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SCIENTISTS AND THEIR PUBLICS

Popularization of Science in the
Nineteenth Century

David M. Knight

In 1799 the Royal Institution was founded in Londoo, in the wake of var
ious provincial literary and philosophical societies; in 18511 under Princc
Albert of Saxe-Coburg's aegis, the Great Exhibition artracted vast crowds
to London, yiddiog profits to buy land in South Kensington for colleges
and museums; and in 1900 the Paris Exposition heralded a new century
of scientific and technical progress. There were prominent critics. bur the
wonders of science proved throughout the nineteenth century to be at
tractive to audienec:s of the aristocracy and gentry. of working men, and
of everybody in berween - which was fortunate, because in this world of
competing beliefs and interests, of markers and industrial capitalism, those
engaged in science needed to arouse the enthusiasm of people who would
support them. Popularization started in Europe bur was taken up in the
United States, in Canada and Australasia, in India and other colonies, and
in Japan. l

We shall focus upon Britain because of its place as the first industrial
nation, where cheap books and publications emerged early, and scientific
lectures were a feature of imellecruallife. Specialization came rdatively late
to British education. so that until me end of me nineteenth century. uni
versity graduates shared to a great extent a common cuJrure. Great Britain
contained rwo nations, the English and the SCOts, whose edueational histo
ries were very different; and Ireland was another Story. Scotland had been,
ever since its Calvinist Reformation. a country whae education was valued
and could be had cheaply in parochial schools and at the universities: It was
throughout the eighteenth and nineteenth cenruries an exporter of talem,
to England, the Continent, and North America. Anglican England saw ed
ucation as a privilege. and me English were also concerned mat tOO much
education would produce overqualified and unemployable people. In the face

I D. Kumar, ~The Culrure: orSciencc:: and Colonial Culture:," British joumalfor lh~ Hiltory ofSrirnu
(heteafter BjHS), 2.9 (1996), 195-2.09·
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ofeconomic expansion in the Industrial Revolution, th.is ~rception gradually
changed, and by 1850 the churches were giving an elementary education [0

most children. But there was a strong rradition of minimum government. of
laissez-faire.

It was not until 1870 that compulsory state education was introduced,
abour a century after most other Western European states. At about the same
time, provincial universities began to take off, the great stimulus being the
Franco-Prussian War of 1870, where the bener-educated Prussians defeated
a France mat had seemed the more formidable military power. Down [0

that date, the medieval universities of Oxford and Cambridge. with religious
tests to exclude non-Anglicans and an ideal of "liberal education," had been
dominant, despite a slowly growing challenge from the secular University of
London formally chartered in the 1830s. Only al the very end of the cenrury
did universities in Great Britain get state funds.

Ireland. not strictly a colony, was throughout the nineteenth century pan
of the Un;<ed Kingdom with England and Scotland; bUI irs many problems
meant that. like India, it was used as a laboratory for social cx~rimenC5,

notably the "Queen's University." with constituent colleges in different cities
and (because of Catholic-Protcstanr tensions) secular syUabuscs. Popular
science was featured in Ireland. mOSt notably in lively Dublin. bur elemen
tary education, especially in the impoverished countryside, was weak. In
years of oppression and f.unine. countless Irish emigrated to Great Britain,
North America, and Ausu-alia - usuaUy to humbler jobs than those of the
bener-educated Scots. Overall, the British experience was unique, but not
unrypica1.

The word "science" in English in 1800 covered all organized knowledge,
whereas "arts" included manufacruring and engineering. The word "scientist"
was coined by the Cambridge polymath William Whewell (1794-1866) in
the 1830S, but it did not come into general use for halfa century or 50. It came
to mean a s~cialist, a kind of professional, and by the early twentieth cen
tury, popularizing was rather despised, bringing no credit within a scienrific
community oriented toward research and perhaps formal teaching.:' Popular
writings were (and are) rated even below textbooks by scientific mandarins,
and were often wrinen by specialist write.rs, rather than by eminent scien
tists. It was different in the nineteenth cenrury, when a scientific reputation 
such as that of Humphry Davy (In8--1829), Michael Faraday (t79I-1867),
T. H. H.wcy (1825-1895), Justus von Liebig (1803-1873), Ot Hermann von
Helmhola (1821-1894) - was enhanced by a capaciry to get ideas across in
public lectures or in essays)

1 D. M. Knight and H. Kngh, M.s., TiN MakinK ofrlN CMmisr (Cambridge: Cambridge University
Press, 1998); on tcxtbooks and popular books. sec A Lundgren and B. Beruaudc.Vincem, M.s.,
C,mmunicarin: CMmisrry (umon, Mass.: Scimex History Publications, ::1(00).

J D. M. Knight. MGctting $cimex Aaoss: BJHS. 1.9 (1996), 119-38.



74 David M. Knight

MAKING SCIENCE LOVED

The French Revolution of 1789 was identified not only with youth bur also
with science, liberating everyone from kingcraft and priesrcraft. Terror, the
execution ofA. L. Lavoisier (1743-1794), war, and me tise ofNapoleon led ro
revulsion from me left-wing dream, especially in Britain; and Joseph Priestley
(1733-18°4), the great advocate of science and reform, found himself driven
inca unhappy exile in the United States in the reaction of the 1790S.4 France
around 1800 led the world in science. but Britain led the world in technology:
And JUSt as the French needed men ofscience to help with the war effort - for
instance, to supervise the recasting of church hells as cannon - so in Bri[d.in
in these hungry years, agriculrure as well as industry seemed ripe for scientific
Improvement.

In 1799 [he American Tory Benjamin Thompson (1753-1814), created
Count Rumford for his services to Bavaria, succeeded in getting Sir Joseph
Banks (1743-1820) and other grandees to back his proposals for a Royal
Innitution promoting science in London.s In fashionable Albemarle Street.
it would have lectures to interest and enthuse the opulent; a laboramry;
and also classes associated with exhibitions of machinery [0 educate ani
sans. In January 1802. Davy made himself famous with a polished intro
ductOry lecture to his course on chemistry. Rumford departed for France
wim the shorr-lived Peace of Amiens in that year. Wimou[ him, me Royal
Institution lost interest in the artisans (and the manufacturers who wanted
to keep their machinery and processes secret anyway) and became a cen
ter for popular lectures of high caliber delivered to prominent men and
women, whose membership fees supported a research laboratory. Through
out the cemury. here as elsewhere, the performers were male, the audience
mixed.

