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5.6 Calculation of the canonical ensemble

Here we could repeat the calculation of the last section just with one less restriction, since for all micro states
N; = N holds. This simplification we can take directly into account in the grand canonical partition function of
Eq. (5.46)

Zac = Zexp(—ﬂUi —N;) = Zexp(—ﬁUi —yN) = exp(—yN) Zexp(—ﬁUi) =exp(—yN)Zc , (5.56)

with the definition of the canonical partition function

Zc = Zexp(—BUi) . (5.57)

This result we can directly incorporate into Eq. (5.55)
QT,V,pu) = —kTIn(Zc(T,V, 1)) — kT In(exp(—yN)) = —kT In(Zc (T, V, 1)) — uN . (5.58)
Comparison with Eq. (5.54) directly gives
—kTIn(Zc)=U-TS=F . (5.59)

Of course the variable p has to be replaced by its dependence of N leading to the standard definition of the free
energy F(T,V, N) and showing that 2 and F are Legendre transformed with respect to the pair (N < p).



