
page 160), I must take issue with two of
his points regarding large optical tele-
scopes. The first of these is his rejec-
tion of borosilicate (Pyrex) glass as
modern mirror material, because of its
finite thermal expansion. It is true
that massive solid blanks which are
slow to come into thermal equilibrium
are best made from 'zero' expansion
materials. However, lightweight
blanks with internal honeycomb, the
optimum structure for very large mir-
rors, actually have rather rapid ther-
mal response. My group at the Univer-
sity of Arizona is investigating methods
to cast large blanks of 7-8 m diameter
of honeycombed borosilicate glass.
Properly ventilated, these would have
thermal time constants of a few min-
utes as compared to many hours for
solid blanks. Our experience now in
figuring test sections of 60-cm diameter
shows rapid optical testing is indeed
possible. We anticipate that thermal
distortion of these mirrors, operating in
ground-based telescopes, will never be
significant compared to the distortion
of 'seeing,' even under the best atmo-
spheric conditions. In fact, because
they follow the ambient air tempera-
ture, these mirrors reduce the convec-
tion at the mirror surface that contrib-
utes significantly to image degradation
in current large telescopes which have
solid zero-expansion mirrors. The mir-
rors also have potential application in
space for longer wavelength telescopes.
As a practical matter, fabrication and
material costs for borosilicate honey-
comb are low. On the basis of costs of
our current 2-m furnace located in the
Optical Sciences Center we project that
mirror blanks of 8-m diameter should
cost and weigh no more than the pre-
sent generation of 4-m solid blanks.

My second concern is with Franken's
doubts about the value of a large
ground-based telescope in the era of the
space telescope. Given no financial
restriction, astronomers would prefer,
of course, to place all their telescopes in
space to avoid the limiting effects im-
posed by the Earth's atmosphere. It is
not sensible, however, to waste time
with space telescopes doing those obser-
vations that can be done at far less cost
on the ground. The proposed National
15-m Telescope will be much less ex-
pensive than the Space Telescope, and
have 40 times the collecting area. It
will not see ultraviolet light or have
tenth-arc-second resolution in visible
light, but it can perform with many
vital complementary observatories for
which light grasp is essential. Interfer-
ometric methods will allow the recon-
struction of images with an angular
resolution ten times that of the space
telescope in visible light. The potential
exists, in the infrared, to correct active-
ly for the atmosphere and reach the
diffraction limit of the full telescope

aperture for direct imaging or spectro-
scopy.

It is well-known that telescopes in
space or in new wavelength domains
result in ever-larger demands for fol-
low-up optical and infrared observa-
tions. Far from making the largest
possible ground-based telescopes obso-
lete, the space telescope will surely
redouble demand for their use.

ROGER ANGEL
Steward Observatory

The University of Arizona
1/82 Tuscon, Arizona
THE AUTHOR COMMENTS: Roger Angel's
collegial vesuviation about my depreca-
tion, en passant, of pyrex as a telescope
material is absolutely appropriate. In
fact, I even think he's right! However, I
would like to clarify my remark about
pyrex and place it into the simple
context I had intended but not accom-
plished. To wit, it would indeed be
idiocy to cast a largely solid mirror
blank out of pyrex these days because
we have better, albeit far more expen-
sive, materials with which to work.
Angel, however, has been pushing (and
in our basement!) an exciting techno-
logy for fabricating very thin "shells,"
utilizing new casting and fabrication
techniques, that show substantial pro-
mise as viable candidates for large and
exquisitely figured primaries of the
future. And, indeed, pyrex could well
be the most plausible material for such
mirrors. I was remiss in not massaging
this point in my article, and I am
grateful to Angel for flagging my dere-
liction.

With respect to Angel's comments
about " . . . Franken's doubts about the
value of a large ground-based tele-
scope . . . . " I have reread that part of
my article, and I do not agree with his
assessment of what is actually said.
Rather than debate the matter in this
column, however, let me refer possibly
interested readers to the original text.
I might just add, however, that what I
think—or what anyone thinks I
think—is going to have very little sig-
nificance compared to what the Direc-
tor of the National Science Foundation
or other potentially interested agencies
in Washington might think!

PETER FRANKEN
Optical Sciences Center

The University of Arizona
2/82 Tuscon, Arizona

Nuclear physics complaint
The scene is a corridor in the basement
of a physics laboratory. Lighting is
dim, in the background the noise of
mechanical vacuum pumps. Two phy-
sicists, slightly round-shouldered, lean-
ing on opposite walls.
First physicist—Did you see the No-
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letters
vetnber issue of PHYSICS TODAY? Fifty
years of physics in America. A pret-
ty impressive issue; nearly 300 pages
and all those shiny ads.

