Hikw2W

X F % #

Vol. 34 No.2

2005 £ 2 H ACTA PHOTONICA SINICA February 2005
B B A LR PR R VS T R I — 1 B P
mEF YR ABRL

(1 WA RERAEEF AP OHE DL, TR 030006)
(2 T AFWEE T TRERS FEEHEARR, LT KR 030006)

B OE ARTENFEARBRSABA—ANAUELE, GBBETHL - LLHFHELY
A2 E R R BOARXTURAFAERTFABERTRABX. AEHNASTELotF
e — MK E N T bk bt AT T BAEHEL

XA AF;EMEARB LTI A5 EH

mESHES 0437 SCRRARIAES
0 5§

WAEBREAKEZRI—RI1THEHIE
B, GRS, B M TR RENEE ik
MBANTEIRD . TR TEBSEA R
RAKEBE AR LSRR, B xfs
FEBK BT R B, R R I FHEAT 815 1T LU ST IR 2%
B R SRR B AN BRI RA1AGE,
R R RRIL T E R B A BB — 1 5E
SRR RAELRYERE E 8 AR (NLS) , K {3 R
TREEEEB(GVD) f AMAAR . X F KD
M EBRANIT , BRSO R EERE
B R A E R B IR R 157 B (HNLS) 3k
#5204 b BB BN BE = A B(TOD) , ABE
U¥(SSP) F1 A . M. Stern FHIBIR LI, —Hrfl
=B B R B bR FE T LU YR sk RS
H BEIE RN YRk mr i &% HBLR Y , S Bk v SR
EAMHFREST. b TS BEE RN A58
SEM RSB o FAMFEERE +E
B SRS, i ZRMIEA R MR R 77 13 53 T
ST HNLS'™'" 3t B8 Bl — RFIMBER, QIR
PLF RS IT , RAVAIBFIT/ NGRS 51 F 2000 £H0
2002 4E H BT AR RIA  APRF 2L

AR MBI HNLS fE i kR, it — &
FMHE, RINXEART —-MELARNFRAS
WF, B BEE L, RME— ENEREHT, &
HEWF AT PREEH . A XE X
SR FAN BRI TEMBEREIR .

1 HFEERBMBEEL
AR KPRk sp 5 889 HNLS 7] LB R

Tel :0351- 7010755
A% 8 35:2003-12-08

Email : tianjp@ sxu. edu. cn

ou .. d'U 3’U
—a:=l(al ‘a—tz—+a2]Ule) +a; _874—
dlUIPU aluI?
R +asU Py (1)

A U RBEGHELSE o B_HEBSH ., &
HREMAHSH, ¢, R=HABSEK, o, BHEEH
2, o RAFKRSY .

BERNFHRSTFE). BEBREATESR
LI 3

U(z,t) =A(z,t)exp ( —ip (z,t)) =A(z,t) *
exp [ —i(hkz-ht)] =[iB + Bysech (nt -{z) +
Btanh (myt —{,z) Jexp [ —i(kz—ht) ] (2)
R Az, ) BRARRBHERE ,¢(2,t) =k -t g
LYEHR R . HN RIER BR A

1A(z,t) ! = {8’ +[B,sech (n,t -¢,z) +

Bjtanh (m,t - £52) 1717 (3)

LB A RoR R

B
B;sech (nt-¢, z)

+ B,tanh (n,t -{,z)
4B =0EFB, =08, FEBRHNEBE B HEHR
BAFBRAREBRBYEHRE BEINTFHE . &3
BAMREE B, ,B, MAANTHER . HiRFEME(2)
RAFTR(),EHSM N FERT ISR —4d
XKTF sech™ (gt —¢,2) \tanh” (9t ~ £,z) (tank’ ( 5,¢ -
¢a2) DA B I 7 e BRI Y Jr R A, ax 6 O 1R A 1
ETHRFBHFEBRBQINHWSHER, @TS
X B8 2 B, , B, A NFE, i BHLHE
EQ)RAEANASN TR, KPZ 25086 R
TRR

a, =0,e,=0,8=0,{, =0,

{ =0,k=0,2a; +3a, =0,

a, +ah =0,B,,B,,n,,n, it L AERERHE
. WHEAERERN

¢ (z,t) = arctan

(4)




