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For Ched





The gains in technics are never registered automatically in society; they require equally adroit inventions and adaptations in politics; and the careless habit of attributing to mechanical improvements a direct role as instruments of culture and civilization puts a demand upon the machine to which it cannot respond.…

No matter how completely technics relies upon the objective procedures of the sciences, it does not form an independent system, like the universe; it exists as an element in human culture and it promises well or ill as the social groups that exploit it promise well or ill. The machine itself makes no demands and holds out no promises: it is the human spirit that makes demands and keeps promises.

Lewis Mumford,
Technics and Civilization
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Foreword

The notion of technological determinism has dominated popular understanding of the industrial revolution. Changes in technology are assumed to have been the principal cause of industrialization, and the whole process is seen purely as a technological revolution. Yet new inventions, new processes, and new applications of scientific discoveries do not in themselves dictate changes in production. Unless accompanied by changes in social relations, especially in the organization of labor, technological changes tend to be absorbed into existing social structures; far from revolutionizing society, they merely reinforce the existing distribution of power and privilege.

In the Middle Ages, technical improvements such as the horse collar, the windmill, and the sawmill did not revolutionize production or weaken the domination of the feudal nobility. In the eighteenth and nineteenth centuries, on the other hand, technological changes did have a revolutionary effect because they were part of a political and social revolution—the overthrow of arbitrary authority, the destruction of mercantilist restraints on trade, the emergence of a landless proletariat, and the separation of the worker from his tools. These upheavals laid the basis of the factory system, rendered handicraft production obsolete, and surrounded the new mode of manufacture with a political climate highly conducive to its development.

The second phase of industrial development—the subject of the present study by David F. Noble—began to unfold when the capitalist, having expropriated the worker’s property, gradually expropriated his technical knowledge as well, asserting his own mastery over production. Before the fruits of modern science could be applied to industrial production, the work process had to be split up into hundreds of separate operations performed by workers who no longer understood the relation of one operation to another, and who therefore exercised no control over the process. Social innovation thus laid the basis for technical innovation, and the pioneers of industrial technology played a central role in social engineering as well.

It is for these reasons that Noble insists that technology has to be seen as “social production,” and the professional engineer as an expert not only in applied science but in the management of social relations. Noble shows how the engineering profession emerged from the workshop and the school, how the “school culture” wing of the profession succeeded in making academic credentials the prerequisite of admission, and how academically trained engineers replaced “rule-of-thumb” methods with esoteric knowledge over which they themselves had established a monopoly. The professionalization of engineering and the establishment of engineering education as a recognized branch of higher learning forged a link between the corporation and the university that remains unbroken to this day. The corporation thus shifted to the university, an institution partly or wholly financed by the state, such secondary costs of production as personnel training and basic research. Early experiments with in-house research and personnel training, especially in the electrical industry, came under rising criticism and gradually gave way to a “cooperative” movement in which, as at Antioch, academic and industrial training were combined—this being itself merely an intermediate step toward the full-fledged assumption of industrial responsibilities by the modern “multiversity.”

The expropriation of the workers’ technical knowledge had as a logical consequence the growth of modern management, in which technical knowledge now came to be concentrated. As the scientific management movement split up production into its component procedures, reducing the worker to an appendage of the machine, a great expansion of technical and supervisory personnel took place in order to oversee the productive process as a whole. The old-style entrepreneur, who carried most of his firm’s operations in his head, gave way to the university-trained industrial manager, often an engineer. Noble’s analysis of the movement of engineers into management undercuts any temptation to see engineers and managers as distinct strata. The engineers failed to develop a point of view of their own, as Veblen had hoped when he predicted that the managers’ quest for profits would increasingly conflict with the engineers’ devotion to technical efficiency. Instead, the engineers placed their expertise at the service of a productive system efficient in its details but supremely wasteful and irrational in its general tendency.

The industrial system’s dependence on military spending and war provides the clearest indication of its overriding irrationality. It is significant that, as Noble shows, engineers regarded the First World War not as a disaster for civilization but as a “unique opportunity” to put their ideas into practice—to bring the corporations, the universities, and the state into closer partnership. Without moralizing, Noble paints a vivid picture of “the unreality of the war which these men fought and the strange lighthearted spirit in which they perceived its horrors”; the development of this cult of war is perhaps the most telling indictment of the productive system over which they presided.

On this last point, however, Noble leaves it to the reader to make his own judgments. His book is deeply critical of industrial society without offending the reader with left-wing pieties, so often associated with radical scholarship. The book reflects a new maturity among scholars on the left, a new rigor and detachment that are quietly transforming historical scholarship. Books like Carol Gruber’s Mars and Minerva, Stuart Ewen’s Captains of Consciousness, Harry Braverman’s Labor and Monopoly Capital, and now David Noble’s America by Design, have immeasurably enriched historical understanding of the “second industrial revolution” of the twentieth century. They have superseded Marxian and non-Marxian accounts alike.

The impact of this new work has yet to make itself fully felt. When it does, the crudity of earlier interpretations will become evident, as well as the futility of drawing the conventional distinctions between economic, social, and political history. It is the underlying unity of these different lines of development that recent interpretations have exposed: the social transformation implicit in technological change, the transformation of American culture by advertising, the mutual dependence of industry and education. The very complexity of modern society at times almost paralyzes the will to understand it—at no time more effectively than during the supposedly radical decade of the sixties. The revival of the will to master the industrial order—to penetrate its disguises and mystifications—is in many ways the most encouraging development of the seventies.

CHRISTOPHER LASCH
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Introduction

Modern Americans confront a world in which everything changes, yet nothing moves. The perpetual rush to novelty that characterizes the modern marketplace, with its escalating promise of technological transcendence, is matched by the persistence of pre-formed patterns of life which promise merely more of the same. Each major scientific advance, while appearing to presage an entirely new society, attests rather to the vigor and resilience of the old order that produced it. Every new, seemingly bold departure ends by following an already familiar path. This book is an attempt to begin to explain this strange state of affairs: a remarkably dynamic society that goes nowhere.

How has it happened that one product of nineteenth-century industrial capitalism, the private corporation, has been able at once to stimulate and contain another, seemingly more powerful than itself, scientific technology? How has a relatively static, possibly outmoded capitalist social structure managed to endure—indeed, to be reinforced by—a revolution in social production that otherwise has swept away all vestiges of the past, all memories? In search of clues, this study traces the interwoven history of the twin forces which together gave shape to modern America—scientific technology and corporate capitalism—by focusing upon their common medium, modern engineering. At the same time, it poses anew some larger questions that have long preoccupied social theorists: to what extent is social development attributable to advances in technics, and in precisely what manner are the two linked?

