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Theorists Honor Uhlenbeck with Statistical-Mechanics Meeting

A symposium "Statistical Mechanics at
the Turn of the Decade" was held
30-31 Oct. at the physics department,
College of Arts and Sciences, North-
western University, Evanston, Illinois,
in honor of George E. Uhlenbeck of
The Rockefeller University. Eight in-
vited speakers gave 50-minute lectures
that summarized the status of our un-
derstanding of selected fundamental
problems in statistical mechanics.
Emphasis, in the papers that were
given at the conference, was on the
advances that have been made during
the last ten years.

There is of course considerable
overlap of statistical mechanics with
problems in, for example, solid-state
physics, low-temperature physics,
plasma-physics and physics of fluids.
The intent of the organizers was to
avoid competition with meetings in
these fields by concentrating primarily
on the eternal problems that concern
phase transitions and the approach to
equilibrium.

E. G. D. Cohen, The Rockefeller
University, dealt with the more practi-
cal aspect of the approach to equi-
librium in his lecture "The Generaliza-
tion of the Boltzmann Equation to
Higher Density." In describing the
approach to thermal equilibrium of a
moderately dense gas, which at t = 0
is not in equilibrium, one wants to
know the basic equations describing
this approach, and their characteristic
features.

Nikolai N. Bogoliubov and many
others attempted to answer these ques-
tions by generalizing the idea of the
virial expansion to nonequilibrium
phenomena, that is, by trying to ex-
press the properties of the gas as a
whole in terms of properties of small
isolated groups of molecules. Al-
though this procedure leads in first ap-
proximation to the Boltzmann equation
with a finite correction for triple col-
lisions, all higher corrections diverge.
In the last five years attempts have
been made to reformulate Bogoliubov's
theory to avoid these divergences.
This work has led in particular to an
expansion, of the transport coefficients,
that contains contributions that de-
pend logarithmically on the gas den-

sity. Experimental verification has
not yet been conclusive.

Arthur S. Wightman of Princeton
University dealt with the fundamental
aspect of the approach to equilibrium
in a talk entitled "Statistical Me-
chanics and Ergodic Theory—An Ex-
pository Lecture." Wightman ex-
plained the significance for classical
statistical mechanics of some mathe-
matical developments of the last
decade. This lecture traced the de-
velopment of ergodic theory from Lud-
wig Boltzmann's ergodic hypothesis to
Ya. G. Sinai's proof that hard spheres
in a box form a K system (for the de-
finition of these K systems and of the
C systems mentioned later, see the
book by V. I. Arnold and A. Avez;
Ergodic Problems of Classical Me-
chanics, W. A. Benjamin, 1968, page
32, page 55-56).

There have been two main lines of
thought; stability theory, in which one
finds integrals of motion that make a
flow nonergodic, and ergodic theory
proper, in which one attempts to un-
derstand how flow in phase space can
produce ergodicity. The initiator of
the first theory was Henri Poincare,
who analyzed the behavior of orbits in
a neighborhood of a periodic orbit by
expanding the Hamiltonian in a Taylor
series around the periodic orbit and
keeping only terms of degree less than
three. In recent years, Andrei Kol-
mogorov, Vladimir Arnold and Jiirgen
Moser have shown that Poincare's
stability conditions imply the existence
of invariant tori surrounding the pe-
riodic orbit for the exact Hamiltonian.

On the other hand, studies by Eber-
hard Hopf in the late 1930's disclosed
a general mechanism of instability,
generalized by D. V. Anosov to yield
the definition of a C system. Mean-
while, a quantitative measure of ir-
reversibility, introduced by Kolmo-
gorov and Sinai, the K-S entropy, led
to a family of flows called K systems
that are very "irreversible." Sinai
proved that essentially all C systems
are K systems. He also showed, in a
paper that is as yet unpublished, that
hard spheres in a box yield a K system,
and in particular define an ergodic
flow in the phase spaces. While this

result establishes once and for all that
physically interesting ergodic flows
exist, the final status of the ergodic
hypothesis will have to wait on the
study of more general interaction po-
tentials.

C* algebra. On the same level of
rigor as Wightman's lecture, David
Ruelle of the Institut des Hautes-
Etudes Scientifiques, Bures-Sur-Yvette,
France, discussed the C*-algebra ap-
proach to statistical mechanics. The
main point of this approach is to avoid
taking the thermodynamic limit (IV —»
co , V -» CD , fixed density N/V) by
formulating the problem for infinite
systems immediately. As examples of
the usefulness of this approach Ruelle
discussed time evolution, decomposi-
tion of invariant equilibrium states into
pure thermodynamic phases and the
phenomenon of symmetry breakdown.
This breakdown is a nontrivial decom-
position of invariant equilibrium states
into noninvariant equilibrium states.
Crystals are nontrivial examples of
symmetry breakdown, and some prog-
ress has recently been made in this
direction.

