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ARETRACT

In LNLE Daper, we lovestlgate the soliton  Cransmiss:
of optical puiszes in nenlinear iphomogensous graded-refr-
active index fibers (biguadcatic profils) Avording the
linear fashon approximation, the radial dependence of
the field is treated. The obtained solutiens are parametr-
tcally cootrelled im such a manner that bosh the lighs
soliton and the dark onme exist im Both the anomalous
dispersion rceglon and the oormal one.  The contralling

parameters affect the power vreqguired to achiewve soliton

oropagation, the it rate, and the group velocity.
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I. INTRODUCTION

fecently, twoe decades ago, the propagation of soelitary
waves in nonlinedas dispersive aptical fibers has begoms
of great impertance. This pulse-ctype stationary solutlions
of nonlimear Sisparsive wave sguaticns has attract the

attention beth mashematically and physicallwy (1,2,31.

SBolrronz in cprtical communications are now considered
s hawve a potentral application to & high-bit-vrate
transmission svstes [4] with an addit:zonzl 1mportant
merit of automatic pulsze reshsping Suring the course of
transmission L5,.%]1. The radial dependence of the field
had beern lineacly treazed in the previous thecraes [7,.8]
where an edquaticon for the scalar envelops i2,t) oif the
field that depenss on axial position Z and the zime %

cf the form
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pulse durazion, angd a.b, and ¢ are appropriate constants.
This eguation yieids poth light {a is positivel- and
dark l(a 15 negativel-sslicons of the form sech P and
tanh p g respectively Eor anomalous and normal disparsiaon
region of the fiber, Fibers with either guadratic orC

ztep refractive index in the radial direction kad kbeen

consideraed [ 7,81,

£l -Hzlafawy er.al. [9] analyzed she ssoliton propagat-
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ency, 2angd m Ere poEicive
contralling gareametecs,. The paramecer © has a shrespnold
veluee T _p related to Tiber radiuvs, £, shus for o less

¢

nar oA Lhe seliton preopsgasion is impossible. The
goentrelling paramecersa and m vield both lighc and darkx
s50litIns for beth  anemakous  and normal Zispersian
regions of the fizers. The radial dependence was srested
pract sy of lozsless dispersive step-index fiber [10,.2117.
Both light and dark solitons are found in the anomalous

dispersion regien of cthe fiker. In the present paper we

enalyze the soliton propagation in dispersive biquadrazi-

H

efractive-index fiber avoiding the linear fashon treatme-

iz of the radisl dependence. Secrticn I describes tne
baziz model and deals with the mathematical formulation,
analysiz, and czamsutatiensl techpigues. ‘The results and
discussian ire erxposed in section IXE. The main

cos clusiors sre pointed out in section IV,

ZI. BASIC MODEL AND AMALYSIS

It 23 now a well-gstablished fact that the space-time
svaluation of the complex amplitude El(r.Z,t) of an

sptical-field enueicpe in a glass fiber obeye the nonlinear
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ifferential eguation [7 12]
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The eleciris Tield amplitude is giwven by Alr,z.tl). The

guantities k¢ 2nd hﬂ are given bv:
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vhere k¥ = wnle wl/jc ; L)
In the present amalwvsis, the index of refcastion s
agsumed under the farm
5 S 2 4 F
ple,wis niwill-af+amep (8}

where pi= /Rl is the mermalized radial position and
R sz the fiber radius. The scalar amplitude l(envelops)

Afr,z,t! is obtained as
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in Egr. (9} wvields:
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c = repl (15}
Te cbrtaim either light soliton solution L dark
e ¥, even in and on the same spirit as [11,172] we
Tepresent i 9, n) 1n che form
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These solutions wWhatever the valuse of n must wield

The substitution of Egn. [la) rm BEqgn.(lilchern equating to

S5 i
-perc the coefficient of eash power of sech™n resuelt the

-

fpllowing reaperCluely:

an 1
L = [+ =8B &+ 7 R ]
. | I B 4] n rn
Al 7n 2 2n =
-2 & T (n+lbf2m+l) = B + 5 [ zmr =& P =0 (18}
., n=l = “ :
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The same =ort of relaticnships are obtained on the

substitution oFf Egn. (17) 1o Bgn. (LIZ).

The limear imzginacy part of Eq. (1) has been employed
to derive an expression for the constant envelopes velocity

"'q undger & radially-averaged form,

B

Vom - (231
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wnere Bis the phase constant. Theuse=of -the periurbation

thesry. to zhe third order for single mode- fiber yields

[13]
zk - 2 3
2 T Zm - T4 m
a = k= 2o+ = + 4.5 e
gt < 'JEnR]HIn 3 nLRE.'-:.D
[24}
For R1 Wwe ggsume a2 solution of the form
B ow X A ol (25}
n : :
i=10 ni
-The .use of Egn. (2%} in Egns. (19F, 0200, (21),... wields.
a A oAl L e =l [ 25]
nl ni n3

amd for even terms case of m = 0
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O, efuating Ehe coefficients of the zame power of @

the €ven termzs of En are ohtarned o5;

2 funcricns of a2.b,¢, ma, m, T

a fuanctions of a,.p,oc,x. m, a a
].lTI a a AT # oo d l':'

=]

functions of a,b,cgf,m, 84131+ 33

e e
where m = 2,#,6;3 S

The use af the boundary condirions given by Edgn. 220
with the vesirig¢ticn that dR/de=0.0 yields the ceeificients

-!Inm.

The peak power, ?ﬁ, of the pulse 12 ocbrtained as [L0]

i\
Ff'.__| = 7 b, ;ﬂ 1 = Amax [28]

wnere n, iz the yefractive index, § is the cross sectional

area of the Siber, € and i, are the permiktivity and

permeability of free space, and & . is the maximum
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clectric field which 15 obrtained as Sollows:

sl p,.n J=H<::-'; g hmech g eRE,(p! sechrh3 +B,{ o tsechn [29)

Z

s p= n = 0.0 | % posssesses a4 madisum value , [
whet e

P = 5, @ {30}

The ugse of Egn. (30) in Egm. (11} yields

{31}
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IIT. RESULTS AND DISCUSSION

The mo=t important expansion cooefficient of  the
functions R‘n[ﬂ':l is the coefficient Fppe OR which all
aiher ecasfficriapnts, of different modes, have 2 direct

dependence. This coefficient is derived as:

A ='&|2 a {32}

apd a 15 given by Egn. {(131. The guantity "a"™ must be
positive to give a real solution. Thus, a criterion Lo
the existencse af solusien is derived as: Seliton solution

13 obtained if the guantity a i2 a positive cnoe. The

=b=
use of Egn. {113 imto Egn. {32) yields

z_ 2, -2 \2 " z
Gao = 2 BE tve? ~ (D 4+ koko) JoTt {37}
wnglr o 'l"? P h' ;- :‘:" # a'_n_.;i :-;: are
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prnetions of R, = . and L, Thus for fixed wvalues o2f

Lall

rs = and = contral the s:gn @f

%)

oth R amnd A, the parameac

ik

o ; 2 : : .
the guantity a__ whatever the type ©f dispersien (normal

izon (light or dark!.

-r amgmsleust or the Tvpe ol 50

de

Tme guthors carried ous this approach cavefully [2] and
slse in this paper the same approach is applied yielidin
the same sort of results as in Ref. [9], and not presente
nece.

The wvariations of the peak power P znd the ooous

velosi=y v are lnovestecsated ac i =10.6 m and Jiffsrant

d

J
walues of =ne ser of parcemeters o , m, B . The expaniiol
coafficients of the first three modes ace given 1n saple
E
= +1 \ . -
aﬂﬂ-.l.iEE w1l 5= -_1319 xiQ azﬂ_l.lﬁ? x10
’ -5 =
=5 “ | =l T S
aez_l.E?E a12_1,¢38 x 14 2ua= 1.373xL]
+ =T -4 - vy -g_n"g
EHd_1'455 ; nldra.GEE %10 azd_l a4l =il
-1 : e g okl
auﬁ=4.55ﬁ 1D alE-—l_lT-l] =10 84.=L.372 210
2,5=8-16¢ x107° a,g= 4148 x107° d,g=-3.032x107
=2 ?*Exlﬂ_z i, ,==1_5%9 19_5 z == qu'“_lc
RO i il w4 Il 1
nﬂlz=:.'-.312:-:ll:|_3 _ al=2=5--‘lzl}nln_5 A, 4=7. TEERLCT i
<a_z=l.398 < e > 2=7.992x30"" <a, »=3.118 £ 1077

TAALE I. The expansion coeffrments of neg first three MoCEE Whsse

3 = 0.6 um, R=5um T=1nsec., a= 0.1 and & = 0.55
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From —hiz =zble, it 18 <clear that all the axpansions of
the different m=modes are convergent, but it is clearly
portrayed thaﬁ the zero mode (n=0) 15 Ehe mostT domicant
ape. Also, the average value of the ccefficients, < S
points T2 the same sonclusion. The wvariatiens of the.
guantity aDG agaimsk the maramsekter = at the assumed set
af parameters are displayed 1n Fig. 1, where it 15 clear
that there is a thresnold wvalue for the parameter ]

gbtain a stablie soliton soluzian. 3oth the varrazions of

the grooup valocitoy vg and she pezk power Pﬂ posSsess

respectively minimus value and a maximum valise with
thke wariations of. the fiber raduis ® and the asumed set
of parameters around R = 7.5 pm. as displayed in Figs. &

and 3.

Fraz the previous results it remarXxed that there is a

criTical wvalues ofa x

L

apr 9% which the wvalues of the
group velacity and the peak power are independent of the

pacametar m.

The critical values of the parameter o -y 3% displayed

xn Fig. 4 where it is clear that & __ iz related to the

fiber ragdius.

IV. CORNCLUSION

For the best design of single mode fiber £or digiral
rramsmission (high vg and low Fn] at A= 1d.% em, the

following must be taken inte coastderation:

e

I=5



i, The Tadiuvs = 1z smalier =har 7.5 oM.

ii. The parameter must be of minimom value.

1ii. The parameter = mast be of maximum walue,
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