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Electron bands



http://www.springermaterials.com/navigation/bookshelf.html#l_2_106048_

Density Functional Theory (DFT)



http://lampx.tugraz.at/~hadley/ss1/bands/bandstructures/Li/Li_Bandstructure.html



Lithium bcc
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http://lampx.tugraz.at/~hadley/ss1/bands/bandstructures/Cr/Cr_Bandstructure.html



Sodium



Copper dispersion relation and density of states

from Ibach & Lueth

Empty
lattice
approx.

4s overlaps more than 3d
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d band metals, transition metals

f band metals, rare earths



Transition metals 



Measure the density of states 
with photoemission 
spectroscopy 

Photoemission spectroscopy

UPS - Ultraviolet 
photoemission spectroscopy 

From: Ibach & Lueth

Secondary 
electrons 



Angle resolved photoemission spectroscopy (ARPES) 

Measure the dispersion relation with angle resolved photoemission  



Optical absorption 

Hydrogen atom

Copper fcc crystal



Thermodynamic properties of metals

From the band structure measurements, we obtain the electron 
density of states.

Thermodynamic 
properties can be 
calculated from the 
tabulated data for the 
density of states



http://www.sciencedirect.com/science/article/pii/036459169190030N

SGTE data for pure elements 



Metals, semiconductors, and insulators

From Ibach & Lueth

Insulators: band gap > 3 eV



Student Projects

Plot the dispersion relation for a 1-D square wave potential 
Using the Kronig-Penney model, the plane wave method, and tight 
binding.

Draw the missing Fermi surfaces

Use the tight-binding model to calculate a dispersion relation. 

Expand the table of tight binding solutions and 
plane wave method solutions



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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Continuity
equation

Fick's law

Diffusion constant



Ballistic transport
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electrons in an electric field follow a parabola.

electrons in a magnetic field move in a spiral 

electrons crossed electric and magnetic fields spiral 
along the direction perpendicular to the electric and 
magnetic fields
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Vacuum diodes 

diode



Diffusive transport

<v0> = 0 <t - t0> = tsc < average time between scattering events

* *
sc

d
F

eE eE
v

m m v

t 
 

 


 dv E 


drift velocity:

* * dv
F eE m a m

dt
   

  

0 0*
( )

eE
v v t t

m
  


 

t0

t+t0v0

v

time between two collisions

t

v - v0

t0
tsc

 =dj nev ne E E   
  Ohm's law:


