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1. Read Schroeder chapter 8. Did you read all the pages?

2. How many photons are in one cubic meter at

(a) cosmic background temperature

(b) room temperature

(c) solar surface temperature

(d) solar core temperature

(e) What is the entropy per photon in natual units (leave kB in the formula as a
symbol)? Does it depend on temperature?

3. (a) How many ways are there to arrange 3 particles in 4 states, all at the same energy,
if the particles are

i. identical bosons?

ii. identical fermions?

(b) How many ways are there to arrange 4 identical fermions in 4 states, all at the
same energy?

(c) How many ways are there to arrange 5 identical fermions in 4 states, all at the
same energy?

4. (a) Estimate the moment of inertia I for a CO molecule rotating about an axis
through its center of mass and perpendicular to the line joining the atoms. Are
the electrons or the nuclei more important?

(b) At what temperature T would you expect this rotational degree of freedom to
freeze out?

(c) Estimate the moment of inertia I for a CO molecule rotating about an axis
through its center of mass and parallel to the line joining the atoms. Are the
electrons or the nuclei more important?

(d) At what temperature T would you expect this rotational degree of freedom to
freeze out?

(e) Explain why we ignore the latter degree of freedom.

5. Consider a diatomic molecule with non-identical atoms like CO. Define the energy
ǫ ≡ h̄

2

2I
. Use a computer to sum the rotational quantum mechanical partition function

numerically, keeping terms through ℓ = 7 (at least). Calculate the average energy, and
then get the heat capacity per diatomic molecule in units of kB. Plot (not sketch) the
heat capacity versus x, where x ≡ kBT/ǫ, for x = 0 to 4. Do you see the bump that I
drew in lecture?
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1. Schroeder 6.30.

Bonus: Solve as much of the other class’ assignment as you can.
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