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earning Objectives

Material dispersion and its origin

Complex refractive index permittivity

Optical absorption

KramerKong relation and Sellmeir eg
Groupvelocity and groupvelocitydispersioncarry

Opticalpulsespreadingand frequencychip
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⼆ Chromaticdisersionanditsorigin

Propagatio.nof E Min materials depend on
G and5 and a rare functions of wji.es
G Wi 01w In vacuum there is no dispersion

Examples 2Rainbow
Dispersion of light in prism

Prism
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What does this indicate
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we ignore the motion of nuclear

Finding kspringxe puixma.sk
p

Fdamping mr毙
With E M wave of frequency w polarised
in a direction

Fdriving qE q E cos lwt

Newton's second Law

m㼦 F
binding t Fdamping t Failing
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m䤰 tmrtmuix qE.co slut

or the real part of the equation

器 r器 uòi_ 去的ēiwt

Assuming It Ietf plugin
To ⼆ Ǜizirw

Complexed dipolemoment inducedbyĚ

ptnqicts imE.int
It pity is complex meaning induced
polarization might not be in phase with Ect

phase lag angle tan 2器
is verysmall when was No and is 不 when

Ws Wo
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In real materials there are
manydipoles and they

oscillate at different Wo If there are N molecules

per unit volume v0suitorstrength

piǚfinw Ě

Define XE as the complex susceptibility

pie ⽼Ē
5t.EE ErĚ E Etp ⼆ to Gt Is E

Grew 1

H 器 irjw
⼆ Er w ti E w N w

8 只9苮EE cw is derivedfrom classical harmonicoscillator
model fj is phenomenological.According to QMffj l
Ordna.iy E is negligible when it closeto resonances g
t ⼼ plays an importantrole
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So what are the physicalmeaning of reaYing.parts

TiĒ_Ep器 0 waveeq.indispersivemedia

plane wave solution

Ēk it Eieiliz.net

where E Rt ik plug in0

Ēlz t Ě e hzeilkz.at
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2 2个 is called absorption coefficient

不是原 ⼆是什刘 ⼆吓⼗器新 州意
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n 铅 计器 Fitri
2 2K 噐 rji
phonon

n
latticevibrations

if

inner
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oi.no ē are too sluggish to respond

to doing E field the medium has zero polarization

So the dielectric constant is unity
Between each absorption

band themedium is

transparent 2is no n is almostconstant

Most commondy n⼼ ⼼⼗

是 not wave vet or

2 4带
the realpart of index captures the wave

propagation phase

the imaginarypart captures the

doThere are interesting features dose to resonances

index can be either veryhigh or close to zero
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Ēfilonnfear
zero ENE or index near zero material

in.fr

f_i
a increasephotondensityof statesftp.wtirr zenhan.e spontaneous emission

3.4 wt kt wt

nEfnoph.seaccumulated during propagate
ENZ tunneling Nader

Engheta.Upennj_Pnhn.si highrefleionir 器 ⼆ I

2 high_loss

2 Ultrathin waveguide ul the very large n
around

if
znmCErtugrc.labuka Nature Nano 2018



2 Kramers_kronig KK relationship

n 以 1 ⼆ ⾔ Pfǎidwi
ˋ k ⼀点PI 吕梁

dui_in.is

q.APPli

sellmeiereffit.t.IT
Eyuatlfrmoddigremtiuintflex

of various dielectricmaterials
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w⼆ 点⽕ in mate啊

_k
For monochromaticplane wave it doesn't mattermuch

For propagation of an opticalpulses whichcontain differentco

differentfrequencycomponentof thepulsepropagatewithdifferent

speeds.This can lead to change of the shape or spreadingof a

pulse
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pulse

whim_Üuimi
以

F.TEi_NY
g.no

Electricfield of a pulse

Elz.ti ffmmetnt
KZT.dk

which is a sum of mon onchromatic plane waves

and a solution of Maxwell equation

Expand the dispersion relation wlk byTaylor expansion

i
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plug into ego and ignorehigho

