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A．RNIlIACT：，It1e paper presents eaWrdmsively∞m aPPlications d the norilinear Sd~／Adinger(NJSj 

equatiorLsinthe(~ieal fibertel~ eatim ．21e main ecrtteP．ts are pre~nted inthe folle~ng six SCC 

tion：s：1)N—solimn interaction in optical fibers；2)pulse l：,tt：g~ fion in the fiber；3)the fEmicsc。。nd 自0n一∞bn1 in— 

tcracticrtin dispersion—shiftedfiber；4)strongly coupled rn-dinear paI cmlimrywaves；5)higher-<xder effectsin 

bandwid~-lknited sditm propagation in optical fibers；6)．suppression of noise aceurmlatim in~xmdvddth—limited 

mlitontrammai~ion bviileaDsoflinearIoa0mirmts． 
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Ur~derwhat ecnditiw~s the dn csdthe su1)l1日Ⅱn口nic 

field ar℃describ0d by aⅨmJ_m龃r~c．hi6dingef equarima is 

presented We also present rl￡w．~kmry-wave sdutionstothc 

maveling—w-Ave Par~-nc'ffic~nplifier equatims for arbiwaee 

pl1asc n ehingin dchthere arc equal鲫 pvelocities and 

no pta'np d~petsion．In锄 s srraxglymupleda onemadi— 

fion f。r scriber'y-wave p∞pa舒 (n is出at the lbI Ⅱ c 

field obeys a r~rdinear SduAdirger equation ilethe D．rnp 

6cldis proportional∞the squared the subhm~ c．1bein— 

tercsungfeature d the new,~ utices is tI1at they are valid 

{ exael pl1ase roatching,inwhichthe effectivencnlin— 

earityis very． ．These results s that廿1e led 

pamal differential equafi~'ls describing Waveling-vgave lx~ra一 

cmapl缶er8 en∞ )ass a b∞aderdassd soli~'y-,,vave 

mluhms than d1e nclalinear Sc i咀er equafi~ ． 

Solitons and fiber maPlifiers U be e~ential ecrapo- 

nc~lls 0f future ultrahigia-band'~idth optical teleo Iln呻i曲 

n∞ systm~s．Suf)piceseoa~ (10一 s)。m-fmamsecmd(10 

s)9diton pulses are omsidemd to be very atlrac~ive eandi一 

"dates si尊ml carliersfor realizing ultrahigh speed opti。 

eAtckc∞fII 工】icat|a1 s．vslma at afewhundred gigabits(109 

bits)per seomd For nm 。ocT订mIitch忙le nI工Hmican0n 

∞ be achieved．itis m-O：m m t。understand the ．characteris— 

tiesd soli'a：~g~whc'i1 they are廿 悄1 “ed吐m l 衄 c~tieal 

her．These inelude mliton-salitcn ；qtemcfi~n，the sdi~n 

sel~ffequency sh (S )，and the effeo d Dalari~ation o[1 

the single-wavelength camciry a sdlmn tram,mission sys— 

m  and has pemltted 40 C-bit／s【hlbling d the single一 

孙 kc蹲h蜘蛳 酊 of a蜘“ 证枢H 艟 ≈ 乱 mdk 

pemaiued 40Gbiffs扛卸 ssicn 0耵 1000 hat If pd~r- 

izarion-muhipl~xcd sditan~Rllses i1"1 d1eferrmseemdtegune 

a used．there is a possibiliry d 廿-盯 increasing the bit 

intothe~erabit(10 bits)．per-secmd regh-ne． 

1 N-solitouinteractioninOpticalFibers 

L．Ga肼m "andN．si曲 r1ar【 present绷。诅ctmluti~ 

of the r~ inear sc}1rod 蚪 equation that describes various 

in~raefimsd N~lscsd eqwAmaplitude；． 

Two neighboring 坤0ral(口spatia1)solitons in r~lliFI— 

eBr clOties&re kroa~ t。mffer mutual interaetien c dc— 

pends∞ their relative amplitude．phase，group velocity,and 

initial disl~tnce Even irl t}1c Hr e pracfica[situar~ in ch 

the amplitudes and gmup vdodties are thc san fcf 

鲫litms,they experience interaction that tends to atlr'act 

t  Reeeived date~1999_0l一2l 

B蛔 时：Ⅱ NS如咱l删 (1％3-)，(岫 ptaee：t~ding 蛐 ．1舯  M 缸柚n r(~ffc．h dire商∞：N：,nlfi~earOptics 
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rept&se th0n depending on their relative~a．sc 811(1 initial 

distance 1h1s pher㈣ rm  is an inn'irtsic properly d tile 

IKI-,Iiheal-Ech~din．qer订 S)equation 

l ‰ 十“I“I =0 (1) 

