
Statistical Mechanics in Chemistry May 7, 2025

Problem set 10

Due May 21, 2025

1. Demonstrate that the grand partition function Ξ of a system of non-
interacting fermions with two energy levels with energies ǫ1 and ǫ2

Ξ =
Nmax∑

N=0

λN
∑

n1,n2

n1+n2=N

exp [−β (n1ǫ1 + n2ǫ2)]

where β = 1/kBT , λ = exp (βµ), µ being the chemical potential of the
system, and Nmax is determined by the requirement that one fermion
can occupy only one microstate, can be expressed as

Ξ = [1 + λ exp (−βǫ1)] [1 + λ exp (−βǫ2)]

2. Repeat the derivation for a system of non-interacting bosons with 2
energy levels (note that in this case there is no restriction on Nmax).
The result should be

Ξ = [1− λ exp (−βǫ1)]
−1 [1− λ exp (−βǫ2)]

−1

Hint: Use the formula for the total sum of a geometric series.
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