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The results are given of an investigation of the magnetization of gadolinium garnet in a pulsed
magnetic field of up to 200 kOe at room temperature. It was found experimentally that the
ferrite sublattices rotate in sufficiently strong fields and consequently the total magnetic mo-
ment of the sample increases considerably. The equilibrium configurations were calculated
for a ferrite model with two sublattices at temperatures close to the Curie point. The param-
eter of the exchange interaction between the Gd and Fe sublattices, ®;5 = 23 + 4°K, and the
effective field acting on the gadolinium sublattice, Hegf = (2 + 0.4) x 10° Oe, were estimated

from the experimental data.

IN the present work we investigated the magnet-
ization of gadolinium ferrite garnet 5Fe,O3°3Gd;0;
in pulsed magnetic fields at room temperature. The

field intensity reached 220,000 Oe in 6 msec pulses.

The field was produced by discharging a capacitor
bank of 6800 uF capacitance through a many-turn
coil. The working volume of the coil was 1.5 cm?®.

The magnetization of the ferrite investigated
was measured by a compensation method with two
coils connected in opposition. One of them was
used to compensate the magnetic-field signal and
the other enclosed the sample. A micrometer
moveent of the coils made it possible to move
them smoothly in the working volume of the coil
until the field signal approached zero, which was
recorded with a loop oscillograph MP-02. The
signal from the measuring coil with the sample
was integrated by an RC-circuit and fed to one of
the loops of the oscillograph. The coil compen-
sation was checked after each measurement of
the sample magnetization. The error in meas-
urement of the magnetization amounted to 7%. It
was possible to reduce the error by improving
the coil compensation. Simultaneously with meas-
urement of the magnetization we also determined
the field intensity at the location of the sample.
The field was measured by the usual ballistic
method adapted for pulse measurements. [l a1-
though the solenoid was heated strongly by the
discharge, the sample was sufficiently well ther-
mally insulated from the solenoid to keep its tem-
perature practically constant during the pulse, as
verified by special measurements.

The results of the investigation of 5Fe,O3-°
3Gd,05 are given in a graph of the dependence of
the magnetization on the field (cf. the figure). From
this graph it is clear that beginning from fields
close to 70,000 Oe the magnetization begins to rise
quite rapidly with a differential susceptibility
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Tyablikov (2] has shown that close to 0°K in
sufficiently strong and rising magnetic fields

(Mio — Myo)/x, = Hi << H < Hy = (Myo + My)/y,

the magnetization vectors of the ferrite sublat-
tices rotate and the total magnetization increases
in accordance with the law M = yH, where

¥, = MioMao/K6165. 2)

Gusev[%) has shown that in a wide range of tem-
peratures the susceptibility x is independent of the
temperature and has obtained the following expres-
sions for the critical fields
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Hy = (My— My)/y, + AH, Hy, = (M; + My)lx — AH,

where AH is a small correction the actual form
of which was not given by Gusev.

Our calculations by the method of the energy
center of gravity confirm that y is independent
of temperature; in our notation y has the form

X = po NiNo/5- 31Dy (3)

Here Mjj, My, My, M, are the saturation magneti-
zations of the sublattices I and II at zero and non-
zero temperatures respectively: N; and N, are
the numbers of electrons in the sublattices I and
II; ZDqj is the sum of the integrals for the ex-
change interaction between the sublattices I and

II, respectively.

In our experiments the critical field H, = 70,000
Oe was considerably greater than the value 5000 Oe
which was expected for the ferrite garnet investi-
gated. We note that if the dependence of the mag-
netization on the field is extrapolated to zero field
intensity, the magnetization does not fall to zero,
as would be expected from the theoretical formula
M = yH. It seems to us that this discrepancy be-
tween the theory and experiment is concealed in
neglecting the magnetic anisotropy energy in cal-
culations. Such calculations have not yet been car-
ried out for ferrites, but they have been done for
a.ntiferromagnets.“'” For pure antiferromagnets
M, = M, and consequently H; = 0 but H; is repre-
sented by He = Vv2HEHA , where HE is the effec-
tive exchange field and Hp is the anisotropy field.
In the case of 5Fey03+3Gd,O3 the quantity He
reaches several tens of thousands of oersted and
agrees with our experimental data. The field Hg
seems to delay the beginning of the sublattice ro-
tation. However the value of the susceptibility
Xdiff> related to the sublattice rotation, should not
be affected strongly by the anisotropy field because
this field is much smaller than the effective ex-
change field. Following what was said above, we
may estimate the exchange energy in the first ap-
proximation using the formula (3) for xgief, de-
duced without allowing for the anisotropy energy.

From the value of xgi¢f in Eq. (1) we may es-
timate the magnitude of the exchange energy be-
tween the gadolinium and iron ions and the param-
eter 1/2(2qu) which occurs in Eq. (3). To be able
to use the formulas deduced above for a ferrite
model with two sublattices, we shall consider only
two lattices in gadolinium garnet: one consisting
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of only the gadolinium ions at dodecahedral inter-
stices, and the other formed by iron ions in octa-
hedral and tetrahedral interstices. In our case
this is quite permissible since the negative ex-
change interaction Fe3*-0?"—Fe3* is much greater
than the applied field energy and the exchange in-
teraction Fe3*—0%"—Gd3*. Consequently the sys-
tem Fe®*(a)-0* —Fe3*(d) behaves as one sub-
lattice with a saturation moment of 10y, per mole-
cule.

The formula (3) may be transformed into

% =V Ny Nyul/k Oy, @)

Here ®,, is the exchange energy on the tempera-
ture scale. Comparing this expression with the
experimentally determined value in Eq. (1) and
assuming that Ny = nyN and N, =n,N (N = 1.54

x 10%! cm™3 is the number of 5Fe,Oq+3Gd,04
molecules; pgn; = 42y, is the magnetic moment of
the six gadolinium ions in each molecule; pgn,

= 10u, is the magnetic moment of (6 —4) = 2 iron
ions), we find

0, =23 + 4° K.
Using this value and the formula given by Vlasov,[*
RoH egs = V' p/A Oy, by,

where p/A = 2/6 = 1/3 is the ratio of the numbers of
magnetic ions in the sublattices, we can estimate
the effective field acting on the gadolinium ion
sublattice:

Hegs = (2 + 0.4) - 10° Oe,

which is quite close to the field value 2.3 x 10° Oe,
obtained in experiments on exchange resonance.[6]
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