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in this observed spectrum drops oH sharply at lower energies,
apparently to quite small values. It is impossible to overem-
phasize the need for further investigations of this spectrum,
for these conclusions appear to stand in contradiction of the
modern theories of beta-decay.

'" The new data reported here, shown as curve (C) in Fig. 1, were ob-
tained in 1948 in the research laboratories of The University of North
Carolina in Chapel Hill.

~ H. O. W. Richardson, Proc. Roy. Soc. 147A, 442 (1934).
& The investigations of Flammersfeld (reference 4) and of G. J. Neary

(Proc. Roy. Soc. 175A, 71 (1940)), though not directed entirely toward the
low-energy spectrum, yielded distributions which had positive derivatives
at these energies.

I C. B. Madsen, Acta Jutlandica Aarskrift for Aarhus Universitet XV, 1
(1942).

4 A. Flammersfeld, Zeits. f. Physik 112, ?27 (1939).
~ Arthur Waltner and F. T. Rogers, Jr. , Phys. Rev. 74, 699 (1948).' J. Petrova, Zeits. f. Physik 55, 628 (1929).

Other observations would appear to be of interest here. We
have found that stilbene functions as an e%cient activator in
naphthalene crystals in a similar manner to anthracene, but
gives output pulses of about twice the magnitude of those
from anthracene-activated crystals. We find also that for both
these phosphors, as well as for such inorganic phosphors as
zinc oxide, silver-activated zinc sulphide, lead-activated
barium sulphate, and synthetic and natural scheelite, there
are no marked differences in maximum pulse heights due to
a-particles and y-rays, if these are of equivalent energies.
These results are contrary to those reported by Kallmann. '

~ H. Kallmann, Phys. Rev. 75, 623 (1949).
~ H. Kallmann. Research 2, 62 (1949).
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Pro. 1. Bias curves for multiplier output pulses due to scintillations in
«cheelite crystal bombarded by a-particles of 4.5-Mev energy. A is inte-
grated bias curve; 8 is pulse height distribution curve derived from A.

Measurement of Particle Energies vrith
Scintillation Counters

G. F. J. GARLrcK AND R. A. FATEHALLY

Univevsity of Bivminghanz, Bngland
March 14, 1949

~N a recent paper Kallmann' has shown that single crystals
of cadmium sulphide, used with a photo-multiplier to

detect single a-particles, give output pulses of fairly uniform
size from O.-particles of a given energy. Such crystals emit red
luminescence which matches the spectral response of the
photo-multiplier used by Kallmann. We have found that similar
uniformity of pulse heights is obtained when small (1)&1X1.5
mm) crystals of natural, transparent scheelite are used as
a-particle detectors in conjunction with photo-multipliers
having an antimony-caesium cathode. Figure 1 gives the
"integrated bias" curve for pulses caused by u-particles of
4.5-Mev energy, and also the pulse height distribution curve
derived from it. A considerable spread of pulse heights is
shown which is not accounted for by scattering and strag-
gling of the incident particles. Removal of the spherical con-
cave mirror, used in the system for collecting a large amount
of the emitted light, does not alter the form of the "bias"
curve to any marked extent. Similar "bias" curves were ob-
tained for the scintillations produced in small single crystals
of naphthalene activated by anthracene or by stilbene. We
find that the average pulse height is approximately propor-
tional to the energy of the incident particles. The rise in
counting rate shown at low bias values is the result of multiple
counting and is not present for crystals having a much more
rapid decay of luminescence than scheelite (3 @sec.).

Beta-Decay Spectrum of Ag'"
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March 16, 1949

'HE disintegration of Ag"' has been studied previously
by several authors. ' ' Of the two modes of disintegration

into stable isobars, Pd"0 and Cd"' the disintegration by
electron emission into Cd"0 is well substantiated. ' The maxi-
mum energy of the beta-spectrum was found to be 0.59 Mev.
It was reported that the beta-spectrum is complex with more
than half of the disintegration electrons absorbed by 2 mg
cm ' of aluminum. ' The first mode of disintegration, into
Pd", has not been studied as yet either with regard to positron
emission or to orbital electron capture. Several gamma-rays,
of energies 0.66 Mev —44 percent, 0.90 Mev —47 percent
partially converted and 1.40 Mev —9 percent have been found.
In the most recent publication a converted gamma-ray of 11.4
kev has been reported. '

In the present work the disintegration of Ag"' into the
isobars Cd" and Pd"' was studied by means of a cloud
chamber since disintegration into Pd"' by emission of posi-
trons a priori could not be excluded.

