CHAPTER 1

THE STATISTICAL BASIS OF THERMODYNAMICS

IN THE annals of thermal physics, the(ifties of the last century mark a very definite

epoch. By that time the science of thermodynandics, which grew essentially out
of an experimental study of the macroscopic pehavior of physical systems, had
become, through the work of Carnot, Joule, Llausius and Kelvin, a secure and
stable discipline of physics. The theoretical/conclusions following from the first
two laws of thermodynamics wer- greement with the
corresponding experiment 1850 11 ‘1 859
which aimed at explainin,

Ol Sy S & 09

of the motion of the mo
calculation, began to eme
were glaring; however, a rex
until about 1872 when Boltzmai and thereby estab-
lished a direct connection between entropy on one hand and molecular dynamics on
the other. Almost simul usly, the co ional (kinetic) theory began giving
way to its more sophisticated successor—the ensemble theory. The power of the
techniques that finally emerged reduced thermodynamics to the status of an “essen-
tial” consequence of the get-together of the statistics and the mechanics of the
molecules constituting a given physical system. It was then natural to give the
resulting formalism the name Statistical Mechanics.
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1.1. The macr pic and the micr ic states

We consider a physical system composed of N identical particles confined
to a space of volume V. In a typical case, N would be an extremely large
number—generally, of order 10%. In view of this, it is customary to carry out
analysis in the so-called thermodynamic limit, viz. N — oo, V — oo (such that
the ratio N/V, which represents the particle density n, stays fixed at a preassigned
value). In this limit, thec the become directly

ysical properties of the system.
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Next we consider the total energy E of the system. If the particles comprising
the system could be regarded as non-interacting, the total energy E would be equal
to the sum of the energies &; of the individual particles:

E= Z nie;, (1)

where n; denotes the number of particles each with energy &;. Clearly,

N=Zn1. )

plealy s SUH (V) dal )y o s

axr

V(X) =

Loyl oo s o>

According to quan ingle-particle energies (. are discrete and

o which the particles are confined.

with the total energy of the system that the parameter E might well be regarded
as a continuous variable. This would be tri¢ even if the particles were mutually
interacting; of course, in that case the total‘¢nergy E cannot be written in the
form (1).
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According to quantum mechanics, the single-particle energies ¢; are discrete and
their values depend crucially on the volume V to which the particles are confined.
Accordingly, the possible values of the total energy E are also discrete. However,
for large V, the spacing of the different energy values is so small in comparison
with the total energy of the system that the parameter E mlght well be regarded

as a_continuous variable. This would be true even if the were mutually
W- course, in that case the total energy ‘w

If V # 0, then the particles are interacting. In this case: E =
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The specification of the actual values of the parameters N, V and E then defines
a macrostate of the given system.
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