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Λ scientific session of the Division of General Physics Earth and the Planets.
and Astronomy of the USSR Academy of Sciences was
held on November 24 and 25, 1976 at the conference hall
of the P . N. Lebedev Physics Institute. The following
papers were delivered:

1. M. Ya. Marov, Venus and Mars (According to
Recent Results of Soviet and American Studies).

2. Yu. I. Gal'perin, The Magnetospheres of the

M. Ya. Marov. Venus and Mars (According to Re-
cent Results of Soviet and American Studies). Major
progress has been made during the past decade in the
field of planetary physics, and much of the credit for it
is due to the unmanned spaceprobe. The opportunities
that have been opened for direct experimentation on the
planets and in their immediate surroundings, together
with the improvement of methods and techniques for
observations from earth, have delivered a wealth of
new information of fundamental importance. This per-
mits more definite judgments as to the physical mech-
anisms basic to the shaping of existing natural com-
plexes, primarily on the planets nearest the earth—
Venus and Mars. The paper presents updated concep-
tions of these planets, though leaving aside the physics
of their upper atmospheres and the body-in-flow prob-
lem, which are of independent interest.

The Venera-4 through Venera-10 spaceprobes have
made a basic contribution to the study of Venus. The
first photographic panoramas of the surface were tele-
vised to the earth. It was established that the planet.
has a hot, thick atmosphere composed almost entirely
(97± 3%) of carbon dioxide, with surface temperatures
and pressures of ~ 740 °K and ~ 90 kG/cmz. The rela-
tive water-vapor content is estimated in the range 10"4

- lO"1^. Because of the enormous enthalpy, the diurnal
temperature variations are negligible at the surface,
but they reach 20-30° above approximately 30 km. The
main cloud layer of Venus, which is about 20 km thick,
appears to consist of a concentrated sulfuric acid solu-
tion. Nephelometric measurements indicate that it
forms a light haze in which the visibility is 1-3 km and
the particles are of approximately micron size. About
4% of the amount of solar energy at the orbit of the
planet reaches the surface of Venus; the surface il-
luminance is 14 klx, the spectral composition is shifted
slightly toward the red, and the surface albedo is 0. Ι -
Ο. 2. The "greenhouse" mechanism is a basic factor
in maintaining the specific thermal regime of Venus.

3. V. B. Braginskii, Quantum Singularities in Mac-
roscopic Measurements.

4. E. M. Gershenzon, Spectral and Radiospectro-
scopic Studies of Semiconductors at SubmillimeterWave-
lengths.

We publish below brief contents of the papers.

The screening effect is produced by the opacity of CO2

with an admixture of < 0.01% H2O. The planetary cir-
culation, which is mainly zonal in direction, is of the
"carousel" typej the wind velocities are less than 1 m/
sec at the surface and reach 50-100 m/sec above ~ 50 km.

Strongly smoothed craters have been detected on the
surface of Venus by radar mapping from the earth. The
surface relief on the panoramas, the basaltic nature of
the rocks indicated by measurements of their U, Th,
and Κ contents, and measurements of the density at the
landing sites of Venera 9 and Venera 10 definitely in-
dicate that the planet has been differentiating into shells
with separation of an ion-nickel core. However, evi-
dently because of the low velocity of rotation (1/243 of
that of the earth), the intensity of the intrinsic magnetic
field of Venus is no more than ~ 10"4 of that of the
earth's.

Global mapping of Mars has significantly changed the
earlier picture of a geologically dead planet, an im-
pression obtained from the first photographs of specific
small areas of its surface. Along with impact bombard-
ment (which was especially strong during the accretion
stage) and wind and dust erosion, the most important
factors in shaping the surface of Mars have been its
global tectonics and vulcanism, and this also indicates
differentiation of the interior of the planet. The core
of Mars appears to be relatively small; the magnetic
intensity at the equator is about 65 gammas.

Traces of glaciological processes and watercourses,
which have left channel-like formations, are clearly
visible on the surface. Since liquid water cannot exist
on the surface in the present rarefied atmosphere, this
leads to interesting conjectures as to features of the
Martian paleoclimate; there is reason to believe that
the climatic changes took place at least tens of millions
of years into the past; it has also been suggested that
they occur periodically as a result of tidal perturba-
tions.
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Viking spaceprobe measurements confirmed the re-
sults of the direct measurements of the atmospheric
parameters first made on Mars 6, as well as measure-
ments made from Mars orbiters. The average at-
mospheric pressure at the surface is ~ 6 mb, and the
average temperature about 230 °K. The carbon dioxide
content of the atmosphere is 95%, the nitrogen content
about 2-3%, and the water-vapor content ~ 10"4 -10"3%.
Because of the short thermal relaxation time, the di-
urnal-seasonal temperature variations range up to
100 °K, and condensation of the atmosphere's main
carbon dioxide component is possible at the poles. The
caps obviously consist of dry and ordinary ice; it is pos-
sible that the atmosphere became denser during the
climatic changes and that liquid water may have ap-
peared on the surface, probably released from the caps
and from the permafrost layer. According to Viking
measurements of the relative contents of 40Ar, 36Ar, and
other components in the Martian atmosphere and com-
parisons with the earth, degassing of the planet was
apparently incomplete, and the Martian atmosphere
could hardly become 10-15 times denser than it is to-

