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Periodic boundary conditions 
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Free particles in 1-d 
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Eigen function solutions: 

Dispersion relation:
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free electrons (simple model for a metal)
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Internal energy density



Sommerfeld expansion 

Integrate by parts



Sommerfeld expansion 



Sommerfeld expansion 



All properties 
depend on n and m

Fit data to n and m



Sommerfeld expansion 

Free electrons:
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Electron Band Theory

Calculate the dispersion relation for electrons in a crystal

silicon



Swing

Solving for the wavefunctions of electrons in a crystal falls into the same 
category of differential equations as the problem of a child on a swing.
(Second order linear differential equations with periodic coefficients).

https://lampz.tugraz.at/~hadley/ss1/book/bands/swing.php



Electrons wavefunctions

or in a band gap.

There are solutions in a band



Bloch Theorem

Eigenfunction solutions of the Schrödinger equation have Bloch form. 
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is a wavevector in the first Brillouin zone. 

is a periodic function.



Bloch waves in 1-D



Band structure in 1-D


