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N. P. Edwards
Borderlands in Science: A Study of the Regeneration of Science in the English 

“Popular” Scientific Journal c. 1860 - c. 1914 

Abstract

This study examines the regeneration of science and scientific ideas through 

the media of three popular scientific periodicals of the later Victorian and Edwardian 

periods, Nature , Knowledge, and English Mechanic. It posits twin concepts of 

generative and regenerative science, the former being the source of a scientific idea,

and the latter being the forma in which it is transmitted in scientific discourse.

Negotiations between the different scientific spheres of the scientists, science users, 

scientific practitioners and the scientific public take place in the forma of regenerative 

science, which has utilitarian, cultural and imaginative facets. Following the

traditions of post-structuralist ideas of discourse there is a scientific society in which 

all participate in an active or passive manner.

In chapter one theoretical and sociological ideas are examined in their 

relationship to the historiography as the concept of regenerational science is 

established. Chapter two examines the position of the popular scientific periodical 

within science and the scientific role it fulfils. A discussion of the background and 

structure of the three main primary sources establishes them as media of 

regenerational science and nexi of utilitarian, cultural and imaginative discourses.

Chapters three to five analyse these with a number of limited case studies, 

ranging from accepted natural science to ‘marginal’ sciences such as Zetetic

astronomy, Pyramidology and astrology. Chapter six uses the debate over the 

existence of canals on Mars to demonstrate these discourses in interaction. The power 

of regenerative science to reconstruct accepted scientific ideas is emphasised, and 

established concepts of the historiography of popular science such as cultural 

authority, ‘ownership’ of ideas and the constructed divide between scientist and public 

are represented as factors in the development of discourse.

Chapter seven draws some more general conclusions about the nature of 

regenerative science in its interaction with a popular scientific folk psychology. 

Regenerative science is presented as a primary agent in the creation of professional 

science and construction of hegemonic ties, the period 1860-1914 being crucial. A 

hypothesis is posited that such regenerative science, in addition to creating established 

formae and channels of scientific communication, in turn reshapes ‘official’ science.
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Chapter 1: H istorical and Theoretical Background

Chapter 1

The Transmission of Science cl830-c l930  - Historical and Theoretical

Background1

In 1843 Justus Liebig wrote in the introduction to the second edition of his 

Chemical Letters that he believed that ‘Chemistry’ would become as important to 

‘the Statesman and Political Economist and the Practical Agriculturalist’ as to the 

physician. Thus his Letters were designed for the ‘ . . .especial purpose of exciting 

the attention of governments, and an enlightened public, to the necessity of 

establishing Schools of Chemistry and of promoting . . . science so intimately 

connected with the arts, pursuits and social well-being of modern civilised nations.’ 

He expressed ‘ . . . a hope that this little offering may serve to make new friends to 

our beautiful new science.’2

In 1830 Charles Babbage, in his attack on what he saw as the decadence of 

the Royal Society, bemoaned the lack of effort put into the promotion of natural 

science, stating that in science England was ‘below several [countries] of inferior 

pow er’, that ‘scientific knowledge scarcely exists among the higher classes of 

society’, and that scientists did ‘ . . . exercise the talents of a philosopher for the 

paltry remuneration of a clerk.’ This was despite the fact that, in his opinion, ‘As a 

source of recreation, nothing can be more fit to occupy the attention of a divine.’'

As two facets of a homogeneous argument these views were representative of 

the natural philosophers’ position in respect of the development of science in the first 

half of the nineteenth century. An overriding belief in the ability of science to cure

1 (a) Much of the historiography discussed covers a wider timeframe than that 
of the thesis but the inclusion of this gives provides greater contextual meaning, (b) 
An invaluable historiographical review that has provided a starting point for many of 
the ideas in this chapter is R Cooter and S Pumphrey: ‘Separate Spheres and Public 
Places: Reflections on the History of Science Popularization and Science in Popular 
Culture.’ History o f  Science 32 (1994), 237-267.

2 Justus Liebig: Familiar Letters on Chemistry and its Relation to Commerce, 
Physiology and Agriculture (London: Taylor and Walton, 1843), v-vii.

3 Charles Babbage: Reflections on the Decline o f  Science in England (1830) 
(Reprint Farnborough: Gregg International Publishers, 1969), 1-37.



Chapter I : Historical and T heoretical B ackground

the ills of the world was backed up with ominous potentialities if this route was not 

taken.4 If either Liebig or Babbage could have foreseen the future one would expect 

them to have been gratified that science today has indeed reached such a position - 

mainly through the very means that they advocated in their own age. Their 

arguments, the optimistic complemented by the pessimistic, are even now current 

debates - the quest o f organisations for the public understanding of science and the 

declinist argument on the academic training of scientists indicate their continued 

acceptance as valid beliefs.

Throughout the history of science after Liebig’s death many natural 

philosophers, or men of science, or scientists, have prioritised the education of the 

rest of society in the joys and pleasures, as well as the factual detail, of science. Yet 

throughout most of the historical study of science, this major ingredient in the 

scientist’s world view is largely missing. Until recently the history of science has 

been largely based in either a biographical approach or a history of ideas - often 

conjoined. In Robert M erton’s important article on the normative values that imbue 

science with its distinctive character, the only sense of property within science is the 

idea that a scientist formulates.5 In historiography, often written from a scientist’s 

point of view, ideas of science are listed with their originators, the one supporting the 

other, inscribing their claims on the pages of history. Academics such as David 

Knight discuss debates on who discovers what, when, and the possibility of 

simultaneous discovery.6

Declinist debates often carried the sense of both of these ideas. See R M 
MacLeod: ‘The Resources of Science in Victorian England: The Endowment of 
Science Movement 1868-1900’ in P Mathias (ed): Science and Society 1600-1900 
(Cambridge: Cambridge University Press, 1972), 111-166 and ‘The Ayrton Incident: 
A Commentary on the Relations of Science and Government in England 1870-1873’ 
in A Thackray and E Mendelsohn (eds): Science and Values: Patterns o f  Tradition 
and Change (New York: Humanities Press, 1984), 45-78; F M Turner: ‘Public 
Science in Britain 1880-1919’ Isis 71 (1980), 589-608; W H Brock: ‘Science 
Education’ in R C Olby et al (eds): Companion to the History o f  M odem  Science 
(London: Routledge, 1990), 946-959, esp. 946-949.

5 R K Merton: ‘The Institutional Imperatives of Science’ (1942) reprinted in 
Barry Barnes (ed): Sociology o f  Science (Harmondsworth: Penguin, 1972), 66-78.

6 E.g. D Knight: The Nature o f Science: The History o f  Science in Western

2
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This form of history is very publishable,7 striking a chord with the 

presentation of individuals as heroes in fiction, film and the daily media, but has little 

to say about the transfer of ideas within the society from which they came. 

Discoveries of scientists have been proven ‘right’ or ‘wrong’ according to today’s 

yardstick, and thus they stand or fall by their contribution to the sum of today’s 

scientific knowledge. This progressivist, positivistic view of science can be traced 

through intermediaries such as Nature , with its long running series on ‘Scientific 

W orthies’, or the historians such as Ostwald or Tilden examined by Colin Russell.8

Science as culture

The direction of much recent historical study of science has effected one 

change - that science is often no longer viewed as a neutral element that has little or 

no relationship to society. More frequently historians are referring to science as part 

of a cultural arena, and as an area is determined by its relationship to society. This 

tendency has been vigorously opposed, notably in the scientific community itself, as 

a ‘fashionable fallacy’.9 This opposition is often based in the combination of firstly, 

an imperfect understanding of social analyses and secondly, a general assumption 

that as science is factual it cannot be studied through sociological tools - ‘To put the

Culture since 1600 (London, Andre Deutsch, 1976), 35-81; Sources fo r  the History 
o f Science 1660-1914 (London, Hodder and Stoughton, 1975), 22.

7 D Sobel: Longitude (London: Fourth Estate, 1996).

8 C Russell: ‘Rude and Disgraceful Beginnings: A View of the History of
Chemistry from the Nineteenth Century’ British Journal fo r  the History o f  Science 21 
(1988), 273-296. This was the presidential address to the British Society for the 
History of Science; also see A-K Mayer: ‘Moralising Science: the Use of Science’s 
Past in National Education in the 1920s’ British Journal fo r  the History o f  Science 30 
(1997), 51-70.

9 Professor M Hammerton, quoted in C Russell: Science and Social Change
(London: MacMillan, 1983), 5; see also ‘Perutz Rubbishes Popper and Kuhn’ Times 
Higher Education Supplement (25 November 1994); and refutation of theses of 
feminism, cultural analysis, hegemony and postmodernism from a scientist’s 
perspective in P R Gross and N Levitt: Higher Superstition: The Academic Left and 
its Quarrels with Science (Baltimore and London: John Hopkins University Press, 
1998).

3



Chapter 1: H istorical and Theoretical Background

matter brutally, science works’.10 Such views undervalue studies of science that in 

recent years have demonstrated that there are a number of links in the relationship of 

science and society, cultural, economic, personal and institutional, and as modern 

science has increasingly accepted its own inexactitude - although not on a 

popularised level - so the value of these studies has been more generally accepted.

The growth of sociological and philosophical perspectives in the history of 

science, particularly in the last thirty years, has caused much reformulating of 

historical outlook. Although critical sociological analysis of science can be traced 

back beyond the significant point of Bernal’s neo-Marxist 1939 study,11 it is only 

recently that historians of science have been forced to confront the fact that science 

did not take place in a vacuum, and that in fact there was strong interaction in a 

science-society relationship. Much of the recent historiography has concentrated on 

one or more of the approaches loosely defined by science and society, society in 

science, and science in society.

Science and society

The first trend, science and society, is that followed by many of the 

sociological ideas most commonly cited in connection with science, particularly 

those of Merton, Popper and Kuhn.12 These theories of science work around a

P R Gross and N Levitt: Op. Cit., 48.

11 J D Bernal: The Social Function o f Science (1939, Reprint London: 
Routledge, 1944); also Idem: Science in History (London: Watts & Co., 1954). A 
more sympathetic contemporary analysis of science can be found in F Znaniecki: The 
Social Role o f  the Man o f Knowledge (New York: Columbia University Press, 1940). 
See later chapters for discussion of debates in the latter half of the nineteenth 

century.

12 R K Merton: Loc. Cit.\ K Popper: Conjectures and Refutations: the Growth o f  
Scientific Knowledge (London: Routledge, 1963); T S Kuhn: The Structure o f  
Scientific Revolutions (Chicago & London: University of Chicago Press, 1970), The 
Essential Tension (Chicago & London: University of Chicago Press, 1977); For 
analyses see e.g. (on Popper) P Medawar: T h e  Philosophy of Karl Popper’ in R B 
McConnell: Art, Science and Human Progress (London: John Murray, 1983), 84-97 
(supportive); R G A Dolby: Uncertain Knowledge: An Image o f Science fo r  a 
Changing World (Cambridge: Cambridge University Press, 1996), esp. 197-206 
(critical). On Kuhn’s influence: H Radder: ‘Philosophy and History of Science:

4
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delineation process, a separation of science from society and an analysis of what 

makes the scientific world distinctive. Historians who subscribe to this view see 

events in terms of education, of society / state / science relationships, of the 

development of scientific structures, and the benefits or otherwise of science to 

society.

Karl Popper’s views are those most readily accepted by the scientific 

community - science working to disprove theories until enlightenment - is most in 

tune with the manner in which the scientific community has portrayed itself. Kuhn’s 

theory of the paradigmatic development of science is probably the most frequently 

discussed theory of scientific change. As with Popper, he endows the scientific 

milieu its own laws distinct to those of society. W hilst the development of the 

popularisation of science obviously is not directly connected with this paradigmatic 

viewpoint, Kuhn’s division of the worlds of ideas of science and society provides a 

way in which the two can be juxtaposed, and analysed in a distinctly separate 

manner. In turn Merton provides a similarly useful division of science and society - 

specifically outlining those values that he feels separate the hierarchies of science 

from direct participation in the social system.

W hilst accepting possible over-simplification, particularly in the case of 
1 ^Kuhn, both of these views assume, firstly, that the sphere of science, although not 

necessarily heterogeneous, acts in common upon certain points. W hether in conflict, 

as with Kuhn and Popper, or in agreement, as with Merton, there is still a common 

bond, a link that places them within a distinct scientific milieu. Secondly, they 

assume that through this division the scientist largely ceases to be part of society, and 

as with other distinct societal groupings, instead acts upon society. Thirdly, an 

assumption is made that the scientist is largely neutral in communication with 

society, a starting point for more traditional histories of science popularisation.

The concept of scientists as a separated group acting in accordance with its

Beyond the Kuhnian Paradigm ’ Studies in the History and Philosophy o f  Science 28 
(1997), 633-655; various in G Gutting (ed): Paradigms and Revolutions (Notre 
Dame: Notre Dame University Press, 1980); P Hoyningen-Hune: Reconstructing 
Scientific Revolutions (Chicago & London: Chicago University Press, 1993).

13 P Hoyningen-Hiine: Op. Cit.

5



Chapter I. H istorical and Theoretical Background

own laws has been adapted more recently, notably by Whitley. In his view the 

creation of a distinctive scientific culture with its own laws came about through its 

self-organisation based on the interdependency of scientists. Reinforced by specialist 

skilling and language, this combined with business-like organisation and the creation 

of a socially prestigious im age.14 Julie-Ann Lancashire, in her PhD dissertation on 

the general science periodical, tests the concepts of Whitley, and finds that, for the 

area that she studies, his ideas and concepts seem to work quite well. Although she 

states that ‘since science is part of culture, its study must be located in cultural 

context and its interaction with that context’, 15 in using Whitley she discusses more 

the separation of science and culture - the relationship between science and society 

rather than the effect of science inside society, or society inside science. She argues 

that the worlds of science and society are becoming increasingly polarised, and 

alongside this, the public are increasingly interpreting science as fact.

This analysis raises two questions. Although Lancashire suggests an 

hegemonic analysis, without a fuller comparison do her arguments fully explain the 

reasoning behind popularisation? Secondly, does she adequately explain the reason 

for the wide gulf between scientific knowledge at the non-scientific end of society 

and that of the scientists, except in terms of social distance and power? Could not 

the increasing development of science perceived as fact at a popular level be a direct 

result o f the forms of communication? How far is this social distance truly created 

by science itself?

Using this approach it can be easy to work solely with a diffusionist model 

where knowledge is spread from the centre outwards, being corrupted on its path. 

Removing any motives from the diffusionist process, apart from those of ‘advancing 

the cause of science’, it gives the recipients of that knowledge very little control. It 

also encourages examination of only scientific viewpoints, whilst making 

assumptions about the subsequent reception of that science in society.

14 R Whitley: The Intellectual and Social Organisation o f the Sciences (Oxford: 
Clarendon Press, 1984); a similar earlier analysis can be found in N W Storer: The 
Social System o f Science (New York & London: Rinehart & Winston, 1966).

15 Julie-Ann Lancashire: An Historical Study o f the Popularisation o f Science in 
Britain c l890 -c l939  (Canterbury: PhD, University of Kent, 1988), quote 10.

6
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Unsurprisingly scientists are more likely to accept this particular sociological 

discussion than other approaches endowing scientists with less autonomy.16 Yet 

removing scientists completely from the machinery of society ignores the fact that 

until relatively recently scientists did not form a recognised, distinctly different, 

group. Since the end of the nineteenth century this group has also been largely 

dependent upon the modern economic structure of society in the form of industry 

grants and employment, so cannot be seen as a neutral intelligentsia.

Society in Science

A different set of criteria need to be used in assessing the trend in history that 

Roy Porter refers to as ‘organisationalist’, and that Colin Russell divides into Marxist 

and hegemonic histories.17 Often based around the ideas of Marx, W eber and 

Gramsci, these histories attempt to uncover the hidden societal structures that 

pervade the scientific world and thus the social background, not only of the scientists, 

but also often of the science itself. In some ways this approach extends the 

internalism of Kuhn, Popper, Merton and Whitley to the examination of structures 

outside that of orthodox science. It lends itself to the internal study of scientific 

societies, the growing professionalisation and bourgeoisification of science, the links 

of science with (for instance) imperialistic institutions, and the transition from 

cultured learning to practical application.

(a) The social structure o f  official science

Most of the published work on nineteenth and early twentieth century history 

tends to accept the ongoing bourgeoisification of society. W hether Marxist or not, 

the analyses have tended to revolve around the growth of particular social groups 

such as the new middle classes or the burgeoning upper working class, sometimes

16 An example of this concept of division can be found in the ideas of science in 
its perceived ‘social responsibility’, such as J G Crowther: Science in Modern Society 
(London: Cresset Press, 1967); Professor L Wolpert: The Social Obligations o f  
Scientists (London: Sandpiper Press, 1989) argues that scientists are independent, and 
society must be held to blame for the misapplication of neutral science.

17 R Porter: ‘The History of Science and the History of Society’ in R Olby et al

7



Chapter 1: H istorical and Theoretical Background

known as the ‘labour aristocracy’. E P Thompson, Maxine Berg and Robert Gray 

have all contributed important work in the changes in societal structure in Britain.18 

Similarly in the history of science there have been a number of attempts to link the 

official scientific community into the structure of society. Although there were 

crucial differences between the nations of Europe, much of the analysis of the 

position of scientists in Britain mirrors that in other countries, in that there is a 

transition from the gentleman of science to the bourgeois professional scientist. 

Timescales differ greatly, so it is valuable to compare France and Germany to Britain 

before drawing together some common themes.

(i) France

Much of the historiography on France is centred on Paris. As the second 

largest metropolis in Europe after London it boasted many of the world’s leading 

scientific institutions, and was considered to be the centre of chemistry in the early 

nineteenth century - as Liebig experienced.19 By the middle of the century, there was 

some disgruntlement with the situation where science was so centralised, and it is 

possible to detect a subtle change from the local level, often involving a more 

‘applied’ attitude towards science. Schneider has demonstrated that in many of the 

cities of France, local commercial geographical societies were formed in the early 

1870s in response to the cool attitude of the established Societe Geographique 

towards the exploration initiatives. In contrast to the ‘pure’ approach of the old

(eds) Op. Cit., 32-47; C Russell: Science and Social Change, 6-8.

18 E P Thompson: The Making o f the English Working Class (London, 
Gollancz, 1968); M Berg: The Machinery Question and the making o f political 
economy 1 HI5-1848  (Cambridge: Cambridge University Press, 1980); R Q Gray: The 
Aristocracy o f Labour in Nineteenth Century Britain c l 850-1900 (London: 
MacMillan, 1981); P Thane, G Crossick, R Floud (eds): The Power o f the Past 
(Cambridge: Cambridge University Press, 1984). J Field: ‘British Historians and the 
Concept of the Labour Aristocracy’ Radical History Review  19 (1978-1979), 
provides a succinct summary.

19 R Fox and G Weisz: ‘The Institutional basis of French science in the 
nineteenth century’ in R Fox and G W eisz (eds): The Organisation o f Science and 
Technology in France 1815-1914 (Cambridge: Cambridge University Press, 1980), 
1- 8 .

8



Chapter I : Historical and Theoretical Background

established society, the new societies were formed with the explicit intention of 

exploration, and many businessmen were members. This alliance of businessmen 

and scientists proved to be a lasting model in the organisation of French science.20

Robert Fox presents a picture of a symbiotic relationship between a long- 

established local scientific organisation and the local dyeing industry in Mulhouse. 

The extent of scientific knowledge was such that in 1860 ‘For one person of an 

adequate chemical education connected with dyeing or printing in England, there are 

ten such in France.’ Fox uses this as an example to show that the level of learning 

extended to artisan level. This relationship was soon disrupted, and although links 

with industry were kept, the encroachment of the state and the subsequent annexation 

by Germany disrupted the local business elite’s direct control over science.21

This is the twofold face of the organisation of French science. On the one 

hand there were increasing links with business on a local level - science becoming 

more business-orientated in the process - and on the other the growth of the French 

state increasing its control over the local educational organisation. By the 1860s the 

French state was itself becoming more bourgeois. The restructuring of Paris by 

Georges Haussmann into a shopkeeper’s paradise at the orders of the Napoleonic
TO

state has been well d o c u m e n te d ,a n d  so it could be said that the middle classes were 

slowly taking control of the official scientific community. This is confirmed by 

Harry Paul’s study of the expansion of the applied science institutes from the 1850s 

onwards, where business came to form a far greater part of university life, reflecting 

the developments in Germany.23

20 W H Schneider: ‘Geographical Reform and Municipal Imperialism in France’ 
in J MacKenzie: Imperialism and the Natural World (Manchester: Manchester 
University Press, 1990), 90-117.

21 Robert Fox: ‘Science, Industry and the Social Order in Mulhouse 1798-1871’ 
British Journal fo r  the History o f  Science 17 (1984), 127-168.

22 For instance: J Gaillard: Paris La Ville (1852-1870) (Paris: PhD, Lille 
University, 1976), esp. 559-572; P Nord: Paris Shopkeepers and the Politics o f  
Resentment (Princeton: Princeton University Press, 1986), 100-142; D H Pinkney: 
Napoleon 111 and the Rebuilding o f Paris (Princeton: Princeton University Press, 
1958), esp. 1-40 and 174-191.

23 H W Paul: ‘Apollo Courts the Vulcans: The Applied Science Institutes in
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(ii) Germany

The university system in Germany, despite being relatively new, was looked 

upon with envy by the rest of Europe. Organised mainly on Prussian lines, the 

university was the only way of gaining a professorship, and thus a living, out of 

science. Also, and more importantly, it meant that all working men of science were 

technically civil servants and thus had to abide by certain guidelines. The subsequent 

development of the Technische Hochschiilen for more practical efforts, the 

foundation of agricultural colleges, and the overall efforts on the part of the state(s) 

were the envy of much of Europe24 - to such an extent that it has been argued that the 

Franco-Prussian war lead directly to a French renaissance in scientific endeavour - a 

clash in culture as well as in war.

How far the control of the state affected science is not clear. Ben-David and 

Zloczower (following the ideal of Weber) have argued that the development of a 

deliberately neutral standpoint in order to be able to carry on was a major 

development in the progress of science to a purely empirical basis.25 Yet Liebig was 

not one to espouse this neutral attitude, encouraging science’s involvement with 

industry, and even forming his own meat extract company. By the turn of the 

century, as Brock clarifies, major companies used the research laboratory, and 

scientific institutionalisation incorporated further into the bourgeois structure.26

Nineteenth Century French Science Faculties’ in Fox and Weisz (eds): Op. Cit., 155- 
190.

24 See for instance: W H Brock: ‘Science Education’; Arthur Shadwell’s 1906 
analysis of the German system related in I Inkster Science and Technology in History 
(Basingstoke: MacMillan, 1991), 102-103; R Paul: ‘German Academic Science and 
the Mandarin Ethos’ British Journal fo r  the History o f Science 17 (1984), 1-30; U 
Schling-Brodersen: ‘Liebig’s Role in the Establishment of Agricultural Chemistry’ 
Amhix  39 (1992), 21 -30.

25 J Ben-David and A Zloczower: ‘The Growth of Institutionalised Science in 
Germany’ in B Barnes (ed): Op. Cit., 45-59.

26 W H Brock: The Fontana History o f Chemistry (London: Fontana Press, 
1992); ‘Science Education’ Loc. Cit.
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(iii) Britain

Whereas France is an example of the largely bourgeois state slow to develop 

any links between science and industry, Prussia until 1871, and Germany after, 

contradicts its noble government by forging strong ones. Britain in many ways is 

even more paradoxical. Towards the end of the century scientists in Britain felt that 

the country was losing ground on the rest of Europe: there was virtually no organised 

system of education; university professorships were few; and much of the 

sponsorship for science came from private subscriptions.

Ian Inkster has shown that up until the end of the century much of Britain’s 

science organisation was ad hoc. In practical science only Scotland had any major
7 7

organisation.^ In this ad hoc organisation there grew a similar sort of link between 

science and industry that there was in France. Although the state refused to get 

directly involved in most cases, and direct sponsorship from companies was limited, 

the association of many of the local societies with industry was vital. In Manchester, 

Bradford and elsewhere there were informal, but crucial, links between local societies 

and the industry of the area.28

British science was thus more established, yet less professionalised than 

either Germany or France. The concept of practicality was recognised only as a 

resulting factor, not as a motivator of science. Industrial links at a local level, whilst 

important, were not considered as such by scientific institutions such as the Royal 

Society. Until the end of the century moves towards professionalisation took place 

largely through the efforts of private individuals.

(h) Gramsci. historians and science

Berman’s work on the Royal Institution and its links with society deserve 

some mention here. Berman uses the Gramscian concept of hegemony to describe

27 I Inkster: Op. Cit.

28 See for instance: J B Morrell: ‘Wissenschaft in Worstedopolis: Public Science 
in Bradford 1800-1850’ British Journal fo r  the History o f  Science 18 (1985), 1-23; C 
Russell: Op. Cit.; A Thackray: ‘Natural Knowledge in Cultural Context: The 
Manchester M odel’ American Historical Review  79 (1974), 672-709; G Averley: 
‘The “Social Chemists” : English Chemical Societies in the Eighteenth Century’
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the changes inside the Royal Institution - from the agriculturalist representative of 

aristocratic science, Humphrey Davy, to the bourgeois industrially-inclined William 

Brande. Berman comes to the conclusion that this is in fact a change of hegemonic 

form; that the traditional intellectual has been replaced by the organic.29

This approach is an explicit example of much of the foregoing discussion on 

all three countries. Most historiography of the academic system, of local societies 

and their structure, is based around the appropriation of the talents, facilities and 

personnel of organised science by the new business classes. Although perhaps not as 

specific as Berman in their Gramscian tendencies, the literature on 

professionalisation, and the growing influence of the middle classes upon science at 

the expense of the gentleman scholar, along with histories of industries closely linked 

with science, show evidence of this reformulation of the societal structures of 

science.

Berman was the first author to provide explicit evidence that seemed to show 

the direct use of science as an hegemonic tool. Although his work is primarily 

concerned with the organisation of scientific structure, the inherent implication of the 

hegemonic approach is that science is a tool of social control - at least in potentia. 

Whilst this control may not have the subtleties and nuances of Gramsci’s concepts of

balance between control and consent, dictation and legitimisation, this can be broadly
•} ()

referred to as a Gramscian tradition. Sheets-Pyenson uses such an approach to 

draw a stark distinction between France and England. The former, she argues, had a 

long history of the use of popular science journals to transmit orthodoxies, whereas in

Ambix  33 (1986), 99-128.

29 M Berman: Social Change and Scientific Organisation: The Royal Institution 
1799-1H44 (London: Heinemann, 1978). Critiques of this thesis - G K Roberts: 
‘Essay Review’ British Journal fo r  the History o f Science 14 (1980), 154-157; M 
Neve: ‘Book Review’ Isis 70 (1979), 623-625 - show reservation about the directness 
of his approach which opens the door for more radical approaches, e.g.: D Dickson: 
‘Science and Political Hegemony in the Seventeenth Century’ Radical Science 
Journal 19 (1978-1979), 7-38.

30 For the theories of Gramsci see: A Gramsci: Prison Notebooks (trans. L 
Lawner, New York: Harper and Row, 1973); R S Dombrowski: Antonio Gramsci 
(Boston: MacMillan Library, 1989); J Cammett: Antonio Gramsci and the Origins o f  
Italian Communism  (Stanford: Stanford University Press, 1967).
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England this use of the science journal only grew slowly. This trend could be linked 

to the growing influence of the middle class, and the concurrent growth of various 

philanthropic movements.31

Tighter controls over the dissemination of journals were also considered 

important in London, where, Desmond argues, the congruence of dissent and 

unauthorised science was a major factor in its adoption. Morrell elucidates the 

controls exercised over working class science in Bradford where the clergy joined 

forces with the middle classes to force the closure of the first Mechanics Institute, 

controlled by the artisans, to be replaced by a neutered institution based in middle- 

class mores. Similarly Michael Neve charts the control of scientific activity by the 

local urban elite in Bristol.32

Two recent doctoral theses, those of Katherine Ring and Peter Broks, have 

confronted the problem of science as an hegemonic tool. These works are based 

around the idea that, in Ring’s words, ‘the popularisation of scientific knowledge is 

intended to gain wider social support for ideological conditions and beliefs.’33 Her 

thesis highlights the shortcomings of W hitley’s arguments - as previously stated, that 

he does not highlight the relationship between popularised views and the socio

political views of the scientists. The popularisation process was more than simply a 

process of interaction, but a system of social and cultural construction. Ring shows 

this in action, stating in contradistinction to Lancashire’s passive explanation for 

what could be called the image of truth of popularised science, that “ ‘Public 

scientists” were keen to perpetuate the idea that science was certain, experimentally

S Sheets-Pyenson: ‘Popular Science Periodicals in Paris and London’ Annals 
o f Science 42 (1985), 549-572.

32 A Desmond: The Politics o f  Evolution: Morphology and Reform  (Chicago: 
University of Chicago Press, 1989) and ‘Artisan Resistance and Evolution in Britain 
1819-1848’ Osiris n.s. 3 (1987), 77-110; J B Morrell: Loc. Cit/, M Neve: ‘Science in 
a Commercial City: the case of Bristol’ in I Inkster and J B Morrell (eds): Metropolis 
and Province: Science in British Culture (London: Hutchinson, 1983), 179-194.

33 K Ring: The Popularisation o f Elementary Science through Popular Science 
Books 1870-1939 (Canterbury: PhD, University of Kent, 1988), 3.
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proven, knowledge.’34

In his thesis, book and his article on Pearson’s publications, Broks is even 

more explicit about the role that science plays in the construction of an hegemony for 

itself and for the middle classes. Broks sees the early twentieth century as a time of 

hegemonic crisis brought on by the effects of the Boer War, which resulted in a 

change in not only in the way that the public viewed themselves, but also, and 

necessarily, a change in the popular science magazines. He traces a transition 

between the technology-worshipping 1890s and the nature-loving 1900s, and shows 

its reflection in the popular magazines, a shift needed in order to retain the consent of 

the population to science’s hegemony. This is the crucial difference of Broks’ work: 

as science is an hegemonic process, in the popular sphere it must balance the twin 

concepts of control and consent in its presentation in order to retain its cultural 

significance.35

The use of concepts of power and hegemony have thrown light on many 

otherwise hidden areas of the history of science popularisation. Firstly they have 

allowed historians to examine the processes of institutionalisation of science. 

Secondly they have allowed science to be placed as part of society, as part of culture, 

and as a part of the system by which the middle classes legitimated their control over 

society. Thirdly, they have allowed the effect of popular reaction in science to 

become recognised.

Inherent in the hegemonic approach is the problem of intent. As Colin 

Holmes points out, the degree of obvious control varied from area to area, and it is 

very difficult to make overall generalisations. It is one thing to state that there is an 

hegemonic relationship, but another to prove its existence. There are no manifestos, 

save the views of individuals. There is no proof save action. Often there is often no 

way of telling whether the agendas of lower class groups were decided independently

34 Ibid., 348-350(d).

35 P Broks: Science and the Popular Press 1890-1914 (Lancaster, PhD, 
University of Lancaster, 1988), esp. 307-309; Idem: ‘Science, the Press and the 
Empire - Pearson’s Publications 1890-1914’ in J M MacKenzie (ed): Imperialism  
and the Natural World (Manchester: Manchester University Press, 1990), 141-160, 
esp. 154-160; Idem: Media Science Before the Great War (Basingstoke: MacMillan,
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or by someone else. In addition, it has been shown that the assumption of the prior 

existence of a ‘gentleman scholar’ archetype cannot be so easily made, even in the 

eighteenth century.36

This is where the study of popular culture grows in importance. If we are to 

imbue the popularisation of science with hegemonic qualities we must be sure of two 

points. Firstly it must be certain that the source of an ideology is interested in social 

control of a target group, and secondly, it must be proven that the material that is 

disseminated has at least potential hegemonic qualities in that it reinforces the 

position of the originator. The concept of hegemony also assumes a commonality of 

interest across a wide scale. W hilst it is simple to prove that certain individuals used 

science in an hegemonic manner it is less easy to prove that these individuals formed 

part of a group with a common interest or goal. Finally, although an hegemonic 

approach can be useful, care must be taken not to base analyses in power and control, 

losing the subtleties surrounding the constant flux and change of consensual factors.

Science in Society

The third and most recent approach tends to avoid the potential traps inherent 

in analysis of power structures, and is based in the cultural history of, for instance, 

Raymond W illiams or E P Thompson and, more recently, Jurgen Habermas.37 In this 

approach science is studied as it occurs (usually) at the lower end of society. It is 

seen as a cultural force working sometimes to the benefit of the middle classes, 

sometimes to the benefit of the recipients of scientific fact. This approach lends itself 

to the study of local societies, of worker organisation in terms of science, and more 

generally of science in popular culture.

(a) Popular Science and Popularised Science

1996).

36 C Holmes: Op. Cit.; Roger Cooter and Stephen Pumphrey: Loc. Cit.

37 Raymond Williams: Culture and Society 1780-1950 (Harmondsworth: 
Penguin, 1961) and Culture (London: Fontana, 1981); E P Thompson: Op. Cit.; J 
Habermas: Knowledge and Human Interests (London: Heinemann Educational, 
1978).
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The study of science in society has mainly revolved around the debate on the 

definition of ‘popular science’. As with popular culture there are two major 

definitions, which can lead to difficulties for the historian. As Raymond Williams 

identifies, the first and original meaning was ‘of the people’ or ‘for the people’, 

stemming from the early modern period with such common terms as ‘action popular’ 

or ‘popular government’. The second usage of ‘popular’ places it firmly in the ranks 

of the lower classes. The sense of ‘low-born’ is historically and implicitly connected 

to the ‘people’ so whatever the usage, there is always a concept of a low status in 

society connected to the term ‘popular’, even if used by historians to refer to the
-TO

general acceptance of an idea.

There have been other approaches to this problem of the differing meanings 

of popular when applied to culture or science. One possible solution is espoused by 

Sheets-Pyenson. She writes:

The term “low science” may be introduced ... as a more 

comprehensive notion than “popular science”. Traditionally “popular 

science” has been understood to mean a simplified reflection of “high” 

or “academic” science. But often “low science” related to “high 

science” in a way that was not so directly dependent. “Popular 

science” is more properly seen as a subset of “low science”; 

specifically, it is that kind of “low science” that attempts to make 

“high” scientific discourse intelligible to the non-scientist. . . . On 

occasion, “low science” periodicals vigorously opposed the “high” 

scientific establishment.40

38 R Williams: Keywords: A Vocabulary o f  Culture and Society (London: 
Fontana, 1986); S Hall: ‘Notes on Deconstructing the Popular’ in R Samuel (ed): 
People’s History and Socialist Theory (London: Routledge & Kegan Paul, 1981), 
227-239.

39 S Sheets-Pyenson: Low Scientific Culture in London and Paris 1820-1875 
(Pennsylvania: PhD, University of Pennsylvania, 1976).

40 S Sheets-Pyenson: Loc. Cit.
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Sheets-Pyenson draws upon the same ground as Williams, seeing popular 

culture as rooted in the lower classes. From this she develops the concept of low 

science as being generated inside the working classes. Adrian Desmond uses 

‘popular science’ to mean the same, describing the artisanal and medical classes of 

London. Elucidating the conflict between his subjects’ support for neo-Lamarckian 

theories of evolution rather than natural theology he demonstrates that support from 

these theories came as a result not of outside pressure, but from a scientific self- 

awareness at odds with a recognised orthodoxy. This self-awareness developed due 

to the continuing idea, prevalent from the 1830s, that Lamarckianism was a 

subversive form of evolutionism, placing them in opposition to the controlling 

influences of society41

From the previous analysis W illiams also makes clear that both senses of 

‘popular’ imply a lesser status when placed against ‘specialist’ or ‘elite’. It is this 

that can impair our judgement of popular science if we assume, even subconsciously, 

that somehow it is not as important as its more officially accepted equivalent. To 

circumvent this possibility, from the work of Sheets-Pyenson and Desmond it is 

possible to formulate the two different meanings of popular science slightly 

differently and from this we can form a more general analogy. In the first sense it is 

science that could more properly be called popularised , or made comprehensible to 

all, thereby removing its specialist edge - and thus its potency. It is science fo r  the 

people. In the second sense science might be popular in that it represents science 

that has been constructed independently of the self-proclaimed guardians of ‘official 

science’ and therefore is inferior, as it has not applied the recognised laws inherent in 

the official construction. This is science o f  the people.

Thus it is here that there may be a distinction drawn between popularised 

science and popular science. The word p o p u la r /.^  indicates a change of meaning, 

an adaptation of a recognised symbol to suit the cultural space into which it is 

introduced. The form is changed, and certain aspects of the content, but however far 

from the original conception, it still retains the broad intentions of the original author. 

Popular science is constructed independently of the established cultural spokesmen,

A Desmond: Op. Cit.
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finding its own rationale in the features of the cultural space in which it operates.

(b ) Generative and Regenerative Science42

In this sense, the concept of popular science ceases to be peculiarly class- 

based in the lower strata of society, and develops a more general meaning. As the 

original ‘rude’ meaning of ‘popular’ has become increasingly solely associated with 

industrial ‘lower-class’ through the development of mass audiences and colloquial 

usage, a different term must be used which can transcend social divisions.

Thus it could be said that if this reading of popular and popularised science is 

accepted, then popular science is created in a generative, independent construction 

inside one cultural sphere. Popularised science is formed through a regenerative 

diffusionist construction, across two or more cultural spheres. This formulation of 

science in society is analogous to Sheets-Pyenson and Desmond; however by using 

the terms ‘generative’ and ‘regenerative’ we can transcend the class boundaries 

imposed by both the terms ‘popular’ and ‘low’. Not only this, but it removes the 

necessity to define popularisation, as the problems inherent in the term, the same 

tensions that exist in ‘popular’, have been removed. Popularisation becomes in itself 

an incomplete term, a description of only part of a process, rather than the whole.

The main effect of removing the problem of ‘popular’ from the study of the 

transit of scientific ideas is that it also removes the perceived barriers of science 

being disseminated from lay society into the scientific milieu. Viewed in this 

manner, the dissemination of science becomes not just a linear movement, or even a 

two-way exchange of information, but a spiral regeneration of science through 

different cultural spheres. This interactive regeneration model of the various forms

The ideas behind the development of the division of generative and 
regenerative science come from various sources. Stuart Hall’s concept of the coding 
and decoding of ideas in transition between cultures has been especially useful in 
defining regenerational concepts. S Hall: ‘Encoding/Decoding’ in S Hall (ed): 
Culture, Media, Language: Working Papers in Cultural Studies (London: 
Hutchinson, 1980), 128-138. Mikhail Bakhtin’s ideas of heteroglossia find a number 
of parallels in Desmond’s analysis. M M Bakhtin: The Dialogic Imagination 
(Austin: University of Texas Press, 1981), esp. 259-422; Dolby’s concept of idea 
construction shows generational science in its purest theoretical form. R G A Dolby: 
Op. Cit.
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of science in orthodox scientific and lay society allows the historian to examine how 

official science developed its own generative and regenerative science in response to 

that it came into contact with, and how the scientific community reacted to adaptation 

of and opposition to its views.43

Using this model it is possible to reappraise previously published pieces of 

work. In Roger Cooter’s study of Harriet Martineau’s cure of a prolapsed womb 

through mesmerism, the lack of any effective treatment by the recognised medical 

community can be seen as a crisis of official generative science. Her subsequent cure 

through mesmerism (generative), the attacks on ‘hysteria and nerves’ (regenerative) 

combined with those on the soundness of mesmerism (regenerative), her 

championing of the mesmerist cause (generative and regenerative), and finally the 

extremely public post-mortem (regenerative) all follow this pattern.44

This model also adds a new dimension to cultural Marxist and Gramscian 

models of hegemonic controls. It becomes simpler to see the balance of control and 

consent that had to be manipulated - if any were manipulating - in order for science 

to obtain its hegemony over society. The inherent problem of one-sided hegemonic 

models of science popularisation is avoided, as now all sides have to be considered 

equally. In the Harriet Martineau case, the oppositional stance of medical authorities 

and mesmerists through one public figure led to redefinitions of both. Neither was 

unchanged by the confrontation, as both found themselves under attack. Such 

pressures introduce Bakhtin’s concept of heteroglossia, where polemical discourses 

redefine each other through responses to each other’s arguments. Removing the 

concept of the official scientist tacitly accepted as correct by the historian, such

43 In this there are obvious parallels with Chomsky’s theories of ‘generative 
grammar’, in which grammar is seen as a unifying feature between languages, and 
language itself is reduced to an expression of difference in method of execution, but 
not purpose. ‘Generative’ in both cases assumes commonality of interest and a fixed 
basis. However, this is closer to Dolby’s production of science from first causes than 
the more superstructural concept of generational science presented here. A N 
Chomsky: Syntactic Structures (The Hague: Mouton & Co., 1957); A George (ed): 
Reflections on Chomsky (Oxford: Blackwell, 1989).

44 R Cooter: ‘Dichotomy and Denial: Mesmerism, Medicine and Harriet 
Martineau’ in M Benjamin (ed): Science and Sensibility (Oxford: Blackwell, 1991), 
144-173.
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heteroglossia are easier to see in operation.45

(4) Science, Scientists and Regenerative Textual Meaning

There are a number of links between the three approaches mentioned, 

although they seem to be at first sight mutually exclusive. Diffusionist histories of 

science generally tend to incorporate parts of the first two approaches, but not the 

third. Much of the work on lower class science, for instance that of Colin Russell 

and J B Morrell on Mechanics Institutes incorporates the first two from the point of 

view of the third, without necessarily studying the practice of science itself. So these 

are not necessarily mutually exclusive categories; however, it is true that the last 

category, science in society, as opposed to science diffused into society, has received 

comparatively little treatment and that this is only now beginning to be remedied.

The use of an interactive regeneration model allows a certain amount of 

flexibility between the three approaches. It is not held to any, save that it takes into 

account the social and economic background of, and the social and cultural forces 

working upon, the subject, and thus denies the inherent superiority of the ‘official’ 

scientific view. In the same way control becomes merely a part of the process, not 

the whole of it. Finally, this approach lends itself to textual and cultural analysis, 

which can provide insights into the practice of science throughout society from a 

specialised basis by analysing regenerative discourse.

Having overcome one problem, another is created, precisely in that the 

notions of generative and regenerative science are not specific to any one cultural 

sphere. For purposes of clarity, if nothing else, some method of distinguishing 

between that science generated by the scientific elite and that generated by society 

must be formed. Class divisions clearly cannot apply where there is no obvious 

relationship between the scientific elite and social and economic status - except by 

divorcing scientists from society. Yet class divisions are more apparent in the 

practice of science inside the popular sphere, as many of the previously mentioned 

studies have indicated.

45 N Perlina: ‘Bakhtin and Buber’ Studies in Twentieth Century Literature 1 
(1984), 13-28.
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Accepting this, it is necessary to understand that the status of the scientist is 

based upon cultural validation, and thus a cultural approach would seem to be the 

most effective. The history of popular culture, and the field of cultural studies in 

general, lends a number of models to the historian. Williams’ concept of cultural 

spheres is useful, but not perfect, in that the usual divisions of elite and popular still 

apply. Even Habermas’ model of private and public spheres tends towards analysis 

of dimorphic culture.46

If one accepts that there was an interface between science and society 

comprised of those who were involved in science in whatever context, then the 

problem becomes simpler. Frank Turner has suggested that divisions in scientific 

men in the late nineteenth century were based on the essential difference between the 

practising scientist and the ‘public scientist’ or active populariser of science47 

Whilst useful in identifying that group of scientists who were the primary lobbying 

group representing scientific interests to the upper echelons of society, this 

terminology is less useful in determining the relations of science to other areas.48 

Moreover, the majority of scientists were engaged in public discourse - not merely 

those who made themselves apparent through self-publicisation.

Thus I propose to use the structure used by Klapper in his discussion of the 

development of the mass audience, namely a series of semi-homogeneous spheres, to 

delineate differing cultural attitudes within science.49 The scientist50 was a proto-

J Habermas: Op. Cit. assumes the creation of a distinct public sphere in the 
late eighteenth century, which has implications in the debates on mass media. 
Similarly the researches of Raymond Williams, Stuart Hall and Peter Burke are based 
on ideas of a fixed division between cultural spheres.

47 F M Turner: Loc. Cit.

48 Richard Proctor and William Noble stand out as two ‘public scientists’ who 
did not actively lobby parliament, but instead concerned themselves with the use of 
science at all levels of society.

49 J Klapper: The Effects o f Mass Communication (Glencoe: Free Press, 1960).
This intemalistic reading by necessity accepts the growing scientification of society
in the mould of official science, and is reminiscent of B Latour: We Have Never Been 
Modern (London: Harvester, 1993) in its ideas of the absorption of scientific hybrids 
into its structure. This view has been criticised because it ignores language 
differentiation - S Cohen: ‘Science Studies and Language Suppression’ Studies in the
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professional, whose concerns were largely with the development of science as an 

academic, publicly funded institution. The science user was a proto-amateur, largely 

cognisant of the ‘proper practice’ of science, but imperfectly so. The practitioner o f 

science was a technologist - ranging from the civil engineer to the artisan in his 

workshop - who practised science in a manner directly part of the economic structure 

of society. The scientific public was the part of society that made up the active 

audience of the scientifically interested. The rump of society was the non-scientific 

public, a shrinking body that had only indirect contact with official science and 

formed its own science based on previous forms. This group formed a pool of 

recruitment for the scientific public - a synthesis which was not to come about fully 

until the implementation of science teaching on a systematic basis.51

There were no fixed boundaries between these spheres; they interlocked to 

form an internal human interface of science and society. Similarly as the spheres 

merged, so there were also individuals who formed part of the interfaces of these 

spheres, communicating at many levels. Within these cultural spheres the operation 

of class background was obviously of vital importance -  as the scientific practitioner 

was an intrinsic part of the economic basis of society from, at the latest, the middle of 

the nineteenth century, it is impossible to refer to science as disinterested, even using
e-)

Weber’s definition of Wertfreiheit: This division of cultural spheres takes

History and Philosophy o f Science 28 (1997), 339-361. The use of various smaller 
cultural spheres has however been used to great effect by Klapper, and recognising 
the existence of generational science removes this obvious flaw.

50 The use of the term ‘scientist’ is actually an anachronistic one, as until the 
twentieth century it was not used by the scientific community in Britain to refer to 
themselves. S Ross: ‘Scientist: The Story of a Word’ Annals o f Science 18 (1962), 
65-85. However, for ease of understanding, despite its associations with the modern 
professional scientist, the term will be used as above.

51 D Layton: Science for the People: The Origins o f the School Curriculum in 
England (London: Allen & Unwin, 1973).

52 Weber’s concept was developed to justify the independent practice of 
academic subjects where the funding of them came directly from the interested party 
of the military government of Prussia. D Beetham: Max Weber and the Theory o f 
Modern Politics (London: Allen & Unwin, 1974); A Giddens: Capitalism and 
Modern Social Theory: an analysis o f the writings o f Durkheim, Marx and Weber 
(London: Cambridge University Press, 1971).
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organised, ‘pure’ science as its starting point as in the late nineteenth century it was 

the sphere of the scientist that was most aligned towards popularisation. Moreover, 

interaction between this sphere and that of the scientific public more often than not 

passed through the other two. Rather than bringing science into society, this 

approach seeks to demonstrate that society was intrinsically imbued with science.

Means o f Interface in Science and Society

The multifarious means of communication have been exhaustively studied in 

recent analyses. They can be broadly broken down into three main areas - oral, visual 

and written. Oral analyses have concentrated either on the lectures that scientists 

gave to thousands of - especially - working-men, which tend to be elitist 

examinations of the teachings of popularisers such as Tyndall and Huxley, or on the
C 'i

oral culture of official scientific society. Outside the mainstream of the history of 

science, analysis of oral traditions in the workplace can elucidate the transfer of craft 

‘mysteries’ - among them scientific knowledge.54 Examination of oral culture, 

except where written records were kept of the transfer of information, is at best 

difficult, and often impossible. Moreover even if written down, it is often impossible 

to gauge response to what is often dissemination of the ideas of the ‘scientist’.

Analyses of visual representations of science have concentrated on art, 

illustration and architecture, both inside and outside science. Art itself became more 

formalised in this period, culminating in works based on form and structure, not 

representation.55 Illustrations to scientific books became more stylised, reproducing

53 J N Hays: ‘The London Lecturing Empire’ in I Inkster and J Morrell: Op. Cit., 
91-110; R Barton: The X Club (Pennsylvania: PhD, University of Pennsylvania, 
1976); A Secord: ‘Science in the Pub: Artisan Botanists in Early Nineteenth Century 
Lancashire’ History o f Science 32 (1994), 269-312.

54 D Vincent: ‘The Decline of the Oral Tradition in Popular Culture’ and C 
Behagg: ‘Secrecy, Ritual and Folk Violence: The Opacity of the Workplace in the 
First Half of the Nineteenth Century’ R D Storch (ed): Popular Culture and Custom 
in Nineteenth Century England (London and Canberra: Croom Helm, 1982), 27-42 
and 154-179.

55 On scientific colour theory: P Signac: The Colour Contributions o f Delacroix, 
the Impressionists and the Neo-Impressionists (D ’Eugene Delacroix au Neo- 
Impressionism) (Paris: Hermann, 1978); on radical technical approaches: H Read:
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especially the natural world in its habitat. Even medical illustrations had wide- 

ranging appeal amongst the morbid, as Baudelaire put into poetry in 1857.56 The 

architectural structures built at this time, particularly those glorifying science, 

themselves mimicked the natural forms and structures of the natural world. This 

approach in particular can provide superficial evidence for the pervasion of scientific 

ideas beyond the three categories mentioned above.57 The general development of 

photography as a publicly accessible medium was of particular interest and use to 

astronomers, although woodcut illustration remained the main artistic medium of the 

scientific work until the 1900s.58 Visual evidence is an under-researched area, 

which, as long as one understands the inherent problems of using twentieth century 

interpretative assumptions, can and has provided evidence of an important interface 

of science and culture, if usually demonstrating scientific influence and not scientific 

and cultural interaction.

Written sources betray the ‘papyrocentricity’ of historical analysis; however 

as they are the most readily accessible, and often the only, source, it is difficult to 

avoid this. Studies of scientific literature are by far the most common, usually 

combined with manuscript sources to produce biographies, analysis of scientific 

societies, and general histories of science. The problem inherent in these written 

sources is that the majority were produced by scientists for the consumption of 

scientists. Similarly, scientific influence upon literature has provided a rich field of 

research for historians of culture and science.59 Here, however, the audience of the 

novel was generally middle class, and thus these studies are generally limited in their

‘What is Revolutionary Art?’ in F Frascina and C Harrison (eds): Modern Art and 
Modernism (Milton Keynes: Open University Press, 1982).

56 C Baudelaire: ‘La Squelette Laboureur’ (Skeleton Crew) Les Fleurs Du Mai 
(1857, R Howard translation, Brighton: Harvester, 1987).

57 S Sheets-Pyenson: Cathedrals o f Science: The Development o f Colonial 
Natural History Museums During the Late Nineteenth Century (Kingston, Ontario: 
McGill-Queen's University Press, 1988).

58 P Anderson: The Printed Image and the Transformation o f Popular Culture 
1790-1860 (Oxford: Clarendon Press, 1991).

59 D Suvin: ‘Wells as the Turning Point of the SF tradition’ in Idem: Positions 
and Presuppositions in Science Fiction (Basingstoke: MacMillan, 1987), 122.
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scope. Newspaper sources would appear to provide a source to examine science 

from the perspective of society, however the lack of science in the newspapers of the 

late nineteenth century means that there are very few analyses based upon this 

source.60

The Popular Scientific Journal as Discursive Text

The advantage of using the popular scientific journal has been amply 

demonstrated in previous studies, and the reason for this is that it provided an 

interactive interface on the margins of official science between this sphere and those 

of the science user, scientific practitioner and the scientifically interested. All of 

these journals demonstrated both aspects of ‘popular’, espousing the principle of 

communication in addition to their disseminatory aspect.61 Yet this ‘audience 

response’ was limited by space, editorial control and by simple apathy on the part of 

the readership. Thus any discussion of interaction based on direct audience response 

is necessarily limited.

The recent developments of structuralist and post-structuralist critiques, 

however, can provide both a rationale and a technique for the study of popular 

scientific periodicals in interactive context. The emphasis of these analyses not on 

the author, but on the reader as re-interpreter of the text allow the text itself to be re

examined in a new light. It becomes ‘sign’; the meaning to the reader becomes the 

‘signifier’.62 This would appear to be particularly apposite for the study of the 

popular scientific journal, where the emphasis was as much on the nature of the

Exceptions include J Turney: ‘Life in the Laboratory: Public Responses to 
Experimental Biology’ Public Understanding o f Science 4 (1995), 153-176; Idem: 
Frankenstein’s Footsteps: Science, Genetics and Popular Culture (New Haven & 
London: Yale University Press, 1998).

61 My justification for retaining ‘popular’ as a term to refer to the journals in this 
study.

62 R Barthes: ‘The Death of the Author’ idem: The Rustle o f Language (Oxford: 
Blackwell, 1986), 49-55; M Foucault: ‘What is an Author?’ in J V Harari (ed): 
Textual Strategies: Perspectives in post-structuralist criticism (London: Methuen,
1980), 101-120; R Samuel: ‘Reading the Signs’ History Workshop 32 (1991), 88- 
109.
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readership as on content. Problems of editorial control recede when it is understood 

that, even in an age where the concept of a mass media was still in its nascence, 

readers were selective in their acceptance of both the information in the journals, and 

the journals themselves. This meant that content of the popular scientific journal was 

developed through hidden negotiative discourse between the populariser and 

audience to ensure the financial security of the journal.

The boundary-work of Gieryn, as used by Barton in her recent article thus 

becomes useful to analyse the internal boundaries of science that are here assumed. 

Similarly debates over science and ‘pseudoscience’ or marginal science become 

internalised to a large extent. Pure heterodox science is generational, formed outside 

official science; pure orthodox science constructed inside the scientificised spheres is 

also generational; however it is more likely that both are sciences formed in 

negotiation at the borderlands of scientific spheres, and thus partly regenerational.63

One potential problem in using this deconstructionist narrative to decipher the 

discourse of the popular scientific journal is that it concentrates on the individual 

rather than the readership.64 This does not apply to the popular scientific journal in 

the same manner as it would to, for instance, a novel. The act of subscribing to the 

journal was in itself one of association, and thus it is possible to define a gestalt 

readership united, not just by this single factor, but also by what can then be inferred 

from this. The journal thus becomes the interface of a negotiative discourse in 

regenerative science between the various spheres that can be analysed textually and 

sub-textually in order to provide a clearer picture of how this discourse was formed.65

Barton, R: ‘Just Before Nature: The Purposes of Science and the Purposes of 
Popularisation in some English Popular Science Journals of the 1860s’ Annals o f 
Science 55 (1998), 1-33; S Mauskopf: ‘Marginal Science’ in Olby et al: Op. Cit., 
869-885.

64 See in particular L Althusser: Essays in Self-Criticism (London: New Left 
Books, 1976).

65 The advantage of critical techniques of textual analysis can be seen in the new 
light that has been shed upon areas of gender and science. M Benjamin: Op. Cit., 
esp. 12-13; L Schiebinger: ‘The Private Life of Plants: Sexual Politics in Carl 
Linnaeus and Erasmus Darwin’ in Ibid., 121-143; G Beer: “‘The Face of Nature”: 
Anthropomorphic Elements in the Language of The Origin o f the Species' in L 
Jordanova (ed): Languages o f Nature (London: Free Association Books, 1986), 207-
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Summary and Initial Premises

Inside such a series of what might be termed microstructures of discourse, 

existing theories of science do not suffice, and so a new concept of generational and 

regenerational science has been developed. The cultural spheres in which science 

operated have been defined as those of the scientist, the science user, the scientific 

practitioner and the scientific public, each of which was capable of developing 

generational science and absorbing regenerational science from others. In addition 

there was a shrinking sphere of the non-scientificised public, generating heterodox 

science with only indirect contact with the structures of official science. The sphere 

of the scientific practitioner became increasingly defined in terms of a modem 

industrial class structure towards the end of the nineteenth century, and the means of 

regeneration of information through the sphere of the scientifically interested was 

also likely to be dictated by class. The evolution of regenerational science occurred 

through various media; however, the popular scientific journal, as a nexus of 

communication between all scientific spheres, is the ideal medium.

Using the approach of discursive analysis, it should be easier to uncover the 

‘hidden evidence’ contained inside the official documents and scientific tracts that 

occupy these borderlands in science. Through tracing the effects of cultural conflict 

and consent between the official science and the unofficial through the window 

afforded by these sources, the actual content of the unofficial science, along with the 

social processes involved in its formation, should lend itself for examination. 

Similarly it should be possible to establish the existence or otherwise of an 

homogeneous grouping inside the official body of science which might have 

established a cultural hegemony, and, if this existed, the forms and modes through 

which this hegemony was established in both its passive (consent) and active 

(control) roles. It is from these premises that the next chapter lays out a general 

outline of the role of a main nexus of communication in these borderlands, the 

scientific journal in the period 1865-1914.

214 .
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Chapter 2 

Popular Scientific Journals o f the Late Nineteenth and Early Twentieth 

Centuries: an overview

The rise of the scientific periodical in the second half of the nineteenth 

century was assisted by a number of factors. Potential markets were created by 

changes in society; these were indirectly nurtured through the efforts of the scientific 

and non-scientific milieux; they were directly courted through the efforts of the 

journal editors. The powers of commercialism and the desire to court a readership 

dictated the format and market of each of the journals Nature, Knowledge, and 

English Mechanic. Their structure and content was dictated by the scientific sphere 

of appeal, economic class of the readership, and the social imperatives of the editorial 

team.

Potential M arket Creation

The background against which the scientific periodical developed was one in 

which science itself played no small role. Society became more obviously modern, 

developing an increasing sense of class and class identity in the course of which new 

roles and relationships were established. Literacy across society rose to a nominal 

95% by 1900 and became more markedly secular in nature. Newspapers, magazines 

and journals began to supersede ‘penny dreadful’ and almanac publications. In the 

course of this the scientific journal established itself as the primary conduit of 

information among and between scientists, science users, scientific practitioners and 

the scientific public.
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Literacy and the Growth o f the Reading Market

During the latter half of the nineteenth century a potential reading market was 

boosted by the significant rise in the population of Britain. Even given the 

inaccuracies of the census figures at the time, the reported 90% increase in the 

population of England and Wales between 1861 and 1921, from 23 millions to 43 

millions, indicated a radical change in the make-up of society.1 After a similar rate of 

increase in the first half of the century, this growth in population made the 

development of a reading market possible. When combined with a rise in real wages 

over the century - certainly 200% and possibly 400% according to some estimates - 

and a consistent level of prices and rents, it is clear some parts of British society at 

this time had disposable income for the first time, and that these people were 

probably growing in number.2 At this time ‘ . . .  the historic link between population 

growth and price rises was broken’, and consequently created a wider potential 

market for the popular scientific journal.

Although the general standard of living may have been increasing, it was not 

until at least the latest years of the century that the poorest sections of society began 

to see these benefits. In 1869 75% of society was at or below subsistence level. 

Hobsbawm argues that there is little evidence for a rise in the general standard of 

living until the 1860s, and Anderson cites a 51% poverty figure in working towns in

B R Mitchell: British Historical Statistics (Cambridge: Cambridge University 
Press, 1988), 9; W Page: Commerce and Industry ( Volume 2) (London: Constable, 
1919).

2 D H Fisher: The Great Wave: Price Revolutions and the Rhythm o f History 
(Oxford & New York: Oxford University Press, 1996), 156-177; H Phelps-Brown 
and S V Hopkins: A Perspective o f  Wages and Prices (London: Methuen, 1981); E J 
Hobsbawm: Industry and Empire: An Economic History o f  Britain Since 1750 
(Cambridge: Cambridge University Press, 1981); S Jevons: ‘On the Variation of 
Prices and the Value of Currency since 1782’ Journal o f  the Statistical Society o f 
London (1865); same also in H S Foxwell (ed): Investigations in Currency and 
Finance (London: MacMillan, 1884).

3 E A Wrigley and R Schofield et al.: The Population History o f  England 1541- 
1870: A Reconstruction (Cambridge: Cambridge University Press, 1981), 402-412.
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the middle of the century.4 Whilst there was obvious improvement by 1914, the 

often-cited Charles Booth and Seebohm Rowntree’s studies of, respectively, London 

and York, at the turn of the century concluded that between 30 and 37% of society 

lived on or below the poverty line. In 1905 M oney’s broad-brush approach placed 

85% in the poverty bracket. This included rural workers, and so cannot be directly 

compared to Booth and Rowntree; moreover the majority of the 85% were likely to 

be earning between £100 and £160 a year - certainly enough to live from and provide 

a low level of surplus income.5 Reforms of the Poor Law and the provision of 

pensions also assisted in this, although these largely came too late for the purposes of 

this study.

The education levels of the middle and upper classes had always been at least 

reasonable, and at best excellent, but there had been very little in the way of 

provision of education for those whose parents were not wealthy enough to support 

an education for their children.6 Despite this, whilst the 95% literacy figure of 1900 

does not stand up to close scrutiny due to the lack of reasonable standard used, there 

is a definite trend through the nineteenth century to an improvement in the education 

level of society.7 As Altick has demonstrated, by the 1830s the idea of education not

R D Altick: The English Common Reader (Chicago & London: Chicago 
University Press, 1963); M Anderson: Family Structure in Nineteenth Century 
Lancashire (Cambridge: Cambridge University Press, 1973), 31; E J Hobsbawm: 
T h e  British Standard of Living 1790-1850’ Economic History Review  10 (1957), 47- 
68; Ibid.: The Age o f Capital 1848-1875 (London; Weidenfeld & Nicholson, 1975), 
esp. 208-229; Various in A J Taylor (ed.): The Standard o f Living in Britain during 
the Industrial Revolution (London: Methuen, 1975).

5 C Booth: Life and Labour o f the People o f London (London: Williams & 
Norgate, 1892); B S Rowntree: Poverty: a study o f town life (London: MacMillan, 
1901); L G C Money: Riches and Poverty (London: Methuen, 1905), quoted in P 
Dewey: War and Progress in Britain 1914-1945 (London: Longman, 1997). See also 
G Routh: Occupation and Pay in Britain 1909-1960 (Cambridge: Cambridge 
University Press, 1960).

6 For a textual analysis of the reading habits of the middle and upper classes see 
A Manguel: A History o f Reading (London: HarperCollins, 1996); J P Klancher: T he 
Making o f the English Reading Audience 1790-1832 (Madison: University of 
Wisconsin, 1987).

7 The test o f literacy at the 1900 census was being able to sign one’s name on
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as a seed of revolution, but as a potential moral guiding force, had become accepted, 

and elementary schooling had become commonplace. Despite the fact that teaching 

was often not satisfactory, the teacher often delegating responsibility to brighter 

pupils, the Education Acts of 1870 and 1902 Act consolidated rather than effected 

change. W om en’s literacy showed the most increase as the genders reached near
o

parity by the turn of the century. Secondary schooling for the masses was virtually 

non-existent - in 1899 the amount spent per head per year was only three farthings.9

This lack of a high educational standard created educational forces, 

demonstrated by the breakdown of overall literacy rates for the years 1839 to 1914. 

During this period it was not simply a case of the young being more literate than the 

old as we might expect with improving education for children; it is clear that the 

most literate ages were between 20 and 40 ,10 indicating a significant amount of self- 

improvement that increased the numbers of literate people above the level of those 

educated by elementary schooling. W orkers’ groups, public libraries (the 1850 

Libraries Act meant that there were 125 public libraries by 1886), and Mechanics 

Institutes all contributed to a hidden education that supplemented and surpassed that 

supplied by the State. Those already literate could use the same mechanisms to 

improve their level of literacy, and commensurably, their knowledge.11

Religiously orientated philanthropic movements of the nineteenth century 

significantly assisted literacy rates through social engineering schemes for the

the marriage register. J-A Lancashire: An Historical Study o f the Popularisation o f 
Science, 51; also cf. 1 -4.

8 See Altick Op. Cit., 141-170, figures from 170 and Mitchell: Op. Cit.

9 B Allen: Sir Robert Morant (London: MacMillan, 1934), 141. Quoted in G
M Trevelyan: English Social History (London: Longman, 1944), 587.

10 D Vincent Literacy and Popular Culture: England 1750-1914 (Cambridge:
Cambridge University Press, 1989), statistics from 27.

11 There is a thriving study of the role of workers’ education groups at this time. 
See W B Stephens: Adult Education and Society in an Industrial Town (Exeter: 
University of Exeter, 1980); J Haydu: Between Craft and Class (Berkeley: University 
of California Press, 1988); T Kelly: A History o f  Adult Education in Great Britain 
(Liverpool: Liverpool University Press, 1962).
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intellectual improvement of the working classes.12 Providing self-help increased the 

cultural standing of the working class, but more importantly encouraged middle class 

behaviour, thus forestalling the threat of revolution so apparent in other European 

countries. Channelling the reading matter of the semi-literate into religious and other 

‘useful’ texts encouraged them away from chapbooks and almanacs and towards a 

more socially ‘correct’ way of thinking. A genuinely Christian desire to see general 

social improvement introduced literature as an alternative to the public house. 

Through the centralised distribution system that was organised by these movements, 

literature assisted in uniting the disparate regions of Britain under the control of the 

State. Literature broke down the insular nature of many areas and became a way of 

asserting the unity of Britain.13

The Societies for the Promotion of Christian Knowledge and Diffusion of 

Useful Knowledge were founded in 1825 and 1827 respectively and developed a 

strong reputation for cheap, popular writing. By placing their publications, 

particularly the SDUK’s Penny Magazine, within reach of most, the Societies were 

able to produce millions of texts per year - the SPCK produced four million in 

1850.14 However, this was to prove its zenith - the SDUK disbanded in 1846 and the 

SPCK declined in significance as less overtly religious works grew in importance and 

popularity especially from the middle of the century. ‘The great majority of the 

missionaries of reading . . . preached true doctrine - the rewards that lie on the printed

12 T Laqueur: ‘Sunday Schools and Social Control’ in R Bocock and K
Thompson (eds): Religion and Ideology: a reader (Manchester: Manchester 
University Press, 1993), 184-204; Idem: Religion and Respectability: Sunday schools 
and working-class culture 1780-1850 (New Haven & London: Yale University Press, 
1976).

13 For a discussion of the centralising effects of the new popular literature see
Vincent Op. Cit., 157-227. For a discussion of the breakdown of old, localised forms 
of oral and written culture see: D Vincent: ‘Oral Culture’; B Capp: Astrology and the 
Popular Press: English Almanacs 1500-1800 (London: Faber, 1975).

14 S Bennett: ‘Revolutions in Thought: Serial Publication and the Mass Market
for Reading’ in J Shattock & M Wolff: The Victorian Periodical Press: Samplings 
and Soundings (Leicester: Leicester University Press, 1982), 225-257, figures 175. 
Other sources put the SDUK’s foundation at 1827. P Anderson: Op. Cit.\ S Yeo: 
Religion and Voluntary Organisations in Crisis (London: Croom Helm, 1976).
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page - but for the wrong reasons. Had they recognised the deep-seated desire for 

imaginative and emotional release . . . their efforts would have borne far heavier 

fruit.’ The market for reading that existed by 1850 may have been largely assisted by 

Christian philanthropy, but it failed to reap the full benefits.15

By the 1870s artisans’ hours - largely through the efforts of groups such as the 

Amalgamated Society of Engineers - had been lowered to nine hours, six days a 

week, leaving them with more time, particularly on Sundays.16 Weekly publications 

such as Reynolds Weekly News, The Police Gazette, and Lloyds Weekly Newspaper 

became popular among the working class, whereas further up the social ladder daily 

newspapers were beginning to displace the local press. Because of the hours of the 

working week it was unusual to find workers reading the daily papers. Any study 

including newspapers must understand that it was only after the Daily M ail, founded 

1896, that national daily newspapers begin to appeal to the working class. The Times 

had a circulation of between 50-60,000 during this period, rising to 100,000 with 

special issues. The Telegraph often outsold it in the 1850s and 1860s, with sales up 

to 200,000 in the 1880s. In contrast the Daily M ail's circulation was around 700,000 

at the turn of the century and 800,000 in 1914.17 Despite this, weekly periodical and 

newspaper publication was still the highest selling medium - in the 1890s L loyd’s 

Weekly became Britain’s first million-circulation publication.18

Altick: Op. Cit., quote 97. S Bennett: Loc. Cit., 227 & 249-251; P Hollis: The 
Pauper Press: A Study in Working-Class Radicalism  (Oxford & London: Oxford 
University Press, 1970). Texts not produced within this moral framework were often 
unstamped, and were thus (illegally) able to undercut prices. Their illegality hides 
them from simple historical analysis, despite their obvious importance.