Continuing the rigorous vein, Free-
man Dyson, Institute for Advanced
Study, discussed some recent theorems
in his lecture, "The Existence of Phase
Transitions in One-Dimensional Ferro-
magnets with Long-Range Interac-
tions." The essential results are that
a one-dimensional lattice system, with
interaction falling off like r~(1 + ffl has
a phase transition to long-range order
if 0 < a < 1 and has no long-range or-
der at any temperature if a > 1. The
interesting case a = 1 is still unre-
solved; there are a number of argu-
ments that support alternative views.

For the spherical model, which
Geoffrey Joyce has solved exactly, the
above results are true and the i^2 case
has no phase transition. The proofs
make extensive use of Robert Griffiths's
correlation-function inequalities, the
most powerful of which states that
for ferromagnetic interactions, pair
correlation functions increase if the
interaction between any pair of spins
is increased. Seymour Sherman and
C. A. Hurst have shown that this
theorem does not hold for Heisenberg
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PHYSICS
Second Edition
By Kenneth R.Atkins,
University of Pennsylvania.
Stressing basic principles with a
modern orientation (eight chapters
are devoted to relativity and
quantum mechanics alone),
Atkins now reappears in a
sparkling new format, entirely
reset and redesigned for greater
clarity and appeal.
Significant additions include:
two new sections on projectiles
and gyroscopes; a philosophical
discussion of the "heat death of
the universe;" recent experimental
data that cast doubt on time
reversal symmetry, and new
questions and problems.
January, 1970 786 pages $11.95
Revised Instructor's Manual
Available

PHYSICS
An Ebb and Flow of Ideas
By Stuart J. Inglis,
Chabot College,
Hayward, California.
An historical/developmental
approach to physics, from Plato
to particles. Each of the major
ideas is examined within a
framework that includes: 1) the
indicated need for such an idea;
2) the nature of the idea itself;
and 3) the success (or failure) of
the idea and its relation to
further developments. The
traditional problem-solving
approach has been intentionally
avoided.
February, 1970 464 pages $9.95

CONCEPTUAL PHYSICS
Matter in Motion
ByJae R. Ballif and
William E. Dibble, both of
Brigham Young University.
The approach is conceptual and
the emphasis is modern in Ballif
and Dibble's new introductory
text. The fundamental principles
of physics are developed
accurately and clearly in a largely
qualitative manner. A unique and
dynamic series of illustrations
provides an appealing aid to
student comprehension. Frequent
philosophical and historical
discussions lend an overall
perspective to an understanding
of physical concepts.
1969 637 pages $9.95
Instructor's Manual Available

for your own
distinctive approach
to non-science
physics.

:

Supplements—
ELEMENTARY RADIATION PHYSICS
By G. S. Hurst, University of Kentucky; and
J. E. Turner, Oak Ridge National Laboratory.
Designed for the introductory non-science physics
course. This book examines the significant role of
ionizing radiation in modern physics. Much of the
material on radiation—which covers its properties,
measurement, history, "philosophy," harmful effects,
and beneficial applications to science and engineering
—is treated for the first time at an introductory
level that requires little prior knowledge of mathematics.
January, 1970 208 pages $7.95

NUMBERS AND UNITS FOR PHYSICS
A Program for Self-Instruction
By Robert A. Carman, San Bernardino Valley College.
The demands of formal physics course work, devoted
to developing conceptual skills, frequently preclude
specific instruction in the quantitative language
needed to demonstrate these skills. Numbers and
Units for Physics, providing this essential introduction
to the language of physics, is equally adaptable to
self-study, review, and remedial practice.
December, 1969
220 pages Cloth; $6.95 Paper; $4.95

JOHN WILEY & SONS, INC/605 Third Avenue, New York, N.Y. 10016
In Canada: 22 Worcester Road, Rexdale, Ontario
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systems, but Dyson conjectures that if
"pair correlation functions" is re-
placed by "average of the total mag-
netization squared," the theorem may
be true. The r'- problem and the gen-
eralization of Griffiths's inequalities to
Heisenberg models will be challenging
and, we hope, solved, problems in the
next decade.

Still in the realm of Ising models
and phase transitions was Cyril
Domb's (King's College, London)
talk on the Curie point. This was a
historical survey and a summary, but
stressed plausibility arguments more
than strict mathematical proofs.
Searching through the literature,
Domb found apparently the first ex-
perimental observation of the Curie
point in a book by William Gilbert in
1600: "Magnets lose their strength
when put in a furnace." Experimental
progress since this time has been con-
siderable, but theoretical progress
since Lars Onsager's exact solution of
the two-dimensional Ising model,
which showed clearly the inadequacy
of the classical Curie-Weiss and van
der Waals theories, has been more ero-
sive than exact.

The most systematic and successful
approach to the three-dimensional
problem to date has been via genera-
tion of series expansions for thermody-
namic quantities. Graph classification
and counting and high-speed comput-
ers are the essential tools in this ap-
proach, and by now we know a con-
siderable number of series coefficients
for a variety of three-dimensional lat-
tices. These series have been ana-
lyzed by several methods, and it is felt
that critical behavior (critical points
and critical exponents characterizing
singularities) is now known fairly well.

An interesting development in the
past decade has come from the phe-
nomenological arguments, known as
scaling and homogeneity arguments,
that suggest relations between various
exponents. Inequalities between ex-
ponents follow from thermodynamics
(or convexity and monotoneity), and
the essential consequence of scaling
and homogeneity arguments is that
these inequalities are actually equali-
ties. Some exactly soluble models
(notably the spherical model) have ex-
ponents that satisfy these relations,
and numerical results from series ex-
pansions also seem to satisfy the rela-
tions, but the evidence, particularly
for some relations involving dimension-

ality, is not yet conclusive. Recent at-
tempts have been directed towards
finding the graphs that dominate the
series coefficients in the critical region.

The van der Waals approximation
for the isotherm of a fluid with Max-
well (equal-area) construction has
undergone several changes of status
since its inception, and with it the
Weiss theory of ferromagnetism.
Twenty years ago many workers con-
sidered these mean-field theories to be
of historical interest only. In the
1960's, however, a revival of interest
in these old approximations led Joel
Lebovvitz and Oliver Penrose to the
rigorous proof of a limit theorem,
which states in essence that the van der
Waals approximation with Maxwell
construction becomes exact when the
attractive part of the intermolecular
potential is made infinitely weak and
of infinite range with its space integral
held fixed. The rough approximation
for the pressure of the hard-sphere gas
in the original van der Waals equation
must of course be replaced by the
exact pressure resulting from short-
range repulsive interaction.

Arnold J. F. Siegert of Northwestern
University in his lecture "From the
Mean Field Approximation to the
Method of Random Fields" outlined
these developments. The method of
random fields replaces all or part of the
interaction between the molecules of a
fluid or the spins of an Ising model by
impressed fields; one then averages
over the fields with a Gaussian prob-
ability distribution specified by the in-
teraction. The resulting representation
of the partition function was first sug-
gested by Mark Kac. The representa-
tion is exact for a class of interactions
sufficiently wide to include many cases
of physical interest, and it contains the
mean-field theories as lowest-order ap-
proximation in the limit defined above.
Applications of the formalism to obtain

corrections near this limit were re-
viewed in the lecture.

Critical-point dynamics. Pierre C.
Hohenberg of Bell Labs reviewed some
experimental and theoretical studies
of the dynamical properties of systems
near critical-point phase transitions.
He described a phenomenological
theory that generalizes the van Hove
theory of critical slowing down to in-
clude the "scaling" properties of static
and dynamic correlation functions.
Applications were made to thermal
transport near the A-point of liquid
helium and to critical inelastic neutron
scattering near the Neel point of
RbMnF:i.

Paul C. Martin of Harvard Univer-
sity spoke on superfluidity and super-
conductivity, which are both the result
of long-range phase coherence. In
three-dimensional samples, this coher-
ence extends to infinite distance below
a transition temperature at which a
Bose condensation occurs, and results
in striking macroscopic quantum ef-
fects. Thermodynamics and hydrody-
namics of the superfluid state are rela-
tively well understood.

Even in one-dimensional samples
where there is no transition, the long-
range phase coherence produces quali-
tative changes in resistance. The na-
ture of this resistance, the resistance of
metastable current-carrying states and
the resistive fluctuations near the
transition temperature are only be-
ginning to be understood. It is in
these areas that we need important
new insights.

The symposium was supported by the
physics department, College of Arts and
Sciences, Northwestern University and
the US Army Research Office-Durham.
No publication of proceedings is planned.

ARNOLD J. F. SIEGERT

COLIN J. THOMPSON
Northwestern University

Delaware Luminescence Meeting Covers Organics and Inorganics

Luminescence embraces a variety of
disciplines, so that a conference on
luminescence attracts a heterogeneous
group including organic chemists,
solid-state experimentalists and theo-
rists, spectroscopists, magnetic-reso-
nance specialists and radiation chem-
ists. About 400 of these specialists as-
sembled for the 1969 International
Conference on Luminescence held
25-29 Aug. at the University of Dela-

ware. This conference, chaired by Ferd
Williams of Delaware, was one of a
series that have been held every three
or four years; the most recent was the
1966 conference in Budapest. Dele-
gates from 15 countries heard reports
on luminescence research on both or-
ganic and inorganic materials in a
program of 16 invited and 71 contrib-
uted papers. To permit inorganic
specialists to hear reports on lumines-
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