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Instruments of labor not only supply a standard of the degree of development which human labor has attained, but they are also indicators of the social conditions under which that labor is carried on.

Karl Marx,
Capital, I  
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Preface

This is not a book about American technology but about American society. The focus here is upon things but the real concern is with people, with the social relations which bind and divide them, with the shared dreams and delusions which inspire and blind them. For this is the substrate from which all of our technology emerges, the power and promise which give it shape and meaning. For some reason, this seemingly self-evident truth has been lost to modern Americans, who have come to believe instead that their technology shapes them rather than the other way around. Our culture objectifies technology and sets it apart and above human affairs. Here technology has come to be viewed as an autonomous process, having a life of its own which proceeds automatically, and almost naturally, along a singular path. Supposedly self-defining and independent of social power and purpose, technology appears to be an external force impinging upon society, as it were, from outside, determining events to which people must forever adjust.

In a society such as ours, which long ago abandoned social purpose to the automatic mechanism of the market, and attributed to things a supremacy over people (“things are in the saddle, and ride mankind,” wrote Emerson), technology has readily assumed its fantastic appearance as the subject of the story. And, as such, it has served at once as convenient scapegoat and universal panacea—a deterministic device of our own making with which to disarm critics, divert attention, depoliticize debate, and dismiss discussion of the fundamental antagonisms and inequities that continue to haunt America.

Confronted with the unexpected and unaccepted unravelling of their short-lived empire, Americans are now clinging to their epic myths of national identity and destiny, hoping for yet another revival. And central to these myths is a collective fantasy of technological transcendence. Whatever the question, technology has typically been the ever-ready American answer, identified at once as the cause of the nation’s problems and the surest solution to them. Technology has been feared as a threat to pastoral innocence and extolled as the core of republican virtue. It has been assailed as the harbinger of unemployment and social disintegration, and touted as the creator of jobs and the key to prosperity and social stability. It has been condemned as the cause of environmental decay, yet heralded as the only guarantor of ecological integrity. It has been denounced as the handmaiden of exploitation and tyranny, and championed as the vehicle of emancipation and greater democracy. It has been targeted as the silent cause of war, and acclaimed as the preserver of peace. And it has been reviled as the modern enslaver of mankind, and worshipped as the supreme expression of mankind’s freedom and power.

The United States emerged from World War II the most powerful and prosperous nation on earth, with other industrial nations prostrate before it and the world’s resources at its disposal. Today, that unrivalled hegemony is being challenged politically and economically and, as they see their dreams and dominance slip into decline, Americans are once again responding with an appeal to technology for deliverance. Initially, the revitalization of this religion—which has assumed the proportions of a major cultural offensive—has been largely rhetorical. Thus, the idea of progress has been reinvented as “innovation,” industrialization has been resurrected as “reindustrialization,” and technology itself has been born again as “high technology.” But this rhetorical escalation does little to define the dilemma or move beyond it. Instead, and perhaps by design, the new slogans merely keep Americans’ fantasies alive, give expression to people’s desperation, and provide further escape from serious reflection about the underlying contradictions of society. And the increasing centrality of technology in both the domestic and world economies makes it all the more difficult to question the latest shibboleths, and all the more urgent. The cultural fetishization of technology, in short, which focuses attention upon fashion and forecast, on what is forever changing—presumably with technology in command—has allowed Americans to ignore and forget what is not changing—the basic relations of domination that continue to shape society and technology alike.

I do not intend here to try to account for the ideological inheritance of technological determinism—an impoverished version of the Enlightenment notion of progress—except to note that it has long served as a central legitimating prop for capitalism, lending to domination the sanction of destiny. Fostered over the years by promoters, pundits, and professionals, the habit of thought has been reinforced as well by historians, who have been caught up by it too, have routinely ratified the claims of promoters, and have found in such determinism an easy way of explaining history. The pervasiveness of the ideology reflects not only the fixations of machine-based commodity production or the estrangement of alienated labor but everyone’s desire for a simplified life. Technological determinism offers a simple explanation for things—especially troublesome things—and holds out the prospect of automatic and inevitable solutions. Ratifying the status quo as necessary at this stage of development, technological determinism absolves people of responsibility to change it and weds them instead to the technological projections of those in command. Thus, if this ideology simplifies life, it also diminishes life, fostering compulsion and fatalism, on the one hand, and an extravagant, futuristic, faith in false promises, on the other.

The aim here is to shatter such habits of thought, which allow us to avoid thought, in order better to understand both American technology and the society that has given issue to it. The focus upon technology thus has little to do with any particular interest in technology itself or in its history, for that matter, beyond the simple recognition of the importance of technological development in human history. Rather, this inquiry into the evolution of automatically controlled machine tools is an attempt to demystify technological development and thereby to challenge and transcend the obsessions and fantasies that artificially delimit our imagination and freedom of action. Hence, the aim is not merely to put technology in perspective, but to put it aside, in order to make way for reflection and revolution.

The intimidating authority that the word “technology” has come to convey in American culture belies the ambiguity of the reality it names. Of course, technology does seem to take on a life of its own, when we remain ignorant of the actual process and blindly surrender ourselves to it, or when we act from narrowly prescribed technical ends. And the path of technological development does resemble a unilinear course, when we yield to the hegemony of those who oversee it. And, last, technology does appear to have its own impact upon our lives, when we fail to recognize the human choices, intentions, and compulsions that lie behind it. Because of its very concreteness, people tend to confront technology as an irreducible brute fact, a given, a first cause, rather than as hardened history, frozen fragments of human and social endeavor. In short, the appearance here of automaticity and necessity, though plausible and thus ideologically compelling, is false, a product, ultimately, of our own naïveté and ignorance. For the process of technological development is essentially social, and thus there is always a large measure of indeterminacy, of freedom, within it. Beyond the very real constraints of energy and matter exists a realm in which human thoughts and actions remain decisive. Therefore, technology does not necessitate. It merely consists of an evolving range of possibilities from which people choose. A social history of technology that explores beneath the appearance of necessity to illuminate these possibilities which technology embodies, reveals as well the contours of the society that realizes or denies them.

In an earlier work, America by Design, I attempted to challenge technological determinism by exploring the history of the institutions, ideas, and social groups which had come to choose technological possibilities in twentieth-century America. Here I am taking this exploration a necessary step further, to show how these institutions, ideas, and social groups, operating in a context of class conflict and informed by the irrational compulsions of an all-embracing ideology of progress, have actually determined the design and use of a particular technology.* Although it has belatedly become fashionable among social analysts to acknowledge that technology is socially determined, there is very little concrete historical analysis that describes precisely how. This study is meant to be a step in that direction.

