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THERMODYNAMIC PROPERTIES
OF THE AMORPHOUS HEISENBERG
FERROMAGNET'

A.BOBAK?*, Kogice

In the presented paper an exactly solvable Heisenberg model for an amorphous
ferromagnet is proposed. It is shown that random fluctuations of the exchange integral
around its crystalline mean value cause an increase of the Curie temperature. In addition,
the influence of fluctuations of the exchange integrals on the properties of an amorphous
ferromagnet in the critical region is studied.

TEPMOAHHAMHYECKHE CBOVICTBA AMOPOHBIX
I'EN3EHBEPTOBCKMX OEPPOMATHETHKOB

B pabote npuBomMTCH TOYHO peiiaemasl MORens ﬂ.nmunmmaug ans amopduoro
deppomarueTnka. Tlokasano, yto TeMrnepatypa Kiopu B pesynbTate Cy4a#Hbix Pnyk-
Tyaluit OGMEHHOTO MHTErpana BOKDYT CBOEro CPEOHETO KPHUCTAIUIMYECKOIO 3HAYECHMS
noseimaetci. Kpome Toro, usydeno snusuue GayKTYanui 06MEHHBIX MHTETPANOB Ha
CBOMCTBA aMOPGhHOTO theppoMarueTHka B KPHTHYECKOR ofnacTh.

I. INTRODUCTION

It is well known that the mean field theory for a crystalline ferromagnet becomes
exact in the thermodynamic limit for a constant infinite-range exchange interac-
tion, provided that the interaction is appropriately scaled with the number of spins
in the system [1]. In this paper we define and exactly solve the analogous
infinite-range problem for an amorphous system.

We begin with the Heisenberg model

#= -1 9,88 -guHS ., (1)
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where §, is the spin operator of the i-th atom, y; is the Bohr magneton, g is the
Landé factor and H is the external magnetic field. The amorphous nature of the
material is accounted for by considering the exchange integral between SpIDs at the
places i and j, #4, as having random variations from a mean value.

We shall now assume that the random varibles %, may be expressed in the
following “‘separable” form:
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where N is the number of spins ; $; are short-range correlated random variables,
which fluctuate randomly about the crystalline mean value ($) : ¢ = (F)+Ag,.
The factor 1/N insures the mean field behaviour (if A9, = 0, this gives the usual
mean field type theory of a crystalline ferromagnet [1]).

IL. EVALUATION OF THERMODYNAMIC QUANTITIES

The free energy per spin Fy=—(BN)""In Zy in the thermodynamic limit
(N— ) for the model described above is the non-random value F [2]:
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where 8=1/kgT and (...) denotes the configuration averaging.
The necessary condition for the minimum in (3) is given by
¢ = (SIBSBS (51 + gueFD)]) i
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where Bs(x) is the Brillouin function. A nonzero solution (4) clearly requires that

S(S+1) (8%
3ks  (5)

where A%=((A$)*)|(#)* and T is the critical temperature for the correspon-
ding crystal. Therefore we have found that the fluctuations of the exchange integral
increase the Curie temperature. This conclusion is in agreement with our result
obtained for the Ising model in the Bethe approximation {3] and other earlier
works [4—6].

Various thermodynamic properties of the system can now be easily obtained by
differentiating the expression (3). For example, the spontaneous magnetization per

spin M for T~T. is given by

T<T.= =TO(1+ A%, %)
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the zero-field susceptibility per spin y by

C
= . + +=A_2=1,
X AM.TDNV_\NJI‘HL\»Hu NJIJVNMIO,> A_2=1
where C=(gus)’S(S + 1)/3k, is the Curie constant. Thus the fluctuations in the
exchange integral have no effect on the critical coefficients for M and x. However,
the presence of fluctuations decreases the value pre-factor for M.
The specific heat per spin C, for T~ T. and A*<1 is given by

5(S+1)
(S+1)+5°

CAT. ~0)= 5k, (1-44%, CAT. +0)=0.
The fluctuations A lead therefore to the decrease of a jump discontinuity of the
specific heat at the transition point.
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