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Fig. 1 is an exemplary diagram of a network in which systems and methods described

herein may be implemented;
25 Fig. 2 illustrates exemplary components of a network device, a transmitter, and/or a
receiver of the network depicted in Fig. 1;
Fig. 3 depicts exemplary components of the transmitter illustrated in Fig. 1,
Fig. 4 illustrates exemplary components of the receiver depicted in Fig. 1;
Fig. 5 depicts cxemplary components of a tunable dual-frequency light source of the
30 transmitter illustrated in Fig. 3 according to one implementation,
Fig. 6 depicts exemplary components of a tunable dual-frequency light source of the
transmitter illustrated in Fig. 3 according to another implementation;
Fig. 7 illustrates an exemplary spectral arrangement diagram capable of being

generated and/or received by the transmitter and/or the receiver of the network depicted in Fig.
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dispersion for an optical fiber based system (e.g., a high bit rate-based network, a DWDM-based
network, etc.). For example, in one implementation, two optical pulses may be generated at two

30 frequencies/wavelengths within a DWDM channel at a transmission end of an optical
transmission system, and the arrival times, and their frequencies, may be measured at a receive
end of the optical transmission system. A frequency difference may be calculated or set for the
two frequencies of the optical pulses, and a relative group delay difference may also be

calculated for the two optical pulses. A first order residual chromatic dispersion may be
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WDM signal), and to transmit optical signals to transmission fiber 140.
Channel drop port 130 may include a port that enables network device 110 to de-
multiplex optical signals on a channel, and/or to provide the de-multiplexed optical signals to

receiver 180.
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25 Although transmitter 170 and receiver 180 are shown as being separate devices, in
other implementations, transmitter 170 and receiver 180 may be combined within a single
device.

Although Fig. 1 shows exemplary components of network 100, in other
implementations, network 100 may contain fewer, different, or additional components than

30  depicted in Fig. 1.

Fig. 2 is an exemplary diagram of a device 200 that may correspond to network
devices 110, transmitter 170, and/or receiver 180. As illustrated, device 200 may include a bus
210, processing logic 220, a main memory 230, a read-only memory (ROM) 240, a storage

device 250, an input device 260, an output device 270, and/or a communication interface 280.
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of device 200.

Fig. 3 depicts exemplary components of transmitter 170. As illustrated, transmitter
170 may include a tunable dual-frequency light source 300, a driver 310, and an optical
modulator 320.



10 capabl e of tuning the central frequency to any DWM channel (e.g.,
to a center of a DWDM channel ). Driver 310 may output a
vari ety of wopeosi7ereg frequencies and a variety of powerPCEUEES/8ET16
controlling optical nodulator 320. In one inplenentation, driver 310
may produce a stable and accurate radio frequency signal that may be
used to drive ofuhaid dﬂﬂbﬁﬁhﬁlw 11§ﬁ@our&é530(ﬁﬁhjr maludémchud:rabmrce&?@ 4gas laser,
include a device in h a SI trolled el ement may hbe used tq
modul at e SheegR s 81T a@ﬁﬁta%t Laper, & fRlidestat ﬁ%ﬁﬁ‘é» %W%%%Uﬁm aygg; other
I'n one 'gBéﬁfﬁﬁHe?st bt@')‘tha@ﬁtch e d'f%@h'ér@t‘i coRBRuOTB Wal SO REHticW didhals at two
u

tunabl e al frequency | i ght source 300 and/or driver 310 to Qgenerate
optical PedusesesRE;. vatdha Aepneldeicrn aptantk dovicgsdHDI dyngble dpal-fighuasry light

h I t
e e B e b R L AL
| i ght sowreey cﬁﬁ?quaembmmnaydaalselmdmhmi gmerﬂ@ﬁ byeynagernierlafreyuenay lght so:uadce
I d/ Wi th t diff .
Phat - r eotity a8 Al Rty et o pred 200 R stnelfs pigh T GRF BltFudhgys ot are

accur acyless thih, o greht@fpihem‘dllaﬁﬂeodshmeemhu@fcy {he, Ofdrhieall chimtles €s
gener ated by tunabl e dual - frequency Ilgpt sour ce. 300 and opti cal
modul at ofe@BacHNgY I sreih e catigl freqedgydl nlwrblg Wyt frnency g5 0uERs P 09 ey de

risefi n@dg%le 3bPRuIn &qg@cent?rél f?@(ﬁﬁg{c?qlo Qﬁ)plgmqrbﬂ&nel (e.g., to a cerltd SHLT®WDM

i mpl errent tions, nabl e dual-fréquericy |ight source 300 and opti cal
nmodul at o¢hag®d). may generate nultiple optical pulses (e.g., nore than

two), each havi inf S

t he frequenci esﬁggﬁr %é) r%d CSIE%UI elrvg%g%gplﬁﬁyﬂntgme u%ﬁagw%%r% r!)%{bg"e?

r esi dual leedis M&bmtmllimmmsllmdumms Trooiza mpiasutagidn, biawemB Idmayopeduce a
order 30r chromati.c di spersi val Fur.t.her det ai of
Cunabl o WP EH t5caRagp FEM=nEETFLa THHay PE vinal FHE ISR g feess 320,
connegtion W t hoptig moduRd 380 may include a ddVich aLlighiclrh gignal-cdh@y¥ked clement
exenpl ary conponents of transmitter 170, in other inplenmentations,

transmi tmay baysd fagrodeaic ai W pesm of lighttte gensrate ovgror arpde pptisghpulses. In one
corrpone%ﬁﬂ&ﬂ@h@atféﬁp dfticBnddhidid:B20 Jay! 1Hte§dE{ Wlth %9@5 dhd T GOBRY Heht¥08rce

one Or e corrpone s of transmtteér
2009/ 07 3WeRdH dEPaGdD mgﬁmtmcwm 3&0@ n@chdxavm défonerh dcqueasiks (c.g.,

descri beg, it f.fghlﬂl%l 9&&!&8{&&901'9 ﬁﬁxﬂ&ﬁl 19%). ”G@%af’éﬁsee"s 3? Q HB? B&Blo ﬁp%ﬂ(.@a to cha]pnel

transmnitYer plary” conponent
r ecenweradti§ort 129 off hétusth dived, 110 eEmabhzrhghB@mmmeyMOm&d upln:ahmodulator 320 may

i nterferoneter 400 cal. di odes i dual

di sper si %ﬁ’i‘e‘@ﬁeatf“'é’lﬂpgf"gg’uﬁ 1 F%‘fSIYa i S@PW&JE“ ‘%g‘g‘%nce (e.g., s0 that

I nterf er&ﬁ@{r@rlfﬁé%y@éésﬂra @ﬁrlﬂrdletuﬁesﬂﬁﬂﬂ{ a/higa rd@%reé ot REHaEH N Sife imPlementation,

etalon (e. device with a transparent with two reflectln]?
WO

surfac eseacg 0’8@9 iopcahpylpestarperiied by tynablg |d|u@lr ?rrcarhght RuEre PR andiprtica
spheri caly, MiAGF $204hk mEltﬁﬁé 4 pﬁ?@ﬁ%oﬁb@ﬁﬁoﬁe%ﬁh&%cﬁa%ﬂd Qtikefime Bﬁaﬁ?ﬁ't Ek-

spaced a di stance equal to each mnor's radius of curvature, etc.
et c. 29 n lomdredippdosenondsat i on, iointerferoneter 400 may receive opti caI

T G o L T s P PR
wavel engibdulitor BE0F lf]ﬁjf @mbraﬁmﬁﬂhpﬁe O@timll@ﬁlsds](@ .£., more than two), each having a
different frequency, within a channel as long as the frequencies can be accurately set. This may
enable higher order residual chromatic dispersion values to be measured based on lower order
30  residual chromatic dispersion values. Further details of tunable dual-frequency light source 300
are provided below in connection with Figs. 5 and 6.
Alihough Fig. 3 shows exemplary components of transmitter 170, in other
implementations, transmitter 170 may contain fewer, different, or additional components than

depicted in Fig. 3. In still other implementations, one or more components of transmitter 170
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Each of optical diodes 410 may include, for exanple, a photodetector
(e.g., a positive intrinsic negative (PIN) diode, an aval anche

phot odet eciworofAiys and/ or a photo-multiplier tube 15(deN)sroshksi
acts to convert optical pulses into electrical pulses. In one

i npl enentation, one optical diode 410 nmay receive a first optical

pul se atmay bdrfosh oht BAMBROM FAM aéa&%efd% BERE ﬁérﬁfl‘%d b3R8k srhﬁo@tohﬁl;
optical di‘ode 410 nay receive a second optical pulse”at a second

f r equencspiipenents eliteansmitisnkiler 400. Optical di odes 410 may convert the

oo o ¢ per PRS0 SN Sl SRL T he RIGRRLE B0 o
cal cul atroay 42@de an mterferomdmrsh[)duqalncdmnmma; adésijel cﬂirmnatmahspafs&nmr 420
may incl ude, any, re an tware based logic (e.qg.,

pr ocessiHGY 38@485. g&?ﬁ%ﬁr Ig‘?fgaﬁfaé'gg)recei ver 180 to cal culate residual
chromatic di spemsdrRfort@erdH0 ni§Sadhdl £RhbW-Péronateweidinde Vinc@8od ., a
transm ssion fibers 140, etc.). In gne inplenentation,_ residual

chr omat i4VHF BérdTagFP At ehred«tﬂ& twexeflegtins swéases @ deviee withéye flataparplis]

pul ses (finQr de\hcé \Qﬁh fvlf(f el"i‘&qj nﬁ?&@ Rthith SOMBREY Sicﬁg ?:f H%te'aa‘pat?érr cﬁ‘lg‘bemg
optical diodés 410, cal cul ate a frequency ence