Davy's sometimes colorful rhetoric was suited to his audience: Science
depended upon the unequal distribution of property. but its application
would bring great benefits to all of Britain's inhabitants.6 These were not
delusive dreams, like those of alchemical visionaries. his hearers could look
forward to • bright day, of which mey already beheld me dawn, as men
of science (filled with reverence and with awe) penetrated to the bosom of
the earth and searched the bo[(om of the ocean to allay the restlessness
of their desires. Davy excited his hearers with reports of his research on
tanning, fertilizers, geology, electrochemistry. and acidity; when he lectured
in Dublin, there was a black market in tickets. The pa[(ern changed over
the years. Faraday started the Christmas Lectures for children, and eminent
scientists were also invited to lecture accessibly about their own work, with

4 B. lkns.aude-Vinccnl and F. Abbri, em.. I.lwoisirr in Europtlln Comtxt (Culton. Mus.: Science
History PubliCllions, 1995).

f M. Bcnn;J.n, &Joal Changr and Scimrifit Orgilniurjon (London: Heinemann, 1978), pp. 1-31.
6 D. M. Knight. Humphry DillIJ (Cambridge: G.mbridgc Univeniry Press, 1d cd. 1998), pp. 42.-56.
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well-eonuived demonstration experiments. on Friday evenings during the
London season (the wimer and spring). But the form of the Institution
remained what Davy had made it, and it helped to ensure that science was
seen as a pan of high culture.

Chemistry, in me wake of Priesuey and Lavoisier, promised bam intel
lectual excitement and usefulness. These were picked up by Jane Marcet
(1769-1858) in her ConvtTSotiollJ 011 Clumi$try (1807), written for girls who
wanted to know more detail than they could acquire from lectures such as
Davy's, and by Samuel Parkes (1761-1825) in his Chemical Cauchism of the
same date, wrirren with boys in mind who would, like the author, work in
a chemical trade. Parkes has extensive annotations, some of which amount
to encomia upon the wisdom and goodness of the Creator; he was an en
musiastic Unitarian, and especialJy in Britain and me United States, natural
theology was an imponant part of popular science? Both thcse books sold
well in successive editions throughout twO decades.

THE MARCH OF MIND

In 1807, books were still a luxury item. They were hand primed and expensive.
and they came in paper wrappers or in thin boards ready to be taken to a
bookbinder (like the young Faraday). 1I1ustrarions made from copperplate
engravings added to the price. But at this time, wood engraving on the
hard end grain of boxwood, as in the popular natural histories of Thomas
Bewick (1753-1828), made pictures much cheaper, and they could also (unlike
copperplates) be set into the text. Wood engravings were durable, bur for
long runs, casts, called cliches, were made from them. For bigger pictures,
lithographs drawn with wax crayons on stone, which was then wetted and
inked with greasy ink, were much cheaper than engravings. From the 1820S,

steam presses, stereot)'ping, wood-pulp paper (chemicall)' bleached), and case
bindings ofdecorated doth made books much cheaper, better illustrated, and
accessible to a mass market.

Although - especially in backward England - many people were still il
literate, there was growing demand for reading maner, and popular sci
ence appea.led to those with an elementary education. Mechanics' institutes,
for artisans like those dropped by the Royal lnnirution and its imitators,
grew up in indusrrial £owns and cities, offering lecrures and libraries. Young
men, like Faraday when an apprentice or Benjamin Brodie (1783-1862) - a
future president of the Royal Society - as a well-connected medical student
in London, joined less-formal self- improvement societies where science was
prom.inent.s

7 F. Kuru:r, MSmlud Parkes; Chemist. Author. Rcformcr.
w Annab o[&imct. 54 (1997), 431-6:1.,

I F. A. J. L. James. ~.• TIw Cmrrporuknu of MirhlUJ hnui4y (London: Instilution of E1~rical

Engineers. 1991- " letters j-19.
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Among the elite, the Cambtidge Philosophical Society btought together
mose in that churchy and conservative university who were interested in
advancing mathematics and science. There was no place for women or fash
ion there. but everywhere. mind or intellect was seen [0 be on the march:
Especially in Parisian and chen German and London medical circles, interest
in science went with contempt for the "Establishment" and a vision ofa meri
cocratic furure..9 Parliamentary reform, achieved in part in Britain in 1832 and
attempted allover Europe in 1848, wenr with this program and was associated
with the increasing gathering and use of statistics. Inventions. such as Davy's
safety lamp for miners, promoted a vision of science as something carried
on by mcn of genius in the meuopolis. 10 Bur while a conservative image of
science was available, especially in connection with narural theology - and ir
would be difliculc to overemphasize the importance of religion (especially in
the Anglo-Saxon world) in the nineteenth cenrury - there was again by the
18205 and 18305 a radical alternative, modernizing, view.

READ ALL ABOUT IT

Lorenz Crell (1745-1816) helped form the chemical community in eighteenth
century Germany with his journal ChrmisclJt Anna/~n, and Lavoisier dissem
inated his innovations through his Annaus de Chimie. 1l These publications
were aimed at scientific practitioners, but in Britain the Philosophical
Magazintand Nicholsollsjoumolcompeted for a wider market of those inter
ested in science and perhaps practicing it. Their charty tone, with reviews and
translations, octavo format, and cheaper crowded paper, contrasted with the
august volumes published by the Royal Society; and they wete commercial
propositions, like most popular science. Other journals were published in
Edinburgh and in Glasgow, mostly absorbed in the end by the Philosophical
Magazine, which also formed a model for the American Journal ofScitnct of
Benjamin Silliman (1779-1864). In narural history, as well as the splendid
TransaCTions ofthr Linnran Socitty, there were such popular publications as
the Magazine ofNatural History, whose editors encouraged conuoversy and
published articles without the formality of peer review or refereeing. In some
cases, as with Tbe Cbemist of1824. a journal explicitly appealed to readers ex
cluded from the genteel world; it mocked the pretensions of Davy in its first
editorial, recommended cheap forms of apparatus, and paid contributors so
mat the editors could decide what topics should be covered. Not surprisingly,
a journal freighted with such utopian hopes speedily sank.

