Exercises, sheet 9 STATISTISCHE PHYSIK Prof. Dr. Luis Santos

Quantenstatistische Mechanik III

FEzercise 1 (3 Points)

We know that for a Fermi gas )\23/@ = f3/2(2) where

We are in this exercise interested in the behav1or of f3/2(2) for large z > 1. Let z = €,
ie. v =[pu.

Show by using partial integration that fs/5(2) can be written in the form:
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By expanding y%/? around v, and using the fact that v > 1, show that
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where I, = [7 %

Show that I,, = 0 for odd values of n.

Using Iy = 1, I, = 7% /3 retrieve the expression we wrote in the lecture.

Ezercise 2 (3 Points)

Calculate the entropy of an ideal spinless Fermi gas in free space as a function of /3,
z and the level energies €5. (You may leave the sums without solving them).

Express the entropy as a function of the mean occupations (nz). Write it in the form
S = Zﬁ Sy, where Sy is the contribution to the entropy coming from the p’level.

Draw a sketch of how Sy depends on [p]. Which consequences do you extract from
the sketch?

Draw a plot of the total entropy S for different values of 7'/Tr for T'/Tr < 1 (with
Maple, Mathematica, ...). You should see that S goes linear with 7'/Tr. Why do you
think is it like that? (Hint: Remember the qualitative discussion about the dependence
of Cy on T that we did during the class).

Ezercise 3 (4 Points)

Consider a two-dimensional non-interacting system of free electrons.

Calculate the Fermi energy e as a function of the surface density o = N/S, where
S is the surface area.

Calculate the chemical potential p as a function of T" and o, and sketch it in units
of T/ TF.

e For T/Tr < 1 obtain the first correction f(7/TF) to the chemical potential for

non-zero temperature: u/ep =1+ f(T/TF).



