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PHY 712 Electrodynamics
9-9:50 AM  MWF  Olin 105

Plan for Lecture 32:

Special Topics in Electrodynamics:

Electromagnetic aspects of 
superconductivity
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Special topic:   Electromagnetic properties of superconductors

Ref:D. Teplitz, editor, Electromagnetism – paths to research,
Plenum Press (1982); Chapter 1 written by Brian Schwartz 

and Sonia Frota-Pessoa

History:
1908  H. Kamerlingh Onnes successfully liquified He
1911   H. Kamerlingh Onnes discovered that Hg at 4.2 K 
has vanishing resistance
1957 Theory of superconductivity by Bardeen, Cooper, 
and Schrieffer
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https://phy.duke.edu/about/history/historical-faculty/fritz-london

Fritz London 1900-1954
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Some phenomenological theories < 1957  thanks to F. London
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Drude model of conductivity in "normal" material
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London model of conductivity in superconducting materials;   

               

From Maxwell's equations:
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Note:  Equations 
are in cgs
Gaussian units.
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Some phenomenological theories < 1957
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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:

1
      for  

L
L

L

d d ne
ne

dt dt m

t t ne

mc

c

t


 



  
     

  
    

  

 



B

B

J v E

B

/

/

( , )
ˆ :

( , ) (0, )

( , ) (0, )London leap:     

L

L

z

xz z

x
z z

B x t

t t

B x t B t
e

t t

B x t B t e












 

 
 

 


z

2
x/2

2

Consistent results for current densit

       ( )      ( ) B (0)e    

y:

4 1
ˆ L

y y L z
L

J J
c

ne
x x

mc
 


       B JBJ y

04/12/2019 PHY 712  Spring 2019 -- Lecture 32 8

London model – continued
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Vector potential for 

 

Penetration length for superconductor:    
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Behavior of superconducting material – exclusion of 
magnetic field according to the London model
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Behavior of magnetic field lines near superconductor

normal
state:

superconducting 
state:
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Need to consider phase equilibria between “normal” and 
superconducting state as a function of temperature and 
applied magnetic fields.
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Magnetization field
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Gibbs free energy associated with magnetization for superconductor:
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Treating London current in terms of corresponding magnetization field :
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Magnetization field (for “type I” superconductor)
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Temperature dependence of critical field
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Type I elemental superconductors
http://wuphys.wustl.edu/~jss/NewPeriodicTable.pdf
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Type I superconductors:
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Type II superconductors
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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
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Suppose a superconducting material has a 
cylindrical void.  Evaluate the integral of the current 
in a closed path within the superconductor 
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Crystal structure of one of the high temperature 
superconductors
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Some details of  single vortex in type II superconductor
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vortices  in YBCO at 22 K