In this book, then, the evolution of the design and use of automatically controlled machine tools is traced, from the point of conception in the minds of inventors to the point of production on the shop floor. Machine tools were selected because they are the guts of modern industry, and automation because it is the hallmark of twentieth-century manufacturing technology. Throughout, the emphasis is upon the social foundation of this technological development, and thus upon the ambiguity of the process: the possibilities as well as the constraints, the lost opportunities as well as the chosen path. Rather than showing how social potential was shaped by technical constraints—the typical and technologically deterministic approach—I examine how technical possibilities have been delimited by social constraints. The aim is to point up a realm of freedom within technological development, known as politics.

For when technological development is seen as politics, as it should be, then the very notion of progress becomes ambiguous: what kind of progress? progress for whom? progress for what? And the awareness of this ambiguity, this indeterminacy, reduces the powerful hold that technology has had upon our consciousness and imagination, and it reduces also the hold upon our lives enjoyed by those whose social power has long been concealed and dignified by seemingly technological agendas. Such awareness awakens us not only to the full range of technical possibilities and political potential but also to a broader and older notion of progress, in which a struggle for human fulfillment and social equality replaces a simple faith in technological deliverance, and in which people, with their confidence restored, resume their proper role as subject of the story called history. For it is not the purpose of this study to demystify technology, on the one hand, only to reintroduce a new technological determinism in some alternative, seemingly more liberatory, form, on the other. This book holds out no technological promises, only human ones.


* I noted parenthetically in America by Design that the protagonists of that story (the rise of science-based industry) were almost exclusively men. It is necessary to repeat the observation here. For, like the technological enterprise in general, the presumably human project of automation has been overwhelmingly a male occupation and preoccupation. But so what? What does this tell us about technology or the society which creates and depends upon it? Clearly, any attempt at a social history of technology that claims to examine technological development as a social phenomenon must grapple with the implications of male domination at least as much as with other political and cultural influences. How does the historical evolution of technology reflect the inescapable fact of male domination, of both society and the technological enterprise it has generated? What are the consequences of male domination of society and the technological enterprise, both for the shape of technological development itself and, through it, for society as a whole? These are obvious and central questions. And again, as in America by Design, the lack of attention to them here is not the result of any oversight. Rather, it reflects a deliberate decision to address them directly elsewhere, for the following reason. The very totality of male domination renders it nearly invisible insofar as technology is concerned and thus extremely difficult to grasp and assess. Hence, the elusive significance of the obvious fact of male domination must be illuminated in a very subtle, speculative, and indirect way, quite unlike a study of the relatively apparent influences and distortions created by class relations. This calls for not only a different approach but a different plane of inquiry, one which cannot readily be integrated with the present, in a sense less fundamental, effort. To try to combine the two levels of investigation in a single study would do justice to neither. Indeed, it would invariably result in a diminution of the significance of male domination by rendering it as merely one other aspect of social determinance rather than, more appropriately, as the central focus of a different level of analysis. To avoid these pitfalls and difficulties, I have decided to pursue the examination of gender influence on technological development in a separate study, currently under way.
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Part One

COMMAND
AND CONTROL

We have merely used our new machines and energies to further processes which were begun under the auspices of capitalist and military enterprise.… Not alone have the older forms of technics served to constrain the development of the neotechnic economy, but the new inventions and devices have been frequently used to maintain, renew, and stabilize the structure of the old order.… Paleotechnic purposes with neotechnic means: that is the most obvious characteristic of the present order.

LEWIS MUMFORD, Technics and Civilization




Chapter One

The Setting:
The War Abroad

For the United States, the postwar decades were an expansive time, fertile ground for technological achievement and enchantment. Infused with the pride, confidence, and triumphant optimism of victory, relatively unscarred by the actual horrors of war, and with the ruins of failed empires at their feet, Americans embarked upon their own ambiguous fling at empire. Assured for the time being of their unrivalled military, economic, and industrial might, their leaders laid claim to a boundless, prosperous, and secure future in which no goal, no vision, seemed beyond fulfillment. Yet, for all their dreams, they were haunted by nightmares of enemies without and within: of a world split in strife between two superpowers, of a humanity divided by the irrepressible antagonisms of capitalist production. “The problems of the United States can be captiously summed up in two words,” Charles E. Wilson, General Electric president, War Production Board vice chairman, and later White House advisor to President Eisenhower, declared in 1946: “Russia abroad, labor at home.” Not only optimistic dreams but paranoid nightmares defined the American outlook in the postwar decades and they colored as well the achievements of science and technology.1

Russia, an ally of the United States, had been devastated by the war. Yet, well before the war was over, the putative threat of Soviet aggression and expansion had become, for U.S. military and foreign policy planners, the justification for a permanent, global, peacetime military establishment. Military planners especially had been pushing for a peacetime force for some time. They were haunted by memories of the precipitous postwar demobilization that followed World War I and the resulting American “weakness” which, they believed, encouraged German and Japanese aggression; they were determined not to have to repeat the desperate, traumatic experience of mobilizing the nation for the second great war; and they were obsessed with the dire implications of modern warfare based upon air power and missiles, which dictated a capacity for rapid mobilization and undercut reliance upon strong allies and wide oceans to afford time to prepare. Thus, even before the nuclear attack on Hiroshima and Russian moves to secure a buffer zone in Eastern Europe, military leaders resolved to foster a permanent peacetime force capable of rapid defense mobilization, deterrence against aggression, and preemptive attacks, if necessary, to forestall potential threats to world peace. National security now entailed global policing. Thus, in 1943, Undersecretary of the Navy James Forrestal urged the development of a “police power and adequate strength for men of good will to curb the ruffians of the world.” “We have the power now,” he declared. “We must resolve to keep it.”2

