photons. For example, for two-photon absorption,
from (20) we obtain

4n*nyJ (0,) IM, (0,7, 0,7) |2

P(s;~>s; 0,7, 0,7)=R W T [
(s:=s; 07, 017) (04 T) chVo,m(e,) 0.’ (o,)

y 0=,

(41)
where M, has the form (30).

Thus, in the approximation used above, when the
heat evolved in the transitions is small compared with
Fwp,, in the probabilities (40) of all multiphoton pro-
cesses the same factor R(w,,;, T) is separated out and
includes the entire dependence of the probability on the
temperature and on the evolved heat l[fw, accompanying
the process. The second factor in (40) has the form it
would have if we were considering the electronic sub-
system alone, not interacting with the vibrations. It
can be calculated only after the form of the electronic
center and its energy spectrum and wavefunctions, and
also the dispersion law €(w) of the light in the medium,
have been specified.
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The high-frequency magnetic susceptibility tensor is found for iron garnets. For yttrium-iron garnet,
expressions are obtained for the temperature renormalization and for the damping of both the acoustical
and the optical branches of the spectrum. The temperature renormalization of the acoustic branch of the
spectrum differs considerably from the case of a ferromagnet. Thus in a ferromagnet, the energy of a spin
wave with a given wave vector decreases with rise of temperature; in the ferrite, it increases. Corrections
to the thermodynamic potential and magnetization of the ferrite, resulting from spin-wave interaction, are
also found; and it is shown that these corrections have the opposite sign to those for a ferromagnet.

PACS numbers: 75.50.Bg, 75.30.Ds

1. INTRODUCTION

The study of the high-frequency and thermodynamic
properties of ferrites has been the object of a large
amount of experimental and theoretical research. In a
theoretical description of the observed results, a ferr-
ite is, as a rule, treated within the framework of the
single-sublattice model. Although this approach does
allow one to obtain a number of results in a simple
manner, nevertheless the question of the limits of its
applicability remains open. This is due to the fact that
a ferrite is a many-sublattice system. As is shown in
the present paper, a more consistent description of an
iron garnet, within the framework of a two-sublattice
model, leads to some conclusions that are in direct
contradiction to those that follow from the single-sub-
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lattice model. Among these must be included, in par-
ticular, the conclusion that the energy of the acoustic
branch of the spectrum of spin waves with a given wave
vector increases, not decreases, with rise of tempera-
ture. This result is in agreement with experiment. {11

Precision experiments have recently been conducted
in the study of the dependence of the damping of spin
waves on the wave vector and on the temperature in
yttrium-iron garnet (YIG).'?! These experiments show-
ed that the conclusions obtained within the framework
of the single-sublattice model, £%43 do not describe the
observed results; specifically, at temperatures 200-
300 K the experimental data are systematically higher
than the theoretical values.!?) As is shown in the
present paper, increase of the damping coefficient oc-
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curs as a result of inclusion of the process of scatter-
ing of acoustic magnons on the optical branches of the
spin-wave spectrum.

In fields at which a collinear structure of the magnet
persists, exchange interaction permits processes in
which an even number of magnons participate. Four-
magnon processes in a two-sublattice model of a ferr-
ite were apparently first considered in a paper of
Bar’yahtar and Urushadze, !5.where their role-in the
establishment of thermodynamic equilibrium was in-
vestigated. In a paper of Pikin, '® the contribution of
four-magnon processes to the damping coefficient of
spin waves was investigated, and expressions were
obtained for the damping of the acoustic branch of the
spectrum produced by scattering of acoustic magnons
on each other. The question of interaction of acoustic .
spin waves with optical was treated qualitatively by
Pikin, [6

In the present paper, the high-frequency (hf) mag-
netic-susceptibility tensor of iron garnets is found.
It is shown that, in contrast to the Holstein- Primakoff
(HP) and Dyson-Maleev (DM) representations, in the
representation of Bar’yakhtar and Yablonskiil? the
calculation of the transverse components of the hf sus-
ceptibility tensor of a many-sublattice magnet reduces
to the calculation of single-particle Green’s functions.
The amplitudes of four-magnon processes in which ac-
oustic and optical magnons participate are calculated
in the first approximation with respect to S-!. For YIG,
expressions are obtained for the temperature renormal-
ization and for the damping of both the acoustical and
the optical branches of the spectrum. As has already
been mentioned, the temperature renormalization of
the acoustic branch of the spectrum differs substantially
from the case of a ferromagnet. Corrections to the
thermodynamic potential and magnetization of a ferrite,
resulting from spin-wave interaction, are also found,
and it is shown that these corrections have the opposite
sign to those for a ferromagnet.