di f f er ervpeceiin dusmilcwawt@l @r@tzmnmforfsirredlhs ghaurvatat, ek efs. &tpomumlammlta@ah

pul s f. ex I t| C
i spl si Bttt 200 FEGHEREE B BliRes 30 e £ BOR sy b R S R

fits a tsypnrﬁabpmmlhm%dbpata\ﬁﬂeﬂgtlﬁ end may prdvideqipecd pulled dfeliffered of
twenty Gz rodyce a ne ren uncertainty due to 30 tim ng of
about ﬂ%e{ﬁm%‘h% (P%frﬁ%témﬁh‘?%ﬁ?%ngmfter 400 ensures a frequency

di fference of abubfBpticaFigdesaN UG eRdadeNior ethitthlé, @ PhoRAMEAEY e.g., a positive
di fference error maé)@e negl i gi bl e. Althou h not shown in Fig 4,

r esi dualintERpe Aegafive béhOé? 3h a&dﬂﬂftBP ah@pd%ez@réﬁabbrdnéfeb@ph@@ nmlwwbe
i ncl ude al

oasir | RoVEIEERERESS RORAR, SHTRalifi s inGol URGH BICK, SRPRL Sigerhfation, onc

i npl ememptitdl divsle 410 wgy esveiye i difgsophtal pulstaty st fmawvé@nbylterﬁb@meter 400,
2009/ 0791 US200 4 transmitter f reg

count en e Hieo ooy piod 21 BOGT: A i&opd dilichfiadiecst Hhichaf wiaB TGRS
recei vennt&ﬂ&omeesn@m aDptmﬂ diveey 41 Odh@,pmnserotme@aieszadi aptiyal léhﬂﬂes ety

calculate a rel.ative deI y diffe n ica
fiber, CRBSLPEIEs pEcHiR Siehelos AP GFovitR e egtasaaé)fﬂseﬂo S L@hrama%ﬁ 5
gi ven nqqg@eﬁlogrcguglamehg@l ty, to travel a given distance) for the two
frequency signals, and may calculate a first order residual chromatic
di spersion (e. d‘eﬂdﬁé]s@é‘?%t@dhﬂ&ﬁswnﬁémw 44y g lude eny hrdyaiiagddon

fibers

differ erjﬁéfepw l%tbg 1(2%{1? %{ﬁ/ fﬁ b%g?ﬁ%%&fe&ﬁéggjj{?g# elﬁ%ﬁ%g&{’ eS| écﬁ%h‘l’ u@ﬁ% ge)rérlg%l ?lc
di sper swbmntaab dupa‘smn (ﬂgoasawatgt with dewoHedavaks Ul (atrenbnfissiant fitwrd k40, etc.).
resi dual chro sper. r interf . 10User interf.ace
430 may T FY R eB e B Skeltf per R by & 0 maeR S B RELGRS
userasi n'fpﬁlc’?éﬁ(@%%. w&hmﬂe Mt andtsenchd fiegethcy fifetiatios). frdds epndahmedie‘s&g g a‘hﬁ@nay
m roviadae I n ornatlon to users ., a ser recej ver 1 Vi a

c u}s/t 8m sequipkadreassney diffggence fe-gy 6%&%‘%“5? ip tﬁﬁfvéﬁf%a) oftheight ﬁ@kes uwp
types OfadHYiicdI3mae) opitd two FcRiWP SEn1@SES ckithSE, frééa&)al cluﬁﬁ.aué SsEprdigre

430 may receive user |npu S Vla one or nore |nput devi ces

i nput déwlcelatop 42 mayrealcidate a disguensy diiferayae et fats eéypical Démahflebasngyetwork
change g@gﬂgg%&eﬂ} Yipfete &é‘&ﬁﬁeﬁtﬁ}!ﬁ?&% HBEQJe% el %@Jn@é’rﬁa%ry Quélpe'

interface or'Schenes Us r |nter ace ositions of
t ext3p i niggesof dbootfive pdnij\‘S/mw aﬁerfe;rometeméﬁ@rensuréa fracpxane;&ﬁffexehmb of about
and/ or y_Jjot be u onfl rab User interface 43f be

i st ay 0 G H2eniBestiion Srle Hiu iy Stinh ehtiovm Bneeitge. Riiopeh no

devi ce Z{dYn inlFig.on ﬁamdual chromatic dispersion calculator 420 and/or receiver 180 may include

one or more mechanisms (e.g., a frequency counter) for measuring frequencies of the two

- frequency signals. In other implementations, frequency information may be measured by

27



i npl ementation, user interface 430 may receive the calculated first
order residual chromatic 20 dispersion fromresidual chromatic

di sper si onwoabeuhatsor 420, and may di splay the cal cul atezx/gS2easto86meer
resi dual chromatic di spersion. Such an arrangenment nay enabl e
receiver 180 to sinultaneously neasure group delays of two slightly

separ at eghn@pitteg V0 @, SEit i freqielSr cdubtePiral maale @asmitRt aclosd tdnsidssion
group delay difference, In contrast, conventional test devices
requi re BREAARY grecsiri dB0-pr oduces group del ay 25f1 uctuation i ssues.

Interferometer OO04M¥hERSHE @sfctG Rflcu®ltord20R@dyalthifafe ACHUT@ERUD delay
frequency difference cal cul ation and sinultanedus neasurenents,

Recei verdiffB@nersly.calis an entisel fiher.dbe tiangit simegsquiisd (foraptiettaeer dreagst dn
L owith iy P .
Wi | Bin b ABuEFHIR Bl SOLL A Bt tor BRI A gl SicRSK U may

I Cl ate (e.qg.,
one- hundeabail & s Jirss bglaadesidudl choontic dispersion (v rdskamadd vitls tetereorki deageait B,

i ncapabl e provij di urate r.esidyal chr tic 30 dispersiQn

easr erEPEIFER o 40 St dit Putg B e bl et enun 8eliy fifeRng biib
channel . cafful QLB ubhg- differsRWR e SRR hidMAtI€ aRPafieN tacitor 430ah¥eproido the
in other inplenentations, receiver 180 may contain fewer, different,

or addi tSaiatedipiaaiesidushaiomain dsnsesipmiopsey ntgrfaqed30¢ i | | ot her

i npl gprent at i ons QIR dal DES FitetBice (EOTHRY nBRIetHhITal
one gdrrermre ot hgfggggﬁiceggg%a?bed agdnéorgﬁ) n{ga %%r?f ér mgglé(gy )one nor g¥rfa%re

ot her compomtnfase, SWD 20 O7STERPERUSBO0S10B845TH oty previds indprmpgon to
Fig. 5 depicts exenplary. ¢ t .t UE | - : { ght
ot co 308°4r 2 FARARE Rk SRR R A sRuBin o BRERE Sy SR OUER Gt

i |1 ust r adndfbr othensihbeofdiratfades ¢aglenbiy witrghbedsinterfaee) 308ermayrfaceci3oeya

| i ght source 500, a highly reflectiyve. nigron ?$g .aégﬁin nqgiun1510,
San | nt SPFAYGHREE WPUIS 3 ong of IIRLLPRILACYiCRS (P8 (Puf Earedls A e e
absogpercoafiPurabie (@.g.t Puicr 60y Rhage BRlizedrhe@m s de Ut infobaticinilspdayed in
wavel engt h ['ocker 70. Li ght source 500 may include one or
mor e | aswer winaeed3 Y eolgr schemepaised by uier inderfase A3 % #psitigRsf texh 1eppees) 19a0s |
a metal - yangt, ,'efé,% use im@dcd 230246, LRR& mayPho? 81L& BIHTARILId. ASRF interface
ot her types of asers, etc.) that “are capdbl e of generating

cont i nuoAl® mavle {iQlYyed pt 4 el vigiona al moretoutiwb dd\dces (eguevipitalsyice Péht Inone

500 ' d, i A ' .
Sourco_ SO0 TR, GRS 1 ALOPAL S FRHL PO, SN
pul ses. dispersion fromiirghduyl ¢tedharint dispershon datinlabad 320 d inmy| disghéayathey catulated

wi th one_or re highly reflective (e.g., nore than 99% refl ective)
surfacesﬁrswggréﬁ%ﬂ‘&?glf%ﬁﬁ%ﬁ%‘%ef%ﬂ‘ecti ve mirror 505 may include a

di el ectric mrrgfch d AfaAGinkdi My Efdble Rcdif&aBO €SIt YarnFbiishPheasatLaroup
Highly reflective 15mrror 505 nmay ref] ect Ilgk%t (e.g., an_opti cal

si gnal ofelgysio§ gyo gightdy éﬁpé@twpripaﬁéplsg%laﬂé@r 1B 2g At ED delay

difference. In contrast, conventional test devices require scanning, which produces group delay

25  fluctuation issues. Interferometer 400 may ensure receipt of signals with accurate frequency
difference calculation and simultancous measurements. Receiver 180 may also provide accurate
residual chromatic dispersion measurement with an estimated uncertainty of less than five
ps/nm, which is more than sufficient for high bit rate (¢.g., forty and one-hundred G/s) signals.
Tn contrast, conventional test devices are incapable providing accurate residual chromatic

30  dispersion measurements for a very small frequency range, such as within a DWDM channel.

