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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 « ®c. For T » ®1, ®1 = ®c (~M0 /®c )4/1 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 « ®1 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. 

1. In the paper by Akhiezer, Peletminskil and the bution in the spin wave system is played by the ex-
present author1 the relaxation of magnetic moment change interaction (L~ » L~, Lk, L~) as are-
in a ferrodielectric substance was investigated in sult of which during a time ~ (ti/®c) ( ®c /T) 4 the 
the temperature range ®c » T » ®c (~Mo /®c )4/ 7 following distribution is established 
(~ is the Bohr magneton, M0 is the equilibrium 
magnetic moment per unit volume, ®c 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 « ®1 [for the sake of brevity we 
shall use the notation ®1 = ®c (~M0 /®c )417 ]. 

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

Lk {n, N} = Lk {n} + L~ {n} + L~ {n, N} + L~ {n} (1) 

( h . f e w P d Lak t e expresswns or Lk, Lk, Lk, an are 
given in reference 1 ) . 

In the temperature range ®c » T » ®1 the 
principal role in the setting up of the Bose distri-

[ ( ek- y ) J-1 nk = exp -T-
5

- -I . 

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

(2) 

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

rol2 = (~ Mdv r = (M0 V) 2 - 4p. M0 V ~ nk (3) 
k-FO 

and by the energy of the spin system. 
The presence of the weak interactions taken into 

account by means of the operators Lir, L~, Lk 
brings about the situation that y and Ts vary 
slowly with time [compared to the time required 
for the establishment of the distribution (2)]. Vari
ation with time of y and T s 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 

Nr, = [exp (hWts I Tp) --I p 

493 

and on expanding in terms of the quantities y and 
llT = llTs- llTp, which characterize small devia
tions of the system from complete thermodynamic 
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equilibrium, we obtain 

Lk {n, N} = 1 (aLk! al)o + t:J.T (aLk I at. T)o, (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, AT s = T s 
- T, ATp =Tp- T (T istheequilibriumtemperature) 
can be determined from the following equations 

~ h(J)ts iv1s = - L sk Lk {n, N}, 
fs k 

~rik = _LLk{n, N}, L} Ekfzk + 2J n(!)fs N Is =0. (5) 
k k k fs 

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 y, while 
the third relation between AT s, AT p, 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 

Csf:!.Ts + Cpt:J.Tp- r .Lskanklask =·o, 
k 

- r ~ ank I ask + !:!. T s 2J ank I aT = Ayy 1 + Ayr t:J. T, (6) 
k k 

where 

Ary =- 2J Sk (aLk I al)o. Ayy = ~ (aLk I al)o, 
k k 

ATT =- .Lsk(aLklat:J.T)o. Ayr = ~(aLk;at:J.T)0 , 
k k 

C = 151;; (3/2) ~ (.!_)'/• _ 2rc2 ~ '.!_)3 
s 32 rc'/z a3 E\ ' Cp - 5 a3 ( 8D ' 

Cs and Cp are the spin and the phonon heat capaci
ties, a is the lattice constant, ®n is the Debye 
temperature, V is the volume of the sample. It 
may be shown that the quantities A Ty and AyT 
are related by the equation ATy = - 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 » ®b /®0 , ®t, 
then 

ATT = ~ P! [2~~ + (2~1 + ~2) 2 ] ( ;c r = ~ p:" ~; ( ~y, (7) 

where p is the density of the substance, Eo = MHo 
+ Mf3M0 is the energy of the spin wave with k = 0, 

{3 is the anisotropy constant, o is the magneto
striation constant, and f3t and {32 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 y, ATs, and ATp vary with 
time as e-At, we obtain the following values for 
the relaxation constants when T » ®b /®0 , ®t: 

(8) 

The relaxation constant At 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 A2 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 M0 ~ 103 G, Eo= 1-L (H+{3M0 ) 

~ Io-16 erg, ®c ~ 103 o K, T ~ 102 o K, then At 
~ 3 x 106 sec-1, A2 ~ 109 sec-1• It may be seen 
from (8) that the inequality A2 » At holds in the 
temperature range T »®c!-LM0 /{3~-JE0®0 ~ 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 9Jl is determined, according to 
(3), (2), and (6), by the following formulas 

9Jl- \ill Wlo - WI e-)..f + a.e-1-,l 

---;w;;v- = Mr 1 + a. 

