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What is a Photonic Crystal Fiber?

It can be possible for light of

certain frequencies to be

expelled for all directions - light

of these frequencies simply will

not propagate in the material.

_ This situation is called a
~%2"photonic band gap".

8 A periodic structure could be

used to keep light of certain

frequencies in the center of the
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What frequencies are forbidden?

V xE=—"%yH, p=1,
V x H=2cE, (611 €12 0)
V- puH =0, e=| €1 e 0 |,
V.-cE=0. 0 0 eg
€12 = €21

TM Case: TE Case:

E =(0,0,u(x,y)) H=(0,0,u(x,y))

H= (UY(va)v _UX(X?y)?O) E= (uy(xvy)v _uX(X7y)?0)
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TE case

H=(0,0,u(x,y)),

__ﬂ 2
vxE HH, V x (e71V x H) — w—zH:O.
Cc

C
V x H=19cE,
V-uH =0, W2
V.cE =0. V-(MVU)+C7U=07

_ 1 €11 €12
M = — .
€11€22 — €75 €21 €22
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TE case
. H = (0707u(x7y))7
VXE:_—%’MH, W2
V x H=2cE, Vx (e7'V xH) - ZH=0.
c
V-uH =0,
V.cE =0. V- (MVu) + Au = 0,

_ 1 €11 €12
M —_— 72 .
€11€22 — €75 €21 €22
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Floguet transform

g € LX(R?) (Fg)(a.x) =€ ) g(x —n)e'"

nez2

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

g € LX(R?) (Fg)(a.x) =€ ) g(x —n)e'"

nez?
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) =X 3 " g(x —n)e*"  ac[-m 7]

nezz?

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

TE: V- (MVu)+Au=0




Introduction A Posteriori Error Estimator Numerics References

[e] o
(e]e} o
oe

Floguet transform

(Fg)(a.x) =X 3 " g(x —n)e*"  ac[-m 7]

nezz?

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

TE: (V+ia) -M(V +ia)uy + AlUs =0, x €T, a € [, 7%
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Posteriori Error Estimator

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

Element Space)

1/2
o 7(Ap,Up) = (ZTG% nf()\h,uh)> (Error Estimator)

Properties:
1. |lenl]s < Cn+h.o.t. (Reliability)
2. \h— A< Cn?+hot.  (Reliability)
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Posteriori Error Estimator

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

1/2
o 7(Ap,Up) = (ZTG% nf()\h,uh)> (Error Estimator)

Properties:
1. |lenl]s < Cn+h.o.t. (Reliability)
2. \h— A< Cn?+hot.  (Reliability)
3. n < C|lep|j1+h.o.t. (Efficiency)
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Residuals

(with isotropic dielectricity )

n= < > 72(An, Uh)> 1/27

TES,
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Residuals

(with isotropic dielectricity ¢)

1/2
n= < > h2er|Ri(un, An)ll5, + Y heee!RE(uh)II3,6> :

TET, ecdh
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Residuals

(with isotropic dielectricity «)

1/2
n= ( > h2er|Ri(un, An)ll5, + Y heseHRE(Uh)llcz),e> :

TET, ecsh

R|(Uh, )\h)(X) = ((V + ia) . 5*1(v + ia)Uh + )\huh)(x),
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Residuals

(with isotropic dielectricity ¢)

1/2
n— ( S 2 Riun w2, + 3 heeeuREwh)né,e) -

TET, ecsh
Ri(Un, An)(X) := ((V +ia) - e (v +ia)un + Anlp ) (X),
Re(un)(x) = ([~ e~ Vun])(x)

+([A - e tiaup])(x).
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Why a Posteriori Error Estimator for TE case?

Reasons:
e Optimize Computational Power




Introduction A Posteriori Error Estimator Numerics References

[e] o
(e} o
(o]}

Why a Posteriori Error Estimator for TE case?

Reasons:
e Optimize Computational Power<« Big Problem,
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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 H*+/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 H1*/245(T), 8 > 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 H1*/245(T), 8 > 0=
Singularities in the gradient could occur (near corners),

e Solutions could oscillate a lot.
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Numerical Results

Eig: 50.4545
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Uniform Mesh
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Supercell with defect
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