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A Soviet physicist speaks to the world

PROGRESS, COEXISTENCE & INTEL-
LECTUAL FREEDOM. By Andrei D.
Sakharov (With Introduction, After-
word and Notes by Harrison E. Salis-
bury) 158 pp., W. W. Norton, New
York, 1968. Cloth $3.95, paper
$1.50

by JACK M. HOLLANDER

Two huge and complex human sys-
tems, founded under disparate condi-
tions and conceived out of totally dif-
ferent assumptions about the nature
of man-, evolve on this earth. The
Soviet Union and the United States are
sovereign; they are mighty, and they
face each other in enmity. Should the
natural flow of human events, as we
know those events from history, pro-
ceed, these two systems face inevitable
collision—not because of their different
political structures, not because of
their different economic systems, but
because they are there, sovereign and
mighty and in confrontation.

From the earliest days of his pres-
ence on earth man has fought with his
fellows whenever nonintegrated groups
faced each other: at the family level,
tribal level, feudal-estate level, prov-
ince level and, most recently, at the
nation-state level. Intervals of peace,
brief as they have been, came when
the one group overcame the other or
when a larger threat, real or imagined,
was perceived. The clock has struck
midnight many times, but always we
have managed to reset it and start it
ticking again, always toward the same
end.

In this century man has experienced
for the first time the social effects of
the finite size of his planet. His en-
terprises—his communications, his pol-
lutions, his wars—have become world-
wide. He realizes his capability to de-
spoil the earth, to destroy his life upon
it, and he knows that if he does so, he
will not be able to move the remnants
of his species to another planet. There
is no place to hide.

The dilemma is unique in human
history. Global nuclear war involving
the Soviet Union and the US would
not be the "extension of politics" that
war has always been; it would be
global suicide, global annihilation.

Rational man knows that it must not
happen. He also knows that man has
not developed the sure capacity to
avoid war. He witnesses one of the
most dangerous tight-rope walks in his-
tory, with the governments of the US
and the Soviet Union proclaiming their
desire to avoid nuclear catastrophe,
yet continuing to pursue the kinds of
policies that in the past have ended in
war: the pursuit of spheres of influ-
ence, the stubborn defense of the po-
litical status quo, the avoidance of con-
tacts, the reliance on classical ideas of
security through regional alliances and
security through armaments races.

He believes that a durable peace

. . . we must learn to live together
or we shall perish together . . .

can only be achieved among nations if
their external interactions are regulated
by a higher sovereignty, by interna-
tional law. Though he constantly
hears that such ideas are Utopian and
impractical, he feels instinctively that
to retain his faith in methods that have
always before failed to keep the peace
is no less Utopian, no less impractical.
He recalls the words of Benjamin Dis-
raeli: "A practical man is a man who
practices the errors of his forefathers."

Our hope for the future rests on the
assumption that man is at least suffi-
ciently rational to ensure his own sur-

vival. The Utopian of one day be-
comes the practical of the next. But
world law is still far in the future, and
meanwhile society continues to evolve;
new situations arise; old problems cry
out for solution. In this generation the
US and the Soviet Union bear a spe-
cial responsibility to defy the uniform
course of history, to back away from
the abyss of war.

Much has been written about this
topic in the US and other western
countries, and nowhere has more been
written than among the community of
physicists, who, because of their pres-
ence as mid wives to the birth of nu-
clear weapons, feel with a special keen-
ness the urgency to reduce the prob-
ability of nuclear war. We know that
the same sense of concern and urgency
is shared among our Russian col-
leagues, but we have had regrettably
few opportunities to receive and study
the products of their thinking.

