Le,m(wre Ar“ C]nrom’rfc o‘lisyerﬁon

Leam?rﬁ ObJ\ecffVQS:
® Metertal dispersion and its aﬁs.‘q
© Complax vefractive \ndex /?errﬂi—\-\'i\/\‘*‘:j
@ Qpticel oboserption
@ Yromer- broniq relation and Sellmele eq-
@ Gwou,i ’Ve\ou‘{j ond oo w,lou%:j Aispession (6D
© Opics\ pulse %Pmmc&.‘@ ond frequency chirp



2. Chromatic oJl\‘s[Jefsfor) and its on‘jm

(\7 FOVLSQ"HO{] O’( E/CE M ;V] mouLeﬂ\oc(_g oleq)erkoo EDY\
6~, O\Y\(/Q O—f a,n& 6—) o are fuq,g[—fanso_f’w) le,,
Q(W\ , o(w) , Ta vaccam +here 1's no c&{svefﬁ‘:@f\

Exmm]()(es - A Rq?nbo wo

2-‘@§s‘>ers‘.on 9{ \?3\4"[ iv\ ’\Drt\sm

/Prn\sm

(Mhet dees this indicate ?

n=niaj = &(1)

n M~

\s
}a



OYfS\\ﬂ of c}\f%\)QfSioni di(pole osc: lation

. S , -~ . T’ D\'Y)o\e os il ledor M,que\
W © D DO | g

AS%U./WVQ_/ N N wdleor nmags >> ele Avon mausg{ So
we ?SY\UY\Q the motion 96 huclea €

j—b'\”fﬁl\’? = - )eﬁfn\ﬂ%x = _ MW:%
)no/\%b diep.

Ilr’l x medh\ov‘ )

)/‘;Jrrw‘w?j = 4= qEems(wb)
NQ\J\/\V@V;_S %ecaw& L(Lv\/\_

A .
W]—CL?\—: ]:banooll?*- FJ&”‘FJ\"\% < F’c&r?ufmﬁ/

3



= ciy}c A»% >
‘; =
2l 1t + m‘}/":(;t\ + mw,X CLE—O(/OS(W{?)

or  the rea port 9]f+h,a Q,Ci/M‘HU)/\
Oklsfob &% - q _jwX

LY — + W = —
s e + Wo X W\aOQ/

~  (wik

/é\“%wm?ﬂ% r?\i(‘t> = X, C | ?lr}—% 4
7 E.
m(w:—wzv Irw)

A
CO’YVDIQXQJ th%(e moment induced l:g E

2 \
~Jwt

Pledo=qxct) = 1 E.c
M (Wo —W™= 1 T)

A
9(’:.

0

Co mment -

&) f(ff) S C»mP[ew meum»ﬁ ]vuhceoQ

Polomzafroﬂ m/é{h# rot be in f)’mse i+ E(t)

@ Phase /m(‘] Mg/le-‘ ‘Lb“"; CW1—W2'>

[\S W?J smad whesn w «¢ wo/

s T when

=22 Wy



In real materials, thee are man dipoles, and +l/\et3
QSCC(\CLR ot A.‘ﬁzmn* Wo l‘% ere ave N molecdes

e et yolame ~
P C/OSuUM—Or S%t@%’\’)’l

e § ~
~ N J c
P <? W—w*-iw>

| Defing %e as +the @mf[gx S\A.sco,l)‘ﬁbi(ffa

o
(O ~€EE=EE6-E :é—oE'f' P T—éo({-{—%g/>5.

= /‘(‘ N&l - jJ
Mmeo = WJ{WQ—[‘FU\)

J

= &/ (W+ 1wy = N(w)
Comments -

@ Cor [ex &(w) 1S5 dertved ffa"’\ lassical harmonic osclletrr
MoJ&‘. JCJ" is Phenomen(oJiCa.l. Acorool‘na to &M/ ’l}‘,ﬁz'

@ Or’DQ(V\CU,\(a ) 6—" |\5 }’]lel\g\\}l/-( , W‘\/\ﬁy\ {\-(- C(BSQ +‘D (esenun (g WJ
6’”(‘/“) P(WJS on r\mfw‘('am“ rolz_

5



So, what are the ‘)hyska\ memn;r\j o{l mw[/mﬁ parts”

'2(\/

v E - 6"0 gt = 0 (\MOVQ @C{ |r\ é:,\\i‘f\f\)\/q_

P\ane wove $6luhion -

~ tlke-wt)
E(%n:)—t—: &m( O

where F:}et ik Plu,a I\V\®/

~ 1(@3 -wt )

“\ 144
E(z,t)= Eg 6
f\-— ProPa.%od-to‘f\ Term

- &_&e lerm
e fa K e
. /\ /\ o —
¢ " D) \/ \/ VA %

\V/

2 ~2k3
Snee T2 E ~ €

CQ = 'LK 1\5 CC»“QUQ a)s(SorfJ'I-llar) (‘,oe/'q1\u|eh+

W = w W Ne — fi
k = ~ d& ¥ Z(H%QQZL 1 moiﬁ—wo*-fw}



- 2 %

ek o Nt Sylww))
n= W <\ — . 24 2o
2Mee (oudfwg <Y W

J

Q=2K = ve - 'ZkJEJn

Phon,a 1)
C [ athice v bration)
n \ ew&.g/ e

/J / ymer €

)’\:(L"“—"""’““" — 1 =
P - -
S 3
wJ
SN
z -
puter NTIA%
)
)
\ \ - I} \ Y ¥ )
'Y [o/* (O(S ldé L wJ



COVW )’V\elf\+9 '

© At hl%MW(w»w") € o oo S 886)1 to resf noo
to &r,w% Ef ﬁeé) the mediam hay 2 ero Po (0r2ecfio )
o the e | [e Pric wonstant 1s W"*‘a,.

@ %OW"\ each O"bgvf"h\m‘ bu'\&? {‘he mediwm s
‘\'Tu\sq)areni- \ (& (s ~#6, N ts almest OMS{_MJF)

G) Most cMmoMia. Y w)= 1 (Wi 1 k(W)
\_, npt woawe vector!

Q= 4T A
K

the yeud ‘mr& of i thdex captures the W rerogaguhor\ (?huse)
+he lMG—SIV\ﬂr’a paut Cuﬁ’b\fﬂg the lo%s

@ Tl'\gr‘e ar< l4+<F€$T'4% {QQ—\’L&F@S @/[n&@ %@ ‘rQSDfLW'lOeS\
Tndeyx can be ether \/UB lm‘%h, sr clse +4o2ero




E}C umpbe{s

1\5(93\'(01'1 near 2ero (EN%) or Index near 2e mrrfcrfalg.

o * —>

- fﬂcl(X ~ 6

Afp“wh‘ons; 4. (ncreas< ?ho‘]’Oh oaens.‘g of state s
.

2. enhance %wajrar\eous Q,MD\%SI'OT\

w =1
3. b= wit-kt = wt- n>42
ho P)'IL\SQ O\chmwlu‘l‘eJ cluri% ?fb\')m%cc‘“'a
(En2 tunneling, Neder Brghets, Upem )

n-|

Problems 2 bygn refledion s T

2. \m‘a\’\ — Lo5s.

A

( Ma,a n arewlvo

2 . [p | bethin W&VQJ\M\)Q— (Ulﬁ“?«e Vef\‘} oo

§
T o s

CEVJNSY‘N( Cmwaow, Nature Nou\o7 ?/.718')
g

S VAVAYAYS




2- \iramersﬁ kmnf? C\C’\ ‘K> Ydodn\@n%t\»‘jj)

ro fA) [
§ nw)-1 = *—?g KU") Aw)
(wy= _ 2
o W2 2

WM' 1t allows ws +o col culate {rom K or

vice VefrSQa .

A p\l\w’V\‘Ons; [ellveie r Qa\.

P 2 T
n = l+ Ak 2 A C}IL
ﬂl*—ﬂlz 7],-7\1 T ’IT
.

