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Problem Set 2: Solution
Problem 1
(a) The partition function for a single one-dimensional quantum oscillator is
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If we have N three-dimensional quantum oscillators the total partition function is then
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(b) Given @y the Helmholtz free energy is easily found to be
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(¢) To find the specific heat we can first compute the internal energy
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The specific heat is then
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while in the limit kpT < hwy,
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Problem 2
(a) Each dipole has four states, two with energy +aeF /2 and two with energy —aeE /2. The partition function for a
single dipole is then
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and for N = nA noninteracting dipoles
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(b) Once we have Qn we can immediately find the Helmholtz free energy,
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(c) As in the previous problem, the easiest way to work out the specific heat of the system is to first compute the
internal energy E and then take the derivative w.r.t. temperature T. The internal energy FE is
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from which it follows that the specific heat is
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(d) We can find the « component of the dipole moment per unit area by using the fact that the total energy E is

equal to —P-E =-D,& , where P is the total dipole moment of the system. The dipole moment per unit area is
then d, = —D, /A or
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which, for kT > eaF goes as
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(this is the Curie-Weiss behavior we will study later for magnetic moments) and for kT < eaF is approximately
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