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The zero resistance transition of Hg measured in 1911 by Kamerlingh Onnes.

Heike Kamerlingh Onnes (right), the discoverer of superconductivity.
Paul Ehrenfest, Hendrik Lorentz, Niels Bohr stand to his left.

https://en.wikipedia.org/wiki/Paul_Ehrenfest
https://en.wikipedia.org/wiki/Hendrik_Lorentz
https://en.wikipedia.org/wiki/Niels_Bohr
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Look at the History of the “History of Superconductivity” ….
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http://en.wikipedia.org/wiki/Superconductivity
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http://en.wikipedia.org/wiki/Superconductivity
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http://en.wikipedia.org/wiki/Superconductivity
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Nature 525, 73–76 (03 September 2015) doi:10.1038/nature14964

Zero Resistance
Meissner Screening

Theory!



https://doi.org/10.1038/s41586-020-2801-z

https://www.chemistryworld.com/news/room-temperature-superconductivity-finally-claimed-by-mystery-material/4012591.article

the extremely narrow widths of the 
transitions in the absence of a 
magnetic field, and the fact that the 
widths do not change with the 
applied magnetic field, suggest that 
the observed phenomena are not 
associated with superconductivity.  
J. Hirsch and F. Marsiglio, Nature, 
596, pp. E9–E10 (2021)

https://doi.org/10.1038/s41586-020-2801-z
https://www.chemistryworld.com/news/room-temperature-superconductivity-finally-claimed-by-mystery-material/4012591.article
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Macroscopic Quantum Effects
Superconductor is described by a single-valued

Macroscopic Quantum Wavefunction
θieΨ=Ψ

Consequence:

Magnetic flux is quantized in units of Φ0 = h/2e (= 2.07 x 10-15 Tm2)

Flux 

I superconductor

Example of Flux Quantization

50 µm

One flux quantum in this loop requires a field
of B = Φ0/Area = 1 µT

Earth’s magnetic field Bearth ~ 50 µT

B


Superconducting
Ring

Φ = n Φ0,      n = integer
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Gauge-invariant phase difference
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Macroscopic Quantum Effects 
Continued

Josephson Effects (Tunneling of Cooper Pairs)

Circuit representation of a JJ
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The Thermodynamics 
of Superconductors



Low Temperature Specific Heat of Aluminum

Ashcroft and Mermin, p. 734



http://en.wikipedia.org/wiki/Superconductivity

http://en.wikipedia.org/wiki/Superconductivity


Ashcroft and Mermin, p. 747

The ‘Universal’ Heat
Capacity Jump at Tc

The prediction holds for
weak-coupled SCs



Electronic Entropy of Normal Metal and Superconductor

C. Kittel, Solid Introduction to State Physics, 5th Edition, page 364.

Obtain S from integrating CV over T



Free Energy of Normal Metal and Superconductor

C. Kittel, Solid Introduction to State Physics, 5th Edition, page 364.



The Limits 
of Superconductivity
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What are the Limits of Superconductivity?
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