tion, work that Dalitz discusses in
detail in Reminiscences.

Throughout these essays by Dirac’s
former colleagues, students and
friends are comments on his life and
personality. An entire section in
Reminiscences, moreover, is devoted
to Dirac’s “Human Side.” This sec-
tion opens with a captivating account
by Margit Dirac relating how she met
her husband in Princeton in 1934
through her brother, Eugene Wigner,
whose own recollections of Dirac fol-
low later. Sevda A. Kursunoglu de-
scribes Dirac, in a delightful essay
spiced with humor, as she knew him
in Florida after he retired as Lucasian
Professor of Mathematics at Cam-
bridge in 1969. Additional contribu-
tions by J. E. Lannutti, Harish-Chan-
dra, N. Kemmer, Rudolf Peierls, A. D.
Krisch and H. E. Stanford complete
the section, which taken as a whole
does indeed convey a portrait of Dirac
to the reader. His best known man-
nerism, of course, was his legendary
monosyllabic mode of communica-
tion, illustrated by numerous anec-
dotes and perhaps traceable to the
demands of a domineering father.
But there is much more: We learn of
his love of walking and travel, his
kindness and humility, his hopes and
fears. Lannutti writes that until he
met him, “Dirac was not a person.
Dirac was an equation, a theory of
anti-matter, a delta function, a mono-
pole or a kind of statistics.” All that
changed through personal associ-
ation. Nevill Mott summed up his
impression in a letter to his parents in
1931: “Dirac is rather like one’s idea
of Gandhi.” Someday, hopefully,
Dirac too will find his biographer.

RoGer H. STUEWER
University of Minnesota

Klaus Fuchs, Atom Spy
Robert Chadwell Williams
Harvard U. P., Cambridge,
Mass., 1987. 267 pp.
$25.00 he ISBN 0-674-50507-7

Almost 30 years after he was convict-
ed of passing nuclear information to
the Soviet Union, Klaus Fuchs contin-
ues to arouse considerable interest.
Robert Williams throws new light on
the Fuchs case in this carefully re-
searched book. He makes it clearer
than earlier accounts have done that
Fuchs was an active and committed
Communist before he left Germany in
1933. Fuchs's Communism sprang
from his opposition to Nazism, and
was not regarded as a serious danger
by the British authorities when they
allowed him to join the British atomic
project in the summer of 1941. Fuchs
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had been dismayed by the Nazi-
Soviet pact of 1939, but after Hitler's
invasion of the Soviet Union in June
1941 he decided to inform the Soviet
authorities about British work on the
atomic bomb. Williams publishes for
the first time the two confessions
Fuchs made to the British authorities;
these are still classified in Britain but
have been released in this country.
His book also contains the confession
of Harry Gold, Fuchs's espionage
control when Fuchs was a member of
the British team on the Manhattan
Project from December 1943 to June
1946.

These confessions tell us as much as
we are likely to know for some time
about the information Fuchs passed
to the Soviet Union. Fuchs helped the
Soviets not only by informing them of
the designs for the gaseous diffusion
isotope separation plant and for the
implosion bomb, but more important-
ly perhaps by alerting them to the
fact that Britain and the United
States took the possibility of an atom-
ic bomb seriously. During World War
IT this political information was the
true atomic secret, and it persuaded
Stalin to initiate a Soviet atomic
project in 1942,

Fuchs acted for political and ideo-
logical reasons, not because he be-
lieved that scientists should be open
about their research. As the cold war
developed he became less anxious to
provide information to the Soviet
Union. He did tell his Soviet contact
about the early work at Los Alamos
on the hydrogen bomb, but his period
of greatest usefulness to the Soviet
Union seems to have ended in 1945.

Williams mentions that Fuchs may
have been, without knowing it, under
the control of MI6 (the British secret
intelligence service) after 1947, but he
does not follow up this intriguing
suggestion. This book, excellent
though it is, does not answer all the
questions that the Fuchs case raises.

Davip HoLLoway

Center for International Security and
Arms Control

Stanford University

The Advancement of

Science, and Its Burdens

Gerald Holton

Cambridge U. P., New York,
1986. 351 pp.

