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1. Sec Samucl Y. Edgeston, Jr., The Heritage of Giotto’s Geomesry. Art and Science
on tbe Eve of the Scientific Revolution, [thaca, N.Y., Cornell University Press, 1991,

2, Here | wish to pay tribute to a text that has sdmulated my thinking when it was
a dissertation and now as a book, Richard Bicrnacki, The Fabrication of Laber. Germany
and Britain, 1640-1914, Berkeley, University of California Press, 1995.

3. Bridget Hill, Women, Work, and Sexual Politics in Eighteenth-Century England,
New York, Basil Blackwell, 1989, pp. 63-68.

4. For a very helpful discussion of the different meanings of all these terms see
Ronald Kline, “Construing ‘Technology’ as ‘Applied Science’: Public Rhetoric of
Scientists and Engineers in the United States, 1880-1945," Idis, 86 (Junc 1995):
194-204.

5. For how France was being swamped by British textiles by 1789, and for the in-
feriority of French techniques in iron and steel, see Jean-Frangois de Tolozan, Mémoire
swr le commerce de la France ef de ses colomies, Paris, Moutard, 1789; Bibliothéque
Nationale, microfiche V.17731. Far memoirs making similar points and for the mizing
of cultural and economic arguments see the vast collections of the Archives nationales,
Paris, in particular F12 677, F12 661 and examples of the somewhat desperate scarch
for cultural explanations: “Reponse du Sicur Clicquor Blervanche, April 1778,” where
it i8 thought that French Protestant refugees are the key to British success; F12 647-48,
1768 memoir by Dubrocuil, where Jews are blamed for trouble in the Lyon textile in-
dustry. For the economics of English coal and its superiority, sce F12 724, memoir of
28 August 1789,

6. Patrick O'Brien and Roland Quinaule, The Industrial Revolution and Britidh
Socizty, Cambridge, Cambridge University Press, 1993, pp. 13-14.
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7. For an intelligent statement of what the British Industtial Revolution means, see
David . Landes, “The Fabie of the Dead Horse; or, The Industrial Revolution Revisited,”
in Joel Mokyr, ed., The Bririch Industrial Revolution, Westview, Conn., Westview Press,
1993, pp. 132-70. A French minister in 1789 estimated that two-thirds of the cost of
manufacturing cotton in France was in Jabor costs; AN, microfiche V.17731, mémoire
by Tolozan, By this date France is a net importer of corton, much of it British.

8. Archives Nationales, Paris, F12 661 “Mémoire du Sieur Holker fils sur les fab-
riques d’Aumalle, Amiens ct Abbeville,” no date, bur from the 1780s. A fascinating at-
tempt to calculate per capina income: Holker thinks there are 26,673,000 people in France
with 2 per capita income of 115 livres 7s 8d, of which 21 L. comes from industry.

9. Thomas Young, A Cowrsc of Lecrures on Natural Philosophy and the Mechanizal
Arts, 2 vols, 1807, vol. 1, p. 250.

10. See Timothy Claxton, Memair of a Mechamic, Boston, 183%. 1 owe this refer-
ence to Joyce Appleby.

11. Sec Margarct Bryan, Lectwres on Natural Philosophy: The Result of Many Tears’
Pracsical Experience of the Facts Elucideted, London, 1806; and James A. Epstein,
Radical Expression. Political Language, Ritual, and Symbol in England, 1790-1850, New
York, Oxford University Press, 1994, The novel is Elizabeth Gaskell's Mary Barton, the
opening of chap. V, and I owe the reference to Ruth Perry.

12. But by the 1660s experimenters were interested in the application of steam;
sce Richard L. Hills, Power from Stzam. A History of the Stationary Stzam Engine,
Cambridge, Cambridge University Press, 1989, chap. 2.

13. A wonderful description of Birmingham can be found in the diary of Chrétien
G. Malesherbes, “Voyage en Angleterre, 1785," Thiladelphia, American Philosophical
Socicty, MS B/M 291. Cf. Gordon E. Cherry, Bérmingham. A Study in Geigrapin,
Hintory and Planning, New York, John Wiley & Sons, 1994, chap. 3. For 2 guide o
manufaccuring activity in the town sce K. J. Smith, ed., Warwickdrire Apprentices and
Their Masterr 1710-1760, Oxford, Dugdale Sociery, 1975.

14. Scc Richard Margolis, “Marthew Boulton's French Ventures of 1791 and 1792,
Tokens for the Monneron Fréres of Paris and Isle de France,” Britidh Numismaric
Journal, 58 {1989): 102-9,

15. See Archives nationales, Paris, MS F12 677C, letter of the spy Le Turc (to
Totozan?), 4 Sept. 1786; scc also the memoir of 27 Jan. 1786 for the quotation and a
detailed description of the division of labor in mining, which included women. In 2 let-
ter of 4 Feb, 1788 he says that even in three years of work an English worker does not
se¢ “un metier assemblé.”

16. But no one should forget that A. E. Musson and Eric Robinson taught us to
think in new ways in Science and Techmology in the Industrial Revolwtion, 1969, second
printing with foreword by this author, New York, Gordon and Breach, 1989. The pre-
sent book, like The Cultural Meaning, builds on their work.

