F23k HoM
20034 6 H

SR S
ACTA OPTICA SINICA

Vol. 23, No. 6
June, 2003

XEHE . 0253-2239(2003)06-0680-04

RGO - (] AH EL1E T BB B o2

I % HET ZHE HEA
(TS A2 T ESAR R, WP R T 50 R T RIFEEESAERE, AR 030006)

WE: B BCEEL R R I [ A AR R BEAT T AT O B R W R I T M R R N BT T R
SRR R ZINFALL, CEBIRTFEOMELERLEN ERANEERS HE.§ -8 — REHE
HR L ARA R TG H N —IF st BT X e/ A BRI TR A 058 Rt A B R .
BN BB R 65 R R B TR B I 18 9 A8 LA A [R) e B0 ROBE T 9K 7 [ 9 A A A S A — B, 9F Bl ad it
AR OB RTROMEEAE—EEENNAIARESRETRERTEAMEAEANERARX. B2, 5E
B R E R WILT BRI R B BN, 2R AR TR S RITF RN RERBK .,

XER .

RIS TN929 AR RS . A

1 5 7

A5 T 2k M e Bk ol (BT FE S EF P 1% S R ik
MR —HREANPFRGHSREZ -0, gk
WARFORMMEEERZENN - NEE
e, EEBRET, % IKF R M HEEE K
S8, ZR IR A 30T b AR B R S | AN HE R T B 9K R A
HEMERKS, A REAHERMEAERSIER. M
IRk 2R R B & R, Bk v 5 BE B 2B 28, 3T JLAR
Rk h FEE T &N R BT Z i A B R, Btk
WRM—FRINEM BN GEM = ER. g, 8
R SR X Bk h AR R A E R .
JER il 7 6 Bk R FE R £F P A S L A Rt
ERFBNLSEFEBIE N HIERER S
FE(HNLSE)!M™ . AfTE 2 45 Fh K [F] B F BE X 5
WraE Rt rE e T R TR KB T S M AR
AR GOMFRBRMAS TR TE
=2 18] (9 4 B A 2 L am e . (B4 AT B 4
X F KRR ITF R AN T RGO IRTF B
LA .

7 SO A R B SCHERE Y R AR R
B T RE-RSESFMT R IR, B
BE AT A B 5T T ARG A% i i Ry AR B AR

* BRARPEES (1007404 AL TEE FERH R
F 4 (20011015) ¥ BHiRE
E-mail : wangtaosxu@ sohu. com

WL R B #7.2002-04-15; W BBk B #5:2002-07-03

s CEREILT AR BERL 284K

A R BUAE— RE YO Bl A B2 R RUBE T 1 91 18] AH B A
JH B 2236 23 CRT L dh 8 L A 21 W Rb A

2 FfEmEA
% FBKFENT 100 £ 1 He B ol K 2F o 0
oS BT 5 I 3 SR T R R

A IA | i, PA .

92 Th G Tk oy T EA S IAlAT
1, #A , 3 2 A I|A|®
gﬁsﬁ b1 £(|A| A) bzA 9z ’ (1)

He,A RHGHERIEGLS,Z BRIk P&
AIBEES , « SR AT R ALAT o RBFERE, 1/8 R H
BE B B A AN BT B =B a8y RIEL M
IRBH b0 TR T Bk o B9 B BEUS N, 0, AR T
H AR SO0 . B A, BT OLEF il T2 R wes, 723
£ 1.55 pm fHE, BFEC B ZE 0. 2 dB/km, FESLFR
ek, B T BB R SR AME . BT
T EHE a=0,

PR B 15 05 R (D 2R 38 % SR A DA B
V, BRI R LB T, AR BRZ NEERR,
,f/lg/ﬁjﬁ:

T=¢—2/V,=7—pZ2

[, 2 T8 F o B 55, ATHE— B X A <L BE
BZREAETERH .

E=A/JVP,, t=T/Ty, == Z/Lp
HH, P To Lo 33 A H— 2 &, W AR 5 5 07
2 ] 18 5



6 34 W% CEREINT E AR E IR A R BUE T 5 681

’E

at’

I E|*
EY

IE

. J’E | .
521011 ﬁ+laz‘E‘2E+as

_|_

) 2

2
a3 (|E"EytaE

ﬁ':':' Q1 — lSgn(‘gz), ay — N29 az; —

2

AN 1
onoN,as_ yT,

B
618 | T,
L
|53 |

B, Ly, = y% WA R, N = Lo/Lu. .

