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TABLE I. Relative number of counts from decay products. TABLE I. Lifetimes of nuclear states for various excitation energies and
angular momentum changes.
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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 —,

' to 1 min. It thus appears that not only are new

products formed, but also the new parent substances have
shorter perzods, 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 ass&stance

of Drs. I. A. Getting, E. P. Clancy and L. Fussell.

' F. Joliot, J. de phys. et Rad. 10, 159 (1939).
~ T. Bjerge, K. J. Brostrj|jm and J. Koch, Nature 143, 794 (1939).
3 O. R. Frisch, Nature 143, 852 (1939).
4 The neutrons of curve C were considered to be of higher energy

than those of curve D because the activity of the control relative to
the fission was 15 percent less for D than for C, 20 percent, less than
for B, and (-,' of A.

~ Y. Nishina, T. Yasaki, H. Ezoe, K. Kimura and M. Ikawa, Nature
146, 24 (1940); Y. Nishina, K. Kimura, T. Yasaki and M. Ikawa,
Phys. Rev. 58, 660 (1940); 59, 323 (1941);E. Segre and G. T, Seaborg,
Phys. Rev. 59, 212 (1941).
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'HE liquid drop model has been used to estimate the
lifetimes of nuclear excited levels with respect to

electric multipole p-ray emission involving various changes
in angular rnomenturn and diEerent 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

a being the nuclear radius, I'I, 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. Since in an excited state, the
~ (o)

n s will be given by o.&„,=o.t sIn~tt, the total energy of
these vibrations is

3a' 2 (0)' 2l+12=—AM ~~ ~tatm2'- I=2 „, l

where

I=— n0&j 2dn,
1

j=fjo(r) exp(iu&r n/c)dr,

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

(kr)
e'~' = 2 (2l+1)z'(m/2kr) &JI+~ Pt(cos0),

the amplitude of the current density being obtained from

(1). For the lth mode of vibration, we have

9Z2e2 ~l ~i l+1 M2t+2a2I(0)

I=
Sar c2'+I l(2l+1) 12.32 ~ (2l —1)2'

where it has been assumed that all the n's belonging to a
given l 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. 4

For the mean lifetime vt of a level with given l value,
we have

1 3 Z'e' l+1 (a~/c)2t
4 c A Ma2 1'3' (2l+ 1)'

We have calculated the lifetimes in Table I from this
formula for the case of Hg, using a radius a= —,'A&e2/mc2.

In conclusion, I should like to acknowledge my indebted-

ness to my colleague E. Feenberg for helpful discussions.

~ H. A. Bethe, Rev. Mod. Phys. 9, 226 (1937).
2 Terms in l =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 en'ergies, whereas we regard them as parameters.
4 In the derivation of Bethe mentioned above, an order of magnitude

estimate of the integral is used.

AM being the mass of the nucleus. '
We make use of the classical expression for the rate of

radiation from such a system of currents