16 K Laybourn: British Trade Unionism c!770-J990  (Stroud: Alan Sutton, 
1992); G Schaffer: Light and Liberty (Bromley: The Electrical Trades Union, 1949), 
3; Altick: Op. Cit., 87.

17 Altick: Op. Cit., Engel: Op. Cit. on the Sunday papers; E J Hobsbawm: The 
Age o f Capital, J Stevenson: British Society 1914-1945 (Harmondsworth: Penguin, 
1984), 402; G Boyce, J Curran, P Wingate (eds): Newspaper History from the 17th 
Century to the Present Day (London: Constable, 1978), particularly V Berridge: 
‘Popular Sunday Papers and Mid-Victorian Society’, 247-264.

18 E J Hobsbawm: The Age o f Empire (London: Weidenfeld & Nicholson,
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Although this was a distinct and new development, it cannot be referred to as 

‘m ass’ media. As W illiams has pointed out, a mass audience presupposes that the 

modern meaning of popular, as in the popular press, applies, and that definite 

characteristics define that audience, particularly passivity in reception of information. 

Just as ‘popular’ was in transition, so the status of ‘mass’ was being approached but 

not yet reached.19 Another possible analytical concept, post-modernist individualistic 

interpretation, is only marginally useful as it is possible to define trends that loosely 

bind together a general audience. Moreover, specifically applied to the development 

of the market for the popular scientific journal, the assumption of a homogeneous 

audience has some validity. As the popular scientific journal was the interface 

between scientists, scientific practitioners and the scientific public, a large degree of 

unity ensued from an active decision to participate in science. In the tradition of 

Klapper, this analysis assumes the general development of markets with a degree of

homogeneity, although in line with postmodern accounts, based around an active,
0 ()

rather than a reactive, audience."

New Market Forms

‘Work is good and honourable, not so much for itself as for higher objects - 

for the cultivation of the mind, for the development of higher powers, and for the 

enjoyment of life.’21 Smiles’ exhortation to the cultured classes was to follow the 

example set by a growing number of working men keen to taste the fruits of

1987), 53 & 238; P Anderson: ‘The Making of a Mass Culture’ in Idem: Op. Cit., 
196; a survey of the popular press can be found in ‘The Penny Press’ MacMillans 
Magazine 33 (1881), 385-398.

19 Arguments against the concept of ‘mass’, apart from Raymond Williams:
Culture and Society, include A Swingewood: The Myth o f a Mass Culture (London: 
MacMillan, 1977); P Anderson: Op. Cit., especially 192-3; M Gurevitch, J Curran, J 
W oollacott (eds): Culture, Society and the Media (London & New York: Methuen,
1982), especially Idem.: ‘The Study of the Media: theoretical approaches’, 11-29, 
which is a good overview.

20 J Klapper: Op. Cit.

21 S Smiles: Life and Labour (London: John Murray, 1887), 10.
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knowledge. Of all the literate groups, the educated working man was the newest, and 

the one most likely to be encouraged by, and respond to, scientific regeneration. 

Whilst there are problems with the use of the term ‘labour aristocracy’, it provides a 

useful description to bring together under one banner the mechanics, engineers, 

electricians, overseers and other skilled trades that had developed from the old master 

and apprentice craft s y s te m .M o r e o v e r ,  at the time they were recognised as a 

distinct class, at least by the Liberal press such as Nineteenth Century. 23

In an atmosphere of past revolt and foreign revolution, the desire of the ruling 

elites was to develop a use of leisure time that was politically and morally 

advantageous to society. This concept of ‘rational recreation’ appropriated working 

class forms of expression to serve a middle-class cultural viewpoint. Nowhere is this 

clearer than with the change in the music hall from the 1880s. The music hall, a 

purely working-class phenomenon, was slowly altered to coincide with a bourgeois 

view of what working-class entertainment should be. From a raucous hotbed of 

radicalism and drink was formed a relatively sober, nationalistic institution.24 The 

Times ran a campaign for a Volunteer Force to train the working class in socially 

responsible pursuits.“ Laws had been passed against street entertainment (1834),

See chapter 1 references and G Stedman-Jones ‘Working Class Culture and 
W orking Class Politics in London 1870-1900’ in Languages o f  Class: Studies in 
English Working Class History 1832-1982 (Cambridge: Cambridge University Press,
1983), 179-238 (Reprinted from Journal o f  Social History 1 (1974), 460-508). In the 
1841 census the pool of labour which these classes developed from totalled nearly a 
million men, being 16.5% of the population. I Inkster: Op. Cit., 104.

23 For instance: J G Rogers: ‘The Social Effects of Disestablishment’, 
Nineteenth Century 1 (1877). 436-457; ‘The Labourers and the Vote’ 3 (1879), 48-53 
& 70; T Burt ‘Working Men and the Political Situation’ 9 (1885), 611-622.

24 . G Stedman-Jones: Loc. Cit., 112; P Bailey: ‘Custom, Capital and Culture in 
the Victorian M usic-Hall’ in R D Storch (ed): Popular Culture and Custom in 
Nineteenth Century England (London & Canberra: Croom Helm, 1982), 180-208; P 
Bailey: Music Hall: The Business o f  Pleasure (Milton Keynes: Open University 
Press, 1986); L Senelick: ‘Politics as Entertainment’ Victorian Studies 19 (1975), 
149-180.

25 H Cunningham: The Volunteer Force: A Social and Political History 
(London: Croom Helm, 1975).
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football (1835) and animal fights (1835) which allowed new forms of recreation to 

become popularised especially from the 1880s. ‘Leisure was made in the image of 

Victorian capitalism ’ with cycling, walking and educational recreation being 

espoused in place of traditional working class pursuits.26

The usurpation of Solly’s working m en’s clubs by the working men 

themselves showed that this was not uniformly accepted. In the middle classes the 

club had long been seen as a form of sociable self-expression for men in terms of 

politics, ethics and intelligence, although attempts by the working classes to establish 

their own similar organisations had always met with distrust. Temperance societies 

began a trend for ‘acceptable’ working class clubs in the 1850s, and the Reverend 

Henry Solly, a Unitarian minister, formed the W orking M en’s Club and Institute 

Union in 1862. Drink proved to be the successful element after its bitterly opposed 

introduction in the 1870s, and the number of clubs grew to 550 by 1873 and 1000 by
i n

1904/ Increasing revenues took economic control from the hands of the middle
28classes and thus by 1890 the clubs were largely a working class institution.

Popularisers of science had a number of advantages in the latter half of the 

nineteenth century. Firstly, there was a constantly widening general audience to 

which to market new publications. An infrastructure of centralised groups existed, 

disseminating literature throughout the country. The concept of the regular 

periodical publication was established both in journals and the Sunday newspapers. 

Although this was not yet a ‘mass’ audience, increased literacy and new forms of

26 J Clarke, C Critcher: The Devil Makes Work: Leisure in Capitalist Britain 
(London & Basingstoke: MacMillan, 1985), quote 71; J Walvin: Leisure and Society 
J830-J950 (London: Longman, 1978).

27 For a contemporary debate on alcohol see ‘Drink’ Nineteenth Century 17, 
869-882, 17 (1893), 1021-1030 & 18 (1894), 78-87; also B Harrison: Drink And The 
Victorians: The Temperance Question in England 1815-1872 (Keele: Keele 
University Press, 1994), 23-7.

28 R N Price: ‘The Working M en’s Club Movement and Victorian Social 
Reform Ideology’ Victorian Studies 15 (1971), 117-147; J Lowerson & J 
Myerscough: Time to Spare in Victorian England: Rational Recreation and the 
Contest fo r  Control (Hassocks: Harvester Press, 1977); P Bailey: Leisure and Class 
in Victorian England  (London: Methuen, 1987).
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interested markets, particularly in the form of the educated working class, created a 

fertile environment for the potential regeneration of science.

Indirect market creation: Science movements and scientific change

‘ . . . The sacred thirst for science is becoming epidemic, and we look forward 

to the day when the laws of matter and mind shall be known to all men,’ wrote the
^9Edinburgh Review  in 1824.“ Rather than this being uniquely a cultured view, by the 

end of the century desire for knowledge was endemic across a broad swathe of 

society. As changes in the structure and nature of society created a large potential 

market for scientific popularisation, so changes in the structure and nature of official 

science indirectly helped define where the nodes of popularisation were to be and 

thus created the necessity for scientific communication.

‘Science is in many ways the enemy of language . . . Science cares nothing 

about emotion or vivid presentation . . . [preferring] dry and abstract terms, taken 

from some dead language, and deprived of all life and personality.’ Such views are 

highlighted by Steven Shapin, who sees official science’s concept of ‘good’ and 

‘bad’ creating a ‘cultural g u lf  -  especially in the new scientific naturalism of Darwin 

and Huxley. The language of society was too amorphous and metaphorical to be able 

to express the new scientific tenets of precision and mathematics and so this
31 •precision created a new language of scientific culture. As a specialised language it 

was also incomprehensible to society at large, and thus the ideas of the scientists had 

to be converted to a comprehensible form for the scientific public. Some even saw

29 Edinburgh Review  40 (February 1824) quoted in A Briggs: The Age o f 
Improvement (2nd edition, Harlow: Longman, 2000), 194.

30 Pearsall Smith: ‘The English Language’ Home University Library o f Modern 
Knowledge (London: W illiams & Norgate, 1892), 124. Quoted in G M Trevelyan: 
Op. Cit., 578.

31 Steven Shapin ‘Science and the Public’ in R C Olby et al (ed.): Op. Cit., 990- 
1007. Also A A Manten: ‘The Development of Scientific Journal Publishing before 
1850’ in A J Meadows (ed): The Development o f Science Publishing in Europe 
(Oxford: Elsevier, 1980), 1-22; J A Lancashire: Op. Cit.
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this as natural evolution: ‘ . . . pure geometry, arithmetic and algebra are merely the 

last term of abstract simplification reached by the sensuous perception in its intrinsic 

evolution.’32

Not simply language divided the culturally acceptable scientist from the rest. 

M embership of a scientific club, of which the Royal Society was the premier, could 

endow the scientist with social status and privilege. Formed almost exclusively from 

social paragons, the Royal Society worked on basis of election after recommendation, 

meaning that any new members had to have the support and approbation of their 

peers. In the words of the Gays, ‘Fraternalism in its many forms created varied mixes 

of insiders and outsiders who all wished to make claims on the freedoms that 

enlightenment culture prom ised.’33 The Royal Society had its own publications - the 

Philosophical Transactions and later the Proceedings o f  the Royal Society - that were 

circulated to a wider audience, and these gave science users and the scientific public 

the chance to participate in this club, if only in a passive manner.

An attempt to break the stranglehold of the Royal Society and bring science to 

the people came to be in 1831, when the inaugural meeting of the British Association 

for the Advancement of Science was held, significantly in York as part of an 

intention to break the monopoly held by London over the cultural practice of science. 

Although the ultimate destination of this movement was to be the extension into the 

middle classes of a professional outlook on science, the initial intent was inclusive on 

a wide scale. Intending to bring together male members of philosophical societies, 

the meetings soon became both social and professional gatherings, and the 

Association itself a research support body. Thus the Association outgrew its original 

social intent and became a mouthpiece for the practice of official science.34

32 T Vignoli: ‘Lombardo’s “Sensuous Images and Reasoning’” Nature 36 (8 
September 1887), 455-456.

33 H Gay and J W Gay: ‘Brothers in Science: Science and Fraternal Culture in 
Nineteenth Century Britain’ History o f  Science 35 (1997), 425-453, quote 445; M B 
Hall: All Scientists Now  (Cambridge: Cambridge University Press, 1984), esp. 92- 
142.

34 W H Brock: ‘Advancing Science: The British Association and the

38



Chapter 2: Popular Scientific  Journals - O verview

Concurrently with this, the Literary and Philosophical Societies of the late eighteenth 

and early nineteenth centuries, notably the Manchester Literary and Philosophical 

Society, waned in scientific influence as the social aspirations of its members were 

fulfilled in increasingly cultural circles.35

As discussed in the previous chapter Mechanics Institutes were the labour 

aristocracy’s answer to the Literary and Philosophical Societies. Eager to enjoy the 

cultural benefits of learning science with attendant promised social status, the 

Mechanics Institutes filled a role that was at the same time political and scientific. 

As such they were often viewed with suspicion by the middle classes, as potential 

revolutionary groups. Fraternal behaviour at this level was deeply class-driven in 

many cases, often being based around one large local industry, and as such they were 

often the natural successor to the craft guilds of the early modern period.

A cultural divide evolved towards an economic one by the end of the century 

- changes in the structure of official science created an artificial divide that was not 

merely intellectual but also social. The creation of astronomical research posts, the 

growth of industrial chemistry and the long campaigns waged by scientists for the 

benefit of their own pockets created a class of intelligentsia that increasingly found 

financial reward in their work.36 The transition from the cultural to the economic

Professional Practice of Science’ & P Lowe: ‘The British Association and the 
Provincial Public’ in MacLeod, R M & Collins, P: Parliament o f Science: The 
British Association fo r  the Advancement o f  Science (Northwood: Science Reviews,
1981), 89-117 & 118-144.

35 M E Rose: ‘Culture, Philanthropy and the Manchester Middle Classes’ in A J 
Kidd and K W Roberts (ed): City, Class and Culture: Studies o f  Social Policy and 
Cultural Production in Victorian M anchester (Manchester: Manchester University 
Press, 1985), 103-117; A Thackray ‘Natural Knowledge in Cultural Context: The 
Manchester M odel’ American Historical Review  79 (1974), 672-709.

36 Although there were still only 5,000 graduates earning a living in science in 
1911, the institutional framework was in place. R M MacLeod: ‘Resources of 
Science in Victorian England: The Endowment of Science Movement 1868-1900’ in 
P Mathias (ed): Science and Society (Cambridge: Cambridge University Press, 1972), 
111-166; information from page 163. T S Moore & J C Philip: The Chemical Society 
1841-1941 (London: The Chemical Society, 1947); C A Russell: Edward Frankland: 
Chemistry, Controversy and Conspiracy in Victorian England  (Cambridge: 
Cambridge University Press, 1996); A Findlay: One Hundred Years o f  Chemistry
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was difficult; moreover the transition had to be made whilst retaining science’s 

cultural authority. The scientist had to use popularisation to reinforce cultural, 

knowledge-based divisions whilst moving to a division based on an economics.

Cultural authority had to be won, not forced by scientists, so popularisation 

became a means of encouraging society to do this. In terms of an interactive 

regeneration model this process took place between scientists, scientific practitioners, 

science users and the scientific public. Although the need to popularise science had 

been created by the scientist, the impetus for many scientifically interested 

periodicals such as the Philosophical Magazine came from the scientific public. 

Scientists became actively and directly involved in numbers to attempt to fill this 

vacuum of knowledge with their conception of scientifically ‘good’ and thus 

culturally ‘beneficial’ information.

Direct market creation - Commercial forces and scientific purity

As W H Brock has indicated, all of the scientific periodicals of the nineteenth 

century had to balance the two factors of ‘good’ science and financial security, 

dependent upon the intended market of the journal.37 In many ways the trend was set 

by, initially, the Philosophical Magazine from 1798. Brock has outlined the manner 

in which the Philosophical M agazine, in contrast to previous publications, and 

particularly from its final transformation in 1832 into the London and Edinburgh 

Philosophical Magazine and Journal o f Science, was in itself a commercial venture. 

Setting a trend that perhaps 65% of scientific periodicals in the nineteenth century 

followed, it survived where many did not, expanding its readership partly through 

incorporating other periodicals that no longer had the financial support to sustain 

them. A cultured periodical containing a large proportion of science, the 

Philosophical Magazine survived while other magazines folded - it had found a niche

(London: Duckworth, 1937); E W Maunder: The Royal Observatory, Greenwich 
(London: Religious Tract Society, 1900).

37 W H Brock: ‘The Development of Commercial Science Journals in Victorian 
Britain’ in A J Meadows (ed): Development o f Science Publishing, 95-122.
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in the new market. Towards the end of the century it became a primary outlet for 

new physical ideas.38

As official science changed in nature, so the journals that it produced also 

changed. Although popular science was not a new phenomenon,39 the removal of 

‘taxes on knowledge’, particularly after 1861, and improvements in production 

techniques after 1857 made journals significantly cheaper to produce and thus more 

popular.40 Ruth Barton’s study of the efforts of popular scientific journals in the 

immediate aftermath of the abolishment of paper duty finds them broadly congruent 

in approaches of natural theology and popularisation of scientific achievement. One 

of these was Norman Lockyer’s first foray into scientific publishing, The Reader, 

founded with many of the same principles of Nature a decade later.41 These journals 

catered to small audiences, and it was obvious that the market was not quite ripe for 

them to succeed, particularly with an established market leader, Philosophical 

Magazine.

The same was not true of the next generation of scientific periodicals, 

particularly the three chosen for this study, Nature, Knowledge, and English 

Mechanic. Each of these three periodicals exhibited significant variations according 

to their cultural nature; each attempted to establish a fraternity with wider 

membership than either the cultural origins or the subject matter would suggest; each

8 W H Brock ‘Science’ in J D Vann and R T VanArsdel (eds): Victorian
Periodicals and Victorian Society (Toronto: University of Toronto Press, 1995); A J 
Meadows and W H Brock: The Lamp o f Learning: Taylor and Prancis and the 
Development o f  Science publishing  (1984, reprint London: Taylor & Francis, 1998), 
esp. 77-148.

39 S Sheets-Pyenson: Loc. Cit.', Idem.: Low Scientific Culture in London and 
Paris.

40 C Knight: The Case o f  Authors Against the Paper Duty (London: Fleet Street, 
1851) indicates the importance of the issue. W H Brock & J Meadows: The Lamp o f  
Learning , esp. 94.

41 R Barton: ‘Just Before N ature’, 1-33; R MacLeod: ‘Seeds of Competition’ 
Nature 224 (1 November 1969), 431-434.
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succeeded through trial and error, feeling their way to culturally distinctive niches in 

the popularisation of science.

Building a Readership - Background, Aims and Structure

The readerships of Nature , Knowledge, and English Mechanic were 

deliberately targeted from the outset through editorial outlook, stated intentions, 

journal structure and scientific content. All of these factors were vitally important in 

striking that initial blend to attract readers, which underwent changes, subtle, and 

dramatic, as the journals adapted to fit the market in which they were competing for 

sales.

Journals and editors - general outline

(Joseph) Norman Lockyer, the editor of Nature during the period from its 

inception in 1869 through to 1919, was highly active in various science 

popularisation movements, particularly in the campaign for scientific education.42 

He played a major role in founding the Science Museum and held a leading post in 

the South Kensington institution. Cultured in outlook, he was close friends with 

many of the group of scientists who ran the major London scientific institutions of 

the day, and thus moved in social circles of some distinction. O f all the editors of the 

journals, he is the only one to be directly cited in mainstream histories of science, 

mainly for his studies of solar phenomena.43 As such he represented the scientist in 

the world of scientific regeneration.44

Lockyer was from 1870 a vital member of the Devonshire Commission. See 
chapter 3 for further details.

43 He is the only one mentioned in D M illar et. al..: Cambridge Dictionary o f 
Scientists (Cambridge: Cambridge University Press, 1996)

44 A J Meadows: Science and Controversy: a Biography o f  Sir Norman Lockyer 
(London & Basingstoke: MacMillan, 1972); M T Lockyer, W L Lockyer: Life and 
Work o f Sir Norman Lockyer (London: MacMillan, 1928) (written with the help of
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Nature had the lowest readership of the three journals (5,000 claimed, but 

possibly as low as 1,000),45 being a cultured means of communication among active 

scientists and a dissemination tool to the educated scientific public. As a business 

venture it initially suffered; with high production costs and a comparatively low 

selling price of 4d rising to 6d in 1878, it only returned a profit in the middle of the 

1890s.46 However, the support of a scientifically minded publisher in the person of 

Alexander Macmillan kept the journal afloat until the market matched intentions. 

That scientists of the time anticipated the widespread need for such a journal is 

vindicated by the fact that Nature is the only one of the three journals still extant 

today, being (with Science) considered as one of the two most respected in the 

world.47

English Mechanic was established by the printer George Maddick in 1865, 

but the main editorial influence (through editors he employed) throughout the period 

came from John Passmore Edwards (1823-1911) who bought the journal in 1869 to 

bolster the failing Mechanics Magazine. Passmore Edwards was a Cornishman, born 

in Blackwater, where he showed both his Liberalism and his Baptism in his 

opposition to the worst excesses of the Corn Laws. In his early journalism career he 

exhibited an opposition to the Crimean War, the opium trade and social injustice. 

After one business failure, his purchase of English Mechanic and its subsequent 

success led to the purchase of The Echo , a halfpenny London evening newspaper. 

The Strand News Publishing Company was to make Edwards a comfortable living, 

much of which was philanthropically returned to society in the form of aid to

Herbert Dingle).

45 McLeod suggests that the 5,000-subscriber figure claimed by Lockyer in 1870 
was probably lower - in 1913 there were only 970, and it is only after this that a 
steady increase in readership can be identified.

46 Sales of back issues made up the shortfall. C Morgan: The House o f  
MacMillan 1843-1943 (London: MacMillan, 1943), 87; R M MacLeod: ‘Securing the 
Foundations’ Nature 224 (1 November 1969), 442.

47 Also considered an oddity in modern specialised science. S Biesenbach- 
Lucas: The Scientific Research Article and its Popularisation: a comparative genre 
analysis (Washington: PhD, Georgetown University, 1998).
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educational and social welfare projects such as free libraries. One particularly 

generous donation was to a Settlement in Tavistock Place (now the Mary Ward 

Settlement), covering the whole £14,000 cost of the building. This Settlement 

provided both spiritual and secular education to the working classes.48

Much of the same influences can be seen in English Mechanic which 

developed more successfully than any other science-based journal of the time, aided 

by its low price (Id) and variety of ‘useful’ subject matter. Much of the cultural 

aspect of the journal was owed to Edwards’ own inculcation in the science of the 

Penny Magazine at an early age. Up to the First World War the journal maintained 

its pre-eminent position with a circulation of around 50,000, declining after the death 

of a large part of its readership in the First World War, but limping on into the 

middle of the century.49 Under the guidance of Passmore Edwards, English 

Mechanic was the representative of liberal acculturative forces expressed in the 

labour aristocracy, and thus was often guided by both the scientific practitioner and 

science user.50

Published originally by Longmans, Knowledge was the brainchild of one 

man, Richard Proctor (1837-1888).51 Proctor was perhaps the most widely read

E Harcourt Burrage: J Passmore Edwards: Philanthropist (London: S W 
Partridge & Co., 1902); J Passmore Edwards: A Few Footprints (London: Watts & 
Co., 1905), esp. 48-52; H Fleming, ed., The Mary Ward Settlement (late Passmore 
Edwards Settlement) (London: Private, 1931); Anon: Passmore Edwards
Institutions: Founding and Opening Ceremonies (London: Strand News Publishing, 
1900) both contain examples of his philanthropic work.

49 W H Brock: ‘Science, Technology and Education in the English M echanic’ in 
idem, (ed): Science For A ll (Aldershot: Variorum, 1996), XIV; ‘Science’ in Vann & 
VanArsdel Op. Cit. Also Ruth Barton suggests the circulation was 32,000 in 1870. R 
Barton: The X  Club: Science, Religion and Social Change (Philadelphia: PhD, 
University of Pennsylvania, 1976). The readership was far more working class than 
the other journals - a social group which took the brunt of British wartime casualties.

50 Brock has suggested that this liberalism went as far as associationism and co- 
operativism. W H Brock: ‘Science, Technology and Education’, 8-13.

51 Biographies of Proctor are only to be found in the limited obituaries of the 
society magazines and other, general reference books as there was no authorised 
biography and very few manuscript sources remain.
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writer of popular science in the latter half of the nineteenth century.52 Whilst others 

might indicate Huxley or Tyndall as the most prolific, the comparatively short 

working life of Proctor (twenty-five years) indicates a far higher work-rate. Scientific 

writing was the only way he had of regaining money lost in a bank failure, and this 

desire to make science pay also led to a punishing lecture schedule - perhaps 2,000 

lectures in the thirteen years after 1870 to up to 1500 people at a time.53 Of the 

actual foundation of Knowledge little is known bar the information in the journal 

itself: there are no surviving records in the publisher’s, Longman’s, archive and very 

few letters regarding Proctor other than those dealing with his honorary secretaryship 

of the Royal Astronomical Society from 1872 to 1873. What can be gleaned is that 

the development of the journal was triggered by Proctor’s involvement as a columnist 

in English Mechanic from 1870, and to a certain extent it rose and fell with him. It 

has been suggested that it was self-consciously an attempt to challenge Nature, but 

close analysis of its early contents suggests that its intended market was somewhat 

different.54 Becoming monthly in 1885 probably due to a lack of contributors - the 

circulation was claimed at 20,000. Knowledge became Nature-like in aspect with the 

next two editors, Arthur Cowper Ranyard (editor from 1888-1894) and Harry Forbes 

Witherby (editor from 1894-1904). Its take-over in 1904 - and establishment of the 

Knowledge Publishing Company - by ES Grew and the brother of the scouting 

movement founder, Major B Baden-Powell, was not to halt its slow decline and the 

journal eventually folded in 1917.55

P Moore: On Mars (London: Cassell, 1998), 43-48.

53 Proctor’s estimate; includes 124 in Australia. Knowledge 3 (12 January
1883), 26; Proctor was a major contributor in Cornhill M agazine, a widely read
publication that had sold 120,000 copies of the first issue alone. S L Eddy: The 
Founding o f the Cornhill Magazine (Indiana: Indiana University Press, 1970), 41.

54 J-A Lancashire: Op. Cit.\ W H Brock: ‘Science’ Knowledge even initially
advertised N ature’. Knowledge 1 (1881), iv.

55 The timing of this with the war is probably coincidence as the journal was a
loss-making enterprise at the turn of the century. See below.
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Aims, objectives and general history.

Mission statements were frequently used as points o f reference for future editorials in 

assessing the success of the journal both intellectually and financially. For the 

historian, they provide the base line for both the analysis of the journal and the 

understanding of its public.

(i) Nature

FIRST, to place before the general public the grand results of 

Scientific W ork and Scientific Discovery, and to urge the claims of 

science to a more general recognition in Education and Daily Life.

SECONDLY, to aid Scientific Men themselves by giving early 

information of all advances made in any branch of Natural knowledge 

throughout the world, and by affording them the opportunity of 

discussing the various Scientific questions which arise from time to 

tim e . 56

This statement is invaluable in assessing the mindset of the late nineteenth 

century scientist. That dissemination would lead to the acceptance and support is an 

accepted reality - science, by its self-evident truths, would naturally gravitate to a 

position of respect and authority inside society. It is an overt declaration of a self- 

popularising message.

Nature also had a second function - it promised to deliver news of scientific 

discoveries as soon as possible to the scientist. As such it placed itself in the position 

of being a scientific and cultural authority - with the support of ‘public scientists’ 

such as Tyndall and Huxley for this role every scientist could use the journal to lay 

claim to a new concept. Within ten years this stated aim had become a reality.

Nature 1 (4 November 1869), 2.
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Scientific discussion could be divided into three parts - the debate over Mertonian 

‘ownership’ of an idea, disagreement on particular scientific points, or debates over 

the status and aspect of science as a whole. The periodical’s editorial policy meant 

that these debates could be kept civilised, thereby limiting potential damage to the 

reputation of both scientists and science.57 In 1878 Lockyer claimed that Nature had 

achieved its object, becoming ‘more widely recognised as the organ of science the 

world over’ and claiming a partial responsibility for the increase in interest in science 

that, according to Lockyer, had been observed over the previous nine years.58

A particularly apposite example of the manner in which Nature operated was 

the question of Darwinian theory. As a relatively new theory there were serious 

implications in taking a neutral stance as it only encouraged scientific disputes in the 

face of concern - ‘to the religious it seemed as though God was pushed further and 

further away from His creation when evolutionists admitted Him as original Creator 

and designer and no m ore.’59 N ature's pro-Darwinian stance was dictated by the 

viewpoints of many of the contributors, who had established the arguments in 

M acmillan's Magazine. Due to the sympathetic circulation the periodical, although 

attracting controversy, managed the crucial first few years without serious internal 

division, although concern was expressed at Huxley’s outspokenness: ‘We begin 

fervently to wish that our illustrious biologist had not . . .  so laid biological truths 

before the public as to excite those especially ignorant of the science of life to try and 

trample them underfoot and leave them for a vulgar tavern-keeper to hang up for a

E Ray Lankester threatened to cease contributing in 1890 after Lockyer 
refused to print a letter attacking Herbert Spencer and George Romanes. Macmillan 
settled this when Lankester accepted that his comments were too personal for the 
journal’s pages. R M MacLeod: ‘Private Army of Contributors’ Nature 224 (1 
November 1869), 449.

58 N J Lockyer: ‘Retrospect and Prospect’ Nature 18 (2 May 1878), 1-4

59 Ellegard, A: Darwin and the General Reader: The reception o f  D arw in’s 
theory o f  evolution in the British periodical press (Goteborg, 1958), quote 336. For a 
fuller discussion of science and religion see chapter 4.
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sign.’60 It was only when Nature's position was secured that the debate was opened 

up to a wider audience, and even then only in critical book reviews.61

Nature attempted to enhance the status of science inside society through the 

application of a number of techniques: presenting benefits of science, both cultural 

and utilitarian, to society; creating a unified science in which a common purpose for 

progress could be found; and finally providing the public with a window on a world 

that was increasingly becoming removed from them. That this exclusion was part of 

what Nature was organised to achieve is part of the paradox: the more channels of 

communication inside science that were opened up, the greater the need to 

disseminate results to the public denied active participation in that communication.

As the polymath died out Nature became exclusively and self-consciously a 

mouthpiece for the scientist and a channel of communication between scientists. 

This trend is shown in the change of the ‘Scientific Serials’ column to ‘Science in the 

M agazines’ by the 1890s, ‘magazine’ having less scientific credibility and thus seen 

as of less status. Rather than keeping all scientific readers in touch with scientific 

change, the journal kept scientists in touch firstly with each other, and secondly with 

how they were represented in the public sphere.62 Even Lancashire’s later 

‘amateurs’, such as W F Denning, were culturally and technically aligned with the 

growing professionalisation, as ‘scientists’ were still defined culturally rather than 

economically.63 Nature became the mouthpiece of the scientist long before the time

Nature 1 (4 November 1869), 2.

61 R Meldola: ‘An Anti-Darwinian Contribution’ Nature 43 (5 March 1890), 
409-410; A R Wallace: ‘Another Darwinian Critic’ 43 (9 April 1890), 531-532; 
idem: ‘Another Substitute for Darwinism’ 50 (4 October 1894), 541-542; F A Dixey: 
‘Evolution Without Selection’ 60 (1 June 1899), 97-98.

62 S Sheets-Pyenson: Loc. Cit.,

63 Julie-Ann Lancashire: Op. Cit. Denning is often described as the last amateur 
astronomer to receive the gold medal of the Royal Astronomical Society. Yet acted 
as, and enjoyed the same cultural respect as a professional.
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attributed to it by either MacLeod or Lancashire - the nature of the scientist that 

changed in the meantime, not the approach of the journal.64

(ii) English Mechanic

No man who earns his bread as a mechanic or labourer in any 

department of the great field of ‘labour’ need for the future be without 

his ‘record’, ay, or a corner in the same, for the making known of his 

ideas or schemes. . . . Again, there are thousands of working men who 

would dearly like to have under their hand at the fireside an epitome 

of the progress in the Arts and Sciences from week to week; and such, 

in every branch, however remote, will be found in the pages of THE 

E n g l i s h  M e c h a n ic .  Thus many would like to learn the latest things 

in ... machinery in general; they will find them in our columns ... 

Nothing in fact will be omitted for which room can be found that is of 

any earthly value to man.66

English Mechanic advocated bringing science closer to the general public 

through a process of language simplification, particularly to the relatively new group 

of the skilled working class. It emphasised technology, the scientific principles 

behind it, and its practical effects. Other articles of general scientific interest showed 

a more general level of scientific awareness that existed or was being created, a factor 

that is undervalued by many historians.66

J-A Lancashire: Op. Cit.; R MacLeod ‘Is It Safe To Look Back?’ Nature 224 
(1 November 1969), 419, places this point in 1930.

65 English Mechanic 1 (31 March 1865), 2.

66 Also ignored are Mechanics M agazine , The Scientific Review  and the Journal 
o f the Inventor’s Institute due to their avowedly technical content. For instance Ruth 
Barton and Julie-Ann Lancashire both acknowledge English Mechanic, but remain 
rooted in pure science basis. Recognising the role in the popularisation of science in 
the sphere of the scientific practitioner follows the examples of I Inkster: Science and

49



Chapter 2: Popular Sc ien tific  Journals - O verview

The mission statement indicated a desire to develop the cultural life of the 

working man. For although the scientific language was simpler in the English 

Mechanic than in Nature, there were still a number of technically difficult concepts 

which the engineer, because of his training, could understand, but a layman would 

struggle with. English Mechanic was also quite prepared to use technical 

astronomical terms such as the ‘solar parallax.’67

The readers were expected to make the periodical succeed through their own

efforts:

We supply the brains and the food, the public the pence . . .  To 

satisfy everyone is impossible; but that we can, and will, the majority, 

there is not in our mind the remotest doubt. One party may fancy that 

they are being overlooked: let them but communicate with us and 

justice will be done ... In conclusion our motto is, “T h e  I n t e l l e c t u a l  

a n d  S o c i a l  W e l f a r e  o f  A l l , ’’ and Success to T h e  E n g l i s h  

M e c h a n i c .68

This active encouragement to participate in the direction of the journal was in 

direct contrast to most other periodicals - it gave the reader the sense of being part of 

something greater, with few limitations with the proviso that the readership had some 

technical knowledge. And with the promise of a ‘corner’ in the journal for each 

person, the journal became primarily directed by the letters and correspondence 

submitted to it.

Support was easily forthcoming for such a venture:

Technology and W H Brock: ‘Science, Technology and Education’ in extending the 
narrow view of science.

67 The main astronomical contributors, W illiam Noble and George Hardy, being 
respected proto-scientists, tended to use the descriptive tools available to them, 
seeing the readership as science users rather than the scientific public. G F Hardy’s 
answers in astronomical letters English Mechanic 23 (24 March 1876), 38.

68 English Mechanic 1 (31 March 1865), 2.
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I have long wished that some enterprising person would start 

such a publication, which has long been wanted by us mechanics, who 

cannot afford to purchase works that cost sixpence and a shilling, even 

if we understood their contents when we parted with the money.69

Direct selling techniques also improved the position of the journal. A free 

copy in volume 2 was used to boost subscription; the 1865 Christmas issue was 

extended, the extra space for readers’ “ ‘trick of the trade” in the good and true sense 

of the word . . . anything in fact which may be of value to brother workmen’; readers 

were exhorted to advertise the journal amongst their colleagues; where it was 

difficult to get the journal, three copies could be sent on receipt of the value in
70postage stamps. By 1867 Maddick could claim that English Mechanic was the 

‘largest circulating journal of its class in the world.’71

This mix led into lively debate on various forms of science that was not solely 

generated by scientists. The policy was one of commercialism, and it succeeded to
72what was at the time a phenomenal extent. Praise was also forthcoming for the way 

in which it presented its information - the editors of Modern Astrology saw it as 

filling ‘the same office as the daily newspaper in the world of affairs . . . forming, to
7^

use its own words, a great mutual-help society.’ The involvement of so many of its 

readers in a direct, participative manner defined the nature of the journal in some

Letter from W alter Elliott (Engine Turner's Foreman) English Mechanic 1 (31 
March 1865), 10.

70 E.g. English Mechanic 3 (21 September 1866), 562. This was a consistent 
advertisement of this throughout the journal’s life, and letters were printed from 
those had responded.

71 ‘To Our Readers’ English Mechanic 4 (22 February 1867), 354. Claims of 
100,000 readers were not uncommon.

72 English Mechanic proved to be so successful it swallowed other journals at a 
steady rate. W H Brock hoc. Cit.

73 H Watson: ‘Modern Astrology and ‘Ours’ English Mechanic 99 (6 March 
1914), 80.
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ways more than the social intent of Passmore Edwards, even leading to the 

foundation of the British Astronomical Association in 1890.74

English M echanic sits uneasily in any attempt to define it as either exclusive 

or inclusive. On the one hand, it was exclusive in that it excluded certain parts of 

scientific society from its pages; on the other it encouraged readers’ active 

participation. It linked together the spheres of the scientist, the science user, the 

scientific practitioner, and a class-specific portion of the scientific public and allowed 

all of them to express themselves directly on its pages.

(iii) Knowledge

More descriptively Knowledge: An Illustrated Magazine o f Science. Plainly 

Worded - Exactly Described , Knowledge's masthead provides a fitting summary - the 

words are printed over a picture of a rising sun, an image of the dawn of 

comprehension - and a dawn for all:

Knowledge is a weekly magazine intended to bring the truths, 

discoveries and inventions of science before the public in simple but 

correct terms. ... I have long regarded the material benefits from 

Science, great though these unquestionably are, as small by 

comparison with those to be derived from Science as a means of 

mental and moral culture. ... We have none doing the work which 

Knowledge is intended to perform.75

74 English M echanic 51 (18 July 1890), 445-456; also Brock: ‘Science 
Technology and Education in the English M echanic', 6.

75 Knowledge 1 (4 November 1881), 1.
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Instead of referring to the ‘mean equatorial horizontal parallax’, it would be 

simpler to refer to it the ‘average distance of the sun from the Earth’s equator’.76 

This would open out the avenues of scientific discovery to the ‘ordinary’ person.

The purpose of this simplification was not to simplify the science itself. By 

doing so it would devalue the other part of Knowledge's message - the Utilitarian 

view that learning science was a means of moral and cultural self-improvement. This 

acculturation could not be achieved with watered down science; it had to be original 

scientific study, but made presentable to the interested layman through a process of 

language change. Not only this, but it had to be participatory. ‘The general public do 

not want Science presented to them as if they were of intelligence inferior to their
77teachers,’ Proctor stated, as he instituted a readers’ column for new scientific ideas, 

to be assessed and examined by the editorial team. How much the freedom to 

contribute new ideas to Knowledge actually assisted in the creation of new theories is 

difficult to judge as Proctor’s editorials held an evangelical unassailability and his 

control over the letters was obviously strict.78 Despite this, however, it can be seen 

from the stated aims that Knowledge was an inclusive popular science periodical 

aimed at the scientific public.

Richard Proctor envisaged Knowledge as a kind of English Mechanic for 

those interested in science in general, and astronomy in particular - i.e. science users 

and the scientific public. Support from more general middle and lower-middle class 

groups that led Knowledge to claim a circulation of 20,000 in the early years and this 

part of the scientific public remained the mainstay of its support up to the end of the

Knowledge 1 (4 November 1881), 3.

78 See the introduction to his posthumous Old and New Astronomy (London: 
Longman, 1892). A series of articles on blowpipe chemistry were dropped partly for 
commercial reasons within the first year. Knowledge 1 (14 July 1882), 119. The 
majority of the letters were not reprinted - indicated by the volume of Proctor’s 
replies.
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century. By the 1900s it had become a periodical mainly perused by the teaching 

profession.79

Commercial imperative meant that the range of subject matter found between 

its covers tended to be of a more popular, sometimes sensationalist nature. For the 

first three years this seems to have worked admirably, with large claimed readerships. 

But crucially, when enlarged - avowedly due to customer demand - from 24 to 36 

pages, the price was increased to the same level as The Athaeneum  or Punch*0 From 

this point it was only to last another 18 months in weekly form, and although Proctor 

claimed his own overwork and lack of contributors as a major reason, financial 

reasons must have played a part.

The next stage of the journal’s commercial life was one of consolidation, 

where the contents of the now monthly periodical remained reasonably populist, 

followed by transition into a less research-oriented version of Nature. The final stage 

saw the journal with subject matter that was generally factual and uncontroversial - 

with some notable exceptions - and making a substantial loss. Price rises saw it 

reach a shilling in 1909, albeit with an expanded version for a ‘much fuller scientific 

survey.’81 The typeface also changed as it became more like Nature in the manner in 

which it presented its subject matter. The commitment to clear language had gone, 

and the periodical had lost much of its popular edge.82

See the claims of Susan Cannon and Elizabeth Fee.

80 In other words 3d. ‘Gossip’ Knowledge 5 (29 February 1884), 129. The use 
of these examples indicates that the milieu of appeal of Knowledge included, and was 
probably limited to, the middle class.

81 Knowledge and Scientific News 6 (November 1908), 254.

82 One of the few indications of the financial position of Knowledge can be 
found in letters between Baden-Powell and his brother expressing concern over the 
amount of money the journal was losing - £400 in 1904. Jeal: Baden-Powell 
(London: Hutchinson, 1989), 343-344.
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T he S tru c tu re  of the P o p u la r Scientific J o u r n a l83

Intrinsic to the success of the scientific journal was its structure. The eclectic, 

jackdaw nature of a weekly periodical was exploited to ensure that each journal 

became the only reference point in the milieu to which it appealed, a milieu that often 

dictated the structure of the journal as much as the content.

A rticles

Each of the three journals favoured different types of articles - Nature 

concentrated on original research, Knowledge on the editorial and English Mechanic 

on the reprinted / rewritten article. Each displayed its own background, methodology 

and function that set them apart from the others. Such divisions are necessarily 

broad, as original research was often editorialised, editorials used research to back 

their case, and the rewritten articles were often accounts of new patents, and thus in a
84sense original to the readership. The three trends could thus be brought together, as 

they were in the Harmsworth Popular Science series, where secondary articles 

openly avowed cultural viewpoints from the point of view of the latest original 

research.85

Nature contained the highest content of original articles, some research 

articles even making it to the first page. It is generally accepted that by the early 

1890s, and particularly with the discovery of helium in the atmosphere, Nature was

The section is designed to cover general points that need to be understood 
before analysing the individual cases, and thus contains a number o f cross-referential 
footnotes.

84 See debate on J C Dean ‘Astronomical Superstitions’ Knowledge and 
Scientific News 6 (December 1909), 449-52 discussed in chapter 5.

85 A Mee: Harmsworth Popular Science (London: Pearsons Press, 1912) For an 
analysis of this and other similar Harmsworth publications see P Broks: Science and 
the Popular Press.
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considered the primary outlet in the world for new scientific discovery.86 The 

inclusion of these articles was a major factor in creating a scientific community, 

particularly in view of the lack of a similar service elsewhere.87 However, the 

research article brought with it its own attendant problems in the context of 

remaining ‘popular’. Although there has been no study of the research article of the 

nineteenth century as a textual document, Biesenbach-Lucas’ modern analysis 

contains many theoretical points as valid then as they are now.88 She highlights 25 

hypotheses of text and content that indelibly set the research article apart from 

popularisations. Such in-depth analysis aside, the fundamental difficulty with a 

research article was that by its nature it was not popular - dry scientific analysis was 

too technical and not obviously ‘useful’. New research had to be regenerated into 

socially acceptable forms in the scientist’s interpretative analysis.

Original in content, yet thoroughly regenerative in intent, this was the 

differentiating factor in the research article as a regenerative tool. Original articles 

were those that reviewed current research, reported others’ experiments, or reported 

on the lives of eminent scientific figures. Editorials assessed the general status of 

science, developed more cultural scientific themes such as the founding of the 

Natural History Museum, or pontificated on semi-religious topics. The majority of 

the articles in Knowledge fell into these categories far more than similar articles in 

Nature. Editorial-style articles were often serialised, although this newspaper-based 

practice became less common in moving towards the new century, possibly partly

C Morgan: The House o f MacMillan, 87. The Academy could have achieved 
this position of Nature; however it remained rooted in an outdated, pluralistic 
definition of science. Philosophical Magazine in contrast became specialised in the 
physical field. R M MacLeod ‘Securing the Foundations’ Nature 224 (1 November 
1969), 441-442.

87 See S Vincent: Op. Cit. regarding complaints of the slow publication rate of 
the British specialist journals. Nature had a swift publication rate of letters, and 
being weekly could assert a temporary claim on behalf of the contributor within days. 
A J Meadows: Communication in Science (London: Butterworth, 1984).

88 S Biesenbach-Lucas: The Scientific Research Article.
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due to readership pressure.89 English Mechanic preferred an original article format 

where new inventions were reported from extant research or patent lists.

The authors of original articles formed the backbone of each of the journals’ 

contents. As MacLeod has revealed, Nature found a particularly rich vein of fecund 

contributors who represented the majority of what were the orthodox scientists of the 

time. Presidents of the Royal Society who were regular contributors included 

Thomas Henry Huxley (PRS 1883-1883), George Gabriel Stokes (1885-1890) and 

W illiam Thomson (1890-1895). Less regular PRS contributions came from George 

Biddell Airy (1871-1873) and Joseph Dalton Hooker (1873-1878). In addition to 

such high-profile support Nature had what MacLeod refers to as a ‘private army of 

contributors’, mostly well-respected scientists such as Henry Armstrong, Alfred 

Russell Wallace, William Ramsay, Henry Roscoe, John Lydekker, W illiam H Preece 

and E Ray Lankester.90

In contrast Knowledge had very few regular contributors, the naturalists Grant 

Allen and Edward Clodd being the most prominent. The most prolific contributor 

was Proctor, writing either as himself or as Thomas Foster. W Matthieu Williams, 

Mary Proctor (daughter of Richard, often writing as ‘Stella Occidens’), and Amelia B 

Edwards penned more cultural contributions. English Mechanic contained regular 

contributions from engineers such as Preece, such a major contribution coming from 

John Toby Sprague, writing as ‘Sigm a’, that he deserved a two-page obituary.91 In 

addition W illiam Noble (writing as FRAS), and Richard Proctor (drastically reducing 

his input after the founding of Knowledge) jointly managed the astronomical content 

of the journal during its formative years. Both English Mechanic and Knowledge

89 Particularly evident from 1885.

90 R MacLeod ‘Securing the Foundations’, 445-448.

91 ‘Sigm a’ English M echanic 83 (9 February 1906), 3-4 (Obituary). Sprague
authored reports into electric lighting, and Electricity: its Theory, Sources and 
Applications (London: E & F N Spon, 1875). An electrician and former pupil of 
Faraday, he nevertheless represented many of the viewpoints of the sphere of the 
naturalistic scientist. At his death he was described as ‘almost the last o f that little 
band of enthusiasts whose united and vigorous mentality have helped so much to 
make the “E.M ” what it is.’
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were seen as outlets for accounts of latest research in astronomical areas after 1890, 

with Eugene M Antoniadi, E W alter Maunder and Camille Flammarion prominent in 

the authorship of original articles.

Cost of original and editorial-style articles was a major factor in Nature's lack 

of profitability in its early years, and Proctor’s own authorship of the majority of the 

articles in Knowledge was a significant factor in its switch to a monthly format. It 

was only at this point that his articles ceased to reiterate themes from his many
9">

publications. As a result reprinted articles became increasingly apparent in both 

English Mechanic and Knowledge. Both tended to reprint from American journals, 

particularly Scientific Am erican , and British and American newspapers. These 

sources were often used as the basis for editorialising - comment on the legitimacy of 

such articles was seen as a valid and honourable form of recycling. W hilst the 

numbers of reprinted articles rose, they never reached a Popular Science Monthly 

position where none of the articles were original - a practice that its editor, E L 

Youmans, was ‘duly ashamed’ at.

News and special interest columns

These columns were vitally important to the commercial well being of the 

journal both in creating a community and in allowing non-members of the 

community to participate, at least on a regenerative level. Subject-based columns 

engaged the scientist, science user and scientific practitioner; scientific societies 

predominantly the scientist and scientific practitioner; general science notes mainly 

the scientific public.

All of the periodicals had their columns of specialist interest. Nature had few 

specific editors for each column, despite a strong bias to astronomy; rather there was

92 Proctor’s productivity disguised much rewriting - although, with the 
exception of The Borderland o f Science (London: Smith, Elder & Co., 1873), not 
usually reprinting - of previously covered themes.

93 R MacLeod ‘Securing the Foundations’, 444.
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a general editorial policy with specific aid being given by a series of sub-editors. 

John Keltie, Richard Lydekker, John Earwaker, Charles Keane, John Brett, Alfred 

Bennett and W F Denning provided the necessary support. With the exception of 

astronomy, more emphasis was placed overall on the general ‘Notes’ section and 

columns for scientific societies than on specific subjects within science.

Knowledge contained astronomical notes each week or month, edited by 

Proctor until 1887, then by A C Ranyard until 1894, and Alfred Fowler and Maunder 

full-time until 1904, and on an ad-hoc basis thereafter, until in 1910 G F Chambers 

and F A Bellamy were appointed astronomical editors. In addition there was a 

regular feature on ‘The Face of the Sky’ - a star map of the heavens and how they 

appeared in that particular month. Originally put together by Fowler, it became the 

preserve of W Shackleton by the turn of the century.94

Other special interest columns were originally sparse and followed popular 

trends amongst science users: a microscopy column was originally included, 

disappearing, then returning towards the end of the nineteenth century. By 1904 

there were columns on microscopy, botany, zoology, physics, photography and 

ornithology. In 1908 Chemical Notes were added; in 1911 a meteorological column - 

a previous occasional - became permanent.93 By this period a large percentage of the 

total area of the periodical was taken up with long lists of notes - a major factor in 

1909’s expansion in the number of pages.

In contrast, English M echanic, being primarily a mechanical information 

periodical, contained columns specifically for electricians and other qualified

The new staff was symptomatic of the ‘Afamrc-isation’ of Knowledge after the 
death of Proctor. Fowler was chief assistant to Lockyer at the Laboratory of Solar 
Physics at South Kensington. Maunder was chief assistant at the Royal Observatory, 
Greenwich. Both Chambers and Bellamy were Fellows of the Royal Astronomical 
Society. Shackleton was another associate of Lockyer’s at South Kensington.

95 Photography was added after the take-over; the Physical Column was an 
infrequent and irregular feature. Apart from the occasional notes column 
meteorology had found an outlet previously in articles and letters on lightning, and 
notably one series - W J S Lockyer’s ‘The Sun and the W eather’ of Knowledge and 
Scientific News 2 (1905).
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trad es/6 Patent lists, encouraged by the huge rise in invention, formed a large part of 

the periodical’s notes,97 and were highly important in involving scientific 

practitioners and that part of the scientific public interested in becoming a scientific 

practitioner. These columns helped foster the development of the twentieth century 

phenomenon of the amateur technologist. ‘Pure’ science notes consisted initially 

largely of nature and astronomy, the latter based around the regular letters of Proctor 

and Noble. An imbalance towards astronomy persisted in non-technical science 

throughout the period.98

The success of these columns lay not only in the factual information they 

contained, but also in the manner in which they established a community on a 

generative level with direct participants, and on a regenerative one with the 

readership. However, this regenerative element soon became limited as the columns 

were overtaken with a priori claims to new discoveries and patents. The 

development of the telegraph and the cable link to the United States meant that 

results could appear in the notes sections within days - only later to be followed up by 

a letter or an article.99 In this the notes columns increasingly accepted the language 

and the needs of the scientist without reference to the needs of the scientific public, 

and in so doing isolated many.

Columns included Engineering, Electricity, Photography, and Chemistry. 
‘Contracts Available’ and ‘Contracts Tendered For’ were two directly relevant 
columns showing the extent of the journal’s appeal - even to the upper reaches of the 
new engineering profession.

97 Registered patents went up from 200 to 3,000 per year in the period 1830- 
1866. R Bud, G K Roberts: Science Versus Practice: Chemistry in Victorian Britain 
(Manchester: M anchester University Press, 1984), 109. A column for inventors in 
Knowledge could only provide minimal competition against the vast array of 
information in English Mechanic. See chapter 3.

98 Astronomy and chemistry were the only two non-technical sciences listed on 
the masthead of the journal. In contrast to astronomy, chemistry, with one or two 
exceptions as Colin Russell has pointed out (A History o f Valency (Leicester: 
Leicester University Press, 1971)) was significantly under-represented. See chapter 
3.

99 Usually the telegrams were used to report on work in progress, particularly 
where new or interesting observations were made in astronomy.
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Notes columns that dealt with the activities of the various scientific societies 

operated in a similar manner as those to do with specialist interest. Where the 

societies themselves were in themselves specialist, they increased an internal sense of 

community and thus ultimately served to drive the larger scientific public away. 

Notes columns referring to the activities of the larger, more general societies such as 

the Royal Society or Institution, or the British Association for the Advancement of 

Science are less easy to categorise.

Nature always had a specific societies section, within which it was possible to 

find all the events of the previous week at all of the major societies.100 Based 

primarily in the London area, these societies were of a specific type - well bred 

societies based on memberships of mainly scientists and some science users; as 

science changed so the content moved from the local society format to the national 

and international.101 Such a change was representative of the changes in science 

itself at the time. The sparseness of the content of society notes covered by

Knowledge and English Mechanic exhibit a lack of direct communication with the
10°scientists of these societies when compared to Nature , “ although English Mechanic 

had obvious direct connections with scientific practitioner in its technical columns.

Some of the societies represented by these two periodicals, particularly for 

instance the Society for Psychical Research, were not mainstream scientific societies 

in the same way as those espoused by Nature. This society was specifically endorsed 

on the pages of Knowledge partly through Proctor’s own interest in psychical 

phenom ena,103 and it seems to have been one of the few ‘borderland’ subjects to

00 A regular feature from the inception of the periodical, and always covered at
least two columns.

101 Pride of place was always given to the Royal Society, followed by the
respected London societies, and the major societies of Europe (Academie Des 
Sciences, Edinburgh, Dublin, Berlin). However, other societies were represented 
over time.

102 Inclusion in Knowledge seems to have depended on Proctor’s personal
involvement - usually giving a lecture there.

103 Knowledge 2 (23 June 1882), and following three issues; (22 June 1883);
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survive through editorial changes and into the new century. Knowledge and English 

Mechanic were also more likely to have regional societies represented.104 Nature 

was very much still rooted in the London scientific culture, although embracing the 

internationalism of the new scientific community.

The British Association for the Advancement of Science and the Royal 

Society justified more than column reports. Nature would give itself over to an 

extended discussion of all the topics covered in the BAAS meeting over most of a 

special issue. Although to begin with English Mechanic reported the meeting of the 

BAAS in less than half a colum n,105 soon extended reports, particularly of those parts 

of the meeting of particular interest, were a regular feature. Under Proctor 

Knowledge was scathing: ‘No-one who has attended meetings of the British 

Association can have failed to have noticed how large a proportion of the Members 

and Associates know scarce anything about science.’106 Yet after his death 

Knowledge too began to contain extended discussion on events surrounding the 

annual meeting.

The Royal Society commanded an extensive report into its proceedings in 

Nature, yet in the other periodicals the reports are practically non-existent. In the 

case of both Knowledge and English Mechanic some of this can be put down to 

Proctor and Noble’s antipathy, particularly in their opposition to what they saw as 

scientific greed.107 It was also the Royal Society that represented over-complex 

scientific argument that Proctor and Noble opposed. By the journals not including

(March 1888), 101.

104 The only provincial societies Nature featured were those of a particular 
cultural background typified by, for instance, the Manchester Literary and 
Philosophical Society.

105 ‘The British Association’ English Mechanic 1(15 September 1865), 290-291

106 R Proctor: ‘M athematics of the Imaginary’ Knowledge 4 (9 November 1883), 
287-288.

107 See for instance: A J Meadows: Science and Controversy for an account of 
the power struggles that occurred over the various positions inside the Royal 
Astronomical Association. This account is written from Lockyer’s point of view.
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such societies, it made it easier for them to produce their own rubric for presenting 

science to the public. This encouraged divisions in science, but it was necessary to 

provide at least the semblance of appeal to the scientific public.

General notes contained the ephemera of the periodical - browsable accounts 

of new discoveries and new ideas, notices of popular lectures, editorial commentary 

on the public and scientific sphere, interesting anecdotes and other gossipy tit-bits. 

Nature primarily used this column to present latest scientific communication, news 

on scientific appointments, short obituaries, scientifically ‘useful’ information and 

short updates on work in progress. English M echanic  s notes column was somewhat 

similar, albeit from a different perspective. However, Knowledge's equivalent 

section, whilst including this information, was far more ‘political’ in scope. In 

Proctor’s notes it is possible to see much of the society within science, the alliances 

and hatreds, the everyday soap opera o f scientific community. Knowledge began 

with one news column, ‘Science and Art Notes’. This was soon joined by ‘Science 

Gossip’, which eventually took over the position. Proctor often here listed his 

arguments with other scientists and the local and national press, often in reply to an 

attack that appeared elsewhere.108 He used the column to reply to the newspaper 

reviewers (who often attacked Proctor’s lectures in the regional papers of Britain) 

before progressing to deal with the more mundane matters such as forthcoming 

lectures. 109

The use of the general notes column can give an insight if not orthodox 

science’s relations with its public, then at least with the press: in attacking 

‘unscientific’ views, those views had to be presented. Similarly, the vitriolic

108 ‘Science Gossip’ was a column instituted after the incorporation of the journal 
of that name and although it did not last, was a stimulus for the permanent institution 
of this kind of column. ‘Notes’ Knowledge 11 (2 April 1888), 138 gives an account 
of Proctor’s battle with an anonymous professor in the American press.

109 A vitriolic dispute with the Cheltenham Examiner in 1884 over Proctor’s 
lectures led to the following rejoinder showing Proctor’s lack of patience with those 
who do not wish to make the effort: ‘They [the lectures] need to be more than an 
intelligent child can learn from an ordinary text-book’ Knowledge (16 May 1884), 
355.
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undercurrent of resentment within the ranks of scientific men serves as a warning 

against viewing scientists as a completely homogeneous grouping. Such public 

displays of antagonism between scientific groups provide the historian with a means 

of analysing the process of heteroglossia at work.

Reviews

The length of the review article in each of the journals provides an indicator 

of regenerative purpose. Reviews in Nature held the same status as articles in both 

their length and content. Often stretching over three or four columns in length, they 

were an ideal medium with which to lead the journal, combining two or three reviews 

into a general historiography and history of the subject. In contrast, reviews in 

English Mechanic and Knowledge were limited to a brief pregis of the book’s 

contents and subject matter, combined with a small amount of analysis - often limited 

to whether the book was good or bad. In this manner Nature maintained much more 

control over the standard of the science that it was regenerating, without being 

ostensibly over-authoritative in approach.

The kinds of books reviewed also gave an idea of the kind of audience that 

the periodical catered for. Specialist texts took pride of place in Nature, aiming 

towards the educated scientist in scope. As might be expected, in English Mechanic 

the book reviews were most often of a technical or trade nature - handbooks either to 

educate or assist. Other books in the reviews columns tended to be simple educative 

volumes of popular science, whether general or specific, showing the lack of non

technical specialism of the readers of the periodical. Knowledge covered two 

different kinds of science books in its review column depending on the type of 

review: shorter book notices for elementary text-books; longer two to four column- 

inch reviews for more generally interesting texts, remaining true to the original 

intention of clarity and ease of understanding. Despite the move towards a teaching 

readership, such reviews indicate that in intent the journal was still aimed at the 

scientific public.
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Reviews were an invaluable method of communicating regenerative 

information to the public, as a decision to buy a book could be made on the strength 

of the review alone. The audience of the review was to a certain extent decided by 

the subject matter of the book itself; in the case of a complex book the review would 

be likely to attract none but the most dedicated scientifically minded people; as a way 

of attracting the attention of the newcomer to science they were next to useless. 

However the short review of the popular text that emphasised words such as ‘clear’, 

‘sim ple’ and ‘easy to understand’ was not only easy to read, but was likely to be far 

more successful as a marketing strategy. Simon Newcomb’s Popular Astronomy, 

reviewed in Knowledge, and cited at every opportunity, became for the time, a best

seller, being quoted twenty years afterwards as an authority by contributors, editors 

and correspondents alike.110

Correspondence columns

Correspondence columns were perhaps the most important part of the popular 

scientific periodical, both for the readership of the time and the modern historian. 

Despite editorial controls, the main evidence for direct non-orthodox generative 

science comes from the letters sent to the journals. Once a letter to Nature had 

become the accepted way of announcing a breakthrough in science many letters had 

little or no relevance to the scientific public, as often they were couched in the 

mathematical or technical language of the field that placed it beyond their 

scientific.111 However, in the other journals similar letters were much less in 

evidence, and when appearing were usually limited to resumes of a series of 

astronomical observations. Although there was a certain amount of statistics and

M Loewy: ‘Simon Newcomb’ Nature 60 (4 May 1899), 1;

111 Even the ‘popular’ Scientific Worthies series acknowledged this - ironically 
in just the sort of convoluted language that would put off the popular reader: ‘It is 
true that no one can essentially cultivate any exact science without understanding the 
mathematics of that science.’ E Haeckel: ‘Scientific Worthies - Faraday’ Nature 8 
(18 September 1873), 257.
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other technical equations, particularly in English Mechanic, these were kept to a 

minimum, as the substance of the discoveries was the most important point.

Other letters opened up debates to members of the scientific public, giving 

them a forum within which to express their views. Disputative letters were spawned 

directly from a note or article that had caught the eye of the correspondent, and could 

be scientific, personal, religious, social or financial - as long as there was a direct link 

back to science. Some of the most heated debates came from the areas of heterodox 

science and religion. English Mechanic and Knowledge in particular printed 

protracted debates on astrology, fetichism, psychical phenomena, and the
I 1 T _comparative status of religion and science. “ These debates involved a number of 

those who would not otherwise have been printed on the pages of a respected popular 

science periodical - people who had managed to get their letters printed often by 

cajoling, demanding and in at least one case making threats.113

Corroborative letters would seem to be no more than the adding of 

information to a previously well-worn subject. This subject could be any scientific 

one, but more often these letters were associated with either a debate about the 

funding of science,114 an overview of a scientific study that the correspondent 

supported through the introduction of new evidence. A perfectly innocuous article 

could provide some unexpected results, as with the letters on the intelligence of 

anim als.115 By 1910 in Knowledge animal intelligence was being used directly as a 

marketing ploy to excite readers’ interests.116

See particularly chapter 5

113 For many of these debates see chapters 4 and 5. In Knowledge 3 (6 April 
1883), 202 Proctor relates a threat by a subscriber to denounce him to Knowledge's 
advertisers if Proctor does not allow him to have his say.

114 For instance see series in Nature from January 1874

115 ‘Animal Intelligence’ 1 Knowledge (17 March 1882), 437.

116 This appeared in the wake of a number of editorials exhorting the public to 
buy more copies in 1910.
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Whilst there was often a large editorial control over the content of the page - a 

look at the ‘Letters Received’ in Knowledge shows the large numbers of letters not 

printed - there is enough of a representation of a cross-section of groups outside 

orthodox science to make a judgement about the popular nature of the letters. 

Commercialism also encouraged less orthodox science to be represented, particularly 

with English Mechanic and Knowledge. Market forces guided correspondence 

columns more than articles or reviews, and thus they provide a valuable historical 

source for the study of the interaction of generative and regenerative forms of 

science.

Closely entwined with correspondence columns were the query and answer 

columns of English Mechanic and Knowledge. A cheap way for the reader to directly 

interact with the journal and a means for the scientist to enforce an orthodox view of 

science, these columns gave all parties a sense of community. As with 

correspondence, such queries led to lively interactive debate in many cases, often 

revealing in the process generative heterodox elements to scientific thought. First 

there was sheer misunderstanding, as in the ‘Student’ who could not work out, if 

stone was denser than wood, why a piece of wood did not rise when a brick was 

taken off it. Secondly there were more rarely letters on heterodox science - more 

important as they showed independent scientific thinking.117

‘Answers to Correspondents’ in English Mechanic answered basic queries

that had been sent in by the readers - where to find an article, practical tips on a

process or technique and so on. ‘Replies to Queries’ was added soon after, where

rather than being simple explanations such as ‘The prices of such machines are so
118various it is almost impossible to fix the sum . . .’ the replies expounded in detail 

on various subjects and readers were encouraged to write in with their own solutions. 

After A.B.C. complained that he was receiving mail to his home address, all 

correspondence was made public, unless specifically requested otherwise. 

Knowledge continued with the earlier tradition of editorial reply, although this was to

117 English M echanic 4 (1 4  December 1866) and following issues.

118 English M echanic 1 (21 April 1865), 38.
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prove taxing - at one stage one-line replies covered three pages, divided into 

subsections based on scientific areas. Proctor made a spirited attempt to answer 

every letter that he was sent, even about the best place to get a horse and how to look 

after it thereafter.119

As an historical tool in the study of scientific regeneration these columns 

must be treated with care. Although a significant indicator of the views of the 

scientific public, often the reply was too vague to supply any concrete evidence. The 

paucity of any real information about the readers - most used pseudonyms such as 

‘Hallyards’, ‘Demetia’ or ‘Aeschylus’ - prevents real grass-roots analysis. Extended 

debates developing from these queries are particularly valuable sources. However, 

used in a supporting role, the query answering services of the periodicals can be 

enormously helpful, and, moreover they are an excellent indicator of the popularity of 

the periodical, simply in the numbers of letters that are received.

Illustrative material

The importance of illustrative material cannot be understated. Popularity on a 

wide scale depended on ‘illustrations, and lots of them ’. Apart from being a 

marketing strategy, however, illustrations could be an extremely valuable form of 

regeneration. A visual representation, whether it was a diagram of a new invention, a 

picture of a famous scientist, or a photograph of a far nebula, could explain so much 

more in a much smaller space. Pictures also often served to express the religosity, 

reverence and power of science in a more emotive way than words on their own.

The art in the popular scientific journal varied over both the different source
120and over time. A major problem was that illustrations were highly expensive; 

even a woodcut could cost as much as paying for one original article. By 1912 and a 

new direction in popular science publishing, the massively successful Harmsworth

119 ‘Note’ Knowledge 4 (6 July 1883), 13.

120 Charles Knight spent twice as much on illustrations as text in the Penny 
Magazine - S Bennett: Loc. Cit., 238.
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Popular Science series had at least one illustration on every page. The effect of 

illustrations in raising circulation is an area that has yet to be charted in detail by 

historians of science. The converse could equally be true - the success of the journal 

could provide the financial capacity for more illustrations.121

With the high technological and engineering content of English Mechanic 

there was a need to explain in detail the precise workings - a task which could be 

explained with much more ease by the introduction of a simple diagram of the 

apparatus. This carried on over into the ‘purer’ science articles, illustrations being 

used as a visual explanation to the text. In fact the illustrations often took up the 

majority of the first page, with only an introductory piece of text before the article 

continued on an inside page, for instance with the new ship steering system of W 

Elder of Dundee. ““ In terms of discourse, these illustrations could greatly assist in 

the regeneration of scientific techniques to the imperfectly educated. Where the 

language of a scientific journal had a tendency to become too technical, the job of 

comprehension was made easier by the provision of a ‘map’.

When it came to description, an illustration could go beyond the article, and 

begin to explain further. Stylised art became a more common tool after the turn of
123the century - Harmsworth Popular Science is full of proud imperialistic imagery. 

Photographs of increasing quality could also help inspire (in reproduction form) as in 

the pages of Knowledge, others to pick up a telescope.124 Charts of the ‘Face of the 

Sky’ acted as a visual incentive to try ‘Astronomy without a telescope’.125 The

M J S Rudwick: Scenes from Deep Time: early pictorial representations o f 
the prehistoric world (Chicago: Chicago University Press, 1992) is an exception 
where the changing nature of scientific illustration is linked directly into society both 
at its inception and its reception.

122 English Mechanic 3 (8 June 1866), 201.

123 See chapter 5 for full discussion.

124 See chapter 5 for the reaction to the photographic reproductions of the 1890s.

125 E W M aunder’s series in Knowledge 23 (January to October 1900).
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juxtaposition of images with articles could do more than just transmit information; 

they could inspire.

The structure o f  the popular science periodical in the regeneration o f science

The structure of the popular scientific journal gives it a key role in the late 

nineteenth century. Although subscriptions may not necessarily have been high, its 

‘browsability’ made it much more likely to be perused where the subscription was 

from a general access institution such as a library. Whereas books, with the 

exception of the sixpenny publications, were comparatively expensive for their 

content, the variety of the popular science periodical increased its value, both in 

terms of value for money, and as a tool of scientific regeneration. Elements of the 

structure of the popular scientific journal were directly responsible for interactive 

communication between the scientist, the scientific practitioner and the scientific 

public. An interface between scientific spheres and a nexus of communication, the 

role of the popular scientific journal in its interactive format was one that necessarily 

became less so as orthodox science asserted itself. No longer required in a world of 

amateurs and professionals, it had to change, as in the case of Nature, or die, as in the 

case of Knowledge.