It was therefore with enthusiasm
and with a special feeling of empathy
that American physicists noted the first
publication in this country (in The
New York Times) of the essay by
Andrei D. Sakharov entitled "Progress,
Coexistence, and Intellectual Free-
dom." Sakharov, a widely respected
Soviet theoretical physicist and mem-
ber of the Academy of Sciences, has
contributed extensively to thermonu-
clear and weapons research in the
USSR. He is also no newcomer in the
field of social criticism, having worked
and written in support of educational
reforms in the Soviet Union and in
defense of freedom of inquiry in re-
search. Accompanying his text in this
book version is an illuminating set of
historical and explanatory notes by
New York Times foreign correspondent
and managing editor Harrison E. Salis-
bury, a writer well known for his com-
petence in the interpretation of Rus-
sian history and current developments.

The Sakharov essay is a blueprint
for peace, a development on the theme
of Soviet-American cooperation. Its
basic thesis is that mankind can sur-
vive only if the US and the Soviet Un-
ion learn to live together without war,
to help establish and to participate in
a workable international system for
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coping with the world's problems and
divisive forces.

Sakharov opens his essay by exam-
ining those divisive forces, and he con-
cludes that foremost among them is
the threat posed by the nuclear weap-
ons themselves, which, because of their
enormous destructiveness and relative
cheapness, are a peril to the existence
of humanity. He makes clear his op-
position to further escalation of the
arms race by the development of anti-
ballistic-missile systems, which he char-
acterizes as ineffective and senselessly
expensive, and he calls for a US-USSR
moratorium on their construction.

Commenting on foreign policy, Sak-

harov denounces with equal fervor the
role of the US in Vietnam and that of
the Soviet Union in the Middle East.
It is significant that he sees Vietnam in
terms of the "harm this war is doing
to the true goals of the American peo-
ple, which coincide with the universal
tasks of bolstering peaceful coexis-
tence." In the Middle East crisis he
points his finger directly at the Soviet
Union for its "irresponsible encourage-
ment of so-called Arab unity."

The author lays great stress on the
seriousness of the threat to peace posed
by the food shortage in the underde-
veloped, overpopulated countries. He
feels that this grave problem cannot be
solved by population-control measures
alone, and in fact he opposes the impo-
sition of birth-control programs in a
discriminatory manner on the poor.
Massive programs of direct assistance
from the developed countries will be
necessary to ease the coming "crisis of
hunger," and they will have to be fi-
nanced by heavy taxation in those
countries. In Sakharov's view, a pre-
requisite to such action is a change
in the psychology of white Americans,
who "are unwilling to accept even min-
imum sacrifices to eliminate the un-
equal economic and cultural position
of the country's black citizens." In
candor one should add that the virus
of racism is confined neither to white
people nor to the US.

In a chapter that must be especially
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significant for Soviet readers, Sakharov
frankly discusses the tragedy of the re-
cent police dictatorships, taking a sur-
prisingly similar view of the Stalin and
Hitler regimes. His purpose in dwell-
ing on some of the most sordid aspects
of the Stalin regime, such as his open
reference to the ten to fifteen millions
of Soviet citizens who perished at the
hands of that regime, is surely not to
sensationalize the past nor to partake
in the politics of de-Stalinization, but
rather to assert the implacable opposi-
tion of Soviet intellectuals to the recent
emergence in the Soviet Union of a
neo-Stalinism under which a number
of liberal writers, crying out with pas-
sion and conviction for free expression,
have already been arrested and im-
prisoned. Those Americans who en-
dured the intellectual intimidations of
the Joseph McCarthy era will read
these comments of Sakharov with sym-
pathetic understanding.

A high point of the Sakharov mani-
festo is his statement that "mankind
can develop smoothly only if it looks
upon itself in a demographic sense as
a unit, a single family without divisions
into nations other than in matters of
history and tradition." Here is his
clarion call for world government.

Convergence theory. Basic to the
hope of Andrei Sakharov for progress,
coexistence, and intellectual freedom
is a view of Russian and American so-
cieties as following a course of devel-
opment in which their enormous his-
torical differences, and the influences
of divisiveness and enmity that stem
from those differences, will gradually
diminish. In characterizing the Soviet
and American industrial development
he finds a simple yet apt analogy: a
picture of two cross -country skiers with
one in the lead and the other, initially
far behind, now catching up. How-
ever, only the first skier has borne the
burden of breaking the fresh snow, so
the second skier cannot be said to be
the faster, only comparable in strength
to the first.

