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The effect of paramagnetic impurity atoms on the absorption of sound in a ferromagnetic di-
electric is considered, and the absorption coefficient of such a substance is calculated.

THE absorption of sound in a ferromagnetic dielec-
tric has been considered in a number of works."!
It was shown in them that both the processes asso-
ciated with the exchange interaction of spin waves
with each other (scattering of spin waves by spin
waves) and processes connected with the relativ-
istic interaction (splitting of a spin wave into
three) are important for sound absorption in an
ideal ferromagnetic. If the ferromagnetic contains
paramagnetic atoms, another mechanism is possi-
ble, connected with the exchange scattering of a
spin wave by the paramagnetic impurity. It will
be seen below that such a mechanism is of impor-
tance at certain temperatures and concentrations
of the paramagnetic impurity atoms.

The calculation of the absorption of low-
frequency sound, as is well known, amounts to a
determination of the departure from its equili-
brium value of the distribution function of the ele-
mentary excitations, which departure is caused by
the sonic field and the influence of the thermal
conductivity of the sample. However, following
Akhiezer [1] (see also [3,4]), we shall not take the
thermal conductivity into account in the calculation.

We shall write the kinetic equation for the
change with time of the number of spin waves in
the form [2-4]

nx =L {n} 4 LY {n} + L {n}, (1)
where Ll(f){n}, Lf){n}, and Ll({r) {n} are collision

integrals associated respectively with the processes
of exchange scattering of spin waves on paramag-
netic impurity atoms, exchange scattering of spin
waves on spin waves, and splitting of one spin wave
into three by the relativistic interaction.

The average relaxation time corresponding to
the first process is easily calculated if use is made

of the expression for Ll(<£ ){n} from [4]:
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where the summation over m is carried out over
those sites p of the crystal lattice where the
paramagnetic impurity atoms are located, N is the
total number of atoms, Jy, is the exchange inte-
gral, and o is the spin of the paramagnetic im-
purity atom. The mean relaxation time of the two
remaining processes has been calculated by other
authors.[2:5]

Thus, we have for the mean relaxation times of
all three processes
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where ¢ is the concentration of paramagnetic im-
purities in the ferromagnetic substance, ®c is the
Curie temperature, p is the Bohr magneton, and
M is the saturation magnetic moment.

A comparison of these relaxation times with
one another shows that

10 <L 1 for T <& O (E':J146 / Oc)*
and
T® <L for E> (WM /J450)*

Consequently, in the temperature and concentra-
tion regions for which these conditions are fulfilled,
the processes of exchange scattering of the spin
waves on the paramagnetic impurity atoms are im-
portant in sound absorption.

In order to find the sound absorption coefficient
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we calculate the time rate of change of the entropy
of the system due to the presence of a sonic field:
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The quantity nk is determined from the kinetic
equation (1), which in view of the inequalities
above now has the form

(n) s = () e = LY {n}. (5)

Here ny represents the change in the average
number of spin waves with impulse k caused by
the sonic field.

We shall consider the sonic field as classical
and quasi-static and write the energy of a spin
wave as €| + €k, where d€k is a quantity propor-
tional to the deformation tensor of the body. This
can be determined by making use of the Hamil-
tonian

N
H = Z Z Jiz (le) $iOm;
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which describes the exchange interaction of the
spins of the ferromagnetic atoms s with the spins
of the paramagnetic atoms o.

Expanding the exchange integral in the displace-
ment of the atom from its equilibrium position and
replacing the operator s; by the creation and anni-
hilation operator for spin waves by means of the
Holstein and Primakov transformation, we easily
obtain the increment in spin-wave energy that we
seek:

dey = 2J,,08uy 2 aray,
Kk

where ujj is the trace of the deformation matrix.
With the aid of the last formula we can write

() s = 2 (0n/0e) J 1,081, . 6)
A solution to Eq. (5) will be sought in the form
ny = ny -+ 8ny,
where ni’( is a Bose distribution function and ényg

is a small addition to it due to the sonic field.
Equation (6) is rewritten in the form
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whence we have for 6nk
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depends on the polar and azimuthal angles of the
wave vector k.

Substituting Eqs. (6) and (8) into Eq. (4) after
replacing summation by integration, the dissipation
function is easily obtained:

TS = —Va3th (uu),

[__!_S do Sxdx (0n | 9x)?
T ) A(x/x) nn+1)

Proceeding in the usual way, we obtain an expres-
sion for the sound absorption coefficient for a
ferromagnetic dielectric:

k = BE (w/c)*h/mc,

where c is the speed of sound, m = pa3, and B is
a numerical coefficient.
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