the design of a nuclear bomb. We
also know that the numerous efforts to
end the danger of a future nuclear war
were less successful. The predica-
ment in which our country finds itself
today is an ominous sign of how little
we have learned of the futility of wars.

Physics, science and human society
were different after the nuclear explo-
sion in Alamogordo. Let me comment
about physics itself. I believe that the
new ways of big science, in nuclear
physics and particle physics, have
been inspired by the Los Alamos ven-
ture. I believe that Oppenheimer has
given us an example of how large
scientific enterprises can be more than
the sum of the collaborative effort of
their groups. They can be imbued by
a creative spirit based upon a common
heritage and a common aim. Perhaps
the new giant laboratories are begin-

ning to show that great things can be
accomplished by inspired collabora-
tion of large groups of scientists, with-
out being aimed at war or destruction.
Maybe it is the great idea of science as
a concern of all men together, a supra-
national activity, the idea of science as
the spearhead of human codperation
across national and political frontiers,
that helps to create that spirit of ac-
complishment.

Whatever this may mean for the
future we do not know. We do not
know the final balance of the work at
Los Alamos, whether it has changed
the world for better or worse. We
cannot make such an assessment now
or in the near future. Human history
is too involved and too contradictory.
Things conceived for doing good turn
out to be destructive and things made
to destroy can sometimes change the

The Princeton Period

by Abraham Pais

In SepTEmMBER 1946 the American
Physical Society met in midtown Man-
hattan. In the minutes of this meeting
we read that it “was confined to pa-
pers on three topics: cosmic-ray phe-
nomena, theories of elementary par-
ticles and the design and operation of
accelerators of nuclear particles and
electrons. Disparate as these three
subjects may appear to be, the trend
of physics is rapidly uniting them.”!
Of that meeting, I have two vivid
memories. The first one, being in-
troduced to Robert Oppenheimer by
Henrik A. Kramers and discussing
with him the problem of radiation
reaction on the scattering of an elec-
tron in an external field, a subject in
which Oppenheimer and Bethe were
actively interested at the time;2 the
second one, meeting Isidor I. Rabi
for the first time, who at once fired
the question: “Do you think the
polarization of the vacuum can be
measured?” I remember my amaze-
ment at a country where experimental-
ists would know, let alone bother,
about vacuum polarization. For this
was my first week in the United
States. Thus I write as one of those
who, because of age, geography or
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other reasons, did not meet Oppen-
heimer until after the war. That first
week was a preview of things to come.

In January 1947 Oppenheimer gave
the Richtmyer lecture at the New York
American Physical Society meeting,
entitled “Creation and Destruction of
Mesons.”® In this lecture he reported
on the first results obtained with the
184-inch Berkeley cyclotron. He then
went on to discuss the soft component
of the cosmic rays that originates
within a few radiation lengths from
the top of the atmosphere and
suggested that this component derives
from the decay of neutral mesons.
This pioneering remark on the role of
#° mesons he made again in a subse-
quent paper! on multiple-meson pro-
duction.

After the talk he invited me for a
drink in a Broadway bar where he told
me that he had been offered the direc-
torship of the Institute for Advanced
Study in Princeton. He accepted this
post in April and thus became the in-
stitute’s third director and the first to
hold this position concurrently with a
professorship there,

That spring, I saw Oppenheimer for
the first time in full action. Early in

world for the better. One thing is cer-
tain, however: The achievement of
Los Alamos made the world of human
relations much more complex than it
ever was, and we carry a much heav-
jer load of responsibilities on our
shoulders. I doubt that we are ready
to carry this load. The ordeal that
Oppenheimer had to suffer in 1954 is
a sad indication of how little some of
the responsible people understood the
problems involved. Since we live in a
democratic society, every one of us
must bear part of the blame for the
humiliation that this great man had
to suffer publicly. Much has to be
done to educate ourselves, our fellow
citizens and all humanity, so that we
are ready to face our future responsi-
bilities. 'We are more than ever in
need of men with the wisdom and the
insight of Robert Oppenheimer. 8]

1947 it was suggested from various
sides that a number of small panel
conferences be held in the various
branches of science. Their purpose
should be to review recent develop-
ments and discuss possible avenues of
progress. Under the auspices of the
National Academy of Sciences, and
with the support of the Rockefeller
Foundation, the first such conference
in physics took place on 2-4 June
1947, on Shelter Island, New York,
For this meeting Oppenheimer wrote
the outline of topics for discussion
entitled “The Foundations of Quan-
tum Mechanics.” As was to happen
so often in the following years, Oppen-
heimer showed himself to be the three-
fold master: by stressing the impor-
tant problems, by directing the discus-
sion and by summarizing the findings.

