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RESEARCH OBJECTIVES

» Develop a computational model for optical cloaking

o Use boundary integral equations (BIE) to create this model

* Investigate parameters for effective cloaking - optical properties
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Images Source: Physicsch on Wikipedia




PROBLEM SETTING

Scattering Problem

uin (ﬂ:‘) — Eiku{cas{ﬂ:}xl +sin(a)rs )

Lo, €0, ko
CiiU(E_IVu) +w2u=0 h LEEI: k}g
- ‘}Elj .
[up, =0 [e7'9pulr, =0 j=0,.,N—1 zSan
" j+11
 Hi= u' + u® y €41, kjt1
ki = w\/€;
ut,_‘j‘ — ul"i,Lj ' : N ' FD
Transmission Problem I'nvoq !
/Vui,j + k?ui,j =0 in I;j =LA\{l;UTl_1} j=0,...,N R
ujj+1 — ujj =0 on T 7=0,... N -1
1 1 .
——Onujj+1 = —0nu;; =0 onl} j=0,.,N—1
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FORMULATION OF BIE SYSTEM

We use the fundamental solution to the Helmholtz equation

i
j(x,y) = iﬁ’é”(kjlfﬂ —yl)

This gives us the following layer potentials
0D .
D; j[pl(x) = . a—?;(ﬂ?ay)ﬂ(y)d% r € Lj Ii=1;1,1}
Si gl () = / ®;(x,y)u(y)do, rely =TT
L'

We use these layer potentials to represent the solution in each layer.
b b

The density is based on the data of the boundary we are integrating over,so Yy — x;, z; —x € I;



2 LAYER SYSTEM

/ @r=<umx,1T9 > \

Representation Formulas
H[],[](I) — um(:r) -+ DU:U[HU,[]](:I:) — S[],g[annu[]j[]](ﬂf:) Lo, <0, ko
u0,0
uo,1(x) = 50,1{Oneu0,1)(x) — Do,1|uo,1)(x)
| Dlul(x) —, Ezpla®) + D) |
: r—Iy : FU
o S[u)(z) — S[ul(=") ! B /
'\ T—rx ) ! Iy =T € FD

_________________________

1 .
§UU,U($E) = Hzn(l'g) + DU?U[HU?U](iEB) - SU,U[annuU,U] (I"E[]])

1
§HU’1($3) = 5011[811[,“{],1](138) - DU,I[UU,I](LEE)




]_ }
§uo,o($3) = u"™(z) + Do,oluo,0l (26) — S0,0[0nyu0,0](20)

1

5“0,1(173) . 50,1[3nnun,1](3’3) . Dﬂal[”[‘:l](mg)

l Transmission Conditions

5“0 U(;{;%) — u?’n(ﬂtg) -+ DU}U[HU?U](R:B) - SU:,U[&HUHU,U](R:B)

1 1
—dngug,1 — —0p,u00 =0 x € I'g
€1 €0

E
5“0,0(333) — isn,ﬂ@nu“n,o](ﬂ’g) - Dﬂpl[“f’ﬁ](:"g)

_____________________________

5 —Doo  So,0 uo,0 | _ u'™(zf)
3 + DD,I :_380,1 anﬂ un,o 0 We end up with a solvable BIE System




RESULTS FOR
TRANSMISSION

« Step 1 - Evaluate layer potentials for the BIE system
o Evaluated using the Kress Quadrature
o Treats singularity that occurs in Hankel function
for|lx —yl=0
» Step 2 - Find boundary data using the BIE system
« Step 3 - Use boundary data to represent the solution
in each layer
o Solution layers are computed using the Periodic

Trapezoid Rule (PTR) approximation

« We can produce results for various layer properties
and boundary shapes
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3

LAYER SYSTEM

Representation Formulas

uo,0(x) = u*™(x) + Do,o[uo,0](x) — S0,0[0n,u0,0](x)

uq 9(x) = S1.2[0n,u1,2](x) — D1 2]uq 9(x)

]_ .

guo,o(fﬂg) = u"™(z§) + Do o[uo,0](z) — S0,0[0n0to.0] (z0)
1

5%0,1(373) = 50.1[0nott0.1](x8) — Do 1[uo.1](x0)

1

gul,l(ﬂfﬁ’) = ui®(2}) + Dy 1[ug 1](2}) — S1.1[0n,uq 1] (2])

1

5“132(1:11)) — Slyg[anluljg](ﬂf?) . D1,2[u1,2](9311))
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uF (29) = uo,0(zY) = u™(24) + Do,o[u0,0](z3) — So,0[0n, uo,0](x7)

]_ .

5“‘0,0(1?3) = u"™(x{) + Do,o[u0,0](z0) — S0,0[0not0,0)(25)
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5u1.1(21) = u(21) + Do o[uo.](z1) = S0.0[0n,0,0](#1) + D1.1ua 1] (1) = S1.1(0n, ur ] (1) b
Lq

1

gul,z(f{) = S1,2[0n,u1,2)(23) — Dy 2[ug o] (29)
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Transmission Conditions



EUD,D(mg) — um(mg) + DG,U[HD,D] (iﬂg) — SD,D[anguD,D] (11?3)
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§Un,n(5'33) = iSDjl (0o tt0,0](zg) — Do, 1[uo,0](25)

1 |
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1
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Solvable BIE System of Coupled Equations



MULTILAYER SYSTEM

Representation Formulas

uo,0(z) = u'™(z) + Do o[uo,0](z) — S0,0[0n,u0,0](z) z € Lo

uj—1,5(x) = 85-1,j[0n,_uj_1,](x) — Dj_1{uj_15](z) ze€L; j=1,..,N
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L 1@ ) =8 110 i@ ) = D iluig izt ) G=1,.uN
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FUTURE WORK

» Code to model these results is still in development

* If results are satisfactory, we want to extend this work
further

« Boundaries of different shapes layered together

 Layers with different properties

* Models in 3D, models that change over time

« Other Challenges
» Close evaluation problem - need to treat as we deal

with smaller layers




QUESTION




