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Scientific session of the division of general physics and
astronomy of the Academy of Sciences of the USSR

(March 28-29, 1973).

A scientific session of the Division of General
Physics and Astronomy of the Academy of Sciences of
the USSR was held on March 28—29, 1973 in the Con-
ference Hall of the P. N. Lebedev Institute of Physics of
the Academy of Sciences of the USSR. The following re-
ports were presented at the session:

1. E. R. Mustel'. Action of Solar Particle Fluxes on
the Lower Layers of the Earth's Atmosphere.

2. A. D. Sytinskii. Relation Between Seismic Activity
of the Earth and Solar Activity.

3. V. I.Moroz, L. V. Ksanfomaliti, and A. E. Nadzhip.

"Mars-3": Astrophysical Studies of the Lower Atmos-
phere and the Surface of the Planet.

4. M. A. Kolosov and N. A. Savich. Study of the Space
Plasma by the Dispersion-Interferometer Method.

5. M. A. Kolosov and O. I. Yakovlev. A Study of
Propagation of Radio Waves in the Solar System Using
Soviet Space Stations.

6. G. S. Ivanov-Kholodnyi, A. V. Mikhaflov, and N. A.
Savich. Formation of the Ionosphere of Mars.

The content of the reports is published below.

E. R. Mustel'. Action of Solar Particle Fluxes on the
Lower Layers of the Earth's Atmosphere. The report
briefly relates results of studies on the problem of
action of solar particle fluxes on the lower layers of the
Earth's atmosphere, i.e., in essence, on the problem of
the effect of solar activity on the weather and climate of
the Earth. These studies were performed in the Lab-
oratory of Sun-Earth Relationships of the Gidromettsentr
of the USSR and in the Astronomical Council of the
Academy of Sciences of the USSR.

The first fundamental problem of the studies con-
sisted in proving the reality of sun-atmosphere coupling.
Statistical methods of analysis were adopted, in par-
ticular, the method of superposition of epochs. In this
method, the major role is played by the so-called "ref-
erence" (or key) event. The mean time behavior of the
studied parameter with respect to this event is con-
structed (many such events being used). The atmos-
pheric pressure at the Earth's surface was mainly
studied in our research.

In order to avoid many uncertainties, we did not use
solar-activity data, but the so-called geomagnetic events
(days), which were treated as the reference events for
statistical analysis. The geomagnetic event t m actually
corresponds with the first day of very intense interac-
tion of the Earth's magnetosphere with a particle flux
that has just entered it. These geomagnetic days t m

have been chosen for the period from 1890 to the
present. Thus far, geomagnetic events have been used
for statistical analysis that correspond to particle fluxes
ejected from regions of chromospheric flares. On the
average, these fluxes give rise to very strong geomag-
netic perturbations with relatively sharp maxima. In
all, 280 of these events have been selected for the per-
iod from 1890 to the present, and they are all quite
independent of one another.

Preliminary statistical analysis has shown that after
the event t m we observe in certain, very extensive
regions of the Earth an increase in the atmospheric
pressure on the Earth with a certain maximum. At the
same time other extensive regions of the Earth show a
decrease in pressure having a certain minimum. The
mean time that elapses between the event t m and the
pressure extrema (maxima or minima) is about three
days. This time has been called the reaction time of the
atmosphere. The analysis further showed that the

pattern of distribution of signs of pressure change (in-
crease or decrease) over the surface of the Earth
differs in different seasons. Hence, the problem of the
reality of particle-atmospheric coupling must be studied
separately for each season. This implies that the num-
ber of independent events t m must be decreased by a
factor of four, and it is approximately equal to 70. More-
over, we have found that the statistical "noise" of the
applied method of imposed epochs proves to be of the
same order for η » 70 as the studied pressure oscilla-
tions (of solar origin), owing to the great inertia in at-
mospheric processes, and that we must haven > 500
for a clear Isolation of the signal. It is precisely the
failure to account for this fact that has been the funda-
mental reason for the great number of failures of prev-
ious investigators who have worked on this problem. In
order to overcome this difficulty, data have been used
from meterological stations lying sufficiently distant
from one another (with distances L > 3000 km). Then
the readings of individual meterological stations are
practically independent of one another. All of this has
permitted increasing the number of independent para-
meters η to the above-stated value (n * 500). Here the
application of different statistical criteria (as yet for
the winter period) has led to the firm conclusion that
particle-atmospheric coupling is real. Supplementary
studies are being conducted now on this problem (other
seasons are being used, additional meterological sta-
tions, and other methods of study).

