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What is a Photonic Crystal Fiber?

It can be possible for light of
certain frequencies to be

e et e et expelled for all directions - light
G OO 00 of these frequencies simply will
LCICC RCRORCE CRCEL N O . .
sesses OIOIOR XX not propagate in the material.
i This situation is called a
"photonic band gap".

A periodic structure could be
used to keep light of certain
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:0000CO00CCO frequencies in the center of the
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Numerical results

Maxwell's Equations

V xE=—1)H, p=1,

V x H = “¢E, €11 €12 0O

V- puH=0, e=| €1 e 0 |,

V- -cE =0. 0 0 e33

€12 = €21
TM Case: TE Case:
E =(0,0,u(x,y)) H=(0,0,u(x,y))
E= (Uy(va)7 _UX(X7y)7O) E= (UY(X7y)7 _uX(va)7o)
=] = = = E DAl
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TE case

Numerical results

H = (0707U(X7y))7
W2
V x (e71V x H)+?H:0.

V- (MVu)+ Au =0,

1 €11 €12
M=—— :
€11€22 — €75 €21 €22
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Floguet transform

g € LX(R?) (Fg)(a,x)=e % Yy g(x —n)e'"

nez2

a € [-m, 7%, x €[0,1]?
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Floguet transform

Numerical results

nez2

g € LX(R?) (Fg)(a,x)=e % Yy g(x —n)e'"

a € [-m, 7%, x €[0,1]?
=-Now the domain of x is a torus and « is a parameter.
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Floguet transform

(Fg)(a,x) =¥ Y " g(x —n)e'*"  ac[-m 7]

nez2

Lemma: F(Vg) = (V +ia)Fg.

TE:V-(MVu)+Au=0
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Numerical results

Floguet transform

(Fg)(a,x) =¥ Y " g(x —n)e'*"  ac[-m 7]

nez2

Lemma: F(Vg) = (V +ia)Fg.

TE: (V +ia)-M(V +ia)uy + AgUs =0, x € T, € [-7,7]°.
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Why a Posteriori Error Estimator for TE case?

Reasons:
e Optimize Computational Power
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Why a Posteriori Error Estimator for TE case?

Reasons:
e Optimize Computational Power< Big Problem,
e Regularity in each Subdomain is H1+t1/2+5(T), 3 > 0
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Why a Posteriori Error Estimator for TE case?

Reasons:
e Optimize Computational Power< Big Problem,

« Regularity in each Subdomain is H*+1/245(T), g > 0=
Singularities in the gradient could occur (near corners),
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Why a Posteriori Error Estimator for TE case?

Reasons:
e Optimize Computational Power< Big Problem,

« Regularity in each Subdomain is H*+1/245(T), g > 0=
Singularities in the gradient could occur (near corners),

e Solutions could oscillate a lot.
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Posteriori Error Estimator

aq(u,v) = A(u,v), (Continuous)
aa(Un, Vh) = An(Un, Vp), (Discrete)
 7n, (Mesh resolves the interface), Vi, ¢ HY(T, C) ( Finite
Element Space)

1/2
o n(Ah,Up) = <ZT6% ng()\h,uh)> (Error Estimator)

Properties:
1. |lels £ Cn+hot.  (Reliability)
2. \n— A< Cn?+hot.  (Reliability)
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Posteriori Error Estimator

aq(u,v) = A(u,v), (Continuous)
aa(Un, Vh) = An(Un, Vp), (Discrete)
 7n, (Mesh resolves the interface), Vi, ¢ HY(T, C) ( Finite
Element Space)

1/2
o n(Ah,Up) = <ZT6% ng()\h,uh)> (Error Estimator)

Properties:
1. |le|ls < Cp+h.o.t.  (Reliability)
2. Ay — A< Cp?+hot. (Reliability)
3. n < C|lep|lr+h.o.t. (Efficiency)
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Residuals

(with isotropic dielectricity ¢)

n= ( > UE()\h,Uh)> 1/2,

TERL

Numerical results
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Residuals

(with isotropic dielectricity ¢)

1/2
(Zh IR (s An) 2+ ZheseuRE(uh)HOe) .

TESh SIS
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Residuals
(with isotropic dielectricity ¢)

1/2
n— ( S b2 R (un B+ S heseuRE(uh>||%,e) -

TETh ecdh

R|(Uh, )\h)(X) = ((V + iOc) . 6_1(V + ia)uh + )\huh)(x),
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Residuals

(with isotropic dielectricity )

1/2
(Zh IR (s An) 2+ ZheeenRE(uh)HOe) -

TET, eedh

Ri(Un, An)(X) := ((V + i) - e (¥ +ia)up + Apun ) (X),

Re(Un)(x) = ([ e~ vun])(x)

+([A - e~ tiaup])(x).
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Numerical results

Proposition 1:(Garding’s inequality)

For any constant K > eqax % + |al? ), we have
Define:

1
aa(u,u) +Kul§p > EHUHie,T vu € HY(T,C).

p=A—K

,U,hE)\h*K



Introduction Periodic structure A Posteriori Error Estimator Numerical results

Non-linearity
LEMMA 2:
A+ Ap + 2K .
(U —pnUn, €)oT = +(eve)0ﬂl‘ +1(An — A)Im(u, un)o,T.
LEMMA 3:

as(e,v) +K(e,V)or — (AU = Anun,V)or =2 cx [, Ri(un, An)Vdt

- Zee&, fe Re(up)V dy.
See [6].
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Reliability

THEOREM 4:

A+ A 2K (e,e
vaas(e,e) < Crn+ At (€. €)ox )
2 Vaa(e,e)

THEOREM 6&:

A +A+2K (e,e)or
2 a.(e,e)

Ah— A < CZn%4+Cn

Ah— A

2

(e,e)or-
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Numerical Results

Eig: 50.4545

Numerical results
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Supercell with defect

25F

20

10F M‘{\
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Numerical results
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