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Quantum field theory methods are used to evaluate the transverse components of the magnetic 
susceptibility tensor of a ferrodielectric, taking both the exchange and the relativistic inter
action between spin waves into account. We find the ferromagnetic resonance line width. We 
show that a knowledge of the magnetic susceptibility enables us to study the relaxation of the 
magnetic moment of a ferrodielectric, and we evaluate the transverse relaxation time. 

1. In ferromagnetic resonance theory the line 
width is usually introduced phenomenologically by 
adding to the equation of motion of the magnetic 
moment a relaxation term either in the Landau
Lifshitz or in the Bloch form. The aim of the 
present paper is to find the ferromagnetic reso
nance line shape starting from a microscopic 
theory of the interaction between spin waves. 

It is well known that one can find the average 
lifetime of a spin wave and the relaxation time of 
the magnetic moment of a ferrodielectric by using 
a transport equation which determines the change 
with time of the spin wave distribution function. 
The transport equation method does, however, not 
enable us to determine completely the magnetic 
susceptibility tensor as a function of frequency 
and wave vector, since the transverse components 
of the magnetic moment can not be expressed in 
terms of the spin-wave occupation number.* To 
find the magnetic susceptibility we use therefore 
here field theoretical methods and we connect the 
magnetic susceptibility with the double-time spin
wave Green's function. 

To evaluate the spin-wave Green's function we 
start from a Hamiltonian which takes both the ex
change and the relativistic interaction between 
spin waves into account; the interactions between 
the spin-waves and the lattice vibrations will, 
however, not be taken into account. The method 
applied is particularly convenient to evaluate the 

*Akhiezer1 and Kaganov and Tsukernik2 used the transport 
equation to evaluate the longitudinal component of the mag
netic susceptibility tem;;or. Kaganov and Tsukernik3 evaluated 
the imaginary part of the transverse magnetic susceptibility 
far from resonance, but their result is incorrect (private com
munication from the authors), owing to an incorrect applica
tion of perturbation theory. 

transverse components of the magnetic suscep
tibility tensor, which are alone of importance for 
studying the ferromagnetic resonance line shape. 
Knowledge of the magnetic susceptibility as a func
tion of the frequency and wave vector enables us to 
determine the behavior of the relaxation of the 
magnetic moment and, in particular, to track the 
rotation of the magnetic moment when it approaches 
its equilibrium value. 

2. We first connect the magnetic susceptibility 
of a ferrodielectric with the spin-wave Green's 
function.* The average value of the magnetic 
moment density is well known to be defined by the 
formula 

IDl (r,t) = Sp M (r) p (t), 

where M ( r) is the magnetic moment density 
operator in the Schroedinger representation and 
p ( t) the system density matrix, which satisfies 
the equation 

(1) 

(2) 

where Je is the total Hamiltonian of the ferrodi
electric when there is no external field and He (t) 
the Hamiltonian of the interaction between the 
ferrodielectric and the variable external magnetic 
fieldh(r,t): 

Jee(t) = -~M(r)h(r, t)dr. (3) 

To find the magnetic moment in weak magnetic 
fields we change in Eqs. (1) - (3) to the Heisenberg 
representation. In the first approximation in the 
external field, the density matrix in the Heisenberg 
representation is of the form 

*Kubo4 developed a general theory of irreversible processes 
using the density matrix. 
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t 

P (t) = Po-i ~ [iee (t'), p~] dt', (4) 
-00 

A 

where Po = exp (Q - :Je)/T is the equilibrium den-
sity matrix when there is no external field, n the 
thermodynamic potential of the system, and T the 
temperature. Using (4) one obtains easily the 
following expression for the magnetic moment 
density 

m1 (r, t) = gn, (r, t)- gn~ 
00 

= ~ dt' dr' K~ (r- r', t- t') ht(r', t'), (5) 
-00 

where \"!»,~ is the equilibrium value of the magnetic 
moment at the given temperature and Kfl ( r, t) is 
the retarded double-time Green's function 

Kft (r- r', t- t') = ifl (t- t') ([Mi(r, t), M1 (r', t')]), 

{ 0, t < 0 
O(t)= l, t>O' (f)=Sppof· 

Expanding the quantities mi (r, t), hi (r, t) 
Kfi ( r, t) in terms of the Fourier integral, 