17. For an exccllent comparison with Chinese culure, see Edgerton, The Henitage
of Giorto’s Geometry, cited earlier, Another valiant attempe at comparison can be found
in Toby E. Huff, The Rise of Early Modern Science. Liam, China, and the Wen,
Cambridge, Cambridge University Press, 1993; it is not, however, up to date on what
historians are now saying about Western science.

18. Betry Jo Teeter Dobbs, “Newton as Final Cause and First Mover,” Inis, 85
{1994): 633—43. On some questions Professor Dobbs and 1 differed stightly. How 1
wish she were stili alive 1o disagree with me.
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19. Letters of Jasiah Wedgwood, 1762-1772, London, 1903, p. 165; sec also p,24,

20. For the carly use of the term (1799) “Industrial Revolution™ sec David Landes,
“The Fable of the Dead Horse; or, The Industrial Revolution Revisited,” in Joel Mokyr,
ed., Thke Britith Industrinl Revolution, Westview, Conn., Westview Press, 1993, pp.
133-34.
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1. Quoted in Jean Dietz Moss, Novelties in she Heavens, Rhetoric and Science in
the Copernican Contraversy, Chicago, University of Chicago Press, 1993, p. 33.

2, Michael Adas, Machines as the Measure of Men. Science, Technology, and Ideologies
of Weseern Domisance, [thaca, N.Y., Comell University Press, 1989, chaps. 1 and 2.

3. Owen Gingerich, The Eye of Heaven. Prolemy, Copermicns, Kepler, New York,
American [nstitute of Physics, 1993, p. 200,

4. Galileo Galilei, Two Chief World Systems, trans, S. Drake, Berkeley, University of
California Press, 1967, p. 207.

8. Ibid.

6. Sce the useful discussion in Fernand Hallyn, The Poctic Structure of the World.
Capernicus and Kepler, New York, Zone Books, 1990, pp. 152-54,

7. Peter Kriedte, Pesansy, Landlords and Merchant Capitalints, Leamington Spa,
U.K,, Berg Publishers, 1983, pp. 57-64; and for printing Elizabeth Eiscnstein, The
Printing Press as an Agent of Change, 2 vols., Cambridge, Cambridge University Press,
1978,

8. Letter of March 1615 from Galilea ro Father Dini; reproduced in Richard J.
Blackwell, Galileo, Bellarmine, and the Bible, South Bend, Ind., University of Notrs
Dame Press, 1991, p. 209.

9. For these developments see the extremely useful essay by Olaf Pedersen, “Galileo
and the Councit of Trent: The Galileo Affair Revisited,” Jowrnal of the Histary of
Astronomy, 14, no. 39 (1983): 3-26. Some of the points made in this chapter were
onginaly in a eco-authored casay, “The Social Foundations of Modern Science:
Historiographical Problems™ by James R. Jacob and Margaret C. Jacab, prescnted to
the American Historical Association, 1981.

10. Galileo Galilei, Lstter to the Grand Duchess Christina, in Stillman Drake, ed.,
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te French Indusyy from May 1781 to November 1783, Newark, University of Delaware
Press, 1993.
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ct Projets, Machines, 1768-81, 87 f. on water supply for Paris compared to superior
London system and discussion of cost of coal in Paris, which is higher. On the silk in-
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1789, scc Seientifiques et jocidtds pendant la Révolurian ct PEmpire. Actes du 11de Congrés
national des socidtls savantes, Paris, 3-9 avril 1989, Paris CTHS, 1990, Cf. Jacques Payen,
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(1991): 911-31. This article cites other secondary sources where it is claimed that French
administrators “did not feel thar English industry was much more advanced than their
own, and other historians have said much the same thing.” None of this rescarch, how-
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Paris F12 1442,
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Medern England, London, Croom Helm, 1987, pp. 209-15,

13. Robin Briggs, “The Académic rmyale des sciemees and the pursuit of utility,” Par
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Dept. de 1a Meuse.
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see G. ). Hollister-Short, “The Introduction of the Newcomen Engine into Europe,”
Transactions of the Newcamen Socicty for the Study of the Himory of Enginesring and
Techmology, 48 (1976-77): 11-22,

16. AN, Paris, Marine G 105, 16 F.; this inventor managed to get his privilege, but
it was a touch and go negotiation,

17, AN, Paris, F12 2195; item 460, 1788: “Cependant cer academicien ne pré-
tend point exclure la nouvelle méthode propasée par le S. Ainavet; mais il observe qu'il
n'y a qu'un long usage qui puisse décider la quesdon.”

18. AN, Daris, Marine G 117, 102 f, Giibert de Marete, 21 June 1775 to secre-
taty of the Marine: “ains il ne reste plus quh constater par l'experience la realité de ma
décourverte. ., .” Scc also 46 £, 31 Octobre, 1736: Ciceri to the Ministry of the Marine:
1} ne s"agit point icy de Science mais bien de Genic & de mecanique et d'un fait qui
concerne La Marine les gens de mer peuvent en juger sainement.” Sez also AN, Microfilm
13 5-7, 10 july 1783,

19. AN, Paris F12 1442 note the letter of John Kay ro Badger, 23 Oct. 1753, on
how all these people have to be carefuily handled.
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20. AN, F12 1442, report of October 1758 10 M. Trudaine. I am grateful to
J. B Harris for his comments here. Badger did have trouble gerting his factory
constructed, and had to rely on Vaucauson for assistance. Badger's letters indicate a
mintmal lireracy, For the art of the calender sce Eric Kerridge, Textils Manufaciures in
Early Modern England, Manchester, Manchester University Press, 1985, pp. 173-74.

