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The initial susceptibility of the para-process Xo near the Curie point (approach from the high
temperature side) is investigated in some ferro- and ferrimagnets (ferrites). Some refine
ments are introduced into the method for determining x0• It is shown that for a number of fer
rites the relation x01 = A(T- ®) Y is valid in the indicated temperature range. The value of y 
in this case is approximately the same (1. 30-1. 37) as for simple ferromagnetics. 

RECENTLY, much attention has been given to the 
study of magnetic transformations in ferro- and 
antiferromagnetic substances, since such study re
sults in data necessary for the improvement of the 
theory of phase transitions. 

According to molecular-field theory and Lan
dau's thermodynamic theory of second-order phase 
transitions, [ 1 J in which only long-range magnetic 
order is taken into account, the initial susceptibility 
X 0 of ferromagnets near the Curie point (approach
ing from the high-temperature side) depends on the 
temperature as 

Xo-1 =A (T- E>)v, (1) 

where y = 1. 
This relation is not satisfied for real ferro

magnets, however. Right near the Curie tempera
ture the dependence (1) is destroyed as a conse
quence of the appearance of spin correlations 
(short-range magnetic order). There are a great 
many theoretical and experimental papers[ 2- 13 J in 
which an attempt is made to define more accurate
ly the character of the behavior of the suscepti
bility of ferromagnets near the magnetic transfor
mation temperature and to determine the value of 
y. The majority of the theoretical calculations 
lead to the value y = % for simple ferromag-
nets. [ 2 -a J Experimental values of y for iron, 
nickel, gadolinium, etc., have been found both from 
purely magnetic measurements[ 9- 13 J and from ex
periments on the critical scattering of neutrons 
near the magnetic transition, [ 14J and they confirm 
these calculations (y = 1.30-1.37). 

In the present paper we are interested in the 
question of the validity of Eq. (1) for the descrip
tion of the magnetic susceptibility in ferrimagnets, 
in particular in ferrites, near their Curie points 

(T > ®) and in their values of y. Ferrites are un
compensated antiferromagnets, i.e., they are fer
rimagnetic. As is known, the paramagnetic sus
ceptibility of ferrites in the region T > e does not 
follow the Curie-Weiss law but the more compli
cated Neellaw. Our experiments, however, showed 
that very close to the Curie point (on the high
temperature side), Eq. (1) is valid for the descrip
tion of the initial susceptibility of the para-process. 

Before we consider the results of the measure
ments of y in ferrites, we should like to explain 
which means of determining the initial suscepti
bility Xo in the vicinity of the Curie point is the 
most accurate and what physical meaning should 
be attached to this quantity. There is some vague
ness about this in the various investigations of 
Xo(T) in region of the Curie point. 

In the theoretical papers devoted to a calcula
tion of y near the Curie point, a single-domain 
ferromagnet is considered, and consequently Xo 
should be understood as the initial susceptibility 
of the para-process. Thus, in order to correctly 
evaluate y in Eq. (1), it is necessary to apply to a 
real ferromagnet an external magnetic field of 
such size as to reduce it to the single-domain 
state. The fact is, in real ferromagnets near the 
Curie temperature and even somewhat above it, 
domains can still exist as a consequence of resid
ual spontaneous magnetization (''tail'' of as). As 
experiments have shown,[ 15 J the "tail" of as is 
due mainly to inhomogeneity of composition over 
the sample volume. [1S J This leads to fluctuations 
in the exchange integral and consequently to a dif
fuseness of the magnetic transformation region. 
Hence, it is very risky to try to verify Eq. (1) when 
the values of Xo are determined in weak fields, 
since that part of the susceptibility due to rem-
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Table I. Determination of the quantity 'Y in Eq. (1) for invar* and 
nickel. 

y 

By the 

Material 
method of In a In a interval in 
thermody· field field which Eq, (1) 

nam1c H ~ 1 OeH ~ 5 Oej is valid 

I Temperature 

coefficients I i 
I 

Invar, 10 h at 1000°C l.IG±O 0 0.79 0.98 El-18° 

Invar, 20 h at 1000°C + 20 h 1.20 0.04 0.53 0.52 8- 7° 
at 1200°C 

Electropolished nickel 1.30±0.03 1.91 0.64 El-10° 

*Composition 36 wt% Ni + 64 wt% Fe. 

