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The relaxation of magnetic moment and the equalization of temperatures between spin
waves and lattice in a ferrodielectric substance are investigated at low temperatures

T < ®,. For T > @;, 0, =0, (uM,/0,)"

a Bose distribution corresponding to the

nonequilibrium magnetic moment is first set up, then the equilibrium value of the mag-
nitude of the magnetic moment is established and, finally, a rotation of the magnetic mo-

ment to its equilibrium direction occurs.

For T « ®; the magnetic moment assumes its

equilibrium value simultaneously with the establishment of the Bose distribution of the spin
waves, and then the magnetic moment rotates to its equilibrium direction.

Simple formulas are obtained which describe the temperature equalization of the spin
waves and the lattice, and the relaxation of the magnetic moment.

].. In the paper by Akhiezer, Peletminskii and the
present author! the relaxation of magnetic moment
in a ferrodielectric substance was investigated in
the temperature range @, > T > @ (uM, /0,)¥"
(p is the Bohr magneton, M, is the equilibrium
magnetic moment per unit volume, ®¢ is the
Curie temperature) and the relaxation constants
were calculated. In doing this it was established
that the slowest process is the rotation of the mag-
netic moment towards the axis of easiest magneti-
zation.

In this paper we investigate in greater detail
the establishing of the magnitude of the magnetic
moment and the equalization of the lattice and the
spin-wave temperature in the case when there is
no deviation of the magnetic moment from the
equilibrium direction. We also consider the re-
laxation of the magnetic moment and the leveling
out of temperatures in the ferrodielectric at tem-
peratures T < ®; [for the sake of brevity we
shall use the notation @; =@, (uM,/@,)¥"].

We start the investigation of relaxation proc-
esses in a ferrodielectric with the kinetic equation
for the distribution function of the spin waves

’.1k=;1:tELk{na N}7

Ly{n, N} = Lk {n} + L¥ {n} + L{ {n, N} + Li{n} (1)
(the expressions for LE, Lg, Lﬁ, and Lﬁ are
given in reference 1).

In the temperature range ®; > T > ®; the
principal role in the setting up of the Bose distri-

bution in the spin wave system is played by the ex-

change interaction (Lk > Lk , Lk, Lk) as a re-
sult of which during a time ~ (/®¢)(®¢ /T)*
following distribution is established

g = [exp( EkT_ Y )— 1]_1. (2)

s

This distribution is a solution of the equation
Lg {n}=0.

The chemical potential y and the temperature
of the spin waves Tg are determined in such a
case by the absolute value of the magnetic moment
of the sample

(Mo V)P — 4 MoV S e (3)

k+0

o = (| Mdu)’ =

and by the energy of the spin system.

The presence of the weak interactions taken 1nto
account by means of the operators LY, Lﬁ Lk
brings about the situation that vy and Tg vary
slowly with time [compared to the time required
for the establishment of the distribution (2)]. Vari-
ation with time of vy and Tg leads to the variation
with time of the phonon temperature Tp.

On substituting into the collision integral
Lk {n, N} the distribution function for the spin
waves (2) and the phonon distribution function

Nis = [exp (hwgs / Tp) — 1171

and on expanding in terms of the quantities <y and
AT = ATg — ATp, which characterize small devia-
tions of the system from complete thermodynamic
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equilibrium, we obtain

Li{n, N} =7 (0Lx/07)o + AT 0Lk /0AT)s,  (4)

where the subscript 0 means that the values of the
derivatives of the collision integral are taken at
y=0, AT =0.

The time variation of the quantities y, ATg =T s
= T, ATp =Tp — T (T isthe equilibrium temperature)
can be determined from the following equations

2‘, hoys Ngs = — Zsk Ly {n, N},
fs k

3= (5)
k

The first equation determines the amount of heat
transmitted from the lattice to the spin wave, the
second equation determines the change in the total
number of spin waves which determines 7y, while
the third relation between ATg, ATp, and y rep-
resents the law of conservation of energy. By using
(4) and (5) these equations can easily be put into the
following form

DLicn, N}, e+ Y hons N i =0.
k k is

Cs ATs + CpATp - T 2 &k Ony / Oex =‘0,
k
coATp = Aryx + Arr AT,

—x'zk“,ank/aek + AT N0 /0T = Ayt + A,r AT, (6)
k

where

Ary = ’_2 ek (OLx / 0%)os Ay = z, (0L« / 0%)os
k k

AyT = 2 (6Lk /aAT)O,

k

155Gk V /T \%
SSEBL (Y =By,
¢s and cp are the spin and the phonon heat capaci-
ties, a is the lattice constant, ®p is the Debye
temperature, V is the volume of the sample. It
may be shown that the quantities ATy and AyT
are related by the equation Ary = -TAyT.