For most historians of the modern period, a more or less crude determinism has become a staple of explanation. Whether they have been trying to account for the rise of large-scale industrial units, the development of educational institutions, or changes in ethics, historians commonly have alluded to the demands of modern technology as a causative factor. Rarely, however, have they gone on to examine critically those demands, and, as a result, modern technology has remained a phantom, a conveniently vague device for explaining historical developments by explaining them away. For example, a major characteristic that distinguishes the present century from the one which preceded it is less the actual presence of modern technology—which has marked both centuries—than the degree to which this special activity has come to define the activity of the society as a whole. How is this transformation to be explained? How did a nineteenth-century revolution in technics, whereby science became wedded to the useful arts, give rise to the technological society of the twentieth century? Did the revolution in technics spawn a social revolution?

It has become fashionable to account for the myriad social changes attendant upon the extension of technological activity tautologically, by simple reference to the supposedly essential nature of that activity: it expands. Thus, a stock device of recent social analysis is to view modern technology as though it had a life of its own, an internal dynamic which feeds upon the society that has unleashed it. Propelled according to its own immanent logic and operating through witting and unwitting human agency, it ultimately outstrips the conscious activities which gave birth to it, creating a society in which people are but functional parts of the mechanism. There is a core of truth in the view—a common theme in modern mythology—that human creations tend to assume an existence independent of their creator’s will. Problems arise, however, when, in more or less subtle ways, the metaphor is substituted for history, when the rich complexity of the social process is reduced to the inexorable logic of a formalistic technology. Artificially abstracted from the world in which people actually live, such a conception distorts both technology itself and the society which gives it meaning.

Unfortunately, such facile explanations of history do enjoy wide currency, and are daily reinforced by the common conceptual habit of distinguishing between “technology,” on the one hand, and “society” (or “culture”), on the other, as if the two were made of altogether different stuff. Within such a framework, it follows that, since society contains all that is human, technology must be something other than human, a disembodied historical force impinging upon the affairs of men.* Not all social theorists, of course, have gone so far.

The classical Marxian view of the role of technology in capitalist society is more subtle and compelling. Here the fundamental relationship between society (social relations) and technology (forces of production) is a dialectical one, and thus, in essence, an identity, with the two being but different aspects of the single process of social production. Insofar as the emerging capitalist social relations between classes make possible the creation of a social surplus, they make possible as well the development of more sophisticated productive forces which both reflect and reinforce those social relations. The internal evolution of these same productive forces, however, entails a transformation of the actual social activity of production—material changes which steadily lay the foundation for a more humane social order, and thus pose a challenge to those social relations. The historical process of social production embraces this reciprocal interrelationship between productive forces and social relations; in producing for itself, society is also producing and reproducing itself, its work habits, institutions, relations between people, and dominant perceptions of reality. The crucial factor in Marx’s theory of technological-social change is the twofold significance of the development of the productive forces: they both reinforce the existing social order and undermine it. Social relations and forces of production are thus at the same time in correspondence and in contradiction.

In Marx’s view of industrial capitalist society, the pace of social production is quickened, owing to the competitive struggle for capital accumulation and the demand for ever more potent and profitable means of production. The particular social relations of capitalism which make this accumulation possible, relations grounded in the capitalist’s ownership of the means of production (including his workers’ labor time) and his private appropriation of the surplus social product, make possible as well the rapid development of sophisticated forces of production: scientific, labor-saving, socially integrated. And these new forces of production in turn hold out the promise of a new social order, one marked not by the capitalist trauma of overproduction, economic crises, wasteful competition, routine exploitation of the many by the few, mindless detail labor, and physical drudgery, but rather by collective ownership of the means of production by society as a whole, cooperative enterprise, rational allocation of resources to meet social needs, and the fuller human development of the social individual. Thus, in the light of these new forces of production, the relations of capitalism tend increasingly to appear anachronistic—stark and oppressive vestiges of a more primitive past, fetters upon further social development. Given the requisite revolutionary consciousness on the part of the exploited class—itself a recognition of the disparity between the actuality and the potential of social production—the contradiction erupts into revolution and the old capitalist integument is sloughed off. In Marx’s words, “Forces of production and social relations—two different sides of the development of the social individual—appear to capital as mere means, and are merely means for it to produce on its limited foundation. In fact, however, they are the material conditions to blow this foundation sky-high.”1

Marx’s essentially liberatory view of modern technology was echoed by the technocratic Veblen. For him the critical contradiction of industrial capitalism was that between business and industry, the price system and the engineer, between the irrational dictates of the market and the supremely rational imperatives of science (tied to the primitive and noble instinct of workmanship). Like many of his contemporaries who were also critical of the existing order, Veblen was cautiously confident that the superiority of scientific industry would lead ultimately to a “social overturn” of the market society. General Electric’s chief engineer, the immigrant German Social Democrat Charles Steinmetz, subscribed to a not uncommon variant of this theme, in which the rise of the giant corporate firm was construed to represent the rational reorganization and centralization of the means of production, and thus a necessary prelude to socialism.2

Other twentieth-century observers have been far less sanguine about the emancipatory potential of modern technology. Max Weber and, more recently, Jacques Ellul, while agreeing that capitalism would perhaps be eclipsed or at least be diminished in significance by technological progress, have warned that such progress itself—the inexorable advance of technique and functional bureaucracy—would generate a quiet, more subtle transformation, weaving a paralyzing web of instrumentality. Not alone capitalism but the modern technical and administrative apparatus of production forged by capitalism would enslave modern man. In a similar vein, Lewis Mumford has argued persuasively that throughout the history of Western civilization, undue emphasis upon the development of technology (and its correlate, warfare) at the expense of other, equally important activities of human society has resulted in the atrophy of many human capacities and an overwhelming preoccupation with, and obeisance to, the myth of the machine.3

