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Magnetism is a physical phenomenon produced by the motion of electric charge, which results in attractive 

and repulsive forces between objects. 

 

Let us consider a simple model of one electron of charge   moving with a speed   in a circular path of radius 

  around a nucleus with a proton of charge  . The electron rotating about a nucleus with velocity   

constitutes a current  , given by, 

                          

   
 

  
    

 

   
  

where,   is the angular frequency of the rotation of the electron about the nucleus. 

Hence, a current carrying loop is equivalent to a magnetic dipole. Hence, the dipole magnetic moment    is 

given as, 

                         

       
 

   
        

 
 

 
    

This is known as the orbital magnetic moment. In ordinary lump of matter, magnetic moments will be 

directed in both directions. If    is distributed evenly, net magnetic moment will be zero. 

A magnetic moment will also be present due to the spin of the electron. This magnetic moment    is given 

as, 

   
  

    
 

where,    is the mass of electron. 

The nucleus also contributes a magnetic moment owing to the spin of the protons and neutrons. This nuclear 

magnetic moment is quite weak as compared to the atomic magnetic moments. 

The vector sum of these magnetic moments contributes to the overall magnetism of a sample. 

 

When we apply an external magnetic field of flux density    , two processes may occur, 

a. All atoms which have non zero magnetic moments are aligned with the applied field. The increase in 

magnetic moment is along the direction of magnetic field,    . 
b. If the atom has zero magnetic moment, the applied magnetic field distorts the electron orbit and thus 

induces a magnetic moment. 

Thus, there is an interaction of magnetic dipole moments with 

the field in which the material is kept. This interaction is 

described by a quantity called magnetization vector,     . 
Microscopic magnetization can vary from atom to atom but it 

can be averaged over a volume which contains many atoms. 

Such an arrangement can be given by a function which 

smoothly varies with position on a macroscopic scale. 

When the atomic dipoles are aligned, partially or fully, there is a net magnetic moment. Hence, 

magnetization is also defined as the magnetic dipole moment per unit volume. 
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The unit of magnetization is          . 

 

On the basis of magnetization, the magnetic materials can be classified as, 

a. Diamagnetism: In diamagnetic materials, individual atoms don’t have an intrinsic magnetic moment. 

When an external magnetic field is applied, dipole moments are induced in the atoms which are 

aligned in the direction opposite to the direction of the applied magnetic field. Thus the induced 

magnetic moments oppose the applied magnetic field. The resultant magnetic field in such materials 

is smaller than the applied field. Diamagnetism is present in all atoms. e.g. Copper, Bismuth, Zinc, 

Silver, Lead, Mercury, Alcohol, etc. 

 
 

b. Paramagnetism: In paramagnetic materials, constituent atoms have intrinsic magnetic moments and 

the cancellation of the magnetic moment vectors is not complete. When placed in a magnetic field, 

the magnetic moments are aligned along the applied magnetic field. There is also an induction of 

magnetic moment on the atoms. But the effect of the first process exceeds the second and a resultant 

weak magnetic field is produced. e.g. Aluminum, Platinum, Chromium, Manganese, etc. 

 
 

c. Ferromagnetism: In ferromagnetic materials, the permanent atomic magnetic moments have strong 

tendency to align even without any external field. On application of magnetic field, the atomic 

domains align themselves along the direction of the applied magnetic field and create a net large 

magnetic moment. e.g. Cobalt, Iron, Nickel, Alnico, etc. 
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Let us consider a torroidal ring (Rowland ring) having    turns of wire wound around the ring carrying a 

current    in it. If this current is constant, the value of the magnetic field     is given by Ampere’s law as, 

                

               

where,    is the radius of the ring. 

Now, let us put an Iron core inside the ring. As the current remains constant, the magnetic field should be as 

before but it is found that the magnetic field     increases. This can be explained if we assume that a current 

    is generated due to the magnetization of the core. Hence we get, 

                       

    has the value of current which has the magnetic dipole moment equal to the magnetic moment produced 

due to the alignment of atomic dipoles. If   is the area of the torroid, magnetic moment for element     is 

given as, 

                 

For element    , number of turns is given by, 

                                      

 
  

    
   

Hence, we get 

                

       
  

    
          

              

Therefore, we get 

                         

                            

                         

  
          

  
          

The quantity 
          

  
 is known as the magnetic field intensity or the magnetizing force and is denoted by     . 

