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An excursion scientific session of the Division of
General Physics and Astronomy was held on December
18, 1974 at the USSR Academy of Sciences Institute of
Terrestrial Magnetism, the Ionosphere, and Radio Wave
Propagation (IZMIRAN) (Academy Enclave, Krasnaya
Pakhra). The following papers were delivered:

1. V. V. Migulin, Introductory Address.
2. A. V. Gurevich and Ε. Ε. Tsedilina, Theoretical

Investigation of Ultralong-range Propagation of Short
Radio Waves.

3. S. F. Golyan and L. A. Lobachevskii, Results of

Experimental Studies of the Global Propagation of Short
Radio Waves.

4. A. N. Pushkov, E. B. Fainberg, T. A. Chernova,
and M. V. Fiskina, Secular Variations of the Geomagnetic
Field According to Recent Data.

5. I. A. Zhulin, Coordinated Studies of Corpuscular
Incursions into the High-latitude Ionosphere.

6. E. I. Mogilevskii, The Fine Structure of the Solar
Magnetoplasma.

7. V. I. Karpman, Nonlinear Propagation of Helicons
in the Magnetosphere.

We publish below brief contents of five of the papers.

V. V. Migulin, Introductory Address. The functions of
IZMERAN are to study the constant and variable parts of
the geomagnetic field, the structure and properties of the
ionosphere and higher layers of the atmosphere, which
form a highly unstable terrestrial plasma of complex
composition, and the propagation behavior of short
(decameter) waves with consideration of the structure
and state of the ionosphere, and to conduct research in
the area of solar-terrestrial physics.

Study of the mechanism by which the solar electro-
magnetic and corpuscular radiation influences processes
in the magnetosphere and ionosphere and the establish-
ment of features of nonstationary processes on the sun
that affect the intensity and nature of the action of solar
activity on the state of the terrestrial plasma and the
earth's magnetic field have in recent years emerged as
one of the important trends in the scientific activity of
IZMIRAN. Rapid variations of the earth's magnetic field,
nonstationary processes in the ionosphere, the associated
variations of decameter propagation conditions, and other
wave-type electromagnetic processes are found to be
closely related to solar-activity instabilities· The entire
aggregate of these phenomena requires coordinated study
and the conduct of ambitious and many-sided research.

Apart from its great applied importance, study of the
constant or slowly-varying component of the geomagnetic
field (GMF) and its spatial distribution over the globe
should lead to establishment of the true mechanism of
GMF generation and features of the earth's internal
structure. The variable components of the GMF, its
variations, are associated with external sources, with
the dynamics of the terrestrial plasma and with effects
of solar radiation. Study of these components is there-
fore one sector of a broad range of studies in solar-
terrestrial physics and makes it possible to establish
many hitherto unknown relationships of processes on the
earth and in near-earth space to the state of the magnetic
field in interplanetary space and the state of the solar
wind.

Ionospheric radio propagation is a problem of interest
to IZMIRAN both from the standpoint of ascertaining the
mechanism of radio-wave propagation in the real iono-

sphere in all of its details and inconstancy and from the
standpoint of solving the inverse problem—obtaining in-
formation on the ionosphere from study of the properties
of radio signals received after interacting with the iono-
sphere. Study of the propagation of radio waves over
short and long distances, the interaction of electromag-
netic waves in the radio band with the plasma of the
ionosphere and magnetosphere, nonlinear effects in this
interaction, and the development of a regular radio
propagation forecasting system—this is far from a com-
plete list of problems confronting IZMIRAN investigators.

The new technical facilities that have been developed
during recent decades—rockets, satellites and space-
probes, and new and highly improved radio systems-
have made possible a substantial expansion of our oppor-
tunities for obtaining information on the state and
properties of the ionosphere and magnetosphere and
features of the processes that unfold in them. One of the
important problems being solved at the IZMIRAN is that
of putting these new possibilities to work and broadening
the already extensive body of information on the basis
of which our conceptions of the objects and processes
under study are built up. But perhaps one of the most
important tendencies is a kind of "ideological" restruc-
turing of the entire orientation of the IZMIRAN's scien-
tific work—a transition from simple collection of data,
from an observational psychology, and from "observa-
tional physics" to the meditated design of coordinated
experiments, to the use of experiments in which the
medium to be studied is subjected to a predetermined
disturbance, to active experiments, to "research phys-
ics." Studies in which the ionosphere is beamed with
powerful radio-frequency radiation, the injection of a
powerful electron beam from a rocket into the iono-
sphere, the release of barium clouds, etc.—these are
only the first few examples of experiment designs capa-
ble of yielding much more information than the cumula-
tive results of measurements made under random un-
controllable conditions. And there is no question that
systematic implementation of programmed series of
designed experiments of this type will make it possible,
in combination with observational experience with
natural processes, to develop a quite sound and complete
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picture of the physical processes in near-earth space,
over the earth, on the earth, and as related to solar ac-
tivity, and their effects on the propagation of radio waves,

on the magnetic field, and perhaps also on meteorological
processes.