The values of the quantities A as functions of
the temperature may be obtained by considering
the specific form of the collision integrals. We
shall give here only the final formulas obtained
for a uniaxial ferrodielectric. If T > 0} /0., 0,

ATT = — Zek (6Lk/6AT)0,
k
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then

Ao — LV pMyp, (T

Aad om a® ko g8, 0 N
1 }J-Mo

Arv =g e (152) ()

4r '
Arr = Bpa_s [23% + (281 + B2)?) (el)‘l = ‘gTﬁ
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where p is the density of the substance, €; = uH,
+ uBM; is the energy of the spin wave with k=0,
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B is the anisotropy constant, 6 is the magneto-
striction constant, and By and B, are numerical
constants of the order of magnitude of unity, which
appear as coefficients in the Hamiltonian of the
exchange interaction between the spin waves and
the phonons [the Hamiltonians of the interactions
of the spin waves with each other and of the spin
waves with the phonons are given in reference 1,
formulas (2) — (5)].

By assuming that vy, ATg, and ATp vary with
time as e~At, we obtain the following values for
the relaxation constants when T > ®2D /®¢, Oy:

h [T\
12,\,‘;5[38(@) )

The relaxation constant A; is determined primarily
by the relativistic magnetic interaction which de-
scribes the fusion of two spin waves into one and
the splitting of one spin wave into two. The relax-
ation constant A, is associated with the exchange
interaction between the spin waves and the phonons
describing creation and absorption of a phonon by
a spin wave. Thus, if My~ 103G, €, =u (H+8M,)
~ 10 erg, ®c ~ 103°K, T ~ 102°K, then A
~ 3 x 108 sec™!, Ay~ 10° sec™!. It may be seen
from (8) that the inequality A, > A; holds in the
temperature range T > @cuM,/B5V €@ ~ 10°K.
The time variation of the difference AT between
the temperatures of the spin waves and of the pho-
nons, and of the difference in the magnitudes of the
magnetic moment I is determined, according to
(3), (2), and (6), by the following formulas

pMo wMy T

N )
R VEOQ 6

®)

M—M_ M—M e M 4 ge Mt
MV T T My T+a

M ATy o at
+6(M)(c) 1o (et — M),

AT AT,

—lzt + ae —Ad
T=T 1Ffa

14+a
€00, \': c MO_—
9\ T2 > T T MV MoV
where @~ 2 (A /A)? (6 /T)Y2 <1, M is the
equilibrium value of the magnetic moment at a
given temperature, M, is the initial value of
the magnetic moment, AT, is the initial temper-

ature difference.
If these initial data are such that AT, =0, then

M — M=~ (MW — M) (™ + ae—t) /(1 + a).
Since a@ <1 and Ay; > Ay, then

M— M=~ (M, — M) e,

©)

(e Mt — ),

(10)

From this it can be seen that the magnetic moment
relaxes during a time of the order of Tgy = 1/A;.
If at zero time M, = M, then the leveling out
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of the temperatures is described by the formula
AT = AT, (et + ae—Mt) /(1 4 ). (11)

We note that the leveling out of the temperatures
proceeds at different rates during the initial and
final stages of the process. Since the quantity A,
is sufficiently great (~ 10° sec™ at T ~ 100°K)
then, apparently, experimentally it is very diffi-
cult to observe the initial stage of the leveling

out of the temperatures between the spin waves
and the lattice. The complex nature of the relaxa-
tion, as has been shown by Kaganov and Tsukernik,?
leads to a complicated frequency dependence of the
magnetic permeability of the ferrodielectric, by
studying which one can make conclusions with re-
spect to the interaction processes between spin
waves and phonons in the ferrodielectric.

