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. ERMSKREET, SRR TEMFEERNE, 2% 30 (16-18) UAHKTHS
% 3CHR.

MR 77 R 771575 18 A Bl o] R B R M (1A, w2 % 30k (7, 19-21), FIA
ST RRITIE AR R R Y SCRR AT 25 00K (22] RSB, 5350 — Tt o8 A s i 4 1]
BRI E A BT IR R AN IR NSRBI AR 2 O e B SRk (10, 12] iig
Helmholtz 7 BRI K, EHMMIMINEARERNAREZ T FHE BTHERHH
BAL N — AR E R AR Ik, SCRR (1, 23] BF9E T 53 3507 72 i o 0 £ i T A
HEEYE. AR ERET XA IR B

FXE—ERHTHRATEREGFHHEROEEES, H—PAHERHEE. 85y
FEHEREX T RER TFHENFHEFLERR T R EHEHEAET. SO (2]
LA ERSTERE T XAERE L TR AT, TS Helmholtz JrER ey R 5
B Sn =0 M n(z) > 1 WARMT, BEITREER n TH, RFIEHT 4 n(z) < 10,
WEEHFIEE L AN ENHIETFHKARES —FEEEXWER. B5, ERSFHEHE
FHHBIRT, MBI T REHFTRORCSIL. ETXR 2] BT, RITEITE
SR PRI R AT IR E AR, FSHES T R EORURB T g
LT KB T BT iy AR B L T XURE B 3 7 il 5 55 — 1P 1EfE.

AXLHMT: BT REIARORTHHTRE, AL I EAEST XA B E
e BTSRRI A AT

2 AEfEHEE

B DCR E-NBRENEFXE, K oD RA=-MELESEK. KFHEY n() €
C(D), 3#H ®n(z) >0, Sn(z) 2 0. RRXXR D WRAEZ B RENEIHE, &’ M)
RS RGO TERE. A SORTEN T RO T 5 EAE S0 57 6 P i 4 1
TR 1 38 SE A LA R S S OB A SR A i

(A1) A=0;

(A2) A= —in(z) fl n(z) > 0. @1)

ACERBITBE £ B—MHE, RITEENF—EHEABRAFIFREME.
H(curl, D) := {u € (L*(D))3, curlu € (L*(D))*},
Hy(curl, D) := {u € H(curl, D),u x v = 0 on 8D},
H(div0, D) := {u € (L*(D))?,divu = 0 in D},
L(8D) := {u € (L*(8D))*,v-u =0 on 8D},
TH*(OD) := {u € (H*(8D))®,v-u =0 on 8D},

Her v & oD w B sb k&I,
& XA CFT A 2 (6]

X = {u € H(curl, D), curlu € H(curl, D),curlu x v € L%8D)},
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X R EHA
lull% = ||u||?L2(D))3 + |[curlu||?Lz(D))3 + ||curlcurlu||?L2(D))s + [|curly x Vlli?(aD).

% f e TH3(8D), ¢ € TH#(OD) RN AT T BH, RIVE X x X EH BT H ¥
ikt

curlcurlV — k?nV =0, in D,
curlcurlE — k?E = 0, in D,

2.2)
(V-E)xv=], on 0D,

curl(V — E) x v =1ikAEpr +1  on 9D,

Het Er =v x (Exv) BHY E BYFGTE.

NTRBRHE, ASCHFTRA (2.2) fig4H (ITP). FHE, HATHEFRFHEMATCH (1) &
BWRTERITREA (2.2) BN — M MHHEERE.

