The FC theory based on such a model of inhomogeneous barrier relief makes
it possible to describe quantitatively all the foregoing facts and consequences.
We confine ourselves here to the result of the calculation of the most impor-
tant FC characteristic, namely the kinetics of 1ts decrease. The FC damping
law is given by

i/ =i(0)/ift) =(1+ at)?,

where i(t) is the FC current at the instant of time t, o is the constant de-
termined by the height of the recombination barrier at t = 0 and by the tem-
perature, and vy < 1 and depends on the ratio of the recombination and drift
barrier heights.

The foregoing formula with Y = 0.26 describes very well the experimental
data of [1, 5] (Pig. 2).
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The experiments of Drabkin et al. [1, 2] on the scattering of polarized
neutrons by single crystals of nickel have shown convincingly that there is
inhomogeneous magnetization in the vicinity of the Curie temperature. At the
same time, in the theoretical investigations of the phase transition from the
para- into the ferromagnetic phase 1t is customary to consider only homogen-
eous magnetization states [3, 4]. We shall show in this article that allow-
ance for the field of the magnetic dipole interaction causes this transition
to proceed from the paramagnetic to the ferromagnetic phase wlth an inhomogen-
eous distribution of the magnetization; we calculate the parameters of this
distribution.

We start from the following expression for the free energy of a ferro-
magnetic sample

o, aM,.)Z ! M2 I,J(Mz_Mz)z+ _l_[(Bz/b)+2Mzﬁ] dv +
F—S—é—xc-a—;; ‘—2‘Bz+7 o 4 ©
HZ
v [ —Zdv, (1) (1)
87

where the first term is the exchange energy (x§ ~ (I/u?)a®, I is the exchange
integral, u the Bohr magneton, and a is the lattice constant) connected with
the inhomogeneities of the magnetization, 8 is the magnetic-anisotropy constant
(B >> 1), the third term is the usual expansion of the free energy of a
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Fig. 1. Distribution of magnetiza-
tion in a uniaxial ferromagnet near
the Curie point.

Fig. 2. F(k; X) curves for differ-
ent temperatures (shown schemati- x=0
cally). Fig. 2
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A=t

ferromagnet in the vicinity of the phase-transition point [5], the fourth con-
stant term has been added for convenience, and the last term is the energy of
the magnetic field due to the sample magnetization (the integration in this
term is over all of space).

We assume that the body is in the form of a plane-parallel plate of thick-
ness %3, the surfaces of which are perpendicular to the easy-magnetization axis
(the z axis). Assuming that M = (0, 0 MZ(x))on.going from the para- into the

ferromagnetic phase, we obtain after varying (1)

x2u -y e Nu =0, (2)
where u(x) = /BMZ(X) and A = bM2 + B. As usual, we assume that A(T) reverses
sign at T = 0 (A(0) = 0), where T = (Tc - T)/Tc and Tc is the Curie tempera-

ture. It can be shown that ﬁm ~ 0 inside the plate, and therefore H_ does not

enter in Eq. (2) for the distribution of the magnetization in the interior of
the plate.

The solution of (2) is

o - 4K (kyx V1 + k?
v2Aak sn( vV Ax k), p= eV (3)
v

vix) = - e
V1+ k2 1+ k2 x, A2

where sn is the elliptic sine with modulus k (0 < k < 1), and k also has the
meaning of the integration constant (the second integration constant is chosen
such that u(0) = 0). The solution (3) describes a magnetization distribution
that is periodic with period D (K(k) is a complete elliptic integral of the
first kind) (see Fig. 1).

From the distribution (3) we can, solving the corresponding magnetostatic
problem, calculate ﬁm’ after which we find the free energy F per unit volume

of the body as a function of k and A:

F = b~12A(k) + (AY2x /b4)B(k), (4)

where
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k? 4 3 E (k) (3k*-1)

Ak = _5(1 + l<2')—2 ' “_3—(—1 + k%) 4 3K (k) (k2 + 1)
K(k) - E(k)

B(k) = 16n -~—\/—1_-_:—_k7_-—

and E(k) is a complete elliptic integral of the second kind.

- —_ —————

The first term in (4) is due to the volume energy of the ferromagnet, and
the second is the energy of the magnetic field ﬁm. We determine the parameter

k from the condition 9E/9k = 0. It is easy to verify that B(k) is a monotonic-
ally increasing funection of k (with minimum at k = 0). This corresponds to

the fact that the region of space near the plate surface, in which the magnetic
field m is concentrated increases with increasing period D of the distribu-

tion (3). The function A(k) has two minima, at k = 0 and k = 1. It 1s ob-
vious that F has also a minimum at k = 0 (see Fig. 2). This minimum gorrg—
sponds to the paramagnetic state of the body, for when k = 0 we have M = —_— 6]

(see (3)). At temperatures such that A(T1) << (xo/23)2/3, the function F(k, A)
has only one minimum, since the first term in (4) is in this case small com-
pared with the secgnd. With increasing X (i.e., with decreasing temperature)
at A(T) (Xo/ﬂg)z/a, the function F(k, A) acquires one more minimum at k =
ko(T), corresponding to the magnetically-ordered state. It is impossible %o
obtain an analytic expression for ko (estimates show that 0 <ke € 1). Thus, in
the temperature region where A(T) v (x0/%23)%/% the F(k, \) curve has two minima
corresponding to the para- and ferromagnetic states, i.e., a situation typical
of first-order transitions arises, with stable. and metastable states. The
transition from the para- to the ferromagnetic phase thus becomes a first-order
transition, and the transition temperature Tt is determined from the condition

F@, Ar)) = F(k_(r), A(r))s
It is easy to estimate the extent to which the temperature T, differs

t
from Tc' Assuming [5] that A(t) = £t and noting that at T = T, we have A ~

t
(x0/23)%/3, we get

1, x V7 !
(T. - T,)/T. = =_.( °) ; . a?,
< t) c Tt E r; f~”20
The amplitude M of the magnetization produced when Tt = Ty is proportional to

M~ b= /2(x0/23)/3, so that we are dealing with a first-order phase transi-
tion that is close to a second-order one.

For very thin plates (%3 << Xxp) the inhomogeneous distributions becomes
unfavorable energywise [5].

Let us estimate the magnetization period Dz in the vicinity of Tt' As~

suming xo v 3 X 10™% em, £3 v 10~ cm, and A N (x0/23)27%, we obtain from (3)

D = 10~% em. This is much less than the magnetization periods observed in [1,
2], which are of the order of 10~ em. The difference may be due either to the
influence of the magnetic field on the domain dimensions, or to the fact that
in [1, 2] they investigated cubic crystals, whereas our analysis pertains to
uniaxial crystals.

In conclusion, the authors thank A.I. Akhiezer, M.I. Kaganov, S.V. Maleev,
S.V. Peletminskii, V.A. Popov, and V.V. Tarasenko for interest in the work and
for useful discussions.
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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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