
1932—Moving into
the new physics

The exciting events of the early 1930's raised high hopes
for progress in nuclear physics and, before the end of the decade,
had changed its pace, scale, cost and social applications.

Charles Weiner

In 1972 we celebrate the fortieth an-
niversary of the "annus mirabilis" of
nuclear and particle physics. Seen
from the perspective of the present,
the cluster of major conceptual and
technical developments of 1932 mark
that "marvelous" year as a very spe-
cial one. It began with Harold
Urey's announcement in January
that he had discovered a heavy iso-
tope of hydrogen, which he called
"deuterium." In February James
Chadwick demonstrated the exis-
tence of a new nuclear constituent,
the neutron. In April John
Cockcroft and E. T. S. Walton ach-
ieved the first disintegration of nu-
clei by bombarding light elements
with artificially accelerated protons.
In August Carl Anderson's photo-
graphs of cosmic-ray tracks revealed
the existence of another new particle,
the positively charged electron, soon
to be called the "positron." And
later that summer Ernest Lawrence,
Stanley Livingston and Milton White
disintegrated nuclei with the cyclo-
tron, an instrument that would gen-
erate almost 5-million electron volts
by the end of that eventful year.

New particles, new constituents of
the nucleus and powerful new techni-
ques for probing its structure—they
all provided a wealth of fresh challen-
ges and opportunities for theory and
experiment. Physicists who remember
the excitement of those days some-
times sound as if they were relishing an
excellent wine when they smile and
comment: "It was a great year."

What were the circumstances and
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the immediate impact of these events?
Was their significance recognized at
the time? And what effect did they
have in the decade that followed?
Historians ask such questions in the
hope that the answers may reveal more
about the nature of scientific activity
and the processes and consequences of
scientific change than is evident in a
mere listing of key discoveries. Parti-
cularly interesting are the social
structures and processes that helped
create the environment for doing nu-
clear physics and influenced its rela-
tionships to the scientific community
and to the larger society in which it
functions. The events of 1932 helped
open new fields of research and led to
important changes in the pace, scale,
cost, organization and style of experi-
mental physics research. In addition,
the rapid growth of nuclear physics
gave rise in the 1930's to public expec-
tations of applications, expectations
that were to be fulfilled in unanticipat-
ed ways before the end of the decade.

These developments are being illu-
minated through historical documenta-
tion and research studies underway at
the American Institute of Physics Cen-
ter for History and Philosophy of Phys-
ics. Here I shall draw on some of the
results to provide glimpses of the cir-
cumstances of the 1932 discoveries and
the immediate effect on some of the
discoverers and their colleagues.
Wherever possible, these individuals
will speak for themselves, in excerpts
from the letters they exchanged or
from interviews I have more recently
conducted with several of them. I
shall also sketch the effect of the 1932
events on the growth of nuclear-physics
research in the US in the 1930's and
indicate briefly the special role of Law-

rence's Berkeley laboratory: We shall
see that one of the most striking effects
of the "annus mirabilis" was its impact
on the social organization and support
of academic research.

These glimpses cannot provide a full
or balanced picture, nor even a chro-
nological listing of the many intercon-
nected conceptual, technical and social
factors involved. But they do offer some
insight into the spirit of the times.

News from the US

The stage was set at the very begin-
ning of 1932, and the action that was
soon to unfold into the dramatic devel-
opments of that year was already un-
derway. Some of the highlights of the
developing situation in the US are seen
in a letter written on 8 January by Jo-
seph Boyce of Princeton to John
Cockcroft, his friend and former col-
league at the Cavendish Laboratory in
Cambridge:

"I have just been on a very brief
visit in California and thought you
might be interested in a brief report
on high voltage work there and in
the eastern US as well. At Pasade-
na [Charles] Lauritsen continues
work with his 700 000 volt x-ray
tube. . . . He is now waiting for the
GE to furnish him other transfor-
mers to go to still higher voltages.
[Robert] Millikan and Anderson are
working a Wilson chamber between
the poles of a very large magnet and
are obtaining cosmic ray recoil and
disintegration tracks whose curv-
atures can be measured. . . . Ever-
yone seems most enthusiastic about
[the results], even people outside
Pasadena. Some of the photographs
show simultaneous ejection of (+)
and (-) particles of high speed, as if
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both a proton and an electron were
knocked out from a nucleus by the
cosmic ray.. . . With that and the
high voltage developments every-
where it looks as if cosmic ray work
will become a laboratory problem for
a while rather than a mountain-
climbing excuse."1