2. THE SPIN-WAVE HAMILTONIAN

The elementary magnetic cell of YIG contains 24 Fe®*
ions at sites 24(d) and 16 Fe®* ions at sites 16(a). Thus
for exact description of such a system, it is necessary
to introduce into consideration 40 sublattices. The
spectrum of this system contains one acoustic and 39
optical branches!® and in general can be found only by
numerical calculation.®? But as was shown earlier, {19
for k=0 and H+0 one can isolate, from the system of
40 equations that describe the YIG spectrum, two
frequencies that correspond to oscillations of the total
spin of the 24 ions in sites 24(d) and of the total spin of
the 16 ions in sites 16(a). These frequencies are at
the same time also the lowest-lying, {10 and there-
fore it may be assumed that in the small-wave-vector
range in a real crystal, it is primarily these branches
of the spectrum that are excited. For description of
the thermodynamic and high-frequency properties of
YIG, we shall therefore adopt a two-sublattice model,
in which one sublattice combines the 24 Fe® ions at
sites 24(d), the other the 16 Fe?" ions at sites 16(a).
The question of the role of the other optical branches
cannot be treated within the framework of such a model.
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When the system is located in an external magnetic
field H, its Hamiltonian has the form

1 1
H=-— ? Z]u-'snsu' - TZ‘ Jomm S:aS:a

+Z J:--SuS'.'-_HoHZ (281 18:S:m); (1)

here §,, and 8,, are the spin operators at sites n and
m; J e, Jopme, and J3, are, respectively, the exchange
integrals within the first, within the second, and be-
tween the sublattices; p, is the Bohr magneton; and

g, and g, are the g factors of the first and second sub-
lattices. In (1) we have neglected the magnetic ani-
isotropy energy, which in YIG is a very small quantity,
and the energy of magnetic dipole interaction.

We shall investigate the system described by the
Hamiltonian (1) by the method developed by Bar’yaktar
et al.'') For this purpose, we transform from spin
to Bose operators by means of the representation of
Ref. 7. At fields H<H,, where H, is the field for
phase transition to a noncollinear phase, the Hamilto-
nian contains processes in which only an even number
of magnons participate:

H=E+H. 43+ . ..
Here
E=—,8,1,(0) N=1/,8:].(0)N—S,8:J5 (0) N—p,lIN (g.S,—g:S:),  (2)
%, -2 {Anarta,+ Anby b+ By (@ byt +arboy) ),
:1..=s.u. (0) =1, (k) } +8:J5(0) +pog T,
An=8:{J:(0) =Jo(kK)} +S.J5(0) — pog:H, Bu=—(S,S)"Js(k),

(3)

J(k) is the Fourier transform of the exchange integral,
S; and S, are the values of the spins at sites of the first
and second sublattices, and N is the number of elemen-
tary cells in the crystal.

We transform from the operators a;, q, and b;, b,
to the magnon creation and annihilation operators
ay, a, and B, B, according to the formulas

ak=uk1k+UkB:k, bk=uk5k+l/'ka:k; (4)

1Byl By

Apn—ex
Uy =-— U=

(Bkz—(An;—Ex)z)ll" - |Bil (B*—(Ai—ex)?)™

For the operator 3C, we obtain the expressiont!%13]

%z ==2 exoton +Z‘ Exﬁn+ﬂk+AEo; (5)

£t=l/2 (Ank"Azk)"'l/?[ (Aak"‘A:k)z"[LBkZ]'hv (6)
Ek=‘/!(A2k—Alk)+l/2[(Alk_All)z_éBk:]‘h, :

AE, = -;—Z (et EamAp—An).
In the range of small wave vectors, ak <1 (a is the

lattice constant), and when H<<H_, we obtain the well-
known results

1S - zs 2
gy = 018D, s:—g, * wH+D, (ak) (7
for the spectrum of the acoustic magnons and

£:5,—¢:S;

JH+D, (ak)* 8
5.=S, [T; 4 D, (ak) ( )

E\= (Sl'—Sz)JI(O)_
for the spectrum of the optical magnons, where
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1
D‘ R — {S1211+S2212+2S|8213}1 (9)
S8,-8,
8.,

D, =
8,8,

(I +1,+21). (10)

In the nearest-neighbor approximation, J(0)=zI,
where z is the number of nearest neighbors.