Thus, 

     
          

  
 

Hence, 

                  

It is the cause which gives rise to a flux density    . Its unit is                   . 
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At low temperatures, magnetization of a material, diamagnetic or paramagnetic, is proportional to the 

magnetic field intensity. Thus, 

            
where,    is the magnetic susceptibility. Susceptibility of a material is the measure of the capability of the 

medium to take up magnetism when it is kept in a magnetic field. It has no units. 

 

We know that magnetic field is given as, 

                  

                 

              

       
           is called permeability of a medium. It measures the degree of penetration of magnetic field 

through the substance. It can also be alternatively defined as the measure of the capacity of the substance to 

take magnetization. It’s unit is       or    . 

Relative permeability is defined as    
 

  
. It is a dimensionless quantity. 

The following table shows the values of susceptibility and relative permeability for the magnetic materials. 

Magnetic Material Susceptibility      Relative Permeability      

Diamagnetic             

Paramagnetic             

Ferromagnetic             

 

Diamagnetism: 

a. When these substances are placed in a magnetic field (Fig. 1), they acquire feeble magnetization in a 

direction opposite to the applied field. Lines of induction inside the substance are smaller than 

outside the substance.  

         Fig. 1      Fig. 2     Fig. 3 

 

b. When placed in a uniform field (Fig. 2), these substances rotate until their longest axis is normal to 

the field. 

c. When placed in a non – uniform field, they move from regions having stronger magnetic fields to 

weaker fields. 

d. If a diamagnetic liquid is filled in a narrow U – tube and one limb is placed between two pole pieces 

such that the level of the liquid is in line with the field (Fig. 3), the liquid depresses in the limb as the 

magnetic field is switched on. 

e. Relative permeability of such substances is less than 1 i.e.     . 

f. Susceptibility of such materials is always negative i.e.     . The susceptibility does not vary with 

temperature. Bismuth is an exception at low temperatures.  
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Paramagnetism: 

a. When these substances are placed in a magnetic field, they acquire feeble magnetization in a 

direction in the same sense as the applied field. Lines of induction inside the substance are slightly 

greater than outside the substance. 

                    
         Fig. 1      Fig. 2            Fig. 3 

 

b. When placed in a uniform field, these substances rotate until their longest axis is parallel to the field. 

c. When placed in a non – uniform field, they are attracted towards regions of stronger magnetic fields. 

d. If a paramagnetic liquid is filled in a narrow U – tube and one limb is placed between two pole pieces 

such that the level of the liquid is in line with the field, the liquid rises in the limb as the magnetic 

field is switched on. 

e. Relative permeability of such substances is slightly greater than 1 i.e.     . The values are 

         and         for Aluminium and Manganese respectively.  

f. Susceptibility of such materials is positive i.e.     . The susceptibility does not vary with applied 

field but with the absolute temperature. It becomes negative for higher values of temperature and the 

substance becomes diamagnetic. 

Ferromagnetism: 

a. These substances are strongly magnetized even by weak magnetizing fields.  

b. Relative permeability of such substances is very large of the order of hundreds 

and thousands. 

c. Susceptibility of such materials is large and decreases steadily with 

rise of temperature. Above Curie temperature   , ferromagnetism is 

lost and the substance becomes paramagnetic. 

d. Magnetization varies directly with magnetizing field at lower values 

of magnetizing fields. At higher fields, the magnetization saturates. 

e. Susceptibility    remains constant for small magnetizing fields. With 

the increase in the field strength,    increases and then decreases 

sharply. 

f. Magnetic field also varies as magnetization with increasing magnetizing field but does not saturate. 

g. Permeability   varies as    but decreases slowly as compared to    at very high magnetic fields. 

Let   be the area of the orbit of an electron in an atom which is affected by an applied field     normal to the 

plane of the orbit. Hence, the induced electromagnetic induction is given by Faraday’s law as, 

  
  

  
 

 

  
      

  

  
 

where,   is the magnetic flux. 

