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The magnetic and magnetostrictive properties of polycrystalline iron-garnets TbxY3_xFep 12 

(x varies from 0 to 3) were investigated in the temperature range 4.2-100° K. A sharp in­
crease was observed in th~ magnetostriction with increase in the concentration of Tb3 + ions, 
and an absence of a clear correlation between the temperature dependences of the magneto­
striction and the magnetization for samples with high terbium content (x > 1). The results do 
not agree with the single-ion model of magnetoelastic interaction of Neel ferromagnets. 

EARLIER [t , 2], a gigantic increase in the mag- terbium iron garnet at 4.2° K, it amounts to 
netostriction, the nature of which is still unclear, 4. 75 x 106 erg/cm3, at 80° K-0.11 x 106 erg/cm3• 

was observed in terbium iron garnet at low tern- We note that according to the data of Pearson[3J 
peratures. the energy of the anisotropy of this iron-garnet at 

In the present research, the longitudinal mag- 80°K amounts to 0. 76 x 106 erg/cm3• 

netostriction of mixed iron garnets Tbx Y 3_xFe p 12 2. The samples which have magnetic compensa-
(x varies from 0 to 3) was measured by a capaci- tion points (Tc) in the studied temperature range 
tance method in the temperature range 4.2 to 100°K. reveal minima in the vicinity of Tc on the i\.(T) 
The measurements were made with a supercon- curves, which are the sharper the lower the com-
ducting solenoid, which makes it possible to obtain pensation temperature of the sample and conse-
magnetic fields up to 30 kgauss. The polycrystal- quently the larger its magnetization at this tern-
line specimens of the ferrite were prepared by perature. For ferrites, whose magnetic compensa-
means of the usual ceramic technology; the purities tion point lies above ~ 50°K, the magnetostriction 
of the initial oxides were: Y20 3-99. 996% and compensation points are expressed less sharply 
Tb20 3-99.980%. At the same time as the measure- than, for example, in the sample Tb1.2 Y1.8Fe 50 12 , for 
ments of the magnetostriction, curves of the tern- which Tc ""60° K (Fig. 1b). 
perature dependence of the magnetization u(T) were 3. For samples with a large amount of terbium 
made in the superconducting solenoid. These (x > 1) at low temperatures correlations are ab-
curves show that the replacement of the nonmag- sent between the magnetization and the magneto-
netic ions ya+ by the magnetic ions Tb3+ leads to striction. Thus, for the iron garnet Tb3Fep12 the 
the appearance of u(T) curves with an anomalous magnetostriction in the temperature range 
decrease in the magnetization near 0°K and of 4.2 x 30°K increases by 2.5 times, while the mag-
curves with a compensation point. 

Figure 1 shows the temperature dependence of 
the magnetostriction and the magnetization of the 
iron-garnets with different amounts of terbium. 
From these curves, one can notice the following 
features. 

1. At low temperatures the magnetostriction 
increases sharply with increase in concentration of 
the terbium ions. Thus, if for iron garnet 
Tb0•8Y2•2Fe 50 12 we have A= 62 x 10-6, then for the 
sample Tb3Fep12 we will have A = 2180 x 10- 6• Our 
measurements of Young's modulus of yttrium-ter­
bium iron garnets at low temperatures make it 
possible to estimate the value of the magneto­
elastic energy of the samples investigated. For 

netization in the same temperature range increases 
only by 6% (for the Tb2Y1Fe 50 12 in the same range 
of temperatures the magnetostriction increases 
2. 7 times, the magnetization by 7%). These results 
do not agree with the phenomenological theory of 
magnetoelastic interaction developed for Neel 
ferromagnets in the work of Callen and others. [4] 

According to this theory, the temperature depen­
dence of the coefficient of magnetoelastic coupling 
at low temperatures is determined by the tempera­
ture dependence of the magnetization of the sub­
lattices: 

n 
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FIG. 1. Temperature dependence of the mag-
netostriction and the magnetization of saturation 
for iron garnets of the system Tbx Y 3 -xFe,0,2; 
H = 25 kgauss, a - x = 0.5; b - x = 0.8; c - x = 

1.2; d- X= 3. 

where Bz(n) are the temperature-independent co­
efficients of magnetoelastic coupling of each of the 
magnetic sublattices n; mn is the magnetization of 
the sublattice, l is the power of the spin operators 
of the individual ions, which can take on values 
2, 4, 6, .... However, an estimate carried out for 
yttrium iron garnet (YIG) [4] showed that terms 
with l > 2 give a contribution ~ 5-10%. Thus at 
low temperatures, where the magnetostriction of 
the ferrite garnet is determined by the rare earth 
sublattice, the temperature dependence of the mag­
netostriction, in accord with the theory, should be 
close to m3• However, our measurements of the 
temperature dependence of the magnetostriction 
make it possible to assume that either for yttrium 
terbium iron garnets (in any case for samples with 
a large content of Tb:fr: x > 1) an important con­
tribution is made by terms of very high order 
( l > 2) or at low temperatures the sublattice coeffi­
cients of the magnetoelastic interaction B z(n) 
should depend on the temperature. 

It should also be noted that a single ion model of 
the magnetoelastic interaction is set forth on the 
basis of the theory that has been explained (terms 
which enter into the magnetoelastic Hamiltonian do 
not depend on the correlation of the spins of the 
various ions), which evidently is inapplicable in the 
case of iron garnets with a large content of ter­
bium. This is confirmed by Fig. 2, in which is 
plotted the magnetostriction of yttrium-terbium 
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FIG. 2. Dependence of the magnetostriction, calculated for 
a single ion of Tb3+ on the component x of iron garnets of the 
system TbxY 3 _xFe50 12. T = 4.2°K, H = 25 kgauss. 

iron garnets forT= 4.2°K, computed for a single 
ion of terbium. As is seen from the drawing, the 
magnetostriction increases with increase of Tb3+ 

(samples with x = 0.5 and 0.8 for which the compen­
sation points are close to 4.2°K are excluded), and 
does not remain constant as is required by the 
single ion under consideration. 

In conclusion, the authors consider it their 
pleasant duty to thank Professor K. P. Belov under 
whose direction the work was completed and R. Z. 
Levitin for participation and discussion of the re­
sults. 

1K. P. Belov and V. I. Sokolov, JETP 48, 979 
(1965), Soviet Phys. JETP 21, 652 (1965). 

2 S. Gida, Phys. Lett. 6, 165 (1963). 



MAGNETOSTRIC T ION OF YTTRIUM- T ER BlUM IRON-GARNETS 289 

3 R. Pearson, J. App. Phys. 33, Suppl. 3, 1236 
(1962). 

4 E. Callen, A. Clark, De Savage and W. Cole-

man, Phys. Rev. 130, 1735 (1963). 
Translated by R. T. Beyer 
49 


