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the lead of the precipitate and not in the thallium of the filtrate.
Neither of the activities was observed following bombardments of
mercury targets. Thresholds for production were compared with
the threshold for production of 8-hour Pb20', and this comparison
supported the proposed assignments. Comparison of the energy
of the 5.6-second y-ray with the energy of a p-ray found in
polonium extracted from a bismuth target indicated that the
a-decay of' Po probably goes to the 5.6-second excited level
of Pb202

Intensity of the 0.67-Mev line of the 50-second activity ap-
peared to be about four times that of the two lower energy lines
on the basis of comparisons of the areas under the photoelectric
capture peaks. Although definite transition types cannot be speci-
fied, it is interesting to note that the energies 0.42 and 0.25 Mev
are in line with the energy spacings of i(3/2 to f~/2 and f;/2 to pl/2
levels for adjacent isomers of odd neutron number as plotted by
Hill. The type of transition giving rise to the intense 0.67-Mev
line is particularly puzzling since a crossover transition i»/2 to
p&/2 is ruled out as being of type ~V6. Further data are required
before this point can be clarified.

In the course of this investigation the period of the known Pb"'
metastable state was redetermined as 0.80%0.02 second.

Indebtedness is expressed to Dr. J. S. Foster, Director of the
Radiation Laboratory, to Dr. S. W. Breckon and Dr. A. L.
Thompson, and to the National Research Council of Canada for
two studentships.
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Heat Pulses in He II Below 1'I
C. J. GQRTE~R

Kamerlingh Onnes Laboratory, Lei den, The Netherlands
(Received September 16, 1952)

'HE fact that below 1'K the speed by which heat pulses travel
in He II increases enormously' has generally been regarded

as a confirmation of the Landau version of the two-fluid model. '
According to that version the so-called normal fluid would essen-
tially consist of rotons, the role of which would be taken over by
phonons below 1'K.

In different laboratories it has been observed, however, that the
width of the heat pulses increases greatly, and this might suggest
that at the lowest temperatures one does not have to do with
second sound proper but with the normal transmission of heat
pulses in a medium of a certain specific heat and thermal con-
ductivity. The formulas of Kronig and Thellung' might be ap-
propriate to describe the transition to the phenomenon of second
sound above 1'K. The magnitude of the speeds observed suggests
that the mean free path of the phonons responsible for the thermal
conductivity is determined by the width of the vessel. 4 The differ-
ence with Landau's picture would consist of his emphasis on the
momentum of the phonons and of their large effective diameter for
collisions.

Mr. H. C. Kramers in Leiden is preparing to investigate the
expected influence of the length and the width of the vessel. The
publication of the present letter was stimulated by a discussion
with Dr. Pellam and Dr. De Klerk, who kindly showed me the
recent results obtained at the Bureau of Standards.

Finally, it might be suggested that the increase of the second
sound velocitys above 1'K upon dissolving He3 also could be
accompanied by an increase of damping and dispersion and so
indicate an earlier transition to the very low temperature case.

~ K. R. Atkins and D. V. Osborne, Phil. Mag. 41, 1078 (1950).' L, D. Landau, J. Phys. (U.S.S.R.) 5, 495 (1941).' R. Kronig and A. Thellung, Physica 16, 678 (1950).
4 H. B. G. Casimir, Physica 6, 156 (1939);5, 495 (1938).
~ E. A. Lynton and H. A. Fairbank, Phys. Rev. 80, 1043 (1950).

Mass Assignment and Gamma-Radiations of the
Seven-Hour Molybdenum Isomer

G. E. BOYD AND R. A. CHARPIE

Oak Ridge National Laboratory, Oak Ridge, Tennessee
(Received September 12, 1952)

'HE 7-hr isomer activity in molybdenum produced by
proton' ' and by deuteron irradiation of niobium, '4 by

alpha-particle bombardment of zirconium, ' '' and in very low

yield by fast neutron irradiation' of enriched Mo" is of interest in
that its assignment to mass 93 cannot be easily reconciled with
predictions from shell theory.

