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the case of polarization by extemal fields, i.e.,
Equations (8) and (10) hold again, where,however,
o= A [|2kT. (14)
5. Again let S=%, # = 0. It has been shown in
reference 6 that with a Hamiltonian
V:ASzlz+B(S'v1_v+ Syly) (1)
mixing of states with different m takes place. In
particular the state m, M = 2 mixes with the
state m + 1, M = — % (M is the projection of the
electronic shell spin on the z-axis). In the same

reference the following corresponding energy levels
were obtained

(16)
E, =-%A 1%\A?K? + B2 [ (1 +%)? - K%

where K =M + m. )

Let B be much smaller than 4 and & 7. We shall
find f, up to terms quadratic in B, i.e., wg shall
keezp terms of the order (B/A)2, (B/kT)* and
(B2/AkT). We shall neglect terms of higher order.
Calculation for [ = 3/2 gives

fy —th-d w4 3
2T 4hT (Ch 34 , o A ) 2
4kT 4T
2 17
x(_f))) ¢( _A_> 7)
A kT )
where
H(x)=(1-x+2/322)e*~(1+x)e™ (18)

— 2xe®— (1~ /3 x%) e % 4 £3/2%

6. To produce polarized nuclei an external field
of a few hundred oersteds must be imposed on the
refrigerated salt!*®. At very low temperatures this
induces a considerable polarization shell spins of
paramagnetic ions, which in turn produces a con-
siderable polarization of nuclei.

We shall examine quantitatively the following
simple case: A monocrystal of paramagnetic salt,
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S =%, A> B [ we neglect the B term in Eq. (13) ],
with the external field in the z-direction. Here the
energy levels are given by

E, = +12(Am 4 Bg H). (19)

A simple calculation shows that the quantities f

with & even, are the same as in the case of
polarization by external fields [« given by Eq.
(14)]. The odd-index fk are obtained by multiplying

:‘s"nBH
9

Eqgs. (7) and (9) by tank T

[« given by

Eq. (14) 1.

Translated by O. Bilaniuk
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The Spontaneous Fission of Thorium

A. V. PODGURSKAIA, V. [. KALASHNIKOVA,
G. A. StoL1AROV, E. D. VOROB’EV AND
G.N. FLEROV
(Submitted to JETP editor January 18, 1955)
J. Exper. Theoret. Phys. USSR 28, 503-505
( April, 1955)

IN recent years there have been several refer-
ences in the literature !*5 to the spontaneous fis-
sion of thorium. According to the data of Segré®,
the half life of the spontaneous process is 1.4

x 1018 years. We should like to point out that

the probability of spontaneous fission indicated by
these investigations is considerably too high.

In references 1,3, the spontaneous fission of
thorium was observed by detecting the accompany-
ing neutrons, the number of neutrons per spon-
taneous fission being presumably the same as the
number per induced fission (i.e., 2-3). This
method is suitable for the observation of spon-
taneous fission in uranium, but may be susceptible
to error in the case of thorium, where the ex-
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pected effect is very small. The chief sources of
error involved in observing spontaneous fission

by detecting the fission neutrons are the following:
a) contamination of the thorium by traces of uranium,
and b) contamination of the thorium by minute
quantities of light elements. The first possibility
can be easily controlled by carrying out special
experiments to measure the amount of uranium in
the thorium sample. Traces of light elements ( Be,
B, Si, etc.) in the material under investigation
lead to neutrons through the (=, n) reaction in
light nuclei. These processes are difficult to
eliminate and are especially troublesome in
thorium, where the energy of the « particles can be
more than 8 Mev.

Segré S detected spontaneous fission by directly
observing the ionization due to fission fragments.
Using this method, he conducted a long ex-
periment in which 178 fission events were
recorded in 6300 hours of operation with a chamber
containing about 0.2 grams of effective thorium.
Attributing these events to the spontaneous
fission of thorium, the half life was calculated to
be 1.4 x 1018 years, as noted above.

In 1940—41, attemptsﬁﬂ to detect the spon-
taneous fission of thorium by using a large ioniza-
tion chamber gave negative results. These in-
vestigations established a lower limit to the
thorium half life of 101° years.

In 1947, during a series of experiments on
cosmic ray induoed fission in heavy nuclei
(uranium, thorium, bismuth ) we found it necessary
to know the half life of thorium more accurately.
The spontaneous fission of thorium was observed
by placing the substance to be investigated on
plates in an ionization chamber and detecting the
ionizing fission fragments. The sensitivity of the
method was increased by using a multi-plate
variant of the ionization chamber® which allowed
us to increase the amount of effective thorium to
10-12 grams. Thorium oxide was used as the work-
ing substance on the plates. The amount of ef-
fective thorium was measured by comparing the
fission rate in a thorium loaded chamber irradi-
ated by fast neutrons from a Po + Be source, with
the rate induced by the same source in the same
geometry in a uranium loaded chamber. A measure-
ment of the spontaneous fission rate in uranium
gave the absolute amount of uranium present,
while the ratio of the fast neutron fission cross
section in uranium to that in thorium was taken to
be 4.

