
www.ebook3000.com

http://www.ebook3000.org


 Science and Technology in the Global Cold War 



 Transformations: Studies in the History of Science and Technology 
 Jed Z. Buchwald, general editor 

 Dolores L. Augustine,    Red Prometheus: Engineering and Dictatorship in East Germany, 1945 – 1990  

 Lawrence Badash,    A Nuclear Winter ’ s Tale: Science and Politics in the 1980s  

 Lino Camprub í ,    Engineers and the Making of the Francoist Regime  

 Mordechai Feingold, editor,    Jesuit Science and the Republic of Letters  

 Larrie D. Ferreiro,    Ships and Science: The Birth of Naval Architecture in the Scientific Revolution, 

1600 – 1800  

 Gabriel Finkelstein,    Emil du Bois-Reymond: Neuroscience, Self, and Society in Nineteenth-Century 

Germany  

 Kostas Gavroglu and Ana Isabel da Silva Ara ú jo Sim õ es,    Neither Physics nor Chemistry: A History 

of Quantum Chemistry  

 Sander Gliboff,    H. G. Bronn, Ernst Haeckel, and the Origins of German Darwinism: A Study in Transla-

tion and Transformation  

 Niccol ò  Guicciardini,    Isaac Newton on Mathematical Certainty and Method  

 Kristine Harper,    Weather by the Numbers: The Genesis of Modern Meteorology  

 Sungook Hong,    Wireless: From Marconi ’ s Black-Box to the Audion  

 Jeff Horn,    The Path Not Taken: French Industrialization in the Age of Revolution, 1750 – 1830  

 Alexandra Hui,    The Psychophysical Ear: Musical Experiments, Experimental Sounds, 1840 – 1910  

 Myles W. Jackson,    Harmonious Triads: Physicists, Musicians, and Instrument Makers in Nineteenth-

Century Germany  

 Myles W. Jackson,    Spectrum of Belief: Joseph von Fraunhofer and the Craft of Precision Optics  

 Paul R. Josephson,    Lenin’s Laureate: Zhores Alferov ’ s Life in Communist Science  

 Mi Gyung Kim,    Affinity, That Elusive Dream: A Genealogy of the Chemical Revolution  

 Ursula Klein and Wolfgang Lef è vre,    Materials in Eighteenth-Century Science: A Historical Ontology  

 John Krige,    American Hegemony and the Postwar Reconstruction of Science in Europe  

 Janis Langins,    Conserving the Enlightenment: French Military Engineering from Vauban to the 

Revolution  

 Wolfgang Lef è vre, editor,    Picturing Machines 1400 – 1700  

 Staffan M ü ller-Wille and Hans-J ö rg Rheinberger, editors,    Heredity Produced: At the Crossroads of 

Biology, Politics, and Culture, 1500 – 1870  

 William R. Newman and Anthony Grafton, editors,    Secrets of Nature: Astrology and Alchemy in 

Early Modern Europe  

 Naomi Oreskes and John Krige, editors,    Science and Technology in the Global Cold War  

 Gianna Pomata and Nancy G. Siraisi, editors,    Historia: Empiricism and Erudition in Early Modern 

Europe  

 Alan J. Rocke,    Nationalizing Science: Adolphe Wurtz and the Battle for French Chemistry  

 George Saliba,    Islamic Science and the Making of the European Renaissance  

 Suman Seth,    Crafting the Quantum: Arnold Sommerfeld and the Practice of Theory, 1890-1926.  

 Leslie Tomory,    Progressive Enlightenment: The Origins of the Gaslight Industry 1780-1820  

 Nicol á s Wey G ó mez,    The Tropics of Empire: Why Columbus Sailed South to the Indies  

www.ebook3000.com

http://www.ebook3000.org


 Science and Technology in the Global Cold War 

 edited by Naomi Oreskes and John Krige 

 The MIT Press 
 Cambridge, Massachusetts 
 London, England 



  ©   2014   Massachusetts Institute of Technology  

 All rights reserved. No part of this book may be reproduced in any form by any electronic or 

mechanical means (including photocopying, recording, or information storage and retrieval) 

without permission in writing from the publisher. 

     

 MIT Press books may be purchased at special quantity discounts for business or sales promotional 

use. For information, email special_sales@mitpress.mit.edu. 

     

 Set in Stone Sans and Stone Serif by Toppan Best-set Premedia Limited. Printed and bound in 

the United States of America. 

     

 Library of Congress Cataloging-in-Publication Data 

     

    Science and technology in the global cold war / edited by Naomi Oreskes and John Krige. 

       pages cm 

    Includes bibliographical references and index 

    ISBN 978-0-262-02795-3  (hardcover : alk. paper) — ISBN 978-0-262-52653-1 (pbk. : alk. 

paper) 

    1.   Technology and state.   2.   Science and state.   3.   Security, International.   I.   Oreskes, 

Naomi, editor of compilation.   II.   Krige, John, editor of compilation. 

    T14.5.S3768 2014 

    338.9'2609045 — dc23 

    2014009830 

 10   9   8   7   6   5   4   3   2   1 

www.ebook3000.com

http://www.ebook3000.org


 to Dan Kevles and Paul Forman, who started the conversation, and to our families, 
who endured it 



www.ebook3000.com

http://www.ebook3000.org


 Contents 

 Acknowledgments   ix 

   Introduction   1 
 Naomi Oreskes 

 1   Science in the Origins of the Cold War   11 
 Naomi Oreskes 

 2   Atomic Tracings: Radioisotopes in Biology and Medicine   31 
 Angela N. H. Creager 

 3   Self-Reliant Science: The Impact of the Cold War on Science in Socialist 
China   75 
 Sigrid Schmalzer 

 4   From the End of the World to the Age of the Earth: The Cold War 
Development of Isotope Geochemistry at the University of Chicago and 
Caltech   107 
 Matthew Shindell 

 5   Changing the Mission: From the Cold War to Climate Change   141 
 Naomi Oreskes 

  6   Fighting Each Other: The N-1, Soviet Big Science, and the Cold War at 
Home   189  
 Asif Siddiqi 

 7   Embedding the National in the Global: US-French Relationships in Space Science 
and Rocketry in the 1960s   227 
 John Krige 

 8   Bringing NASA Back to Earth: A Search for Relevance during the Cold War   251 
 Erik M. Conway 



viii Contents

 9   Calculating Times: Radar, Ballistic Missiles, and Einstein ’ s Relativity   273 
 Benjamin Wilson and David Kaiser 

 10   Defining (Scientific) Direction: Soviet Nuclear Physics and Reactor Engineering 
during the Cold War   317 
 Sonja D. Schmid 

 11   The Cold War and the Reshaping of Transnational Science in China   343 
 Zuoyue Wang 

 12   When  Structure  Met Sputnik: On the Cold War Origins of  The Structure of 
Scientific Revolutions    371 
 George Reisch 

 13   Big Science and  “ Big Science Studies ”  in the United States and the Soviet 
Union during the Cold War   393 
 Elena Aronova 

 Concluding Remarks   431 
 John Krige 

 About the Authors   443 
 Index   447 

www.ebook3000.com

http://www.ebook3000.org


 Acknowledgments 

 This volume would not have been possible without the generous support of the Francis 
Bacon Foundation as part of the biennial Francis Bacon Prize in the History and 
Philosophy of Science, awarded to Naomi Oreskes in 2009. The editors would also like 
to thank Professor Jed Buchwald and the California Institute of Technology for their 
support of Naomi Oreskes as the 2009 Francis Bacon Fellow and of John Krige as the 
Eleanor Searle Visiting Professor in 2009. We are extremely grateful for the hard work 
and collegiality of all the contributors to the volume, to two anonymous referees, and 
to the indefatigable Charlotte Goor, who assisted in every way with extraordinary 
diligence and with even more extraordinary patience. 



www.ebook3000.com

http://www.ebook3000.org


 Introduction 

 Historians are committed to studying science and technology in context. We accept, 
as a matter of principle that is rarely debated, that the context of intellectual work is 
part of its history, and that any account of knowledge that does not include its cultural 
origins is at best incomplete, and at worst misleading in intellectually and politically 
significant ways. Yet the question of exactly how context affects content remains 
challenging. Even though history of science and history of technology are mature 
disciplines, the scientists (and to a somewhat lesser extent engineers) that we study 
still tend to resist our approach, often viewing contextualization as diminishing their 
claims to objectivity and the universality of scientific knowledge. Although we insist 
on the importance of context, we are often at pains to demonstrate in a convincing 
manner just how the broader social, political, economic, or religious environments of 
knowledge production really matter to the knowledge being produced. 

 One area in which historians have recently produced a substantial corpus of con-
vincing work addressing this challenge is the history of science and technology in 
the Cold War. The Cold War presents a rich opportunity for historians because the 
dramatic expansion of science and engineering supported by national governments 
and the relation of governmental support for science and engineering to geopolitical 
conflict and ambition invite appraisal of the relationship between those conflicts and 
ambitions and the science that, in some way, supported and enabled them. The arms 
race, most obviously, would not have occurred without the East-West political conflict 
that is often taken to define the Cold War, but it also  could  not have occurred without 
the work of scientists and engineers. Much has already been written about the role of 
scientists in building the nuclear weaponry that defined the Cold War, but the space 
race, the exploration of the deep oceans and the deep interior of the Earth, the rise 
of telecommunications and civilian nuclear power, and many other scientific and 
technological developments were also directly tied to the global conflict that the Cold 
War entailed. 

 One person whose thinking about the Cold War has strongly influenced the schol-
arship presented in this volume is the historian Daniel Kevles. In the 1980s, thinking 

 Naomi Oreskes 
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about how the Cold War did or did not alter the intellectual trajectory of American 
physics, Kevles famously concluded that physics is what physicists do. On some level 
that is undeniable, yet Kevles ’  formulation left unanswered the historical questions of 
 why  they do what they do rather than what they did before, what they might otherwise 
have done at the time, and what they may yet do in the future. Work in the 1980s 
and the 1990s also left largely unaddressed the role of sciences other than physics in 
the Cold War. 

 Since the 1980s, when Kevles — along with Paul Forman — defined the debate 
about Cold War science along certain axes, numerous scholars have joined the discus-
sion, amplified it, and extended it in diverse ways. Chief among these has been the 
extension of investigations beyond physics to show how numerous other fields —
 agriculture, biomedicine, computer science, ecology, geology, meteorology, seismol-
ogy, oceanography — were affected at least as much as physics was by the Cold War ’ s 
constraints and opportunities.  1   Historians of the social sciences have also tracked how 
Cold War geopolitical concerns stimulated new interest on the part of various patrons, 
including the US federal government and private foundations, in new disciplines such 
as  “ area studies, ”  communications, and cognitive science, as well as encouraging 
extended work in conventional fields such as philosophy and psychology.  2   

 Virtually all of the scholars who have looked at the question agree that during the 
Cold War military largesse changed the scope and the capacity of science in many 
domains. Virtually all scholars also agree that new institutions and new institutional 
arrangements emerged, some of which played major roles in the shape and structure 
of science and the conditions of the scientific workplace after World War II. However, 
scholars disagree as to whether these changes were primarily constraints or primarily 
opportunities, and many have simply skirted the question of to what degree Cold War 
conditions changed the content or the character of the scientific knowledge that was 
produced (or not produced). 

 But what is the purpose of studying the historical context of science and technol-
ogy if we don ’ t believe that it does — or at least may — shape their content? Every 
historical account stands in implicit relief against a plausible counterfactual in which 
matters could have turned out differently. It is this hovering counterfacticity that gives 
history its emotional force. For if it were inevitable that things turned out as they did, 
if history followed deterministic laws, as Marx and others once thought (or hoped), 
then history could indeed be a science, but it would be far less emotionally and imagi-
natively fertile than it is. 

 This volume takes up, with vigor, the questions  “ What did scientists do in the Cold 
War? ”  and  “ Why did they do those things and not other things? ”  A conference that 
explored the topics discussed herein was held at the California Institute of Technology 
on May 7 – 9, 2010, with the generous support of the Bacon Foundation, as part of the 
biennial Francis Bacon Prize in the History and Philosophy of Science, awarded to 

www.ebook3000.com

http://www.ebook3000.org


Introduction 3

Naomi Oreskes in 2009. One conference and one volume could hardly hope to settle 
the questions we have raised, and we do not suppose in any way to have achieved 
that here. Yet each of the chapters in this volume, in its own way, delves deeply into 
what has been, and arguably should still be, a central focus of history of science as a 
discipline: how the social context of scientific work affects its content. Each chapter 
attempts to give some indications of how the Cold War context either enabled or 
disabled certain kinds of investigations and intellectual achievements. Each chapter 
addresses the question of whether the Cold War context was more constraint or more 
opportunity. In this sense, the volume may be seen as a contribution not only to Cold 
War history, but also to the long-standing interest in history of science in the role of 
patronage, and of social context broadly construed. 

 With some notable exceptions, scholars who have studied scientific patronage 
have rarely been willing to claim that that patronage  caused  scientists to work in 
particular ways, much less to draw certain conclusions about the natural world.  3   On 
the other hand, the purpose of patronage, military or otherwise, is, in most cases, 
to adjust the focus of attention and influence the direction of work. Patient-driven 
patronage may shift biologists ’  attention toward cures for particular diseases on 
which their attention had not been focused previously. Artistic patronage may create 
a demand for portraiture that might not otherwise be of much interest to artists. 
And military patronage is intended to garner scientific attention to questions of 
military pertinence and concern. The questions for historians — questions we take 
up in this volume (in some cases explicitly and in others implicitly) — are the follow-
ing: In what specific manner did Cold War patronage affect the patterns and priori-
ties of scientific research? What consequences, if any, did those adjustments have? 
How did these patterns vary in different national contexts? What role did national 
ambitions play in fostering, enabling, or disabling certain lines of investigation? 
What happened to scientists who tried to do things other than what their national 
governments wanted them to do? 
  
 Our topics are how the Cold War shaped and altered the trajectories of science and 
existing technologies, how it created new sciences and technologies, how it affected 
the relationships between scientists and engineers and their patrons, and how scien-
tists and engineers managed, negotiated, and adjusted those relationships — with vary-
ing degrees of success — as they attempted to achieve their own goals in relation to 
state patrons, fellow scientists (friendly or competitive), and personal aspirations. Sci-
ence and technology were different after the Cold War than they were before it; that 
claim is indisputable. In this volume we are concerned with the historical understand-
ing of the character and dimensions of that change, and with the specific ways in 
which Cold War politics, anxieties, and aspirations were or were not significantly 
responsible for those changes. 
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 One theme that emerged clearly from the conference that produced these chapters 
was that, whatever the particular science involved (whether related to weapons and 
their delivery systems, agriculture, isotopes, the speed of light in a vacuum, or the 
transmission of sound in the sea), and whatever the political system that science was 
operating in (capitalist, communist, or hybrid), the knowledge produced bore some 
significant relation to the goals of the nation-state (or nation-state equivalent, in the 
case of the Soviet Union) that was helping to procure it. But the specific relations 
varied significantly from nation to nation, just as the goals of nation-building varied. 
In the United States and the Soviet Union, weapons — including their testing, hiding, 
detection and delivery — were of paramount importance. In France and China, issues 
of independence and self-reliance loomed large.  4   Although our volume is more US-
centric that we had originally hoped it would be, an important contribution is the 
presentation of historical studies of Europe, the Soviet Union, and China, and their 
close juxtaposition with stories from the to-date-better-studied United States. Thus, 
the chapters are organized not by national origin, but by discipline, in order to facili-
tate cross-comparisons of Cold War approaches to knowledge in different national and 
political contexts within the larger rubric of the Cold War. 

 We focus not only on what happened to science during the Cold War, but also on 
what happened to science because of the Cold War. We address these topics in terms 
of the structure of science, the research agendas, who was setting those agendas, and 
how and why. We have consciously avoided discussing nuclear weapons and nuclear 
medicine (already discussed thoroughly by others) and computer science (ably covered 
by Paul Edwards and Janet Abbate, although there is still much to be done in the 
domains of artificial intelligence, operations research, linear programming, and the 
rise of numerical methods and simulation). There is more to be said, as well, about 
Cold War considerations in biology and ecology. Indeed, if our arguments are correct, 
almost any area of science could have been a topic for this volume; limitations of time 
and space precluded comprehensiveness, lest we embark on an encyclopedia of Cold 
War science.  5   

 We admit to the historical presumption that the demands, desires, and expecta-
tions — either stated or implied — of both immediate patrons and society at large could 
hardly  not  have affected the scientific and technological knowledge produced during 
the Cold War, yet we recognize that the ways in which these effects played out 
were diverse, culturally situated, and in no way predetermined or predictable. In 
a sense we are arguing that, although it may be difficult to demonstrate specific 
consequences, such consequences are to be  expected , and it is the historian ’ s job to 
determine what they are and how they unfolded in various particular and diverse 
instances. 

 Our focus is not so much on how the Cold War affected individual scientists — that 
territory is well trod, as we certainly know that Cold War anxieties caused leading 
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scientists to become victims of anti-communist  “ witch hunts ”  in the United States 
and murderous xenophobia in the Soviet Union.  6   Rather, our focus is on the contents 
of scientific (and engineering) research activities. In some cases, such as that of Harold 
Urey, we see active agency in an individual scientist: as Matthew Shindell notes, Urey 
strove to build an ambitious research program outside the shadow of the atomic bomb, 
but was ultimately unable to find a patron that could support the scale of his ambi-
tions outside of national-security concerns. Likewise, we see individual agency in 
Benjamin Wilson and David Kaiser ’ s account of how Irwin Shapiro mobilized Cold 
War resources to test the general theory of relativity, and in George Reisch ’ s consider-
ation of how Cold War politics led Thomas Kuhn to use the word  ‘ paradigm’ to 
describe what he had previously called scientific dogma. But for the most part, these 
are stories of groups of scientists, communities, and the institutions in which they 
worked — institutions whose shape, character, and in some cases existence owed much 
to the aspirations of their host nations to use knowledge to political, social, and eco-
nomic effect. Angela Creager shows us how scientists working in conventional aca-
demic settings made use of the opportunities the Cold War offered to expand 
investigations using isotopes as a research and medical tool. Erik Conway and John 
Krige focus on the development of new forms of institutional support and motivation 
for certain kinds of scientific research in certain kinds of settings. 

 Questions of agency and causality raise the thorny issue of overdetermination. 
Many things were happening in the world between 1945 and 1989, and we need to 
consider whether the category  “ the Cold War ”  is apposite when considering science 
outside the United States and the Soviet Union. For example, how did global geopoli-
tics interact with nationalism, development, and post-revolutionary politics in India 
and in China? Sigrid Schmalzer and Zuoyue Wang invite us to reconsider the peri-
odization of the Cold War that many scholars of the United States and the Soviet 
Union have taken for granted. Their chapters, and those of Asif Siddiqi and Sonja 
Schmid, also invite us to consider more deeply our use of the categories  “ basic science ”  
and  “ applied science. ”  

 Recurrent themes throughout this volume are tension and debate over what con-
stitutes  “ pure, ”   “ basic, ”  or  “ fundamental ”  science, how to characterize the relation of 
such science to  “ applied ”  science, technology, and practical knowledge, and the politi-
cal and epistemic valence that these categories carried in different cultural and national 
settings. These topics are highly familiar to historians of US science: the pure/applied 
distinction and the place of  “ basic ”  research in American science is one of the standard 
tropes of the field. However, the histories told in this volume also illustrate how efforts 
to patrol the boundaries of  both  pure and applied science are also arguments about 
which forms of knowledge are most important, valuable, and necessary to the nation. 
In the past, historians of science often accepted scientists ’  assertions that basic science 
was, well,  basic  — that is to say, foundational — and therefore a necessary precursor to 
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 “ useful ”  or  “ applied ”  knowledge. In China and the Soviet Union during the Cold 
War — and even sometimes in the United States — that assertion wasn ’ t broadly accepted, 
much less supported by developments on the ground. The chapters in this volume 
show that the category  “ basic science ”  itself has been contested and disputed — that 
basic science wasn ’ t necessarily considered obviously more valuable and important 
than applied science, and wasn ’ t necessarily viewed as a precursor to the work of 
nation-building through practical knowledge and technologies. 

 Questions about categories — how historical actors used them as tools of both cogni-
tion and persuasion, and how we use them as tools of analysis — invite self-scrutiny 
into both the Cold War origins of our own concern with the role of scientific and 
technical knowledge in national goals and its effect on our categories of analysis (a 
topic ably taken up by Elena Aronova and by George Reisch). The Cold War clearly 
speaks to us today in part because the question of the autonomy and uses of science 
(and indeed, of all forms of knowledge) remains sharp for us, as both an epistemic 
question and a social one. As John Krige notes at the end of this volume, Paul Forman 
and Dan Kevles ’  famous historical interventions were not merely interpretive; they 
were also normative, as they reflected Forman ’ s and Kevles ’  own views on the value 
and necessity of autonomous science (or not). They addressed the question of the 
necessity and desirability of a scientific community functioning largely independently 
of the larger world that surrounds and sustains it (or not). 

 As historians, we might argue that the very idea of an independent scientific com-
munity is at best quaint, and surely one that no Marxist would have accepted during 
the Cold War. Yet the fact that so many scientists in the United States insisted that 
they  were  independent — that they did  “ basic science ”  even while being wholly or 
nearly entirely funded by the US military — and the fact that until recently many his-
torians (again, at least in the United States) accepted this argument suggest, at mini-
mum, that autonomy was an important value to these scientists, one they felt obligated 
to insist they had protected and not lost or even compromised. In China, however, a 
different cultural setting led scientists to insist on the reverse: the practical value of 
their work, and its close connection to the needs of the state and the people the state 
ostensibly represented. Autonomy as Americans understood it would have been deeply 
problematic for Chinese scientists. 
  
 Dan Kevles was surely right when he argued that American scientists weren ’ t pawns 
in the Cold War but were active partners who made conscious decisions and helped 
to shape and inspire the expectations of their patrons and communities. At least this 
was true of the entrepreneurial leaders of US physics, and Sonja Schmid ’ s and Asif 
Siddiqi ’ s studies of rocketry and nuclear energy in the Soviet Union make clear that 
this was as true in the Soviet Union as it was in the United States. Sigrid Schmalzer ’ s 
and Zuoyue Wang ’ s studies of science in China support a similar claim. But decisions 
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are made in context, so we might also frame our question this way: If science is what 
scientists do, then what did scientists decide to do in the Cold War, and how were 
those decisions shaped by the exigencies and opportunities of the period? Clearly, 
the availability of funds, instruments, research platforms, personnel, and moral and 
logistical support, along with personal commitments and cultural context, made 
some decisions more attractive than others. They also made some choices effectively 
impossible. 

 Choice is a useful category, but only up to a point. What roles did patronage, 
patriotism, national ambitions, and Cold War geopolitics play in shaping scientists ’  
beliefs about the direction their science could or should take and in defining the 
spheres of possibility? Finally, and perhaps most important, how did scientists ’  choices, 
decisions, and resistance affect what we learned — or failed to learn — about the natural 
world?   
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 1   Science in the Origins of the Cold War 

 In  Military and Political Consequences of Atomic Energy , first published in the United 
Kingdom in 1948 (and in the United States a year later under the catchier title  Fear, 
War and the Bomb ), the physicist P. M. S. Blackett declared that the dropping of the 
atomic bombs on Japan was  “ not so much the last military act of the Second World 
War as the first major operation of the cold diplomatic war with Russia now in prog-
ress. ”   1   Blackett was one of many, then and now, who have tried to assess the role of 
the atomic bomb — and therefore, implicitly, of science — in ending World War II and 
launching the Cold War, as well as the significance of the Cold War in altering the 
course of science.  2   

 At the end of World War II, many scientists emphasized the bomb ’ s significance —
 perhaps because the greater the bomb ’ s role, the greater their role. If the bomb were 
crucial either in ending World War II or in beginning the Cold War, then science and 
scientists were crucial too, and perhaps had a further role to play in helping to control 
it. Niels Bohr argued that the unprecedented power of nuclear weapons necessitated 
new forms of international governance.  3   George Orwell agreed that nuclear weaponry 
heralded the dawn of a new age — and not a good one. In the essay in which he coined 
the term  “ Cold War, ”  Orwell argued that the atomic bomb was so terrifying that it 
would put an end to conventional warfare, but that, counterintuitively, this was  not  
good, because the bomb would put in its stead a hideous peace as  “ horribly stable as 
the slave empires of antiquity. ”  The world would find itself in a permanent state of 
 “ cold war, ”  and the West would be unable to act decisively when conditions called 
for it.  4   Blackett (and others) didn ’ t believe that the atomic bomb would make other 
forms of weaponry obsolete, much less end conventional warfare; they noted dryly 
that US generals had shown no sign of giving up their conventional forces. The atomic 
bomb, Blackett suggested, was in some sense an extension of the World War II policy 
of massive bombardment of civilians, and just as unethical. After all, how was destroy-
ing a Japanese city with one bomb much different from destroying a German city 
with many bombs (an argument that the bomb ’ s defenders would later use, although 
to opposite effect than Blackett intended)?  5   Blackett noted that a  “ huge weight of 

 Naomi Oreskes 
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ordinary bombs ”  had been dropped on Germany  “ without leading to a decisive failure 
of either production or civilian morale, ”  suggesting that, as awesome and frightening 
as atomic weaponry was, it had not been decisive in World War II and it wasn ’ t likely 
to prove decisive in future wars either: 

 Three million tons of ordinary bombs were dropped by British and American aircraft in the 

European and Pacific Wars. Since one atomic bomb of the 1945 type produces  …  about the same 

material destruction as 2,000 tons of ordinary bombs, it is certain that a very large number of 

atomic bombs would be needed to defeat a great nation by bombing alone.  6   

 Nuclear weapons were powerful, to be sure, but it was a mistake to overestimate 
their significance, because that might lead to hysteria, which in turn would make 
it harder to negotiate with the Soviet Union to find a route to a lasting, stable peace. 
(It would also make it more difficult to develop civilian nuclear power generation.  7  ) 
Overestimation of the bomb ’ s power was leading to  “ a hysterical search for 100 per 
cent security, ”  a security that could never be achieved.  8   It was generating pressure for 
a huge buildup of weaponry. (Blackett cited the logic of the  “ Irishman ”  who  “ on see-
ing a stove advertised to save half one ’ s fuel, he bought two to save it all! ”   9  ) Worst of 
all, hysteria about the power of the bomb in the hands of enemies led to the hideous 
suggestion that a pre-emptive strike might be justified — a suggestion that would 
indeed be made at various points during the Cold War and afterward.  10   

 In hindsight we can see that both Blackett and Orwell were partly right. The world 
did plunge into a Cold War — a deep freeze of animosity between the United States 
and the Soviet Union that chilled much of the rest of the world as well — and Orwell ’ s 
term took hold to describe it.  11   The Cold War had a range of negative consequences, 
though perhaps not as dark or as monolithically negative as Orwell feared.  12   And sci-
ence was central to the Cold War, because it had been scientists who had perceived 
the possibility of nuclear weapons, scientists who had built them, and scientists who 
continued to develop the means of testing, hiding, detecting, and delivering them.  13   
Blackett, for his part, was correct that the Cold War climate included a significant 
component of hysteria, leading both sides to demonize the other, and to insist on the 
necessity of stockpiling tens of thousands weapons that neither side ever used or 
wanted to use. Nor did these expenditures prevent either side from spending compa-
rable resources on conventional weapons. On neither side were generals prepared to 
give up their conventional forces — even after the development of the hydrogen bomb, 
which was thousands of times as powerful as the bombs dropped on Hiroshima and 
Nagasaki. The premise that nuclear weaponry would be more economical than con-
ventional forces also proved false, as both sides built both massive nuclear forces — tens 
of thousands of nuclear weapons, thousands of bombers, hundreds of ICBMs (and still 
more intermediate-range ballistic missiles), and scores of nuclear submarines — and 
massive conventional forces of troops, tanks, battleships, and aircraft carriers.  14   As 
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President Dwight Eisenhower put it in his farewell address, both sides were compelled 
to  “ create a permanent armaments industry of vast proportions. ”   15   This industry cast 
a long shadow, as citizens of not only the United States and the Soviet Union but the 
rest of the world as well lived under the threat of Mutual Assured Destruction. Indeed, 
at the start of his presidency, Eisenhower went further, describing life during the Cold 
War as  “ not a way of life at all in any true sense. ”   “ Under the cloud of threatening 
war, ”  he continued,  “ it is humanity hanging from a cross of iron. ”   16   

 In 1997, the historian Walter LaFeber looked back and summarized the American 
Cold War experience this way:  “ It has cost Americans $8 trillion in defense expendi-
tures, taken the lives of nearly 100,000 of their young men and women, ruined the 
careers of many others during the McCarthyite witch hunts, [and] led the nation into 
the horrors of Southeast Asian conflicts.  …  It has not been the most satisfying chapter 
in American diplomatic history. ”   17   No doubt one could say something similar from 
the Soviet perspective. There were costs to other nations as well, as they felt compelled 
to establish their own nuclear weapons programs, participated (both knowingly and 
inadvertently) in the nuclear tests of other nations, or became sites of nuclear weapons 
facilities and thus potential targets in a war.  18   

 What did science have to do with all this? The atomic bomb could not, of course, 
have been built without scientific insight and technical prowess — the discovery of 
nuclear fission, the detailed determinations of the requirements for critical mass, and 
the extensive work on materials, electronics, and conventional explosives that made 
the atomic bomb possible, and so scientists and historians of science have placed great 
emphasis on the role of the atomic bomb in creating the Cold War world.  19   The bomb, 
it seemed obvious at the time, at least to the scientists who had helped to build it, 
had transformed the world. As Martin Sherwin argued in a book that has gone through 
multiple editions and has been repeatedly described as  “ definitive, ”  the bomb destroyed 
the old world — a world where war was generally fought between near neighbors — and 
replaced it with a new world of global conflict.  20   In the old world, wars were fought 
by uniformed soldiers, primarily on battlefields; in the new world, warfare would 
spread everywhere — on the land, in space, and beneath the sea. Civilians in cities 
would be the primary targets: the threat of megaton nuclear weapons meant that no 
one was safe. As Nevil Shute made indelibly clear in his novel  On The Beach , even 
those who survived nuclear blasts in remote locations would be victims of fallout. And 
scientists, it seemed, were largely to blame, for they had started the whole thing.  21   But 
had they really? As Michael Gordin has noted, the Cold War was as much about 
 knowledge about knowledge  — who had it and who didn ’ t — as it was about the knowledge 
itself.  22   And as Odd Arne Westad has emphasized, the global Cold War was as much 
about politics and ideology as it was about advanced weapons and their delivery 
systems.  23   While historians of science and technology have emphasized the role of 
scientific and technical knowledge — the role of the bomb in triggering the Cold War 
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and the arms race in sustaining it — political historians have tended to see the matter 
somewhat differently. 

 The Political Origins of the Cold War 

 In his classic work  The United States and the Origins of the Cold War, 1941 – 1947 , John 
Lewis Gaddis found the political origins of the Cold War not so much in the use of 
the bomb at the end of the war as in irreconcilable differences between two opposed 
political and economic systems.  24   His periodization immediately tells us that the bomb 
is, at most, one piece of a larger story. 

 The driving force behind President Franklin Roosevelt ’ s approach to World War II, 
Gaddis argues, was a desire to end it correctly by paying attention to the political and 
economic dimensions of a lasting peace. One lesson of World War I was that the 
nations that had started the war should be defeated and disarmed completely. Ambi-
guity had permitted German leaders to tell their people that they had not really been 
defeated in World War I but had been betrayed by their leadership, and that victory 
in a second round of fighting was plausible. A second lesson was that it was necessary 
to avoid the political and economic conditions that had led to totalitarianism in 
Germany, which in turn entailed a need for self-determination among the peoples of 
defeated nations, an imperative to prevent future economic depressions, and a need 
for some form of international governance.  “ American failure to join the League of 
Nations, ”  Gaddis wrote,  “ had also contributed to the collapse of international order; 
therefore a third prerequisite for peace would be membership in a new collective 
security organization. ”   25   To achieve these goals, it would be necessary to maintain 
decent relations among the United States, the United Kingdom, and the Soviet Union 
once World War II was over. 

 According to Gaddis,  “ Roosevelt and his advisers clearly realized that their vision 
of the future would not materialize unless the members of the Grand Alliance, united 
now only by their common enemies, built relationships that could survive victory. ”   26   
One might argue that the bomb poisoned the possibilities for enduring friendly 
relations, but one might equally argue that President Harry Truman used the bomb 
because he and his advisors had concluded that such prospects had already 
vanished.  27   

 Ghosts of Depression Past and Future 
 Walter LaFeber defined the Cold War period as 1945 – 1996, but, like Gaddis, he looked 
back from 1945 to find its origins. The World War II alliance of the United States and 
the Soviet Union was a  “ shotgun marriage ”  preceded by a long history of conflict 
and animosity, much of it centered on trade. Late in the nineteenth century, LaFeber 
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noted, Russia and the United States had  “ confronted each other on the plains of North 
China and Manchuria. ”   28   As the American economy expanded dramatically, Ameri-
cans looked to Asia  “ as the great potential market for their magnificently productive 
farms and factories. ”  Russians, however, after  “ annexing land in Asia, ”   “ tried to con-
trol it tightly by closing markets to foreign business people with whom they could 
not compete. ”   29   This control of competition, along with a distaste for Czarist repres-
sion sustained by horror stories carried to the United States by immigrants, had pro-
duced deep animosity in the United States toward Russia well before the 1917 revolution 
or the 1924 rise to power of Joseph Stalin. Russians, for their part, were not pleased by 
President Woodrow Wilson ’ s refusal to open diplomatic relations after World War I, 
by his sending US troops in an attempt to overthrow Lenin, or by the creation in 1919 
of the buffer states of Poland, Romania, Czechoslovakia, and Yugoslavia.  30   

 The belief that the prosperity of the United States required an  “ open door ”  to Asia 
was reinforced by the Great Depression. As World War II came to a close, political 
leaders were mindful that the global economy had been had been pulled out of depres-
sion at least as much by the war as by the New Deal, and the urgency of international 
trade as a means to avoid a slide back into depression weighed heavily on allied minds. 
LaFeber saw trade as the central point of contention between the United States and 
the Soviet Union as World War II drew close. The US and its European allies, haunted 
by what LaFeber called  “ the Ghosts of Depression Past and Depression Future, ”  were 
determined to keep global markets open. Secretary of State Dean Acheson put it this 
way:  “ We cannot expect domestic prosperity under our system without a constantly 
expanding trade with other nations. ”   31   Western leaders feared that without open 
markets the West would not only slide back into depression but would also slide into 
totalitarianism. Vice President Henry Wallace put it this way:  “ In the event of long 
continued unemployment, the only question will be as to whether the Prussian or 
Marxian doctrine will take us over first. ”  

 The idea that capitalism needed to expand indefinitely in search of markets was a 
central belief of Trotskyites and a major reason for the Soviet fear of  “ capitalist encircle-
ment. ”  Moreover, the specter of capitalist expansion ran headlong into the Soviet 
desideratum of a buffer zone of friendly socialist states in Eastern Europe. Russia had 
a long history of invasion by unfriendly neighbors, and had suffered devastating losses 
in World War II: more than 20 million fatalities, and more than 25 million left home-
less.  32   Ideological clashes with the West aside, it was no surprise that the Russians were 
deeply concerned to end the war with safe and secure borders. LaFeber thus agrees 
with Gaddis that conflict was inevitable:  “ Roosevelt faced a choice: he could either 
fight for an open postwar world (at least to the Russian border) or agree with his ally ’ s 
demands in Eastern Europe. ”   33   If he chose the first, Russian-American relations would 
collapse; if he chose the second, the world economy might collapse. 
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 Roosevelt died before he had to make that choice, but his successor, Truman, 
decisively chose the first option. The atomic bomb figured heavily in his calculations, 
as Truman believed it had strengthened his hand and might enable him to wrest 
concessions from the Soviets. We know now that he misjudged. Stalin wasn ’ t impressed 
by Truman ’ s suggestion at Potsdam that the United States was in the possession of a 
uniquely destructive weapon; thanks to spying, he already knew it.  34   Short of actually 
using the bomb against the Soviets, it wasn ’ t clear what advantage the bomb gave the 
United States, and Truman and his advisers  “ never figured out how to use the bomb 
to obtain concessions they wanted from the Soviets. ”   35   Meanwhile, the Soviets acceler-
ated their own work on nuclear weapons. Whatever effect the bomb did or didn ’ t have 
on the conclusion of World War II, its use clearly marked the beginning of what would 
become a long and costly arms race. It also dramatically altered relations between 
science and the modern nation-state — between nation and knowledge — in both the 
United States and the Soviet Union. And it changed what it meant to be a scientist 
in the new, security-driven nation-state.  36   

 Nation and Knowledge 

 As the Cold War deepened, science and scientists were enlisted to support it in a variety 
of ways.  37   It is well documented that the Cold War provided the justification for mas-
sive increases in the US government ’ s support, through existing and newly created 
federal agencies and through direct grants to researchers at colleges and universities 
across the country, for both basic and applied scientific research — some of it to be 
done at the newly established national laboratories.  38   

 National security provided the justification for this huge increase in federal support 
for scientific research. The Office of Naval Research, created in 1946 from diverse 
wartime programs, explicitly authorized the Navy to plan, foster, and encourage  “ sci-
entific research in recognition of its paramount importance [in] the preservation of 
national security. ”  When the National Science Foundation was created four years later, 
in part on the ONR model of funding investigator-initiated projects, it was charged 
with fostering science to  “ to advance the national health, prosperity and welfare, ”  but 
also  “  to secure the national defense. ”  Science was also funded by new federal agen-
cies, including the Atomic Energy Commission, the Advanced Research Projects 
Agency, and the expanded National Institutes of Health, whose extended research 
mandate included radiation sickness and nuclear medicine.  39   

 All this makes it abundantly clear, that, whatever the role of science in the Cold 
War, the Cold War drove substantial changes in the scale and funding structure of 
American science. Yet, if the issue of the effect of science on the Cold War has long 
been argued, the reverse question (How did the Cold War affect science?) did not 
receive sustained academic scrutiny until relatively recently.  
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 The Cold War ’ s Effect on Science: Moving Past Miasma 
 Historians have long been interested in how cultural and political context affects the 
growth, development, and content of science. However, much of our work has suffered 
from what one might call a  “ miasma problem ” : it is easy to describe the culture sur-
rounding a given science, much harder to demonstrate its causal effects. (No doubt 
there  were  miasmas in the nineteenth century, but that didn ’ t prove that they caused 
the diseases that occurred in their midst.) One reason for this is the innate complexity 
of human experience: we rightly shy away from simplistic determinative accounts of 
complex historical developments. We recognize that the course of human events is 
long and winding. At the same time, we emphasize the necessity of placing the produc-
tion of scientific knowledge in its full social, cultural, political, and even economic 
context, tending to be critical — sometimes harshly so — of histories that fail to do so. 
Our sociological colleagues go further, insisting that scientific knowledge and society 
are co-produced.  40   But if context is important, and certainly if knowledge is co-
produced, then it behooves us not to simply use context as a kind of  “ background ”  —
 like the lakes and trees in Renaissance portraits — or even as a frame that highlights 
only some aspects of our picture, but rather to attempt to explain the  particular  ways it 
was important in any given situation. Put another way, what is the point of placing 
knowledge into its full historical context if that context doesn ’ t help to explain how 
and why particular lines of inquiry were pursued, and other lines of inquiry were aban-
doned or left unpursued?  41   Our quarry is the development of scientific (and technical) 
knowledge, but is it even  possible  to demonstrate that a particular cultural setting 
played a determinative role in the content of knowledge produced in that setting? 

 At least one historian has tried. In 1971, Paul Forman put forward the controversial 
suggestion that the development of quantum mechanics — and specifically the asser-
tion of acausality in quantum mechanics — was a direct result of the devastating defeat 
of Germany in World War I. In anger, frustration, and confusion about the inexplicable 
outcome, German intellectuals turned against determinism, rationality, and causality. 
Scientists, as intellectuals, weren ’ t immune from this reaction, Forman argued, and 
they too began to doubt conventional rationality and to consider others forms of 
explanation. The Forman thesis — as it came to be known — was that this state of affairs 
led scientists  “ ardently to hope for, actively search for, and willingly embrace an acau-
sal quantum mechanics. ”   42   Although there were, to be sure, peculiar quantum physical 
phenomena that required explanation, and which  could  be explained acausally (he 
wasn ’ t suggesting that quantum mechanics was untrue), Forman proposed that scien-
tists began to seek out accounts that were compatible with their cultural milieu, and 
they found it in acausality: 

 In the years after the end of the first world war, but before the development of an acausal 

quantum mechanics, under the influence of  “ currents of thought, ”  large numbers of German 
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physicists, for reasons only incidentally related to developments in their own discipline, dis-

tanced themselves from, or explicitly repudiated, causality in physics.  43   

 As cultural conditions made the world seem increasingly inexplicable, physical 
phenomena were increasing viewed as inexplicable too. And as conventional notions 
of cause and effect lost their persuasive power in politics, they also began to lose their 
persuasive power in other domains — even in a domain that a previous generation of 
historians might have thought was immune to such considerations (and that many 
if not most scientists still think is impervious.) Previously, an explanation in physics 
was, by  definition , causal; now, at least in the domain of quantum mechanics, it was 
acausal. 

 It was a striking reversal, and not all scientists found it congenial (Albert Einstein 
didn ’ t), but Forman argues that many scientists embraced quantum mechanics not 
only happily but with a sense of  relief . Speaking of the new theories in quantum 
mechanics, the mathematician Hermann Weyl, one of the founders of gauge theory 
and one of the first to apply group theory to quantum mechanics, wrote of the free-
dom to be found in quantum mechanics: 

 [T]he rigid pressure of natural causality relaxes, and there remains, without prejudice to the 

validity of the natural laws, room for autonomous decisions, causally absolutely independent of 

one another.  …  The  “ decisions ”  are what is  actually real  in the world.  44   

 Acausality was a startling break from historic tradition in physics, whose purpose, 
some might argue, was to give causal accounts of natural phenomena. Forman ’ s argument 
that such a striking change — such an  abandonment  of historic goals and aspiration — 
requires explanation is not in that sense particularly radical: historians of science 
routinely accept that changes in intellectual commitments require accounts. What 
was radical at the time was that Forman found that account not in the improved 
appraisal of the phenomena of nature but in the cultural adaptation  “ of knowledge 
to the intellectual environment. ”   45   

 The Forman thesis, which seemed to suggest that German scientists had capitulated 
to irrationality, offended most physicists and many historians. Yet it was and remains 
highly influential — a Google search of  “ Forman thesis ”  turns up 402,000 hits. It raised 
the question of why we bother to pay attention to the cultural context of science 
unless we believe that context has affected the content of science in a significant way.  46   
Returning to our particular topic, we might therefore ask: Is it possible to distinguish 
what happened to science during the Cold War from what happened to it because of 
the Cold War? 

 In 1987, Forman took up the challenge again, this time addressing Cold War 
physics. His quarry was not so much any specific physical theory as the nature and 
character of physics as a discipline. Forman now suggested that US military funding 
had dramatically altered the nature of physics, causing its practitioners to shift from 
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seeking a fundamental understanding of the laws of nature toward gadgeteering preoc-
cupied with technical prowess.  47   Forman ’ s starting point was something that scientists 
themselves had said and many historians had accepted as self-evident:  “ World War II 
was in many ways a watershed for American science and scientists. It changed the 
nature of what it means to do science and radically altered the relationship between 
science and government  …  the military  …  and industry. ”   48   

 While scientists and historians accepted that World War II was a watershed, 
restructuring the relationship between science and government, they largely inter-
preted that change in quantitative and normative but not epistemic terms. It was 
obvious that the federal support for science had increased dramatically, and it 
was generally assumed that this was a good thing. Scientists needed money for sci-
ence, so most scientists found it hard to see more money as problematic.  49   Historians 
of science in the 1960s and the 1970s generally admired and approved of science, 
so they tended to accept that appraisal. Left largely unanswered — indeed, largely 
unasked — was the question of how government patronage affected the content of 
scientific research and the character of the knowledge produced. For although it 
was widely supposed that the federal government was increasing its support for 
scientific research because of its value for national security, it was frequently (and 
paradoxically) asserted that federal support allowed scientists to pursue whatever 
their curiosity dictated.  50    

 This paradox was scarcely noticed, much less examined. But if the federal govern-
ment supported science  because   of  its value for national security, wouldn ’ t it stand to 
reason that it would privilege particular sciences (physics, electronics, computer sci-
ence) that were obviously pertinent. Wouldn ’ t it tend to neglect less pertinent sciences 
(ichthyology, botany)? And wouldn ’ t it make sense that within individual sciences, 
such as physics, government patrons would tend to want to focus financial, logistical, 
and moral support into lines of inquiry deemed likely to produce valuable results? ( “ If 
oratorios could kill, ”  the biochemist Erwin Chargaff quipped in 1978,  “ the Pentagon 
would long ago have supported musical research. ”   51  ) Indeed, wouldn ’ t it be a derelic-
tion of duty if these agencies supported science without regard to national needs and 
priorities?  52   

 Forman cited statistics on physics research in the United States at the height of the 
Cold War. From the end of World War II through the late 1950s, about 95 – 98 percent 
of the federal support for physics research came from either the Department of Defense 
or the Atomic Energy Commission.  “ The only significant support for academic physi-
cal research in the US were the Department of Defense and an Atomic Energy Com-
mission whose mission was de facto predominantly military, ”   53   Forman asserted. The 
growth of the National Science Foundation in the late 1950s and the 1960s changed 
the situation only modestly: the component of research support from the DOD and 
AEC dropped to around 90 percent.  54    “ Thus, in the fifteen years following the war, ”  
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Forman concluded,  “ the central fact of scientific life in physics was unprecedented 
growth based upon military funding. ”   55   

  “ What direction of the advance of science, and thus what kinds of science, result 
from military sponsorship?, ”  Forman asked.  56   If he who pays the piper doesn ’ t call the 
tune, then what is he paying for? If it was  “ a bit too crass ”  to assume the golden rule 
(that those with the gold rule), it was equally implausible that this huge transforma-
tion in the quantity and source of support for physics didn ’ t alter the nature and the 
character of the physics done. 

 What kind of science  did  result? For Forman, the short answer was solid-state phys-
ics and quantum electronics, which expanded even more rapidly and more extensively 
than other areas of physics. Forman also suggested several mechanisms by which work 
in solid-state physics and quantum electronics was fostered. Most obviously, program 
managers in the Office of Naval Research, the Air Force Office of Scientific Research, 
and other agencies made choices about what projects would be funded and what 
projects would not. Less obviously, they encouraged and stimulated scientists to con-
sider working in areas of military interest, in part through site visits to colleges and 
universities, in part by organizing workshops and conferences on particular themes, 
and in part through ongoing informal discussions. Scientists supported by those agen-
cies were bound to consider what kinds of work and results would be likely to get 
continued support.  “ Whatever such program officers did beyond providing funds, ”  
Forman wrote,  “ must be reckoned as direction of research. The funding levels of their 
programs and the contentment of their table of researchers depended upon reconcili-
ation of the interests of their military and their scientific constituencies, a recon-
ciliation effected chiefly by envisaging and promoting military applications in and 
through basic scientific research. For the researcher himself,  ‘ the mere need to defend 
what he is doing to a particular sponsor may be the factor which will trigger an impor-
tant application. ’  ”   57   

 A scientist who valued the funding that he or she (although during the Cold War 
mostly he) was receiving would be sensitive to nuances of interest and applicability. 
Beyond the defensive motivation of accountability to patrons and the desire to be 
invited back to the table, there was also the positive motivation of the gratification 
that comes with knowing that one ’ s work is valued and perhaps put to use.  58   Paul 
Edwards has used the term  “ mutual orientation ”  to describe the interactions and 
feedbacks by which scientists and military patrons found common ground. Describing 
Jay Forrester ’ s work in Project Whirlwind, Edwards concludes that  “ the source of fund-
ing, the political climate, and their personal experiences oriented Forrester ’ s group 
toward military applications, while the group ’ s research eventually oriented the mili-
tary toward new concepts of command and control. ”   59   Part of the job of the agencies 
was to stimulate scientists to work in areas of basic research that might prove useful 
to the military, if not immediately then perhaps in the long run; part of the work of 
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scientific researchers was to find ways to connect their abilities to the needs and 
interests of their patrons. Harvey Brooks referred to this as  “ imaginative stimulation ” ; 
I have called it a  “ context of motivation. ”   60   

 If work proved irrelevant to an agency ’ s mission, program officers had the option 
of cutting it off, but the available evidence suggests that they seldom felt a need to 
do so. Some would take this as proof that the scientists  were  free to do what they 
wanted, but a more plausible explanation is that intelligent scientists would have been 
unlikely to propose lines of inquiry that were doomed to be rejected, and there were 
enough interactions between scientists and funders that any idea that didn ’ t resonate 
would be unlikely to be developed sufficiently to reach the stage of overt rejection.   61   

 For Forman, the net result was a science that was  “ effectively rotated  …  towards 
techniques and applications. ”  The construction of masers and atomic clocks and the 
improvement of microwave technologies and electronics constituted advances, to be 
sure, but in tools more than in conceptual understanding — one might even say in 
technology rather than in science, although Forman himself resists that characteriza-
tion. The physics of the Cold War was an  “ instrumentalist physics of virtuoso manipu-
lations and  tours de force   …  just such a physics as the military funding agencies would 
have wished. ”   62   This, then, is why Forman concluded that physicists  “ had lost control 
of their discipline. ”  It was because the physics that physicists ended up with — the 
physics that they now found themselves doing — was focused  in areas that had not previ-
ously been viewed as priorities by physicists, but were priorities for their military patrons .  63   
Something had changed the priorities of physics and physicists, and that something, 
Forman argued, was the Cold War. 

 Again Forman ’ s views proved controversial; the historian Dan Kevles, in particular, 
contested his claims.  64   Kevles agreed with Forman that physics had proved decisive in 
World War II; that American technological superiority in that war had been achieved 
primarily by civilian scientists working under the auspices of the federal government 
through the Office of Scientific Research and Development; that after the war there 
was broad agreement among leading scientists, politicians, and military officers that 
it would be important to maintain and foster the scientific-military alliance that had 
proved so valuable to the Allied victory; and that all this provided justification for a 
massive expansion of American physics and increase in federal financial support for 
physical science research. Above all, he agreed that there had been a  “ transformation 
of the relationship between science, especially civilian science, and the American state 
after World War II. ”   65    

 What was at issue was the character of that transformation. Kevles strongly con-
tested the suggestion that the federal government hadn ’ t supported basic research. 
Indeed, he took it as a lesson learned during World War II that abstruse knowledge 
in pure science could prove important in unexpected ways, and that this provided 
a substantial part of the federal government ’ s motivation to sustain basic science 
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in the years to come. Kevles also took it as accepted by the historical actors that 
science and technological development were not either/or propositions, and that 
agencies and military patrons understood that advances in technology required 
advances in the underlying science that supported them.  “ Postwar national security 
required energetic federal programs of both pure and defense-related research, ”  Kev-
les argued, suggesting that both were energetically supported. Finally, it was clear, 
although Kevles made this point only in passing, that the demand for large numbers 
of trained scientists and engineers was a major driving force for support of universi-
ties, where basic science continued to flourish.  66    “ The government sponsored major 
programs of research in practical areas such as nuclear weapons and impractical ones 
such as high energy physics, ”  and the net result was  “ a vital and balanced scientific 
enterprise. ”   67   

 Although Kevles found large areas of agreement with Forman, he contested the 
claim that physicists had lost control of their intellectual agenda, had been  “ seduced ”  
by the largesse of federal funding, or had fallen prey to the  “ self-delusion that they 
were engaged in basic research of intrinsic interest while in reality they were merely 
doing the military ’ s bidding. ”  The United States had always been a  “ practically ori-
ented culture, ”  Kevles noted, in which  “ the technological sciences had always tended 
to command more attention than the pure sciences, ”  so it was hardly surprising that 
this remained the case as physics expanded under governmental largesse.  68   (Kevles 
didn ’ t say, but it logically followed from his argument, that if physics changed between 
1930 and the 1960s, one reason may have been that it changed from being dominantly 
a European activity to dominantly a North American one.) 

 Kevles emphasized that scientists served on many leading advisory boards and 
committees, including the crucial Science Advisory Committee created by President 
Truman and greatly strengthened by President Eisenhower. Some of them, by virtue 
of their positions on these boards and committees, were close to power and involved 
in decisions about the future and the direction of American science. Most of them 
were committed to the alliance of science and technology with the mission of national 
security and proactively advanced that agenda; they weren ’ t pawns of the admirals 
and generals. The same was true of many rank-and-file scientists: 

 [F]or many of those physicists, national security was not a mere distraction. It was the life blood 

of their profession.  …  One is hard pressed to imagine the great accelerator laboratories in the 

United States having come to exist and to flourish in the absence of the deep concern for national 

security that came to pervade the United States after World War II. Also, many physicists found 

abundant opportunities to do interesting physics by involving themselves in militarily-supported 

research of technological pertinence.  69   

 In any case, Kevles concluded, it is counterfactual to argue on the basis of what 
scientists might have done in a different world. There is no essential definition of 
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what constitutes physics.  “ Physics is what physicists do — or have done, ”  Kevles con-
cluded, not illogically but perhaps tautologically. 

 With the benefit of distance, it seems clear that Forman and Kevles  agreed  that 
the orientation of American physics during the Cold War became aligned with the 
national-security agenda. The agreed that during the Cold War knowledge was linked 
to the geopolitical ambitions of the American nation-state to an extent and a degree 
that it had not been before. Kevles allowed that physics was  “ restructured, its efforts 
diversified into intellectually promising areas made hot by the needs of national secu-
rity. ”   70   Forman held that there was a  “ radical change in attitude toward science, toward 
national security, and toward the relationship between them on the part of both the 
military and the civilian leadership of the United States. ”   71   These claims seem entirely 
compatible. 

 Where Forman and Kevles disagreed was in the normative domain: They diverged 
on whether physicists were responsible for that alignment or victims of it, whether 
that alignment was a good thing, and whether scientists ’  self-image and self-appraisal 
was realistic or wishful. Kevles affirmatively characterized the re-organization of phys-
ics during the Cold War as a diversification that produced a  “ vital and balanced ”  
scientific enterprise, which scientists themselves were largely responsible for directing. 
Forman concluded, less happily, that the ship was bigger, but narrower and tilted, and 
physicists were no longer steering it. Kevles saw the integration of physics into a 
national-security system as providing expanded opportunities for physicists to do 
physics; Forman agreed that physics was integrated, but saw that integration as a 
constriction and adjustment that altered the meaning of the word  ‘ physics ’  in an 
unfortunate way. And perhaps the point on which they disagreed most strongly 
was scientists ’  self-perception of epistemic autonomy. Kevles believed that scientists 
were able to use their positions close to the center of executive power both to influ-
ence defense policy and  “ to represent the interests of the civilian-defense-science-
enterprise. ”  Forman believed that the  “ civilian-defense-science ”  was  precisely  what 
they represented, even while insisting, falsely, that they were representing unbounded 
 “ science. ”  

 Today few historians would consider the notion of unbounded science to be very 
useful; science, most of us would argue, is bounded, supported, sustained, and con-
strained by all the same social forces that bound, support, sustain, and constrain other 
human activities. Yet such a broad generalization only takes us so far, because we want 
to know how changes in human society change the activity we call science and the 
knowledge and insights that activity yields. We are also interested in how changes in 
scientific concepts and understandings change society. Whether or not scientific and 
technical knowledge was substantially responsible — through the agency of nuclear 
weaponry — for starting the Cold War, there is little doubt that science and technology 
enabled the arms race that became and sustained its center. Conversely, there is little 
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doubt that science as we know it today was created in the Cold War, and that the 
Cold War expansion of science and technology continues to ramify through contem-
porary life.   
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 2   Atomic Tracings: Radioisotopes in Biology and Medicine 

 There are three aspects to the use of atomic energy. Of these, the military aspect is familiar and 

has been discussed several times in these pages.  …  The use of radioactive isotopes both directly 

and for research may well be the most important application of atomic energy in the long run. 

However, this second aspect of atomic energy does not involve large expenditures of funds or 

great concentration of technological effort. It will be felt in a multiplicity of small activities no 

one of which is very important in domestic or international politics. Distribution of radioactive 

isotopes and knowledge about them should and can play an important role in our atoms for 

peace program but it is only a part and the least controversial part of that program.  1   

 Henry DeWolf Smyth, 1956 

 In June of 1946, the Manhattan Project announced that radioisotopes would soon be 
available for purchase to qualified civilian institutions, thanks to the government ’ s 
decision to dedicate a reactor built for the bomb project in Oak Ridge, Tennessee for 
this purpose:  “ Production of tracer and therapeutic radioisotopes has been heralded 
as one of the great peacetime contributions of the uranium chain-reacting pile. This 
use of the pile will unquestionably be rich in scientific, medical, and technological 
applications. ”   2   That August, after President Truman signed the Atomic Energy Act, the 
Manhattan Engineer District began distributing radioisotopes. During the next ten 
years, the US Atomic Energy Commission (AEC), which inherited this operation upon 
its official establishment on January 1, 1947, sent out nearly 64,000 shipments of 
radioactive materials to more than 2,600 laboratories, clinics, and companies.  3   

 In countless press releases and reports during the early postwar years, the AEC 
presented radioisotopes as civilian dividends of the military development of atomic 
energy.  4   To borrow a metaphor from Nicolas Rasmussen, this was the silver lining of 
the mushroom cloud: by supplying radioisotopes, the US government conveyed the 
message that atoms could be beneficial as well as harmful.  5   Though the quantity of 
radioactive materials associated with this program was minuscule in comparison with 
the amount of plutonium being produced for atomic weaponry (not to mention the 
amount of radioactive waste being generated), radioisotopes represented the AEC ’ s 
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civilian orientation. To put it more bluntly, the radioisotope program helped justify 
the fact that the production of nuclear weapons had been entrusted to a civilian 
agency in the first place.  6   In any event, the AEC had little else to hold out as evidence 
of the atom ’ s peaceful benefits, since hopes for rapid development of a domestic 
nuclear power industry (with energy  “ too cheap to meter ” ) soon faded.  7   

 The US government ’ s involvement in radioisotope supply intersected with popular 
hopes that atomic energy, having provided a decisive weapon in World War II, could 
be directed against cancer.  8   Scholars have already explored this aspect of the AEC ’ s 
program, particularly its replacement of older radium sources for cancer therapy in 
hospitals with cobalt bombs, metaphorically echoing the Cold War.  9   However, this 
chapter will focus on a distinct — and arguably more pervasive — consequence of the 
AEC ’ s distribution of radioisotopes to researchers in the life sciences and in medicine: 
the accelerating use of radioisotopes as tracers. These researchers used isotopic variants 
of common elements to tag compounds so as to follow their chemical transformations 
through biological processes within a cell, an organism, or an ecosystem. Scientists 
using tracers often represented changes over time — through biosynthesis or degrada-
tion of molecules, or the movement of elements through bodies or landscapes — as 
changes in space, through cycles or pathways. 

 Tracers were used in biochemistry before the atomic age. Scientists employed natu-
rally occurring heavy radioelements in the 1920s and both artificial and stable radio-
isotopes in the 1930s. Yet these efforts remained small in scale before World War II, 
when the development of nuclear reactors made mass production of radioisotopes 
feasible. The Cold War context shaped the use of radioisotopes in two decisive ways. 

 The first has to do with scale. The AEC vastly increased the overall consumption 
of radioisotopes in the United States and allied nations by subsidizing the costs of 
production, providing technical training, and encouraging industrial participation. In 
this respect, new Cold War priorities dramatically reinforced and expanded certain 
pre-existing trajectories of research. Tracer research remained principally a benchtop 
activity, even as it was materially dependent on the massive infrastructure that had 
been developed to make nuclear weapons. Hans-J ö rg Rheinberger has aptly described 
the dissemination of radioisotopes as  “ big science coming in small pieces. ”   10   

 The second has to do with space. By 1951, Canada and Great Britain were selling 
radioisotopes in conjunction with their atomic-energy programs, and were exporting 
radioisotopes with fewer restrictions than the United States,  11   and the Soviet Union 
was supplying radioisotopes to institutions in satellite states as well as to its own 
institutions.  12   Consequently, by the 1950s the circulation of radioisotopes had become 
global, even as the networks of distribution were circumscribed by the geopolitics of 
the Cold War. 

 The explosion of biological and medical work with radiotracers after World War 
II had profound epistemological repercussions, particularly through facilitating a 
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preoccupation with transformations at the molecular level. In biochemistry, the inten-
sified use of isotopic tracers resulted in the mapping of hundreds of metabolic path-
ways, such as the Calvin-Benson cycle (which exploited newly discovered carbon-14). 
In both ecology and medicine, the availability of radioactive tracers ushered in new 
methods that mirrored the biochemical usage of tracers to study metabolism. Radio-
isotopes (especially phosphorus-32 and iodine-131) were used diagnostically to locate 
tumors and observe organ function. Ecologists, beginning with G. Evelyn Hutchinson, 
used radioisotopes such as phosphorus-32 to analyze the flow of materials and energy 
through ecosystems. Through the US government ’ s program of radioisotope supply, 
which was embedded in the Cold War politics of atomic energy, radiotracers became 
a distinctive feature of postwar life science and medicine. 

 At another level, the AEC ’ s radioisotope program illustrates that not all of the US 
government ’ s atomic-energy activities were oriented toward military ends, or even 
(directly) to anti-communism. Viewed alongside the conspicuous growth of big science 
and the national-security state, the widespread use of government-produced radioiso-
topes illustrates how the Cold War shaped more quotidian aspects of research and 
clinical practice. The  “ civilian ”  development of atomic energy was just as deeply 
rooted in postwar politics as the stockpiling of nuclear weaponry. Radioisotopes served 
as symbols of the  “ peaceful atom ”  at the height of the arms race.  13   This is not to sug-
gest that the civilian and military sides of atomic energy were entirely separable: they 
were two sides of the same coin, each implying the other. In fact, the US government ’ s 
simultaneous commitment to the testing of nuclear weapons and to so-called peace-
time applications of atomic energy spawned common research endeavors, especially 
as the AEC sought to manage environmental radioactivity and low-level human expo-
sure without questioning their necessity. The AEC ’ s supply of abundant, inexpensive 
radioisotopes had consequences both profound and trivial, from the selection of 
research problems and the ethics of human experimentation to routine assaying tech-
niques and the disposal of laboratory waste. 

 Early Isotopic Tracers 

 George de Hevesy is credited with the first biological experiment using radioisotopes 
in 1922 (published in 1923) when he utilized lead-212 to follow the uptake of this 
element in plant tissues.  14   An array of similar studies followed this example (some 
conducted by Hevesy but many by other scientists), monitoring the incorporation and 
movement of heavy radioactive elements — such as bismuth, thorium, and polonium —
 into animal and plant tissues.  15   Humans were not exempt. In 1924, Herrmann Blumgart 
and co-workers at Harvard Medical School injected bismuth-214 into a clinical sub-
ject ’ s arm and determined how long it took for the radioactivity to reach the other 
arm, detected using a Wilson cloud chamber.  16   In animals or in patients, researchers 
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could examine where radioelements localized — in which tissues or organs — and mea-
sure how rapidly they were excreted. 

 There were practical incentives for studying the effects of radioactive materials used 
by industry. Toxicological studies of the distribution of radium in animals and humans 
dated back to the early twentieth century.  17   As the health hazards of radium became 
evident in the tragic suffering and deaths of watch dial painters in the 1920s, knowl-
edge about the localization and biological effects of radioactive isotopes took on an 
urgent medical relevance.  18   Neither radium nor most of the heavy radioactive elements 
used in these early experiments were generally found in living organisms. Conse-
quently, these studies didn ’ t shed direct light on physiological processes. In order to 
use radioisotopes to study the dynamics of life, especially metabolism, scientists 
needed isotopes of lighter elements that were the main constituents of living matter. 
These first became available with the isolation of stable isotopes. 

 Harold Urey, a physical chemist, identified deuterium (a heavy isotope of hydrogen) 
in 1932 and used it to prepare  “ heavy water ”  ( 2 H 2 O), prompting a spate of investiga-
tions of the effects of heavy water on various biological processes, such as the respira-
tion of fish, the division of eggs, the growth of fungi, and the germination of plant 
seeds.  19   However, it was Urey ’ s concentration of the naturally occurring isotopes oxy-
gen-18, carbon-13, and nitrogen-15 that ushered in the thoroughgoing use of isotopes 
as metabolic tracers. By substituting these rare but stable isotopes for oxygen, carbon, 
or nitrogen atoms in biological molecules, one could track the fate of compounds 
marked with these heavy isotopic tags, even  in vivo .  20   

 Urey ’ s search for naturally occurring isotopes coincided with the heightened inter-
est in intermediary metabolism among biochemists.  21   Researchers studying metabo-
lism investigated the myriad chemical transformations that occurred in the cell, both 
synthetic and degradative, opening up the organismal black box of nineteenth-cen-
tury intake-output physiology.  22   Whereas nineteenth-century chemists had established 
the identity and the structure of many biological compounds (e.g., sugars, amino 
acids, fatty acids, dicarboxylic acids, and keto-acids), their successors focused their 
efforts on the chains of reactions, connecting those compounds  in vivo , each step 
apparently controlled by a specific enzyme. Using laborious manometric techniques, 
Otto Meyerhof and W. Kiessling determined the reaction steps in anaerobic carbohy-
drate metabolism (glycolysis), soon termed the Embden-Meyerhof pathway. They 
published in 1936. The following year, Hans Krebs announced the steps of the citric 
acid cycle (now the eponymous Krebs cycle).  23   These became paradigmatic for bio-
chemists, functioning as  “ exemplary achievements ”  guiding the field.  24   

 Isotopes were even better suited than chemical micromanometers for detecting 
metabolites, which were produced in small quantities and quickly transformed. Harold 
Urey ’ s colleagues at Columbia University were among the first to use stable isotopes 
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to trace biochemical pathways. Rudolph Schoenheimer, David Rittenberg, and Mildred 
Cohn tagged biological molecules with deuterium, nitrogen-15, and carbon-13 in 
order to follow chemical transformations of fats and proteins within the cell, and 
found they were in a state of continuous flux.  25   Schoenheimer contended that vital 
compounds were being continuously broken down and regenerated from a metabolic 
pool, part of what he termed the  “ dynamic state of body constituents. ”   26   These tech-
niques and findings, which did much to define biochemistry as the study of the 
molecular dynamics of life, exemplified tracer methodology in the life sciences.  27   

 Artificial Radioisotopes as Tracers and for Therapy 

 Radioactive isotopes competed with stable isotopes as tracers. Soon after Fr é d é ric and 
Ir è ne Joliot-Curie discovered how to produce artificial radioisotopes, Ernest O. Law-
rence and his group at the University of California ’ s Radiation Laboratory (Rad Lab) 
in Berkeley bombarded table salt with deuterons in a cyclotron, generating sodium-24.  28   
Lawrence hired two physicians — his brother John Lawrence and Joseph Hamilton — to 
explore this material ’ s potential medical uses. Within two months of first producing 
radiosodium, Lawrence ’ s group had made more than a millicurie, and they improved 
the efficiency of production further. In 1936 the cyclotron was able to generate 200 
millicuries of radiosodium a day from rock salt worth less than a penny.  29   At a meeting 
of the American Physical Society in December of 1936, Paul Aebersold of the Rad Lab 
declared that  “ machines of science produce radiation equal to $5,000,000 worth of 
radium. ”   30   This helped justify the building of ever-larger accelerators. A 37-inch cyclo-
tron became operational on August 18, 1937.  31   

 The first clinical use of an artificial radioisotope occurred in 1936, when Joseph 
Hamilton and Robert Stone administered sodium-24 to two leukemia patients.  32   
Although the patients didn ’ t improve, neither did they appear to suffer ill effects. On 
the basis of the apparent safety (or, at least, nontoxicity) of radiosodium in these 
medical experiments, Hamilton launched a broader investigation of the rate of absorp-
tion of sodium in humans, feeding healthy subjects small amounts of sodium-24. His 
initial publication reported results from eight subjects, two of them women; most of 
the subjects had received radiosodium by mouth, the doses ranging from 80 to 200 
microcuries.  33   A subject would put his or her left hand around a Geiger-M ü ller counter 
encased in lead, then use the right hand to drink the radioactive salt solution.    

 The appearance of radioactivity in the hand, detected by the counter a few minutes 
after ingestion, was used as an  “ indicator of absorption. ”   34   Ernest Lawrence set up live 
demonstrations of the absorption of sodium-24 in human volunteers in his public 
lectures, and touted its value of as a potential substitute for costly radium.  35   However, 
continuing experiments on the localization of radiosodium in healthy subjects 



36 Creager

 Figure 2.1 

 Joseph Hamilton (left) conducting one of the first isotope metabolism studies during the 1930s. 

Credit: Lawrence Berkeley National Laboratory. 
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suggested this isotope was better suited for studying the vascular system and investi-
gating the role of ions in water balance than for treating cancer.  36   

 Phosphorus-32 also became available in 1936, and Berkeley scientists conducted 
similar tracer experiments with it. The previous year, Otto Chievitz and Georg von 
Hevesy had demonstrated that ingested radiophosphorus (obtained from a radon-
beryllium source) concentrated in the bones and, to a lesser degree, the muscles of 
rats.  37   The Rad Lab ’ s cyclotron generated phosphorus-32 of higher specific activity, 
and Lawrence soon made it available to collaborators in Berkeley and at the University 
of California ’ s medical school in San Francisco, and to Hevesy and others in Europe. 

 In San Francisco, K. G. Scott and S. F. Cook fed phosphorus-32 to chicks to see if 
its selective localization (to bone) might make it useful for treating leukemia, lym-
phoma, and perhaps other blood-cell diseases.  38   Across the Bay, in Berkeley, John 
Lawrence studied the uptake of phosphorus-32 in inbred mice. He and Scott found 
that cancerous mice concentrated more radioactivity in their lymph glands and 
spleens than did healthy mice after both groups received small  “ tracer ”  doses.  39   This 
finding stoked hopes that radioisotopes would be selectively absorbed and localized 
in cancer patients and thus could be used to irradiate tumors. In fact, Lawrence was 
already experimenting with the therapeutic use of phosphorus-32 in patients with 
leukemia and polycythemia vera.  40   

 In tandem with ongoing clinical experiments, phosphorus-32 was being used as a 
tracer to study metabolism. Israel L. Chaikoff of Berkeley ’ s Department of Physiology 
collaborated with John Lawrence to study phospholipid turnover in the tumors of 
Lawrence ’ s cancerous mice. The tumors showed different rates of phospholipid activ-
ity, but in each case turnover was at least as high as in normal tissue, and in some 
cases it was much higher.  41   Chaikoff and his colleagues also used the radiolabel to 
study phospholipid synthesis, tracking the percentage of tagged phosphorus that was 
recovered as phospholipid from the gastrointestinal tract, the liver, the kidneys, the 
brain, and the whole body of fasting rats.  42   The fact that so much radioactivity was 
absorbed and localized in adult animals indicated that there was rapid turnover of the 
tissues and molecules in the body. Along similar lines, and during the same time frame, 
the biochemist David Greenberg and his graduate student Waldo Cohn studied the 
absorption of phosphorus-32 through the digestive system and its assimilation in 
the organs of rats at the University of California at San Francisco.  43   Radioactive 
phosphorus brought into view  “ a dynamic system involving synthesis, transport, 
deposition, and breakdown of phospholipids in the tissues involved. ”   44   

 Agricultural scientists were equally eager to use phosphorus-32 in physiological 
research. Daniel Arnon and his co-workers in Berkeley ’ s Division of Truck Crops added 
phosphorus-32 (obtained from the Rad Lab in the form of sodium biphosphate) to 
unlabeled ammonium phosphate in a nutrient solution for tomato plants. The radio-
phosphorus was rapidly absorbed by seven-foot-tall tomato plants, accumulating most 
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 Figure 2.2 
 A contact radiograph of the young leaf of a tomato plant 36 hours after  32 PO 4  was added to the 

nutrient solution. Notice the concentration of radioactivity (the lighter areas) in the parts of 

the plant that are growing. The light areas indicated by letters were caused by folds in the leaves 

(a – d) or by the bunching of several small leaflets (e). Image and caption from D. I. Arnon, P. R. 

Stout, and F. Sipos,  “ Radioactive Phosphorus as an Indicator of Phosphorus Absorption of Tomato 

Fruits at Various Stages of Development, ”   American Journal of Botany  27 (1940): 791 – 798. 
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in the foliage and fruit in the upper portion of the plants — the region of most active 
growth. The smaller the tomato, the more radiophosphorus it took up.  45   As in the case 
of the mouse tumors, rapidly growing tissues concentrated more phosphorus-32 than 
slower-growing tissues.    

 Although these research uses yielded important biochemical knowledge, most of 
the requests Ernest and John Lawrence received for radiophosphorus came from 
physicians who wished to use it in therapy, and Berkeley became an important site 
for its clinical distribution. Besides phosphorus-32, the other radioisotope that physi-
cians keenly sought in the late 1930s was radioiodine. Robley D. Evans, a physicist at 
the Massachusetts Institute of Technology, used a radium-beryllium neutron source 
(devised from discarded and donated medical radon needles and plaques) to make 
iodine-128. Evans ’  collaborators, Saul Hertz and Arthur Roberts of the Thyroid Clinic 
at Massachusetts General Hospital, performed the first biological tracer experiments 
with this isotope. In a 1938 paper, they reported the rapid, selective concentration of 
this isotope in the thyroids of 48 rabbits that had been injected with iodine-128.  46   
Under conditions of thyroid stimulation, even more radioiodine was localized to the 
thyroid. The authors asserted that  “ the concentrating power of the hyperplastic and 
neoplastic thyroid for radioactive iodine may be of clinical or therapeutic signifi-
cance, ”  even though the half-life of this isotope — 25 minutes — made the therapeutic 
prospect remote.  47   

 Later in 1938, in Berkeley, J. J. Livingood and Glenn T. Seaborg announced the 
discovery of a longer-lived radioisotope of iodine, iodine-131.  48   Joseph Hamilton 
quickly put iodine isotopes to use in medical experiments, collaborating with Mayo 
Solley of the medical school in San Francisco to administer radioiodine orally to 
patients. Patients with overactive thyroids took up more than ten times as much 
radioiodine as healthy individuals did.  49   This finding laid the groundwork for the 
widespread use of iodine-131 in the treatment of hyperthyroidism.  50   One group 
reported that metastatic carcinoma of the thyroid accumulated radioiodine, but unfor-
tunately only certain thyroid cancers selectively concentrated the isotope.  51   The most 
successful clinical applications of phosphorus-32 and iodine-131were for non-malig-
nant diseases — polycythemia vera and hyperthyroidism, respectively. 

 One thus sees around the Berkeley cyclotron a variety of biological experiments 
alongside with attempts to develop therapies with radioisotopes. Human experiments 
were part of the patterns of use from the outset, and the same language of tracers was 
used to describe biochemical experiments in which radioisotopes were used to illumi-
nate metabolic processes in animals and plants and nontherapeutic human experi-
ments in which a small amount of a radioelement was administered to a subject to 
track its absorption and localization. The results of these experiments in turn fed into 
clinical trials, which generally used much larger doses of radioactivity in order to 
irradiate pathological (usually tumorous) tissue. 
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 Figure 2.3 
 One of the first patients studied by Joseph Hamilton for thyroid uptake. After oral administration 

of radioiodine, the radioactivity of the thyroid was measured by placing a Geiger-counter tube 

over the gland. Credit: Lawrence Berkeley National Laboratory. 
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 Cyclotrons at War 

 The mobilization of scientists in Lawrence ’ s Rad Lab for work to aid the Manhattan 
Project, formalized by the US government in June of 1941, gave nuclear research and 
technology a new urgency.  52   The cyclotrons became important production sites for 
radioactive materials for laboratories throughout the country doing defense-related 
research.  53   The Manhattan Engineer District (MED) was established on August 13, 1942 
in New York. That same month, Robert Stone left San Francisco to become head of 
the Health Division at the University of Chicago ’ s Metallurgical Lab. On September 
17, the Army appointed Colonel Leslie R. Groves to head this top-secret organization. 
In February of 1943, the Manhattan Engineer District contracted with the University 
of California to administer the Los Alamos Laboratory (Contract 36).  54   A few months 
later, Contract 48 between the University of California and the Army enlisted the Rad 
Lab as one of the central MED facilities. The production of plutonium from the Berke-
ley cyclotrons was critical for the early scientific work of the Manhattan Project. 

 By the time Contract 48 was signed, Joseph Hamilton was already conducting 
research on the metabolism and biological effects of plutonium and other fission prod-
ucts, through a contract with the Office of Scientific Research and Development. A 
component of the new Manhattan Project contract, 48A, assimilated this line of inves-
tigation.  55   Hamilton ’ s group at Berkeley became part of a larger Plutonium Project 
aimed at establishing the occupational dangers for Manhattan Project employees of 
working with plutonium and the dozens of isotopes produced as uranium fission prod-
ucts.  56   Only one primary fission product — radioiodine — had been studied relatively 
well, and the amount of radioactivity to which Manhattan Project workers would be 
exposed was more than a million times that from industrial radium use worldwide.  57   
Many fission products were radioactive isotopes of rare earths. For the most part, the 
metabolism of even the non-radioactive forms of these elements wasn ’ t known.  58   

 Hamilton ’ s wartime study relied on use of the Berkeley cyclotrons to generate spe-
cific fission products by bombarding a uranium target. Because only small amounts 
were available, all his experiments of this sort were considered to be  “ tracer ”  studies. 
There was some overlap with his earlier research. Hamilton had already become inter-
ested in the possible use of radioactive strontium (also a fission product) for the clinical 
treatment of bone diseases.  59   But the work on fission products was larger-scale and 
more systematic, involving the testing of eighteen fission products each on twelve 
rats, exposed in groups of three at various times before sacrifice and analysis. By 1943, 
the pattern of accumulation (in various organs) of fourteen of the radioisotopes had 
been determined, as had their rates of elimination.  60   Several were found to localize in 
bones.  61   

 As the Manhattan Project progressed, J. Robert Oppenheimer was increasingly 
concerned about the safety of plutonium — and the lack of knowledge about it. In 
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February of 1944, Hamilton was given 11 milligrams of plutonium for use in biological 
studies. His group rapidly ascertained that plutonium, like radium, was a bone-seeker 
and could be expected to cause bone cancer. Although its risk of absorption from 
ingestion was less than that of radium, when inhaled it persisted longer in the lungs.  62   
In view of the urgency of plutonium ’ s danger and the difficulty in extrapolating from 
rat to man, the Manhattan Project leadership decided to embark on research with 
human subjects. In January of 1945, Hamilton signaled his intention to begin  “ meta-
bolic studies with [plutonium] using human subjects. ”   63   Just a few months later, the 
first injection of plutonium into a human subject under Contract 48A occurred at 
University Hospital in San Francisco. Albert Stevens, thought to be suffering from 
stomach cancer, was given 0.932 micrograms of a mixture of plutonium-238 and 
plutonium-239. He was later found to have a gastric ulcer rather than cancer. Stevens, 
designated CAL-1, was one of eighteen patients (including two more in San Francisco) 
who received injections of plutonium between April 1945 and July 1947 at several 
MED sites.  64   

 These plutonium-injection experiments represent most vividly the ethical abuses 
associated with the US government ’ s secret efforts during and after World War II to 
gather information about the dangers of fissionable material and radiation from 
research on humans.  65   Few of the patients injected with plutonium seem to have 
been informed of their exposure or their status as research subjects. How did leading 
researchers in the medical application of radioisotopes end up conducting these 
experiments for the military? In part, it was because these experiments built on civil-
ian studies at Berkeley that had preceded them — the plutonium-injection research and 
similar studies were referred to in AEC reports as  “ human tracer experiments. ”   66   Clearly 
these wartime studies differed in crucial ways from those that went before — the selec-
tion of terminally ill patients as subjects signaled their potential danger. Yet the earlier 
pattern of human experimentation at Berkeley facilitated the subordination of research 
there to the emerging occupational health and safety requirements of the military. 
Even after the war, Joseph Hamilton was convinced that  “ under appropriate and suit-
able circumstances, it is highly desirable to conduct human studies with certain of the 
fission products and fissionable elements. ”   67   Yet even AEC officials understood that 
these experiments were ethically dubious and politically problematic.  68   These experi-
ments illustrate the overlap between the AEC ’ s civilian and military agendas in the 
management of atomic energy ’ s dangers, an intersection not usually connected to 
tracer work with radioisotopes.  69   

 Radiocarbon and the Proliferation of Metabolic Pathways 

 The non-medical investigations using radioactive tracers at Berkeley also launched 
important trajectories of postwar research. In the late 1930s in the Berkeley Rad Lab, 
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the radiochemists Martin Kamen and Sam Ruben and the plant biochemist William 
Zev Hassid first used radioactive carbon — the isotope carbon-11 — as a tracer to follow 
the fixation of carbon dioxide by both photosynthetic and heterotrophic organisms.  70   
Earlier in the 1930s, Robin Hill at Cambridge University had demonstrated that the 
 “ light ”  and  “ dark ”  steps of photosynthesis could be studied separately.  71   Hassid, 
Kamen, and Ruben used radiocarbon to trace the  “ dark ”  steps — the conversion of 
carbon dioxide into carbohydrate. Using  11 C-labeled carbon dioxide, they found that 
the first product of photosynthesis in green plants was the transfer of carbon from 
CO 2  to a carboxyl group.  72   Experiments using this precious biological isotope required 
proximity to a cyclotron, as it had a half-life of only 21 minutes. 

 Carbon-14, first isolated by Kamen and Ruben in 1940, offered an excellent alter-
native — its half-life was 5,700 years. However, Kamen and Ruben ’ s research collabora-
tion was disrupted by the demands of World War II. Kamen became involved in the 
Rad Lab ’ s work on uranium separation, and Ruben undertook work with poison gases, 
particularly phosphogene. An accident with phosphogene took Ruben ’ s life in 1943.  73   
Not until the end of the war was the first biological tracer experiment with carbon-14 
published out of Berkeley, by Kamen and the plant biochemist Horace A. ( “ Nook ” ) 
Barker.  74   Because of the ubiquity of carbon in living systems, the wide-ranging utility 
of carbon-14 in tracer experiments was recognized immediately. Aside from having a 
long half-life, carbon-14 could be diluted a billionfold and still be detected through 
its radioactive decay.  75   But when Kamen lost his security clearance as a result of sus-
picions about his association with leftist musicians and a meeting with a Russian 
consular official (in conjunction with arranging a shipment of phosphorus-32 from 
Berkeley to treat another official), the project again languished.  76   

 Ernest Lawrence was keen to keep Berkeley at the forefront of radiotracer work on 
photosynthesis. Late in 1945, he persuaded the Berkeley chemist Melvin Calvin to 
undertake biological studies with the carbon-14 already available at the Rad Lab. Cal-
vin recalled Lawrence telling him they should do something  “ useful ”  after their 
involvement in the Manhattan Project.  77   Calvin began the studies with a small vial of 
 14 C-labeled barium carbonate inherited from Ruben, and invited Ruben ’ s former col-
laborator in photosynthesis research, Andrew Benson, to lead the effort.  78   They filed 
four papers on these earliest experiments in photosynthesis, done collaboratively with 
the Berkeley plant biochemists William Hassid and Horace Barker, as Manhattan Dis-
trict declassified reports.  79   As part of the work going on at the Berkeley Rad Lab, it was 
soon supported through an early AEC grant to Lawrence.  80   Calvin was also an early 
recipient of the AEC ’ s carbon-14 (produced at Oak Ridge), which had a much higher 
specific activity than the material obtainable from the Berkeley cyclotrons. 

 Calvin ’ s efforts in tracing carbon-14 through the photosynthetic pathway were 
immensely fruitful, leading to the elucidation of what came to be called the Calvin 
(or Calvin-Benson) photosynthetic cycle.    
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 Calvin ’ s group grew the single-celled green alga  Chlorella pyrenoidosa  in a culture 
suspension supplied with normal carbon dioxide in an apparatus called a  “ lollipop. ”  
 14 C-labeled carbon dioxide would be injected into the usual stream of carbon dioxide 
for a predetermined period of time, ranging from seconds to minutes. The algae would 
then be killed and their contents analyzed. Paper chromatography was the principal 
analytical tool — the algae juices would be separated in two dimensions, using two 
different eluting fluids. Different chemical compounds migrated in the two-dimen-
sional space as discrete spots. Exposing the paper chromatogram to x-ray film enabled 
the research to pinpoint the radioactive compounds and to trace the appearance of 
radioactivity in new compounds with longer time periods after the exposure to labeled 
carbon dioxide.    

 This chromatographic method of analysis was much faster than traditional meth-
ods of organic chemistry, and it was visually impressive. Calvin and his co-workers 

 Figure 2.4 
 A schematic diagram of the photosynthetic carbon cycle ( “ Calvin-Benson cycle ” ). From Melvin 

Calvin,  “ Photosynthesis, ”  in  Radiation Biology and Medicine: Selected Reviews in the Life Sciences , 

ed. Walter D. Claus (Addison-Wesley, 1958). Reprinted by permission of Pearson Education Inc., 

Upper Saddle River, New Jersey. 
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showed that carbon dioxide was converted into phosphoglyceric acid, which then was 
converted, through several other biochemical steps, into fructose and other sugars. 
On August 26, 1948, the physicist Freeman Dyson attended a lecture by Calvin on 
these results. Afterward, he described in admiring terms the way the resulting pictures 
 “ show, in the most possible way, the progress of the delicate and transitory reactions 
through which the radio-carbon is assimilated. ”  For Dyson, Calvin ’ s research provided 
dramatic evidence of the advances atomic science had brought: 

 The long-sighted people said, when nuclear energy first came on the scene, that the application 

to biological research would be more important than the application to power. But I doubt if 

anyone expected that things would actually get going as fast as they have. This blotting-

paper-plus-radio-activity technique is completely revolutionary because it means that  any  sub-

stance can be fed to a cell and its transformations followed second by second in detail, even in 

quantities too small to be seen or weighted, and with substances too unstable to stand old-

fashioned stewing and chemical extraction.  81   

 The tone was exuberant, but Dyson ’ s perspective wasn ’ t hyperbolic. The photosyn-
thetic pathway stood as an early example of how radioisotopes could unlock biochemi-
cal puzzles, and the AEC referred to it frequently.  82   Moreover, this work had taken 
place in one of the AEC ’ s own laboratories, and had profited from Oak Ridge-produced 
carbon-14, so the AEC had a particular claim on the breakthrough. 

 But if the photosynthetic pathway gave early evidence of the promise of radiotracer 
work, a wealth of similar discoveries followed. The growing reliance on isotopic tracers 
resulted in  “ so elaborate a proliferation of metabolic pathways as to boggle the minds 
of students of biochemistry. ”   83   Carbon-14 was especially important to these metabolic 
studies because it could be used to tag almost any molecule of biological interest 
(nearly all of which contain carbon). The AEC regularly cited its sales of carbon-14 to 
illustrate the savings made possible by using a nuclear reactor to produce isotopes. In 
one report to Congress, the AEC estimated that, whereas the Oak Ridge pile could 
manufacture 200 millicuries of carbon-14 in a few weeks, at a cost of about $10,000, 
 “ it would take 1,000 cyclotrons to equal this output, and the operating cost would be 
well over a hundred million dollars. ”   84   

 Nuclear Medicine 

 The early postwar publicity about the medical breakthroughs that radioisotopes would 
bring focused on their therapeutic uses, particularly in the treatment of cancer. The 
hope that isotopes would cure cancer was predicated on the notion that they would 
localize to specific tumors and deliver internal radiation. However, the expectation 
that radioisotopes would become so-called magic bullets to fight cancer didn ’ t fully 
materialize, whereas radioisotopes did become important tools in the area of medical 
diagnostics.  85   The AEC ’ s 1948 report to Congress contained the following passage: 
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 Some malignant, abnormally growing tissues absorb certain elements in the body, such as phos-

phorus and iodine, faster than normal; others absorb certain elements more slowly than normal. 

Cancer specialists are taking advantage of this fact and using radioisotopes to help locate tumors. 

The University of California Medical School and the Cook County Hospital, Chicago, are using 

radiophosphorus to locate cancer in the breast; the radiations enable diagnosticians to distinguish 

between benign and malignant growths, since the latter take up phosphorus at a slightly greater 

rate.  86   

 Radioisotopes could be used to identify cancer, even if they could not treat it. 
 As contemporary observers recognized, the use of radioisotopes in clinical diag-

nostics was essentially an application of tracer methodology to medicine, putting 
small amounts of isotopes to use in making physiological measurements or detecting 
abnormal tissue growth.  87   Tumors were not the only target. By 1955, radioisotopes 
were being used in a wide variety of diagnostic tests. In general, tracer applications 
of radioisotopes required much smaller amounts of radioactivity than the dosage 
required in therapeutic applications.  88   Indeed, at the biological level, it was the obser-
vation that very low-level amounts of radiation did  not  disturb fundamental living 
processes that legitimized the use of radioisotopic tracers as probes.  89   

 One type of diagnostic technique involved dilution of the radioisotope in the body. 
For example, Joseph Hamilton ’ s early work with sodium-24 laid the groundwork for 
diagnostic tests in which this radioelement was used to assess total exchangeable body 
sodium.  90   Under the same general rationale, chromium-51 or iron-59 was used to 
measure red cell mass, and  131 I-labeled serum albumin was used to measure plasma 
volume. Radioisotopes could also be used to measure the rate of flow in the circulatory 
system. Sodium-24 could be used to assess cardiac output or to diagnose peripheral 
vascular disorders, building on Hamilton ’ s early study of its absorption and movement 
through the bloodstream to the extremities. Other diagnostic tests followed the metab-
olism of radiolabeled compounds in the human body. For example, patients with 
pernicious anemia didn ’ t excrete as much vitamin B-12 in their urine as normal sub-
jects. Consequently, reliable diagnosis could be achieved by administering cobalt-
60-labeled vitamin B-12, then performing a precise urine test.  91   

 Perhaps the best-known radioisotope-based diagnostics involved physiological 
localization, as exemplified by the use of iodine-131 to study thyroid physiology and 
dysfunction. The success of this procedure was established in the late 1930s, as has 
already been mentioned. In 1956, Paul Aebersold estimated that  “ over half a million 
thyroid studies have been done with iodine 131 since that time. ”   92   Similarly, the 
localization of phosphorus-32 in tumors had been noted by John Lawrence and other 
researchers during the 1930s, and diagnostic procedures using this isotope were devel-
oped for various forms of cancer. The challenge of using radioactivity to locate a tumor 
or to measure function in an internal organ, however, was one of detection: the tissues 
of the human body both absorbed and interfered with the radiation given off by 
isotopes. 

www.ebook3000.com

http://www.ebook3000.org


Atomic Tracings 47

 Diagnostic administration of isotopes could be used in conjunction with surgery. 
When a patient ’ s body was being opened up, radioactivity could be measured directly. 
In the case of surgery for brain tumors, researchers at Massachusetts General Hospital 
designed miniature Geiger counters, termed Selverstone-Robinson probes, to be placed 
directly into the brain.  93   The beta rays emitted from decaying phosphorus-32 don ’ t 
penetrate the scalp or the skull, so this isotope, which localized well to tumors, was 
useful only once the brain had been opened up. The surgeon could then insert the 
probes (each only 1 – 3 millimeters long) at various depths to determine the exact loca-
tion of the tumor, signaled by an increase in the counting rate from 5 to 36 times 

 Figure 2.5 
 A two-dimensional chromatogram of extract from algae indicating uptake of radiocarbon during 

photosynthesis (30 seconds). From Melvin Calvin,  “ Photosynthesis, ”  in  Radiation Biology and 

Medicine: Selected Reviews in the Life Sciences , ed. Walter D. Claus (Addison-Wesley, 1958). Reprinted 

by permission of Pearson Education Inc., Upper Saddle River, New Jersey. 



48 Creager

over the background. Just a few years after the method was first published, William 
Sweet, one of its developers, asserted that  “ such counters are now used routinely at 
operations. ”   94         

 Sweet and Gordon Brownell also worked to develop an isotope-based detection 
method that could be used on patients not undergoing surgery. They tested several 
positron-emitting isotopes, because, unlike phosphorus-32, when positrons are anni-
hilated through interaction with electrons they emit radiation identical to x rays 
(gamma photons), which could be detected outside the skull. The most promising 
positron-emitting radioisotopes for this kind of diagnostic test proved to be arsenic-72 
and arsenic-74, injected together intravenously at 20 microcuries per kilogram of body 
weight. (The amount of metallic arsenic involved was well below pharmacologic 
intoxication.) By 1953, 300 patients had undergone brain scans with radioarsenic. In 
99 of 133 brain tumor patients tested, radioactivity concentrated detectably in intra-
cranial lesions, whose locations were verified by surgery.  95      

 The Geiger counter remained the main instrument for detecting radioactivity in 
medical diagnostics from the late 1920s through the early postwar years, when detec-
tion devices for the human body began to improve dramatically. In 1949, at the 
University of California at Los Angeles, Benedict Cassen designed a scintillation coun-
ter for the  in vivo  localization of radioiodine in patients.  96   Because it was 10 – 20 times 
more sensitive than Geiger counters, using this counter in diagnostic tests required 
less radioiodine to be administered. Cassen also developed a point-by-point counting 
grid and mounted the probe on a moving mechanism to yield what was called the 
rectilinear scanner, a device for visualizing organs that went into commercial produc-
tion (by the Picker X-ray Company) in 1959. Hal Anger of the Donner Laboratory at 
Berkeley then built a device with ten scintillation detectors in a row that could scan 
the whole body.  97   The isotope technetium-99m was identified in 1960; by the 1970s 

 Figure 2.6 
 A Selverstone-Robinson probe counter. From William H. Sweet and Gordon L. Brownell,  “ The 

Use of Radioactive Isotopes in the Detection and Localization of Brain Tumors, ”  in  Radioisotopes 

in Medicine , ed. Gould Andrews, Marshall Brucer, and Elizabeth Anderson (Atomic Energy Com-

mission, 1955). 
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it was the most ubiquitous radioisotope in medical diagnostics, thanks to the energy 
of its emitted gamma ray and its short half-life.  98   Some retrospective histories of 
 “ nuclear medicine ”  skip over the late 1940s and the early 1950s and highlight tech-
netium-99m and the invention of these body scanners.  99   Focusing on the earlier 
applications of radioisotopes in diagnostics highlights the commonality of the  “ tracer 
method ”  across biology and medicine. From the 1930s through the 1950s, many of 
the same radioisotopes and detection devices were being used for laboratory research 
and clinical diagnosis, actively promoted and supported by the AEC. 

 Tracing Ecosystems 

 The availability of radioisotopes also affected field sciences, particularly ecology. In 
adopting radiotracers as tools, ecologists sought to emulate how biochemists and 

 Figure 2.7 
 The operation field of Patient T.F. Labels indicate sites of insertion of probe counter. From 

William H. Sweet and Gordon L. Brownell,  “ The Use of Radioactive Isotopes in the Detection 

and Localization of Brain Tumors, ”   Radioisotopes in Medicine , ed. Gould Andrews, Marshall Brucer, 

and Elizabeth Anderson (Atomic Energy Commission, 1955). 
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physiologists used radioisotopes in the laboratory to elucidate pathways of metabo-
lism. G. Evelyn Hutchinson pioneered the use of isotopes in fresh water as ecological 
tracers, releasing phosphorus-32 from the Yale cyclotron into a pond in order to 
investigate the cycling of phosphorus through the phytoplankton and inorganic mat-
ter.  100   First in 1941 and again in 1946, Hutchinson carried out this experiment with 
phosphorus-32 from the Yale cyclotron. After the war, he was among the first licensees 
to receive phosphorus-32 from Oak Ridge, with its unrivaled specific activity.  101   After 
undertaking a more thorough investigation with this AEC reactor-generated radio-
phosphorus in the summer of 1947, Hutchinson published the results in 1950.  102   The 
results confirmed his hypothesis that the overall metabolism of phosphorus in the 
lake was maintained at a steady state by the growth and death of algae. 

 Hutchinson ’ s research on ponds and the stability of their aquatic communities built 
on an analogy Hutchinson had offered in 1940 in a review of  Bio-Ecology , a book by 
Frederic Clements and Victor Shelford:  “ If, as is insisted, the community is an organ-
ism, it should be possible to study the metabolism of that organism. ”   103   In 1941, 
Hutchinson made good on this analogy, publishing an article titled  “ The Mechanisms 
of Intermediary Metabolism in Stratified Lakes. ”   104   The subsequent use of isotopes to 
trace the development and metabolism of aquatic communities rendered Arthur Tans-
ley ’ s 1935 notion of an ecosystem, including both biotic and abiotic components, in 
concrete terms.  105   But whereas Tansley had suggested  “ ecosystem ”  as a neutral category 
to rid ecology of the organismal term  “ biotic community, ”  the use of isotopes to trace 
 “ metabolic pathways ”  in both physiology and ecology kept the organismal concept 
in play. 

 In addition, similar representational practices — mapping the patterns of circula-
tion — manifested the epistemological links between metabolic biochemistry and bio-
geochemical studies of ecosystems, even as the ecological diagrams included nonliving 
components. Such uses of radioisotopes to trace the  “ metabolism ”  of aquatic systems 
informed Raymond Lindeman ’ s notion of trophic-dynamics, which Eugene Odum and 
others made central to ecosystems ecology.  106   Between 1946 and 1953 Hutchinson 
(who had been Lindeman ’ s advisor at Yale) attended the Macy Foundation conferences 
on cybernetics. In 1946 he wrote his influential paper  “ Circular Causal Systems in 
Ecology ”  for one of those meetings, emphasizing the self-regulating features of an 
ecosystem. The diagram of the global biogeochemical cycle of carbon presented in 
that paper shows a visual similarity to metabolic pathways at the time. 

    Many ecologists followed Hutchinson ’ s example, using the intentional release of 
limited amounts of radioisotopes into the environment to trace the uptake and circu-
lation of elements.  107   But, unlike biochemistry and nuclear medicine, ecology included 
many  “ experiments ”  which these scientists didn ’ t set in motion. Radioactivity was 
entering the environment, often on a large scale, through the AEC ’ s disposal of nuclear 
waste and atomic weapons tests, and ecologists began tracking the movement of these 
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radioisotopes. In this respect, ecological tracing was more directly connected than 
other biomedical uses of radiotracers to the military development of atomic energy 
by the US government. 

 Some research along these lines began during the war. The Applied Fisheries 
Laboratory at the University of Washington in Seattle was established in 1943 under 
Professor Lauren Donaldson, with the support of the Manhattan Engineer District, 
to undertake laboratory studies on the biological effects of radioactivity on fish —
 specifically, to assess the possible impact of radioactive waste from the reactors at the 

 Figure 2.8 
 A schematic diagram of the global carbon cycle. From G. E. Hutchinson,  “ Circular Causal Systems 

in Ecology, ”   Annals of the New York Academy of Sciences  50 (1948): 221 – 246. Reproduced by per-

mission of John Wiley and Sons. 
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Hanford Reservation on the local salmon-fishing industry.  108   In 1946, Donaldson ’ s 
group also participated, along with many other scientists, in an ecological and geologi-
cal survey of the Bikini Atoll before and after the bomb tests as part of the Nuclear 
Testing Program in the Pacific. A follow-up survey at Bikini Atoll a year after the tests 
revealed the persistence of radioactivity in flora and fauna.  109   

 Research on the biological effects of radioactive waste also took place on the Han-
ford Reservation itself.  110   In late 1944, Donaldson persuaded the MED leadership of 
the importance of beginning on-site research at the Columbia River. His graduate 
student Richard F. Foster was transferred to Hanford in June of 1945 to work at a new 
Aquatic Biological Laboratory operated by the DuPont Corporation with Donaldson 
as a consultant.  111   Initial laboratory studies by Foster, conducted in the second half of 
1945, suggested that the addition of cooling effluent from the Hanford reactors, if it 
was diluted sufficiently (at least 1:50) by river water, would not threaten the salmon 
and trout populations.  112   Hanford scientists also studied the levels of radioactivity in 
the river water. After exiting the reactors, the effluent was held for 24 hours in reten-
tion basins in order to allow short-lived radioisotopes to decay. Most of these radio-
isotopes were not fission products from the reactor, but normal constituents of river 
water whose minerals became radioactive through activation (via neutron capture) 
when passing through the cooling vessels.  113   By the late 1940s, studies of radioactive 
contamination near Hanford yielded a disquieting result: several species, some aquatic 
and some terrestrial, accumulated radioactivity in high quantities, and several radio-
isotopes were concentrated as they moved up the food chain. Many terrestrial animals, 
including mammals, birds, reptiles, and insects, were exposed through the aerial 
release of radioactive waste gases.  114   

 Hanford scientists emphasized in various publications that radioactive contamina-
tion in the Columbia River  “ never approached hazardous levels. ”   115   But Eugene Odum 
drew a more cautious conclusion:  “ [A]n isotope might be diluted to a relatively harm-
less level on release into the environment, yet become concentrated by organisms or 
a series of organisms to a point where it would be critical. In other words we could 
give  ‘ nature ’  an apparently innocuous amount of radioactivity and have her give it 
back to us in a lethal package! ”   116   

 Another prominent program of ecological research was launched at Oak Ridge 
National Laboratory (ORNL). Ecology gained support at Oak Ridge because two health 
physicists there, Karl Morgan and Edward Struxness, considered their purview to 
include the study of radioactive contamination of the environment.  117   Stanley Auer-
bach arrived in 1954 to join their division, and by 1960 he had built up one of the 
largest ecology programs in the country. When he arrived, ORNL was pumping low-
level radioactive waste into pits, from which it could seep into the surrounding soil. 
The expectation was that through binding of soil particles the radioisotopes would 
become immobilized.  118   Low-level radioactive wastes were also dumped into White 
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Oak Lake. In 1955 the lake was drained, and health physicists had an opportunity to 
study the fate of its radioactive contamination. In 1956, Auerbach began to investigate 
the movement of radioisotopes within the soil, plants, and fauna of the lake bed, and 
to examine the effects of contaminating radiation on the plants and animals.  119   The 
seepage of radioactive waste from the disposal pits was also studied. The discovery 
that radioisotopes were taken up by vegetation showed that radioactive waste couldn ’ t 
be assumed to remain where it had been deposited. 

 Besides studying the environmental fate of radioactive waste, Auerbach followed 
the precedent of Hutchinson in using artificially produced radioisotopes, readily avail-
able at Oak Ridge, to investigate element cycling.  120   In May of 1962, a team of ORNL 
ecologists tagged an entire forest with cesium-137, intending to measure cesium 

 Figure 2.9 
 Oak Ridge National Laboratory ecologists inoculating a tulip poplar with cesium-137. The man 

at right is pouring radiocesium solution into a previously prepared trough, from which the 

isotope moves into the trunk through slits chiseled into the bark. The man second from left is 

adding water to facilitate the transfer of the isotope from the trough. The man at far left, in the 

foreground, is monitoring and timing the operation. From Onsite Ecological Research of the 

Division of Biology and Medicine at the Oak Ridge National Laboratory, compiled and edited by 

Stanley I. Auerbach and Vincent Schultz (AEC report TID-16890). 
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transfer between the components of the ecosystem. As Auerbach and two co-authors 
noted, tracer experiments had not previously been attempted in the United States  “ on 
a relatively large scale in field experiments. ”   121   Radiocesium was applied directly to 
the trunk of each tree in the forest for a total distribution of 467 millicuries. The results 
showed that cesium cycled out of the trees into the litter on the forest floor, but didn ’ t 
rapidly re-enter the system through the roots.  122   

    Such studies with isotopic tracers put ecosystems ecology on a quantitative foot-
ing.  123   Ultimately, computers were used to provide mathematical simulations of eco-
systems, and the ORNL group led this effort. In particular, Jerry Olson, a research 
ecologist hired there in 1958, harnessed the computational resources available at a 
national laboratory to undertake mathematical modeling of nutrient cycling, focusing 
on the movement of radionuclides through ecosystems.  124   In fact, the 1962 radioce-
sium tagging of the Oak Ridge forest was done with the hope of inputting the data 
into Olson ’ s computer model for mineral cycling.  125   

 Eugene Odum carried out similar radiolabeling experiments on research tracts at 
the Savannah River nuclear site in Georgia. When the AEC decided to build a new 
plutonium-production plant on the Savannah River, the AEC ’ s newly established Divi-
sion of Biology and Medicine supported studying the plant ’ s impact on the environ-
ment. Odum obtained a grant for the University of Georgia to participate in this work, 
and increased funding from the AEC in the next several years enabled him to establish 
a permanent laboratory there (the Savannah River Ecology Laboratory).  126   Work at 
Savannah River included field experiments with radioactive tracers. Odum wasn ’ t 
constrained in the way that Auerbach was by the Oak Ridge focus on radioactive waste 
and the special concern with fission products such as cesium-137 and strontium-90.  127   
Instead he could select an isotope to best measure the movement of material and 
energy between the various organisms in a terrestrial ecosystem.  128   Phosphorus, an 
element that was necessary for growth in all organisms, was a more desirable tracer 
than strontium or cesium. 

