
[tex178] Entropy and internal energy from state occupancies

Start from the expressions for the grand potential Ω as a sum over 1-particle states given in [tsc13].
(a) Derive via partial derivative the entropy expressions,

S =



−kB
∞∑
k=1

[
〈nk〉 ln〈nk〉+ (1− 〈nk〉) ln(1− 〈nk〉)

]
: (FD)

−kB
∞∑
k=1

[
〈nk〉 ln〈nk〉 − (1 + 〈nk〉) ln(1 + 〈nk〉)

]
: (BE)

−kB
∞∑
k=1

[
〈nk〉 ln〈nk〉 − 〈nk〉

]
: (MB)

(b) Use the relation U = Ω + TS + µN to derive the following expressions for the internal energy:

U =

∞∑
k=1

εk〈nk〉, 〈nk〉 =



1

z−1eβεk + 1
: FD,

1

z−1eβεk − 1
: BE,

ze−βεk : MB.

Solution:


