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Superconductor 
(Hg) 

4.2 S JO 
T(K) 

(a) The current in the superconductors persists for a very long time. This is demonstrated by placing a loop of the superconductor in a magnetic field, lowering its temperature below transition temperature T, and then removing the field. The current which is setup is found to persist over a period longer than year without any attenuation. 
(b) The magnetic field does not penetrate into the body of the superconductor. The property known as the Meissner effect, is the fundamental characterization of superconductivity. However, when the magnetic field H is greater than a critical field He (T), the superconductor becomes a normal conductor. 
(c) When a current through the superconductor is increased beyond a critical value le (T), the superconductor again becomes a normal conductor, i.e., the magnetic field which causes a supen:onductor to become normal fyom a superconducting state is not necessarily an external magnetic field, it may arise as a result of electric current flow in the conductor, the superconductivity may be destroyed when the current exceeds the critical value 10 which at the surface of the write will produce a critical field He given by 

le= 21trHc 
; This is known as Silsbee's rule. ; ' I (d) The specific heat of the material shows an abrupt change at T = Tc, jumping to a large value for T < Tc 
(~Tc inaeases with a high power of lhe atomic volume and inversely-l u the atomic mass and is known u iNlo(,e effect. 
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Type I l Superconducting 
state 

Mixed Normal 
1-J---L-411f--~~~~.~state-

He He, He 
Applied magnetic field Ha - _ Applied magnc:tic: field H. 

J.,,¾~n ~~~a.A.L £.Ai~ 
nuL~hL- dt~ Hc1 H '-'1.. i.vk,,"c.k ki~ 
W'h~ ~-dA. ov-4 u.r~ w-h·c..J J,'~-Hc."l.. • 

. . Fo\.applied fields below Hc1, the specimen is 
diamagnetic and hence the flux is completely excluded in this range of 

1 field; Hc1 is called the lower critical field. At Hc1 the flux begins to penetrate 
the specimen, and the penetration increases until Ha is reached. At Ha the 
magnetization vanishes and the specimen becomes normal conductor; Ha 
is called the upper critical field. Moreover, the magnetization of this group 
of superconductor vanishes gradually as the field is increased, rather than 
suddenly as for the type I superconductors. However, they are completely 
superconducting for all fields below Ha: The superconductors of this 
group are called type Il superconductors. They tend to be alloys or 
transition metals with high values of the electrical resistivity in the normal 

, state. Type Il superconductors are technically very useful materials, in 
! contrast to type I superconductors. 
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The assumption of zero resistivity in superconductivity leads to the 
acceleration equation 

dv E _....,_ 'l..bt. .::. _ C2. E 
m dt = - e "'--,,' ot t: .,..,.., 

Also the current density j, number of electrons per unit volume, is 

j = -nev 
Therefore, we have 

dj = ne2 E ----@ 
dt m 

~

ust be mentioned that here only the superconducting electrons are 
consideration and not all the e1ectroas : a supercmcluc:tor can be 

d as composed of both normal and supelCOOducting electrons. 

I The normal electrons behave like electrons in a non-amductor, and thus 
are of no interest to us. Further, the superconducting electrons are being 
assumed to respond to electric field just as free electrons do. Now taking 

/ the curl of both sides of eqn. (2f"we_have, with 

or 

with 

Also 

where· 

oB [ m dj] oB 
V x E = at or V x ne2 dt = -ai 

Vx - 1 = --[
Kd'] oB 
dt • at 

m K=-
ne2 

v x B = µ0j 

----® 

( 
dj ) • ( K d ' ) 1 • 

Vx K- = Vx --,-(VxB) =-Vx[Vx(KB)] 
dt J'odt Jlo _fa':\ 

• . .d 
B= 41 B 

r 

I\ I 



or 1 . oB 
-Vx[Vx(KB)l = --µ0 at 

Also v xv x (KB) = v v. (KB) - V2 (KB) 
Since V. B = 0 

we have 

Integration of above equation w.r.t. time gives 
K • i?)· 
-V2 (B-B0)=B-Bo --~ 
µo 

where B0 is the cons.tant of integration and denotes the field at time t = 0. 
Here the currents are considered as the only internal source of magnetic 
field and in this discussion no magnetization as such has been introduced. 

Let us now pay attention to the fact that the equation <''t admits the 
particular solution B = Bo, where B0 is any arbitrary field existing at t = 
0 whereas Meis~ner effect tells us that we cannot have frozen in fielqs. So 
according to F. and H. London, we should eliminate Bo- This we do by 
abandoning the acceleration equation and taking instead 

I 

"'".:i ( mj ) • -. V>C - --B ne2 • 

as the fundamental equation in a superconductor. 1nerefore, we obtain 

..!_v2 B • B 
µo ---·-@ 

this equation does not admit a constant field as a solution. 
Also VxA=B 

where A is any vec~or field. 
. ne2 
J =--A 

m 
This is the London equation. Sometimes this equation together with 

eqn. (21 are called the London , ~l uations. 
Using Maxwell's equation 

V x B = µ0 j ----® 
ior VxVxB=~Vxj_ 

\ 
or - V2 B = v x j 

Then, using the London equation (,), we get 
2 2 

v2B = ne µo V x A= ne µo B 
m m 

or 

where A2 = ne';µ with A is known as London penetration depth. 
.0 
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