The Hamiltonian J¢, contains all possible processes
in which four spin waves participate (35 processes in
all). We shall not write the interaction amplitudes
here because of their complexity.

Treatment of (1) within the framework of the HP
representation leads to the following magnon-interac-
tion Hamiltonian:

%AHP = E {(Xa.*az*asﬁf'+9.a.*az*ﬁs"ﬁa*+.\a.+ﬂz+ﬂx+ﬂa+ h.C.)
1234

‘+Oaﬁtzz*o&;ad'eza;’azﬁs+ﬂk+rﬁl+ﬁz+ﬁsﬂi} ’ (1 1)

where the amplitudes coincide with the corresponding
amplitudes of the Hamiltonian J¢; in the representation
of Ref. 7. By use of the explicit form of the Hamilto-
nian 3;, it is easily shown that the amplitudes of the
additional processes that occur in the representation
of Ref. 7 as compared with the HP representation
vanish on the mass shell. Both these results—coin-
cidence of the common amplitudes of the Hamiltonians,
and vanishing of the additional amplitudes on the mass
shell—are valid only in the first approximation with
respect to ! (for an analogous situation for ferro-
magnets, see Ref. 11).

At H=0, the interaction amplitudes satisfy symme-
try conditions. {14} It has been shown!! that fulfill-
ment of these conditions automatically insures correct
asymptotic behavior of the hf magnetic susceptibility
tensor in the small-wave-vector range. The ampli-
tudes found also satisfy the requirements of Adler’s
theorem!!3; that is, the interaction amplitudes that
describe processes in which Goldstone particles par-
ticipate vanish on the mass surface when the momen-
tum of the latter vanishes.

3. HIGH-FREQUENCY MAGNETIC SUSCEPTIBILITY
TENSOR

The components x;,(k, w) of the hf magnetic suscept-
ibility tensor are connected with the equal-time re-
tarded Green’s functions by the relation

1k, 0)== 226 (k 0), (12)

where G{}’(k, w) is the Fourier transform of the Green’s
function:

G Ru—R,, t) =—iB(t) <[g,:S:m' (£)
+8:5en’ (£) | g:S i (0) +g:Sem (0) 1); (13)
Si.(t) (S3n(?) is the spin operator of the m—th atom in

the Heisenberg representation; ¢, j=(x,y, 2); v, is the
volume of the elementary cell.

In the representation of Ref. 7, we get for the com-
ponent x”(k, w) of the susceptibility tensor the ex-
pression (12) with

Gv(v') (k, @) =—'/€ (48,8, "~ g.5,") (ot —ct-x)

+(u.g,S,"'—u,g,S,"’) (Bx*—B-x) | (uxg:S,"—rg.S.")
X (o-it =) + (12kg2S."—vxgsS,") (B-x*—Pi) Vu (14)
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thus the problem reduces to calculation of the single-
particle retarded Green’s function.

We remark that both in the HP representation and in
the DM representation, the components of the hf mag-
netic susceptibility tensor in the case of a many-
sublattice magnet will always contain, besides the
single-particle, also the many-particle Green’s func-
tions. Then there arises the additional problem of
calculating these functions. In the representation of
Ref. 7, no difficulties of this sort arise (see Ref. 11).

In order to find y,,(k, w), we consider the matrix
Green’s functiont!5?

6 (k, 0) =G (k, 0) =Can*lavide,

where oy, is the four dimensional vector aj,=ajy, aj,
=By an=Pap aix=0a,. Asusual, we shall calculate
the retarded Green’s functions by analytic continuation
of the temperature Green’s functions &(k, tw,). The
Green’s function Glk, iw,) satisfies the equation

G(p)=G" (P)+G (P E(P)G(p),
the solution of which has the form
6P =[6""(n-2(p) 1™, (15)
where G'”(p) is a diagonal matrix whose elements are
G () =(iwa—ex) ™!, Gz’ (p)=(iwa—Ey)~*
G (1) =C3' (-p), G (P)=G (—p);

Z(p) is the matrix of irreducible self-energy parts.
Here p = (k, iw,).

