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uring the parallax showed that in our geometry 
{stereoscopic base equal 10.6 em, distance of the 
camera to the object equal 120 em, and magnifica
tion lOx), the z coordinates of the luminous cen
ters can be determined accurate to several milli
meters. 

The new method of spark chamber operation en
abies us therefore to reconstruct the charged par
ticle tracks in space, and also to detect showers 
{Fig. 3), making the spark chamber a true track 
detector comparable with such classical instru
moments as the cloud chamber. 
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TaE authors have previously [iJ called attention 
to the fact that the oscillation spectrum {i.e., the 
spectral density of the mean square of the dis
placement) of an isolated heavy impurity atom 
with m' /m » 1 {m' and m are the masses of 
the impurity atoms and the ideal-lattice atom) 

FIG. 3 

In conclusion the authors express their deep 
gratitude to E. L. Andronikashvili for stimulating 
the present work and his constant interest in it. 

Note added in proof (August 20, 1963). During the course 
of further work we were able to make the single and shower 
tracks identical by specially shaping the high-voltage sup
ply pulse. 
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has a sharply pronounced resonance character, 
being localized near the frequency 

x0 =wg;w;,ax= lj[e[(x-1 ). {1) 

Here x = wfuax, E = 1 - m' /m, ( ) denotes aver
aging over the phonon spectrum of the initial ideal 
lattice {matrix ) , and Wmax is the upper limit of 
this spectrum. It is precisely this circumstance 
that has made it possible to obtain a limiting ex
pression for the probability of the Mossbauer ef
fect on a heavy impurity nucleus {see also [2J). 
An analogous result was obtained later in [3, 4]. 

It turns out that such localization of the spec
tral density of the oscillations brings about a no
ticeable increase {compared with the ideal lat
tice) in the specific heat at low temperatures, 
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even at relatively low concentration of the heavy 
impurity atoms. Physically this is connected with 
the fact that for frequencies close to (1) the tran
sition to the classical limit occurs much earlier 
than for the main part of the phonon spectrum of 
the matrix. 

Let us consider a monatomic cubic matrix 
(a lattice of arbitrary symmetry can be consid
ered analogously), in which part of the atoms is 
replaced by the relatively heavy impurity atoms 
(m' /m > 1 ), the concentration TJ of the latter be
ing small ( TJ « 1 ). Neglecting, as usual, the 
change in the force constants, we obtain for the 
specific heat of such a crystal (per particle) 
(see, for example, [5]) 

c (T) = c0 (T) + Llc (T), 
1 

Llc (T) =- 3YJ ~ aza;x) <p (x, T) dx, (2) 
0 

where 

<p (x, T) 

('liwmax)2 (liwmax Vx) [ (liwmax Vx) J-2 = kx --w- exp kT . exp_ kT - l , 

1 

1 -1 [ 1 (t I fg(x')dx')] z(x) = - n cot 1t I B I xg (x) + e I X X- x' ' 

0 

we arrive at the relation 
1 

~ az(x)d ~ l a x~ . . 
X 

ax, 

It follows immediately that if T does not exceed 
several times T 0 = IX; tiwmax /k ( x0 « 1 ) , then 
we can use (4) for az/ax in the calculation of the 
change in the specific heat (2). We present there
sults of the direct analysis. 

1. Let T « T0• Then only the frequencies x 
« x0 are significant in (2), and we get 

~c (T)jc0 (T) = 3/2lJ I e I· 

Thus, the relative change in the specific heat turns 
out to be % I E I larger than the concentration of 
the impurity atoms. 

2. Let T ~ T 0• Then, obviously 

~c (T) = 3l]<p (x0 , T). 

The function <p (x0, T ), which is the specific heat 
of an oscillator of frequency IX; liwmax• is close 
to its classical value when T > T 0, so that 

~c (T) = 3'1]k, 

If we use the standard expression for the low-tem-
perature limit of the specific heat c0 ( T), then 

(3) Then, in particular, putting approximately tiwmax 
= k®, we get 

The remaining symbols are: g(x) -distribution 
function of the squares of the matrix frequencies, 
normalized to unity, and c0( T) -specific heat of 
the matrix per atom. 

