NumPDE Course, (C) SAM ETHZ

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

* Course Video n

Section 13.3.2.2—-Section 13.3.2.3: Method of
lines for Electromagnetic Wave Equations,

Timestepping for Semi-Discrete
Electromagnetic Wave Equation

Prof. R. Hiptmair, SAM, ETH Zurich

] Date: May 9, 2025
. (C) Seminar fur Angewandte Mathematik, ETH Zurich

~ Prerequisites.

« Elementary linear algebra and difference quotients
—Dependencies. [Lecture — Section 9.3.3], [Lecture — Section 9.3.4|, [Lecture — Section 9.3.5],—
~ [Lecture — Section 13.3.2.1], [Lecture — Section 13.2.2.3]

~ Duration: 50 minutes
B 2 Video and accompanying tablet notes may not match completely!

[Corrections and updates may have been made in tablet notes.]
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3.33.2. Meled of Lin r Lt@lmdgaeﬁg
Wave Equatons

Stath g/ VDM'nf'

Seek e : [0, T] — HoA'(d, Q) and h : [0, T] — L2A(Q)) such that

] de -
me(—(t),e') — [ h(t)Adie’ = — [ j(t)ne Ve’ € HyA'(d,Q),
. . / /“ (13.326) |

] di}t‘ / die(t = 0 Vh' € LAY (Q) .
(

MOL - S,V/f/{% 1. 5{%75% lnbin dooehiaahon

Step I - riz é//@fl sy —> £ cvbspacty
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~ Seeke,:[0,T] = Wi(M)andhy, : [0, T] — PyAl (M) such that

— me(dﬂ(t) ey — /hh(t)/\dle;, = (S LAy ve, e wim), -

S y a (13.3.2.35)

o (GO [ de AR, = 0 vh), € MM/{} B
0

Slqo T Uhne ovred b
W) e Whitey I-Gnms

DA - 3 b |- @mog oo wll
v (51, 5] 1]

> MO -0DE

Seek time-dependent basis expansion coefficient vectors € : [0, T| — R" and h: [0, T] — R™ such
that

d = —
M= (H) —(BIR(H) =9, N
e (13.3.2.36)
T M= () +(B&(H = o, -
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~ Seekey, : [0,T] = Wj(M)andhy : [0, T] — PoA' (M) such that

dey, / o . / / .
- Me (d‘;; (t),e, /hhﬁ Adie;, = —/Q](t)/\e,, Ve, € W§(M), 30238
o m,,(d_t"(),h,,) die,(t) AR, = 0 Vh) € 1//(1/ -
‘! S>/1M/l)
g, S Gt b e p,lC)
L. b. 7}/9 4 addl | —=> cancellahon /\
dEtOt’h(t):—/'(t)/\e(t) Ewotyn := 2me(ep(t), ep(t)) + 3my (hy(t), hy(t 13.3.2.38
it Q] h\t), tot,h -— 3Me( € A ))+2m;t( n(t), hy(t)), (13.3.2.38) —
N
/
Aoty _ ~ [t ne) - (13.3.2.15)
dt 0
6 153739 MOL : Condaint 79/0{&7%/%7
Recald - A Ll
/0# R
- / £) A dgo’ _/ bo Adov! Vo' € HAY(d,Q) and all times (13.3.2.21)
/ m —(t) Ndov' = —/ j(H) Adoo’ Vo' € HyAY(d, Q) and for all times £ . (13.3.2.27) —
t 0

S cmn/)moaﬁ/ 78

Obstmve, - d, \/l,é(/V/) C W//%)

AWM < A
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~ Seekey, : [0,T] = W}(M)andhy, : [0, T] — PyA' (M) such that o

dey, ) . / / 1
o me(— (), h(H) Adie, = — [ j(t) Ne, Ve, € Wy(M), o
di\t N / l o /Q] K K (13.3.2.35)
T md S + /lee,, (HAR, = 0 Vh, € L2AHQ) . - -
@/\ L/V// (|
/ 7\
o) e— dov  u e W /,/V//
\ ,
h =— dyw, , w,e WIAM)
B iho - [ detladyo, =0
Q

—[Lme(%(f),dovh)z —/Qj(t)/\dov;, VU}, EW(())(M), (13.3.2.40)7
m},(%(t),do’ﬁ/h) =0 v, € WO(M) . (13.3.2.41)

"\

e Lol Uineary AL 4 o)

e _U,{(x,é}
/(%(e(x)é;,(x,t))) - grad Uy, (x /] ) - grad U, (x)dx Vv, ESlO(M) .
O

o (13.3.2.43)
/(%(y(x)fu,(x,t))) -grad 9,(x)dx =0 Vo, € S{(M). (13.3.2.44)

(/]//Q‘ e D zjmgngzz ]OMZ; 0/ @mﬂ (gﬁ[l \M&}f/?mgg
.FUY Lol /(/ ﬁ’/ WZ .
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de .

~ M.—(t) — B'h(t) = @p(b);, -
dt

o : (13.3.2.36)

M0+ BEDH = o,

0 i -k 773’ | > 93y

ﬁ/mma/cm% D=t 4t &£ . <4,=T
>0 gl v /

\c)f/%-jj, 1S Camlke- Meclson ¢ s
s RE-Ssm " T = implcdt midpint SSH

- () _ =(i-1) =) (1) o
é é 7[R +h -

. : =1,...,M, (13.3.2.46)
. ~() (1) =) 4 z(-1) J .
M, (h h ) . B (e + € ) .
o T] 2 o
M, —%TJBT] e/ ! M. TJ%BT] =V Tg(t_y) -
N Lo | + =27 . (13.3.2.51)
7-%71 # M,, R _%TJB M, A 0 _—

— Fu(//dl /'m/ﬂ//z‘&/f% methood
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Et(c]){_Et(ot Y T ("(’) o 1)) 171( 1) (13.3.2.47)
— (k)\ T (k) o
Bl = 1) Mee 4 B MY,
_ @UC\ () L PNIANNNI2

@M dg;m(t) = —/Qi(t)/\e(t) : (13.3.2.15)

.32 ¢ '
—> 6/%7@7@( J?/m/n/zz/ 5//7&(
(£
/N \
4 - : > %
AL + .
VT ( 4 a7/

Me(é(’) —Té(j_l) _ gTRUY _ Gy, j=1...M, (L)

w0 e o e TR
1 M, &) = MU~ + B RV 2)+T'p(1 )
(s VY s o
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