By the war’s end, the atomic bomb and the spectre of Soviet expansion had become integral parts of this overall “ideology of national preparedness,” as historian Michael S. Sherry has called it. The bomb gave rise to a strategy of massive deterrence and retaliation while Russian efforts to insulate themselves from further attack (haunted as they were by the memories of U.S. and British invasion following World War I and now by the German onslaught, which had left twenty million dead) came to be seen by War Department Intelligence as “a naked lust for world domination.” Thus, U.S. leaders fashioned an active defense, one which required not only a state of constant readiness against Russian attack but an active role for America as the world’s policeman. This postwar posture rested upon nuclear deterrence, air power, global bases, peacetime conscription, and a capability for periodic intervention. In addition, it required a permanent war economy based upon close ties between the military and industry, war production in peacetime, especially in the area of aircraft and missiles, and ongoing peacetime weapons research, the military-sponsored scientific substrate for the arms race.3

This postwar scenario was endorsed by Dwight Eisenhower when he became chief of staff at the end of 1945 but it did not take hold all at once or immediately. As anticipated by the planners, a war-weary nation balked at calls for a postwar military buildup, and, for a few years, military strategies gave way to political and economic strategies for attaining global security and American prosperity. Thus, in 1947, the diplomat George Kennan formulated his famous plan for “containment” of communism by political and economic means (backed up by nuclear diplomacy), and shortly thereafter the Marshall Plan was proposed, designed to rebuild Europe, create and enlarge markets for American goods and services, and contain and co-opt the communist challenge then emerging throughout Europe by strengthening center-right forces. Russia’s blockade of West Berlin in 1948, its A-bomb test in August 1949, and the communist victory in China the same month, however, refuelled the postwar preparedness campaign. The National Security Council began earnestly to urge a military buildup to protect the “free world” from the “slave society” of communism, reflecting the fact that the hawkish views of diplomats like Paul Nitze and Dean Acheson were now ascendant. Finally, the onset of the Korean War in the summer of 1950, punctuated by the entry of the Chinese into the conflict, created a state of national emergency. The invasion was cast as proof positive of the existence of a Russian-led “international communist conspiracy,” the watchword of the Cold War, and the need for permanent preparedness. “Korea came along and saved us,” Acheson, speaking for the hawks, later recalled.4

Military manpower was increased dramatically while military-related industry grew once again to wartime proportions. The decision was made to develop the H-bomb, while aircraft production grew five-fold (along with accelerated missile development), armoured vehicles by four, and military-related electronics, four and a half times. The fiscal 1951 military budget swelled to nearly four times its anticipated size. Most important, “these war-time levels took hold permanently,” thus creating a permanent war economy. Between 1945 and 1970, the U.S. government expended $1.1 trillion for military purposes, an amount which exceeded the 1967 value of all business and residential structures in the United States. Moreover, a vast “military-industrial complex,” as Eisenhower named it, had sprung up, absorbing a massive proportion of industrial and technical talent; between 1945 and 1968, the Department of Defense industrial system had supplied $44 billion of goods and services, exceeding the combined net sales of General Motors, General Electric, Du Pont, and U.S. Steel.5

The permanent war economy and the military-industrial complex now affixed the military imprint on a whole range of heretofore civilian industrial and scientific activities, in the name of national security. First was the emphasis placed upon performance rather than cost in order to meet the requirements of the military mission, such as combat readiness, tactical superiority, and strategic responsiveness and control. Then there was the insistence upon command, the precise specification, communication, and execution of orders, uncompromised by either intermediary error or judgment. Finally, there was the preoccupation with so-called modern methods, high technology and capital-intensive, to guarantee performance and command objectives and thereby assure the success of the mission: national security against communism. Three industries in particular became caught up in the arms race and soon reflected these military requirements: aircraft, electronics, and machine tools.6

The recognition of the importance of aircraft as military weapons had been the major impetus behind the expansion of that industry. In 1939, there were 63,000 workers in the aircraft and parts industries (airframes, engines and accessories). During the war employment reached an all-time peak of 1,345,000 and then dropped to 237,000 in 1946. But by 1954, owing to the buildup during the Cold War, and the postwar emphasis upon strategic air power, there were over 800,000 aircraft workers, and the industry had become the country’s largest manufacturing employer. The military influence in this growth is indicated by the proportion of civilian to military aircraft produced. In 1939 approximately one-third of aircraft production was for military purposes. In 1946, the military proportion of airframe weight production was about one-half of total production. By 1953, this ratio had been inverted dramatically. Civil airframe weight production now amounted to a mere 7 percent of total output; 93 percent was now military production.7

Industry economist Frank A. Spencer has described the period 1946–60 as one marked by “an unlimited optimism about the future prospects of air transportation,” one in which “the economic environment was favorable to rapid growth.”8 The enthusiasm of the military had much to do with it. After a postwar contraction of the industry in 1945–47, the military aircraft production expansion program authorized by the Supplemental National Defense Appropriation Act of 1948 resulted in a tripling of output between 1946 and 1949. The new planes and missiles were far more sophisticated than anything produced before. In order to meet military performance requirements for sonic speeds, greater reliability, and superior tactical maneuverability, aircraft were equipped with electronic guidance and communications systems. More powerful jet engines and gas turbine engines were constructed of new lighter and stronger materials capable of withstanding the stresses, pressures, and temperatures of high-altitude and high-speed flight. Aircraft design, which included integrally stiffened structures for greater strength and refined airfoil surfaces needed for stable supersonic flight, reached new degrees of complexity. As a result, preflight engineering time in production in 1953 was twenty-seven times longer than was the case during the war and the proportion of technical staff to total production work force had increased from 9 percent in 1940 to 15 percent in 1954. Management had nearly doubled as well, in an effort to insure tighter control over production and thereby guarantee performance according to military specifications.9

The advances in aerodynamics, metallurgy, electronics, and aircraft engine design which made supersonic flight a reality by October 1947 were underwritten almost entirely by the military. In the words of industry historian John F. Hanieski, “Cold War conditions prompted a condition of urgency.”10 But science and engineering, and even experimentation, were not the same as production. As designs grew more sophisticated and complex, so too did tooling and production methods. As designs changed rapidly with advances in engineering, and with an escalating arms race, the need arose for more versatile and flexible methods, for special machines and special tooling to accommodate rapid redesign and short production runs. J. H. Kindelberger, chairman of North American Aviation, well understood that such equipment was “beyond economic practicability for small peacetime orders,” that special machines were usually restricted to high-volume production where the volume output offsets the high capital cost. But he acknowledged the “unique aircraft requirement for large special purpose machine tools sometimes specific to a single type of aircraft,” knowing that national security and military objectives rather than conventional economics were the order of the day. “We must maintain a progressive attitude toward production methods improvements and continue to develop machinery and equipment adaptable to volume production. We should cooperate with each other in major industry-wide collaboration,” he urged his colleagues, “and with government in projects which offer wide applications and yet are too costly for financing by the companies.”11