21. Here I rely on Terry Shinn, “Science, Tocqueville, and the State: The
Organization of Knowledge in Modern France,” Secial Research, 59, no.3 {1992):
533--66; reprinted in Margaret C, Jacob, ed., The Politics of Wessers Science, 1640~1990,
Atlantic Highlands, N.]., Humanitics Press, 1994, For further evidence of the mental-
ity of the officials, sec Edward A, Allen, “Business Mentality and Technology Transfer
in Eighteenth-Century France: The Calandre Anglassat Nimes, 1752-92." History and
Technolggy, 8 (1990): 9-23.

22. ENPC, Paris, archives et manuscrits non catalogués, Carton “Concours de Style,
1789-1803." | am immensely grateful to Mme, M. Deschamps for leading me to this
rich coliection at the ENPC; there 2re 25 answers for 1789 and about the same for
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crown. [n ENPC, Carton; “Concours de Style, 1778-1812" there are about 25 answers
for 1778 on 1 question about the value of the schoo! for commerce and agriculrare.
Roads, canals, and bridges are scen to facilitate both; manufacturing, mentioned only
occasionally, will also be assisted, “The active circulation of commerce is the first and
principal cause of the splendor of the stare,” is a sentiment commonly voiced. For 1784
there arc 22 answers 1o the question: “the advantages and disadvantages of the equal-
ity of conditions in 2 great society,” These show that enlightened thought had perme-
ated deeply into the school; women's equality is occasionally discussed, bur generally
the engineers, including the one who got first prize, do not think that the arts and sci-
ences would Bourish in conditions of equality.

23. Picon, p. 51. Cf. Nicole et Jean Dhombres, Naiuance d’un pouveir: sciences ct
1avants en France (17931824}, Paris, Payor, 1989, p. 560.

24. “Un entrepreneur qui trop peu instruit se chargeroit 3 vil prix d'un ouvrage
dont le devis auroic été trop legérement fait; ou bien forcer un entrepreneur ambitieux
et pew déticat A sc contenter d’un gain Kgitime ct autorisé par le gouvernement.” Quoted
in “Cours de stile, 1789-1803,” Ecole nationale ponts et chausécs, Paris.

25. Quoted in M. Bradley, op. cit., p. 145.

26. AN, Paris F12 2204 o Citoyen [?] 1791[?], [dossicr le Turc]. See also F12
677C and in same fie fetters of 13 June 1786 from London where he makes clear that
he is not actually going to do the manufacturing. Supplied by the kindness of ]. R. Haris.

27. JWP, BPL, W/5, Birmingham, 13 Jan. 1779 to Dear Doctor [ Black]. See also
AN, Paris, F12 2205,

28. Ibid., Watt to Black, no date but placed amang other letters from [780.

29, Ibid., 13 Jan. 1779 Wart ro Black.

30. AN, Paris, Marine G 110, dossier 1 and 2; 146-201 K.; including a list of 1778
from Boulton and Watt on afl the engines installed in Britain to date {27 on this list).
Jary signs himself a5 “concessionaire des Mines de Nantes.” See 183 f. for cvidence that
he “scems 1o be possessed, in an eminent degree, of the necessary previous knowledge.”
This new cvidence from the archives of the Marine supplements the account found in
Jacques Payen, Cagital. .., pp. 102-7.

31. Note that in the Dutch Republic the main importer of Watt’s engine, Van
Liender, set up just the kind of trial thar Watt wanted in a polder near Haarlem where
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there was a Newcomen engine already installed; Boulton and Watr MSS, BPL, Box 36,
lester from Van Liender to Watt, 9 Oct. 1787, written in French, Wart’s lerters to Jary
and the French authorities from the period 1778 to 1782 can be found in the same
Birmingham archives of Boulton and Watt; 16 Oct, 1778, Watt to Magellan on Jary:
*In the first place he can certify that he hath seen many of our machines actually at
work and that they are very much superior to the common Engine ... that Bretagne
i a more proper place to make the trial of comparison in, than Paris, because there are
rwo Engines actually ar work & the great expence of erecting an Engine at Paris will
thereby be avoided [fary wanted to buy an engine at this time].” And “End of Decernber
1778 or 1 Jan. 1779 .. . Mr Magellan ., . 1. The superiority of our Engine over those
of the old construction can be ascertained only by a comparison. But as there i no old
Enginc at Paris with which the comparison can be made . . . 3. My Jary Concessicnaire
etc. has applied to os to erect one of our Engines at or near Nantes in Bretagne in place
of an old one already erected there. . .. Watt.” Magellan’s despairing lezrer is 197 £
Mageltan is wel] aware of the concern about Perier trying to steal the privilege. Want
recounted the outlines of this story and Perier’s filure 1o pay him for designs submit-
ted in a letter to M. Genet, Chef du Burcau des Affaires Errangéres, 31 Anguse 1783;
found in the Albany Insdtute of History and Ast and kindly supplied through Eric
Robinson. See AN, Paris, Minutier Central, XXX, 459, for Perier brothers and list of
members in the society; Lettres patentes dated 7 Feb. 1777 and registered with
Parlement 16 July 1778, Neither brother used an acute when signing his name, and so
I continue their practicc. As lare as 1817 Prench commentators were complaining about

their backfvardness in steam engines; see AN, Paris, F 12 2200, 8 April 1817 Albert to
M, Becquey.

32, WP, Watt to Wedgwood, 16 Feb. 1784: “We have had thesc wo days past a
visit of no less than six French engineers and iron masters who have tome over in hopes
we would teach them to make fire engines and that some other benevelent people would
teach them how o improve their cast iron, We teated them with all manner of civil-
ity but took care to show thcm nothing bat what they knew before. ., . 1 believe they
do not intend to visit the pottery but if they do you are warned that they are clever sci-
entific people and onc of them Mr. Pericr an exceflent mechanic.” In the same collce-
tion a lecter from Joseph Banks dated 12 August 1784 to Watt: *I cannot resist the de-
sire 1 have of recommending Mr. Bertier Intendant de la Généralité de Paris, erc, ctc.
2 man of no smal] consequence in France considerable proficiency in usefull knowledge
& unwearied patronage of the uscfull arts to your good offices .. . some companions
of his journey among whom is Dr. Broussonet. . .” Originally supplied by the kindness
of Eric Robinson; these manuscripts are now ar the Birmingham City Library.

33, James E. McClellan I11, Colonialims and Science. Saint Domingue in the Old
Regime, Johns Hopkins University Press, Baltimore, 1991, p, 74,

34. The archives of the Marine supplement the account found in Charles Ballot,
L'Introduction du mackinisme dans Vindwstrie frangaise, Slatkine Reprints, Geneva, 1978,
pp. 390403 [original in 1923} Cf AN, Innsvarions tecknigwes dans la Marine,
1641-1817. Mémoirer v projets regus par ke département de In Marine (Marine G 86 2
119), Paris, 1990. This account do¢s not contradice but it does supplement what appears
in J. R. Harris, “Michael Alcack and the Transfer of Birmingham Technology to France
before the Revolution,” Jowrnal of Enropean Economic Hitrory, 15, no. | (1986). 7-59.
Sce also J. Payen, Capital et mackine & vapesr ax xvitie sidcle, Paris, 1969, pp. 102-4.

35. For westimony to this effect sce the diary of Prof. Salomon de Monchy’s tnp
to Daris, 1790; Rotterdam, Gemeente Archief, famife de Monchy, no. 51, 39-4] .
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He also raw Van Liender on this uip who was now in Paris with his sister. For a con-
densed version of this whole story see Jacques Payen, Les Frives Périer et Vintroduction
en Frenee de la machine & vapewr d¢ Want, Conférence .. Palais de b Découverte,
1968. See ENPC, MS 100, for a srudent discussion of the engine dated 1791.

36. Archives departmentales, Loire-Atlantique, Nantes, C 129, privilege dated 1746
to Simon Jarry [sic]; in 1765 it was cxtended another thirty years with the right to pass
it on to his children. On these concessions and the confusions around them see Gwynne
Lewis, The Advent of Modern Capitaliom in Framce, 1770-1840. The Contribution of
Pigrre-Framgois Tubesif, Oxford, Clarcndon Press, 1993,

37. Catherine Blanloeil, “La Société académique de Nantes ct de Ja Loire-Inféricure
de 1798 4 1825." in Jean Dhombres, ed., La Bretqgne des savangs st des ingénienrs,
1750-1825, Rennes, Editions Quest-France, 1991, p. 69.
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1780-1880, London, Roudedge and Kegan Paul, 1969, pp. 67-68. Sce also Peter Buck,
“People Who Counted: Political Arithmetic in the Eighteenth Century,” Is, 73, no.
266 (1982): 32, on court Whigs favoring a national census in 1753.

43. See R. B. Schoficld, “The Construction of the Huddersficld Narrow Canal
1794~1811: With Pasticulzr Reference to Standedge Tunnel,” Transactions of the
Newcomen Society, 53 (1981-1982): 17-38.

44, See Philip Riden, The Bwizerley Company, 1790-1830: A Derbyhire Ironworks
in the Industrial Revolwsion, Chesterfield, 1973, p. 3 ff,, for Benjamin Outram,

45, See, for example, Derbyshire Record Office, D258,/50/14 w, E. Darwin to P.
Gell, 22 April 1789,

46. R B. Schoficld, “The Promotion of the Cromford Canal Act of 1789: A Study
in Canal Engineering,” Bulletin of the John Rylands Universicy Library of Manchester,
64 (1982): 246—47. Cf. R. §. Firton and A. D, Wadsworth, The Strusts and the Arkwrights
1758-1830, Manchester, Manchester University Press, 1958, pp. 62, 80

47. Derbyshire Record Office, D258/50,/14 y, to Philip Gell from his brother in
London, 7 July, na.

48, Derbyshire Record Office, D258,/50/14 ta,
49, Schofield, “Promotion of the Cromford Canal Act,” p. 268.

50, Derbyshire Record Office, D258,/50/14 v, B. Outram to F. Gell. CF. Schoficld,
“Promotion of the Cromford Canal Act,” p. 274.

51. Schofield, “Promotion of the Cromford Canal Act,” p. 270, quoting 2 letter
from John Gell to Phitip Gell. There is no evidence that committee members were cho-
sen for their particular expertise; sec Q. Cyprian Williams, The Historical Development
of Privase Bill Procedsers and Standing Orders in the House of Commans, London, HMSO,
1948, voi. 1, pp. 4146,
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52, House of Lords Record Office, Main Papers, H.L., 26 May 1789, et. seq.

53, House of Lords Record Office, Main Papers, 24 May 1791, evidence on
Birmingham Camal Bill.

54. House of Lords Record Office, Main Papers, 26 May 1789, Cromford Canal.

55. Houst of Lords Record Office, Main Papers, 19, 20 May 1809, Kennet and
Avon Canal Bill, cxamination of John Rennie, Esq.

56. House of Lords Record Office, Main Papers, 19 May {809, Kennct and Avon
Canal Bill. This is a bill to permit the raising of more money for a canal that is partiaily
complerted.

57. T. 8. Ashton, An Eighteenth Century Indusrialise Perer Stubs of Warrington
1756-1804, Manchester, Manchester University Press, 1939, p. 41.

58, James H. Rieuwerts, “A Technological History of Drainage of the Derbyshire
Lead Mines,” Ph.D, disservation, University of Leicester, 1981, pp. 145-49. Cf. Roy
Porter, The Making of Geolggy, Cambridge, Cambridge University Press, 1976,

59. Shefficld City Library, Bagshawe Collection, MS 494, John Barkers Lerter
Book, 1765-1811, entry for 30 Sept. 1794, on a mine subject to a great deal of flood-
ing.

‘60, Derbyshire Record Office, 503 /D103, William Jessop to Mr. Godwin, Butterley
Ironworks, 9 Sept. 1815, and 14 Dec. 1815,

61. Sheffield City Library, Bagshawe Collection, C. 654(1-116), letter of William
Milner to George Barker on steam engine with the approval of Sir Joscph Banks, 21
Sept. 1807. Cf, Lynn Willics, “The Barker Family and the Eighteenth Century Lead
Business,” Derbyshire Archasoligical Journal, 93 (1973): 68, on Wyatt taking over the
filing business of the Barkers und revitalizing it.

62. Shefficld City Library, Bagshawe Collection, C. 587/(30), fol. 1, estimate with
technical description of engine, from R. Smith to W, Wyart, 9 Dec. 1836; fol 3, W,
Sneyd to W. Wyan for a 60-horsepower engine; fol. 8, another estimate with details.
The cost involved is berween £2,000 and 3,000; sce 9 Feb. 1837 for sums.

63. Sheffield City Library, Bagshawe Collecrion, M5 587(30), fol. 4, William Wyartt
to Mr. Cope, Bakewell, 31 Jan, 1837, Cf. N. Kirkham, “Steam Engines in Derbyshire
Lead Mines,” Tramsactions of the Newcomen Society, 38 (1965-1966): 72-73, 76-77,
on Wyart as innovator.
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Comparative studies in the history of scicnce and culture are few and far between.
Inspiration can be found in Richard Biemacki, The Fabrication of Labor in
Germany and Britain, 1640-1914, Berkeley, University of California Press, 1995,
For another example of comparative work, but with a very different set of prob-
lers from those found in this book, sce Lewis Pyenson, Cultural Imperialion
and Exact Sciences. German Expansion Overszas 1900-1930, New York, Peter
Lang, 1985. For a sense of what people knew about nature in general before
1600 scc William Eamon, Stience and the Secrets of Nature: Books of Secrets in
Medieval and Early Modern Culture, Princeton, Princeton University Press,
1994. For a splendid discussion of how alchemists worked, see Pameia H. Smith,
The Business of Alchemsy. Science and Cultwre in the Holy Roman Empire,
Princeton, Princeton University Press, 1994, If students wish to know about in-
dividual scientists discussed in this text, they should consult Charles C. Gillispie,
ed., Dictionary of Scientific Biggraphy, 16 vols., New York, Scribner, 1970, For
complex ideas in philosophy, there is the helpful guide by Philip P. Wiener, <d.,
Dictionary of the Hintory of Ideas, New York: Scribner, 1973. Western technology
is uscfully surveyed in Donald Cardwell, The Norton Histary of Technolagy, New
York, W. W. Narton, 1995. The culture and science of the less educated, which
increasingly came ta be dismissed as magic, have been illuminated in Keith
Thomas, Religion and the Decline of Magic, New York, Seribner 1971; Alan
Macfarlane, Witcheraft in Tudor and Stwart England, London, Harper & Row,
1970; and Carlo Ginzburg, The Cheese and the Worms, Harmondsworth, UK.,
Penguin, 1982, about the fascinating cosmology of a miller who ran afoul of the
Roman Inquisition. See also C. Ginsburg, “High and Low: The Theme of
Forbidden Knowledge in the Sixteenth and Seventeenth Centuries,” Past and
Present, no. 73 (1976); 28—41. And not least, to find out what ordinary folk
read, see Margaset Spufford, Small Books and Pleasant Histories: Populnr Fiction
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and lus Readership in Seventeenth-Contury England, Athens, University of
Georgia Press, 1981, A genenal introduction to the field of science and gender
can be found in the popularizing book by Margaret Wertheim, Pribagorar’
Trousers. God, Phyrics, and the Gender Wars, New Yark, Times Baoks, 1995,