Summary: Textual methodology and the popular scientific journals

In the above sections there have been a number of points made, both in 

general and with regards to specific individual publications. Their function is 

obviously dictated by the historical background of the milieu from which they 

developed; this provided the popular science periodical with its raison d ’etres of 

commercialism and audience participation. Aims and objectives reinforced the 

‘club’ atmosphere of participation, whilst also providing the goals for which to aim. 

The varying success of these aims will be assessed in later chapters; however it can 

be said that the effect of the journals was quite often in variance to their stated aims, 

and often consciously so.
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The market for the popular science periodical developed as a result of 

changes in society and culture. Direct acculturation efforts of non-scientific groups 

helped the infrastructure of popularisation to develop. Changes within science 

created a requirement for scientific regeneration. Scientists and scientific

practitioners directly appealed to a scientifically interested public, creating its own 

market through direct interaction in the popular scientific journal.

The structure of the journal was in itself a tool of scientific regeneration. 

Whilst the short ‘browsing' nature of the articles and the weekly or monthly 

appearance made the periodical much like a newspaper, the sense of participation in a 

common effort was maintained through direct access to all scientific spheres. The 

general content encouraged the participation of the scientific public; this content 

varied over time as the aims of the journals and their market also changed. Such 

changes reflected both changing science and the changing relationships between 

scientific spheres. These relationships were defined in discourses of utility, culture 

and imagination.
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Chapter 3

Utility: Usefulness and usability in the popular scientific journals

Utility was, and still is, the most common means of popularising science. 

More than a simple and obvious ‘cause and effect’ relationship, in the period 1869- 

1914 time the clear association of science with beneficial results was only in the 

process of being established, so defining utility in the popular scientific periodical is 

often a much more elusive factor. Not simply Utilitarian, or utilitarian, but often 

useful in a deeply individualistic sense, utility in the popular scientific periodical 

bore only slight similarities to what would today recognise as ‘useful’ science.

Utility: ‘The Spirit o f the A ge ’1

The concepts of utilitarian thinking pervaded the thinking of nineteenth 

century Britain not only as an undercurrent, but also as an initial impetus to many 

social movements and cultural ideas. It was a short step from ideas of social 

improvement and the usefulness of the working man to direct formulation in the 

work of political thinkers such as Jeremy Bentham and John Stuart Mill was a short 

step. The potential improvements afforded by the espousal of this utilitarian

philosophy became apparent to those schooled in the Victorian middle-class way of 

thought. By 1860 the concepts of utilitarianism were a common part of the 

upbringing of the educated Victorian in the same manner as empiricism is intrinsic to 

the development of the modern mind.

Jeremy Bentham, J S Mill and the basis o f  the Utilitarian philosophy“

Although this study is not meant as a discussion of the more subtle nuances

1 Utility here is Benthamite. The discussion that follows is exact in
capitalisation to define the difference between the philosophical and the more 
common meaning of the word.

2 J Bowring (ed): The Works o f  Jeremy Bentham  (London: W illiam Tait, 1838); 
J S Mill: Utilitarianism, Liberty and Representative Government (1861, edition A D 
Lindsay (ed.), London: Dent, 1968); A P & J M Robson (eds): J S Mill: Collected 
Works (Toronto: University of Toronto, 1986) & Autobiography (1873, edition H J 
Laski (ed), London: Humphrey Milford, 1924).
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of Utilitarianism, it is possible to draw a number of rough trends to use as a basis for 

analysing the way in which the Victorian mind viewed the concept of usefulness. 

Bentham believed that the good in society could be quantified, and that this 

‘goodness’ was based in utility. Similarly Mill felt that the highest state of happiness 

could be found through the practice of good utilitarian thinking. Something could 

not just exist; it had to work well and in a manner that provided the maximum 

benefit to society. Utilitarianism was also a social way of seeing the world, in that 

what benefited society was a social conscience, a care for other human beings - 

although they had to be allowed to improve themselves. The end route to happiness, 

thus, was to be found in social responsibility, practical improvement and increased 

educational provision - the general betterment of society, whether in a directly useful 

way or in a cultural one.3

The working classes accepted few of these concepts. To the average working 

man, usefulness was visible on a personal, individual level, or as with the Friendly 

Societies and the Trades Unions, at a level that corresponded with a common, class 

conception. Such self-interest was seen as laziness by the middle class press - Punch 

saw it as their potential downfall in its vision of future:

. . .  in 1882 you would have found them living in far better 

style than their so-called richer neighbours. . . . they did strike and 

combine up to about a dozen years ago, [but] they have been forced 

out of the market by foreign competition. The great employers of 

labour are overjoyed. They declare they can now rely upon having

3 For the purposes of space I have significantly simplified this discussion, 
highlighting practical elements that affected scientific society. In reality 
Utilitarianism was often the justification for rather than the guiding rationale for 
unpopular legislation such as the 1834 Poor Law. It also contained numerous 
internal contradictions - interventionism and laissez-faire, humanitarianism and 
draconianism, liberty and denial of individualism - that hinder homogeneous 
analysis.

For a general introduction and comparison of Benthamism and Utilitarianism 
see the introduction to (ed) M Warnock: Utilitarianism  (London: Collins, 1962); M 
Cranston: John Stuart Mill (London: Longmans, Green & Co., 1958); M Cowling: 
Mill and Liberalism  (Cambridge: Cambridge University Press, 1983)
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their work done punctually and economically.4

Utilitarianism could not survive such a difference in agendas, and it was 

cultural opposition, along with a slow realisation of the realities of the society that 

the new industrial system had brought about, that saw the mutation of the Utilitarian 

ideal into one of usefulness - direct, practical and personal.

Utility and its role inside science

Within science the utilitarian ideal can be seen to have mirrored this change 

as it developed through the nineteenth century. Scientists used Liberalism and 

Utilitarianism as a reference point: Herbert Spencer and Richard Proctor espoused 

obviously Utilitarian views in their natural theology; Huxley and Lockyer’s 

positivistic tendencies echoed J S M ill’s later ideas; Henry Sidgwick initially 

followed this positivistic path, rejecting it for a more spiritual and humanist 

approach. ‘Pure science’ conducted by such men as Dalton and Davy became by the 

end of the century direct usefulness of scientific invention in industry and 

technology.5 Foremost among these were the electric light, telephone and internal 

combustion engine - the direct practical application of scientific principles in a 

manner that became directly useful to the population.

The development of German science in general, and ideas of Justus Liebig in 

particular, had provided one model for the practice of science inside a utilitarian 

framework. Letters from Liebig to Lyon Playfair illustrate the perception of ‘free’ 

science and the desire to allow its benefits to be felt by all - particularly as Liebig 

asked Playfair to help revise his Agricultural Chemistry, seeking advice on how to 

make the work more accessible to the English reader. Links between Liebig and his 

pupils, although not directly causatory in the regeneration of science in the sphere of 

the scientific public, provide an insight into the ways in which utilitarian science was

‘The British W orkman not at Home’ Punch 83 (14 October 1882), 171.

5 This is not as clear a transition as it might seem: Dalton worked as an 
industrial consultant, and if Berman is to be believed, Davy’s work was for the direct 
benefit of agricultural landlords. M Berman: Op. Cit.
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at least being accepted in the English educated classes.6

By the middle of the century science was no longer disseminated in itself but 

being regenerated through the popularisation of its benefits. This occurred 

throughout scientific society as the ‘decline of science’ debate linked progress 

intrinsically to a work ethic in science.7 By the 1890s science was providing a 

powerful discourse of its utilitarian bent through scientific practice - with assumed 

benefits that were increasingly seen by the power brokers of the state. What 

remained was to develop a regenerative discourse for the scientific public that linked 

scientific advances through the vehicle of technology to the concept of progress.

That this seems to have been achieved by 1914 is indicated by the decreasing 

amount of attention in articles on technology to its scientific background, 

concurrently with increasing attention in the popular scientific journal to cultural 

areas of science. Geography and geology had been intrinsically linked to

exploration, chemistry to industry, medicine to welfare and sanitation, physics to 

electronic apparatus, and mathematics to engineering.8 This came about not only 

because of the interest of the government and industrialists, but also because of a 

more deep-seated recognition of the utilitarian benefits of science in society.

1 T Wemyss Reid: Memoirs and Correspondence of Lyon Playfair (1899,
reprint Ilkley: Cassell, 1976), 46-51 & 88-89. Also W H Brock: Justus Liebig: The
Chemical Gatekeeper (Cambridge: Cambridge University Press, 1997).

7 W H Brock: ‘The Decline of Science’ in Idem: Science For A ll, XV;
Babbage: Reflections on the Decline o f Science', N Reingold: ‘Babbage and Moll and
the State of Science in Great Britain’ British Journal fo r  the History o f  Science 4
(1968), 58-64.

8 Various in J MacKenzie (ed): Imperialism and the Natural World', Broks: 
Op. Cit. on Pearsons’ publications. W H Brock: The Fontana History o f  Chemistry 
discusses the rise of chemical technology in industry. M Pelling: ‘Cholera, Fever and 
English M edicine’ provides an account of the intrinsic links between Victorian social 
welfare movements and medicine; see also J Walkowitz: Prostitution and Victorian 
Society: Women, class and the state (Cambridge: Cambridge University Press, 1980) 
for the causatory relationship of the Contagious Diseases Acts and Victorian attitudes 
to prostitutes.
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Utility as presented in the popular scientific journals

. . .  By originating new industries, [science] has given wages 

to the million, and has provided honourable employment and income 

to thousands; while, by enormously increasing the productiveness of 

human labour, it has added sensibly to the nation’s wealth and 

prosperity.9

Such was a view of science’s role as a utilitarian force in 1876. It was not 

solely pure science that achieved this situation but also industry and technology, 

regenerated in the sphere of the scientific public through a system of close alliances 

with the scientific practitioner. These alliances will be examined in terms of their 

utilitarian bonds in the next two sections. Having established the nature of these 

bonds, it is then possible to use this to analyse the failure of certain regenerative 

forms of utilitarian science to attract the readership. Finally this concept of utilitarian 

science is used to re-examine certain aspects of non-utilitarian science in order to 

provide a contrast and a rationale for viewing the regeneration of science inside a 

utilitarian framework.

In d u stry  and  Science

Industrial topics in the popular scientific journal served a direct practical 

purpose. They brought the new industrial techniques directly to the public; they 

provided a form of popularisation for the science behind the technique itself; and 

from this industrial science provided a direct justification for science in highlighting 

its practical use in society. The popularisation was a three-stage process. Firstly, the 

industry was evaluated in the context of its effect in contemporary society. Secondly 

it was analysed in terms of the techniques that it used. Thirdly, the debt industry 

owed to science was highlighted and placed in the position of primary importance, 

usually by retrospective comparison.

Aletheus: ‘Modern Science’ English Mechanic 23 (14 July 1876), 461.

76



Chapter 3: U tility

Evaluation

W hatever the disagreements over the nature of the Industrial Revolution,10 it 

can be said that by the late nineteenth century most of western European society had 

achieved a recognisably industrial base.11 Most people in the city owed their 

livelihood to some form of industrial manufacture. The industries singled out for 

attention in the popular scientific journals bear this out - those such as brewing being 

easily recognisable to the average man. Although middle class reservations about 

alcohol did not sit comfortably with articles extolling the virtues of the brewing 

industry, the combined effect of so many people using the industry and its strong 

chemical background made it ideal for the purposes of utilitarian popularisation.

Science was seen as intrinsically bound to brewing, as Carlsberg demonstrated in
1 ̂funding scientific research in 1878. “

War provided a simple justification for analysing science in the munitions 

and other heavy industries. The disputes between Britain and Russia in the Caucasus 

and Balkans in the 1860s and 1870s, the Franco-Prussian conflicts and, particularly, 

the Boer W ar provided the basis for a series of articles. Inventions, industrial 

processes, and the act of war itself proved fertile ground for the discussion of 

science.13 Despite adjacent liberal pleas for the end of such conflicts there seemed to

For a detailed analysis with technology as the prime mover in 
industrialisation see D Landes: The Unbound Prometheus (Cambridge: Cambridge 
University Press, 1969) However certainly earlier in the century it is doubtful 
whether technology had that great an effect on the process of industrialisation. ‘Its 
scientific inventions were exceedingly modest and no way beyond the scope of 
intelligent artisans experimenting in their workshops . . . ‘ E J Hobsbawm: The Age 
o f Revolution 1789-1848 (London: Weidenfeld and Nicholson, 1962), 30. See also 
M Berg: Op. Cit.

11 The process of mechanisation, not complete even today, are evident in 1865- 
1866 reports in the English Mechanic of problems such as unemployment and worker 
disputes with the management.

12 Nature 18 (5 September 1878), 503. B Harrison: Drink and the Victorians; M 
Savage: Loc. Cit.; G Stedman-Jones: ‘The Victorian Music Hall’.

13 ‘Science of Explosives as Allied to Warlike Purposes’ Nature 2 (19 May 
1870), 49-51; ‘Science of W ar’ (25 August 1870), 339-341; ‘Machine Guns’ (1 
September 1870), 358-361; ‘Guns and Gunpowder’ (8 September 1870), 378-379.
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be no paradox.14 The science of war was a regular topic in Nature in particular, less 

from a scientific viewpoint, and more from a ‘Jingoistic’ one. In this sense it stood 

apart from the decidedly more liberal viewpoints of particularly Knowledge.15 

However, the majority of discussed industries was uncontroversial, and reflected the 

cultural interests of the group at which the article was aim ed.16

Analysis

Industrial processes were described quite technically, but there was usually 

some simplification, or at least an explanation of the specialist terms to form a 

summary of the process for the educated layman. Where the audience was less 

knowledgeable the articles emphasised the development of the industry, particularly 

how utility ensured practical use of either the final product or its waste products - 

even back to prehistoric tim es.17 Nature often omitted such explanations entirely - 

the audience was already expected to understand such utilitarian links - commercial 

dyeing for instance was understood to owe its rationalisation on an industrial scale to 

chem istry.18 Detailing the business of groups such as the Iron and Steel Institute 

confirmed a link between science and industry through the personnel who used the 

technique - i.e., those best placed to see the benefits of ‘pure’ science.19

14 ‘W ar’ Nature 2 (21 July 1870), 229.

15 See for instance: ‘Our National Defences’ Nature 25 (19 January 1882), 261 - 
262.

16 Particularly pottery and glass - ‘Sevres Porcelain’ Nature 26 (11 May 1882), 
37-38; R T Glazebrook: ‘Jena Glass - A Modern Scientific Industry’ Nature 63 (20 
December 1900), 173-174; F G Selby: ‘The Development of Glass-Making in Jena’ 
Nature 82 (3 Feb 1910), 391-392.

17 ‘Primitive Industry’ Series in English Mechanic 48 (1888-1889).

18 The pre-1860 natural dyeing industry does have some claim to be an 
industrialised process; however, the introduction of aniline dyes certainly allowed the 
simplification, and thus the rationalisation, of the process on a more capitalised basis. 
W H Brock: The Fontana History o f  Chemistry, 293-310.

19 Usually reported in the Scientific Societies column in English Mechanic e.g. 
27 (5 April 1878), 87-88; Nature ran the initial note followed by a detailed discussion 
of the business as an article e.g. 15 (4 April 1878), 458-459.
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New scientific industries that developed over the course of latter half of the 

nineteenth century, or new scientific processes that developed inside old industries 

did require explanation, and often the popular nature of science overshadowed the 

lack of efficacy. In one such case in 1888 a technique to refine sugar through 

electrolysis led to industrial testing works in New York, and more were planned for 

Brooklyn. Silvanus Thompson threw doubt on the process, suggesting it was a 

different apparatus to achieve the original chemical technique; moreover there was 

no guarantee that it would be any cheaper. However, it was unlikely to matter to 

speculators:

The new process . . . has even excited interest in this country, 

where electrical inventions are rather a drug on the speculative market 

. . .  the mere prefixing of the word ‘electrical to a process or invention

is enough to attract attention on the Stock Exchange or in the public
20press.

Electric techniques had become well-known as an impetus for revitalising an
o i

industry,*" but there was the danger that through commercial pressure scientifically 

‘useless’ techniques might be adopted, not only to the detriment of the industrialist, 

but also to the reputation of science. The only way to assure science’s position in 

industry was to bind them so closely that the two became indistinguishable.

Debts to science

In the more general field science was portrayed not simply as a tool, but as 

the prime mover behind the progress of industry. Drawing on the Babbageian 

tradition science became a panacea for the nation’s ills. In a report in Nature on the 

meeting of the Society for the Promotion of Scientific Industry, Henry Roscoe 

opined:

20 ‘The Manufacture of Sugar by Electrolysis’ English Mechanic 48 (5 October 
1888), 107-108.

21 An apposite example would be the production of sodium hydroxide. W H 
Brock: Fontana History o f Chemistry; R Bud, G K Roberts: Science Versus Practice.
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Is England rapidly losing that commercial and manufacturing 

supremacy which she has held before the world for generations past? .

. . One correspondent in the Times tells us that in the East “the 

Germans are carrying everything before them;’’ “by their energy and 

their enterprise they have gone ahead of their English-speaking 

neighbours.”22

foreign countries are taking the wind out of our sails 

very fast . . . both their rate of progress and the means of attaining it 

are very much superior to ours,” because a better career is open to 

chemists there than with us.23

Such rhetorical juxtaposition was a technique of persuasion, born in the need 

to convince a potentially sceptical audience as Roscoe prepared the way for the 

arguments of the Society for more scientific training in those involved in industry.

The secret of the growing success of the Germans in 

commercial and manufacturing industries lies . . .  in the general 

interest taken in the advancement of knowledge, the development of 

new methods. In the Realschule the young German gets a thorough 

liberal and scientific education, not a mere rule-of-thumb training.24

Here arguments of economic prosperity upheld the principle of a general 

cultured education. More importantly, they secured the role of general scientific 

principles - not merely those specific to the task - in the education of the industrial 

worker. Speculation about the state of English industry became, in the end, a 

cleverly worded justification for the teaching of general science ‘without any narrow

22 Nature 9 (22 Jan 1874), 217; see also R Bud, G K Roberts: Op. Cit.

23 Ibid  and Nature 9 (1873), 113.

24 Ibid. Also ‘The Appreciation of Science By German M anufacturers’ Nature
48 (May 1893), 29-34 and T E Thorpe: ‘Chemical Instruction and the Chemical
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views as to . .  . future practical application,25 and thus by default a justification for 

pure science and pure scientists.

Historical retrospectives provided the ideal medium for the identification of 

the importance of scientific processes to industry. Roberts-Austen in 1899 was 

unequivocal in ascribing science the leading role in the history of the iron and steel 

industry:26

Hardly a step of our progress or an incident of our civilisation 

has not, at one stage or another, been influenced by iron or steel . . .

The question arises - [in 1800] was our national progress delayed by 

the unreadiness of the technical world in England to take advantage of 

the facts that science had established?

Although Henry Cort, the scientific practitioner and originator of using coke 

in the production of iron, received praise, Joseph Black, the chemist and populariser 

of the process retrospectively became the primary motivator.27 Revisionist history 

placed science to the fore, although historians such as Inkster and Hobsbawm have 

shown that this was only true for the later years of the nineteenth century. Only at 

this time did new scientific techniques develop with the express intention of being 

commercially viable.

The effect of science’s regeneration as scientific industry was to cause the 

swift industrial appropriation of new scientific techniques. Whereas this led to 

successes such as the extraction of aluminium from bauxite, failures such as that 

outlined by Silvanus Thompson had to be suppressed in order to retain confidence in 

scientific techniques. Such methods sustained the growing interdependency of 

scientific principles, applied science and industry, and by the end of the century many

Industries in Germany’ Nature 66 (8 May 1902), 32-34.

25 His italics. Loc. Cit., 218

26 W Roberts-Austen: ‘Progress in the Iron and Steel industries’ Nature 60 (11 
May 1899), 38-43.

27 R & C Temple: Invention and Discovery (London: Hodder & Stoughton, 
1892).
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of the articles, rather than examining science in an industry, became articles on
'"y o

scientific industry.“

This change found expression in the acceptance of the discourse of specialism 

by the scientific practitioner. The Chemistry o f  Commerce, by the professor of 

industrial chemistry at Kansas, Robert Kennedy Duncan, attacked American 

glassblowers for being ignorant of the science in their industry, their continued 

success being solely due to good management and marketing. Nature asked why 

Duncan did not analyse the potential of radioactivity, and attacked him for his lack of 

scientific theory.~ Just as the scientist was attacking the scientific practitioner, the 

scientific practitioner was using the same argument in his attack against those who 

misapplied scientific technique directly in industrial processes. All sides had 

accepted a discourse of scientific utility - science providing the practical basis for 

technology that was then applied in industrial processes. ‘In so many ways does 

chemistry come into contact with nearly every branch of industry that it is difficult to 

know where to draw the line in giving illustrations of the industrial results achieved 

through chemical research.’

Technology - Engineering, Inventions and Science

The technological content of English Mechanic was far higher than the ‘pure 

science’ of Nature and Knowledge.31 Knowledge contained almost exclusively pure 

science while Nature tended to present technological topics in a shorter form in the 

notes section. In all the journals the main foci of technological science were in the

28 See for instance: ‘Scholarships and Industry’ Nature 77 (7 November 1907), 
4-5; Babbageian views were still apparent, however, ‘The Smelting of Tungsten’ 
English Mechanic 73 (14 June 1901), 373-374. In tune with the Daily M ail, English 
Mechanic in particular used nationalistic declinist arguments after 1900.

29 R K Duncan: The Chemistry o f Commerce: A Simple Interpretation o f  some
New Chemistry in its Relation to Modern Industry (London & New York: Harper & 
Bros. 1907); ‘Modern Science and Modern Technology’ Nature 11 (21 November
1907), 49-50.

30 R Meldola: ‘The Relations between Science and Industry’ Nature 68 (27
August 1903), quote 398.

31 R Barton: ‘Just Before Nature’
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fields of engineering and inventions. Whilst general pronunciations on the state of 

technology and science were quite rare, much can be gleaned from the way in which 

specific subjects were presented, and especially the different ways in which they 

were presented in different journals.

Nature was biased towards ‘pure’ science when discussing technical subjects 

- a review of T C M endenhall’s A Century o f Electricity (1887) stated: ‘We miss . . . 

the name of Prof. Cumming “ who did so much to expand and define the growing 

science.’ and ‘we should have welcomed some account of the great theorists.’ The 

reviewer would have liked to see more on the electric light and something on the 

electric bell - common household items that would appeal to the ordinary reader. ‘In 

the less ambitious aim of popularising the experimental development of the subject
IShe has succeeded admirably.’ The reviewer had wanted to see a direct 

popularisation of the effects of scientific knowledge. This was in contrast to the 

approach of English M echanic, whose various articles assumed that applied science 

and pure science were to be found in the technology itse lf.34

Engineering

Amongst the numerous applied arts and sciences which in our 

time claim so much of the attention of mankind, it would be difficult 

perhaps to discover one which has remained in such obscurity as that 

adopted by the practical engineer. In his calling, science and art 

approach nearer to each other perhaps than in any other, if they do not 

meet entirely on equal grounds; and yet, their innumerable points of

32 Author of An Introduction to the Theory o f Electricity (London: MacMillan,
1876). Reviewed in Nature 15 (19 April 1877), 526. Once again a positive review 
of a MacMillan-produced publication.

33 ‘Book Review: T C Mendenhall: A Century o f Electricity’ (London: 
Macmillan, 1887) Nature 36 (21 July 1887), 266-267.

34 There were exceptions to this such as H Letheby: ‘On the Present State of the 
Chemistry of Gas Lighting’ English Mechanic 1 (28 July 1865), 207 and following 
issues described the chemicals involved and the way in which the chemical processes 
to extract such chemicals as propylene and butylene were undertaken.
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contact have seldom attracted any large share of observation.35

The journals did their part in redressing this balance. The Institutes of Civil 

and Mechanical Engineers were represented amongst the society columns in all of 

the popular scientific journals, and special mention was made of engineering 

projects. In Nature , despite these two institutes being viewed as essential members 

of any Government Grant Committee, there were few engineering ‘Scientific 

W orthies’, indicating that here engineering was still placed as lesser to, or at least as 

a natural progression from, ‘pure’ science.36 Engineers were often not seen as 

scientists - the first issue was sarcastically dismissive of M. Boutet’s plan to bridge 

the Channel.37 Engineers were a representative section of the sphere of the scientific 

practitioner; and thus they did use many of the same tools as pure science, employing 

‘the concepts, mathematical techniques and experimental procedures of the physical 

sciences’. Whilst not always obvious, this connection found expression in articles 

such as the analysis of friction on railway tracks undertaken specifically to improve 

brakes on trains, or the direct application of mathematics to the shape of the new 

warships.39

The orthodox scientist refuted any potential challenge that practical 

engineering might pose to ‘pure’ science. In a review of W iesenbach’s A Manual o f 

the Mechanics o f Engineering, the reviewer, P E Dove, highlighted the lack of 

calculus in the book as a major failing, stating ‘ . . . authors of books on mechanics 

and kindred subjects seem to forget how small is the amount of mathematical

‘Engineering’ English Mechanic 1 (March 31 1865), 4-5.

36 Richmond and Gordon: ‘Government Aid to Scientific Research’ Nature 14 
(29 June 1876), 186. Scientific Worthies series extolled the lives and achievements 
of various scientific figures. See Chapter 2 for fuller explanation. E S Barr: Isis 56 
(1965), 354-356 contains a list of the scientific men honoured with in this manner.

37 Note: Nature 1 (1869), 161.

38 I Inkster: Science and Technology in History.

39 Nature 20 (24 July 1879), 294-295; (31 July 1879), 316-317; J J O ’Neill:
‘Interrelation of the Theory and Practice of Shipbuilding’ Nature 11 (6 February
1908), 327.
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knowledge possessed by the average engineer.’40 There could have been an element 

of class distinction in this: until 1898 working-class apprenticeship was the only way 

into the British engineering profession, a training that involved practical skills that 

could obviate some of the need for higher mathematics.41 Moreover, such 

mathematics as was contained in W iesenbach’s work (even leaving the calculus to 

one side) would still have been well beyond the ordinary man. It has been assumed 

that this lack of engineering theory retarded the development of the engineering 

profession in Britain; however many of the mathematical techniques simply were not 

required at a practical level for the standard of engineering at the time. As below in 

the discussion of the Tay and Forth bridges, a practical approach needed to be used in 

conjunction with the mathematical -  simply because mathematical engineering on its 

own was not fully defined. Scientists regenerated technique and theory; scientific 

practitioners fact and achievement, rather than details of the calculations involved. 

Significantly this led to two discourses -  one internalist and mathematical, and one 

externalist, and practical and exemplary.42

Bridging of gaps such as the Tay and the Forth could in part be seen as a 

visual testament to the power of modern engineering, and thus by extension of 

modern science. In 1878 A Grothe, the manager of the engineering firm in charge of 

the Tay Bridge project, filled an unprecedented eight pages of Nature with text and 

illustrations regarding its construction, in which he emphasised the science involved:

. . .  the work must have a still greater importance in the eyes of 

engineers and those interested in the practical application of scientific 

principles, as many new methods to overcome formidable difficulties

40 P E Dove: T h e  Mechanics of Engineering’ Nature 16 (31 May 1877), 81-82.

41 A review of E S Dana’s A Textbook o f Elementary Mechanics fo r  the Use o f  
Colleges and Schools (New York: J Wiley & Sons, 1881) looked upon his claim of 
need for only limited mathematical knowledge with suspicion. ‘A Text-Book of 
M echanics’ Nature 23 (14 April 1881), 552-553.

42 Mathematics was notoriously difficult to popularise, being essentially a 
language. Apart from Proctor’s attempts, one exception to this can be found in the 
work of W K Clifford: The Common Sense o f the Exact Sciences (London: Kegan 
Paul, 1885) reviewed in Nature 32 (11 June 1885), 124-125.
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were successfully carried out, some of which might with advantage be 

used in similar structures.43

Nature's lack of column inches on previous engineering projects contrasted 

strongly with massive coverage of the ‘scientific achievement’ of such a huge 

structure.44 The bridge’s subsequent collapse with the loss of 75 lives did not feature 

at all. Probably due to miscalculations of the effect of high winds on the part of the 

designer, Thomas Bouch, this was not a positive message to present, particularly for 

a mathematical approach.43

The Forth Bridge, when building recommenced in the aftermath of the Tay 

disaster, received a more cautious treatment from the journals. The new plans 

engendered complaints to Nature, particularly from unsuccessful bidders. The 

journal understandably passed on judging the complaint as a decision had already 

been made, although it did stress the experience of the civil engineers involved.46 A 

brief discussion of the validity of the design, with some expressing concern over its 

radical nature, was effectively ended by the designer, Benjamin Baker (1840-1907), 

who answered the criticisms in a manner that satisfied his opponents.47

As memories faded and the construction of the bridge progressed, so the 

interest from the journals increased. The plans self-consciously mimicked nature, 

taking the practicality of balance and control of large four-footed animals in the 

cantilever design, but due to the previous disaster such scientific comparisons were

43 A Grothe: ‘The Tay Bridge’ Nature 18 (1 August 1878), 361-368, quote 368.

44 For instance in 1887 the proposal for the Baltic Canal passed in a brief note: 
Nature 36 (5 May 1887), 15.

43 Bouch’s death in November 1880 was reported in the notes column. For the 
Tay Bridge, its construction and subsequent fall, see J Prebble: The High Girders: 
The Story o f  the Tay Bridge Disaster (Harmondsworth: Penguin, 1976).

46 G B Airy: ‘The Forth Bridge’ Nature 26 (October 1882), 598; ‘Note’ Nature 
27 (16 November 1882), 62; (23 November 1882), 89.

47 C S Smith: ‘Sir George Airy on the Forth Bridge’ Nature 27 (30 November
1882), 99; G B Airy: ‘On the Proposed Forth Bridge’ (7 December 1882), 131-132; 
H Tomlinson: ‘The Forth Bridge’ (14 December 1882), 147-148; B Baker: ‘Sir 
George Airy on the Forth Bridge’ (4 January 1883), 222-223.
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not drawn. The emphasis in Baker’s articles and letters to Nature in 1887-1888 was 

not in science, but in machinery and engineering principles, stresses and weights. In 

the wake of previous bad publicity, Baker had to persuade the scientific community 

of his scientific credentials whilst convincing the public of the safety of the 

construction. Despite obvious links to pure science, the scientific community stood 

back from endorsing his plans until they were proven to have worked.48

Inventions

Nature's approach on new inventions was generally perfunctory, with 

exceptions made for those inventions that demonstrated sound principles of science, 

served some practical purpose in the service of science, or had direct bearing on the 

practice of science. J H Robertson’s modification of Cowper’s writing telegraph of 

1879 was a means to send messages by telegraph but in writing ‘similar to that 

written by the sender.’ It was reported that although he had ‘made the apparatus very 

practical’ it was ‘very doubtful whether there [was] a demand for this system, for the 

operation [was] necessarily very slow’.49 Whereas in other journals reports from the 

Exhibitions on Labour-Saving Devices were reasonably regular, appearing under 

titles such as ‘Science in Its Application to Domestic Life’, more cultural items were 

seen by Nature as being distracting to the work of science: ‘ . . .  the attractive and 

popular nature of the phonograph has had the effect of throwing some equally 

important inventions into the shade.’50

With the exception of new electrical mechanisms, reporting of inventions in 

Knowledge was extremely limited - ‘pure’ science dominated. Information on

48 See S MacKay: Bridge Across the Century: The Story o f  the Forth Bridge
(Edinburgh: Mowbray House Press, 1985) for details of the practical demonstration 
of the cantilever system, and other controversy over the design.

49 ‘Cowper’s Writing Telegraph’ English Mechanic 28 (March 1879); WBB:
English Mechanic 29 (September 1879); Nature 36 (October 6 1887), 540.

50 ‘Edison’s Inventions’ (reprinted from Scientific American) Nature 18 (24
October 1878), 674-6 quote from page 674. For the tasimeter see Nature 18 (1 
August 1878) For the phonograph see ‘Edison’s Talking M achine’ Nature 17 (11 
April 1878), 469-471. For inventions of others see e.g. ‘An Eclipse Spectroscope’ 
Nature 18 (27 June 1878), 224-225.
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technology was usually reduced to retrospective articles summarising previous 

achievements. By 1881 both the electric light and the telephone were in the public 

sphere, and Knowledge featured other electrical inventions, particularly electric 

motors and dynamos.51 Knowledge did not have the technological bent of English 

Mechanic - and deliberately so, as it popularised the culture, rather than the utility of 

science.

English Mechanic presented various practical inventions to the public -  such 

as a device for taking the top off an egg neatly and without damage to fingers- ‘a 

science in which most folk are botches’. Although tongue-in-cheek, English 

Mechanic said: 4 . . .  we anticipate a large demand for “plates of metal, porcelain or 

other suitable material” and consequently an increased consumption of eggs.’52 In 

this manner patent lists were used as the basis for articles.53 More scientifically 

utilitarian were the 1876 report on ‘improvements’ on the Galilean telescope (which 

the reviewer obviously felt was anything but), the 1880 series on ‘Recent Advances 

in Telegraphy’, or the 1866 feature on improvements made to the steering of ships, 

described in great detail, and with clear woodcut diagrams of the way in which the 

new process worked.54 One particularly detailed and useful article, spanning two 

pages (with one page of diagrams) was W A Haren’s method of constructing a 

diffraction spectroscope, a highly technical piece of equipment that would normally

This is made clear by an article that indicated in 1882 that the only progress 
in lighting at this time was in improving previous inventions TE lectricite’ 
Knowledge 2 ( 1 8  August 1882), 192. ‘Magnetism and Electricity’ Knowledge 2 (20 
October 1882), 343-344; ‘The Brush-Dynamo Electric M achine’ Knowledge 4 (13 
July 1883), 24-26; J J Stewart: ‘Some Practical Applications of Electricity’ 
Knowledge 14 (2 February 1891), 33-34. Also see the series on the ‘Amateur 
Electrician’ from October 1882.

52 ‘The Age of Invention’ English Mechanic 1(11 August 1865), 233

53 Patent lists are a source that still provide the basis for modern discussion of 
science in an anecdotal manner in the BBC television programme Tomorrow’s 
World.

54 ‘Improvements in Galilean Telescopes’ English Mechanic 23 (16 June 1876), 
350-351; W H Preece (from the Cantor lectures) ‘Some Recent Advances in 
Telegraphy’ English Mechanic 29 (October 24 1879 - 2 January 1880); 
‘Improvements in Steering Ships’ English Mechanic 3 (8 June 1866), 201.



Chapter 3: Utility

only be available to a professional astronomer.''5 English Mechanic also placed 

emphasis on inventions that were purely recreational such as the roller skate. An 

invention not necessarily practical, but certainly of use, was discussed due to its 

worth or importance inside society at the time: ‘ . . . whatever others may have 

gained by the present mania for rinking and roller-skates, the Patent Office cannot 

complain for a want of patronage in connection with the movement.’56

English Mechanic consistently made all practical inventions or processes 

available to the reader. Readers who replied to queries with methods or diagrams of 

equipment, for instance, were exhorted to firstly make sure that it worked, and 

secondly to make sure that they used the cheapest method possible in order to cut 

down the cost to the person at whom the reply was aimed.57 Electrical applications 

were seen as valuable in the encouragement of the home inventor.58 Regenerative 

responses from those who had either duplicated or ‘improved’ the latest technique 

confirmed that there was a shared discourse of technological achievement.

The telephone and microphone - Nature and the reporting o f scientific invention59

History has named Alexander Graham Bell (1847-1922) as the inventor of the 

telephone, although there were a series of legal battles surrounding this. The 

contents of the popular scientific journals in England at the time do little to clarify 

the reality. Technological breakthroughs in telegraphy were followed closely by both

55 W A Haren: ‘An Amateur’s Solar-Prominence Diffraction Spectroscope’ 
English Mechanic 39 (6 February 1885), 497-499. Although English Mechanic, 
unlike Nature, did not emphasise the aid of inventions to science, there was still a 
sense of practical usability derived from such inventions.

56 ‘Roller Skates’ English Mechanic 23 (14 April 1876), 111.

57 ‘Volume IV’ (Editorial) English Mechanic 4 (September 1866), 2.

58 See for instance the diagrammatic analysis of the electromagnetic motor 
English Mechanic 31 (3 July 1880), 302.

59 J R Beniger: The Control Revolution: Technological and Economic Origins 
o f the Information Society (Cambridge (Mass.) & London: Harvard University Press, 
1986); A F Harlow: Old Wires and New Waves: The History o f  the Telegraph, 
Telephone and Wireless (New York: Appleton-Century, 1936); E A Marland: Early 
Electrical Communication (London, New York, Toronto: Abelard-Schumann Ltd.,
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of the existing journals, and with developments towards long-distance oral 

communication the level of coverage increased. The telephone became a regular 

feature mainly due to the sound scientific principles underlying its inception. In 

1876, for instance, J Munro went into great technical detail, and covered two pages, 

in producing an illustrated guide to Elisha Gray’s invention. Seen as of primary 

importance in transmitting music in the form of electricity, there was little mention 

of the speech potential of the instrument. In fact, when placed against existing long- 

range communication: ‘It would seem hitherto, however, that this method of 

telegraphy by the telephone is inferior to the ordinary methods in point of speed of 

signalling, and in the length of circuit which can be worked by ordinary battery 

power.’60 The interest in the invention for Nature was not in the direct practical 

usage of the telephone - rather the way in which the scientific principles of electricity 

and electro-magnetism were being demonstrated in the form of a piece of 

technological apparatus, a curiosity demonstrating sound scientific theory in practice.

More practical was the resume of various experiments in telephonic 

equipment that appeared some months later, the obvious intent of these being to 

produce a working apparatus.61

Physics tells us that the sounds produced by each instrument 

have their proper tone and their distinct measure; in other words, the 

notes that come from a violin, a flute, a trombone, correspond to 

different vibrations transmitted by the atmosphere and characteristic 

of each note.

The primary use was still seen as the transmission of music rather than 

speech, the possibility presented of the telephone being used as an alternative to

1964).

60 J Munro: ‘On the Telephone: An Instrument for Transmitting Musical Notes 
by the Means of Electricity’ Nature 14 (11 May 1876), 30-32. Gray was an 
established American inventor and manufacturer of electrical appliances.

61 ‘Telephones and Other Applications of Electricity’ Nature 14 (1876), 353- 
355.
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hiring musicians at dinner-parties - ‘Perhaps our children may find the thing simple 

enough’ was the final conclusion.

Bell registered his patents in the United States in 1876 and Britain in 1877, 

for a machine that not only allowed music to be transmitted, but also the human 

voice. The Times received the news of this new patent sceptically, and there was no 

report whatsoever either in English Mechanic or Nature, and it was left to 

retrospectives to fill in the gap in the readers’ knowledge. Even as the Post Office 

was adopting the Bell telephone for use, the popular scientific journals there still did 

not mention it - the one telephonic item reported was a demonstration to the Society 

of Telegraphic Engineers in January 1877 where ‘musical notes were transmitted 

along 120 feet of wire.’62 It was also left to retrospectives to elucidate the role of 

Reis, who in 1861 had produced a similar machine that could transmit music 

imprecisely through a wire. '

Nature only told the full story in 1878. Gray had known of the design that 

became the Bell telephone and, believing that Bell had not built it, had patented the 

principle, although not the model, in February of 1876.64 Therefore, it was that there 

had been no mention made of it in the article of 1876.65 As it was Bell eventually 

defeated Gray in a patent dispute in the American courts.66 Curiously despite 

claiming that it was becoming ‘more widely recognised as the organ of science the 

world over’, Nature failed to report the invention of an instrument which, 

exemplified by its own treatment of European experiments, it had a passionate 

interest in.67

62 ‘Note’ Nature 15 (4 January 1877), 200.

63 W F Barrett: ‘Early Electrical Telephony’ Nature 17 (25 April 1878), 510- 
512.

64 Hours after Bell himself. H Gartmann: Science as History (London: Hodder 
& Stoughton, 1960), 138.

65 W F Barrett: ‘History of the Speaking Telephone’ Nature 19 (12 December 
1878), 121.

66 W Slingo: ‘W ho invented the telephone?’ Knowledge 5 (29 February 1884), 
123.

67 ‘Retrospect and Prospect’ Nature 18 (2 May 1878), 1-4.
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It is not merely enough to cite communication difficulties, despite evidence 

that information on Edison’s inventions in both Nature and English Mechanic came 

directly from the Scientific American. Thomson had even witnessed Bell’s 

demonstration. One explanation is perhaps based around American and British 

patents - with no full description in the British press it was possible a British inventor 

could develop something similar in the period between 1876 and 1877. Doubts 

about the validity of Bell’s claim remained until the end of the 1880s, and certainly 

British ideas were foremost in Nature of 1878 - M illar’s telephone without magnets, 

Romains’ coil telephone, and Barrett’s cheap telephone made from pieces of scrap - 

Nature becoming more like English Mechanic in its letter pages.68 Apart from the 

above article, there was no more mentioned of Gray until the retrospectives. Nor was 

there a report on Edison’s carbon disc telephone until his conflict with Hughes. 

Another possible explanation that could hold sway, and one based more firmly in the 

evidence, is Bell’s amateur status. He was not represented simply because he did not 

have the authority that was granted to others who were more established.69 In 

contrast Gray, Millar and Barrett were respected professionals in their field.

Such was the pace of technological change that within the space of two years

the ‘British’ discovery of an apparatus capable of amplifying speech was

announced.70 D E Hughes’71 microphone used the telephone as part of its apparatus, 

but with the advantage of producing articulate speech at a greatly amplified level. 

The key to the microphone was described as scientific discovery - ‘certain bodies are 

sensitive to sound, in the same way that selenium is sensitive to light.’ Bad electrical 

contact allowed fluctuating current to pass from one end of the circuit to the other - 

the introduction of metal into porous charcoal forming the first manufactured

68 W J Millar: ‘A New Telephone’ Nature 17 (24 January 1878), 242; J M 
Romains: ‘New Form of Telephone’ Nature 17 (10 January 1878), 201; W F Barrett: 
‘A Cheap Telephone’ Nature 17 (3 January 1878), 193.

69 D Hounshell: ‘Elisha Gray and the Telephone: On the disadvantages of being
an expert’ Technology and Culture 16 (1975), 133-161.

70 ‘The M icrophone’ Nature 18 (16 May 1878), 57-58.

71 Hughes was technically British - born in London in 1831 he lived mainly in 
America from 1838 until 1877, then living in London until his death in 1900.
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resistor. Nature was cautious in ascribing too much in the way of practical potential, 

rather playing up the potential benefits to science in gaining an instrument of 

amplification; moreover the tone of the article indicated scientific, rather than 

technical, discovery of the highest order. In June of that year Nature reported the use 

of the microphone in surgery - as an aid to crushing gallstones, and W J Millar in the 

same edition explained his refinements.72 This staid approach contrasts starkly with 

English M echanic's flurry of responses, where the readers were ‘seriously afflicted 

with microphonomania . . ,’73

The spirit of scientific optimism was dashed by the wrangle between Edison 

and Hughes, with Edison claiming an a priori right to being associated with the 

invention o f what he referred to as the ‘carbon telephone’, using the same principles 

as the microphone. Thomson, in a letter to Nature ,74 pointed out that the core of both 

apparatus was the use of ‘variable resistance carbon tubes’, a principle first 

developed by Clerac, and passed to Hughes in 1866. Moreover, the underlying 

scientific principle was one originally developed by du Moncel. Thus neither could 

claim scientific originality; and as this principle was the common bond between the 

two instruments, there were no grounds for conflict. It was clear which side of the 

debate Nature supported - putting Britishness and scientificity over Americanness 

and technology.75

By 1880 telephony, as it had become known, was passing from the

7~ ‘The Microphone in Surgery’ Nature 18 (6 June 1878), 157; W J Millar: 
‘New Refinements to the Microphone-Receiving Instrument’ Nature 18 (20 June 
1878), 194.

73 W Binns: ‘The Micro-Battery’ English Mechanic 27 (28 August 1878), 602.

74 W Thomson: ‘The M icrophone’ Nature 18 (1 August 1878), 355-356. The 
following letter detailed the previous existence of the microphone, working on 
similar principles to a doctor’s stethoscope, and invented by Charles Wheatstone in 
1827. This obviously did not consist a threat to Hughes’ invention in the same 
technical way as did Edison’s challenge. W F Barrett: ‘The M icrophone’ Nature 18 
(1 August 1878), 356.

75 Alexander Graham Bell was Scottish by birth, but had become a naturalised 
Canadian in 1874.
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experimental stage and into manufacture.76 Although there had been many 

alterations to B ell’s original design, there had been no new system of communication 

that could improve on it. All of the other designs, including Edison’s electro

chemical telephone and Preece’s electro-thermal telephone used similar principles 

involved in electrical theory, and thus achieved similar results.77 Despite this there 

was still evidence of scientific lack of appreciation of the pace of development. 

Hospitalier’s The Modern Applications o f  Electricity of 1882 was already out of date 

when referring to Reis’ telephone being a ‘purely musical apparatus’ - Nature was 

able to use accounts of Reis’ own experiments to prove this.78 More important to 

Nature were Hospitalier’s scientific errors, although ‘Doubtless the numerous 

excellent illustrations with which the book is adorned will procure it for a ready 

sale.’79 Nature's own oversights of 1876-1877 were not mentioned.

The only new invention still under development was that of Edison / Hughes’ 

microphone, a by-product of investigation into telephonic apparatus. Despite not 

being fully understood it was seen as the direct result of investigation on scientific 

principles, also opening up another field of study for the scientist in trying to 

understand the principles that made it work. The history of the development of the 

telephone reveals much of the way Nature, at least, approached scientific inventions: 

emphasis of sound scientific principles; analysis and development from ‘scientific 

toy’ to fully viable commercial apparatus; application of the technology back to 

science; endorsement of science in the success of the instrument; and creation of new 

areas of research as the experiments in technology discovered them. Inventions were

76 The Bell Telephone Company was set up in 1881. £1.5 million had already
been invested in the practical application of the new system, with the business 
already being used to the tune of £100,000 a year. W H Preece: ‘Recent Progress in 
Telephony’ Nature 26 (21 September 1882), 516-519. Preece worked for the Post 
Office and became instrumental in the spread of telephonic technology through his 
work there and his own research. For the development of exchanges see K Geddes; 
‘The GPO and the Telephone’ Third IEE Meeting on the History o f Electrical 
Engineering (London: IEE, 1975).

77 W H Preece: ‘Recent Progress in Telephony’, 517.

78 ‘The Modern Applications of Electricity’ Nature 26 (27 July 1882), 289.

79 Ibid., 290.
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not merely a means of the regeneration of scientific principles but also seen as the 

openers of new doors for scientific enquiry, and so was created a discourse based on 

a mutual dependency. In emphasising this link Nature could, however, omit 

developments that had to be left to retrospectives to fill. Bell’s success eventually 

brought recognition by Nature by 1880 - five pages and copious illustrations on his 

‘photophone’ showed that, as a result of his work, the British scientific community 

had accepted him.80

English Mechanic and the Electric Light81

Although Edison’s light bulb is an obvious starting point, experiments had 

been ongoing in the production of electric light for some time beforehand. Bad 

conductors produced light at the expense of the degeneration of the conductor used, 

originally with Joseph Swan’s invention of I860.82 As English M echanic's notes 

sections are sparse on the practical application of electric light, one has to mainly 

examine Nature to find evidence of the use of incandescent lamps - in Paul 

Jablochkoff’s experiments with kaolin; Gramme battery machines at the Palais de 

l’lndustrie, and for night working, in Paris; W erdermann’s ‘brightest light yet’ from 

carbon; and the German military’s use of searchlights.83

A parliamentary report assessed the future of the electric light in 1879 - an 

enquiry Nature found useless, as it merely confirmed general scientific opinion: ‘The 

general conclusion arrived at is that we can do no more with the electric light at

80 ‘Bell’s Photophone’ Nature 23 (4 November 1880), 15-19.

81 General histories of lighting include: J M & J S Saby: ‘The Electric Lamp:
100 Years of Applied Physics’ Physics Today 32 (1979), 32-40; A A Bright: The 
Electric-Lamp Industry: Technological Change and Economic Development from  
1800 to 1947 (New York & London: MacMillan, 1947); J W Howell & H Schroeder: 
The History o f the Incandescent Lamp (New York: Maqua, 1927); J D Bernal: 
Science and Industry in the Nineteenth Century (London: Routledge & Kegan Paul, 
1953), esp. 113-133.

82 G Wise: ‘Swan’s Way: A Study in Style’ Spectrum  19 (1982), 66-70.

83 Notes in Nature 16 (10 May 1877), 32; Nature 16 (5 July 1877), 197; Nature
15 (25 January 1877), 284; Nature 19 (14 November 1878), 37-9; Nature 19 (14
February 1878), 310. Also W de Fonvielle: ‘Gas and Electricity in Paris’ Nature 21 
(22 January 1880), 282-284; Note Nature 23 (18 November 1880), 64.

95



Chapter 3: Utility

present, but that we must do nothing to restrict its development. We did not need a 

Parliamentary Report to tell us that.’84 In calling for compensation for gas investors, 

the author also highlighted middle-class concerns. At the time the electric light was 

not safe enough for domestic use, besides being impractical as W J Lancaster 

indicated - the batteries used were malodorous, the expense of the lamps and the 

replacing of the carbons was exorbitant, and the resulting light was, in his view, far 

too bright for domestic lighting.85

The potential of electric lighting was confirmed when Edison’s electric light, 

using burnt paper as a filament, was first reported in the English Mechanic in a 

February 1880 article, taken from Scribner's Monthly. Effusive in its praise of the 

new invention, its importance was recognised:

From this [invention] a light, equal in power to twelve gas jets, 

may be obtained. Mr Edison has thus succeeded in making a lamp of 

the simplest imaginable construction, and of materials whose expense 

is extremely small. The test of the value of the invention is its 

simplicity, and this is the crowning value of Mr Edison’s lamp, for it 

is really nothing more than a piece of wire looped into a glass globe.86

It was the enclosing of the filament that lent the invention its practical edge 

by making it safe for use inside - the only previous British use of incandescent lamps 

was in lighthouses. Significant emphasis was placed upon the scientific background 

that went into the initial development of the lamp - Upton emphasised Edison’s 

knowledge of conductivity and highlighted the problems involved in developing 

carbon non-porous enough not to be destroyed by the air contained within it when

‘The Electric Light’ Nature 20 (26 June 1879), 190-191.

85 W J Lancaster: ‘Domestic Electric Lighting’ English Mechanic (19 January
1877), 462. The importance of Edison’s invention can be seen from a series of 
reports by J N Schoolbred, J T Sprague, and K Hedges which all supported the view 
that electric lighting was not usable enough to replace gas due to cost, practicality 
and safety. Tracts on Electric Lighting 1878-1879 (London: E & F Spon, 1879).

86 ‘Edison’s Electric Light’ English Mechanic 31 (August 1880), 527.
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current was passed through it. Assumptions of the requirement for scientific training 

were at odds with the practical reality - the light was produced on a trial and error 

basis through the bench-testing of various materials - many of them not carbon-based 

at all.87

Responses in English Mechanic involved the application of the science 

directly in the form of the manufacture of the object rather than an exhaustive 

analysis of the theoretical background. Two weeks later a practical methodology

appeared - in response to requests made by readers - detailing how to manufacture
88electric lamps. However, as this was ‘for amateurs’, the Edison lamp was not 

discussed - it required the ability to produce a vacuum inside the bulb which the 

majority o f readers would not have been able to replicate. Two examples, one of 

platinum wire - very effective for a short length of time - and the other of a carbon- 

based regulating lamp, demonstrated the principles.89 Diagrams of one regulator in 

use at the time obviously challenged ‘amateurs’ to improve on the design. The 

author even supplied a simplified version, again illustrated for easy reproduction.

By 1884 English Mechanic emphasised solely the improvement of the 

manufacturing process of the electric lamp90 - there was no longer any need to 

demonstrate its scientificity. Edison’s own design was changing - the filament was 

now charred bamboo - in tune with the development of men such as Swan. The 

electric light provided an outlet for the budding inventors who read English 

Mechanic - financial benefits were by this time apparent. Science also directly 

benefited as bulbs were by this time being used in microscopy and in photo

micrography. These results were presented to the public through the pages of the

87 R Friedel and P Israel: Edison's Electric Light: The Biography o f  an 
Invention (New Brunswick: Rutgers University Press, 1986).

88 ‘Electric Lamps’ English Mechanic 31 (August 1880), 572-574.

89 The (engineering) problem here was to regulate the distance between the two 
poles so that they remained constant, and thus they were named ‘regulating’ lamps. 
All of the lamps in commercial use at this time were based on this process.

90 ‘Swan’s Improved Carbons for Incandescent Lamps’ English Mechanic 40 (5 
September 1884), 2-3.
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journals, reinforcing the link from science to technology and back to science again,91 

although English Mechanic viewed the two as one and the same, in contrast to 

N ature's approach of interrelationship.92

The presentation of the electric lamp in the English Mechanic encouraged 

inventors to replicate and improve on the older style of regulating lamp, and so 

development concentrated on the type of cell, especially in producing cheaper 

versions, rather than in the lamp itself. The journal contained very little on direct 

practical application of electric lighting - it was a technical experiment. Whilst 

Nature directly publicised the use of electric lighting in illuminating railway stations 

and large buildings, English Mechanic readers were not expected to replicate this, 

and so were encouraged in small-scale projects. English Mechanic readers had to be 

taught the techniques involved, they did not have the financial resources to produce 

up to date technology, and it did not matter to them that Paris was using electric 

lighting as they were never going to go there. Practical application of the general 

principle was in their reach, and thus this is what was popularised.

Technology, Engineering and Inventions - Summary

A vital difference in the perception of utility in science has become apparent. 

Whereas the traditional view of utilitarian science in the middle classes was one of 

either the usefulness of science to society in an unquantifiable, eclectic fashion, or 

supporting society through direct practical aid in terms of technology, a new 

definition of utility was defined which appeared to originate from further down the 

social strata. Nature was a populariser of utilitarian science, English Mechanic 

practical construction. It could be argued that Nature was the more utilitarian 

journal, as direct effects were clearly demonstrated, but this discounts a different 

definition of utility that can be applied that depended on a concept of usability - if 

something was of direct practical aid, or even just interest, on a personal level, then it 

was considered to be of use. W hilst it is possible to draw parallels between

91 ‘Incandescent lamps and Accumulators in Photo-Micrography’ English 
Mechanic 40 (12 September 1884), 28.

92 See retrospective J M Schaeberle: ‘Electric Lighting: The Transmission of 
Force by Electricity’ Nature 27 (16 November 1882), 67-71 for Nature's view.
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inventions that made work or home life easier on a personal level and the larger, 

societal effects, the reader of English Mechanic would have been concerned more 

with inventions that demonstrated both personal utility and usability. Whereas 

Nature used a series of steps, building up an argument in its popularisation, English 

Mechanic only used this technique in articles summarising ‘progress’. Practical 

application of the technology meant only one thing - that the reader could build it. In 

the early 1900s the craze of motorised vehicles led English Mechanic to produce its 

own series on how to build motor cars and motor bicycles - it was assumed that the 

skilled craftsman would have the necessary skills and expertise to build such 

complicated machinery. From this it is possible to see the beginnings of the hobby 

industry, and the interest of being able to use one’s work skills for their own 

pleasure, which was a major factor in the growth of the English toy industry in the 

first half of the twentieth century.94

The Rejection of Utilitarian Subjects by the Readership

Utilitarian popularisation obviously succeeded in the preceding examples. 

Yet often demonstrations of utility were not enough to encourage interest - 

something more was needed. The most obvious example of rejection of utilitarian 

ideas by the readership was in the popularisation of chemistry and chemical 

techniques.

Chemistry - the new profession

As one looks further towards the working class market in the popular 

scientific journal practical chemistry was all but omitted. With the exception of 

Nature - which described it as one of the three most important scientific subjects that

See series on ‘How To Build a P/2  HP Motor Bicycle’ English Mechanic 73; 
‘The English Mechanic Motor Car’ 63 (April 1896) onwards.

94 See for instance: K D Brown: The British Toy Business: A History since 1700 
(London & Rio Grande: Hambledon Press, 1996); S Bruley and N Edwards: Factory 
Life and Labour in Merton and Beddington 1920-1960 (London: Merton, 1997); The 
Meccano archive in Liverpool holds issues of the monthly Meccano Magazine 
designed for working class children and adults.
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should be taught at school95 - there was very little in any of the journals about the 

practical use of chemistry. There was no description of the latest techniques in 

detail; no analysis of useful chemical processes. Despite concerns about the low 

numbers of chemists and, particularly, the number of chemical papers produced by 

British authors, there was very little encouragement in the popular scientific journal 

for those who wished to take up the subject.96 Neither English Mechanic nor 

Knowledge had a regular series of Chemical Notes - although after 1904 Knowledge 

did produce an infrequent series.97

A short-lived series by Edwin A Young of Oxford University on ‘Practical 

Chemistry’ in the pages of English Mechanic was intended to be a guide to getting 

started in the science:

The following is intended to be a guide to the student 

purchasing any apparatus:-

Twenty-four test-tubes and stand, a porcelain crucible, 

porcelain evaporating dishes, pieces of glass tubing and rod, a German 

hard glass flask, two glass funnels, packet of English filter papers, 

glass spirit lamp, tripod or retort stand, platinum wire and foil, and a 

few pieces of charcoal and blowpipe . . .  If the student is desirous of 

fitting . . .  [a laboratory] . . .  up he should first inspect the 

arrangements of the laboratories of the Pharmaceutical Society in 

Bloomsbury-square, London, where every convenience is to be found.
98Admission can be obtained by member’s order.

Quite how (or in fact when) was the inexperienced working man expected to

The other two were experimental mechanics and physiology. P Tuckwell: 
‘Science Teaching in Schools’ Nature 1 (4 November 1869), 18.

96 E Frankland: ‘Chemical Research in England’ Nature 3 (6 April 1871), 445.

97 Knowledge and Scientific News 5 (1908-1909) contains its first regular series 
of Chemical Notes.

98 E A Young ‘Practical Chemistry’ English Mechanic 6 (various articles).
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gain a ‘m em ber’s order’? M oreover the cost of all of this equipment, especially 

when added to that of the reagents, was well beyond the reach of the average man. 

Catalogues were necessary to detail the array of equipment the chemist was expected
9 9

to have. Despite some early articles on chemical training, English Mechanic 

simply could not hold the interest of the readers with chemical information, except in 

the most general sense -  training and equipment was beyond the financial means of 

the reader.100 By 1879 a sense of division was unmistakable.101

Chemistry in the journals became a list of others’ works, such as accounts of 

electrolytic experiments, its association with industry and agriculture, book reviews 

of textbooks, and a series of articles on its historical origins and links with
|  Q O

alchemy. ~ Yet scientists considered it to be perhaps the most practical of all the 

sciences and, as the twentieth century dawned, a potential area for employment. Cost 

did not prevent astronomy becoming an accepted part of ‘popular science’, and so 

there must be additional explanations must be sought.

Elements within the organisation of chemistry certainly contributed. 

Evidence for Shapin’s argument of increasing division caused by increasing 

professionalisation can be found in Nature in the discussions on the role of the 

Chemical Society, and the debates over the roles of the scientists and the science

E.g. J J Griffin: Chemical Handicraft: A Classified and Descriptive
Catalogue o f Chemical Apparatus suitable fo r  the performing o f Class Experiments, 
Research and Chemical Testing (London: J J Griffin & Sons, 1877) Reviewed in 
Nature 16 (16 August 1877), 285.

100 C Russell: A History o f  Valency; English Mechanic (particularly 1860s).
Chemical News may have provided for that gap in the market catering for the 
amateur chemist, although it was not considered as rigorous as Nature.

101 A H Allen: ‘Professional Chem ists’ 27 (19 September 1879), 42.

102 ‘Electrolytic Experiments’ (account of Drechsel’s experiments with
alternating current) English Mechanic 31 (2 January 1880), 397. ‘The Chemistry of 
Agriculture’ Nature 20 (26 June 1879), 189-190 - an analysis based around the 
Kilburn Agricultural Show. ‘Valentin’s Qualitative Analysis’ Nature 8 (10 July 
1873), 199; ‘M iller’s Chemistry’ Nature 18 (10 October 1878), 614. G A Lebour: 
‘Gore’s "Electro-metallurgy"‘ Nature 16 (2 August 1877), 283-284 attacked Gore for 
being obtuse and difficult to comprehend, especially in the theory. A Kekule: ‘The 
Scientific Aims and Achievements of Chemistry’ (inaugural address at Wilhelms 
University, Bonn, October 1877) Nature 18 (20 June 1878), 210-213.
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users within that organisation.103 Representative of a direct conflict between the two 

facets of science in the nineteenth century - the move towards professionalisation, 

and the desire to educate the whole of society in science’s benefits - this was a direct 

example of the advocation of the division of scientific men into the two classes of 

professional scientists and amateur science users.104 Questions of laboratory 

availability and practical theoretical training also contributed to a structure where 

popularisation was left to those whose knowledge came through personal amateur 

interest or second-hand information, thus encouraging a move towards a factual 

rendition and societal justification, rather than the encouragement of practical use.105

Another significant (although lesser) explanation can be found in chemistry’s 

links with the armaments industry. In a situation where the spectre of popular revolt 

was still fresh in the memory of those holding power, was it wise to place chemistry 

in the hands of those who might then be able to exploit some of its more nefarious 

qualities. The power of chemistry as a tool in subversive behaviour was amply 

illustrated by the explosive assassination of the Russian Tsar Alexander II in 1881. 

Moreover, the knowledge of, and access to, poisons that chemistry (along with 

medicine) could afford to the public, was illustrated through the constant references 

to arsenic as a reagent in investigation. Concerns of abuse were not far from the 

surface of the discussion, such as a ‘Chem ist” s warning of the dangers of placing

S Shapin: ‘Science and the Public’; R Whitley: The Social Production o f  
Scientific Knowledge. Anon: Nature 14 (1 June 1876), 125; W N Hartley: Nature 14 
(22 June 1876), 169. For an account of this dispute see C Russell, G K Roberts, N G 
Coley (eds): Chemists by Profession (Milton Keynes: Open University, 1977); R Bud 
& G K Roberts: Op. Cit. \ C A Russell: Edward Frankland esp. 445-457; W H Brock: 
Fontana History o f  Chemistry.

104 The above debate still alienated many science users at its resolution; however, 
the principle of expertise was being used as the main criterion of division, and it was 
that principle that guided the ultimate professionalisation of chemistry.

105 The Chemistry o f  Common Life by J F W Johnston (Edinburgh & London: 
William Blackwood, 1879) was reviewed in Nature in May of that year. ‘The 
Chemistry of Common Life’ Nature 20 (8 May 1879), 25-26. Also see the series by 
W Matthieu Williams: ‘The Chemistry of Cookery’ Knowledge from 3 (19 January
1883), 33 onwards. Borrowing from everyday and biblical analogies to explain the 
way the world worked chemically, these articles were a collection of facts about 
chemistry in life, with no descriptions of experiments.
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murderous tools in the hands of the public after the jailing of the medical student, 

Vance, in 1876.106

Popular Chemistry? - Pyrolosv

One area of practical chemistry that was relatively inexpensive, reasonably 

easy to grasp, unlikely to be ‘dangerous’, and thus published in the pages of the 

popular scientific journals, was pyrology.107 The study of the composition of 

chemical elements through their combustion in a flame directed by blowpipe, using 

analysis techniques of smell and colour, this was considered important enough to be 

featured in Knowledge from its inception in 1881. However, the first practical 

lessons to appear in a popular scientific journal were in English Mechanic, authored 

by C J Muller.
108In 1879 a book review of J Landauer’s Blowpipe Analysis appeared in the 

pages of the English Mechanic. Obviously designed as a manual, it received a 

scathing attack from its reviewer on its claim to be for practical usage:

. . there are so many omissions which would hardly be noticed 

in a class under a good teacher, but would seriously be felt if the book 

were to be used in self-instruction . . . .  The author, most 

unfortunately as it appears to us, follows Plattner in his constant resort 

to humid methods,109 necessitating the use of corrosive liquids, . . . 

inconvenient as they are unnecessary for the skilled worker in what 

Ross has so aptly termed Pyrology . . . The work is well-printed, and

106 Chemist: ‘Scientific Poisoning’ Nature 14 (8 June 1876), 130.

107 J W Draper claimed in Nature to have made the first spectroscopic study in
blowpipe chemistry in 1848. This meant that blowpipe chemistry was a relatively 
new area, although minor in importance. ‘The Blowpipe Cone Spectrum and the 
Distribution of the Intensity of Light in the Prismatic and Diffraction Spectra’ Nature 
20 (24  July 1879), 301.

108 J Landauer: Blowpipe Analysis (translated by J Taylor and W E Kay)
(London: MacMillan, 1879).

109 Humid methods were the techniques of analysis using reagents without resort 
to the ‘dry’ methods of pyrology - i.e., chemistry, not blowpipe chemistry.
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the plate of spectra which forms the frontispiece is good; this can 

hardly be said of the few woodcut illustrations.110

The three main points of attack thus were its incompleteness, the expense and 

difficulty of obtaining specialist chemicals, and the lack of visual aids such as 

diagrams. W ithin a month a new series to rectify this had begun in the pages of 

‘Ours’. Written in a perfunctory style, ‘Lessons on the Blowpipe’ introduced the 

readers to a form of chemistry that was comparatively cheap, requiring not much 

more than a flame (a candle or oil burner), a blowpipe, and minerals to test.111 

M uller saw his ‘Lessons’ as an aid to the geologist or student of mineralogy, not as 

with Plattner, attempting to analyse percentage chemical composition, but merely to 

set some ground rules through which to identify the mineral itself. As a practical 

application of chemistry to geology, there was no requirement for long-winded

justification of the subject - geology already was an established, accepted ‘popular’
1 1 ̂science. “ Moreover, by making the lessons so simple there was an obvious 

encouragement to the more general student to practice a science that they could easily 

understand. M uller’s intention was:

. . .  to simplify the subject as much as possible, to lead the 

student forward by easy, natural steps, to impress the phenomena on 

his mind through judicious repetition, and to furnish copious

English Mechanic 31 (22 November 1879), 276.

111 A guide to the cost of the blowpipe can be found in the Society of Arts 
competition to find the best design ‘which shall be sold retail for one guinea’ - cheap 
compared to the cost of a telescope. It was possible to construct a cheap blowpipe in 
the workshop for a very small amount. ‘Note’ Nature 16 (10 May 1877), 32. 
Samples specifically for the blowpipe student were sold, although often badly 
selected and of poor quality. It could be assumed that an amateur geologist would 
have at least some specimens already; moreover only tiny quantities of reagent were 
needed. C J Muller: ‘Lessons in the Use of the Blowpipe -  1’ English Mechanic 31 
(5 December 1879), 302-303.

112 For geology as a popular phenomenon see J O ’Connor & A J Meadows: 
‘Specialization and Professionalization in British Geology’ Social Studies o f  Science 
6 (1976) 77-89.
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examples for . . . guidance.113

He first described the blowpipe in detail, listing the four effects that could be 

gained from different uses of the blowpipe and flame - roasting, oxidising, fusion and 

reducing. The next lesson described the peripheral material involved in blowpipe 

analysis, which was significantly more than might have been expected from the first 

lesson - some 24 items and 31 reagents. Despite this expense, in simpler 

experiments it was still a comparatively cheap way of embarking on some form of 

chemical analysis that would give not only the geologist, but also the general student 

a basis from which to work, and an understanding of the wider principles 

involved.114

By the third set of lessons the practical teaching technique was revealed - a 

list of short experiments with the results expected thereof listed immediately 

afterwards. Although the techniques were interactive as they were to be carried out 

by the student, there was no sense of participation. Moreover, the length of the list 

would have been extremely daunting for any first-time blowpipe chemist - eighteen 

experiments listed in the space of a column and a half. The next chapter listed no 

experiments, merely expected reactions of minerals under specified circumstances. 

After a section on the flame colours and the combination with charcoal,113 the 

approach became even more autocratic:

With the simple apparatus already referred to, the student 

ought now to be able to detect the presence of certain elements in any 

of the minerals mentioned below, for example: - [there then follows a 

Wi column list of the various minerals, what should be detected and 

how.] Though much in the way of examination of minerals may be

113 C J Muller: ‘Lessons in the Use of the Blowpipe - 1’, 302

114 C J Muller: ‘Lessons in the Use of the Blowpipe - T  English Mechanic 31
(12 December 1879), 327.

113 C J Muller: ‘Lessons in the Use of the Blowpipe - 3’ English Mechanic 31 (2
January 1880), 396-397; ‘4 ’ (16 January 1880), 446-447; ‘5’ (6 February 1880), 
526.
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done by the simple means delineated in the foregoing pages, yet, for 

complete and satisfactory quantitative analysis by means of the 

blowpipe, other processes and other pieces of apparatus will be 

necessary, and to those the attention of the student will now be 

directed.’116

The remainder of the article was a vehicle for, essentially, a leaming-by-rote 

exercise - a poor reward for the amateur pyrologist who had purchased the 

equipment. There was no sense of excitement or discovery in such a presentation of 

the subject and no indication of where this accumulation of facts was leading. 

