
 
 

 
 

Lectures 19-20 
 
 
 

Impurities in metals – screening. 
 

Friedel oscillations in metal. 
 

Friedel oscillations in quantum wires; 
the effect of electron-electron interaction 

on the impurity scattering in a wire.



Impurity scattering 
 
 
 

violates   
translational  

invariance 
 
 
 
 
 
 
 
 
 
 

 
 

Impurity scattering may transfer the momentum taken from the 
electrons accelerated by an electric field to the lattice into which they 

are incorporated. 
 
 

Quantum mechanics: Born approximation for the impurity scattering: 
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Models for impurity scattering 
 
 
 
 
 
 
 
 

________________________________________________________ 
 
 

         δ - scatterer 
 

 
 
 

results in the isotropic scattering (independent of the angle θ ) 
 
 

 
 
 
 
 
 
 

_________________________________________________________ 
 

For an  
arbitrary  
scatterer 
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      underlying 
Coulomb impurity,       
 

(excessively charged ions: ‘donors’ and ‘acceptors’) 
χ  is the dielectric constant of the medium. 

 
Actual scattering potential          is formed both by the charge of 
the ion and by the cloud of electrons attracted to that ion.  
 
 

Tomas-Fermi screening in the random phase aproximation 
 
 
 
 
 
Screening cloud is formed as the equilibrium re-distribution of 
electron density: 
 

 
 
 
 
 
 
 
 
 
 
 

             __________________ 
 

 
Self-consistency equation for the screened impurity potential: 
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Analysis in the bulk (3D) of a metal using the Fourier transform 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

To remind: q is the momentum transfer from electron (to the entire 
crystal – via impurity) in the scattering process, so that  

 
 
 
 

 
For not very high densities,  
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Potential of a Coulomb impurity (charged ion) in 

a metal or a heavily doped semiconductor 
can be approximated by a δ - function 

 
 
 
 
 
 
 
 
 

 
 

Friedel oscillations of screening electron density 
 

 
Electrons involved into screening 
are standing waves with zeros at the 
position of impurity. 
 
 
Therefore, the electron density around impurity slightly oscillates 
(as the function of the distance to it) with the wave number Fk2 , so 
that the screened potential oscillates, too: 
 
 
 

 
 

  d - dimensionality 
(1,2, or 3) 

  
‘Fermi liquid interaction constant’ 
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Friedel oscillations in a 1D wire 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

x
xkk

x
kxk

kxdkkxdkxn

FF
k

F

kk

screening

F

FF

ππππ

ππ

8
2sin

48
2sin

4

]2cos1[
2

sin
2

)(

0

2
1

0

2

0

−=−=

−== ∫∫

kxx sin~)(ψ

)()( xuxu δ≈

0)0( =ψ

ψψ
m
k

x 2

22
22 h

h =∂−

x
xkxn F

Friedel π
δ

8
2sin)( −=



 
 
 
 
 
 
 
 
 
 

Bragg scattering off  
a periodic potential 
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Renormalisation of the transmission probability 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In an infinite wire, linear conductance at zero 
temperature vanishes in the presence of even one 

single defect 
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Non-linear I(V) characteristics 
 
 
 
 
 
 
 
 
 
 
 
 
 
Carbon nanotube – another type of 1D electron 
system 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Yao et al, 1999 
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