The BCS theory is so called from the names of the scientists that formulated it in 1957, John Bardeen, Leon Cooper e Robert Schrieffer, that won the Nobel prize in physics in 1972. The theory is rather complex, but its main results are quite intuitive and easy to visualize.

In a normal conductor the conduction electrons are responsible for electrical conductivity, i.e. the small number of electrons having energy near to the Fermi level; on the contrary, according to the BCS theory, in superconductors electron pairs (called Cooper pairs) are responsible for superconductivity. How can happen that two electrons are attracted by each other, as both are negatively charged? An extremely simplified model can give an idea of the formation mechanism of Cooper pairs. Conduction electrons are free to move, while ions (positively charged) have a much bigger mass than electrons and are bound to their lattice positions. Nevertheless, the latter can be elastically displaced from their resting positions. If we imagine two electrons in this lattice (we now neglect the presence of other electrons to simplify the model), it is possible to deduce that they experience a reciprocal attraction mediated by the lattice. The first electron in fact, exerts an attractive force towards the ions belonging to the part of the lattice through which it is flowing; the surrounding ions tend then to get near to the electron. The second electron will experience an attraction towards this lattice region, where the positive charge density is higher: so it will be indirectly attracted by the first electron. So it is easy to understand that the two electrons are bound by a binding energy. For T=0 K this energy will assume a certain value, that is the energy amount that has to be provided to break the pair; increasing thermal excitation, the energy amount necessary to break the pair decreases and at Tc the superconductor/normal transition takes place without energy supply.

The mean correlation distance between two electrons forming a Cooper pair is between 100 and 1000 nm; this distance, called coherence length and indicated with the greek letter ξ, can be considered as the mean size of a Cooper pair. Keeping in mind that the mean distance between two conduction electrons is about 10-1 nm, it is easy to understand that between two electrons forming a pair, 106-107 electrons forming other pairs can be found. So, superconductivity is a highly cooperative phenomenon.
