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qA ΩA qB ΩB Ωtotal

0 1 100 2.8 × 1081 2.8 × 1081

1 300 99 9.3 × 1080 2.8 × 1083

2 45150 98 3.1 × 1080 1.4 × 1085

3 4545100 97 1.0 × 1080 4.6 × 1086

4 3.4 × 108 96 3.3 × 1079 1.1 × 1088

...
...

...
...

...
59 2.2 × 1068 41 3.1 × 1046 6.8 × 10114

60 1.3 × 1069 40 5.3 × 1045 6.9 × 10114

61 7.7 × 1069 39 8.8 × 1044 6.8 × 10114

...
...

...
...

...
100 1.7 × 1096 0 1 1.7 × 1096
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Figure 2.5. Macrostates and multiplicities of a system of two Einstein solids,
with 300 and 200 oscillators respectively, sharing a total of 100 units of energy.

Suppose, however, that this system is initially in a state with qA much less
than 60; perhaps all the energy starts out in solid B. If you now wait a while for the
energy to rearrange itself, then check again, you are more or less certain to find that
energy has flowed from B to A. This system exhibits irreversible behavior: Energy
flows spontaneously from B to A, but never (aside from small fluctuations around
qA = 60) from A to B. Apparently, we have discovered the physical explanation of
heat : It is a probabilistic phenomenon, not absolutely certain, but extremely likely.

We have also stumbled upon a new law of physics: The spontaneous flow of
energy stops when a system is at, or very near, its most likely macrostate, that is,
the macrostate with the greatest multiplicity. This “law of increase of multiplicity”
is one version of the famous second law of thermodynamics. Notice, though,
that it’s not a fundamental law at all—it’s just a very strong statement about
probabilities.

To make the statement stronger, and to be more realistic in general, we really
should consider systems with not just a few hundred particles, but more like 1023.
Unfortunately, even a computer cannot calculate the number of ways of arranging
1023 units of energy among 1023 oscillators. Fortunately, there are some nice ap-
proximations we can make, to tackle this problem analytically. That is the subject
of the following section.

Problem 2.8. Consider a system of two Einstein solids, A and B, each containing
10 oscillators, sharing a total of 20 units of energy. Assume that the solids are
weakly coupled, and that the total energy is fixed.

(a) How many different macrostates are available to this system?

(b) How many different microstates are available to this system?

(c) Assuming that this system is in thermal equilibrium, what is the probability
of finding all the energy in solid A?

(d) What is the probability of finding exactly half of the energy in solid A?

(e) Under what circumstances would this system exhibit irreversible behavior?