EGn et yfnexpH.it ckkfdk

Define v 2 器怎⻔ as envelop function

EG.in e
⼼ ⼋ z 装㞹

The envelop travels along Z with a velocity

th group velocityofpug

成
㤈 order terms linear dispersion win

the pulse envelop travels at vg
without distortion

This linear assumption is onlyvalidwhen w_w k k 0

Freq domain Time domain

w.net irncz
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igroupeity.gl i 合篮

Pili

是懙 嚸 堤

ntudj
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W Lk w ⼗器 k k is valid.Cow is small

fair
㞊

But when owiaidi k.is not negligible
the term 㐋 dili.KI is not negligible

髾 学

w

器 ir

oes t

iidispersion to approximatewlk
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Eff.EE me for each special componentof
the pulse This is known as

grouprelociydigspre.at
of groupvelocity

org 器 器

2g.T is the pulse spread in position within

the time of flight.T

This is a problem for

Fiber optical communications

Ultrafast optics
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Outputintomato

Nhnhnhm 1
的⻩

mhnn
Distorted

40Ghls ⼀ 巧 p

Fansmission time through a length L of fiber

ㄒ ⾼ 㟐 㙄装 哈 芒器

Define Dispersionparameter D 亡兵

以 ⼀ 乱噬 晉 幽芒器 in nm

where 䇥之⼆点市 GVD.pe filmm

器试Comments
I pz f.li

及 ⼼再
器20 ⼏个 yd a ND 0 ⼝ 0 Normal dispersion

噐 so T.rgiGVDc.co D o Anamolous dispersion
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ie
l Anomalous dispersion

izfiǜtiin

个
Zero dispersionwavelength
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Opticalpulsespreago_lbrodenipindispe_rsiveme_diaCYariu.Pz.DE

lxg.z

tsd fP
fd

DZI
i.io iiiiiiii ⾬ ioii

Assumingslowlynearingenvelop saw

EGO七 器5 毕器 f Fa et In
⽐

m Foi
Outputpulse

EG.tn fmseil.hn
t Blwotn

zJ.Expandplwotn
the centerfrequency

wornwotnr piw.it器 ft 会割 it 20

plug into o and using rpw 噐 ⼆⽅

18



Elz.tn ezeplilwot p Bfnne.pl if 景浩崎呵 30

exp⽐⽐⼼ 譽 in

焱华 以 ⼼ ⼀ ⽵⼼ ⼀

whenGUD⼆0 杰同 20

Eat fidnmsexpfinlt B
EIo.lt 訓

pulse envelop remains unchanged and propagates at

vg.G
iginFunexpt.andusinga

lhtt.ti.E.fi

pfliGtiazj.it部𠮩 dn

ize.pl䲜 啡答譽
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Pulseǎiiǎig D FWHMof theintensityprofile Èczt

ii

Era
At the output

t.cz dzlnzoáif
Initial pulsewidth

To t G T
The pulsewidth afterpropagating a distance L

t 2 ⼆ To 82⺾等
2

At larger distances 124 2

in
4

量1噐信
Recall ⼝ 2

䂬 器
i ⼼ To ⼝

器⾯
2
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if D PS km.nm R um L km To P

StlL ⼆ To Tj

Non zero aus or D will broaden the pulse

physical reason
iii

Ultrashortpulse fge_gldcni.pe
d pulse

Nun_Ug
Thin vgz

pulse 跶忧吗 so dependson input

pulse width to es RF photonics

pulse broadening is a linearopticaleffectdue

to_⼼ 器⼲
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TFrequ.my
Just now we discussed theenvelopfunction City

Let's write down the whole output field

EG.tkize.pk 2kpGwotp ti災恐器
器 t盥where a 主器 ⼆ ⼀年器

phase of the output field

4⽇⼼ ⼀ wot p.at 管共暴
Recall the frequency of wave ffwt.kz ⼼ 架

wlz.tl ⼆录4Gt w 8 1.6春 以毙器__
instantaneousfaq

签 addition to pulsebroadening dispersive
median Gusto

modifies theopticalfrequency

巡
chiped This is becausedifferent groups of frequencies

Chirps can also be inducedbynonlineareffects Kerreat 2
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dti

ǜlni
higherfreqcomponentstravel faster

Dispersion compensation pulseshaping linearpulsecompression
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