Let us analyze the behavior of the functions 
z(x) for IE I » 1. We consider a region x » 1 
containing the point x0 for which, in particular, 
the representation g( x) = d -IX ( d = const) is 
valid. It is easy to see that z ( x) falls sharply 
in a very narrow interval ~ 3x0 from the value 
z( 0) = 0 to 

d ( 3 )'/, z(3x0) =-1 + --,-1 < -•> · 21el • x 

The derivative - Bz/Bx has in this interval a 
sharply pronounced o-function form: 

az =- .!_ ndx'1•f<x-1 > .!_ (3 ~- t) 
OX Jt (x- Xo)2 + n 2d2x" <x '> 2 2 X " 

Bz/Bx vanishes when x f'::i 3x0 and reverses sign 
for larger x. Recognizing that 

1 s.-, 
~ aza~) dx = z (1)- z (0) = 0, \ az(x)d ~ -1 

J ax X- ' 
0 

(4) 

(5) 

Ac (To)_ ~ ( -I)'/, J I'/, 
co(To) -lJ4rr4 X 8 • 

(In the Debye model (x-1) = 3 ). 
By way of an example let us consider a solid 

solution of tungsten in beryllium (m' = 184, m = 9, 
® = 1000°K). We readily obtain 

With further increase in T, we have L}.c ( T) - 0. 
This can be readily verified by recognizing that 
<p (x, t) - k as the temperature increases and tak
ing also the first equation of (5) into account. 

We note in conclusion that anomalies will occur 
in the analogous case in the kinetic phenomena, too. 
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A light beam transmitted through an anisotropic 
material located in a Kerr cell (condenser, seg
ment of wave guide, resonator) is modulated in 
frequency and amplitude [1] if a variable field is 
applied to the Kerr cell. 

The use of the Kerr cell as a light modulator 
has been considered frequently, [1- 5] especially 
in recent years, as a method of modulating co
herent optical radiation. [3, 6] In the present note 
we propose a new method for determining the re
laxation time of the anisotropy based on measure
ments of the intensity of the components of the 
amplitude-modulation spectrum of the light trans
mitted through a Kerr cell. 

Optimum amplitude modulation of the light is 
realized when the principal directions of the po
larization device form an angle of 90° with each 
other and an angle of 45° with the electric field 
(another case of optimum amplitude modulation 
corresponds to parallel orientation of the princi
pal directions of the polarizers and an angle of 
45° with the field direction). The field of a light 
wave transmitted through the polarizer, Kerr cell, 
and analyzer is expressed as follows: 

+L/2 

. {'k \' } Ya = Y p SID 2 j (np- n,) dx 
-L/2 

+L/2 

x exp {i [ wt - ~ ~ (np + n,) dx ± ~ ]} , (1) 
-L/2 

np = n +--} 'AB£2 (t), ns = n- T 'AB£2 (t), (2) 

where Yp is the amplitude of the field leaving the 
polarizer; k and w are the wave number and fre
quency of the light; L is the path length of the light 
in the electric field; np and ns are the refractive 
indices for light with electric vector parallel and 
perpendicular to the electric field E; n is the re
fractive index in the absence of field; B is the Kerr 
constant and i\. is the wavelength of the light. 

If the frequency of the electric field Q » 1/ T 

( T is the relaxation time of the anisotropy) the 
molecules cannot follow the field variations and 
Eq. (1) will not contain frequency-dependent com
ponents, but will only exhibit a constant (de) com
ponent; the spectrum of the transmitted light will 
only contain the frequency of the incident light. 
However, if UT « 1 the transmitted light will con
tain all the components of the modulation spectrum 
with maximum intensity. In the intermediate case 
UT- 1 the strengths of the amplitude-modulation 
components will depend on Q or, for fixed U, on T. 

In order to describe the effects quantitatively 
we assume that Yi = (ni -n) [where (ni -n) is 
either np - n or ns - n at a definite point in the 
Kerr cell] and is given by the following equation: 

dy;+_!_ ·=_!_b·'AB£2(t) 
dt -r. y, -r. l • 

l l 

(3) 

Here, the subscript i = p or s, with 

If dyi/dt = 0, then Yi = biBE2(t) and we obtain 
Eq. (2); however, if the field E is switched on and 
off instantaneously, i.e., if E = 0 in Eq. (3) then 
Yi = y~ exp (- t/ T) and the artificial anisotropy 
produced by the field decays exponentially. 

We assume for simplicity that E(t) does not 
contain a de term and is expressed by the har
monic function E ( t) = E 0 cos m. Solving Eq. (3) 
for this case we have 

y; = f-b;B'AE~{l + [l + (2Qt)2-r7r'1'cos(2W + cp)}. (4) 

Here, cp is the. phase shift between the electric 
field and the double refractor with tan cp = 2UTi. 
The usual methods for determining Ti are essen
tially different ways of determining cp • 

To determine the quantity 1/J = J L/1
2 ( ni - n) dx 

-L 2 

we must integrate Eq. (4) in the direction of the 
light beam within the limits - L/2 and L/2 with 
the origin of coordinates taken at the center of 
the element. Account should also be taken of the 
fact that t = nx/ c in Eq. (4) while the phase of the 