nants of domain structure near the Curie point can 
also contribute to the quantity x0• 

We measured, in the vicinity of the Curie tem
perature, the magnetic susceptibility of an alloy of 
composition 36 wt% Ni-64 wt% Fe in both weak 
and strong fields, and, in addition, the sample was 
subjected to two different homogenizing heat treat
ments. The samples were in the form of rods 
4.5 mm in diameter and 130 mm long (the meas
urements were made by the ballistic method, and 
the temperature gradient along the length was neg
ligibly small). Since the magnetization is very 
small near the Curie temperature, the demagneti
zing field in these samples was consequently small 
and could not significantly affect the results of the 
measurement. 

Table I gives the values of 'Y for this invar al
loy for two homogenizing heat treatments and for 
electropolished nickel; Xo was determined from 
the magnetization curves in weak fields (1 and 
5 Oe) and in strong magnetic fields (up to 2000 Oe). 
In the latter case Xo was found by treating the data 
by the method of thermodynamic coefficients that 
we presented earlier. [ 1 T l 

Table II. Values of 'Y in ferrites. 

Ferrite 

1'\io.zsZno,,sFr,O, 
l\'io,,Zn 0.7Fc20 4 
l\'io_,Zno,,Fc20 4 
l\'io.sZno,sFe,04 

l\'io,,Zn0,4Fc,O, 
l\'io_,Zno,3FPz0• 
Nio.sZn 0 ,2Fc20 4 

l\io_,Zn 0,,Fc20 4 
l\"iFe20 4 

.\fnFc20 4 (single crystal) 

I, 37±0,0:! 
1,31±o.m 
I ,30±0,02 
1 ,38±0,(·3 
I ,35+0,03 
1 ,31+o,o4 
1 ,3o+o.o4 
I ,33+0,04 
1 ,32=t=o, 04 
I, 35~0,02 

Temperature 
interval in 

which Eq. (1) 
is valid 

8--26° 
8--18° 
8-55° 
8---5z,o 
8--2.:: 0 

8-19° 
El-11 ° 
8-- go 
8-- 8 ° 
8--31° 

*Determined by the method of thermodynamic coefficients. 

The results of the measurements were plotted 
in H/a, a 2 coordinates; the values of x01 were 
found by extrapolating the straight lines obtained 
(in the region T > ®) to the ordinate axis. It is 
seen from Table I that the magnitudes of 'Y found 

by the method of thermodynamic coefficients differ 
sharply from those determined in weak fields. In 
addition, the former in invar do not depend on heat 
treatment, whereas the magnitudes determined in 
weak fields depend strongly on this; this is evi
dence that inhomogeneities of composition signifi
cantly affect the behavior of the magnetization 
curves in weak fields near ®. 

In our opinion, the most accurate means of de
termining the magnitude of the initial susceptibil
ity of the para-process near the Curie point is the 
method of thermodynamic coefficients. We note 
that Graham obtained by this method 'Y = 1. 33 for 
a crystal of gadolinium, [ 12 l and Kouvel and Fish
er[ 13 l found for nickel 'Y = 1.35 ± 0.02. 

In our work, we found for nickel 'Y = 1. 30 ± 0. 0 3, 
and for invar this quantity is somewhat smaller. 
The latter requires special explanation, since the 
magnetic transformation in invar alloys is an om
alous. [ iJ 

We now return to the results of measurements 
of 'Y in ferrites. The measurements were carried 
out on ferrites of the system Ni1_xZnxFe 20 4, where 
x = 0.0 to 0. 75. The samples were prepared by the 
usual ceramic technique. Final sintering took 
place in air for 6 h at 1250 o C. The samples were 
in the form of parallelepipeds of length 60 mm and 
cross-section 3 x 4 mm. In addition a single crys
tal of manganese ferrite, prepared by the Verneuil 
method, was studied. The values of Xo were de
termined by the method of thermodynamic coeffi
cients. 

As is seen from Table II, for all compositions 
the value of 'Y varies within the limits 1. 30-1.37, 
i.e., in the first approximation the same as in sim-
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ple ferromagnets. It follows from this that the 
magnetic phase transition in ferrimagnets has the 
same basic features as in simple ferromagnets. 
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