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Superconductivity
✓Superconductivity is a phenomenon of exactly

zero electrical resistance and expulsion of

magnetic flux fields occurring in certain

materials, called superconductors, when cooled

below a characteristic critical temperature.

✓It was discovered by Dutch Physicist Heike

Kamerlingh Onnes on April 8, 1911.

✓A superconductor is an element or metallic

alloy which, when cooled below a certain

threshold temperature, the material dramatically

loses all its electrical resistance.



In principle, superconductors can

allow electrical current to flow without any energy

loss (although, in practice, an ideal

superconductor is very hard to produce). This

type of current is called a supercurrent.

The threshold temperature below which a

material transitions into a superconductor state is

designated as Tc, which stands for critical

temperature. In principle, superconductors can

allow electrical current to flow without any energy

loss (although, in practice, an ideal

superconductor is very hard to produce). This

type of current is called a supercurrent.



The threshold temperature below which a material

transitions into a superconductor state is designated

as Tc, which stands for critical temperature.

Mercury was historically the first to

show superconductivity, and it is an example of a

Type I superconductor. Its practical usefulness is

limited by the fact that its critical magnetic field is

only 0.019 T, so the amount of electric current it can

carry is also limited.



In a superconductor, the electric resistance is

equal to zero. This is why an electric current can

circulate forever in a superconducting ring even

when the battery has been unplugged! This is

how magnetic fields are created in MRIs.

It might seem odd that a battery could create a

low voltage electric current at the terminals of a

superconducting network, since the voltage

should be equal to zero because of the absence of

electric resistance.



CRITICAL TEMPERATURE  or TRANSITION 

TEMPERATURE

In a superconductor, below a temperature called the

“critical temperature”, the electric resistance very suddenly

falls to zero. At zero resistance, the material conducts current

perfectly.

This is incomprehensible because the flaws and

vibrations of the atoms should cause resistance in the

material when the electrons flow through it.

However, in a superconductor, the electric resistance is

equal to zero although the flaws and vibrations still exist.



Meissner effect

The German Physicists

Walther Meissner and Robert Ochsenfeld

discovered this phenomenon in 1933 by

measuring the magnetic field distribution outside

superconducting tin and lead samples.

A superconductor with little or no magnetic

field within it is said to be in the Meissner state.









The BCS theory reproduces the isotope effect, which is the experimental observation that 
for a given superconducting material, the critical temperature is inversely proportional to 
the mass of the isotope used in the material.

The isotope effect has played an important role in establishing electron–phonon 
interaction as the dominant interaction in conventional superconductors







TYPES OF SUPERCONDUCTORS

Type I superconductors act as conductors at room

temperature, but when cooled below Tc, the molecular

motion within the material reduces enough that the flow of

current can move unimpeded.

Type 2 superconductors are not particularly good

conductors at room temperature, the transition to a

superconductor state is more gradual than Type 1

superconductors.

The mechanism and physical basis for this change in

state is not, at present, fully understood. Type 2

superconductors are typically metallic compounds and

alloys.







The London equations, developed by brothers Fritz and

Heinz London in 1935, relate current to electromagnetic fields in

and around a superconductor. Arguably the simplest meaningful

description of superconducting phenomena, they form the genesis

of almost any modern introductory text on the subject.

BCS theory. ... The theory describes superconductivity as a

microscopic effect caused by a condensation of Cooper pairs into a

boson-like state. The theory is also used in nuclear physics to

describe the pairing interaction between nucleons in an atomic

nucleus.

The Josephson effect is the phenomenon of supercurrent—i.e.

a current that flows indefinitely long without any voltage applied—

across a device known as a Josephson junction (JJ), which

consists of two superconductors coupled by a weak link. ...

The Josephson effect is an example of a macroscopic quantum

phenomenon.



Magnetic levitation (maglev) is a relatively new transportation

technology in which non-contacting vehicles travel safely at speeds of

250 to 300 miles-per-hour or higher while suspended, guided, and

propelled above a guideway by magnetic fields.

The guideway is the physical structure along which maglev

vehicles are levitated. Various guideway configurations, e.g., T-

shaped, U-shaped, Y-shaped, and box-beam, made of steel, concrete,

or aluminum, have been proposed.

There are three primary functions basic to maglev technology: (1)

levitation or suspension; (2) propulsion; and (3) guidance.

In most current designs, magnetic forces are used to perform all

three functions, although a nonmagnetic source of propulsion could be

used. No consensus exists on an optimum design to perform each of

the primary functions.



The isotope effect in superconductors is usually summarized by giving the

observed values of p in the equation MpTc=constant, where M is the isotopic mass

and Tc the superconducting transition temperature. Fröhlich predicted the

value p=12, but the measurements in some instances show deviations from this

prediction. An explanation of the deviation of p from ½ is offered based on an

analog of Wien's displacement law applicable to the vibration spectrum of real

crystal lattices. The departure of p from the value ½ is attributed to the departure

of the frequency spectrum from a simple power law.

For many superconducting elements, p may be estimated from specific heat

data, when such data are available to the desired degree of accuracy. A value

of p is calculated for Sn which is in good agreement with some of the experiments.

The large value 0.73 observed for Pb is shown to be reasonable. The values

of p for the other superconducting elements are discussed. It is concluded that the

observed deviations of p from ½ are not necessarily in conflict with the theories of

Fröhlich and Bardeen.









In conductors current flows by the movement of individual 

electrons. In superconductive materials current flows 

by the movement of pair or electron.

This electron pair is named as COOPERPAIR

A Cooper pair is two electrons that are bound together at low temperatures in a certain 

manner. First described in 1956 by American physicist Leon Cooper.

When electrons are passing through the superconductive material its atoms 
experiences the deformation. This deformation helps the electrons to 
form pair and move through the lattice.



Applications of Superconductors
MEDICAL:
Biotechnical engineering
Nuclear Magnetic Resonance (NMR)
Diagnosis of brain tumo

INDUSTRIAL:
Separation
Magnets
Sensors & Transducers
Magnetic Shielding

ELECTRONICS:
SQUIDs

Transistors
Josephson Junction Devices
Circuitry Connections
Particle Accelerators
Sensors
Memory Storage Element inComputers
Transportation:
Magnetically Levitated Vehicles
Marine Propulsion

Power Generation:
Motors
Generators
Energy Storage
Transmission
Fusion
Transformers and Inductors












