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Building a Nation:

Engineers and the Mathematization of Nature in Antebellum America
Ann Johnson (annj@sc.edu)

In the overview to his edited collection of articles on American engineering, historian Terry Reynolds argues that a set of distinctly American engineering practices emerged in the nineteenth century. American engineering had two parents, according to Reynolds, one French and institutional, the other British and artisanal.  He writes, “As these traditions blended in the 1800s, however, they yielded a distinctly American engineering tradition, better adapted to American economic and political conditions and American social values than either of its predecessors.”
  Rather than disputing the parentage of engineering as it developed in America, in this project I examine a third element which also uniquely shaped engineering practices in America: the environment.  The role of environment in shaping society through the construction of infrastructure has come under close scrutiny by environmental historians since the 1970s, but integrating environment, engineering, and the development of the American nation, especially before the twentieth century, remains an unfinished project.  

In this project I argue that the environment played a critical role in shaping American engineering practices before the Civil War, and that those practices led to views about internal improvement that were, at least partially, constitutive of nascent American identity.  Engineering played a mediating role, both between nature and the state, and between citizens and government. Because many of the projects they worked on were government-funded, engineers have been closely tied to state development.  Even on projects that were not directly financially dependent on state funding--as in the American railroads--engineers and their work served to reconfigure political, economic, and natural landscapes in ways accommodated by the state.  Therefore, given direct connections between engineers and the state, showing how engineers interfaced with nature and how their accounts influenced private citizens proves to be the more challenging task of my central argument about the mediating role of engineers.  As a result, the first part of this project focuses on the processes and activities through which engineers came to know the dynamic American landscape and its natural resources and the routes through which those perceptions and accounts reached a broad range of Americans. 
The perception that the American landscape offered a uniquely abundant array of materials (resources), often seen as Providentially bestowed by God, was a widespread and common assumption of 18th and 19th century Americans, of engineers, citizens and leaders alike.  But few saw this richness as often as the peripatetic engineers and technicians who mapped and designed infrastructure, such as roads, canals, harbors, lighthouses and the like.  Surveying was often the route through which engineers first saw the nation’s landscape.  Surveyors were usually quite well paid with additional opportunities to make (and lose) fortunes through land speculation; thus, engineers often moved back and forth between surveying and infrastructure projects.  Furthermore, the organization of surveying labor provided a means by which men with little formal education could advance.  The apprenticeship system that facilitated the construction of the Erie Canal provides one such example—teen-aged boys started as manual laborers, then became surveyors and, in turn, became engineers and entrpreneurs.  To a significant extent, particularly among federal politicians, the voices of surveyors and engineers helped establish the view that America’s resources were uniquely rich, a claim that played a role in the rhetoric of the grand American political experiment.  
Outside of the activity of surveying, engineers also established the need to invent new ways of performing engineering design, in part to accommodate the broad array of materials they encountered. Engineers had to design and build structures from the materials they found locally in the field; as a result they wanted to predict the various physical properties of those materials. Did American-grown trees produce similar timber to European, or as the Providential point of view would suggest, were they better?  For American engineers, these were not theoretical issues, but rather empirical ones, and this orientation toward empirical research is something that Alexis de Tocqueville noted in Democracy in America.
  As a result of the kind of work engineers were called upon to do and diverse materials at hand, engineering practices developed in a particular way.  Perhaps surprisingly for their early American context of development, these methods were highly mathematical—the kinds of data that empirical testing generated, about a wide array of materials, required a mathematical framework in order to be meaningful and useful.  While today mathematical methods of engineering have been naturalized and often seem to be the only way to do engineering, in fact, the mathematization of engineering was not inevitable nor was there anything natural or inevitable about the particular way in which engineering was mathematized in America.  Taking a cue from Shapin and Shaffer’s Leviathan and the Air Pump, this story requires a symmetrical attitude towards competing practices in the period.  An account of the development of mathematical engineering in America is required to determine how a particular set of practices came to dominate American engineering, as well as an account which shows the methods (often geometrical) that did not carry through to the twentieth century.  

There have only been a few attempts to understand how broadly-applicable, mathematically-based engineering practices were developed prior to the twentieth century.  Historians of technology Bruce Seely, Ron Kline, Ed Layton, Terry Reynolds, and engineer Walter Vincenti have done this for a variety of practices beginning largely in the 1880s, but all, and Layton in particular, admit that there are numerous pre-existing traditions and practices of mathematical engineering that form the epistemological foundations of present-day engineering. The kinds of mathematical practices that are the focal points of this project are those which are often referred to disparagingly as cookbook methods or “plug-and-chug” techniques, where empirically-produced values are plugged into standard equations to predict the behavior of various structural elements.  Engineering students today spend their first three years building a repertoire of these techniques.  But tracing the history of these techniques back, one finds many cheap handbooks appearing in America in the 1830s and 40s.  These handbooks, coupled with apprenticeships, disseminated mathematical techniques.  This publishing phenomenon was not matched by Britain, France or the German states until much later.  Thus the empirically-driven, but still mathematical, basis for predicting the behavior of materials seems to be primarily an American phenomenon prior to 1850.

