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Abstract: 

               Superconductivity allows current to pass 

through a material with no resistivity at near 

absolute zero temperature. It also exhibit meissner 

effect which causes the superconducting material 

to repel magnetic fields. The application of this 

technology has been extremely limited due to the 

high cost of using helium to cool the material to 

the critical temperature. 

 

                  Recently, however the inventions of 

high temperature superconductors are made 

remarkable discoveries. In the present world, 

superconductors are being used in almost all the 

fields such as telecommunication, medical, space, 

defense etc. In this paper, some of these 

applications are highlighted along with the most 

fascinating manifestation of superconductivity- the 

levitating action. 

 

Introduction 

 

Superconductors, materials that have no 

resistance to the flow of current, are one of the last 

great frontiers of scientific 

discovery.Superconductivity is the passing of 

electricity through conductors with no loss in 

power. The resistance of a superconductor is 

zero[1-9], 

 

                              P = I*I*R = 0 

 

     Where the power lost in the conductor is equal 

to the current squared times the resistance R 

(which is zero)[10-16]. 

 

 

Origins: 

 

Superconductivity was first discovered in the 

year 1913 when Dutch physicist H.Kamerlingh 

Onnes was experimenting with materials at 

absolute zero temperature. He was measuring the 

resistance of a mercury crystal as he lowered the 

temperature and getting the expected curve of 

decreasing resistance. Unexplicably , however [17-

21], at 4° Kelvin, the resistance suddenly went to 

zero. Later in 1973, a niobium and germanium 

alloy was found to become super conductive at the 

record high temperature of 23° K. 

 

Super conducting technology needed liquid 

helium to achieve the low temperature, which was 

expensive to purchase and maintain as it rapidly 

evaporated[22-29]. But the discovery of high Tc 

superconductor brought a revolution in the field of 

science and technology. Liquid nitrogen, which is 

more easily and cheaply available replaced the 

liquid helium. The most popular theory explaining 

superconductivity is the BCS Theory, which states 

that the electrons move through the 

superconductors in pairs at low temperature and 

thus avoid most of the collisions in the conductors 

which generate unwanted heat. It was explained 

that the current resistance as a stream of flowing 

electrons smashing into the fixed crystal lattice of 

the metal conductor[30-36], which converts the 

power into, disorganized energy. In 

superconductivity, it was proposed that the 

electrons attract each other and travel in pairs – 

mirror imaging each others actions. When one 

bangs into the lattice, its partner ricochets, thus 

regaining the lost energy; the net effect is that no 

energy is lost in the transmission[37-41].  

 

Critical temperature 

 

                            A normal material achieves 

superconductivity only after lowering its 

temperature below a critical limit. The temperature 

at which the transition from normal to super 

conducting state takes place on cooling in the 

absence of magnetic field is called critical 

temperature.   This transition temperatures vary 

from material to material apart from zero 

electreical resistivity[42-46], the following 

changes also occur. 
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1) When a weak magnetic field is applied to 

superconducting specimen at a temperature below 

critical temperature[47-50], the magnetic flux lines 

are expelled. This phenomenon is called meissner 

effect or diamagnetism 

 

 
 

PERFECT DIAMAGNET              

SUPERCONDUCTOR 

 

 

                           Super conducting state of a 

material depends on the temperature and the 

strength of the magnetic field in which the material 

is placed. Even if the temperature is kept below Tc 

, and we go on increasing the magnetic strength 

gradually, a point will be reach where the 

superconductivity will disappear. This value of 

magnetic field strength is called critical magnetic 

field Bo

where Tc is the critical temperature and Bo critical 

magnetic field. 

 

 

 
 

2) There is a discontinuous change in specific heat. 

 

 

Types of superconductors: 

 

                                Superconductors are basically 

classified into two categories. 

 

 

1) Type 1 superconductors: 

 

                                Superconductors exhibiting 

complete meissner effect i.e., zero electrical 

resistively below a critical temperature, zero 

internal magnetic field (meissner effect), and a 

critical magnetic field above which 

International Journal of Pure and Applied Mathematics Special Issue

7378



superconductivity ceases are called type 1 

superconductors  

 

 

 2)Type two superconductors  

 

                                  Type two superconductors 

unusually exist in a mixed state of normal and 

superconducting regions. This is sometimes called 

as vortex state, because vortices of super 

conducting current surround filaments or cores of 

normal material.  

 

                      These do not have a sharp transition 

change as that of the type 1 superconductors. 

 

Some of the type 2 superconductors are: 

 
 

 

 
 

Mixed –state meissner effect 
 

 

                                  In type 2 superconductors the 

magnetic field is not excluded completely, but is 

constrained in filaments with in the material. 

These filaments are in the normal state, surrounded 

by super currents in what is called a vortex state. 

Such a material can be subjected too much higher 

external magnetic field and remain 

superconducting. 

 

 

 
 

Super conductor application 

 

 

                              Superconductors have been a 

boon to the mankind and technocrats. Owing to its 

unique zero resistivity property, it has got wide 

spread application in various fields of science and 

technology. Now a days it’s being used in 

telecommunication, medical, transportation, 

defense, space and power transmission. Few of 

them are described below: 

 

1) Transportation 

 

                              The Meissner effect could be 

used to levitate trains over their tracks allowing 

them to reach a speed 0f about 300 mph. In the 21
st 

century this principle could also be applied to cars 

for those who commute frequently. Heavy objects 

could be more effieiently moved down assembly 

lines in factories using superconducting levitation. 

Frictionless bearing could also be as a result of 

newly discovered effect which ―holds‖ a magnetic 

field. 

