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Abstract

Aiming at a class of time-domain Maxwell equation optimal control problems, an optimality sys-
tem composed of equation of state, dual equation of state and first-order optimality condition is
derived by using Lagransssge multiplier method and Helmholtz decomposition theory. The fi-
nite-difference time-domain (FDTD) scheme and fourth-order difference scheme are used to dis-
cretization the optimality system, respectively. The discrete scheme of the optimality system is
obtained. Finally, numerical examples are established to solve the Maxwell equation optimal con-
trol problem based on the two difference schemes. In order to avoid solving large coupled alge-
braic equations, the iterative method is used for calculation, and the numerical results verify the
correctness of the theoretical analysis.
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1. 5|

HRGFTEVE Z IR B A AR e B, EATERTERRIRRN . GPRER . Bl
WERAS, WLEIRHAR . s, RS EORSESURI N o Ik, 7EMI B TAR S SRt 1R
2 [l R AT ARIVE A Maxwell 75 R 20 SR AR B A4 i i A8 o S A2 7% ) P o R ) e R 4 EL A Hk st 1
T EAF B ABUE L. X T Maxwell 75 FR B Rz i) @, 384 R A A IRICIE(FEM)ZAT R AF, R
SEEEL B ARZ B B PR G A S RS AR B R GHER 25 R s R R B e A A T SR A
TS, R Maxwell TR LR T FEM 246, 8B E7R(MoM). 1A ICIE(BEM). 20755, AR
S FHE Maxwell 5 FE R AL f il 1 @Y FDTD ¥&. PUR 2431k, o FDTD yE7E i [r) f1 23] L3528 —
WS, DURY 22 AT s ) - e, 2= 1a) - PORhUies. FDTD 2 i K.S.Yee [1]7E 1966 4 ¢ UKL H 1) —
P52 B RESA B 7%, VPR (A0[2]-[7]) R M, TERRAF P, Zlid iR FDTD v Yee
#2[8] [ FE HERAAIAG R il i 2 B 22 20 A% R AIK 1 B B0R 25 FIA s FEE % [ S Mk 1R 72

BaE Maxwell 7 RERIEE RG] TR ARIBEFE, BUEEAT, Maxwell J7 R L3 ) @l O — L
WA, anda ) 2 imin 5 #2[10] [11] [12] [13] Btz i, 1X 55 v il = A 19 B2 Il /A % (7 ML [14])
X Maxwell 77 F2 32 7 m] 2 i) S Bk ol DALZE[15] [16]FF 4R 2. FRATEHR B T [17]-[23]0F L& P 08
WA RN R IEH[24], WX TAELMERE G, 2013 4, LYousept 25 A[25]5%F 4012k P4 Av 52 724 e 1 37 I 3k
Iy TR B LA ] T T WE 5. 2017 45, S.Nicaise [26] 41 V.Bommer [27155 ABEFE 1 ISR Maxwell
T RE R A . X T SCER[27] W AT I Maxwell J5 RS A 45 ) |, 78 SR AR Maxwell J7 F2 5%
e gz ] i S SR FEM AT R AR o AR SCHRAS 2R mT 0, S Maxwell 5 R 5 bl ds il i i, FH 22 28t 4T
B SRMERTTE TAER D, KZHRIE T Z 07T Maxwell 75 FEMEUERE . B, AR ik
Maxwell 75 F& f5 fI6 32 i) 1] 758 11 22 431

ASCHIGEMIN R S AR ), SR A S B s T 2, R R o3 7 R et A i B i
o5 HGHEPIRAS T RE A — I S R 2, R R G 28 = A iRt R A bs 2, FIH FDTD
EANVYBY ZE o0 iE Nt S e R G s B s 2 38 DU R IR AT Maxwell 77 F2 se A4zl 1), 45
T T FDTD J:FI DU 22 /i B Se a0 25 51, S0UF 1 W AR 22 20 i QI Rk s 28 TR a4y .
2. {E8HIR

B QR &M 3458 Lipschitz 17 T = 0Q 143 Fd. thah, BATHFE T A EAEEK Lipschitz
WART, =0Q,, HhEtlikQ, c Q. BATW BRZTE Q, FHE|— A F 1 s I % FE AR I R AR L 4R
W, AT SR 5l F 37 AR 3732 B i 75 (R KT

ASCE T Maxwell 75 B fe A3 e 751 .