Although Muller was clear in his intention to place a tool in the hands of the 

mineralogist, he provided no inspiration for the scientific public to develop into 

scientists. In this he coincided with many books on popular science, being only of 

use as a reference text to the science user.117

Another attempt was made to popularise blowpipe chemistry in the pages of 

Knowledge in 1881 and 1882. Colonel A W Ross was the author of Pyrology, a 

much-cited English work on blowpipe chemistry that avoided the use of ‘w et’ 

chemistry entirely, concentrating instead on analysis of the flame and the reaction of 

the substance. A form of chemistry that genuinely was accessible to the readership, it 

required very little equipment and minute quantities of reagents, and can be seen as 

the furthest that chemistry could go to be accessible to the scientific public. The 

concepts behind Ross’ approach were dictated simply by the colour of the flame that 

was produced under certain conditions.

Nature was critical of Ross, seeing him as enthusiastic science user to be 

commended for his work, yet without the necessary systematic application of a 

scientist - ‘Col. Ross is too ready to value his favourite method more highly than it

116 C J Muller: ‘Lessons in the Use of the Blowpipe - 6 ’ English Mechanic 31 
(20 February 1880), 571-572.

117 Any practice was also unlikely to be taken any further - at this time the 
numbers of chemical students were falling. C A Russell: Edward Frankland, 474.
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deserves.’118 This did not prevent publication of his letters in the journal.119 His 

responses to the critical reception of his work included a plea for more space in the

journal for ‘a most fascinating study, which will amply repay any leisure time
1 °0expended on it.’ A letter-article finally detailed the full processes of pyrology to 

the public of Nature in 1876, but this was his last major contribution.121 Ross did not 

have the required level of expertise to be accorded the space on the pages of the 

journal, and his results could be achieved using the more scientific tool of the 

spectroscope. In 1880 a cheap spectroscope was being advertised at £3 10s - beyond
1 TT

the means of the lower-class science user for such a specialised scientific tool. “

Occasional references to various ‘discoveries’, including the apparent magnetisation

of the blowpipe flame, sustained a small amount of interest, but largely his analysis
1was seen as purely a tool for the mineralogist. “

When Knowledge was founded Ross saw an opportunity to popularise the 

subject, using the journal as a forum for his ideas in the form of letter-articles. The 

fact that his letters were not accorded the status of full articles shows some doubt in 

the mind of Proctor over Ross’ contributions, and by the second volume of 

Knowledge his patience ran out. Although Proctor did not print readers’ letters 

expressing their displeasure with the series, their demands were the reason that he

118 Lieut-Col. W A Ross: Alphabetical Analysis o f Blowpipe Analysis (London, 
1880) ‘Our Book Shelf:’ Nature 22 (12 August 1880), 336; some antipathy may be 
down to the spectroscope, championed by Lockyer in The Spectroscope and Its 
Applications (London: MacMillan, 1873).

119 W A Ross: Pyrology; or Fire Chemistry (London: E & F N Spon, 1875);
‘Works on the Blowpipe’ Nature 13 (30 December 1875), 164-165.

120 W A Ross: ‘Blowpipe Analysis’ Nature 13 (6 January 1876), 186-187.

121 T S Humpidge: ‘Blowpipe Analysis’ Nature 13 (13 January 1876), 208; W A 
Ross: ‘Blowpipe Analysis’, ‘The D-line Spectrum’ (20 January 1876), 224; ‘D-line 
Spectra’ (9 March 1876), 366-367; W A Ross: ‘Pyrology - Quantitative Analysis by 
the Blowpipe’ Nature 14 (8 June 1876), 130-131.

122 Advertisements Nature 23 (Frontispiece).

123 W A Ross: ‘Electricity of the Blowpipe Flame’ Nature 21 (22 January 1880),
275; H McLeod: ‘Electricity of the Blowpipe Flame’ (12 February 1880), 347. Ross 
was not alone - other pyrologists were similarly condemned for ‘careless’ analysis - 
again an expression of professional division.

107



Chapter 3: U tility

cited in calling a halt to the articles, stating there was ‘no space for a subject in which 

so few, I fear, take an interest.’124 The reason for such ‘lack of support’ was not 

mentioned, but the fashion of the letters, grating with the more eloquently phrased 

work of Proctor and Allen, would not have earned any adherents. Moreover his work 

was limited - there was a finite barrier to development. Chemistry had been taken to 

a point below the barriers of financial consideration, but developing more than a 

passing interest would mean crossing those barriers. Finally, it could not be justified 

as being of any practical use to the scientifically interested, and was possibly flawed - 

Proctor later replied to Ross in his Answers section, condemning his scientificity.125

The column was discontinued for one of incorrect ideas, expense or the 

impracticality of the subject on a personal level. Most likely it was a combination of 

all three, combined with the simple fact that it did not encourage readers to take up 

the subject. With limited pages with which to work, and a need for profitability, 

Proctor let commercial forces guide him into scrapping the - what were in truth, 

simply uninspiring - contributions. More evidence for pyrology’s non-acceptance in 

the journals comes from Nature, where books on blowpipe analysis, such as George 

Attwood’s Practical Blowpipe Assaying , were largely presented as inaccurate, 

misleading and generally unhelpful.126 To the scientist, pyrology did not have 

enough academic rigour; to the scientific public, it was tedious; to the science user, it 

was either too expensive or too impractical; to the scientific practitioner, it was 

practically useless. Usability was more of a factor than accessibility - discourses of 

chemical science could not reach a truly interactive level and again scientific 

regeneration of chemistry became reduced to fact.

Utility in Non-Utilitarian Areas

It follows from previous conclusions that a study of utilitarian science is not 

complete without an examination of the utilitarian discourse inherent in the

Knowledge 2 (14 July 1882), 119.

125 Ibid.

126 G Attwood: Practical Blowpipe Assaying (London: Sampson & Co., 1880); 
‘Practical Blowpipe Assaying’ Nature 23 (30 December 1880), 191-192.
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popularisation of non-utilitarian science. A structure determined by practical or 

recreational usability rather than any concept of Utilitarian values, this was defined 

on a personal level. Whilst contrary to many of the stated wider principles of the 

journals, it could be resolved as editors felt that they were in many cases applying 

scientific principles at ground level. Discourses of utility were justified in Utility, a 

negotiated compromise between the scientist and the scientific public.

Usable Science - Creating New Scientists?

Usable science can be defined as science that had no specific practical use 

and no utility except in the most theoretical fashion, specifically in the practice of 

pure science. What made these areas of science attractive was their cheap nature, 

ease of use and, importantly, the feeling of taking part in swelling the burgeoning 

mass of scientific data and scientific discussion. In a small way it can be seen as 

increasing access to science in the scientific public, creating areas where science 

users could make valuable contributions.

Field clubs have been examined by a number of historians of popular 

science.127 Knowledge in particular featured much natural history, running 

astronomy a close second. Grant A llen’s ‘Found Links’ linked theory with practice 

in showing the Darwinian descent of many contemporary creatures. ~ Other articles 

appealed to gardeners, demonstrating how flowers prevented their own self-
I 79fertilisation, or simply through their evolutionary development. " By demonstrating 

scientific theories behind the popular science that was practised by the readership 

Knowledge attempted to add an extra dimension to the readers’ approach to it, and in 

this sense was an educating force. Although this science was on the surface non- 

participative in that it was merely disseminating ‘fact’, it provided a tool to be used

See: C A Russell: Science and Social Change (London, 1983); A Secord: 
‘Science in the Pub’; D E Allen: The Naturalist in Britain: A Social History 
(London: Allen Lane, 1976)

128 Knowledge 1 and 2 (1881-1882)

129 J Pentland-Smith: ‘Contrivances for the Cross-Fertilisation of Plants’ 
Knowledge 14 (2 February 1891) 34-36; G Allen: ‘The Evolution of Flowers’ 
Knowledge 5 (1 February 1884), 64-65 and following issues
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in the same way as an English Mechanic might have used the description of an 

invention.

Home Astronomy

There were a number of attempts in English Mechanic to encourage the 

readership to build their own telescopes, despite the opposition of the established 

astronomers. In 1882 ‘A really first class 3” achromatic refracting telescope is 

scarcely purchasable under £ 15-£ 16 whereas the same sum will purchase a 5!4 ” 

silvered glass reflector’ and even a cheap telescope was £5.5s.130 Dick’s works on 

astronomy advocated making a 3.6” refractor with two convex lenses, used to 

personal satisfaction by at least one reader. Scientists were not so convinced: FRAS 

condemned it in English Mechanic and “Pi Aquilae” suggested that the English 

working man was now affluent enough to afford a well-made telescope.131 Yet at the 

turn of the century English Mechanic ran a series on telescopic construction by Frank 

Burnerd, although he recommended buying lenses from a reputable dealer.132 Even 

Nature contained a query in 1880 about the optical construction of telescopes.133 

Despite the disapproval of the established scientist, self-building remained a popular 

choice.

Belief that good quality telescopes were affordable to the readership pervaded 

the contributions of the scientists such as Proctor and Noble to the astronomical 

sections. This indicates how out of touch many of the contributors to English 

Mechanic, despite its stated mission, actually were, for it is clear that good telescopes 

were priced beyond the reach of a majority of the readers. How good were the 

affordable telescopes? In 1879 a ‘Garrison Gunner’ wrote in to say that he had 

purchased a damaged telescope ‘of the £5, 3in. variety’ for £2. By adding a stronger

130 Quote from R A Proctor: ‘Editorial’ Knowledge 1 (5 May 1882), 577; 
advertisement in Knowledge 1(13 January 1882), 193.

131 Pi Aquilae: ‘Reply’ English Mechanic 6 (22 November 1867), 197.

132 F Burnerd: Series in English Mechanic 11 (1902-1903); ‘Telescope’ English
Mechanic 78 (14 August 1903), 15.

133 P C: ‘Construction of Telescopes and Microscopes’ Nature 22 (28 October
1880), 559.
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eyepiece he had achieved clear views of most of the major planets, despite the 

reservations about this telescope of FRAS and F C Denning.134 A thirty-shilling IV2” 

telescope was recommended by W Ward of Kensington in the same year - even at 

this low price his recommendation was ‘Wait, save, and get one - you will be the
13Sgainer in the end.’ Certainly the ‘five pounder’ telescopes did little to enhance the 

viewing of the science user: P.C. could read the small typeface of ‘Replies to 

Queries’ at the distance of 253 yards, but was still unable to see much of what was 

discussed in the astronomy of English Mechanic. He thus intended to exchange it for 

a better quality telescope of the same aperture.136 Despite this, the 3-inch telescope 

still became the subject of a series in Knowledge in the 1880s.

Despite price barriers there was a clear interest in astronomy - the success of 

books such as Simon Newcomb’s Popular Astronomy, 600 pages long and 

comparatively complex, or Cham bers’ Pictorial Astronomy, was an indicator of
1 37this. Interest was as much a driving force as practice, although some bizarre 

attempts to encourage science use became apparent, particularly towards the turn of 

the century. Popular Science Monthly produced a series of articles on ‘Astronomy 

with an Opera Glass’, ultimately leading to a book of the same nam e.138 Going a 

stage further was W F Denning’s 1879 article, reprinted from Science For A l t  139

134 F.R.A.S.: ‘Cheap Telescopes’ English Mechanic 31 (5 September 1879), 8; F
C Dennett: English Mechanic 31 (5 September 1879) 10; Garrison Gunner: ‘Cheap 
Telescopes’ English Mechanic 31 (26 September 1879), 65.

135 W Ward: ‘Telescope’ English Mechanic 31 (3 October 1879), 97. What is 
often also overlooked is that the readers of journals such as English Mechanic may 
well have had the skill and equipment to construct telescopes themselves upon the 
purchase of the lenses, aptly demonstrated by F Burnerd in his series.

136 P C: ‘Construction of Telescopes and Microscopes’ Nature 22 (28 October
1880), 559.

137 Simon Newcomb: Popular Astronomy (London: MacMillan, 1878). For
book reviews see Nature 18 (2 May 1878), 7-8; G F Chambers: Pictorial Astronomy 
(London: W hitaker’s Library, 1891)

138 G P Serviss: Astronomy With An Opera Glass (New York: Appleton & Co.,
1889) reviewed in Knowledge (1 May 1890), 137.

139 W F Denning: ‘Celestial Objects Viewed with the Naked Eye’ English 
Mechanic 30 (12 December 1879) 327-328; same article in R Brown: Science For
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There are many persons possessing a love for scientific 

subjects who relinquish all idea of ever doing any useful work 

because they have not the means to procure expensive and elaborate 

instruments . . . This is particularly the case in astronomy . . . Even 

without any instruments at all there is a large amount of astronomical 

data to be collected and many sights to be seen that shall fill the 

spectator with genuine interest. In fact there are many celestial

appearances which are only observable with the naked eye, for they

will not admit of examination in the contracted telescope. The chief 

thing necessary to success is a great love for the subject.140

By offering the bait of discoveries still to be made, even without equipment, 

Denning was encouraging active participation rather than passive acceptance of the 

journal’s reports, hopefully awakening a passion for the subject. Dedication would 

lead to results, as Professor Edouard Heis of M unster’s reputation stemmed not from 

his use of telescopes, but from naked-eye observation. Rewards could be gained 

through repeated observation, clear eyesight and above all the will to succeed. The 

peaceful side of star-gazing was also stressed as a way to relax after the working day.

This was the justification for articles such as ‘The Face of the Sky’ in

Knowledge, first edited by Noble, then by Fowler and Shackleton, which led to a

monthly star map becoming mandatory within three years of the journal’s inception. 

In the late 1890s and 1900s Maunder produced the columns that were to lead to his 

own Astronomy Without a Telescope. English Mechanic printed regular 

contributions from Denning, the de facto  editor of astronomy in Nature, as well as 

star maps. Even for those whose primary research was not astronomical the articles 

made recognisable the major constellations, which could then be identified on a 

casual basis.

Despite these efforts, there still persisted the assumption that the amateur and

All (London: Cassell & Co., 1892), 12-17.

140 Ib id ., 327.
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part-time astronomer would have access to a telescope. The majority of information 

printed in astronomical columns was gained through the use of high-powered 

equipment. Those who did heed Denning were likely to be reduced to watching for 

meteors or variations in star intensity, identifying areas of research which could only 

be fully investigated by the trained scientist, and thereby reinforcing a hierarchy of 

knowledge, skill and thus prestige. The public was allowed to regenerate official 

science, but not participate in the generative process without access to expensive 

equipment and the approval of scientists.

Utilitarian Science as defined by the readership

Utilitarian science also included elements of science that to the popularisers 

seemed often of little consequence, but because of their participative nature, allowed 

everyone to express an opinion. The series of debates on intelligence in animals 

became entirely based upon the letters of the readers of both the popular science 

journals and the more general periodicals at the tim e.141 The scientific public 

became data collectors, and George Romanes an anthologist and official interpreter. 

In order to gain credibility psychical investigators such as Sidgwick and Crookes 

presented full details of experiments rather than factual results, creating details of a 

format of experimentation that allowed the duplication of the experiments in lounges 

and parlours. Practicability and usability were among the primary factors in the 

development of psychical research as a generative science of the scientific public.142

Proctor’s ‘Laws of Chance’ series was seen as an aid to successful gambling 

by some, implying as they did that there were certain natural progressions in cards 

chosen, when in fact they were nothing more than a discussion of the laws of 

probability.143 This was not helped by Proctor’s use of dice and cards as examples in

See chapter 5 for full discussion. G J Romanes: Mental Evolution in Animals 
(London: Kegan Paul, 1883). See also F M Turner: Between Science and Religion 
(New Haven & London: Yale University Press, 1974) 134-163; L S Hearnshaw: A 
Short History o f  British Psychology 1840-1940 (London, Methuen, 1964), 92-96.

142 For a fuller discussion of psychical research see chapter 5.

143 Proctor often used the ‘Gossip’ section to attack those who believed in his 
work being used for gambling. For instance - ‘It will hardly be believed, but our
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his work - although he was at great pains to point out on numerous occasions that 

this was not his intention. It was merely a part of his popularisation of mathematics, 

as with his ingenious use of calculus to work out the maximum parcel size under the 

new Parcel Post regulations of 1883.144

Whilst the emphasis on practical usability was revealed in the notes and 

queries columns of English Mechanic and the earlier editions of Knowledge, Nature 

too encouraged extrapolations of the scientific world through reprinting usable 

theories produced in the sphere of orthodox science. W S Jevons claimed in 1878 

that sunspots were directly connected to economic performance of the world 

economy. A sound grounding in astronomy could thus help the businessman to 

know when to expand and when to cut back.145 Early issues often used an 

agricultural framework reminiscent of Liebig’s work, containing articles on geology 

and agriculture,146 or another ambitious - and factually incorrect - article on the laws 

of selection as applied to agriculture.147

In the other journals the subject matter was more personal. The 1914 

Christmas Royal Institution lectures on ‘Science in the Home’ - mainly on light and 

electricity - were covered in some detail, for instance, and typified the approach to
148domestic technology. One series in Knowledge was on avoiding corpulence and 

developing physical strength. In English Mechanic the humane putting down of dogs

paper has actually been understood by some of our readers as a guide to successful 
wagering.’ Knowledge 2 (9 June 1882), 27.

144 R A Proctor: ‘Greatest Content with the Parcels Post’ Knowledge 3 (3 August
1883), 76.

145 W S Jevons: Note Nature 19 (14 November 1878), 33-37. Adapted from a 
paper given to the B.A.A.S.

146 E.g. ‘Geology and Agriculture’ Nature 1(11 November 1869); J Wrightson: 
‘Agriculture, Its Needs and Opportunities’ Nature 28 (25 October 1883), 618-619.

147 ‘The Application of the Laws of Selection to Agriculture’ Nature 10 (3 
September 1874) 352-353: Factually incorrect in a Darwinian sense, as this selection 
was a result of deliberate breeding patterns by the farmer.

148 ‘Science in the Home’ English Mechanic 100 (15 January 1915), 536; See 
also Percy Russell: ‘Science in its Application to Domestic Life’ Knowledge 2 (8 
September 1882), 245.
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using a gas chamber deserved practically a full page of discussion.149 One 

contributor suggested using a grass collection box on a lawnmower to prevent 

w eeds.1'*50 Even in the pages of Nature F T Mott wrote in 1887 requesting that 

someone give him a solution to the death of fish in a pool in Leicestershire. This, 

and the longevity of the carp discussed in another query, was obviously of use to 

anglers and pool stockists.151 Significantly, in Nature Mott did not receive a reply.

Summary>

Utilitarian science as defined by the scientific public was a far coarser affair 

than the philosophical musings of J S Mill. Practicality and usability were the two 

main features, the former leading to daily use, the second to ‘upward’ mobility from 

the status of scientific public. Yet such utility could not stand on its own - it is not in 

itself a full explanation of the generational elements with which such science became 

imbued. Such elements came from cultural roots, both in the structure of society and 

self-defined culture, and in the imagination of the individual. As such these are 

discussed in more detail in later chapters.

The discourse of usability as presented in the popularisation of subjects 

tailored to create science users of the scientific public was one of negotiation. In 

order to show the useful side of astronomy, it was necessary to respond to audience 

desires in more general areas, demonstrating the usability of science in everyday life. 

Moreover, this facet of utility became the structure for the popularisation of more 

cultural themes. Usability provided one way in which the scientist could 

communicate directly with the scientific public that did not involve the intermediary 

of the scientific practitioner, adopting the discourse between the latter two to a new 

end. This discourse was a factor that led to the factual presentation of science in that

149 ‘How to get Strong’ Knowledge 4 and 5 from (27 July 1883), 49; ‘Dr 
Richardson’s Lethal Process’ English Mechanic 40 (2 January 1885), 378.

150 H C Staples: ‘W eeds on Lawns’ English Mechanic 91 (6 May 1910), 318.

151 Note Nature 36 (July 7 1887), 222; R R Suffield: ‘Longevity of the Carp’ 
Nature 1 (2 December 1869), 138. Mott was a Leicester wine merchant and a 
member of the local Literary and Philosophical Society.
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science was forced to demonstrate its practical, personal usability on a level 

appreciable by all.

Conclusion - utility and usability as popularisation techniques

Arguments for the usefulness of science pervaded the literature of the 

popularisers throughout the nineteenth century. With a well-established philosophy 

of utilitarian bent established in political and social life, it was natural that science 

should then appropriate the same language in the process of hegemonic negotiation. 

By the later years of the nineteenth century science had positioned itself as a strongly 

utilitarian force to ameliorate the hardships of life through progress. Popularisers 

presented the achievements of science in such a manner as to represent the practical 

benefits given to society; scientists were portrayed as working toward the common 

weal. Images of technical progress - often unconnected to direct scientific research - 

were presented as the achievements of pure science, and showed the beginnings of 

the popularisation of science to the scientific public as fact. Scientists regenerated 

the ideas of science, appropriating the work of the scientific practitioner, and 

presenting the results to the scientific public.

This was made possible by a negotiated hegemonic relationship between the 

scientist and the scientific practitioner. Both the scientific and non-scientific publics 

accepted the place of the scientific practitioner in a position of responsibility and 

control, and the scientist had to use this pre-existing negotiated discourse as a 

channel for their arguments. The scientific practitioner saw useful science as that 

which was directly of use on a personal level and was presented to the scientific 

public as such. This science can be divided into two categories: the regenerational 

practical science, where it was used to serve a direct function in the life of the reader; 

and usable science, which although not necessarily of practical value, was simple to 

experiment with, cheap, and often provided feelings of self-worth through practice. 

Both approaches could ultimately lead to science as a hobby, whether in the sense of 

becoming a science user or in more directly practical ways. These approaches were 

directly formulated in negotiation with the scientific public’s notion of what science 

should be, and thus had a more direct and long-lasting effect than any abstract notion 

of the common good. Moreover, this practical science itself was divided into that
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where the readership participated in an directly active manner - where they were 

encouraged to become scientific practitioners, a semi-active manner where they 

became science users, and a more passive manner where the readership were 

expected to remain only ‘interested’. The third approach demonstrated a certain 

amount of pro-active involvement both through direct audience response and the 

changing nature of the discourse of utilitarian science popularisation. The following 

is a graphic illustration of how the regenerative discourse of utility was formed:

The popular scientific journals exhibited elements of all of these approaches. 

Nature was the more likely to use the all-encompassing approach; English Mechanic 

the practical approach; Knowledge the usable approach. However, these differences 

only existed in degree, not in an absolute division, and they were to a large extent 

representative of the underlying natures of the journals, dictated not by the editors, 

but by the need to respond to their particular market. Thus the science in the popular 

scientific journal was regenerative not only from the scientific spheres to the public 

sphere, but also in reverse - a process that was dictated by the negotiation inherent in 

the production of a commercial publication. Utility in all its forms was used to a 

limited extent - as the next chapter shows, the usability of science was used by all 

three journals as one level in the use of culture as a tool of scientific regeneration.
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Chapter 4

Culture and Acculturation: Popularisation through, in and from cultural means

If you read steadily through the entomology, and the 

conchology, and the ichthyology, all the tomes from end to end, . . .  a 

series of pictures might be formed, but you would not be richer by one 

single idea . . . When ideas came into natural history, it ceased to be 

natural history, and became philosophy . . . [Without a philosophical 

knowledge] half the allusions in the books and leading publications of 

the day would have no meaning . . .  It is strictly accurate to say that 

the age thinks natural philosophy, looking towards it for guidance, 

help and future increase.1

Such was Richard Jefferies’ view in 1883. Whilst it is difficult to separate

utility and culture in the late nineteenth century, it is here possible to make a

distinction between the two, as many of the mainstream scientists recognised.2 The 

discourse of utility was one of necessity and progress; that of culture one of personal 

enlightenment and spiritual well-being, although still utilitarian in providing a 

guiding rationale for everyday life. Moreover scientists began to exercise an active 

socio-political influence as a result of increasing cultural and acculturative authority. 

Science became seen as a tool of progress by an increasing number of people -

although its exact role was still a matter for debate.

Views of Science In Culture

In Thomas Huxley’s famous lectures he stated that a rational, non-biased 

science could provide a balance to cultural upheaval and a ‘check on the necessary

R Jefferies: ‘Humanity and Natural History’ Knowledge 3 (5 January 1883),
5-6.

2 T H Huxley: Science and Culture (London: MacMillan, 1881), especially 1- 
23 and Nature 22 (7 October 1880), 545-549. C L Bibby: Science as an Instrument o f 
Culture: An Examination o f the views o f T H Huxley (Leeds: University of Leeds 
Institute of Education, 1957).



Chapter 4: Culture

upheavals of universal suffrage’. Science was a constant, independent yardstick 

against which to measure ‘correct’ cultural practice.3 More than the practical, 

mechanistic benefits of progress, ‘seeking to satisfy natural wants, [it] has found the 

ideas which alone can still spiritual cravings.’4 Despite his assumption of science as 

philosophy as well as practicality, the branch of science that he represented largely 

emphasised practical utilitarian benefit rather than cultural enlightenment.

Such contrasts are appositely summarised in the debate between an unknown 

‘educated artisan’, ‘Aletheus’, and ‘Sigma’ (J T Sprague) in the pages of English 

Mechanic in 1876. Aletheus’ rambling prose, although extolling the virtues of 

contemporary science, saw an inherent cultural poverty in a purely physical 

interpretation:

Too busily engaged in building up its grand temple of physical 

knowledge, which must necessarily require ages for its completion, 

modern science seems totally oblivious to the fact that, meanwhile the 

untaught human soul is a poor homeless wanderer of the forest, sadly 

requiring shelter from the perpetual vicissitudes of opinion, and 

protection against the savage attacks of dogmatism . . .it is quite 

unsuited for the ordinary but more important purpose of everyday life.

So little has it, as yet, recommended itself to the human heart and 

understanding that civilisation would much rather part with its 

scientific than its musical instruments.5

Through the verbiage his views were clear: science was little more than a 

system of facts comprehensible to the few, popularising itself through non- 

participatory display, rather than an everyday cultural tool of understanding.

3 Ibid. Huxley’s claims went beyond the accepted boundaries of scientific 
comment. See M A di Gregorio: T H  H uxley’s place in Natural Science (New Haven 
& London: Yale University Press, 1984).

4 T H Huxley: ‘On the Advisableness of Improving Natural Knowledge’ (1866) 
in Lectures and Essays (London: Watts & Co., 1908), 337-350, quote 344.

5 Aletheus: ‘Modern Science’ English Mechanic 23 (14 July 1876), 461.
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In contrast Sigma’s argument identified two approaches to science - 

scientists’ use of facts to develop theories, and the use of theories as the basis in 

which to build facts. In line naturalistic scientists he saw the latter as a system of 

belief leading to Paradoxical science. Scientific fact gave practical, utilitarian 

benefits to society - a scientific philosophy for life was in fact potentially dangerous 

to the ‘good’ practice of science.6

Aletheus responded that ‘facts’ were subjectively important, so Sigma’s 

division was artificial, created by the existence of scientists’ training and cultural
n

authority in this area. Sigma had to “ ‘Come over and help us”; put your instruments 

aside for a brief space and teach us those things which as men, women and children 

we ought to know.’ Richard Proctor supported him with a more succinct espousal of 

‘science as an instrument of culture’ that can be interpreted by the historian as 

‘science as an instrument of acculturation’. Sigma in turn avowed that it was not in 

science’s field to undertake this grand scheme - science was not designed to solve all 

of society’s ills.8 As with many of the debates, the matter was not resolved to either 

party’s liking.

Aletheus questioned official science’s hypocrisy in disavowing responsibility 

for society on the grounds of its afactual nature whilst, in fact, indulging in the 

afactual practice of theorising.9 Instead, by introducing the principles of science to 

the readership, their cultural life would be enriched through living to a rubric decided 

by scientific thinking. Those who considered themselves to be ‘true’ scientists held 

that popularisation in this manner would lead to bastardisation, an approach that 

contained an inherent acceptance of the dissemination of accepted facts to the 

scientific public. Sigma’s view was regenerative, disseminating the facts and opinion

6 Sigma: ‘Modern Science’ English Mechanic 23 (21 July 1876), 488.

7 For similar viewpoints see: (on history) E H Carr: What is History (London & 
Basingstoke: MacMillan, 1961); J Tosh: The Pursuit o f History (London: Longman, 
1999); (on science) R G A Dolby: Op. Cit.

8 Aletheus: ‘Modern Science’ English Mechanic 23 (4 August 1876), 534-535; 
Sigma: ‘Modern Science’ English Mechanic 23 (11 August 1876), 567-568.

9 R A Proctor: ‘Modem Science’ English Mechanic 23 (18 August 1876), 589; 
Aletheus: ‘Modern Science’ English Mechanic 23 (1 September 1876), 638-639.
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of recognised scientists for cultural improvement, leading to the creation of cultural 

authority and institutionalisation. Aletheus’ view was generative, encouraging the 

public to become scientists themselves through experimentation and practice in daily 

life. Intrinsic to this approach - and the encouragement for many - was the 

concomitant cultural authority that the practitioner could expect to gain.

Education - Generation and Regeneration o f Science10

The two viewpoints are copiously represented in the overwhelming amount of 

discussion on the state of scientific education, particularly in the latter part of the 

nineteenth century. ‘If science is in any important sense to affect the intellectual 

quality of civilisation, then through education it must be woven into the essential 

fabric of our culture’, as one American put it. Yet often the argument went further: 

in the same series of lectures Spoehr argued that it was not the truth that was the 

good of science, but the cultural development attained in seeking that truth.11 Both 

sides found themselves in agreement in the concept of science being an acculturative 

learning process, however there were significant differences over the form of the 

teaching; whether it should be a demonstration of factual principles, or 

experimentation for the acculturative benefit thereby accrued.

Factual teaching method was strongly endorsed in educated society - 

exemplified by Nature, education in science occupying more leading article space 

than any other subject during the period 1869-1914. The first issue went directly to 

the heart of the matter, presenting a plan first mooted at the British Association 

meeting that, if implemented, would lay down a rigid structure of areas of greatest 

‘worth’ to science as a whole - and by extension, to society. To a familiar three

10 There is no scope within this thesis for a fuller discussion of the educational 
debates at this time, but an overview can be gleaned from the following: H Rose & S 
Rose: Science and Society (London: Allen Lane, 1969); D Layton: Interpreters o f  
Science (London: Murray, 1984); R K Bud: Science Versus Practice', J B Morrell: 
‘Science and the Universities’ History o f  Science 15 (1977), 82-112; Cardwell, D S 
L: The Organisation o f Science in England (London: Heinemann, 1957).

11 J R Angell: ‘Popular and Unpopular Science’ and H A Spoehr: ‘The Nature 
of Progress in Science’ Elium Root Lectures o f the Carnegie Institution o f  
Washington on the Influence o f Science and Research on Current Thought 
(Washington: W F Roberts, 1935), 3-24 and 25-54.
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pronged approach through physiology, chemistry and experimental mechanics, 

botany was added, the preferred area of expertise of the protagonist, Reverend W 

Tuckwell, because of ‘the ‘charm this science lends to everyday life’. With this 

exception, many of the other suggestions were to follow this basic division of the 

sciences.12

The desired result of this teaching was twofold - the passing on of current 

knowledge and the training of the pupil in the required techniques needed for the 

‘correct’ practice of science. The constrictive nature of these criteria also restricted 

the scientific subjects to be taught to those most factually based - geology was 

rejected due to its high level of theoretical speculation. The lack of subjective 

interpretation involved in these sciences made them apposite for study by the novice, 

in particular the working-class pupil. As J Stuart put it:

Our English workmen, in fact, have not quite enough 

logicalness about them. They are apt to be led away by wrong 

arguments, by conclusions which do not quite follow from the 

premises . . . [Scientific instruction] is just what the workmen of this 

country need.13

Stuart’s argument contained an obvious inconsistency - the same group he 

accused of not having the necessary logic for science responded avidly to his lectures, 

able to think their way to the denouement long before he actually reached it. Such 

class assumptions aside, a large part of the discussion on education revolved around 

methods of providing those without the necessary education with a thorough 

inculcation in ‘correct’ science before allowing them to proceed on their own

Rev W Tuckwell: ‘Science-teaching in Schools’ Nature 1 (4 November 
1869), 18-20. His main divisions were the three basic divisions of science in schools 
today (biology, physics, chemistry).

13 J Stuart: ‘Lectures to Working M en’ Nature 1(18 November 1869), 72.
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researches. H E Roscoe suggested that this problem needed to be pursued by 

‘wealthy philanthropists.’14

Such early arguments were directly representative of the regenerative 

discourse of Nature's concerted campaign for education in science. Positivistic in 

nature, it linked cultural progress to the development of previous scientific 

techniques, imbuing the teaching of previously extant scientific ‘fact’ and technique 

with the concept of necessity. Arguments of utility, such as in changes in industry, 

were physical signs of progress - yet these had to be linked to scientific teaching, in 

the course of which the more general cultural benefits of science had to be presented.

Nature used a series of authoritative sources to bolster its case. The Royal 

Commission on Scientific Instruction and the Advancement of Science, or 

Devonshire Commission, of which Lockyer was the secretary, provided a focal point. 

Made up of a number of prominent scientists, mostly Fellows of the Royal Society, 

the Commission’s existence implied the support of a large part of the government for 

Nature's associated campaigns.15 British Association meetings provided the source 

of educational debates, largely based on the views of ‘public scientists’ such as 

Tyndall and Huxley.16 Where newspapers, particularly The Times, took an interest, 

Nature supported their campaigns wholeheartedly, and even claimed (probably with

H E Roscoe: ‘Lectures to Working M en’ Nature 1 (2 December 1869), 138. 
Roscoe may have been thinking of Passmore Edwards or MacMillan in particular.

15 See ‘The Royal Commission on Science’ Nature 1 (10 February 1870), 375- 
377; Reports in Nature 3 (30 March 1871), 421-423; 5 ( 1 8  April 1872), 477-480; 7 
(14 & 28 August 1873), 317 & 337; 10 (14 May 1874), 21-22; 10 (27 August & 3 
September 1874), 331-333 & 351-352; 12 (12 August to 28 October 1875), starting 
285; 13 (11 November 1875), 21-24. Beginning as an educational debate it soon 
mutated into the endowment of scientific research. A J Meadows: Science and 
Controversy, M B Hall: All Scientists Now  (Cambridge: Cambridge University Press,
1984), particularly 177-181.

16 ‘Science in Schools’ Nature 14 (14 September 1876), 425; ‘University and 
Educational Intelligence’ Nature 16 (7 June 1877), 114, Nature 20 (1 May 1879), 22 
and irregular features thereafter; E Ray Lankester: ‘The Medical Faculties’ (speech) 
Nature 18 (10 October 1878), 610-614; Minchin: ‘The Value of Our Scientific 
Education’ Nature 40 (6 June 1889), 126-130. As a regular contributor Huxley in 
particular found an apposite forum for his views. ‘Professor Huxley on University 
Education’ Nature 14 (19 October 1876), 546.
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some truth) responsibility for the new debate.17 Government participation was 

actively sought, and new legislation evaluated.18 As Turner and others have 

highlighted, such an approach emphasised the ultimate development of a recognised, 

rational, systematic and practical university science structure, supported by a school 

system that lent itself to this.19 To find examples of the encouragement of more 

generative forms one has to move outside the debate altogether - sifting through hints 

and asides in debates upon other subjects - where many of the views expressed were 

significantly different.

As Brock has indicated, a major espousal of what appears to be generative

cultural science came from H E Armstrong in the principle of the public learning,
0()

rather than being taught, science." In 1889 a British Association committee, 

including Armstrong, reported to the Chemical Section that:

First, that the main purpose of elementary education should be to train 

the intelligence. In this sense “education is a high word - it is nothing 

less than the formation of mind.” Secondly, it is admitted that before 

a man can apply science to practice he must be familiar with its

‘Note’ Nature 18 (22 August 1874), 454; Lockyer was accused (with some 
truth) of pandering to The Times W T Thistleton-Dyer: Nature 106 (November 
1920), 22.

18 Particularly Nature 40: J H Gladstone: ‘The New Code and Science 
Teaching’ (1 May 1889), 1-2; L Smith: ‘The New Technical Education Bill’ (23 May
1889), 73-74: M C Contrey: ‘The Technical Instruction Act’ (19 September 1889), 
457-458; and 41: L Smith: ‘The New Codes - English and Scotch’ (27 February
1890); ‘Technical Education in the Code’ (3 April 1890), 505-506.

19 C W Siemens: ‘Science and Industry’ Nature 24 (27 October 1881), esp. 619. 
F M Turner: ‘Public Science in Britain 1880-1919’ Isis 71 (1980), 589-608; T W 
Heyck: The Transformation o f Intellectual Life in Victorian England (London and 
Canberra: Croom Helm, 1982), especially 221-231.

20 W H Brock: H  E Armstrong and the Teaching o f Science (Cambridge: 
Cambridge University Press, 1973); ‘Science For A ll’ idem: Science For All, XIX.

124



Chapter 4: Culture

methods, his mind must be able habitually to perform those logical 

processes which accurate thought demands.21

Teaching should thus concentrate on the ‘how’ and the ‘why’, not the ‘what’, 

except at the earliest stage.22 Armstrong also maintained that this method would 

directly lead to the application of these principles in daily life, as the techniques of 

rationalising and judging evidence would prove a basis for success in all areas.23 

Despite this, the ‘what’ in itself reveals that there was still an emphasis on teaching, 

rather than learning; that the tools given to the pupil were only meant to reproduce 

expected results. By the first decade of the twentieth century Nature was advocating 

a logical order to the teaching of factual scientific ideas, an order that was founded in 

their historical development. Teaching of philosophical approaches to learning was 

marginalised; what was pre-eminent was the factual understanding of accepted 

scientific principles.24

Emphasis on a scientific university education meant that Nature neglected to 

a large extent the direct technical education of the workforce, focussing on a 

generalist approach.23 Although Barton, amongst others, has attributed this to a view 

that technical education was somehow either non-scientific or directly related to the

W R Dunstan: ‘Elementary Science Teaching’ Nature 40 (17 October 1889),
589-50.

22 ‘The Teaching of Science’ Nature 40 (17 October 1889), 599-560.

23 H E Armstrong: The Teaching o f Scientific Method and Other Papers on 
Education (1898, reprint London: MacMillan, 1910), 257. Armstrong’s support for 
scientific structure, rather than any philanthropic desire, was the primary motivation. 
‘The Need of Organising Scientific Opinion’ Nature 55 (4 March 1897), 409-411 & 
(11 March 1897), 435-436.

24 See various in Nature 77 1907-1908, a good summary of the arguments being 
H A Miers: ‘The Order In W hich Scientific Ideas Should Be Presented’ (23 January 
1908), 283.

25 See praise for Earl of Iddlesleigh ‘Note’ Nature 33 (17 December 1885), 160.
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teaching of scientific principles, as the previous chapter has shown there was far 

more than a cause-and-effect relationship between ‘pure’ science and technology.26

In contrast English Mechanic espoused not a rigid formula of the basis of 

science being taught to all, but the desire of the workforce to educate themselves, as 

evinced by the plethora of responses found in the letters section. Such letters support 

views of a general level of literacy and education in the readership that would be 

denied by many of the class-rooted prejudices of men such as Stuart, which English
97Mechanic attacked, such as Cornhill M agazine's views of the workshop in 1866.

In fact there was much that society could do to make it easier for the artisan to teach 

himself. Methods of paying for science classes for artisans in order to make the 

classes cheaper were suggested to the government Committee working on education 

in 1868.28 In 1884 a change in the pattern of the working day was called for in order 

to allow artisans to attend special science classes outside of work.29 Self-education 

books such as Twining’s Science in Popular Education was recommended to the 

readership - Twining himself offered his pamphlets free to those who wrote to him.30 

English M echanic's espousal of education rested firmly on the practical side, 

assuming that access to a good scientific education was the given right of all. Rather 

than stressing any moralising influence of learning science, it was rather seen as 

essential in the practical development of useful skills. The views of the scientific

R Barton: The X-Club (PhD, University of Pennsylvania, 1976), 290-292. It 
was not until the 1880s that regular features on its value appeared. See for instance: 
‘Note’ Nature 32 (6 August 1885), 328; ‘Notes’ Nature 36 (5 May 1887), 16.

27 “Third  Estate” Education’ English Mechanic 4 (2 November 1866), 82.

28 The Select Committee on the Provision of Instruction in Theoretical and
Applied Science to the Industrial Classes (1868-1869). ‘Schools of Art’ English 
Mechanic 6 (28 February 1868), 506.

29 ‘Technological and Science Classes’ English Mechanic 40 (1 September
1884), 28.

30 T Twining: ‘Scientific Education of Artisans’ English Mechanic 40 (1
October 1884), 139.
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practitioner were represented rather than the scientists: a note on the School of Mines 

in 1879 was openly critical of the practical abilities of its graduates.31

The presentation of science to the scientific public in the form of education 

was the most explicit avowal of scientific popularisation. Regeneration of scientific 

ideas that took place in a structured environment, vetted by the scientists themselves, 

and actively supported by the government, was seen as the ideal manner in which the 

utility of science could make improvements to cultural life. Approaches which 

encouraged self-help and self-education gradually became marginalised over the 

period as the views of an older generation of liberal thinkers sympathetic to the needs 

and wants of the working class were superseded by those of an educated middle-class 

led by those such as Huxley, Armstrong and Lockyer. Chief in this redefinition of 

scientific education was the concept of science as fact.

Cultural Science - Acculturation

It is too simplistic to accept completely the view of science and culture 

presented by this example of educational debates. Whilst a trend towards the 

dissemination of scientific ‘fact’ can be obviously discerned, science’s relationships 

with cultural life in this period were defined by both generational and regenerational 

elements. Studies of the interaction of different scientific spheres at many levels 

reveal that more often a combination of the two were in flux, particularly as science 

itself was viewed as both cultural and acculturative. Moreover the discourse often 

became negotiative and generational through science’s need to attain cultural 

authority.

The Changing Face o f Acculturative Science

Culture! - it is your true philosopher’s stone. Its magic 

influence will cause the clownish clodhopper to cast his ill manners 

and stultified notions as the caterpillar casts its skin, and walk forth

31 A H  Allen: ‘Scientific Education’ English Mechanic 30 (19 September 1879), 
42.
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erect in all the manly consciousness of possessed intelligence and 

refined amiabilities.32

That science was seen as a method of gaining culture during the first half of 

the nineteenth century has been demonstrated in Thackray’s examination of the 

Manchester elite’s attitude to the learning of science.33 In this vein Huxley’s opening 

article in Nature used Goethe’s writings to emphasise the cultural nature of science. 

Evoking the wonder and the glory of ‘Nature’, the article evoked a sense of awe and 

majesty, placing the reader in a position of respect and privilege to be allowed to 

study ‘her’.34 Betraying both Huxley’s cultural and educational background and the 

intended cross-disciplinary appeal, it was an enjoinder to the cultured and the 

educated to bring an appreciation of underlying beauty and patterns to the study of 

life, and an appreciation of cultured science to art.

So it was that Nature, although usually not an avowed supporter of the 

popularisation of more cultural science, nevertheless initially supported the bringing 

together of subjective and objective approaches. Envious eyes were turned on the 

state of - as usual - German science, where in the work of Wilhelm Wundt, Professor 

of physiology at Leipzig, the two managed to co-exist. Due to the Hegelian tradition, 

German science allowed a better understanding of psychological processes.35 

Despite such avowed approval, British science still tended to pay lip-service to 

empiricism and acculturative science that was presented reflected this.

In a late nineteenth century context it is unclear whether this scientific 

acculturation was still seen as a way to rise through the ranks of society - Thackray’s 

work would suggest not. Acculturation as part of the discourse of science therefore 

took place in two ways. Firstly, it associated science and scientific techniques with 

more recognised cultural pursuits in order to bind it more closely to gentle culture.

32 E Davies: Other M en ’s Minds (London: Frederick Warne and Co., 1874)

33 A Thackray: ‘Natural Knowledge in Cultural Context: The Manchester 
M odel’ American Historical Review  79 (1974), 672-709.

34 T H Huxley: ‘Aphorisms by Goethe’ Nature 1 (4 November 1869), 8-11.

35 ‘Note’ Nature 12 (17 June 1875), 135.
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Secondly, without a tradition of dialogue, acculturation in scientific discourse took 

the form of social commentary rather than a genuine recognition of science’s cultural 

status.

With its perch between the knowledgeable and the practically-minded on the 

lines of a popular, scientific Fraser s Magazine,36 Knowledge under Proctor actively 

popularised the idea of science as a means of cultural self-improvement in order to 

gain readers. Whilst there were elements of this view in his commentaries on the 

pages of English Mechanic, Knowledge provided his ideal mouthpiece. In his view 

Lockyer and regular contributors to Nature were a clique that were in the process of 

removing the valuable benefits of developing scientific knowledge from the public, 

and he wished to give it back to those who would benefit the most from its 

enlightening powers.37

Whereas Nature followed the views of its major contributors in largely 

ignoring recreational science, preferring to channel their readers towards more 

utilitarian forms, articles in Knowledge at this time reflected both popular tastes in 

science and the cultural benefits of participating in them. ‘Pleasant Hours with the 

M icroscope’ imprinted a productive and culturally stimulating view of science on the 

mind through the idea that the microscope was a useful and pleasurable way of 

passing free time.38 This imitated books and magazines of the time that stressed the 

easy, pleasant nature of science for social pleasure and as cultural practice - for 

instance the Science From An Easy Chair series, H ardwicke’s Science Gossip and

6 Fraser’s Magazine was the main outlet for Proctor’s work outside scientific 
journals and the basis of his original popularity. See discussion in Wellesley Index on 
Fraser’s, also M H Thrall: Rebellious Fraser's: Nol Yorke's Magazine in the Days o f 
Maginn, Thackeray and Carlyle (New York: Columbia University Press, 1934).

37 For Proctor (and Noble) and their opposition to increasing professionalisation 
see discussion on science and politics and particularly English Mechanic and 
Knowledge in the 1880s. This was a particularly acrimonious conflict where Proctor 
reserved some of his most scathing criticism. ‘Prize-Pig Honours for Science’ 
Knowledge 9 (1 May 1886), 215-216.

38 H J Slack: ‘Pleasant Hours with the M icroscope’ Knowledge 3, 4 beginning 3 
(19 January 1883), 34.
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Recreational Science: Use of science as a culturally enlightening diversion from

the rigours of life led to the development of serialised encyclopaedias such as the 

Harmsworth Popular Science series of the early 1900s.

Recreational Topics

Discussion of the more cultural aspects of scientific practice in Knowledge 

led naturally to requests for aid in cultural areas from a scientific perspective, often 

with only an associative link to science to justify inclusion. Articles on rowing, and 

to a lesser extent, cricket, were a regular contribution to Knowledge .40 Science for 

amusement or in games was featured heavily in English Mechanic and Knowledge, of 

which Noble’s regular column in Knowledge on optical recreations from 1884 was a 

typical example. Magic squares were a particular favourite of Ranyard’s during his 

tenure. Whist and chess columns were a regular feature in both English Mechanic 

and Knowledge. Largely included because of a certain conformity to the structure of 

what was expected from a society magazine, some did serve to illustrate scientific 

principles, particularly those of mathematics and probability.41

Health issues also proved a fruitful area to exploit scientific principles in 

action. W Matthieu W illiams’ ‘The Chemistry of Cookery’ was Liebigian in 

approach, stressing the benefits of eating potato skins for the potash contained 

therein, or the necessity of boiling tapioca to ensure the dispersal of toxins.42 ‘How 

to Get Strong’ was a practical guide on what to eat, what to wear and what exercises 

to do to keep in the best condition possible. Using scientific language and ideas, it 

provided what was in essence a personal fitness course for the readers. ‘Walking and

39 E R Lankester: Science From an Easy Chair (London: Methuen & Co., 
1910); R A Proctor: Light Science fo r  Leisure Hours (London: Longmans & Co., 
1871). See also critique. T L Brunton: ‘On the Science of Easy Chairs’ Nature 18 
(17 October 1878), 637.

40 An Old Club Captain: ‘Hints on Rowing’ Knowledge 5 (4 April 1884), 219- 
220; ‘New Views on Cricket’ Knowledge 2 (8 September 1882), 248.

41 FRAS: ‘Optical Recreations’ Knowledge 5 (from 2 May 1884), 305-307; A C 
Ranyard: ‘Magic Squares’ Knowledge 14 (from 1 December 1890), 277.

42 W M W illiams: ‘The Chemistry of Cookery’ Knowledge 3, 4, 5 from 3 (19 
January 1883), 33.
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Bicycling’ in English Mechanic effectively provided the same function.43 Along 

with the ‘Tricycles’ articles in Knowledge, it dovetailed with the fashionable trend 

for the new invention, spearheaded by bodies such as the Cyclists’ Touring Club 

(45,000 members in 1897), and more short-lived organisations such as the 

Tricyclists’ Union and the London Tricycle Club.44 Such trends were obviously 

aimed at the middle class - the cheapest child’s tricycle at this time cost nearly three 

pounds.43

N ature's contrasting stance to this indirect associative approach is shown in 

the manner in which it considered music. Longman s Magazine's articles on the 

music that could be found in the natural world, as reported in Nature in 1887 

contrasted strongly with the articles in English Mechanic on piano-playing, or the 

series in Knowledge in 1883 on ‘Home M usic’ which outlined the beauty and 

pleasure of learning the piano.46 Whereas Nature emphasised the culture inherent in 

science, cultural subjects covered in the other two popular scientific journals became 

scientific through association rather than direct justification. The series in 

Knowledge and English Mechanic on building organs and harmoniums and playing 

the piano were justifiable in both the techniques of their building and in their subject 

matter.

Discussions of art in the popular scientific journals conformed to this 

division. Non-realistic representation was fundamental to both Impressionism and

‘How to get Strong’ Knowledge 4, 5 (from 27 July 1883), 49; ‘Walking and 
Bicycling’ Series in English Mechanic 29 (1879).

44 J Browning: ‘What will be the form of the Tricycle?’ Knowledge 2 (18
August 1882), 195-196; ‘Tricycles in 1884’ Knowledge 5 (21 March 1884), 188; F S 
Cobb: ‘Tricyclists and the Parks’ Knowledge 5 (4 April 1884), 232. Figures in D 
Rubenstein: ‘Cycling in the 1890s’ Victorian Studies 28 (1977), 47-71; P Horn: 
Pleasures and Pastimes in Victorian Britain (Stroud: Alan Sutton, 1999), 168-169.

43 J Browning: Loc. Cit. provides a comparison of 1884 tricycles and prices.

46 A P Coleman: ‘Music in Nature’ Nature 36 (27 October 1887) 605; W Pole:
‘Music in Nature’ Nature 36 (11 August 1887), 343-345; ‘T Foster’ (Proctor): 
‘Home M usic’ Knowledge 3 (16 March 1883), 157-158.
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the Pre-Raphaelites.47 Despite this it was the view of many that ‘The highest aim of 

Art is to represent Nature perfectly,’48 including Lockyer, whose 1878 series 

demonstrated principles of optics, perspective and other basic scientific principles 

applicable to art.49 Although these were traditional Classical methodologies, Lockyer 

was one of the first to place them all under the embrace of ‘science’.50 His articles 

illustrated the value of using science, listing examples of art that was flawed in some 

way by lack of recognition of these principles, and found immediate support from the 

readership who gave their own glaring examples where painters had ignored these 

basic principles. F Pollock noticed no foreshortening of shadow in one painting, G 

Hubbard a shadow cast on sea mist in another - although the phenomenon was not 

unknown, as a later letter pointed out.51 There was only a limited response from 

artists such as Ellis, who felt that their works had been misunderstood/ The subject 

became a personal bete-noire of Lockyer’s, and later letter-writers who noticed the 

mistakes in art found this an easy route to publication/

For discussion of Impressionist art see: T H Clark: The Painting o f M odem  
Life; Paris in the art o f  Manet and his followers (London: Thames and Hudson,
1985); for the Pre-Raphaelites see M Pointon (ed): The Pre-Raphaelites re-viewed 
(Manchester: Manchester University Press, 1989).

48 Baroness von Gottrau: ‘Pictures’ Knowledge 9 (1 January 1886), 93.

49 J N Lockyer: ‘Physical Science for Artists’ Nature 18 (9 May 1878), 29-31; 
(16 May 1878), 58-61; (23 May 1878), 87-89; (30 May 1878), 122-126; (6 June 
1878), 154-157; (27 June 1878), 223-224.

50 ‘The Science of Painting’ (review of Wilhelm von Bezold ‘s Die 
Farbenlehre im Himblick au f Kunst und Kunstgewerbe (Braunschweig: 1884)) 
Nature 10 (23 July 1874), 221-222 was probably the inspiration for Lockyer’s series.

51 R J Lecky: ‘Physical Science for Artists’ Nature 18 (30 May 1878), 116; F 
Pollock: ‘Physical Science for Artists’ Nature 18 (4 July 1878), 249; G Hubbard: 
‘Physical Science for Artists’ Nature 18 (11 July 1878), 278; E H Pringle: ‘Physical 
Science for Artists’ Nature 18 (9 May 1878), 356-357.

52 T Ellis: ‘Science for Artists’ Nature 18 (16 May 1878), 66.

53 N Lockyer: ‘Science for Artists’ Nature 36 (30 June 1887), 199-201; E L
Garbett outlined problems in the picture of the Queen’s accession in Nature 36 (7 
July 1887), 221.
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Lockyer criticised Lubbock’s address to the Royal Academy for only showing 

how study of science could lead to appreciation of art, and not mentioning the 

practical aids that science could supply.54 Yet it is this Lubbock view that 

Knowledge subscribed to. Baroness von Gottrau’s series on pictures was more of a 

set of general principles around which to practice art rather than a handbook on the 

direct application of science.55 ‘Science at the Royal Academy’ sought to 

demonstrate scientific principles already at work in art, particularly sculpture.56 

Nature was actively attempting to enforce a link by imposing science upon art from 

outside; Knowledge was demonstrating the manner in which art depended upon 

science and celebrating the results.

From the lack of response of artists to Lockyer’s series it is clear that the 

popular scientific journal did not have much influence in the artistic world. Yet art 

did begin to use science - scientific colour theory sought to apply directly the optical 

techniques of colour juxtaposition in order to create images without painting
cn

structures. Similarly the development of the celebration of form and structure in 

Futurism and Formalism can be seen as the precursor to many modern ideas of art. It 

is not known what response Lockyer had to this direct application of the scientific 

techniques of art without the aesthetics, but rather than being as a direct result of any 

efforts, the movement was more representative of the manner in which science itself 

had reached a position of cultural authority.

The proliferation of ‘non-scientific’ issues in the more popular journals may 

seem strange to modern eyes, but the explanation is simple. Knowledge in particular 

appealed to many of those whose main interests were cultural in nature, and this 

approach was obviously developed as a direct result of this readership. Proctor

54 ‘Sir John Lubbock’s toast to “Science” at the Royal Academy Dinner’ 
Nature 32 (7 May 1885), 11.

55 Baroness von Gottrau: ‘Pictures’ Knowledge 9 (1 November 1885), 6.

56 Knowledge 1(12 May 1882), 590 and next two issues.

57 J W Strutt: ‘Some Experiments on Colour’ Nature 3 (6 July 1871), 234-235;
J C Maxwell: ‘On Colour Vision’ Nature 4 (2 November 1871), 13; M Kemp; The 
Science o f Art: Optical Themes in Western Art from  Brunellschi to Seurat (New 
Haven & London: Yale University Press, 1990).
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himself admitted that ‘Other teachings in our pages are but such accessories as have 

appeared desirable to secure the stability of the Journal from a publishing point of 

view.’' In fact it is surprising, considering his encouragement of cultural forms of 

expression, to find that Proctor saw some subjects as non-scientific. One reader 

wrote in to ask Proctor the way to avoid sore knees when horse-riding. Having given 

a reply, he then asked ‘Why do you ask m e?’ In view of the other topics covered, 

this would seem to be a reasonable question to ask.59

The purpose that these cultural forms served was to re-associate science with 

acculturation - in particular the concept of the English gentleman’s unified education 

in scientific and artistic culture that Thackray has identified in Manchester. In 

contrast Lockyer’s approach was meant to achieve the same ends, in showing how 

science itself was essential to the good practice of culture. After 1900 more 

avowedly cultural subjects began to be included in Nature'. W G Grace featured in 

1905; magic squares filled a six page article in 1902; Francis Galton speculated on 

the work required to achieve a painting in 1905.60 Similar trends can be found in 

English Mechanic, such as W Mark W ebb’s history of clothing presented as a ‘nature 

study’ in 1910.61 Yet this associative discourse cannot be compared to Knowledge's 

approach, as this was more light relief for the working scientist rather than an 

integrative approach to science and culture. Importantly, neither the associative nor 

the direct discourse allowed for generative input from the scientific public - in their 

independent ways they maintained a preconceived image of the cultured man, his 

culture based upon sound scientific forms.

Science and Morality

58 R A Proctor: ‘Gossip’ Knowledge (2 August 1886), 314.

59 ‘Replies’ Knowledge 4 (6 July 1883), 13.

60 P A MacMahon: ‘Magic Squares and the Problems on a Chess-Board’ Nature
65 (13 March 1902), 447-552; ‘Science and the Art of Cricket’ Nature 73 (23 
November 1905), 82; F G: ‘Number of Strokes of the Brush in a Picture’ Nature 72 
(29 June 1905), 198.

61 W M Webb: ‘Human Nature and Clothes’ English Mechanic 91 (18 March
1910), 147-148.
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A series discussing the social phenomenon of friendship in English Mechanic 

from August 1876 aptly demonstrated the humanistic intent of scientific morality at 

this time. ‘Nonnullus’ requested the views of scientific men who wished to have the 

responses of contributors on their opinions of the origins of non-sexual, non-familial 

friendship - was it moral deficiency or synergy?62 Responses were not readily 

forthcoming, although Physiognomist’ was not contradicted when saying:

The questions raised by ‘Nonnullus’ are of great importance to 

anyone who believes, as I do, that “the proper study of Mankind is 

Man.” To understand them rightly, and to be able to put them in a 

clear light, the truths and laws of human nature which they embody, a 

man must not only possess a penetrative and sagacious mind, but must 

combine with it a large amount of general culture, and a thorough 

knowledge of the ways of men.63

Associations of particularly, scientists, demonstrated that men naturally 

gravitated to a state of companionship, and that the highest form of this was personal 

friendship. Moral judgements on social issues were a rightful preserve of the 

scientist, who embodied all of the qualities outlined. In step with this, the moral 

standpoints of the journals before 1890 were humanistic and acculturative in 

approach. In the 1880s Proctor linked the mistreatment of boys at school to violence 

in men, and ultimately in its expression in war, discussed the roots and nature of 

‘Evil’, condemned the lawlessness of the American frontiers, particularly in 

inhumane attitudes to ‘Indians’ and ‘coloured men’, and attacked those who linked 

disease to sin.64 This last point contrasted strongly with N ature's contemporary

Nonnullus: ‘Friendship’ English Mechanic 23 (11 August 1876), 564.

63 Physiognomist: ‘Friendship’ English Mechanic 23 (1 September 1876), 645.

64 R A Proctor: ‘Our Boys At School’ Knowledge 4 (21 September 1883), 177; 
‘The Problem of Evil’ Knowledge 11(1 November 1887), 21. On this subject see 
also A R Wallace: The World o f  Life (London: Chapman & Hall, 1910) whose views 
were previously expressed in the spiritualist publication Light 5 (1885) - see F M 
Turner: Op. Cit., 100-101 for full details; ‘Varieties of American Life’ Knowledge 12
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praise for H G Seeley, whose view that moral discipline would lead to health was 

expressed in an SPCK publication.65 In a limited fashion Proctor had managed to 

break free from the stereotype of Victorian middle class culture - certainly a factor in 

the ostracism that he faced from those such as Lockyer.66

Proctor’s articles on T h e  Morality of Happiness’, written under his 

pseudonym of Thomas Foster, were the most direct expression of a scientific position
f\7on morality at this time. Through the course of these articles he demonstrated his 

debt to the Liberal views of J S Mill in ideas of personal responsibility to society. 

Not only was it ‘a part of . . .  [a member of society’s] . . . personal duty to consider 

the well-being of the rest’,68 but also to improve the ability of others to do the same. 

In order to do this one’s own health and mental well-being was of primary 

importance. This found strong agreement from T Common, who felt that ‘Ethical 

theories . . . may determine the whole course of a person’s life’. Ethics could combat 

the ‘evils’ of socialism and communism by deducing the flaws in their principles 

whilst providing realistic alternatives. ‘Scientific morality is the true antidote to 

revolutionary ideas’ - the application of science to moral principles would protect the 

middle classes from the evils of socialism and com m unism .69

Scientific morality also expressed itself in the new relationship of man to the 

animal kingdom. Noble’s stance on blood sports was symptomatic: science could 

justify hunting with weapons, as the shock of the bullet often numbed the pain; 

fishing was approved of due to the lack of nerves, and thus pain, in the fish’s jaw;

(1 March 1888), 103-104; ‘Reviews’ (A Medical Muser: Disease and Sin (London: 
Wyman & Sons, 1886)) Knowledge 11 (1 September 1887), 259.

65 Book Review - H G Seeley: Factors in Life (London: People’s Library, 
1888), Nature 38 (19 July 1888), 267-268.

66 In this Proctor reflects a view born in the previous century. See H Guerlac: 
‘Humanism in Science’ in Idem: Essays and Papers in the History o f Modern 
Science (Baltimore & London: John Hopkins University Press, 1977), 3-18.

67 T Foster: ‘The Morality of Happiness’ Knowledge 5 from (1 February 1884), 
69-70.

68 T Foster: ‘The Morality of Happiness’ Knowledge 5(15 May 1884), 345.

69 T Common: ‘Scientific Morality’ Knowledge 5(11 April 1884), 251.
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fox-hunting and falconry were condemned as they inflicted pain rather than 

immediate death of the animals.70 Whilst being a direct reflection of an attitude 

towards nature that had been developed through years of observation, it also depicted 

a world where Man had been placed among the animals by evolutionism. Ethical 

discussions on animals developed from an alliance of cultural, humanist and 

scientific analysis, and led to sustained questioning of vivisectionist procedures.

Elements of mainstream middle class concerns were never far from the 

surface. Huxley expressed the view that ‘natural knowledge [has laid] the 

foundations of a new morality’ as early as 1866.71 Drunkenness was a moral issue 

that had strong connections with science in the potential medical effects and featured 

heavily for social reasons in the middle class press of the time. Statistics on 

drunkenness were analysed in their relationship to crime.72 Particularly in the 1890s 

Galton and Pearson found Nature a willing ally in theories of genetic predisposal to 

moral degeneration. The late Victorian concern with the causes of criminality also 

found ample evidence in statistical analysis of public records highlighted in Nature - 

without fail accompanied by the moral judgement of the scientist.74 ‘That 

prostitution is in intimate association with alcoholism and mental defect is shown.” 

said Karl Pearson in 1911 when defending himself against moralist arguments.75

What was lost to many scientific men in the 1890s and 1900s was the element 

of humanism that so strongly characterised the work of Proctor, Noble and Romanes.

F.R.A.S.: ‘Killing, Fighting and Inflicting Pain For Sport’ English Mechanic 
23 (24 March 1876), 36.

71 T H Huxley: ‘On the Advisableness of Improving Natural Knowledge’ Op. 
Ch., 344.

72 Note Nature 38 (7 June 1888), 135.

73 K Pearson: ‘Dilettantism and Statistics’ Nature 51 (13 December 1894), 145- 
147; F Galton: ‘Personality’ 52 (26 September 1895), 517-518; idem: ‘Evolution of 
the Moral Instinct’ Nature 58 (14 July 1898), 241-242; ‘Alcohol and Eugenics’ 
Nature 85 (9 February 1911), 85-86.

74 F Galton: Book Review Nature 42 (27 November 1890), 76-77; Idem: ‘Terms 
of Imprisonment’ Nature 52 (20 June 1895), 174-175

75 ‘Alcohol and Eugenics’ Loc. Cit., 86.
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Whereas they had seen the work of Max Muller as ‘Aryan heresy’,76 a tacit 

acceptance of the naturally selected superiority of the white middle class European 

imbued the work of the next generation of scientists. Discussion of moral issues in 

science became restricted to perceived failings of the working classes such as drink, 

gambling and criminality, and lent itself utterly to the acceptance of eugenics. 

Adopting the generative science of the conservative middle class scientific public 

was not new - however it was in the decades after 1890 that these trends found 

obvious expression and an outlet in scientific action.

Whilst not always in agreement, the morals that were espoused in the journals 

were not only regenerative in the sense that they were being presented to the 

scientific public, but also in that they had been regenerated from trends in the middle 

class culture in which scientists found themselves. Outside such a culture such views 

were self-limiting as convincing arguments; in the atmosphere of the late nineteenth 

century they were likely to be rejected just as much as the profoundly middle-class 

views of the Temperance League and other pressure groups. The true use of science 

as means of acculturation can be seen, if not in gaining culture through science, then 

in the practical advantage that it gave over the non-scientificised:

Out of the prisons of their mean estate

And with such jewels as the exploring mind

Brings from the cage of knowledge to buy their ransom

From those twin gaolers of the daring heart

Low birth and Iron Fortune.77

This was an argument born not from cultural politesse or scientific morality 

but from a utilitarian view negotiated with the scientific public. In consequence 

cultural arguments were suppressed whilst factual popularisation of science gave the

76 T h e  Religion of the Ancient Britons’ (review of J Rhys: Lectures on the 
Origin and Growth o f Religion (London: Williams & Norgate, 1888)) Knowledge 12 
(2 July 1888), 193-195.

77 J Newton ‘The English Mechanic - His Rise and Progress’ English Mechanic 
2(15  December 1865), 140.
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scientific public tools of personal development. Factual popularisation became in 

itself acculturative - a means of personal improvement, but utilitarian and practical in 

nature. It indirectly gave the scientist, through control of the flow of fact, a means of 

enforcing control over the use and practice of science. The more directly social in 

intent this scientific regeneration became, the more elements of regenerated public 

science were integrated into it; in asserting a right to a voice in culture science bound 

itself more intrinsically to class goals and agendas.

Science and Cultural Authority - Expansion through Negotiation

Despite it being argued by Turner and others that the cultural authority of 

science was less at the end of the century than in 1860, it was in this period that the 

scientist explicitly asserted more than the simple right to knowledge of the natural 

workings of the world. Such direct championing of science’s cause in the face of 

renewed Romanticism lends credence to Bakhtin’s concept of the heteroglossia of 

oppositional culture. In this redefinition scientists began to place more emphasis on 

science’s claims to cultural status and adopted more cultural forms with which to 

present an underlying philosophy.

The burgeoning of the history of science as an entity, as discussed in chapter 

one, legitimised the study and practice of science by endowing it with an historically
7R‘important’ past. Yet this discourse was not confined to self-declared histories - the 

use of the retrospective, both in homilies on scientific achievement and reviews of 

scientific research, inculcated an indubitable sense of progressive development. 

Constant revision of ‘Current Progress’ in English Mechanic employed a positivistic 

discourse to evaluate scientific invention. W H Preece in particular singled out 

electricity as an example of how modern human history was intrinsically linked to 

the progress of science. New theories were placed in context of their scientific
79histories, with an emphasis placed upon progress, not change or novelty. A

78 C Russell: ‘Rude and Disgraceful Beginnings: A View of the History of 
Chemistry from the Nineteenth Century’ British Journal fo r  the History o f  Science 
21 (1988), 273-296.

79 E.g. J Lormor: ‘On the Physical Aspect of the Atomic Theory’ Nature 77 (12 
March 1908), 450-453.
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blatantly positivist correlation was drawn between the ‘higher’ civilisations, such as 

Babylon and Egypt, and science. As a result of this assumption religious and 

astrological significance in these ancient sciences were often marginalised - the term 

‘astrotheology’ was coined not in the popular scientific journal, but in The Times in 

1881. Although there were exceptions such as Maunder’s analyses of astronomy and 

astrology, articles on Babylonian astronomy generally recounted only their 

accumulated knowledge on planets, stars and time periods.80

The growing confidence of science in its own authority and obvious concern 

at its reception meant that increasingly during the late nineteenth century it claimed a 

cultural right to speak on matters which were only indirectly connected with the state 

of contemporary research. Tyndall's notorious British Association Presidential 

address of 1874 even went so far as to claim less technical scientific writings as an 

example of good literary culture, in fact superior to that of popular literature.81 

Politics, religion and society all came under scientific scrutiny, and the debates 

surrounding these issues found many outlets in the popular scientific journals.