Still other critics have tried to reconcile this skeptical view of technological progress with the classical Marxian theory. Georg Lukács, for example, attempted to explain why sufficient revolutionary consciousness never emerged in Europe, despite the requisite advances in productive forces, by examining the mystifying and numbing effect modern capitalist production had on the mind of the worker, the twofold process of alienation and reification described earlier by Marx. Max Horkheimer and Theodor Adorno sought to locate the seeds of twentieth-century authoritarianism not merely in the history of capitalism but in the scientific revolution of the Enlightenment as well. Herbert Marcuse, perhaps more clearly than the others, confronted the dilemma head on. While criticizing Weber for his ahistorical use of the concept of rationalization, and arguing—as if to convince himself—that the apparent demands of modern technology were in reality but highly refined forms of capitalist domination, Marcuse posed the critical question: How has technology become solely a vehicle of class hegemony and not also a vehicle of liberation? “What is at stake,” he wrote elsewhere, “is the compatibility of technical progress with the institutions in which industrialization developed.” What has become of the fundamental contradiction between social relations and forces of production? Why has not the tension between them become inescapably apparent? How has it happened instead that “with technical progress as its instrument,… unfreedom is perpetuated and intensified,” the only “novel feature” being the “overwhelming rationality in this irrational enterprise”? This, in essence, is the question that concerns us here.4

This study examines the concurrent emergence of modern technology and the rise of corporate capitalism as two sides of the same process of social production in America. It assumes no rigid separation between the forces of production and social relations, but rather takes them, as Marx did, to be fundamentally interrelated: to study the one is to study the other. For technology is not simply a driving force in human history, it is something in itself human; it is not merely man-made, but made of men. Although it may aptly be described as a composite of the accumulated scientific knowledge, technical skills, implements, logical habits, and material products of people, technology is always more than this, more than information, logic, things. It is people themselves, undertaking their various activities in particular social and historical contexts, with particular interests and aims. As Marcuse observed, “We do not ask for the influence or effect of technology on the human individuals. For they are themselves an integral part and factor of technology, not only as the men who invent or attend to machinery, but also as the social groups which direct its application and utilization. Technology, as a mode of production, as the totality of instruments, devices, and contrivances which characterize the machine age, is thus at the same time a mode of organizing and perpetuating (or changing) social relationships, a manifestation of prevalent thought and behavior patterns, an instrument for control and domination.”5 An essentially human phenomenon, technology is thus a social process; it does not simply stimulate social development from outside but, rather, constitutes fundamental social development in itself: the preparation, mobilization, and habituation of people for new types of productive activity, the reorientation of the pattern of social investment, the restructuring of social institutions, and, potentially, the redefinition of social relationships.

This social process called technology, moreover, does not exist simply for itself, in a world of its own making. It is, rather, but one important aspect of the development of society as a whole. Since those who comprise society are at the same time the human material of which technology is composed, technology must inescapably reflect the contours of that particular social order which has produced and sustained it. And like any human enterprise, it does not simply proceed automatically, but rather contains a subjective element which drives it, and assumes the particular forms given it by the most powerful and forceful people in society, in struggle with others. The development of technology, and thus the social development it implies, is as much determined by the breadth of vision that informs it, and the particular notions of social order to which it is bound, as by the mechanical relations between things and the physical laws of nature. Like all others, this historical enterprise always contains a range of possibilities as well as necessities, possibilities seized upon by particular people, for particular purposes, according to particular conceptions of social destiny.

The primary thesis of this book is that the history of modern technology in America is of a piece with that of the rise of corporate capitalism. Both contributed to a transformation of the modus operandi of industrial capitalism—the one providing the wherewithal for unlimited productive growth by implicating science in the production process, the other offsetting the destructive tendencies inherent in an unchecked competitive market economy by making possible the regulation of production, distribution, and prices—but neither overcame the basic social relations of capitalist society, the relations between the capitalist, who owns and controls the means of production, and the worker, who must sell his labor for a wage in order to survive. Indeed, if anything, these relations and the ideology fostered by them were intensified by the transformation, capitalism having been strengthened, not weakened, by the change. Merely a “technological veil,” as Marcuse phrased it, was drawn over “the reproduction of inequality and enslavement.”6

The present study tries to account for this change without change. It suggests that one partial explanation for the survival of capitalist social relations, despite the most dramatic advances in productive forces, has to do with the nature of modern engineering, the source of those technological advances.† For the professional engineers who emerged during the second half of the last century in America as the foremost agents of modern technology became as well the agents of corporate capital. Thus, from the outset, they hardly proceeded according to the dictates of some logically consistent “technical reason,” blindly advancing the frontiers of human enterprise, but rather informed their work with the historical imperatives of corporate growth, stability, and control: as their technology progressed, so too did the science-based industrial corporations which they served.

The engineers, moreover, went a step further to ensure that their technical work meshed with the imperatives of corporate social relations; rather than restricting their attention to technical matters, they consciously undertook to structure the labor force and foster the social habits demanded by corporate capitalism.‡ In short, they ventured to design a new (yet old) social order, one dominated by the private corporation and grounded upon the regulated progress of scientific technology. Forces of production and social relations, industry and business, engineering and the price system—the two poles in the dialectic of social production—collapsed together in the consciousness of corporate engineering, under the name of management.

The first part of this book examines the process whereby, in Marx’s words “modern industry … makes science a productive force distinct from labor and presses it into the service of capital.” It traces this capitalist wedding of science to the useful arts along three intersecting paths—the rise of science-based industry, the development of technical education, and the emergence of the professional engineers—showing how each of these nineteenth-century developments reflected and contributed to the social process of technology as corporate social production. Through consolidation, patent monopoly, and merger, the science-based electrical and chemical industries came, by the turn of the century, to be dominated by a handful of giant firms. Through control over the educational process and licensing, the professional engineers gradually gained a monopoly over the practice of scientific technology. And through the massive employment of technically trained people, the industrial corporations secured a monopoly over the professional engineers (who, “in following their own reason,” as Marcuse observed, “followed those who put their reason to profitable use”). In this way, modern technology became a class-bound phenomenon, the racing heart of corporate capitalism.7

Some engineers, moreover, went beyond this merely objective participation in class control. As educators in the technical schools, leading members of the professional societies, and, most importantly, managers and executives in the new science-based industrial corporations, they ultimately came to view the various activities in which they participated as comprising a unified whole. In their minds, the nineteenth-century process of social production that had produced the corporations, the technical schools, and the professional engineers had now become conscious, a world-view of corporate reform. Part Two describes their subsequent efforts to design America in accordance with this new perception, to create the apparatus for the corporate-sponsored progress of modern technology and simultaneously to establish the patterns of twentieth-century routine which would ensure the stability and growth of corporate capitalism.§ Their activities covered a wide range, including industrial and scientific standardization, patent reform, the organization of industrial and university research, and the transformation of both public-school and higher education.

