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ABSTRACT

The objective of this paper is to study the basalical propagation of fundamental and highereorgblitons in
the optical fiber. The characteristic feature dften formation occurs due to the balance betweelfiFhase Modulation
(SPM) and Group Velocity Dispersion (GVD). We siaiel the fundamental and higher order soliton inetiand

frequency domain to investigate the propagatiosotifonic pulses in nonlinear optical fibers.
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1. INTRODUCTION

The wordsoliton refers to special kinds of wave packets that capaggate undistorted over far off distances.
Solitons have been discovered in many brancheshgéi€s. In the context of optical fibers, solitoase not only of
fundamental interest but also have practicaliagpbns in the field of fiber-optic communicatiorkames Scott Russel
was the first scientist who observed a soliton wawvé834 when he accidentally noticed in the narwwater canal a
smoothly shaped water heap that to his surprisealviesto propagate in the canal without an appareange in its shape
a few kilometers along. The fact of propagatiorthi$ solitary wave was not understood for a lomggetiuntil appropriate
mathematical model was conceived in the 1960’sttmgewith a way of solving nonlinear equation witfe help of

inverse scattering method.

The phenomenon of modulation instability revealat thropagation of a continuous-wave (CW) beam @sid
optical fibers is inherently unstable because efrtbnlinear phenomenon of SPM and leads to formati@ pulse train in

the anomalous dispersion regime of optical fibers.

2. MATHEMATICAL MODELING AND PROPAGATION OF THE SOL ITARY WAVE IN OPTICAL
FIBER

The propagation of light can be described, moreipety, with Maxwell mathematical equations. Whep&tions

for magnetic and electric fields are combined tbgetve find:

32 =
=zt e ' (1)

where c is the speed of light in the vacuum ayielthe vacuum permittivity. The induced polarizati® consists

of two parts:

B(rt) =P,(7, t)+ Py, (7, t) @)
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where R(r,t) and R.(r.t) are related to electric field by relations:

PL(F, )=eof " x M(t-t). EF,0)dt (3)
PyL(7,t) = gof]] f_*j Attt 1) * E(F )E R L)E (7 1) dtdtdt (4)

wherex® andy® are the first and third order susceptibility tersso

For better understanding of a soliton pulse propiagan optical fiber, it necessary to set up owdalling on the

mathematical expression (1). We suppose that dicolfor electric filed E has a form [1]:
E(r,.)=AZ,HF(X,Y)exp(Bo2) 5)
where F(X,Y) is transverse field distribution tlcatrresponds to the fundamental mode of single rfibee.

A(Z,t) is along propagation axis Z and on time peedent amplitude of the mode. After some mathemlati

manipulations we can come to the equation thatmeveulse propagation in optical fibers [1]:

94 04 | ip20%4 _ .
ozt By 57t = MAPA (6)

0z

The parameter§;and, include the effect of dispersion to first and setwrders, respectively. Physically,
B,=1/vg, where vg is group velocity associated whb pulse and takes into account the dispersiorraipgvelocity.
For this reasor, is called the group velocity dispersion (GVD) paeder. Parameteris nonlinear parameter that takes
into account the nonlinear properties of a fibedimm. Paramete.is, in real case, always positive but on the otteard
parameterd.;p andy can be, in some specific case, either positivaemative. The parametgiis closely associated in
practice with better known parameter called disperparameter - D (ps/nm/km). The relation betw#wm is in the

form [1]:

2mc

D=2()= "5 pe 7)

As we know, dispersion parameter D is a monotolyi¢atreasing function of wave-length, crossingeaazpoint
at wave-lengthi;p, which is called a zero chromatic dispersion wkeregth. If a system operates with wave-lengths
abovel;p, where D is positive,must be negative and a fiber is said to work innaalous dispersion mode. If a fiber is
operated belovit;p, the D is negative an;must be positive. In this case a fiber is saidgerate in normal dispersion
mode. As regards the nonlinear parametércan generally be either positive or negatdepending on the material of the

wave guide.

For silica fiber parametey is positive but for some other materials it can riegative. More specifically,
equation (6) has only two solitons - either darlooght solitons. The bright soliton correspondshte light pulse but dark
soliton is rather a pulse shaped dip in CW lightkgaound. In other words, the dark soliton is intfaegation of the
bright soliton. While there is maximum of light ithhe bright soliton, the dark soliton has minimum tbé light.
The bright soliton can propagate in only such aegande where there is either the positive nonliyggrarameter and

fiber in anomalous dispersion regime or the negationlinear parameter but in normal dispersionmegi
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3. SIMULATION AND RESULTS
Equation (6) can be defined in the form:
Ou s 9%u _
IE -3 ﬁiluzlu—O (8)
Through a simple conversion:
© = (tp12)[To, z=Z/Lp, u=/|y|LpA )

where T is pulse width and §=T,%/|B,| is the dispersion length. Through inverse sdatiemethod it is revealed
that the solution of above mentioned equation Hasm:

u(zz) = N* 2/(€ + €")* e??= Nsechf)e?? (10)

If N is integer, it represents the order of thdtealpulse. A very interesting situation comes whil.

lu(z HFP,

5

(@) (b)

Figure 1: Evolution of the Pulse Spectrum for N=1{a) Time Domain and (b) Frequency Domain

In the case of first order soliton, the pulse does change its shape at all as it propagates icapfiber.
In contrast when N is higher than one, pulse slimpet stable and changes periodically with solpeniod = (7 /2)Lp.
At the end of every periodyZhe soliton resembles its initial simple pulsepha
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Figure 2: Evolution of the Pulse Spectrum for N=3{a) Time Domain and (b) Frequency Domain
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Figure 3: Evolution of the Pulse Spectrum for N=4{a) Time Domain and (b) Frequency Domain

It is evident that for telecommunication purposhke soliton of first order is most suitable becausehis

application it is necessary to keep a pulse shigides N defines the order of soliton as under:

N= T, f% (11)

where TO corresponds to input pulse width, PO itsepeak powerp, takes into account group velocity

dispersion ang is nonlinear parameter of the fiber material.

4. CONCLUSIONS

In this paper a numerical analysis based on simunisthas been employed to elaborate the propagafion

solitonic pulses in nonlinear optical fibers. Thealysis have been carried out in time and frequelmeyain to fully study

the nonlinear effect. Several discussions basatuarerical results have been conducted.
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