, A. Desmond. Tlu Po/ilia ofEvo/urion (Chicago: Univcrsiry of Chiago Press, 1989); T. L Alborn,
~The Business oflnduetion.~ Huro? OfScimct, H (1996). 91-ll1.

10 J. Golinski, &irnct as Pub/u Cu/tJm (Umbridge: Cambridge University Press. 1991). pp. 188-lJS.
lJ M. P. Crosland, /n rh~ ShaJqIl.' ofUlJDuin- (London: BritUh Society for the History of Science.

Monogr.lph 9. 1994)·
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Books were also crucial. The Sociery for the Diffusion ofUsefu] Knowledge
began publishing during the 1820S. galvanizing the older rival Sociel)' for the
Prommion of Christian Knowledge. In the 1830S Dionysius Lardner (1793
1859) edited a series of little books called The Cabiner Cyclopedia. These
included a noteworthy fulimiruzry Dueoum by John Herschel (1792-1871)

a discussion ofscientific method by a great generalist and narural philosopher.
who also contributed a Tr~atist on Astronomy - as well as other workmanlike
volumes on the various sciences; and a curious set on biology by WiUiam
Swainson (1809-1883). an advocate for the Quinarian System of classifying
organisms in patterns of circles. Among the most successful publishers of
information books were the Chambers brothers. William and Robert, in
Edinburgh. Robert (1802-1871), in 1844, published anonymously his ~stig~s

o[che Natural HiJtory o[Creation, which became notorious for its evolutionary
perspective (from galaxies ro humans) and was very widely attacked. and
read. 11

CRYSTAL PALACES

The British Museum, founded in the eighteenth century. contained both
beautiful historic artifacts and specimens of narural hisrory, but it did nor
much welcome the genera! public and had no formal educational program.
In contrast, in revolutionary Paris. the Museum of Namral History became
a great center for research and lectures. Exhibitions and museums were a
feamre ofthe early nineteenth century, but the former were often offreaks and
wonders, and the latter might be professional, like that at the Royal College
of Surgeons in London. Learned socieries held "'conversaziones," open to
members and their guests (including ladies). where objects. experiments, or
devices of interest would be on display; but these were again a pan of high
culmre.

A5 Europe emerged from the hungry forties, me threat ofrevolution lifting
with economic boom, a Great Exhibition of the Works of all Nations in
London was planned for 1851. Its most dramatic feature was its building: the
Crystal Palace. an enormous glass house (enclosing large trees) put up in
Hyde Park. Designed in nine days by Joseph Paxton (1801-1865), a fottner
gardener's boy, when previous plans had been rejected and with only nine
months to go befo~ opening day, it was ready on time- an amazing feat ofme
railway age, assembled from accurately standanfued components brought to
the site from discant factories and coordinated mere. The hugely successful
exhibition drew orderly crowds from all over Britain and overseas to see the
latest indusuiaJ and aesthetic creations: The only such exhibition so far to

make a profit, it made palpable a vision of technicaJ progress.

U R. Oumbers. \'t1titt:r. cd. J. Secord (Chicago: University of Chicago Press, I99S).



David M. Knight

WhiJ~ Britain was clearly the l~ding industrial nation, perceptive com
mentalors (including Henry Cole [1808--1882J and Lyon Playfur [1818--1898],
the main organizers) saw the "American System" of mass production and
interchangeable pares, and French industrial design, as signs that this pre
eminence was soon to end. and they urged benee scientific and technical
education. South Kensington, and comparable districts in ocher great ciries
like Berlin. developed into centers for both formal education and rational
amusement - popular science in museums. I)

Provincial cities, roo, established museums of science, arts, and natural
history. sometimes associated with collections of pictures and statuary and
often founded in conjunction with a visit by a peripatetic Association for the
Advancement of Science. Festivals and exhibitions depend upon ballyhoo
and excitement. but museums have permanent collections, and their directors
faced the difficult task ofbalancing the wanlS ofcasual visilOrs and ofchildren
with the needs of those undertaking research.

Natural history has aJways involved imporram collections of specimens.
For museums of physical sciences. me problem became more acute as their
exhibits ofapparatus or machinery turned wim me passage of time into col
leenons ofhisfOric imporrance - hard to display excitingly and unavailable for
hands-on play.14 Visiting m~ums. which even in Sabbatarian countries like
England opened on Sundays. was an imporcant and improving leisure activ
ity in the earnest nineteenth century. Architecturally they came to resemble
classical temples dedicaled 10 the Muses. or gothic cathedrals. thus represenr
ing classical order or spirirual aspirations. The scientists of the nineteenth
century were the heirs. after all. ofbath the Enlightenment and the Romantic
Movement. and a kind of pantheism or nature worship came easily to them.
Museums might be associated with libraries and with botanic and zoological
gardens dedicated to classifying plants and animals and "acclimatizing" them:
transferring merino sheep to AustraJia. rubber trees to MaJaysia. quinine to

India, and so on. IS These benefits of science. at which we sometimes now
look askance, were lauded as great improvements to the world.

THE CHURCH SCiE TIFIC

The word "scientist" was coined in a discussion at the Cambridge meet
ing of the British Association for the Advancement of Science in 1833.
ReRecting on his confrontation with Samuel WLiberforce (1805-1873) at

I) S. Forvn and G. Gooday. ~ConSlrueting South Kcruington,- BJHS. 19 (1996). <t3S--68; John
R. Davu. TIH G"at Exhibition (Suoud. England: Sunon I\tblishing. 1999).

14 N.Jardinc:.J. &cord. and E. C. SPUY. CulturrlojNatuMJ HutDry(Cambtidg(': Cambridge Uni\,(,l"$ity
Press. 1996}, pt. 111; A. Whc:dc:r. "ZoologicJ Colleaions in (he &fly Brili~h Museum," Archive of
NaruMI HutDt]. '4 (1997). 89-116.

