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Crystal momentum
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The expectation value of T for a Bloch state is



Group velocity
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vg is the velocity 
of a wave packetDxDk ~ 1
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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 packetDxDk ~ 1

Dk



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. 



If no forces are applied, the electrons diffuse.
The average velocity moves against an electric field. 
In just a magnetic field, the average velocity is zero.
In an electric and magnetic field, the electrons move in a straight line at the 
Hall angle.  





Master equation

 22
k k k kk H k E E     



1 2 1 3 1 4 1
1

1 1
1 2 2 3 2 4 2

22 2
3 31 3 2 3 3 4 3

3
4 4

1 4 2 4 3 4 4
4

j
j

j
j

j
j

j
j

f f
f fd
f fdt
f f

   
   
   
   

                                            







Fermi's golden rule:
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Probability current
* The probability of finding an electron somewhere is proportional to 

 *d Sdt
      probability current

If the probability decreases somewhere it must increase somewhere else. 
This can be expressed as a continuity equation,

* *d d Sdt dt
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The Schrödinger equation and its complex conjugate



Probability current

S  The right side can be written as             if, 

Normalized probability current (1-d)



Probability current in 1-D

For Bloch waves, S is constant in space. The larger the crystal, the more 
spread out the electron and the lower the current density. The velocity is the 
probability current divided by the average density 1/Na.

The normalize probability current density
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