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This paper is based very largely on the correspondence files of the Archives of Soho; that is to say on the private and business papers of Matthew Boulton (1728-1809) and James Watt (1736-1819). In 1774 Boulton and Watt formed a business partnership to develop and market an improved steam engine. Their industrial premises at Soho, Birmingham became a magnet for visitors between 1765 and 1820. Among the visitors featured a large number of engineers and technologists from overseas, and the reactions of such individuals to the industrial advances they witnessed in Britain in these years are exceptionally well documented. By linking evidence drawn from the holdings of the Archives of Soho to the reports filed by French, Prussian and Scandinavian engineers on their return to their home countries, it is possible to highlight two areas of particular interest to the seminar. They are:

the national characteristics of engineers as an emerging  professional group.

the construction of a trans-national space in which engineers moved, and in which      

     scientific knowledge and technological know-how circulated.

     This paper will concentrate on the exchanges between British and French engineers, with occasional references to the United States and other countries. In the post-independence decades America looked primarily to Britain and France for scientific knowledge and engineering capability, and the travel accounts left by American technologists often shed interesting light on the different situations and practices which they encountered in these two highly distinctive engineering environments. There is no doubt that an equivalent analysis could be undertaken in respect of the engineers of Prussia or Sweden, too. Prussian government ministers in the pre-reform era and the Swedish Ironmasters’ Association (Jernkontoret) sent able technologists and engineers to Soho on repeated missions of investigation and information gathering, and much of the evidence accumulated as a result of these missions still survives. But even if German and Swedish engineers actively participated in the exchanges taking place between British and French technologists and industrial entrepreneurs, as seems probable, these other ‘national’ cases still require study in their own right.

British Engineers as an Occupational Group
The first point that needs to be made is that the history of engineering as a craft activity and subsequently as a profession developed quite differently in Britain from France and the rest of continental Europe. Perhaps this is to state the obvious. The relatively unimportant role of government in managing economic activity is a constant of the eighteenth and nineteenth-century history of the British Isles. It is possible to point to numerous social and economic spheres in England in which private enterprise and laissez-faire operated in the place of government interventionism.  As Voltaire noted, England enjoyed already in the early eighteenth century a relatively free society in which individuals were permitted to get on with their lives with minimal interference from vested interests and corporate bodies, whether those bodies happened to be religious institutions (churches), economic institutions (guilds) or socio-political institutions (government) seeking to categorise the population into ‘estates’, ‘orders’ or ‘corporations’. It is also worth noting that by comparison with her continental neighbours, eighteenth and nineteenth-century Britain never maintained an extensive military establishment whose sinews articulated public and private life.

     It should come as no surprise, therefore, to find that the occupation of the engineer and the practices of engineering were shaped within this context. In English the word ‘engineer’ seems first to have appeared in the 1690s, although it was written with various spellings. By the 1720s it was in fairly widespread oral use, but the activities to which the word referred were emphatically craft-based. Subsequently, ‘engineer’ and ‘engineering’ would climb up the social scale. If we check the ECCO database (Eighteenth Century Collections Online) which contains virtually all printed works in the English language between 1700 and 1799, it is significant that the term ‘engineer’ does not feature in the title of any published work before the decade 1740-49, and even then in just two imprints. The following decade three imprints employed the word in their titles. Only in the 1760s did recognition of the professional status of the ‘engineer’ start to gather some momentum. No doubt this recognition reflected the expansion of the canal-building industry. By the 1790s we find twenty-five imprints with titles containing the word ‘engineer’. On closer examination, moreover, it is evident that by this date the market for civil engineering expertise had been enlarged to include not only canals and river navigations but also docks and harbour schemes. Indeed, the more precise label ‘civil engineer’ appeared in print for the first time in the 1790s, although it seems to have been in widespread oral use since the 1760s. Not surprisingly, we find the label  being used to characterise the professional activities of individuals such as John Smeaton.

     This rather crude exercise in quantification can scarcely capture the multiple dimensions of the expanding role of the engineer, of course. If we carry out a ‘full text’ survey of the same corpus of printed material, traces of this wider currency of the term start to emerge. The use of the word ‘engineer’ in the corpus of English print literature is recorded on 260 occasions between 1700 and 1709; on 890 occasions between 1760 and 1769, and on 1634 occasions during the closing decade of the century. By this date most of the references evoke the practices of engineering in the civil, mechanical or mining domains as we would label them nowadays. It is significant that references to military engineers, or engineering for military purposes, are rarely encountered. When they occur (for example in two out of the three publications containing the word ‘engineer’ in  titles dating from the 1750s), the works in question turn out to be translations of  treatises by French military engineers.

     It seems clear that the earliest English and Scottish civil engineers were not schooled to a high level. They were craftsmen. Both Thomas Telford (1757-1834) and Robert Mylne (1733-1811) started off their careers as apprentice stone masons or carpenters. Even John Smeaton (1724-1792), the first Englishman to be labelled in his own time as a ‘civil engineer’, began his working life as a tool and instrument maker.  There was no state incorporation of civil engineers equivalent to the French Ecole des Ponts et Chaussées, although an informal (i.e. unofficial) Society of Civil Engineers (also known as the Smeatonian Society) was founded in London in 1771. Not until 1861, in fact, did the British government acknowledge civil engineering as a separate professional category in the census returns of that year  The same is broadly true of  ‘mechanical engineers’. More often than not they started off as millwrights or surveyors who acquired their skills and knowledge on the job.  Despite earning his keep as a canal surveyor before he became better known for his mechanical talents, James Watt was not invited to join the Society of Civil Engineers until 1793. When, the following year, a correspondent asked him about the training of the skilled personnel employed at Soho he replied:

 most of our engineers who have not been regularly bred to the theoretical or practical   part of the business, have been bred to analogous ones, such as millwrights, architects,  surveyors etc. which having almost all the previous learning it is easy to step to the  otherwise it must be uphill work. 

The point holds for mining engineers, too. Hugh Torens notes that ‘the British [...] largely failed to give any formal national training to their “minerals engineers” until about 1850.’

     This is not to suggest that Britain’s entrepreneurs and industrialists discounted or despised the contributions of learned men in the domain of engineering. The skilled engine men whom Boulton and Watt ‘bred’ at Soho in Birmingham or at the Albion Mill in London were often highly proficient individuals, both in terms of theoretical knowledge and practical skills. Several would go on to become eminent engineers in their own right (John Rennie the elder (1761-1834), William Murdoch (1754-1839), Peter Ewart (1767-1842)). We should also judge them by their behaviour as a group. Among late eighteenth-century Birmingham industrialists and Derbyshire mine owners it was a commonplace that Germany, and more especially the Bergsakademie at Freiberg in Saxony, was the only place where a comprehensive training in the earth sciences and mine engineering could be obtained. Accordingly, both James Watt and Matthew Boulton sent their sons to Germany in order to extend their knowledge of mining techniques and  chemical analysis applied to minerals.

     Nonetheless, the fact remains that in 1800 engineers, in Britain, were considered to be craftsmen by and large, and engineering a ‘useful art’ rather than a science-based activity. As such the engineer could not expect to enjoy much social esteem. Only about a quarter of the members of the Society of Civil Engineers between 1771 and 1800 were Fellows of the Royal Society. Before the ‘heroisation’ of the engineer which we associate with the early Victorian  era, technology, unlike science, was not ‘polite’. It follows that they were not particularly well rewarded either. Until the canal-building boom of the late 1760s the majority of civil engineers lived on modest incomes. Unlike their counterparts on the Continent, they competed for work in a marketplace in which the state was not an active player. When, in 1786, Matthew Boulton and James Watt were offered 2400 louis d’or by the French government to come to Paris and act as consultant engineers to the Marly waterworks project, they would have regarded the invitation as an unusual and exceptionally well paid commission. We know, too, that they were intensely flattered to be treated by the savants of the French capital as ‘celebrated engineers’.

      The absence of the state from the arena had other consequences as well. In Britain the civilian profession of engineer remained completely unregulated and it was left to each and every employer to make a judgement as to competence, and to strike the appropriate bargain for work to be done. Whilst it is true that an elite of omni-competent engineers began to emerge in the second half of the eighteenth century, the reservoir of jobbing engineers of varying abilities was constantly being replenished from below. In 1785 James Watt grumbled to his wife that the engineering profession had been much diminished since the days of his youth as a mathematical instruments repairer in Glasgow, for it:

            is now in general in the hands of very illiterate people the world  seeming to think that science and genius are not necessary in it, but  that self-conceit, ignorance, impudence & a little experience may   very well supply their place. Consequently men of real knowledge  & abilities not being paid as they deserve have deserted the calling.

     This seems an unduly negative judgement and perhaps a self-serving one on the part of a man who was about to be elected to the Royal Society, not for his skills as an engineer but for his prowess as a chemist. The Archives of Soho contain a printed prospectus dating from 1802 or thereabouts entitled ‘Mr Roebuck’s charges for business as a scientific engineer’ which appears to show that some at least were flourishing in the free-wheeling environment of Britain’s late eighteenth-century economy. The document details a scale of charges for engineering consultancy work as follows:

 Opinion or advice verbally, when called upon at his house, respecting any object of 

 mechanism, manufactures, or mineralogy;  or the application of the powers of animals,  water, or steam to mechanical purposes, one guinea, if the consultation does not  exceed one hour.

A written answer or report on the above subjects to a case or a letter, provided it can be  comprehended in two sheets of paper, and exclusive of charges for making drawings  plans,   two guineas [...]

              etc.

However, there is a sense in which Watt’s pessimism is understandable for the boundaries of the profession of engineer in Britain at the turn of the century were poorly defined to a worrying degree, and, it would seem, entirely unpoliced. In the British context the problem of professionalization arose most actuely when it proved necessary to explain the difference between an ‘engineer’ and a ‘mechanic’.

     If we refer to the patent trial of 1796-99 which the firm of Boulton & Watt brought against the engineers Hornblower & Maberley for allegedly infringing Watt’s 1769 engine patent, it rapidly becomes apparent that contemporaries (and even expert witnesses) found it hard to unravel this conundrum. Arguments rooted in professionalism, or institutionalisation evidently did not apply since the vast majority engineers in Britain had no corporate status in contrast to their counterparts on the Continent. To judge from the close reading of the B & W trial papers which David Miller has undertaken, it appears that the real demarcator was what Boulton and his partner described as the ‘philosophical’ element; that is to say the quantum of scientific knowledge which a capable engineer was able to draw upon, but which a mere mechanic could not. Even so, the positioning of this frontier seems to have been rather subjective. One of the witnesses called – the chemist and science journalist William Nicholson (1753-1815) – declared that the difference of approach when employing a ‘first rate Engineer’ as opposed to a mechanic would be that whereas the latter needed to be equipped with detailed drawings in order to build a viable steam engine, the former would not. So, were the Soho engine erectors ‘mechanics’ or ‘engineers’ we may to ask? The firm issued them with detailed assembly guides for use when installing engines for clients, which would seem to imply that they were competent mechanics, but equally we know that a number of them set out actively to acquire scientific knowledge. In other words they were, or could become, engineers.