BSw=V-E u=nV - E, \NTiR{15B3|

V=mn-1)"u-w), E=({n-1)"(u-nw). (2.3)
K R4d (2.2) PN RIEER

curleurlw = k?u. (2.4)
BE (23) R, (24) B
V = (n-1)" (k" 2curlcurlw — w). (2.5)
e LARAFTRA 22) 4 V T8, ﬂu%ﬁﬁ%%%~/{‘ﬁu?éﬁmmmﬁl‘ﬁ]@

curleurl[(n — 1) ~*curleurlw] — k%curleurl((n — 1)~ w]
—k?n(n — 1)~ eurleurlw + k*n(n — 1)"tw

=0, (2.6)
BR%RMER

wxv=f curlwxv=1y+iki(n~ 1)~ (k™ %curlcurlw — nw)r. (2.7)

¥ (2.6) AFLRBEEL ¢, REEXI D ERSy, mitAKM: (2.7) K, RIVE2] ITP)
THIFMAESER: SHEBHIKBEE ¢ € Xo={ue X,uxv|op =0}, K w e X 15
((n — 1)~ curleurlw, curlcurlg) p — k*((n — 1) w, curleurlg) p

—k%(n(n — 1) curlcurlw, ¢)p + k*(n(n — 1) w, ¢)p — (%curle, curlérisp

= (%V x ¢, curlgr)op — k*{n(n — 1) f, curlgr)op + k2{((n — 1)7 £, curlgr)op, (2.8)

KB (-, )p RRRBEHH (L2(D))® M, ( Yop RAUFRE R LI (OD) M. &
BEln(n-1)" =1+ n-1)"" HRBRITTLOR (28) XBEHN: K we X HLE

A(wa ¢) - k2B(w7 ¢) - <%Curlu}7‘, CUI1¢T>3D = F(¢)1 A4 ¢ € XO, (29)
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B AG,) M B(, ) BRENTE X x X ERITTFHRA R RER R
Alw, ¢) = ((n — 1) Ycurleurlw — k*w), (curleurlg — k%¢))p + k*(w, ¢) b, (2.10)

B(w, ¢) = (curlw, curlg) p, (2.11)
He (2.9) XAWE F(o) N

F(¢) = (%V x 9, curlgr)ap — k2<n(n - 1)_1f7 curlpr)sp + k2((n - 1)_1f, curlgr)sp. (2.12)

TEBAITHBENIEREER, RREIEFVRGLENZES R (2.9) KR R ESTIRE
ASAMEIEE. AR SCER [1, H 3.1, RAVEEXT T4 2EW f e TH3(8D), v € TH?(0D), #1E
B we HA(D)3, B @ xv=f, curld x v =, Vz € 0D. #—%, HF

A(w, ¢) — k*B(w, ¢) — (%curlu?q-,curlqu)aD
R X E—AXT R ¢ WHRRHEE, B0 BAREEY G) € X
18
(G(B),¢)x = A(5,¢) ~ KB(5,9) — (< curlir, curlgr)op,

#H
IG@)Ix < CUSN 350 * #1114 o))

HHAC>0R—IREBTEE f 71 v HFE
A wy=w—0, BHIEH, Rk we X HE (2.8) RBM TRM wo € Xo WHE

A(wo, @) — k*B(wo, ¢) — ('i)—]fcurl(wo)T,CurWT)aD = F(¢) — (G(@),¢)x, V¢ € Xo. (2.13)

H % A=08F, SCER (1) GERA T AR SR B E .

K TIEBAAS R (2.13) EHEENE, RNTIEF TEAM 1.

FIE 1 BiF Mz) HE (21) RPHRME (A2), NEBRHER n BEXMEE e D, A
Sn(z) > 0. NASSH AR (2.13) HIRR wo € Xo RME—H).

