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Abstract

The behavior of the {irst-order bluck and gray solitons propagated in optical
fiber in the presence of frequency chirp is studied analytically and numecrically.
Results show thal phase profile of black solitons changes abruptly by (d=n) whercus
for gray solitons phase profiles change more gradual and smaller than . Black
solitons characlerized by the intensity at the dip falls (o zero while for gray solitons
the dip does not extend all the way to zero. Results indicale that the solitons pulses
shift Turther from the axes of the link path designed as the value ol darkness parameter
(B) decreases. As a conscquence of the [requency chirp the channel capacity
performance of an optical communication link is reduced. Numerical study shows a
good agreement with the analytical results.

i. Introduction

Solilons communications purcly optical terms, optical solitons
systems are leading candidates for long are solitary wive oceurring inan en
~light wave transmission links because velope of a light wave and is referred
they offer the possibility of a dynamic to as envelope solitons. The first
balance  between  group  velocity “solitury  wave™ was observed by
dispersion (GVDY) and nonlinear eflect, Jodm Scott Kussell while observing
the two effects that severely limit the molion in a canal saw a certain kind
performance  of nonsolilon  systems ol wave retained its shape as it ad-
[1,2]. vanced, proceeding  unchanged  lor
Dispersion elfects bave the elfeet of more  than o kifometer, Hasegawa and
broadening  short pulses as they propa- Tapperl was first sugpested 0 973 he
pate through the mediom. The nonlin- possibility ol soliton propagation i
car  elfects in fiber media originates optical  fibers through the interaction
from the lact that the refractive index between the nonlincar  and dispersion
ol the hber medium depends on the cffects {4 Howcever, lack of suitable
intensity of the light pulse propagating source ol picosccond optical pulses at
through the fiber .The nonlincar effects wavelength - >1.3pm delayed  their
have the effect of compression short experimental  obscervation until 1980
pulses as they propagate through ihe Mollenauer ¢t al. were able w observe
liber [3]. bright solitons  propagation in Beli
Muthematcally speaking solitons are o Labs ot the hest tme |50 As
loculized solution of a nonlinear partial mathematical results continued o ap-
dilTerential equutions. However, in pear, rescarches was - experimenting

intensively with optical bright solitons,
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looking for ways to use them in long —

distance telecommunication  syslem
[6,7].Dark solitons are the
characteristic  steady  pulses  that
propagate in nonlinear ptical  iber

operating  within the normal dispersion
regime [8], much as bright solitons
when  the  fiber’s  dispersion s
anomalous.  Although dark  solitons
were discovered in the 197041t is only
recently that they have been considered
{or communications and the delay can
be atlributed to a variety of factors.
First, it is relatively difficult to
generate and detect black solitons in
comparison with as bright solitons.
Seeond, most fibers are designed 1o
have anomalous GV at the wave-
length of minimum Joss while dark
solitons require normal  dispersion. A
number ol recent  studies have shown
tat dark  solitons  more resistant 1o
perfurbation than  their bright counter-
parts, including perturbation that are
due to loss and to amplificd spontanc-
ous emission noise, As a result of this
cnhanced  stability, and of new, simple
method that have been proposed lor
their generation the possibility of using
dark solitons in optical communication
systems is reexamined [9,10]. Long
distance  transmission of information
using optical fiber is hampered by dif-
ferent  types of signal degradation,
which are intrinsic to the fiber loss,
dispersion, and nonlinearity, frequency
chirp or called the phase time depend-
ent. ‘The aim of this paper is to investi-
gate the optical {requency chirp for
dark and pgray solitons in an optical fi-
ber.

2. Theory
The primary equations o model
solitary  waves  called  Korteweg-

doVries(KdV) - cquation and is given
by[11]
@;’}-+6n§ZZ

ot Ox
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Any bell-shaped (unction g(x - v1) 154
solitary
valong distanee x in time tUhhe sohi-
ey wave solution of the KdV i the
form (1) 1s

n= 20 secha(x - da’i). (2)
where 2a° is the wave amplitude , o
is its velocily and tis the time. In this
puper we
solitons i optical fibees. The way Lo
deseribe such envelope soliton propa-
gation by the nonlinear Schrodinger
(NLS) equation given by [12].
i%—sgn( B, )l— 955 + Nz‘uru =0

gz T2 0

.................... (3)
where v is the complex amplitude ol
the pulse, 7 repiesents the distance
along  dircction ol propagation, ¢ Is
the time, and N is the soliton order.
The second term s originated from the

wave translating with speed

shiall restriet oursclives o

group velocity dispersion (f4;) and the
third is due to the nonlincar (kerr ) ¢l
fectThe group velocity dispersion ff,
is given by

ow
where o, is the carrier  frequency,
and B is wave number,

lFor N=1,and B =0 (normal disper-

sjon regime)  cquation (2) can Lo wril-
len as
I.(“fu(:,r)_ l_‘ﬂ;)__ﬂz?,r)