 Odum and Edward Kuenzler devised a method of laying out  “ hot quadrats ”  in 
which all individuals of a kind of plant in the designated area were labeled with 
phosphorus-32.  129   They radiolabeled three quadrats, each of a different plant species 
(heterotheca, rumex, sorghum) in the spring of 1957. By following the movement of 
radiophosphorus into higher trophic levels (animals), the researchers could isolate the 
food chain: Any animal that became radioactive had to belong to the food chain 
originating with the tagged plant species. In addition to showing how rapidly phos-
phorus (and thus energy) was transferred from plants (the primary producers) to graz-
ing herbivores and ants (the primary consumers), and subsequently to small mammals 
such as mice, the experiment new shed light on the eating habits of snails, whose 
rapid acquisition of radioactivity indicated that grass was an important food source 
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for them.  130   The researchers ’  plots of radioactivity versus time in various species 
showed  “ the graphic separation of certain trophic and habitat groups. ”   131   

    Continued investigations by Odum ’ s group pointed to the promise of this 
radiolabeling method for determining  “ food web diversity for an entire commu-
nity. ”   132   Odum also taught his methods to other ecologists interested in using 
radioisotopes.  133   

 The effects of radiation and radioisotopes on ecology can be seen in the many 
symposia volumes published from the late 1950s through the early 1970s. The 1955 
and 1958 International Conferences on the Peaceful Uses of Atomic Energy featured 
many papers by ecologists, most of them oriented toward the problems presented 
by radioactive waste from civilian nuclear power development. Concern about the 
hazards of radioactive fallout from tests of atomic weapons reinforced environ-
mental investigation. A Symposium on Radioisotopes in the Biosphere held at the 
University of Minnesota on October 19 – 23, 1959 focused principally on the pathways 
of radioisotopes released into the atmosphere by atomic explosions. Similarly, the 

 Figure 2.10 
 Typical activity density curves at three trophic levels resulting from the labeling of a single species 

of herbaceous plant at time 0 with phosphorus-32. The movement of the phosphorus-32 label 

from plants to carnivores is clearly visible. All curves are corrected for radioactive decay. From 

Eugene P. Odum,  “ Feedback between Radiation Ecology and General Ecology, ”   Health Physics  11 

(1965): 1257 – 1262. 
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International Symposium on Radioecological Concentration Processes, held in Stock-
holm in 1966, focused principally on the distribution and movement of radioisotopes 
in fallout.  134   But the importance of radiation studies to general ecology is also evident. 
The AEC supported three large-scale symposia on radioecology, the first held in Fort 
Collins, Colorado, in 1961, the second in Ann Arbor, Michigan, in 1967, and the third 
at Oak Ridge, Tennessee, in 1971.  135   Dozens of papers that featured the use of radio-
isotopes as tracers through aquatic or terrestrial ecosystems were presented, many of 
which represented AEC-sponsored work. 

 One of the legacies of radioecology was the conceptual transfer of the invisible 
danger from radioisotopes to other environmental contaminants. Rachel Carson ’ s 
book  Silent Spring  posited a similarity between the hazards of radioactive fallout and 
the dangers of synthetic chemicals:  “ In this now universal contamination of the envi-
ronment, chemicals are the sinister and little-recognized partners of radiation in 
changing the very nature of the world — the very nature of life. ”   136   The analogy 
between radioactivity and synthetic chemicals also informed how scientists approached 
the problem of understanding how industrial contaminants moved through ecosys-
tems and entered food webs, both dispersing and concentrating in the environment. 
As it turned out, some insecticides were found to exhibit the same trait of bioconcen-
tration as the compound moved up the food chain.  137   DDT became the exemplar of 
this phenomenon. In fact, George Woodwell at Brookhaven National Laboratory, hav-
ing made his name studying how radiation affected forest ecosystems, subsequently 
demonstrated that DDT was concentrated up to 1.5 millionfold in an aquatic ecosys-
tem on Long Island.  138   As Woodwell noted, the attention to one part per billion in 
the environment  “ was itself a revolution, ”  and the realization that biotic studies 
required measurement in the  “ range of nanograms and picograms, nanocuries and 
picocuries ”  became a defining feature of the study of environmental contamination.  139   
As two textbook authors noted in 1982, when it came to studying ecological processes 
involved in the spread of  “ smog, pesticides, and other chemical substances that may 
threaten the environment, ”  radioisotopes served as a  “ model pollutant. ”   140   

 Conclusion: The Material Culture of Cold War Science 

 In assessing the Cold War ’ s significance for American biology, historians have focused 
particular attention on the influence, direct and indirect, of the military.  141   Susan 
Lindee has shown how the meaning of human mutation for the researchers on the 
Atomic Bomb Casualty Commission was shaped by the social realities of dealing with 
Hiroshima survivors.  142   Lily Kay has argued that the cracking of the genetic code in 
the 1960s bore signs of its casting a decade earlier as amenable to the techniques of 
code-breaking for military purposes.  143   Examples are far more numerous for physics 
and engineering — one thinks of Peter Galison ’ s analysis of Norbert Wiener ’ s 
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cybernetics, and Paul Edwards ’  argument for the centrality of military command and 
control to the development of postwar computing, among other examples.  144   How-
ever, attention to the supply and the widespread uses of radioisotopes attests to the 
pervasive consequences of the Cold War for the material culture and practices of civil-
ian biology and medicine. Both the symbolism and the outcomes of the AEC ’ s radio-
isotope distribution challenged the prevailing image of atomic energy as a technology 
of war. Radioisotopes represented the atom ’ s potential for humanitarianism and 
health, even in the midst of a nuclear arms race. At the same time, the public emphasis 
on medical benefits camouflaged the actual military utility of some radioisotope 
experiments, particularly studies of human exposure to plutonium, fission products, 
and radiation. 

 The tension between the benefits of radioisotopes for biological research and medi-
cal therapy and their possible military use dominated early debates about the export-
ing of radioisotopes, where the AEC ’ s proposed policy collided with the politics of 
national security. Immediately after the passage of the Atomic Energy Act, there was 
substantial debate over whether the new agency should allow foreigners to purchase 
its radioisotopes. Republican critics of the civilian control of atomic energy, such as 
Senator Bourke Hickenlooper, were insistent that radioactive materials should not be 
shipped abroad, lest they speed the development of atomic weaponry elsewhere. The 
Atomic Energy Act of 1946 prohibited the export of  “ fissionable ”  materials, and even 
though the radioisotopes most useful to biology were not fissionable, congressional 
debates stalled the initiation of an export program until the fall of 1947.  145   When 
exports of radioisotopes commenced, President Truman ’ s announcement justified 
them as enabling the  “ open, impartial, and truly international character of medical 
research [to] carry over into the realm of other problems of world concern. ”   146   Presi-
dent Eisenhower furthered the policy of using non-military nuclear resources in for-
eign diplomacy. This effort culminated in his Atoms for Peace initiative, which entailed 
bilateral agreements with developing nations to disseminate the other major dividend 
of atomic energy: nuclear power.  147   Eisenhower ’ s  “ Atoms for Peace ”  speech, given on 
December 8, 1953, highlighted the AEC ’ s foreign distribution of radioisotopes as a 
precedent.  148   

 It was not just government propaganda that drove the widespread use of radioiso-
topes, in the United States or elsewhere. Researchers already wanted them. Radioactive 
elements could be detected with unprecedented sensitivity, and the detection methods 
(mostly Geiger counters and autoradiography in the 1940s) were more readily available 
than the mass spectrometers required for using stable isotopes. As compared with 
relying on chemical extraction and purification, the measurement of radiolabeled 
compounds could often be performed on an intact system, whether that was a cell, 
plant, animal, or landscape. One of the other great virtues of the isotopic tracer 
method was that it could be used in conjunction with many other laboratory 
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techniques, including ultracentrifugation, electrophoresis, and chromatography. 
Radiolabeling allowed a researcher to pick out the molecule of interest — or its succes-
sive metabolic by-products — while using other instruments already at hand to separate 
biomolecules. 

 For these reasons, scientific interest in radioisotopic tracers both preceded and 
transcended the Manhattan Project. Yet the state ’ s monopoly on nuclear technology, 
and the political pressure on the MED ’ s successor, the AEC, to demonstrate the civilian 
benefits of the atom, meant that scientific research with radioisotopes developed 
much more rapidly than it would have otherwise, especially if the supply had con-
tinued to be tethered to cyclotrons. The US government also cultivated medical appli-
cations of radioisotopes, from installing cobalt-60 machines in hospitals to making 
radioelements used in cancer research, therapy, and diagnosis free from 1948 to 1952 
and subsidizing them heavily thereafter.  149   The effect of the government ’ s promotional 
efforts on research was rapid and dramatic. AEC-produced radioisotopes resulted in 
the publication of more than 10,000 papers during the first postwar decade, a majority 
of them on topics related to biomedical research.  150   In turn, the AEC touted the utility 
of radioisotopes as a demonstration of the peacetime benefits of atomic energy. 

 Other areas of research were directly created by the facilities that embodied the 
United States ’  commitment to atomic energy during the Manhattan Project and 
the Cold War. In the case of ecology, the landscapes around the AEC ’ s atomic weapons 
plants and national laboratories became experimental test beds for ecological radio-
tracers, and problems of radioactive waste there were, in turn, understood in terms of 
ecosystems. More broadly, ecological studies of radioactive waste as well as the growing 
understanding of the dangers of low-level radiation exposure disclosed the environ-
mental and occupational risks associated with using radioisotopes — information the 
AEC was initially reluctant to accept.  151   Radioactive tracers also made the problems of 
containing nuclear contamination newly visible; that, in turn, generated concerns 
about the disposal of radioactive waste from laboratories, clinics, and the government ’ s 
large-scale atomic-energy and weapons facilities.  152   

 Beginning in the 1950s, these ecological results and other developments compli-
cated the many significations of  “ the peaceful atom. ”  The debates about fallout 
changed the public perception of the relationship between atomic energy and cancer. 
Radioisotopes began to be understood as potential threats to health as well as medical 
bullets, as they had been viewed in 1947. Particular isotopes such as strontium-90, 
released through testing of atomic weapons and incorporated into the food chain 
through grazing livestock in the western United States, now symbolized the perils 
of atomic energy. Alongside the recognized utility of radioisotopes in biomedicine 
was an anxiety about radioactive contamination in the environment. The signing 
of the 1963 partial test ban treaty addressed the problem of radioactive fallout, even 
as the construction of nuclear power plants posed another source of environmental 
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radioactivity. By the late 1970s, the anti-nuclear movement had effectively stalled the 
expansion of the nuclear power industry.  153   

 During the same period, the building of civilian nuclear reactors, both in the United 
States and abroad, made the Oak Ridge reactor an increasingly obsolete machine for 
generating radioisotopes. Private and university reactors began producing radionu-
clides for the still-growing radiochemical and radiopharmaceutical market. In 1963, 
the AEC closed down the X-10 reactor at Oak Ridge National Laboratory, in acknowl-
edgment that the demand for radioisotopes could be largely met outside the govern-
ment infrastructure.  154   In 1974, the AEC was reorganized in order to segregate its 
promotional functions from its regulatory functions. The institutional and political 
vicissitudes besetting the AEC eclipsed the historic role of the US government in fos-
tering the market for radioisotopes, even as these material traces of the Cold War 
remained central to biology and medicine. 
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 3   Self-Reliant Science: The Impact of the Cold War on Science in 

Socialist China 

 At first blush, Chinese science during the Cold War appears to reflect the same move 
toward  “ gadgeteering ”  that Paul Forman has documented in US physics.  1   After the 
communist revolution of 1949, many Chinese scientists who had previously pursued 
research in basic science began working instead on topics with immediate and 
direct potential applications. Entomologists shifted their focus from insect classifica-
tion to insect control.  2   Physicists turned from research on theoretical questions to 
focus on developing China ’ s weapons program.  3   When the political winds blew just 
right, influential scientists did manage to secure for basic science some level of 
state support, without which such research would have been impossible not only 
financially but also politically.  4   And some research areas had little hope for applica-
tion but for ideological reasons nonetheless retained political favor even during the 
most anti-intellectual periods.  5   Overall, however, the move toward applied science 
in post-1949 China appears to be beyond dispute. Can we then say that the Cold 
War transformed science in China by causing a shift from basic to applied science? 
Only provisionally. More even than is generally the case in historical studies, the shift 
to applied science in China was profoundly overdetermined. Furthermore,  “ basic ”  
and  “ applied ”  have a history that belies their deployment as naturalized categories. 
We know something of this history for the United States  6  ; here I will discuss how it 
unfolded in socialist-era China, where what counted as  “ science ”  was even more 
subject to reinterpretation. 

 The relationship between basic and applied science emerged as an important con-
cern in the revolutionary era as communist forces in the rural base areas struggled to 
develop necessary industrial and agricultural resources for use in the anti-Japanese and 
civil wars.  7   However, discourse on this relationship cannot be disentangled from 
myriad other concerns of the day. The decision to emphasize applied science was 
thoroughly intertwined with other, mutually reinforcing priorities, including the cel-
ebration of native techniques, mobilization of the masses, loyalty of scientists to the 
party-state, and achievement of self-reliance. By October 1, 1949, when Mao declared 
victory in Beijing, applied science carried the cachet of eschewing the ivory tower and 
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securing China ’ s liberation from foreign domination and feudal tradition by harness-
ing the knowledge of China ’ s peasant masses. To capture this cluster of concerns, I 
would like to shift our focus away from the basic/applied dichotomy that informs our 
understanding of Cold War US science and instead employ  “ self-reliant science ”  as 
the overarching category most relevant to the case of China during the Cold War.  8   

 The definition of science found in the materials explored here may not fit Western 
scholars ’  assumptions about distinctions between science and technology. Indeed, 
science vs. technology was not nearly as important a contradiction in Mao-era dis-
course as were the contradictions between foreign and native, theory and practice, 
and, by the late 1950s, expert and red. I use the word  ‘ science ’  as an actors ’  category —
 that is, as it appears in the Chinese sources under investigation. As we will see,  “ sci-
ence ”  in Mao-era China came to include activities far removed from understandings 
of the word dominant in capitalist countries. Even the collection and application of 
manure could count as  “ scientific farming, ”  and horse breeding gained the noble 
appellation  “ scientific experiment. ”  At the same time, we should not assume that the 
celebration of such practical activities as  “ science ”  arose from a purely utilitarian ideol-
ogy. Rather, self-reliant science encompassed both an emphasis on practices of direct 
benefit to production and a decidedly non-utilitarian embrace of science as an agent 
of cultural revolution, i.e., a force capable of liberating society from oppressive old 
ways of thinking. 

 Returning to the problem of overdetermination, the dominance of  “ self-reliant sci-
ence ”  and its component parts cannot be explained solely through reference to geo-
political patterns: a quick series of counterfactual tests clearly demonstrates the limits 
of a Cold War explanation. Even in the absence of conflict between the United States 
and the Soviet Union, a focus on application would have been of obvious practical 
importance for China as an impoverished  “ developing ”  country. Here China could 
readily be compared to any other country that faced immediate economic needs and 
had embraced a development ideology, whether socialist or capitalist.  9   Moreover, 
ideology — significant everywhere — played a far more explicit role in shaping science 
policy in socialist-era China than in the United States or even the Soviet Union, which 
was by the 1950s more technocratic than revolutionary.  10   Applied science, mass mobi-
lization, and related priorities would — Cold War or no Cold War — have carried ideo-
logical significance in China. Mao ’ s influential essay  “ On Practice ”  would still have 
provided the needed inspiration (and intimidation) for scientists to frame their scien-
tific work in practical terms.  11   At the same time, and perhaps even in the absence of 
Maoist ideology, China ’ s experience suffering more than 100 years of imperialist 
aggression — from the first Opium War through the War to Resist America and Aid 
Korea — would still have offered more than sufficient nationalist ideological incentive 
to celebrate the virtues of self-reliance through the development of native technical 
resources. 
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 All these qualifications aside, Cold War geopolitics undoubtedly intensified such 
emphases. This chapter will thus examine the Cold War ’ s effects on Chinese science 
within a web of related historical themes stretching back before the 1949 revolution 
and with attention to China ’ s peculiar position during the Cold War.  12   Specifically, 
it will show that China ’ s relative isolation during certain periods of the Cold War 
intensified the emphasis on self-reliance in science. Moreover, and despite the actual 
importance of transnational influences (as aptly recounted in Zuoyue Wang ’ s contribu-
tion to the volume), the power of this representation fostered a belief in a uniquely 
socialist-Chinese approach to science.  13   With roots in the pre-1949 revolutionary 
period, this idea crystallized in 1958 and became even more sharply articulated 
through the international exchanges of the 1970s as foreign scientists eager to bring 
home exotic epistemologies participated in the promotion of Chinese uniqueness. In 
at least a few cases, such claims to uniqueness went beyond shaping the way people 
talked about science to change the actual character of scientific knowledge produced 
in Cold War China. Because the emphasis on self-reliance arose from directives of the 
Party Center, we find references sprinkled regularly through the discourses of all sci-
entific fields. For this reason, I will offer examples from a number of areas explored 
in the secondary literature (including medicine, nuclear science, and bio-chemistry) 
in addition to a more thorough exploration of one area (agricultural science) that 
relates to my own current research. 

 Alternative Time Lines 

 The Cold War in China did not follow the pattern suggested by the  “ Cold War I and 
Cold War II ”  scheme advanced by Fred Halliday and embraced by historians of science 
such as Paul Edwards and Peter Westwick.  14   To make sense of China ’ s experience, it is 
necessary to take at least two other time lines into account. The first follows China ’ s 
changing position relative to the major Cold War powers: In the 1940s, the Chinese 
communists had uneasy relationships with both the United States and the Soviet 
Union; the 1949 revolution ushered in a period of  “ Soviet learning ”  that began falling 
apart in the late 1950s; after the Sino-Soviet split (c. 1960), and escalating with the 
Vietnam War, China maintained hostile relations with both major powers; beginning 
in 1971, China and the United States began cultivating a  “ friendship, ”  culminating 
in normalization of relations in 1979; and in 1989, the first visit to Beijing by a Soviet 
head of state in thirty years was disrupted by the Tiananmen Square protests. The 
second time line tracks China ’ s internal political changes — especially the Great Leap 
Forward (1958 – 1960), the post-Leap retreat of Mao and other radicals, the Cultural 
Revolution (1966 – 1976), and the 1978 rise of Deng Xiaoping, who developed a pro-
gram of  “ modernization ”  (which had long been sought by other moderates) along 
with the new proposition of  “ market socialism, ”  and whose 1989 crackdown on 
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democratic protest signaled that Communist Party control in China would far outlast 
the celebrated  “ end ”  of the Cold War. 

 However, placing China in the greater international context of a Cold War chronol-
ogy does present an important opportunity: it may help to break China scholars of 
the habit of seeing everything through an internal Chinese political framework. Most 
critically for our purposes here, China scholars are not accustomed to thinking about 
science as a part of the radical politics of Mao-era China. Rather, the standard histori-
cal narrative follows a pendulum-like alternation between  “ radical ”  periods (the Great 
Leap and most of the Cultural Revolution) during which political struggle stifled intel-
lectual pursuits and economic development, making science virtually impossible, and 
 “ moderate ”  (or technocratic) periods during which steadier minds (especially those of 
Zhou Enlai, Liu Shaoqi, and Deng Xiaoping) prevailed and more liberal policies 
rekindled the hopes of beleaguered scientists.  15   

 David Zweig, for example, depicts Maoist  “ radical policies ”  on agriculture to have 
been  “ fueled by an anti-modernization mentality that saw economic development as 
the antithesis of revolution. ”   16   Formerly sympathetic to Maoism, Zweig became disil-
lusioned after the death of Mao and the fall of the  “ Gang of Four, ”  and turned to mod-
ernization and rational choice theories to explain what went wrong.  17   Earlier analyses 
of Mao-era agricultural policy framed the history differently, and so found a great deal 
of continuity across radical and moderate periods. Writing in 1973, Benedict Stavis 
marked 1960 – 1962 as the watershed moment when China embarked on a  “ technologi-
cal transformation of agriculture ”  that he found to be still going strong when he vis-
ited China in the early 1970s.  18   We now know much more about 1960s and 1970s 
China than Stavis was able to see; nonetheless, his conceptual frame helps to make 
sense of the history of agricultural science in socialist China. Indeed, the move to 
develop  “ scientific farming ”  ( kexue zhongtian ) began around 1961, during the heyday 
of the  “ moderate ”  technocrats, came into its own amid the intensifying radical politics 
of 1965, flourished throughout the Cultural Revolution, and remains relevant even 
today.  19   The  “ green revolution ”  — so much a part of the United States ’  engagement in 
the Cold War — thus progressed along much the same time line in China as elsewhere, 
and it did so in the very middle of China ’ s continually unfolding  “ red revolution. ”  

 In fact, Maoist radicals were deeply committed to modernization and science; they 
just defined these goals differently. The Cold War thus presented at least three compet-
ing development paradigms, constructed in conscious comparison and contrast with 
one another. The first was the Leninist model of state-led economic development, 
based on a specific reading of Marxist philosophy of history and social development. 
The attractiveness of this model among Third World nations alarmed many academic 
and political leaders in the United States, inspiring Walt Rostow ’ s tremendously influ-
ential  “ non-communist manifesto ”   The Stages of Economic Growth  (1959). The parallels 
between Leninism and US modernization theory are clear.  20   Both were committed to 
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modernization through technological development, and both depended on determin-
istic expectations that development would proceed through specific  “ stages. ”  Though 
Mao considered himself a Leninist, his economic and political program — and the self-
reliant  “ mass science ”  that went with it — departed in dramatic ways from moderniza-
tion as pursued in the Soviet Union. Frustrated with the bureaucratic and technocratic 
structures of authority that formed in China during the period of Soviet learning, and 
with the rigid expectations of  “ stages ”  that slowed China ’ s progress toward commu-
nism, Mao sought in the Great Leap Forward to abandon the determinism of staged 
growth and instead embrace a voluntarist faith in the power of the masses to channel 
their collective revolutionary will into rapid achievement of a truly communist 
economy. 

 My argument here is that acts of comparison and contrast similarly served as causal 
forces in transforming scientific practice. The Cold War created an expectation of 
ideological difference that was supposed to permeate even science. We see this clearly 
in several of the other contributions to this volume — for example, in Elena Aronova ’ s 
treatment of Soviet philosophy of science and George Reisch ’ s analysis of McCarthy-
ism and the Intelligent Design movement in the United States. In China, a specific 
approach to science based on a cluster of related values — self-reliance, application, 
mass mobilization, nativism — emerged in a context of perceived isolation from the 
superpowers and then gained strength through repeated acts of contrast with Ameri-
can and Soviet examples. In the context of the Cold War, Maoist  “ self-reliant science ”  
was meant to bolster domestic confidence in Chinese socialist science and also to offer 
an alternative model for Third World countries. 

 Revolutionary Roots 

 China ’ s approach to science during the Cold War owed much to the experiences of 
the Chinese Communist Party during the 1940s as it struggled to mobilize people in 
the revolutionary base areas to fight two wars: the War of Resistance against Japan 
and the Civil War against Chiang Kai-shek ’ s Nationalist Party.  21   With the emerging 
leaders of the Cold War either outright supporting Chiang Kai-shek (in the case of the 
United States) or at least committed to a policy of non-aggression with him (in the 
case of the Soviet Union), Chinese communists determined that the only sure course 
lay in the development of indigenous resources — material, methodological, and 
human — to meet pressing economic and military needs. In the revolutionary  “ cradle ”  
of Yan ’ an, the commitment to self-reliance, applied science, native methods, and mass 
mobilization became intertwined in ways that were to last throughout the Mao era 
(1949 – 1976).  22   

 In 1939, Chinese communists responded to an economic blockade by launching a 
movement for self-reliance in industry and defense.  23   Scientific knowledge had an 
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obvious and important role to play in developing the means to produce such material 
necessities as matches, soap, candles, and explosives. Despite the inevitable orienta-
tion toward practical applications that this situation implied, for several years the 
Party maintained a commitment to basic scientific knowledge. This changed in mid 
1942 with the major political upheaval of the Party Rectification Movement. As Mao 
was consolidating his power through criticism of  “ bourgeois ”  intellectuals and Party 
officials associated with the Soviet Union, the scientific leadership also underwent a 
profound shift. 

 Xu Teli was the head of the Natural Science Institute in Yan ’ an. His approach was 
rooted in a belief that teaching and research in basic science formed a necessary foun-
dation for the development of revolutionary China ’ s science and economy. The com-
mitment to following the masses and learning from practical experience that came 
with Rectification doomed Xu ’ s program. The chairman of the biology department at 
the Natural Science Institute, Le Tianyu, had embraced an approach far more consis-
tent with what was newly in vogue. His success in establishing a factory for producing 
beet sugar entirely with local beets and handmade equipment had already made him 
something of a  “ local hero. ”   24   During the Rectification Campaign, Le took advantage 
of the political wind to argue for his own work as the model that the entire Natural 
Science Institute should follow. Le ’ s criticisms focused on the institute ’ s use of foreign 
textbooks, which was at odds with Mao ’ s emphasis on self-reliance and learning 
through practice. In contrast, under Le ’ s direction, the biology department required 
students to go among the peasants, learning from them how to manufacture dyes and 
medicines from local plants. This was applied science that mobilized the masses and 
made full use of local resources. Many faculty members and students rallied to defend 
Xu and basic science, but by early 1943 Le ’ s approach to science had won the day, 
and the Natural Science Institute became a part of Yan ’ an University, which was fully 
controlled by the Party.  25   

 Beyond agriculture and industry, the intertwined themes of self-reliance and nativ-
ism also profoundly influenced the field of medicine in the revolutionary base areas. 
Acupuncture in particular emerged as an indigenous practice that served the need for 
a self-sufficient medical system: requiring only needles and knowledge, acupuncture 
helped reduce reliance on medicines made scarce by the blockades. Developing Chi-
na ’ s native medical practices was not a rejection of  “ Western science ” ; in fact, Mao 
and others remained deeply committed to weeding out superstition, and in this sense 
the encouragement of native doctors — including so-called witch doctors — posed a 
potential problem. Thus, the approach established in this early period, which remained 
vitally important in later decades, centered on mobilizing local resources and adapting 
characteristically Chinese methods to achieve goals — modern science, public health, 
economic development — that were understood to be universal.  26   
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 The Sino-Soviet Split and the Second Wave of Self-Reliant Science 

 In 1949, the victory of the Chinese Communist Party in the Civil War appeared to 
change everything. Gone were the blockades that cut the communists off from major 
industrial centers. Communist schools joined a substantial existing educational net-
work, including Qinghua University and Peking Union Medical College, whose deep 
connections to the United States were now officially severed.  27   Perhaps most impor-
tantly, the Soviet Union moved from being a reluctant sponsor to an  “ elder brother, ”  
and China ’ s foreign policy moved in response from  “ emphasizing self-reliance ”  and 
 “ depending on our own organizational power ”  (as Mao famously said in 1945) to 
 “ leaning to one side ”  (i.e., toward the Soviet Union).  28   

 During the period of Soviet learning (1949 – 1960), China received guidance from 
resident Soviet technical advisors in almost every field of the natural and social sci-
ences. In biology, the Soviet Union immediately and insistently promoted Lysenkoism, 
which in China was called  “ Michurinism ”  after the man whose experiments had 
inspired Trofim Denisovich Lysenko.  29   This wasn ’ t surprising: Lysenko had won his 
greatest battle in 1948, and in 1949 he was riding high on Stalin ’ s support. Lysenko ’ s 
chief Chinese proponent after the revolution was none other than Le Tianyu. Le ’ s 
Yan ’ an-era ideas about science bore striking similarity to some of the more radical, 
peasant-based programs underway in the Soviet Union since the 1920s — the very 
approaches that had given Lysenko his start.  30   To what extent these precedents had 
influenced Le isn ’ t clear, but in the early 1940s Le articulated his own peasant-based 
approach to science without highlighting Soviet examples. This is our third non-
surprise: the Rectification Campaign was an important episode in Mao ’ s struggle to 
chart a path away from Soviet leadership; reference to Soviet examples would hardly 
have served Le ’ s purpose at that time. And, as we will see, the other two high points 
for Maoist  “ mass science, ”  the Great Leap Forward and the Cultural Revolution, also 
were periods of rupture between Mao and the Soviet Union. Noticing this pattern, 
Laurence Schneider has concluded that  “ if Soviet Lysenkoism had not existed, the 
CCP would have invented something like it on its own. ”   31   I would add that it was 
important for Chinese radicals, no matter what the  actual  influence of foreign scien-
tific models, to project an explicitly native, self-reliant form of mass science. (Here we 
see again the phenomenon of overdetermination.) 

 Despite the extraordinary level of Soviet assistance and the pervasive rhetoric about 
treating the Soviet Union as an  “ elder brother, ”  Mao appears never to have fully lost 
his sense that ultimately China could rely on nobody but the Chinese people them-
selves. In 1955, bristling at the Soviet Union ’ s unwillingness to share nuclear technol-
ogy, Mao spoke of his commitment to developing nuclear energy  “ even if we have to 
do it on our own. ”   32   Sino-Soviet scientific collaboration continued until the final 
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departure of the technical advisors in 1960, and the existence of 120 cooperative 
scientific agreements signed in 1957 and 1958 indicates that some people at least 
continued to see a future in the alliance.  33   But by 1958 Mao clearly had already 
launched China on a different path. 

 The Great Leap Forward (1958 – 1960) represented a bold departure from Soviet 
guidance. The rhetoric of self-reliance, application, nativism, and mass mobilization 
defined Mao ’ s alternative vision. Although political agendas shifted substantially on 
several occasions,  34   this  “ Maoist ”  approach to science exerted enormous influence 
from the Great Leap Forward through the Cultural Revolution. And, importantly for 
our purposes here, after the Sino-Soviet split state policy and propaganda materials 
consistently identified this approach to science as evidence of China ’ s commitment 
to upholding true revolutionary values, specifically in contrast not only with the 
 “ imperialist ”  United States but also with the  “ revisionist ”  Soviet Union. (On what Mao 
saw as  “ Soviet revisionism, ”  see the chapters by Aronova, Schmidt, and Siddiqi.)   Fig-
ures 3.1  and   3.2  chart the occurrence of relevant terms in  People ’ s Daily . As the major 
popular organ of the Chinese Communist Party,  People ’ s Daily  offers a helpful indicator 
of the state ’ s priorities — more specifically, what the state wanted the people as a whole 
to view as priorities.  35   This admittedly crude methodology nonetheless offers an indi-
cation of the relationship between self-reliance and the Cold War time line that would 
otherwise be difficult to capture. References to  “ self-reliance ”  ( zili gengsheng ) and 
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 Incidence of Chinese terms for  “ self-reliance ”  and  “ self-reliance ”  +  “ science ”  in  People ’ s Daily . 
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 “ native methods ”  ( tubanfa ) both skyrocketed from 1958 to 1960 with the Great Leap 
Forward and Sino-Soviet split, peaked again with the mid 1960s escalation toward the 
Cultural Revolution, and peaked yet again beginning in 1969 when Sino-Soviet rela-
tions took another turn for the worse.       

 I am not arguing that Mao-era scientific research was in fact utterly self-reliant. In 
view of China ’ s extensive connections to transnational science (again, see Zuoyue 
Wang ’ s chapter), it would be hard to claim that any area of Mao-era scientific research 
arose independently. Even acupuncture moved in new directions because of foreign 
influence.  36   Claims to  “ self-reliance ”  thus must be read critically. Even recent works 
by Chinese historians of science continue to display very clearly the nationalist stakes 
involved in debating the relative roles of foreign and Chinese in scientific achieve-
ments. Liu Jifeng, Liu Yanqiong, and Xie Haiyan, for example, devote an entire appen-
dix in their book on Chinese nuclear science to the question of Soviet assistance. 
After outlining precisely what types of personnel, training, and material support the 
Soviet Union provided, they conclude that the Soviet Union acted as a kind of guide, 

0 

50 

100 

150 

200 

250 

300 

1947 1955 1959 1951 1963 1967 1971 1979 1975 1987 1983 1991 
1949 1957 1961 1953 1965 1967 1973 1981 1977 1989 1985 1993 

 Figure 3.2 
 Incidence of Chinese terms for   “ native methods ”  and  “ native methods ”  +  “ science ”  in  People ’ s 

Daily . Lighter curve represents  tubanfa  ( “ native methods ” ); darker curve represents  tubanfa  +  kexue  

( “ native methods ”  +  “ science ” ). 



84 Schmalzer

pointing out the right direction, and so prevented the Chinese from wasting too much 
time on detours, but that it was the Chinese, through their own  “ gropings, ”  who 
managed to resolve the crucial problems.  37   Yet self-reliance was not merely a rhetorical 
curtain obscuring dependency; the Chinese state really did face greater obstacles in 
pursuing scientific research because of its relatively isolated position during the Cold 
War. And the rhetoric that was crafted to turn that harsh reality into something osten-
sibly positive had tangible consequences for the approaches to science that the state 
supported. 

 The shift back to emphasizing self-reliance in science that occurred in the late 1950s 
took two somewhat different forms, one of which may be characterized as high-
technology  “ big science ”  and one as low-technology  “ mass science. ”  On one hand, 
the fetishizing of  “ bigness ”  that occurred during Great Leap era undergirded massive 
investment of resources into select projects, including the manufacturing of synthetic 
insulin and the development of nuclear weapons. In medicine and agriculture, on the 
other hand, the emphasis was on large-scale mobilization of  “ the masses ”  (and espe-
cially the peasant masses), employing  “ local ”  ( tu ) methods to surpass the achievements 
of the world leaders in both capitalist and communist spheres. The term  tu  referred 
potently to self-reliance on several levels: it connoted not only the immediate vicinity, 
but also  “ native ”  (as opposed to  yang , which meant  “ foreign ” ) and also  “ earthy ”  or 
 “ crude ”  (thus associated with peasants in contrast with elite intellectuals). 

 The decision to make the synthesis of insulin a priority came in 1958, and victory 
was pronounced in 1965. As described by Xiong and Wang, the project exemplified a 
specific Mao-era style of scientific research, which included a  “ military flavor, ”  massive 
mobilization of human resources, influence of ideology, and heavy emphasis on plan-
ning and secrecy  38   — a kind of Cold War science with Chinese characteristics. Early in 
the project, the theme of self-reliance became prominent. Following the Party ’ s lead, 
students in Beijing University ’ s chemistry department criticized their professors ’  
 “ Western slave mentality ”  and other faults.  39   When a team at Fudan University 
appeared to be on the verge of achieving synthesis of insulin ’ s A and B amino acid 
chains, a high political official declared:  “ Some people say that what foreigners can ’ t 
accomplish, Chinese people can never accomplish. Today we can say that Chinese 
people alone have accomplished something that foreigners have failed to do. ”   40   

 In later years, China ’ s success in manufacturing the world ’ s first synthetic insulin 
became a shining example of self-reliance. A 1968 article in the  People ’ s Daily  was titled 
 “ Self-reliance, Overtaking Advanced World Levels: Ousting the Chinese Khrushchev ’ s 
 ‘ Western Slave Philosophy. ’  ”   41   (The  “ Chinese Khrushchev ”  was Liu Shaoqi, a former 
president and the most important early casualty of the Cultural Revolution, who had 
been targeted for his technocratic and internationalist political approach.) Another 
article, published in 1974, recounted the triumph of synthetic insulin even in the 
absence of the necessary raw materials of amino acids:  “ Researchers self-reliantly 

www.ebook3000.com

http://www.ebook3000.org


Self-Reliant Science 85

organized their own factory. With no foreign equipment available, they adopted native 
[ tu ] methods, and fighting bravely for several months were able to produce in the 
laboratory more than ten kinds of amino acids. With self-reliance and patriotic fervor, 
they ended in synthesizing the world ’ s first entirely biologically active protein, crystal-
line bovine insulin. ”   42   Not emphasized in such articles was the continued significance 
of transnational connections. As Wang discusses in his chapter, many of the scientists 
involved had returned to China after receiving their degrees in the West.  43   

 The year 1958 also brought a profound shift in nuclear science. Already prepared 
to  “ do it on our own, ”  Mao began talking more directly about developing a uniquely 
Chinese approach to the problem. In mid 1958, Mao approved eight guidelines for 
developing nuclear weapons; the fourth guideline specifically warned against  “ imitat-
ing other countries ”  in the effort to  “ catch up to world levels. ”  The central concept, 
in a nutshell, was that the goal was assumed to be universal, but the methods used 
to get there would be Chinese. In a speech to military officials, Mao criticized the 
Soviet approach:  “ At present, the things worked out by the Soviet military advisers 
(such as operational plans and thinking) are all of an offensive nature, based on vic-
tory; no provision is made for the defensive and for defeat. ”  Pointing to the strength 
of China ’ s indigenous military strategies, Mao argued that  “ we don ’ t have to learn 
from the Soviet Union. ”   44   The link between self-reliance and applied science was as 
tight then as it had been in 1942. In 1960 Chinese physicists working in the Soviet 
Union met to discuss Mao ’ s call to embrace self-reliance. They wrote a joint letter to 
the State Council approving of the plan and pledging to  “ change their professions to 
meet China ’ s need even at the cost of giving up research on basic theory in which 
they had been engaged. ”   45   

 Like the synthesis of insulin, the development of nuclear weapons involved massive 
deployment of technical and human resources. Moreover, nuclear physics was also 
relatively insulated from political upheaval. The natural sciences in general suffered 
less than the humanities and social sciences, but nuclear physics — along with weapons 
research more generally — was especially privileged in this way. The combination of 
great state investment and shielding from political campaigns resulted in China ’ s own 
version of  “ big science, ”  which produced the  “ two bombs, one satellite ”  program, 
including Qian Xuesen ’ s famous  “ Silkworm ”  missile.  46   

 Even in this biggest of big sciences, the local, the crude, and the masses played 
important roles. One big hurdle that Chinese nuclear science had to overcome was a 
lack of uranium. Just as the state organized peasants in the Great Leap to create  “ back-
yard furnaces ”  in an attempt to surpass the British in steel production, it also asked 
them to collect and prepare uranium. A  People ’ s Daily  article provides insight into 
what uranium mining probably looked like. In developing smelting facilities, Sichuan 
Province  “ sought out local methods [ tubanfa ] that fully relied on local folk technologi-
cal power and were crude and simple, and so economically organized production. ”  
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Local mudstone was used to make the furnaces, and the technicians were all local 
people.  47   Despite considerable waste of resources and pollution of local environments, 
scientific personnel remember the significant contribution such activities made in 
providing the nuclear program with uranium.  48   The spirit of self-reliance reportedly 
inspired technicians at the nuclear testing site, too — they sought to make the base 
self-sufficient by manufacturing monitoring instruments on site with available 
materials.  49   

 In other branches of physical sciences too, native and crude methods gained 
ground. An article published in the  People ’ s Daily  in October of 1958 began with the 
common Great Leap expression  “ uniting native and foreign ”  ( tu yang jiehe ), then 
argued that the  “ native ”  could replace and even create the  “ foreign, ”  as was the case 
in Beijing University ’ s physics department, where young professors and students used 
native smelting methods and native materials to manufacture an electrostatic particle 
accelerator.  “ If foreign experts [ yang zhuanjia , meaning experts in  ‘ foreign ’  types of 
knowledge] take frequent breaths of  ‘ native ’  [ tu ] air, this will help break the fetters of 
dogmatism and prevent the ossification of thought. ”   50   

 The local and crude side of self-reliance found far greater expression in other fields. 
During the Great Leap Forward, the renewed emphasis on self-reliance created unprec-
edented interest in Chinese herbal medicine and acupuncture, and even in the kind 
of  “ home-grown remedies ”  that Mao had once associated with  “ witch doctors ”  and 
superstition. This was also the period when local people trained in primary care —
 known in the Cultural Revolution as  “ barefoot doctors ”  — became an important com-
ponent of the health-care system.  51   Here again we find the tight interweaving of 
self-reliance, indigenous knowledge,  “ crude ”  ( tu ) methods, and mobilization of local 
peasants that emerged from the revolutionary experience and became the hallmark 
of  “ mass science ”  during the Cold War. 

 Just as the term  tu  acted multivalently to forge conceptual links among native, 
local, and crude, the nationalist rhetorical power of  “ self-reliance ”  simultaneously 
worked to encourage local economic independence. That is, the state used the slogan 
 “ self-reliance ”  to urge not just making it without foreign help, but also making it 
without assistance from the central state or other regions. In 1970, when the Red Flag 
Canal required maintenance,  People ’ s Daily  reported that local revolutionary cadres 
struggled with representatives of the  “ traitor ”  Liu Shaoqi and class enemies, saying: 
 “ Are we moving forward or abandoning it? Are we self-reliant or depending on the 
nation-state? Are we using  ‘ native ’  [ ‘  tu  ’ ] construction methods by making do with 
local materials, or are we using  ‘ foreign ’  [ ‘  yang  ’ ] methods of reinforced concrete? Are 
we mobilizing the masses, or blindly believing in a few  ‘ experts ’ ? ”   52   Thus the isolating 
context of the Cold War lent a patriotic energy to the notion of self-reliance, which 
in turn served the Chinese state ’ s domestic needs, both by spurring scientific innova-
tion and production and by dissuading people from expecting too much from the 
central government. 
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  “ Self-Reliance and Arduous Struggle ” :  “ In Agriculture, Learn from Dazhai ”  

 Agriculture offered perhaps the richest field for the growth of self-reliant mass science. 
Increasing dependence on agro-chemicals ( nongyao ) had caused demand to outstrip 
supply. A number of different approaches, involving not only scientists in research 
institutes but also rural political leaders and grassroots experiment teams, addressed 
this mounting problem. Scientists at universities and institutes developed biological 
control regimens to reduce the need for chemical insecticides.  53   Experiments replacing 
 “ foreign chemicals ”  with  “ native chemicals ”  further uncovered a wide assortment of 
locally available materials useful in combating insect pests.  54   At agricultural confer-
ences, local leaders trumpeted the success of  “ poor and lower-middle peasants ”  in 
demonstrating through scientific experiment the effectiveness of green-fertilizing 
crops such as Chinese milk vetch ( ziyunying ) in resolving fertilizer problems and 
achieving self-reliance.  55   Labor-intensive observation of insect activity, often known 
as  “ insect pest forecasting, ”  helped peasants time the application of chemicals for 
optimal efficiency and thus husbanding of this precious resource. Here the knowledge 
of  “ old peasants ”  sometimes proved invaluable (and was almost always said to be 
invaluable, whatever its actual worth).  56   The manual elimination of insect pests and 
their eggs was another technique consistent with a program of mass mobilization and 
self-reliance, as was the establishment of  “ local-method ”  ( tufa —  and here the meaning 
of  “ crude ”  is clearly indicated) factories for producing microbial agents to combat 
insect pests.  57   And throughout the 1960s and the 1970s, rural experiment teams used 
simple, locally available resources to produce certain agro-chemicals, the most com-
mon being the plant hormone gibberellin (called 920 in Chinese) and a microbial 
fertilizer known as 5406.  58   

 But in agriculture, perhaps more clearly than in any other field, the call to be self-
reliant meant not just socialist Chinese independence from untrustworthy world 
leaders, but still more the need for locales to make do without assistance from the 
central state. And so requests for funding the  “ mass movement for scientific experi-
ment ”  highlighted plans to  “ organize the development and production of simple local 
[ tujian ] instruments ”  such as light-traps for monitoring insects and soil analysis instru-
ments.  59   In the other direction, memos announcing the distribution of funds for 
scientific experiment often included encouragements to realize the slogans of  “ self 
reliance, arduous struggle ”  and  “ practice thrift, using less to do more, ”  or exhortations 
to be  “ self reliant, with the spirit of diligence and thrift, practicing meticulous plan-
ning and careful accounting, and being conscientious in management and use [of 
funds]. ”   60   

 The slogan  “ self-reliance, arduous struggle, ”  often associated with the  “ Yan ’ an 
spirit ”  and immortalized as a chapter title in the  “ little red book ”  of Mao quotations, 
gained its greatest currency with the policy  “ In agriculture, learn from Dazhai ”  ( nongye 
xue Dazhai ). Dazhai was a production brigade in the northern province of Shanxi 
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celebrated for its success in building terraces to reclaim mountainous land for agricul-
ture. After 1967, Dazhai was the most important agricultural model in China until its 
leftist foundations were repudiated early in the Deng era. Countless local political and 
scientific leaders visited Dazhai to learn about mobilizing the masses and organizing 
agricultural production. Often they returned to their locales to impose Dazhai-like 
terracing programs or to institute the policy of  “ taking grain as the key link ”  — the 
growing of grain instead of other crops so as to achieve local self-sufficiency. And often 
these projects, poorly suited to local conditions, wreaked havoc on local environments 
and economies.  61   The bitter irony of this case was that Dazhai ’ s remarkable success 
owed not just to local ingenuity and hard work, but also to generous state subsidies 
designed to create a glowing example for the rest of China and the world. However, 
it would be a mistake to emphasize the disastrous effects of the  “ Learn from Dazhai ”  
movement without also noting the ways in which calls for self-reliance often helped 
in  resisting  inappropriate imposition of external models. Propaganda materials fre-
quently highlighted the need for attention to the environmental conditions of specific 
places. Experiment teams at the village level were often called upon to test seeds from 
other places for local suitability or even to produce new hybrid strains tailored to local 
conditions. Here was the epitome of self-reliance: local people breeding local plants 
using locally available resources.  62   

 Creative use of limited resources was a repeated theme in propaganda designed to 
inspire the development of  “ scientific farming. ”  Scientists, young peasants, and urban 
youth  “ sent down ”  to the countryside had to make do under crude working condi-
tions. In a story published in 1966, a  “ sent-down ”  youth hybridized two existing 
strains of rice,  “ Nation ’ s Wealth ”  and  “ Atomic #2 ”  (note the nuclear connection) in 
1958. He followed directions found in an agricultural textbook, but because he did 
not have access to a thermometer or a watch he used his fingers to test the temperature 
and the school bell to measure the time.  63   A report delivered at a 1965 Beijing-area 
conference on rural scientific experiment groups named  “ self-reliance and arduous 
struggle ”  a  “ fundamental policy ”  in  “ mass scientific experiment activities ”  and called 
upon all participants to  “ conscientiously implement this policy and study and develop 
the spirit of Dazhai. ”  Leaders should provide some necessary support, but otherwise 
they should  “ encourage group members to take initiative ”  in devising ways of produc-
ing  “ crude and simple ”  ( yinlou jiujian ) equipment and  “ replacing the foreign with the 
local ”  ( yi tu dai yang ). In some places, the scientific experiment groups were using test 
tubes as levels, cooking pots as kilns, and ceramic plates as Petri dishes.  64   

 The specific terminology used to discuss agricultural science was indicative of the 
revolutionary refiguring of scientific practice in Cold War China. According to Mao 
in 1963,  “ scientific experiment ”  was one of the  “ three great revolutionary move-
ments ”  that would protect Chinese socialism from bureaucracy, revisionism, and 
dogmatism — a clear reference to China ’ s split from the Soviet Union.  65   But  “ scientific 
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experiment ”  did not necessarily mean scientists in ivory towers with lab coats, or even 
research in the pursuit of new generalizable knowledge. Despite significant interrup-
tions from political campaigns, the kind of professional research international scien-
tific communities would recognize continued in research centers around the country, 
and the knowledge those centers produced served agriculture in important ways. 
However, the notion of  “ scientific experiment ”  encompassed a much broader variety 
of activities. For example, the production of plant hormones and microbial fertilizers 
counted as  “ scientific experiment. ”  Such activities required basic laboratory skills, but 
they were not  “ experiments ”  in the conventional sense. The goal was not to produce 
new scientific knowledge, though the participants certainly acquired new knowledge 
in the process of production, and the challenge of using only crude, locally available 
resources created a degree of unpredictability and thus an aura of  “ experiment. ”  Some 
projects, such as the testing of new seed varieties and the production of new hybrids, 
were more clearly experimental. Others (soil improvement through application of 
manure, weather prediction, pest observation and control, troubleshooting malfunc-
tioning machinery, animal husbandry) were perhaps less so. Claiming these often 
mundane practices as  “ scientific experiment ”  was itself a revolutionary act that 
brought science down from the ivory tower and into the realm of rural laborers.  66   

 Science was also revolutionary when pursued in defiance of traditional prejudices 
and class enemies. In 1971, a group of ten women of the minority Zhuang nationality 
established the March Eighth Agricultural Science Group (named after International 
Women ’ s Day). Their average age was 19. According to an article in an agricultural 
science journal, the young women plowed and fertilized, braving inclement weather 
and the sexism of class enemies to get sand from a river, fertile mud from caves, and 
manure from  the noisome manure pit. Through such  “ scientific farming, ”  they trans-
formed the hardened clay fields into fertile land again.  67   Women who worked with 
livestock risked sexually charged verbal abuse. A report from a 1965 conference on 
rural youth in scientific experiment reported that some people scolded young women 
engaged in livestock breeding, saying  “ You spend all day mating donkeys and horses. ”   68   
Practicing scientific agriculture was said to be a way of overthrowing sexism and con-
servative thinking. 

 The vast majority of available materials documenting agricultural scientific work 
during the Mao era are state documents and propaganda; they are useful for under-
standing how the state sought to portray agricultural science. However, there is also 
evidence to show how fluently people spoke the state ’ s language on science. The 
published diary of Shen Dianzhong, who was among the approximately 14 million 
urban youth  “ sent down ”  to engage in agricultural work during the Cultural Revolu-
tion, contains detailed descriptions of his participation in  “ scientific experiments ”  
involving gibberellin and microbial fertilizer. On June 13, 1972, after more than a year 
of emotional hardship coping with the difficulties of the work and the frequent failure 
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of the experiments, Shen wrote an extensive summary of his experiences. His second 
itemized point (after an initial reference to using Mao Zedong Thought and uniting 
theory with practice) read  “ 920 [gibberellin] work brings into play the proletarian 
revolutionary spirit of using local methods, starting from scratch, self-reliance, hard 
work, not fearing failure, and overcoming hardships. ”  He continued:  “ Local methods 
and starting from scratch: you just have to look at the conditions, facilities, equip-
ment, materials ( cailiao ), raw materials ( yuanliao ), operations, etc. over the course of 
one year [of experiments], and you will understand this point. ”  As for  “ self-reliance 
and hard work, ”  he noted that almost all the activities were accomplished during 
midday siesta or in the evening, which went to show that  “ a revolutionary spirit 
infused all the work. ”   69   

 Sino-US Rapprochement and the Production of Socialist-Chinese Uniqueness in 
Science 

 A world removed from Shen Dianzhong ’ s rural laboratory, a major geopolitical shift 
was underway. In 1969, tensions between China and the Soviet Union came to a head, 
and Mao began to seek renewed relations with the United States. Rapprochement 
meant not just strategic partnerships but also opening doors to cultural and scientific 
exchange, not just with the United States and other Western countries but also 
through the United Nations. China ’ s admission to the UN in 1971 allowed for partici-
pation in international scientific collaboration to a degree that its unique position in 
the Cold War had previously made impossible. 

 One might expect that the dramatic change in China ’ s global position would have 
resulted in an equally dramatic decrease in the emphasis on  “ self-reliance ”  in socialist 
Chinese science. Significantly, that was far from the case. In figure 3.1 we see that 
incidence of the term  “ self-reliance ”  shoots up in  People ’ s Daily  articles in 1969 and 
remains high through 1977 before plummeting in 1979, after Deng Xiaoping took the 
reins.   Figure 3.3  shows a propaganda poster from 1975 articulating messages virtually 
indistinguishable from the discourse on self-reliance and scientific experiment of ten 
years earlier. The reports of dozens of American visitors (delegations of scientists, 
journalists, activists, and others lucky enough to secure invitations) during what we 
might think of as the courtship period of the 1970s are filled with references to China ’ s 
consistent emphasis on  “ self-reliance. ”   70     Figure 3.4 , an impressive example of the 
Chinese art of paper-cutting purchased by an American visitor in 1978, represents 
Maoist perspectives on rural production and scientific experiment. The palm trees 
suggest a southern locale, but the emphasis on terracing clearly indicates the move-
ment to  “ learn from Dazhai ”  in order to achieve self-reliance in agriculture.       

 Self-reliance thus remained a badge of honor for Chinese science; moreover, it was 
promoted as the basis for a uniquely socialist-Chinese style of science from which 
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 Figure 3.3 
 The sixth of a set of 1975 posters designed to be displayed in common areas of communes around 

China to inspire scientific experimentation. The title translates to  “ Self-Reliance; Scientific 

Research through Hard Work and Frugality. ”  The upper text celebrates the policy of  “ self-reliance 

and arduous struggle ”  and praises the county of Huarong for  “ persistently drawing on local 

resources, using local methods, and improvising equipment, such that they met the needs of 

agricultural scientific research and drove forward mass-based scientific farming activities. ”  The 

explanation for the left picture reads:  “ In spring 1971, in order to popularize cultivating seedlings 

in greenhouses, Huarong County established a  ‘ model ’  greenhouse, but because it was too expen-

sive to build, they couldn ’ t popularize it. Xinjian Brigade in Xinhe Commune substituted mud 

bricks and wood for red bricks and reinforced concrete, membrane to replace glass, and reeds for 

seedling trays, thus spending little more than 10 yuan. This kind of  ‘ native [ tu ] greenhouse ’  was 

warmly welcomed by the masses and very quickly became popularized throughout the county. ”  

The explanation for the right picture reads:  “ At each level of the agricultural science organization, 

the masses are mobilized to select methods that are crude and simple, substituting the native 

for the foreign, and in this way resolve the equipment needs of scientific experiment. They use 

[old-fashioned] balance scales to replace [scientific] scales, clay bowls for seedling containers, and 

warming on the stove in place of incubators. These are educated youth from Jinggang Commune 

using clay bowls to conduct scientific experiment. ”  Source: Xinhua tongxun she, ed.,  Dagao kexue 

zhongtian, jiasu nongye fazhan: jieshao   Hunan Huarong xian siji nongye kexue shiyan wang  [ Greatly 

Undertake Scientific Farming, Accelerate Agricultural Development: Introducing Hunan Province, Huarong 

County ’ s Four-Level Agricultural Scientific Experiment Network ] (Renmin meishu chubanshe, 1975). 
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 Figure 3.4 
 A paper-cut (18  ×    32 inches) depicting the transformation of agriculture in socialist China. Most 

of the activities represented are related to the construction of terracing to reclaim mountainous 

land for agriculture, but in the lower left corner we see two people engaged in scientific experi-

mentation, one using a microscope and the other pouring a liquid through a funnel into a flask. 

(See detail at right.) In the full image, note the weathervane above the experiment station —

 weather prediction and reporting were sometimes the responsibility of local scientific experiment 

groups. Collected by Britta Fischer on a 1978 tour of China organized by the US-China People ’ s 

Friendship Association. Grateful acknowledgment to Britta Fischer. In author ’ s possession. 
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other countries could learn. This was an extension into the d é tente era of China ’ s 
desire to present a  “ third way ”  to the world — an alternative (not only for the Third 
World but also for Sweden and other potential European allies) to the options offered 
by the two superpowers.  71   A perfect example is China ’ s most ambitious technology-
transfer project: the TAZARA Railway, which linked Tanzania and Zambia, bypassing 
apartheid South Africa. The project, initiated in 1967 and carried out between 1970 
and 1975, exported not only China ’ s scientific know-how but also its philosophy of 
self-reliance.  72   Similarly, in Liberia, Sierra Leone, and Gambia, agricultural assistance 
from China emphasized this theme. The president of Sierra Leone returned from a 
visit to China inspired by the rhetoric on self-reliance, while Chinese experts in West 
Africa supervised the production of locally made rice threshers, demonstrated com-
posting and use of animal manure for fertilizer, and raised chickens and pigs to feed 
themselves, all the while calling attention to these activities as examples of self-
reliance. (As in China, West African political leaders recognized the usefulness of a 
philosophy that not only stoked anti-imperialist sentiment but also encouraged locales 
not to depend on aid from the central government.  73  ) Maoist approaches to science 
also were influential in Mozambique, where the revolutionary leader Samora Machel 
celebrated the wisdom of peasants and mechanics and decried the  “ arrogance ”  of 
experts who kept themselves apart from the masses, making themselves into a  “ privi-
leged class. ”  Their intelligence, Machel asserted, became  “ sterile, like those seeds 
locked in the drawer. ”   74   

 The Chinese state deeply valued the propaganda opportunities afforded by techno-
logical assistance to Third World countries. Visits from foreign delegations offered 
similar possibilities. In an internal serial publication titled  Reference Materials for Pro-
paganda Directed at Foreigners  ( Dui wai xuanchuan cankao ziliao ), state officials tracked 
the published accounts of foreign visitors and commented on the degree to which 
they reflected the messages about Chinese socialism that the Chinese state intended 
to convey. For example, in 1973 the journal published a translation of a Japanese 
scientist ’ s report on his recent visit. The editor ’ s note explained:  “ The author examines 
rural changes in China with respect to politics. Although he is writing about agricul-
tural science, he is able to conduct an analysis of our country ’ s planning policies, and 
moreover is able to form a contrast with Soviet revisionism, in order to enlighten his 
audience. ”   75   

 If Chinese political and scientific elites were excited to present the scientific achieve-
ments that Chinese socialism had fostered, foreign visitors were, for their own diverse 
reasons, often equally excited to bring such examples home. The passage from the 
Japanese report that inspired the Chinese propagandists ’  appreciative note compared 
Chinese and Soviet manufacture of herbicide. An herbicide factory at a commune the 
Japanese scientist visited had an annual output of 1,300 tons and was still under 
expansion. According to the Japanese scientist, 
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 This situation, compared with the 2,000 tons of herbicide the Soviet Union purchased from Japan 

over the past several years, can offer such a deep awareness! The Soviet Union should be a very 

advanced socialist country, but in fact imports this kind of pesticide from foreign countries; on 

the other hand, in the so-called industrially backward China, peasants themselves are able to 

produce it. When I visited China in 1966, I saw the slogan  “ Class struggle, struggle for produc-

tion, scientific experiment. ”  China calls these the three great revolutionary movements. But at 

that time I did not understand why scientific experiment was called a revolution or what use 

peasants and workers could make of it. Now I ’ ve discovered the crux of the issue. This agro-

chemical factory is a concrete reflection of China ’ s pursuit of new-style scientific experiment 

through reliance on the masses.  76   

 At the same time, foreign scientists had to reconcile their enthusiasm for the exotic 
with the uncomfortably obvious ways in which science in Cultural Revolution-era 
China departed from some of their own scientific assumptions and values. One of the 
most significant of these involved the relative importance of basic research, technical 
application, and popularization. As Naomi Oreskes has argued, building on John 
Krige ’ s work, the emphasis placed on basic science by American scientists emerged not 
only from a belief in the necessity of basic research before technological development 
but also from a commitment to fostering a form of science  “ resonant with the Ameri-
can way of life. ”   77   Indeed, as early as the first decade of the twentieth century, efforts 
by the United States to promote scientific development in China had emphasized 
laboratory research and had presumed a clear connection between the ideal of research 
science and positive social transformation.  78   Traveling to China in 1974, the American 
Plant Studies Delegation noted that some of the work they witnessed, though  “ termed 
experimental, ”  was  “ actually demonstrational: for instance, plantings of improved 
seeds next to other varieties in order to show peasants the advantages of the new over 
the old. ”   79   A 1975 delegation of agricultural scientists from the United Nations Food 
and Agriculture Organization, committed to  “ leaving our mental luggage behind ”  in 
order to  “ learn from China, ”  approached the issue from another angle:  “ The Chinese 
put it quite succinctly:  ‘ In China, all agriculture is extension. ’  ”   80   Defending Chinese 
agricultural science from the charge that research was too often neglected, a Chinese-
American entomologist writing for a UN publication explained that in China scholarly 
publication tended to follow applications in the field and extension to farmers, 
whereas in the United States scholarly publication came first.  81   In another article, this 
one in  Science , the entomologist suggested that  “ the image of Chinese entomology as 
ignoring basic research may be an oversimplification, ”  and that a more accurate assess-
ment would acknowledge  “ the priority the Chinese give to putting scientific results 
into operation. ”   82   

 For many foreign visitors, China ’ s experience appeared to offer something valuable 
that the West lacked. Many visitors with leftist or left-leaning politics specifically 
sought inspiration in China ’ s socialist approach to medicine.  83   Others were drawn to 
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Chinese medicine for different reasons. Western interest in  “ Traditional Chinese Medi-
cine ”  (or TCM, a term itself obviously created for foreign consumption) emerged along 
with the growth of the New Age movement. For many Westerners, TCM represented 
China ’ s long tradition of  “ holistic ”  philosophy and thus offered a powerful antidote 
to the overspecialized and reductionist medicine that had become  “ mainstream ”  in 
the West. But this was never how the Chinese state framed the role of Chinese medi-
cine. Rather, the state selected acupuncture anesthesia as the exemplar of what China 
could uniquely  contribute to modern science .  84   Based in indigenous knowledge, but 
rendered scientific, acupuncture anesthesia offered an effective and economical means 
of serving the people ’ s medical needs. It was a perfect example of China ’ s self-reliance: 
replacing scarce and costly  “ foreign medicines ”  with widely available materials embed-
ded in an indigenous practice that was as useful to surgeons in operating rooms as to 
peasant paramedicals in the fields.  85   

 The 1970s also brought an increase in environmentalism in the West. Insect scien-
tists were anxious about the consequences of ever-increasing use of chemical pesti-
cides, and many  scientists, especially in the US, were angry about the power chemical 
corporations had in setting research agendas. Socialist China appeared to offer hope 
of a different way. In the absence of corporate capitalism, and making a virtue of the 
necessity of extreme thrift, Chinese insect scientists had succeeded in working with 
peasants to develop an  “ integrated ”  system of pest control that minimized use of toxic 
chemicals.  “ Clearly, ”  the entomologists on the 1975 US Insect Control Delegation 
reported,  “ the Chinese have progressed beyond levels attained in the United States 
both in widespread enthusiasm for integrated control and, in many respects, in the 
application of the ecological principles fundamental to its development. ”   86   One British 
delegate reportedly told his Chinese hosts:  “ In Western countries people talk a lot 
about integrated control but do very little of it. You do so much work; you are our 
model. ”   87   The official report of the Swedish delegation similarly posited the relative 
backwardness of biological control in Sweden and suggested that knowledge be sought 
in China, where biological methods and integrated pest control were more devel-
oped.  88   China ’ s bag of insect-controlling tricks included light traps, parasitic wasps, 
mobilization of peasants for insect forecasting and manual elimination, and, most 
popular of all, insect-eating ducks. Foreign delegations were treated to special demon-
strations of this last method — and to roast duck in the cafeteria — at a commune out-
side of Guangzhou, where the US-trained entomologist Pu Zhelong had organized a 
number of biological control projects. So charming were these feathered representa-
tives of Chinese ingenuity that the magazine  Environment  ran an article by an Ameri-
can insect-control delegate under the title  “ China Unleashes Its Ducks. ”   89   Thus did 
foreign scientists participate in the construction of a uniquely socialist-Chinese vision 
of scientific practice. 
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 Conclusion and Epilogue 

 What connects the humble bug-eating ducks of Guangzhou with Qian Xuesen ’ s 
imposing  “ Silkworm ”  missile? Self-reliance. Though Cold War politics was not the 
only factor, it unquestionably contributed to the significance of self-reliance for sci-
ence in Mao-era China. Not only did the Cold War result in isolating China at certain 
historical moments; it also produced an assumption of ideological difference and thus 
an expectation that science in socialist China would offer a distinct alternative to 
existing models. From 1958 to 1971, Mao ’ s decision to part ways with both superpow-
ers entailed a commitment to finding a Chinese path for Chinese science. After 1971, 
with the resumption of international scientific exchange accompanying Sino-US rap-
prochement, China no longer truly needed to go it alone; now Chinese political and 
scientific leaders sought to demonstrate what China had to contribute to international 
science.  90   During the 1970s, both foreigners and Chinese people contributed to the 
notion of a uniquely socialist-Chinese approach to science, though the two sides did 
not always share a common understanding of what this meant. 

 The rhetoric of self-reliance in socialist Chinese science was intense and pervasive 
enough to mask the surprisingly transnational character of much scientific work in 
Mao-era China. And rhetoric is important. To what extent the rhetoric actually rep-
resented significant epistemological differences and research results is more difficult 
to judge. In broad terms, we could hazard that Cold War pressures contributed to an 
experience, shared by most scientific fields in Mao-era China, of increased emphasis 
on application over basic research. Moreover, in some cases (notably the synthesis of 
insulin and the development of nuclear technologies) such pressures also helped to 
produce a kind of  “ big science ”  approach comparable to that pursued by the Cold War 
superpowers. 

 A more fine-grained analysis yields a more complex picture. For example, despite 
the very different priorities Chinese proponents of Traditional Chinese Medicine held, 
the  “ holistic ”  approach that some Westerners derived from TCM certainly offered a 
profoundly  “ alternative ”  epistemology. However, for these Westerners the difference 
was less about Cold War ideologies than about their perceptions of  “ Western material-
ism ”  and  “ Eastern spiritualism. ”  The most we can say is that Chinese commitments 
to self-reliance (which were strengthened by Cold War realities) drove Chinese medical 
practitioners and policy makers to promote TCM, and that this promotion helped 
fuel Western interest in TCM as an  “ alternative medicine. ”  On the Chinese side, a 
Marxist commitment to seeing science and progress as universal, in combination 
with nationalist pride and the need for self-reliance, produced a desire to demonstrate 
the usefulness of Chinese practices such as acupuncture to modern medical science. 
Interest in this approach emerged during a period of geopolitical isolation in the revo-
lutionary base area of Yan ’ an, increased during a second period of isolation from the 
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superpowers (1958 – 1971), then took on new meaning after China ’ s reconciliation with 
the United States, its admission to the UN, and its emergence as a participant in a 
larger international science community. 

 In agriculture, the emphasis on self-reliance and the related concern for mass-based, 
practical approaches encouraged the development of some technologies that might 
not otherwise have emerged. Pest management based on close monitoring of insect 
populations and labor-intensive agricultural and biological control mechanisms is one 
example, and Western participants in 1970s scientific exchange recognized it as such. 
In some cases, agricultural technologies developed during the Mao era have continued 
to be of scientific interest not only in China but also in other parts of the world. This 
is true, for example, of microbial fertilizers such as 5406, which played a prominent 
role in Cultural Revolution-era rural-based youth experiment projects and which 
served the purposes of self-reliant science because they could be manufactured locally 
and so reduce the need for imported chemical fertilizer. The fertilizer 5406 is now 
used by scientists at the International Nature Farming Research Center in Japan.  91   
However, when present-day scientists turn to China for inspiration in agriculture, they 
are far less likely to highlight China ’ s socialist experience and more likely to revive 
the visions of F. H. King, the American soil scientist whose 1911 book  Farmers of 
Forty Centuries, Or Permanent Agriculture in China, Korea, and Japan  extolled the ancient 
wisdom of Chinese farming practices and inspired the budding organic farming 
movement.  92   

 The publication of the 1987 book  Learning from China? Development and Environment 
in Third World Countries  represented a turning point in international perspectives on 
socialist Chinese science.  Learning from China?  originated at a 1983 conference in West 
Berlin that brought scientists and scholars from different countries together to speak 
on subjects ranging from biogas technology to development policy. By then, people 
around the world had begun to lose interest in socialist China as a model; that helps 
explain why the conference ’ s organizers felt obliged to put a question mark at the end 
of the title. China had changed. The very real negative aspects of the Mao era —
 especially the political persecutions of many millions of people, including most of 
China ’ s top scientists — had become harder to ignore in the post-Mao era, when the 
Chinese state was, for its own political reasons, increasingly calling attention to them. 
And if it was more difficult to draw unambiguous lessons from China ’ s socialist past, 
it was also increasingly clear that China ’ s new road differed little from that of any 
other developing country with its sights set on industrialization along typical Western 
lines.  “ At a time when China is busy emulating Taiwan and South Korea, ”  Vaclav Smil 
wrote in his review of the volume,  “ what is one to learn from China ’ s experience? 
Since the late 1970s many critical and courageous Chinese scientists and economists 
have documented the enormity of pre-1978 environmental degradation and economic 
mismanagement. They have been the driving force behind the current reforms and 



98 Schmalzer

the spirit of learning from abroad. ”  Smil went on to characterize biogas as  “ a large-
scale failure ”  and biological pest control as  “ vastly exaggerated efforts while pesticide 
poisonings are common and traditional farming methods are disappearing fast. ”   93   

 Though I would argue that Smil dismissed the agricultural innovations of the Mao 
era too readily and too absolutely, he was undoubtedly right that by the 1980s the 
time for China to serve as a socialist model for other countries had passed. And with 
Deng Xiaoping ’ s ascendance in 1978, self-reliance had ceased to serve as an important 
inspiration for science within China — though it has been used in new ways to excuse 
the central state from responsibility for local economies. 

 A study of science in China during the final decade of the Cold War would look 
very different from the history of the Mao era discussed here. Interested readers could 
do no better than to consult Susan Greenhalgh ’ s book  Just One Child , a fascinating 
study of the role of missile scientists in crafting the population science and policy of 
the Deng era. Whereas Mao had called for scientists to rely on China ’ s masses, Deng 
called on scientists to control the numbers of those masses, now agreed to be entirely 
too massive, using theories and technologies with the clearest of connections to Cold 
War science.  94   
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 4   From the End of the World to the Age of the Earth: The Cold 

War Development of Isotope Geochemistry at the University of 

Chicago and Caltech 

 In the late 1960s, the isotope geochemist Clair  “ Pat ”  Patterson — already famous among 
earth scientists for determining a precise age for the planet — reported the disturbing 
results of his study of lead concentrations in the ice of northern Greenland.  1   Using 
ice cores that contained uninterrupted sequences of annually deposited snows reach-
ing back several centuries, Patterson and his colleagues had determined a record of 
environmental lead that showed the increase of lead pollution from the Industrial 
Revolution to the 1960s. The lead in the snow told the story of the large-scale con-
tamination of Earth ’ s atmosphere and surface — contamination that had been proceed-
ing at an increasingly rapid pace since the 1940s. Furthermore, Patterson reported, 
much of this dramatic rise in lead was due to the addition of tetraethyl lead to gasoline 
by the petroleum industry in the 1920s.  2   

 Patterson ’ s ice-core data helped to reopen a controversy about leaded gasoline that 
had long been closed. Lead poisoning was a recognized occupational hazard of many 
industries in the early twentieth century, and many of the health risks of tetra-ethyl 
lead were already known in the United States at the time of its introduction into gaso-
line. Some advocates of industrial medicine, such as Alice Hamilton of Harvard Uni-
versity, had seen the effects of lead poisoning on refinery workers and emphasized 
how easily the mucus membranes of the respiratory tract absorbed lead. Hamilton 
tried to raise alarm about the possible broader health risks of tetraethyl lead in the 
environment, especially for developing children, by extending the known effects of 
lead on workers to the possibility of contamination at gas stations, in garages, and on 
city streets.  3   

 Despite Hamilton ’ s efforts, the petroleum and auto industries successfully con-
vinced the government and the public that the only risks posed by the additive were 
to those who worked with the material in its concentrated form in the refineries. If it 
was simply a workplace concern, then no substantial regulations or safety measures 
were needed outside of factories and refineries. Forty years later, Patterson ’ s work 
demonstrated that the lead contained in gasoline, once released, reached not only 
human mucous membranes, but nearly every part of the world — making its way onto 
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and into food and water sources and the air. Evidence and congressional testimony 
by Patterson resulted in regulatory measures that eventually phased out the use of 
leaded gasoline in the United States. 

 Patterson ’ s discovery of lead contamination in the Greenland ice cores changed the 
way we live and do business as few scientific discoveries have done. Another similar 
example from the twentieth century is the discovery by Frank Sherwood  “ Sherry ”  
Rowland that chlorofluorocarbons (CFCs) released into the atmosphere cause ozone 
depletion.  4   Both Patterson and Rowland utilized physical methods that hadn ’ t been 
available to Alice Hamilton. 

 It is no coincidence that Patterson and Rowland received their PhDs from the Uni-
versity of Chicago only a year apart. As junior members of Chicago ’ s postwar Institute 
for Nuclear Studies (later renamed in honor of Enrico Fermi), working under the 
Manhattan Project alumni Harold Urey, Harrison Brown, and Willard Libby, they 
participated in the development of the foundational methods of geochemistry and 
atmospheric chemistry. Nor is it a coincidence that the US Atomic Energy Commis-
sion, one of the primary patrons of Cold War earth science, supported both chemists ’  
careers. Patterson would later claim that his discovery of lead contamination began 
as an unanticipated by-product of his attempts to determine the age of the Earth using 
lead-isotope ratios, basic research that he claimed the AEC supported unwittingly.  5   
However, historical examination makes it clear that basic research and the internal 
logic of scientific development alone don ’ t account for the rise of the methods or the 
scientific communities that made Patterson ’ s (or Rowland ’ s) work possible. Patterson ’ s 
story, understood in the context of the postwar rise of isotope geochemistry in the 
United States, is a Cold War story. 

 The rise of military and government funding for the disciplines that would become 
known as the earth sciences in the United States after World War II brought research 
in these disciplines levels of support that were second only to those received by phys-
ics. This support created what Ronald Doel refers to as a  “ new intellectual map ”  for 
the earth sciences,  “ a new set of challenges, guided by military and national-security 
needs, which elevated the fortunes of certain fields of the physical environmental 
sciences and decreased opportunities in others. ”   6   Both Doel and Naomi Oreskes agree 
that one important development that resulted from the military push was the increas-
ing domination of deductive physical methods, particularly those of geophysics. 
Oreskes has described this push as a move from the field to the laboratory, involving 
an adoption of  “ the concomitant values of exactitude and control that laboratory work 
suggests. ”   7   Doel and Oreskes further assert that the rise of physical laboratory methods 
in the earth sciences during this period had little to do with their historical successes 
at settling controversies within the geosciences, but rather came as  “ the result of an 
abstract epistemological belief in the primacy of physics and chemistry, coupled with 
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strong institutional backing for geophysics premised on its concrete applicability to 
perceived national-security needs. ”   8   

 Geochemistry, often treated by its sponsors as a branch of geophysics, was sup-
ported generously by military, governmental, and industrial patronage during the 
Cold War. But whereas geophysics can be described as one of the two competing tradi-
tions within American geology before the war, isotope geochemistry arose almost 
entirely after the war. After World War II, isotope geochemistry developed rapidly from 
the purview of a handful of physicists and physical chemists into a transformative 
force for university geology departments throughout the United States. This develop-
ment was due in part to the increased availability of mass spectrometers, which made 
precise isotopic measurements possible. Mass spectrometers had existed before the war, 
but only a few laboratories had had sufficient expertise to build and maintain them. 
Wartime development of mass spectrometers by US industries under military contract 
and postwar tinkering by interested engineers, scientists, and oil companies effectively 
black-boxed the technology (although a trained technician was still required to oper-
ate it), increased its precision dramatically, and put it within reach of any university 
department willing to pay for the still relatively expensive instrument. 

 But the success of geochemistry is not just the story of the migration of new instru-
ments into an existing geosciences community. It is also the story of a set of outsid-
ers — atomic chemists and physicists — who turned their attention to the geosciences, 
forged new bonds with geological and geophysical departments and institutions, and 
helped to train a new generation of hybrid scientists to use isotopes and the techniques 
of mass spectrometry to define new lines of inquiry. Many of the atomic scientists 
who turned to the geosciences after the war were turning away from the technical 
work they had contributed to the Manhattan Project. But although geochemistry may 
in some ways have represented an escape to pure or basic science from weapons work, 
or an avoidance of future conscription in the production of weapons of mass destruc-
tion, these scientists and their students were nonetheless enlisted in the construction 
of Cold War science. 

 More often than not, government or military contracts paid for the mass spectrom-
eters and the salaries of those who used them. The questions to which these technolo-
gies were applied tended to be related to the concerns of the contracting agency. At 
least on paper, geochemistry research programs often evolved around questions central 
to such activities as the search for and understanding of nuclear fuel sources, the use 
of isotopes as tracers for explosions, and, when the Navy paid for research, the char-
acteristics of the sea floor and ocean circulation.  9   As in other areas of Cold War contract 
research, geochemists found ways to fit their own questions within the scope of 
their research contracts. However, even when the patrons of geochemistry got some-
thing other than what their contracts specified, they seem to have felt they got their 
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money ’ s worth — at least to the extent that they remained willing to renew funding 
for these same projects year after year. 

 What follows is not a chronological history of the development of geochemistry. 
Rather, I present two episodes from the early history of postwar geochemistry that 
illustrate the forces that helped to establish geochemistry in the early Cold War. These 
episodes focus on the development of geochemistry at two institutions: the University 
of Chicago ’ s Institute for Nuclear Studies and the California Institute of Technology ’ s 
Geology Division. 

 The first episode I examine is Harold C. Urey ’ s entry into the field of isotope geo-
chemistry. I highlight the aspects of this move that illustrate the causal links between 
the Cold War and Urey ’ s new paleotemperature research program at Chicago. Urey ’ s 
move to the University of Chicago ’ s new Institute for Nuclear Studies after the war 
brought him into one of the nation ’ s first Cold War institutions. I suggest that the 
University of Chicago was ahead of the national curve in its promotion of the new 
alliance between science, industry, and the government in order to support large-scale 
individual research programs. The postwar research budgets at the Institute for Nuclear 
Studies reflected the scale of research funding that became available during the Cold 
War, made possible by the postwar model of government-funded research. 

 Examining the various channels through which Urey funded his research program, 
and how he took advantage of the varying interests of industrial, military, and gov-
ernmental patrons, I also suggest that these interests weren ’ t stable throughout the 
1950s. While interested oil companies and the Office of Naval Research (ONR) sup-
ported the initial development of Urey ’ s new techniques and research program, it is 
doubtful that his program would have survived had the Atomic Energy Commission 
not emerged as a patron. These funding agencies clearly had different interests in 
Urey ’ s work, and their interests by no means promised permanent funding. Urey ’ s 
success was due to his ability to align these interests in his new project and in the 
larger purpose of the Institute, and ultimately to his ability to wield his clout as an 
atomic insider — an expert on the deuterium and heavy water so important to the 
AEC — to frame his research program as an extension of this expertise. 

 Though not all universities would adopt the Institute for Nuclear Studies ’  model of 
scientific research, the funding structure and the new hybrid sciences initiated in the 
Institute would later aid in the transformation of university departments around 
the country. The second episode I examine deals with the importation of geochemistry 
to the California Institute of Technology (Caltech) from Chicago. The arrival of 
Caltech ’ s new president, Lee A. DuBridge, ended an era of reliance upon private 
money. DuBridge insisted that Caltech ’ s researchers actively raise their own funds. In 
so doing, he ushered in a new era of contract research at Caltech. Caltech ’ s Geology 
Division responded to this challenge by turning to geochemistry and the AEC. Recruit-
ing Harrison Brown from Chicago to initiate a research program in geochemistry had 
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an immediate effect on the Geology Division. As DuBridge and Brown ’ s recruiters had 
hoped he would, Brown brought with him a sizable contract from the AEC. Under 
the pretext of solving the AEC ’ s uranium-supply problems, Brown supported a broad 
geochemistry research program, including the lead-isotope work that led to Patterson ’ s 
determination of the age of the Earth and his realization of the extent of industrial 
lead pollution. 

 Brown ’ s contract not only supported his own research program; it also redirected 
the focus of existing research programs, raised the Geology Division ’ s prestige within 
the university, and permanently changed the division ’ s institutional culture. These 
changes at Caltech (along with earlier trends in Chicago ’ s Geology Department) are 
illustrative of changes within the entire discipline of geology as its practitioners and 
institutions, encouraged by their patrons, moved toward laboratory methods, began 
favoring the geophysical and geochemical over the traditionally geological, and joined 
the emerging earth sciences. 

 Shaping the University of Chicago ’ s Institute for Nuclear Studies for Postwar Research 

 In the early postwar years, the University of Chicago became a hotbed of activity in 
the emerging field of isotope geochemistry. In the respective laboratories of Harold 
Urey, Harrison Brown, and Willard Libby, the atomic scientists and their research 
teams devised the oxygen thermometer, uranium-lead dating, and carbon-dating tech-
niques that would become methodological mainstays of earth science and planetary 
science during the Cold War. These three men, along with Enrico Fermi, Edward Teller, 
Joseph Mayer, Maria Goeppert Mayer, and a handful of other atomic scientists, were 
drawn to Chicago after the war by the university ’ s new Institute for Nuclear Studies. 
Most of the founding members of the Institute had distinguished themselves through 
wartime service to the Manhattan Project. To no small degree, the early success of the 
INS was due to these scientists ’  wartime achievements, and much of the structure and 
activity of the INS were inspired by wartime work. 

 The University of Chicago had been a good place to be a physicist before the war, 
a fact reflected in the university ’ s roster of eminent physicists. The wartime uranium-
related contracts were due in no small part to the Nobel laureate Arthur Holly Comp-
ton, whose efforts to establish uranium work at Chicago drew upon the reputations 
of fellow University of Chicago physicists such as Arthur Dempster, Samuel Allison, 
and William Zachariasen. Compton became the architect of the wartime model of 
research at Chicago. He styled himself as a  “ bridge-builder between three diverse and 
separate sorts of people, each inclined to be rather suspicious of the others: to wit, 
government and the military, business and engineering, and a hastily assembled array 
of academic physicists and chemists. ”   10   And it had been his decision, a little more 
than a month after he had been put in charge of the uranium project, to move many 
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of the scientists who had been working on achieving a chain reaction at Princeton 
and Columbia to the University of Chicago campus under the umbrella of the Metal-
lurgical Laboratory (called, informally, the Met Lab).  11   

 As early as 1943, Compton imagined that the Met Lab might have a postwar life 
as a leading institution in the maintenance of scientific and technical leadership in 
nuclear research. He persuaded the University of Chicago ’ s president, Robert M. 
Hutchins, to pull the university out of military research as soon as possible, but to 
retain management of Argonne Laboratory and build a complimentary academic 
program. Under Compton ’ s guidance, the Met Lab prepared for its postwar life.  12   For 
their own part, the atomic scientists were evidently happy to make their home at the 
University of Chicago. Even before being approached about the INS, many of them 
felt that something like it would be possible after the war, and felt that Chicago was 
well suited for it. 

 The atomic scientists felt that Hutchins ’  university — already baptized by fire into 
the world of atomic research —  “ understood the trend of the times ”  and  “ would not 
confine the activities of basic research to the meager laboratories and still more inad-
equate funds available before the war. ”   13   The wartime experience had transformed the 
University of Chicago. During the war, as a result of research and training contracts 
from the government ’ s Office of Scientific Research and Development (OSRD) and the 
military, the university ’ s annual budget had swelled to $32,290,945 at its height in 
the year 1944 – 45, approximately three times its prewar level.  14   About $3 million of 
this funding was overhead for the university ’ s role in the Manhattan Project, for which 
the university not only coordinated the initial uranium studies but also oversaw the 
industrial plants at Oak Ridge and Hanford.  15   That much money couldn ’ t help but 
alter the expectations of the faculty and administration of the university, who before 
the war had been used to working with modest research budgets. 

 Compton — who didn ’ t remain at Chicago to see the postwar Institute for Nuclear 
Studies — had nonetheless inaugurated there a  modus operandi  very similar to what 
Rebecca Lowen has described as the  “ Cold War University ”  — administrators, scientists, 
and an array of patrons that included the government and the private sector together 
defined research goals, and the university benefited from the overhead that the new 
contract system generated.  16   Samuel Allison, the INS ’ s first director, made it clear to 
new recruits that the purpose of the INS was to maintain the scale of wartime research 
without the wartime atmosphere and its  “ emphasis on technical details, haste, and 
military applications. ”   17   Despite the INS ’ s three main foci — nuclear physics, radio-
chemistry, and isotope separation — the lab wasn ’ t organized around specific research 
programs. Instead, each member of the institute was promised the independence to 
develop whatever research program they desired. 

 Paying for the $12 million Institute for Nuclear Studies, its luminaries, and its large 
technical staff would require one final — and crucial — continuation of the wartime 
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research model: the research contract.  18   The earliest major funders of the INS included, 
of course, the Office of Naval Research. As Roger Geiger and Jacob Hamblin have 
described, the Navy was particularly eager to catch up in developments in nuclear 
science, and found ways of appealing to the idealism toward research that prevailed 
at Chicago after the war.  19   The INS also tapped into the atomic enthusiasm of industry. 
The university offered companies the opportunity to buy  “ memberships ”  in the INS 
at prices beginning at $20,000 per year. The companies didn ’ t enter into these mem-
berships without expectations.  “ For their money, ”  the  New York Times  reported,  “ they 
share in facilities they couldn ’ t buy for the same sums individually. They have a share 
in what is described as the world ’ s largest nuclear studies program of a privately sup-
ported university. ”   20   

 From Isotope Separation to Isotope Geochemistry 

 Harold Urey came to the University of Chicago from Columbia University, where as 
wartime director of the Manhattan Project ’ s Substitute Alloy Materials Laboratory 
(SAM Lab) he had been in charge of developing plans for the separation of uranium 
isotopes via thermal diffusion. Before the war Urey was one of the nation ’ s foremost 
experts on methods of isotope separation. After receiving the 1934 Nobel Prize in 
chemistry for the discovery of deuterium (a heavy isotope of hydrogen with mass 
number of 2), he had devoted much of his career to developing and refining separa-
tion techniques. When Urey first entered negotiations with Chicago for his postwar 
position in the INS, the research plan he presented to Chicago was for an isotope-
separation program that required roughly $68,000 per year for salaries, an equal 
amount for general laboratory apparatus, and $100,000 for the construction of new 
mass spectrometers and other specialized instruments.  21   

 By the time the war ended, however, Urey had been so traumatized by his experi-
ence as director of the SAM Lab that he could no longer muster any enthusiasm for 
the prospect of continuing isotope-separation work.  22   In part, Urey ’ s trauma stemmed 
from his having been forced from an active scientific role in the uranium project to 
a managerial one. The stress of management was compounded by his constant head 
butting with his superiors, namely James B. Conant and General Leslie R. Groves, over 
issues of planning and secrecy. Urey later told the historian John Heilbron:  “ I was 
most unhappy during the war. I had bosses in Washington who didn ’ t like me, and I 
had people working for me who didn ’ t like me. Imagine a more miserable situation —
 where you can ’ t resign, but nobody wants you around! ”   23   His wartime experience had 
pushed him  “ very close to a nervous breakdown, ”  and his health had deteriorated to 
such a degree that it became a matter of concern for Groves ’  personal physician.  24   All 
this was followed by the extreme demoralization that came with the use of the atomic 
bomb on Hiroshima and Nagasaki. 
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 After the war, Urey wanted little to do with the isotope-separation work that had 
won him his fame. His fellow physical chemist Hans Suess remembered that, whereas 
most scientists were able and eager to return to their prewar research programs, Urey 
was  “ anxious to get away as far as possible, in time as well as in space, from everything 
connected with weaponry and means of destruction, ”  including his prewar work on 
isotope separation.  25   According to Joseph Mayer, the trauma of war work stuck with 
Urey for some time, even after he took up residence at the INS, and caused him to 
 “ drift, looking for new fields to conquer. ”   26   

 Aimlessness and angst weren ’ t characteristic of Urey, who before the war approached 
his scientific projects with great enthusiasm and what his colleagues described as 
childlike curiosity.  27   In his Nobel address, more than a decade earlier, Urey had 
reported excitedly on the thermodynamic properties of isotopes and speculated upon 
the possible methods of separating the isotopes based on these differences. Once put 
into practice at Columbia with a string of graduate students, lab assistants, and grants 
from private foundations such as the Carnegie Institution, this work came to define 
the research program in Urey ’ s lab up through World War II. This prewar work was of 
interest mainly to a relatively small number of physicists and chemists who were 
interested in the structure and behavior of the elements and their isotopes, and to an 
even smaller number of biologists who were interested in using these isotopes as 
experimental tracers. During the war, however, these efforts were accelerated, and 
Urey ’ s workforce grew larger and more difficult to manage as he took on the director-
ship of the SAM Lab. 

 If Urey ’ s war trauma was the primary reason he was aimless in the immediate 
postwar years, his activity on behalf of the control of atomic weapons was a close 
second. Urey ’ s involvement with the various organizations of the scientists ’  movement 
consumed him in the first few years after the war.  “ I ’ ve dropped everything to try to 
carry the message of the bomb ’ s power to the people, ”  he told  The New Yorker .  28   This 
was no small commitment. Urey had been a popular public speaker before the war, 
but his postwar pace, combined with the urgency of the atomic problem, was difficult 
for him to handle. After two years of working for world governance of atomic weapons, 
Urey wrote to his scientific hero, Albert Einstein, co-founder of the Emergency Com-
mittee of Atomic Scientists, that his doctors had ordered him to avoid outside activi-
ties:  “ I find that I am able to carry my university work and that is about all. Otherwise 
I become very tired, unable to sleep, and generally quite unable to take care of any of 
my work. ”   29   

 These years were not entirely aimless. At the end of 1946, while still in search of a 
new line of active scientific work, Urey prepared and delivered that year ’ s Liversidge 
Lecture before the Chemical Society of the Royal Institution in London. The Liver-
sidge Lecture was one of Urey ’ s last outstanding prewar commitments. In it, Urey 
chose to update the earlier isotope exchange equilibria that he and Lotti J. Greiff had 

www.ebook3000.com

http://www.ebook3000.org


From the End of the World to the Age of the Earth 115

calculated and published in the 1930s. This time Urey employed a more sophisticated 
method that had been developed for the SAM Lab by Jacob Bigeleisen and Maria 
Goeppert Mayer. In the 1930s, Urey and Greiff had shown that relatively large differ-
ences in the physical and chemical properties of isotopic compounds could be 
detected — differences that were then exploited in the various separation techniques 
developed in the intervening years.  30   Revisiting the thermodynamic properties of 
isotopes, now with his postwar aversion to separation, Urey instead emphasized 
another way that these chemical differences could be exploited. 

 Urey turned his attention to the geological abundances of the isotopes of carbon 
and oxygen. He noted that certain processes in nature tended to result in isotope 
enrichment. Aquatic carbonate-precipitating organisms, which used oxygen in their 
metabolic processes, tended to concentrate oxygen-18 (the more common of oxy-
gen ’ s two heavy isotopes) preferentially. The shells of these organisms often con-
tained up to 4 percent more of the isotope than their surrounding waters. This 
enrichment was sensitive to temperature, Urey ’ s tables suggested — a temperature 
change of 25 o C resulted in a change in the oxygen-18/oxygen-16 ratio of 1.004 rela-
tive to the water.  “ These calculations suggest investigations of particular interest to 
geology, ”  Urey commented.  31   He further speculated that, with the mass spectrometers 
that had been developed during the war by the University of Minnesota physicist 
Alfred O. C. Nier (work that Urey had overseen), a researcher could determine the 
oxygen-isotope ratio of carbonate rock samples to within an error of  ± 0.001, and 
perhaps discover the temperature at which the rock was deposited with a certainty 
of within 6 o C or less. Urey admitted that there was still a great deal of experimental 
investigation left to perform before the method could be put to use, but he felt con-
fident that oxygen-isotope abundances were well suited for the determination of 
historic temperature changes. He concluded his 1947 paper on this subject by stating 
that the same small differences in the thermodynamic properties of isotopes and 
their compounds that  “ make possible the concentration and separation of the iso-
topes of some of the elements [in the laboratory] ”  might  “ have important applica-
tions as a means of determining the temperatures at which geological formations 
were laid down. ”   32   

 Although Stephen Brush, in his account of the postwar rise of geochemistry and 
cosmochemistry, mentions Urey ’ s ability to use his prestige to attract researchers to 
the new fields that he pioneered, in the beginning of his work on paleotemperature 
Urey seems to have had difficulty finding younger scientists to work in his new 
research program.  33   The first postdoctoral fellow Urey managed to attract was Samuel 
Epstein, a young Polish-born Canadian chemist with mass-spectrometer experience. 
Epstein had studied in Canada under Urey ’ s former research assistant Harry Thode, 
and it was Thode who convinced Epstein to work on Urey ’ s new research project. 
As Epstein later remembered it, even though Urey had already publicized his 
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spec ulation about the possibility of using isotopes in carbonate rocks to determine 
paleotemperature, people weren ’ t lining up to work with him on the problem. Of 
course, one thing that drew Epstein to Urey ’ s lab was the promise of funding, and as 
the amounts of available funding grew, so too did the line of graduate students and 
postdocs eager to learn and practice the new geochemistry. For the time being, how-
ever, the research team was small: Epstein, Urey, Charles McKinney (an electrical 
engineer), and John McCrea (a graduate student). It was McKinney ’ s job to work with 
Nier ’ s designs and produce a working mass spectrometer. By 1948, Urey had his first 
such instrument. 

 Once research got underway, Epstein witnessed Urey ’ s  “ comeback in the scientific 
academic world ” :  “ He never walked up a set of stairs one step at a time, always two 
steps at a time.  …  I clearly remember him coming into the laboratory dressed meticu-
lously in a white shirt and coming home with a shirt stained with oil because he 
couldn ’ t resist the temptation of changing a dirty oil pump or some other work that 
was usually left to the younger set. ”   34   Now feeling at home in the INS, and excited 
again by what promised to be a fruitful research program, Urey was able to leave 
behind the traumas of war work. 

 Moving into geological territory meant that Urey had to develop a new network of 
scientific contacts and collaborators. In addition to Epstein, McKinney, and McCrea, 
Urey also drew upon colleagues in Chicago ’ s Department of Geology. Before the war, 
Chicago ’ s geologists already had tended to be more lab-oriented than field-oriented. 
The Chicago geologists considered their geophysical program to be one of the stron-
gest in the country, housing one of the only working high-temperature petrology labs 
outside of the Geophysical Laboratory at the Carnegie Institution of Washington. The 
Chicago Department of Geology ’ s close ties with the Carnegie Institution ’ s Geophysi-
cal Laboratory were embodied in its first postwar chairman, Norman Levi Bowen. A 
practitioner of thermodynamic geochemistry before the war, Bowen had left Chicago 
from 1942 to 1944 for war work at the Geophysical Laboratory, and after two postwar 
years as chair of the Chicago Department of Geology returned to Washington. His 
chairmanship was brief, but it brought the Department of Geology an unprecedented 
increase in funding — at Bowen ’ s request, the University of Chicago increased the 
department ’ s typical expense and equipment budget of $1,500 per year to $45,000 for 
the first three postwar years.  35   This influx of money enabled the department to invest 
in new equipment and allowed for the conversion of some existing facilities into 
state-of-the-art laboratories for analytical chemistry. 

 After Bowen ’ s departure, Walter H. Newhouse became chairman of Chicago ’ s Geol-
ogy Department. Newhouse made it his mission to modernize the department and to 
eliminate traditionalism within it. Starting in 1946, the department, now feeling itself 
to be in competition with its counterparts in physics and chemistry, adopted New-
house ’ s attitude that  “ anyone on the staff who was not opening up brand-new fields 
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was a piece of dead wood. ”   36   To facilitate change, the department hired new faculty 
members, including the geochemists Julian Goldsmith, Hans Ramberg, and Kalervo 
Rankama. These men, particularly Goldsmith, would work closely with Urey, Libby, 
and Brown to bridge the gap between the INS and the Chicago geologists, and all 
would assist in proposing a joint curriculum in geochemistry for students who 
wished to become geochemists.  37   As early as 1947 the department was receiving ONR 
contracts to do geophysical research. The Navy even put some  “ Paperclip Specialists ”  
(German scientists who had worked under the Nazi regime) under the care and super-
vision of Chicago ’ s geology faculty.  38   

 In 1947 Urey secured the cooperation of the German-born paleoecologist Heinz 
Lowenstam, who had left Germany before the war and was working for the Illinois 
State Geological Survey. In 1948 the Department of Geology hired Lowenstam specifi-
cally to work with Urey on his paleotemperature studies, and Lowenstam ’ s salary was 
paid through Urey ’ s research contracts.  39   Beginning in 1948, Urey asked scientists at 
the Scripps Institution of Oceanography in La Jolla, and at other marine laboratories, 
for shells and information about the waters in which they had been deposited. Epstein 
and Lowenstam worked to develop methods for preparing uncontaminated samples 
of carbon dioxide gas from calcium carbonate shells, then worked to establish a tem-
perature scale for oxygen isotopes. The first published results of this work appeared 
in 1951, shortly before Epstein and Lowenstam left Urey and Chicago to join Harrison 
Brown at Caltech.  40   

 Urey ’ s lab also benefited from the growth and expansion of the University of Chi-
cago ’ s Department of Geology. In 1950 Cesare Emiliani completed his PhD work in 
the department and went to work with Urey ’ s paleotemperature group in the INS. 
Emiliani extracted foraminifera shells from long deep-sea cores. Using those shells, 
the group studied temperature variations in the Pleistocene and estimated the length 
and severity of the ice ages. The acquisition of the deep-sea cores was evidence of 
Urey ’ s diverse and expanding scientific network and of his connection to the emerging 
earth-science network. In 1950, Urey ’ s lab began collaborating with Columbia Uni-
versity ’ s newly established Lamont Geological Observatory, a  “ quintessential Cold War 
institution ”  that Columbia had established in order to take advantage of military sup-
port for geophysics research.  41   There, with substantial support from the Office of Naval 
Research, Maurice Ewing had developed a method for piston coring seafloor sediment. 
The Navy gave Ewing access to broad swaths of the deep ocean, and Ewing ’ s research 
program was shaped by the Navy ’ s priorities. Throughout the 1950s Ewing and his 
colleague David Ericson sent core samples to Urey ’ s lab, where Emiliani and the lab ’ s 
technician, Toshiko Mayeda, prepared and analyzed the samples in the mass spectrom-
eter. But, as an examination of Urey ’ s research funding makes clear, Urey ’ s connection 
to Cold War military contract research went far beyond his connection to the Lamont 
Geological Observatory. 
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 Funding the New Program 

 In its early years, Urey ’ s new research program benefited from the close alliance 
between the Institute for Nuclear Studies and industry. As Ronald Doel points out, the 
petroleum industry was a major supporter of geophysical and geochemical research 
during the Cold War.  42   Both Shell and Standard Oil had bought memberships in the 
INS, for which they were promised the right of first refusal on any patents or practical 
applications developed there.  43   During a tour of the INS in 1947, a Shell representative 
met with Urey and heard about his research plans. The Shell rep came away from the 
meeting impressed. Writing to the chairman of the American Petroleum Institute ’ s 
Advisory Committee on Fundamental Research on Occurrence and Recovery of Petro-
leum, he characterized Urey ’ s research as  “ of considerable interest, since, if successful, 
it will help measure one more of the many unknown variables of importance to the 
origin of oil. ”   44   Furthermore, he noted, Urey ’ s program might find a place within 
the API ’ s ongoing Project 43, a broad investigation of the transformation of organic 
matter into petroleum that included a research team at MIT investigating the effects 
of radioactivity on the transformation of marine organic materials into petroleum 
hydrocarbons.  45   

 Urey ’ s research program didn ’ t become part of Project 43, but the American Petro-
leum Institute nonetheless had the impression that it might contribute to the under-
standing of the processes that produced oil. That impression was attributable to Urey. 
In his initial courting of API funding, Urey had offered this speculation:  “ It may be 
that oil deposits occur in places where the temperature at which they were deposited 
was unique in some way, and if this should be the case then it might furnish one 
additional tool for geological exploration for oil. ”   46   It is also possible that the oil 
companies were interested in developments in mass spectrometry generally, as the 
method had been introduced within the petroleum industry in the early 1940s and 
had proved highly useful as an accurate way of analyzing hydrocarbon mixtures.  47   
Urey requested $12,000 for the construction and maintenance of his instruments, but 
the API was only willing to grant him $5,000 for 1948 – 49.  48   That amount fell well 
short of what Urey estimated it would cost just to build his first mass spectrometers, 
much less do anything with them. 

 In the summer of 1947, Urey requested funding from the Geological Society of 
America ’ s Penrose Bequest, playing up the possibility that his work would replace 
existing qualitative methods of determining paleotemperature — namely paleoecologi-
cal studies of the fossil organisms found within geological samples — with more quan-
titative methods.  49   The Geological Society granted Urey $17,900 for salaries to support 
one chemist, one physicist, and three technicians.  50   That amount, even when com-
bined with the API funding listed above, still didn ’ t approach the $50,000 to $100,000 
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that Urey estimated he would need in order to build all the necessary instruments and 
establish the new methodology. 

 The traditional sponsors of geological and geophysical research — the petroleum 
industry and the Geological Society of America — provided some support for Urey ’ s 
work in these early years, but they were either unable or unwilling to provide 
the amount of money Urey needed in order to launch his new research program in 
earnest. Eventually they withdrew their support. As the American Petroleum Institute 
explained to Urey, there were  “ several other more desirable projects which are basically 
fundamental in nature, but are still closer to our immediate problems ”  than was 
Urey ’ s.  51   Military patrons, however, were both willing and able to make the 
investment. 

 In 1949 the amount of funding Urey had at his disposal increased dramatically as 
he began a new contract with the Office of Naval Research. Urey had participated as 
a scientific observer in the Navy ’ s Operation Crossroads atomic bomb test at Bikini 
Atoll in 1946. There he had met Roger Revelle, future director of the ONR ’ s Geophysics 
Branch. He no doubt also became acquainted with the Navy ’ s attitude that  “ almost 
all fields of oceanographic research had potential Navy applications. ”   52   In 1948 Urey 
made his first contract proposal to the ONR, asking for about $105,000 for an  “ inves-
tigation of natural abundances of stable isotopes with the primary objective of measur-
ing paleo-temperatures. ”  The proposal was vague about the practical applications of 
paleoclimate research to the Navy ’ s mission, but Urey did manage to frame the more 
general aspects of isotope abundance measurements as having the potential to con-
tribute to the Navy ’ s existing mapping program and to develop natural tracer tech-
niques that could be employed in the ocean.  53   The Navy agreed to provide roughly 
$30,000 per year for four years — a much larger sum than Urey ’ s industrial or private 
sponsors had yet provided.  54   

 The Office of Naval Research was, in some ways, an ideal funding agency for the 
early years of Urey ’ s research program. The Navy preferentially funded research into 
the development of new methods and techniques. From the Navy ’ s point of view, 
Urey ’ s work might help them to better understand the ocean ’ s basic geochemical 
features and assist them in the development and maintenance of Naval technologies. 
However, once Urey ’ s methods had been established, the ONR informed him that they 
were no longer willing to fund his research.  55   

 The withdrawal of ONR funding put pressure on Urey to find a new funding agency 
to take its place. He was able to find two funding agencies that together were able to 
raise his funding level to still greater heights. In 1953 – 54, Urey received $55,956 from 
the AEC and $21,400 from the National Science Foundation (which had established 
an Earth Science Program in 1953).  56   With more than $75,000 in contract funding, 
1953 – 54 was a banner year for Urey ’ s research program. In his remaining years at 
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Chicago, before he left for the University of California at San Diego in 1958, Urey 
would keep his external funding at or slightly above this new level. 

 Although Urey had decided to leave isotope-separation work behind, much of 
his clout with the Atomic Energy Commission and the military was attributable to his 
expertise in the field of isotope separation and his past position as the head of Colum-
bia ’ s SAM Lab. For this reason, it was not only difficult but also impolitic for Urey to 
completely close the door on isotope separation. In fact, Urey had been involved in 
the formation of the AEC and had been working under contract with it since Novem-
ber of 1950, first as a consultant on a Heavy Water Production Processes Survey for 
the AEC ’ s Division of Research.  57   Remaining connected to the AEC ’ s concerns about 
heavy water and isotope separation — and flexing his expertise in this area at the AEC ’ s 
behest — helped Urey to maintain the prestige he had earned from his wartime service. 
It also allowed him to keep abreast of the AEC ’ s concerns (and even at times to define 
these concerns), and made it easier for him to frame his new projects in language that 
would garner the AEC ’ s approval. This relationship, which encouraged fundamental 
research connected to the AEC ’ s concerns, was symbiotic. While Urey received support 
for non-separation-related research, not only was the AEC satisfied that his new inter-
ests were close enough to the AEC ’ s interests that his work merited funding; it was 
also able to enlist him in the work of advising and planning the AEC ’ s activities. 
Unclassified projects such as Urey ’ s also gave the AEC examples of AEC-supported 
research that could be discussed and promoted before Congress and the public.  58   

 One example of this symbiosis at work is Urey ’ s reluctant agreement to chair the 
Committee on Isotope Separation for the AEC ’ s Division of Research in early 1951.  59   
In a letter to Kenneth Pitzer, the division ’ s director, Urey wrote:  “ Long ago I developed 
a subconscious reaction to all separation jobs. It is, first, that any separation project 
is an enormous amount of hard and uninteresting work, and second, that it is very 
likely that all new schemes for separating isotopes will not work. ”   60   Nonetheless, 
accepting the position allowed Urey to exert some influence on the direction of iso-
tope work in the United States and put him in constant contact with Pitzer. The 
Committee on Isotope Separation had a high priority within the AEC ’ s Division of 
Research. It was responsible for reviewing the literature on isotope separation, the 
techniques used in it, the atomic energy program ’ s immediate and long-range needs 
for the separation of isotopes, and the work in progress on isotope separation within 
the AEC, and it was charged with recommending to the Division of Research what 
steps should be taken for the investigation and development of specific isotope-
separation techniques.  61   

 In addition to keeping Urey and his fellow members of the Committee on Isotope 
Separation connected to the Division of Research, the work also kept them connected 
to classified materials and places of atomic research. As a contractor and a consultant, 
Urey maintained the security clearance that had been granted to him during the 
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Manhattan Project. The AEC installed facilities in the offices of committee members 
for the storage of classified documents (if they didn ’ t already have such facilities) and 
initiated clearance procedures for secretaries and technical assistants. The members 
also received a classified bibliography of sources held in classified libraries at the 
National Laboratories and the associated universities. 

