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LETTERS
High Quality Arms Control Post-Docs
This summer I had the nice opportunity to meet several of the
current crop of young PhDs who have chosen to study and work on
technical issues of nuclear arms control. I was impressed with their
no-nonsense physics approaches to these complicated is~ue~ A
group of eight of these arms control post-docs will be joining other
young post-docs from the USSR. UK. and China in Moscow this
September for an international summer school on technical issues
on arms control. This initiative. arranged by Frank von Hippel,
Roald Sagdeev, and others, is trying to nurture the next generation
of scientists who will dedicate part of their professional careers for
paid or "pro-bono" work on arms control. I am hopeful that these
eight high-quality physicists will be able to land jobs that can use
their training.
Mter thinking a little about this issue, I drew up a list of
physicists doing arms control work in the universities, in order to
gain some perspective on their chances in acadetnia. I arbitrarily
defined an active physicist doing arms control in a university as one
who has: (1) spent at least 1/4 time doing arms control, (2) pub
lished at least one technical paper on arms in the past 5 years, and
(3) had a permanent or setni-permanent position in a university. My
list has 34 names. 17 in physics departments. 3 in other departments,
and 14 in centers. schools, or programs that do broader, public
policy issues. This list is actually an upper bound since it has 4
retired members. and the PhDs of some members are in nuclear
engineering, electrical engineering. chemistry, and energy studies.
Some observations: The names on the non-departmentallist
tended to be more well known, because they are very good and
because they spend nearly all their time on arms control. Half the
physics department members have served at least one year in gov
errunent., and have been active in arms control since returning to
their university. Only four physics department members are from
the nominal "top ten" departments.
The average age is about 50, and only 1 or 2 seem to be less than
40. This is not surprising. Assistant professors in prestigious PhD
institutions had better stick to their professional knitting if they are
to get tenure. None of the 17 names on the physics departmental list
had begun their careers with arms control physics as the main pole
in their tent. In fact. all 17 had moved towards arms control after
becotning full professors. I am under the strong impression that
these departments are all glad to have one member who is active in
teaching. publishing, and serving on arms control issues, but that
they have not considered hiring a young assistant professor to do
that kind of work.
My conclusions, which I address to US physics departments:
1. I am concerned that the present group of serious arms control
professors in physics departments will not be replaced. Every de
partment needs one to keep your university up to date.
2. When filling that tenure track position this year, take a look
at the current crop of post-docs doing arms control. They come
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from particle physics, plasma physics. etc., they are capable physics
citizens, and I bet they can do both physics and arms control physics
in your department.
3. If you are a tenured full professor, and it seems that your
career is on hold. please examine some of the societal applications
of physics (arms. energy. environment) to see if you can get a
second wind.

David Hafemeister
Physics Department
California Polytechnic State University
San Luis Obispo, CA 93407

Should Ethics Limit Scientific Research?
Liebe F. Cavalieri's article (April 1989) is an all-out attack on
science, on technology, on material progress, on man. It deserves
to be identified as such and condemned. While P. Roger Gillette
(July 1989) is clearly bothered by that article's conclusions, I
consider his response unsatisfactory.
Cavalieri exhorts us to guard science "against abuse and exploi
tation for commercial purposes that have little to do with either
human needs or the acquisition of pure knowledge." He ignores that
commercial enterprises satisfy human needs. that businesses earn
profits by producing the things their customers value. He defends
"pure knowledge" or "knowledge pursued for its own sake," catch
phrases intended to refer to knowledge disconnected from and ir
relevant to reality and human life. It is hard to imagine what such
knowledge would consist of; what the advocates of these phrases
mean is that knowledge should not be "corrupted" by its application
to solving real-life, human problems.
Cavalieri attacks recombinant DNA technology essentially be
cause it is a powerful tool. It has potential "applications to medi
cine, agriCUlture, and industry; its possible influence on ecological
systems and future generations of humans is incalculable." That
much is true; that is why I endorse aggressively pursuing recombi
nant DNA, not turning away from it. I hope that it leads to a cure
for or the prevention of cancer, to increased food production. to
advances in industry. Wouldn't these help satisfy human needs?
Cavalieri wants to increase the already-burdensome regulation
of scientific research and technological innovation. Presumably
ideas that are not compatible with his view of man would be banned.
What else can be the meaning of his complaint that ...... cries by
scientists for freedom of inquiry seem banal, self-serving, and ir
relevant?" And what is his view of man? Cavalieri tells us that we
should have "labor-intensive instead of energy-intensive produc
tion," that we should seek a state without "a surfeit of material
goods."
Cavalieri's argument that we must restrict technology because of
the limits of the environment is a self-fulfilling prophecy. With his
2

