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23.2: The Ensemble Entropy and the Value of 3

At equilibrium, the entropy of the N -system ensemble, Sepsemble, Must be a maximum. By arguments that parallel those in Chapter
20, W is a maximum for the ensemble population set that characterizes this equilibrium state. Applying the Boltzmann definition
to the ensemble, the ensemble entropy is Sepsemble = kln Wmax . Since all N systems in the ensemble have effectively the same
entropy, S, we have Sepsemble = NS. When we assume that T/f/max occurs for the equilibrium population set,
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so that
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From the Boltzmann distribution function, N Z /N = Z-1Qexp (—BE;) , we have
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Substituting, and introducing Stirling’s approximation, we find
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Since 221 N 1E, is the energy of the N -system ensemble and the energy of each system is the same, we have
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Substituting, we find
S=kBE+klnZ

where S, F, and Z are the entropy, energy, and partition function for the N-molecule system. From the fundamental equation, we

have
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Differentiating S = kSE + kln Z with respect to entropy at constant volume, we find

0(as),

and it follows that

We have, for the N -molecule system
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(System partition function)

(Boltzmann’s equation)

(Entropy of the N-molecule system)
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