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Modulation Instability of Perturbative Nonlinear Sélinger
Equation with Higher Order Dispersion

B.Kalithasan and K.Porsezian

Abstract— Modulation instability conditions for the generation ofém- has been exploited a great deal in many theoretical and iexper
tolsﬁchqngeeuéfgzer?sfegfs?éida%Pr?g#ifr?:g;/i;:ggqgﬁ;’ﬁdh‘tng ﬁ??:‘g%” mental studies for the realization of laser sources adaptati
\éveltrvecﬁhat modulatio?] instability occurs evenin the norm\tﬁersi'on regime trahlgh bit-rate optical trangmlss!ons [11, 12]. When bw
due to the presence of fourth order dispersion. continuous wave and quasi-continuous wave radiates im&ra t
of picosecond and femtosecond pulses in the fiber, highdaror
nonlinear effects such as self-steepening (SS), selfeiediRa-
man scattering (SRS) and higher order dispersion effects su

Extensive research has been carried out in the field of solitas third and fourth order dispersion should also be takem int
propagation in optical fibers [1-3]. In the picosecond regimaccount [1-3]. The influence of self-phase modulation (SPM)
the nonlinear Sclirdinger equation describes the bright / darkigher order nonlinear effects and higher order dispersion
solitons in the anomalous / normal dispersion regime and tfeets on Ml in the anomalous dispersion regime have been ob-
plane wave shows the modulation instability. In the case tfined in Ref. [1-3] and the following conclusion have been a
dispersion shifted fibers operating in the femtosecondegi rived at: The instability conditions that govern the getieraof
the constant guroup velocity dispersion term becomesvelat ultrashort pulses in the anomalous dispersion regime drafno
small and as a result, higher order corrections are calledfe fected irrespective of the presence or absence of the diorens
major higher order terms come from the dispersion slope, tlkss third order dispersion coefficient. The effect of SR3/bn
dispersive effect of the Kerr coefficient and the self-ineiRa- is such that for comparatively small values of the pertiiopat
man scattering (SRS). Taking into account of these higtderor frequency, group velocity dispersion and self-phase naihsl
terms the nonlinear Sobdinger equation is perturbative to theerms dominate whereas for comparatively large valueséhe p
higher order nonlinear Scbdinger equation (HNLSE) [2-5]. In turbation frequency, the gain spectrum increases lineaithy
the case of optical solitons, when femtosecond pulses are cthe result that the region of Ml is widened due to SRS. More-
cerned, the effect of nonlinear dispersion is so signifithat over the self-steepening effect reduces the maximum gain an
it can no longer be treated as a perturbation term. Periuebatandwidth. This article purports to the investigation of &éin-
nonlinear Schisdinger equation has been integrated by using th&ion for the generation of femtosecond pulses represenye
lie transform technique [6]. The effect of nonlinear digien perturbative HNLSE. The remainder of the article is arrahae
term can be studied exactly while the effect of other pedurbfollows: In sec. I, the theoretical model is discussed. dan
tion terms has to be studied with the aid of soliton pertudnat stability analysis of the governing equation is performe&ec.
theory. This was done by Shchesnovich and Doktorov basedIfinResults and discussions are discussed in Sec. V. @ebti

I. INTRODUCTION

the Riemann-Hillbert problem [7] . comprises the the conclusion.
On par with the soliton propagation, continuous wave prop-
agation in optical fibers have also demanded special aitenti Il. THEORETICAL MODEL

[1-3]. A continuous wave with a cubic nonlinearity in an ar®@m  The governing equation depicting femtosecond soliton prop
lous dispersion regime is known to develop instability with agation in nonlinear optical fibers with higher order linefr
spect to small modulations in amplitude or in phase in the-prdects such as third and fourth order dispersion effects &ytteh
ence of noise or any other weak perturbation, called moidmat order nonlinear effects such as SS, SRS, nonlinear gasn/los
instability (MI) [1-3]. Generally, the perturbation has ibri- etc., is represented by the perturbative higher order neati
gin from quantum noise or from a frequency shifted signalevagchidinger equation and is given by [14]
[3]. The MI phenomenon was discovered in fluids [8], in non- p ) . ) )
linear optics [9] and in plasmas [10]. MI of a light wave in an@- — 5 + alg|"q = ie(M(|q]"q): + va(|q]”)t) — Yaue
optical fiber was suggested by Hasegawa and Brinkman [11] as | . Cor 9 9 % . oo om
a means to generate a far infrared light source and since then Figun =007 ar)e — Tarq” — ing" gy, + 0lgl™"q), (1)
has attracted extensive attention for both its fundameartdl wheregq is the slowly varying envelope, is the propagation di-
applied interests [8, 9]. As regards applications, Ml pdeg a rection,¢ is the retarded time is the group velocity dispersion
natural means of generating ultra short pulses at ultrbeige- (GVD) coefficient,« is the self-phase modulation (SPM) coef-
tition rates and is thus potentially useful for the develeptrof ficient ande is the width of the spectrum. The right hand side
high speed optical communication systems in future andénerad the governing equation comprises of the perturbativenger
where) is the self steepening coefficiemt,is the self-induced
B.Kalithasan and K.Porsezian (corresponding author) atle Bepartment Raman scattering (SRS) coefficientis the third order disper-
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or amplification depending on its sign and could beo0, 1, 2. Equations (8) and (9) can be written as