The     changes the motion of the electron in their orbits. Corresponding to this induced    , there is an 

electric field which acts tangentially to the direction of the motion of the electrons. Hence, 
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The electrons are accelerated by this field and they experience the electrostatic force given as   . Hence, we 

can write, 

 
  

  
    

  

   
 

 

   

  

  
 

    
 

   
   

As the flux changes from   to  , velocity of electron increases from    to      . Hence, the above 

equation gives, 

    
     

  

 
 

   
   

 

 

 

    
  

   
 

   
  

    
 

This change    gives rise to change in the angular velocity of the electron. Hence, 

   
  

 
 

 

     
  

But,      and,      . Hence, the above equation becomes, 

   
 

  
  

This change in angular velocity is called Larmor angular velocity. The effect of the applied field is a 

precessional motion about the external magnetic field    . The centripetal force necessary to hold the electron 

in its orbit is given by, 

  
   

 

 
     

  

where,    is the angular frequency of the 

electron without the magnetic field. When a 

magnetic field is applied, the angular 

frequency changes to      . 

The centripetal force must increase correspondingly. This increased centripetal force is given as, 

              

      
             

As,      , we can neglect    . Hence, 

       
          

The magnitude of the external magnetic force is given as, 

       

            
When electron has an anticlockwise motion, Lorentz force is radially outward and magnetic moment is in the 

direction of magnetic field while in the clockwise case, the force is radially inwards and magnetic moment is 

in the opposite direction of the magnetic field. Hence, 

             
    

 
  

                
Neglecting the second component, we get 
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This is the net increase in centripetal force. This increase is completely balanced by the additional inward 

magnetic force. Thus centripetal force does not change on application of external field. 

The magnetic moment of the current loop is given as, 

                                      

     

where,   is the number of revolutions the electron executes around the nucleus per second. 

Hence the magnetic moment for one loop is given as, 

        

  
 

  
    

  

  
 

     
  

  
    

  

   
  

      

   
 

    

  
  

Vectorically, the above expression can be written as, 

       
    

  
    

This is the magnetic moment for one electron. We have also assumed that the orbit is perpendicular to the 

direction of the magnetic field. But in actual situations, the orbit can have any orientation with respect to the 

field. Let    be the projection of radius on the plane perpendicular to the magnetic field. Hence, we get 

       
    

 

  
    

The total magnetic moment of the material is the sum of magnetic moments of all the atoms and hence is 

given by, 

       
     

  
   

  

Now the radius vector is given by, 

            

If   is perpendicular to the direction of magnetic field    , then 

  
        

Now, mean value of radii is given as,                 

For spherically symmetric atom,             
 

 
   . Hence, we get   

  
 

 
   . The magnetic moment is 

given as, 

       
     

  
     

If   number of molecules are present per unit volume, then 

       
      

  
      

        

  
     

The susceptibility of the diamagnetic substance is given by, 

   
     

    
  

    

  
     

According to the above expression, it is observed that 

a. Susceptibility is independent of temperature. 

b. Diamagnetism arises from effect of magnetic field on motion of electron in the orbit. Hence, every 

substance possesses diamagnetism. 

c. Negative sign indicates that diamagnetism is induced opposing effect and it disappears as soon as the 

field is removed. 
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Molecules or atoms with permanent magnetic dipole moment are termed paramagnetic. For such molecules, 

there is net atomic current which gives rise to the magnetic dipoles. This happens with all atoms having odd 

number of electrons as for them the total spin is not zero. 

Suppose each atom possesses a permanent magnetic moment  . When an external magnetic field is applied, 

the dipoles align along the direction of applied field. Hence, the magnetic potential energy is given as, 

                    
Alignment of dipoles is counteracted by collisions due to thermal motion between the molecules. According 

to kinetic theory, the number of molecules distributed with the axis of the dipole pointing in all directions 

within a solid angle   at an angle   with the reference is proportional to   . The number of molecules 

whose potential energy is   is proportional to       . Hence,  

     
 
     

      
 
     

The solid angle    is defined as, 

   
                             

  
 

 
               

  
 

          
Hence, 

        
      

  
            

Let 
  

  
  . Hence, 

                     

Component of magnetic moment of one molecule in the direction of the magnetic field is      . Total 

magnetic moment of    molecules per unit volume is given by, 

             

                            

                       

Since, all possible orientations are in between   and  , we get 

                 
 