82Scientific Politics

Nature's involvement in scientific politics has been well documented in a 

number of academic studies. The journal - and particularly Lockyer - used the 

editorial format to present overviews of scientific ‘achievements’ to support its case 

for endowment:83 the scientific museum projects were supported at every step, and

80 A H Sayce: ‘Babylonian Astronomy’ Nature 12 (7 October 1875), 489-491; 
G Bertin: ‘Babylonian Astronomy’ Nature 38 (4 July 1889), 237, (11 July 1889), 
261, (18 July 1889), 285, (8 August 1889), 360.

81 J Tyndall: ‘Presidential Address’ Nature 9 (20 August 1874), 309-319.

82 Actual political affiliation is not discussed in the following as it was generally
Liberal in inclination. As with ‘liberal’ there was simply a difference of degree. R 
MacLeod: ‘The Ayrton Incident: A Commentary on the Relations of Science and 
Government in England 1870-1873’ in A Thackray and E Mendelsohn: Science and 
Values: Patterns o f  Tradition and Change (New York: Humanities Press, 1984), 45- 
78 gives an idea of how party political views were compromised for science.

83 ‘Government Aid to Science’ Nature 1 (13 January 1870), 279-280;
‘Government Aid to Scientific Research’ Nature 14 (29 June 1876), 185-186; 
‘Government Grants in Aid of Science’ Nature 15 (1 March 1877), 369-370.

140



Chapter 4: Culture

their results lauded;84 educational debates were definitively linked to scientific status 

and scientific prestige; plenty of ‘evidence’ was garnered in discussions of science 

and industry. Much of the evidence for major studies of science and politics has 

been gathered from Nature's pages - as is unsurprising given that the main 

contributors were those most vocal in the support of endowment, and the guiding 

lights behind the creation of the British Science Guild in 1905.

The other journals, whilst generally in favour of scientific education, balked 

at the elitist approach of many of the scientists. Proctor and Noble in particular were 

scathing about what they saw - rightly - as scientific power-building at the expense of 

scientific training.85 Both criticised the scientific accuracy of the ‘South Kensington 

set’, particularly the poor standard of graduates from the School of Mines, and the 

argument often descended into mud-slinging. During the expensive eclipse 

expedition of 1870 one of the members of Lockyer’s party even sent Proctor an 

abusive postcard, accusing him of jealousy. These debates, whilst they serve as a 

reminder of a lack of homogeneity in viewpoint in the sphere of the scientist, 

illuminate attitudes towards the regeneration of scientific ideas previously 

demonstrated in the area of education. Nature was passionate in creating a power 

structure for scientists; English Mechanic and Knowledge in creating a true scientific 

community encompassing all spheres.

English Mechanic's political stance is refreshing in its approach:

When Queen Victoria travels the idea seems to be, Let 

everyone get out of the way, quam celerrime (see her instructions to

S Sheets-Pyenson: ‘Cathedrals of Science’; For example, in one volume 
alone: E A Schafer: ‘The Need of Museum Reform’ Nature 16 (31 May 1877), 78- 
81; W Boyd Dawkins: ‘The Value of Natural History M useums’ Nature 16 (7 June 
1877), 98; ‘The Organisation of Natural History M useums’ Nature 16 (21 June 
1877), 137-138; F W Rudler, W Gee, A W Waters: ‘Museum Reform’ (letters) 
Nature 16 (21 June 1877), 140-141; A B Meyer: ‘Museum Reform’ Nature 16 (19 
July 1877), 227.

85 R Proctor: ‘The Endowment of Research’ Nature 16 (14 June 1877), 119 is a 
limited early critique. Later English Mechanic and Knowledge reports were not 
nearly so accommodating.
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her loving, but it seems, too obtrusive people - “subjects” the law calls

them, though it does not tell us the date of their subjection.)86

Whilst overt anti-monarchist statements were rare, the journals still actively 

participated in the politics of the nation. In 1886 Knowledge reprinted an article 

from the Newcastle Weekly Chronicle that defended Huxley’s involvement in the 

‘Irish Question’ debate, stating that it would be ‘counter to the whole spirit of his

career’ if a scientist were to speak on a political matter without having first

acquainted himself with the whole facts, and thus when speaking out on a political 

subject, it meant that they should be granted, immediately, the status of expertise.87 

The popular scientific journals saw that it was the right, if not the duty, of all 

scientists to be allowed to express an opinion on political issues, as scientific training 

was seen to provide a neutral, measured account of political problems.

English Mechanic was particularly active in its early years in defending 

workers’ rights, often supporting the worker against the harsh master. In December 

1865, Joseph Newton’s address to the Association of Foremen Engineers on 

November 4th stated:

“He’s only a mechanic” is an expression sometimes used in 

disparagement of the man who, week in, week out, pursues his 

honest calling, and who eats no bread but that which he has toilingly 

earned. Only a mechanic! Why where would England be at the 

moment but for its mechanics, past and present? . . .  I rejoice in 

being a non-commissioned officer in the ranks of the mechanical 

army of Great Britain, and in having been permitted to share . . .  in 

the great work of improvement and civilisation in which it is 

constantly engaged.88

Knowledge 2 (16  October 1882), 3.

87 ‘Science and Politics’ Knowledge 9 (1 June 1886), 240-241.

88 Joseph Newton: ‘The English Mechanic - His Rise and Progress’ English 
Mechanic 2 (1 December 1865), 123.
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[The Association] . . .  is a gathering of workers in the fields of 

wisdom endeavouring to glean facts which shall make them better 

agents of their employers . . .  1 believed at first that the clouds of 

misconception through which the Society was seen by the employers, 

and which gave them a distorted notion of our doings, might be 

dispelled, and dispelled, I am thankful to say, they have been.89

Any journal that dealt with a new professional group emerging from the 

working class had to deal with the same social problems as that group itself. The 

spectre of radical and socialist thought still haunted the ruling classes and thus 

English Mechanic, in order to retain its readers on both sides of the divide, mainly 

showed this conciliatory face.90 This was particularly evident when compared to The 

Scientific Review and Journal o f  the Inventors’ Institute, which in 1865 drew a 

number of favourable comparisons between the practice of science and communism, 

drawing a number of parallels between the status of inventors and scientists in a 

scientific class structure.91 When informed that mutual concession in the iron trade 

dispute was leading to a compromise, English Mechanic stated ‘We trust that this 

situation is correct and that the proposal to submit the whole question to Lord Stanley
92and Lord Elcho will lead to a reconciliation between the workers and their masters.’ 

Similarly, ‘Y’ felt that in the battle between capital and labour ‘both will lose, but I 

believe the world will ultimately be the gainer.’

Ibid. English Mechanic 2 (22 December 1865), 123.

90 The main form of violent protest took the form of the riot, particularly in
reaction to legislation such as the Contagious Diseases Acts that curtailed specific 
aspects of working class behaviour. J Walkowitz: Prostitution and Society 
(Cambridge: Cambridge University Press, 1980); J M Golby, A W Purdue: The 
Civilisation o f the Crowd (London: Batsford, 1984).

91 ‘Communism’ was closer in meaning at this time to ‘socialism’ today. The 
Scientific Review and Journal o f the Inventors’ Institute (1865-1867); ‘Science and 
Communism’ (October 1865), 121.

92 ‘The Dispute in the Iron Trade’ English Mechanic 1 (31 March 1865), 11.

93 Y: ‘The Puddlers’ Strike’ English Mechanic 1 (31 March 1865), 10.
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The liberal traditions of EM  and Knowledge also led to the condemnation of 

many of the worst excesses of the employers. In April 1865 English Mechanic 

described lock-outs as the only part of contemporary labour relations that outweighed 

strikes in terms of their damage to society. It stressed the need for arbitrators and the 

inventions that had circumvented the normal flashpoints of industry - ironically one 

of the chief causes of labour problems in the nineteenth century was being presented 

as its saviour. Two weeks later further pleas for conciliation were forwarded.94 

After the temporary resolution of the dispute English Mechanic then presented its 

view of the essential harmony of worker and master:

It cannot be denied that the workmen, in the case of the lock

out, carry off the honours. The common sense sides with them - the 

proposal for arbitration comes from them; and whatever may be the 

form of court to be established, they will be the founders.95

It was rare to have the principles of ‘harmonious’ capitalism stated so 

obviously. Strikes were not the answer any more than management lock-outs - 

emphasis was placed in the conciliatory process for the benefit of both the workers 

and the masters, with scientific inventions providing both a tool for that conciliation 

and a necessary check on the excesses of both sides. So it was that English Mechanic 

opposed the attempted legalisation of the Conciliation Courts - the Courts themselves 

had to be as a result of conciliation if they were to work.96

In keeping with this Edwin Chadwick’s lectures on the physical and moral 

condition of the English working classes engendered a vociferous rebuttal from 

English Mechanic. Chadwick’s arguments centred around the problems caused in 

the moral welfare of the newly skilled - and thus higher paid - working man. These 

problems, chiefly drunkenness, were caused by an ‘excessive increase’ in wages.

‘The Lock-Out’ English Mechanic 1 (7 April 1865), 14; ‘The Lock-Out’ 
English Mechanic 1 (21 April 1865), 38-39.

95 ‘The Late Lock-Out’ English Mechanic 1 (28 April 1865), 51.
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English Mechanic argued that those who were being paid the higher wages actually 

deserved them because of the jobs involved; moreover they had to remain sober 

because of the responsibilities of running the new machinery. The worth and the 

training of the engineer was recognised as a sign of progress, reducing the need for 

apprenticeships elsewhere in those running the machinery.97 English Mechanic 

proved itself astute in recognising the way in which the world was changing, placing 

itself firmly in support of the trained mechanic with the apprenticeship and 

experience to make his own innovations. In opposition to the Fortnightly Review  

profit-sharing was presented as a way for the workman to educate his children, with 

the favourable example of Greening and Co. of Clydeside.98 The profit-sharing, 

health and life insurance policy of Tangyes (Limited) was similarly praised.99

Other initiatives to help the working class were welcomed. Legislative 

changes, which allowed workmen to merely pay a fine rather than being imprisoned, 

were hailed as beneficial to the welfare of society. Canada was proposed as a 

potentially lucrative area for the workman to emigrate to, with plenty of work 

available to skilled labour. A review of the society journals’ views on education 

attacked negative viewpoints on the working classes, positing instead the cultural 

enrichment that would be achieved on their inclusion.100 A review of mining 

accidents in 1866 showed the belief of English Mechanic that science helped the 

working man be safer. It also evinced a sense of care and duty towards the miner that 

was not often seen at the time. The article allowed that miners were likely to become 

fatalistic as a result of their employment; however it was the duty of all to prevent 

him from becoming a pariah, whilst at the same time attempting to discover new 

ways to make him safer. To do otherwise was a ‘moral scandal.’ Following a further 

article, J Wilson called upon English Mechanic to provide a forum for the discussion

97 ‘Fallacies Concerning the “Wage-Classes” ’ English Mechanic 1 (7 July 
1865), 171-172.

98 ‘Partnerships of Industry’ English Mechanic 3 (8 June 1866), 202-203.

99 Engineer: ‘Munificent Employers’ Knowledge 4 (2 November 1883), 276.

100 ‘Master and Servant’ English Mechanic 4 (28 September 1866), 2; ‘Labour in 
Canada’ English Mechanic 3 (21 September 1866), 563; “‘Third Estate” Education’ 
English Mechanic 4 (2 November 1866), 82-83.
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of ideas and inventions to prevent these accidents.101 Thus the circle turned 

completely; by involving itself in a debate current in society, English Mechanic made 

itself the focus of the scientific analysis around that debate.

In such a manner English Mechanic placed itself in opposition to many of the 

commonly held middle class views of the working classes. In an article of February 

1867 the journal ridiculed the view of the assumption of the happy, healthy rural 

labourer as contrasted to the dirty, drunken factory-worker, pointing out the high 

incidence of rural poverty and starvation as compared to the industrious, wage- 

earning city-dweller. Despite the more apparent faults of factories, by instilling the 

idea of a fair day’s work they were in fact more socially useful than the rural calendar 

dominated by three seasons of work.102

Later issues of English Mechanic reflected the growing social status of the 

readership in that social and political issues were not as apparent. With the growing 

acceptance of the new ‘labour aristocracy’ there was no need to answer the critics in 

the weekly journals. When conflict did arise, ‘Ours’ was quick to defend the rights 

of its readership. Silvanus Thompson’s campaign for the better technical training of
103artisans received English Mechanic s support. Discussion on the better 

organisation of Friendly Societies indicated their full acceptance by the journal.104 

Trade Unions were seen as a necessary development to counter the ‘hungry and 

unscrupulous employers’ who otherwise would pay the lowest wages possible

‘Accidents in M ines’ English Mechanic 2 (12 January 1866), 187-188; J 
Wilson: ‘A Week of Accidents in M ines’ English Mechanic 4 (4 January 1867), 235.

102 ‘The Moral Tendency of Factory Labour’ English Mechanic 4 (22 February 
1867), 354.

103 ‘Apprenticeship: Scientific and Unscientific’ English Mechanic 30 (12 
December 1879), 323.

104 P Vere: ‘Friendly Societies’ English Mechanic 27 (15 March 1873), 18; 
Nemo: ‘Securities for Friendly Societies’ English Mechanic 40 (5 September 1884), 
20; F Durley: ‘Securities for Friendly Societies’ English Mechanic 40 (12 September 
1884), 41; RS: ‘Securities for Friendly Societies’ English Mechanic 40 (26 
September 1884), 91.
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without regard to skill or experience - and also a way of preventing the perceived 

drain of skilled labour, denying the country its trained workforce.105

Was this support of working class rights from a true desire to see a form of 

equal treatment in society, and a genuine belief in the ability of the workman to 

secure his own moral salvation? Was it was from a desire to defend the new 

technologically based system and a more basic protection of the readership base? 

Certainly it cannot be ascribed to Passmore Edwards’ philanthropic views - the 

debates were far more radical under M addick’s leadership. Whatever the reason, the 

journal raised a voice against the contemporary middle class moral viewpoint of the 

working class, and faith was publicly placed in their attempts to define themselves as 

a new force in society. Once the new class had redefined itself as distinct to both the 

working and middle classes there was no longer need for column inches to be 

expended on the subject. English Mechanic can be seen as fulfilling a social role in 

establishing the credibility of the mechanic - to use E P Thompson’s definitions, the 

process of creating class consciousness can be seen to be mirrored in its pages.106

Science and Religion

It is too simple to view the dispute between Bishop Wilberforce ( ‘Soapy 

Sam ’) and Huxley as being a true representation of the relations of science and 

religion through the second half of the nineteenth century.107 Historians such as 

Brooke and Turner have analysed an increasing, rather than constant, opposition of 

religion and science in this period. The fundamental questioning of the religious 

basis of life that found its voice with the more positivistic scientists clashed with the 

general traditions of natural theology to produce a conflict that was as integral to

S Mayer: Trade-Unionism and Its Results’ English Mechanic 27 (3 May 
1873), 190.

106 E P Thompson: The Making o f the English Working Class, esp. 906-940.

107 For a primary account of W ilberforce’s attack on Darwinism at the 1860 
Oxford meeting of the BAAS see F Darwin: The Life o f Charles Darwin (1902, 
reprint London: Senate, 1995), 236-241. His nickname came from his childhood, 
and not from the apocryphal initials carved on the wall of Cuddesdon College. 
Knowledge 3(12  January 1883), 18.
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scientific thinking as it was important in its ramifications in religious Victorian
108society. Regeneration of science in its attitude to religion visibly demonstrated 

this, initially borrowing from religious metaphor and doctrine to illustrate scientific 

principles, but by 1914 largely listing the failures of religion as a tool of explanation. 

It was not the case that science became secular, rather that science encroached so far 

on the traditional preserve of religion that it became in itself a challenger to it.

Religious essays during the course of the latter half of the nineteenth century 

indicated the growing threat of scientific atheism. Earlier texts assumed science to 

have a natural theological basis: Reverend William Baker wrote in 1864 of the 

essential harmony and co-existence of science, and the inter-applicability of concepts 

and methods between the two; Le Comte’s series of lectures dwelt on the 

understanding of God through the study of the divine truth of Nature. There was also 

discussion at this time of the need to reconcile two subjects which approached the 

same subject matter but from different angles. The Christian Evidence Society 

forestalled criticism by insisting that the Bible should not be read literally, and that 

evolution still fitted in with the higher truths of Christianity.109

This uneasy truce was beginning to show cracks after 1885. Sir Robert 

Anderson wrote in 1889 of the possibility of faith being eroded by science, saying: 

‘Science, the very personification of knowledge, turns agnostic and is dumb.’ A J 

Harrison’s view in 1893 was that science had no moral guiding purpose, and thus 

was limited, and four years later the Reverend M O ’Riordan attacked science for its 

lack of constancy of ideas. He also attacked the arrogance of scientists such as

108 J H Brooke: Science and Religion (Cambridge: Cambridge University Press, 
1991); F M Turner: ‘The Victorian Conflict Between Science and Religion: A 
Professional Dimension’ Isis 69 (1978), 356-376; F M Turner: Between Science and 
Religion: The Reaction to Scientific Naturalism in Late Victorian England (New 
Haven and London: Yale University Press, 1974) especially 1-37.

109 Rev W Baker: Harmonic Maxims o f Science and Religion (London: 
Longmans & Co., 1864); J Le Conte: Religion and Science: a series o f Sunday 
lectures (London: Ward, Lock & Tyler, 1874); Rev T W Fowle: The Reconciliation 
o f Religion and Science (London: H S King, 1873); S T Gibson: Religion and 
Science: Their Relations to Each Other at the Present Day (London: Longmans,
1875); ‘Science and Scripture Not Antagonistic’ and ‘Genesis Versus Geology’ in 
Christian Evidence Society: Popular Objections to Revealed Truths (London: Hodder 
& Stoughton, 1874).
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Draper, Huxley and Tyndall in their anti-religious viewpoints.110 By the turn of the 

century much of the enthusiasm of men of the cloth for science had waned, to be 

replaced by mistrust. Later essays, especially from the Catholic Church, attempted to 

divide science and religion into spheres of operation, a sign of how the Church’s 

territory was being appropriated. The First World W ar cemented this view, with 

scientists being directly attacked for bringing materialism into the world of faith.111 

Religion’s pronunciations on science had taken a decided turn towards antagonism.

The popular scientific journals - the ambivalent position o f Knowledge

Where Turner has identified scientific reaction to naturalism in a return to 

natural theology and a more spiritual outlook, religious opposition to science, if 

anything, seems to have increased rather than decreased, as might be expected. Thus 

scientific naturalism on its own cannot supply a full explanation. Study of biblical 

history and archaeology increased dramatically through the time period. Such study 

was certain to cause antagonism: the Astronomer Royal’s, Sir G B Airy’s, Notes on 

the Earlier Scripture was reviewed in English Mechanic in 1876. Praised for the 

desire to find the real truth behind the metaphor of the scriptures, the book had been 

‘publicly anathematised from the pulpit of his local church.’112

‘A Christian’ followed this by counselling against the scientific reading of the 

Bible, ascribing many of the events in the Bible not down to direct physical causes, 

but the possibility of ‘good priestcraft’.113 He was prepared to make a stand against

110 A Criminal Lawyer: A Doubter's Doubts about Science and Religion
(London: Kegan Paul, 1889); A J Harrison: The Ascent o f Faith: the grounds o f  
certainty in science and religion (London: Hodder & Stoughton, 1893); Rev M 
O ’Riordan: D raper’s “Conflict Between Religion and Science”: A lecture delivered 
in Limerick and Cork in 1897 (London: Catholic Truth Society, 1898)

111 Rev J O Bevan: The Spheres o f Action o f Science and Religion (London: 
Francis Hodgson, 1903). This lecture was timed to coincide with the Southport 
meeting of the British Association in 1903; Rev Francis Aveling: ‘Science and Faith’ 
The Catholic Church and Science (London: Catholic Truth Society, 1914).

112 ‘Science and Scripture’ English Mechanic 23 (18 August 1876), 578; similar 
views in G Romanes: ‘The Bible in Science’ Nature 24 (11 August 1881), 332.

113 A Christian: ‘Science and Scripture’ English Mechanic 23 (1 September
1876), 639.
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the early books of the Bible being read literally - he attacked Airy not on religious 

grounds, but on scientific. Generally, discussions of religion largely steered clear of 

the New Testament, thus avoiding direct conflict.114 One exception, the possibility 

of the ‘Star of Bethlehem’ being a comet, specifically did not question the birth of 

Christ or diminish the value of it.115 Articles placed early Christian scripture in 

juxtaposition to analysis of other ancient religions - many of which stressed the 

origins of astronomy in moon-worship. Comparisons were drawn between Christian 

and other ancient religious beliefs, especially with reference to accounts of the fall of 

man and the Flood.

While Huxley and others were openly avowing their atheism, seeing religion 

as ‘arising out of the action and interaction of man’s mind’,116 Knowledge and 

English Mechanic consistently took a natural theological viewpoint, attempting to 

provide a forum where the science and religion could co-exist. Proctor’s view at the 

end of the first volume was: ‘We shall continue to exclude from our columns with 

equal rigour attacks on religion from the side of science and attacks on science from 

the side of religion. We believe that . . the study of science implies the surest belief 

that God’s works are worth studying.’117 In fact Proctor claimed that his lectures had 

‘tended . . .  to raise M an’s thoughts from Nature up to Nature’s God.’ ‘The 

Unknowable’ in 1885 illustrated that science and religion could work together 

towards a common goal, analysing the development of religion from prehistoric

‘I E Toye Warner: ‘The Moon as the Oldest Deity of the Chaldeans’ 
Knowledge and Scientific News 5 (1 December 1908), 274-5; ‘The Moon and 
Sanskrit Sacred Literature’ Knowledge and Scientific News 6 (1 August 1909), 290- 
291. ‘The Deluge Preceded the Fall of M an’ English Mechanic 100 (9 October 
1914), 229. Knowledge 9 (1 May 1886), 216.

115 ‘The Star of Bethlehem’ Knowledge 10 (1 July 1887), 193.

116 T H Huxley: ‘On the Advisableness of Improving Natural Knowledge’
(London, 1866) in Idem: Lectures and Essays.

117 R A Proctor: ‘To Our Readers’ Knowledge 1 (28 April 1882), 545. This is
reminiscent of many of the popular scientific journals of the 1860s. Ruth Barton: 
‘Just Before Nature: The Purposes of Science and the Purposes of Popularisation in 
some English Popular Science Journals of the 1860s’ Annals o f  Science 55 (1998), 1- 
33.
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times, demonstrating that science and religion were part of the same thought 

processes.118

A short exchange in English Mechanic also highlighted the potential 

problems of the natural theological viewpoint. Sigma used Pope’s work to argue that 

science as a good creation could reveal the soul of God. He was attacked - albeit in a 

mildly tongue-in-cheek manner - by F W H who argued that God should take 

responsibility also for the destructive side of Nature; the side that was trying to 

destroy humankind: ‘He must be the “Creator”, vengeful, without justice or mercy. 

The “Soul” of “Nature”, without ethics or morals. Creator of savage men, beasts and 

birds of prey; sharks in the sea, and locusts and vermin in the air, a very reveller in 

torment and bloodshed, but not a “loving father” of his children.’ This astute view, 

strongly echoing Voltaire’s Candide, highlighted an inherent paradox in the natural 

theological ‘God through Science’ view of religion and scientific analysis - if one 

accepted both sides of nature, then one should accept both sides of God into the 

bargain.119

Proctor’s position was precariously balanced between that of the scientific 

naturalist and the natural theologist. Vacillating between direct religious expression 

and agnosticism, he came under attack from the older attitudes of religion, such as 

from the Eastbourne Chronicle in 1883 who accused him of ‘seeming to smatter of 

Darwinian theory’ and denying the ‘simply and satisfactorily explained’ Creation 

viewpoint, making ‘fanciful suggestions which would better be left out of lectures of 

this sort.’120 The accusation of Darwinism was reasonably accurate; moreover 

Edward Clodd, a prominent scientific naturalist, was Proctor’s deputy and an active 

contributor.121 There were dangers in discussing religion, moreover; the outdated,

‘Editorial’ Knowledge 3 (12 January 1883), 25; ‘The Unknowable’ 
Knowledge 8 (1 November 1885), 1-3, (1 December 1885), 37-39. Ironically these 
were precisely Huxley’s arguments, albeit with a different conclusion.

119 F W H: ‘Hear Both Sides’ English Mechanic 60 (18 May 1894), 294.

120 ‘Note’ Knowledge 3 (22 June 1883) 377.

121 E Clodd: ‘The Story of Creation’ Knowledge 10 (1 August 1887) and
following issues. ‘Edward Clodd’ was ascribed to Proctor as a nom de plume in his 
obituary in The Critic of 1888. The fact that they could be confused indicates an
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yet not repealed, laws on religious blasphemy meant that there was always the threat 

of lawsuits.122 In addition, a number of Knowledge's main advertisers were religious 

groups, particularly the S.P.C.K. Although he came under attack from some 

religious circles, he himself attacked others for not acknowledging the existence of 

G od.123 He continued to attempt to walk a middle path between the two, although it 

was becoming increasingly difficult against the scientific trend being set by 

Nature.124 In Proctor’s view in the series on ‘Religion and the Unknown’, ‘True 

religion has no more occasion to fear science than the infinite has to fear 

astronomy.’125

Despite editorial changes, and a decided shift towards Nature in its 

presentation and content, Knowledge continued, to a certain extent, to promulgate 

this view of science and religion being in cultural harmony. What was difficult in 

Proctor’s day was becoming a practical impossibility by the early twentieth century - 

at least in terms of retaining advertising revenue. A debate over an article reprinted 

from Popular Science in Knowledge on ‘Astronomical Superstitions’ brought the 

uneasy tension to a head. The article condemned traditional Christian cosmogony, 

illustrating points with a debate over Galileo’s conflict with the Catholic Church and 

an attack on Church superstition from a contemporary viewpoint.126 In response 

Reverend J W Brady threatened to withdraw the subscriptions of his congregation, 

who saw the anti-Christian message as being typically ‘American’, and the denial of

inability of many to distinguish between scientific viewpoints. M J Crowe: The 
Extraterrestrial Life Debate 1750-1900 (Cambridge: Cambridge University Press, 
1986), 368 and note; Edward Clodd: Memories (London: Chapman & Hall, 1916); J 
McCabe: Edward Clodd: A Memoir (London: John Lane, 1932)

122 ‘Note’ Knowledge 3 (16  March 1883), 156.

123 ‘Answer to A A Rodger’ Knowledge 4 (2 November 1883), 279.

124 Andrew Allan’s Matter and Intellect: A Reconciliation o f  Science and the 
Bible (London: Owen & Co., 1907) was described as a source of amusement in its 
attempts to re-synthesise science and religion. Nature 77 (13 February 1908), 31.

125 ‘Religion and the Unknown’ Knowledge 10 (1 July 1887), 193-194 and 
following issues (quote 194).

126 J C Dean: ‘Astronomical Superstitions’ Knowledge 6 (1 December 1909), 
449-452.
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supernatural possibilities as atheistic. Similarly J A Hardcastle and C C Conroy 

argued that the article was overly mechanistic and anti-Roman Catholic.127 The 

editorial note tried to pacify both sides by admitting that the editors did not 

necessarily agree with the article, but also criticising the responders for showing a 

lack of tolerance.128

Knowledge found support in the next batch of letters. W Oppenheim argued 

that the religious attacks were pure ‘bigotry’; I Lighton affirmed the Church’s 

historical opposition to Copernicus; ‘TRIA’ historically analysed Galileo’s 

condemnation by the Church.129 Factual information about past opposition of the 

Church to new science supported their view; importantly they implied an attack by 

the modern Church for the same reasons. Such arguments were insulting to religious 

men such as F R Wegg-Prosser, who saw science classing superstition and religion 

together. Although not opposed to science being studied even when it conflicted 

with the preserve of the Church, he felt that ‘unnecessary’ attacks could be 

avoided.130 Appearing as it did next to a veiled attack on the Church’s continued 

subscription to the idea of miracles, seen by the author as superstitious practice, such 

arguments gained more force.131 The final contribution (from Conroy) argued that 

any past conflicts, such as in the case of Galileo, were the fault of ecclesiastics, not 

religion. Faith was reaffirmed in the face of materialistic attacks.132

Rev J W Brady (Armagh): ‘Astronomical Superstitions’ Knowledge 1 (1
January 1910), 32; J A Hardcastle, C C Conroy: Loc. Cit.

128 Editorial note: ‘Astronomical Superstitions’ Knowledge 1 (1 January 1910), 
32.

129 W Oppenheim: ‘Astronomical Superstitions’ Knowledge 1 (1 February 
1910), 66; I Lighton: Loc. Cit/, TRIA: ‘Galileo and Heresy’ Knowledge 1 (1 March 
1910), 107.

130 F R Wegg-Prosser: ‘Astronomical Superstitions’ Knowledge 1 (1 March
1910), 107.

131 A H W Cleave: ‘Astronomical Superstitions’ Knowledge 7 (1 April 1910),
147.

132 C C Conroy: ‘Astronomical Superstitions’ Knowledge 7 (1 August 1910),
308.
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This indicates that by the early years of the new century science was seriously 

encroaching on, and questioning the basis of, religion. Knowledge, which had always 

had strong Christian connections, seemed to be testing the water with this debate, and 

obviously received far more responses than were printed. The series of letters ended 

with the re-affirmation of faith of a Christian, rather than the scepticism of a 

materialist; it seems as though Knowledge was not ready to abandon its Christian 

traditions altogether - and certainly not alienate its religious advertisers.

In a framework of negotiative discourse, analysing Knowledge's position in 

terms of Brooke and Turner’s ‘romantic revival’ adds an extra dimension. There was 

an obvious reaction to scientific naturalism and materialism in both the spheres of the 

scientist and the scientific public, but this reaction was not a revival as such. 

Generative ideas of scientists increasingly omitted religion - such elements as existed 

were regenerated from a cultural view of a previous world’s science. As this tension 

became more pronounced, so attempts to synthesise religion and science became 

more apparent - the defining imperatives of heteroglossia dividing the two, and in 

this case creating a secondary opposition in the regeneration of cultural ideas in 

orthodox science. This was of necessity a compromise, and one that could easily be 

exposed through debates such as that on the pages of Knowledge in 1910. Many 

scientists, as well as a majority of the scientific public, embraced this compromise - 

to not do so would be to deny, as they saw it, an element of their humanity. In fact, 

Knowledge is probably more typical in this than Wilberforce or Huxley, Wallace or 

Darwin - as Clodd pointed out, amply exemplified in Richard Proctor’s own 

vacillation.133

Women

In what was a male-dominated society, science naturally itself became the 

preserve of men. Any debates on women were usually argued out between men, with

133 E H Clodd: ‘R A Proctor’ (obituary) Knowledge (1 December 1888), 25. 
Proctor had at one stage converted to Catholicism as a result of personal trauma, a 
conversion that Clodd (approvingly) said did not last. In fact Proctor’s two main 
contributors at this time, Clodd and Grant Allen, were both agnostic.
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only the occasional contribution from a woman, and as such they betrayed much of 

the same prejudices of society. Attempts have been made to chart this debate in the 

popular scientific press, notably in Elizabeth Fee’s thesis.134 The debates centred, 

usually, on the role of the middle class woman, both in her relationship to science 

and in her role in society. The different approaches mirrored the differing 

background of the periodicals, meaning that debate on working class women was 

conspicuously absent - even in English Mechanic the emphasis was on the working 

man; women were not considered important as they were not seen as productive 

members of the new industrial culture.

In the first issue of Knowledge Proctor, an obvious adherent to the views of J 

S Mill, attacked Delaunay’s views on women, firstly through his scientific 

credentials (as a not particularly renowned astronomer) and then through the actual 

content of those views. Proctor’s view of a social reason for women’s bad piano 

playing (it was a ‘chore’) contrasted starkly with Delaunay’s attempted link to 

physiology.135 Despite similar letters received in Knowledge which affirmed the 

inferior position of women ‘scientifically’, Proctor always kept to his social 

explanation: ‘Woman is carefully placed in an inferior position, and then assured that
i

she is an inferior being.’ Knowledge also often printed letters from women, such 

as one from Susan E Gay, who called the attacks on women ‘ungallant’. She pointed 

out that with the advent of the technological age physical force was no longer the 

main criterion in aptitude for working - an attitude that was to prove prophetic of the 

new industries of the First World War and after.137

Nature's second issue saw the ‘W oman’s Question in all its aspects as one of 

the most foremost problems of the tim e.’ It saw the greatest problem in lecturing to 

women as the lecturer’s unconscious tendency to concentrate on style rather than

134 E Fee: Science and the “Woman Problem ” (PhD, Princeton University, 
1976).

135 R A Proctor: ‘Are Women Inferior to M en?’ Knowledge 1 (4 November 
1881), 6.

136 R A Proctor: ‘Are Women Inferior to M en?’ Knowledge 1 (18 November
1881), 48.

137 S E Gay: ‘Letter’ Knowledge 1 (24 March 1882), 456.
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content. Was this an attempt to promote some sort of equality? Obviously not - 

women were then warned that they would have to give up all other engagements in 

order to concentrate on the lectures - the underlying assumption was still that 

women’s attention span was shorter than men’s, and thus could not be overtaxed.138 

Other contributions were more positive: women found science ‘real and useful 

knowledge’ in 1871; the deaths of Mary Somerville and Sophie Kovalevsky were 

received with regret.139 However, outside the middle class spheres of University 

women (deigned to be teachers) or women scientists (exceptional beyond their 

gender), Nature's editorial standpoint was still culturally negative. Knowledge's 

attitude was equally cultural, but rooted in a more Liberal tradition, seeing women as 

different human beings but with the same basic minds. Nature saw women as 

needing to transcend their female natures before becoming acceptable to science.140

Knowledge held more than one extended debate on women’s clothing, largely 

attacking the use of corsetry. There was a large amount of pressure at the time from 

the medical community and from middle-class, educated women who, through the 

mouthpieces of groups such as the Rational Dress Society, formed in 1881 by 

Viscountess Harberton, expressed their desire to be uncorseted and thus 

‘undamaged’.141 Knowledge's argument was based primarily on health grounds: Dr 

D Lewis blamed corsets for women’s comparatively diminutive nature when 

compared to ‘primitive’ women, and also for the medical state of prolapsed womb.142

‘An Observer’ and Proctor argued against corsetry on health grounds, 

attacking the cultural influence of society. A shrewd suggestion was made that men

‘Lectures to Ladies’ Nature 1(11 November 1869), 45-46.

139 Science for Women Nature 5 (23 November 1871), 57-58, 74; ‘Mary
Somerville’ Nature 9 (2 April 1874), 417-418; P Kropotkin: ‘Professor Sophie 
Kovalevsky’ Nature 43 (19 February 1891), 43.

140 This is not to say that Knowledge's standpoint was any the less patriarchal or
patronising. Taken in cultural context, however, it becomes clear that there is a 
significant distinction that can be made between the two views.

141 P Byrde: Nineteenth Century Fashion (London: Batsford, 1992); P Horn:
Pleasures and Pastimes in Victorian Britain, 51-52.

142 D Lewis: ‘The Health of Corseted W omen’ Nature 3 (2 February 1883), 69.
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should be taught the ugliness of pinched waists from school age in order to change 

society’s cultural viewpoint, rather than using scientific arguments. E M King 

authored a series of articles on dress reform, which laid out a rubric based upon ease 

of movement, beauty and social standards. Although these rules had a basis in 

scientific ideas, the whole was in fact a method of producing changes in dress 

without affecting social sensibilities or changing the essential body shape of a
143woman.

The fundamental view of Knowledge was summed up in an article by ‘A 

Lady’ - a ‘friend’ of the aforementioned Mrs E M King and possibly the Viscountess 

herself - which celebrated the freedom both of the lack of stays and the wearing of 

the ‘divided skirt’. Objections of women who felt that they could not do without 

their corsetry were answered with passion and refuted through experience, as Mrs 

King had only taken only a week to become used to not having them .144 The general 

tenor of the arguments was that medical well-being was being sacrificed to a cultural 

norm; the use of science as a tool to alter culture was thus highlighted.

It can be argued from this that women could see the potential for the use of 

science as an ally in their struggle. Dress reform can be viewed as a limited step on 

the road that was eventually to lead to universal suffrage; the semantics of the 

debates lent themselves to a more general interpretation. Language of freedom of 

movement, re-education of men, and the release of constricting bonds found direct 

parallels in the women’s political movements of the time, and thus dress reform in 

itself can be seen as a metaphor for emancipation.

Such metaphorical discussion of the women’s emancipation movement was 

needed; apart from limited discussion in Knowledge on the status and natural 

position of women there was little discussion of women’s rights. Moreover, 

scientific discussion of issues raised by the women’s movement, notably the question 

of sex education, was conspicuous by its absence. At a time when the groundswell of 

the women’s movement was beginning to make itself heard, the primarily masculine

143 ‘Stays and Strengths’ Knowledge 3 (9 February 1883), 86 and following 
issues; Letter Knowledge 3 (2 March 1883), 137; E M King: ‘Dress Reform’ 
Knowledge 4 (27 July 1883), 54-55 and following issues.

144 A Lady: ‘The Divided Skirt’ Knowledge 5 (30 May 1884), 428-429.
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readership of the journals was strongly indicated by the lack of information provided 

on these subjects, in contrast to other cultural issues, in the popular scientific 

journal.145 W hilst Knowledge, especially, contained contributions from Agnes M 

Clerke, Amelia Edwards and ‘Mrs Walter Maunder’, women scientists were 

comparatively rarely in evidence.146 W omen’s views of astronomy were described in 

English Mechanic as ‘exaggerations or perversions of the statements of ordinary 

textbooks’147 In fact, even Proctor (in a private letter to Clodd) was disparaging 

about women scientists, Clerke in particular:

Miss A M Clerke’s book is occasionally useful [in providing 

sources for Old and New Astronomy], but she herself evidently knows 

nothing and can only quote other folks’ opinions, and sometimes, nay 

often, showing that she has misunderstood them.’148

Moreover, all of the journals, for different reasons, ignored working-class 

women. To Knowledge and Nature, it simply was not an issue, as the differing 

cultural traditions in which they both operated excluded the active participation and 

involvement of this group in science. English Mechanic, being geared towards the 

working man, had very little to say on any subjects concerning women. In this it 

mirrored the Trades Union movement history, at least until the 1970s, and probably 

beyond.

145 For an analysis of the women’s movement at the time see: M Vicinus: 
Independent Women, Work and the Community fo r  Single Women 1850-1920 
(London: Virago, 1985); C Hirshfield: ‘Fractured Faith: Liberal Party Women and 
the Suffrage Issue in Britain 1892-1914’ Gender and History 2 (1990), 172-197; C 
Rover: W omen’s Suffrage and Party Politics in Britain 1866-1914 (London: 
Routledge & Kegan Paul, 1967).

146 Of ‘peculiar interest’ was the first issue of the Publications of the Vasaar 
College, being solely authored by women. Mentioned distinctly, this indicated the 
comparative rarity of women scientists participating in active contemporary research. 
F.R.A.S.: ‘Lady Astronomers’ English Mechanic 73 (22 February 1901), 30.

147 F.R.A.S: ‘Feminine Science’ English Mechanic 73 (9 August 1901), 563-564.

148 Proctor to Edward Clodd, 31 August 1887, reprinted in E Clodd: Memories 
(1916, reprint London: Chapman & Hall, 1918), 61-62.
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It is clear that the only ways in which women had a voice was where the 

social aspect of middle-class womanhood impinged directly on culturally ‘safe’ 

scientific subjects. Unlike other areas where the popularisers felt that some benefit 

for science as a whole could be gained from dealing in purely cultural subjects, the 

basic ideas of womankind as perpetuated by masculine assumptions still pervaded the 

world of the popular scientific journal. In fact more is revealed by the lack of 

commentary than the actual content of the few limited debates.

Social and Cultural Science

Social issues were often linked to the nineteenth century science tradition of 

socially based sciences that were soon to become relegated to a position of lesser 

importance. The beginnings of sociology can be traced back to the early years of the 

nineteenth century, and had its roots in both mathematical and social analyses.149 

Other historically based sciences such as archaeology, anthropology and ethnography 

had roots in both classical texts and scientific analysis, thereby providing a link 

between the education of the English gentleman and in the theories of evolution.150

The development of these new facets of science occurred for a number of 

reasons, but one of the primary amongst these was the belief that science was a 

universal practice, and that everything in Nature could be explained by referral to the 

techniques and practice of good science.151 Thus it was not uncommon that an article

See for instance P Abrams: The Origins o f British Sociology 1834-1914 
(Chicago & London: Chicago University Press, 1968); M J Cullen: The Statistical 
Movement in Early Victorian Britain (Hassocks: Harvester, 1975); A Briggs: ‘The 
Human Aggregate’ in H J Dyos and M W olff (eds): The Victorian City: Volume 1 
(London: Routledge & Kegan Paul, 1973).

150 See the materialistic attack on J Verschoyle’s The History o f  Ancient 
Civilisation (London: Chapman & Hall, 1889) - based around its excessive 
foundation in classical literature - Nature 36 (2 May 1889), 2-3, for an example of 
the move away from the classics and towards analysis.

151 One explanation for the cultural nature of much of late nineteenth-century 
science is due to the continuing alternative definition of science in educated circles, 
based in classical analysis, where natural science was just one of the ‘sciences’ more 
often by this stage seen as ‘arts’. S Ross: ‘Scientist: the story of a word’
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on Stonehenge be adjacent to a letter on natural history or astronomy.152 An attempt 

was even made to relate sunspots to business failures through the use of statistics.153 

Ethnographical accounts of contemporary primitive cultures were compared with the 

development of Western society in history.154 A review of R Pennington’s Barrows 

of Derbyshire’ was a factual account of the archaeology of Britain’s Bronze Age 

history. Standing stones, such as -  particularly - Stonehenge, were extremely popular 

subjects for discussion.155 The process of myth-formation in the human psyche held 

an undertone of attacks on popular science.156 The list of contributions to the popular 

scientific journal is overwhelming.

In Nature at least, this development in science was relatively short-lived. 

Articles on human history, on average, declined in the Edwardian period, and were 

relegated from the pages of Nature to publications such as Knowledge and English 

M echanic, or the general society periodicals. Re-categorisation of social science can 

be seen most obviously in Nature in the case of ethnography. Whereas 

anthropological subjects were originally classified as science, they slowly became 

amalgamated into the general (purely cultural) heading of ‘folklore’, and thus of a
157limited lifespan in the increasing scientification of the journal. ' Lockyer defended 

the right of these topics to be recognised as sciences at the Royal Society in debates 

between 1899 and 1901. The Society effectively ousted ‘Historical, Philosophical, 

and Philological Studies’ into the newly-formed British Academy in 1901,

152 e.g. R Edmonds: ‘The Meteoric Cycle and Stonehenge’ and Rosse: ‘Nebula in 
Andromeda’ Nature 32 (10 September 1885), 436-437.

153 Note Nature 18 (1 August 1878), 372.

154 J Evans: ‘Unwritten History and How to Read It’ Nature 26 (21 September
1882), 513-516; (28 September 1882), 531-533; note on A W Buckland’s paper to 
the Anthropological Institute Nature 18 (25 July 1878), 351; J N Lockyer series on 
‘Ancient British Monuments’ (monuments and leylines) Nature 11 (from 21 
November 1907), 56.

155 ‘Pennington’s “Barrows of Derbyshire’” Nature 16 (13 September 1877), 
416-417; ‘The Standing Stones of Callinish’ Nature 20 (5 June 1879), 127-128.

156 G J Romanes: ‘Myth and Science’ Nature 26 (4 May 1882), 3.

157 Increasingly authored by women (cf. previous section) such as Mary Proctor, 
e.g. M Proctor: ‘North American Fairy-Lore’ Knowledge 12 (March, 1889), 107-108.
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establishing the foundation of official science in the process.158 In this Lockyer was 

quite often opposed to the views of his contributors, and he and his successor, 

Gregory, allowed continuing discussion on the ancient monuments of Britain and 

other subjects with direct relevance to the history of science. This largely came about 

in Nature due to the direct interest of Lockyer and Gregory, and thus survived to 

what can be seen as an anachronistic date in comparison with other, similar topics.159

One cultural science that was originally seen to have some scientific basis 

was Pyramidology, or the careful measurement of various dimensions of the 

Pyramids. Based on the Egyptian cubit, this was shown to be, firstly, the sign of great 

ancient geometric knowledge, and secondly, directly analogous to the size of the 

Earth and its distance from the sun. Both Proctor and Lockyer held a keen interest in 

this debate. In 1882 Proctor condemned the sensationalist reaction to the work of 

Piazzi Smyth and supplied practical suggestions as to how the measurements could 

have been taken from the Great Pyramid, seeing it as a huge astronomical 

observatory.160 Whether this meant the Egyptians knew of the Earth’s movement in 

space was discussed.161 The novelist and Egyptologist Amelia Edwards wrote of the 

Great Pyramid on a number of occasions during the Proctor years, usually to add 

another piece of evidence to the knowledge of the readership, but rarely to express an 

opinion.162 When the size of the Great Pyramid was re-evaluated, one reader asked 

Proctor whether this spelt the end for the theory. Its amorphous nature was shown by

‘A Brief Account of the Foundation of the Academy’ Proceedings o f  the
British Academy 1 (1903), vii-ix.

159 1926’s issues, for instance, still contained a number of articles on research
into standing circles.

160 J Baxendell: ‘Pyramidology’ Knowledge 1 (9 December 1881), 50; R A 
Proctor: ‘The Great Pyramid’ Knowledge 1 (5 January 1882), 193; (10 March 1882), 
398.

161 ‘Did the Egyptians know of the movement of the Earth in space?’ Knowledge
1 (31 March 1882), 470.

162 A B Edwards: ‘The Great Pyramid’ Knowledge 3(12  Jan 1883), 23.
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Proctor’s reply - if the length of the Great Pyramid were shorter, then the 

Pyramidologists would in turn shorten their cubit.163

Discussion of Pyramidology in a rational fashion may seem strange to modern 

eyes; certainly by the 1950s Nevil Shute saw it as the refuge of sad, lonely old 

scientists bored with their main work, and more modern Pyramidologists are openly 

m illenialist.164 Nevertheless, in Ranyard’s astute commentary:

There are thousands, possibly I should be nearer the truth if I 

said hundreds of thousands, who would never have known that the 

pole of the Earth’s axis was moving amongst the stars if it had not 

been for the Pyramid paradox . . . such speculations are fitted to do a 

sort of missionary work for science.165

The generative ideas of heterodox science thus opened the gateways for the 

reception of the regenerative science of official scientific practice. The compromise 

of such negotiative discourse strengthened the position of science as a world-view, 

whilst restructuring that science into a form more easily adopted into culture.

Conclusions

The cultural discourse of the popular scientific journal indicates a number of 

conclusions. More is shown about the social and cultural background of the 

popularisers than what they in turn popularised to the scientific public. Debates 

particularly on women, politics and moral issues suggest that the general tenor of all 

of the journals was middle class in nature; however distinct differences can be seen 

between them. Nature placed scientists firmly in the vanguard of society, seeing 

scientific practitioners in a class relationship, rather than in their relationship in

An Enquirer after Truth: Letter Knowledge 3 (9 February 1883), 90; R A 
Proctor: ‘Reply’ Ibid.

164 N Shute: No Highway (London: Heinemann, 1948); A Rutherford: 
Pyramidology (Harpendon: Institute of Pyramidology, 1957-1972).

165 A C  Ranyard: ‘Pyramidology’ Knowledge 1 (9 December 1881), 50.
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science. Knowledge held a more liberal, but still distinctly middle class view of the 

relationships of science, seeing it as a tool for the benefit and use of all. English 

Mechanic took a similar stance, with the added dimension of direct appreciation of 

the male worker. These viewpoints all indicate that the primary form of cultural 

scientific discourse was determined not by science but by culture; moreover the 

rationale for designating a subject as ‘scientific’ often came about through 

negotiation through a discourse formed as a result of science being merged with the 

personal cultural attitudes of both the scientific public and scientists.

Cultural science was becoming marginalised. The age of the educated, 

cultural man of science was passing, with scientists regarding authors and poets as 

‘embroiderers of adultery’, using the ‘veriest offal of the language’, whereas literary 

men viewed scientists as ‘men apart from life’ who were only interested in their 

small insignificant areas of research.166 Factual discourse meant the presentation of 

science to its public as a rational entity incapable of error:

Natural Science must be exact; it must rigidly avoid everything 

that oversteps the limit of the finite and the intelligible, and that which 

is transcendental; it must proceed in a strictly materialistic manner, 

because its sole object is finite, force-endowed matter; and it must not 

forget that this true materialism is an empirical and not a 

philosophical one, and that it is bounded by the same limits as those 

of the domain upon which it m oves.167

The original intention of what became known as social science was to 

catalogue and analyse society in the same way as the physical sciences had been

The Relations Between Science and Literature’ English Mechanic 99 (30 
January 1914), 9; This is reminiscent of Proctor’s attack on the overuse of puns in the 
society journals, particularly Punch. Knowledge 9 (1 June 1886), 255.

167 C von Nageli: ‘The Limits of Natural Knowledge’ Nature 16 (18 October
1877), 531-534; (25 October 1877), 559-563.
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catalogued.168 Increasingly forced away from this approach by the division between 

objective and subjective, being based around human affairs it always had to contain 

some evidence based on personal opinion.169 When social and cultural affairs once 

again became subjects for scientific debate in the 1920s, these debates were held 

from a position of unassailability. No longer quantifying and analysing, but 

proselytising, discussions owed less to science and more to cultural authority derived 

from the practice of that science.170 Popularisers thus presented the usefulness of 

science in culture, as opposed to making scientific practice the basis of that culture. 

Subjects such as archaeology, ethnography and anthropology slowly lost much of 

their ‘scientific’ status, and gained a ‘social’ one. Much social science was reduced 

to a non-scientific status, especially in the concept of folklore, and the increasing 

female authorship of these articles showed how, in the view of the male proto

scientists, these subjects were thus non-scientific.

The cultural approach of each of the journals dictated the manner in which 

these changes progressed. Nature eliminated ‘non-scientific’ analysis from its pages. 

English Mechanic found more recourse in the politics of social imperialism and its 

increasing delineation of pure and applied science. In Knowledge scientific and 

cultural forms were slowly divorced from each other so that, particularly after the 

1904 ownership change, the two were presented independently. Whilst this is also 

discernible in the other two journals, they remained ultimately true to the scientific 

sphere which they held most affinity with, so the changes are less obvious.171 In

See for instance: H Levy: Science in an irrational society: a lecture delivered 
at Conway Hall, Red Lion Square, WC1 April 25th 1934 (London: Watts & Co., 
1934) for a later comparison of geology and social science. See also P Abrams: Op. 
Cit.\ H Perkin: The Origins o f Modern British Society (London: Routledge & Kegan 
Paul, 1969), especially 325-334.

169 See the attacks on Featherm an’s anthropological work. A H Keane: ‘Social 
History of the Races of M ankind’ Nature 36 (16 June 1887), 147-149.

170 Beyond the scope of this study, but see J-A Lancashire: Op. Cit. for full 
analysis.

171 e.g. ‘Shakespeare’s Sonnets’ Knowledge 10 (1 September 1887), 247-248; 
Also see complaints of non-scientificity as early as 1883: R A Proctor: Introduction 
to ‘Letters’ Knowledge 3 (4 May 1883), 267.
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Knowledge it is possible to trace a continuing generalist tradition of the popular 

scientific journals of the 1860s discussed by Ruth Barton.172 Whilst Fee has 

suggested that it was the excess of cultural issues that led to its decline, it was not 

much more successful as a purely scientific periodical, which might suggest that the 

discourse of useful fact was in itself imperfectly determined by the scientific 

public.173

Whilst culture can provide a way of linking the discourse of science to class, 

it can only do so in a limited fashion. Containing as it does many assumptions about 

society which can be identified as having directly cultural origins, the discourse was 

formed more through the moral and social viewpoint of the popularisers than through 

interaction with other scientific spheres - culture lent scientists the means to establish 

social authority; the practice of science in return gave scientists an active socio

political voice. Even with arguments of utility this is an incomplete analysis; the 

missing key is the use of imagination.

R Barton: loc. cit.

E Fee: op. cit.
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Chapter 5

Generative and Regenerative Imagination: The Marginalisation of

4 Pseudoscience’

Professor Tyndall will eventually have much to answer for.

He has lent his authority to the admission of imagination in the pursuit 

of science . . . We shall not only have to question nature, but we shall 

have to eliminate imagination and thus have two battles to fight for 

the truth . . . Are we to live, scientifically, in the same way as 

alchemists and astrologers did in the middle ages?1

Such attacks upon imagination in the period 1860-1914 are indicative of a 

significant division between not only ‘good’ and ‘bad’ science in a cultural or 

utilitarian sense, but also a marked hardening of attitudes towards the imaginative, 

expressed in the official concept of ‘pseudoscience’. Researches originating outside 

the sphere of the scientist became marginalised as ‘unscientific’ thought and 

imagination began to be eliminated from the public face of science. Regenerative 

discourse of official science advocated ‘good’ scientific practice and reasoned 

analysis as the route to scientific discovery. Public imagination was channelled 

through increasing use of techniques such as illustration, language and association.

During this period a number of ‘imaginative’ sciences gained a modicum of 

respectability in the sphere of the scientist. Whereas phrenology and mesmerism had 

found little in the way of scientific support, after 1860 scientists such as Crookes 

became heavily involved in psychical research, scientific popularisers publicly 

avowed their belief in astrology, and the hard-bitten atheist Huxley expressed ideas 

on spontaneous generation that were controversially speculative. Although this has 

been portrayed as an example of the lack of homogeneity in the scientific sphere, 

further analysis reveals a much more complex interplay of discourses where

Anon: ‘Imagination in Science’ Nature 3 (16 March 1871), 395; Tyndall, J: 
Essays on the Use and Limitation o f  the Imagination in Science (London: Longmans, 
1870).
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imagination played a key part in defining a homogeneous structure of scientific 

analysis.

In understanding the views that scientific men held it is useful to consider the 

concept of folk psychology - the common, shared beliefs and truisms that form a 

spiritual, intellectual and cultural mortar to the bricks of society. 2 Although a 

dubious analytical tool, this concept summarises neatly the manner in which the 

middle classes in particular viewed their contemporaries. When examining the 

regeneration of science, it matters less what Victorian folk psychology was, but more 

how the scientific community perceived it. Scientists saw themselves in opposition 

to a homogeneous melange of ‘unscientific’ concepts and beliefs which they saw as 

superstitions, yet did not recognise the same societal pressures upon themselves, and 

externalised a caricature of the ‘non-scientific’ that defined and shaped a scientific 

borderland.

Scientific journals, in common with the viewpoint of religion, attacked 

popular superstition in all its forms. Clodd’s 1883 articles on ‘The Birth and Growth 

of Myth’ studied the processes of imagination at work in myth, seeing it as one of the 

basic functions of the human being.3 Captain W J Collins’ Fisherman’s Own Book 

of 1882 contained a chapter on the superstitions of fishermen, and thus attacked the 

gullibility of contemporary society.4 The use of ‘backward’ examples was a general 

tool in the marginalisation of superstition.

Scientists perceived many obstructions to the reception of natural science in 

superstition, particularly, as Proctor argued, enough coincidences generated a 

superstition. Breaking the Mobius loop once established was impossible - it could 

not be proven to the superstitious person that whatever they were afraid of would not

2 Folk psychology is a tool of analysis that works on an individual level, based 
in the imagination of a person, that finds expression on a group level. In part the 
debate centres around its non-scientific nature. For discussions of its use see: M 
Kusch: ‘The Sociophilosophy of Folk Psychology’ Studies in the History and 
Philosophy o f Science 28 (1997), 1-25.

3 E Clodd: ‘The Birth and Growth of M yth’ Knowledge 3 (1 2  January 1883), 
19-20; Knowledge 3 (26 January 1883), 51-52.

4 ‘Book Review: W J Collins: Fisherman’s Own Book’ Knowledge 2 (15 
September 1882), 264.

167



Chapter 5: Imagination

happen without them actually doing it. Yet readers of Knowledge were more 

interested in relating their experiences of unnatural coincidence, not the potential 

explanations for them, and implicitly assumed that there was more than coincidence 

at work.5

W eather provided fertile ground for superstitious ideas, partly due to a 

folkloric association with witchcraft.6 Meteorological ‘superstition’ ranged from 

astrotheology through to the effects of deforestation on the climate. Without 

exception the journals saw these as unscientific, even to the extent of not fully 

accepting meteorology as a science.7 With another 100 years of hindsight, 

deforestation does affect the climate, and the Sun and the Moon both affect the 

weather - the former through solar flares, the latter through tides. Observation of 

animals and plants has proved to be a source of predicting the weather. The nascent 

knowledge on which these ideas were based came from the generative science of the 

scientific and pre-scientific public, and as such it was condemned without reference 

to factual evidence, but on assumptions about the source of scientific ideas. 

Scientists viewed all superstition as just that - that it might contain a grain of truth 

was not considered.

An endorsement of the cultural nature of the attack upon superstition is 

reinforced by the plethora of articles on the continuing belief in superstition of rural 

people, revealing prejudice in a case of town-versus-country, anti-peasantry view of 

the countryside. The archetype of the ‘superstitious peasant’ was well-established,8 

and as the majority of the readers dwelt in towns, they provided both easy targets and 

obvious examples of what not to do or believe. A report on the folk-lore of Scotland

e.g. Lt-Col. J Herschel: ‘Coincidences’ Knowledge 5 (2 May 1884), 315; E 
Marks: ‘Coincidences’ Knowledge 5 (2 May 1884), 315.

6 A good overview can be found in K Thomas: Religion and the Decline o f
Magic especially last section 587-668.

7 Cleveland Abbe: ‘Popular Errors in Meteorology’ Nature 36 (18 August
1887), 375.

8 Even in direct scientific context, as in the ‘Farmer Hodge’ stereotype in
Nature 1 (11 November 1869), 41. Also Nature's attitude to local societies: SGP:
‘An Appeal to Our Provincial Scientific Societies’ Nature 6 (1 January 1874), 162.
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ridiculed the continued existence of witches with their charms and remedies using 

the same techniques as in the seventeenth century.9 The people of Warwickshire and 

Liphook and the Italian peasantry were similarly parodied for the benefit of the 

educated townsman.10

In this framework, the otherwise incongruous presence of folkloric articles 

blends with the attempted cultural reinforcement of negative stereotyping.11 Just as 

the use of anthropological ethnography reinforced the reader’s cultural superiority 

over the savage, the use of dim-witted archetypes in folkloric ethnography extended 

an attack on the private science of an individual person to one on the assumed 

intransigence of a rural mind-set. The imagination of the Englishman had to be 

curbed, and the childish beliefs of his recent rural past set aside in order to 

understand the new science. To do this, generative beliefs had to be shown to be 

false, and supplanted with regenerative scientific fact. Scientists worked in two 

ways: they attempted to firstly, regenerate this folk psychology to make it more 

amenable to scientific concepts through associative imagination; and secondly, to use 

generative factors to form links with the science they were trying to popularise. 

Often this interpretative imagination directly led to generative forms of science being 

perpetrated, which changed not only the discourse of official science, but also that 

science itself in a process of heteroglossia.

Associative Imagination

A typical use of associative imagination appeared in the first issue of English 

Mechanic. ‘Philosophy at the Lathe’ extolled the craft of the workman, using 

evocative language to instil a sense of deeper meaning to the artisan’s work:

‘Fairy “Folk-lore” of Shetland’ Knowledge 1 (7 April 1882), 500.

10 G Morley: ‘The Superstitions of Shakespeare’s Greenwood’ Knowledge 20 (1 
May 1897), 122-124; M Fowler: ‘Nature Notes from Liphook Villagers’ Knowledge 
and Scientific News 3 (1 November 1907), 250-251; E C Vansittart: ‘Hail and Its 
Attendant Superstitions in Italy’ Knowledge and Scientific News 5 (1 November 
1909), 407-408.

11 See the many articles by Mary Proctor: Loc. Cit. on fairies and other rural
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. . .  It would be no exaggeration to say, that were his [the 

workman’s] mind properly given to the study of what was going on 

immediately beneath his observation, that the lathe might be made to 

indicate in a clearer way, and upon a broader scale, those points, 

where the more beautiful processes of Nature may be said to have met 

together, after having arrived from the greatest distance.12

According to this article scientists used everyday phenomena as the basis for 

their ideas; features, such as the refraction of light as it appeared in the workshop, 

and were worthy of further cogitation. Such channelling of the imagination was 

intended to give the workman a desire to learn the underlying scientific processes 

beneath everyday work, and was typical of the way that popularisers attempted to 

harness the imagination of the public to encourage interest in science. In order to 

develop an interest in science, imagination had to be stirred - but this imagination 

was often held in the strict bounds of expression in language and visual imagery, 

without being translated to the science itself.

Language

Although lectures provided the most interactive and successful harnessing of 

imagination, transferring their passion, energy and imagination-inspiring nature to 

print was extremely difficult. William Thomson’s lectures were praised for their 

‘power of forming vivid conceptions’, and yet when published, Nature felt that the 

failure of these styles and mannerisms to transfer to paper made them far less useful 

as a means to disseminate science to the reader than they should have been.13 

Similarly reproductions of the speeches of the BAAS in Nature come across as dry 

and bland - one can only assume that they were not so when presented.14 A main

beliefs in Knowledge in the 1880s and 1890s.

12 ‘Philosophy at the Lathe’ English Mechanic 1 (28 April 1865), 51.

13 O J Lodge: ‘Sir William Thomson’s Popular Lectures’ Nature 40 (29 August 
1889), 433-444.

14 Some doubt as to the interest of the lectures can be found in Darwin’s
aversions that the Southampton meeting papers of 1846 were ‘all dull’. F Darwin:
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thrust of avowedly ‘popular’ work, the presentation of the lecture in printed form met 

with varying degrees of success - and criticism - during the period.

In the 1880s and 1890s Knowledge made the lecture-theatre techniques 

available to its authors through breaking down the boundaries of dry scientific 

language and introducing a style that was revolutionary and evangelical in tone. 

Even the titles of the articles were designed to stimulate the imagination: Grant 

Allen’s series on ‘Found Links’ provided an intellectual connection with the search 

for the missing link in human evolution; Ranyard’s ‘How Comets Come to Us’ 

placed the reader in the position of being the focal point of an astronomical 

peculiarity;15 ‘The Travels and the Life History of a Fungus’ humanised what was a 

distinctly non-anthropomorphic process. This implied sense of participation gave the 

reader a sense of ‘doing’, of practising science even from the comfort of the 

armchair. Through this a secondary level of involvement was generated, allowing 

the reader to not only absorb, but also interact.

Richard Proctor was at the forefront of this new writing style, being possibly 

the most accomplished exponent at this time. He blended imagination and cultural 

ideas with science, making it enjoyable to read, and also conveying his natural 

theological sense of awe and wonder, pulling the reader from the printed page and 

into the imagination of the depth of the skies:

"On a dark clear night

When the stars shine 

And all the immeasurable Heavens 

Break open to their highest" 

the glories of their stellar depths seem revealed to their fullest 

splendour. Yet how small a portion is seen. “These are but part of 

God’s ways. They utter but a whisper of His glory.” 16

Life and Letters o f  Charles Darwin (London, John Murray, 1887), 1:351 also quoted 
in W H Brock: ‘Advancing Science’, 95.

15 A C Ranyard: ‘How Comets Come To U s’ Knowledge 12 (1 December
1888), 42-43.

16 R A Proctor: ‘The Glories of the Star-lit Heavens’ Knowledge 1 (14 April
1882), 524.
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Proctor reinforced this evangelical approach through his editorial choice in 

the reproduction of other articles. A strong reliance (as above) upon the works of 

Herbert Spencer was always apparent, in both English Mechanic and Knowledge. 

Pasteur’s discussion of 1882 was chosen as it linked together the concepts of space,
i ~j

infinity and God under one umbrella.

Evangelism was not the only cultural method that Proctor used. Proctor made

a point of reproducing scientific poetry as a direct cultural link. Even in this there

was always the sense that only ‘good’ science was to be discussed, and any flights of
18imagination were to be clearly presented as such. The following 

(McGonagallesque) contribution was only included because Proctor found ‘much 

that is scientific’ - although the fact that it was based on ‘The Stars and the Earth’ 

may have helped:

Bring out Imagination, and we’ll put her in the Car,

And harness fitful Fancy, for today we travel far,

Due northwards our direction, and through the chilly Space,

One hundred and six[ty?] five billion miles, and at a rattling pace.19

Elsewhere imaginative scientific writing was not always so acceptable. Even 

literature was affected - H Rider Haggard was attacked for astronomical continuity 

errors in King Solom on’s Mines." In Nature, R K Duncan was attacked for 

describing atomic theory as:

L Pasteur: ‘The Infinities Around U s’ Knowledge 1 (5 May 1882), 563.

18 Science’s criticism of poetry was based on content rather than style and so,
apart from quotes taken from ‘recognised’ poets, often was of limited aesthetic 
quality. See ‘Introduction’ to J Heath-Stubbs and P Salman: Poems o f Science 
(Harmondsworth: Penguin, 1984).

19 Trotter: ‘Time Turned Back’ Knowledge 4 (14 December 1883), 363

20 R H Kirby: ‘Mr Rider Haggard’s Astronomy’ Knowledge 14 (February 1891), 
29-30.
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. . .  a phantasmagoric dance, . . . this dance of atoms! And 

what a task for the Master of Ceremonies . . . These same atoms, 

maybe, or others like them, come together again, vibrating, clustering, 

interlocking, combining, and there results a woman, a flower, a 

blackbird, or a locust, as the case may be.21

In this case style was seen as an issue that interfered with the potential 

interpretation of the message. Recourse to a dry, factual language was not simply the 

result of technical terms or fears of misinterpretation in a utilitarian or cultural sense, 

but also a question of imagination. Precision became the benchmark as imaginative 

presentation of science was increasingly mentally allied with sloppiness of thinking 

and the potential for error. Imaginative writing was seen as second-rate, fit for the 

lowest level of popularisation at most. In contrast science fiction was often reviewed 

and generally well received. H G W ells’ The Time Machine was seen as a realistic 

extension into the future of the contemporary state of scientific knowledge. Jules 

Verne’s Voyage to the Moon was also well received, developing the boundaries of 

knowledge through imagination. Although Proctor attacked the scientific accuracy 

of Jules Verne in 1876, others did not echo him.22 An educational article using 

imaginative ideas to promote the cause of science was not acceptable, yet literature 

that borrowed heavily on science to tell a story was praised for its scientific 

knowledge. Ranyard even openly espoused such scientific fiction: ‘Why should we 

not accept and enjoy the astronomical impossibilities as we do the princes and the 

wishing-stones of the novelists?’23 he asked in 1891. The wishing-stones of 

scientists were not so readily acceptable.

W R: ‘The Popularisation of Science’ Nature 72 (13 July 1905), 241-242.

22 ‘Book Review: The Time Machine’ Knowledge 18 (2 September 1895); P H 
Ling: ‘Astronomy and modern novelists: Jules Verne’ Knowledge and Scientific 
News 11 (1 April 1914), 121-122; R A Proctor: ‘Scientific Fiction’ English 
Mechanic 23 (1 September 1876), 633.

23 A C Ranyard: editorial reply Knowledge 14 (2 February 1891), 30.
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Pictures and iMusrrations

In her ertudy of popular literature before 1860, Patricia Anderson has 

identified the vi tal role that illustrations played in the success of periodicals such as 

the Penny Mag ucrjjte. Often openly working-class in the manner in which they were 

presented, they formed a vital link in creating the beginnings of a popular mass 

media. Similarly, reprinting illustrations from other publications was a sign of their 

increased signitkajice in the marketing of a publication.24 Science had always used 

images, able tc convey far more information than the printed word, particularly in 

medicine, but by the nineteenth century the imagery of imagination was being used in 

active support <o«f scientific regeneration.

