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From the difference between A4 and A therefore one can readily
calculate the relative difference in the masses m* and m~ of
positive and negative electrons. If our observed discrepancy is
to be so interpreted in its entirety then

(m——m*)/m~=2(Aa—N\;) /A4 =0.82X 1074, (5)

The probable error to be assigned to this number we believe
lies somewhere between an estimated upper “limit of error” of
#+0.82X10™* and a probable error by internal consistency of the
individual measurements themselves of 0.1 1074, The direction
of the discrepancy is consistent with a heavier mass for negative
than for positive electrons.

We wish to emphasize that the evidence for this discrepancy
(Ao —N\.), depends entirely on the possibility of calibrating the 2-meter
curved crystal gamma-ray spectrometer with high absolute accuracy
by means of x-rays. Other nuclear physics laboratories equipped
with B-ray spectrometers may (and we hope will) attempt to
verify with all the precision available the ratios of the energies
of the various lines we have recently measured such as Au!%, Cu¥,
Co®, Ta'®? and since our measurements on some of these such
as Au'® are at present somewhat more accurate than our work
to date on Cu® it may be possible in this way to improve our
knowledge of N4 but the absolute value of A4 for comparison with A,
must at present rest on the calibration of our instrument alone.

We plan in the near future to repeat the measurements of A4
with higher accuracy. Recent very considerable improvements in
the sensitivity of our instrument through the use of a crystal
scintillation counter and an improved collimator will, we hope,
make possible a considerable improvement in resolving power. We
plan also to study the effect of changing the atomic number of
the substance in which the annihilation takes place. Plans are
also under way for a direct precision comparison of the charge-to-
mass ratios ¢/m* and e/m~ by a new method involving the new
homogeneous field axial focusing B-ray spectrometer® whose con-
struction at this Institute is now nearing completion.

* Asgsisted by the joint program of the ONR and AEC.
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The Half-Life of Na?*
J. H. SREB
Nucleonics Division, Naval Research Laboratory, Washington, D. C.
December 11, 1950

EING concerned with the development of precise methods of
measuring half-lives, we have used Na?! as one of the isotopes

for checking our approach to the problem. We have obtained a
value of 15.0604-0.039 hr. This is in accord with the result, 15.04
=4:0.04 hr reported by Solomon.! Wilson and Bishop? have reported
a value of 14.9020.02 hr, which is at variance with our determi-
nation. It appears that an error in their analysis is responsible for
the discrepancy. They indicated correctly that the points on the
semilogarithmic plot of the activity versus time as obtained in
their experiment must be weighted according to the square of
the measured activity. For a decaying activity the weighting
factors thus decrease with time. Instead of analyzing the decay
directly, they compare the activity of the Na2 source with that of
a relatively long-lived source by considering the ratio of the
activities. The ratio that they formed inadvertently was that of
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the long-lived activity to the Na? activity. This function in-
creases with time and thus cannot properly be considered the
“activity’’ as far as the application of the weighting factors in
their analytical treatment is concerned. Using their published
data we have recalculated the runs, taking as the activity function
to be analyzed the ratio = (Na?* activity)/(reference activity).

With ¢ the elapsed time in hours, the resulting linear logarithmic
equations are:

Series I logu=—1.32143—0.04576¢
Series II logu= —0.89174—0.04667¢
Series III logu=—1.27935—0.04590¢

giving, respectively, a half-life of :
15.15040.070 hr, 14.852:£0.041 hr and 15.102:40.076 hr.

The average half-life is thus 14.962£0.10 hr which falls within
the range of our measurement. It should be noted that the error in
measurement due to statistical variation of the reference activity
was considered to be negligible.

The interest and encouragement of Dr. F. N. D. Kurie in this
work is gratefully acknowledged, and the verification of our calcu-
lations by Dr. G. R. Bishop? is appreciated.

1 A. K. Solomon, Phys. Rev. 79, 403 (1950).

2 R, Wilson and G. R. Bishop, Proc. Phys. Soc. London A62, 457 (1949)
3 G. R. Bishop (private communication, November 20, 1950).

Choice of Gauge in London’s Approach to
the Theory of Superconductivity
J. BARDEEN

Bell Telephone Laboratories, Murray Hill, New Jersey
December 11, 1950

T has been pointed out by London! that it is possible to derive
the phenomenological equation of superconductivity:

curl(Aj)=B, 1)

from quantum theory if it is assumed that the superconducting
state is such that the wave function, ¥, of the conduction elec-
trons is not altered very much by the magnetic field. The ex-
pression for ¥ depends on the choice of gauge in the vector
potential, A. London assumes that ¥ is approximately equal to
the wave function for zero field, ¥, if the gauge is chosen in
such a way that

divA,=0; A,.=0 on surface. 2)

The subscript s will indicate this particular choice. For a simply
connected region, these conditions determine the gauge uniquely.?
The current density, j, is then proportional to A,;

i=Al/A, 3)

and the curl of this relation gives (1). While this procedure is
reasonable, it seems desirable to derive (2) from a gauge invariant
formulation of the theory.

