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Superconductivity
Lecture 8
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Josephson effect (1)

• Josephson equations
• RCSJ model
• Current-voltage characteristics
• Mechanical analog
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Superconducting weak links
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Josephson effect

“Almost self-evident” relations:

(1) If the current through the junction is  zero, then 

(2) Since a variation of the phase of one of the 
electrodes by       does not change anything physically, it is 
evident that  

(3) Changing the sign of the current cause 

(4) The last relation, , is somewhat less 
obvious.

Brian Josephson

Nobel Prize 1973
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Derivation of Josephson equations (1)
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Derivation of Josephson equations (2)
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Non-zero voltage state
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RSCJ model

RSCJ = Resistively-capasitively shunted junction

Since                               we get

In dimensionless units

we have finally

where                                    is the McCumber parameter.
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Josephson plasma frequency

The dimensionless time    is defined 
through the Josephson plasma frequency

This frequency determines the characteristic 
time scale of the dynamical processes in the 
junction.  

A Josephson tunnel junction can be viewed as 
a nonlinear oscillator placed in a lossy medium. 

The characteristic “quality factor” of the 
oscillator is
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Mechanical analog of a Josephson junction: 
driven underdamped pendulum
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Mapping between Josephson junction and
mechanical pendulum
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Current-voltage characteristics
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Effect of damping

underdamped
(large R and C)

overdamped
(small R and C)
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Irradiation my microwaves

Voltage bias:

Integrating the 2nd Josephson equation:

Expressing                       in terms of Bessel functions             
we get

A time-independent contribution to the current
occurs at

Shapiro
steps

Current steps:
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Effect of magnetic field

The size of the region penetrated by the current and the magnetic field is
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Integration contour inside a Josephson junction

Remind the canonical momentum of a Cooper pair

Let us perform integration along the contour C. We obtain
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Ferrell-Prange equation

where        is the magnetic flux enclosed in C.

,  where

According to the Maxwell‘s equation                  and Josephson equation

where                                  is the Josephson length.

(Josephson penetration depth)
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Long junction in weak magnetic field

Let us assume first