Boyce's news about the Caltech cos-
mic-ray photographs and the possible
nuclear reactions involved had in fact
already been brought to Cambridge by
Millikan, who was visiting at the Ca-
vendish Laboratory in November 1931
when he received copies of the photo-
graphs in a letter from Anderson.
After describing the puzzling tracks—
for example, "a positive particle mov-
ing downward or an electron moving
upward"—Anderson concluded: "A
hundred questions concerning the de-
tails of these effects immediately come
to mind. . . . It promises to be a fruitful
field and no doubt much information
of a very fundamental character will
come out of it. . . ."2

The fundamental information did
"come out" in August 1932, when An-
derson identified the curious tracks in
some new photographs as evidence of a
"positively-charged particle compara-
ble in mass and in magnitude of charge
with an electron."3

Boyce's January 1932 letter went on:
"But the place on the coast where

things are really going on is Berk-
eley. Lawrence is just moving into
an old wooden building back of the
physics building where he hopes to
have six different high-speed particle
outfits. One is to move over the
present device by which he whirls
protons in a magnetic field and in a
very high frequency tuned electric
field and so is able to give them
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John Cockcroft and George Gamow (right) work on a nuclear-physics problem in December
1933. Gamow's theoretical ideas of 1928 spurred on the building of the Cockcroft-Walton
accelerator, which in 1932 achieved the first nuclear disintegration by artificially accelerated
particles. In a letter written 29 March 1934, Gamow exchanges the latest news with
Cockcroft. Cockcroft's minuscule handwriting and Gamow's unique English spelling were
notorious but apparently did not interfere with communication between the two men.
(Photo, by K. T. Bainbridge, from Niels Bohr Library; original letter in Churchill College
Library, Cambridge.)
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velocities a little in excess of a mil-
lion volts. With this he has already
had proton currents of the order of
10"9 amps. . . . Then there is the Hg
ion outfit. . .. This has already given
Hg ions in excess of a million volts,
by the use of about 50 000 volts high
frequency. . . . Several more units
can be added to it, all driven by a
master oscillator. Then a similar
device with higher applied voltages
and longer electrodes to use with
protons. The fourth is a whirling
device for protons in a magnet with
pole pieces 45 inches in diameter,
with which he hopes for at least 3
million volts, perhaps more. . . .
Then a small tesla-coil x-ray outfit
is already installed, and the remain-
ing room is reserved for a Van de
Graaff electrostatic generator. On
paper this sounds like a wild damn
fool program, but Lawrence is a very
able director, has many graduate
students, adequate financial back-
ing, and in his work so far with pro-
tons and mercury ions has achieved
sufficient success to justify great
confidence in his future. . .

Back in the east [Merle] Tuve at
Washington [Carnegie Institution] is
working on the development of tubes
to stand high voltages, and has or-
dered a six foot sphere to build a
one-ball Van de Graaff outfit for
about 3 million [volts]. I think I
sent you clippings about Van's [Rob-
ert Van de Graaff's] own results and
plans. . .

On the way west I stopped at New
Orleans for the Physical Society
meeting. The most interesting
paper was Urey's on the hydrogen
isotope. The spectroscopic evidence

alone, as reported in the abstract is
quite convincing, but [Walker]
Bleakney in our [Princeton] labora-
tory has been able to confirm it with
a mass spectrograph. . ."x

Discovery of the neutron

All of these developments described
by Boyce were of great interest to the
physicists in the Cavendish Laborato-
ry, where work aimed at probing the
nature and structure of the nucleus
had been pursued under Ernest Ruth-
erford for more than a decade. These
efforts began to pay off dramatically
early in 1932.4 James Chadwick had
been searching for the neutron ever
since Rutherford had suggested in his
Bakerian Lecture in 1920 that such a
particle might exist. He followed up
observations made in 1930 by two Ger-
man scientists, Walther Bothe and H.
Becker, which were subsequently ex-
tended at the end of 1931 in Paris by
Frederic and Irene Joliot-Curie.
Chadwick's own recollections of the
circumstances provide some of the fla-
vor of the event:

"One morning I read the commun-
ication of the Curie-Joliots in the
Comptes Rendus, in which they re-
ported a still more surprising prop-
erty of the radiation from beryllium,
a most startling property. Not
many minutes afterwards [Norman]
Feather came to my room to tell me
about this report, as astonished as I
was. A little later that morning I
told Rutherford. It was a custom of
long standing that I should visit him
about 11 a.m. to tell him any news of
interest and to discuss the work in
progress in the laboratory. As I told
him about the Curie-Joliot observa-

tion and their views on it, I saw his
growing amazement; and finally he
burst out T don't believe it.' Such
an impatient remark was utterly out
of character, and in all my long asso-
ciation with him I recall no similar
occasion. I mention it to emphasize
the electrifying effect of the Curie-
Joliot report. Of course, Rutherford
agreed that one must believe the ob-
servations; the explanation was quite
another matter.

It so happened that I was just
ready to begin experiment, for I had
prepared a beautiful source of polo-
nium from the Baltimore material
[used radon tubes brought back by
Feather]. I started with an open
mind, though naturally my thoughts
were on the neutron. I was reasona-
bly sure that the Curie-Joliot obser-
vations could not be ascribed to a
kind of Compton effect, for I had
looked for this more than once. I
was convinced that there was some-
thing quite new as well as strange.
A few days of strenuous work were
sufficient to show that these strange
effects were due to a neutral particle
and to enable me to measure its
mass: the neutron postulated by
Rutherford in 1920 had at last re-
vealed itself."5

Chadwick's letter announcing the dis-
covery was to appear in Nature on 27
February, 19326 and on 24 February he
sent proofs of the letter to Niels Bohr
in Copenhagen. Bohr then invited
Chadwick to come and discuss his
work at the small informal conference
that had been planned for the second
week of April at the Copenhagen inst-
itute.7 These annual week-long con-
ferences had been started in 1929 and
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Participants in the April 1932 conference
at Niels Bohr's Institute of Theoretical
Physics in Copenhagen. Seated in the first
row are Leon Brillouin (left), Lise Meitner
and Paul Ehrenfest. Seated behind and to
the right of Ehrenfest is H. A. Kramers.
The first six people, from the left, standing
along the wall are Werner Heisenberg, Piet
Hein, Niels Bohr, Leon Rosenfeld, Max
Delbruck and Felix Bloch. Seated second
from the right in the last row is P. A. M.

i Dirac, with R. H. Fowler on his right. Other
visitors to Copenhagen in the group include
Walter Heitler, Karl von Weiszacker, Guido

. Beck and C. G. Darwin. (Photo: Niels
Bohr Institute. Copenhagen.)

they brought together physicists from
many different countries to discuss, as
Bohr put it. "actual atomic problems."

Chadwick was unable to attend the
meeting, but R. H. Fowler of Cam-
bridge was present and provided an
up-to-the-minute account of the exper-
imental work underway by Chadwick,
Feather and P. I. Dee in their follow-
up of Chadwick's discovery. The con-
ference was truly international: The
22 foreign physicists were from 17 inst-
itutions in nine countries. Among the
participants were C. G. Darwin, Max
Delbruck. Paul Ehienfest, P. A. M.
Dirac. R. H. Fowler. Werner Heisen-
berg, Walter Heitler. H. A. Kramers
and Lise Meitner.8 Bohr's personal
style of thinking out loud set the tone
for the Copenhagen conferences and
stimulated a lively exchange of infor-
mation, ideas and interpretations.
The neutron, like the other topics dis-
cussed at the meeting, found a place in
the parody of Faust written and per-
formed there by some of the parti-
cipants:

"Now a reality, /Once but a vision.
What classicality,/Grace and preci-
sion!
Hailed with cordiality,/Honored in
song,
Eternal neutrality /Pulls us along! "9

In June, only two months after the Co-
penhagen conference, Heisenberg sub-
mitted the first in a three-part series of
papers that incorporated the neutron
in a theory of the nucleus to demon-
strate that quantum mechanics could be
applied to many existing nuclear
problems.10 That summer he was a
lecturer at the University of Michigan's
annual summer schools in theoretical

physics, which attracted physicists
from all over the US and Europe. In
November Samuel Goudsmit wrote to
Bohr from Michigan, commenting on
Heisenberg's lectures:

"We followed with great interest
his new ideas about the nucleus but
everyone feels that there still are
great difficulties. It is strange and
regrettable that the discovery of the
neutron did not give some more fer-
tile clues for progress. In many res-
pects the situation has not changed
much from what it was at the Rome
meeting a year ago, except that the
difficulties can now be formulated
more sharply. I have been playing
around with nuclear magnetic mo-
ments, but none of my speculations
yielded any results certain enough to
communicate."11

