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Discovery of Superconductivity
An infinitely high electrical conductivity is unthinkable because (1) a crystal 

without a certain degree of disorder is inconceivable according to the 

second law of thermodynamics, and (2) even in the absence of phonon and 

defect scattering, electron-electron scattering will still cause resistance. 

However, in the year 1911, Kamerlingh Onnes discovered that the electrical 

resistance of mercury (Hg) approaches an unmeasurably small value when 

it is cooled below 4.2 K. This phenomenon is called superconductivity.

Dark shaded elements are superconducting 
only under a high pressure 



Magnetic Responses 

Vanishing resistance implies that the magnetic flux B S through the closed 

loop may not alter after cooling and after switching off the external field Bext. 



Because of the Meissner-Ochsenfeld effect, the magnetic state of a super- 

conductor can be described as ideal diamagnetism. Persistent surface 

currents maintain a magnetization M = ҍHext in the interior, and this 

magnetization is exactly opposite to the applied magnetic field Hext. 

Meissner-Ochsenfeld Effect

If the magnetic field strength Hext is 

further increased, then at a critical field 

strength Hc it is energetically more 

favorable for the material to convert to 

the normally conducting phase, in 

which the magnetic field penetrates 

the material. The phase boundary 

between superconducting and normally 

conducting states corresponds to the 

critical magnetic field Hc (T). 
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The transition of a metal from its normal state to a superconducting state 

has nothing to do with a change of crystallographic structure. What actually 

occurs in the transition is a thermodynamic change of state, or phase 

transition, which is clearly manifest in other physical quantities. The specific 

heat as a function of temperature, for example, changes discontinuously at 

the transition temperature Tc . The specific heat cn of a normally conducting 

metal is composed of a lattice-dynamical part cnl and an electronic part cne as

Change on Specific Heat 

At the transition to the superconducting state 

the lattice dynamical part cnl remains 

constant and the electronic part ces must be 

replaced by a component which decreases 

exponentially, so for T < Tc 

ces = ‎TS e-A/kT

ces 



The energy gap of superconductors is of entirely different origin and nature 

than the energy gap of insulators. In an insulator the energy gap is caused 

by the electron-lattice interaction. This interaction ties the electrons to the 

lattice. In a superconductor the important interaction is the electron-

electron interaction which orders the electrons in k space with respect to 

the Fermi gas of electrons. The energy gap decreases continuously to zero 

as the temperature is increased to the transition temperature Tc, indicating 

a second-order phase transition. 

Superconducting Energy Gap  



It has been observed that the critical temperature of superconductors varies 

with isotopic mass. In mercury Tc varies from 4.185 K to 4.146 K as the 

average atomic mass M varies from 199.5 to 203.4 atomic mass units. The 

transition temperature changes smoothly when we mix different isotopes of 

the same element. The experimental results within each series of isotopes 

may be fitted by a relation of the form M Thc = constant. From the dependence 

of Tc on the isotopic mass we learn that lattice vibrations and hence electron-

lattice interactions are deeply involved in superconductivity. The original BCS 

model gave the result Tc  θ—Debye  θ  M-1/2, so that  h= ½, but the inclusion of 

coulomb interactions between the electrons changes the relation. 

Isotope Effect