 

           

Also the total number of molecules   is given by, 

     
 

 

           
 

 

       

Mean effective magnetic moment is given as, 

   
 

 
 

            

 
          

           

 
      

 

 
         

 
          

        

 
      

 

Let       . Hence,           . When    ,     and when    ,     . Hence, the above 

equation becomes, 
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The function         
 

 
      is called the Langevin’s function. Hence, we get 

          
  

  
  

  

  
  

For   molecules, the magnetization is given as, 

           
  

  
  

  

  
  

           
  

  
  

  

  
  

Following cases can be studied from the above expression, 

a. For large values of   
  

  
,      

  

  
  

  

  
  . Hence, we get 

     

b. At normal temperature,   
  

  
  . Hence, the Langevin’s function is given as, 

     
 

 
 

  

   
   

 

 
 

  

   
 

Hence, we get 

   
    

   
 

For paramagnetic substance,     . Hence, 

   
     

   
 

Hence, susceptibility    is given as, 

   
 

 
 

    

   
 

 

 
 

Where,   
    

  
 is known as the Curie constant. 

According to Langevin’s theory, the total magnetization in a material owing to its diamagnetic and 

paramagnetic properties is given as, 
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The theory fails on two accounts, 

i) It cannot explain more complicated dependence of susceptibility on temperature exhibited by 

paramagnetic substances cooled gases and crystals. 

ii) It does not explain the intimate relation observed between para and ferromagnetism. 

 

Weiss introduced the concept of internal molecular fields in materials. He assumed the materials to be real 

gases. In a real gas, the molecules are mutually influenced by their magnetic moments. Hence in a real gas a 

molecular field should be produced at any point by all the molecules in its neighbourhood. This field is 

proportional to and acts in the same sense as the magnetization vector     . Hence, 

          

           
where,   is the molecular field constant. 

Hence, the effective magnetic field is now, 

                 
From Langevin’s theory on paramagnetism, we know that the magnetization is given as, 

   
    

   
 

Putting the value of the effective magnetic field in the above equation, we get 

  
         

   
 

    
    

   
  

    

   
 

  
    

        
 

 
    

     
    

  
 
 

 
     

     
    
  

 
 

The susceptibility is given by, 

   
 

 
 

    

     
    
  

 
 

Now, 
    

  
   is known as the Curie constant and 

    

  
   is known as the Curie temperature. Hence, the above equation can now be written as, 

   
 

   
 

The susceptibility varies according to temperature   from a critical temperature   called the Curie 

temperature. Below this temperature, the material behaves as a ferromagnetic material. 
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If the permanent dipoles of a material, generally those resulting from electron spin, are very close together in 

the substance, there proves to be an effect called “exchange”. This effect results in a strong tendency for the 

spins of adjacent atoms or molecules to line up parallel to each other, even in the absence of an external 

field. 

Such a parallel orientation can extend in an unmagnetized substance over volumes of a considerable scale on 

an atomic order of magnitude (       to        ). Such a volume is called a “domain”. An ordinary 

unmagnetized ferromagnetic substance consists of many such domains. A strong permanent moment is 

associated with each domain. The domains are oriented in different directions and thus in absence of a 

magnetic field, the resultant magnetic moment is zero. 

In the presence of an external magnetic field, the domains change the orientation of their permanent 

moments, lining them up with the external field in the following ways, 

a. The boundaries of the domains began to displace i.e. the domains in which the direction of magnetic 

moment is in the direction of the magnetic field, increase in size. Other domains where the directions 

of magnetic moments are in different directions, decrease in size. 

b. The domains begin to align such that the directions of their magnetic moments align with the 

direction of applied magnetic field. This is known as rotation of domains. 

As shown in figure, as the magnetizing force increases the magnetization is due to the boundary 

displacements of the domains i.e. growth of domains. At higher magnetizing force, the magnetization 

produced is due to rotation of domains. 

 

 

 

 

 

 

 

 

 

 

As the field becomes stronger, the moment 

increases until finally with a large external field, 

the moment reaches a limit when all moments 

are parallel and aligned with the magnetic field. 

This limit is called “saturation moment”. 