The nonlinear damping terid m = 0, is commonly known as

attenuation, while forn = 1 or 2 we get the cubic or the quintic d My Mo

saturation, respectively. Here, we have considered the foas il B = * (11)
dz | v(z) My M. v(z)

m = 0. 21 22

Using the following transform given b
g g g y The eigenvalues of the matrix/ determine the wave num-

q(z,t) = Q(z, 1), (2) ber K of the perturbation. The modulation instability occurs
) ) when K possesses a nonzero imaginary part. The eigenvalues
into equation (1), we get are given by dispersion relation
1
iQ: — an +aflQPQ = ie(fMIQPQ): +vQQI):) K = (M + My + /(M1 = Mp)? + 4Mio Moy ). (12)

—Qur + i1Qui — if (BQQ1): + TQIQ" +1Q°Q%1)), (3)  The importance of modulation instability is measured by a

wheref = exp(2edz). power gain defined by

We consider equation (3) as the governing equation and ob-

tain the MI condition for the generation of femtosecond psls Gy = 2{Im(K)|, (13)
1. LINEAR STABILITY ANALYSIS whereIm(K) represents the imaginary part of K.
Steady state solution of equation (3) can be written as IV. RESULT AND DISCUSSION
Oz, 1) = \/Bye'®, @) We have observed that the TOD order dispersion term has no

influence on the MI condition but the second order dispersion
where P, is the input power and(z) is the nonlinear phase and FOD terms have influence in the Ml condition.The MI con-
shift. Substituting equation (4) into equation (3), we get dition. MI gain increases due to the influence of the SRS effec
oess From the MI gain spectrum, space between the two sidebands
(e — 1)_ 5) is more when compared with zero and anomalous dispersion
26 regimes.
The linear-stability of the steady state can be examined by
introducing a perturbed field of the form

Qz,t) = (VPo +a(z,t))e"), (6)

where P, is the incident pump power and(z,t)? << P.
We assume for the perturbatiefi, t) the following ansatz with
frequency detuning from the punfp

a(z,t) = u(z)e™™* 4 v(2)e™™, (7)

d(z) = aPy

wherew(z) andv(z) are the complex perturbation fields. By
substituting equation (6) into equation (3) and collectimglin-
ear terms inu(z) andw(z), we obtain the equation for the per-
turbed field as

idz(;) = Myu(z) + Mypv*(2), 8)
idvd*iz) = Mau(z) + Maov™(2), )
where
My, = eQEéZPO(—a + 2eAQ + evQ — 2en0?)
—pTQZ +ev% — et
Mg = e*%Py(—a+ el + evQ — £40?),
My = 6265ZP()(CV + eAQ + v 4 £6Q?),

9es ; Fig. 1: MI Gain spectrum in the normal dispersion region for varioakies

My = e“%%Py(a+ 2eAQ + evQ + 2enQ”) of p = 00114, @ = 0.7, y = 1.18 x 1074, ¢ = —6.44 x 1077, § =
pQ2 —0.04, e =1, A=0.63, 3 =0.04, z = 0.2, n = 0.03, v = 0.07.

+T + 93 4+ 0Ot (10) figure
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Fig. 2: MI Gain spectrum in the zero dispersion region for variousies of
p=0,a=07 v=118x10"% 6 =—644x 1077, § = —0.04, e =
1, A=0.63, 3 =0.04, z=0.2, n=0.03, v = 0.07.

figure

Fig. 3: Ml Gain spectrum in the anomalous dispersion region for varial-
uesofp = —0.0114, a = 0.7, y =118 x 10~%, 6 = —6.44 x 1077, 6 =
—0.04, e =1, A=0.63, 3=0.04, 2 =0.2, n=0.03, v = 0.07.
figure

V. CONCLUSION

We have investigated the modulation instability of peraurb
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tive nonlinear Sctirdinger equation with higher order disper-
sion in normal, anomalous and zero dispersion regimes. We

have observed that while TOD dispersion term doesn'’t inftaen

the MI, second order dispersion and FOD terms do influence.
The Ml is dependant on the signs of the second order dispersio
and FOD terms. In normal dispersion regime, MI occurs only
for negative values of the higher order dispersion coefiicid/e
have observed the maximum gain in normal dispersion regime
when compared with zero and anomalous dispersion regimes.
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