The silver 110 of high specific activity was obtained from
Oak Ridge National Laboratory, AEC. It was purified and
mounted in the center of a cloud chamber on zapon film.
Pictures of tracks were taken with and without magnetic
field applied. The first series of tracks were photographed in
air with a field of 372.5 gauss. The distribution of electrons vs.
energies showed: (a) the existence of converted electrons cor-
responding to the gamma-rays of Ag", and (b) electrons of a
continuous spectrum.

The Kurie plot produced a straight line in the energy range
from 150 kev to 550 kev with upper limit about 0.59 Mev. The
presence of converted electron groups limited observation of
a continuous spectrum in a cloud chamber.

Several single positrons and pairs were found. The upper
ratio of number of positrons, for which pairs could not be
established, to the number of the electrons of the continuous
spectrum did not exceed 0.2 percent. The experimental data
obtained allowed the conclusion that there is no positron disin-
tegration in Ag"' with branching ratio P+/P higher than 0.2
percent.

The second series of tracks were photographed in helium
with a field of 149 gauss. The subtraction of the 0.59-Mev con-
tinuous spectrum and recalculations for a second Kurie plot
produced evidence for the existence of a continuous spectrum
of electrons with upper energy 90&10 kev. Independently it
has been found that the electrons of the 90+10-kev spectrum
are in coincidence with gamma-rays. 4 The electron groups in
the energy interval 90-150 kev were not sufficiently resolved.

It has been shown recently that excess of low energy elec-
trons in Kurie plots very often are due to imperfect mounting. «
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Conversely, with proper mounting the abundance of low

energy electrons may be due to additional spectra as is the
case with Ag"0.

The authors are indebted to Professor Edward Mack, Jr.
for his support of this research.

It is a pleasure to express our gratitude to the Ohio State
University Development Fund for grants for research equip-
ment.

' Martin 1&e«tscli, Phy». Rev. 72, 527 (1947).' iaido Rail and Roger (». wilkinson, Phys. Rev. 71, 321 (1947).' J. M. Cork, R. (~. Shreffler, and C. M. Fowler, Phys. Rev. 74, 1657
(1948).

4 Fu-Chun Vn, Lin-Cheng ('heng, and J. Il, k'urbatov, Phys. Rev. 75,
1279 et seq (1&49,'.

' R, D, Albert and C. S. %'u, Phys. Rev. 74, 847 (1948).

The Hyperfine Structure of the Ground
Term of Hydrogen

( . BREIT AND R. E. MEYEROTT
Vale tl niversity, *.Vem Haven. , Connecticut

March 23, 1949

EFE1&ENCES tu a paper by the authors on the hyperfine
structure of hydrogen indicate that the results are

understood to have a higher accuracy than they do. The
present note is intended as an addendum to the paper with
the object of stating the limitations niore clearly. The Hamil-
tonian contains a term called 5' in the paper referred to, which
contains products of Dirac's o.-niatrices. This term is re-
sponsible for the hyperfine structure. The employment of its
expectation value in order to obtain an additive correction
to the energy is the apparent limit of its applicability. The
wave function by means of which the expectation value is
calculated is obtained from Eq. (2) in reference 1 which is not
accurate to relative order v'/c' where tt is the electron velocity.
The expectation value of Ycannot be expected to be accurate
to relative order v'/c' except by accident. Therefore no claims
for the correctness of the relativistic terms in the correction to
hyperfine structure involving m/. V can be made. The reason
for reporting on the results of the calculations which gave such
effects was that the relativistic effects which have been calcu-
lated can be expected to have a bearing on the actual cor-
rections. No certain method of obtaining these appears to be
a,vailable.

It should also be mentioned that in the first of the two Eqs.
(3.1) an approximation has been made. This is immaterial
for the hyperfine structure terms of relative order ns/M and it
does not affect the relativistic corrections to these terms in a
qualitative way.

