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PREFACE

The goal of this series is to foster schol-
arship on campus by providing new faculty
members with the opportunity to share their
research interest with their colleagues and
students. We see the role of an academic li-
brary not only as a place where bibliographic
materials are acquired, stored, and made ac-
cessible to the intellectual community, but
also as an institution that is an active partici-
pant in the generation of knowledge.

New faculty members represent areas of
scholarship the University wishes to develop
or further strengthen. They are also among
the best minds in their respective fields of
specialization. The Morrison Library will pro-
vide an environment where the latest research
trends and research questions in these areas
can be presented and discussed.

Editorial Board



BUILDING PHYSICS AFrER WORLD WAR II:

LAWRENCE AND HEISENBERG



Iwant first to express my thanks to Charles Faulhaber
and to the Bancroft Library for organizing this
program of inaugural lectures, and for offering me this

opportunity to speak about my work before this audience.
This opportunity, I should say by way of introduction,
brings with it a certain dilemma. Historians of science,
and particularly historians of modern physics, often find
themselves trying to address at least four distinct pub-
lics. The first of these is the science studies community,
historians and philosophers and sociologists of science,
who have all made a commitment, for whatever idio-
syncratic reason, to understanding the development of
the institution we call science. The second audience is
the broader society of historians-"regular historians,"
as historians of science sometimes call them-who share
their general concerns and approaches to the past, but
escape the particular compulsion to apply them to sci-
ence. A historian of physics quite frequently also ends
up addressing physicists, whose expectations of her field
are often different from her own.' And finally, there is
the non-historian, non-physicist public at large, aca-
demic and nonacademic, that finds its draw in the enor-
mous significance of modern physics-intellectual, so-
cial, economic, military-for the world we live in. So a
historian of physics faces quite a number of different
audiences. The catch is, however, that she rarely ends
up facing all of them at the same time; and that is the
dilemma, and the promise, of this occasion. What I will
be trying to do today is to describe something of my
work on the history of modern physics, in a way that
will be meaningful to as many as possible of my differ-
ent publics. I wonder, in the end, if any one of them
will be fully satisfied, but that is one of the risks of the
game.
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Before I launch into my topic for today-Professor
Faulhaber mentioned my title, "Building Physics after
World War Il: Lawrence and Heisenberg"-I suspect I
should say a few words about what I and historians of
science more generally are trying to do in our work. As I
see it, the history of science has three distinct tasks, none
of which it can really afford to neglect. First, it aims to
explain the development of scientific concepts; second, it
tries to understand science as it fits into "regular history";
and third, it seeks to make sense of how scientific ideas
emerge from the broader context-the "regular history"
context-that frames them. Now, no one of these is com-
pletely uncontroversial. To start with the first, it seems
that the conceptual development of scientific ideas is of-
ten viewed in science studies as somehow out of date, or
at least not the part of the field where the real action is.
With so much attention being devoted to other kinds of
inquiries-and with so much truly excellent scholarship
coming out on those topics-interest in the actual devel-
opment of ideas has often come to seem somewhat, well,
behind the times. I think this is rather unfortunate, al-
though given all the boring chronicles of scientific ideas
that have been produced over the years, I can understand
how the appeal may have faded. But this kind of work
does not have to be the simple registering of developments
that has filled so many books. And without wanting to
reverse the developments in historiography that have
brought us to this point, I do think that a history of sci-
ence that loses too much of its interest in scientific ideas
also loses one of its richest traditions. That is the effort to
explicate the evolution of those ideas-often peculiar and
counterintuitive-as they unfolded in their time (and not,
I would add, as preserved in the scientists' origin stories).
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A historian of science's second task, I think, is to work
towards understanding science as it fits into "regular his-
tory." Compared to the first task, this second has emerged
more recently I remember being told in graduate school
that the work that I was doing on the role of the scientist
in West Germany, however fine it might be, just was not
"history of science." For all my respect I do have for this
senior scholar's views, I think they are mistaken. History
of science has to address the integration of its subject into
the more general framework of history: partly for its own
sake, as it seeks to understand the forces shaping the sci-
entific enterprise, and partly, I say with some regret, for a
lack of other people to do the job. It still surprises me that
more "regular historians" do not take up the interaction of
that power, science, with culture, politics, society But until
they do so, and also beyond, the historian of science will
have to deal with these issues.

Finally, in something of a synthesis, history of science
has to try to make sense of how scientific ideas emerge
from the context that surrounds them: that is, to see if the
general framework of history-cultural, political, social-
can help us understand the development of scientific con-
cepts. This intellectual program has become controversial
of late, with complaints that it constitutes a "postmodern"
historiography, whose ideological aim is to tear down sci-
ence by showing it to be merely "constructed" (note the
"merely"). But the label of "postmodern" and the attribu-
tion of destructive intent are for the most part out-of-place.
The real issues behind the program-How much leeway
is there for human choice in the shaping of scientific con-
cepts? And how, in concrete cases, is such choice actually
get enacted?-are questions that exercised philosophers
of science (and some scientists) for decades before
postmodernism. And the charge of wanting to tear down
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science seems quite odd to many historians, who are of-
ten trying above all to understand how the thing works.
As I look over my field's development, I think the reason
this approach has flowered so dramatically has more to
do with its explanatory successes than with some ideol-
ogy supposed to be shared among its practitioners. And
without being able to think of myself as any sort of sci-
ence-basher, I cannot imagine trying to do history of phys-
ics without it: I cannot imagine, for instance, how we can
understand the settling-in of the Copenhagen Interpreta-
tion of quantum mechanics without dealing with the cul-
tural situation in which it emerged. The program is an
essential part of the historiography of science, and if we
are still working on implementing it with nuance and so-
phistication, finding where it helps and where it does not,
what that indicates is a direction for our future efforts.