The mass operators Z,,.(p) can be represented in the
form of an expansion in powers of §°!; to each term of
the expansion corresponds a definite Feynman diagram.
Substitution of the expression (15) in (14) gives the
explicit form of the component x,,(k, w) of the hf sus-
ceptibility tensor of the ferrite. From symmetry con-
siderations it is clear that x,,(k, w) =x,,(k, w).

4. TEMPERATURE CORRECTIONS TO THE SPIN-
WAVE SPECTRUM

The expression (15) determines the poles of x,,(k, w);
knowing these, one can determine the spectrum of mag-
netic excitations in the system. It is easily verified
that according to (5) and (6), we shall have in the spec-
trum two branches, corresponding to acoustic and to
optical oscillations of the spin system. We shall con-
sider the temperature renormalization of the acoustic
branch of the spectrum. In the first approximation,
the temperature shift of the frequency is described
by the diagram in Fig. 1, from the mass operator
Z,,(k, w). Diagram a in Fig. 1 gives the correction

FIG. 1. In Figs. 1-5 the Green’s functions of the acoustical
magnons correspond to the solid lines, of the optical to the
dotted.
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Aw,(T), equal to
Awu(T)=4Y, Ok g;k,D)n(ey), (16)

where n(x) =[e*'T - 1],

At low temperatures T, the principal contribution to
(16) comes from the small-wave-vector range. We
shall quote the expansion of &(k, ¢;k, ¢g) in this limit,
averaged over the angle between the vectors k and q.
Having in mind YIG, for which I;> I, I,, we get for
81=82=8&

c, 8.5,

Q(k,'I;k,‘I)=Fz(T_§7

Lkg, (17)
The coefficient C, depends on the type of lattice: for

a lattice of the NaCl type, we have C,=2S,S,, and for

a body-centered cubic lattice C,=4%(3S; — S,)(3S,— S,).
Using (17), we get

1 C,

BoulD) = G Gy

v ()" ()20 (25). 9

Diagram b in Fig. 1 gives the correction Aw,,(7),
equal to

Boa(T)=Y" 6:(k; klg; )n (£,). (19)
For ©,(k; k|q;q) we have
2 S+82 . :
8u (ki kla; 0) == - s ak) (20)

and consequently

1 M

A(lhb(T)v=_ -(-2_11) z'S_“‘Sz (S,—S;)

pr(5) 1 (3)(S). e

In these formulas I'(x) is the gamma function;

Z,(z)= Z—exP (m_,.zm} ;

many

A=(S,— S,)J;3(0) — goH; the value of D is determined
by formulas (9) and (10), in which we have neglected
I, and I,.

On taking, in the case of YIG, ;=243 and S,=16-3,
we see that, in contrast to the case of a ferromagnet,
in the two-sublattice model of a magnet the contribution
of diagram a of Fig. 1 to the temperature shift of the
frequency enters with a plus sign. This result is due
entirely to the “many-sublattice” form of the amplitude
$(12;34).

Diagrams a and b in Fig. 1 give contributions of
opposite signs. The total temperature shift of frequen-
cy Aw,(7) will be positive. At low temperatures, as is
evident from (18) and (21), Aw,(T) increases approx-
imately as T%/2. At T~A, the contribution Aw (T) be-
comes important; this leads to a slowing down of the
increase of Aw,(7) with temperature. According to
Harris’s estimates, ! for YIG A~ 250 to 300 K, so that
the contribution of optical magnons will become im-
portant at room temperature. From (18) and (21), the
temperature dependence of the exchange constant of the
acoustical branch of the spectrum is

20 () S ()

D Te0r\D ) 2 (8=8.)°D T
~sraom )T (3): 22)
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N/ FIG. 2.

where D=D(0). Such a behavior of D(T) agrees with
the experimentally observed dependence. !}

We shall consider the temperature renormalization
of the optical branch of the spectrum. In the first
approximation, the temperature shift of the frequency
is described by the diagrams in Fig. 2, from the mass
operator Z,,(k,w). The analytical expressions corres-
ponding to the diagrams are:

Am(T)=—?:TZI§;:—)-I (Dl) /r(‘_’T) Zon (l;f) (23)
Aob(T) = —(_)11—) 27,(0) (%)“ r (%) z,,('%) . (24)

The expression (23) is generated by the amplitude
ez(q;qlk; k) given by (20), and the expression (24) by
the amplitude

I'(k, q; k, q)=7,(0)/2N. (25)

As is seen from (23) and (24), diagrams a and b in
Fig. 2 give contributions of opposite signs. The total
shift of frequency will be negative. At low tempera-
tures, as follows from (23), the gap in the spectrum
of the optical excitations decreases as T°/2. At T~A,
the contribution Aw,(7T) becomes important; this
leads to a slower decrease of Aw,(7) with temperature.

