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PHY 712 Electrodynamics
10-10:50 AM  MWF  Olin 107

Plan for Lecture 32:

Special Topics in Electrodynamics:

Electromagnetic aspects of 
superconductivity -- continued

04/14/2014 PHY 712  Spring 2014 -- Lecture 32

204/14/2014 PHY 712  Spring 2014 -- Lecture 32

04/14/2014 PHY 712  Spring 2014 -- Lecture 32 3



4/16/2014

2

04/14/2014 PHY 712  Spring 2014 -- Lecture 32 4

04/14/2014 PHY 712  Spring 2014 -- Lecture 32 5

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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Magnetization field (for “type I” superconductor)

H

B

HC
-4M

HC
GS-GN

HC

H

H

04/14/2014 PHY 712  Spring 2014 -- Lecture 32 8

Examples of type I superconductors
http://hyperphysics.phy-astr.gsu.edu/hbase/tables/supcon.html#c1
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Josephson junction  -- tunneling current between two 
superconductors
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Josephson junction  -- continued
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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

Li
L

i
R R

R

R

L

L
L L

e
e

i E

i

t

t







  

  


   











 R R LE   

04/14/2014 PHY 712  Spring 2014 -- Lecture 32 14

Josephson junction  -- continued
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Solving for wavefunctions
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Josephson junction  -- continued
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Relationship between superconductor currents     and 
and tunneling current.    Within the superconductor, denote the 
generalize current operator acting on pair wavefunction 
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Josephson junction  -- continued
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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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Integrating current density throughout width  of superconductors
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Integrating the difference of the phase angles along
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