves are carved are in a sense books,
inasmuch as there are written records inscribed on their surface.
A glance reveals the strange characters in which these records
are written, graven neatly in straight lines across the stone,
and looking to casual inspection like nothing so much as random
flights of arrow-heads. The resemblance is so striking that this
is sometimes called the arrow-head character, though it is more
generally known as the wedge or cuneiform character. The
inscriptions on the flanks of the lions are, however, only
makeshift books.  But the veritable books are no farther away
than the next room beyond the hall of Asurnazirpal.  They occupy
part of a series of cases placed down the centre of this room.
Perhaps it is not too much to speak of this collection as the
most extraordinary set of documents of all the rare treasures of
the British Museum, for it includes not books alone, but public
and private letters, business announcements, marriage
contracts—in a word, all the species of written records that
enter into the every-day life of an intelligent and cultured
community. But by what miracle have such documents been preserved through
all these centuries?  A glance makes the secret evident. It is
simply a case of time-defying materials.  Each one of these
Assyrian documents appears to be, and in reality is, nothing more
or less than an inscribed fragment of brick, having much the
color and texture of a weathered terra-cotta tile of modern
manufacture.  These slabs are usually oval or oblong in shape,
and from two or three to six or eight inches in length and an
inch or so in thickness.  Each of them was originally a portion
of brick-clay, on which the scribe indented the flights of arrowheads with some sharp-cornered instrument, after which the
document was made permanent by baking. They are somewhat fragile,
of course, as all bricks are, and many of them have been more or
less crumbled in the destruction of the palace at Nineveh; but to
the ravages of mere time they are as nearly invulnerable as
almost anything in nature. Hence it is that these records of a
remote civilization have been preserved to us, while the similar
records of such later civilizations as the Grecian have utterly
perished, much as the flint implements of the cave-dweller come
to us unchanged, while the iron implements of a far more recent
age have crumbled away. HOW THE RECORDS WERE READHOW THE RECORDS WERE READ
After all, then, granted the choice of materials, there is nothing so very extraordinary in the mere fact of preservation of
these ancient records. To be sure, it is vastly to the credit of nineteenth-century enterprise to have searched them out and
brought them back to light. But the real marvel in connection with them is the fact that nineteenth-century scholarship should
have given us, not the material documents themselves, but a knowledge of their actual contents. The flight of arrow-heads on
wall or slab or tiny brick have surely a meaning; but how shall we guess that meaning?  These must be words; but what words?  The
hieroglyphics of the Egyptians were mysterious enough in all conscience; yet, after all, their symbols have a certain suggestiveness, whereas there is nothing that seems to promise a
mental leverage in the unbroken succession of these cuneiform dashes. Yet the Assyrian scholar of to-day can interpret these strange records almost as readily and as surely as the classical scholar interprets a Greek manuscript.  And this evidences one of the greatest triumphs of nineteenth-century scholarship, for within almost two thousand years no man has lived, prior to our century, to whom these strange inscriptions would not have been
as meaningless as they are to the most casual stroller who looks on them with vague wonderment here in the museum to-day. For the
Assyrian language, like the Egyptian, was veritably a dead language; not, like Greek and Latin, merely passed from practical every-day use to the closet of the scholar, but utterly and absolutely forgotten by all the world. Such being the case, it is nothing less than marvellous that it should have been restored.
