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Our partition function scales with the number of available states.
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Remember that we figured out this useful relationship
between S and F!

A reasonable guess would be to parallel our stat mech
S formula.

We know the units of F, so we can make our guess
better by adding in a T.
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Let's prove it!

First, I will show both formulations of F obey the same
differential equation. Then, I will show that the two
solutions are identical because they satisfy boundary
conditions. Then I will have shown that these two
formulations of F are equivalent.
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They have the same differential equation!

T Now let's check boundary conditions
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F=U-TS
F(T =0) = Uy

F = —kTInZ

Uy

F(T = 0) = —kTln(e" #)
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Consider a collection of N identical harmonic oscillators (like an
Einstein solid), in thermal contact with a reservoir and held at constant
temperature T. The allowed energies for such a system are 0, hf, 2hf, ...
Find expressions for S(T), U(T).

1st: Find Z

/ = Ze_ﬁES = e_l%
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ond: Find F

F = —kTInZ

1
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F = kTIn(1 — e P1/)
3rd: Construct S(T)
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4th: Construct U
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