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Bloch waves 

Bloch wave:

Any wave function:
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Bloch waves are eigenfunctions of the Hamiltonian





Crystal momentum 

( ) ( )T r r a T  
  translation operator

<T> is a constant of motion 
for a perfect crystal

Consider an external force 
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Ehrenfest theorem:
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Crystal momentum
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Group velocity
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vg is the velocity 
of a wave packet
xk ~ 1

k

https://en.wikipedia.org/wiki/Phase_velocity



Group velocity
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Particles in a semiconductor can be thought of as free 
particles with an effective mass.

vg is the velocity of a wave packet
xk ~ 1

k



Wave/particle nature of electrons

Usually when we think about a current flowing, we imagine 
the electrons as particles moving along. Really we should be 
thinking about how the occupation of the wave like 
eigenstates are changing.

When wave packets are built from the eigenstates, they move 
like particles with an effective mass. 


