The Grand Ganonical
Ensemble

IN THE preceding chapter we developed the formalism of the canonical ensemble
and established a scheme of operations for deriving the various thermodynamic
properties of a given physical system. The effectiveness of that approach became
clear from the examples discussed there; it will become even more vivid in the
subsequent studies carried out in this text. However, for a number of problems,
both physical and chemical, the usefulness of the canonical ensemble formalism
turns out to be rather limited and it appears that a further generalization of the
formalism is called for. The motivation that brings about this generalization is
physically of the same nature as the one that led us from the microcanonical to
the canonical ensemble—it is just the next natural step from there. It comes from
the realization that not only the energy of a system but the number of particles as
well is hardly ever measured in a “direct” manner; we only estimate it through
an indirect probing into the system. Conceptually, therefore, we may regard both
N and E as variables and identify their expectation values, (N) and (E), with the
corresponding thermodynamic quantities.
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The procedure for studying the statistics of the variables N and E is self-evident.
‘We may either (i) consider the given system A to be immersed in a large reservoir
A’ with which it can exchange both energy and pamcles or (ii) regard it as a
er of what we mav call a grand ca,

may call a grand ca
ngen system A and a large number of (mental) copies thereof the members of
the ensemble carrying out a mutual exchange of both energy and particles. The

end results, in either case, are asymptotically the same.
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