Reversing the field reverses the moments but 

the substance still retains a considerable amount 

of magnetization. It is called permanent 

magnetism. Individual domains lose their 

moments at a critical temperature called Curie 

temperature (      for Iron).  

As the temperature increases, the tendency towards orientation of the magnetic moments which lines them up 

at low temperature is opposed by thermal agitation at high temperatures. 

The magnetization in a ferromagnetic material not only depends on the magnetizing force      but also the 

previous history of the material. Suppose a ferromagnetic material is formed in the shape of a ring and is 

placed inside a torroid having a current   flowing through it producing a magnetic field   . We know that, 

  
In Absence of 

Magnetic Field 

Rotation of Domain 

in Presence of 

Magnetic Field 

Displacement of  

Domain Boundaries 

in Presence of 

Magnetic Field 

Irreversible Domain 

Displacement of Boundaries 

     

  

  

  

Reversible Domain Displacement of Boundaries 

Rotation of Domains 
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One can measure the magnetic field inside the torroid and 

using the above equations, magnetization and magnetizing 

force can be obtained for any current. 

Figure shows a typical magnetization curve. In the 

beginning, the current is zero and the sample has no 

magnetization. Thus,     and    . This corresponds 

to the point  . As the current is increased,   increases and 

hence the magnetization.  

As the current is increased to the maximum,   becomes 

   and the magnetization is nearly saturated. This is denoted by the path   . 

As the current is decreased, the magnetization decreases but it does not retrace its old path. When the current 

is reduced to zero i.e.    , there is still some magnetization left in the material. This remnant 

magnetization of the material is known as the             of the material. It is denoted by   . 

To reduce the magnetization   to zero, the current must be passed in opposite direction in the ring which is 

equivalent to producing the magnetizing force in the opposite direction. This negative force forcibly removes 

the alignment of the domains. The magnetizing force required to make magnetization   zero is called the 

              . It is denoted by    and is equal to the  saturation magnetizing force,   . 

As the current is increased further in the negative direction, the material gets magnetized in the opposite 

direction. It follows the path   . If now the current is brought to zero, there is remnant magnetization in the 

material. On further increase of current, the curve traces the path    and   . Thus, a curve         is 

traced. 

As the magnetizing force   increases and then decreased to its original value, the 

magnetization   does not return to its original value. This phenomenon is called 

           and the corresponding loop is called as                . The area of 

the hysteresis loop is proportional to the thermal energy developed per unit 

volume of the material as it goes through the hysteresis cycle. 

 

Demagnetization: A material is subjected to several cycles of magnetization by 

placing the specimen in an alternating field of continuously diminishing 

amplitude. Subsequently the material loses its magnetization as depicted in the 

figure. 

 

The hysteresis curves of soft and hard magnetic materials are shown in the 

figure. It is seen that retentivity and coercive force are larger for the hard 

magnetic materials. The area of the hysteresis loop for hard magnetic material is 

also larger. We can hence conclude that, 

Soft Magnetic Materials are materials which can be easily magnetized by a 

magnetizing field but only a small magnetization remains when the field is 

removed. The loss of energy in such materials as they are taken through periodic 
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variations in applied magnetic field is also small. The susceptibility     
 

 
  and permeability    

 

 
  is 

greater for such materials. 

Hard Magnetic Materials are materials which require large magnetizing fields to produce appreciable 

magnetization. But once magnetized, the magnetization is retained to a large extent even when magnetizing 

field is removed. The magnetization is not easily destroyed even if the material is exposed to stray reverse 

fields as it has large coercive force. The susceptibility     
 

 
  and permeability    

 

 
  is lesser for such 

materials. 

 

a. Permanent Magnets: The material required for permanent magnets should possess the following 

properties, 

i) It must possess high retentivity so that the magnet is strong. 

ii) It must possess high coercivity so that magnetism is not lost due to stray magnetic fields. 

The hard magnetic materials are suitable for such work. Hence, Steel or Vicalloy (Vanadium + Iron + 

Cobalt) is used to make such magnets. 

 

b. Electromagnets: The material required for electromagnets should possess the following properties, 

i) It must possess high initial permeability so that it can be magnetized easily. 

ii) It should have low hysteresis loss. 

iii) It should be able to produce larger magnetic field with comparatively smaller magnetizing 

force. 