It is but fair to add that this restoration probably never would have been effected, with Assyrian or with Egyptian, had the language in dying left no cognate successor; for the powers of modern linguistry, though great, are not actually miraculous. But, fortunately, a language once developed is not blotted out in toto; it merely outlives its usefulness and is gradually supplanted, its successor retaining many traces of its origin. So, just as Latin, for example, has its living representatives in Italian and the other Romance tongues, the language of Assyria is represented by cognate Semitic languages. As it chances, however, these have been of aid rather in the later stages of Assyrian study than at the very outset; and the first clew to the message of the cuneiform writing came through a slightly different channel. Curiously enough, it was a trilingual inscription that gave the clew, as in the case of the Rosetta Stone, though with very striking difference withal. The trilingual inscription now in question, instead of being a small, portable monument, covers the surface of a massive bluff at Behistun in western Persia. Moreover, all three of its inscriptions are in cuneiform characters, and all three are in languages that at the beginning of our century were absolutely unknown.  This inscription itself, as a striking monument of unknown import, had been seen by successive generations. Tradition ascribed it, as we learn from Ctesias, through Diodorus, to the fabled Assyrian queen Semiramis.  Tradition was quite at fault in this; but it is only recently that knowledge has availed to set it right. The inscription, as is now known, was really written about the year 515 B.C., at the instance of Darius I., King of Persia, some of 515   whose deeds it recounts in the three chief languages of his widely scattered subjects. The man who at actual risk of life and limb copied this wonderful inscription, and through interpreting it became the veritable “father of Assyriology,“ was the English general Sir Henry Rawlinson.  His feat was another British triumph over the same rivals who had competed for the Rosetta Stone; for some French explorers had been sent by their government, some years earlier, expressly to copy this strange record, and had reported that it was impossible to reach the inscription. But British courage did not find it so, and in 1835 Rawlinson scaled the dangerous height 1835   and made a paper cast of about half the inscription. Diplomatic duties called him away from the task for some years, but in 1848 184   he returned to it and completed the copy of all parts of the inscription that have escaped the ravages of time. And now the material was in hand for a new science, which General Rawlinson himself soon, assisted by a host of others, proceeded to elaborate. The key to the value of this unique inscription lies in the fact that its third language is ancient Persian.  It appears that the ancient Persians had adopted the cuneiform character from their western neighbors, the Assyrians, but in so doing had made one of those essential modifications and improvements which are scarcely possible to accomplish except in the transition from one race to another.  Instead of building with the arrow-head a multitude of syllabic characters, including many homophones, as had been and continued to be the custom with the Assyrians, the Persians selected a few of these characters and ascribed to them phonetic values that were almost purely alphabetic. In a word, while retaining the wedge as the basal stroke of their script, they developed an alphabet, making the last wonderful analysis of phonetic sounds which even to this day has escaped the Chinese, which the Egyptians had only partially effected, and which the Phoenicians were accredited by the Greeks with having introduced to the Western world. In addition to this all-essential step, the Persians had introduced the minor but highly convenient custom of separating the words of a sentence from one another by a particular mark, differing in this regard not only from the Assyrians and Egyptians, but from the early Greek scribes as well. Thanks to these simplifications, the old Persian language had been practically restored about the beginning of the nineteenth century, through the efforts of the German Grotefend, and further advances in it were made just at this time by Renouf, in France, and by Lassen, in Germany, as well as by Rawlinson himself, who largely solved the problem of the Persian alphabet independently. So the Persian portion of the Behistun inscription could be at least partially deciphered.  This in itself, however, would have been no very great aid towards the restoration of the languages of the other portions had it not chanced, fortunately, that the inscription is sprinkled with proper names.  Now proper names, generally speaking, are not translated from one language to another, but transliterated as nearly as the genius of the language will permit. It was the fact that the Greek word Ptolemaics was transliterated on the Rosetta Stone that gave the first clew to the sounds of the Egyptian characters.  