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Several experimental investigations of amorphous ferromagnets [1 - 4] have
established that their magnetizations and the Curie temperatures are lower than
those 1in the crystalline state. The results of theoretical investigations de-
pend essentially on the chosen approximation. As a result of fluctuations of
the exchange integrals, both a decrease [5 - 8] and an increase [9] of the
Curie temperature and of the susceptibility were obtained. It was noted in
[6, 8] that the fluctuations in the account of the short-range magnetic order
always lead to a decrease of these gquantities.

In this paper, usinga high-temperature expansion (HTE), we consider the
effect of fluctuations of the exchange integrals on x and Tc for the Heilsenberg

and Ising models, as functions of the spin S and of the number of nearest neigh-
bors. A somewhat unexpected "spin anomaly" (change of the influence of the
fluctuations on x and Tc) was established for the Ising model. In analogy with

[7]1, we calculate the first four coefficients in the HTE of the susceptibility

X = 3kTx/ul g?NS(S +1) = 3 a 67 0 = < | > /kT (1)

n=o

for the Heisenberg and Ising models at different values of the spin. The
structure disorder is taken into account within the framework of the lattice
model (see [7]) with the aid of stochastically fluctuating exchange integrals.
If the coefficients a, from (1) are represented in the form

a, =a’(l+ A _A?); A%Z/2 =< Al > /<i>?, (2)
then calculation yields for n = 1, ..., 4:
Heisenberg model Ising model
S =1/2 A <0 A <0
n — n —
S >1 A <0 A >0

(up To S = =) n n

The first coefficients of the HTE (1) determine uniquely the behavior of the
susceptibility at T >> Tc' Thus, in the Heisenberg model at high temperatures,

we have AXH = - xg < 0 for all 8 (i.e., a decrease of x as a result of the

Xy
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fluctuationl)). The modulus of An then decreases with increasing spin S, but
remains finite up to S = .

In the Ising model, to the contrary, a reversal of the sign of AXI is ob-
served with increasing spin. Ax; < 0 when S = 0, and then IAXII is much smaller
than IAxIH. It turned out unexpectedly that AXI > 0 when S > 1. These results

show that the influence of the fluctuations depends very strongly on the con-
crete form of the spin interaction. Thus, for example, during the course of
the calculations it is seen that in the Heisenberg model it is precisely the
X and y components of the spin operators which make the decisive contribution
to A .

n

In order to explain the cause of this spin anomaly more lucidly, let us
consider briefly the influence of the short-range magnetic order on the mag-
netization as a function of the spin for a crystalline ferromagnet. It is well
known that TC and the paramagnetic Curie temperature Tp come closer together

with increasing spin. This can be interpreted also as meaning that when S in-
creases the description of the interaction by means of an effective internal
Weiss field becomes more and more realistic; in other words, the influence of
magnetic short-range order on the thermodynamic quantities decreases.

This property is more strongly pronounced in the Ising model than in the
Heisenberg model, i.e., (Tp - T )I is smaller than (T_ - T )H for all values
of +the spin. ¢ p ¢

Using the results of [9], where an increase of the Curie temperature and
of the susceptibility, as a result of the fluctuation, was obtained in the
Weiss molecular field approximation, we can understand the qualitative role
played by the value of the spin.

The increase of Ax is due to the increasing influence of the molecular
field, by which the present interaction is approximated better the larger the
spin S. 1In addition, at the same value of S, this approximation is much better
for the Ising model than for the Heisenberg model.

This leads us to the conclusion that the influence of the fluctuations of
the exchange integrals in amorphous ferromagnets is determined essentially by
the role of the short-range magnetic order.

These fluctuations decrease the susceptibility and the Curie temperature
only in the case when x and ’I‘c for the crystal decrease sufficiently strongly

under the influence of the short-range magnetic order. The number of nearest
neighbors Z, unlike S, plays a lesser role. For all the aforementioned An we

found that |Anl and accordingly |Ax] decrease with increasing Z. This 1s per-

fectly understandable, for at lJarge values of 7 the mean fluctuations decrease.
It follows, in particular, that all An = 0 at Z = ». However, the sign of

AY cannot reverse when Z changes. In addition to determining x(T), the HTE
makes it possible tq determine also TC at high temperatures, by extrapolation
(see [71).

It turns out that the spin anomaly of the susceptibility extends also to
the Curile temperature TC, i.e., for the Heisenberg model the extrapolated TC

decreases because of the fluctuations of the exchange integrals at all values

1)All the quantities in which no account is taken of the fluctuations are
marked by the superscript "0."
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of the spin S, whereas for the Ising model we have a decrease of the Curie tem-
perature at 8 = 1/2, and an increase at S > 1.

The authors are grateful to Professor Heber for discussions.
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The appearance of a high anomalous plasma resistance in a large number of
experiments (particularly in collisionless shock waves [1]) 1s attributed to
the appearance of ion-acoustic instability [2]. The ion-acoustic instability
can arise, however, only in the case of sufficiently strong anisothermy, Te >>

Ti‘ Yet an anomalous resistance is observed also when thils condition is not
satisfied [1, 3].

Recently, in connection with the problem of anomalous resistance, the in-
stability at electron cyclotron oscillations (Bernstein modes) has been under
discussion [4 - 9]. The Bernstein modes are oscillations with a wave vector
that 1is strictly or almost strictly perpendicular to the magnetic fields, and
have frequencies on the order of Ny - If current flows through the plasma,

then the oscillation frequency turns out to be, owing to the Dopglgr effect,
in the laboratory frame where the ions are at rest, w' = Wy, = k-vd, where

%d is the drift velocity. At sufficiently large k and v, it is possible to

d
decrease strongly the frequency in the ion reference frame, to make these os-

cillations interact with the ions at w' ~ va. An effect such as wave in-

stability with negative energy sets in. These oscillations have a rather large
growth increment, y n wHe(vd/vTe). Unlike in 1ion sound, the instability sets
in also at T, > T _.
i e

The purpose of the present article is to derive an expression for the
anomalous resistance that results fromthe buildup of Bernstein modes. The main
question is the explanation of the nonlinear mechanism that leads to saturation
of the oscillation growth. For ion-acoustic instability, such a mechanism
would be induced scattering of waves by ions (nonlinear Landau damping by ions)
[2]. For the Bernstein modes, the principal role is played by electronic non-
linearity. We use, just as in the theory of strong turbulence [10], the fact
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