NumPDE Course, (C) SAM ETHZ

ETH Lecture 401-0674-00L Numerical Methods for Partial Differential Equations .

Course Video B

Section 13.3.2.1: Electromagnetic Wave -
Equations -

Prof. R. Hiptmair, SAM, ETH Zurich

Date: May 9, 2025
(C) Seminar fur Angewandte Mathematik, ETH ZUrich

Prerequisites.
+ Calculus and ODEs —
Dependencies. [Lecture — Section 13.1.4], [Lecture — Section 13.1.5], [Lecture — Section 13.3.1.2]

Duration: minutes .
2 Video and accompanying tablet notes may not match completely!

[Corrections and updates may have been made in tablet notes.]
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3.3.2. Elec d'ymm/c Cwlbofion Poblems
BVP v B Geldn

/ME ) dle(t)z—%b(t) in L2A%2(Q) , dlh(t)zd—td(t)+j(t) in L2A2%(Q)), (13.3.1.1)

/ML : /Qd(t)/\e’:me(e(t),e’) Ve € L2AY(Q), (13.3.1.22)
/b( ) AR =m,(h(f),h') Vh'e L2AL(Q). (13.3.1.23)

b.c. - (akhual / idealizatiom )

{h V.D. &t xn=0 [PEC,(13.1.343)] or h(t)xn=0 [PMC,(13.1.3.44)] on 9Q. (133.21)
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fr e h  10T] — H/ cma) o % (G7)
wismalh o oot il AL

r |
— \ Apply integration by parts (13.1.4.124) (for £ = k = 1) to one equation of (I), (Il).——
OEC Lo o orronba b s
4 { L_,l/ %4 | vV o U/W{IW/L ' S
y -
Seek e : [0, T] — HoA'(d, Q) and h : [0, T] — L2A'(Q) such that
1
— me(“S(1),e') — / h() Adie! — —/ () A e (Ve € HoAYd, Q) —
dt ) 0
] h (13.3.26) |
| mdGom) & [ diem AR = o0 vh' € I2A1(Q) . B

Y ( A . If
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= Lequtties ikl condehons

o(b)= ¢, 6 HAUR)  hlO)=h & [A(3)

5 13.3213 Cmmuton of ongy

S
me(2(0),¢) Ja®Adie’ = — [ j(HAe Ve € HAld,0), -
- ih (13.3.2.6)
@,,(E(t),h’) + [ die(hAR" =0 vh' e L2PAN(Q), —
[/ ) [ ) /1 A VAR YWY
Set € = et N = hit] K daz F"
de dh
~me(G (1), e(t) + mu (S0, R(D) = = [ (1) Ae®) (1332.14)




NumPDE Course, (C) SAM ETHZ

6033219 Gohwint //)/ﬁ/ﬁ{/ﬂdﬁbﬁ

| Seeke:[0,T] — HyAl(d, Q) and h : [0, T] — L2A!(Q) such that -
i
. me(S (), €) - /h()/\d1e _ —/j(t)/\e’ ve' € HyAl(d, Q) -
- " ¢ (13.3.26) |
— m(GON) /dle ~ 0 VR € I2A1(Q) .
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| Seeke:[0,T] = HoA'(d,Q)) and h: [0, T] — L2A'(Q) such that -
- de 5
S - (—(t),e') — [ h(t)Adie’ = — [ j(H)ne Ve’ € HyA'(d,Q), .
etar / e /Q] © ' (13.3.2.6)
o @t + /dle =0 Vh' € LAY (Q) . B
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6133231  EMWE 1o dd-odly form

[ & ZM/ /mm/v ML, vp m%m ] .

— /(e(x)g—f(x,t))-é'(x)dx _ /fl(x,t)-curlé’(x)dx =—/Qi(x,t)-é'(x)dx,

— 0 (13.3.2.7)

- Zw DR (50)-K(mds + /curle ) K(x)dx = 0 -
—forall V&' € Hy(curl, ), h’ € (L2(Q))3. —

) ) \

t -’/ \

n Ind V{W%. AR % D
& Z —(x &(x)dx — /h ccurl & (x =—/Qj(x,t)-é’(x)dx,
- %—};(x, - /y x) curl é(x,t)) -b'(x)dx = 0 -
0 0 / o
~ forall V&' € Hy(curl,Q), b’/ € (L2(Q))3. v vy o

b = anle

S (2\, ~ ¥ —
/(e(x)gT;(x,t))-é’(x)dx _ ({%—?(x,t) . curl &(x) dx — —/Q%(x,t)-é’(x)dx o
/—(x CUIIL dx + / curle curlé'(x) dx = 0

d‘ifor all V&' € Hy(curl, Q).

Seek e :]0, T[— Hy(curl, Q)) such that

/ (e(x)%(x, 1) - & (x)dx + / (4~ (x) curl &(x, 1)) - curl & (x) dx = — / g—];(x, £) - & (x) dx

Q
o (13.3.2.32)

for all &' € Hy(curl, Q).
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Recald Sect 97 -

2

— u(t) € Vi m(d

a2’ ) +a(u,0) =£(v) VoeV,. (9.3.1.8)

« function space V; := Hy(curl, Q)),
—— < ans.p.d. “L2-type” bilinear formm = m., m.(&,¢&) := / (e(x)&(x)) - &(x)dx, —

—— « the bilinear form corresponding to a second-order PDE operator in space —

a < (¢,&)— / x) curl &(x,t)) - curl ¢’ (x) dx,

+ and a right-hand side linear form

(& —/Qf(x,t) & (x)dx.

FUWE  hane %%L Bolowes with <caln WE

—> Dy 20/ &S

S0pp o,y © I,

sopp el supp h#) < Txell: dit (2 x) £ Ly

—> don of il & depensbice
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