To this end, an alternating magnetic field (4.8 kes) perpendicular to the light ray was applied
to the cuvette. The constant field of variable intensity was directed at an angle 45° to the
light-beam axis. With such an arrangement, the magnetic resonance was accompanied by modula-
tion of the transmitted light at the alternating-field frequency, and this served as the res-
onance signal [5].

Under the described conditions, we observed a distinct resonance signal with half-width
of several cps in a field of 5.2 Oe, which approximately corresponds to the published value
of the nuclear moment of Cd1l., The signal exceeded by two orders of magnitude the noise
level, the receiver bandwidth being approximately 1 cps.

We propose to investigate in the future the character of the relaxation processes in the
system and to attain a more complete orientation of the ensemble. The same method can be used
to orient Cd*'3. Cadmium is the third element (with mercury and helium), for which nuclear
orientation has been attained by optical means.

The authors are deeply grateful to M. P. Chaika for help with the work, and also to A.

M. Bonch-Bruevich for support and interest in this research.
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A. S. Davydov [1], followed by D. P. Grechukhin [2], considered the collective Ml transi-
tions of even nuclei. Their results were subjected to critiecism in [3] by Lipas, whose con-
clusions were subsequently repeated in [4,5]. We shall show below that this criticism is
incorrect, since not all the relations between the classical quantities are valid for quantum
operators.,

In phenomenological models of collective guadrupole excitations of nuclei one assumes
as a postulate that the motion of a nucleus can be described by the collective variables

A

a, and x n satisfying the symmetry and commutation relations:

2m 2
Yom = (-) oom?  Tom = (-) "2-m’ (1)
Tom “omt T Tomt Tom = -lhgmm' : (2)

The Hamiltonian of the system is accordingly written
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~ ~ A ~,

* ~
H (dém 2m) = 2B2 Z 2m 2m v (m2m)' (3)

Within the framework of these assumptions, the angular momentum operator of the nucleus

~

I“ is defined uniquely by the commutation relations for the spherical components of Iu (p = 0;

+1), namely:

AN A A K ”~
I I -I I =Hx.,/2¢ I in
(TR vV Tu V2 fvln "’ )
, P - T Iu—O, (5)
where
RN MY G Lo S
K (TR
HI -1 H=0 6
K i ? (6)
HI® - I H = 0. (7N

~ A ~

In addition, if ¥ is the eigenfunction of the Hamiltonian H(aém an), corresponding to the

M
state with total angular momentum A and projection A on the quantization axis, then
I v =n/NAFI) ™My (8)
TR VN . Mg A
A2 B
Py, =% AA+1) ¥, . (9)

~

Relations (4) - (9) define uniquely the structure of the operator Ip:

= me
= 1v/6 (- ) MlMQ l-p2m1 2m1 2m2 ) (10)

On the other hand, we can consider the angular momentum of a drop of ideal liquid
- -> >
=Je@@) [rxVlav; T (u=0,£1). (11)

Expanding L“ in a series in the deformation parameters (see [3]), we obtain

- (n)
L= rgo Lo (12)

(n)

o¥
In each term of the series Lu we go over from the classical quantities o, and B.®, to

2m 2 2m

the operators &

om and %2m’ and obtain then a sequence of operators

(n) , 7(n) . L 3 3n)
Ty Wk nEOIu ) (13)
~(0)

In this Sequence, however, only the term I

7(1)

the operators Z I

=T satisfies all the requirements (&) - (9),

does not commute with the Hamlltonlan H (with Z n Thus the series of

2(n)

~%

h a .
whereas I W&Q
is not a representative of the angular momentum of collective excitations
of even nuclel.

The magnetic dipole transitions are determined by the ML operator
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e d
A

M = 2% Il x Jp(r)]dV; ﬁ?“ (b =0, *1), (14)

where jp is the current of the nuclear transition.

Inasmuch as there are no other relations to limit the structure of the Ml operator,
the operator weu of the ML transition can in the general case be represented in the form of
the series

A~ «® ~
N ° g 10

wo 2Me mo R m 7 (15)

where g, are parameters that must be chosen in accord with the experimental data. In the
hydrodynamic model all the g, are equal to Z/A. Of course, in principle we can conceive of
collective-motion models in wiicn gy = 0, but this is already a consequence of the model struc-
ture.

With respect to the error contained in [1,2], in the expansion of L“ in powers of the
deformation parameters «,

2m
the expansion of the velocity potential X (see [3], formula (7)) leads only to a change in the

s it should be noted that the inclusion of the next higher terms of

numerical coefficient of the term fﬁl) by a factor 9/8. This correction has no principal sig-
nificance for our problem, and in addition the uncertainty of the coefficient g; is of the

same order.

More detalled results of the analysis will be published in the journal "Yadernaya fizika."

(1] A. S. Davydov and G. F. Filippov, Nucl. Phys. 8, 237 (1958).

{2} D. P. Grechukhin, ibid. %0, ko2 (1963).

(3] P. 0. Lipas, Phys. Lett. 8, 279 (1964).

(4] I. P. Davidson, Revs. Modern Phys. 37, 105 (1965).

[5] A. Faessler, W. Greiner, and R. K. Sheline, Nucl. Phys. 70, 33 (1965).

277





