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However, even if the necessary broad
technical competence could be assem-
bled, the actual social decisions involve
assessment of the social and other
values associated with different choices
of technologies. In the present case
this would require evaluation of the
pubKc consequences and relative values
attached to radiation vs. toxicants from
fossil fuels.

As Devaney suggests, there is much
to be done in evaluating risks from coal,
and one suspects that these risks are
considerable. The Panel would be in-
terested in a proposal that focused on
the physics issues involved in this ques-
tion. Indeed, some members of the So-
ciety have suggested that a study of the
physical role of submicron aerosols in
pollution could be useful, not only in
evaluating the present problem, but
also in its technical and legislative ame-
lioration. It has also been suggested
that a study be made of the relationship
between sources of pollutants and am-
bient air quality.

Suggestions or proposals for studies
that might be sponsored by The Ameri-
can Physical Society would be wel-
comed by the Panel. Guidelines for
APS-sponsored studies will be pub-
lished in the September Bulletin.

PHILIP M. MORSE
Chairman, Panel on Public Affairs

The American Physical Society

Surface theory

The atomic structures of many mole-
cules and solids are today well under-
stood, but we are only beginning to ex-
plore the fundamental structure of sur-
faces. The articles in the April issue of
surface physics did an excellent job of
outlining the transformation that is
taking place today in this subject. By
describing the many new ideas and
techniques that have appeared in the
last few years, the authors have ac-
quainted the general reader with many
recent developments.

A key feature in analyzing atomic
structure is the close interplay between
theory and experiment, an interplay
which in the past has proved essential
to working out the basic interactions in
atoms, molecules and solids. It is
therefore a pity that, in their otherwise
excellent article on theory, Robert
Schrieffer and Paul Soven in their con-
cluding paragraph (April, page 28) may
have left their readers with the impres-
sion that all theorists have been working
only on "highly simplified models," and
that it is a task for the future to do the-
oretical work on "more realistic sys-
tems."

While theoretical work at the Univer-
sity of Pennsylvania has concentrated
mainly on simplified models (such as s-

band cubium), there has been, as
Schrieffer and Soven indeed note, theo-
retical work by J. A. Appelbaum and D.
R. Hamann1 on semiconductor surfaces
that has identified new surface states
(back-bonding states, as distinguished
from Shockley's dangling-bond states).
What they did not mention was that
these new surface states have been ob-
served experimentally on Si and Ge
(III) surfaces by J. E. Rowe and H.
Ibach.2 By examining differently re-
constructed (III) surfaces, Rowe and
Ibach were able to show that the back-
bonding surface states are a characteris-
tic primary feature of the relaxed semi-
conductor surface, independent of the
lateral reconstruction (which involves
secondary interactions). Thus Appel-
baum and Hamann's derivation for a
relaxed but unreconstructed model of
the surface is relevant to experiment.
In my opinion, it is general distinctions
of this kind, rather than extensive com-
puter studies of highly simplified un-
realistic models, that constitute the
major contribution that theory will
make in this field.

Let me add that valuable work on
surfaces is carried out by chemists as
well as by physicists, and that many of
the most useful new ideas are of a
chemical rather than a physical nature.
(This conclusion is implicit in the excel-
lent article on photoelectron spectros-
copy by Dean Eastman and Marshall
Nathan (page 44).) The theorist who
wishes to make a significant contribu-
tions to the field of surface science does
well to regard himself as a scientist who
combines theoretical ideas from both
physics and chemistry.
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High-field superconductor

The news article, "Superconductor op-
erates in magnetic fields above 500 kG"
(January, page 17) reports a com-
ment by Myron Stongin in which he
points out that Hc2 = (2)1/2 K HC (bulk)
where K is the Ginzburg-Landau param-
eter, HC2 is the upper critical field and
Hc (bulk) is the bulk critical field which
increases with transition temperature,
Tc. He notes that "a very large K usual-
ly indicates lower ultimate values of the
flux pinning forces, which could imply a
small useful current density." He thus
argues that the K for the lead molybde-
num sulfides with Tc = 14.4 K should
be much larger than K for NbsSn with
Tc = 18 K. Strongin's argument
applies equally well to V3Ga as to the
lead molybdenum sulfide materials.
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The fact that V3Ga does carry high cur-
rent densities at high magnetic fields
suggests that the future of the ternary
molybdenum sulfides may be much
brighter than Strongin's statement
implies.