So the history of science and the history of physics are
occupied with these three tasks; and some of the most
thoughtful scholarship of recent years has taken on all three
at once.2 In my own work, particularly my continuing
project on Heisenberg in West Germany, I have also tried
to show how all three concerns can and should be knit
together. For today, however, I will be somewhat less am-
bitious. As I turn to my topic, "Building Physics after World
War II," my approach is going to be somewhat more lim-
ited, first limited by time, and also limited by your inter-
est, which I am figuring does not extend deeply into the
details of the conceptual development of postwar physics.
Instead, drawing on a good deal of recent scholarship, I
will focus on linking up the history of physics during the
first postwar decade with broader historical changes, un-
derstanding it in connection with demobilization after
World War 11 and remobilization for the Cold War, with
postwar construction and reconstruction and with longer-
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range ambitions. Within these limitations I hope at least
to convey a sense of the historiographical interest of the
period and the questions that it poses. The transforma-
tions that were worked in physics by the Second World
War were as great, in their own way, as any the discipline
had seen before. And it is the character of this transforma-
tion, the new modes of building physics after the war, that
I want to explore by means of a contrast between two in-
dividuals each influential within his own context.

In a sense it is apropos to address this period by com-
paring Ernest Lawrence and Werner Heisenberg, each rep-
resenting much wider developments. Let me just indicate,
to start, where the contrast might lead us. Lawrence, as I
am sure you know, was one of the men who made Berke-
ley physics into what it is today The Lawrence Berkeley
Lab on the hill above the campus was to no small extent
his creation, and the physics program here rose to inter-
national prominence in the 1930s in large part through
his efforts to finance, build, and exploit new generations
of ever more energetic particle accelerators. From the end
of the World War II he headed up a standard-setting pro-
gram of experimental high energy nuclear physics or, as it
came to be called, particle physics, and his story can ex-
emplify the new direction of physics research in the years
after the war. By contrast, Heisenberg stands for physics
pursued under very different circumstances and with very
different means. When the United States won the war,
Germany lost it; and the consequences of that experience
would have crucial ramifications. Like Lawrence,
Heisenberg had been one of the key players in prewar phys-
ics, exploring quantum mechanics and then quantum field
theory, the theoretical complement to Lawrence's experi-
ments. After the war Heisenberg also emerged as a na-
tional leader for physics. In his case, however, it was in a
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devastated, divided, and occupied country, one where re-
search in nuclear physics was stringently controlled and
where physicists' clout was limited at best. The process of
adaptation to these conditions will point up the contrasts
in early postwar physics, highlighting the circumstances
that made Lawrence's project so dominant and Heisenberg's
so difficult.

So with the general line of argument sketched out, let
me begin with Lawrence's story. Here I am fortunate to
draw on a substantial body of scholarship on Lawrence
and his laboratory, much of it (with acknowledgment to
the Bancroft, where Lawrence's papers are stored) the work
of historians here at Berkeley, including John Heilbron,
Robert Seidel, and Bruce Wheaton. A biography of
Lawrence by Gregg Herken is also underway3 For many
of you this story will be familiar. We can start with
Lawrence's arrival at Berkeley in 1928 as an associate pro-
fessor in the Department of Physics. Although he had pre-
viously made his name in atomic physics, he quickly
switched his interests to the new possibilities for nuclear
science in accelerating charged particles in a device soon
named the cyclotron. Lawrence and a graduate student
built their first cyclotron in late 1930; an inexpensive,
roughly palm-sized device that would soon be dwarfed by
its successors in size and in energy. Through the hard years
of the Depression and the recovery, Lawrence planned a
sequence of new machines, each larger and more power-
ful than the last: first an 11-inch cyclotron inJanuary 1932;
then a 27-inch one in December, enlarged to 37 inches in
1937. The next machine, 60 inches in diameter, was com-
pleted in 1939, the last before the war; but Lawrence was
already drawing up plans for another one, a machine whose
magnet weighed 4300 tons and measured 15 feet across,
so energetic it could accelerate particles to 100 million
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volts and so large it could only find its site on the hill
above campus. Costs were projected at several million
dollars; construction began in 1940. All during this pe-
riod, moreover, Lawrence's growing school of cyclotron
physicists was spreading out across the country and be-
yond, building new machines at their new institutions,
helping make the U.S. the world's leader in cyclotronics.
During the same years colleagues came to Berkeley to learn
the hands-on tricks necessary to make the thing work.

Now one might assume from this prewar sequence of
ever-larger accelerators (the first intimation of an unmis-
takable postwar trend), that Lawrence's lab must have been
doing exceptional physics. The peculiar thing is that the
machines' contributions to nuclear physics were, on the
whole, rather modest: the great advances of the 30s-par-
ticle discoveries, artificial disintegration, induced radio-
activity, nuclear fission-came by other means, either cos-
mic-ray studies or lower-energy techniques. Where the
laboratory really shone was in the creation of particle
beams, and the study and manufacture of artificial radio-
active isotopes. It was actually the latter project, in par-
ticular, that underwrote much of the lab's expansion, as
Lawrence explained to great effect the medical uses of the
cyclotron (particularly the 60-inch one, designed for that
purpose) to the university and to donors. Beyond that,
much of Lawrence's effort was directed less towards doing
nuclear physics than towards making improvements on
the machines. The push to ever higher energies was justi-
fied in itself, because the money happened to be there, or
for the sake of medical physics. It had little to do in
Lawrence's argumentation with either the breakdown of
quantum field theories, which, as we will see, was antici-
pated by many theorists at high energy, or even much ex-
pectation of discovering new heavy particles, which really
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first became a leading concern in the late 40s and early
50s.4 And the fixation on hardware and technique, as it
often appeared to European physicists, seemed a displace-
ment of physics by engineering. So by the end of 1930s
the achievements of Lawrence's team were clearly impres-
sive-they would celebrate his Nobel Prize in 1939 for
the cyclotron and the artificial radioactive elements-it
was not obvious that this would be the direction of phys-
ics in the future.

