> Bounded domain € in R3 with a Lipschitz continuous boundary I >£) is occupied by a superconductive material of type-|
> 1 denotes the outward unit normal vector on I > This is a material, which loses all resistivity below a certain temperature T,

VxH=J Ampere's law H magnetic field - ectr it
. £ electric permittivi
V x E=—uo:H Faraday's law E electric field - t,p b?ll't
magnetic permeabili
V- -Hy=0 J current density . ° ’ /

V xH=0cE+J; Jn normal current density
J=J,+J; . .
, V X E=—uoH Js superconducting current density
J,=0E Ohm's law o
V-Hy=0 o conductivity of normal electrons

> Pippard (1953)

Ns density of superelectrons
VxJ,=—N'B e s o el dlesier Jop(x, t) = /Q QR(x — x)A(X', t) dx/, (x,t) € Q2 x (0, 7)
— n,j; q electric charge of an electron with . x|
R(x — xX)A(X',t) = —C 7 [A(X, t) - (x — x)] exp (— )
= Correct description of two basic properties of superconductors: |x — x| 0
perfect conductivity and perfect diamagnetism (Meissner effect) >C >0, ry > 0 is related to the mean free path in the material

> Eringen (1984)

V- -B=0= 3A € HY(Q hthat B=V xAand V-A =0
() el ik o Joo(x, t):/ao(|x—x'|)(x—x’)><H(x’, £) dx' = —(Kox H)(x, 1),  (x,£) € Q x (0, T)
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VxJ=-AN'B with

=

Jo(x,t) = —=A'A(x, 1),  (x,t) €Qx(0,T)

VXV XH=0VXE+V xJ, = outH+V XV xXH+V x (KgxH) =0
Variational formulation: (9:H, ) + (V x H,V x ) + (Kox H,V x @) = (f,¢), Ve € Ho(curl, Q) (1)

> Notation

h = H(t;), h;_1 + (t — ti_1)dh, fort € (ti1,t)], i=1,...,n

> Divide the interval [0, T] into n equidistant subintervals [t;_1, t;] with time step 7 = % sh. — h; —h;,_; hy(£) = { Hg if t =0;

{ (0h;, ) + (V x h;, V X ) + (Koxh;, V x ) =(fi,), ¢ € Ho(curl,Q); { (Ohi, ) +(V x h;,V x ) = (fi,p) = (Koxhi—1,V X ¢), ¢ € Ho(curl,Q);
ho = Hj ho = Hg

N —

Let Ho € L?(Q) and f € L2 ((0, T), L*(R2)). Assume that V- Hy =0 = V - f(¢) for any time t € [0, T]. Then there exists a solution H € C([0, T], L*(Q)) N L2((0, T), H2(Q)) with 9;H € L, ((0, T), Hy *(curl, Q)), which solves (1)

C(1_s _s -
(x,t) eQ2x(0,T),V-H=0andH-v=0onl = Vst,e(x,t):—/lC(x—x’)H(x’,t)dx’::—(lC*H)(x,t), wherelC:QxQ%R:(x,x’)n%/fﬂxx’)withﬁ;:(O,oo)—HR:sH{852(1 rO)eXp( fo) S
Q

VXVXxH=0VXE+V xJs, — ocudtH—AH+ KC~H=0
Variational formulation: (0:H,¢)+ (VH, V) + (KxH, ) = (f, ), Vo € H5(Q)

{ (6hi, @) + (Vh, V) + (Kxh;, ) = (fi, ), ¢ € HyQ); { (6hi, ) + (Vh;, Vo) = (fi,p) — (Kxhi_1,0), ¢ € Hy(Q);
hy = Hy hy = Hy

> If Hy € H(Q) then > If Ho € HY(Q) N H2(Q) then
T T
max (6) = H(OI" + [ [V1h, — H]I” < C7 max. [I(6) = H()[*+ [ [lh, — H]J* < C7
0

te[0,T] te[0,T]

> Performing numerical experiments using the finite element library DOLFIN from the FEniCS project I > This research is possible thanks to the financial support of the BOF/GOA-project no. 01G006B7, Ghent University
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