Some doubt concerning this mass assignment has persisted, for,
unexpectedly, it has not been possible to prepare 7-hr Mo" by
deuteron bombardment' of enriched Mo", or by a (p, n) reaction
when enriched Mo'4 was irradiated with 23-Mev p-rays. ' In addi-
tion, despite numerous attempts, we have been unable to produce
any detectable amounts by irradiating molybdenum enriched to
92.1 percent in mass 92 with slow neutrons in the Oak Ridge
graphite pile, nor has this period been observed as a daughter
from intense sources of 2.75-hr Tc"produced by a (d, n) reaction
on Mo". Again, in recent bombardments of molybdenum with
20-Mev protons no 7-hr molybdenum whatever from the energeti-
cally possible (p, pn) reaction could be detected, although easily
measurable quantities of the well-known 67-hr Mo" were formed.

To make quite certain that the 7-hr activity was correctly
assigned chemically, a molybdenum fraction was separated from
niobium irradiated with 20-Mev protons and exhaustively puri-
fied. The decay of gamma-radiations from this purified source was
accurately exponential for more than 60 hours and gave a half-
life value of 6.95~0.05 hours. Measurements of the p-ray spec-
trum were also made using a (Tl+Na)I crystal scintillation
counter spectrometer. Energies of 290, 690, and 1464 kev for the
photoelectric peaks (Fig. 1) which decayed with a 7-hr half-life
were estimated to within 3 percent by comparison with the 141-
kev C"', the 661-kev Cs"', and the 1175-kev and 1332-kev Co"
p-rays, respectively. These values appear to be in.good agreement
with recent magnetic lens spectrometer measurements of conver-
sion and photoelectron energies, ' except for the lowest energy
transition. The observed relative intensities of the (unconverted)
p-rays were as 11.2:4:1, which, when compared with the detection
e%ciency ratios of 18.3:4.1:1 for 290-, 690-, and 1464-kev quanta,
respectively, indicate the latter two p-rays to be equally abundant,
and the lowest energy gamma to have a total conversion coefficient
of 0.6~0.2. Measurements on a portion of the original proton-
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FiG. 1. Gamma-ray spectrum of 6.95-hr Mo»
(Tl+Nal scintillation counter spectrometer).
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FIG. 2. Relative yields of Mo» and Nb» from Nb93+20-Mev protons.

Soft Radiation from Pu"'t
HARvEY I. IsRAEL

University of Cahfornia, Los Alarnos Scientific Laboratory,
Los Alamos, New Mexico

(Received September 5, 1952)

&HE radiations from Pu"' have been studied in the region
5-25 kev. For this purpose, a proportional counter, filled

with argon to a pressure of 53-cm Hg and with methane to a pres-
sure of 6-cm Hg, was employed in combination with a single-
channel pulse analyzer and associated amplifying and counting
circuits.

Advantage was taken of the fact that the plutonium sources
used were capable of causing detectable quantities of fluorescent
x-radiation in thin foils of various materials. By using a thin
absorber of suitable material, there was obtained the spectrum
from plutonium on which was superposed the peak resulting from
the characteristic J x-radiation of the absorber material. Such
a peak could then be used for purposes of calibration.

irradiated Nb showed the same 290-, 690-, and 1465-kev gammas
from Mo as well as the 905-kev ray from 10.2-day Nb" formed by
a (p, pn) reaction.

The 7-hr Mo may be formed by either a (p, p), a (p, n), or a
(p, 2n) reaction. The first of these alternatives seemed unlikely in
view of the 3.7&0.2 Mev reaction threshold observed by Blaser
et al. However, the possibility of a (p, 2n) reaction remained to be
considered. Accordingly, an excitation curve was determined using
a stacked foil technique in which one-mil Nb foils were bombarded
for 90 minutes with a ca 10 pa beam of 20.1-Mev protons. The
decay of the beta-activity produced in the Nb foils was resolvable
into two periods only —the 6.95-hr Mo and the 10.2-day Nb". The
yield of 6.95-hr Mo when plotted against the incident proton
energy (Fig. 2) is seen to reach a maximum at about 11.5 Mev,
after which it diminishes with increasing energy. The curve for the
formation of 10.2-day Nb" by a (p, pn) reaction shows a threshold
at 13.3 Mev and has not reached a maximum at 19.5 Mev. The
excitation curve for a (p, 2n) reaction on Nb" should resemble that
for the (p, pn) reaction except that its threshold should be ap-
proximately 0.6 Mev lower. It seems necessary to conclude that
the 6.95-hr Mo isomer is formed by a (p, n) reaction with Nb" and
hence must be assigned to mass 93.

i L. Dubridge, private communication to G. T. Seaborg; Revs. Modern
Phys. 16, 1 (1944).

