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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 28
and 29, 1984 at the P. N. Lebedev Physics Institute of the
USSR Academy of Sciences. The following reports were
heard at the session:

November 28
l.E.R. Mustel', V. E. Chertoprud, and N. B. Mulyu-

kova. Energy sources for atmospheric cyclones.
2. E. I. Golovenchits, V. A. Sanina, and G. A. Smo-

E. R. Mustel', V. E. Chertoprud, and N. B. Mulyukova.
Energy sources for atmospheric cyclones. This report consists
of two parts. The results of a statistical analysis of a 100-year
series of daily data on the atmospheric pressure field near the
surface in the earth's northern hemisphere and on the in-
dices of solar and magnetic activity are presented in Part
I.1"7 It is established that on the second-fourth day after the
earth enters the solar corpuscular stream (SCS) the variance
of the diurnal pressure differences at moderate latitudes in
the northern hemisphere increases, i.e., the instability of the
troposphere increases. It is shown that this effect persists for
all geomagnetic disturbances (characterizing the moment
the earth enters the SCS), epochs of observations, seasons,
and phases of the 11-year cycle of solar activity. It is found
that during the winter the region of maximum growth of the
instability of the troposphere after the earth enters the SCS is
located above the northern Atlantic, where the most intense
thermal and cold flows encounter one another (one possible
explanation for the increase in instability is proposed in Ref.
8). A statistical analysis revealed large-scale variations in the
atmospheric pressure field near the surface after the earth
enters the SCS. The pattern of wave-like alternation of the
extended regions with positive and negative difference Ap
can be followed on the isallobar charts.

In the second part of the report E. R. Mustel's hypothe-
sis on the mechanism of corpuscular-tropospheric links is
presented.9'10 Attention is called to the results of Brazilian
researchers, who concluded that in the region of the south-
ern magnetic anomaly, high-energy particles are "dumped"
during geomagnetic storms from the earth's radiation belt

lenskii. Electric-dipolar glass in crystals with Jahn-Teller
ions.

November 29
3. /. K. Kamilov. Magnetic critical phenomena.
4. Z. D. Kvon, I. G. Neizvestnyi, and V. N. Ovsyuk. Ef-

fect of a surface superlattice on a two-dimensional electron
gas.

5. /. A. Shcherbakov. Energy transfer in solids, new ac-
tive media for solid-state lasers.

The brief contents of all reports are published below.

"downwards" toward the stratosphere. Assuming that anal-
ogous processes occur in the earth's nothern hemisphere, it
is shown based on the Brazilian data that the total energy
flux contained in the indicated "dumpings" can reach 1024

ergs.10

It is pointed out that four low-pressure regions on the
isallobaric charts Ap (Icelandic, East-Siberian, North-
American, and Aleutian regions) coincide with the two main
magnetic anomalies and two regions of elevated magnetic
fields. It is concluded that the above-described "dumpings"
of high-energy particles play the main role precisely in the
regions of magnetic anomalies.
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E. I. Golovenchits, V. A. Sanina, and G. A. Smolenskii.
Electric-dipolar glass in crystals with Jahn-Teller ions. Rare-
earth ions in crystals have, as a rule, low-lying excited states,
whose population can change substantially when the tem-
perature of the crystal is changed. In the case of crystals
containing Jahn-Teller rare-earth ions, whose local environ-
ment in the lattice becomes distorted as the electronic state
of the ions changes, it may be expected that the dielectric

properties of the crystal will change when the excited states
of the ions are populated as the temperature is increased. In
this respect, compounds with Eu3 + ions are especially inter-
esting. The ground state of Eu3+ ions is nondegenerate (7F0)
and the lowest excited state (7F,) is degenerate (Jahn-Teller).
The magnitude of the splitting of the single-ion 7F0-

7Fj
states is ~300 cm"1, so that the changes in the dielectric
properties owing to the change in the population of the 7F,
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level can be observed in a convenient temperature range. The
marked difference between the properties of an ion in the 7F0

and ?F! states suggests that the expected changes in the di-
electric properties will be large.

