Until now superconductors characterized by one critical magnetic field have been described: for H<Hc the material excludes the field lines of a magnetic field, for H>Hc, on the contrary, the field penetrates the sample. Materials that behave like this are called type I superconductors. But, excluding a minority of materials, the majority of superconductors are characterized by a lower critical field (Hc1) and by an upper critical field (Hc2). For H<Hc1 the field lines are excluded; for H>Hc2 the material is penetrated by the field lines and enters the normal state; for Hc1<H<Hc2, on the contrary, the field penetrates partially the superconducting material; it enters a sample portion that increases increasing temperature, until it occupies the whole volume for T=Tc. The regions where the field penetrates enter the normal state. As it can be noticed in figure, the Tc value too depends on H, as it decreases with increasing H. Materials that behave like this are called type II superconductors. For Hc1<H<Hc2 the material is in the so called Shubnikov state, while for H<Hc it is in the Meissner state.
Why do some superconductors belong to the I type and other to the II type? As usual, the answer has to be searched among energetic reasons. A type I superconductor is more stable if it excludes completely the magnetic field: the energy amount employed for the field exclusion is compensated by the energy gain that takes place when the superconducting state sets in. In type II superconductors, on the contrary, a gain in energy is reached when superconducting/normal boundaries are formed within the material, i.e. when the field partially enters the material. As the gain energy is caused by the boundary formation, the field enters the material through the so called vortexes or flux tubes, that are the thinnest “roads” through which the field lines can flow, so that the ratio surface/volume is maximized. Each flux tube allows in fact only one magnetic flux quantum to flow, i.e. the smallest amount of magnetic flux. Whether a superconductor “prefers” to exclude completely the field lines below Tc or enter the Shubnikov state, depends on the ratio between two very important parameters, the coherence length ξ and the penetration depth λ: if λ<ξ the superconductor belongs to the type I, while if ξ<λ the superconductor belongs to the type II. The majority of superconducting metallic alloys and all the HTSC are characterized by ξ<λ, and belong to type II; the majority of superconducting elements are, on the contrary, type I.