2. Let us now consider the question of the re-
laxation of the magnetic moment in the tempera-
ture region €, < T < ®;. At such temperatures
the average probability of the splitting of a spin
wave into two and of the fusion of two spin waves
into one which is given? by:

Mo pM, Yz T
W = e tee (5) " n* a2)
will be considerably larger than the average proba-
bility of the scattering of a spin wave by a spin

wave due to the exchange interaction!»*

W= (8:/1) (T /6" (13)

This means that in the temperature region under
consideration the principal role in the kinetic equa-
tion for the distribution functlon of spin waves (1)
is played by the operator Lk , while the other col-
lision integrals Lk, Lk, Lﬁ may be regarded as
small perturbations.

It may be easily seen that the solution of the
equation Ly {n} =0 is of the form

o, k= O’
fexple / T — 117, k0.

In order of magnitude the time for setting up this

distribution is equal to Ty = 1/Wy. We note that
the distribution (14)-also makes the collision inte-
gral Lﬁ equal to zero.

The parameters of the distribution Tg and n,
are determined by the energy of the spin system
and by the component of the magnetic moment of
the sample perpendicular to the axis of easiest
magnetization

(14)

M, = 4uM,Vn, (15)

(in the state of complete thermodynamic equilib-
rium M) =0). The absolute value of the magnetic

moment of the sample attains its equilibrium value
at a given temperature simultaneously with the es-
tablishment of the distribution (14).

The establishment in a ferrodielectric of com-
plete thermodynamic equilibrium is due to weak
interactions described in the kinetic equation by
the collision integrals Lla; and Lﬁ. Due to these
interactions the temperature of the spin waves and
the lattice temperature approach their equilibrium
values slowly (in comparison with Ty ), while the
magnetic moment slowly rotates towards its equi-
librium direction.

By utilizing the expressions for the distribution
functions of the spin waves (14) and of the phonons,
and also the kinetic equation (1), we can obtain the
system of equations for determining the variation
with time of ny and AT = Tg- Tp:

AT+ 2 ﬁo = Bronyg+ Brr AT, 1y = Bygn,, (16)

where

Brr =(1/¢s + l/cp)Zf::g (0Lx/ 0AT)g, Boy = (9Lo/ dno)os
Bro=(l/¢s+ 1 /cp)zsk (OLy / Ong)o = a® B1o/ V.
k

In the case that ¢y < T < ©;, @} /0, we have

B2k /T2 ez wMo pMy [ T\2
BTT~——Pa—5(9—c) exp (—4ec T)' B°°~—TT(é—c> ,
’ tey My 2/50 2 g[_) 2 €8, €
Brom~— e (75 (7) (7) e (455 7)-

where @ =Hst/a, and st is the speed of trans-
verse sound.

By assuming that the time variation of the quan-
tities ny and AT is given by e-MAt" we shall ob-
tain the following values for the relaxation con-
stants:

N = — By, N = — Brr. 17)
In the case that €y < T « ®% /@, ©; we have

W tleut T GT) ~,¢f~l3;a5 (€> " exp(— 42 -). @s)

L‘

From (15) and (16) we obtain
AT = ATqe ¥t + (Bro/ V) Do/ 2MeY)* ¢ — ),
sm.L = 0 M, (19)

where AT, and M, are the initial temperature
difference and the initial value of the transverse
component of the magnetic moment of the ferro-
dielectric.

These formulas show that A’ has a simple
physical meaning: 2/A’ is the relaxation time for
the perpendicular component of the magnetic mo-
ment.

If the deviation from the equilibrium state of
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the ferrodielectric is associated only with a dif-
ference in the temperatures of the spin waves and
of the lattice, then the time for the leveling out of
the temperatures is determined by the quantity
T=1/A". If AT, =0, then in the course of re-
laxation of the magnetic moment the temperatures
of the spin waves and of the lattice will increase
at the expense of conversion into heat of the en-
ergy associated with the deviation of the magnetic
moment of the sample from its equilibrium direc-
tion. The time for the establishment of a common
temperature under these conditions is equal to half
the relaxation time of the transverse component of
the magnetic moment.
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