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Coupled magnetoacoustic oscillations are investigated in crystals in which a temperature transition 
between ferro- and antiferromagnetic phases is possible. It is shown that for a certain value of the 
temperature in the antiferromagnetic phase of such crystals a resonance between the sound and low
acti vation spin wave arises in a broad frequency range. It is pointed out that such crystals can be 
used to excite ultrasound by alternating magnetic fields. 

As is well known, there exists a whole series of crys
tals in which a transition takes place at some tempera
ture Tc between the ferromagnetic and antiferromag
netic states. An example of such crystals is FeRh, for 
which Tc = 350 o K'p1 In the description of crystals of 
such a type, it is natural to use a model of two equiva
lent magnetic sublattices, and to assume that in one 
range of temperatures (corresponding to the antiferro
magnetic state) minimum energy of the crystal is 
achieved for antiparallel orientation of the magnetic 
moments of the sublattices, and in another range of 
temperatures (corresponding to the ferromagnetic state) 
-for parallel orientation of the magnetic moments. The 
constant T/ of homogeneous exchange interaction between 
the sublattices in such crystals should depend strongly 
on the temperature and be positive for the antiferromag
netic states, going to zero at T = Tc and becoming neg
ative for the ferromagnetic state. We shall be interested 
in spin waves with a linear dispersion law, which can 
propagate in the antiferromagnetic phase of such a 
crystal if it possesses magnetic anisotropies in this 
case of the easy-plane type. The velocity Vs of such a 
spin wave should be strongly temperature dependent, 
decreasing as Tc is approached. If vs(T) > S far from 
the critical point (s = sz or St is the speed of the longi
tudinal or transverse sound) then, for some particular 
value of the temperature of the crystal TR, we have 
vs(TT) = s. For this temperature, a special tempera
ture magnetoacoustic resonance (TMAR) should be ob
served-a resonance over a wide range of frequencies 
and wave vectors (and not only for definite values of the 
frequency and wave vector, as in the usual case).1) 

We shall begin with the equations of motion of the 
magnetic moments of the sub lattices and the elasticity 
equation: [3] 

dll.ldt =g[Il.H.], H. = -I\U IIl(PIl.), 

d'u, a ( a (Ulp) ) 
P'dj2= ax; P a (au,loXj) , 

(1 )* 

where I-' v is the magnetic moment of a unit mass 

1) Such a situation is analogous to the well known situation in anti
ferromagnets which takes place only in a strong magnetic field, equal 
to the value of the exchange field in order of magnitude, [2] 

*[Uj./Hj./J =uIJ X "IJ' 
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coupled with the v-th sublattice (v = 1, 2), g is the 
gyromagnetic ratio, u is the displacement vector, and 
p is the density of the crystal. The internal energy of 
the antiferromagnet U can be represented in the form 

U=Um+U,+Um" 

where Um is the known expression for the energy of 
oscillations of the magnetic moments,P] Ue is the 
known expression for the energy of oscillations of the 
lattice, [4] and Ume is the coupling energy, which has 
the formES] 

Um.=~tP'I.,l.j~-j-(~ -~')p'(l.n)I.,(nV)u,; (2) 
2 OXj 2 

~ = 1-'1 - 1-'2; f is the constant of magnetostriction; 
{3 and (3' the constants of the magneti anisotropy, and 
n is the unit vector along the axis of the anisotropy 
(the z axis). 

In the case of longitudinal magnetoacoustic reso
nance, when the phase velocity Vs of the spin wave is 
close to the velocity sz of the longitudinal sound, we 
obtain the following expression for the frequencies of 
coupled spin and longitudinal sound oscillations: 

, - , ± 2 M '/ t Mo " I' I WI., - WI g 01'] '00, -'/,- sm X sm 2'1' , 
p s, 

(3 ) 

where WZ,t = SZ,tk, Mo is the equilibrium density of the 
magnetic moment associated with each of the sublat
tices, X is the angle between the wave vector k and the 
z axis, and cp is the angle between the vector I-' 01 and 
the x axis (the u axis is chosen perpendicular to the 
(k, n) plane). We see that in this case there are two 
branches of resonance oscillations, the frequencies of 
which differ by a quantity proportional to the small 
parameter ..ff (t = f~~/ p~ the constant of magneto
elastic coupling, equal to 10-4_10- 6 in order of magni
tude ). 

In the case of magnetoacoustic resonance, when the 
phase velocity Vs of the spin wave is near the velocity 
St of transverse sound, the frequencies of the two 
branches of coupled spin and transverse sound oscilla
tions have the form 

(the third branch of magnetoacoustic waves is almost 
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completely pure sound; its phase velocity differs from 
st by a quantity of the order of I;). 

The TMAR phenomenon can be used for intense ex
citation of spin waves in antiferromagnets by means of 
sound waves (for example, by producing elastic defor
mations in the crystal) or for the intense excitation of 
sound waves in antiferromagnets by means of an ex
ternal magnetic field. 

The transformation coefficient of a sound wave into 
a spin wave (defined as the ratio of the energy denSity 
of the magnetic field accompanying the spin wave to the 
energy density of the sound wave) is equal, in order of 
magnitude, to 

(5) 

The transformation coefficient of a spin wave into a 
sound wave is equal, in order of magnitude, to 

1 ( W' OJ)' T m-+e "..., - 2 2 A ~, 
11 W - Wf,t L\oo 

(6) 

where Aw is the width of the ordinary antiferromag
netic resonance. We see that these coefficients increase 
by a factor of C 1 ~ 104_10 6 near the TMAR. 

We emphasize that the resonance transformation of 
waves in the case of TMAR takes place for a width 
range of frequencies, while in the ordinary case of 
resonance transformation, the incident wave must be 
very monochromatic (the condition (w - ws)/ ws ~ If 

must be satisfied). The width of the resonance fre
quency range is limited only by the magnetic aniso
tropies of the crystal in the basis plane 131, w 
> gMo(7Ji31)1/2. The temperature of the crystal in this 
case can differ from its resonance value only by the 
amount AT ~ ..{[7J (a1//aTt l (~0.1-1 deg). 

Apparently the TMAR phenomenon takes place only 
in the case of weak damping of the waves 'Y < ..{[ w, 
where 'Y is the damping decrement. 
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