00 

K R ( t) 1 i -ioot+ikrKR (k ) dk d u r, = (2:rt)• J e u , ro oo, 
-00 

we can rewrite Eq. (5) as 

(6) 

and 

mi(k, ro) = K~ (k, ro) h1 (k, ro). (7) 

The magnetic susceptibility tensor Xil ( k, w) 
is thus the same as the retarded double-time 
Green function: 

'Xu (k, ro) = K~ (k, ro) (8) 

3. We shall show that a knowledge of the mag
netic susceptibility tensor enables us to study the 
relaxation of the magnetic moment. Let there be 
initially at time t = 0 some distribution of the 
magnetic moment m0 ( r) in the system which 
would be an equilibrium distribution if there 
were present a constant magnetic field h0 ( r) 
which is connected with the initial magnetic 
moment distribution through the relation 

m1 (k) ='Xu (k, ro) h~ (k) loo=o· 

The magnitude of the magnetic moment at 
t > 0 is determined by Eq. (5), where we must 
take for the variable magnetic field 

h (r, t) = fl (- t) e•1 ho (r), E-->-+0. (9) 

Such a choice for h ( r, t) corresponds to an 
adiabatic switching on of the field at t = - oo and 
an instantaneous switching off at t = 0. Using 
Eqs. (5), (6), and (9), we get 

0 

m1 (r, t) = i ~ dt' dr' e•1' ([ik (r, t), M1 (r', t')]) h~ (r'). (10) 
-oc 

Noting that according to (6) 

i ([Mi(r, t), M1 (r', t')]) 

= K~ (r- r', t- t')- Kf (r'- r, t'- t), 

and using Eq. ir> for the Fourier component of 
the function Kil we get the following equation for 
the relaxation of the magnetic moment 

00 . 

m;(r, t) =- (2~)• ~ dkeikr M (k) ~ doo e·:oot ['Xu (k, ro) 

- x;, (k, oo )J. (11) 

We see that the relaxation of the magnetic moment 
is determined by the anti-Hermitian part of the 
magnetic susceptibility tensor Xil· It is well 
known5 that the anti-Hermitian part of the Xil 
tensor determines also the absorption of energy 
from a variable magnetic field. One can check 
this by differentiating the energy of the system 
Q ( t) with respect to the time 

• d " " "e 
Q (t) = Tt Sp {p (t) [:Jf + :Je ]} 

= -Sp{p'(t)~M;(r, t) :, hi(r, t)dr}. 

Using Eq. (4) for p ( t) we find 

Q (t) =- Sp {ro ~ M,(r, t) %1 h; (r, t) dr} 

00 ah (r I) 
- ~ dt' dr' drh; (r', t') --7i-- K~ (r- r', t- t'). (12) 

-00 

If in the case of a magnetic field which is 
periodic in time 

hi(r, t) = (2~)" ~~dkh,(k, ffin)ikr-ioonl 
"'n 

' 2:rtn 0 ± 1 \ ~ffin=T• n= , , ... ) 

we average Eq. (12) over the period t0, we get 
the final expression for the average absorption of 
energy from a variable magnetic field per unit 
time 

Q = - i (2nf3 ~ dk ~ ffinht (k, ffin) [Xu (k, ffin)] 
(J)n>O 

(13) 

4. We shall now connect the retarded double
time Green's function Kl} ( r, t) with the 
Matsubara Green's function Xu(r, T), for the 
evaluation of which we shall apply a diagram tech
nique. The function X il ( r, T) is defined by the 
equation 

Xu (r- r', 't'- 't'') = <T ~ {M; (r, 't') Mt{r', 't'')}), 
M;(r, 't') = e:Te~M,(r)e-.7t'~, 

where T 7 is the chronological operator for the 
variable T. 

(14) 
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We expand the function XiZ (r, T) in a Fourier 
series in T 

(k4 = 2:rtnT; n = 0, ±I, ... ). 