Were industrialization a game, says
Sakharov, the score would be tied;
American capitalism and Soviet social-
ism have both achieved a high produc-
tivity of labor and a good standard of
living for most of the population.
America continues to lead the way in
research and development, especially
in the newer industries, but on the
other hand the Soviet Union has made
remarkable progress in spite of the
terrible destruction of World War II
and the absurdities of the Stalin years.
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These distinctions notwithstanding,
Sakharov sees a remarkably parallel de-
velopment taking place in the indus-
trial management and social character
of the two societies, each borrowing
the best aspects of the other while re-
taining the successful and theoretical
aspects of its own system. The in-
evitable rapprochement will be the re-
sult also of an increasing parallelism
in their world view, which is becoming
more international, more humanistic.

Indeed there is much to support the
"convergence theory." What Marxist
theoretician of the last century, with
his conception of immutable classical
capitalism, could comprehend the lack
of apparent contradictions in an Amer-
ican capitalism that can accommodate
the management of its industry by a
techno-structure, its programs of Medi-
care, antipoverty and Social Security,
its multiplicity of legislation regulating
corporate activity, utilities, transport,
communication? And what disciple of
Lenin would have predicted that the
Soviet Union would in so few years
become a consumer-goods oriented so-
ciety, with profit-like incentives finding
a place in its economics?

Theoretical capitalism and commu-
nism were human concepts, oversim-
plifications which, like theories in
physics developed to account for some
limited observation, could not endure
without modification, without exten-
sion, without adjustment to the condi-
tions of the real world. But people
are better social experimenters than
theoreticians, and they can make a sys-
tem work regardless of the initial con-

ditions imposed on it. Nothing is more
natural than that two such limiting
systems, having originated out of op-
posite and partly incorrect assump-
tions, should appear to borrow ideas
from each other. They do not in fact
consciously do so; rather, they deal
with the same basic human problems,
which by their nature require solutions
that have much in common, even if
discovered independently.

Optimistic prognosis. Sakharov
concludes his essay with an optimistic
prognosis, in the form of a four-stage
timetable, for international develop-
ment in the remaining years of the
20th century.

Stage one involves the deepening of
the ideological polarization between
and within the communist nations,
leading to the possibility of changes
in some of them as dramatic as the
introduction of multiparty systems.

In the capitalist countries, stage two
will witness the defeat of racism and
militarism and the continuation of so-
cial reforms facilitating rapprochement
with die socialist world.

The tremendous resources of the
Soviet Union and the US will be har-
nessed in stage three, made possible
by the economics of disarmament, to
elevate the living standards of the
poorer countries by means of massive
scientific-industrial projects.

The smoothing of residual national
contradictions and the creation of a
world government will come in stage
four bv about the year 2000, which
will usher in a period of unprecedented
scientific and technological progress in

which decisive gains will be effected in
the fields of nuclear and thermonuclear
power, transportation (including
space), communications and the life
sciences.

It is interesting that in his essay
Sakharov repeatedly stresses the im-
portance of using the "scientific
method" in solving essentially political
problems. Although we normally as-
sociate this terminology with areas of
inquiry where controlled and verifiable
experiments are possible, the author's
meaning is clear: One should not re-
ject conclusions based on objective
analysis even if it happens that they
conflict with one's preconceptions or
with dogmatic political theory.

Although Sakharov is well aware of
the situation of contemporary America,
he rightly focuses his primary atten-
tion on problems within his own so-
ciety, problems with which he is inti-
mately familiar and whose solutions he
can contribute to directly. He clearly
identifies his priorities, and it is inter-
esting to contrast them with our own.
Many pages are devoted to the ques-
tion of intellectual freedom and only a
few paragraphs to pollution.