A. V. Gurevich and Ε. Ε. Tsedilina, Theoretical
Investigation of Ultralong-range Propagation of Short
Radio Waves. Ultralong-range and especially around-
the-world propagation of short radio waves is of interest
both for ground radio communications and for communi-
cations with rockets and satellites. We know that in radio
propagation in its interlayer waveguide, the ionosphere
is capable of stopping frequencies above the maximum
usable frequency (MUF). The use of these frequencies
is a highly important practical problem.

When a radio wave propagates over ultralong dis- .
tances, it passes simultaneously through strongly differ-
ing regions of the ionosphere, e.g., its daytime and night-
time sides or equatorial, middle-latitude, and polar
zones. In an analytic analysis, therefore, it is necessary
to take account of the regular horizontal variability of
the ionosphere along the ray path, i.e., to consider a
model of the ionosphere that is inhomogeneous in three
dimensions. Also of great importance are absorption
and scattering of the radio waves both during propagation
and at their entrance into and exit from the ionospheric
ducts.

Since the properties of the ionosphere vary compar-
atively slowly in the horizontal direction, the adiabatic
invariant I of the ray, which is the approximate integral
of motion of the equation of geometrical optics, is pre-
served t 1 ] . The FE interlayer duct of the ionosphere has
a special advantage for ultralong-range propagation.
Having been trapped in the FE duct, the wave propagates
through it at a small value of the invariant Io and there-
fore has the best chance of passing through the night
zone, where the duct volume is smaller than anywhere
else on the path. Further, absorption in the FE duct is
weaker than in the F duct above it, especially for nearly
glancing paths ^ .

The adiabatic-invariant method has been used to in-
vestigate the global properties of long-range propaga-
tion'-3-'. A model numerical experiment was carried out
on three-dimensional analytic models of the ionospheric
electron-density distribution and the effective electron-
collision frequency, which were constructed for quiet
equinoctial conditions at the solar activity minimum E4-1.
The calculated results showed that the maximum usable
frequencies of around-the-world signals (MUFAWS),
which are determined by the transit across the nighttime
middle-latitude zone, are of the order of 20-22 MHz,
i.e., 10—14 MHz higher than the night-zone MUF. There
is a rather extensive (basically daytime) region of exis-
tence of ducts at frequencies much higher than the
MUF F m a x — u p to frequencies on the order of
45—50 MHz. The capture and output of energy by the
interlayer duct are quite high during the daytime hours.
The maximum probability of capture should be observed
during the daytime hours at middle latitudes. Study of
the azimuthal directions in which around-the-clock ducts
exist has shown that the preferred directions are latitud-
inal for middle-latitude stations. The frequency and time
range of capture corresponds for the most part to ex-
perimental observations. However, it is narrower than
that observed experimentally C5: l. It appears that scatter-
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FIG. 1. Comparison of experimental (plotted points) and theoretical
(curves) MUFAWS according to AWS observations at Stanford in March-
April 1962. Tli3 dashed curve was calculated with consideration of 2°
scattering of the ray in the duct, the dot-dash curve for 3° scattering, and
the solid curve without consideration of scattering. The circles indicate
the experimentally measured MUFAWS values.
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FIG. 2. Azimuth dependence of absorption at frequency f = 15 MHz
for a station at latitude θ = 38°. Local times are indicated on the figure.
The optimum azimuths 0rnin a r e indicated at the bottom.

ing of the radio waves on small-scale ionospheric in-
homogeneities is an important factor here, and allow-
ance for these inhomogeneities makes it possible to ex-
plain the observed frequency and time range of the
around-the-world signals[6-" (Fig. 1). The absorbing
property of ionospheric waveguide ducts was investigated
in m . This study showed that for a radiator in middle
latitudes, signals propagating in near-latitudinal direc-
tions are absorbed least because absorption is minimal
during the day in middle latitudes. The azimuthal de-
pendence of absorption has two minima, one of which
corresponds to the well-known Fenwick theoremc of
the optimum azimuths of minimum absorption β^^,
while the other corresponds to the middle-latitude direc-
tion of minimum absorption (Fig. 2).

Analysis of the problem of excitation of the iono-
spheric waveguide duct indicates that capture as a result
of the regular horizontal variability of the ionosphere is
energywise favored. In this case, the trapped power is
10~l to 10"2 of the radiated power under optimum condi-
tions. The power trapped by scattering effects is
10"a-10"5, and by wave effects 10"4-10"5.

The trapping of radio waves in the ionospheric wave-
guide duct may be strongly influenced by nonlinear
effects Μ . Under exposure to powerful radio emis-
sionC8·1, the ionospheric plasma stratifies in the region
of the F layer, and this leads to the appearance of in-
homogeneities that are strongly elongated along the
earth's magnetic field and have a broad transverse-size

560 Sov. Phys.-Usp., Vol. 18, No. 7 Meetings and Conferences 560