2

L.(@)

1 A A
Minimize E"E(T)_Ed "i&(n) +[H (T)-H, +?||curl u||2|_2(nc) +?a||a||i2(m), 1)
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sk, P

M

BRI U T a il A RS T R
¢E,—curl H+0E = y, ua inQx(0,T),
uH, +curlE=0 inQx(0,T),
Exn=0 inTx(0,T), 2
E(-,0)=E° in Q,
H(-,0)=H° in Q,
XS LR L u = u(x) AITCHURE 2SR (A ST 18 2 ) BA BN Bl N TR) A2 A 4R @ = a(t) R -
{divu=0 inQ,, @
ay, <a(t)<a, ae.in(0,T),

L_b 4 1 52— 32 Maxwell 77 B4 5 0 0t 24 I L, 218 Miawell 7 R 36 A2 52 2 S A (PEC)
RS ELAES, ERrhd, HERE, o 1. o QORPESIERNMER. HE
L HURH, IR T MANERR, n MR T, MANARR, MRS E, . H, A HFRFBANZIT R’
R, P A B, <, FrIL AR T Ao VR 0 5 A
By Ay e RYOBEBIBAS L FRZ QS I ) = (e)
512 1.1 (7] R4 B A — AR
BT REI NS

'"if,(g) = (/”"')LZ(Q) °

@)’

H (div;0,) ={g e *(2,)

diVQeLZ(QC)},

H, (curl;,)={qeH (curl;Q.)|gxn, =0onT},
H(div=0;Q,)={qeH(div;Q,)|divg=0in Q },
U™ =H,(curl; Q)N H (div=0;Q,),

A s ={aeL2(0,T)|a <a(t)<a a.e.in(O,T)},

min max

FIH Lagrange e 1i%, LA Helmholtz M f#FEE, 1 LA NS518ALOL:
EH 124 (u,a) e U™ x A™, [BQ)~@FEME— R (E,H,u,a} , 24 BACAAEEXHRIRA
BE (K, Q) 13 {E,H,K,Q,u,a} i &l N MRS
¢E,~curl H +0E = y, ua in Qx(0,T),

uH, +curlE=0 inQx(0,T),
Exn=0 ian(O,T), @)
E(-,0)=E, inQ,
H(-,0)=H, in Q,
K, —curlQ-oK =0 inQx(0,T),
uQ, +curlK =0 inQx(0,T),
Kxn=0 ian(O,T), (5)

K(T)=E(T)-E, inQ,
Q(T)=H(T)-H, inQ,

curleurl u+Ve =-4"(K,a)z ., inQ,
divu=0 inQ,, (6)
uxn, =0 onTl,
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3k,

\Fﬂ

a(t) =P[aminvaw][—%fgc K(x,y.t)-u(x, y)dxdyj, vte[0,T]. 7
WERA: 52 X Lagrange R %
L(E,H,u,aK,Q)
1 ﬂ’u ﬂ’a
:EHE (T)_ E, "22 +||H (T —Hq "22 +_"Cur| u”lz_2 +_"a"2|_2 0T)
oo (€Ec —ourl H + 0 — 7, ua)- Kebdydt ~ [ (uH, +ourl E)- Quxdydt

1
= E"E (T)_ Eq |||_§(Q) +||H ( -H |||_2 (Q) "Curl u|||_2 (Q) 7a"a"2L2(0,T)

—jj eE-dedydt—H 0T0E~dedydt—” OVT)(—curIH— Zo,Ua)- Kaxdydt
-1 OTcurlE Qdxdydt— [[, o H, dedydt
y)
e T>—Ed|| R d||Lz Sourtulfy ) + 2 el o,
[ cE(T)-K(T) dxdy+_” o E” dedydt jj ,OE - Kaxdydt
—H OT( —curl H -z, ua) Kdxdydt — H curIQ dedydt
—jj |Exn-Qaxdydt - jj HH dedydt,
g — %30 Green AXE 2], A REKMATH, B ANERRE—TUNE.
D:L(E,H,u,aK,Q)E
=¢[ (E(T)—E,)-E(T)dxdy—e| E(T)-K(T)dxdy- jj €K, - Edxdydt
~ [l oy 0url Q- Edxdydt - [ oK - Edxdydt

