
Lecture 18 

Superconductivity 
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Superconductivity 

 

 Perfect diamagnetism 

 Perfect conductivity  
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What we will learn 
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 Diamagnetic character 

 Microscopic origin (Cooper pair, BCS) 

 Macroscopically coherent quantum state 
(BEC) 

 Current density and wave function 

 Different types of superconductors 

 Flux quantization 
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Diamagnetism?? 

Anti-parallel! 



Meissner Effect (perfect diamagnet) 
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http://www.fys.uio.no/super/levitation/ 
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Understanding of Superconductivity 

2/24/2012 Phys-102, G.-H. (Sam) Gweon, H.-S. Lee Class 7 

1900 1920 1940 1960 1980 2000
0

20

40

60

80

100

120

140

160

180

Year of Discovery 

T
ra

n
si

ti
o
n

 T
em

p
er

a
tu

re
 (

K
)  

Nb
3
GeNb

3
Sn

NbNNbPbHg

1950    Isotope effect Tc~M
-a   (a~1/2)  

1957    BCS Theory 
   (Bardeen, Cooper, Schrieffer) 

BCS Theory 

1962    Tunneling experiments 



BCS theory 
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PHONON MEDIATED PAIRING 
(phonon = lattice vibration) 

Pairs of electrons: Cooper pairs 

Tc~wph exp(-1/l)~M-1/2 

El-ph coupling constant: l 

Superconducting gap: D 

e-ph wins e-e at low freq. (Slow Wins!) 

M 



How many electrons participate? 

 Not all electrons can participate in 

Cooper pairing. 

 In quantum mechanical view, the 

interaction described in the previous slide 

is described as two electrons exchanging 

a phonon (lattice vibration quantum). 

2/24/2012 Phys-102, G.-H. (Sam) Gweon, H.-S. Lee Class 9 



How many electrons participate? 
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Superconductivity – Dance of Electron Pairs 

Phys. Today, March ‘04 

Origin of SC = PAIRS dancing to the SAME tune 
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Superconducting Order Parameter 

(Ginzburg-Landau; Gorkov) 

 Can be viewed as the “wave function” of 

the condensate (i.e. ALL electron pairs) 

 All electron pairs (Cooper pairs) have 

the same wave function, in particular the 

same phase  (like photons in laser) 
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What does it really mean that all 

pairs have the same wave function? 

 Identical particles 

◦ All electrons (fermions) are indistinguishable in 

quantum mechanics. 

◦ All electron pairs – Cooper pairs – (bosons) 

are indistinguishable in quantum mechanics. 

 When identical bosons “condense”, we got 

a Bose-Einstein condensation.  Superfluid 

(no charge), Superconductor (charge) 
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A quantum state with macroscopic coherence 



What does it really mean that all 

pairs have the same wave function? 

 All bosons in the same wave functions. 

 A crude analogy is the vibrations in a guitar string 
or an ocean wave or any similar wave phenomenon.  
(Although such systems are not quite clean enough.  
Laser is a much better analogy.) 

 A large amplitude in a wave means many 
quanta of vibrations – many bosons! 

 Can we distinguish one vibration quantum from 
another when a guitar string vibrates?  No.  Such a 
state must be viewed as collective. 

 Except that in superconductors, these 
indistinguishable bosons are “tangible stuff” 
electron pairs – so, it is mind-boggling… 
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A quantum state with macroscopic coherence (all = one) 



So How does it work? 

2/24/2012 Phys-102, G.-H. (Sam) Gweon, H.-S. Lee Class 15 

London Equation 

cgs unit Meissner Effect 

Infinite Conductivity 

Cooper Pair 

Hamiltonian in presence of A 



Two Length Scales and two types of SC 
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Two Length Scales and two types of SC 
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Type II 

Type I 



Two types of SC 
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Flux quantization 



2/24/2012 Phys-102, G.-H. (Sam) Gweon, H.-S. Lee Class 19 



Flux quantization 


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