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Abstract: In this study, an attempt to obtain optical soliton solutions of stochastic perturbed (1+1)-dimensional nonlinear Schrédinger
equation having the Kerr law nonlinearity is presented. With the help of complex wave transform, the investigated nonlinear partial
differential equation was converted into the nonlinear ordinary differential form. Analytical stochastic optical soliton solutions of the
ordinary differential form were derived by applying the Kudryashov auxiliary equation method. By replacing the wave transformation
and the appropriate solution set parameters, the main equation is provided. Graphic presentations were made for better interpretation
of the results.
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1 Introduction

Nonlinear Schrodinger equation (NLSE) has become one of the most studied equation in scientific investigations. Many
physical phenomena can be modeled with NLSE [1,2,3,4,5]. In addition, optical-based phenomena of physics can also
be modeled with NLSE [6,7,8,9,10,11]. As an additional ring, data transmission is one of the major pillars that gains
great importance, and accordingly, it is possible to see many studies on nonlinear optics.

The stochastic perturbed nonlinear Schrodinger equation with Kerr law nonlinearity in the presence of chromatic
dispersion is presented as:

oy Py 2,0V vl | Lolyf oW (1)
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where ¥ = y(x,7) and o is the coefficient of white noise (also o is called as noise intensity or noise strength and 6 > 0)
and W (t) represents the Wiener process, a represents group-velocity dispersion, b represents Kerr-law nonlinearity, T
represents inter-modal dispersion, o represents selfs-steepening dispersion and f3 is for nonlinear dispersion term.

There have been many studies recently on Schrodinger equation with Kerr law nonlinearity, a variant of which is studied
in this article. Some of those; obtaining solutions via the generalized logistic equation method [12], via new extended
direct algebraic method [13], abundant solutions [14], modified exponential function method and sinh-Gordon method
[15], modified Kudryashov method [16], extended Jacobi elliptic function method [17], generated exponential rational
function method [18], V-expansion method [19], Painlevé test [20] and bifurcation analysis [21].
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In this work, we have studied the stochastic perturbed nonlinear Schrédinger equation with Kerr law nonlinearity in the
presence of chromatic dispersion. We have used the Kudryashov auxiliary equation method (KAEM) to obtain an optical
soliton solution.

The organization scheme of the paper is as follows: In 2 we have obtained the nonlinear ordinary differential equation

(NODE) form of the model in 1. In 3 we have implemented the KAEM on the model. In 4 we have presented 3D and 2D
plots of the obtained solution. Lastly, we have presented the Conclusion in 5.

2 Revealing NODE form of the model

Suppose the complex wave transformation as:
v(xt) =Y(M)e?, n=x—vt, Q=—kx+wr+oW(t)+ 6, 2)

where Vv is velocity, k, @ are wave number and frequency and lastly yy is phase constant. Substitute the 2 into 1, then
separate the imaginary and real parts of the obtained equation, respectively as follows;

(2B +3a)¥Y*¥ + (2ak +Vv+1)¥' =0, 3)
(kot—b) ¥ + (ak* + kT + @) ¥ —aP” =0. 4)

3 gives the following constraints:
:‘73’“, V= —2ak—1. 5)

In 4, taking into account the highest order linear and nonlinear terms ¥”, ¥3 and utilizing the homogeneous balance rule
[22], we gain N = 1, which N is a positive integer balance number.

