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Theory of Superconductivity: Three Milestones 

• A two-fluid model (Fritz and Heinz London, 1935) 

• A phenomenological ‘quantum’ theory based on Landau’s previously-established 

theory of second-order phase transitions (Vitaly Ginzburg and Lev Landau, 1950) 

• A quantum BCS theory which describes superconductivity as a microscopic effect 

caused by a condensation of Cooper pairs into a boson-like state (John Bardeen, 

Leon Cooper, and John Schrieffer, 1957)  



Theory of Superconductivity: Two-Fluid Theory 

London F., London, H. (1935). "The Electromagnetic Equations of the Supraconductor".  

Proceedings of the Royal Society A: Mathematical, Physical and Engineering Sciences. 149 (866) 71.  



Theory of Superconductivity: Two-Fluid Theory 

The normal fluid is dissipative  

The superfluid obeys the classical Newton’s law of motion  
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[a,[b,c]]=b(a,c)−c(a,b) 
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The Newton’s law  

 S

d
E j

dt
  2en

m

s












en

j

dt

d
meE

s

S sv
dt

d
mF 

sss evnj 

dt

dj

m

Een Ss 
2

dt

dj

m

Een Ss 



 2 2

s Sn e dB dj

mc dt dt
   

2

0s
S

d n e
j B

dt mc

 
    

 

2

s
S

n e
j B

mc
   

Faraday's law of induction  1
rot

dB
E

c dt
 



Theory of Superconductivity: Two-Fluid Theory 

 Sj
dt

d
E  2en

m

s



2

s
S

n e
j B

mc
   

4
B j

c


  

4
B j

c


     

 
2

2

2

4 sn e
B B B

mc


     

2
2

2

4 sn e
B B

mc


 

Ampère's circuital law 

equals zero 

2

24 s

mc

n e
 


L

London penetration depth.  
The magnetic field can only penetrate  

up to a distance on the order of λL  

inside the superconductor. 

Gauss's law for magnetism 
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Theory of Superconductivity: Ginzburg-Landau Theory 

Macroscopic Quantum Effects 

Flux F 

Flux quantization F = nF0 

The basic idea behind Ginzburg-Landau 

theory was to write the free energy as a 

simple functional of the order parameter(s) of 

a thermodynamic system and their 

derivatives. 

The superconducting order parameter         is a complex 

scalar. 
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• Without magnetic field  

• The order parameter  

 

• nS is the density of Cooper pairs 

• Expansion of f in powers of  

•   

•  > 0,   (T) 

 

 

 Free energy of a superconductor 
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With magnetic field  



Task 1: Ginzburg-Landau Theory 
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Theory of Superconductivity: BCS Theory 

e
- 

e
- 

Phonon 

Cooper pair 

Current density 

Temperature 

Magnetic field 

E 
Quasiparticles 

Cooper Pairs 0 

Energy 

Gap 



Theory of Superconductivity: BCS Theory 



Theory of Superconductivity: BCS Theory 