The dielectric properties—the real (£•') and imaginary
(e") parts of the dielectric constant for frequencies in the
range 30 Hz-20 kHz and temperatures in the range 100-500
K were studied experimentally in this work. A sharp in-
crease in e' together with a maximum in e" were observed at
temperatures close to room temperature in EuCrO3. Low-
frequency dispersion of the dielectric properties was ob-
served: the higher the frequency, the higher the temperature
at which the anomalies in £ were observed. The logarithmic
dependences \ne'(T ~~1) indicate that the anomalies in e have a
thermal activation character. In the temperature range from
100 K to a temperature Tt whose value depends on the fre-
quency E' is proportional to the concentration of thermally
excited Eu3+ ions in the 7Fl state, which is indicated by the
linear dependence of ln£'(T~l) with an activation barrier of
300 cm"', which agrees with the value of the energy gap up
to the 7Ft level of Eu3+ ions. At Tx Tl a sharp change occurs
in the slope of the dependence Ine' T~l. The energy barrier in
this case turns out to be of the order of 104 K. This rapid
growth in e' continues up to a temperature of Tzz T2, whose
value also depends on the frequency. The temperature inter-
val T1-T2 ~40 K. The rapid growth in e' stops when T> T2.
At the same temperature a maximum is observed in e". The
state of the crystal for T> T2 is characterized by a wide col-
lection of relaxation times, which is characteristic for a state
of the spin-glass type.

We assume that the experimentally observed anomalies
are caused by the thermal population of excited 1Fl states of
Eu3 + ions. When the Eu3 + ion is excited into the Jahn-Teller
state 7F,, the local environment of the ion in the lattice is
distorted, which with a noncentral position of the Eu3+ (Cs)
ion leads to the formation of an electric dipole. At T~Tlt

when the concentration of thermally excited Eu3+ ions—
electric dipoles—reaches 20-25%, the interaction between
the electric dipoles causes the formation of clusters within
which the electric dipoles are ordered. At the same time the

polarizability of the crystal changes markedly and low-fre-
quency dielectric losses appear. In the temperature interval
T^T2 the number of thermally excited clusters increases. At
T~ T2 correlations appear between clusters and a state of the
dipolar-glass type is established in the entire crystal as a
whole.

A photoinduced magnetic phase transition was ob-
served previously at low temperatures in the same crystal.
The 7Fj state of the Eu3 + ions was populated with the help of
intense optical pumping. At the same time, the nonmagnetic
(prior to pumping) subsystem of Eu3+ (7F,) ions became
magnetic and acquired an antiferromagnetic ordering. Mag-
netic ordering was observed after pumping during an experi-
mental investigation of the antiferromagnetic resonance and
of the magnetization of the crystal before and after pumping.

Subsequent dielectric and optical studies at low tem-
peratures after the photoinduced phase transition showed
that antiferromagnetic and antiferroelectric ordering coex-
ist in the crystal after pumping, i.e., the photoinduced transi-
tion proceeds into the ferroelectric-magnetic state.

In EuCrO3 the exchange interaction between the Eu3+

(7FJ ions is stronger after pumping than the electric-dipole
interaction (the corresponding ordering temperatures are
140 and 80 K) because of the polarization f-d-f exchange, so
that the initial small metastable clusters—nuclei of the new
phase accompanying optical pumping—are apparently
formed as a result of the exchange interaction. The electric-
dipole interaction, however, is significant in quite large clus-
ters and leads ultimately to the electric-dipolar orderings of
the entire crystal. The articles in which the basic results of
the work were published are cited in the list of references.
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I. K. Kamilov. Magnetic critical phenomena. In 1971 V.
L. Ginzburg classified the problem of phase transitions and
critical phenomena as being especially important and inter-
esting. ' Since then enormous progress has been achieved in
this area. Theoretical achievements in the exact and approxi-
mate solution of some model systems and in the application
of the hypothesis of scale in variance of scaling, renormaliza-
tion-group representations, and £ and \/n expansions2 to the
study of critical and multicritical phenomena have been
widely recognized. The methods of the theory of critical phe-
nomena turned out to be so general that they are already
widely used in many areas of modern physics.3 However, the
experimental aspect of this problem has not been adequately
studied, especially in the case of magnetic phase transitions
and critical phenomena. In this report, special attention is
devoted to the study of experimental and theoretical studies

of magnetic critical phenomena, performed at the Dagestan
University, which were among the first studies to confirm
the existence of a magnetic critical state and enabled the
most complete check of the results of the modern theory of
critical phenomena. The results of studies in the following
directions are of great interest.

1. Magnetic critical phenomena. The most important
aspect of the study of critical phenomena is the interpreta-
tion of the anomalous change in the physical parameters in
the vicinity of a phase-transition point and its quantitative
description with the help of critical indices and amplitudes
and determining on their basis the nature of the phase transi-
tions and critical phenomena.

Estimates of the static and dynamic critical indices and
amplitudes are given for an entire class of magnetic crys-
tals—ferrites with the structure of garnet and spinel, ortho-
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