Bohr replied:
"Not least in connection with the

[difficulties of relativistic quantum
mechanics] we have all been very in-
terested [in] the problem of nuclear
constitution and the possible clue to
this problem offered by the discovery
of the neutron. Still I quite agree
with you as regards the very prelimi-
nary character of any attempt hith-
erto made to attack the problem on
such lines."12

An acceptable theory of the nucleus
was still beset with difficulties by the
end of 1932, but the neutron did at-
tract theorists to nuclear problems be-
cause it provided fresh challenges and
possibilities for theory. One senior nu-
clear theorist recently explained: "I
went into nuclear physics only after
1932 . . . after the discovery of the neu-
tron in 1932, it was in a general way
clear what had to be done . . . I cannot
invent something out of nothing. . ."
Another recalled: "For me [nuclear
physics] started with Heisenberg's
paper . . . [he] pointed out that now
that the neutron has been discovered,
one can think of starting a theory of
the nucleus. This impressed me very
much."13

Accelerators attack the nucleus

Other news from the Cavendish fol-
lowed on the heels of the discovery of
the neutron. On 21 April 1932, about
a week after the neutron was discussed
at the Copenhagen meeting. Ruther-
ford wrote to Bohr:

"I was very glad to hear about you
all from Fowler when he returned to
Cambridge and to know what an ex-
cellent meeting of old friends you
had. I was interested to hear about
your theory of the Neutron. . . .

It never rains but it pours, and I
have another interesting develop-
ment to tell you about of which a
short account should appear in Nat-
ure next week. You know that we
have a High Tension Laboratory

where steady D.C. voltages can be
readily obtained up to 600 000 volts
or more. They have recently been
examining the effects of a bombard-
ment of light elements by pro-
tons. . . ."

Rutherford went on to describe the
work of Cockcroft and Walton in which
they achieved the first artificial nu-
clear disintegrations with the high-vol-
tage accelerator that they had been de-
veloping at the Cavendish since 1929.
He concluded:

"I am very pleased that the energy
and expense in getting high poten-
tials has been rewarded by definite
and interesting results. . . . You can
easily appreciate that these results
may open up a wide line of research
in transmutation generally."14

Bohr's response reveals that he fully-
shared Rutherford's evaluation of the
significance of this latest development:

"By your kind letter with the in-
formation about the wonderful new
results arrived at in your laboratory
you made me a very great pleasure
indeed. Progress in the field of nu-
clear constitution is at the moment
really so rapid, that one wonders
what the next post will bring, and
the enthusiasm of which every line
in your letter tells will surely be
common to all physicists. One sees
a broad new avenue opened, and it
should soon be possible to predict
the behavior of any nucleus under
given circumstances."15

Thirty-five years later, Cockcroft
warmly recounted the atmosphere in
the Cavendish when they achieved
their results:

"It was extremely exciting to see
the alpha particles in this transmu-
tation. The first thing we did was to
call up Rutherford on the laboratory
exchange and invite him to come
down and have a look at the scintil-
lations, which he did. He, of course,
was very excited about it."16

The story was soon carried in newspap-
ers throughout the world, reviving al-
chemical dreams and hopes for new en-
ergy sources. For example. The New
York Times carried articles on the
Cockcroft-Walton work, with the fol-
lowing headlines: 1 May, "Atom
Torn Apart with Energy Rise;" 3 May,
"Hail New Approach to Energy of
Atom;" 3 May, "Value Put in Energy
Gain;" 4 May, "Atomic Energy;" and 8
May, "Atom Bombarders."

What of the reaction within the
physics community9 Cockcroft re-
called the rapid response that "came
from Berkeley and from Tuve's lab in
Washington, where they had all been
working on development of high-vol-
tage equipment, such as the cyclotron
or the Van de Graaff machine, toward
just this kind of experiment."16 On 20
August 1932, Lawrence wrote to
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completely label your input and
output data.

