
Superconductivity
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Normal Conduction
As we have seen, metallic resistance increases with 
temperature (due to increased lattice collisions). So 
cooling a metal will improve its conductivity somewhat.
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Superconductivity
Certain materials have no resistance once they are 
cooled below a certain temperature (the critical 
temperature TC). They become perfect conductors.
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What is happening?
• It is found that below the critical temperature, there 

seem to be pairs of electrons which are unaffected 
by electrical resistance.

• Superconductivity was discovered in 1911, but was 
not explained until 1957 by Bardeen, Cooper and 
Schrieffer. They were awarded a noble prize in 1972 
and their work became known as BCS theory.
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BCS theory
• Metallic electrons are normally repelled by other 

electrons and attracted to the lattice. When one 
electron goes near the lattice, it becomes slightly 
distorted (in attraction towards the electron).

• This distortion then attracts another electron, 
creating a pair with the original. In this way they 
move through the lattice, known as “cooper 
pairs”. The electrons remain separated physically.

• In the (real) quantum explanation, cooper pairs 
form as a result of electron-phonon1 interactions

1 a phonon is a lattice vibration
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BCS theory cont...
• Electrons in cooper pairs are at a lower energy, 

and require energy to unpair (this can easily be 
achieved by heating the material).

• Cooper pairs are also exempt from the Pauli 
exclusion principle1, and so can overlap (in fact the 
pairs are constantly breaking and forming between 
different electrons, and 106 pairs may overlap).

• Collectively assisting each other in this way, the 
electrons pass through the lattice without 
colliding - which results in perfect conduction.

1 they become ‘composite bosons’ instead of ‘fermions’
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Magnets & superconductors
• When any conductor experiences a changing 

magnetic flux, eddy currents are induced which 
oppose the original change (Lenz’s law). This 
opposition is imperfect as eddy currents eventually 
dissipate due to resistance in the metal.

• However, a superconductor has no resistance, and 
so these opposing currents never dissipate. Thus a 
superconductor will perfectly oppose (and cancel) 
any change of magnetic flux.
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Consequently, a magnet will hover (levitate) above a 
superconductor.
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Examples of different superconductors are listed 
below, in decreasing TC.  The first >77K 
superconductor was YBCO, discovered in 1986.

http://en.wikipedia.org/wiki/High-temperature_superconductivity
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Applications:
• Some of the uses of superconductors include: 

magnometers, fast circuits, magnets (in MRI, 
particle accelerators, maglev trains), various 
sensors, motors, generators. 

• The main limitations of superconductors are: the 
energy required to remain supercooled, their 
fragile nature and the expense of manufacture.

• Use the magazine to research the use of 
superconductors in maglev trains.
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