= [,[(E(T)-Ey)-K(T )]'EE(T dxdy—ﬂgx(m eK, —curl Q- oK )- Edxdydt
=0,

JES)
K(T)=E(T)-E; inQ,
K, —curlQ-oK =0 inQx(0,T).
el
DHL(E,H,u,a,K,Q)H
= JyL(H(T)=Hg)=Q(T) - b (T)ddly + [[ - (4Q, +curl K)- Haxdydt
+ er(o,n K xn-Hdxdydt
=0,
RS

Q(T)=H(T)-H, inQ,
4Q, +curlK =0 inQx(0,T),
Kxn=0 inTx(0,T).
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sk, TRk

(6)- (7)5NHH Lagrange &£t #% 1 u fl a 3R, LL& Helmholtz B 75 3], HARIES WL SCHR[27].
i

3. RILMAGERERN
3.1 RIEMRG
10 YEELAAR R T, WA IR S 2 SABRTE G, TEHE 1.2 PR R 45(4)~(T) 3 L3k

AR EAN N AR A
oE H
GEXJFGEX :%+;(chxa, (x,y,t)eQx(0,T),
eE—FGE =—6—H+ZQ u,a, (X,yt)eQx(O T)
ot OX ¢ (8)
oH _oE, %
p—= 5 o (x,y,t)eQx(0,T)
E (x.ct)=E (x d,t)=E, (ayt)=E (byt)=0 (x,y,t)e'x(0,T)
E, (x¥,0)=E{(xY).E (X ¥,0)=Ey(x,y).H(xy,0)=H"(xy), (xy)eQ
eaK 23 (X,y,t)eQx(O,T),
oK o
€ aty —O'Ky =—8—§, (X,y,t)eQx(O,T),
299 KKy y 9)
P FYRR (x,y,t)eQx(0,T),
K, (x.c.t)=K, (x,d,t)=K, (ayt)=K, (byt)=0 (x,y,t)eI'x(0,T)
Ke (6 y.T) =B (6 Y)=Ea (% ¥). Ky (X ¥, T) = By (% y) =B (xy), (xy)eQ,
Q(xy,T)=H"(x,y)-Hy(xy), (x,y)eQ,
0 a1
Aux+a—f:—/1u (Kx,a)Lz(o’T), (x,y)eQ
op -1
AUV+E:_AU (KY’a)LZ(o,T)' (X'y)EQc' (10)
9¢ 09 _
6X+8y 0, (x,y)eQ,,
u,(x,c)=u,(x,d)=u,(ay)=u,(by)=0, (x,y)el,,

a(t):P[amm,amax][_% o, K, (% y,t)u (% y)+ K, (%, y,t)uy(x,y)dxdy], vte[0,T],

K (E, (X, y,1),E, (X, y,t)) = E R HEHIHIREE, H(x,y,t)=H, (x,y,t) %% 2 TR R, &
WMHE U =(u,(xy).u ( y))o T>0AEET, BO=[ab]x[cd], XEMaMbRERHE. WIHEKME
FED (X, Y) Eg(x,y), H (X, y) Jgh s L

KX QHATIISIEN Y, a=xy <x <-<xy =b, C=Yy,<y <<y, =d, XHEXE[0T]H

5309 N AR, BB A] £, = KA, At:; s k=0,1-,N, o x 7 x =iAX , Ax:bI\Ta,
t X
=0 Ny y MY, = 8y Ay =% =00 N, - SR AR Ay TRURFIAN .

y
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FEFE TR /NS il T AR R i) FDTD #5 AN PR 2270 4% 30, BIRPIRZS 75 R AR ERZS T
Fe7r B FDTD A% NN DUR 2270 4% 30, X L v RGP IO E 4% i JT FE(L0)R ] MAC # X, MAC 1%
ML FDTD # e M EREH. X T REIREE, « K Mu, £ x TR g, E, o K Mu 1E
y B A BUE, Hy Q Ml £E x My TR EH sl E, « B, K ATK ER AR A EIUE, H
I Q FEI )45 5 _F U -

