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Abstract 

We obtain a bright solitary wave solution of the higher order nonlinear Schrodinger equation (HNLSE) 

governing the transmission of ultra-short optical pulses in an inhomogeneous optical fiber under proper 

parametric conditions. We find out all the parameters related to the optically solitary wave and the constraint 

relation of the parameters for the existence of the solitary wave in a highly dispersive inhomogeneous medium 

with cubic nonlinearity law. 
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1. Introduction 

 

The development of optical solitary waves is very important because of their huge applications in many fields of 

physics, such as plasma physics, condensed matter, fluid mechanics, nonlinear optics, and considerably more 

[1]. It is made up of localized waves that transmit over a long distance without changing their shape or other 

characteristics, and it is much more stable against mutual interactions [2]. It is very attractive and interesting for 

the study of optical soliton for communication purposes, and a huge improvement has been made both in 

experimental and theoretical research [3]. To enhance the bit rate and for ultra-long distance fiber optic 

communication, it is necessary to transmit very short optical pulses of the order of femto-second pulse width [4]. 

The uses of ultra-short optical pulses in communication include higher order effects such as third-order 

dispersion (TOD), fourth order dispersion, fifth-order dispersion (FOD), sixth-order dispersion (SOD), self-

steepening (SS), and stimulated Raman scattering (SRS), etc. Higher order dispersion terms are negligible with 

respect to the group velocity dispersion (GVD), but for ultra-short optical pulses, these higher order dispersion 

terms produce asymmetrical temporal broadening of significant value [5]. For very short optical pulses, the 

soliton-effect pulse compression due to the presence of higher dispersive effects such as third order dispersion 

(TOD), fourth order dispersion, fifth order dispersion (FOD), sixth order dispersion (SOD) and higher order 

nonlinearity will be affected remarkably. If we include all the dispersive and nonlinear effects simultaneously, 

then the squeezed output optical pulse comprises a narrow spike accompanied by an extensive pedestal 

component. The pedestal component is harmful because it is responsible for the instability and unsuitable for the 

application of the compressed pulse in real fiber optical communication systems [6]. By considering all these 

higher order terms stated above, Kodama et al. [7] derived a partial differential equation, called the higher order 

nonlinear Schrodinger equation (HNSE), that governs the transmission of ultra-short optical pulses in nonlinear 

medium optical fiber [8,9]. 

However, in practice, fiber is inhomogeneous, and as a result of these inhomogeneities, the NLSE coefficients 

no longer remain constant, but rather become space dependent. In this study, we have focused on the higher 
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Order Nonlinear Schrödinger equation (HNLSE) with the Cubic-Qunitic-Septic nonlinearity with space 

dependent coefficients and established the condition for the existence of bright solitons in an inhomogeneous 

medium with Cubic-Qunitic-Septic law nonlinearity and linear attenuation. Recently, H. Triki and Abdul-Mazid 
Wazwaz reported the bright soliton solution for highly dispersed real fiber with dual power nonlinearity [10]. 

We also observe the change in shape of the optical pulse in the process of squeeze and find some results that the 

presence of higher order terms increases the squeeze of the optical pulse with an extensive pedestal component. 

 

2. Analysis 

 

In practice, the optical fiber is inhomogeneous and the transmission of an ultra-short optical pulse in an 

inhomogeneous medium is governed by the equation of the form 

 

  ,0)(
2

)( 4

2

2

1

2

2

2

2

2 


















qziqqqqqq

t
iS

t

q
iRq

t

qz

z

q
i 



                                                         (1) 

 

Where ),( tzq is amplitude of the electric field, varying very slowly, and )(2 z  the space dependent coefficients 

of GVD and )(),(),(),( 1 zzzSzR  are space dependent coefficients of stimulated Raman scattering, self-

steepening effect, cubic, and the coefficient of amplification and absorption, respectively.  

Now we proceed with our analysis by assuming the solitary wave solution of the form.  

                          

   ),()(),(,),(),( ztzktzetzAtzq i  
                                                                                               (2) 

 

Where ),( tzA  is the amplitude of the solitary wave and ),( tz is the linear phase shift, and )(zk  and )(z
 

are, respectively, the wave number and frequency of the solitary optical pulse. 