The comparison of H&iT) for
V2.95Ga and Pb1.oM05.1S6 in the figure
shows the essential features. The
V2.95Ga data appeared in 1962 in a
paper1 entitled "Evidence for a Critical
Magnetic Field in Excess of 500 Kilo-
gauss in the Superconducting V-Ga
System," and the Pb1.oM05.1S6 results
appeared recently.2 For both curves
the solid lines correspond to measure-
ments in dc magnetic fields, the dashed
lines are the theory for a dirty type 2
superconductor with no paramagnetic
limiting, and the experimental point
(the arrow) at 4.2 K involves pulsed
fields. (Data for V2 95Ga yield HC2 (4.2
K) ~ 180 kG, i.e., 18 T.) Tc is 14.4 K
for the Pb compound versus 14.5 K for
V2.95Ga, and (dHC2ldT)T=Tc is «60
kG/K for the Pb compounds and «50
kG/K for V2.95Ga. We thus expect K to
be approximately the same for both ma-
terials. If VsGa were not strongly
paramagnetically limited, the upper
critical fields at low temperatures would
be very similar for both materials. Be-
cause {dHc2/dT)T=Tc and Tc are nearly
the same for both materials we can ex-
pect similar useful current densities at
high fields (based on Strongin's discus-
sion). It should be noted that even
though Tc for VsGa is less than that for
NbsSn (Tc « 18 K), commercial grade
V3Ga now exists (a decade after refer-
ence 1 appeared). Above approximate-
ly 150 kG the useful current densities of
VsGa are much higher than for NbsSn,3

and magnets above 150 kG are being
made with VsGa inner sections.

The question then is what limits
Strongin's discussion? Possible expla-
nations are: (1) that the ultimate cur-
rent densities (determined by depair-
ing) are not achieved in practical mate-
rials; (2) that current densities well
below the ultimate are more than ade-
quate for high-field applications of su-
perconductors, and (3) at best, Stron-
gin's argument that compares NbsSn
(Tc « 18 K) with the lead compounds
leads to a reduction of only 2 to 3 in
current density of the lead compound,
whereas metallurgical processes (work-
ing, adding impurities, etc.) are known
to change useful current-carrying prop-
erties in superconductors by orders of
magnitude. The more important pa-
rameters for attaining useful current
densities in practical superconductors
appear to involve materials processing
effects rather than the theoretical limits
imposed by K and Tc.

Unless some unusual metallurgical
problems develop we would assume that

the ternary molybdenum sulfides will
carry useful current densities at high
fields. Several groups are now at-
tempting to make wire materials and
measurements of technical properties of
these new materials, and their results
should be available soon. Rather than
be discouraged by theoretical estimates
of ultimate current densities (which
may not be relevant), I favor encourag-
ing materials development and mea-
surement.
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THE AUTHOR COMMENTS: In my
opinion there is no unusual physics per
se in finding critical fields near 500 kOe
or above, since many materials with
high and high Tc's, or thin disordered
films in parallel fields, can be expected
to have such high fields in the presence
of spin-orbit scattering. Of course, the
main interest in these materials is
whether they would be useful for
high-field applications, and critical
current and metallurgical stability
are crucial factors that should be
discussed, even in the present for-
mat. All other things being equal,
higher Tc materials with high critical
fields are on the average better choices
for magnet materials than lower Tc ma-
terials with high critical fields. Foner
is correct when he argues that at pre-
sent metallurgical factors limit the criti-
cal currents of magnet materials, and
some lower Tc materials with higher
pinning forces can carry more current
than higher Tc materials. This need
not always be the case, and it is certain-
ly one of the aims of materials research
to understand and increase the critical
currents of practical materials to levels
approaching the fundamental limits.

I was not trying to discourage people
by what can hardly be considered a the-
oretical estimate, but was mainly inject-
ing a note of caution that critical field
alone is not the whole story. I also
favor materials development, and this
constitutes a large fraction of our pro-
gram at Brookhaven. Work on increas-
ing the current carrying capacity of lead
ternary sulfides has been underway
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here for some time, which I hope will
make Foner happy. Finally, while we
shouldn't be discouraged by theoretical
estimates, we insist that there is some
value in thinking about them.