3.2. RUUMEARSH FDTD 3

v =v(x,y;t), W

n n n n
Vv =V, \" -V
n i+=,j i3 n L b
O =T T Ty
1 1
n+= n-= n+5 -
Syl = Vit ~Vij . Vit Vi
e At T A
DAL b B A0 P 2 4 1) B Ok XA
EM —E! EM +E! )
iJ%,j i+5.j iJ%,j i+5.j 5 H n+E n
€ +o = + u a,
At 2 Vi Yo, ey
En+1 _ En En+1 + En
yl ]+1 yl j+% yi,]+E ylj+2 5 H % n
€ + =— + u a,
At 2 ERTE R
e ek (12)
H4 1.1 H 1.
Tl Mh nel n+l
H - 5XEV 1.1 +5VEX 11!
At i+5,j+5 i+
E" =E' =E'  =E] =0
i+1,0 i+=N 0,j+= Ny ]+1
2 Y 2
1
0 0 0 0 2 0
Ex =B [ X 1Y ’Ey :Ey X ¥ oa | 1.1~ XY 1
g ,,-% ) g 2 11
Kn+1 Kn Kn+l Kn
X — Ny X + Ky 1
|+;j i+, i+%,j i+ 5 Qn+2
€ - = y
At 2 Y 12
n+l n n+1 n
KY KY 1 KY. 1 + Ky 1
ij+= i j+= |,]+E ij E 5 QH+E
€ - =— ,
At 2 i
3 1
n+§ n+§
|+1,j+1 _Qi+£,j+£ 1 1
y—22 2772 :_5XK;+ +5yK>?+ ' (13)
At i+l‘j+1 i+1 j+1
272 272
KM =K KI'  =K! =0
i+-,0 i+£,Ny O,j+1 Nx 14rl
2 2 2
T T T T
K, =E, [x l,y]J E,, [xnl,y.], ky” . =E, [xl,y 1]—Eyd [x,,y 1],
+— ] 2 2 I,]+E
T _ T
L1, [Xi+1.y_+1J—Hd (X-+1’y- 1}
2 ! 2 2 ! 2 2 2
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Mk, TR
4u -u -u -u -u -
Xi+1,, Xi—;j Xi%j Xi%,j—l Xi+%,j+1 I+%,J’+% i*%ﬂ% _ L(Kn a"
1 L 1
AXAy AX A 2 2(om)
4u -u - —u —-u -
yi.j% yi—l,jJ% i+1.j+% yi,j—% yi,j+§ ¢i+%,j+% goi%yi-% 1 (Kn nj
=—— a
y 1’ !
AXAY Ay A LG 2(01) (14)
Uxi = _uxnf uyi il B it
+20) ] " Bl 2 B 2 _ 0,
AX Ay
u =u = = =0,
XiJ%.O Xi+%,Ny 0‘j+% yNX.jJ%
a"=P ij Ky u, . +K] u,  dxdy (15)
[amin +amax ] la Q Xi+%,j Xi+%,j yi,jJ% yi,jJ%

3.3. RINMRGHEMES1ER

£ Maxwell J7rFEr, A3 H] lﬂlﬁﬂﬁﬁj\%ﬁﬁ%iﬁwﬁgfﬁ@ﬁg :

+O(hf),

ij

KLY, IR VAE (X, Yy ) ARRBERL, FE T SLEEE L R A, A5 2 S A

—22v1 J_ +17vg J_ +9v§ J_ —5vZ J_ +vg ;
5)((4)\,1 = 2 2 2 2 2”
' 24
-V +5v -9v -17v +22V
O P Ny | Nyt j
5(4)\/ o 2 2 2 2
X UNy-1j 24 ’

AR T 55‘%‘5@%, BT AT LRSI A, BIE SRR, A mﬁz%o 1]