Like all human undertakings, the work of the corporate reformers did not proceed automatically, according to plan. It took the form of an intense struggle (one which has not altogether ended) which was fought out in the factories, the halls of government, the courts, the schools, and the streets. But these engineers held some important advantages which their opposition lacked. First, they enjoyed great social power and prestige, based upon their exalted positions within the new corporations and a web of political, economic, social, and family ties among the country’s propertied elite. Second, and of equal importance, they marched under a banner which confounded their opposition: the banner of science. The corporate engineers proceeded in the realm of social reform much as they had in the shops and laboratories—systematically and, to their minds, scientifically. Whatever their particular purpose, they sought their guide in the authority of science and defended their actions in the name of science.

Thus, predictably, as they became conscious of the process of social production that was modern technology, the engineers at once undertook to fashion for themselves a technology of social production: modern em “scientific” management, the focus of the final chapter. In modern management, these engineers who had been trained in science and weaned upon large-scale corporate enterprise fused the imperatives of corporate capitalism and scientific technology into a formal system. Representing a shift in engineering focus from the natural to the social realm, from productive forces to social relations, modern management constituted a deliberate attempt to ease the tension between the two, making both fit within the confines of corporate society. Moreover, as these engineers became managers in industry, private capital itself began to assume the appearance of modern technology, the management experts lending to the power of capital the sanction of objective science. Not alone the actual machinery of production but the entire bureaucratic operation of corporate enterprise took on the guise of an efficient, well-oiled mechanism—the very embodiment of technical reason—against which individual opposition could not but appear “irrational.”

Most importantly, therefore, this book is an attempt to lift the technological veil. For as technology has increasingly placed the world at people’s fingertips, those people have become less able to put their finger on precisely what technology is. A general mystification evolved just as modern technology was becoming a dominant aspect of social life. Paradoxically perhaps, the popular perception of technology as an autonomous prime mover in history, independent of human will, became widespread at precisely the time when the social process that is modern technology in fact began to come under the conscious control of human authority, in the specific form of private corporate capital.

The imperatives of the automatic market, professional specialization, and rationalized management, coupled with the corporate monopolization of technological intelligence, have contributed to the appearance of technology as an autonomous force in history. Insofar as social analysis merely replicates such a perception of reality without penetrating beneath the apparent technological necessity, it further contributes to the general mystification and reinforces the particular social relations which are thereby obscured. This study is an attempt to reintegrate the mystified conception of technology with the actual activities from which it has been abstracted, to reveal it as the human enterprise that it is, and can be, by substituting history for metaphor.


* Such habits of thinking are important to historians, not as explanations of history in themselves but rather as examples of a recurring aspect of history: the mystification of history. Studying them as such does more than merely fill out the record with contemporary perceptions; it guards against their being replicated by the historian himself. For it is the primary task of the historian to demystify history, to render it intelligible in human rather than in super-human or non-human terms, to show that history is a realm of human freedom as well as necessity. By describing how people have shaped history in the past, the historian reminds us that people continue to shape history in the present.

† The claim here is a modest one. Because they embodied the union of business with science, engineers naturally sought, in their technical work, to resolve the tension between the dictates of the capitalist system and the social potentials implicit in technological development. For them, technology was exclusively a means of strengthening capitalism, rather than something which pointed beyond it. And since they pretty much defined what form technological advances would take, technology tended to evolve in close conformity with capitalist requirements. This is not to say, of course, that they were altogether successful in this regard, that technological progress no longer held out the promise of a new society. Indeed, it was partially for this reason, because it did, that the engineers steadily extended the range of their professional activities to include the deliberate fostering and strengthening of the social relations of corporate capitalism, to encourage working people to work within the system, rather than against it, for a better life. It should perhaps also be emphasized that the efforts of the engineers cannot alone account for the survival of capitalism in America. Other factors played an important part: the remarkable economic growth made possible by America’s increasingly dominant military position in the world and thus her access to global markets and industrial resources; the politicization of the economy and the importance of the state as a stabilizing force; and the deliberate creation of a consumer culture, through advertising, to absorb and defuse potentially revolutionary energies. It is, of course, impossible to conduct a “controlled experiment” to assess the relative significance of these various factors. All that is being suggested here is that the role of the engineers in the creation of modern corporate industry must be taken into account before any satisfactory explanation can be attempted.

‡ The engineers thus worked to meet the interwoven imperatives of scientific technology and corporate capitalism in two ways: in their technical work proper, as designers of the machinery and processes of production; and in their broader activities, as managers, educators, and social reformers. This book focuses upon the latter. Another study, in progress, looks more closely at the technical work itself (in particular, the development of automated machine tools) in order to determine precisely how extra-technical considerations, such as managerial control over the workforce, inform machine design and deployment.

§ It should perhaps be stressed at the outset that—as William Appleman Williams reminds us—consciousness of purpose, as it is described in this volume, is not the same as conspiracy.





Part One

Technology as
Social Production

Industry, Education,
and Engineers




1

The Wedding of Science
to the Useful Arts – I

The Rise of Science-
Based Industry

Science and capitalism press forward by nature. When the two are combined, the pace of social production quickens into a sustained drive. With scientific investigation and discovery as the engine of competitive innovation, capitalism becomes revolutionary at the core and competitors are compelled routinely to anticipate the future in order to survive. Those who are able to harness science itself, therefore, and direct it for their own ends, have gained a considerable advantage. For them, the competitive task of anticipating the future has become easier since they now have the means for determining that future themselves. So it was with the alchemists of the late nineteenth century, and their successors of the twentieth, who undertook to transform science into gold and, in the process, gave rise to modern science-based industry.

Benjamin Franklin, at once a prominent scientist and a successful man of practical affairs, proclaimed toward the end of his life that science would serve the coming century as “handmaiden to the arts.” A generation later, in a series of lectures at Harvard, the physician Jacob Bigelow introduced into general usage the word which came to signify that union: “technology.” “There has probably never been an age,” he observed, “in which the practical applications of science have employed so large a portion of talent and enterprise of the community, as in the present. To embody … the various topics which belong to such an undertaking, I have adopted the general name of Technology, a word sufficiently expressive, which is found in some of the older dictionaries, and is beginning to be revived in the literature of practical men at the present day. Under this title is attempted to include an account … of the principles, processes, and nomenclatures of the more conspicuous arts, particularly those which involve applications of science, and which may be considered useful, by promoting the benefit of society, together with the emolument of those who pursue them.”1

Both Franklin and Bigelow were ahead of their times. The small world in which science and the useful arts were first brought together, a world inhabited primarily by gentlemen like themselves who cultivated an interest in both, remained restricted throughout much of the nineteenth century. For the most part, the scientists who occupied the universities pursued what they called natural philosophy and aimed in their investigations toward the discovery of the loftier metaphysical truths about the nature of the universe and the role of the mortal within it; in general, they had nothing but disdain for the practical application of their work and its correlate, money-making. The practical men who inhabited the shop and the countinghouse, on the other hand, had little use for theories and speculation; in their all-consuming search for utility and profit, they relied exclusively upon traditional lore and the hard-won lessons of experience.