II H. R..ilV'o. TIx PlAtypus and tht Mn'1rUlid (Cambtidgc:. Mass.: Harvard Uni\'c:rsity p~. 1997).
pp.I-SO.
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the Oxford meeting of 1860, Huxley declared thar had a Council of the
Church Scientific been called then, ir would probably have condemned the
Darwinian heresy. He had in mind a meeting ofacademicians and professors.
like the bishops and abbots who mended the Vatican Council of 1869-70;
his metaphor is suiking, because science did develop rather like a religion,
with a clerisy addressing laymen at evangelistic meetings like those of the
BAAS.'6 Their presidents and councils came to join those of academies as
exponents of the scientific poinr of view, with access ro governmenr and the
media.

The British Association did not meet mainly in famous old universiry
cities but aU around the British Isles and even in Canada, South Africa, and
Ausualia. 17 It was noc the first peripatetic body; its model was from Germany,
a consrelJation oflarge and small states until the empire was formed in 1870,
and even to some extent after that. In the J820S, Lorenz Okcn (1779-1851)

organized annual meetings of Naruiforsch~r. each year in a different state;
after all, there was then no national capirallike Paris or London. After some
initial unease, the various governmenrs came [Q welcome me men ofscience
and to compete culturally - in their universities, opera houses, and hosting
of such meetings - mus popularizing science for their citizens.

Foreigners were also welcome, and some who went from Britain were much
impressed, seeing the opporrunity to wrest science from the effete grasp of
Londoners and place it in the suong hands ofprovincials and Dissenters. That
was not quite what happened, although sometimes a provincial amateur, such
as James Joule (l8J8-J889), succeeded in gemng the eminent [0 listen [Q his
work on thermodynamics. But the meetings, which began at York in J831,
proved very popular and atuacted large crowds of men and women. Cities
competed to attract them, offering both to host civic receptions and to build
a museum or other scientific institution; and local societies for asuonomy,
natural history, or other sciences were duly promoted. People could sec: and
hear Faraday and Huxley in the flesh, rather than just read about them;
and sometimes there were angry debates - good to watch - which proved
that science was not JUSt a dispassionate exercise of reasoning upon facrs, as
Baconian apologists would have it. The Association, in irs rum, became a
model for those in the United States, France, and Australasia.18

The sublime science ofasuonomy had a large amateur following, though a
tdescope was a large investment; and for the working class, natural history had
the advanrages ofcheapness, sociability, and fresh air. Field trips, and sessions
perhaps in a room above the public bar, went with the identifying ofspecies, at

,6 A. Desmond. HJCCiq: Ewlutio"j High Print (london: Miducl Joseph. 1997); P. While:. Huxlty
(Cambridge:: Cambridge: Uniwsiry Press, forthcoming).

'7 J. Morrr;1I and A. Thac:kra)'. Gn!tkmrn ofStinudOrford: Cb..rr;ndon Press. 1981).I. S. G. Kohlste<h. TIN Fomultio" oftIN AmmClItI Scimtific ummu"ity(Urbana: University of Illinois
Press, 1976); R. MacUod. ed., TIN ummO"lJNlllth ofScimu (Oxford; Oxford Univcrsit)· Press,
1988); R. W. Home:, ~., AustruliIl" Scinsu i" UN Maki"t (Cambnrlge Cambnd~Univcrsit)· Press.
1988).
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which members sometimes became very expcrt. 19 In both these fields. the gap
berween the advancement ofknowledge and popular science became blurred:
Great observamcies were restricted by their long-term research programs, and
any careful observer with a telescope might see some new planet swim into
his ken or, anyway, a comce. In 1820 the Royal Astronomical Society was
formed, one of the earliest [0 be concerned with a physical science; and it
flourished, bringing together people with a wide range of interests.

DEEP SPACE AND TIME

By the later cighteenm century. there were no significant believers in the
Aristotelian or Ptolemaic world, with the Earth at its center; the vast spaces
that had frightened Pascal had come to be accepted. Great reflecting tele
scopes, like <har of William Herschel (1738-18n) al Windsor, <he six-foot
mirror of Lord Rosse (1800-1867) in Ireland, and <hen <he gianr lelesCOPes
in the United States, enabled the heavens to be gauged, revealed spiral nebu
lae, and made our planet feel even smaller. We can sec this in popular books:
Herschel's Astronomy in Lardner's series was a solid but unmathemacica1 read,
unrelieved by pictures or invocations of sublimity. J. P. Nichol (1804-1859),
on <he o<her hand, published in 1850 a magnificent volume, Th, Architmurr
Oflh~ H~avmJ. with dark-ground plates of Rosse's discoveries and allegorical
illusrrations by me Sconish painrer David Scon. Roben Ball (1830-1919)
of Dublin published in 1886 his Story ofth, H,avms, which was strikingly
illustrared; and <he wrirings of Richard Proaor (1837-1888), especially his
Halfhourr with a la-seop', .868, were beaurifully clear and sold extremely
well. Proctor left Britain, sertling in America, and his ourput was popular on
bo<h sides of <he Atlanric. He, and earlier Thomas Dick (1774-1857) in his
SUkrral H,av(fls of 1840, argued for a plurality of inhabiled worlds.

The idea <har God would have pur inhabirants only 00 <he Earth, given
a vast universe, seemed absurd in the midcenrury. Only Whewdl emerged
as a prominent opponent of me idea, as earlier he had been critical of the
"deducrive" arrogance ofP. S. Laplace (1749--r8>7) who had no need of God.
Whewell feared <har (as in v,.stig") <hose who supported plurality would have
to deny the special starus of mankind so crucial to Christianicy, and accept
some kind of evolutionary picture in which life emerged from inorganic
matter whenever and wherever the time w~ ripe.

