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power) vs a scaled e (e divided by H to some different
power).

The predictions of the scaling hypothesis are sup-
ported by a wide range of experimental work, and also
by numerous calculations on model systems such as the
n-vector model. Moreover, the general principles of
scale invariance used here have proved useful in inter-
preting a number of other phenomena, ranging from
elementary-particle physics (Jackiw, 1972) to galaxy
structure (Peebles, 1980).

B. Universality

The second theme goes by the rather pretentious
name ‘‘universality.’’ It was found empirically that one
could form an analog of the Mendeleev table if one par-
titions all critical systems into ‘‘universality classes.’’ The
concept of universality classes of critical behavior was
first clearly put forth by Kadanoff, at the 1970 Enrico
Fermi Summer School, based on earlier work of a large
number of workers including Griffiths, Jasnow and Wor-
tis, Fisher, Stanley, and others.

Consider, e.g., experimental M-H-T data on five di-
verse magnetic materials near their respective critical
points (Fig. 1). The fact that data for each collapse onto
a scaling function supports the scaling hypotheses, while
the fact that the scaling function is the same (apart from
two material-dependent scale factors) for all five diverse
materials is truly remarkable. This apparent universality
of critical behavior motivates the following question:
‘‘Which features of this microscopic interparticle force are

important for determining critical-point exponents and

scaling functions, and which are unimportant?’’

Two systems with the same values of critical-point ex-
ponents and scaling functions are said to belong to the
same universality class. Thus the fact that the exponents
and scaling functions in Fig. 1 are the same for all five
materials implies they all belong to the same universality
class.

C. Renormalization

The third theme stems from Wilson’s essential idea
that the critical point can be mapped onto a fixed point
of a suitably chosen transformation on the system’s
Hamiltonian (see the recent reviews: Goldenfeld, 1994;
Cardy, 1996; Lesne, 1998). This resulting ‘‘renormaliza-
tion group’’ description has (i) provided a foundation
for understanding the themes of scaling and universality,
(ii) provided a calculational tool permitting one to ob-
tain numerical estimates for the various critical-point ex-
ponents, and (iii) provided us with altogether new con-
cepts not anticipated previously.

One altogether new concept that has emerged from
renormalization is the idea of upper and lower marginal
dimensionalities d1 and d2 (see the review of Als-
Nielsen and Birgeneau, 1977). For d.d1 , the classical
theory provides an adequate description of critical-point
exponents and scaling functions, whereas for d,d1 , the
classical theory breaks down in the immediate vicinity of
the critical point because statistical fluctuations ne-
glected in the classical theory become important. The
case d5d1 must be treated with great care; usually, the
classical theory ‘‘almost’’ holds, and the modifications
take the form of weakly singular corrections.

For d,d2 , fluctuations are so strong that the system
cannot sustain long-range order for any T.0. For d2

,d,d1 , we do not know exactly the properties of sys-
tems (in most cases) except when n approaches infinity,
where n will be introduced below as the spin dimension.
One can, however, develop expansions in terms of the
parameters (d12d), (d2d2), and 1/n (see, e.g., the
reviews of Fisher, 1974; and Brézin and Wadia, 1993).

In the remainder of this brief overview, we shall at-
tempt to define somewhat more precisely the concepts
underlying the three themes of scaling, universality, and
renormalization without sacrificing the stated purpose,
that of a colloquium-level presentation.

IV. WHAT IS SCALING?

I offer here a very brief introduction to the spirit and
scope of the scaling approach to phase transitions and
critical phenomena using, for the sake of concreteness, a
simple system: the Ising magnet. Further, we discuss
only the simplest static property, the order parameter,
and the two response functions CH and xT . The rich
subject of dynamic scaling is beyond our scope here
(see, e.g., the authoritative review of Hohenberg and
Halperin, 1977).

FIG. 1. Experimental MHT data on five different magnetic
materials plotted in scaled form. The five materials are CrBr3 ,
EuO, Ni, YIG, and Pd3Fe. None of these materials is an ide-
alized ferromagnet: CrBr3 has considerable lattice anisotropy,
EuO has significant second-neighbor interactions. Ni is an
itinerant-electron ferromagnet, YIG is a ferrimagnet, and
Pd3Fe is a ferromagnetic alloy. Nonetheless, the data for all
materials collapse onto a single scaling function, which is that
calculated for the d53 Heisenberg model [after Milošević and
Stanley (1976)].
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