vdaich providestheⅥdl known basic rroddfor1TiDdeIforthe 

．~．1LrnMulation(or~if-fcvusing)them, ，v,here (t， is 

the amplitude of the Electric field，|r is the pmpagtim ocoF- 

dinale， d isthe reducedtime co：rdinate． 

Nmnefical s~ulatioas of 2 and N-．solitm interaetiorLs 

have mair~ 】
． Solitm interaction h also been smdied an— 

aLvticaKvwith吐 general h d the imvrse—scaner- 

irg-mans~rm (1Sr) method ．Various perturbation ap． 

g~'cadms have also been used，~*inlyinthe regimeofmAdy 

㈣ Iapping pulses ．1 e main rest山of d1e analyses 

thatthe interaction force be“ n tv,o soliums of equal arn— 

plimde decreases ex~ antialkvwith the initial di 矾oe be— 

Pw~0nthtin 1clhrce；s attranfixvwhenthet啪 soiit~ms ale 

in phaseandlca(k伍)a periodic collapseof thet啪 sditms： 

d fomeis repulsivewhenthe№ initial solitoa s areoat of 

phase so d1artheso1item eventually separate．evenfor atel— 

ativvLv gmⅡinitial phase difference．Experimental d) n'd— 

tians have also cmfiimcd these px*erties，at least within a 

range inwhiehthe seif-stm~lmedRarnan scattering not 

desa'oythe periodic collapse【 
． 

L Ga~an ei"a1．present sol'lie exact~lutims d the 

S equatian that describes the interaction betv~en N sdi— 

ttms equal arlalitude1)ucwith atxtrdeular chirp． Hem the 

~tgnber N refers∞the multiplicity d one unique pole
． 

sdutiom are obtained by soMng of MS 

equafioa using the so-e,dled dressing method ch 1s— 

rams the pr&la'n into Zd an r—R'~abat linear diffem~nfial 

mam x m  

F = UF 

,ahem 

⋯  L
“ ／̂2J 

『 i I“I 十d!／2 ” 一 ] V
： f ‘ ⋯’ I 

L ／au i I I 认 ／2l 

"and is a~nplexBⅡaI 船
．  

2 PulsePropagationintheFiber 

w．Fcrysiak e￡a1．【 1 s~udied a~erage∞bⅫ pI印a姐 

ticm in periodically m'~lified so1itoa systelTts with stepwise 

va&．'ing fiber di~ersim O0tin~d dispersim profiles are oh— 

mined by rnin~nizarim d a skaUie"and inmifiveb"appeMi~ 

permr"batioa ftmetioa． agiven da衄r~tte，nfold prdilingis 

Yl姗 们pen-nit 1"1一砌d exterNioa of绷 lmel-spacing Equiv— 

alently,at a giver1~raPlifier sp,acirkg,it permits、"一tbk]in— 

crea ofdata Pate 1l1eyda'mmmated thefe~kaibility of 40一G 

