published a famous ten-volume
course in theoretical physics that
helped to educate an enormous num-
ber of scientists throughout the world.
Its editions in many languages occupy
several long shelves in the CERN
library. Who “profited” more from
this course—the FSU or Western and
Asian science? More than ten years
ago Soviet theoretical astrophysicists
predicted, within the inflationary cos-
mological theory, the quadrupole an-
isotropy of the 3-K cosmic background
radiation. Recently American experi-
mental astrophysicists observed this
anisotropy, in quantitative agree-
ment with the prediction. American
newspapers reacted enthusiastically
to this discovery. Who gained more
from such a nonformalized collabora-
tion across state boundaries?
EvGenu L. FEINBERG
P. N. Lebedev Physical Institute
8/92 Moscow, Russia

Soviet Scientists’
Apolitical Past

Our attention was attracted by the
way some Russian physicists have
portrayed in your pages the political
stand of Soviet scientists under Com-
munist rule.

In particular, Roald Sagdeev (May
1992, page 22) refers to the history of
Soviet science as “surviving under the
Soviet system” and says that this
survival occurred “despite every at-
tempt by the government to alter the
tradition of the Soviet intelligentsia
and turn its members into ideological
robots.” We think this gives a rather
distorted picture of reality. Soviet
scientists, and physicists in particu-
lar, were an elitist and politically
passive group. Their freedom of
thought rarely went beyond discus-
sions around the kitchen table, while
objectively they were supporting the
regime by their complacent behavior.
Sagdeev writes, “The Soviet Academy
of Sciences was in many ways an heir
to the Russian Academy.” In the way
of scientific traditions, yes, but not in
the way of free political thought. In
tsarist Russia, protests against politi-
cal trials and solidarity with student
movements were norms of behavior
among university professors. Never
in its pre-Gorbachev history, how-
ever, did the Soviet Academy of Sci-
ences protest against political repres-
sion inside the country, including the
killing and imprisonment of its own
members during the Stalin and
Brezhnev eras.

For their silent approval of the
Communist regime and contribution
to the building of Soviet military

power, members of the academy were
granted enormous privileges. These
included top salaries, the best apart-
ments, dachas, cars with drivers, ac-
cess to special stores and hospitals
and (for non-Jewish scientists) almost
unrestricted foreign travel. Calling
this “surviving under the Soviet sys-
tem” sounds like a joke. Of course,
the elite academy represented only a
small fraction of Soviet scientists. Its
members, however, as leaders of sci-
entific schools and research insti-
tutes, had a major influence on young
scientists. The political obedience
among scientists was overwhelming,
and the government insured it by
keeping their quality of life higher
than average.

Leading Russian scientists who are
now crying for Western help do not
seem to recognize their share of re-
sponsibility for what happened to the
country. Instead, there is a trend by
some authors to associate the past of
the Soviet Academy with such names
from the human rights movement as
Andrei . Sakharov and Yuri Orlov.
The academy never supported them
when they were in exile or labor
camps. Itisindeed true that in recent
years some members of the academy
became involved in politics. One
should clearly distinguish, however,
between the political opposition in
pre-Gorbachev Russia and during the
era of glasnost. The difference be-
tween the two is similar to the differ-
ence between opposing fascism in
Germany before and after May 1945.
It is difficult to blame scientists for
not risking their jobs and freedom,
but acknowledging the past, as some
German physicists did, would be a
healthy phenomenon.

The central issue of the recent
articles in PHYSICS TODAY is aid to the
troubled science in the former Soviet
Union. We fully share the opinion
that the West should help physics in
the FSU, as a unique and valuable
part of world physics, to overcome the
crisis. At the same time, we believe
that the aid should not be delivered in
a way that would help scientists to
maintain their privileged position. In
a country where pensioners are living
in poverty and hospitals are running
out of basic supplies, this would only
deepen the gap between scientists and
the rest of the people. Instead, the
help should be given in the form of
joint grants, science journals and
equipment needed to continue normal
research. Living conditions in mod-
ern Russia remain much better than
they were in the 1930s, when Lev
Landau and Andrei Kolmogorov grew
into leading science figures of this
century. Given the strong traditions
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of science and education in Russia, we

believe that Russian physics will sur-

vive regardless of Western help, as it

survived after the Bolshevik revolu-

tion. It should also be noticed that

physicists were greatly overproduced

in the Soviet Union. A substantial

migration of physicists to other occu-

pations, which Sagdeev calls “inter-

nal emigration,” would now be natu-
ral and, probably, inevitable.

EuGeNE M. CHUDNOVSKY

Lehman College, City University

of New York

Bronx, New York

ALEX VILENKIN

Tufts University

7/92 Medford, Massachusetts

FSU’s Brain Drain:
How Fast a Flow?

The plight of science in the former
Soviet Union came again into focus in
the May 1992 issue of PHYSICS TODAY
through the articles by Roald Z.
Sagdeev (page 22) and Evgenii L.
Feinberg (page 30). A brain drain of
physicists is often presented as an
important manifestation of a decay
process. Exact numbers on the brain
drain from the FSU are not available,
so an attempt to give a semiquantita-
tive estimate of the problem is of some
interest. I have made such an esti-
mate based on a list of alumni of the
Moscow Physico-Technical Institute
residing outside the FSU and accessi-
ble via e-mail. This list was originally
compiled and is maintained by Alex-
ander Kaplan of the Johns Hopkins
University. (FizTech alumni are en-
couraged to contact Kaplan and join
the list by sending an e-mail message
to sasha@super.ece.jhu.edu.)

