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The magnetostriction of Tb3Fe50 12 and Ho3Fe5o12 single crystals is investigated at temperatures 
between 4.2 and 80 °K. A sharp increase of the magnetostriction is observed with decreasing 
temperature. At 4. 2 o K the magnetostriction of terbium iron garnet reaches an enormous value. 
Thus A[U1J = 2420 x 10-6 and A[100l = 1200 x 10-6• An anomalous dependence of A[1Ul on the 
field strength is observed in holmium iron garnet near the temperature of liquid helium. The 
anomaly is apparently due to the noncollinearity of the holmium magnetic moments in the gar­
net structure. The results are compared with the single-ion theory of magnetoelastic interac­
tion of Neel ferrimagnetic substances. [ 91 

THE magnetostriction of terbium and holmium 
iron garnets has previously been measured at he­
lium temperatures on polycrystalline samples. [ 1 1 

Investigations of the magnetostriction of single 
crystals of Tb3Fe5o12 and Ho3Fe50 12 were carried 
out only down to the temperature of liquid nitro­
gen (78-300°K).[ 2• 31 

In this work we used a capacitor method to 
measure the temperature and field dependences of 
the longitudinal magnetostriction of terbium and 
holmium iron garnet single crystals in the temper­
ature range of 4.2-80 o K. The measurements were 
carried out on spheres 2 mm in diameter in a su­
perconducting solenoid which made it possible to 
obtain magnetic fields up to 25 kOe. [ 41 

1. Terbium iron garnet (TbiG). Figure 1 shows 
the magnetostriction isotherms of terbium iron gar­
net obtained for the easy ([111]) and difficult ([100]) 
directions of magnetization. It is seen that near the 
temperature of liquid helium the magnetostriction 
reaches enormous values ( ~ 10-3), and the H de­
pendence of A in the [100] direction does not exhibit 
any appreciable tendency towards saturation. In 
addition it is interesting to note that complete satu­
ration is also not observed in the A(H) curves in the 
direction of easy magnetization. This may be con­
nected with the inaccurate alignment of the single 
crystal along the [111] axis (the sample was ori­
ented with the aid of x rays with an accuracy of 
~ 1 •). The possibility is, however, not ruled out 
that the absence of saturation in the A(H) curves 
in the [111] direction is due to noncollinearity of 

the magnetic structure appearing in TbiG at helium 
temperatures. 

The absence of saturation of the magnetostric­
tion with magnetic field does not make it possible 
to calculate the magneto-elastic coupling constants 
(B1 and B2) at 4.2• K. The calculation of B1 and Ba 
was therefore carried out for T = 80 • K where the 
A [ 11u(H) and A [100 1(H) curves exhibit saturation 
(the nature of the A (H) dependence at 80 • K is the 
same as at 55 o K (Fig. 1)). The measurements 
yield for TbiG at 80 •K 

B1 = - 3/2(cH- c12) A.1oo = -164·106 erg/cm3, 

B2 = -3c•• A.m = -1010·106 erg/cm3., (1) 

Here the cik are elastic constants which have been 
determined at 300 • K for yttrium iron garnet[ 51 

(measurements of Young's modulus of polycrystal-
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FIG. 1. Isotherms of magnetostriction of single-crystal ter­
bium iron garnet in the [100] and [111] directions. 
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line Y -Tb iron garnets carried out by us in the 
temperature range between 4. 2 and 300 • K indicate 
that the elastic constants of TbiG and YIG are close 
in their values and do not change appreciably with 
the temperature). 

The temperature dependence of the magneto­
elastic interaction constants B1 and ~ is given by 
the theory of the magneto-elastic interaction in the 
single-ion approximation:[ 91 

n 

where gy (n) and BE (n) are temperature-independ­
ent magneto-elastic interaction constants of each of 
the n sublattices; I 5; 2 [X - 1(mn)l is the hyperbolic 
Bessel function whose argument is the inverse Lan­
gevin magnetization function of the given sublattice. 
Assuming that the temperature dependences of the 
magnetizations of the iron sublattices of TbiG are 
the same as for yttrium iron garnet and making use 
of the data of [ 91 for YIG, we obtained for the ter­
bium sublattice: 

B'~(c} = 485·106 erg/cm3, 

B•(c) = 5775·10S erg/cm3• 

These values exceed by two orders of magnitude the 
corresponding of the magneto-elastic interaction 
constants of the sublattices a and d; the magneto­
elastic contribution of the latter can, therefore, be 
neglected in calculating the temperature depend­
ences of the magnetostriction of TbiG. 

To determine the temperature dependence of 
the magnetization of the terbium sublattice, we used 
the vector sum of the magnetizations of the terbium 
and yttrium iron garnets according to the data 
of [ 61 . The results of a calculation in accordance 
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FIG. 2. Temperature dependence of the magnetostriction of 
terbium iron garnet and of the magneto-elastic contribution 
(~K1) to the magnetic-anisotropy energy. Dashed lines - theo­
retical data (H = 0); solid liries - experimental data (H = 23 
kOe): •- experimental data (H = 0), • - experimental data 
of [•]. 

with (1) and (2) are shown in Fig. 2 by dashed lines. 
The solid lines in this figure are the experimental 
data for H = 23 kOe; the points mark the values of 
the magnetostriction obtained by extrapolation to 
H = 0; the triangles are the data of [ 21 • It is seen 
from Fig. 2 that the agreement between the theo­
retical and experimental data in the [ 111] direc­
tion is quite satisfactory; for [100] the discrepancy 
is rather large. The appreciable difference between 
the theoretical and experimental results is appar­
ently due to the inapplicability of the single-ion 
model for considering the magnetostriction proper­
ties of terbium iron garnet. [Sl 