MYRON STRONGIN
Brookhaven National Lab.

Upton, N.Y.

Saturn absorption

It was a pleasure to be able to read Carl
Sagan's discussion of "The past and
future of American astronomy" (De-
cember 1974, page 23) after having
heard his address to the American As-
tronomical Society during the special
session devoted to its 75th anniversary.
There is, however, a small point that
bothers me.

In the section on spectroscopy, Sagan
mentions "an absorption band at 6183
A in the body of Saturn . . . now known
to be at 6190 A and is 6 v$ of methane."
Recent planetary and laboratory spec-
tra of CH4 (H. Spinrad and L. M. Traf-
ton, Icarus 2, 19, 1963; T. Owen,
Science 167, 1675, 1970) show consider-
able structure, which makes it difficult
to assign a band origin or center until a
theoretical analysis is made. Further-
more, it appears unlikely that the attri-
bution 6 VJ, is definitive on the basis of
what we presently know from high reso-
lution infrared spectra of CH4. It
seems that an early unproved quantum
mechanical assignment has "hardened"
over the years into a "scientific fact."
The cautionary remarks of G. Herzberg
(Infrared and Raman Spectra of Poly-
atomic Molecules, Van Nostrand, New
York, N.Y., pages 308-309) are particu-
larly relevant here.

I hope that my comment amounts to
more than just nit-picking. If the CH4
band at 6190 A were to be studied by
multiple-photon laser techniques, it
might be essential to know whether the
spectral features of interest belong to 6
i>3 or some other overtone or combina-
tion band.

KENNETH FOX
University of Tennessee

Knoxville, Tennessee

Laser corrections

The news story published in the April
issue (page 18), entitled "Excitation-
Transfer Nitrogen Lasers," contains in
its last section one error and several
omissions. These deficiencies leave the
reader with the false impression that
the N2/SF6 pin discharge 2nd Positive
laser was developed in Los Alamos and
subcontracted to The Aerospace Corpo-
ration.

The 2nd Positive N2 bands at 3371
and 3576 A were first made to lase in
resistively loaded pin discharges by

Steven Suchard, David Sutton and Luis
Galvan at Aerospace.1 The indispens-
able ingredient to achieve threshold in
these relatively slow rise time dis-
charges is SF6. Ultra-violet laser puls-
es from this device exceed in duration
the N2C state lifetime of 40 nsec. Inde-
pendently, George Arnold and Robert
Wenzel, of LASL, had observed energy
enhancement of a factor of 10 and pulse
lengths of 15 nsec with SF6 addition to
a fast rise-time device.2 Similar effects
have recently been reported by other
groups operating fast-discharge la-
sers.3'4

Subsequent to the Aerospace discov-
ery, kinetic and parametric studies
based on preliminary findings were pro-
posed to Los Alamos. Funding, how-
ever, was forthcoming through ERDA
headquarters in Washington, D.C.
Aerospace is not present "a subcontrac-
tor to Los Alamos on this project."
This unfortunate phrase and the lack of
proper acknowledgments leave the im-
pression cited earlier.
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Trivial error/disastrous goof

Albert Claus (May, page 11) called for
examples where trivial errors in calcula-
tions lead to disastrous goofs. Here is a
true story my father enjoys telling on
himself.

It all happened one Spring day at the
Oak Ridge National Laboratory. And
what better place to test a premise with
scientific fact? Setting out for a nearby
reactor site, Sam Hurst, then a brand-
new physicist, was given directions on
where to find the company car that was
to provide his transportation. He was
given a description of the car, its license
plate number, and was told that the
keys would be beneath the floor mat.
Soon, our intrepid sojourner came upon
the vehicle in question, and every bit of
information was confirmed except that
the final digit of the license plate num-
ber was off by one. "That's close
enough for me," thought Hurst, "my
wonderfully logical and scientific mind
assures me that only one chance in ten
thousand exists for this to be the wrong
car." So away he drove, feeling certain
that this black Ford was the one intend-
ed for his use.

Not long after his arrival at the desti-
nation, Sam was relentlessly accosted
by the company guards. It seems that

continued on page 60
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