BRI R (2) KRR EFFT, TF
FEUNR B R A
E(z,t) = ptanh[ (¢t — yz) Jexp[i(Kz — )], (3)
HH,

ba; 1z
P <_3a4 —|—2a5> T
X = (— 20102+ 3a,02%) +2&37729
K=oy —Q) +a0Q02" —39),

a1 (Bay + 2a5) — 3azas
6&3 (04 + as ) )

B I 5K R B — 2R AT S W 0 A FRAE T O
TRE R BERK TR SR g X T bk o 5 BE A B %K
x T 3R T B M) R A 5 o SR Y Bk e ) R AR W
K R e &R 2810, T 0 W FRom Bk o SRR A9 15 5 .

A SCR BB LI 7 35 8 (3) IR P )
THEAEF O T R WG BE » R T sl %o Rk 4 45 e B
Tk el TR Q) HERMTER:

E_ prNE
dz

9LD =

ay ——

0=

Her,

N . a? a°

D = lay ﬁ"‘ds ﬁ9

N =io |E|* +aE"E, + (as +a5) | E|?
nj

E(z+h,t) = exp(

h ZB—ZHEK,
HEFRESTEEELG WA S EER
& = 20 ps’/km,B = 0.1 ps’/km,y = 20 W 'km™,
BT, = 100 fs,N* = 1, [ 18 (2) X & $ 1A
o =—0.5,a =1, a5 = 0.0083; B4, I TiHE
FEMQ =0, Al fla, =—0.0166, a5 = 0,
WIEE B PR IRATR AT M ki AL
E(0,t) = ptanh(z+¢q,), —o0<<t<C0
E0,1) =—ptanh(z—q,) 01 <<+ oo
T4 I Jok 1 9 ) B ) BE R 20

hD
2

0|

)exp(hN)exp( )E(z,t)

3 IEER K

HR4ECERL6 ], X FRARZINTF, BEMBR LR
B qo = 3.5, HAHEAEFC B RIAERT . L
Bl 1, 7ER1 25 MEaBKES, INFRA VM ERS],
FE 26 MEBKE, HRFER2IERAE I — Z
G TN —BEA THE R RS, R RA W 4
o, BATHE ¢ = 3. 5, F LB INT B AH BAE 1S
.

—_
w

Amplitude
s

0.5

- 2 3 S
NOI‘maHZed time 16 10 0 B

Fig.1 Interactions of two bright solitons in monomode
optical fibers propagating a distance of 100
dispersion lengths. Initial pulse separation is g, =
3.5
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Fig. 2 (a) Interactions of two dark solitons in monomode
optical fibers propagating a distance of 100
dispersion lengths. Initial pulse separation is g, =
3. 55 (b) Contour of two dark solitons in
monomode optical fibers propagating a distance of
300 dispersion lengths. Initial pulse separation is
g =3.5
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Fig.3 Contour of two picosecond dark solitons in
monomode optical fibers propagating a distance of
100 dispersion lengths. Initial pulse separation is
qp = 2
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Fig.4 Contour of two femtosecond dark solitons in
monomode optical fibers propagating a distance of 100
dispersion lengths. Initial pulse separation is g =2

Table 1 Separation between two dark solitons

propagating some distance (g, =2)

Simulation value Calculated value
N ps fs from (4)
16 2.3 2.3 2.374
50 3.4 3.45 3.498
75 4.3 4.3 4,403
100 5.2 5.2 5.317

Table 2 Separation between two dark solitons

propagating some distance (g, =1. 5)

Simulation value Calculated value
N ps fs from (4)
20 3 3.05 3.154
50 5.7 5.75 6.132
75 8 8 8.621
100 10. 3 10.3 11.111
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Numerical Research of Interactions Between Femtosecond Dark Solitons
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Abstract: The interactions between two femtosecond dark solitons are numerically
investigated. The results show that femtosecond dark solitons are less affected than bright
solitons by their respective interaction forces. The latter attracts each other and collides into
one pulse, then they keep the state of repulsion without periodicity. The former repulses all
the way and the repulsive forces are weaker than those of bright solitons. They have no
periodicity, either. In addition, the numerical simulation results show that the interactions
between femtosecond dark solitons are the same as those of picosecond dark solitons. It is
found that their interactions agree with the empirical expression of picosecond dark solitons
for the separation of two solitons as a function of initial separation and traveling distance. And
the smaller the initial separation between two dark solitons is, the larger the difference
between numerical simulation results and formula calculation results is.
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