Jo% Gkt

Galileo’s miseries with the church are gone over in minute detail in Rivka Feldhay,
Galileo and the Chyrch, Politicn! Inguisition or Critical Dialogne?, Cambridge,
Cambridge University Press, 1995, Students need not resort to complex notions
like “cultural field™ or “discourse to follow the main autlines of the story.
Primary sources can be found in Maurice A. Finocchiaro, ed., The Galilss Affinr.
A Daocumentary History, Berkeley, University of California Press, 1985, Everyone
should read Picrro Redondi, Galifes Heretic, Princeton, Princeton University
Press, 1989, lraly does not get as much atiention as it deserves in this book; ry
the Fagcinating account in Paulz Findlen, Patsessing Nature, Muscsms, Collecring,
and Scientific Culture in Early Modern Italy, Berkeley, University of California
Press, 1994, For all the background and scicnce left out of this chaprer, espe-
cially for Kepler who is sadly missing, sce Owen Gingerich, The Eye of Heaven.
Ptolemy, Coperniens, Kepler, New York, American Institute of Physics, 1993. Ir is
also a good phace to go for Copernicus. One of the most important and fascinat-
Ing topics 1o emerge in the study of science and culture since the 1960s is the
role of magic in the new science. The focur classicus of those studies is Frances
Yates, Giordano Bruwe and the Hermeric Tradstion, Chicago, University of
Chicago Press, 1964, Perhaps the most interesting link berween magic and scien-
tific pracrice occurs in early modern medicine. There the leading figure is
Paracelsns. Sec A. G. Debus, The Englith Paraceltians, London, Oldbourne,
1965, Francis Bacon is so very imporianc in the scory that links the new science
to the reform of learning ap well as to technology. The best places to begin with
Bacon are Paolo Rossi, Franzis Bacon: From Magic fo Scienez, Chicago,
University of Chicago Press, 1968; and B, Farrington, The Philasophy of Francis
Bacan, Liverpool, Liverpool University Press, 1964, Bacon's influence is every-
where present in Charles Webster, The Greas Instaurasian: Scipnce, Medicing and
Reform, 1826-1660, London, Duckworth, 1975, And he was an inspiration to
the founding of the Royal Socicty; sce J. R Jacob, “Restoration, Reformation
and the Origins of the Royal Sociery,” History of Science, 13 (1975): 155-76,
which is a basic essay on the social and ideslogical origins of e society. For an
essay that places Bacon into the context of economic ideology, see James R.
Jacob, “The Political Economy of Science in Seventeenth-Century England,” in
Margaret C. Jacob, ed., The Polinics of Wertern Science, 1640-1990, Adanric
Highlands, N.J., Humanities Press, 1994, pp. 19-46.

(el Juadll
Finally Descartes has a goad biogrephy in English. Sce the account in Stephen

Gaukroger, Descartes. An Intellectsal Biggraphy, Oxford, Clarendon Press, 1995.
A provocadive study of Descartes’s paychology epprars in John R Cole, The
Olympian Dreams and Youthful Rebellion of René Descartes, Urbana/Chicago,
University of lllincis Press, 1992, The argument that up until the condemnation
of Galileo in 1633 Descartes was not that concerned about skepiicism scems @
bit strained. To get through the complexities of Descartes’s metaphysics, um to



477 b gy

Daniti Garber, Descarter’ Metaphyrical Phyrics, Chicago, University of Chicago
Press, 1992. For insight on a way to read texts that anchors them within their
social milicux, see Bruce S. Bastwood, “Descartes on Refraction: Sqentific Versus
Rhetorical Method,” fris, 75 (1984): 481-502. There is also much wisdom in A.
1. Knilsheimer, Studies in Self-Interest: Descarres to La Bruyére, Oxford:
Clarendon Press, 1962. Do not forget the now old, but always valuable Martha
Omstein, The Role of Sciensific Societies in the Seventeenth Century, Chicago,
University of Chicago Press, 1928. Onc of the best studics on Freach science is
Roger Hahn, The Anatomy of & Sciensific Institution: The Paris Academy of
Sciences, 1666~1803, Berkeley, Univensity of California Press, 1971.

A It ] A%
The Royal Secicty commands a large lirerature summarized without much interpretative
framework in Michael Hunter, Esablishing tie New Science. The Experience of the
Early Royal Soricty, Woodbridge, U.K., Boydell Press, 1989; to be used with cau-
ton. To begin a survey of the Merton thesis and its enormous influence try L.
Bemard Cohen, ed., Puritanioms and the Rise of Modern Science: The Merton Thesis,
edited with ... K E. Duffin and Stuart Swickland, New Brunswick, N.J., Rutgers
University Press, 1990, Henry More has a biography in A. Rupert Hall, Henry
More: Magic, Religion and Experiment, Oxford, Blackwell, 1990. For s short ac-
count of Newton and his influence sce Betty Jo Teeter Dobbs and Margaret C.
Jacab, Newton and the Culture of Newtonizniom, Atantc Highlands, N.J.,
Humanites Press, 1995. Many scholarly works on Newton's science abstracdy
conceived exist. One place 1o starg is a collecdon of essays from various decades by
A. Rupert Hall, Newton, His Friends and Hir Foes, Aldershot, UK., Ashgate
Publishing, 1993. For background and handy identifications try Derek Gjersen,
The Newson Handbook, New York, Roudedge & Kegan Paul, 1986, There isalso 2
more technical work than any of the others, but it is helpful: Paul Theerman and
Adele F. Seeff, eds., Acrion and Reaction. Proczedings of o Sympoesium to
Commemarase te Tereensenary of Newton’s "Principia®, Newark, University of
Delaware Press, 1993. On Boyle there is the brilliant study by James R_ Jacob,
Roberr Boyle and the Engiich Revolurion, New York, Burt Franklin, 1977. Locke
now has an all encompassing stutly in John Marshall, Jekn Locke, Resimance,
Religion and Responsibility, Cambridge, Cambridge University Press, 1994. For an
intelligent discussion of Hobbes’s absolutism see fohann P, Sommerville, Themas
Hebbes, Political Ideas in Historieal Contexct, New York, St. Martin's Press, 1992.

