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Scattering problems of electromagnetic waves by small inclusions in 3D

Qs CR3

incident field

o o
h 5

0: small parameter

0", ..., 0 inclusions
Q =R\ oY

ry = a0y

r;=Jry

Reference shape 00

Og) =c¢ + 560)
09 Lipschitz-continuous

Asymptotic assumption

(5 < )\inc

J. Labat, V. Péron, S. Tordeux

On the scattering of electromagnetic waves



Motivation — Applications and numerical difficulties

» Applications
» Medical imaging: detecting small tumours

» Non-destructive testing civil engineering: detecting impurities into concrete

» Numerical approximation difficulties
» Infinite domain

» Mesh refinement near bodies (pictures from G. Vial)

N
Y M>7§§'

)
v

a
7/
éﬁz

» Our approach

» Reduced models derived thanks to asymptotic
analysis: the radius 4 is the small parameter

Figure:
» Integration in a Boundary Element library (unbounded ht?ps://peop|e_eecs_ku_edu/N
domain) shontz/nsf_career_project.html
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Non-exhaustive references — Scattering wave problems by small bodies

» Electromagnetic waves

@ H. Ammari, M. S. Vogelius, D. Volkov (2001)
Asymptotic formulas for perturbations in the electromagnetic fields due to the presence of
inhomogeneities of small diameter Il. The full Maxwell equations

@ H. Ammari, H. Kang (2004)
Reconstruction of small inhomogeneities from boundary measurements

» Linear elasticity problems

@ V. Bonnaillie-Noél, D. Brancherie, M. Dambrine, F. Hérau, S. Tordeux, G. Vial (2011)
Multiscale expansion and numerical approximation for surface defects

» Acoustic waves

V. Mattesi (2014)
Propagation des ondes dans un domaine comportant des petites hétérogénéités : modélisation
asymptotique et calcul numérique

@ A. Bendali, P-H. Cocquet, S. Tordeux (2014)

Approximation by multipoles of the multiple acoustic scattering by small obstacles and application to
the Foldy theory of isotropic scattering

J. Labat, V. Péron, S. Tordeux On the scattering of electromagnetic waves Caleta Numérica, IMA, Valparaiso 4/25



Scattering of electromagnetic waves by one small perfect condutor in 3D

Time-harmonic Maxwell equations
q
curlES* —ix Hy* =0 in Qs
IHL lﬂ(, .
(E™,H curl Hy* + i< E5* =0 in Qs
QQ— Os NnxEf=—-nxE™ onl;
n-H¥=—-n-H*  onTDs

lim |x| (Hf;“‘ x e —Ef) =0

Qs

|X|—=+o00
0s = 60 : perfect conductor
_m3\ 9. - H H
Qs =R’ \ Os : exterior domain W = W (7 n [,g>
F5 = 8Q§
Jm(k) >0

<. wave number
! w > 0: frequency

u > 0: magnetic permeability

E™, H'™: incident fields (given) e > 0: electric permittivity

» Hg": scattered fields o > 0: electric conductivity
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Scattering of electromagnetic waves by one small perfect condutor in 3D

Time-harmonic Maxwell equations

curlES* — ik HY* =0 in Qs
Ell]L Hln(. SCa sca 1
curl +ikE; =0 inQs

@— Os nxEY®=—-nxE™ onls
n-H¥=-n-H" onTs

lim mm?x@—gﬁ:o

|X|—=+o00

Qs

95 =50 : perfect conductor
Q5 = R*\ O5 : exterior domain
Is =0 { curl E™ — ik H™ =0 inR®

curlH® + ik E™ =F inR’
K. wave number

» F smooth source term

E™, H™: incident fields (given)
» 0¢ suppF

5, Hy": scattered fields
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Guideline

Approximation method: Matched Asymptotic Expansions

“Formal” part Analysis part

» Modal representation of solutions
» Validation of reduced models

(6")

» Postulate asymptotic expansions
» Derive problems independent of ¢
» Define a global approximation Ej HEN - E}*

?

