The Meissner-Ochsenfeld effect, so called from the names of the two scientists that discovered it by means of their famous experiment in 1933, is the unequivocal fingerprint of superconductivity. It is based on the evidence that a material in the superconducting state excludes the field lines of the magnetic field, if the latter is below the critical value for that material. In order to understand the extraordinariness of this phenomenon, an H vs. T diagram has to be considered, as shown in figure. Point 3 belongs to the superconducting region. To arrive to point 3 starting from point 1 (where the material is in the normal state and it is not immersed in a magnetic field), let’s imagine to go through point 2. In this case the material is cooled under Tc without a magnetic field and afterwards immersed in a field. Obeying Lenz’s law, a current is induced on the superconductor surface opposing to the magnetic field; as in the superconductive state R=0, this is a dissipation-free current, it does not extinguish and goes on screening the superconductor from the magnetic field until the latter remains below Tc. But if we imagine to go through points 1-4-3, the sample is introduced in a magnetic field while it is in the normal state; only afterwards it is cooled below Tc. Basing on classical physics, any screening current should form, as there isn’t any flux variation through the sample. But if this was the case, two different states would be accessible for the same values of the T and H variables, depending on the thermal and magnetic history of the material.
In 1933 Meissner and Ochsenfeld proved experimentally that a material in the superconducting state excludes the field lines independently from its history: i.e., when the material is in the superconducting region, it excludes the field lines, no matter how it arrived in the region. So it is the Meissner effect, and not only the evidence R=0, that characterizes a superconductor: the fingerprint of superconductivity is the magnetic field exclusion even without a magnetic flux variation. This extraordinary discovery, that can not be treated in terms of classical physics, stimulated the subsequent studies that led to the comprehension of the superconducting phenomenon.