Easy To Get Along With.
One of the nicest things about the
Model 20 is that it doesn't bite. If
you make a mistake, your display
not only tells you there's an error —
but precisely what and where the
error is. Then it's a simple matter
to insert, delete, or replace anything
irom one symbol to an entire line
with just a few quick strokes on the
editing keys. It adds up to this: You
aon thave to be an expert to operate
the Model 20. Because of its error
detecting and correcting techniques,

the Model 20 is the fastest and
easiest programmable calculator
available.
A Word About Power.
What really counts is not that our
calculator will solve up to 36 simul-
taneous equations, but what you can
do with that power. With the Model
20 you'll spend less time getting
answers and more time building
ideas. Another thing. Our keyboard
is modular. So if you don't like our
setup, you can build your own.

The Model 20 can be plugged
into our hardworking Series 9800
Peripherals: X-Y Plotter, Type-

writer, and Card Reader, to name a
few. An added plus — it interfaces
with test instruments. The basic
unit, including our built-in alpha-
numeric display and printer is
S5,475, with immediate delivery.

For more information or a "hands-
on" demonstration, write: Hewlett-
Packard, P.O. Box 301, Loveland,
Colorado 80537. In Europe: 1217
Meyrin-Geneva, Switzerland.
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Cockcroft and Walton:
"I want to thank you very much

for the reprints of your epoch making
experiments on the disintegration of
the elements by high velocity pro-
tons, and I hope you will continue to
send me accounts of your work in the
future. Under separate cover I am
sending you reprints of the work of
myself and my coworkers on meth-
ods for the acceleration of ions,
which you may find of some interest.

At the present time we are at-
tempting to corroborate your experi-
ments using protons accelerated to
high speeds by our method of multi-
ple acceleration. We have some evi-
dence already of disintegration,
though as yet we can not be certain.
Unfortunately our beam of protons is
not nearly as intense as yours—al-
though of higher voltage. Whenever
we obtain some reliable results, of
course, we will let you know prompt-
ly."17

Stanley Livingston recently recalled
the Berkeley response:

"With the 11-inch [cyclotron] we
had resonant particles of full energy
in a collector cup at the edge of the
pole. Our first publication was sent
in to the Physical Review on Febru-
ary 20th, 1932 reporting 1200 000
volts. Cockcroft and Walton's paper
came out later that spring and
showed that they had disintegrated
nuclei with even lower energies.

Well, we weren't ready for experi-
ments yet. We didn't have the in-
struments for detection. I had built
the machine but had not included
any devices for studying disintegra-
tions. So we had to rebuild it.
Now, Milton WThite was a student
at that time, following right along
behind me. He joined with me that
spring in helping to rebuild the ma-
chine, and Lawrence also put in an
emergency call to his friend Don
Cooksey at Yale, who came out.
Franz Kurie, a graduate student,
also came out with Cooksey for the
summer. Meanwhile we re-
equipped the chamber with a target
mounted inside where it would be
hit by the beam, and a thin-foiled
window on the side where we could
mount counters. I think the first
devices used for detecting the pro-
duct particles were Geiger point
counters. We set the threshold low
so that they wouldn't trigger with
x-rays or ultra-violet and they would
count with particles. It wasn't long
before we started to observe disinteg-
rations, too. . . ."18

The exciting developments of 1932
stirred new interest in nuclear physics
and the pace of activity began to
quicken as the new techniques and
concepts were put into action. The
need for personal visits to the laborato-

ries involved was obvious, if one was to
keep abreast of the new work. At the
beginning of 1933, Cockcroft planned
to visit the US to study the work of
Tuve, Lauritsen and Lawrence and to
discuss with them the future of their
various methods of nuclear disintegra-
tion. Applying for a travel grant for
Cockcroft's trip, Rutherford wrote to
the Rockefeller Foundation: "During
the last year we have had visits from a
number of workers interested in this
field, and have given them as much in-
formation as we possess on our own
methods."19 He stressed that now it
was equally valuable for the Cavendish
workers to have similar first hand know-
ledge of work underway in US Labora-
tories.

Before Cockcroft's June trip regular
letters kept physicists at the various
institutions informed of one another's
techniques and results. Lawrence's
enthusiasm was evident when he wrote
to Cockcroft at the beginning of June
1933: "We have been having a most
exciting month in the laboratory. We
have obtained so many disintegration
effects that it is impossible for me to
keep them all in mind. I am almost
bewildered by the results. I will men-
tion only a few as I will be seeing you
soon. . . ."20

Cockcroft later recalled his impres-
sions of that visit to the Berkeley lab-
oratory:

"It was really interesting to see it
actually in operation after having
read so much about it in the jour-
nals. I was very much impressed by
the way of working; to see the seal-
ing-wax and string way of working on
the cyclotron, which functioned for
very short periods of time. They
had a two-shift system, one shift
doing the experiments, the other
shift keeping the cyclotron going.
And as soon as a leak developed,
the maintenance shift would dash in
and the experiment shift would re-
tire backwards. A highly organized
system."16

Just before Cockcroft left for the US,
and a little more than a year after
Rutherford had written Bohr that the
Cockcroft-Walton results "may open
up a wide line of research," Rutherford
wrote to Gilbert N. Lewis, the re-
nowned physical chemist at Berkeley,
who had supplied him with heavy hy-
drogen for use as a projectile in the Ca-
vendish accelerators. The aging dean
of nuclear physics was enthusiastic
about the new prospects for research in
the field in which he had pioneered for
many decades:

"I was delighted to receive your
concentrated sample of the new hy-
drogen isotope in good shape, and we
shall certainly take an early opportu-
nity of examining its effects in our
low voltage apparatus which Dr. Oli-

phant and I have been using the past
year.

I have been enormously interested
in your work of concentration of the
new isotope with almost unbelieva-
ble success. I congratulate you and
your staff on this splendid perfor-
mance. I can appreciate the ex-
traordinary value of this new ele-
ment in opening up a new type of
chemistry. If I were a younger man
I think I would leave everything else
to examine the effects produced by
the substitution of H2 for H1 in all
reactions.

Next, I should like to congratulate
Lawrence and his colleagues for the
prompt use they have made of this
new club to attack the nuclear
enemy. Cockcroft showed me the
letter of Lawrence giving his prelimi-
nary results which are very exciting.
These developments make me feel
quite young again as in the early
days of radioactivity when new
discoveries came along almost every
week, for it is a double scoop not
only to prepare this new material
but also to have the powerful method
of Lawrence to examine its effects on
nuclei. I wish them every success in
their work and as soon as we can ar-
range it, I will try out the effects we
can observe at our low voltages."21

In October 1933 the Solvay Congress in
Brussels brought together most of the
major participants in the burgeoning
field, and a year later, in London, an-
other international conference on nu-
clear physics was held. By that time
there were many more important new
developments to discuss, including En-
rico Fermi's theory of beta decay, the
discovery of artificially induced rad-
ioactivity by the Joliot-Curies in Paris,
and the technique of neutron bombard-
ment to produce artificial radioactiv-
ity, which was systematically applied
and developed by Fermi's group in
Rome.

An American who attended the Lon-
don conference was Frank Spedding, a
former student of Lewis. His com-
ments, in a letter to Lewis in Decem-
ber 1934, characterize the rapid pace of
nuclear physics in the aftermath of the
1932 events, and show the reaction of a
nonspecialist:

"There was also a symposium on
nuclear physics. This field is mov-
ing so rapidly that one becomes
dizzy contemplating it. With talk of
the experimental properties of H3,
He3, He5, the new artificial radioac-
tive elements, the neutron and posi-
tron, and the predicted properties of
the neutrino and proton of minus
charge, one who has been brought up
on the old naive picture of protons
and electrons in the nucleus feels
bewildered. I managed to attend a
few of these sessions and found them
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E. T. S. Walton and John Cockcroft (right)
flank Ernest Rutherford in a 1932 photograph
taken outside the Cavendish, after their
accelerator had disintegrated nuclei by
bombardment with protons. (Photo: UK
Atomic Energy Authority.)

James Chadwick, working at the Cavendish
Laboratory, had been searching for evidence
of the neutron ever since Ernest Rutherford's
suggestion, in 1920, that such a particle
might exist. In 1932, about the time of this
photograph, his efforts became successful.
(Photo: Meggers Collection, Niels Bohr
Library.)

extraordinarily interesting. There
was one rather amusing incident that
occurred here. Prof. Born had pre-
pared a rather involved paper on the
quantum theory7 of the nucleus. (An
extension of Dirac's theory of the el-
ectron.) He wrote the paper long-
hand labelling it "For the Confer-
ence on Nuclear Physics." He made
his "n" 's and "u" 's much alike so
that his stenographer in copying it
wrote "For the Conference on Un-
clear Physics."22