Using furthermore a method similar to the one 
applied by Abrikosov, Gor'kov, and Dzyaloshin
skil6 and Fradkin7 we get, using (8), 

'X11 (k, ro) = K~ (k, ro) = X 11 (k, - iro + 0). (15) 

Writing (14) in the k-representation we find 
1/T 

Xu (k, k4) = + ~ dt:eik,, ~ (T, {lfii (k, t:) Mt (k', 0)} ), 
-l/T k' (16) 

where Mi ( k, T) are the Fourier components of 
the magnetic moment density operator 

~ 1 ~ ~ M·(r t:) =- M· (k t:)elkr 
l ' vv k ' ' 

( V is the volume of the system). 
5. We turn to an evaluation of the magnetic 

susceptibility of a ferrodielectric. Following 
Holstein and Primakoff8 and introducing spin-wave 
creation and annihilation operators ck and Ck we 
write the Hamiltonian of the ferrodielectric in the 
form* 

Bk = 2:rtf.tM0 sin2 Elke21'~'k. 

Here 11 is twice the Bohr magneton, a the lattice 
constant, ®c a quantity of the order of the Curie 
temperature, M0 the saturation magnetic moment, 
{3 the anisotropy constant, H0 the constant external 
magnetic field, and l:lk and ~k the polar angles of 
the vector k. 

The quantities ci> and 'IF 1 describe the splitting 
of one spin wave into two or three, respectively, 
ci> 1 and '112 describe the creation of three or four 
spin waves, respectively, and 'IF describes the 
spin wave - spin wave scattering process. The 
quantities ci> and ci> 1 are relativistic in origin 
while the quantities 'IF, 'IF 1, and 'IF 2 are caused by 
exchange and relativistic interactions. 

For actual calculations we restrict ourselves 
to the range of large wave vectors ( 1 » ak 
» ...J !lMo/®c ), when the exchange interaction is 
the main agency, and to the region of small wave 
vectors (ak « ...JilMo/®c), where the relativistic 
interaction plays the main part. In these regions 
the quantities ci>, 4> 1, 'IF, 'IF 1, and '112 are determined 
by the following asymptotic formulae 

'¥ (1, 2; 3, 4) =- f1 (4M0)-1 eca2 tk1k2 + kak•)} ~ k ~, /i1Mo 
I '¥2 I ~I '¥1 I~ I '¥ I when 1 ~a ~ V 8; ' 

(20) 

:1e = :feo + .1£3 + :Je4, 

where :Je0 is the basic Hamiltonian 

:feo = ~ ekcitck 

(1 7) <D (I, 2; 3) = - l'Tf.t V2f.tMo {sin 26I(e-1'~'• u~ + e1'~'• v~) (u;ua 

(18) 
k 

( Ek is the spin wave energy) and :Je3 and :Je 4 are 
the Hamiltonians of the spin wave - spin wave 
interactiont 

:fea = ;V ~ {<D (I, 2; 3) cicic3!1 (k1 + k2 - ka) 
1, 2, 3 

+ compl. conj. +<Ddl, 2, 3)cicic;t!1(k1 + k2 

+ k3 ) + compl. conj.}, 

:Je4 = f- ~ {'I" (I, 2; 3, 4) c;+-cic3c4!1 (k1 + k2- ka- k4) 
1, 2,3,4 

+ '1'1 (I, 2, 3; 4) cicicJc4!1 (k1 + k2 + ka- k4) 

+ compl. conj. + l¥2 (1, 2, 3, 4)cicictctl1(k1 + k2 

The spin wave energy is Ek = ...J Aft - I Bk 12, 
where 

(19) 

*The Holstein-Primakoff model presupposes that the Hamil
tonian and the moment operators are expanded in the parameter 
ts. We note that Dyson• has shown that in fact the expansion 
in the exchange interaction is in a parameter -(1/lO)s (s is 
the spin of the atom). 

tsee, for instance, reference 10. 

+ v;v3) +sin 262 (e-1"''u; + e''~'•v;) (u~u3 + v~v3) 

+sin 263 (e'"'• u3 + e-1"'' v3) (v~u; + v;u~)}, 

I '¥1 I -I '¥21-1 '¥ J 

when ak<Jf11: 0 , 
c 

where* 

Vk =- e2'"'k V (Ak- ek)/2ek. 