& 0 Juad

The period when science becomes a major intellectual force within Western culture
<an be dated as roughly 1680-1730, the so-called crisis of the European mind.
The student can begin with the old but classic, English translation of Paul
Hazard, The Ewropean Mind: 1680-1715, New Haven, Yale University Pres,
1953. There are many minor yet wonderfully fascinaring historical characters that
make up the story of the crisis. There was also the redoubtable Henry Stubbe in
England; sec James R, Jacob, Hemry Ssubbe: Radical Procestansism and the Early
Entigitenment, Cambridge, Cambridge University Press, 1983. One other essay
takes an approach to the crisis that rightly emphasizes its relationship to the
English Revolution: J. G. A. Pocock, “Post-Purltan England and the Problem of
the Enlightenment™ in Perez Zagorin, ed., Guitwre and Polirics: From Purisaniom
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to the Enlighrenment, Los Angeles, University of California Dress, 1980. For s
figure in both worlds, presecular and scientific, sec James E. Force, William
Whiston: Honest Newtowian, Cambridge, Cambridge University Press, 1985, To
show how complex this period can be rake a look at Andrew C. Fix, Prophecy

and Reasn. The Dutch Collegiants in the Exrly Enlighsenment, Princeton,
Princeton University Press, 1991,

el aadli

There is 2 book that is basic to this chapter, Larry Stewart, The Rise of Public Science.
Rhctoric, Technolygy, and Natural Philasoply in Newtonian Britain, 1660-1750,
Cambridge, Cambridge University Press, 1992, For Scotland and the depth of
scicntific learning there sec “Literacy, Education and the Culrure of Print in
Enlightenment Edinburgh,” Hirery (October 1993); 373-92; and $. Shapin,
“The Audience for Science in Eighreenth Cenvury Edinburgh,” Hixory of
Science, 12 (1974): 95-121; and S. Shapin, “Property, Patronage and the Politics
of Sience: The Founding of the Royal Society of Edinburgh,” Britich Jotirnal
for the History of Science, 7 (1974): 1-41. For a good survey of eighteenth-
century science in the British Isies but also in Europe, consult M. Crosland, ed.,
The Emcrgence of Science in Western Europe, London, Macmillan, 1975. For the
complexity of economic life see Roy Porter and John Brewer, eds., Conumption
and the World of Goods, New York, Routledge, 1993, There is also the helpful
general study that puts the Royal Society in perspective: James E. McCleltan 111,
Science Reorganised: Scientific Societies in the Exghteenth Contury, New York,
Columhia University Press, 1985, The larger question of science and industrial
growth is tackled and somecwhat downplayed in Petcr Mathias, “Who Unbound
Prometheus? Science and Technical Change, 1600-1800," in Peter Mathias, ed.,
Science and Socéety, Cambridge, Cambridge University Press, 1972, There is
much more work to be done on the British literary and philosophical societies,
and there arc various model srudies that can be jmirated—for example, R. B.
Schoficld, The Lumar Sociccy of Rirmingham, Oxford, Clarendan Press, 1963;
E. Robinson, “The Derby Philosophical Society,” Anmals of Science, 9 (1953);
359-67. Someone needs to write about the cightecnth- and carly nincreenth-
century engincers as the real buc peculiar type of enlighiened philosophes they
were. Scientific culture in Continental Europe during the eighteenth century
needs work, and that of course requires a knowledge of various European lan-
guages, For further reading, as opposed to research, see J. L. Heilbron,
Electricity in the Seventzenth and Eigbteenth Centurics: A Study of Early Moders
Pimics, Berkeley, Untversity of California Press, 1979. For a discussion of the
lives of some of those who prospered in eighteenth-century Britain, and how
much they could prosper through overseas trade, see David Hancock, Citizens of
the World. Londen Merchants and the Intggration of the British Atlantic
Community, 1735~1785, Cambridge, Cambridge University Press, 1995,

There are now many good biographies of leading cighteenth-century British scien-
tists, although the Watt family needs o be done again, The family papers have
now all made thelr way to the Birmingham City Library, and the latest collec-
tions have been used to paint the portrait found in this chapter. Any work on
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this period should begin with A. E. Musson and Ernic Robinson, Sriznce and
Indwstry in the First Industrial Revolution, New York, Gordon and Breach, 1989
[reprint of 1969 edition]. Sér Jaszph Banmks 1743-1820, London, British Museumn,
1988, by Harcld B. Carter, is found in any good research library. Banks has an-
other very good biography in John Gascoigne, Joseph Banks and the English
Enlightenmen:. Useful Knowledge and Polite Culture, New York, Cambridge
University Press, 1994, Therc is an older book that must be used with caution:
1. G. Crowther, Scieneists of the Industrial Revolysion, London, Cresser Press,
1962. For social history sce Leonore Davidoff and Cachering Hall, Famsily
Fortunzs. Men and Women of the Englich Middle Clag, 1780-1850, London,
Hutchinson, 1987. I have benefirted from the context provided in Jan Golinski,
Science ar Public Culture: Chemistry and Enlightenment in Britain, 1760-1820,
Cambridge, Cambridge Universicy Press, 1992, For more derail than I have been
able to give here abour original science in the social circle of Watt, see David
Knight, Humpbry Davy, Science and Power, Cambridge, Cambridge Universiry
Press, 1992, For the Scotland of the Watt's see R A. Houston, Secial Change in
the Age of Enlightenment Oxford, Clarendon Press, 1994.

fesd! Juadl!