M B wo € Xo BUITARSE&A

A(wo,¢) — K*B(wo, ¢) ~ (curl(uo)r, curlér)op =0, ¥ § € Xo

HIf#. 2 ¢ =wo, HEREER A(,-) 1 B(,), \TLABRE
((n — 1)} (curleurlwg — k?wy), (curleurlwg — k2wg))p + k*(wo, wo)p

—k?(curlwy, curlwg) p — (%curl(wo)T, curl(wo)T)sp
=0. (2.14)

B (2.14) Xy BF B

(|n§n1|2 (curlcurlwy — k*wy), (curleurlwy — k*wg))p = 0.
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B &fF Sn > 0 18 curleurlwp — k2w = 0. FEL (2.14) KA LFF 4, HBE (A2) B
k*(wo,wo) p — k?(curlwy, curlwg) p + (%curl(wo)T, curl(wo)r)ap = 0. (2.15)
EEE curleurlwgy — k*wo = 0, wy € Xo, F T H 2RI ALK

k*(wo, wo) p = k?(curleurlwy, wp)p = k2 (curlwo, curlwg) p,

ERBA (2.15) ARMBIE (A2) TR curl(wo)r =0, it ERITHER MBI T H

curleurlwy — k%wy = 0, in D,
(2.16)
wo Xxv =0, curl{wg)r =0 on dD.
BJ5, H Holmgren HME wy =0. |

TERITEEHEESN RGN FEGERYESHEPEEZEXEERRAMWGHE.

I3 2 Rt M=) W (2.1) REKRM (A2), AF RS n(z) HEXNER = € D,
Rn(z) > 1,Qn(z) > 5 > 0, A § > 0 T/, WHTE IR R L(wo, ) = A(wo, @) —
(£ curl(wo)r, curlgr)ap FEZEE] Xo x Xo LRETRHIHY.

i 7ERENEREER L(wo, 9) PH 6 = wo, 578

L(wg, wy) = ((n — 1)~ curleurlwy — k%wyp), (curleurlwy — k*wo))p + k*(wo, wo) p

—(%curl(wo)fp,curl(wo)T)aD. (2.17)
SR (2.17) KB LEES BRI, RAITEE
|SL(wo, wo)| = <-g—n2(curlcurlwo — kZwyp), (curleurlwg — k2wo)) ,
[n—1| D
|RL(wo,wp)| = <§Rn—_12(curlcurlwo — k?wp), (curleurlwy — k2w0))
|n—1| D

k
+k*(wo, wo)p + <Ecur1(w0)TaCurl(w())T>6D-

HI, HRHHEH n WREUREG (A2) 5§
|L(wo, wo)| > allcurleurlwo — k*wol|z2(pyye + K [wollfr2(pyye + Bll(curtwo)zl|Zz¢5py,  (2-18)
o, REER. 2
A = ||curleurlwo||(L2(pyys, B = K?|lwoll(z2(pyys, C = ||(curlwo)r| 2o
Fit, (2.18) XLl
|L(wo,wo)| = @A? — 2aAB + (1 + @) B? + BC>. (2.19)

BEER— AN M o = 2oct1=yAa™H figm

| L(wo,wo)| > €0(A? + B?) + C2. (2.20)
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& wo x v|op =0 1%

||curleurlwy — kzwollsz(D))s = ||curlcurlwo||fL2(D))3 - 2k2||curlw0||(2L2(D))s + k4”'w0“%1,2(0))3

20,

LRE S HSG
2k?||curlw|?p2( pyys < A% + B2 (2.21)

B (2200 R, (2.21) RURRAFIRER X @ELE 8
|L(wo, wo)| > C*|lwoll%,

RE C* B—MRETHH &k RIEH o, 8 WIEK. !
HSIE 2, BITTUAERENEEER L(,-) LW A Lax-Milgram B, MWTEI—HN
HEF. XEEF div(curlwp) = 0, curlwy € H(curl, D), # curlwy € (HY(D))3, Hik, B
(HY(D))? B AR (L¥(D))® HEWBRELWNENER B, ) W— M EHTF. LRITRES
Fredholm —#—GEH KM —HER 1 AT RERREMILHY.
EIE 3 BRENBKHEE n(c) RESIE 2 MEM, M) HE 2.1) AWEE—I %K
. W (ITP) ZEZ M) (L*(D))® x (L*(D))® LAME—#% (V,E), 3} HE W Taflit