(21) 

(22) 

In the present paper we shall be interested in 
the transverse components of the magnetic sus
ceptibility tensor; to evaluate these it is sufficient 
to know the transverse components of the magnetic 
moment. Restricting ourselves to the first terms 
in the expansion of the moment operators in the 
spin wave creation and annihilation operators, we 
have 

*To eliminate the indeterminacy in the quantities uk and 
vk as k-> 0, it is necessary to take the shape of the sample 
into account. 11 
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,'\:t (k, -r) = Mx (k, -r) -+ iMu (k, -r) 

= V2ftM0 {u~c~k (-r)-+ VkCk (-r)}, 

J'Cr (k, -r) = Mx (k, 1:)- iMu (k, -r) 

= V2ftMo {ukck(-r)-+ v~c~k (-r)}; 

where 

We introduce the single-particle spin-wave 
Green's function: 

(23) 

G (k, -r) !'! (k- k') = <T ~ {4 (-r) c ~, (0)} ). (24) 

Its Fourier component G ( k, k4 ) satisfies the 
Dyson equation 

Here 

Xxx (k, w) = Tfl MoU1 (k) {[Ek- ffi- iy (k)]-1 

-+ [Ek-+ (!)-+ iy (k)r1}, 

Xuu (k, w) = + f..l MoU2 (k) {[ek- w- iy (k)]-1 

-+ [Ek-+ (!)-+ iy (k)]-1 }, 

X,xy (k, w) =-Tift M 0 {U (k) [Ek- ffi- iy(k)r1 

- u· (k) [ek-+ w -+ir(k)r1}, 

X,yx (k, w) =Tift M 0 {U* (k) [Ek- ffi- iy (k)r1 

- U (k) [Ek-+ (!)-+ iy (k)r1 }; 

:;1 (k) =I Uk \2 -+ I Vk \2 -+ U~Vk-+ UkV~, 

u2 (k) = 1 uk 12 -+ 1 vk \2 - u~vk- ukv~. 

u (k) = I + U~Vk -UkV~. 

(31) 

(32) 

We consider now the relaxation of the trans
verse part of the magnetic moment. Substituting 
(31) into (11) and integrating over w, we get 

(26) mx (r, t) = ~~~ ~ ~ eikr-y(k)l {h~ (k) U dk) cos Eki 

is the zeroth-approximation spin-wave Green's 
function and 2: ( k, ~) is the mass operator. Sub
stituting (23) into (16) and taking into account that 
<TT{ck(T)ck,(O)}> and <TT{ck(T)Ck1 (0)}> 
are equal to zero in the zeroth approximation in 
the interaction, we express the function X il ( k, k4 ) 

in terms of the single-particle Green's function 
G (k, k4 ) 

X++ (k, k4) = 2ftM0u~vk {G (k, k4)-+ G (- k,- k4)}, 

X+- (k, k4) = 2ftMn { l Vk 12 G (k, k4) ·f-1 Uk \2 G (- k,- k4)}, 
X_+ (k, k4) = 2ftMo { \ Uk 12 G (k, k4) +I Vk \2 G (- k, - k4)}, 
X __ (k, k4) = 2ftM0ukv~{G(k, k4)-+ G(-k, -k4)}. (27) 

It follows from (15), (27), and (26) that the trans
verse components of the magnetic susceptibility 
tensor tend to infinity in the zeroth approximation 
of the spin wave - spin wave interaction, if the 
frequency of the magnetic field and its wave vector 
are the same as the spin-wave frequency and wave 
vector: 

6. We use Eq. (25) to evaluate the complete 
Green function G ( k, k4 ): 

(28) 

G (k, k.) = [ek- ik4 - 2: (k, k4)P. (29) 

The magnetic susceptibility near resonance is de
termined by the quantity G ( k, - iEk + 0); we shall 
not be interested in the small correction to the 
position of the resonance line, which is caused by 
the real part of the function 2:. Introducing there
fore a quantity y ( k): 

r (k) = Im ~ (k, - iek + 0), (30) 

we get from (15), (27), and (29) for the magnetic 
susceptibility near resonance 

+ h~ (k) Im [ U (k) e-itkt]}, 

my (r,t) = ~~)~ ~ ~ eikr-y(k)t {h~ (k) Im [ U (k) ei•kt] 