The imperatives behind aircraft development were matched by military subsidy of aircraft development, of airframe manufacturers like Boeing, Lockheed, North American, Douglas, Martin, and Republic, of engine producers like General Electric and Pratt and Whitney, and of parts and accessories companies such as Bendix, Wright Aeronautical, and Raytheon. By 1964, 90 percent of the research and development for the aircraft industry was being underwritten by the government, particularly the Air Force.12 This influence spilled over inevitably into the electronics and machinery industries, the suppliers of the guidance and communications systems and of modern production equipment. All soon fell within the embrace of the military-industrial complex and learned the habits of performance and command, which in turn shaped technological development. “Usually the requirement for a mission to be performed by a guided missile is established by the military,” Aerojet-General Corporation president Dan A. Kimball explained in 1956. “If there were no requirement for a missile, it would not be developed. We find that the ‘state of the art’ depends upon military requirements. The requirement is needed to promote development and development is needed to further refine the requirement.”13

Prewar electronics meant, for the most part, radio, an industry that had come of age by the 1930s. During the war, the electronics industry swelled tremendously and in many directions. In the words of Electronics, the industry trade magazine, “it entered upon a period of extraordinary creativity and growth. Under the stimulus of a multi-billion dollar flow of funds, it changed from a timid consumer-oriented radio industry into an heroic producer of rugged, reliable military equipment.”14 The modern electronics industry, in short, like the aircraft industry, was largely a military creation. During the war, sales multiplied almost 2,000 percent and employment quintupled. The industry never again returned to anything like its prewar scale. Radar was of course the major development, costing the country $2.5 billion (compared to $2 billion for the Manhattan Project). Miniaturization of electrical circuits, the precursor of modern microelectronics, was promoted by the military for proximity fuses for bombs, a development that cost $1 billion and involved the participation of over one-third of the industry. Gunfire control devices, industrial controls, and walkie-talkies were other important wartime developments, along with sonar and loran. Perhaps the most significant innovation was the electronic digital computer, created primarily for ballistics calculations but used as well for atomic bomb analysis. After the war, the electronics industry continued to grow, stimulated primarily by military demands for aircraft and missile guidance systems, communications and control instruments, industrial control devices, high-speed electronic computers for air defense command and control networks (such as the SAGE, or Semi-Automatic Ground Environment system), and transistors for all of these devices. Electronics, in the understated words of Electronics, “has held an integral place in national defense since World War Two.”15 This was especially true during the twenty years following the war, a time, as TRW’s Simon Ramo recalled, “when decisions in the Pentagon charted the course of electronics.”16 In 1964, two-thirds of the research and development costs in the electrical equipment industry (e.g., those of GE, Westinghouse, RCA, Raytheon, AT&T, Philco, IBM, Sperry Rand) were still paid for by the government.17

The machine tool industry is tiny when compared to the aircraft or electrical equipment industries but it is central to a machine-based economy. For it is here that the metalworking (cutting and forming) machinery of production that is used to fabricate all metal products and parts is itself made. Like most of the metalworking industry of which it is a part, the industry is characterized by labor-intensive small-batch production. Whereas other metalworking firms use machine tools to produce an infinite array of products, this industry uses machine tools and other metalworking equipment to produce parts for machine tools. It is thus both a producer and user of machine tools. Although there were some larger firms in the industry, such as Cincinnati Mill (now Cincinnati Milacron), Warner and Swasey, Kearney and Trecker (now a subsidiary of Cross and Trecker), and Giddings and Lewis, most of the companies in the industry are small manufacturers of special-purpose machinery or standard general-purpose machinery (lathes, milling machines, drills, etc.). The market for machine tools is a boom-and-bust one. Because it supplies industry with capital equipment, and because manufacturers tend to buy new equipment when forecasts look promising and stick with their old equipment when projections look bad, the machine tool industry functions as something of an economic bellwether. It is often a sensitive reflector of economic and military trends in the larger economy.

Although the industry resisted expansion early in World War II—for fear that it would generate excess capacity and surplus and thus undercut demand—the pressures of war production, especially for aircraft, armaments, and tanks, necessitated a great surge in output. In 1940, only 28 percent of machine tools in use were less than ten years old; in 1945 the ratio had risen to 62 percent. As predicted, this created a postwar “hangover” for the industry. Three hundred thousand machine tools were declared surplus and thrown on the commercial market at cut-rate prices.18 Coupled with severely contracted aircraft industry production, the surplus dumping depressed demand and threw the industry into a serious postwar recession, only temporarily relieved by a rise in export sales. It was not until April 1950 that sales again reached 1945 levels. This postwar contraction furthered the long-term trend toward concentration in the industry, which had been accelerated during the war, and led to a drastic reduction of employment, especially of women.

The Cold War revitalized the industry. One major determining factor in its recovery was the great expansion of the aircraft industry, under Air Force aegis, with its requirement for new and sophisticated machinery. Machine tool industry firms became subcontractors to aircraft prime contractors and the government once again became the industry’s principal customer. By 1957 the government possessed about 15 percent of all the machine tools in the country, most located in aircraft plants, making it the single largest owner of such equipment. Soon thereafter, the headquarters of the National Machine Tool Builders Association was moved from Cleveland, a major metalworking center, to Washington, D.C., the home of the industry’s chief customer, the Department of Defense.19

Reflecting the demand for more sophisticated machinery by the aircraft industry, now the second-largest consumer of machine tools,20 research and development expenditures in machine tools multiplied eight-fold between 1951 and 1957, largely with government subsidy.21 In addition, this industry now became more closely intertwined with the electronics industry, which supplied the motors and automatic control equipment for the newer machines. Inevitably, machine tool companies came to adopt the extravagant practices of the aircraft and electronics industries, which already reflected the performance, command, and modern methods requirements of the military. Although they are credited with hard-headed business conservatism, the machine tool makers in reality have always been more attuned to performance than to costs, an attitude that can be traced back to the Army-sponsored origins of the industry in the nineteenth century.22 In general, these producers have concentrated more upon the lucrative sales of special machinery than upon the less profitable lines of standard equipment. Rather than trying to cut production costs and product prices, they have concentrated on advertising the superior performance and custom designs of their machinery while marking up prices substantially to take maximum advantage of boom times. The Cold War influence on the industry exaggerated this tendency to emphasize performance over costs. In his 1959 report to the European Productivity Agency on the state of the machine tool industry, the economist Seymour Melman complained that there was too much pressure to expand horsepower, size, and versatility, at substantial increases in costs, even though users generally did not take advantage of the new capabilities. Four years later, Melman repeated his lament in an article aptly entitled “Profits Without Productivity,” this time noting specifically that “since the Department of Defense has become the single largest customer for the machine tool industry, the industry [has been] made less sensitive to pressures from other customers for reducing the prices of its products.”23