0z 2 nrl

2
+ ‘u|" ufz,t) =10

and the solution to NLS cquation ar¢
referred 1o as “dark solitons™, which
designates the depth ol the modulation
Analytically NLS cquation is solved by
Inverse  Scattering  Method {ISMD)
which works only in cerlain cases

( solitons in Jossless optical fiber only)
|13].

The gencral form of the solution of
cquation 2 can be expressed as{141:
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u(z,7) =

. ip(r'y
A, [B' —sec h(/luzr)T” exp ; .
+i( A,/ BY =z

and the phase is given by:

$(r') =sin”’ [B tanh(z") /(1 - B* sec hZz_r)lfzJ

............... (N
The parameter Ag governs the back-
ground level and the parameter B gov-
erns the depth of the dip (blackness
parameter). For .BI =]
|u(0, r)| = A, tanh(:1,7)

and the simplest form ol the first-order
dark soliton solutions evolve for arbi-
trary distance along the fiber can be
written as

|u(z, r)l = /A, tanh(A,r)exp(—iz/2)

The dark soliton oblained for [B[ =1 is
then referred as the black soliton. Dark
solitons  with |B| <lare sometimes
called gray solitons to emphasize this
feature. The parameter B governs the
blackness of such gray solitons.

The most numerical modeling ap-
proach to solving NLS equations nu-
merically are spectral technigues (elfi-
cient, uses FFT) or finite-difference
techniques, or Wavelet translorm tech-
nique [15].1n this paper, cquation (5) is
solved  numerically by using Split Step
Fouricr Method  described by Al
Dabagh [16] ,and the initial condition
used Is

14(0,7) = (Atanh Br)explig(z)]....(10)

3. Results

Using Matlab program to repre-
sent equation (7) for different values of
B ai the beginning of the optical liber
(z-0) and arc ploted in ligure
(1).Figure (1) shows that phase profile
of black solitons (iB[:l) changes
abruptly by mwhile for gray solitons
the phase change is such that the phase
changes become more gradual and

J
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smaller for  smaller  values  of
Ib‘l dendark solitons are chirped Using
the same Mailab cnvironment o cpre-
sent equation (6) for different values of
B al the bephning ol the optical fiber
plotted in lgure (2). Figure (2)
shows  that the intensity at the dip falls
to zero for black solitons but lor gray
solitons the dip not extend all the way
o zero. This lgure deseribes a lamily
of {irst -order solitons whose width in-
crease inversely with 3. Analytically,
Figure (3) shows the propagation of
black and prays solitons {oriSkm dis-
fance. As the  distance inerease he
pulse shilt more from the axes ol the
optical {iber for smaller value ol B.
Numericall results are plotled in fig-
ure(4). The used parameters 1 he ro-
gramming, are the increment
Af =005, Az = U] o investigale fre-
quency  chirp or the phase time de-
pendent. Figure(+)shows e intensity
profile for gray solitons inside the opti-
cal inside the optical inside the opical
fiber at z=0,and z=15km for the dark-
ness parameter 0.5,0.8  respectively.
This figure indicates that gray solitons
pulses with  small value of 13 shill fw-
ther [rom the axes ol the link path de-
sipned,  and much more than black
solitons which are ilfustrated in -
wre(5) A compinison between From
fipure (day and Bignee(Sby shows that
the gray soliton pulses  have large
width compared to black solttons. Nu-
mericat study shows a good agreement
with the analytical results.

dic

4. Conclusion

i- Gray soliton hus large width and
requites larger  background intensity
than a black soliton of the same width.
2- Gray soliton pulses  suffer from
Irequency chirp more than black sofi-
ton pulses.

3- As a consequence of the frequency
chirp efleet, the channel capuacity
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Performance of an optical communi-
cation link is reduced.
4-The time—dependent phase or lre-
quency chirp of black solitons repre
_sents the major difference between
bright and black solitons, whereas
the phase of bright solitons remains
constant across the entire pulse.
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Figure (3K Intensity Prefile of black sulilens (1311} and gray solitons(:-0.5,0.8)
_ 15km optica! fiber lengih.
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