LETTERS TO THE EDITOR

curves correspond to the different values of the
magnetic field given in the figure. While for
small values of the field the angular dependence
Eq(0) approximately satisfies Eq. (1), at large
values of the field (H > 6000 oe) it behaves
anomalously. The value of the emf goes through
a minimum at 6 = /2, shows a maximum at 6
= 54° and 126° and decreases to zero at 6 = 0°
and 180°.

It is essential to note that the dependence of
the even photomagnetic emf on the magnetic field
is different for different angles 6, as can be seen
from Fig. 2. Along the ordinate axis we have
again given the extremum values of the even
photomagnetic emf. For 4 = n/2 (the plane of
the specimen is then parallel to the magnetic
field) the even photomagnetic emf reaches satu-
ration in relatively small fields, H = 6000 oe. At
6 = 80° the value of the field for which saturation
is reached is equal to 10,000 oe. For larger
angles 6 saturation does apparently not set in
until fields which are larger than those attained
in our experimental conditions are reached.

Qualitatively similar curves have been obtained
for the emf produced when illumination is replaced

Eq,mv

6=120°60"

130, 50

107 70°

/ o | mear

100; 86

90°

0 H 103 0e

FIG. 2

1023

by an electrical current from an external emf
source flowing through the specimen, in the direc-
tion of the incident light.

At the moment we cannot suggest a satisfactory
explanation of the observed anomalies. It is pos-
sible that they are connected with the presence of
many carrier effective masses? each of which
‘“‘shows up’’ at an appropriate angle 6.
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IF the emission of a y quantum by an excited nu-
cleus takes place in the presence of one or sev-
eral nuclei of the same type, it becomes possible
for the y quantum to ‘‘wander’’ inside such a sys-
tem. As will be shown below, in many cases this
may lead to a change in the observed frequency
and to a damping of the radiation (see also refer-
ence 1). It is assumed that the nuclei can be re-
garded as isotropic classical oscillators.

1. We consider the question of the radiation of
a nucleus which is a component of a symmetric
diatomic molecule, the axis a of which is fixed
in space (a > A, where A is the radiated wave-
length) . The radiation field of such a molecule
at a point far from the molecule and at an angle ¢
to its axis (which is assumed directed from the
oscillator with dipole moment P, to the oscilla-
tor with dipole moment P;), can be determined
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by solving the system of equations
Py(t) -8B, (t —a/c) + 27P, (t) + 0P, () = 0,
Py (t) L8P, (t —a/c) -- 2vP, (t) + 0P, (t) = 0,

7 (Bt = Q) TP (=2 )] @

where y = 7/2, 7 is the average lifetime, B
= (3/4m)(A/a)(y/w), and the distance R, is
measured from P,. For the sake of simplicity
we assume here that the radiation is polarized
in a plane perpendicular to the axis of the
molecule.

We specify the following initial conditions:

Py(t) =Py (t) =
P (0) =

E (Ro, t) -~

0 for £ <O,
Aéko, Pk(o) =0, k=0.1. (2)

The solution of the system (1) with initial condi-
tions (2) leads, accurate to quantities of order
v/w, to the following result:

Py (t) = % Afcos @, texp (— | 11| ) + cos ot exp (—| Tlt)],

Py (t) = %A [cos ,f exp (—iv1 | £) — cos wof exp (— |12 [£)],
@)

where

o, =m(1—§[3cosf°7a), mz:m(l—l—%ﬁcos “—?),
= —T+;“Bmsin%<0.
(4)
Substituting (3) into the expression for the field in-
tensity E from (1), we see that a rather compli-
cated time-dependent situation results and, in par-
ticular, the decay curve is non-exponential, be-
coming such only after the lapse of a time

n=—71—Bosin® <0, 1

T>1/|11— 12| =1/Be|sin(ea/c)]|.

The corresponding decay constant is less than vy
by an amount

?’—zﬁsinTa (Si Z sin ~—)~(
It is obvious that the initial assumption, that the
position of the molecule axis is fixed in space, is
not essential for these conclusions.

2. In order to obtain an idea concerning the
radiation of an excited nucleus contained in a
crystal, we consider the subsidiary problem of
the radiation of an oscillator contained in a one-
dimensional chain with a period a. This problem
already includes all the characteristic features
inherent in the radiation from a crystal. At the
same time, it can be completely solved in ana-
lytic form.