 The first meeting of the Committee on Isotope Separation took place at Oak Ridge 
in February of 1951, and during their stay at Oak Ridge the committee ’ s members were 
given a full tour of the facilities. Later meetings took place in the New York Operations 
Office of the AEC and at the University of Chicago. Under the auspices of the AEC ’ s 
Division of Research, members of the committee also toured the DuPont laboratories 
in Wilmington, Delaware, where they discussed problems related to heavy water. They 
met with scientists and technicians at General Electric, Yale, and Brookhaven National 
Laboratory, and they visited the Washington headquarters of the AEC to learn about 
the raw-materials situation.  62   

 With his knowledge of the inner workings of the Atomic Energy Commission, Urey 
was able to construct proposals for isotope geochemical work that were directly related 
to the AEC ’ s concerns, enlisted Urey ’ s prestige as the discoverer of heavy hydrogen 
and heavy water, and also satisfied his own research goals. In 1949 Harrison Brown 
floated a  “ Proposed Program for the Accumulation of Quantitative Data Concerning: 
the Chemical Composition of Meteorites and the Earth ’ s Crust; the Relative Abun-
dances of Elements in the Solar System; the Ages of the Elements and Planets, ”  and 
hoped that the AEC would at least fund those parts of the program that were per-
formed at its Argonne facility. The AEC demurred. Urey ’ s first proposal was far more 
politically savvy in both name and form. Urey ’ s proposal for  “ Research on the Natural 
Abundance of Deuterium and Other Isotopes in Nature ”  outlined an intentionally 
broad research program that included work to be done on meteorites, igneous rocks, 
and fossils, with the stated aim of discovering how the abundance of hydrogen iso-
topes had changed over time.  63   In addition to addressing the AEC ’ s concerns about 
deuterium and heavy water and their abundances in nature, Urey ’ s proposal also 
emphasized the scientific attention that his initial work on paleotemperature was 
receiving, thus tapping into the AEC ’ s desire for visible scientific rewards from unclas-
sified and non-military projects. 

 Caltech, Lee DuBridge, and the Government as a Customer for Research 

 Funding from the Atomic Energy Commission helped to sustain and expand Urey ’ s 
research program and those of other members of the Institute for Nuclear Science, but 
the work didn ’ t remain in Chicago. Younger members of the INS brought the new 
techniques and the promise of money to new institutions. The techniques, too, moved 
independently once reliable mass spectrometers became commercially available and 
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geology departments began competing for newly available funding from the AEC and 
from the National Science Foundation. In many cases, the new money and the new 
science contributed to the restructuring of entire university departments. In the case 
of Caltech ’ s Division of Geology, AEC funding helped to raise a relatively small depart-
ment in a relatively small institution to national recognition, and by the end of the 
1950s had positioned the division to be one of the leading participants in the National 
Aeronautics and Space Administration ’ s space science program. 

 In the late 1940s, Caltech ’ s Division of Geology was far from an unknown entity. 
With a $25,000 grant from the Carnegie Corporation, and under the direction of the 
physicist Robert A. Millikan (president of Caltech in all but title), the university had 
in 1925 created the Division of Geology as part of its efforts to expand its scientific 
mission while building close and mutually supportive ties with local wealth and 
industry.  64   Two dominant forces in the division were its founding chairman, John 
Buwalda, and his successor, Chester Stock. Buwalda, a traditional  “ hard rock ”  geolo-
gist, had come to Caltech from the University of California in 1926, recruited by 
Millikan himself. While in Berkeley recruiting Buwalda, Millikan had met and been 
impressed with Stock, a paleontologist who specialized in the mammalian fossils of 
the Western United States and who made his name in the excavation of the La Brea 
tar pits.  65   Buwalda and Stock were expected to establish the Division of Geology ’ s 
research and teaching program with funding from Caltech and from private sources. 
The two chairmen developed an impressive undergraduate program that emphasized 
some fundamental training in the physical sciences, followed by specialized training 
in mineralogy, petrology, paleontology, and geophysics. In contrast with the Univer-
sity of Chicago ’ s department, Buwalda ’ s program required a student to take part in 
two summer field camps and a year-long course in field methods before graduation. 

 The Division of Geology lived up to Millikan ’ s expectations and was well regarded 
by local government and industry. Most of its graduates went on to careers in the 
petroleum industry, state and federal geological surveys, and mining.  66   The division 
also enjoyed international prestige for its Seismological Laboratory. Supported by the 
Carnegie Institution, the Seismological Laboratory employed Harry Wood, Beno 
Gutenberg, Charles Richter, and Hugo Benioff, world-renowned pioneers in geophysi-
cal research and earthquake studies.  67   Although the division produced only a few 
PhDs, in 1951 its faculty was considered one of the strongest schools of geophysics 
in the United States.  68   

 But the early postwar years brought many changes to Caltech, changes that 
challenged Buwalda and Stock ’ s program and the funding model upon which it was 
built. Chief among these changes was the appointment of Lee DuBridge to Caltech ’ s 
presidency in 1947. DuBridge, a physicist, came to Caltech after directing the MIT 
Radiation Laboratory ’ s wartime research program. W. Patrick McCray described 
DuBridge as  “ part of the interlocking system of boards and committees that shaped 
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postwar science. ”   69   A close ally of Vannevar Bush, DuBridge was a firm believer in 
Bush ’ s model of American scientific growth as laid out in the highly influential treatise 
 Science, the Endless Frontier .  70   DuBridge approached the postwar growth and expansion 
of Caltech ’ s scientific mission as his own small scientific frontier in the West.  71   
DuBridge agreed with Bush that American scientific ascendancy was possible with the 
support of the federal government. Moreover, he believed that the federal government 
had a responsibility to support the production of American science, noting that in the 
past the United States had been primarily a  “ consumer ”  of science from abroad.  72   
DuBridge looked for opportunities to get the government to support expansion of 
Caltech ’ s existing programs. 

 DuBridge insisted that changes would have to be made within the Division of 
Geology if it was to continue building its international reputation. DuBridge ’ s attitude 
toward the Division of Geology can be discerned from his retrospective assessment of 
Chester Stock ’ s paleontology research program. He brought to this assessment the 
stereotypical prejudices of a physicist; in Stock ’ s program he saw a  “ tremendous col-
lection of fossils, ”  but also  “ a one-man show, practically, with a couple of assistants. ”   73   
That Stock was a well-regarded expert in his field and a member of the National Acad-
emy of Sciences meant little to DuBridge if Stock wasn ’ t running a laboratory filled 
with graduate students and research assistants, using the most modern equipment, 
and building a research program with government funds. DuBridge also felt that the 
division ’ s geophysics program wasn ’ t as strong as its proponents claimed. Although 
the seismologists had built a fine laboratory, the more traditional field approach to 
geology represented by Buwalda and his hires was preventing the division from  “ ini-
tiating some new and more modern activities. ”   74   DuBridge later claimed, quite bluntly, 
that he was responding to  “ feelings around the campus and outside that the [Caltech] 
geologists were still back in the nineteenth century, analyzing rocks. ”   75   Of course, there 
was great merit to the work that Stock and his less geophysically inclined contempo-
raries were doing, but their lines of inquiry were to wither as sponsors pushed indi-
viduals and institutions away from the field. 

 Caltech ’ s new president perceived that the days of supporting a world-class, com-
petitive research program entirely with funds from the Institute and from private 
foundations were coming to an end. In its earlier years, Caltech ’ s research program 
had relied upon the generosity of private foundations and the wealthy businessmen 
of Pasadena and Los Angeles, often facilitated by Millikan and Caltech ’ s close affilia-
tion with the National Research Council. However, those private funding sources had 
fallen short of Caltech ’ s scientific ambitions during the Great Depression and World 
War II.  76   The war had initiated a new period in Caltech ’ s history, as it became a wartime 
institution and a recipient of government contracts worth more than $80 million 
(much of which went to the Jet Propulsion Laboratory).  77   After the war, DuBridge faced 
the challenge of ending the disruption of wartime mobilization and reestablishing 
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peacetime research while at the same time maintaining the high level of funding to 
which the Institute for Nuclear Science had by then become accustomed. 

 With his experience as the wartime director of the MIT Radiation Lab and his 
intimate knowledge of the Atomic Energy Commission, DuBridge initiated at Caltech 
a new era of contract research. Though he didn ’ t approach contract research without 
caution, DuBridge nonetheless used the contract system as a tool for expanding and 
reshaping Caltech ’ s research mission. By 1951 he was willing to make this claim: 
 “ Government contracts have been by far the most important single factor in the 
post-war improvement and expansion of science in American universities. ”   78   While 
congressional debates held up the establishment of Vannevar Bush ’ s proposed central 
government funding agency, the National Science Foundation, DuBridge estimated 
that military and government sponsors such as the Office of Naval Research, and 
the Atomic Energy Commission were already investing about $50 million per year 
in university research. Though a modest sum in comparison with the billions of 
dollars spent annually on military research, that still put the NSF ’ s proposed 1950 
budget of $3.5 million to shame. Caltech was already heavily invested in contract 
research. Government contracts provided nearly a third of Caltech ’ s budget.  79   With-
out the contract money, and in particular the government ’ s inclusion of overhead 
expenses (customarily calculated at 40 percent of the amount budgeted for salaries), 
Caltech wouldn ’ t be able to cover the many bureaucratic costs of administering 
large-scale research, let alone conduct the research itself. DuBridge warned that if 
the Institute for Nuclear Science had to suddenly withdraw from contract research 
and rely solely upon more traditional funding sources, it would be immediately 
bankrupt. 

 DuBridge did worry about the implications of contract research, however. Govern-
ment contracts might lead to overemphasis of some areas of research at the expense 
of others, and DuBridge insisted that it was the responsibility of the Institute to main-
tain a well-rounded research program. If government funds were used in some areas, 
Caltech should seek out other sources of funds for neglected areas (a lofty ideal that 
doesn ’ t seem to have been realized at most universities). Another protection from 
government control of the research agenda was the diversity of the funding agencies 
themselves. DuBridge insisted that the various government agencies were  “ all inde-
pendent of each other and to some extent in competition with each other for the 
good will of scientists. ”   80   Employing a capitalist sensibility, he suggested that Caltech 
and its faculty be sure not to get too involved with any single agency, and should 
instead encourage diversity and market competition:  “ A  ‘ contract to purchase research 
services ’  offers less possibility of government control than would a direct educational 
 ‘ subsidy. ’  In other words the government may be welcomed as a  ‘ customer ’  but not 
as a  ‘ stockholder. ’  ”   81   
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 From Old Bones to New Machines and Utopian Visions 

 By 1950, forces within the Division of Geology were willing to consider changes to 
their research program and to consider new ways of courting the government ’ s cus-
tom. At the end of 1950, Chester Stock unexpectedly died from a cerebral hemorrhage. 
The remaining members of the division held a series of internal discussions about new 
directions and determined that the division had  “ a great need for developing the field 
of geochemistry. ”   82   Although they described this  “ great need ”  intellectually, as an 
 “ opportunity of closer association with our sister science of chemistry ”  similar to the 
association between their geophysics program and physics, it is clear that something 
more was desired.  83   What the division really needed was money and growth. The divi-
sion ’ s next director, Robert P. Sharp, may have sincerely believed that building a 
geochemistry program at Caltech  “ [did] not mean an eclipse of the field of geology, 
but rather a broadening of its horizons and a strengthening of its abilities to cope with 
problems in the earth sciences. ”   84   However, Sharp also clearly expected geochemistry 
to bring more than simply a new approach to supplement the work Caltech ’ s geolo-
gists were already undertaking. Simply invoking the term  “ earth science ”  implied a 
complete reorganization of Caltech ’ s activities. 

 It was Robert Sharp who spearheaded efforts to find a suitable geochemist. He 
wanted to see the successes of the Chicago group replicated at Caltech.  85   After consult-
ing with Linus Pauling (the chairman of the Division of Chemistry, and a confidant 
of Lee DuBridge), the geologists settled on the nuclear chemist Harrison Brown and 
invited him to visit them in Pasadena.  86   DuBridge supported the choice of Brown 
enthusiastically and, once Brown ’ s visit to Caltech had concluded, traveled to Chicago 
to assist in Brown ’ s recruitment. Convinced that Caltech was serious about establish-
ing a first-rate geochemistry program, Brown accepted. Chester Stock ’ s research materi-
als, including his collection of more than 50,000 fossil specimens, were moved out of 
the Mudd Laboratory to make room for Brown ’ s new geochemical labs. 

 Harold Urey ’ s junior by nearly 25 years, Brown was nonetheless developing a repu-
tation every bit as distinguished as Urey ’ s in the new field of geochemistry. Before the 
war, like Urey, Brown had worked primarily on isotope separation. During his graduate 
days at Johns Hopkins, Brown had worked on the isotopic separation of uranium — an 
element that later, of course, became crucial to the Manhattan Project. At the request 
of Glenn Seaborg, Brown came to the University of Chicago during the war to work 
on Seaborg ’ s plutonium project. After the war, Brown turned from isotope separation 
to the investigation of elemental abundances, employing the new techniques of neu-
tron activation and mass spectrometry.  87   

 Brown shared Urey ’ s unease over atomic warfare and worked alongside his senior 
colleagues in the Chicago-centered efforts to control atomic weapons. Though he 
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didn ’ t yet have a public reputation equal to Urey ’ s, Brown became one of the INS ’ s 
most outspoken atomic scientists. In 1946 he published a monograph ( Must Destruction 
Be Our Destiny? ) in which he argued that control of the world ’ s atomic weapons by 
the United Nations was the only way to prevent the destruction of mankind.  88   Brown ’ s 
turn toward meteorites and elemental abundances at the INS probably reflected an 
aversion to weapons-related work similar to Urey ’ s. 

 Brown was most interested in geochronology and the distribution of trace elements 
in nature. The equipment he requested from the Geology Division included two mass 
spectrometers suitable for uranium-lead and potassium-argon age determination, car-
bon-dating equipment, Geiger counters, and various other laboratory supplies. This 
initial equipment budget amounted to $56,000. In addition, Brown estimated that he 
would need at least five employees, including a silicate analyst, a physicist/mass spec-
troscopist, an analytical chemist, and a chemist familiar with isotopic age determina-
tion techniques. The annual personnel budget amounted to $20,500.  89   These numbers 
at first seemed daunting to Ian Campbell, the division ’ s acting chairman, who wrote 
to Brown  “ We cannot wave a wand and say  ‘ Let there be a geochemical program as 
outlined by Harrison Brown, ’  and hope to have it overnight! ”   90   Still, Campbell knew 
that Brown ’ s outline for a geochemical program would carry a great deal of weight 
with Lee DuBridge. Furthermore, Brown knew from his experience at Chicago that the 
government could be persuaded to support this work. DuBridge and Sharp knew that 
Brown  “ spent a lot of time in Washington, ”  that he  “ had his fingers on the pulse of 
a lot of activities there, ”  and that he  “ had a very keen sense of where new opportuni-
ties were likely to be forthcoming and what to do about them. ”   91   They were banking 
on Brown ’ s ability as an atomic insider to tap into these new opportunities. 

 Brown ’ s experience at Chicago had taught him that the government would support 
a general research program if it were appropriately framed as being in the national 
interest. As has already been noted, in 1949 he had unsuccessfully requested a far 
smaller amount from the Atomic Energy Commission to study the ages and distribu-
tions of elements in meteorites and in the Earth ’ s crust and the abundances of ele-
ments in the solar system.  92   Perhaps it was this rejection, or perhaps it was DuBridge ’ s 
advice, that led Brown to accentuate his uranium expertise and frame his new research 
proposal as a study of  “ critical ”  materials in nature — uranium in particular — and eco-
nomic processes for their isolation. With help from DuBridge, Brown drafted and 
submitted a research proposal to the AEC that went beyond what he asked of Ian 
Campbell. Instead of the $76,500 he had requested from Campbell, Brown ’ s proposal 
to the AEC outlined a two-year research program that would cost more than $350,000. 
The new equipment budget allowed for a third mass spectrometer, and the number 
of scientific personnel he wanted had increased to nine.  93   

 By  “ critical ”  materials, Brown meant uranium and other valuable elements typically 
associated with it. Brown ’ s proposal predicted long-term heavy demand for uranium 
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in America ’ s energy and weapons programs, and contrasted this to the low average 
surface concentration of the element (which Brown estimated to be no more than 
four grams per ton of rock). It was essential, Brown argued, that the AEC invest in the 
development of methods for economically and efficiently refining uranium from 
materials that held the element in low concentrations, thus establishing its long-range 
supply. The economical means that Brown proposed, and what he claimed his project 
would develop, was a method of processing low-grade ores for multiple elements 
simultaneously. 

 The logic was simple. Mining low-grade ores for uranium alone would be prohibi-
tively expensive, and would involve disposing of great amounts of waste materials. 
However, if other valuable metals could be isolated from the ore during processing, 
the proportional cost of the uranium would be decreased. And although Brown ’ s 
proposal began by addressing the AEC ’ s main concern, it went on to address all the 
metals on the  “ critical ”  list. Brown argued that supplies of high-grade ores of many 
important metals were dwindling. He suggested integrated refining operations that 
would target all the valuable materials found in low concentrations on the surface of 
the Earth. 

 Devising such involved mining operations would require a comprehensive research 
program concerned with the general geochemistry of uranium and other  “ critical ”  
elements. Brown ’ s proposal included using isotope analysis to determine the natural 
abundances and concentrations of uranium and other elements in various types of 
rock, and using radiometric age determinations of rocks to study geochemical pro-
cesses as a function of time. The program would be highly inclusive, as Brown ’ s 
research team would produce a quantitative picture of the geochemical cycle of 
uranium, examining the developmental paths taken by uranium in the solidification 
of molten rocks, the weathering of igneous rocks, shales, sandstones, and limestones, 
and the formation of evaporates, hydrolyzates, and bioliths. Brown also planned to 
incorporate biogeochemical studies into his program, determining quantitatively 
the extent to which plant forms such as algae enrich uranium and other trace 
elements. 

 Not only was Brown ’ s proposed research program extensive; his vision of its appli-
cation was utopian. The general geochemistry program Brown described was to be 
completed in the first year of funding, followed in the second year by application of 
the knowledge gained to the development of the refining process. Brown had an idea 
of the shape his ideal process would take. He provided the AEC with a hypothetical 
example that involved isolating uranium from limestone and also isolating calcium, 
magnesium, iron, aluminum oxides, manganese, strontium, barium, copper, lead, 
and large amounts of carbon dioxide. The process he imagined would use sea 
water and air (both harmless and  “ essentially in infinite supply ” ) as the main reagents, 
and would be powered by clean nuclear energy. The refinery would be attached to an 



128 Shindell

algae farm that would use all of the refinery ’ s carbon dioxide and nitrate wastes to 
produce food and useful organic by-products.  94   It would be a perfect system, wasting 
nothing and producing no pollution. It also perfectly illustrated Bush ’ s model of the 
value of pure research to applied projects. 

 From Utopia to the Age of the Earth and the Birth of a  “ Lead Man ”  

 In hindsight, outside of the context of Cold War anxieties about uranium supplies 
and optimistic visions of the possible applications of nuclear technologies, the purpose 
of Brown ’ s research program seems unrealistic to say the least. Nonetheless, it made 
sufficient sense to the Atomic Energy Commission at the time that the AEC commit-
ted not only to the initial two years of funding Brown requested, but also to numerous 
extensions throughout the 1950s.  95   This gave the new geochemistry program the 
distinction of being supported by one of Caltech ’ s largest unclassified research 
contracts.  96   

 The boost in the Geology Division ’ s funding gained the geochemists considerable 
prestige at Caltech. The experience of the division reflected that of the geosciences as 
a whole during the Cold War as universities ’  geology departments throughout the 
United States set aside traditional field work to become laboratory geology programs. 
So internalized did the values of laboratory research become within the geosciences 
community in the next few decades that the community soon went from recognizing 
that geophysics and geochemistry were fields that the military and the government 
funded to arguing that these were the fields that their patrons  should  fund at the 
expense of field work and mapping.  97   

 The injection of new money, personnel, and equipment transformed Caltech ’ s 
Geology Division. During the 1950s, when a faculty position opened up, Robert Sharp 
tended to give priority to hires that would further help to establish geochemistry at 
Caltech. More of the younger set from Chicago who found that there was no way to 
move up the chain at the Institute for Nuclear Studies (crowded as it was with senior 
statesmen of atomic science) came to Caltech. In the coming years, the faculty of the 
Geology Division grew from about a dozen researchers to nearly thirty. Sharp esti-
mated that nearly half of the staff, including himself, shifted their own research 
programs toward geochemistry, or employed the geochemical equipment and exper-
tise now available to them.  98   

 In addition to supporting individual research projects, the government and military 
contracts allowed the Geology Division to purchase expensive equipment that other 
geology departments couldn ’ t afford and to support a technical staff and an admin-
istrative staff.  “ Before there were government contracts, ”  Robert Sharp explained,  “ the 
money for such support had to come out of the [division ’ s] budget. Now much of 
the technical and administrative help comes out of grant budgets. We now have a 
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large group of secretaries and aids who keep the wheels grinding in our Geology Divi-
sion. Without them, we ’ d come to a halt tomorrow. ”   99    

 These changes didn ’ t come without resistance. Older faculty members complained 
to Sharp that he was  “ gutting geology to build geochemistry. ”   100   Gerald J. Wasserburg, 
who came from Urey ’ s Chicago laboratory to Caltech in 1955, remembers that the 
attitude among alumni and older members of the Caltech faculty was that  “ geochem-
istry was certainly not real geology! ”   101   But although the critics may have seen this 
Cold War transformation as the end of the golden era that had begun under Millikan 
and Buwalda, the new era brought more and more prestige and resources to the divi-
sion. By the end of the 1950s, the investment in geochemistry had positioned Caltech ’ s 
Geology Division as a major player and contract winner in the NASA-funded space 
science that accompanied the emerging  “ space race. ”  

 Contracts had become essential to the operation of the Geology Division. When 
in 1957 it came time to replace Beno Gutenberg as director of the Seismology Labora-
tory, rather than passing the position to Hugo Benioff or Charles Richter the division 
recruited Maurice Ewing ’ s prot é g é  Frank Press. Press was chosen because he  “ under-
stood the modern world of government contracts ”  and was expected to use this 
understanding to modernize the lab, increase its staff, and bring it  “ to the forefront 
in the modern world. ”   102   What this meant in practice was that Press was able to con-
nect the Seismology Laboratory ’ s expertise to the detection of atomic weapons tests. 

 An integrated refining process for  “ critical ”  materials such as Harrison Brown had 
envisioned never emerged, though Brown spent much of the remainder of his career 
involved in political projects concerned with resource development. The initial 
research, however, proceeded with gusto, though not always with Brown ’ s participa-
tion. It isn ’ t likely that the Atomic Energy Commission — advised as it was by Brown ’ s 
peers (Harold Urey reviewed at least one of Brown ’ s renewal requests, and Willard 
Libby was appointed to the AEC in 1954) — failed to recognize early on that Brown ’ s 
proposed research program was unlikely to produce a useful refining process. It is far 
more likely that the AEC didn ’ t see Brown ’ s potential failure to produce a refining 
process as a major setback. The AEC got its money ’ s worth from Brown, in the devel-
opment of new technological methods for the study of isotopes in nature and in the 
increased understanding of the geochemistry of uranium and other associated metals. 
Thus, the AEC had no reason to worry when the publications Brown listed in his 
progress reports were more the type that one might expect from basic research propos-
als, and didn ’ t actually demonstrate significant progress toward his contract ’ s stated 
goals. 

 The AEC funds, along with money from the Guggenheim Foundation, allowed 
Brown to bring with him from Chicago two members of Urey ’ s research team: Charles 
McKinney, the engineer who had built Urey ’ s mass spectrometers, and Sam Epstein, 
the postdoc who had helped Urey to develop the oxygen thermometer. The 
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paleoecologist Heinz Lowenstam, who had worked with Urey and Epstein, also received 
an appointment in the division. McKinney built the new mass spectrometers that 
would soon make the division a world-renowned center for isotope geochemistry. 
Meanwhile, Epstein and Lowenstam continued the oxygen thermometer work initi-
ated in Chicago. Robert Clayton and Lee Silver, two up and coming researchers, also 
joined the roster. But perhaps the most famous work to be done by the research team 
was the determination of the age of the Earth by Brown ’ s former graduate student and 
postdoc Clair Patterson. 

 Patterson gained expertise in the use of mass spectrometers while working in the 
Manhattan Project ’ s electromagnetic separation plant at Oak Ridge. After the war, he 
decided to follow the atomic scientists to the University of Chicago and pursue a PhD. 
There he met Brown, who put him to work on projects related to Brown ’ s interest in 
meteorites and the age of the solar system. The first project involved using mass spec-
trometers to measure the small amounts of uranium and lead isotopes in zircon crys-
tals embedded in rocks in order to determine their geologic age. Brown put Patterson 
and another graduate student, George Tilton, on the zircon work. The two students 
split the work, and Patterson applied his talents in mass spectrometry to measuring 
the isotopic compositions of lead in the samples.  “ I was the lead man, ”  Patterson later 
recalled,  “ and Tilton was the uranium man. ”   103   

 Brown believed that the lead in iron meteorites was primordial lead — lead that had 
been preserved unchanged within the meteorites from the time of the solar system ’ s 
formation. The forming planets had accumulated both lead and uranium, but the iron 
meteorites contained no uranium. Whereas terrestrial rocks contained two types of 
lead (primordial lead and the lead created by the radioactive decay of uranium and 
thorium), the meteorites contained only the original lead of the solar system. Brown 
convinced Patterson that once he had perfected his lead techniques with the zircon 
samples, he would be able to apply his methods to an iron meteorite. The isotopic 
composition of the meteorite would yield the original isotopic composition of primor-
dial lead at the time of the Earth ’ s formation. By comparing that composition against 
the present isotopic composition of terrestrial rocks, Patterson would be able to deter-
mine the age of the Earth. The concept was so simple, Brown assured Patterson, that 
the work would be  “ duck soup. ”   104   

 But the work turned out not to be simple at all. In principle, the methods should 
have worked. However, Patterson was working with microgram samples of lead, and 
was attempting to adapt spectrometer techniques that required milligrams. Moreover, 
he was discovering that all his samples were contaminated with lead from industrial 
processes. After many failures, Patterson had to put the meteorite work aside while in 
Chicago, turning instead to geochronometric work on granites. 

 After receiving a PhD in 1951, Patterson decided to make another attempt at the 
meteorite research. He wrote a proposal to the AEC requesting funds to support a 

www.ebook3000.com

http://www.ebook3000.org


From the End of the World to the Age of the Earth 131

postdoc at Chicago for the work. The AEC turned him down:  “ They said they weren ’ t 
interested in measuring the age of the Earth. ”   105   But Brown was able to fit Patterson ’ s 
meteorite work under the umbrella of his new AEC contract. At Caltech, Brown had 
new labs built for Patterson. Patterson was able to work in a cleaner space, and in the 
time since his initial meteorite work he had developed new contamination control 
techniques. During his granite work, Patterson had measured the isotopic composition 
of contaminant lead and had developed a technique for separating radiogenic lead 
from contaminant lead in the mass-spectrometer readout. In 1953, Patterson received 
his first meteorite sample. He extracted the lead from the meteorite in his new lab in 
Pasadena, then traveled back to Chicago to run the lead through one of Mark Ingh-
ram ’ s mass spectrometers at Argonne National Laboratory. Shortly afterward, Patterson 
announced the age of the Earth: 4.55 billion years.  106   

 Conclusion 

 Clair Patterson preferred to describe his own research program as completely basic, 
not guided by the desires of sponsors, and not concerned with practical applications. 
He told an interviewer that his motivation had been purely  “ Science, science, sci-
ence! ”   107   He described Brown ’ s AEC contract proposals as useful  “ fibs ”  that allowed 
him to do the research that he deemed worthwhile: 

 [Brown] went through all these calculations, and he told the Atomic Energy Commission how 

there was enough uranium in ordinary igneous rock that if you ground that rock up and then 

leached it with hydrochloric acid you would get enough uranium to use in an atomic generator 

that would be equivalent in energy to 10,000 tons of coal. It would pay for the energy not only 

of grinding up the rock, which required energy, but you would have left over huge amounts of 

extra energy. In other words, 10,000 tons of coal would equal the amount of energy of the 

uranium in one ton of granite.  …  They bought that! And it was that kind of sales pitch he used. 

 …  I would say [in my proposals],  “ Well, I want to know how this chunk of North America evolved 

and then got thrown around and came over here, and how this other chunk came up later. And 

we want to know when this chunk came up and when that chunk came up, and how they were 

related to each other. What was their ancestry? ”  And the Atomic Energy Commission would say 

to me,  “ To hell with you, Patterson! We don ’ t care about that stuff at all. ”   …  And I never got 

funded. But Harrison would get them funded for me.  108   

 However, as was noted above, it is naive to believe that the AEC was oblivious to 
what it was actually buying. It is also unrealistic to divide, as Patterson did, Brown ’ s 
fund-raising efforts from the work done in his laboratory. Work in the social studies 
of science has demonstrated that such divisions nearly always break down upon 
investigation.  109   

 Patterson ’ s demonstrated ability to follow an isotope through time and space, and 
to produce a global picture of how that isotope moved through nature, was directly 
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related to his sponsors ’  Cold War concerns. Furthermore, the prestige of Patterson ’ s 
science and his quantitative data were bestowed not by the methods themselves, but 
by the work done by the AEC and other patrons to promote geochemistry and 
 “ earth science ”  within academia. It is clear that Caltech didn ’ t invest in isotope 
geochemistry because of its proven usefulness; most of the dramatic discoveries that 
vindicated the new science — including Patterson ’ s determination of the age of the 
Earth — were yet to come at the time the Geology Division recruited Brown. What 
was obvious at the time was not the new field ’ s proven success, but its proven ability to 
attract large sums of contract money. Furthermore, this money was made available 
to projects not on the basis of whether they addressed the most timely or important 
scientific questions, but on the basis of whether they addressed the most pressing 
national-security concerns. And although we might take Patterson at his word that 
the AEC money didn ’ t substantially distort his scientific agenda, we must also rec-
ognize that the money did place him within a privileged group of scientists whose 
work was promoted at the expense of other work less related to these concerns (or 
to other national-security and geopolitical concerns). One need only consider the 
fate of paleontology at Caltech to realize that not all branches of geology benefited 
from the support of government or military patrons during the Cold War. When 
Chester Stock ’ s La Brea specimens were sold in 1957 to the Los Angeles County 
Museum, the money was used to improve the geochemical facilities that had dis-
placed them.  110   

 Harold Urey, Harrison Brown, and other atomic scientists may have turned to geo-
chemistry because it offered an escape from weapons-related work and an opportunity 
to ask fundamental questions about the natural world. Their activities truly did move 
from fearing the end of the world to determining the age of the Earth. However, the 
work these scientists did and the schools that were founded around them were made 
possible because their research programs addressed Cold War military and political 
concerns. And though Stephen Brush may claim that it was the prestige of the atomic 
scientists that convinced younger scientists to take the new fields of geochemistry and 
cosmochemistry seriously, the mass movement into these fields was clearly more a 
product of institutional changes in response to funding sources. 

 The University of Chicago ’ s Geology Department was transformed not only by its 
encounter with Urey, but also by its financial relationship with the Office of Naval 
Research. In 1966, Caltech ’ s Geology Division — significantly affected by its encounter 
with Cold War geochemistry, seismology, and eventually space exploration — began 
planning the construction of a new 65,000-square-foot Geophysics and Planetary 
Science Laboratory.  111   Similar changes took place at universities around the United 
States as the Cold War transformed geology, now dominated by geophysical and geo-
chemical approaches, into a component discipline of the new earth and planetary 
sciences.   
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 5   Changing the Mission: From the Cold War to Climate Change 

 In 1996, the historian Paul Forman argued that military patronage in physics had 
fostered a science of technical mastery and gadgeteering in physics; in 1965, the 
oceanographer William von Arx had come to the same conclusion about oceanogra-
phy.  1   Military patronage was problematic, von Arx argued, because it fostered a culture 
of technological bravado at the expense of conceptual understanding. This could be 
remedied, however, by changing the focus of oceanographic research. The particular 
change von Arx wanted was from warfare to weather (and climate).  “ This refresh-
ing change of  ‘ mission ’  in ocean research, ”  he wrote optimistically,  “ would draw a 
different sort of people into marine science. There would be more thought-centered 
effort and less thing-centered preoccupation as with deep submersibles  …  and other 
elements of technological derring-do which  ‘ big science ’  tends to encourage. ”   2   

 Foreshadowing conclusions that would soon become commonplace, von Arx noted 
that human effects on the natural environment were increasingly evident and worthy 
of investigation.  “ Man, ”  he wrote,  “ is altering the radiation balance [of the atmo-
sphere] by his vigorous consumption of fossils fuels. ”   3   This was worthy of serious 
scientific attention. 

 Although von Arx ’ s complaint foreshadowed Forman ’ s, his views weren ’ t typical. 
The majority of oceanographers active at that time had mostly good things to say 
about their Cold War military patrons. Many have since described the Cold War as a 
 “ golden age ”  of oceanography, and it is hard for a historian to disagree strongly with 
that view. Many significant discoveries were made and advances in conceptual under-
standing emerged that would not have been possible without the financial and logisti-
cal support of the US Navy and the intellectual motivation provided by Cold War 
geopolitical demands.  4   Moreover, the purpose of patronage, military or otherwise, is to 
adjust the focus of attention and influence the direction of work, so there are bound 
to be those who dislike or disagree with that adjustment. The question for the histo-
rian of scientific knowledge is this: In what specific manner has a patron adjusted 
priorities and focused attention, and what epistemic consequences, if any, did those 
adjustments and change in focus have? 

 Naomi Oreskes 
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 Both von Arx and Forman alleged that during the Cold War there was a loss of 
conceptual understanding in favor of technological prowess. This chapter examines 
that claim by exploring what happened to oceanographers at the end of the Cold War, 
when they belatedly took up von Arx ’ s recommendation in the form of a project called 
Acoustic Tomography of Ocean Climate (ATOC). Explicitly conceptualized as an 
attempt to turn swords into plowshares, ATOC addressed the question of whether the 
oceans were warming in response to increased atmospheric concentrations of carbon 
dioxide from the burning of fossil fuels. It ran aground, however, when environmen-
talists and biologists suggested that the proposed investigations might harm marine 
mammals, and when members of the lay public interpreted the project as a cover story 
for further secret military-scientific projects. The scientific and public opposition to 
the Acoustic Tomography of Ocean Climate project suggests that military patronage 
had both epistemic consequences and also social and political ones. And some of these 
consequences remained salient even after the Cold War was over. 

 Anthropogenic Climate Change as a Scientific Opportanity 

 William von Arx was neither idiosyncratic nor clairvoyant in calling attention to 
anthropogenic climate change. It had been known since the nineteenth century that 
CO 2  was a greenhouse gas — highly transparent to visible light, fairly opaque to infra-
red — and that its presence in the atmosphere made Earth a comfortably warm planet. 
Among physicists, oceanographers, geologists, and geophysicists it had also become 
broadly accepted that changing concentrations of atmospheric CO 2  could affect the 
climate by altering Earth ’ s radiative balance. That led Charles David Keeling, a geo-
chemist at the Scripps Institution of Oceanography in San Diego, to begin systematic 
measurement of atmospheric carbon dioxide in 1958.  5   

 Keeling was a junior colleague of the oceanographer Roger Revelle and the geo-
chemist Hans Suess, who had emphasized the historically unprecedented character of 
mid-twentieth-century human activities. Humans had become geological agents, they 
argued, returning to the biosphere in just a few centuries organic carbon that had 
accumulated in rocks over the course of hundreds of millions of years. In hindsight, 
a 1957 paper by Revelle and Suess is often cited as an early warning of the dangers of 
global warming, but in fact, consistent with the Cold War spirit of making scientific 
virtue out of political necessity, Revelle and Suess were primarily making the point 
that global warming presented a scientific  opportunity : 

 [H]uman beings are now carrying out a large scale geophysical experiment of a kind that could 

not have happened in the past nor be reproduced in the future. Within a few centuries we are 

returning to the atmosphere and oceans the concentrated organic carbon stored in sedimentary 

rocks over hundreds of millions of years. This experiment, if adequately documented, may yield 

a far-reaching insight into the processes determining weather and climate.  6   
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 As the human population and its use of resources continued to increase, the rising 
atmospheric concentration of CO 2  probably would be large enough to produce detect-
able climatic effects; Revelle and Suess suggested that scientists try to document those 
effects: 

 In contemplating the probably large increase in CO 2  production by fossil fuel combustion in 

coming decades, we conclude that a total increase of 20-40 in atmospheric CO 2  can be antici-

pated. This should certainly be adequate to allow a determination of the effects, if any, of changes 

in atmospheric carbon dioxide on weather and climate throughout the Earth.  7   

 How large these effects would be would depend on the fraction of CO 2  accumulated 
in the atmosphere relative to the fraction taken up by the biosphere and absorbed by 
the oceans. Within a few years, Keeling ’ s data showed that about half of the released 
CO 2  was  “ missing ”  and presumed to have been absorbed into the oceans or taken up 
by plants. The remainder stayed in the atmosphere, where its concentration was on 
the rise. 

 In the mid 1960s, most Earth scientists — particularly geologists focusing on geologi-
cal rather than human time scales — believed that the planet was heading naturally 
toward an ice age. If they considered human impacts (and most did not), perhaps they 
expected accelerated cooling caused by sulfate aerosols and other particulate emis-
sions; with coal the dominant source of fossil-fuel energy, these effects looked to be 
larger than any possible warming effect. The geophysicist Gordon MacDonald later 
wrote:  “ In 1969, it seemed plausible that our activities could either lead to a disastrous 
ice age or to an equally disastrous melting of the polar ice caps. ”   8    

 Things changed, however, as more scientists began to learn of Keeling ’ s measure-
ments, which showed that absolute values of atmospheric CO 2  were steadily climbing.  9   
By the 1970s, a number of scientists were building numerical simulation models to 
predict when a detectable climate signal might occur. In 1978,  Oceanus , the official 
journal of the Woods Hole Oceanographic Institution in Massachusetts, dedicated a 
special issue to  “ Oceans and Climate ” ; in the introduction, Robert M. White, chairman 
of the National Research Council ’ s Climate Research Board, wrote: 

 We now understand that industrial wastes, such as carbon dioxide released during the burning 

of fossil fuels, can have consequences for climate that pose a considerable threat to future society. 

The Geophysics Research Board of the National Research Council in its recent report,  “ Energy 

and Climate, ”  foresees the possibility of a quadrupling of the CO 2  content of the atmosphere in 

the next two centuries with a possible increase of 6 degrees Celsius in global surface temperatures. 

 …  [E]xperiences of the past decade have demonstrated the consequences of even modest fluctua-

tions in climatic conditions [and] lent a new urgency to the study of climate.  …  The scientific 

problems are formidable, the technological problems, unprecedented, and the potential eco-

nomic and social impacts, ominous. ”   10   
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 In 1979, the World Meteorological Organization held the first World Climate Con-
ference, issuing an  “ appeal to nations ”  to  “ foresee and prevent potential man-made 
changes in climate that might be adverse to the well-being of humanity ”   11   and focus-
ing particularly on  “ the burning of fossil fuels, deforestation, and changes in land use 
[that] have increased the amount of carbon dioxide in the atmosphere. ”   12   When would 
such changes occur? Few scientists were prepared to say; most who ventured a guess 
imagined not before 2000. When the 1980s turned out to be the warmest decade on 
record (thus far), and the midwestern states experienced major heat waves and 
droughts, some scientists concluded that a detectable signal  had  occurred and that the 
costs of climate change were beginning to be felt.  13   

 Still, heat waves were nothing new; could one say that this was something other 
than natural variability?  14    “ Mathematical models of the world ’ s climate indicate that 
the answer is probably yes, ”  Roger Revelle concluded in 1982,  “ but an unambiguous 
climate signal has not yet been detected. ”   15   To find that unambiguous climate signal, 
oceanographers proposed an ambitious project called Acoustic Tomography of Ocean 
Climate. 

 Taking the Ocean ’ s Temperature 

 Scientists today tell us that anthropogenic global warming is  “ unequivocal, ”  but it has 
taken decades to reach this conclusion.  16   One reason is that there is no thermometer 
that permits direct measurement of Earth ’ s temperature; scientists calculate the tem-
perature from diverse historical records and geological proxies, and these calculations 
involve numerous inferences and assumptions.  17   But what if you  could  measure Earth ’ s 
average temperature, more or less directly? This question was posed in the early 1980s 
by a group of oceanographers at the Scripps Institution of Oceanography and the 
Woods Hole Oceanographic Institution. Their answer was that you could, using the 
speed of sound in the oceans. 

 The speed of sound in water is temperature dependent, so if the oceans are warm-
ing then the speed of sound in them should be increasing. Since the oceans cover 
about 70 percent of the Earth ’ s surface, an average ocean temperature would be 
pretty close to an average global temperature, and it would be more reliable than an 
atmospheric average because the oceans are less temporally and spatially variable. 
Moreover, sound can travel very long distances in the ocean so its speed over those 
distances is a measure of the average temperature of the water along the way. Release 
sound from a high-intensity source and record the travel time to a receiver, and in 
effect you measure the average temperature of the water mass through which the 
sound has traveled. A long-range transmission, say from Honolulu, Hawaii to Half 
Moon Bay, in California, could provide an integrated assessment of the thermal 
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conditions of the water between those two points. So acoustic velocity is a 
thermometer.  18   

 Ocean acoustic tomography was developed in the 1970s by Walter Munk and Carl 
Wunsch.  19   The technique is acoustic because it relies on sound waves; it is tomographic 
because it creates an image using vertical slices through the water column, and the 
measurements from the numerous pathways, or slices, are integrated to create a picture 
of the ocean through which the sound has traveled.  20   The technique relies on low-
frequency sound waves (which travel efficaciously over long distances) by integrating 
information from sound waves that have traveled over various possible  “ ray paths. ”  
It works over long distances because the ocean sound channel permits the propagation 
of low-frequency sound with minimal attenuation.  21   

 If scientists could take measurements around the world, collect the ray paths, and 
analyze the travel times, then they would come close to measuring the average ocean 
temperature at that moment. If they did it repeatedly for a decade, then they would 
have an independent assessment of whether the ocean--and thus the planet — was 
warming. 

 The acoustic thermometer depended on a precise understanding of the relationship 
between sound velocity and ocean conditions, but that relationship was very well 
understood. As early as World War I, scientists in Germany, Russia, and the United 
States worked on underwater sound transmission, and the topic became a major focus 
of the US National Defense Research Committee during World War II, inspired by the 
exigencies of submarine warfare.  22   With the development, during the Cold War, of 
SOSUS (SOund SUrveillance System — the secret US underwater acoustic system that 
tracked Soviet submarines) and of submarine-launched ballistic missiles, these pro-
grams flourished; some scientists at the Scripps Institution of Oceanography jested 
that it should be renamed the Scripps Institution of Underwater Listening and Loca-
tion.  23   At both Scripps and Woods Hole, Navy funding flowed in for studies of under-
water sound.  24   By the 1980s, Office of Naval Research support for acoustic research at 
Woods Hole amounted to $1.5 million per year, the largest single project at the Insti-
tution.  25   ATOC built on this history of Navy largesse and focus. Because the SOSUS 
network provided the equipment needed to detect the sound transmissions, the sci-
entists would be relying on a well-tested, well-maintained technology with global 
reach.  26   

 William von Arx had thought that shifting from warfare to weather would enable 
oceanographers to escape the Navy yoke, but things didn ’ t exactly work out that 
way. On the contrary, the ATOC project was designed to exploit existing Navy 
technology and facilities, and the scientists involved turned to their existing 
Navy patrons for funding. The Office of Naval Research would support the use of 
data processing and recording equipment at the University of Michigan ’ s Cooley 
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Electronics Laboratory and at the Navy ’ s communications facility at Centerville Beach, 
California. The proof of concept would occur at Heard Island in the southern Indian 
Ocean, from which there were unimpeded ray paths that could reach research stations 
in Brazil, India, South Africa, Australia, and the east and west coasts of the United 
States.  27      

 Meanwhile, the oceanographer John Spiesberger and his colleagues at Woods Hole 
had preliminary results from the northeast Pacific demonstrating the concept ’ s feasi-
bility. They summarized these results in 1991 in the  Journal of Geophysical Research  and 
in a Woods Hole internal report, concluding in the latter that the results demonstrated 
that it was  “ possible to accumulate long records of arrival times that might be used 
to  …  measur[e] oceanic thermal changes associated with global warming brought on 
by increases in greenhouse gases. ”   28   

 A Risk to Marine Mammals? 

 The Heard Island Feasibility Test was scheduled for January of 1991.  “ The issues in 
[the Heard Island Feasibility Test], ”  Walter Munk explained a few years later,  “ were: 
can signals generated by currently available acoustic sources be detected at ranges 

 Figure 5.1 
 A map showing ray paths from Heard Island across the world ocean to oceanographic research 

institutions on five continents. Source: Walter Munk and A. M. G. Forbes,  “ Global Ocean 

Warming: An Acoustic Measure? ”   Journal of Physical Oceanography  19 (1989): 1765 – 1777. 
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of order 10 Mm [mega-meters, i.e., thousands of kilometers], can coded signals be 
 ‘ matched filtered ’  to measure travel time to better than 0.1 [second], and can this 
be done without harm to local marine life? ”   29   This, however, was a bit of revisionist 
history, because in the early ATOC proposals there was no discussion of potential harm 
to marine life. Tomography had been conceptualized and developed by physical 
oceanographers and engineers to whom the prospect of interfering with marine life 
evidently hadn ’ t occurred or hadn ’ t seemed strong enough to pursue. Perhaps this was 
because they were using familiar technology whose safe operation they took for 
granted. Perhaps, because no biologists were involved in developing the project, the 
issue never came up. Or perhaps because, as J. Robert Oppenheimer said about 
the hydrogen bomb, it was technically so sweet that it just drew you in. 

 However, in the United States the Marine Mammal Protection Act of 1972 and the 
Endangered Species Act of 1973 prohibit the  “ taking ”  of any federally listed endan-
gered or threatened species without authorization, and  “ taking ”  is defined very broadly 
as any activity that tends to harass, harm, pursue, shoot, wound, kill, trap, capture, 
collect, or to attempt to do any such thing.  30   Quite a few species of marine mammals, 
including some species of endangered or threatened whales, hear low-frequency 
sound, so the National Marine Fisheries Service concluded that the ATOC sounds 
might  “ take ”  whales, and that authorization was required. Yet the project was 
ready to go, and to reschedule it wouldn ’ t be easy. So the participants set sail from 
Fremantle, Western Australia, hoping that the required permits would arrive in time, 
while colleagues, hoping to expedite the process, got in touch with contacts in 
Washington.  31   

 Eight days before the scheduled start of transmissions, the permits were approved, 
but with the stipulation that a monitoring team look for adverse affects on marine life 
in the area. Four marine-mammal observers (one of them a bio-acoustician) were to be 
aboard a dedicated survey vessel; three additional observers traveling with the sound 
source would  “ monitor the effects of the transmission on marine mammals close to 
the source, ”  with comparative observations made before and after each transmission. 
If marine mammals were  “ sighted or heard  …  within 5 km of the source, ”  or  “ in the 
event of injury or mortality of one animal, ”  the transmissions were to be delayed or 
suspended. The results of the biological observations were to be submitted to the 
National Marine Fisheries Service within 90 days of completion of the experiment.  32   
With little time to spare, the Scripps oceanographers recruited Ann Bowles, a junior 
biologist from the nearby Hubbs Sea World in San Diego, to serve as bioacoustician 
and to supervise the monitoring program.  33   (Bowles would later earn a PhD at Scripps 
for a study of vocal recognition in emperor penguins, but at the time she had only a 
BA in linguistics.  34  ) She found that sperm whales ’  sonar clicks were noticeably absent 
during the transmission periods, but she and her team concluded that the whales ’  
silences weren ’ t  “ associated with long-term effects. ”   35    With that, the scientists made 
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plans to launch the Acoustic Tomography of Ocean Climate project, an ambitious 
worldwide program, running over a decade, to definitively detect global warming.   

 From Heard Island to ATOC 

 The Acoustic Tomography of Ocean Climate project would be as expensive as it was 
ambitious, but this ambition was made realizable by the creation of a new federal 
program (advocated by Senator Albert Gore Jr.), the Strategic Environmental Research 
and Development Program (SERDP), which had been established by Congress in 1990 
as a program within the Department of Defense ’ s Advanced Research Projects Agency. 
The goal of SERDP was to  “ harness some of the resources of the defense establishment 
... to confront the massive environmental problems facing our nation and the world 
today ”  — that is, to turn Cold War swords into scientific plowshares.  36   By this time, the 
idea of ATOC had been around for a decade, but its implementation was made pos-
sible by the release of military hardware for civilian purposes at the end of the Cold 
War. In February of 1993, the Scripps Institution was awarded a $35 million contract 
to run the ATOC project. 

 Heard Island ’ s acoustic access to the ocean was impressive — its signals were detected 
at sites around the globe — but this was outweighed by the logistical difficulties of 
working in such a remote location. The realized project would be moved closer to 
home, exploiting existing Navy facilities in Hawaii and California and relying primar-
ily on bottom-mounted horizontal hydrophone arrays maintained by the Navy as part 
of SOSUS.  37   During the proposed initial two-year project period, a 20-minute signal 
would be released every four hours, up to six times per day, seven days a week. To 
communicate more clearly the intent to detect to climate change, the acronym ATOC 
was now said to stand for Acoustic  Thermometry  of Ocean Climate. 

 To manage a large project with such complex logistics, the Scripps Institution con-
tracted with Science Applications, Inc. (SAIC), a private science and engineering firm 
with extensive military contracts, who helped to prepare the necessary permit applica-
tions. This time scientists knew in advance that they would need permits, particularly 
because the California source would be located on Sur Ridge, within the boundaries 
of the Monterey Bay National Marine Sanctuary, a federally protected marine area, 
and linked by a 22-mile cable to the Point Sur Naval Facility at the southern end of 
the Monterey Bay, in an area of California famous for its spectacular coastline and 
abundant marine life and a human population highly attuned to environmental 
issues. Before a full-scale program could go forward, biological concerns would have 
to be addressed. 

 One major question was whether the oceanographers would have to obtain a formal 
legal release from the laws prohibiting activities that might adversely affect threatened 
or endangered marine species. According to a Fish and Wildlife Service official who 

www.ebook3000.com

http://www.ebook3000.org


Changing the Mission 149

reviewed the proposal, ATOC might harass marine mammals, since by law the term 
 ‘ harass ’  would include any  “ intentional or negligent act or omission that creates the 
likelihood of injury to wildlife by annoying it to such an extent as to significantly 
disrupt normal behavioral patterns which includes breeding, feeding, or sheltering. ”   38   
Since the acoustic transmission would penetrate a large portion of the Pacific, the poten-
tial for  “ harassment ”  was considerable. Ann Bowles disagreed, arguing to the National 
Marine Fisheries Service ’ s Office of Protected Resources that small cetaceans and monk 
seals have poor hearing in the relevant frequency range, and that humpback whales, 
which do hear well in that range, swam through the region only for a few months 
each year.  “ Within the zone of influence, humpback whales may alter swim direction 
and exhibit subtle changes in behavior until they habituate, ”  she speculated, but this 
was too minor to constitute a  “ take. ”   39    “ We do not anticipate any deleterious effects 
to the hearing, migration, communication or reproduction of marine mammals, ”  
Bowles explained,  “ although some species may avoid the transmission site during 
the first few months of exposure. ”   40   Representatives of the National Marine Fisheries 
Service rejected this interpretation, concluding that behavioral changes did represent 
a  “ take ”  and that the ATOC team would have to apply for a  “ small take exemption. ”  
Public hearings would be required, then a 60-day comment period, then a 120-day 
lag between comments and agency response, and finally additional time for the Office 
of Management and Budget to approve the legal exemption.  41   Bowles and her col-
leagues were shocked at the prospect of a long delay for what seemed to them to be 
purely bureaucratic reasons, and they tried to find another approach. Exceptions to 
the  “ taking ”  rule were permitted for a small number of specific reasons falling into 
two main categories. The first category excepted commercial activities; ATOC clearly 
was not such an activity.  42   The second category excepted bona fide scientific activities 
that supported the overall conservation goals of the Marine Mammal Protection Act, 
including survival and recovery efforts such as captive breeding.  43   That wasn ’ t the 
purpose of ATOC, either, although the idea of pretending that it was had occurred to 
ATOC scientists. As Ann Bowles explained to David Hyde, a physical oceanographer 
who had been hired to serve as ATOC project manager:  “ You can ’ t get a scientific 
research permit because  …  NMFS already knows you are doing the work for other 
reasons. ”   44   

 Bowles whined that none of the required steps — public hearings, public comments, 
agency responses — were  “ really necessary to protect the marine mammals; in fact they 
foster resistance among agencies and commercial operations to approach NMFS at all. 
Other sources of noise, such as shipping, most tomographic experiments, and private 
vessels are completely unregulated. Therefore, as usual, the scientific community is 
getting picked on. ”  Bowles noted that the Marine Mammal Protection Act was up for 
re-authorization, and suggested that the Department of Defense  “ put some lobbyist 
to work to try to get the regulation changed. ”   45   
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 Bowles ’  comments revealed a number of presumptions. One was that the ocean 
was already filled with noise, so what additional difference would ATOC make? To 
single out ATOC when so many other sources of noise were allowed seemed arbitrary. 
She and her colleagues had a point, insofar as noise in the ocean was poorly studied, 
but that did not mean that it did no harm. Her comments also suggest that she 
believed that scientific research — perhaps because its aims were altruistic rather than 
mercenary — should be exempted from legal restrictions. As the historian Etienne Ben-
son has recently noted, this view was common among scientists of a certain generation 
and bent; for example, Carl Hubbs — for whom Hubbs Sea World was named — had 
opposed an early version of the Marine Mammal Protection Act because it lacked 
exceptions for scientific and educational work.  46   

 Bowles seemed to suggest that scientists should try to change laws that didn ’ t suit 
them — a view that, however justified, would not, in the end, serve her or her col-
leagues well. After all, if scientists tried to change laws to suit them — even at the 
expense of the research subjects they claimed to care about — weren ’ t they just another 
interest group? (Many citizens would later come to just that conclusion.) Whatever 
the case, once the National Marine Fisheries Service determined that ATOC would 
require an exemption, Bowles focused her attention on getting it. If the scientists suc-
ceeded, then at least they would have  “ no problems with stupid and useless monitor-
ing requirements above and beyond what we have already agreed to, if we can just 
get through the regulatory paperwork. ”   47   

 Guidelines set by the National Marine Fisheries Service required the scientists to 
calculate the numbers of animals likely to be  “ taken ”  on the basis of the numbers of 
marine mammals and other species that inhabited the waters, that swam at depths 
where the transmissions could be heard, and that heard in the relevant frequency 
range. Making such estimates wasn ’ t trivial, particularly because data on marine mam-
mal numbers and habits were scant, and because the ATOC signal was  designed  to 
penetrate the whole ocean, so on some interpretations, ATOC might end up  “ taking ”  
just about all the whales.  “ It looks, ”  Bowles admitted,  “ like we ’ re going to get a permit 
to take an astronomical number of whales. ”   48   Bowles thought this wouldn ’ t be a 
problem ( “ apparently no one raised an eyebrow about the 386,000 marine mammals 
we were supposed to disturb at Heard Island ” ), but Bowles did realize that an early 
draft application made it seem as if ATOC was a done deal — something that might 
prove problematic.  “ I ’ d like to suggest a couple of minor changes that may save us 
some trouble later, ”  she wrote.  “ [Y]ou should emphasize that you are developing this 
Acoustic Observatory rather than treating it as a  fait accompli.  This covers your backside 
and emphasizes the fact that this project is really research. ”   49   

 Was ATOC really research? More to the point, was the  biological  side of the program 
research? This became a point of discussion among the ATOC scientists, particularly 
Christopher W. Clark, a biologist-engineer at Cornell specializing in the acoustic 
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response of marine mammals, and Daniel P. Costa, a professor of Ecology and Evolu-
tionary Biology at the University of California, Santa Cruz. Clark had worked with the 
Navy on  “ Whales 93, ”  an initiative that had used the Navy ’ s Integrated Undersea 
Surveillance System to locate and track whales on ocean basin scales; Costa was now 
working with the Office of Naval Research on the announcement of a new program 
in low-frequency sound, and was in the process of developing a proposal for studying 
the effects of sound on elephant seals.  50   

 Both Clark and Costa were disturbed by the ATOC research plan, which did indeed 
look like a fait accompli .  They also drew a distinction between monitoring and 
research. Bowles had formulated the work as a monitoring program; Clark and Costa 
argued that this was a bad approach, both scientifically and politically. Scientifically, 
it didn ’ t (in their view) constitute research, for it wouldn ’ t answer any basic scientific 
questions. If effects were observed, there wouldn ’ t be any way to explain why; if effects 
were not observed, the scientists would be stuck with the logical problem of equating 
the absence of evidence with evidence of absence. Politically, the ATOC scientists  did  
appear to be covering their derri è res. Clark and Costa agreed with Bowles that the 
project needed to be  “ really research, ”  and they didn ’ t think that as it stood it was. 

 What ATOC needed, Christopher Clark argued, was a well-structured scientific 
research program capable of determining whether systematic behavioral changes were 
occurring, and whether those changes were comparable with other oceanographic or 
meteorological variables. The studies, Clark suggested, should analyze species-specific 
vocal rates and repertoires, locate and tracking individual whales, characterize whales ’  
migration tracks and corridors, and evaluate species-specific spatial and temporal 
distribution in enough detail to produce scientifically meaningful results. Solid data 
on these matters would both enable scientists to determine whether or not ATOC had 
changed marine mammals ’  behavior and contribute to the basic understanding of 
those mammals. This would also increase the likelihood that both biologists and 
agency officials would see the program as beneficial. Costa agreed.  “ The goal [should 
be to get] solid data, so that 2 years from now you can go to the table and say,  “ look 
here are data that show.  …  ”   51   After all, Clark concluded, whales were  “  not  going to go 
away. ”   52   

 The ATOC scientists began to design a $2.9 million program for studying marine 
mammals — which they now called their Marine Mammal Research Program (MMRP) —
 to accompany the first phase of ATOC.  53   The revised permit application emphasized 
that full-scale acoustic tomography would not proceed until the MMRP had resolved 
the question of impacts. In September of 1993, the scientists submitted a draft applica-
tion to the National Marine Fisheries Service for a Scientific Research Permit with a 
small  “ take ”  exemption.  54   By the Scripps Institution ’ s own estimate, the ATOC ’ s  “ take ”  
could be up to 670,000 animals per year, encompassing ten different species of whales 
(including blue, fin, sei, gray, right, sperm, minke, and humpback), eight species of 
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dolphins and porpoises, and various seals, sea lions, otters, and turtles, some of threat-
ened or endangered species.  55   

  “ Whale Lovers Went Wild ”  

 Public hearings on ATOC were announced in the  Federal Register  of February 3, 1994 
and scheduled for March 22. As word of the project spread, opposition grew among 
marine biologists, conservationists, and, especially, whale aficionados. As one conser-
vationist put it,  “ whale lovers went wild. ”   56   Led by Hal Whitehead (a biologist at 
Dalhousie University in Nova Scotia) and Linda (Lindy) Weilgart (a postdoctoral 
fellow in Cornell University ’ s Bioacoustics Research Program), opponents of the pro-
ject took to the Internet, drawing on a listserv of persons interested in marine mam-
mals that had more than 1,500 subscribers (marmam@uvvm.uvic.ca).  57   Postings 
warned of potentially severe damage to marine mammals and suggested that the 
rushed nature of the original permitting process was a deliberate attempt to avoid 
public scrutiny.  58   

 Because it seemed likely that the hearing process would be highly contentious, 
Scripps Director Edward Frieman sent a letter defending the project to a long list of 
senators and representatives, urging them to express support for ATOC to the National 
Marine Fisheries Service (NMFS). Frieman supplied a sample letter and the NMFS ’ s fax 
number. He sought to steer the conversation away from whales and back to global 
warming, emphasizing that ATOC could provide concrete data that would enable 
researchers to assess whether climate models, which suggested that warming was 
already underway, were correct.  “ The current projections of global warming, ”  Frieman 
wrote,  “ are largely based on computer modeling [and] there are no measurements of 
ocean temperature which can be used to assess the modeling predictions. ATOC ’ s 
ability to measure annual change in ocean temperature  …  will fill in a critical missing 
piece in the global warming puzzle. ”   59   

 John R. Potter, a scientist at Scripps, blamed the public outcry on an article in the 
 Los Angeles Times , published on March 22 to coincide with the first public hearings, 
in which Lindy Weilgart had asserted that ATOC could make whales deaf. But the risk 
of deafening whales had already been placed into public conversation in a feature 
story in the  San Diego   Union-Tribune,  where the possibility had been raised not by 
hysterical environmentalists or sentimental whale lovers, but by a Navy veterinarian 
named Sam Ridgway. Ridgway, the chief veterinarian in the Navy ’ s Marine Mammal 
Research Program, had worked for more than 30 years at the Naval Control and Ocean 
Surveillance Center at Point Loma.  60   The  Union-Tribune  article explained that the Navy 
had, for some time, been training dolphins, whales, and sea lions to one day  “ help 
fight a war. ”  The Point Loma facility housed dozens of marine mammals, more than 
fifty of which were considered  “ surplus — some of them retired from active duty 
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stretching back to patrolling Vietnam ’ s Cam Ranh Bay. ”  Three beluga whales, captured 
in 1977, had been used in experiments related to submarine warfare beneath the polar 
ice caps. Dolphins had been used in sonar research. Whales had had wires attached 
to their heads to record their brain waves. Ridgway ’ s long experience made him 
uniquely suited to evaluate the impact of the ATOC transmissions, and he felt that it 
 was  possible for whales ’  hearing to become overloaded by the ATOC sounds. He con-
cluded:  “ Continued exposure to this degree of sound could result in some degree of 
deafness. ”   61   

 Walter Munk and David Hyde argued otherwise. Munk insisted there was  “ a great 
deal of scientific literature that would suggest that the sound levels we ’ re generating 
do not do any damage. ”  Hyde was quoted as flatly asserting that the ATOC transmis-
sions  “ cannot cause long-term hearing damage. ”   62   The next day, the  Los Angeles Times  
ran a front-page story under the headline  “ Undersea Noise Test Could Risk Making 
Whales Deaf. ”  The debate was cast as a clash of the Titans: between scientists promis-
ing to solve the problem of global warming and marine biologists wanting to save the 
whales. The whales were represented by Lindy Weilgart, who insisted that ATOC ’ s 
sounds might cause deafness in nearby whales,  “ leaving them unable to navigate or 
find food. ”  She noted that the ATOC broadcasts at 195 decibels were  “ 10 million times 
as loud as the 120-decibel levels that were known to disturb some whales. ”   “ We are 
invading an ocean habitat that so far has been untouched by man, ”  she continued. 
 “ It ’ s an experiment of tremendous implications and we are doing it without a clue of 
what it would do. ”   63   She concluded with a line that was widely quoted:  “ A deaf whale 
is a dead whale. ”   64   ATOC scientists would later cite these comments as evidence that 
the public had become inflamed on the basis of a misunderstanding. Weilgart ’ s com-
ments about the logarithmic decibel scale would have been true had they referred to 
sound transmission in air, but transmission through water is different — 195 decibels 
in water doesn ’ t have the same effect on an eardrum as 195 decibels in air.  65   Anyone 
who had had anything to do with Navy ’ s extensive undersea programs — or knew 
anything about the history of whaling or fishing or telegraphy — knew that to say that 
the deep ocean habitat was  “ untouched by man ”  was just plain wrong.  66   On the other 
hand, by ATOC scientists ’  own account, the ATOC signal  was  equivalent to 110 dB in 
air — a level of noise comparable to that produced by a rock band.  67    While the signal 
might not be deafening, even to a human it would be very, very loud. 

 The  Los Angeles Times  article was syndicated in local papers across California, in 
the  Orlando Sentinel , in the  Detroit News , in the  Denver Post , and in other papers, often 
under headlines even more inflammatory than the original one. Several referred to 
the acoustic source as a  “ boombox, ”  while the  Portland   Press Herald  presented a risk 
as a fact:  “ Sound-Blast Proposal Imperils Sea Creatures: The High-Decibel Experiments, 
Part of Global-Warming Research, Would Harass and Kill Whales and Dolphins. ”  
Meanwhile, scientists on both sides of the issue prepared for the hearings. 
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 NMFS Hearings, March 1994 

 Initial hearings were held at the headquarters of the National Marine Fisheries Service 
in Silver Spring, Maryland. In his testimony, Walter Munk said that the ocean was not 
only an important reservoir of global heat and carbon dioxide but also a  “ reservoir of 
ignorance. ”  ATOC could diminish that ignorance, and help to ensure that policy deci-
sions were made on the basis of complete information. Robert M. White, president of 
the National Academy of Engineering, vice chairman of the National Research Coun-
cil, and former head of the National Center for Atmospheric Research who had warned 
of the dangers of global warming in 1978, wrote a seven-page letter in support of the 
project, emphasizing that information on global ocean temperatures was needed to 
determine  “ whether climate warming is unequivocally occurring. ”   68   Although protect-
ing marine mammals was important, he argued, the need for information about global 
climate change was urgent, and land-based and satellite measurements weren ’ t likely 
to be as conclusive as ATOC.  69   

 Christopher Clark testified that biological effects probably would be small and he 
assured the assembled group that any harm to marine mammals would be to him  “ a 
particularly acute concern. ”   70   But few biologists stood with him. Besides Hal White-
head and Linda Weilgart, others testifying against ATOC included Robbins Barstow, a 
past president of the Cetacean Society, who criticized the oceanographers for resisting 
public scrutiny, asserting that both the public and other scientists — particularly marine 
biologists — had the right to  “ question and debate the merits of this request and its 
implications for marine mammals and ocean ecology. ”   71   

 Newspaper editors seemed to agree. The day after the hearings, the  Los Angeles Times  
article was picked up by more West Coast papers, including the  Seattle Times  and the 
 Oregonian , and by the Associated Press;  “ A deaf whale is a dead whale ”  was spreading 
around the country. The  Los Angeles Times  published a follow-up article describing 
how activists were mobilizing to stop the ATOC project. A marketing director in Los 
Angeles was quoted:  “ This is a nightmare. I ’ ve been calling everyone I know. I ’ ve been 
calling senators and the governor. It would be criminal to do this. ”   72   This article, too, 
was widely syndicated. In the  San Jose Mercury News , the quotation from the Los Ange-
les marketing director was printed under the headline in large boldface type. ATOC 
was no longer a scientific project being evaluated by scientists on scientific terms.  73   It 
was now a public affair, even a cause cel è bre. 

 A spokesman for the National Marine Fisheries Service described the public response 
as  “ unprecedented. ”  Letters, faxes, phone calls, and email poured into the NMFS ’ s 
offices, not only from ordinary citizens but also from members of Congress. On March 
23, a group of congressional representatives of Pacific Rim constituencies — Patsy Mink 
of Hawaii and George Miller, Ron Dellums, and Sam Farr of California — wrote to Sec-
retary of Commerce Ronald Brown requesting an extension of the public comment 
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period on the permit applications. (The NMFS is part of the National Oceanic and 
Atmospheric Administration, which is part of the Department of Commerce.)  74   Sena-
tor Barbara Boxer asked for the public hearings to be held in California; her request 
was seconded by George Miller, the Democratic chairman of the House Natural 
Resources Committee, by Gerry Studds, chairman of the House Merchant Marine and 
Fisheries Committee, and by California ’ s senior Senator, Dianne Feinstein.  75   Both 
Boxer and Feinstein also wrote to the NMFS, Feinstein asking whether the experiment 
could be done elsewhere and with less impact on marine mammals.  76   

 The Scripps Institution ’ s communications office blamed the situation on the news 
media, particularly the widely syndicated  Los Angeles Times  article, and adverse cover-
age was certainly continuing. Editorials against the project appeared across the coun-
try. The  San Francisco Examiner  took a particularly critical position:  “ Imagine what it 
would be like if aliens from space decided — in the name of science — to target the 
Earth ’ s inhabitants from their orbiting ships with megadecibel blasts of noise that 
could frighten or deafen many of the people below. Substitute humans for aliens, and 
you pretty much have the scenario for an experiment proposed by the Scripps Institu-
tion of Oceanography. ”   77   

 The  Ventura   Star  called the project  “ frightful, ”  the  Seattle   Post-Intelligencer  called it 
 “ goofy. ”  Alluding to claims that many marine mammals were deaf in the 70-hertz 
frequency range, the  Los Angeles Times  concluded that it was the Scripps scientists who 
were deaf. The  San Francisco   Chronicle  concluded that they were both deaf and dumb: 
 “ Whales and dolphins, which are known to have a high degree of intelligence, must 
be wondering just how lethally dumb their terrestrial mammalian cousins can get. ”   78   
An op-ed writer in the  Santa Barbara   News-Press  wrote :   “ These people are all supposed 
to have college degrees, aren ’ t they? The only rational explanation for this scheme is 
that the Scrippsites have already run this experiment on themselves, scrambling their 
brains beyond recognition. ”   79    

 On March 31, the Advisory Council of the Monterey Bay National Marine Sanctuary 
called for a delay until more information was gathered.  80   On April 5, the  New York 
Times  quoted Sylvia Earle, a distinguished marine biologist and a former chief scientist 
of NOAA, as saying  “ If you further damage the patient, the Earth, while you try to 
take its temperature, then maybe the method is flawed. ”   81   

 In a letter sent to more than 68 members of Congress, Ed Frieman tried to counter 
the  “ deeply disturb[ing] ”  media coverage by outlining the various steps that had been 
taken to minimize impacts, and to detect any impacts that did occur.  82   He also wrote 
to the E.W. Scripps Associates — prominent individuals who supported the institution 
morally and financially, including the medical researcher Jonas Salk, the former news-
caster Walter Cronkite, the philanthropists David Packard and Cecil Green, and the 
actor Ted Danson — to reassure them that the ATOC scientists had not had their brains 
scrambled. ATOC was  “ the most significant effort to date to determine if greenhouse 
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gases are indeed causing a heat transfer to the oceans as part of global warming, ”  
Frieman explained.  “ Until global warming is better understood, governments will not 
be able to take effective steps to counteract its negative impact. ”   83   

 Damage Control 

 The Scripps Institution now launched an organized public-relations effort. A commu-
nications officer named Cindy Clark prepared a package of materials to be sent to her 
counterparts at Woods Hole and other oceanographic institutions. Blaming the media 
for creating  “ public hysteria, ”  she explained that  “ ATOC scientists were unable to 
convince this audience [at the NMFS hearings] that the project would do no real harm 
to the marine ecosystem ”  and she asked that the other institutions ’  communications 
officers  “ help to serve as the point of contact for your local media and government 
offices.  84   She included model letters to officials and suggestions for specific actions, 
such as calling local science writers.  

 Clark also asked for feedback on an ATOC  “ fact sheet ”  in the form of a set of ques-
tions and answers, released over the signature of Walter Munk.  85   One portion of the 
fact sheet read as follows. 

 Q: How are ATOC ’ s acoustic sources designed to minimize impact on marine mammals? 

 A: The sources will radiate about 200 watts of acoustic energy, much less than many sonars, 

communications, and geophysical research sound sources which have been in use for many years. 

The ATOC signal is about the same level as radiated by an individual large ship traveling at 20 

knots speed.  …  The ATOC source transmits a very low frequency sound, spread from 60 to 90 

Hz, which sounds like a distant rumbling to the human ear. Its energy is in the frequency band 

below the range most animals hear.  …  

 Q: Will the ATOC underwater sounds deafen whales, dolphins, seals or sea lions? 

 A: Definitely not. No physiological damage will occur to marine life as a result of ATOC sounds, 

even if they dive deep. Ships pass by animals hundreds of times a day without their sounds 

harming them. 

 This  “ fact ”  sheet was circulated among Woods Hole scientists, one of whom sent it to 
Chris Clark (no relation to Cindy).  86   In response to the question of how ATOC ’ s acous-
tic sources were  “ designed ”  to minimize impacts, Clark wrote:  “ I think it is unwise 
and slightly untrue to say that  …  the source characteristics were designed to minimize 
impact.  …  The reasons were based on [the] oceanographic experiment ’ s needs.  …  ”  
Next to the question whether ATOC signal would deafen mammals, Clark wrote  “ This 
is scientifically not a true response, ”  annotating the fact sheet in italics: 

 No physiological damage will occur to marine life as a result of ATOC sounds, even if they dive 

deep. Ships pass by animals hundreds of times a day without their sounds harming them  (we 

don ’ t know this) .  …   Scientific data  (what data?) .  …  
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 He suggested the following rewording: 

 Although there are no specific scientific experimental data relating low-frequency underwater 

sound levels with auditory damage, we believe that there is little chance that animals will suffer 

physiological damage as a result of ATOC sounds. The animals (i.e., blue, finback, humpback 

whales, etc.) believed to have the most sensitive hearing in the frequency ranges of the ATOC 

sounds are not known to dive deeply enough to come with a range (~500 – 600 feet) of the loud-

speaker that might cause temporary loss of hearing. The animals (i.e. toothed whales, sea lions, 

turtles, seals) that are known to dive to great depths probably have poor hearing in the frequency 

range of the ATOC sound. However, scientific knowledge on this subject of the effect of loud, 

low-frequency sounds and marine mammals is extremely limited, and it is for this reason that 

we are supporting marine mammal research.  87   

 Chris Clark ’ s response was forwarded to Woods Hole ’ s director, Robert Gagosian, who 
concluded that Woods Hole should not sign the press release.  “ If [our] people don ’ t 
agree with the SIO answers, then we don ’ t want SIO as our spokesperson.  …  I don ’ t 
want us to be associated with what we consider incorrect answers. ”   88   

 Meanwhile, the ATOC scientists had assembled a Scientific Advisory Board and, 
with that board ’ s guidance, had agreed to prepare Environmental Impact Statements 
for the California and Hawaii sites, and to delay operation of the ATOC system until 
after the Marine Mammal Research Program had submitted its results.  89   The National 
Marine Fisheries Service now announced that no permits would be issued until after 
the Environmental Impact Statements had been submitted and assessed, and that 
additional hearings would be held in Hawaii and in California. These hearings 
that went much the same way as the previous ones — which is to say, not well for the 
advocates of ATOC.  90   

 The conflict reached a new level as a consortium of environmental groups — the 
Natural Resources Defense Council, the Sierra Club Legal Defense Fund, the Environ-
mental Defense Fund, the Earth Island Institute, the American Oceans Campaign, the 
League for Coastal Protection, and the Humane Society of the United States — filed suit 
in federal court to stop the project. The plaintiffs accused the researchers of violating 
the National Environmental Policy Act, the Marine Mammal Protection Act, and the 
Endangered Species Act.  91   Scientists who had cast themselves as environmental heroes 
found themselves cast by their opponents as environmental villains. 

 The Draft Environmental Impact Statements 

 In late 1994 the Draft Environmental Impact Statements for the Point Sur and Kauai 
sites were released. Extensive and detailed, they responded to many issues that had 
been raised, but in the end they remained committed to the project and stood by the 
claim that there would be  “ no significant impacts. ”   92   
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 What  was  new was the proposed biological research program, which had been 
revised in several ways to try to produce bona fide scientific research, as well as to 
address the double bind that the only way to determine whether ATOC would do 
harm was to undertake the very activities that were alleged to cause that harm.  93   It 
did this by dividing the research into three phases. In the first phase, lasting from 
April to October of 1995, biologists would collect base-line data, with no ATOC trans-
missions. In the second phase, ATOC transmissions would begin, but the source would 
remain under the biologists ’  control and the transmission cycle would be greatly 
reduced from what had been proposed in the original plan: only one 20-minute trans-
mission every four days, allowing any affected animals at least three days of respite. 
After a month, preliminary results would be compared with the base-line data, with 
a commitment to modify or abort the project if the results provided evidence of dis-
turbance or harm. In the absence of such evidence, the third phase would be a two-
year ATOC experiment, in 1996 and 1997, more or less as originally planned. Biologists 
would continue to remain involved, and the experiment could be halted at any time 
if unacceptable impacts were detected.  94   ATOC had now been made dependent on the 
Marine Mammal Research Program, rather than the other way around. 

 ATOC ’ s opponents appreciated the changes and the fact that the new report 
included helpful bibliographies and summaries of existing knowledge about the effects 
of low-frequency sound, including a  “ crash course in marine bioacoustics. ”   95   Still, 
questions remained. 

 Field Supervisor Craig Faanes of the US Fish and Wildlife Service noted that the 
proposed six-month base line might  “ not be of sufficient duration to determine 
whether a species is negatively affected, ”  particularly if it didn ’ t include a mating 
season. What  “ methods and criteria ”  would be used to determine whether a species 
had been affected? How would the scientists determine effects on organisms that  “ are 
difficult to observe, not present during the time of year the data are gathered, or those 
for which little information is known on their behavior patterns prior to the proj-
ect? ”   96   Above all, how could the scientists be sure that no  observed  effects equaled no 
effects? Although there were provisions for the study to be shut down if  “ an unac-
ceptably significant disruption of the behavioral patterns of a marine animal ”  was 
observed, who would decide what constituted unacceptably significant disruption?  97   

 The Canadian biologist Paul K. Anderson noted that the problem of optimistic bias 
remained:  “ Although the objectives are formulated in classic null-hypothesis format 
 …  the introductory paragraphs suggest a philosophical bias. The stated objective is to 
 “ validate ”  the assumptions that  “ reactions from marine mammals are unlikely at 
ATOC received levels  <  120 dB at distances of  >  20 km. ”   98   Just as ATOC scientists had 
trouble abandoning the claim that scientific evidence suggested that ATOC would do 
no harm, they also had trouble abandoning the presumption that the Marine Mammal 
Research Program would  demonstrate  that ATOC would do no harm. Indeed, when the 
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members of the MMRP ’ s advisory board had first been appointed, their charge had 
been described as follows :  “ [A] key program objective will be to  demonstrate  that the 
planned global network can be operated without any adverse effects on marine mam-
mal populations. ”   99   That was in 1993; in the Environmental Impact Statement, the 
same optimistic bias was still evident. 

 The biggest question facing the National Marine Fisheries Service, however, was not 
how ATOC should proceed, but whether it should proceed at all. Although it might 
seem unrealistic to expect scientists to evaluate the option of not doing their science, 
the law in fact required it. Regulations developed by the US Council on Environmental 
Quality stipulate that considering alternatives and presenting them in comparable 
ways is the key to  “ sharply defining the issues and providing a clear basis for choice 
among options by the decisionmaker and the public. ”   100   The law required the  “ devel-
opment of a range of reasonable alternatives that  …  satisfy the basic project purpose 
(collecting data on global warming) but have fewer potential adverse effects on marine 
biological resources. ”   101   The Environmental Impact Statement did not do this. It 
evaluated alternatives in terms of geographic sites, duty cycles, and other technical 
details and components of the proposed ATOC framework, but it didn ’ t seriously 
evaluate options to collect data on climate change in other ways, nor the option of 
doing nothing at all. 

 It is hardly surprising that the ATOC scientists didn ’ t argue the case against their 
project with vigor (and it may well be unrealistic to expect people to argue the case 
for alternatives with the same vigor as the case for the thing they wish to do). But it 
is notable that at this point in the debate they began to soften their claims about what 
ATOC would achieve. Walter Munk, for example, told Lindy Weilgart:  “ [M]y views of 
what we should focus on have been modified over the last two years. A stand-alone 
detection and mapping of the greenhouse-induced changes over and above the ambi-
ent changes will take a long time.  …  I now think our emphasis should be to test, and 
help improve, current climate models.  102   Munk made a similar qualification when he 
wrote to the California Coastal Commission in June. Rather than suggesting that 
ATOC would detect, prove, or even confirm global warming, he now argued that the 
point was to test climate models: 

 ATOC is intended to observe the ocean on the large space scales that characterize climate — 3,000 

to 10,000 kilometers — so that modelers will be able to: 

  •    test their models against the changes seen by ATOC over a few years 

  •    and, if, and when, the models prove adequate at hindcasting, use those same models to make 

climate predictions. 

 By testing and improving climate models now, ATOC can make progress toward greenhouse 

predictions later.  103   
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 The original claim had been that ATOC could detect global warming and would do 
so within a few years; the new claim was that ATOC could be used to benchmark the 
models used to predict climate change. This modified position was certainly more 
intellectually defensible than the claim that ATOC would conclusively prove the real-
ity of global warming; perhaps Munk and his colleagues sensed that their opponents 
were doubting not only the wisdom of the project but also the assertive claims being 
made for it. Or perhaps the opposition had caused them to think more deeply about 
what the project could realistically be expected to achieve. Whatever the reason, this 
more modest epistemic position, although intellectually honest, backfired. Opponents 
of ATOC now asked: If ATOC couldn ’ t prove global warming, or at least provide very 
strong evidence of it, then why risk harm to whales? Why do it at all? 

 California Coastal Commission Hearings: Absence of Evidence or Evidence of Absence? 

 In January of 1995, the California Coastal Commission scheduled public hearings in 
Santa Cruz and invited written comments. The hearings would be based on the envi-
ronmental impact study for the Point Sur site. Cards, letters, and faxes flooded in from 
scientists, conservation organizations, and ordinary citizens; the vast majority were 
negative.  104   Virtually all of the comments submitted by environmental groups 
were thoughtful and detailed. Virtually all shared the concern about global warming. 
Yet not one environmental group supported ATOC. ATOC was being presented as an 
 “ environmental project, ”  but environmental groups all viewed it as dismissive of one 
of the central concerns of modern environmentalism--protection of threatened and 
endangered species--and nearly all of them noted that the ATOC scientists were mak-
ing a classical logical fallacy: using the absence of evidence as evidence of absence. 
This point was central to a detailed critique by the Washington-based Center for 
Marine Conservation.  105   The draft Environmental Impact Statement (EIS) repeatedly 
 “ defaults to a conclusion of no expected significant impact, ”  they noted, when the 
very reason why the Marine Mammal Research Program was needed was the dearth 
of scientific basis for predicting the impact. Noting the EIS ’ s frequent use of the adjec-
tives  ‘ nonexistent ’ ,  ‘ negligible ’ , and  ‘ minimal ’  to describe potential impacts, the Cen-
ter for Marine Conservation concluded that the  “ tendency to dismiss uncertainty 
exacerbates rather than alleviates questions regarding impacts. ”  And although the 
Environmental Impact Statement claimed that the ATOC program was designed to 
minimize adverse effects, elsewhere it revealed that the choice of the source location 
was based on economics and pragmatics, such as a  “ minimum cable run to shore ”  
and  “ close logistical support. ”  The authors ’  advocacy of the project had undermined 
their capacity to produce an objective report, resulting in a document whose  “ ambi-
guities, inaccuracies, and treatment of uncertainties has intensified rather than quelled 
concern. ”   106   
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 A similar argument was presented by Rodney Fujita on behalf of the Environmental 
Defense Fund (EDF). Fujita, a PhD marine ecologist, had worked with the Intergov-
ernmental Panel on Climate Change on the effect of elevated sea-surface temperatures 
on coral reefs, so he was acutely aware of the risks that global warming posed to marine 
life, as was the organization for whom he worked. But Fujita argued that ATOC sci-
entists had not been forthcoming about the central fact that  “ there exists virtually no 
evidence bearing on the question of how marine organisms might respond to the 
ATOC sound source. ”   “ The key to good policy making on this issue, ”  Fujita asserted, 
 “ is to freely acknowledge the great uncertainties surrounding the potential impacts of 
ATOC and work to reduce them, rather than attempting to paint a rosy picture that 
shows that the impacts are likely to be insignificant.  …  [The] EIS consistently makes 
the error of concluding that if no evidence for a significant impact exists, the impact 
must be non-existent. ”   107   

 Various commentators noted that whales weren ’ t the only marine life that could 
be affected. The Pacific Fishery Management Council pointed out that extensive sci-
entific literature documented the effects of sound on fish. They, too, found the 
EIS dismissive in suggesting that injury to fish was insignificant because any injured 
fish would simply be more easily caught by their predators and all fish get eaten 
sooner or later — as if that were not a disruption to the ecosystem.  108   The Center for 
Marine Conservation noticed that, although the EIS claimed that  “ no information 
exists on noise impacts to salmon, ”  there was in fact  “ abundant evidence that salmo-
nids hear and behaviorally respond to low-frequency sounds. ”  Indeed,  “ repetitive 
low-frequency sounds ”  were being used to direct the paths of juvenile salmon in 
the Sacramento – San Joaquin Delta; that this could hardly be efficacious if salmon 
were deaf! 

 Because advocates justified the potential costs to marine life on the grounds of the 
benefits of the data that ATOC would produce, a central question for opponents of 
ATOC was how definitive the results would actually be. The Kauai Friends of the Earth 
noted that even by the scientists ’  own reckoning ATOC was no sure thing. Scientists 
had provided detailed discussions of uncertainties about spatial resolution and the 
analysis of ray paths and about the interface between ATOC measurements and global 
circulation models, satellite data, and sea-surface temperatures. This was normal sci-
entific practice (any grant proposal is expected to include discussion of uncertainties 
and sources of error), but the Kauai Friends of the Earth raised what might have been 
considered the most urgent question about the project: whether measuring basin-scale 
deep ocean temperature would resolve the question of human versus natural drivers 
of climate change. They quoted Walter Munk ’ s statement, in the  Journal of the Acousti-
cal Society of America , that  “ it is important to emphasize that acoustic thermometry 
addresses the issue of measuring climate change (ambient or otherwise) in the oceans; 
it does not tell us anything about the underlying causes. ”   109   
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 Munk ’ s statement was admirably forthright and honest: acoustic thermometry 
could tell you if the ocean was warming, but not why. The evidence for drivers had 
to come from other sources. The scientists were asking for a potential sacrifice of 
marine life for the sake of answering key questions about climate change, but if ATOC 
couldn ’ t actually answer those questions — particularly the  politically  crucial one of 
whether the discernible warming was natural or anthropogenic — then what was the 
justification for the sacrifice of marine life?  110   If the claim was simply that ATOC could 
 help  to answer significant questions, then the justification was significantly weakened 
from what had originally been claimed. 

 The central presumption of ATOC ’ s supporters — only occasionally stated outright 
but implicit in the entire project — was not simply that ATOC would provide the 
 “ unambiguous signal ”  for which Roger Revelle had longed, but that  this would make 
a difference to public debate . The presumption was that political action was impeded by 
the lack of clear science, and that better science would lead to better policy. Robert 
White had asserted that ATOC would reveal  “ whether climate warming is unequivo-
cally occurring; ”   111   Edward Frieman had argued that until warming was better under-
stood  “ governments would not be able to take effective steps to counteract its negative 
impact. ”   112   

 But was this presumption correct? Was a lack of scientific understanding preventing 
governments from taking action? Would crisp science lead governments to crisp 
action? ATOC ’ s critics wondered.  113   The more sophisticated among them emphasized 
that even if the evidence were persuasive to  scientists , this didn ’ t mean that it would 
be persuasive  politically . Rodney Fujita made this point most acutely, arguing that, 
although the ATOC scientists accused their opponents of irrationality, they had fallen 
into an irrationality of their own, or at least a position that was counterfactual: the 
presumption that knowing the scientific facts would lead to political action. Scientists, 
he argued, needed to  “ come to grips with the limitations of science. ”  Fujita urged the 
National Marine Fisheries Service to  “ recognize that uncertainty about the impacts of 
ATOC will always remain, because the habits of marine mammals, the complexity 
of the marine environment, and the difficulty of doing controlled experiments that 
isolate cause and effects relationships in the ocean will often prevent the drawing of 
strong inferences. ”   114   But even if those scientific uncertainties could be resolved, it 
didn ’ t follow that this would move governments to action. From a political perspec-
tive, one had to conclude that the  “ potential for sweeping changes in global warming 
policies resulting from the ATOC data is low. ”   115   Fujita explained: 

 None of us should be overly optimistic that data generated by ATOC, no matter how accurate 

or precise, will result in a dramatic improvement in climate change  policies . ATOC could reduce 

key uncertainties about ocean heat uptake, [and] while a reduction in this uncertainty, better 

climate models, and a more definitive indication that global warming is occurring — all potential 

benefits of ATOC — would definitely be helpful, they are probably not the most important factors 
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limiting progress toward taking action to prevent global climate change. Vast economic and 

political interests continue to resist significant changes in the current patterns of fossil fuel use 

and deforestation that are driving climate change, and they are not expected to disappear in the 

foreseeable future.  116   

 That was in 1995. In hindsight, it certainly seems that Fujita was right. 
 The comments from ordinary citizens overlapped with those of the environmental 

groups but had several additional elements: offense at the tone of the scientists ’  asser-
tions (which were viewed as arrogant and dismissive), skepticism as to whether ATOC 
was even needed, and, more interestingly, doubt that ATOC was what scientists said 
it was.  117   

 Accusations of arrogance and hubris peppered the public comments, sometimes as 
the main complaint, sometimes as an extra source of irritation added to other con-
cerns. Numerous citizens noted the irony of oceanographers ’  asking the public to 
respect and welcome their expertise while they disrespected the expertise of their 
biological colleagues. Others objected to the hubris of scientists ’  thinking they were 
above the law, as evidenced by their failure to apply for permits for Heard Island, their 
attempt to claim exemption from the Marine Mammal Protection Act, and their hav-
ing at one point denied the legal authority of the California Coastal Commission.  118   
Derek Cole, a retired radar and sonar engineer, wondered how scientists could be so 
sure that animals would not be harmed.  “ I have yet to encounter a scientist that can 
communicate with a whale, ”  he wrote,  “ yet we purport to know what they hear and 
how they interpret it. ”   119   Cole wasn ’ t the only one to think it inappropriate to place 
a high-intensity acoustic source inside a marine sanctuary. In the Environmental 
Impact Statement, it was argued that the sanctuary was a particularly  good  place to 
study the potential adverse effects, because there were a large number of marine mam-
mals there. Most respondents considered that logic perverse; some thought it smacked 
of killing a patient to cure a disease.  120   

 The cultural status of whales as exemplars of animal intelligence, loyalty, and even 
musical ability added insult to the injury that many citizens felt. Defending ATOC on 
the basis that it would add only a small increment to the background hum of existing 
noise pollution from tankers, ships, seismic exploration, and other human activity 
was broadly rejected as akin to justifying more air or water pollution on the grounds 
that the air and water were already polluted. If people hadn ’ t previously known the 
extent of ocean noise pollution, they did now, and it proved that  “ there is an immedi-
ate need for noise reductions to make the oceans quieter. ”   121   

 Various citizens argued that, whether or not ATOC harmed animals, it simply 
wasn ’ t needed. Many cited the 1992 UN Framework Convention on Climate Change, 
which committed its signatories (including the United States) to preventing  “ danger-
ous anthropogenic interference ”  in the climate system.  122   Although many citizens 
were not tracking these developments, most environmentalists were; those who were 
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paying attention to ATOC were more likely than the average American to know that 
scientific evidence of anthropogenic climate change was already pretty strong. 
Some argued that NASA satellite data could be used to evaluate global warming; others 
argued that by the time ATOC provided a  “ definitive ”  result, warming would be well 
underway and difficult, if not impossible, to reverse. Many respondents argued that 
ATOC ’ s $35 million budget would be better spent on developing solar, wind, or tidal 
power. One characteristic letter read:  “ We already have plenty of studies and data 
showing that there is global warming. That is a given. We do not need another experi-
ment that proposes to tell us what we already know. ”   123   

 Whatever benefits oceanographers claimed for ATOC, for some members of the 
public they were moot because those citizens didn ’ t believe that ATOC ’ s purpose was 
to detect global warming. For the scientists, the swords-into-plowshares aspect of the 
project was something to boast about, but to many people it was grounds for suspi-
cion. It was a characteristic feature of Cold War science to blur the boundary between 
 “ basic ”  and  “ applied ”  research, and some citizens wondered if that was being done 
with ATOC.  124   Bill Dietrich, a reporter for the  Seattle Times , noted that  “ rather than 
taking this as an example of post Cold-war conversion, critics already unhappy with 
Navy experiments with captive dolphins regarded it with suspicion. ”   125   Stanley Flatt é , 
a professor of physics at UC Santa Cruz, put it more bluntly:  “ Folks thought it was 
some kind of secret Navy project. ”   126   

 Various respondents wondered why, if ATOC was environmental research, it was 
being funded by the Department of Defense rather than the Department of Interior 
or the Environmental Protection Agency.  “ What other projects have been funded by 
the Advanced Research Projects Agency? ”  one citizen asked.  “ Do they have a track 
record in environmental science they would care to share with us? ”   127   Others won-
dered why portions of ATOC were classified, expressing suspicion that the public 
wasn ’ t being told the whole truth, or even any part of the truth. Many citizens 
believed that ATOC was a secret military project, even a weapons system. Sarah 
Miquiabas of Kapaa, Hawaii began a handwritten letter objecting to the installation 
of an ATOC source near Kauai with this sentence:  “ I am writing to you about the 
underwater bomber. ”   128   (Presumably she had confused  “ boomer ”  with  “ bomber. ” ) 
Others expressed the same idea in more sophisticated fashion. David N. Seielstad of 
Princeville, Hawaii wrote at length about the many reasons why the ATOC program 
seemed suspicious: 

 From the beginning the ATOC proposal has had the aroma of a military research project. It is 

funded by DOD monies. It is administered by the US Navy. The originators of the project seem 

to be going to great lengths to disguise and conceal the true nature and the purpose of the project. 

In the proposal (p. 62), provision is made to  “ manage classified aspects of the project.  …  ”  The 

Johns Hopkins University Applied Physics Laboratory (a major Navy research and development 

contractor) is to use its clearance and store [any classified] data.  129   
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 Seielstad was right about the associations (the Applied Physics Laboratory  was  a major 
Navy contractor), and various aspects of ATOC were classified and had not been well 
explained (among them its links to the Pacific Missile Range Facility, first denied and 
then affirmed).  130   Noting that when scientists are  “ less than candid ”  the public natu-
rally gets suspicious, Seielstad concluded:  “ What is ATOC really? It is being promoted 
as a study of global warming.  …  Who could be opposed to that? If something is 
cloaked in the aura of environmental research I guess we are all expected to stand up 
and applaud it as good science. [But] ATOC is  …  only masquerading as environmental 
research.  131   

 Similar sentiments were expressed throughout the public comments. One com-
menter asked the organizers to  “ stop insulting the intelligence of the human race ”  
with their  “ global warming greenwash. ”   132   Another insisted that  “ if global warming 
was the true priority, then the use of tax dollars would be more wisely spent in the 
areas of clean energy and  …  efficiency “  and asserted that  “ the  ‘ classified ’  nature of 
the ATOC implies that this has nothing to do with global warming, rather it is a mili-
tary operation intended to improve submarine detection. ”   133   Another suggested  “ you 
should be honest with the American public about the true nature of these experiments. 
If the purpose is to learn more about global warming, why the classified designation? ”  
and asked  “ Please  respond . ”   134   Another wrote  “ if the Navy wants to sell us defense 
research cloaked as environmental concern, they should have gone to the CIA or NSA 
and kept their mouth shut. ”   135   And another expressed amazement  “ that the public is 
viewed as being so stupid that we would believe that the Navy is suddenly concerned 
about global warming. ”   136   

 Perhaps the best evidence of the widespread belief that ATOC was a military project 
is that the few expressions of support for it were mostly based on the corollary that 
ATOC was necessary to defend the United States. In a comment on the Kauai Envi-
ronmental Impact Statement, Dave Clewett wrote:  “ I am not opposed to this research 
project, and I encourage you to press on with it. I believe in our military, and the 
importance of being defensively prepared. I do not agree with the efforts of Green-
peace and others of the liberal left to cripple our ability to defend our country. I am 
a conservative American, so if they are against your project, I am for it. ”  Ronald Peet 
and Sandra Castro similarly wrote:  “ We are adamantly FOR the ATOC project. Do  not  
let the Santa Cruz Marxists stop this important work. ”   137   

 Resolution and Results 

 Amid all the claims and counterclaims — the voices of oceanographers and climate 
scientists mostly on one side, the voices of biologists, conservation associations, and 
citizens mostly on the other — one eloquent individual attempted to find a  via media : 
Sylvia Earle, scientist, engineer, deep-sea diver, and grande dame of American marine 
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science, whose diverse accomplishments ranged from setting the woman ’ s world 
record for deep diving to serving as NOAA ’ s Chief Scientist from 1990 to 1992. Smart, 
beautiful, and articulate, Earle was known for her unwavering dedication to protecting 
the oceans as the  “ blue heart ”  of our planet. 

 Earle didn ’ t accept the argument that ATOC would do no harm, suggesting instead 
that it seemed  “ obvious that the proposed research will, in fact, have some impact 
on the behavior of marine organisms. ”  Like many others, she had  “ deep concerns 
about adding additional stresses to ocean ecosystems already modified by recent 
human activities ranging from overfishing to various kinds of pollution including high 
levels of noise pollution. ”  However, she was also convinced that the  “ greatest threat 
to the health of the oceans and to the planet as a whole is lack of knowledge and the 
profound mistakes in judgment that result from ignorance. ”  Therefore, she asserted, 
it was  “ important to try to resolve the problems associated with ATOC, if possible, 
and find ways to fill the enormous gaps in understanding the nature of the ocean and 
the effects of human activity on marine life. ”   138   

 Earle ’ s comments seem to have moved the California Coastal Commission, because 
in making their final decision they quoted from them at length, finally concluding 
that  “ given the potential scientific and environmental benefits from the research 
proposed, and since the only way to determine the project ’ s impacts is to proceed in 
the short term and study its impacts, the authorization of a two-year initial ATOC 
project is warranted. ”  The approval was conditional on the  “ combination of the 
monitoring and protective measures incorporated into the project, the up-front com-
mencement of the MMRP, and the relatively short (two-year) duration of the project 
prior to seeking any further permanent authorization. ”   139   The Scripps scientists were 
required to inform the commission of any significant modifications to the project and 
of any developing evidence  “ documenting adverse effects on marine resources, ”  and 
to request explicit permission for any extension beyond the approved two-year period. 
Effects on fish would be included in the monitoring and the analysis, and the Scripps 
scientists would develop a clear set of  “ termination criteria ”  for curtailing the trans-
missions.  140   Finally, the scientists would move the sound source out of the Monterey 
Bay Sanctuary to the Pioneer Seamount, 48 nautical miles west of the Pillar Point Air 
Force Tracking Station (which was near Half Moon Bay) and twice as far from land as 
the original site.  141   

 These terms also provided the basis of an out-of court settlement with the parties 
that had sued the ATOC consortium.  142   The settlement added the additional stipula-
tions that the Marine Mammal Research Program would continue for the entire 18 – 24 
months of the initial research period rather than just 6 months, that the sound source 
would be controlled by MMRP biologists and not by physical oceanographers, that 
there would be no claim that the MMRP would be able to prove or disprove long-term 
impacts on marine mammals, and that any proposal for a long-term ATOC program 

www.ebook3000.com

http://www.ebook3000.org


Changing the Mission 167

after the initial research period be subject to full environmental review (including the 
preparation of a new Environmental Impact Statement).  143   With these stipulations in 
place, the National Marine Fisheries Service issued permits for the initial phase of the 
project to begin. This phase, now referred to as ATOC-MMRP, would study impacts 
on marine life, and would not attempt to measure ocean warming. 

 The ATOC-MMRP project began officially in October of 1995, and work was under-
way early in 1996. A mid-1996 interim review revealed no significant problems, and 
the project continued for two years, after which the results were reviewed by a com-
mittee of the National Research Council. The committee took as its charge to review 
both the specific results of the MMRP and any independent advances in understand-
ing the impacts of low-frequency sound since 1995. The conclusions of the 100-page 
report,  Marine Mammals and Low Frequency Sound , were summarized in the first para-
graph of its Executive Summary: 

 Some of the MMRP observations, such as movements of humpback whales in near-coastal areas 

off Kauai and the abundance of some whale species near the Pioneer Seamount source off Cali-

fornia, showed no statistically significant effects of ATOC transmission. For these observations, 

the Committee could not distinguish among true lack of effect, and insufficient observations, 

small sample sizes, and incorrect statistical treatment of data.  …  Some statistically significant 

differences between control and exposure were found for other species, including (1) an increase 

in average distance of humpback whales from the California source and (2) increased dive dura-

tion for humpback whales off Hawaii. The MMRP found no obvious catastrophic short-term 

effects as a result of transmissions from either source, such as mass strandings or mass desertions 

of source areas.  144   

 The Executive Summary took the understated tone characteristic of NRC reports, 
but the report itself was noticeably critical, highlighting the problem that ATOC ’ s 
critics had long pointed out (and Chris Clark had tried to address): that the proj-
ect ’ s design wasn ’ t adequate to answer the biological questions. MMRP was essen-
tially a  “ retrofit ”  onto a program designed for other reasons, and the result was 
predictable — indeed, had been predicted. The project was too short-term to eluci-
date long-term effects, and its design wasn ’ t based on maximizing the relevance to 
marine mammals or on minimizing the impacts, but rather on the project ’ s primary 
goal of detecting global warming.  “ As a consequence, ”  the NRC concluded,  “ the 
results of the MMRP do not conclusively demonstrate that the ATOC signal  either  
has an effect  or  has no effect on marine mammals in the short or the long-term. ”   145   
After five years, months of hearings, hundreds of comments, and millions of dollars 
spent, the question of whether ATOC would harm marine life remained unan-
swered — and oceanographers hadn ’ t demonstrated whether the ocean was warming, 
either.  146   

 It was beyond the committee ’ s charge to recommend whether ATOC should con-
tinue, but they concluded that the Scripps Institution had been, at best, premature in 
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its assertions that ATOC would do no harm. Even now, there weren ’ t adequate grounds 
for making such judgments, and developing those grounds would require  “ a more 
sustained and integrated approach than has been the case in previous research. ”   147   In 
an implicit rebuke of the manner in which the MMRP had been created, if not of the 
entire idea of scientific research under the aegis of mission-driven agencies, the com-
mittee argued that the necessary biological research  “ should be sponsored by the 
agencies that fund basic and applied biological research, ”  not by the Navy. If mission-
oriented agencies within the Department of Defense were to fund research, they 
should  “ ensure that the research they sponsor will not only contribute to their imme-
diate missions but also answer basic scientific questions, ”  and  “ all of these projects 
should receive strict peer review and be evaluated on the quality of the science 
proposed. ”   148   

 This point was reiterated in the report ’ s Findings and Recommendations section, 
in a conclusion that could well be applied to the whole of the Navy ’ s oceanographic 
research program, not just to marine-mammal research. It was a conclusion with 
which William von Arx and Paul Forman would have heartily concurred: 

 Most marine mammal studies are funded from mission-oriented sources. At this time the greatest 

source of funding for marine mammal research is ONR. However, by its nature, ONR-funded 

research tends to be focused on questions of practical importance to the Navy, and is not neces-

sarily responsive to the broad interests of scientists seeking to learn more about the basic biology 

of marine mammals. Scientist-driven fundamental research could significantly improve our 

understanding of hearing and the effects of low-frequency sound on marine mammals, as well 

as our overall understanding of the acoustic behavior of these animals.  149   

 On the basis of the NRC findings, the National Marine Fisheries Service declined 
to extend the permits for ATOC. The project ended in August of 2000 when a winch 
operator named Ron Hardy died after being struck in the head by a piece of equipment 
while trying to remove the 12,000-pound transmitter from the sea floor.  150   Two years 
later, a federal judge halted a project (funded by the National Science Foundation) 
that was using intense blasts of compressed air to study the structure of the sea floor 
in the Gulf of California after two beaked whales were found dead on the nearby 
Mexican coast with evidence of hearing damage. The ruling by US District Magistrate 
James Larson was based in part on evidence that the Navy considered sounds above 
180 dB to be  “ potentially harmful to marine mammals. ”   151   

 Discussion 

 ATOC scientists repeated the  “ no evidence ”  claim for years, but in October of 1994 
Ann Bowles and colleagues had published results that plainly refuted it. In an article 
in a special volume of the  Journal of the Acoustical Society of America , Bowles et al. had 
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reported that sperm-whale  “ clicks, clangs and a few codas ”  were detected during 24 
percent of the base-line period but that no such sounds were detected during the 
transmissions, and that several individual marine mammals had been observed chang-
ing course to avoid the direction from which the transmissions were coming.  “ The 
results, ”  they wrote,  “ suggest that  …  whales could have altered their distribution in 
the immediate vicinity of the HIFT transmissions. ”  Bowles et al. emphasized that these 
results were very limited: indeed, they tried their best to explain them away, noting 
that the whales  “ returned or were replaced by new individuals quickly when transmis-
sions stopped. ”  But if the full-scale ATOC program were implemented, transmissions 
would be continual for a decade. How would this affect them? Bowles et al. speculated 
that  “ in the long run animals might have habituated well to the transmissions, ”  but 
the operative word here was  ‘ might ’ . The available evidence suggested that marine 
mammals  had  been affected: whales went silent and changed their courses. In the 
words of Bowles et al.:  “ Changes in behavior of pilot whales and sperm whales pro-
vided  unequivocal evidence of behavioral effects of the transmissions . ”   152   Yet as ATOC went 
forward, Bowles and her colleagues buried these findings, insisting that marine mam-
mals would be unaffected by ATOC.  

 Why did the oceanographers make assertions that at best were unsupported and at 
worst were refuted by their own data? Most of them referred back to their long history 
of Navy-sponsored work, suggesting that none of those earlier projects had done harm. 
But they didn ’ t really  know  that. None of those earlier projects had been subject to 
the same degree of scrutiny, either by colleagues in other disciplines or the public. 
Most had not been subject to public scrutiny at all. This, perhaps, is the best explana-
tion for why the oceanographers behaved the way they did. 

 Throughout the Cold War, scientists had been accountable to their Navy patrons, 
and had been judged by experts in their own field. Studies of underwater acoustics 
were peer-reviewed by other experts in acoustics, but not by cetacean biologists, not 
by the National Marine Fisheries Service, and certainly not by the public. If a project 
was classified, there was still less external scrutiny. Even members of Congress often 
lacked information about classified scientific work; President Franklin Roosevelt was 
famously secretive about the Manhattan Project, and after Roosevelt ’ s death his suc-
cessor, Harry Truman, had to be told about it. 

