
PHY 341/641 Thermodynamics and 
Statistical Mechanics

MWF:  Online at 12 PM & FTF at 2 PM

Discussion for Lecture 27:
Quantum effects in statistical mechanics 

Reading: Chapter 7   (mostly 7.3)

1. Recap of statistical mechanics for photons 
(blackbody radiation)

2. Statistical mechanics of Bose particles

3. Statistical mechanics of Fermi particles

4. Examples

Record!!!
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Review:   Blackbody radiation.    Photons are spin 1 particles 
which obey Bose statistics.
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We learned that for Bose statistics, any number of particles
can occupy each state.    For photons the total number of
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( )( ) ln ( ) ln 1

In practice,   the state energies   form a continuum

 ( )       where  ( ) denotes the density of states 
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Bose statistics of blackbody radiation -- continued
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Comment on density of states

Electromagnetic modes within volume V=L3
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,

 becomes continuous.
Note that g( ) accounts
for two polarizations of
photons.
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iSumming over all modes  ( ) in continuum l mit:
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5

Comment on integrals over the Dirac delta function

Note that for a smooth function ( ) :        ( ) ( ) ( )

What about a more complicated integral such as
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The case of photon statistical analysis was simplified by the 
fact that any number of photons can contribute to the system. 
However, for particle systems, the number of particles need 
part of the analysis.

1 2 ......3

1 2 2 3..3 ...1 .

Another way of evaluating a partition function for a Bose system:
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Clever trick:    Assume that ( , ) has an exponential variation with 
so that by choosing a  paramet ,  we can form the so-called
"grand partition f

e
unction"
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function at the maximum value of .  Taking the log --
ln ( ) l ( , )nGrand

w

NZ T N
N

Z T α≈ −

Note that the following discussion follows the textbook
F. Reif, “Fundamentals of Statistical and Thermal Physics” 
(1965)

Why is this a good idea?
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Evaluating the Grand Partition Function for the Bose system
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For the case of Bose particles:
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Summary of results for Bose particles
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When the energy levels of our system are continuous, 
the summation over states s will change into the integral 
of energies ε with the density of states function g(ε).
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Statistical mechanics of Fermi particles, analyzed using a 
similar approach --

.1 .32 ....

2 2 31 1 3

Introducing the chemical potential to evaluate the Grand Partition Function for
Fermi particles:
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For Fermi particles     ns=0   or  ns=1 only
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Summary of results for Bose particles
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Summary of results for Fermi particles
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Do you think that Fermi and Bose particles behave the 
same at low temperatures?
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