The percent contamination of thorium by uranium
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was measured by comparing the fission rates in
thorium and uranium loaded chambers irradiated by
slow neutrons froma Ray + Be source.

TABLE |
i
Number of Fissions
per Atom 5
§ —_ -t [ ]
Chamber ) [ . ° Lo
me | B8 24§ %
+8 | =£5§ 538ux
o 3 | =0 Hgw
g | BN 553
I
With thorium{ 984-6 — 114-1.5
With uranium{ 280410 10045 540.5
1
TaBLE 11
Number of fissions per hour
(Ray + Be source)
) ) -
Chamber* K g 5 & g o3 8
8§, 88§, 83 SE
SEE |c2EEE 253
ETdIET 893 Hgo
A ajg = §I HTE
With thorium | 2.04-0.2{0.6-+0.1 1.4
With uranium| 24000 850 23450¢

* The amount of effective substance in
the chambers was the same.

As can be seen from the tables, there were
about 10 grams of effective thorium containing not
more than 0.006 % of uranium.

The smallness of the expected effect demanded
special care in carrying out the measurements and
the complete absence of any extraneous effects.
Accordingly, the pulses at the amplifier output were
registered in such a way that it was possible to
record their size also. With this method of
detecting spontaneous fission it was possible to
monitor the apparatus continuously, which was very
convenient, considering the long time of observation.

The results of experiments with the large thorium
chamber ( effective amount of thorium, 11 + 1.5
grams) showed that the number of fission Trag-
ments counted per unit time depended appreciably
on the external conditions of the experiment.

These experimental results are shown in Table III.
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TaBLE III
Experimental |Time of Number ofyymber of fissions
Conditions observation, fission Half life
hours I events l gram-hour

Laboratory 381 56 0.013 1.5.101® yrs
attic
Cellar (10 392 0.002 1020 yrs
meters of
soil above
apparatus |

Both the dependence on external conditions (at-
tic, cellar) and the absolute magnitude of the
effect (0.002 - 0.013 fissions per gram-hour at
sea level ) agree well with the results of our
experiments on cosmic ray induced fission in
heavy nuclei at sea level and at high altitudes.
As can be seen from Table III, the effect of fis-
sion in the chamber decreases by a factor of 6-7
when the apparatus is moved from attic to cellar.
Hence the number of fission events in thorium which
can be ascribed to the spontaneous mechanism is
not more than 0.002 fission per gram-hour. It is
well to note also that at least half of the effect
in the cellar must be attributed to the spontaneous
fission of uraniumnuclei, which constituted
0.006 % of the thorium sample investigated ( see
above ).

In this way, our experiments with a big ioniza-
tion chamber detecting fission fragments indicate
that the probability of spontaneous fission in
thorium is very small, the half life being more than
102° years.

Our results on thorium fission at sea level
differ from those of Segre , which were apparently
carried out under the same conditions, by a factor
of 10, approximately. If we discard the possibility
of trivial mistakes in the work of Segré, such as
the contamination of his chamber by traces of
artificial transuranium elements ( for instance,
Pu249), or the improbable presence in his ap-
paratus of vanishingly small quantities of natural
transuranium elements, then considering our
data it appears difficult to explain the fact that the
rate of spontaneous fission inthorium observed by
Segre was a whole order of magnitude larger than
the rate induced in thorium by cosmic rays at sea
level.

Translated by R. Krotkov
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The Momentum Distribution in the
Statistical Model of the Atom

S. I. LARIN
Moscow State University
(Submitted to JETP editor December 4, 1954)
J. Exper. Theoret. Phys. USSR 28, 498-501
(April, 1955)

1. In the statistical model of Thomas-Fermi,
the distribution of the angular momentum over the
particles can be determined. The number of
particles with given angular momentum L is ex-
pressed by the equatiog!

nin) =L gpfzp: (rn e ()

S

where P (r) is the maximum momentum for a given
poi.* The mean value of the square of the orbital
momentum, L2, has been determined by Jensen and
Luttinger? from the momentum distribution .
Taking the potential distribution of the atom to be
that of the simple Thomas-Fermi model, the latter

—

authors found L2, and compared it with the ex-
perimental data obtained for the electron level