Addressing ourselves to our own sit-
uation we would reverse the emphasis,
acknowledging thankfully the freedom
we enjoy to speak our minds but at the
same time admitting that words can
identify but can not solve problems.
We could not overlook the grotesque
imbalance of an industrial-military-
academic system that can outproduce
the rest of the world in missiles, auto-
mobiles and an infinity of gadgetry
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both Students

and teachers
have praised this

uruyrcHii

''Physical Science, the ominous and terrifying
course which I was fearful of taking, has

suddenly become the most interesting and exciting
course I have taken in science."

"I still don't care for science as much as for the
other fields, but at least I don't dread coming for
this class as I dreaded high school chemistry."

"' enjoy teaching the PSNS course, more so than
a n y o t t ier science or math course that I ever

taught in any of my 25 years of teaching experience.
And I always liked teaching.

"Whenever we talk about scientific things, the
typical kind of phrase which my former standard

physical science students use is 'those things
you showed us.' A typical kind of phrase used

by my former PSNS students is 'those things we
did/ I think the difference between those two

phrases is all the difference in the world."
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PSNS/An Approach to Physical Science
brings the adventures of science to the nonscience student
This new, classroom-tested program was designed
by the PSNS Project staff under a grant from the
National Science Foundation. The staff members'
goal was to produce an introductory physical
science program especially for nonscience
students—a program that would give these
students a good physical science background in an
enjoyable, easy-to-understand way. The PSNS
program in its present form is the successful
realization of their goal.

The textbook for this program, "An Approach to
Physical Science," relates all the topics it covers to
the main focus of the course—the nature of solid
matter. As the material moves from simple
observations to more complex ideas, it is keyed to
the experiments. This close tie of textbook and
laboratory work provides students with the
challenge and active involvement of individual
experimentation.

The equipment for the experiments in this program
were designed to be simple and inexpensive.
The Education Division of Damon Engineering is
the manufacturerforWiley, and has worked closely
with the PSNS staff on the design of the equipment.
Combined with the text, this equipment shows
students how much can be learned about the world
when simple tools are coupled with a scientific
approach to observation.

The Teacher's Resource Book helps the instructor
adapt his teaching presentation to this unusual
course form. It explains the features of the program
and includes suggestions on how to use it
effectively. It contains additional questions and
problems for students, laboratory notes, and a
bibliography of related books and films for
reference. With its many aids, the Resource Book
stresses the need for students to be encouraged to
develop concepts on their own.

An Approach to Physical Science
1969 538 pages $8.95

Teacher's Resource Book
1969 324 pages $8.95

For more information about the PSNS program and
equipment, or for examination copies of the text and
Resource Book, please write to:

JOHN WILEY & SONS, Inc.
605 Third Avenue, New York, N.Y. 10016
In Canada: John Wiley & Sons Canada Ltd.
22 Worcester Road, Rexdale, Ontario
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but that cannot seem to marshal the
economic forces to eradicate the can-
cerous decay of its cities, to provide
quality schools for all its children, ade-
quate housing for all its citizens, and
that cannot keep its water fit to drink,
its air fit to breathe. We would wish
to reexamine our traditional, largely
self-defined, concept of "standard of
living," to enlarge its scope to include
a measure of the quality of life as well
as the quantity of things in it. A na-
tion, like a person, will be judged not
by what it can do but by what it ac-
tually does.

Coexistence. The "convergence
theory" occupies a central role in Sak-
harov's presentation, and is one of the
main arguments supporting his prog-
nosis of a Soviet-American rapproche-
ment. The fact of convergence we
cannot doubt, but it could be ques-
tioned whether convergence is either
a necessary or a sufficient condition
for coexistence. Many historical sys-
tems that had fought bitterly—reli-
gious, ethnic, national groups—have
learned to live together in peace, with-
out convergence, when it served their
best interest to do so. The US and
the Soviet Union must become aware
of their own ultimate, and identical,
best interest, which is not necessarily
to become alike but rather to pursue

