MAY 15, 1941

Letters to the Editor

ROMPT publication of brief reports of important dis-
coveries in physics may be secured by addressing them
to this department. Closing dates for this department are, for
the first issue of the month, the eighteenth of the preceding
month, for the second issue, the third of the month. Because
of the late closing dates for the section no proof can be shown
to authors. The Board of Editors does not hold itself responsible
for the opinions expressed by the correspondents.
Communications should not in general exceed 600 words
in length.

Effect of Neutron Energy on the Total Decay
Curves of Fission Products

S. K. HAYNES
Brown University, Providence, Rhode Island
April 7, 1941

HE study of the total decay curve of the fission
products of U collected by recoil was first made by
Joliot! using chiefly Rn-Be neutrons. A marked increase
in the ratio of the intensity of long periods (~1 hour) to
that of short periods (~15 min.) was produced when the
source and target were surrounded by paraffin. Later,
Bjerge, et al.? using neutrons from Li plus deuterons
(0.75 Mev) found that within 410 percent the decay
curves were identical for U+-fast neutrons, U+ C neutrons,
and Th+fast neutrons. This proved true for both irradia-
tions of a few minutes and of 100 minutes. Frisch? showed
that the results of Bjerge et al. (Table I) fitted reasonably
well the curve ’

Jr(t) =const. (t71n— (¢4 T)"Un), 1)

where T is the time of irradiation, ¢ the time of decay
and 7 is from the Sargent law A=kE" (n=35). This result
is calculated on the assumption that all energies have

PHYSICAL REVIEW

VOLUME 59

equal statistical weight. Thus the results of Bjerge et al.
would not indicate that the products of U2% (C neutrons)
were necessarily identical with those of U8 (fast neutrons)
but only that the number of periods present was so large
as to smear out any differences.

In the spring of 1940 at Paris, the author, at the sug-
gestion of Professor Joliot, undertook to resolve, if possible,
the discrepancies between the Paris and Copenhagen
measurements and also to extend them to higher energies.
Very incomplete measurements (cut off by the fall of
France) with Rn-Be neutrons, seemed to confirm the
difference previously observed by Joliot. Furthermore the
results with C neutrons, in accord with Joliot’s previous
work, failed to agree with the Frisch formula by a factor
of 2.

The experiments were continued for high energies
during the summer of 1940 with neutrons from the Harvard
cyclotron. The results are shown in curves A-E, Fig. 1,
and in Table I in descending order of neutron energy.*
The deuteron beam was controlled by hand and the mean
current was estimated and held constant by taking readings
every half-minute. The good agreement between the
successive runs of curve 4, and also of curve B, testifies
to the reproducibility of the decay curves. Except possibly
for curve C, deviations due to varying beam current were
undoubtedly less than 5 percent.

The counting system consisted of an alcohol argon
counter with 0.010”” brass walls. It was used with a scale
of 32. The whole was checked for additivity and a resolving
time of 2.3X107* sec. was found. A blank fission-catcher
was placed behind the actual catcher on each run and its
activity was subtracted. A constant radioactive source
was used at intervals during each run to check the con-
stancy of the counter.

Curve E (thermal and low energy fast neutrons) agrees
excellently with Frisch’s equation (Table I) and thus with
Bjerge's curves for both thermal and fast neutrons.

The shape of the other curves does not vary rapidly
with energy, although numerous additional products® are
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TABLE 1. Relative number of counts from decay products.

MiN.
AFTER | FRriscH | FRISCH F
IRRADI- 60 100 BJERGE
ATION MIN. MinN. A B C D E ET AL
4 28.1 20.4 36.6 {33.7 |31.4 [30.4 (28.0 19.7
10 17.6 13.5 23.5 |22.0 {20.4 |19.3 [18.6 13.2
20 11.6 9.3 15.3 [14.4 |14.2 |15.5 [12.3 9.81
40 6.97 5.98 8.06| 7.85| 7.55| 7.78] 6.98 6.05
60 4.92 4.40 5.28| 4.95| 5.06| 4.99| 4.64 4.29
100 3.15 2.93 2.94| 2.84| 2.80| 2.86| 2.79 2.66
140 2.25 2.14 2.11{ 2.08| 2.15| 2.06| 1.95 2.02
180 1.74 1.68 1.58) 1.58| 1.61{ 1.51| 1.56 1.62
240 1.27 1.26 1.25( 1.19| 1.25| 1.20| 1.18 1.26
300 1.00 1.00 1.00| 1.00| 1.00| 1.00| 1.00 _—

known to result from fission at high energies. There does
seem, however, with increasing energy, to be a definite
tendency towards shorter periods (Table I) which amounts
to nearly 30 percent in the case of bombardment with Li
neutrons. Since these are composite curves of many
parent and daughter products, a 20-30 percent change at
4 to 10 min. might indicate a considerably larger increase
at 3 to 1 min. It thus appears that not only are new
products formed, but also the new parent substances have
shorter periods, and their probabilities of formation are
relatively large at neutron energies of 10-25 Mev.