Let A be the vector potential for arbitrary choice of gauge.
Terms in the Hamiltonian which involve the magnetic field are

Hn=(1/2m) ‘El {[pa-teA(ra)/c]—pa?}, @
where —e is the charge on an electron and the sum is over all
electrons. Let us consider the class of wave functions of the form

¥ =exp[(te/hc) Zap(ta) JWo(r1: - - 15). (5)

The exponential factor is of the type which is introduced when a
gauge transformation

A—A+grade

is made, and is required when the gauge is chosen arbitrarily.
We shall choose ¢ in such a way as to make the first-order energy,
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W m, arising from the magnetic field a minimum. This energy is
1 ieh ..
W,,,=f \F“H,,,\Inh:z—”za f \I/o*[—T dxv(A,.+gra.d‘pa)]

2ihe

_"—(Au+grad @a) gra’da+ (Aa+grad (0«) 2odry- - -drn. (6)

After an integration by parts, (6) can be written in the form

. . )
Wm=£ S (A-+grade) jo(D)dr—7 f (A+grade)?oo(r)dr, (7)

where jo and p are the current and charge densities in the absence
of a field:
jo(r) = (ihe/2m)Za [ (¥o* grada¥o—Fo grada¥e*)
Xo(r—rg)dr;- -
po=—eZa | W Wib(r—ra)dri: - dr

AT,
8)

We shall assume that jo=0 and po=const. The condition that
W be invariant for small changes Ag in ¢ is then

W= —(epo/mc?) f [(A+grade)-gradAeldr=0,

or, after an integration by parts

J ¢ divia+grade)ir— [ Ap(A+grade),ds=0.  (9)

The second integral is over the surface, S. If (9) is to be satisfied
for all A¢ we must have

div(A+-grade)=0; (A+grade)L=0onS. (10)

Choosing ¢ in this way is equivalent to choosing the gauge so
that (2) is satisfied and taking ¥=¥,.

We have used?® this approach in a theory of superconductivity
based on interactions between electrons and lattice vibrations.

1F, London, Proc. Roy. Soc. A152, 24 (1935); Phys. Rev. 74, 562 (1948).
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2 J. Bardeen, Phys. Rev. 80 567 (1950).
4 J. Bardeen, Phys. Rev. 79, 167 (1950).

Crystalline Magnetic Anisotropy in Zinc
Manganese Ferrite
J. K. GaLt, W. A. YAGER, J. P. REMEIKA, AND F. R. MERRITT

Bell Telephone Laboratories, Murray Hill, New Jersey
December 11, 1950

E have grown crystals of zinc manganese ferrite whose

composition is approximately Zno.ssMno.ssFe:0s. From
the saturation magnetization, M,, and from ferromagnetic reso-
nance data, we have determined the crystalline magnetic ani-
sotropy, K, of these crystals. The measurements were made at
room temperature, by essentially the same procedure as the
earlier measurements on nickel ferrite.X? The value of M, was
measured by comparison with nickel ferrite in a hysteresis loop
tracer; M, for nickel ferrite has been measured by Guillaud and
Roux® as well as by us.?

The crystals were grown in a manner similar to that by which
nickel ferrite crystals were grown earlier.? A mix of 15 g borax,
6.4 g Fe;,0s, 1.6 g ZnO, 1.4 g MnO was heated to 1325°C in a
platinum crucible and held for 5} hours. It was then cooled at
approximately 100°C/hr simply by turning off the furnace. The
resulting crystals ranged in size up to octahedra 1 mm on an
edge. Most of them were not mechanically sound, but one good
one was found which showed cubic symmetry magnetically.
Chemical analysis showed that this material is approximately
Zno.ssMno.sFe;04. There were no significant impurities.

The value of K/M for these materials at room temperature
was determined from the variation with crystallographic direction
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of the magnetic field required to produce ferromagnetic reso-
nance* at 24,160 Mc. The width of the resonance line, AH, and
the g factor® were also observed. The variations in AH with
crystallographic direction were not large enough to be significant.
The results are given in Table I.

TABLE 1. Measurements on zinc manganese ferrite.

K/M
—2145%

M (cgs units)
181 4+10%

K(ergs/cc) AH (oe) I'4
—3800+15% 70 1.997

Check measurements were made on a second sample. This
sample did not show cubic symmetry magnetically but the
magnitude of the variations in the field required for resonance
was the same.

Snoek® has suggested that the effect field due to magneto-
crystalline anisotropy acting on a material in no external field
will cause resonance or perhaps relaxation behavior in the initial
permeability of the material; this behavior should occur at the
frequency of the Larmor precession in the effective field. This
effective internal field when the magnetization is along an easy
direction ([111] in these crystals) is:”

Heyt=—1.33K/M.

This leads us to expect this behavior at 78 Mc in this material.
This frequency may be increased if the effective field is increased
by the presence of free poles due to the domain pattern; it is
therefore a lower limit in practice.

The authors wish to express their gratitude to Dr. E. A. Wood
for x-ray assistance and to H. G. Hopper for technical assistance.
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The Absence of Cross-Over Transitions in
Tellurium Isomers
R. D. HnL

Physics Department, University of Illinois, Urbana, Illinois
December 8, 1950

MODIFIED estimate of multipole radiation probabilities

has been put forward recently by Weisskopf.! According to
this theory, the probability N of electric 2¢ pole radiation is
given by

2(e+ 1)

A= e’R’l

[1-3.5-- (2e+1)]‘
and the probabihty of magnetic 2¢ pole radiation is lower than
that of electric 2¢ pole by a factor ~(#/McR)2. K is the wave
number, 27v/c, of the radiation, M is the nucleon mass, and R is
the nuclear radius. It is to be realized that this formula, like
previous ones based on older estimates, is claimed to be valid
only to within a factor ~10%2, In the following note it is pointed
out that Weisskopf’s formula, unlike earlier ones, is consistent
with the absence of cross-over transitions in the decay of several
long-lived tellurium isomers.

Isomers of Te!2.12%1% have been observed? to decay in two
successive transitions, the first being preponderantly magnetic 24
pole and the second being magnetic dipole. It was puzzling, on
the basis of the older radiation formulas, that no cross-over
transitions of an electric 25 character, between the long-lived and
the ground states, were observed experimentally.

Relative probabilities of magnetic 24 and electric 25 transitions
have been calculated and are tabulated in Table I. Columns 2
and 3 give, respectively, the energies of the long-lived magnetic



