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• As mentioned earlier, the superconductors offer zero resistance. So, when an electron in a solid
passes by adjacent ions in the lattice, it imparts a momentum to these ions due to Coulomb
interaction.

• It means the ion starts vibrating and hence phonon gets excited. Now consider a second electron
which is subsequently passing through the moving region of increased positive charge density.

• It will experience an attractive Coulomb interaction and can absorb all momentum of vibrating
region. Under this situation, the vibrations of ions are stopped and hence the phonon is
absorbed by this second electron.

• So in this interaction, the momentum which was imparted by the first electron is taken up by
the second electron and hence these electrons undergo an interaction.

• This interaction would be an attractive interaction because exchange of momentum takes place
via Coulomb attraction interaction; of course through phonon.

• According to BCS theory, under certain conditions this attractive interaction overcomes the
force of repulsion between the two electrons. Therefore, the electrons are loosely bound
together.

• This pair of electrons is called Cooper pair.
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BCS THEORY: QUALITATIVE EXPLANATION

• The basis of a quantum theory of superconductivity was led by the classic 1957 paper
of Bardeen, Cooper and Schrieffer.

• This is now called the BCS theory. It was widely applicable, for example, from He3
atoms in their condensed phase to type I and type II metallic superconductors.

• This theory involves the electron interaction through phonons as mediators.

• The formulation of BCS theory is bases on two experimental facts viz. the isotope
effect and the variation of specific heat of superconductors.

• The isotope effect indicated that the lattice vibrations play an important role in
achieving the superconducting state.

• Further, Tc attains a value zero when atomic mass M approaches infinity. This
implies that non-zero transition temperature Tc is a consequence of finite mass of
ions.

SUPERCONDUCTIVITY

SURENDER DCE GGN



• According to second observation, the jump in the value of specific heat at transition
temperature indicates the presence of an energy gap in the energy specturm of the
electron in the superconducting state. We discuss below the quantum theory of
superconductors due to BCS.

• According to second observation, the jump in the value of specific heat at transition
temperature indicates the presence of an energy gap in the energy specturm of the
electron in the superconducting state.

• We discuss below the quantum theory of superconductors due to BCS.

• When an electron approaches a positive ion core then it suffers attractive Coulomb
interaction. So, the ion core sets in motion due to this attraction. Consequently the
lattice gets distorted. It is obvious that this distortion will be greater if the mass of the
positive ion core is small. Now suppose that another electron interacts with the
distorted lattice. Due to this interaction, the energy of the second electron gets lowered.
Thus we can say that the two electrons interact via the lattice distortion or the phonon
field.
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