Studies along other lines have been conducted in paral-
lel with analyzing the problem of the reality of particle-
atmosphere coupling. We can formulate briefly the re-
sults of these studies as follows:

a) It has been found that the entrance of a solar
particle flux into the Earth's magnetosphere (the event

•tm) changes the nature (or type) of atmospheric circu-
lation. Here each season possesses its own specific
changes in atmospheric circulation. An especially im-
portant property of the studied changes is enhancement
of the meridional components of the circulation, which
usually causes the most substantial changes in the state
of the atmosphere (changes of weather and climate).
Very interestingly, in a cold period of time, the regions
of Iceland and the Aleutian Islands prove to be regions
of very noticeable fall in atmospheric pressure after the
events t^. This fully agrees with the presence in these
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regions of the Earth (also only in a cold period) of deep
regions of reduced pressure, or so-called "centers of
action of the atmosphere." This fact directly indicates
that solar particle activity is one of the fundamental
causes of cyclonic activity on the Earth.

b) It has been found that these transformations of the
atmospheric circulation are characteristic not only of
the lowest atmospheric level, but also of the higher
tropospheric and stratospheric layers.

c) It has been found that appreciable changes in the
intensity of jet streams near the tropopause are found
after an event t m .

d) It has been found that a general increase in the
energy of atmospheric movements is observed after
events t m .

Naturally, there are yet many problems demanding
solution in the problem of effects of solar particle fluxes
on the Earth's atmosphere. A very important one is the
problem of a possible mechanism of these effects.

There are strong indications that here the fluxes are
only one particular factor that disturbs the equilibrium
of atmospheric masses in the regions where this equi-
librium is most unstable. Hence the original energy re-
quired for appearance of particle-atmospheric phenom-
ena can be much smaller than the energy contained in
already-formed cyclones and anticyclones, and which is
drawn from the total energy of the entire atmosphere.
Moreover, an all-sided study is needed of the problem of
how the energy introduced by the solar particle flux into
the upper (ionospheric) layers is transmitted down to the
stratosphere and the troposphere. Work is being con-
ducted on all these problems and on others not mentioned
here, and it requires not only using ordinary metero-
logical data and hydrodynamic theories, but also setting
up special experiments using geophysical rockets and
artificial Earth satellites.

The material of the report can be found in No. 24 of
"Nauchnye Informatsii" (Scientific Information) of the
Astronomical Council of the Academy of Sciences of the
USSR for 1972.

A. D. Sytinskil. Relation between Seismic Activity of
the Earth and Solar Activity. Analysis of solar and in-
strumental seismic data has established that:

1. The overall seismic activity of the Earth, as ex-
pressed in terms of the total energy of earthquakes and
the number of catastrophic earthquakes per year, de-
pends on the phase of the 11-year solar cycle at a level
of significance of about 0.99 (the Student t and the Pear-
son χ2 criteria being calculated). Here the greatest
seismic activity occurs in the epoch of a maximum
(years +1 and +3) and the epoch of a minimum (year +6)
of the 11-year solar cycle (Fig. 1).

2. The time of appearance of individual strong earth-
quakes (with Μ 2 6.5) depends (at a level of significance
of about 0.99, Pearson's χ2 criterion being calculated)
on the position of the active regions of the Sun. Earth-
quakes mainly occur 2—3 days after an active region
has passed the central solar meridian. In order to prove
this statement, 594 earthquakes with Μ =: 6.5 that oc-
curred during 1957-1967 and 1953 were studied (Fig. 2).

A prediction was made (as an experiment) of the time
of appearance of strong earthquakes with Μ a 6.0, based
on the obtained regularities of coupling of earthquakes
with activity on the Sun. The predictions were reported
beforehand to the Pulkovo seismological station. Es-
timates of the quality of prediction for 1963 and 1965—
1966 obtained at the Pulkovo seismological station and
in the Laboratory of Mathematical Statistics of the In-
stitute of Earth Physics of the Academy of Sciences of
the USSR showed that the predictions were unrandomly
correlated with earthquakes with Μ ϊ= 6 at a level of sig-
nificance of about 0.995.

Study of the mechanism of coupling of the seismic
activity of the Earth with solar activity has established
that this coupling involves all-planet atmospheric pro-
cesses. Data have been obtained here that indicate a
dependence of the time and site of earthquakes on the
nature and time of change of the form of circulation of
the atmosphere. The mechanism of this dependence con-
sists in perturbation of the quasi-steady-state movement
of the atmosphere by enhanced solar activity, which re-
distributes the mass of the atmosphere over the Earth.
That is, it shifts the center of gravity of the Earth-
atmosphere system, and hence it disturbs the shape
equilibrium of the Earth. Calculations based on obser-

vational data show that the energy of such perturbations
^•an amount to ΙΟ27—1028 ergs. This suffices for causing
such observable phenomena as the shifting of the poles
and fluctuations in the angular velocity of rotation of the
Earth. Apparently, here earthquakes also can arise
from displacement of blocks of the Earth's crust caused
by perturbations of the equilibrium figure of the Earth.

The mechanism of the effect of solar acticity on the
circulation of the lower atmosphere is explained on the

FIG. 1. 367. Mean cyclic curves of the yearly values of the energy Ε
of earthquakes and the yearly numbers Ν of earthquakes. Ν, > 7.0,
N2 > 7 . 5 , N 3 >7.75 for 1904-1969. The zero year is the year of the
maximum of the 11-year solar cycle.

740 Sov. Phys.-Usp., Vol. 16, No. 5, March-April 1974 A. D. SytinskiY 740


