
Probability current in 1-D
The normalized probability current density:
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Electrical current
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n is the electron density, and       is the drift velocity (the average velocity of the electrons)dv

In the Drude model, the current density is,

To calculate the current density from the microscopic states:

velocity of
electron state k

probability that the state 
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Boltzmann equation
There is a function                    that gives the probability that state k is occupied at 
position r and time t. 

( , , )f k r t 

( , , ) yx z
x y z

dkdk dkdf k r t f f f f f dx f dy f dz
dt t k dt k dt k dt x dt y dt z dt

                  
 

Take the total derivative of f,

In equilibrium, for a uniform system, f  is the Fermi function. 

(see Kittel appendix F)
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Boltzmann equation
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Boltzmann equation

Collision term describes the transitions between k states.  
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Liouville theorem:



Relaxation time approximation 

In the relaxation time approximation, 
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If the driving field is turned off, the collision term will drive the system back to 
equilibrium in time .  
When                             and the initial condition is f = f1, the solution to the 
Boltzmann equation is,         
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Boltzmann equation: relaxation time approx.

in a stationary state 
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In the relaxation time approximation.  
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If the system is not far from equilibrium, f  f0, and we can substitute f0 for f on 
the right



Boltzmann equation: relaxation time approx.
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Concentration gradient

Temperature and chemical potential 
can depend on position



Boltzmann equation: relaxation time approx.
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Only the states near the Fermi surface contribute.



Boltzmann equation: relaxation time approx.
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The contribution of f0(k) is zero density of states  3
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