\/C\j wseful fov moid,‘w& refructive ydlexs
916 VA oS oQ'\%leoi”n‘Q ma‘(&m\%\é



>. &M Md@dt—j CPW . PBl’%\ Yan‘v)

W A
W= C’K (l\‘f\ Vv aacca M )
C
w= —
I’I(uu)')z <(\" Ma-f-er.‘us)

FO \

- - monochromac plane wove, T+ doesa

e v Pro‘)a%wh‘ah Of . ook oeSn + matHer mueh .

\ price pulses (Lhich cantad

d‘ﬂeren{. comtain di ﬁeren)f m
frequency component of the pulse . )

pecds. This can dead 4o ch pulse propagate with deffeet

\)w\ge,_ ’LJC ef the gl‘dfe or S()rea&fng of o



E{eofﬁc—fl\e/(aq @& o_ ?LA&Q .
oWkt - k2]

E(%\{:):j Aloe p o

00
c\/‘hfcl/\ t\s o Sum s«{ MO"ID%C,)\rorr\,QU"IC Flane 'wa,uesl

ond o calution o—f Mo\xwe,l( Q(‘km’f‘flon

Exf)qmco —l—he OQl\sFe,fs,‘on m\ou‘l*?or\ LL)(K) ba 7-07/‘0% eru\stoy)

(k) = Wot (i:) (k-to) + (ikﬂg(\/k")*

Ne———— —
h]ta\/\?«l" eriir ‘tetn’\

Ko
L)



\)lu%?n-ﬁo Q(\, @/ avr\(Q_E’f\vaQ kh;‘h orchr“ {*evms)

[wet - K2) o
e Ack>aw—a;:>;—f}k-mgO\K

De«ﬁne V [?‘ (::j/ué >w t:& as @r\v@(0€ 'GV-'\OJY{OV\

(wet ~ ko) %
Ele)=¢ v [%' (%z)wﬂ

The envdoK) J(rovue/(s CLJQD’\% % wth a ve,(eu\(-«g/

dw \

Comments:

ct—

I\ﬂ we \‘saere +he M%\Aef order terms (Laear okls?ersﬁor\ WW))
/

the r{)u\;q enuekoe Jfrauekg at f\j3 without Nlstertion

This Leneay O\ssw«v\?ﬁon ls en(3 q,c\;(l when 0~ w. (k‘ko‘lf?)

Ffe"" J(oma}f\ ’rfwxe cQowu;f\
(Ua.rzg broad (leee)
||e— 6w
J K N “ﬁ—b)
o > W <
(2




4\ '67-) %
/@W — f\/\c)
w
In mm+e(‘\ml6 : )Q: )’LCUJB—C_/_

= '(J}\asa ve[o z/u‘{/\gt '\ir= 20~

~elouto dw\ _ _¢
8nw§ elo Pa \ % :Swo N+ w(c[n(uu)
o)

C

c

o _
n—JL(_‘_"_lL_ \
AA

/3



4, C}reu? 'va,boeHj ¢L§<Vefs‘mn (éVD)

Pi"\g& S‘}\OL(JQ yemaind v»m\\\ﬁ-o"RcQ O“(ﬁ when

wCK)= w, ~+ —é‘(}:(k—/(v) I's VOJQDQ ( (a(}u s smu,l/l)

W

2
. w ~—0
?mf , A_I/‘E .

\Mqo»f s

AW [

—r\‘me ‘,QO ™ ou N

WV“L 5\/\0 rt ? W\S@

~ ¢

W e c_wﬂ{\,o“' WSl I_\. Nenr—
al\\sQ-e‘ﬁ\\On to og?vc‘o)m‘wlw{—e (UU()

= .



Phjgk:ob\ YNE O, ’IA )

\J

vﬂ S not +he. same fbr eoch sf()ec/{\(za,\ wmrower+ @f

Lhe ?b\sa. Ths 15 Knewn as i\“ﬂ we(ocf*—% Aiq?emfbf)

Q\Drea_vQ of qroup 'vdvcf%._
R CR NV 1S U
vym (). (O

ZD’U80 T = ’(*M (Du\s.e €Q>o~eaj t‘n ?v%fﬁ\om wi4hin
the fime of £light T

This ls o~ (aroble/m fov
@ F‘iber 0\9—]—?0&\ comm\kf\"cwﬂgwﬁ
@ | rkest oghics.

15



(:XOJVVFLQ', }'—i\b@f @(D‘h \ Commwmcpchoﬂ

Trput Tnformation
] Dutput informativn

%Déb/g @ 25 Ps '\C-l\lovv\c"-er‘—(ons «Gfber (DfS‘('OYl‘e& :

’E’mﬂsm.‘ss}oq fme -ereubh o ,Qefj'ﬂ‘l L of (—Tber:

:_E_. WC;VL o %JVL
T B C > ( c,om«>

3
) dT

(De%“nQ Dispersicon (?aramfl,ef're‘f: D= —L—,OT;L—

.'—____l___ 2T ¢ dk* _ 1(5“1
c?t( &K}'\> AL EO—JZ-“C d7L" (? /km m)

chere &K _ (v%> QUO =P, (§3/mm)

dw?
a\k *
Cowme'/[\“j : S‘ P’ - TJ{)
A)’)\VL_ )\Plﬁ _a‘%; %)

dn
® 7o, Al vql , eVvO=0, ©=0, Normsd  dispersion

16



Naum,(pl,@z —gwsec& silf e {l;ber‘

L
\
|
— |
’ =
6-S |n;3 2-S W(rbm)
9 ﬂ\‘ "
= A”Omtews &is?m}em
0 - - —
- Nermad dis ?61’9\9\(\

2?,[’-0 o“s?ersl\t?n wmvelexbk{’k/.

17



6 ) O?HCQ\ P“@Z é\)r?d'&'\“j (broolem‘n,a> n C(Is?erslva meolt‘a\ (\(af]\v‘ P%l'?)

. o palse s 2
Elr.4,2=0, t) O g;ﬂsumtu fiber (am#:;) —Mj:l

el —

2o i ———>,

Inpd-: Tem?erm\ Gaussian \:u\s;:

Elx-y.2=0,£) = Uy(r. )exv(_ At ¢ twet) o,
3 , s(°w3 very «\6 f
Assu.mh\a g[.,uut3 V,M,\M6 ,am,eto(;: Na << Wo

1r\pw+ Pu\SC .

lwet Nt 1 (Lot )t
Rlz0,t)= ¢ °-§the JN = | FLE -dn
e ~
corper Cnv@lo?
Ouwtprt pulse: L "

) [(wot b= Plwot N2 - 1 Q
Bl SF(QDQm[w+at P ]JQ fHJD: J‘W&emf(@)

@XV&&& @(Wutﬂ-) the center frefll&e'lv?s Wo

O\Z
B(wet )= p(wm% At -‘z;ﬁt wrf+ &

P(\LS @ nto ) a{\(ﬁ LA%T/S (ét,:(s(uuo)) ,‘ﬂl_\ JR

18



E(2&)= exp [{,(wot—P,%)] C}JLF@,)QW

~te

= erep it po0)) £
Ev\ul.(,ew function

i[ﬂt— %_ z;u(—SQ ]E

c@MW\Q'L‘l*g
| 0 and
O here we ?3r\or~e Ws}\zr ordler terms PUNS S

@wl«za G\)D:o/ &%((v_)/-_/o

L) = gw dALFEL) exp iiﬁ. (4- %)g

/

= €lo, (b= %)S

P“k%‘i enve.bﬁ Fentouns mml'l,awaﬂcj and ’]DWQDO;jCL'(-?S et UC(T'

&eneﬁc o (1’“(;
plg i Fur= [ oxp (- 55, et esy o~ (5]

e

o= [ et i [ (g wm)-ile5)alfan

= ! ( ’l‘ 3’) . 4m. %J)
= exp <

(J‘+1:4A°\& a-ﬂé 7:91 /a +lGOE




lse ducadion (T . 4 orofile e,
{Pw < Cotdth) ( ) . (EWEM of the m’r€n§+\/\> file E(%t))

1(6)

AJ( the ewiTu\f <

TE) = [2lnn r&;&\—i— a2

Tatped palse wedih -

To = 'C(Ji;‘;o): l\k 2 (n-
=

TI!UL Vu\se wid+ oue{-ar (()m(Poﬂle\% o @(53‘{'01101 L

T(W = IDA 1+ (S&Lm-)z

u?.

