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A science session of the Division of General Physics
and Astronomy of the USSR Academy of Sciences was
held on April 26 and 27, 1972, in the Conference Hall of
the P. N. Lebedev Physics Instifute. The following pa-
pers were presented at the session:

1. E. P. Aksenov, E. A. Grebenikov, V. G. Demin,
G. N. Duboshin, and M. D. Kislik., Current Problems
and Methods of Celestial Mechanics.

2. V. B. Braginskii, A. B. Manukin, E. I. Popov,

V. N. Rudenko, and A. A. Khorev. Search for Gravita-
tional Radiation of Extraterrestrial Origin.

3. V. 1. Pustovoit. Effects connected with Phonon
Production in Semiconductors.

4. L. V. Dubovoi, A. G. Smirnov, V. G. Smirnov,
and D. I, Stasel’ko. The Use of Holography for Investi-
gating Processes in a Thermonuclear Plasma and in a
Moving Arc Discharge.

We publish below summaries of three papers.

V. B. Braginskii, A. B. Manukin, E. I. Popov, V. N.
Rudenko, and A. A. Khorev. Search for Gravitational
Radiation of Extrateresstrial Origin. 1. This paper
presents the results of the first series of measurements
on two gravitational antennas for the purpose of detect-
ing against the background of Brownian oscillations
spontaneous responses induced by gravitational radiation
from extraterrestrial sources. The antennas, whose
parameters were close to the parameters of Weber’s
antennast* (m =1.3 x 10° g, fquadr = 1640 Hz, Q = 10°,
relaxation time 7* = 20 sec), were placed in vacuum
chambers (p < 1 x 10™* Torr) separated by a distance
of 20 km. The anti-seismic insulation of the antennas
was the same as in the investigations[lj . In contrast to
the investigations“] , we used modulation capacitive
displacement transducers to measure the small quad-
rupole vibrations of the antennas; int*) piezoelectric
gauges recorded the strains. The capacitive transducer
converted & vibration amplitude of 4.5 x 10™** em (this
corresponds to 0 gnqawn, the root-mean-square (rms)
amplitude of the Brownian oscillations) into a radio-
frequency signal of amplitude ~ 4 x 1077 V.

The construction of the transducer and the arrange-
ment for the absolute ponderomotive calibration of the
antennas are described in detail in{*), The amplitude of
the vibrations was recorded on a photographic plate
from an oscillograph (the drawing speed was
0.6 mm /sec and the diameter of the beam spot was less
than 0.2 mm), and this allowed us to distinguish on the
photoplate, without using an electronic coincidence cir-
cuit, vibration-amplitude variations with a time resolu-
tion not worse than 0.3 sec. The recording apparatus
of each antenna was located near the antenna, in con-
trast to the investigations[” . The recordings were
synchronized with the aid of precisely-timed radio sig-
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nals and with chronometers in the intervals between the
clock markings of the radio signals.

2. Analysis of the simultaneous recordings of 20 days
yielded the following results:

a) The sensitivity of the transducers allowed the
measurement of a 2 x 10™*-cm change that occurred in
a time interval 7 = 2 sec in the amplitude of the quad-
rupole mode of the antenna vibrations. This amplitude
change corresponds to the rms fluctuation drift §x,
= 0Rpown'27/7* & /20 ppown Of the amplitude of the
Brownian oscillations (for details, see[ﬂ).

We have verified for temporally long (of the order of
300 7*) sections of the recordings the validity of two
hypotheses: I) does the measured absolute rms value
of the amplitude of the vibrations correspond to ¢ gyown
II) is the vibration-amplitude distribution a Rayleigh
distribution with the dispersion precomputed from the
known m, T, and fquadr? No statistically significant
disagreement was detected between the experimental
results and the predictions corresponding to these hypo-
theses (F- and K(A)-criteria were applied).

b) We detected the occurrence in both antennas of
relatively infrequent bursts of vibrations of clearly
nonthermal origin (whose frequency exceeded the statis-
tical predictions). The statistics of these bursts is
characterized by the following data: 1) a sharp ampli-
tude change 6x, occurs on the average 100 times a day
for 6x0 = 30 goun ina T = 2-sec period and 20 times a
day for 6% = 50gpowp in @ 7 = 2-sec time interval;

2) the 30 prown level (with a rise time of from 0 to 20
sec) is exceeded on the average 100 times a day, the
50 grown level, 40 times a day; statistically, the

30 Brown level is expected to be exceeded 100 times in
a day, the 50 growp level, once in 10 days.

¢) Using different methods of analyzin% hotorecord-
ings (including the method used by Weber''”, through
collation of the photorecordings, but without the use of
an electronic gating device), we were not able to detect
coincident bursts to within 0.5 sec.

About 30 ‘‘suspicious places’’ were noted which
corresponded to the occurrence of bursts (6%, > 20)
with a time lag of between 0.3 and 10 sec, ‘‘coincidence
to within 1 sec’’ being satisfied in several cases. How-
ever, the vastly different structure of the bursts (shape,
rise time) does not allow us to consider these events as
a reaction to the influence of one and the same source.