     The gist of this discussion might easily lead to the conclusion that the chief distinction between Britain and France is that the former produced only civil engineers, whereas the latter produced military engineers. This is the conclusion that Margaret Jacob comes close to drawing. Even if we allow that the term ‘civil’ would often be employed to embrace mechanical and mine engineering  in the second half of the eighteenth century in English usage, this does not seem to me to be a safe generalisation to venture. After all, France possessed an Ecole des Ponts et Chaussées from 1747 and an Ecole des Mines from 1783, and, in any case, Britain did have a military engineering establishment. A Corps of Engineers was instituted in 1716 (renamed the Corps of Royal Engineers in 1787) following Britain’s participation in the War of the Spanish Succession. Its principal task was to build fortifications in the overseas territories of the burgeoning British Empire (Gibraltar, Minorca, Nova Scotia, South Carolina, Louisburg, Jamaica, West Africa etc). Perhaps this is the point that should be emphasised: military engineers were not placed in charge of major infrastructure projects in mainland Britain; at least not until the Napoleonic invasion scares of the turn of the century. As a group they were therefore largely invisible to the public at large. They were not particularly numerous in any case. In 1717 a Royal Warrant specified that the military engineering establishment for Great Britain should consist of one Chief Engineer, two Directors, two Sub-Directors, six Ordinary Engineers, six Extraordinary Engineers, six Sub-Engineers and six Practitioner Engineers. It is true that a military engineering school of sorts, known as the Royal Military Academy, came into being in 1741 as an outgrowth of the Arsenal at Woolwich to the south-east of London. Its remit was to educate ‘good officers of Artillery and perfect Engineers.’ However, the Academy made little impact on the private-sector world of the engineer and it is significant that on the few occasions in the late 1790s when Boulton & Watt became involved in engineering research work for the military branch, the link was often forged by émigré French military engineers (see the discussion below).

     Such refugees from revolutionary and war-torn Europe must have found it odd that private-enterprise engineering establishments such as Boulton’s Soho Manufactory and Foundry had few connections with army contractors and engineers, or with state-owned premises such as the Woolwich Arsenal. In 1816 a deputation from Woolwich which included Sir William Congreve, the rocket engineer, was actually denied access to the Soho Foundry on the ground that the travelling party was escorting Grand Duke Nicholas of Russia who was reputed to have industrial spies in his entourage. A minor diplomatic incident resulted, but the elderly James Watt stood firm. In the British context, in other words, owners of industrial premises containing leading-edge technologies could not be bullied by government, no matter how eminent the prospective visitor. Although the evidence it rather indirect, it is clear too that refugee military engineers from France would have found the practices or culture of engineering,  as well as the institutional structures, very different from what they had been accustomed to. In place of the highly analytical and increasingly mathematical conception of the function of the engineer prevailing in France, they would surely have encountered a more practical approach to problem-solving which drew its inspiration from the intensely competitive commercial environment in which the vast majority of British engineers and architects found it necessary to operate. As Michel Cotte points out, these contrasting engineering styles were noticed particularly by American trainee technologists of the 1820s and 1830s who often sought to complete their education with extended periods of study in both France and England. The letters home of Moncure Robinson (1802-1891), for instance, record ‘sur le plan technique, l’opposition radicale qu’il rencontre entre les traditions pratiques des uns et les habitudes théorisantes des autres.’

     We know, too, that visiting French engineers were struck by the innovative use of materials which they encountered in Britain, in particular the structural use of iron in bridges, industrial buildings and waggon-ways. The larger steam engines manufactured at Soho were mostly fitted with iron beams from the turn of the century, and even Watt was impressed by the ingenious uses that were now being found for his steam power technology. He noted the prevalence of iron in major infrastructure developments in a letter to Prony, adding a remark on the construction of the  London Docks where John Rennie, the superintending engineer, had found a means of driving in piles by steam. Another engine was used to drain river water from the site, whilst a third was employed in grinding mortar for the cement. The Ponts et Chaussées engineers at this time were not altogether convinced of the reliability of iron as a constructional material as Antoine Picon has noted. Of course, metal was a more costly alternative to traditional building materials on the Continent. Yet if there is one comment that recurs in the reports of visiting foreigners about civil engineering schemes in France, it is the lavishness of the expenditure on items that were not critical to the purpose in question. Arthur Young, for example, was both amazed and appalled on beholding French highways projects at the end of the ancien régime. He implied that they were either grossly over-engineered, or absurdly costly in relation to the amount of wheeled traffic ever likely to make use of them. The Portuguese savant João-Jacinto de Magalhães made similar remarks. Following a visit to Périer’s new engine works at Chaillot outside Paris, he reported to Watt that the buildings were ‘superb’ adding, ‘I don’t think any of these machines ever were built in so fine and so showy a manner abroad or at home.’ French architects and engineers, he concluded, liked to construct on a grand and expensive scale.

