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Generation of Ukrashort Lassr Pulses

Lascry nre divided mio comsinrons worr laswy (o) sod piiwd Lawrs. In O Limers, the
@ttty of the cxaitted Rghit 1 cowstmat a9 3 foaction of thue, In the o regime, the
N 39 cqiw to Fony afiat the roond-4ip tioe 50 e asctwer. The vahue of B 0
3 (1.29), foo which G2 = |, is culle? the dorwrimdid yatr. 2, Whcn the g eolitvod
At tee rosnd-rip times . tee nguRson. G775 1, orocy wnkeoqumd proacn Jonds to
Eerilen aghifiontion of the Bght omstted by Use tama. This comdition & roqrared foe
pbnd Toacs.

Tha fopcrsl] o domden o o Ras goes o ixfinity. Bz poved beecs, tee
ety i coldied 0 the Fovm of w sheox polwe of light Iogtially, m 1960, ines pules
wowe artund 10 oo lopg stk 2 popk 1owes of kiloskits (1 kW = 107 W). Sheatly aftze
1960, the Qurwitching feckriny mfiind tee (ol dooden by & fcsar of 10* to
wanoseconde (108 =10""2), Wik DOAX pcremry of IMEARATH (1MW = 107W).
Unfortumataly, s axanot produce WS gvaron thao 10 1 DY this celhad, becaiwe
of the ceqruired polee hudid-tp tined The comity dompeing techalque may reducs the
PR docarion to 1-2 aa Thaos plnez are pit] s0® 100g foc manitoring the
In moolscalvr onamms becaiwe the fundamendal chesrlosl procesas of Hie, fuch a»
prokos tranafr, clecrros oroier, photasynthetic teastions, o the Soiding of prosain
Mwmmmmwup-lr”x 1 B=10""2) timw-

hl%ﬁtkdudmmdmmmrt&wmwm?bm
{0 pooacconds and mahed the peak powez »p {0 ghgowatts (1 GW = 107 ), Shovtly
horeafter, palmse of jox w Ew fomtoscoonds were prodocdd wning calfidivg-mude
meodeiocting. Uil sbewt 3 deonde oo, dye lescry wee toed cxciusivaly {0 groctwic
Wrwndh O yolsee, Now, they bad bera myplonod by the mear coovenscnl sacheology
of sl ot fescry aad fibea bawers. The leaors woeking (n the zodelocdduy regime
mpewery| & spocid groey of cogtimuous wwve Emors.

The krenkticoogh ooae 1 187 wise the coroml metivids of coupressing et
yaiws wore o deaplopod. The ides of dnted pwine amplifoertion (CFA), vomboxd
trith the gyplapated. of & esRibgtats el wiacort dwil foc worpkifcetion—
Tospphire—Ind tn the pwodoction of sob-5a poker =t oaoojonls goorEs
{123 =10"" 1) thal odm T rapdifind 40 wbliracice (1 ml = 1072 3) wilh poek poves
of coraeniss (I TW = 104 W} The docnnsraial mirudusien. i 1990 of tee #olid.
sl Ticipphivs nses, wiich produce fEonostcodod yukes thootgh Kerndeoor
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wirsshort, poersiy] s puisy, The Sadostotind palmy kive tren toperseded by
wrtoiecomn] paley (3 pa =10728), and pd powens of oAz (1 PW =10*W)
can b wshisresd. Ramtoeroond palmy havs dumtines with the pariod of malsegiar
pecinticsm wiomwow Attakectids Aok catapanabie wich TS peviode of slectrons revolv-
ipg I piomse nctonlt A Sentrecmsd puleys ntetacilon with 1o slactroaic waw
mmmmmmmmmdw
0 by the poft Xay pagan, with pules devetioos teaching the afinascand reglon.
Claarly, ﬂahﬁu“mhﬂamdﬁw

The progoout 10 tha dasiopmeat 2 vicasbog posenll koo palnes has opened 35 an
eciting ares of porewdal apgllostison cuch 10 energy production with lkoser Dewey ol
ey lpoite n paller oF fslan fad. D axperimamis i hasic plvedon 30 nsosdr the sond(tions
within B canier of ez, 11 s possihis thal gitrashort-palse beers will keipadedon
of B pencearas goverming the evalution of tisrs and ddr ogiosion o Sopernoves,

As wa have kamad from tde Tecrodection, mosidockhuy is wn extreamcly RpuT.
ant tacholque fnr procsathng vloabony palwes. o the pext setion. we will tgplesa
whnt moddocking mesas, and kow oitrfun poley oca be grosremd,

5.1, MODELOCKING, RELATIONGH P BETWEEN LINEWRITH OF
STIVULATED EMIEEICR AN FULTE DU ASTI(NS

o » fRo-roaning Tegiere g dixapeed 50 My, beers prodnun wavs %6 4 Mervee of
Lrgrurupnes amd Logptosling ] ropdey. wiis 2 mubdon. sundos i1 s pigia selatioodhin
fein quoge wid tne. This & oo wypyiieg bedtnes cohwwues (8 only & tiogle-
»uxke fratyro Ench muxde coslaps imSoperdmitly of T gther todd, Tus
of the wipml D the fun ondtichods wpiee thid owyly Fram tha jrteirenes of
begitadnal wodsx Wil cdan-phats alatondd pa 8 8 daotic aagarscs of ok
abicom theit bordos Siee the claracowistid of amial onmes (Fig: 3.10). Tos free-romming
ko oalpmE i A o veneged SAtStcH twan vihus of tha

Gopwoms that it & poasbls (o sohwye 4 srucriom mmmdmw
trosisoal candid A Gxroed 10 msititain n finod phase-redationshdp to sach oTHET, fuch e
Eoset 13 drtied in D piideforkad nr phace-Toched, Heor te noldvwee tids bs diferent matter,
whdch we ol & ee, 1abet, Win wil cherw cdhot, o tids case. the [aacy sutpaat howas
periodic opedilon of 2 wave-packet remlthc from the comstrattine interference of

aodd (Flg. 3. 1), The saquames of regadar padwcs ocoow with the peood

T=2L{c Whantas the giaght pulee's (omporal ditration, 1., is gives b

b=R= N’ (3.1)
whers Vin the nwoaber of ®odas gesxawted 3 o totion) mos¢mainr (Fig. 3.2), Lia Baa
komgih of 1 paomaiar, and ¢ = the wpood: of Hes bl Experissantil sachmpqaos chil
will ba dindwetd Tatre pidrylase the trambohyoon of A Gead phoand Moy DAL
weon modew, dnd Jade o 2 ke sodorbgime ouled moddindoinr Thatefocs, B8
el icing rosels o 4 e of palmy wid the copetilios penod, 7, o0 in tha