Mesons and cosmic rays

In his outline he discussed the copious-
ness of meson production in cosmic 1a-
diation in terms of meson theories then
current and concluded that “no rea-
sonable formulation along this line will
satisfactorily account forS the small-
ness of the subsequent interaction of
mesons with nuclear matter.” In the
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discussion of this point, Robert E.
Marshak got up to propose that
there should be two kinds of mesons.®
It was, one may recall, in September
of that year that Cecil F. Powell re-
ported the discovery of #-p decay at a
Copenhagen conference.

The Shelter Island conferences wit-
nessed the opening of a new chapter
in quantum electrodynamics. Two of
the men who played a leading role in
this development were associated with
Oppenheimer in the Berkeley days.

One of them, Willis Lamb (Berke-
ley PhD, 1938, with Oppenheimer)
gave an account of the early results
of the Lamb-Retherford experiment?
that indicated an upward shift of
about 1000 MHz for the 228k state
of hydrogen as compared with the
prediction for a single particle in a
Coulomb field. Rabi reported® on a
deviation in the hyperfine structure of
hydrogen and deuterium that was
soon to be attributed quantitatively by
Julian Schwinger (research associate
at Berkeley from 1940 to 1941) to an
anomaly of the magnetic moment of
the electron.

Immediately Oppenheimer empha-
sized that here one might have to work
with self-energy effects. Small won-
der. As Serber wrote, already in 1930
he had been concerned? with atomic
level displacements due to radiative
effects. In 1934, Dirac!® and in-

.'; ; *‘-‘-

dependently Wendell H. Furry and
Oppenheimer!! had noted “that the
charge of the electron defined in the
usual way is not the true charge”
(charge renormalization) and that
there should be deviations from Cou-
lomb’s law, a point taken up further
by Edwin A. Uehling and by Serber.
Here was also the answer to Rabi’s
question of a few months ago: What-
ever one was measuring, it was not ex-
clusively the “Uehling terms” because
these by themselves give an effect that
is much too small and of the wrong
sign. As is known, the electromag-
netic nature of the Lamb shift became
evident soon after the conference took
place.12

At the institute

In the late summer of 1947 Oppen-
heimer and his family moved to Prince-
ton, and a new era began at the In-
stitute for Advanced Study.

Physics had been represented at the
institute since its inception—the first
two professors appointed in 1933 were
Oswald Veblen and Albert Einstein.
Bohr and Dirac had been frequent vis-
itors, and Pauli spent the war years
there. In addition, a score of other
physicists had worked at the institute
at one time or another. But upon Op-
penheimer’s arrival a function and
quality of the institute developed
which, for reasons to be profoundly
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gory Breit of Yale University and (right) Victor Weisskopf of MIT.

respected, had not been there before.
It became a center for physics.

Once again Oppenheimer’s outstand-
ing talent for assembling the right
people and stimulating them to great
effort was the decisive factor. Regu-
lar periods of residence for eminent
physicists have continued to play an
important role in the life of the insti-
tute. But from the very start Oppen-
heimer brought to physics at the insti-
tute a new emphasis on youth. In
fact, on his arrival in Princeton, five re-
search  associates from Berkeley
came with him as the first temporary
physics members in the new style.
The first physics paper to come out of
the institute after he took over is an
application of mass renormalization by
one of these associates.’® It deals
with the same aformentioned problem
that Oppenheimer had worked on
himself in collaboration with Bethe.
This is characteristic for the continuity
as well as for the transition in Oppen-
heimer’s activities. For from then on,
his principal activity was not so much
his own research. Rather it was to be,
in the original meaning, a director of
physics.