= 0
X §—0

Numerical resolution method: Equivalent Source Problem

» Boundary obstacles considered as surface/ponctual source terms
» Implementation of Matched Asymptotic Expansions method

» Comparison with volumical methods
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Outline

0 Method of matched asymptotic expansions
Asymptotic domain decomposition

Far field expansion

Near field expansion

Matching conditions

Global approximation

e Modal decomposition of the asymptotics
@ Modal decomposition of the far field
@ Modal decomposition of the near field
@ Application of the matching conditions
@ Case of the sphere: analytical solutions

e Conclusion and perspectives
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Outline

° Method of matched asymptotic expansions
Asymptotic domain decomposition

Far field expansion

Near field expansion

Matching conditions

Global approximation
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Asymptotic domain decomposition

Far field domain Near field domain
, s TN . /’ \\
of e
N / \ y
% N
N
Tls
limnf =0
—0
lim Ns
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Asymptotic domain decomposition

Far field domain Matching area
’\ Cj /} : ‘\
75

\ \
o
/ ] F
L //Iﬂa
\ 7
N -

N
s
Asymptotic assumption
5 <y <y < N
N
lim T _ +o00
50 0

AM. Iin (1991)
J. Labat, V. Péron, S. Tordeux
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Matching of Asymptotic Expansions of Solutions
of Boundary Value Problems




Asymptotic domain: far field

Far field domain

/ \
&9 |
\ 1
N /
=
s

R\ B(0,7)

6 —0

Asymptotic far field domain

O =R\ {0}
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Asymptotic domain: near field

Near field domain

Change of coordinates

// \\

/ A\
95 =60 4 A
| 1
I
/x\ X ‘\ /
— — /
(5 \\\ //

N

s

d—0 J

Asymptotic near field domain
Q=R\0

On the scattering of electromagnetic waves
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Far field expansion in * = R®\ {0}

1. Postulate formal series

EX (0~ D VE®X) H* (x) ~ > &"H,(x)
p=0 p=0

> Ep, ﬁp defined in Q*
> E,,, ﬁ,, independent of §
» E,, H, potentially singular at x = 0
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Far field expansion in * = R®\ {0}

1. Postulate formal series

oo

E5* (x )5:025@,,@) H™ (%) ~ Zy’H

p=0

> E ﬁ defined in Q*
> E H independent of §
» E,, H, potentially singular at x = 0

2. Derive formal problems : For p > 0, find Ep, FI,, € Hie(curl , Q%) s.t.
curlE, — ik H, =0 in Q*
{curl H, +ixE, =0 in Q*
+ Silver-Mdller radiation condition

lim  [x] (ﬁ,, e — Ep) -0

|X|—+o0
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Far field expansion in * = R®\ {0}

1. Postulate formal series

EX(x) ~ :6”Ep(x) HE () ~ E:(spi-ip(x)
5—0 s 5—0 0
p= p=

> Ep, ﬁp defined in Q*
> E,,, ﬁ,, independent of §
» E,, H, potentially singular at x = 0

2. Derive formal problems : For p > 0, find Ep, FI,, € Hic(curl , Q%) s.t.

curlE, —ixH, = 0 in Q* » lll-posed problems
curlH, + ik E, =0 in Q* o )
» Missing information
+ Silver-Mdiller radiation condition ~ matching conditions

lim  [x] (ﬁ,, e — E,,) -0
|X|—+o0

» Singular behavior at x =0
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Near field expansion in O = R? \6

1. Postulate formal series in fast variable X = ;‘
ES(x) ~ > B, (®) HE' () ~ > 9'H,()
p=0 p=0
E,, H, defined in

>
> E,,, ﬁp independent of §
» E,, H, potentially increasing at oo
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Near field expansion in Q=R3 \6

1. Postulate formal series in fast variable X = 5

sca 4 sca ~ 0 S
) ™~ Za E,( H3 (%) ~ > &"H,(X)
p=0
» Ep, ﬁp defined in ﬁ E"™(x Z(;P Z dOLElnC( )X R
» E,, H, independent of § =0 Jal=p *
0 VE”“\)’()
>

