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Summary of penetration depth and coherence length 
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Material 
Coherence 

length 
ξ0(nm) 

London penetration 
depth 
λL(nm) 

Ratio 
λL/ξ0 

Sn 230 34 0.16 

Al 1600 16 0.010 

Pb 83 37 0.45 

Cd 760 110 0.14 

Nb 38 39 1.02 



10th  lecture week: Electron Phonon Interaction         2 
 
Type-I and Type II Superconductors    
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Abrikosov Vortices   
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Electron-Phonon Interactions 
 

 
k

kkel kH





,
,

†
,

ˆˆ)(ˆ


  

 
 
 

 
 

 
Electron density couples to displacement field 
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Fourier expansion of the electron density 
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Fourier expansion of the displacement field 
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Electron-Phonon coupling for one band and one mode 
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Perturbation Theory: Derivation via Schrieffer-Wolff Transformation  
 
General:  10 ˆˆˆ HHH     
 

Assume we have a few “intereresting” states 0
0

0
0ˆ  H and the “rest” 0

0
0

0ˆ  H  
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Goal:  effective decoupling 
 
Find a transformation with an operator Ŝ  (or order  ) so that the two sectors decouple 
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Decoupling condition:  
 

  ]ˆ,ˆ[ˆ~0 0
1 SHHH   

 
 
 
 
 
 
 
 
Effective Hamiltonian in decoupled sector:  
 

H~  
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Phonon decoupling  
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Determine S 
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Effective electron-electron interaction 
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