In any case, the Second World War would intervene,
and two projects growing out of Lawrence's lab would
prove vital in the Manhattan Project. Beginning in 1939,
beams from the cyclotrons were put to use irradiating
samples of uranium. It had recently been shown, in a dis-
covery made in Berlin without a cyclotron, that neutrons
could cause the fission of certain uranium isotopes; but
the point of the present project was to study not the fis-
sion process, but the artificial radioactivity created in non-
fissioning nuclei. The outcome, as I am sure is well known
here at Berkeley, was the identification of plutonium and
the characterization of its properties. This line of work
grew directly from one of the laboratory's strengths of the
1930s, its studies of materials produced by bombardment
with cyclotron beams.

By contrast, the second war-related project emerged
from Lawrence's programmatic inclination to push science,
engineering, and equipment to their limits. The magnet
for his huge new cyclotron, begun in 1940, was soon put
to other purposes, as physicists began to explore the pos-
sibilities for separating uranium. Of the two principal iso-
topes of uranium, only one is suitable for use as an explo-
sive; and that isotope, a small fraction of the normal mix-
ture, can in theory be separated out with a magnetic field
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because of its slightly smaller mass. So Lawrence turned
his cyclotron magnets to the building of prototype mass
spectrometers, their massive size being necessary to achieve
a detectable enrichment of U-235. The "calutrons" (note
the name) that resulted from this program formed one of
the major routes to isotope separation implemented at Oak
Ridge. Besides drawing on the equipment in place at the
Berkeley lab, the project owed much to its assembled ex-
pertise and staff, and to Lawrence's capacity to imagine
and inspire colossal technical achievements.

Now as the conflict was winding down in 1944 and
1945, Lawrence began to turn his attention to building
physics after the war. Not surprisingly, he envisaged
Berkeley's program as continuing in the same direction as
before, building accelerators of ever higher energy, begin-
ning with the completion of the cyclotron that had been
begun in 1940. This was still not yet the obvious line for
physics as a whole to be pursuing, even if it remained the
obvious line for Lawrence. Back in 1937 a totally new par-
ticle, the meson, had been discovered, not in the cyclo-
tron, of course, but, like the positron of 1932, in the cos-
mic-rays that impacted on the earth's atmosphere from
space. Already before the war, in promoting his plans for
the fifteen-foot machine, Lawrence had started holding
out the hope that such particles might actually be created
with a sufficiently energetic accelerator. Here was a cru-
cial reconception of the purpose of the cyclotron, and also
a justification of the push for higher energies-a push, we
may note, that had to that point borne relatively little fruit
for physics. Added onto the pure machine-building impe-
tus, the possibility of creating particles and the associated
chance to study them would drive the proposals for new
accelerators (though the particles that would be created
were still assumed to be ones already known). By the end
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of the war, however, it still remained unrealized; and the
scale of the proposals that Lawrence set out often had as
much to do with the limits of his budgets and the avail-
ability of his materials, particularly as these fluctuated with
the circumstances, as with the still tenuous predictions of
particle creation thresholds.

For the character of the postwar program, however,
the crucial factor was that the limits of Lawrence's budgets
and the availability of his materials saw a dramatic jump
from the prewar possibilities. For reasons to which I shall
return, Lawrence now found ready support for his ambi-
tions and millions of dollars in yearly funding from the
federal government and, in particular, from the Manhat-
tan Engineer District and its successors. This support con-
stituted a qualitative change from even the best of the pre-
war times, when the Rockefeller Foundation was making
its most generous contributions. It made it possible for
the lab to go on operating at nearly a wartime scale, when
it had employed hundreds of people on its war-related
projects; and it made it feasible to imagine implementing
Lawrence's existing vision of new generations of accelera-
tors. The result, as I am sure you know, is the laboratory
familiar from the reports of the 1950s, with its envelope-
pushing accelerators and its research program of a scale,
scope, and ambition rarely matched elsewhere.

At the same time, I should note, Lawrence continued
to play a role that he had already taken on during war-
time: that of the scientist as advisor on matters of national
security. From his place within this network he pressed
for continued attention to the military applications of phys-
ics, in favor of strategic bombing, plutonium production,
the nuclear submarine, and the hydrogen bomb. This, too,
would have its impact on the work done under his aegis,
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particularly at the new laboratory that went up in
Livermore. But for today I will mostly leave this aside and
focus on the impact of his program on the building of
postwar physics. For Lawrence, then, building physics after
World War II meant building up his lab's existing pro-
gram, pushing for bigger machines and higher energies.
In a sense, he was well placed to take advantage of the
new situation created by the war, with a new patron for
research and new orders of magnitude of funds. And it
was in no small part these circumstances that would make
him into a preeminent exemplar of physics after the war.5
Concerns might be expressed elsewhere about the way
the field was headed-murmurs of "Berkelitis`6--but
Lawrence evidently never doubted.