E,, H, potentially increasing at co
2. Derive formal problems For p > 0 find E,,, H € Hic(curl Q) s.t.

curIE —mH _1=0 in Q)
curlH, + ik E,_; =0 in Q)
divE, = divH, =0 in Q

(E_1 =H_, = 0) + Boundary condition on T' = 99

= —inc
nxE,=-nxE, onT
~ ~inc -~
n-H,=-n-H, onT
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Near field expansion in O = R? \6

1. Postulate formal series in fast variable X = 5

D

sca v4 sca ~ 0 S
) ™~ Za E,( H3 (%) ~ > &"H,(X)
p=0
» Ep, ﬁp defined in ﬁ Ei“C(x) Z(;P Z dOLElnC( )X LRe
» E,, H, independent of § =0 Jal=p *
> H E™(x)

E,, H, potentially increasing at co
2. Derive formal problems For p > 0 find E,,, H € Hic(curl Q) s.t.

curlE, —ikH, | =0 in Q
P » lll-posed problems
curl Hp + ik E,,_1 =0 in Q P .
divE, = divH, = 0 in Q o :
R R WEy =dviy - » Missing information
(E_; = H_, = 0) + Boundary condition on T’ = 9Q ~~ matching conditions
nxE =-nxE, onl » Increasing behavior at oo
n-H=-n-H" onT
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Some notations
Far field decomposition

E,,(x) —E*(x) +E, " (x) xeQ

H,(x) = H,"(x) + H, "™ (x) xeQ*

> E;eg, ﬁ;eg : regular behavior at x = 0 (regular part of the far field)
> Ef,i"g, ﬁ:"g singular behavior at x = 0 (singular part of the far field)

Near field decomposition

E®=E"® +E"® xeQ
H,(X) = reg(x) +H®) XeQ
> E;eg,ng : “decreasing” behavior at co (decreasing part of the near field)

> E:mg, ﬁ;m : increasing behavior at oo (increasing part of the near field)
a X. Claeys, PhD thesis (2008)

Analyse asymptotique et numérique de la diffraction d’'ondes
par des fils minces
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Matching conditions

Find missing information
» Singular part of the far field <— Decreasing part of the near field
» Increasing part of the near field +— Regular part of the far field

Idea : develop E, close to x = 0 and E, near oo

—1 +oo
= =@ =@
Ep(x) r:O Z re E@ (97(‘0)_1_2',3 EZ (0,@) X=(r,9,<p)
{=—o00 £=0
(P) ¢ S (T
R_m Z R‘E, —i—ZRE X—(R,H,cp)—(g,ﬂ,go)
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Matching conditions

Find missing information
» Singular part of the far field <— Decreasing part of the near field
» Increasing part of the near field «+— Regular part of the far field

Idea
» Far field expansion in ¥/(0)

B (x 25”(_2 0,0 +Z E(0.9) >

p——oo L=—o00

» Near field expansion in ¥ (co) with R = £

1
EX (x Z 51’(2 RCED( +Zn E” (0, ¢) )

p——oo L=—o00
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Matching conditions

Find missing information

» Singular part of the far field <— Decreasing part of the near field
» Increasing part of the near field «+— Regular part of the far field

Idea
» Far field expansion in ¥/(0)

Esca Z & ( Z <p>(€7@)>

{=—o00

» Near field expansion in ¥ (co) with R = £

+o0
EX (x Z 5 ( S RE (0

p—-—-oo L=—o0

» Identification of the two series

= 14
Ezép) = [Egp_k ) p Ei 07 L= R ZERED -1
=~ —0

J. Labat, V. Péron, S. Tordeux On the scattering of electromagnetic waves
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Matching conditions

» Identification of the two series

N =)
Eép)_Egp+e) P207 Z:_paa_l EZ =0 £<_p
~ =)
EV =E/" p>0, (=0,...p Eo =0 t>p
» Term by term
1
= 0 t/> ” 0 (p) .
E,(x) ~ 42 r Z E, (0,0 (far field)
—
(p) P =00 .
Rm Z R'E; (0,9)+ > R'E. (0.0) (near field)

