
The Eu-subsystem is then also in the antiferromagnetic
state with the antiferromagnetic axis lying along the Y
axis of the crystal. Measurements have been carried
out of the magnetic moment of the crystal as a function
of temperature for the principal crystal directions
before and after exposure to the high-power optical
pump. Magnetic measurements confirm the presence
of antiferromagnetism in the Eu-subsystem after ex-
posure to the pumping radiation along the Y axis.

Measurements have also been carried out of the opti-
cal absorption spectra of EuCrO in the range 2200-500
nm at temperatures between 4. 2 and 300 K before and
after exposure to the optical pump. The absorption
spectra recorded after the application of the pump con-
tain an absorption band with a maximum at 1400 nm,
and a number of other features connected with appear-
ance of magnetic order in the Eu-subsystem, but these
features vanish on heating (T & 140 K). We note that
the absorption spectra recorded before the pump was
turned off contained features that had not been seen
previously in magnetic crystals based on the Cr3* ions,
namely, a giant red shift of the electronic vibrational
band T2(~3000 cm"1) and an anomalous behavior of the
R-lines of Cr3*. These features are due to the fact
that, in the 4T2 band and in EuCrO, the excitation of the

Cr-Eu exciton is energetically favorable. This exciton
takes the form of an excited Cr3* ion (in the 4T2 band),
surrounded by excited Eu3*(7F1) ions. Polarization of
the magnetic moments of the Eu3* ions as a result of
f-d-f exchange produces a substantial reduction in the
energy of this exciton. A number of independent opti-
cal effects were used to estimate the model parameters:
the magnitude of f-d-f exchange and the position of the
first excited state of Eu3*. These were found to agree
with one another and with the data obtained as a result
of magnetic and resonance measurements.

It is thus clear from resonance, magnetic, and opti-
cal data that high-power optical pumping gives rise
to a magnetic phase transition in EuCrO3. The experi-
mental data confirm the basic assumptions of the theo-
retical model put forward to describe the phenomenon.
The basic results are published in the following papers.

1E. I. Golovenchits, V. A. Sanina, and T. A. Shaplygina, Zh.
Eksp. Teor. Fiz. 80, 1911 (1981) [Sov. Phys. JETP 53, 992
(1981)1.

2E. I. Golovenchits and V. A. Sanina, Fiz. Tverd. Tela
(Leningrad) 24, 375 (1982) [Sov. Phys. Solid State 24, 213
(1982)1.

V. L. Gurevich. Dielectric relaxation and the ther-
mopolarization effect in crystals. The first part of
this paper gives the theory of high-frequency dielectric
losses in crystals. These losses will occur in any di-
electric placed in an alternating uniform electric field.
The result is that the field energy is dissipted as heat.

The problem of dielectric losses was first formulated
by Debye. He considered losses in a polar liquid whose
molecules had constant dipole moments.

This paper discusses the theory of high-frequency di-
electric losses in crystalline dielectrics such as, for
example, NaCl and ZnO, which do not contain freely
rotating dipoles and the only possible motion is the
vibration of the crystal lattice (phonons) whose inter-
action with the alternating field governs the above
losses. An analysis is given of the basic physical
processes underlying the phonon contribution to the
losses. This contribution is relatively large and can
be detected experimentally only at sufficiently high
temperatures T and for field frequencies to for which
it is much greater than the nonphonon contribution due
to lattice defects (see, for example, Ref. 2 for further
details relating to the latter).

The phonon contribution is different in crystals with
and without a center of symmetry, respectively. In the
latter case, it can be represented by the sum of two
different terms.3"5 The first of these terms has a fre-
quency (but not temperature) dependence resembling the
Debye shape: at low frequencies, the tangent of the loss
angle, tg 6, increases in proportion to u>, reaching a
maximum when the frequency is of the order of the re-

ciprocal of the phonon relaxation time T. It then falls
as l/o). The second term increases monotonically with
both frequency and temperature. The nature of this
increase is determined by the crystal class (sometimes
by the space symmetry group of the crystal). Thus,
tg 0 is a nonmonotonic function of u> for crystals that are
not centrally symmetric (Figs. 1 and 2).