 As a patron of science, the Navy wanted projects to produce reliable knowledge 
and accepted that this entailed giving scientists some intellectual latitude.  153   The Navy 
also accepted that it was in its interest to permit publication of scientific results from 
the projects it funded to the extent that publication was compatible with military 
interests. But the Navy didn ’ t  encourage  scientists to reach out to colleagues in other 
fields, much less to speak to the public, write popular accounts, or explain the mean-
ing and significance of their work in broader venues and terms. To a historian of 
twentieth-century science, this stands out as a significant shift. Before World War II, 
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American Earth scientists routinely wrote popular books and articles, even on seem-
ingly arcane topics. William Bowie, chief of the Geodesy Division of the US Coast and 
Geodetic Survey, wrote pieces for the  New York Times  and for  Popular Science , and even 
had a radio program on geodesy — hardly the most accessible of scientific topics.  154   
Others scientists gave public lectures, particularly if their work involved expeditions 
to exotic or dangerous places. Sometimes they did this for money — fees for lectures 
and newspaper articles could be important sources of financial support, particularly 
for research that had an expeditionary component. Before World War II, funds for 
scientific research were scant; payments for popular accounts and public lectures were 
one means of supporting scientific work, and such accounts and lectures might draw 
the further interest of private patrons.  155   Some scientists, including William Bowie, 
were civil servants who thought that the citizens who paid their salaries deserved to 
know what their monies were being spent on. 

 After World War II, this changed. As funding for scientific research increased, out-
ward communication from the scientific community decreased. While it is challenging 
to read historical silences, one cannot help but notice this one: In the postwar years, 
Earth scientists simply didn ’ t engage the general public as they previously had. Before 
the war, scientists found support for research hard to come by and thought that reach-
ing out to the public might pay off. During the Cold War, reaching out was tricky, 
and a steady stream of money from the Navy made it unnecessary. Scientists who had 
worked with the Navy for decades were used to proceeding without public scrutiny, 
and the idea of the public as their ultimate patron was rarely if ever raised.  156   Indeed, 
one rarely if ever sees expressed the idea that the true patrons of American science 
during the Cold War were the American people. 

 When the Cold War ended, things changed again, and ATOC brought that shift 
into sharp relief. Walter Munk acknowledged that he had been quite unprepared for 
the public outcry, and that he  “ had never experienced such press interest or scrutiny ”  
in anything else he had ever done. For four decades oceanographers had worked with 
the US Navy on all varieties of acoustic matters, and these issues had never come 
up — at least not in this form. Scientists working with the US military hadn ’ t concerned 
themselves with environmental impacts. It was not so much that they didn ’ t care 
about marine life as that they had never  had  to care. Protecting the environment 
wasn ’ t part of the mission. 

 What oceanographers failed to grasp when they attempted to change their mission 
was that they would have to change their strategies and tactics as well. Scientists sup-
ported by taxpayers might reasonably have expected to explain the significance, the 
impacts, and the risks of their work, but these men had no habit and no experience 
of doing so. When asked to explain themselves, their responses essentially amounted 
to  “ Trust us, we ’ re experts ”  and  “ Trust us, our intentions are good. ”  
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 But the public didn ’ t trust them and didn ’ t accept that their intentions were good. 
If the ATOC scientists weren ’ t deaf and dumb to others ’  concerns, they evidently 
didn ’ t hear well in alternative frequency ranges, and the reason lies at least in part in 
four decades of disuse. Scientists working with the Navy had rarely confronted the 
implicit values behind their research program. The question of the  values  of their 
research — beyond the immediate  value  — was rarely discussed, and almost never overtly, 
even within the tight circles of Navy oceanography, much less in public. Because of 
military secrecy, some of it  couldn ’ t  be discussed. Oceanographers ridiculed Lindy 
Weilgart for her naive view that the deep ocean was untouched by man, but many 
Americans probably shared her naivet é . How were they to know that the Navy had, 
for decades, been secretly laying cables, hydrophones, and instrumentation of all sorts 
beneath the waves? Who knew what ocean acoustic surveillance was? For decades, 
most Americans knew nothing of the work that oceanographers had done, ostensibly 
on their behalf. When they began to learn about it, they didn ’ t necessarily feel grate-
ful, especially when they discovered that it potentially threatened things that they 
loved. And if Weilgart was naive about the physical operating conditions of the deep 
ocean, so, it seems, were oceanographers naive about the social, political, and cultural 
operating conditions of American life at the end of the Cold War. They seemed 
unaware that their personal and professional histories cast them in a certain light, as 
men with certain affinities and affiliations. 

 As far as the available historical evidence shows, ATOC was not a weapons program 
disguised as basic research. But it  was  a military project in the sense of relying on hard-
ware, facilities, and funding supplied by the Department of Defense. That affected how 
others viewed it, and it also affected how they viewed the men who were its advocates. 
If environmentalists, biologists, and lovers of whales didn ’ t trust them, it is not hard to 
see why. Oceanographers who for decades had been studying the ocean as a theater 
of warfare simply weren ’ t credible when they presented themselves as guardians of 
the ocean as an abode of life. Naomi Rose, a biologist with the Humane Society, put 
it this way:  “ The oceanographers asked:  ‘ Why would you even think we would hurt the 
environment? ’  and we responded,  ‘ Why would we think you wouldn ’ t? ’  ”   157   

 Forty years of military patronage were not just epistemically consequential; they 
were socially and culturally consequential as well. Among other things, they produced 
a scientific community accustomed to various forms of internal accountability but 
unaccustomed to public scrutiny. At the end of the Cold War, when they faced broader 
scrutiny, they found themselves lacking both crucial skills and sensibilities and the 
ability to develop those skills and sensibilities quickly. The net result was both a politi-
cal and an epistemic failure. Politically, oceanographers failed to garner the support 
they needed for the ATOC project. Epistemically, the lack of that support left them 
unable to answer the scientific questions they wished to answer. Forty years of freely 
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flowing military funding, restricted interactions with other communities and their 
concerns, and little or no external accountability had produced researchers who were 
not necessarily gadgeteers, but whose horizons were constricted on several social, 
cultural, and intellectual dimensions. ATOC might have offered a gratifying conclu-
sion to the era of Cold War oceanography: techniques, knowledge, and technology 
developed in pursuit of military power would be turned toward peaceful purposes. It 
held the promise of a conclusive answer to a scientifically challenging and socially 
important question. But it crashed on the shoals of Cold War legacies of secrecy and 
hubris. 

 To return to the question of the consequences of military patronage, and what the 
military did and did not support:  Of course  the Navy focused on matters of practical 
importance to the Navy. How could it be otherwise, unless the Navy neglected  its  
political, social, and legal mandate? At times that mandate aligned with issues of 
scientific import, creating robust and vital domains of knowledge; at other times it 
did not, leaving significant domains of ignorance. The impact of underwater sound 
on marine life was one of those domains of ignorance. The Navy had spent many 
millions studying the propagation of underwater sound, and had studied animals to 
better understand that propagation, but the basic biological science that might have 
enabled scientists to predict ATOC ’ s impact had never been done.  158   And so the science 
that would have been needed to determine whether ATOC could proceed without 
harm to marine life simply did not exist. ATOC was both a product and a victim of 
the Cold War. 
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 6   Fighting Each Other: The N-1, Soviet Big Science, and the Cold 

War at Home 

 In August of 1989, a few months before the fall of the Berlin Wall, the official news-
paper of the Soviet government,  Izvestiia , published a long essay by Sergei Leskov titled 
 “ How We Didn ’ t We Land on the Moon. ”   1   Leskov,  Izvestiia  ’ s science journalist, had 
been trying to publish the piece for some time, but Glavlit, the Soviet Union ’ s censor-
ship agency, had repeatedly rejected his appeals. Later he recalled that  “ even in 1989, 
when there were no limits to  glasnost ’  , it was such a great effort to publish the essay. ”   2   
When it finally appeared in print, with the personal permission of a top-ranked min-
ister, the essay caused a minor sensation. In the piece, Leskov mentioned a rocket 
that few Soviet citizens had ever heard of (the N-I) and a program that had never 
been officially acknowledged (a 4.5-billion-ruble project to land a Soviet cosmonaut 
on the moon in the 1960s).  3   For more than twenty years, the effort had been white-
washed out of history; save for the occasional rumor and the speculations of a few 
Western observers, there had been no indication that one of the Soviet Union ’ s largest, 
complex, and most expensive engineering projects of the Cold War had collapsed 
in a series of rocket explosions in the late 1960s and the early 1970s. The Soviet 
project had been hidden so well that some saw Neil Armstrong ’ s triumphant step on 
the moon in 1969 as a pyrrhic victory. For example, in 1974 the American newscaster 
Walter Cronkite commented  “ It turned out that the Russians were never in the race 
at all. ”   4   

 After Leskov ’ s piece appeared in  Izvestiia , more and more articles added to this 
recovered history. People whose names had been classified granted interviews, and 
journalists, given free rein, were able to put flesh on a skeletal tale that seemed to 
symbolize the institutional dysfunction of late-period Soviet science.  5   Managerial 
gridlock, technological limitations, and economic shortages had plagued the N-I proj-
ect from the very beginning. But as journalists, historians, and participants reflected 
on the reasons for the catastrophic failure of the project, they kept returning to a 
central episode in the narrative: a clash of personalities that all claimed doomed the 
project at its very inception. Sergei Korolev, the famous  “ chief designer ”  of the Soviet 
Union ’ s spaceships and Valentin Glushko, the chief designer of its rocket engines, had 

 Asif Siddiqi 



190 Siddiqi

almost come to blows over the selection of propellants for the N-I and eventually 
ceased communicating with each other. Korolev was left to guide the N-I project to 
success without Glushko. Despite the best efforts of thousands of engineers, and just 
as Glushko had warned, the N-I program — a quintessential yet largely unknown exem-
plar of Soviet big science and technology — eventually collapsed in a pile of rubble. 

 Big Science in the Soviet Context 

 Since the early 1990s, historians have devoted considerable attention to the fate of 
 “ big science ”  during the Cold War.  6   Having emerged out of interwar research and 
development into a full-blown phenomenon during World War II, such large-scale 
government-sponsored projects typically involved money, manpower, monumental 
machines, and often the military. In revisiting the Cold War, historians found that 
big science, and scientific practice in general, was hard to divorce from the forces, 
stresses, and demands of the national-security state. Scholars argued that scientific 
practice, at the institutional, cultural, and epistemological levels, thrived on instru-
mental, overlapping, and symbiotic relationships with high politics. Big science, 
because it was funded by the state, took on features that reflected the state ’ s priorities. 
The possibility that Cold War imperatives altered the direction of particular disciplines 
was highlighted most famously in Paul Forman ’ s meditation on how military patron-
age shifted scientific priorities in the United States from theoretical to applied 
physics.  7   

 In the Soviet case, the notion of big science has meant different things to different 
people, but two central defining assumptions guided scholars working in the pre-
archival period: the scale of the effort and the pervasive role of the state, or, as the 
historian Loren Graham has noted,  “ its bigness and high degree of government cen-
tralization. ”   8   In other words, the scale of Soviet science during the Cold War and its 
seemingly close and almost indistinguishable alignment with state sponsorship and 
priorities underscored the notion that big science and Soviet science were synonymous 
concepts. In defining what was meant by  “ big, ”  Graham added that,  “ Soviet science 
was  ‘ big ’  in several different ways: large in numbers of researchers, highly centralized 
in organization, and dominated by powerful leaders. ”   9   

 Beyond scale and sponsorship, historians discerned other features of Soviet big sci-
ence. Already by the early 1930s, the three major constituent elements of Soviet 
science were firmly set in place. These — the university system, the Soviet Academy 
of Sciences, and the industrial ministry system — represented three points of a pyrami-
dal structure that employed hundreds of thousands of scientists, engineers, techni-
cians, and workers at its peak in the 1970s. This tripartite system inherited traits 
from pre-Revolutionary Russian science. Alexei Kojevnikov identifies, in particular, the 
formation of research institutes separate from higher education and the emphasis on 
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applied over basic research as embryonic and ultimately enduring features of the Soviet 
scientific system that first emerged during the 1910s.  10   These peculiarities became 
more evident after the Revolution when leading Bol ’ sheviks fully embraced a more 
utilitarian approach to science and technology. To the extent that applied science 
efforts translated to  “ technologies for the masses ”  (to use inspirational parlance from 
the 1930s), Soviet science became closely intertwined with what some have called 
 “ gigantomania ”  — a penchant for the monumental in many infrastructural and indus-
trial projects.  11   According to this interpretation, Stalinist ideologues (and their succes-
sors) saw science and technology as most effective when a utilitarian ethos was 
combined with ostentatious and awesome exhibitions; in other words, science and 
technology had to both serve  and  represent the nation. This combination of size, sci-
ence, and spectacle was most obviously embodied in such projects as the Moscow 
Metro, the Dneprostroi Dam (and hydroelectric station), the trans-Siberian railroad, 
and the Tu-144 supersonic transport. 

 In reflecting upon Forman ’ s claim about the Cold War altering the balance between 
fundamental and applied science, in the Soviet context, the problem might be more 
accurately characterized as an appropriate distribution between theory and praxis. 
Marxists would have articulated this relationship as a demand that the production of 
scientific knowledge be closely connected to the economic, industrial, and  practical  
needs of society. In Stalinist times, this requirement was frequently articulated and 
manifested in the priorities of the Soviet scientific establishment.  12   One of the funda-
mental campaigns of Stalinist science was to reinforce the link between scientific 
practice and the real needs of Soviet society, a quest made much more urgent during 
World War II. In one sense, the postwar development of the atomic bomb — perhaps 
the most expensive Soviet scientific project ever, facilitated as it was by a web of 
institutions spanning the Academy of Sciences system, the defense industrial minis-
tries, and the security services — can be seen as emanating from this mapping of theory 
with praxis.  13   

 The nuclear project also established a precedent for postwar Soviet big science in 
fortifying the deep connection between science and military requirements. The align-
ment between science and defense in the Soviet context was difficult to ignore; during 
the postwar era, the lion ’ s share of state investment in science and engineering was 
devoted not to the Academy of Sciences or the universities but to the industrial min-
istry system dominated by the nine ministries that made up the core of the Soviet 
military-industrial complex.  14   By 1990, 87 percent of the Soviet R & D budget was allo-
cated for the industrial network, most of it for military needs, leaving the remainder 
for the Academy of Sciences and the universities.  15   Through institutional connections 
or by research priorities, Soviet science during the Cold War era was deeply enmeshed 
with the military-industrial complex. Science and defense (with some exceptions) co-
existed as one, as the  “ normative ”  state of Soviet science. Here, interrogating whether 
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military imperatives altered the priorities (and nature) of Soviet science during the 
Cold War promises few insights — the answer would unequivocally be affirmative. But 
priorities don ’ t tell the whole story; what other factors distinguished Soviet science 
during the Cold War from its predecessors? For example, did civilian imperatives, 
particularly the demand to  display  or  “ civilianize ”  certain science projects that were 
military in nature (and thus secret) reinforce certain ideological and functional char-
acteristics of Soviet science during the Cold War? 

 These questions framed around the tension between the military and the civilian 
(and between secrecy and publicity) lead us to other seeming dichotomies relevant to 
the broader context of Soviet science in the post-Stalin era. The conflicting demands 
of theory and praxis, for example, were loosely manifested in a battle between two 
competing constituencies, the first comprising scientists invested in the basic sciences 
(particularly physics) who had accrued the perquisites of state patronage and desired 
a science that was  “ detached ”  from the practicalities of the day and the second com-
prising engineers (especially missile designers) who emerged in the late 1950s as a 
powerful bloc of specialists in what Russians understood as the  “ technical sciences ”  
( tekhnicheskie nauki ) — generally fields that Westerners would consider applied sciences 
or engineering.  16   Here we see the mutable boundaries between science and engineer-
ing, distinctions frequently lost to official Soviet spokespersons who advertised, for 
example, the successes of Sputnik and Gagarin as successes of  “ Soviet science ”  rather 
than  “ Soviet engineering ”  or  “ Soviet industry. ”  In this context, it was not a little ironic 
that the principal body associated with Soviet science, the Academy of Sciences, was 
hardly involved in either Sputnik or the launch of the first human in space, Iurii 
Gagarin.  17   Yet the Soviet engineers who directed the space program not only embraced 
this conflation between science and engineering but actively encouraged it, even 
though they had largely been educated in entirely different institutions than pure 
scientists. In the early 1960s, the rocket engineers assumed for themselves the mantle 
of the public notion of  “ Soviet science, ”  a role held for more than a decade by Soviet 
physicists. 

 The N-I rocket program, one of the largest science and technology projects imple-
mented during the post-Stalin era, carried within it all these conflicting (and con-
flated) tensions: between fundamental and applied science, science and engineering, 
civilian and military imperatives, display value and maintaining secrecy. In each case, 
the program was never entirely one or the other, but usually a mix of both. Such 
ambiguities destabilize the conceptual framework of historians such as Loren Graham 
and Paul Josephson, who, in many ways, exchanged idealized features of the Soviet 
 state  with those of Soviet  science . By focusing exclusively on those aspects identified 
with the centralized state, they missed important phenomena — among them the 
popular and populist campaigns for science and, in the case of big science, the messy 
complexities and ambivalences that subvert Western stereotypes of orthodoxy, 
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centralization, and lack of innovation. In this chapter, I explore all these complexities 
and ambiguities through one critical episode in the early history of the N-I project: 
the selection of propellants and rocket engines for the rocket. In this debate, the two 
principal actors in the Soviet space program, members of a new and powerful constitu-
ency of missile engineers who had become influential stakeholders in the system of 
Soviet science, found themselves on opposing sides. The result was a project that 
perfectly embodied the contradictions and heterogeneity of Soviet science during the 
Cold War. 

 The Rise of the Space  “ Scientists ”  

 By the mid 1950s, Soviet physicists — particularly, nuclear physicists — had acquired, in 
the words, of David Holloway,  “ unprecedented authority among the political lead-
ers. ”   18   Soviet physicists ’  link to state power was underscored during Nikita Khrush-
chev ’ s visit to Britain in 1956 when he introduced to Winston Churchill  “ Academician 
Kurchatov, who makes our hydrogen bomb. ”   19   The physicists also enjoyed a public 
role, fostering public interest in the possible uses of atomic energy for civilian purposes 
and reinforcing the notion that nuclear power was a panacea for a whole host of social 
ills.  20   Of course, the community of nuclear physicists did not act as one, nor did they 
share identical goals for the future of Soviet physics, but their influence was evidenced 
by the disproportionate power welded by the Division of Physico-Mathematical Sci-
ences, the Academy section to which physicists belonged. 

 Both nuclear physicists and missile engineers took part in designing strategic weap-
ons, but the missile engineers had little or no clout until the mid 1950s; their handi-
work up until then — short-range missiles derived from the German V2 — had been less 
than impressive. The first sign that rockets might have strategic uses appeared in 1953 
when Sergei Korolev and his team in the northern Moscow suburb of Kaliningrad 
began test-firing a missile capable of flying 1,200 kilometers, just far enough to reach 
Great Britain. By early 1956, Korolev ’ s engineers had modified this rocket, now known 
as the R-5M, and made it ready to carry a nuclear warhead. First launched on February 
20, 1956, the missile flew 1,190 kilometers in a little over 10 minutes and deposited 
its 20-kiloton bomb over its target area in the Semipalatinsk range, where it exploded 
in a spellbinding inferno.  21   It was the first such missile test in the history of nuclear 
weapons. This naked display of power, spearheaded by Marshall Georgii Zhukov and 
leading nuclear physicists, was a watershed moment for the rocket designers, for it 
brought them, for the first time, squarely into the sights of top Party and government 
leaders. For nearly a decade, the missile engineers had been considered junior members 
in the pantheon of Soviet weapons makers. But by cooperating with famous nuclear 
project managers such as Igor ’  Kurchatov and Avramii Zaveniagin on this experiment, 
missile designers managed to equalize the power relationship with the nuclear empire. 
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Remembering the initial collaboration with the high-profile nuclear physicists, one of 
Korolev ’ s senior test engineers noted: 

 At the start of this work Sergey Pavlovich [Korolev] gathered the project leaders to make a speech 

concerning the program. This was a meeting before the start of work with the atomic people.  …  

The first thing he said was that we ought to be very careful in our activities  …  because they had 

been spoilt, first, due to publicity and second, because they considered themselves superior to 

everybody else  …  after developing the atomic bomb.  …  S. P. Korolev said that at least in the 

beginning we should pander to them. But pander very precisely and carefully such that in 

the end we would prove to them that we were in the driver ’ s seat and they were merely 

passengers.  22   

 The success of the R-5M test swiveled the center of gravity of influence away from 
the nuclear elite for the first time since they began their work in 1945. After 1956, 
missile designers, especially Sergei Korolev, began to have increased access to the top 
levels of the Kremlin. This was reflected both in symbolic and practical terms. A week 
after the nuclear test, Nikita Khrushchev, Nikolai Bulganin, Viacheslav Molotov, and 
several other Politburo members graced Korolev ’ s design bureau with their presence, 
a rare honor accorded to few design organizations.  23   In his memoirs, Khrushchev 
conceded that the visitors were bewildered by the rocket,  “ walked around [it] like 
peasants at a bazaar ready to buy some calico, poking it and tugging to test its 
strength, ”  but noted that  “ the leadership was soon filled with confidence in 
[Korolev]. ”   24   On April 20, the Supreme Soviet bestowed on three nuclear scientists, 
Andrei Sakharov, Iulii Khariton, and Iakov Zeldovich, the USSR ’ s highest civilian 
honor,  “ Hero of Socialist Labor. ”  For the first time missile designers were among the 
honored: they included the six main chief designers involved with the R-5M project, 
Sergei Korolev, Valentin Glushko, Nikolai Piliugin, Mikhail Riazanskii, Viktor Kuznetsov, 
and Vladimir Barmin, and Korolev ’ s right-hand man, Vasilii Mishin. Many other junior 
designers in the missile industry were simultaneously given less prestigious but notable 
national awards. These events significantly elevated the authority of missile designers, 
especially Sergei Korolev, within the Soviet defense industry.  “ From then on, ”  Nikita 
Khrushchev ’ s son Sergei has written,  “ [Korolev] could phone Father directly, bypassing 
numerous bureaucratic obstacles. ”   25   This newfound authority, established on the basis 
of missile development, would prove critical in firmly integrating two different aspira-
tions among the missile designers — the job of designing powerful missiles for the 
Soviet armed forces, and the dream of breaching the cosmos. To realize this connec-
tion, the line to the Kremlin was one of paramount importance. 

 Besides access to the top of the Party and government structure, the missile design-
ers also began to make inroads into the apex of the Academy of Sciences. Traditionally, 
Academy members — particularly theoretical physicists — had been hostile to scholars 
from the technical fields, including electrical, mechanical, chemical, and aeronautical 
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engineering.  26   Established academicians had a point: few of the leading  “ chief design-
ers ”  from the defense industry had higher degrees, such as Candidate of (Technical) 
Sciences, and fewer had Doctorates of Sciences. Almost all had specialized degrees from 
technical schools such as the Bauman Moscow Higher Technical School. Additionally, 
most of the chief designers in charge of the key organizations involved in missile 
development had been born in the five-year period between 1907 and 1912, putting 
them in the demographic educated during and after the  “ Great Break ”  (roughly 
1928 – 29), when educational reforms fundamentally transformed the curriculum to a 
more practical bent.  27   Many of the first generation of nuclear physicists, by contrast, 
were at least five or six years older and educated  before  the Bol ’ shevization of Soviet 
education, and thus more theoretically inclined than their junior colleagues.  28   Barring 
rare exceptions, the missile designers represented an entirely different academic sen-
sibility and generation than the nuclear physicists, who were educated abroad or at 
Moscow ’ s most elite universities. 

 The launch of the first ICBMs and Sputniks in 1957 provided a further boost to the 
fortunes of these missile designers in the Academy system. In October, despite the 
objection of a number of academicians, Korolev was awarded a  “ doctor of technical 
sciences ”  without having written a dissertation (or indeed published a single scientific 
paper). In December, two months after the first Sputnik, Nikita Khrushchev signed an 
order giving free dachas to the six members of the missile program ’ s Council of Chief 
Designers.  29   The realignment culminated in 1958 with the unprecedented election 
of thirteen leading rocket designers into the Academy, either as full members or as 
(junior) corresponding members; all were voted into the now-growing Department of 
Technical Sciences.  30   Membership in the Academy had many material benefits but also 
represented public recognition from their peers in the world of basic sciences of the 
value of their intellectual and practical work. There were further additions through 
the 1960s as the Department of Technical Sciences surged with rocket designers and 
other professional designers from the defense industry, who were seen as interlopers 
by many specialists in the  “ pure ”  sciences.  31   In July of 1963, Korolev was elected to 
the Presidium of the Academy, the organization ’ s highest deliberative body.  32   

 No one person more expertly negotiated across the various divides of Soviet 
science — fundamental, applied, civilian, military — than Academy President Mstislav 
Keldysh, an applied mathematician by training.  33   Keldysh ’ s stature steadily rose 
through the 1950s, largely because of his close working relationships with influential 
members of the scientific elite such as Kurchatov and Sakharov. With rising clout, 
Keldysh ’ s portfolio diversified; by the mid 1950s, he was directly involved in thermo-
nuclear weapons development, ICBM design, the intercontinental cruise missile proj-
ect, and the development of supercomputers.  34   After becoming president of the 
Academy in 1961, Keldysh served as one of the most prominent public faces of Soviet 
science, even as a vast amount of his energy was, in fact, devoted to advising on the 
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development of various Soviet armaments. By serving as the chairman of numerous 
 “ interdepartmental ”  review commissions tasked by Nikita Khrushchev or Leonid Bre-
zhnev to evaluate important weapons systems, he influenced the outcome of many 
intractable conflicts between designers. Keldysh ’ s personal opinion (or relationships) 
were thus important barometers of the direction of such massive Soviet scientific and 
technical projects as anti-ballistic missile systems, research on charged particle beams, 
high-speed computing, and, most important, the space program. 

 Scientific research constituted a very small portion of the early Soviet space pro-
gram, especially in the 1960s. In fact, the effort was overwhelmingly dominated by 
military infrastructure, needs, and services. In the formative years, almost every single 
aspect of the program, from the smallest electronic component to the largest net-
worked system, was produced  by  the Soviet defense industry. On the client side, the 
spacecraft and rockets were all produced  for  the Soviet military. And all of the infra-
structure was operated by the armed forces. Dedicated scientific projects were extremely 
rare in the first decade of the Soviet space program, and even those had a strong mili-
tary bent to them.  35   

 The most prominent contracting organization in the Soviet space program — similar 
in many ways to a giant aerospace firm in the Western context — was the Experimental 
Design Bureau-1 (Opytno-konstruktorskoe biuro-1, abbreviated OKB-1), based in the 
northeastern Moscow suburb of Kaliningrad (or Podlipki) and headed by Sergei Korolev. 
In the late 1950s, OKB-1 had driven the agenda for the early Soviet space program 
benefiting from its leading role in developing Sputnik and the rocket that launched 
it. In subsequent years, OKB-1 created further Sputnik and Luna spacecraft, and by 
the early 1960s it enjoyed a dominant position within the emerging space program, 
thanks largely to Korolev ’ s headstrong personality and unbridled ambitions. Although 
only OKB-1 ’ s space accomplishments were known to the outside world, the over-
whelming bulk of its work was dedicated to developing military systems, particularly 
ballistic missiles and intelligence-gathering satellites. This preference for military sys-
tems, dictated largely by the military, clashed with Korolev ’ s personal interest, which 
was increasingly drawn to the kind of space exploration that inspired science fiction 
buffs. Weaned on the ideas of the early-twentieth-century theoretician Konstantin 
Tsiolkovskii, Korolev ’ s vision for the Soviet space program — much like Wernher von 
Braun ’ s for the American program — saw it as expanding progressively from Earth orbit 
to the moon and eventually to the inner planets.  36   

 Korolev ’ s monopoly, both in developing missiles and exploring space, faced stiff 
competition in the early 1960s as other ambitious designers began to encroach on his 
domain. By the time of Gagarin ’ s flight, in 1961, two other prominent designers, 
Vladimir Chelomei and Mikhail Iangel ’ , challenged Korolev ’ s monopoly and influence 
in the space arena.  37   For all three, work on civilian spacecraft was at best a luxury, 
allowed if their primary work on missiles was not impeded in any way. In this 
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situation, the missile-designers-turned-spacecraft designers faced a conundrum. The 
most effective way for them to accrue publicity was to engage in space activities that 
resonated deeply with a newly proud and hopeful Soviet populace. Yet their bread and 
butter — their funding — came from the armed services, which resisted their penchant 
for wasting time on space-related activities.  38   This dilemma was central to the battle 
that tore the N-I program apart. 

 The Market for Innovation 

 The increased authority of missile designers in the wake of the space successes of the 
late 1950s gave them unprecedented influence on the direction of future space 
research, particularly because the upper management had less expertise in evaluating 
the technical efficacy of space-related proposals than in assessing missile-related ones. 
In the post-Sputnik era, the Communist Party and the government had overlapping 
structures to direct and manage the space program. The most important organ at 
the government level was the so-called Military-Industrial Commission (Voennaia-
promyshlennaia komissiia, VPK), representing the various ministries and industrial 
branches responsible for building hardware. The commission, established in December 
1957 in the wake of Sputnik, was tasked with  “ leadership and monitoring of work on 
the creation and quick introduction into production of rocket and reactive armaments 
and other forms of military technology, and also to coordinate this work between 
branches of industry independent of their branch affiliation. ”   39   The VPK was estab-
lished to coordinate work on all Soviet military technology — not only rockets but also 
tanks, airplanes, guns, ships, and submarines — but its leaders were largely grizzled 
veterans from the missile industry who were on good terms with missile designers 
such as Korolev and Iangel ’  and more receptive to their proposals than, say, to a pro-
posal from a submarine designer.  40   On the other hand, these industrial managers were 
more than a bit bewildered by all this talk of space exploration; they had only the 
barest level of expertise with which to compare a wildly ambitious Mars-exploration 
program using ion-engine-equipped winged spacecraft (as Chelomei proposed) or a 
modest and sober idea for a film-return reconnaissance satellite (as Korolev proposed). 
This combination of familiarity with missile designers and lack of knowledge about 
space systems produced a systemic problem: there was a welcoming environment for 
the missile designers to send up all sorts of outlandish ideas for approval, but a lack 
of expertise to evaluate their value. 

 Conventional wisdom has it that the Soviet defense industry operated in much the 
same way as the rest of the economy, i.e., that this was a centrally driven command 
economy with no market choices. Already during the Cold War, it was evident to some 
Western analysts that this was not so.  “ Competition, ”  David Holloway noted in 1984, 
 “ has been a common, though by no means universal, practice in the development of 
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new weapons, especially of aircraft and missiles. Two or more design bureaus might 
be given the same requirements and asked to produce designs: the Ministry of Defense 
then selects the best design for development. This gives the customer a degree of 
choice unusual in the Soviet economy. ”   41   Recent evidence confirms this view that a 
uniquely Soviet quasi-market competition existed at certain stages of weapons design 
as a result of practices that dated back to the 1930s.  42   Naturally, both the buyer and 
the sellers of weapons systems were owned by the state; yet, at key points in the 
research and development process, market behavior very similar to US weapons 
research and development was tolerated; this quasi-market emerged at the level where 
the clients (usually, a broad coalition of representatives from the military-industrial 
complex) had to arbitrate between multiple proposals for a new weapons system. In 
principle, this meant that the military would select a particular designer ’ s idea from 
a pool of proposals sent up to the VPK, based on a fit with requirements for the 
weapon. In practice the process rarely operated as expected.  43   Instead, other more 
subjective factors intervened. Favoritism predicated on professional and personal net-
works was crucial in the process; Chief Designer Mikhail Iangel ’ , for example, hailed 
from Dnepropetrovsk, the Ukrainian industrial city where Brezhnev had served as a 
regional Communist Party secretary. Designers, like American companies responding 
to a request for proposals, also wildly exaggerated the capabilities of their own systems 
and promised highly optimistic timetables. Most crucially, they would each invoke 
American superiority in a particular field and guarantee that they and they alone could 
counter the potential threat. To the designers, new projects guaranteed continuing 
funding, and if they expressed some outward camaraderie or publicly appealed to a 
common national purpose, at the design proposal level, they were deeply competitive 
and often hostile toward one other. Each major chief designer of a weapons system 
ruled over a fiefdom whose well-being (and often existence) depended on large and 
continuing contracts. 

 The result was a chaotic research and development process that belied the public 
image of a command economy pursuing a sustained and well-conceived path. In real-
ity, the VPK was completely unprepared to handle the large influx of proposals about 
future plans and, often, based on lobbying from a particular designer, approved mul-
tiple proposals for the same requirement, fearful that they would be treading on the 
toes of powerful patrons in Party and/or government who supported these ambitious 
chief designers. This combination of increased authority due to the successes of the 
early space program, personal connections with senior VPK officials, the (mis)use of 
technical knowledge as leverage, and inefficient institutional mechanisms meant that 
bureaucratic chaos was the norm rather than the exception in implementing large-
scale Soviet space projects. And as more and more ambitious chief designers entered 
the fray by the early 1960s, formulation of any long-range and sustained vision of the 
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Soviet space program became all but impossible as the process became mired in petty 
disagreements nearly impossible to arbitrate. 

 A Tale of Rocket Propellants 

 The idea for a  “ super rocket ”  for the Soviet space program emerged as a part of plans 
to augment the standard and moderately powerful R-7 that had lofted the early Sput-
niks into orbit. As early as 1956, Sergei Korolev had referred to an idea for a massive 
rocket with a launch mass of 1,100 tons.  44   Such preliminary studies culminated in an 
intense period of investigation in early 1960 to develop some requirements and basic 
design choices. At this point, neither Party nor military officials evinced much interest 
in this idea, the former seeing this as a potentially costly diversion from immediate 
needs and the latter believing that a heavy-lift rocket would not be militarily useful. 
A meeting between Khrushchev and the leading space designers in January of 1960 
appears to have altered the landscape, with Khrushchev calling for more intense efforts 
to develop space projects to respond to what he saw as ambitious American plans.  45   
At the same time, Soviet military planners found statements from important American 
officials such as Senator Lyndon B. Johnson, the Democratic Senate Majority Leader, 
and Herbert F. York, the director of defense research and engineering at the Depart-
ment of Defense, as being belligerent and advocating increased militarization of space. 
As a result, in the first few months of 1960, Soviet space designers scrambled to come 
up with an appropriate response, a grand seven-year plan for space exploration that 
would emphasize military operations. The central point in this ambition would be the 
development of a super-rocket. 

 After an intense series of negotiations, the Party and the government approved a 
long-range program of research on space travel in June of 1960. The heart of this 
program was assigned to Korolev ’ s OKB-1, which was to create  “ a new powerful rocket 
system with a launch mass of 1,000 – 2,000 tons ”  capable of putting 60 to 80 tons into 
Earth orbit and sending 20 to 40 tons on translunar and interplanetary trajectories. 
The main goal of such rockets would be to launch a  “ heavy interplanetary ship. ”  
According to the plan, by 1962 there would be a initial rocket known as the N-I, and 
by 1967, and a more powerful one, the N-II. In drafting the decree to ensure that it 
would be approved at the highest level, Korolev and his associates noted that such 
super-rockets could be used for launching  “ space battle stations ”  into orbit and used 
for all manner of military operations in space, including  “ monitoring space and 
destroying enemy  …  satellites ”  and reconnaissance missions and even for hitting 
ground targets from space.  46   Tellingly, none of these ideas for military applications 
came from the military; high officials in the Strategic Rocket Forces had no idea why 
they needed such a powerful rocket, and had, in fact, stayed out of the discussions on 
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its specifications. As was not uncommon for weapons projects on both sides of the 
Cold War divide, this was a case where the contractor spent an inordinate amount of 
time trying to convince a client why they needed something that barely interested 
them. 

 As money for the new super-rocket project started to flow in, there were a number 
of decisions to be made about its design. The most contentious of these centered on 
the engines, whose designers drew on the science of chemical propellants, dating back 
to the early twentieth century. In 1903, when the Russian theorist Konstantin Tsi-
olkovskii first mathematically substantiated the possibility of space exploration in a 
published essay, he noted that the most energetic rocket propellants would be a com-
bination of liquid hydrogen (fuel) and liquid oxygen (oxidizer).  47   

 A rocket engine ’ s measure of efficiency, which depends on the characteristics of the 
chemicals in question, is typically indicated by a number ( “ specific impulse ” ) which 
measures the change in momentum per unit amount of propellant used; the higher 
the specific impulse, the more efficient a rocket engine. For rockets launching objects 
into space, engineers naturally gravitated to engines that promised higher specific 
impulse ratings since such engines would require less propellant to attain a given 
momentum. Theorists considered liquid oxygen the best oxidizer, one that when 
combined with kerosene (or especially, liquid hydrogen) could produce very high 
specific impulse values. That made liquid oxygen the first choice for space launch 
vehicles in the early years of the space age. But high-energy propellants brought their 
own challenges: oxygen, for example, takes on a liquid state only at very low tempera-
tures, from  – 223 ° C to  – 183 ° C. Thus, in order to keep oxygen in its liquid form in the 
tanks of rockets, engineers needed to deal with many technical challenges, such as 
developing special systems to store super-cooled (or cryogenic) liquid oxygen both on 
the ground and in the rocket. By increasing tank pressure, it was possible to bring up 
the boiling temperature of liquid oxygen, but very high chamber pressures raised their 
own challenges. Rockets with cryogenic propellants were also notoriously difficult to 
ready for firing, especially in the early years of the space age: in the case of early ver-
sions of the R-7 ICBM, it took as much as 20 hours to prepare it for launch, which 
made it practically useless for a surprise attack. 

 Non-cryogenic propellant combinations had their own advantages and liabilities. 
For example, when nitrogen tetroxide was used as an oxidizer and standard kerosene 
as a fuel, the combination was storable, implying that a rocket fueled with such pro-
pellants could be kept at the ready for a long time. For a military rocket, this was a 
crucial asset. Unlike liquid oxygen, nitrogen tetroxide remained in a liquid state at 
close to room temperature (from  – 11 ° C to 21.5 ° C), which made it easier to handle. 
Such combinations, however, had low specific impulse values and thus were not quite 
as efficient as cryogenic engines. Many storable propellants were also highly toxic. In 
1960, a new Soviet ICBM, the R-16, had exploded on its launch pad and killed nearly 
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90 people, many of them through exposure to the highly toxic propellants.  48   Yet the 
singular advantage of being able to get keep a missile ready for launch on command 
kept military commanders coming back to such storable propellants as the most ideal 
for use in the Soviet offensive strategic force. 

 When Korolev ’ s engineers first proposed engines for the N-I, they gravitated to 
cryogenic combinations, especially liquid oxygen and kerosene, which they had suc-
cessfully used in the R-7, recently put on service duty as the Soviet Union ’ s first 
intercontinental ballistic missile.  49   For future upper stages, they assumed that other 
high-energy propellants, including the liquid oxygen – liquid hydrogen combination 
and perhaps even nuclear rocket engines, would be used. As before, the powerful first-
stage engines for the rockets would be developed under the tutelage of Valentin 
Glushko, the Soviet Union ’ s preeminent rocket designer, who headed a large organiza-
tion, OKB-456, based in Khimki, a suburb northwest of Moscow. 

 Korolev and Glushko, the two giants of the Soviet space industry, already had a 
long and storied relationship, one that had been marred for many years by the debate 
over propellants. They had met as young men in the early 1930s and worked together 
at a government-sponsored organization for rocket research, the Reactive Scientific-
Research Institute (RNII), in the interwar years. Debates over the appropriate choice 
of propellants almost tore the institute apart; Glushko had staked out a clear position 
in favor of storable propellants, particularly nitric acid, because they did not require 
complicated ignition systems, were cheap to produce, and were easy to obtain in 
Leningrad, where he had served his apprenticeship. Others favored liquid oxygen. 
Many engineers left the institute in disgust when their favored propellant was privi-
leged over another. These battles added poison to the traumas at the height of the 
Great Terror in the late 1930s when Korolev and Glushko were forced to denounce 
each other on trumped-up charges of sabotaging equipment.  50   Both spent time in the 
depths of the Gulag and worked together in a prison camp for engineers, where 
Korolev was Glushko ’ s deputy. After the war, they helped Soviet teams scour through 
the detritus of German industry and then assumed leadership of separate design orga-
nizations, with Korolev, more influential, designing missiles, and Glushko producing 
engines for them.  51   

 Perhaps because of their shared traumas, the two men remained on friendly and 
respectful terms through the years. This connection began to fray by the mid 1950s 
as several progressively bigger technical disagreements pulled them apart. The dis-
putes, initially technical, became increasingly personal. First, there was Glushko ’ s 
refusal to design verniers (small steering engines) for the main engines of the R-7 in 
the mid 1950s. Then there was Glushko ’ s failure to deliver on time a particularly 
crucial upper-stage engine for an advanced rocket — a delay that stretched into several 
years, until Korolev abandoned the contract.  52   These small fissures widened further 
with a major conflict over engines for Korolev ’ s first post-R-7 missile, the R-9 ICBM. 
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By this time, Korolev and Glushko had staked out clear positions on the choice of 
propellants, the former now favoring cryogenic propellants (including high-energy 
fuels, such as liquid hydrogen) and the latter continuing to support storables. 

 Beginning in the early 1950s, the Soviet military had demanded that Korolev design 
newer missiles using storable propellants, a demand that he had resisted. Late in the 
decade, he proposed a new rocket, the R-9, that would use liquid oxygen, and under 
severe pressure from Korolev, a number of chief designers reluctantly came out in favor 
of it.  53   After almost a year of discussion, the military grudgingly supported the project, 
but only if Korolev could guarantee high-speed launch operations.  54   Glushko, the only 
major rocket engine designer in the Soviet Union who could be counted on to design 
such powerful engines (approximately 144 tons of thrust at sea level), was tasked to 
build engines for the R-9; he did this reluctantly, since he had begun to turn his entire 
organization away from the tried and tested liquid oxygen – kerosene combination that 
had powered the earlier R-7 ICBM. He had technical reasons for doing so; in the early 
1950s, his last attempt to build a high-thrust single-chamber liquid oxygen engine 
had ended in disaster as model after model exploded in ground-test stands due to high 
frequency oscillations in the combustion chamber.  55   

 Korolev himself had little confidence that Glushko could overcome these problems. 
Resentful that Glushko had a near monopoly on rocket engine design in the Soviet 
Union, Korolev invited a number of  “ outsiders ”  to submit proposals for the liquid 
oxygen engines for the R-9. One of these was an organization based in the large 
industrial city of Kuibyshev, nearly 1,000 kilometers southeast of Moscow, on the 
banks of the Volga river close to Kazakhstan. Known by its cryptic name, OKB-276, 
the design bureau was headed by Chief Designer Nikolai Kuznetsov, who had no 
experience designing rocket engines; for nearly a decade he had led the design of 
turboprop engines, including the NK-12 engines that powered the famous Tupolev 
Tu-95 ( “ Bear ” ) strategic bomber.  56   Kuznetsov ’ s attention was drawn to missiles in the 
late 1950s, when Khrushchev, mesmerized by the power of rockets, had begun to limit 
work for firms in the Soviet aviation industry. Numerous aviation firms struggled to 
make ends meet by diversifying into other fields, such as the rocket and space industry. 
The Soviet premier reportedly suggested to Korolev that he invite some of these design 
bureaus to be subcontractors for the space program. A growing number of these avia-
tion firms, hungering for contracts, quickly turned their attention to Korolev and 
other missile designers and began to solicit contracts. Kuznetsov ’ s design bureau was 
one of them.  57   

 Kuznetsov ’ s foray into missiles cracked open the rift between Korolev and Glushko.  58   
The Soviet leadership had originally approved the development of the new R-9 ICBM 
in May of 1959. Contracts were handed out, and Glushko began to develop a new 
and powerful liquid oxygen – kerosene engine. Lacking confidence in Glushko ’ s ability 
to develop such an engine, Korolev, somewhat abruptly, at the end of the year, wrote 
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a letter to Leonid Brezhnev, the Party curator in charge of the missile and space pro-
gram, to eject Glushko from the R-9 missile program in favor of newcomer Kuznetsov. 
Korolev argued that Kuznetsov, despite his lack of experience in designing rocket 
engines, could produce a much better and more efficient engine in a shorter time; it 
didn ’ t help that Glushko had repeatedly failed to deliver major contracts on time.  59   It 
was unprecedented and rare for a designer to demand that a government decision be 
revised, but Korolev ’ s relationship with Glushko had soured by then and he was keen 
to break his professional relationship with his former colleague. Glushko was livid 
when he found out; he fired off a letter to the Military-Industrial Commission reject-
ing Korolev ’ s plea. In the end, Korolev lost his gamble, and the ministry in charge of 
the program reiterated that Glushko ’ s engines would remain as part of the R-9 missile. 
Korolev was forbidden to test any other engine in support of the ICBM.  60   The R-9 flew, 
albeit much later than had been planned, and with Glushko ’ s engines, as originally 
intended. Yet the battle over this military missile undoubtedly darkened the relation-
ship between the two men. 

 Glushko ’ s Refusal 

 The battle over the R-9 was only a prelude. From late 1960 to the summer of 1962, 
there was a protracted conflict between Korolev and Glushko over propellants that 
effectively split the entire program into two. Glushko recognized that Korolev ’ s N-I 
and N-II rockets would constitute the future of the Soviet space program, and he 
wanted to have major contracts for these rockets. But there was a problem: his opin-
ions about rocket engine design had dramatically shifted between 1958 and 1961, and 
his change of heart put him directly at odds with Korolev. In the 1930s, Glushko ’ s 
favored propellants had been storables, in particular nitric acid (as oxidizer) and kero-
sene (as fuel). After the discovery of the German V2 ballistic missile at the end of 
World War II, Glushko had abandoned storables and reoriented his work to the use 
of liquid oxygen and alcohol for about five years. Building on this experience, his 
organization had produced engines using liquid oxygen and kerosene for the first R-7 
ICBM. This combination made it difficult to prepare the missile for launch (which 
made the military unhappy), but it did add a modicum of extra lifting power to the 
rocket (which made the space enthusiasts happy). But between 1958 and 1961, Glush-
ko ’ s thinking slowly migrated back to his earlier position on the use of oxidizers and 
fuels; he now rejected both liquid oxygen and kerosene. 

 First, he found a new fuel to replace kerosene. In 1949, the Leningrad-based 
State Institute for Applied Chemistry developed a new toxic compound, a kind of 
hydrazine fuel known as unsymmetrical dimethyl hydrazine (UDHM). According 
to Glushko ’ s calculations, when UDMH was paired with liquid oxygen instead of 
the usual kerosene, one could potentially increase specific impulse values by 
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approximately 4 percent. By the late 1950s, when, on assignment from Glushko, this 
institute developed an industrial base to mass produce UDMH, Glushko immediately 
latched on to it, determined to stop using kerosene and replace it with UDMH. He 
began building a series of liquid oxygen – UDMH engines, and in January of 1958 
proposed to Korolev that the next ICBM should use this propellant combination.  61   
From then on, Glushko ’ s organization developed almost no rocket engine without 
UDMH as the fuel. 

 Second, he began to go a step further and replace the oxidizer, liquid oxygen. This 
came as no surprise to anyone who knew Glushko ’ s history; he had a long-standing 
animus toward liquid oxygen that he had suspended only because the Germans had 
been using the substance in their V2. Although Glushko was a diehard space enthusiast 
(and thus would be expected to prefer oxygen), he was also a realist. In the early 1930s, 
when he was searching for an ideal combination of propellants, he gravitated to 
materials that were available from industry. But one important criteria for him was 
the problem of keeping rockets at a ready state. In 1936, bearing in mind that military 
rockets had to be ready to be launched immediately on command, he had written 
that  “ in terms of battle applications liquid oxygen [has] acute operational shortcom-
ings. ”  He added that  “ careful consideration of the properties of these materials shows 
that [liquid] oxygen is not the best oxidant and [liquid] hydrogen is simply not suit-
able for practical use. ”   62   

 In replacing liquid oxygen, Glushko proposed tried and tested oxidizers such as 
nitric acid. His engineers began development of a series of engines using the nitric 
acid – UDMH combination in 1958 for new missiles developed for Chief Designer 
Mikhail Iangel ’ , Korolev ’ s primary competitor at the time.  63   Eventually, he found the 
ideal oxidizer, nitrogen tetroxide, which promised even better specific impulse ratings 
when combined with UDMH. By the end of 1960, his position had solidified: the best 
combination of propellants for future rockets and launch vehicles would be nitrogen 
tetroxide (as oxidizer) and UDHM (as fuel). In a letter to ministry bureaucrats and 
military officials in December 1960, he noted that the availability of factories produc-
ing nitrogen tetroxide in the USSR created favorable conditions for its use in rockets 
and that his design bureau had completely turned its attention to creating engines 
using this oxidizer. He added — using a common strategy to strengthen an argument —
 that the Americans were increasingly turning to the use of nitrogen tetroxide in their 
missiles.  64   

 The evolution in his thinking that led Glushko to abandon liquid oxygen angered 
one constituency (Korolev) but pleased another. At the very same time that Glushko 
embraced storable propellants, the Soviet Strategic Rocket Forces was gearing up for a 
massive expansion, soliciting contracts from many different organizations to build 
new generations of intercontinental ballistic missiles. Almost no one in the military 
wanted liquid oxygen missiles; it was clear to most that if the Soviet Union were to 
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have an effective ICBM force, it would need to have missiles that could be launched 
at a moment ’ s notice. In the early 1960s, when the military handed out several con-
tracts, Glushko ’ s organization snapped up all the major slots for designing powerful 
first-stage engines for these rockets. All of them used the nitrogen tetroxide – UDMH 
combination, highly toxic to handle but much easier for operational use. With some 
logic, Glushko believed that he would maximize his resources if he could produce 
 “ dual-use ”  engines that could be used for both the  “ civilian ”  N-I and another military 
rocket. 

 At the very beginning of the process, when Korolev ’ s engineers were busy concep-
tualizing the giant N-I rocket, they entertained Glushko ’ s insistence that they consider 
storable propellants as a possible option for it.  65   By March of 1961, Glushko clearly 
and without equivocation informed Korolev that his organization, having done some 
serious research into possible combinations for propellants, strongly preferred nitro-
gen tetroxide and UDMH for the new super-rocket.  66   He offered two engines, known 
as the RD-253 and RD-254, for the N-I; simultaneously he offered these engines for 
use on a new proposed military rocket proposed by a competitor to Korolev, Vladimir 
Chelomei. 

 In 1961, Korolev ’ s engineers did some intensive analysis of possible configurations 
of the N-I. In considering propellants, engineers performed comparative analyses of 
several combinations, some cryogenic (i.e., using liquid oxygen) and some storable. 
Increasingly, they came to the decision that cryogenic combinations would be ideally 
suitable for this rocket. Korolev had already handed out competitive contracts to 
several organizations in March of 1961 to produce engines: some contracts went 
to Glushko to produce his favored engines, while a parallel assignment disbursed 
enough money for Nikolai Kuznetsov, the aircraft engine designer in Kuibyshev, to 
begin work on several liquid oxygen – kerosene rocket engines.  67   As the year ended, 
engineers on both sides of the debate fully understood that, if at one point, Kuznetsov ’ s 
engines represented an insurance policy for Korolev, by the end of 1961, they were 
Korolev ’ s primary choice. But Glushko refused to back down. In late 1961, he fired 
off several letters to Korolev, to Academy of Sciences President Mstislav Keldysh, and 
to high officials in the Communist Party, pressuring them to make a decision in his 
favor.  68   

 The Keldysh Commission 

 The crisis culminated in July 1962 when an  “ extraordinary commission ”  tasked by 
Nikita Khrushchev convened to examine the course of work on the N-I rocket. Headed 
by Keldysh, the commission included dozens of academics, military officers, scientists, 
and engineers.  69   Its goal was to review, over a period of two weeks, the documentation 
on the rocket that had been prepared under Korolev ’ s tutelage, and ensure that the 
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government approved the most optimal and efficient path of development. It was 
unusual for a technological system to be subjected to such scrutiny at the highest 
level, but the N-I was no ordinary technology; it was to be the most expensive single 
project in the history of the Soviet space program. The obvious important issue at 
hand was the selection of propellants for the N-I, a battle between Glushko ’ s storable 
propellants and Korolev ’ s cryogenic ones.  70   

 The arguments from each side advocating for their particular propellants were 
generally grouped under four criteria: efficiency, cost, safety, and engine design and 
operation. Glushko argued his case in a series of letters to Korolev and others in 
late 1961 and early 1962. Korolev presented his case during the actual meetings of 
the Keldysh Commission in July. The most important issue here was efficiency, 
i.e., the ability of a certain propellant combination to lift a larger payload into orbit. 
Here, Glushko ’ s argument was weak. He noted somewhat vaguely that  “ the payload 
mass inserted into orbit, is evidently less ”  when using liquid oxygen – kerosene because 
of the need to reduce the evaporation of oxygen, which would require special insula-
tion material for the rocket tanks, thus making it heavier and thus less effective.  71   
Korolev ’ s engineers had a very strong case against this argument, since all their cal-
culations showed that liquid oxygen – kerosene was much more efficient than storable 
pairs, despite any additional weight on the rocket. Perhaps sensing that his position 
would not fly with the Keldysh Commission, Glushko made a last-ditch argument: if 
Korolev ’ s engineers calculated that their liquid oxygen – kerosene pair was more effi-
cient, i.e., could lift more into orbit, it was simply because of  “ the particular design 
of the N-I launch vehicle [and] thus we can assume that the design layout of the N-I 
is not optimal for a heavy-class launch vehicle. ”   72   In other words, he tried to deflect 
attention to the design of the rocket rather than the propellant combination. 

 The second important factor was cost. Each side did extensive calculations on the 
use of their respective propellants. They produced wildly different numbers, then 
interpreted them with their own biases. Glushko noted that in 1962 – 63 nitrogen 
tetroxide and UDHM cost 55 rubles and 1,800 rubles per ton respectively, whereas 
liquid oxygen and kerosene cost 41 rubles and 39 rubles per ton respectively. He con-
ceded that the latter pair was  “ 8 times cheaper ”  than the former, but only  “ if you 
don ’ t consider the cost of super-cooled oxygen. ”  This was because of the perceived 
extra cost of complicated systems and processes designed to ensure storage of liquid 
oxygen in liquid form (at very low temperatures), both on the ground and on the 
rocket.  73    “ With such an objective assessment of the actual cost of tons of supercooled 
oxygen, ”  he added,  “ it inevitably turns out to be several times more expensive.  …   ”   74   
For his cost estimates, Korolev added overhead costs for both liquid oxygen and nitro-
gen tetroxide but still had a stronger argument: nitrogen tetroxide (181.4 rubles/ton) 
and UDHM (2,142.6 rubles/ton) came out a poor second to liquid oxygen (110.2 
rubles/ton) and kerosene (79.6 rubles/ton). Korolev noted that both liquid oxygen 
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and kerosene had large production bases in Soviet industry (as did nitrogen tetroxide) 
and were used widely in the Soviet economy. But concerns about having to develop 
storage and cooling systems for liquid oxygen, which tended to evaporate easily, could 
be put to rest, since such systems had already been developed for a military missile —
 the R-9A ICBM. On the contrary, he argued, using nitrogen tetroxide would require 
special equipment for the rocket, since the substance retained its liquid form only 
between  – 11 ° C (12.2 ° F) and 21.5 ° C (70.7 ° F), a range that was far exceeded at the 
launch site in Kazakhstan; in winter, special heating equipment would be required, 
and in summer, the tank pressure would need to be increased to ensure a higher boil-
ing point, requiring thicker and thus heavier propellant tanks. In a comparison of 
one-time capital investments in the development of the engines, liquid oxygen – ker-
osene would be less than half as expensive (8.1 million rubles vs. 18.9 million rubles). 
The costs for subsequent launches would also favor liquid oxygen – kerosene (0.25 mil-
lion rubles vs. 2 million rubles).  75   

 The third issue was safety. Korolev noted that both UDMH and nitrogen tetroxide 
were highly toxic compounds, thus requiring extra ground equipment to neutralize 
waste, ensure drainage,  “ de-gas ”  facilities, and sanitize tanks after prolonged exposure 
to propellants. Ground crews would also need special masks and suits for their own 
safety. The fact that these components ignite upon contact with each other (that is, 
are hypergolic) increased the demands on tightness of joints significantly. Liquid 
oxygen and kerosene, on the other hand, were both non-toxic.  76   Glushko conceded 
that his propellants were toxic but noted that there had been no cases of poisoning 
when launch-site rules of operation had been strictly followed. In fact, experience with 
different rocket engines on earlier missiles showed that there were no cases of leaks 
in storable-propellant engines as opposed to many cases of dangerous leaks of liquid 
oxygen. The latter were especially hazardous, Glushko argued, because even a single 
leak of liquid oxygen was very dangerous in view of its low boiling point and extreme 
volatility, whereas with storable propellants  both  components would have to leak to 
cause an explosion. 

 The fourth major issue under discussion was engine design and operation. Both 
sides had compelling arguments. Glushko noted that because nitrogen tetroxide and 
UDMH were self-igniting (hypergolic), engines using such propellants would not 
require special ignition devices to start up; all that was needed was to put the propel-
lants in contact with each other. Such engines were by definition more reliable and 
relatively easier to control — especially when simultaneously firing 24 engines, as 
would be the case for the first stage of the N-I. Hypergolic propellants also fired with 
less delay time, igniting on command, a facility critical to the operation of upper 
stages. Finally, Glushko argued, it was well known that high-thrust liquid oxygen 
engines suffered from irregular combustion and were more subject to high-frequency 
oscillations. In liquid oxygen engines, there was also the need to protect combustion 
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chambers and nozzle walls from overheating. Glushko ’ s design bureau had already 
faced these problems in the early 1950s in the course of developing single-chamber 
cryogenic engines. None of these problems afflicted storable-propellant rocket 
engines.  77   Korolev ’ s engineers had a convincing counterargument: yes, they conceded, 
 “ normal ”  liquid oxygen engines were susceptible to unstable combustion and some-
times even exploded into fragments because of the particular mix of liquid and gaseous 
compounds that formed at the entry point of the combustion chamber. But all of 
Glushko ’ s arguments were invalidated because Korolev was advocating the use of a 
new type of cryogenic engine: what Soviet engineers called a  “ closed-circuit ”  engine, 
known in the West as a type of  “ staged-combustion ”  engine. Such engines maximized 
the use of propellants by minimizing gas losses that occurred when driving turbines. 
They were extremely efficient (with high specific impulse ratings), safe from the com-
mon destructive properties of high-thrust liquid oxygen engines, and highly innova-
tive for the period. American engineers had avoided such designs, believing them to 
be beyond the reach of current technology. Korolev, having already developed small 
staged-combustion engines, believed that a bigger one might be possible; in 1959, his 
new comrade-in-arms, Kuznetsov, had begun development of several new staged-
combustion liquid oxygen rocket engines.  78   

 As was typical for the time, final arguments were couched in terms of what the 
United States was doing. Glushko noted that  “ the early versions of the Atlas and Titan 
intercontinental rockets developed by the US used [liquid] oxygen and kerosene as 
propellants, ”  but that  “ now [they are] urgently moving to use [nitrogen tetroxide] 
with hydrazine. ”   “ In this case, ”  he continued, [they] have in mind the possibility to 
ensure long-term (several years) service of a fueled rocket in a battle-ready state with 
[launch] preparation time down to 1 minute. For some years now, the second stages 
of all Thor and Atlas missiles have been using only nitric acid and nitrogen tetroxide 
as oxidizers with UDMH. ”   79   Korolev argued almost the opposite: 

 There is evidence that 95% of the work on [rocket engines] in the US is focused on the use of 

[liquid oxygen]. In 1960 – 61, the Rocketdyne-North American firm finished development of the 

H-1 and H-2 oxygen-kerosene engines with thrusts of 85 tons and 112 tons.  …  The H-1 engine 

has fully passed ground testing  …  and is now part of stage I of the Saturn rocket, which has 

successfully passed its first flight test.  …  All together in the US there are 19 [rocket engines] (90%) 

with a thrust [range] of more than 7 tons that use [liquid] oxygen and only two engines (10%) 

that work on nitrogen tetroxide.  80   

 The arguments went back and forth for days without much compromise, sometimes 
fracturing the modicum of unity among the other chief designers. The choice, as 
presented by the two leading parties, was between two engines, those of Glushko and 
Kuznetsov, with Korolev arguing for the latter. Commission members debated various 
technical, industrial, and organizational issues. Eventually, the Keldysh Commission 
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voted unanimously to recommend, as Korolev had argued, that the N-I use Kuznetsov ’ s 
liquid oxygen engines, adding in its official report that the N-I technical documenta-
tion fulfilled  “ high scientific technical standards ”  that had been originally demanded 
in the initial proposals. ”   81   The commission justified its decision in favor of liquid 
oxygen and kerosene on the bases of efficiency, cost, and safety. On all three points, 
they were convinced that, as Korolev had argued, Kuznetsov ’ s engines would have 
better lifting characteristics, would be safer to use, could take advantage of existing 
systems, and be cheaper, having accepted Korolev ’ s cost numbers over those of 
Glushko.  82   

 Glushko was livid. Despite the commission ’ s conclusion, he insisted on a total revi-
sion of the N-I design so it would use his storable-propellant engines, under develop-
ment for at least a year by then. Several prominent designers and highly placed 
military officials tried in vain to convince him to participate, but he categorically 
refused to make liquid oxygen rocket engines for the project.  83   Eventually Nikita 
Khrushchev was drawn into the battle, but even he was unable to mediate.  “ Differ-
ences of opinion, ”  he wrote in his memoirs, 

 started to pull [Korolev and Glushko] apart and the two of them couldn ’ t stand to work together. 

I even invited them to my dacha with their wives. I wanted them to make peace with each other, 

so that they could devote more of their knowledge to the good of the country, rather than dis-

sipate their energy on fights over details. It seemed to me that they were both talented, each in 

his own field. But nothing came of our meeting. Later Korolev broke all ties with Glushko.  84    

 As a result, the job of developing the N-I engines went to Nikolai Kuznetsov, a designer 
of jet engines for Soviet civil aviation. The largest and most ambitious rocket ever built 
in the Soviet Union would have engines designed by an organization that had never 
flown a single one. 

 After the Decision 

 After Glushko was officially divorced from the program, he made repeated attempts 
to undermine the N-I project — a tactic he had adopted even before the 1962 settle-
ment. In 1960 – 61, for example, during the conception stage of the N-I, Glushko had 
tried several times to push through alternative ideas for a similar monster rocket, using 
as a justification the goal of  “ maintaining the priority of the Soviet Union in this area 
[of rocket design]. ”   85   Korolev, who sought to maintain a monopoly on the building 
of the next generation of Soviet launch vehicles, bluntly rejected all these interven-
tions without seriously evaluating their value. Glushko was also sufficiently shrewd 
to have an insurance plan in case the N-I didn ’ t work out: long before the final deci-
sion on the N-I propellants had been made, and unknown to Korolev, Glushko had 
approached Korolev ’ s rival Mikhail Iangel ’  and proposed the use of the same engines 
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he was planning to use on Korolev ’ s rocket for a competing variant produced by Ian-
gel ’ .  86   When that attempt failed, he tried again the following year with a new Iangel ’  
rocket, the R-56, proposing it as a much better alternative to the N-I, one that would 
use his unused nitrogen tetroxide – UDMH engines from the N-I. He tried to appeal to 
higher goals, imploring that  “ further delay in the development of rockets with  …  
lifting capacity greater than the [American] Saturn I  …  will exacerbate the 
lag of the Soviet Union in the development of rocket technology. ”   87   Glushko ’ s 
stubbornness eventually brought him into conflict with Mstislav Keldysh. In late 1964, 
two years after the decision against Glushko, when he brought up the propellant 
issue once again at a meeting on the N-I, Keldysh replied sharply:  “ The question over 
propellant components must stop.  …  It ’ s now necessary to firmly reject everything 
that interferes with [our work].  …  The arguments over this issue are just a waste of 
time. ”   88   

 Glushko didn ’ t give up. In 1964 – 65, he insisted on a repeat study to evaluate the 
characteristics of an N-1 rocket with his engines replacing Kuznetsov ’ s liquid oxygen 
ones. In early 1965, a review commission rejected Glushko ’ s suggestion to rework the 
N-1 — not surprising, since millions of rubles had already been spent on the design 
approved by the Soviet government.  89   A last-ditch effort to derail the N-I program 
coalesced in the mid 1960s when Glushko joined with another Korolev competitor, 
Vladimir Chelomei, and sent appeals to the Party and the government proposing a 
new rocket that, if given the appropriate funds, could beat the Americans to the moon. 
This new imagined super-rocket would use powerful storable-propellant rocket engines 
developed by Glushko.  90   Even as more than 500 organizations nationwide were fully 
engaged in producing the N-1 rocket, a government decree allocated funds to Chelo-
mei and Glushko to move ahead with their proposal. Eventually, saner heads pre-
vailed, and the idea was scuttled in 1968.  91   Through it all, Glushko sent off several 
missives to the Soviet government severely criticizing Kuznetsov ’ s work on liquid 
oxygen engines for the N-I. After a ground test of Kuznetsov ’ s NK-15 engine went 
awry, Glushko wrote:  “ You can see for yourselves that the engine is bad. It ’ s not fit 
for work, and certainly not for installation on such a crucial piece of hardware like 
the N-I. ”   92   

 How was Glushko able to refuse a state mandate to participate in the N-1 project? 
How was he able to decline Khrushchev ’ s overtures at mediation? And later, how was 
he able to mount repeated challenges to Korolev ’ s program when it had already 
acquired significant organizational inertia? Three factors loom large here, all rooted 
in the way in which Cold War pressures at the international level affected  “ local ”  
decision making. 

 First, Glushko ’ s hubris was undoubtedly reinforced by the elevated authority of 
space-program chief designers in the aftermath of the success of Sputnik. One way 
this individual agency was instrumentalized was cowing Party and government 
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bureaucrats with explicit claims that Khrushchev or Brezhnev had personally sanc-
tioned some or other project and therefore the ministry had to act on it. Glushko was 
not shy about using firm language; in one letter to Korolev insisting on the use of 
storable propellants for the N-I, he underscored that his organization had been given 
the obligation to develop powerful rocket engines by the  “ repeated, direct, and per-
sonal instruction of N. S. Khrushchev. ”   93   With such invocations, missile chief designers 
were able to push through many projects that duplicated the efforts of others. There 
are innumerable cases of competitive projects tailored for singular goals when, because 
the Party and the government structure were ineffective in curbing the power of chief 
designers, simultaneous and similar projects were adopted and funded. The most strik-
ing case of such redundancy and waste was the so-called little civil war of the late 
1960s, when competing missile designers — Vladimir Chelomei and Mikhail Iangel ’  —
 waged a battle through their patrons in the power structure to gain contracts for the 
third generation of Soviet ICBMs. In the end, Brezhnev, unable to decide between 
different options, funded similar high-performance missiles from both parties, squan-
dering billions of rubles.  94   

 Second, the authority of chief designers was undoubtedly affected by the perception 
of work being done in the United States. In the post-Stalin era, when missile chief 
designers appealed for funding for their pet projects, they invariably cited superior or 
better-funded work ongoing in the West. For example, in the battle over propellants 
for the N-I rocket, both Korolev and Glushko repeatedly used information about 
American missiles. In January of 1961, at a meeting with representatives of the Min-
istry of Defense on the future of the N-1, Glushko noted that  “ on the basis of published 
information it ’ s worth nothing that in the second variant of the Titan rocket, the 
Americans are using nitrogen tetroxide as oxidizer, and a mixture of 50% dimethyl 
hydrazine and 50% hydrazine as fuel ”  — that is, storable propellants.  95   Later, in July of 
1962, during the Keldysh Commission ’ s two-week-long deliberations on the design 
of the N-I, Korolev produced a series of lengthy technical considerations to substanti-
ate his position on the appropriateness of cryogenic propellants, but then in his 
conclusions specifically invoked concurrent American work.  96   As in the case of the 
N-I, each side could always find relevant information about American work to support 
its case, a task made easier by the inability of high government officials to discern 
actual sanctioned work going on in the United States from the speculations of Ameri-
can journalists. 

 Finally, there was the role of the Soviet military. When chief designers proposed 
ostensibly civilian space projects, such as a moon landing, they often articulated 
their ideas so as to suggest that these projects had both civilian and military uses. 
Barring rare exceptions — principally lunar and deep space missions — all Soviet space 
projects of the 1960s were military in nature or derived from military projects. To 
attract the military ’ s attention, Korolev desperately tried to justify the N-I on the 
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grounds that the military might need it. But the rocket ’ s initial lifting capacity of 75 
tons and its use of cryogenic components ensured that the military would find little 
or no use for it. In a meeting held in September 1960 to discuss the N-1, Major 
General Aleksandr Mrykin, a senior official in charge of procurement for the Strategic 
Rocket Forces, came right to the point:  “ Permit me to raise the following questions: 
for what purpose [do we need] heavy spaceships [weighing 75 tons] and what mili-
tary application are they for? ”   97   Even though several government decrees instructed 
the military to prepare proposals for what they could do with the N-I, the appropri-
ate department within the Strategic Rocket Forces never produced a requirement, 
leaving Korolev to make up wildly ambitious ideas that bordered on fantasy, such 
as an idea to deploy an  “ orbital belt ”  of hundreds of military satellites that could 
continuously monitor the enemy and defend any space-based or ground-based asset 
belonging to the Soviet Union.  98   Even Korolev himself was self-aware enough to see 
the absurdity of some of his ideas for military space activities. In early 1961, in a 
letter to a defense industrialist, he conceded that  “ some of the proposals, on first 
glance, may seem dubious or even somewhat fantastic. But  …  one should not draw 
any hasty conclusions. ”   99   

 Chief designers such as Iangel ’  or Chelomei or Glushko who tailored their work to 
be more in tune with prevailing military imperatives than Korolev did, were more 
likely to benefit from generous funding from the military services. In this context, 
developing a rocket to land a cosmonaut on the moon was seen by many in the mili-
tary as a worthless sideshow to the real goal of achieving strategic parity. This was 
strikingly underscored by two consecutive Soviet ministers of defense, Marshal Rodion 
Malinovskii and Marshal Andrei Grechko.  “ We cannot afford to and will not build 
super powerful space launch vehicles and make flights to the moon, ”  Malinovskii told 
Air Force officials in January of 1965.  100   His successor, Grechko, was equally firm, 
responding to a request for help by telling an official  “ I won ’ t give you personnel. I 
won ’ t give you money. Do what you like but I won ’ t raise this with the government. 
 …  And in general, I am against flights to the moon. ”   101   

 Because the military were hostile toward the  “ civilian ”  space program, Glushko was 
able to fortify his position by noting correctly that any storable-propellant engines he 
built could be used (or at least the technology would be useful) for military programs, 
particularly ICBM programs. Since the military were the primary clients for all space 
projects, even ostensibly civilian ones, by catering to military needs Glushko could 
have the military ensure a steady stream of funding for his organization. This security 
added to Glushko ’ s rising stature; by the late 1960s, he enjoyed enormous authority 
as the man who produced the heart of the Soviet strategic missile force: its rocket 
engines. This connection to Soviet military power gave him significant leeway to 
continuously try to intervene in the ongoing N-I project. Who would challenge him? 
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 Conclusions 

 The July 1962 decision by the Keldysh Commission effectively fractured the space 
program into the Korolev and Glushko camps, destroying any semblance of unity 
that may have existed during the Sputnik days. Although the break between Korolev 
and Glushko was ostensibly over technical issues, the repercussions were far-reaching: 
the two giants of the Soviet space program would not live to cooperate on another 
project. Korolev turned his back on the most powerful and successful rocket engine 
designer in the country and went to work with an organization that had almost no 
experience in the field, the Kuznetsov design bureau. Glushko, meanwhile, lost his 
role in what was to be the most expansive and greatest project in the history of the 
Soviet space program. In the end, these decisions, in favor of Kuznetsov ’ s innovative, 
efficient, and  “ civilian ”  engines instead of Glushko ’ s conservative, relatively inefficient 
 “ military ”  engines, doomed the remainder of the N-I project. 

 Kuznetsov, an outsider in the Soviet space program, found it very difficult to gain 
access to facilities for ground testing of his rocket engines, essential to certify his 
engines as flight-worthy. The majority of facilities at the premier Soviet site for testing 
rocket engines was devoted to Glushko ’ s storable-propellant engines (built for ICBMs), 
and the resources to build ground infrastructure for Kuznetsov ’ s engines were meager 
and late. His engines, though highly efficient, took far too long to develop, and their 
development was marred by the decision not to construct a full-scale ground-test stand 
for the rocket ’ s entire first stage.  102   When four consecutive launches of the N-I ended 
in explosions in the late 1960s and the early 1970s, few were surprised.  103   For the 
Soviet space program, the collapse of the N-I project signaled the end of the beginning 
of a dramatic road that began with Sputnik, and it was the most visible manifestation 
of the program ’ s fall from grace. 

 In untangling the main characteristic threads of this exemplar of late-period Soviet 
big science, it is worth revisiting Loren Graham ’ s characterizations:  “ The system 
emphasized quantity over quality, seniority over creativity, military security over 
domestic welfare, and orthodoxy over freedom. ”   104   In the case of the N-I project, these 
rationales (quantity, seniority, security, orthodoxy) can be found in places, but they 
are neither the most important nor the most definitive attributes. What we see, in 
fact, are features (risk-taking, competition, discord within the scientific community, 
variable expertise) that are direct outcomes of the ways in which national goals set in 
the context of the Cold War, trickled down, and seeded science and engineering 
with  “ local ”  rationales, choices, and contours. In the case of the N-I, the result was 
a program that embodied multiplicities instead of singularities. Contradiction, 
messiness, ambivalence, and ambiguity were the  normative  modes of work in the 
case of N-I, not anomalies. Such seemingly discrepant strains are clearly also evident 
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in other contemporaneous examples of Soviet big science in the postwar era, such as 
the anti-ballistic-missile project, the development of particle beams, and the Mars-
exploration efforts, in each of which there was intractable conflict among the major 
players.  105   

 From a purely technical perspective, perhaps the most important conflict was the 
tension between a conservative choice and a risky one (one whose outcome Graham 
saw as always being  “ quantity over quality ” ). Glushko ’ s engines were less efficient, 
technically conservative, and could draw on established military contracts; Kuznetsov ’ s 
motors, on the other hand, were highly efficient, technically innovative, and lacked 
institutional backing. When Korolev insisted on the latter for his giant space rocket, 
he was in, essence, trying to force an innovative and  “ civilian ”  solution into a milieu 
where conservatism and  “ military ”  options were privileged. This is not to suggest that 
innovation was the more difficult choice and was doomed to failure because of bureau-
cratic resistance; on the contrary, as the evidence shows, the N-I project made a space 
for both innovation and conservatism to exist in a tenuous balance. In each of these 
projects, powerful actors within the scientific and engineering communities exerted 
authority in favor of conservative or innovative solutions, sometimes in conflict with 
each other — solutions whose measure of success often depended on the degree of their 
professional clout. In the case of the rocket and space program, Korolev belonged to 
a small but powerful group of missile designers who had acquired unprecedented 
power and influence by the early 1960s, benefiting from the Cold War-driven successes 
of Sputnik and the space program. Their authority, predicated on access to the top 
levers of the Party and the government, combined with the institutionally  “ normal ”  
Soviet approach to competition in the defense industry and the uneven technical 
expertise of managers, created a climate for chaotic infighting that existing institu-
tional mechanisms were unable to arbitrate. 

 The experience of the N-I project shows that in the Soviet Union, competition and 
competitive contracts were designed not to invigorate innovation but instead to mini-
mize risk or the chance of failure. Here, at one level, the competition was between 
different technological options: storable versus cryogenic, gas generator versus staged 
combustion, nitrogen tetroxide versus liquid oxygen, and so on. But at a deeper level, 
this was a competition between rival organizations. To the extent that organizations 
in the Soviet defense industry were identified with their chief designers, this was also 
a competition between  individuals . Each of the designers competing for a contract 
would emphasize how his project was guaranteed to succeed and others guaranteed 
to fail; we see this dynamic in Glushko ’ s continuing attacks on Kuznetsov ’ s engines, 
for example. The bogeyman of America played a not insignificant role. Designers such 
as Korolev and Glushko could repeatedly invoke threats of American superiority or 
the blessing of Party leaders to defend their positions, and bureaucrats were too afraid 
to refuse their demands for fear of increasing risk — or, worse, offending the patrons 
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of powerful designers. It was precisely this tendency — the growing power of chief 
designers — that the Military-Industrial Commission tried to counter in 1966 by sign-
ing into law a decree stipulating that every new proposal on a weapons system 
should be preceded by a detailed technical substantiation of the idea in the form of 
an  “ advance plan ”  ( avant-proekt ) that would be circulated  before  any direct conversa-
tion with top leaders. An official history of the Soviet military-industrial complex dryly 
notes that this decision  “ played a large role  …  in eliminating excessive expenses in 
creating new long-term technologies. ”   106   

 The other built-in tensions, those between civilian and military imperatives and 
between publicity and secrecy, were also in evidence at the beginning of the N-I pro-
gram. For example, the seemingly arcane and technical debate over propellant selec-
tion for the N-I rocket was, at heart, an outcome of different demands: should Soviet 
rockets use propellants appropriate for  “ military ”  use, or propellants appropriate for 
 “ civilian ”  use? The former would be wrapped up in the secrecy of the Strategic Rocket 
Forces. The latter would be elevated to display as a triumph of Soviet socialism for all 
to see — the first landing of humans on the moon. As leading architects of Soviet big 
science at the height of the Cold War, Korolev and Glushko embodied these conflict-
ing rationales, but in slightly different and ultimately crucial ways. Korolev had firmly 
embraced the imperative for an expansive Soviet space program but was also acutely 
aware that he needed to cater to the military to realize his cosmic aspirations. These 
opposing impulses were in conflict. One the one hand, he wrote to defense industrial-
ists about the military operations (such as  “ super-reconnaissance ” ) that would be 
possible with the N-1, and invited the military to stipulate technical specifications 
(particularly, the launch mass) so that Korolev ’ s designers could begin work on the 
rocket.  107   Almost simultaneously, he instructed his own deputies to determine the 
launch mass of the N-I so that it could perform a number of  “ civilian ”  tasks, such as 
circling and landing on the moon.  108   

 For Korolev, then, the goal was to create a rocket that could, first and foremost, 
perform civilian missions such as landing on the moon. He would draw from this 
technology to cater to military needs. For Glushko, the goal was to create engines for 
ICBMs. He would draw on this technology to create a civilian rocket, the N-I, that 
could perform space missions. The former sought, with his innovative use of liquid 
oxygen, to create a military big science out of a civilian one. The latter sought, with 
his conservative storable propellants, to create a civilian big science from a military 
one. Fundamentally, both were trying to eliminate the inherent ambiguities and con-
tradictions of Soviet big science by creating what they thought were more efficient 
versions. Unsurprisingly both failed in this quest. 

 In recovering the early history of the N-I project, then, one sees Soviet big science 
largely operating in an environment driven by conflicts between state intervention 
and competition, between military requirements and civilian goals, and between 
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secrecy and display value. This was not the big science that Capshew and Rader 
described as possessing a  “ high degree of organization and coordination, ”  nor was it 
Graham ’ s model of quantity, seniority, security, and orthodoxy.  109   And neither does it 
echo accounts of the atomic bomb project — with its almost limitless state resources, 
involvement of security services, lack of competition (at least until the late 1950s), 
and insulation of leading scientists from broader ideological pressures — which for 
many has served as a surrogate for reflexive generalizations about Soviet big science 
when in fact the nuclear project was the exception and not the rule. What we find in 
the case of the N-I is a big science that embodied a clash of forces, one determined 
by imperatives defined at the global level of the Cold War (such as military, secrecy, 
and publicity) and the other pushed by a host of contradictory forces defined by local 
processes (such as professional, technical, historical) within various communities. The 
clash of the global and local in all its myriad forms created the archetypical Soviet big 
science: big, yes, but very different from the nuclear project, and full of contradictions, 
ambiguities, and contingencies. 

 Epilogue 

 When the N-I program was suspended, in 1974, Glushko was appointed to head the 
organization that Korolev — now dead — had headed. In a move that shocked many, 
Glushko immediately proposed development of a series of huge  “ super rockets, ”  all 
using liquid oxygen – kerosene engines, of the very same type he had so vehemently 
railed against a decade earlier. One of these rockets, the Energiia, was successfully 
launched twice in the late 1980s, but the program was eventually canceled for lack of 
money after the Soviet Union collapsed. In the 1990s, the engines that had powered 
Energiia were scaled down and sold to General Dynamics (later acquired by Lockheed 
Martin), which now uses them on the American Atlas III and Atlas V launch vehicles. 
Meanwhile, the storable-propellant engines that Glushko originally offered to the N-I 
are now regularly used on the Proton rocket operated by International Launch Ser-
vices, a joint US-Russian company. Because the Proton and the Atlas V are competitors, 
Glushko ’ s storable-propellant and liquid oxygen rocket engines continue to compete 
with each other in the global launch market. 

 Equally striking was the  “ second act ”  for the highly innovative liquid oxygen 
engines that Kuznetsov designed and built for the N-I. Kuznetsov ’ s engineers perse-
vered and eventually flight-certified the engine despite the cancellation of the N-I 
project. For nearly twenty years, managers preserved 150 of the engines in a store-
house, three dozen of which were bought by the American company Aerojet in the 
1990s. In early 2013, the Orbital Sciences Corporation used two of those engines —
 brought out of storage after nearly 40 years — on its Antares rocket, which launched 
a number of satellites into Earth orbit. A year later, an Antares rocket delivered sup-
plies to the International Space Station, where American and Russian astronauts are 
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stationed on long tours. All these Russian engines, widely considered high-perfor-
mance systems, represent the peculiar but continuing embodiment of the arguments 
that shaped the discussions in 1962 between Korolev and Glushko. In that sense, it 
may be still too early to say whose argument won out.   
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 7   Embedding the National in the Global: US-French Relationships 

in Space Science and Rocketry in the 1960s 

 One evening in March of 1959 a team of young French space scientists led by Jacques 
Blamont stared anxiously into the sky over the Sahara desert as their V é ronique sound-
ing rocket (a small launcher used to study the properties of the upper atmosphere) 
soared skyward from its ramp in Hammaguir. To their relief, after a few minutes a trail 
of bright yellow sodium vapor spewed from a small capsule carried in the nose cone. 
The trail gradually dispersed, blown by the prevailing winds. By visually tracking the 
dispersal of the sodium cloud, the French team gained new insights into the dynamic 
properties of the upper atmosphere.  1   

 This seemingly minor scientific experiment was a major national event. The French 
press attended the launch and enthusiastically reported the spectacle. The prestigious 
French daily  Le Monde  devoted eight columns to the campaign. An enthusiastic jour-
nalist ’ s report appeared on the first page of the newspaper  Combat  on March 11, 1959 
under the title  “ I saw France ’ s first artificial comet launched at 19h. 38. ”   2   Hundreds 
of baby girls born in France were immediately named V é ronique. France had entered 
the space age. 

 But not without help. The sodium vapor capsules were cheap, robust, simple, 
proven devices based on an American design. Scientists at the Air Force Cambridge 
Research Laboratory near Boston had used them for similar experiments with an 
Aerobee sounding rocket. Blamont had collaborated with them in 1957 while at 
the University of Wisconsin, where he had built his own sodium vapor capsule. The 
launches were under the control of three Germans: Wolfgang Pilz, Nettersheim, and 
Karl Bringer. (Blamont has forgotten Nettersheim ’ s first name.) All three had worked 
in the Nazi regime ’ s missile program. They had relocated to France after the war, where 
they played a major role in French rocket/missile development.  3   The launching 
ramp was at a military base in Algeria, then engaged in a bitter war of independence 
against the metropolitan power. In short, the  “ French ”  sodium vapor experiment was 
launched from a colony that would soon pass out of French control, using a rocket 
developed by engineers from an erstwhile and hated enemy, while the cloud was 
ejected from a device that had been designed and developed in the United States. The 
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sodium vapor that drifted across the Saharan sky at sunset wasn ’ t a national product. 
It was a global hybrid.  4   

 The French press was disturbed. Why, they asked Blamont, was German being 
spoken on the launching ramp? They had a point: the sodium vapor cloud drew on 
the financial, political, and military power of the French state. However, what the 
journalists couldn ’ t stomach or say was that the expression of that power was possible 
only because the experiment was also embedded in a network of interconnections 
that overflowed territorial boundaries. Newspaper reports ignored global linkages 
when they took the steam out of nationalist narratives; any dilution of sovereignty 
had to be avoided if the sodium trail was to represent the resurgence of French 
 grandeur . 

 The urge to nationalize Blamont ’ s experiment was only to be expected. In the 
shadow of superpower rivalry expressed through competing  “ national ”  space achieve-
ments, the French media and the population could not but invest the spectacular trail 
of sodium and the rocket that launched it with national significance. The space race, 
and the arms race in general, structured the meaning of technological achievements 
in both the space and nuclear domains. National pride, nationalist ideology, and the 
legitimacy of a political system and its leaders were tied up with the successful testing 
of a bomb or the launch of a satellite: this was what great powers did. For France in 
particular, as MacDougall and Hecht have emphasized, space and nuclear technologies 
affirmed national sovereignty and self-respect, providing the platforms on which to 
construct a postwar identity for a people that was humiliated by defeat and occupa-
tion, threatened by American hegemony and coming to terms with the loss of its 
colonies.  5   

 It is understandable that the media should promote a nationalist agenda. More 
pertinent here, this agenda has also structured the  historiography  of the nuclear and 
space; until recently it, too, has been bounded by the walls of national containers.  6   
Now, with our imaginations liberated from the crushing binary logic of Cold War 
competition, historians of science and technology, like many others, are increasingly 
striving to rupture the national frame and to situate scientific and technological prac-
tices in a transnational or global framework. The nuclear and space occupy a very 
particular niche in such a project. The Cold War irreversibly politicized them; both 
were intimately tied to national security, and interstate rivalry. At the same time both 
were also embedded in global networks through which knowledge in all its forms 
circulated. As Itty Abraham put it,  “ No atomic program anywhere in the world has 
ever been purely indigenous. ”  Andrew Rotter called the atomic bomb  “ The World ’ s 
Bomb. ”   7   Asif Siddiqi recently emphasized that  “  every  nation engaged in [ballistic mis-
siles and space] technology has been a proliferator and has benefited from prolifera-
tion. ”   8   These interconnections are invisible in a historiography that is complicit 
with national narratives. To move beyond those confines it behooves us to study the 
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history of space (and the nuclear) through a lens that describes the tissue of global 
linkages that make  “ national ”  space programs possible and that sustain them. 

 That global tissue is not spontaneously generated: it requires social work. Indeed, 
as Frederick Cooper warned us some time ago,  “ There are two problems with the 
concept of globalization, first the  ‘ global ’  and then the  ‘ -ization. ’  ”   9   The first suggests 
that a single system of linkages and connections has penetrated the entire globe. The 
second implies that this occurs by an ineluctable process that propels entire societies, 
come what may, toward an interdependent world. What this conceptualization over-
looks is that the  “ global ”  is constructed by human agents who establish and sustain 
networks that tie them together in specific patterns of interdependence. If we unpack 
the global, unravel the networks of transnational relationships of inclusion (and exclu-
sion) that constitute it, our attention is drawn as much to nodes and blockages as to 
movement, to regulation and control as much as to circulation and fluidity. The world, 
as Cooper puts it, is  “ a space where economic and political relations are very uneven; 
it is full of lumps, places where power coalesces surrounded by those where it does 
not, places where social relations become dense amid others that are diffuse. ”   10   

 Charles Bright and Michael Geyer share Cooper ’ s concerns. They  “ applaud ”  the 
current emphasis on global flows that spill beyond the boundaries of the national 
container, and that decenter America. But they are wary of much writing on globaliza-
tion that  “ tends to presume the (relative) openness of the world and to become preoc-
cupied with the (relative) ease and multidirectional complexities of flows.  …   ”   11   
Against this Bright and Geyer insist on the need to analyze  “ the structured networks 
and webs through which interconnections are made and maintained — as well as con-
tested and renegotiated. ”  

 This chapter elaborates these insights through an analysis of US-European relation-
ships in space science and technology in the 1960s. It throws light on the practices 
of inclusion/exclusion that shaped the transnational flow of knowledge in the early 
Cold War. This network was constituted by actors on both sides of the Atlantic in an 
asymmetrical field of force, in which knowledge/power was concentrated on the 
American side. The analysis doesn ’ t assume that international collaboration defined 
the norm of what was possible and desirable, and that ruptures and regulations were 
 “ externalities ”  that disturbed its otherwise smooth functioning. Rather it explores the 
conjuncture of multiple factors that made collaboration possible — and that also set 
limits on what was possible. Knowledge that is so closely tied up with national eco-
nomic and military competitiveness can only flow across borders if the states con-
cerned see good reason for it to do so. International collaboration transcends national 
boundaries, but it doesn ’ t dissolve national interests. On the contrary, it is one strategy 
among others for pursuing national interests, at least in domains, such as space and 
the nuclear, that constituted the core of state power after World War II. Through 
sharing — or denying — knowledge that its allies wanted, the US sought to construct a 
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regime of order which strengthened the Western alliance on the front lines of the 
Cold War without undermining American hegemony in the region. 

 In what follows, I first briefly describe the national and international ambitions of 
the National Aeronautics and Space Administration and of Western Europe, notably 
France, as regards the exploration and exploitation of space in the 1960s. This con-
textualization is crucial to my argument, for it emphasizes that the patterns of inter-
national collaboration in space science and technology are shaped by the foreign 
policies of governments, and cannot be understood apart from them. Geopolitical 
relationships of power are embedded in the global circulation of knowledge, even if 
they are sometimes implicit in the vectors, human and otherwise, that constitute the 
network through which knowledge flows. This introduction is followed by an analysis 
of the different strategies adopted by NASA to implement its mandate to collaborate 
internationally in space science and technology. The more generous approach adopted 
with French engineers who came to the United States to learn how to build their first 
satellite is contrasted with the narrower and evolving restrictions on technology trans-
fer in the domain of rocketry. Frank Ninkovich has emphasized that one of the abiding 
themes of American foreign policy in the twentieth century has been the recognition 
that  “ the very forces that made progress possible — technology, trade, a global division 
of labor, and interdependence — also made possible the system ’ s destruction if pushed 
in the wrong direction and not checked. ”   “ The greater the degree of integration, ”  he 
goes on,  “ the more explosive would be the disintegration produced by a runaway 
modernity. ”   12   This chapter takes a transnational approach to the proliferation of space 
science and technology in the 1960s, showing how the regulation of sensitive knowl-
edge flows in the early Cold War served as an instrument of American foreign policy. 
It simultaneously encouraged national space programs, enhanced European integra-
tion and interdependence, and tried to stop France ’ s technological ambitions pushing 
the continent  “ in the wrong direction, ”  so catalyzing the  “ disintegration ”  of America ’ s 
grand design for postwar Europe. 

 The US-European Geopolitical Context for Space Collaboration 

 In the 1960s, the collaboration between NASA and Western Europe was embedded in 
the national ambitions of both partners. It was initially driven by NASA ’ s mission, as 
specified in the 1958 Space Act that established the agency, to foster American space 
leadership and to promote international cooperation in space. This agenda was quickly 
implemented at a meeting of COSPAR (Committee on Space Research), set up by the 
International Committee of Scientific Unions to maintain the momentum of the IGY 
(International Geophysical Year, a major collaborative event that ended in December 
1958).  13   At a meeting in The Hague in March of 1959, the American delegate, on behalf 
of NASA, offered to support the work of COSPAR by launching  “ worthy experiments 
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proposed by scientists of other countries, ”  either as  “ single experiments as part of a 
larger payload, or groups of experiments comprising complete payloads. ”   14   In the 
former case the proposer would be  “ invited to work in a United States laboratory on 
the construction, calibration, and installation of the necessary equipment in a US 
research vehicle. ”  In the latter the United States was willing to  “ advise on the feasibil-
ity of proposed experiments, the design and construction of the payload package, and 
the necessary pre-flight environmental testing. ”  

 The United States ’  offer had an electrifying impact on those present. Arnold Frutkin, 
who was responsible for NASA ’ s office of International Affairs for almost two decades, 
has written that  “ the future of international cooperation in space exploration was 
raised at a stroke from the token to the real. ”   15   NASA ’ s prestige and desirability as an 
international partner of choice was also confirmed. While NASA was making a  “ purely 
technical proposal of an inherently generous character, without strings, ”  the Soviet 
delegate was busy threatening to leave COSPAR if its membership wasn ’ t more repre-
sentative of the Eastern Bloc.  16   This  “ intrusion of politics into the meeting, ”  as Frutkin 
puts it, was the first in a long-line of measures taken by the Soviet Union to derail the 
smooth functioning of the Committee. The effect, of course, was to draw the attention 
of those present to  “ the stark contrast between the US and Soviet space programs in 
openness and willingness to share with others. ”   17   

 This first step toward international collaboration in space science laid the founda-
tion for a vast program that has persisted for more than fifty years: NASA has entered 
into no less that 4,000 cooperative ventures in space science, in satellite applications 
(e.g. for weather forecasting) and in technology, notably the giant International Space 
Station.  18   The precise terms of these projects differ. In particular they are subject to 
restrictions on the sharing of sensitive knowledge when that may be to the detriment 
of American economic or military competitiveness. NASA ’ s global aspirations are tem-
pered by the need to protect key national interests in a scientific and technological 
domain that is of immense strategic significance. 

 NASA ’ s (and the Department of State ’ s) willingness to consider sharing potentially 
sensitive knowledge with Western Europe was of a piece with overall policy in the 
region. The Eisenhower, Kennedy, and Johnson administrations all sought to build a 
scientifically and technologically strong, united Europe that could contribute its share 
to the burden of defense on the front lines of the Cold War. This explains why in the 
mid 1960s President Johnson was perturbed by strident complaints in France, and to 
some extent Germany, that a  “ technological gap ”  had opened up between the two 
sides of the Atlantic. American business was accused of invading Europe and dominat-
ing key sectors of European industry.  19   The issue was famously highlighted with the 
publication of Jean-Jacques Servan-Schreiber ’ s  Le d é fi americain  ( The American Chal-
lenge ) in 1967.  20   Some American commentators were quick to see European fears of 
being outstripped by American technological and managerial prowess as an extension 
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of President Charles de Gaulle ’ s hostility to American  “ domination. ”  They placed the 
blame for Europe ’ s relative  “ backwardness ”  squarely on the continent ’ s own shoulders 
(as did Servan-Schreiber to some extent).  21   Others were more prudent. Indeed, The 
President took this matter so seriously that in November 1966 he personally signed 
(National Security Action Memorandum) NSAM357, instructing his science adviser, 
Donald Hornig, to set up an interdepartmental committee to look into  “ the increasing 
concern in Western Europe over possible disparities in advanced technology between 
the United States and Europe. ”   22   

 In its preliminary report, the committee concluded that  “ the Technological Gap 
[was] mainly a political and psychological problem ”  but that it did have  “ some basis 
in actual disparities. ”  These included  “ the demonstrated American superiority in 
sophisticated electronics, military technology and space systems. ”  Particularly impor-
tant were  “ the  ‘ very high technology industries ’  (particularly computers, space com-
munications, and aircraft) which provide a much greater military capability, are 
nationally prestigious, and are believed to be far-reaching in their economic, political 
and social implications. ”   23   

 Frutkin forcefully endorsed the idea that investments in space were crucial national 
needs at a meeting of the American Academy of Political and Social Science in Phila-
delphia in April of 1966. The American space program, he said, had pushed established 
scientific and technical disciplines to probe new frontiers in a wide variety of fields 
from physics to geodesy, from materials to structures.  “ In fact, ”  he insisted,  “ we may 
with increasing confidence say that the peculiar quality of space science and technol-
ogy is its forcing function, its acceleration of joint progress in a wide range of disci-
plines. ”   24   Hence space research and development had contributed  “ significantly to the 
fundamental strength and viability of the United States in a world where economic 
and military security increasingly rest[ed] upon technology. ”  Western Europe was 
spending only a small fraction of what the United States did on space, to their detri-
ment. It was in America ’ s interest to help them close the technological gap in the 
space sector:  “ What has stimulated, energized and advanced us, may well stimulate, 
energize and advance them, ”  Frutkin suggested.  25   

 For the Johnson administration, then, the technological gap, even if inflated in 
Europe, was a problem that had to be addressed. European scientific and technological 
strength was essential if capitalism was to compete successfully with the Soviet system. 
This Cold War agenda, and the relatively paltry investment in space in Western 
Europe, obliged NASA to step in if it could. As a CIA report put it, whatever measures 
the Europeans took to build their capability,  “ the assistance of the US — both officially 
and through unofficial commercial channels — has been, is, and will probably remain 
the critical factor in the success of any European space program in this decade. ”   26   

 France was at the centerpiece of this agenda. An (internal?) report on the French 
scientific and technical system stressed the emphasis the French now placed on 
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scientific and technological pre-eminence:  “ Behind all efforts to accelerate the growth 
of science and technology in France has been the belief that the influence of a modern 
power is in proportion to its scientific and industrial strength and excellence  …  , ”  the 
report stated.  “ The battles of price in the conquest of markets are being replaced by 
battles of innovation, in which scientific and technological superiority is the only 
effective weapon. ”   27   Space science and space technology, in particular, were crucial to 
modernization. In another special report on the state of space programs in Western 
Europe, written in May of 1964, the CIA quoted General Aubini è re, the director of the 
new French space agency CNES (Centre Nationale des  É tudes Spatiales) who had wel-
comed Blamont to Hammaguir in 1959, as saying that  “ space technology touches so 
many disciplines that to neglect it would signify for our peoples, formerly masters of 
the world, a decadence and underdevelopment and an unacceptable economic servi-
tude, no matter whence it comes. ”   28   The French and the Americans drew different 
conclusions from this basic credo, of course. For Aubini è re, alert to the rapidly declin-
ing influence of his country in a world dominated by the superpowers, any modern-
izing, self-respecting nation had to invest in space to avoid becoming little more than 
a colonial chattel of either the United States or the Soviet Union.  29   For Aubini è re 
national autonomy and technological sovereignty were at stake. For the Johnson 
administration, that was inspired neither by colonial nostalgia nor by Spenglerian 
pessimism, the strength and unity of the free world in the face of the Communist 
threat were the main concern. NASA ’ s task was to promote space science and technol-
ogy in Europe without unduly fueling  “ runaway modernity ”  in France. It was to lock 
Western Europe into the American sphere of influence without helping France acquire 
national technological capabilities that would lead to the  “ disintegration ”  of American 
hegemony in the region. 
  
 The considerations outlined above don ’ t simply throw light on the different motives 
held by key social actors in the United States and Europe for collaborating with one 
another in space science and technology. They do more. They emphasize that the 
transnational circulation of knowledge in the Cold War (at least in sensitive domains) 
was embedded in foreign-policy concerns of  both partners  and cannot be understood 
apart from them. Washington ’ s determination to lead the  “ free world ”  and to contain 
the spread of communism was expressed through promoting cooperative ventures in 
space in which it could lever its leadership to help build a robust scientific, techno-
logical, and industrial base in Europe in a sector deemed to be of importance to 
economic growth and military preparedness. Western European governments couldn ’ t 
afford, for that very reason, to ignore space science and technology, on pain of 
becoming even more dependent on the superpower. They were willing to collaborate 
from a position of weakness in the short to medium term, in the hope of being more 
equal partners in the longer term. Among continental countries, de Gaulle ’ s France 
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stands out as both seeking to have access to the knowledge that America had to offer, 
and as being determined to retain the freedom of action that befitted its quest for 
 grandeur . This is the foreign-policy context that framed cross-border knowledge flows 
between the United States and Western Europe in the period under consideration 
here. 

 Standardizing Technical and Managerial Practices: The  “ Americanization ”  of French 
Space Science in the Early 1960s 

 NASA, in making its offer at COSPAR in March of 1959, was inviting others to enter 
US laboratories and firms and to acquire the most advanced instruments and tech-
niques then available. The French were quick to take advantage of this opportunity. 
Soon after having established CNES in 1961 they embarked on the development of 
their first  “ national ’  satellite, ”  the FR1 — with American help. About half a dozen 
young men were sent to NASA ’ s Goddard Space Flight Center in Maryland to learn 
American technological and managerial practices. This was to mutual benefit. As one 
Goddard engineer, Gilbert Ousley, later remembered it, their extended stay 

 was a great excuse for us to share technology and training but we also had a selfish purpose. It 

was to get young engineers that were experienced to participate in our program and later come 

back to France speaking the same terminology that NASA uses, that understood our review 

process and did not feel insulted by peers looking at what was being done, and making construc-

tive criticism. So it worked out in NASA ’ s interest, and that was one of the main reasons that we 

set up the training program for the French engineers.  30   

 Ousley and his colleagues certainly won over their French visitors. Jean-Pierre Causse, 
FR1 ’ s project director, explained that, while working at Goddard, his young cohort 
learned 

 a method that we made our own — professional, rigorous, systematic and uncompromising, a 

method that we imposed on ourselves and also on all our scientific and industrial partners.  …  

In our dealings with industry, inspired by NASA, we exercised direct responsibility for the inte-

gration of our satellite.  …  We familiarized ourselves with concepts like  ‘ Memorandum of Under-

standing, ’  of  ‘ No exchange of funds, ’  of  ‘ Design Review ’  etc. We tried them out and perfected 

their application in [the FR1 project] ... . Bravo NASA and the United States!  31   

 During their six-month visit then, NASA engineers in Maryland imparted their 
established procedures to the young men from CNES. They sought not only to train 
them as engineers with a shared perception of what counted as significant problems 
and how to solve them, but also to teach them how to manage a large project. They 
went even further: they sought to inculcate in them a non-hierarchical management 
style, to have them acquire new attitudes to authority in their daily behavior, in their 
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gestures, in their emotional makeup, and in their relationships with industry. The 
appropriation and performance of NASA ’ s  “ best practice ”  — the use of standardized 
experimental and managerial methods, techniques and protocols — was essential if 
CNES engineers wanted to contribute to shaping the contours of the international 
research frontier. It was the  sine qua non  of their entering into a successful international 
dialog with the world leader. 

 In the early 1960s the transnational, transatlantic circulation of knowledge of how 
to build a successful scientific satellite occurred in an asymmetric field of force in 
which NASA and the United States constituted a dominant pole. In a previous 
study I have explored how, in this situation, various other social actors — scientific 
statesmen, Foundations, the Department of State and the NATO Science Committee —
 instrumentalized American scientific leadership with a view to locking the Western 
European scientific community into the Atlantic alliance, transforming their practices 
and their ideological engagements in line with American interests in the region.  32   The 
engineers at Goddard were part of that same movement. They helped construct a space 
science community in CNES that shared their ways of doing things, that adopted 
their techniques and their terminology. From the United States ’  point of view, a col-
laborative effort under its tutelage was an opportunity to build a global community 
that spoke the same  “ language ”  and that was organized along the same lines as their 
American homologs, facilitating knowledge circulation, the penetration of new mar-
kets, and the consolidation of the Atlantic community. From the European point of 
view the standardization, the  “ Americanization ”  of technical and managerial practices 
enabled them to jump-start their exploration of space by creatively applying NASA ’ s 
procedures to local needs. 

 Many (cultural) historians regard the concept of  “ Americanization ”  to be too 
general and totalizing to be of much analytical value. It has the advantage, however, 
of alerting us to the hold that  “ America ”  had, and still has, on the imagination of 
people all over the world. Already in the early 1960s its scientific and technological 
achievements in space, in particular, were so impressive that European partners 
gladly engaged with and adopted NASA ’ s best practices:  “ Americanization ”  was not 
imposed, it was coproduced, shaping behaviors, even professional identities. This is 
not to say that its effects were uncritically absorbed. As social actors navigated 
between the attractions of the American way and its disruption of deeply ingrained 
customs, traditions, and values, they selectively appropriated, adapted, or simply 
rejected the model on offer to satisfy the specificities of particular situations. The 
global project to refashion the world in America ’ s image not only had to deal with 
the agency of those whom it sought to transform. It was also constrained by the 
stamina of local cultures. 
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 Regulating Flows of Sensitive Technology: Propulsion 

 The stories told by Ousley and Causse celebrate the open exchanges that marked the 
design, development, and construction of France ’ s FR1 satellite. They don ’ t speak of 
the barriers to knowledge sharing that were surely imposed when the satellite was 
integrated as the payload on an American launcher, a Delta rocket descended from 
a Thor intermediate-range ballistic missile. Indeed the knowledge sharing at Goddard 
took place in a privileged zone of free circulation that was carved out from a far 
broader domain structured by concerns for regulation and control.  33   Arnold Frutkin 
summed up the guiding principle defining this domain in one pithy phrase: there 
had to be  “ clean technological and managerial interfaces ”  between the knowledge 
contributed by each participant to an international project. When the possibility 
of technological collaboration arose, knowledge flows were closely regulated, and 
pressures for technological sharing had to contend with counterpressures for tech-
nological denial. Technological, more than scientific co-operation touched directly 
on commercial competitiveness and national security and was subject to their 
imperatives. 

