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V. B. Shteinshlelger, G. S. Misezhnikov, and A. G.
Sel'skii. A Radiophysical Method for Detection of
Thermal Anomalies in Human Internal Organs. Ex-
ploration of possibilities for the use of the human body's
own radio-band thermal emission in the diagnosis of
inflammatory processes and oncological disease has
been under way for a few years.1 However, the need to
use comparatively long radio wavelengths (in the deci-
meter band) to obtain satisfactory penetration of the
human body has been quite detrimental to the spatial
localizing ability of the method.

The present report describes a method and radio-
metric apparatus2 to help overcome this deficiency in
the detection of deep-seated temperature anomalies in
the human body. For this purpose, the radiometer's
antenna takes form of a dielectric lens that is focused
on the deep region of the body to be examined and has a
permittivity t,t equal to the permittivity ct of human
internal tissues. The lens is brought up to the part of
the body in question, which acts as an immersion
medium for this lens.

The width A# of the diffraction spot (at 0.5 of maxi-
mum intensity) of a dielectric lens is3

0.5X.

where A is the wavelength in air and 26 is the exit aper-
ture angle. For a large aperture angle, A#« A./2i/e7 re-
gardless of how deep the region to be examined is
situated.

Experiments with the dielectric lens were performed
at X= 18 cm. Water, which has a permittivity about
equal to that of most internal body tissues with high
water content, was used as the lens dielectric and the
body-tissue equivalent.4 The measured value of A* was
approximately 1.4 cm in theK plane, or close to the
theoretical value, and slightly higher in the E plane.

The accuracy of localization is poorer along the opti-
cal axis than in the focal plane, amounting to A«» 6 cm.

The superficial fatty layer, which has a comparatively
low e,4 introduces aberrations and broadens the focal
spot. Experimentation showed ths.t this broadening is

insignificnat at a typical thickness (~1 cm) of a plane-
parallel fatty-layer equivalent.

More significant errors are introduced by the change
in temperature that results from reflection of the
waves from the boundaries of the fatty layer, the thick-
ness of which is different at different points of the body.

This error can be reduced by feeding noise at an in-
tensity adjusted (with a special automatic control cir-
cuit5) to the same level as that of the body thermal
radiation to be registered into the antenna through a
ferrite circulator built into the radiometer input. The
influence of fatty-layer thickness nonuniformity can be
further reduced by comparing the results of tempera-
ture measurement at symmetric points of the body.

The ability of the instrument (radiothermograph) to
detect small temperature anomalies is determined by
its fluctuation sensitivity and by such factors as the
attenuation of power in the layer between the region of
the anomaly and the surface of the body and the extent
to which the region of the anomaly fills the cross sec-
tion of the focal spot.

The antenna-temperature increment QTa due to the
presence of a temperature anomaly in the focal region
within the body was calculated with consideration of
these factors (and on the assumption that the influence
of reflection from the fatty layer on the sensitivity of
the method is offset with an impedance transformer in
the radiometer's microwave channel).

The result showed that there is an optimum wave-
length Xopt at which 6Ta is largest. Under typical condi-
tions, Ao p t=20-30 cm. If A.<Aopt, 6Ta decreases as a
result of higher losses in the tissues, and if A>Ao p, it
decreases as a result of focal-spot enlargement.

The diagnostic capability of the instrument could evi-
dently be improved by using microwave hyperthermia.6

Combinations with hyperthermia are particularly con-
venient in the apparatus described here: heating of the
surrounding tissues during hyperthermia would be re-
duced as a result of energy concentration at the lens
focus.
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Scientific session of the General Physics and Astronomy
and the Division of Nuclear Physics of the Academy of
Sciences of the USSR (26-27 November 1980)

Usp. Fiz. Nauk 134, 164-172 (May 1981)

PACS numbers: 01.10.Fv

A joint scientific session of the Division of General
Physics and Astronomy and the Division of Nuclear
Physics of the USSR Academy of Sciences was held on
November 26 and 27, 1980 at the P. N. Lebedev Physics
Institute of the USSR Academy of Sciences. The follow-
ing papers were delivered:

November 26

1. M. D. Kislik, Yu. F. Kolyuka, V. A. Kotel'nikov,
G. M. Petrov.and V. F. Tikhonov, A Unified Relativis-
tic Theory of the Motion of the Inner Planets of the
Solar System. Relativistic Effects in Determination of
the Orbits of the Planets from Radar Observations.

2. Yu. N. Pariiskii, Preliminary Results of an Ex-
treme-Depth Sky Survey at 7.6 cm.

3. I. D. Karachentsev, Motion of Binary Galaxies
from BTA Data.

27 November

4. 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.

5. A. A. Kaplyanskii, Optical Studies of High-frequen-
cy (1012 Hz) Acoustic Phonons in Crystals.

We publish below brief contents of four of these papers.

M. D. Kislik, Yu. F. Kolyuka, V. A. Kotel'nikov,
G. M. Petrov, and V. F. Tikhonov. A Unified Relativis-
tic Theory of the Motion of the Inner Planets of the
Solar System. Relativistic Effects in Determination of
the Orbits of the Planets from Radar Observations.
Radar observations of Mercury, Venus, and Mars made
in the Soviet Union in 1980 with an improved planetary
radar1 have provided important supplements to the re-
sults of earlier observations, especially in the cases of
Mercury and Mars. A realistic basis has been created
for a unified theory of the motion of the inner planets,
i.e., for simultaneous determination of the orbital ele-
ments of Mercury, Venus, and Earth, and Mars from
the entire aggregate of available observations. A pro-

cedure for the derivation of such a theory has been elab-
orated for this purpose and programmed for computer

use. The principal distinctive features of this procedure
as compared to that used in Refs. 2 and 3 reduce to the
following. The Schwartzschilt terms governed by the
sun were included in the right-hand sides of the differ-
ential equations of motion of the inner planets and in the
calculated values of the return-signal delay time. Co-
ordinated time, which is linearly related to the natural
time of a terrestrial observer (atomic time) was used
as an independent variable. Neptune was added to the
list of attracting bodies. The equations of motion of
the major planets and the Moon were integrated jointly.

This procedure was used to derive a unified relativis-
tic theory of the motion of the inner planets. A total
of 3768 radar measurements of reflected-signal delay
time and 7193 optical (angle) measurements distributed
over the interval from 1960 to 1980 were processed. The
astronomical unit, the equatorial radius of Mars, and
the radii of Mercury and Venus (for a total of 28 un-
knowns) were determined in addition to the elements of
the planetary orbits. The results were reported in Ref.
4. Analysis of the nature and magnitude of the derivations
of the measured distances and angles from their theo-
retical values in accordance with the derived theory
showed that these deviations were distributed nearly
normally over the 20-year measurement interval, with
practically zero mean value. The. standard deviations
of the distances vary from 0.9 to 9 km, depending on the
time of the observations and the target planet; the stan-
dard deviations of the angles are 0".6 - 1".2. The agree-
ment between the measured and calculated distances
deteriorated noticeably when the same data were pro-
cessed without allowance for the relativistic perturba-
tions. Systematic deviations ranging up to 390 km for
Mercury, 8 km for Venus, and 12 km for Mars ap-
peared on certain segments of the twenty-year interval.
It is therefore in advisable to use Newtonian mechanics
in solving this problem.1'

The good agreement obtained between observational
and calculated data in deriving a unified relativistic

1 'However, this does not preclude its use in the derivation of
limited-time-scale theories of the motion of Venus, the
Earth, and Mars (as was shown, for example, in Refs. 2
and 3).
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