5. DAMPING OF ACOUSTIC MAGNONS

In the first approximation with respect to S°!, the
damping of acoustic magnons is determined by the
imaginary parts of the diagrams in Fig. 3, from the

, mass operator 21k, w). The heavy lines in the fig-

ure denote the fact that we have carried out tempera-
ture renormalization of the Green’s functions in the
random-phase approximation, which actually reduces
to temperature renormalization of the spin-wave spec-
trum in accordance with (22) - (24). As is seen from
Fig. 3, the damping y *(k) is determined by four differ-
ent processes of magnon interaction, and it may ac-
cordingly be represented in the form

1* (k) =Yo* (k) +‘Yx“ (k) +’{ozu (k) +TA¢ (k) .

We consider y,*(k):

(k) Cappln(e) FlnE)n(e) o oo
Yo (k)—8n;1®(k2,34)|2 o) (et €2 — &3 — ).

In the small-wave-vector range, the following expan-

/.\ Pma
¢ >
N~ N
a b FIG. 3.
"'- \\
o
c d
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sion is valid for the amplitude & (12;34):
1 S,S:

0(12;34)=—2T(S—_S_)2

Ia® (kk,+tkk,) A (k,tk,—ks—k.).

By using the same method of calculating integrals
that was used by Wang, '} we get for ¢, < T and g, =g,

1 (ak)?exT?

Yot )= s lgl((To)) F (lk R)' (26)
F (ml.‘ R) =—;—ln2-0—§+{—ln(1+li)
+2 [% — R+R"arelg (R-") ]}{ 1+1n wl} +3G(R). 27

Here w,=D(T)(ak)?, and R is the ratio of the magnetic-
field energy to the exchange energy, R = uH/w,; D(T) is
determined by the expression (22), and the function
G(R) was found by Wang.!¥

The expressions (26) and (27) go over, in the case of
the single-sublattice model of a magnet and with re-
placement of D(T) by D(0), to formulas (10) and (11) of
Ref. 4.7

The damping produced by the process ¢ was con-
sidered also in Ref. 6. But the expression (26) has a
more general character than does that found in Ref. 6.
This is so because (26) is correct for arbitrary values
of the parameter R, whereas Pikin’s result'®’ was found
only in the two limiting cases R>>1 and R< 1. Further-
more, Pikin'®? did not consider temperature renormal-
ization of the spin-wave spectrum.

We now consider yg§,(k):

n(ex)

1800 = Y 10,023 4)p 22 EN LR ED o0 1 g, o, gy,
Lda

Using the expression for ©,(k; 2|3;4) in the small-mo-
mentum range,
. 0, (k; 213; 4)
1 21,
(S48 Ky, (kky Fhok) } A (ks —ki—ki),
Ty )k, (k) YA (e o=k
we get for €, <« T and g,=g,:

(2.1)’ 1(;55):;) zl;((;); {F (_ R, LA_(T_T‘)')
_8=8)t (A(T) )}

838 N1
T AT
F(= R ——(—)) ~{in
(O] 7

+2[ 5 - R+R*arotg (R-") +

e G )
e (AR)-E 2
(ARl (4 eles (A2 £ 2
(30)

At room temperature and for €, ~1 K we find that in
YIG the contribution 1§, (k) amounts to 20% of the con-
tribution yg(k). But if £,~10K, this contribution be-

Yo:© (k) =

(28)

l— In(1+R)

Wi

A(T)
4T

(29)
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comes 50%. On the other hand, at low temperatures,

T «< A, the contribution of this process is exponentially
small. Analysis of the processes of magnon interaction
described by the amplitudes X(12; 3|4) and A(1|23;4)
shows that in the case €, < T and T <A, their contribu-
tion is orders of magnitude smaller than yg,(k).

We shall give the expressions for the damping of the
acoustic branch of the spectrum in the case g,> T.

If T<<Kw,<T,,

e L D@k TN\ opH\ (3
1R =T Gy (D ) Zn (T)[ (?) (1)
o, <T<uH<T,
a (L) — 1 D(ak)z l : -ul/T
1t 0= oy s ( ) s (32)

The contribution of optical magnons in this tempera-
ture range is exponentially small.

