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The higher accuracy of the applied method of study,
as compared with the single-frequency method, made it
possible to discover a break in the profile N(h) at a
height of ~ 210 km. The altitude scale in the interval
150 s h < 200 km is 36 km, while it is 57 km for 210
s h < 300 km. These changes in the altitude gradient of
the profile N(h) makes it possible to decide on the phys-
ical processes in the ionosphere of Mars and to refine
the theory of its formation.

3. The transmitter apparatus of the dispersion inter-
ferometer on the satellite "Lunar-19" made it possible
for the first time to perform a repeated radio probing
of circumlunar space in order to detect and determine
the fundamental physical parameters of the circumlunar
plasma.171 From the 15 courses of measurements per-
formed in May—June, 1972, six were chosen for further
treatment for which the masking effect of the Earth's
ionosphere was minimal. During the three courses of
May 8, 1972, the surface of the Moon at the point of con-
tact of the ray at occlusion was not illuminated by the
Sun, and the measured values of the reduced phase differ-
ence &ip(t) lie near the zero line during the 40-second
intervals before the instant of optical occlusion of the
satellite behind the Moon. In the courses of June 11,

FIG. 2.

1972, which were performed on three consecutive cir-
cuits of the satellite about the Moon, the surface at the
point of contact of the ray was illuminated by the rising
Sun (the zenith angle of the Sun was ~ 89°). In all three
cases, a regular increase in Αφ was observed as the
instant of optical occultation was approached. This in-
dicates the existence of a plasma in the circumlunar
space over the illuminated surface of the Moon. Averag-
ing and smoothing of the results of these measurements
and subsequent solution of the inverse problem made it
possible to obtain the electron-concentration distribu-
tion N(h) with respect to the altitude above the surface
of the Moon (Fig. 2). As we see from the graph of N(h),
the electron concentration has the highest value of
~ 900 cm"3 at altitudes of 5—10 km, and declines mono-
tonically with distance from the Moon's surface to attain
values comparable with the errors of measurement at
an altitude of ~ 30 km. The problem of the N(h) distri-
bution in the range 0—5 km requires additional treat-
ment, and as yet remains open.
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M. A. Koloeov and O. I. Yakovlev. A Study of Propa-
gation of Radio Waves in the Solar System Using Soviet
Space Stations. When radio waves are propagated in the
solar system, the radio waves can pass through the at-
mospheres of planets, through the interplanetary and
the circumsolar plasma they can also be reflected by
the surfaces of the planets and the Moon. Systematic
studies were f-onducted in 1962—1972 in the USSR of
propagation of radio waves in radiocommunication with
stations of the types "Luna," "Mars," and "Venera."
The report reviews these studies.

The satellite "Mars-2" carried out a repeated radio
probing of the atmosphere of Mars/1·1 As this station
was being occulted behind the planet, the change in fre-
quency and amplitude of the radio waves was measured
on the Earth. The altitude-dependences of the pressure,
density, and electron concentration were determined

from these data. The following mean values were ob-
tained for the equatorial regions of Mars: pressure
near the surface = 7 mbar, concentration of atoms at the
surface = 2.3 x 101' cm"3, temperature at 10 km altitude
= 220°K, altitude scale in the troposphere =11 km,
electron concentration at the lower ionospheric max-
imum = 7.5 x 104 cm"3, altitude of the regular lower
ionospheric maximum = 110 km, electron concentration
at the main ionospheric maximum = 1.7 x 105 cm"3,
altitude of the main maximum = 138 km, altitude scale
of the upper ionosphere = 35 km, and electron concen-
tration at 220 km altitude = 3.4 χ 104 cm"3.

The launched stations "Venera-4—8" made it pos-
sible to get direct experimental data on propagation of
decimeter radio waves in the dense atmosphere of
Venus.[2] They showed that 1000-MHz radio waves are
not attenuated while being propagated throughout the
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thickness of the atmosphere of Venus. Rapid slight
fadings of the field intensity are observed at the sta-
tions become immersed in the atmosphere of Venus.
Fluctuations of 5—8% depth were recorded as the sta-
tions "Venera-7—8" lay on the surface of the planet.
If these fadings are due to fluctuations in the refractive
index involving turbulence of the atmosphere, then the
structure constant Cn κ 10"7 cm""3. This indicates an
elevated turbulence of the atmosphere of Venus.