Our results enable us to estimate qualitatively 
the magneto-elastic contribution (AK1) to the energy 
of the magnetocrystalline anisotropy for TbiG. The 
that AK1 increases sharply with decreasing tem­
perature and attains at 4. 2 o K a value 
,.., 1.6 x 107 erg/cm3• We note, however, that the 
values of AK1 obt.ained in the temperature range 
4.2-35"K must be considered to be very approxi­
mate, since in our experiments we did not attain 
saturation of the magnetostriction in the [100] di­
rection [in this temperature range the AK1 (T) de­
pendence is shown in Fig. 2 by a dashed line]. Un­
fortunately we cannot compare the obtained values 
of AK1 with the magnetic anisotropy constant of 
terbium iron garnet, because such measurements 
have so far not been carried out at helium tem­
peratures. 

2. Holmium iron garnet (HoiG). Measurements 
of the magnetostriction of holmium iron garnet car­
ried out by us have shown that the magnetostriction 
of HoiG increases with decreasing temperature. In 
the region of the temperature of liquid helium no 
saturation is attained on the A.(H) curves in the 
[100] direction up to fields of 25 kOe. In the easy 
magnetization direction-[111]-saturation of the 
magnetostriction with the field is observed only at 
temperatures above 30 o K. Near 4. 2 o K the nature 
of the magnetostriction isotherms in the [111] di­
rection changes. Figure 3 shows the dependences 

FIG. 3. Dependence of the magnetostriction and the mag­
netization of holmium iron garnet in the [111] direction on the 
magnetic field. 



988 V. I. SOKOLOV and THAN DUC HIEN 

-A to' 
750 

600 

4.50 

300 

150 

'\ 

\ 

~ \ 
\--

\ \ 

-b 

K7 [100] 

\ 
~ \ 

[!It] N ~ -~ 1--
-~-- .... 

>-
0 10 20 30 40 50 50 70 T. I( 

FIG. 4. Temperature dependence of the magnetostriction of 
single-crystal holmium iron garnet: dashed line - theoretical 
data (H = 0); solid lines - experimental data (H = 23 kOe); 
A - experimental data from [']. 

of the magnetostriction on the magnetic field for a 
HoiG single crystal in the [111] direction. It is seen 
that the magnetostriction at 4.2° K increases almost 
linearly with the field, and extrapolation to H = 0 
yields a strictional deformation close to zero. 

The same figure shows the dependence of the 
magnetization (a) on the field at 4.2° K obtained by 
means of a ballistic method without regluing the 
HoiG single crystal after measuring the magneto­
striction. It is seen that, starting from a field of 
5 kOe, the magnetization increases rather little. 
True, here too there is no complete saturation, a 
fact which could generally speaking be attributed 
to inaccuracy in the alignment of the HoiG single 
crystal along the [111] axis. However, a similar 
course of the a(H) dependence at 4.2° K has pre­
viously been observed in [ 71 , where the authors 
attributed the small increase of the magnetization 
in strong magnetic fields to the noncollinearity of 
the magnetic moments of holmium. We note th~t 
neutron studies at 4. 2 o K have also established 
that the magnetic moments of holmium make an 
angle "'60° with the [111] axis.[Bl 

It can be assumed that the increase of the mag­
netostriction of holmium iron garnet in the [ 111] 
direction at 4. 2 o K is due to the disturbance of the 
angular configurations of the magnetic moments of 
holmium, i.e., exchange magnetostriction occurs. 
The noncollinearity of the magnetic moments ap­
pears, apparently, only at temperatures below 12-
150 K. The latter confirms the comparison of the 

theoretical and experimental dependences of the 
magnetostriction of HoiG on the temperature shown 
in Fig. 4. 

The theoretical A. (T) dependences were obtained, 
as in the case of TbiG, from (1) and (2). The cor­
responding magneto-elastic coupling constants for 
the holmium sublattice are according to our meas­
urements 

B'~'(c) = -1050-1()8 erg/cm3 , 

B•(c) = -498-1{)6 erg/cm3 • 

It is seen from Fig. 4 that the theoretical and ex­
perimental values of the magnetostriction in the 
[111] direction are in agreement at temperatures 
above ..... 15 o K. The discrepancy between the theo­
retical and experimental data at lower tempera­
tures is obviously due to the fact that the phenom­
enological theory of magneto-elastic interaction[ 91 

is only applicable to ferrimagnets with collinear 
magnetic moments. 

In conclusion the authors consider it their 
pleasant duty to thank Professor K. P. Belov, under 
whose direction this work was carried out and Pro­
fessor A. I. Shal'nikov for attention to this work and 
useful advice. 

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

2 S. Iida, Phys. Lett. 6, 165 (1963). 
3 A. E. Clark, B. de Savage, N. Tsuja, and 

S. Kawakami, J. Appl. Phys. 37, 1324 (1966) 
4 V. I. Sokolov, PTE No. 2, 181 (1967). 
5 A. E. Clark and R. E. Strakna, J. Appl. Phys. 

32, 1172 (1961). 
6 V. P. Kiryukhin and V. I. Sokolov, JETP 51, 

327 (1966), Soviet Phys. JETP 24, 218 (1967). 
T Y. Allain, M. Bichara, and A. Herpin, J. Appl. 

Phys. 37, 1316 (1966). 
8 A. Herpin, W. C. Koehler, and P. Meriel, 

Compt. rend. 251, 1359 (1960). 
9 E. R. Callen, A. E. Clark, B. de Savage, and 

W. Coleman, Phys. Rev. 130, 1735 (1963). 

Translated by Z. Barnea 
181 