As is seen from formulas (26) and (28), the damping
coefficient y*(k) vanishes when k=0. In Pikin’s pap-
ert®) it was shown that allowance for inequality of the
g factors leads to a finite value of y*(0).

By calculating the amplitude &(12;34) for g, #g,, we
find the damping coefficient of uniform precession re-
sulting from this process when £, < T

2 T\* T
} (g.-‘gz)zu.fH’eo (—D—) lne—;

o2 (0) = (33)

1 {S.S:(S1+Sz)
27)° L 12D(5,—8,)*

this expression is similar to that given by Pikin, ¢
The presence of an optical branch in the spectrum
leads to additional damping of spin waves with k=0.

The process described by the amplitude ©,(1;2|3;4)
gives a damping coefficient

Yo (0) = (21)7{47;95%}2 (81— 82) o’ H%, g F (%, %);
(34)

f(5 Pl mmmmtn e e ()]}
+1n['.7.sh (;’})]-%‘} (35)

6. DAMPING OF OPTICAL MAGNONS

The damping coefficient y8(k) of optical magnons is
determined by the imaginary part of the diagrams
shown in Fig. 4, from the mass operator Z,,(k, w).
Just as in the preceding case, we represent it in the
form

7 (k) =Yeo" (k) +75" (k) +1x" (k) +7.° (k) ;

v 0 == Y0, (152 (ki &) (o) AInE)n(ED o g 1oy —ey—B);

T n(Ex)
(36)
P
O A N
. b FIG. 4.
l/"‘\ /’\
—‘\\-”I T \-v—/
c d
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ARy = FIG. 5.

vt () = 82y 1 (k2 34y p LEDE A EIRED 2, gy g,

e n(Ex)
@37
When D(ak)z &T,H<¥H, and g,=g,,
T (k)= (2:1)’ u: f:.":?‘?’—g) <T)‘I(LTS—) ®8)
'(7) ;(1“—“7);' e e
=t HO (Y (8 39

r(3)=2(F) gl (7))

As is evident, in contrast to the damping of acoustic
magnons, the damping coefficient ¥#(0) of optical
magnons does not vanish, even when g,=g,.

We shall not give the expressions for (k) and
YA(k), since, as in the case of damping of acoustic
magnons, their contribution is negligibly small.

7. THERMODYNAMIC POTENTIAL AND
MAGNETIZATION OF FERRITES

The thermodynamic potential of the ferrite can be
represented in the form

Q=E,+AE+Qy+AQu, (40)

where the thermodynamic potential of noninteracting
particles is
Q=T Y {In[ 1+n(en) 1 +In[ t+n(ED) 1}, (41)
k
and where AQ,,, is a correction resulting from inter-
action of magnons. In the leading approximation with
respect to S°!, AQ,,, is determined by the diagrams

shown in Fig. 5. The corresponding analytic ex-
pression has the form

%\S/ETW=(2::)‘{% (s,C.;)= —) (

2 2 H
oSS Ty (8, (L)
8,5.(8,—S;) D T T

SRS (2) ()

Knowing Q(T, H), one can find the magnetization of the
ferrite, M(T,H)=-N"'9Q/0H.

(42)

We shall give the expression for the correction to
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the magnetization resulting from interaction of mag-

nons:
n 9 C, T\? nH
Mpy=——{—— = ()7
A (2m)* { 2 (8,—S,)° ( ) Z”( ) ( )
8§,2+8,? T A wH uH
05555 _D'[Z"'(T)Z’“( T )+Z’ ( )Z"( )]
(S8, (A ulH T\* /3
Sse(r)a(FlE) eir) @
As is seen from (42) and (43), the principal contrib-
ution to AQ,,, and AM ,, at T < A is produced by in-
teraction of acoustic magnons with each other. We
see that the functional dependence of the corrections
on 7T and H is the same as in a ferromagnet, {'" but
they enter with the opposite sign; this is essentially

due to the ferrimagnetic structure of the magnon-
interaction amplitudes.

In conclusion, the authors express their thanks to
V. G. Bar’yakhtar for his interest in the research and
for valuable cgmments, to A. G. Gurevich and I. E.
Dzyaloshinskii for discussion of the results of the
research, and to V. L. Sobolev for valuable discuss-
ions.

DIn Wang’s paper®) the numerical coefficient in formula (10)
is twice as large, since the author finds y(k) from the kine-
tic equation.
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