Had the upper part of the Rosetta Stone been preserved, on which, originally, there were several other names, Young would not have halted where he did in his decipherment. But fortune, which had been at once so kind and so tantalizing in the case of the Rosetta Stone, had dealt more gently with the Behistun inscriptions; for no fewer than ninety proper names were preserved in the Persian portion and duplicated, in another character, in the Assyrian inscription. A study of these gave a clew to the sounds of the Assyrian characters. The decipherment of this character, however, even with this aid, proved enormously difficult, for it was soon evident that here it was no longer a question of a nearly perfect alphabet of a few characters, but of a syllabary of several hundred characters, including many homophones, or different forms for representing the same sound. But with the Persian translation for a guide on the one hand, and the Semitic languages, to which family the Assyrian belonged, on the other, the appalling task was gradually accomplished, the leading investigators being General Rawlinson, Professor Hincks, and Mr. Fox-Talbot, in England, Professor Jules Oppert, in Paris, and Professor Julian Schrader, in Germany, though a host of other scholars soon entered the field. This great linguistic feat was accomplished about the middle of the nineteenth century.  But so great a feat was it that many scholars of the highest standing, including Joseph Erneste Renan, in France, and Sir G. Cornewall Lewis, in England, declined at first to accept the results, contending that the Assyriologists had merely deceived themselves by creating an arbitrary language. The matter was put to a test in 1855 at the suggestion of Mr. 1855   Fox-Talbot, when four scholars, one being Mr. Talbot himself and the others General Rawlinson, Professor Hincks, and Professor Oppert, laid before the Royal Asiatic Society their independent interpretations of a hitherto untranslated Assyrian text.  A committee of the society, including England´s greatest historian of the century, George Grote, broke the seals of the four translations, and reported that they found them unequivocally in accord as regards their main purport, and even surprisingly uniform as regards the phraseology of certain passages—in short, as closely similar as translations from the obscure texts of any difficult language ever are. This decision gave the work of the Assyriologists official status, and the reliability of their method has never since been in question. Henceforth Assyriology was an established science. APPENDIXAPPENDIX REFERENCE-LISTREFERENCE-LIST CHAPTER I. MODERN DEVELOPMENT OF THE PHYSICAL SCIENCESCHAPTER I. MODERN DEVELOPMENT OF THE PHYSICAL SCIENCES [1] Robert Boyle, Philosophical Works (3 vols.). London, 1738. 1738   CHAPTER II.  THE BEGINNINGS OF MODERN CHEMISTRY CHAPTER II.  THE BEGINNINGS OF MODERN CHEMISTRY [1] For a complete account of the controversy called the “Water Controversy,“ see The Life of the Hon. Henry Cavendish, by George Wilson, M.D., F.R.S.E. London, 1850. 1850   [2] Henry Cavendish, in Phil. Trans. for 1784, P. 119. 1784   119   [3] Lives of the Philosophers of the Time of George III., by Henry, Lord Brougham, F.R.S., p. 106.  London, 1855.  106   1855   [4] Experiments and Observations on Different Kinds of Air, by Joseph Priestley (3 vols.). Birmingham, 790, vol. II, pp. 790   103-107. 103   107   [5] Lectures on Experimental Philosophy, by Joseph Priestley, lecture IV., pp. 18, ig. J. Johnson, London, 1794. 18   1794   [6] Translated from Scheele´s Om Brunsten, eller Magnesia, och dess Egenakaper. Stockholm, 1774, and published as Alembic Club 1774   Reprints, No. 13, 1897, p. 6. 13   1897   [7] According to some writers this was discovered by Berzelius. [8] Histoire de la Chimie, par Ferdinand Hoefer. Paris, 1869, 1869   Vol. CL, p. 289. 289   [9] Elements of Chemistry, by Anton Laurent Lavoisier, translated by Robert Kerr, p. 8. London and Edinburgh, 1790. 1790   [10] Ibid., pp. 414-416. 10   414   416   CHAPTER III. CHEMISTRY SINCE THE TIME OF DALTONCHAPTER III. CHEMISTRY SINCE THE TIME OF DALTON [1] Sir Humphry Davy, in Phil. Trans., Vol. VIII. CHAPTER IV. ANATOMY AND PHYSIOLOGY IN THE EIGHTEENTH CENTURYCHAPTER IV. ANATOMY AND PHYSIOLOGY IN THE EIGHTEENTH CENTURY [1] Baas, History of Medicine, p. 692. 692   [2] Based on Thomas H. Huxley´s Presidential Address to the British Association for the Advancement of Science, 1870. 1870   [3] Essays on Digestion, by James Carson. London, 1834, p. 6. 1834   [4] Ibid., p. 7. [5] John Hunter, On the Digestion of the Stomach after Death, first edition, pp. 183-188. 183   188   [6] Erasmus Darwin, The Botanic Garden, pp. 448-453. London, 448   453   1799. 1799   CHAPTER V. ANATOMY AND PHYSIOLOGY IN THE NINETEENTH CENTURYCHAPTER V. ANATOMY AND PHYSIOLOGY IN THE NINETEENTH CENTURY [1] Baron de Cuvier´s Theory of the Earth. New York, 1818, p. 1818   123. 123   [2] On the Organs and Mode of Fecundation of Orchidex and Asclepiadea, by Robert Brown, Esq., in Miscellaneous Botanical Works. London, 1866, Vol. I., pp.  511-514. 1866   511   514   [3] Justin Liebig, Animal Chemistry. London, 1843, p. 17f. 1843   17   CHAPTER VI. THEORIES OF ORGANIC EVOLUTIONCHAPTER VI. THEORIES OF ORGANIC EVOLUTION [1] “Essay on the Metamorphoses of Plants,“ by Goethe, translated for the present work from Grundriss einer Geschichte der Naturwissenschaften, by Friederich Dannemann (2 vols.). Leipzig, 1896, Vol. I., p. 194. 