Note that in the investigations‘*, 1—2 coincidences
per week were observed in the first series, while in the
subsequent series 1—2 coincidences per day were ob-
served; to within 0.2 sec the amplitude of the bursts
was equal to or exceeded the 30 gpgyy level. If we as-
sume that the duration of the expected gravitational
radiation bursts is roughly 2 sec, then we may detect a
density flux of 1 x 107 erg/sec x cmz; if the bursts last
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longer: 5—10 sec, then the detectable density flux is
correspondingly equal to (5—2) x 10° erg/sec x cm®. It
is not difficult to estimate that the attained level of
sensitivity is 1.5 orders of magnitude worse than the
potential sensitivity of an antenna with such f, Q, and m
(for details, seel®]). This is due, on the one hand, to
the relatively high level of nonthermal bursts and, on
the other, to the inadequate resolution of small dis-
placements because of electronics noise (6x, = 2 x 107
cm).

The discrepancy between the results obtained in this
series of measurements and in the investigations'') is
possibly explained by the nongravitational effects des-
cribed in the papers‘*3,

The authors take this opportunity to express their
gratitude to Ya. B. Zel’dovich, G. I. Petrov, M. A,
Sadovskii, B. T. Vorob’ev, and V. N. Martynov for
valuable discussions and help in the work.
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V. L. Pustovoit. Effects Connected with Phonon
Production in Semiconductors. We consider effects
which arise in semiconductors in a strong electric field
and which are connected with phonon production. It
turns out that a magnetic moment should appear in a
homogeneous semiconductor crystal located in an elec-
tric field which is strong enough for phonon generation
to occur (the electroacoustomagnetic effect“]). Phys-
ically, the magnetic moment is due to the appearance of
a rotational current component generated by the extra
force which the phonons produced exert on the elec-
trons. For a rotational current component to appear, it
is necessary that the directivity diagram for the phonon
radiation inside the Cerenkov cone be nonsymmetric
about the direction of the drift velocity vector. The ob-
servation of the electroacoustomagnetic effect (it has
not as yet been experimentally detected) will be easiest
in piezoelectric semiconductor crystals in which a
sufficiently strong electron-phonon interaction exists
and in which, furthermore, one can always ensure the
necessary anisotropy of the directivity diagram of the
phonon radiation by the proper choice of the crystal
orientation.

To explain the physical essence of the electroacousto-
magnetic effect, let us consider the equilibrium condi-
tions for a unit volume of the electron gas under the
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conditions when phonon production arises:

enE — VT — mvnv = 0;

(1)
here e is the charge, m the electron mass, n the elec-
tron concentration, v the effective rate of collision of
the electrons with the scattering centers, v the velocity,
T the absolute temperature in energy units, and E is
the electric field (in the low-frequency case being con-
sidered here the inertial terms are, naturally, unimpor-
tant). In the presence of phonon production the electron
concentration n(r, t) and the electric field E(r, t) fluc-
tuate with amplitudes proportional to the amplitude of
the generated sound waves, and therefore we must as-
sume that

E(ryt) = Eg+ E_(r, ), n(r, ) =no+n_(, 1),

()
no and E 4 being here slowly varying functions of the
coordinates and time. Now substituting (2) into Eq. (1)
and averaging over time and space, we obtain the equili-
brium conditions (1) in the form

1.
Ea——al‘*‘F:Oy 0= f:g , (3)

where j = {env) is the average value of the current den-
sity and enyF = e{(n_E_ ) is the density of the so-called
acoustoelectric force exerted by the generated phonons

on an element of volume of the electron gas. It is pre-
cisely the appearance of this force that changes all the
properties of a crystal in an external field. The elec-
tric field E4 is a potential field; therefore, from (3)
follows immediately the relation

rot j = og rotF,

(4)
from which we can see that when rot F £ 0, a rotational
current component arises in the crystal and, as a re-
sult of this, a magnetic moment appears in the sample.

We consider the anomalous Hall effect in a semicon-
ductor located in a strong electric field and show that
under the conditions of phonon generation the experi-
mentally measurable Hall constant R, given by the re-
lation R = Ef;/JB, where E is the Hall emf, J is the
current in the source circuit, and B is the magnetic field
(we have in mind a Hall open sample in the form of a
parallelepiped, in which B is directed along the z axis,
J along the x axis, and the Hall emf is measured along
the y direction), sharply decreases, changes sign, and
increases in absolute value. As in the case of the elec-
troacoustomagnetic effect, such behavior of the Hall
constant is due to the appearance of the extra force ex-
erted on the electrons by the generated phonons[ﬂ.
Such anomalous behavior of the Hall constant was re-
cently discovered in p-tellurium (seet®}),

Phonon generation in a strong electric field leads to
a sharp change in the scattering of x-rays, y-rays, and
slow neutrons‘®J, The random motion of the atoms in a
crystal lattice leads to a decrease in the structural-
scattering intensity and, furthermore, to the appearance
of a diffuse peak in the scattered radiation. In a strong
electric field, when the generation of nonequilibrium
phonons appears, the random motion of the atoms and
nuclei sharply intensifies and the intensity of the struc-
tural scattering peak decreases sharply, while the pro-
portion of the diffuse scattering increases. It is signifi-
cant that the characteristic generation time for the non-
equilibrium phonons can be fairly small (this is the