Constructing a Europe-Wide Space for the Exchange of Engineering Knowledge
The restless energy with which Europe’s intelligentsia travelled in pursuit of knowledge in the second half of the eighteenth century is now so well documented that it scarcely requires further demonstration. Engineers were no exception in this regard. Swedish technologists came on tour to Britain’s metal-working districts in every decade of the eighteenth century, and it is largely thanks to their perspicacity that a connected history of mining and iron-founding in England, Wales and Scotland can now be written. French savants started to cross the Channel in significant numbers in the 1760s on the conclusion of the Seven Years War. Their counterparts from the German-speaking lands followed a decade or so later as states such as Saxony and Prussia started to develop in earnest  their mineral resources. Of course, Britain was not the only target for these enquiring minds: from the 1770s the Ecole des Ponts et Chaussées despatched its best pupils on missions to inspect the hydraulic installations of the Netherlands as well. Yet, it does seem that there were two key periods when the momentum of technological knowledge circulation in Europe speeded up: the 1780s and the ten or fifteen years following the return of peace to Europe in 1815.

     The Archives of Soho allow us to study this acceleration in microcosm, for by the 1780s nearly every touring engineer would add Birmingham to his itinerary in the hope of viewing James Watt’s latest mechanical improvements to steam power technology. The list of visitors is impressive. To cite only the names of French engineers, it includes: Jacques-Constantin Périer (1742-1818), Ignace de Wendel (1746-95), Aimable-Marie de Givry, Pierre-Charles Lesage (1740-1810), Gaspard Riche  de Prony (1755-1839), Joseph Cachin (1757-1848), Jean-Rodolphe Perronet (1708-1794) and Charles-Augustin de Coulomb (1736-1806).

     Something of the same happened in 1814-15. Engineers who had only been able to travel within a French-dominated Europe since 1803 converged on England from all directions. The metal-working districts of Birmingham and the Black Country remained one of the principal destinations, but no longer the only region for investigation. Again, if we confine the list solely to engineers and technologists of French extraction, we know that Charles Dupin (1784-1873) made numerous visits between 1816 and 1824; Georges de Gallois (1775-1825) toured in 1816-17; François-Charles Cécile (1766-1840), Jean-Nicolas Hachette (1769-1834) and Louis Martin visited together in 1819, the same year in which  Louis Becquey (1760-1845) sent the Ponts et Chaussées engineer Joseph-Michel Dutens (1765-1848) to England, and in which the hydraulic engineer Pierre-Simeon Girard (1765-1836)) turned up at Soho with a letter from Prony to James Watt junior expressing condolences on the death of his father. Another civil engineer, Claude Navier (1785-1836), set off on a tour of Britain between 1821, whilst the mining engineers Petit-Dufrénoy (1792-1857) and Elie de Beaumont (1798-1874) arrived in 1823. We know, too, that several other significant figures in the world of engineering crossed the Channel for purposes of industrial tourism or knowledge gathering before 1830: J. Cordier, Léon Coste (1805-1840), Auguste Perdonnet (1801-1867), and Louis-Antoine Beaunier  (1779-1835), the future director of the Ecole des Mines at Saint-Etienne.

