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Empty lattice approximation
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Conservation of momentum 

When an electron absorbs a photon 
and makes a transition from an 
occupied state to an empty state, 
energy and momentum are conserved.



Empty lattice approximation

kx

ky



Empty lattice approximation



Empty lattice approximation

There are as many k states per band as there are primitive unit cells in the crystal.

There are 2 electrons states (spin) per k state. 

Along the BZ 
boundary
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empty lattice approximation





https://lampz.tugraz.at/~hadley/ss1/book/bands/3d_fermisurface/index.php



http://www.phys.ufl.edu/fermisurface/



A separable potential 

 is the product of the solutions to the Kronig-Penney model.
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A separable potential 

I II

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



Metals, semiconductors, and insulators

From Ibach & Lueth

Insulators: band gap > 3 eV



The thermodynamic properties depend dramatically on 
the number of electrons in the primitive unit cell

Metal
n =1 

Insulator 
n = 2



Band structure calculations

https://en.wikipedia.org/wiki/List_of_quantum_chemistry_and_solid-state_physics_software

Quantum Espresso
VASP
FHI-AIMS
ABINIT



Band structure calculations

Determine the lattice 
constants and spring 
constants


