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My personal conclusions have been
reinforced by the most recent NEA
research report1 on teacher supply and
demand which concludes that

". . . the teacher supply is generally
adequate, but shortages of beginning
teachers are expected to continue in
secondary school mathematics,
special education, vocational-tech-
nical courses, industrial arts and
some secondary school sciences."

One of the most interesting aspects of
the report is that the authors considered
the number of science teachers to be in
"short supply" and projected a shortage
of 2592 for the 1970-71 year. In the
field of mathematics the demand was
even greater with a projected national
shortage of 3900 teachers and the report
that 13 of the largest 67 school systems
were having "extreme difficulty" in
filling mathematics positions. It is of
further interest that 7 of the 67 systems
had found it necessary to employ "per-
sons with substandard qualifications"
in sciences, and 10 systems had the
same problem in mathematics.

Although the results of the NEA
survey for the 1971-72 year will not be
available until August, our limited
experiences, described above, indicate
that the needs described in the NEA
report had not yet been fully met by this
spring.

An important lesson that might be
learned from the data presented in the
NEA report is that the talents of physi-
cists may often be most valuable to
secondary schools in meeting their
needs in mathematics education. The
importance of this lesson is reinforced
by the relatively small number of
schools whose demands can justify an
instructor who teaches physics full time
and by the intensity of the economic
problem for physicists whose back-
grounds are closely associated with
mathematics.

Even when the numerical shortages
end, there will continue to exist a chal-

1 lenge for the improvement of the quality
of secondary-school science and mathe-
matics education and a large number
of openings will continue to be filled
each year on a competitive basis.

Although I would not presume to
speak for the University of Wyoming,
I do think that McConnell's long-dis-
tance judgment that their program may
be "self serving" may reflect in part
the tremendous stress that the present
economic crisis has brought to bear on
all of us.
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Robert Beck Clark
The University of Texas at Austin

Clock paradox rebuttals
The article in the September issue
(page 23) by Mendel Sachs on the
clock paradox has evoked a flood of
letters to the editor, many of which
take issue with the author's position
on the basis of theory or experimental
evidence. We have already received
more letters than we can publish. A
representative sampling will appear in
this department in the near future.

—Editor

Scales of ionicity
A most interesting paper, "The Chem-
ical Bond and Solid-State Physics"
(February, 1970, page 23 by J. C. Phil-
lips) was recently discussed by Linus
Pauling (February 1971, page 9). I
would like to add a further comment on
the ionicity of chemical bonds, an im-
portant topic to chemists and physicists
alike.

Phillips defines a scale of ionicity,
/,, for binary solid compounds, AB, as

/, = C2/(Eh
2 + C2) (1)

where C is the average ionic energy gap
and Eh the covalent energy gap. The
total energy gap is given by Ee

2 = Eh
2-

+ C"-\ and Eg and Eh are evaluated from
spectroscopic data. The values of/, so
calculated are shown to accurately di-
vide AB solids into those with 4-fold co-
ordination (/, < 0.785) and those with 6-
fold coordination (/, > 0.785).

If a simple molecular orbital calcula-
tion is made for an isolated AB mole-
cule, containing a pair of valence elec-
trons, an energy gap between the bond-
ing MO and the antibonding MO can
also be calculated. The wave function
is taken as

* =-(*B + X*A)/(1 + X*)1/s (2)

and, ignoring overlap,

g
2 = (qB - <?A)2 + 4/32 (3)

where qB is the coulomb integral on
atom B, the /3 is the exchange integral
between A and B.

Clearly (qB — qA) corresponds to the
ionic energy gap and ft2 to the covalent
energy gap, as used by Phillips. How-
ever, if we now calculate the ionicity of
the bond, as defined by the net charges
on A and B,

«= ( 9 B - <?A / [ ( 9 B - <7A)2 + W-)1'2 (4)

This ionicity, which has a clear meaning
within the limitations of the model, is
the square root of the ionicity given by
Phillips.

Obviously the ionicity scale, /,', will
also divide the binary solids into four-

QUADRUPOLE
MAGNETS

|~ I Superior Designs
Q Faster Delivery
• Lower Prices

3.06 in. Quadrupole Doublet
shown above

• Total harmonic content @ 90%
of aperture less than 0.7%

• Gradient 2.7 kG/in.
• Eff. len. 12.35 in.

Eff. sep. 6.0 in.
• Product Number 115*
• Hoi low core copper coils
• Price $4,175.00

2.06 in. Quadrupole Doublet
• Total harmonic content @ 90%

of aperture less than 0.5%
• Gradient 4.33 kG/in.
• Eff. len. 11.07 in.
• Eff. sep. 4.81 in.
• Product Number 175*
• Copper wire coils
• Price $1,995.00

*ME/Z2 Max. at 60 in. A & B

Quadrupoles 1 " to 6 " aperture
Dipoles - Chambers - Coils

For literature or further
details write or telephone.

