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This paper compares theory and experiment for behavior very near critical points. The primary experimental results
are the “critical indices” which describe singularities in various thermodynamic derivatives and correlation functions.
These indices are tabulated and compared with theory. The basic theoretical ideas are introduced via the molecular
field approach, which brings in the concept of an order parameter and suggests that there are close relations among dif-
ferent phase transition problems. Although this theory is qualitatively correct it is quantitatively wrong, it predicts the
wrong values of the critical indices. Another theoretical approach, the “scaling law” concept, which predicts relations
among these indices, is described. The experimental evidence for and against the scaling laws is assessed. It is suggested
that the scaling laws provide a promising approach to understanding phenomena near the critical point, but that they
are by no means proved or disproved by the existing experimental data.
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Abstract

A model for describing the behavior of Ising models very near T. is introduced.
The description is based upon dividing the Ising model into cells which are micro-
scopically large but much smaller than the coherence length and then using the
total magnetization within each cell as a collective variable. The resulting calcu-

lation serves as a partial justification for Widom’s conjecture about the homogene-
ity of the free energy and at the same time gives his result sv' =y’ + 2B,
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Summary. — The Omnsager solution to the two-dimensional Ising model
iz phrased in the langumage of thermodynamic Green's functions. The
deseription is quite closely analogous to a theory of neninteracting
fermions, except that displacements along one of the lattice direetions
replace the time displacements of the standard fermion theory. This
formulation is used to provide new derivations of the well-known results
for the partition function and the zero-field magnetization. Aside from
these formulational points, the main new result of this paper i8 an evalua-
tion of the spin-spin correlation function in the limit of large, but not
infinite, spatial separatiops between the sping. For the square lattice
with nearest neighbor interactions and all coupling constants identical,
the correlation functions respectively for T just greater than or just less
than T, are shown to be of the form {[s; ; —<{o>](a; ;. — {63]> = eif= (),
where ¢=4|K— K| ia a measure of the diztance from the critical tem-
perature and R =[(j,~ ja)2 + (k- ks)*]F iz the spatial separation of the
spin sites. This result holds when £+ 0 but &R remains finite. The
functions f{x)} are evaluated in the asymptotic limit of large » and shown
to be fo(z)= e 2212728 and f. () = e~ *(ma)- Y2235,




{. KADANOFF'S SCALING THEORY®'

It is convenient here to use the language appropriate to the Ising model of
a ferromagnet, rather than the language of a fluid. At the critical point, the
correlation length £ of the spin-spin correlation function G(r) = <s(0)s(r)>
is infinite, Near the critical point it is finite, but much greater than the
lattice spacing, so it is possible to find a number L which is much greater than
1 vyet such that L lattice spacings is still much less than £ . Imagine the
Ising lattice divided into cells L lattice spacings on a side, each containing

Ld spins (figure 1). It was supposed by Kadancff that the net magnetization in
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Fundamental Problems in Statistical Mechanics, Vol, 3, Editor, E.D0.G, Cohen, 1
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