Second physicist—I have it, but I
haven't read it yet. Waiting for the
football season to end so I can fill a
cold Sunday afternoon. What is in
it? I expect masterly expositions of
different fields of physics: solid-
state, elementary particles, nuclear
physics, atomic physics, astrophysics,
all that good stuff.

F. P.—Well, yes and no.
S. P.—What do you mean yes or no?
F. P.—What I mean is, yes, for solid-

state physics, atomic physics, and so
on; (except elementary-particle phy-
sics enters under the colors of unified
field theory, quite good, too, as you
would expect from Weisskopf) but a
no for nuclear physics.

S. P.—No nuclear physics?
F. P.—That's right. There is a section

on accelerators including the obliga-
tory old-fashioned photograph of
Lawrence and collaborators perched
on a cyclotron, but there is nothing
on nuclear physics as such.

S. P.—I don't believe it! Nuclear phy-
sics gave birth to all of modern phy-
sics. Are you sure; there is nothing
on nuclear reactors?

F. P.—Nothing; they must consider
that technology.

S. P.—But surely neutron cross-sec-
tions, the Breit-Wigner formula, dif-
fusion, Monte Carlo calculations, fis-
sion, all that is physics.

F. P.—That may be so, but it's not
PHYSICS TODAY. Must be Physics Yes-
terday.

S. P.—O.K. But how about things like
nuclear reactions, the statistical
model, the shell model, nuclear-mat-
ter theory, direct interactions, nu-
clear structure, nucleon-nucleon
forces, isospin, neutrino mass, any-
thing?

F. P.—There is a picture of Maria
Goeppert-Mayer on the cover. First
one, in the second row.

S. P.—How about modern accelerators,
new electrostatic machines, sector
focused cyclotrons, proton and elec-
tron linacs; all the modern develop-
ments for the acceleration of heavy
ions. All US developments in the
past 50 years?

F. P.—There is a small photograph of
the German heavy-ion linac at Darm-
stadt—as an example of atomic phy-
sics apparatus.

S. P.—I suppose there is nothing on
meson-nucleus interactions, giant
resonances, states of very high angu-
lar momentum, few-nucleon systems,
nuclear masses, backbending, orbit-
ing, Hartree-Fock, Hauser-Fesh-
bach, Bohr-Mottelson?

F. P.—You guessed it.
S. P.—Let me try a different approach.

Is there no mention of the role of
nuclear physics as the link between
neutron cross-sections and the abun-
dance of the elements? Or about
nuclear medicine along with all the
radioisotopes, detectors and analyz-
ers that make it possible? Anything
on that?

F. P.—Well a little. Rosalyn Yalow
gives nuclear physics a lot of credit
for developing the tools that made
radioisotope tracer work in biology
and medicine possible. You know
her prize was for work in radio-
immunoassay, which is related. Bio-
logists seem to think nuclear physics
is interesting and valuable.

S. P.—But nuclear physics as a science,
nuclear technology as an energy re-
source, or nuclear physics as a source
of diverse application to so many
other sciences or to practical ends;
there is nothing on that?

F. P.—Nothing.
ALEXANDER ZUCKEE

Oak Ridge National Laboratory
1/82 Oak Ridge, Tennessee

Our apologies to nuclear physicists—our
plans to cover their subject did not work out
as we had hoped. The Editors

Astronomers in Washington
Your July cover story "Astronomers in
industry" was very eye-catching, be-
cause I am one. In an effort to observe
the extent of this phenomenon, I exam-
ined the list of members of the Ameri-
can Astronomical Society and noted
members with nonacademic profession-
al addresses in the Washington, DC
metropolitan area. The following lists
of public and private firms show the
number of members employed by each
on the right.

Federal Agencies
Arms Control and Disarmament Agency 1
Boiling Air Force Base 2
Carnegie Institute of Washington 6
Defense Mapping Agency 1
National Academy of Sciences 1
National Aeronautics and Space

Administration (D.C.) 11

National Aeronautics and Space
Administration (Greenbelt) 130

National Bureau of Standards 8
National Geodetic Survey 1
National Oceanic and Atmospheric

Administration 2
National Science Foundation 6
Naval Research Laboratory 42
Office of Technology Assessment 1
United States Naval Observatory 34
United States Naval Sea Systems 1
Private Firms
Analytic Decisions 1
BDM Corporation , 1


