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Abstract: In this article, some crucial information is given in regard to superconductivity. The advancement in high 
temperature superconductivity is believed to solve the problem of energy crisis. So, intensive research in this part of 
physics is recommended. Actually, Cooper pairs of electrons are responsible for superconductivity.
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1.	 Introduction

In condensed matter physics, a  Cooper pair  is a pair 
of electrons (or other  fermions) bound together at low 
temperatures in a certain manner first described in 1956 
by American physicist  Cooper. Cooper showed that an 
arbitrarily small attraction between electrons in a metal 
can cause a paired state of electrons to have a lower energy 
than the Fermi energy, which implies that the pair is bound. 
In conventional  superconductors, this attraction is due to 
the  electro-phonon  interaction. The Cooper pair state is 
responsible for superconductivity, as described in the  BCS 
theory developed by John Bardeen ,Leon Cooper, and John 
Schrieffer  for which they shared the 1972 Nobel Prize [3].
Although Cooper pairing is a quantum effect, the reason 
for the pairing can be seen from a simplified classical 
explanation. An electron in a metal normally behaves as a free 
particle. The electron is repelled from other electrons due to 
their negative charge, but it also attracts the positive ions that 
make up the rigid lattice of the metal. This attraction distorts 
the ion lattice, moving the ions slightly toward the electron, 
increasing the positive charge density of the lattice in the 
vicinity. This positive charge can attract other electrons. At 
long distances, this attraction between electrons due to the 
displaced ions can overcome the electrons' repulsion due to 
their negative charge, and cause them to pair up. The rigorous 
quantum mechanical explanation shows that the effect is due 
to electron-phonon interactions, with the phonon being the 
collective motion of the positively-charged lattice [5].
The energy of the pairing interaction is quite weak, of 
the order of 10−3  eV, and thermal energy can easily break 
the pairs. So only at low temperatures, in metal and other 
substrates, are a significant number of the electrons in 
Cooper pairs.
The electrons in a pair are not necessarily close together; 

because the interaction is long range, paired electrons may 
still be many hundreds of nanometers apart. This distance is 
usually greater than the average inter-electron distance; so 
many Cooper pairs can occupy the same space.  Electrons 
have spin- 1

2
  , so they are  fermions, but the total spin of a 

Cooper pair is integer (0 or 1) so it is a composite boson. 
This means the wave functions are symmetric under particle 
interchange. Therefore unlike electrons, multiple Cooper 
pairs are allowed to be in the same quantum state.
The BCS theory is also applicable to other fermions systems, 
such as helium-3. Indeed, Cooper pairing is responsible for 
the superfludity of helium-3 at low temperatures. It has also 
been recently demonstrated that a Cooper pair can comprise 
two bosons. Here, the pairing is supported by entanglement 
in an optical lattice.

Fig. 1 Cooper pairs
The behavior of  superconductors suggests that electron 
pairs are coupling over a range of hundreds of nanometers, 
three orders of magnitude larger than the lattice spacing 
called Cooper pairs, these coupled electrons can take the 
character of a boson and condense into the ground state.
This pair condensation is the basis for the BCS theory  of 
superconductivity. The effective net attraction between the 
normally repulsive electrons produces a pair binding energy 
on the order of milli-electron volts, enough to keep them 
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paired at extremely low temperatures.
The transition of a metal from the normal to the 
superconducting state has the nature of a condensation of the 
electrons into a state which leaves a band gap above them. 
This kind of condensation is seen with  superfluid helium, 
but helium is made up of bosons -- multiple electrons can't 
collect into a single state because of the  Pauli Exclusion 
Principle. Froehlich was first to suggest that the electrons 
act as pairs coupled by lattice vibrations in the material. This 
coupling is viewed as an exchange of  phonons, phonons 
being the quanta of lattice vibration energy. Experimental 
corroboration of an interaction with the lattice was provided 
by the  isotope effect  on the superconducting transition 
temperature. The boson-like behavior of such electron pairs 
was further investigated by Cooper and they are called 
"Cooper pairs". The condensation of Cooper pairs is the 
foundation of the BCS theory of superconductivity.
If a superconductor has the form of a ring and current is once 
established in it by some means, the current, even several 
hundred amperes, flows indefinitely, even for over a year, 
without any change in its value. Such currents are called 
persistent currents [2].

2. A Model of Cooper Pair Attraction

A passing electron attracts the lattice, causing a slight ripple 
toward its path.

Fig. 2

Fig. 3
Another electron passing in the opposite direction is attracted 
to that displacement.
A visual model of the Cooper pair attraction has a passing 
electron which attracts the lattice,causing a slight ripple 
toward its path[1].Another electron passing in the opposite 
direction is attracted to that displacement. This constitutes 
a coupling between electrons which can be depicted in a 
Feynman diagram. As strange as such an interaction seems,it 
is experimentally supported  by the isotope effect and the 
evidence for a condensation at the critical temperature for 
superconductivity.

3.	 Isotope Effect, Mercury

Fig. 3
If electrical conduction in mercury were purely electronic, 
there should be no dependence upon the nuclear masses. This 
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dependence of the critical temperature for superconductivity 
upon isotopic mass was the first direct evidence for 
interaction between the electrons and the lattice. This 
supported the  BCS theory  of lattice coupling of  electron 
pairs.
It is quite remarkable that an electrical phenomenon like 
the transition to zero resistivity should involve a purely 
mechanical property of the lattice [4]. Since a change in 
the critical temperature involves a change in the energy 
environment associated with the superconducting 
transition, this suggests that part of the energy is being 
used to move the atoms of the lattice since the energy 
depends upon the mass of the lattice. This indicates 
that lattice vibrations are a part of the superconducting 
process. This was an important clue in the process of 
developing the BCS theory because it suggested lattice 
coupling, and in the quantum treatment suggested that 

phonons were involved.

4. Measured Superconductor Band-
gap

Fig. 5
The measured band gap in Type I superconductors is one of 
the pieces of experimental evidence which supports the BCS 
theory. The BCS theory predicts a band gap of

where Tc is the critical temperature for the superconductor. 
The energy gap is related to the coherence length    for the 

superconductor, one of the two characteristic lengths  
associated with superconductivity.

5. Energy Gap in Superconductors as a 
Function of Temperature

Fig. 6
The effective energy gap in superconductors can be measured 
in microwave absorption experiments. The data at left offer 
general confirmation of the BCS theory of superconductivity. 
The data is attributed to Townsend and Sutton.
The reduction of the energy gap as you approach the critical 
temperature  can be taken as an indication that the charge 
carriers have some sort of collective nature. That is, the 
charge carriers must consist of at least two things which 
are bound together, and the binding energy is weakening 
as you approach the critical temperature. Above the critical 
temperature, such collections do not exist, and normal 
resistivity prevails [3]. This kind of evidence, along with 
the isotope effect which showed that the crystal lattice was 
involved, helped to suggest the picture of paired electrons 
bound together by phonon interactions with the lattice.

6. Conclusion

The Cooper pairs of electrons have a peculiar property 
of smoothly sailing over the lattice points without any 
energy exchange i.e. the cooper pairs are not scattered by 
the lattice points. Hence no transfer of energy takes place 
from the electron pair to the lattice ions. If an electric 
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field is established inside the substance, the electrons gain 
additional kinetic energy and give rise to a current. But 
they do not transfer this energy to the lattice, so that they 
do not get slowed down. As a consequence of this, the 
substance does not possess any electrical resistivity. In fact, 
the tendency for all the Cooper pairs in a body to condense 
into the same ground quantum state  is responsible for the 
peculiar properties of superconductivity.
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