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Sommerfeld Expansion
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We would like to perform integrals of the form
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Integrate by parts (Partielle Integration)
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Arnold 
Sommerfeld



Sommerfeld Expansion

Expand K(E) around E = m
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Sommerfeld Expansion
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Sommerfeld Expansion
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For m in 3-d: ( ) ( )n D E f E dE
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Sommerfeld Expansion: chemical potential
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Sommerfeld Expansion: chemical potential
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Aluminum



Sommerfeld Expansion: chemical potential

http://lampx.tugraz.at/~hadley/ss1/materials/thermo/dos2mu.html



Sommerfeld Expansion: internal energy
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Sommerfeld Expansion: internal energy
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Free electrons:



Sommerfeld Expansion: internal energy
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Sommerfeld Expansion: specific heat
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The electronic specific heat is linear in temperature 
Gold



Electronic specific heat 
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Heavy Fermions
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Heavy fermions are materials that have effective masses 100 - 1000 times 
larger than the value expected from the free-electron theory. Examples are  
CeCu6, the UBe13,  and CeAl3. The last two are superconductors.
Something goes seriously wrong with the free electron model in these 
materials.



Entropy

Entropy density 
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Helmholtz free energy
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Calculate the dispersion relation for electrons in a crystal

silicon



Empty lattice approximation

ReducedExtended Repeated
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Empty lattice approximation
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Empty lattice approximation
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Kronig-Penney model

Solutions can be found in region I and region II
Match boundary conditions
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