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Results of the quantization of the Schridinger equation for free fermions in 1, 2, and 3 dimensions.

A simple model for metals is the free electron model where the potential energy of the electrons iz zero and the electron-electron mteractions are ignored. This 15 ecquivalent to any system of noninteracting
fermions with zero potential energy. In this model the thermodynatic properties only depend on one parameter, the particle density #. In the table below, # denotes the number of particles per meter i
one-dimension, the number of particle per square meter i two-dimensions, and the number of particles per cubic mter m three dimensions.
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Sommerfeld Expansion

We would like to perform integrals of the form
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Sommerfeld Expansion
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Sommerfeld Expansion
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Sommerfeld Expansion
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Sommerfeld Expansion: chemical potential
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Sommerfeld Expansion: chemical potential
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Sommerfeld Expansion: chemical potential
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Sommerfeld Expansion: internal energy
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Sommerfeld Expansion: internal energy
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Sommerfeld Expansion: internal energy
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Sommerfeld Expansion: specific heat
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The electronic specific heat is linear in temperature
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: Table 2 Experimental and free electron values of electronic heat
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Heavy Fermions

%

m _ 7 observed

m /4

Heavy fermions are materials that have effective masses 100 - 1000 times
larger than the value expected from the free-electron theory. Examples are
CeCug, the UBe,;, and CeAl;. The last two are superconductors.

Something goes seriously wrong with the free electron model in these
materials.
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Helmholtz free energy
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Results of the quantization of the Schridinger equation for free fermions in 1, 2, and 3 dimensions.

A simple model for metals is the free electron model where the potential energy of the electrons iz zero and the electron-electron mteractions are ignored. This 15 ecquivalent to any system of noninteracting
fermions with zero potential energy. In this model the thermodynatic properties only depend on one parameter, the particle density #. In the table below, # denotes the number of particles per meter i
one-dimension, the number of particle per square meter i two-dimensions, and the number of particles per cubic mter m three dimensions.
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Band Theory, Kittel chapter 7

Calculate the dispersion relation for electrons in a crystal
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Empty lattice approximation
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Empty lattice approximation
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Band Structure of Aluminum
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Kronig-Penney model
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Solutions can be found in region I and region II
Match boundary conditions



