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The Hamiltonian

Much of condensed matter physics lies within a Hamiltonian 

that one easily can write down in a single line. It is
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The single-electron model
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The free Fermi gas

To simplify further we imposes periodic boundary conditions
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One Free Fermion
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Many Free Fermions

The ground state of electrons obeying free Fermi gas

assumption is constructed from products of the one-electron

wave functions. The Pauli exclusion principle forbids any

given state from being occupied more than once, and therefore

any given state indexed by k is able to host no more than two

electrons, one for each value of spin.
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Many Free Fermions
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Density of States

For each wave vector Pauli’s exclusion principle allows two 

electrons, one with spin up and the other with spin down.
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Energy Density of States

The units of densities of states are able to change

without much warning. Often they are expressed

in units of 1/[eV atom], which means they are

related to the function defined by above equation

by a factor of density n.
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Energy Density of States

For the free 

Fermi gas
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Electron density
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For the free 

Fermi gas
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Grand Partition Function
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Grand Potential
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Fermi Distribution Function
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Fermi Distribution Function
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Fermi Distribution Function
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The derivative of the Fermi function
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Specific Heat of Noninteracting Electrons at Low T