Similarity Martin Rudwick has described the manner in which images of 

prehistory were used to stimulate the imagination of the audience, placing dinosaurs 

in conflict, feeding, or in situations which would be familiar in a modern 

geographical and zoological context. Ancient anthropoid man was reconstructed 

from skeletons and presented as a living, breathing creature. Prehistoric landscapes 

were presented sm vistas of exquisite, but wild, beauty. The role of imagination was 

crucial: ‘Any scacn-e from deep time embodies a fundamental problem: it must make 

visible what is r»e::tJJy invisible. It must give us the illusion that we are witnesses to a

scene that we carmot really see; more precisely, it must make us “virtual witnesses”
2*)to a scene that varnished long before there were any human beings to see it.’ *

The imigery of the popular science book was rarely reproduced in the 

scientific journal, where a more severe convention was in place. Much of the 

imagery was piaoctical and easily comprehensible, particularly in the sphere of the 

scientific practitioner where, although the object or invention itself may not have 

been familiar, thoe principles were immediately apparent. Edison’s new inventions 

were accompanied by clear cut-away diagrams of how they worked, helping in the 

many cases where he had to fight for the patent rights. Patent applications in 

themselves required diagrammatic explanations, as it was often the process as well as

24 P Ander-wxn: The Printed Image and the Transformation o f Popular Culture.

25 M J S Rmdvhck: Scenes From Deep Time: Early Pictorial Representations o f  
the Prehistoric 'Wntrld (Chicago and London: Chicago University Press, 1992), 1.
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the invention that was being patented. Outside the sphere of the practitioner, ‘Found 

Links’ in Knowledge visually demonstrated the interrelationship of fossils and 

animals; Pyramidology used cutaway diagrams to prove astronomical connections; 

engineering projects were accompanied by pictures of machinery and diagrams of 

techniques; and animals were shown increasingly in natural habitat.26 Lockyer’s 

studies of Stonehenge in Nature were particularly indicative of the manner in which 

diagrammatic explanation allowed the science user to mentally envision what they 

could not directly see.

Rudwick’s work demonstrates that visual representations could also be direct 

appeals to the imagination, forming culturally-based link between the real object and 

the mind of the reader. Astronomy in particular lent itself to this method of 

representation - the astronomical passion for the Universe conveyed fixed 

abstractions of what a reader was unlikely to see through the cheaper telescope - 

particularly when images moved from diagrams to pictures: ‘I find myself strangely 

moved by photographic records of the heavenly bodies . . . This, surely, is among the 

most amazing, one may almost say the most moving, achievements of the science of 

our day.’ stated Richard Proctor at the first attempts at stellar photography.27 The 

privilege of these views was reserved largely for the scientist until the early twentieth 

century, as most illustrations in the popular journal remained woodcuts. Printing 

improvements meant that by the turn of the century stellar photography could be 

represented, albeit generally by illustrators. Even science books could not reprint

photographs - in Agnes Clerke’s Popular Astronomy prints had to be pasted into the
28book after publishing.

One memorable illustration taken from a photograph was the great nebula in 

Andromeda; a spectacular whorl of stars magnified and - with only a short article as
9Qthe picture was meant to explain itself. In all the literature of astronomy (pre-

26 ‘Popular Natural History’ Nature 25 (1 December 1881), 107-109.

27 Note Knowledge 9 (1 June 1886), 255.

28 A M  Clerke: A Popular History o f Astronomy during the Nineteenth Century
(London & Edinburgh: A & C Black, 1893)

29 ‘The Great Nebula in Andromeda’ Knowledge 12 (1 March 1889), 108-109.
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Hubble telescope) there were few images more impressive:, and the fact that the 

engraver had had to make only a ‘few changes’ to the original negative for ‘purposes 

of clarity’ outlined the potential popularising benefits of the increased use of stellar 

photography. Importantly, this adulteration had an aestheticaL and thus popularising 

subtext - extra stars were added that did not show up on the-original, not to clarify 

the myopia of the camera, but to provide a sense of balance to the picture. Scientific 

exactitude was sacrificed in order to provide an image better suited to the 

populariser’s purpose.

Whilst the popular scientific journal actively used illu stration to regenerate a 

scientist’s view of science, it never reached the extreme sho wn in the imperialistic 

imagery of Harmsworth Popular Science, which used artwork to reinforce the 

message of Western man in control of life and nature r.ni a manner that was 

anticipatory of later work in Nazi and Bolshevik art. The frontispiece to the first 

volume depicted an extensively muscled man, sitting on a miniature Earth 

comparatively about twice in diameter as the man was tall, booking up at Mars, he 

was so oversized he could reach out and touch it if he wanted tto - perhaps even pluck 

it from the sky. It was the extreme of a popularisation process in which science 

guided the minds of its public into the study of science through stimulation of the 

imagination via pictorial imagery. Although such extravagancoe (colour!) was beyond 

the means of the popular scientific journal, this was not the only factor that prevented 

it from developing similar imagery. Illustrations were as limited as the language - 

presenting a factual image of science, the popular scientific journals extended such 

discourse to visual as well as written scientific regeneration.

Unguided Reaction

More freedom of expression could be found in imagiiinative subject matter. 

Associative imagination became more interactive when it specifically used elements 

of folk psychology as part of the discourse, particularly in cultural and religious 

preconceptions - scientists actively engaged with the relipous and apocalyptic 

nuances of catastrophism. Professor Plantamour’s view that ;a comet of immense 

size ‘would "collide", as our American friends would say, withrour planet on 12th of 

August next’ was reported widely in the weekly press in 1872. Similarly an Indian
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eclipse was accompanied by ‘magnificent harvests’ for the priests.30 Nature was 

naturally sceptical, blaming a lack of knowledge of astronomy, along with 

persistence of superstition for the panic. The journals reprinted such stories from the 

penny magazines and newspapers with a disapproving tone. When Weekly Budget 

forecast the dissolution of the four planets immediately outside Earth, and 

extrapolated the effects of this to the end of the Earth in September 1876,31 one 

reader of English Mechanic was understandably concerned. ‘I think that such 

important deaths as those of Jupiter and Saturn should be in the papers.’32

Scientific research augmented the abundant speculation in the popular press - 

the subject was a favourite of popular astronomers such as Proctor, Clerke and 

Newcomb. Toye-Warner identified the place of catastrophism in popular folk 

psychology in her discussions of comets as harbingers of doom and potential 

destroyers of the Earth, with details of major scares in 1857 and 1872.33 Proctor 

linked Mother Shipton’s predictions of the end of the earth with the panic 

surrounding the visit of Hailey’s comet in 1758-59.34 Greater scientific 

understanding did not reduce these fears, but merely heightened awareness of 

celestial objects, and thus fuelled popular speculation. The blame for one scare was 

laid at the door of Proctor himself - an accusation that he vehemently denied.''

By using such elements of popular belief in the discussion of comets, the 

journals deliberately created an interactive discourse that contained elements of the 

generational views of the public to reinforce regenerated scientific concepts. 

Knowledge actively used the same channels to introduce new scientific ideas, such as 

in the speculation of the possibility of ‘dark suns’ which could collide with the earth

30 Note Nature 5 (15  February 1872), 310.

31 Claudio: ‘Signs in the Heavens’ English Mechanic 23 (24 March 1876), 37.

32 FRAS ‘The “Cumming” dissolution of the Solar System’ English Mechanic
23 (7 April 1876), 91.

33 I E Toye-Warner: ‘Ancient and Popular Ideas of Comets’ Knowledge and 
Scientific News 5 (November 1908), 253-254.

34 Knowledge 1 (4 December 1881), 6.

35 IE  Toye-Warner: Loc. Cit.
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with only a few months’ warning.36 The use of such folk psychology in an active 

manner was without recrimination - at least when applied merely to this area. As 

soon as the predicted danger was past ‘ . . . science would be benefited . . . The omen 

would have been averted - at all events they always have been.’37 Although the 

reactions of the scientific public may have seemed to be unguided, they were 

predictable and ultimately educational, reinforcing the position of accepted scientific 

orthodoxies. The scientist was ultimately in control; yet the use of imaginative 

association admitted and accepted the existence of views outside the sphere of the 

scientist.

Interpretative Imagination

There are two classes of writers whose works on scientific 

subjects possess little or no intrinsic value. The first consists of those 

who, carrying their distrust of rational authority even beyond the 

bounds of sanity, run headlong against established modes of thought, 

and lose themselves in a maze of paradox. To the second class belong 

authors who, while they show no outward disrespect for the accepted 

elements of orthodox philosophy, have neither the patience nor the 

ability to pursue the arduous paths which lead to truth, but with a 

courage born of want of knowledge of the real difficulties, take their 

own way under the treacherous guidance of blind intuition.38

As part of a review of A Despaux’s Genese de la Matiere et de UEnergie, this 

was a severe criticism of bad practice in science. The two differing interpretations of 

pseudoscience distinguished between science that developed as a challenge to 

existing theories, and science but due to its basis more open to subjective 

interpretation - singled out in this article were cosmology and molecular physics,

36 Knowledge and Scientific News 2 (May 1905), 261-263.

37 Note Nature 5 (15 Feb 1872), 310.

38 ‘Science and Pseudoscience’ Nature 63 (8 November 1900), 25-26.
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defined by the author’s own views. There were also a number of other subjects 

which could be said to be on the borderlands of science that used imagination to 

bridge the gap - usually - between the psychological and the physical.

Pseudoscience could be the spur to studying science, as in the case of the 

search for perpetual motion, or simply the practice of alternative sciences such as 

astrology and psychical research. Some of these heterodox sciences gained a degree 

of acceptance in the popular science journals; many did not. Over time borders of 

science were established that excluded these areas of study, and they became 

marginalised - usually shunned by religion, and discounted by science, they came to 

be regarded as outsiders, lacking the cultural authority to impose their ideas upon 

society in a scientific sense.

39Paradoxical and Heterodox Science

The journals used similar techniques to attack what they saw as 

‘pseudoscience’, although they varied by degree depending on the periodical. Firstly, 

they ignored its existence, which did not necessarily prevent its dissemination as 

there were other outlets such as the society magazines and the new daily and weekly 

press. Secondly they directly attacked pseudoscientific ideas. Thirdly, they allowed 

the pseudoscientists to express their views, and then ridiculed them. Actively 

pursued in the popular scientific journal, the scientist reader often requested that this 

happen.40 By demonstrating the falseness of the proposition from its own tenets, 

‘pseudoscience’ could, it was hoped, be prevented from spreading. Some paradoxical 

science, such as an 1882 report that the Equator was moving north, were seen as 

deliberate red herrings placed in the way of the progress of science; others were ‘a

The categories in this section, with the exception of alchemy and the addition 
of a general section on superstition, are the same as those topics listed and refuted in 
H Dircks: ‘Chimeras of Science’ idem: Scientific Studies: Practical, in Contrast to 
Chimerical Pursuits, Exemplified in Two Popular Lectures (London: Unknown,
1869).

40 For instance: W HA’s letter Knowledge 1(13 January 1882), 226.
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mere collection of blunders.’41 The journals united in their condemnation of both of 

these, there being little dispute among scientists as to their lack of validity.

Flat Earthers

The continuing (or perhaps re-awakened) belief in the Earth as a plane, 

otherwise known as Zetetic Philosophy or Astronomy, was the main paradoxical 

notion consistently opposed. A long campaign in all the journals was waged against 

the flat-earthers - the main protagonists being the founder of the Zetetic Society, 

Samuel Birley Rowbotham ( ‘S Goulden’ or ‘Parallax’), John Hampden, and 

Humphrey Carpenter.

The main impetus for the discussion of Zetetic theory came from the Flat- 

Earthers themselves. Nature contained a summary of the ‘Bedford Level 

Experiment’ from Field in 1870 where Hampden and Carpenter were shown a proof 

of the rotundity of the Earth, although one which they did not accept.42 An amusing 

distraction, it was used to show how ‘bad’ science was patently ridiculous, and yet 

gullible people could still be taken in by it. Money had been wagered on the 

outcome of the experiment, and the resulting court case left Hampden £500 out of 

pocket, enshrining in the English legal system the principle that the Earth was round. 

Achieving a status in scientific folklore this experiment was referred to as the 

ultimate proof by the next generation of contributors to the popular scientific 

journals.

Despite this setback, flat-earthers continued to promulgate their theories, 

producing a short-lived periodical between 1872 and 1873 called simply The Zetetic. 

In the scientific periodicals English Mechanic became a common outlet for letters on 

the subject and instituted a ‘paradox corner’, later used by Proctor in Knowledge, 

where such ideas were pilloried. Hampden, allowed conditional space by Proctor, 

contributed to Knowledge's ‘Paradox Corner’ in March 1883 stating that ‘Newton’s

41 R A Proctor: Reply to E F B Harston: Knowledge 2 (1 September 1882), 300; 
‘Paradoxical Philosophy’ (review of W L Jordan’s New Principles o f Natural 
Philosophy (London: D Bogue, 1883)) Knowledge 3 (25 May 1883), 312.

42 ‘The Rotundity of the Earth’ Nature 1 (7 May 1870), 581

180



Chapter 5: Imagination

followers have adhered blindly to his teaching’,43 ignoring the simple fact of 

observation and common sense that showed that the Earth was a plane, and not a 

globe. The theory of the flat Earth was ascribed to the existence of a Supreme Being. 

Proctor called a halt to this almost immediately, due to what he stated was 

ingratitude. More serious were Hampden’s threats to slander Proctor to his 

advertisers and alleged physical threats against ‘an eminent scientist’. Proctor’s only 

reason for allowing the column, as he made clear, was to demonstrate the falseness of 

their position.44 He pronounced himself ‘a little pleased with my new invention for 

silencing paradoxists’, working by allowing them to condemn themselves and 

making ‘even the unlearned (for whom, alone, of course, the thing is done) see at 

once how hopelessly at sea the paradoxists are.’45

Parodies of the flat Earth theory, assumedly from readers, became frequent, 

although it would not have been beyond Proctor to have ‘placed’ at least some the 

letters given the plethora of his noms de plumes. ‘Mad Tom, Bedlam’ wrote on April 

1st to attack the ‘vile superstition of the 47th proposition of the first book of 

Euclid’.46 Another letter came from a Swift parodier, a ‘Laputian’ whose theory was 

of a circular flat Earth held on the back of Atlas, standing on the back of an elephant, 

who in turn was standing on a turtle. This obvious reference to ancestral beliefs was 

combined with the everyday objects of contemporary society:

I further believe that the Sun, like some gigantic warming pan 

. . .  is perpetually being passed over my Laputa . . . Several minor 

utensils, such as the Moon, Jupiter, Venus, Meteors and the rest, go 

cricketing about above us in similar, but different, ways.47

‘Paradox Corner: The Flat Earth Theory’ Knowledge 3 (9 March 1888), 151.

44 ‘Paradox Corner - The Flat Earth Theory’ Knowledge 3 (6 April 1883), 201-
202 .

45 ‘Our Paradox Corner’ Knowledge 3 (30 March 1883), 198.

46 Mad Tom: ‘A Vile Superstition’ Knowledge 3 (20 April 1883), 240.

47 A Laputian: letter Knowledge 3(11 May 1883), 284.

181



Chapter 5: Imagination

Despite this obvious parody, there were still those whose level of awareness 

of orthodox science was so low as to question whether these letters were truly 

scientific or mere jokes.48

Arguments were not simply confined to polemical rejection. The 1883 series 

‘Petty proofs of the Earth’s Rotundity’ was designed to show conclusively the follies 

of the Flat-Earthers through practical demonstration of the facts.49 Proctor’s series 

on Great Circle Sailing can also be seen as a part of the same process; a deliberate 

demonstration of how the techniques involved in setting a correct course across an 

ocean was hardly of practical use to the readership, but demonstrated the spherical 

nature of the earth. When invited to debate the subject with Parallax, Proctor replied:

He advocates a theory that he knows to be erroneous; for no 

intelligent person will bolster up a sound theory by false experiments, 

garbled extracts, and untrue statements, or be unwilling to examine 

into all such difficulties as even true theories commonly present.50

When the Zetetic Society replied to Proctor’s questions on their theory, he 

printed their reply, attacking the answer as being not just unscientific, but also 

against all practical everyday observations.51 The spokesman for the Society was one 

H Ossipoff Wolfson, and this probably explains why Proctor was not more generous 

when Wolfson publicly recanted in 1884 on the pages of Knowledge. In Proctor’s 

view the absurdity of the theory should be apparent to people in any case; as a former 

believer Wolfson had proven himself an untrustworthy scientist, and therefore he

‘Letters received’ Knowledge 3 (27 April 1883), 255.

49 R A Proctor: ‘Petty Proofs of the Earth’s Rotundity’ Knowledge 4 (10 August
1883), 90 and following issues.

50 R A Proctor: ‘A Challenge from the Earth-Flattening Society’ Knowledge 4
(30 November 1883), 336.

51 R A Proctor: ‘The Earth-Flattener’s Challenge’ Knowledge 4 (14 December
1883), 362.
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could not be trusted with any disproof.52 One side effect of this recantation was the 

revelation of Parallax’s pseudonyms that caused him, Parallax, to threaten Proctor 

with legal action. What would have happened next is unknown - Parallax died 

before any court case could come up.

Despite the death of its founder, the ‘hoax’ continued to gain converts over 

the next decade, and produced its second journal, The Earth - Not A Globe - Review , 

edited by Albert Smith between 1893 and 1897. Although the subject never reached 

a level of truly popular acceptance, there were still a few vocal supporters in 

evidence in 1904, when English Mechanic received a query on Zetetic astronomy 

from a reader which was promptly condemned, both at the time, and in following 

letters. The events surrounding the Bedford Level experiments were recalled for 

‘younger readers’. ‘Treadle’, then Sigma, attacked the theories.54 The one reply from 

Lady Blount defending the cause only increased the flow of disproofs based in 

observations, analysis and common sense.55

Even after the turn of the century there was still an undercurrent of ideas that 

did not step in time with even some of the most basic of the regenerative scientific 

principles. The fact that ‘unscrupulous’ people seemed to be deliberately misleading 

people as to the reality of the situation forced the scientific community to band 

together to defend their ideas. That the imagination of the scientific public could be 

excited to such an extent that people could be misled into believing a theory that had 

been discredited centuries beforehand seemed to the orthodox scientist to be an 

unacceptable sign of the continued natural superstition of man.

52 H Ossipoff Wolfson: ‘Our Paradox Column’ Knowledge 5 (4 April 1884), 
233; R A Proctor: ‘Note’ Knowledge 5 (1 6  May 1884), 355.

53 ‘Editorial gossip’ Knowledge 5 (2 May 1884), 313.

54 Treadle: ‘The Bedford Level Experiment’ English Mechanic 80 (September 
30 1904), 183; Sigma: Proof that the Earth is a sphere English Mechanic 80 
(September 30 1904), 183.

55 Lady Blount: “ ‘Flat Earth” and the Bedford Canal Experiments’ English 
Mechanic 80 (September 30 1904), 183-184; Sigma: ‘Proof that the Earth is a 
sphere’ English Mechanic 80 (7 October 1904), 207-208; B H Watson: ‘Flat Earth 
and the Bedford Canal’ English Mechanic 80 (7 October 1904), 208; ‘Flat Earth 
Cranks’ English Mechanic 80 (7 October 1904), 208-209.
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W hatever the views expressed in the journals, Flat Earth debates served much 

the same purpose as Pyramidology and catastrophism as they allowed scientists to 

actively popularise the basic principles of science without having to expend what 

would to the scientist seem to be worthless time. Practical experiments were 

recounted; practical observations were suggested. The proofs of the theory of the 

Earth as a globe were plainly accessible to all, justifiable through sound experimental 

method, and thus the threat of Zetetic astronomy could largely be discounted. By 

defining itself in opposition to what was obviously a false theory, science’s own 

regenerated views of the world were solidified in the public imagination.

Astrology

In contrast, astrology found acceptance in the popular sphere as a generational 

science mainly due to orthodox science’s own inability to counter it. The suspicion 

of astrology from scientists that can be detected in the popular scientific journals 

came from two cultural areas - firstly, its ‘non-scientific’ nature, and secondly, its 

unacceptability in (particularly Protestant) religion. In contrast, astrology used many 

of the discoveries of astronomy to bolster its own cause, a cause that was seen, by its 

practitioners, as scientific. Moreover it could be seen as the perfect complement to a 

new interpretation of religion.

The traditional view of the history of astrology is that it was discredited due 

to a number of factors, including the acceptance of Newtonian physics.56 Yet as 

Bernard Capp in particular has pointed out, as it was a major factor in eighteenth 

century lower-class literature, the almanac being ‘the greatest triumph of journalism 

until modem times.’57 Astrology remained popular in the rural labouring classes,

56 e.g. L MacNeice: Astrology (London: Aldus, 1964); P Curry: The Decline o f 
Astrology in Early Modern England 1642-1800 (London: PhD, University of 
London, 1986); P Curry: ‘Saving Astrology in Restoration England: “Whig” and 
“Tory” Reforms’ in P Curry (ed): Astrology, Science and Society: Historical Essays 
(Suffolk and Wolfeboro, New Hampshire: Boydell Press, 1987), 245-259; N 
Campion: An Introduction to the History o f Astrology (London: Institute for the 
Study of Cycles in World Affairs, 1982), especially 67-69; T S Pattie: Astrology as 
Illustrated in the Collections o f the British Library (London: British Library 
Booklets, 1980).

57 B Capp: Astrology and the Popular Press: English Almanacs 1500-1800

184



Chapter 5: Imagination

despite attacks from the Church, during the late eighteenth and early nineteenth 

centuries, before a nineteenth century revival in the more educated classes.

It is unclear whether this ‘rediscovery’ of astrology in middle class circles 

came as a result of the interest of - especially - the rural tradition, or as a result of 

academic research, or because of some remnant of belief remaining in the folk 

psychology of the educated man. Most studies have concentrated upon the efforts of 

individuals in the popularisation of astrology, yet this is not enough to explain the 

fact that these popularisers found an audience, attested to by the opposition in the 

popular scientific journals. Its growth in popularity is inextricably linked with the 

growth of the popular press and popular literature, and this is where astrology found 

the similar general acceptance in the twentieth century as in the eighteenth century. 

Moreover, at the turn of the twentieth century the emphasis was not on dissemination 

of the results of astrological prediction, but on the teaching of the methods and 

mathematics of calculation to a new generation - by the early 1900s astrology had 

once again become a recognised ‘pseudoscience’, and regarded itself as scientific.58

The main impetus of the astrological rebirth as a science came from a number 

of sources and was disseminated through various forms. Richard Cross Smith (1795- 

1832), known as Raphael, and especially Richard James Morrison (1795-1874), 

known as Zadkiel, were the first to reintroduce astrology on an academic basis with 

journals such as Struggling Astrologer (later Astrologer o f the Nineteenth Century), 

Prophetic Messenger, and Horoscope in the first half of the nineteenth century.59 

The second half of the century saw a steady increase in astrology publication,60 the

(London: Faber, 1979); see also K Thomas: Op. Cit. The later works mentioned in 
the previous note do acknowledge Capp’s contribution whilst concentrating on the 
intellectual tradition.

58 For early recognition by historians of astrology’s claims to be a science see O 
O Neugebauer: ‘The Study of Wretched Subjects’ Isis 42 (1951), 111; L Thorndike: 
‘The True Place of Astrology in the History of Science’ Isis 46 (1955), 273-278.

59 See N Campion: Op. Cit., 69-71; E H Bennett: Astrology: Science o f 
Knowledge and Reason (New York: The Author, 1897) especially the introduction.

60 The British Library catalogue lists reveal a steady increase in the number of 
books on astrology from four in the 1860s, through to eleven in the 1890s, and 
sixteen in the 1910s. Titles include A Leo: Astrology Explained (London: L N 
Fowler & Co., 1911); A Complete Dictionary o f Astrology (London: “Modern
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most significant development being the success of the late nineteenth century 

astrological journals, in particular The Astrologer’s Magazine. This was better 

known by its later title of Modern Astrology, running from 1890 until its editor’s 

death in 1917. This editor was William Frederick Allen, better known as Alan Leo, a 

lapsed member of the Plymouth Brethren who became one of the main exponents of 

Theosophy.61 Also prominent were Alfred James Pearce (also called ‘ZadkieT, 

1840-1923), the Keeper of Printed Books at the British Museum, Richard Garnett 

(1835-1906), F W Lacey (‘Apharel’) and Walter Gorn Old (‘Sepharial’, 1864-1929). 

Although there was often disagreement in the form that astrology should take, 

particularly in its religious aspects, there was a commonality of feeling amongst these 

men to encourage not only the interest in, but also the practice of, astrology in the 

late nineteenth and early twentieth centuries.

The popular scientific periodicals viewed astrology with at best suspicion, 

and more often hostility. Techniques attempted to discredit practitioners were firstly 

based on allegations of ‘quackery’ and often, outright ridicule. Proctor was 

particularly scathing, relating one tale where Birmingham was overtaken by a panic 

due to an astrological prediction of the end of the world. In his series on 

coincidences he also mentioned an instance where a woman who obviously believed 

in astrology went to the Astronomer Royal to ask for help in finding her washing. 

Having sent her away with a spurious account of where to find it, he was astonished 

to have her return and thank him for finding it for her.62 Proctor saw this basis of 

coincidence as the major reason why astrology was popular; it was assumed to work 

by those who believed in it, and this was reinforced by coincidental occurrences.

The second attack was mainly on the grounds of astrology’s religious 

background. Serious anthropological study took place into the connections of

Astrology”, 1905); and A H Barley: The Rationale o f Astrology (London: L N Fowler 
& Co., 1905), indicating the practical approach of these books.

61 Leo was the most vocal exponent of astrology in the period 1890-1920,
warranting an entry in the Dictionary of National Biography. A full account of his 
work can be found in B Leo et al: The Life and Work o f Alan Leo (London: L N 
Fowler & Co., 1917).

62 R A Proctor: ‘Note’ Knowledge 11 (1 Feb 1888), 91; ‘Coincidence and
Superstitions’ Knowledge 5 (28 March 1884), 195.
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astronomy and astrology in ancient, heathen religion. Nature and Knowledge in 

particular regularly presented astrology as having its roots in ancient religious 

animism, firstly undermining its claims of scientificity, and secondly presenting its 

association with non-Christian ideas as heretical.63 Knowledge in particular was 

keen to emphasise where astrology came into opposition with religion - so it was not 

‘good’ science that was the threat, but the ‘bad’ science of astrology. When Farrar’s 

Life o f Christ was reviewed in Knowledge the connection of his calculations on the 

position of the stars and planets led Proctor to speculate on the possibility that Farrar 

believed in astrology.64 The book reviewed was a religious one, yet science 

defended religion’s probity.

Direct debates on astrology were not common in the journals, however the 

later editions of Knowledge saw two debates. The first was at the turn of the century; 

the second was a discussion in parallel with one in Academy, which took place some 

ten years later. Both of the debates centred on articles written in the journal, both by 

respected astronomers declaring their opposition to the ‘pseudoscience’.

An E W Maunder article on whether astronomy or astrology came first 

sparked the first debate. Maunder argued was that astrology must have been 

developed from astronomy as a certain amount of astronomical training must have 

been present in order for someone to be an astrologer.65 In reply B Chatley argued 

was that if astronomers saw the planets, far apart in space as they were, as exercising 

an attraction each other, then why could not the stars, having greater gravity, exert an 

attraction on human beings? Maunder countered with the argument that astrology 

simply did not work - if it did then surely astrologers could have discovered the 

attraction of planets such as Uranus and Neptune, which had only recently been 

discovered by astronomers. Chatley’s response emphasised that Uranus and Neptune 

had negligible astrological attraction, and denied accusations of insincerity. At this 

point Maunder obviously realised that an impasse was being reached, as he dismissed

63 ‘Astrological Fancies’ Knowledge 11 (1 September 1888), 242-243.

64 ‘Note’ Knowledge 3 (12 January 1883), 18.

65 E W Maunder: ‘Astronomy and Astrology: a case of primogeniture’ 
Knowledge 23 (1 February 1900), 35-38.
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the subject by saying, ‘Astronomers do not waste time on an investigation into 

astrology for the simple reason that there is nothing to examine.’66

The subject would not be so easily dismissed - Maunder now had a new 

opponent, Alan Yeo, who felt that astrology was a religion based on the harmony of 

the spheres. Maunder seized this view of spiritualism eagerly, using it to attack
f i lChatley’s scientific approach. Dismissing Yeo’s claims that astrology was a 

metaphysical science, he argued that astrology should resolve its own internal 

theoretical divisions before presenting its case.68 Similar disdain greeted another 

letter justifying astrology due to the astronomical knowledge evinced in Upham’s 

History and Doctrine o f Buddhism.69

There were more than simple irreconcilable differences between the 

practising astronomer and the astrologer; the orthodox scientist was unable to 

recognise in others’ science what he himself was practising. At this time, for 

instance, Maunder was heavily involved in the debate on the Martian canals (see 

chapter 6), a scientific debate over a difference of opinion between a number of 

people. Chatley and Yeo also saw astrology independently, one regenerating the 

language of orthodox science in order to prove his case, the other presenting the 

arguments of a generational, metaphysical science. Clearly Maunder found the 

second approach easier to argue against, as he could place materialistic science in 

opposition to it to prove his point ‘scientifically’. His only argument against Chatley 

was not in scientific disproof, rather than scientific disbelief.

The second debate came as a result of the previously-mentioned John Candee 

Dean article and another on ‘Astronomy and Astrology’ by F W Henkel. The first

B Chatley: ‘Astrology’ Knowledge 23 (1 September 1900), 203; E W 
Maunder: ‘Astrology’ Ibid., 203; B Chatley: ‘Astrology’ Knowledge 23 (1 October 
1900), 227-228; E W Maunder: ‘Astrology’ Ibid., 228.

67 A Yeo: ‘Astrology’ Knowledge 23 (1 October 1900), 228; E W Maunder: 
‘Reply’ Ibid.

68 A Yeo: ‘Astrology’ Knowledge 23 (1 November 1900), 255; E W Maunder: 
‘Reply’ Ibid.

69 C G Stuart-Menteith: ‘Ancient Hindu Astronomy or Astrology and the Nine 
Planets’ Knowledge 23 (1 October 1900), 227-228; E W Maunder: ‘Reply’ Ibid.
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article put the astrological ‘superstition’ down to coincidences.70 The second detailed 

the histories of astronomy and astrology, and concluded that it was an anachronistic 

relic where the stars were assumed to move around the Earth.71 Unlike Maunder’s 

editorialised rebuttals, at this later date astrologers were given a free rein. H A 

Bulley, A E Larkman and significantly, Arthur Mee all avowed their support for 

astrology, discussing it in societies at Cardiff and Southampton.72 George Phillips 

was the only contributor to counter this, arguing much on the same lines as Maunder 

- i.e. not very convincingly - that astrology simply did not work.73

This argument, as Proctor had made clear years beforehand, was not enough 

to prevent the acceptance of astrology. It was notoriously associated with forecasting 

Prince Albert’s death, and whilst it was not keen to disseminate this particular proof, 

other real-life predictions were deliberately popularised in both its own and the 

newspaper press. Moreover it held much in common in its metaphysical guise with 

the natural theological viewpoint of science ‘uncovering’ the will of God, while its 

use of scientific methodology and the idea of immutable laws supported its claims to 

work on an equal footing with the natural sciences. M odem Astrology stressed the 

need for ‘application, discernment and discrimination’ to answer the charges of 

‘quackery’, and called upon the Press to ‘assist us in finding where our folly lies, 

surely not in investigation and experiment, this being the method of all scientists.’74 

Attacks from orthodox science merely hardened the resolve of the astrologers as the 

question always came down to one of belief, not disproof. Whereas previously the 

anti-astrological movement had been a result of a culture clash across classes here it

J C Dean: ‘Astronomical Superstitions’ Knowledge and Scientific News 5 
(December 1909), 449-451

71 F W Henkel: ‘Astronomy and astrology’ Knowledge and Scientific News 5 
(December 1909), 454-455.

72 A Mee: ‘Astrology’ Knowledge and Scientific News 6 (February 1910), 65; H 
A Bulley: ‘Astrology’ Knowledge and Scientific News 6 (March 1910), 106; A E 
Larkman: ‘Astrology’ Knowledge and Scientific News 6 (March 1910), 106.

73 G Phillips: ‘Astrology’ Knowledge and Scientific News 6 (March 1910), 106- 
107

74 A Leo: ‘Judgement and Criticism’ Modern Astrology 5, 41-43.
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was one across the divide of the boundaries of orthodox science.75 Even Proctor’s 

coincidence argument could be seen as applying equally to much of the scientific 

method of the time. Arthur Mee described astrology as ‘ . . .  a science so ancient and 

noble, yet so shamefully degraded of late years . . .  a true mirror before your face.’76 

Science could not overwhelm the boundaries of astrology as, when explained 

‘scientifically’, it rested on the same foundations. The generational aspects of the 

science were being revised through the addition of regenerational techniques freely 

adapted and directly adopted from the pages of orthodox scientific thinking.

Impossible Science

A brief note can be made here on the incidence of ‘impossible’ science. 

Purely regenerated from official science, this was presented in the popular scientific 

journal as being impossible to achieve. Such ‘paradoxes’ as the trisection of an angle 

with ruler and compass77, the squaring of the circle, the duplication of a cube, and 

perpetual motion78 stimulated the imagination of the reader in harmless ways. It is 

surprising that considering the amount of effort expended in proving that these were 

just not possible, there still persisted a large undercurrent of people who believed that 

they had discovered the answer to, particularly, perpetual motion and angle trisection. 

As late as 1914 English Mechanic was receiving numerous letters purporting to

For acculturation explanations see P Curry: loc. cit., esp. 258; J E Halbronn: 
‘The Reading Process of Translation and Criticism in the History of Astrology’ in P 
Curry (ed) op cit, 197-216.

76 B Leo et al: op cit., 156-157.

77 For instance: Taranaki: ‘Letter’ Knowledge 3 (12  January 1883), 27;

78 ‘Note’ Knowledge 4 (1883), 371-372; W Matthieu Williams: ‘Perpetual 
Motion on the Large Scale’ Knowledge 5 (11 January 1884), 29; R A Proctor: 
‘Reply’ Ibid. presented the theoretical existence of the perpetual motion of the 
universe; English Mechanic 79 (1904) featured an extended debate around a machine 
using the relative buoyancies of mercury and water to sustain movement in a linked 
loop of corks. The date of the initial letter might provide a clue as to the real nature 
of the machine. T Hardwick: ‘Perpetual Motion’ (1 April 1904), 176; debate 
continued in the letters section until (3 June 1904), 383-384; Also limited discussion 
in English Mechanic 80 (1904-1905) after readers’ attempts to build the machine.
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79contain solutions. Despite this, perpetual motion (and less obviously other 

‘impossible’ science), being regenerated from orthodox science, could lead to a more 

general understanding. One contributor insisted that it was the search for perpetual 

motion that had captured his imagination, and inspired him to be a practising 

scientist. The scientific principles discussed in order to refute ‘solutions’ also 

provided an indirect education in the basics of Newtonian mechanics and the laws of 

conservation of energy. In this sense ‘impossible’ science, although ‘wasting the 

energy of hundreds’, proved an educating influence to thousands.

Summary

The constant need to counter the theories of the paradoxical and heterodox 

science often led to a heavy strain on those responsible for the answering of queries, 

and it is not surprising that the approach of allowing debate and countering it with 

‘good’ scientific analysis fell into disfavour. Proctor was forced to scrap the replies 

section of Knowledge, albeit temporarily, in 1883, in protest at the amount of 

information and misleading argument from what he saw as ascientific approaches.80 

In some cases, particularly astrology, generational, heterodox science regenerated 

orthodox scientific ideas in support of its position. The debate also often exposed the 

fact that the differences between orthodox sciences were less ones of fact and more 

ones of degree. Non-orthodox generational science often worked from the same 

basic premises and used the same scientific laws of existence - as superstition was 

based on the repetition of coincidence, so was science. Major differences could all 

too easily be interpreted as cultural rather than scientific. Debates after the 1880s, 

therefore were either relegated to the ‘Paradox Corner’ or else carried out in the 

letters sections, where they formed a sporadic topic of debate. Where used in major 

articles, non-orthodox science was parodied to an informed, scientifically-cultured 

audience, and thus lost its power of direct action.

C Mullens: ‘Trisecting an Angle’ English Mechanic 99 (26 June 1914), 486; 
H P Hollis: ‘Trisecting an Angle’ English Mechanic 99 (10 July 1914), 521; C A M: 
‘Trisecting an Angle’ English Mechanic 99 (10 July 1914), 486.

80 Editorial Knowledge 3 (9 February 1883), 79.
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Borderland Science

The brief replies sections of English Mechanic and Knowledge provide 

intriguing proof of the existence of more orthodox forms of generational science 

outside the scientific community, many of which had direct links to, and roots inside, 

official science. The readership obviously saw Proctor as a conduit to get their ideas 

known in scientific circles, and a person to whom to appeal for critical examination 

of their theories. W W Faucus received the reply: ‘Your theory of lightning does not 

account for dry air sparks.’ Benson, whose theory was obviously on comets, was 

told, ‘We saw many objections . . .  to your theory.’ The theory of Colonel (Hon)

Arthur Parnell on lightning was so unbelievable that it was reprinted in the paradox
81column. Even respected scientists’ theories were outlined and dissected in a critical

R9fashion, as if to show that no-one was beyond criticism. Although Nature did 

contain some ideas which can best be described as ‘borderland’, the constant 

interchange of new ideas is mainly apparent in Knowledge and English Mechanic.

Borderlands o f Life

In the closing years of the nineteenth century there was, as Frank Turner has 

outlined, resistance to the ‘naturalistic’ science of many of the more recognised 

contributors to Nature. ' Yet naturalistic contributors often pushed the boundaries of 

scientific speculation to their limits and beyond; similarly those who opposed a 

mechanistic or positivistic view of nature used psychological and metaphysical 

arguments in the course of their scientific ends. Profoundly cultural in nature, these 

arguments stimulated the imagination of all areas of scientific society. Moreover 

there is no division that can be drawn between the scientist and other areas of 

scientific society in terms of ‘orthodox’ or ‘heterodox’. In short, the debate was truly 

popular in the widest sense.

81 Reply Knowledge 2 (2 June 1882), 13; Reply Knowledge 2 (14 July 1882), 
119; ‘Our Paradox Column: Lightning’ Knowledge 5 (22 February 1884), 118-119.

82 For instance: ‘Paradox Corner’ Knowledge 2 (8 September 1882), 250; W 
Matthieu Williams: Letter Knowledge 2(15 September 1882), 265.
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Where does life stop? This question occupied the mind of the Huxleys, 

Darwins, Haeckels and Tyndalls of the scientific world as much as previous 

generations of theologians. The desire to classify, to detail every facet of life, 

generated this desire for a boundary - if there was one.84 ‘All that we call matter is at 

least sensitive and capable of feeling’, stated Nature in a review of W Stewart
oc

Duncan’s The Evolution o f Matter, Life and Mind. ' Sigma, the positivistic scientific 

practitioner, emphasised the inherent problems in 1900. There was not an adequate 

definition of ‘matter’ - was it all matter, all known matter, the hypothetical source 

from which substances developed, or knowledge? ‘How can we form any concepts 

of value? - still more, how can we transmit them to others - unless we clearly define 

our terms, and rigidly limit them to the defined meaning?’86 Matter was an entity, 

‘unalterable in essence’, whereas energy was transferable power. The result of this 

was his short series ‘The Structure of Matter’.87

Such imprecise definition was not necessarily helped by practice: W H S  

Monck indicated the existence of motion in inanimate objects, caused by gravitation 

and chemical reaction. In fact the only manner in which the difference between life 

and matter could be gauged was in ‘observation and experience’.88 Only scientists 

were qualified to define where the boundaries lay - if there were any. Dastre’s series

F M Turner: Between Science and Religion, especially 1-37 - quote from 18.

84 L Schiebinger: ‘The Private Life of Plants: Sexual politics in Carl Linnaeus
and Erasmus Darwin’ in M Benjamin: Science and Sensibility (Oxford & London: 
Basil Blackwell, 1991), 121-143.

86 ‘Book Review: The Evolution o f Matter Life and Mind '* Nature 77 (14
November 1907), 30; see also ‘Book Review: Conscious M atter’ Nature 23 (14 
April 1881), 553-554 for a (critical) review of previous work. W Stewart Duncan: 
Conscious Matter: Or the Physical and the Psychical Universally in Causal 
Connection (London: David Bogue, 1881).

86 Sigma: ‘Matter and Thought’ English Mechanic 72 (30 November 1900), 
364.

87 Sigma: ‘Matter and Energy’ English Mechanic 72 (14 December 1900), 405- 
406 and following issues.

88 W H S  Monck: ‘Matter and Thought’ English Mechanic 72 (14 December 
1900), 405-406.
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of articles in 1904 posited the view that there were no boundaries. In fact the manner 

in which metaphor and simile were used to compare animate and inanimate matter 

indicated a fundamental acceptance of this principle throughout society.89

Darwin’s theories also posited the associated question: Where does life start? 

William Thomson’s meteoric theory of the origin of life was sparked from serial 

fiction in Fraser’s Magazine, namely the novel A Visit To My Discontented Cousin.90 

Expounded at the 1871 meeting of the British Association, his address proposed the 

‘wild and visionary’, but ‘not unscientific’ idea that life on earth originated from 

living debris on comets.91 This self-confessed scientific ‘possibility’ was described 

as ‘scholastic theology’ by a member of the scientific public - the ‘dogma that life
Q 9

can only proceed from life’ was no solution. “ Nevertheless, this theory continued to 

have its exponents in all scientific spheres.

Spontaneous generation was the outward expression of the imaginative 

extreme of the naturalistic spectrum. Huxley’s The Physical Basis o f Life had drawn 

criticism from a number of quarters, introducing the concept of the primordial soup 

from which life developed. In 1869 it was seen as beneficial to the ‘progress’ of 

science that ‘the matter has ceased to be a prevailing topic of conversation at dinner 

tables’. ' The topic had some measure of popular appeal, and because it appealed 

the human psyche through channels reserved for religion. That the idea of 

protoplasm, with no direct proof, was seen as truth, is revealing; it was a 

replacement, in a positivistic manner, of fact with supposition. Moreover, its close 

relation with religious topics meant that it was most apt to be open to the popular 

imagination.

A Dastre: ‘The Life of Matter’ English Mechanic 79 (26 February 1904) 52; 
(18 March 1904) 118.

90 Published as J Moncrieff: A Visit to my Discontented Cousin (London:
Longmans, 1871); G.E.D.: ‘Sir William Thomson and the Origin of Life’ Nature 4 
(17 August 1871), 305.

91 W Thomson: Address to the BAAS Nature 4 (3 August 1871), 269-270.

92 E Maitland: ‘A Vital Question’ Nature 4 (14 September 1871), 386.

93 ‘Protoplasm at the Antipodes’ Nature 1 (4 November 1869), 13.
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Bastian’s series in Nature in 1870 claimed to have proved spontaneous 

generation, by sterilising liquids that then developed bacterial growth.94 Naturally 

this led to debate, showing that the protoplasm ‘excitement’ was still valid. Alfred 

Wanklyn and Charles Ekin were doubtful of Bastian’s claims, indicating the 

possibility of airborne bacteria, after Pasteur, although the former was supportive of 

Bastian. Lionel Beale and Worthington Smith were unconvinced by the evidence. 

Huxley’s contribution was then countered by Bastian, attacking - rightly - his 

scientificity.95 This debate was on the surface a very scientific one. Blinded by 

‘unicellular organisms’, ‘heterogeneous production’, ‘motile zoospores’ and ‘nuclear 

particles’, it is possible to assume that this debate was about nothing but 

biochemistry, and would thus be incomprehensible to the scientific public.

Frankland’s experiments with Huxley replicating Bastian’s conditions failed 

to produce any more than Brownian motion; Bastian’s reply attacked the scientific 

method of Frankland’s experiments. 96 Haeckel’s Biological Studies provided the 

serious reader with a complete guide to the theory.97 Bastian experimented by killing 

bacteria, noting that they had regained life within 24 hours.98 At this stage the 

concept of ‘spontaneous generation’ was entering popular vocabulary - T W Webb

H C Bastian: ‘Facts and Reasonings Concerning the Heterogeneous Evolution 
of Living Things’ Nature 2 (30 June 1870) 170-177, (7 July 1870) 193-201, (14 July
1870) 219-228. This paper was originally intended for publication before the Royal 
Society, and thus represented something of a coup for Nature.

95 J A Wanklyn: ‘Spontaneous Generation’ Nature 2 (21 July 1870) 234-235; C 
Ekin: ‘Spontaneous Generation’ (11 August 1870) 296; L S Beale: ‘Spontaneous 
Generation’ (28 July 1870) 254-255; W G Smith: ‘Spontaneous Generation’ (4 
August 1870) 276; T H Huxley: ‘Spontaneous Generation’; H C Bastian: ‘The 
Evolution of Life’ Ibid.

96 E Frankland: ‘Spontaneous Generation’ Nature 3 (19 January 1871), 225; H 
C Bastian: ‘Dr Frankland’s Experiments’ Nature 3 (26 January 1871), 247.

97 ‘Book Review: E Haeckel: Biological Studies' Nature 4 (2 March 1871), 
354-356.

98 British Association Notes Nature 4 (7 September 1871), 378.
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found a reference to the ‘spontaneous chemical generation’ of charlock from lime in 

1871."

The debate rumbled on through the 1870s and 1880s, becoming a 

fundamental part of the debate on Pasteur’s micro-organisms: ‘It is part of the 

doctrine of evolution that living matter was once evolved from dead matter . . .  Is 

there then . . . any inherent improbability in the supposition that life is now evolved 

from dead organic matter? . . . Why then do certain evolutionists so obstinately resist 

the assertion that Archebiosis has actually been known to have taken place?’100 

Reanimation of dead matter through fermentation was seen as proven in many 

quarters. In 1888 Knowledge discussed the possibility of reanimating dead material 

that had been frozen and dried through the application of heat.101

As Turney has discussed, the turn of the century saw a number of scientific 

experiments attempting to generate live bacteria from sterile environments which 

took a popular bent - once more it was being discussed in the society journals and the
IQ2

newspapers. The debate on spontaneous generation was obviously wearing on the 

editors of English Mechanic by this time as a translation of ‘The Life of M atter’ by 

Dastre was provided for interest, although ‘ . . . discussion is not invited’.103 The 

popular nature of the debate was created purely through the two factors of cultural 

association and scientific speculation. Cultural association with religious concepts 

combined with the fascination of prehistory in the stimulation of the public mind in a 

passive manner. The scientific public here were largely receivers of regenerated 

science, yet the popular nature of spontaneous generation entered scientific 

mythology. In a similar manner to alchemy it became a Holy Grail of science, a

Note Nature 4 (28 September 1871), 446-447.

100 D Spalding: ‘The Life of M atter’ English Mechanic 79 Series beginning (26 
February 1904), 52; continued on 75, 118, 140, 185 & 207.

101 Professor Preyer: ‘On Life-Restoring’ Knowledge 12 (1 November 1888), 21.

102 J Turney: ‘Life in the Lab: Public responses to experimental biology’ Public 
Understanding o f Science 4 (1995), 153-176.

103 ‘The Life of M atter’ English Mechanic 79 (26 February 1904), 52; continued 
on 75, 118, 140, 185, 207. Reprinted from Revue des Deux Mondes.
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symbol of the unachievable being achievable, and thus was relegated to the realms of 

science fiction.

Borderlands o f Intelligence

Scientists and the scientific public alike questioned the assumed divisions 

between man and animals, but in a much subtler manner than debates on spontaneous 

generation. This was particularly evident in discussion of the reasoning powers of 

animals, a debate that had been instigated by Darwin’s espousal of ‘inherited 

instinct’.104

The psychology of animals was a common theme for evolutionists such as D 

A Spalding. His report to the British Association in 1875 posited the view that 

abilities of animals were developed through a kind of morphic memory - i.e. that the 

development of abilities in life did not just depend upon learning, but also upon the 

evolutionary development of instinct through generations of experience.105 The lack 

of an apparent language was the major barrier to any recognition of intelligence. 

William Taylor’s thought was that ‘No irrational animal . . . has ever formed a 

language, simply because it wants reason’, a viewpoint based in religion, not natural 

science. Descartes’ views on the soul, that no animal could be denied it as all were 

‘animated machines’, was contributed to the debate by J P Mahaffy of Trinity 

College, Dublin.106

In response to Taylor, S.J. felt that it was variation in human language that 

made the difference. Arthur Ransom condemned both views, seeing them as 

artificial selection, not natural.107 Such adaptation of an evolutionary viewpoint to

Note Nature (13 February 1873), 281-282; C Darwin: ‘Origin of Certain 
Instincts’ Nature 7 (3 April 1873), 417.

105 D A Spalding: ‘Instinct and Acquisition’ Nature 12 (7 October 1875), 507- 
508

106 J P Mahaffy: ‘Descartes’ “Animated Machines’” Nature 5 (23 November 
1871), 62-63.

107 W Taylor: ‘The Origin of Species and of Languages’ Nature 2 (18 May 1870) 
48; S J: ‘Philology and Darwinism’ (26 May 1870) 66; A Ransom: ‘Origin of 
Languages’ (9 June 1870), 103-104.
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explain a social phenomenon was discussed as a possibility to explain the return of 

birds to their parents’ roosting sites.108 Houzeau’s 1872 study went further in 

drawing comparisons between social practices of man and animals, finding roots for 

the one in the other, and thus reinforcing an evolutionary link.109

During the late 1870s and early 1880s animal intelligence was possibly the 

single most popular subject of letters in Nature From these letters, and others he 

received personally, George Romanes compiled his Animal Intelligence of 1882.111 

The observational imperative had been instilled through science, and specifically 

applied to this subject. W Jones’s Glimpses o f Animal Life was a resume of the 

‘habits and intelligence of animals’ and was described by Knowledge as ‘ . . .  an 

excellent gift-book for young people . . . likely to stimulate a boy to observe for 

himself, which is a species of mental training that cannot be commended too 

early.’112 The growth of pet ownership in the middle classes similarly aided research 

- of the letters that were sent in to the journals on the subject, the vast majority were 

from owners relating tales of their pets. A reader in 1887 succinctly linked the 

science back to culture: ‘The correspondents who have from time to time furnished 

you with illustrations of canine sagacity must be sufficiently numerous to form an 

Association to promote the breeding of intelligent dogs.’113

J Ellis: ‘Inherited Memory’ Nature 20 (5 June 1879), 122.

109 J C Houzeau: Etudes sur les Facultes Mentales des Animaux Comparees a 
Celles de I’Homme (London: Mons, 1872) reviewed in Nature 6 (3 October 1872), 
469-471.

110 Lockyer had to severely limit the space for the letters at this time. e.g. 
‘Intellect in Brutes’ Nature 19 (27 March 1879), 496-497 onwards.

111 Romanes had specifically requested the readers of Nature to send him 
examples - although this was not the initial impetus. G J Romanes: ‘Animal 
Intelligence’ Nature 18 (17 October 1878), 642; also G J Romanes: Animal 
Intelligence (London: Kegan Paul, 1882). An account of Romanes’ changing 
scientific and religious viewpoints can be found in F M Turner: Between Science and 
Religion , 134-163.

112 ‘Reviews’ Knowledge 13 (1 May 1890), 136.

113 H Rayner: ‘Breeding for Intelligence in Animals’ Nature 36 (14 July 1887), 
246.
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Although Romanes was at this stage a materialist, letters on animal 

intelligence were anything but, showing a marked tendency to ascribe intelligence, 

not instinct to the anecdotal tales of animals achieving human-like feats. Volumes 

19 and 20 of Nature provide an overwhelming amount of evidence in the letters 

pages. The deluge seems to have started with a letter from Edward Geoghegan about 

a water-rat learning to steal bread set out for birds on a window-sill.114 Whether this 

constituted intelligence was disputed, although correspondents arrayed themselves 

generally behind Geoghegan’s view. The only dissenters were the Reverend George 

Henslow, H T Finck, and W P Buchan, who used Darwinism to ‘disprove’ any 

concept of rational thinking in animals.115

Often the debate strayed into religious areas - the concept of soulless animals 

biased the debate for contributors such as Henslow. The results of the first phase of 

the debate, by which time Nature had received so many letters on the subject that 

Lockyer had edit the responses severely,116 led Henslow to avow the possibility that 

animals could learn to do things from humans, but could not assert their own ideas 

from an abstract reasoning. Thus they could not be self-conscious, and consequently 

were ‘non-moral automata’.117

This was not a view shared by the readership. After Romanes had 

summarised some of the main points,118 Lawson Tait wrote in to Nature to add more 

information to Romanes’ description of his cats. His belief in their inherent 

intelligence stemmed obviously from the fact that they were pets: ‘My wife and I are 

devotedly fond of our cats, so much as to afford amusement to our friends, and we 

are never tired of expatiating on their indications of intelligence.’119 Charles Peach

E Geoghegan: ‘Intellect in Brutes’ Nature 19 (23 January 1879), 268.

115 H T Finck: ‘Intellect in Brutes’ Nature 19 (23 January 1879), 268; Rev G 
Henslow: Ibid (27 February 1879), 385; W P Buchan and various: Ibid (6 March 
1879), 409-410; A Nichols: Ibid (20 February 1879), 365.

116 ‘Intellect in Brutes’ Nature 20 (1 May 1879), 21

117 Rev. George Henslow: ‘Intellect in Brutes’ Nature 20 (1 May 1879), 21-22.

118 G J Romanes: ‘Intellect in Brutes’ Nature 20 (5 June 1879), 122-127.

119 ‘Intellect in Brutes’ Nature 20 (12 June 1879), 147.
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gave evidence of his ‘most intelligent and faithful dog’ that could recognise his 

likeness in a painting.120 A dog that was trained to ring bells warning of the 

approach of a train was described as having ‘almost human intelligence.’121 All of 

these views showed the inherent belief in the intelligence of animals, and their ability 

to reason in a human manner.122

In the next issue this led naturally into a debate on animal rights in which 

Romanes was attacked for his vivisectionist views. Although Romanes defended 

himself initially, putting the needs of man (an intellectual, moral and social being) 

above those of animals (merely sentient), he generally stood back from the ensuing
1 ^3debate, only involving himself when new issues were raised. The inherent 

intelligence of animals that many of the readers assumed added a new dimension to 

using them for human benefit.

Proctor saw the interest as of little intrinsic scientific value, despite having 

the pages filled with letters. This was mainly a commercial decision:

We partly feel with you that the stories on ‘Intelligence in 

Animals’ have now run far enough; but we have to consider, what you 

perhaps overlook, that many readers take much more interest in such 

matters than an those with which you wish to see Knowledge filled . . . 

for one who so addresses us there are tens, or rather fifties, who say 

“give us more that is light and readable” 124

‘Intellect in Brutes’ Nature 20 (26 June 1879), 196.

121 ‘Intellect in Brutes’ Nature 20 (10 July 1879), 243.

122 For instance, for the continuing debate in volume 20 see: ‘Intellect in Brutes’
Nature 20 (1 May 1879), 21-22; (5 June 1879), 122-123; (12 June 1879), 147; (26
June 1879), 196; (3 July 1879), 220; (10 July 1879), 243; (31 July 1879), 315; (7 
August 1879), 338-339; (28 August 1879), 428. In Nature 21 from J Turnbull: 
‘Intellect in Brutes’ (6 November 1879), 12 to A M: Ibid (25 March 1880), 494. In 
Nature 22 from (13 May 1880), 40 to (28 October 1880), 607. In volume 22 most 
contributions were from abroad.

123 G Henslow: ‘Intellect in Brutes’ Nature 22 (5 August 1880), 319.
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That the subject was so popular was less due to scientific interest, but due to 

cultural and moral factors. Moreover it was a debate that could be entered into by the 

majority of the readership; in fact it was probably the one subject where the entire 

readership felt that they had a valuable contribution to make. When C Lloyd Morgan 

attacked the concept of animals having abstract reasoning powers,125 the readership 

supplied a steady supply of examples to indicate the opposite. Whilst there was a 

general acceptance of the greater intelligence of Man, the majority of contributors 

assumed that animals were almost human in their behaviour - dogs were 

‘embarrassed’, birds were ‘suspicious’, and could be equated with young children in 

their intellectual development, being able to count up to three and no further.126 This 

congruence was emphasised when Wilhelm Preyer suggested that the same 

techniques of observation should be used to examine the mental growth of children, 

as he used Nature to launch his survey.127

Although the debate was obviously geared towards the social class of the 

subscribers, there is no comparable discussion elsewhere in which such a broad 

spectrum of readers used a combination of observation, assumption, culture and 

imagination to create a genuinely open exchange of scientific opinion. Uniquely in 

the journal’s life there was direct negotiation between scientists, science users and 

the scientific public. Moreover, whatever the views of the Darwinist majority of 

‘heavyweights’, the stimulation of the imaginative process in the scientific public 

created a consensus that was genuinely generative and regenerative in all spheres. 

The subject matter may be obscure, but it provides evidence of both an underlying 

inquisitive interest in natural history and an acceptance of personal observation over

R A Proctor: reply to A H Mosley: Knowledge 1(17 March 1882), 437.

125 C Lloyd Morgan: ‘Animal Intelligence’ Nature 26 (28 September 1882), 523- 
524.

126 ‘Animal Intelligence’ Nature 26 (7 September 1882), 449-451; (12 October
1882), 573-574; J Lubbock: ‘On the Intelligence of the Dog’ Nature 33 (12 
November 1885), 45-46; G J Romanes: ‘Can an Animal Count?’ 33 (26 November 
1885), 80.

127 W Preyer: ‘The Development of Human Intelligence’ Nature 23 (28 April
1881), 617-618.
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official scientific theory. Some could endow even inanimate objects with ‘thinking’ 

abilities, as the English Mechanic debate on ‘“W ill” in Crystals’ amply 

demonstrated. Crystals grew and expanded, and seemed to have a primordial 

purpose in the manner in which they did so; the blurring of the borderlands of life 

through the concepts surrounding spontaneous generation then regenerated a more 

directly animist view of the mineral world.128

Borderlands o f Mind and Spirit

With a boldness and honesty which deserve the greatest 

respect Mr Crookes has come forward as an investigator of those 

mysterious phenomena which have now been so long before the 

public that it is unnecessary to name them, more especially as their 

generally received name is very objectionable.

. . .  we are inclined to endorse the remark of Mr Crookes, that 

men of science have shown too great a disinclination to investigate the 

existence and nature of these alleged facts, even when their
129occurrence had been asserted by competent and credible witnesses.

William Crookes’ views on psychic phenomena have been well documented
1 TOelsewhere. " A chemist by science and by profession, scientists saw Crookes (1832- 

1919) as the most convincing voice in psychical research, and as such he became the 

mouthpiece for many not-so-well-respected others. Despite this, his initial

‘The Consciousness of Matter’ English Mechanic 30 (6 September 1879), 72; 
also 94, 168; 169, 192; 193, 241. See volume 79 (1904) for an extended debate on 
the semantics and realities of inanimate life. English Mechanic 79 (26 February 
1904), 52 and following issues.

129 B Stewart: ‘Mr Crookes on the “Psychic” Force’ Nature 4 (27 July 1871), 
237.

130 F M Turner: Between Science And Religion ; J Beloff: Parapsychology: A 
concise history (London: Athlone, 1993); R Haynes: The Society fo r  Psychical 
Research (London & Sydney: MacDonald, 1982).
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exposition in the Quarterly Journal o f Science in 1871 received scathing criticism

in Nature. ‘To most scientific men I am afraid that there will appear something in

the above so absurd and ludicrous . . . that it would not be worth any serious

consideration, did not the scientific reputations of Mr Crookes and Dr Huggins

demand [it].’ There was support in the same letter column from George Fraser, who

felt that there was a knee-jerk reaction to the word ‘psychic’ with its overtones of

spiritualism and superstition.132

These views typified the two main scientific attitudes towards psychical

research in the late nineteenth century. On the one hand the spiritual development of

man became classified as ‘metaphysics which pertained to a pre-scientific mode of
1 33thought.’ On the other hand, the way was seen for an extension of science into a 

new area - that of ‘higher powers’. The Royal Society was of the former opinion - it 

refused to send observers to Crookes’ tests with D D Home and then refused to 

accept the results.134 Similarly Huxley’s interest was stymied by the overtly 

spiritualist approach, and Tyndall held notoriously anti-spiritualist views.135

Nature reprinted the views of some supporters of the scientific reality of 

psychical phenomena, particularly Crookes, Henslow, and later Wallace, Romanes 

and Lodge, solely due to the scientific or educational status of the authors. Its tone 

was generally sceptical: clairvoyance was ascribed to mnemonics and Morse code 

touch communication.136 Although Du Prel’s The Philosophy o f M ysticism  was well 

received, for example, it was made clear by the reviewer that although the book 

would be useful to some, its theories were not acceptable to him. ‘Doubtless our

131 W Crookes: ‘Experimental Investigation of Psychic Force’, ‘Some Further 
Experiments of Psychic Force’ Quarterly Journal o f Science 8 (July 1871, October
1871), 339-349 & 471-493.

132 J P Earwaker, G Fraser: ‘The New Psychic Force’ Nature 4 (3 August 1871), 
279-280.

133 F M Turner: Between Science and Religion, 18.

134 J Beloff: op cit., 47-48.

1 R Haynes: Op. Cit.. 3. J Tyndall: ‘Miracles and Special Providences’
Fortnightly Review  (June 1867), 659-700.

136 Note Nature 23 (4 November 1880), 19.
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‘threshold of sensibility’ has gone wrong in some unaccountable way, and we have 

not enough of the Subject on this side of it to estimate the pearls of 

transcendentalism at their true worth.’137

Articles on the phenomena associated with the operation of the human psyche 

were not common in the popular scientific journal; in fact it is a testament to its 

popular nature that psychological and psychical subject matter was to be found most 

commonly in the letters sections of the journals. Opposition to psychical research 

took the form of firstly, attacks on the spiritualist aspects of psychical powers, and 

secondly, the existence of charlatanism, a recognised phenomenon in the stage shows 

and fairs of England. In contrast the supporters of psychical research saw it as the 

only way in which to expose charlatanism and prevent unscientific ideas taking root 

in this popular phenomenon. Proctor, after receiving many letters in 1882 in the 

wake of the founding of the Society for Psychical Research, stressed the need for 

scientific examination as concepts of psychical magnetism led to misunderstanding 

of the completely unrelated physical magnetism.138 Attempts to impose an official 

scientific structure upon psychical research were, however, often undermined by 

spiritualist undertones, which then opened up the area to criticism on religious, rather 

than scientific terms.

Another reason for the rejection of psychical research by the majority of 

scientists can be seen in the subject’s association with both recreation and ‘feminine’ 

pursuits. Henslow indicated in both Knowledge and Nature that the scientific 

experiments in psychical research were in fact no more than the parlour games 

played by middle class young women.139 The game of ‘W illing’ or ‘W ishing’ 

involved a blindfolded subject having to perform actions which the remainder of the 

young women present silently willed or wished them to do. The previous chapter has 

examined the manner in which scientists defined gender roles, and sharing the 

ground of research with young society ladies was not one that fitted with a rational

‘The Philosophy of Mysticism’ Nature 38 (9 May 1899), 28-31.

R A Proctor: ‘Thought Reading’ Knowledge 2 (23 June 1882), 51.

G A Henslow: ‘Thought-Reading’ Nature 24 (23 June 1881), 164-165.
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subject. Similarly this did not fit with Nature's resistance to apparently non- 

scientific recreational subjects.

In the early 1880s Nature and Knowledge, from different viewpoints, 

discussed the validity of the subject’s claims. In 1881 Romanes’ details in Nature of 

experiments with Bishop, a professional thought-reading entertainer, a number of 

letters both supported and attacked his obvious scepticism.140 Opposition mainly 

centred around the potential for communication in Morse code, as touch was a 

necessary part of Bishop’s skill. Carpenter expressed surprise that not all 

experiments had been carried out, but Thomson Whyte attacked the unperformed 

experiment as unscientific.141 W F Barrett submitted parlour-based examples of non

touch ‘willing’ in children, stating that he was ‘quite prepared for the chorus of 

sceptical laughter’,142 and although Henslow indicated the impossibility of pressure 

transmission of information, letters from Croom Robertson and George Merriman 

supplied the necessary sceptical view.143 More often, though, Nature did not 

participate in active discussion - in the next volume the debate did not continue.

In contrast Knowledge, highlighting the role of William Barrett, took a 

positive line in analysing the phenomena.144 ‘W illing’ in 1883 detailed Professor 

Thorpe’s analysis of the problems of finding genuine thought reading, as some 

charlatans were using Morse Code transmitted by touch to transfer information. 

Reverend E Sugden attested to its genuine nature in his own experiments.145 Proctor 

stressed the two major attacks on psychical research, firstly that it ‘could not possibly

G J Romanes: “ ‘Thought-Reading’” Nature 24 (23 June 1881), 171-172.

141 W B Carpenter: ‘Re: W I Bishop’ Nature 24 (30 June 1881), 188-189; G J 
Romanes: ‘Re W I Bishop’ (7 July 1881), 211; T Whyte: Ibid.

142 W F Barrett: ‘Mind-Reading Versus Muscle-Reading’ Nature 24 (7 July 
1881), 212.

143 C Croom Robertson: ‘The Physiology of Mind-Reading’ Nature 24 (14 July
1881), 236; G B Merriman: ‘Thought-Reading’ (28 July 1881), 284.

144 R A Proctor: ‘Thought Reading’ Knowledge 2 (30 June 1882), 95, (14 July
1882), 106.

145 Willing: ‘Letter’; Rev E H Sugden: ‘Thought Reading’ Knowledge 3(18  May
1883), 298.
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exist’ and secondly that it was ‘miraculous’ in an age after the age of miracles. He 

indicated that Dr Carpenter had proved its reality, and thus it could not be 

‘miraculous’ as it was a natural phenomenon.146 Two weeks later he argued that a 

middle path should be taken, in order to avoid the excesses of both gullibility and 

scepticism. To unscientific minds . . . they [the phenomena] are either miraculous on 

the one hand or imaginable on the other.’ Bishop was lauded as a man of some 

psychic skill - although he was engaged in ‘conjuring tricks’, this was because of the 

general lack of interest in what Proctor saw as ‘purely scientific research’. It was a 

shame that ‘ . . . because the power claimed by Mr Bishop is beyond their dull minds, 

dullards are free to treat him as if he is a proved swindler.’ 147

The new field of research was getting not only the backing of one of the most 

influential popularisers of science, but also being accredited with the status of ‘pure 

science’ - i.e. science concerned with no practical field, but with science for its own 

sake. Moreover, it condemned sceptical opposition as, in itself, unscientific. Thus 

the views of a large section of the scientific community were being attacked by 

Proctor, and not without some support. An article by Proctor in May 1884 reiterated 

that although there were charlatans, there was definitely something in psychical 

research. He gave the example of a test in which Grant Allen, contributor to 

Knowledge and renowned sceptic of all things psychical, participated in an 

experiment. In 1884 Proctor related the experiments of Langley at the Royal 

Institution, seeing them as a welcome strike for the reality of the science in 

opposition to the damage done by charlatans.148

The religious sub-text to Knowledge encouraged the journal to tread the line 

between scientific analysis and spiritualism, so it became, in line with the 

development of the Society for Psychical Research, an outlet for more scientifically 

unacceptable discussion. After The Times held a debate in its letters pages in 1905, 

Knowledge described the process of water-divining to its readers. Although 

explanations of personal sensitivity and detection of water vibrations were posited,

146 ‘Thought-reading’ Knowledge 3 (22 June 1883), 378.

147 ‘Gossip’ Knowledge 4 (6 July 1883), 12.

148 ‘Gossip’ Knowledge 5 (21 March 1884), 189.
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Knowledge concluded that as gold or other metals had also been found using this 

method, the balance of probability pointed to ‘either a fraud or a delusion.’149 

Proctor ascribed the process of wart-charming to a mental process that would in 

modem science be referred to as psychosomatic, although other suggestions were that 

saliva was poisonous to the wart.150 He also ascribed ghostly apparitions to a mental 

confusion, a view which was supported widely in the scientific public, with debates 

in Nature in 1877 and Knowledge in 1884.151 The latter debate produced a more 

specific theory: ghosts were the result of the two hemispheres of the brain interacting 

- that one was asleep and the other not. One hemisphere imprinted the image of a 

dream onto what was seen by the other hemisphere.152

In Proctor’s articles on superstitious belief he admitted the existence of 

personal superstitions - the irrational fear of an unknown danger being his personal 

example - that centred in the personal fear of the unexplained. From Proctor’s own 

University experiences - seeing his mother after her death - he concluded that ghosts 

were the result of a traumatised mind combined with imagination. ‘ Other similar 

experiences with paranormal activity could be put to the same cause. The ‘two clear 

duties’ of the scientist were describing things ‘as they are’ and speaking of them as 

they were seen, avoiding sceptical and unfair enquiry. Proctor argued that just 

because the conclusions that could be drawn were highly unlikely, this did not mean 

that they could be impossible. He used the authority of no less a personage than the 

Bishop of Carlisle to back up his argument that the evidence had reached a stage

Knowledge and Scientific News 1 (1 February 1905), 36.

150 Puzzled Sceptic: ‘Wart-charming’ Knowledge 3(1 8  May 1883), 299; R W J: 
letter Knowledge 4 (20 July 1883), 45; T W Webb: ‘Wart-charming’ Knowledge 4 
(24 August 1883), 120; Mephisto: ‘Wart-charming’ Knowledge 4 (31 August 1883), 
142.

