5.4.3 The Most Probable Configuration

In thermal equilibrium, we are searching for the most
probable configuration (N;, Ny, ..., N,, ... ) i.e. the one
that can be achieved in the largest number of ways
i.e. such that Q(N;, N, ..., N,, ... ) is the largest.

The catch is that there are constraints:
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Maximizations with constraints are handled via a
method called Lagrange Multipliers:



The general problem is that of maximizing a function of many
variables  F(xy. x5, x3,...) subject to constraints such as

.fl(xle-x2~x3~ ) = 0, fg(xl,xz,xg, ) == 0, etc.

The address this problem we introduce a bigger function with Lagrange
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Better to work with InQ instead of Q since they have maxima
at same point, but InQ is easier
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Use Sterling formula: In(zZHD=zln(z) —z forz> 1



Again, only results will be given here, for the most
probable configuration. For distinguishable particles:
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For identical fermions:
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For identical bosons:
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5.4.4 Physical Significance of a and .

Thus far, o and p are merely Lagrange multipliers, but they have
an important physical meaning.

To understand the meaning, we will use the example of the ideal
gas employing a 3D infinite square well.
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The first constraint is: For distinguishable particles:
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Rearranging humbers:




The second constraint is:

Again, for distinguishable particles:
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Instead of a, we will introduce a quantity called the
chemical potential via a definition:

w(T) = —akgT Thus, a = - p B which
simplifies the math.
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Most probable number of particles in a (one-particle) state with energy ¢:
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Here, we will only discuss the case of fermions where both

the temperature and the chemical potential can be easily

visualized. For classical and bosonic particles, T is the same as usual while

is somewhat related to how many particles you have. u is crucial in chemical
reactions, where number of particles is not conserved.

Then, the number of particles at a
particular energy becomes:
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Vast majority of
conduction electrons

in a metal are

unaffected by |
tfemperature.




The Bose Einstein condensation and the black body

radiation are left for the near future, whenever we
have a chance.

We must move to Ch 6 fast ...