The emerging military-industrial complex was really a tripartite affair; wedding industry to the military, it also tied science closer to both. During the Great Depression, Americans had begun to voice their doubts about the beneficent myths of scientific salvation, and had even begun to engage in political debate over the proper control and use of science. In hard times, a simple faith in technological transcendence had given way to a fear of technological unemployment and a healthy skepticism about the promissory pretensions and pronouncements of industry engineers and academic scientists alike. Within the scientific community, therefore, appeals to progress took on a defensive tone, while unemployment among the technical ranks eroded morale still further.

If preparation for war and the war itself lifted the nation out of the Depression, it also provided scientists and engineers with growing employment, a chance once again to demonstrate their prowess, and an opportunity to restore public confidence in scientific and technological progress. Engaging in continuous self-promotion and advertising their accomplishments in such areas as radar, rocketry, and atomic weaponry, the scientists emerged from the war with a larger-than-life image (and self-image) as genuine national heroes. Determined to preserve their heroic status, to lay to rest the doubts and disclosures of the Depression decade, and, above all, to rekindle the traditional American spirit of technological optimism, they early became the advance corps of a self-serving postwar cultural offensive. This progressivist cultural offensive succeeded and, as a consequence, the scientific community secured unprecedented peacetime military and civilian government support for its research and development activities. In time, this massive public support bore fruit and these new achievements rendered concrete—and hence validated and further fuelled—the cultural offensive that had made them possible.

Wartime military research was carried out through the Office of Scientific Research and Development (OSRD), a civilian agency headed by Vannevar Bush. Bush, a former MIT dean, co-founder of Raytheon, and director of AT&T, had developed computers for military ballistics calculations and administered the atomic bomb project; he thus epitomized the emergent military-industrial-scientific complex. Bush directed the OSRD research effort by means of contracts to primarily non-governmental industrial and university research institutions, in a way which routinely put civilians in de facto control of military research. The Manhattan Project and the Radiation Laboratory were perhaps the best-known examples; the latter, headed by Lee DuBridge, included scientists from sixty-nine institutions and the participation of nineteen university laboratories.24 Both the scale of such efforts and the new type of institutional organization and contract relations with the government were unprecedented. Indeed, it has been suggested that “the research center as an institutional form emerged during the course of World War II.”25 By 1944, the government was spending $700 million per year on research, ten times the 1938 amount, and most of it was being done in non-government institutions. In 1940, 70 percent of government research took place in government facilities; by 1944 70 percent of it was being performed in non-government facilities—50 percent by private firms and 20 percent by university personnel. In 1939 1 percent of the total research expenditures of the Bell Laboratories of AT&T was for government contract work; by 1943 that had risen to 83 percent. Since government contracts were made under wartime conditions of urgency, OSRD administrators tended to favor the large established institutions from which they themselves hailed, where, they believed, the work could be done most expeditiously. Thus, the expansion of government involvement in research fostered a tendency toward concentration that had already been well under way before the war began. Of the two thousand industrial firms which were awarded a total of $1 billion in contracts, eighty-six received two-thirds of that and ten almost 40 percent. During the war, the Bell Labs received $42 million and General Motors $39 million in contracts, along with patent rights to the fruits of research. Among academic institutions, the pattern was the same; the largest contractors were the elite universities such as MIT ($56 million), California Institute of Technology ($40 million), Columbia ($15 million), and Harvard ($10 million). Of the two hundred educational institutions that were granted a total of a quarter of a billion dollars in contracts, nineteen received over two-thirds of the total.26 At the war’s end, none were prepared to give up what they had gained.

Universities had become accustomed to the ways of industrial contracting, and to their affluent liaison with the armed forces. Scientists had become the “backroom boys” and “science had become powerful, had become a useful and gainful profession.”27 During the war, “cost itself was no object, the imperative consideration was to get on with the job, at whatever the price in dollars; fiscal and administrative policies were subordinated to the technical needs of those who were getting the job done.”28 Historian Daniel Kevles noted that “the war effort had given professors the heady taste of doing research with few financial restraints. Typically the young physicists at the MIT Radiation Laboratory had grown accustomed to signing an order for a new instrument whose cost would have deadlocked a faculty before the war.”29 For the people who would come to dominate postwar science, professors and students alike, a “novel blend of the sheltered academic instructional program and the playing-for-keeps research and development program,” a military orientation, and an indulgent policy of performance at any cost had become an attractive way of life.30

As the war drew to a close, two electronics industry historians have noted, “there seemed no limit to the possible achievements.”31 Among the scientists, most of whom were young and impressionable graduate students caught up perhaps prematurely in the big leagues, there evolved a great élan only partly attributable to patriotism. They breathed an “atmosphere of hope and expectations,” a heady spirit of “new worlds to conquer.”32 For them, this was no time to stop. They had only begun and the generous conditions born of wartime exigency had become for them the model for postwar research. “That your group would contribute brilliant ideas and achievements to the war effort was expected,” Rear Admiral Julius A. Furer, the Navy’s coordinator of research and development, acknowledged to Bush, “but that you would be so versatile and that the scientists and the Navy would find themselves so adaptable to each other’s way of doing business, was unexpected by many.” “The admirals are afraid that they can’t control high-spirited talent of this kind,” Furer had confided to his wartime diary. “I tell them that I have had no difficulty in getting them (the scientists) to play ball as a team.”33

The scientists, like the military, wanted the team play to continue after the war. Indeed, according to one historian of postwar preparedness, the scientists themselves “led the drive to institutionalize the war-born partnership with the military.” Thoroughly imbued with the ideology of postwar preparedness, the “scientists did not drift aimlessly into military research, nor were they duped into it. They espoused its virtues, lobbied hard for it, and rarely questioned it.”34