day. The maximum amount of underground water is
estimated as equivalent to no more than a few tens of
meters (the depth of a layer poured out uniformly over
the surface).

Comparative analysis based on the proportions of the
volatile components on the Earth, Venus, and Mars in-
dicates that the geochemical processes that have taken
place on the three planets were similar in nature. The
basic critical factor has apparently been their positions
relative to the sun, which ultimately led to the different
existing sets of natural conditions.

The material reflected in the paper has been pub-
lished in the book by A. D. Kuz'min and M. Ya. Marov,
"Fizika planety Venery" (The Physics of the Planet
Venus), Nauka, Moscow, 1974, and in the journals:
Kosm. issled, 14(5), (1976); Science, 193 (No. 4255),
759 (1976); in the author's papers "The New Face of
Mars" (Priroda, No. 8 (1975)) and "Venus: What We
Know About It Today" (Zemlya i Vselennaya, No. 3,
3 (1976)); see also the extensive bibliography in the
Kuz'min-Marov monograph.

Yu. I. Gal'perln. The Magnetospheres of the Earth
and the Planets. The basic problems of the physics of
the earth's magnetosphere that remain unresolved de-
spite intensive study are as follows.

a) The energetics of the magnetosphere. There are
two main sources. The first is the motion of the neu-
tral gas in the ionosphere, including the rotation of the
atmosphere with the earth, which creates the atmo-
spheric dynamo effect responsible for the drift motion of
the plasma. In the earth's magnetosphere, these ef-
fects determine the dynamics of the plasma at low and
middle latitudes and in the plasmasphere. The second
is the motion of the plasma in the boundary layer near
the magnetopause, which is driven by the flow of the
solar wind around the magnetosphere (the so-called
magnetospheric dynamo) and creates an emf in the mag-
netosphere in an analogy to the MHD generator. Large-
scale plasma convection arises in the magnetosphere as
a result. In the earth's magnetosphere, the effects of
these two sources become equal approximately at the
boundary of the plasmasphere, i. e., on the magnetic
shells l~4-6 (Fig. 1). No quantitative theory of these
sources has been derived with consideration of the in-
ertia of the atmosphere.

b) The source of the magnetospheric plasma. Here
we may also distinguish two main sources—solar-wind
ions (chiefly H* and a few percent of He**), which pene-
trate the magnetosphere in the region of the polar cusps
and through the boundary layer, and upper-ionosphere
ions (H* He*, O*), which rise into the magnetosphere
in the longitudinal electric currents and are heated to
energies of kiloelectron-volt order during magnetic
storms. The relative importance of these sources un-
der magnetic-storm conditions remains unclear, but
they both contribute significantly to the energetic-ion
composition of the magnetosphere.I1J

c) Nature of heating and acceleration of plasma par- FIG. 1.

ticles accompanied by a sharp increase in their magnetic
moment. Nonstationary plasma-heating processes of
this kind occur during substorm flareups on the earth-
ward-facing inner boundary of the plasma layer:2i; ac-
tive processes resembling chromospheric flares on the
sun have also been observed near the boundary layer in
the tail of the magnetospheres. a l It is known that the
convection electric field produces the phenomena of
adiabatic auroral-particle acceleration and longitudinal
acceleration in the double-layer electric field above
auroral arcs, as well as diffusion of trapped particles
on inner L shells, which causes acceleration of radia-
tion-belt particles, but magnetic moment is conserved
in these processes.

d) Tlce pattern of the magnetospheric electric cur-
rents. The large-scale surface current forms the mag-
netosphere-magnetopause boundary, while the convec-
tion electric field sets up a complex system of longi-
tudinal currents that are completed through the conduc-
tive ionosphere. The Joulean losses of these currents
in the atmosphere require a continuous supply of energy
to the magnetosphere from the solar wind, the power
supplied and even the configuration of the currents being
determined by the vector of the interplanetary magnetic
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