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orientations of the field such a relation is even 
steeper than in Fig. 2. This indicates that the 
parameter WT is not large enough in spite of the 
fact that the samples were made of very pure tin 
(an estimate yields WT "' 50) in which the mean 
free path of the electrons, is possibly already 
limited by isotopic inhomogeneity of the metal. 7 

Obviously a lowering of the sample temperature 
is necessary to resolve the resonances and to in
crease the accuracy of measurements of the reso
nant field values. However a more important re
sult of these experiments is that, as seen from 
Fig. 2, the resonant field values do not depend on 
the temperature, at least, in regions below 3 deg K 
(an insignificant increase in the resonant fields 
values is noticed above 3 deg K). This fact permits 
us to assume that the values of the effective masses 
found from the cyclotron-resonance spectra actu
ally correspond to definite sections of the Fermi 
surface. The insufficient value of the parameter 
WT could lead to an averaging of the experimen
tally-obtained effective masses over a consider
able region of the Fermi surface, thus greatly re
ducing the value of these data. A similar partial 
averaging apparently takes place at temperatures 
above 3 deg K. 

It is appropriate to note the sharp increase in 
the number of observable resonances in each se
quence with decreasing temperature, owing to the 
increase in the value of WT. This guarantees a 
substantial increase in the accuracy of measure
ments of the effective mass at lower sample tem
peratures. 

The author thanks P. L. Kapitza and A. I. Shal'
nikov for their interest in this work. 

*The fundamental theory of cyclotron resonance in an in
clined magnetic field is examined by Kaner. • 

1 -E. A. Kaner and M. Ya. Azbel', JETP 33, 1461 
(1957), Soviet Phys. JETP 6, 1126 (1958). 

2 M. S. Kha!kin, JETP 37, 1473 (1959), Soviet 
Phys. JETP 10, 1044 (1960). 

3 R. G. Chambers, Can. Journ. Phys. 34, 1395 
(1956). 

4 -E. A. Kaner, JETP 33, 1472 (1957), Soviet 
Phys. JETP 6, 1135 (1958). 

5 E. Fawcett, Phys. Rev. Lett. 3, 139 (1959). 
6 M. S. Kha!kin, ITp1!60pbi 11 TeXHI!Ka 3Kcrrepi!MeHTa 

( Irrstr. and Exptl. Techniques), in press. 
7 V. B. Zernov and Iu. V. Sharvin, JETP 36, 

1038 (1959), Soviet Phys. JETP 9, 737 (1959). 

Translated by T. Meeks 
102 

INSTABILITY OF UNIFORM PRECESSION 
OF MAGNETIZATION 

L. N. BULAEVSKII, V. M. FAIN, and G. I. 
FREIDMAN 

Radiophysics Institute, Gor'kil State University 

Submitted to JETP editor October 19, 1960 

J. Exptl. Theoret. Phys. (U.S.S.R.) 39, 516-518 
(August, 1960) 

IT is obvious that the occurrence of inhomoge
neous magnetization in magnetic systems in a 
constant external magnetic field leads to a break
down of the uniform precession. We shall con
sider therefore that the homogeneous precession 
is unstable if small fluctuations lead to growing 
magnetization waves. We shall investigate the 
stability of the uniform precession of a series 
of ferromagnetic and ferrimagnetic systems. 

1. The change in the magnetization of a ferro
magnet can be described by the equation 

M = - r [ M X H eff], 

Herr = Ho + Ml + Hex (12/ M) V' 2M + Hd, (1) 

where H0 is the external field, A. the constant of 
the molecular field, Hex the magnitude of the mo
lecular field, l the interatomic distance, and Hd 
the demagnetizing field. 

If we seek a solution of (1) in the linear ap
proximation in the form of magnetization waves 
(spin waves ) with the frequency wk and the wave 
vector k, then the waves of wavelengths smaller 
than the dimensions of the system* satisfy the 
following dispersion relation 

wk = Y [(H; + He)2k") (H; -i fl,xl 2k2 + 4nM sin2 8)]';,, (2) 

where Hi = H0 - 47TMNz, Nx = Ny and Nz are de
magnetizing factors, the field H0 is along the z 
axis, and (} is the angle between k and H0• The 
nonequilibrium state will be unstable with respect 
to spin waves if the following relation is satisfied 

(In this case the frequencies wk become imagi
nary.) 

(3) 

For magnetostatic types of oscillation (for small 
k) 1 we must replace sin2 (} in (2) by 

where o is the ratio between the major and the 
minor axes of the ellipsoid, and z~mr is the 
square of the r-th root of the associated Le
gendre polynomial PW ( z ) with 0 < Zfunr < 1. 
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We must take k = (n, m, r) and eliminate the 
terms HexZ2k2• t It is clear that the oscillations 
begin to build up when Hi < 0. 

