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fbstract

Soliton transmisslan of apticat pulses ia nognlinedar inhoma-
genegus media with W- tailored refractive index is modeled and pa-
rametrical ly analyzed., Two kinds of inhomegeneitlies are simubtan-
pously considered and investigated
the biguedratic vartation of refractive index and Lhe bouvndary co-
nditians af the cladded fiber, The wave equation is solved in the
presence of these inhomogeneities assuming the radial dependence
under a simple serLks form. The tailored parameters of the refra-
clive Index spatial proflle have 2 remarkable influence on Lhe mi-
nimum power , high hit rate ., &nd the high group velecity vreguired

to echileve a stable solfton transmissiaon,

[. Introdection

Ihe term socliton has recently been coined to describe & pul-
selike nenlinear wave. The balance betwesn the nonlinearity eff-
ect fram ane side and the dlspersion effect from bhe other side
creates a solitary wave, The dispersion of a medium . swch Ja5 an

optlecal fiber . { in the absence of neniinearity 1 makes the wars

igus frequancy components propagate at different velocibies, wihile
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the manlingarity | in ihn ahsence of dispergton ) causes the pulse
energy be continually injected ( via harmonic generation } Into
highar frequency modes, That is5 to say , the dlsperslan effect
resylts In the broadening of the pulse , whllie the nonllnearity
tends ta sharpen it (1), The optical) saliten transmission leads

to high bit rate and automatic pulse reshaping [2.3,4).

In this paper a method for scliton transmlssion in lnhomog-
engous media with W-tallared refractive index is modeled {2) and
parametrically analyzed. Two kinds of inhomogeneities are simul-
tangously considered @ (a) Biquadratic varfation of the refract-

iva Index [ W-tailored radlal profile ) , and (k) Boundary condi-

tions af the cladded fiber,

1. Basic Model and Analyslis:

Starting with the three-dimensional wave equation including

nonlinesrity , dispersion , and two kinds of Inhomogeneit|es

and on the same splrit of Ref., (2] , the amplitude of the field

Al r.z,t ) Is obtatned by.sul?lng
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with g the propagation constant and both nanlinearity and dispe-

rslon effect are assumed through the refractive index,

AP E ) = frw ) wony BT, (2)
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where n, Ls the kerr coefficient [ ~~ 1.2410 82 iy Ve for quartz},
The inhomcgeneity of the mediuem is actumed under the biguadratic

{ W- tallored ) form

2 (rowl o= 0w t-zotf? +ozmfy (3]

where bath oc and m  are positive tailoring parameters feorin,

and R is the flber radius.

ln equatian {1}
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The " r-dependence " |s treated in a linear fashon. Cansidering

smal] nonlinmar effects and using the separatiaon of variables

R -paneaat b sl [r]ﬂ;jt . L ] ., we obtain:
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The " r-dependent " part , U (r] is taken as the solukion of the

stegdy state wave equation for & linear inhomogeneous madiam

T W 2 L T O P (5]
{ L5 FE St 1—2¥f£ + ?miffj, e BP0 [

wherea F,:I is the propagation constant calculated through the pert-

urhatien theary to the third order for a slngle mode [5] 25
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u, () Is obtained under & simple series form,
- pi
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In these calculations, the expansion s truncated at i=7 with
a negligible error, The use of equation (7)) fn equation (&)

vields the cneffic[entsang as functlansg of Kg Booco andm, with

1=t p2 - k2 ) gt [Bal
12 = 2 olR° Ki - (8-b]
23 =-—Em¢-:ﬁz KS [A-c}

These goefficients are obtained under. the forms:

2, = (174} [ 2+ 1] {3-a)
g = (1/16)0(6+1) a,472] {2.1)
L q.i1IEEJ[t1ﬂ+EE3 412 2.+ I3] {9-¢]
Ep = [Ifﬁd][t1f+3[j aE+EE aq+13 d?] f4-d]
elﬂ- (1A100)0 (18421 dgd L2 B8 L3 2y) - (G-g]
dypr 117124 J0{22+21) yp * I2 ag + 13 ag) {a-¢)
g% (I/196 101026+ 21} @y, ¢ I2 a,, + I3 agl (9-9)

In equation (4) |, the function Ulr) is replaced by the functicn

Uﬁ if } to gat :
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Multiplying both sides hy 277f UDcJ'] df and integrating: from o
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where = ﬁ/ﬁ u, EF ] ng
For saliton solution to exist ,93[2 .t } must be real . Thus
EQHiEka:{ Vool + 2 m&]'ﬁ:ﬂ i12)
%1 3 N

