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ably not adequate to describe the motion of a charged
meson in orbits of radius comparable to ro=e?/uc?, be-
cause the reaction of the meson to its own field becomes
important at such distances. Apart from this possibility,
however, there is a formal method of saving the solutions
for the meson wave. Suppose the elementary nucleon to
have a mass, M, and a magnetic moment in the direction
of its spin of » characteristic magnetons, (ve#/2Mc). If we
put the vector potential due to this moment in the Proca
equations, we may analyze the solutions by methods and
approximations previously used on Dirac’s equations.’
This has been done for the S+D meson wave alluded to
above, with the result that Eq. (1) is replaced by one for
the lower eigenvalue:

@/dr*—}(vet/Mc2)2/1 as r—0 )

for all states of finite energy. Thus the mesons face a
repulsive potential at very small values of 7, and a complete
set of acceptable solutions should exist.

Depending upon the value of » and M and the more
exact evaluation of the radiation reaction on the meson,
the magnetic forces may be of importance in determining
the nature of the bound meson-nucleon states. In par-
ticular, such forces often lead to #~3 attractive potentials
at intermediate radii and, in the case of Dirac’s equations
in the field of an uncharged magnetic dipole, one bound
state has been found due to them, under the approxima-
tions made (reference 5). It appears possible, therefore, to
make an explicit model for bound meson-nucleons systems
that would lead to the type of nuclear forces proposed by
Landau and Tamm,? i.e., those of purely electromagnetic
type, without first evaluating the radiation reaction. Ow-
ing to attractive magnetic forces, the elementary nucleon
may possibly bind more than one meson, so that the proton
could be a composite system as well as the neutron.
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Erratum: Transition from Classical to Quantum
Statistics in Germanium Semiconductors
at Low Temperature

[Phys. Rev. 71, 374 (1947)]
ViviaN JoHNsON AND K. LARK-HOROVITZ

Purdue University, Lafayette, Indiana
HE following corrections should be made in our
Letter to the Editor of the above title:

- (1) The sentence at the end of the first paragraph should
read “. . . between impurity centers, while the constant
D is to be determined from the experiments.”

(2) The last equation should read

p1=06270n"% ohm-cm.

(3) The sentence reading “Thus the transition from
classical to quantum statistics leads to a constant residual
resistance due to impurity scattering in degenerate sam-
ples, in agreement with experiment,”” which appears below
Table I, should have been the last sentence of the text.
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Electrostatic Field Strengths in Molecules
and Nuclear Quadrupole Moments

C. H. TowNES
Bell Telephone Laboratories, Murray Hill, New Jersey
May 21, 1947

HE magnitude of coupling between nuclear quadru-

" pole moments and electric fields in certain molecules,
as determined from microwave spectroscopy, has been
given.!3 Since the quadrupole coupling involves the
product of the nuclear quadrupole moment and the second
derivative of the electric potential at the nucleus, excluding
the effect of charge in a small sphere around the nucleus,
[eQ(82V/322)], a knowledge of 82V /dz% is necessary in
order to determine the quadrupole moment, Q. Nordsieck?
has calculated this quantity for the hydrogen molecule,
but a similar calculation for other molecules appears very
tedious. It is here proposed that 82V/ds® may be deter-
mined in many cases from atomic data. In determining"
this quantity, the distortion of the spherical atomic elec-
tron distribution around each nucleus due to its proximity
to other nuclei must be considered for molecules such as
H, and the alkali halides. However, in case a heavy nu-
cleus is covalently bonded in a molecule by use of one or
two p electrons, the effect of the resulting non-spherical
distribution of charge inside of the valence shell is very
large, and contributions to 92V/ds?, because of distortion
of the atomic electron distribution, are negligible by com-
parison. In such cases 82V/92® is large and is easily cal-
culable by the same method as is used for determination
of quadrupole moments from atomic spectra.® If, on the
other hand, the atomic state which is approximated by an
atom in a molecule has a spherical distribution of elec-
trons, then 92V/d2% is small and much more difficult to
calculate.

Assuming, then, a heavy nucleus bonded in a molecule
with a simple covalent p bond, the value of 82V/d2? is
fairly accurately given by (8¢Av/15Z1Roa¢®) e.s.u., where
standard spectroscopic notation is used, and Av is the fine
structure separation for an isolated atom in the same state.
Actual values of 32V/9z%, of quadrupole couplings,! and of
quadrupole moments for Cl and Br nuclei, are collected in
Table I. The sign of 92V /ds? corresponds to an excess posi-

TaBLE I. Quadrupole coupling and moment for Br and Cl! nuclei.