+ ~ (~)2 (!...)'/, tlTo (e-1.,1 _ e-A,I), 
ec A2 8c T 

tlT tlT0 e-1-,l + a.e-l.,l 

r r 1+a. 

reo ec)'l• ec WI - \1R + gl__ _ ___ o __ (e-Atl _ e-1.•1), 
\ T 2 T MoV 

where a~ 2 (At/A2 )2 (E0 /T)1/ 2 « 1, IDl is the 
equilibrium value of the magnetic moment at a 
given temperature, rol 0 is the initial value of 

(9) 

the magnetic moment, AT0 is the initial temper
ature difference. 

If these initial data are such that AT0 = 0, th·en 

Since a « 1 and A2 » At, then 

IDl- IDl ~ (IDl0 - IDl) e-1-.t. (10) 

From this it can be seen that the magnetic moment 
relaxes during a time of the order of T WI = 1/A1• 

If at zero time IDlo = m, then the leveling out 



MAGNETIC-MOMENT RELAXATION IN FE RRODIE LEC TRIC SUBSTANCES 495 

of the temperatures is described by the formula 

flT = flT0 (e-"A,t + IXe-""·1) 1 (1 +IX). (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.2 
is sufficiently great ("" 109 sec-t at T "" 1 ooo 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, 2 

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 Eo < T « ®1• 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 given3 by: 

(12) 

will be considerably larger than the average proba
bility of the scattering of a spin wave by a spin 
wave due to the exchange interaction1•4 

(13) 

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

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

nk = { 
no, k =0, 

[exp(ek/T8)-1]-1, k':f=O. 
(14) 

In order of magnitude the time for setting up this 
distribution is equal to Tw = 1/Ww. We note that 
the distribution (14) also makes the collision inte
gral L~ equal to zero. 

The parameters of the distribution T s and n0 

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 

(15) 

(in the state of complete thermodynamic equilib
rium IDl1 = 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 Lk and LJ~. Due to these 
interactions the temperature of the spin waves and 
the lattice temperature approach their equilibrium 
values slowly (in comparison with Tw ), 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 n0 and .6.T = Ts- Tp: 

where 

Brr = (11 c. + 11 Cp) ~ Ek (8Lk I all T)o, Boo = (8Lo I ano)o, 
k 

Bro = (11 Cs + 1 I Cp) ~ sk(8Lk I ano)o == a3 B'rol v. 
k 

In the case that Eo < T « ®1, ®b /®c we have 

~21i. ( r " e2 Brr=-~ e) exp(- 48
1 ). 

pa c c T 

' ~-~ ( 'l'f1Mo)2 (~)2 (8D)2 ex (- 4 eo8c !!!..) 
Bro~ ""pa6 e. \T T p e; T;' 

where ®t =list /a, and st is the speed of trans
verse sound. 

By assuming that the time· variation of the quan
tities n0 and .6.T is given by e-A.t we shall ob
tain the following values for the relaxation con
stants: 

f.' =-Boo. 'A"=- Brr· (17) 

In the case that Eo < T « ®b /®c, ®1 we have 

. , ~ ~ 1i ( r)2 ( e; ) " = pti6 ~ exp - 49• T . (18) 

From (15) and (16) we obtain 

flT = fl T 0 e-""' 1 + (B~o I 'A") (ID1.Lo I 2M0V) 2 (e-'-' 1 - e-""1), 

~5_ = IDl3_ 0 e-t.'t, (19) 

where .6.T0 and ID11o 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 ~To= 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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