     What can an analysis of these movements tell us? First and foremost that knowledge transfer in the technological domain thrived on personal contact. The French administration recognised this early on, under Daniel-Charles Trudaine, head of the Bureau de Commerce, and it seems likely that scheme of Controller-General Calonne in 1786 to bring Boulton and Watt over to France was nurtured with the aim of persuading the two British engineers to relocate to France on a permanent basis. The minister seems to have been far more interested in involving them in his plans for the hardware works at La Charité-sur-Loire than in the refurbishment of the machine de Marly. But personal contact could be made in a number of unanticipated ways as well. The French Revolution would cause many members of the corps de génie to exile themselves from France, as Picon has pointed out, and a number of these émigré military engineers beat a path to the gates of the Soho Manufactory. I have been able to identify a handful of such individuals in Matthew Boulton’s business and private correspondence: Anne-Philippe-Dieudonné de Loyauté, an artillery officer who fled France in September 1792 following the prison massacres; another artillery engineer named Jacques-André de Viette; Marc Brunel, father of Isambard the future railway entrepreneur and marine engineer; and Joseph de Thiville. The latter’s invention of a hydraulic machine for reducing friction failed to impress James Watt, but he would go on to take out in Britain a patent for a type of gas lamp adapted for use as street lighting. In a context of increasingly bitter hostilities between Britain and France, the artillery officers were the most successful in selling on their inventions. At the behest of the Woolwich Arsenal, Boulton agreed to build and test Loyauté’s ‘bombardière royale’ (a kind of catapult grenade launcher). Viette, too, seems to have made his way to Soho on a recommendation from Lord Cornwallis of the Royal Military Academy, although the Archives do not tell us much about the technological process that he was seeking a backer for.

     Beneath the surface of knowledge exchange between accredited engineers there existed circuits of mobility involving skilled and unskilled artisans. Their movements are much harder to track, as are the technological consequences of this type of mobility within Europe. Yet we should not underestimate the importance of skilled craftsmen drawn from the metal-working and textile industries to the process of diffusion for all that. Matthew Boulton played host, and sometimes reluctant host, to many a craftsman from Europe, often as a quid pro quo for selling his steam technology in the European marketplace. Craftsmen arrived from Russia, from Prussia, from Bavaria, from the Kingdom of Naples and from Spain and Portugal – despatched in many cases by governments which hoped thereby to’ kick-start’ their own technological capability with an implantation of British know-how to their iron foundries, textile factories and dockyards. However, this type of engineering knowledge transfer was fraught with difficulty still in the 1780s, if only for the reason that the laws of Great Britain inhibited the free movement of men and machines. Although Boulton & Watt expressed annoyance and even anger when dealing with artisans, and even on occasion with visiting engineers who seemed bent on scooping up knowledge without offering anything in return, they drew comfort from the fact that in the domain of steam technology, artisan transfer rarely seems to have conferred an advantage on their competitors. Although they did not articulate the challenge of trans-national knowledge transfer in quite these terms, they were certainly aware of the cultural and ecological filters that operated in the intensely practical domain of engineering. I also suspect that in their more candid moments they were perfectly aware that knowledge transfer in the industrial context was a multi-dimensional process in which no participating party could safely claim possession of the moral high ground. For as James Watt once acknowledged in reference to Birmingham and Wolverhampton’s japanning industry, we British have learned most of what we know about varnishes from the French. 

     However, most historians would agree that a step-change in the construction of a Europe-wide space for engineering knowledge took place on the conclusion of the Wars of the Revolution and the Empire. Michel Cotte, for instance, insists upon 1814-15 as ‘une date charnière.’ After this date the intensity of  knowledge transfer involving engineers and skilled craftsmen sharply accelerated, and so it seems did the rate of ‘take-up’. This implies, of course, that some of the ‘cultural’ barriers to transfer operating still in the 1780s had been substantially eroded, or removed. Had the very nature of ‘government’ in post-Revolutionary Europe altered in a fundamental sense, as has been suggested recently in respect to France? Or perhaps the Zeitgeist switched decisively and durably from mercantilism and obsessive secrecy to a more laissez-faire outlook in the intellectual domain? There seems little doubt that governments largely stopped worrying about knowledge protection and secrecy in the 1820s as Patrice Bret points out, and we know that the prohibitions which supposedly prevented the emigration of British artisans were removed in 1824. Under the impetus of Lord Liverpool’s liberal economic policies restrictions on the export of machines were eased the following year, too, although they would not be repealed completely until 1843. 

