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Thermodynamics

1. Let an equation of state be given in the form p = p(7',V'). Show that
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2. Show that the internal energy of a material whose equation of state has the form
p= f(V)T [where f(V) is an arbitrary function of V'] is independent of the volume,
ie., (OU/OV)r = 0.

Quantum Theory and Statistics

3. Determine the energy eigenvalues F,, n = 0,1,2,... of a particle of mass m in the
potential (one-dimensional problem)
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where w > ( is a real constant.
Hint: Use the well-known result for the one-dimensional harmonic oscillator.

4. An operator A commutes with any two of the three components of an angular momentum
operator J. Show that it then also commutes with the third component.

5. Consider a system of three spin s = 1/2-particles. Let §,|+) = £%|+) and A be the
anti-symmetrization operator. Calculate /l|u> where
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6. The canonical partition function of the photon gas can be written as
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where E,, = c|p| is the energy of a photon of momentum p and 3 = 1/kg7T". Show that
the free energy F/(T,V) = —kgT In Z is proportional to (kgT)*.

Hint: Make use of the fact that ZP .-+ can be written as an expression which is propor-
tional to ﬁ [dp---.

(cont’d overleaf)



Special Relativity

7. Consider a plane electromagnetic wave of frequency w = |k|c propagating in system K
in z-direction, i.e., k || e,.

(i) Calculate k,k*, where the four wave vector k* is given by k" = (w/c, k).

(ii) Determine the frequency «’ in a system K’ moving with velocity v || e,
(longitudinal Doppler effect).

Right or Wrong?

8. For each of the statements you receive 41 point if your decision is correct, —1 if it is
incorrect, and 0 points if you leave it blank.

Statement Right | Wrong

Example: Entropy is an extensive variable X

Temperature is an extensive variable

The ideal gas law applies to dilute gases of diatomic molecules

Eigenvalues of Hermitian operators are real

For harmonic oscillator annihilation and creation operators: [lA)7 bt 13] =b

Given an angular momentum J: there are 2(.J 4+ 1) magnetic quantum num-
bers M j

The energy difference between consecutive energy eigenstates of the one-
dimensional harmonic oscillator decreases

In the Heisenberg picture (with H the Hamiltonian and U the time-evolution
operator): dU /dt = (i/h)HU

For fermionic annihilation and creation operators: [ay, x| = 0

The absolute temperature of a system is always positive

The Kronecker 6! is a tensor (i.e., it transforms accordingly)
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