Contents

Introduction

1. First integrals and solutions of the traveling wave reduction
for the Triki-Biswas equation

1.1. First integrals for Triki-Biswas equation . . ... ... ..

1.2. General solution of the traveling wave reduction for the

Kaup-Newellequation . « « « v « o oo 0 v cv v v v 005

1.3. Exact solutions of the traveling wave reduction for the

Triki-Biswas equation . . . . . .. .. ... ..o

2. First integrals and general solution of the traveling
wave reduction for Schrdodinger equation with anti-cubic
nonlinearity

2.1. First integrals of the travelng wave reduction for the

Schrodinger equation with anti-cubic nonlinearity . . . . .

9.9. General solution of the traveling wave reduction of equa-

tion with anti-cubic nonlinearity. . . . . . . .. .. .. ..

2.3. Another general solution of the traveling wave reduction

for equation with anti-cubic nonlinearity . . . . . .. ...

2.4. Some special solutions of the traveling wave reduction of

equation with anti-cubic nonlinearity . . . . . . .. .. ..

11



Mathematical models in nonlinear optics 5

3. General solution of traveling wave reduction for the
Kundu-Mukherjee-Naskar model 39

3.1. First integrals of the traveling wave reduction for the
Kundu-Mukherjee-Naskar model. . . . . . . . . ... ... 40

3.2. General solution of the traveling wave reduction for

the Kundu-Mukherjee-Naskar model expressed via the
Weierstrass function. . . . . . . . ... .0 L oL 42

3.3. General solution of the traveling wave reduction for the

Kundu-Mukherjee-Naskar model expressed via the Ja-
cobi elliptic function . . . ... ... .. oL 46

4. General solution of the traveling wave reduction for the
perturbed Chen—Lee—Liu equation 50

4.1. First integrals of the traveling wave reduction for the
Chen-Lee-Liu equation . . . . . . . . .o v v v v v v v v v 51

4.2. General solution of the traveling wave reduction for the
the Chen-Lee-Liuequation . . . . . . ... .. ... .... 52

4.3. General solution of the traveling wave reduction for

the Chen-Lee-Liu equation expressed via the Weierstrass
FEAGEIOH o « o wo o v § 3 5 5 s P A 593 E 8 B 1@ ¥ 5 ¥ ¥ 8 3 56

4.4. General solution of the Chen-Lee-Liu equation at 8 = —A
A B =X s 5 6 5 610 8 W 8 ® v mEF E e v owm e ow xow o w 60

4.5. Some exact solutions of the traveling wave reduction for
the Chen-Lee-Liu equation . . . . . .. ... ... ..... 61

5. Traveling wave solutions of the generalized nonlinear
Schrodinger equation with cubic-quintic nonlinearity 69

5.1. First integrals of the traveling wave reduction for Eq.
(Bl)essmsmsmimiowempemamsmswxmensmsms 70

5.2. General solution of Eq. (5.1) at h # 0 and at conditions
fOr W. . . o e e e e e e e e e e e e e 72

5.3. Solitary waves of Eq. (5.1) at h # 0 and at conditions
(o) ul 75 75
5.4. General solution of Eq. (6.2). . .. ............. 79



6 Nikolay A. Kudryashov

6. A generalized model for description of propagation pulses

in optical fiber 85
6.1. Traveling wave reduction in Eq. (6.1) and its first
EEETEIE. » « » = s v sm s m i A G I W E M R EEEE B 86
6.2. Transformations of Eq. (6.5) and Eq. (6.6) to integrable
differential equations. . . . .. ... .. ... 87
6.3. General solution of Eq. (6.7). . . . . ... ... .. .... 93
6.4. General solution of Eq. (6.8). . . . .. ... ........ 100
7. Construction of nonlinear differential equations for descrip-
tion of propagation pulses in optical fiber 105
7.1. Method applied . . . . . . . . ... . ... .. 106
7.2. The fourth-order nonlinear partial differential equation
for description of the propagation pulse and their exact
SONIEIONE & ¢ & ¢ m 5 = 5w g 5 8 w5 5 b 5 5 % e x5 110
7.3. The sixth-order nonlinear partial differential equation for
description of the propagation pulse. . . . . . . ... ... 112
7.4. General solution of Eq. (7.6). . . . ... ... .. ..... 118
8. Solitary and periodic waves of the hierarchy for propaga-
tion pulse in optical fiber 121
8.1. Method applied . . . . . . . .. . . o vy 122
8.2. Exact solution of Eq. (8.1)at M =1.. . . . ... ... .. 127
8.3. Exact solution of Eq. (81)at M =2.. . . ... ... ... 130
8.4. Exact solution of Eq. (81)at M =3.. . . ... ... ... 131
9. First integrals and general solution of the Fokas-Lenells
equation 135
9.1. First integrals of the traveling wave reduction for Eg.
- T L 1 L T 136