-+ h~ (k) U 2 (k) COS Eki}. (33) 

We see that the quantity y ( k) determines the 
relaxation time of the transverse components of 
the magnetic moment. Th,at the quantity y ( k) is 
positive follows from the Lehmann representation 
of the Green's function 

co 

G (k,- iw-+ 0) = ~ d(J)' p (k, w') / (w'-+ w + iO), (34) 
-co 

where 

p (k, w) = ~ [exp {(Q- En) IT} 
n.1.t' 

- exp {(Q- En') IT} J<n I Ck I n'><n' I c~ In) 6 (w +En- En') 

(En are the energy levels of the system). One 
sees easily that the quantity p ( k, w) is real, an 
odd function of w, and positive for w > 0. From 
(34) it follows that the imaginary part of the 
Green's function is of the form 

Im G (k.- iw ·+ 0) = - np (k,- w). 
From Eq. (29) it follows that the sign of the 

imaginary part of 2: ( k, - iw + 0) is the same as 
the sign of the imaginary part of G ( k, - iw + 0); 
the quantity y ( k), which is the same as 
Im 2: ( k, - iw + 0 ), is thus positive for w = Ek > 0. 

7. We turn now to finding the resonance line 
width y ( k), which is connected with the mass 
operator 2: ( k, k4 ) through Eq. (30). We use 
perturbation theory and diagram methods to 
evaluate the quantity 2: ( k, k4 ). We show in Figs. 
1 - 5 the diagrams of the first and second approxi
mation for the quantity 2:. The solid lines in the 
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) 0 
FIG. 1 FIG. 2 

diagrams correspond to the function G0, and the 
vertices to the functions <I>, <1> 1, >¥, >¥ 1, >¥2, and a 
o -function expressing the conservation of k and 
k4• One integrates over the momentum k of 
internal lines and sums over k4• The general co
efficient in front of the analytical expression cor
responding to an arbitrary diagram is equal to 
(- 1 )n+ 1qTP (27r)-3P, where q is the number of 
equivalent diagrams, n the number of vertices, 
and p the number of independent momenta of 
virtual spin waves. 

In the first perturbation-theory approximation 
(see Fig. 1) the mass operator is equal to 

(35) 

where nk = [ exp ( Ek/T ) - 1 r 1 is the Bose distri
bution function of the spin waves. The quantity 
- I: 1 ( k) is real, independent of k4, and is a small 
correction to the spin wave energy. 

In Figs. 2 and 3 we give the second-order 
diagrams for the mass operator which are caused 
by the term :J£3 in the interaction Hamiltonian. 
The analytical expression for the diagrams of 
Fig. 2 is of the form 

~<I> (k, k4) = 2T (2n) -s ~ ~ dk' liD (k', k 
k', 

- k'· k) I2G (k' k'·)G (k-k' k -k') ' 0 '4 0 '4 4 

+4T(2nt3 ~~dk'IID(k, k'; k· 
k', 

+ k') 12 G0 (k', k~) Go(k + k', k4 + kJ (36) 

Summing over k4 and performing the substitution 
k4 = - iw + 0 we get 

~<I> (k,- ioo + O) = 2 (2nt3 Sdk' liD (k', k- k'; k) 12 (nk' 

+ nk-k' + I) (ek' + Bk-k'- oo- iOp 
+ 4 (2nt3 Sdk' I <D (k, k'; k + k')l2 (nk'- nk+k') 

X (ek+k'- Ilk'- oo- iOt1 • 

The imaginary part of this expression which we 
need to evaluate the ferromagnetic resonance line 
width is equal to 

-5?-~ 
FIG. 3 

FIG. 4 

Im ~<I> (k,- ioo + O) = (2nt2 Sdk' liD (k', k- k'; k) j2 [(nk' 

+ I)(nk-k' +I)- nk'nk-k'] b (oo -ek·- Bk-k') 

+ 2 (2nt2 Sdk' I<D(k, k'; k+k')J2 [nk'(nk+k+ 1) 

- (nk' + 1) nk+k') b (oo + ek'- ek+d· (37) 

The terms of the mass operator which corre
spond to the diagrams of Fig. 3 are determined by 
the expressions 