Although Fig. 4 shows exemplary components of receiver 180, in other

implementations, receiver 180 may contain fewer, different, or additional components than
depicted in Fig. 4. In still other implementations, one or more components of receiver 180 may

perform one or more other tasks described as being performed by one or more other components
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Gain medium 510 may include a material that exhibits optical gain
(e.g., gain generated by stinulated em ssion on el ectronic or

nol ecul ar b%@)/%l%s to a |ower energy state, starti ng,)(fﬂ@glr,@mmsgper

energy state to ich it had been previously stimulate

exanple, 20 gain nmedium 510 may include a crystal material (e.g.,
neodym u tterbium or erbium, a glass material (e.g., silicate or
phosphatgra%évse&igé‘, a gaseous material (e.g., mxtures of helium and
neon, nitrogen, FRl & d¢pictd eSediplaoBepdrents e hekblaldudlFraguencgdikhi satice 300 of
arsenide, galliumnitride, etc.), etc, Gin_ nedium510 maé receive
the opt i EBPMELT § 5accardngdp aae BYPIAMEHITpn, &ibestraldfiprbic Giobearacbght
provi de Qptd38h g iftFudedipgh@uRRS06 2 hiBhb $&fectif@hRrot8 04, WRamlledIR¥ 510,
provi de the optical 25pulses to interferonmeter 520. Interferoneter
520 rfay dnrisictfawmetarall, - trabbt filion 620, revetssttarablesabsaberl S4A, qneougput ceupler
device wdyh, A, £ nt o i flecting surfaces, a

devi ce xsioha ?%})1{ ﬁhzt'tgg@a%néﬂ‘g%‘"%%@lwﬁ{rhg?sl%épgﬂgevi ce with two spherical
mrrors wth thbkight mored0@ mey detudeant ngmeadhscosduetes &ngl, Hedsrigees pabedical

di stance equal to each minor's radius of curvature, etc.), etc. In
one. exanBiie.s 036 HRE ATt afot 300 iRy e JESE § SRR UF L. SFiams of
from gai Iﬂsei’ﬁ?@ﬂc? Aha® 4R, capit¥e SfaRA¢ralify doRfn@pk Wad (W) SR TalygiaB\ekengt h
(e.g., by two_frequenci es%, and may provide optical pul ses of

di f f ¥ erfreaueisifte hisht soures 300rmaay be aptactad vifpan optical modulaterdpgyiskowm) thisr
530 may jAchHdanaeY BEMIneH KR aRk& S teeﬁe_b&%ghyal 4Risng opt i cal
signals. I'n one iInplenmentation, tunable filter 530 may i nclude an
optical filter Highly rsBeasive mimons05maysnelude any@nirror with one or more highly
2009/ 079 PCT/ US2008/ [ i IH ght. _having,.c in. .

o oper {1 e0oee (A0 R et Pefla  SREIER, HoBRlenl bIANGRROA Bt 33
t he r emahaydacludd a dikekciricghitror, Earanéa milrer, a tageradatiey dirtdrpeste. SBIghivargilective
recej ve the i cal puls with two . frequencjies frominterfero er
520, Sandmiigy SEUHE FEBOIRRT e Papled o5 Lt BusDiecuiart BRBHSPIEESH © o
channel dagtmemamrepwor k devices 110). Tunable filter 530 may 5Sprovide
the tuned optical pulses with two frequencies to reverse saturable
absorber 540. Gainmediunpelspaeinglytep apicsiabibaiorbibits spirahgan (o adie a
mat eri algeyihid 8§ st‘?ﬁéﬁ:lh{eﬁg' ?stsﬁh%n%p:%f?&ﬂ{: b[oﬂol%é\ﬂﬁstraﬁﬁﬁ%sqg NS hede) A,

the ground-state absorption cross section, ere 1 ncreasing an

i nci dentstdriinghfirorn pthighst energyratatewsibch hbadibsoppvionly sBomlatedanBorexample,
reverse t b orber, 54 ive the t.uned,optical pulses
ot o B AR 31 R ac 3 DTl FEE S D B i

t uned opldss alatepial (@S silitetc or phospixiteiglaizks), apsostanat&dd (axpymixnavs cfihelitra
tuned optical pul ses tcs outngut coupl er .550. . lbig-lt pﬁt co.ugd er
550 may FAEFUHBIRECH St hierieRAdEEor RAFTIR a8, sY I RGSPLrcal 118 ghifesete),
into a stddbdn etk 510 RE! recdi the ¥midal ﬁxlse@%ﬂéﬁkd%?ﬁ%@reﬁ&@eﬁﬁiﬁor 505
receive tuned optical pul'ses fromreverse sati abl e absorber 540, and

may coudhe msy PEQyidsi apdiceligaing fardle enpicalamilsep uPaia angdipm S ) magpreyide te apsieal

Qut put ﬁ)‘alégéﬁrintﬁégmﬂ%bérﬂﬁd?\’i de the tuned optical pulses to beam
splitter 560. Beam splitter 560 may include an opti cal

devi ce that spllntesferoniztad®may inphtdeiafabyyePerBdaterfeplnicter.am ckbh (ormy, a

receive the tuped optical ul.ses fr .out put coupl.er d

Lot E RENEe A SRRt AR SR e kB bR esc R RS, wilk i e

and secafigtofspneeli@pliticado Pphe@bmbifs Wik aiisgehédvt 8ideSalingeychaigdhd being
first tuned optical ci)ulses 580 as gﬂticfal l.‘Pul ses with_two

20f r equéPRaed @ distange edug! fojcpch mirpaz §atips clfcurvalipg efe-)s e o Ao RSy ) .

Beangos plihttAr&bmeRP s APMaPrcoMi e SREAN PulkdtTRin OAk helunPitloS ity 3HrdiOthe
wavel engt h | ocker 570. Wavel engt h Tocker 570 may” i ncl ude a

devi ce tntgal paljesibyerrvelsngth4bi) by BvalroguerdiesngmA msly prawdeinsical pulses of
dual -f r%ﬁ‘f‘e‘?&ﬁ%ehﬁ&%fes SOUL 68 BR9-5350r exanpl e, wavel ength | ocker 570

Tunable filter 530 may include any device capable of optically tuning optical signals.

In one implementation, tunable filter 530 may include an optical filter that selectively transmits
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25 | ocker 570 may receive second tuned optical pulses 590 from beam
splitter 560, and may stabilize a wavelength (e g , and frequency,

which is iRuehseahYe®roportional to wavel ength) of tunabde&rysroossssis
dual - frequency ﬁ'!']glht source 300 based on second tuned opti cal pulﬁses

590 (e.g., via adjustnents to interferonmeter 520 and/ or tunable

aual <1 r Qo HEEEVng i uBPGYEs AL HiaRLcl AIRERER etk NS ) ¢
dual - f r elsjuekinytht rghiindzoof the liZM0 Foayxaaqid, ainable éiver $30dnéy erant the optical

addi tional conponents than.depicted in Eig. 5. In still othe

" rpl ermerittES SHE T8 FE e oD FRTOBRES o spd s e e areplhen i
l'i ght  sopG@i1a3 @RaniBY (R faf BERNPBRwEn Btk @EVieds 118 KBundBig Gilichs3) Bsy
bei ng perforned by one or nore other conmponents of tupable

dual -¥ r erfawide {heltiighorten prises3uith VoA POTRSET FYeEPEtERscowrbE4de
Fig. 6 depicts gxaml s%yab‘f&%&@%@ Igiy hepabd ﬁaféiﬁial wit] ﬁﬁé&%ﬂ@dlst!n!eg ht

source 300 of transmtter 1 accordi’ng to another inplenentation.,
As i | | usdbsetption crbssrabtion ldiget thhn thg geovog-statqgbsorption eress30Ciarayhen dlamsing

first tunabl.e li.ght. source 600- secqn e 1] [

600-2, af ’PF@?‘“ﬂ)‘g{é]tr%{l%ﬁl{yﬁ%?aséﬁ ?fﬁs"ﬁp%sogt gﬂ‘fﬂg@%ﬁ% Eép‘)) Fggg%@ﬁg'f%-gﬁ’fbeé 540
wavel enghbly teasikethe Gidd optichl pulSestfeamumablp fitter BBPand may maintaitEacdscidibtion of
Lo a2 oL DR S bl g5 Sl Bl LB st
| aser, amg%tﬁ ch@pigrssoa metal -vapor |aser, a solid-state laser, a

sem conductor |aser, other types of l|asers, etc.) that is cagabl e of
generating a CWDBpY eawples p sfhapy melude o pptiqabdevigedbnispinies the opHen! signals

i npl ement at | L.r St I ' 3 ; ResCW
opti cal 1'Jislltaz)gdna I%B%thﬁtaﬁb%#;‘}:otq eg e Ig’eh&nué@'? Ug'ﬁjgerg 2@8%5 1‘%&%@%@%?8?\% 'Eu‘@es
sour ce 606m2eveesy sg@hlerdsaber 3BW atrnayadougle gnadmbiine thedursd ophichl prisepuniogy

(e.qg,, di.fferent than the first fre CcyY)..q4 FLr In i

sour e 6B hﬁﬁy Otﬁ’deJ\W ?etrﬁgb ey 9t reg’ﬁ%%éﬁ%%glﬁkﬁ E%;géréls gqbﬁﬁ%ﬁg%?? H%ro%lg eam
splitter 610-1, BadiflssiReoH6D ineynablude bn giticabdrvioeehdd Gflit2a beam pf lintit detwohe
second frequency optical pulse to beamsplitter 610-2. 1Sﬁ§ch of .
First bERTAISHINEL 0 Barroedas e Sised AR BLEIT<S fior PpUt s8plar by nd it
an opti c@k nGeY bfical fidics 4B kg 1R 0B REAMRIS8D bthiecodd fuféd RRAD pulses 590.

splitter 610-1 may receive the first fre uencg optical pulse from
first tuBean eliteni0 maueueut dow uned gpdcahaylses 8l at aptical Fdses withtwo
frequenc I: PYleSE.c.oFi b jqt 1 Vi L, d
ot 1 ke BEAL s Bt e ertl p2ROR S i, BB LRy Ty Frovice
provi de gehenddupdd optitad pirlsesi90f tp equelaegth byskérdaD. pul se t o beam 20