A director, rather than a teacher in
the conventional sense, for there is no

such teaching at the institute. To be
sure, we had our seminars. They
were lively—sometimes very lively.
And Oppenheimer’s sharp insights
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played a major part in making them
so. Yet Oppenheimer’'s main contri-
bution to the work and the style of
the institute was not merely the con-
ducting of a seminar. His influence
was far more important, more subtle
perhaps but no less enspiriting. He
could convey to young men a sense of
extraordinary relevance of the physics
of their day and give them a sense of
their participation in a great adven-
ture, as for example in the Richtmyer
lecture: “There are rich days ahead
for physics; we may hope, I think, to
be living in one of the heroic ages of
physical science, whereas, in the past,
a vast new field of experience has
taught us its new lessons and its new
order.”1* He could define and there-
by enhance their dedication, by words
such as these: “People who practice
science, who try to learn, believe that
knowledge is good. They have a
sense of guilt when they do not try to
acquire it. This keeps them busy. ..
It seems hard to live any other way
than thinking that it was better to
know something than not to know it;
and that the more you know the bet-
ter, provided you know it honestly.”15

To an unusual degree, Oppenheimer
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possessed the ability to instill such at-
titudes in the young physicists around
him, to urge them not to let up. He
could be critical, sharply critical at
times, of their efforts. But there was
no greater satisfaction for him than to
see such efforts bear fruit and then to
tell others of the good work that some-
one had done.

Quantum electrodynamics

Oppenheimer again gave much drive
to the two sequels to the Shelter Is-
land conference. There was the Poco-
no Manor Inn conference (30 March
to 1 April 1948) at which Schwinger
gave an 8-hour marathon talk, and
Richard P. Feynman’s contribution was
not yet fully appreciated. At the very
time of this conference Sin-itiro Tomo-
naga sat down in Tokyo and wrote to
Oppenheimer (letter dated 2 April).
In this important letter, Tomonaga
gave an account of the independent
progress that had been made by him
and other Japanese physicists toward a
“self consistent subtraction method.”
or as we now say, the renormalization
method. The Old Stone on the Hud-
son meeting (11-14 April 1949) also
had experimental and theoretical re-

finements of electrodynamics as a
main theme, and at that time Feyn-
man’s diagrams were understood,
This was the third and last of the pre-
cursors of the Rochester conferences.
Meanwhile, in the years of which I
now speak, the late forties and early
fifties, Oppenheimer had become
known widely as a principal represen-
tative figure of the natural sciences.
Thus when in 1948 the American In-
stitute of Physics inaugurated a new
journal, pHysics Topay, the dialogue
between theory and experiment was
symbolized on the cover of its first
issue by a picture of a pork pie som-
brero tossed on a cyclotron. When in
1950 the Scientific American devoted
an issuel® to summarize that incredi-
bly full half-century in science, 1900-
50, it was fitting that Oppenheimer
should write its general introduction.

Poet and physicist

In this introduction, Oppenheimer for
once talks about himself, something he
did only rarely. All those whose lives
have been enriched for having known
his warmth and his friendship, as has
mine, had to know Robert’s uncom-
monly strong protective sense of priva-
cy that was sometimes mistaken for an
inner aloofness. In any event, in the
introduction just mentioned, he tells
how, twenty years earlier, Dirac had
taken him “to task with characteristic
gentleness. 1 understand [Dirac had
said] that you are writing poetry as
well as working at physics. I do not
see how you can do both. In science
we say something that no one knew
before in a way that everybody can
understand. Whereas in poetry. ..”

Oppenheimer’s physics papers were
the real stuff; no poetry there. Yet, as
is familiar to all who knew him and as
can also clearly be seen in his more
reflective writings, it is an integral
part of the Oppenheimer style that he
had more than a touch of the poet.
He was a master of the language.

For many of us it was a joy to hear
him discuss or paraphrase a subject,
especially if the subject was somewhat
familiar, for Oppenheimer’s discourse
was not for beginners. But to some
his style was alien. It is too simple to
say that Oppenheimer polarized his
surroundings, but it is true that the
reactions that he evoked were never
bland.



I must now briefly but sharply in-
terrupt the main line of this account to
mention events that have affected all
of us, though certainly not all of us
equally.

