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Figure 2.2. In quantum mechanics, any system with a quadratic potential energy
function has evenly spaced energy levels separated in energy by hf , where f is the
classical oscillation frequency. An Einstein solid is a collection of N such oscillators,
all with the same frequency.

Examples of quantum oscillators include the vibrational motions of diatomic and
polyatomic gas molecules. But an even more common example is the oscillation
of atoms in a solid (see Figure 1.6). In a three-dimensional solid, each atom can
oscillate in three independent directions, so if there are N oscillators, there are
only N/3 atoms. The model of a solid as a collection of identical oscillators with
quantized energy units was first proposed by Albert Einstein in 1907, so I will refer
to this system as an Einstein solid.

Let’s start with a very small Einstein solid, containing only three oscillators:
N = 3. Table 2.2 lists the various microstates that this system could have, in
order of increasing total energy; each row in the table corresponds to a different
microstate. There is just one microstate with total energy 0, while there are three
microstates with one unit of energy, six with two units, and ten with three units.
That is,

Ω(0) = 1, Ω(1) = 3, Ω(2) = 6, Ω(3) = 10. (2.8)

The general formula for the multiplicity of an Einstein solid with N oscillators

Oscillator: #1 #2 #3

Energy: 0 0 0

1 0 0
0 1 0
0 0 1

2 0 0
0 2 0
0 0 2
1 1 0
1 0 1
0 1 1

Oscillator: #1 #2 #3

Energy: 3 0 0
0 3 0
0 0 3
2 1 0
2 0 1
1 2 0
0 2 1
1 0 2
0 1 2
1 1 1

Table 2.2. Microstates of a small Einstein solid consisting of only three oscillators,
containing a total of zero, one, two, or three units of energy.


