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PHY 712 Electrodynamics
9-9:50 AM  MWF  Olin 103

Plan for Lecture 34:

Special Topics in Electrodynamics:

Electromagnetic aspects of 
superconductivity

 London equations

 Tunneling between two 
superconductors
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London model of superconducting state
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Recall Drude model of conductivity in "normal" materials
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Suppose London model of conductivity in superconducting materials

               

From Maxwell's equations:
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London model, continued
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London model of conductivity in superconducting materials

From Maxwell's equations:
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London model – continued
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London model of conductivity in superconducting materials
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For slowly varying solution:
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Consistent results for current densit
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Behavior of superconducting material – exclusion of 
magnetic field according to the London model
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Magnetization field
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Gibbs free energy associated with magnetization for normal conductor:
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Condition at phase boundary between normal and superconducting states:
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(At T=0K)
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Magnetization field (for “type I” superconductor at T=0K)
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Temperature dependence of critical field
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        From PR 108, 1175 (1957)

Bardeen, Cooper, and 
Schrieffer, “Theory of 
Superconductivity”
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Type I elemental superconductors
http://wuphys.wustl.edu/~jss/NewPeriodicTable.pdf
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Quantization of current flux associated with the superconducting 
state  (Ref:   Ashcroft and Mermin, Solid State Physics)
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Quantization of current flux associated with the superconducting 
state  -- continued

dl

Suppose a superconducting material has a 
cylindrical void.  Evaluate the integral of the current 
in a closed path within the superconductor 
containing the void. 
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Such “vortex” fields can exist within type II superconductors.
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Josephson junction  -- tunneling current between two 
superconductors    (Ref. Teplitz, Electromagnetism (1982))
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Josephson junction  -- continued

Bz

Supercon left Supercon rightJunction

d

( /2)/
0

0

( /2)/
0

/ 2

( ) / 2 / 2

/ 2

L

L

x d

z

x d

B e x d

x B d x d

B e x d

B

l

l



 

  


   
 

04/20/2015 PHY 712  Spring 2015 -- Lecture 34 15

Josephson junction  -- continued
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Josephson junction  -- continued
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Quantum mechanical model of tunnelling current

Let    denote a wavefunction for a Cooper pair on left

Let   denote a wavefunction for a Cooper pair on rightR
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Josephson junction  -- continued
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Josephson junction  -- continued
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and tunneling current.    Within the superconductor, denote the 
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Josephson junction  -- continued
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Tunneling current:   

Need to evaluate    in presence of magnetic field
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Josephson junction  -- continued
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Josephson junction  -- continued
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Tunneling current density:   

Integrating current density throughout width  of superconductors
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Josephson junction  -- continued
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Note:   This very sensitive “SQUID” technology has been used 
in scanning probe techniques.    See for example, J. R. Kirtley, 
Rep. Prog. Physics 73, 126501 (2010).

SQUID =superconducting 
quantum interference device
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Scanning SQIUD microscopy
Ref. J. R. Kirtley, Rep. Prog. Phys. 73 126501 (2010)
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