In 1874 <he BAAS met in Belfast, and John Tyndall (18)0-1893), who was
president, took the opportunity not simply to dilate upon science and i[S pos
sibilities but to present a worldview based upon atomic theory, luminiferous
ether, and Darwinism. which among them would account for everything.
This caused an immense scandal: His program of wresriog <he whole of

., A. Secord. ~Ani.san Bollln)'. ~ in Jardine. CU/JIl"S. pp. 378-93.
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cosmology from the clergy was denounced from me pulpits of Belfast and
elsewhere. The Belfasr Address. an eloquent appeal, it seemed, for a materi
alistic worldview, was very widely read and commented upon - and disliked
by mandarin physicis<s, such as Lord Kelvin (1824-1907) and Maxwell, who
disdained Tyndall's windy popularizing rhetoric.

Astronomical observations were crucial for determining longirude and
latirude as the wide-open spaces on Earth were being formally and
scientifically explored. Accounts of the voyages and travels of James Cook
(1718-1779), Galaup de la Perouse (1741-1788), P. S. Pallas (174J-1811),
Marrhew Flinders ('774-,8'4), Meriwether Lewis (1774-1809) and William
Clark (1770-1838), and many others aroused grear enthusiasm and sold well;
and the objects they brought back swelled collections of natural hismry and
ethnography. Scientific academics in France, Britain, Russia, me United
Stares, and other countries promoted expeditions, so that areas hitherto
blank on the map were gradually filled in, coastlines and estuaries charred,
and magnetic dara collected and mapped - maps and atlases seen as both
high-level and popular science. Nexander von Humboldr (1769-1859)
introduced thematic maps, which could, for example, represent isotherms,
in writing up his Latin American journeys.

Humboldt's books were very popular with armchair travelers, who relished
his enthusiastic prose and scientific accuracy, and were an exemplar for the
young Charles Darwin {1809-1882}.2O His voyage on HMS B~agkwasone in
a great international series ofprojects, the sciencific resuhs of which could be
accessibly presented to a public hungry for such things. Such reportS often
led to missionary activity, which saw a tremendous boom in the nineteenth
century, as well as to colonization, by design Ot sometimes almost by accident,
as naval or army officers of European nations assumed powers to pacify
and govern those they deemed incapable of governing themsdves. 11 The
inhabitants and raw materials of these colonies then interested their new
masters, governments, and peoples in Europe, who might also from rime to

time become excited and angry about injustices commined in their name in
distant lands. Colonies were always conrroversial.

Deep time was also conuoversial. II When the eminent surgeon James
Parkinson (1755-1824) began publishing his three-volume Organic &maim
ofa Form" World in 1804, his frontispiece wim Noah's Ark, a rainbow, and
some fossil creatures {which had missed me boat and become extinct} was
already out of date. His later volumes rook into account the researches of
Georges Cuvier (1769-1831), who had found a series of faunas benearh the
hill at Monunanre, demonstrating that a single flood could not account for
extinction. A longer time scale man the seventeenth-century Irish Archbishop
Ussher's, in which me world began in 4004 B.C., was required; this, and the

to j. Browne, 0uzrk1 Darwin: \>Oyaging (London: Cap-=. 1995), pp. 1]6-4].
l' M. T. Bn.vo, ~E.thnologial Encounters: in Jardine, Culturn, pp. ]]8-57.
11 M. j. S. Rudwiek. Swm From Dup lIml'(Chiago: University of Chicago Press, 1991).
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reconsuuction of o:tr.aordinary fossil creatures, was a source of enormous
exCitement.

Numerous authors took literalist, libaal. or what we could call agnostic
lines, and indeed, one of the functions of the BAAS had been to recogniu:
geologists as scientists and [0 protect them from supposedly ignorant attacks.
The Geological Society of London was famous for its debates, whereas orncr
societies did rncir best to sciRe controversy or keep it behind closed doors.
Geology also depended on visual language: Buckland's Bridg~aur Treatis~

(1836), demonsuating the goodness and wisdom of God, had pictures of
dinosaur tracks and also a handsome colored foid-oul plate illustrating me
Earth's history through the geological epochs and their characteristic species.13

Illustrations of extinct animals and planes began ro exerr their uncanny fas~

cinalian, as "dragons of the prime that tare each other in their slime" moved
the imagination ofAlfred Tennyson (1809-1892).

Deep time thus became familiar, but actually thinking in terms of millions
of years, like millions of miles, was and is not easy. And the ancestry of man
was an explosive topic: Were we JUSt animals? Were some peoples more akin to

apes than others? QUI dignity and morality were threatened; hairy, srooping,
gruming ancestOrs who had made their way in the suuggle for existence did
nor worry Huxley, whose book MallS Piau ill Notu" (1862) was a great feat
of popularization - bue many were uneasy.1-f

Huxley found himself locked in comroversy with Kelvin over deep time.
Darwinians assumed that they could extrapolate from changes in river ddtas
and exposed coastlines over hundreds of years to me raising and erosion of
rock formations over hundreds of milJions of years. Kelvin reminded them
of the laws of thermodynamics. He computed the age of the Sun, assuming
that it was composed of me best-quality coal, and was also getting energy
from meteor collisions and gravitational collapse. Making the most favorable
assumptions, this led to an age of around a hundred million years. Then
he computed me age of the Earth, assuming mat it was slowly cooLing and
applying the mathematics he had picked up from}. B.}. Fourier (1768-1830)
on heat flow. This led to a compar.rble figure; and physicists are always de
lighted to find rwo lines of reasoning concordant. Kelvin took some pleasure
in teminding brash colleagues like Huxley that physicists could quantify;
and his addresses, originally delivered in the late 1860s, were republished in
1894 in his Popular uerum andAddmm. Darwinians could only teply that
naruraJ selection must work faster than they had thought, Ot that something
was perhaps wrong with the calculations. 'When the latter were found to
be right, with the discovery of radioactivity, geophysics was set back for a
generation.

1) N. A. Rupke, ~ 'The End of HislOry' in me Early Pictures of Geological Time," History ofSdmu,
36 (1998), 61-9/).

