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

Plan for Lecture 33:

Special Topics in Electrodynamics:

1. Electromagnetic aspects of 
superconductivity – continued

2. Review – reflection and refraction
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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
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Josephson junction  -- continued
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Solving for wavefunctions

1
2

1
2

R L

R L

L
L L L L

iL

R L
R

R R

R

R i
R

t
ii E e

ii E e

t

t t

 

 

 

 





  
   

 

  
   

 

   

   




2 20 0

2 ( ) sin

cos

cos

R

R

R R L

L L R LR L R

L
L R LR

L L R
LR

L

LR
R

n n n n
t t

n
t n

n

n n

E

E
t n

  

 

  

  

  

   

 

  

 
 







 










04/21/2014 PHY 712  Spring 2014 -- Lecture 33 8

Josephson junction  -- continued
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If    =     and in absense of magnetic field, ( )

n si

)

n

(0

L
T L R LR T LR

L L
R L

RR LR

eJ J

En

ne n

n t

n
t

E t

  

 

 







 

 





x

L R

JL JR

JT

0

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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Josephson junction  -- continued

x

L R

JL JR

JT

0Tunneling current:   sinTT LRJ J 

0
0

Integrating the difference of the phase angles alon  
)

:
2(

g

LR LR L y
y

B d   

04/21/2014 PHY 712  Spring 2014 -- Lecture 33 11

Josephson junction  -- continued
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Josephson junction  -- continued

IT
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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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Review of reflection and refraction  
Consider the normal incidence case; 3 media 
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Review of reflection and refraction -- continued 
Consider the normal incidence case; 3 media 
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Review of reflection and refraction -- continued 
Consider the normal incidence case; 3 media 
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Review of reflection and refraction -- continued 
Consider the normal incidence case; 3 media 
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Review of reflection and refraction -- continued 
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