Substituting Eq. (2) into Eq. (1), we obtain 
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Now, assuming the simple ansatz solution of the form: 
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Where )(),(),( zzz   are the amplitude, shift of the inverse group velocity, and pulse width of the solitary 

light wave, respectively. We get from Eq. (5) 

,tanhsecsec 











h

dz

d
z

dz

d
h

dz

d
Az



















                                                                        

(6)

   

   

 

  ,tanhsec  hAt                                                                                                                                     (7)   

 

,sec2sec 322  hhAtt                                                                                                                      (8) 

 
Where

                                             
  .)( ztz                                                                                            (9) 

   
           

 

 

 

 

 

 
 

 

http://www.neuroquantology.com/


NeuroQuantology | January 2018 |Volume16 |Issue1 |Page145-149|Doi:10.48047/nq.2018.16.1.1172 
Abhijit Sinha, Study on Bright Solitary Wave in an Inhomogeneous Medium with Kerr Law Nonlinearity 

EISSN1303-5150 www.neuroquantology.com 

 

 

 

Using equations from Eq. (6) to Eq. (9) in Eq. (3) and separating the real and imaginary parts, we obtain 
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And 
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Now equating to zero the coefficients of all linearly independent terms ,tanhsec,sec,sec  hhth  tanhsech  ,
 

in equations (10) and (11), we get  
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From Eq. (13)  we get 
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Where cc k, , and  λ0  are the constants, but constant λ0 relies on the initial amplitude of the solitary wave. Thus, the Eq. (18) 

implies that the amplitude of the solitary optical pulse is changed with the gain/loss function of distribution during the 

propagation in an optical fiber. And from equation (19), we can say that pulse width and wave number remain unchanged 

during the transmission of the light wave in an inhomogeneous optical fiber. The conditions are given by Equations (16), (18), 

and (19).      
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We obtain from Eq. (12) and (19)

          

       

  ,)()( /

0

2/

2 dzzaz
z

c 
                                                                                                                                    (21)

 

 

 

                                    

As a result of Eq. (21), we can conclude that the frequency shift is dependent on the coefficients of both lower and 

 higher order dispersions. 

We obtain from Eqs. (14), (18), and (20) 
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Thus, equation (22) demonstrates that the inverse group velocity shift is affected by the space dependent coefficient of 

dispersion, stimulated Raman scattering, and self-steepening effect. Using Eq. (18) and Eq. (19) in Eq. (5), we obtain 
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Finally, we get from Eq. (2) and Eq. (24) the solution of equation (1) as
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Now, the intensity of the solitary optical wave can be expressed as 
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Thus the waveform of the bright solitary wave degraded with the increase of the coefficients of both stimulated Raman 

scattering and self-steepening effects. We have found that due to the effect of stimulated Raman scattering (SRS), the 

characteristics of the soliton narrow and correspondingly broaden its spectrum. As a result of the broadened spectrum,  

Self-frequency shift occurs. The SS effect also accompanies the asymmetrical spectral broadening of the optical pulse.  

And we have observed that the presence of the higher order space dependent coefficients in the expression of solitary  
wave solution controls the shape of the envelope of a solitary wave while propagating over a long distance in an optical  

fiber.

 

3. Conclusion 
  

In this study, we have investigated the propagation of ultra-short optical pulse in a highly dispersive with cubic-quintic and 

septic law nonlinearity medium by the use of simple ansatz wave and we have shown the parametric condition for the existence 

of bright solitary wave in the medium. Furthermore, the SRS and SS effect play an important role for the asymmetrical spectral 

broadening of the optical solitary wave.  

 

In this study, we have investigated the propagation of an ultra-short optical pulse in a highly dispersive with cubic law 

nonlinearity medium by the use of a simple ansatz wave, and we have shown the parametric condition for the existence of a 

bright solitary wave in the medium. Furthermore, the SRS and SS effects play an important role in the asymmetrical spectral 

broadening of the optical solitary wave.
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