Physics 831 Quiz #1 - Friday, Sep. 8

1. Beginning with the fact that the number of ways to arrange N, systems into the levels

1=1,2..m is:

N!
I=—
n1!n2! c -nm!

where n; is the number of systems in state ¢, show that the entropy defined as:
1
S = Eln[ = —;pi Inp;, where p; = n;/Ns.

In the proof, assume Ny — oo and use Stirlings formula, In N!~ NInN — N - --

2. Consider two single-particle levels of energy —e and €, which can be populated by indistin-
guishable Fermions. The system is attached to a bath that can exchange particles and energy

and is characterized by a temperature 7" and a chemical potential u. In terms of u,T and e,
find

(a) an expression for the average number of particles.
(b) the T'= 0 limit of (a)
(c¢) the T' = oo limit of (a)
3. Beginning with:
TdS = dE + PdV — nudQ,

prove:

oT dQ
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