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The existence of a critical magnetic field implies the existence of 
a maximum current in a wire of the superconducting material 
because the current itself generates a magnetic field according 
to Ampere's law. 

Superconductors are characterized by a material-

dependent magnetic field, above which the

superconducting state disappears.







The maximum values of 
temperature, electrical 
current and magnetic field are 
interdependent and when 
plotted in 3 axes form a "critical 
surface".

Nb-Ti and Nb3Sn, the upper critical fieldsare 13 T and 27 
T respectively and current densities > 105 A/cm² can be carried.
The critical temperatures for Nb-Ti and Nb3Sn are 10 K and 
18 K respectively.





Another important parameter 
associated with superconductivity is the 
coherence length  .

The coherence length is the smallest 

dimension over which superconductivity can 

be established or destroyed.





A transition from the superconducting state 

to a normal state will have a transition layer of 

finite thickness which is related to the 

coherence length. 



The mean free path of a metal can be reduced by the addition of 
impurities to the metal, which causes the penetration depth to 
increase while coherence length decreases. 
Thus one can cause a metal to change from type I to type II by 
introducing an alloying element.



Type II Superconductor





Other superconducting currents 
develop creating vortices (like non 
superconducting “tunnels”).
These vortices allow a quantum of 
magnetic flux to go through them and 
thus enable part of the applied magnetic 
field to go through the superconducting 
sample. 

Let a magnetic field is applied. 
Superconducting currents develop on the surface in order to 
make a screen against this field; responsible for the Meissner
effect. 



Vortex regions are essentially filaments of normal material that 
run
through the sample when the external field exceeds the lower 
critical field. 



As the strength of the external field increases, the number of 
filaments increases until the field reaches the upper critical 
value, and the sample becomes normal.



One can view the vortex state as a cylindrical swirl of supercurrents
surrounding a cylindrical normal-metal core that allows some flux to 
penetrate the interior of the type II superconductor. 



Associated with each vortex filament is a magnetic field that is 
greatest at the core center and falls off exponentially outside the 
core with the characteristic penetration depth . 
The supercurrents are the “source” of B for each vortex. 
In type II superconductors, the radius of the normal-metal core is 
smaller than the penetration depth.







More on fluxoids

a single fluxoid encloses flux

Fluxoids consist of resistive cores with 
super-currents circulating round them.
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Vortices are affected not only by the Lorentz force but also by 
repulsive vortex-vortex forces, and vortex-pinning centre
interactions that restrict motion. 
If the pinning force is larger than the sum of the Lorentz force 
and the vortex-vortex interaction, then the vortex cannot move. 
Hence, for an unchanging pinning force, the vortices will be 
forced to move if either the Lorentz force or the vortex-vortex 
interactions become too large. 
The Lorentz force will increase linearly with the size of the 
transport current, and the vortex-vortex interactions will 
increase as the density of vortices increases with the applied 
magnetic field . 


