
theory of the motion of the inner planets can be regarded
as an experimental verification of the general theory of
relativity by astonomical methods. Radar observations
of Venus were also used as a basis for experimental
verification of the relativistic effect that arises in de-
termining the orbit of the Earth and the target planet
from the measured distances when a Newtonian model is
used. This effect consists of a synchronous retardation
of the predicted motion of the Earth and the planet
around the sun. Its existence and approximate magni-
tude were predicted by analytic modeling of the orbit-
determining processes. For circular coplanar motion,
and on the assumption that equally accurate distance
measurements are concentrated in the neighborhoods of
two inferior conjunctions (oppositions) of the planet, the
secular variation in longitude over 100 years, AMj100',
which is the same for the Earth and the target planet,
is given by5
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where k = ai/a2, a^ and <% are the radii of the orbits of
the Earth and the planet, respectively, and n =1.477 km
is the sun's gravitational radius. Relation (1) is rep-
resented graphically in the figure. For the Earth-
Venus pair, Att£loo) = -2".31.

To predict the secular variations that correspond to
the aggregate of all real radar observations of Venus
distributed over the interval from 1962 to 1980 with
allowance for their error characteristics, the orbit-
determining process was modeled numerically. The
variations Att£lco) for the Earth and Venus were -2".13,
and -2".10, respectively, i.e., they came quite close
to the results of the analytic modeling. To obtain ex-

FIG. 1. Secular drift in longitude versus distance of target
planet from the sun (in astronomical units).

perimental verification of the relativistic effect, the
orbits of the Earth and Venus were determined twice
from actual data—using the Newtonian and relativistic
models. The secular variations Aw<100' for each of the
planets were determined from the difference between
the sidereal periods obtained for the Newtonian and
relativistic models. They were found equal to -2". 10
for the Earth and -2".07 for Venus. Thus, the relativ-
istic-effect magnitude predicted theoretically by
numerical modeling was confirmed accurate to 1.5% for
both the Earth and Venus.
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Yu. N. Pariiskii. Preliminary Results of an Extreme -
Depth Sky Survey at 7.6 cm. The RATAN-600 radio
telescope and a new 7.6-cm radiometer cooled by a
closed-cycle helium machine have been used in an ex-
tremely deep survey of a narrow strip of the sky at
declination 61950 = 4°53', 0<a<24 h . Several hundred
radio sources of nature as yet unknown were recorded
during twenty-four hours. Averaging of the data over a
one-month cycle of observations brought out thousands
of new objects. The curve of the number of sources
plotted against flux density (log N-log S), which was
constructed for the first time for flux ranges 0.86^
-IS^J,,, showedan unusual "depression" with the approach
to the level/mjj, (slope smaller than 0.3). The cause of
the sharp decrease in the surface density of the weak
radio sources remains unknown, although a simple
approach to the "particle horizon" in Friedmann models
of the Universe is sufficient to explain the behavior of
the logAT-logS curve. In addition to the USSR Academy
of Sciences, organizations of the Ministry of the Elec-
tronics Industry and the Ministry of Chemical Machin-
ery took part in the experiment.

G. A. Smolenskii, V. V. Lemanov, A. B. Sherman,
A. A. Dobrovol'skii, Yu. M. Gal'perin, and V. P. Kozub.
Acoustoelectronic Interaction in a Piezoelectric -
Secondary Electron System. Experimental and theoreti-
cal research on the interaction of surfaced acoustic
waves (SAWs) in ferroelectrics and piezoelectrics with
secondary electrons produced above their surfaces is
being pursued at the USSR Academy of Sciences Physico-
Technical Institute. This is work in the field of acousto-
electronics— the division of solid-state physics con-
cerned with study of the piezoelectric interaction of
acoustic waves with free carriers. The acoustoelectron-
ic interaction was at first studied for acoustic waves
propagating in the volume of a piezosemiconductor, but
later the research was extended to the case of SAWs,
where extensive implementation of a proposal of Yu. V.
Gulyaev and V. I. Pustovoit concerning the use of
layered piezoelectric-semiconductor structures sig-
nificantly broadened the usefulness of acoustoelectronics
both in physical research and from an engineering-
applications viewpoint. Study of the interaction of SAWs
in a piezoelectric with secondary electrons produced in
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a vacuum above its surface is, in a certain sense, the
next logical step in the development of acoustoelectron-
ics. (We should note that the actual idea of performing
experiments of this kind was advanced some time ago—
S. Ya. Sokolov.1) This interaction, like the ordinary
acoustoelectronic interaction with free carriers in
piezoconductors, results in spatial redistribution of
the electrons, in additional damping (but under certain
conditions even amplification) of the SAWs, and in a
strong nonlinear effect, but, at the same time, it has
been found to involve a fundamentally new mechanism
that has no analog in traditional acoustoelectronics.
Secondary electrons knocked out of the piezoelectric's
surface by the primary electron beam return to the
surface, moving ballistically and without colliding with
each other. The piezoelectric fields of the SAWs act on
the secondary electrons, changing their velocities and
paths. As a result, the flux density of the secondary
electrons returning to the surface is modulated by the
field of the wave, and capture of these electrons by
surface traps results in the production of an electrostatic
"imprint" of the SAW on the surface in the form of a
spatially nonuniform electron-charge distribution.
Strong variations of the velocities and paths of the secon-
dary electrons under the action of the SAW piezofields
result in distinct nonlinear effects, which are manifes-
ted in the generation of higher harmonics of the SAWs,
in the interaction of several SAWs with one another,
etCo

All the effects enumerated above have been observed
and investigated in detail in experiments. Most of the
work has been done for quartz and lithium niobate
crystals under the following experimental conditions:
SAW frequencies from 10 to 100 MHz, primary-elec-
tron energies up to 1 keV, current densities from 10
mA/cm2 to 3 A/cm2, current-pulse durations from
10'9 to 10"5 sec.

The experiments demonstrated the possibility of
recording SAWs with long-term memory (sometimes
many weeks) owing to the capture of secondary elec-
trons in deep surface traps. Aspects of the recording

and reading of SAWs were studied in linear and non-
linear interaction regimes, which correspond to the
conditions e-jxEanA e<p>E, respectively, where tp
is the piezoelectric potential of the SAW and E is the
kinetic energy of the secondary electrons.

Nonlinear effects were investigated in the case of
degenerate interaction of two colliding SAW's with
formation of a spatially homogeneous electrical signal
at the doubled frequency. The experiments showed that
the nonlinear coefficient describing this interaction is
3-4 orders of magnitude larger than the corresponding
nonlinear coefficients in layered piezodielectric-
semiconductor structures.

It was shown that the effects studied can be used to
design storage devices and devices for correlation pro-
cessing of radio signals with parameters significantly
higher than those of layered-structure acousto-elec-
tronic devices, and that information can be read into
and out of the storage devices by various methods with
appropriate shaping of the primary electron beam.
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