 From the dawn of the nuclear age American authorities were determined not to 
give the French access to any scientific and technological knowledge that might 
encourage the proliferation of nuclear weapons or, later, of their delivery systems.  34   
The nuclear scientists who fled occupied France weren ’ t admitted to the Manhattan 
Project with their British counterparts; they worked at Chalk River in Canada instead. 
Relations remained strained after the war as long as Fr é d é ric Joliot-Curie, an active 
member of the resistance, and a convinced communist, was the scientific director of 
the French Commissariat  à  l ’  É nergie Atomique. His departure in 1950, and Eisen-
hower ’ s Atoms for Peace initiative in the mid 1950s improved the transatlantic flow 
of knowledge and materials between the two countries, though a morbid fear that 
left-wing scientists in France ’ s atomic complex would leak secrets to the Soviet Union 
always lurked in the background. The United States deplored France ’ s decision to 
develop a nuclear weapon in 1956. When Congress liberalized the highly restrictive 
requirements of the 1946 McMahon Act in June of 1958, it specifically excluded France 
by limiting the reciprocal exchange of restricted data on atomic weapons to those 
countries that had made  “ substantial progress ”  on their own at the time, i.e., the 
United Kingdom.  35   Charles de Gaulle, who came to power in 1958, tried and failed to 
include France, along with the United States and Britain in a triumvirate that would 
define nuclear strategy for Europe. Rebuffed, he struck off on his own. He made the 
bomb the centerpiece of his multi-pronged  force de frappe  that included nuclear-tipped 
missiles launched from silos and from submarines. France became the fourth nuclear 
power with a successful test of its weapon in the Sahara desert in February of 1960 
and it refused to sign the 1963 treaty limiting all further nuclear testing to 
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underground facilities. For de Gaulle, who would have had to test French weapons 
under US surveillance in the Nevada desert, this was an unacceptable violation of 
sovereignty imposed by the superpowers who wanted to maintain their nuclear 
monopoly and stabilize the international system under their control. 

 This determination to deny proliferation-related knowledge to France also shaped 
American policy regarding dual-use delivery systems in the 1960s. France ’ s growing 
capacity in the domain of rockets/missiles was evident. In 1965 it became the third 
space power when it successfully launched its own satellite using a French-built Dia-
mant rocket. The Diamant combined stages that had been developed previously as 
part of the  “ Precious Stone ”  series of sounding rockets and missiles (Emeraude, Topaze) 
with a state-of-the-art solid-fuel third stage derived directly from the military pro-
gram.  36   The new Johnson administration was quick to stop any knowledge flows in 
this sector. In April of 1964 McGeorge Bundy signed off on NSAM 294, which con-
tained this stipulation: 

 Given current French policy it continues to be in this government ’ s interest not to contribute 

to or assist in the development of a French nuclear warhead capability or a French national 

strategic nuclear delivery capability. This includes exchanges of information and technology 

between the governments, sales of equipment, joint research and development activities, and 

exchanges between industrial and commercial organizations, either directly or through third 

parties, which would be reasonably likely to facilitate these efforts by significantly affecting 

timing, quality or costs or would identify the US as a major supplier or collaborator.  37   

 Washington couldn ’ t stop Paris from developing an independent nuclear deterrent 
and delivery system. But it could retard its progress by refusing to collaborate and, by 
denying it cutting edge science and technology, make it less effective and destabilizing 
than it might otherwise have been. 

 De Gaulle ’ s determination to go it alone posed something of a dilemma for the 
administration. On the one hand they were keen to strengthen European science and 
technology, notably in the space sector. On the other hand, national-security policy 
dictated that France was not to be helped in acquiring a  “ strategic nuclear delivery 
capability. ”  How could one support the first without fostering the second? The Euro-
pean Launcher Development Organization (ELDO), established in the early 1960s was 
a potentially fruitfully instrument to serve this dual role.  38   To explain how that 
was possible, a short detour is called for. 

 ELDO brought together five of the six founder members of the European Economic 
Community (Belgium, the Federal Republic of Germany, France, Italy, and the Neth-
erlands) plus Britain and Australia. In 1962 they agreed to build a three-stage satellite 
launcher called Europa.  39   The first stage would be derived from Britain ’ s Blue Streak 
intermediate-range ballistic missile, which would be stripped of its military character-
istics. France would build the second stage, Germany the third. The other participants 
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would provide the test satellite, telecommunications and ground equipment, while 
the launching base would be in Woomera, South Australia. 

 NASA and the Department of State welcomed the formation of ELDO. To quote 
an early position paper on the issue, technological assistance to ELDO was coherent 
with  “ our objective of an economically and politically integrated European Commu-
nity with increasingly close ties to this country within an Atlantic community. ”  In 
addition, by working with a multinational organization rather than making bilateral 
arrangements with individual states one could divert scarce resources in countries like 
France and Germany away from national military programs and so stunt autonomous 
missile developments.  40   ELDO thus promised to kill two birds with one stone: it would 
stimulate space research and development in Europe without providing technological 
support for strengthening parallel national rocket/missile programs. Arnold Frutkin 
explained the terms on which NASA could work with Europe in the field of rocketry 
on an official visit to Britain, France, and Germany in December 1962. Knowledge 
would not flow relatively freely, as it did in the field of scientific cooperation. Col-
laboration in the launch vehicle area was possible only  “ to a limited extent. ”   41   
The European programs had to be directed to peaceful civilian applications, and 
of mutual technological interest. They also had to be multilateral, not bilateral. In 
other words, NASA would collaborate only through ELDO and would not make bilat-
eral agreements with individual national authorities on the continent in the domain 
of rocketry.  42   

 Even this approach was not without its risks. It was well known that ELDO lacked 
a strong centralized system of project management and control; its Secretariat had 
little authority over the people and firms developing the separate stages in Britain, 
France and Germany.  43   A report prepared by the CIA in May of 1964 confirmed the 
danger:  “ the organization has no enforcement machinery to police compliance, and 
the possibility is raised that ELDO might contribute to the spread of ballistic missile 
technology. ”  Under these circumstances, how did Frutkin hope both to assist ELDO 
and to respect the injunctions of NSAM 294? He suggested that it could be done by 
distinguishing between the  kind  of technology that could be shared. In the extremely 
sensitive domain of propulsion he drew a sharp line between solid propellants like 
powders, on the one hand, and non-storable liquid propellants like liquid hydrogen 
and liquid oxygen, on the other. France, he noted was heavily committed to using 
solid fuels in its military missiles. Non-storable and liquid fuels were unlikely to con-
tribute much to the propulsion technologies France was developing for its strategic 
delivery objectives.  44   In other words, by distinguishing between the military potential 
of solid (high security risk) and non-storable (low military interest) propellants, 
NASA and the Department of State thought they could safely offer assistance to ELDO 
in a technologically crucial domain without significantly assisting France ’ s missile 
program. 
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 Frutkin implemented this distinction when asked for help in 1965. The Member 
States of ELDO decided that their launcher should be upgraded to have a geostationary 
capability (the Europa II program). This required constructing a more powerful third 
stage than previously planned for. A senior engineer in the European organization, 
Bill Stephens, asked NASA if they would authorize discussions about some of  “ more 
fundamental problems ”  that American engineers had encountered  “ in designing, test-
ing and launching liquid hydrogen/liquid oxygen upper stages. ”  He also hoped that 
European firms could work along with American companies who had developed such 
propulsion systems. Stephen ’ s requests could be met. Cryogenic rocket fuels were 
highly inflammable, difficult to handle, bulky, and not the fuel of choice for the 
French military. This was, then,  “ a valuable opportunity to advance our relationship 
with ELDO as a multilateral institution, to establish a ground for limiting or delaying 
assistance in the missile field to competing interests in Europe, and to establish a 
counterweight to national missile programs. ”   45   NASA could encourage European inte-
gration and help ELDO technologically, fostering transatlantic exchanges of people 
and ideas, as well as corporate linkages that would respect the regulatory constraints 
imposed by NSAM 294. 

 We see then that the sharing of sensitive, dual-use propulsion technology with 
Europe in the 1960s required drawing two interlocking distinctions, one institutional, 
the other technological. First a sharp distinction was drawn between national and 
multilateral programs — only the latter would be candidates for assistance. Then a 
distinction was drawn between the kind of technology that would be shared: only 
propulsion systems that burned non-storable, liquid fuels that posed a relatively minor 
proliferation danger. Institutional and technological barriers to knowledge circulation 
co-existed with channels along which knowledge could flow relatively freely. Those 
barriers weren ’ t fixed and immutable, but were themselves historical products, con-
tingent on a variety of technological, industrial and political factors, as we shall see 
immediately. 

 Expanding the Scope of Collaboration: Knowledge Sharing as an Incentive to Sustain 
ELDO  46   

 On July 29, 1966, Walt W. Rostow, one of LBJ ’ s two national-security advisers, signed 
off on NSAM 354. NSAM 354 was a response to a request from the Department of 
State stating it was  “ a matter of urgency that we clarify and define our policy with 
respect to the development of [ELDO] and the extent of US cooperation with ELDO ’ s 
present and future programs. ”  The Memorandum went on to note that it was  “ in the 
US interest to encourage the continued development of ELDO through US coopera-
tion. ”  It referred to the results of an ad hoc interagency working group that had 
prepared a statement  “ defining the nature and extent of US cooperation with ELDO 



240 Krige

which the US government is now prepared to extend. ”  And it confirmed that this 
statement was to be  “ continually reviewed by the responsible agencies, ”  above all, the 
Department of Defense and the Department of State, along with NASA,  “ to ensure 
that it is current and responsive in terms of developing strategies. ”   47   In other words, 
the United States was prepared to be far more flexible than before as regards knowledge 
sharing with ELDO, expanding the scope as needed to help sustain its continued 
development. No explicit reference was made to the dangers of knowledge leaking to 
the French national missile program: the priority now was to keep ELDO afloat. 

 This shift in policy was precipitated by the British government that, in February of 
1966, informed its partners in ELDO of its intention to withdraw from the organiza-
tion.  48   In their view ELDO wasn ’ t likely to produce any worthwhile result. Develop-
ment costs of the Europa II rocket had more than doubled from the initial estimate 
and no end to the upward spiral was in sight. The time to completion had slipped by 
50 percent, from five to seven and a half years. Britain ’ s first stage, Blue Streak, had 
been successfully commissioned in June of 1965, while the French and German stages 
were still under development. The British were therefore effectively subsidizing con-
tinental industries to produce a launcher that, in fact, would be obsolete technologi-
cally and commercially uncompetitive with the US Titan III rocket. To add insult to 
injury, in January of 1963, President de Gaulle had vetoed Britain ’ s application to join 
the Common Market. For the United Kingdom, who was paying almost 38 percent of 
the ELDO budget, the original technological, industrial, and political rationale for 
launching the organization had evaporated.  49   

 The timing of this move was deemed most unfortunate in Washington. Firstly, the 
European integration process was in a very brittle state at the time and even NATO 
seemed to be on the brink of fragmentation.  50   The French had precipitated a crisis in 
the European Economic Community (EEC) by boycotting the EEC ’ s decision-making 
machinery so as to liberate the country from its  “ subordination ”  to Community insti-
tutions and the dilution of sovereignty that that entailed.  51   De Gaulle was also frus-
trated by the constraints on French military ambitions imposed by NATO.  “ The French 
have emphasized their dissatisfaction by becoming increasingly an obstructionist force 
in NATO, ”  one American task force wrote,  “ equating integration with subordina-
tion. ”   52   In this inauspicious climate, everything possible had to be done to sustain the 
momentum for European unity. As Under Secretary of State George Ball emphasized, 
 “ The United States has a direct interest in the continuation of European integration. 
It is the most realistic means of achieving European political unity with all that that 
implies for our relations with Eastern Europe and the Soviet Union  …  and is the pre-
condition for a Europe able to carry its proper share of responsibility for our common 
defense. ”   53   ELDO wasn ’ t central to European integration. But at a time when the 
momentum of European unity was being challenged in France, Britain ’ s threat to leave 
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ELDO risked being amplified by those who were increasingly hostile to supranational 
ventures in Europe. 

 The United States also feared that if ELDO were dissolved  “ France might devote 
more of its resources to a national, military-related program or that it might establish 
undesirable bilateral relationships for the construction of satellite launch vehicles. ”   54   
The Soviet Union was the most obvious  “ undesirable ”  partner. In June of 1966 the 
French president, affirming his determination not to accept the logic of a bipolar world 
structured by the superpowers, made a highly successful official visit to Moscow. He 
saw a satellite launched from the aerospace base at Baikonur, and he endorsed a major 
agreement for cooperation in science, telecommunications and meteorology that 
made of space the  “ emblematic flagship ”  of Franco-Soviet collaboration.  55   Sir Solly 
Zuckerman, the Chief Scientific Adviser to the British government, was exhorted by 
the Department of State not to withdraw from the European launcher organization 
for fear that  “ the Soviets would move into the vacuum if ELDO collapsed. ”   56   The 
United States had to contain this threat and to ensure that European institutions 
emerged  “ from the present crisis with their prestige, power and potential for building 
a united Europe as little impaired as possible. ”   57   

 In response to this emerging  “ crisis, ”  officials in NASA and the Department of 
State were emphatic that the constraints imposed by NSAM 294 on sharing rocket 
and missile technology had to be reviewed. Richard Barnes, the Director of Frutkin ’ s 
Cooperative Projects Division, wrote to the chairman of the NSAM 294 Review Group 
in the Department of State to help define guidelines for a less restrictive policy. The 
United States should refuse to a foreign power, he suggested,  “  only  those  few critical  
items which are clearly intended for use in a national program, would significantly 
and directly benefit that program in terms of time and quality or cost, and are 
unavailable in comparable substitute form elsewhere than the US. ”   58   Correlatively, 
the US should be willing to share items that were  “ of only marginal benefit to 
the national program ”  or  “ were available elsewhere than the US without undue 
difficulty or delay. ”   59   In short, Barnes wanted US policy to take into account the 
kind of technology at issue, its likely uses in practice, the global state of the market 
for the technology, and the importance of collaboration from a foreign-policy per-
spective. The last, along with US business interests, were not to be sacrificed on the 
altar of an overcautious, generalized reluctance to share technology just because it 
might encourage national programs which sections of the US administration disap-
proved of. 

 While Barnes was putting NASA ’ s case to the Department of State, NASA Adminis-
trator James Webb was doing what he could to get the Department of Defense to 
support a more liberal approach. Writing to Secretary of Defense McNamara in April 
of 1966, Webb pointed out that although high-energy, cryogenic, or  “ non-storable ”  
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rocket fuels might conceivably be employed for military purposes, in practice they 
would probably not be deployed in that way. He argued that in any case the risks of 
technological leakage into the military program were outweighed by the benefits 
of promoting a civilian rocket being built by a multilateral organization:  “ Even in the 
case of France it seems likely that encouragement to proceed with upper stage hydro-
gen/oxygen systems now under development might divert money and people from a 
nuclear delivery program rather than contribute to that which is already under way 
using quite different technology. ”  In a supportive reply, McNamara reassured the 
NASA Administrator that he strongly favored international cooperation in space and 
that he had directed the DoD staff  “ to be as liberal as possible regarding the release 
of space technology for payloads and other support items. ”   60   

 Walt Rostow ’ s NSAM 354 of July 1966, and the administration ’ s concern to formally 
investigate the roots of the technological gap (NSAM 357) were responses to this 
changing situation. The Johnson administration had come to think that NSAM 294 
on sharing strategic nuclear and missile technology with France was harming the 
United States ’  interests in Europe. It hoped that, by expanding the scope for knowledge 
sharing it could entice the British to stay in ELDO, and boost the organization ’ s 
launcher program. 

 The new suggestions that emerged that summer from an interagency working group 
led by the Department of State proposed extensive US support in three categories: 
general, short-range, and long-range.  61   The first contained some standard items —
 training in technical management, facilitating export licenses, use of NASA test facil-
ities — but also suggested that a technical office be established within NASA  “ specifically 
to serve in an expediting and assisting role for ELDO. ”  Short-range help included 
 “ technical advice and assistance ”  in items like vehicle integration, stage separation, 
and synchronous orbit injection techniques, as well as the provision of unclassified 
flight hardware, notably the strapped-down  “ guidance ”  package used on the Scout 
rocket that had already been exported to Japan. Long-range assistance was focused on 
helping with a high-energy cryogenic upper stage of the rocket, as had been requested 
by Stephens on behalf of ELDO the year before. It was proposed that Europeans be 
given access to technological documentation and experience available in the Atlas-
Centaur systems (that mated a ballistic missile with an upper stage that used liquid 
hydrogen and liquid oxygen). It was also suggested that ELDO ’ s technical personnel 
 “ have intimate touch with the problems of systems design, integration, and program 
management of a high-energy upper [ sic ] such as the Centaur ”  and even that the 
United States consider  “ joint use of a high-energy upper stage developed in Europe. ”   62   
In short, in mid 1966, the United States was considering making a substantial effort 
to help ELDO develop a powerful launcher by sharing state-of-the-art knowledge and 
experience in both technology and project management, as well as by facilitating the 
export of hardware. 
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 It is difficult to evaluate the impact of these proposals. Certainly they helped per-
suade the British to remain a member state of ELDO: in September 1966 the U.K. 
agreed not to withdraw in return for their contribution to the budget being reduced 
from 38 percent to 27 percent.  63   Apart from that the archives are silent on whether 
or not engineers in ELDO took advantage of what the United States had to offer. In 
any event the organization collapsed in 1972, its launcher having failed to put even 
one satellite into orbit. 

 Concluding Remarks 

 The  “ globalization ”  of science and technology doesn ’ t take place of its own accord. 
Sometimes it does indeed seem as if knowledge  “ simply travels by itself, ”  as Jim Secord 
put it, since  “ the work that has gone into making this appear to be the case is so 
pervasive and institutionalized that it has become hard to see.  64   This chapter has 
emphasized that we should not be trapped by such appearances. Surely some informa-
tion circulates unimpeded, as when Blamont learned how to build a sodium vapor 
capsule at the University of Wisconsin in 1957. However, knowledge transfer to a 
foreign national in a university setting is at one of extreme of a spectrum, of which 
classification and total exclusion is the other. In between lies a vast grey area of sensi-
tive but unclassified knowledge whose  ‘ export ’  is subject to ongoing negotiation and 
regulation. 

 Boundary work is part and parcel of the management of knowledge flows. These 
boundaries are constantly negotiated by diverse social actors invested in the system 
of knowledge transfer — scientists, engineers, firms, research-and-development agen-
cies, various arms of the national-security state. They are not watertight: knowledge 
can seep through enclosing walls in many ways, from informal exchanges between 
scientists and engineers to espionage. They also shift over time to keep abreast of the 
research frontier and in response to changing institutional and political agendas. Like 
any  “ frontier, ”  they are, as Charles Maier reminds us,  “ partially a virtual construction 
 …  as much a site of the demonstrative extent of power as a real barrier. ”   65   They are 
porous, but not infinitely so for then they, and those who manage them, would lose 
their meaning and their legitimacy. The social work that is done to make it appear 
that  “ knowledge simply travels by itself ”  through an unbounded global space, conceals 
the repeated display of state power in the implementation and enforcement of barri-
ers, effaces the regulatory machinery that controls the movement of knowledge in all 
its forms across borders, and mystifies the political processes that ultimately determine 
the uneven, lumpy contours of the global. 

  “  Every  nation engaged in this technology [ballistic missiles and space technology] 
has been a proliferator, and has benefited from proliferation, ”  writes Siddiqi. But 
no nation, as far as I know — and certainly not the United States — proliferates 
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indiscriminately. There is the methodological rub. As the example of US policy in 
Europe shows, transatlantic collaboration in the preparation of scientific payloads was 
relatively unimpeded; the sharing of launcher/missile technology was carefully cali-
brated. It was driven by a foreign-policy agenda that supported European integration 
and that was strongly opposed to French autonomy. Scientific and technological 
exchange had to consolidate the former without catalyzing the latter, above all as 
regards de Gaulle ’ s quest for an independent nuclear deterrent. The solution was to 
 “ proliferate ”  launcher technologies to ELDO without  “ proliferating ”  missile technolo-
gies to France. Drawing boundaries between space science and technology, between 
the national and the supranational, and between non-storable and storable engine 
fuels, NASA and the Department of State constructed one set of international scientific, 
technological, and institutional linkages while doing all they could to stop another 
taking shape. A transnational history that dissolves one boundary — that defined by 
the autonomous nation-state — must analyze another — that constituted by the regula-
tions whereby an interconnected nation manages its linkages to serve its national 
ambitions and its foreign-policy goals. 

 The history of an  “ indigenous ”  launcher is a prime candidate for a nationalistic 
narrative. A government ’ s prestige, access to markets, and military potential acquired 
by having independent access to space inspires nation-centered stories that occlude 
the multiple borrowings and transnational interactions that are sustained by interper-
sonal, inter-institutional and inter-firm relations and that are eventually built into the 
hardware. As Siddiqi rightly points out, a global history of rocketry punctures these 
national and nationalistic narratives, and exposes the  “ connections and transitions of 
technology transfer and knowledge production ”  that they render  “ invisible. ”  That 
granted, the interconnections that a national history renders  “ invisible ”  are  not  invis-
ible to the social agents that are engaged in international relations — senior govern-
ment officials like McNamara and Webb, administrators like Frutkin and Barnes, 
scientists and engineers like Blamont. On the contrary, it is they who constitute those 
interconnections by their policies and practices. Bearers of state patronage, they 
orchestrate national and regional science and technology policy on an international 
stage, leaving an indelible  “ national ”  stamp on the transnational web of linkages and 
interconnections that they construct and maintain. In a  “ decentered ”  global history, 
Siddiqi suggests, a nation ’ s space program would be  “ rendered as a more nebulous 
transnational process.  …  ”  This injunction is misguided if it means that we must blur 
the role of national actors in writing transnational history. Our task rather is to recap-
ture the not-so-nebulous web of international linkages that are mobilized by national 
actors to serve national and foreign-policy objectives. It is to embed the national into 
the transnational narrative — not as a bounded container but as one node in an inter-
connected global network. We must position our national actors on a global stage of 
competing and collaborating, actual and aspirant space powers, and follow them as 
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they choose, or refuse, to establish links with institutions and individuals in other 
countries. A global space history must retain the national as a key analytic category —
 not as an autonomous but as an interdependent actor, whose scientific and techno-
logical practices are inspired by national interest and framed by foreign policy. It is 
that policy that determines, for a strategic sector like space, who a country will coop-
erate with, that defines the terms of the engagement, and that structures the channels 
through which knowledge will flow across borders — as well as which channels will be 
plugged to ensure that it doesn ’ t. That French journalist had a point when he excit-
edly wrote, in a moment of nationalist fervor, that  “ I saw France ’ s first artificial comet 
launched at 19h. 38. ”  Jacques Blamont had a point when he decried  “ the highly exag-
gerated success of our pathetic sounding rockets ”   66   that drew on so much external 
support. The challenge that this chapter addresses is to craft an historical narrative 
that does justice to the sentiments expressed by both.   
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 8   Bringing NASA Back to Earth: A Search for Relevance during the 

Cold War 

 During the past 30 years, the National Aeronautics and Space Administration has 
become the largest funder of climate research in the United States, and a major player 
in the earth sciences more generally. When NASA was created after the launch of 
Sputnik, though, Congress gave the agency a very limited role in atmospheric science. 
Since then, as the Cold War waxed and waned, the agency has gained for itself a much 
broader  “ mission, ”  to study the Earth, with profound consequences for the Earth and 
planetary sciences. 

 In 1989, the administration of George H. W. Bush approved the largest science 
project in US history: the Mission to Planet Earth. Designed as a $53 billion enterprise, 
this program was intended to study global change from a series of large orbital plat-
forms administratively attached to Space Station  Freedom . Now called the Earth Observ-
ing System and funded at a dramatically reduced level, it began its life in the late 
1970s in a series of proposals aimed at expanding NASA ’ s role in the earth sciences 
while also beginning a systematic study of climate-related processes. In one sense, the 
Mission to Planet Earth was a quintessential Cold War endeavor. In its original form, 
it was an example of engineering gigantism, a set of astronaut-tended platforms with 
dozens of instruments. The initiative also made NASA the largest funder of climate 
science in the United States.  1   

 NASA is a creation of the Cold War. Founded after the Sputnik launch of October 
1957, for its first few years the agency was aimed at developing orbital technologies, 
including remote sensing. President Eisenhower had not thought that men had much 
future role in space and opposed pursuing a men-to-the-moon program, a stance that 
was influenced by his scientific advisors.  2   That changed in May of 1961, when Vice 
President Lyndon Johnson convinced President John Kennedy to launch the Apollo 
expeditions to the moon.  3   That decision enshrined a tension within NASA between 
advocates of human space flight and the advocates of robotic science.  4   The Apollo 
decision also cemented a tendency toward the technological sublime in NASA — or, 
put more bluntly, toward technospectacle.  5   

 Erik M. Conway 
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 That tendency toward technological spectaculars might imply that NASA ’ s large 
role in the earth sciences has been turning Earth scientists into gadgeteers, the com-
plaint Paul Forman has levied against Cold War physicists.  6   But in NASA, the opposite 
has been occurring. At first, the agency didn ’ t have an expansive earth science pro-
gram. The Space Act of 1958 didn ’ t assign it one. Rather, like its predecessor agency, 
the National Advisory Committee on Aeronautics, it was given a narrower purview: 
 “ The expansion of human knowledge of phenomena in the atmosphere and space. ”   7   
Two different research emphases derived from this mandate. Within NASA ’ s science 
directorate, rocket-based stratospheric research imported from its predecessor contin-
ued. But its remote sensing activities took place in an Earth Observations technology 
program established within the  “ applications ”  portion of NASA ’ s Office of Space 
Science and Applications, or OSSA. The Applications program, in turn, was intended 
to produce technologies useful to other government agencies or private industry. It 
wasn ’ t specifically a science program. But by the mid 1980s, the Applications program 
had disappeared, replaced by a comprehensive geosciences program. 

 The disappearance of Applications and its replacement with an expansive earth 
science program reflects NASA ’ s internal dynamics as it tried to remain relevant to its 
funder, Congress. Relatively early in NASA ’ s existence, the Cold War competition with 
the Soviet Union lost its ability to command large funding levels, leaving the agency 
unable to finance its ambitious plans to build space stations and lunar bases. This also 
produced a crisis of relevance. What purpose was NASA to serve if it wasn ’ t going to 
be funded for lunar or space colonization? The agency has still not solved that larger 
question. But in its effort to remain relevant in changed circumstances, it took on one 
new mission, ultimately called the Mission to Planet Earth. It was built on the remote 
sensing technologies developed by its Applications program, but with a focus on fun-
damental research instead. 

 A Short History of the NASA Applications Program 

 The Applications program ’ s mode of operation was to develop Earth remote sensing 
technologies for use by other agencies.  8   During the 1960s, it had developed two series 
of Earth remote sensing satellites in partnership with other government agencies. The 
Nimbus series of weather satellites was developed to demonstrate the ability to improve 
weather forecasting with space data, and utilized instruments developed by NASA 
centers and by the predecessor to the National Oceanic and Atmospheric Administra-
tion, the Environmental Science Services Administration. The Nimbus program devel-
oped ultraviolet and infrared instruments for various kinds of atmospheric research; 
it also developed a set of microwave instruments for measurement of atmospheric 
temperature and for measuring sea ice.  9   Some of the instruments developed under the 
Nimbus program were eventually moved into the NOAA operational satellite series; 
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at least one microwave instrument migrated onto the Department of Defense ’ s weather 
satellites. 

 The Applications program also developed a series of Earth resources satellites called 
Landsat, initially in partnership with the Department of the Interior. Landsat has had 
a very troubled history, struggling with national-security restrictions on the resolution 
of its imagery, with the availability of data processing and display technology for the 
imagery, and the challenge that still faces the system decades later: the inability to 
generate a sufficient user base to make it profitable. NASA and the US Geological 
Survey funded research on and with the Landsat datasets in order to create a user base 
that might enable the system to become at least self-supporting financially, if not 
actually profitable. But that strategy, while producing good scientific results, didn ’ t 
create a large enough body of paying customers to continue the series. Repeated efforts 
to privatize and commercialize the system have not been successful, and NASA is 
funding the latest replacement effort, the Landsat Data Continuity Mission.  10   

 Institutionally, during the 1960s, the Applications program was housed within the 
Office of Space Science and Applications.  11   The applications budget grew from $98 
million in 1969 to $239 million in 1978.  12   Reflecting the elevated political stature, 
late in 1971, NASA removed the Applications program from OSSA and created a 
new directorate co-equal to the remaining Office of Space Science, the Office of 
Applications.  13   

 President Nixon ’ s 1972 approval of the Space Shuttle program further reinforced 
the trend toward Earth applications. The Shuttle ’ s ability to reach only low Earth orbit 
impaired its utility for interplanetary launches — the Shuttle would have had to carry 
into orbit both the spacecraft and a high-energy (thus highly explosive)  “ upper stage ”  
to thrust the spacecraft onto its interplanetary trajectory. Earth-orbiting satellites 
didn ’ t need high-energy propulsion systems for their maneuvering; like the Shuttle ’ s 
orbital maneuvering system, they use a fuel called hydrazine, which is toxic but not 
very explosive. Thus, with the Shuttle, interplanetary launches were riskier and more 
expensive than Earth-orbit missions. 

 In 1974, under pressure from its funding committee in Congress, NASA established 
a small stratospheric ozone-depletion research program within its science directorate. 
In part, this was a response to the Shuttle ’ s own potential to deplete ozone, as well as 
ongoing interest in supersonic transports, which would inject potentially ozone-
destroying oxides of nitrogen into the stratosphere. But the new initiative became 
politically salient very rapidly as the first of the American  “ ozone wars ”  broke out 
around chlorofluorocarbons, which at the time were used in aerosol sprays as well as 
refrigeration and air conditioning.  14   NASA defined a  “ pollution satellite ”  intended to 
examine this issue.  15   This was Nimbus 7, the last of the Applications program ’ s series 
of meteorological research satellites. NASA also supported a host of balloon-borne and 
aircraft-borne instruments to further elaborate the chemistry of stratospheric ozone. 
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In 1976, Congress revised the Space Act to make study of the stratosphere a statutory 
responsibility, and in 1977 the program manager, Shelby Tilford, initiated studies for 
two more ozone research satellites, the Solar Mesosphere Explorer, to investigate ozone 
production in the mesosphere and upper stratosphere, and the Upper Atmosphere 
Research Satellite, aimed at the lower and middle stratosphere.  16   

 The stratospheric research program drew in remote sensing specialists from both 
the Applications program ’ s earlier efforts and some who had been working on plan-
etary science during the previous decade. One scientist who moved between Mars and 
Earth was Crofton B. Farmer, whose stratospheric research became a central part of 
NASA ’ s effort in the 1980s.  17   Others include Michael McElroy of Harvard University 
and Charles Barth of the University of Colorado, who practiced on Venus and Mars 
before beginning to work in photochemistry on Earth. Atmospheric modelers also 
found it relatively easy to move between planets, as it were.  18   

 NASA ’ s effort to bring remote sensing into stratospheric science was controversial. 
Planetary scientists had accepted remote sensing immediately — they had no other 
options, and many people calling themselves planetary scientists in the 1970s had 
come from astronomy, which had nothing but remote sensing. But Earth scientists 
had many other methodologies already. It didn ’ t help that early remote sensing instru-
ments didn ’ t earn a great reputation for stability or accuracy, either. They tended 
to decay in space from radiation bombardment, and it proved difficult to correct for 
that decay. For example, during the effort to understand the Antarctic ozone hole 
discovered in 1985, there was a good deal of controversy surrounding the question of 
whether ground-based instruments or a Nimbus 7 instrument called SBUV/TOMS were 
providing more accurate data. Robert T. Watson, a NASA program manager, appointed 
an expert committee to review the question, and they sided with the ground-based 
data based on some evidence of instrument decay. Two years later, a scientist at the 
Goddard Space Flight Center in Maryland found a way of correcting the satellite data 
for on-orbit decay, without reference to the ground-based data.  19   The SBUV/TOMS 
instrument had been operating for twelve years by this time. 

 In part because of the problem of instrument decay, and also in part due simply to 
unfamiliarity with the technology among the geosciences, from the early 1970s on, 
NASA scientists had worked to improve remote sensing ’ s credibility with the larger 
American scientific community. One way this was done by field experiments, which 
could bring NASA and outside scientists together physically, measuring the same thing 
with different techniques.  20   In addition to building credibility, these field experiments 
were also ways of recruiting new scientists (and graduate students in particular) into 
NASA-sponsored research. 

 In the process of building the stratospheric science program, the new program ’ s 
managers also began to bring to the Applications program some of the other strictures 
of academic science, and that were already in use in NASA ’ s space science directorate. 
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Donald Laurance of Langley Research Center implemented peer review of instrument 
proposals and opened proposing to researchers outside NASA. He, Ron Greenwood, 
the first of NASA ’ s atmospheric science managers, and Greenwood ’ s successor, Shelby 
Tilford, also began to demand publication in journals, trying to erase an old tradi-
tion — left over from the National Advisory Committee on Aeronautics days — of pub-
lishing internally (the so-called  “ gray literature ” ).  21   The NACA had been the dominant 
research organization in aeronautics for decades, so its gray literature had very high 
standing in the aeronautics community.  22   But Greenwood and Tilford were trying to 
remake the Earth Applications program into an earth science program, which to them 
meant accommodating NASA as much as possible to the standard practices of the 
geosciences. 

 Despite the apparent political popularity of the Applications program in the mid 
1970s, the basic Applications model of developing technology for others to use was 
faltering. It had worked well in the case of communications satellites, because, as with 
aviation, there was a ready commercial infrastructure that could apply NASA ’ s research, 
but not for other parts of the Applications program. The endless problems with find-
ing a paying customer to support the Landsat program, as Pamela Mack has docu-
mented, was one strike against the model.  23   Another was the difficulty NASA had 
getting oceanographers and the US Navy to accept, and pay for, ocean remote sens-
ing.  24   Even the most apparently successful, the Nimbus experimental weather satellite 
program, ran aground at the end of the decade. The Nimbus satellite bus itself wasn ’ t 
compatible with Shuttle deployment and needed to be replaced. By 1978, NOAA had 
also adopted some of the Nimbus-developed generation of remote sensing instruments 
into its own weather satellites, and when NASA sent tentative specifications for a set 
of next generation instruments to NOAA for verification, Tilford recalls, the agency 
would not accept them.  25   Nor did NOAA use the satellite data for its operational 
weather forecasting, although military weather forecast agencies did. Ultimately, 
the Operational Satellite Improvement Program the two agencies had pursued for the 
preceding two decades ended in 1982, and was not replaced by another formal mecha-
nism for transferring NASA technology to NOAA.  26   The Applications program ’ s success 
depended upon partnerships with other federal agencies and finding users willing and 
able to pay for sustaining operations, and these proved very difficult to forge and 
maintain. 

 Yet while the Applications program ’ s long-standing efforts were ending, Congress 
was actually beginning to demand still more Earth-oriented work from NASA. In 
addition to the mandated upper atmosphere research program on ozone depletion, 
in 1978 Congress passed the National Climate Program Act, which required federal 
agencies to develop research programs to study what was then still often referred to 
as  “ inadvertent climate modification. ”   27   Tilford and David Atlas at Goddard Space 
Flight Center began to plan a comprehensive, space-based climate research program 
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in response. It was not to be set up within the Applications program, though. NASA ’ s 
senior leadership didn ’ t think the Office of Applications had aggressive enough leader-
ship to pursue the opportunities that had appeared.  28   Instead, like the Upper Atmo-
sphere Research Program, it was to be established within the science directorate. 

 NASA ’ s senior leaders recognized the popularity of applied research in Congress, 
but they also believed that the Applications program wasn ’ t particularly effective. 
Outgoing NASA administrator James Fletcher told his successor in 1977 that he 
thought the Applications Program was the  “  ’ wave of the future ’  as far as NASA ’ s public 
image is concerned. It is the most popular program (other than aeronautics) in the 
Congress, and as you begin to visit with community leaders, you will understand it 
is clearly the most popular program with them as well. ”  He also explained, though, 
that since the weather satellites that had such a high public image weren ’ t actually 
being used by the National Oceanic and Atmospheric Administration to drive weather 
forecast models,  “ to many [in NASA], weather satellites are mostly talk and not much 
show. ”   29   For this and other reasons Fletcher laid out, the Applications program didn ’ t 
have broad support within NASA or with the very important Office of Management 
and Budget, regardless of its popularity in Congress. 

 NASA and the Problem of Relevance 

 NASA was a product of the Cold War, and all of its programs were affected as Cold 
War fears became less effective at fostering funding, but none more so than its human 
space-flight program. Like any public agency, NASA had to perform a function that 
its congressional funding committees thought was worth performing. It had to remain 
relevant. The increasing cost of the war in Vietnam helped undermine both congres-
sional and public support for NASA ’ s human component. Apollo had never been very 
popular with Congress, and attacks on its budget took place every year from 1963 on 
and expenditures fell after 1965. Although many believe that Apollo enjoyed broad 
public support, at the time polls asking whether Americans supported government 
funding of human trips to the moon generally found a minority of support. Even polls 
taken just as Apollo 11 was making its historic voyage found only 53 percent of the 
public thought Apollo was worth its price.  30   The former NASA Chief Historian Roger 
Launius concluded that  “ the political crisis that brought public support to the initial 
lunar landing decision was fleeting and within a short period the coalition that 
announced it had to reconsider their decision. It also suggests that the public was 
never enthusiastic about human lunar exploration, and especially about the costs 
associated with it. ”   31   

 The Apollo program died in stages. In 1970, President Nixon, a supporter of bal-
anced budgets despite the costs of the Cold and Vietnam wars, insisted  “ space expen-
ditures must take their proper place within a rigorous system of national priorities. ”   32   
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Polls showed a majority of the public believed that the Apollo program was too expen-
sive and a large majority thought NASA received too much money.  33   And his admin-
istration imposed budget cuts on NASA that ended the moon program and refocused 
its efforts on low Earth orbit. The final Apollo mission then planned, Apollo 20, 
was canceled that January, and a few months later, production of the Saturn V was 
 “ suspended ”  — permanently, as it turned out. By the end of 1970, two more missions 
were canceled: Apollo 15 and Apollo 19. In 1971, there was consideration of canceling 
Apollo 16 and Apollo 17, but the Office of Management and Budget director inter-
vened to preserve them.  34   One set of Apollo hardware from the canceled missions was 
used for the Skylab mission in 1973, which among other scientific activities carried 
out a number of Earth remote sensing experiments.  35   Another set was used for the 
final Apollo flight — the Apollo/Soyuz test project of July 1975, a visible symbol of 
d é tente.  36   

 The decline in fortune for NASA ’ s human space-flight program left agency leaders 
scraping for funds to sustain the Apollo successor program, the Space Shuttle. The 
agency ’ s planetary science program was the most damaged. After a strong increase 
in funding for planetary exploration between 1970 and 1973, funding fell until 1978 
and then roughly stabilized until 1985.    
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 Figure 8.1 
 Funding for space science and planetary science in the years 1958 – 2005 (in fiscal year 2006 

dollars). The gap in the planetary line is due to elimination of the separate budget line item for 

planetary missions during that period. Data used for 1958 – 1996 were from NASA ’ s Historical 

Databook series; data used for 1997 – 2005 were from annual budget submissions. 
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 There were no planetary mission  “ new starts ”  authorized between 1978 and 1984. 
The decline in funding for planetary missions wasn ’ t a result of congressional action; 
indeed, on several occasions, the congressional funding committees criticized NASA 
for not proposing new planetary missions. In the fiscal year 1977 budget discussions, 
the House Committee on Science and Technology complained about the lack of 
new planetary mission proposals, stating  “ such a gap will likely create an inefficient 
employment of resources. ”   37   The following year, the House and Senate committees 
attempted to force NASA to start a Lunar Polar Orbiter mission by funding one over 
agency objections; NASA canceled it anyway, and in the fiscal year 1979 budget dis-
cussions the congressional committees demanded again to see it proposed.  38   And they 
complained:  “ The Committee is concerned by the lack of new starts in the Physics 
and Astronomy Program and Planetary Exploration Program for fiscal year 1980. The 
National Aeronautics and Space Act of 1958 mandate for the expansion of human 
knowledge of phenomena in the atmosphere and space dictates a commitment to 
program continuity. Without new and challenging initiatives, the currently healthy 
character of NASA ’ s space science activities cannot be sustained. ”   39   

 NASA Headquarters and the White House Office of Management and Budget, then, 
were responsible for the decline in planetary science ’ s fortunes in the 1970s and the 
1980s. The agency ’ s focus on completing Shuttle led it to starve its scientific arm, with 
its planetary activities most strongly affected. The Jet Propulsion Laboratory, NASA ’ s 
primary planetary center and the only NASA center to be operated as a federally 
funded research and development center, responded to the collapse in its funding by 
establishing energy and transportation research programs that ran through the 1970s, 
and by drawing on increasing Defense funding in the 1980s.  40   It also initiated a new 
line of business in developing instrumentation for Earth-orbiting scientific missions, 
and later in the 1970s proposed its first complete mission within the Applications 
program, called Seasat A.  41   

 The planetary program ’ s troubles stemmed in part from the Shuttle ’ s capabilities. 
The Shuttle was only capable of reaching low Earth orbit, and an upper stage was 
necessary to propel a planetary spacecraft out of Earth orbit. The nature and cost of 
that upper stage was hotly debated; NASA leaders couldn ’ t make up their minds about 
it for a number of years. Without knowledge of the upper stage ’ s capabilities, plan-
etary missions couldn ’ t proceed in any kind of orderly development.  42   In September 
of 1981, NASA Administrator James Beggs acknowledged the Shuttle ’ s weakness as a 
planetary launcher when he recommended termination of the planetary program in 
the face of cuts demanded by the Office of Management and Budget.  “ Planetary 
exploration is much more highly dependent on launch vehicles, and it is our opinion 
that the most important missions that can reasonably be done within the current 
launch vehicle capability have, more or less, been done. ”   43    “ Full development ”  of the 
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Shuttle should be achieved before planetary exploration should be revived, Beggs had 
argued. 

 The first space shuttle,  Columbia , was launched three years late, on April 12, 1981. 
Its first four flights were considered  “ engineering ”  flights, although beginning with 
the second flight, in November of 1981, it did carry Earth-observation experiments.  44   
As a low-Earth-orbit launcher, it favored the kinds of Earth-oriented scientific and 
applied research that Congress had sought from the agency during the 1970s and that 
the Applications program existed to facilitate. Indeed, it could do little else, as the 
space station it was intended to serve had not been approved, and would not exist, 
as it turned out, until the late 1990s. Though its advocates had seen the Shuttle as the 
first piece of infrastructure necessary for sustained human exploration of the solar 
system, the reality that the other pieces of such an infrastructure (space station, orbit 
transfer vehicles, and so on) weren ’ t built meant that the Shuttle confined human 
 “ exploration ”  to low Earth orbit. And from that vantage point, Earth and applied sci-
ences were an obvious choice of justification. They solved, at least in part, the agency ’ s 
relevance problem. 

 But it wasn ’ t at all clear to NASA ’ s leaders that the Applications program should 
play host to a re-commitment to Earth-oriented research. In the same memo Beggs 
had recommended termination of planetary exploration to OMB in, he had also rec-
ommended elimination of the Applications program.  45   Like Fletcher, Beggs believed 
that the leadership of the Applications program was weak, and a reformulation of its 
approach was necessary. 

 Constructing Earth System Science 

 NASA had recruited a small legion of scientists interested in planetary climate during 
its first decade of existence, many of them primarily involved in studies of Venus and 
Mars. By the late 1970s, scientists outside NASA had gotten interested in climate, too, 
in no small part because it had started to become a subject of policy debate. NASA ’ s 
leaders chose to respond to the 1978 National Climate Program Act by beginning 
to plan for a comprehensive Earth-observation program to study climate processes. 
But in fact, Tilford and the deputies he had brought in, Robert Watson from the Jet 
Propulsion Lab and Dixon Butler from Goddard Space Flight Center, went far beyond 
what NASA had done under the Applications program. 

 At NASA, the comprehensive Earth-observation satellite system that entered its 
planning phase in the late 1970s had a number of different names, and assumed a 
number of different forms as it evolved. The first version, and certainly the simplest, 
was devised during 1980. David Atlas of Goddard Space Flight Center organized 
the effort, which was chaired by Verner Suomi, a meteorologist at the University of 
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Wisconsin. Suomi argued for gradually expanding the weather satellite program to 
include chemistry and climate instruments, with NASA developing and demonstrating 
the new instrument technologies and NOAA supporting and managing the expanded 
system over the long term.  46   

 This initial plan went nowhere, perhaps due to the termination of the Applications 
program ’ s partnership with NOAA. In 1981, Ronald Reagan had been inaugurated as 
president with a strong antipathy to government-provided services. His administration 
dismantled the public/private Comsat Corporation, attempted to privatize the weather 
satellite system, and also further commercialized the Landsat series of satellites.  47   In 
short, the sorts of things that NASA had been doing in its Applications program were 
not things the administration was willing to support. In response, late in 1981 NASA 
officials re-merged the Office of Applications with the Office of Space Science to rees-
tablish the Office of Space Science and Applications. Reflecting the increasing interest 
in earth science, the old applications directorate took the name  “ Earth Science and 
Applications Division. ”   48   

 Yet Tilford and, as it turned out, the political appointees Reagan brought into NASA, 
still wanted to expand the agency ’ s role in earth science. The first initiative to gain 
real traction within NASA was called Global Habitability. NASA leaders spent the early 
1980s trying to sell the Reagan White House on a grand space station endeavor, ulti-
mately called Space Station  Freedom .  49   It was designed to compete directly with the 
Soviet Union ’ s space station, eventually launched in 1986 as  Mir . But NASA ’ s deputy 
administrator, Hans Mark, wanted to use the station project to further develop remote 
sensing technology, while its associate administrator for space science, Burt Edelson, 
wanted to use it to develop large space platform technologies for use by the telecom-
munications industry. They agreed to attach (organizationally, not physically) devel-
opment of large remote sensing platforms to the space station project as part of its 
justification.  50   

 The research program intended to justify the large space platforms was initially 
called Global Habitability. As the name suggested, it was aimed at investigating  “ long-
term physical, chemical and biological trends and changes in the Earth ’ s environment, 
including its atmosphere, land masses, and oceans. ”  It would  “ specifically investigate 
the effects of natural and human activities on the Earth ’ s environment, ”  and  “ estimate 
the future effects on biological productivity and habitability of the Earth by man, by 
other species, and the effects on natural causes. ”   51   It was announced in 1982, at that 
year ’ s UNISPACE meeting, receiving near-universal condemnation.  52   NASA had not 
told its European allies of the initiative, and the reality that the polar platforms would 
be collecting high-resolution imagery of every nation in the world didn ’ t go over 
well either with the Warsaw Pact nations or with the non-aligned nations. Global 
Habitability, as a result, also didn ’ t go very far. The one significant change to have 
come from the initiative was another change to the Space Act. Congress added the 
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requirement to  “ materially contribute to  …  expansion of human knowledge of the 
Earth, ”  in 1984, justifying a truly expansive earth science program.  53   

 The basic idea of a comprehensive Earth-observation system didn ’ t die with Global 
Habitability. In part, the idea had momentum due to a pair of studies done in parallel 
with the Global Habitability initiative, the reports on which were titled  “ Global 
Change: Impacts on Habitability ”  and  “ Toward an International Geosphere-Biosphere 
Program. ”   54   Further, the manager of NASA ’ s earth science program, Shelby Tilford, had 
created an advisory panel of scientists in 1982 to formulate a discipline around the 
idea of studying Earth as a dynamic system. Tilford thought this was  “ simply the next 
logical step. ”   “ We ’ d been trying to do things piecemeal, some atmospheric satellites, 
some ocean satellites, some of the solar-observation satellites, ”  he continued.  “ But no 
one had sat down to figure out how all this fits together. ”   55   Wesley T. Huntress, who 
moved from JPL to NASA Headquarters to become Tilford ’ s deputy, reflected later that 
NASA  “ was the right place to do it because we were the ones who were going to be 
studying the planet from a global perspective, looking at it at large scales and trying 
to understand how to put the smaller scales together. ”   56   

 The committee chairman Tilford chose was Francis Bretherton, who had just 
stepped down as the director of the National Center for Atmospheric Research in 
Boulder, Colorado. It took Bretherton several years to wrangle an agreement out of 
his group. At its root, this was the product of classic disciplinary disputes over stan-
dards of evidence, measurement methodologies, and even timescales. The atmosphere 
changes far faster than does the solid earth, so an observing system suitable for atmo-
spheric measurement wasn ’ t necessarily suitable for solid earth sensing. This made it 
very difficult to produce agreement within the committee. As a result, the committee ’ s 
report, Earth System Science: A Program for Global Change, wasn ’ t released until 1986. 
The classic icon of this report is the  “ Bretherton diagram, ”  a graphical exposition of 
the links between various parts of the Earth system.    

 The basic idea underlying Earth System Science was to study the interlinked pro-
cesses involved in global change, encompassing a  “ variety of interrelated natural 
processes, including changes in the climate system, in solar processes, in the Earth’s 
orbit, in volcanic processes, and in the distribution of biological species and land 
masses that may have been ongoing for centuries. ”   57   It wasn ’ t strictly confined to 
climate change, because that was far too narrow a subject to interest the broad range 
of Earth scientists whose support NASA sought. 

 Earth System Science, a term coined by panel member Moustafa Chahine of the Jet 
Propulsion Laboratory, mapped closely onto James Lovelock ’ s Gaia hypothesis.  58   Both 
Gaia and Earth System Science were based in a systems engineering view of the world 
(Lovelock had called it cybernetic engineering), a profession that specialized in (non-
living) feedback control systems. For Earth scientists, Lovelock and the Bretherton 
committee presented a view of the world that required examination of complex, 
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interlocking feedback loops. Understanding them required interdisciplinary research 
that the American scientific community wasn ’ t set up to foster, and was therefore 
difficult to sustain.  59   

 After the loss of  Challenger  in 1986, the entire Space Shuttle program was put under 
review. The Department of Defense had already begun questioning its reliance on a 
vehicle that was turning out to be unreliable and very expensive; two years before, 
the White House had approved an initiative to develop a new launch vehicle to replace 
it — though that effort came to naught.  60   In the shorter term, the Reagan administra-
tion decided to remove most commercial, military, and scientific payloads from the 
Space Shuttle and re-start production of expendable launch vehicles for them. The 
Shuttle ’ s purpose became construction and servicing of Space Station  Freedom  and 
the lofting of the occasional  “ attached payload, ”  generally scientific missions that 
returned to the Earth when the Shuttle did.  61   

 As part of the recovery from the  Challenger  accident, astronaut Sally Ride was asked 
to chair a committee that was to propose new missions for NASA to undertake. In 
1987, her committee rebranded the comprehensive Earth-observation concept that 
had been evolving in NASA headquarters as  “ Mission to Planet Earth, ”  recycling the 
name from an 1985 editorial by Burt Edelson, and again tying it to Space Station  

 Figure 8.2 
 A simplified Bretherton diagram showing the links between various portions of the climate 

system. From  Earth System Science: An Overview  (NASA, 1988). 
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Freedom .  62   The  “ Mission to Planet Earth ”  wasn ’ t approved until 1989 for fiscal year 
1990, but when it first gained the White House ’ s assent it had a price tag of $53 
billion for 15 years of data collection.  63   This gigantism brought it under fire from 
scientists inside and outside NASA. Many scientists believed it would consume all the 
nation ’ s earth science funds for the next two decades, depriving more traditionally 
trained and motivated investigators of research funds. Both the director of NASA ’ s 
Goddard Institute of Space Studies, climate modeler James Hansen, and Senator Al 
Gore Jr. were outspoken critics of the system ’ s pacing and cost, for example.  64   

 The sudden dissolution of the Warsaw Pact and the Soviet Union between 1989 
and 1991 then threw all the American  “ big science ”  programs into disarray. Reducing 
the enormous budget deficit produced by the expansion of military spending during 
the 1980s came into vogue. Historian Daniel Kevles has already examined the sudden 
debt reduction fervor ’ s impact on the Superconducting Super Collider (SSC), canceled 
in 1993 while NASA ’ s space station survived, but with substantial cuts.  65   Space Station  
Freedom  was revamped as the much less ambitious International Space Station, which 
drew (heavily, as it turned out) on the resources of the former USSR. Kevles concluded 
that the SSC ’ s demise represented the relative disestablishment of high-energy physics. 
 “ Physics in the United States, ”  he wrote,  “ has been irreversibly incorporated into the 
conventional political process, making it a creature of political democracy, its fortunes, 
like those of other interest groups, contingent on the outcome of the fray. ”   66   

 So too the  “ Mission to Planet Earth. ”  Between 1990 and 1995, it was downscaled 
greatly. The approved budget of $30 billion for the period 1990 – 2000 shrunk over 
five years to $6.5 billion.  67   There were a variety of reasons for its scaling back. In 
addition to criticism of its pacing and architecture from elected officials and scientists 
who actually supported NASA ’ s efforts to expand the agency ’ s role in earth science, 
the  “ Mission to Planet Earth ”  effort ran into ideological opposition from the Ameri-
can political right.  68   One consequence was that NASA sought greater foreign partici-
pation in the program, hoping to protect some of its ambitious goals by drawing on 
the technical skills and financial resources of European, Japanese, and South Ameri-
can allies. But 1995 was the last year of major cuts to the program; it stabilized 
thereafter, and continued to be funded at between $1.2 and $1.4 billion per year 
after 2000. 

 The  “ Mission to Planet Earth ”  brought an end to the old Applications directorate. 
Applications had been organizationally downgraded in 1984, having been merged into 
Shelby Tilford ’ s Office of Earth Science and Applications. In 1993, that office was 
removed from the Office of Space Science at Headquarters and made its own director-
ate named Mission to Planet Earth.  69   The Mission to Planet Earth was equal in status 
to the Office of Space Science, reflecting its size and complexity as a program. But 
applications fell off the agency organization chart for the first time, drawing congres-
sional criticism.  70   When the Mission to Planet Earth was renamed in 1999 the  “ Earth 
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Science Enterprise, ”  the applications label didn ’ t stage a return to the upper reaches 
of the agency organization charts.  71   

 The reduction in status of applications within NASA reflected a sea change in what 
NASA leaders thought the agency should be: a doer of earth science research, not 
primarily a developer of useful products. While the Mission to Planet Earth did provide 
small amounts of money for applied research, funding, for example, development of 
a forest fire alert tool based on MODIS sensor imagery, its focus was not on applica-
tions, but on fundamental research.  72   In one sense, this was an obvious result of 
the mid-1980s decision to move applications into the space science arm of NASA; the 
internal culture of the space science directorate was likely to bestow greater status on 
basic research than on applied, particularly given the poor perception of the old 
Applications program that lingered. But it was also reinforced by the larger political 
culture of the 1990s, which held that  “ applied research ”  or  “ operational ”  functions 
were properly the province of private enterprise. 

 The Mission to Planet Earth ’ s mission of fundamental research also kept Earth 
System Science alive. By the early 2000s, when the program ’ s satellites began to reach 
orbit, NASA was routinely spending between $300 and $400 million on earth science 
research across nearly all the geoscience disciplines (plus the cost of the satellites, 
generally another $900 million to $1 billion per year). For comparison, the National 
Science Foundation ’ s Geosciences Directorate budget was $478 million in fiscal year 
1999, and $488 million in fiscal year 2000.  73   Thus, although NASA didn ’ t become the 
largest funder of the geosciences in the United States (unless one adds the cost of 
the space hardware), the Mission to Planet Earth provided sufficient new resources to 
be influential within the geoscience community. 

 At the same time that NASA ’ s expansion of its earth science endeavor began to take 
hold in the 1990s, planetary exploration was beginning a gradual revival. After a near-
death experience in 1981, when the Office of Management and Budget had tried to 
eliminate planetary exploration entirely, White House policy reversed course. A new 
Mars mission, Mars Observer, and a Venus mission, Magellan, had been approved, and 
once the space shuttles began flying again after the 1986  Challenger  explosion, the 
Galileo mission to Jupiter was launched as well.  74   The second NASA administrator 
chosen by George H. W. Bush, Daniel S. Goldin, enabled a renaissance in planetary 
exploration. Goldin also sought deep cuts in the NASA budget as part of a reform 
agenda. Under the rubric of  ‘ faster better cheaper, ’  he and Wesley Huntress, who 
became associate administrator for space science under Goldin, hoped to accomplish 
far more planetary missions for less money.  75   For the 1990s, they succeeded, although 
the end of the decade also saw the end of the  “ faster, better, cheaper ”  approach and 
a return to a slower, more expensive planetary program. 

 The end of the Cold War competition with the Soviet Union, then, although 
it jeopardized NASA ’ s space station and earth science dreams for a few years in the 
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1990s, didn ’ t threaten the planetary program, another of the Cold War ’ s legacies. 
Instead, something much more interesting happened. As NASA began funding both 
Earth and planetary science more fully in the 1990s, these disciplines grew together. 
There had been a small number of interplanetary, and interdisciplinary, papers pub-
lished in American scientific journals for decades; for example, 53 papers in the Web 
of Science database from the period 1980 – 1990 drew explicit comparisons between 
Earth and Mars. During the 1990s, more than a thousand such papers were pub-
lished, even though before 1997 no new data from Mars were available.  76   Though 
the causes of this publication explosion need further research, one suspects this 
enormous increase is as much due to the increasing availability of inexpensive com-
puting, which made the old Mariner and Viking datasets much more accessible than 
they had been in the era of expensive mainframes, as it is to NASA program manag-
ers ’  stated desire to foster interdisciplinary study. A consequence of NASA ’ s support 
for the twin disciplines of Earth and planetary sciences has been their increasing 
merger at the university level, and a blurring, if not an erasure, of disciplinary 
boundaries.  77   

 Conclusion 

 Although the Cold War fostered NASA, that agency has actively sought new missions 
for itself since the need to compete with the Soviet Union lost its ability to command 
funding. W. Henry Lambright has called this willingness, if not eagerness, to adapt to 
new circumstances  “ administrative entrepreneurship. ”   78   NASA leaders used opportuni-
ties provided by the changing tenor of the Cold War and by the vagaries of American 
domestic politics to pursue scientific goals that they thought were important. NASA ’ s 
component centers followed this lead. During the 1960s, for example, the Jet Propul-
sion Laboratory was entirely devoted to lunar and planetary exploration; by the late 
2000s, about 15 percent of its budget consistently came from earth science missions.  79   
As a consequence, NASA became a major funder of the geosciences as well as of the 
planetary sciences. 

 This story also helps to illustrate the limits of what Cold War politics could accom-
plish. Though NASA officials continued to use Cold War rhetoric in their public com-
munications, the agency quickly lost the ability to draw large amounts of money from 
Congress for its Cold War mission. Unlike the defense-related scientific agencies, 
which also struggled financially during the 1970s but saw a strong funding revival 
during the 1980s, NASA never recovered its original post-Sputnik support. Instead, it 
became immersed in  “ normal ”  domestic politics. Normal politics required demonstrat-
ing the agency ’ s utility to domestic constituencies, and as a result NASA focused more 
on Earth. As a consequence of this redirection of effort, it became a major actor in 
environmental controversies of the 1980s and the 1990s. Another consequence is that 
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NASA ’ s science budget has gradually increased relative to the rest of the agency ’ s bud-
get, reflecting the success of its programmatic redirection. 

 But NASA experienced its funding crisis far earlier than is suggested in this volume 
by Naomi Oreskes, who asserts that physical oceanographers sought new funding 
opportunities after the sudden end of the Cold War reduced their traditional sources 
of military funding. For NASA, the search for renewed political relevance began in the 
1970s. (In fact, NASA ’ s first attempt to recruit physical oceanographers into its own 
constituency took place in the late 1970s.  80  ) Thus, different US agencies, and the dif-
ferent pieces of the scientific enterprise that they supported, had divergent histories 
in the same period. 
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 9   Calculating Times: Radar, Ballistic Missiles, and Einstein ’ s 

Relativity 

 A popular image persists of Albert Einstein as a loner, someone who avoided the hustle 
and bustle of everyday life in favor of quiet contemplation. Einstein did much to 
contribute to that image, famously telling a journalist that his ideal occupation would 
have been that of a lighthouse keeper, isolated from society. Yet Einstein was deeply 
engaged with politics throughout his life. An outspoken socialist and pacifist, he 
worked tirelessly for civil rights, for civilian control of atomic energy, and to correct 
the abuses of domestic anti-communism. Indeed, he was so active politically that the 
Federal Bureau of Investigation kept him under surveillance for decades, compiling a 
2,000-page secret file on his political activities.  1   

 Einstein ’ s most enduring scientific legacy, the general theory of relativity — 
physicists ’  reigning explanation for gravity and the basis for nearly all our thinking 
about the cosmos — has likewise been cast as an austere temple standing aloof from 
the all-too-human dramas of political history. In the late 1940s, the physicist George 
Gamow captured this notion in one of his many cartoons. He sketched a  “ temple 
of relativity ”  (it bore more than passing resemblance to the Taj Mahal) gilded with 
Einstein ’ s field equations. General relativity, Gamow tried to suggest, was the purest 
of the pure, separate even from the messiness of the rest of physics, not to mention 
the grubby worlds of lucre and power. Gravity might have exerted a pull on Newton ’ s 
apple, but it avoided the lure of Eve ’ s.  2   

 Gamow ’ s construction fares no better when held up to historical scrutiny than does 
Einstein ’ s self-depiction. The general theory of relativity was never above, beyond, or 
outside of politics. It was completed in a time of war, late in 1915. Its earliest converts 
included a Russian mathematician interred in a German prisoner-of-war camp, a Ger-
man astronomer interred in a Russian prisoner-of-war camp, and another German 
astronomer who passed his time while serving on the Russian front by finding the 
first exact solutions to Einstein ’ s equations, only to succumb to disease a few weeks 
later.  3   A British astrophysicist-Quaker-pacifist-internationalist, Arthur Eddington, saw 
Einstein ’ s relativity as a means of salvaging an international  “ brotherhood ”  of science 
that had been riven by bitter wartime nationalisms. Eddington ’ s ambitious eclipse 

 Benjamin Wilson and David Kaiser 



274 Wilson and Kaiser

expedition in 1919 sought to test one of the extraordinary predictions of Einstein ’ s 
relativity: that a massive object, such as the sun, could bend the path of starlight. His 
results, announced almost exactly a year after the Armistice, propelled Einstein and 
his general theory to instant fame.  4   Just a year later, some of the earliest converts to 
German National Socialism targeted Einstein ’ s theory when they launched their 
 deutsche Physik  campaign against  “ Jewish physics. ”   5   

 Not long after Eddington ’ s eclipse observations were announced, Einstein was 
greeted with a tickertape parade when he arrived in New York. Despite the hoopla, 
general relativity suffered a curious fate during the middle decades of the twentieth 
century: the topic all but vanished from the research agendas and teaching plans of 
most physicists. Einstein ’ s achievement was a mathematical masterpiece, to be sure, 
but by the early 1930s the vast majority of physicists all over the world had turned 
away from the topic. Soon after consolidating their power, the Nazis formally banned 
the teaching of relativity throughout the Third Reich, squelching the world ’ s most 
active research community on the topic and scattering many of relativity ’ s leading 
exponents.  6   Beyond Germany, physicists all over the world shifted their focus away 
from general relativity. Some complained that the theory lacked adequate experimen-
tal support; others chafed at the recondite mathematics; most felt the tug of quantum 
theory and soon that of nuclear physics. Through the 1950s and into the 1960s, 
graduate-level courses on general relativity couldn ’ t be found in any of the major 
physics departments in the United States, and in only a few in Europe. Problems on 
general relativity were absent from the general examinations of American candidates 
for PhDs in physics.  7   

 During the 1960s, small pockets of interest in general relativity began to coalesce. 
On many physicists ’  telling, this  “ renaissance of relativity ”  sprang from a series of 
astronomical discoveries. Quasars, pulsars, and the cosmic microwave background 
radiation all seemed to require that physicists devote serious attention to subtle fea-
tures of general relativity. The story has thus been cast in a familiar idiom of stubborn 
or surprising data forcing a new kind of theoretical engagement.  8   But where did those 
potent data points come from? 

 One of the most sensitive (and most heralded) tests of Einstein ’ s general relativity 
to date was hatched in the 1960s at Lincoln Laboratory, an Air Force-funded defense 
laboratory operated under the auspices of the Massachusetts Institute of Technology. 
A team of physicists, astronomers, computer programmers, and radar gadgeteers led 
by a young researcher named Irwin I. Shapiro used Lincoln Lab ’ s powerful radar 
apparatus — designed, built, and paid for to enable the Air Force to track Soviet ballistic 
missiles, as well as to aid other military research in communications and surveillance —
 to bounce radar signals off Venus and Mercury. The researchers then measured how 
long it took the echoes to return to Earth, testing a relativistic prediction that such 
signals would be effectively slowed by the curvature of spacetime near the sun. In the 
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thick of the Cold War, using some of the United States ’  most advanced defense tech-
nologies, Shapiro and his collaborators verified Einstein ’ s seemingly unworldly theory 
to an astonishing degree of accuracy. 

 This chapter tells the story of Shapiro ’ s so-called time-delay test. By exploring the 
experiment ’ s origins and location within a defense laboratory, we want to consider 
the roles played by Cold War priorities in the development of a seemingly pure 
and esoteric science. At the very least, the support of Air Force funding and the 
use of its hardware were indispensable to the success of Shapiro ’ s time-delay test. 
But more than that, the methods that Lincoln Laboratory researchers pursued, the 
kinds of questions they asked, and the peculiar skills and attitudes they brought 
to the time-delay test were all deeply influenced by the technical and intellectual 
setting of their laboratory. In short, the time-delay test cannot be extracted cleanly 
from its several contexts. General relativity — ethereal and austere as it may often 
appear to be — was enmeshed in the political and technological environments of 
the Cold War. 

 Lincoln Laboratory and Ballistic Missile Defense 

 Radar and the Massachusetts Institute of Technology have had a long and close rela-
tionship, beginning with the decision by the National Defense Research Committee 
in October 1940 to create a laboratory at MIT for the development of microwave radar 
technology. The Radiation Laboratory (or  “ Rad Lab ” ) grew from an initial staff of 
roughly thirty physicists to almost 4,000 personnel in 1945, managing industrial 
contracts totaling $1.5 billion (around $19.5 billion in 2014 dollars). In terms of 
overall spending and staff size, it was a larger undertaking than the Manhattan 
Project.  9   

 The impact of the Radiation Laboratory on MIT ’ s postwar relationship with the US 
military was profound. Near the war ’ s end, several MIT officials made plans to channel 
some of the Rad Lab ’ s best personnel and equipment into a peacetime laboratory for 
advanced electronics research. With the Rad Lab ’ s official demobilization at the end 
of 1945, the armed forces, too, jumped at the chance to extend their relationship with 
MIT, sponsoring its work on advanced electronics. The new Research Laboratory of 
Electronics (RLE), buoyed by $600,000 from the military ’ s Joint Services Electronics 
Program (nearly $8 million in 2014 dollars), initially employed seventeen members 
of MIT ’ s physics and electrical engineering faculties and several graduate students.  10   
One of the earliest proposals involved consulting on a classified Navy air-to-air-missile 
program called Project Meteor.  11   By 1950, as the Korean War re-intensified American 
efforts to mobilize its scientific and technological resources, the RLE had taken on 
three major projects (including work on radar and communications systems), each 
funded by a separate branch of the military.  12   
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 During the winter of 1950 – 51, MIT and the Air Force negotiated a contract to set 
up a new laboratory devoted to air defense research under the name Project Lincoln.  13   
Its classified work — initially divided among five technical divisions, each working on 
a separate system, such as  “ Communications and Components ”  and  “ Weapons ”  —
 grew out of and greatly exceeded that of the RLE. By 1952, Project Lincoln had trans-
formed almost seamlessly into Lincoln Laboratory, with a staff of nearly 2,000 and a 
budget of nearly $12 million (more than $100 million in 2014 dollars); a year later, 
it was receiving more than $18 million (nearly $160 million in 2014 dollars) from the 
military. In 1954, having outgrown its MIT campus home in Cambridge, Lincoln Lab 
departed for newly constructed facilities at Hanscom Air Force Base in Boston ’ s western 
suburbs, near the town of Lexington. Though Lincoln Laboratory ’ s physical separation 
from MIT was complete, its intellectual and social ties remained strong, and it kept 
MIT bound to the interests of the military as tightly as ever.  14   

 In the early 1950s, air defense research at MIT concentrated on systems designed 
to counter a nuclear attack by manned bombers. In the most plausible scenario, a 
Soviet bomber would approach the continental United States from the north, flying 
low and fast, unnoticed by the United States ’  sparse array of World War II-era  “ Ground 
Control Intercept ”  radars (originally developed to detect large formations of bomb-
ers).  15   Project Lincoln ’ s earliest charge was to develop a system to track and disable 
a Soviet nuclear bomber at any altitude in American airspace. A second task soon 
emerged: to develop a system to provide early detection and warning of such an 
attack. These two tasks led, respectively, to the Semi-Automatic Ground Environment 
(SAGE) and the Distant Early Warning (DEW) Line. SAGE involved a nationwide 
network of radars and anti-aircraft weapons, coordinated by a high-speed digital 
computer whose design was based on the Whirlwind machine under development at 
MIT.  16   The DEW Line consisted of a series of radar installations across the desolate 
Arctic expanse from Alaska to Greenland. The DEW Line would give at least three 
hours ’  warning of a bomber attack from over the North Pole; SAGE would take care 
of the rest.  17   

 But as the technological characteristics and the potency of the Soviet threat evolved, 
so too did American efforts to confront them. SAGE and DEW, despite their sophistica-
tion and the stream of human, material, and financial resources poured into them 
(SAGE alone cost some $8 billion, nearly $70 billion in 2014 dollars), were practically 
obsolete by the mid 1950s.  18   With the advent of the intercontinental ballistic missile 
(ICBM), a nuclear warhead could be launched from well inside the Soviet Union and 
sent hurtling toward an American city. During the re-entry phase of its trajectory, it 
would be traveling at several times the speed of sound. SAGE, a system designed to 
track and destroy relatively slow-moving bombers, had no chance of intercepting an 
ICBM. The severe calculus of nuclear retaliation (including the possibility of  “ launch 
on warning ” ) required precise tracking of approaching enemy missiles — not only to 
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provide a desperate last-minute warning to a doomed metropolitan area, but to arm 
and deploy a retaliatory strike.  19   

 The development of the so-called Ballistic Missile Early Warning System (BMEWS) 
began at Lincoln Laboratory in 1955. Each BMEWS station ’ s  “ pencil-beam ”  missile-
tracking radar was based on Lincoln Laboratory ’ s prototype, built on Millstone Hill 
near Westford, Massachusetts (  figure 9.1 ). The Millstone radar — the first to use real-
time digital data processing, firing its radar pulses with a single klystron transmitter 
operating with an average power of 60 kilowatts — was completed in 1957, just in time 
to track Sputnik I.  20   In May of 1960, the first BMEWS station (in Thule, Greenland) 
welcomed reporters to watch as it  “ sent two radar beams, one atop the other, over 
the North Pole, 931 miles away, and across most of the Soviet Union. ”  All quiet 
on the Eastern front, the  Washington Post  assured.  “ No rocket launchings were detected 
in the sweep, ”  but should they ever be,  “ the electronic gear which is the brains 
of BMEWS instantaneously pinpoints both the launching site and the impact area, 
with eyelash accuracy. ”   21   By 1964, when the billion-dollar project was complete, three 

 Figure 9.1 
 Lincoln Laboratory ’ s Millstone radar facility, a prototype missile-tracking radar for the Ballistic 

Missile Early Warning System (BMEWS). Reprinted with permission of MIT Lincoln Laboratory, 

Lexington, Massachusetts. 
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networked stations (one in Thule, one in Alaska, and one in Yorkshire, England) 
searched the heavens round the clock.  22      

 Within Lincoln Lab ’ s Radars and Weapons Division, Group 312 (Systems Research) 
was tasked with creating the design concept for the BMEWS radar configuration. The 
earliest classified report on the proposed system was written by Gordon Pettengill and 
Daniel Dustin.  23   Pettengill, an MIT graduate who wrote his Berkeley PhD dissertation 
on the scattering of high-energy protons, was hired at Lincoln in 1954, excited by the 
chance to apply his lifelong interest in radio electronics to problems outside the over-
worked field of nuclear physics. Dustin, after graduating with a master ’ s degree from 
MIT ’ s Department of Business and Engineering Administration in 1949, worked for 
the Research and Development Board (the government ’ s topmost advisory body for 
R & D spending) before being hired at Lincoln Lab in 1953.  24   

 The two young researchers contemplated possible BMEWS radar configurations —
 the designs and spatial arrangements of radars that would maximize both the amount 
of warning time BMEWS could provide, and the accuracy of its missile trajectory 
predictions. Their recommendation was that the Air Force adopt a  “ pencil-beam scan-
ning system ”  for BMEWS.  “ In the pencil-beam scanning type of system, ”  they advised, 
 “ two or more observations separated in space and time provide data to allow predic-
tion of the missile ’ s path. ”  Multiple pencil-beam (that is, narrow-beam) radars sepa-
rated by thousands of miles, each sweeping the horizon back and forth at fixed angles 
of elevation over the location of a possible launch site, would provide data on the 
range, velocity, and direction of a ballistic missile early in its flight. Depending on 
how steep or shallow the missile ’ s orbital trajectory was, the configuration Pettengill 
and Dustin designed could provide from seven minutes to more than thirty minutes 
of warning time, with accuracies ranging from  “ good ”  for steep trajectories to  “ fair ”  
or  “ poor ”  for shallow ones.  25   

 For a more precise analysis of how to predict missile trajectories from radar tracking 
data, Pettengill and Dustin turned to one of their colleagues, a recent physics PhD 
named Irwin I. Shapiro. Shapiro had completed his undergraduate studies at Cornell 
in 1950 with a degree in mathematics and had immediately entered graduate school 
in physics at Harvard. Hoping to avoid the draft, he took up a position at Lincoln 
Laboratory in June of 1954, still a year away from finishing his doctoral thesis in theo-
retical nuclear physics. Shapiro was hired into Group 23, a radar development team 
in Division 2 (Aircraft Control and Warning), knowing  “ nothing whatever about 
radar at that time. ”  Initially, Shapiro tackled theoretical problems related to the radar 
detection of objects in messy  “ clutter environments ”  — situations in which the 
radar echoes from an object of interest (such as a satellite or a ballistic missile) were 
mixed in randomly with echoes from upper atmospheric phenomena, the surface of 
the Earth itself, or nearby objects (such as the debris shed by a warhead ’ s re-entry 
vehicle). Boiling the complex problem down analytically, Shapiro discovered that with 

www.ebook3000.com

http://www.ebook3000.org


Calculating Times 279

a simple mathematical scheme the interesting radar reflection signal could be disen-
tangled from a jumble of uninteresting signals by finely discriminating the frequency 
shifts or  “ Doppler signatures ”  of each individual reflection.  26   

 In the summer of 1955, just as work on BMEWS was gearing up, Shapiro focused 
on a problem of critical importance: how to calculate the trajectory of a ballistic mis-
sile and the coordinates of its destination from radar tracking data. By 1956 he had 
joined the Systems Research group developing BMEWS, and he began to tackle two 
important questions: what sort of information would be sufficient to determine where 
a ballistic missile would end up (and when), and how that information could be 
acquired from radar tracking signals.  27   Shapiro ’ s final report was published early in 
1957. In its opening section he succinctly laid out the difficult problem before him: 
 “ In general, the totality of different radar measurements provides redundant data, i.e., 
provides more data than  …  necessary to dynamically specify a trajectory. For measure-
ments corrupted by noise, these data will be inconsistent, ”  leading to  “ different 
dynamical trajectory predictions. ”   28   Troublingly, many possible missile trajectories 
could be gleaned from a single set of data. But a missile doesn ’ t follow many trajec-
tories; it follows only one. The only way to choose the real trajectory — and fast — was 
to rely on a sophisticated, statistically weighted decision-making algorithm. Shapiro 
used the remainder of his hefty report — 175 pages filled with intricate calculations 
and technical diagrams — to develop just such a procedure. 

 Soon Shapiro ’ s calculations were entered into Lincoln ’ s missile-tracking computer 
systems by programmers in the Systems Research group. Algorithms such as  “ Prelimi-
nary Estimation of Radar Trajectory ”  took in radar tracking data (encoded in binary 
format on magnetic tape) and spat out IBM punched cards, converted by an automatic 
plotter to graphs of the elevation and range of the missile. In the end, a few computer 
printouts neatly summarized a detailed itinerary for nuclear obliteration.  29   

 Curiously enough for a project of such deep importance for national defense, 
Shapiro ’ s technical report was never classified; indeed, in 1958 it was published by 
McGraw-Hill.  30   The text, of obvious interest to Soviet engineers and government offi-
cials, was even translated into Russian.  31   

 Irwin Shapiro and the Time-Delay Test 

 In the late spring of  “ 1960, 1961, or 1962 ”  (when interviewed in 1993 he wasn ’ t able 
to recall the exact year), Shapiro attended a classified briefing on Air Force-funded 
research at MIT.  32   One of the speakers was George W. Stroke, a young electrical engi-
neer at MIT ’ s Research Laboratory of Electronics. In the late 1950s, Stroke had assisted 
in the RLE ’ s work on the Polaris project, the Navy ’ s effort to develop a submarine-
launched ballistic missile. Stroke helped perfect Polaris ’ s optical alignment, orienting 
the missile ’ s inertial guidance system with reference to the North Star. By 1959, he 
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was starting up a new set of experiments at the RLE, making high-precision interfero-
metric measurements of the velocity of light.  33   

 In the course of his light-velocity work, Stroke had stumbled across a curious pre-
diction of general relativity, one that had long been recognized by cognoscenti but 
wasn ’ t well known outside the small community of relativity specialists. Gravity 
doesn ’ t just alter the path of a light ray, he reported at the military briefing; it alters 
its speed, too.  “ The velocity of light, measured by the same magnitude  c  independently 
of the state of motion of the frame in which the measurement is being carried out, 
should depend on the gravitational potential  …  of the field in which it is being mea-
sured, ”  he wrote in 1959. Gravity slowed light down. And though the effect would be 
far too small to measure with even the most sensitive laboratory experiment, the speed 
of light would be  “ smaller by 2 parts in a million on the [surface of the] sun, as com-
pared with measurements on earth. ”   34   

 Stroke ’ s comments struck Shapiro as surprising. Shapiro had acquired only a fleeting 
familiarity with general relativity during his graduate school days — Harvard didn ’ t 
offer a single course on the subject at the time.  35   It isn ’ t surprising that he had never 
heard about gravity ’ s effects on light. More surprising is that he  did , apparently, know 
about Einstein ’ s explanation of the anomalous precession of Mercury ’ s perihelion —
 one of the predictions that had won general relativity wide acclaim when it was first 
published. In 1959, it had occurred to Shapiro that perhaps Lincoln ’ s radar techniques 
could be used to measure Mercury ’ s precession rate with better accuracy than tradi-
tional optical astronomy could achieve.  36   Soon after hearing Stroke ’ s talk, Shapiro 
began to wonder whether radar might be used to measure the slowing down of light 
by gravity. After all, detecting and extracting minute radar signals from complicated 
backgrounds was what BMEWS had been designed to do.  37   

 Shapiro ’ s  “ time-delay test ”  didn ’ t spring unbidden from the intellectual ether. Cer-
tainly nothing in general relativity itself, and nothing in Einstein ’ s writings, suggested 
a plausible way to test the time-delay phenomenon. Rather, Shapiro ’ s experiment 
emerged as a natural product of the environment in which he was immersed at Lincoln 
Laboratory — its complex ecology of Cold War defense hardware of radar, electronics, 
and computing power and the technical know-how of the personnel, stimulated by 
their growing interest in radar astronomy and their access to Air Force funding. This 
interplay of technology and science, embodied in the skills and interests of Lincoln ’ s 
technical staff, was exemplified by a series of attempts to reflect radar pulses from the 
planet Venus in the late 1950s and the early 1960s. 

 During the spring and summer of 1957, several factors converged to launch Lincoln 
Lab ’ s venture into  “ planetary radar astronomy ”  (the use of radar to determine the 
location, range, and motion of another planet).  38   Plans for a radar-bounce experiment 
with Venus using the BMEWS prototype radar on Millstone Hill emerged in the course 
of a lively lunchtime conversation in the Lincoln Lab cafeteria. Robert Price and Paul 
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Green, two electrical engineers who had earned doctorates in MIT ’ s Research Labora-
tory of Electronics, had been working on secure, unjammable long-distance radio 
communications technology at Lincoln. Together they had invented a system for 
encoding and extracting meaningful communications signals embedded in random 
noise.  39   Before joining Lincoln Lab, Price had gone to Australia ’ s University of Sydney 
on a Fulbright fellowship to work with one of the world ’ s first radio astronomy groups. 
He had returned to the United States with a book on radio astronomy that discussed 
some of the goals and challenges facing the new field.  40   Noting earlier successful 
attempts to bounce radar beams off of the moon (a US Signal Corps officer had 
received reflections from the moon as early as 1946), the text predicted that a future 
radar system might be powerful enough to send signals to Venus. Though neither Price 
nor Green was a radar engineer, they knew that the Millstone radar was set to begin 
operation in the next few months. On cafeteria napkins, Green later recalled, they 
calculated the estimated strength of signal returns from Venus at its point of closest 
approach to the Earth (called  “ inferior conjunction ”  by astronomers). To their disap-
pointment, they found that, although Millstone was powerful enough to reach the 
planet with its pulses, its receiving apparatus wasn ’ t sufficiently sensitive to distin-
guish reflected signals from random electrical background noise.  41   

 Soon, though, Robert Kingston (another MIT-trained electrical engineer, specializ-
ing in solid-state devices) joined the discussion. He informed Price and Green that 
Millstone was about to become a far more sensitive instrument. Kingston had been 
developing a microwave-amplifying radar receiver (a  “ maser ” ) that could be tuned 
precisely to the frequency at which the Venus experiment would have the best chance 
of success. And when Gordon Pettengill (who had earlier considered the best radar 
configurations for BMEWS, and was now working on readying the Millstone radar 
for its debut in the fall) also expressed interest in the test, the group resolved to use 
Millstone ’ s powerful pulses to track Venus during its next inferior conjunction, which 
would occur the following February.  42   

  “ We dropped everything else and started spending the government ’ s money with-
out telling anybody, ”  Green later insisted.  43   Though the young researchers probably 
didn ’ t shirk  all  their official duties (Green was brought before the Lincoln Laboratory 
Steering Committee to justify the effort he and his co-workers were devoting to the 
Venus detection), soon enough the lab ’ s administration saw the experiment as an 
opportunity to justify its work to its military patrons and the public at the same time. 
 “ It wasn ’ t just an idle technology stunt, ”  Green recalled.  “ The Space Program was 
about to be launched, and no one knew the size of the solar system at all accurately. 
 …  Everyone needed to know what the Astronomical Unit was, the yardstick of the 
solar system. ”   44   By accurately determining the distance between Earth and Venus at 
inferior conjunction — gathering precisely the kind of radar ranging data that Shapiro ’ s 
missile trajectory algorithm had called for — the engineers could improve the estimate 
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of the astronomical unit (the mean distance between Earth and the sun) by at least 
an order of magnitude. As Green pointed out, vast improvements in scientists ’  knowl-
edge of the solar system ’ s dimensions would be absolutely necessary for the planned 
space missions of the 1960s. 

 On February 10 and 12, 1958, the Millstone radar sent pulses with an average power 
of 256 kilowatts toward Venus in five separate trials. Using skills and techniques they 
had honed in their work finding small but interesting signals buried in random noise, 
Price and Green spent the next year refining and analyzing their collected data. Labo-
ratory officials waited impatiently for news, hoping for a dramatic breakthrough at a 
time when the United States seemed to fall behind the Soviet Union in the race for 
technological superiority. Despite significant misgivings about the lack of useful data 
(only two of the five runs showed possible echo signals, and even those candidate 
echoes were less than fully convincing), Price and Green decided to declare the experi-
ment a success. They published their data in the March 20, 1959 issue of the journal 
 Science .  45   President Eisenhower telegrammed congratulations, and the  New York Times  
and the  Boston Herald  lauded the test on their front pages.  46   

 By the end of March, Lincoln Lab ’ s director, Carl Overhage, had written to Lieuten-
ant General Roscoe C. Wilson of the Air Force expressing his pride in the Lab ’ s 
 “ achievement in long-range, interplanetary communication. ”  (Wilson, chairman of 
the Joint Services Advisory Committee, was Overhage ’ s immediate military overseer.) 
The experiment would have consequences for the Lab ’ s work on defense technology, 
too, Overhage assured Wilson. It had  “ conclusively demonstrated ”  that radar detection 
and tracking measurements should be recorded on magnetic tape, and that digital 
computers were indispensable for processing such data.  “ This recording technique 
appears to be especially promising for those experiments in which  a priori  knowledge 
is lacking in several respects and only a brief period is available for observation. ”   47   
The implications of Overhage ’ s comments would not have been lost on Lieutenant 
General Wilson: in the tracking of ballistic missiles and satellites,  “  a priori  knowledge ”  
of the tracked object ’ s range and location was slim, and only a brief window of time 
was available to radar operators. 

 The following September, during Venus ’ s next inferior conjunction, radars at the 
California Institute of Technology ’ s Jet Propulsion Laboratory (JPL) and the University 
of Manchester ’ s Jodrell Bank facility failed to reproduce Lincoln ’ s first detection results. 
Indeed, the Lincoln researchers failed to reproduce their own results that month, even 
with an upgraded Millstone radar. In March of 1961, however, a team at JPL succeeded 
in making the first unambiguous real-time radar detection of Venus. The Lincoln team, 
led by Gordon Pettengill and taking advantage of yet another round of improvements 
to the Millstone equipment, made unambiguous contact with Venus just after their 
JPL competitors. Though Lincoln had been disappointed by the false positive in 1959, 
the initial push to perform the Venus detection experiment had ushered in a new era 
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in astronomy, opening up the solar system as a laboratory for experiments with radar. 
Ultimately, it offered Irwin Shapiro the techniques he would need to test general 
relativity.  48   

 In 1963 Shapiro was transferred to Group 37 (Space Physics) in Lincoln Lab ’ s Divi-
sion 3 (Radio Physics). Now in the division primarily responsible for developing the 
new field of planetary radar astronomy at Lincoln, he began to work closely with 
the radar specialists — Price, Green, Pettengill, and others — who were continually per-
fecting their Venus tracking and ranging experiments.  49   

 The time-delay test of general relativity developed naturally in Shapiro ’ s newfound 
intellectual and technological environment. Perhaps, Shapiro would soon realize, the 
relativity experiment — which he had first dreamed up after hearing George Stroke ’ s 
intriguing classified briefing — would now be possible with Lincoln ’ s advanced radars. 
He would pass powerful radar signals through the intense gravitational field of the 
sun, bounce them off of Venus as his colleagues had done, and detect their echoes 
back at Lincoln. If Einstein and his general theory were right, the signals would take 
just a little too long to return home, relative to radar echoes sent when the sun was 
nowhere near the path to Venus. Solar gravity would delay them.  50   

 But delay them by how much? Shapiro knew, from Stroke ’ s briefing and a quick 
calculation, that the extra delay produced by a Venus reflection would be on the order 
of a few tens of microseconds; however, he had never calculated the relativistic time-
delay effect with any precision. General relativity was outside Shapiro ’ s expertise, and 
the full calculation required considerable familiarity with the theory. More important, 
Shapiro had remained convinced — despite Millstone ’ s success in contacting Venus, 
and despite the relative ease with which the Arecibo dish (an enormous structure 
carved into the Puerto Rican jungle) could be converted to radar operation — that no 
functioning radar facility was capable of detecting and timing the echo with an uncer-
tainty of only a few microseconds. In May of 1963, at the International Astronomical 
Union ’ s symposium in Paris, Shapiro described the outlines of his time-delay test and 
his preliminary findings, which suggested that the experiment (and a more detailed 
calculation) would have to wait for a better radar.  51      

 According to Shapiro, everything changed abruptly in the fall of 1964, when the 
construction of the most sensitive radar facility in the United States — called Hay-
stack — was completed under the auspices of Lincoln Laboratory. Shapiro later claimed 
to have experienced something close to an epiphany during a cocktail-party conversa-
tion with Stanley Deser, a specialist in general relativity at Brandeis University.  “ Sud-
denly it occurred to me, while I was talking, that Haystack was coming on line, and 
that Haystack might have enough capability to do the experiment.  …  I went home 
and quickly did some back-of-the-envelope calculations which showed that we could 
do the experiment.  …  Now it became something real, instead of purely theoretical. ”   52   
With Peter Bergmann ’ s classic text on general relativity in hand, working feverishly 
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 Figure 9.2 
 Irwin I. Shapiro. Reprinted with permission of MIT Lincoln Laboratory, Lexington, 

Massachusetts. 
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for two days at a card table set up in his bedroom at home (while, incidentally, his 
wife was in the hospital, having just given birth to their son), Shapiro churned out 
the first rigorous calculation of the time-delay effect.  53   

 There is little doubt that the opening of the Haystack facility had a decisive influ-
ence on Shapiro ’ s thinking. As Lincoln Laboratory ’ s director William H. Radford would 
later explain to General Bernard A. Schriever of the Air Force, the design of the time-
delay test was not only made possible by the development of hardware sophisticated 
enough to carry it out, but was actively  motivated  by it.  “ Prior to the existence of our 
new Haystack facility, this test was so far beyond the performance capability of any 
existing radar that it had not even seemed worthwhile to carry through the calcula-
tions on which the test is based, ”  Radford wrote, echoing Shapiro.  “ Thus the recogni-
tion and formulation of the test may be regarded as an unforeseen benefit from the 
Haystack development effort. ”   54   But other aspects of Shapiro ’ s work at Lincoln Labora-
tory between 1963 and 1965 point to a somewhat earlier and more gradual develop-
ment of his thoughts on the possibility of testing general relativity with radar, and 
they make especially clear the time-delay experiment ’ s conceptual and technological 
debts to Shapiro ’ s defense research. 

 One of Shapiro ’ s most important Lincoln Laboratory projects from this period was 
the creation of a sophisticated computer program for calculating and refining the 
 “ ephemerides ”  — the positions in the sky, as a function of time — of the moon and 
planets. The Planetary Ephemeris Program (PEP) grew directly out of Shapiro ’ s work 
on the prediction of missile trajectories. As input, PEP was designed to take a variety 
of radar and optical observations of an object ’ s position in the sky, use them as initial 
conditions for the complicated set of differential equations (derived from classical 
celestial mechanics) that described the object ’ s orbit, and then integrate them numeri-
cally. As output, it converted the stream of numbers produced by the integration into 
accurate tables of the object ’ s ephemeris, which could then act as pointing instructions 
for the computers that aimed the Millstone and Haystack radars. The more observa-
tional input, the better. With more and more  “ redundant ”  data telling PEP where an 
orbiting object was in the sky at a given point in time, the better the estimate that 
PEP could make of the object ’ s position at earlier and later times. The statistical pro-
cedure behind PEP was exactly the kind that Shapiro had developed for his BMEWS 
missile-tracking project.  55   

 Shapiro ’ s text on missile tracking became a kind of recipe book for a major techni-
cal advance in astronomy: the generation of precise digital ephemerides. Shapiro later 
learned that his book had been required reading for members of the computer pro-
gramming and radar tracking team when the Jet Propulsion Laboratory was developing 
its own ephemeris program, in the early 1960s.  56   As Lincoln Laboratory began to 
pursue its own radar astronomy program, Shapiro and a young researcher named 
Michael Ash began to develop the Planetary Ephemeris Program in earnest. 
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 Ash, a recent Princeton mathematics PhD and an expert on computer program-
ming, had been brought to Lincoln Laboratory in 1963 as an intern in the Space 
Physics Group, at that time concentrating on developing Lincoln ’ s series of commu-
nications satellites. Under Shapiro ’ s supervision, Ash began preparing the thousands 
of PEP Fortran statements that would be programmed on Lincoln ’ s IBM 360 computer. 
In addition to that work, tables of optical ephemerides — published by the US Naval 
Observatory and the Royal Greenwich Observatory, some from as early as the eigh-
teenth century — had to be converted into machine-readable format.  57   Soon William 
Boyd Smith, an MIT-trained electrical engineer who had helped with the magnetic 
tape recording instrumentation for Lincoln ’ s first Venus radar ranging tests, was 
enlisted to help Ash with the numerical integration routines. It  “ had to be exquisitely 
accurate, ”  Smith recalled.  “ We had to do nine-body integrations of the Sun, Moon, 
and planets back to 1750, and we had to do it with an accuracy over that entire period 
of, say, a tenth of a second of arc. ”   58   

 In May of 1964, with work proceeding apace, Ash was hired as a permanent Lincoln 
staff member. His group leader wrote to the Lab ’ s personnel department about Ash ’ s 
continuing tasks assisting  “ the Laboratory ’ s interplanetary radar experiments. ”  He 
went on to indicate that Ash would  “ consider the special and general relativistic effects 
on the echo delay and frequency shift of a light signal sent from earth, reflected from 
another planet, and detected back on earth. ”  The computer work would  “ be useful in 
generating more accurate planetary ephemerides ” ; and it would test  “ certain predic-
tions of the theory of general relativity. ”   59   Shapiro rapidly hired several people to assist 
Ash in the development of the ephemeris program, even asking Gerald Dinneen (a 
member of the Lincoln Steering Committee) to help pay one programmer an extra 
two weeks ’  salary to finish coding his segment of the program.  60   

 Shapiro ’ s preparations for the time-delay test thus had begun long before the Hay-
stack radar was up and running, and long before he had formally announced his 
intentions — either in publication or to Lincoln Lab ’ s management. For many months, 
he and his colleagues had been tweaking the computational apparatus needed to find 
a small target in distant space, aim and fire a radar signal at it, and listen carefully for 
the echo. 

 There was a crucial difference, however, between the experiment Shapiro was imag-
ining in late 1964 and the Lincoln Venus echo tests of 1958 – 1961. Instead of bouncing 
pulses off of the planet at inferior conjunction, when it lay directly between the sun 
and Earth, Shapiro ’ s test would contact Mercury or Venus at  “ superior conjunction, ”  
when either planet lay on the far side of the sun from Earth. (Mercury was an attrac-
tive target because of its more frequent superior conjunctions, every three to four 
months. See   figure 9.3 .) Because the signals would therefore pass closer to the sun, 
the spacetime through which they traversed would be more strongly curved by the 
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sun ’ s mass, and thus the time-delay effect would be much larger. But they would have 
to be considerably more powerful than in previous experiments, and their echoes 
would have to be received with far greater sensitivity. Not only would the radar signals 
in Shapiro ’ s proposed test travel a much longer distance (now roughly 520 million 
kilometers there and back in the case of Venus, requiring almost a half-hour of round-
trip travel time); they would also have to pass through the fury of the solar corona —
 twice — without being hopelessly scattered or distorted.  61      

 Shapiro described his calculation and his proposed experiment in a Lincoln 
Laboratory technical report published in December 1964, casting it as the latest in a 
series of  “ classical ”  tests of Einstein ’ s general relativity.  “ Only three tests have been 
made since Einstein ’ s theory was given its definitive form in 1916, ”  he wrote,  “ all 

 Figure 9.3 
 The solar-system geometry of Irwin Shapiro ’ s proposed time-delay test of general relativity as 

represented in a 1965 report by the head of Shapiro ’ s division at Lincoln Laboratory. From James 

W. Meyer,  “ Program Description — Radar Observations of the Planets, ”  MIT Lincoln Laboratory 

Technical Note 1965-35, 1965. Reproduced with permission of MIT Lincoln Laboratory, Lexing-

ton, Massachusetts. 
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having been suggested in his original papers. ”   62   But the techniques of planetary radar 
astronomy, then being elevated to a high art at Lincoln Laboratory, would offer the 
means for a  “ fourth test ” : 

 This test involves measuring the time delays between transmitting radar pulses toward either 

Venus or Mercury and detecting their echoes. These measurements must be taken at different 

relative orientations of the earth, the sun, and the target planet, with the most crucial ones being 

those near superior conjunction when the radar waves pass closest to the sun. For such configu-

rations  …  predictions based on general relativity indicate that the time delays will be increased 

by as much as 200 [microseconds] because of the influence of the sun ’ s gravitational field on 

the speed of radio wave propagation.  63   

 Shapiro titled his internal Lincoln Lab technical report  “ Effects of General Relativity 
on Interplanetary Time-Delay Measurements, ”  thus fitting his proposal squarely 
within the program of radar ranging experiments that had become a fixture at Lincoln 
Lab since 1958. 

 The version of the paper Shapiro shipped off to the prestigious journal  Physical 
Review Letters  in early November, however, announced his experiment ’ s place in the 
decades-old tradition of relativity research, successor to the three  “ classical ”  tests. 
Simply titled  “ Fourth Test of General Relativity, ”  it was published in the issue dated 
December 28, 1964.  64   A press release issued the same day by Lincoln Laboratory hailed 
the experiment ’ s important contribution to pure science, calling Shapiro ’ s idea  “ the 
first practicable new test to be devised since the theory was published almost fifty 
years ago. ”  Shapiro ’ s experiment promised  “ a more subtle test of the theory, as it 
relates to the influence of gravity on light, than [did] the  ‘ gravitational red-shift ’  
test. ”   65   Under the headline  “ New Test Proposed for Einstein Theory, ”  the  New York 
Times  similarly reported that the experiment  “ proposed tonight by a 35-year-old sci-
entist ”  was to  “ determine whether the measured time delay does or does not vary 
exactly as it should according to Dr. Einstein ’ s theory. The three other ways of testing 
the Einstein theory all have had larger margins of error. ”   66   Shapiro ’ s time-delay test, 
should it be carried out, would join distinguished company. 

 The Haystack Radar 

 Shapiro ’ s  “ fourth test ”  of general relativity was not only nourished but actively shaped 
from the start by its defense lab setting. The lines of force pointed in the opposite 
direction, too. Thanks to Shapiro ’ s determined advocacy and the enthusiasm of his 
colleagues, the experiment had a strong effect on the activities and goals of Lincoln 
Laboratory ’ s Radio Physics Division in the second half of the 1960s. These conduits 
of influence between the time-delay test and its context — linkages of money, materiel, 
and manpower — were nowhere more evident than in the development of the only 
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instrument that was then capable of performing Shapiro ’ s experiment: Lincoln ’ s Hay-
stack radar facility. 

 As Shapiro observed in his original technical report, Haystack boasted two closely 
related design characteristics that would allow it to handle the time-delay test. The 
more important of these was the high electromagnetic frequency of its transmissions. 
Operating at approximately 8,000 MHz (in the  “ X band ”  of the microwave spectrum), 
Haystack ’ s radar signals could easily penetrate the solar corona — the sun ’ s intensely 
hot and violent atmosphere of electrons and ions — without being absorbed, distorted, 
or delayed. Other facilities, such as the Arecibo Ionospheric Observatory, operated at 
much lower frequencies (for example, 430 MHz). At those frequencies, the time delay 
produced by the solar corona alone might be three times as large as the relativistic 
time delay produced by the sun ’ s gravity. Because the exact amount of delay caused 
by the corona could only, in principle, be known with poor precision, the error in 
the corona-induced delay would make a careful measurement of the relativistic delay 
virtually impossible.  67   Related to the frequency issue was the exceptional narrowness 
of Haystack ’ s  “ pencil beam ”  — as with all radar propagation, the higher the frequency, 
the narrower the beam. With a focused beam, Haystack could pass its transmissions 
much closer to the edge of the sun (and therefore through a much stronger gravita-
tional field) than rival antennas, thereby lengthening the expected relativistic 
time-delay. Arecibo, which could fire its beam within roughly one degree of the sun, 
was no match for Haystack, whose beam was no wider than a few hundredths of a 
degree.  68   

 In November of 1964, just as he was sending off his report and article for publica-
tion, Shapiro touted Haystack ’ s distinct technical advantages in a memo to several 
members of Lincoln Laboratory ’ s upper management (including James Meyer, the 
leader of Shapiro ’ s own Radio Physics Division). Formally proposing a  “ fourth test of 
general relativity ”  to Lincoln ’ s administration for the first time, Shapiro began by 
emphasizing the experiment ’ s historic character:  “ Lincoln Laboratory, through proper 
use of the Haystack radar, has a unique opportunity to test an interesting consequence 
of general relativity. It is the first measurable effect to have been proposed since 
Einstein ’ s classic paper of 1916. ”  Moreover, Shapiro insisted, Lincoln had the chance 
to be  first . The solar corona would prevent the Arecibo radar from performing the test, 
and  “ other program commitments will most likely prevent JPL from undertaking this 
experiment in the near future. The uniqueness of Haystack ’ s contribution therefore 
seems clear. ”   69   

 Indeed, Haystack seemed especially suitable for the job. As Shapiro told his superi-
ors:  “ A  ‘ raw power ’  analysis, assuming a 100 kw [kilowatt] tube [transmitter], an overall 
system noise temperature of 100 ° K, and planetary characteristics extrapolated from 
the best data available, indicates that Haystack is capable of measuring the general 
relativistic effect to an accuracy of 5 to 10%.  …  (This is a considerably higher accuracy 
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than has been achieved in the  ‘ bending-of-light ’  experiment.) ”  Shapiro soon cut to 
the chase: if the Laboratory administration were to make a commitment to the experi-
ment right away, one of Shapiro ’ s colleagues at Haystack had informed him,  “ the 
necessary instrumentation could be constructed in time for the next favorable plan-
etary configuration  …  for Mercury on 12 June 1965. ”  Without mentioning whether 
upgrades to Haystack might be necessary, Shapiro assured his superiors that the time-
delay test was far from ungrounded technically or theoretically.  “ I have discussed this 
experiment with several of my friends who are specialists in relativity theory, ”  Shapiro 
insisted,  “ and they spontaneously offered to write a supporting letter should the Labo-
ratory seek outside support for this experiment. ”   70   

 Shapiro ’ s colleagues in Radio Physics would soon make it clear that Haystack  was  
in need of significant — and costly — upgrades if it was going to be able to precisely 
time echoes from Mercury or Venus as the planets raced around the far side of the 
sun. The source of funds for the upgrades was another matter. Would the Air Force, 
which had funded Haystack ’ s construction and paid for its maintenance, underwrite 
the radar ’ s tune-up, or would the Lab have to look for  “ outside support ” ? How would 
the upgrades be justified? (Was general relativity the kind of thing the Air Force was 
in the business of testing?) In any event, Lincoln ’ s researchers understood that Hay-
stack (more specifically, its modular system of interchangeable transmitting and receiv-
ing electronics) could be tuned for one application (such as planetary radar astronomy) 
without permanently disabling the radar ’ s other functions (missile and satellite track-
ing). It had been designed that way.  71   

 The Haystack radar was conceived as a dual-use technology  par excellence . Its design 
was first proposed in 1958, soon after the Millstone radar came online as a prototype 
missile tracker for BMEWS. As described by Lincoln Lab ’ s director Carl Overhage in 
the summer of 1960, just a few months after the Lab began awarding procurement 
contracts to industrial firms for Haystack ’ s construction, the dual scientific and tech-
nological benefits of the Haystack facility (especially in radio and radar astronomy, 
and various aspects of atmospheric studies) were mixed and numerous. The antici-
pated sensitivity of Haystack ’ s antenna would improve knowledge of interplanetary 
distances, planetary rotation rates, and surface characteristics, as well as the  “ influence 
of atmospheric irregularities on realized antenna gain and narrow-beam pointing 
accuracy. ”  But ultimately, Overhage argued, Haystack might make important contribu-
tions to defense:  “ These studies may have important consequences to the design of 
future radars for such purposes as missile discrimination or space-vehicle detection, 
where extremely high resolution and high effective radiated power are essential. ”   72   

 The Haystack radar was designed by a Lincoln Laboratory team led by Herbert G. 
Weiss, an MIT-trained electrical engineer and a veteran of the wartime Radiation Labo-
ratory. Weiss was experienced, having headed up the earlier Millstone radar design 
team. He was appointed chief designer for Haystack in November of 1959. Initial cost 
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projections were at roughly $5 million (more than $40 million in 2014 dollars), 
though the Electronic Systems Division of the Air Force Systems Command — the ulti-
mate source of funding for Lincoln Laboratory ’ s  “ General Research ”  projects, including 
the Haystack construction — didn ’ t approve the design until cost estimates were low-
ered to around $2 million.  73   

 The new facility was to be a  “ ground station for space communications, radar and 
radio astronomy research, ”  according to Weiss.  “ Communication experiments utiliz-
ing the moon, Echo-type balloons, the West Ford dipole belt, and other passive reflec-
tors will receive early attention.  …  The Haystack system will also be used to explore 
the effects of the atmosphere and weather upon microwave communications at 8 
[GHz] and at higher frequencies. ”   74   Indeed, Haystack was designed to transmit and 
receive in the X band precisely because those were the frequencies used by Air Force 
communications systems. (The ambitious and controversial Project West Ford, on 
which Irwin Shapiro worked for much of the early 1960s, was the Air Force ’ s plan to 
orbit a ring of nearly 500 million inch-long, hair-thin copper wires high above the 
Earth ’ s surface to act as an invulnerable, passive reflector for X-band communications 
signals.)  75   Though the facility would contribute to astronomy ( “ strong radar echoes ”  
off Venus might be  “ detectable for many months of the year ” ), it would also profit 
space exploration and national defense by  “ obtaining radar back-scatter echoes from 
a medium-sized satellite ”  or scrutinizing  “ very small targets at ranges of several thou-
sand miles. ”   76   MIT ’ s  Technology Review  emphasized Haystack ’ s dual benefits in 1962, 
reporting that, while Haystack was  “ the only US system presently planned that will 
be able to track a so-called  ‘ stationary ’  communications satellite in a 24-hour equato-
rial orbit more than 22,000 miles above the earth, ”  it would also, to the benefit 
of basic science,  “ extend our interplanetary radar contacts to Mars, Mercury, and 
Jupiter — as well as Venus. ”   77   

 Haystack ’ s huge reflector dish, 120 feet in diameter, was made of an extremely thin 
aluminum sheet, laid over a pattern of aluminum bars forming 96 honeycomb-shaped 
panels. The aluminum skin was stretched over its frame so tightly that at any point 
the reflector surface deviated from a perfect paraboloid by less than a tenth of an 
inch, the measure of its so-called  “ surface tolerance. ”  Emanating from close to the 
center of the reflector dish were four rods on which a secondary, convex, hyperbola-
shaped reflector was mounted, facing back toward the main dish. This reflector was 
about nine feet in diameter and surfaced by an aluminum sheet of even finer toler-
ance. When radar signals approached the main reflector dish from the sky at an angle 
parallel with the dish ’ s central axis of symmetry, they would be reflected by the alu-
minum sheet toward the secondary reflector. From there, the signal would reflect 
again back toward the center of the main dish in a focused beam, where it would be 
received by a complicated cluster of electronic equipment known as the  “ target 
assembly. ”   78   
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 The radar ’ s antenna structure — the reflectors and the trusses on which they were 
mounted, as well as the nearly 7,000-pound  “ plug-in equipment box ”  containing the 
target assembly and the antenna ’ s first transmitter, which delivered an average 100 
kilowatts of power — was encased within a 150-foot-diameter radome to shield the 
entire system from the weather. (The sun ’ s heat might warp the reflector ’ s aluminum 
surface, and even the smallest accumulation of ice and snow on the dish during the 
harsh New England winter would render the antenna inoperable at X-band frequen-
cies, where exceptional surface tolerances were necessary.) The radome, originally 
procured by the Air Force for an Arctic radar station and designed to withstand winds 
of 130 miles per hour, was made of a frame of interlocking steel beams forming the 
triangular panels of a geodesic sphere. Each of the 930 panels was covered by a sheet 
of white fiberglass, less than a tenth of an inch thick, chosen for its transparency to 
X-band microwave radiation. Most important for tracking experiments, the Haystack 
antenna could be steered digitally. The whole apparatus rested on a bearing and con-
trol system weighing almost nineteen tons, floating on a nearly frictionless film of oil 
0.005 inches thick, allowing the dish to be rotated smoothly around its central vertical 
axis, as well as tilted up or down to face targets higher or lower in the sky, all to 
accuracies of a fraction of a degree.  79   

 To direct Haystack ’ s extremely focused transmission beam, the steering system was 
interfaced with a state-of-the-art Sperry Rand Univac 490 digital computer, housed in 
an adjacent control room. Brightly lit, with polished floors, whirring tape reels along 
one wall and a small console station tucked into a corner, the control room was spare 
and ultramodern.  80   The  “ remote teletype console ”  allowed the antenna ’ s position to 
be controlled in real time by a person sitting at a keyboard.  “ Software programs have 
been prepared which permit an operator to request that the antenna point at such 
targets as the moon, the planets, and known satellites by simply typing the name of 
the object in clear text, ”  Weiss explained in his final design report.  “ The computer 
responds in clear text via the teleprinter and, if necessary, will ask the operator for 
additional pertinent information. ”   81   

 Construction crews began pouring the one-story concrete foundation for Haystack 
in the fall of 1960 at the facility ’ s new home, about a half mile up the road from the 
Millstone radar.  82   In December of that year, the Air Force awarded the Ohio division 
of North American Aviation a contract to fabricate and install the Haystack antenna 
system. As construction proceeded in the next four years, Lincoln Laboratory contin-
ued to pour funds into Haystack through its Air Force contract. By the spring of 1964, 
almost $850,000 had been shelled out to North American (more than $6.4 million in 
2014 dollars); a memory upgrade for Haystack ’ s Univac 490 computer alone cost the 
Air Force $152,000.  83   On October 8, 1964, with construction finally (and expensively) 
complete, Haystack was formally dedicated on Millstone Hill.  84      
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 According to some Lincoln Lab scientists and engineers, obtaining government 
funds for research projects of all kinds was less a matter of proving military relevance, 
or of navigating tricky bureaucratic terrain, than of capitalizing on personal reputation 
within social networks in and around the military administration. Herbert Weiss 
recalled that proposing the multi-million-dollar Haystack radar simply depended on 
having  “ enough credibility then with the Defense Department  …  that I could go in 
and make a pitch for a system and say, Look, we ’ ve really got to push the state of the 
art for space communications and radar. The kind of money we were talking about 
then was very small; a few million dollars a year, for three years or four years.  …  
Haystack was sold as an R & D exercise to try to push the state of the art. ”   85   Irwin 
Shapiro, similarly, said that securing support for subsequent upgrades to the Haystack 
radar — upgrades necessary for experiments in planetary radar astronomy, and for his 
time-delay test of relativity — was a matter of knowing the right people. Recognizing 
that a more powerful transmitter and sensitive receiver would be needed to reach 
Venus at superior conjunction, Shapiro apparently spoke with Lincoln Laboratory 

 Figure 9.4 
 Lincoln Laboratory ’ s Haystack radar facility, completed in 1964. Reproduced with permission of 

MIT Lincoln Laboratory, Lexington, Massachusetts. 
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Director William Radford. Radford, impressed (if somewhat baffled) by the proposal 
to test relativity with radar, called up the Harvard physicist Edward Purcell, who, 
already familiar with Shapiro ’ s work on Project West Ford, vouched for Shapiro ’ s 
qualifications. All that remained, according to Shapiro ’ s recollection, was for Radford 
to notify his contact at the Rome Air Development Center, the Air Force ’ s R & D lab in 
Rome, New York. With remarkable swiftness, the upgrade was funded with around 
$500,000 from the Air Force (around $3.8 million in 2014 dollars).  86   

 In the case of Shapiro ’ s time-delay test, a far more complicated picture unfolds 
when the actual uncertainty, sheer scale, and enormous cost of the hardware upgrade 
are taken into account. The Haystack facility had been designed and built during the 
boom years of defense spending after Sputnik. Upgrades to Haystack, on the other 
hand — prerequisite to fulfilling Shapiro ’ s longed-for test — were negotiated in a fast-
changing political environment. As early as January of 1965, the Department of 
Defense announced major job cuts at the Lawrence Livermore Laboratory in Califor-
nia. The following year, the Department of Defense released its first report from Project 
Hindsight, an in-house accounting of the benefits to military priorities and prepared-
ness that had accrued in two decades of spending on basic science. For the first time 
since World War II, military bureaucrats began to second-guess the Cold War template 
of funding non-mission-oriented research in hopes of advancing military goals.  87   
Military planners ’  own concerns about the effectiveness of defense spending for basic 
research were soon amplified by nationwide campus protests against the Vietnam War, 
in which calls rang out for the Department of Defense to get out of the business of 
higher education.  88   Lincoln Laboratory, having depended on Air Force money from 
the beginning, was especially sensitive to possible fluctuations in its funding stream. 
Lincoln administrators needed to adapt their strategies quickly to appeal to civilian 
as well as military sponsors. Suddenly the presence of Shapiro ’ s time-delay test on the 
laboratory ’ s roster assumed new significance. 