I]it／s cOeratian (~-or~-veral hundre~l km，rising 5-ps solitor~ 

and 50一 ~aplifier sparks． 

In peri~tJcal ~ olified mlit~ trenmK~4oa systeffls， 

~ batioas tothe data 8Treailloo21．117beCaLkseofthe addinm 

of s ml姒 m s on rroise at d1c anplillc ” and I 一 

ea1．1se of a diseanfintr．t~s tManee betva2en di．N)ersion and 

nmlineari~v over e'ad~amplification periodf 121
． 

At higher data rdteS Over 1m tran~nission di．qanees． 

ihe effects of coamtenated noise areless resrrietive，andthe 

average salitoa mnditioa bee(1yresthe dmfinant ecmtraint(m 

data cap,acily．Averageso1iron pemsthatim~r~idly drrninate 

high-data—rate sys／elal dcsiga 

Pulse pro0agatim inthe 1]cris described bythe rⅡ 

realized IKlllinear Seba6dinger equation 121 

恶+ 1 02U+ “=一d1 ，3) 
v,6ere “representsthe eleetric—feld~．plimde and r repre— 

sentsthe fiber l㈣ ．The mt~tifier p0Ⅲ gain arc G=exp 

(2 )，where is the rnmalizod anPlifier spacing A r 

introduction ofthe~ tioa (≈ )= (。)A( t)， 

Eq．(3)beO~tTles 

l +{ aaA十 !( )l A!A：() (4 J 瓦+ L J。A—A：【】 L4 

w~ere 0,2( )=u( )= exp(一21-2)and 

=  警 ㈤ 
for(u(z))=1． the e'4x~en6",d energy in the 

periodically n near Sch-,6dinger equation is equivalent to 

an expmential deeay,U(z)，in the rac~inear coefficlent of 

thelossless nmlincar Sd~r'&linger equation．If小c period of 

U( )is shin eor~aved with the sditoa period．its average 

is agoat a讲 min E(j．(4)，and删 obtainthe a 

age sdium mxld ‘ 
，where山 1s the N=1 s。liⅫ m1】Dh1 

tlldein助 (3) 
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3 tlIe Femtosecond soIiton．soliton Inter． 

action in Dispersion-shifted Fiber 

T．St~r,v'a ct ⋯。I“1 invesfigated 出e arization 

dependence of矗n1 c0n[{．solit~一s。lilon jnteraction in a 

dispersicxr fred fiber．To a／lals'ge the feratcsemnd d iron 

stilton interaction in a dis~ ion 一 靠ed矗 ．they sirfK!lat— 

ed The couple：：]t~idineat ScI ir1g口 equatior~，given by 

—  (器+s碧)={舞+一 ”+吾⋯ n+ 

{ cxI)(一 却)+ 筹 (6a) 
一 瞎 一 努)=圭嘉+ +号 。+ 一 } 一0 J= l +了 。“一。+ 

{“! 唧(一m曲)+ ～ (6b) 
vahr-ro 

l～  

IⅡ 
一

I‘】“—万 

0 i 

l～ 

， __c')r47j~)(7a) —Ir一 q __ J ) 