=0

» Forp=0, EO is only regular

J. Labat, V. Péron, S. Tordeux On the scattering of electromagnetic waves Caleta Numérica, IMA, Valparaiso 15/25



Global approximation

Truncated series

N

Es0) =Y ¢ E,(x)

p=0

N

~N ~

Es(x) =) ¢ E(X)
p=0

Global approximation

Hy () = > & A,(x)
Hi (0 = > H,(®)
p=0

xs (1%]) Es(0) + (1 — xs([x])) E5 (%)

HZ () = s (X)) F5 (%) + (1 = xs(Ix))) H5(x)

xs(r)

J. Labat, V. Péron, S. Tordeux

On the scattering of electromagnetic waves

(far fields)

(near fields)

X € Qs

X € Qs
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Global approximation
Truncated series

Es(x) =Y ¢ E,(x)
p=0

Es(x) =Y & E,®)
p=0

Global approximation

Ef(x) =
H(x) =

xs(r)

|RN

xs (X)) E5 (%) +
xs([X]) Hi (%) +

Ns Ns

J. Labat, V. Péron, S. Tordeux

F N r

On the scattering of electromagnetic waves

N
)=> &H (far fields)
p=0
~N N
Hs (x) => 6" H,(X) (near fields)
p=0

(1= xs(x])) E5(x) X € Qs
(1= xs(|x])) H (x) X € Qs

Consistance and stability Determine ¢ s.t.
@(N) oo, oo and forany N > 0, p > po

Esca < Cfl,p 6(5(N)

HH(curI ,QsNB(0,p))

5¢(N)

Hsca HNH
H(curl ,Q5NB(0, p))

Caleta Numérica, IMA, Valparaiso 16/25



Outline

6 Modal decomposition of the asymptotics
@ Modal decomposition of the far field
@ Modal decomposition of the near field
@ Application of the matching conditions
@ Case of the sphere: analytical solutions
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Modal decomposition of the far field of order 0

Find Eo and Hy € H,..(curl JRY) st

curlEy — ik Hy = 0 in R?
curl Hy + ik Ey = 0 in R
lim x| (ﬁo e — EO) -0
|X| =00

> Eo, H, are regular (no singularity at x = 0)
» Eo, Ho satisfy SM. = E, — 0and H, — 0

» Far field expansion

ES'(x) ~ Y & Ep(x)

p=1

J. Labat, V. Péron, S. Tordeux On the scattering of electromagnetic waves Caleta Numérica, IMA, Valparaiso 18/25



Modal decomposition of the far field of order p > 0
Find Ep and Flp € Hic(curl ; Q") s.t.

curlE, — ik H, =0 in Q*
curlH, + ik E, =0 in Q*
lim |x|(ﬁp X e — E,,) =0
|X| =00

> Ep, Flp are singularatx =0

J. Labat, V. Péron, S. Tordeux On the scattering of electromagnetic waves Caleta Numérica, IMA, Valparaiso 19/25



Modal decomposition of the far field of order p > 0

Find E, and H, € H,..(curl . Q") s.t.
curl E,, — ik ﬁ,, =0
curIFI +i/-cE,,:0
lim |x|(H xe —E )

|X|— o0

> E,,, Flp are singularatx =0

» Modal decomposition (singular at 0)

Z Z {9,5’1?,Ecurl [ (]| Yo (R)X]

n=1 m=—n

3(/’) »H

+ ——curl curl [h,(,‘)(m\xnynm( ) }}

» Finite number of B¥)E, B non-equal to 0
> B,E”,?, E Bl (”) " are given by matchlng conditions

h,(,l). spherlcal Hankel function of first kind

J. Labat, V. Péron, S. Tordeux On the scattering of electromagnetic waves

in Q*
in Q*

Caleta Numérica, IMA, Valparaiso

19/25



Modal decomposition of the far field of order p > 0

Find E, and H, € H,..(curl . Q") s.t.
curl E,, — ik ﬁ,, =0
curIFI +i/-cE,,:0
lim |x|(H xe —E )

|X|— o0
> Ep, Flp are singularatx =0
» Modal decomposition (singular at 0)