Thus, the weight of centuries of separate, isolated traditions impeded the union of science to the useful arts foreseen by Bigelow and Franklin. When this union did occur on a scale significant enough to alter the nature of both science and industry, it was only because the arts had become the spur to science rather than the other way around. The scientific community overcame its Platonic prejudices, at first haltingly and then with a rush, only after the men in the workshops and offices of industry had begun to appropriate the haphazard discoveries of science for their own practical and pecuniary ends. The locus of modern technology in America was thus the domain of “manufactures” rather than the realm of science, and modern science-informed technology was characterized from the outset by the overriding imperative of manufactures: profitable utility. From the start, modern technology was nothing more nor less than the transformation of science into a means of capital accumulation, through the application of discoveries in physics and chemistry to the processes of commodity production.

Science was introduced into the world of production through the combined efforts of innovative craftsmen in the shops who had read about the discoveries of university-based science in the popular scientific publications of the day, and prescient capitalists who had learned from the same literature, from inventive employees, or from university-based associates. Where the former saw in new scientific knowledge about the nature of the material world the basis for new or refined methods of production, the latter recognized the potential for enhancing profitability. Of course, it was often true that these two visions took shape as one in a single mind: the capitalist was frequently an inventor of sorts, while the inventive craftsman shared not a little of the entrepreneurial spirit of the capitalist. The distinction is drawn merely to emphasize the fact that, in a capitalist society, the development of modern technology presupposed both. The efforts of the inventor remained stillborn without access to or collaboration with a source of capital.2

Modern science-based industry—that is, industrial enterprise in which ongoing scientific investigation and the systematic application of scientific knowledge to the process of commodity production have become routine parts of the operation—emerged very late in the nineteenth century. It was the product of significant advances in chemistry and physics and also of the growing willingness of the capitalist to embark upon the costly, time-consuming, and uncertain path of research and development. This willingness reflected both the intensifying demand to outproduce competitors at home and abroad and the unprecedented accumulation of sufficient surplus capital—the product of traditional manufactures, financial speculation, and industrial consolidation—with which to underwrite a revolution in social production. As Marx observed, at a time when such development had barely begun to unfold, science-based industry sees the light of day “only once heavy industry has reached an advanced stage, when machinery itself has yielded very considerable resources. Invention then becomes a branch of business, and the application of science to immediate production [aims] at determining the inventions at the same time it solicits them.”3

Of the new industries which emerged between 1880 and 1920 and transformed the nature of social production in America, only two grew out of the soil of scientific rather than traditional craft knowledge: the electrical and chemical industries. The creation of both presupposed and stimulated advances in physics and chemistry and would have been unthinkable without some basic knowledge about the behavior of atoms, molecules, gases, light, magnetism, and electricity. Of the two, the electrical industry arose first, in the 1880s; by the turn of the century it had become a major force in the world of production, dominated by a handful of large, powerful, and dynamic corporations. Although a healthy heavy-chemical and powder industry existed throughout the second half of the nineteenth century in the United States, it was not until World War I, with the seizure of German-owned patents and the establishment of a protective tariff, that a domestic dyestuff industry, and thus a chemical industry proper, was established on a par with the electrical industry.

As the first science-based industries in the country, the electrical and chemical industries set the pattern of production and management for modern industry as a whole. Moreover, they produced the people—industry-minded physicists and chemists and, especially, the electrical and chemical engineers—who would carry the scientific revolution into the older and the new industries: extractive, petroleum, steel, rubber, and, most important of all in terms of American economic development, automotive. In all of these industries the systematic introduction of science as a means of production presupposed, and in turn reinforced, industrial monopoly. This monopoly meant control not simply of markets and productive plant and equipment but of science itself as well. Initially the monopoly over science took the form of patent control—that is, control over the products of scientific technology. It then became control over the process of scientific production itself, by means of organized and regulated industrial research. Finally it came to include command over the social prerequisites of this process: the development of the institutions necessary for the production of both scientific knowledge and knowledgeable people, and the integration of these institutions within the corporate system of science-based industry. “The scientific-technical revolution,” as Harry Braverman has explained, “cannot be understood in terms of specific innovations.…” Rather, it “must be understood in its totality as a mode of production into which science and exhaustive engineering have been integrated as part of ordinary functioning. The key innovation is not to be found in chemistry, electronics, automatic machinery … or any of the products of these science-technologies, but rather in the transformation of science itself into capital.”4

In the period between 1880 and 1920 the first and second generations of men who created and ran the modern electrical industry formed the vanguard of science-based industrial development in the United States. These were the people who first successfully combined the discoveries of physical science with the mechanical know-how of the workshop to produce the much-heralded electrical revolution in power generation, lighting, transportation, and communication; who forged the great companies which manufactured that revolution and the countless electric utilities, electric railways, and telephone companies which carried it across the nation. At the same time, it was they who introduced the now familiar features characteristic of modern science-based industry: systematic patent procedures, organized industrial-research laboratories, and extensive technical-training programs.

The source of the electrical revolution was the electrical manufacturing industry, the producer of the complex machinery and equipment which made it possible. By the turn of the century three companies had come to dominate this industry. General Electric and Westinghouse had grown out of the interrelated development of electric lighting, power, and traction. The American Telephone and Telegraph Company had arisen as both product and producer of the telephone.

Although the arc light was demonstrated as early as 1808 by Sir Humphry Davy, commercial development had to await the necessary improvements in constant-current dynamos. The early pioneers in arc lighting were therefore also pioneers in the development of better and cheaper sources of current, primarily through improvements upon Faraday’s dynamo of 1831. The major breakthroughs, technically speaking, came in the 1870s. The dynamo developed by Charles F. Brush fared the best in a comparative test held by the Franklin Institute in 1877, and Brush went on to make improvements in the arc light, setting up the California Electric Light Company and the Brush Electric Company, in 1879 and 1881, respectively.