$39.50 he ISBN 0-521-25244-X;
$12.95 pb ISBN 0-521-27243-2

In this thoughtful book, Gerald Hol-
ton considers both blades of our sword
of Damocles, the thought-provoking
advancements and the concomitant
burdens of science. Holton, a re-

nowned historian of science, takes the
philosophical and historical high road
on his trip from the past glories of
Albert Einstein, Werner Heisenberg
and Robert Oppenheimer to the bur-
dens of the broader societal implica-
tions that scientists must consider—
the bad along with the good. It is
pedagogically wise for our graduate
students to have this book to bridge
the river of human events from those
glorious achievements to the other
side of burdens, at once less precise
and less logical. Holton’s approach
works extremely well when address-
ing the “achievements” side of the
coin, but is less satisfactory for the
flip side because the burdens are more
complicated than nature itself.

First, the “advancement”: Both
experimenters and theorists suspend
their disbeliefs to jump creatively to
their solutions based on intuition.
Holton has examined data books to
discover that Robert Millikan ignored
data with “larger errors” because
deep down he wanted electrons to
have a unit charge. This bold, contro-
versial stroke eliminated the fraction-
ally charged electrons that had some
support in other laboratories. Alter-
natively, theorists suspended various
disbeliefs to create the discreteness of
quantum mechanics and a relativity
where time is suspect.

By using fundamental presupposi-
tions containing elements of symme-
try, causality, completeness, contin-
uum and invariance, Einstein con-
cluded that “the noblest aim of all
theory .. .is to make these irreduci-
ble elements as simple and as few in
number as is possible without having
to renounce the adequate representa-
tion of any empirical content.” Hol-
ton contends that the two-dimension-
al approach of combining physical
phenomena and mathematical analy-
sis must be expanded to include a
third, orthogonal axis that folds in
the presuppositions of symmetry,
causality and so forth. This type of
right-brained thinking is not strictly
linear and logical in that it can
require suspending disbelief and to-
lerating ambiguity, but it often has
led to the “truth.” The first two-
thirds of the book contain a number
of interesting quotes and insightful
revelations, such as the image of Max
Planck, the creator of the quantum
concept, fighting its corpuscular im-
plications in 1927 by saying, “Must
we really ascribe to the light quanta
a physical reality?” Or consider
Wolfgang Pauli’s statement in 1925
that “physics is decidedly confused at
the moment; in any event it is much
too difficult for me and I wish
I...had never heard of it.”
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Second, the “burdens”: From the
well-defined high ground of achieve-
ment, Holton is forced to descend into
the less precise regime of burdens,
where we do not have the friendly
guideposts of symmetry and invar-
iance to help us find our way. Linear,
logical thinking will need more than a
third axis if we are to succeed here
because issues such as the arms race
are driven by vague, less clearly
defined driving forces such as mirror

imaging. deterrence, marginal cost,
countermeasures, hidden agendas
and governmental debates that often
are too politically pragmatic. How-
ever, Holton gets very high marks for
leading the deeply philosophical into

thinking about the responsibility of

being a scientist. Certainly Einstein
felt his burdens in his own end game,
the manifesto he wrote with Bertrand
Russell in 1955, in which he encour-
aged us to consider our burdens by
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stating: “We have to learn to think in
a new way. We have to learn to ask
ourselves, not what steps can be taken
to give military victory to whatever
group we prefer; for there no longer
are such steps.” These words stimu-
lated the establishment of the Pug-
wash movement, through which the
international science community has
considered its collective burdens. My
guess is that Einstein would consider
the Pugwash legacy equivalent to his
trio of papers from 1905. The real
question is, how can we do better to
ensure the good uses of science and to
avoid the bad uses of science? One
possibility that has occurred to me isa
science court—with penalties for er-
rors of commission and omission.
Holton suggests the use of “combined
mode” research to expand the study
of basic concepts along with their
implications. In fact, this approach is
the hallmark of studies produced by
the Congressional Office of Technolo-
gy Assessment, but unfortunately
only a few universities have really
taken up this call since professional
rewards come from digging deep rath-
er than broad. I was encouraged to
read in Jan Beyea's letter in PHYSICS
TODAY (October, page 152) that he is
drawing up a list of possibilities for
physicists who wish to devote 10% of
their time to applying physics to
societal problems—much in the man-
ner of lawyers doing pro bono work.
With some hard work, we might yet
agree with Einstein and remove some
of the dice-playing in our universe,
In summary, Holton's book on the
advancements and burdens of science
is a good supplemental and broaden-
ing text for first-yvear graduate stu-
dents (as well as more mature practi-
tioners). By staying on the philosoph-
ical high road, Holton avoids the
politization of discussing specific bur-
dens, thus making it more likely that
his book will be used as a starting
point in graduate courses.
Davip HAFEMEISTER
California Polvtechnic State University
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