Z Z {9,5/;},%(” rkr)curlg Y, (6, ¢)

n=1 m=—n

3(p),H
811‘711
ikr

+

» Finite number of B%)E, B non-equal to 0
> ,8,% F, By (") " are given by matchlng conditions

n,m

J. Labat, V. Péron, S. Tordeux On the scattering of electromagnetic waves

in Q*
in Q*

Caleta Numérica, IMA, Valparaiso

([hﬁ”(m 1 1 (5] V2 Y00, ) + nln -+ DD (50)Y,0 (0, 0)e, ) }

— Behavior at 0 ?
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Behavior of the far field in a neighbourhood of 0
Expansion of spherical Hankel function (1st)

(@)= > hwez' | hye=0iff ((—nevenand ¢ <n)or (£ < —n—1)
£>—n—1

Expansion of the far field close to 0

E,~o(X) = Z Z{ B S {(m)’Z Pyt curlgzyn,m(0,<p)}+

n=1 m=—n £>—n—1

N,S?,B,’H Z {(Hr)ﬁ h”*lﬁ [(f +2)VarYum(0,p) +n(n+ 1)Y, (6, <p)e,] }}

£>—n—2
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Behavior of the far field in a neighbourhood of 0
Expansion of spherical Hankel function (1st)

(@)= > hwez' | hye=0iff ((—nevenand ¢ <n)or (£ < —n—1)
£>—n—1

Expansion of the far field close to 0

E,~o(X) = Z Z{ B S {(m)’Z Pyt curlgzyn,m(0,<p)}+

n=1 m=—n £>—n—1

N,S?,B,’H Z {(Hr)ﬁ h”*lﬁ [(f +2)VarYum(0,p) +n(n+ 1)Y, (6, <p)e,] }}

£>—n—2

No regular part for the far field = No increasing part for the near field

J. Labat, V. Péron, S. Tordeux On the scattering of electromagnetic waves Caleta Numérica, IMA, Valparaiso 20/25



Modal decomposition of the near field

Find (E,, H,),>0 € H..(curl . Q) sit.

Q)

curlE, = ik H,_, in w
curlH, = —ikE, , in Q)
nxE =-nxE" onT
n-H=-n-H" onT GE® =3 éd"E‘““(O) X

|a|=p

» No increasing part for the near field
» Matching conditions — separation of variables

» ‘Decreasing” part— by induction with integral equations

J. Labat, V. Péron, S. Tordeux On the scattering of electromagnetic waves Caleta Numérica, IMA, Valparaiso 21/25



Modal decomposition of the near field

curl Ep,o =0 inC
curl ﬁp,o =0 inC
divE,y =0 in¢€
divH,o =0 in¢€

curl Ep’g =K Hp_171g_1 in@
curl HP’g = —IiK Epflygfl inC C= {s(\ e R3, |/)E| > Q}

Near field expansions into C

14 14
EX)= Eo® + Y E.«X H& = Ho® + Y HuX
=1 =1
HEAD SHADOWS HEAD SHADOWS
» HEADs : solution of homogeneous Maxwell static equations

» SHADOWS : particular solution of nested equations
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Modal decomposition of the near field

curl Ep,o =0 in¢
curl ﬁp,o =0 inC
divE,o=0 ine
divH,o =0 ine

e={XePR |X| > o}

Head expansions into C

N o0 R S
E,o= Z Z (kR)™" ’ Oé,(z’,/?fH %nl [ —nVgYum+nn+1) Yn,mer]