Frequency opt | A RETaR I B DaRbrB i el PR Sat B PEEReS wegglgnats
ma?/_ fl ;Jpl éﬂg?%a%lzé diﬁl—ﬁraﬁﬁﬂ@dlﬁglfﬁcuﬂmwoo §b¥ eaimpibd Imeeleltf@h: m;aklertjle'amaty stabilize a
splitter -2 mgy provide the second fre i,cal pu

vavel engtRnned #egslergsipto %@W%’P@W é‘s?‘ﬁglhie‘&%ggﬁeg ngté‘@glﬁd 'i??vé’g‘iﬂ‘g\ji‘cy
optical REkSS78 Mab 8REHE 46hE FunB3BptiHEMBLB RIS RomasekrspRied 588 Yandhedyude

a device that may used to stabilize a wavel ength 25 of tunable

dual -fr gmlgéhw vivghngthdaec endieiuemos wéi@&ﬁﬁain@?m%mpeﬁ?phl tp gerelenegpof
Duin bas S AE P RLTRBIAEY LARNELERSH s o & S ARt HALE AL So0 RIE A

the fir sidjestderseodnidrEnegtee A2 arajjeriteeblefiies 630)f rom first beam
vavel engt h (e g Ao HF o daRe pronis RSOt Gior Byt R vy Ao frguree
wav eb@ngign) irddthdrumplehRndiads; fubsisle et reigby ligauboee 30800y bassid forerf he

recei ved portions of the first and second fr equencli %gtj cprill %ses
(e.g., viiffeea) asaddtinnal qomnopsnds they demisted 1 Ejed- JB 6Ll athgbppiemmgtigps, one

second t 4nabl @ohb&HihtsSP UG 6le AR FRdquency light sourdBSBT MR pet B SdlorFidte other

tasks described as being performed by one or more other components of tunable dual-frequency

light source 300.
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WO 2009/ 079168PCT1US20081084516 conbi ne the first and second
frequency optical signals into optical signals 640 with two

frequenci e@o(zﬁoﬂn 168 first frequency f," and a second 1(}; MeXisdske
Al t hough Fi g %ovvs exenpl ary corrponents of tunabl e dual -frequency

| i ght sour ce 300 in other inplenentations, tunable dual-frequency

i ght source 30 f

conponent s thangl(*?g% ‘3@&5%%@ rgm&époqentssfc E‘ ?ﬂl ﬁ%lrfpﬁqug%gnéhttsgﬁ |°8%go of
one or nEedemiENHDNaciesdiof to anotht ﬂmpikuﬂén-tzftfoﬁqIAemldl}strhﬂe@,hﬁnszMLﬂBfrB@Qndf};ay
perform one or re ot.her ta ks d |bed asa(ﬁ) erfor one
b fror o GRS GHOHEG 6 & P MBTRS RSOy P Sl hsreRgyineDh L3

Fig. 7 i4dousthrfaé®san Bplaee §P0-4 VscbhRichmlsp Ritdr BNO2NB Fhvldnpel BBkt 600, anda
capabl e of being 1l0generated and/or received by transmtter 170

and/ or rleg@icpeplen®®. As illustrated, spectral arrangement di agram 700
may include a h £dhzo‘i”ﬁtr>?ltunfa’61%%}ég:s%¥rc?)6b§ I(Caﬁdgecpnq %@lﬂé‘ﬁ@lﬁ%oﬂlae %é hRle

vertical channel axes
n+2") t hiatludeylaskefourec (ag.ta gabk daschanmahisal (#sey a dyplasari dmdtabrapee baer, a solid-

t Kk 110 band,710 h
In ﬁ \(I:\Kf)l;n ngzﬁc\t/ lfg%;we&%%dn?lgﬁgr %&t ner &FP&F gf ghﬁ‘%b, %{'&;}giwt %élalﬁgﬂf? %,enéra?ng aCW
di f f er enspical5Qmallh Rasisctbbfiequéidy. rIﬁysm nepletlent@ionpfiat tubeneliigtd sburce 600-1

associated with a tic Iar chann e. ange, of ept abl e

fr eql?enc‘?weysgfi“ﬁr%ﬁé ééﬁna's‘F Eé“t gFﬁWJeB%Y’ PRE&C ‘&HWF?P?%F gl apiies §00-2
Channel mpagd Bﬁte7a2@W“@p‘{walr&F§nHﬁ@1tﬁ E'Qec%@diﬁrk ?%ﬁff&&it%ﬁﬁﬁe gRhannel s
(e.g., channels " " rovi ded

bet ween IFRINARSY K Iﬂ@&ﬂ@é@e ligly. bovlﬁe é%hﬁ@w Pb%bﬂ‘éﬁ/ﬁhélﬁfﬁt ﬁswméﬂghqduu@“ light
b dwi dt
a“ wi dih HEJ}%E ht%r - dﬁ?gé&?g&%&@gﬁgﬁ SB{}%Q@% 2 fﬁg-[)?&hdesthgg&h@d fi8fhency

inclu |ca eherated an recelve
transmtdpacalbﬁmétcelmmtittar&op -2each of which may have a different

one 1ol oment atFasf o pETbeat SMEECHhon SoneheB R SBRE-SEEP S Hhdiar "
r ecei veddphiyal deded wher du];ﬁ@atesﬁrl&@,ulaﬂ@ghdIffnfseﬂiﬁﬂﬁsphﬁ&%lﬂalymhmbadﬂha first
difference between the first fre n and the second frequency fp
of test &qaﬁm@pvmpulz@s& Bt agfjglg%%mﬁgoéx@wp%f@ RS
spectr a'ﬁe@ﬁéxﬁ?%ﬁﬂ@dﬂml@é al@lfs@ﬂéa?]pﬂ)httb% 1oL hehy bfmld%ﬁl?é“ﬁ@% fr&fienc é{%?ﬁ&h alse
arrangenment di agram 7 may contain fewer, different, or ad i onal

el enent g0 maﬁeaﬁlpl%k@&w,rﬁn#m@y providerthe deplisnterfisstdreqesasypptige) pdpeigbasm
700

i T o B G S 1R 0 2 Ak R SRRl ot guige from
exenpl arsycodid aagrabledigBO@ude 002, oyl hapdupdicae terse&B frrayende betidtal pulge: oup
del diff b t t. T 170

o0 SSLLSARER SENSTOAS PR L OB Tt el
second fls@tiean; ¥nd py pB2Qle tidsdul héaﬂéieﬁzaﬁdiﬂequﬁnd'}l @tic Aulsktd Tdamouplend30.

pulse wwth a first frequency 0 and. second opt,ical, pulse with
a second frequetféyelene wabéwg@ﬁérdavléaf@rwyﬁﬁéwglrlﬁz%‘dmlength

Wit hhsa igrawabitidnR- f?éqh&ﬁﬁrq{gﬁﬁsource 300. For example, wavelength locker 620 may stabilize a
channel wavelength to a standard wavelength used in DWDM-based networks. Wavelength
locker 620 may receive portions of the first and second frequency optical pulses from first beam
splitter 610-1 and second beam splitter 610-2, and may stabilize a wavelength (e.g., and
frequency, which is inversely proportional to wavelength) of tunable dual-frequency light source

30 300 based on the received portions of the first and second frequency optical pulses (e.g., via
adjustments to first tunable light source 600-1 and/or second tunable light source 600-2).
Beam coupler 630 may include a device that combines one or more optical signals
into a single optical signal. For example, beam coupler 630 may receive the first and second

frequency optical signals from first beam splitter 610-1 and second beam splitter 610-2, and may
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WO 2009/ 079168PCT/ 11820081084516 (e.g., so that receiver 180 may
measure arrival tinmes with a high degree of accuracy). The opti cal

pul ses maywbeo@ovicged to channel add port 120 of net worda/okvismess14.0,
may be transmitted to channel drop port 130 of network device 110
(e.g., via transm ssion fibers 140, optical anplifier 150, etc.), and
may be r &)%%IIYE,EIQG ﬁi’st ARERLYRS fr&ﬁ@ncy%ﬂcﬁ%fghé[@ﬁnt& tég&abﬁﬁﬁwm\ﬂnﬂﬁﬁwo
frequency (/;") 0 and second frequency ( of "the opti cal

pul ses riopicneich (bg péicdilkequents dn iﬁﬂw SQEOUdfffeﬁéQﬂCan)m each other by a
relative group i