~a (k) = 12;)3 (exp r- 1 r 1 1D (k, 0; k) Sdk' ID• (k', 0; k') nk' 

+ compl. conj., 

!b (k, k4) = <~~~3 ~ ~ dk' IID1 (k, k', - k -k') 1
2 

k4 

(38) 

By integrating the first of Eqs. (38) over the 
angles of the vector k' we verify easily that the 
quantity La ( k) vanishes. Summing the second 
of Eqs. (38) over k4 and separating off the 
imaginary part of the quantity Lb ( k, - iw + 0) 
we get 

Im ~b (k,-ioo+O)=- (2!)2 ~ dk' IID1 (k, k',- k- k') 12 [(nk' 

One sees easily that near resonance ( w = Ek) 
this quantity tends to zero and thus does not con
tribute to the line width y ( k). 

We show in Figs. 4 and 5 the second-order 
diagrams for the mass operator which are caused 
by the term H 4 in the interaction Hamiltonian. 
We are led to analytical expressions only for those 
diagrams the imaginary part of which differs from 
zero for k4 = - iw + 0 near the resonance point 
w=Ek(Fig.4) 

FIG. 5 
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l:'Y (k, k,) = RP (2:rt)-6 '2]" ~ dk' dk" I'¥ (k, k'; k", k 

+k' -k") 12 Go(k', k~)G0 (k", k:) G0 (k + k'- k", k4 

+ k~- k:)+ 18P {2:rtt6 2] ~dk' dk"I'I'I(k, k', k"; k 
, , ot; 

+ k' + k") 12 G0(k', k~) G0"(k", k'~) G0 (k + k' + k", k4 + k~ 

+ k~)+ 6P (2nr6 ,2], ~ dk' dk" l'¥1 (k', k", k- k' 

k4, k4 

- k"; k) 12 G0 (k', k:) Go (k", k:) G0 (k- k'- k", k4 

-k~ -kJ 

For the imaginary part of the quantity 
~'ll (k, - iw + 0) we get 

Im ~'Y (k,- iw + 0) = (2~)5 ~ dk' dk" I'¥ (k, k';.k", k 

+k' -k") 12 [nk'(nk"+ l)(nk+k'-k" + I) 

(39) 

- (nk' + I) nk" nk+k'- k") o (w + Ek'- ek"- ek+k'-k") 

+ - 9- \ dk' dk" lur (k k' k"· k + k' + k")2 1 [n •n " (Zn)• .) r 1 ' , , k k 

X(nk+k'+k"+ 1)-(nk·+ l)(nk"+ l)nk+k'+k"]o(w+ek' 

+ Ek"- Ek+k'+k") + (Z!)• ~ dk' dk" \1f1 (k', k", k- k' 

- k"; k) 12 [(nk+ l)(nk"+ l)(nk-k'-k"+l) 

- nk'nk" nk-k'-k") o (w- Ek'- Ek"- Ek-k'-k"). (40) 

One verifies easily that the imaginary part of the 
terms of the mass operator which are given by 
Fig. 5 tend to zero near resonance. 

It is clear from Eqs. (30), (37), and (40) that 
the quantity y ( k) is proportional to the probability 
that a spin wave makes a transition from an initial 
state with momentum k to any of all the possible 
final states. 

8. To determine the shape of the homogeneous 
resonance line we must know the quantity y ( 0) 
= Im ~ ( 0, - iE 0 + 0) where Eo is the homoge
neous resonance frequency which is determined 
by the shape of the body. 12 If the ferrodielectric 
has the shape of a disc and if the axis of easiest 
magnetization lies in the plane of the disc, we have* 

eo= fl (H o + ~Mo)'1• (H o + ~Mo + 4JtM0)'i•. (41) 

The exchange interaction does not contribute to 
the homogeneous resonance width. The quaternary 
relativistic interaction is small compared with the 
ternary relativistic interaction so that the main 
contribution to the line width y ( 0) comes from 
the quantity Im ~4> ( 0, - iE 0 + 0) which is propor
tional to the probability that a spin wave with k = 0 
splits up into two spin waves 

*The X axis is along the normal to the disc. 

r (0) = Im l:<I> (0,- iBo + 0) 

= (2~)2 cth :; ~ dk I <fl (k, - k; 0) 12 0 (2ek- e0). (42)* 

This quantity differs from zero in the region 
where the anisotropy of the ferrodielectric and 
the external magnetic field are sufficiently small: 

HoI Mo + ~ < 4:rt I 3. 