For Heisenberg in Germany the situation was rather
different. To understand why this was so, we need exam-
ine his career up to this point, for which David Cassidy's
biography is the essential starting point, at least for the
years through 1945.7 Heisenberg and Lawrence were prac-
tically the same age, though Heisenberg was the earlier in
making his mark on modern physics. Heisenberg's stud-
ies in atomic theory in the capitals of continental physics,
Munich, Gottingen, and Copenhagen, put him at the cen-
ter of the quantum theory by the early 1920s. A few years
after his Ph.D. he saw the way to the creation of a new
quantum mechanics that, together with the contributions
of other, primarily European, often German physicists, be-
came the principal basis for all future work on the struc-
ture of matter. Already at age twenty-five, in 1927, he was
accepting a call to Leipzig as full professor of theoretical
physics. The extraordinary success that this appointment
rewarded included not only the 1925 paper on quantum
mechanics and his famous work of 1927 on the uncer-
tainty principle, but also his explanations of such phe-
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nomena as two-electron atomic systems and ferromag-
netism that truly seemed the sign of a golden touch. These
advances, together with others over the next years (for
instance, his work of 1932-33 laying the theoretical foun-
dations of nuclear physics) secured him a reputation as
one of the world's foremost physical theorists.

In the late 1920s Heisenberg started on a project that
would occupy him for the rest of his career, the creation
of a consistent and correct quantum theory of fields. The
effort began in two papers with Pauli on quantum electro-
dynamics, which set up a canonical formalism for extend-
ing quantization procedures of quantum mechanics to the
infinite number of degrees of freedom of the electromag-
netic field. That work on quantum electrodynamics (or
QED) suggested how to connect the continuous phenom-
ena of the field with the discrete character of the particle,
and how to construct a unifying theory of the interaction
of different sorts of particles (electrons, photons) and to
account for the forces amongst them. It also raised sub-
stantial problems, however, as peculiar infinities appeared
in crucial places in the calculations, giving rise to expecta-
tions that quantum electrodynamics and the whole struc-
ture of quantum field theory would somehow collapse at
high energies. So evidence for that collapse was sought in
the high energies of the cosmic-rays; and though the
boundary for the onset of peculiarities was pushed back
through this research, the conviction remained that the
quantum theory of the electromagnetic field was at some
level fundamentally wrong.

Nonetheless, QED's complementary successes could
serve as a basis for extending the quantum field theoretic
treatment to other kinds of particles, an effort that occu-
pied many of the leading theorists of the 1930s (and be-
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yond). This enormously challenging program got a boost
in 1937, when the meson was discovered in cosmic-rays:
a new kind of particle demanded a new sort of field. (The
positron, which had been found in 1932, had quickly
found a place in QED and did not demand a new theory,
while the neutron, also discovered in 1932, was given its
own field and built into a problematic theory of the nuclear
force.) Conveniently enough, the meson now seemed to
fit much more nicely as the particle associated with the
field thought to carry the force holding nuclei together.
That this expectation later proved unfounded became the
"ten-year joke" of particle physics, once the real quantum
of the nuclear force (such as it was) was found in 1947; at
that point the meson was recognized to be something to-
tally different. But in the late 30s it seemed a crucial ele-
ment in the theories of the nuclear force. Information on
it was sought indirectly through nuclear physics, and more
directly in the cosmic-rays. And some physicists,
Heisenberg among them, began to suspect that further pe-
culiarities in the cosmic-ray data indicated that field theory
might break down at high energies in meson theory as
well as QED.8

In all this work Heisenberg was an active participant
through the 1930s. In the early part of the decade he also
began to build up something of a school of theoretical
physics; an effort, however, that was pretty much put to
an end in 1933. Over the next few years large numbers of
German physicists were dismissed or emigrated because
of the Nazi racial laws. In conjunction with other leading
figures of the German physics community, Heisenberg took
a role in behind-the-scenes efforts to reverse, ameliorate,
and in one case criticize the decrees--to what little effect
only gradually became clear. Nor did the award of the
Nobel Prize in the fall of 1933 (for the year 1932) do much
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to improve the new predicament of theoretical physics in
Germany On the contrary, the so-called deutsche Physik,
or Aryan physics, on the ascendant in the mid-30s, at-
tacked modern physics as a Jewish construct and
Heisenberg personally as a "whiteJew." Despite the savage
public battle that ensued, Heisenberg chose to remain in
Germany Alongside some efforts to persuade the regime
of the damage it was doing to science-a memorandum
from the mid-1930s, for instance, contrasting the sorry
state of German physics with the vitality of the U.S., as
exemplified by Lawrence's cyclotrons-he evidently pre-
ferred to retreat as much as possible into the circle of friends
and family and into physics.

Now Heisenberg's actions under the Nazi regime ob-
viously raise multiple questions for historians to argue
about, as do the actions of many German scientists; and
the questions are heightened in Heisenberg's case by his
involvement, from the outbreak of war, with the regime's
program to exploit nuclear fission. This project, as you
may know, involved on the order of a hundred or so physi-
cists and chemists, of whom Heisenberg was unofficially
the leading theoretician; and it explored some of the same
topics as the Manhattan Project, though in much less depth,
before concluding in 1942 that a bomb could not be built
in short order under the conditions of the war. Although
my main topic today is the postwar period, I want to make
a short excursion here to talk about these issues, particu-
larly as they bear on the relationship between science and
the state. The general view, so far as I can tell, is that while
Heisenberg avoided joining any of the National Socialist
organizations, his work on the nuclear project indicated a
level of sympathy with the regime that was common to
many German scientists, or at least indicated the absence
of any fundamental objection. Moreover, on this view,
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Heisenberg and his colleagues badly compromised them-
selves after the war with apologias, falsely suggesting that
the German scientists' moral scruples had made them hold
back from building a bomb for Hitler. This argument,
which is partly based on recent scholarship,9 seems in any
case to be the view that has made its way into popular and
semipopular perceptions.