There have been no good comparative studies of educational systems at the begin-

The

ning of moderniry. So bits and picces have to be borrowed to fill in the picture.
The bes: overview of physics and mechanics for the period remains J. L.
Heilbron, Electricicy in the Seventeenth and Eigbteenth Censuries: A Seudy of Early
Modern Plymics, Berkeley, Universiry of California Press, 1979, For Spain sec
David Goodman, “Scicnce and the Clergy in the Spanish Enlightenment,”
Hisiory of Seience, 21 (1983): 111-40. Germany now can be approached through
the excellent work of Richard L. Gawthrop, Pietism and the Making of
Eighteentir-Century Praussia, Cambridge, Cambridge University Press, 1993. The
Dutch Republic can be approached initially in Margaret C. Jacob and Wijnand
Mijnhardt, eds., The Duwtch Republic in the Eighteenth Censury. Enlighsenmant,
Decline and Revolsrion, Ithaca, N.Y., Comell University Press, 1993. A good
place to begin with French scicnce is R. Rappaport, “Government Patronage of
Science in Eighteenth Century France,” History of Sciemee, 8 (1969): 119-36. A
Bood gencral survey of the Austrian Netherlands appeared in 1983: H. Hasquin,
ed., La vie cultwrelle dans nas provinces aw XVille sitcle, Brussels, Credit
Communal de Belgique. An indispensable bibliography is W. Bacten ¢r a,, eds.,
Belgic im de 18dc ceww: Kritische Bibliografic, Brusscls, 1983), published for the
Contact-groep 18de cemw and usable in French as well, The western colony of the
Austrians reccives an intelligent discussion in Franz A, ]. Szabo, Kasnits and
Enlightened Absolutiom, 17531780, Cambridge, Cambridge University Press,
1994,

Oalal) Juadl
whole of French inventiveness in the cighteenth cenrury has now been mapped,
with some good work also on the English, by Liliane Hilaire-Pérez, Inventions ot
Inventewrs en France et en Anglererve aw wwiiié sidele, 4 vols., University of Lille,
Docrorate de I'Université de Paris I Panthéon-Sorbonne-UER d’Histoire,
January 1994. Some of her work firse appeared in “Invention and the State in
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1Bth-Century France,” Techmology and Culture, 32 (1991): 911-31. The role of
ience in the French Revalution and the whole question of radical scicnce can
be approached through an old but good work, L. P. Williams, “The Polidics of
Scicnce in the French Revoluton,” in M. Clagett, ed., Critical Problems in the
Hiszory of Science, Madison, University of Wisconsin Press, 1959, pp. 291-308;
and R. Darnton, Meomerism and the End of the Enlightenment in France,
Cambridge, Mass., Harvard University Press, 1968, On French science in general
sce: Thomas Hankins, Scisnce and the Enlightenmens, Cambridge, Cambridge
University Press, 1985. All of J.R. Harris's work on technology transfer to
France is important. Start with J. R Harris, “Michacl Alcock and the Transfer of
Birmingham Technology to France before the Revolution,™ Jowrnal of European
Ecomomic History, 15 (1986); 7-59. See also the excellent account in Gwynne
Lewis, The Advent of Modern Capicalism in France, [770-1840. The Consribusion
of Pierre-Frangois Tubesf, Oxford, Clarendon Press, 1993. The relacionship be-
tween the Revolution and economic change should be approached through Jean-
Pierre Hirsch, “Revolutionary France, Cradle of Free Enterprise,” American
Historical Review, 94 (1989): 1281-89. The Revolution and the spurt forward
in scicnce education is nicely summarized in Jean G. Dhombres, “French
Textbooks in the Sciences 1750-1850," History of BEducation, 13 (L984):

153-161, Sec also Robert Fox, cd., Techmological Change, London, Harwood,
1996.

) Juakh

More basic rescarch is needed on the day-to-day use of technical knowledge in the
Industrial Revolution. The book to help with that rescarch remains A. E.
Musson and E. Robinson, Seience in the Induserial Revolution (1969), cited car-
lier. A case study of one of the new sciences and its relation to indusirialization
is R Porter, “The Industrial Revoluton and the Rise of the Science of
Geology,” in M. Teich and R. M. Young, cds., Changing Perspeatives in the
History of Science, London, Heinemann, 1973, pp. 320-43; and sec also A
Thackray, “Science and Technology in the Industrial Revolution,” Hirery of
Science, 9 (1970): 76-89. For intelligent thoughts on sience and agriculture sce
Simon Schaffer, “A Social History of Plausibility: Country, Ciry and Calculation
in Augustan Britain,” in Adrian Wilson, cd., Rethinking Social Hisory,
Manchester, Manchester University Press, 1993,
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