Neither the arc lamp nor the dynamo proved patentable in court tests, however, and, as a result, the manufacture of arc-lighting systems became fiercely competitive. The most successful challenger to Brush was Elihu Thomson, a Philadelphia high-school “professor” and electrical wizard who had teamed up with a colleague, E. J. Houston, to form the American Electric Company in 1880. A few years later the New Britain, Connecticut, businessmen who had provided the initial financial support for the venture sold the company to a group from Lynn, Massachusetts, headed by Charles A. Coffin, and its name was changed to the Thomson-Houston Electric Company. Primarily because of the inventive genius of Thomson and his skill at managing his small band of researchers, the company soon developed the best arc-lighting system on the market. At the same time it patented all the improvements for which a patent could be granted—current regulator, air-blast commutator, and lightning arrester—in an effort to monopolize the infant industry. In addition to securing patents on its own inventions, the Thomson-Houston company, under the strong leadership of Coffin and with the solid financial backing of Boston financiers, initiated a policy of either buying out or merging with competitors, with the purpose of both eliminating rivals and securing control over essential patents. According to the company’s annual report of February 1890, “From 1882 until 1888 active competition was experienced from numerous manufacturing companies of more or less strength, which was so severe as to seriously affect the profits of the business.… Since 1887, however, alliances have been made with most of the manufacturing companies controlling important patent systems.”5 By 1890, then, through the success of its own lighting system and the aggressive merger policy made possible by ample financial support, Thomson-Houston had become the dominant firm in the arc-lighting industry.

The development of incandescent lighting also dates back to the pioneering experiments of Sir Humphry Davy, but it was only with the appearance of Herman Sprengel’s mercury vacuum pump in 1865 and the improvements in the dynamo of the 1870s that incandescent lighting became commercially viable. The central figure in this work, of course, was Thomas Edison. After achieving considerable financial success in the manufacture of stock tickers for Western Union, Edison had set himself up in Menlo Park, New Jersey, with a well-equipped laboratory and a permanent staff “to spend full-time in making new inventions.” By deliberately transforming invention from a haphazard phenomenon into a routine, businesslike enterprise, he expected to make “a minor invention every ten days, and a big one every six months or so.” Edison’s investigations and experiments were inextricably informed by economic considerations; as in all engineering work, the profit motive did not lie behind the inventive activity but was bound up with it.* In 1877 he turned his attention to the problem of incandescent lighting. As one historian of modern industry has observed, Edison “chose electric lighting over other possible areas such as the telegraph, the telephone, and the phonograph because he felt there were bigger rewards in lighting.… He decided that he would have to set the price for light equivalent to the price of gas light. With the price thus fixed, the path to greatest profits was to reduce costs as much as possible. To lower costs, he made a series of inventions which were designed to economize the materials used in his incandescent lighting system.”6

To realize his plans for a commercially viable system, Edison required financial support beyond his own resources and formed a company, the Edison Electric Light Company, toward that end. His backers included several bankers, the president and general counsel of Western Union, and a J. P. Morgan partner, Egisto P. Fabbri, who served as director and treasurer of the company until 1883. Edison’s ultimate success depended heavily upon the Morgan support; although not an official of the Edison company himself, J. P. Morgan took an active interest in Edison’s work, having visited him at Menlo Park in 1879. During the 1880s the Morgan interests invested heavily in Edison lighting companies in Boston and New York, and Morgan was one of the first New York residents to have his home supplied with its own electric-lighting plant. In 1892 Morgan played a leading role in the formation of the General Electric Company and served on that corporation’s executive board until his death in 1913.7

By October 21, 1879, Edison had produced the first successful incandescent electric light and a scant three years later, thanks to the ample financial support he enjoyed, had begun operation of the Pearl Street central power station in New York, under the auspices of the Edison Electric Illuminating Company. In 1889 the various Edison manufacturing companies, which had been established to produce the lamps, dynamos, and street mains, were merged, together with the Sprague Electric Railway and Motor Company (a pioneer in electric traction), to form the Edison General Electric Company. At this point Edison himself withdrew from active participation in the electrical manufacturing business.

The most important impetus behind the formation of the General Electric Company, according to Thomson-Houston lawyer Frederick P. Fish, was the patent situation. (Fish was one of the country’s leading patent attorneys and he was soon to become president of AT&T, largely as a result of his prowess in handling that company’s patent cases.) Edison General Electric, through its acquisition of the Sprague company, controlled some vital electric railway patents in addition to the important Edison patents. Thomson-Houston, on the other hand, held some key patents needed by Edison General Electric, particularly in lighting. Because each company owned patents required by the other, neither could develop lighting, railway, or power equipment without fear of infringement suits and injunctions. To get beyond this impasse, the two companies merged in 1892, to form the General Electric Company.8

The major competitor of General Electric in the electrical manufacturing field was Westinghouse. George Westinghouse had invented the air brake in 1869 and founded the Westinghouse Air Brake Company in Pittsburgh the same year. In 1881 he set up the Union Switch and Signal Company to attack the problems of automatic switching and signaling devices, and these led him into the electrical manufacturing field. He entered the incandescent-lighting market after he had secured the services of an electrical engineer, William Stanley, who held some lamp and dynamo patents. In 1885 Westinghouse and Stanley revolutionized the electrical industry with the introduction of their alternating-current system, a new method of transmitting electricity. Having purchased the key patents for the system from Nikola Tesla, Westinghouse dominated the alternating-current field for a few years, until Thomson-Houston began successfully producing its own such system.9

By the 1890s two large companies, General Electric and Westinghouse, monopolized a substantial part of the American electrical manufacturing industry, and their success and expansion had been in large measure the result of patent control. In addition to the original patents upon which the companies were established, they had gained control over others, and hence over large parts of the electrical manufacturing market, through acquisition of the patent rights of individual inventors, acquisition of competing firms, mergers with competitors, and the systematic and strategic development of their own patentable inventions. As these two giants steadily eliminated smaller competitors, the competition between them intensified. By 1896 over three hundred patent suits between them were pending and the cost of litigation for each company was enormous. In that year, therefore, after a few years of preliminary negotiation, the two companies entered into a patent agreement under a joint Board of Patent Control. The immediate motivations behind the agreement were recent decisions in favor of General Electric’s claims on certain railway apparatus and in favor of Westinghouse’s claims on Tesla’s patents on the rotating field. Now the companies agreed to pool their patents, with General Electric handling 62.5 percent of their combined business. Thus yet another means of patent and market control had been developed: corporate patent-pooling agreements. Designed to minimize the expense and uncertainties of conflict between the giants, they greatly reinforced the position of each vis-à-vis lesser competitors and new entrants into the field.10