1896   194   [2] The Temple of Nature, or The Origin of Society, by Erasmus Darwin, edition published in 1807, p. 35. 1807   35   [3] Baron de Cuvier, Theory of the Earth. New York, 1818, p.74. 1818   74   (This was the introduction to Cuvier´s great work.) [4] Robert Chambers, Explanations: a sequel to Vestiges of Creation. London, Churchill, 1845, pp. 148-153. 1845   148   153   CHAPTER VII. EIGHTEENTH-CENTURY MEDICINECHAPTER VII. EIGHTEENTH-CENTURY MEDICINE [1] Condensed from Dr. Boerhaave´s Academical Lectures on the Theory of Physic. London, 1751, pp. 77, 78. Boerhaave´s lectures 1751   77   78   were published as Aphorismi de cognoscendis et curandis Morbis, Leyden, 1709. On this book Van Swieten wrote commentaries filling 1709   five volumes. Another very celebrated work of Boerhaave is his Institutiones et Experimenta Chemic, Paris, 1724, the germs of 1724   this being given as a lecture on his appointment to the chair of chemistry in the University of Leyden in 1718. 1718   [2] An Inquiry into the Causes and Effects of the Variola Vaccine, etc., by Edward Jenner, M.D., F.R.S., etc. London, 1799, 1799   pp. 2-7. He wrote several other papers, most of which were communications to the Royal Society. His last publication was, On the Influence of Artificial Eruptions in Certain Diseases (London, 1822), a subject to which he had given much time and 1822   study. CHAPTER VIII. NINETEENTH-CENTURY MEDICINECHAPTER VIII. NINETEENTH-CENTURY MEDICINE [1] In the introduction to Corvisart´s translation of Avenbrugger´s work. Paris, 1808. 1808   [2] Laennec, Traite d´Auscultation Mediate. Paris, 1819. This was 1819   Laennec´s chief work, and was soon translated into several different languages. Before publishing this he had written also, Propositions sur la doctrine midicale d´Hippocrate, Paris, 1804, 1804   and Memoires sur les vers visiculaires, in the same year. [3] Researches, Chemical and Philosophical, chiefly concerning Nitrous Oxide or Dephlogisticated Nitrous Air and its Respiration, by Humphry Davy. London, 1800, pp. 479-556. 1800   479   556   [4] Ibid. [5] For accounts of the discovery of anaesthesia, see Report of the Board of Trustees of the Massachusetts General Hospital, Boston, 1888. Also, The Ether Controversy: Vindication of the 1888   Hospital Reports of 1848, by N. L Bowditch, Boston, 1848. An 1848   1848   excellent account is given in Littell´s Living Age, for March, 1848, written by R. H. Dana, Jr. There are also two Congressional 1848   Reports on the question of the discovery of etherization, one for 1848, the other for 11852. 1848   11852   [6] Simpson made public this discovery of the anaesthetic properties of chloroform in a paper read before the Medico-Chirurgical Society of Edinburgh, in March, 1847, about 1847   three months after he had first seen a surgical operation performed upon a patient to whom ether had been administered. [7] Louis Pasteur, Studies on Fermentation. London, 1870. 1870   [8] Louis Pasteur, in Comptes Rendus des Sciences de L´Academie des Sciences, vol. XCII., 1881, pp. 429-435. 1881   429   435   CHAPTER IX. THE NEW SCIENCE OF EXPERIMENTAL PSYCHOLOGYCHAPTER IX. THE NEW SCIENCE OF EXPERIMENTAL PSYCHOLOGY [1] Bell´s communications were made to the Royal Society, but his studies and his discoveries in the field of anatomy of the nervous system were collected and published, in 1824, as An 1824   Exposition of the Natural System of Nerves of the Human Body: being a Republication of the Papers delivered to the Royal Society on the Subject of the Nerves. [2] Marshall Hall, M.D., F.R.S.L., On the Reflex Functions of the Medulla Oblongata and the Medulla Spinalis, in Phil. Trans. of Royal Soc., vol. XXXIII., 1833. 1833   
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Figure A1.7. Graphing the History of Philosophy, by Drunks and Lampshots
Source: http://www.coppelia.io/2012/06/graphing-the-history-of-philosophy/
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Figure A1.9. (top) CO2 Land-
scape from ISI-WoS, Method 
Diagram. By Kari De Pryck & 
Tommaso Venturini, forthcom-
ing.

Figure A1.10. (right) Carte Sci-
entometrique des CO2, by Kari 
De Pryck & Tommaso Venturi-
ni, forthcoming.
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Figure A1.13. Multilateral 
Adaptation Funding And 
Vulnerability Indices - Ma-
trix. Source: http://climaps.
eu/#!/map/multilateral-ad-
aptation-funding-and-vul-
nerability-indices-matrix

Figure A1.11. Adaptation 
Aid per Fund - German-
watch Index. Source: 
Emaps archives.

Figure A1.12. Multilateral 
Adaptation Funding And 
Vulnerability Indexes. 
Source: http://climaps.
eu/#!/map/multilateral-ad-
aptation-funding-and-vul-
nerability-indexes
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Figure A1.14. A schematic representation of some of the transformations observed in Emaps. Source: Emaps 
archives, Climaps.eu.
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Figures A1.15, A1.16 and A1.17. Cidade da Copa. Source: http://app.globoesporte.globo.com/co-
pa-do-mundo/cidade-da-copa/
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Figures A1.18. Climate Adaptation in Bangladesh: Selected parts of the issue story. Source: http://climaps.eu/#!/
narrative/climate-adaptation-in-bangladesh