The soft magnetic materials are suitable for such work. Hence, soft iron is used. 

 

In case of ferromagnetic materials, the effective field 

acting on each spin magnetic dipole is the vector sum 

of the applied field plus a strong interaction field 

arising from all the neighbouring dipoles. This field is 

so strong that thermal vibrations, even at room 

temperature, cannot destroy the alignment. This 

interaction known as spin – spin or exchange 

interaction denoted by    . 

a. For ferromagnetic materials, the parallel spins 

have lower energy than anti – parallel spins and 

hence the exchange interaction is positive i.e. 

     . 

b. For Chromium and Manganese, the anti – parallel spins have lower energy than parallel spins and 

hence the exchange interaction is negative i.e.      . 

As a result, the spins of neighbouring atoms are found to be 

oriented in opposite directions and total magnetization is 

equal to zero. 

This phenomenon is called                   . Hence, 

the exchange interaction,     is directed against the 

magnetization     . Below a temperature known as Neel 

temperature (  ), the total spontaneous magnetization of an 

antiferromagnetics is equal to zero since the spins become 

aligned in an alternation configuration. Above this 

temperature, the spin directions are random. 

Ferromagnetism 

  Antiferromagnetism 

Ferrimagnetism 
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c. In certain materials, the spontaneous magnetization is in opposite directions but with different 

intensities and thus the material has a net non – zero magnetic moment in one of the directions. Such 

a material is called ferrimagnet or ferrite. This phenomenon is called               . Above Curie 

temperature, they show paramagnetic behaviour. The general structure of ferrites is         where 

  is a divalent metal ion like Cobalt, Nickel, Manganese, Copper, Magnesium, Zinc and Cadmium. 

 

The application of ferrites are, 

a. Ferrites have high electrical resistivity of about      to      . They have electrical properties of 

dielectrics combined with the magnetic properties of ferromagnetic materials. Hence they are used 

for applications at high frequencies without eddy current losses. 

b. They are used in thermal sensing switches which are used in refrigerators, air conditioners and ovens. 

c. Magneto – restrictive property is utilized in producing ultrasonic waves from a ferrite rod on 

application of alternating current. 

d. Insulating property of ferrites is used to make flat rings in loud speakers. 

e. Mixed ferrites have high resistivity and good magnetic properties. Hence they are used to make cores 

of inductors and transformers. 

f. They are also used to make permanent magnets. 

 

Resistance offered by an electrical conductor depends upon, 

a. Scattering of conduction electrons by the thermal vibrations of the metallic atoms. 

b. Scattering by the impurities in the metal. 

As the temperature decreases, the thermal vibrations also decrease and hence the resistance of the conductor 

also decreases. For Mercury, Kamerlingh Onnes observed that the resistivity disappears altogether at      . 

This state is called as superconducting state and the temperature at which this happens is called as transition 

temperature (  ). 

It was observed that as the current is increased, transition temperature 

falls, and also that at any temperature below   , the superconductivity 

could be destroyed by the application of a magnetic field exceeding a 

critical value   . These effects are related because the lowering of 

temperature    by the current is due to the magnetic field produced by 

the current. Also at any temperature below the transition temperature 

in a zero magnetic field, the superconductivity can be destroyed by 

raising the current above a critical value. 

i) Certain metals having low melting points, mechanically soft 

and are easily obtained in pure, strain – free condition, display 

similarities in their superconductive behaviour. They are 

called as      ,        or      superconductors. They are well explained by BCS theory and have 

zero resistivity and zero internal magnetic field below   . A magnetic field above    destroys 

superconductivity. e.g. Aluminum, Tin, Mercury, Lead, Uranium, Cadmium, Thorium, Zinc and 

Titanium. 

ii) The behaviour of many alloys and some of the more refractory superconducting metals is more 

complex and individual, with respect to the way in which the superconductivity is affected by a 

magnetic field. They have much higher critical magnetic fields and carry much higher current 

densities. They can retain superconductivity in high magnetic fields. They are called as H   , 

        or            superconductors. e.g.     ,      ,      . 
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According to Coulomb’s theory, two electrons in free space will mutually repel each other but in the solids 

the force between the two electrons will be modified by the interaction of the electrons with the crystal 

lattice. In certain materials, the lattice interaction is so large that the forces between two electrons turn 

attractive and they bind together. No current flows through them and they have equal but opposite 

momentum. Such pairs of electrons are called Cooper pairs. 