We give the expression for the quantity y ( 0) in 
two limiting cases 

1' (O) = 4:rt Ho 
3-M~-~~ 1 

{5~ ( f?' cth :; ( fl:.o ) '/, ( ~n - ~0 - ~ r flMo, 

eo (flMo )'/,('Ho \'f• Ho * 
A cth 4T ~ Mo + i3) flMo, Mo + ~ ~ 1 (43) 

n/6 

A=~~ cos2 -ttJfl-4sin2 -ttdtt. 
0 

If the anisotropy of the ferrodielectric and the 
external magnetic field are such that 

Hoi M 0 + ~ > 4nl3, 

then one spin wave with k = 0 cannot split into 
two and y ( 0) is determined by the quantity 
Im ~'l' (0,- iE 0 + 0) and only the first of the 
three terms in (40) is different from zero and is 
proportional to the probability that a spin wave is 
scattered by a background spin wave: 

r (0) = lm L'f' (0,- ie0 -t 0) = 4 (2nf5 (e•,fT- I) 

X Sdk' dk"I'I' (0, k', k", k'- k") \2 (nk' + 1) nk"nk-k" o 

X(e 0 + Ek•- Ek•- Ek'-k")• (44) 

In the temperature range Eo « T « E>c the 
homogeneous resonance line width is of the form 

(o) ~flMo(T) 2 M Ho_j_r:!>-4n. r ~~ ec ll o. Mo, t-''l"3• 

~· flMo ( T ) 2 4n r(O) = 192n----e;;- ~ flMo, ~~3· (45) 

We turn now to the evaluation of the quantity 
y ( k) in the region of large values of the wave 
vector k ( ak » .../ Jl M0/E>c). The main part is then 
played by the quantity ~ 4> ( k, - iEk + 0) which is 
caused by the exchange interaction between the 
spin waves. Using (40) and (20) we get 

r (k) = Im ~'Y (k, - iek + 0) = 4 (1n•) ( ~oc) 2 ( exp ;k - I ) 

X a4 ~ dk' dk" (kk' +kk" + k'k"- k"2) 2 (nk' + I) 

+nk"nk+k'-k" o (ek -· l:'k'- ek"- ek+k'-k"). (46) 

When Ek ~ T the quantity y ( k) determines the 
time it takes to establish thermal equilibrium in 
the spin system; in that case 

*Cth-= coth. 
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(47) 

Comparing Eqs. (47) and (45) we see easily 
that y ( k) for Ek ~ T is much larger than y ( 0) 
if the temperature is such that T l®c » .../ f.LMo/®c. 
This means, according to (33) that first, after a 
time on the order of y ( k )-1, a uniform distribution 
of the magnetic moment is established in the ferro
dielectric. Then, after a time on the order of 
'Y ( 0 r\ the transverse part of the magnetic moment 
m1 slowly approaches its equilibrium value rota
ting with the homogeneous resonance frequency E0• 

The end point of m 1 describes then the ellipse 

m; (t) I U 1 (0) + m! (t) I U 2 (0) = const. (48) 

9. In the solutions of the Maxwell equations 
there occurs usually a tensor Xil which connects 
the magnetic moment density M with the total 
magnetic field in the system h + hi: 

M; =Xu (ht + h~). (49) 

We shall connect the tensor Xil occurring in Sec. 2 
with the tensor Xil· Solving the Maxwell equations 
one finds easily the connection between the field 
hi and the magnetic moment density M; in the 
magnetostatics approximation we have 

hi= - 4:rtk J k-2 (kM). 

Eliminating the quantity hi from Eq. (49) and 
using (50) we get 

(6u + 4:rt Xim kmkt I k-2) Mt = xuht. 

(50) 

Comparing this formula with Eqs. (7) and (8) 
we get the following equation which connects the 
quantities Xil and XiZ 

(51) 

In conclusion the authors express their grati
tude to A. I. Akhiezer for valuable advice. 
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