+c3“ ) L — 一 2 一 性 J t，b 

"and ord',：~onatLv polarized solitms．R is the I'IOF- 

raalized％ vector，and aisthewalk- bet~xa2eD． 

n0n rn~cs．Ti1cfcttrthtenTtsm the right-'hand sides(]f eqs
． 

L6)indicate a c0ne~-nt interaction．whieh is included in the 

sirr~latim ．Sirice the bire~ngenee cf the fiber isⅥ舶k the 

ptm e—r0ca“m termnr峭 sJ神 cmllxared、 tl1 that cf high一 

1y birefringent fiber~therefore e (-／R曲)is not averaged 

Ⅲ to zero Ilsthe~lca'et2tterm sbetdd betakeni加 ac— 

cttrltintheir ntrr~,rical analysis． 

4 Strongly Coupled Nonlinear Paramet． 

ric Solitary Waves 

M．J．Wemer et a1． d~ived∞n曲h塔underⅦhicl1 

sirr~ ％ves can prop~ tim paW  c 

,vaveguides．Xhese conditions can oeellr bah wi出 and wi出． 

out the phase matching． 

Introduce flew sditary-',~ave sdutims for equal鲫 p 

vdmity and z∞ IXa-a0 di~ rsim，in"~hiehthet∞ fie1dS 

119 

have differonttmWcral prdiles．Thes*-FleW"results extendthe 

dmlain of the~ >d．inger-like mlutions．extended to h￡lk】 

∞1yforlarge phasemismarehlng．The problm~dfind ngd— 

itmy-vcave solutions reduces direetb't0 a rcrtlinear 

~ ktlnger equatim in∞．Supl：：~e thaf is：,olitary,with 

xI'-e~(i )ithen a、 a∈=以 ， ihat 

=  ／2i(口一n) f8) 

Itfdk~as~ iatelY t口 vary exP(娃 ／2)￡ 

~tLffies 

一 { ( 筹一 i_ !] -(1 
(9) 

1ichis sirnilaxto d r~alincar Sehr&tinger equatiOq 0b— 

mined alcove H r，Eq．(9)dor．sn’r haply that Lny N- 

mlitm ~lution for 中 is a mupled mliton of the full 

equations；mly solufior~s of the m1 ～e (劬∈／2)are 

ccml~aiblc th ,heir ass切 a ．SIqCC 3 c岫 have either 

sign，h1ighf solitary喇 ves exist for I 1 aiKi1x41ons and r船r_ 

dispersior~s．Itis aj∞ for darkmlitary s■lI ．Parficu． 

hr s。li蜘 Ⅷ ,a~lutionsforwhich n=一 蝴 (k ，)&re 

9：[2X-"sgn(k"1)( —n) sech(yr)- 

唧 _- 萼 ) (1oa) 
xi,：一iT sgn(k )seeh ( )· 

c-xp[ i~sgn(k )∈] (10b) 

whid~Ⅱe brightsolitary％v∞for sgn(k 1)(口一n)>0， 

and 

中=[2y s啪( )( —n) tanh(yf)· 

唧 卜享sgn( ) (11a) 
： iT s期(k )tanh (”)． 

exp[ix sgn( )∈] (11b) 

inthis cf darkdit,uS'W'd~32sfor卿 (k 1)(口一n)< 

0．Note that fsr the b{2虹 ,mlimry、 cs． enc*rgy scales 

with 7 far 卢I<7 ，which can be much~TNler than_m 

phase-mlsmatched solutim ．In s1．rrlT~arY．the new sdut 

1ens~．．1mitthe R~ssibility。fthe~tlTCdtio~1 cfsolitarywl 

at amuchlly0~rintensi~ythan_mthe case large p'hasemi． 

m~atching 

5 H 曲er-order Effects in Bandwidth． 

1imited Sofiton Propagation in Optical Fi． 

bers 
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A B．Acev~ ct a1．0 ex~named the effects。f higher- 