The satellites "Luna-11—14 and 19" made possible
systematic studies of reflection of radio waves by dif-
ferent regions of the lunar surface.M Measurements
of the coefficients of reflection and radio-wave spectra
made it possible to determine the dielectric constant,
the density of the surface rocks, and the degree of
roughness of the surface. The mean dielectric constant
for depths up to 9 m proved to be 3, while the density
was 1.5 g-cm"3.

The roughness of relief as characterized by the
slopes of the surface for different regions lay within the

range 2—15°. The method of radio-wave reflection
showed great effectiveness in studying the relief of
Venus. It is possible in principle to image planets by
the principle of radio holography.

The station "Mars-2" made possible a radio probe
of the Sun's corona. Fluctuations of phase, frequency,
and amplitude, and diffuseness of the radio spectrum
were observed during the radio probing of the circum-
solar plasma.141
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G. S. Ivanov-Kholodnyi, A. V. Mikhailov, and N. A.
Savich, Formation of the Ionosphere of Mars. People
began to construct models of the ionosphere of Mars
about ten years ago, initially starting with purely the-
oretical considerations. When experimental data began
to be obtained with space rockets, these models had to
be reconsidered radically. However, the models con-
structed before the experiments of 1971 described well
only the region of the electron-concentration maximum
at 140 km altitude, which is analogous to the Ε or Fl
region of the Earth's ionosphere. The models of the
higher regions of the Martian ionosphere in essence sub-
stantially differed from the model of the Earth's iono-
sphere. For example, in the best-developed dynamic
model of Cloutier, McElroy, and Michel,w the source of
ionization is not the shortwave radiation of the Sun, but
the solar particle fluxes. Here the ions and electrons of
the ionosphere blow off at supersonic velocity toward the
surface of the planet. Why did such unusual models of
the ionosphere of Mars appear ? Basically there are
two reasons: too poor an accuracy of the first measure-
ments of the ionosphere in 1964, and too crude notions
of the parameters of the neutral atmosphere and the
magnetosphere of Mars at high altitudes.

The need to reexamine the problem afresh arose
after the experiments of 1971, which were performed
with the space stations "Mars-2" and "Mariner-9."
They established the following three important facts:
1) Sh. Sh. Dolginov and his associates'^ discovered on
Mars a magnetic field whose intensity was so great that
it could retain an ionospheric plasma just like that of
Earth. 2) Exact measurements of the ionosphere were
conducted to an altitude h « 330 km.[3] Here the electron-
concentration profile ne(h) (the points in Fig. 1) in the
altitude region ~ 210 km exhibits a clearly-marked
break that divides the ionosphere into two different
parts. In the lower part at altitudes of 150—200 km,
the altitude scale Hj = 36 km, while in the region 220—
310 km, it has the ~ 1.5 times higher value Hi » 57 km.
This effect had been practically undetectable, owing to
the poor accuracy of the earlier measurements.w 3) It
was found from the spectrometric observations of Barth

in 1969[5] and 1971te] that the temperature of the neutral
atmosphere is 325—350°K (i.e., 1.5—2 times lower than
had been assumed) and that there is a slight admixture
of atomic oxygen of ~ 2% at altitudes ~ 140 km in the
atmosphere, which consists mainly of CO2.

We can directly conclude from these data that the
ionosphere of Mars is "trapped" by the magnetic field,
and must be constructed according to the terrestrial
model. Below ~ 210 km, it is formed by the action of
photochemical processes, while diffusion processes be-
come decisive higher up. The fundamental equation that
describes the altitude distribution n e is written, as
usual, as:

%- = ,-L+D. (1)

Here q and L are the photochemical rates of formation
and disappearance of electrons, while the diffusional
term for the case of one predominant ion has the form

Here D is the diffusion coefficient, and Hj is the altitude
scale for this ion. We can assume that q ~ L under
quasi-steady-state conditions in the "photochemical"
region below ~ 210 km.

Of course, the concrete form of the photochemical
processes in the Martian ionosphere differs from those
of the Earth, although in both cases the source of the
primary ions in daytime is the process of photoionization
by the shortwave radiation of the Sun. As has now be-
come clear, CO* ions are mainly produced below ~ 200
km, but mainly 0*ions above
form

200 km, and in general

? -- Ι ο (ο!"ι + σ ) cxp (— H,a,n, - i/2o27i2),

Here Io is the intensity of solar radiation, the η are the
concentrations, and the σ and σι are the cross-sections
for absorption and ionization of Ο atoms (subscript 1)
and CO2 molecules (subscript 2). The primary ions that
are formed enter into various ion-molecule reactions
whose result amounts to the following. Owing to the ad-
mixture of atomic oxygen, the CO^ ions are efficiently
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