28 HEVE . Bh IR e Be— R R I 253

U(z,t) =[ B,sech (n,t) +B,tanh (n,t)] -
exp (iht) (5)

A W, , R AR S AT AR A — R LT — A
WP BN R A RERTL .=0%
HEZASWNTRATMER TS BELKEHEB AT,
£, =0,0, =0,k =0 FRBILF &4t B & 5 B BE
HRMATE A R IE R &ML, 0, =0,a, =0 B
B T G O = B L BB B AR AMEE , A BETE LR
R PP AR DT Rk, X FT LABERRAN T

—f it , [F]AT #ME GVD #1 TOD L% R G+
RBEMER , BRAELRN RGP HEHEDIBMLH
B5EL2n[HER . BE Chang, Sardesai Fll Weiner!'*!
R HbEI H B — o S AR S O 25 U WK B K
5 BT A ZEAME GVD . TOD FIE S 45 B0 018
STV EZEFEMKET THF. EXHFNE
G E AMEAEMNE A TREEHMX BEF5.
W8 Wk 4% 28 4% ( chirped dielectric mirrors ) , %5 8% FH &
& GVD MimMram . £ Bk MK AR
3B AT LA B BRMEOLEF (DCF ) SR AME GVD FitR
HRESLA M =M, BRTC EBET 500 fs &
Pk s et LT A B R AR/ BB #E , IF
BAEFRT SRR 00 Bk B T 48 SR T B 5 B 00 =Y
B, IR E IS AR .

RHTHRZASMFROBENE, RITAS S
R ITERHTT T 80 MEBIKENBEEL, KB
Bl fesm, R A 1 o, K &S 500Ul

08
206

— Initial pulse
E 04 — Exact solution for =80
£ 02 — Numerical evolution for z=80
S0 7 0
08 08

06 06
04 04
02 02

=5 -

50 40

(b)
M1 (a)ASNTFHHR, 25 h Wk A, %% 80 M
HKEEHHHPREME; (D ASRTFHR0 Mg
HKENBERLE
(a) Shapes of initial pulse, exact and numerical
solution after propagating 80 dispersion length; (b)
Numerical evolution for 80 dispersion length

Fig. 1

mF

a,=-0.004,a,=1,n, =1/8,

n,=1/5,B, =B, =1/2.

RATEFEREE R AL, B 2(a) &R &
4 2as +3a, =0 MMABKEWER, THEFTW o5 =
-3a,/2 x 1. 1. WE AT LAE B, BLit i Bk 475 4R
ABEES . B2(b)2X &M e, +a,h =0 ITA
ARG MR, TE T A = - ay/a, x0.95. NE
Al LES, K kP E ST R E AR T E
HARRIIRREEN .

08

2 06
E 04 = Initial pulse
g 0'2 - Exact solution for z=80
= ~— Numerical evolution for z=80
95 0, %0
08 08
06 06
04 04
02 02
Q, 0, \\
-50 0 50 -50 0 50
(a)
08
el
‘a 06 — Initial pulse
2 04 == Exact solution for ==80
= 02 — Numerical evolution for z=80
059 0 7 %0
08 08
06 06
04 04
02 021 P~
%5 0 0 % 0 30

(W]
B2 (a)5¥as WA 10% WK EAERTF AR, 25
ARG IR 80 MEH KR E O A TR EMH,;
(b) &% h N\ 5% #4544 WF AR, 25 %
A3 B, 7 4 80 e Bk JE B R B A o Bt
(a) Shapes of initial pulse, exact and numerical
solution after propagating 80 dispersion length by
adding 10% perturbation to parameter a; ; ( b) Shapes
of initial pulse, exact and numerica solution after
propagating 80 dispersion length by adding 5%
perturbation to parameter h

XHESHNE PR ERE &# T TIH kb
BH AR RN KR B, ¢ 2R3 — kg Be
8],z TR A — LA RE B .

2 Hg

KRBT AR S R T IR TR
B REME—ES AR A S MK
. X AMASMERARTRIVNAES %
SCER[13].[14 ] A48 i1 i BT Fh AL A PRI, BR T R
THA X AT BEFE R AP MR MO B R E TSR A
EHWER N AME .