Thus, as early as 1941, MIT president and OSRD leader Karl Compton noted that wartime research “is yielding new developments, new techniques and new understanding which will have important peacetime applications and which presage a new prosperity for science and engineering after the war.”35 “Compton and other proponents of pure science saw the chance to turn a temporary windfall into permanent federal support,” Michael S. Sherry observed. “Although the services were slow to modernize industrial mobilization policy, the more sophisticated propagandists of scientific preparedness were not. They viewed weapons research as part of an integrated program of peacetime mobilization.”36 Edward L. Bowles, MIT electrical engineer and science advisor to Secretary of War Henry L. Stimson, urged early in 1945 that a “continuing working partnership” be established after the war between scientists, educational institutions, and the military. “We must not wait for the exigencies of war to drive us to forge these elements into some sort of a machine.” This postwar integration “must transcend being merely doctrine; it must become a state of mind, so firmly embedded in our souls as to become an invincible philosophy.”37

“Long before Hiroshima,” as Daniel Kevles noted, “it was widely acknowledged in government circles that the maintenance of a strong national defense in the postwar world would require the ongoing participation of civilian scientists and engineers in military research and development.”38 Exactly what form that relationship should take, however, remained a matter of considerable debate. Essentially, that debate boiled down to several inter-related issues, all of which arose from the unprecedented public sponsorship of privately controlled scientific and technological activities in industry and academia. During the war, the direction of research was determined according to military criteria; what criteria and whose criteria would set peacetime research priorities? How might scientific and technological efforts be encouraged under private auspices, at public expense, while still safeguarding the larger public interest and the standard of equity? How might the government guarantee the autonomy and integrity of science, yet uphold the principle of democratic control over and accountability for public expenditures? These challenging questions were never resolved during the early debates over postwar science policy, nor were they ever confronted seriously by the scientists, whose equivocal and characteristically contradictory positions served merely to allow them to have their cake and eat it too.

On the one hand, they campaigned vigorously for peacetime federal funding and welcomed the accompanying military influence over their affairs in the name of preparedness. So long as they could continue to satisfy their own scientific curiosity in the process, they expressed few qualms about the larger military purposes to which their work was directed. They only insisted that the problems be interesting—enabling them to advance the “state of the art” along with their careers—and that detailed controls not be too obtrusive. On the other hand, they fought bitterly against government scrutiny and control over their activities. Vannevar Bush, for example, was no stranger to nor critic of industrial or military controls over science. Yet, when it came to the prospect of congressional oversight, he posed as the champion of so-called pure science, defending at all costs the untrammeled search for truth. “The researcher,” he insisted, is “exploring the unknown,” and therefore “cannot be subject to strict controls.”39

Essentially, scientists adhered to a “trickle-down” philosophy akin to the classical economics espoused by their friends in industry.40 They held that if scientists remained free to pursue their calling as they saw fit, to satisfy their scientific curiosity about Nature, their efforts would inevitably—and without the need for conscious intent on their part—contribute to the general good. The hidden hand at work in the market, which translates pursuit of individual self-interest into advance of the general good, was at work here too in the world of science. What was good for scientists was good for science, and what was good for science was good for society. Whereas the classical economists explained the hidden hand in terms of the mechanism of the market, which adjusts demand with supply, social needs with the means for meeting them, the scientists could point to no such device; they argued their position as a mere article of faith. Of course, they could have argued plausibly that science does respond to social needs, inasmuch as it is intimately connected with the rest of society and thus reflects its dominant interests. But this would have inevitably pointed up the political nature of science—precisely what the scientists were striving to avoid. Thus, their claim remained a religious one, grounded upon the fiction of an autonomous science destined by fate always to serve the public interest. It followed from this, albeit in less than rigorous logical fashion, that any undue government intervention in science, in the name of democracy, would have the same unwanted effect as would undue government interference in the supposedly self-regulating market: it would upset the delicate mechanisms of progress and do irreparable harm to society. In short, in the name of social progress, the scientists claimed unique privileges for their elite community and their distinguished institutions: to be publically supported but immune from public involvement in their work.

Predictably, then, when the scientific statesmen sought to perpetuate the patterns of military contracting established by the OSRD during the war, they attempted initially to do so without congressional legislation. The idea for a Research Board for National Security, which would be funded by the military but administered by civilian scientists, originated with two Baltimore bankers in 1943, when they were serving as officials of the OSRD’s Applied Physics Laboratory at The Johns Hopkins University. The idea was refined by Frank Jewett, former head of the Bell Telephone Laboratories, AT&T vice president, and president of the National Academy of Sciences, who suggested that the board be administered through the private National Academy, and was promoted by the War Department Committee on Postwar Research, which included Jewett, MIT’s Karl Compton and Jerome Hunsaker (also chairman of the National Advisory Committee on Aeronautics), and was headed by GE president Charles E. Wilson. The “Academy Plan,” as it became known, reflected the scientists’ double desire for funds and autonomy, as well as their deep distrust of the legislative processes of government. As Daniel Kevles has written, the members of the Wilson committee “believed that scientists, at least academic scientists, did not require subjection to normal democratic controls,” a belief that reflected their “politically conservative propensities” and especially “their tendency to be comfortable with the entrustment of public responsibility to private hands.”41

In particular, Jewett and his colleagues were wary of Senator Harley Kilgore of West Virginia, chairman of the Senate Subcommittee on War Mobilization, who advocated tight federal controls over government science spending, public ownership of patents resulting from publically supported research, and a policy that scientists must share control over science with other interested parties. The fact that the Academy Plan could be established by executive order alone, since the National Academy of Sciences already had been chartered by Congress, and that it would therefore enable the scientists to avoid having to deal with Kilgore, was considered by its promoters to be its chief advantage. In late 1944, the board was established under NAS auspices by the secretaries of war and the Navy, in the expectation that it would be funded eventually through military appropriations. Chaired by Karl Compton, and funded in the interim by the Carnegie Institution (of which Bush was president), the board began soliciting research projects and preparing to let contracts to non-governmental institutions in the manner pioneered by the OSRD. At a dinner in March 1945, the Research Board was formally inaugurated by the elite of the scientific and military worlds, who congratulated one another on their patriotism and devotion to peacetime progress through military strength. But their celebration was short-lived.42

