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9. Superconductivity A&l ddua gl

Superconductivity is a phenomenon of zero electrical resistance and expulsion
of magnetic fields occurring in materials when cooled below a characteristic
critical temperature. It was discovered by Onnes in 1911.
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9.1 Critical temperature (TC) 4s_all ) yall ds )0

Critical temperature is the temperature at which a material becomes
superconductor, and then the properties of a material, such as its magnetism
changes.
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In superconducting materials, the characteristics of superconductivity appear
when the temperature T is lowered below a critical temperature Tc as shown in

Figure below.
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Figure 9.1 Resistivity as a function of temperature
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The value of this critical temperature Tc differs from one material to another.
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9.2 Critical magnetic field (Bc)z sl ashliaall Jlaall

Critical magnetic field is the field below which a material is superconducting
and above which the material is normal, at a specified temperature and in the
absence of current. Experimentally it has been found that the B¢ at different

temperatures are curved in the form of parabolic according to the following
equation
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Where B¢ is magnetic field at a critical temperature, By is the value of magnetic

field at absolute zero (0K).

Mormal.

Superconductor,

Figure 9.2 the field as a function to temperature

9.3 Meissner’s effect i i

Meissner’s effect

Below the critical temperature(Tc) the
superconductor expels the magnetic flux by
developing circulatory currents inside its
body i.e. opposing magnetic fields.

T<Tc, B<Bc

Figure 6.3
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The Meissner effect is the total exclusion of any magnetic flux from the inside
of a superconductor. Figure below demonstrates the normal and

superconducting state in the magnetic field.
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Figure 9.4 Normal and superconducting state in the magnetic field.
When a material goes the transition from the normal to superconducting state, it

actively excludes magnetic fields from its interior. We have

YVl Jlad JS e Lgild ¢ Jaua i) 48306 Alad) 1) Ggmadall A (e L 30le Jiis Ladic
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Bint=HoB+ poM or
Bint=Bext+ MoM

Where M is the magnetization in medium, and p0 is the permeability of free

space, since Bint=0 in the superconducting state, it follows that:
M=- Bext/ Mo

This means that superconductors are a perfect diamagnetic.
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9.4 Type of Superconductors

Superconductors are divided into two types namely type | and type II.

9.4.1Type |

Type | superconductors characterized by a very sharp transition to a

superconducting state and by perfect diamagnetism.
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9.4.2 Type Il

Besides normal and superconducting regions, Type Il superconductors are
having a complete exclusion of flux takes place up to Bcl called lower critical
field. After that the complete flux penetration takes place up to Bc2 and

superconductivity destroyed after Bc2.
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9.5 BCS Theory

The first microscopic theory of superconductivity was proposed by Bardeen,

Cooper, and Schrieffer in 1957 now known as the BCS Theory.
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The BCS theory explains superconductivity at temperatures close to absolute
zero (OK). Cooper realized that atomic lattice vibrations were directly
responsible for unifying the entire current. They forced the electrons to pair up
into teams that could pass all of the obstacles which caused resistance in the

conductor. These teams of electrons are known as Cooper pairs.
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9.6 London penetration depth o & 52Vl ae

The penetration depth A is defined as the distance in which the field decreases

by the factor e—*

e Jalall Aol 53 Jlaal) g iy ) A8lsall il e (3) SRV GBae iy al oy
In (CGS) A= (mc*/41mnee?)”
where n;s is the concentration of super conducting electrons ; c is speed of light
A1/ &% =p1,

Experimentally, it is found that the penetration depth (1) changes with

temperature as in the equation:

A= Ag; 1-I

i

where Ao is the penetration depth at 0K
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