ﬁp'() = Z Z (F\?R)iniz a/(/:r?z,E @ [ - nVSZ Yn,m + n(n + 1) Yn,mer:l

J. Labat, V. Péron, S. Tordeux On the scattering of electromagnetic waves Caleta Numérica, IMA, Valparaiso 21/25



Modal decomposition of the near field

{curl E,.=inH, 10 ine

curl Hp,[ = —iKk Epflygfl inC

Shadow expansions into C

e={XePR |X| > o}

oo n
E.=3 Y (HR)[_”_Z{aﬁ‘f,;a’Ehn,g,n,zcurlgz Yo

n=1 m=—n

farontetry Gy a1 Yom€r
s i 8 5

n

oo
Hoe=> > (m)‘*"*2{ — 8 g n2CUFl 2 Y,y
n=1m

=—n

(p—0).E Pnp—n—
+ Oé;(/,)m Z)’E# [(é - H)VSZ Yn,m + n(l’l + 1)Yn,mer} }
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Application of the matching conditions

inc inc

» Far field expansion
~ P2 n v EO, HO
E=> Y {a/ﬁ{’/,,"2>~Eh§1>(m)curlszyn,m
n=1 m=—n

~(p—n—2),H v E],I:i]

n,,,‘,,,. ([h,(,l) (kr) + Kr h,(,l)/ ()er)] Vg2 Yum
LRI
+n(n+ 1) b (k)Y ne ) } R E:.H,
» Resolution of the near field problem? E;, H; E;,H;
E47 IF:|4 E4, ﬁ4
Es, Hs

J. Labat, V. Péron, S. Tordeux On the scattering of electromagnetic waves Caleta Numérica, IMA, Valparaiso 22/25



Application of the matching conditions

inc inc
E™ H

» Far field expansion

_ r=2 n B v

E=> Y {a},{’m”‘”Ehg‘)(m)curlszymm
n=1m=—n

~(p—n—2),H v

”rn‘m. ([hr(ll)(’%r) + Kkr hy(,l) ()‘H’)] VSZ Yn,m
IKY

+n(n+1) hy(,l)(nr)Yn,mer) }

» Resolution of the near field problem?

E57ﬁ5 v
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Application of the matching conditions

inc inc
E™ H

» Far field expansion

p=2 n v
E=> Y {a/ﬁ{’/,,"2>~Eh§1>(m)curlszyn,m

n=1 m=—n
~(p—n—2),H Ve

”n‘m. ([hr(ll)(’%r) + Kkr hy(,l) ()‘H’)] VSZ Yn,m
IKY

+n(n+1) h,(,l)(nr)Yn,me,) }

» Resolution of the near field problem?
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Application of the matching conditions

inc inc
E™ H

» Far field expansion

p—2 n v
E=> > {a/€<’/n"2>~Eh§”<nr>curlsﬂn,m
n=1m=—n
~(p—n—2),H ’ v
”n‘m. ([hr(ll)(’%r) + Kkr hy(,l) ()‘H’)] VSZ Yn,m

IKY
+n(n+1) h,(,l) (nr)Yn,mer) } v
» Resolution of the near field problem? v
v

E57ﬁ5 v
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Application of the matching conditions

Einc Hinc
» Far field expansion
- r=2 = N v E(), Ho E()7 Ho v
E=> Y {a/ﬁ{’/,,"‘”Ehg”(m)curlszym
n=1m=—n

a](]]wl;n—l)ﬁ ) ay v El, ﬁ] E],H1 v
— ([hn (kr) + krhy” (6r) Vg2 Yam

i
+n(n+1) " (m)y,,,me,) } v EyH, ExH,

» Resolution of the near field problem? 7 EyHs EsH, v
v Es,Hs E,H v

Etcetera ... /B s S
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Explicit computation in the case of the sphere 05 = B(0, )
» Local approximations
E5'(x) ~ 53 E;(X) + 6" Eq(X) + 0 (55)
E5'(x) ~ Eo(X) + S Ei(X) + 0 (52)
H3™ () ~ Ho(X) + 6 Hi(X) + 0 (52)
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Explicit computation in the case of the sphere 05 = B(0, )
» Local approximations
E5*(x) ~ & Ei(x) +4' Ei(x) + 0.
E5'(x) ~ Eo(X) + 0 Ei(X) + KY (52)
H3™ () ~ Ho(X) + 6 Hi(X) + 0 (52)

