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Results are reported of observation of nonlinear self-action of sound
oscillations in single-crystal hematite. It is shown that the acoustic
nonlinearity of the crystal, which is responsible for the effect, is due to
magnetoelastic coupling.

PACS numbers: 75.80.+q, 75.50.Ee, 43.35.Rw

The acoustic properties of antiferromagnets with easy-plane anisotropy (EPAF),
both linear and especially nonlinear, are determined to a considerable degree by the
strong mutual influence of the elastic and magnetic subsystems of the crystal."

In the present paper, using a hematite single crystal as an example, we examine
the role of the magnetoelastic interaction in the formation of the cubic acoustic nonlin-
earity of EPAF.

The energy of long-wave acoustic oscillations of EPAF can be represented, accu-
rate to terms of order higher than the fourth in the amplitudes, in the form
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where {2, is the frequency of the normal acoustic (magnetoelastic mode) (we assume
that 2,40, @y is the frequency of the antiferromagnetic resonance);
U Ar,t)=A,()U (r) is the strain in the normal mode; C are the elastic moduli of
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order i; }/3\1 and 1/3\2 are the magnetoelastic-constant tensors; H and A (¢ ) are the constant
and alternating magnetic fields, which are assumed to be oriented perpendicular to the
basal plane: H ,, is the Dzyaloshinskii field. The magnetic corrections to the elastic
moduli of second and third order are respectively™:
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where H  is the exchange field.

The cubic acoustic nonlinearity is due to the interaction with amplitude (4). The
magnetic contribution to the fourth-order elastic moduli is determined by the relation
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The cubic acoustic nonlinearity leads to self-action of the sound waves, which can
manifest itself in the form of a nonlinear frequency shift of the sample magnetoelastic
oscillations. In the case of resonant excitation of the crystal by a harmonic alternating
field & (t)=h, cos wt, the amplitude-frequency characteristic of the forced acoustic
oscillations is formally analogous to the corresponding hysteresis characteristic of a
nonlinear oscillator:
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where 2b , is the amplitude of the oscillation with frequency w, dw=w—£ ,, and
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The nonlinear frequency shift was experimentally observed in a hematite single
crystal excited at the transverse half-wave acoustic mode with a polarization perpen-
dicular to the C, axis. The sample was a thin disk of 4.9 mm diameter and of thickness
/=0.48 mm, cut paralle] to the basal plane. The sound oscillations were recorded by
an induction method. The experimental amplitude-frequency characteristic shown in
Fig. 1 agrees qualitatively with the theoretical characteristic (7). To assess the mecha-
nism of the nonlinear frequency shift Aw, we measured its dependence on the intensi-
ty of the external magnetic field H (4w y=w y —{2,, where wy is the frequency
corresponding to the maximum amplitude 2/b,| at the given A ). As applied to the
considered oscillation mode, neglecting the intrinsic nonlinearity of the elastic subsys-
tem, we can obtain from (7) the following relation for Adwy(H ):
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where £, =(H/M,)[2B,./(0 /7))’ +C 4" is the coupling coefficient that determines
the linear renormalization of the frequency £2 2=C,(1—¢,)7/pl? and is described for
the investigated sample by the relation £, =0.42[H, o, +(H £0./22)+0.56] obtained
from measuring the function 2,(H).
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Figure 2 shows the results of measurements of Aw \(H ). The results of the calcula-
tion by formula (8) are shown by the continuous curve.

The strong field dependence of the nonlinear frequency shift, the value of which
agrees with the expounded theory, shows that the nonlinear interaction of sound
waves in hematite (at H =6 kOe) is practically entirely due to magnetoelastic
interaction.

We note that the nonlinear self-action in hematite manifests itself as the principal
mechanism that limits the amplitudes of the parametric oscillations in experiments on
parametric excitation of sound by longitudinal pumping.'’
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