
Rather, the issue is: Are human
beings free or are they the property of
the government (or society)? Not just
scientists or Jews but every single "cit-
izen" of the Soviet Union. The op-
pression of a particular group is just a
manifestation of the general Soviet
policy of the suppression of all individ-
ual rights. It is on the basis of this
fundamental requirement of freedom
that the fight must be waged.

Let us progress beyond the relatively
easy task of supporting individual
cases and concentrate on the source of
the problem, which is the nature of the
Soviet system. Here I am not limiting
the problem just to the practical as-
pects of their present system but also
include the professed ideals behind
that system; the present actuality is
the only possible result of those ideals.
Sadly, there are many individuals who
can serve as example but, as long as
the root evil remains, examples will be
never ending. The proper response of
intellectuals is to undertake the task of
persuading the civilized population of
the world to apply moral and economic
sanctions against the Soviet system
until it frees all its "citizens."

LESTER L. DERAAD, JR
University of California

Los Angeles

Gravity waves

I should like to add a few comments to
Jonothan Logan's well written and in-
formative article, "Gravitational
Waves—A Progress Report," (March,
page 44). Unfortunately, gravita-
tional-wave receiving antennas, like
their electromagnetic counterparts, ob-
viously suffer gross inefficiency when
they are small compared to a wave-
length of the radiation. In addition to
this, the mechanical antennas present-
ly in use seem to be unusually insensi-
tive when we consider that Joseph
Weber reported1 a flux density of
about 102 ergs/cm2 sec or 0.1 watts/
m28, only 10~4 orders of magnitude less
than the solar constant at one AU.
This flux density is equivalent to the
intensity of ten moons in intensity, a
sight that would prove difficult to miss
with our large (as compared to a wave-
length) eyes. The difficulty with de-
tectors using shear waves is evidently
traceable to the gross impedance mis-
match, a fact that seems to follow from
Freeman Dyson's calcution for the cou-
pling constant.2 This mismatch is in
sharp constrast to antennas used for
the detection of electromagnetic waves.

The level of gravitational-wave
power density required to produce even
the small, nearly insignificant, space
warp of 10"16 cm over a distance of 10
meters at a frequency of 1.6 KHz, is a
truly amazing 0.1 watts/m2. Even
more so is the fact that the universe
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The Physics Department of the University of California at Berkeley
anticipates that a faculty position will soon be open at the Assistant Professor
level and seeks applications from persons specializing in theoretical astro-
physics. Candidates must have a broad and thorough background in
theoretical physics and astronomy and possess the ability to conduct
original research of significance.
Applications should be submitted to Professor Eugene D. Commins,
Chairman, Physics Department, University of California, Berkeley,
California 94720.
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salary $12,000 to {16,000 depending on experience. Resume ind names of references
should be sent to: Director, Astronomy Program, Univ. of Maryland, College
Park, Md. 20742. ^
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teaching workshops. U.S. Citizen, Single or Couples only. In-
formation : BRUCE MA Z ZIE, ACTION, OCP BOS 293, WASH-
INGTON, D.C. 20525.

PHYSICAL CHEMISTS OR PHYSICISTS
PhD'sin Physic, 11 Chemistry, Physics or Inorganic Chemistry with experience in one or
more of the following areas:
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2. Solid state chemistry or physics
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4. Inorganic synthesis
5. Materials Science

Write to: Administrative Manager, Philip Morris Research Center, P.O. "ox
26583, Richmond, Va., 23261
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ference, electronic protection against cur-
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up to 25 Amp. (110 V or 220 V).
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may provide us with a source of useful
energy in the form of gravitational
waves if only some way could be found
for their efficient conversion. This
energy might prove useful as a source
of power for travel in deep space, since
the waves may originate in our galactic
center. For example, a space ship
with A/4 gravitational antenna of effi-
ciency equal to that of its electromag-
netic counterpart, could extract as
much as one megawatt of power from a
gravitational-wave train of flux density
10 "2 watts/m2, which is an order of
magnitude less than that reported by
Weber.1 "Captain to engineroom, ac-
celerate the Starship to Warp Six,"
may not be science fiction forever.3
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DlMITRI S. BUGNOLO
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THE AUTHOR COMMENTS: Cosmological
data (observed rate of expansion of the
universe) set an upper limit on the av-
erage mass-density of gravitational ra-
diation at all wavelengths of about
10 -28 g/cm3, or a flux of 103erg/
cm2sec.

Effective gravitational radiation an-
tennas must be made of very stiff ma-
terial, so that the driving field will per-
form maximum work; a sound or
shear-wave velocity near c is required.
To achieve coupling comparable to the
electromagnetic case fabulous densities
are required to compensate for the in-
trinsic weakness of gravitational inter-
action. (There are some complications
in the calculations when the wave-
length is comparable to absorber size
and when resonant absorption of
monochromatic radiation with negligi-
ble damping is considered, and there
are factors of order unity for antenna
geometry, but these are not relevant
here.) The material limits dominate
the factors due to antenna design.

According to the handbook values,
single cubic-crystal diamond is the
best available material (around 100
times better than aluminum). Taking
the frequency of the radiation (arbi-
trarily) to be 1 Hz, a million-ton space-
ship made of this material could ab-
sorb no more than about 10 ~9 ergs/sec
or 10"16 watts. This would evidently
be insufficient to drive the phasors of
the starship Enterprise.

JONOTHAN LOGAN
The Rockefeller University

New York a
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