Indications of growth

One thing was clear about nuclear
physics in the early 1930's: It was
growing more rapidly than any other
field of physics. This was especially
true in the US, which provided a parti-
cularly fertile environment for the new
and growing field to take root. The ef-
fect of the annus mirabilis can be
clearly seen in the jump in nuclear-
physics publications in The Physical
Review between 1932 and 1933. The
results of a study by Henry Small at
the AIP Center for History and Philoso-
phy of Physics show that in The Physi-
cal Review, nuclear-physics papers,
letters and abstracts increased from 8%
of the publications in 1932 to 18% in
1933 and reached 32% by 1937. A
further examination of the dramatic
increase in the number of nuclear-
physics publications in The Physical
Review between 1932 and 1933 shows
that 42% of the increase was due to
publications involving the neutron and
18% to those involving disintegration
by protons. Publications from Berkeley
alone accounted for 38% of the total in-
crease in nuclear-physics papers bet-
ween 1932 and 1933.23

While the total number and propor-
tion of nuclear-physics papers was ris-
ing, the number of nuclear-physics
papers that acknowledged funding was
increasing even faster. In 1930, before
the annus mirabilis, nuclear-physics
papers constituted a very minor per-
centage of the papers in The Physical
Review and a similarly small percen-
tage of the funded papers. By 1935,
however, when nuclear physics ac-
counted for 22% of all papers in The
Physical Review, fully 46% of the total
funded papers were nuclear. And by
1940, when 34% of The Physical Re-
view papers were in nuclear physics,
they accounted for 55% of the funded
papers. Clearly, nuclear physics was
not only growing but also becoming a
relatively heavily funded research
subject. In fact, by 1939 fully one
third of the nuclear-physics papers
were being funded.

Another indication of the growth of a
field is the number of new physics
PhD's whose dissertation research is on
a topic within the field. Here again
nuclear physics showed an increase in
the US from 2 new PhD's in 1930 to 41
in 1939. It was the only field of phys-
ics to increase steadily through the de-
cade, and from 1937 on more new
PhD's specialized in nuclear physics
than in any other single field.

Of course, the growth of nuclear
physics in the 1930's was not due solely
to the discoveries of 1932. But these
discoveries did help to focus the atten-
tion of a significant part of the physics
community on nuclear phenomena and
on the new possibilities for fruitful re-
search in that field, possibilities which
were expanded yet further with the de-
velopment, availability and increasing-
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Berkeley cyclotrons. Lefthand photo shows
chamber of the 11-inch cyclotron. In early
1932, Ernest Lawrence and M. Stanley
Livingston achieved a 10 ~9-ampere, 1.22-
MeV proton beam; later experiments with
this chamber confirmed the artificial
disintegration of lithium that Cockcroft and
Walton had observed at lower energies.
The 60-inch Berkeley cyclotron (right) was
built for medical applications. This 1938
photograph shows Luis Alvarez astride the
magnet-coil tank, Edwin McMillan on the
"D" stem casing and. standing (left to right),
Don Cooksey, Dale Corson. Lawrence.
Robert Thornton. John Backus and Winfield
Salisbury. (Photos: Lawrence Radiation
Laboratory.)

ly productive use of particle accelera-
tors. These instruments became cen-
tral to experimental work at a number
of new research centers that began to
flourish during the period.

Special role of Berkeley

Because Berkeley, and particularly
Lawrence's radiation laboratory there,
played such a major role in these
developments, let us take a brief
glimpse into the Berkeley scene in the
19.30's. Clearly the Berkeley work was
very important in 1932, and it account-
ed for a large part of the field's subse-
quent productivity in the US.
Throughout the 1930's Berkeley not
only produced more nuclear-physics
papers and PhD's than other US inst-
itutions but also had the lion's share of
funded nuclear research. These statis-
tics, however, are only a part of the
story, for Berkeley also played a key
social role in developing the entire field
of nuclear physics internationally.24

Berkeley was the home of the cyclo-
tron, the instrument that became cen-
tral to nuclear physics research as it
took root in more and more institutions
throughout the world in the 1930's.
The early 11-inch model, which first
accelerated protons to energies of 1.2
million electron volts by the beginning
of 1932 and achieved nuclear disinteg-
rations later that year, had been made
possible by a grant of $500 from the
National Research Council of the Na-
tional Academy of Sciences in the
spring of 1931. By the spring of 1940
Lawrence had obtained a grant from
the Rockefeller Foundation for more
than one million dollars toward the
cost of creating a 100-million volt cy-
clotron. In the intervening years—
aided by grants from the University of

California, the Research Corporation,
the Chemical and Macy Foundations,
the US Works Progress Administra-
tion (WPA), as well as individual do-
nors—several generations of cyclotrons
of steadily increasing energy and wide
applications had been developed at
Berkeley by Lawrence and the team he
had assembled there.