 In January of 1965, less than a month after Shapiro published his  “ fourth test ”  
technical report and article, Paul Sebring (the leader of the Surveillance Techniques 
group and the manager of the Haystack facility) wrote to James W. Meyer, the head 
of Lincoln ’ s Radio Physics Division, on the subject of NASA funding for both the 
Millstone and the Haystack radar. The Millstone radar, Sebring noted, had already 
provided valuable assistance to NASA ’ s early communications satellite program, pre-
cisely tracking various satellites and communications balloons. But if Millstone was a 
valuable instrument, Haystack would be even more so. Millstone could track  “ a 1 sq. 
meter target at nearly 5,000 nautical miles. ”  Haystack — if its 100-kilowatt-average-
power transmitter were to be replaced with one delivering an average power of 500 
kilowatts, and it were to be given a few  “ receiver improvements ”  — could easily spot a 
one-square-meter target at 10,000 nautical miles.  “ NASA may feel it beneficial to 
establish an arrangement with the Laboratory to support the Station to the extent of 
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their anticipated requirements each fiscal year, ”  Sebring wrote.  “ Once a channel were 
opened, monies could be adjusted each year to the assistance required. ”  While the 
Millstone radar could be opened up for NASA use  “ up to several hundred hours per 
year, ”  he added,  “ development of a supertracker facility at Haystack could be acceler-
ated by NASA support. NASA may find such a capability of interest. ”   89   The Lincoln 
Lab researchers certainly hoped so, Irwin Shapiro not least among them. 

 What is especially striking about the costly plan to revamp Lincoln ’ s most sophis-
ticated radar only a few months after first switching it on is the degree to which 
Shapiro ’ s esoteric experiment became the centerpiece of the Laboratory ’ s efforts. While 
Sebring diligently outlined a host of NASA-relevant tasks that an upgraded Haystack 
radar could accomplish (mapping structural features and surface characteristics of the 
moon in fine detail, mapping the surface of Venus and determining the composition 
of its atmosphere, performing similar measurements on Mercury and Mars and refin-
ing the orbital parameters of the planets), the main reason for the upgrades, he admit-
ted, was Shapiro ’ s time-delay test. The trick was wording the proposal to NASA in a 
way that brought everything together. Sebring advised Meyer that  “ while the most 
important result of a 10-db increase in Haystack capability will be the ability to per-
form the fourth test of general relativity made against Venus or Mercury at superior 
conjunction, ”  it was surely worth emphasizing the  “ many other experiments that will 
be greatly improved in quality. ”   90   

 Shapiro made his own plug for NASA sponsorship the next day. He provided James 
Meyer, the head of Lincoln ’ s Radio Physics Division, with a list of scientific experi-
ments (including most prominently his time-delay test) that could be conducted only 
if Haystack received its expensive upgrades.  91   Meyer, in turn, prepared a draft proposal 
and budget estimate for  “ Deep Space Radar Measurements ”  for NASA. The new plug-in 
radar equipment box alone, including the 500-kilowatt transmitter (a significant 
improvement over the existing 100-kilowatt transmitter), would initially cost $675,000 
(about $5 million in 2014 dollars); an upgrade to the radar-computer interface would 
set NASA back an extra $10,000; various architectural upgrades to the antenna struc-
ture would cost some $45,000. And in 1966, before the upgrades would be complete, 
an additional $300,000 would be needed to get the whole thing properly calibrated 
and tested.  “ The staff and their support  …  will be provided by our General Research 
Program supported by the United States Air Force. The funds requested here are only 
those required to procure the necessary instrumentation to carry out the experiments 
described. ”   92   Meyer quickly followed up with a formal proposal to NASA for  “ Radar 
Observations of the Planets, ”  again listing  “ the conduct of a 4th test of general relativ-
ity ”  as the first item of business.  93      

 Despite some expressions of interest, the NASA money never materialized — at least 
not in time for the first iterations of the time-delay test in 1966 and 1967. As the 
proposals went higher and higher up Lincoln ’ s and NASA ’ s respective chains of 
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command, NASA officials began to balk at the price tag. They expressed regret that 
neither the agency ’ s Space Science and Applications division nor its Planetary Astron-
omy division had funds of such magnitude to spare (unlike, for example, NASA ’ s 
Manned Space Flight division).  94   

 At the eleventh hour, the Air Force stepped in with money to improve the Haystack 
radar. Exactly why it did so remains unclear. Irwin Shapiro and other scientist-
participants (including Gordon Pettengill) would later recall that their arguments 
about the inherent scientific value of radar astronomy and the  “ fourth test ”  were 
compelling, setting off a chain of persuasion upward through Laboratory and Air Force 
command.  95   Of course, the Air Force might well have had its own reasons for seeking 
improved transmitter power: as Laboratory staff and management had consistently 
argued for both Millstone and Haystack radars, improved performance for tracking 
the moon and the planets implied improved performance for tracking missiles and 
satellites. Though Shapiro and his Lincoln colleagues had to sweat through the uncer-
tainties that spring, by August of 1965, with the new Air Force funding in hand, 

 Figure 9.5 
 One of Haystack ’ s modular plug-in equipment boxes, including the radar ’ s powerful transmitter. 

Reproduced with permission of MIT Lincoln Laboratory, Lexington, Massachusetts. 
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Lincoln could begin awarding contracts to outside companies to start working on the 
upgrades to Haystack.  96   

 The Time-Delay Test and the Fate of the Haystack Radar 

 The announcement of plans to conduct the  “ fourth test ”  of Einstein ’ s general relativity 
made waves far beyond Lincoln Laboratory. Enthusiastic letters began to arrive at 
Shapiro ’ s office from all over the United States. To one eager inquirer from Norfolk, 
Virginia, Shapiro suggested grabbing a copy of Peter Bergmann ’ s general relativity 
text to get a better handle on the subject. To another would-be relativity researcher 
from Quincy, Massachusetts, who wrote up his own  “ theory and proposed test ”  for 
Shapiro ’ s approval, Shapiro was sorry to say  “ you did not analyze your experiment 
in sufficient detail, ”  and  “ your analysis of Einstein ’ s predictions are [ sic ] seriously in 
error. ”  Shapiro regretted that a Chicago high school student ’ s request that he  “ explain 
the entire theory of relativity  …  in a letter ”  was  “ not possible to fulfill. ”  And to one 
resident of Boston ’ s tony Beacon Hill, who had sent a check to support the  “ fourth 
test ”  upgrades, Shapiro replied that, though he wasn ’ t able to accept her generous 
donation,  “ every effort [was] being made to carry out the relativity experiment as soon 
as possible. ”   97   

 A few of Shapiro ’ s colleagues in physics also expressed interest in the upcoming 
test, but with varying degrees of enthusiasm. Some pressed him to clarify details of 
his calculation; his 1964 article in  Physical Review Letters  had been much briefer than 
the lengthy treatment in his Lincoln Laboratory technical report.  98   Others granted the 
importance of the proposed test, but disagreed that it should be counted the  “ fourth 
test ” ; Leonard Schiff of Stanford University, for example, had proposed a distinct 
experimental test of general relativity a few years earlier.  99   Still others engaged Shapiro 
in a priority dispute. Duane Muhleman of the Jet Propulsion Laboratory had written 
up a proposal for a time-delay test slightly before Shapiro ’ s was in print but after 
Shapiro had discussed his idea at an international astronomy conference that both 
had attended. A crucial difference between the rival proposals, as Shapiro pointed out 
to his JPL colleague in increasingly heated correspondence, was that Muhleman ’ s ver-
sion involved radar propagation during a planet ’ s inferior conjunction rather than its 
superior conjunction.  100   

 While trying to keep up with the correspondence, Irwin Shapiro and Michael Ash 
were working frantically to complete their Planetary Ephemeris Program, incorporat-
ing more and more radar and optical observations of Mercury and Venus (away from 
superior conjunction) to make the program ’ s orbital predictions more accurate.  “ Good 
news: The program ran successfully, ”  Shapiro announced to Gordon Pettengill in fall 
1965; still, there was more work to do debugging  “ parts of the program, statement by 
statement. ”   101   Shapiro badgered Richard Goldstein of the Jet Propulsion Laboratory to 
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publish his Venus ranging data.  “ More than four and a half years have elapsed since 
JPL first made radar contact with Venus, yet no data at all has been published. ”  Shapiro 
would not be delayed. If Goldstein ’ s supervisor wouldn ’ t allow him the time to prepare 
data tables, Shapiro would be happy to write a letter demanding the raw data him-
self.  102   Ash, Shapiro ’ s right-hand-programmer, continued to pester the Naval Observa-
tory with letters requesting optical ephemeris data for the sun, the moon, and the 
planets on punched cards to be fed into the IBM 360.  103   

 By the summer of 1966, Shapiro was complaining to the Lincoln personnel depart-
ment that it had become  “ quite clear that we are severely programmer limited in our 
attempt to analyze the interplanetary radar observations for the new test of general 
relativity. ”  PEP ’ s calculations had to be so accurate that precise optical observations 
of the  outer  planets were needed to account for their slight gravitational perturbations of 
the orbits of Earth, Mercury, and Venus. The need for manpower was dire. Though 
Shapiro expected to be able to complete at least a  “ semiquantitative test ”  of Einstein ’ s 
theory to an error of perhaps 35 percent,  “ our results may fall almost an order of 
magnitude lower in test accuracy simply because of our inability to handle the pro-
grammer chores. ”   104   To Haystack ’ s director, Paul Sebring, he wrote that Haystack had 
 “ the potential to provide the most accurate tests yet made of Einstein ’ s predictions ”  
and that nailing down the orbital parameters of Mercury and Venus was absolutely 
crucial:  “ general relativity literally hangs on it. ”  But the researchers needed help fin-
ishing the computer work, including  “ approximately $5,000 to finish putting all of 
these [optical ephemeris] data on punched cards. The laboratory ’ s card-punch opera-
tors have been shown to be incapable of handling this work on finite time scale. ”   105   
Nearly forty separate tasks remained before PEP would be ready for the  “ fourth test, ”  
Shapiro explained in a separate memo.  106   Exhausted but still pushing hard, he wrote 
to an MIT colleague in early 1966 that preparing for the time-delay test was occupying 
an  “ inordinate fraction ”  of his time.  107   

 Meanwhile, Shapiro ’ s Lincoln Laboratory co-workers were engaged in an all-
hands-on-deck effort to get Haystack and its planetary radar equipment box ready as 
soon as possible. Early in 1966, J. S. Arthur, deputy director for Haystack operations, 
laid out a schedule for radar activity during the coming year. In an accompanying 
memo to the research staff, Arthur outlined a few major tasks in the months ahead, 
including continuing Haystack ’ s normal communications research program, and 
 “ integration of the 500 [kilowatt] Planetary Radar system. ”  For the time being the 
facility was focused largely on radar mapping of the moon ’ s surface for NASA ’ s upcom-
ing Apollo missions. But the relativity experiment loomed large.  “ It should be stated 
at this point that  a major goal  has been established toward a  ‘ 4th test experiment ’ , 
utilizing the planet Venus at the November [1966] superior conjunction. ”  The new 
transmitter and receiver, then being constructed at Lincoln Lab in Lexington, were to 
undergo high-power tests and installation at Haystack in the summer. It was absolutely 
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essential that the transmitter/receiver upgrade be kept on a tight schedule, Arthur 
continued; there was no room for  “ any shift in priority. ”   108   

 Four days later, Gordon Pettengill pressed Paul Sebring to complete the upgrades 
right away. Preparing Haystack for its November debut with Venus was  “ worthy of 
unusual effort, ”  Pettengill told Sebring. Venus ’   “ angular approach ”  in November 
would place it far enough behind the sun (from Earth ’ s viewpoint) that the time-delay 
test could be carried out, but not so far behind that radio noise from the sun itself 
would drown out the signal.  109   Sebring immediately penned a memo to the entire 
Haystack team, adding Pettengill ’ s letter as an attachment. Sebring announced that 
the November time-delay test had become priority number one in the Radio Physics 
Division. Even the scheduled re-rigging of the antenna (in order to improve surface 
tolerance of the dish) was to be postponed until after the experiment.  “ No lessening 
of the importance with which we view [re-rigging] is to be inferred from this resched-
uling, ”  Sebring wrote. The time-delay test, until further notice, was simply more 
important.  110   

 Preparations had reached fever pitch by May of 1966. Sebring gathered all the avail-
able manpower for preparations for the time-delay test, reapportioning it as he saw 
fit. The time-delay test, he wrote to the Haystack engineering team, had now  “ assumed 
priority equal to or above system operations at Haystack and Millstone, in order to 
free appropriate people. ”  The day-to-day ranging, mapping, and communications 
research at Haystack — in other words, the work done at the bidding of the Air Force 
and of NASA — would be subordinated to relativity. He went on to instruct Louis Rain-
ville, Haystack ’ s test director, to drop his tasks on the lunar mapping project and assist 
Melvin Stone, chief project engineer in charge of the construction and testing of the 
new transmitter. Sebring even recommended that technicians be encouraged to work 
overtime on Saturdays, and wondered whether one shop foreman might be retained 
on the upgrade project for an extra couple of months to assist his teammates.  111   

 The time-delay experiment, Sebring reminded Division 3,  “ is of the greatest scien-
tific interest and seems certain to attract wide attention to Lincoln Laboratory  …  if it 
succeeds. ”  Only an intense effort would ensure Lincoln ’ s  “ being first to make the 
proposed test. ”  November 9, the date on which Venus would slip briefly behind 
the sun, was quickly approaching.  112   

 Haystack was ready just in time. Data were collected during Venus ’ s November 
1966 superior conjunction and during the superior conjunctions of Mercury in Janu-
ary, May, and August of 1967. Early in March of 1968, Shapiro made the first public 
release of preliminary  “ fourth test ”  results at a meeting of the American Physical 
Society in Boston. The experiment, he announced, had confirmed general relativity, 
if only within fairly generous margins of error. Less than a week later, he sent a 
paper to  Physical Review Letters .  113   Published in May, the paper explained that the 
experiment had been made possible by an  “ intensive program ”  to outfit Haystack 
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with a new transmitter and receiver. Considering each experimental run separately, 
Shapiro and his co-authors (including Gordon Pettengill, Michael Ash, William Boyd 
Smith, and three of the Haystack engineers who had instrumented its upgrades) 
concluded that the  “ most reliable of these data agree, on average, with the excess-
delay predictions of general relativity to well within the experimental uncertainty of 
 ± 20%. ”   114   

 In March of 1968, Shapiro formally presented Lincoln Laboratory ’ s director Milton 
U. Clauser with the first preprint of the  Physical Review Letters  paper.  “ Although the 
accuracy attained was not as high as we had hoped ”  — 20 percent uncertainty hardly 
amounted to razor-sharp scrutiny or conclusive confirmation of Einstein ’ s theory —  “ it 
nonetheless represents a substantial achievement in a very difficult experiment, ”  he 
told Clauser. Moreover,  “ despite the unfortunate predilection of the popular press to 
present the result as a one-man show, the experiment was successful only because of 
the skill and spirit of a large number of Lincoln personnel. ”  With understated admira-
tion for his co-workers, Shapiro reminded Clauser that the design and construction 
of the new plug-in equipment box for Haystack had been a  “ massive effort. ”  The 
grueling pace of work during May of 1967 ( “ unbroken except for Mother ’ s Day ” ), when 
Haystack had tracked Mercury through its superior conjunction daily from 4:30 a.m. 
to 7 p.m.,  “ served to demonstrate poignantly the dedication of the staff. ”   115   

 No eye-catching headline heralded the findings, as had happened after Arthur 
Eddington ’ s announcement in 1919, even though the news was the same: Einstein ’ s 
relativity had held up. Instead, the scientific success of Irwin Shapiro and his col-
leagues was bittersweet. In 1968, before Shapiro had finished writing up the results of 
his  “ fourth test, ”  ever clearer signs of a big shift in the US military ’ s support of basic 
science could be detected throughout Lincoln Laboratory. For at least a year, high-level 
officials of the Department of Defense and the Air Force, and administrators at Lincoln 
Lab and at MIT, had asked searching questions about Lincoln Lab ’ s future. The Lab, 
it had become clear, occupied a precarious position. As the Vietnam War raged, critics 
called ever more loudly for the bond between the national-security state and America ’ s 
universities — held together by the clasp of the Cold War for more than twenty years —
 to be permanently broken. Lincoln Lab was caught in the center of the debate, and 
the Haystack radar would be among the first vestiges of its military-academic mission 
to be amputated by severe federal budget readjustments.  116   

 In late summer 1967, Secretary of Defense Robert McNamara, MIT ’ s president 
Howard Johnson, and the former MIT administrators and Presidential Science Advisors 
James R. Killian and Jerome Wiesner held a telephone conference addressing  “ long-
range questions affecting Lincoln Laboratory in its service to the country, specifically 
the Department of Defense, ”  and its  “ continuing operation as a part of MIT. ”  In 
a letter to McNamara written after the conversation, Johnson summed up Lincoln ’ s 
dual orientation. Its mission-oriented work was  “ aimed at assisting the military 
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establishment in finding technical solutions to  …  problems in ballistic missile penetra-
tion and ballistic missile defense, in space communications, ”  and other areas. More 
basic research — buoyed by the General Research Program, which had fostered the 
construction of the Haystack radar — allowed  “ the Laboratory to look beyond its imme-
diate tasks. ”  However, Johnson continued, recent congressional budget cuts to Federal 
Contract Research Centers, of which Lincoln was a prominent example, had  “ opened 
the question of how MIT should plan for the future operation of Lincoln. ”   117   

 Just as Johnson was writing to McNamara, a Defense Science Board task force com-
missioned by the Director of Defense Research and Engineering had recommended 
that each of the Defense Department ’ s Federal Contract Research Centers (FCRCs) 
provide a statement of its  “ interpretation of the primary purposes and current techni-
cal objectives ”  of its work.  118   Only a month after the latest round of data collection 
for Shapiro ’ s relativity experiment had taken place at Haystack, Lincoln Lab was being 
asked to explicitly justify its research pursuits to the Department of Defense. Howard 
Johnson ’ s official statement to the Assistant Secretary of the Air Force included a 
tidy list of the Lab ’ s accomplishments in radar and communications, but he was 
 “ deeply concerned ”  about Department of Defense budget cuts and Lincoln ’ s  “ unfor-
tunate ”  classification as an FCRC. Lincoln had  “ no financial cushioning and relies 
almost completely on annual appropriations from the Air Force and ARPA, ”  the 
Department of Defense ’ s Advanced Research Projects Agency. Budget cutbacks didn ’ t 
curtail only military work at Lincoln; its  “ general research effort, ”  too, had suffered 
deeply for years. Of what continuing value would Lincoln Lab be to MIT if its person-
nel and material assets were so easily buffeted by the changing winds of national 
defense?  119   

 No matter how MIT, Lincoln Lab, and the Air Force might choose to handle them, 
the changes issued from Washington were sweeping and rapid. In 1969, Senate 
Majority Leader Mike Mansfield successfully tacked a rider (the so-called Mansfield 
Amendment) onto the military authorization bill requiring all research funded by 
the Department of Defense to have a  “ direct or apparent relationship ”  to military 
operations.  120   In November of that year, Milton Clauser told Howard Johnson that 
staff reductions and the  “ additional unplanned deletion of $450,000 from [Lincoln ’ s] 
budget for rising overhead costs ”  — more than $2.8 million in 2014 dollars — would 
be  “ difficult to accommodate. ”  Only a week after violent clashes between student 
protesters and riot police in front of MIT ’ s military-funded Instrumentation Labora-
tory, Clauser wondered in frustration whether it was  “ inappropriate to suggest that 
the activities on the campus contributing to the rising overhead be given some 
scrutiny? ”   121   

 Just a few days later, Haystack ’ s director, Paul Sebring, notified Clauser that negotia-
tions for the transfer of the Haystack facility from the Air Force to civilian control 
were now proceeding at top speed. A year before, the Northeast Radio Observatory 
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Corporation (NEROC), a nonprofit consortium of New England research institutions, 
had submitted a proposal to the National Science Foundation for a phased-in, three-
year transfer of control of Haystack from the Air Force. An advisory panel of prominent 
astrophysicists led by Robert Dicke of Princeton University recommended that the NSF 
approve the request (though, in Sebring ’ s opinion, the panel had underappreciated 
Haystack ’ s special  “ sophistication and broad application ” ).  122   As the NSF delayed its 
final decision and NEROC made a parallel funding pitch to NASA, the Air Force forc-
ibly set its own time line. In February of 1970, Grant Hansen, Assistant Secretary of 
the Air Force for R & D, warned Lincoln that by the following July, if Haystack had not 
been adopted by another government agency, it would be declared surplus and its 
computer apparatus scavenged for other military uses.  123   

 In the summer of 1970, after last-minute guarantees from the NSF and NASA to 
help absorb Haystack ’ s $1.5-million-per-year operating costs (more than $9 million 
per year in 2014 dollars), the Air Force handed Haystack over to MIT and NEROC. 
When Haystack ’ s transmitter failed several times in the early 1970s, NASA — no longer 
in need of lunar radar maps for its Apollo missions — was, once again, unwilling to 
fund replacements. Haystack ’ s last radar transmission — a ranging signal to Mercury —
 was sent in March of 1974.  124   

 Conclusion 

 For nearly thirty years scholars have interrogated the interplay of scientists and mili-
tary patrons during the Cold War. A debate about who set scientists ’  intellectual 
agendas has raged. What effects, if any, did abundant military spending have on the 
range of topics pursued or the styles of scientific inquiry? Some commentators have 
argued that the Cold War produced dangerous distortions of proper science.  125   
Others have countered that scientists have never existed outside of society — for 
example, Galileo navigated patronage relationships no less complicated than those of 
the American physicists in the nuclear age.  126   Still other scholars have focused on 
aspects other than funding and patronage, highlighting the entanglement of person-
nel, training, instruments, and foreign relations. Yet even these cases have focused 
overwhelmingly on examples of science and technology that were of obvious military 
interest, including nuclear physics, materials science, electronics, computing, and the 
geosciences.  127   

 Episodes like the general-relativistic time-delay test expand the pattern, exemplify-
ing just how extensively the new template had reached. Despite the frequent portrayal 
of Einstein ’ s general relativity as an austere and otherworldly temple, physicists ’  Cold 
War engagement with Einstein ’ s work bore most of the marks we have come to expect 
of the era: seemingly limitless funding (at least for a time), sprawling machinery, soar-
ing technological hubris, and a close mapping of personnel, tools, techniques, and 
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skills between scientific practice and military priorities.  128   The long duration of the 
time-delay test, from conception in the late 1950s to completion in the early 1970s, 
further allows us to map the rocky transition from post-Sputnik boom to stagflation 
bust.  “ Cold War science ”  was no more a static entity than the planet Venus; both 
became moving targets. 

 For much of 1969 (when Haystack was still a military instrument), until nearly the 
end of 1970 (when it was officially a tool of civilian science), Haystack once again 
bounced radar echoes off of Venus for roughly 300 days on either side of superior 
conjunction. Using data from the Arecibo facility (far from superior conjunction), 
Shapiro ’ s group combined about 1,700 time-delay measurements to reduce their earlier 
uncertainty estimates from 20 percent to less than 5 percent. Einstein was still right, 
and the Haystack team had now completed the most sensitive test of general relativity 
yet. The paper published in  Physical Review Letters  in May of 1971 was the culmination 
of Shapiro and colleagues ’  work testing relativity with the techniques of planetary 
radar astronomy. With little mention of the instruments involved, the group cast its 
 “ new radar result ”  as simply the latest refinement of a series of tests of Einstein ’ s 
theory. By itself, the paper seemed the purest of pure science — an otherworldly theory, 
subject to a rather esoteric experiment.  129   

 The original 1968 paper, however, was far more evocative of the time-delay experi-
ment ’ s deep and tangled roots in Cold War defense priorities. The bulk of the article 
was given, as the authors put it,  “ to a more detailed discussion of  …  the novel experi-
mental techniques ”  demanded by their test, including everything from the technical 
features of Haystack ’ s transmitter to various methods of computer-aided signal pro-
cessing. At times, they recounted, the radar echo had been  “ as small as 10 -21  [watts], 
i.e., about 10 27  times weaker than the transmitted signal power ” ; only clever design 
and exquisite instrumentation had made the experiment possible.  130   To produce, 
detect, and meaningfully interpret so tiny a return signal, Lincoln Laboratory ’ s staff 
had drawn on resources that weren ’ t available, or even imaginable, beyond the walls 
of their defense-lab home. 

 Amid the controversy as to whether MIT should divest its Air Force laboratory at 
Lincoln or spin off the Haystack radar to civilian overseers, MIT President Howard 
Johnson pointedly reminded the Air Force ’ s Director of Laboratories that  “ the new 
test of Einstein ’ s theory of general relativity [had] evolved from the Laboratory ’ s 
intensive efforts in advanced radar technology. ”   131   Indeed it had. With technical 
and intellectual skills shaped by years of work on radar communications and satellite-
tracking and missile-tracking projects, and equipped with multi-million-dollar Air 
Force-funded hardware, Lincoln Laboratory ’ s researchers had put an extraordinarily 
subtle physical effect — and Einstein ’ s most celebrated theory — to the test. Neither 
 “ pure ”  nor  “ applied, ”  the relativistic time-delay test was Cold War science through 
and through. 



304 Wilson and Kaiser

 Acknowledgments 

 We are grateful to archivists at the Institute Archives of the Massachusetts Institute of 
Technology, especially Nora Murphy, and at the Lincoln Laboratory archives, espe-
cially Tamar Granovsky and Nora Zaldivar. We also acknowledge Jimena Canales, 
Michael Gordin, Christopher McDonald, Suman Seth, Rebecca Slayton, and Dan Vol-
mar for helpful comments on an earlier draft.        

 Notes 

 In the notes that follow, MITA means MIT Institute Archives and MITLL means MIT Lincoln 

Laboratory. In accordance with the Lincoln Laboratory ’ s request, we cite archival materials from 

that lab ’ s collections without specifying box and folder numbers. 

 1.   Fred Jerome,  The Einstein File: J. Edgar Hoover ’ s Secret War Against the World ’ s Most Famous 

Scientist  (St. Martin ’ s Press, 2002); David E. Rowe and Robert Schulmann, eds.,  Einstein on Politics: 

His Private Thoughts and Public Stands on Nationalism, Zionism, War, Peace, and the Bomb  (Princ-

eton University Press, 2007). 

 2.   George Gamow,  One, Two Three   …   Infinity  (New York, Viking, 1947), chapter 5. 

 3.   Klaus Hentschel,  The Einstein Tower: An Intertexture of Dynamic Construction, Relativity Theory, 

and Astronomy  (Stanford University Press, 1997), 23; David Rowe,  “ Making mathematics in an 

oral culture: G ö ttingen in the era of Klein and Hilbert, ”   Science in Context  17 (2004): 85 – 129, on 

114 – 115; and Leo Corry,  David Hilbert and the Axiomatization of Physics  (Kluwer, 2004), 322, 364. 

 4.   John Earman and Clark Glymour,  “ Relativity and eclipses: The British eclipse expeditions of 

1919 and their predecessors, ”   Historical Studies in the Physical Sciences  11 (1980): 49 – 85; Alistair 

Sponsel,  “ Constructing a  ‘ revolution in science ’ : The campaign to promote a favourable recep-

tion for the 1919 solar eclipse experiments, ”   British Journal for the History of Science  35 (2002): 

439 – 467; Matthew Stanley,  “  ‘ An expedition to heal the wounds of war ’ : The 1919 eclipse 

expedition and Eddington as Quaker adventurer, ”   Isis  94 (2003): 57 – 89; Matthew Stanley,  Practi-

cal Mystic: Religion, Science, and A. S. Eddington  (University of Chicago Press, 2007), chapters 3 

and 4. 

 5.   Hubert Goenner,  “ The reaction to relativity theory, I: The anti-Einstein campaign in Germany 

in 1920, ”   Science in Context  6 (1993): 107 – 133; Jeroen van Dongen,  “ Reactionaries and Einstein ’ s 

fame:  ‘ German scientists for the preservation of pure science, ’  relativity and the Bad Nauheim 

conference, ”   Physics in Perspective  9 (2007): 212 – 230; Milena Wazeck,  Einsteins Gegner: Die  ö ffentli-

che Kontroverse um die Relativit ä tstheorie in den 1920er Jahren  (Campus, 2009). 

 6.   Alan Beyerchen,  Scientists Under Hitler: Politics and the Physics Community in the Third Reich  

(Yale University Press, 1977). 

 7.   Jean Einstaedt,  “ The low water mark of general relativity, 1925 – 1955, ”  in  Einstein and the 

History of General Relativity , ed. Don Howard and John Stachel (Birkh ä user, 1989), 277 – 292; David 

www.ebook3000.com

http://www.ebook3000.org


Calculating Times 305

Kaiser,  “ A psi is just a psi? Pedagogy, practice, and the reconstitution of general relativity, 

1942 – 1975, ”   Studies in History and Philosophy of Modern Physics  29 (1998): 321 – 338; Jean Eisen-

staedt,  The Curious History of Relativity: How Einstein ’ s Theory of Gravity Was Lost and Found Again  

(Princeton University Press, 2006). 

 8.   See esp. Clifford Will,  Was Einstein Right? Putting General Relativity to the Test  (Basic Books, 

1986). 

 9.   See Stuart W. Leslie,  The Cold War and American Science: The Military-Industrial-Academic 

Complex at MIT and Stanford  (Columbia University Press, 1993), especially 20 – 25; Michael Aaron 

Dennis,  “  ‘ Our first line of defense ’ : Two university laboratories in the postwar American state, ”  

 Isis  85 (1994): 427 – 455; Deborah Douglas,  “ MIT and War, ”  in  Becoming MIT: Moments of Decision , 

ed. David Kaiser (MIT Press, 2010). 

 10.   Leslie,  Cold War and American Science , 25. 

 11.   Ibid., 27. 

 12.   Ibid., 31. 

 13.   Ibid., 32 – 35; Eva Freeman, ed.,  MIT Lincoln Laboratory: Technology in the National Interest  (MIT 

Lincoln Laboratory, 1995), 6; David Kaiser,  “ Elephant on the Charles: Postwar growing pains, ”  

in  Becoming MIT: Moments of Decision , ed. David Kaiser (MIT Press, 2010), 108 – 109. 

 14.   See Leslie,  Cold War and American Science , 32 – 41; Freeman,  MIT Lincoln Laboratory , 7 – 13. 

 15.   Freeman,  MIT Lincoln Laboratory , 3. 

 16.   On the history of Project Whirlwind and SAGE see, e.g., Freeman,  MIT Lincoln Laboratory , 

15 – 33; Paul N. Edwards,  The Closed World: Computers and the Politics of Discourse in Cold War 

America  (MIT Press, 1996), chapter 3; Atsushi Akera,  Calculating a Natural World: Scientists, Engi-

neers, and Computers During the Rise of US Cold War Research  (MIT Press, 2007), chapter 5. Edwards 

writes that SAGE, though terribly costly and technologically obsolete before it was even finished, 

was a paradigmatic example of the military ’ s growing  “ hope of enclosing the awesome chaos of 

modern warfare (not only nuclear but  ‘ conventional ’ ) within the bubble worlds of automatic, 

rationalized systems ”  (110). See also Donald L. Clark,  “ Early advances in radar technology for 

aircraft detection, ”   Lincoln Laboratory Journal  12, no. 2 (2000): 167 – 180, especially 167 – 168. 

 17.   Freeman,  MIT Lincoln Laboratory , 35 – 36. 

 18.   Leslie,  Cold War and American Science , 35. 

 19.   See, e.g., General Bernard A. Schriever of the Air Force (later chief military custodian of 

Lincoln Laboratory) to Secrety of the Air Force Eugene Zuckert, 13 August 1962, in Library 

of Congress, Papers of General Curtis LeMay, Box 141, Air Force Systems Command (AFSC) 1962. 

This and similar documents related to the history of early missile-detection and the policy of 

 “ launch on warning ”  may be found at http://www.gwu.edu/~nsarchiv/NSAEBB/NSAEBB43/. See 

also Donald MacKenzie,  Inventing Accuracy: A Historical Sociology of Nuclear Missile Guidance  (MIT 

Press, 1990). 



306 Wilson and Kaiser

 20.   Freeman,  MIT Lincoln Laboratory , 47 – 49. 

 21.   Warren Rogers Jr.,  “ US tries huge radar on Russia, ”   Washington Post , May 17, 1960. 

 22.   Leslie,  Cold War and American Science , 35; Freeman,  MIT Lincoln Laboratory , 49. On the 

BMEWS installation at Fylingdales in Yorkshire, England, see Graham Spinardi,  “ Golfballs on 

the moor: Building the Fylingdales Ballistic Missile Early Warning System, ”   Contemporary British 

History  21, no. 1 (2007): 87 – 110. 

 23.   G. H. Pettengill and D. E. Dustin,  “ A comparison of selected ICBM early-warning radar 

configurations, ”  MIT Lincoln Laboratory Technical Report 127, 1956. 

 24.   For background on Pettengill, see the citation for the 1997 Whitten Medal of the American 

Geophysical Union:  “ Pettengill receives the Whitten Medal, ”   Eos  78, no. 39 (1997): 419 – 420. On 

Dustin, see his obituary in the online edition of  Bates Magazine  (http://www.bates.edu). Dustin ’ s 

master ’ s thesis (An Investigation of the Environment for Scientific Research in Industry, in the 

University, and in Government) is in MIT ’ s Hayden Library. 

 25.   Pettengill and Dustin,  “ Comparison, ”  13 – 15. 

 26.   Irwin I. Shapiro, interview by Andrew J. Butrica, September 30, 1993. (All oral history inter-

views conducted by Andrew J. Butrica cited in this chapter are courtesy of the NASA History 

Office.) See also  “ Interview with Irwin Shapiro, ”  MITLL, 5. On radar in clutter environments, see 

Donald L. Clark,  “ Early advances, ”  172 – 174. 

 27.   In an interview, Shapiro summarized the problem as follows:  “ You have this radar in, say, 

Alaska, and a missile comes over the pole. Where is it going? Is it going to New York? Is it going 

to San Francisco? Is it going to Chicago? Grand Forks, North Dakota? Where is it going? ”  See 

Irwin I. Shapiro, interview by Andrew J. Butrica, May 4, 1994, 1 – 2. Shapiro ’ s group leader, David 

Falkoff, had earlier written a brief report summarizing the basic properties of ballistic trajectories. 

Shapiro ’ s work expanded this simple theoretical framework to the context of radar observation. 

See D. L. Falkoff and E. C. Lerner,  “ Characteristics of trajectories, ”  MIT Lincoln Laboratory Group 

Report No. 47.3 (January 1956), GR-47 – 3, MITLL; and Shapiro, interview by Butrica, September 

30, 1993, 2. 

 28.   I. I. Shapiro,  “ The prediction of ballistic missile trajectories from radar observations, ”  MIT 

Lincoln Laboratory Technical Report 129, 1957. 

 29.   Kent Kresa and Peter A. Willmann, Three Degrees-of-Freedom Trajectory Analysis Program, 

MIT Lincoln Laboratory Group Report 312G-5 (1962); Kent Kresa and Menasha Tausner, Pro-

grams for Calculating a Predicted Radar Trajectory, MIT Lincoln Laboratory Group Report 312G-

13, 1962. 

 30.   Irwin I. Shapiro,  The Prediction of Ballistic Missile Trajectories from Radar Observations  (McGraw-

Hill, 1958). 

 31.   Irwin I. Shapiro, interview by Andrew J. Butrica, September 30, 1993. 

 32.   Irwin I. Shapiro, interview by Andrew J. Butrica, October 1, 1993. 

www.ebook3000.com

http://www.ebook3000.org


Calculating Times 307

 33.   On Stroke ’ s background at the RLE, see George Wilhelm Stroke: An Interview Conducted by 

William Aspray, available at http://www.ieeeghn.org. 

 34.   The quotation is from George W. Stroke, Light, MIT Research Laboratory of Electronics 

Technical Report 348, January 9, 1959, 19. Most experts on general relativity at the time agreed 

that gravity should affect the speed (and not just the direction and frequency) of light ’ s propaga-

tion; see, e.g., Albert Einstein,  “ Die Grundlage der allgemeinen Relativit ä tstheorie, ”   Annalen der 

Physik  49 (1916): 769 – 822, as translated and reprinted in Albert Einstein et al.,  The Principle of 

Relativity  (Methuen, 1923), 109 – 164, on 114 – 115, 162 – 163; Albert Einstein,  Relativity: The Special 

and General Theory  (Holt, 1920), 111; Albert Einstein,  The Meaning of Relativity  (Princeton Uni-

versity Press, 1956 [1922]), 92 – 93; Wolfgang Pauli,  Theory of Relativity  (Dover, 1958 [1921]), 

143 – 144, 154, 160; Hermann Weyl,  Space-Time-Matter  (Dover, 1922), 224, 252 – 255; A. S. Edding-

ton,  The Mathematical Theory of Relativity , second edition (Cambridge University Press, 1924), 

93 – 94; Max Born,  Einstein ’ s Theory of Relativity  (Dover, 1962 [1924]), 356 – 358. Even a modern 

textbook analyzes Shapiro ’ s time-delay test in terms of variable speed of light: M. V. Berry, 

 Principles of Cosmology and Gravitation  (Hilger, 1989), 88 – 90. Physicists today often describe the 

effect differently: all  local  measurements of the speed of light conducted by freely falling (iner-

tial) observers will agree, and hence one may conclude that the speed of light is constant even 

in general relativity. On the other hand, measurements of speed presuppose the establishment 

of a coordinate system. Having established a coordinate system extended in spacetime beyond 

one ’ s infinitesimally small region, even freely falling observers would see the speed of a light ray 

vary as it traveled through a large region of gravitationally warped spacetime. That is, in any 

given coordinate system, the speed of propagation along a null geodesic,  dr / dt , will depend on 

the spacetime curvature. 

 35.   Kaiser,  “ A psi is just a psi? ”  322. 

 36.   Shapiro, interview by Butrica, October 1, 1993. 

 37.   Ibid. 

 38.   For accounts of the Venus detection experiment, see Andrew J. Butrica,  “ In conjunction with 

Venus, ”   IEEE Spectrum  34 (December 1997): 31 – 38; Andrew J. Butrica,  To See the Unseen: A History 

of Planetary Radar Astronomy  (NASA History Office, 1996), 27 – 36. 

 39.   Butrica,  “ In conjunction with Venus, ”  32. The system Price and Green worked on was 

known as Nomac, which stood for Noise Modulation and Control; it was an early version 

of what would later be widely known as  “ spread spectrum ”  technology. Specifically, Price and 

Green invented  “ Rake, ”  a receiver that successfully combined a series of signals to enhance the 

communications channel above the background noise. See Freeman,  MIT Lincoln Laboratory , 

51 – 54. 

 40.   The book probably was  Radio Astronomy  by Ronald L. Bracewell and Joseph L. Pawsey, two 

Australian physicists working in the Radiophysics Laboratory of the Australian government ’ s 

Commonwealth Scientific and Industrial Research Organization, published by Clarendon in 

1955. On the proposed radar detection of Venus, see p. 304ff. 



308 Wilson and Kaiser

 41.   Butrica,  “ In conjunction with Venus, ”  32. 

 42.   Ibid. 

 43.    “ Dr. Paul Green: An Interview Conducted by David Hochfelder, ”  IEEE History Center, 

October 15, 1999 (available at http://www.ieeeghn.org). 

 44.   Paul Green, interview by David Hochfelder. 

 45.   Butrica,  “ In conjunction with Venus, ”  32. For the actual report, see R. Price, P. E. Green Jr., 

T. J. Goblick Jr., R. H. Kingston, L. G. Kraft, G. H. Pettengill, R. Silver, and W. B. Smith,  “ Radar 

echoes from Venus, ”   Science  129 (March 20, 1959): 751 – 753. 

 46.   Carl F. J. Overhage to Lieutenant General Roscoe C. Wilson, 24 March 1959, Box 76, Folder 

 “ Lincoln Laboratory ”  4/4, AC134, MITA;  New York Times , March 20, 1959; Noah Gordon,  “ First 

signals bounced off Venus, ”   Boston Herald , March 20, 1959, in Box 76, Folder  “ Lincoln Labora-

tory ”  4/4, AC134, MITA. 

 47.   Carl F. J. Overhage to Lieutenant General Roscoe C. Wilson, 24 March 1959, Box 76, Folder 

 “ Lincoln Laboratory ”  4/4, AC134, MITA. 

 48.   Butrica,  To See the Unseen , 30 – 42. RCA ’ s Missile and Surface Radar Division in Moorsetown, 

New Jersey (the prime contractor for the BMEWS missile-tracking radars) succeeded in detecting 

Venus in March and April 1961, as did Jodrell Bank in the UK, and a Soviet team under Vladimir 

Kotelnikov at the Long-Distance Space Communication Center in the Crimea. Each group 

(including Lincoln and JPL) used its time-delay values for Venus to determine an estimate of the 

astronomical unit, and the general agreement among the various groups ’  results was cause for a 

revision in the value accepted by the International Astronomical Union. See Butrica,  To See the 

Unseen , 44 – 46. Bernard Lovell, director of the Jodrell Bank radio telescope facility, also promoted 

Jodrell Bank as a possible BMEWS site. In fact, the facility was used as an interim BMEWS station 

until September of 1963, when the installation at Fylingdales was ready. See Graham Spinardi, 

 “ Science, technology, and the Cold War: The military uses of the Jodrell Bank radio telescope, ”  

 Cold War History  6, no. 3 (2006): 279 – 300. 

 49.   Shapiro, interview by Butrica, September 30, 1993. 

 50.   Shapiro, interview by Butrica, October 1, 1993. 

 51.   Ibid.; J. Kovalevsky, ed.,  The System of Astronomical Constants: International Astronomical Union 

Symposium 21  (Gauthier-Villars, 1963); Irwin Shapiro to Joseph Weber, 22 April 1965, MITLL. 

Shapiro informed Weber that he had first done  “ the necessary rough calculations in the summer 

of 1962. ”  

 52.   Shapiro, interview by Butrica, October 1, 1993. 

 53.   Peter G. Bergmann,  Introduction to the Theory of Relativity  (Prentice-Hall, 1942); Shapiro, 

interview by Butrica, October 1, 1993. 

 54.   W. H. Radford to General B. A. Schriever, 1 March 1965, Box 75, Folder  “ Lincoln Laboratory ”  

1/4, AC134, MITA. 

www.ebook3000.com

http://www.ebook3000.org


Calculating Times 309

 55.   M. E. Ash,  “ Generation of planetary ephemerides on an electronic computer, ”  MIT Lincoln 

Laboratory Technical Report 391, 1965, 1 – 3; Ash,  “ Generation of the lunar ephemeris on an 

electronic computer, ”  MIT Lincoln Laboratory Technical Report 400, 1965, 1 – 2. Shapiro dis-

cussed the basic outlines of the Planetary Ephemeris Program in an oral history interview con-

ducted by Andrew J. Butrica on September 30, 1993. Butrica also discusses the program on pages 

123 – 126 of  To See the Unseen . In one of his oral history interviews, Shapiro made the connection 

between his calculations of ballistic missile trajectories and the design of the Planetary Ephem-

eris Program even more explicit:  “ Because I had worked on that ballistic missile problem, I was 

approached by those people at Lincoln Laboratory who were planning the first Venus radar 

experiment. They felt that they needed some expertise in celestial mechanics. That is how I first 

became involved in radar astronomy, and that led to PEP. It was that chain of events. ”  See Irwin 

I. Shapiro, interview by Andrew J. Butrica, May 4, 1994. 

 56.   Shapiro, interview by Butrica, May 4, 1994. 

 57.   On Ash ’ s background, see the Shapiro, interview by Butrica, September 30, 1993. Shapiro 

and Ash made written requests to several observatories around the world, including some in 

Japan and South Africa, for tables of centuries-old optical ephemerides. See, e.g., Irwin I. Shapiro 

to Dr. R. L. Duncombe, US Naval Observatory, 17 June 1965, MITLL; Irwin I. Shapiro to Astron-

omer Royal, Royal Greenwich Observatory, August 16, 1965, MITLL. 

 58.   William Boyd Smith, interview by Andrew J. Butrica, September 29, 1993. 

 59.   H. Sherman to Sidney Myers, 4 May 1964, MITLL. See also H. Sherman to Mrs. E. Simmons, 

5 June 1964, MITLL. 

 60.   Shapiro to G. P. Dinneen, 24 November 1964, MITLL; Shapiro, interview by Butrica, Septem-

ber 30, 1993. On Dinneen ’ s career, see  The Global Agenda for American Engineering: Proceedings of 

a Symposium Held in Honor of Gerald P. Dinneen  (National Academy Press, 1996), 1 – 3. 

 61.   Shapiro, interview by Butrica, October 1, 1993. 

 62.   I. I. Shapiro, Effects of General Relativity on Interplanetary Time-Delay Measurements, MIT 

Lincoln Laboratory Technical Report 368, 1964, 1. As Shapiro (and most other physicists) viewed 

the history of gravity research, three essentially distinct kinds of experimental tests of general 

relativity had been proposed before his time-delay experiment. These  ‘ classical ’  tests included 

the bending of starlight by the sun (as first observed by Eddington in 1919), the observation of 

the anomalous precession of Mercury ’ s perihelion (well known among astronomers since Urbain 

Le Verrier first observed it in the middle of the nineteenth century), and the  “ redshift, ”  — the 

decrease in the frequency of light as it travels from regions of stronger gravitational field to 

regions of weaker gravitational field (measured precisely in atomic experiments at Harvard Uni-

versity by Robert Pound and Glen Rebka in 1959). Shapiro ’ s proposed test of general relativity 

was thus the  “ fourth ”  in a series. 

 It is not obvious that the redshift experiment constitutes a clear test of general relativity, since 

the redshift of light is not a consequence of Einstein ’ s theory specifically, but of something 

called the  “ equivalence principle ”  generally. (The equivalence principle says, simply, that an 



310 Wilson and Kaiser

object ’ s inertial mass and its gravitational mass are equivalent.) Many rival theories of gravity 

incorporate the equivalence principle, but they differ in the quantitative details of their predic-

tions of how spacetime is curved in the presence of a given distribution of matter and energy. 

On the equivalence principle and the history of  ‘ classical ’  tests of general relativity, see chapter 

3 – 5 of Will,  Was Einstein Right?  

 63.   Shapiro,  “ Effects of general relativity, ”  1. 

 64.   Irwin I. Shapiro,  “ Fourth test of general relativity, ”   Physical Review Letters  13 (December 28, 

1964): 789 – 791. 

 65.   Allen S. Richmond to Julius A. Stratton, 22 December 1964, Box 76, Folder  “ Lincoln Labora-

tory ”  2/4, AC134, MITA. 

 66.    “ New test proposed for Einstein theory, ”   New York Times , December 28, 1964. 

 67.   Shapiro,  “ Effects of general relativity, ”  21 – 22. Mcps is a measure of frequency (millions of 

cycles per second). In the International System of Units (commonly called SI), frequency is 

measured in units of hertz, abbreviated Hz; 1 Hz is equivalent to one cycle per second. Thus, 

1,000 MHz (megahertz) is equivalent to 1,000 Mcps. 

 68.   Shapiro,  “ Effects of general relativity, ”  21; Herbert G. Weiss,  “ The Haystack experimental 

facility, ”  MIT Lincoln Laboratory Technical Report 365, 1964, iii. 

 69.   Shapiro to J. Arthur, W. Davenport, B. Lax, J. Meyer, and P. Sebring, 10 November 1964, 

MITLL. 

 70.   Ibid. 

 71.   The Air Force did fund research on general relativity at the time, but almost exclusively small 

projects in theoretical physics, rather than major equipment upgrades, as in the case of Haystack. 

See Joshua N. Goldberg,  “ US Air Force support of general relativity: 1956 – 1972, ”  in  Studies in the 

History of General Relativity , ed. Jean Eisenstaedt and A. J. Kox (Birkh ä user, 1992). 

 72.   Carl F. J. Overhage to Lieutenant General Roscoe C. Wilson, 30 August 1960, 76:1, AC134, 

MITA. A Lincoln Laboratory information pamphlet similarly played up Haystack ’ s unrivaled 

resolving power, noting that it was  “ designed to detect a one-square-meter target at a range of 

20,000 nautical miles, and a target only 0.0001 square meter in cross-section at 2,000 miles. ”  

Pamphlet located in Box 76,  “ Lincoln Laboratory ”  Folder 2/4, AC134, MITA. 

 73.   John V. Harrington,  “ The Haystack Hill station, ”  MIT Lincoln Laboratory Technical Memo-

randum 78, 1959; Butrica,  To See the Unseen , 65. 

 74.   Herbert G. Weiss,  “ The Haystack experimental facility, ”  MIT Lincoln Laboratory Technical 

Report 365, 1964, iii. 

 75.   For background on Project West Ford, see Freeman,  MIT Lincoln Laboratory , 65 – 66, and 

William W. Ward and Franklin W. Floyd,  “ Thirty years of research and development in space 

communications at Lincoln Laboratory ”  in  Beyond the Ionosphere: The Development of Satellite 

Communications , ed. Andrew J. Butrica (NASA History Office, 1997), 79 – 81. For a discussion of 

www.ebook3000.com

http://www.ebook3000.org


Calculating Times 311

the West Ford controversy, see Edward M. Purcell,  “ The case For the  ‘ needles ’  experiment, ”   New 

Scientist  13 (February 1, 1962): 245 – 247. For details concerning Shapiro ’ s work on West Ford, see 

R. W. Parkinson, H. M. Jones, and I. I. Shapiro,  “ Effects of solar radiation on earth satellite 

orbits, ”   Science  131 (March 25, 1960): 920 – 921; Irwin I. Shapiro and Harrison M. Jones,  “ Life-

times of orbiting dipoles, ”   Science  134, October 6, 1961: 973 – 979. Shapiro, in a later interview, 

hinted that Haystack ’ s connection to Project West Ford (and its needle-like orbiting copper 

dipoles) went even as far as its name. Receiving signals from the diffuse dipole belt was appar-

ently as difficult as finding a needle in a haystack. See  “ Interview with Irwin Shapiro, ”  p. 7, 

MITLL. 

 76.   Weiss,  “ Haystack, ”  55. 

 77.    Technology Review  64 (January 1962), 17, Box 76, Folder  “ Lincoln Laboratory ”  3/4, AC134, 

MITA. 

 78.   Weiss,  “ Haystack, ”  esp. 1 – 6. Such a configuration — a secondary hyperbolic reflector mounted 

on a larger parabolic reflector — was said to be  “ Cassegrainian, ”  inspired by a standard optical 

telescope design traditionally associated with the seventeenth-century priest Laurent Cassegrain. 

 79.   Information on the radome construction is included on the back cover of  Technology Review  

64 (January 1962), Box 76, Folder  “ Lincoln Laboratory ”  3/4, AC134, MITA. The thickness of the 

 “ bearing and control ”  system ’ s oil film is mentioned in Weiss,  “ Haystack, ”  11. 

 80.   For an image of the Univac 490 computer control room, see Weiss,  “ Haystack, ”  30. 

 81.   Weiss,  “ Haystack, ”  27. 

 82.   Carl F. J. Overhage to Lieutenant General Roscoe C. Wilson, 21 November 1960, Box 76, 

Folder  “ Lincoln Laboratory ”  4/4, AC134, MITA. 

 83.   Lincoln Laboratory Procurement Information, Serial No. 301, Purchase Order No. B-00375, 

May 1, 1964 (North American Aviation, Inc.); Serial No. 252, Purchase Order No. BB-112, 18 June 

1963 (Univac Division, Sperry Rand Corporation), MITLL. 

 84.    “ Haystack facility dedication ceremony, ”  Box 76, Folder  “ Lincoln Laboratory ”  2/4, AC134, 

MITA. 

 85.   Weiss, interview by Butrica, September 29, 1993, MITLL, 13. 

 86.    “ Interview with Irwin Shapiro, ” MITLL, 8. 

 87.   Anon.,  “ 1,000 atomic workers face loss of jobs, ”   Los Angeles Times , January 7, 1965; C. W. 

Sherwin and R. S. Isenson, First Interim Report on Project Hindsight, Office of the Director of 

Defense Research and Engineering, June 1966. See also Karl Kreilkamp,  “  Hindsight  and the real 

world of science policy, ”   Science Studies  1 (1971): 43 – 66. 

 88.   See Daniel Kevles,  The Physicists: The History of a Scientific Community in Modern America , 3rd 

ed. (Harvard University Press, 1995 [1978]), chapters 24 and 25; Roger Geiger,  Research and Rel-

evant Knowledge: American Research Universities since World War II  (Oxford University Press, 1993), 

chapters 8 and 9; Leslie,  Cold War and American Science , chapter 9; Matthew Wisnioski,  “ Inside 



312 Wilson and Kaiser

 ‘ the System ’ : Engineers, scientists, and the boundaries of social protest in the long 1960s, ”   History 

and Technology  19 (2003): 313 – 333; Kelly Moore,  Disrupting Science: Social Movements, American 

Scientists, and the Politics of the Military, 1945 – 1975  (Princeton University Press, 2008), chapters 

5 and 6. 

 89.   P. B. Sebring to J. W. Meyer, January 12, 1965, MITLL. 

 90.   Ibid. 

 91.   I. I. Shapiro to J. Meyer, January 13, 1965, MITLL. 

 92.   J. W. Meyer,  “ Work statement and budget estimate for deep space radar measurements, ”  

January 27, 1965, MITLL. 

 93.   J. W. Meyer, ed.,  “ Program description: Radar observations of the planets, ”  January 25, 1965, 

MITLL. Meyer ’ s proposal was also published in an internal Lincoln Laboratory Technical Note: 

see J. W. Meyer,  “ Program description — Radar observations of the planets, ”  MIT Lincoln Labora-

tory Technical Note 1965-35, 1965. For cost estimates, see  “ Table V ”  ( “ Personnel, costs,  &  time, 

preparation for 4th test of general relativity ” ) in  “ Budgetary memorandum, ”  (undated), probably 

prepared by Paul B. Sebring for James W. Meyer, MITLL. 

 94.   Homer E. Newell to Dr. W. H. Radford, 1 March 1965; Paul B. Sebring to Dr. William Brunk, 

20 April 1965; J. W. Meyer to W. H. Radford, 24 May 1965, all in MITLL. 

 95.   Pettengill described the unusual funding situation at Haystack in the mid 1960s as follows: 

 “ We had money from NASA to do some lunar work, and we had special money that came in a 

peculiar way to support the fourth test of General Relativity. That money paid for the transmit-

ter, which became the backbone of the Haystack radar facility. ”  See Pettengill, interview by 

Butrica, September 28, 1993. Pettengill also recalled that radar astronomy at Lincoln Laboratory, 

more generally, had always been regarded as perfectly consistent with (and fostered by) military 

work:  “ At Millstone [in contrast to the Arecibo facility in Puerto Rico], radar astronomy was 

never considered the prime mission. It was an allowable activity. It was even encouraged. It was 

certainly funded, but you did not hire people specifically to do that work. It was to be kept in 

its proper place. It was never put that way, but you knew it. Your prime involvement was with 

the military work, the classified work. You could never let that lapse. However, as long as you 

did your homework, you could do this other work, which was more fun. It was okay, but it was 

never a prime objective. It was tolerated. ”  See Pettengill, interview by Butrica, September 28, 

1993. 

 96.   Lincoln Laboratory Procurement Information, Serial No. 413, Purchase Order No. BB-232, 

August 24, 1965 (Lehigh Design Company), MITLL. 

 97.   Shapiro to Wilbert F. Buie, January 25, 1965; Shapiro to Emory Ladner, February 26, 1965; 

Shapiro to Robert N. White, December 7, 1966; Shapiro to Cordelia Galt, undated, MITLL. 

 98.   Shapiro to George H. Brigman, February 26, 1965; Shapiro to Steven Weinberg, March 4, 

1965; Shapiro to Joseph Weber, 22 April 1965; Shapiro to B. Bertotti, 21 December 1965; Shapiro 

to James C. W. Scott, 22 August 1967, MITLL. 

www.ebook3000.com

http://www.ebook3000.org


Calculating Times 313

 99.   P. G. Bergmann, review of  “ Fourth test of general relativity ”  by Irwin I. Shapiro,  Mathemati-

cal Reviews  30 (December 1965); Irwin I. Shapiro to P.G. Bergmann, January 12, 1966; Shapiro 

to L. I. Schiff, 14 May 1965, 21 July 1965, 29 October 1965, and 12 November 1965, all in MITLL. 

Leonard Schiff ’ s proposal was first published as Schiff,  “ Possible new experimental test of general 

relativity theory, ”   Physical Review Letters  4 (March 1, 1960): 215 – 217. Schiff teamed up with 

Stanford experimentalists William Fairbank and Robert Cannon, experts on low-temperature 

physics and sensitive gyroscopic instrumentation, to propose an orbiting gyroscope experiment 

to NASA in 1961. (A similar calculation and experiment had been outlined by MIT scientist 

George Pugh in 1959, while working for the Department of Defense ’ s Weapons Systems Evalu-

ation Group.) Though the proposal received initial funding, the challenging experiment would 

fail to get off the ground in time for Schiff to see actual results (he passed away in 1971). A more 

recent incarnation of the gyroscope experiment — NASA ’ s  “ Gravity Probe B ”  — was flown in 2004 

and 2005. See Will,  Was Einstein Right , chapter 11. For the later history of (and latest news on) 

the gyroscope test, see Stanford ’ s Gravity Probe B website:  “ Gravity Probe B: Testing Einstein ’ s 

Universe ”  (available at http://einstein.stanford.edu/). 

 100.   Duane O. Muhleman and Paul Reichley,  “ Effects of general relativity on planetary radar 

distance measurements, ”   Jet Propulsion Laboratory Space Programs Summary  4, no. 37 – 29 (1964): 

239 – 241; D. O. Muhleman and I. D. Johnston,  “ Radio propagation in the solar gravitational 

field, ”   Physical Review Letters  17 (August 22, 1968): 455 – 458. See also Shapiro to Duane O. Muhle-

man, 17 December 1964, 14 May 1965, 2 September 1966, and 26 September 1966, MITLL. 

Shapiro would later call the episode  “ one of the major annoyances of my professional life. ”   “ I 

felt he had taken my idea, and he didn ’ t give me any credit for it.  …  He would never admit it. 

He would never admit it. ”  See Shapiro, interview by Butrica, October 1, 1993, 12 – 16. 

 101.   Shapiro to Pettengill, 13 September 1965, MITLL. 

 102.   Irwin I. Shapiro to R. M. Goldstein, 17 November 1965, MITLL. Still sore from the ordeal 

with Muhleman, Shapiro aimed a quick shot at the rival laboratory:  “ From experience I know 

that JPL people don ’ t like to write letters, but I would really appreciate your answer. ”  

 103.   See, e.g., Michael E. Ash to A. N. Adams, 26 November 1965; Michael E. Ash to Superin-

tendent, US Naval Observatory, 6 December 1965; Michael E. Ash to R. L. Duncombe, 15 March 

1966, MITLL. See also Michael E. Ash to R. L. Duncombe, 5 August 1966, MITLL; Michael E. Ash 

to Superintendent, US Naval Observatory, 28 April 1967, MITLL. 

 104.   I. Shapiro to H. Sherman, 22 July 1966, MITLL. 

 105.   I. I. Shapiro to P. B. Sebring, 3 March 1967, MITLL. 

 106.   Irwin I. Shapiro,  “ Schedule for program completion and checkout for planetary ephemeri-

des, ”  7 April 1966, MITLL. 

 107.   I. I. Shapiro to Reginald E. Newell, 16 February 1966, MITLL. 

 108.   J.S. Arthur to S.H. Dodd et al., 4 March 1966, MITLL. 

 109.   G. H. Pettengill to P. B. Sebring, 8 March 1966, MITLL. 



314 Wilson and Kaiser

 110.   P. B. Sebring to J. S. Arthur et al., 9 March 1966, 1966, MITLL. 

 111.   P. B. Sebring to J. S. Arthur et al., 17 May 1966, MITLL. 

 112.   P. B. Sebring to J. S. Arthur et al., 9 March 1966, MITLL. Our reconstruction of the experi-

ment is inspired by similar close studies of the usually unseen labor behind laboratory work. See, 

e.g., Steven Shapin,  “ The invisible technician, ”   American Scientist  77 (November – December 

1989): 554 – 563; Peter Galison,  Image and Logic: A Material Culture of Microphysics  (University of 

Chicago Press, 1997); Harry Collins,  Gravity ’ s Shadow: The Search for Gravitational Waves  (Univer-

sity of Chicago Press, 2004). 

 113.   Irwin I. Shapiro to Samuel Goudsmit, 7 March 1968, MITLL. Leonard Schiff acted as referee 

for the paper. Shapiro and Schiff proceeded to debate, among other things, the effect of Venus ’ s 

surface topography on the time-delay measurements, the question whether Shapiro had  “ stolen ”  

the form of the  “ generalized metric ”  from Schiff and Ross ’ s analysis (in relativity, the  “ metric ”  

is the mathematical object that allows one to calculate distances between different points in 

four-dimensional spacetime), and the sticky issue of whether to credit Muhleman and Reichley 

with an independent proposal of the experiment. (It was a non-issue for Shapiro, of course.  “ I 

hope you agree with me that no one should be given credit for an idea that wasn ’ t his, ”  he wrote 

Schiff. When Schiff reported to Shapiro that Muhleman claimed their results were  “  completely  

independent, ”  Shapiro actually sent copies of his entire personal correspondence with Muhle-

man for Schiff to read for himself.  “ I don ’ t ordinarily distribute copies of my correspondence 

with others, ”  he added,  “ but since my honesty seems to be in question, I have made an excep-

tion for this case. ” ) See Irwin Shapiro to Leonard I. Schiff, 29 May 1968; and Irwin I. Shapiro to 

Leonard I. Schiff, 10 July 1968, MITLL. 

 114.   Irwin I. Shapiro, Gordon H. Pettengill, Michael E. Ash, Melvin L. Stone, William B. Smith, 

Richard P. Ingalls, and Richard A. Brockelman,  “ Fourth test of general relativity: Preliminary 

results, ”   Physical Review Letters  20 (May 27, 1968): 1265 – 1269, on 1265. 

 115.   I. I. Shapiro to M. U. Clauser, 19 March 1968, MITLL. 

 116.   On the dramatic transformations in the science-state relationship in the late 1960s, see, 

e.g., Kevles,  The Physicists , 406 – 415; Leslie,  Cold War and American Science , chapter 9; and Kelly 

Moore,  Disrupting Science: Social Movements, American Scientists, and the Politics of the Military, 

1945 – 1975  (Princeton University Press, 2008), chapter 5. 

 117.   Howard W. Johnson to Robert S. McNamara, 22 September 1967, Box 203, Folder 13, 

AC118, MITA. 

 118.   Frank R. Haggerty to Milton U. Clauser, 26 September 1967, Box 203, Folder 12, AC118, 

MITA. 

 119.   Howard W. Johnson to Alexander H. Flax, 31 October 1967, Box 203, Folder 12, AC118, 

MITA. 

 120.   As Daniel Kevles notes, although the amendment was removed the following year,  “ its 

statement of congressional intent had a lasting impact, especially in the defense bureaucracy ’ s 

www.ebook3000.com

http://www.ebook3000.org


Calculating Times 315

interpretation of its latitude in research funding. ”  See Kevles,  The Physicists , esp. 414 – 415. Part 

of the amendment is quoted in Butrica,  To See the Unseen , 80. 

 121.   Milton U. Clauser to Howard W. Johnson, 13 November 1969, Box 203, Folder 12, AC118, 

MITA. Johnson mentioned the news coverage of campus protests at MIT to Brigadier General 

Raymond A. Gilbert of the Air Force Systems Command, assuring him that the  “ events as 

reported by the news media have seldom been presented in the proper perspective. ”  That said, 

Johnson admitted, the 1969  “ period of critical self-examination as to the basic nature and pur-

pose of the Institute ”  would have fundamental consequences for the way MIT balanced  “ advanc-

ing knowledge ”  with  “ rendering service to the community and nation. ”  See Howard W. Johnson 

to Raymond A. Gilbert, 13 February 1970, Box 203, Folder 12, AC118, MITA. On protests against 

the Vietnam War at MIT, see Kenneth Hoffman et al.,  Creative Renewal in a Time of Crisis: Report 

of the Commission on MIT Education  (MIT Press, 1970); Dorothy Nelkin,  The University and Military 

Research: Moral Politics at MIT  (Cornell University Press, 1972); David Kaiser,  “ Elephant on the 

Charles: Postwar growing pains, ”  in Kaiser,  Becoming MIT ; Stuart W. Leslie,  “  ‘ Time of troubles ’  

for the special laboratories, ”  in Kaiser,  Becoming MIT . 

 122.   P. B. Sebring to M. U. Clauser, 21 November 1969, contained as an attachment to Milton 

U. Clauser to Jerome B. Wiesner and Edward M. Purcell, 25 November 1969, Box 203, Folder 12, 

AC118, MITA. 

 123.   Howard W. Johnson to Robert C. Seamans Jr., 21 May 1970, Box 203, Folder 11, AC118, 

MITA. 

 124.   Howard Johnson attributed the transfer of Haystack directly to  “ the constraints imposed 

by Section 203 of the Fiscal Year 1970 Military Procurement Authorization Act ”  (the Mansfield 

Amendment) in a letter to Secretary of the Air Force Robert Seamans Jr. See Howard W. Johnson 

to Robert C. Seamans Jr., 21 May 1970, Box 203, Folder 11, AC118, MITA. The yearly operating 

cost estimate for Haystack is found in P. B. Sebring to M. U. Clauser, 21 November 1969, con-

tained as an attachment to Milton U. Clauser to Jerome B. Wiesner and Edward M. Purcell, 25 

November 1969, Box 203, Folder 12, AC118, MITA. Andrew Butrica reports the last Haystack 

radar transmission recorded in the logbooks of Haystack engineers Richard Ingalls and Alan 

Rogers, in  To See the Unseen , 83. 

 125.   See esp. Paul Forman,  “ Behind quantum electronics: National security as basis for physical 

research in the United States, 1940 – 1960, ”   Historical Studies in the Physical Sciences  18 (1987): 

149 – 229; Leslie,  Cold War and American Science . 

 126.   See esp. Daniel Kevles,  “ Cold War and hot physics: Science, security, and the American 

state, 1945 – 1956, ”   Historical Studies in the Physical Sciences  20 (1990): 239 – 264. 

 127.   See esp. Forman,  “ Behind quantum electronics ” ; Leslie,  The Cold War and American Science ; 

Galison,  Image and Logic ; Spencer Weart,  “ Global warming, Cold War, and the evolution of 

research plans, ”   Historical Studies in the Physical and Biological Sciences  27 (1997): 319 – 356; Edward 

Jones-Imhotep,  “ Disciplining technology: Electronic reliability, Cold-War military culture, 

and the topside ionogram, ”   History and Technology  17 (2001): 125 – 175; David Kaiser,  “ Cold 

War requisitions, scientific manpower, and the production of American physicists after World 



316 Wilson and Kaiser

War II, ”   Historical Studies in the Physical and Biological Sciences  33 (2002): 131 – 159; Naomi Oreskes, 

 “ A context of motivation: US Navy oceanographic research and the discovery of sea-floor hydro-

thermal vents, ”   Social Studies of Science  33 (2003): 697 – 742; Jacob Hamblin,  Oceanographers and 

the Cold War: Disciples of Marine Science  (University of Washington Press, 2005); John Krige, 

 American Hegemony and the Postwar Reconstruction of Science in Europe  (MIT Press, 2006); and 

Akera,  Calculating a Natural World . 

 128.   See Cyrus C. M. Mody,  “ How I learned to stop worrying and love the bomb, the nuclear 

reactor, the computer, ham radio, and recombinant DNA, ”   Historical Studies in the Natural Sci-

ences  38 (2008): 451 – 461. 

 129.   Irwin I. Shapiro, Michael E. Ash, Richard P. Ingalls, William B. Smith, Donald B. Campbell, 

Rolf B. Dyce, Raymond F. Jurgens, and Gordon H. Pettengill,  “ Fourth test of general relativity: 

New radar result, ”   Physical Review Letters  26 (May 3, 1971): 1132 – 1135. 

 130.   Irwin I. Shapiro et al.,  “ Fourth test of general relativity: Preliminary results, ”  1265. 

 131.   Howard W. Johnson to General Raymond A. Gilbert, 18 November 1968, Box 203, Folder 

12, AC118, MITA. 

  

www.ebook3000.com

http://www.ebook3000.org


 10   Defining (Scientific) Direction: Soviet Nuclear Physics and 

Reactor Engineering during the Cold War 

 Like no other science, nuclear physics and its related scientific and engineering disci-
plines shaped, and were shaped by, the Cold War. In particular, what was considered 
physics, and what was valuable about  “ fundamental research ”  more broadly, became 
subjects of intense debate in the early 1950s. These dynamics took on a distinct char-
acter in the post-Stalin Soviet Union, where internal ideological debates increasingly 
confronted renewed international exchange among nuclear scientists and engineers. 
Encouraged by their peers ’  recognition for their achievements, Soviet nuclear special-
ists started using the words for  “ fundamental ”  and  “ applied ”  in ever more sophisti-
cated ways. Most remarkably, and against considerable odds, Soviet scientists succeeded 
in defending the place of  “ fundamental ”  science, even in very  “ applied ”  areas such 
as the nuclear power industry. 

 In this chapter, I show that in the Soviet context technical choices, specifically in 
the case of nuclear reactor physicists and engineers, grew out of earlier conceptual 
debates about the nature of Soviet science and its place in Soviet society. Technical 
designs, I argue, emerged hand in hand with a uniquely Soviet institutional landscape, 
which in turn reflected the ongoing boundary work on the role of  “ fundamental ”  and 
 “ applied ”  science.  1   

 After Stalin ’ s death, and in the context of increasing international discussion, Soviet 
nuclear experts gradually learned to use new arguments at home that utilized science ’ s 
claim to universal truth as a powerful rhetorical resource. Ultimately, a specific way 
of understanding the distinction between  “ fundamental ”  and  “ applied ”  science shaped 
the organizational structures of the emerging nuclear industry. These structures in turn 
influenced who could claim to do  “ fundamental ”  nuclear science,  “ applied ”  nuclear 
science, or both.  2   The industry ’ s institutions took shape in combination with technical 
choices, which in turn reflected the delineations between  “ fundamental ”  and  “ applied ”  
and between international science and Soviet science, and reinforced the institutional 
expression of these distinctions. 

 Sonja D. Schmid 
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 Soviet Science and the Beginnings of Soviet Nuclear Physics 

 What was unique about Soviet science? According to Sergei Vavilov, president of the 
Soviet Academy of Sciences from 1945 to 1951, science in the Soviet Union was thor-
oughly democratic: it was science of the people and for the people. To serve the people, 
Soviet science was planned just like the rest of the economy; its programs were ori-
ented toward practical outcomes, and its goals were authorized by the Communist 
Party.  3   Furthermore, since science was the declared  “ tool of Communist social design, ”  
only the Soviet kind of society was able to sustain legitimate and authentic science.  4   
The objective knowledge produced by science, in turn, justified the Soviet social order.  5   

 In the West, of course, Cold War propaganda was quick to emphasize the allegedly 
biased nature of science in the Soviet Union — in contrast, presumably, to its pristine 
character in American-style capitalist democracies. Many Western analysts discarded 
Soviet science as hopelessly  “ subdued ”  by political authorities, and by Stalin ’ s personal 
interventions in particular. The most widely referenced episode that supposedly con-
firms this view is the so-called Lysenko affair.  6   As Alexei Kojevnikov put it, innumer-
able references to this episode connected  “ the failures and problems of Soviet science 
and technology to the pernicious influences of politics and ideology, while refusing 
to see the very same forces at work in the cases of achievements and triumphs. ”   7   And 
of achievements and triumphs there were many. 

 The Soviet Union ’ s test of a fission device in 1949 caught Americans by surprise, 
and its first test of a fusion weapon, in 1952, came years earlier than American scien-
tists had expected. Somewhat belatedly, in 1955, the world found out at the first UN 
Conference on Peaceful Uses of Atomic Energy in Geneva that the Soviet Union had 
also pioneered  “ peaceful ”  applications of nuclear energy by starting up the world ’ s 
first nuclear power plant the preceding summer.  8   Two years later, in 1957, the Soviet 
Union launched the first artificial satellite, and in 1961 it sent the first human into 
space. 

 How was this possible? How could a country that had within the past fifty years 
gone through the political turmoil of empire collapse, back-to-back revolutions, and 
civil war, a country whose population had suffered devastating famine during the 
forced collectivization of agriculture and horrendous loss of life during World War II, 
succeed in cutting-edge science and highly innovative technology? Students of Soviet 
science have pointed to the new institutional system of research institutes, created 
after the 1917 October Revolution, that emphasized the  outcomes  of scientific research. 
True to the early Bolshevik motto  “ Science in the service of Socialist construction, ”  
the young polity claimed science as its foundation.  9   

 The discipline of nuclear physics was forming just as science, technological mod-
ernization, and state patronage became explicitly linked within newly founded Soviet 
research institutes. In 1922, the Radium Institute was established in Leningrad (then 
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Petrograd). Among the other research institutions created around that time that would 
later become famous for their accomplishments were the Ukrainian Physico-Technical 
Institute (UFTI) and its Leningrad equivalent, the Leningrad Physico-Technical Insti-
tute (LFTI). LFTI ’ s leader, Abram Ioffe, trained an entire cohort of scientists who would 
become the country ’ s nuclear elite.  10   In 1932, Ioffe set up two experimental laborato-
ries to explore the atomic nucleus, one under the direction of Igor Kurchatov, who 
later became the leader of the Soviet atomic bomb project.  11   Before World War II, 
Soviet publications on nuclear research drew international attention, in particular the 
1939 – 1940 papers by Zeldovich and Khariton that advanced sophisticated analyses of 
the uranium chain reaction.  12   In 1939 and 1940, the Soviet Academy of Sciences 
absorbed both the Radium Institute and LFTI; UFTI was integrated into the Ukrainian 
Academy of Sciences. A  “ Uranium Commission ”  set up under the Academy ’ s auspices 
in 1940 began prospecting for uranium deposits. Hitler ’ s attack, however, prompted 
most Soviet nuclear scientists to abandon their research and join the war effort.  13   Only 
when it became clear that the Americans were working on a nuclear weapon did Stalin 
revive nuclear research.  14   

 In 1943, Igor Kurchatov was appointed scientific director of Laboratory No. 2, the 
top-secret heart of the Soviet nuclear weapons project. Although this institution was 
nominally under the Academy of Sciences, its sole task was to produce an atomic 
bomb. Resources for Kurchatov ’ s team grew considerably once the United States had 
detonated their first nuclear weapon in 1945. After the bombing of Hiroshima and 
Nagasaki, Stalin put Lavrentii Beria, deputy chairman of the Council of Ministers 
and former chief of the secret police, in charge of directing the Soviet effort to create 
a nuclear weapon.  15   Under Beria ’ s ruthlessly effective leadership, the newly created 
Special Committee on the Atomic Bomb turned a small research undertaking into an 
enormous industrial project. By the end of 1946 the Soviet Union ’ s first research reac-
tor was up and running, and in 1948 its first large-scale reactor started producing 
plutonium.  16   A year later, on August 29, 1949, the Soviet Union tested a plutonium 
bomb. 

 But Stalin didn ’ t just appoint leaders and provide resources for the atomic bomb 
project. His preferred research strategy was assigning parallel teams to work on the 
same problem, and often one team wasn ’ t aware of the other ’ s existence.  17   In addition, 
Stalin personally intervened in debates about scientific disciplines as diverse as phys-
ics, biology, and linguistics.  18   In the late 1940s and the early 1950s, several scientific 
disciplines were subjected to  “ conferences ”  (or councils) — meticulously planned, well-
rehearsed events that involved staged confrontations between scientists and party 
ideologues, self-critical confessions, and conclusions that not only authoritatively 
settled the matter but also set the standard for future research.  19   Such a  “ conference ”  
on physics was planned for 1949. It emerged from a heated debate between physicists 
at the Moscow State University and Academy physicists. The university physicists 
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argued that Academy physicists were corrupted by idealist Western science, and later 
accused physicists of anti-Soviet  “ cosmopolitanism. ”   20   The Academy physicists, how-
ever, were the ones involved with the atomic project, and Kurchatov turned out to be 
a skillful spokesman for them. The physics  “ conference ”  was canceled — perhaps, as 
Ethan Pollock has suggested,  “ because so many prominent physicists were unwilling 
to compromise and admit to supporting idealist theories or behaving in an unpatriotic 
manner, ”  or perhaps, as Alexei Kojevnikov has argued, because the Academy ’ s presi-
dent never handed in his final presentation, upon which all responses were supposed 
to be based.  21   Another explanation, put forth by David Holloway, credits the signifi-
cance of the atomic project, as well as Kurchatov ’ s brokering, for the successful protec-
tion of physicists (and physics) from ideological intervention.  22   

 With or without a physics conference, Stalin ’ s personal involvement fundamentally 
reshaped Soviet science, including physics. He consolidated rigid hierarchical struc-
tures in scientific organizations, established the party-state apparatus at the core of 
the scientific community, and put this apparatus in control of research agendas, per-
sonnel appointments, international scholarly exchanges, and overall science policy.  23   
The specific state-science relations established during the Stalin era became more 
firmly engrained in the post-Stalin period, and had a lot in common with what has 
been characterized as  “ big science. ”   24   Soviet-style  “ big science ”  integrated science and 
the state as interdependent components of one complex system.  25   

 And yet, the relationship between scientists and the Party-state apparatus was any-
thing but straightforward. Most important, the state was not the all-powerful oppres-
sor, and scientists the victims. As Nikolai Krementsov has observed, nowhere else in 
the world had a regime come up with a more repressive apparatus to control science, 
but, by the same token, nowhere else in the world had scientists been as creative as 
in the Soviet Union in responding to these pressures, and in finding ways around state 
power.  26   Soviet scientists in all disciplines developed sophisticated strategies to avoid, 
elude, and even exploit this system of control — strategies that, paradoxically, rein-
forced the symbiotic relationship between science and the state by buttressing the 
rhetoric of  “ scientific neutrality, ”  and weakening the influence of state ideology.  27   

 As scientists joined the highest state agencies in growing numbers, the balance of 
power shifted and party ideologues gradually lost their ability to brutally enforce 
political loyalty. Thus, in the wake of the atomic bomb project, the state ’ s attention 
slowly but surely returned to the practical outcomes of scientific research.  28   Moreover, 
as Konstantin Ivanov has shown, scientists (especially nuclear physicists) used  “ their 
increased political capital and social status to push for a major change in the political 
organization and management of science ”  and eventually, after Stalin ’ s death,  “ suc-
ceeded in imposing their own specific agenda on the Communist Party leaders. ”   29   This 
success resulted in a role reversal. Previously, scientists had been called to operate in 
tune with the state ’ s ideology; now, ideologists increasingly had to orient themselves 
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toward the latest scientific achievements.  30   In the process, Ivanov argues, scientists 
became insiders,  “ conscious and loyal participants in the Soviet polity. ”   31   

 Post-Stalin Reforms and the Return of Soviet Science to the World 

 Soviet science in general is often equated with Stalinist science. Stalin ’ s undeniable 
effect on Soviet science notwithstanding, this simplification neglects the important 
changes that occurred after his death in 1953.  32   These changes involved the shift of 
authority from philosophers and Party ideologues to scientists, discussed above. But 
the post-Stalin reformers accomplished even more: they achieved nothing short of the 
rehabilitation of  “ fundamental science ”  and the liberation of science from the demand 
of applicability.  33   Political reforms had become possible only because scientists, espe-
cially physicists, had earned tremendous clout in the successful nuclear bomb project. 
Despite the fact that both  “ fundamental ”  science and  “ applied ”  engineering had con-
tributed tremendously to the success of the bomb project, physics set a precedent for 
other disciplines: the post-Stalin Soviet state ultimately allowed  more , not less, funda-
mental science.  34    

 After Stalin ’ s death, Soviet scientists increasingly demanded space for fundamental 
science. Academy physicists in particular pushed for research that wasn ’ t solely defined 
by its applicability — a criterion that most engineers still defended as critical.  35   Alexandr 
Nesmeyanov, who had succeeded Vavilov as Academy president in 1951, tried to sit 
out this smoldering conflict, but when Mstislav Keldysh was elected president of the 
Academy, in 1961, he transferred most engineering departments from the Academy 
into industry. Keldysh justified his decision with reference to the very distinction 
between fundamental and applied sciences, but one could argue that it was in fact his 
bold managerial maneuver that gave this distinction institutional legitimacy in the 
first place.  36   

 The distinction between  “ applied ”  and  “ fundamental ”  research contributed to 
an image of fundamental research that would be able to make unique contributions 
only when sheltered from the day-to-day pressures of mundane production processes. 
By so distinguishing fundamental from applied research, the Academy ’ s president 
and Soviet scientists engaged in what Thomas Gieryn has termed  “ boundary work. ”  
According to Gieryn, boundary work is a rhetorical strategy that scientists use to make 
science  “ look empirical or theoretical, pure or applied, ”  depending on  “ which char-
acteristics best achieve the demarcation in a way that justifies scientists ’  claims to 
authority or resources. ”   37   That does not necessarily mean that the actors involved 
didn ’ t understand the interplay between  “ fundamental ”  and  “ applied ”  research; it 
may mean, instead, that they were keenly aware of the power of this rhetorical strategy 
and how it could be used to convince different audiences. Exactly how a scientist will 
depict science at any given time depends on the  “ cultural repertoires ”  available and 



322 Schmid

on the scientist ’ s specific goal.  38   What counts as  “ science, ”  or what kind of research 
counts as  “ fundamental ”  (as opposed to  “ applied ” ), can appear quite confusing until 
this context becomes clear.  39   

 The successful test of a nuclear weapon gave Soviet physicists a new set of rhetorical 
resources with which to expand their authority vis- à -vis party ideologues, to monopo-
lize their role as the creators of the Soviet atomic bomb, and to protect the extraordi-
nary privileges granted to them during the bomb project. They used their prestige and 
social status to transform the political management of science. The volatile relation-
ship between scientists and the state gave way to an equilibrium that provided physi-
cists with  “ almost unlimited resources and the state with the ultimate tokens of Cold 
War politics — nuclear weapons, missiles, and spacecraft. ”   40   By reasserting the legiti-
macy of fundamental science and thus demarcating the  “ proper ”  place of science in 
Soviet society, nuclear physicists effectively renegotiated their own role in the Com-
munist project. Not only did they transform physics; they also redefined the relation-
ship between science and technology, that between research and industry, and 
ultimately that between science and the state.  41   

 Basic or  “ fundamental ”  research had had a long tradition in Russia. During the 
early years of the Soviet Union, political leaders regarded that tradition with profound 
suspicion, as it seemed to suggest a separation of science from technical applicability.  42   
The idea also was uncomfortably close to the notion of  “ pure science ”  — according to 
Lenin a trick label for what was really  “ bourgeois science, ”  that is, science detached 
from labor, and elite scientists serving the interests of the powerful.  43   Despite the 
Soviet state ’ s tenuous relationship with its scientists, the early political leaders knew 
that they depended on scientists and engineers for their project ’ s success.  44   

 Stalin ’ s successors didn ’ t embrace  “ fundamental science ”  overnight. Ivanov has 
shown vividly how mindful physicists had to be of what was politically possible 
at any particular time, especially during the power struggle that followed Stalin ’ s 
death. Their goal was aided by the rapidly growing numbers of scientists and engi-
neers: as training institutions multiplied, science became a mass profession, and 
scientists were no longer perceived as a suspicious elite. In the wake of the 
 “ Scientific-Technological Revolution, ”  science was increasingly conceptualized as 
 “ part of the economic  ‘ basis ’  — rather than ideological  ‘ superstructure ’  — of contem-
porary society. ”   45   

 Hand in hand with this rehabilitation of fundamental science went a gradual rein-
statement of international scientific cooperation.  46   The Manhattan Project had trig-
gered yet another period of militant Soviet nationalism and fierce isolationism — unless 
mutual espionage counts as  “ interaction. ”   47   By the same token, the United States ’  
atomic monopoly had prompted Stalin to declare state support for scientific research 
a strategic priority.  48   Only in the context of the first successful Soviet nuclear test were 
Soviet scientists able to begin reaffirming the legitimacy of fundamental science, and 

www.ebook3000.com

http://www.ebook3000.org


Defining (Scientific) Direction 323

to promote international scientific exchange and cooperation as something that was 
in the Soviet state ’ s best interest. 

 For nuclear science and engineering, the pivotal event of renewed international 
exchange was the first International Conference on the Peaceful Uses of Atomic 
Energy, held at Geneva in 1955. This conference (which was followed by others in 
1958, 1964, and 1971) was a direct outcome of President Dwight Eisenhower ’ s  “ Atoms 
for Peace ”  speech to the UN General Assembly in December of 1953.  49   The announce-
ment that a small nuclear power plant had been connected to the Soviet national grid 
the summer before and the revelation that the world ’ s most powerful accelerator was 
under construction at Dubna convinced many American observers that  “ the Soviets 
were nipping at their heels. ”   50   

 It is difficult to overemphasize the significance of the Geneva conference. The 
participating nations declassified a significant amount of technical information for 
it, and the papers that were presented provided insights into nuclear research all 
over the world. More important, it created the first opportunity in decades for Soviet 
scientists and engineers to mingle informally with their Western counterparts. The 
conference allowed, as John Krige has pointed out, an assessment of research direc-
tions in the other camp, while at the same time strengthening the coherence within 
each camp.  51   Moreover, Soviet scientists learned to use references to what the Ameri-
cans (and the British, and the French) were doing to justify funding requests at home.  52   

 Once they were back from Geneva, Soviet nuclear scientists and engineers launched 
an impressive promotional campaign to counterbalance the concerns about nuclear 
war and to emphasize the peaceful orientation of the Soviet program.  53   They created 
what Paul Josephson has called an  “ iconography ”  of nuclear power. The  “ icons ”  
included gigantic nuclear power plants and nuclear-powered space rockets, icebreak-
ers, and automobiles.  54   This campaign spanned magazines, museums, movies, and 
mundane artifacts (for example, tree ornaments for the New Year ’ s celebration). 
Although it was successful in stimulating the public imagination, the percentage of 
nuclear energy relative to the country ’ s actual and projected energy production 
remained small. Funding and material support for the nascent civilian nuclear indus-
try stayed tight, despite the fact that Kurchatov and his soon-to-be successor, Anatolii 
Aleksandrov, personally intervened in favor of the new technology at the highest 
political, economic, and planning levels.  55   And although a nuclear-powered icebreaker 
(the  Lenin ) was launched in 1959 with great fanfare, nuclear-powered automobiles, 
trains, or airplanes never materialized.  56   The research that persisted despite scarce 
resources was devoted to reactors, accelerators, and fusion and was directly inspired 
and sustained by the Cold War rationale of proving that the Soviet system was tech-
nologically and morally superior. 

 Here, I use a subset of nuclear physicists — those involved in creating the nuclear 
power industry — to illustrate how the elusive distinction between fundamental and 
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applied research played out in unexpected ways. The international discussion that 
scientists reignited in Geneva in 1955 informed the arguments Soviet nuclear experts 
could make at home.  57   For the first time since the end of Stalin ’ s reign, these argu-
ments invoked fundamental science and its claim to universality. 

 Nuclear Reactors in the Service of Soviet Electrification 

 As we have seen, Stalin ’ s death inspired a major reorganization of Soviet science. 
Beginning in the early 1950s, scientists were able to renegotiate profoundly the rela-
tionship between science and industry. A space opened up for science and scientists 
that had previously been subject to political control, contingent upon applicability 
and Party loyalty. The distinction between  “ fundamental ”  and  “ applied ”  played an 
important but highly arbitrary and often confusing role in these negotiations. The 
way nuclear physics and engineering became institutionalized reflected this imagined 
demarcation between  “ fundamental ”  and  “ applied ”  science, and subsequently shaped 
how the nuclear industry was organized. Moreover, I argue, the specific division of 
labor that these institutional arrangements came to embody had palpable effects on 
 technical  decisions: Soviet decision makers selected reactor designs at least partly 
on the basis of which research institute and engineering bureau promoted them. But 
these research institutes and engineering bureaus themselves, with their specific 
strengths and areas of expertise, emerged directly from the boundary work over what 
constituted  “ fundamental ”  nuclear science and  “ applied ”  nuclear engineering. This 
boundary, especially when and where it was drawn to distinguish scientific research 
from practical applications, became critical when scientists and engineers proposed, 
challenged, and ultimately determined the feasibility and appeal of different options. 
The experts who emphasized the  “ fundamental ”  side of the divide designed and built 
a number of different reactors and, based on these small-scale prototypes, asserted the 
technical feasibility of a design. But scientists and engineers who worked in planning 
agencies or industrial organizations related  “ feasibility ”  primarily to economic and 
financial parameters. For them, a design was feasible only when it could rely on exist-
ing operational experience, a strong supply industry, or both as reliable indicators of 
potential profitability. 

 Institutional reform and technical choices were the two most determining factors 
in the creation of the Soviet nuclear industry, and they were tightly connected to the 
specific character of Soviet nuclear science (and engineering) itself. Previous accounts 
have tended to emphasize cultural characteristics of Soviet science and industry: the 
Stalinist legacy of megalomania, a specifically Soviet emphasis on narrow specializa-
tion in the training of engineers, and (especially after the Chernobyl accident) a lack 
of  “ safety culture ”  in the nuclear industry.  58   I would argue that the institutional set-up 
of the Soviet nuclear sector was at least as significant, because it shaped the technical 
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decisions Soviet research centers put forth, which in turn influenced the ongoing 
institutional reform.  59   In other words, the decision about which reactor designs to 
standardize and mass produce structured the organization of tasks among different 
groups in the nuclear industry. Each of these groups developed particular ideas about 
what constituted legitimate scientific research. The demands of the emerging nuclear 
industry thus looped back into the development of nuclear science itself. And yet, 
nuclear scientists and engineers engaged in boundary work throughout to delineate 
and keep separate the directions of Soviet nuclear  research  and the institutional aspects 
of the nascent nuclear  industry .  60   

 Institutional Designs and the Role of the  “ Scientific Director ”  

 According to Viktor Sidorenko, a leading nuclear expert and chronicler of the Soviet 
Union ’ s nuclear energy program, theoretical science played a central role in the practi-
cal management of the nuclear industry. In this respect, Sidorenko claims, nuclear 
energy was distinct from other technological sectors, such as shipbuilding, aviation, 
and rocket design, in which  “ research ”  and  “ construction ”  were clearly defined, sepa-
rate tasks.  61   In the nuclear industry, he argues, fundamental science was intimately 
involved in all technical, applied decisions. Sidorenko ’ s assessment is, of course, 
biased, but the division of labor between the scientists who developed reactor designs 
and the engineers who constructed and operated power plants was in fact the nuclear 
industry ’ s greatest liability. The quality of cooperation between research institutes (and 
researchers) and administrative entities often played a decisive role in determining 
success or failure of any particular project. 

 The ideas for several reactor designs, including the two designs that eventually 
prevailed, originated at the Institute of Atomic Energy (known today as Kurchatov 
Institute).  62   Researchers at the Institute of Atomic Energy set up a series of experimen-
tal facilities, including a test reactor and several  “ hot chambers ”  for materials science, 
a research reactor for neutron physics, and another research reactor for experiments 
in radiation safety. In particular, these researchers established and maintained a 
monopoly relating to processes inside various reactor cores. The most important limit-
ing factor was access to computers: the weapons program controlled most of the early 
Soviet computing power, which led to a notorious lag in computer access for civilian 
nuclear researchers, even among elite nuclear scientists.  63   

 Apparently, the Institute ’ s scientific community constantly debated the relation-
ship between fundamental and applied research. Sidorenko reports that the physicists 
doing  “ fundamental science ”  ( fiziki-fundamentalisty ) at the Institute of Atomic Energy 
worried that the reactor specialists ( reaktorshchiki ) might take over the Institute. And 
yet, with increasing resources devoted to fusion research, studies on thermal reactors 
decreased significantly. More and more, a number of newly created branch institutes 
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outside of Moscow took on the  “ applied ”  part of the Institute ’ s work, in addition to 
the secret nuclear weapons research institutes at Sarov (Arzamas-16) and the Semipala-
tinsk testing grounds.  64   And in 1979, the  “ scientific management of nuclear power 
plant operations, ”  which included fundamental research relating to  “ already mastered 
systems, ”  was transferred to the newly created Institute for the Operation of Nuclear 
Power Plants (VNIIAES) in Moscow  65   — the only nuclear research institute of its kind 
and caliber that existed within the Ministry of Energy and Electrification (Minenergo), 
a large, production-oriented authority very different from the secretive Ministry of 
Medium Machine Building (Sredmash). After 1966, these two ministries jointly man-
aged the country ’ s nuclear power plants, but the division of labor among them was 
subject to ongoing changes.  66   

 The Ministry of Medium Machine Building (Sredmash) was essentially in charge of 
the Soviet nuclear weapons complex, while the Ministry of Energy and Electrification 
(Minenergo) built and ran all conventional power plants, in addition to maintaining 
the country ’ s electricity grid. Initially, the construction of nuclear power plants mir-
rored the construction of conventional power plants, but to take nuclear reactors ’  
 “ special status ”  into account, Sredmash authorities kept control over a number of 
sensitive tasks.  67   Beginning in the late 1960s, the nuclear industry started expanding 
aggressively. The emerging division of labor distinguished the role of the  “ scientific 
director ”  from that of the  “ chief design engineer ”  and that of the  “ chief project man-
ager. ”   68   Minenergo and its organizations typically performed the role of project 
manager; it competed with Sredmash, whose organizations typically supplied the 
scientific director and answered for the design and construction of the reactor. Typi-
cally, the Institute of Atomic Energy took on the role of  “ scientific director ”  and 
coordinated the intense collaboration among the other groups. This coordination was 
intended to prevent decisions from being taken in isolation, and thus constituted an 
internal system of quality control. This peculiar division of labor reflected grave pro-
liferation concerns and sincere attempts to ensure that the unique requirements of 
nuclear plants were being met. By the same token, however, it set up overlapping 
responsibilities and asymmetries in the access to and distribution of knowledge, and 
thereby reified an increasingly artificial boundary between  “ fundamental science ”  and 
 “ practical application. ”  The  “ scientific director, ”  in particular, was supposed to take 
charge of the  “ fundamental ”  science relevant to the operation of nuclear reactors. 
According to Sidorenko, the scientific director was responsible for addressing all new 
problems, ranging from those that required very theoretical research to those with 
very practical policy implications. Such problems might relate to neutron physics 
and chain reaction, removal of heat from a reactor ’ s core, the effects of radiation 
on materials and related problems in materials science, the chemical characteristics 
of a coolant, and the characteristics of fission products under normal and accident 
conditions, but also to the construction and durability of nuclear fuel, the setting 
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of limits on operational parameters, and the development of radiation-protection 
protocols. 

 Competent  “ scientific direction ”  was particularly important during a reactor ’ s start-
up, when system interactions were especially unpredictable and experience was cru-
cial.  69   During a start-up, scientists from the Institute of Atomic Energy supported the 
plant ’ s operating staff. A nuclear power plant ’ s workforce often included a few highly 
qualified specialists who had received their training on nuclear submarines or at mili-
tary facilities. An important part of their job at a civilian plant was to supervise their 
younger colleagues, who had joined the team without a comparable background and 
who received  “ training on the job. ”  The central part of start-up work was the inspec-
tion and testing of all of the reactor ’ s safety mechanisms, in an effort to demonstrate 
the plant ’ s readiness for operation. The experts performing this task had to have a 
deep understanding of the reactor ’ s operating processes, how to ensure the safety of 
machines and personnel, and how all the sophisticated technical equipment worked 
together.  70   At military facilities, once a reactor had been started up, the  “ scientific 
director ”  delegated all responsibilities to the facility ’ s managers and retained only a 
peripheral role as expert consultant. At civilian plants, by contrast, the scientific direc-
tor remained an important presence throughout the life of the reactor.  71   In other 
words, the negotiated definitions of what constituted the proper role of the  “ scientific 
director ”  reflected  institutional  turf issues, but they were couched in terms of  “ funda-
mental ”  versus  “ applied ”  science. The  “ scientific director ’ s ”  ubiquitous jurisdiction 
thus paradoxically sharpened the boundary between what was framed as theoretical 
(or fundamental) and applied competencies, and exacerbated the competition between 
parties who were supposed to cooperate closely. One area in which this competition 
bore concrete results was reactor design. 

 Competing Technological Designs 

 Starting in the late 1940s, Soviet research institutions developed and tested a wide 
variety of reactor designs, yet in the end they standardized only two of them. Soviet 
physicists developed numerous reactor prototypes, which they set up as research reac-
tors in laboratories, or built as larger experimental facilities in a designated city, 
Melekess, to gain experience with scaled-up reactors.  72   The first two industrial-scale 
nuclear reactors to begin operating were one near Voronezh in southern Russia and 
one in the Urals near Sverdlovsk (today Ekaterinburg). Each of them featured a unique 
design. Although these two pilot reactors began producing electricity in 1964, not 
until the late 1960s did planners decide which reactor designs would be standardized. 
No other government, including that of the United States, supported this kind of lav-
ish nuclear research and development for such a long period; everywhere else, govern-
ments narrowed down the options quite a bit earlier.  73   Typically, they justified their 



328 Schmid

decisions on economic grounds, so it is even more curious that Soviet economic plan-
ners, who claimed to be the most rational defenders of efficient state spending, agreed 
to an expensive strategy of funding multiple designs. 

 Both the small reactor at  “ The World ’ s First Nuclear Power Plant ”  (that ’ s its official 
name), which began operating in 1954, and the  “ Siberian nuclear power plant, ”  a 
dual-use reactor at a classified site near the city of Tomsk that began producing plu-
tonium and electricity in 1958, used graphite as moderator and water as coolant — a 
combination preferred for military reactors around the world.  74   One of the two 
pilot power stations, the Beloiarsk nuclear plant in the Urals, also relied on water 
and graphite for its reactor. However, according to Igor Kurchatov, Soviet research and 
development laboratories were actively pursuing as many as ten different reactor 
designs at the time.  75   By the late 1960s, when the first civilian reactors had been 
operating for only a few years, the Soviet Union narrowed down its efforts to two 
designs, one based on submarine-propulsion reactors and one based on plutonium-
production reactors. 