INDUSTRIAL
COILS INC.

247 NEWBURY STREET, ROUTE 1

W. PEABODY, MASS. 01960

TEL. 617-535-1000

Circle No. 11 on Reader Service Card

PHYSICS TODAY / NOVEMBER 1971 13



letters

fold and six-fold coordination, except
that the critical ionicity is now /,' =
0.886. Values of ionicity can be recal-
culated from all of Phillips's /, values.
The new numbers are all higher than be-
fore, but still appear reasonable.

There is no reason, of course, why
both fi and /, cannot be true scales,
since they are simply related to each
other. Consider, however, the intuitive
meaning of ionicity, (agreed to by Phil-
lips as well) as the fraction of time spent
by the valence electrons in the config-
uration A+B , as compared to A:B.
This meaning is much more closely re-
lated to /,' than to /,. This suggests that
a better scale of ionicity is given by

/,' = C/(Eh- + C-)"2
(5)

than by equation 1,
Ralph G. Pearson

Northwestern University
Evanston, Illinois

The author comments: Pearson's
points are well taken. Because of
space considerations, my article in
physics today could not explore anal-
ogies with standard chemical theories,
such as the Huckel theory or the Coul-
son valence-bond theory. In a much
longer article [Rev. Mod. Phys. 42, 317-
356 (1970)] some of these analogies are
examined quantitatively, especially
those following from Pearson's equation
2, and I hope that this article will show
that I was aware of these analogies.

Following Coulson in section 3 of the
longer article I was able to evaluate (1
- X2)/(l + X-) in Pearson's equation 4,
but I obtained a different result than he
does. This is because Coulson used
Moffit's method to treat charging ef-
fects self-consistently. When this is
done, one finds that (1 - X-)/(l + X-)
is just equal to 1 — N/4 to lowest order
for any AVBB~V compound, independent
of A and B. This approach would pre-
dict that all II-VI compounds have
nearly the same ionicity, and thus could
not be used to predict which II-VI com-
pounds (such as MgO) have the rock-
salt structure, and which (like ZnO)
have covalent, four-fold coordinated
structures.

The path that I have taken follows
Pauling much more closely than it does
Coulson, and places greater emphasis
on observable quantities like heats of
formation and interatomic forces than it
does on charge exchange. The latter is
important for molecular reactions, but
it is less useful in discussing crystalline
properties. I have preferred to avoid it,
rather than introduce an additional
arbitrary element into the theory.

J. C. Phillips
Bell Telephone Laboratories

Murray Hill, N. J.

More on job picture
In the May issue, (page 23) Murray
Gell-Mann observes that "science and
technology are being underutilized in a
wide variety of immediate civilian tasks
of great social importance. . ." He
then concludes the paragraph with: "I
think, as long as these jobs are being
neglected, we cannot speak of any over-
production of scientists and engineers."

It is not entirely clear from the context
whether it is the scientists and engineers
or those who employ them that are ne-
glecting these jobs. If it is the former
group and Gell-Mann has some as yet
unpublished list of employers who are
quietly seeking scientists and engineers
to "employ humane rationality," then I
certainly would appreciate a preprint.
However, if it is the employers who are
neglecting these jobs, then I find it ab-
solutely incredible that his conclusion
directly follows a sentence containing
the expression "humane rationality."

In the latter case, I suggest that the
physics community would do well to
take Gell-Mann's advice and apply hu-
mane rationality to its own employment
crisis. Even physicists are subject to
the economic laws of supply and de-
mand. During the years of shortages of
physicists, the physics community re-
sponded magnificently by increasing
supply to meet demand, closing the
"critical gap" in ten years or less. Now
in years of surplus we hear many physi-
cists talking of somehow increasing de-
mand to meet supply. Yet, none has
come forth with an effective way of
making an employer hire a physicist.
The physics community is not the first
segment of our economy to discover that
it holds considerable influence on sup-
ply but almost none on demand.

Frank D. Feiock
San Diego, California

Since my letter appeared in March
(page 9) I have unwittingly become a
storm center in the current controversy,
and I ask this opportunity to defend my-
self. I have received well over 200 let-
ters since March. About 80% of them
were from unemployed physicists who
felt that I could help them find employ-
ment. To them I regretfully say that I
am sympathetic but not a miracle work-
er. I cannot help you.

Most of the remaining letters were
from certain people in industry and the
academic community who, I presume,
have a vested interest in maintaining
present PhD production. Many of these
letters attacked me personally and some
even called for my resignation.

There were generally two categories
of errors in these letters. The first type
consisted of elaborating a particular
case of a physicist who successfully

continued on page 69
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