3 Application of the KAEM

According to the KAEM [23,24], we propose the following solution for 4:

Y(n) =xo+KxiR(N), (6)

where k] # 0 and R(n) fulfills the following differential equation;

dR(n)

dn” = VRO (1=R(n) ~ xR ). @

where & and y are real coefficients. Substituting the 6 into the 4 by considering 7, collecting the coefficient of R'(7), then
equating the coefficients to zero, we get an algebraic system as follows;

R(M)?: ((ka—b) kg +ak* +kt+ ) Ko =0,
R(M)" k1 (3 (ko —b) kg +ak* —ad* +kt+ ®) =0,
R(M)* 3 (—2K0 (— ka+b)x1+a62) ki =0, ®)
R(N)®: (ko —b) ki + 2ay 8x; =
where R(n) is the following function:
R() = - ©

(4 +1)edn+2+e 00
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Solving the obtained algebraic system in 8, we obtain the following solution set:

1,82 g2 _ V2ka-bjas . a5
2a6 ak” —kt, Ky = Skah) Kl = zwa—ma}' (10)
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Substituting the 10 into the 6 with 9, gives the following solution:

S(vt—x) _
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4 Result and Discussion

In 1, we have presented the 2D and 3D plots of the obtained solution y(x,7) in 11. The figures were obtained for a =
2,b=1,k=0.1,a=8 =-2,v=2,7= —1 and 6y = 0. 1a represents 3D view of |y(x,7)|* when ¢ = 0. ?? represent
3D views of real and imaginary parts of the solution y(x,t) respectively. Lastly, 1c simulates 2D view of the modulus,
real and imaginary parts of the solution. According to this figure, the motion is on the positive-x axis. This situation is

depicted via dashed and dotted lines in 1c (red lines).
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el

(@) |w(x,7)[% in 3D when 6 = 0. © |w(x,0)?, Re(w(x, 1)), Im(w(x, 1)).

(d) Im(y(x,t)) in 3D when o = 0.

(b) Re(y(x,t)) in 3D when 6 = 0.

Fig. 1: Projections of y(x,t)in 1l fora=v=2,b=1,k=0.1,a=06=-2,7=—-1,00=0=0.
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In 2, we have presented 2D and 3D views of the solution in 11 via different ¢ values to show the effect of the o parameter
on wave behavior. ?? show the 3D views of real and imaginary parts of y(x,#) when 6 = 6. According to these figures, it
is clearly seen that when ¢ increased the fluctuations in real and imaginary parts increased. ?? show the 2D views of real
and imaginary parts of y(x,z) when x = 1 and 0 = 0,2,4,6. According to these 2D plots, again, the fluctuations in real
and imaginary parts were increased owing to an increase in ©.
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(b) Im(y(x,t)) in 3D when o = 6. (d) Im(y(1,1)) for various .

Fig. 2: Projections of y(x,¢) in 11 forc =v=2,b=1,k=0.1,a=6 =-2,7=-1,00 =0 and 6 = 6 (??) and
6 =0,2,4,6(27)

5 Conclusion

In this study, we have studied stochastic perturbed nonlinear Schrodinger equation with Kerr law nonlinearity. The optical
soliton solution of the model was obtained via the Kudryashov auxiliary equation method. We have obtained the dark
soliton solution as a result of the implementation. Also, we have placed the 2D and 3D plots of the obtained solution. In
addition, we have presented the 2D plots to show ¢ white noise effect on the real and imaginary parts of the solution.

References

[1] R. Lahoz-Beltra, Solving the Schrodinger Equation with Genetic Algorithms: A Practical Approach, Computers 11 (12) (2022)
169. do1:10.3390/computersl11120169.

© 2023 BISKA Bilisim Technology


https://doi.org/10.3390/computers11120169

(_/
NTMSCI 11 Special Issue, No. 1, 12-16 (2023) / www.ntmsci.com BISKA 16

[2] K. Mills, M. Spanner, I. Tamblyn, Deep learning and the Schrédinger equation, Physical Review A 96 (4) (2017) 042113. arXiv:
1702.01361,doi:10.1103/PhysRevA.96.042113.

[3] G. J. Morales, Y. C. Lee, R. B. White, Nonlinear Schrodinger-equation model of the oscillating two-stream instability, Physical
Review Letters 32 (9) (1974) 457-460. doi:10.1103/PhysRevLett.32.457.

[4] T. B. Boykin, G. Klimeck, The discretized Schrodinger equation and simple models for semiconductor quantum wells, European
Journal of Physics 25 (4) (2004) 503-514. doi1:10.1088/0143-0807/25/4/006.

