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I. INTRODUCTION

One of the developments in statistical mechanics in the last few years
has been the study of rigorous results. The study of intensive properties
of very large systems has been at the focal point of this subject because.
of the realization that many of the interesting phenomena peculiar to
macroscopic systems, such as phase transitions and irreversibility, are
intimately connected with and can be treated precisely only‘in the limit when
the size of the system becomes infinitely large; called the bulk or the
thermodynamic limit. Hence, (in studying these important phenomena), it
is essential to discover whether the thermodynamic limit 'exists'. This
question we shall discuss in lectures I and II. In the following lectures
we shall discuss the problem of analyticity.of the thermodynamic functions,
and in the fourth lecture outline some results for non-equilibrium statise=
tical mechanics.

I will only attempt here to sketch some of the problems, ideas and
results in this area and refer you to "The Book" by Ruelle (1969) and
also to the review article by Lebowitz (1968), for details and references.
All parts of these lectures which parallel closely the discussion in my
review article, as well as all references contained there, will be omitted

from these notes.

II. EXISTENCE OF THE THERMODYNAMIC LIMIT

We start with a physical system and assume that its structure and
properties can se described by a Hamiltonian. We will also assume that
we can neglect nuclear forces and gravitational forces and still obtain
a realistic picture of macroscopic matter undér normal conditions. Nuclear
forces are so strﬁng and short range and hold tﬁe nuclei so tightly together
that we do not expect ordinary matter to look any different if the nuclei

were charged mass points.



The gravitational forces on the other hand are so weak that the ﬁutual
gravitational interaction between particles in an ordinary sized object is
negligible. As aﬁated by Onsager (196?): thermodynamics is concerned with
object-s which are large compared to the size of a molecule, but émall com-
pared to the moon. The 'thermodynamic limit' should also be understood in
this spirit. Ignoring also relativistic effects, which we do not know how
to take into account in any consistent way, we can write the Hamiltonian

of a system of N particles of mass m as

N
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(This generalizes in an obvious way to a system of s species, of N particles
each, with masses mj, 3=l,000480)

Using the statistical mechanics of Gibbs, we define the canonical par-
tition function of a system of N particles in a container £, of volume
lnl » 88

Z(B,N,) = exp [-B A (B,N,D] =exp [-8 |0 a (B,N/|0;Q) ]
d (Nl)-; (m/ﬁh)3N f owe dgl...¢gﬂ exp(-B VN); classical system
1 = txace exp (-8 HN] = E exp [-B EEz(N,Q) J; quantum system

(2)

where B = 1/kT temperature and a(B,N/ Ifﬂ;fl)=lfﬂ-l A(B,N,£) is the

Helmholtz free gnergy per unit volume. We now want to determine whether
~ this prescription for finding the thermodynamic free energy of a system
from its microscopic Hamiltonian really leads to a proper thermodynami;s

for macroscopic systems. Thus, we ask the following questions.




