The emergence of the electrical communications industry during the same period similarly involved the expansion of some companies, primarily through strategies of patent monopoly, at the expense of others. The electromagnetic telegraph, patented by Samuel F. B. Morse in 1837, had become commonplace by the time Alexander Graham Bell and his assistant Thomas Watson began investigating the possibilities of sending several messages over the same wire by perfecting the multiple telegraph. Bell’s experiments convinced him that he could transmit the human voice by wire, and in 1876, at the Philadelphia Centennial Exposition, he was able to demonstrate his new “talking machine” to an enthusiastic and dumbfounded audience. In the two years that followed, Bell obtained his two patents for the telephone.

Even before his inventions had reached the stage of patent application in Washington, however, Bell had started to exploit them with the creation of the Bell Patent Association, the nucleus of the first Bell industrial organization. Between 1876 and 1894 Bell and his Boston investors, Thomas Sanders and Gardiner G. Hubbard, “applied themselves to the exploitation of a desirable monopoly” based upon the Bell patents. Hubbard, Bell’s father-in-law, brought to the venture valuable experience as well as money. As an attorney with McKay Shoe Machinery Company, which became the cornerstone of the United Shoe Machinery Company in 1899, Hubbard had learned the techniques of patent control and the value of leasing machines and collecting royalty on them, rather than selling them outright. The sale of service rather than patented machines and the vigilant surveillance and domination of the field through patent monopoly thus underlay the policies of the Bell system from the outset. Although the Bell people were able to overcome initial competition from Western Union in 1878, they were soon confronted with rival telephone manufacturing and service companies which sprang up everywhere between 1879 and 1893. While the validity of the Bell patents was finally sustained in 1888 by the U.S. Supreme Court, the Bell organization was nevertheless compelled to institute over six hundred infringement suits in order to protect them.11

The life of a patent is seventeen years, after which time the invention becomes public domain. No one understood this fact better than Theodore N. Vail, who became general manager of the National Bell Telephone Company in 1879. From the outset he undertook to “occupy the field,” as he termed it, so as to ensure that the Bell company would outlive its original patents. In the Western Union suit hearings he explained how his company proceeded to surround itself “with everything that would protect the business, that is the knowledge of the business, all the auxiliary apparatus; a thousand and one little patents and inventions with which to do the business which was necessary, that is what we wanted to control and get possession of.” In order to do this, Vail elaborated, the company very early established an “experimental” or “engineering” department “whose business it was to study the patents, study the development and study these devices that either were originated by our own people or came in to us from the outside. Then early in 1879 we started our patent department, whose business was entirely to study the question of patents that came out with a view to acquiring them, because … we recognized that if we did not control these devices, somebody else would.” Frederick P. Fish put the matter succinctly in an address to the American Institute of Electrical Engineers: “The businessmen of the organization knew that … every added invention would strengthen their position not only during the seventeen years of the main patent but during the seventeen years’ term of each and every one of the patents taken out on subsidiary methods and devices invented during the progress of commercial development. [Therefore] one of the first steps taken was to organize a corps of inventive engineers to perfect and improve the telephone system in all directions,… that by securing accessory inventions, possession of the field might be retained as far as possible and for as long a time as possible.”12

In the Bell system, as in General Electric and Westinghouse, such efforts were standard operating procedure, institutionalized as the very core of the business. And, like the other manufacturing companies, the Bell organization enlarged its patent holdings through purchase of patents and competing companies. The corporate structure of the Bell system was changed a number of times between 1877 and 1900. The American Telephone and Telegraph Company, established in 1885 as a subsidiary of American Bell, acquired the assets of the parent company, while the Western Electric Company, organized in 1881, became the manufacturing subsidiary of the system. After 1894, with the expiration of the original Bell patents, competition within the telephone industry intensified, and by 1907 the independent companies had three million telephones in service compared with AT&T’s 3.1 million.13 At this critical juncture J. P. Morgan took over the reins of the company, as he had done at General Electric, and, with Vail at the helm, instituted a successful policy of merger with independents.

Although the industry’s own historians are fond of tracing the lineage of the American chemical industry back into the seventeenth century, it is more realistically a product of the rapid expansion of manufactures in the second half of the nineteenth century. And although chemical companies, like steel, textile, paper, railroad, and petroleum concerns, early established the practice of calling upon trained chemists for expert advice, the industry did not really become science-based, with organized research and development, until the establishment of the domestic dyestuff industry during World War I. Likewise, it was not until World War I that consolidations within the industry gave rise to enterprises with positions as commanding as those of the firms which dominated the electrical industry.

The chemical industry emerged primarily to supply manufacturers with the chemicals basic to their trades: acids, alkalies, and inorganic salts.14 Before 1850, along with small producers of medicines and gunpowder, the makers of sulfuric acid dominated the industry. By the 1880s a domestic alkali industry had emerged to compete with imports, and at that time also a small dyestuff and organic-chemicals industry began to grow in the face of German monopoly. In the first half of the century the industry supplied makers of textiles, paper, leather, glass, soap, and paints. By the end of the century the demand had expanded dramatically in these industries and now included also the producers of petroleum products, rubber, electrical equipment, bicycles, fertilizers, and insecticides. Within a decade were added synthetic textiles, plastics, and, most important of all, automotive products. With the expanding demand for new products came new chemical methods: catalytic and electrochemical processes, organic synthesis, liquefaction of air, hydrogenation of oils.

In the heyday of such expansion, industry leaders tried to form pools and gentlemen’s agreements to control prices and divide markets, but most of these efforts failed to stem the tide of competition and falling prices. The first trade group, the Manufacturing Chemists Association, established in 1872, operated primarily as a social club and a small tariff lobby. On the whole, the rapidly expanding industry was highly competitive, with many small family-owned plants producing for local markets. Nevertheless, a few larger companies, often the earliest in the field, enjoyed healthy shares of the market.