In centrally symmetric crystals, tgS contains only the
contribution due to the second term6-7 and the charac-
ter of the increase is again determined by crystal sym-
metry3"5. In most cases, the losses in crystals that are

FIG. 1. Schematic illustration of the contributions to tg6 as a
function of the frequency u> of the field: 1—quasi-Debye con-
tribution to the losses, which is present only in crystals
without a center of symmetry: it is proportional to w for
WT «1, reaches a maximum at U)«1/T and decreases as I/a;
for WT «1; 2—non-Debye contribution which is present in
crystals of any symmetry: it increases monotonically with
frequency: for U>T «1 the increase is linear and for O)T« 1
the increase is proportional to ow where the exponent n de-
pends on the crystal symmetry. It is assumed that the fre-
quency a) is much lower than the limiting phonon frequencies.
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FIG. 2. Comparison of the general behavior of the frequency
dependence of tg6 in crystals with (2) and without (1) a
center of symmetry at temperatures greater than or of the
order of the Debye temperature. It is clear that where the
frequencies are not too high the losses in crystals that are
not centrally symmetric are much higher than those in
centrally symmetric crystals.

not centrally symmetric are much greater than those in
centrally symmetric crystals.

The second part of this paper discusses another (but
theoretically similar) kinetic phenomenon in dielectrics,
namely, the thermopolarization effect. In this effect,
dielectric polarization is produced by a temperature
gradient. Here again the theory of the effect is dif-
ferent for noncentrally symmetric8 and centrally sym-
metric9 crystals and, under favorable conditions, the
effect can be greater in the former case. However,
it appears to be simpler to observe in the second
case because noncentrally symmetric crystals fre-
quently exhibit the piezoelectric effect, and the ther-
mopolarization effect can be masked by the so-

called third-order pyroelectric effect.10 In centrally
symmetric crystals, the larger effect is expected to
occur where the permittivity is high, for example, in
ferroelectrics in the paraphase. It has recently been
observed experimentally11 in one such crystal
PbMg1/3Nb2/3O3. The magnitude of the observed effect
is in reasonable agreement with order-of-magnitude
estimates offered by the theory.
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I.M. Dremin. Hadronic analogs of Cherenkov,
transition, and bremsstrahlung radiation. Effects
analogous to well-known electrodynamic phenomena such
as Cherenkov, transition, and bremsstrahlung radiation
are found to occur in the physics of strong interactions.
The first two are connected with the presence of a me-
dium and the last can occur even when there is only
one scatterer. Formally, the nature of the effect is de-
termined by the quantity fin ($ = v/c, v is the velocity
of the radiator, and n is the refractive index of the me-
dium). When |3«>1 we have the Vavilov-Cherenkov ef-
fect; a change in n produces the transition radiation,
and a change in the velocity vector gives rise to brems-
strahlung.

For radiation of frequency w, the refractive index of
a medium is related to the (forward) scattering ampli-
tude F(w) as follows:

„(,»)= i + -^Lf M, (1)

where N is the density of scattering targets in the me-
dium. The real part of the forward-scattering ampli-
tude is positive for all hadrons at energies of a few
hundred MeV. According to (1), this means that a had-
ron colliding with a hadronic medium" (a nucleus or
another hadron) can radiate secondary hadrons by ana-
logy with the emission of Cherenkov radiation in elec-
trodynamics1.

The analogy with electrodynamics is strengthened
further if we consider the emission of gluons by
quarks1' (the constituents of the hadron), since the
properties of gluons and quarks are respectively simi-
lar to the properties of photons and electrons. The
behavior of the hadronic scattering amplitudes sug-
gests that A w = n - 1 is positive for the constituents of
hadrons i. e., quarks and gluons, as well. The char-
acteristic features of the hadronic case are that1 An
is small (<, 10"6) and decreases with increasing fre-
quency w as uf1, and that the size of the hadronic tar-
get is limited, i.e., l~m~* (m, is the pion mass), so
that w/An«l (although u>/»l) . This, in turn, means
that a rigorous separation of radiation into different
types is difficult to achieve. This becomes clear if we
consider the emission of radiation by a current that ap-
pears and disappears instantaneously as it traverses a
path of length Z in a medium. This problem was first
solved by Tamm2 in 1939. The total intensity of radia-
tion emitted at frequency w »E (E is the primary ener-
gy) is given by

d'-7
deodf i 2AIOM (2)

''Both the quark and the gluon finally transform into jets of
hadrons traveling in the direction of emission of the parton
that initiates them.
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