IVIlc2¢pyys + I Ell(L2(pyye < CUISI

HA C>0B—PAKRBTRE S W o 9 H

+ ¥l

u% D) H? (BD))’

3 MBI AHEMEYAEX Ml it

TEIER T 12 S R RS S M B 0 BB )T, ATt — 20 P R ARSI (R 1E. B
VR ER RN TR EH T8 Z 5N+ 58 AR EE S K AHE R MM RS
Fere AGHIRIEAE k: I RFAEBI k (18 Tk P e i i

curlcurlV — k2nV =0, in D,
curlcurlE — k2E = 0, in D,

(3.1)
(V-FE)xv=0, on D,

curl(V — E) x v = ikAEr, on 8D,

AT LR, TUBRBERL & b ERATRER S (3.1) WAEMBSTEE mE - hesEE 3
5, % Sn> 0B, ESRARENTDERNEEE %, FLXAE—NERKRT IR
R B, SRR LR Sn(e) > 0 &1, RAMAMRSTHEH n HE Sn=0
B, EREEA R Bl APRIERIEEE n BE OSn = 0, FAREESHY
Mo) R FREE— &l

(A1) A=0;

(A2) A= —in(z) 1 n(z) > 0.

FERATHS JLER R A0 B I S5 n 89 LA

TIE 4 B A(x) TR KM (AL), WIS SHEE n R n > 1. AT SH5% n 5
TG n > COURRIVEQD) RN |y o e @ —AMERIEDE, Ao(D) £
curleurl HFERXIE D LHE—-F W FHIFEH, 4 BXKE D WER.
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W%k R—AMERISEE, 3H (V,E) RN T k HFER4E 3.1) . S w=V-E,
HATR4A (3.1) &

curleurlw — k?w = k*(n — 1)V,  in D,
wxv=0, on 4D, (3.2)
curlw X v = ikAET, on 0D.
S w=nV-E,w=V-E, \i#
=(n—-1)"Ywy —w), curlcurlw = k*wo,

LEXFE—PHEH

= (n —1)" Yk 2curlcurlw — w).
¥EXRAFTEA 1) MV HESR

(curleur!l — k2n)

! i (curlcurl — k?)w = 0. (3.3)

£ (3.3) AWML F L, w € Xo, REEXE D EFRAE
— _ 2
0= /[‘) (curlcurl — k*n)

! ] (curlcurl — k%)w - wdz

1
= / (curleurl — k®n)w -
D n—

=/ - ]curlcurlw Is:z'rm)lzdac—+—k2/(|curlw|2 k?n|w|?)dz. (3.4)
Dn—

(curlcurl — kY)wdz

H3CHR (10, 2 6.1] S
E(z) = —curl/

aD
—ik/ v(y) x H(y)®(z,y)ds(y) +cur1/ {curlE(y) — ikH(y)}®(z, y)dy

v(y) x E(y)®(z,y)ds(y) +V /6 " v(y) - E(y)®(z,y)ds(y)

—V/ divE(y)®(z,y) dy+1k/ {curlH(y) + ikE(y)}®(z,y)dy, z € D, (3.5)

H &(z,y) & Helmholtz FRE=ZMSEWHEAR. A n B—MHFHREFTEH 3.1) &
divV = divE = 0, \\T divw = div(V — E) = 0, X[H}¥ div(curlw) = 0,w x v|gp =
0,curlwr|ogp = 0, F&, H w € H, curlw € H {3, H¥ H = {u € Hy(curl, D),divu = 0
in D}. XEEZF H = {u € Ho(curl, D),divu = 0 in D} — HY(D)3, \W7E (3.5) . FHH
H = FcurlE(y), E(y) =w(y), FTRHBHEM w x vlap =0, curlw x v|gp =0 &

w(z) = / {curleurlw — k2w}®(z,y)dy
= [ —={curlcurlw — k*nw + E*mw}vm®(z,y)dy, 3.6
| =t IV (z,y)dy (3.6)