It was also, I should say, the view I held myself when
I started studying Heisenberg's postwar career. But as I
began to work my way through his private correspondence
and public statements, I found that the standard picture,
interestingly enough, did not work in all respects. If you
go back and read Heisenberg's own statements, paying at-
tention not to read into them what you have long heard is
supposed to be there, you notice that he did not actually
claim that he had deliberately kept the bomb from Hitler.
Instead, he pointed out that the German nuclear project
had never been in a position to produce a weapon, con-
strained as it was by the conditions of the war. What he
did lay claim to was at least to have thought about the
morality of making a bomb-but without suggesting that
this concern had had a role in preventing it.'" So, in a
conclusion I find revealing about the postwar public
sphere, his explanations turn out to be more subtle and
differentiated than those that circulated under his name,
particularly those given by popular writers of the mid-
1950s." Though on this occasion I cannot lay out all the
evidence for this,'2 I do want to raise the issue.'3 (I will also
say parenthetically, that I think the recent suggestions that
the German project did not build a bomb because its leading
physicists misunderstood it are also marred by misconcep-
tions of some important technical points; but again I will not
go into this here.)'4
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This leaves, however, other questions surrounding
what Heisenberg and his scientific colleagues did do un-
der the Third Reich. These questions play quite crucially
into more general arguments, particularly prominent since
the 1960s, about the role of the scientist in politics and
society; and Heisenberg's case is quite interesting in its
complications. On the one hand, it seems clear that he
came to reject the regime's ideology. Along with his be-
hind-the-scenes actions beginning in 1933, this is evident
in a closely-guarded manuscript he wrote during the war,
which makes coded references to the student resistance
group the "White Rose" and contrasts the "strange this-
worldly religions" of communism and National Socialism
with the Anglo-Saxon spirit of law and justice.'5 In this
document it seems fairly clear where his allegiances lay
How he chose to act on those allegiances is a trickier mat-
ter, however. One can of course argue that by working for
the Third Reich Heisenberg, like his colleagues, demon-
strated that he had no objections to the regime, or else
that his postulated convictions were worth very little.
Rather than answering the question of the relation between
thought and action, this approach simply avoids it, or else
turns it solely into a question of courage. The matter, I
think, can be considerably more complicated. In
Heisenberg's case, for instance, it involves not only his
general political judgment (also evident after the war) about
working within the system, but also his estimates, some-
times mistaken, of the Nazis' strength and staying power.
What the question comes down to is how actors calculate
action under compulsion, and how historians can come
to understand their calculations. In this sense I am of course
not arguing that we should see what Heisenberg (or other
scientists) did as right or good, since I do not think I want
to take that view myself. But if we are going to understand



his thoughts and actions, and the thoughts and actions of
his colleagues, we need to be on our guard about the prob-
lems of interpretation.

Now I have gone off on this excursus partly for its
own interest, of course, but partly because it also has con-
sequences for Heisenberg's postwar efforts. What I want
to do now is turn to Heisenberg's efforts to rebuild physics
after the war. Here the situation was, again, rather differ-
ent from Lawrence's. While Lawrence was petitioning the
Manhattan Project in the summer and fall of 1945 to sup-
port an expansive accelerator program, Heisenberg was
sitting in Allied custody in Britain. He and nine other Ger-
man nuclear scientists had been taken there at the end of
the European war, and they were not released to Germany
until early 1946. Heisenberg was returned to the British
zone of occupation and instructed to rebuild the research
institute he had come to lead during the war. Like a num-
ber of other institutes, the Kaiser-Wilhelm (later Max-
Planck) Institute for Physics had been relocated from a
devastated and divided Berlin to the university town of
Gottingen, relatively spared by the bombing. What
Heisenberg now faced was the task of starting up an insti-
tute minus any and all equipment: what apparatus had
not been confiscated by the occupying forces had come to
rest in the French zone and was thus inaccessible. There
was no Manhattan Engineer District, or even a federal gov-
ernment, to which he could apply for funds; for that mat-
ter, there was hardly any good paper to write up an appli-
cation, or telephone connections to call up an agency The
rebuilding of Germany's scientific institutions was beginning,
like the rebuilding of its universities, but the hope of re-at-
taining international standards, of returning German physics
to a position of respect on the international scene, was mostly,
and manifestly, a long way from realization.
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So this is the state of affairs Heisenberg faced in the
early years after the war. The strategies for building phys-
ics that Heisenberg chose in this situation form an inter-
esting contrast to Lawrence's, and they make clear some
interesting features of the two men's actions and commit-
ments. Let me bring out three major contrasts, in each
case looking first at Heisenberg's situation and then using
it to illuminate Lawrence's. Heisenberg's first strategy was
encapsulated in one observation: theory is cheaper than
experiment. Experimentalists need apparatus, to start with;
but they also need an infrastructure and a support system:
gas lines, electrical outlets, companies to supply materi-
als, technicians to maintain things. For multiple reasons,
many of these were lacking in early postwar Germany By
contrast, theorists need scrap paper, and sometimes a
blackboard. So part of the reason why Heisenberg put such
an early emphasis on theory in rebuilding his institute-
which had started out, like most institutes, as the domain
of experimentalists, and which later, still under
Heisenberg's leadership, would again become more experi-
mental-was that the circumstances recommended it.
Under these conditions, it was also clear that theory would
provide a quicker reconnection to the international level
of scientific research: Germany might eventually, in years
or decades, become competitive again in experimental
work, but for the time being theory was more promising.
(This is not to say, of course, that theorizing was com-
pletely independent of material needs and infrastructure;
one finds Heisenberg continually struggling to get hold of
the newest issues of the American journal The physical re-
view, which he ended up obtaining as a personal gift from
his former student Edward Teller. But still the volumes
could be months delayed, and Heisenberg only learned
about the great advances in renormalized QED, for in-
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stance, long after they were discussed widely outside of
Germany So theorizing had its constraints too.) The con-
trast, at any level, to Lawrence's situation is obvious.
Though of course Lawrence was an experimentalist and
Heisenberg a theorist, their choices of emphases also re-
flect the circumstances in which they worked. And
Heisenberg's example makes intensely clear the fundamen-
tal preconditions, rarely recognized as such, that made
Lawrence's entire experimental program, and that of the
main line of postwar physics, even a thinkable projection.

