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reference in his field of view during the
sighting.

Taylor's objection to my estimate of
the "angular resolution of the eye as one
second of arc" is correct. The state-
ment should have read "one minute of
arc" and a quick calculation proves my
intent. It was simply a typing mistake.
I chose a value of one minute because it
is easy to extrapolate to larger angles. I
am aware that four minutes, for exam-
ple, would have been a more realistic
choice. I might point out that the value
"one minute" appears in many elemen-
tary physics texts.

HARLEY D. RUTLEDGE
Southeast Missouri State University

Cape Girardeau, Missouri

Novelty vs. profundity
As a physician who has actively worked
in theoretical biophysics for approxi-
mately 15 years, I would like to respond
to Carlton Frederick's letter (May, page
15). I believe today's physicist is
brighter than he has ever been. Both
the subject of physics and the total cul-
ture, particularly our own, have had an
immense increase in complexity since
the 1930's, and simply meeting this
greater demand has pushed (or pulled)
intellectual development further. One
has merely to read the influential texts
of this earlier period and note their sim-
pler, more pedestrian outlook to see
this. What has happened, I agree, is
that this complexity has fostered the
over-specialization of career and placed
the super specialist in a position of ex-
cessive influence by rewarding novelty
on an equal footing with profundity.
Since it is much easier to achieve a re-
sult with some novelty than one that is
both novel and profound, the novelists
proliferate at a far greater rate than the
profounders.

In the past the physicist of note was
almost invariably a man who had mas-
tery of the entire subject, and either a
profound innovator or one who had
every possibility of being such. These
men set the tone and character of phys-
ics forty and more years ago and con-
tinue to inspire the student of today.
The contemporary physicist of this
stature, however, may very well be a
"profounder profounder," that is to say
profounder squared.

ARTHUR GROPPER
Los Angeles, California

Materials science courses
The fine summary of the Conference on
"Tradition and Change in Physics
Graduate Education" held on our cam-
pus last summer, failed to make one
point which is of importance to the aca-
demic physics community: The mis-

match in the thesis topics with employ-
ment fields was clearly identified.
However, not enough attention was
paid to the fact that physics faculties
must face the issue of defining the opti-
mum course work for undergraduate as
well as graduate students. As it turns
out now, a typical student in electrical
engineering or materials science has a
good grasp of the fundamentals of
quantum mechanics and solid-state
physics, while their colleagues in phys-
ics have typically not had a single
course in materials science or electrical
engineering. Since the materials field
(broadly defined) is likely to employ
perhaps half the physicists produced in
the near future, I believe that the report
of the National Academy of Sciences
Committee on Materials Science and
Technology1 bears serious consideration
by every physics department, when it
says:

"We believe that materials science
will play an increasingly significant part
in the education and work of physical
and life scientists, as well as of engi-
neers and technologists."

A 3-6 credit requirement in materials
science (or biophysics or geophysics)
may be the test of the physics commu-
nity's commitment to change and the
translation into real life of its concern
for "applied physics."
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Predicting earthquakes
Your April issue (page 74) carries a re-
view by Bruce Bolt of The Jupiter Ef-
fect by Stephen Plagemann and myself
in which, following a sound precis of our
arguments, he notes that "California
records . .. indicate that 1803 or therea-
bouts was not specially active" in seis-
mic terms, although that was the last
occasion of the planetary alignment dis-
cussed in our book. This is incorrect;
since the book appeared, I have visited
the region of the San Andreas just south
of San Francisco, and this visit included
the mission of San Juan Bautista, which
suffered greatly during the 1906 earth-
quake. The mission records describe a
series of major tremors in that area in
the early 1800's, and although this
proves nothing it is clearly of interest to
our hypothesis. Plagemann and I have
included a discussion of these records in
the paperback edition of the book,
which should now be available, and the
discussion will also appear in future
hardback editions.

Perhaps I could also take this oppor-
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tunity of redirecting the emphasis that
reviewers of The Jupiter Effect have
placed on the planetary-alignment hy-
pothesis. The essence of our study is
that more seismic activity is likely at
times of maximum solar activity; the
planetary-influence model is the only
one we know of that makes firm predic-
tions about when the next solar maxi-
mum will be, and we therefore included
one chapter about this for complete-
ness. Even should that model prove in-
correct, however, there remains good
evidence that the years around the next
solar maximum will produce enhanced
seismic activity. Since just adding 11
years to the previous maximum
suggests that the next peak is due in
1979, the planetary hypothesis might be
seen as unduly optimistic, suggesting as
it does a further three years of grace.
Finally, I fully endorse Bolt's warning
that "buildings should be constructed
to resist great earthquakes on the as-
sumption that they will occur tomor-
row." The presentation of our ideas in
the form of The Jupiter Effect was ex-
actly to encourage such an attitude
among those who have been less aware
of the need for caution; I hope that your
readers, who clearly do not need to be
warned in such dramatic terms, will
make appropriate allowance for that
presentation and may be interested in
the original exposition of these ideas,1

which drew remarkably little response.
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Flywheel energy storage
Due to the increased interest in storing
energy with flywheels, the reader is re-
minded of the virial theorem, which
predicts the maximum energy that can
be stored in the structural mass of a fly-
wheel. This is a "measuring stick" that
can be applied to any flywheel design;
in general, the theorem predicts the
best use one can make of a given mate-
rial.

Originally derived by Clausius in
1870,1 the virial theorem applies to
gases, plasmas and all mechanical de-
vices including flywheels. A similar
theorem applies to electromagnetic sys-
tems including superconductive energy
storage magnets.2-3'4'5

The virial theorem relates the time-
average kinetic energy of a system of
particles to the time-average forces act-
ing on those particles, and a little ma-
nipulation from the standard form of
the theorem yields, for rotating bodies,
the result

Ms > 2p3T/<j (uniaxial stress)

Ms > psT/a (biaxial stress)

where Ms is the structural mass and the
volume of the load-carrying material is
Ma/pa. The equalities in the equation
can be approached in certain special-
ized cases. A thin spinning cylinder
has minimum mass for uniaxially
stressed structures, while a disc that is
thick near its center6 can approach the
biaxial limit.

Anyone considering the economic
feasibility of flywheel energy storage
should measure their design against this
theorem. Depending on the structural
materials used, it places an absolute
minimum on the cost per unit of stored
energy.5 In MKS units, that is

cost/joule > (cost/kg) 2pja

(uniaxial stress)

cost/joule > (cost/kg)ps/<7
(biaxial stress)

These relationships have long been
known6'7'8 but seemingly have not been
used to pinpoint correctly a major ob-
stacle preventing the use of flywheels.
This is, of course, the basic materials
cost of flywheels. For example, steel at
6.9 X 108N/m2 (100 000 psi) should cost
less than 3 lit/kg fabricated to be used in
a storage unit with a ten-hour discharge
time for the electric utility industry.
Lighter weight epoxy materials at
100 000 psi should cost less than 63<f/kg
fabricated for ten-hour use. In addi-
tion, there are the costs of the bearings,
clutches, motor-generators and contain-
ment housings. The basic materials
costs above are independent of flywheel
design details. Regardless of other
costs, the one derived from the virial
theorem may make flywheels prohibi-
tively expensive for applications such as
diurnal energy storage with ten hours of
energy discharge. Flywheels could be-
come more competitive with the devel-
opment of new strong inexpensive ma-
terials.

References
1. R. Clausius, Phil. Mag. 40,122 (1870).
2. R. H. Levi, ARS Journal 32, 787 (1962).
3. C. L. Longmire, Elementary Plasma

Physics, Interscience, New York (1963).
4. R. W. Boom et al, "Superconductive ener-

gy storage for large systems," in IEEE
Trans. Magn. (March, 1975).

5. R. W. Moses, Jr, T. G. Richard, Proc. 11th
An. Meeting of the Society of Engineer-
ing Science Inc., Durham, N.C. (1974),
page 102.

6. A. Stodola, Steam and Gas Turbines,
McGraw-Hill, New York (1927).

7. L. J. Lawson, Proc. IECEC, Boston, Mass.
(1971), page 1142.

8. R. F. Post, S. F. Post, Scientific American,
December 1973, page 17.

RONALD W. MOSES, JR

University of Wisconsin
Madison, Wisconsin a

SEND
FOR THIS
CATALOG

FOR DATA AND PRICES ON:

• High Resolution First Order Gratings
• Ultra High Resolution Echelles and Gratings
• OEM Replica Gratings
• TF Series Dye Laser Gratings
• ML Series Molecular Laser Gratings

WHEN CHOOSING A SOURCE OF
DIFFRACTION GRATINGS. CONSIDER
THE ADVANTAGES OF PTR OPTICS.

• QUALITY/COST
Guaranteed satisfaction at the lowest prices

in the industry (e.g. 1 " x 1 " spectro photometer

gratings for $25 in quantities of 100)

• RESPONSIVENESS
PTR will modify standard gratings or design
custom gratings to suit your application.
Several standard products have been
developed for special (e.g. laser) applications.

- DELIVERY
Custom rulings often delivered in weeks rather
than months or years. Small standard replicas
« 6 9 x 69 mm) are typically delivered
in two weeks.

n#ptr optics
^ H 145 Newton Street Walthan145 Newton Street Waltham, Mass. 02154

Phone(617) 891-6000

Booth #61 Optics Show
Circle No. 15 on Reader Service Card

PHYSICS TODAY/OCTOBER 1975 15


