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o f  S u p e r c o n d u c t o rs 

Superconductors have resistivities of zero below a critical 
temperature Tc' which varies from material to material. 
In the presence of a magnetic field H, the critical temper
ature is lower than the critical temperature is when there 
is no field. As the magnetic field increases, the critical 
temperature decreases. If the magnetic field magnitude is 
greater than some critical field Bc' superconductivity does 
not exist at any temperature. 

* M e i s s n e r  E f f e c t  

A s  a superconductor i s  cooled below the critical tempera
ture in an applied magnetic field, the magnetic field in
side the superconductor becomes zero (Figure 28-35). 
This effect was discovered by Walter Meissner and Robert 
Ochsenfeld in 1933 and is now known as the Meissner 
effect. The magnetic field becomes zero because super
conducting currents induced on the surface of the super
conductor produce a second magnetic field that cancels 
out the applied one. The magnetic levitation (see the 
following photo) results from the repulsion between 
the permanent magnet producing the applied field and 
the magnetic field produced by the currents induced in the 
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F I G  U R E 2 8·3 5 (a) The Meissner effect in a superconducting 
solid sphere cooled in a constant applied magnetic field. As the 
temperature drops below the critical temperature Te, the magnetic 
field inside the sphere becomes zero. (b) Demonstration of the 
Meissner effect. A superconducting tin cylinder is situated with 
its axis perpendicular to a horizontal magnetic field. The directions 
of the field lines are indicated by weakly magnetized compass 
needles mounted in a Lucite sandwich so that they are free to turn. 

superconductor. Only certain superconductors, called type I superconductors, 
exhibit the complete Meissner effect. Figure 28-36a shows a plot of the magneti
zation M times fLo versus the applied magnetic field Bopp for a type I supercon
ductor. For a magnetic field less than the critical field Be' the magnetic field fLoM 
induced in the superconductor is equal and opposite to the applied magnetic 
field .  The values of Bc for type I superconductors are always too small for such 
materials to be useful in the coils of a superconducting magnet. 

Other materials, known as type II superconductors, have a magnetization 
curve similar to that in Figure 28-36b. Such materials are usually alloys or metals 
that have large resistivities in the normal state. Type II superconductors exhibit 
the electrical properties of superconductors except for the Meissner effect up to 
the critical field Bc2' which may be several hundred times the typical values of 
critical fields for type I superconductors. For example, the alloy Nb3Ge has a crit
ical field Bc2 = 34 T. Such materials can be used for high-field superconducting 
magnets. Below the critical field Bel' the behavior of a type II superconductor is 
the same as that of a type I superconductor. In the region between fields BcI and 
Bc2' the superconductor is said to be in a vortex state. 

The cube is  a superconductor. The 
magnetic levitation results from the 
repulsion between the permanent magnet 
producing the applied field and the 
magnetic field produced by the currents 
induced in the superconductor. 
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F I G  U R E 28·3 6 Plots of fLo times the magnetization M versus 
applied magnetic field for type I and type II superconductors. 
(a) In a type I superconductor, the resultant magnetic field is zero 
below a critical applied field Be because the field due to induced 
currents on the surface of the superconductor exactly cancels the 
applied field. Above the critical field, the material is a normal 
conductor and the magnetization is too small to be seen on this 
scale. (b) In a type II superconductor, the magnetic field starts to 
penetrate the superconductor at a field Bel' but the material remains 
superconducting up to a field Be2, after which the material 
becomes a normal conductor. 