The cyclotron had proved to be an
excellent instrument for particle-scat-
tering experiments and an unsurpassed
producer of powerful neutron sources
that could make a large variety of new
isotopes, thus providing previously
unavailable data essential for a fuller
understanding of nuclear structure.
These unstable isotopes were also
used for therapeutic medical applica-
tions and as tracers in pioneering
studies of chemical and biological pro-
cesses. The unique role of the cyclo-
tron as a producer of isotopes began in
1934, after the Joliot-Curies discovered
artificially induced radioactivity.
Later that year Fermi's group in
Rome demonstrated induced radioac-
tivity by neutron bombardment. The
Berkeley cyclotron was soon at work
systematically producing artificially
radioactive isotopes of a number of el-
ements. Lawrence's production of a
radioisotope of sodium in 1934 was
especially significant because of its po-
tential application to medical therapy.

The potential biological and medical
applications helped to create interest
in and financial support for the subse-
quent development of cyclotrons at
Berkeley and at other places. During
1935 a number of institutions started
to build cyclotrons because they recog-
nized that it was a major tool for nu-
clear studies. At several of these pla-
ces—for example, Bohr's institute in
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Copenhagen where George de Hevesy
was pursuing his tracer studies, the
University of Rochester where the
physics department was headed by Lee
DuBridge and the University of Michi-
gan where Harrison Randall was de-
partment chairman—the cyclotron pro-
jects were proposed and financed as
part of planned collaborative research
efforts involving the physics, medicine
and biology departments. At Berk-
eley, such joint efforts were wholehear-
tedly pursued and were immensely
strengthened when the physician John
Lawrence arrived from Yale in the
mid-1930's to collaborate with his
brother and others in a full medical
program involving not only isotopes
but also experiments in the use of neu-
tron beams for cancer therapy. Radi-
ochemistry also blossomed at Berkeley
where strong ties existed between the
physics and chemistry departments.

Recognition of the role of the cyclo-
tron in physics, chemistry, biology and
medicine resulted in a proliferation of
the instruments at institutions through-
out the world in the late 1930's, and
almost all of these projects depended
on assistance from the Berkeley ex-
perts. Detailed technical information
and advice was communicated through
a lively network of personal letters, cir-
culation of unpublished technical me-
moranda and progress reports, personal
visits, and exchange of personnel. Don
Cooksey. who played a key role as the
Berkeley hub of this international in-
formal communication network, jok-
ingly referred to it in June 1938 as the
"Cyclotron Union of the World."25 At
that time Berkeley-trained physicists
were building cyclotrons in Copenha-
gen. Stockholm. Paris. Cambridge,
Liverpool, Tokyo, and at more than a
dozen US institutions. The Berkeley
radiation laboratory played a key role
as an international information center,
a training school, a supplier of cyclo-
tron-produced radioactive materials for
use in other laboratories, and a source
of skilled physicists who were available
to help other institutions enter the cy-
clotron field. Thus the impact of Law-
rence's laboratory transcended the im-
portant results being obtained in Berk-
eley and had a tremendous multiplier
effect on the entire field in the 1930's.

I have described some of the events
of 1932 and the immediate responses of
some of the participants. It was clear
to them that the new developments
would open up an exciting period for
fruitful research in nuclear physics.
The field did flourish in the following
years and by the mid-1930's was firmly
established in a number of new centers
of nuclear research.

In March 1972 champagne toasts
were drunk in Batavia, Illinois to cele-
brate the achievement of accelerating
protons to record energies of 200 GeV
through the four-mile circumference of

the giant new accelerator there. It was
a fitting observance of the 40th anni-
versary of the "annus mirabilis" of 1932,
and makes one wonder how soon we
might see another "marvelous" year
and what its impact may be on physics
and society in the decade that follows.

The location and study of historical mater-
ials used in this article have been supported
by grants from the National Science
Foundation and the John Simon Guggen-
heim Memorial Foundation, and have been
greatly facilitated by the information re-
sources of the AIP Niels Bohr Library. Per-
mission to use and quote archival materials
and oral history interviews was kindlx
granted by the appropriate institutions and
individuals cited. The author is grateful for
this assistance.
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