BCS theory states that superconductivity is associated with these Cooper 

pairs. The electron – phonon (lattice vibrations) gives rise to resistance in 

such materials. When the temperature is kept favourably low, the Cooper 

pair is not broken and it gives rise to almost infinite conductivity. The 

phonon has to provide sufficient energy to break the Cooper pair but at low 

temperatures, this is not the case and the electron pair may travel through the lattice without scattering. 

Presence of magnetic impurities lower the transition temperature and in some cases suppresses 

superconductivity completely. 

 

a. The current in the superconductors persists for a very long time. In a ring type of semiconductor, if 

current is introduced and temperature is lowered below    and the magnetic field is removed, the 

current persists over a period of long duration. 

b. The magnetic field does not penetrate the body of the superconductor. This is called Meissner effect. 

The superconductor becomes a normal conductor when magnetic field is greater than a critical value 

  . 

c. Specific heat of the material shows an abrupt change at      and jumps to a large value for     . 

d. If the current through the superconductor is increased beyond a critical 

value   , the superconductor becomes a normal conductor. 

e. Certain materials are found to exhibit the superconductivity phenomenon 

on increasing the pressure on them. 

f. Addition of impurities lowers the value of transition temperature   . 

g. Good conductors at room temperatures are not superconductors and vice 

versa. 

h. Ferromagnetic and antiferromagnetic metals do not show 

superconductivity. 

i. Monovalent metals do not exhibit superconductivity. 

 

The essential condition for superconductivity in a metal is that the given combination of temperature and 

magnetic field should be less than the critical values    and   . This indicates that if the temperature of the 

material is raised above   , superconductivity will disappear. It will also disappear if the magnetic field is 

increased above   . The critical value of the magnetic field necessary to destroy superconductivity of a 

metal is a function of temperature and is denoted by      . At critical temperature   , the critical field 

      is zero. The variation of critical magnetic field       with 

temperature is parabolic in nature. This can be expressed as, 

            
 

  
 
 

             

                                        

where,    is the maximum critical field strength occurring at absolute zero. 

The magnetic field which changes a superconductor to a normal conductor is 

not necessarily an external applied magnetic field. It may arise as a result of 
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electric current flow in the conductor. For a long wire of radius  , the superconductivity may be destroyed 

when the current exceeds the critical value    which at the surface of the wire will produce a critical field    

given by, 

         
This is called Silsbee’s rule. 

 

Let us consider a hypothetical perfect conductor i.e. a conductor having zero resistance kept in an external 

magnetic field. There will be no change in the distribution of the magnetic field, either inside or outside the 

material if a solid block of material is first placed in an external magnetic field and is then brought into the 

perfectly conducting state. 

On removal of the external magnetic field, a surface current on the block will be induced to keep the interior 

magnetic field at its original value. Since the conductor is perfect, the surface 

current never dies out and the magnetic field is trapped inside the conductor. 

If we repeat the above experiment with a superconductor, we find that the magnetic 

field penetrates the block in the ordinary way depending on the permeability of the 

material. But as soon as the temperature decreases below the transition temperature 

  , the material is brought into superconducting state and the internal magnetic field 

is expelled out. This absence of magnetic field in the superconducting state is 

known as the                . 

The superconductor is thus characterized by two independent properties, 

a. Electrical resistivity of a superconductor is zero. i.e.    . Hence, the electric field inside a 

superconductor is zero i.e.    . 

b. Magnetic induction inside a superconductor is zero i.e.    . 

The magnetization curves for a Type – I 

superconductor is as shown in figure. 

In Type – II superconductors, magnetic flux does 

not penetrate upto a critical field    , called the 

lower critical magnetic field. For fields greater 

than or equal to    , called the upper magnetic 

field, the superconducting state is destroyed and 

normal conducting state is obtained. For magnetic 

fields between     and    , the magnetic flux 

partially penetrates the superconducting material 

although it is still in the superconducting state. 

This state is called the mixed state. The value of critical fields for Type – II superconductors is 100 times or 

even higher than their Type – I counterparts. 
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