ot m = n— 1. BN Helmholtz TR ZRZ AN EAM 0(z,y) REXWERIH, &
i m T it

1 . dy 1 dy
®(z,y)*dy < / < / —
.A" vl @z Jplz 32 = @m)2 Jia_yica 7 — 412

1 d 27 pw ] d
= WA A /(; sm0d0dcpdr = Er',
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Hed BRE D HER. BHK, & (3.6) X\
lw(z))® < 2/D |®(x, y)lzmdy/D %]curleurlw — k®nw|*dy
4 2 2,12
+2k /D|<I>(:1:,y)| dy/Dm |w|*dy

< mi/ ilcurlcurlw — k*nw|*dy + E—q/ m?|w|?*d (3.7)
= 27 pm y 2T D Y. )

EXE, D Xt (3.7) AFHRB

dm [ 1 k*d*m?
2 2,12 2
lw@liL2(py)e < 2/, leurleurlw — k*nw|*dy + T /D |wl|*dy.

R ERA (3.4) X8

1
0= / [curlcuriw — k%nw|?dz + k2/ |curlw|? — k2n|w|?dz
pn-—1 D

12
> %”w(x)”%m(u)):* - k"mllw(m)”%m(m)a + k? /D |curlw|?® — k2njw|?dz

12
? “'lU(IL')“?Lz(D))s (En‘ - Ic4m + k2/\0(D) - k4m - k4) y (38)

HA Ao(D) £ curlcurl HFEXI D LB —F T HREE, 2450wk (24). & k£ B—4
ERIFEE R lw@)FL2pye >0, AT, i (3.8) K78
12

4 2 4
02%—’6 m+k /\0(D)~k4m—k.

TR, BEF m=n-1, RIVBII AWML n B4

2(Xo(D) — k2) + /& (D) — K22 + 1
n > IR E +1. |

FE5 R M) WEHKM (A2), WHRHFHEE n HE n> 1. WIMTFMHH n > ’\—"k(g@
BAL, Fof ko BRI D EME—FHIFMEE, M(D) & curleur]l HFEXE D EME—
F B,

W BT EE 4 W, BABE (3.3) AXTH&M (A2) HARML. B, 7E (3.3)
KPR @ € Xo, RIGEXE, D _LBHE

1

—] (curleurl — k2)w - wdz

0= / (curlcurl — k%n)
D

L (curleur! — k?)wdz

= leurl — &*n)@ -
/D(curcur nyw —

+/ (1/ X ! (curlcurl—k2)w) - curlwrds. (3.9)
F)s) n—1

B -5 (curleurl — k%)w = k?V, % ff (A2) AR (3.2) RPHARKMS

2
1(curlcurl — k®)w|gp = k*(v x V)|op = k2(v x E)|sp = il;acurlw'p.

Vv X
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B EAXRA 3.9) X, Bh&MF (A2) TUBRIMTER

0= / L |cur1cur1w—k2nw|2da:+k2/ (|curlw|? —k2n|w|2)dx+/ E|curle|2ds. (3.10)
pn—1 D ap "
i
/ (Jeurlw|? — k2n|w|?)dz > 0,
D

N (3.10) X EJKHKMHE n > 1, n(z) >0 ATUAHEH curlcurlw — k2nw = 0, curlwr = 0, TR, H
HRFFE wxv=078F w=0 AT, V=E=0X5RZkZEHFTEEFE. LB
wWig, ®i1MmE

/D (Jourlw|? — K2njw|?)dz < 0.

