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Abstract

The classical two-dimensional Ising model is studied in the framework of the so-called static fluctuation approximation. This
approximation hinges on the replacement of thesquareof the local-fieldoperatorwith its mean value. The physical implication
is that the true quantum-mechanical spectrum of this operator is replaced with a distribution; the moments of this distribution as
well as the expectation value of the operator are then calculatedself-consistently. With thissingle controllableapproximation,
the full thermodynamics and the pair correlation function of the classical two-dimensional Ising model are determined for the
regular infinite lattice. The possible application to ultrathin ferroelectric films is discussed.q 1999 Elsevier Science Ltd. All
rights reserved.
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1. Introduction

Recently [1] it has been suggested that the critical
behavior of ultrathin Langmuir–Blodgett-deposited polymer
(FLP) films could be explained, at least in principle, by
invoking the classical two-dimensional Ising model.
However, previous attempts in this framework [2–4] have
invariably been plagued by one or more of the following
drawbacks: (1) experimental boundary conditions have not
been incorporated into the formalism; (2) no correlation
functions have been calculated and (3) the thermodynamic
picture involved (including magnetization and specific heat)
has been incomplete.

Motivated, in part, by the desire to overcome these draw-
backs, the present work puts forward a new approach, the
so-calledstatic fluctuation approximation(SFA) [5,6], that
could ultimately evolve into a full-fledged theory for
explaining the phenomena in question. This approach is
based on asingle controllableapproximation—namely,
the replacement of the square of the local-field operator by
its mean value. The underlying physical picture is that the

true quantum-mechanical spectrum of this operator is
replaced with a distribution; the moments of this distribution
as well as the expectation value of the operator are then
calculated self-consistently. It turns out that this sole
approximation is adequate for acomplete descriptionof
the system with different boundary conditions.

That this is the case is shown in Section 2. Our results are
presented and discussed in Section 3. Concluding remarks
follow in Section 4.

2. Formalism

The Ising model is described by the Hamiltonian
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Here f is a node of a two-dimensional lattice;Uff 0 is the
interaction between particles located at the nodesf and f 0;
Sz

f is thez-component of a classical spin-vectorSf (dipole) of
unit length;h is the value of the applied external field;
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