Rel ative group %ﬁb%hgj% esﬁlgﬂggxcé'e ) @§m érlc?g?fﬁ)%ag%ggﬂ%&o?&g light source
transit 3G0p dtlear 1mplemmmml tupablls émlitfmquenay Ghtaogicy 800 II!I!H$ tentae ffverg. |

bet ween work d VlC 110 cei,ver . use. t

ol e v R SR or e RS A e B g a1 B TR ons, one
chr omat i & fbrs RehSdRAts 0 tifhable ARTEqatRY lipht dute BV ey erbesnelokGrore other
transm ssion fibers 140, etc.). Although Figs. 8A and 8B

exenpl arpsksidesesiedasdreingReriormaed LIRnEGK FI0EC BOE, COMPOBTIBL tinable. duel-frequency
i npl eneng %tt 30%xerrpl ary diagrans 800 may contain fewer, different,

or additiona errents than depicted in Figs. 8A and 8B. In one

exanpl e, exerrpl Elgy7 dlvagrtena SEODeyspEs puvgtacnbdiegrand0f copablsdf being

i nfo tion of. o e

|t of raq Fetcd 2hEB rcBlitey Gardleh' Adr ot S8 ZRAUGBARR el ng
how rec earmgeﬁfﬂﬁ disgsantiEdleaty acigdew hom‘iz@hayfrdqdeﬁ@r ence.of OFraqupalytemobiple

pul se chain ansmtter 1 LJengrate a,pattern i cal, pul s
chain th‘éqm‘?aﬁ‘él}aﬂﬁ‘gg‘x%? (Fi8rs E:B&&B’y (glf ’pufa“ééﬁgai & @Pf/gt)% 8?1%? n(ui iple
910 and @8R40 cg %w@ealbeaﬁeea%%rMéﬂeaw?cg @sfbmﬂm@yhe(nha)sp&z@ 720,
First optical se with first frequency (A) 910 and second opti cal

pul se wi wn%%ﬁhbqnﬂ@qiﬂéﬁ%% tast B0 B Onad decayerer &tfeanes 70l t aneousl y
and/or with a kpg %aﬁdmrﬁéﬁ 1%&5.1@%19S)tél%aﬂ}w@lﬁ%sgolaﬁﬁcdrvﬁ fﬁ'ﬁculﬁ(&hml

measure arrival tines wt egree of accurac L¢ atterned
optical (@g.seardvail ncqwatﬁbbé'rqquwwaadwtl@h ohm@hsgnadﬁmap 1:80912 ipfa channel).
net wor Kk e 110 be trapsmtte n t 1 OF
et vor k. Giergantees TR e SoblF BRIl el el 1BRBHL R REL el e
amplifier>” 15@11,”6"011 nrl,’and “Cay+Do predddbetvdoy neteoe deviced 800. (la-ayannehs

e el TEl o e Sh s vl e SR Lo O n

recepyed by receesxe@neﬁ@%mﬁxy bBrenat bpdal ﬁﬁlwm(egcge@td@@fan%raeceﬁb@by ve
group delay difference 930, as illustrated in Fig. 9. Rel (atl ve_ group
t§

del ay di trfnsmitice d7@Boeiery! 88} eArh @ WhicB Ay s %d@?ere&f frequenny (g riefitplor
the pat tﬁéc[ﬁ%gcﬁ?g LEabecBM %}L{eﬁg eﬁ)etxﬁ ohd ﬂx’éﬁem&ltﬁio\ﬁe@st%g%taﬁm@nfa?dgplct the

bet ween evi ces iver may use the nmeasured
rel ati veomicalymisdeteagivetl by wrangd 893lretmen@akhf£ﬁrmce 730 mey inglde acliffoeneei

o o0er 1 60 e 0B R R RE58, Ay o =T o
exenpd ary di agr Ah&QB, Fig.rv shbhre E:xernplary elements of spectral arrangement diagram 700, in

other implementations, spectral arrangement diagram 700 may contain fewer, different, or
additional elements than depicted in Fig. 7. In one example, exemplary diagram 700 may
provide wavelength-based information instead of or in addition to the frequency-based
information.

30 Figs. 8A and 8B arc exemplary diagrams 800 depicting how receiver 180 may detect
a group delay difference between two optical pulses. Transmitter 170 may generate optical
pulses that include a first frequency (f,;) 810 and a second frequency (fp) 820, as illustrated in
Fig. 8A. First optical pulse with a first frequency (f,,) 810 and second optical pulse with a

second frequency (/) 820 may be generated simultaneously and/or with a known time difference
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WD 20091079168PCT1US20081084516 i npl ement ati ons, exenpl ary di agram
900 may contain fewer different, or additional elenents than

depi cted iy In one exarrpl e, exenplary diagram Qv de
wavel engt h- azg‘%&' I R ormation instead of or in additi On%{%‘é‘/[{%ﬁusf%ﬁﬂ
frequency-based information. Fig. 10 illustrates an exenplary
spectral, arra ne am 1000 or de

o sper o1 (5 B IRERRR e DE AT G i Bl BrSP T Pied ROEEOLG T At 1 e
170/ r ec edptiesl pih&es méAs bé bﬂoklﬁitedi aicﬁndnness R paral 20afmangelediicedi1agnaybeal 000
may include a orlzont frequ axi s guenc mul tjple
ver ti cal TaiREHizd fo chagacl ?éopgpmt SBipT fetork dfz(sz ﬁlo(@@hV1ﬁ¥i“S“¥é%Fd‘ Atgps 140,

n+2") t hephicATBYnpUEE: 159, 8l tanB Ry HRAOBRLS b Reciver WOOVi ded bet ween
net wor k eV|ces 110), a pass band 1010, a channel spacing 1020, an

i n- clannel bandé derival i betwaen fissreaienydlia 810 awhgeond frequencymh§20mfitbe
1010 may, J.ngl .
channl "GRLes PUREs Rebiol ity AR 155 BFBFORLERER Abh Bl MALLIEY, Boup deay
si gnal s diffgrefoe 838 casiilhetrated 1rangh%BmRbl)1t1vecg1amm®ella)s¢1ﬁ“a1em@ 8]302Jﬁhyrmtyvide a

| ud h b | "
LG e BRE R R el Bl B SR 1 e inef B o pilk
110. I N-dehRBNElD). 1R d2ard 18 Whnky 14230 ﬁi@éysui'eﬁ@éltdﬁ& Bolpduby difftrehded@30its

associated with egch channel signals 1040 rmay_ i ncl ude

opt i Pal Blfnkss regidepl o r@éﬁ@? Q&S%Sl%eﬂgwaw&é%w pFveRkadeiens 110

170/reCQfaY1%1s§1§ﬂ’hb&§@hb Q{C)v\,hl ch may have a different frequency (e.g.,
a first frequenc nd ‘a second frequency f) as well as a central

frequency (O t héﬁhwgb Figzs. $4unehiBE shoa exeampirey clemenfs of eiempiray diagiams $00,)in
In one i . 0

oul sos. 1SR Bk s, Empiby BUtans 106 heP B fERLEG, difiGed o Pl
first frobomeatsaidn depaotad ih Feesc@htndiB f hﬂqmemmlblc, dxemp’m@sdmgamb BOO sty

| ati . del ay di f t h
T eatiendyT SR TERS Y oA SHLBEYRE ¥ 8 R e 14 TSBCORA PPat  ve
group dehfymaliohf erence. Receiver 180 may calculate a first order

resi dual chromatic dispersion based on _the first and second rel ative
group del ay di tigrbis@ssxerenitry diagrasaPeQilinetEating Sew srralvST i mpkdgtenhasrorg

chromat i g.JidReEE Bt o i‘}?ﬂﬁ%e@ﬂulgéﬁlafd MShnsREET 7 Bl %H@ér&t@g Qt@ﬁédcolptlcal
di spersion. Receiver ., Vvia output device 270 and or use

i nterf a@slsash»m t%aymdiugpﬂ afjrst ¢1?élcalmu§p “mhcaeﬁrstrfees]uwal(ﬁad Rt ®enatd second optical
di spgrsi e

o P8 o AR M ST B0 A T B

di agr ams&@ﬁﬂ ppillcml pmlk@mth sgebedBeq@hdyoffs 926 meg be gd:neaatefdaamgellmabus@i agfam

1000 ma tain fe erent, . or .30 ditional elenents than,.

depi ct et IRy BEGF SIThrebffele g 1P e END S1% "OFAatyF AFAVED GOSN « high

provi de d%@’é@bﬁmﬁﬂacﬁas\ﬂé phth‘nﬁHdr@hsz @U]S@ﬁﬁ&@l@ﬁila?fbe Fx’ ovided &fehahied Bdd port 145))
0

frequen% based information. Fig, 11 depicts w chart of an

exenpl a ﬂ?rrv@é(e%egwfﬂé@ %‘rberﬁéa&élmﬂeﬁgo ?h@@nﬂ G&?P Rﬂﬁtr Bt netvgrksdraicsi 188 (o8-

a C nn
2005%73%6@ Zoogfin,gggg) Q02 AR BONGL YRR ndS bl fRSived By Rkeider 149

(e.g.,as the waveforms deplcted in Fig. 9).

First frequency (f.) 910 and second frequency (f;) 920 of the patterned optical pulse
chain received by receiver 180 may be offset from each other by a relative group delay
difference 930, as illustrated in Fig. 9. Relative group delay difference 930 may provide a

30  measure of a transit time for the patterned optical pulse chain to travel a given distance {(¢.g.,
between network devices 110). Receiver 180 may use the measured relative group delay
difference 930 to calculate a residual chromatic dispersion (e.g., associated with network devices
110, transmission fibers 140, etc.).