Barely a month later, President Roosevelt killed the board by forbidding any transfer of funds to it from military appropriations. The sponsor of the executive action was Budget Bureau director Harold Smith, who had become concerned about the scientists’ attempt to circumvent Congress and insulate themselves from government oversight. He also viewed the entire plan as fundamentally anti-democratic, rejecting “the assumption that researchers are as temperamental as a bunch of musicians, and [that] consequently we must violate most of the tenets of democracy and good organization to adjust for their lack of emotional balance.” “The real difficulty,” Smith opined, was that the scientists “do not know even the first thing about the basic philosophy of democracy.”43 The New Republic agreed. In its own criticism of the ill-fated board, the journal noted wryly how “a good many well-known scientists … take their coloration from the conservative businessmen who are their associates.” Alluding to the “fantastic suggestion that in the long run the National Academy of Sciences should usurp the functions of the Executive,” the magazine argued that “the American people should no more acquiesce in the present scheme than to a proposal that the carpenters’ union [alone] should elect members of a board which is to plan public works.”44

The demise of the Research Board for National Security meant that the National Academy of Sciences would not serve as the conduit for military funding of civilian research. This did not put an end, however, to the scientists’ dream of military support of their activities. Before too long, the services were authorized by Congress to let research contracts directly to the universities, and this proved a more enduring and significant vehicle. The Navy was the first to assume responsibility for support of academic research. As early as 1941, Jerome Hunsaker had prompted discussion within the Navy about postwar research, and his successor as Navy coordinator for research and development, Admiral Furer, had formulated elaborate plans for the support of science.45 The Navy was therefore well prepared to take advantage of the new congressional authorization and soon thereafter established the Office of Naval Research (ONR), to contract with the universities for military-related research. Within a few years the ONR had established itself as “the greatest peacetime cooperative undertaking in history between the academic world and government.”46 By 1949, it was sponsoring twelve hundred research projects at two hundred universities, involving three thousand scientists and nearly as many graduate students. Equally important, the ONR contract system was patterned after that established by the OSRD, guaranteeing scientists a considerable degree of autonomy. The Navy subsidized science, Daniel Greenberg observed, “on terms that conceded all to the scientists’ traditional insistence upon freedom and independence,” thereby institutionalizing in peacetime the concept of science run by scientists, often within private institutions, at public expense.47 In 1949, at the behest of its own scientific advisory board, the Air Force joined the Navy as a major supporter of university-based research along similar lines. Air Force-sponsored research focused upon computer-based command, control, and communications systems, airplane and missile design, guidance systems, and industrial automation, including the automation of machine tools. By 1948, the Department of Defense research activities accounted for 62 percent of all federal research and development expenditures, including 60 percent of federal grants to universities for research outside of agriculture. By 1960, that figure had risen to 80 percent.48

In addition to their successful effort to secure military support for postwar science, in the name of national security, scientists sought also to create a permanent federal agency which would foster a broader range of civilian research activities in the name of economic innovation. The leader in this effort was Vannevar Bush, the man most responsible for setting up and administering the OSRD during the war. Like his colleagues in the military, Bush had been alert to the need for a postwar science establishment. What prompted him to begin to formulate specific plans, to insure that such an establishment would be designed on scientists’ terms, was the parallel effort by Senator Kilgore.

Early in the war, Kilgore, as chairman of the Senate Subcommittee on War Mobilization, had formulated a bill for a new Office of Science and Technology Mobilization. His immediate concern was more fully to utilize the scientific resources of the nation for the war effort, through a more equitable distribution of federal support than that being provided by the OSRD. But, beyond the war, Kilgore was very much concerned that public resources like science should be protected from private control by the “monopolies,” that scientists, like everyone else, must be responsive to normal democratic controls, and that scientific research should be directed less by the mere curiosity of scientists and the internal dynamics of the scientific community than by an awareness of pressing social needs. Like other New Dealers, Kilgore was disturbed by the increasing corporate control over scientific research, a state of affairs documented in the 1930s by the Temporary National Economic Committee and apparently being reinforced by the practices of the OSRD. During the war, as has already been noted, large firms and the major private universities received the lion’s share of defense contracts, at the expense of smaller firms and less-favored universities.49

Moreover, at the discretion of the OSRD leadership, over 90 percent of the research contracts awarded during the war granted to private contractors ownership of patents on inventions resulting from this publically supported research. Kilgore considered this policy to be an unwarranted giveaway of public resources and also detrimental to the war effort. He did not view corporate control of the fruits of research as always being in the best interest of the American people. Although patents were granted to companies as an incentive, in order to encourage them to develop their ideas and bring new products and processes into use, Kilgore knew that such a policy sometimes had the opposite effect. Patent ownership could also lead to the restriction of innovation, in the interest of corporate gain, at the expense of both the war effort and the economic development of society as a whole.* 50

Above all, Kilgore was determined that the government should use its power to insure that science be advanced according to the principles of equity and democracy, and that it serve the needs of all. “Only government could break the corner on research and experimentation enjoyed by private groups,” declared Assistant Attorney General Thurman Arnold, who joined Kilgore in this effort. “Laissez-faire has been abandoned as an economic principle,” New York Times science editor Waldemar Kaempffert echoed in agreement. “It should also be abandoned, at least as a matter of government policy, in science.” Thus, Kilgore resolved to alter the process of government sponsorship of scientific research, to insure that the patterns established during the war by the OSRD would not be continued after it. His proposed Office of Science and Technology Mobilization, which evolved into a plan for a postwar National Science Foundation, emphasized lay control over science as well as a fair measure of political accountability. It was to be headed by a presidentially appointed director rather than a board, to guarantee accountability, and the director would be advised by a broadly representative advisory body composed of cabinet heads and private citizens representing not only scientists and big business but consumers, small business, and labor as well. Moreover, the proposed agency, which would continue to let contracts to both firms and universities, would strive to do so on an equitable basis, and would retain public ownership of all patents. Finally, Kilgore insisted that the enterprise be viewed as a means to meeting social ends, not merely as a vehicle for “building up theoretical science just to build it up.” Above all, he saw this new federal science establishment as a truly democratically controlled guarantor of socially responsive science and technology, not just a subsidy for scientists. Thurman Arnold called the plan the “Magna Carta of Science.”51