Security

On Sunday, 11 April 1954, a major
newspaper ran an article whose title
read in part: “Next target: the lead-
ing physicists.” It was the first intima-
tion to the world at large of a coming
ordeal that had long been expected
and that would be in the public do-
main the very next day. I shall now
relate something of the impact of
these tense months on life at the in-
stitute.

The institute as such has never been
asked to accept nor has it ever sought
a classified contract.l” Clearly, there-
fore, the tumult of those days did not
affect the nature of the work done
there. It will be equally clear that
these happenings dampened the spirit
at the institute even more than it did
at many other centers. On 14 April
chairman Herbert Maass of the board
of Trustees announced that Oppen-
heimer would continue as director.
Yet there was reason for uncertainty

about this, because the directorship of
the institute is an appointment that
needs a formal vote of renewal each
year. Fortunately this concern turned
out to be unfounded.

Before the final decision, the coun-
cil of the American Physical Society is-
sued a statement on 13 June through
its president Hans A. Bethe, in which
they stressed that the turn of events
might “prevent the development of
the best thought.” After the final rul-
ing had been made, a formal state-
ment was issued by all twenty-six per-
manent members and professors emer-
iti at the institute, of which I quote
the following part:

“Dr Oppenheimer has performed
for this country services of another
kind, more indirect and less conspic-
uous but nevertheless, we believe, of
great significance. For seven years
now he has with inspired devotion di-
rected the work at the Institute for
Advanced Study, for which he has
proved himself singularly well suited
by the unique combination of his per-
sonality, his broad scientific interests
and his acute scholarship. We are
proud to give public expression at this
time to our loyal appreciation of the

DAY OF REST.
Oppie Relaxes with
his sister-in-law, Mrs
Frank Oppenheimer,
and Dorothy
McKibbin, one of
Project Y's first
employes.

many benefits that we all derive from
our association with him in this
capacity.”#*

While I speak as one of the many
who think at this moment of a man
treated with gross injustice, as one of
the many who deeply respect the
stand of Harry Smyth, even so this is
not the evening to relive our own an-
guish. Let us rather remember that in
spite of other serious responsibilities
that had to be part of his destiny, Op-
penheimer’s foremost devotion was al-
ways to physics. As he put it himself
sometime later: “we have, all of us
to preserve our competence in our
own professions, to preserve what we
know intimately, to preserve our mas-
tery. This is, in fact, our only anchor
in honesty.”1® Thus it was a comfort
to him that physics flourished at the

* This statement was signed by: James
W. Alexander, Julian H. Bigelow, Harold
F. Cherniss, Freeman ]J. Dyson, Albert
Einstein, Kurt Godel, Hetty Goldman,
Herman H. Goldstine, Ernst Kantorowicz,
E. A. Lowe, Benjamin D. Meritt, Deane
Montgomery, Marston Morse, Abraham
Pais, Erwin Panofsky, George Placzek,
Atle Selberg, Walter W. Stewart, Homer
A. Thompson, Oswald Veblen, John von
Neumann, Kurt Weitzmann, Herman
Weyl, Hassler Whitney, E. L. Woodward,
Chen Ning Yang.
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BOOK OF ZEN, one of Oppenheimer's many interests, is on his desk at the

institute in these years. Of this I shall
now continue to tell.

In some old notes from the Pocono
Conference 1 found these comments.
By Oppenheimer: “Now it doesn’t
matter that things are infinite.” By
Rabi: “What the hell should I mea-
sure now?” They reflect the sense of
optimism of the late forties, especially
the expectation that with the new
theoretical tools other than electro-
magnetic interactions would soon give
sensible results.

Subnuclear research

The mood and the scene changed
drastically in the fifties. It was soon
clear that hydrodynamics would not
yield as readily to the degree that elec-
trodynamics had. At the same time a
whole new world of particles and in-
teractions began to unfold. I do not
recall any mention, at Pocono or Old
Stone, of the original cosmic-ray find-
ings of George D. Rochester and Clif-
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Institute for Advanced Study in June 1954.

ford C. Butler. But it was not long
before vast efforts began to penetrate
the subnuclear world, by experimental-
ists with newly available accelerators
and by theorists who attempted to find
new rules if not laws to cope with the
extended vista of strong, electromag-
netic and weak interactions.

