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determined by the unbroken symmetry of the paramagnetic
crystal. The second term W^E is the magnetoelastic contri-
bution to the gap of the magnon branch, which does not fit
into the framework of the above renormalization and thus is
entirely due to breaking of the symmetry of the ground state
of the magnetic material with respect to the symmetry of the
paramagnetic crystal. It is important to emphasize that this
effect in the general case is determined not by the spontane-
ous deformations of the ground state themselves, but by the
difference from those striction deformations which corre-
spond to equlibrium coupling between the A M and Au.

In view of this definition, the term <y£, in (1) is charac-
terized by vanishing in magnetic orientational phase transi-
tions. At points of phase transitions of the second kind and at
points of instability for phase transitions of the first kind, the
quasimagnon gap has a minimal value, giving in pure form
the spontaneously broken symmetry effect—the magnetoe-
lastic gap, as is shown in Fig. 1, where we have plotted the
dependence of (O0 and <yM on temperature near the phase
transition point T= T*.

The magnetoelastic gap is due to the influence of the
elastic subsystem on the magnetic subsystem. Of coure,
there is another aspect of the phenomenon—the inverse in-
fluence of spin oscillations on the branch of the acoustic os-
cillations (phonons) which interacts with them. These two
coupled modes of oscillation (quasimagnon—I and quasia-
coustic—II) are shown schematically in Fig. 2 for an antifer-
romagnetic material in the simplest "pure" case, in which in
(1) «M = 0, so that the quasimagnon gap as a whole reduces
to <yME (the minimum point in Fig. 1). In this case the inter-
action of the modes turns out to be the strongest. The dashed
line shows the spectra without interaction, and the solid
lines show the spectra with inclusion of the magnetoelastic
interaction. Together with the appearance of the gap in &>ME

for ^(k), a strong deformation of the acoustic branch
arises—can (k), and in the limit of sufficiently small k the
dispersion law for this branch can change from linear to qua-
dratic.7 This corresponds to vanishing of the effective elasti-
city modulus (or the velocity of sound for &—>•()) for a given

quasiacoustic mode. This effect appears experimentally as a
significant decrease of the velocity of sound with the de-
crease of &>M near phase-transition points.7'10 At the present
time data exist in the literature on observation of a decrease
of the velocity of sound as the result of the spontaneously
broken symmetry effect by more than a factor of two."
Theoretically the effect may be much larger. We note that in
antiferromagnetic materials there is an exchange enhance-
ment of magnetoacoustic effects due to the fact that for exci-
tation of dynamic magnetization in them it is necessary that
the exchange interaction, which determines antiferromagne-
tism, be dominant. The magnetoelastic effects of spontan-
eously broken symmetry open up still another field of practi-
cal application of magnetoacoustics, related to the enormous
influence on the velocity of ultrasound of the magnetic field
and other external actions.

A more complete list of references has been given in a
review article.9
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V. I. Ozhogin and M. A. Savchenko. Exchange-en-
hanced linear and nonlinear magnetoacoustic effects in anti-
ferromagnets. The dynamics of the magnetic (spin) subsys-
tem of an antiferromagnetic material has much in common
with the dynamics of a ferromagnetic material—with one

important exception. Specifically, for a ferromagnetic mate-
rial in the absence of an external magnetic field H the fre-
qeuncy of a homogeneous resonance co0 = yHA is deter-
mined by the anisotropic field HA, and the exchange field
//E, which is the cause of ferromagnetic ordering, does not

643 Sov. Phys. Usp. 27 (8), August 1984 Meetings and Conferences 643



enter into the formula, whereas for an antiferromagnetic ma-
terial it followed already from the calculations of Kittel1 that
co0 = y^2-^IEHA where HE is the effective exchange field
with which one magnetic sublattice of an antiferromagnetic
material acts on the other. Subsequent experimental and
theoretical studies showed that by HA we can understand
not only the anisotropy field, but also H s —the effective field
of lattice deformations at an electron, or H N—the effective
field of the nucleus at the electron. The former arises as a
consequence of spontaneous deformation of the lattice due
to the magnetoelastic interaction,2-3 and the second arises as
the result of the average statistical magnetization of the sub-
system of nuclear spins due to the hyperfine interaction.4

