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The temperature correction to the mechanical moment of the spin system in a ferrodielectric 
is calculated. It is shown that at a sufficiently low temperature, when the spin-spin interaction 
is appreciable, the temperature dependence of the magnetic and mechanical moments are dif
ferent. 

IN gyromagnetic experiments on the determination 
of the electronic g factor, use is generally made of 
the fact that the ratio of the magnetic moment of the 
sample to the mechanical moment is equal to the 
corresponding ratio for the free electron. In ferro
dielectrics, at sufficiently low temperatures, all the 
microscopic characteristics are determined by the 
spin -wave branch of the spectrum, which is due both 
to exchange and to relativistic magnetic interaction 
of the spins. 

In the present paper, a formula is obtained in 
the spin -wave approximation for the temperature 
part of the mechanical moment of the spin system, 
and it is shown that in the range of temperatures 
where the dielectric interaction is appreciable, its 
ratio to the corresponding contribution to the mag
netic moment differs from the single-electron g 
factor and depends on the temperature. 

We note that because of the dipole interaction of 
the spins, the total magnetic moment of the system 
is not conserved, whereas under suitable symmetry 
of the lattice, the total mechanical moment should 

to the magnetization: 
Heff = -MS I liM. (2) 

The energy of the system has the form 

1 ( au. aM aM j3 H2 ) fS = J -- -+-J.t2-MH-- dV. 
2 axi ax~< 2 8n 

(3) 

The first term of the integrand describes the ex
change interaction, which is characterized by the 
tensor aik; the second term is the anisotropy en
ergy density ({3 > 0 is the anisotropy constant, and 
1J is the component of the magnetization vector per
pendicular to the easy axis); the last two terms cor
respond to the magnetic interaction of the spins 
with the external field H0 and with one another. 

The magnetic dipole -dipole interaction is con
veniently described by introducing the field h. At 
low temperatures, when the principal role is played 
by the long wave perturbations, one ean neglect the 
retardation and assume that the field h satisfies 
the equations 1> 

roth= 0, divh = 4n div M. (4)* 

be conserved. Therefore, the mechanical moment The field H entering into Eq. (3) is the sum: H 
of the system must be an integral of the motion, = Ho + h. 
connected with the invariance of the spin system 2. The spin-wave approximation corresponds to 
relative to the corresponding rotation. an expansion with accuracy up to quadratic terms 

1. We consider a uniaxial (or cubic) ferrodielec- of the energy density (3) in powers of the quantity IJ, 
tric in which a constant and homogeneous external which is small in comparison with M0 -the mag-
field is applied along the chosen axis. The mag- netization-near the ground state.2> As a result of 
netic state of such a system can, as is well knownPJ such an expansion, Eq. (1) becomes linear in IJ: 

be described classically by introducing the field of a,... [ ( Ho ) a211 ·] 
the magnetization vector M(r, t) which satisfies iii=- g Mo, h-, Mo + 13 11 + aik. axiaxk. · (5) 
the equation 

aM I at= -g[MH:eff ], (1)* 

where g is the single particle gyromagnetic ratio 
and Hef! is the effective magnetic field, equal to 
the variational derivative of the energy with respect 

1 )The description used for the energy of magnetic .interac
tion corresponds to the choice of M and H as independent vari
abl~s. 

*rot= curl. 
2)Equation (1) describes the change of the magnetization 

only in direction. 
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The dynamic characteristics of the system can 
most simply be determined by means of the La
grangian density. If we introduce the components 
of the vector J.t and the magnetic potential cp (from 
Eq. (4), h = 'Vcp) as generalized coordinates, then 
it is easy to establish the fact that Eqs. (4) and (5) 
can be obtained as the Lagrangian equations for the 
field ( cp, J.£) if we choose the following expression 
as the Lagrangian density: 

L _ 1 ["M] aih· ap. ap. ---p. op.-------
2gMo2 2 ax; axh 

(6) 

Then, by means of standard procedures, [2] we can 
find the components of the energy-momentum ten
sor. In particular, the momentum density is shown 
to be equal to 

1 a11 
p; = 2gMo2 [p.Mo] ax; . (7) 

This makes it possible to determine the "orbital" 
magnetic moment of the field 

(8) 

Differentiating (Jorb )z with respect to the time 
(the z axis is the same as the axis of easy mag
netization) and using Eq. (5), we find, in the case 
of a uniaxial or cubic crystal, 

d~ (Jorb)z= ~[hp.]zdV. 

On the other hand, it follows from Eq. (5) that 

d \ p.2 \ 
- J --dV =- J [hp.]zdV. 
dt 2gMo 

Therefore 

(9) 

where 

(10) 

The moment (10) can be regarded as the spin mo
ment of the field. It is equal to the time dependent 
contribution to the z component of the total spin of 
the system. 

