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1 Thermodynamics of a one dimensional classical harmonic oscillator

The energy of a single oscillator in one dimension is
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where r is the position coordinate, p is the momentum and k is the spring constant.

a) Using w = /k/m, rewrite the energy in terms of w rather than k.
b) Determine the mean energy of the system.

¢) Determine the heat capacity of the svstem.
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7 4 Multiple indistinguishable particles

Consider an ensemble of indistinguishable particles. Each can be in one of two states, whose
energies are 0 and e.

a) Determine the partition function if the system consists of a single particle. Denote this
Zsingle

b) Determine the partition function if the system consists of two particles. Check if Z =
(Zs'lngls)z-

¢) Determine the partition function if the system consists of three particles. Check if
Z= (Zsingle)s'
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3 Indistinguishable spin-1/2 particles

Consider an ensemble of indistinguishable spin-1/2 particles. Any single particle can be in
one of two states: “spin up” with energy E, and “spin down” with energy F_.

a) Initially consider an ensemble of three indistinguishable spin-1/2 particles. Using a
system of occupation numbers, {ny}, list all states of the ensemble, their energies and
particle numbers. Note: This wnll ignore certain constraints that quantum physies im-
poses. We will consider these later.

b) Determine an expression for the grand partition function of this ensemble, assnuming
unlimited mnubers of particles.
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