Fg. 31 (a) Teocewolution of the dhtric feld tn a has working (s o
myitmode mghac (b) time-cvolntion of tha dectric Bad i g LT 41)8

roend-trip e 18 the opdic] eronezor, aad the puise’s lemporal dumtion, £, equal
0 the round-tnip Hme divided by the nomber of phasc-lockod modas, ¥,

Ag oar shicwe owrier, in oy (2,85 the nomber of modas, N, depends op the
wiuniwid anislon toe width, X,

x-"—il—f*". (3.2

adt e
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BE 32 Tas-nwaimion o ha indastty (8 3 modlotond ko,



kel moSe, ¥, od thersfors paoecsond and Rrcromoond gulks oma be
geoataiad Fov 3 luery the oomicion lan i morow' 30d. 45 § COCEQUITNG, Pals

8(f) = Bot™, This inclawtes that the wpecteal dasibndan f 10 Indiridenl loogh
toditiel modke i doeaibed by the Owso delo funcdos N — o) widh Infinkely
e deh, We mill apely rhiv spprosiestion, wiich Bt too bad I sw wall
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bo the e domeyln (h). The sipm! (h) M cqaivaloss to the tgas &) Gapla In the
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Tha tolal ckestrm Held commng fooan N =224 | modex in mpreeartad by A mam

E[f) - i&u?{f[(nn +kAag)e + k), (33)

mm@mmﬁmwmmmmmmm
e nesghboving bongitedinad modee. We n0w e the follawing relatonahine

3 #:zgmu-l (3.4

zmh L Lo o9
-9
Buballtwting (34) sud (3.5) ita (33), oee obisins '
B(y) - &w(mgmmumn

Ry -zgmmuwmm - I]
-Zm{a‘—‘#ﬂ}dn[f#-o- I}'&#ﬁ] —I]
S

By mmwting, & = (S + Sung) mig (34) con obtaios
el
-nmm*“?fﬂ mg;wr e e |

- &w{amﬁ,;;f a7

= B explhons) =

Slace dn+ 1 =N e aqual 1o (he nanaber of leongirudind modee. one o wrik

— o

If the phase-differsnce betwesn Lhe nelghboring loagitndins] modes, A, chenga
with i (0 g eandora wicy, Lbe segnltant nbwciris Beld, X, ip oy, (3.8) chenges cheora~
alty with Hiow s is Fig. A.1e. Mowver, [ithe phex difference, S0y, betwaca modes m
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X
A 34 Proflis of a fuction {32)%,

ooumlimt, Han botAl mbancty ST He clectrio hold, £, srmiog wsa rault of te inkerenes
fooatrs V sywthcomtisind Jomn gitudiom] oocxdes, @ wo seupditude-modulated veore W 4 cocEr
Fow] oty oy, equAl 6 Han cvatrad rwadt with Y puvelape dgeewed m e focm

The tncxoadty, H1)= (), "t 3 roxult AF Yen interfaroes botowem M N
sodom i a fanction of type (.“ .mmmmm with e
maxbmum % ¢ =0 [hwtratold in

&mmhwma.%immmmwuam&d
e mpetfaraee of A syoolroneed lowgitadbul meden 19 & repeddon of pulscea,
perimlin in fime, = opreacaizd i Fig. 3.5,

Tha roxall derived m oge. (35 shoow that the kexs caixtion 19 & weqeemes of
Tegwinr pokey wilk keopog infonaly of T, iF the phase difftrence &uge erewen the
tanghbacieg sooxion # constant. The tewpoos] iorusiy, 7, beteres U polees can be

K= AHG
T-T

b= %

g 34 MIWWM mmAlt of A Jongeosiisml
Meden® yvrfipreooy, s a feetoo of B =
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onlonlnted ewsly From g1y, (3.9), We woply barwo to find the distanon betvanon the tet

evbwequent bergost maxiom i Fig. 1.5.
Prom qy. (3.9), U fird meximom, 0 Lins £, oot odsos
Aunty + A, = 0, 3.0
The naxt maxinoum, at tines (3, tes (o Ml O eondition
Deigly + Sipy = 2x. {1
Bubtracting (e equallons (3.11) aad (3103, we obiwly Siv, T = Siagllz = 1;) = 2x,
mmmrmmwmb
> ZL
T - LA
M oy ™ (.12

The cquadon (A1) ooplows the mintiooaidy (23) daved is Chepier 7 oy the
Gogruerny difireooe brtoren B moighboting ooty Ave whindh ® . 1o & Kinidee
WUy, WT mn WImE & siagle-poler damoa, 1, Owe o me froo A5 thae it
coreaponds spproxinmtcly ko e ddanoe brtoren the fryt tep soneme aroend ths
“ope” o, The minmss ooounr arboo the syeeortor of ey (19) @ equad to cwra

i N(ed + A )2 = 4, (3.13)
axtrespooding Lo
N{Bunty + A, }f2 = 0, {3.14)
and
N{Auytz+ Apg) /2 = . {1.1%)
Tine, the sngle:pulse huzation, ,, 1>
pmfy— 4 = ,{:w -2 (3.1¢)

Thodors, we vr proved thet the rebsdomdip (0.1) b vk,
By isscrting 2qa. P 2) 1o (3.16), smc obtabisthe poteeduralion, I, Lo suotber fonm

»-u-a—%- (3.17)

m auﬂb.wwmmmmmmr,
Oxd gabn bandwidih, A% O the atirolated aonlalon. According (o dela ndation
m.mmmwmamm.wmmﬁmmhm
We will refer 1o s mhSonshly meany times
The oboticoalrp (1.17) fs a coneewunncs of tha meiwtioesbiy brteren the thos deweln
and the frequescy domun desried by O Foarkcr carslben meg, (.19, o »
dlacoesed i Chapizr 3. h wimply dlnsysus the Hedobery oustrisiony priccipe

AIAE 3 Af2w, 218
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wheze 47 desote the uncertaluty of (he time, wiich may be interpreted o3 ¢ prles
doreticn, f,, and AL = 230 defines the uscenialmty of (he nergy cormaponding &
e withth of the wpeotral tend.,

The mmgnitodo of the prodocl 47 - AF dopends gu & wmpozal pules stwpe, We
sy that the pulve shape o desgrited by ¢ Gioyssg froction

50 =Bep{ - F). (M)

The freqmeity wornm, Elw), can be obtained feam the Boarer teansfinm
zw}-;';f_rw*a-gm[{w-w’]. (3:20)

Tims mdiontrs that (e shape of (b ypectiul tmad o (b Frequeser donsto » Aley
demrihod by w G digtriteticn. The 1B widik © balf boght (FWHE) of (e
varpore). palee profils £ girme by (3, 19) i

Blarn =2e{ln7)'?, (321}

«nd ths FWHH of (b wpectiul 1eofile. E(), ie (b FPrequeney doowto giwn by
e (320 1

B ymwen {2 = Dy = (1 2)' ™ frr. (3.22)
Thtw, for the Gioysny proflle (b prodeot 47 - AF s cqual
A —— YT} (1.23)

For ofler veypes of towpotal profies. fins product @ difercat Tvsa D441, Tabie 3.1
o (b yalen of (b moduc for (b Dyow CONTIDOE Pl Tipes,

Thikds 31

T produed of W &nd Rpaderal IS, Dapwe Sepais, oV Cllawir

sknpe of tecptwnl yailens, ()
Proctioe 1) Sty mma
Syuprs iN=1%10<42 1.000

=1 0> 13

[

Tolirrrrien MW‘% °% 2
Gramtrn R op{ 4T 2y} MM
Giyparbiolic S r(o-..,p(gnm_] 815
Coucmainkrs

"

Bxponetinl 2n = orp( D) e
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The relatiomhip dearived in ¢, (323) correeponds o wo adosl wbuwnicw of B
pevieetly modalockod knss with & polee cullod the Fowrder momadorae Kawlted pwin,
Buch a prie w the dbortest pobee, of &4 rwr e, that cep be geoomoad foc & g g
spectrum, Sérpar. 1o porctics, yth pulesy wro @fdime prodmoed. The nngertaimty
rlatioaskip (3.23) ol cmly whem the individual loogitodimal reodat wro gkl

B{w) = ()™
W) = By + By{or — o). (324)

n-mmmm.mmﬁmwmux

Yy 48 Hormwion of @ Cuntt owln (i merfvot rodpecking e chipndy
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D 3.7 Imtrwtitto & o Ousxinn padee with positive (0}, and segathy (b)), cidrp.

32 METHODE OF MODELOCKING. ACTIVE AND FARRIVE
W0 DELOCKING

The quevticn wes of bos 0 webizve the modelocking, or © other words, how to
arewtn w wiustion with w fxed mode-4o-mods pbase-mdationahvip between the oeigh -
bosiag xaoden. There wre meng diferenl waw of modclocking but the principle ks
Abmye the moe-—ibn poricdic modulation of the optical rexinmar paramelens
{avptibade w freqecacy) with » frogecocy ] to the difrenoe 4f Dragummcdas
batwean the maighbaring longitudionl Asades, Sute.
Gaevally, the methods of modsiocking o be claeflod bwo scohe
i i madefockdeg. A xpycis! o of paodve modelocking bs the swl-modalock-
fng which ocoun spxmtensonaly i an mdee medium s & resalt 4f self-foousing.
The moduiaton of U aptial rcmator MRCTOY with the feqencs l, can
e ot 10 & variedy of eetlaods incindiny

® acouso-optic devions widol privings x wemd ‘e v, modulating the uer boun's
Inteasity propigatiog (rotgh & scoerior,

b) cloctro-opiical modulatom driven 2( sasctly tha froquercy ywmtitn of the
longltudinel modes, St

) the sasuncivle odoarders mod tatiog th atvpifcar an facsor of o0 aotive matium.
The firm twn outhods Belosg, to the actve modclocking ferthody, whewsas the
kst epvezents the paseivs modelocking,

We por mi, “What i the mechacian shich ceome the mndomnly osclllaimng
Jomgitndi i 1e0dcn to topint oecllindng lo synchrandsad phass, under the [nfluracs
of the odulating Geter, 4 the requencs &4y 1 This can be echivvrsd daly wieo the
Jongitudionl wodes wr cvopled vopether. When we modulats the ampilhsda or
frequemcr of a2 gvew kowgitodas] mode of frequency Wi, whh the modulation
frequescr R, wa additiged] radinilen moraponent npgeees at wy + 22 3 the cosduls-
tiou freqacacy R ie copumt to the freqruency-scparation, duy, 4f the Jonghodial
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modes, Iheac addidona) componsats overfap with the acighboring modes, cansing
coupling of the modes and stinrulating cacilations ln ¢the mane phas,

L, e will describe the bwadc R8D0CT of Mrequeacy- or amplitnde csodudzdon. Te
the faext athod, (n), v orowas-aile osincee poomics & pound vare (i
sqdhulana the poplitnde of the losor by ln the op el resonaior, Vnderetandiog
of the mechymiany 20verniog the iotoractiom between light and eaund we pes s very
opouy, oge the mourto-optin deyices ke cfive need o 1oy tocimologice=—not
odly ko mquslocking, bul alw I pulw-aclation (eariy demgring) and m the

smplifxmtion.

A hrinf descwiptvon of the intacifom hetweso Eght w0d ©und Wt & gnem
balaw, W folow sor ¢txeliant tularial disttssion lo . [1] A fiowe Ggrmeam RO
o) of theee phadomesa taa be foiod o el (2],

1f'n tranadicss sordtting uitcascusic wanes o Breqeency O o the raugs of wagabenz
ks placed in & glass of water (Fig. 3.8) Shanshiatad with n Lovar bearn of Nequasncy o,
et b Tnat B lght peanlag drtongh B gines splile lnio monml hexnoe, Al &wh
side of (he Pondinearain] banm, whidh ks eoafficted o Mwquaacy o and dirworkon, o
obenrvas gid¢ baxas havieg Freqaencis o+ m2 This phesomecon 1o samed e
Dutye e Syavs gffece, xltor the avabom wha first Geecribed s o 1932 (3], The Debyve
aod fram tfact b ahedler W light diffrection by & slit. The (Hfercace 1o (hat o
difrecoon by & allt all B dde bexns bwnc e e fgoeary, o o e tncldent
e Boowsoe the sound wawe k & longliuding] wave. and Kz propegation oraos by
aratleg noglom of differcwt deredty (Fig. 3.4), the axslogy in difmotion Jo wod
maprinng, betwuso the negions of comymarsivia and dietion geoemed by the sound
warvo oey rerad we of » difusvdoo grobog. Daked, the xgions of dileticn oeo by
crowed ¢ the wdite thromgh wiink wone Rght prasce thear thavnge the regiows of
preuter denwty, Howeses, why do the Frogoences 1+ @, o =20, o= 30m pppeac?
Wo may mapwe thiu Rgit of freaqeency & srmves st & meeclivoy phsrsteriped by o
refctive wadex a2y (Fig, 3.9). IF the cofoactive wdex ) i Jagey bmo that of B

Sound wave
at frequency f?

