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∇× E − ikH = 0

∇× H − ikE = 0

0 Λx
Air

Earth

D

D

Ω







∇× E − ikH = 0

∇× H − iknbE = 0
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• E = Ei + Es u

• Es vwxyz{ y||}~ |}�y�w �z y{ |x| → ∞ u

• Ei �{ y� w �wx� }�x v �|~ �w � �� � {~�}xw y� x = x0
u

• �� ∂D w �� �w }
� u ν × E = 0 ~� ∂D ~}
� u [ν × E] = 0 yx }~{{ ∂D = Γ1 ∪ Γ2

[ν × H] = 0 yx }~{{ Γ1

[ν × H] = η(x)(ν × E) × ν yx }~{{ Γ2

� �w }w η �{ � �w {�}�yxw x~ �v �x� �� ��z y�v �� D � �w
��vw� ~� }w� }yx� �~ � �{ y �y� }�� N(x) � �uw u D �{
y ��{~� }~ |�x u
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ν × E(x, x0, p)
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ν × H(x, x0, p)
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Γ2 = ∂D
²
Γ1 = ∅

²
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ÎÏÐ
k2

b = k2nb ÑÒÓ

H = {W ∈ H(curl, Ω) : ∇×∇× W − k2
bW = 0} Ô

ÕÖ
E(x, x0, p) ÑÒÓ H(x, x0, p) = 1

ikb

∇x × E(x, x0, p) ×ØÐ ÙÏ ÐÚÐÑ Û ÜÏ ÛÓ Ð ÙÏÒ Ð ÙÏ ÝÏÞ ×ßÝÚ Þ ×Ðà áÑß ÖâÒÞÐ ×Ú ÒÑ Û
R(E, ·) : H → L2

t (Λ) ×Ø ÓÏÜ ÒÏÓ ãà

R(E, W ) =

∫

∂Ω

[(ν × E) · (∇× W ) − (ν × W ) · (∇× E)] ds.

ÕÒØÐÏÑÓ ÚÖ Ð ÙÏ ä ÙÚ ÛÏ Ø ßÑÞÏ H å ×Ð Ø âæ ÞÏØ ÐÚ ÞÚ ÒØ ×ÓÏ Ý Ñ
ÓÏÒØÏ ØâãØÏÐ Ô
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• W = Eg ø ùú û Eg üý ùþÿ ú ûý ý �ý�ú �ù� �ý �ÿ ��ú� ø��ý� 	þ�ú ù�þ ÿ ù�ýþ ü

Eg(x) =

∫

S2

g(d)eikbd·xds(d),

g ∈ L2
t (S

2).

�þ ú ûù� ���ý R(E, Eg) = Rg : g ∈ L2
t (S

2) → L2
t (Λ) 


• W = Aφ ø ùú û Aφ üý ùþÿ ú ûý � ùþÿ �ý ��
ý � ��úýþú ù� �
ÿ ù�ýþ ü


(Aφ)(x) = ∇×∇×

∫

∂Ω

φ(y)
eikb|x−y|

4π|x − y|
ds(y),

φ ∈ L2
div(∂Ω) 


�þ ú ûù� ���ý
R(E, Aφ) = Rφ : φ ∈ L2

div(∂Ω) → L2
t (Λ).
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Aφ +# ) φ ∈ L2

div(∂Ω) , -( .## / +#) 0 %# .12 &# $
φ
2# 2 3( (4102 &# $

Rφ = R(E, Ee(· , z, q, kb)) z ∈ Ω

- 3( )( Rφ = R(E, Aφ)
0$'

Ee(x; z, q, kb) =
i

kb

∇x ×∇x × q
eikb|x−z|

4π|x − z|

He(x; z, q, kb) = ∇x × q
eikb|x−z|

4π|x − z|

&% 2 3( ( .(52 )&5 ' &6# .( .# 502(' 02
z ∈ Ω 7
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K LMNOMP Q RNO MSM OT
ε > 0 U V LM OM MW XYVY Z[ Z\\ONW XPZVMYN ]^V XN [ φz

ε
YZV XY_T X[`

‖Rφz
ε −R(E, Ee(· ; z, q, kb))‖L2(Λ) < ε z ∈ Ω

V LZV aMLZSMY ZY _N ]]Nb Y Q

•
RNO

z ∈ D U
lim
ε→0

‖Aφz
ε‖H(D,curl) < ∞.

•
RNO MZcL ε > 0 U

lim
z→∂D

‖Aφz
ε‖H(D,curl) = ∞

Z[d
lim

z→∂D
‖φz

ε‖L2

div
(∂Ω) = ∞.

