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78 Joel Mokyr

cosmopolitan academic scientist's. Chlorine bleaching depended on the discovery
of chlorine by the Swedish chemist Carl Wilhelm Scheele in 1774. Phlogiston
theory, the ruling physical paradigm of the eighteenth century, was eventually
rejected in favor of the new chemistry of Lavoisier; but some of its insights (e.g.,
the Swede Tobern Bergman's contributions to metallurgy) were valuable even if
their scientific basis was flawed and their terminology quaint to modern readers.
Cardwell (1972, pp. 41-43) has shown that the idea of a measurable quantity of
“work” or “energy” derives directly from Galileo's work on mechanics. The
advances in water in the eighteenth century depended on a scientific base of
hydraulics (Reynolds, 1983). Often, of course, bogus science produced bogus
results, as in Jethro Tull's insistence that air was the best fertilizer. In the
‘development” stage of the basic inventions, in which engineers and technicians on
he shopfloor improved, modified, and debugged the revolutionary insights of
nventors such as Cort, Cartwright, and Roberts to turn them into successful
ousiness propositions, pure science played only a modest role.

Was British science somehow different from Continental science? As Thomas
Cuhn states, the old cliché that British science was pragmatic and applied whereas
‘rench science was abstract, deductive, and formal seems to have survived the test
f time (1977, p. 137; see also Inkster, 1991, p. 42). The origins of this
henomenon may be traced to an intellectual bifurcation of the seventeenth century,
vhen British science came under the influence pf Bacon whereas in France more
artesian ideals triumphed. Bacon advocated that the purpose of science was to
aise comforts and living standards, whereas the French traditions followed more
ofty objectives. Bacon's science was empirical, experimental, and pragmatic
vhereas French science was theoretical and abstract. Such generalizations are
nevitably hazardous, but water power provides at least one persuasive example. In
3ritain research on water power was conducted by practical engineers, such as
meaton, John Banks, John Rennie, and William Fairbairn, in search of a better
vater mill. On the Continent work on water power was largely theoretical and
arried out by mathematicians, such as Antoine Parent, Johann Euler, and Jean
harles Borda (Reynolds, 1983, pp. 196-265).

Yet the roots of the divergence between British and Continental science g0
eyond that. The Cartesian traditions in eighteenth-century France regarded the
unction of science to be to support the authoritarian state as the source of all order.
1 Britain, as Margaret Jacob (1988, p. 93; 1997, p. 113) has argued, the scientists
1 the 1660s and 1670s forged an alliance with the landed and commercial interests.
fter these interests triumphed politically in 1688, scientists in eighteenth-century
ritain were on the whole part of the economic establishment, not of the opposition.
hey regarded it as a natural state of the world to cooperate with engineers and
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manufacturers to solve pragmatic technical problems.” The interactions between
them, as we have seen, were institutionalized in the various scientific and
philosophical societies that provided the meeting places, and informal contacts
further strengthened these ties. Even some members of the landowning elite
displayed a strong interest in technology, in part for economic reasons but also out
of sheer curiosity. Such paragons of the aristocracy as the Earl of Dundonald, the
Viscount of Dudley, and Ward, the Earl of Balcarres, were fascinated by the new
technologies. There was a growing communication between scientists, engineers,
and businessmen, and they engaged in a common effort to recognize technical
problems and solve them. From the early eighteenth century on, scientists in Britain
gave popular lectures on mechanical and technical issues, which were widely
attended by audiences from the commercial and artisanal classes. The most famous
of these lecturers was John T. Desaguliers, a noted physicist who made
considerable contributions to the Newcomen steam engine and water power
(Musson and Robinson, 1969, pp. 37-45; Reynolds, 1983, pp. 215-217, 280).

The state and official institutions in Britain had relatively little to do with these
developments, the Board of Longitude being the most notable exception. The
generation and diffusion of scientific and technological knowledge in Britain
occurred spontaneously, by and for private interests. In France, by contrast,
scientists depended on economic and personal relations with the political
establishment, fostering an elitist and statist approach to science, which was thus
particularly concerned with the engineering and technical needs of the state and
above all with military needs. The French state subsidized and managed scientific
enterprises, whereas in Britain the same role was carried out by the private sector
(Gillispie, 1980, chap. 5). The counterparts to the British provincial societies in
disseminating technical knowledge were the grandes écoles, which trained
technicians and engineers. The first of these was the école des ponts et chaussées,
founded in 1744, followed by the école de dessin in 1767 and the école des mines
in 1783. After the Revolution, these were followed by the école polytechnigue
(1794) and the école des arts et métiers (1804) (Artz, 1966). All these institutions
were run and funded by the government. In other countries, such as the Austrian
Netherlands, the German states, and Russia, the direct intervention of the state was
even more noticeable. Science and engineering were creatures of the state, meant
first and foremost to serve the military and administrative organs of the government.
In Britain, private interests dominated. :

The difficulty in linking science and technology in this period is highlighted by
one of the few quantitative measures of scientific output --periodicals. Although the

qovoa_mvm the best example is the problem of measuring longitude at sea. In 1714
the Longitude Act promised huge financial awards to any individual who could devise a
method or tool to measure longitude accurately. The commercial interests here were quite
transparent, and applied science — in the person of watchmaker John Harrison — proved up
to task (Sobel, 1995).
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