
Super Conductivity 

• Super conductivity is the phenomenon observed in some metals and materials. 

• Kammerlingh Onnes in 1911 observed that the electrical resistivity of pure mercury drops 
abruptly to zero at about 4.2K .

• This state is called super conducting state. The material is called superconductor .

• The temperature at which they attain superconductivity is called critical temperature Tc. 
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Temperature dependence of resistivity of a metal:
All metals are good conductors of electricity. The electrical conductivity of metal 
varies with the temperature. The electrical resistance of a metal, to the flow of 
current, is due to scattering of conduction electrons by lattice vibrations. When the 
temperature increases the amplitude of lattice vibrations also increases, thereby 
increasing the resistance. The dependence of resistance of metal 
(non-superconducting state) is shown in figure. The resistance decreases with 
temperature and reaches a minimum value at T = 0K. The residual resistance at T = 
0K is due to impurities in the metal.

By Matthiessen’s rule 
ρ = ρo + ρ(T) 
Where ‘ρ’ is the resistivity 
of the given material, ‘ρo’ 
is the residual resistivity 
and ‘ρ(T)’ is the 
temperature dependent 
part of resistivity. 



Temperature dependence of resistivity of a superconductor: 
One of the most interesting properties of solid at low temperature is that electrical 
resistivity of metals and alloys vanish entirely below a certain temperature. This zero 
resistivity or infinite conductivity is known as superconductivity. Temperature at which 
transition takes place is known as transition temperature or critical temperature (Tc). 
Above the transition temperature, the substance is in the normal state and below it will 
be in superconducting state. Tc value is different for different materials. 

“The resistance offered by 
certain materials to the flow of 
electric current abruptly drop to 
zero below a threshold 
temperature. This phenomenon 
is called superconductivity and 
threshold temperature is called 
“critical temperature.” 



Meissner effect: 
A superconducting material kept in a magnetic field expels the magnetic flux out of its body when it is cooled below 
the critical temperature and thus becomes perfect diamagnet. This effect is called Meissner effect. 

When the temperature is lowered to Tc, the flux is suddenly 
and completely expelled, as the specimen becomes 
superconducting. The Meissner effect is reversible. When 
the temperature is raised the flux penetrates the material, 
after it reaches Tc. Then the substance will be in the normal 
state. 
The magnetic induction inside the specimen 
B = μo (H + M) 

Where 'H' is the intensity of the magnetizing field and ‘M’ 
is the magnetization produced within the material. 
For T < Tc, B = 0 
μ0 (H + M) = 0 
M = -H 
M/H = -1= χ 
Susceptibility is -1 i.e. it is perfect diamagnetism. 
Hence superconducting material do not allow the magnetic 
flux to exist inside the material. 



Effect of magnetic field: 
Superconductivity can be destroyed by applying magnetic field. The strength of the 
magnetic field required to destroy the superconductivity below the Tc is called critical 
field. It is denoted by Hc(T). 
If ‘T’ is the temperature of the superconducting material, ‘Tc’ is the critical temperature, 
‘Hc’ is the critical field and ‘Ho’ is the critical field at 0oK. 
They are related by 
Hc = Ho[1-(T/Tc)2] 
By applying magnetic field greater than Ho, the material can never become 
superconductor whatever may be the low temperature. The critical field need not be 
external but large current flowing in superconducting ring produce critical field and 
destroys superconductivity. 

As temperature decreases, the critical 
field increases generally to a maximum 
at absolute zero.





Types of superconductors: 
There are two types of superconductors. They are type-I superconductors and type-II 
superconductors. 



Type-II superconductors 
Type-II superconductors are hard superconductors. They exist in three states 
1) Superconducting state 2) Mixed state 3) Normal state 



Critical current

The current in a superconductive material above which the material is normal  and below which the material is superconducting, 
at a specified temperature and in the absence of external magnetic fields is known as critical current.

r        radius of the ring



      BCS Theory:
 
• Bardeen, Cooper and Schrieffer (BCS) in 1957 explained the phenomenon of superconductivity 

based on the formation of cooper pairs.  