And so we witness in the fifties two
main theoretical approach marches,
First, the development of a much
needed new phenomenology. Sec-
only, a reconsideration of the founda-
tions of field theory and a search for
new methods to cope with situations in
which, if not field theory, then at least
power series expansions appear to fail.

It is in this period that theoretical
particle physics became largely sepa-
rate from theoretical nuclear physics.
The pioneering developments in this
new field are most closely associated
with work done at the institute in the
Oppenheimer era. Other subjects such
as astrophysics and statistical mechan-

ics were also successfully pursued. In
those years the institute became a
leading center at which aspiring theo-
rists sought to spend time. Its list of
alumni is most impressive. One can
find them now all over this country as
well as abroad. All of us who were
part of these active and generally har-
monious years will forever be deeply
grateful to Robert Oppenheimer.

In the early sixties, there was a
large scattering of the physics staff at
the institute. Once again Oppen-
heimer directed the formation of a
new team and, by and by, the continu-
ity of the operation will be evident.
It was also in this period that the in-
stitute’s beautiful new library was
opened. When you visit it, you
should remember that this is Robert’s
building. It took some doing to get it
done.

In the postwar period Oppenheim-
er's own writings focused more and
more on the fact that the relations be-
tween the modern sciences and the
general culture of our time are not as
intimate and fruitful today as they
could be. What precisely was his
concern in this matter? Was it the
problem of “mass culture”? Of course
he recognized the importance of popu-
larization, yet “That is not now my
problem,” he said.}® What really
preoccupied him was that the span of
things the intelligent man can cope
with is dangerously narrowing; that
the relationships between common
sense and specialized knowledge are
in greater difficulty now than ever, be-
cause the rate of increase of that
which is known is now greater than
ever. Even to the scientist it is often
difficult to appreciate the essentials
of a neighboring discipline, not com-
pletely foreign but not quite his own,
“even in physics we do not entirely
succeed in spite of a passion for unity
which is quite strong.”

Was it then his intent to explain iso-
topic spin to philosophers? No harm
in trying, he thought, but “as for par-
ticle physics, what we are sure of today
may not yet be ready to make its con-
tribution to the common culture.”!?

To the intellectual community

Briefly, then, what Oppenheimer had
in mind was this. First, he addressed
himself to what is loosely called the

4



intellectual community. He wished
to foster a common understanding
primarily within  this community.,
Second, as an example of what in
his opinion could profitably be
shared, he mentions the lesson of quan-
tum theory which we call complemen-
tarity. He wished and in fact tried to
explain this lesson to the biologist, the
statesman and the artist because he be-
lieved that what to the physicist is a
technique represents at the same time
a general way of thinking that could be
liberating to all. Third, he saw a two-
fold duty for our educational system.
In the face of increasing demands on
education we should continue to stress
that the cultural life of science lies al-
most entirely in the intimate view of
the professional. At the same time,
“no man should escape our universities
without . . . some sense of the fact that
not through his fault, but in the nature
of things, he is going to be an ignorant
man, and so is everyone else.”20

Of the great effort needed to
achieve these aims he said the follow-
ing: “I think that, with the growing
wealth of the world, and the possibil-
ity that it will not all be used to make
new committees, there may indeed be
genuine leisure, and that a high com-
mitment on this leisure is that we re-
knit the discourse and the under-
standing between the members of our
community.

“As a start, we must learn again,
without contempt and with great pa-
tience, to talk to one another; and we
must hear,”18

Oppenheimer himself talked and
wrote with authority on these subjects,
an authority which derived from the
only primary source acceptable to us:
the personal participation of the pro-
fessional in his craft, whatever the craft
may be. Thus it was in keeping with
Oppenheimer’s style that, as he devot-
ed himself to these general themes, it
was never at the expense of his own
hardboiled interests in the progress of
physics. He kept fully abreast of all
new developments in his field which
he loved so deeply.

In early 1966 it became clear that
Oppenheimer was most seriously ill.
Even then he did not lose his inex-
haustible curiosity for physics but kept
talking shop, in pain but lucidly, till
the end.
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OPPIE AT THE BLACKBOARD. Kurt Symancik, a theoretical physicist,
and Oppenheimer address the opening session of the Tenth International
Conference on High-Energy Physics at Rochester, N. Y. in August 1960.
27 leading Russian physicists from the USSR’s most important laboratories

were in attendance.