» Expression of E; (matching conditions)

1
E] = Z {A”)/LEh(l)(fir)cuﬂszﬁm

m=—1

~(0),H

(@
+ # ([h(l)(kcr) + /frh( ' (kr)]Vs2Yim + 2/1( )(m’)Yl mer ) }
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Explicit computation in the case of the sphere 05 = B(0, )
» Local approximations
E5*(x) ~ & Ei(x) +4' Ei(x) + 0.
E5'(x) ~ Eo(X) + 0 Ei(X) + 0 (52)
H3™ () ~ Ho(X) + 6 Hi(X) + 0 (52)

» Modal representation of (E,. H)

1
— 3 hi,—» ~(0), _
E()(X) = (RR) 3 f éil(\[}\‘j“H[— V82Y17m+2Y1,me,] +R—Qoo(R 4)
. h !
H()(X) = (KR)73 1"72 E (klm E[ Vszyl m+2Y mer] -|- 0 (R74)

i m
m=—1

Boundary conditions on T' = $2 — Unicity of " and &
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Explicit computation in the case of the sphere 05 = B(0, )
» Local approximations
E5'(x) ~ 53 Es(X) + 6" E«(x) + 0 (55)
E5'(x) ~ Eo(X) + 0 E((X) + KY (52)
H3™ () ~ Ho(X) + 6 Hi (X) + 0 (52)

» Expression of E, (matching conditions)

1
Ei= > {“I'm hD (kr)eurlg Y,

m=—1

~(1),H
Qg m

+ W ([hgl)(m’) + K1 hgl)/(nr)]vsz Yim+2 hil)(mr)Yl,me,) }

+ Z {A”” “niV (kr)curlg: Yo,

m=—2

_(0),H

+ ;7/: ([hgl)(m’) + K1 hél)/(nr)]vsz Yom+6 hél)(nr)Yz,me,) }
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Explicit computation in the case of the sphere 05 = B(0, )
» Local approximations
E5'(x) ~ 53 Es(X) + 6" E«(x) + 0 (55)
E5'(x) ~ Eo(X) + 6 E/(X) + 0 (52)
H3™ () ~ Ho(X) + 6 H: (X) + 0 (52)

» Modal representation of (E, H)
1
~ o hy B
(k) 22 3 A Vst 2 Vel + 0 (R

1,m

m
X
Il

m=—1
1

-~ 3 h . _
H:(X) = (kR) 3 % ZI(I:IILE[ VSZYl’m—FZYl’mer}J’_R—Qoo(R 4)

Boundary conditions on T' = 82 — Unicity of &|' " and &'
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Explicit computation in the case of the sphere 05 = B(0, )
» Local approximations
E5'(x) ~ & Es(X) + 6 E.(x) + 0,8
ES'(0) ~ B0 +0EX) + 0 (52)
H3™ () ~ Ho(X) + 6 Hi(X) + 0 (52)

» Modal representation of (E,. H)
2
Eo(X) = (kR) " {...} + (kR)~* @ > Al 2 VYo 46 Ve + 0 (R*S)

m=—2
. h 2
HoX) = (sR) 7 .. } + (kR) 22 3 0l T [2 VYo + 6 o]+ 0 (RT)
l R— 00

m=-—2

.E
7 ,m

Boundary conditions on I' = $2 —> Unicity of (TS " and @
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Outline

e Conclusion and perspectives
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Conclusion and perspectives

» These tools are still valid for
» Extension to transmission problem

» Extension to multi-scattering problem
— Superposition principle

» To finalize

» Stability and consistance
— Far field error
— Near field error
— Matching error

» Boundary integral equations for near field problems

» Todo

» Discretization of continuous equations

» Implementation of the approximation method
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» These tools are still valid for

» Extension to transmission problem

» Extension to multi-scattering problem
— Superposition principle

» To finalize

» Stability and consistance
— Far field error
— Near field error
— Matching error

» Boundary integral equations for near field problems

» Todo

» Discretization of continuous equations

» Implementation of the approximation method

ii Thank you for your attention!
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