Fotonica
Equazione autovalori
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Bragg scattering

Ordered dielectric
Photonic Crystal (PhC)
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for most A, beams propagate
through crystal without scattering

Usually only reflection
(scattering cancels coherently)

and refraction ....
...but for some A (~ 2a), no light could propagate: a PhC band gap



Quantum mechanics
Multiple (Bragg) scattering

Single (Rutherford) scattering
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In hatura

PhC



PhC in biologia







PhC in biologia




Periodic

Bloch waves:
Band Diagram

Medium

Idea di base: analogia con cristalli

atoms 1n diamond structure

dielectric spheres, diamond lattice

Electronic Band Gap

electron energy

-

~wavevector
strongly interacting fermions

Photonic Band Gap

photon frequency

wavevector
weakly-interacting bosons



Molding the Flow of Light SECOND EDITION




Equazioni Maxwell semplificate nella materia

Voei=0 VxE=-uul
ot
1% ,uO,zf =0 VxH =8088—E
ot
D=¢ E+P=c¢¢E
B=u H+M =u uH



Mezzo dielettrico non magnetico (u=1, = &(r)))

V.e(F’)E=0 VXE=-u ya—H
ot

6?]:0 1_» §Xﬁ:80a—E
e(r) ot



Equazioni onde monocromatiche (u=1, €= g(r)))
vx(vxﬁ)z_(%vxwﬁjz

= —u ;{a_g g(r)Ej =Y e(r)uE V-e(F)E =0




Mezzo dielettrico non magnetico (u=1, = &(r)))

2

Vx(VxE)=L e(nE V-e(F)E=0
C
2
VX 1_ VxH |=2 A V-H=0
E(r) C
Problema autovalori con E(?) — i ?x[fl(?)

vincolo WE E(1)




Equazioni onde

é)ﬁ(?):?x(

]
E(r)

Master equation

C

2

OH ()= H ()

Linearita

autovalore

?xﬁ(?))

Schroedinger equation

Hy=Ey

Olof, (7)+ BH, (7)) = a®H, () + BOH,, (F)



Hermitianicita (ci riconduce alle proprieta della MQ)

Norma:
[F.G)=[a*rF"(7)-G()

(F,F)>0

VF #0 3F = F e (F.F)=1
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Dimostriamo che ® & Hermitiano

(F.6G)= | d%ﬁ(?)-{?x( : ﬁxé(f)ﬂ

E(r)

H—/

-

VK lq ?xé(?))xﬁ*(ﬂ}+{( lq ?xé(?)]ﬁxﬁ*(?)}
e(r) e(r)
Trascurando il termine di superficie
= A = 3 % 1 — =
(F.6G)=[a*VxF'(7)| — VxG(F)

e(r)



Dimostriamo che ® & Hermitiano

(F,66)= [a'r——9xF" ) (7xG()
elr _

- -
B A
Usando ﬁlgxé]: 6 A Aﬁ E
| -
8(?) < F'(7)-(VxG(F))=
V(é(?)x L $xF (r)j G(F )ﬁx( 1* ﬁxﬁ*(f)]
g(F) E(r)

Trascurando il termine di superficie e per Ereale

(F.60)- ;ds{vx( ] vxm)ﬂ 6 =(6F.6)

£(r)




Perché He non E?
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Let’'s demonstrate that ﬁ‘, IS not Hermitian

(F,2 )jdr

F @) [Vx[VxG@))
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1§ A

Being V.[AxB|=B-VxA—-A-VxB

I e o (oo A=
it @)V x(VxG))|=
= | (= = | . S P |
_V.{(VXG(r))x(g(F) F (r)ﬂ+{(VxG(r))-Vx(g(7) F (r)ﬂ
The surface integral is negligible

(F,6G)= dex(LF (r)] ¥ xG(7)

e(r)



Let’'s demonstrate that ﬁ‘, IS not Hermitian
1

(F,2G)= [ d%ﬁx(?ﬂﬁ*(?)) v xG(F)
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B
Being ﬁlgxé]:]_})? ;{ A% E

V x ( 1 F(r)] VXG(F) =
e(r)

v(é(?)xﬁx( 1* ﬁ*(f)j}é(?)ﬁx[?x[ lq ﬁ*(f)jj
£(r) E(r)

The surface integral is negligible

— %

(F.EG)=[a*r vx[vx(g(lﬂﬁmjj G(7)#(EF.G)




Mezzo magnetico non dielettrico (e=1, u= u(r))

=—&, — M, (1 H =— u(r)H V- u(r)H =0



Mezzo magnetico non dielettrico(e =1, u= u(r)))

w( L ﬁxﬁ) @ $.E=0
HU(r) ¢’
— — — 0)2 — — —
Vx(VxH )= uiH V- u(7F)H =0

C
Problema autovalori con [-7(;7): ! ?xﬁ(?)

vincolo L 1(r)




Proprieta generali

OH (7) :ﬂjﬁ(f)
C

(A (7),0H (7))= ‘:2 (A7), H (7))

o)

(A (7),0H (7)) = [ (H (), H(7))

C
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Autovalori reali
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Proprieta generali V-|AxB|=B - VxA-A-VxB

wz

- C—z(ﬁ(f),ﬁ(;?)): (A (7),0H (7))=
= [d’rH" (F)OH (7) =

=jd3rﬁ*(f)ﬁx(1 ﬁxH(r)j

= [d’r=VxH(F)-VxH'(F) :jd%lﬁxﬁ(?’)\z
E E

\

~ Autovalori non negativi
w reale per £ positivo



Proprieta generali
o’ (H,7),H,(7))=cH,7),0H,(7))=
= 2(0d, 7). H (7))= (A7), ,7))

(H,(F), H,(7))=

Ortogonalita autovettori