Circumstances have prevented the continuance of this
work such as the investigation of very short periods and
of the irregularity in curve D and a conclusive check on
the Joliot-Bjerge discrepancy. Because of larger intensities,
the Copenhagen results are probably more reliable.

The author wishes to express his gratitude to Professor
Joliot and to the Institute of International Education and
Williams College, under whose auspices he was privileged
to work in Paris, and to acknowledge with deep apprecia-
tion the kindness of Harvard University, and the assistance
of Drs. I. A. Getting, E. P. Clancy and L. Fussell.
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the fission was 15 percent less for D than for C, 20 percent less than
for B, and <1 of A.
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Lifetimes of Nuclear Levels with Respect to
Electric Multipole Radiation

IRVING S. LoweEN
Washington Square College, New York University, New York, New York
May 1, 1941

HE liquid drop model has been used to estimate the
lifetimes of nuclear excited levels with respect to
electric multipole y-ray emission involving various changes
in angular momentum and different excitation energies.!
The purpose of this note is to give the results of a calcula-
tion of these lifetimes by a method which avoids some of
the approximations usually made, beyond those already
embodied in the liquid drop model. The distortion of the
nucleus is assumed to be given by
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TABLE 1. Lifelimes of nuclear states for various excilalion energies and
angular momentum changes.

ENERGY
oF Ex- CHANGE IN ANGULAR MOMENTUM
CITATION
(EV) =2 1=3 =4 1=5
104 1.5 X103 sec.  0.83 hr. 3.5X10% yr. 2.0 X108 yr.
5X104 [2.3 X1078sec. 0.20 sec. 33 days 2.0 X108 yr.
20 X104 |9.3 X101 sec. 4.8 X1075sec. 43 sec. 1.9 yr.
l=c P Al
m
I',—I'=G,2V > Tylm(oy Qo)(_') ’ (1)
1=2,m a

a being the nuclear radius, Y. a real spherical harmonic
normalized to unity, while r’ represents the vector to a
point in the distorted nucleus whose position in the undis-
torted nucleus is given by r.2 Since in an excited state, the

o's will be given by =i sinwif, the total energy of
these vibrations is
3a? 221
E=SC4m s Lol 2L
2w !

=2,m

A M being the mass of the nucleus.?
We make use of the classical expression for the rate of
radiation from such a system of currents

1
— 1l2
1—8——7rfln><]| dQ,
where

j= fio(r) exp(iwr-n/c)dr,

provided the current density at r is given by jo(r) coswt.
In the evaluation of this integral for j, it is convenient to
use the expansion

(kr)
ekz=2 (214+1)i(w/2kr) T 143 Pi(cosh),

the amplitude of the current density being obtained from
(1). For the Ith mode of vibration, we have

07262 a(l?,)z 1+1 wiltegel

87 cHUT1(21+1) 12-32. .. (20—1)%

where it has been assumed that all the a’s belonging to a
given I and different m values are equal. In obtaining this
result, the integral for j has been evaluated by retaining
only the first term in the power series expansion of the
Bessel function.*

For the mean lifetime 7; of a level with given ! value,
we have

1_32% 1+l (aw/O)¥

4T AMar1E-3r---Q+1)E

We have calculated the lifetimes in Table I from this
formula for the case of Hg, using a radius a=}A43e?/mc?.
In conclusion, I should like to acknowledge my indebted-
ness to my colleague E. Feenberg for helpful discussions.

1H. A. Bethe, Rev. Mod. Phys. 9, 226 (1937).

2 Terms in [ =0, 1 are absent because of the conditions of incompres-
sibility and fixed center of gravity.

3 Strictly, the frequencies occurring here are determined by the
surface and Coulomb energies, whereas we regard them as parameters.

4 In the derivation of Bethe mentioned above, an order of magnitude
estimate of the integral is used.



