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Electrons



describe electrons as a gas of particles

vF = 108 cm/s. 

kinetic theory

The average time between scattering events tsc

can be calculated by Fermi's golden rule

mean free path: l = vFtsc ~ 1 nm - 1 cm



Diffusion equation/ heat equation 
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Diffusive transport

<v0> = 0 <t - t0> = tsc < average time between scattering events
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Matthiessen's  rule
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Drift and Diffusion

http://lampx.tugraz.at/~hadley/ss2/transport/drude.php



Einstein relation

In equilibrium, drift = diffusion
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Über die von der molekularkinetischen Theorie der Wärme geforderte 
Bewegung von in ruhenden Flüssigkeiten suspendierten Teilchen



Crossed E and B fields

Ballistic transport

Diffusive transport

E
<v>

qH

1tan z sc
H

eB

m

tq     
 

Hall angle:

B

 F ma e E v B    
   



Magnetic field (diffusive regime)
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If B is in the z-direction, the three components of the force are
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The Hall Effect (diffusive regime)

Ey = vd,xBz = VH/W = RH jxBz VH = Hall voltage, RH = Hall Constant

If vd,y = 0,
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Thermal conductivity
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Wiedemann - Franz law

Einstein relation:
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Lorentz number



Lorenz number

At low temperatures the classical predictions for the thermal and electrical 
conductivities are too high but their ratio is correct. Only the electrons within kBT
of the Fermi surface contribute. 
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www.physics.umd.edu/courses/Phys732/hdrew/spring07/
Schoenenberger%20tutorial%20on%20CNT%20bands.pdf 

Carbon nanotubes - rolled up graphene

armchair

zig-zag

chiral



http://www.personal.rdg.ac.uk/~scsharip/tubes.htm

(m,n) notation



Carbon nanotubes 

metallic (5,5)  armchair tube

23
1 4 cos cos 4 cos

2 2 2
y yx

k a k ak a
E t

     
              

http://lamp.tu-graz.ac.at/~hadley/ss1/bands/tbtable/CNTs.html




