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Heat capacity (J/K)
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their layout. In this two-dimensional square lattice, N oscillators would correspond
to N/2 atoms in the solid. In a three-dimensional cubic lattice, N oscillators would
correspond to N/3 atoms.

Our goal is to compute the heat capacity for an Einstein solid. Let’s begin
by working in terms of the micro-canonical ensemble, fixing the total energy

E=) &= khw=Khw

where K = > k; is the integer number of energy ‘units’ available to be distributed
among the N oscillators. Each different way of distributing these K units of energy
among the N (distinguishable) oscillators defines a unique micro-state.

« What is the total number of micro-states in terms of N and K? Check your
result for a minimal three-oscillator system when it has K = 0, 1, 2 or 3 units
of energy.

» Now consider K > 1 and N > 1, so that we can apply Stirling’s formula
and also approximate N —1 ~ N and K —1 ~ K. What is the corresponding
entropy?

« What is the temperature of the Einstein solid? Is it a ‘natural’ system with
T >07?

« To find the heat capacity, we need to find the energy in terms of the temper-
ature, then differentiate. What is the resulting heat capacity of the Einstein
solid, in terms of x = hw/T? How does it compare to the experimental data
points we began by considering?

While the Einstein solid provides a significantly better description of the ex-
perimental data, room for improvement is still possible. . .
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