A+ ,Qemazf dstane s ( |aL| » tf‘)/

~ 81n1>a)_ _ a In2 \M v
ey : <. B T dw | To

Re < D= - 2T¢ (Jl(ﬂ

AT dw

e T*

’C(L) — To "31_(_ (‘?_Ln’z, DLf‘)i

20



[{: D‘. PS/Km, r\ml N pm L km . ’Z-o‘. PS

TL) = To{\‘ + (1.4701_7@,)1

T.*

Comm@"l‘b :

O O=0, TLH=
@ Non-2ere GVO <o.~ ©) we (| \;maoQLn 4 ke gdm

(P}\A/Sn\ cov\ reason )

U ltashort palse

ﬂm-gfer ( ck?ff’e& ) Fu\ oz

& >
\')tsvefSw\Q mecQ\wv\
Wu AWM= v m\
— v
..

@ pulse e?reopq'\"% (brmim}n%) also ooeeex\a(s on tapt

pulsr width (Te ) — R photonics

@ Fukse brquQm\n.a s o [inear s@ﬁca,\ el‘fzcir due
{0 GQVO _ %L_((:Z,’—:FO>

2|



e Frec\\enua ck,{r‘) .
3\&5‘( now ; we A(\scwp,ye& "H\,& em/Q,(of —fmr\c;(-for\ g[,b .t)

Lelc's wiite &ewn the whele ou-{?ud fd& \,

_ ( (t"y )?' . 402 -2 *
E(zt) = ‘_wt;)emr (zl(w,t-—&z)u (%) >

el‘) - '/3‘“60?-%?— %;l _(,lealogl

(\Ilt'icl-ao'la
\/\r———/
% w P orel
here o< adE o Law Qudeetic tempord phase
2 dur 2097 duo

“Pl/\,use @f Ahe waud {1&(@(7

‘/9\1 & bora”

C{D(%.t)= wot- Bz +

Pec"«\\ ‘H«L 'fr@(uenux e’f wowve ((#: wi- k2, w=,2%
[/ &
lo(2i0)= 2 (2 47 = 3 (e-2
(instantancous «freﬂ) athC%l Wo ('/a *pibate™) \/_\/1/\8'?

Fime-de Pm‘*wf

Cawmw\/\“:

®© Tn addibon 4o ew\sa bmacluiz%/ Ats?{rs\‘m meﬂim(é»\/o:g@
MSJI'ﬁQS tha D?‘HC&J ﬁaﬂ\uz/\oa'_

) The frequency of output pulsc is not o constark, bk 15 lieoly
\\clr\?n\?eo‘ o . Tk}s NES becaunsge oQ?ﬂQfen* “BFSL&PS‘\ "’f fru[lkenu\(g

trovel ot different veloaties .
@ C)’\\lrfs can wlso loe induced \r»s nonlinear effects (Kerr e){(@d->

2L



ur\o\x:rPeJ1 N chM A;g(;ersfon dairpe

ead? Qu\
Y <o [ N:\ %*
GVvP 2o \
A

' kaa wa Jower b

ur\c\qir\—:evq
&9 ur }Orqq CDVV\PJV‘e«“+S )rrwm\ fa‘b‘czr‘ .

okfr ?.c&
uv\J\\/rPsz.ﬂ Anem\eu& At\vyeﬁ\\er\ P

Qa ol e&
D oo ﬁ\ l Oiﬂfj H&
ﬁ‘ U E GV D=0 hinher
\ .kDW,S: 3 :f

—

iger fref. camprments fravel fster

-Pos \fersioq c,cmx)el\gccﬁbf\ (4?%\%4 sk&?‘\"ﬁ—/[inear Pu\ﬁk CDmYﬂ%IM)

2%