constraints on technology, our ability to support growth is indeed
limited. But with technological progress, we can support a rising
standard of living for a growing population.
In short, Cavalieri seeks to push man back to the middle ages, to
a state where production is labor intensive, where there are few
material goods to sustain and enhance life, where progress does not
exist. where death and disease are Tampant (but where nature is
undisturbed). To accomplish this, he seeks a larger and oppressive
role for government, which must ultimately result in a totalitarian
state.
Gillette is correct in noting the connection between science and
the satisfaction of "human needs and desires." His statement "to
hinder science and technology is to limit the ability of our species
to be truly human" begins to get to the essence of Cavalieri's vicious
attack. But then Gilette teUs us that "science and technology must
be used for the good ofthe planet as a whole" (emphasis added). It
is not clear what Gillette means here, but it certainly is not the
satisfaction of human needs and desires.
Gillette accepts government regulation of technology, and he
endorses a pragmatic cost-benefit approach (which Cavalieri rejects
as too moderate). How these goods and evils are to be weighed is
unclear. How, for instance, should a caveman have acted when he
discovered how to sharpen a stone? Should he have been pleased
that he could hunt more easily, or should he have turned away from
his knowledge since "living beings" would be harmed?
While Gillette takes a more moderate position than Cavalieri,
ultimately both agree on a fundamental point:: that morality is
impractical, that ethics demands that man turn away from science
and the rewards it offers.
Man needs a code of ethics. But, just as poison cannot be
substituted for food, a false code of ethics cannot take the place of
a proper, rational code. A proper morality is practical.

Bennet C. Karp
812 Wellington Place
Aberdeen, NJ 07747
Response:
Bennett Katp considers my response to Cavalieri's article unsat
isfactory. So do I. No response on such a complex subject that
would be publishable in Physics and Society could be fully satisfac
tory. Publishable statements will inevitably be oversimplified.
For example, my assertion that "science and technology must be
used for the good of the planet as a whole" is incomplete. It doem't
specifically say that the good of each species of life and non-living
matter on the planet must be defined, and the goods of each must be
appropriately weighted to determine the good of the planet as a
whole. I haven't done this; I don't think anyone has done it
properly. However, the satisfaction of human needs and desires,
appropriately defmed, will be an important part of achieving the
good of the planet.
The primary raison d'etre of government is regulation to further the
welfare of the whole and of individuals. How goods are to be
weighed against evils, whether for individual beings, individual
species, or the planet as a whole, is another question for which no
adequate answer yet exists. However, government regulation
should be based on a consensus regarding the relative values of the
various species and states of being in the global system. This
consensus should be based on an understanding of the nature of the
beings, and of the processes that can affect their existence, and a
consensus regarding the ultimate meaning of existence.
Thus good government should be based on good moral prin
ciples, which in turn must be based on good information regarding
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what exists and what is possible, and on good intentions regarding
the achievement ofultimate goals and purposes. Good results do not
come from either good information alone or good intentions alone.
I certainly do not believe morality is impractical or should be side
stepped. Ethical behavior is more complex than most people want
to believe, and must be based on an understanding of the material
world and of the transcendent purposes that direct its evolution and
development.
Members ofthe human species differ from those of other species
most significantly in that they possess greater freedom of thought,
will, and action. and must therefore be guided by a code of ethics.
They are capable of developing a code of ethics, and over the
centuries have been doing so. To be effective, this code must be
both idealistic and realistic. Without the ideal. there is no direction
for movement; without the real, there is no movement in that
direction.

P. Roger Gillette

Photovoltaics in our Energy Future
H. M. Hubbard and Gary Cook (July 1989) failed to mention the
19708 idea of using satellites to coUect solar energy to beam down
to earth, either as photovoltaically generated microwaves, or as
reflected beams enhancing the solar energy received by coUectors
on earth.
This omission is presumably due to the continuing high cost of
10w~xhaust-velocity chemical rockets. Electric rockets, using for
example solar-powered ion engines, should not have this problem,
but their acceleration is very low and they cannot launch ground
vehicles into space directly. A way of partially overcoming this
limitation might be to send out such a rocket some distance into
space and use it to accelerate a small mass to a very high velocity
toward earth. This mass is made to home in on and (after separat
ing from the reusable rocket) to impact a vehicle which has been
lifted (e.g. by a relatively slow air-breathing ram-jet) to a point just
above the atmosphere. The resulting rapid acceleration of this
vehicle into orbit can be softened by spreading out the impact mass.
These maneuvers are sure to involve many technical problems, but
these should be no worse than the similar problems faced by even
the most optimistic boost-phase ballistic-missile defense system.

Louis A. P. Balazs
Physics DepartmenJ
Purdue University
West Lafayette. ID 47907

U. Cal, Weapons Labs, and Arms Control
Deborah Blum's article "Public Perspectives" (April. 1989)
states "there is no working x-ray laser." Actually. two years ago a
working x-ray laser driven by another laser was discussed in Physi
cal Review Letters. I presume you meant to say "there is no working
x-ray laser driven by a n.uclear bomb." Your statement then might
be correct. Now it is just false.