Fer this to be pozsible .qpi ;. t) must be a functian of ? wh e

= i [ corn (EER)
VA e B G
where 7 i5 the width of the pulse and wq ts the group velc-

city given by :

l"-
'n.'g:l;l F0 KUK I{ 1- o+ 2 mat) 1

[14]
In this expression , P could be 5uh5t1tuted for- ¢ with &
negligible error to gel:
Fa =
5 : f. b s m e ; (15)
L oAl Rl B+ 2 I R

T
The use of squations (12} , (t3) and {15) in equatian (AT
ylelds:
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The 1ight pulse solltdn given by

C;PtTj -_-{ﬁ:_ 5ech? (18]

is assumed as @ solutjon of equation [16).
The wse of equation (1B] in eguation (16] yields:

4

&

2 o 3 [19]
{a+d) + | cc?ﬂ - 23 ) Eechji 0
which pecesslates
a + b = 0. - {20-a)
s = 20-h)
':{Pc. 2a = @ {
or; E ! ) ; " P
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Faor soliton to exist ,t}ﬁ miest be a positive” quantity which in
turns necessiates the positivity ef a . b . and ¢ In eguation (VG].

In terms nf{?i ., the peak power Fﬂ af 2 sollton is given Ly:
. | 2
ey = 8 1A €S0,

where |':’_{I ls the permittivity of free space, and 3 is the cross

—
(]
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P

sectional area af the Fiber core . This IS the pea¥ power LI
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watts , of a laser source ta ebtain & light soliton pulse. This
pawer is a function of the flber tailoring parameters and the

dispersion conditlonsg.

[11. Results and Discussion

_Bﬂth the peak pnwervPﬂ [ar the quantity!?ﬁ ] and the gr-
oup velaoclty vg are functions of the radiuvs R, the tailoring
parameters {ctand :m } , and the dispersioen conditian 5.
The gquantity HP. which depends bazically on the Havelength?\.
defermlnes the dispersion conditlens . Acecording te Marcuse (6},
ngas auﬁruximatﬂd By ﬁlngﬂ [7) under the

form:
K SR ¥ (2]

where (Fis a positive constant and-)”= fhf 127 ., with kin;pm.

The kerr ceefficlent , ni, Jds uwsually encountered positive
T

Thus , for anomalous dlzpersion , deq { }n =1 ) ., the quant-

|1y ﬁpz , and hence the power P, , Is positlve.

; 4 .
For normal dispersion | Ky >0 {f}n ¢ 1t ), the light seliton i3
also possible if the values of the tgilering parameters (a0 and o]

s ﬁ :
are adjusted with the disperslon conditions Kﬁand KD namgly if

/2 g ' { 1-ofs ke
Hntm,l:l_g_m-ljl.:-,h r_:j:!_ﬂh:m:l u“ﬁ

This necessiates at least Lhat

e 2 m - 1} > |
T

Form equation {23} , 11 15 clear that the guantity Pn'rffﬁz %

I a+

a functign of the set {KD i Kn'“n ,g,%} . Bay f_[wc.&d. moy o, and
2

consequently P /BS B° is also 2 function of the samg set of
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parameters | whero 0O {5 the hit rate . Thus for a given fiber
employed as a communication channel at a cartain frequency , the

. . 1
bBit rate , B |, is proportional to {Pﬂfﬁzﬁ'1 ar

Bs oial Py RSF dmy pociom) 42 (25)

Thus , B will he of ma;1mum value if Pﬁ ls of maximum value and
both R and 1 are of minimum values.

The varitations of both the peak power ﬂﬁ and the group velocity
Vg Hlth.thﬁ ﬁﬂ#ﬂmﬁtfrﬁx at differant vq}ues of m and the assumed
set of parameters gro displayed reRDEEL{ver In Figs., 1-4 | Frnﬁ
these figures and Lhe other cbtained data , it is Fﬁund that bokh
”ﬂ and ?g pessess respectively positlve and negative cnrrgtatjmm
Wwith the parameterc whatever the value of the parameter m i

The results clarifi|ed in Flg- 5 , where the radius R appears as a
parameter ., asjyert that , for any assumad <ot of parameters

there ls a threshold value ﬂih to achieve 2 stable seliton tran-

smission, ®th increases as the fiber radius increases , Fig 6.

1¥, Conclusions;

Whatevar the type of dispersion , one can design a Tiber
with W-tallored refract|ve index for stable light seliton trans-
mission which suites well for a quality process [(high bit rate
minimom powar . and high group welocity )} , the parameter aymust
be tallored with 3 minimym valua , i.e. 'Ckin v while the para-

meter m must be tajilored with a maximum waluys .
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