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Because of non-uniform crystallization, the source thickness
appeared to be greater than 18.5 mg/cm' at some points. Both
by measurement with an end-window counter, .and from a
calculation using a published value of the beta-ray decay
constant, the strength of the sample was found to be about
0.002 p,C.

Figure 1 shows the beta-ray intensity distribution plotted
against momentum in gauss-cm. The curve has a maximum
of 11.8 counts per minute against a background of 18.3 per
minute. A Fermi plot taken from the experimental points is
shown in Fig. 2. This is linear above 450 kev, and gives an
end-point energy of 1.40*0.03 Mev. Calibration was taken
from the Fermi plot of P" beta-rays measured under identical
conditions except for source thickness. An upper energy limit
of 1.71 Mev' was assumed for the phosphorus beta-rays. The
annihilation quantum photoelectron line, previously rnen-
tioned, gave the same calibration figure within 1 percent.

The theoretical intensity distribution for K4', corresponding
to a Fermi plot linear over the entire range, is indicated in
Fig. 1 by a dashed line. The point at 1130 gauss-cm (103 kev)
is probably low because of absorption in the 3-mg/cm' counter
window. The area under the experimental curve shows an
excess of about 4 percent over the theoretical distribution.

The Fermi plot for P" was also linear down to 500 kev and
had a deviation of about the same shape and magnitude as in
Fig. 2 for K". This would indicate that in both cases the
excess of low energy electrons is mainly due to scattering
which is difFicult to eliminate under conditions of large solid
angle and low resolution. It is therefore probable that the true
K4s beta-ray Fermi plot would follow a straight line to con-
siderably lower energies than observed here.

The author is indebted to Dr. L. B. Horst for arranging the
loan of the material from the Stable Isotopes Division of the
AEC and for mounting the source. Thanks are also due
Dr. T, Lauritsen who made valuable suggestions for the use
of the lens spectrometer in this application.
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7 J. R. Zacharias, Phys. Rev. 60, 168 (1941),' Carbide and Carbon Chemicals Company, Oak Ridge, Tennessee.
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Microwave Magnetic Resonance Absorption in
a Nickel Salt near 1.25 Crn
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Bell Telephone Laboratories, Murray Hill, ¹mJersey
March 22, 1949

"AGNETIC resonance absorption at a frequency of
24,446 mc/sec. was observed in a crystal of nickel

Auosilicate (NiSiF6 6HgO) at room temperature as a function
of the static magnetic field applied in directions parallel and
perpendicular to the optic axis. The microwave technique
enables a direct determination of values of the ground state
splitting 8 and splitting factor g, quantities previously inferred
from measurements of Becquerel and van den Handel' on the
magneto-optic effect in this salt, and also from susceptibility
measurements on other nickel salts. '

Our results are plotted in Fig. i. For H
~I axis, we find

5=0.52 cm ' g=2.36; for HJ axis, 5=0.49 cm ' and g=2.29.
The dinerences between these values are probably within the
over-all experimental error. These values, which are for room
temperature, may be compared with g =2.252 and 8 =0.301
cm ' at liquid He temperatures, as calculated by Becquerel
and Opechowski' from the measured Verdet constant. Schlapp
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Fic. 1. Magnetic resonance absorption in NiSiFe 6HeO at 24,446 mc/sec.
Vertical axis is ratio of (magnetic energy loss in sample) to (total non-
magnetic energy loss in cavity and sample). Results are shown for two
crystal orientations, parallel and perpendicular to the static field.

The Decay of Co55
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HE decay of Co 5 (18.2 hr. }has been studied by means of
a large double focusing spectrometer' and by coincidence

experiments. Samples were prepared by deuteron bombard-
ment of iron. The cobalt was separated chemically. Small
corrections for the radiations of the longer lived cobalt isotopes
were made where necessary. The positron spectrum was found
to be complex. There are two components2 with maximum
energies of 1.50 Mev and 1.01 Mev and about equal abundance.
Another softer component of low abundance is possible. The

and Penney' show that g=2(1 —2X/5qD), where X is the
spin-orbit coupling constant and is equal to —335 cm ' from
spectroscopic data for the Ni++ ion; qD is the cubic field
constant. Microwave measurements recently reported by the
Oxford group4 give 8 =0.32 cm ' at 195'K, 0.17 cm ' at 90'K,
and 0.12 cm ' at 20'K.

The free Ni++ ions is in a 'F state; in the cubic electric field
of the surrounding octahedron of water molecules, the non-
degenerate orbital level F2 is lowest. The threefold spin
degeneracy of the ground level is partly lifted by the combined
action of spin-orbit coupling and a small trigonal component
of the crystal field. The relation between held strength and
absorption frequency may be understood approximately by
a "symbolic" method; namely, by considering the behavior
of a level with I.= 1 in a cylindrical electric potential
(V=AI x2+y2 —2z')) and in a magnetic field H. We thus
treat only three states, instead of the 21 states of the complete
problem; the validity of this procedure is a consequence of
group theory.

For H
~~

axis, the three eigenvalues are BI=gal, gH; Eg=
—gp, gH; Z3=6; and the allowed transitions satisfygy, gH~~
=hg+8. For HJ axis, 8 =0 ~ &=(5/2)~I (8/2)'+(gp, aH)'j~,
which in the limit of gpgH&&b gives gpgyH=h~&b/2.