BRI B 25, a3 B U R G DU R 22 23 1 B o oK

n+1 n n+l n
Exi+1,j B Exi+1,j Exi+1,j " Exi+1,j 1 . et
e—1 Z+ 2 2 =—5§)H 2 +xqU, , a",
At 2 h, i+ ¢
n+1 n n+1 n
BB B TR nl
e—2 2+ 2 2= Z5WH 2 4y, u, ,a’,
At 2 " ] ¢ i»i*‘a
ned el 16
H 1z 1 H 12 1 ( )
i+, j+= i+=, j+= 1 1
2 272 (4) o+l (4) pn+t
H At - _5)( EY. 1.1 +h_5y EX, 1!
" oty y i+ 4=
En — n — En — En — O,
Xi%,o Xi%,Ny yO,j+% ny,j%
1
0 0 0 0 0
Ex1 =B X 1Y | Ey 1:Ey XY ) 20 a=HY X Ly s
[Ty i+= i s j+= i+2,j+= i+= T j+=
2 2 2 202 2 2
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Kn+1 _Kn 7 K)r(wi +Kn
6 I+El I+ _ H»E.j 2 I+2 ] _ hi&)(/‘l) n+1E- '
At , ) i
n+l n n+l n
Kyl j+= Kyl j+1 Kyi j+1 " K ij 1 (4) n+
€ 2 2 2 _ __5 2
At 2 h, Q1
n+§ I’PrE 17
12 _Q. 12. 1 ( )
P T 21 L sogr L 1 SR
At " yi+%,j+1 hy X|+1 ]+1 '
n _wn _wn _Kn —
Ky, =Ki, =K  =Kj =0
i+ i+ y L+ NX,]+2
1
Ky = S[X 1'va Ky 1_K3(Xiny_1} Q,21 1:QO[X 1Y 1]’
3 2 "2 PRI 2 1
4ux1_ux1 UXS_UX u 1.1 P11
i, i i i1 i+, )41 50+ =51 _ _i K a"
AXAy AX AT (OT)’
u, - - - -u
yl = 1§+ i+1,i+% yl ]*l yivi+§ '+% J+% wH% 7% _i Kn an
AXAY Ay A0 Tt o) (18)
uxH—J _uxi+—j uyl ]+1 - ihj—=
2
=0,
AX Ay
u =u =u = =0,
Xi+%,0 ><i+%,Ny y[),j+% ny,j+%
n n
a" =P, amax]{ '[ ke, ux_ LY dedy] (19)
2

s EDLEBRAAT, sy R y AR . R

. kb HREL S Mﬂéﬁrﬁaﬁ@ Hﬂt%ﬁﬁu(i}:)ﬂﬁ/\ﬁﬁ’ﬂ%fﬁ%T% FEALAR B 12 2 18
4, PUESCLE

FEXIHQ =0, =[0,1]x[0,1] ,Hﬁl‘aﬂiazEX[o 1] G KA K5 M Ax = Ay =27°, At=AX? .
%e=1,41=10,06=0,1,=4,=01a, =-9,a, =20. &FHEH7

1 min 1 max
X,

E, = —2msin(2ny)cos(2nx),

E,, =2mcos(2ny)sin(2nx),

H, = cos(2my)cos(2nx),
X

E? :—%sin(ny)cos(nx),

E, =%cos(ny)sin(nx),

% S

i
.
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/|

BB B 8, = 4,u, —E,,u
BB N
IR LRI (u,,8,) e LP(Q)xL*(0,T), 4k=0.
B 2 A RIFIA ) RIL6) R FORE TS, RFHET MHT
SR 3 HRAG ET AT HT A A3 RILT)R AR A T, SR KT A1QTZ, =01 N, ~1.
S 4 SR EQ4)A8) RS U, .
B S SRR AS)AL)REH a, ., -
WIR 6 FIW u, — Uz,
FRT U E B E bRz R .