Fig. 2



254 X F ¥ B nE

SRR Tian H P, Wang T,Li Z H, et al. Acta Photonica Sinica,
1 Hasegawa A,Kodama Y. Solitons in optical Communications. 2003,31(Z22) .75 ~78
Oxford: Oxford University Press, 1995. 1 ~505 11  Tian Huiping, Tian Jinping, Li Zhong}.lao, et al ]'.]xact
2 Agrawal GP. Nonlinear Fiber Optics. San Diego: Academic solutions for extended higher order nonlinear Sc}‘lrtidmger
Press, 1989. 21 ~239 equation including Raman self-frequency shift. Acia
3 Kodama Y. Optical solitons in a monomode fiber. J Stat Photonica Sinica,2003,32(4) ;427 ~ 432 .
Phys ,1985,39: 597 ~614 12 Bo Mingxia, Tian Huiping, Li Zhonghao, et al. Optical
4 Kodama Y, Hasegawa A. Nonlinear pulse propagation in a solitary wave solution for coupled higher order nonlinear
monomode dielectric guide. JEEE J Quantum Electron 1987 , Schrodinger equation. Acta Photonica Sinica, 2002, 31
23(5) .510 ~ 524 (11):1352 ~ 1356
5 Stern M, Heritage J P,Chase E W.in: Conference on Laser 13 BEYZHE.IHN.5. ANt E A 8H—
and Electro-Optics, Vol. 7 of 1990 OSA Technical Digest HIF F R mEE T . 23R ,2000,29(Z1) .
Series ( Optical Society of America, Washington, D. C., 369 ~ 372
1990) , Ps6 Tian H P, Li Z H, Wang G, et al. Acta Photonica Sinica,
6 de Oliveria J R,de Moura M A ,Hickmann J M, et al. Self- 2000,29(Z1) :369 ~ 372
steepening of optical pulses in dispersive media. J Opt Soc 14 Li Zhonghao ,Li Lu ,Tian Huiping ,et al. New types of
Am B, 1992,9(11) : 2025 ~ 2027 solitary wave solutions for the higher order nonlinear
7 de Oliveria J R, de Moura M A. Analytical solution for the Schridinger equation. Phys Rev Lett, 2000,84(18) ; 4096
modified nonlinear Schrodinger equation describing optical ~4099
shock formation. Phys Rev E, 1998 ,57(4) :4751 ~4756 15 Tian Jinping, Tian Huiping, Li Zhonghao, et al. An inter-
8 Mitschke F M, Mollenauer L F. Selective stimulated Raman modulated solitary wave solution for the higher order
scattering in highly P, O;-doped silica single-mode fibers. Opt nonlinear Schrédinger equation. Physica Scripta, 2003, 67
Lett,1986,11(10) :656 ~ 658 (4):325~328
9 Hirota R. Exact envelope-soliton solution of a nonlinear wave 16  Chang CC, Sardesai H P, Weiner A M. Dispersion-free
equation. ] Math Phys 1973 ,14.805 ~ 809 fiber transmission for femetosecond pulses by use of a
10 HEY T, 2003, 2%. EFLIlE% RS E R dispersion compensating fiber and a programmable pulse
B . X FFIR,2003,31(22) .75 ~78 shaper. Opt Lett, 1998 ,23(4) . 283 ~ 285

A New Exact Solitary Wave Solution for the Higher Order Nonlinear

Schridinger Equation
Tian Jinping'?, He Yingji*,Zhou Guosheng’
1 Computer Center of Shanxi University, Taiyuan, Shanxi 030006
2 Department of Electronics and Information Technology, Shanxi University, Taiyuan, Shanxi 030006
Received date.2003-12-08

Abstract A new type of solitary wave solution for the higher order nonlinear Schrodinger equation ( HNISE ) ,
which governs the propagation of subpicosecond and femtosecond optical pulses in optical fibers under certain
parametric conditions, is presented. The expression of this novel solution is composed of the sum of bright and dark

solitary waves. The evolution of the solitary wave and its stability under some perturbations are investigated by using
the numerical simulation methods.
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