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Discovery of Superconductivity

Aninfinitely high electricalconductivityis unthinkablebecausg(l) a crystal
without a certain degree of disorder is inconceivableaccordingto the
secondliaw of thermodynamicsand (2) evenin the absenceof phononand
defect scattering, electronelectron scattering will still cause resistance
However,in the year1911, KamerlinghOnnesdiscoveredhat the electrical
resistanceof mercury (Hg)approachesan unmeasurablysmallvaluewhen
it iscooledbelow4.2 K Thisphenomenonis calledsuperconductivity
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Magnetic Responses
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Vanishingresistanceimplies that the magneticflux B Sthrough the closed
loop maynot alter after coolingandafter switchingoff the externalfield B,



MeissnerOchsenfeld Effect

Becauseaf the MeissnerOchsenfeldeffect, the magneticstate of a super
conductor can be describedas ideal diamagnetism Persistentsurface
currents maintain a magnetizationM = bLH,,, in the interior, and this
magnetizations exactlyoppositeto the appliedmagneticfield H,,,.
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If the magnetic field strength H.,, Is
further increasedthen at a criticalfield
strength H. it is energetically more
favorablefor the materialto convertto
the normally conducting phase, in
which the magnetic field penetrates
the material The phase boundary
betweensuperconductingand normally
conducting states correspondsto the
criticalmagneticfield H. (T).



Change on Specific Heat

The transition of a metal from its normal state to a superconductingstate
hasnothingto do with a changeof crystallographistructure What actually
occursin the transition is a thermodynamic change of state, or phase
transition, whichis clearlymanifestin other physicalguantities Thespecific
heat as a function of temperature, for example,changesdiscontinuouslyat
the transitiontemperature T, . Thespecificheat ¢, of a normally conducting
metalis composedf alattice-dynamicalpart ¢, andanelectronicpart ¢, as
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Superconducting Energy Gap

Theenergygapof superconductorss of entirely different origin and nature
than the energygap of insulators In an insulatorthe energygapis caused
by the electronlattice interaction Thisinteractionties the electronsto the
lattice. In a superconductorthe important interaction is the electron
electron interaction which orders the electronsin k spacewith respectto
the Fermigasof electrons The energygap decreasesontinuouslyto zero
asthe temperatureis increasedo the transition temperature T, indicating
a secondorder phasetransition.
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Isotope Effect

It hasbeen observedthat the critical temperature of superconductorssaries
with isotopic mass In mercury T, varies from 4.185 K to 4.146 K as the
averageatomic massM variesfrom 1995 to 2034 atomic massunits. The
transition temperature changessmoothlywhen we mix different isotopesof
the sameelement The experimentalresults within eachseriesof isotopes
may be fitted by a relation of the form M"T. = constant Fromthe dependence
of T. on the isotopicmasswe learnthat lattice vibrationsand henceelectron
lattice interactionsare deeplyinvolvedin superconductivityTheoriginalBCS
modelgavethe result T, ¢ —5qpe © M2 sothat ' =%, but the inclusionof
coulombinteractionsbetweenthe electronschangeghe relation.