At the same time it turned out that taking into account
the hyperfine or magnetoelastic interactions leads to a renor-
malization of the dynamics of the corresponding subsystem
of nuclear spins4 or of the elastic continuum,5 and in this case
also the ferromagnetic exchange interaction almost does not
come into play (for waves with a0k41 where a0 is the lattice
constant), while for antiferromagnetic materials, particular-
ly weakly anisotropic ones, HE greatly enhances the renor-
mali/ation or, speaking more precisely, it extends the range
of the external fields for which the renormalization is signifi-
cant. In particular, in an antiferromagnetic material with a
high Neel temperature TN such as hematite (a-Fe2O3; in it
#E s 107 Oe), this leads to a very strong dependence of the
velocity of sound vs on the magnetic field6'7 and on the direc-
tional compression a.7 The magnitude of the latter effect,
namely v ~ ldvs/da, is easily calculated8 and also as a result
of the exchange enhancement turns out to be 100-1000 times
greater than the corresponding value for simple solids as the
result of anharmonicity of their crystal lattice.

However, by a we may understand not only external
mechanical stresses but also those which are due to deforma-
tion in the sound wave itself. This brings to mind that in the
materials considered the velocity of sound, which is a defor-
mation wave, should depend strongly on the amplitude of
these deformations, i.e., there should be a great anharmoni-
city of the elastic subsystem (more precisely—an effective
anharmonicity, since it is produced by nonlinearities of both
the magnetic subsystem itself and of the magnetoelastic cou-
pling with the modulus of B}. Subsequent calculations
showed that literally all nonlinear dynamical effects involv-

ing hypersound9 and ultrasound10 in weakly anisotropic an-
tiferromagnetic materials have an enormous value (and for
ultrasound one can even say a stupendous value). For exam-
ple, for TmFeO3 near the spin orientation11 when the mag-
netic subsystem becomes soft, and for a-Fe2O3 in low fields12

the effective moduli of the nonlinearity Cf ~H\B^/
for the ultrasound region of frequencies 10 ...

100 MHz can reach values of 1017 erg/cm3, exceeding by a
factor of 104 the ordinary values for solids. The same thing to
an even higher degree applies to Cf — the effective moduli
of nonlinearity of the next order.13 As a result many ultra-
sound analogs of well-known phenomena of nonlinear optics
become practically achievable: frequency doubling, stimu-
lated Raman scattering (in other words — parametric excita-
tion of sound by sound), nonlinear self-action of sound
waves, self-focusing, and so forth. High-temperature anti-
ferromagnetic materials (i.e., those with large HE ) with a soft
magnetic mode (i.e., with a low frequency of antiferromag-
netic resonance co0 =/(#, a, T)) are exceptionally appropri-
ate objects for realization of still other nonlinear ultrasonic
effects (including strongly nonlinear ones).
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I. D. Novikov, Electrodynamics of black holes and its
astrophysical applications. The existence of black holes in
double star systems can be considered a fact established by
astrophysical observations. Numerous observational data
indicate the probable presence of supermassive black holes
in galactic nuclei and quasars. These supermassive black
holes must be the cause of the tremendous energy release
observed in quasars and galactic nuclei. One of the possible
mechanisms of energy release may be electrodynamic pro-
cesses occurring in the vicinity of black holes which are sub-
ject to accretion of magnetized gas. Recently in the USSR
and abroad the theory of the electrodynamics of black holes

has been under development. If a rotating black hole is
placed in an external magnetic field, then in its vicinity there
arises an induction electric field produced by the presence of
a relativistic gravimagnetic field due to rotation of the black
hole. If now in the vicinity there is a rarefied plasma, then
electric currents will arise in it. These currents can serve as a
specific mechanism which pumps energy of rotation of the
black hole into energy of ultrarelativistic particles, energetic
Y rays, and so forth. In recent work by N. S. Kardashev, I. D.
Novikov, A. G. Polnarev, and B. E. Shtern1 a model has been
constructed which explains the appearance of the activity of
the center of our Galaxy, as the result of the appearance of an
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