In order to obtain the radiation field at a cer-
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tain point, we must know the function

_s1 Rk)
FU)‘%F!IP"(’_T , (5)
where Ry is the distance from this point to the
k-th oscillator, and the summation is carried out

over all the oscillators of the chain. It is easy
to see that F (t) obeys the following equation

FO+833 prs ,Pk+n(f— 1 2)

kR n+0

-+ 2vF (¢) + @?F (t) = 0. (6)

In the case when the distance to the point of obser-
vation is much greater than the length of the chain,
equation (6) can be rewritten in closed form:*

"X 1 ..(t_a|n|+bn)

c

-+ 2¢F (t) + @?F (t) = 0, (7)

where b = a cos ¢4, and ¢4 is the angle between R,
and the axis of the chain, which is assumed di-
rected towards positive indices k. If we specify
an initial condition analogous to (2), the solution
of (7) will have the following form:

F(t)~ Aexp(— |71 (9)|#)cosw (D¢, (8)
where
0(9) = oft + Einf4sin ©GFD 4 POELO

% [4 sinz® (a2: b) + 12 (8) (@ —b)? J} ,

c?

1(@®) = —r+gos{{@mt 1) 2eEN)

+[@mt 1) n— 22 (9)

Here nq and n, are integers, which must be chosen
such that the absolute values of the expressions in
the square brackets in (9) do not exceed .

It is seen from (8) that at each angle there is a
different frequency w (+#), and different damping
v(#). It is interesting to note that the character
of the dependence of w and y on 4 recalls the
distribution of intensity in the case of diffraction
by a one-dimensional grating. The change in fre-
quency is

Ao =|0—0(0)|~aeB/4=3/16x)Ay/a. (10)

However, near angles ¢ for which sin [w(a+b)/2c]
~ 0, its magnitude becomes considerably greater.
From (9) we get that

max ||y (8)| — 1|~ 3YA/8a, (11)
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that is, the change in the damping can become quite
appreciable. As time goes on, the radiation re-
mains only at those angles corresponding to mini-
mum damping.

In conclusion, we give an equation for the am-
plitude x (t) of the radiation from a crystal with
cubic lattice at a point the direction to which is
given by the vector m, |m| =1:

X0+ 83 [t — ¢ (k| + km)]
k - a
—8.2 pll k[ — £ (k| + km) )

4+ 27% (¢) + 02X (£) = 0. (12)

The similarity between (7) and (12) gives grounds
for expecting that their solutions will also be es-
sentially similar. The described variation in fre-
quency can be observed, in principle, by the pro-
cedure proposed by Mossbauer.23

The authors are grateful to V. I. Ogievetskii,
V. M. Fain, Ya. I. Khanin, D. S. Chernavskii, and
F. L. Shapiro for participating in a discussion of
this work and for significant comments.

*For fthe approximations made in the derivation of (7), it is
also necessary that the condition 1 + cos ¢ > 2ry/w be satis-
fied; this condition is violated only for angles ¢ which are ex-
ceedingly close to 4 =0 and ¢ ==,
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THE article by Budyanskii! contains the general
form of the scattering matrix of a particle with
spin 4 by a particle with spin 1, and 12 observ-
able quantities are calculated, making up one of
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the possible complete sets of experiments. It
appears to us that this matrix has not been writ-
ten down quite correctly.

Using the Oehme method? we can write the ma-
trix for the scattering of nucleons on any target in
the form

M=a-+bon-+com-+dsl (1)

(the notation is the same as used by Oechme?). The
coefficients in (1) should have the following form:

a = Otll + U«zsn + 0633;)’7, + dr4S%,
b =BuJ -+ B2Sn + BsSh + BaST,

d = 8,8, -+ 65 (S:S: + SiS»)-
(2)
If we transform the scattering matrix given by
Budyanskii! to the form (1), we obtain

a= A + ASu + A3 (Sh -+ Si),
b = Byl - BsS, + B3 (Sm + S1),

= TlSm -+ T2 (SnSm -+ SmSn)y

C = Clsm + CgSnSm "{‘ C3SmSny

d= DlSl -+ DZSnSl + DgS[Sn. (3)

It is obvious that no general considerations lead to
a3 = a4 and B3 = 4. On the other hand, the com-
plete system of orthonormal basis matrices of the
spin space of the particle with spin 1 do not con-
tain expressions of the type SjSk and SkS; indi-
vidually, but of the type S;Sk + SkS; (see, for ex-
ample, reference 3), and consequently one must
assume Cy = C3 and Dy = D3. The number of
complex scalar coefficients should actually be 12
(this follows from general relations given by
Puzikov*), and this is satisfied by the scattering
matrix both in form (2) and (3). It is naturally
necessary to use the formula (2), and not (3), for
all calculations and suitably correct all the ex-
pressions for the cross sections, the polarization,
and the correlation functions obtained in refer-
ence 1.
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