~-derlinear"and n~!ineartcrr~ irl handwidth-lin~led~npli一 

6ed：~litan prc~dgafion using nta-aerica1．studies and solj 

perturbation thc'oty． ． 7he e ec[s a respc~ible矗=f．~'crtg 

reductionof solitcJn—sditan interaction in Stlch syst~n~ 

1hc irL~crtiGn。f} dpass filters"afterthe l1蚰ped．舯 

plifi~ation VcTcL~；first pro~sed in l0ng—dist'~mce n刊 a1 

l l to reduce r 9e—inducod t日珥 m【jitter in solircfl 

pm~Uagaticrl㈨
． It thennccgnizedthat b~dwidth lmaited 

~v．plification(卧 )has cther positive knplicatians IⅪ出 in 

tran~rai onlinks"and infiberlascrs lch 02qthe reduorion of 

_]1jtm ．~litcla interactianl 。 am1 af础 i螽m induecd t甘n一 

~Jval Jitter in wavelength—di~sion—multiplexing 

tIm  m 【 
． 

7he so-'called o：rnplex Ginzburg-Le~dau equ m，a 

generalizaticta of thc ncrdinc-ar Sd1n ir豫 r equatic~a wid1 

c~aplex coefficients and including a linear~nplificatian 

term,has been considered∞ describle pulse propagation n— 

betswith As iswell kn0哪 ，h岬 er'a c0m r rmdel 

must rake into ac~oLlrff higher-order linear"and ncrlline-ar 

effects! ，~dnicularly IⅫ exclusi,~ely far pulses in the 

1]picasec~d range，sucl1 妇 now∞∞劬 genc~ated 

n afiberI~s,er． 

W fOCUS our attention onthe role p'layed by nc1"J]inear 

effects,i e．，nc1"J]ineal"dispersion(Iq,D)and inwa~Jlse Ra 

s ng(略 )．If BLA is absent， ，whi& 

caused d、c1ntcnsl dependence ofthe group velocity．is 

_4％ Ibk for aS；,ITI~ C 位d brcradening and self 

steeOenmg。fthewailing cdgc afthe阻dse[ Ⅱ 1ses 

a o[11血L &mr~hift ofthe c erfrequency afthe pulse． 

known aS seⅡ一frequency．4,ift
． 7his~lf-frequency shift'Aso 

wiginares an accelerationthat ad& an am vclocity oa-npo- 

rt~nlto rmc dmcis duem D 2Ns effect can be sup 

by盟A since the filmr introduo~s lcr-ses h 1he 

do fted f~：quencies『 · 

Recently extel,lsive studies oftthe effects d1ird-arder 

linear dispersion(TOD) in a 卧 syst~n pre． 

scnted【 e authcrs~ dyzedthe propagation af sdi~ns 

in aⅡA ss~tem w ．andIP,S usingmrrmical studies 

and i㈣ perazbationthea'y A mmpansonwith"IOD-in． 

duced effects revealsthatⅡ is the arder even 

sIior~er in reducing sdiⅫ  solit∞ interaction
．  

R呷。日 m of shortl ghf pulsesin cOticalfibersin吐 

prⅫ ce 既A can be deedbed by a modified ccrslolex 

Gimlxug-Landau cquation 0r’equi~alentkvin d1e s~rlso pre— 

viousLv specified．by a pemu-t~d r~rllinear sdm)【lLnger cqu— 

atian[ 1： 

= {吼+i q『一q 删+ 岛q 

y( q『!q) 十很(1 q )，q (I7) 

~herc．t=(T Z／ )／ and = Z／葡 m舭1}LI【刊  

time and propagation e~dirl2ttos，with an tI y rⅡm， I 

=  ／ I，andwith and 小c靴 p velocity andthc 

鲫 p_vc1。ci dispersian；恳=矗 (6 I )，with矗 the 

小 一锄dcr disperslcn；y=2／(吣1 )and j{=～ ／fll 

the NLD and 1RS ccx-fficients； is the o ? IrI l cr 

gain；and isthefil~c,rdepth Ndc d1at 耵 ， I)，aridIRS 

scalewi小 inthe sarF~rrl~ana2{T 

6 Suppression of Noise Acc哪 Illati加 in 

Bm~dwid山 ted Soljt0n Transmission 

by Means of Nonlinear Loop Mii'1"o1~ 

M．Matsa'r~o ct a1．1 l s} l dⅥ[the~ lification 

and accI州 ari∞ of∞ise and other dispersiveⅥ翻ves in 

t~ a'width—lir~ted枷 6∞ tramraissi~n cm be suppressed by 

the L【∞af r~linear Ⅱr i研ngleo0 rnlrm~d1}lt~lecfivcly 

arrotify∞b幻ns． ：~cheme( e an altema~ eI)。 ibd时 

far achicving s~ablc L[1trakn~一dis㈨ cc c~0tical i甘ln 曲ns 

missim  

1 mett~atshave 1cLv bcfin_p叫硎 |。m】uccthe 

(k~：n-Haus firnir~jitter af solita~ in fibers 。induced bv 

~：rolifier r~ise Onc is ton~tulate~ulsc~ains cl1叫" 