Light at 7
frequency w e -
4>

Fig 1E Turreice of g ad tPacE VanM Heacion,
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ien reicieh MG with refracrive Phaszoarodubcesl ight
ol fraquenoy o bvde 4 ol incpaencies ot A
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Fig. A9  Lizht modmiation by perlodio changm af the Tefrgorioe Indes, 2,

cuviroumnent, 1y, the Higt in the medfus traveld vy/ng oot GOt (glow dar = ofx) Lat
w waoeec (et we e foond 3 way of modaisting the refractive index, v, with
froquency @ Thiv modulstion cxsoes the Hght (n the medium to propagate Garse o
slower, st the ooiput light from the modlem b alao modulated. The cutpwt Hgit b
vhncaotecmd by the cesrea froquency, o, of Lhe 1nciden Hiht waka dde trequamcy of G
loadimg o the appramnocs of ool composican U froquentier of v + mQ (Pl 3.10)

The koo the aptivmt pytls, £, i the mesterisl, the petker ar the xmplitodes of the
Udebands w1 the frgmrmie w = . The sidcberdh’ amplthation s reaalwed ut the
ecpenge Of the samlitade of the fadwmeatal beam wl the ontvier frequency, o, The

relstionaltip {3.26) deffoss the crhicsd bogrie of the apodaal pah fhe
char

the Debyo-Scary effect onn by olsiervad, The odationaliip (1.26) acrcritas tha
oonditions roquied (o7 modclocking with coouem-opnic devdoex, A0 b ealiod the
Gocwn
fraquenoy
—3e-Ad -1 w u-nﬂm-lﬂm-lﬂ't

Fig 338 Sgeciza) ditribution aahteved by pavciodion] modeletioo af the refracrive it o
fequenoy @. .
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Ramon-Nah reginre aiter dic wuthons who dethead k= The cedwooarhiy (3.27)
» coployed b maibar ecowto-oplic conflgeaniion—a devrer o palwm scloction
vallcd e ity Ao, wiaor il defimen the ooaditions foe thie Svapy reffection,

The wnplest wwy th modulnto the rfimoure mdes £y L ok 8 pa ogin ohapsyy
of n madinmy densty, wiaoh oan be mohireed by pascmg the moossto e porosgh
tha madimmn. The momutio wn v then S pyooes. of cooopsesscm aod dilecon e
o frequeiney 2. Tn rem] oroyytosoplic deticus, A rooutigg soeoestn Wiys is gonscaind
o of & truvtlfnig warve Whow Ecefront witnee dowwwand 4 ia Fig 33, The
routiog guve thown in Bi§ 3.11 rtmaits ih plate feived of sorving down
th!mtmm.mﬂmdmdwlnmup.ﬂaﬂpmhmm[u.wm
hhﬂglll}wwwmmmWﬂ Teics dosrig D cycln

deaniy [ dintribaied nniformly sdong a abois cofmen (3,113 andd 3,1(d), 2

mam.mummmm.m.hwmuu
3114}, an wall aa once wham 10 achireas cdha oadadimomm deary st abdch tis nefractive
Iz, 2, b cha emalicst {3, 1c). Thua, twion doceig O cpole T = A adven tha deasry
m dhtrdinfed naddoemly, O nodent bawm pereca cmfécred e Sequincy of
e Usmsmidnl besm i cquad &0 W, and e adiasion ampitnde m cqud to the
seplitode of the inckdzot tighe Mt other trres difftwcdon occors, lesdding to Hae
wpersaes of sdditions! bendy at w:h 2, ot te caponsr of acakening the smplis
bads of the serTier warve 1 ftequeney o, Now we qndcrsiam! why w0 aconsio-optical
keoxheor vwdolaba thie amphionde of thie lght 1 w0 oplicn) sovenikg. [€ Ran
aodiduivn © bekd at thie Gequiacy eqasl to the diffmmne berares the Jongrndionl
wiadon, Sap = 2L, the Dalrno-—Scurs offect Jowda 1 neodelookiog

hpﬂuﬂlpplm:mllamaplnmﬂm“-ﬂdlmuﬂf-dp
tilica (5i0q) sdensar (priges or plety) fdacdd doms to the aplicy) ceaomador terin
(Pig, 3.12). The pris is snd in amltimods hserd, 8.8, i oot benct: Fuor we pehaopd
adaoom.

The paterderttls tritichadtr A4 ooo sod of & pos Ut & Qs gamnckios 88 LoD
vwave of feequiwcy ofy. Ths and walls of B post e pallahad %o pernle woourse

1 t
w

1 1 3
0 7% 20 a0
M. 211 Dhesiniioes of periodi Cuciet OF Gee obbeCtive dnodie. DY Shitxged i1l e danti (7 of
ti meesdhton, meromed. By & ecorxdvmva, 1]



Standing sound
wave

Intracavity
laser beam

\ Mirror

Transducer

Fig- 312 Mudnl of plesoelnctric transduoer,

resonance 10 prodica L asding aconstioo weve inmda, A Jasr besm twida (he
optical NeORALY pasws Lhrough 1 oygon of farverien of the AsixBng scowstic
weve, inberacting with ¥ bx U manaey dewwidnad phove, As p comequence of this
interaction, (4 lastr beam with Mwquency o i pariogically m odulated W the fre-
QT & = - by ksam Lomling frocs e sdetande 0 frequengy o £ aid, Onldy the
wxinl besm pardcipates in (he Jamr action: the ddebiodc whick sra fuflepted From
1he mwda wxbs will be soppreamd, shoce the iangth of teoptical peth for thy sdchends
m different Fram £ w1 afiich Uee condition 52 = £ [ fulfilled.

Trwditionally, the scousta-opdlc modulation & usd o (eab-demp paunped solid-
voim knsze voch a9 Nd: YAD letars, Recentty, wndolatins les betm
ntilied for Qrwitching sad moddlocking b aftlnuoie (F1PSS) amry.

A contimyowyusrn acuvsly modelocked lamr prodocs 4 Losin of poles ul a
cpticor 13k R the reage of B-230 MHe aad eneegy of 8 O 1J. i toowe excwrgy
i requiosd, & palee stdooped frore 4 Jrain can be omplified b 0 orgetiacobors
amplifia m nach m kv g, 83 deacibed e Chapter £ I 2 more poastind pulse s
tewded , Lothodqoos Heo ooque srouitancous modedocking amd G-ewlichlng or
ity dusryroy arn umerd. Soch 5 Ghawitched and modclocksd lastr seviu 8 berm of
modelockod pulwe willin (e moveiopo of B 100-230 s G-ewlich palos

Wi ki jm prowoind: thy xka of acomsto-<otic wudolikn, ifowewr, dotdre-
optic devical can Mve (b sece fuocringt 33 ReOUTTIO-OPEC ThOdularon both fur
wcrhve modedocking aad Qeowitching. A Fackelr ool i 3 purdcatiar sxample of an
clactro-optk daviea. Far sxasple, Pookels weil acz void  sckct 200 toaaio Mgh-
peak: power phles oo & modsleaod Ti:oxppisiro hesar foT OWpwE s oral)ies-
an (CPA). Wa wiil disote slactro-oplic dewicsl in Chapier 4, wie we wll capleta
the iea of o rapensaune amolifier qrd CTPA

Another yay of modelocking ¥ 1wt peiee roodeloghing eand rovwabls B
obsoriers, Then ucs vardoos datignt of jsache moddocidng it g dye inida the
romtor [ & major requidsewet, Ctie of toory pomsible conBignoations i Frosaicd
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B Fig 3.13. In thu counfigiecaning a dye ¢oll Asd the sy TRITOr wre tombined (o
sedneey Do nodaber of safleciss potfncos Lo the faer aivity, snd b6 minimise
owanted foases,

Lat ua avume thal tha ahsorbiog dye in a ol i chatactevised by the stwwgy lovsl
8 end £y with 83 — E} = &, whar o i the frequancy of one of many longinsdlaal
o in the optical cavity, Tha dRdtow of tha ahsorhing d5 moléaes ™ tha erclosd
state i kokwo 40 b . [T tha Rfutlma s of the order of magniuods of the cavity roveds
wip Hnn T = =“.i&shmhmbdmmdwm
ot ks s n@wﬂu(n&uﬁuﬂ&lflklﬁlmnhmm&mm
pulee dumtion of 3 modelocked palse, ix., a v ploosccoteia, Almoliaobons mad-
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shotter). Indecd, lighs dn the spdical resatslor weriving af the cell-mdtroy prameme
soapk teoksulcs Brom the lower lowed, 8), 1o the orper lowel, By, taveing foascs 10 the
bghy waninnty a9 3 vt of whearpcon by the dye, Indtslly, just af the beginnicg of
pammeng, the hawr pom daaely owrcomes ihe loascs of the sstundie dye. In the oody
wtajy of pdec geocrytion, Dy boogitndom] movdos sre not synchromiosd o phawe, snd
the b owtpet dopmesemis o phytito sagunom of Meceoanone, 2% 3 Rowll, hoth the
smphivetion snd dyc abeorption wm # very cffoicur, As the aeup procss
i 0o isormes the ixframity abotn g thegghold, Eghi-gmplifioetion in the
frmanaloy gpperaches véhes of the gahuatnm introeity io the dye, Thy gwa io the
laww sotdinen ix 3k hieter, hhmdmhtmmlmm
mmotwnuw mmmﬂmhgnumm
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sbsorption; 2) non-Encar mbeorption In the dye; 3) von-lner amplification when (he
dye i catirely bleached.,

We b doworibed only the MoK bese specty of peosive modelocking with
wtvrwbic atmorbery. Denptx treatmenta of Unds rubtoct o b foand In redy, 48]

The pescire modeiocking with wisable dye absorbeey, volfor £uv many aieavns
whacpomiaze. The Eaicz oniprtt obtwieed wich this method e be yapredictatie
bRt cim B cambersoma.

MMNMMmmdwmnprdhmmuu
whant a dyr bay n lfetites comparabia to (he dersrion of modebocked pulecs. T2

thiy mmiss Hot the oisthod can DA amploysd oaly for modelociong of
plecsacond pulsss. If we with ¢ a1o (s tsthod far ahewmer, faoatowoand pultss,
wo nad 8 I “pbumer™ Bt & fichitihls dye, |n POCET wagte, the tadind bt Bl
peplacad by conthmuons-wave paidve inacelockdeg in sold-stain bt by nalag, now-
noonant Kare qffecr—Kerr-Game wodsiocking (ELM), ot arwe passive abnigune
nuch rm wtomdde Sragy reflecsors (35X) (911}

An loug ago ra the 15800, saginecer reabnd Hot 8 sedconductor quststam wall,
wltich wib) be dosoribnd In Chapéer 4, could play the rote of » woterable abworker. A
Typal wourabke Bragr refictor contirm of ahereste oty of high and low-hskex
sorosconductor Twerisls, witich abho ¥ wtniwbic abtworber leyer (Fig 3.14),

lo me puiticuinr confignmation, the robsttek suiaial B GaAr with aleroste
lyyery of AlAg aad AIGaAs forumg & mukaleyeT Bragy wimm (Big 3.14), Newber
Alds aor AmAy alaate K 300 on 4 thio AKnAy byw of & B wolermw’
thicdrener ia boriee i the topeerad Iyec of this sfack, Tog wy & qAATTEN onll with
lMMMMn..ﬁMh@lewlhﬁ;w
e of 75, winvest unde modeolockel drmiten. the pfegigoce cen M
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almost 75%. Becsus of tho mulilpes axtitrs of & ¢w EMNe, Dz 49 changs 18 asote
then sufficleat t> indurs drong modelocking. Bacnume of the sbeorption at 800 am
the wWerbie Bregy relfactor bas basw appied o commercial Tesapphire Inser
technology 13 reconl weara, The saturabic Bragg reflactor method providas riliahle,
- aodrdecked ksacry for Ixsh mbemutory and iodmirie] apglicovdors.
Fuyure )15 showo an: off masy commercial dexigns 1» whivh ths Tesspphire
satillstne nad & polid-elalc pump Iaser ate packrged in & Sy, compect scaled Al
We sill pow disowss the T pooemes. meivad off modelocking-Kerr-fanr mwde-
focking (KLM), Tha mthod regolice no pdditivnal pesgve or BOMve ceutom (o
odolock, nad ir axployed im most solid-etale Inscre A gombiwetion of & bard
apectyra pod the Eatr ol mdy W0 3mpliinda moculation of tha T TONTN xeade),
wich the freg ey cormypoading 6 the doabln roaad -top By which ir mgined to
nohicow oeord cxidcieg. Thp Koty offiptt. vtiodh baa heey kuowen bor g bowg Bnoy 1o 29 oe

Himater acicn. gpfies (e & rafragtive inds is g fuedtion of u Exkt atensity, 7,
' LL' B (328)

Tt Deddictuees Vs the Keer sfBocy keads b the (ntensity-depesdeat mudadon of tho Inser
v odfio Indord, for 4 Gavssisn bam peoliio 15 the tmneverse dmotion the
e thal wedcx-distribation ol be srither ae

Ar) =m+ 2a¥{7) (.9}

wheve Ke) s ghan by Ganedan distriturtion 7(7) = ez (—prd)