=E,, o £ FRIERE LT A eps =107

Yo

)+||ak—ak+1 <eps &M, HHorktiu, Ma, . B, Sk=k+1, #HHE2,

L(0,T)

4.1. FDTD # 3By {E &

IR TREZE . MHMBIRESR R U s f 28 M BUE A, BARRTF R R WA 1 Pos, Hp
P L(a) IR A2 fie i re I L PR B u, ROBUEAR P 1(b) i iR i It R 6 B pR Bl u, IO BUELAR 14 1(c)
MR t =1 B O HIZ ORI B, WA, B 1(d)HR i t =10 S d iz a8 2 B AUER, 14 1(e)
FRIR I t =1 B R 7 55 P KRB A

N

y

A B B u O UEAR
N o

A
yi

P LR u B AR
o

o &
)i

o))
o
o

(a) foef rL IR L R B U, OB A

60 160+
50 4s0h
40r 140+ g
- J_
30+ | ( 130F i
20+ 1201 | 7
J
p
|
10+ 110+ m
10 20 30 40 50 60 10 20 30 40 50 60

(©) t=1mEftrizimE E, MEEMR

(d) t=1mRi iz E, rAUE
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(e) t=1mritiinsmiE H MEIEMR

Figure 1. Calculation results of the optimality system based on FDTD scheme
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Figure 2. Results of the optimality system based on the fourth difference scheme

E 2. RMMERGETHMEIEAMITESER

60

4.2. MHrESEARBIERR

DLR 4 TRAE R XAV R DL R R R A AL, BT S8 R 2 R, e
Pl 2 (a) i 1 A2 O PRUAE 5 P B, OO, ) 2(D) R 1 RSP MLV B B BR B U, BOREIEEAR 11 2(0)
SR t =LA O P BRI E, (BCIAR, 1 2() MR M2 t =LA SRR L3RI E, BCHIMR, 141 2(e)
HR R t = LN O BRI H RO SRR

(ESEIUIA /M ST FOTD M s AR UABRE L Uy — Uyl 2 o)+ ~ Bl z o) S207° TP
2 43 b SR AR DU YA B T IFURERI LS4 P o o T B AS S AT AR, TG AN 25N A B K L ek
R M 1(a). 6] 1(0) R 2(2) 6] 200) K, DUBY 2404 SRR BT IOPI8 , BRI 22 5 bk SRS DTS

5. B4

AL F BB FLZ Maxwell 75 FE L) AR o) 8, SRARMEFE 32 BRI T Maxwell J7 F2 I8 et
AT A A AN RS U a, HOREEIRZ SR . AR TAE AT Lagrange 61151 Helmholtz
IrFREEE, K Maxwell 75 R B ALaa il i) A Ay RS T RE . AR 7 FE . SRS = BT R
s PE RS, BRI A FDTD M0, PORY 25 b U SL e R e R GBS & 20, 7RG IEA b 23 7ok
M RGP PR E . SHEIRESE, TR N v & R R E s u Rl a. 8 T 8 SRR B AR
o, RAERZEAT I, BUEZRRAEER W 4510 10 B .

ELmAB

T H 48k BENLER A3 8] ) JE K S 2 Monte Carlo ARG SRS : EFARB¥ELTE
(11961008).
SE 3k

[1] Yee, K. (1966) Numerical Solution of Initial Boundary Value Problems Involving Maxwell’s Equations in Isotropic
Media. IEEE Transactions on Antennas and Propagation, 14, 302-307. https://doi.org/10.1109/TAP.1966.1138693

[2] Bokil, V.A. and Gibson, N.L. (2012) Analysis of Spatial High-Order Finite Difference Methods for Maxwell’s Equa-
tions in Dispersive Media. IMA Journal of Numerical Analysis, 32, 926-956. https://doi.org/10.1093/imanum/drr001

[3] Fang, J. (1989) Time Domain Finite Difference Computation for Maxwell’s Equations. Ph.D. Dissertation, University

DOI: 10.12677/0rf.2022.124152 1449 BE 51


https://doi.org/10.12677/orf.2022.124152
https://doi.org/10.1109/TAP.1966.1138693
https://doi.org/10.1093/imanum/drr001

gk, P

(4]
(5]
(6]

[7]
(8]
(9]

[10]

[11]

[12]
[13]

[14]

[15]
[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

of California, Oakland.