Heisenberg's second strategy is also interesting as a
contrast to Lawrence's. As Heisenberg began to find the
resources in the late 1940s to build up experimental phys-
ics, he initially placed his primary emphasis on cosmic-
ray research. The reasons here are again revealing, and
help to set off interesting features of Berkeley's situation.
First of all, Heisenberg needed to be able to say that cos-
mic-ray research had no conceivable military utility or ap-
plication. Any sort of applied nuclear research was placed
urider serious restrictions or forbidden outright in post-
war Germany, at the demand of the occupying authori-
ties. The fact that cosmic-rays were absolutely useless for
military purposes was something Heisenberg stressed over
and over in his early postwar lectures and interviews. This
is not a theme one often hears in U.S. discussions of the
field.

Second on Heisenberg's list of reasons to pursue cos-
mic-ray studies was the fact that these experiments were
strikingly simpler and cheaper than accelerators. With the
limited budgets and infrastructure available to postwar
German physicists, cosmic-ray experiments were compara-
tively easy to arrange and carry out. This indeed held more
broadly, as European researchers generally (except in the
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few centers of accelerator work) found it more feasible
financially to focus on cosmic-rays. Here the equipment
and costs were rather limited: all one had to do was to
expose one or another sort of detector to cosmic-rays and
see what happened. The high energy of the particles came
for free, instead of having to be paid for with a massive
accelerator. What costs there were, largely associated with
getting at the cosmic-rays, were still manageable: either
trips to mountain peaks (like the Zugspitze near Garmisch)
or balloons or occasionally airplanes, with the help of the
Allied forces. Accelerator programs like that at Berkeley
were really not an option.

Finally, Heisenberg, like many physicists, was not yet
convinced that accelerators were necessarily the ideal way
to go about high-energy physics. The great discoveries of
the late 40s and early 50s-the pion and the V particles-
finally opened up the suspicion that higher energies would
reveal an entire zoo ofnew particles. But these discoveries
were made with cosmic-rays, not accelerators. When the
large Berkeley cyclotron first produced its man-made me-
sons in 1947, a decade after the particles had been discov-
ered in cosmic-rays, it was indeed a great achievement,
since it allowed for much more intense study than had
been possible in other ways. But in discovering new par-
ticles the machine was still behind the cosmic-rays, and
even the man-made mesons required the assistance of a
cosmic-ray physicist to get the detectors functioning. Along
with the general time lag that Lawrence's machines had
demonstrated in the past, and the concern about the cost-
effectiveness of the entire program, these were reasons why
some physicists might still find cosmic-rays the more ef-
fective means of experimentation. One sees signs of this,
for instance, in the arguments that men like Bohr and
Chadwick raised in the early 50s against making CERN
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into a massive accelerator center on the American model:
their sense was that accelerators were not necessarily the
immediately obvious instruments. By the mid-50s, how-
ever, things were beginning to change, as the new postwar
accelerators were beginning to deliver results. And by that
time Heisenberg too accepted the argument that CERN
had to have a large accelerator. But one has to keep in
mind that Germany's arguments for pushing the CERN
project were multifaceted; up "to 80% of the cost,"
Heisenberg stated in 1953, "should be considered from
the angle of European cooperation.""

Given all this, it is worthwhile returning to the Berke-
ley case and looking again at the reasons for the promo-
tion of Lawrence's postwar accelerator program. I spoke
earlier about the continuation of the machine-building
push, which seemed to have a certain independence from
the physics itself. Part of the scale of Lawrence's propos-
als, and his focus on accelerators, is to be understood in
this way But the scale of his proposals had to do with
something else as well. The historians who have researched
the lab have found two interesting postwar planning state-
ments, one from the early winter of 1944, the other from
the late summer of 1945. In the former, Lawrence was
expecting that the end of the war would bring a dramatic
shrinkage of the laboratory, including a 99% budget cut to
just $85,000 a year. This was about the same level as be-
fore the conflict, and reflected very clear assumptions about
who would be paying for physics and why. By the time of
the second estimate, however, after the successes of the
summer of 1945, expectations had shifted. Now Lawrence
approached Leslie Groves, the head of the Manhattan
Project, proposing an annual postwar budget of several
million dollars. Obviously something had changed.
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Part of what changed, of course, was the emergence
in mid-1945 of striking new approaches to accelerating
particles, ideas that opened up grand options for a labora-
tory like Lawrence's. But that is not all that changed. The
notion that the federal government-and more specifically,
the Manhattan Engineer District-would be appropriate
for, and interested in, supporting peacetime scientific re-
search, represented a new development, and one strik-
ingly more characteristic of the U.S. than of the emerging
German republic. Although the state had made its contri-
butions to prewar research at Lawrence's lab, those contri-
butions had come primarily from the National Cancer In-
stitute. And the idea that the government might support
physics on such a scale, with millions of dollars at a single
institution, reflected some fundamental rethinking in this
country, between 1944 and 1945, of the utility to the state
of fundamental scientific research.

