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qA ΩA qB ΩB Ωtotal = ΩAΩB

0 1 6 28 28
1 3 5 21 63
2 6 4 15 90
3 10 3 10 100
4 15 2 6 90
5 21 1 3 63
6 28 0 1 28

462 = 6+6−1
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Figure 2.4. Macrostates and multiplicities of a system of two Einstein solids,
each containing three oscillators, sharing a total of six units of energy.

graph. Over long time scales, the number of microstates accessible to the system is
462, the sum of the last column in the table. This number can also be checked by
applying the standard formula to the entire system of six oscillators and six energy
units.

Now let me introduce a big assumption: Let’s assume that, over long time scales,
the energy gets passed around randomly∗ in such a way that all 462 microstates are
equally probable. So if you look at the system at any instant, you are equally likely
to find it in any of the 462 microstates. This assumption is called the fundamental
assumption of statistical mechanics:

In an isolated system in thermal equilibrium, all accessible microstates are
equally probable.

I can’t prove this assumption, though it should seem plausible. At the microscopic
level, we expect that any process that would take the system from state X to state Y

is reversible, so that the system can just as easily go from state Y to state X.† In
that case, the system should have no preference for one state over another. Still,
it’s not obvious that all of the supposedly “accessible” microstates can actually
be reached within a reasonable amount of time. In fact, we’ll soon see that for a
large system, the number of “accessible” microstates is usually so huge that only
a miniscule fraction of them could possibly occur within a lifetime. What we’re
assuming is that the microstates that do occur, over “long” but not unthinkably
long time scales, constitute a representative sample. We assume that the transitions

∗Exchange of energy requires some kind of interaction among the oscillators. Fortu-

nately, the precise nature of this interaction doesn’t really matter. There is a danger,

though, that interactions among oscillators could affect the energy levels of each partic-

ular oscillator. This would spoil our assumption that the energy levels of each oscillator

are evenly spaced. Let us therefore assume that the interactions among oscillators are

strong enough to allow the exchange of energy, but too weak to have much effect on the

energy levels themselves. This assumption is not fundamental to statistical mechanics,

but it makes explicit calculations a whole lot easier.
†This idea is called the principle of detailed balance.