Bush was alarmed by Kilgore’s proposals for a scientific organization explicitly responsive to the interests of non-scientists, and he was joined in his opposition to it by his colleagues in the Army, the Navy, the National Association of Manufacturers, and the National Academy of Sciences. Frank Jewett viewed the Kilgore plan as a scheme for making scientists into “intellectual slaves of the state.” Harvard president and fellow OSRD leader James B. Conant warned of the dangers of Kilgore’s “dictatorial peacetime scientific general staff.” Such strident calls for scientific liberty appeared compelling, but, in truth, science had never been truly independent. Whether directed toward industrial or military ends—as in Jewett’s Bell Laboratories or Conant’s Manhattan Project—science had always followed the course set for it by political, industrial, or military priorities, through either general patterns of funding or detailed management supervision. The issue here was not control of science, but control by whom—by the people, through their democratic processes of government, or by the self-selected elite of the military-industrial-educational complex.52

Bush, whose own technical career centered upon the solution of problems for the utilities and emergent electronics industries, as well as military ballistics, assailed Kilgore’s emphasis upon the practical, socially useful ends of scientific activity. Now a champion of “pure science,” he derided the Kilgore agency as a “gadgeteer’s paradise.” He also strongly opposed Kilgore’s insistence upon government ownership of patents and lay control of science, arguing that the first undermined all incentive for the industrial development of new ideas, and the second violated the standards of excellence which marked scientists’ control over science. In response to Kilgore’s challenge, therefore, Bush and his colleagues formulated a counter-proposal for a National Research Foundation (later also called a National Science Foundation).53

Bush proposed the establishment of a board-run agency, buffered from presidential accountability and most likely to become a creature of the academic scientific community which he represented. He also argued for a continuation of the OSRD patent policy which gave the director discretion in the awarding of patent ownership to contractors; such awards were designed as incentives to encourage the working of patents (the government was guaranteed only a royalty-free license in such cases). Central to the Bush plan was professional rather than lay control over science, to insure excellence in the allocation of contracts. Bush outlined his plan in the famous report “Science, the Endless Frontier,” which, according to science writer Daniel Greenberg, “set forth an administrative formula that, in effect, constituted a design for support without control, for bestowing upon science a unique and privileged place in the public process—in sum, for science governed by scientists and paid for by the public.” Bush acknowledged that he was asking for unusual privileges for his constituents but insisted, as he had before, that such freedom was the sine qua non of good science, and that good science was the sine qua non of a strong and prosperous society.54

According to White House aide Donald Kingsley, the contest between the Bush and Kilgore forces constituted a struggle “between a small ‘inner group’ closely allied with a few powerful [educational] institutions and large corporations [where most wartime research was conducted] and a large group of scientists with interests widely spread throughout the nation and with a desire to avoid—insofar as possible—the concentration of research and the power to control it.” James R. Newman, staff official of the Office of War Mobilization and Reconversion, argued that the Bush plan “did not fulfill the broad, democratic purposes which a Federal agency should accomplish.” Oregon Senator Wayne Morse insisted that the Bush scheme was being “fostered by monopolistic interests” and was opposed “by a great many educators and scientists associated with state-supported educational institutions.” Clarence Dykstra, chancellor of UCLA, concurred, characterizing the Bush plan as simply a way “for private universities to get large public support through the back door” without “the sort of responsibility to the public that state institutions must accept.”55

E. Maury Maverick, director of the Smaller War Plants Corporation, viewed the self-annointed statesmen of science as prima donnas. “I do not wish to impugn even remotely the patriotism of the great scientists who have already appeared before you,” Maverick replied to Isaiah Bowman, a scientist who was president of The Johns Hopkins University, at a Senate hearing on the postwar science foundation legislation. “Most of their testimony has been enlightening. But I suggest that all scientists remember that there are other patriots in the world beside themselves and it would be a good idea to develop some social consciousness. Let us all bear in mind that we have a political Government and that our Government is a political instrument. The political character of our Government guarantees democracy and freedom, in which the people, through their Government, decide what they want. A scientist, because he receives $50,000 a year working for a monopoly, or a big business, must remember that this does not necessarily make him pure except that he may be a pure scientist.”56

The two bills for a science establishment were debated in Congress for several years after the war. The Kilgore version, endorsed by the Truman administration, encountered stiff opposition on Capitol Hill. The Bush bill passed through a Republican-controlled Congress in 1947, only to be vetoed by Truman, with a message echoing Kilgore’s concerns. “This bill contains provisions which represent such a marked departure from sound principles for the administration of public affairs,” wrote the President, “that I cannot give it my approval. It would, in effect, vest the determination of vital national policies, the expenditure of large public funds, and the administration of important government functions in a group of individuals who would be essentially private citizens. The proposed National Science Foundation would be divorced from control by the people to an extent that implies a distinct lack of faith in democratic processes. I cannot agree,” Truman insisted, “that our traditional democratic form of government is incapable of properly administering a program for encouraging scientific research and education.”57

After the veto, the NSF bill languished in Congress while university researchers received public support, with few strings attached, through the ONR. Finally, early in 1950, a compromise bill, which was in reality a triumph for the Bush approach, was passed by Congress and signed by President Truman, who was now immersed in the Cold War and the exigencies of national security. The 1950 bill conceded to Kilgore and Truman a presidentially appointed director, to be advised by a board of private scientists only. The first director, Alan Waterman, who was destined to administer the NSF for a decade, had been a top OSRD administrator and then chief scientist at ONR. He was committed to continuing the patterns established during the war, of science run by scientists (through the mechanism of peer review) at public expense. “It is clearly the view of the members of the National Science Board,” the fourth annual NSF report declared, “that neither the NSF nor any other agency of Government should attempt to direct the course of scientific development and that such an attempt would fail. Cultivation, not control, is the feasible and appropriate process here.”58

Thus, while the Cold War gained momentum, and turned into the hot war of Korea, the debate over the shape of postwar science drew to a close. The patterns established during the war and subsequently perpetuated soon became accepted routine, and the web of the military-industrial-educational complex tightened around science. More than ever, science would be military-oriented and dominated by the largest corporate firms and elite universities. And these institutions, supported by public subsidy, would retain the prerogatives of private ownership and control over their affairs, even though these now included the bulk of American scientific research and development. The scientists themselves, like the businessmen with whom they routinely collaborated on defense projects (or joined as entrepreneurs themselves), had gained a license to carry on their publically supported technical activities, to indulge their scientific curiosity and enthusiasms, to pursue their professional careers and commercial dealings, relatively unfettered by serious public oversight of their affairs.

Of course, there were the concerned atomic scientists, who struggled with their responsibility for the nuclear
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