Many historians have in fact commented on the U.S.
government's new appreciation for postwar physical re-
search, trying to explain why basic science, say, at particle
accelerators might be of interest to the state. Interestingly,
Lawrence certainly indicated that research on the meson
might help clarify nuclear forces, and his sponsors cer-
tainly found that promising. But the reasons for support
actually often had less to do with hopes for application of
the knowledge, and more to do with the technique and
technology instantiated in the machines, for the new ac-
celerators cannibalized hundreds of thousands of dollars
of war-surplus radar sets and electronics, and promised in
turn new useful developments. Above all, the reasons for
support had to do with the desire to hold onto the corps
of committed scientists at the laboratory and elsewhere.
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In the Manhattan Project, the radar effort, and the other
wartime programs, U.S. physicists, theorists and experi-
mentalists, had proven themselves valuable beyond all
belief as versatile, innovative designers of practical devices,
even in fields far removed from their original training. This
pool of scientific talent had to be preserved and enlarged
for redeployment in the case of a future national emer-
gency. This is not simply historians' speculation; there are
clear arguments to this effect in the documents of the ad-
ministering agencies.'7 Of course the physicists saw it dif-
ferently, and this is not to say that their research was some-
how "tainted"; but ifwe are looking for the motives of the
state, this is principally where they are to be found.

The interesting thing, I think, is that the federal gov-
ernment was betting on an expensive envelope-pushing
accelerator program even in the months immediately after
the war, before the strong conviction had arisen that new
particles lay awaiting at higher energies and before accel-
erators had yet shown themselves more efficient than other
methods (like cosmic-ray experimentation, or, for that
matter, lower-energy studies). Obviously accelerators had
worked in the past, and with the new design principles
they would work even better in the future; but their effec-
tiveness vis-a-vis other approaches was hardly clear. In this
sense the prewar record of Lawrence's lab was not all that
inspiring. The willingness of the U.S. government to sup-
port the research nonetheless is a crucial feature of the
postwar setting, and the striking character of its support
is brought out even more clearly in the contrast between
Lawrence's aims and Heisenberg's.

The connection to the state brings me to the last of
Heisenberg's strategies. For him, building physics after
World War II finally meant bringing the case of science
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before the state authorities, particularly, come 1949, to
the federal executive in Bonn. In the early postwar years,
from 1949 to 1951, Heisenberg emerged as the leading
figure in an attempt to institute an organized science policy
within the federal government, cooperating directly in this
matter with the Chancellor, Konrad Adenauer. Interest-
ingly-and here the previous contrasts with Lawrence's
case are partly replaced by similarities-Heisenberg de-
liberately designed his efforts following British and U.S.
models, aiming to establish in West Germany a scientific
advisory function comparable to that he saw in those two
countries. His "German Research Council" was made up
of eminent scientists, chosen by cooption, who would
advise the government on all scientific-technical matters
while remaining, explicitly, politically independent. The
Council also pressed for drastically increased funding for
the sciences, and it made the case for the federal coordi-
nation of research efforts in the service of national rebuild-
ing. In all these aspects, Heisenberg was pushing for a role
for the scientist in the government to match those in the
victorious Allied countries, where the lessons of the war
had installed scientists in positions of power. What was
different for the West German case, and thus valuable as a
means of comparison with the U.S., were the resistances
that Heisenberg ran up against in his bid for scientific ad-
vising.

First, it was not self-evident in the German case that
the proper authority was the federal government. State
support for science was nothing new in Germany, since
much of the country's research was done in its universi-
ties, and the universities were controlled by the state. But
by long-standing tradition, at least before 1933, state re-
sponsibility for the universities, and for "cultural" matters
more generally, belonged not to the central government
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but to the LUnder, the individual states (Bavaria, Lower
Saxony, etc.).'8 To have scientific research attached to the
federal government, as it was in the U.K. and the U.S.,
Heisenberg's German Research Council now had to argue
against this view. Of course, in Lawrence's case it would
be obvious that the federal government would be the pa-
tron, since it was naturally the federal government that
had directed the wartime mobilization of science. That
contingency would set the patterns of postwar funding in
the U.S., but it was not a foregone conclusion in nations
without the crucial wartime experience.

A second set of resistances derived from Heisenberg's
way of framing the significance of the sciences. The disci-
plines he brought into the German Research Council were
quite emphatically the natural sciences. These were the
fields, as he saw it, that were essential for Germany's short
and long-term rebuilding, from the reestablishment of basic
infrastructure in construction, agriculture, and health to
the development of technical industries to sustain a new
economy So while the Council proposed to speak for all
of German "research," it effectively gave voice to the natu-
ral sciences alone. This was not unproblematic, however,
at least not in the German context. In fact, representatives
of the humanities and the social sciences rapidly raised an
angry protest at their exclusion, and at the Council's trun-
cated conceptions that stressed practical application over
pure learning. Of course, when Lawrence addressed the
state he never faced anything of this sort. Whether in fund-
ing or in advisory posts, he could count on a special place
for the sciences in the postwar political economy Here
humanists and social scientists had little of the power that
they possessed in Germany, where the ideal of Wissenschaft
gave them cultural capital that scientists often lacked. And
likewise Lawrence could implicitly count on deference
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towards the employment of the physicist as advisory jack-
of-all-trades; in the Allied prosecution of the war physi-
cists had secured their place as government advisors and
experts on all possible subjects. In Germany, by contrast,
Heisenberg was also facing objections from engineers for
the arrogation of their expertise. He could not simply point
to the Manhattan Project to prove that scientists were natu-
ral advisors on all topics.