Although Fig. 9 shows exemplary elements of exemplary diagram 900, in other
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network (e.g., network 100) according to inplenentations described
herein. In one inplenentation, process 1100 nay be perforned by
transm ttegolf@iraeei ver 180. In other inplementations,pdl@aesmskiHO
may be perforned by transmitter 170/ receiver 180 in conjunction with
anot her devi ce (e g., a conputing device, such as a |aptop, a

per sonal t

Dot n ai T AP sty disgram 0 AT el Bhi @fercht BERRRiCRATLriEt

| i ght sothmc&pﬁcmechmd?egl@eﬂn ofic exacipben vemptlary kiagrm%(wrm&ly Provide kvatd @igth-based

and gener tion of o es _si mul t aneously
it 2t ham i Gan el arg 1 GG Mecrobt e SEIBP R ER ot 0. i
one i npl errent at F@nl(ﬂﬂﬁ%dt&% Abayery spe@ e Bedigemontwidgdhadril 000 @or alfcond
t unabl e dual -frequency ?ht source 300 of transnltter 170 %%
generat eoré:w@mrmaéwdls@ﬂ@wa capable ofbring epgrtedand/or egived Dy trafsm

channel %Pr@@e%r 6. VRE HudeMEL cgr;-locl}ran%\r GnabhBgdHal 60b negussk 4 li(ﬂm)ntﬁl

source 3 may a jUSt or tune he two requenC| es assocl at eq”vmt L
CW si gnafrrmusnnytahat(ea VEreietnyy’0f mfltiplsuierisilechantg) axss (e8h ek ad, aifdh n,” “Ch

T

dual -fre uen sourc une

f requenciey, atﬁaastbaaﬂe()]i@laehmﬂeh@acmgﬂom emtremhahimmanchwidtﬂldﬂmlandmt s|gnals
frequenc %e g., a nom nal channel frequency/wavel ength or "central
freqtfe i}l) Tunabl e dual -frequency |ight source 300 may be capabl e

of tuni ng the cpagbatd fdlﬁ%h?rlﬁc){ude(h t@&ybﬂdﬂ}dtﬁE@B&@led@@th&paﬂicﬂlaﬁchaﬂnel
center of a DWDM channel

he two optical pulses may be gener
si nul t an@guignesdAeneptableicausasRin v lﬁ%oalilqaf ggwahrway Be @Cﬂﬂ’%ﬂﬁﬁéﬁmﬂ)
fchannels “Ch n-
recei Vergﬂa%gﬁgycfuggﬁ%wn%ﬁém@&m F;sa gbwelan @djgé&hcﬁﬁﬂfﬁ?&g) channels “Ch

accur ac own in frequencies of
optical hul'Gles,” ey nyé ”%qbé@hﬂéﬁ )anuflcmirbﬁv@lcn tw’fﬁ@sk dfviaek &1Q. Wo- Chalmel

e OHEn ol PR 6 SRR RS P PR BB 1 2o

exanmple, in oneTemkgﬂﬂEmmmmndlaS@ﬁpttmhbmm(/@g;gbnemmdenﬂfloorecvﬁmdwby

Fig. 4, terf ter 4 I I

330 (o, gransstol CRERRER ADbFeBGTb eSOy HE CEBML e PO A

pul ses %&uwcmxﬁd £88bd ﬁ@@ﬂn@d@,ﬁ;&ewaga ceitdl ﬁ%hud% §53hed nagibt h@reamns a
[

wavel engths to different ones odes 410. Residual chromatic

di sper si danneh (@ chearc 16b 167”)r drenaiawlenpntatiay, tost signele 1940ama dpict theal
pul sgs (tgmgaal g sﬁ%re%&@ed‘ by I%Eel@é}q8§ eﬁfﬁlﬂgmftt%fs PHERSY odrdfa®d MBFEL R tfee'thnﬁ; and

opti cal 0, and may cal cul ate a frequericy difference
di f f er entbe ca:rrhrat frequsasyet tgedsusfa firktgclatighgroumdelashdikiersnegs arGmay @meraé%ﬂhe

pul se) for f nal s S e on
Socal cul Seat s S G FLEbraLFOR ety B a s SR E R s gl
mechani sdiffefefcdd Recéivér Hﬂumloﬁmwﬁ frs) orﬂerrrem&aaﬂs diromgtié disppusioebassd of the
the two freq ency 5| nal s. her exanpl e fre uenc nf or na
may be A elfrsen ST PRy, end gy algi ol %Wf%%ﬁ?ﬁf}éﬂﬁf
and gay &@ﬁ&@&ﬁdﬂ&ﬁ&%@é&&&ﬁe Fifs2 018 &§ided chicakic a&gemlanras@weensm@cg,
Returning to FI(? 11, a rel atlved%roup delay difference may

chiis

cal cul at'doptgrt detise 2y andfey weordre58PuTy @gzbmmed'gam#rﬁ%@b%%%ﬂc
(bl'ock 1&12{5%%}/0@&1&15’&%6 QESIR o8& ShSHA] e ABEifersinSper si on may be

cal cul ate
Although Fig. 10 shows exemplary elements of spectral arrangement diagram 1000,

in other implementations, spectral arrangement diagram 1000 may contain fewer, different, or
30  additional elements than depicted in Fig. 10. In one example, exemplary diagram 1000 may
provide wavelength-based information instead of or in addition to the frequency-based
information.
Fig. 11 depicts a flow chart of an exemplary process 1100 for measuring residual

chromatic dispersion of a channel provided between one or more network devices 110 of a
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dividing the relative group difference by the frequency difference
(block 1160), and the first order residual chromati c di spersi on may
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frequen i,n_order nmeasure a secpnd rel ative delay
T it T U e St e R e A R L L B
i mpl errerftealtlmp/vﬁea@ﬁgtbeﬂl“@b@am‘reqﬂerﬁgmn q@hmﬂdlmmqﬁngy 1igi sotkr€S 300 may be

signal s 1040 may .incl ude opti cal u ses & %1 generated and/ or
recei ved@PPIoef thping theicentel frqumé ny YWDhyhaanel e 84 o hicater pby DA a

di ff er enhafdeBa Wﬁ@ Fvyo §Ricat pul@s fﬂaﬂf%& éﬂe?ﬂé@ﬁ&ﬁfténeo@%da@/&%ﬂpéjknown time
frequenc %bas wel | as a central frequency (fc) t may be tuned to a
channel d>e/ refice (@ﬁa&m@m recgfivey 480 jmay mamcaamxelrtpméé w1theesh1gls Hepred of acQuEy).
may .depi ct the r tter
T oD G o AP REL U PR PERCIFE RARREYBE B0 TR o0

t 0 neasuegraed andstrivat kiates wthg mwﬁeqi&hays iy bemessored (Block hmﬁ),gamer ate

t he 30 econd frequen e central equenc sure a
second TEriey & TG Mrehe it mibes fae o cleutse gt Ktk a0 AgtEripte
Fi g. 12,in and infplmdnkadion deksibsiledove i nBddtion QithPes. 31 RiferfEBIdI 400 of receiver
cal cul ated based on the first and second rel ative group del ay

di ffer erlé@@%?f@tﬂ@ org@éyuls%ﬁ Bodeadtemgdrnnchdwnaeitd 3ok 588 ﬁ@qafﬁtp Prtigale
cal oy c02RRd, O elehBihf dddsh He bt PrigRLt & h

a0 05 iRe AR O clem! b3 %ip‘ég‘?r 3 DptRalifises bRt avelilgths tq different
and secones afrdiwsies 4 B | Rsalualcthiramatici chsmrssp@abubm 4t lbeelmrd\%i) ded réerve
di spl ay For..exa n.o e ti des r l,.bgd
Sbove T i skeal Bk o Brvicf R TRy Sng (laRD o TR IR ol ik it
order rdgd dm& hna@'hﬁhﬂhtel acfreipus:p@rcsﬁfﬂande gda dﬁfet-daﬁe tn ths ivaadichgiiesfane light

rel ative EQ del Iere calcwjah econd order .
tha ma S up eac optlca pulse rthe two equ ncy signals. Residua chromatic dispersion

30  calculator 420 and/or receiver 180 may include one or more mechanisms (e.g., a frequency
counter) for measuring frequencies of the two frequency signals. In another example, frequency
information may be measured by transmitter 170 (e.g., with a frequency counter), and may be
transmitted across transmission fiber 140 to receiver 180.

Returning to Fig. 11, a relative group delay difference may be calculated for the two
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5residual chromatic di spersion based on the first order residual
chromatic di spersion. Receiver 180 (e.g., via output device 270

and/ or usegglfforkdage 430) may display the first order Fagiualog4s16
chromati c di spersion and/or the second order residual chromatic

di spersion. In another inplenmentation, receiver 180 may cal cul ate a

first f'ﬂé;ﬁ: &3\[;1&1@%1 %@M@m&gl&aﬂm&s@d ﬂﬁbeﬁlorﬁn?“ﬁ@%uleﬁ

the first relative grou ay difference and a second first-ordeér
r esi dual dividoigrtionmtative diosp diffirane by theHeequénemdiferpns é'do‘éhl Ak ag(é&l@rﬁnst

relative_grou erence. The re r

a second™ g? Jggdqﬁg%hrém%‘wéﬁ?%sﬁ% E‘i%p‘é’?g‘? %02 dip ?a?' fg i ngl ﬁﬁagbepa
the cal cailedinpiénfentadén ancrileebodt ihicostectiviteith Fas ﬂ,dﬂsiﬂuad: biiromatic ¢1sperS1on
di spersions, and _may cal cul ate an aver ' resi

f t- I
chr orfat | @l @apeRa sy cpleulaty thnrefaiize gioup Play &if%e?wg’[angﬁ&-‘f§@le@ﬁ% a first order

first-ordenl 8RloHMat dféﬁ@’rﬂﬂﬁ% £, SRR SetwBaRCRVIEes 1 T8 QakiesstinSicay
the cal cul ated 15resid romati ¢ di spersions.

| pl ement4 ¢tonby divsding tegalnelrisd relatiry erenpsieiay ditfereneabidhe gelsaiaggfequency
chromati G t?tleﬁc%er ﬂﬂdlfcﬂf%n?a@ic(a %)érgi%h ohl gllﬂgtror Q?@ﬁgy ng%%fd% e daftful SRR d?der

in one inp sment at I on e systens an y generate opti cal
pul ses atesitlvad cfmbmque dxspcafsbm/amsbxem@tﬂase 40 Hﬁsnr mteﬁAM?tﬂmabnEbelm thg

transm ss tra sm35|

and Mooty e al St BRHR B0 R nai heBEAG R ror
end of t41®, &t hepdisplipis thisshed ﬁ&ysﬁd@mesﬁuilrcaﬂmmeyhsgmﬁﬁﬁr ence may be
cal cul ated or set for the %] Lreq enci es. of the ti ul.ses d
a relative groubigd&t e5picls ¢ Flavé XgIRRrHRyoessh E&O "e’ﬁile?SBlr’m% F‘Féld{l%o
optical f38R dls%efswns}f aqmﬁ@l ﬁr@%ﬂ@d’@ém@é}{cﬁﬁ%fr fordhERESIPRed TR JTQ

cal cul ated by dividing the relative group d di fference by the

f r equenoyetworkiiegeneworkslid mrdamﬁjtompwmgma bebgd heteisi AL AR al so
b d
V; 3355 1%%0&%31%t%ﬁ’£%%3£1 %}g%a e%%ffoﬁﬁ&%%&sﬁm& W/ cEm%rslggr #1 Qfler

tester or
t el econmminplaaintatioss, pravessden) nta@ bd pelécrrmed (byttﬂaesmletsn H@érbcem:r b¥fhini ¢

di spersion.in.a neI ui ckl ccur at e foregojn
descri pt§8Hngion %’%%’Wg I 4E Y85 gpraoc\ghggng ‘?ﬁvﬁfgt ?uﬁﬁ %Eﬁlagﬁ)& d%cr%(%flipt |gon
but is n@mputtkefelpd to be exhaustive or to limt the invention to the

precise formdisclosed. 30Mdifications an ari ations ar.e si,bl e
in light of theAaBBYEAELIEMCHYLIBM glﬁé"@c%fﬂfﬁf%?}l? a&rﬂpma&gy@%@%f

t he bd‘vqgﬂhﬁ& a central frequerF grém@if ﬁf@fr@que\‘l@ n®ré@hd Bsaste PhikckhtiRa¥BdUp Asky
descri be regard 2, the order of the bl ocks may

be nodi fdifferenes qftatvéannehw@kéaﬂ%)s msirﬁeneqzu@n olean, optiet] pulsp Bbiaatudey the gantral
may be pﬁéc{ugﬁc[;ea%d Al ?Jeh@éncy 21499 %{egszgel? 8R4 H%QQ Efleﬁ 41@1;119 difference

of the channel (block 1220). For example, in one implementation described above in connection
with Fig. 10, test signals 1040 may include optical pulses (e.g., generated and/or received by

25  transmitter 170/receiver 180) each of which may have a different frequency (e.g., a first
frequency f,. and a second frequency f,) as well as a central frequency (f;) that may be tuned to a
channel (e.g., channel “Ch n+2”). In one example, test signals 1040 may depict the optical
pulses received by receiver 180. Transmitter 170 may generate the first frequency f,, and the
central frequency f; to measure a first relative group delay difference, and may generate the

30  second frequency f, and the central frequency f: to measure a second relative group delay
difference.

As further shown in Fig. 12, a first order residual chromatic dispersion may be

calculated based on the first and second relative group delay differences (block 1230), a second

order chromatic dispersion may be calculated based on the first order residual chromatic
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it will be apparent that enbodi nents, as described herein, nmay be
i npl emented in many different forns of software, firmware, and

hardwar e 1B,bLh&L4Rs ementations illustrated in the figy, Ji3%
10 i cﬁﬁgsz 84516
act ual softmare cﬂge or specialized control hardware use >

i npl enent enbodi ments described herein is not limting of the

t Th beh nbodi
doscri balntnieep Sp PR S e PSRRI B 5 ©
under st gevitififor ailRglayiilbek 1260RHR ekanl€sh gt Bpldnvakaioa desceibad dbokve in

hardware to i nplement the enbodi nents based. on the description
her ei n. apgoHer Vit &g dprfewftrHg%lawlﬂ%te'arfv%ﬁﬁ%ﬁ%%@ a5 dipeTHoad

as "l ogiyased fithe RRY fnﬂf dEeorfiNelafile 1?9{11? dd NGk RASes, éﬂﬂ[' ISy &Qﬂuﬁité‘@%cond order
i ncl ude hardware, such as an a cation 10 specific integrated

circdit residugl leﬂremdth)dlé@ram’a@p O@ﬁﬁéir%trord?yresgiaaltqnmf@atwdwparswn Receiver
conbi nat.

conbi nat ong ot HAEURR G0 S0 LY e intertucy 130y e ol OB BB
in the smﬁnmﬁmcmmmmmnahmbséesamhdnabrmn@uﬂmhmmmhcﬂmpamdedhnmommmt

t he invent ese f re e i n
ways. notmelsaepiatEriy e T e FHOTHE S G P T e SRR e
speci fi GAbhRNbased on the firfi@clefiRBOdp dadsl diffeendcinll b Wedond MirdiSedér kddidukle
present application shquld be construed as critical or essential to

t he 1onvehiqueicdipessionok fieichimnel baged e ths seroad redifbn srupdislay diffegneg. The
herein, [LO%eR180 mhe als@calbiilath A5ERHEDrdeP rdsliuh AR d gk‘[ber@}%ﬁ%f tHeQ@RBonel

Were only one itemis intended, the term"one" or m | ar | anguage
i s used.bafagdraniibe calewhgedpfirshang seermdditstamderiresiduat evotaetic dispersions; dnd sea,

2 20 el A3 brap B M ERSARHIRLISLE LB S Sa b B A WA T

devi ce, semnti(fﬁit—(mdﬁr saxijual dhadmativadispeesidngo Recetxgu em:meﬁ displafite cah:uldted
separating, by an

optical chan .e the generating includes:
|nte?feFSWgﬁgg“°¥W2ﬁéquﬁ%?tmn optical pul ses that each correspond to
a di fferent onemgferhdneutionDddsti@EHANREN: Eay tidiuRDin-dB)nri! fekidadl cBrdmatiter ,
the optical pulses to the optical channel; splitting, by a beam

spl i t t erdisperondpr ancantic fibspbasedpystornd o5 6¥aMRIHYN O%Wm!ﬁmw?ém pihe syppeems
beam sp lah% H%Ehod?fna{r %@I%‘atéoﬂ%f h8saf twtokf?e 98&&&%av@l‘éh%ﬁ§whﬁ’intaWDM

opti cal annel eiving the optical p ses fromthe optical
channel ,ch@eplaactattrangnlsmn ewboffan e tieah tiesnission dystempiduaty gpatgsandintehune

the gpti,Gala GNR0GGhe tPSRME Nefhd d Malivd diT%E uRfoptilf «REHEHn BYeREA
frequency difference may be calculated or set for the two frequencies of the optical pulses, and a
relative group delay difference may also be calculated for the two optical pulses. A first order
residual chromatic dispersion may be calculated by dividing the relative group delay difference
by the frequency difference. Systems and methods described herein may also be used to
25  calculate higher order residual chromatic dispersion values, and may enable a user (e.g., a field
tester for a telecommunications provider) to determine the residual chromatic dispersion in a
DWDM channel quickly and accurately.
The foregoing description of implementations provides illustration and description,
but is not intended to be exhaustive or to limit the invention to the precise form disclosed.
30  Modifications and variations are possible in light of the above teachings or may be acquired
from practice of the invention.
For example, while series of blocks have been described with regard to Figs. 11 and
12, the order of the blocks may be modified in other implementations. Further, non-dependent

blocks may be performed in parallel.
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calculating a relative group delay difference for the two frequencies
of the optical pulses, based on the arrival tines; and calculating a
resi dual opop®ig:6168li spersion of the channel based on tiefid68uwensy
di fference and the cal culated rel ative group delay difference. 2.
The nethod of claim, further conprising: providing for display of
the residual Chft%ﬁﬁsgﬁ%(%'r&ﬁﬁfa%rﬁ%dl ent$-as dORriTERF AP0 Ha ﬁ eﬁen%?ﬁe
cal culating the resi romati c |sﬁer5|on conpri’se cul ating
t he resimdamai dlﬂbﬂemrmrms:ofctnﬁwenesﬁwm, agd npudlimace in e 10ml€crmn£attlenls ltlleditsﬁtﬁ‘dﬂe

group dela dlff ren b requenc i ff

Qonpr ot o fetier- Ll HoR sbteEeods A Haapta o fo RS e st SR e
that i nCémlﬁﬁnﬁéMﬂs ddseraned heicasis aﬂﬂlrﬁnﬁlg efthe nigyen o, f'Hfu@ﬁﬁ@opefrit@ﬁla&d behavior
channel of an optical network, ﬁarate the two fr uenC|es(g %

opti cal ?fdhf‘s@%b%m?ﬂtﬁwﬁﬁéie%qﬁ@%&ﬂf ofgefeispes tathq Pafilie SerBare Foder bemng
optical pibsfRd t&%ﬁ%@mg b@aﬁl@lt@@ébi@% SOTLRNR aﬁ@'cékﬁro@hirﬁ@ﬁl%%ﬁn et
two frequencies of the optical pulses, based on the arrival tines,

and caIomMaﬁenaﬂs@gﬁﬂmamﬁdﬁwunmmi@H@nsperS|on of the channel based on
the frequency diff ere I

di fference; andi:a Cgﬁ%n?p lqwhgd]gf\/tﬁ%gﬁ]gég?\oﬁg ﬁ’%e\%él%g%gf‘ ggﬁhgﬁt

opti cal Iiwﬁoﬁﬁ§01ﬁemrtd11&e ﬁhlaﬂml Thvsheglemab]endlucadﬁrdvtarcelsuaﬂlemanepldwﬁpwﬂ ses
a tunabl e dg freque source @G era es the o i ﬁ.

ul SBo. RGBT R CH AR 9T Rl P EaRREY B R SoIr e Soppitilion gh
i nt er f erQnBLHE ahd@fwaescei ves | i ght and separ at es the light into the

two frequencies of the optical pulses
Even though particular combmatmns of features are recited in the claims and/or

disclosed in the specification, these combinations are not intended to limit the invention. In fact,
many of these features may be combined in ways not specifically recited in the claims and/or
15 disclosed in the specification.

No element, act, or instruction used in the present application should be construed as
critical or cssential to the invention unless explicitly described as such. Also, as used herein, the
article "a" is intended to include one or more items. Where 6nIy one item is intended, the term
"one" or similar language is used. Further, the phrase "based on" is intended to mean "based, at

20  least in part, on" unless explicitly stated otherwise.
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a tunable filter that receives the optical pulses fromthe
interferonmeter and tunes the optical pulses to the channel; and a
beam splitter that splits the optical pulses into two portions, and
outputs at least a portion of the optical pulses to the c_hanngl. S.
The system of claim4, where the transmtter device conprises: a
driver that outputs one or nore operating fr_equenC| es a_nd one or nore
power | eV TdpdCRATMHI 31 rmodul ator that interacts with the driver
and the tunabl e dual -frequency |ight source to generate the optical
pul ses that includes two frequencies. 6. The syst em of claim4,
where the tunabl e Hdaetpdqgemwelyingi ght source conprises one of: a gas
| aser; a chenical Seagetingbydydrahesite; devicbalic apRes |@ger; a .
solid-state |aser; otcludedenificquehont orithiras@sptical channble System of claim
4, further conpri s¥lhege the gaseatinginendace that provides for display of
the residual chromatéperaiingpier ai mrer@iortidier, EHANAG! two opticdl:  The system
of claim4, where thepylsesdes sidhgrokregiond it§a ﬁfefréa%néeﬂ{h'egur ed to:
cal cul ate the resi duatodhmoemidse di spersion of the channel by
di viding the cal cul amag, nssedtaﬁab\r@ﬁm,@mpﬂe@xlsgéti)ﬁ%@g&? by the |
frequency difference.channéd. The systemof claim4, "where the optical.
net wor k conpri ses asﬂﬂﬁﬂﬁg?by\.&‘ﬁeélﬁ@ﬁﬁﬂr,%é/%}ﬁicgpptmgs%ﬂ’rghgéI ng (DVDM -
based net wor k. 10.poftidhgVi ce conprising:
outputting, by the beam splitter, at least a portion of the
optical pulses to the optical channel;
receiving the optical pulses from the optical channel;
separating the two frequencies of the optical pulses within
the optical channel;
measuring arrival times of the optical pulses;
calculating a relative group delay difference for the two
frequencies of the optical pulses, based on the arrival
times; and
calculating a residnal chromatic dispersion of the channel
based on the frequency difference and the calculated
relative group delay difference.
2. The method of claim 1, further comprising:
providing for display of the residual chromatic dispersion.
3. The method of claim 1, where calculating the residual
chromatic dispersion comprises:
calculating the residual chromatic dispersion by dividing
the calculated relative group delay difference by the
frequency difference.
4. A system, comprising:
a receiver device configured to:
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nmeans for generating optical pulses, that include two i
within an optical channel, where the neans for gener atmgq?ﬁgflugz
nmeans for separating light into the two optical pulses that each -
correspond to a different one of the two frequen- cies, neans for
tuning the optical pulses to the optical channel, and means for
splitting the optical pulses into two portions and outputting at
| east a portion of tﬂeaegqﬁﬁﬂkmﬁu$sh$indU$ﬂEmdbEP@é$%@ﬁﬁnnel' means
for receiving the optitéquendysifferfenanfivines dpnidaif aolatierd ; means for
separaltl ng the two freguesgi es of the optical pulses within the
opt! cal channel ; meap, Jaf th PRSI Bk &ToT the@ptibd] peebitiihe opt i cal
pul ses; means for ca v ﬁhh&g a relative group delay difference for
the two frequencies of € 0 Hic%J ?Hﬂ%)ﬁ 19@ gd on the arrival
times; and means for™ %ﬁuﬁeuﬁrg{?ﬁ' A3t S g %al gﬁ ot G +Ji, sper si on of
the channel based onS#fHatead %‘%C%ma???lé SHEL {Cné@{?{g R bl cul at ed
relative group del ay difperencaive opjqal 85=§%S\??83ﬂoef§%(;agi m 10, where
the nmeans for gener at itigesf @i her i ncl ude; means for reflectiné | i ght
generated by a tunabtaiculatah résidglawespatic Heversiatde ChapF neans f or
providing an optical dabsed dmhe ﬁeqmdllgﬁﬂiifeeﬁﬁlp@@ﬁcb‘éleEérlc‘ﬂlﬁfédrreans for
reflecting. 12. Thaedavd geuptlelay differehOs; ahdirt her conpri sing: nmeans
for adjusting the pegfisni®h &eRer@uipgeand geheatrrbaspfie tuning based
(i(r)l apaﬁ Pﬁ(rar pgg%?{ls?fnﬂ_&é&% f%]lékhz?@alal,gyb&ﬁ&t;ansmﬁﬁr ddtee cdevi ce of claim
, ; Ll - 1 < at i
[3ﬁ;graldch{opatic dﬁ%ﬁsgg%ﬂggﬂﬁziggighgygggfgﬁfﬁgm§$§$??2!OahgietPﬁe
€ aual-Trequeiiete ¢ Ie:%nabl%%%ﬁﬁec{u%ﬁc})h@ht SR dopFtises:
an inferferometer that receives light and separates the
light into the two frequencies of the optical pulses;
a tunable filler that receives the optical pulses from the
interferometer and tunes the optical pulses to the
channel; and
a beam splitter that splits the optical pulses into two
portions, and outputs at least a portion of the optical
pulses to the channel.
5. The system of claim 4, where the transmitter device
coniprises:
a driver that outputs one or more operating frequencies and
one or more power levels; and
an optical modulator that interacts with the driver and the
tunable dual-frequency light source to generate the opti-
cal pulses that includes two frequencics.
6. The system of claim 4, where the tunable dual-frequency
light source comprises one of:
a gas laser;
a chemical laser;
a dye laser;
a metal-vapor laser;
a solid-state laser; or
a semiconductor laser.
7. The system of claim 4, further comprising:
a user interface that provides for display of the residual
chromatic dispersion of the channel.
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an absorber that receives the optical pulses fromthe tunable filter
and mai ntains oscillation of the optical pulses. 15. The system
of claim4, where the tunabl e dual-frequency |light source further
gon})r}ses: amrror that reflects |ight generated by the tunable

ual -frequency |ight source, and a _.gain nedhun that.jeceives the
light reflected %&hﬁWé’Stﬁ’%qu?GFalma%d"l%tr%\a}edjégcegsﬁn%%%ﬁ Cci[asl gain to the
li ght reflect efirthpr ¢apéighicd {%Sr, where the Li hft recei ved by the
interferonmeter icalaukée {ip gastdualrlypipele ‘%‘ﬁ?rstlﬂg;\g%?ﬁmm?}i um provi des the
optical gain.  1&y dividingyhks ealsudgted redatiye @ou ?yed%g t unabl e

dual - frequency i gmewuﬁéréqlf?u‘éﬁh@ffeé%lﬁ%ri ses: a wavel ength | ocker

that receives arbflhesysionofdaimod, WIW&@EPRM;“WPQQ M1 om the beam
splitter and agijitesthDensreVivetenphddivivsndrulingxpaeOVIMbl e filter based
on the other ppssedaawolk.t he optical pul ses. 17. The nethod of claim
1, where the gengr atdengetomptieng:i ncl udes: reflecting, by a mrror,

| i ght gener at ed hyamd ﬁﬁgﬁﬁ&bﬁngiopiicafpléqﬁeilh@’fyiﬂﬂp@htw% €rce, and

provi ding, by a gauendiadiithin apoptizal ¢leahelgain to the light reflected
by the mrror. Igperd iR m@hbhag goferstiad inclbde:f urt her conpri sing:

adj usting, by a wayehergidalhskeit itthteiwt ericelpuiretdat and the tunabl e
filter based on anoth@lcoR@pbhdl a@fifférke oapbi thatwpikges-

cles,

means for tuning the optical pulses to the optical chan-
nel, and
means for splitting the optical pulses into two portions
and outputting at least a portionofthe optical pulses to
the optical channel;
means for receiving the optical pulses from the optical
channel,
means for separating the two frequencies of the optical
pulses within the optical channcl;
means for measuring arrival times of the optical pulses;
means [or calculating a relative group delay difference for
the two frequencies of the aptical puises, based on the
arrival times; and
means for calculating a residual chromatic dispersion of
the channel based on the frequency difference and the
calculated relative group delay difference.
11. The device of claim 10, where the means for generating
further include:
means for reflecting light generated by a tunable dual-
frequency light source, and
means for providing an optical gain to the light reflected by
the means for reflecting.
12. The device of claim 10, further comprising:
means for adjusting the means for separating and the
means for tuning based on another portion of the optical
pulses.
13. The device of claim 10, further comprising:
means for displaying a representation of the residual chro-
matic dispersion.
14, The system of claim 4, where the tunable dual-ire-
quency light source further comprises:
an absorber that receives the aptical pulses from the tun-
able filter and maintains oscillation of the optical pulses.
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15. The system of claim 4, where the tunable dual-fre-

quency light source further comprises:;

a mirror that reflects light generated by the tunable dual-
frequency light source, and

a gain medium that recejves the light reflected by the mirror
and provides an optical gain to the [ ght reflected by the
mirror,

where the light received by the interferometer is the light to
which the the gam medium provides the optica] gain.

16. The system of claim 15, where the tunable dual-fre-

quency light source further comprises:

a wavelength locker that receives another portion of the
optical pulses from the beam splitter and adjusts the
Inferferometer and the tunable filter based on e other
portion of the optical pulses.

17. The method of claim 1, where the generating further

mcludes:

reflecting, by a mirror, light generated by a tunable duya)-
i}equency]ightsource,and

providing, by a gain medium, an optical gain to the light
reflected by the mirror.

18. The method of claim 1, further comprising:

adjusting, by a wavelength Jocker, the interferometer and
the tunable filter based on another portion of the optical
pulses.
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