KVe wish to thank Dr. Conyers Herring for a profitable dis-
cussion, and F. R. Merritt and J. Andrus for valuable experi-
mental assistance.
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secondary electron spectrum produced by the y-rays in a
thin lead converter shows three nuclear gamma-rays of
energies 0.477 Mev, 0.935 Mev, and 1.41 Mev. By comparing
the number of photoelectrons due to these with those due to
the annihilation radiation, we estimate the abundances of
these three gamma-rays (in order of increasing energy} to be
0.3, 1.4, and 0.3 per positron. The negative electron spectrum
consists of four internal conversion lines. Three of these cor-
respond to the above gamma-rays and the intensities of the
lines are about 7.4X10 4, 5.4X10 4, and 3.5X10 ' conver ion
electron per positron, in order of increasing energy. In addi-
tion, a conversion line was found corresponding to a 0.095-
Mev p-ray. The intensity of this line is about 1 X 10 ' electron
per positron. Coincidences between gamma-rays and positrons
of definite energies (selected in a magnetic-lens spectrometer
designed for coincidence experiments') were measured using
copper-walled and gold-walled G-M counters. The combined
results of the experiments lead us to conclude that the main
decay scheme of Co~ is as shown in Fig. 1. The two positron
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where 8 is the angle between electron and neutrino directions,
P =v/c and e= —j. for scalar and pseudoscalar, q for tensor
(G —'1), —-', for axial vector and 1 for polar vector (Fermi)
interactions. Since (1) assumes plane wave electrons (Z=O)
it is of interest to consider the e6ect of the Coulomb field'
in order to determine whether or not the consequent change
in the factor e may be as large as a factor 3. In the following
we consider only allowed transitions.

For this purpose the following approximative calculation
has been performed. A Dirac plane wave corresponding to a
z-component of spin equal to q can be expanded in terms of a
representation in which P and j„where j is the total angular
momentum, are diagonal. This gives

P~&'&(8, P) =const, Z i'(2l+ j.) & Yt '(8, P)
t, m

XL(l—m)&ut & & —(L+m+1)&ut (+)j, (2)

where 8, P are the polar and azimuth angles of the direction
of motion of the electron, Yt a normalized spherical harmonic
and u&+& are spherical free particle wave functions for j=3&).
The superscript (0) indicates Z=O. For z-component of spin
equal to ——,

' the corresponding expansion can be obtained from
(2) by applying the usual operator which converts f~& &

to P ~&'&. Of course, in (2) we can set 8=0 and therefore m=O.
We now use the same unitary transformation for the Coulomb
field. That is, the wave functions used for the electron are
given by (2) with ut &+& identified with solutions for the Dirac
Coulomb field in the representation g, j, diagonal. This ap-
proximation can be justified if the effect of the Coulomb field
is small.

For allowed transitions we need only the terms j= $,
1=0, 1 corresponding to s~ and py electrons. The correlation
function then has the form (1) with I replaced by nf where f,
which is independent of the type of interaction, is given by

Frc. 1. Decay scheme of Co~.

transitions are of approximately equal intensity. The same is
true for the 0.477-Mev and 1.41-Mev gamma-rays. If our
estimate of the intensities of the several gamma-rays com-
pared with the number of positrons is correct, orbital electron
capture is considerably more probable than expected theo-
retically for allowed transitions, particularly in the case of
the transition to the 0.935-Mev level. The significance of the
0.095-Mev gamma-ray is not yet understood, but its intensity
must be quite low. A more complete report on these experi-
ments will be submitted for publication in the Arkiv for
Matematik Astronomi och Fysik.

Ke wish to express our gratitude to Professor Manne
Siegbahn and the Swedish Academy of Science for the generous
hospitality extended to one of us (M.D.), and to the staff of
the Nobel Institute for their friendly cooperation.

+On leave from Massachusetts Institute of Technology, Cambridge,
Massachusetts.
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Electron-Neutrino Correlation in Heavy Elements*
M. E. RosE
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March 14, 1949

'HE electron-neutrino correlation for both allowed and
first forbidden transitions has been discussed by

Hamilton. ' For allowed transitions the correlation function is

F(8)=1+~P cos8, (j.)

In (3) 0. is the fine structure constant and p is the electron
momentum in units mc. Averaging (3) over a typical energy
distribution for allowed transitions we find that even for an
element as heavy as Pb, the value of (pf)A, differs from (P)A,
by about 20 percent. Therefore one may safely disregard
effects of the Coulomb field in comparing theory and experi-
ment for the purpose of distinguishing between the various
forms of the beta-interaction.

+ This document is based on work performed under Contract No.
W-7405-eng-26 for the AEC at the Oak Ridge National Laboratory.

~ D. R. Hamilton, Phys. Rev. 71, 456 {1947).
~Obviously, no significant e8ect from the Coulomb field would be ex-

pected in an experiment like that of J. S. Allen et a/. , Phys. Rev. 75, 570
(1949), in which He~ was used. However, the question of the Coulomb field
might arise in the case of Y90 used in the measurements of C. W. Sherwin,
Phys. Rev. 73, 1173 (1948),

A Possible Experimental Verification of the
Statistics of He'

D. TER HAAR

DePartment of Physics, Purdue University, Lafayette, indiana
March 18, 1949

N principle it is possible to determine whether He4 obeys
~ - Fermi-Dirac or Bose-Einstein statistics by measuring the
second virial coefticient B. J. de Boer, ' and Massey and
Buckingham' have calculated B starting from a field of force
determined by measurements at high temperatures. It turns
out that the B'1& curve (T: temperature) as a function of
temperature shows a maximum at about 0.8'K if He4 obeys
Bose-Einstein statistics but that there is no such maximum if
He' should obey Fermi-Dirac statistics. A di8erence between