The conserved quantity J = ( J orb + J sp) z is 
the total mechanical moment of the spin system in 
the ferrodielectric. It is easy to see that when the 
dipole-dipole interaction is neglected, the moments 

( J orb )z and ( J sp) z are separately conserved. 3 > 

3. Quantization in the spin-wave approximation 
is obtained by replacement of the projections f.J.x 
and f.J.Y by operators with the following commutation 
rule: [3] 

[f,A.x(r), f.A.y(r')] = igliMob(r-r'). (11) 

Here the diagonalization of the Hamiltonian (3) in 
the same approximation is carried out by means 
of the generalized Fourier transformation: 

!l+ = ILx + i!Ly 

(12) 

where ak_ and ak are the Bose creation and anni
hilation operators, and the coefficients uk and vk 
and the frequency wk are connected by the equa
tions 

Akuk + Bk *vk = wkuk, Bkuk + Akvk = -wkvk, 
I uk 12 - I vk 12 = 1, 

Substituting the expansion (12) in Eq. (3) we get in 
the quadratic approximation in f.J.: 

:1t = S'o+ ~ liwkak+ak, Wk = l'Ak2 -IBkl 2• (14) 
k 

The mechanical moment Jz is reduced to the fol
lowing form by means of this expansion: 

lz = loz- iii~ ak + [kV k]z ak + 1i ~ ak+ak (15) 
k k 

('Vk is the gradient in k-space ). 
The first component in (15) can be interpreted 

as the operator of the orbital momentum of the 
system of spin waves, and the second as the oper
ator of the spin moment of this system. It is then 
seen that the spin of the spin wave is equal to unity 
(in units of n), while only one ( + 1 ) of the three 
projections of the spin on the z axis is realized. 

As might be expected, the operator of the mo 
ment Jz commutes with the energy operator (14) 
when wk does not depend on the angle CfJk• that is, 
in the case of a uniaxial or cubic crystal. For di
agonalization of the moment, we transform from 

3 )The procedure for obtaining the total moment in our case 
is similar to the introduction of the spin of the electron in rela
tivistic theory, wherein the role of the spin-orbit interaction is 
played by the dipole-dipole interaction. 
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the quantum numbers kx, ky, kz to the quantum 
numbers k1, kz, m, where k1 = ..j ki + I4 and 

m is the eigenvalue of the operator i[k x Vklz· 
The transformation to the new representation re
duces to the canonical transformation 

as the result of which we get 

J. = foz + 1i ~ (m + 1) at.L. kz, mak .L•kz, m• 
k .L• kz, m 

(16) 

4. Since the frequency wk in the new representa
tion does not depend on m, averaging of Eq. (16) 
with the equilibrium Gibbs distribution reduces to 
the following result: 

lz=Joz+n~nk, nk=(e1l"'kfT -1p. (17) 
k 

Thus the temperature contribution ~ z to the 
mechanical moment is equal (in units of li) to the 
total number of spin waves at the given tempera
ture T. 

So far as the temperature contribution to the 
magnetic moment is concerned, it is equal to [a] 

(18) 

It is seen from a comparison of (17) with (18) that 
upon neglect of the magnetic dipole -dipole interac
tion, the ratio ~Mz I ~J z is equal to g. Such a 
neglect is valid when the temperature T is large 
in comparison with the energy of the dipole -dipole 
interaction, which is equal in order of magnitude 
to 21rgliM0• 

In the case of low temperatures ( T ~ 21rgliM0 ) 

the contribution of the dipole interaction becomes 
important, as a result of which the ratio of the 
temperature contributions to the magnetic and 
mechanical moment of the spin system of the fer
romagnet will depend on the temperature. 

We shall write down the results of the calcula
tions of the spontaneous magnetic and mechanical 
moments in the region of temperatures T « 27TgliM0• 

As was shown earlier,C4J the temperature contribu-

tion to the magnetic moment is equal here to 

Mo.-M.(T)= ngli _.!::._(-T-)'1' ( .!_)%. (19) 
48j2 a3 '2rtgliMo ' 8c 

It follows from Eq. (17) that for T « 27TgnM0, the 
temperature dependence of ~J z has the following 
form: 

l J (T) _ KVIi T ( T )% 
oz- • - 8rt2a3 2ngliM0 Be ' (20) 

where K is a numerical factor equal to the integral 

·r r ("yx2 + Z2 - z) '/, xdx 
K= J J dxdz --. 

o o )'x2 + z2 e"'- 1 

Comparison of Eqs. (19) and (20) shows that ~Mz 
and ~z actually have different temperature de
pendences in the limiting case under considera
tion.4> 

The difference in the temperature dependence of 
the magnetic and mechanical moments of the spin 
system can in principle be found by means of a gy
romagnetic experiment in which the change of the 
moments takes place as the result of the change 
in the temperature in the absence of an external 
field. 

In conclusion I express my gratitude to M. I. 
Kaganov for useful discussions. 
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4 >It must be noted that we have neglected the anisotropy 
energy, which is proper only under conditions of smallness of 
this energy in comparison with the temperature. 