Pigare 3,16 thowe the refractiw-indax datdbution siomg tho x-axis for tho
Causisn bam propagating elong tho s-zuis, Owe oun sex s the Indéx modifics-
tion > an sarive zmodtum follewa the inteasity ol tha Iaser beam. For a poditiywe ham
&3, the Index bes # e af ¥ =0 for the C=me of the Garedan beam. wad
noch omaBer 87 the wings, Tizycfore, the mifroction ndex B nat hemogensousty
Sttt 1 the Kerr modbum, an! eorresponds 1o 3 sitmation as by imerthiy 20
sdeatous] ruskeyist ar 4 dmpe of & Gsosbn tne koo wn opdos! meemtior, The
refractve-index ene foreed i the Eetr xeoditen facses the Inaer v zorwmidh &
quutre, o dhuotrwed o Fig, 3.7, If wr Toroduer an apestue 1800 u rowametor, i
Degme (o WA g 5 xvoeve “sbutier”,
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oaanot pawe to the relmor M2 through dhe apeartuns, 03 15y ara bost. Ther Ligh
miczohry beam i reflected Miaoe the vilrmar M2 widk acome lodses Q1L tha apeemite, wnd

Ther "chaye™ of the lros chaapes dudyg the propagation of & pule Cwoogh &
Mol and) with the istra-gevity niczohry. It ear. be vhowe, [12] hat 2 fom) kagth,
Ji iz goverd by tha Tulluweityg expession

i a
Rt AT 0 thd etroutor. Ever dise Jaurd spertim (ar de 1aode xiccdon on the de
hasit i Aft wlcouary, bocwver the smCWW] WpETTEY b formcd by e yain orotis
ithin the Hxtol mitrvisd. Fos dewils, tha reader in eeferred 0 ol [LT], The ELM

Fig. 117 Kavx ks eotplitods modoietiom tu xn opxdgel maoname,
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cffect bay the eopndt (b o practiontly 43 wlidstake lanenn (CRYAG, PrYLF,
mmn)mmmsummmhmmw

dafined ahapes ana ahonkd apply dewicat oootrolling the gyorp welocity dispersicr—
the @VD. The GVD offect wit] ba discuzad i Chapow 5.6.

wnodes st produced 48 frogmaucies dwd diffts iy A = ¢f24, The wodss st 500 wgll
oowpied 48 1o boginning, and ibe phase diffcreocs beowora thin changsy chaoctically,
Qowoer, & sonll omhber of modes 1s peodaly coeeiated and the frogamey
S = ¢f27 brgms 70 modolom o bewm {ontndty 48 the toaka] step of Jasker cond ks,
This medpdption frequeasy v momded by w platodiodt, sapdifed, and st W 25
ootn-goq pednivtor, The nuodtlnior bogios Lo modultn an aotree toedioue 40 the
Fooqoenapy Lyl bd beica reodived (hom the piatodiode, This solavos resnoves the owre
Lmitntiom of the aution waodeleakipy aioall depaunds an the rescsantn cavity louged, L.
In the rgrnecative mwodalockiog rpthod, the sgr] @ et mecamtcally o the
SOiD-poa bricthdoces Lo oisges the frequenagy df modpiatioy wdwn the nogll of
the tesocaror W ciptngsd & o fus sy reneem. A detaibid dewcriptinn of” the repens
autive codalocking tac be fnsd in raf 14 and Ao sd vereoed disooosse of motadook.
Log tao De fomad I soonlles aberoint pristntatioms 1o e [13-19)

13. GSWITCHING

The peak povrer of a loder depundls both on the pulos's denitbon 104 3 anaryy, The
thorter the Garttion of the puton, and the Diwhar hi aowgy, the hiwher bs the pank
povrer, For condnsons save modelocidng, the uhdmete Lohls of puisa deration for &
Timopphln luser b sbouc ) By, with the typical ascrgy of s alnide puss hing a v nl,
aving 2 poak povror bn the renge ol MW, Chirped-palee scapiificarion teclmiqocs,
wiich will bo discowxd In Chagner &, 10y Llp 10 schicve paak poeas ATOIAT Fhicy
thwmm.hmwmhmh

Cenuitciday, hwwmﬁnﬁm&émmmﬂnw
mdrwp_.m-m autfo) foe the geindomcog df ép2stoca
of witwodrootd pulmx of ligy epeyy. The oW powerfyl laker thed coqloyy the
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Cowiching wohmque (Nd:giass) has achicved the peak powar greater than @
PYTIGYRLT,

The (hyerifching method takes Wy mumy foom the TTHOMISY qmality Rstor @
disooseed i Chapetze 2,2, The quality fattor, @ s definod s the ratio of (he cacryy
wtored m the oevity la the caorgy Lom per Cyde. We will show Lhan #y & (e chape off
@ " oo Towon 2 leear o progees palees, The pubee puodeesd with the Goywicching
teahuidqos am fouges (Mlooeooad, nemoseconds) the thove pbtetead with modelock-
ity (Famtoascoods), tan theip bers oruch kighsr camyy. For crpios] Momwoyesoid
modelocked tancs (e coorgy of w uegle yndie i wroand & forr 1) W the high
tepatition MLs of 7652 M Hz, wiveens [or the Gwawitched pulecy the cppioul enargy
of a single priss k1 a fow Al o1 4 repatition of & firw Mz

o the emeqgy it atoved B (b optical cavity, aith the populxtion
imacylon bobiding np woill the Guxwinil |y 168 rivted. Do the (eywiiok: 3 acttemned,
the alored energy s relened f1 2 ilogle pubse. Tho highes the qrality Moo, the tower
ars the fostes, and the mont enargy oot be sroved haakls the aavity. In the Geryitohmg
Iasten, Lhe cocryy obiainad Mo the population W BY rusmpdey (courdly Naab
Jampy) is alored o the ative mediom, Although the aoted ensrgy # far abave the
threshold five fesbig actioa, th PSHOD Aoee ot faart, halny prevenssd bY ioduciog
tvwaolod Jostes to the rexmmtos (low Q) o, the gobx fn the fevonarss |y biph, but
the o™iy lomee s aba high sad the Ineer docs oot i, The emecgy may dn ®aored
m the wopes loved a9 loogres the pumpiog praias fror the Masb kerop btlivs upy and the
ey cvtiod progescy HO wod driyp the molorulos back #a the ground awtie and destroy
the populxtios mrcoon, This wike 3 of the onder of the Btedling of Che upper fuard,
Coca the Guewitch @ sbiivnad, god the Bigh conlity fattor @ 3 restored, Lhe Jestng
RawtOanly aoarvn and (e dicred caorgy s rodmicd & & dngle short pulse. The poak
powar of nech & pubse in extryoodingrily Bgh,

The mwchucistn of goomation of 5 G-vitched pubic » Umtraced i Pig 3,13, and
the theory of the Duwwitch & givos e refi. [20=22], Hoer oe ooty prostad the oqotion
dndvad fn ref [2] for the prubse dorading in g thropdeoed systemn Sor prpadly O-swikched

