


Levitating magnetic bar on a superconducting bed



A Brief Overview on 
the BCS Theory of Superconductivity

• The basic phenomena
• Cooper pairs
• Origin of the attractive interaction
• The BCS ground state and the superconducting gap
• Thermodynamic properties
• Tunneling 
• Penetration depth
• Josephson effects



Zero resistivity





Perfect conductor vs. Superconductor



; Ohm’s law

Conductor

; London equation

Superconductor



Meissner effect
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Critical Magnetic Field Hc(T)



Heat Capacity of Normal and Superconducting Al



Cooper Pairs
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• Macroscopic quantum state
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• Boson vs. Fermion
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• Coherent state:  semi-classical quantum state



Origin of Pairing  -- electron-phonon interactions
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Pairing Potential  --- Energy Gap 
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- Isotope effect:  ωo~1/M1/2



Quasi-particle Density-of-States



Temperature dependence of the energy gap



Thermodynamic quantities



Tunneling properties



Tunneling Spectroscopy



Transition probabilities and coherence effects

• case I: scalar potential  (ultrasonic attenuation)
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• case II: electromagnetic ~p·A (nuclear magnetic relaxation)
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Electromagnetic Absorption
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London equation



Meissner Effect



London Penetration depth and Coherence length



Temperature dependence of penetration depth



Surface Energy



Type-II Superconductor  --- negative surface energy



Magnetization Curves  --- type-I vs. type-II superconductors



Vortex States  --- Flux quantization
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• Macroscopic quantum state



Along the path deep inside the superconductor: 
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Magnetic flux quantum:



Josephson Effect
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• Macroscopic quantum state





SQUID (Superconducting Quantum Interferometer Device)





High Tc Superconductors
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