Finally, Heisenberg had to persuade the politicians to
allow him to create the role for the scientist that he was
hoping to put in place. Heisenberg's convictions about sci-
entific advising went back not only to the need for sup-
port of the sciences, but also to deep-seated beliefs about
the crucial need in politics for scientific rationality This
was scientific rationality less in the familiar sense of tech-
nocratic calculation, and more as a bulwark against such
deeply irrational political movements as, in Heisenberg's
mind, National Socialism. And so one of the tasks of the
scientific advisor, along with special pleading for funding,
was to inoculate postwar politics with the spirit of scien-
tific rationality Thus the German Research Council was to
aim at the very highest levels of government, establishing
itself as advisory to the Chancellor-but also maintaining
political independence. Now although this seemed natu-
ral to Heisenberg, it struck many politicians as disputable,
particularly for the claims it made that scientists should
be accorded political power without being held to politi-
cal standards. The federal president, Theodor Heuss, won-
dered aloud whether scientists, qua scientists, could give
what could only be political advice. And though Adenauer,
the chancellor, was much more favorable to the initiative-
perhaps, as Heuss seems to have viewed it, because it cen-
tered scientific advising within his own office-he was
reluctant to allow the Council and its scientists to exercise
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truly independent authority Responding to these critiques,
and more generally persuading politicians to listen to him,
demanded a large part of Heisenberg's efforts on behalf of
the German Research Council. And here we find perhaps
a final, striking contrast with the U.S. case. When Lawrence
had a case to make to the politicians-whether for build-
ing cyclotrons, for developing fission weapons, or for push-
ing the hydrogen bomb-the channels for exerting influ-
ence were already in place, sometimes already institution-
alized. Whatever the postwar struggles over the shape of
the government's scientific organization, Lawrence and his
colleagues did not have to spend their time convincing
the state that it ought to listen to them at all. In West Ger-
many this entire mechanism did not yet exist; it would
have to be created and put into place against the wishes of
some very powerful players. The German case makes clear
what phenomena simply could be taken for granted in the
U.S. as a result of the wartime experience, things that took
intense political negotiation in countries without that past
to draw on.

As if to reinforce the point, the German Research Coun-
cil failed. In the end it had too many enemies-too many
different enemies-and not enough friends. In 1951 it was
formally incorporated into a body that was to combine
the allocation of research funds (an organization for this
purpose had existed separate from the Council) with the
duties of scientific advising. But not much came of the
scientific advising part-though the German Atomic Com-
mission, set up to advise on nuclear energy after the re-
gaining of sovereignty in 1955, came to stand in, at least
for physics, for a full advisory apparatus. And Heisenberg
himself would function for several years as an informal
consultant to Adenauer, becoming (at least in popular
perception, if perhaps less so in reality) the eminence grise
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of science policy. But by the middle 1950s that connec-
tion had broken down, over Heisenberg's sense of scien-
tific subordination to the Chancellor's political calculations
and over disagreements about the nuclear arming of the
federal defense forces. Building up a scientific advisory
structure like that in which Lawrence already operated
proved far harder than Heisenberg had imagined.

At the beginning of this discussion I referred to the
important transformations that World War II would work
in physics. As I come now to a close, I want to bring out
two of these transformations, ones that I have tried to shed
some light on in our comparison of Lawrence and
Heisenberg. The first, and perhaps the more obvious, is
the recasting of the patronage relationship within which
physics operated. As many scholars have pointed out,
Lawrence's accelerator program is an ideal example of the
new dispensation, supported by massive government fund-
ing and sustained by Lawrence's advisory function. This
dramatic alteration of the prewar state of affairs originated,
as we saw, in the wartime experience, and it persisted af-
ter the war because of the state's interest in maintaining a
reservoir of technique and personnel. And however natu-
ral the situation might come to seem in the years after the
war, it was not by any means an inevitable development.
The conditions that made it possible were hardly univer-
sal, but rather quite specific, as becomes especially evi-
dent in Heisenberg's failed efforts to build up a West Ger-
man science policy along lines Lawrence could have ap-
proved. And the resistances Heisenberg ran into make it
clear, by contrast, what sorts of opposition Lawrence and
his colleagues never had to face.

And the other transformation, in closing, that I want
to highlight is a reworking of the self-imagination of the
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field of physics itself. Lawrence's accelerator program en-
visaged a definite direction to physics: towards ever higher
energies. From the 1930s onward this drive was due at
least as much to the satisfactions of machine-building as
to new physical discoveries. We saw how, just on the cusp
of the war, Lawrence began-began-to talk about put-
ting the big cyclotron to use to explore the new regimes of
particle energy it was intended to make available. So
Lawrence held out the hope of making mesons-though
he did not seem too perturbed when their theoretical pro-
duction threshold fluctuated into the space beyond his
machine's capacity In all of this we see very little of the
expectation that the new realms of energy will reveal new
sorts of particles, a conviction that, if now completely sec-
ond nature to us, really took hold only in the late years of
the 40s and the early years of the 50s. And the massive
new accelerators of the early postwar era, together with
the push towards higher energies that their design instan-
tiated, were likewise conceived with little reference to the
discovery of new particles. Of course, in the years since
those discoveries, as even men like Bohr dropped their
resistance to huge accelerator projects, we have reconceived
the impetus to higher energy as an impetus towards new
physics; and we have rewritten the history of the disci-
pline, to follow the physicist-historian Abraham Pais, as a
story of "inward bound."'9 This imperative of "inward
bound" is the postulated journey from macroscopic to
microscopic, from bulk phenomena to atomic structure
to nuclear physics to elementary particles. But the con-
ception of physics as "inward bound," while it has precur-
sors in the 1930s, is really, I sometimes think, a formula-
tion characteristic of the early postwar years. One finds
surprisingly little mention of it among the physicists of
the first half of the century, scientists whom we now
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suppose to have been pursuing it. But by the 1950s on,
with the domination of the big accelerators, it had become
a standard theme in explanations of the discipline's grand
goals. It may be that the field's self-imagination, and its
framing of particle physics as the vanguard of the disci-
pline, was also shaped, and shaped dramatically, by the
material possibilities of the early postwar period.
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