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Superconductivity 
Basic properties 



Perfect conductor 
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Transition has finite width  material purity 
In zero field, ideally sharp transition versus T 

BaLa4Cu5O13 

BaFe1.29Ru0.71As2 
 



𝜌 < 5 × 10−22 Ω 𝑐𝑚 

Nb-25%Zr alloy 
NMR detection of field 

Pb-Tl alloy 
SQUID detection of field 



Perfect diamagnet 

Walter Meissner Robert Ochsenfeld 

TYPE I 



Meissner effect 



Critical field (type I) 

Stout&Guttman, Phys.Rev. 88, 704 (1952) 

Building up magnetization costs E 
When E >= Econdensate: phase transition 
 
Indium 
 Tc = 3.4 K 
 Hc = 284 gauss 



Magnetic field dependence 

𝐻𝑐 𝑇 = 𝐻𝑐 0 1 −
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Empirical relation 

Typical value < 0.3 T 
Not good for applications 



Critical current 

Jc of FST films on (a) a YSZ substrate with a CeO2 buffer layer and (b) a 
RABiTS substrate at various temperatures with magnetic field parallel 
(solid symbols) and perpendicular (open symbols) to the ab plane 
(tape surface). The self-field Jc of both films are above 1 MA cm−2 at 
4.2 K. Under 30 T of magnetic fields, both films still carry Jc around 1 × 
105 A cm−2. 
 
Si et al., Nat. Comm. 4, 1347 (2013). 

Silsbee rule (1916): 
 𝐼𝑐 = 2𝜋𝑅 𝐻𝑐 

Ring, radius R. Field 𝐼/2𝜋𝑅 





45 T Hybrid magnet 
Resistive: 33.5 T 
SC coil: 11.5 T 

Kurth et al., APL 106, 072102 (2015) 



Type I & II superconductors 

Magnetization M 

Magnetic induction B 



Type II superconductors 

TYPE I 

TYPE II 
(shubnikov phase) 



Flux lines, Abrikosov lattice 

Lattice: 1-100 nm 