Oviously, I am not arguing for an American corner on the market of engineering mathematics.  In fact a broad claim of American mathematization (as opposed to mathematization in a cookbook mode) would be misleading.  In the eighteenth and nineteenth centuries, mathematical engineering was largely a French domain  Eda Kranakis has looked at the differences between French and American bridge engineering in the 19th century in her book, Constructing a Bridge.  Kranakis concludes that the traditional claims of French mathematical obsessions versus American trial-and- error methods—a thesis advanced by Tocqueville, among others--are, in fact, more myth and invented tradition than widely held characteristics.  However, Kranakis reaches this conclusion by demonstrating the practical mathematics used by American engineers rather than by debunking the French mathematical character.  Antoine Picon examines French engineering in the 17th and 18th centuries and connects mathematization to the changing institutional structures that supported engineers in pre-Revolutionary France.  Ken Alder’s Engineering the Revolution adds another account of the interaction of engineering and the French state through the construction of key institutions that supported both the Ancien Regime and the Revolutionary French state; like this project, he argues that the creation of such institutions shaped both French engineering practices and broader French identity.  However, there is no comparable literature connecting state needs to engineering institutions and knowledge in the early American case.  The chronological coherence of literal and figurative nation building and the professionalization of engineering in 19th century America promises that such a study will be important to the broader narrative of the shaping of American identity, which, by the Age of Edison, developed a clearly technological component.
 

As Michael Adas argues in Dominance by Design, technology and engineering have been key routes for the establishment and expression of American economic, as well as cultural, dominance and hegemony.  Given the magnitude and importance of these claims, it is all the more critical to understand the origins of American engineering, to understand how its practices achieved such nearly universal utility, and to see what is American about it in the first place, without carelessly essentializing something like an American character.  While cookbook approaches in engineering are neither exclusively nor essentially American, they were developed largely to meet the needs of engineers working on the frontier, where materials were highly variable, and where work needed to proceed quickly without much time for reflection on methods.
  They also reflect the diversity of labor and skills available in the building of American infrastructure, where formally trained engineers were the exception, but generally mathematically-literate citizens could wield a technical handbook.  The high cost of mistakes created another incentive for a cookbook style of engineering; trial and error generated both a large number of failures and overbuilt structures which used materials and often labor inefficiently.  Thus the cookbook method which facilitated the global spread of American engineering since the Civil War was a development of frontier engineering in the antebellum period.  Institutional developments like the 1862 Morrill Act, which created land grant colleges, helped further codify, disseminate and ingrain these practices into generations of engineers.

In this project, I am not focusing narrowly on mathematics, but constructing a narrative of engineering culture in America, which cannot be isolated from culture at large—engineers are both shapers of the culture at large and are shaped by cultures outside their work experience.  I examine the intertwined and mutually-dependent co-evolution of three important phenomena: the engineering professions, the understanding and shaping of the American landscape, and the development of a technological identity in American culture, politics and economics.  An attempt to integrate engineering cultures into questions of national identity is, in some ways, obvious, as the American Society of Civil Engineers, formed in Boston in 1852, claims on its website that “Civil engineers build the world's infrastructure. In doing so, they shape the history of nations around the world.”  At the same time, such an account is missing for 19th century America.  Both Todd Shallat, in Structures in the Stream, his history of the US Army Corps of Engineers and John Larson in Internal Improvements, a political narrative of infrastructure building in antebellum America, provide parts of the story, but neither examines engineering and identity.  Shallat’s account is a superb organizational history of a single dynamic institution, and Larson’s interest is in detailed political procedure rather than national identity.  My central argument is that in 1800 proto-professional engineers faced a continent rich with new materials--plants and timber, water, soil, minerals, geological structures—which neither their European textbooks nor their derived tacit knowledge prepared them for.  By 1910, professional, licensed experts looked at a designed landscape and lived in a nation in which technological adeptness was valued enough to warrant federal funding of engineering research and education.  This dominance was achieved through the formulaic practices of cookbook engineering.  These practices also led to the construction of a particular landscape, and the design of that landscape is clearly a product of the techniques of engineers.  
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