The sulfuric-acid field was dominated by a handful of relatively large concerns, among them two of the earliest producers, Grasselli and Kalbfleisch. W. H. Nichols entered the field in 1870 with the establishment of the Nichols Chemical Co. When the contact catalytic process for producing sulfuric acid was introduced in Germany in the late 1870s, American manufacturers were forced to adopt it in order to compete with imports. The new process was first put into operation at the New Jersey Zinc Company in 1899, and that same year Nichols used it to cajole and club competitors into the first chemical merger. The General Chemical Company brought together the resources of twelve companies and nineteen plants, and by the end of the century Americans were outproducing European competitors in sulfuric acid.

There were no American producers of alkalies before 1880, and manufacturers relied upon imports for their supply of soda ash and caustic soda. In 1880 William Cogswell and Rowland Hazard secured a license for the Solvay ammonia-soda alkali process and three years later launched the first soda-ash plant in the United States, the Solvay Process Company of Syracuse, New York. In 1902 Hazard’s son, Frederick Hazard, started the Semet-Solvay Company to make and install coke ovens, a line of activity that led into coke-byproduct manufacture and coal-tar chemicals. For eight years, until 1892, the Solvay Process Company had no major competitors in the alkali field. But then the courts ruled that supplementary patents on improvements of the original Solvay patents on the ammonia soda-ash and Frasch hot-water sulphur processes, both of which had expired, could not be used to prevent others from employing similar methods. In that year, as a result, two new companies appeared, the Michigan Alkali Company and the Mathieson Alkali Company. The former was established by J. B. Ford, founder of the Pittsburgh Plate Glass Company, with the intention of supplying the glass plants with soda ash. Mathieson, of Saltville, Virginia, was the first alkali plant in the South, and the first American producer of bleaching powder. A third concern, Columbia Chemical Company, was formed soon thereafter by the Pittsburgh Plate Glass Company after the departure of Ford, and with the backing of Henry Frick, Andrew Mellon, and other leading Pittsburgh industrialists.

The biggest boon to the alkali industry came in the late 1880s with the introduction of electrolytic processes for producing salts and caustic soda. The process designed by MIT graduate Ernest LeSeuer was the basis of the LeSeuer Electrochemical Company; Elon Hooker took advantage of the cell developed by Clinton Townsend and Elmer Sperry to form the Hooker Electrochemical Company; Mathieson used the Castner cell to liberate chlorine from salt; and Herbert H. Dow, an ambitious and inventive graduate of Case Institute, developed his own process of producing bromine and then chlorine from brine, thereby giving birth to the Dow Chemical Company, of Midland, Michigan. Dow later pioneered in the organic-chemical field, becoming the largest producer of phenols and the first maker of carbon tetrachloride and dichlorobenzene, all of which were key ingredients of the chemistry-based warfare of World War I.

The alkali business exemplified a new feature of the chemical industry: vertical integration. Not only did the alkali producers secure their own extractive plants to supply them with raw materials but the consumers of alkalies undertook to gain control over alkali production. Thus, three of the first five ammonia-soda plants were financed by glass interests, and the very first electrolytic plant was bought by a paper-maker, the Brown Paper Company.

The American chemical industry in the late nineteenth century was dominated by the producers of heavy chemicals for industrial consumers; the latter, in turn, demanded even greater volumes of chemicals, purer chemicals, and new chemicals. The expansion of American manufactures thus presupposed and stimulated the expansion of the chemical industry, as well as associated extractive industries (mining of phosphates, copper, sulfur, potash, nitrates). Through continuous innovation, growth, and diversification, the U.S. chemical industry by 1910 had developed the plant and know-how to produce any important industrial chemical. In addition, several companies had emerged to compete with German producers of fine chemicals and medicinals: Mallinckrodt in 1867, Parke, Davis and Eli Lilly in the 1870s, and Upjohn, G. D. Searle, and Abbott Labs in the 1880s. By the turn of the century, Dow, Monsanto, and Merck also manufactured American fine chemicals, although consumers continued to rely most heavily upon German imports. In the explosives field, Du Pont, established in 1802, was the dominant company, producing, in addition to black powder, nitroglycerine and dynamite.

Despite the impressive industrial applications of scientific discoveries that accompanied the rise of the American heavy-chemical industry—notably the use of electrochemical processes—the core of science-based chemical industry, and the basis of German industrial superiority, remained the coal-tar dyestuff industry. Locus of synthetic organic chemistry, it was also the primary realm of organized, systematic scientific research. Within a decade after the synthesis of the first aniline dye in 1856, there was already a small-scale dyestuff industry in the United States. The Albany Aniline and Chemical Works was established in 1868, and the Schoellkopf Aniline Co., the cornerstone of the National Aniline and Chemical Company merger of 1917, was formed in 1879. Growth of the American dyestuff business, however, was prevented by a number of factors. The powerful textile and paper industries, which depended heavily upon natural and synthetic dyes, prevented the erection of a high protective tariff for the fledgling industry so that they could take advantage of cheap German imports. In addition, the German companies profited greatly from the unique American patent system; they were able to secure “product patents” on new chemical combinations of matter, thus preventing others from making the substance even if by a different process, and they were not required to “work” their patents in the United States in return for monopoly protection. By 1912, according to a study done by Bernard Herstein of the U.S. Tariff Board, ninety-eight percent of applications for patents in the chemical field had been assigned to German firms and were never worked in the United States.15 Thus by the outbreak of World War I, although seven U.S. firms produced synthetic dyes in this country, they were forced to rely upon imported German intermediates, having never been able to develop the means of scientific research vital to an autonomous organic synthetic chemical industry. Only one American firm, the Benzol Products Company, established in 1910 under the General Chemical Company, produced intermediates.

The war, with its unprecedented need for organic-based explosives, and thus a domestic industry independent of Germany, changed this situation dramatically. The U. S. government, through Alien Property Custodian A. Mitchell Palmer, seized all German-owned patents. Palmer began selling the German patents to American companies for the highest bids, but smaller companies vigorously and successfully opposed this practice, arguing that the government was replacing the German monopoly with an American monopoly. Grasselli alone had received 1200 key patents. In the face of such opposition, Palmer yielded to his associate Francis P. Garvan’s suggestion that a private foundation be established to hold the patents in trust and issue licenses to American companies on a non-exclusive basis. Thus the Chemical Foundation was formed to promote the American chemical industry. Between 1917 and 1926, 735 of the seized patents were issued to American companies and, not surprisingly, the concerns which had already gained the strongest position in the industry were strengthened further. Du Pont received licenses on three hundred patents, and the National Aniline and Chemical Company obtained one hundred. Other companies which profited immensely from the
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