~ D. N. Kundu and M. L. Pool, Phys. Rev. 70, 111 (1946).
3 Blaser, Boehm, Marmier, and Sherrer, Helv. Phys. Acta 24, 441 (1951).

These authors find the 7-hr Mo to be formed with an abnormally small
cross section.

4 M. L. Wiedenbeck, Phys. Rev. 70, 435 (1946).
~ P. R. Stout and W. R. Meagher, Science 108, 471 (1948).
6 Kundu, Hult, and Pool, Phys. Rev. 77, 71 (1950).
7 R. B. Duffield and J. D. Knight, Phys. Rev. 76, 573 (1949); see refer-

ence 3 also.
SL. Ruby and J. R. Richardson, Phys. Rev. 83, 698 (1951); see also

M. Goldhaber and A. W. Sunyar, Phys. Rev. 83, 906 (1951), Table I.

C/l
+

O

2000

0 ~
0 0

0
~ 0

G)

~ 0
Cl 000

O 4
~Z 0

Q ~

0 Ooo ~ 0
IQ QQ ~ Sg ~ ~ 0 tQ QO 0

O ~ ~ ~ ~ 0

~e

~ ~

0 0
0

0 ~0

0
~ee

20
l l

00
I I

60
Pulse Height

(vofts)

FIG. 1. Spectrum of soft radiation from Pu»9.

'P
OP

O
CU

~ ee
~ ~ ~ e~o

~ 0000 0oe
~

I l

80

A typical result is shown in Fig. 1. The source, covered with
sufhcient Scotch tape to absorb all alpha-radiation, consisted of
0.164 mg Pu02 on 2-mil Be and was-approximately 2 cm' in
area. The absorber used was a thin layer of NiBr2 crystals put
down on Scotch tape. The contribution of the absorber material
to the spectrum can easily be noted.

The spectra obtained show peaks at 20.5~0.4, 17.4+0.3, and
13.6&0.3 kev. These values agree with the observed values for
the L x-rays of uranium. The peak at 10.7 kev is assumed to be
the escape peak for the 13.6-kev radiation, and the peak at 8 kev
is considered to be the result of fluorescent radiation from a
brass case in which the glass proportional counter was placed.

Using a collimated source, a determination of the L-photon
vield was made. Calculations carried out in the usual way' gave
the results shown in Table I. The total yield, 2.9)&10 2 photons

TAaLE I. L-photon yield in Pu»9 disintegration.

Photon energy (kev)

Photons/alpha-particle

13.6

1.2)(10 2

17.4 20.5

1.4)(10 2 0.3)(10 2

Spherical Model of a Ferromagnet
H. W. LEWIS AND G. H. WANNIER

Bell Telephone Labora.'ones, Murray FIill, New Jersey
(Received September 12, 1952)

"N a paper having the above title Berlin and Kac have pre-
sented a model for cooperative action in crystals to which

statistical mechanics can be applied rigorously. We wish to point
out that the mathematical manipulations of that paper can be
reduced to almost nothing by the use of a grand rather than a
canonical ensemble. We feel that this observation is of some
consequence in a domain of research in which progress is largely
impeded by mathematical difficulties.

per alpha-particle, is in error by not more than 50 percent and is
in agreement with that reported by Dawson and West. 2

~ In all phases of the work, much valuable assistance was given
by Simon Shlaer. The sources were supplied and prepared by
John G. Povelites.

t Work done under the auspices of the AEC.
' W. Rubinson and W. Bernstein, Phys. Rev. 86, 545 (1952).
& D. West and J. K. Dawson, Proc. Phys. Soc. (London) A84, 586 (1951).