Fathy, A., Wang, C., Wilson, J., et al. (2008) A Fourth Order Difference Scheme for the Maxwell Equations on Yee
Grid. Journal of Hyperbolic Differential Equations, 5, 613-642. https://doi.org/10.1142/S0219891608001623

Mattsson, K. and Nordstrém, J. (2006) High Order Finite Difference Methods for Wave Propagation in Discontinuous
Media. Journal of Computational Physics, 220, 249-269. https://doi.org/10.1016/j.jcp.2006.05.007

Yefet, A. and Petropoulos, P.G. (2001) A Staggered Fourth-Order Accurate Explicit Finite Difference Scheme for the
Time-Domain Maxwell’s Equations. Journal of Computational Physics, 168, 286-315.
https://doi.org/10.1006/jcph.2001.6691

Zhao, S. and Wei, G.W. (2004) High-Order FDTD Methods via Derivative Matching for Maxwell’s Equations with
Material Interfaces. Journal of Computational Physics, 200, 60-103. https://doi.org/10.1016/j.jcp.2004.03.008

Hesthaven, J.S. (2003) High-Order Accurate Methods in Time-Domain Computational Electromagnetics: A Review.
Advances in Imaging and Electron Physics, 127, 59-123. https://doi.org/10.1016/S1076-5670(03)80097-6

Yefet, A. and Turkel, E. (2000) Fourth Order Compact Implicit Method for the Maxwell Equations with Discontinuous
Coefficients. Applied Numerical Mathematics, 33, 125-134. https://doi.org/10.1016/S0168-9274(99)00075-6

Kolmbauer, M. and Langer, U. (2012) A Robust Preconditioned MinRes Solver for Distributed Time-Periodic Eddy
Current Optimal Control Problems. SIAM Journal on Scientific Computing, 34, B785-B809.
https://doi.org/10.1137/110842533

Kolmbauer, M. and Langer, U. (2013) Efficient Solvers for Some Classes of Time-Periodic Eddy Current Optimal
Control Problems. In: Numerical Solution of Partial Differential Equations: Theory, Algorithms, and Their Applica-
tions, Springer, New York, 203-216. https://doi.org/10.1007/978-1-4614-7172-1 11

Nicaise, S., Stingelin, S. and Tréltzsch, F. (2014) On Two Optimal Control Problems for Magnetic Fields. Computa-
tional Methods in Applied Mathematics, 14, 555-573. https://doi.org/10.1515/cmam-2014-0022

Nicaise, S., Stingelin, S. and Troéltzsch, F. (2015) Optimal Control of Magnetic Fields in Flow Measurement. Discrete
& Continuous Dynamical Systems—sS, 8, 579-605. https://doi.org/10.3934/dcdss.2015.8.579

Hintermiiller, M., Laurain, A. and Yousept, |. (2015) Shape Sensitivities for an Inverse Problem in Magnetic Induction
Tomography Based on the Eddy Current Model. Inverse Problems, 31, Article ID: 065006.
https://doi.org/10.1088/0266-5611/31/6/065006

Lagnese, J.E. and Leugering, G. (2002) Time Domain Decomposition in Final Value Optimal Control of the Maxwell
System. ESAIM: Control, Optimisation and Calculus of Variations, 8, 775-799. https://doi.org/10.1051/cocv:2002042

Weck, N. (2000) Exact Boundary Controllability of a Maxwell Problem. SIAM Journal on Control and Optimization,
38, 736-750. https://doi.org/10.1137/S0363012998347559

Druet, P.E., Klein, O., Sprekels, J., et al. (2011) Optimal Control of Three-Dimensional State-Constrained Induction
Heating Problems with Nonlocal Radiation Effects. SIAM Journal on Control and Optimization, 49, 1707-1736.
https://doi.org/10.1137/090760544

Hoppe, R.H.W. and Yousept, I. (2015) Adaptive Edge Element Approximation of H(curl)-Elliptic Optimal Control
Problems with Control Constraints. BIT Numerical Mathematics, 55, 255-277.
https://doi.org/10.1007/5s10543-014-0497-x

Troltzsch, F. and Yousept, I. (2012) PDE-Constrained Optimization of Time-Dependent 3D Electromagnetic Induction
Heating by Alternating Voltages. ESAIM: Mathematical Modelling and Numerical Analysis, 46, 709-729.
https://doi.org/10.1051/m2an/2011052

Yousept, I. (2015) Optimal Bilinear Control of Eddy Current Equations with Grad-Div Regularization. Journal of Nu-
merical Mathematics, 23, 81-98. https://doi.org/10.1515/jnma-2015-0007

Yousept, 1. (2012) Optimal Control of a Nonlinear Coupled Electromagnetic Induction Heating System with Pointwise

State Constraints. Annals of the Academy of Romanian Scientists: Series on Mathematics and Its Applications, 2,
45-77.