Quadrupole
coupling Quadrupole
a2V /922 [eQ(82V /822) moment

Molecule Nucleus (e.s.u.) in mc] Q in cm?)
BrCN Br7o 48 X101 720 0.21 X10-%
Brdt 48 X101 556 0.16 X10-24
CICN CBs 17 X101 84 —0.067 X10-24
CB? 17 X101 64 —0.051 X102

tive charge located on the molecular axis. The Br quardu-
pole moments obtained here are consistent with a rough
estimate which can-be made from atomic spectra.® In fur-
ther justification of the procedure used, it should be ob-
served that effects caused by distortion of the atomic
wave functions and proximity of other nuclei will be of the
order of magnitude of the contribution of one electron
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charge place 1A from the nucleus,.or 1X10%, which is
much smaller than the p electron contribution for heavy
atoms as may be seen from the table. For Hj, these effects
produce a contribution? of 1.13 X105,

It may happen, of course, that the atom in question is
not bonded by a pure p bond, but its bonding electron is in
a state represented by a combination of p and s wave func-
tions. In most cases, the contribution to 82V/32? of the p
wave function would still predominate. If the nuclear
quadrupole moment is known, the value of 9%V/d2? de-
termined from the quadrupole coupling would then give a
measure of the importance of the p state in the complete
wave function for the molecule. For example, a large
quadrupole coupling for halide nuclei in alkali halide mole-
cules would indicate the occurrence of resonance between
ionic and covalent bonding.

Both BrCN and CICN resonate between a state repre-
sented by a single p bond and one represented by two p
bonds to the halide,? the double-bond character of the bond
being 30 percent or less. Both of these states produce the
same deviation from a spherical p shell, hence the presence
of this resonance should not invalidate the calculation of
92V /32 given here.

The nitrogen quadrupole coupling in NHjg and CICN
does not allow such a simple interpretation, since it is
not clear whether or not the p shell is spherically filled
around the N in these molecules, and also because the
contribution of a p electron would not completely pre-
dominate for this light nucleus. A single p electron would
contribute a value of approximately 4X 10 to 92V/dz% If
the N atom is surrounded by four tetrahedral bonds® of
which one is unoccupied, the resulting contribution would
be 3X108. If it is bonded by three pure p bonds, then the
p shell is spherically filled, and the contribution to 92V/dz?
by the undistorted atomic electron distribution is zero.
With this information about 82V/d2, it can only be said
that the magnitude of the N quadrupole moment is
probably between 0.1X1072¢ and 0.01X 1072 cm?

1 C. H. Townes, A. N. Holden, J. Bardeen, and F. R. Merritt, Phys.
Rev. 71, 644 (1947).

2 B, P. Dailey, R. L. Kyhl, M. W, P. Strandberg, J. H. Van Vleck,
and E. B. Wilson, Jr., Phys. Rev. 70, 984 (1946).

3D, E. Coles and W. E. Good, Phys. Rev. 70, 979 (1946).

4 A, Nordsieck, Phys. Rev. 58, 310 (1940).

5 H. A. Bethe and R. F. Bacher, Rev. Mod. Phys. 8, 226 (1936).

6 S, Tolansky, Proc. Roy. Soc. 136, 585 (1936).

7J. Beach and A. Turkevich, J. Am. Chem. Soc. 61, 299 (1939).

8 L. Pauling, Nature of the Chemical Bond (Cornell University Press,
Ithaca, New York, 1945), p. 86.

Fading of Latent Alpha-Ray Image
in Emulsions

HERMAN YAGODA AND NATHAN KAPLAN

National Institute of Health, Industrial Hygiene Research
Laboratory, Bethesda, Maryland

May 10, 1947

TUDIES on the properties of fine grained silver bromide
emulsions as recording media for localized alpha-
radiation! revealed a 90 percent loss in photographic den-
sity after a 20-day delay in the development of the latent
image. Marked fading effects have also been observed in
plates of diverse European manufacture by Blau,? Lauda,?
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F1G, 1. Relationship between fractional loss of photographic density
(Do~D1)/Do and time of delayed development for alpha-particles of
radium in equilibrium.

1. Low silver halide emulsion.
II. High silver halide emulsion.

F1G. 2. Dark field photo-micrographsat 2000 X magnification, showing
progressive deterioration of track structures on delayed development.

I. Low silver halide emulsion
A. Undelayed development
B. After 5 days delay

C. After 10 days delay

D. After 20 days delay
High silver halide emulsion
E. Undelayed development
F. After 20 days delay
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and more recently by Occhialini.t In view of the importance
of this factor in experiments of long duration, such as
cosmic-ray studies, and in the measurement of low levels
of alpha-ray activity, comparative data between the old
and new types of Eastman alpha-particle emulsions are of
interest.

The emulsions characterized in Table I were exposed to
a flux of 5000 alpha-particles per sec. per cm? for 2 hours,
and development was delayed for measured periods of
time. The source of radiation was a thin film of equilibrated
barium-radium sulfates separated by 1 mm of air from the