Theory of the microworld

THE MATHEMATICAL PRINCIPLES
OF QUANTUM MECHANICS. By
Derek F. Lawden. 280 pp. Methuen,
London (Barnes & Noble, New York),
1967. $8.00

by GARRISON SPOSITO

Is quantum mechanics really difficult?
That is the question put to professors
by harried undergraduates and worn-
out doctoral candidates as they seek
reassurance in their intellectual wres-
tling matches with the theory of the
microworld. It is also the question
that professors put to themselves in the
quiet privacy of their sanctums and
which, unhappily, they tend to answer
in the unhesitating affirmative. All
right; suppose it is true. Being opti-
mistic about such things, we can ask
what can be done to sugar-coat this
really difficult subject without loss of
precept or content. Besides some
rather obvious and probably not very
useful suggestions having more or less
to do with the Madison-Avenue ap-

peace so that each can survive and de-
velop in its own way.

One cannot help but be deeply
moved by the sincerity, by the idealism
of the Sakharov essay. Yet it is an
idealism tempered by the reality of
our time: We must learn to live to-
gether or we shall perish together.
Sakharov is surely aware that Russian-
American cooperation is not a panacea
but a prerequisite, that a "pax Russo-
Americana" would be unacceptable,
that all nations must play a role in the
crucial years ahead. He makes no
claim to having designed a perfect nor
even a detailed plan for the future;
rather, he sets forth his ideas for dis-
cussion, for criticism—so that the dia-
log—from which such a plan can
emerge, and without which it will not
—can be kept in motion. Political
leaders have largely failed to do this;
the hour grows late; others must try.
The American scientific community
should be grateful to Sakharov for the
effort he has given and should accept
the challenge to continue it, to enlarge
upon it.

* #• *
Jack M. Hollander is a nuclear chemist at
Lawrence Radiation Laboratory, Berkeley.
He has worked in nuclear spectroscopy
and nuclear-data compilation. He is on
the executive committee of the Federation
of American Scientists.

proach ("Hilbert space is your
friend"), one can postulate that quan-
tum mechanics may be made simpler
in a way most scientists would not sus-
pect.

What could be done is to make its
presentation at the undergraduate
level more mathematical. Notwith-
standing the screams of horror and de-
rision, I can point out in defense of this

ostensibly treacherous innovation that
one of the major difficulties the neo-
phyte quantum theorist has is the as-
similation of new concepts in what ap-
pears to be a mathematical milieu far
different from the one he so painstak-
ingly mastered during his study of clas-
sical physics. Why do wave functions
have to be square-integrable? Why
is there a Principle of Superposition?
What does a complete set of states
have to do with things? These are
mathematical requirements that are
difficult to justify on wholly empirical
grounds, in the same way that the def-
initions of the length of a vector in
three-space and vector addition are
difficult to justify in the classical do-
main. Why not tell the students the
truth: In a very real sense classical
and quantum physics are both mathe-
matical children of the same abstract
mother—the notion of a normed vector
space.

Even if a professor does accept the
idea that a first course on quantum
theory ought to emphasize the mathe-
matical structure more, he is still faced
with the problem of finding a suitable
text. One quite feasible possibility is
to use a good physics book along with
an inexpensive, physically oriented,
mathematics supplement. Derek
Lawden, professor of mathematics at
the University of Canterbury in New
Zealand, has supplied us with an ade-
quate candidate for the supplement.

His book, originally written for un-
dergraduate applied mathematicians
who wish to know about physics, com-
prises seven chapters: two on states,
three on observables, one on perturba-
tion techniques and one on the Dirac
equation. There are also seven ap-
pendixes on the properties of special
functions and other mathematical de-
tails that serve to embellish the main
text.

The discussion in the book is gen-
erally good, but occasionally lacks the
organization and relevance that the
rigor-seeking physics student might
wish to find. I am not sure just why
matrices have to be discussed right
along with vector spaces or why a
chapter entitled "Observables Having
Continuous Spectra" devotes half its
pages to observables having discrete
spectra. Those students who think
they might find out something about
the delta "function" will also be disap-
pointed since the rigorous meaning of
that artifact is not only highly ignored
by the author but is even blighted by
his cool introduction of nonentities like
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