Igor Alexeff
Electrical and Computer Engineering
University ofTenn.essee
Knoxville, TN 37996-2100
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Response:
I did not give a generic talk on x-ray lasers. My entire talk was
devoted to the Strategic Defense Initiative and efforts at Lawrence
Livermore National Laboratory to develop suitable weaponry, in
cluding a nuclear-bomb-pumped x-ray laser. In that context, I think
it is perfectly clear that "x-ray laser" refers only to that military
device.
Deborah Blum

dependent. The Schroedinger equation, as you know, changes in a
completely deterministic way. It is only when measurement occurs
that chance enters the picture, but it does not follow from this fact
that the external world does not exist and have a structure independ
ent of observation. It is this metaphysical solipsism my editorial
attacked, and I would guess that 99 percent of working physicists
agree with me. I even received a ietter from Glashow saying he
couldn't comprehend how anyone could find fault with my editorial.
just as I have nothing in your comment to oppose.
Please, don't accuse me again of views I don't hold!

Martin Gardner
110 GlenhrookDrive
Hendersonville, NC 28739

The Meaning of Quantum Theory
Holy smoke! Whatever gave you (editorial, July 1989) the
notion that I don't think quantum mechanics is weird? I won a prize
a few years ago for an article in Discover titled "Quantum Weird
ness" (reprinted in my Order and Suprise), and I have written in half
a dozen places about the mystery of the EPR (which suggests an
interconnectedness on a superluminallevel) in half a dozen places.
I agree with Feynman that QM is crazy. and I certainly regard it as
a much more fundamental break with classical physics than relativ
ity theory.
You have totally missed the point of my editorial (American
Journal ofPhysics. March 1989. p. 203). It is that quantum weird
ness does not justify a leap to the views of Wheeler and Wigner that
the reality and mathematical structure ofthe external world is mind-

Response:
The quotation marks around "not odd at all" in reference to
Gardner's article were meant to indicate the article's general atti
tude toward quantum theory, rather than an actual quotation from
the article. The quotation marks were thus misleading, and I
apologize for that.
On the other hand, the drift that I get from carefully re-reading
this particular essay of Gardner's is still that quantum theory is not
odd at all. Maybe I am reading" much into such statements as (and
here I do quote) "Quantum mechanics raises not a single fresh
metaphysical problem." At any rate, I thank Gardner for the above
clarification of his views.
Art Hobson

ARTICLES
Szilard Award Lecture: From Reactors to Radon - Toward a New Environmental
Consciousness
Anthony W. Nero, Jr.
[Editor's note: The author is winner of the 1989 Leo Szilard Award
for physics in the public interest. His citation was published in the
April issue. The following paper is based on his paper at the Forum
Awards session held 2 May 1989 at the Baltimore APS meeting.
Anthony Nero, Jr., is at the Lawrence Berkeley Lab, I Cyclotron
Blvd., Berkeley, CA 94720.]
Receiving the Leo Szilard Award is a great honor, and a great
pleasure. For this I thank the Forum on Physics and Society and the
American Physical Society. I am pleased that the APS recognizes
the importance of worle on such problems as arms control, energy,
and the environment. The involvement of APS members in societal
matters is natural in view of the social implications of science and
technology.
For example, the APS undertook studies in the mid-1970's on
such energy related topics as nuclear power and other means of
producing energy. The major classes of energy production dis
cussed then--using fossil fuels, nuclear reactions. and the sun-are
the same major categories that we hear so much about in considering
the greenhouse effect. However, the greatest opportunity for reduc
ing C02 emissions in the next several decades is undoubtedly to
increase the efficiency of energy use. And this illustrates a major
point in considering environmental issues in general, that it is
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important to look at the entire system and not to focus too narrowly,
in this case on the energy production side; to do so may do little
more than lead us to confirm our own preconceptions. I will return
later to questions related to energy use, but I'd like frrst to turn to
other illustrations of how we tend to think about environmental
issues, beginning with nuclear power.
The central element of a nuclear power plant is the reactor and
the associated elements for transferring heat and producing steam to
run the electric generators. Beginning in the mid-1970s, such
systems-and particularly those using ordinary ("light") water as
the coolant-were subjected to systematic safety analyses that
developed complicated "fault" trees to identify accident types and
estimate their probabilities. The accident at Three Mile Island
(TMI) demonstrated that our thinking about accident sequences and
probabilities was incomplete--a fault in the fault tree approach-
illustrating the difficulty of understanding everything that might
happen.
However. TMI illustrates a broader fact about nuclear safety
analyses-particularly the major "Reactor Safety Study" completed
in 1975 by the Nuclear Regulatory Commission (NRC). These
analyses tended to be misleading about which classes of accidents
actually contributed most of the health risk. It was clear that the
smaller accidents were much more probable, but this was inter
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