1etita
By, = - 331
Y "m—.l,il-o-hiilil i

wbotr 7, @ the photod HR-tinse. u;, M, A art respectivaly ibe tnkdal, the threwbold
o, and the ikl papoltkm Wvnrvsn denatoes,

Now, viice we qadastand the mujor swya fa the mechatien of gaseeation of
Q-owitrhed pubeey we oond 10 sk w10 sontrol the /es0aass grallty-fattor, @, and
Taoar T Aui dedy T dedly boysey the Low 104 Ingh vdots of @. Thote are seveoul acthevia,
toohadizg Acoust-optic, drtno-opuic, mecbetioal, and dye ovivdees Tho ldex of the
ACOmktO=0Pt0 moxdnleton oo nxpleie] wr Chaptss 3.2, We proscwed the acouso-opde
netubirios ol oy 0 Ui attive oadalocking and stroted (B the aotive reode] ocker

watha i the Ramum-Nuth regisor (g4, 3,26), is cootime to the Rritag roghoe
{(2q 327) g b actplayed in the oevity demper 3od 3o Lhe Gwitohing moduletonm,
The pacdn diffarétes holwen tees roeiemm is proscowsd o 8y, 319,
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Briefly, an acousto-optic wwitchk conststs of 8 block of optical matcrial (guai,
Desad allin S0, (int plase, tellurium dioxide) dhas b transparcat to the e bess,
A plezoelectric tramsducer, wrualty 8 orywal ench o Hihham alobwtz, b banded to owe
wde of the block by epoxy or vacoum metellie bonding. The madiofrequeney (RF)
driver genareies v cha transducer tha scctnries! ware thas propegenet vhooagh tha
madintn, The mdiadon (eslde the resonatos incuradts with fn soetd wave hadiey la
difbwetion of fha brmidews besan. Compersd to tha Raman-Neth regios prosmisd o
Choswar 3.2, the frequanyy of tha soocstly wwve [ Wghey, O imoootics pulr s
Jmgvbenad, anid higheroeder di{frection m climinsied, Only 3o suid fhal ordes ooyw
are OOt suppresxd, The difftacted bomm aximpey the geuley of the mwocalor, Q.
wiowiog tha wxegy to buiid op xod st ioxkly (e oeocalor satbout lavsg Wi
the sound-wwve «tops by voiiog (tha traomducer is metobied off) (M ediation Dol i
o ager diffrocted gt ), tha lases bogisg b luey, sud themincgy 3 ool (oot
the eeosalor i = ugk; puie
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FIe 305 LAOMC Sae 6 MOERO-0sftic &0vinss () Raran-Narth regies, (1) Biaggs mgima,

Bevorts crivetbe c1e bé tadew Gt accound b chooding a propes Q-ewitch:

I. 1 wonr-siwrs Efctime; oaly Hictine long coough (o pravatt! sponiancous
COFTY CHwicE ot b 2-ewitched;

2. e guia peowmctze; If the galr B high, the Effrmeted g may oot be able th
przeent a Recdbaok 7 Hhe cuvity Jemdiog R ey v

3. Lhe sipmaix capacity, whach dinooes how och power the C-switcl will ey 0
acooauin odsto

The Guwikhing o mxployed in flach luopspucapedt solid-atwte baers sad dode
Plopeat solid-A1000 Lastvs sk at NI YAG, NI YVOy, NG:YLF, ma wall sa ruby aad
Ndglas

4. CAVITY DUMPING

Carvity disgpimg is vol 2 mphmigme or gegercion of akrsort pube, 1Y veoally
2 to mensb Lhe pdecemerry or stmege the topetiticn rake, We will cBwube naviny
dnmmﬂuthpwh:m-memnndmmeW
m_mdnmummmwm



. During soring,
rokancd frnar the cavity, the losr doss wot lssn becauos the ST 1p kxgat bedarr the
tbnabold condlttoos. Akkough the guip in the wotive Dexdiom i high. the coviky
loscs (Jow O) are alo high. prevwenting leeing action.

In condmaat, o (e cavoy domping rodes the cavoy is oot izt bedary the threglold
wnbdioons, and the losr ey sl the tnt (both wwhon it L palgey o doos Dol),
xoasm the cnergy in vtoaed o the option] (ulinooo coorgy mmds the pa vy, and not
valy m the populwton myeywen, Tho aaly (koeabold (ot nyust be keypt ia (e damougs
wﬁxmmmmmmm Chntydmm: 'bounp]npdm

pdmmmmdalw-mmwlnhlbamwm
prodisces 8 dingls modatocked pudss (Fig. 3200
mmm@mmdmpmh to chatips the ropelidan mete Cevity
doping of contitnoatly patid faseey |8 o may to oleAls pulwe of highar reput-
ticns (frem K282 to MHz) then thoss mailohis by Q-swliching Far examplw
mmw&mintmwmmmmmmm
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bt of modiocimd whbin bn aovelops of
mmg,.%:“"“& Sirnoed WA pocdurey & gl m0Gcocmd S, .
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e piada it for 2 detpls oonfliguration Desed on wn dlsctro-optic devica (Pockels coll),

Tha pdeat oplical BYORt for cavity dumping LS presentad 0 Flg, 321,
Tha Meadd ut 1=1, and Ui furmaeity Hogiom 50 javreans, producing
Maerascence in the octive madiem, The borizoatally oolacesd fluorcsccocs (i e
plns of He drmving in Fig 3.21) pesaes dirowsh Hee thin Leyor polarizer ms lost
oatped Ughl, Upan reaching e maximern Jsamp-current (t~ 0.8 o) sad powic-
coogys sorsps (snd maximee population itveysion) ir the wwystsl. Fee Pucioels il
(A2 B owitched onat 1y, chabging e palasrimmioe of the fight S0 M veveew] plend,
The rauiting revteally polecesd Rght e refitoted, aad not tanroitied, by the pio.
Leyor pobarezer, and refheted by e 100% R puoon, M2, Therefore, the Bram i et
taxide the cwwity, Fonding 30 cocrgy Sarmge Wiken e pover in (e oYY towche Lty
pork oxlmo gt 1g (Af ~1p = g W GOy for the ruby Tt [LI]) the Pdcimie call it
witobod ofl and cha polwrimtion WO ©) ths borzoatyl. The mrevgy ated io
e cuviTY owo ngw b relcsmed chroegh cha Urinelomr polirioes gy an ouipgt g,
Tioy oo roughly He voand-dtyp Hane, whick is rampined S completnly draio G
omorgy Fuom ths cuwity. T, Ui pulshdsruling of the mrry-duopsy pule B
ahmion powplstely dotrrarited by the roumd-dtip Time, Slich dapasds on che e
noveor feomatty. If wh asusts § 1is 1oog cavity, OM plld dursthas, 7,=20f
ehl 07 ox Thewelive, ths rovetintion O ghe Voclalk call, eide-da yyr polarizer, wnd
100% wiirrar M2, Tands t0 weargy torags indkis Oie cuvity durigg the the Ar
betrartit eRinching cha Pocioskt ooll on and off, whes [be ewergy ullds up, Wihin
thmve 07 ~60 04 the Gt pezass chrough Dhe MRICATCE ghont GO0, A 12 timn,
Without cyeity demupitig, R wortd be relsasd evmry round-trip Tinos.