     More promising, it seems to me, is the argument that the efforts of administrations in the economic sphere were now being seconded by an expanding constituency of entrepreneurs who no longer looked automatically to government ministers in order to kick start the process of technological innovation and modernisation. After an initial flurry of official and carefully programmed voyages of enquiry across the Channel between 1815 and the early 1820s in which able technologists drawn for the most part from the engineering administrations of the French state played the lead role, the baton seems to have passed to the industrialists who were, in essence, little different from the Matthew Boultons, the Richard Arkwrights and the John Wilkinsons of the preceding generation. Michel Cotte remarks upon this transition, and notes the arrival in Britain of the Séguin brothers of Annonay in 1823 and of numerous ironmasters and textile manufacturers from the centre and the east of France. We might add the name of François-Gracchus Cabrol (1793-1882), superintending engineer at the Décazeville complex of mines and foundries who crossed the Channel in 1826 in search of the latest blast furnace technology.

Conclusion
It is worth remarking in conclusion that by the late 1820s technological deficits were being made good. Indeed, the ‘knowledge economy’ in engineering along its Anglo-French axis may well have been approaching the point of equilibrium. With the rapid development of machine building capacity on the Continent and in the United States, most of the improvements in the textile and metallurgical textile industries which had been launched from the British Isles during the second half of the eighteenth century had become ubiquitous. The imbalances that  had so alarmed the very first wave of government-sponsored investigators when intercourse across the Channel resumed in 1814-15 had greatly diminished.  

     We should therefore resist the rather lazy historiographical schematisation which posits that knowledge and ‘know-how’ flowed in one direction only (i.e. from Great Britain outwards). Even in the 1780s when technologically-informed visitors to Birmingham and Coalbrookdale first began to take account of the fact that an industrial ‘revolution’ was in the making in Britain, the trans-national ‘space’ for engineering knowledge functioned very largely on the principle of exchange. Until the descent of nearly all European states into war and domestic turmoil from 1793 onwards, scientific knowledge circulated with few impediments. Blissfully unaware of what the final years of the eighteenth century would bring, Britain’s industrial intelligentsia took it for granted that they should maintain close links with their counterparts in Europe. They invested heavily in associational culture (clubs, societies Masonic lodges, coffee house philosophical societies etc) which served as the main vectors for knowledge transfer, and they sent their sons abroad to complete their technical education as we have seen. When James Watt’s eldest son set out for France in 1792 he carried with him a shopping list of books to buy in Paris which included two copies of Prony’s Nouvelle architecture hydraulique – one for the Manchester savant-fabricant George Lee, the other for the budding Soho engineer Peter Ewart. 

     Even after 1814-15, the traffic was by no means one way. Both Lee and John Leslie (1766-1832), the physicist, presented themselves in Paris almost as soon as it was safe to cross the Channel, and Joseph Strutt, a son of the Derby industrialist and inventor, would follow in August 1816. His tour began with a visit to the machine de Marly, followed by an inspection of the Austerlitz iron bridge, the site of the Bastille and the model machine collections of the Conservatoire National des Arts et Métiers. A month later James Watt junior and John Rennie set off. Whilst Rennie soon left the French capital having obtained permission to tour the dockyards of Cherbourg and Brest, Watt confined himself to Paris and its environs. He dined with Berthollet and Laplace – presumably in Arcueil. Unlike Rennie, he seems to have avoided a meeting Prony ‘or any of the Ponts & Chaussées gentlemen’, as he put it in a letter to his father. The reason offered seems to capture the tension between old-fashioned Enlightenment civility as practised by Matthew Boulton and the more competitive environment in which British manufacturers were to find themselves by the second decade of the nineteenth century: ‘I was much afraid of being subjected to the visits of their emissaries, who would have expected a reciprocity of sights.’
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