 When we try to assess the design selection process today, our explanations tend to 
follow a functionalist model of innovation according to which the most efficient and 
economical designs prevailed. But the reactor prototypes built in laboratories and at 
testing facilities in the Soviet Union were all perfectly functional, or at least became 
so over time and with increased experience, and at the time no one could predict 
which design would prove most economical in the long run. Furthermore, some of 
the other design options that Soviet scientists originally pursued but later abandoned 
came to fruition in other parts of the world, once again contradicting the functionality 
argument. Also, if economics played such an important role, why did the Soviet Union 
select two designs, not (as France did) one  “ best ”  design?  76   

 Perhaps not surprisingly, the initially diverse portfolio of nuclear reactor designs 
fell victim to the requirements of a streamlined production process in the mid to late 
1960s. The Soviet industry still struggled with limited capacities to manufacture 
industrial-scale prototypes and, more important, switch to mass production.  77   The 
economy was recovering from the war slowly, and the arms race was draining scarce 
resources from other areas, notably the consumer-products sector.  78   And while nuclear 
scientists at large research institutes benefited from funding for nuclear weapons work, 
their peers in industry did not.  “ The electrification of the entire country ”  remained a 
state priority, but nuclear power plants had yet to prove their potential contribution 
to large-scale electricity generation. Meanwhile, the Soviet Union ’ s East European 
satellite states, encouraged by the  “ Atoms for Peace ”  initiative, increasingly demanded 
Soviet nuclear assistance. They signed the first agreements for the delivery of Soviet 
research reactors in 1955, when reactor science and reactor engineering were still in 
their infancy. And soon agreements about the delivery of power reactors challenged 
the domestic industry ’ s capacity to the breaking point.  79   
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 Scientists and planners followed international trends in reactor design preferences 
with great interest. During the 1950s, nuclear scientists still generally interpreted such 
trends in relation to the  “ big picture, ”  which at the time pointed to the so-called 
plutonium economy, with breeder reactors ensuring a self-sustaining fuel-supply, until 
fusion reactors would become a reality. In the meantime, common trends in design 
choices seemed to indicate that reactor specialists around the world had come up with 
similar preferences independently.  80   Soviet scientists could argue that following inter-
national trends would allow joint improvements and help the Soviet nuclear industry 
accumulate operating experience at a much faster pace than it would on its own. 
But others emphasized differences and national variations in design ( “ the American 
reactor, ”   “ the French system, ”  and so on) and used them as grounds for pushing a 
 “ uniquely Soviet ”  design. 

 More important than economic constraints and international trends, however, was 
the Soviet state ’ s demand for military applications of nuclear energy. The two reactor 
designs that the Soviet Union eventually selected for mass production were not neces-
sarily better, more efficient, or safer than the others, but they had the advantage of 
having predecessor designs in the military realm. The very first reactor, a graphite-
water design, had delivered the material for the first Soviet plutonium bomb. Since 
then, many more of its kind had started operating in the Urals and Siberia. They 
increasingly served two purposes: they provided heat and electricity to the nearby 
secret cities, in addition to producing weapons-grade plutonium. Engineers later 
advanced the idea of  “ dual use ”  in the opposite direction as well: when the decorated 
engineer Nikolai Dollezhal proposed a power-reactor design based on military pluto-
nium-production reactors, he argued that his team had modified the design to opti-
mize electricity generation, but that if the need to produce extra plutonium should 
arise they could easily use them as back-up reactors for plutonium production. Not 
only could the RBMK (better known in the West as the  “ Chernobyl-type reactor ” ) rely 
on two decades ’  experience with graphite-water models; it was a hybrid design that 
allowed — at least in principle — for operations beyond electric power generation. Soviet 
designers, acutely aware of that possibility, never allowed the RBMK to be exported, 
despite ample availability of parts and relative ease of assembly. 

 When scientists sought to determine which reactor design would work best for 
nuclear submarine propulsion, their top criterion was size. Adapting the design of the 
Siberian plutonium-production reactors nicknamed  krokodily  to the tight environment 
of a submarine proved daunting. At Obninsk (site of the World ’ s First Nuclear Power 
Plant), they reduced the size of the core as much as they were able to, but that was 
still far too big for a submarine. The pressurized-water reactor, by contrast, lent itself 
to miniaturization. By increasing the fuel enrichment from about 4 percent to 90 
percent, scientists managed to create a compact reactor. After its successful debut in 
1957 in the first nuclear submarine, production of nuclear-powered attack submarines 
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began in 1959.  81   By the early 1960s, when deliberations about choosing the most 
promising types of power reactors began, the pressurized-water design ’ s advantage lay 
in its substantial operating experience. Nuclear scientists modified the design to allow 
the use of less enriched uranium and built progressively scaled-up models at the Novo-
Voronezh site. Planners swiftly adopted the VVER (its Russian acronym) as one of the 
country ’ s standard designs, and soon thereafter approved it for export. 

 Thus, it is clear that factors outside of  “ fundamental ”  science motivated the deci-
sion about which designs to standardize for Soviet power reactors. Firmly rooted in 
the  “ applied ”  science, such factors included industrial capacity, operating experience, 
and overall  “ fit ”  with existing structures, organizations, and personnel. Promoters of 
reactor designs emphasized international compatibility, Soviet uniqueness, or national 
security, depending on who they were trying to convince. Notably, the decision to 
adopt two designs, the VVER and the RBMK, looped back into the practice of  “ funda-
mental ”  science: as a direct consequence of this decision, research and development 
on alternative designs slowed down or stopped altogether, and entire subdivisions 
within the scientific research institutes dedicated their resources and expertise to 
improving and supporting the selected designs.  82   
  
 How did the Cold War influence the idea of  “ scientific direction, ”  and thus the bound-
ary work involving  “ fundamental ”  and  “ applied ”  science? Two countertendencies 
operated at the same time in Soviet discourses on science: one emphasized Soviet 
independence, autarchy, and technical superiority; the other emphasized the funda-
mentally universal nature of science. The former trend catered to the political leader-
ship by suggesting not only that the two sides in the Cold War were politically 
incompatible, but that ideological differences would ultimately produce distinct kinds 
of science. In the latter view, science  required  the free exchange of ideas, and therefore 
international cooperation. The definitions of  “ science ”  were very elastic: they could, 
but didn ’ t necessarily have to, include technology. Often the audience had to figure 
out how exactly to interpret references to  “ fundamental ”  and  “ applied ”  science. Such 
rhetorical flexibility allowed Soviet scientists to make credible pitches for two very 
different reactor designs: while they promoted the pressurized-water type (VVER) as 
an  “ international ”  design, they represented the graphite-water model (RBMK) as an 
exclusively  “ Soviet ”  tradition. Ultimately, both arguments were successful: Soviet deci-
sion makers approved both designs for the Soviet nuclear industry. 

 The internationalist rhetoric enabled scientists from the Soviet Union to visit the 
United States and meet with their peers there, even during the Cold War. But those 
trips were short, and the information reported at home was fragmented and 
often miscellaneous. The construction of a Soviet-designed nuclear power plant at 
Loviisa, in Finland, was a different matter. There, cooperation involved the relocation 
of numerous Soviet specialists for several years and allowed an unprecedented level 
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of mutual insight into work practices, safety principles, and the standards of profes-
sional conduct.  83   The Finnish plant was an example for the way that technical design 
choices led to a renegotiation of what constituted Soviet nuclear science. In 1965, 
when Finland announced a tender for its first nuclear power plant, the Soviet leader-
ship instructed their nuclear specialists to win the competition. According to some 
Western sources, the Finns ’  decision to accept the Soviet bid was politically motivated, 
and was taken despite the fact that the proposal was found lacking on technical 
grounds.  84   Until the contract was signed, in 1969, Soviet nuclear specialists made great 
efforts to accommodate the demands of their Finish customers, who insisted on addi-
tional safety features. This was a tricky task, as Viktor Tatarnikov, an engineer who 
spent his entire career working in the nuclear industry, remembers: 

 The first huge problem was the containment of an accident involving a breach of the reactor 

loop ’ s hermetic sealing. Common practice abroad was to define the maximum possible accident 

involving hermetic sealing as the sudden, complete breach of the largest pipe in the most unde-

sirable location (in our case a pipe with a 500 mm diameter). The Finnish specialists wanted this 

requirement to be met. In the USSR, breach of a 100 mm diameter pipe was assumed [as the 

maximum possible accident]. Our domestic engineering community supported the foreign stan-

dard, but our administration refused to accept it. We had to substantiate at home that it was 

valuable to do it like everyone else, and argued the opposite when talking to the Finns — that 

their requirements were exaggerated.  85   

 Ultimately, the Soviet specialists modified the original design significantly, and the 
Finns insisted on purchasing important instrumentation and control components 
from German and American companies. From the Finns ’  diligence, Soviet specialists 
learned firsthand about current industrial standards and safety requirements in the 
West. In terms of reactor safety, then, the Loviisa experience was a turning point for 
Soviet nuclear science and engineering. The experience led to the creation of the first 
Soviet normative safety regulations ( Obshchie pravila iadernoi bezopasnosti ) just two 
years after the start of the collaboration with the Finns; it also prompted discussions 
about the best format to organize independent regulatory supervision for the nuclear 
industry within the specific context of the Soviet command-administrative economy.  86   
The Soviet-Finnish cooperation provides an instance where new kinds of international 
cooperation led not only to the adjustment of some technical parameters, but to the 
restructuring of an entire regulatory apparatus.  87   

 Conclusion 

 In 1949, an  “ All-Union Council of Physicists ”  was supposed to show the world, but 
especially physicists at home in the Soviet Union, how truly Soviet physics should be 
done. Rooted in an institutional conflict between Moscow University and the Acad-
emy of Sciences, the meeting would have addressed the question of what made physics 
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in the Soviet Union distinctly Soviet. Despite careful planning and rehearsing, the 
meeting never came about, in part because the country ’ s top physicists were busy 
building a nuclear weapon. Any questions about whether Einstein ’ s theory of relativity 
was compatible with dialectical materialism, or which group of physicists should be 
calling the shots, were answered on August 29, 1949. However, the success of the 
atomic bomb project didn ’ t affect only physicists; it also affected the status of Soviet 
science and scientists in general. The Academy of Sciences and its budget expanded 
dramatically during the postwar years, and Party ideologues no longer had the author-
ity to tell physicists — and by extension, scientists — what they should or should not 
be doing.  88   With increasing confidence, Soviet nuclear physicists began emphasizing 
a universalist concept of science. The respect they had earned at Geneva for their 
civilian nuclear applications encouraged them to re-engage with the international 
scientific community, in addition to satisfying domestic authorities. That was a balanc-
ing act, as the two audiences often had widely differing expectations.  89   

 Soviet nuclear physicists and engineers developed an impressive portfolio of opera-
tional reactor designs, and began training a workforce in ways consistent with uniquely 
Soviet ideas about the role of human operators in complex technological systems. 
They also created institutions that distributed expertise and accountability in accor-
dance with the distinct Soviet political and economic context. The reactor designs 
selected for the Soviet nuclear industry reflected the dual vision of an  “ international ”  
design and a uniquely  “ Soviet ”  model. Both projects found resonance among Soviet 
decision makers. These sophisticated machines owe their development to the generous 
support of research and design institutes; institutes that had been set up and strength-
ened with the clout gained from the atomic bomb project. Soviet nuclear physicists 
solidified a system of research institutes quite independent from direct political con-
trol — a system that emphasized fundamental research over teaching and that linked 
large, interdisciplinary research projects to the development of new technologies for 
military or civilian purposes only in a second step.  90   By doing so, these nuclear scien-
tists rehabilitated a field that had been more vulnerable to political whim than its 
 “ applied ”  cousins. 

 Doing  “ fundamental science ”  in the Soviet Union (and calling it that) thus became 
a possibility only in the context of the successful nuclear weapons project, when 
physicists could claim renewed authority and autonomy. In the years after the detona-
tion of the first Soviet atom bomb, scientists gradually re-established the legitimacy 
of  “ fundamental ”  science. For the first time in 30 years they could talk openly about 
engaging in  “ fundamental science ”  without the fear of getting purged. The number 
of university graduates dramatically increased and transformed science into a mass 
profession.  91   

 To make sure this hard-won space for scientific research for the sake of scientific 
research didn ’ t vanish again as it had before, Soviet nuclear scientists pursued a double 
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strategy. First, their public image campaign for peaceful uses of nuclear energy linked 
their research agenda to concrete applications and the public good. This campaign 
also contributed to yet another Cold War competition, that for political and economic 
influence in Central and Eastern Europe. The status of individual scientists involved 
in this campaign, and the reputation of the institutes they were affiliated with, often 
rubbed off on the science they performed, and this helped them transform the value 
attributed to  “ fundamental ”  science into a positive one. Simultaneously, Soviet nuclear 
experts set up organizational structures anchoring fundamental science firmly in the 
country ’ s institutional landscape. They did so first and foremost by singling out and 
transferring much of what counted as  “ applied ”  to other institutions. Such institu-
tional maneuvers entailed a clear division of labor, and the scientists were careful to 
establish positions that would enable them to supervise the outsourced  “ applications ”  
of their research. 

 The drawing of a boundary between  “ fundamental ”  and  “ applied ”  science allowed 
Soviet nuclear specialists to have their cake and eat it too: they used the political clout 
inherited from the weapons project to claim independence from  “ political ”  (applied) 
affairs. At the same time, they could make a case for their indispensability in all applied 
matters of, for example, nuclear energy. The flexibility with which they were able to 
re-assign responsibilities from  “ fundamental ”  to  “ applied ”  experts, or share competen-
cies among them, indicates that these categories were in some sense artificial. But the 
institutional re-organizations reified the boundary between these categories, and the 
resulting institutional arrangement affected what kind of research was possible at what 
institution, and determined which technical decision, for example the choice of a 
particular reactor design, made sense. The rhetorical demarcation between  “ funda-
mental ”  and  “ applied ”  science thus materialized itself in specific organizational 
arrangements, which in turn shaped the kind of research deemed appropriate, and the 
kinds of applications regarded as desirable. Consequently, nuclear experts justified 
proposals for particular research projects, reactor designs, and training curricula with 
reference to the institutional expertise — the same expertise they had carved out in the 
process of demarcating  “ fundamental ”  from  “ applied ”  science. 

 The boundary work nuclear specialists engaged in involved not only the distinction 
between fundamental and applied research, but also between military and civilian, 
and between science and technology, research and engineering. Nuclear power plants 
turned out to be particularly strange animals that required competent  “ applied ”  sci-
ence just as much as insights from  “ fundamental ”  research. Nuclear experts continued 
to grapple with this problem, as debates about where to draw these boundaries and 
how to legitimize them continued throughout the Cold War. The perpetual restructur-
ing of the nuclear industry peaked in the frantic reorganization of jurisdiction and 
redistribution of responsibilities after the Chernobyl disaster.  92   Kojevnikov is certainly 
correct when he writes that behind the official rhetoric of ideological opposition 



334 Schmid

between the two superpowers  “ one finds mutual learning and uncoordinated two-way 
borrowing. ”   93   But the obsession with separating  “ fundamental ”  research from  “ applied ”  
science and engineering also stands in contrast to a growing trend in the West, where 
starting in the 1960s a group of scholars engaged in  “ science studies ”  began question-
ing these boundaries. For Soviet scientists, acknowledging that science was deeply 
immersed in and responsive to society ’ s needs and values was tantamount to endors-
ing a quintessentially Marxist view.  94   By contrast, positing a clear boundary between 
fundamental and applied science provided them with a maximum of rhetorical flex-
ibility: they could invoke the distinction to defend their research agendas against the 
occasional onslaught of Party ideologues, and at the same time justify the institution-
alization of fundamental research to guarantee optimal applications.   
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 11   The Cold War and the Reshaping of Transnational Science in 

China 

 In an article in the October 1967 issue of  Foreign Affairs , former vice president Richard 
Nixon advocated a more active US foreign policy toward China, declaring  “ There is 
no place on this small planet for a billion of its potentially most able people to live 
in angry isolation. ”   1   During the next several years, the perception of a China insulated 
from the outside world would receive confirmation as the country spiraled further 
into the Cultural Revolution maelstrom at home and engaged in conflicts with both 
the United States and the Soviet Union abroad. In science, technology, and education, 
almost all universities and research institutes were shut down, international scientific 
interactions ceased, and importation of foreign journals and books stopped. Yet less 
than five years later Nixon, as president, would land in Beijing, and a new era in the 
history of the Cold War and in China ’ s scientific relations with the rest of the world 
would begin. 

 In this chapter I will sketch, in very general terms, how the Cold War reshaped 
China ’ s scientific enterprise, especially its transnational character. The Cold War will 
be understood here not as a straightforward bipolar US-Soviet competition, but rather 
as a series of triangular US-Soviet-Chinese geopolitical interactions with alternating 
periods of alliance and hostility as seen from the Chinese perspective.  2   

 The dynamics of the Cold War conditioned China ’ s choice of major partners in 
international scientific exchanges and shaped domestic scientific priorities and institu-
tions, which served to alter the existing patterns of Chinese transnational scientific 
interactions, sometimes in surprising ways. Thus, chronologically, the chapter takes 
into account both the conventional periodization of the Cold War — from the late 
1940s, as US-Soviet tension rose, to the early 1990s, when the Soviet Union fell apart —
 and two major events in the history of modern China: the establishment of the 
People ’ s Republic of China (PRC) in 1949 after the Communist revolution and a series 
of dramatic changes in late 1980s and the early 1990s that included not only the 
government ’ s crackdown on a pro-democracy movement at Tiananmen Square in 
1989 but also the subsequent acceleration of reform and opening up. Although the 
chapter focuses on the period 1949 – 1989, it also examines the years before and after 

 Zuoyue Wang 
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that period in order to illuminate the background and the legacy of the development 
of transnational science in China during the Cold War. Specifically, the chapter exam-
ines five periods: the half-century before the 1949 revolution, when the influence of 
the United States was dominant; the decade that followed it, shaped by an alliance 
with the Soviet Union; the 1960s, the era of self-reliance; the Nixonian exchange 
of the 1970s, which reopened US-China scientific interactions; and the reform era of 
opening to the outside world that began in the late 1970s. 

 Here the term  transnational science  refers to the movements of scientists, scientific 
institutions, practices, instruments, and ideologies across national boundaries and 
how such movements interacted with the indigenous traditions and contexts within 
any particular nation-state to shape and shift scientific developments within it and 
internationally. As such, the concept of the transnationalization of science includes 
both formal, state-sponsored international activities and the informal, private cross-
national networking that scientists engaged in outside the framework of the nation-
states. It also refers to aspects of scientists ’  activities as they confront and even 
challenge the authority of the nation-states.  3   

 It should be noted that to characterize science in modern China as transnational 
does not mean that nationalism didn ’ t play an important role.  4   Clearly, both the pre-
1949 Nationalist government and its Communist successors sought foreign aid, 
including technological aid, for the purpose of fulfilling their own national develop-
mental aspirations.  5   Even the Western-trained Chinese scientists held a strong sense 
of Chinese nationalism, often sharpened by the history of national humiliation 
at the hands of Western powers and Japan, and generations pursued various versions 
of the dream of  “ saving China through science. ”   6   The Cold War, however, accentuated 
the latent tensions between the national and the transnational for both the Chinese 
party state and the Chinese scientists: the former had to balance its need for technical 
manpower for national security and its political distrust of Western-trained scientists; 
the latter had to deal with the intensified role of the party state in their scientific and 
personal lives, and also to reconcile their Chinese nationalism and their transnational 
scientific background and ideals. 

 In this chapter all Chinese names, except for those of overseas Chinese, are rendered 
in  pinyin , with the family name first and the given name second. 

 Americanization before the Cold War, ca. 1900 – 1949 

 In the case of science in China, transnationalism predated the Cold War. International 
politics and scientific currents defined the social and political context of the intro-
duction of modern science in China from the late nineteenth century onward.  7   The 
Sino-Japanese war of 1895 led to the end of the traditional civil service examination 
system and the introduction of the modern educational system in 1905, with the 
inclusion, for the first time, of natural science as part of formal schooling. Both before 
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and after this educational reform, missionaries, most of them from the United States, 
established schools in China in which some modern science was taught. The anti-
foreign Boxer Rebellion of 1900 and the subsequent intervention by Western powers 
and Japan eventually led to the establishment of the Boxer indemnity fellowships, 
first and foremost by the United States and later, on a much smaller scale, by other 
countries, to sponsor Chinese students to study abroad. These fellowships were made 
possible by funds remitted to China when it became clear that the massive indemni-
ties ($330 million) that China was forced to pay the foreign powers were often based 
on exaggerated claims. The Boxer fellowships also played an important role in the 
emergence of the US as a dominant influence in the development of science in China 
in the first half of the twentieth century and thus deserve closer examination. 

 As the historian Michael Hunt convincingly argued, even though the United States 
publicly touted its first partial remission of the Boxer indemnity as a gesture of good 
will in 1908, its original claim of $25 million, with 4 percent of interest amortized 
until 1940, had been widely recognized from the beginning as excessive and subse-
quently proved to be so. Furthermore, when the US later forced the Chinese govern-
ment to use the remission to send Chinese students to the US, it acted out of 
self-interested calculations at least as much as out of altruism.  8   Such a move would 
enable the US to influence China and, as Edmund J. James, president of the University 
of Illinois, put it in a letter to President Theodore Roosevelt, even control it with  “ the 
intellectual and spiritual domination of its leaders. ”   9   Roosevelt largely agreed. On 
December 3, 1907, in a message to Congress, he declared: 

 This Nation should help in every practicable way in the education of the Chinese people, so that 

the vast and populous Empire of China may gradually adapt itself to modern conditions. One 

way of doing this is by promoting the coming of Chinese students to this country and making 

it attractive to them to take courses at our universities and higher education institutions. Our 

educators should, so far as possible, take concerted action toward this end.  10   

 Yet, even though the Boxer indemnity funds emerged from one of the most humili-
ating episodes in modern Chinese history, as a transnational institution it probably 
played a more important role than any other financial and educational programs in 
the making of modern science and especially in the training of the first generation of 
modern scientists in China. During the negotiations leading to the establishment of 
the Boxer fellowship program, the Chinese government and the US government both 
agreed to emphasize science and technology. The  “ Proposed Regulations for the Stu-
dents to Be Sent to America ”  prepared by Yuan Shikai, head of the Chinese Foreign 
Ministry ( wai wu bu ) in late 1908 contained this stipulation: 

 The aim in sending students abroad at this time is to obtain results in solid learning. Eighty per 

cent of those sent will specialize in industrial arts, agriculture, mechanical engineering, mining, 

physics and chemistry, railway engineering, architecture, banking, railway administration, and 

similar branches, and 20 per cent will specialize in law and the science of government.  11   
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 According to these regulations, the Chinese Foreign Ministry and one official from 
the American legation in China would together design  “ the detailed method of pro-
cedure ”  for implementing the program. In the end, an Office for Students Going to 
the United States was established jointly by the Chinese Foreign Ministry and the 
Chinese Ministry of Education ( xue bu ) to oversee the selection of 180 students in 
China and their distribution in the US for the period 1909 – 1911 (47 in 1909, 70 
in 1910, and 73 in 1911).  12   In 1911, the Tsinghua (Qinghua) School was set up in 
Beijing under heavy American influence to take over the job of preparing the Boxer 
fellows before their departure for the US and to supervise their activities thereafter. In 
all, from 1909 to 1929, the Boxer fellowship program brought about 1,500 Chinese 
men to study in the US, a majority of them studying engineering, science, agriculture, 
and medicine.  13   In addition, there were 54 women selected from outside of Tsinghua 
through special national competitions before 1928, when the school began to admit 
women.  14   

 The admission of women came as part of a major transformation of Tsinghua 
that year: it became an independent national university under control of the Ministry 
of Education (not the Foreign Ministry as before). The broader context was the 
movement to recover Chinese rights in education after the establishment of 
the Nationalist government in 1927. The new Tsinghua also stopped the practice 
of automatically sending all its graduates to the US. Many of them continued to 
go to American universities with the special Tsinghua funds drawn from the original 
American Boxer remission, but some now could choose to go to Europe on Boxer 
indemnity fellowships from countries there when they became available. Most of them 
also now went abroad as graduate students, instead of undergraduates as before the 
change.  15   

 A second and final remission of excessive Boxer indemnity funds by the US in 
the mid 1920s led to the establishment of the autonomous China Foundation for the 
Promotion of Education and Culture. Governed by a board of ten Chinese and five 
American educational leaders, the foundation used its funds to support not only Tsin-
ghua but also a number of other universities and research institutions, including 
the Science Society of China. The foundation also sponsored graduate studies in the 
United States by non-Tsinghua graduates.  16   Likewise, the Rockefeller Foundation 
financed the creation and operation of the Peking Union Medical College and funded 
research and teaching at many other Chinese universities in this period.  17   

 Significantly, the US Boxer funds, through both Tsinghua and the China Founda-
tion, and the Rockefeller influence not only put a heavy American accent on Chinese 
science and education but were also among the few continuous institutional threads 
in these areas in China through the turbulent first half of the twentieth century, 
from the Republican Revolution of 1911, through the ensuing era of warlord chaos to 
the establishment of the Nationalist government in 1927, and through the War of 
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Resistance against Japan (1937 – 1945). Together with American missionary universities 
in China, they helped explain why an overwhelming number of Chinese students 
pursuing scientific studies abroad went to the US, even though it was widely recog-
nized, even in China, that the center of most fields of science, especially during the 
early twentieth century, was in Europe and not the US. A survey published in China 
in 2007 of Chinese scientists and engineers who returned to China after studying 
abroad during the period 1879 – 1949, for example, found that about two thirds (66.14 
percent) of them had returned from the US.  18   (See   table 11.1 .)   

 Although the United States played the most active role in Chinese science and 
education in this period, it was by no means the only foreign influence. Chinese 
students took advantage of the returned Boxer funds from other countries, especially 
from Great Britain in the 1930s, for studying abroad there as well. Indeed, because of 
a higher standard of selection, a disproportionate number of the leaders of Chinese 
science emerged out of the dozens of Boxer fellows who went to Britain.  19   Even before 
Tsinghua became autonomous in 1928, its graduates, aware of the gap between Ameri-
can and European science and the fact that many American scientists themselves had 
studied in Europe, found their way there at some points in their careers. Physicists 
were especially eager to get the European exposure after their American education. 
For example, Ye Qisun, a founding figure of modern physics in China and a Boxer 
fellow, received his bachelor ’ s degree from the University of Chicago in 1920 and his 
PhD from Harvard University in 1923, then went on a four-month tour of Europe, 
then returned, after a short stint at Southeastern University in Nanjing, to Tsinghua, 
where he remained for the rest of his career.  20   As professors, the returned students 
intentionally sent their own students to strategically selected Western institutions and 
scientific fields so as to give China a balanced coverage in science. Ye Qisun, for 
example, helped arrange for the first three graduates of Tsinghua ’ s Physics Department 
to go to Germany, France, and the United States respectively for graduate studies.  21   
Thus, by the 1930s, Tsinghua had Chinese faculty members who had trained at and 
returned from not only the United States but also England, Germany, and France, as 
Norbert Wiener of MIT observed when he served as a visiting professor in mathematics 
at Tsinghua.  22   

 Perhaps no institution epitomized the transnational features of Chinese science and 
the American scientific influence in China better than the Science Society. Founded 
in 1914 by Chinese students studying science at Cornell University, it was the first 
comprehensive scientific organization in China. Its membership grew rapidly, espe-
cially after it moved its headquarters to China in 1918 as its founders finished their 
studies in the US and returned home.  23   Ironically, owing to a number of factors, includ-
ing their sense of Chinese nationalism, few of the US-trained Chinese scientists left 
with the US-backed Nationalists when the latter retreated to Taiwan in the wake of 
their defeat by the Communists in 1949. 
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 Transnational currents also left imprints on some of the political events that 
occurred during this period. The republican Xinhai Revolution of 1911 was launched 
with strong support from overseas Chinese, especially in the United States and Japan, 
and in turn led to the establishment of a relatively stable Nationalist government 
that provided support for science. The importation of communism from Russia in the 
1910s and the 1920s sowed the seeds for a Communist science policy. The May Fourth 
Movement of 1919 carried the banners of highly Westernized science and of democ-
racy. The Nationalist government, based in Nanjing, made strides in science, technol-
ogy, and education in the golden decade of 1927 – 1937, establishing universities (most 
of them American-style) and also establishing the Academia Sinica (modeled after the 
Soviet Academy of Sciences and the Kaiser Wilhelm Society of Germany). 

 During the Nanjing decade (1927 – 1937), the Nationalists also initiated ambitious 
technological development projects supported by international aid. The 1937 – 1945 
war with Japan, however, disrupted progress and institution-building in science and 
other areas, and the Civil War between the Communists and Nationalists, which took 
place within the context of the global Cold War, irreversibly changed the fate of all 
Chinese, including scientists. Disgusted with the corruption-ridden Nationalists, most 
Chinese scientists, even those who had been educated in the West, stayed on the 
mainland instead of fleeing with the Nationalists to Taiwan. Few among them prob-
ably foresaw the nearly complete cut-off of transnational scientific communication 
after 1949 and especially after the outbreak of the Korean War in 1950. Yet the enlight-
ened science policy of the early PRC years under the leadership of Mao Zedong seemed 
to have vindicated the scientists ’  choice. Under the direct leadership of Premier Zhou 
Enlai, whose vision for a developmental state best matched the nationalist aspiration 
of the scientists, the government seemed to support science and to make good use of 
the mostly Western-trained scientists. 

 Sovietization and Countercurrents, 1949 – 1960 

 During the 1950s, the first decade of the existence of the PRC, a geopolitical alliance 
with the Soviet Union, first launched in part as a way to fend off a possible American 
intervention in China and later consolidated during the Korean War, resulted in a 
massive Soviet technological transfer to China.  24   With it also came a wholesale restruc-
turing of Chinese science, technology, and education policy and institutions from 
ones shaped by Western, especially American, practices to ones dominated by those 
of the Soviet Union. Yet even during this period of Sino-Soviet alliance one finds 
strong countervailing forces that resisted  “ Sovietization. ”  They derived from several 
sources: ideological and political differences between the Chinese Communist Party 
(especially Mao) and the Soviet leadership under Nikita Khrushchev; the different 
social and cultural contexts for technological development in the two countries; and 
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the presence of Chinese scientists and engineers who were trained in the West, espe-
cially in the US. Surprising as it may seem, the post-World War II Americanization of 
international science didn ’ t leave China untouched even at the height of mutual 
antagonism.  25   

 In the 1950s, the Soviet Union helped China construct or equip more than 300 
major industrial projects, ranging from military technology to power generation and 
chemical engineering, laying the foundation for China ’ s industrial infrastructure for 
decades to come. It sent thousands of Soviet scientists and engineers to China as 
technical advisors, and trained tens of thousands of Chinese engineers and scientists 
in the Soviet Union.  26   It helped China formulate the Long-Term Plan for the Develop-
ment of Science and Technology (1956 – 1967), which served as a blueprint for its 
nuclear and space programs as well as general scientific and technological develop-
ments. Indeed, it was V. A. Kovda, a Soviet soil scientist and chief advisor to the 
Chinese Academy of Sciences in 1954 – 55, who suggested that such a plan be drawn 
up in the first place.  27   In a reversal of the Americanization of the pre-1949 period, 
almost all Chinese universities were restructured in the direction of narrow technical 
training, and almost all Chinese scientists were required to learn Russian and follow 
Soviet scientific literature. In the elite Chinese Academy of Sciences, for example, a 
survey taken in 1954 found that 93.2 percent of all the staff, including the scientists, 
were learning Russian, 73.5 percent could already read Russian scientific literature, 
and 26.8 percent were able to translate Russian papers into Chinese.  28   

 Did the Cold War-inspired Sovietization transform the content of science in China? 
The most notorious candidate for a confirmation of this effect was the introduction 
of Lysenkoism and the effective banning of Western genetics in the teaching and 
research in biology in China in the first half of the 1950s. Close examination of 
this history indicates that Chinese Lysenkoism had elements that could be traced back 
to Communist science policy debate in the pre-1949 period, with the resultant empha-
sis on applied research, practical learning, and anti-Westernism, and thus not an 
entirely Cold War phenomenon.  29   Nevertheless, Sino-Soviet geopolitical alliance 
played an important part in the establishment of Lysenkoism as an orthodox biologi-
cal doctrine. 

 An illustration for this point came in the case of Hu Xiansu, an outspoken Amer-
ican-trained botanist who, in a 1955 textbook, criticized Lysenkoism as pseudo-science 
propped up by political forces. The book drew protests from Soviet advisors in the 
Chinese Ministry of Education, and the controversy escalated into an international 
political problem. At a high-level meeting of the Chinese party-state leadership on 
April 27, 1956, Lu Dingyi, the party ’ s propaganda chief, acknowledged that Hu was 
right scientifically but explained  “ what we focused on was his political problem. He 
attacked the Soviet Union at the time, which made us very mad. ”   30   Hu ’ s book was 
banned, but fortunately political changes both at home and in the Soviet Union and 
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Eastern Europe soon led to the implementation of a liberal  “ Hundred Flowers ”  cam-
paign that helped bring back modern genetics.  31   

 Yet even in the heyday of the Sino-Soviet alliance, Sovietization had its limits. As 
a Chinese nationalist, Mao never had an easy relationship with Stalin. His relationship 
with Stalin ’ s successor Khrushchev was even more uneasy. At one point in 1958, Mao 
told the Soviet ambassador to China  “ You say that Europeans look down upon the 
Russians. I believe that some Russians look down upon the Chinese. ”   32   Political and 
ideological divisions eventually widened, resulting in a souring of bilateral relations, 
an end to Soviet technical assistance (including assistance in China ’ s atomic bomb 
project), and an end to the sending of large number of Chinese students to the Soviet 
Union to study science and engineering by the early 1960s. 

 In the same period, the West continued to influence science in China, if only in 
subtle and unheralded ways. For one, even at the height of Chinese isolation from 
the West, it was impossible to cut off all scientific and technological connections. 
Strict export controls didn ’ t, for example, prevent a small number of scientific instru-
ments being smuggled from the US into China, often through Hong Kong.  33   Likewise, 
transnational scientific networking demonstrated remarkable durability. For example, 
the prominent marine botanist Zeng Chengkui (C. K. Tseng), who had been trained 
in the United States and had returned to China in 1947, was able to communicate 
with his former colleagues at Scripps Institution of Oceanography in San Diego in 
1951, amidst the Korean War. He requested that they send him scientific reprints and 
help him realize his dream of building  “ an equivalent of the Scripps Institution plus 
Woods Hole Marine Biological Laboratory ”  in Qingdao. Indeed, in the 1950s and the 
early 1960s, Zeng could still receive scientific papers from his American colleagues at 
Scripps and elsewhere, while they themselves tried to keep abreast of Zeng ’ s scientific 
publications through Russian translations.  34   

 Perhaps more important, the 1950s witnessed the return of about a thousand Chi-
nese scientists from the United States to mainland China. Even though both the 
Chinese government and the US government harbored suspicions of the American-
trained Chinese scientists (the former because of their Western educational back-
ground, the latter because some of them were thought to be loyal to Communist 
China, especially during the Korean War), each side sought to recruit them in order 
to use their technical talents, to deny them to the other side, and to show the supe-
riority of their side ’ s political system. The US government, in a move that echoed 
elements of its Project Paperclip to capture German scientists and engineers before 
they fell into the Soviet hands after World War II, not only encouraged but in some 
cases forced Chinese scientists and engineers who had been  “ stranded ”  in the US 
after the Communist revolution and Korean War to stay in the US. Yet many in this 
group were determined to return to China, often driven by a strong sense of Chinese 
nationalism, by political sympathy toward the Chinese Communists, and by a desire 
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to reunite with their families. Eventually, though about 4,000 of the estimated 5,000 
Chinese students and scientists remained in the US (including Chen Ning Yang and 
Tsung Dao Lee, who would win the Nobel Prize in physics in 1957), about 1,200 fought 
the policy and returned to China in the 1950s.  35   They were joined in China by several 
hundred others who returned from Europe and Japan. According to an internal report, 
1,954 Chinese students and scientists returned to mainland China in 1949 – 1958, of 
whom 1,244 (about 64 percent) returned from the United States.  36   (See   table 11.2 .) 
Of the 1,954, the number who specialized in natural sciences (presumably including 
engineering) was 1,117 (57 percent); the other two categories were  “ social sciences ”  
and  “ unknown. ”   37   (See   table 11.3 .)     

  Table 11.2 
 Chinese students and scientists who returned from abroad in 1949 – 1958, by country of 

training.  

 Number  Percentage 

 US  1244  75.2 

 UK  221  11.3 

 France  103  3.8 

 Japan  198  10.1 

 Other Countries  128  6.6 

 Unknown Countries  60  3.1 

 Total  1954  100 

     Source:  Beijing Municipal Archives, Beijing, file no. 002 – 020 – 339  “ Guojia kewei zhuanjiaju 

1959.3.5 tongzhi ”  (circular from the Bureau on Experts of the National Science and Technology 

Commission dated March 5, 1959), attachment 1.    

  Table 11.3 
 Chinese students and scientists who returned from abroad in 1949 – 1958, by field of training.  

 Number  Percentage 

 Natural Sciences  1117  57.2 

 Social Sciences  716  36.6 

 Unknown Fields  121  6.2 

 Total  1954  100 

     Source:  Beijing Municipal Archives, Beijing, file no. 002 – 020 – 339  “ Guojia kewei zhuanjiaju 

1959.3.5 tongzhi ”  (circular from the Bureau on Experts of the National Science and Technology 

Commission dated March 5, 1959), attachment 1.    
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 Among those who returned to China from the US was Qian Xuesen (Hsue Shen 
Tsien). His case exemplified the difficulties that faced transnational Chinese scientists 
who were caught up in the international politics of the Cold War. Qian was born in 
1911 in China and studied railroad engineering at Jiaotong University in Shanghai 
in the 1930s. He then went to the United States to study aeronautics on a Boxer 
fellowship. During and after World War II, he had a fast-rising reputation as a research 
scientist at Caltech and in national defense circles. His phenomenal ascent in the 
United States ended abruptly in June of 1950, when the government revoked his 
security clearance on suspicion of his past membership in the US Communist Party. 
It was the time of the Korean War, McCarthyism, and persistent racial discrimination. 
At one point Qian was both to be deported as a subversive (by the Immigration and 
Naturalization Service) and detained as a denial to Communist China (by the Penta-
gon and the State Department). After several years of virtual house arrest, Qian and 
dozens of other Chinese scientists who wanted to return to China eventually were 
exchanged for American prisoners of war and civilians held in China. Tsien went on 
to direct the Chinese missile program.  38   

 Qian ’ s case illustrates not only how the Cold War affected science and scientists, 
but also the reverse. It is reported that Qian turned out to be so valuable to China 
that Premier Zhou Enlai commented at one point that the long negotiations with the 
United States at Geneva were worthwhile if only to get Qian back.  39   One can also make 
the argument that the return of the hundreds of Chinese scientists from the West 
in the early 1950s gave the Chinese party-state leadership the self-confidence to pursue 
a path that was increasingly independent of the Soviet Union. Zhang Jinfu, the party 
chief of the Chinese Academy of Sciences during the late 1950s, recalled that  “ Qian 
Xuesen knew that the key to missiles was the boosters, and so after he came back from 
the US, the Academy of Sciences decided to work on [its own] new boosters. We 
quickly succeeded because we walked on two legs. If we had not walked on two legs, 
we would have been at a dead end when the Soviets reneged on their agreements with 
us and stopped their assistance to us. ”   40   

 The return of these Chinese students and scientists from the United States and 
Europe in the 1950s helped to counterbalance Sovietization by reinforcing a strong 
sense of Chinese nationalism and, at the same time, by discreetly seeking inspirations 
from the Western model that they had become familiar. Qian, for example, reportedly 
voiced his shock at  “ seeing so many Soviet experts ”  at the famed Institute of Military 
Engineering (Hajungong) of the People ’ s Liberation Army in the northern city of 
Harbin up on his return in 1955.  “ Don ’ t we Chinese know how to teach? What are 
all these foreigners invited here to do? ”  he asked, to the delight of General Chen Geng, 
the president of the institute, who praised his patriotism.  41   Apparently motivated by 
an unspoken attachment to his American alma mater and a dissatisfaction with the 
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Soviet-inspired separation of science and engineering in Chinese universities in the 
early 1950s, Qian subsequently helped establish the University of Science and Technol-
ogy of China in the Chinese Academy of Sciences on the model of Caltech.  42   

 These post-1949 returnees further heightened the prominence of American-edu-
cated scientists among the leadership of the Chinese scientific community. In the late 
1980s, the Chinese historian of science Li Peishan examined information on the 877 
prominent Chinese scientists included in a contemporary biographical dictionary and 
found that 662 — that is, 75.5 percent — had received advanced education abroad. 
Those who had received such education in the United States numbered 393 (59 
percent) — more than four times as many as had received in the next favorite destina-
tion, Great Britain (91, or 14 percent). Li ’ s data also revealed that surprisingly few 
Japanese-trained and Soviet-trained scientists were listed — only 34 (5.1 percent) and 
28 (4.2 percent), respectively.  43   (See   table 11.4 .) Even though Japan was a popular 
destination for Chinese students studying abroad in the early twentieth century, few 
of those who went there chose to specialize in science and technology. Most of those 
sent to the Soviet Union studied engineering, not science; those few who did study 
science would become prominent in their fields in large numbers only after the mid 
1980s.   

 The dominance and the high quality of Western-trained Chinese scientists and 
engineers in Chinese science and technology didn ’ t escape the attention of the Soviet 
scientific leadership involved in Sino-Soviet interactions. As early as 1956, when a 

  Table 11.4 
 Countries of training for leading Chinese scientists, engineers, and physicians included in a 

biographical dictionary in 1986.  

 No. of Chinese scientists 

trained in country  Percentage of all (877) 

 Percentage of all who 

studied abroad (662) 

 US  393  44.8  59.4 

 China  215  24.5  n/a 

 UK  91  10.4  13.7 

 Germany  54  6.2  8.2 

 France  35  4.0  5.3 

 Japan  34  3.9  5.1 

 Soviet Union  28  3.2  4.2 

 Other Countries  27  3.1  4.1 

 Total  877  100  100 

     Source:  Li Peishan,  “ The Status and Roles of Returned Students in Scientific and Technological 

Developments in Post-1949 China, ”   Journal of the Dialectics of Nature  11, no. 4 (1989): 28 – 36.    
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high-level delegation of the Soviet Academy of Sciences visited China to assist in the 
making of its Twelve-Year Plan for Science and Technology, it became clear to many 
in the group that, owing to the return of eminent scientists from abroad, the Soviet 
side needed to send to China truly world-class experts to serve as advisors. Otherwise, 
inferior Soviet advisors would quickly expose their limits and bring embarrassment to 
themselves and to the Soviet Union. At a debriefing for the Presidium of the Soviet 
Academy of Sciences in Moscow in July 1956, Academician Aleksandr Mikhailov, a 
member of the delegation, explained: 

 It should be noted that in the last two or three years many prominent [Chinese] scientists have 

returned home from abroad. Based on our encounters with these scholars in China, their abilities 

are undoubtedly equal to those of our own Soviet scientists and their academic works are familiar 

to our scientists. We can point to the example of the visit of the aerodynamicist Qian [Xuesen] 

in our country. Returning to China from the US about seven or eight months ago, he is now 

visiting the Soviet Union by invitation. He has delivered a series of lectures and visited many 

research institutes. He is a well-educated scientist with a broad vision. Such scientists are growing 

in number in China.  …  [Thus] I believe that if we could not send high-level personnel in some 

fields [to China], it ’ s best that we do not send anyone.  44   

 As further evidence of the disparity between Soviet-trained and Western-trained sci-
entists in China, Mikhailov noted that among researchers at the highest level in China 
339 had been trained in  “ capitalist countries, ”  164 of them in the United States; only 
five had studied in the Soviet Union.  “ Obviously the influence on them mainly came 
from the capitalist countries, ”  he lamented,  “ our influence is negligible. ”   45   

 Comparing Western-trained and Soviet-trained scientists was complicated by the 
little-known fact that at least a few of those who had been sent to the Soviet Union 
in the 1950s had previously returned to China from the United States. For example, 
Tu Guangchi, a geochemist, received his PhD from the University of Minnesota in 
1949, returned to China in 1950, then was sent to Moscow University for another 
degree (which he earned in 1954). Likewise, Zhang Li, who had returned to China 
after studying physics at Cornell University in 1948 – 49, was sent to Leningrad Uni-
versity to study with Vladimir Fock. And Yang Guanghua had returned to China in 
1951 after receiving a PhD in chemical engineering from the University of Wisconsin 
before going to the Moscow Institute of Petroleum in 1956 for additional training 
(though not another degree). In all three of these cases, the returnees ’  advanced tech-
nical preparations enabled him to take advantage of further Soviet training, but politi-
cal reliability probably was another factor: all three had joined the Communist Party 
before going to the Soviet Union. Zhang was allowed to continue studying theoretical 
physics, but Tu switched from his postdoc basic research on titanium dioxide at the 
University of Pennsylvania to the more applied subject of mineral deposit geology in 
Moscow. In any case, such double exposure made this select group of scientists truly 
transnational hybrids during the Cold War.  46   
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 One could argue, of course, that in many ways the Cold War hindered Chinese 
scientific development. If there had been no Sino-US conflicts, especially the Korea 
War, perhaps more of the Chinese students and scientists would have returned home 
from the US. The ban on scientific contact and the embargo on sales of scientific and 
technical equipment between the two countries hampered scientific development in 
China, and arguably in the US. One could also point to China ’ s participation in and 
withdrawal from the International Geophysical Year (1957 – 58) as evidence of the 
negative effects of Cold War international politics on Chinese scientific development. 
In the early 1950s, when invited by the organizers to participate in the IGY, the Chi-
nese Academy of Sciences agreed to join the global effort only after the Soviet Union 
said that it would do so and after receiving assurance from the organizers that Taiwan 
would not take part. Seeing an opportunity to benefit from the international collabo-
ration and also to showcase China ’ s scientific achievements, the Chinese academy and 
the national government poured resources into preparing for China ’ s participation in 
the IGY, including the acquisition of advanced instrumentation and standards from 
the Soviet Union, which greatly helped to promote geophysical research in China. But 
only a few months before the IGY was to begin, Taiwan entered into the IGY with 
instigation by the US Department of State. That led mainland China to withdraw at 
the last minute in order to avoid the creation of a  “ Two Chinas ”  problem. The planned 
measurements and observations were apparently carried out, but follow-up collection 
and processing of data suffered, partly as a result of the lack of the pressure of inter-
national participation.  47   

 Yet it is doubtful that, in the absence of geopolitical rivalry with the United States, 
the Soviet Union would have provided the kind and the amount of technological 
assistance to China that it did provide.  48   It was within the framework and on the basis 
of this Soviet-style technical and industrial infrastructure that many of the most 
notable achievements of China ’ s Western-trained scientists and engineers were pro-
duced. As Chen Mengxiong, a prominent geologist who never went abroad to study 
but who had been trained by Western-educated Chinese geologists in the 1940s, 
observed later: 

 The biggest difference between American and Soviet styles of engineering geology was that the 

American way was more open and focused more on innovation, which were reflected in their 

flexible practices, while the Soviets put more emphasis on applications.  …  I think that it was 

right to learn from the Soviet Union at the time, because its approach was easier to follow. The 

advantage of the Soviets was that they had a set of comprehensive procedures, which we did not 

have in the past.  49   

 Chen hastened to add that  “ of course the Soviet approach was not supposed to be 
copied mechanically. ”   “ Indeed, after the end of the Cultural Revolution, ”  he con-
tinued,  “ we carefully revised those old procedures in accordance with the actual 
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conditions in China. ”   50   What resulted in China was an interesting transnational 
hybrid science and technology that reflected both Soviet and Western influences, 
which often were both conflicting and complementary. 

 Self-Reliance in the 1960s 

 After the breakup between China and the Soviet Union in the early 1960s, the Cold 
War turned a new chapter and China, as elaborated by Sigrid Schmalzer in her con-
tribution to this collection, entered into an era during which self-reliance, especially 
in the areas of science and technology, took on a new prominence.  51   The crowning 
achievement in this period in this regard was the successful testing of China ’ s first 
atomic bomb in 1964. Although the bomb was built with no formal participation 
by any foreigner, it nevertheless had many transnational characteristics: much of the 
infrastructure for it, including the uranium-separation facilities, was built with Soviet 
technical assistance. Most of the leading scientists involved in the project had been 
trained in the United States and in Western Europe, and a number of them had 
returned to China after 1949.  52   Likewise, most of the senior scientists involved in 
the successful artificial synthesis of crystalline bovine insulin, another example of 
self-reliant science in this period, had received training in the West, and the final 
(though unsuccessful) official Chinese nominee for the Nobel Prize for this 
work, Niu Jingyi, had returned to China in 1956 with a PhD from the University of 
Texas.  53   

 The breakdown of the Sino-Soviet alliance and the continued Sino-American hostil-
ity led to the formation of self-reliance science and technology policy, but also to 
greater attention to the possibility of scientific communications with Europe, Japan, 
and other parts of the world. Even before the breakup with the Soviet Union, the 
Chinese government had hedged its Soviet bet with backup technical connections 
with Europe. In August of 1957, for example, Liang Sili, who had received a PhD in 
engineering from the University of Cincinnati in 1949 and had returned to China the 
same year, was sent by the Chinese government to Switzerland as a member of a trade 
mission with the purpose of purchasing missiles and related equipment in the black 
market. Liang ’ s group succeeded in buying theodolites and was on the verge of acquir-
ing missiles when news came that the Soviet government had agreed to provide 
prototypes to China. Liang ’ s group was then turned into a trade delegation to West 
Germany, where they visited Siemens factories.  54   

 China extended its scientific contacts with other parts of Europe and the world. In 
1962, the Chinese Academy of Sciences invited the Danish nuclear physicist Aage Bohr 
for a five-week visit and lecture tour, which in turn led China to send several physicists 
to Bohr ’ s Institute of Theoretical Physics in Copenhagen for one-year and two-year 
visits in the years 1963 – 1967.  55   In 1964, a Beijing Science Symposium attracted 367 
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scientists from 44 countries in Asia, Africa, Latin America, and the Pacific. Formally 
sponsored by the left-leaning Association of Scientific Workers and its Beijing branch, 
the conference was used by the Chinese government as a way to learn of new scientific 
developments and also to boost its claim as a leader of the anti-colonial cause. Two 
years later, Beijing hosted a Summer Symposium in Physics.  56   In 1964 – 65, the Chinese 
Academy of Sciences sent 49 graduate students to study in Great Britain, France, Swe-
den, Australia, Denmark, and Switzerland.  57   

 As the principal organizer of China ’ s modernization drive, Premier Zhou Enlai was 
the main advocate for international scientific and technological contact. In early 1966, 
on the eve of the Cultural Revolution, Zhou urged Chinese diplomats to learn enough 
about science and technology to be able to coordinate the process of absorbing scien-
tific and technological information from the countries where they were stationed.  58   
Thanks in part to Zhou ’ s protection, a number of prominent Western-trained scientists 
survived the Cultural Revolution, and some of them (including Zhu Kezhen, vice 
president of the Chinese Academy of Sciences) were able to keep abreast of interna-
tional scientific developments by reading the journals  Science  and  Nature . Thus, they 
were ready to plan for a resumption of scientific research and education under Zhou 
once the worst of the chaos was over, in the early 1970s.  59   

 Post-Nixon Transformations 

 Sino-US transnational movement of scientists benefited greatly from the Nixonian 
exchange of the 1970s. The Shanghai Communiqu é , signed during Nixon ’ s first trip 
to China in 1972, included these sentences: 

 The two sides agreed that it is desirable to broaden the understanding between the two peoples. 

To this end, they discussed specific areas in such fields as science, technology, culture, sports, 

and journalism, in which people-to-people contacts and exchanges would be mutually beneficial. 

Each side undertakes to facilitate the further development of such contacts and exchange. 

 Of course, Nixon ’ s trip to China in 1972 was a calculated move by both sides in 
reshaping the geopolitical balance in the US-Soviet-China triangular relationship 
in the context of the Cold War. As with most other state-sponsored scientific interna-
tional exchanges, the primary purpose for the states involved was politics, not sci-
ence.  60   Yet it wasn ’ t an accident that science and technology featured prominently in 
the list of areas for initial contacts. The United States had long used its strength 
in science and technology as a diplomatic tool and as a way to demonstrate the 
superiority of the American system and way of life.  61   The US government sought to 
increase its appeal in Asia by equating science and technology, especially Americanized 
versions of them, with modernity. The US government was not unaware of the military 
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implications of scientific exchanges and technological transfers; its counterintelli-
gence officials would always keep a close watch on the visiting Chinese scientists 
conducted under governmental agreements.  62   Policy makers decided, however, that 
the benefit to American national interest was worth the risk. 

 Even though they knew that scientific exchanges formed only part of the overall 
new Sino-American relations, most Chinese scientists in China and Chinese American 
scientists in the US were heartened by the new developments, and indeed they cap-
italized on them in their continued pursuit of professionalism and Chinese cultural 
nationalism. For American-trained Chinese scientists who were still undergoing 
humiliating physical reeducation, the Nixon visit brought relief overnight. Many 
Chinese scientists saw a decisive improvement in their political fortunes when a visit-
ing American scientist proposed meetings with them. For example, after the American 
marine biologist and deep-sea diver Sylvia Earle was allowed to meet with him, Zeng 
was able to return to research. In 1975, he was even chosen as vice chairman of a 
major Chinese scientific delegation to visit the United States, where he met with his 
fellow Michigan alumnus Gerald Ford in the White House.  63   

 For Chinese American scientists, the Nixon overture opened a new world of pos-
sibilities. The thousands of  “ stranded ”  students and scientists who decided to stay in 
the United States in the 1950s had been motivated by a confluence of factors, includ-
ing fear of and uncertainty about the Chinese communists, disappointment with the 
Nationalists, the prospect for a better life in the US (especially with the repeal of 
the Chinese Exclusion Act during World War II), and plentiful job opportunities for 
scientists and engineers. Yet most of them also suffered, to varying degrees, McCarthy-
ist political harassment, persistent racial discrimination, and a feeling of being isolated 
and marginalized professionally and socially. In the late 1950s and the 1960s their 
sense of identity crisis grew as they began to sink roots in America by becoming citi-
zens and raising their American children. Chen Ning Yang, for example, worried that 
his father would never forgive him for giving up his Chinese citizenship. The act of 
finally becoming Americans also prompted them to seek to understand the bitter his-
tory of Chinese in the US. 

 Some Chinese American scientists became political activists, supporting the Civil 
Rights movement, joining protests against the Vietnam War in the 1960s, and leading 
the Defend Diaoyu movement in the early 1970s. The latter was an effort to protest 
against the US government for returning control of the disputed Diaoyu Islands to 
Japan rather than to China (or Taiwan), which had ceded them to Japan after the 1895 
Sino-Japanese war and had expected to gain them back as part of the settlement after 
World War II. Many Chinese American scientists of the generation that saw China 
ravaged by Japanese invaders hoped to see their nation of origin emerge as a strong, 
prosperous, and modernized country. As long as China and the United States remained 
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isolated Cold War rivals, it was dangerous to express such attachment to China. The 
Nixon trip changed everything. It promised a future in which Chinese Americans in 
general, and Chinese American scientists in particular, could become transnational 
agents of exchange, legitimately serving the interests of both countries and healing 
the schism in their identity and political loyalty.  64   

 Chen Ning Yang, the first well-known Chinese American scientist to take advantage 
of the Nixon administration ’ s relaxation of travel restriction, paid a visit to China in 
the summer of 1971. Yang had been able to keep in touch with his family in China 
throughout his years in the US, and had met with his parents in 1957 and 1960 in 
Geneva and in 1962 in Hong Kong. His father, Yang Wuzhi, a mathematics professor 
in Shanghai, had tried, with the tacit encouragement of the Chinese government, to 
convince his son to return to China, but his mother disagreed, citing the poor living 
conditions. ( “ I had to wait in a queue for two or three hours in the night to just buy 
some pieces of tofu. ” ) Chen Ning Yang never seriously considered returning perma-
nently to China once he was offered a permanent position by the Institute for 
Advanced Study at Princeton, but he had heeded his father ’ s advice to avoid visiting 
Taiwan. During his trip in 1971, he met with Zhou Enlai and with many of his old 
teachers and classmates. He was carefully shielded from the dark side of the Cultural 
Revolution, and what he saw impressed him greatly. And he claimed to have been 
moved to tears when Deng Jiaxian, his childhood friend and fellow Boxer student in 
the US who returned to China in 1950 and who went on to play a prominent role in 
China ’ s nuclear weapons program, confirmed to him that no foreigner had partici-
pated in that program.  65   

 However, Chen Ning Yang ’ s meeting with another old friend, Huang Kun, and his 
brother Huang Wan, a heart specialist, touched a sensitive spot. When Yang men-
tioned the desirability of sending Chinese students to the US for training, Huang Wan 
said that there was a question of  “ who would they serve ”  after they finished. Taking 
the comment personally, 

 Yang responded immediately that he had wondered whether people in China might think that 

it was selfish for him to stay abroad. He said that yes, it was most selfish [for him to do so], but 

matters were not that simple. While many [Chinese] people in the US never cared for China, he 

thought of the country a lot. Huang Kun expressed to him [Yang] that he was especially delighted 

that he could overcome the many obstacles to be the first to return for this tour.  66   

 The sense of guilt felt by Yang and many other Chinese American scientists rein-
forced their Chinese cultural nationalism and motivated them to become active par-
ticipants in US-China scientific exchanges. They introduced recent scientific advances 
to their Chinese colleagues who had been largely isolated from the international sci-
entific community during the Cultural Revolution, established programs and institu-
tional connections to bring Chinese scientists to the United States as visitors, and 
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advised the Chinese government on specific scientific problems and on major issues 
of science policy. Chinese science and scientists reaped benefits from US-China scien-
tific exchanges, especially those promoted by Chinese American scientists. 

 The resumption of formal diplomatic relations between China and the United 
States in the late 1970s marked another milestone in transnational Chinese science. 
It came in the aftermath of the death of Mao, the end of the Cultural Revolution, and 
the coming to power of Deng Xiaoping, who remained the pragmatic national leader 
for the next two decades, pushing aggressively for the Zhou-initiated modernization 
drive and market-oriented economic reform for China. The normalization of relations 
with the US in 1979 made Chinese science even more transnational, bringing numer-
ous bilateral cooperative scientific and technological projects into existence and fur-
ther enlarging the influence of Chinese American scientists on China ’ s science and 
education policy. 

 Yet perhaps the most significant result of formal diplomatic relations was that they 
opened the way for Chinese students to study in the United States, something that 
had proved politically impossible even after Nixon ’ s trip. The size of the new wave of 
Chinese students studying in the US, which still shows no sign of abating, has been 
unprecedented, as was the speed with which it developed. The impact of those stu-
dents is still unfolding. A large portion of them have stayed in the US after completing 
their studies, especially since the Tiananmen Square incident of 1989, and a growing 
number of them have become true transnationals by holding academic positions on 
both sides of the Pacific or by playing the role of facilitators in the rapid transnational 
development of the booming Chinese economy.  67   Those who did return also began 
to rise in leadership positions in Chinese science and other areas.  68   According to a 
2003 Xinhua News Agency report commemorating the thirtieth anniversary of the 
Nixon trip, about 10,000 researchers from the Chinese Academy of Sciences alone had 
studied or worked in the United States in the previous 20 years, and  “ most of the 
CAS ’ s leading scientists had a US education background. ”   69   

 The beginning of the Cold War had made a dramatic difference to science, scien-
tists, and science policy in China and the United States in the late 1940s and the 
early 1950s. The end of the Cold War, which the 1989 Tiananmen Square incident 
may well have precipitated, didn ’ t seem to have nearly as large an effect, at least not 
immediately. After a short post-Tiananmen hiatus of scientific and educational 
exchanges between China and the West (especially the US), both scientific and edu-
cational exchanges resumed and then accelerated in the early 1990s. The number of 
Chinese students coming to the US dropped again when the US government tight-
ened visa requirements after the terrorist attacks of September 11, 2001, but the 
restriction was later relaxed after protests by American scientists. In 2010, Chinese 
students once again constituted the largest group of foreign students (127,628) in the 
United States.  70   
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 Conclusion 

 Did the Cold War transform science in China and make it more transnational? It 
certainly brought about a massive Sovietization of Chinese science, technology, and 
education in the 1950s, within the Cold War framework of a geopolitical alliance. 
With the continuation of earlier American influence, reinforced by the return of about 
2,000 Western-trained scientists from the United States and Europe in the 1950s, the 
era of Sovietization saw the emergence of what might be called a transnational hybrid-
ization of science and technology in China. Various foreign elements encountered, 
clashed, and merged with local ones within a highly politicized local environment. A 
fundamental character of science and technology in China during the Cold War was 
the combination of a Soviet-style scientific, technological, and industrial infrastructure 
built on the Nationalist legacy and a scientific and engineering workforce that was 
dominated by people educated in United States and Europe. This hybridization con-
tinued even during the subsequent decade of self-reliance, when both Soviet and 
American contacts were officially cut off. Transnational exchanges resumed in the 
1970s as Westernization once again gained momentum, especially after the end of the 
Cultural Revolution in 1976. 

 Indeed, transnational science became so entrenched in China that its scientific and 
educational exchanges with the West, especially the US, withstood major potential 
countercurrents such as the 1989 Tiananmen Square tragedy and even the end of the 
Cold War in the late 1980s and the early 1990s when many commentators saw an 
increased possibility of Sino-US hostility as China rose as a major power. Today, science 
in China is more transnational than ever, marked by especially strong scientific and 
technological ties with the US, which in turn has been stimulated by booming trade 
and fostered by a new generation of American-educated Chinese scientists. In a 2007 
speech on the importance of international scientific cooperation, Bai Chunli, who had 
done postdoctoral work at Caltech in 1985 – 1987, said:  “ As illustrated by the develop-
ment of the Chinese Academy of Sciences in the last half century, almost all major 
scientific and technological achievements contained contributions from international 
collaboration. ”   71   

 Yet an emphasis on the transnational transformations of science and technology 
in China during the Cold War doesn ’ t, as mentioned above, mean that nationalism 
disappeared from the scene. In fact, nationalism played a big part in the transnational 
dynamics. China ’ s decision to  “ lean toward ”  the Soviet Union during the Cold War 
was driven at least as much by concerns about national security and sovereignty as 
by ideological commonality. It was the former that would later lead to the Sino-Soviet 
breakup. Similarly, a form of cultural nationalism that had derived from a deep aware-
ness of China ’ s long-time international humiliations powerfully motivated many 
American-educated Chinese scientists to return home in the 1950s against US policy 
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and to persist in their pursuit of modernization through science and technology 
despite political persecutions under Mao. Even those who had decided to stay in the 
US in the 1950s shared this sense of Chinese cultural nationalism, which was reflected 
in a widespread guilty feeling of having abandoned one ’ s homeland and which drove 
many of them to engage actively in promoting US-China scientific exchange in the 
post-Nixon period and even in playing prominent roles in Chinese science, technol-
ogy, and education policy. 

 In the end, a set of dualities shaped and reshaped the development of science and 
technology in China during the Cold War: a political context that reflected both the 
Cold War and developmental aspirations of the Chinese Communist party-state; a 
scientific community dominated by people trained in the West, especially the United 
States, working on the foundation of a technical and industrial infrastructure built 
with Soviet assistance and guidance; and finally, a strong sense of Chinese cultural 
nationalism both contrasted and underlined Chinese scientists ’  international scien-
tific ideals, diverse transnational scientific training and influences, and shifting 
political environments. Some of these factors and dynamics arose from the Cold 
War; others did not. But in the case of the latter, such as Chinese scientists ’  sense of 
nationalism, the Cold War certainly sharpened it in many ways. Thus, to the extent 
that the Cold War helped to frame the development of transnational scientific insti-
tutions, practices, and interactions, we might say that it transformed science in 
China. 
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 12   When  Structure  Met Sputnik: On the Cold War Origins of  The 

Structure of Scientific Revolutions  

 One of the most dramatic moments of the Cold War occurred in October of 1957 
when the Soviet Union launched the first artificial satellite. The day after the launch, 
a headline in the  New York Times  gave confirming details: SOVIET FIRES EARTH 
SATELLITE INTO SPACE; IT IS CIRCLING THE GLOBE AT 18,000 M.P.H.; SPHERE 
TRACKED IN 4 CROSSINGS OVER US. Eight days later, an article in the  Times  by John 
Finney cited the weight of the first Sputnik, 184 pounds, as  “ evidence of Soviet supe-
riority in rocketry. ”   1   

 Anyone reading Finney ’ s article, titled  “ US Missile Experts Shaken By Sputnik, ”  
knew that most ordinary Americans were shaken too. Since the earliest days of the 
Cold War, the United States had been on guard against its suspicious Cold War adver-
sary and its agents. Anti-communist politicians such as Senator Joseph McCarthy and 
academics such as Sidney Hook and James Burnham regularly warned that commu-
nism was a dangerous, powerful enemy. On the whole, however, Moscow ’ s ideological 
successes — in China, North Korea, and Eastern Europe — remained geographically dis-
tant. Now, however, a mechanical agent of the enemy was directly overhead, circling 
the globe. Warnings that Moscow aimed to control the entire world seemed to have 
found an alarming technological confirmation. 

 In the language of Thomas Kuhn ’ s monograph  The Structure of Scientific Revolutions , 
one might say that Sputnik brought relations between the United States and the Soviet 
Union into a  “ new paradigm. ”  That would be anachronistic, however —  Structure  was 
published in 1962. And it would be inapt, because  Structure  and its central theoretical 
construct, the  “ paradigm, ”  concern science and its history, not Cold War politics. Yet 
Kuhn ’ s famous conception of science and its history was intimately shaped by the 
concerns and debates through which America grappled with Sputnik. First conceived 
in 1953, when Kuhn was invited to write for the logical empiricist  International Ency-
clopedia of Unified Science ,  The Structure of Scientific Revolutions  evolved considerably in 
the course of the 1950s, through the Sputnik crisis of 1957 (which Kuhn once addressed 
in a public lecture), and into the early 1960s, when  Structure  and its theory of para-
digms took their familiar, published form. The changes are too extensive to be detailed 
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here, but one central thread in the development of  Structure  runs through the national 
debates surrounding Sputnik and Kuhn ’ s relationships and encounters with two prom-
inent Cold Warriors, James Bryant Conant and Hiram Bentley Glass. Tracing these 
events shows that Kuhn ’ s book, though often taken to be timeless in its influence and 
importance, is nonetheless deeply rooted in the Cold War, one of the most distinctive 
and curious eras of American history. 

 Kuhn, Conant, and Western Liberty 

 One reason that  Structure  matured slowly was Kuhn ’ s complicated relationship with 
Harvard University ’ s president, James Bryant Conant. In the late 1940s, Conant 
recruited Kuhn, then a physicist, to study the history of science and help teach 
Conant ’ s new general-education science course, Natural Science 4. Conant (a chemist) 
taught Kuhn how to think about the history of science and how to craft case studies. 
But Kuhn broke away from his mentor in some important respects. Conant and other 
liberal champions of science were mistaken, Kuhn concluded, to insist that science 
and its history were embodiments of liberalism, open-mindedness, and intellectual 
creativity. Professional scientists, Kuhn believed, were in fact relatively dogmatic and 
closed-minded.  Structure  is, among many other things, Kuhn ’ s solution to the difficult 
problem of how to reconcile this dogmatism with the liberal conception of science 
and its history that he inherited from Conant.  2   

 Kuhn was a professional scholar who isolated his political opinions from his intel-
lectual work, but his critical revision of Conant ’ s historiography had enormous politi-
cal implications from Conant ’ s point of view. Conant, after all, wasn ’ t only Kuhn ’ s 
mentor; he was the president of a leading university in the West and a prolific public 
intellectual who consistently defended freedom and intellectual liberty at the heart of 
both science and democracy. Conant was as alarmed by Sputnik as anyone else in the 
United States, perhaps more so. From his experience in the Manhattan Project, Conant 
knew well that scientific and technological feats could have immediate and destabiliz-
ing geopolitical effects. 

 For Conant and other liberal anti-communists, however, the Sputnik crisis had a 
silver lining. It led the US to accept the educational message they had been urging 
ever since the wartime alliance with the Soviet Union had turned into a anxious 
stalemate between two incompatible ideologies. In popular books such as  Education 
in a Divided World  and in many lectures and magazine pieces, Conant urged his 
fellow Americans to realize that public education, properly reformed and financially 
supported, could prove to be the country ’ s best weapon in this new ideological 
struggle.  3   Public education could make good on American boasts about freedom, 
equality of opportunity, and economic growth while countering Soviet claims that the 
US was socially stratified and economically unjust. Better-educated, critically minded 
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Americans would also be less susceptible to communism ’ s false, utopian promises, and 
the science gap revealed by Sputnik would be reduced as well-funded schools recog-
nized and cultivated prime talent within the country ’ s enormous and varied 
population. 

 Kuhn ’ s close working relationship with Conant at Harvard ended in 1953 when 
Conant abruptly resigned the presidency of the university to accept the post of High 
Commissioner of Germany.  4   He and Kuhn remained in contact — sometimes closely, 
as when Conant helped Kuhn with his first book,  The Copernican Revolution . Conant 
offered substantive comments and recommendations concerning the manuscript, 
then wrote a foreword that praised the book for promoting scientific understanding. 
This was specifically important, Conant wrote,  “ in Europe west of the Iron Curtain, ”  
where the cultural and political importance of science ’ s inherent liberalism, he felt, 
had yet to be fully understood and embraced, even by anti-communist humanists and 
intellectuals.  5   

 As far as Conant and any reader could tell, Kuhn, in his first book, had largely 
adopted Conant ’ s understanding of science as an essentially anti-dogmatic, progres-
sive, dynamic human institution that was functionally and symbolically opposed to 
authoritarianism in both society and science. From Conant ’ s 1947 book  On Understand-
ing Science , which Kuhn had read in proofs and knew well, Kuhn adopted Conant ’ s 
picture of science as a succession of  “ conceptual schemes. ”   6   As Kuhn described them, 
conceptual schemes  “ guide a scientist into the unknown, telling him where to look 
and what he may expect to find and this is perhaps the single most important func-
tion of the conceptual schemes in science. ”   7   

 Though  The Copernican Revolution  supported the image of scientists as curious, 
open-minded explorers of  “ the unknown, ”  Kuhn had long before come to reject this 
image. What Kuhn called his  “ Aristotle experience ”  had been pivotal in this. It had 
occurred in the summer of 1947, while he was studying the history of physics at 
Conant ’ s direction. Kuhn later recalled: 

 I was sitting at my desk with the text of Aristotle ’ s Physics open in front of me.  …  Looking up, 

I gazed abstractedly out the window of my room — the visual image is one I still retain. Suddenly 

the fragments in my head sorted themselves out in a new way, and fell into place together. My 

jaw dropped, for all at once Aristotle seemed a very good physicist indeed, but of a sort I ’ d never 

dreamed possible.  8   

 The experience convinced Kuhn that Conant ’ s account of science evolving freely and 
progressively from one conceptual scheme to another was misleading. It seemed to 
reveal to Kuhn that systems of ideas had a powerful mental grip on the scientific mind. 
As a result, the history of science was punctuated, with periods of stasis broken only 
when one kind of mental grip was suddenly and completely replaced by another (not 
unlike the sudden gestalt shift Kuhn experienced that summer day and the revolutions 



374 Reisch

he would later articulate in  Structure ).  9   This powerful grip prevented most scientists 
from even wanting to explore  “ the unknown ”  with new and different conceptual 
schemes. 

 From  “ Sociology ”  to  “ Ideology ”  

 From its first notes and outlines,  Structure  had little use for the stereotype of the criti-
cal, open-minded, and intellectually autonomous scientist. One illustrative moment 
was Kuhn ’ s encounter with the Harvard philosopher of science Philipp Frank. Frank ’ s 
Institute for the Unity of Science was then the official sponsor of the  International 
Encyclopedia of Unified Science . In the early 1950s, shortly before encyclopedia editor, 
Charles Morris, at the University of Chicago approached Kuhn about contributing a 
monograph on history of science, Kuhn received from Frank an invitation to join a 
new committee within Frank ’ s institute to promote sociology of science. Kuhn accepted 
the invitation eagerly, but he was critical of the explanatory document, titled  “ Research 
Project in the Sociology of Science, ”  that Frank had written and included with the 
invitation.  10   Frank ’ s conception of sociology of science bore the marks of Mannheim-
ian sociology of knowledge, particularly the difference between logical and evidential 
reasons for beliefs and the larger sociological or  “ existential ”  factors that tend to 
interfere with logic and evidence or break ties when evidence supports different theo-
ries equally.  11   While typing his response, Kuhn respectfully but firmly suggested that 
Frank had misidentified the kinds of existential factors most relevant to science. The 
sociological forces affecting science, he argued, didn ’ t come from outside scientific 
communities in the forms of political or religious pressures. They originated and oper-
ated  inside  those communities in ways that led Kuhn to ask  “ Would it not be appro-
priate to include in the committee ’ s terms of reference an examination of those 
sociological factors which impinge upon an individual scientist not by virtue of 
his membership in a national community (say the United States), but by virtue of his 
membership in a narrower professional group (say the American Physical Society)? ”   12   
These sociological factors inside professional groups, Kuhn explained, didn ’ t just sur-
round and support scientific knowledge; they shaped and guided it fundamentally. 
They determined  “ the sort of problems which a scientist considers worth attacking, 
the sort of experiment which he employs to resolve his problem, the abstract aspects 
of the experiment which he considers relevant to the solution, and the logical and 
experimental standards which he demands as  ‘ proof. ’  ”   13   Kuhn agreed with Frank that 
logic and evidence operated within specific contexts that were framed and maintained 
by  “ existential ”  and sociological factors. But science had its own factors, and they were 
essential for understanding modern science. 

 Despite Kuhn ’ s detailed response to Frank ’ s invitation, it appears that nothing 
official came of it. At the top of his letter, Kuhn wrote  “ not sent. ”  There is no further 
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evidence that Kuhn participated officially in Frank ’ s institute, which was approaching 
the end of its funding and its professional influence.  14   Still, the encounter appears to 
have been fruitful. Six months later, when Kuhn wrote to Charles Morris to finalize 
the title of his future monograph, he informed Morris that he planned to take a 
new approach. Morris had originally commissioned an essay in history of science, 
but Kuhn now envisioned a work in sociology. The monograph would still make use 
of historical case studies, he reassured Morris. But, Kuhn wrote,  “ my basic problem is 
sociological. ”  

 Kuhn ’ s  “ basic problem ”  was how to reconcile the historical fact of total and revo-
lutionary scientific change with the conservative, internal sociological dynamics that 
tended to fix practices, methods, and logical and experimental standards. Somehow, 
Kuhn believed, these contradictory features of science meshed and supported one 
another, but he didn ’ t know how. There can be no doubt, however, that Kuhn was 
thinking about the problem in terms of social and political revolutions. Besides using 
the word  ‘ revolutions ’  in his title, he invoked other political terms as he attempted 
to build a consistent theory of scientific change. For example, the  “ existential ”  and 
 “ sociological ”  factors that he earlier described to Frank now became  “ ideologies ”  
and  “ ideological ”  factors that played similar, constitutive roles in creating and sustain-
ing scientific knowledge. As an ideology, he explained to Morris, 

 a theory serves to direct the scientist ’ s attention to certain sorts of problems as  ‘ useful ’  and to 

certain sorts of measurements as  ‘ important; ’  it dictates preferred techniques of interpretation, 

and it sets standards of precision in experiment and of rigor in reasoning. Above all, the theory, 

as ideology, is a source simultaneously of essential direction and of disasterous [ sic ] inhibition 

of the creative imagination.  15   

 Once individual scientists were understood to work within these sociological or ideo-
logical dynamics, it became natural to characterize scientists as dogmatic –  – though 
Kuhn didn ’ t use that word. Their  “ creative imagination ”  was inhibited and, Kuhn 
added, their range of scientific vision was reduced: 

 One of the most striking results of the  ‘ ideological ’  portions of a professionally institutionalized 

theory is the relatively firm closure which it gives the field of scientific problems. Theories pre-

serve themselves by restricting the attention of the profession to problems which can in principle 

be solved within the theory and by inhibiting the recognition of important incongruities in the 

application of the theory to nature. In some sense every theoretical orientation excludes 

the existence of totally unsolved problems.  16   

 The typical scientists about whom Kuhn planned to write in his forthcoming mono-
graph were nothing short of conceptually and intellectually blinkered. In the popular 
language of the day, they had been  “ brainwashed ”  by the powerful internal ideologies 
that controlled and sustained professional science. Clearly they were not intellectually 
 “ free ”  and unencumbered. 
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 Sputnik and the American Public Mind 

 These early snapshots of  Structure  demonstrate how Kuhn ’ s emerging conception of 
science had departed from Conant ’ s liberal politics. Shortly after Kuhn ’ s discussions 
with Frank and Morris, Conant would take up his new position in Germany. This is 
perhaps one reason why Conant and Kuhn never directly addressed or debated this 
disagreement at the time.  17   Another reason appears to be that Kuhn chose not to 
explicitly defend his new image of scientists ( “ normal ”  scientists, he would eventually 
call them) as dogmatic and closed-minded until he had solved his  “ basic problem ”  
and discovered exactly how that dogmatism was consistent with, perhaps even theo-
retically required by, the historical advancement of science. 

 As Kuhn worked with Conant to complete  The Copernican Revolution  in the mid 
1950s, the popular image of the scientist as the explorer of  “ the unknown ”  took prec-
edent. When Sputnik made headlines in 1957, Kuhn seemed unsure of whether and 
how firmly to acknowledge the dogmatism he recognized in professional science. 
Then, at the University of California at Berkeley, Kuhn gave a talk addressing the 
Sputnik crisis titled  “ Sputnik  &  American Public Mind. ”  The surviving notes suggest 
that it was a public evening lecture attended by a general audience eager to hear what 
a historian of science had to say about the sensational Soviet achievement and what 
it meant for American science and prestige. 

 Kuhn didn ’ t sugar-coat the bad news. Sputnik had indeed punctured a  “ myth ”  of 
America ’ s scientific and technological superiority over the Soviet Union and led the 
US to an  “ agonizing reappraisal ”  of its scientific prestige. Still, it was healthy for 
the US to face historical facts.  “ At least until about one generation ago, ”  Kuhn 
explained, the US had been a laggard in  “ pure ”  or  “ basic science ”  relative to England 
and Europe. This was because American culture –  – the  “ American public mind ”  –  – didn ’ t 
sufficiently value the kinds of formal, abstract thinking that enabled scientific prog-
ress. If the US wanted to best the USSR in science (as opposed to practical inventions, 
like the cotton gin or the light bulb, which had long been its forte), it would have to 
cultivate a stronger appreciation for  “ things of the mind. ”  

 Kuhn ’ s diagnosis of the situation was awkward. Man-made satellites, he must have 
known, were technological achievements, not basic scientific achievements. They 
were much more like cotton gins or light bulbs than imagination-challenging advances 
in gravitation theory or nuclear physics. So it is difficult to see how a new fondness 
for abstraction in American culture might help close the satellite gap. Kuhn ’ s nod to 
the politics of the satellite gap was awkward too. The US was soon to embrace the 
liberal consensus, defended by Conant and others, that scientific progress rested on 
intellectual freedom and open-mindedness. Within a year after Sputnik, for example, 
Congress passed the National Defense Education Act to fund education reforms, 
including the Biological Sciences Curriculum Study (BSCS) for biology and the Physical 
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Sciences Study Committee (PSSC) for physics. These reforms emphasized an under-
standing of scientific method as a tool for exploration and downplayed the importance 
of facts and their memorization. In this regard, they exalted science as free, self-critical, 
and creative exploration of  ‘ the unknown ’  –  – as an institution that, once reformed, 
should thrive in the politically and intellectually free cultures of the West. 

 In his talk, Kuhn nodded approvingly at this consensus. But if one reads his lecture 
notes in the light of his unsolved  “ basic problem ”  about how to reconcile science ’ s 
dogmatism with its historical dynamism, he seems to have been skeptical: 

 Though there is little evidence on the point and that inconclusive, there is some reason to hope 

that the freedom from intellectual restraint implicit in at least the theory of democratic society 

may provide more fertile climate for basic science than autocracy.  18   

 There was enough to be skeptical about: If the United States could close the satellite 
gap by squeezing better science out of its political and intellectual freedoms, then 
how had the Soviet Union, widely assumed to have little intellectual freedom under 
the dictates of dialectical materialism, managed to get ahead in space science? As 
for the evidence being  “ inconclusive, ”  it was. Soviet science under dialectical mate-
rialist orthodoxy had a mixed record. The Sputnik satellites were successes, but 
Lysenko ’ s biology was a tragic failure. Though Kuhn could join his audience in the 
patriotic  “ hope ”  that America ’ s freedoms would somehow close the technology gap, 
he couldn ’ t take a more definite, principled position until he had unraveled precisely 
how the conservative dogmatism of scientists functioned in the larger enterprise 
of science. 

 From Ideology to Paradigms 

 Kuhn ’ s breakthrough came in 1960 when he reconceived the nature of the ideological 
conformity that held productive scientific communities together. It was not, after all, 
a conformity that produced visible, overt signs of agreement and consensus about 
propositions or definitions. Years later, explaining why it had taken him so long to 
write  Structure , he recalled:  “ At the time I conceived of normal science as the result of 
a consensus among the members of a scientific community. Difficulties arose, how-
ever, when I tried to specify that consensus by enumerating the elements about which 
the members of a given community supposedly agreed. ”   19   The difficulty was that  “ in 
order to account for the way they did research and, especially, for the unanimity with 
which they ordinarily evaluated the research done by others, I had to attribute to 
them agreement about the defining characteristics of such quasi-theoretical terms as 
 ‘ force ’  and  ‘ mass ’ , or  ‘ mixture ’  and  ‘ compound ’ . But experience, both as a scientist 
and as a historian, suggested that such definitions were seldom taught and that occa-
sional attempts to produce them evoked pronounced disagreement. Apparently, the 
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consensus I had been seeking did not exist, but I could find no way to write the chapter 
on normal science without it. ”   20   

 The theory of paradigms allowed Kuhn to locate the source of this  “ unanimity ”  in 
a new place, far from the day-to-day sociology of scientific communities that exhibited 
less consensual agreement than Kuhn had expected. First, the theory pushed that 
source of agreement back in time to the training that preceded professional scientific 
life. Second, it found the shared ideology not in the form of propositions or specifiable 
beliefs but in practices –  – in the problem-solutions that all members of a community 
learned, repeated, and came to accept as second nature during their training. The point 
is clearest in the chapter of  Structure  titled  “ The Priority of Paradigms, ”  which argues 
that paradigms come first in a scientist ’ s training –  – both chronologically and (to bor-
row Frank ’ s terminology) with an  “ existential ”  priority embedded in the rigors and 
conventions of scientific education. 

 Kuhn had solved his  “ basic problem ” : paradigms provided the basic sociological 
and ideological uniformity that professional science required, and conferred on work-
ing scientists a profound sense of confidence and dogmatism about current scientific 
beliefs. Yet, because paradigms were ultimately practices, not propositions or defini-
tions or doctrines, scientists could and did disagree about substantive scientific mat-
ters, especially when asked to translate their tacit, paradigmatic commitments into 
explicit propositions, criteria, and definitions. This potential lack of consensus was, 
then, the seed from which scientific revolutions grew. When anomalies threatened 
the seeming truth and puzzle-solving power of a community ’ s paradigm, these differ-
ences became paramount. Scientists in the same community would respond to the 
resulting crisis differently. At least one scientist, Kuhn ’ s model of science held, would 
break through the reigning dogmatism surrounding the old paradigm and lead the 
rest to a revolutionary new paradigm. 

  “ The Function of Dogma in Scientific Research ”  

 With the theory of paradigms in hand, Kuhn stopped using the word  ‘ ideology ’  as he 
had been using it up to that point in his notes and drafts. But he still believed that 
successful, professional scientists were dogmatic –  – and now, with  Structure  drafted and 
bringing Kuhn words of praise from several colleagues, Kuhn seemed to become more 
confident that dogmatism was an essential, important feature of science.  21   He then 
put dogmatism front and center. In  “ The Function of Dogma in Scientific Research, ”  
a paper he presented in 1961 at a conference in Oxford, he told his audience that the 
paper was  “ abstracted, in a drastically condensed form, from the first third of my 
forthcoming monograph,  The Structure of Scientific Revolutions . ”  

 Like  Structure ,  “ The Function of Dogma ”  begins with a provocation, this one aimed 
directly at the reigning  “ image of the scientist as the uncommitted searcher after 
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truth. ”  Supposedly, the scientist is  “ the explorer of nature –  – the man who rejects preju-
dice at the threshold of his laboratory, who collects and examines the bare and objec-
tive facts, and whose allegiance is to such facts and them alone.  …  To be scientific is, 
among other things, to be objective and open-minded. ”   22   The truth, Kuhn explained, 
is precisely the opposite: 

 Though the scientific enterprise may be open-minded, the individual scientist is very often not. 

Whether his work is predominantly theoretical or experimental, he usually seems to know, before 

his research project is well under way, all but the most intimate details of the result which that 

project will achieve. If the result is quickly forthcoming, well and good. If not, he will struggle 

with his apparatus and with his equations until, if at all possible, they will yield results which 

conform to the sort of pattern which he has foreseen from the start.  23   

 The source of this dogmatic confidence lay in paradigms, the  “ concrete problem-
solutions ”  that science students learned and repeated through drills and that  “ the 
profession has come to accept as paradigms. ”  The  “ unknown ”  that Kuhn and Conant 
celebrated in  The Copernican Revolution  had thus given way to confidence and dogma-
tism about the known. 

 Paradigms cultivated this dogmatism in three ways. First, paradigms are exclusive. 
A scientific community,  “ if it has a paradigm at all, can have only one. ”  Second, para-
digms are taken to ground true and unchanging representations of nature.  “ In receiv-
ing a paradigm, ”  that is,  “ the scientific community commits itself, consciously or not, 
to the view that the fundamental problems there resolved have, in fact, been solved 
once and for all. ”  Third, paradigms are the practical basis of most scientists ’  careers. 
 “ Given a paradigm, ”  Kuhn wrote, scientists  “ strive with all their might and skill to 
bring it into closer and closer agreement with nature. ”  During crises and revolutions, 
therefore, many scientists become defensive.  “ What they are defending, ”  Kuhn wrote, 
 “ is, after all, neither more nor less than the basis of their professional way of life. ”   24   

 What was the  “ function ”  of all this dogmatism? Though  “ a source of resistance and 
controversy, ”  Kuhn explained, this dogmatism is also  “ instrumental in making the 
sciences the most consistently revolutionary of all human activities. ”   25   Dogmatism 
helps to ensure that scientists stay focused and that paradigm shifts aren ’ t pursued 
capriciously. It helps to distinguish merely vexing puzzles, which will eventually be 
solved by dogmatic and determined scientists, from crisis-inducing anomalies that 
cannot be accommodated by the reigning paradigm and can lead only to a scientific 
revolution. 

 Conant, Glass, and the Anti-Communist Scientific Consensus 

  “ The Function of Dogma ”  didn ’ t go over very well at the conference.  26   The historian 
of science A. Rupert Hall worried that Kuhn ’ s use of  ‘ dogma ’  was, in effect,  “ an 
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apology for weakness ”  on the part of insufficiently creative, free-thinking scientists.  27   
The philosopher Stephen Toulmin argued that Kuhn had failed to distinguish the 
necessary use of prevailing ideas to  “ frame the questions ”  we put to nature from 
the need  “ to leave nature to answer [these] questions for herself, without prompting. ”  
It was true, he countered, that a scientist  “ relies upon preconceived ideas; but in a 
sense which emphatically does not involve any suggestion of dogmatism. ”   28   

 Kuhn stood his ground against his British and European critics. The only commen-
tator who persuaded him to moderate his claims about dogmatism was the American 
geneticist Hiram Bentley Glass. Like Conant, Glass was a natural scientist who had 
become a university administrator, a public intellectual, a historian of science, and an 
influential education reformer. From the late 1930s to the early 1960s, his writings in 
the  Bulletin of the Atomic Scientists  and his regular column in the  Baltimore Evening Sun  
made Glass nearly as visible to the American public as Conant. Most important, with 
respect to Kuhn ’ s claims about dogmatism in science, both Glass and Conant grappled 
publicly with the issue of intellectual freedom that had been raised by the controver-
sies over communist teachers in the late 1940s and the early 1950s. Though they 
entered those debates from different institutional sides, Conant as president of Har-
vard and Glass as an officer of the American Association of University Professors, both 
endorsed the national consensus that intellectual freedom was essential both to sci-
ence and to a healthy, democratic society. While Conant championed the liberal bona 
fides of Kuhn ’ s  The Copernican Revolution  for their political relevance to the cultural 
Cold War in Europe, Glass used his position as editor of the  Quarterly Review of Biology  
(from 1949 to 1965) to condemn Lysenkoism as an example of ideological interference 
in science.  29   

 The liberalism that Conant and Glass shared was manifested in their historiography 
of science. In his book  On Understanding Science , Conant defined science according to 
its propensity to change: 

 Science emerges from the other progressive activities of man to the extent that new concepts 

arise from experiments and observations, and the new concepts in turn lead to further experi-

ments and observations.  …  This dynamic quality of science viewed not as a practical undertaking 

but as development of conceptual schemes seems to me to be close to the heart of the best 

definition.  30   

  “ Almost by definition, ”  he added,  “ science moves ahead. ”   31   
 Conspicuously, Conant avoided using the word  ‘ truth ’  in his definition, both 

because of his instrumentalist philosophical inclinations and because of the term ’ s 
close associations with dogmatism and authoritarianism. Glass also avoided using the 
word in his conference paper as he surveyed the history of genetics from Bonnet and 
Maupertuis to emphasize the progressive, dialectical power of scientific ideas: 
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 The modern view of the relation of heredity to development is not Bonnet ’ s, but neither is it 

Maupertuis ’ s. It has something of both, and something of neither. The two views, once held to 

be irreconcilable, have merged in a higher synthesis. As for our current views of heredity and of 

species, much the same may be said.   32   

 Glass ’  aversion to the word  ‘ truth ’  was evident in the conclusion of his survey:  “ It is 
in the dedication to a conceptual model which may seem to hold true, but cannot in 
fact describe nature in its fullness, that we find both the highest stimulus to current 
scientific investigation and the greatest barrier to ultimate knowledge. ”   33   

 At the time of the conference, Glass was in his second year as a director of the 
Biological Sciences Curriculum Study, based at the University of Colorado at Boulder. 
His mission was to reform high school biology education in the wake of Sputnik and 
the National Defense Education Act. Though Glass admired some aspects of Kuhn ’ s 
account (his own survey of genetics, advancing through different theoretical pro-
grams, he admitted, might well be characterized as something like a series of  “ para-
digm shifts ” ), he couldn ’ t accept Kuhn ’ s descriptions of scientists, or science itself, as 
dogmatic. The adjective simply didn ’ t fit the scientists Glass knew, scientists who 
 “ rather often discuss the validity of their basic assumptions. ”   “ I think more often 
today than when I was a younger scientist, ”  he explained. Nor did it fit the increasing 
rate of scientific progress that Glass observed: 

 Within my own working life as a geneticist I have already seen two very fundamental overturns 

of prevailing conceptual models, or to use Mr. Kuhn ’ s term, paradigms. The young scientist of 

today, therefore, must be trained to expect relatively frequent overturns of his basic ideas within 

his own field.  34   

 On these matters of scientific education and training, Glass disagreed even more 
strongly –  –  “ sharply, ”  he emphasized –  – with Kuhn ’ s account. As a public intellectual 
who stood firmly behind the national consensus that science and intellectual freedom 
were inseparable, he could only have bridled at Kuhn ’ s descriptions of students ’  under-
going  “ a relatively dogmatic initiation into a pre-established problem-solving tradition 
that the student is neither invited nor equipped to evaluate, ”  an initiation that resulted 
in a  “ mindset, ”  a  “ deep commitment, ”  and  “ professional rigidity. ”   35   As  “ chairman of one 
of the science curriculum studies into which the National Science Foundation of the 
United States has poured some ten millions of dollars, ”  Glass found this unacceptable. 
He spoke confidently  “ for my fellow biologists of this generation in America ” : 

 I have found complete unanimity among them in the belief that science must be taught — I do 

not say  has  been taught — as a variety of methods of investigation and inquiry rather than as a 

body of authoritative facts and principles. They also agree emphatically that students must be 

taught that scientific laws and principles are approximations derived from the data of experience 

and that they remain forever subject to alteration and correction or replacement in light of new 
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evidence. I am appalled to think that, if Mr. Kuhn is right, we should go back to teaching para-

digms and dogmas, not merely as temporary expedients to aid us more clearly to visualize the 

nature of our scientific problems, but rather as part of the regular, approved method of scientific 

advance.  36   

 Of course, Kuhn hadn ’ t made educational recommendations in  “ The Function of 
Dogma. ”  But Glass clearly detected the unacceptable political implications for post-
Sputnik education reforms in what Kuhn was saying.  “ If Mr. Kuhn is right, ”  he argued, 
the liberal consensus enshrined within these reforms could well be wrong and possibly 
counterproductive. If the recent Soviet successes in space science had been the fruits 
of a relatively  “ autocratic ”  approach to education and planning (a possibility Kuhn 
hadn ’ t ruled out in his earlier talk on Sputnik), the BSCS-style reforms championed 
by Glass would predictably fail to help close the technology gap with the Russians. It 
isn ’ t surprising that Glass was  “ appalled. ”  

 In response, Kuhn reassured Glass that he was sympathetic to his reforms.  “ [T]he 
system [of education] they aim to change, ”  he agreed,  “ is often no more than a parody 
of what scientific education should be. ”  But Kuhn didn ’ t back down. He wished Glass 
success, but predicted  “ that it may not be possible to carry the reform so far as he 
[Glass] would wish. ”  However students were trained in science, and however fre-
quently scientific revolutions occurred, Kuhn believed that paradigms and their dog-
matic hold on the scientific mind were simply a feature of modern science:  “ I doubt 
that science will get on without them. ”   37   

 But Kuhn conceded that he would cease to use the terms  ‘ dogma ’  and  ‘ dogmatism ’ . 
Glass himself had pointed the way for Kuhn at the beginning of his remarks, 
admitted that  ‘ paradigm ’  was  “ a new word for me. ”  Glass asked himself what, exactly, 
was the relationship between dogmas and paradigms, then urged Kuhn to accept his 
answer: 

 I now recognize that the paradigm looks backwards while moving forwards, whereas the dogma, 

a related creature with which I am more familiar, also looks backwards but stands its ground.  38   

 In effect, Glass proposed a rapprochement between Conant and Kuhn. Whereas 
Conant had insisted that the essential quality of science was that it  “ moves ahead, ”  
Glass suggested that Kuhn ’ s paradigms should be understood to have a similar motion, 
ever  “ moving forwards. ”  

 Kuhn embraced Glass ’  distinction between dogmas and paradigms, granting that 
it  “ both fits and furthers the purpose of my enquiry. ”  He would  “ surrender [ ‘ dogma ’ ] 
in favour of something like  ‘ commitment to a paradigm ’ . ”   39   Understood as an essen-
tial, functional component of  “ normal science, ”   ‘ dogma ’  and  ‘ dogmatism ’  never 
appeared again in Kuhn ’ s writings. As for the paper  “ The Function of Dogma in Sci-
entific Research, ”  after its original publication in the conference proceedings Kuhn 
forbade its inclusion in either of the two collections of his published essays.  40   
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 On the Invisibility of  ‘ Dogma ’  

 In fact, Kuhn ’ s concession to Glass was superficial. Though he presented  “ The Func-
tion of Dogma ”  as a partial introduction to  The Structure of Scientific Revolutions ,  Struc-
ture  itself doesn ’ t rely on the word  ‘ dogma ’  or its variants in the same way. Kuhn had, 
in fact, already used phrases like  “ commitment to a paradigm ”  throughout the manu-
script that he would soon finish writing and send to the University of Chicago Press. 
In the published version of  Structure , one finds  ‘ commitment ’  (on pages 11, 24, 25, 
40),  ‘ rigid ’  (on pages 19, 49, 166),  “ accepts without question ”  on page 47,  “ relatively 
inflexible [theoretical] box ”  on page 24,  “ take for granted ”  on page 19,  ‘ assurance ’  on 
page 151, and  “ confidence in their paradigms ”  on page 165.  41   But one doesn ’ t find 
 ‘ dogma ’  or variants thereof, despite the fact that the crypto-dogmatism manifest in 
Kuhn ’ s discussions plays the same pre-revolutionary function as the dogmatism 
described in  “ The Function of Dogma. ”   42   

 Obviously only Kuhn himself knew why he used  ‘ dogma ’  in this way in his pre-
sentation at the Oxford conference but not in the book that presentation was written 
to introduce. Had it occurred to him to use  ‘ dogma ’  only after he had finished drafting 
 Structure , the encounter with Glass may have dissuaded him from introducing the term 
in the final draft. Another possibility is suggested by Kuhn ’ s careful treatment of the 
issues of scientific freedom and autocracy in his lecture on Sputnik. If  ‘ dogma ’  was 
his first terminological choice for unveiling and articulating his new theory of science, 
he may have reasoned that a predominantly British audience, removed from the ongo-
ing American preoccupation with dogmatism, authoritarianism, and other varieties of 
mental and ideological bondage, would be less distracted by the unsavory political 
connotations of the word; his American publisher and readers, on the other hand, 
would be better served by the array of euphemisms used in  Structure . If so, Kuhn was 
exactly right, for it was the American Glass who recoiled most  “ sharply ”  at the Oxford 
conference.  43   

 Whatever Kuhn ’ s rationale, the uniqueness of  “ The Function of Dogma ”  and its 
subsequent obscurity relative to his later works should not lead us to conclude that 
his new image of science made only short-lived and incidental contact with the 
political and cultural preoccupations of Cold War America in 1961.  44   These selected 
episodes in the development of  Structure  indicate that matters of politics, sociology, 
and the geopolitical implications of how science was understood framed the intel-
lectual matrix into which Conant invited Kuhn as he equipped himself for a career 
as a historian of science. Though some elements of this matrix –  – for example, the 
metaphor of political revolution and the belief (related to the national preoccupation 
with  “ mind-control ”  and  “ brainwashing ” ) that ideas themselves can  “ grip ”  and con-
trol the human mind  45   –  – have long been visible to readers of  Structure , they have not 
been recognized as Cold War markers. That recognition has been impeded not only 
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by Kuhn ’ s replacement of  ‘ ideologies ”  by  ‘ paradigms ’  circa 1960 and his retraction of 
the word  ‘ dogma ’  in 1961, but also by the postwar style of intellectual professionalism 
that Kuhn ’ s theory of paradigms helped to inaugurate. 

 As he put it in his unsent letter to Philipp Frank, Kuhn believed that large-scale 
sociological or  “ existential ”  pressures stemming from national or religious traditions 
no longer affected professional scientists in interesting or important ways. They may 
have in earlier centuries, Kuhn acknowledged, but  “ at this time and place ”  such exter-
nal factors as  “ government, church, etc. ”  seemed to have  “ relatively little impact upon 
decisions made by professional scientists about problems arising within their own 
sciences. ”   46   From this point of view, what divided Kuhn and Frank on this question 
was not only theoretical details of sociology but the ongoing professionalization and 
depoliticization of philosophy of science during the Cold War. By inviting Kuhn to 
join his new committee to promote sociology of science, Frank was reaching across 
an emerging professional divide between old-school logical empiricists (like himself 
and his co-editor, Charles Morris) who promoted philosophy of science as a broad 
unifying framework for modern life and younger scholars who, having witnessed Cold 
War persecutions of communist faculty members and the institution of loyalty oaths, 
adopted a professional posture that more firmly separated matters of scholarship from 
those of society and culture.  47   

 Conant Reads  Structure  

 In regard to this new professional, intellectual style, Conant was a member of the old 
guard, alongside Frank, Morris, and Glass: all of them believed that ideas about science 
and its history were importantly connected to matters of society and national welfare. 
Whereas Glass confronted Kuhn at the Oxford conference, Conant ’ s engagement with 
Kuhn on these matters was more extended and complex. By the time  Structure  appeared, 
Conant and Kuhn had been colleagues for about fifteen years. One suspects that 
Conant, having supported and respected Kuhn for so long, was prepared to like  Struc-
ture  very much. 

 But when Kuhn sent Conant a copy of the manuscript in the spring of 1961 (only 
several weeks before the Oxford conference), Conant was plainly disappointed. Though 
he applauded the historicist, anti-positivist picture of science ( “ on the whole, ”  he 
wrote,  “ I am very sympathetic to your unorthodox interpretation of science ” ), he 
urgently pointed out some inconsistencies and historiographic omissions, such as 
Kuhn ’ s failure to address the role of  “ the practical arts ”  in the history of scientific 
change. The most pressing problem, however, was Kuhn ’ s new theory of paradigms. 
The manuscript relied on  ‘ paradigm ’  so much, Conant feared that Kuhn might come 
to be perceived and dismissed as  “ the man who grabbed onto the word  ‘ paradigm ’  
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and used it as a magic verbal word to explain everything. ”   “ To my mind, ”  Conant 
wrote,  “ the page on which you sum up your point without recourse to the word  ‘ para-
digm ’  is the clearest page in the whole document. ”  Conant ’ s detailed three-and-
a-half-page critique leaves little doubt that he saw Kuhn ’ s new theory of paradigms as 
unnecessary theoretical baggage that, ironically, obscured the dynamics of scientific 
revolutions. Kuhn ’ s evident infatuation with  ‘ paradigm ’  (a word  “ you seem to have 
fallen in love with! ” ) had harmed  Structure  ’ s accuracy and credibility. ( “ A  ‘ new world 
view ’  is implied by your treatment of  all  scientific revolutions but I query if this is 
not far too grandiose a characterization of most of the revolutions you treat as exam-
ples. ” ) Though the manuscript didn ’ t rely on  ‘ dogma ’ , Conant couldn ’ t have missed 
the ways in which Kuhn ’ s theory of paradigms clashed with his own liberalism. Like 
Glass, Conant rejected the image of intellectual conformity that he saw in the manu-
script:  “ You tend to treat the scientific community far too much as a community with 
a single point of view. ”   48   

 In the wake of Conant ’ s criticisms of  Structure , his objections to the dogmatic por-
trayal of normal scientists moved into the background of his relationship with Kuhn. 
Though it would be incorrect, one might even conclude that Conant changed his 
mind about all of his objections, even to the overuse of the word  ‘ paradigm ’ . Weeks 
later, after Kuhn confessed that he was extremely disappointed by Conant ’ s initial 
reaction, Conant softened his objections and reassured Kuhn that they concerned 
mainly  “ a matter of style and presentation. ”   49   Much relieved, Kuhn proposed dedicat-
ing the book to Conant.  50   A year and a half later, Conant found the printed book in 
his mailbox, read it, and seemed to like it even more: 

 I have just finished reading it and congratulate you most fervently. Needless to say I am grateful 

to you for the dedication and more than proud to have my name associated in this way with 

what is a truly important book. 

 You have not only presented a challenging and unorthodox interpretation of scientific 

history, but you have documented what you have written in a most impressive manner.  …  Quite 

apart from the impact of your novel ideas, the setting forth of the scientific revolutions as you 

have is going to help many readers to understand science better.  51   

 These congratulations weren ’ t merely private and collegial. Conant was soon to write 
a new book of his own book in which, he told Kuhn, he would help promote  Structure : 
 “ I refer to your book and I hope if nothing else this little volume may stimulate people 
to read yours. ”   52   

 Had Conant himself adopted the new professionalism and decided to downplay or 
dismiss the unhealthy political implications he must have seen in  Structure ? Probably 
not — in  Two Modes of Thought  (a career-summarizing reflection on intellectual freedom 
and progress in science, law, business, and general education), Conant addressed the 
issues of dogmatism and intellectual uniformity in communities: 
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 A free society requires today among its teachers, professors, and practitioners two types of indi-

viduals: the one prefers the empirical-inductive method of inquiry; the other the theoretical-

deductive outlook. Both modes of thought have their dangers; both have their advantages.  …  

Above all, the continuation of intellectual freedom requires a tolerance of the activities of the 

proponents of the one mode by the other.  53   

 The pluralistic title of Conant ’ s book ( Two Modes of Thought: My Encounters with 
Science and Education ) rejects the claims in  “ The Function of Dogma ”  and  The Structure 
of Scientific Revolutions  that there is only  one  mode or method of scientific advance in 
modern science: 

 The more one studies the steps by which rapid advances have been made in the natural sciences, 

the more difficult it is to describe the ways in which wide generalizations and new concepts 

have originated. The one thing that does seem certain is that one must speak of the  ways , for 

there is no single way. This is the reason why it is worse than nonsense to speak of  the  scientific 

method.  54   

 In this respect,  Two Modes of Thought  takes up Conant ’ s private criticism of  Structure  ’ s 
 “ far too grandiose ”  picture of revolutions.  “ By leaving out any reference to technology 
and advances in the practical arts ( including the practical art of experimentation and 
observation ), ”  Conant had written to Kuhn,  “ you distort the picture of science and get 
yourself into needless trouble about progress. ”  In  Two Modes of Thought , Conant 
offered a more balanced picture, insisting that any adequate history of  “ astronomy, 
physics, chemistry, or biology ”  must be ecumenical, for  “ the natural sciences as they 
stand today are the result of the careful use of the empirical-inductive method of 
inquiry together with the imaginative use of the theoretical-deductive. ”  As if to coun-
terbalance  Structure  ’ s one-sided, theoretical-deductive account, Conant devoted pages 
to  “ empirical-inductive ”  inquiry and practical arts, including ironmaking and a  “ mod-
ern example of the empirical-inductive approach, ”  the trial-and-error invention of 
antiknock gasoline. As if to counterbalance  Structure  ’ s picture of dogmatic,  “ normal ”  
science, Conant again presented his trademark definition of science as  “ an intercon-
nected series of concepts and conceptual schemes that have developed as a result of 
experimentation and observation. ”  This series, Conant asserted, led not to truth and 
finality –  – and certainly not to dogmatism –  – but only to  “ further experimentation 
and observation. ”  

 Though Conant called  Structure   “ brilliant, ”  his praise was specifically directed to 
this point about scientific truth. Conant recommended  Structure  to those who  “ wish 
to equate science with a quest for the ultimate structure of the universe. ”   “ I agree with 
Kuhn ’ s conclusion in the final chapter of his brilliant book, ”  he wrote,  “ that it is 
erroneous to measure scientific achievement by the extent to which we are brought 
closer to some ultimate goal. ”   55   The word  ‘ paradigm ’  and other essential features of 
 Structure  do not appear in  Two Modes of Thought . 
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 Two Modes of History of Science 

 Conant also elaborated the geopolitical implications of the conceptual and method-
ological pluralism he endorsed — a pluralism that, he asserted, remained a source of 
the West ’ s strength in its resistance to international communism and also helped to 
explain the origins of that nemesis: Bolshevism had rejected pluralism and embraced 
the dogma of dialectical materialism as a supremely powerful theory and  “  Weltan-
schauung  ”  from which all legitimate answers could be deduced. As a result, the Soviet 
Union was doubly dogmatic, wedded to the  “ deductive theoretical ”  mode of thought 
and to one overarching theory — dialectical materialism.  “ I need not point out, ”  
Conant wrote,  “ the practical consequences of living in a totalitarian state with an 
 all-embracing  official dogma. ”   56   Yet he dwelled anyway on the dangers to science and 
society of intellectual conformity and the perils faced by  “ dissenters ”  who refused to 
conform: 

 I am inclined to think social, political and intellectual regimentation is a necessary consequence 

of the belief that there is only one set of premises from which one may proceed to deduce con-

clusions about the way human beings behave and ought to behave.  …  Even a superficial study 

of the books and magazine articles that have been published in the Soviet Zone and East Berlin 

in the last twenty years highlights the dangers inherent in a complete devotion to the theoretical-

deductive mode of thought. If it assumed that the theoretical fabric is complete and all human 

problems can be solved by logical reference to this fabric, these dissenters are worse than heretics; 

they are unscientific!  57   

 Read in light of Conant ’ s private complaint that  Structure  described scientific com-
munities as having only  “ a single point of view ”  and the fact that Conant was soon 
to write  Two Modes of Thought  when he first read  Structure , his argument appears to be 
a collegial but firm rebuttal of Kuhn ’ s  “ new image ”  of science. 

