
wave to an elastic wave and vice versa, by an appropriate
change of H. This phenomenon is used in microwave elec-
tronics to create delay lines controlled by a magnetic field.

The magnetoelastic interaction appears not only in a
change of the spectrum of quasiparticles, but also in the na-
ture of the polarization of elastic waves.6 Spontaneous mag-
netization of the medium results in the appearance of addi-
tional antisymmetric components of the dynamic elasticity
modulus tensor of the typecyzx!. = — cxzyz (the z axis is cho-
sen along the direction of magnetization). These components
are responsible for acoustic gyromagnetic phenomena: rota-
tion of the plane of polarization and appearance of ellipticity
of an initially plane-polarized transverse elastic wave during
its propagation along the magnetization. The two effects in-
crease rapidly (in a resonance manner) on approach to the
region of magnetoacoustic resonance, which is observed ex-
perimentally.

The study of magnetoacoustic phenomena has led to a
review of the basic concepts of the mechanics of continuous
media. It is well known that the equations of the mechanics
of continuous media are constructed on the basis of the laws
of conservation of momentum, energy, and angular momen-
tum. Related to the conservation of angular momentum is
the fact that the symmetric deformation tensor enters into
the free energy of an elastic medium and into the equations of
motion. Since neither orbital nor spin angular momenta are
conserved individually in magnetic materials, for descrip-

tion of the magnetoelastic state of a material it is necessary to
introduce (in addition to the symmetric part) also an anti-
symmetric part of the deformation tensor. Accordingly the
stress tensor in magnetized media has an antisymmetric
part, in contrast to ordinary media where it is equal to zero.
Vlasov7 showed that the antisymmetric part of the stress
tensor determines an additional moment of the forces, which
arises in local rotation of crystallographic axes and the axes
of magnetic anisotropy of the relative magnetization asso-
ciated with them. These ideas have led to the discovery of
new effects. For example, an observed effect is nonmutua-
lity, which consists of the fact that the velocities of two trans-
verse sound waves in which the directions of the wave vec-
tors and the polarizations are mutually changed, turn out to
be different.
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A. S. Borovik-Romanov, E. G. Rudashevskii, E. A.
Turov, and V. G. Shavrov. Magnetoelastic effects of spontan-
eously broken symmetry and soft modes in magnetic phase
transitions. The effects which are discussed in the paper were
observed and their study was begun about 20 years ago in
Refs. 1-4. References 1 and 3 almost simultaneously and
independently discovered an effect which in the Soviet and
western literature has been called respectively the magnetoe-
lastic gap2'4 and the frozen lattice (see for example Ref. 5). It
was experimentally observed that in an antiferromagnetic
material with an anisotropy of the easy-plane type a-Fe2O3

the low-frequency resonance branch a>0 cannot be described
by the contributions of magnetic anisotropy and the magnet-
ic field H known at that time (we shall denote both of these
contributions by COM ). It turned out that

<B2=«4+<iE. (i)
where the second term did not depend on the direction of H
in the easy plane and thus could not be related to the anisot-
ropy. It was shown that this term is due to spontaneous mag-
netoelastic deformations in the ground state of the magnetic
material. It is important that these deformations seem to be
"frozen" and do not follow the uniform oscillations of the
magnetic moments, which correspond to the quasimagnon
branch of the magnetoelastic waves (for k—>0). In this way
they create an effective internal magnetic field

*MB= W- (2)

which is isotropic in the easy plane and which gives the addi-

tional term O>ME in Eq. (1); here t, (B 2/C2) is the magnetoelas-
tic coupling parameter. M is the magnetization of the mag-
netic material (or its magnetic sublattice), and C and B are
respectively the elasticity and magnetostriction constants.

Turov and Shavrov4 also predicted a very large magne-
toelastic gap (of the order of 10 K) in the rare earth ferromag-
netic materials Dy and Tb, which was later found experi-
mentally by study of inelastic scattering of neutrons.6

The above studies and their further development in
Refs. 7-9 have led to the conclusion that the magnetoelastic
gap is an effect common for all magnetically ordered materi-
als—an effect of spontaneously broken symmetry in the sys-
tem of the two interacting fields (in our case— magnetiza-
tion and deformations). It is in this that the general physical
significance of the discovery of the magnetoelastic gap lies,
since analogous effects may occur in other areas (in the the-
ory of superconductivity—the Meissner effect, and in the the
theory of coupled oscillations of electrons and nuclear
spins—the dynamic frequency shift).

The approach from the point of view of spontaneously
broken symmetry8'9 reflects most completely the physics of
the phenomenon. In this approach the individual terms in (1)
must be treated as follows. The first term «£, corresponds to
equlibrium coupling between the oscillations of the magnet-
ic moments (AM} and of the deformations (Au^), in which
the inclusion of magnetostriction is reduced to a simple re-
normalization of the magnetic-anisotropy constants without
change of the general form of the anisotropy energy, which is
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FIG. i.
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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
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