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we know ’% metastable states in a heterophase system are able
to survive when the thermodynamic limit is taken.

The Hamiltonian of a two-phase mixed system should be defi-
ned in the usual way "2-%/, H= 6 Hp ,where p is the phase in-

p=
dex, H, acts on the space > and the total space of phys1ca1

Saies ia Te 3 25}) . The probability of the system to be in
p=1,

a fixed-phase state is wp=N;/N, N=N, +N, , where Np is the
average number of particles in the corresponding phase, N is
the total number of particles. We use the notation w=w, ,
W, =1 - w.An equation for w can be derived from the condition
of the heterophase equilibrium
-a—g—-so g=—£lnTreBH, BO=1. (1)
aw N
The Ising model may be regarded as a limiting anisotropic case
of the Heisenberg model Thus, using the model of the hetero-
phase ferromagnet 07 we have
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where the sum <2> means the summation only over different nea-

rest neighbours; §; =+1; U is a constant containing a combina-
tion of the direct interaction and the exchange one. The usual
periodic conditions are assumed. We define the first phase as
an ordered phase, whose vacuum corresponds to the configura-
tion of spins all having the same sign. The second phase is in-—
terpreted as an absolutely disordered phase whose vacuum cor-
responds to the spin configuration for which each pair of
neighbour sites have opposite spins’7’, Thus, the spontaneous
magnetizations of the phases, M, ,are

M, £0, M, O. (3)

The free energy of the mixture in the thermodynamic limit can
be obtained by means of the transfer-matrix eigenvalues "1/,
since the maximum eigenvalue corresponds to the completely or-
dered phase, while the minimum eigenvalue to the disordered
phase. For the square lattice we obtain

ﬁ=—U§[w2+}(1-w)2]-9(A1;A2)~®1n(2 sinhas),

where

m m
A, = 1 {dv [ dv’lnlcosh®a_ - (cosv+ cosv’)sinha ], a_ =BweI.
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Define A;_E, Ts—e—.By means of (1) we get the equation for
41 41 2A - B,
the phase probability w= ,where
4A-B, ~ B,

1 sinh ap -1

A v :
B, =[_2_.+(_1) ( )K(qu)Lothap.

sinh ap, +1
7 v 8sinh ap ° lfoshz ap
K(¢p) = r z 72 » (bp = a
0 (1-9, SR o) (1¢sinhap)

The spontaneous magnetization of the mixed system is

1 1/8
M=wL, L=(l-—0—fF——) . (4)
sinh” a,

The specific heat per one lattice site is of the form

Cy=-2B°112A (X, - X,)+ X, Y, - X, ¥, I/[4A (Y, + %, )],

where
: 1
B, tanh a, — =
B cosh™a p B |5
p +1 2
T TERY s B et § S T =
sinh 2ap sinha, sinh® el
] 4
(sinha, — 1) dK (o, ) 1
SN P P_11, Y, =B+ 8 xp(—1)p+ !
(sinha, +1) dd, »

To analyze the stability %f the mixed system we must check the

or

signs of two functions: and Ag=g(w)-g(1). We have
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gw?

— =248 - (Y, + %)),

Ag=Aw (w- 1)—@[/\2—1\1—-1\+ln(2sinha2)] %

where

w w
21 f dv [ dv’In[cosh? (BI) - (cosy + cosy”) sinh (B1)].
L 0

A=
The specific entropy is
S=A - A, +In(2sinhay) - - [WB, — 44 (1-w)(w-3)].

The critical temperature is defined from (4) and is equal to

T = -
C 16 arccosh 1 (3}
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The temperature dependence of the probability of
the ordered (ferromagnetic) phase in the heterophase
system for A= -3 (curve 1); A= -1.5 (curve 2); A=
= -1 (eurve 3); A= -0.087 (curve 4); A= 0.5 (curve 6);
= 1.5 (curve 6); A= 3 (curve 7). Dotted lines cor-
.respond to unstable solutions; continuous ones,to meta—
stable states.

So, the critical temperature is four times as small as that
in a pure Ising model. An expansion of L in powers of e=

E—g—_l yields
4\/_2- (arcsinh 1)2
7 (A + 0,087)

1/8

B g™

The specific heat diverges for T-T, as

- 8 (aresinh 1)3
7 (A +0.087)

o In® (—€).

The behaviour of the phase probability w obtained by numerical
calculations at all temperatures is presented in the Figure.
The unphysical solutions, for which either the specific heat

is negative or the specific entropy diverges at low tempera-
tures, are depucted by dotted lines. The continuous lines desc-
ribe the metastable states for which Cy > 0. These solutions
exist only if A >0.5. The absolutely stable solution corres-
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ponds to the pure phase with w=1.This is because the free
energy of the heterophase system is always higher than that one
of the pure system. The transition from a metastable branch to
the stable one (or the inverse procedure) occurs at the nuclea-
tion point. The nucleation here is the first-order phase tran-
sition. Note also that some of metastable heterophase states
can have a negative entropy in analogy with the property of
metastable states in the replica-symmetric Sherrington-Kirkpat-
rick spin-glass model’13:14/,
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