The hyperfine structure appears in the calculation as a
relativistic eGect. The relativistic corrections to it remain
uncertain because the Hamiltonian does not determine the
wave function with the required accuracy.

*Assisted by ONR.
' G. Breit and R. E. Meyerott, Phys. Rev. 72, 1023 (1947).

On the Decay of K"
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A N interesting feature of the K" decay is the evidence for
electron capture' ~ and no evidence for positron emis-

sion. ' The purpose of this note is to point out several con-
sequences of this fact.

The consequences are: (1) a determination of an upper
limit to the A"-K" mass difference, (2) the possibility of
observing positrons from K" if estimates' ' of the K capture
are correct, and (3) a determination of the ratio of the nuclear
matrix elements for the A- and Ca-transitions.

The ratio of positron emission to electron capture is inde-
pendent of the nuclear matrix elements to a large extent~*
and should, therefore, give a reliable estimate of the mass
difference. If the expressions for forbidden p-transitions ~ are
used, the ratio of positron emission to electron capture under
the third forbidden axial vector or tensor interactions and
Z=19 is

TABLE I. A'o —V4o atomic mass differences.

AM{mc2) 0—2 3.00 3.25
/) C: 0 0.00]65 0.00675

3.50
0.0203

3 75 400 425
0.0494 O. I O4 0.195

function of the ratio of positron emission to electron capture.
If the experimental values' ' Pl /X'= —,

' and P~ /X~ (0.01 are
used, ' then Xt' /) '&0.005 and the A' —K" mass diHerence
is less than 1.6 Mev.

The experiments on the K"P -energy endpoint require that
the 1.55 Mev y-ray be placed on the A' side of the decay
scheme. If experiments of references 1 to 3 are correct there
are approximately fifteen X captures to one &-ray so that
most of the E captures go to the ground state. This would
lead to the conclusion that there is one positron to every two
hundred and fifty electrons. The probability for positrons
from the internal pair creation of the p-ray or P-ray is much
smaller.

If one uses the value of the X& /) ' ratio, the corresponding
upper limit to the K"—A" mass difference, and p -energy
endpoint, one can estimate the ratio of the (K"—A") to
(K"—Ca") nuclear matrix element. These are

IQK Al' QK A('
|QK-c.I'

'
I QK-c. I'

Xt /X'= —' ) t /X'= 10,

Ep =1.4 Mev, Ep =1.4 Mev.

If the higher value of )t /X' is approximately correct, it
would indicate that the A4' and Ca" nuclear states are very
similar and probably have the same parity. However, the
lower value of ) t' /X' has more experimental support.

The author wishes to thank Professor E. P. signer for
several stimulating discussions.

+ AEC post-doctoral fellow.~ This ratio is completely independent of the nuclear matrix element for
the third forbidden tensor and axial vector interaction and the fourth
forbidden scalar, axial vector and pseudoscalar interactions. For the other
fourth forbidden interactions and the various linear combinations, the
)P /X& ratio involves the ratio of certain matrix elements between the
same initial and final states. These can be estimated fairly well.

~ F. C. Thompson and S. Rowlands, Nature 152, 103 (1943).
~ E. Bleuler and M. Gabriel, Helv. Phys. Acta 20, 67 (1947).
~ L. Ahrens and R. D. Evans, Phys. Rev. 74, 279 (1948).
4L. T. Aldrich and A. O. Nier, Phys. Rev. 74, 876 (1948).' H. F. Suess, Phys. Rev. 73, 1209 (1948).
4 Bothe and Flammersfeld, Naturwis. 29, 194 (1941).
& Eugene Greuling, Phys. Rev. 61, 568 (1942).
I W. Goode, D. Peaslee, and M. Deutch, Phys. Rev. 69, 313 (1946).

X~ /'A'=
t 0.0676+1 25rt

0.450'"'
(q+2)"

+8.48q'+ 12.5q'+ 1.74~'+0.079~~j,
where ri=d 3I—2 and A&U is the atoniie mass difference in

units of the mass of the electron. The mass difference obtained
by use of this expression and from the expressions arising
from various fourth forbidden interactions are practically
identical ~

Table I gives the A"—K" atomic mass difference as;I