• When a current flow in a superconductor, electrons come near a positive ion core of lattice, due to 
attractive force. The ion core also gets displaced from its position, which is called lattice 
distortion. The lattice vibrations are quantized in a term called Phonons. 

• Now an electron which comes near that place will interact with the distorted lattice. This tends to 
reduce the energy of the electron. It is equivalent to interaction between the two electrons through 
the lattice. This leads to the formation of cooper pairs. “Cooper pairs are a bound pair of electrons 
formed by the interaction between the electrons with opposite spin and momenta in a phonon 
field”.

• According to quantum mechanics a cooper pair is treated as single entity. A wave function is 
associated with each cooper pair. This holds good over a large volume with finite value for its 
amplitude. The wave function of similar cooper pairs overlaps. For one cooper pair overlapping 
may extend over 106 other pairs. 



     BCS Theory:

• Thus it covers entire volume of the superconductor. It leads to union of large 
number of cooper pairs. The resistance encountered by any single cooper pair is 
overcome by combined action of other pairs in the union. 

• When the electrons flow in the form of cooper pairs in materials, they do not 
encounter any scattering and the resistance factor vanishes or in other words 
conductivity becomes infinity which is called as superconductivity. 

• In superconducting state electron-phonon interaction is stronger than the coulomb 
force of attraction of electrons. Cooper pairs are not scattered by the lattice points. 
They travel freely without slow down as their energy is not transferred. Due to 
this they do not posses any electrical resistivity. 





High temperature superconductors: 

• The term high-temperature superconductor was first used to designate the new 
family of cuprate-perovskite ceramic materials discovered by Bednorz and Müller in 
1986. 

• The first high-temperature superconductor, LaBaCuO (Lanthanum Barium Copper 
Oxide) with a transition temperature of 30 K and in the same year LSCO 
(La2-xSrxCuO4) discovered with TC of 40K. 

• In 1987 it was shown that superconductors with Tc greater than 77K could be 
prepared, this temperature is greater than the liquid helium temperature. 
YBa2Cu3O7 was discovered to have a Tc of 92 K. Bismuth/lead strontium Calcium 
Copper (Bi Pb)2Sr2 Ca2Cu3Ox (x<0.1) with Tc=105K. Thallium barium Calcium copper 
oxide (Tl Ba2Ca2Cu3O4) of Tc=115K. Mercury barium calcium copper oxide(Hg 
Ba2Ca2Cu3O4) with Tc=135K. 

La2-xSrxCuO2



High temperature superconductors: 

• All high temperature superconductors are different types of oxides of copper, and 
bear a particular type of crystal structure called Perovskite crystal structure.

• The current in the high TC materials is direction dependent. It is strong in parallel 
to copper-oxygen planes and weak in perpendicular to copper-oxygen planes. 

• High Tc materials are Type-II superconductors and they are brittle and don’t 
carry enough current.  

• The high temperature superconductors are useful in high field applications. It can 
carry high currents of 105 to 106 amps in moderate magnetic fields. 

• They are used in military applications, Josephson junction in SQUIDS, under sea 
communication, submarines. 



Applications of Superconductors:



Magnetically Leviated Vehicles (Maglev vehicles):

• Magnetically levitated vehicles are called Maglev vehicles. The magnetic 
levitation is based on the principle of Meissner effect. 

• The magnetic field is produced by the superconducting magnet and 
electric current. The superconducting magnet is kept inside the vehicle 
and the electric current is in the Aluminum guide way. 

• The vehicle is on the Aluminum guide way. The vehicle is provided with 
retractable wheels. The vehicle runs on the guide way, once it is levitated 
in air the wheels are retracted into the body. 

• The height to which the vehicle is levitated above guideway is about 10 to 
15cm. While stopping, the wheels are drawn out and the vehicle slowly 
settles on the guide way by running a distance. 




