151 J V Elsden: ‘Strange Dream Phenomenon’ Nature 16 (16 August 1877), 329; 
W J S: ‘Strange Dream Phenomenon’ Nature 16 (6 September 1877), 397.

152 L H Rudd: ‘Theory on Apparitions’ Knowledge 5 (11 April 1884), 249, (25 
April 1884), 295.

153 R A Proctor: ‘Ghosts and goblins’ Knowledge 5 (1 February 1884), 64-66; 
Knowledge 5(15  February 1884), 93-95; following issues to (4 April 1884), 217.
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where s c ie n c e , in any other field, would accept it. In fact the only hope for scientific 

acceptance w aas  in the Society’s work.154

A s irm ila r  common sense approach to psychical phenomena imbued the 

correspondenece from the scientific public. Generally sceptical of suspected 

charlatanism, but receptive to possibilities, particularly those involving a 

psychological explanation, responses to the work of the Society were generally 

positive, se e k iin g  to add to the body of evidence rather than to attack it. Explanations 

for hypnotisrm  centred around the idea of dreaming whilst awake155: a rational 

approach to hnypnotism  was apparent in a reader’s ‘shock’ at having accidentally 

hypnotised hi^rs own son.156 Proctor’s own experiences with Zamoiski were offered 

but not com rm ented  on - this was seen as a successful experiment rather than an 

expression of oopin ion , even if the conclusions were clearly positive.157

After IP ro c to r’s demise Knowledge turned away from direct discussion of 

psychical re se ta rc h  for a while, returning to the subject with articles and general 

information, a-.ll of which had spiritualist overtones, particularly after 1900. In this 

profoundly m i#ddle-class borderland science, English Mechanic's interest at this time 

is particularly interesting - the change in status of the journal’s readership indicated 

by the discus sion  of the reality of seances, such as W B’s attack on Sigma’s
158materialism in 1900, * or the extended discussion on the existence of an afterlife in 

1896, or the spoiritual question, ‘Has Life Paid?’ for existing in 1910.159 The general 

lack of inforncnation in Nature after 1890 can be attributed to the increasingly 

rationalistic apoproach  in opposition to this semi-religious approach. Whilst many 

scientists - a n d l  a  large percentage of the scientific public - had some sympathy with

154 K n o w le d g e  11 (1 March 1888), 101-103.

155 G J R o m a n e s :  ‘Hypnotism’ Nature 18 (5 September 1878), 492-494.

156 ‘A S ta r tile d  One’ letter (13 January 1882), 210.

157 ‘Gossip •’ Knowledge 4 (6 July 1883), 11-12.

158 W.B: ‘'"T hought Spiritualism’ English Mechanic 72 (17 August 1900), 12;
Hermes E gyptuas: ‘Is There Another Life?’ 64 (2 October 1896), 160-161; Sigma: 
Ibid.

159 J H M ocore: ‘Has Life Paid?’ English Mechanic 91 (8 April 1910), 216.
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psychical phenomena, the generational nature of the phenomena, combined with 

science’s inability to apply any explanation bar charlatanism, precluded the 

development of psychical research into a fully-fledged accepted science.

Conclusion

Imagination is the keystone to understanding the development of late 

nineteenth century science. Clodd, echoing comments made by Huxley, recognised 

that imagination was a cornerstone of the process of scientific discovery, although 

the same processes also led to religion.160 The development of science, though, was 

moving steadily towards the channelling and curtailing of the popular imagination. 

Imaginative techniques were used, on the one hand, to encourage the reader into 

learning scientific activity. Examples of imagination being misused were presented 

as signifers of the ‘wrongness’ of non-scientific activity. The initial division 

between practicable and non-practicable marginal science was made with reference 

to cultural and social forms, as well as their conflicts with established orthodox 

science. Thus astrology and psychical research had different levels of acceptance in 

the popular scientific journal, despite their claims to scientificity and basis in 

religious activity. Astrology was not accepted because of, firstly, religious beliefs, 

and secondly, the perceived conflicts with the cosmogony of astronomy. Psychical 

research seemed to be congruent with Christian ideas of the existence and power of 

the soul - many of the early practitioners were clergymen - and also was not at the 

time in conflict with other branches of science. When it became clear that much of 

the basis was in an ‘unscientific’ imagination, this too was placed in the realm of 

‘pseudoscience’. Popular scientific journals had to place a division between what 

they popularised and what was available to the general reader through the pages of 

the weekly publications in order to be accepted as truly scientific.

Imagination on scientific subjects thus became the preserve of the orthodox 

scientist - theories, hypotheses and ideas based on a sound scientific basis of practice, 

training and experience. That imagination operated inside science can be seen by

160 E Clodd: ‘Dreams: Their place in the growth of primitive beliefs’ Knowledge 
5 (30 May 1884), 384-385; Idem: ‘Dreams: Their place in the growth of primitive 
beliefs’ Knowledge 5 (13  June 1884), 429.
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some of the thoughts on the experimental mathematics of non-Euclidean geometry. 

Proctor felt that there was no point in discussing these mathematics, as there was no 

real situation in which they could be conceived. Lines that radiated from a point 

could not meet; height depth and breadth were all that the human frame of reference 

could comprehend. As far as he was concerned, if it said nothing about the real 

world then it was simply a waste of time.161 All of the journals presented a certain 

amount of hostility, particularly where ‘real’ questions were placed in ‘perfect’ 

universes, such as in one case in Nature in 1905 of a mathematical problem based 

upon a man stepping off a perfectly rough board. This particular example was part of 

a larger debate that persisted over the next month, with various contributors
1 f\0defending or attacking the concept of ideal situations. ~

Despite this opposition from many scientists, mathematics did become more 

abstruse and imaginative, with the eventual development of relativistic ideas and 

concepts that linked the real world to the imaginary. Whilst scientists attacked 

popular scientific imagination, they themselves were exploiting its usefulness. As 

such the basis for the modem role of imagination in science was defined. Science 

today is presented as a factual body of knowledge to the public, whereas the only 

areas of ‘pure’ imagination inside science are found in the higher reaches of 

astronomy and physics. For the majority, scientific imagination was at this time 

reduced to experimentation on the basis of hypotheses. Imagination in a scientific 

context was appropriated by science for its own use away from the judgemental eyes 

of society; imagination in the public sphere gradually became limited, as with 

imaginative language, to cultural forms of expression, a trend anticipated by 

Knowledge in 1882:

R A Proctor: ‘Mathematics of the Imaginary’ Knowledge 4 (9 November
1883), 287-288.

162 An Old Average College Don: ‘Fictitious Problems in Mathematics’ Nature 
72 (18 May 1905), 56; letters from A J Routh, The Reviewer, C B Clarke, G H Bryan 
in following issues until (22 June 1905), 175; ‘Mysticism in Modern Mathematics’ 
English Mechanic 91 (12 August 1910), 29.
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As we go on learning and knowing, the vast majority of 

mankind feel the need of relating what we have learnt and known to 

the sense we have within us for conduct, to the sense we have in us 

for beauty. Knowledges which cannot be directly related to the sense 

for beauty . . .  are instrument-knowledges. A man who passes his life 

in instrument-knowledges is a specialist.

. . . When they have taken in the proposition that there ancestor was “a 

hairy quadruped, furnished with a tail and pointed ears, probably 

arboreal in his habits,” there will be found to arise an invincible desire 

to relate this to the sense within them for conduct and the sense of 

beauty. But this the men of science will not do for us, and will, 

hardly, even, profess to do. It will be . . . knowledge not put for us 

into relation with our sense of conduct, our sense for beauty . . .  If 

there is to be a separation and option between humane letters on the 

one hand and natural sciences on the other, the great majority of 

mankind, all who have not the exceptional and overwhelming 

aptitudes for the study of nature, would do well, I cannot but think, to 

choose to be educated in humane letters rather than in the natural
163sciences.

163 Knowledge 2 (18 August 1882), 193-194.
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Chapter 6

Martian Canals: Assumption, Observation and Imagination1

The interaction of the scientific imagination of both the scientist and the 

scientific public in the popular scientific journals’ coverage of Mars gave rise to 

speculative debate among all sections of the scientific milieu. With the discovery of 

‘canals’ on the planet’s surface, previous debate on the possibility of life on other 

planets was given new impetus. This heightened level of scientific fascination with 

Mars began with Schiaparelli’s first announcement of a system of ‘canali’ in 1878, 

with its zenith in the two decades around the turn of the century. These years 

provided the main source of scientific speculation and formation of popular 

mythology around our most similar heavenly neighbour. As a study in the 

popularisation of astronomy it proves invaluable in that it regenerated the concepts 

and ideas of a non-scientificised public in scientific context, and thus gave them 

credibility. As Richard Proctor said in 1878: ‘The interest with which astronomy is 

studied by many who care little or nothing for other sciences is due chiefly to the 

thoughts which the celestial bodies suggest respecting life in other worlds than 

ours.’2

The tradition of life on other worlds3

The language of the popular scientific journal is a guide to the terms used in 
this chapter. Canals are discovered or observed, not “discovered” or ‘purportedly 
discovered’, hopefully minimalising the natural bias of one brought up with the 
knowledge of the inherent ‘inevitability’ of the final conclusions.

R A Proctor: ‘Other Worlds and Other Universes’ in Myths and M arvels in 
Astronomy (London: Chatto & Windus, 1878), chapter 5.

3 Discussions of the ideas around the plurality of worlds are generally subtexts 
in general books on the history of astronomy. Exceptions are: M J Crowe: The 
Extraterrestrial Life Debate: The Idea o f  a Plurality o f Worlds from  Kant to Lowell 
(Cambridge: Cambridge University Press, 1986); S J Dick: Plurality o f Worlds: The 
Origins o f the Extra-Terrestrial Life Debate from  Democritus to Kant (Cambridge: 
Cambridge University Press, 1982), both of which, but particularly Crowe, have 
proved invaluable in providing social and cultural background.
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The scientific tradition of the ‘plurality of worlds’ had its origins in the 

astronomical beliefs of the ancient Greeks. Epicurean thought held it possible that 

life could exist elsewhere in the universe; Pythagorean ideas included the concept of 

the habitation of the moon. Moreover, the tradition of opposition was also apparent - 

Plato and Aristotle viewed it as impossible on religious and metaphysical grounds, 

the argument being that there could only be one earth and one heaven. As much of 

the scientific thought of the Middle Ages and Early Modern period was influenced by 

Aristotleian and Platonic thought, this meant that ideas of plurality were slow in 

being formulated. Nevertheless, Jean Buridan (cl295-cl358), Nicole Oresme 

(c l320-1382), and Nicolas of Cusa discussed its possibility under Aristotleian 

doctrine,4 and Nicholas Copernicus (1473-1543), Johannes Kepler (1571-1630), 

Tycho Brahe (1546-1601), and Galileo Galilei (1564-1642) - considered among the 

founders of modern astronomy - all examined the potential for the plurality of worlds 

- albeit ambivalently and inconsistently. Kepler admitted the possibility of life on the 

Moon and Jupiter, but reaffirmed the position of the Earth as the only ideal location 

for human life. Such inconsistencies reflected the conflicting pressures brought 

about by the adoption of new sidereal cosmologies, whilst still retaining the religious 

elements of a Christian one. Other planets of the Solar System were established as 

distinct entities in themselves, yet Christian doctrine was reaffirmed in the face of 

these ideas - which might have seemed to some to be oppositional.5

By the time of Newton and after, discussion on the plurality of worlds was a 

respected scientific and philosophical area of debate - in fact accepted by many

N Oresme: Le livre du d e l  et du monde (translated by A Menut, Madison: 
University of Wisconsin, 1968); N Cusanus: O f Learned Ignorance (translated by G 
Heron, New Haven & London: Yale University Press, 1954).

5 The latter three, along with Rene Descartes (1596-1650) are seen as the 
rationalisers of astronomy. For a summary of their lives and contributions see J L E 
Dreyer: A History o f Astronomy from  Thales to Kepler (New York: Dover 
Publications, 1953), esp. 305-412; M Hoskin: A Cambridge Illustrated History o f  
Astronomy (Cambridge: Cambridge University Press, 1997) esp. 98-141; A Koyre: 
The Astronomical Revolution (London: Methuen, 1973). Publications containing 
pluralist ideas include J Kepler: Somnium, sue opus posthumium de astronomia 
lunari (1634); G Galilei: D iscoveries and Opinions o f Galileo (translated by S Drake, 
New York: Anchor Books, 1957).
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others outside the small group of those whom we would now refer to as scientists. 

‘During the second half of the eighteenth century the idea of the plurality of worlds 

won the attention of many, if not most, of the European astronomers,’ states Crowe. 

Philosophers and astronomers alike all debated the possibility of life elsewhere in the 

Solar System - Kant, Herschel, Laplace, and Fourier were some of the more 

historically prominent thinkers.6 Crowe argues that plurality was practically an 

accepted doctrine before 1850 - one with its roots in religion, not science. It became 

a focal point for many of the new Christian religions, and was preached from the 

pulpit as evidence of God’s plan, not simply for the earth, but for the whole 

universe.7

One possibility that suggests itself to modern thinkers is the relationship 

between early Christian cosmology and the doctrine of plurality.8 Originally, 

Christian beliefs had postulated the existence of spheres - in the sense of levels - in 

the heavens, through the planets to the firmament, or stars, and then the abode of God 

and the saved, a belief discussed by John Candee Dean in his controversial article of 

1909. Edward Clodd wrote of the myth of the Man in the Moon, and popular 

theories surrounding it in 1883, equating it to primitive worship of moon-gods. Mary 

Proctor also wrote of the ancient beliefs involved in the idea of a man on the moon, 

including Christian mythology.9 Neither of these views drew a parallel between 

these traditions and a belief in life outside Earth that was obviously postulated,

6 I Kant: Allgemeine Naturgeschichte und Theorie des Himmels (1755, trans. L 
Jaki, Edinburgh: Scottish Academic Press, 1981); J Herschel: A Treatise on 
Astronomy (3rd edition London: Longman, 1850).
n

Mars was not necessarily the primary focus of this debate at this time, for 
instance B de Fontenelle: Conversations on the Plurality o f Worlds (1686, 
reprint/translation Berkeley: University of California Press, 1990).
Q

See for instance views of Carl Sagan in e.g. Communication with Extra- 
Terrestrial Intelligence (Cambridge Massachusetts: MIT Press, 1973). Also see less 
credible theories of E Von Daniken: Chariots o f the Gods: Unsolved M ysteries o f  the 
Past (London: Souvenir Press, 1969).

9 J C Dean: ‘Astronomical Superstitions’ Knowledge 3 (1 December 1909), 
449-452. See chapter 4 for full discussion of this article. E Clodd: ‘The Birth of 
Myth’ Knowledge 3 (9 February 1883), 84; Stella Occidens: ‘The Man in the Moon’ 
Knowledge 10 (1 October 1887), 273-274.
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although the idea of God living among the stars, whilst not intellectually accepted in 

the nineteenth century, was a view that, at the very least, deserved refutation at the 

time.

It is once again Richard Proctor who gives the historian an explicitly declared 

contemporary view on this - an outright denial of any connection between the two 

ideas. His (incorrect) view was that the question of life on other worlds was a 

modern, scientific one, being only around 300 years old, and thus it was preposterous 

to attribute it to ancient ideas of Christianity.10 Science certainly aided the 

development of the theory; however its pre-existence suggests that there may have 

been a direct link between ancient religious ideas and plurality, if only in mindset. 

This view is partially supported by the work of Hoyt on Lowell, and it is clear that 

the religious implications of the concept went far beyond accepted scientific 

boundaries.11

The main attack on the plurality of worlds, as espoused by William Whewell,

was nominally based upon scientific grounds, but the main thrust of his argument

attacked the religious inconsistencies inherent in the ideas. In an era where science

and religion were expected to be in harmony, Whewell pointed out the discrepancies

between religion and the idea of plurality. His main scientific argument cited an

overactive imagination - to use a Popperian definition, the concept of plurality was

unfalsifiable. Crowe sees this as being a crucial element in the increased discussion
12of ideas of life at the time, anticipating the later debate on Darwinian theory. 

Rather than destroying the idea of plurality, Whewell’s analysis led to the expansion 

of the debate into associated areas and the scientific questioning of the proofs upon 

which plurality rested. By providing opposition, it also led to an increased desire to 

put plurality beyond question by using astronomy to establish the existence of other 

Earths in the Solar System, particularly the easiest observable planet, Mars.

10 R Proctor: ‘Life on Other W orlds’ Knowledge 7 (27 February 1885), 64; (13 
March 1885), 210-211; (27 March 1885), 257-258; (10 April 1885), 295-296.

11 W G Hoyt: Lowell and Mars (Tucson: University of Arizona Press, 1976). 
This is the definitive work on Lowell’s contributions to astronomy, and the Martian 
debate in particular.

12 M Crowe: Op. Cit.,
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The Martian-Terran analogy: Dawes and Proctor

The developments in telescopic technology by the middle of the nineteenth 

century had revealed much of the apparent surface of Mars. This did not mean any 

great detail - it was described as examining a sixpence at a distance of two feet.13 

However, enough was detailed to make the publication of drawings possible, such as 

in the William Dawes (1799-1868) observations of 1864-65, of remarkable clarity for 

the time, and detailing many of the features we now associate with the planet.14 In 

the drawings it was possible to see some of the streak-like markings that Schiaparelli 

was to identify as canali.

The main British response to Dawes’ drawings came from Proctor:

Within the last few years this work has been prosecuted by 

Nasmyth and Jacob, De La Rue, Lockyer and Phillips, and finally and 

most successfully by Dawes. The last-named observer, whose 

acuteness of vision earned for him the title “eagle-eyed”, took so 

many and admirable views of the planet as to render it possible to 

form a globe of Mars . . . Mr Dawes’s pictures of the planet were 

sufficient, when carefully compared, for the formation of a globe in 

which no large area should be left bare of details.15

The importance of the extent and clarity of the drawings was in their 

originality. Other globes constructed, such as Lockyer and Phillips’, had been very

13 E M  Antoniadi: ‘Considerations on the Physical Appearance of the Planet
Mars’ Knowledge and Scientific News 10 (1 May 1913), 193-196.

14 W R Dawes: ‘On The Planet Mars’ Monthly Notices o f the Royal
Astronomical Society 25, 225-228.

15 R A Proctor: Other Worlds Than Ours (1870, 3rd edition London: Longmans
& Co., 1872), 92-93. See also other representations of this in The Orbs Around Us 
(London: Longmans & Co., 1872) and Half-Hours with the Telescope (London: 
Longmans & Green, 1896). When challenged about this by ‘W .G.P.’ in English 
Mechanic Proctor replied that mere keenness of eyesight was not enough - it was the 
combination of eyesight, concentration and intuition that made a good observer.
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much incomplete. Proctor developed Dawes’ observations into a chart detailing the 

main cartographical features, named to represent the founding fathers of astronomy 

and more prominent contemporary observers.16 Although the nomenclature changed, 

this cartography remained the primary point of reference until the elaborations of 

many of the later canalian theorists. Even then the basic structure was still 

discernible - through repeated observation Dawes had produced what was to prove 

the basis for others’ maps of the next forty years.17

In an atmosphere of plurality from Dawes’ map to an assumption of Terran- 

Martian similarity was a short step. The acceptance of ‘seas’ and ‘continents’ as 

descriptors demonstrated the assumed relationship of Earth and Mars; in turn this 

identification of Earth-like features led to an obvious association of the climate of the 

planet with that of the Earth, and allowed the inclusion of ideas of plurality. In Other 

Worlds Than Ours Proctor’s approach was to treat the study of Mars, or ‘areology’, 

as a deductive science, and to lay forth his justifications, based on Dawes’ 

observations, for viewing Mars as ‘the miniature of our Earth’. The existence of 

oceans was proven by the fluctuation in the appearance of the dark areas; the 

obscuration of the surface by a white veil was interpreted as cloud cover - the level of 

this was connected to the changing seasons, also providing winter insulation for the 

‘Martialists’; the ‘bright spots of white light at either end of the globe were 

associated with polar ice; and the existence of water proven by the use of the 

spectroscope. He concluded:

We see therefore, that on Mars there exists the same admirable

contrivance for tempering climates that we find on our own earth. . .

We have been guided onwards by no speculative fancies, but simply

English Mechanic 23 (21 July 1876), 480-481.

16 Ironically in view of later disagreement, Lockyer was one of those so 
honoured. Proctor’s nomenclature proved surprisingly resilient in the face of the 
more generally accepted Classical naming conventions, with both Green and 
Flammarion persisting with the structure.

17 For a summary of the main points around Dawes’ observations of this time 
see R McKim and R A Marriott: ‘Dawes’ observations of Mars 1864-65’ Journal o f  
the British Astronomical Association  66 (1988), 294-300.

217



Chapter 6: Canals on Mars

by sober reasoning. But can we just pause here? Shall we recognise 

in Mars all that makes our own world so fitted to our wants - land and 

water, mountain and valley, cloud and sunshine, rain, and ice, and 

snow, ocean-currents and wind-currents, without believing further in 

the existence of those forms of life without which all these things 

would be wasted?18

Proctor was using utilitarian, imaginative and cultural ideas in his arguments 

for the existence of life upon Mars. Firstly, he was using the available practical 

evidence; secondly, he was using the process of deductive imagination to convince 

the reader of the existence of the topographical features; thirdly and most 

importantly, he was using the cultural arguments of religion and scientific association 

in the cultural concept that a world such as this would not have been created except 

for life, as evinced by the example of the Earth.

Proctor’s next analysis of life in Mars was in The Borderland o f Science. 

Reprinted from the Cornhill Magazine of May 1871, ‘Life on Mars’ was a 

comparison of former ideas on the moon’s habitation and the contemporary debate on 

Mars. The two were completely different, he argued, as changes on the surface of the 

moon were not observable; moreover water did not appear in the spectrum of the 

moon. He also introduced new theories such as violent winds and widespread 

volcanic activity due to the lack of gravity on the surface. These harsher conditions, 

however, did not form a bar to the existence of life, merely a difference in the form 

of that life.19

That he was not wholly convinced by his own arguments, however, was 

shown by a later article in the same book, ‘A Whewellite Essay On the Planet M ars’. 

Originally printed in 1873, and a speculation on how Whewell would view the 

contemporary Martian evidence, he emphasised factors such as the cold, due to the 

distance from the sun and the thinness of the atmosphere. This would make the

R A Proctor: Other Worlds Than Ours, 85-110. Quote 108 and 110.

19 R A Proctor: ‘Life on Mars’ The Borderland o f Science (London: Smith, 
Elder & Co., 1873), 110-130.
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planet unfit for human habitation - in fact the beings would have to have evolved into 

a completely different form. This transformation in viewpoint was complete by 1875 

when he expounded his theory of plurality based around the differing timescales 

involved - that every planet had been or would be habitable by beings at some stage
• 90in their evolutionary life.~ Proctor’s views on the various stages of the life of 

planets was summed up in Knowledge in 1886:

In assuming that each planet has its youth, its mid-life, its old 

age and finally its death, astronomers have doubtless been right 

enough; but I think it by no means so clear that they have been right in 

concluding (tacitly, perhaps, but still confidently) that the stages in the 

lifetime of one planet resemble the corresponding stages in the 

lifetime of another. A dog has its stages of life corresponding to those
9 1of a man; but a puppy is not a baby or even like one.

As Earth was the only planet capable of such sustenance it is possible to see 

the idea of Mars as a ‘dying planet’, which was to form the basis of much of the later 

ideas of irrigation on a world where water was scarce. In fact Proctor himself was 

perhaps the first to advocate this possibility as a speculative idea in The Times of 

1882.22

Life on Mars through the eyes of the popular scientific journal

These arguments were mirrored to a large extent by other astronomers of the 

time. In fact Camille Flammarion in France was far more outspoken in his support of 

Martian life, reminiscent of early Proctor - and even called a ‘French Proctor’ by 

Simon Newcomb.23 The other main scientific names that have traditionally been

R A Proctor: Op. C it., 130-157.

21 R A Proctor: ‘A Dead W orld’ Knowledge 9 (May 1886), 210; see also ‘Life 
In Other W orlds’ Knowledge 11 (1888), 230-232.

22 R A Proctor: ‘Canals on the Planet Mars’ The Times (13 April 1882), 12.

23 See especially C Flammarion: La Planete M ars et ses conditions
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associated with the debate on Mars are E M Antoniadi (1870-1944), G V Schiaparelli 

(1835-1910), E W Maunder, W H Pickering, P Lowell (1855-1916), and E E Barnard 

(1857-1923).24 However, there was also a lively debate from non-scientists. In 1910 

W F Denning, whose reputation was partly built on the work he had achieved on 

Mars, specifically indicated it as a subject for study through the telescope for the 

amateur, as professional astronomers had obtained ‘better’ results with small 

apertures than with large ones due to the lack of glare.25 This many science users had 

done, and many of them believed that they had made important discoveries to add to 

the study of areology. Books only tell part of the story - they ignored the vital 

contribution of non-scientists.

The discourse that formed the scientific tradition of canals, and by extension, 

life on Mars, was formed through an interaction of three scientific spheres: the 

scientist, the science user and the scientific public. Moreover, as has been previously 

suggested, much of the inherent impetus came directly from a non-scientific 

background. The popular scientific journal allowed contributions from those who 

were working with expensive science equipment, those who were working with 

telescopes with as small as a 3 inch aperture, and those who read the analyses of 

others and speculated themselves. As discussed in chapter 3 telescopes were 

expensive and often beyond the reach of the working man. However, it is undeniable 

that there were a number of the readers of the journals that had access to them. Over 

about 5” in aperture they became unwieldy and expensive for all but the well-off

d ’habitabilite (Paris: Gauthier-Villiers, 1892), volume 1. Newcomb’s epithet was 
not necessarily complimentary as Flammarion was often criticised for reworking 
Proctor’s ideas, and using his large research team at Juvisy to research the 
information for him.

24 The books that these contributors produced indicate their profound interest: E 
M Antoniadi: The Planet Mars (1910, trans. P Moore, Shaldon: Reid, 1975); E W 
Maunder: Are The Planets Inhabited? (London & New York: Harper, 1913); P 
Lowell: Mars (Boston and New York, UK edition London: Longmans, 1895); Mars 
and its Canals (London and New York: MacMillan & Co., 1907); Mars as an Abode 
o f Life (New York: The MacMillan Company, 1908).

25 W Noble: Letter English Mechanic 40 (10 October 1884), 132; W F Denning: 
‘Amateurs and Astronomical Discovery’ English Mechanic 91 (20 May 1910), 345- 
346; (8 July 1910), 507-508.
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science user. Those over 10 inches in aperture were usually the preserve of the 

scientist, although the technical skill of the English Mechanic reader meant that many 

were able to produce their own, home-made telescopes.26 Notwithstanding this, it is 

clear that in the Martian debate it was not necessary to be a science user, merely to be 

able to use the observations of others to form viable hypotheses. Thus much of the 

debate was a direct discourse between the scientist and the scientific public.

Editorial changes and attitudes to Mars

Nature initially provided the main outlet for primary research on Mars. 

Editorial summaries were relatively rare, and confined to foreign discoveries and 

book reviews. Much of the information was contained in notes, often expressing an 

opinion about the information that had been discovered. Lockyer took an active 

interest in the debate, and his son, William Lockyer, was to carry on this interest 

under the editorship of Gregory, progressing beyond the cautious welcome that his 

father gave to canalian theories, and becoming a vocal supporter of Lowell. Nature, 

for all its avowed empiricism, took an active role in the dissemination of ideas of 

scientists with an obvious pro-canalian bent.

English Mechanic's policy was heavily dictated by the effect of letters from 

eminent astronomers such as Proctor and Noble. Others, such as Norman Lattley, 

who contributed letters particularly after Proctor’s lack of involvement from around 

1880, carried on this tradition, and thus English Mechanic became an outlet for all 

points of view on the debate. Noble was largely opposed to canalian theories; 

Maunder and Antoniadi, with their adaptations of the theory, provided scientific 

representation of explanatory views; Barnard increasingly used English Mechanic as 

a means of putting forward his anti-canalian views to a British audience; the pro- 

canalian Flammarion and Lowell were allowed space, and many of the other 

contributions from science users such as Mark Wicks were equally supportive of the 

theory. Thus English Mechanic was probably the best representative of all the 

differing views - particularly those of the science user.

26 F Burnerd: Series in English Mechanic 11 (1902-1903); ‘Telescope’ English 
Mechanic 78 (14 August 1903), 15; P C: ‘Construction of Telescopes and 
Microscopes’ Nature 22 (28 October 1880), 559.

221



Chapter 6: Canals on Mars

Under Proctor, Knowledge could be seen as reasonably equitable in the face 

of new theories on Mars, accepting them to a large extent. With Arthur Ranyard’s 

accession to the editorship of Knowledge the debate on Mars became more heated - 

in fact Ranyard often played the role of outright sceptic in the face of strong 

opposition. From 1895 Knowledge shifted again due to the influence of E W 

Maunder, who reinforced the terrestrial analogy, and was decidedly sceptical about 

the idea of canals in the formats proposed by Antoniadi and Lowell. This did not 

prevent the contributions of supporters of canals on, and the habitability of, Mars, 

some of whom were obviously convinced to the extent of accepting their existence as 

fact.

Popular scientific journals and pre-Schiaparellian ideas cl865-cl880

If we accept Schiaparelli’s observations and conclusions as something of a 

watershed point in discussions of Mars in the same manner as Dawes’ maps, it must 

be understood just how deeply the terrestrial theories had permeated scientifically- 

aware society by this time. Certainly the natural theological arguments and 

cartographical standards of Proctor and Dawes were extremely well-represented in 

the journals. John Browning’s 1867 observations, reprinted from The Intellectual 

Observer for the benefit of English Mechanic readers, were based in terrestrial 

analogy, with a similar topography, clouds and melting ice-caps. He was basing his 

opinions upon Dawes’ maps, fitting his inconclusive results into that map, although
97he did bring in the concept of fluidity in the landscape. Similarly, a Denning article 

in English Mechanic in 1871, in his capacity as Honourable Secretary of the Bristol 

Observing Astronomical Society, presented a series of observations by Henry 

Ormesher that produced drawings that were very similar to Dawes’.28

That the arguments were generally accepted is shown in that although there 

were discussions on the location of the satellites postulated by Kepler, and the

J Browning: ‘Mars During the Late Opposition’ English Mechanic 5 (20 
September 1867), 499-500.

28 W F Denning: ‘M ars’ English Mechanic 14 (22 December 1871), 358.
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• • 9 0
position of the polar ice-caps,“ much debate at the time concerned the Moon and its 

thin atmosphere rather than Mars. With the discovery of Mars’ two satellites in 

1877, and the increasing number of good observational oppositions, interest in 

research increased, the main areas of debate being firstly about the atmosphere and 

climate of Mars, and secondly about the areology which began to be combined in 

universal theories of the Martian environment, especially from 1890 onwards. These 

theories by necessity led to discussion about the nature of Martian inhabitants and the 

possibilities involved for humankind.

It is significant that the only discussion of plurality at this time was in English 

Mechanic - and concerned a controversial figure. Swedenborg’s ideas on astronomy 

were ‘transcribed’ by Noble in a series of articles entitled ‘The Origin of Suns and 

W orlds’, leading to a number of letters, both for and against the articles. The delicate 

nature of this discussion led to an eventual editorial disclaimer, which stated that 

much of the ‘raving’ of Swedenborg had been omitted from the articles, and that 

what was left was merely the - scientific - bare bones. An argument from ‘a 

correspondent well known to our readers, under a nom de plume’ - possibly Edward 

Clodd, as it is signed ‘E.C.’, added:

To speak of Swedenborg’s work as simple “ravings” is, in my 

humble opinion, equivalent to saying that we already know everything 

that there is to know about the universe, and that we can prove, 

logically, that what this great philosopher wrote was worthless.31

The argument over Swedenborg centred on his religious ideas rather than his 

astronomical ones, as both Noble and EC pointed out. If his astronomical ideas were 

taken in isolation - which, in actuality, they could not be - they were seen as apposite 

ideas for the consumption of the scientific public. English Mechanic saw him, and

29 E E  Barnard: ‘Letter’ English Mechanic 30 (24 October 1879), 165-166; W 
Noble: ‘Letter’ English Mechanic 30 (7 November 1879), 210.

30 See for instance: ‘Our Astronomical Column’ Nature 16 (6 September 1877), 
397.

223



Chapter 6: Canals on Mars

encouraged the readers to see him, as ‘maligned and misunderstood’ and a 

Spencerian visionary in that he saw the littleness of man in the universe.'

Non-terrestrial indicators

The discovery of the canali in 1877 was the first major step in a change in the 

nature of discussions on Mars, primarily in its partial division into two areas. With 

the existence of formations with no apparent equivalent on earth, discussion of the 

areology and areography of the planet became a focus of study in its own right. The 

weakening of the terrestrial analogy also intensified debate on the climate of Mars, 

which could, due to the research that had been accepted, only operate within 

terrestrial parameters. However, it was not until the early 1890s that these two areas 

of study were fully reunited to provide a coherent view of the general state of the 

Martian surface, and it was the concept of life on the Red Planet that provided the 

catalyst and the unifying factor to bring these elements together.

Areology and Areography

Following the 1877 opposition Schiaparelli produced his Osservazioni 

Astronomische e Fisiche SulVAsse di Rotazione e Sulla Topografia del Pianeta 

Marta which, having calculated the axis and a new rotation time for the planet, then 

proceeded to detail a new cartography based upon his observations. His map was 

unique in that it showed a geometric series of lines crossing the surface of the planet 

which he referred to as canali, meaning ‘channels’, but more usually translated in 

contemporary circles as ‘canals’.33 Although he upset some with his nomenclature it 

soon became obvious that ‘the entire world [was] interested in [his] excellent 

observations of M ars.’34 Flammarion’s comments were a sign of how his ideas were

31 E C : ‘Letter’ English Mechanic 6 (20 March 1868), 580.

32 ‘The Earths in the Universe’ English Mechanic 1 (22 September 1865), 302- 
303.

33 This term had originally been used by A Secchi to describe the hints of linear 
markings that he had seen on Mars.

34 Schiaparelli: Corrispondenza su Marta (Pisa: Domus Galilaeana, 1963) 
quoted in M J Crowe: Op. Cit., 483. Schiaparelli rejected Proctor’s system in favour
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received in Continental Europe; however only limited reaction appeared in Nature 

(where accounts of new discoveries would be expected) until after the discovery of 

gemination, or doubling of the canals, in 1882. Certainly in the years directly 

antecedent to his discovery the majority of discussion on Mars in the journal covered 

subjects such as the flattening of the poles, or estimates of the distances and weights 

of Phobos and Deimos, M ars’ newly discovered satellites. ‘Planets of the Season’ of 

1880 made no reference to Schiaparelli’s discovery, except to note that he and Green 

had produced distinctly different maps.35 Other references tended to be short, seeing 

the canali as natural formations, although the weakening of the terrestrial analogy 

was noted by astute observers such as Charles Burton, even before the discovery of 

‘gemination’.'

The doubling, or ‘gemination’, of the canals provided the most startling 

evidence for a non-terrestrial explanation of the surface of Mars. This was a process 

whereby one line, under constant observation, resolved itself into two thinner parallel 

lines covering the same area. The reaction was guarded, but optimistic. The 

Reverend T W Webb, a respected ‘amateur’, writing in May 1882, summed up the 

scientific responses he expected:

Some difference of opinion may possibly be expected 

concerning these strange appearances; and the consequent enfeebling 

(to say the least of it) of the long-admitted terrestrial analogy may be, 

to some minds, unacceptable; but the established reputation of the 

observer demands at any rate a respectful attention to his statements.37

of one based in classical mythology - a more universal system, but not unlikely to 
please those astronomers whose names did not then appear. Flammarion himself was 
to largely adopt Schiaparelli’s conventions.

35 T W Webb: ‘Planets of the Season: Mars’ Nature 21 (1 January 1880), 212- 
213.

36 ‘Report of the Royal Dublin Society’ Nature 21 (25 March 1880), 507. Also 
‘Note’ Nature 18 (9 May 1878), 55; ‘Note’ Nature 21 (15 January 1880), 263.

37 T W Webb: ‘Recent Discoveries in the Planet Mars’ Nature 26 (May 4 1882), 
13.
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Webb highlighted the fact that it was Schiaparelli’s background that made the 

results acceptable. From relatively humble origins - his father was a furnace maker - 

Schiaparelli had risen to study under Encke and Struve and had been the director of 

the Brera Observatory in Milan since 1862. Based around his work on meteors and 

double stars he had built up a reputation that attracted funding and, in 1868, the 

Lalande Prize of the Academie des Sciences. From 1877 he turned to the planets of 

the Solar System, although it was for his work on Mars that he came to the notice of 

the general public.38 The vital significance of the discoveries was to permeate the 

scientific and popular literature of the next three decades. It is unlikely, however, 

that on the back of one man’s reputation a scientific mythology was built up that was 

to be so far-reaching. Although it is true that it is his terminologies that became the 

standard way of referring to Mars, the ‘paradigm’, if such it was, received a great 

deal of supporting evidence, particularly from science users.

W ebb’s article in The Times was far more outspoken on the damage that 

gemination did to the terrestrial analogy, and contrasted starkly with his downbeat 

summary of current research in Nature in December of the same year:

There is nothing remotely analogous on Earth . . . which leads 

us at once to see how premature have been our conclusions in this 

respect, and how far we are still from any adequate conception of the 

real constitution of our nearest neighbour but one in the Solar 

System.39

Professor Charles Young’s address to the American Association for the 

Advancement of Science in 1884 was not as outspoken as Webb, but still avowed a 

partial acceptance of the canalian phenomenon:

See W Sheehan: The Planet Mars: A History o f Observation and Discovery 
(Tucson: University of Arizona Press, 1996), esp chapter 5; M Hoskin: Op. Cit., 281; 
M J Crowe: Op. Cit., 481-500.

39 T W Webb: ‘Canals on the Planet Mars’ The Times (10 April 1882); Idem: 
‘Canals on the Planet M ars’ Knowledge 1 (14 April 1882), 519; Nature 27 (28 
December 1882), 203-205.
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It would be rash to say of Mars that we have reached the limits 

of possible knowledge as regards a planet’s surface; but the main facts 

are now determined, and we have a rather surprising amount of 

supposed knowledge regarding its geography. By “supposed” I mean 

merely to insinuate a modest doubt whether some of the map-makers 

have gone into a little more elaborate detail than the circumstances 

warrant. At any rate, while the “aerographies” agree very well with 

each other in respect to the planet’s more important features, they 

differ wildly and irreconcilably on minor points.40

Gemination was the main problem; whilst the canals themselves were 

explicable natural phenomena, their doubling damaged the preconceptions of 

scientists on the prevailing conditions of Mars’ surface, and this certainly led to many 

dismissing the phenomenon out of hand. How could a planet, hitherto assumed to be 

Earth-like in appearance, exhibit markings that seemed to obviously disprove this 

theory?

Proctor was typical of an outright rejection of canaliform markings in the 

reproduction of edited versions of his previous terrestrially based analyses in 

Knowledge: a study on the planet Mars was presented in the form of a series from 

April 1884. This was followed by a series on life on Mars from May 1884 that began 

by showing how the conditions on Mars could be conducive to life.41 Although these 

were reprinted articles, by reproducing them at this time Proctor demonstrated that he 

was not convinced of the reality of the canals, preferring to restate ideas based around 

the observations of Dawes. In contrast Nature seemed to accept the reality of the 

markings: 1885’s summary of the state of Martian knowledge envisaged future 

research based around this. Similarly, a Denning article referred to the ‘seeming

40 C A Young: ‘Problems In Astronomy’ English Mechanic 40 (26 September 
1884), 82.

41 R A Proctor: ‘The Planet Mars’ Knowledge 5 (25 April 1884), 281-282; R A 
Proctor: ‘Life on M ars’ Knowledge 5 (2 May 1884), 303-304; (16 May 1884), 343- 
345.
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permanency of the linear markings’ - not yet ‘canals’ - which were only extant on 

Mars of all the planets. He exhorted observers to make their own observations and 

not to be guided by previous maps - an obvious challenge to Green, Dawes and 

Proctor.42

Knowledge seemed to be moving towards an acceptance of the canals’ real 

existence by 1888, albeit in the framework of terrestrial analogy, when an article on 

Schiaparellian markings reported canals as rivers, the doubled (dark) lines being an 

optical illusion caused by the bright rivers between. The fact that these lines seemed 

only to appear at certain times in the Martian calendar indicated the existence of mist 

which obscured the rivers from view.43 There remained questions over this 

interpretation, however, as it still did not explain the fact that the markings were 

linear.

Nature had positively accepted the existence of canals at this time, reporting 

the new discoveries of canals, the difficulty of observing their doubling, and the 

changes they had undergone since the previous observation. The existence of canals 

in the ‘sea’ areas provided some discussion, as did a tentative theory of fissures 

caused by glaciation. However, the main thrust of the journal seemed to be in the 

reporting of the observed ‘facts’, rather than theorising about their nature.44

Editorial changes at Knowledge led to a much more sceptical line. In a book 

review of Camille Flammarion’s La Planete Mars in 1892, Ranyard disagreed with 

Flammarion’s readings of the lines on Mars as canals, attributing them to the more 

likely cause of optical illusion. Similarly, Maunder attacked Schiaparelli as being 

‘sanctioned by custom ’ and presented six arguments against the existence of canalian 

structures on the planet. Through experiments he demonstrated the optical illusion 

theory, concluding that, as the canals were on the edge of vision it could not be

W F Denning: ‘Mars, Jupiter and Saturn’ Nature 32 (November 1885), 548-
549.

43 ‘Canals or Rivers on Mars?’ Knowledge 11 (1 May 1888), 149-151.

44 ‘Societies: Academie de Sciences’ Nature 38 (24 May 1888), 95; (31 May 
1888), 119; (28 June 1888), 236; (5 July 1888), 239; (26 July 1888), 311; (30 August 
1888), 432; ‘Astronomical Column’ (21 June 1888), 185; ‘Societies: Academie 
Royale de Belgique’ (20 September 1888), 511.
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assumed that they were being seen correctly. In a follow-up article soon in the New 

Year, and soon after Ranyard’s death, Maunder examined Lacus Solis, showing the 

differences and disappearances and reappearances of certain features. Under these 

circumstances, he argued, it was much more likely that the canals were actually 

collections of rivers.45 Barnard, using a 36 inch refractor in 1896, suggested that 

ideas of land and sea should be reversed, as seas seemed to show mountainous detail. 

No canals were seen, bar some short, hazy lines around Solis Lacus.46

The main thrust of the areographical approach to the canals thus was 

concentrated in two areas: firstly, to ignore the markings altogether, dismissing them 

as optical illusions; and secondly, to explain them as imperfectly-seen terrestrial 

formations. The common theme, though, was still to regard Mars as essentially 

Earth-like in its areography - the interpretation of new evidence was coloured by the 

unproven cultural preconception of the essential similarity of the two planets.

Atmosphere and Climate

The main factors in the discussion of the Martian climate centred around the 

composition of the atmosphere, demonstrated through observation and 

spectrography, and the temperature of the Martian surface, demonstrated by the 

‘common sense’ approach of distance from the sun, coupled with the apparent 

existence of polar ice-caps. So it was that the concept of canals should have thrown 

Martian climatalogical discussion into crisis, as the canalian markings undermined 

the terrestrial analogies that underlay the majority of the discussions. The main 

problem for the climatologists was that whilst the surface of Mars seemed to be non

terrestrial in appearance, perceived facts about the atmosphere supported the 

terrestrial analogy. William Huggins (1824-1910), the ‘Herschel of the 

spectroscope’, had found water had been discovered in the spectrographic analysis of

A C Ranyard: ‘Book Review: Flammarion’s La Planete Mars et ses 
conditions d 'h abitab ility  Knowledge (November 1892), 211; E W Maunder: ‘The 
Canals of M ars’ Knowledge 18 (November 1894), 249-252; E W Maunder ‘The Eye 
of M ars’ Knowledge  (March 1895), 55-58.

46 ‘The Surface of M ars’ Nature 53 (5 March 1896), 424; ‘Note’ Nature 54 (3 
September 1896), 427; ‘Note’ Nature 54 (17 September 1896), 487.
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Mars in 1868 which seemed to prove the existence of conditions that were Earth-like. 

The existence of an atmosphere was confirmed by the discovery of twilight arcs, 

although this was not confirmed until Lowell’s 1895 analysis.47 Reports from the 

time indicate both the tenuous nature of these observations and, through the desire to 

prove it, the belief of scientists in their veracity. Jewell stated that it was useless 

looking for the spectrum of water in Mars’ atmosphere during the October 1895 

opposition as equipment was not good enough to penetrate the extra moisture in 

Earth’s atmosphere. Possibly it would be more productive to look for oxygen or
48chlorophyll, as there were some strange results in the vegetative section. Yet 

despite the problems of the autumn season, Janssen confirmed tiny traces of water in 

September, and was confident that future research would bear this out.49

The assumption of the existence of water was perhaps the key element in later 

theorising about Mars; it made the necessity of viewing the canali as watercourses 

perhaps inevitable. In fact one could be forgiven for not noticing the discovery of the 

canals if studying purely the Martian atmosphere and climate, as variations on the 

terrestrial analogy were still the centre of the debate. Typical of such speculative 

research was ‘The Climate of Mars’ by W.C.E. that put forward the idea that Mars 

had a wetter atmosphere than the earth’s, as if it were the same, the lack of gravity 

would create large snowfalls, which were not visible. This, he hypothesised, would 

mean a more even spread of warm temperatures over the surface, making it ideal for 

life.50

An alternative to the terrestrial analogy did become apparent during this time, 

and it had its roots in climatology. W W Campbell’s spectroscopic experiments had 

failed to find any trace of water on Mars. At the time this was seen as a failed 

experiment, but Campbell became convinced over the next few years that there was

P Lowell: ‘Evidence of a Twilight Arc on Mars’ Nature 52 (22 August 1895), 
401-405.

48 ‘Note’ from Astrophysics Journal in Nature 52 (9 May 1895), 37.

49 Janssen: ‘Spectrum of Water on Mars’ Nature 52 (19 September 1895), 514.

50 W .C.E.: ‘The Climate of M ars’ English Mechanic 30 (26 December 1879), 
380-381.
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no water on Mars, and that the polar caps were in fact solid carbon dioxide, although 

it was only in 1894 that he had enough courage of his convictions to make a definite 

statement.51 Among the popular scientific journals, the only obvious evidence of 

support for this came from Arthur Ranyard, then editor of Knowledge. Twice he 

suggested this particular solution to the speculation on climate in the pages of the 

journal; other views expressed at the time mean that it is possible to see him as 

anticipating the final theory of Mars as a dead world.

Ranyard had been, in the previous year, a supporter of the terrestrial 

analogy,' but his responses to terrestrial explanations showed that he had shifted 

position considerably. The first response was to William Pickering’s 1892 theory of 

oceans trapped beneath the surface where inapplicability of the glacial theory might 

mean a cooler, rather than a warmer clime at the equator. Ranyard replied that the 

surface of the planet must have been freezing for the water to have been taken inside 

the crust. Moreover the snow-caps could simply be carbon dioxide, which would 

make the surface below freezing anyway.53 Similarly, he disagreed with Maunder’s 

common-sense approach, which assumed a cool Martian climate with the 

temperature kept up by night rain and cloud and a thin atmosphere. Ranyard’s reply 

disagreed with much, including the thin atmosphere, but agreed that as it was clearer, 

a colder climate was likely.54

The second avowal of a non-terrestrial theory came in response to W H S 

Monck’s speculation on the possible existence of water on Mars without air. Again 

Ranyard dismissed this theory, returning to the concept of a carbon dioxide or liquid

W W Campbell: ‘The Spectrum of Mars’ Publications o f the Astronomical 
Society o f the Pacific 6 (1894), 228-236.

52 Ranyard supported the idea of snow on the polar icecaps: J Shaw: ‘Snow In 
M ars’ Knowledge 14 (January 1891), 16; A C Ranyard: Ibid.

53 W H Pickering: ‘The Glacial Period and the Planet Mars’ Knowledge 15 
(June 1892), 113-114; A C Ranyard: ‘Editorial Reply’ Knowledge 15 (June 1892), 
114.

54 E W Maunder: ‘The Climate of Mars’ Knowledge 15 (September 1892), 167- 
169; A C Ranyard: ‘Editorial Reply’ Knowledge 15 (September 1892), 169.
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nitrogen atmosphere.55 Other responses at the time were closer to accepted ideas, but 

still strongly sceptical; he answered J R Holt’s two letters detailing mathematical 

proofs of the habitability of Mars through unsympathetic analogy with the moon.56 

From these responses it is clear how Ranyard believed Mars to be - cold, dead, with a 

superficially terrestrial appearance due to the observed similarity of frozen carbon 

dioxide and ice.

With the exception of Ranyard, the majority of debate on the atmosphere of 

Mars seemed to ignore the non-terrestrial insinuation of the canals. Moreover, 

despite evidence of non-terrestrial factors becoming apparent these were largely 

ignored in favour of traditional ideas of an Earth-like environment, albeit one 

comparable to harsher Terran conditions. Opposition was muted and tentative, with 

only Ranyard openly accepting the possibility that, in truth, conditions might not be 

as previously accepted.

Conclusion: areology, atmosphere and climate - the persistence o f terrestrial 

analogy

Much of the opposition to the idea of canals at the time came from those who 

had accepted the similarity of the Earth and Mars topographically. This caused a 

minor crisis in the study of Martian features, mainly due to the apparent artificial 

nature of the canals. To those who had been educated in the maps of Dawes, Green 

and Proctor the canals seemed either too obviously artificial to be more than illusion, 

or so alien as to defy comprehension without resort to ‘ascientific’ speculation. 

Similarly, the assumptions that previous studies of Mars had seemed to support 

dictated that studies on the climate of Mars centred around its difference in degree 

from Earth’s, not its complete difference of character. The general acceptance of the 

terrestrial analogy meant that the inherent problems had to be explained within this

W H S  Monck: ‘Water on Mars’ Knowledge 15 (October 1892), 193; A C 
Ranyard: ‘Editorial Reply’ Knowledge 15 (October 1892), 193.

56 J R Holt: ‘On the formation of clouds in the Atmosphere of Mars’ Knowledge 
16 (August 1893); J R Holt: ‘The Effect of the Atmosphere of Mars on the 
Temperature of M ars’ Knowledge 16 (September 1893), 173-174; A C Ranyard: 
‘Reply’ Knowledge 16 (September 1893), 174.
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format; moreover, they provided the spur for an alternative template for explanations 

that brought together areology and climate.

Unified Theories of Martian Conditions

Theories that brought together observations on the Martian climate and 

areology were slow to be formulated due to this need to rationalise them in a 

terrestrial framework. However, there were tentative attempts during the period 

1880-1894 to provide some explanation for the extraordinary observations. These 

theories had in common that they assumed the influence of outside agency in the 

creation of artificial structures. Seen logically at the time, this was the only 

explanation that fully fitted all of the observed facts - optical explanations cast 

aspersions on the abilities of the observers, and geothermal, gravitational or 

glaciative explanations required too radical a shift in cultural scientific assumptions.

The first such theory came, perhaps not surprisingly, from Richard Proctor, 

and was not originally printed in Knowledge, but instead produced as a speculative 

piece, as an adjunct to two other articles, in The Times, in 1882. In this he stated:

Should it be proved that the network of dark streaks has a real 

existence, we should by no means be forced to believe that Mars is a 

planet unlike our own Earth, but we might, perhaps, infer that 

engineering works on a much greater scale than any that exist on our 

globe have been carried out on the surface of Mars . . .  It would be 

rash, however, to speculate this way.57

Although openly avowed as ‘speculation’, nevertheless it was Proctor’s more 

speculative pieces that reached the widest audiences - for instance those in The 

Borderland of Science. His sheer presence and rate of publication - not to mention 

his obvious popularity - meant that among the scientific public his influence was 

extremely significant. Simply dismissing this as speculation, therefore, does not do

57 ‘Canals on the Planet Mars’ The Times (10 April 1882), 4; (13 April 1882), 
12: R A Proctor: ‘Canals on the Planet Mars’ The Times (13 April 1882), 12 & 
Knowledge 1 (14 April 1882), 519.
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justice to the fact that the seed of an idea had been planted - a seed that found fertile 

soil in the traditions of plurality. Moreover, it was Proctor’s nature to state the more 

apparently obvious solutions - whatever their potential repercussions - that would 

occur to a member of the scientific public. Thus it should come as no surprise that 

later theories, when they were freely discussed, could be so readily accepted.

Camille Flammarion was speculating in a similar fashion by 1892. The dark 

areas were seen as oceans; the light as land. Vegetation was red in colour, giving the 

characteristic tinge that astronomers were used to viewing, and was caused by the 

different chemical composition of chlorophyll. In this framework the only possible 

explanation for the canals - presented in terms of a hypothesis that could only be 

countered by those who believed in humankind’s inherent superiority over all other 

beings - was that they had been artificially produced to carry water across the surface
CO

of the planet by higher intelligences.'

The most commonly sited instigator of artificial canaliform theory was 

Percival Lowell, an American who has been referred to as an ‘amateur’, but was 

more accepted as a professional by his peers. He was of an old Boston family, 

incredibly wealthy, and thus able to select both the position of his telescope for 

optimum observation, and to afford the best telescope in America - in fact the best 

outside the large observatories of Europe. He was more than simply a rich eccentric, 

however. His family’s connections with science were well established, as the Lowell 

Institute of Boston exemplified,59 and he brought his own love of astronomy to bear 

in his studies. Over the years he became a keen observer, respected as much as 

Antoniadi or Maunder, and due to his superb observational facilities, sometimes 

more so. So to view him as simply an amateur is not just to do him a disservice, but 

also importantly to ignore the respect that he was accorded at the time.60

Lowell’s theories were first fully expounded, albeit in a tentative fashion, in 

his 1894 book Mars, based on his observations of the previous opposition. Lowell’s

C O

C Flammarion: La Planete Mars, especially volume 1, 500 onwards.

59 Founded at the dying wishes of John Lowell in 1836. For a review of its 
work see ‘The Lowell Institute, Boston’ in Knowledge 11 (October 1888), 275-276.

60 Although Lowell’s observational ability was never in doubt, his draftsman
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views that the prominences were clouds, the seas vegetation, and the canals irrigation 

of these areas, were detailed; the disappearance and reappearance of the canals was 

put down to melting of the polar ice. Irregular duplication was explained by the 

possibility of swathes of vegetation causing an implied second canal. This implied 

revitalisation of ideas of habitability through extra-terrestrial agency was to prove a 

centre of debate over the next fifteen years. This debate was notable, not only for the 

amount of opposition to Lowell’s theories, but the variability in the alternative 

theories that were put forward - the majority of which still adhered to terrestrial 

explanations. Opposition was never simple; it was working from the same evidence 

and assumptions, and became largely an exercise in scientific imagination. 

Moreover, increasingly, science users and the scientific public became involved in a 

discourse that they could understand, participate in, and ultimately direct.

Response directly after the publication of Mars was limited. In April 1895 

Flammarion reiterated his views, more based on Proctor than Lowell, in Knowledge, 

the canals distributing water from the melting ice-caps over the plain, possibly as the 

result of canal-forming by intelligent beings. Surprisingly in view of his oppositional 

stance Maunder made no attack on this. In fact he defended Flammarion’s views on 

the Martian winds against the attack of A E Whitehouse.61 This suggests two things - 

firstly, that Maunder’s own views had not at this time sufficiently hardened to put up 

concerted opposition, and secondly, that Flammarion’s position was bolstered in 

terms of respect due to an eminent scientist.

1896 saw the first concerted British response to Lowell’s theories in Nature. 

William Lockyer’s review of Mars in October stressed the steady atmosphere of 

Flagstaff, and used Schiaparelli’s keenness of sight and good conditions as an 

example of what could be achieved even with a smaller telescope. Lockyer’s belief 

in the main hypotheses, and the existence of the canals, did not prevent him 

counselling caution on the theories of irrigation and vegetation, although he did state

ability is, and was, easier to criticise.

61 C Flammarion: ‘The Circulation of Water on the Planet M ars’ Knowledge 18 
(April 1895), 73-75; A E Whitehouse: T he Winds of M ars’ Knowledge 18 (May
1895), 112; E W Maunder: ‘Reply’ Knowledge 18 (May 1895), 112.
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fOthat they would ‘be hard to disprove’. Notes of more obvious caution were 

forthcoming, however. An article in October 1896 in Nature summarised the 

position on the Martian canals, specifically referring to the work of Leo Bremner as 

an example that did not contain scientific rigour. Bremner had discovered more 

canals which were suspect due to non-rigorous analysis - his notation system and his 

illustration did not match. More problems were outlined by Cerulli who asked how 

Lowell could see canals where previously none had existed.63 Yet the main trend 

was pro-canalian. Cerulli saw canals, Cerberus ‘exhibiting signs of gemination’. 

Flammarion also confirmed the existence of both canals and oases, the doubling of a 

number of the canals, and the existence of mist, all inside two months. Bremner 

detailed 126 canals; Perrotin recognised their existence, especially visible towards 

the equator.64 All seemed to provide support for Lowell’s theories.

Cultural authority - The ‘ownership ’ o f diplopic theory

At this time Antoniadi was beginning to formulate the first of the main 

responses to Lowell’s theories. In 1897, however, there was no sign of these ideas, 

as he detailed the changes - assumed to be due to water - that had taken place since 

the previous opposition, and attributed the doubling of the canals to the optical 

illusion of secondary images from real single canals.65 His Knowledge article at the 

same time attacked the various views of the Hourglass Sea as vegetation, water or 

cloud, although the changes that had occurred could not be ignored, unless one 

assumed that all astronomers had defects in their vision. However, although he 

attacked contemporary theories, he concluded that the most plausible theory,

J N Lockyer: ‘Mars as seen at the opposition of 1894’ Nature 54 (29 October 
1896), 625-627.

63 ‘The Canals on Mars’ Nature 54 (22 October 1896), 600.

64 ‘Note’ Nature 55 (5 November 1896), 8; ‘Note’ Nature 55 (11 November
1896), 30; ‘Note’ Nature 55 (3 December 1895), 107; ‘Note’ Nature 55 (7 January
1897), 275; ‘Note’ Nature 55 (21 January 1897), 308; “ Note’ Nature 55 (25 
February 1897), 395.

65 ‘Note’ Nature 56 (8 July 1897), 227; ‘Note’ Nature 57 (14 April 1898), 563.
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although the most impossible, rested with intelligent creatures undertaking artificial 

changes.66

Within a year he had developed the diplopic, or out of focus theory which 

obviated the need for active agency from ‘Martialists’. A report of the British 

Amateur Astronomical Association in English Mechanic in March 1898 detailed T E 

Phillips’ report on the doubling of the canals on Mars, specifically on Antoniadi’s 

idea of a potential optical illusion caused by focussing wrongly. This theory was 

proving to be a popular one among astronomers; it reinstated previous views of the 

planet’s surface, albeit with single canals, and reinstated a passive view of the 

terrestrial analogy.

However, Henry Dierckx, whose other contributions included letters on 

perpetual motion, wrote in pointed out that in collaboration with Adolphe de Boe - 

who had then produced articles on the subject - he had used this as an explanation of 

Antoniadi’s own observations at least five years beforehand. In fact Dierckx was 

angry enough to state:

. . .  I wonder that this gentleman, in exposing what is called 

today “his theory”, overlooked the fact that it is also the theory of 

someone else, and that is what was exposed long since in a paper [Le 

Ciel et Terre] he knows, of course, perfectly.67

De Boe had certainly proposed this theory in English Mechanic in 1891, 

although there was no direct evidence for Dierckx’s contribution. Antoniadi 

defended himself in the same issue, stating that although he was in ignorance of 

previous ideas when he developed his theory, once he became aware of the ideas of 

de Boe and Landerer he gave them full credit. Crucially, he felt that these could not

E M Antoniadi: ‘The Hourglass Sea on Mars’ Knowledge 20 (July 1897), 
169-172.

67 H Dierckx: ‘The Doubling of the Canals on Mars’ English Mechanic 67 (25 
March 1898), 129.
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be called theories, as they were only ideas, unbacked by scientific observation and 

experimentation.68

However, why should Antoniadi have expected to have heard of Dierckx’s 

contribution? As Dierckx himself pointed out:

If the statement of a man like M. de Boe, who subscribed and 

wrote nearly to every astronomical periodical, passed unnoticed, this 

will be a fortiori the case with an unknown dilettante, who is a one 

year’s subscriber to “E.M.”69

Thus he outlined his two main problems - firstly the general lack of 

recognition for scientifically non-recognised subscribers and contributors, and 

secondly his own lack of contact with the scientific world. Antoniadi’s reply, having 

consulted the text that Dierckx referred to, pointed out that, according to de Boe, 

Dierckx was only there as an observer and assistant. However, Dierckx was not to be 

outdone. By highlighting other sentences in de Boe’s articles, he used the way in 

which he himself was described to lend support to his claim.70

To others this was detracting from the real debate. Gemmill saw it as a 

‘barren question’ that had led to the omission of a reply to Arthur M ee’s query on 

why Antoniadi had interpreted blurred lines as canals.71 Although Antoniadi then did 

reply, using Schiaparellian descriptions of canals to justify his usage of the term, he

A de Boe: English Mechanic 53 (1891); FRAS: ‘Letter’ English Mechanic 67 
(8 April 1898), 173; E M Antoniadi: ‘The Doublings of the Canals of Mars’ English 
Mechanic 67 (8 April 1898), 175.

69 H Dierckx: ‘The Doublings of the Canals of Mars’ English Mechanic 67 (15 
April 1898), 197.

70 E M  Antoniadi: ‘The Doublings of the Canals of Mars’ English Mechanic 67 
(22 April 1898), 219-220; H Dierckx: ‘The Doublings of the Canals of Mars’ English 
Mechanic 67 (29 April 1898), 245-246.

71 A Mee: ‘The Doublings of the Canals of Mars’ English Mechanic 67 (15 
April 1898), 197; S M B Gemmill: ‘The Doublings of the Canals of Mars’ English 
Mechanic 67 (20 May 1898), 312.
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79placed it as secondary to another condemnation of Dierckx. Antoniadi’s claims of 

‘ownership’ of the theory had overcome the actual substance of the debate. 

Unresolved, the rights of ‘ownership’ were nevertheless accorded automatically to 

Antoniadi - the scientist - amply illustrated by the discussion of finer points of the 

theory by him and Gemmill over the next few months.73 At the very least, histories 

of the canalian controversies have credited him with the idea.74 The acceptance of a 

theory in the scientific world, thus, was not dictated by the idea itself, but the cultural 

and scientific authority of the person who claimed ‘ownership’ of the idea. It is here 

that a vital distinction between ‘scientists’ and ‘readers’ was defined and developed.

It had become increasingly apparent during the course of the debate that the 

recognised astronomers were expected to provide the answers for the non

professional. Answers were specifically requested from named astronomers in 

English Mechanic, whilst those trying to impress their non-canalian views on the 

readership stressed the authority of repeated observation and experience. J W 

Meares was typical of the science users looking for guidance, direction and even the 

answers, asking. ‘I should be interested to know if the markings I have drawn are as 

they should be.’75 Admittedly this is an extreme example, but requests still 

increasingly more often on matching, or adding to, the opinion of scientists rather 

than challenging them.

Insofar as the debate had crossed the boundary from observing to theorising, 

it would seem to indicate that an member of the scientific public, in receipt of the 

apparent knowledge on Mars, and with a basic knowledge of the observational 

process, could have made a valid contribution to the development of the debate. 

However, the ideas of science users were largely relegated to the realms of

72 E M  Antoniadi: ‘The Canals of Mars’ English Mechanic 67 (27 May 1898), 
333.

73 S M B  Gemmill: ‘The Martian Canals’ English Mechanic 67 (27 May 1898), 
333; E M Antoniadi: ‘Martian Gemination’ English Mechanic 67 (3 June 1898); then 
continued at 362, 404, 474, 523, and 523-524.

74 See M J Crowe: Op. Cit. Crowe recognises the role of de Boe, but not 
Dierckx; W H Sheehan: Op. Cit. does not mention this variant of canalian theory.

75 J W Meares: ‘Mars’ English Mechanic 59 (10 August 1894), 583.
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speculation, and where they did appear in the journals, were usually placed in 

positions of lesser importance than the ideas of those imbued with the cultural and 

scientific authority to speculate with impunity. In English Mechanic, for instance, 

where there were a number of letters on a particular subject, column inches and 

primary position was given to the recognised scientist.

Diplopic theory itself could only provide a limited answer in the climate of 

late nineteenth century science in that it assumed bad practice on the part of the 

scientist in the focussing of the telescope, and as such was inherently undermining 

the cultural authority of science. It was vigorously contested, particularly by 

Gemmill, who felt that ‘ . . .the coincidences of bad focussing are nearly as 

wonderful as the “geminations” themselves.’76 Similarly, Alfred Stewart wrote the 

following in April 1898:

Being a mere amateur, and with limited astronomical means, I 

have never seen even the canals of Mars; but I am interested in them 

nonetheless, and I would be glad if M. Antoniadi would explain the 

following point to me . . . [follows a description of doubling]. Now if 

the gemination is caused by the telescope being out of focus, why does 

the canal double suddenly? . . .  Of course, having no practical 

experience on this point I cannot be certain of the facts.

Despite his avowed unsuitability for the task, he then suggested two theories 

based around optical illusions - based in the eye of the observer and a sudden change 

in atmospheric conditions.77 Other suggestions, answered by Antoniadi, were of the 

effect of the pre-suggestion of Schiaparellian maps, the pre-suggestion of the term 

‘canals’, and a Proctorian view of Mars based on the ‘dying world’ theory. How 

much this renewed theorising affected Antoniadi’s views is unclear, but by July 1898

76 S M B  Gemmill: ‘The Doublings of the Canals of M ars’ English Mechanic 67 
(8 April 1898), 175.

77 A Stewart: ‘The Doublings of the Canals of M ars’ English Mechanic 67 (15 
April 1898), 197; similar views from J S G: ‘Canal Gemination and Telescopic 
Controversy’ English Mechanic 67 (27 May 1898), 334.
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he himself was moving towards a more optical illusion-based theory, thereby sparing 

the scientist more criticism.78

Optical theory and the renewal o f terrestrial explanations

Limited observation opportunities in 1899 and 1900 encouraged more 

speculation based around extant information. Knowledge followed a comparative 

lack of attention with a flurry of interest around the opposition of February 1901. A 

D Taylor’s introductory letter evinced some confusion. Having read Grant Allen’s 

The British Barbarians he understood that no human life was possible on other 

planets, and wondered whether this was true. T R W aring’s reply in the next issue 

stated that life was likely to be larger on Mars due to the thinner atmosphere, and 

recommended Lowell as a point of reference. A E Mitchell used the laws of 

probability to demonstrate the unlikelihood of human life elsewhere, yet admitted the 

existence of non-human intelligence.79 Similar following letters supported the basic 

premise of life elsewhere in the universe, and merely disagreed with specific points, 

such as the visibility of clouds, as mentioned in W aring’s letter - this then led to a 

shift in the debate specifically to the clouds and the climate - the underlying 

assumption for the existence of life.80

In a summarising article (Miss) M A Orr reviewed the current state of 

Martian research as it appeared to Knowledge readers. She detailed the theories of

F R A S: ‘A Partial Explanation of Martial Marvels’ English Mechanic 67 (22 
April 1898), 218; E M Antoniadi: Martian Gemination English Mechanic 67 (13 
May 1898), 288; E Holmes: ‘Martian Gemination’ English Mechanic 67 (10 June
1898), 405-406; E M Antoniadi: ‘On the Optical Origin of Martian Gemination’ 
English Mechanic 67 (15 July 1898), 500-501.

79 G Allen: The British Barbarians (London: J Lane, 1895); A D Taylor: ‘Is 
Human Life Possible on Other Planets?’ Knowledge 24 (January 1901), 15; T R 
Waring: ‘Is Human Life Possible on Other Planets?’ Knowledge 24 (February 1901), 
40-41; A E Mitchell: ‘Is Human Life Possible on Other Planets?’ Knowledge 24 
(February 1901), 41.