X
(curlw, curlw)r2¢pyye
| Geurtuf? = Knkul?)dz = [u(e)lFya o ( oy kzn)
2 ||w($)||%L2(D))3()\0(D) — k*n), (3.11)
M, Xo(D) —k*n <0, BIF n > %322, K kf BRI D LRSS —HHIFEE. |

THRITEEAREHEER <2 <1 HEAT, iEH n LA LERMHHT

EE 6 B Mo) WEKM (AL), AMEHAHEE n WE 0<n < 1. WRARIBIWT
flitt n < 1 - gpgrtwoy, SFEENAIREEHERE & BEE k* > M(D), XE M(D) &
curleurl BFEXE, D FME-FRHFMLEHE, d 2EXE D WER.

iE ik R—MEMIFIEE, 3B (V.E) RXMNT k897 BR4H 3.1) . Sw=V-E,
WAl F 28 4 B93E8E, RINA

(curlcur] — k?n) 1 ! (curleurl — k%)w = 0. (3.12)

#H—, 7 (3.12) AWMARL o, REERH D LRFB

0= [ Toplewteusho — Kufds + & [ jeuruft = Kpufids. (3.13)
i (3.6) 40
w(z) = / {curlcurlw — k%w}®(z, y)dy.
D
M

lw(z)|? /D |<I’(x,y)|2mdy/D ;11—|curlcurlw—k2w|2dy

md
\471' D

EEm=1-n ¥ (3.14) AFREXS D LRSS, REAAECBLER [, 10 y)Pdy < &
B

1
E|curlcurlw — k2w|%dy, (3.14)

d 1
"’U)(CL‘)H?Lz(D))a < 2—? A E[curlcurlw — k?w|?dy.
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A (3.13) K, ATLUES

24
> [0 (g + K0(D) = k).

BF b B—ANEEREEE AT, (0@ > 0, TR

o>0;4 +K20(D) — K4,
ERBE—H U 0 < 1 - grpmprsermyy 3 B WESERASEL & B 52 > do(D).
HEEE. |

B 7 RiE No) = in(z), HF n(z) >0, NIMRSHER n WE 0<n <1 NEHHE
FERARIEE & > 0 BWER k2 > Xo(D), HH Mo(D) £ curleurl HFERI D LHE—FR
B AE(E.

E Bk R—MERFEME, FH (V.E) BXYET kT RA 3.1) (. RUTEE
4 IERA, AIHE (3.12) AFEEHE 7 ARG TOHRRAL, TR, 7E (3.12) APimFARU o,
RIEERE D LRy, MAFTRA 3.1) MlRFFERBER Mz) = in(z), RITFOTIHH

1
0=/
pl-

BRI NTIEIFEE & > 0 HHER £* < Mo(D), MM n(z) >0,0<n <1, (3.11)
X, (3.15) R#B w =0, XG5RIF k BEWMIFEMETE, Bk, A RATARIEEE
k>0 #HER k2> A(D). |

£ ¥ X W

|curleurlw — k?w|?dz + k2/ |curlw|? — k%|w|dz + / é|cmrlwq~|2ds. (3.15)
n D ap 1
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The Interior Transmission Problem for Isotropic Maxwell Equations
and Some Estimates on the Index of Refraction

Qu Fenglong
(School of Mathematics and Informational Science, Yantai University, Shandong Yantai 264005)
Li Xiliang
(College of Mathematics and Information Sciences, Shandong Institute of Business and Technology,
Shandong Yantai 264005)

Abstract: We consider the scattering of time-harmonic electromagnetic waves by a bounded,
penetrable, inhomogeneous, isotropic obstacle covered with a thin layer of high conductivity.
Such penetrable obstacle problems lead to the so called interior transmission problem. By using
a variational argument, the well-posedness of the corresponding interior transmission problem
is established, which extends the results of [1] to the conductive boundary value problem case.
Under the assumption that the shape and location of the scatter has been determined, we
proceed with some estimates on the index of refraction based on the use of the transmission
eigenvalues, the radius of the scatter and the first Maxwell eigenvalue of the curlcurl operator
corresponding to the medium, which extends the results in [2].

Key words: Well-posedness; Maxwell equations; Interior transmission problem; Transmission
eigenvalues; Index of refraction.
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