Yousept, . (2012) Finite Element Analysis of an Optimal Control Problem in the Coefficients of Time-Harmonic Eddy
Current Equations. Journal of Optimization Theory and Applications, 154, 879-903.
https://doi.org/10.1007/s10957-012-0040-7

Yousept, I. (2012) Optimal Control of Maxwell’s Equations with Regularized State Constraints. Computational Opti-
mization and Applications, 52, 559-581. https://doi.org/10.1007/s10589-011-9422-2

Rodriguez, A.A. and Valli, A. (2010) Eddy Current Approximation of Maxwell Equations: Theory, Algorithms and
Applications. Springer Science & Business Media, Berlin. https://doi.org/10.1007/978-88-470-1506-7_9

Yousept, 1. (2013) Optimal Control of Quasilinear H(curl)-Elliptic Partial Differential Equations in Magnetostatic Field

DOI: 10.12677/0rf.2022.124152 1450 18 %5 S 2


https://doi.org/10.12677/orf.2022.124152
https://doi.org/10.1142/S0219891608001623
https://doi.org/10.1016/j.jcp.2006.05.007
https://doi.org/10.1006/jcph.2001.6691
https://doi.org/10.1016/j.jcp.2004.03.008
https://doi.org/10.1016/S1076-5670(03)80097-6
https://doi.org/10.1016/S0168-9274(99)00075-6
https://doi.org/10.1137/110842533
https://doi.org/10.1007/978-1-4614-7172-1_11
https://doi.org/10.1515/cmam-2014-0022
https://doi.org/10.3934/dcdss.2015.8.579
https://doi.org/10.1088/0266-5611/31/6/065006
https://doi.org/10.1051/cocv:2002042
https://doi.org/10.1137/S0363012998347559
https://doi.org/10.1137/090760544
https://doi.org/10.1007/s10543-014-0497-x
https://doi.org/10.1051/m2an/2011052
https://doi.org/10.1515/jnma-2015-0007
https://doi.org/10.1007/s10957-012-0040-7
https://doi.org/10.1007/s10589-011-9422-2
https://doi.org/10.1007/978-88-470-1506-7_9

Problems. SIAM Journal on Control and Optimization, 51, 3624-3651. https://doi.org/10.1137/120904299

[26] Nicaise, S. and Tréltzsch, F. (2017) Optimal Control of Some Quasilinear Maxwell Equations of Parabolic Type. Dis-
crete & Continuous Dynamical Systems—S, 10, 1375-1391. https://doi.org/10.3934/dcdss.2017073

[27] Bommer, V. and Yousept, I. (2016) Optimal Control of the Full Time-Dependent Maxwell Equations. ESAIM: Ma-
thematical Modelling and Numerical Analysis, 50, 237-261. https://doi.org/10.1051/m2an/2015041

>

5

B
2

DOI: 10.12677/0rf.2022.124152 1451


https://doi.org/10.12677/orf.2022.124152
https://doi.org/10.1137/120904299
https://doi.org/10.3934/dcdss.2017073
https://doi.org/10.1051/m2an/2015041

	一类Maxwell方程最优控制问题的差分格式
	摘  要
	关键词
	Difference Schemes for a Class of Maxwell Equation Optimal Control Problems
	Abstract
	Keywords
	1. 引言
	2. 模型描述
	3. 最优性系统的离散格式
	3.1. 最优性系统
	3.2. 最优性系统的FDTD格式
	3.3. 最优性系统的四阶差分格式

	4. 数值实验
	4.1. FDTD格式的数值模拟
	4.2. 四阶差分格式的数值模拟

	5. 总结
	基金项目
	参考文献

