Different regimes of Maxwell’s equations v=1/u
Full Maxwell

O’E =~ OE dJ;
(15) €5z + vy +curl(vcurlE) = — 5

0?A 0A
(16) STl + v +curl (vecurlA) = J;

Eddy current
oFE 0J;

(17) e +curl(vcurlE) = — 5
(18) aaail +curl(vcurlA) = J;

Implicit time discretization of (15)—(18)

€
(—2 + g)u +curl (veurlu) = ...
T T

where u = F or A, and € = 0 in the eddy current case
Magnetostatics

(20) curl(vcurlA) = J
Time-harmonic Maxwell

(21) (—w’e + iow)E + curl (veurl E) = —iw J;

(22) (—w’e + iow)A + curl (veurl A) =

S

Common pattern:

curl(veurlu) +ku = f

Full Maxwell, implicit time discretization | x € R™
eddy current, implicit time discretization | x € Rg

Magnetostatics k=0
Time-harmonic Maxwell ke C\R{
Time-harmonic eddy current (¢ = 0) kel

Conductivity regularization to avoid k = 0 (possibly in subdomains):
o(x) if o(x) > o9
Oreg(T) =
o) else,
where o > 0 is a small constant.

This regularization can be applied to the eddy current cases,
as well as to Magnetostatics:

curl(vcurl A) +00A = J

Approximation of the true solution as og — 0