4 A. P. Bur, cd., ThDl'I'IIlJ Htnry Huxlryi Piau in &i~t (lmJ L.rrun (Amcru: Universif)' of Georgia
Press, 1997).



Scimtists and Th.ir Publics

BEYOND THE FRINGE

The reconstruction ofthe fossil record was respectable science, and Darwinian
evolution became so despite resistance. But right through the nineteenth cen
tury. as before and since, there were would-be sciences that often attraCted
enormous public attention but never achieved the magical srarus of samna.
Indeed. popular science always includes such features, despite the efforts of
professionals to purge mem away and get the public interested exclusively in
those questions wim which professors are concerned. lo the lace eighteenth
century, Anton Mesmer (1734-1815) had sent people into trances by passing
magnets over mem, and animal magncrism, or mesmerism, became a mance
of furious conuoversy and enormous interest first in Vienna and then in
Paris. A committee of the French Academy ofSciences, including Benjamin
Franklin (1706-179°), established mat magnetism was nm involved and
dismissed the whole phenomenon. but mesmerists continued unabashed
throughout the nineteenth centUry.

Elecuicity and magnetism were also popular fearures of the alternative
medicine of the early nineteenth cemury. Established therapies were never
very effective (opium. quinine, and alcohol were said to comprise the doc
ror's armory), and whatever orthodox practitioners mighr say, desperate dis
eases demanded desperate remedies. 'I Many people were thus attracted (like
Darwin) to water cures and to homeopathy, with its principle that minute
doses of what caused a disease would cure it. And in the first decades of the
nineteenth centUry. another new science appeared: craniology, or phrenology,
the srudy ofthe bumps on the head. Starting again in Germany with F. J. Gall
(1758-1828), it spread to France, and his disciple J. G. Spurzheim (1776-1832)
brought ir to Brirain. The crucial idea was thar the baby's skull was soft and
took up the form of the brain beneath. The faculties were located in different
regions of the brain, and correlating bulges and concavities in the cranium
with strengths and weaknesses in mind would make it possible to read char
acter. Especially in Edinburgh, with irs great medical school and educarional
uadition, the science caught on, and a society and journal were founded.ll>

The founders hoped thar phrenology would speedily be incorporared into
the medical curriculum, bur a murderer was found ro have a big bump of
benevolence, and for most, the science became a parlor game. For the widely
read educationalist George Combe (t788--1858), however, it was essential for
teachers assessing the capabilities of pupils; it was also laughr to arum and
was popular in mechanics' institutes - the language of "bumps" entered the
language, though the science never entered the pantheon.
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More mysterious were the auras that Karl, Baron von Reichenbach (1788
1869) derecn:d around "sensitive" persons - usually women, and espeeiaUy
pregnant women. These auras also could lx: sttn around magnclS and crystals.
He was a chemist by [(aining and practice and an apert on meteorites, and his
book was rransla[ed into English by William Gregory (1803-1858). professor
of chemimy in Edinburgh and the translalor also ofworks by Liebig. which
we would consider mainstream science. A curious substance: called "odyle"
was responsible for me manifestations and played a very importaIU role in
the economy of the universe.

Nineteenth-cemury credulity was mocked. for example. by Charles
Mackay (18'4-1889) in ExlTaordinary Popular D.lusiom (1841. with a new
edition in 1852.); bur by the J8505, a new craze had reached Europe from
America - spiritualism. In semidarkness, tables rocked. ouija boards spelled
our messages, and mediums might levirate or emit ectoplasm raking the form
of somebody deceased. Mediums we[e usually female. and sCances provided
opportunities (generally unavailable in Vicrorian England or New England)
for holding nor merely hands but also urns and legs. These phenomena
engaged me intercst (inteUccrual and emotional) of various mcn of science.
especially in Britain and usually after a bereavement. WIlliam Crookes (J832
J919) concluded from various experiments that new forces ofnature had been
revealed. but his paper submitted ro the Royal Socie£)"s journal was rejected
after a row, and he had to publish it in a more popular periodica1.17

In 1882 the Socie£)' for Psychical Research was founded under the aegis
of Henry Sidgwick (1838-1900). the amazingly weU-eonnected Cambridge
philosopher.I8 Sidgwick was a notable but reluctant agnostic, who had re
signed his post because he could no longer subscribe to orthodox Chrisdanity
and hoped [hat if sUlvival afrer death could be proved. then religion would
be put ontO a firmer basis. The Society included (wo furure presidents of
the Royal Socie£)'. Crookes and J. J. Thomson (1856-1940), and two prime
ministers. J. H. Gladsrone (1809-1898) and Arthur Balfour (1848-1930). as
well as William James (1842-1910) and various bishops and professors. We
would have to say that in me years around 1900, psychica.l research coumed as
respectable science; and certainly phantasms. haunrings, and mysterious hap
penings were soberly investigated by empirically minded men and women.

It seemed mat more often than could be easily put down to chance, people
saw a phantasm of someone they loved who was at mat moment in mortal
danger. and telepathy sometimes really seemed to happen. After all. radio
waves, cathode rays, and x rays were JUSt being investigated; the world was
more perplexing than Tyndall had dreamed of in Bellasl. Psychical research
was a field in which there was nothing deep and recondite, where the com
mon sense of ordinary people might be more appropriate than the learned

17 H. G;ay. ~Invisibl~ ~urcc: William Crookcs and his Circle orSupport: BJHS. 19 (1996). }u-]6.
;Ii J. Oppenheim. Thr OtlNr World (Cambridge: Cambridge Univmit)· Press, 1985); D. M. Knighl,
sn~r in Iht Ronumtir Era (AidershOi. England: Asbgale Variorum. 1998). pp. JI7-z.t.
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ignorance oftrained scientists; and thus it was popular. The accounts ofphan
tasms and ghosts give exuaordinary glimpses into the lives of our ancestors,
their dangerous travels, and their sudden deaths, as well as the assumptions
they made about whose testimony was UUStworthy and whose was not. JUSt
as extraordinary stories about visitors from outer space, reincarnations, and
miracle cures arouse more excitement in our day than orthodox and intel
lectually demanding science and medicine, so in the nineteenth century the
various fringe sciences claimed a giant's share of anention.

