
PHY 341/641 Thermodynamics and 
Statistical Mechanics

MWF:  Online at 12 PM & FTF at 2 PM

Discussion for Lecture 29:
Quantum effects in statistical mechanics 

Reading: Chapter 7   (mostly 7.3)

1. Summary of results concerning statistical 
mechanics of Fermi particles

2. Ideal Fermi gas of spin ½ particles; results at T=0 
K and at T>0 K.

3. Other examples of Fermi particle systems

Record!!!
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Comment on evaluating 
density of states g(ε) in 
3 dimensions --
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Important results from last time

, , ,

Properties of the "Grand potential" 
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Relationship of Grand potentials  to other thermodynamic potentials
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Important results from last time

( )

The grand canonical partition function ( , , )
is directly connected to the Grand potential
according to      ( , , ) ln ( , , )
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For the case of Fermi particles -- 
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 Constraint which defines µ.

True for all indistinguishable quantum particles
(Fermi or Bose).

True for all indistinguishable and non-interacting Fermi 
quantum particles.
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Examples of (approximately) non-interacting Fermi particles
1. 3 dimensional spin ½ Fermi gas  (approximated by 

ideal 3-dimensional metals.
2. 2 dimensional spin ½ Fermi gas (your homework 

problem)
3. Graphene (real 2 dimensional spin ½ Fermi gas; has a 

different density of states than your homework
4. Semi-conductors and insulating materials
5. Electronic states of atoms and molecules
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Evaluation of integrals --
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Evaluation of integrals for T=0 --
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Evaluation of the Grand potential:
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Summary of results for an ideal Fermi gas of s=1/2 particles in 
three dimensions evaluated in the limit that T0 K
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Some approximate Fermi energies for metals
(from Ashcroft and Mermin, Solid State Physics)

Metal µ(T=0 K)  (eV)
Na 3.24
Mg 7.08
Al 11.70
Cu 7.00
Ag 5.49
Au 5.53
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Visualization of density of states for ideal 3-dimensional 
Fermi gas

εF
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Calculated density of states for Cu metal
G. Burdick, Phys. Rev. 129, 138 (1963)

More modern theory takes into account modification to 
density of states due to more realistic quantum treatment
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What about effects of T>0?
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Some approximate Fermi energies for metals
(from Ashcroft and Mermin, Solid State Physics)

Metal µ(T=0 K)  (eV) TF (K)
Na 3.24 37700
Mg 7.08 82300
Al 11.70 136000
Cu 7.00 81600
Ag 5.49 63800
Au 5.53 64200
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Results given in Sec. 7.3 of your textbook --
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What about Fermi systems with different densities of 
states?

An example of an 
insulating material 
where the available 
electrons fill up the 
core and valence 
states of the material.
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Electronic structure of atoms and molecules

Each spatial state can accommodate up to 1 spin 
up state and 1 spin down state

Li atom
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