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Abstract: We demonstrate analytically and numerically that highly nonlinear optical fibers 

(HNLFs) shows evidence of new kind of dispersive and nonlinear phenomena when a basic 

approximation 
0 0( ) ( ) 2 ( )       [1] is not taken into account for the supercontinuum (SC) 

generation model. 
OCIS codes: (060.4370) Nonlinear optics, fibers; (190.5530) Pulse propagation and temporal solitons  

 

1. Introduction  

In this work we have analytically and numerically investigated the consequences of do not consider the basic 

approximation 
0 0( ) ( ) 2 ( )        as a rule used for modeling the generalized nonlinear Schrodinger equation 

(GNLSE) [1]. In this approach   is the propagation constant that corresponds to the single-mode fiber, and 
0  is 

the carrier frequency. This is a partial intuitive consideration for the propagation of ultrashort optical pulses through 

HNLFs. For this instance, we have modeled the SC generation considering vectorial mode amplitude equations 

within the frame of the slowly varying envelope approximation. The processes, theoretically studied, suggest a new 

apparent factor in the classical GNLSE [1,2]. In this way, we observe, analytically and numerically, more general 

dispersive and nonlinear effects in fibers for SC generation by ultrashort pulses. We report the modified GNLSE and 

the numerical results of a particular behavior of the SC generation with femtosecond pulses. 

2.  Derivation of the modified GNLSE 

The starting point for the modified GNLSE derivation is the Maxwell frequency-domain wave equation for the 

optical field in a silica like optical medium, valid for both linear and nonlinear characterization, which is given by  

2 2 2 2( ) ( , ) ,NLk n x y      E E E P                                                      (1) 

where we have included the term ( ) E  because of its significance in HNLFs [1]. Here k  is the free-space 

wavenumber, n  is the refractive index profile of the waveguide, and 
NLP  is the nonlinear polarization. When an 

optical pulse propagates inside a single-mode fiber, its electric field E  can be expressed by [1] 
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where NF e  and N is related to the spectral power obtained using the Poynting vector [3]. Here ( , , )x y e e  

is the mode structure of the fiber, a  is the slowly varying modal amplitude in the frequency domain, and 0  is the 

propagation constant of the field. The mode solution satisfies the equation: 2 2 2[ e ] [ ] e 0.i z i zk n      e e  

Substituting Eq. (2) into Eq. (1), applying the slowly varying envelope approximation and assuming that the light is 

spectrally broad, we obtain after associating and including terms  
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where 
2 *

0 0 0[ ( ) ]T T T zN dxdy i e dxdy      e e , 
01shock  , and 

n  are the dispersion coefficients 

defined as 
0

( ) .n n
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
    When we treat with HNLFs which its core size is not comparable to or shorter 

than the optical wavelength, 1  . Following an analog direction like in Ref [1] to derive the GNLSE, we obtain 
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which is the modified GNLSE that describes the behavior of light inside HNLFs. Here we have assumed that the 

mode profile ( , , )x y e  do not chance significantly over the pulse bandwidth from its value at the carrier frequency 

0 .  

3.  Results 

We show particular numerical results with the idea of evidence the basic modified behavior of the SC generation 

phenomenon in HNLFs. We show a comparison between simulations done with the classical GNLSE [1,2] and with 

the modified GNLSE (Eq. (4)). Figures 1 and 2 show the differences in propagation and output occurring in the SC 

generation simulation process. For simplicity, we have used the fiber and input pulse parameters of Ref. [2]. 

 

    

 
Fig. 1. ( )a Temporal and ( )b  spectral evolutions of a pulse launched with 8.6N  over a distance of 15L cm . ( )c Output temporal 

intensity and ( )d spectra. The input pulse peak power is 10 kW, 0.56 ,shock fs  and duration (FWHM) is 50 fs [2]. 

 

 

 
Fig. 2. ( )a Modified temporal and ( )b  spectral evolutions of a pulse launched with 8.6N  over a distance of 15L cm . ( )c Modified 

output temporal intensity and ( )d spectra. The input pulse peak power is 10 kW, 0.56 ,shock fs  and duration (FWHM) is 50 fs [2]. 
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4.  Conclusions 

 

In this work we have demonstrated analytically and numerically that HNLFs shows evidence of new kind of 

dispersive and nonlinear phenomena when a basic approximation 
0 0( ) ( ) 2 ( )        is not taken into account 

for the supercontinuum (SC) generation model. We have modeled the SC generation considering a new apparent 

factor in the classical GNLSE. We have observed, analytically and numerically, more general dispersive and 

nonlinear effects in fibers for SC generation by ultrashort pulses. Also, we have reported the modified GNLSE, and 

the numerical results of a particular behavior of the SC generation with femtosecond pulses. 

 

5.  Acknowledgments 

 

N. Lozano-Crisostomo expresses his appreciation to the National Council for Science and Technology (CONACyT) 

for his graduate scholarship (number 235214) and for a graduate internship support where this work was carried out. 

A special thanks to my advisers Profs. G. Agrawal and J.J Sanchez-Mondragon for his guidance and considerations 

and the Institute of Optics of the University of Rochester for welcoming during my internship. Also I thank to the 

Secretaría de Educación Pública (SEP) project 2012-01-21-002-205 and CONACyT project 189688 where this work 

was carried out. This research was supported by CONACyT under contract CB-2008/101378.  

6.  References  
 

[1] G. P. Agrawal, Nonlinear Fiber Optics (Academic, 2013). 
[2] J. M. Dudley, G. Genty, and S. Coen, “Supercontinuum generation in photonic crystal fiber,” Rev. Mod. Phys. 78, 1135–1184 (2006). 

[3] A. W. Snyder and J. D. Love, Optical Waveguide Theory (Kluwer Academic, 2000). 

 