Formula (2) is correct if the angle between H0 

and M is close to 0 or 1r; however, calculations 
show that instability appears always whenever cp, 
the angle between H0 and M, is greater than 7r/2, 
since the spectrum for an arbitrary cp (but not 
close to 1r /2) has the form (for a spherical 
sample) 

wk = r [(H'- f 4nM cos cp sin2 6) 

x(H'--;---+ 4nM cos? sin26)J"', 

H' = H0 +(cos <p +~-tan <p sin <p) (Hexl2k 2 - } n M) 

+ -f cos <p4nM sin2 6 + 4- 4n M sin <ptan GJ cos2 fJ. 

From the above formula it is clear that it is 
impossible to have a stable uniform precession 
of the magnetization of a ferromagnet if the angle 
between H and M is obtuse. In this sense the re
sult of reference 2 on coherent :radiation from in
verted systems is incorrect when applied to ferro
magnets. The same is true of the paper of Mor
genthaler, 3 in which the question of ferromagnetic 
systems ( ferrites) especially is discussed. 

We notice that the characteristic time of oc
currence of spin waves is of the order of 
T = 1,14 ryM. 

2. For a ferrimagnet near the compensation 
point we can find a dispersion relation by using 
equations analogous to (1) (but with two sub
lattices ) . Analysis of this relation shows that 
the spin waves with 8 = 0 build up the fastest; 
for them 

K=f(rl-'12) Ho +f(r1+r2)H.; 

The instability occurs when 

2WexK + K 2 + w\xFk2 < o. 

WexZYHex• 

Here y 1 and y2 are the gyroma,gnetic ratios for 
the first and the second sublattices, and Ha the 
effective anisotropy field, which is the same for 
both sublattices. 

(4) 

We note that in the case of a ferrimagnet at the 
compensation point the frequency can become com
plex if condition (4) is fulfilled and k = 0, i.e., for 
uniform precession (with a build-up time smaller 
than for spin waves). This means that uniform 
precession predominates in the linear approxima
tion considered here. In reference 4 account is 
taken of nonlinearity for uniform precession. 

3. Suhl5 has shown that there exists a nonlinear 
mechanism for the build-up of spin waves as a re-

sult of their interaction with the uniform preces
sion. It was shown that for small angles cp, in
stability appeared if sin2 cp > 77/47rMy, where 11 is 
the coefficient of relaxation of the spin waves. The 
characteristic instability time is T f'::j ( 47rMy 
x sin2 cp- 17)-1. 

A calculation for a ferromagnet shows that for 
an arbitrary angle (but not close to 1r/2 ), insta
bility occurs, the spin waves build up exponentially, 
and T f'::! 1/47rMysincptancp. In making this conclu
sion it is assumed thatthere already exists a uni
form precession at an angle cp (in general not 
small) and we investigate its instability. The 
question considered above will be discussed in 
the journal l13B. Bb!Clll. lllK., PaAHO<lJI1311Ka (News of 
the Colleges, Radiophysics). 

*Rough calculations show that the dispersion relation (2) 
is correct for waves with wavelength ten times shorter than the 
dimensions of the sample. 

tWe note that the dependence of the magnetization of the 
magnetostatic oscillations on the coordinates is not described 
by the function eik·r 

1 L. R. Walker, Phys. Rev. 105,390 (1957). 
2 v. M. Fa!n, JETP 34, 1032 (1958), Soviet Phys. 

JETP 7, 714 (1958). Op. cit. ref. 4, 1, 75 (1958). 
3 F. Morgenthaler, IRE. Trans. Microwave 

Theory and Techniques, Jan. 1959, page 6. 
4 V. M. Fa!n, I13B. By3oB, PaAHo¢113HKa (News 

of the Colleges, Radiophysics) 2, 876 (1959). 
5 H. Suhl, J. Phys. Chern. Solids 1, 209 (1957). 

Translated by I. Alexandrov 
103 

THEORY OF THE NONRESONANCE AB
SORPTION OF AN OSCILLATING MAG
NETIC FIELD BY A FERROMAGNETIC 
DIELECTRIC 

M. I. KAGANOV and V. M. TSUKERNIK 

Physico-Technical Institute, Academy of 
Sciences, Ukrainian S.S.R. 

Submitted to JETP editor July 2, 1960 

J. Exptl. Theoret. Phys. (U.S.S.R.) 39, 518 
(August, 1960) 

IN a recently published article1 we solved the 
problem of calculating the absorption coefficients 
of an oscillating magnetic field polarized in a di
rection perpendicular to the axis of easiest mag-