lyinthetime【bm n to retireethe I)l1k 咻 itim bv h埘1 

specd删  rmdulatcrs。 111e etheristo suppress出e出f_ 

f~icn af t1．~e ao[itcr~0 nter frequency by narr0 bard矗h_ 

c In latter rncdlcd、which l d1c ad~：ant：-k．ges of 

being passive and being adaptable r0 ℃bj 西 division 

rnultip[e~ng,the problem linear-wave日 caused by 

the0【cess髓in around the filter c0~ltel"frequency n be 

settlc(1．．V~llenauef et al recently d日n3n吼r缸ed that~iding 

the∞n frequen~ af the filter along the m lm dis— 

Panee is quire effcctive in dimina~ing the acc【Ⅱ工Ⅱ血tion of 

8e Intredu~ond nc~linear帮ins dw 9dectiveLv~'apli— 

ties sdimns have also1)e∞ p叫”se(1to sup}n the gmⅣd1 

oflincarⅧ ve ’ M．Malsamc~to et al proposeIo uSc n∞ 

linear~rolifying 1∞p mirrcrs(NM’S)pe~iedicalg'inserted 

in出e na1 missi∞ line as a high—s~eed n~ inear-gain ele． 
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【㈣ I al1d [3rc~ertt t21~Tlerical simulation of s~able itcrt 

tran．qTli~Lm ． 

The perturbed nctllinear~ inger equation for 

di buted n el i 

+ 
1 

：  

一  

~'NLM⋯ “+啦舞+ I l 
zl a+去1nA)“+ 毛(In川 3) 

where口(>0)is a parameter肿pr髓∞dr蟮filter L~ gth"and 

aisthe excess gain ZⅧ is an a m d州 0dd insertion 

0f aN2M nc~-malizcd tothe dispersion lenth．Equation(13) 

reveals that the nctllincar gain coefficient is m枷 (I1}Il 

In Ⅱ，wl~ich IT／L~dlqS that lin~,trⅧves with l“l<1 am 

fc~ced∞decay．Takingt~riTIS is the r一'hand side。f Eq． 

(13)as peroarbations and&~trsmlgthe sdution ofEq．(13) 

inthe岛衄 “=rtsechrt(T+ )exp[ + ( 一 

)／2]wc obtain the following equations describing the 

e,~lutian of and~(Ref．21)： 

= 2d 2肋({ 1+ + 4 r／1n 4a) 
a 

aZ 

4 

where 8 = 十(1n(A+c)／z and f 

(14b) 

f sec xln 

(s∞ ：)d 兰 一0．6137．2he effect 0fthe ncrlinear gain is 

determined 9。Iely bv the~acing between n i loop mir- 

rfl~-；ZN Eql1．址i∞s(14)have a staticr~'y solution( ，‰ 

=0)，where功is a solution of 28 2 ／3+(4／z ) 

in =0．2he solution is stable for z >3／( )，whi& 

nlPAff~thattheinsertion 0f nanllne~rb∞ n 蟠 may曲 

im~abilityifthcinsertiont~iocl Z is al：l~ riatekv s~nan 
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非线性Schrodinger方程在光纤通讯中的应用 
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摘 要：综述了非线性 Sc} i 方程在光纤通讯系统中的一些应用，主要内容有：1)光纤中N孤子相 

互作用；2)先纤中的脉冲传播；3)在色散移位光纤中的飞秒孤子一孤子相互作用；4)强耦合非线性参数孤波；5j光 

纤中有限带宽孤子传播的高 
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形反射镜时有限带宽孤子传输q-的噪声积累进行抑箭。 
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Mannich Reactions of Aromaitic Aldehydes with 

Aromatic Amines and Aromatic Ketones 
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