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Superconductivity 
Main properties 

• Macroscopic quantum phenomenon  
 

• Vanishing resistance  Kamerlingh Onnes 
• Perfect diamagnet  Meissner-Ochsenfeld effect 

• Type I and type II superconductors 
• 2nd order phase transition  Thermodynamics (Heat cap.) 
• Electronically gapped state  Tunneling spectroscopy, optics 
• Isotope effect: Role of phonons?  Isotope experiments 
• Unit of charge ‘responsible particle’ is 2e  Flux quantization 



Second order phase transition 
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Since less entropy: SC state more ordered !! 

 

What orders ???  ΔS ~ 10–4 kB per atom 

→ only 10–4 e’s participate in transition. 
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Heat capacity 
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For H=0 Entropy continuous at Tc 
               Jump in specific heat 

 Second order phase transition 

Low temperature:  
Activated behaviour  Excitation gap 

N.E. Phillips, Phys.Rev. 1964 



Type II specific heat 

(a) Low-temperature specific-heat behavior of Ni0.05ZrTe3 plotted 

as Cp/T vs. T at H = 0, 1 and 50 kOe. The solid line is a fit described in the text. 

Inset: temperature dependence of Cp(T) from 1.95 K to 300 K at H = 0 kOe. (b) 

Temperature dependence of the electronic specific heat plotted 

as Ces/T vs. T at H = 0 kOe. The solid line shows fitted result of Ces/T assuming 
an isotropic s-wave BCS gap. [Lei et al., EPL 2011] 



Superconducting gap 
Tunneling (Giaever et al., 1961) 



Superconducting gap 

Optics (Hwang et al., 2007) 



Isotope effect 



Flux quantization 


