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Introduction and overview

Superconductor applications

Normal metals and properties of the normal conducting state

Perfect conductor, ideal diamagnetism, two-fluid model, London theory

Disordered superconductors, Pippard theory, microwave properties

BCS theory

Ginzburg-Landau theory

Type-I superconductors

Type-II superconductors

Type-II superconductors

Current transport, ac-losses, thermal aspects

Current transport, ac-losses, thermal aspects

Josephson junctions

SQUIDs
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Reminder: BCS theory
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Reminder: Macroscopic wave function
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Reminder: One-particle representation of DoS
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Tunnel junctions
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Reminder: SIS tunneling

8



Lecture 13: Josephson junctions IMS, ITEPSoSe 2021

Josephson tunnel junctions
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Cooper pair tunneling
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Thick and thin insulation layers
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Josephson equations
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Josephson equations
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Dc-Josephson effect
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Ac-Josephson effect
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Lumped Josephson junctions
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Josephson coupling energy
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Josephson inductance
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Extended (short) Josephson junctions
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Extended (short) Josephson junctions
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Current density distribution in a short JJ
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Fraunhofer diffraction pattern
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Voltage state of Josephson junctions
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Equivalent circuit model
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Basic junction equation
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RCSJ model
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IV-characteristics of over- and underdamped JJs
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Current-voltage characteristics
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Current-voltage characteristics

29

voltage V / mV

cu
rr

en
t I

 / 
µA



Lecture 13: Josephson junctions IMS, ITEPSoSe 2021

Response to driving sources
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Response to a dc current source
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Response to a dc current source
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Dc current biased overdamped JJ
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Dc current biased underdamped JJ
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Dc current biased JJ with intermediate damping
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Dc current biased JJ with intermediate damping
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Shunting of Josephson junctions
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