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- Low loss power transmission lines 

- Turbines and generators 

- Maglev trains 

- Magnetic resonance imaging (MRI) 

- Tokamaks (for nuclear fusion)  

- Bolometers (for particle detection in astronomy and cosmology) 

- Particle accelerators/LHC (as beam-steering and focusing magnets) 

- The basis of the most sensitive magnetometers (SQUIDs) 

- The basis of Q-bits for quantum computation 

- The basis of the VOLT standard 

- … 

Applications?

Main current limitation: SC only at very low temperatures!

Great impact on numerous areas: 

- Power production/storage/distribution 
- Transport 
- Medicine 
- Scientific instrumentation 
- New quantum technologies 
- …                 
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Elemental Materials and Alloys
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- Conventional Superconductivity 
- Well described by BCS theory. Phonon mediated.
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1935: London Theory 
1950: Ginzburg-Landau Theory 
1957: BCS Theory
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- Strong correlations. Unconventional SC. Non-phonon mediated. 
- Neighbouring magnetism?
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- Complex phase diagram. Unconventional SC. Non-phonon mediated.
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R. H. Zadik, Science Advances (2015)
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- SC in organic/molecular solids 
- Very sensitive materials. Conventional superconductors

http://esperia.iesl.forth.gr/~lappas/A3C60c.jpg
https://www.researchgate.net/journal/2375-2548_Science_Advances
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Fe-based SC
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- Many orbitals and Fermi surfaces contribute to SC
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- Recent discoveries. Very clean materials!

TBLG
2018



Evolution of the critical temperature:

Image credit: Wikipedia (By PJRay - Own work, CC BY-SA 4.0)

TBLG

(2018)

Elemental Materials and Alloys

Cuprates

Fe-based

Heavy Fermions

Carbon-based

Fullerides

Lowest 
temperature 
recorded on 

Earth



SC was not predicted: it was discovered.



Some more historical remarks:
1911: Kamerlingh Onnes observed zero resistance of Hg below 4K 
1933: Meissner and Ochsenfeld observed the phenomena of flux expulsion 
1935: London Theory (Phenomenological) 
1950: Ginzburg-Landau Theory (Phenomenological) 
1957: BCS Theory (Microscopic)

46 years Still some debate on the microscopic mechanism  
for pairing for unconventional SC





Outline

What are superconductors? 
What are their defining properties? 
Are superconductors simply perfect conductors? 
How can we describe them? London Theory

Ginzburg-Landau Theory 
Macroscopic quantum coherence 
Josephson effect

Josephson junctions 
SQUIDS 
Superconducting Q-bits



https://www.youtube.com/watch?v=2pB87H3_F_c&t=2s



https://www.youtube.com/watch?v=PqSgmCg1kew&t=1s



Back to the start…



How do metals behave at low T?

Ion

Electron

Naive early 1900’s picture:

Low THigh T

Q: What happens to the resistance of 
metals at low temperatures?

Kamerlingh Onnes
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Q: How do metals behave at low T?



Temperature (K)

Re
si

st
an

ce
(Ω

)

Kamerlingh Onnes (1911)



Let’s first describe metals…



Q: Are Superconductors simply perfect conductors?



London Equations



Some references:

C. P. Poole, Superconductivity, Chapters 1, 2 (Intro) and 5 (GL), 6 (*BCS), 13.7 onwards (JJ) 

R. Feynman, Lecture Notes on Physics, Lecture 21: A Seminar on Superconductivity 

C. Kittel, Introduction to Solid State Physics, Chapter 12 (SC) 

N. W. Aschcroft and N. D. Mermin, Solid State Physics, Chapters 1 (Drude), 34 (SC) 

Lecture videos: 

S. Kivelson: Superconductivity and Quantum Mechanics at the Macro-Scale  
(https://www.youtube.com/watch?v=Yx666k2XH8E) 

A. J. Millis: Microscopic Theory of SC (first X minutes) 
(https://boulderschool.yale.edu/2014/boulder-school-2014-lecture-notes)

https://www.youtube.com/watch?v=Yx666k2XH8E
https://boulderschool.yale.edu/2014/boulder-school-2014-lecture-notes