[5] G. Kron, Electric circuit models of the Schrodinger equation, Physical Review 67 (1-2) (1945) 39-43. doi:10.1103/
PhysRev.67.39.

[6] K. Kawano, T. Kitoh, Introduction to optical waveguide analysis: Solving maxwell’s equation and the schrodinger equation, John
wiley & sons, 2004.

[7] M. Ozisik, A. Secer, M. Bayram, M. Cinar, N. Ozdemir, H. Esen, I. Onder, Investigation of optical soliton solutions of higher-order
nonlinear Schrodinger equation having Kudryashov nonlinear refractive index, Optik 274 (2023) 170548. doi:10.1016/7.
ijleo.2023.170548.

[8] I. Onder, A. Secer, M. Bayram, Optical soliton solutions of time-fractional coupled nonlinear Schrodinger system via Kudryashov-
based methods, Optik 272 (2023) 170362. doi:10.1016/3.131e0.2022.170362.

[9] A.-M. Wazwaz, W. Albalawi, S. El-Tantawy, Optical envelope soliton solutions for coupled nonlinear Schrodinger equations
applicable to high birefringence fibers, Optik 255 (2022) 168673. doi1:10.1016/3.131e0.2022.168673.

[10] F. Copie, S. Randoux, P. Suret, The Physics of the one-dimensional nonlinear Schrédinger equation in fiber optics: Rogue waves,
modulation instability and self-focusing phenomena, Reviews in Physics 5 (2020) 100037. doi1:10.1016/j.revip.2019.
100037.

[11] S. Longhi, Fractional Schrédinger equation in optics, Optics Letters 40 (6) (2015) 1117. do1:10.1364/0L.40.001117.

[12] Z. Pinar, H. Rezazadeh, M. Eslami, Generalized logistic equation method for kerr law and dual power law schrédinger equations,
Optical and Quantum Electronics 52 (2020) 1-16. do1:10.1007/511082-020-02611-2/FIGURES/A4.

[13]J. Vahidi, A. Zabihi, H. Rezazadeh, R. Ansari, New extended direct algebraic method for the resonant nonlinear schrodinger
equation with kerr law nonlinearity, Optik 227 (2021) 165936. doi1:10.1016/J.IJLE0.2020.165936.

[14] M. Y. Wang, Optical solitons of the perturbed nonlinear schrodinger equation in kerr media, Optik 243 (2021) 167382. doi:
10.1016/J.IJLE0.2021.167382.

[15] W. Gao, H. F. Ismael, S. A. Mohammed, H. M. Baskonus, H. Bulut, Complex and real optical soliton properties of the paraxial
non-linear schrodinger equation in kerr media with m-fractional, Frontiers in Physics 7 (2019) 499605. doi:10.3389/FPHY.
2019.00197/BIBTEX.

[16] K. Hosseini, M. Mirzazadeh, D. Baleanu, S. Salahshour, L. Akinyemi, Optical solitons of a high-order nonlinear Schrédinger
equation involving nonlinear dispersions and Kerr effect, Optical and Quantum Electronics 54 (3) (2022) 1-12. do1:10.1007/
511082-022-03522-0/FIGURES/2.

[17] S. Nestor, G. Betchewe, M. Inc, S. Y. Doka, Exact traveling wave solutions to the higher-order nonlinear Schrodinger equation
having Kerr nonlinearity form using two strategic integrations., The European Physical Journal Plus 2020 135:4 135 (4) (2020)
1-13. doi:10.1140/EPJP/S13360-020-00384-X.

[18] H. M. Srivastava, H. Giinerhan, B. Ghanbari, Exact traveling wave solutions for resonance nonlinear Schrodinger equation with
intermodal dispersions and the Kerr law nonlinearity, Mathematical Methods in the Applied Sciences 42 (18) (2019) 7210-7221.
doi:10.1002/MMA.5827.