A SECOND CULTURP

Davy, and later Faraday, Huxley, and Tyndall at the Royal Institution, pre
sented science as a pan of high culture, where the imagination of the man
of genius was kept under conuol by experiment, rather as the poet'S was by
the exigencies of meter and rhyme. Ie was nOt tOO arcane; science was trained
and organiz.c:d common sense, as Huxley famously put it - both adjectives
being important. Davy wrote poetry. admired in his day, as Erasmus Darwin
had done at the end of the eighteenth century, Davy's verse being effusive
and romantic rather than didactic. In the early nineteenth century. mere was
no professional science, and thus no "culture," no scientific community with
its shared education and values to set against the literary culture, as C. p.
Snow (19°5-1980) did in his conrroversiallecture on ..the two cultures" amid
educational debates in the 1950S.

For Matthew Arnold (1822-1888), Victorian aristocrats were "barbarians,"
hunting and fighting, while those involved in industry and commerce were
smug "philistines," uninterested in cultural activity unless it was safely do
mesticated. As industrial revolutions opened new avenues of social mobility,
those who lacked the familiarity with literature, music, painting, and sculp
ture that went with inherited wealth sought in science - especially astronomy
and natural history - something beyond mere business. Snow found that in
the mid-twentieth cemury, scientistS found solace in music rather than liter
ature or the visual arts. If that was true men, or is true today, it was not so in
the nineteenth century. Helmholtz wrote a famous work, &nsarions of7im~.

about the physics of music, which was accessible co musicians and remains a
classic; but he also studied and wrote popularly on color and our perception
of it.19 Chemists like Davy worked on pigments ancient and modern, while
physiciSts like John Hern:hel and Maxwell wrote poetry.

Science was prominent in some nineteenth-eentury poetry, most norably
Tennyson's In Mnnoriam. which gave us the haunting phrase "nature red in
tooth and claw" and memorable stanzas about geological time. Tennyson
had picked up his knowledge from reading Lyell and Variga- his readers
would have become aware ofcurrent scientific thinking, partly as a threat, in

., D. Cahan, cd., Hn7,um" ...,n H~brt.J»Uz. (Berkeley: Uni,,"~l"liity or Califomia Pre». 1993).
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reading the poem.JO Huxley considered In MemorUzm an example ofscientific
method and admired Tennyson's other wrirings also.

Science is similarly to be found in women's writing: in FranktnJuill by
Mary Shelley (1797-1851) and in Middl'march by George Eliot (Marianne
Evans, 1819-1880), who had previously translated. from the German, rational
isric works by David SJrauss and Ludwig Feuerbach. Mary (Mrs. Humphry)
Ward's (1851-1920) best-selling novel abom religious doubt, Robert Elsmere,
1888, given away to promore soap in what muSt have been a very literate
America, contains surprisingly little science. The hero's faith is chiefly under
mined by hiswric doubts, rather than concern abom miracles. but science is
in the background, and the book created an enormous furor following upon
a review orit by GladstoneY

Reviews wefe prominent in the intclleccuallife ofthe nineteenth cenruryY
Indeed, they were the main humanisric journals until historical, literary. and
philosophical publications on the lines of scientific periodicals appeared late
in the century. In Continental Europe. eighteemh-cencury reviews made
thought in one language accessible in another. In Britain, the Monthly
R~lJi~wconsisted ofbook reviews that were essentially paraphrases or lengthy
quotations - the object was to convey the writer's style and conclusions. and
crirical appraisal was generalJy secondary. The Edinburgh Rrvitw changed
all thar: hs articles, wrirten from a Whig viewpoint. were ([encham com
mentaries of twenty or thirty closely printed pages on books of all kinds, in
cluding scientific works. monographs. textbooks. and even issues of journals.
They arc what we would call essay-reviews, written for the well-informed
btl[ unspecialized reader; and sometimes the essayist would go off on a
tangent. so that the book reviewed became a point of departure. as with
Henry Holland (1788-1873) discussing "Modern Chemisery" in the rival
Quarterly Rroi~w in 1847. The Quarterly was Tory; the W!tJlminster, rad
ical; and the North British represented the Free Presbyterian Church of
Scotland.

Whatever their political or religious stance (and the two generally went
tOgether in Britain), these quarterlies would normaUy have at least one essay
in every issue concerned with science or technology. Contributions were
anonymous, and so editors could amend them (though they did this at their
peril if they blue-penciled an eminent author), and reviewers could speak
their minds in the small intellectual world of the day - when authorship (as
with Samuel Wilberforce's essay on Darwin) was in fact often an open secret.
They were an expression of high culture. often outspoken in criticism when
dealing with litemure (artacks on William Wordsworth and John Keats are

JO A.J. Modows, -Tenn)'son and Nineu~emh·Cemur)'Science," Nom and R«ordsofl1u Royal Sociny.
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nomrious) or rdigion. but usually respectful about science, seeing a dury in
getting the latest ideas across without jargon or excessive dewL

The question was whether this was enough by the 1870S. 1n his monthly
Ninmmth Cmmry fTom 1877, lames Knowles (1831-1908) provoked lively
debates with signed anides; among his coups was bringing Huxley and
Gladstone into public conHiet about science.H But in 1864. Crookes played
an important pan in launching the Quarurly Journal ofScimu. This was
[0 be a kind of review, devmed [0 science and appearing at a rime when
specializacion meant that those active in one science did not necessarily
understand what those in other fields were up to. They thus needed up
to-date popular writing, just as much as those ourside the scientific com
munity. But this journal. which went monthJy in 1879. was superseded by
weeklies, such as Crookes's Clmnical News and Nam", edited by Norman
Lockyer (1836-1920), which broughr prestige, bur nor money, to Macmillan,
irs London publisher. By me end of the century. one can speak of a scientific
"cwrure."