Freeman ]J. Dyson has told me of
Oppenheimer’s last visit to the insti-
tute. He came to participate in a
discussion on the selection of the
young physicists who will be members
of the institute in the coming academic
year. He knew he would not be there
to greet them.

Robert Oppenheimer died on 18
February 1967.

Any single one of the following con-
tributions would have marked Oppen-
heimer out as a preéminent scientist:
his own research work in physics; his
influence as a teacher; his leadership
at Los Alamos; the growth of the In-
stitute for Advanced Study to a leading
center of theoretical physics under his
directorship; and his efforts to pro-
mote a more common understanding
of science. When all is combined, we
honor Oppenheimer as a great leader
of science in our time. When all is in-
terwoven with the dramatic events
that centered around him, we remem-
ber Oppenheimer as one of the most
remarkable personalities of this centu-
ry. In the years to come the physicist
will speak of him. So will the histori-
an and the psychologist, the play-

wright and the poet. But it would
take the singular combination of tal-
ents of this extraordinary man himself
to characterize his life in brief. Per-
haps Robert has done just that. I
shall conclude by reading a few lines
which he wrote fourteen years ago.

“The wealth and variety of physics
itself, the greater wealth of the natural
sciences taken as a whole, the more
familiar, yet still strange and far wider
wealth of the life of the human spirit,
enriched by complementary, not at
once compatible ways, irreducible one
to the other, have a greater harmony.
They are the elements of man’s sorrow
and his splendour, his frailty and his
power, his death and his passing, and
his undying deeds.”21
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Public Service

by Glenn T. Seaborg

MUCH HAS BEEN samp and written
about Robert Oppenheimer by the
many friends and students with whom
he shared his life—his knowledge,
wisdom and the wealth of his personal
warmth and wide range of worldly in-
terests. Thus I would like to begin
with my personal recollections of him.
I was fortunate enough to have known
and worked with him over a long pe-
riod of time—particularly in the early
years of nuclear discovery and devel-
opment when we shared some of the
excitement of those historic days.

The early days

I first met Robert Oppenheimer
when I went to the University of Cali-
fornia as a graduate student in chemis-
try in 1934, Oppie had then just
passed his thirtieth birthday and was
an associate professor of physics, divid-
ing his time between Berkeley and the
California Institute of Technology in
Pasadena. I must confess that he
made a terrific impact on me—one
which I never quite got over in the
following thirty odd years of acquain-
tance with him. And I have the feel-
ing that his memories of a gangling,
young, naive, would-be nuclear chem-
ist may have continued to color his
own view of me long after I pictured
myself as having reached a moderate
stage of maturity.
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at least unproved, process. But this
interpretation presented a problem be-
cause the experimental results sug-
gested internal conversion coefficients
much higher than had generally been
observed up to that time. This is one
of the riddles 1 presented to Oppie,
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York (1966 ).

20. J. R. Oppenheimer “Science, values
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Conference on Higher Education,
Sarah Lawrence College (June 1957).
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and I believe that I succeeded in in-
triguing him although the explanation
came some time later as a result of the
recognition of the role of spin change
in slowing down gamma-ray transitions
and increasing their internal conver-
sion.

I imagine I had one difficulty with
Oppie that was common to all who
sought his advice, that is, facing his
tendency to answer your question
even before you had fully stated it.
And in this respect, I recall taking
great pains in formulating my ques-
tions to him in a way that I could put
the main thrust of my thoughts as
early as possible into every sentence.

1 particularly remember Oppie’s
role in physics-department seminars.
Everyone turned to him for explana-
tion of their experiments in nuclear
physics, and his electric personality
certainly contributed to our fascina-
tion and satisfaction with his perfor-
mance. I remember particularly that
I was present at the seminar in Janu-
ary 1939 when new results of Otto
Hahn and Fritz Strassmann on the
splitting of uranium with neutrons
were excitedly discussed; I do not re-
call ever seeing Oppie so stimulated
and so full of ideas. As it turned out,
I was privileged to witness his first
encounter with the phenomenon that
was to play such an important role in