•
RNO

z ∈ Ω \ D

lim
ε→0

‖Aφz
ε‖H(D,curl) = ∞

Z[d
lim
ε→0

‖φz
ε‖L2

div
(∂Ω) = ∞.
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• äåæçè éêëè ì í éîï G ð
• ñåé zi ∈ G ò çå óôõ è öõ éõí êóìéî÷õï õøêìè îå æ

(αI + R∗R)φzi,q = Fzi,q.

• ùôì óêìèõ

Φ(zi) =
1

3

(

‖φzi,q1‖
−1 + ‖φzi,q2‖

−1 + ‖φzi,q3‖
−1

)

úåé zi ∈ G ìæï è öéõõ óîæõìéóû îæïõüõæïõæè ôõëèåéç
q1, q2, q3 ∈ R

3 ð
• ñîý C > 0 ìæï ô îç êì óî÷õ è öõ þåêæïìéû þû üóåèè îæí

Φ(z) = C max
zi∈G

Φ(zi).
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• nb = 1 �

• Ei =
i

k
∇×∇× p eikx·d, |d| = 1.

� ���

Es(x) =
eik|x|

|x|

{

E∞(x̂) + O

(

1

|x|

)}

�� |x| → ∞ � �� ��
x̂ = x/|x| � � �� ���� ��� ������ ����

��� ���� �� ��� ��  ��� �� ���
D ! ��� � "��� �� �� �! � ��

!�� #� � ����� ��

E∞(x̂) = E∞(x̂, d, p)

!� � x̂ ∈ Ω := {x : |x| = 1} �� ��� �������$ �� ���� ���
�� ����%�� �� �� p ������� �� � �� Ω �
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1 2 324 52 6 72 89: 42 ;3 <=2 :96<:
F : L2

t (Ω) → L2
t (Ω) >?

(Fg)(x̂) :=

∫

Ω

E∞(x̂, d, g(d)) ds(d).

@ AB25 g ∈ L2
t (Ω) C Fg

AD 6 72 89: 42 ;3 =9662 :5 <8 6 72
DE9662 :23 42 ;3 E<::2D =< 53 A5F 6< 6 72 A5E A3256 42 ;3 >2 A5F9 G2 :F ;<6H I9B2 8J5E6 A< 5 I A6 7 K2 :52 ;

g L
M<I E<5D A32 : 6 72 89: 42 ;3 2N J96 A< 5

(Fg)(x̂) = Ee,∞(x̂, z, q)

I 72 :2
Ee,∞

AD 6 72 2 ;2E6 :AE 89: 42 ;3 =9662 :5 <8 95 2 ;2E6 :AE
3 A=< ;2 I A6 7 D<J:E2 =< A56

z
953 =< ;9:AH96 A< 5

q LO<:
gε

z

95 9==:<P AQ962 D< ;J6 A< 5 6< 6 72 89: 42 ;3 2N J96 A< 5 C
∂D

AD 3262 :Q A523 >?
lim

z → ∂D

z ∈ D

‖gε
z‖L2

t
(Ω) = ∞.
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(Fg)(x̂) = Ee,∞(x̂, z, q)

abo
Egε

z

_ m^ q^ dr je_s tau^ lkbv_ ge b t g_ m w^ db^ j
gε

z x
y iikh^

η
gi a ve bi_ab_ x z m^b t^ mau^ _ m^ le jjet gbr

_ m^ed^h {
z m^ed^h |}~�����}������� ���� {
���

z �� ~�� ~�����~�� � ��� � ��
D

~��
q

~ ������ ��
R

3 � �� ��

η ≈
− k2

6π
‖q‖2 + <

(

q · Egε
z
(z)

)

‖ν ×
(

Egε
z
( · ) + Ee(· , z, q)

)

‖2
L2

t
(Γ2)

.

�ede jjad� { �ed
z ∈ D � q ∈ R

3 � t^ mau^ _ ma_ led ab�
ε > 0

η ≥
− k2

6π
‖q‖2 + <

(

q · Egε
z
(z)

)

‖Egε
z
( · ) + Ee(· , z, q)‖2

L2(∂D)

+ O(ε).
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 Conductor

The 40 point sources location

 λ
0
 

Absorbing medium with index n
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 λ n =2 + 0.2 i

The 40 point sources location

 λ
0
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 λ n =2 + 0.2 i

The 40 point sources location

 λ
0
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0.014
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0.018

ÔÕ Ö×Ø Õ Ö×Ø ÜÚ ÜãäÚ Û åÝÞÚ×Þ Öã ÜÕ
æÚâÝ ×ÕÞ ÛáâÞ ÖÝ × àÝ Û

nb = 2 + 0.5i
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The 40 point sources location
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 λ n =2 + i

The 40 point sources location
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nb = 2 + i
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k = 2π
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k = 2π
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Γ2

ùõ ö�ñ �ñ� ùõ ü�ñ ÷ñ
x2 > 0

� �ñ ÷ñ
η = 1

ûôÿ
k = 3
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