TALKI IG DO\X!N

Textbooks and works ofpopular science were ".ninen by norable researchers,
such as Huxley. Tyndall. and Kelvin, bur increasingly such writing came to

be secn as a distinct accivicy with its own panicular skil1s. Huxley hoped in
his popular lectures to convey "scientific memod," and wim ir, in his case, an
agnostic 3rcirude toward anything dogmatic or mcraphysical.304 In his wake,
scicntism - the idea that only empirical scientific explanations are genuine
gained ground. especially among popular writers, to the distaste of fastidious
prominent sciemisrs, who often then (as since) retained or found religious
belief and metaphysical imetesIS. Thus, Balfour Slewan (18,8-1887) and
P. G. Tait (1831-19°1) popularized thermodynamics in their U"sun U"ivt'ru,
which was also a work of religious apologecics. while Balfour's philosophical
writings were designed (Q establish mat science, like everything dse, rested
upon belief

Darwin's cousin Francis Gahon (1822-I9II) studied me careers and re
lationsh.ips of scientists (and orner eminent men) as a contribution to the
long-running "nature or nurture" debate. He, as an adherent of "scientific
naturalism," also investigated me efficacy of prayer, comparing the life spans
of the royal family, ofTen prayed for in church, with those ofaristocrats; there
was no difference. Popular writers, such as Jules Verne (1828-1905) in France.
revived the genre of science fiction to present a picture of high adventure
amid technical progress.

)J P. Metcalf.jlJlfIn J<m,wln(Oxford: Cbrcndon Press. 1980). pp. :'74-JSI.
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Faith in science was on me increase as death rates feU, with scientific
medicine at last making a tea! impact and teligion seeming to be fuddy- duddy
and old-fashioned. The public turned to journals, including the PopllMr
Sciena Monthly, the Scientific American, the English Mechanic, and Science
Gossip.}$ Self-improvement and an interest in nature were now also expressed
in magazines with a technological bent, accompanied by advertisements.
Oprimjsm was everywhere.

Thermodynamics. however. was delivering another message: that the Sun
could not burn fOtever, and that the Earth was steadily cooling down. Ln
a few tens of millions of years, according ro Kelvin's calculations. life here
will have become impossible. and a11 the achievements of mankind wiU have
turned to dust." This idea was taken up by H. G. Wells (t866-t946) in his
novel The Time Machine, in which the time traveler going forward finds that
the human race has evolved into twO species (one from effete aristocrats, the
other from ferocious proletarians), and then further on that all intelligent lifc
has disappeared from the cooling Earth. A deep pessimism about science and
technology similarly permeates the novels ofThomas Hardy (1840-1928).

A fascination with degeneration and degradation was thus allied with
the sciences in the popular mind, leading [0 widespread anxiety about
whether disorder in sociery, as in the physical world, was inevitably increas
ing. Darwinian development, too, was nor necessarily progressive, and for
Cesare Lombroso (t836-t909) and his many popular echoes, criminals and
the unintelligent represented throwbacks to primitive ancestors. All the gains
of civilization might be lost in atavism. Galton was a pioneer of eugenics,
hoping to promote good breeding by ensuring that the more intelligent had
larger families than the foolish and improvident. 37 Such ideas, commonplace
in the opening years of the twentieth century, were acted upon by govern
ments, democratic as well as dictatorial, who sterilized the unfit: Popular
science could issue in policy.

SIGNS AND WONDERS

By 1800 newspapers had been around for a long time, but the coming of
cheap paper and steam presses, and the lifting of "the tax on knowledge"
to which they had been subjea, meant thar Britain was early in the field of
mass-circulation papers. The building of the railway system, and the e1ec
uic telegraph that developed hand in hand with it, meant that national
newspapers carrying up-to-date international material became ever more
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important. What newspapers have always wanted were stories. though they
wen~ prepared [0 carry rather dull information as well. Sometimes the sci
ences provided excitement, a1dtough the most famous case was a hoax: John
Herschd had gone [0 50mh Africa in 1833-8 10 observe rhe sourhern starS,
and a New York newspaper reponed that he had secn inhabitants on the
moon.

This duly boosted sales, but usually newspapers had to rely upon events
such as the meetings of me British Association or major exhibitions to get
something newsworthy. Even so, the debate herween Huxley and Bishop
Samuel Wilberforce at Oxford in 1860 was nor properly reponed because
it happened on a Saturday afternoon when the main BAAS meeting was
over and the reponers had gone home. Accounts of lectUres, the opening
of new buildings. real or imagined medica.l advances, and obituaries of men
of science occupied an important place in newspapers. Huxley's reviC\\' of
the Ongin ofSp~ci~s appeared in the London Tim~s and was important in
making rhe book known, and Faraday's lener co rhe Tim<J exposing table
turning was another celebrated landmark. The more popular newspapers
usually carried less science. Armaments and innovations therein, the ironclad
warship, the breech-loading gun. gun-conon, and other explosives duly got
into the news, as also did pollution from sewage and chemical works and
accounts of vivisections. Popular stories about science were not all positive.

A5 weU as newspapers there were magazines. Punch, with its lighthearted
editorial maner and its canoons, did get across aspects of science, especially
Darwinism and OUI relationship with monkeys. The caricatures of the emi
nem (including leaders of science) in Vanity Fair were and are much prized;
they were kinder than the caricarures of Priestley, Banks, Davy, and others
around 1800. Wood engraving, lirhography, and phocography (often com
bined) meant that pictures became increasingly prominent; the slabs of text
characteristic of newspapers and magazines in the early years of the century
gave way to a livelier look. And science gOt in because of its importance, and
sometimes its aesthetic quality.)s

Science in the 1790S was harmless, perhaps useful, its image somewhat tar

nished by memories ofprojectors and by association with revolution. By 1900

it was formidable, playing a major parr in educacion and in economic life,
for the equation of technology with applied science was accepted by readers
of popular science. At the Paris Exposition of 1900, elecuiciry. now provid
ing the energy that was recently proved to underlie matter, was the great
novdry.l9 Crowds flocked again to innovations, hoping that science would
usher in a new century of peace and progress. The wonders of science were
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there as before (there were even uibesmen in exotic villages), but broughr
up to date as the world hustled down the ringing grooves of change. It was
a splendid spectade; the nineteenth century had been an age of science, and
the rwentieth would be even more so. As we know, first the ntani, disaster
revealed the dangers ofhubris, and [hen berween 19[4 and 1918, in World War
I ("the chemists' war"), developments in aircraft and poisonous gas proved
both the alarming power of science and sociery's need for ir.


