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dicates that quite moderate compressions and 
relatively low illuminations of the sample pro­
duced a potential difference of 20 mV varying, 
within the experimental error, linearly with the 
load. On repeated tests, the effect was found to 
be fully reproducible. The PPE potential differ­
ence under a constant load varied linearly with 
the illumination intensity. The dependence shown 
in the figure was obtained by illuminating that 
sample surface which was oriented along the 
crystallographic plane (111), with the direction 
of the applied stress coinciding with the projec­
tion of the [100] axis on this plane. 

The effect described here is obviously due to 
the anisotropy of the diffusion coefficient of car­
riers, caused by the unidirectional deformation of 
the crystal. 1> The carrier diffusion is due to the 
difference between the carrier densities at the il­
luminated and unilluminated surfaces of the sam­
ple. The following tests support this explanation. 

A. On rotation of the test sample by 180° about 
an axis coinciding with the direction of the applied 
deforming force (keeping the direction of illumina­
tion and the measuring electrode positions fixed ) , 
the sign of the potential difference changed. 

B. On rotation of the sample by 90° about the 
same axis and under the same experimental con­
ditions, the potential difference decreased by more 
than one order of magnitude. 

C. The effect was negligibly small in a sample 
cut in such a way that the illuminated surface co­
incided with the crystallographic plane (100). 

The same tests may be regarded as a proof that 
the effect described here cannot be ascribed to 
phenomena of the photovoltaic type which appear 
in inhomogeneous semiconductors. At present, 
we are continuing detailed studies of the PPE in 
germanium and other semiconductors. The PPE 
may obviously find practical application in those 
cases where the normal piezoelectric effect in di­
electrics is used. 

l)We have recently learned that such an effect has al­
ready been considered theoretically by van Roosbroeck and 
PfannJ•]. 

1 W. van Roosbroeck and W. G. Pfann, J. Appl. 
Phys. 33, 2304 (1962). 
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LET us consider the effects of radiation of double­
frequency waves when small inhomogeneities of an 
isotropic medium are placed in an intense electro­
magnetic field E (t) = E0 sin wt. These effects are 
connected with the quadratic transverse polariza­
tion of particles under the effect of the Lorentz 
force due to the interaction between the variable 
dipole moment of the inhomogeneity and the mag­
netic field of the wave, and are not connected with 
the nonlinear properties of the medium. 

If the dimension a of the inhomogeneity is much 
smaller than the wavelength i\, then the dipole mo­
ment is 

8-1 
P (t) = 8 + 2 a3E (t) 

For simplicity we shall assume the inhomogenei­
ties to be quasispherical). This dipole moment is 
acted upon by a Lorentz force F = P x H/ c in a 
direction transverse to the electric field. This 
force is equivalent to the field intensity acting on 
the electrons Eeq ~ E/qNa (where Na -total num­
ber of atoms in the inhomogeneity, q -charge of 
the atom electrons responsible for the polariza­
tion), and equivalent to an external field* 

~ 1 ( 8 -1) a3 · x1 . 
beq (t) = (jN;;_ (8 + 2) c [EH] = 2T..q [E0H0 ] sm 2wt, 

*[EoHo] = [Eo X Ho]. 
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where K1 ( w) -coefficient of polarizability of the 
atom and 7t = c/ w. Since E 0 ~ H0 in a plane wave, 
the amplitude ratio is K = Eeq/E0 ~ K 1E 0 /27tq; for 
example, when 

X1 ~ qe / mwa2 ~ 10-2"cm3, 

7; ~ 10-5 cm, Eo~ 106 V/cm 

we have K ~ 10-6• The ratio of the intensity of ra­
diation of the second harmonic to the intensity of 
light scattering is equal to 

f2w = Nw (2w)4 = 16 ("'1 (2w) Eeq )2 ~ ( Eo)2 
I"' P2w4 X1 (w) Eo ]; 

and does not depend on the dimension of the small 
inhomogeneities. 

In the presence of many inhomogeneities (drops, 
fog, clouds, bubbles in liquids, fluctuations, dust) 
a noticeable radiation at double the frequency 
should be observed, and should be readily sepa­
rable from the intense scattered light. This sepa­
ration is especially easy if the fundamental fre­
quency lies in the invisible infrared band while the 
second harmonic falls in the visible part of the 
spectrum. 

INVESTIGATION OF ATTENUATION OF 
HYPERSOUND IN LIQUIDS BY AN OPTICAL 
METHOD 
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P. N. Lebedev Physics Institute, Academy of 
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Submitted to JETP editor May 23, 1964 

J. Exptl. Theoret. Phys. (U.S.S.R.) 47, 783-784 
(August, 1964) 

UNTIL most recently experimental investigations 
of the propagation of hypersound at ~ 1010 cps in 
liquids were carried out almost exclusively by an 
optical method whereby the fine structure compo­
nents of the Rayleigh scattering line were meas­
ured 1>. These measurements have made it pos­
sible to determine the velocity of the hypersound 
and to observe the sound velocity dispersion in 
liquids [3,4]. 

The hypersound attenuation could be estimated 
only by using these data and relaxation theory [s]. 

The width of the Mandel'shtam-Brillouin compo­
nents (shifted fine -structure components of the 
Rayleigh light-scattering line) is determined by 

For small inhomogeneities (a < 7t) the second­
harmonic radiation intensity depends very strongly 
on the dimension of the inhomogeneities I2w ~ a 6, 

but for a » 7t this radiation is weakened by inter­
ference and is not observed in the case of a homo­
geneous isotropic nonlinear medium, in which, as 
is well known, the second harmonic is not gener­
ated. The angular distribution of the second-har­
monic radiation over the inhomogeneities differs 
from the scattered light, since the dipole of the 
harmonic has a direction perpendicular to the di­
rection of the dipole that gives the scattered light. 

The phenomenon under consideration may turn 
out to be useful not only for a study of dispersion 
media, phase nuclei, or fluctuations, but also to 
disclose inhomogeneities produced by an ionizing 
particle in a bubble chamber or a cloud chamber. 

In conclusion I thank corresponding member 
A. M. Prokhorov and Professor M. S. Rabinovich 
for useful discussions. 
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the absorption coefficient of the corresponding 
hyper sound wave [3]. Therefore a direct me as­
urement of the width of the shifted fine -structure 
components makes it possible to obtain the coef­
ficient of hypersound amplitude attenuation. How­
ever, such measurements were hitherto impossible 
for lack of a sufficiently narrow spectral line to 
excite the scattered light. 

Such a narrow exciting line is now available, 
and measurement of the half width of the Mandel'­
shtam-Brillouin components, and consequently 
also the absorption coefficient of hypersound, be­
came possible. In this brief note we report on 
first measurements of this type. 

The investigated liquid was illuminated with a 
beam of the narrow spectral line A. = 6328 A. The 
light scattered by the liquid in a direction perpen­
dicular to that of the exciting light was guided to 
a Fabry-Perot interferometer, back of which was 
a camera to photograph the fine structure. Photo­
graphic photometry of the fine structure photo­
graphs yielded the intensity distribution in the 
fine structure components and their half-widths. 
The half-width found for benzene is ov = 0.01 em - 1 

and for carbon tetrachloride ov = 0.02 em - 1 (the 
apparatus half -width is excluded). It is easy to 
find from these results that the coefficient of 
hypersound amplitude attenuation of benzene at 
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