 

Mechanism for levitation: 

 

 

                              Superconductor’s expel 

magnetic field, and hence repel magnets. This 

repulsion can be stronger than gravity, which leads 

to levitation – the most fascinating manifestation 

of superconductivity. 
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A superconductor is immersed in liquid nitrogen to 

provide cooling below the critical temperature. A 

magnet is placed in the air above the 

superconductor and left there levitating. Nothing 

but magnetic interaction keeps the magnet from 

falling down. 

 

 
 

The levitating magnet has a preferential position 

above the superconductor and returns there after a 

small perturbation by a human finger. When the 

magnet is pushed hard towards the 

superconductor, it changes the magnetic field 

distribution in the superconductor, and a new 

position becomes preferential. 

 

 
 

At room temperature magnetic field lines from the 

magnet penetrate the superconductor without 

restraint. After cooling by liquid nitrogen they get 

trapped by microscopic inhomogeneities in the 

superconductor. The trapped magnetic lines then 

serve as invisible threads holding the two objects 

together at a certain distance 

 

 

 

When the superconductor is taken out of the liquid 

nitrogen, its temperature slowly starts increasing. 

As a result, the superconducting properties 

weaken, and the levitation force gradually gives 

way to the gravity. 

 
 

 

MAGLEV TRAIN 

 

                                A future application of 

superconductivity is under development in Japan. 

To minimize friction, powerful on board 

superconducting magnets support this train above 

the tracks, shown below a prototype. 

 

 

 
 

 

Why repulsion? 

Magnetic field is partly excluded from the 

superconductor. Hence the same repulsion is 

between a magnet and a diamagnet 
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Why attraction? The magnetic flux lines that 

managed to penetrate the superconductor get 

pinned (trapped) there by microscopic in 

homogeneities. When the magnet is lifted up, the 

superconductor holds its magnetic lines and 

follows the magnet. How to help magnetic lines 

penetrate the superconductor? Place the 

superconductor close to the magnet already at high 

temperature (movie 3) or push the magnet hard 

towards the superconductors. 

 

 
 

Such a distribution of magnetic field lines is 

expected for a type-II superconductor with flux 

pinning, i.e. for all high-temperature 

superconductors  

 

 

2) MEDICAL APPLICATION 
 

MRI (MAGNETIC RESONANCE IMAGE:) 

 

The key feature of superconductor is that it can 

carry an electrical current for ever with no decay. 

Millions of people around the world have been 

surrounded by a super conducting magnet while 

thousands of MRI machines are in everyday use, 

each containing tens of kilometers of super 

conducting wires wound into a persistent current 

solenoid. The magnet is cooled either by liquid 

helium or by cryocooler. Once the current has 

been stored in the superconducting coil, the 

magnetic field is very stable, decaying by as little 

as a part per million in a year. 

 

Conventional MRI relays on the fact that protons 

possess spin and thus a magnetic moment. In the 

MRI machine a radio frequency pulse of magnetic 

field induces protons in the patient to process 

about the direction of the static magnetic field 

supplied by the super conducting magnet. For the 

workhorse machine with a field of 1.5tesla, the 

processional frequency, which is precisely 

proportional to the field, is about 64 MHz. These 

precessing magnetic moments induce a radio 

frequency voltage in a receiver coil that is 

amplified and stored for subsequent analysis. If the 

magnetic field were uniform all the protons would 

possess at the same frequency. 

 

MRI has become a clinical tool of great 

importance and is used to locate some sites in the 

brain that are involved in body functions or 

thought. 

 

 
 

3) IN POWER TRANSMISSION 
 

Because of the zero resistance property of the 

super conducting wires, all the electric motors 

could be improved in efficiency. Communications 

using electromagnetic waves would get a boost as 

a high temperature superconductivity coating on 

the inside of resonators, high frequency generators, 

surveillance satellites, television, lasers, particle 
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accelerators and radio astronomy products 

improves performance by reducing power loss. 

This power loss is inhibitive at higher frequencies, 

but now, using superconductivity the ―wireless‖ 

transmission bandwidth increases 167 times as 

operating frequencies will eventually move from 

30GHz to 5Tera Hz(5000GHz). 

 

Electric generators, made more efficient by using 

super conducting wires, could store their energy in 

super conducting coils during the night to be used 

in peak hours during the day. These storage coils 

would have a current flow without any resistance 

or voltage source—energy that can be stored and 

trapped at any time, forever. 

 

                            V=I*R=0 (Ohm’s law) 

 

Where the voltage V is zero the resistance R is 

zero, and the current I is limited by the properties 

of the material.  Deserts might be covered with 

huge solar collectors, which feed this coils. 

 

4) DEFENCE APPLICATIONS 

 

Defense applications are also abundant. Super 

conducting sensors in the cold of space could be 

used to detect missile launches. Submarines could 

be tracked using tiny magnetic detectors scattered 

throughout the seas. And to counter acoustical 

detection a submarine could propel itself through 

the water with no moving parts using 

superconductivity to generate magnetic fields, 

which would force water through a pipe. Strategic 

defense initiative laser technology could get its 

required mega watt energy bursts from super 

conduction storage units instead of proposed 

nuclear detonations.  

 

 

Conclusion         

 

With the discovery of high Tc superconductors a 

new revolution has started in the field of 

superconductivity. Now scientists are trying to get 

the critical temperature as close as possible to the 

room temperature thus we can use liquid Nitrogen 

instead of expensive Helium. Now itself some 

Yttrium compounds are giving a critical 

temperature as close as 138K. If we are able to 

make little more improvement then we can see a 

new world which will run on superconductors  
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