80 E Lloyd Jones: ‘Is Human Life Possible on Other Planets?’ Knowledge 24 
(April 1901), 90; E W Maunder: ‘Reply to ELJ’ Knowledge 24 (April 1901), 90; E 
Lloyd Jones: ‘Clouds on Mars’ Knowledge 24 (June 1901), 133; R A Gregory: 
‘Clouds on M ars’ Knowledge 24 (June 1901), 133-4; T R Waring: ‘Clouds on Mars’ 
Knowledge 24 (July 1901), 157.
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Lowell, of Ligondes and of Antoniadi, and concluded that the only conclusions that 

could reliably be drawn were that nothing was certain, and all the work on Mars, 

whilst stimulating further research, culminated in theoretical analyses - in other 

words, exercises of the imagination.81

Due to the poor opposition of 1901, less respected observers found their way 

onto the pages of English Mechanic. Whilst scientists were developing the debate on 

carbon dioxide, there were two examples of what could be achieved by the science 

user with a small telescope. A three-inch refractor was able to delineate Dawesian 

continents; hints of canals were claimed with a 4 inch refractor - although this latter 

reading was likely to be the result of hope rather than actual viewing.82 Of more 

interest was a sceptical query from ‘Carmelite’, doubting the reality of canals thirty 

miles in width - he was referred to Bremner, Wrot, and back issues of ‘E.M ’.83

The devaluing of the contributions of non-scientists was not a mistake made 

by E Walter Maunder. He developed his theories on the back of those of an 

interested member of the scientific public. B W Lane presented a series of optical 

experiments in 1902 that involved a rough sketch of Mars with the seas drawn in 

placed at various distances from various subjects. The result was a network of canals 

much the same as Schiaparelli. Best results were obtained with a V/i inch drawing at 

twenty feet in bad light, which was intended to be as close to the reality of viewing 

Mars as possible. Thus Lane concluded:

Thus it would appear that those gentlemen who have seen the 

canals have, with the best intentions, been deceived by a most peculiar 

and almost incredible optical delusion - a delusion that has given rise 

to a system so complicated that no-one has hitherto attempted to prove

M A Orr: ‘The Canals of Mars’ Knowledge 24 (February 1901), 41.

82 F L Raymond: ‘M ars’ English Mechanic 73 (15 March 1901), 98; Scriven 
Bolton: ‘M ars’ English Mechanic 73 (22 March 1901), 119.

83 Carmelite: ‘Query: M ars’ English Mechanic 73 (5 April 1901), 172; A A 
Buss: ‘Reply’ (12 April 1901), 193; FRAS: ‘Reply’ (19 April 1902), 204.
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that the whole appearance was from beginning to end attributable to 

this cause, although many have asserted that such was the case.84

Maunder referred to his own researches in answering this letter. His initial 

belief had been that the canals were actually a system of lakes. Having conducted 

experiments with schoolboys after receiving Lane’s letter, he tended to concur with 

him, although still believing that the more likely explanation was to be found in the 

resolution of topographical features at distance into canal-like formations. Lane’s 

response countered this with further explanation - he had used yellowed paper in his 

experiments, and without this there was no need for stippling, or other features, to 

assist the optical ‘delusion’ - it was enough to bring the dark and light areas closer 

together in tone.85 As a result of this he suggested viewing the planet in sections to 

remove the canals.86

Maunder’s own experiments on optical phenomena were undertaken with the 

assistance of J E Evans, headmaster of the Royal Hospital School, Greenwich, whose 

pupils were used. In this he used maps of Mars with just the continents drawn in, 

except in some cases where dots were placed in the ‘sea’ areas, which made results 

significantly more dramatic in favour of drawing imaginary canals. This view found 

strong support in the RAS.87 However, it must be said that Maunder’s illustrations 

did represent something of a ‘join-the-dots’ children’s puzzle, and thus it is not 

surprising that not everyone could accept his findings - the drawing of the dots was 

extremely linear, and thus based more in expectation of the results than in practical 

scientific enquiry. In fact in some experiments less canals, rather than more, were

84B W Lane: ‘The Canals of Mars’ Knowledge 25 (November 1902), 250-251, quote 
251.

85 E W Maunder ‘Note’ Knowledge 25 (November 1902), 251; B W Lane: ‘The 
Canals of M ars’ Knowledge 25 (December 1902), 276.

86 B W Lane: ‘Subjective and Objective Canals’ English Mechanic 11 (24 July 
1903), 522.

87 ‘The “Canals” of M ars’ English Mechanic 11 (19 June 1903), 407; E W 
Maunder: ‘The Canals of Mars’ Knowledge 26 (November 1903), 249-251.
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drawn. Mark Wicks in particular was scathing, exchanging letters with Noble on the 

subject.88

Antoniadi too had developed an optical explanation by this time. 

‘Considerations on the Planet Mars’ in 1903 questioned the over-use of canal 

analogies in connection with the Martian markings. In fact, he pointed out, their 

existence had been challenged by Green as early as 1880. Some of the canals could 

be explained as extrapolation of ‘coastal’ indentation, and thus it was necessary to 

delineate real and apparent knowledge - in other words to simplify the constructions 

of Schiaparelli and Lowell to leave more terrestrial-like markings.89 However, at the 

same time he was opposed to those such as Lane, who denied the existence of any 

canalian formations, preferring to admit the real existence of some canals, putting the 

rest to optical illusion and agglomeration, and thus ‘entrench himself behind the 

ramparts of agnosticism.’ Moreover, Lane’s yellowed paper and dim light could not 

be a factor as actual viewing of the planet took place in very bright conditions.90

Balanced D ebate ?

The reaction to these optical explanations was not slow in making itself 

heard. Noble was supportive of Antoniadi’s views on contrast. Edwin Holmes was 

particularly scathing of Lowell’s theories, supporting a Lane/Maunder view of the 

canals. W E Story used the similarity of results of Maunder’s experiments to 

illustrate the objective reality of the canals, and advised direct observation of Mars to 

prove or disprove their existence. Denning’s 1903 observations, reported in March

88 M Wicks: ‘The Canals of Mars: An Optical Illusion?’ English Mechanic 11 
(26 June 1903), 440; F R A S: Letter English Mechanic 77 (10 July 1903), 482; M 
Wicks: ‘The Canals of Mars: An Optical Illusion?’ English Mechanic 11 (17 July 
1903), 506.

89 E M  Antoniadi: ‘Considerations on the Planet M ars’ Knowledge 26 
(November 1903), 246-249; ‘The Physiological Theory of Martian “Gemination” 
Considered a Working Hypothesis’, ‘The Physiological Theory of Martian 
“Gemination” Tested by Experiment’ English Mechanic 78 (30 October 1903), 266- 
267, 267-268.

90 E M  Antoniadi: ‘M ars’ English Mechanic 78 (August 14 1903), 14-15. 
Quote (August 28 1903), 64. Also (4 September 1903), 82; (11 September 1903), 
113-114; (9 October 1903), 205; (4 December 1903), 377.
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1904, showed the canals, although no doubling. Lowell’s attacks on optical illusions, 

based in his own optical experiments, were reported in the same issue of 

K now ledge .91

Maunder was asked by ‘several correspondents’ to reply to Story’s letter, 

which he did in Knowledge in May 1904. Maunder for the first time claimed the 

status of expertise as opposed to Storey, presenting his sketches of pre-Schiaparellian 

observations showing canal-like markings. He then defended the use of terrestrial 

experiments as a test of the extent of human vision - a test of the tools being used for 

telescopic analysis. Examples of the way in which ideas had changed were 

presented, with the assumption that these later views would in their turn be 

superseded - a combination of telescopic power and experience were needed. 

Although Lowell had this experience and telescopic power, he did not, according to 

Maunder, have the requisite ability to judge degree, and had failed to discern the lack 

of uniformity in the artificial canals.92

Despite this attack from the astronomical editor Lowell’s results were still 

accorded the space in Knowledge that the respect due to such an eminent observer 

deserved. In the same issue as this attack on his theories, Lowell’s ideas on a 

pumping system being employed by Martians, based on the darkening of the canals 

towards the equator, were presented in a note. Although later that year Leo 

Bremner’s chart was described as ‘too intricate to be real’, Pickering’s theories on the
93canals being fissures to water trapped beneath the surface were still accorded space. ‘

FRAS: English Mechanic 78 (16 October 1903), 222; E Holmes: ‘Mars’ 
English Mechanic 78 (21 August 1903), 37-38, (4 September 1903), 84; W E Story: 
‘The Canals on M ars’ Knowledge and Scientific News 1 (March 1904), 37, Note: ‘Mr 
Denning’s Observations of Mars In 1903’ (March 1904), 41, ‘The Double Canals of 
M ars’ (March 1904), 41.

92 E W Maunder: ‘The “Canals” of Mars: a reply to Mr Story’ Knowledge and
Scientific News 1 (May 1904), 87-89, ‘The Canals of M ars’ English Mechanic 79 (15 
April 1904), 210.

93‘ ‘Note: Mr Lowell on the changes in the Martian Canals’ Knowledge and
Scientific News 1 (May 1904), 96; ‘Note: A New Chart of Mars’ Knowledge and 
Scientific News 1 (October 1904) 242; ‘Note: Explanation of the Martian and Lunar 
Canals (i)’ Knowledge and Scientific News 1 (1  November 1904), 266.
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However, whereas it is clear that to support the canalian theory one had to be 

a respected observer to be mentioned in Knowledge, the same criteria were not 

applied to opponents. Major Molesworth’s Monthly Review article, in which he 

directly supported Maunder’s theory of a system of independent markings being 

mistaken for canals, was mentioned in the Notes of November 1904 - in contrast to 

the respected astronomers represented above.94

Contributors to English Mechanic were also sceptical of canalian theories. 

Antoniadi and Noble continued their campaigns, although there seemed to be some 

common ground between Antoniadi and Lowell in the existence of vegetation.95 In 

contrast, notes and articles in Nature were generally supportive of this massive 

campaign being waged from Flagstaff. Reports of the Bulletins of the Lowell 

Observatory were given a large amount of coverage in the astronomical columns, 

particularly one where all of the anti-canalian theories based on optical problems 

were thoroughly examined and found wanting.96

Photography - canalian theory reinforced

The announcements of photographs of the canals in 1905 seemed to add 

weight and credibility to the pro-canalian theorists. Lowell announced the 

photographs, taken by Lampland, in notes in Knowledge and Nature, which was
Q7followed by a full-length article in March of 1906. However the reprinted 

photographs were extremely small, and the lines were not as clear as Lowell had 

implied. Certainly they were not clear enough to require immediate refutation by the 

editors. A concerted campaign was mounted in the next year. First E W Maunder’s

94 ‘Note: Explanation of the Martian and Lunar Canals (ii)’ Knowledge and 
Scientific News 1 (1 November 1904) 266.

95 FRAS: ‘The “Canals” on Mars’ English Mechanic 79 (19 February 1904) 34; 
E M Antoniadi: ‘Change on M ars’ (1 April 1904) 169; P Lowell: (4 March 1904) 77.

96 ‘Astronomical Column’ Nature 72 (25 May 1905), 89-90.

97 Note: ‘M ars’ Knowledge and Scientific News 2 (1 July 1905), 158; Note: 
‘Mars’ Knowledge and Scientific News 2 (1 August 1905), 204-205; P Lowell: 
‘Photographs of the Canals of M ars’ Knowledge and Scientific News 3 (1 March
1906), 369. ‘Astronomical Column’ Nature 72 (8 June 1905), 135; (27 July 1905), 
302-303; (17 August 1905), 388.
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wife supported her husband’s view of the canals as optical illusions based on natural
98formations. CPB’s article examined the optical, psychological and physical 

reasoning behind the phenomenon, taking a middle line by insisting that some, but 

not all, of the canals must have been seen truly." A letter from W H Wesley posed 

the leading question of what had happened to Lowell’s discovery of canals on 

Mercury, which was pointed out in the editorial reply to have been confirmed by 

Lowell himself as optical illusion.100

The photographs were seen to have proven nothing by anti-canalian 

terrestrialists. Unclear, too small to pick out definitive evidence, and generally 

suspect of the same defects as the human eye, they failed to move Maunder and 

Antoniadi. However, they did provide a number of new converts. A C Crommelin, 

president of the RAS, was convinced by the photographs, and thus the general tenor 

of the Society shifted to a pro-canalian aspect. Thus was the atmosphere into which 

the first authoritative non-canalian, non-terrestrial account found itself.

The development o f  non-terrestrial theories

Maunder, Antoniadi and Lowell all believed in the existence of features on 

the planet that could be referred to as canals. Whether these were agglomerations of 

other features or whether the were extant phenomena were disputed, but not their real 

existence. However, there was a small undercurrent that rejected the concept of an 

Earth-like environment, as typified in the researches of Campbell, Ranyard and 

Stoney, who had posited the possibility of carbon dioxide ice-caps, a view that found 

authoritative backing in the person of Alfred Russell Wallace in Is Mars Habitable? 

(1907).101

Mrs E W Maunder: T h e  “Highways” and the “Waterways” of Mars’ 
Knowledge and Scientific News 4 (1 August 1907) 169-171.

99 CPB: ‘Physical Interpretation of the Canals of M ars’ Knowledge and 
Scientific News 4 (1 September 1907), 193-196.

100 W H Wesley: ‘Mercury and Mars’ (and editorial reply) Knowledge and 
Scientific News 4 (1 October 1907), 228.

101 A R Wallace: Is Mars Habitable? A Critical Examination o f Professor 
L ow ell’s book, ‘M ars and Its C anals’ with an alternative explanation (London:
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The production of this book came as a response to Lowell’s Mars and Its 

Canals; however, in the years directly preceding this there were a number of 

indications that amateur astronomers had already come to the same conclusions. The 

debate over water vapour formed the basis of non-terrestrial theory. Although 

generally accepted to be present by astronomers, there had been a number of notes of 

dissension that grew steadily stronger during the two decades around the turn of the 

century. Huggins’ results had been questioned by William Campbell, working at the 

Lick observatory, from 1891 and especially in 1896-1897, but had been confirmed by 

many others.102 Yet inconclusive results caused notes of dissension, particularly 

from Arthur Ranyard. Similarly, there were a number of letters over the years that 

challenged prevailing views, but these were usually from those without the perceived 

expertise that was needed in order to form an important part of the debate.

English Mechanic debated carbon dioxide as a possible explanation for 

Martian conditions during 1901. Tollemache asked what evidence there was for life 

on Mars considering the possible existence of large amounts of carbon dioxide. W H 

S Monck called for improvements in technology, as nothing had been proven. He 

saw the existence of water vapour as being not ‘free from doubt’, needing more 

analysis of carbon dioxide spectra of Mars. Similarly Noble saw life as a possibility, 

not a probability, and that carbon dioxide was unlikely to be found in a liquid form 

on Mars.103 In 1904 ‘Cor Caroli’, a recent convert to astronomy, proposed 

Campbell’s view as the most likely.104 Despite this, established astronomers still 

adhered to terrestrial explanations. Nevertheless, the challenge had grown strong 

enough by 1905 that the Lowell Observatory was specifically researching in order to 

produce new evidence of water vapour. The new spectrographic method of Slipher 

produced initially inconclusive results, although by the time of the publication of

MacMillan, 1907).

102 See Royal Astronomical Society Quarterly Journal 18 (1977) 37-53; Lick
Observatory Bulletin 5 (1909), 169.

103 M Tollemache: ‘M ars’ English Mechanic 72 (8 February 1901), 574; W H S
Monck: ‘Mars’ English Mechanic 73 (15 February 1901), 11, (8 March 1901), 78; 
FRAS: ‘Mars’ (22 February 1901), 30.

104 Cor Caroli: ‘M ars’ English Mechanic 79 (8 April 1904), 189.
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Wallace’s work the same technique was producing ‘conclusive evidence for the 

existence of water on M ars.’105

William Lockyer’s review of Wallace rightly pointed out that for all the 

evidence of the photography and the Slipher spectrographic results, the fact that 

W allace’s views were so ‘commonsensical’ made them very attractive, and in the 

process of deciding on the ‘probabilities’, the reader would have to make up their 

own mind, thereby reopening a debate that was beginning to be seen as closed.106 

Letters followed, C O Bartram attacking Lowell’s view of the planet’s surface as 

being attractive, but romantic. Stoney and J W Evans traded blows over whether the 

Martian atmosphere could have escaped, or whether carbon dioxide itself might not 

have ameliorated conditions on the planet. Ainslie Hollis attested to the credibility of
107Lowell’s ideas, and Lowell himself condemned Wallace’s theories as ‘whimsical’. 

Moreover, the evidence from spectrographic results was reported more vigorously, 

evidence from Flagstaff indicating the presence of water vapour ‘beyond doubt’, thus 

meaning that the objections of Wallace were ‘ . . . now removed, and once more it 

becomes reasonable to suppose that the Martian surface is, at least to some extent, 

supplied with that compound which, to terrestrial minds, is one of the essentials of 

habitability.’108 Once more, the debate remained unresolved.

The Cultural Response to Scientific Argument

‘Astronomical Column’ Nature 72 (7 September 1905), 465; 75 (19 March 
1908), 471.

106 W J S Lockyer: ‘Book Review: Is Mars Habitable?"1 Nature 77 (13 February 
1908), 337-339.

107 C O Bartram: ‘The Possibility of Life on Mars’ Nature 11 (27 February 
1908), 392; J W Evans: ‘The Possibility of Life in M ars’ (27 February 1908), 392, (5 
March 1908), 413; G J Stoney: ‘The Habitability of M ars’ (19 March 1908), 461- 
462; W Ainslie Hollis: ‘The Possibility of Life in M ars’ (12 March 1908), 438; P 
Lowell: ‘The Habitability of Mars’ (19 March 1908), 461.

108 Quote from W E Rolston: ‘Water Vapour in the Martian Atmosphere’ Nature 
77 (12 March 1908), 442; ‘Astronomical Column (26 March 1908), 497; P Lowell: 
The Presence of Water Vapour in the Atmosphere of M ars’ (30 April 1908), 606.
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The primary example of the debate over life on Mars in a non-scientific 

framework was H G W ells’ War of the Worlds of 1898. Wells was a personal friend 

of Lockyer’s, and contributed many thoughts to Nature over the years, particularly 

specialising in warfare technology. As a populariser he was working in much the 

same tradition as Jules Verne - tapping into the growing scientific public as a market 

for his books. Aiming at a certain market, he combined middle-class values and 

scientific knowledge in much the same way as the popular scientific journals 

themselves did - The Time Machine combined evolutionary theory and middle class 

perceptions of the state of the working class to provide a view of the future that 

would have been easily recognisable to the readers of both Nature and Knowledge.

Thus Wells was writing for an audience, and the content of his works 

depended upon this interaction with the scientific public. This effect was one which 

had begun in the imagination of astronomers, but was developed into a popular 

mythology by the scientific public. War of the Worlds was an obvious extrapolation 

of the debate on Mars, using two major characteristics to describe the Martians - 

vastly superior in technology and ruthlessly bellicose.

In contrast, other work describing Mars and its inhabitants pictured a world 

where although the Martians were vastly superior technologically, they had

developed to an extent where they were generally altruistic. Scientists’ speculation 

and novelists’ whimsy alike described a world of peace, tranquillity and harmony, to 

which visitors were welcomed with interest and friendship. Descriptions of journeys 

to Mars, such as Charles Dixon’s 1500 Miles An Hour109 or Fenton Ash’s A Trip To 

Mars110 were relatively common in imaginative fiction, showing a world which was 

older and wiser than the Earth with humanoid inhabitants in the style of ancient 

Greeks. Richard Ganthony wrote a highly successful play entitled A M essage From 

M ars, which then spawned a book by L Lurgan.111 In this book the Martians were 

aligned with angels in their superior nature, as the ghost characters in a reworking of 

A Christmas Carol. Interestingly, the subject of the novel was actually himself a

109 C Dixon: 1500 M iles An Hour (London: Bliss, Sands & Co., 1895).

110 F Ash: A Trip To Mars (London & Edinburgh: W & R Chambers, 1909).

111 L Lurgan: A M essage From Mars (London: Greening & Co., 1912).
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scientist, and was taught the errors of his arrogance by the superior nature of the 

Martians. The superior technological achievements of the Martians was a factor 

accepted by all authors of popular works. However, some took that to mean spiritual 

achievement also. ‘M ithra’ saw heaven as existing on Mars, with the indigenous 

people having control over life and death. To her a journey to Mars was a religious 

experience of travel of the soul.112

The root of these ideas can obviously be found in the discussion around Mars. 

Proctor had speculated about the different ages of the planets; Flammarion and 

Lowell had used this as a template for speculative analysis about irrigation. Thus to 

find the concept in fiction was not unexpected; however, what was unusual was the 

speed with which they found their way into the non-scientific sphere. In discussions 

on plurality scientists had struck a chord in the imagination of the public, imagination 

that found its outlet through fiction based in current scientific thought.

Yet it was not only authors of fiction that speculated publicly about the nature 

of society on Mars. Schiaparelli, Lowell and Wicks all speculated on life on Mars. 

Wicks produced an avowedly fictional account of a journey to Mars, but based on his 

own understanding of scientific researches. Schiaparelli and Lowell brought their 

own political backgrounds into the debate. The former saw Mars as a state where 

want and need had been eradicated, recalling an anonymous work of 1883 where 

coral fragments in meteorites and the existence of canals had been used as the 

justification for discussing socialist Martian society.113 The latter, being steeped in 

the traditions of an old Boston family, saw Martian society as a beneficent oligarchy. 

When speculations such as these were being produced from the pens of scientists, it 

validated speculation from the rest of society.

The acceptance of the concept of life on Mars can be shown by the parody of 

Earth-bound society that such life was used to portray. The search for Martian life 

was parodied in magazine cartoons. ‘Dodo’ used the assumption of life on Mars to 

illustrate a wickedly satirical view of English culture and society, attacking the laws,

112 Mithra (Martha Craig): The Men o f Mars (London: “On” Publishing Co.,
1907).

113 Anon: Politics and Life in Mars: A story o f a neighbouring planet (London: 
Sampson, Low & Co., 1883).
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functions and secret societies of middle class Britain. Once again the real power of 

the work was the series of cartoons drawn by Hebblethwaite, illustrating Martians 

mimicking the ‘evils’ - including scientists - of contemporary society.114

Literature came in a variety of genres; however, they were united on the fact 

that canals existed on Mars, and that a race of beings lived on its surface. The books 

themselves were based generally on the scientific theories that had been presented in 

the popular journals. The role of imagination had come into play, though, in that the 

attitudes, life and physical appearance of the Martians were all open to question. 

Science itself had not discussed the form of Martians, but had postulated a society, 

based around the scarcity of water. It was the imagination of the novelist that 

supplied the remainder.

Messages from  Mars?

One of the most interesting cultural debates to emerge from the discussions 

on Mars was that on the potential for communication with the aliens. As early as 

1874 Charles Cros advanced the idea that it might be possible to view a signal from 

Venus during the opposition, supposing, of course, that the planet was inhabited and 

had astronomers who would understand what an opposition meant to Earthmen.115 

During the years around the turn of the century there was plenty of evidence for those 

who believed that the same was true of Mars. Bright flashes were first observed on 

Mars in 1890 at the Lick observatory and were assumed initially to be a refraction of 

sunlight in the atmosphere. However, soon others had their own theories. In 

September 1892 Perrotin wrote into Nature announcing his discovery of the bright 

prominences on the Equator of Mars, assuming that they were mountains 50-60 

kilometres high.116 He also mentioned the canals, stating that some of them were 

‘apparent enough to convince the most prejudiced observers.’ Bright spots were 

discussed in the ‘Scientific News’ section of English Mechanic in August 1894. As 

with the existence of prominences at the equator, this was seen to be a sign of Mars’

114 Dodo: A Trip To Mars (London: John MacQueen, 1901).

115 ‘Note’ Nature 6 (5 February 1872), 273.

116 ‘Letter’ Nature 46 (15 September 1892), 482-483.
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earth-like mountainous features, although probably no higher than the Earth or the 

M oon’s. On the same page, the news column prints a suggestion from Mary E Storey 

Wyatt in the Standard that these spots could be in fact volcanoes.117

In the next issue English Mechanic was the first to warn that the scientific 

public was regarding these as signals, as the mountain theory was ‘too commonplace 

and matter-of-fact for the sensation-monger.’ ‘Ours’ attacked those who perpetuated 

the signalling point of view, putting it down partly to the 100,000 franc prize 

bequeathed by ‘a lady at Spa.’118 Cerulli’s report in October 1896 confirmed the 

northern, but not the southern ice cap, and reported a ‘flash of lightning’ to the north 

of Elisium. Previous reports (from Lick) had placed such flashes in the southern 

hemisphere.119 At this point it seemed to the lay person that somehow the Martians 

had detected the astronomers’ interest and were now attempting to contact the Earth 

from as many areas as possible.

General scepticism was the rule in the popular scientific journals. In 1901 A 

F Kitching saw the search as ‘useless and absurd’. A E Douglas saw the messages as 

proof of cloud cover, and thus of water vapour, reinforcing the terrestrial analogy, 

whereas Noble attacked this, indicating Douglas’ previous support for the signalling 

theory.120

The next stage in ideas about communication came in 1906, when the first 

radio transmitter was set up in Britain, and began picking up a strange trace signal, 

which was assumed to have come from space. The most obvious candidate for this 

was the planet most in the popular imagination when it came to the discussion of life 

elsewhere in the universe. Once again it seemed as though communication was to be 

the key to establishing life on Mars.121

‘Scientific News’ English Mechanic 59 (10 August 1894), 582.

118 ‘Letter’ English Mechanic 59 (17 August 1894), 604-605.

119 ‘Note’ Nature 55 (5 November 1896), 9.

120 A F Kitching: ‘Messages from Mars’ English Mechanic 73 (15 February 
1901), 13-14; A E Douglas: ‘Messages from Mars’ (22 February 1901), 25; (8 March 
1901), 77.

121 R W Sinott: ‘Mars Mania of Oppositions Past’ Sky and Telescope 76 (1988),
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Messages to Mars

As early as 1819 the director of the Vienna Observatory, Johann von Littrow, 

suggested that it might be possible to signal to Mars by lighting fires in geological 

patterns. His status and reputation, albeit in a pluralist environment, legitimised 

discussion that was particularly in evidence around the turn of the century. Other 

theories included those of Cros, who in addition to believing that messages could be 

received, developed a scheme to burn words into the sand of the Martian desert by
12Pusing a massive reflecting dish to focus the sun’s rays.

Generally these ideas were viewed as fanciful. However, what happened 

when a respected scientist expressed an opinion? Francis Galton wrote in 1896 in the 

Fortnightly Review of the hypothetical possibility of communicating with Mars by 

flashing Morse Code from Earth. Nature reported this in the same way that it 

reported other scientific news - with no comment at all on the feasibility of the
19”̂idea. ' However, in English Mechanic this was referred to as:

. . .  a preposterous dream . . . That the inhabitants of Mars (if 

any) speak (if they speak at all) any terrestrial languages or dialect is a 

tremendous assumption to begin with. If they do not, it seems to me

that we might cover the Sahara with dynamos and flash away like a

million displays of Crystal Palace fireworks rolled into one, and after 

all spend our strength to nought.124

Nature's view is surprising, until it is realised that once again this is the 

speculation of a scientist, not scientific speculation. In contrast English Mechanic 

followed much of the debate with a mixture of serious commentary, amused 

anecdotes and sharp attacks on ‘popular superstition’. In 1901 the newspapers’

244-246.

122 P Moore: On Mars, 49-50.

123 ‘Note’ Nature 55 (12 November 1896), 39.

124 ‘Letter’ English Mechanic 64 (6 November 1896), 276.

254



Chapter 6: Canals on Mars

interest in Martian messages was reported in a short series of articles and letters, and 

this reached English Mechanic as a result of the Lowndean Professor of astronomy, R 

S Ball, debating the subject in the Christmas lectures of the Royal Institution. Ball 

presented the unlikelihood of signalling, stating that a flag the size of Ireland, on a 

flagstaff 500 miles high, would just be visible in the strongest telescopes of Earth. 

An example was used of Nikola Tesla’s machine that had picked up strange electrical 

disturbances that he assumed to be messages from the planets. This probably had 

more to do with publicity for his apparatus for ‘transmitting messages at any distance 

without wires’ than actuality. His further discussions centred upon the development 

of his instrument, and its similarity or otherwise to existing machines. English 

Mechanic's condemned this abstract imagination:

For many years the belief has been entertained that the Earth is 

not the only planet which is inhabited, for it is difficult to conceive 

that so comparatively small a body in the planetary world should be 

the only one that has a race of “human beings” (using the term in the 

widest sense); . . . but between speculation and actual signalling there 

is a very wide gulf.

Norman Lockyer also poured scorn upon Tesla, calling interplanetary 

communication ‘absolutely outside the domain of practical science’. Although his 

own views on Mars were far from opposed to the theories of Lowell, his public face 

was one that was sceptical, associating the belief in Martial habitation with the 

discovery of canals, which he was clear to point out, was a mistranslation from the 

Italian. This was in keeping with the original report from the Daily Chronicle, 

referring to the natural vibrations of the Earth.125

Despite this negative response, the popular belief still persisted that Mars was 

trying to contact the Earth, and that humans should attempt to contact the beings of 

Mars in return. Two weeks later another English Mechanic referred to ‘the silly 

season’ of ‘unmitigated rubbish’ to clear up some misconceptions. The terrestrial

‘Messages From Mars’ English Mechanic 72 (11 January 1901), 483-484.
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analogy was supported, although the chances of oxygen existing were minimalised,

and even if ‘men’ did exist, it was almost impossible for any light-based messages to
126be sent. Despite this, others such as J.H. queried the viability of communication 

with Mars at opposition. In response Norman Lattley reiterated F.R.A.S.’ views, 

whilst adding the proviso of the potential language problems.127

English Mechanic covered a debate in Scientific American after the 

involvement of a scientist, Pickering, had brought it to prominence. His theoretical 

analysis of the possibility of communication listed the prerequisites - that the Earth 

and Mars could be neither in opposition or have the encroachment of the sun. The 

application of mathematics - ‘a problem which any astronomer can work out in ten 

minutes’ time’ - could then organise the mirror designed to reflect signals, although 

whether there was anyone to receive them was not decided. Pickering’s surprise at 

the controversy that his contributions had caused was possibly feigned, as he entered 

a previously extant debate.128

Marconi was one prominent believer in the existence of life elsewhere, and he 

posited the possibility of communicating by radio-waves - the preferred modem 

option for communication with extra-terrestrial life. Strange signals had been 

received in 1906 at the wireless station at Cape Clear, and later in both Britain and 

America, and he actively popularised these as messages from Mars. Quite how far he 

was in fact popularising his own invention is unclear, but the effect that his
129involvement had in America was tremendous.

The decline o f the debate?

Despite his reputation, Schiaparelli’s view was never completely accepted as 

a fact - although many observers seemed to view it as such. In retrospect 1909 has

126 F.R.A.S.: ‘Messages From Mars’ English Mechanic 72 (25 January 1901), 
529-530.

127 J.H.: ‘Messages to Mars’ English Mechanic 72 (25 January 1901), 539; N
Lattley: ‘Messages to Mars’ English Mechanic 72 (8 February 1901), 578.

128 ‘Signalling to M ars’ English Mechanic 89 (30 July 1909), 608-609.

129 R W Sinott: ‘Mars Mania of Oppositions Past’ Sky and Telescope (1988),
244-246.

256



Chapter 6: Canals on Mars

been seen as something of a watershed, a confirmation that the canals in fact did not
130exist, but in truth there was a great deal of opposition from long before this - in 

1890 Nathaniel Green had complained that only ‘faint and diffused tones can be seen 

where professor Schiaparelli states that new canals appeared during this 

opposition’.131 It is also certain that the ideas would not have been sustained without 

a strong tradition of the idea of the plurality of worlds, that Earth was not the only 

place in the Universe to support sentient life. However, the acceptance of the 1909 

results of - particularly - Barnard was slow in coming, the debates in the popular 

scientific journals centring around the nature of the canals rather than debating their 

existence.

The wave of information in Knowledge on the Martian canals in 1910 came 

as a result of the 1909 opposition, but also possibly in response to a large amount of 

interest in the popular press. Even if it was not in direct response to popular 

speculation, the articles and letters largely served to reinforce an anti-canalian 

viewpoint, but from a different angle to previously. A Maunder article of March 1910 

showed a certain softening of his position. Rather than the canals being mere optical 

illusions, he saw the debate as having entered a new phase:

There is no doubt now, nor has there been for many years, that 

Schiaparelli’s discovery was a real one; the planet under certain 

conditions of time and season really did show such markings as 

Schiaparelli had described, and in such positions as he had indicated 

them - did show them, that is, to observers of sufficient training and 

experience when using telescopes of a certain order of power and 

under good atmospheric conditions.132

W Sheehan: ‘Mars 1909 - Lessons Learned’ Sky and Telescope (1988), 247- 
248; ‘E E Barnard and Mars: The early years.’ Journal o f the British Astronomical 
Association 103 (1993), 34-35.

131 Journal o f  the British Astronomical Association 1 (1890), 112.

132 E W Maunder: ‘The “Canals” and “Seas” of M ars’ Knowledge and Scientific 
News 1 (1 March 1910), 81-84.
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M aunder’s theory had shifted slightly, seeing the canals as watercourses and 

lakes, and given the likely temperature he assumed that there would be regular 

freezing of these during the night. Quite how far the official view of Knowledge had 

shifted in line with the public speculation is obvious. No longer was Maunder trying 

to deny the existence of water, or promoting the idea of the agglomeration of fine 

detail into lines, but he was explaining the canals as an extant phenomenon - albeit 

natural. Yet despite having moved towards the popular viewpoint of the canals, his 

article was still described as a ‘valuable corrective’ to the popular press by A G 

Hansard. Hansard himself advised that astronomers should work with data that was 

certain, and not speculate about the possibilities of artificial construction.133 In this 

he ignores the fact that in fact Maunder’s theorising was just as valid of that of the 

pro-Lowellians.

An article on Lowell’s Royal Institution lectures showed the extent to which 

the view of Knowledge had shifted - the evidence of the photographs showing new 

canals meaning, in the opinion of the author, that ‘Lowell has as much right to be 

heard as his disbelievers.’134 More moderate viewpoints were shown by Denning and 

Antoniadi, who saw the canals as streaks, not obvious features135 and in Tikhoff’s 

analysis of the differing results gained with different filters.136 An amateur 

suggestion that the canals might be a result of the hardening of the planet’s crust was 

based in observation of a dried tin of Vaseline.137 Thus the position in Knowledge in 

1910 was a more accepting one of the existence of the canals; however the attack had 

shifted from their existence to their composition once more, thereby mirroring 

previous amateur debates.

133 A G Hansard: ‘M ars’ Knowledge and Scientific News 1 (1 April 1910), 147.

134 ‘Professor Lowell’s New Canals’ Knowledge and Scientific News 1 (1 May 
1910), 190-191.

135 W F Denning: ‘The Markings on Mars’ Knowledge and Scientific News 7 (1 
September 1910), 346; E M Antoniadi: ‘Mars’ Knowledge and Scientific News 7 (1  
March 1910), 109.

136 ‘Note’ Knowledge and Scientific News 1 (January 1910), 26.

137 E A Martin: ‘Martian Canals’ Knowledge and Scientific News 1 (February 
1910), 66.
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A letter from J E Mellish, an American science user, in English Mechanic in 

1910, pointed out the problems with one of Lowell’s observations, showing that 

Lowell could not have seen a double canal - with the 18” refractor it would have been 

invisible; w ith the 24” it would have appeared as a single line.138 However, the 

general existence of single canals was not questioned.

The debate between J E Maxwell and Antoniadi in 1913 typified the confused 

state of M artian research even at this time. Antoniadi argued in a series of articles 

and letters that larger telescopes were needed to clearly separate the blurred images 

of the canals into their smaller topographical features, as imagination was clearly 

taking the place of observation. The changes in the structure of the canals within 

days in the 1909 opposition were proof of this.139 Maxwell argued that acute vision 

was the key to discovering the canals in the ‘blurred tones’ of Antoniadi - Lowell was 

aided in this because of the clear atmosphere of Flagstaff. He himself had seen the 

canals for periods longer than Antoniadi’s lA second glimpses, and although 

photography was limited, it was possible to draw the canals with accuracy.140

The problem of those trying to refute the canalian theory is obvious. 

Common sense and experience of blurred vision would dictate that the clearer the 

result through the telescope, the better the power and the focussing of that telescope. 

However, the concept that Antoniadi was trying to present was of a blurred, 

indistinguishable landscape, a result completely at odds with the attitude of science at 

the time, which popularised itself as factual and precise. An example of how things 

had changed is shown by the case of ‘Albireo’ who was more likely in 1914 to 

attribute his sighting of a prominence on the north polar cap of Mars to an optical

J E Mellish ‘Mars - My New Sixteen-Inch Speculum’ English Mechanic 92 
(25 November 1910), 389.

139 E M  Antoniadi: ‘Considerations on the Physical Appearance of the Planet 
M ars’ Knowledge and Scientific News 10 (May 1913), 193-196; E M Antoniadi: 
‘M ars’ Knowledge and Scientific News 10 (August 1913), 228.

140 J E Maxwell: ‘Considerations on the Physical Appearance of the Planet Mars’ 
Knowledge and Scientific News 10 (June 1913), 238-239; ‘Mars’ Knowledge and 
Scientific News 10 (November 1913), 439.
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illusion than reality.141 Certainly to the more scientifically-minded reader the need 

for caution had become more apparent; however this was not an attitude that was 

reflected elsewhere.

Conclusion - ‘the most popular side of the most popu lar scientific question 

ab o u t’?142

It is certainly true that after 1909 scientific opinion in Britain slowly turned 

against the idea of canals on Mars. However, in the popular scientific periodicals 

this took some time to take effect. Lowell was still extremely vocal in popularising 

his views, and there was a strong undercurrent of belief in the readership in the 

existence of canaliform structures on the Martian surface. In this it was a reflection, 

albeit muted by both the scientific attitude and the censorship of the editors, of the 

popular view.

Unlike with other debate where scientists generally attempted to defuse 

imaginative speculation, the whole premise of the debate on Martian canals and the 

life that was then likely to exist was based on scientific speculation. Until the first 

decade of the twentieth century all theories were based on a single perceived fact: the 

existence of a terrestrial climate. That the evidence for this was so small was offset 

by the role of scientific assumption based on pre-received tradition, both religious 

and scientific. In this the debate held a unique position; scientists could not accuse 

the public of misunderstanding or misrepresenting the facts.

Generally there was little difference between the speculations of the scientist, 

science user, and the scientific public. In fact, some of the suggestions of the 

scientific public, such as the marsh ice theory of ‘De Pontebus’, were just as 

potentially valid as those of the scientist.143 The nature of the canals, Martians, and 

even the society that resulted from this were debated by all sections of scientific

141 Albireo: ‘An unrecorded appearance on Mars’ English Mechanic 99 (30
January 1914), 12.

142 Quote from W W Campbell: ‘Review of Lowell’s Mars'1 Publications o f the
Astronomical Society o f the Pacific 51 (1896), 207.

143 De Pontebus: The “Canals” on Mars’ English Mechanic 79 (26 February
1904), 62.
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society. However, the claims of scientists to cultural authority was shown by the 

attention of the popular scientific journals to a few commentators - Antoniadi, 

Lowell, Maunder, Noble, Proctor, Ranyard, Douglass, Pickering and Barnard were all 

accorded the automatic right to be heard as an ‘expert’ on the subject. Similarly, the 

histories of astronomy have given their ideas credence over all others.

Where there was some difference between scientists and the scientific public 

was in the debate over communication. This was a development of the argument 

against artificial constructions in that whilst postulating the existence of Martians, 

scientific thought did not allow those Martians active agency. Whilst the evidence 

for signals was, at best, tenuous, in the atmosphere of the late nineteenth century it 

seemed a perfectly logical progression from the speculation that had gone before - to 

all, that is, except the scientists.

The concept of structures on Mars and the engineering of those structures by 

superior beings had entered the psyche of society, to be reflected in the popular 

culture of the next generations, and evinced in the explosion of the science fiction 

genre. The extent to which the concept of life on Mars had entered the popular 

psyche can be seen in the panic that accompanied the Orson Welles radio broadcast 

as late as 1948. Dan Dare, Flash Gordon and generations of science fiction heroes 

found fertile ground in the tradition of Martians. In fact, it could be said that science 

fiction as a genre owes more to this debate than any other scientific dispute; a 

generational form of scientific prediction using the regenerated information of 

astronomical theory. Even since the Mariner flybys of 1971 and 1976 and the 1997 

landing there has been popular speculation, particularly on the ‘disappearing face’ 

and pyramids seen in 1976.144 Similarly, an article in a popular magazine of 

pseudoscience in 1997 speculated that life on Mars had been extirpated by a 

bombardment in an interstellar war.143 Yet speculation is not a purely popular 

phenomenon - scientists claimed to have discovered bacterial life in meteorites of 

Martian origin in December 1996 - in fact they were found to be terrestrial. Even

144 e.g. H Brennan: Martian Genesis (London: Piatkus, 1998); J & A Spencer: 
Encyclopaedia o f the World’s Greatest Unsolved Mysteries (London: Headline, 
1995).

145 AA&ES (March 1997), 71-72.

261



Chapter 6: Canals on Mars

today, after the confirmation of Mars’ non-terrestrial nature, the debate on Mars still 

provides a basis for scientific speculation in all parts of society - and as scientists 

speculate, so this provides the justification for the scientific public to do likewise. 

The roots of such speculation came directly from the debates of the nineteenth 

century, and the concept of higher life forms directly from the canalian debates.
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C hapter 7 

The Regeneration of Science: Conclusions and F u rth e r Thoughts

The period 1860-1914 saw a number of fundamental changes in English 

society. In politics Empire, not the Union, became the basis of British life. In social 

affairs the working class began to be adopted into a consensual structure as the 

spectre of revolution faded. The roots of the modern concepts of the working day, 

leisure time, and worker care began to be incorporated into economic structures, 

whilst businesses consolidated and centralised. In the history of the media this period 

saw the development of the newspaper and popular publication to a state where it 

could truly be termed ‘mass’. In short the change that was apparent during these 

years established the foundations of twentieth-century life. It was to take two world 

wars for these changes to become entrenched, notably in the case of women’s 

suffrage.

In the history of scientific ideas this period highlighted the problems of 

Newtonian physics and led to the development of the general theory of relativity. 

Science moved from its cultural, educated basis and became intrinsically bound to 

capitalist society as an institutionalised entity. Scientific research and analysis began 

to be accepted as a valid career path - and paid accordingly. Avowed social and 

cultural forms of science were redefined in the new arena of social science, whilst 

social and cultural forms within physical science became less obvious. The 

keystones of modern scientific structures had been established, one of which was the 

basis of the modern relationship between science and the public, a basis that owed 

much to the popular scientific journal.

Summary o f general conclusions

In the previous six chapters the complex interplay of the themes and subjects 

involved in the transfer of science between the various scientific spheres has been 

examined in terms of discursive and hegemonic techniques of persuasion and 

opposition. The structure of science as it changed in the late nineteenth century has 

been presented as a fluid, gestalt entity to which the popular scientific journal 

provided a structural form that helped define the nature of scientific regeneration.
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The first chapter examined historians’ approaches to the problem of popular 

science and popularisation, identifying three broad theoretical approaches. Finding 

inherent difficulties of definition rather than substance, usually based in class 

division or elite / popular construction, an organic model of the transfer of science 

between the cultural spheres of the scientist, scientific practitioner, science user, and 

scientific public was posited. The concept of these interconnecting cultural spheres 

being in transition, each generating its own science and regenerating the science of 

others, was developed. This allowed an examination of the discourse in the 

intermediary of the popular scientific journal that could be used to shed light on the 

changing aspects of science in all its forms.

Despite use of discursive techniques, particularly in the emphasis on 

relationship between reader and text, the second chapter drew back from a complete 

post-modernist critique. Readerships, although they could not be referred to as 

‘mass’, were united through a relationship forged through a commonality of interest 

and often a similar social background, much in the same manner as society and 

specialist periodicals of the time. The nature of communication in the popular 

scientific journals revealed inclusive and exclusive factors that determined the 

participation of certain social groups according to the popularising structure used. 

Structurally Nature was designed to not just serve the needs of the new ‘scientist’, 

but ultimately to reinforce the widening division between the scientifically educated 

and society; Knowledge began as a journal that encouraged a scientifically interested, 

leisure orientated lay public, and became a resource for teachers through structural 

changes that brought it in line with Nature', English Mechanic encouraged active, 

direct participation from a technically educated group interested for both leisure and 

work purposes. These conclusions were subsequently supported by analysis of the 

nature of the subject matter in the next chapters.

The thematic approach taken in the next three chapters mirrors the eclectic 

approach of the popular scientific journal. Subject-based analysis in a study of this 

kind is a limiting factor, as the multiplicity and diversity of interconnected scientific 

spheres precluded a homogeneous regeneration process. Even within thematic 

analysis there still exists a spectrum of approaches, usually identified with different 

scientific subject areas. Accordingly chapters three to five thematically associated
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different popularising approaches in terms of utility, culture and imagination through 

the use of small subject-based case studies.

Interpretations of utility in the regenerative discourse of the journals varied 

considerably. Nature adopted the aggressive, cultural and economic improvement 

argument; Knowledge the humanitarian personal development argument; and English 

Mechanic the practical achievement. Such arguments of utility were necessarily 

renegotiated as the readership influenced the utilitarian content of the journals 

through both direct involvement and indirect commercial pressure. Nature used 

arguments of national need to ally industrial and mechanical achievement to science 

in its discussions on industry, engineering and the telephone. English Mechanic 

developed a rapport with the readership in a generative-regenerative approach to 

inventions and their construction. Knowledge was most in tune with the scientific 

public, demonstrating the usability and practicability of psychical research, scientific 

aid in cultural areas, and astronomy. Utility became redefined into usefulness and 

usability as the readership regenerated their own views, indirectly legitimising the 

discourse of science as fact. The rejection of pyrology by the readerships of all three 

journals - for differing reasons - was indicative of how discourses of utility could 

only be effective when allied to cultural arguments.

Cultural discourses of science as expressed by scientists revolved around two 

factors - the expression of science not simply as a practical tool, but also as a 

philosophy, and the right of scientists to an authoritative position within cultural life. 

Negotiation in culture largely involved alignment with the views of the political and 

economic elites, differences between the journals mirroring political ones in middle 

class culture. Nature championed scientific education as a national requirement, the 

building of scientific institutions and scientific advice in all areas. English Mechanic 

echoed some of these views, but in a more negotiative manner, supporting its 

readership of the labour aristocracy in their political claims for legitimacy. 

Knowledge stressed the humanitarian ideal and social mobility of science, supporting 

liberal middle-class progressive campaigns such as dress reform. The perceived 

conflict of science and religion was both marginalised and denied, a coherent thread 

of mutual co-operation maintained in the face of the increasingly materialistic 

scientist. Cultural and non-factual forms of science such as historical anthropology
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and geography became marginalised and gendered both in a more ‘feminine’ 

approach and more female experts than orthodox science; scientific cultural theory 

revolved increasingly around a factual discourse defined in the cultural beliefs of the 

scientist, who was increasingly part of the industrial middle-class.

Imagination provided the crucial defining point for many of the new divisions 

between the scientist and the pseudoscientist. Nature in particular increasingly 

developed an anti-imaginative approach to scientific writing, preferring an 

internalised discourse of scientific ‘precision’. Imagination in writing was

channelled into science fiction, clearly labelled to avoid confusion. English 

Mechanic brought a practical approach to imaginative subjects, mirroring the views 

of the scientific practitioner in its discussions of psychical research and astrology. 

Knowledge represented a scientific view on many of the spiritualistic preoccupations 

of the Victorian middle classes, discussing esoteric subjects in a rational manner.

Zetetic astronomy and Pyramidology reinforced a consensus among scientists, 

defining a regenerative response to re-educate and reinforce ‘correct’ scientific 

practice in the readership. On the questions of ‘chimeras’ such as the quest for 

perpetual motion, opinion was far less certain, as these scientific orthodoxies were by 

no means completely rejected by science users and scientific practitioners. 

Borderland sciences, particularly those that questioned the neo-religious extremes of 

life, mind, spirit and intelligence proved the most problematic, and often provide the 

clearest evidence of a true negotiative discourse. Generative sciences such as 

astrology, which developed outside the sphere of the scientist, regenerated scientific 

theories and techniques to bolster their case. In this case the scientist and the 

scientific public engaged in polemical debate, albeit on the ground of scientific 

language. Such debates solidified the boundaries of official science; rather than 

negotiating towards synthesis they created a division between science and 

pseudoscience. This line was not drawn in terms of imagination or factual accuracy, 

but expertise, defined in terms of training, knowledge, practice and cultural authority.

Such arguments legitimised scientific imagination from properly accredited sources, 

and marginalised borderland sciences in which scientific public could take a 

generative role.

In this context it is too simplistic to view the large amount of ‘pseudoscience’
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in the popular scientific journal as an example of anachronistic thought or lack of 

scientificity. Lockyer and Gregory’s fascination with Mesolithic structures, Proctor’s 

interest in Pyramidology, Crookes’ preoccupation with psychical phenomena - all 

had their place in the amorphous scientific spheres that made up scientific society in 

this period.

Internal dynamics o f scientific structure

Analysis of the popular scientific journal from a thematic basis illuminates 

the essential relationships of regenerative science. The essential cultural distinction 

was not between science and society, but between the internal divisions of scientific 

society. Science as a concept cannot be limited to discussions of scientific ideas and 

discoveries, simply because these ideas and discoveries were intrinsically linked into 

this society. In fact internal scientific distinctions can be better represented in terms 

of class, not science - supported through a cultural and intellectual hegemony. The 

relationship within scientific areas, thematic discourses and cultural spheres is 

represented in the following diagram (over the page).
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The practice of hegemonic negotiation in the popular scientific journal - 
interactions of scientific spheres based upon the scientific public
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From this diagram the interrelationship of themes, scientific spheres and 

regenerative discourse is clarified. Scientists used mainly cultural arguments to 

regenerate science; interaction with utilitarian discourses thus carried a strong 

cultural bent. Scientific practitioners, as might be expected, argued in terms of 

usefulness and practicality, and so regenerated science from utility into culture. The 

scientific public engaged in varying interactive discourse, although a primary 

interface was through the medium of imagination. Science users participated, not as 

might be expected through utilitarian discourse, but mainly through cultural and 

imaginative forms. Although an obvious simplification of the processes at work,

268



Chapter 7 - Conclusions

such a diagrammatic model elucidates the profoundly cultural basis of science in its 

regenerative forms, and as these forms were nexi of communication between 

scientific spheres, the cultural basis for the understanding and interpretation of 

scientific knowledge.

Science as Fact

This process of communication was understood at an external level by 

scientists, as shown by the contrasting language used in discussions of newspaper 

and magazine science and scientific text. All the editors of the journals consistently 

portrayed the popular approach of newspapers and magazines as ‘bad’ science.1 

Richard Proctor in particular attacked The Times for factual inaccuracy: ‘Scientific 

articles in The Times are generally worth reading, for the same reason that the 

Spartan helots, when disguised in liquor, were worth watching - to wit, as awful 

examples . . . How should [the general reader] be attracted by science when it is 

dressed up in such garb as this!’2 His attacks on The Times ‘dishonesty’3 did not 

prevent him publishing several articles in the paper, particularly on Mars, just as 

Lockyer explicitly used the paper to encourage support for the endowment of science 

and educational reform.4 Other, more explicitly popular, scientific magazines also 

received criticism. Hardwicke’s Science Gossip found its methods and contents 

under regular attack as ‘ . . .  in some of the papers “gossip” seems to take precedence 

of “science”.’5 English Mechanic was no less critical, Henry Tompkins isolating 

errors in the works of Flammarion, Proctor and Snyder in 1914.6 Disagreements

1 eg. ‘Newspaper Science’ Nature 6(11 April 1872), 457.

2 Anon, (probably Proctor): ‘Science of The Times' Knowledge 2 (20 October 
1882), 342.

3 R A Proctor: ‘Gossip’ Knowledge 4 (5 October 1883), 217-218.

4 R A Proctor: ‘On the Planet Mars’ The Times (17 April 1877), 6; ‘Canals on 
the Planet Mars’ The Times (13 April 1882), 12.

5 ‘Our Book Shelf: Hardwicke’s Science Gossip’ Nature 3 (16  February 1871), 
304.

6 H Tompkins: ‘Descriptive Accuracy’ English Mechanic 99 (29 May 1914), 
390.
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between the journals were exemplary of different cultural backgrounds, usually 

defined in claims to scientific ‘correctness’.7

In contrast, popular science books based in factual information found ready 

support. Agnes Clerke’s work, despite Proctor’s private reservations, received 

generous praise.8 The best-selling Newcomb volumes were cited regularly and 

reviewed at each reprint. English Mechanic felt that Huxley’s works were too often 

overlooked in favour of more simplistic and sensational work.9 Practical 

considerations supported political aims: ‘It is to be regretted that books of this kind, 

written in clear, simple language, are not more appreciated by those responsible for 

the selection of reading books for our elementary schools.’10 Errors in major works 

were highlighted and considered to be highly damaging to the integrity of the whole 

work.

Differentiation between, and the association of, the good and the bad, the 

factual and the speculative, became as Whitley, Shapin and Lancashire have 

indicated, a point of professional self-definition for scientists.11 Identifiably not 

always ‘fact’, these arguments became the fundamental grounding of the discourse of 

the scientist in regenerative science. Yet such factual discourse was not simply a 

means of internalistic creation of consciousness as such arguments were not

For instance, whereas Knowledge openly welcomed debate on psychical 
research, Nature was openly sceptical of its scientific claims: Chapter 5 and Nature 
14 (2 September 1876), 451. At the same time Knowledge also attacked Chambers 
Journal for the lack of quality inherent in its science papers. Knowledge 5 (15 
February 1884). Scientific accuracy was obviously subjective.

8 Book Review: ‘Agnes M Clerke’s Popular History o f Astronomy During the 
Nineteenth Century’ Nature 36 (12 May 1887), 43.

9 English Mechanic 100 (18 December 1914), 456. Ironic in view of Huxley’s 
views on spontaneous generation (chapter 5).

10 ‘Book Review: R. Rev. J W Colenso: First lessons in Science’ Nature 36 (8 
September 1887), 436.

11 Shapin, S: ‘Talking History: Reflections on Discourse Analysis’ Isis 75 
(1984), 125-130; Idem: ‘Science and the Public’ Loc. Cit.\ Lancashire, J-A: An 
Historical Study o f the Popularisation o f Science; Whitley, R: The Intellectual and 
Social Organisation o f the Sciences.
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originally created in the sphere of the scientist. Factual presentation was the success 

story of the scientific practitioner, and the manner in which engineering could 

recover from the disaster of the Tay Bridge proved that even when confronted, such 

discourse could not be refuted. Similarly, the public gave legitimacy to this 

approach, demanding useful, practical knowledge, not esoteric ponderings.

A discourse of fact proved an apposite language for the early twentieth 

century milieu, and ultimately led to the development of the successor of the 

‘popular’ scientific journal. New popular scientific forms developed which were 

based upon short, simple articles, written by science users and members of the 

scientific public, not Turner’s ‘public scientists’. Broks’ study of Pearson’s 

publications has identified the direct links between the Jingoism and homocentrism 

of the pre-First World War period and the presentation of these publications, and
1 7Harmsworth Popular Science provides the most straightforward example. Edited 

by (the advocate of astrology) Arthur Mee, Popular Science advocated a 

nationalistic, rationalistic, socially acceptable argument, socially aligned with official 

science and presented as fact. The journal was divided into (the occult number) 12 

thematic ‘groups’, with titles such as ‘Man Finds Power’, ‘Man Organises Society’ or 

‘Man Creates The Future’. It made social judgements without support - ‘The Men 

and Women who are too Selfish to Hand Down the Torch of Life’;13 it was overtly 

racist - ‘On purely biological grounds, the intermarriage of higher and lower races is 

more than dubious; it is to be condemned, at any rate, as a general social practice.’ 

Although this latter comment was made with the stated intent of preserving 

indigenous cultures, it was linked with comments such as ‘[The Negro’s] 

psychological type, on average, is lower,’ and ‘The Negro does belong to an inferior 

race’.14 Scientists only ever imperfectly accepted eugenic views, but use of factual 

discourse in presentation of cultural arguments was consistent with the tenor of

12 Harmsworth Popular Science (Amalgamated Press, London, 1912); P Broks: 
‘Science, the Press, and Empire: Pearson’s Publications 1890-1914’ J M MacKenzie: 
Imperialism and the Natural World, 141-163.

13 Harmsworth Popular Science, 626.

14 Ibid, 443.

271



Chapter 7 - Conclusions

orthodox science at the time.

In addition to being economically and culturally stratified, regeneration of 

science as fact maintained a gendered view of scientific expertise. As Londa 

Schiebinger has said, the classification mentality was fundamentally gendered in 

aspect.15 Factual classification reduced female amateur ethnographers such as 

Amelia Edwards, the founder of the Egypt Exploration Society, to the status of 

folklorists. Contrasting Edwards’ life with that of H G Wells, both were popular 

authors; both were social commentators; both regarded themselves as both social and 

scientific, yet it was H G Wells, friend of Lockyer and Gregory, who is now 

remembered as the scientist.16 As discussed in chapter 3, women’s direct 

involvement was largely limited to middle-class cultural issues rather than direct 

involvement in scientific debate, even to the extent of being excluded from the 

debate on their own education. Only Knowledge seriously addressed the issue, and 

probably more to maintain the support of a large female portion of the readership 

than through any genuine crusade.

> 17Science has no follies . . . they are follies because they are unscientific. ’

Phin’s 1906 comment has particular relevance to the redefinition of scientific 

regeneration in the period 1860-1914. Factual presentation may have been 

established as the primary discourse of scientific regeneration, but it also affected 

orthodox science in a manner that affected not only the structures and practice of that 

science, but also its aspect and content. The environment for Harmsworth Popular 

Science had been created through the integration of social factors into the process of 

construction of scientific theories. As discussed in chapter 3, scientists became 

involved in politics, and in so doing created an internal class structure within the

L Schiebinger: ‘The Private Life of Plants Loc. Cit..

16 J Rees: Amelia Edwards: Traveller, Novelist and Egyptologist (London: 
Rubicon Press, 1998); B Melman: Women’s Orients: English Women and the Middle 
East J 718-1918 (Basingstoke and London: MacMillan, 1992)

17 J Phin: The Seven Follies o f Science: a popular account o f the most famous 
scientific impossibilities (London: Archibald, Constable & Co., 1906), 3.
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scientific spheres. In 1860 the undisputed bourgeoisie of science were the engineers 

and industrialists. In 1914 this group also contained orthodox research scientists. 

The process of internalistic stratification was achieved at the expense of the broad- 

based nature of science, and again was supported through factual discourse.

Although there were obvious factors in these changes such as Nature's 

campaigns for scientific education and financial reward, a major element in the 

restructuring of scientific society was a re-evaluation of the status of imagination. 

Although recognised by Tyndall in particular as a crucial element in the generation of 

scientific ideas,18 a peculiarly class-orientated attitude became established towards its 

practice in science. Leading naturally from the desire to appear authoritative, 

responsible and, above all, practically useful, what Proctor refers to as the ‘The 

Borderlands of Science’,19 and I prefer to express as ‘borderlands in science’ (for this 

is what they were), became distinctly discernible. Attacks on the exercise of 

imagination were primarily a middle-class expression of rationalism against 

superstition, of control against anarchy, as primarily identified by Keith Thomas and 

Peter Broks.20

Imagination could be easily attacked in forms such as Zetetic astronomy and 

‘impossible’ science -  it was necessary to oppose these ‘chimeras’ as they 

undermined whole swathes of physical science. Intrinsic in rebuttals was a polemical 

style, which defined science through its factual opposition to certain principles. 

Astrology was opposed not because of its content or its arguments, but because of its 

cultural nature, and was seen as a threat to the clear expression of scientific ideas. 

Similar arguments used were against psychical research and over-imaginative 

scientific writing. In this context the support of Proctor, Wallace and Crookes for 

more spiritual forms of scientific analysis were not, as Turner would argue, indicative

J Tyndall: Essays on the Use and Limitation o f the Imagination in Science 
(London: Longmans, 1870)

19 R A Proctor: The Borderland o f Science

20 Thomas, K: Religion and the Decline o f Magic', Broks, P: Science and the 
Popular Press 1890-1914; Broks, P: Media Science Before the Great War. Broks 
identifies 1900 rather than 1800 as the turning point in the rationalising of popular 
expression.
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of a new expression of romanticism, but rather the values and mores of scientists of 

the first half of the century being made visible.21

The pages of the popular scientific journal contain significant evidence that 

the processes of regenerating science not only redefined orthodoxies, but also created 

‘pseudoscience’ in a process of what Bakhtin has termed heteroglossia.22 Whereas 

factual presentation of regenerational science was negotiated and formulated between 

scientific spheres for practical, utilitarian purposes, in the expression of opposition to 

unconventional forms scientists regenerated culture in the form of scientific fact. 

When Arthur Ranyard was faced with astrology regenerating official scientific form 

in its arguments, he was forced back into the fundamental basis of his argument, 

cultural authority endowed through organised training. '

Just as scientists redefined science in the face of the profoundly cultural and 

religious challenges posed by astrology and psychical research, so the pseudosciences 

began to be expressed as independent movements. Astrology in particular developed 

its own literature and readership, largely distinct to that of the popular scientific 

journal. Psychical research found sympathetic expression in English Mechanic and, 

particularly, Knowledge. As scientists’ opinions moved further from the natural 

philosophy and Naturwissenschaft embodied in the person of Richard Proctor, so it 

became placed increasingly in the pseudoscientific, both by its practitioners, as 

indicated by its move towards spiritualism, and by orthodox scientists, Nature having 

little positive to say after the 1880s.

Borderlands in Science

Accepting that modern science and pseudoscience were formed in negotiation 

in utilitarian discourse and heteroglossia in imaginative, there remains a problem of

Turner, F M: ‘The Victorian Conflict Between Science and Religion’ Loc. 
Cit.\ Turner, F M: Between Science and Religion.

22 Bakhtin, M M: ‘Discourse in the Novel’ Loc. Cit.\ Perlina, N: ‘Bakhtin and 
Buber’ Loc. Cit.

23 B Chatley: ‘Astrology’ Knowledge 23 (1 September 1900), 203; E W 
Maunder: ‘Astrology’ Ibid., 203; B Chatley: ‘Astrology’ Knowledge 23 (1 October 
1900), 227-228; E W Maunder: ‘Astrology’ Ibid., 228.
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definition of the borderlands in science. Regenerative science, although being largely 

redefined in terms of consent and opposition in these two arenas, was often 

profoundly cultural in source and intent, whether for political, social, moral or 

practical purposes. Scientists were self-consciously proselytes, arguing for what they 

saw as the ultimate ‘rightness’ of spreading the gospel of science. Science was self

consciously compared to the great movements of religious change, movements that 

had brought about great advances in knowledge, society and great men, and thus it
24could be assumed that science would do the same. The tireless lecture schedules of 

Thomson, Huxley, Proctor and Tyndall can only partly be ascribed to financial 

reward; in a true stereotype of the Victorian campaigner they performed a missionary 

work, preaching to their congregations across the world.

Regenerators of science shared a common viewpoint, a firm belief that 

ultimately they were right. In this context disputes that occurred within scientific 

circles can be seen in a different light. Instead of being suppressed in a concerted 

effort to make science ‘special’ through expression of common goals, these foci of 

scientific dispute were publicly expressed in the popular scientific journal. There 

was no ‘agenda’ as such, no obvious beneficiary, simply a group of individuals with 

common beliefs reinterpreting the signs of science and regenerating them according 

to personal experience.

When disputes were ‘borderland’, either in terms of culture or imagination, 

they became areas in which the hegemonic cultural authority of scientists could be 

actively challenged. Discussions of animal intelligence seem not to have led to such 

a challenge immediately.25 Although essentially divisive, particularly in terms of 

Darwinian orthodoxy, the pivotal role that such thoughts were to play in the 

development of gene theory was yet to be revealed. Challenging religious beliefs, 

questioning fundamental scientific orthodoxy, the debate was nevertheless expressed 

in terms of observed facts, and almost exclusively in the cultural terms common to an

Sir W Roberts: ‘The Reign of Science’ English Mechanic 66 (29 October 
1897), 247-248.

25 Chapter 5. Anthologised and discussed in G J Romanes: Animal Intelligence; 
G J Romanes: Mental Evolution in Animals.
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educated middle class. There was no crisis as the scientific public lacked the tools to 

compete on the same playing field as the scientist.

The case study in chapter 6 discussing the debate on the existence of canals 

on Mars presents a sense of dynamic to the thematic discussion. Inherent in this 

debate was a sense of equality as much of the discussion was hypothetical, based on 

received facts. Inherently imaginative in nature, the discussion reached to the roots 

of religious beliefs, struck a strong chord in the folk psychology of superstition, and 

ultimately served to support commonly held scientific and academic belief in human 

progress. This regenerational and cultural source of ideas was combined with the 

generational aspect of observation to form a hybrid theory. Consequently scientists 

and the scientific public formed similar ideas based around the same evidence, 

variations of which held sway as scientific orthodoxy. As hypotheses were formed 

and rejected popular culture adapted and adopted its own views in conjunction with 

scientific thinking, proving resistant to attacks from the changing views of orthodox 

science, and entering popular belief at both a cultural and subconscious level.

Intrinsic to the longevity of the concept of Martian canals, and by extension, 

life on Mars, was a common element of folk psychology between different classes, 

albeit rationalised in a different manner. Actively used as a regenerative tool by 

scientists, cultural authority was expressed in terms of observational practice, despite 

the theoretical nature of the debate. Even when not engaging in factual discourse 

scientists promulgated their views, and in the cases of Antoniadi26 and Maunder,27 

unashamedly usurping concepts and ideas of respectively a science user and a 

member of the scientific public. A small episode in the history of astronomy, the 

effect on popular culture of the intensely imaginative nature of the concept is still 

very much apparent today. Creation of a specialist divide created two discourses, one

26 H Dierckx: ‘The Doubling of the Canals on Mars’ English Mechanic 67 (25 
March 1898), 129; E M Antoniadi: ‘The Doublings of the Canals of Mars’ English 
Mechanic 67 (22 April 1898), 219-220; H Dierckx: ‘The Doublings of the Canals of 
M ars’ English Mechanic 67 (29 April 1898), 245-246; E M Antoniadi: ‘The Canals 
of M ars’ English Mechanic 67 (27 May 1898), 333.

27 B W Lane: ‘The Canals of Mars’ Knowledge 25 (November 1902), 250-25; E 
W Maunder ‘Note’ Knowledge 25 (November 1902), 251; B W Lane: ‘The Canals of 
M ars’ Knowledge 25 (December 1902), 276.
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of ‘science’ and one fundamentally ‘pseudoscience’.

Popular scientific journals and their role in the creation o f scientific cultures

Nature, Knowledge and English Mechanic were three different facets of a 

universal scientific culture that covered a broad range of scientific society. 

Positioned on the borderlands in science, they formed nexi of communication 

between different scientific spheres, cultural outlooks, educational backgrounds, and 

fundamentally scientific discourses. Intrinsic in the regeneration of science between 

spheres, they provide both a balance and a pivot to the direction of scientific society 

in the late nineteenth and early twentieth centuries. Read as text, they reveal that the 

fundamental nature of science is regenerational in that factual discourse was 

profoundly culturally defined. Read as communication, they show the balance of 

negotiation and polemical issue definition that defined the shape of science. Read as 

cultural phenomena, they provide evidence of community beyond the orthodox 

scientist.

Yet the lifespan of the popular scientific journal, as with all journals, was 

relatively short. Knowledge struggled throughout its life, indicating that the era of 

the polymath was coming to an end. English Mechanic was badly hit by the loss of 

readers during the First World War, and after the extension of the consumer goods 

market from the 1920s, there was less need for home mechanics. Nature became -  

and was always intended to be - a general scientific periodical, but in a specialist 

market. Orthodox science had moved from an era of regeneration and definition to 

one of consolidation and justification. The remainder of scientific society had either 

accepted the hegemony of orthodox science or self-avowedly rejected it for 

‘pseudoscience’. This indicates that the role of the popular scientific journal was, 

ultimately, a transitional one. The creation of newspaper style ‘factual’ articles in 

Harmsworth Popular Science was the obvious extension of a trend that meant the 

end of real active participation by the readership.

In addition, it can be argued that the popular scientific journal provided a 

crucial and necessary step in the creation of separate scientific spheres. Through 

providing a forum for science to rationalise its internal differences and a means for 

orthodox science to impress rational and ‘factual’ views, the popular scientific
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journal was an active agent for change in scientific society. This was achieved using 

a blend of themes: science was grounded in culture, justified in utility, and 

regenerated in imagination. The general science encyclopaedia and pseudoscientific 

books and journals that replaced the popular scientific journal after about 1910 

rejected regenerative interaction in favour of a politically fashionable autocratic and 

imperial dissemination. This parody of the popular scientific journal only served to 

confirm the division between orthodox and heterodox science formerly established 

through the pages of the popular scientific journal, a division defined at the 

borderlands in science.

Nick Edwards 

Dec 2000
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