Wu dhafll oowr dindes onvity dumpipg for sodalocked s

davics 5 pibre the eweryy indide 8 cavity. w-tanwmm
praseated in vef [1].

in Flg. .22 B shown & typdcal cavily dompar caploying an ecocsio-opiic gorcs
(Biegs ou¥). The ofevItion of M scouste-optic modelsior oypcrating 1w Fe Boagy
foplans 18 cxplalted whove {Fig. 3.198), This configurstion B often umed it dye Dowrs
ponped by the Q-sovtsched, modaducked Nd: YAU tascrs,

E



Fig. 422 The ocnfigerabioa of o carity dunspec: (a) kb v, (b) wda e,

(n the wendoul phane (dde view) the Brugs ovll i orienind ot Browsler's rgle, (0
miniege redoogve lowey pad (avoyr Jangy of vertionlly pabroe? Lght, Te the beass
xmis) plane (top view) the Bragg ooll iy ocentzd ot the Bragg sogle § (~2.3° fiom the
ngrowgl foe A = i) na, xod stoustsl foqueey D = 779 MHx), The moidegs rediycos
(Ey) i mylin Teq nos difrwcteal hown (Fy) awd vae dimgatty temgtied lowm, wfiet
ooaing the modulstor (75 Tha tosgp beemos aos M babk ey Hroomdvew, soos the
Attut=oyrtio el te placed af thevwaro Of aorvatvon ©f the aghpcen) srsros ML Thay
orom foc ¢ aexxmd titna iw the modainiod. Pagt of the ofiecied Eght is st tabk is the
tacident diterdow (B to the mmotiniar cavity, ©ad the rawt correspaticieg 0 the

trmamitiad s (8¢ — £)) ph the Siffactad peft of 5, (£), s mnl o

dgm(s‘&qﬂt:em o the cutpud fudd (E] + B0
By = Ayoplia], (332)
i w 3y the froqumay of the tecdew byt heams. Tha atertid Etd in the Rrgy
ooll jn writtem g
By = Aycxp G+ &), (333)

wikere © apd ¢, nmo emxectdrdy the (rogomey and the phue of the 500RG wagye, The
ova Beldy (F) wod By) afint the Mt puempe of the Bragg ooll ao gewen by

£, = Bor/Reaplif — CM @n|Xx/2 — §.)] cxpiBh) (3:234)
£ = Bo/T= puspitiun — ). (335)



16 3. Gewwetion of UTwaors Laee Feistt

The keztns ¢ wnd ¢y wre the phase chunges foe the (o beams travelllng throagh the
Rechgi ool wt the wait phose of the el wod wre frosctlone of the
coll They wmdditionml phase #/2 originakcs frown the fhat bt the clectrk Tld fa w
Loy eywo vaace, i oowtyaal B (e Jongwodinal ovustic warve, Thua, (he scraction
betwten Geier @ ahiftrd i phaeye by 72, The "ATD g chaactonnes Jonses by giffraction.
i 08 phimingn dcvosx the Poigs oell
—tar
W= (3.38)
wivee Lo wnd £, wre reapectively the inenadty of (e difracted- xad the tncldans
the wioeNTY J i proportiown 14 the sguare of (e dhectric Tl £ Ow
o/ il Jl 7 1ppar i oge. (3.34) wod (3.35). The parmmter 1 charucieda-

£ = Eg/fy/1 = gexplffu = 9 capli(m/2 — )] expif{th + 41)] (337)
F: = Ea/iiy/1 — gexpliw — Q) onpliln /2 = ¢)] explf(dz + ¢5)) (3.38)

where 4] and ¢ woo the phyye chadga duriag (bhe roend ip. The by i
(£} + il & mexd out of the mYiry ora be wrives w

Eax = £+ 5
=28 /T — nepiflan+ /2] {ecp] 1@ + dy = ) ) XD 4=y = 4o })}
(339)

Whivt 4y =4y + @: ¢72 = ¢y + ¢ By combining these cqmationn ax cbmir
Eoy ™ 28§/t = geplur + v/2)] up(tﬁ%ﬁ) feoa(lr+ & + 42 — )]

{3.40)
and the correepondivg imtensity,
Zon ™ Eef” = 4B 1 = g)[I + 0ON 2D + ¢ + 43)]; (241)
where ¢ S,

Ther expressicn (3.41) sbemy chat the diffracted heredty, L. B @odelawad
actonding ™ Lwice Ihe cowtin ware freqroney 9. 1L ke nuEimum values foc
s 7 giveo by

N+e+0=k (3.42)
whar & izna icgT, wid &« mivdmam for ¢ givea by

&+ +P=k+]. (3.6)



74, CaMty dwiiping »

The rusult olsined for [he outpat imdenslty, Jo. dmply says (wt fhe Iwo dif-
Onchod beama & + T cun loterfere widh xach nihet oithar, constroctively o devtruo
Uvely, depending oo the phase-relationship bernen for acoum T wwe 6y sod e
Eght s in the ey ¢, Additionally, the sxow 4n(l = 7} g, (3.41) cxplaioy wiry
e dowble pexpiuy scvoes e Beagg rell o profored, 1 & wwoms e 0.5 for a2
rtogit-ywan lnteosity diffrection, for doudis pew yacy 100% cibakmey. Thacefors, it
© pussihikt L Same fhe 300TW0 pule I the Brygg ool reliitive 1o the placs of the S
pulwe vch tal orther & maximman iobensity o drftromed 0 of the Mouts, oo e tally
w0 mkmuty 3 all==destructive inteeference poomnty the Eght From balwg deflscted.
Thiy oxtthd in ofire called “Eaatger rinr | @ndng”, soxd can be waed 10 lower the
cepatiticu of tha dyw liser pareped by (ha Yph-aepetiton nodelocked s This can
Bo doee bply by propady dhown 0f he MOONTE fraqancy wth tespwace 10 the
thodelndied Sarr mpetition. [ff the aoonNte freqsaacy it chotee tn toak & wy Dt
&viding it by tho modelocking frequeacy sleldi ao heger £ plue 4 wvery

DR o
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A-modelocked palse will be scat ool with & maximumn intenadty; the otbet poises will
not be send ©°F, heowues Untle indemxity will be ezo. Figure 3.2 filustrems,. mtegor
plod § tivelag in the cwvity demper [11
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