[19] A. Jhangeer, W. A. Faridi, M. L. Asjad, A. Akgiil, Analytical study of soliton solutions for an improved perturbed Schrodinger
equation with Kerr law non-linearity in non-linear optics by an expansion algorithm, Partial Differential Equations in Applied
Mathematics 4 (2021) 100102. doi:10.1016/J.PADIFF.2021.100102.

[20] N. A. Kudryashov, Optical Solitons of the Generalized Nonlinear Schrodinger Equation with Kerr Nonlinearity and Dispersion of
Unrestricted Order, Mathematics 10 (18) (2022) 3409. doi:10.3390/math101834009.

[21] Z.-Y. Zhang, X.-Y. Gan, D.-M. Yu, Bifurcation Behaviour of the Travelling Wave Solutions of the Perturbed Nonlinear Schrédinger
Equation with Kerr Law Nonlinearity, Zeitschrift fiir Naturforschung A 66 (12) (2011) 721-727. doi:10.5560/zna.
2011-0041.

[22] S. Sirisubtawee, S. Koonprasert, S. Sungnul, New exact solutions of the conformable space-time Sharma-Tasso-Olver equation
using two reliable methods, Symmetry 12 (4) (2020) 644. doi:10.3390/SYM12040644.

[23] N. A. Kudryashov, Implicit Solitary Waves for One of the Generalized Nonlinear Schrodinger Equations, Mathematics 9 (23)
(2021) 3024. doi:10.3390/math9233024.

[24] 1. Onder, M. Cinar, A. Secer, A. Yusuf, M. Bayram, T. A. Sulaiman, Comparative analysis for the nonlinear mathematical
equation with new wave structures, The European Physical Journal Plus 137 (10) (2022) 1120. doi:10.1140/epjp/
s13360-022-03342-x.

© 2023 BISKA Bilisim Technology


www.ntmsci.com
http://arxiv.org/abs/1702.01361
http://arxiv.org/abs/1702.01361
https://doi.org/10.1103/PhysRevA.96.042113
https://doi.org/10.1103/PhysRevLett.32.457
https://doi.org/10.1088/0143-0807/25/4/006
https://doi.org/10.1103/PhysRev.67.39
https://doi.org/10.1103/PhysRev.67.39
https://doi.org/10.1016/j.ijleo.2023.170548
https://doi.org/10.1016/j.ijleo.2023.170548
https://doi.org/10.1016/j.ijleo.2022.170362
https://doi.org/10.1016/j.ijleo.2022.168673
https://doi.org/10.1016/j.revip.2019.100037
https://doi.org/10.1016/j.revip.2019.100037
https://doi.org/10.1364/OL.40.001117
https://doi.org/10.1007/S11082-020-02611-2/FIGURES/4
https://doi.org/10.1016/J.IJLEO.2020.165936
https://doi.org/10.1016/J.IJLEO.2021.167382
https://doi.org/10.1016/J.IJLEO.2021.167382
https://doi.org/10.3389/FPHY.2019.00197/BIBTEX
https://doi.org/10.3389/FPHY.2019.00197/BIBTEX
https://doi.org/10.1007/S11082-022-03522-0/FIGURES/2
https://doi.org/10.1007/S11082-022-03522-0/FIGURES/2
https://doi.org/10.1140/EPJP/S13360-020-00384-X
https://doi.org/10.1002/MMA.5827
https://doi.org/10.1016/J.PADIFF.2021.100102
https://doi.org/10.3390/math10183409
https://doi.org/10.5560/zna.2011-0041
https://doi.org/10.5560/zna.2011-0041
https://doi.org/10.3390/SYM12040644
https://doi.org/10.3390/math9233024
https://doi.org/10.1140/epjp/s13360-022-03342-x
https://doi.org/10.1140/epjp/s13360-022-03342-x

	Introduction
	Revealing NODE form of the model
	Application of the KAEM
	Result and Discussion
	Conclusion