 The route to scientific revolutions, Kuhn insisted, necessarily passed through the 
dogmatism of  “ normal science. ”  No, Conant replied in  Two Modes of Thought ; scientific 
progress and creativity are fostered only by the interaction and conflict between dif-
ferent  “ modes of thought. ”  A scientific paradigm, Kuhn explained, is tightly con-
nected to a specific, all-embracing  “ world view. ”  No, Conant objected; world views 
don ’ t illuminate the workings of modern science.  “ Indeed, ”  he emphasized,  “ the word 
 Weltanschauung  has come to epitomize the outlook of those who demand an all-
embracing answer to the deep problems of human life and the nature of the cosmos. ”   58   
A scientific dissenter, Kuhn explained,  “ who continues to resist after his whole profes-
sion has been converted ”  to a new paradigm,  “ has ipso facto ceased to be a scientist. ”   59   
If that was so, Conant implied, modern professional science must be a totalitarian 
institution, not a free, liberal, tolerant one. 
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 Conclusion 

  “ Unless he has personally experienced a revolution in his own lifetime, ”  Kuhn wrote 
in his chapter  “ The Invisibility of Revolutions, ”   “ the historical sense either of the 
working scientist or of the lay reader of the textbook literature extends only to 
the outcome of the most recent revolutions in the field. ”  That historical sense, Kuhn 
added, is linear and progressive,  “ leading in a straight line to the discipline ’ s present 
vantage. ”   60   On that view, the history of science studies after Kuhn runs in straight 
lines primarily from one scholarly text to another. Kuhn himself told us that  Structure  
could revolutionize our understanding of science by critically responding to Karl 
Popper, to logical empiricism, and to presentistic  “ whig ”  historians of science. 

 As Glass ’  and Conant ’ s reactions to  Structure  help show, however,  Structure  emerged 
not only in dialogue with other theoretical projects but also from within in a matrix 
of Cold War concerns — about the epic confrontation of liberalism and totalitarianism, 
about the nature and power of ideology, and the susceptibility of the open, liberal 
mind to dogmatism –  – all of which motivated and informed the historiography of sci-
ence that Kuhn first learned under Conant ’ s direction. Although Kuhn rejected specific 
elements of that matrix, such as the image of the open-minded scientist-explorer, and 
although his theoretical vocabulary of  ‘ ideology ’  and  ‘ dogma ’  fell by the wayside, 
 Structure  remains nonetheless shaped by these Cold War realities. 

 In  Two Modes of Thought , Conant himself seemed to recognize that  Structure  was 
born of intellectual as well as political threads. He accepted  Structure  ’ s aversion to 
 “ truth, ”  but not its historiography and the resulting picture of single-minded, dog-
matic scientific communities. In Kuhn ’ s words, that is, Conant experienced the Kuh-
nian  “ revolution in his lifetime, ”  and his published remarks drew attention to these 
complexities and to the vital issues at stake. In only a few years, however, these com-
plexities would begin to disappear. Kuhn ’ s paradigms would eclipse Conant ’ s concep-
tual schemes. New generations of scholars would treat  Structure  as a strictly historical 
and philosophical treatise, these several strands would be pulled taught into a single, 
unified line, and the revolution would be complete.   
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 13   Big Science and  “ Big Science Studies ”  in the United States and 

the Soviet Union during the Cold War 

 In the 1960s, Big Science was identified as a new phenomenon, associated with 
changes in the organization of scientific research in the aftermath of World War II.  1   
As the Big Science mode of research blossomed and expanded in the second half of 
the twentieth century, it became a widespread mode of scientific research in the natu-
ral sciences. More recently, in the social sciences, research has been increasingly orga-
nized around big projects involving big budgets and big interdisciplinary teams. Big 
Science has also become a favorite analytical category for historians of science who 
have used it for talking not only about Cold War science but also about its predeces-
sors in earlier decades or even centuries. Indeed, the precedents of Big Science, under-
stood as a mode of research characterized by large scale and extensive state involvement 
in its funding, could be found in the imperial sciences in the nineteenth century 
and in the great Victorian projects of knowledge that similarly had at their center 
the presence of big state as well as big business. As an intervention into this discus-
sion, the historian Jon Agar has suggested distinguishing between the  phenomenon  
of Big Science as a mode of organization of scientific research and the  “  labeling  of  ‘ Big 
Science ’  as something of concern,  …  a product of the  …  long 1960s. ”   2   Endorsing this 
useful distinction, this chapter aims to historicize Big Science as an analytical category, 
showing how the categories we typically use to characterize science during the Cold 
War were themselves products of Cold War science. 

 In the early 1960s, the phenomenon of Big Science became a focus of debates 
among social and natural scientists, political analysts, and scholars of diverse disciplin-
ary and political backgrounds. On both sides of the  “ Iron Curtain, ”  social analysts 
articulated awareness that the large-scale growth of science after World War II had 
significant implications, for better or for worse, for modern societies, identifying Big 
Science as a contemporary phenomenon requiring characterization and careful study, 
especially in terms of its social and political implications. 

 In the first section of this chapter I focus on the discussions in the United 
States concerning the political and social consequences of Big Science, which found 
its most prominent articulation in the early 1960s within the network of intellectuals 
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associated with Congress for Cultural Freedom. In the second section I focus on the 
parallel discussions in the Soviet Union, where the discussion of the same phenom-
enon was articulated in terms of the theory of Scientific Technological Revolution 
(STR), promulgated in the 1960s and the 1970s. As I discuss in the third section, these 
discussions provided a context for reading Kuhn ’ s  Structure of Scientific Revolutions  
(1962), both in the United States and in the Soviet Union, in those decades. 

 I argue in this chapter that Big Science, as an analytical category, was deployed as 
a resource to debate, negotiate, and rationalize the concerns and anxieties of the Cold 
War on both sides of the Iron Curtain. Throughout the Cold War, both the United 
States and the Soviet Union advocated their ability to offer and display different 
visions of modern industrial (or rather  “ post-industrial ” ) society, and Big Science 
played major role in these powerful imageries. In their different political settings, 
American and Soviet scholars conceptualized the phenomenon of Big Science, tying 
together their country ’ s preferred model of social order with an image of the  “ right ”  
scientific order and, at the same time, creating parallel imageries of societies built 
around modern technology. In the context of the Cold War and the expansion of the 
sciences into Big Science, these scientists and scholars also helped to invent a set of 
new subjects while reconceptualizing science as a social activity and in various ways 
exploring science-society-politics nexus. In both political settings, the discussion of 
social and political implications of Big Science contributed to the construction of the 
public space in which studies of science (or, rather, of Big Science) emerged as an 
important — and politically relevant — area of expertise. 

 The  “  Minerva  debate ” : Big Science and  “ Big Science Studies ”  in Cold War America 

 In an editorial in the first issue of  Minerva , the journal ’ s founding editor, the University 
of Chicago sociologist Edward Shils, described the scope and the aims of the new 
journal: 

 The governmentalisation of science and scholarship is, in part, a product of intellectual develop-

ment and its changed relationship to technology, which entails costs which can only be borne 

by government, and returns, in which governments, even in capitalistic societies, have a great 

and appropriate interest. The governmentalisation of science in the past decade and a half is 

also, in part, a result of the Cold War — as are also, to some extent, the political embarrassments 

and concerns of science.  Minerva  will be concerned with the indirect as well as the direct influ-

ence of the Cold War on the role of science and scholarship and on the performance of their 

true calling.  3   

 The  “ governmentalisation ”  of science, as Shils emphasized, implied newly defined 
relations between American scientists and the federal government. In the aftermath 
of World War II, in Shils ’  words, scientists had  “ become politicians. ”   4   Politics was 
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always part of science, but now, Shils argued, the relationship between politics and 
science had become more explicit and prominent. This intensified interdependency 
between science and politics was manifested on different levels, ranging from the 
development of scientific advisory representation in the government to  “ scientists ’  
movements ”  such as the Pugwash Conferences. The aim of  Minerva , Shils stated, was 
to create a forum for discussing, describing, documenting, and examining these recent 
changes and how they affected the relations between science and politics:  “ Without 
seeking to formulate a code to govern them, [ Minerva ] will try, through the description 
of what has happened and through the analysis of the conditions of good and poor 
relationships, to develop a better understanding of why things sometimes go wrong 
and to contribute to a better practice. ”   5   

 During the 1960s,  Minerva  developed into a forum for discussions of the changing 
relations between science, politics, and national policy in the United States. The first 
and the most prominent topic of the newly founded journal, which became a continu-
ing theme in the first decade of its publication, was the phenomenon of Big Science 
and its social and political implications. In 1961, the term  “ Big Science ”  was simulta-
neously coined by two physicists — Alvin Weinberg, director of the Oak Ridge National 
Laboratory and a member of the President ’ s Science Advisory Committee, and Derek 
de Solla Price, a physicist turned historian.  6   In his influential 1961 essay in  Science  on 
the phenomenon that he called Big Science, Weinberg argued that the large-scale 
centralized scientific operations exemplified by gigantic National Laboratories such as 
Oak Ridge — which were linked to big facilities, big budgets, and big publicity — had 
dramatically changed the major features and societal role of science. While believing 
in the positive effect of Big Science and its advantages for American science, Weinberg 
argued that the funding for Big Science projects should be confined to National Labo-
ratories,  “ to prevent the contagion ”  of Big Science from spreading to the universities. 
Big Science, in Weinberg ’ s view, should be  “ segregated ”  from the more traditional 
modes of research in order to  “ prevent it from taking over Little Science. ”   7   

 Weinberg ’ s ambivalent position with regard to Big Science was widely shared by 
scientists of different disciplinary backgrounds who argued that large-scale, lavishly 
funded, team-operated research in Big Science threatened individual scientists ’  initia-
tive and innovation.  8   Moreover, Big Science, with its huge expenditures, had placed 
new and unprecedentedly large demands on society. As Weinberg noted, however, the 
right question to ask was not whether Big Science was  “ ruining science. ”  Since Big 
Science was  “ here to stay, ”  the more appropriate thing to do, in Weinberg ’ s view, was 
to systematically examine and characterize this phenomenon and its social and politi-
cal implications. Arguing that  “ Big Science was an inevitable stage in the development 
of science, ”  Weinberg warned scientists and the public about the broad social and 
long-term consequences of Big Science as a contemporary cultural phenomenon, 
comparing it to the construction of the pyramids of Egypt or the Palace of Versailles. 
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Like those cultural landmarks, Big Science was, in Weinberg ’ s view,  “ a supreme out-
ward expression of our culture ’ s aspirations ”  that had  “ created many difficult prob-
lems, both philosophic and practical. ”   9    “ These questions ”  addressing the cultural, 
social, and political implications of Big Science, Weinberg noted,  “ are so broad, and 
so difficult, that I cannot do more than raise them here. ”   10   

 The questions that Weinberg sketched in his short 1961  Science  essay were at the 
center of Shils ’  concerns when he founded  Minerva . While planning the first issue of 
the journal, in May of 1962, Shils invited Weinberg to contribute an expanded version 
of his  Science  essay.  11   Weinberg apparently didn ’ t respond, but he did respond to Shils ’  
second written request several months later. With his letter Weinberg sent the text of 
the lecture he presented at the meeting of the local honorary engineering society at 
the University of Tennessee earlier that year.  12   Shils responded enthusiastically and 
suggested that it be published in  Minerva .  13   

 Weinberg ’ s article — titled, at Shils ’  suggestion,  “ Criteria for Scientific Choice ”  —
 focused on the question of how funding for Big Science projects, requiring large federal 
patronage, should be allocated in a democratic society: Should scientists play a leading 
role in political decisions concerning their science, or should their role be limited to 
providing technical expertise to politicians?  14   As a director of an exemplary Big Science 
operation closely working with national-security and military agencies, Weinberg 
didn ’ t question the power that scientists, especially physicists in the wake of the World 
War II, had at influencing decision-making and obtaining large state resources while 
staying largely free from political control. The problem for Weinberg was that all deci-
sions pertaining to Big Science were inevitably political, based more on judgments of 
politicians and few elite scientists, mostly physicists, than on diversified scientific or 
technical expertise. How, Weinberg asked, should the government decide what to 
prioritize when it came to  “ different, often incommensurable, fields of science ” ?  “ We 
shall, ”  he wrote,  “ have to choose between, for example, high-energy physics and 
oceanography or between molecular biology and science of metals  …  whose only 
common characteristic is that they all derive support from the government. ”   15   The 
problem of such choices, Weinberg maintained,  “ arises in  ‘ Big Science ’ , not in  ‘ Little 
Science. ’   …  It is only when science really does make serious demands on the resources 
of our society — when it becomes  ‘ Big Science ’  — that the question of choice really 
arises. ”   16   Weinberg ’ s solution was to  “ decentralize ”  these choices by resorting to the 
 “ systematic application of a set of criteria. ”  Weinberg suggested three groups of criteria: 
 “ technological merit ”  (the balance between the costs of research and the prospective 
return in the form of industrial applications),  “ scientific merit ”  (measured as much 
by indirect repercussions as by direct promise), and  “ social merit ”  (promise of high 
payoffs for health, food production, defense or prestige). Molecular biology, for exam-
ple, in Weinberg opinion, had all three merits —  “ scientific, ”   “ technological, ”  and 
 “ social ” ; physics was currently overrated; space research was only  “ masquerading ”  as 
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science:  “ If we do space-research because of prestige, then we should ask whether we 
get more prestige from a man on the moon than from successful control of the water 
logging problem in Pakistan ’ s Indus Valley Basin. If we do space-research because of 
its military implications, we ought to say so.  …  ”   17   

 Weinberg ’ s article, although mostly concerned with the pragmatic issue of the 
allocation of funds for Big Science projects, simultaneously framed a set of more gen-
eral themes. Big Science, Weinberg emphasized, was explicitly political. In Weinberg ’ s 
view, the qualitative change in the relation between science and the state had occurred 
when science achieved the size and complexity of Big Science operations, all of which 
were embroiled in institutional, bureaucratic, and national, as well as international, 
politics. Moreover, as Weinberg ’ s discussion implicitly suggested, it was the Cold War 
that had set up this new agenda for science, with its incentive to maintain the nation ’ s 
superiority in all fields that might contribute, directly or indirectly, to the high-
technology postwar economy. Weinberg concluded that scientists and the general 
public had no choice other than to accept the Big Science, but that they should ask 
questions about its political and social consequences and try to come up with reason-
able answers. 

 Weinberg ’ s essay opened the discussion of the social and political implications of 
Big Science on the pages of  Minerva . Shils carefully planned the debate. Along with 
the paper from Weinberg, he asked Michael Polanyi, whom Shils deeply admired, to 
contribute a paper for the opening issue.  18   Polanyi was an enthusiastic supporter of 
Shils ’  journal, praising Shils for the  “ great achievement ”  of his  “ enterprise in bringing 
out the first issue of  Minerva  ”  and assuring his friend that he  “ subscribed to everything 
you say in the editorial introduction. ”   19   The essay Polanyi wrote for the opening issue 
of  Minerva  was his famous  “ The Republic of Science. ”    20   

 In his essay, Polanyi articulated his long-held views on science and its gover-
nance, arguing that the social order of science constituted a coherent and self-
governing system, with no central authority, internally coordinated  “ by mutual 
adjustment of independent initiatives. ”  This system, Polanyi held,  “ works according 
to economic principles similar to those by which the production of material goods 
is regulated. ”   21   As Polanyi put it in his famous science-as-market analogy,  “ in the 
free cooperation of independent scientists we shall find a highly simplified model 
of a free society. ”   22   According to this view, the governmental support of science, 
though welcome, should not in any way imply the control of scientific enterprise, 
either in the form of planning or regulation, since any form of state intervention 
would undermine the order of science based on the self-governing autonomy of the 
scientific community. Science, Polanyi argued, should maintain its traditional  “ Little 
Science ”  mode of organization, as a decentralized network of independent self-coor-
dinated initiatives, since only this mode of organization could provide science with 
its crucial strength.  23   
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 The long-cherished ideal of the self-governing autonomy of science was, however, 
in conflict with the Big Science mode of organization of science, as Weinberg ’ s discus-
sion made clear. With its centralization of research and decision making through 
centralization of facilities Big Science obviously didn ’ t conform to the image of science 
as a spontaneous pursuit of knowledge by scientists-citizens in a self-governed republic 
of science, free of control and regulation. The theme was continued by scientists and 
scholars whom Shils invited to respond to the opinions expressed by Weinberg 
and Polanyi —  “ the  Minerva  debate on scientific choice ”  as one of the participants, 
philosopher Stephen Toulmin, called it.  24   In his review summarizing the  “  Minerva  
debate ”  Toulmin concluded that Polanyi ’ s image of the  “ republic of science ”  was out 
of date: 

 In real life, the republic of science cannot stand apart from the general commonwealth. Back in 

the 1930s, Polanyi ’ s campaign to defend the autonomy of science against projects for a Nosey-

Parkerish state centralism had a real point. By the 1960s, the need for academic science to be 

self-governing seems to be being conceded even in Russia and Polanyi ’ s protestations are —

 surely — more insistent than they need be. As the social sciences too approach their coming-of-

age, his distinction between the republic of science and the rest of the community becomes 

excessively disjunctive. The urgent question today is, rather, how the self-governing republic of 

science is to be integrated, not only into the broader academic confederation, but into the whole 

community of citizens.  25   

 Polanyi responded to the critique without, however, changing his general position. In 
 “ The Growth of Science in Society, ”  published in  Minerva  in 1967, he reflected on the 
relations between science and society in the age of Big Science. Polanyi argued that 
Big Science doesn ’ t challenge the science-as-market model. The market-based eco-
nomic model was still valid, even in seemingly non-market situations:  “ The marginal 
principle of economics offers the conceptual model for [scientific research].  …  Funds 
and appointments serving scientific research must be distributed in a way that prom-
ises the highest total increment to science.  …  The two great principles of scientific 
growth [are] the granting of independence to mature scientists and the imposition of 
scientific values on their performances  …  achieved by  …   self-coordination by mutual 
adjustment  and  discipline under mutual authority .  26   

 Weinberg did not find this view appealing. In 1968, reviewing a book by the science 
journalist Daniel Greenberg with the telling title  The Politics of Pure Science , in which 
Greenberg contested the  “ traditional scientific view ”  that the internal system of sci-
ence is a sufficient guarantee to require no outside surveillance, control or reinforce-
ment, Weinberg wrote: 

 This traditional view has been articulated eloquently in the pages of  Minerva  by Professor Polanyi. 

In Polanyi ’ s  “ republic of science ”  countervailing  “ political ”  forces are kept in rational equilibrium 

by the internal workings of the value system of science, a value system the ultimate sanction of 
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which is nature itself. Yet, on this issue — the effectiveness of the republic of science in keeping 

the game honest — I find myself more in sympathy with the journalist Greenberg than with the 

scientist Polanyi.  27   

 In 1991, Weinberg was even more explicit in his assessment of his own position, writ-
ing about his advocacy of Big Science as  “ being organized, more or less by an intrusive 
government ” : 

 This  “ socialist ”  view of science contrasts with Polanyi ’ s Republic of Science, in which myriad 

independent practitioners determine the course of science. The Republic of Science is a free 

market and decentralized. My scientific enterprise is more socialist and centralized. Actually, I 

would say that where Polanyi ’ s democratic republic is a good model for Little Science, my socialist 

republic applies more to Big Science.  28   

 And Weinberg added another twist to  “  Minerva  debate. ”  The choices rationalizing 
the decisions pertaining to Big Science, Weinberg argued, should be made not by poli-
ticians but by  “ some well-informed observers ”  — experts not in sciences per se but 
rather in meta-studies of science.  “ For this reason alone philosophic debate on the 
problems of scientific choice should lead to a more rational allocation of funds. ”   29   
Big Science, in other words, required what might be called  “ Big Science studies ”  — an 
independent and decentralized expertise, which would provide a systematic study of 
Big Science mode of research and advise the government accordingly.  30   Weinberg 
jokingly remarked, in retrospect, that his papers in  Minerva  had launched his career 
as a  “ moonlight philosopher of scientific administration, ”  and the  “  Minerva  debate ”  
had contributed to the recognition of  “ the importance of philosophic examination of 
the sanctions for public support of science, ”  stimulating  “ something of a cottage 
industry in the philosophy of science policy. ”   31   

 What Weinberg called a  “ cottage industry in the philosophy of science policy ”  had 
originated earlier, however. The founding of  Minerva  in 1962 had been preceded by 
three years of activities and workshops on science policy and science politics that Shils 
had organized under the auspices of the Congress of Cultural Freedom (CCF). The 
examination of the phenomenon later called Big Science was at the center of the 
intellectual agenda of the CCF. Both Shils and Polanyi were active members of the 
CCF and major drivers of the CCF Seminar Program and its  “ Study Groups, ”  focused, 
among other areas of concerns, on the discussion of science as a social and political 
institution. The quest for  “ expertise ”  in meta-studies of science that Weinberg envi-
sioned in his essays was at the center of the CCF ’ s own aims and aspirations. 

 The Congress for Cultural Freedom and Its  “ Study Groups ”  
 The Congress for Cultural Freedom is remembered as the spearhead of Cold War 
American cultural diplomacy, established with the aim to secure support for the Mar-
shall Plan (Economic Recovery Program) in the sphere of culture and ideas by building 
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a transnational network of anti-Stalinist scholars and establishing strong bonds 
between European and American intellectuals. The CCF ’ s goals were to be achieved 
through widely publicized endeavors such as the Festival of the Twentieth Century, 
as well as through CCF-affiliated journals such as  Encounter ,  Preuves ,  Der Monat , and, 
later,  Minerva .  32   

 The CCF ’ s first visionary was Arthur Koestler, a Hungarian  é migr é  whose widely 
known novels denounced totalitarianism and voiced calls to arms for the defense of 
freedom and the fight against Stalinism. Koestler ’ s  “ militant liberalism ”  wasn ’ t 
embraced, however, by other visionaries of the CCF. Thus, Nicolas Nabokov, Secretary 
General of the CCF, referring to Koestler ’ s original plan for the CCF, which he envi-
sioned as a  “ combat unit ”  devoted to the cause of the defense of freedom, expressed 
the general opinion in 1952:  “ the Congress [should be established] in the minds 
of the European intellectuals as a positive, and not only as a political, organization. ”   33   
After Stalin ’ s death, it became even more obvious that the simple message of  “ anti-
communism ”  wasn ’ t enough to sustain intellectual appeal and gather significant 
audience among the European and American intellectual elite.  34   

 The CCF lost no time establishing its  “ positive program, ”  which emerged in the 
mid 1950s from the network of intellectuals associated with the CCF, most prominent 
among them Raymond Aron, Daniel Bell, and Edward Shils. The CCF ’ s  “ positive pro-
gram ”  was encapsulated in the rhetoric that later found its sharpest articulation in 
Bell ’ s 1960 book  The End of Ideology . Within the CCF, the  “ End of Ideology slogan ”  
was adopted, in words of Michael Polanyi, as  “ an expression of [the CCF ’ s] predomi-
nant aims [and] our official pronouncement. ”   35    

 The  “ end of ideology ”  rhetoric signified an important shift in the CCF ’ s self-per-
ception,  “ from an instrument of struggle against totalitarianism to an international 
forum for debate. ”   36   In Polanyi ’ s words, the  “ end of ideology ”  was a  “ distinctive, pas-
sionately sober approach to culture and politics ”  that encouraged factual and calm 
examination of political systems and contemporary societal phenomena, rather than 
mere denunciation of totalitarian regimes.  37   This rhetoric sought to move away from 
simplistic early Cold War dichotomist imageries of incommensurable Eastern and 
Western world systems and competition promulgating instead the images of conver-
gence and compromise. It promoted the view that the common forces resulting from 
the dramatic advances of science and technology were leading both Western capital-
ism and the Soviet Bloc ’ s socialist and collectivist systems to adopt similar methods 
of socioeconomic management. In words of Konstantin Jelenski, a Polish  é migr é  writer 
who led the Eastern European Division at the CCF, there was a  “ growing realization 
that the realities of industrialism are perhaps a more important determining factor 
socially than political systems, whatever their ideological origin. ”   38   

 The  “ end of ideology ”  wasn ’ t merely a normative position, it sought to offer a 
substantial reformulation of the ideals and goals of classical liberalism. In Polanyi ’ s 
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words, the  “ end of ideology ”  was the means to  “ secure a post-Marxian basis for liberal-
ism throughout the world. ”   39   These realities of the postwar world had shaken the belief 
in an unregulated free market system and  laissez-faire . The  “ end of ideology ”  presented 
a renewed defense of capitalist  “ free society, ”  with its central ideals of the  “ free market ”  
and  laissez-faire  economics, seeking to attune it to the socio-political implications of 
changes in political economy in the postwar industrialized world, and to the subtleties 
and compromises of the Cold War with its postwar coalitions. 

 With this agenda, the  “ end of ideology ”  rhetoric emphasized the studies of science 
as the topic of central concern. With its emphasis on  “ sober, ”  sophisticated, dispas-
sionate socioeconomic analysis of modern industrial societies and their political sys-
tems, the  “ end of ideology ”  promoted the view that a dramatically increased role of 
science in the realm of public affairs and politics had delineated a new phase in the 
development of Western liberal democracies. Science, its history, and its politics were 
to be assessed, especially in terms of their implications for democracy, liberalism, and 
freedom. The CCF intellectuals sought to offer such an assessment, and they did this 
in a big way. 

 The CCF  “ methodology ” : The Study Groups and the Seminar Program 
 As Rebecca Lemov has pointed out,  “ methodological thought ”  became a preeminent 
concern during the Cold War.  40   Within the CCF this certainly was the case. With its 
 “ end of ideology ”  rhetoric calling for a non-ideological  “ sober ”  research based on facts, 
rational method, and science, rather than ideological conceptions and  “ messianic 
claims, ”  the CCF encouraged the application of scientific methods to social problems. 
Among the models for the CCF ’ s activities was the Committee for Economic Develop-
ment (CED), which was seen by the CCF leaders as an exemplary organization that 
had developed sophisticated methods of collecting, processing and analyzing vast 
amounts of social data: 

 The Congress [for Cultural Freedom] would do well to adopt this CED technique or some appro-

priate variant of it whereby data which has been collected by specialized institutions on different 

topics of general importance would be submitted to a small study group of the Congress which 

would prepare on the basis of the detailed examination of the available data, recommendations 

for a special international policy statements, to be issued on the name of the Congress. Such 

statements ... could conceivably have a beneficial influence on the policies of other organizations, 

of foundations, and even of governments.  41   

 The CED model of quantitative analysis of large sets of social data was, however, soon 
abandoned in favor of a qualitative analysis. The main form of the CCF ’ s activities 
became the CCF Seminar Program, conceived as an innovative form of interdisciplin-
ary contact, a method of  “ intellectual confrontation, ”  in which critical discussion was 
methodically staged. One of the CCF officers claimed that  “ the seminar concept  …  
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provides the most adequate form for the treatment of many issues  …  stimulating 
thinking and discussion about  …  new ways of organizing intellectual confrontation. ”   42   
To achieve this healthy  “ intellectual confrontation, ”  the CCF ’ s seminars and study 
groups meetings adopted the practice of commissioning two or more position papers 
presenting opposing views  “ on a critical contemporary problem ”  (for example,  “ an 
optimistic and pessimistic view of the quality of life in industrial society ” ) and submit-
ting them for discussion in small groups.  43   

 The CCF Seminar Program consisted of international seminars and a large number 
of smaller local meetings. The themes were diverse. Science and its role in the postwar 
world was but one of many topics, but it always loomed large on the agenda.  44   The 
unstated goal of the Seminar Program was to develop the CCF into a clearing house 
for independent expertise on the pressing issues of the day — expertise that would 
eventually be used to advise government policy makers. The discussions that took 
place, which were carefully recorded and transcribed, were ultimately intended to 
result in a series of publications devoted to  “ major present preoccupations of the 
intellectual world. ”   45   

 Edward Shils, one of the chief designers of the CCF ’ s seminar program, also helped 
to introduce another form of the CCF activities: study groups. CCF study groups origi-
nated in the  “ Study Group on Science and Freedom, ”  organized by Michael Polanyi as 
part of the 1953 Hamburg Congress and an outlet of his Society for Freedom in Science 
that he formed in the 1940s.  46   For Polanyi, the system of the organization of science as 
it had developed since the Scientific Revolution was a resource for liberal capitalist 
democracy.  47   The discussion of these ideas at 1953 Hamburg Congress resulted in Shils ’  
proposal to set up a Study Group within the Congress that would sharpen the picture 
of the relations of science and the state in the contemporary world.  48   

 At the 1955 conference in Milan, Shils suggested that the Study Group be extended 
into a  “ future Congress on Science and Freedom ”  that would focus on the  “ impact 
on the academic community of the great historical changes of the past two decades, 
and particularly of the greatly increased need for finance from outside sources, and 
the invasion of practical and technical tasks in the academic sphere, with all its result-
ing social, political and intellectual problems. ”   49   The envisioned Congress, eventually 
held in Hamburg in 1959, was devoted entirely to discussion of the dramatic changes 
in the role of technology and science that had occurred since World War II. The aspi-
ration was to produce a comprehensive account of the  “ Technical Age ”  into which 
both Western and non-Western societies had entered.  50   However, the topic was obvi-
ously too grandiose and too important to be limited to one meeting. As a solution, 
Shils suggested dividing it among several permanent Study Groups. The CCF adopted 
Shils ’  proposal, and six Study Groups were inaugurated, each having its own program 
within the general theme outlined at the 1959 Hamburg Congress. The Study Groups 
continued to function thereafter, with different levels of success and productivity. 
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 As Shils outlined the  “ division of labor, ”  one Study Group, directed by Shils himself, 
would focus on the political aspects of the  “ Technical Age, ”  characterized by the 
 “ decline of ideologies ”  in Western societies and the rise of technical and scientific 
expertise with their growing role in the realm of public affairs. Two other groups would 
be concerned with the features, both positive and negative, of modern industrial and 
mass society, with one group focusing on the features of society while the other 
focused on the individual ’ s relation to culture and society in the  “ Technical Age. ”  
Then, two groups would focus on the role of the  “ vast class of intellectuals ”  — artists, 
scientists, and academics of all kind — in the contemporary world divided by the Cold 
War. Finally, the last group would study  “ the signs already visible of affirmation in 
the Communist world itself of those values which we hold dear. It will seek to pinpoint 
indications that such values do provide a point of convergence for various contrasting 
historical developments. ”   51   The plan was adopted by the Study Groups ’   “ directors ”  —
 Edward Shils, Michael Polanyi, Daniel Bell, Raymond Aron, and Nicolas Nabokov. In 
subsequent years, the topics of Study Groups changed, although there always was a 
continuity with the original themes suggested by Shils. Shils, as a Study Group leader, 
was interested in science policy and science politics; Polanyi was concerned with the 
relationship of thought, mentalities, and contemporary politics; Raymond Aron led 
the discussions of the conditions of stability, both in democracies and ideological 
orthodoxies; Nicolas Nabokov led the discussions of the role of the arts in the postwar 
world.  52   

 In 1960, Shils focused his Study Group on  “ Scientific Policy — the Cooperation of 
Government, Economy and the Universities in the Development and Application 
of Scientific Research. ”   53   That year and the next, he invited leading academics and 
scientists to take part in discussions, or to contribute a paper or a statement to be 
discussed. As one of the founders of the  Bulletin of the Atomic Scientists , and as a co-
founder and vice-director of the University of Chicago ’ s Office of Enquiry into the 
Social Aspects of Atomic Energy, Shils had long been involved in the atomic scientists ’  
movement. Now he capitalized on this network, trying to enlist atomic scientists in 
a more general and theoretical discussion of the interactions between science and 
society.  “ The kind of persons we wish for, ”  he told J. Robert Oppenheimer in 1960, 
 “ are scientists concerned with problems of scientific policy,  ‘ scientific administrators, ’  
civil servants and politicians especially concerned with the development of science 
and other aspects of the application of scientific knowledge. ”   54   

 By 1962, Shils was ready to move his Study Group ’ s discussions into the public 
realm. The CCF Study Group on Science Policy was transformed into the CCF-affiliated 
journal  Minerva . Establishing  Minerva , Shils transferred some of the approaches and 
formats of the CCF Study Groups workshops and discussions into this forum. For the 
opening issue of  Minerva , in line with the methodology of discussion that was adopted 
at the CCF, Shils commissioned two opposing position papers on Big Science: an 
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 “ optimistic ”  one, by the physicist and science administrator Alvin Weinberg, and a 
 “ pessimistic ”  one, by the physical chemist and philosopher Michael Polanyi. Unlike 
the CCF seminar program, however,  Minerva  was established as a public forum with 
the intention of influencing not only the intellectual elite (the major  “ target ”  of the 
CCF ’ s activities) but also the broader academic community and the makers of science 
policy. 

 In the 1960s the CCF sponsored a number of influential magazines and organized 
large and small international conferences and seminars on a wide range of topics, 
including science and its roles in the broader culture, in society, and in politics. By 
the mid 1960s, the CCF was regarded as a big success. Referring to the Congress ’  role 
in countering the appeal of the pro-communist Left and in creating a receptive atmo-
sphere for the formation and support of a movement that often thought of itself as 
on the anti-communist Left, one of the CCF ’ s best known members, the diplomat 
and the State Department ’ s Soviet expert George Kennan, wrote in 1959 to Nicolas 
Nabokov:  “ I can think of no group of people who have done more to hold our world 
together in these last years than you and your colleagues. In this country [i.e. the 
United States] in particular, few will ever understand the dimensions and the signifi-
cance of your accomplishments. ”   55   

  “ Who paid the piper ” : The CIA connection and the moral crusade of the CCF 
 In 1967, a series of newspaper publications revealed the close association of the CCF 
with the US Central Intelligence Agency. The CIA connection presented an ultimate —
 and very sensible — test for the theoretical discussion of the societal effects of the 
 “ governmentalisation of science ”  and the issue of  “ the indirect as well as the direct 
influence of the Cold War on the role of science and scholarship ”  (quoting Shils ’  1962 
editorial). During the 1960s, the revelations of the CIA ’ s infamous involvement in 
operations in Iran and Guatemala in the 1950s, and in Cuba and Vietnam in the 
1960s, made the question of  “ governmentalisation of science ”  as much a moral as an 
epistemological position for the CCF-associated intellectuals and for their critics.  56   

 The revelation of the CIA funding behind the CCF and its activities caused public 
outrage. What can a  “ free thinker ”  say about his  “ freedom, ”  asked the  Sunday Times  
of London,  “ when he finds out that his free thought has been subsidized by a ruth-
lessly aggressive intelligence agency as part of the international Cold War? ”   57   A report 
in the  New York Times  similarly pointed out that the intellectuals who were funded 
by the CIA (with or without their knowledge) were  “ being used for concealed govern-
ment propaganda, ”  which made a  “ mockery ”  of intellectual freedom. In the aftermath 
of the controversy, the historian Christopher Lasch commented that  “ the whole 
wretched business seemed inescapably to point to the conclusion that cultural free-
dom had been consistently confused with American propaganda, and that  ‘ cultural 
freedom, ’  as defined by its leading defenders, was — to put it bluntly — a hoax. ”   58   
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 For most of the CCF associates, the revelation about the Congress ’  link to the CIA 
didn ’ t come as a surprise. As Sidney Hook admitted retrospectively in his autobiog-
raphy,  “ I have heard, like almost everyone else, that in some way the CIA was 
involved in funding the congress. Everyone mentioned it, even though no one had 
any hard evidence.  …  In my own mind I had no doubt that the CIA was making 
some contribution to the financing of the Congress.  …  Everyone involved in the 
activities of the Congress had heard rumors of covert CIA support. ”   59   Most of 
the CCF ’ s members continued to be engaged in the organization, either knowing or 
suspecting its source of funding, assuming that as long as they are not dictated or 
controlled in their intellectual activity, they can claim their intellectual independence 
and integrity. Within few days after the revelations in the  New York Times , several 
distinguished CCF associates — John K. Galbraith, George Kennan, J. Robert Oppen-
heimer, and Arthur Schlesinger Jr. — wrote a letter to the editors of  New York Times  
stating:  “ on the basis of our own experiences with the Congress over the past 16 
years — with its seminars, its artistic festivals, its magazines, its staff — we can say cat-
egorically that we have no question regarding the independence of its policy, the 
integrity of its officials, or the value of its contribution. In our experience the Con-
gress  …  has been an entirely free body, responsive only to the wishes of its members 
and collaborators. ”   60   

 Neither  Minerva  nor its editor was directly attacked in the press, but Edward Shils 
was as disturbed as others when he saw that their valuable enterprise was being dis-
credited. Like other CCF-associated intellectuals, Shils insisted that the CCF ’ s maga-
zine ’ s editorial independence wasn ’ t corrupted, emphasizing his own loyalty only to 
the  “ commitment to cultural freedom. ”   61   Deploying the  “ end of ideology ”  rhetoric 
and posture, Shils went so far as claiming that the CCF wasn ’ t  “ political. ”  In a letter 
to Crawford Goodwin, a professor of economics at Duke University and the program 
officer in charge of European and International Affairs at the Ford Foundation, he 
wrote:  “ it might be reasonably claimed that the Congress  …  was not political. It 
sought to promote the understanding and solution of fundamental problems which 
concern serious intellectuals  …  cutting across the boundaries of nationality, party, 
intellectual field and discipline.  …  It created and fostered a sense of affinity among 
these intellectuals in a way which is, I think, unique in the history of the present 
century. ”   62   

 The CCF ’ s leaders should have felt that they were between a rock and a hard place. 
The complexities of the interrelation between politics and science that they had being 
discussing at length in the seminars and study groups appeared to represent now their 
own predicament. In some ways, the CCF intellectuals were reasoning according to 
the very logic of  “ Big Science ”  that they were disentangling. They were accepting, 
with Weinberg, that Big Science had changed not only science but also the way the 
relation between science and the state was understood. If Big Science was political 
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then  “ Big Scientists ”  could not but be politicians in their claims on freedom and 
independence of science vis- à -vis state and politics. 

 The positions taken in the  “  Minerva  debate ”  continued to resurface within the 
network of the CCF intellectuals, now on the  “ moral plane. ”  The  “ intellectual con-
frontation ”  staged by Shils on the pages of  Minerva  resurfaced as a  “ moral confronta-
tion ”  among the CCF leaders now facing a moral conundrum. Polanyi, once again, 
presented a  “ dissenting ”  view. Reasoning consistently with his theoretical defense of 
 “ Little Science, ”  Polanyi was much concerned about a  “ little person ” : Michael Jos-
selson, the CCF ’ s Executive Director and a dedicated driving force behind the CCF ’ s 
activities since its inception. After he was revealed to be a CIA officer, Josselson was 
ostracized by other CCF leaders, who unequivocally insisted on his immediate resigna-
tion. Polanyi, alluding to Arthur Koestler ’ s famous novel, called the decision to  “ elimi-
nate ”  Josselson from the CCF  “ another darkness at noon. ”  For Polanyi this decision 
was, first of all, morally wrong. Moreover, it wasn ’ t  “ rational. ”  It didn ’ t resolve the 
moral conundrum; it was only a way to claim unawareness about the CCF ’ s connec-
tion to the CIA, a position that Polanyi found neither moral nor rational. In a letter, 
he asked Raymond Aron  “ What kind of figure are we going to cut? Are men like you 
or me  …  going to declare that in 15 years we did not notice that we were being 
manipulated to serve sinister purposes? Are we going to proclaim our awakening, a 
new version of  The God That Failed ? ”   63   

 The fate of their  “ valuable enterprise ”  was, in Polanyi ’ s eyes, inseparable from the 
fate of its  “ little ”  leader, even if it would imply to  “ lose face ”  and admit the strong 
connection between the CCF and the CIA. Appealing to the CCF ’ s support  “ for saving 
Mike [Josselson], the Congress, and our honour, ”  Polanyi wrote the following to Aron: 

 I would have served the C.I.A. (had I known of its existence) in the years following the war, with 

pleasure. We were faced with an ubiquitous madness, supported by an empire and organized on 

conspiratorial lines.  …  In the years after 1950 we battled against a phalanx of Stalinist or Stalin-

isant intellectuals throughout Europe, for the vindication of free thought, which was despised 

and ridiculed by those who are now forcing us to dismiss Mike Josselson, because he had accepted 

the support of like-minded American officials, who appreciated the ideals he was fighting for.  64   

 In the end, it was the forced resignation of Josselson rather than the revelation of CIA 
funding that prompted Polanyi to resign from the CCF. As he explained to Pierre 
Emmanuel,  “ I expressed the feeling that I could not remain connected with our 
organization, if we decided to eliminate Michael Josselson from it.  …  I beg you, 
therefore, to accept my resignation from the community to which I have so long 
adhered. ”   65   

 With funding secured by the grant from the Ford Foundation, the CCF quietly 
became the International Association for Cultural Freedom.  66   The IACF  “ inherited ”  
the CCF ’ s magazines and, aside from a few resignations, continued to rely on old 

www.ebook3000.com

http://www.ebook3000.org


Big Science and “Big Science Studies” 407

networks until it quietly dissolved itself in 1979, never having enjoyed as much suc-
cess as the CCF had enjoyed throughout the 1960s.  67   

 The Broader Context of the  “  Minerva  Debate ” : The Theories of  “ Post-Industrial Society ”  
 The  “  Minerva  debate ”  articulated the awareness that the growth of science, for better 
or for worse, had significant implications for modern society. By the 1970s, this view 
had become common. Jacques Barzun, Spencer Klaw, Edward Shils, Daniel Bell, John 
K. Galbraith, and many other social theorists promoted the view that access to the 
power of the atom, the computer revolution, the exploration of the cosmos, and 
the greater cultural, social, economic, and political significance that science had come 
to hold in Western societies delineated a new type of social order — a  “ post-industrial 
society. ”  

 The theory of  “ post-industrial society ”  was the most articulate descriptor of a new 
postwar social structure in which advanced science and technology played a major 
role. Like the  “ end of ideology, ”  the theory of  “ post-industrial society ”  was formulated 
within the CCF ’ s network of intellectuals. It was most prominently articulated by 
Daniel Bell in his 1973 book  The Coming of Post-Industrial Society .  68   However, the con-
cept was born much earlier, within Bell ’ s Study Group and the CCF seminars. 

 In his discussion of the changing role of the intellectuals, Bell attributed central 
importance to the technological developments that transform and increase the num-
ber of scientists and men of knowledge, seeing them as the dominant element within 
the new social structure in a society where the social functions of science had con-
siderably expanded. The post-industrial society was a society in which the growing 
role of intellectual activities implied not only the mobilization of science for the sake 
of both knowledge and capital production, but also suggested that the distinction 
between economic and social processes were increasingly vanished. In post-industrial 
society, new forms of community emerged as alternatives to market-based norms of 
organization, and a  “ professional and technical class ”  of scientific workers displaced 
the  “ old working class. ”  

 The  “ post-industrial society ”  rhetoric resonated with the changing context of the 
Cold War. By the late 1960s, a partial d é tente with the Soviet Union and the  “ com-
munist ”  countries in Europe made the anti-communist rhetoric of the 1950s obsolete, 
though of course didn ’ t make anti-communism obsolete. The anti-communism of the 
late 1960s and the 1970s required a new rhetoric, and the  “ post-industrial society 
theory ”  supplied exactly what was needed, presenting the images of the emergence 
of a unitary  “ post-industrial society ”  in both mature capitalist and socialist  “ techno-
structures ”  — the so-called  “ convergence theories, ”  widely promulgated throughout the 
1970s. As Bell affirmed, behind the argument about convergence lay a recognition of 
the fact that, in Bell ’ s words,  “ the market was rediscovered in the Communist socialist 
world, and the market was losing its importance in the Western economies. ”   69   
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Economic performance and its prerequisites, scientific and technological advances, 
were the defining elements of modern life and a measure of success in the Cold War. 

 The  “  Minerva  debate ”  provides a perfect illustration of how the  “ planning-
versus-market ”  dichotomy didn ’ t hold in the world of Big Science shaped by Cold 
War. The Western democracies and the Soviet Bloc were claimed to represent two 
incommensurable and opposing forms of economic modernity, epitomized in 
two ideal types — Soviet  planning  and American  free market . Yet, in the debates on the 
pages of  Minerva  these two ideal types were redefined, re-negotiated, and reconciled 
to accommodate actual practices of social planning and control existing on both sides 
of the Iron Curtain. As a result, the  “ planning-versus-market ”  dichotomy was broken 
down into a number of different positions across the entire spectrum from planning 
to market. 

 Shils, eager to include the perspective from the Soviet side, published several papers 
in which the physicist Pyotr Kapitsa discussed the planning of science in the Soviet 
Union. The papers by Kapitsa published in  Minerva  were translations of articles that 
had been published in  Pravda  and in  Literaturnaia Gazeta  in 1966.  70   Kapitsa argued 
that Soviet science, which had been planned at the state level for several decades, had 
reached the point where a more effective approach to research should be imple-
mented — one that would take the views of scientists into account. Emphasizing the 
value of the creative element in science, Kapitsa argued that  “ the plan ”  should support 
rather than restrict the freedom of scientific creativity and should be implemented by 
scientists  “ free[d] from petty controls. ”   71   

 Kapitsa ’ s deliberations came at the time when the prestige and authority of scien-
tists had risen dramatically in the Soviet Union, and Soviet physicists used this power 
and prestige to renegotiate their relations with the party-state and to launch an active 
campaign for a liberal reform in science policy.  72   Referring to the advocates of the view 
that science should be left to the scientists in the Soviet Union, Kapitsa wrote:  “ The 
scientists who maintain that scientific work cannot be planned because it develops 
spontaneously are wrong ”   73   Instead, Kapitsa advocated a more moderate position, 
arguing for a reform of the system of planning of science that would allow for more 
initiative on the part of scientific institutions and scientists themselves. In this way, 
Kapitsa contended, Soviet science could take advantage of the  “ freedom of science, ”  
a cherished value of Western scientists, as well as of the strength of Soviet institutional 
system of support.  “ We have money for research, ”  Kapitsa noted.  “ [T]he state is not 
mean and we can get it more easily than, for instance, American scientists. ”   74   

 Kapitsa ’ s articles, in Shils ’  view, resonated with the consensus articulated during 
the  “ Minerva debate. ”  Indeed, the reasoning of a representative of Soviet scientific 
community matched the tone of the discussion by American scientists and scholars 
trying to come to terms with Big Science ’ s centralization and planning coming along 
with generous federal and military patronage. Sending a translation of one of Kapitsa ’ s 
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articles to his assistant, Shils wrote  “ This article is of first importance. It must get as 
much publicity as possible when appears. ”   75   

 The publication of Kapitsa ’ s essays in  Minerva  also marked a watershed in the way 
Soviet experience was presented in discussions of the interrelation of science and 
politics by American scientists after World War II. In the early 1950s, the  “ Lysenko 
affair ”  and the scandalous ban of genetics in the Soviet Union in August of 1948 
became the most forceful arguments in favor of the  “ autonomy ”  of science and  laissez-
faire . Thus, in 1953, at the CCF ’ s Science and Freedom conference in Hamburg, Polanyi 
forcefully argued against attempts by John D. Bernal and other left-wing British sci-
entists to promote Soviet science policy as an appropriate model for the West. Polanyi 
backed his argument against planning of science by reminding listeners of the damage 
that had been done by Lysenko ’ s misconceived effort to  “ run science for the public 
good. ”   76   By the early 1960s, however, in the context of the debate on Big Science on 
the pages of  Minerva , Lysenko wasn ’ t in the picture anymore. In the early 1960s the 
Soviet Union was seldom described as failing. Its economy tended to grow faster than 
that of the United States, and especially after the launch of Sputnik in 1957 the Soviet 
slogan of  “ catching up and overtaking ”  the West didn ’ t appear to be patent nonsense.  77   
In the 1960s and the 1970s, a more important lesson from the Lysenko affair was the 
acknowledgment that the state planning of science may produce different results 
depending on the nature of the state. 

 How were all these issues seen on the other side of the Iron Curtain? The theo-
retical discussions of the impact of the growth of science on society in the postwar 
world weren ’ t restricted to the West. Simultaneously with the debate on  “ Big 
Science ”  in the United States, a parallel discussion of what was called the  “ Scientific-
Technological Revolution ”  was taking place in the Soviet Union. Like their American 
counterparts, Soviet scientists and scholars responded to the anxieties and concerns 
of the Cold War, adapting and transforming them in highly specific and often pecu-
liar ways. 

 The Soviet  “ Counterpart ”  of Big Science: The Theory of  “ Scientific-Technological 
Revolution ”  

 In the late 1950s and the 1960s, in the wake of the sensational achievements of Soviet 
nuclear physics, the construction of the first nuclear power station and the first 
nuclear-powered ice breaker, and, above all, the Soviet space-exploration program, 
a new term entered the Soviet political and philosophical lexicon:  “ Scientific-
Technological Revolution ”  (Nauchno-Tekhnicheskaia Revoliutsiia).  78   It came to denote 
the postwar scientific achievements and technological innovations that had taken 
place since World War II and that promised to change the socioeconomic conditions 
in the USSR and other countries.  79   
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 A comprehensive theory of Scientific-Technological Revolution (hereafter abbrevi-
ated to STR) was first developed during the 1960s by philosophers and social theorists 
in East Germany and Czechoslovakia, the most technologically advanced countries in 
the Soviet Bloc. In Czechoslovakia, the concept of the STR, developed by Czech phi-
losophers, provided the Czech reform movement led by Alexander Dub č ek with its 
philosophical agenda. The program of Czech economic reforms ( “ socialism with a 
human face ” ) was the result of teamwork by philosophers, economists, sociologists, 
psychologists, engineers, and natural scientists commissioned by Dub č ek ’ s govern-
ment and headed by the philosopher Radovan Richta, who assumed the directorship 
of the Institute of Philosophy in Prague in 1968. A programmatic collective mono-
graph,  Civilization at the Crossroads: Social and Human Implications of the Scientific and 
Technological Revolution , was published in Czech in 1967 and in English in 1969.  80   The 
central argument of Czech reformers was that the STR marked a new epoch  “ in the 
evolution of productive forces ”  and required the adaptation of the socialist economic 
system to the demands of modern industrialization and scientific-technological devel-
opment. The STR was critically different from the  “ first industrial revolution ”  in many 
important aspects, Czech reformers argued, because in the socialist countries the 
qualitatively new possibilities of the STR were combined with an economic system 
inherited from the first industrial revolution.  “ These considerations, ”  according to 
Richta ’ s report,  “ underscore the vital need for radical economic reforms now being 
introduced in the socialist countries. ”   81   In practice, such an adaptation would require 
a more flexible and transparent economic system, and openness to the worldwide 
exchange of information and ideas. 

 The Soviet invasion of Czechoslovakia in August of 1968 and the end of Dub č ek ’ s 
 “ new way toward socialism ”  had immediate consequences for philosophical discus-
sion of the STR. Czech specialists who played leading roles in the debates of the 1960s, 
particularly those who were active in the reform movement, lost their formal posi-
tions, although some continued to work in less visible roles as researchers. Some theo-
retical innovations of Czech reformers, particularly concerning the role of social 
groups and the nature of social relations under socialism, were explicitly rejected.  82   
The major effect of the events of 1968 on the theories of the STR was a shifting of the 
focus from the reformist cause (that is, the need for socialist societies to adjust to the 
requirements of the STR) to discussion and evaluation of the STR ’ s anticipated or 
unanticipated social and political consequences. 

 The 1970s marked the beginning of what might be called the  “ era of the STR ”  in 
Soviet political discourse, when the STR became a central notion in the official state-
ments of Soviet leaders. The greatly increased official commentary on the STR was 
part of the campaign to formulate national policies and to mobilize bureaucratic sup-
port for the major economic and political decisions of the late 1960s and the early 
1970s. Nixon ’ s visit to Moscow in 1972, followed by the accords on Soviet-American 
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cooperation in space exploration, environmental matters, and trade, marked the 
beginning of d é tente, which was presented in official Soviet pronouncements as 
the end of the Cold War. Rather than ending the Cold War, however, d é tente intro-
duced a new phase of it, marked by increased economic cooperation and trade. 

 The extension of foreign trade and the importation of Western technology in the 
Soviet Union had already increased greatly under Khrushchev, after the domestic 
liberalization and opening up of the Soviet economy to the outside world after Stalin ’ s 
death. Although in the late 1950s and the 1960s the Soviet economy was growing 
faster than American one, with Soviet technological confidence boosted by the suc-
cessful launching of Sputnik in 1957 and by other achievements in space exploration 
and in nuclear technologies, top Soviet officials acknowledged major weaknesses in 
domestic research and development. The economic historian Philip Hanson traced the 
beginning of the internal debate on the economic reforms within the Party Central 
Committee to 1958, when a Plenum of the Central Committee encouraged systematic 
attempts to make the planning of Soviet R & D more comprehensive.  83   

 The oil crisis of 1973 created new opportunities for the exporting of oil and opened 
new possibilities for foreign purchases and restructuring of Soviet economy. The steep 
rise in oil prices radically improved the Soviet Union ’ s terms of trade and gave an 
enormous boost to the foreign purchases, leading Brezhnev ’ s government to adopt a 
long-term policy of technology transfer from the highly industrialized capitalist West.  84   
During the period 1965 – 1972, two huge vehicle manufacturing plants, one for cars 
(the Fiat-Togliatti plant) and one for trucks (the Kama River plant), were constructed 
by purchasing equipment and general technical services from Italian and American 
companies.  85   The Kama River complex was parceled out to a number of different 
Western contractors, since no single Western company was prepared to take the risk 
of being the general contractor.  86   In both cases, the whole systems of technological 
know-how were transplanted from capitalist West to socialist East. Thus, during the 
construction of Fiat-Togliatti plant in what is now the province of Samara, Western 
contractors had overall responsibility for designing, equipping, installing, and com-
missioning the production facilities. In addition, they trained the Soviet workers, 
which resulted in significant cross-border flow of machines and people. Western spe-
cialists flew to the construction site and to Moscow, where the design bureau was 
located; Soviet citizens flew to Italy to learn how to operate the equipment that was 
being installed.  

 The emphasis of Brezhnev ’ s government on the importation of whole systems of 
technology from the capitalist West made theories of the STR the main element in 
evaluating the effects (especially undesired and unanticipated ones) of the infusion of 
foreign technology into socially and politically different societies. In this context, 
Soviet STR theorists were expected to offer a comprehensive discussion of the relations 
between technology and society. They did as well as they could within the constraints 



412 Aronova

of the official philosophical discourse. Questioning conventional interpretations of 
the exchange of technology as a form of cultural diffusion, they postulated analytical 
distinctions between the form and the content of modern technologies, between 
 “ technique ”  (gadgets and machines) and  “ technology ”  (social and economic relation-
ships embedded in supposedly value-free machines), and between direct and indirect 
effects of technology on society. In a sharp contrast with usually highly abstract phi-
losophizing, this discussion was tied to the real-life situations and processes. For 
example, in 1972 the philosopher Genrich Volkov contended that some technological 
innovations, for example computer technologies, increased labor productivity indi-
rectly through the changes in production relations, while other technologies had a 
direct effect on labor process,  “ relatively independent of socio-economic operations. ”  
Thus, Volkov concluded,  “ an assembly line would require the same type of highly 
specialized, mechanical operations, no matter whether it is installed in a Detroit plant 
or in a plant in Sverdlovsk. ”   87   

 These discussions revealed deep disagreements about the social and political impli-
cations of technology transfer. The authors of a 1972 volume titled  Nauchno-tekhniches-
kaia revoliutsiia i social ’ nyi progress  contended that new technical hardware couldn ’ t 
simply be grafted onto existing processes of labor, production, and management; 
rather, the existing processes required changes in order to accommodate new machines. 
Technical breakthroughs could be utilized effectively only if adjustments were made 
to the larger social systems. For example, the installation of computers would not 
produce  “ revolutionary ”  changes in the forms and organization of production, or in 
decision-making practices, unless they were accompanied by changes in the organiza-
tion of the flow and content of technical and social information.  88   The underlying 
argument was that techniques could be considered value-free, but they were embedded 
in the value-laden technologies that enabled them to perform social and political 
functions. 

 The major producer of literature on the STR in the 1970s was the Institute for the 
History of Science and Technology (Institut Istorii Estestvoznaniia i Tekhniki) in Mos-
cow. The IHST traces its origin to the Institute for the History of Science established 
under the directorship of Nikolai Bukharin in 1927, which was disbanded after the 
arrest of Bukharin and then that of another short-tenure director in 1938 during 
the Stalinist purges.  89   In 1945 the institute was reestablished with a new goal — to 
provide historical evidence to the Soviet nationalistic campaign in the wake of World 
War II. In the early years of the Cold War, the main function of the IHST was to 
assert the superiority of Soviet science.  90   In 1962, with the appointment of the new 
director, the philosopher Bonifatii M. Kedrov, the profile of the IHST changed dramati-
cally.  91   Kedrov ’ s program included a strong philosophical component and established 
strong connections between two Moscow institutes, the Institute for the History of 
Science and the Institute of Philosophy. One of the IHST ’ s newly formed departments, 
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dedicated to  “ general problems of the history of science, ”  was staffed by philosophers 
from the Institute of Philosophy, who were expected to provide direction and theoreti-
cal framework to historians of specialized branches of science. 

 The  “ philosophical turn ”  of a historians ’  Institute served several goals. One of these 
goals concerned the new role for the history of science, as it was redefined in the 
1960s. During the nationalistic campaigns of the late 1940s and the 1950s, the IHST 
dutifully produced or supervised numerous works that claimed priority for Russian 
science in almost any significant scientific discovery and trumpeted the superiority of 
Soviet science system over the Western one. At the same time, as a result of these 
militant nationalistic campaigns many historians retreated to descriptive and anti-
quarian modes of scholarship, or to exotic fields such as Arabic mathematics and 
ancient science.  92   In the 1960s, neither of these strategies of historians suited the new 
political agenda epitomized by the notion of the STR. The rhetoric of the STR had 
emphasized  recent  scientific developments and had encouraged study of the scientific 
and technological achievements of major  Western  industrial nations, rationalizing the 
new emphasis of Soviet economics on the transfer of Western technology and know-
how. Kedrov ’ s 1962 program emphasized that the IHST ’ s structure and research focus 
should be changed to  “ correspond to the present day situation ”  and to ensure the 
production of up-to date  “ synthesizing and analytical work on the development of 
recent science and present-day science. ”   93   New departments — one dedicated to  “ the 
Scientific-Technological Revolution ”  and one to  “ General Problems of the History of 
Science ”  — were created to ensure the implementation of these changes.  94   

 During the 1970s, the IHST produced or supervised a large number of collectively 
authored books on the STR.  95   One of the most important was  Man-Science-Technology: 
A Marxist Analysis of the Scientific-Technological Revolution  (1973), written by members 
of two Moscow institutes — the Institute of Philosophy and IHST — teamed with the 
Czechoslovak Institute of Philosophy and Sociology in Prague, where Radovan Richta 
and a number of other authors of the Czech reforms manifesto  Civilization at the 
Crossroads  continued to work as researchers after the Prague Spring.  96   Whereas  Civiliza-
tion at the Crossroads  had contained only few references to Marx and none to Lenin, 
and had cited primarily Western works dating back to the 1940s (for example, works 
by John D. Bernal),  Man-Science-Technology  tied the notion of STR to the classics of 
Marxism, though it placed no particular emphasis on Marxism-Leninism. 

 The malleable discourse of the STR served various ends. On the political level, theo-
ries of the STR were deployed both by conservative Party leaders (to justify and ratio-
nalize the preservation of the status quo) and by those who sought to rationalize 
 “ revolutionary ”  transformations in many areas of Soviet life by reducing organiza-
tional  “ irrationality ”  and  “ optimizing ”  economic decision making.  97   On a theoretical 
level, the STR represented a general theory of social change, and hence an important 
modernization of Soviet Marxism.  98   
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 Whereas classic Marxist-Leninist theory of the 1930s had emphasized class conflict 
as the motor of social change, the basic premise of the STR was that the advancement 
of science and technology had become the principal driver of societal transformation. 
Unlike standard Soviet Marxism, this new outlook didn ’ t take for granted that socialist 
society was the most advanced simply because of the public ownership of the means 
of production. Instead, the STR promoted a new image of competition between the 
two world systems based not on class conflict or military victory but on the Soviet 
Union ’ s allegedly superior ability to develop, manage, and apply advances in science 
and technology. 

 For the Soviet philosophers, the theories of the STR presented a vantage point from 
which to create a new outlook and a modernized version of Marxism-Leninism, replac-
ing the emphasis on the role of class struggle with the view that the ability to harvest 
the achievements of science and technology was a defining element of modern life. 
The theories of the STR extended Soviet Marxism-Leninism beyond the calcified form 
promulgated under Stalin. As the major evolving part of the official Marxist-Leninist 
theory in post-Stalinist Soviet Union, the STR discourse also restored, to a certain 
degree, the intellectual function to Soviet official philosophy, in the sense that politi-
cal struggles were not solely over positions and personal power but also over ideas and 
the meaning of Marxism-Leninism. 

 The theories of the STR were conceived in dialogue with and as a response to the 
writings of American social analysts evaluating and forecasting the effects of large-
scale growth of scientific research on society in the atomic and post-atomic age.  99   The 
theories of  “ post-industrial society ”  and  “ convergence theory ”  were thoroughly ref-
erenced, debated, and reviewed in the literature on the STR. In contrast to Daniel 
Bell and other theorists of  “ post-industrial society, ”  Soviet analysts largely denied the 
emergence of a unitary  “ post-industrial society ”  in both mature capitalist and socialist 
systems.  100   Yet they presented an array of different opinions on social and political 
consequences of the STR. The opinions ranged from the assertion that the STR would 
result in a transition to  “ the STR society ”  and the convergence of the two systems 
into a unitary and international  “ industrial communism ”  to the view that the STR 
was connected not with convergence but with a divergence between the capitalist 
and Communist social systems and with the expectation of an  “ intensified ideological 
struggle. ”   101   

 The bottom line of these diverse opinions was a cautious recognition that some of 
the  problems  of capitalist and socialist societies, in their drive toward an advanced 
stage of modernization, could be, indeed, common, but the Soviet theorists insisted 
that the capitalist and socialist societies differed in their  responses  to these problems. 
Georgi Shakhanazarov, a political scientist and a Central Committee department offi-
cial, summarized the question in his 1979 book  Fiasko Futurologii : 
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 To be sure, in practice all or nearly all social phenomena bear the imprint of the prevailing system 

and class ideology. Even such seemingly nonsocial phenomena as  technology  and  technique  are 

no exception. They, too, can [acquire specific characteristics] in distinctive social conditions, 

giving rise to distinctive social consequences.  …  Still, we must not overlook the fact that [these 

characteristics derive] not from the intrinsic nature of  technology  and  technique  but from the 

method of applying them in concrete social conditions. The gadgets and technologies are per se 

products of the human brain and human labor.  …  Their spread and the increasing resemblance 

of production processes is, therefore, no argument in favor of any convergence of the social 

systems.  …  Past experiences have shown that similar problems may be resolved in quite different 

ways, depending on the social conditions and the aims sought by the prevailing political forces.  102   

 The theories of the STR was a Soviet counterpart to the American concept of Big 
Science. On the both sides of the Iron Curtain natural scientists and social theorists 
attempted to delineate a new epoch in human history based on the advancements 
of science and technology in the new, atomic or post-atomic, age. Both were articu-
lated in response to the local economic and political situation and the needs of 
both states during the Cold War. In both political settings, reflection by natural 
scientists and social analysts on the social and political consequences of Big Science, 
as well as the articulation of the need for independent expertise on Big Science, was 
an important context for the nascent field of  “ science studies. ”   103   As the reception 
of Thomas Kuhn ’ s work in the Soviet Union demonstrates, the Soviet  “ Big Science 
studiers ”  responded to the same anxieties and concerns of the Cold War as their 
Western counterparts, while adapting and transforming them in specific and often 
peculiar ways. 

 Reading Kuhn ’ s  Structure  against the Backdrop of the Discussions on Big Science in 
America and the Soviet Union 

 Historical accounts of Science Studies (or Science and Technology Studies) usually 
highlight Thomas Kuhn ’ s seminal book  The Structure of Scientific Revolutions  (1962) 
as challenging the received view of science and triggering the burgeoning of 
Science Studies as an academic field in subsequent decades. As David Hollinger has 
pointed out, however, many if not all of Kuhn ’ s ideas can be found in the works of 
American intellectuals who were writing before or simultaneously with Kuhn.  104   
Hollinger singled out Daniel Bell ’ s  The End of Ideology ; Derek Price ’ s  Little Science, Big 
Science , Fritz Machlup ’ s  The Production and Distribution of Knowledge in the United States , 
Warren Hagestrom ’ s  Scientific Community , and Don K. Price ’ s  The Scientific Estate  as 
constituting the immediate context of Kuhn ’ s  Structure .  105   Not only did those works 
emphasize the  “ communitarian aspect ”  of science; they also represented an important 
shift in the perception of science: from timeless and universal  “ science ”  without 
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national or political affiliations to science as a concrete, historical, and interacting 
community.  106   

 The  “  Minerva  debate ”  on Big Science might be seen as part of this broader discus-
sion that constituted the context of Kuhn ’ s  Structure . Although the  notion  of Big Sci-
ence is not found in  Structure , the  phenomenon  of Big Science can be easily discerned 
in the background. Kuhn, a physicist turned historian, depicted the world he knew 
best — the practices and the political economy of physical science that overcame revo-
lutionary changes in the wake of World War II. Kuhn ’ s scientists were team workers, 
 “ organization men ”  who followed instructions and defended their  “ paradigms. ”  These 
were the scientists of Big Science, not  “ little science. ”  However, these connotations 
were only implicit in Kuhn ’ s work. 

 Edward Shils sought to make it explicit. In 1962, Shils asked Stephen Toulmin to 
review of Kuhn ’ s  Structure  for  Minerva . Indeed, the book came out in the midst of 
the discussions of the social and political implications of Big Science on the pages 
of  Minerva . In his request, Shils made clear that he wanted to do some  “ translation 
work ”  for Kuhn ’ s  Structure , relating it to the discussion of science policy and science 
politics for which  Minerva  provided a forum in the early 1960s:  “ [T]he main point 
about Kuhn is that it should be centered around the implication of Kuhn ’ s conception 
of scientific development for the planning and administration of science — not an 
easy task! ”   107   Perhaps it was rather symptomatic that the review of Kuhn ’ s  Structure  
never appeared in  Minerva : Kuhn ’ s work was largely irrelevant to the  “  Minerva  
debate. ”  

 In the Soviet Union, Kuhn ’ s  Structure  was also read with an eye to the debates on 
the social and political implications of the growth of science and its role in society in 
the atomic and post-atomic age. The STR theory provided a specific context for read-
ing Kuhn in the Soviet Union. During the 1960s, Kuhn ’ s  Structure  didn ’ t evoke any 
particular interest in the Soviet Union, although it was discussed and sympathetically 
reviewed almost immediately after its publication. In 1963, Henry Guerlac, a Cornell 
University historian of science, visited Leningrad ’ s branch of the Institute for the His-
tory of Science and Technology and gave a lecture on  “ the development of the history 
of science in the USA. ”   108   In 1965, the IHST researcher Ludmila Markova published 
first Soviet review of  Structure , offering a sympathetic summary. Markova emphasized 
 Structure  ’ s significance as a turning point for the history of science and noted its prox-
imity to Marxist thought, characterizing Kuhn ’ s book as a  “ dialectical interpretation ”  
of the revolutions in science.  109   However, despite these interventions, it was not until 
the mid 1970s that Soviet reaction to Kuhn reached momentum with the publication 
of a Russian translation in 1975. The translation triggered a broad discussion of Kuhn ’ s 
book among philosophers and scientists. 

 In many respects the Soviet discussion of Kuhn ’ s work in the 1970s resembled the 
Western one.  110   Soviet philosophers and scientists were troubled, just as their Western 
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counterparts were, by the  “ incommensurability ”  thesis. They argued that scientific 
change was a rational and logical choice, not a somewhat mysterious and irrational 
 “ gestalt switch. ”  Kuhn ’ s failure to discuss the sources of new knowledge was also criti-
cized. From the perspective of Soviet critics, Kuhn ’ s concept plausibly accounted for 
the survival of paradigms but didn ’ t provide a sufficient explanation for the arrival of 
new paradigms. 

 Many Soviet reviewers pointed out that Kuhn ’ s model of scientific change wasn ’ t 
new — that Marx, Engels, and Lenin had recognized early on that the development of 
science occurs through periodic radical transformations, rather than through gradual 
grafting of new knowledge onto old. Most explicitly, critics pointed out, the view that 
the development of science occurs through leaps can be found in Engels ’   “ law ”  of the 
transformation of quantitative changes into qualitative changes. Kedrov put it bluntly: 
 “ Kuhn put forth a view, long established in Marxism, that progress in science occurs 
through periodic shifts from the evolutionary to the revolutionary periods of develop-
ment [of science], through the constant transition from one step to the next one, in 
the infinite progressive path to the absolute truth. ”   111   At the same time, Soviet critics 
noted that the apparent proximity between Kuhn ’ s concept of  “ paradigm shifts ”  and 
the laws of dialectics was deceptive, since Kuhn ’ s concept was largely concerned with 
how scientists achieve  agreement  as to what is true, rather than with how science 
 produces  truth — the objective knowledge of reality. One of Kuhn ’ s critics put it this 
way: 

 It is not difficult to find certain points where Kuhn ’ s concept comes into contact with dialectical 

materialist theory of knowledge. These points of apparent proximity between the two include 

the implied interconnection and interdependence of theoretical and experimental practices in 

science, the protest against the absolutization of logical methods of studies of science, the asser-

tion of the social conditioning of scientific research, etc. However, it would be a mistake to talk 

about any proximity between Kuhn ’ s views and the basic tenets of the Marxist theory of knowl-

edge. One of these major tenets lies in the answer to question about the relation between science 

and truth. This question is out of the scope of Kuhn ’ s analysis, as the notion of  “ truth ”  does not 

play any role in his concept.  112   

 The most prominent criticism, however, concerned Kuhn ’ s focus on the universal 
features (structures) of scientific revolutions. As many Soviet critics emphasized, 
Kuhn ’ s analysis, seeking for universal patterns in the development of science, didn ’ t 
account for the unique features of individual revolutions. As the physicist Vitalii 
Ginzburg, put it,  “ Kuhn ’ s scientific revolutions are as alike as two drops of water. ”   113   
However, Ginzburg argued, the refutation of phlogiston theory is  qualitatively  different 
from the challenges to Newtonian mechanics by the theory of relativity, and the 
conflation of these two different phenomena leads to relativism, to which Ginzburg 
strongly objected. 
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 Ginzburg ’ s 1976 article opened a discussion of Kuhn ’ s  Structure  on the pages of 
 Priroda , the Soviet Union ’ s leading popular-science magazine. The concluding article 
in this discussion was written by Kedrov, by this time the most prolific Soviet writer 
on scientific revolutions. Kedrov agreed with Ginzburg that  “ each scientific revolution 
must be studied separately as a unique and non-repetitive phenomenon. ”   114   Not only 
do revolutions differ across time, Kedrov reasoned; there are also significant differences 
between revolutions in different scientific disciplines, each having its own character, 
subject matter, and relation to other disciplines. As Kedrov pointed out, the problem 
with Kuhn ’ s incommensurability thesis derived from his failure to distinguish qualita-
tive differences between revolutions. 

 By this time, Kedrov had developed a comprehensive  “ typology ”  of revolutions in 
science in his several book-length accounts, arguing that revolutions in different cen-
turies have different causes, effects and outcomes. One of his books was characteristi-
cally titled  Scientific Revolution: Substance. Typology. Structure. Mechanism. Criteria .  115   
Kedrov distinguished and characterized four  “ types ”  of scientific revolutions. The first 
 “ type ”  was the Copernican revolution characterized by Kuhn. Then there was the 
 “ Kantian Revolution ”  that forged the ideas of evolution. Late in the nineteenth cen-
tury and early in the twentieth, the  “ New Revolution in the natural sciences ”  consoli-
dated representations of nature based on mathematical abstractions and probability. 
Finally, there was the Scientific-Technological Revolution, a new phenomenon that 
could not be understood by reducing its causes, effects, and outcomes to the previous 
revolutions in science. Thus, Kedrov contended,  “ Although we could say, following 
Kuhn, that in each case there was a radical break with the system of interconnected 
concepts and views (what Kuhn calls  “ paradigms ” ), such a generalized (and hence 
abstract) approach can hardly be fruitful for the study of the revolutionary develop-
ment of science. ”   116   

 Overall, Kuhn ’ s work was received in the Soviet Union with sympathetic interest 
but without any particular enthusiasm. One of the reasons was the existence of a 
competing discourse of scientific revolutions — the STR. The STR theorists, many of 
whom participated in promoting and institutionalizing the new field of  naukovedenie—
 — a Soviet version of  “ science studies ”  — were interested almost exclusively in the 
period since World War II. For them, history was happening here and now, in 
the post-atomic age, and promised a revolutionary transformation of the world. 
Politically primitive and counterrevolutionary, Kuhn, with his focus on normal 
science as a stabilizing social practice, was largely irrelevant for the theorists of 
the STR. 
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 Conclusion 

 With the changes in the political economy of science that occurred during and after 
World War II — changes associated with science ’ s dramatically increased economic 
dependence on public resources and the military patronage — the conventions for 
representing scientific enterprise had also changed on both sides of the Iron Curtain. 
By the early 1960s, scientists and social analysts had responded to the political chal-
lenges of the time by insisting on the image of science as a concrete, historical, and 
interacting community of scientist-citizens rather than timeless and universal  “ sci-
ence ”  without national or political affiliations. The historian David Hollinger charac-
terized the period as  “ a watershed in the history of discourse about science, ”  which 
moved away from the traditional focus of philosophy of science on science method 
and intellectual history as foremost preoccupation of history of science and toward a 
focus on science ’ s social, political, and economic contexts and aspects.  117   

 The discussions of the social and political consequences of Big Science had con-
tributed to this  “ paradigm shift ”  in the perception of science. In the United States, 
the loosely connected network of intellectuals associated with the Congress of Cultural 
Freedom contributed to a construction of a public space in which the relations 
between science and politics were debated, focusing the discussion on organization 
of science, science policy, and the planning of science. With the development of Sci-
ence Studies as an academic discipline, the issues of science policy became marginal-
ized, with science studies primarily focused on knowledge production — the central 
concern of Science Studies since the 1970s.  118   

 The establishment of the journal  Science Studies  in 1970 marked the end of this 
earlier version of postwar  “ science studies ”  —  “ Big Science studies. ”  Perhaps the found-
ers of  Science Studies  didn ’ t fully realize the extent to which the launch of this journal 
was a slap in the face to the CCF-associated  “ Big Science studiers. ”  The founders of 
 Science Studies  (later renamed  Social Studies of Science ), Roy MacLeod and David Edge, 
both recorded the moment of the creation of the new journal in their recollections. 
As Edge recollected, John Maddox — then the head of Macmillan ’ s journals division —
 had been enthusiastic about the idea of a new quarterly journal called  Science Studies , 
even hoping that it would become a weekly. Edward Shils ’  reaction was furious, 
however. He  “ wanted to sabotage us, [saying] that we were committing academic 
suicide.  …  He wanted to stop us.  …  He did not stop us, but he kept treating us like 
we were  …  I don ’ t know  …  just nuts. ”   119   MacLeod presented a more polite version 
of the same story in his published memoir:  “ Edward Shils cordially discouraged me 
from doing anything of the sort. There was simply not enough good material, he 
said, with the implication that anything  ‘ good ’  he would publish in  Minerva  him-
self. ”   120   Shils gave his own account of this moment in a letter to Shepard Stone in 
1970, immediately after the launch of  Science Studies :  “ He [John Maddox] undertakes 
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to establish another periodical on more or less the same subject as  Minerva  ... and 
he had one of his handy-girls prepare a promotional letter for this journal (it is 
called, I think,  Science Studies ) in which it is alleged that there is no competition 
between the magazines because  Minerva  deals only with relations between science 
and government. This is, of course, a caricature of the wide range of subjects treated 
by  Minerva . ”   121   

 In hindsight, the vision of  “ science studies ”  that Shils and his associates were 
advocating differed from academically linked Science Studies programs established at 
the universities in the United States and the United Kingdom in the 1960s and the 
1970s. It was different, too, from  “ science studies ”  or  naukovedenie  in the Soviet Union. 
Yet, I would argue, these alternative approaches to studies of science, in which scien-
tific achievements and growth appeared inseparable from issues of science policy, 
organization of science, science governance, ethics of science, and the planning of 
science, constituted an important part of the  “ pre-history ”  of Science Studies as we 
know it today, by establishing public forums for analysis and debate. 

 The case of the CCF and the  “  Minerva  debate ”  can also illustrate the complexities 
and ambiguities of  “ cultural cold wars. ”  The outcomes of discussions on science initi-
ated under the auspices of the CCF were  shaped  by the organization ’ s explicit political 
agenda but were not directly, let alone unequivocally,  determined  by the political 
demands. Although the studies of science during the Cold War encapsulated the politi-
cal concerns and anxieties of the time, there was no single Cold War  “ party line. ”  The 
CCF and its engagement in  “ science studies ”  presents a story akin to other social sci-
ences that have received ample support during the Cold War: Area Studies, behavioral 
science, human relations, development studies, American Studies, and a host of other 
 “ studies ”  and interdisciplinary  “ clusters ”  that served national interest but not neces-
sarily in predictable ways.  122   The CCF intellectuals ’  claims of being  “ independent ”  and 
 “ free ”  in their thinking would not survive the 1960s. The revelation of the CIA ’ s 
sponsorship of the CCF shattered comfortable assumptions of scholars in the service 
of the state. Yet their quest for  “ middle ground, ”  reconciliation, and compromise, as 
part and parcel of their conceptions of scholarship and service to the state, was effec-
tively shifting the debate away from simplistic Cold War narratives of East-West 
competition. 

 As the term  “ Big Science ”  gained currency after the end of the Cold War, it gradu-
ally lost its political, connotations. This chapter, by exploring the context in which 
the concept of  “ Big Science ”  was framed originally — in Cold War America, as well as 
in the post-Stalinist Soviet Union — suggests that extending the notion of  “ Big Science ”  
to later periods may be problematic. Although specific  “ characteristics ”  of Big Science 
as a mode of organization of science can be discerned as a set of traits applicable to 
different examples of large-scale scientific enterprises in the past, such extension draws 
attention away from the explicit Cold War connotations of this notion, and from what 
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Stephen Toulmin called the  “ political instrumentality ”  of Big Science shaped by the 
political economy of the Cold War.   
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 Concluding Remarks 

 John Krige 

 What have we learned from the chapters in this volume, which describe the perfor-
mance of different sciences and technologies in a variety of national contexts during 
the Cold War? Obviously there is much that is familiar here. All the authors draw on 
the rich literature on Cold War science and technology to situate their particular argu-
ments and to highlight their originality. At the same time, if we look at this collection 
as a whole, rather than treat each of its contributions as distinct elements, certain 
commonalities come into relief. In highlighting these features, I seek both to valorize 
the interest of the collection as a whole and to contribute to ongoing debates on sci-
ence and technology during the Cold War. 

 The exchange between Paul Forman and Daniel Kevles on the effect of military 
patronage on scientific practice after World War II provided a common baseline for 
our contributors.  1   Their case studies confirm the deep engagement of postwar Ameri-
can science with the defense agencies and the US Atomic Energy Commission, to 
which these scholars originally drew our attention. At the same time, the findings 
here emphasize that directed research wasn ’ t incompatible with doing outstanding 
science, that state patronage wasn ’ t synonymous with state control, and that scientists 
were not, as Forman argued,  “ far more exploited by, than exploiting the new forms 
and terms of their social integration. ”   2   On the other hand, to say that  “ physics is what 
physicists do, ”  as Kevles put it, fails to address the specificity of the state-science rela-
tionship in the Cold War (or any other historical period), and disarms the historian 
of any critical tools.  3   In this volume we seek to move beyond this stark dichotomy, 
and to throw new light on the practice of physics and other sciences, so as to build a 
picture of the intercalation of science and technology with the state after 1945 that 
neither sees it as betraying an ideal type nor uncritically normalizes its engagement 
with structures of power. Instead we see scientists pursuing a diversity of research 
agendas, from basic to applied, with varying degrees of relevance to weaponry, while 
their leaders actively worked with the state apparatus to construct a pluralistic insti-
tutional framework that, as Kevles put it, left  “ civilian scientists semi-autonomously 
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tied to the military ”  — and we acknowledge that the prefix  ‘ semi ’  leaves a fair bit of 
room for interpretation, not to say moral assessment.  4   

 The studies presented here, along with other more recent work, help us to think 
more clearly through the question of what, exactly, the expectations of Cold War 
patrons were and how those expectations shaped, adjusted, modified, supported or 
discouraged certain scientific enterprises and activities. Certainly military patronage 
transformed the practice of science — and not just physics — in Cold War America, 
imposing a regime of knowledge production that was far more project-oriented, team-
based, bureaucratized, and subject to the restrictions of national security than it had 
been. Many scientists (notably Merle Tuve and Norbert Wiener) balked at the adapta-
tions required. And at least some Cold War habits lived on after that epoch was for-
mally over. Science didn ’ t return to its pre-Cold War ground state. All the same, along 
with adaptation came institutional and intellectual entrepreneurship, the details of 
which are laid out elegantly in this volume. Scientists exploited the contract system 
to create spaces for what they wanted to do, including fundamental research, within 
the limits imposed on them by funding agencies and administrators. The Cold War 
was at once a constraint and an opportunity. 

 This double aspect — constraint and opportunity — was possible because the experi-
mental techniques and technologies that were funded by the military (including the 
Atomic Energy Commission) were plastic, they were mobile between research ques-
tions directed to very different ends, basic and applied, civilian and military. An 
acoustic tracking system built for the Navy to detect Soviet submarines could be used 
as a thermometer to measure ocean temperatures, and so to assess whether the planet 
was actually warming up (Oreskes). Radar apparatus designed, built, and paid for to 
enable the US Air Force to track Soviet ballistic missiles was used to confirm Einstein ’ s 
theory of general relativity to an astonishing degree of accuracy by bouncing radar 
signals off Venus, measuring the time required for the echoes to return to Earth, and 
showing that they were slowed down by the gravitational pull of the sun (Wilson and 
Kaiser). Cheap radioactive tracers provided by AEC reactors built for the Manhattan 
Project, when combined with electrophoresis, centrifugation, or chromatography, 
could be used to identify cancerous growths, follow the movements of isotopes pro-
duced by nuclear waste and atmospheric tests, or trace pathways and metabolisms in 
ecosystems (Creager). Physicists and geochemists, exploiting instruments that had 
become standardized during World War II, transformed  “ traditional ”  geology depart-
ments by combining the quest for uranium with measurement of lead deposits at 
different depths in an ice pack, or with an investigation of the abundance of deuterium 
in nature (Shindell). Military funding in the early days of the Cold War was generous; 
donors were willing to trade a degree of control to secure the allegiance of the best 
researchers available;  “ semi-autonomous ”  scientists evolved strategies to please patrons 
and to pursue personal interests. He who paid the piper didn ’ t so much call the tune 
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as provide the instruments, the hardware, and the logistical support with which sci-
entists could play many tunes, some of which called for deep conceptual understand-
ing, some of which applied known truths, some of which were music to the military 
ear, and some of which were far from pitch-perfect. 

 For some scientists, this fusion of constraint and opportunity was an unfortunate 
if inevitable compromise. For others it was a new social paradigm required by the need 
to have access to increasingly complex and costly experimental equipment if one 
wanted to do cutting-edge research. The latter consciously worked within the frame-
work of Cold War America, adopting its cultural norms and fashioning their identities 
accordingly. The military needed the scientists to help fight the war of tomorrow. 
Scientists wanted the resources that only the military could provide. The military 
secured their allegiance through a contract system that left some space for personal 
creativity. The concessions, while problematic for some, were unproblematic for the 
many who were imbued with the competitive determination to secure American sci-
entific pre-eminence and so to contribute to US leadership of the  “ free world. ”  (Krige) 

 As scientists became integrated into the apparatus of the national-security state, 
they also became adept at keeping classified knowledge, divulged only within a 
restricted circle, distinct from publicly available fundamental science, which could be 
shared openly. The studies presented in this volume emphasize that these two domains 
of knowledge production were mutually reinforcing. They shared a common base of 
tools, techniques and skills, and knowledge circulated back and forth between them. 
They were also interdependent: military patrons quickly realized that the freedom to 
do basic research was often a condition for the brightest and the best devoting their 
talents to doing applied and classified work. The coupling also enhanced scientists ’  
legitimacy and their public image. Radioisotopes that were distributed widely as part 
of the Atoms for Peace program helped justify Congress ’  decision to entrust nuclear 
weapons to a civilian agency, and projected a benign public image of the AEC, at least 
for the first decade after the war (Creager). Planetary radar astronomy could coexist 
with missile and satellite tracking thanks to the modular electronics system of the 
Haystack radar at MIT ’ s Lincoln Laboratory (Wilson and Kaiser). The very possibility 
of tapping into the international pool of scientific knowledge required unclassified 
research whose results could be shared with foreign partners (Schmid, Siddiqi, Krige). 
The national-security state didn ’ t simply tolerate the co-production of classified and 
unclassified research; it understood them to be two sides of the same coin, reinforcing 
each other to sustain the quest for scientific and technological pre-eminence and 
industrial development.  5   The tension produced by this interlacing wasn ’ t easily man-
aged. Traumatized by the wartime use of the atom, the physical chemist Harold Urey 
tried to move into an area that he thought would be independent, only to find himself 
drawn back into the AEC fold. Only the AEC had the means to support the ambitious 
new initiative in isotope geochemistry that he envisaged (Shindell). 
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 The studies in this volume suggest that, whereas American scientists for the most 
part managed their relations with their military patrons with ease, the interface with 
the public proved more difficult. The public ’ s honeymoon with  “ the peaceful atom ”  
ended when the health hazards of nuclear testing became evident, and eventually led 
to widespread opposition to nuclear power. The scientific and medical benefits of 
radioisotopes persisted, but they lost their value as an instrument of political legiti-
mization of the vast nuclear complex (Creager). In the 1990s, Scripps Institution 
oceanographers who had blithely ignored the impact of the propagation of underwater 
sound on marine life during the Cold War were unprepared for the public outcry that 
greeted their proposal to place an acoustic thermometer in the ocean. The expertise 
the oceanographers had developed under Navy patronage went along with a critical 
public perception of their activities that thwarted their new goals (Oreskes) — ocean-
ography was  not  anymore what oceanographers at Scripps did! Although the Cold War 
opened vast areas of scientific investigation (both materially and conceptually), it 
integrated scientists into a system of patronage that generated a culture of unaccount-
ability, and that protected them from public scrutiny at least as effectively as did the 
pursuit of  “ pure ”  science in an academic milieu detached from the demands of 
the modern state. 

 Several of the chapters in this volume remind us that the late 1960s were a turning 
point in the American military ’ s enthusiasm for science. The Defense Department ’ s 
Project Hindsight and Congress ’  Mansfield Amendment demanded that closer atten-
tion be given to the previously assumed strong coupling between undirected fun-
damental research and the production of military technologies. The trauma of the 
Vietnam War, and the role of science and technology in developing advanced weapons 
systems for it, led to widespread public discontent and demands for the demilitariza-
tion of research, above all in academia. MIT ’ s Lincoln Laboratory found itself at the 
heart of a debate over its military-academic mission, and the director of Haystack 
quickly took steps to shift funding for operations away from the Department of 
Defense onto the National Science Foundation and the National Aeronautics and 
Space Administration, which planned to use the array to make radar maps of the lunar 
surface (Wilson and Kaiser). NASA itself was forced to redefine its relevance to national 
goals once the competition with the Soviet Union that had marked its birth and early 
development were replaced by the more cooperative climate of d é tente. To sustain 
congressional support, NASA responded to the 1978 National Climate Program Act by 
planning for an extensive Earth observation program (Conway). Drawing on remote 
sensing technologies that had been developed for Earth scientists in NASA ’ s Applica-
tions Program, and reaching out to planetary scientists who had studied the atmo-
spheres of Mars and Venus, NASA eventually became one of the largest funders of 
these disciplines, with a budget for Earth-science research across all geoscience disci-
plines that was more than double that of the corresponding NSF Directorate — if one 
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includes the cost of the satellites (Conway). Oceanographers at the Scripps Institution 
sought to maintain their funding stream by devising a program to study global warm-
ing that could be supported by a new program, funded by the Defense Advanced 
Research Projects Agency, specifically set up to investigate environmental problems 
after the end of the Cold War (Oreskes). If competition between the United States and 
the Soviet Union provided the dominant rationale for science funding in the early 
days of the Cold War, then new rationales were required to secure federal support for 
science from the 1970s on. 

 This collection addresses both the transformation of scientific practice during 
the Cold War and the re-evaluation of the social function of science and technology 
which that transformation inspired. These reflections merged with a more general 
discussion of the role of the state in promoting science, and with insistent calls for 
the definition of policies and criteria for the rational management of  “ big science ”  
(Aranova, Schmid, Sidiqqi). Unexpected intellectual and institutional alignments 
attest to the depth of the transformation that was under way. The Central Intelligence 
Agency clandestinely funded  Minerva , a new journal of science policy whose editor, 
Edward Shils, was both a staunch anti-communist and an opponent of Michael 
Polanyi ’ s free-market conception of a healthy Republic of Science (Aranova). Thomas 
Kuhn was soon embarrassed by his enthusiasm for strict adherence to a paradigm as 
being essential to the problem-solving success of a scientific community, with its 
implicit critique of science as a critically engaged open society. Under pressure from 
his mentors, Kuhn rapidly withdrew his celebration of the value of  “ dogma ”  in 
scientific research, and was careful never again to describe the scientific community 
in language that was commonly invoked to deride Soviet control over the freedom of 
scientific expression (Reisch). 

 By bringing together chapters that deal with postwar science in very different 
countries and political systems, this collection emphasizes that the Cold War as an 
analytical category must itself be interrogated. None of its  “ defining characteristics ”  
as regards the practice of science and technology should be reified, and none of them 
were invariable over time and geographical space during the latter half of the twenti-
eth century. To begin with, as we all know, the extraordinary explosion of science in 
postwar America owed much to developments that occurred during World War II, if 
not before. The successful mobilization of science for that war produced the political 
will and the practical means to construct a dynamic research system afterwards. The 
mass spectrographs that were crucial to the emergence of geochemistry (Shindell), the 
reactors that produced radioactive tracers for biology, medicine, and ecology (Creager), 
the radar technologies that provided the backbone of early warning systems and of 
exotic tests of Einstein ’ s relativity theory (Wilson and Kaiser), the rockets and missiles 
that served as scientific research tools, as delivery systems, and as platforms for spec-
tacular techno-ideological displays of national prowess (Krige, Siddiqi), and even the 
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pool of skilled manpower that Mao could draw on for his modernization programs in 
the 1950s (Wang) were all first developed before 1945, if not in the decades before. 

 A major historiographical question, of course, is how these social relations differed 
or overlapped in different countries or political systems. Though we have not managed 
to achieve a global reach in this volume, the chapters help us at least to address this 
question in terms of the  “ big three ”  Cold War powers — the United States, the Soviet 
Union, and China — and of Europe. Superpower competition drove support for science 
and technology in both the United States and the Soviet Union for two decades or 
more after 1945, but that competition was expressed in national goals that were 
adapted to the historical specificity of local conditions. The US emerged from World 
War II as the leading scientific and technological power, and had every intention of 
maintaining its pre-eminence. The Soviet Union, which lagged behind the US when 
the war ended, was just as determined to win the ideological and political struggle for 
the soul of mankind, aiming to catch up with the US and then overtake it. Entrepre-
neurial scientists and engineers in the Soviet Union ’ s state-driven system (which was 
far more competitive than is usually recognized by Western scholars) used American 
supremacy as bogeyman whenever they could to win support for their pet projects, 
mirroring the strategies adopted in the West (Aronova, Schmid, Siddiqi). 

 In other countries the state defined its scientific and technological mission some-
what differently. France saw itself as a major regional power with growing global 
influence, but was concerned predominantly with modernization and reconstruc-
tion — and by the fear of being reduced to a  “ colony ”  of the United States (Krige). The 
ideological confrontation that marked the relationship between Washington and 
Moscow in the 1960s was of little concern to the French technocratic elite or to 
France ’ s president, Charles de Gaulle. In China, Cold War science focused to a great 
extent on fostering self-reliance. The Communist Party positioned itself vis- à -vis both 
of the superpowers, seeking its own path to modernization and development by draw-
ing on a strong sense of national loyalty. Scientists returning from the United States 
were as welcome as was technical assistance from the Soviet Union. Mao used what 
help he could get from both the East and the West to accelerate the modernization 
of a largely peasant society, much of it still trapped in tradition and a  “ pre-scientific ”  
mentality (Schmalzer, Wang). 

 As we saw earlier, the 1970s ruptured the dominant dynamic of superpower rivalry 
and were witness to a major reconfiguration of international relations (closely inter-
twined with domestic developments and, some argue, with the onset of  “ globaliza-
tion ” ).  6   As was mentioned above, d é tente forced American science to seek new patrons 
and new rationales for funding (Conway, Oreskes, Wilson and Kaiser). The liberaliza-
tion of trade with the Soviet Union and a huge influx of petrodollars after the increase 
in the price of oil that occurred in 1973 enabled the Brezhnev regime to adopt a long-
term policy of technology transfer from the highly industrialized capitalist West that 
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paved the way for the renewed confrontation that marked a second wave of US-USSR 
tension in the 1980s. It also sparked a spirited domestic debate on the implications 
of the  “ scientific technological revolution ”  for a Soviet social and political system that 
was increasingly dependent on Western imports (Aranova). In China, the Sovietization 
of science, technology and education of the 1950s and the early 1960s was gradually 
supplanted by its  “ Americanization ”  after President Richard Nixon, in a dramatic 
reversal of United States policy, encouraged the transnational circulation of Chinese 
scientists and engineers between the two countries. The market-oriented policies of 
Deng Xiaoping accelerated a process that began in the late 1970s. Today, notwith-
standing brief periods of decline, there are almost 128,000 Chinese students studying 
in the United States (Wang). In sum, these chapters insist that it is perilous to think 
of the Cold War in monolithic terms, be it chronologically, geographically, or as a 
social system that shaped the practice of science. 
  
 Forman ’ s and Kevles ’  analyses of the transformation of science-state relationships dur-
ing the Cold War weren ’ t simply intellectual exercises; they were also  “ political ”  
interventions. Forman emphasized what he called the  “ false consciousness ”  of scien-
tists — and of historians of science — who had  “ pretended a fundamental character to 
their work that it scarcely had. ”   7   Kevles insisted that military patronage was to a great 
extent compatible with traditional values of scientific autonomy, and imperative to 
laying the foundations of new exotic weapons systems. Both were intent on defining 
what should count as  “ science ”  in Cold War America, the one insisting that physics 
had strayed from its  “ true path ”  and the other that scientific practice had been recon-
figured (yet again) by historical context. 

 The comparative approach we have taken in this volume allows us to see that simi-
lar boundary work was performed in other countries and social systems whenever and 
wherever the state sought to bend science and technology to national need. 

 Consider the Soviet Union in the 1950s. After Stalin ’ s death, nuclear specialists 
there used their success in weapons development to take control of their careers from 
party ideologues. Like many of their Western counterparts, they insisted on character-
izing what they did as  “ fundamental science. ”  However, they also went further in 
response to the particular political imperatives of the Soviet Union, solidifying a series 
of research institutes that were independent of direct political control. Exploiting their 
new relative autonomy, they traveled extensively to learn what others were doing. 
They promoted two different reactor designs, one  “ international ”  and the other 
 “ Soviet, ”  to be implemented in distinct engineering bureaus (Schmid). In the 1960s 
it was the turn of the rocket engineers to appropriate the label of scientist for them-
selves, and to compete ferociously for resources to develop different types of propul-
sion systems in a discursive field that conflated fundamental and applied, civilian and 
military, spectacular display and utter secrecy (Siddiqi). In Maoist China, science was 
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above all an empirical method so that the mindful application of manure could count 
as scientific farming. It was also an instrument, at least in political rhetoric, insofar 
as  all  science was applied. Its exploitation was intertwined with the celebration of 
native techniques, the mobilization of the masses, the loyalty of scientists to the party-
state and the affirmation of self-reliance, meaning autonomy both from foreign depen-
dence and from the central government (Schmaltzer). Wherever we look, then, we see 
that the boundary between fundamental and applied science was widely contested as 
soon as the state emerged as major patron of research. 

 As one surveys these comparative studies, there seems to be one secure generaliza-
tion that applies broadly: that researchers in all countries — and intellectuals who sided 
with them against  “ oppressive ”  regimes, whether capitalist, communist, or somewhere 
in between — developed strategies, appropriate to their local contexts, disciplines, and 
constraints, to carve out a space to sustain and instrumentalize traditional values of 
free inquiry and international exchange, even as they built devices that strengthened 
the power of ruling elites. They drew on universal values of science to ensure scientific 
autonomy as best they could, although, since practice was bounded by the  “ civil-
defense-industrial complex, ”  the semi-autonomy they had in practice came at the 
expense of the very values that were so loudly proclaimed. 
  
 Two contributions to this collection specifically interrogate the transnational flow of 
knowledge from different perspectives, one emphasizing the circulation of trained 
scientists and engineers between China and abroad (Wang) and one exploring the 
cross-border movement of science, technology, and skills between NASA and France 
(Krige). This approach demystifies the Cold War emphasis on scientific and techno-
logical achievement as a purely national affair and as a marker of national prowess. 
Machines have been the measure of men for several centuries, as Michael Adas has 
written, but superpower rivalry for global influence invested them with even greater 
significance.  8   Indeed, during the Cold War all of the major countries manipulated 
scientific and technological success to enhance national pride and to justify major 
investments in research and development by the state and by private industry, thereby 
effacing the network of international relationships in which their national research 
efforts were embedded. China ’ s search for self-reliance was intended to engage the 
rural masses and enlist their practical knowledge in the transformation of the country. 
All the same, its revolutionary appeal was necessarily complemented by the need to 
mobilize an educated scientific elite, with foreign help, to build a modern industrial 
and military system. France, in its efforts to enter the domain of rocketry in the 1960s, 
relied on what it could learn from NASA, but also on  é migr é  German engineers and 
a launch base in one of its colonial possessions. 

 Once we suspend the national frame to focus on the transnational flow of people 
and ideas, we find that no major Cold War scientific or technological development 
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was uniquely indigenous; all were hybrid bundles of local and internationally acquired 
information and skills.  9   That circulation couldn ’ t be taken for granted, however. Mos-
cow withdrew its technical support from Beijing as soon as China began to emerge as 
a rival power. The United States opened its doors to Chinese scientists in the 1970s 
when Nixon redefined foreign policy in the region (Wang). France could take advan-
tage of American help in space science and technology because a strong, scientific and 
technologically integrated Europe was an important element of American foreign 
policy in the 1950s and the 1960s (Krige). Intellectually dissolving national borders, 
as these chapters show, also requires softening, if not dissolving, academic boundaries 
between the history of science and technology, on the one hand, and the history of 
foreign policy and international society on the other. 

 Though we are confident that this collection breaks new ground in our understand-
ing of the place of science in the Cold War, it is evident that much more remains to 
be done. Several directions for further research have emerged. One question that is 
mostly unaddressed and clearly left unresolved by our studies is how scientists, as 
individuals, understood and negotiated their relationships with the national-security 
state.  10   Paul Forman suggested that they were unable to face up to the distortion of 
their calling by the demands of their military patrons. Recently Joseph Masco has 
revisited this question, arguing that scientists were haunted — and thus motivated — by 
the dangers of nuclear destruction by a ruthless adversary, a fear that was ably man-
aged as a tool to secure allegiance to national goals.  11   Both Forman and Masco suggest 
that scientists sacrificed substantial intellectual autonomy on the altar of the military-
industrial-academic complex. For Forman this has led to the subversion of disciplinary 
rigor and personal integrity, and to the corruption of the critical faculty.  12   Bounded 
knowledge is incompatible with independent expertise; science is no longer subver-
sive. The cultural construction of practices that tie research to grants, contracts and 
commercialization, and that spawn regulatory regimes that place severe restraints on 
free inquiry, needs to be understood and studied more closely. 

 There are several other lacunas in this volume. Quite obviously, we have not 
devoted any attention to science in the so-called Third World, notably India and 
Africa. The important work being done on these regions by a few historians of science 
and technology, and by diplomatic historians interested in  “ modernization, ”  treats 
the Cold War as a global phenomenon and highlights the knowledge/power nexus 
that structured North-South relations.  13   It is also apparent, not only from this volume 
but also from wider debates in the historiographical community, that the 1970s are 
understudied and poorly understood.  14   That decade was not only one of d é tente. It 
was also a period of growing interdependence between states, of a move from a bipolar 
to a multipolar international system, of a concomitant decline in the autonomy of 
the nation-state (especially the United States), and of the emergence of non-state 
actors that had considerable capacity to force issues such as human rights and 
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environmental degradation onto the political agenda. In short, the 1970s saw the 
onset of a process of  “ globalization ”  that was made possible by major scientific and 
technological breakthroughs, above all in communications and computing, whose 
implications for science during the Cold War are not addressed here. 

 We need to continue to learn from the transnational turn in history and to break 
the national frames of our analyses. The studies presented here, though grounded in 
national contexts, speak to the need to situate Cold War science, propelled as it may 
have been by national priorities, in the context of interdependence and interconnec-
tivity that globalization involves. A transnational approach also helps us to challenge 
American exceptionalism, and to see the United States as one actor among others in 
a world system. And, perhaps crucially, the transnational approach recognizes that 
national research systems have always been embedded in international networks 
through which knowledge in all its forms has circulated, and selectively appropriated 
at multiple nodes (Krige, Wang). Of course science has always been transnational in 
the sense that it has crossed, and even defied, national borders.  “ Universalism ”  is one 
of its defining features — or so Robert Merton claimed. However, the centrality of sci-
ence and technology to the postwar state has often led those of us who study the 
postwar period to focus exclusively on the national framework, perhaps for logistical 
or linguistic reasons and perhaps because our actors defined their projects in deeply 
nationalistic ways. Those self-definitions, as the studies here show, while a crucial part 
of the story, are not its entirety. 

 This points to another research question. American science and technology were 
certainly not  “ self-sufficient ”  before the Cold War, and they certainly are not so today. 
As the four major US weapons laboratories pointed out in 1999, the Department of 
Energy ’ s laboratories now  “ conduct only 1 to 2 percent of the world’s research and 
development, ”  and their effectiveness depends  “ substantially on the capacity to access 
and apply the 98 to 99 percent of the work that is performed elsewhere. ”   15   The relative 
decline of American power in the late twentieth century is reflected in the embedding 
of its research system in a global network of knowledge production and circulation, 
such that it no longer can be fully understood through the lens of a national frame-
work — if it ever could. Was the Cold War an exceptional period of scientific national-
ism and self-sufficiency? Or was that idea itself part and parcel of Cold War ideology? 
There is still much work to be done.   
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