FizTech is probably the best of the
institutions that trained Soviet phys-
icists. Each year about 700-800 stu-
dents are graduated from eight Fiz-
Tech departments with a degree
equivalent to an MSc in physics.
FizTech graduates were considered
to be the creme de la créme among
young Soviet physicists, and they are
(or at least were) widely sought by
the Academy of Sciences and by
military and industrial research es-
tablishments.

In the updated list, covering the
US, Canada, Israel and Western Eu-
rope, there are about 90 FizTech
alumni, of whom 54 graduated in
1980 or later. This constitutes about
0.6% of those who graduated during
those years. A large uncertainty is
obviously involved in estimating the
probability that a FizTech alumnus
who works outside the FSU is on the
list. For example, I know personally

six alumni who are not on the list, and
I do not know personally anybody on
the list. It would be reasonable to
guess that only 10% of those alumni
residing outside the FSU are on the
list. That would give us a 6% drain
rate for the younger (less than 35
years old) generation of Soviet physi-
cists. This number looks impressive if
one takes into account traditional
Soviet xenophobia and the fact that
travel abroad by individuals in the
FSU is still subject to a number of
restrictions. For obvious reasons, the
older generation of physicists is less
“mobile,” and their drain rate is less.
MicHAEL A. GRUNTMAN

University of Southern California

5/92 Los Angeles, California

What Gas Lies Behind
GreenH,Ouse Effect?

Alison Campbell (February 1992,
page 123) is mistaken when she states,
“Were it not for atmospheric CO,, the
mean temperature at the Earth’s
surface would be substantially below
zero.” CO, is a minor greenhouse gas,
so its disappearance from the atmo-
sphere would, in fact, have a minor
impact on the average global tem-
perature.

Information given in the Search
and Discovery department (February
1990, page 17) allows a crude estimate
of what the cooling would be. The
news item says, “A doubling of CO,
would increase the atmospheric trap-
ping of long-wavelength radiation by
about 4 W/m?, compared to the trap-
ping of about 150 W/m? in today’s
atmosphere.” Evidently CO, contrib-
utes only 3% to the greenhouse effect.
Furthermore, if a doubling of atmo-
spheric CO, would increase the green-
house effect by 3%, then conversely
its disappearance would decrease the
greenhouse effect by 3%.

The step from here to the corre-
sponding decrease in global warming
is uncertain because of our far-from-
complete understanding of global cli:
mate. Theoretical models of global
climate typically include a positive
feedback loop due to water vapor,
which magnifies the effects of
changes in the CO, level. It is unclear
(to this writer, at least), however,
whether the models also include the
negative feedback due to the direct
linkage between water vapor, average
global cloud cover and the Earth’s
albedo. To make an order-of-magni-
tude estimate, let us smash through
this positive-versus-negative-feed-
back roadblock with the not unrea-
sonable approximation that the
amount of global warming is directly

proportional to the amount of green-
house effect. Global warming, which
is the difference between the 15°C
average global temperature and the
bracing — 18°C temperature that
would prevail if the Earth’s atmo-
sphere were perfectly transparent at
infrared wavelengths, stands at 33 °C.
With the aid of our low-tech direct-
proportionality argument we see that
if by some magic all CO, were re-
moved from the atmosphere, the 3%
decrease in the greenhouse effect
would lead to a 1 °C decrease in global
warming.

One may use the much publicized
models of global climate to check this
crude estimate. These models typical-
ly predict! that if the concentration of
CO, were to double, global warming
would increase by somewhere be-
tween 1.5 and 4.5 °C, so conversely the
complete removal of CO, from the
atmosphere would decrease global
warming by the same amount. Evi-
dently, although the global climate
models cannot tell us what the precise
temperature decrease would be, they
confirm that it would be of order 1 °C.
In other words the disappearance of
CO, from the atmosphere would fall
far short of plunging the average
global temperature below freezing.

Campbell’s mistake stems from her
implicit assumption that CO, is the
major greenhouse gas. So if CO, is not
the major greenhouse gas, what is?
Plain old all-natural water vapor!

Her CO, illusion puts her, however,
in good company. In an impromptu
survey I asked ten of my fellow
astronomers, “What is the major
greenhouse gas?” Six said, “CO,.”
One said: “CO,. Er, er, but isn’t
water vapor in there?” Two said,
“Water vapor.” And one said, “Don’t
know.” (The department chairman
was one of the CO,’s.) Evidently a
surprisingly large number of astron-
omers also think that CO, is the major
greenhouse gas—this in spite of the
fact that astronomers need to know
how the Earth’s atmosphere stamps
its spectral imprint on the radiation
from heavenly bodies. In other scien-
tific disciplines that do not deal with
the Earth’s atmosphere on a profes-
sional basis, the illusion that CO, is
the major greenhouse gas is probably
even more prevalent. Among the
general public it must be almost
universal.

This means that most people must
also be under the impression that the
rate of increase of the CO, concentra-
tion in the atmosphere causes an
equal rate of increase in the green-
house effect. In fact, as shown by the
numbers quoted above, the green-
house effect’s rate of increase is dilut-
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