10. Periodic and solitary waves of the Biswas-Arshed equation 146
10.1. Periodic and solitary wave solutions of the Biswas-

Arshed equation. . . . ... ... ... % e w om e m e BB 147



Mathematical models in nonlinear optics 7

11. Method for finding highly dispersive optical solitons of non-

linear differential equations 154
11.1. Properties of the function R(2). . . . . ... ... ... .. 156
11.2. Algorithm of the method with function R(z) for finding

solitary wave solutions. . . . . . .. ... ... ... .. .. 157
11.3. Examples of application R(z) for findibg exact solutions
of nonlinear differential equations.. . . . . . ... ... .. 161

12. Highly dispersive solitary wave solutions of perturbed non-

linear Schrodinger equations 170
12.1. Method applied - « « « « v v v e e 171
12.2. Optical solitons of hierarchy (12.1) at N=2. . . . . . .. 173
12.3. Optical solitons of hierarchy (12.1) at N=3. . . . . . .. 175
12.4. Optical solitons of hierarchy (12.1) at N =4. . . ... .. 177
12.5. Optical solitons of hierarchy (12.1) at N=5. . . ... .. 179
12.6. Simple solitary waves solutions of hierarchy (12.1). . . . . 182
13. Solitary wave solutions of hierarchy with non-local

nonlinearity 188
13.1. Solitary wave solutions of hierarchy (13.2).. . . . ... .. 189
13.2. Solitary wave solutions of Eq. (13.3). . . . . . . . ... .. 190
14. Highly dispersive optical solitons of the generalized non-

linear eighth-order Schrodinger equation 196
14.1. Method applied . . . . . . . . .. .. o oo 197
14.2. Highly dispersive optical solitons of equation (14.3) at

A 198
14.3. Highly dispersive optical solitons of Eq.(14.3) at b3 =

ba=0and by £ 0e e o o v e 201
14.4. Highly dispersive optical solitons of Eq.(14.3) at by =

be=by=0and by #ED... . -0 0 c8m8m 55 8 a0 am s 204

15. First integrals and general solutions of the Biswas-Milovic
equation 206

15.1. First integrals for traveling wave solutions of Eq.(15.1) . . 207

15.2. The general solutions of Eq.(15.8) . . . . ... ... .. .. 208



8 Nikolay A. Kudryashov

16. Periodic and solitary waves in optical fiber Bragg gratings

with dispersive reflectivity 214
16.1. Exact solutions of Egs. (16.1) and (16.2) . . . . . . . . - . 216
17. First integrals and general solution of the complex

Ginzburg-Landau equation 222
17.1. First integrals of the traveling wave reduction for the

complex Ginzburg-Landau equation. . . . . ... ... .. 223
17.2. General solution of Eq.(17.7) at « = 2f and a # 2c. . . . 224
17.3. Periodic and solitary wave solutions of Eq. (17.7) at

a=2cand aF 20 . . . . 0o 226
17.4. General solution of Eq.(17.7) at 8 = 2a — 3a/4 and a #

DOW, s & 5 v wiop o B S ok Bk M s w e e o m oo s om BB E RS 228
17.5. General solution of Eq.(17.7) at 8 = 3a/4 — o and at

Fllai=lg* s c s tsssnssspsmememsmsmews 230
17.6. Periodic and solitary wave solutions of Eq.(17.7) for

Flg ) =lqg* at B=2n—1)a/d—(n—1)a . . ... .. 232
17.7. Solitary wave solutions of the complex Ginzburg-Landau

equation . . . . . . ..o e e e e e e e e e 234
18. Solitary wave solutions of the generalized Biswas-Arshed

equation 238

18.1. System of differential equations corresponding to Eq.
11 b R L T T 239

18.2. Exact solutions for system of equations (18.4) . . . . . . . 239

18.3. Solitary wave solutions of equation (18.3) . ... ... .. 242

18.4. Solutions of the system of equations (18.3) and (18.4) . . 244
18.5. Results by Tahir and Awan at arbitrary nonlinearity in-

AEXM v won v v somos v W v w o W E BT S E S E S A EE 245
19. Traveling wave solutions of the generalized Gerdjikov-
Ivanov equation 249
19.1. First integrals of the traveling wave reduction of Eq.
LBl o 0o 4 B 5 BB s s s e o e o w0 B B o 250



Mathematical models in nonlinear optics 9

19.3. The general solution of Eq. (19.7)atm=2 .. ... ... 257
19.4. Exact solutions of Eq. (19.1) at arbitrary m . . . . . . .. 259
20. Highly dispersive optical solitons of equation with various
polynomial nonlinearity law 261
20.1. System of equations for real and imaginary parts to Eq.
1 O 262
20.2. Exact solutions of Eq. (20.7). . . . . ... ... ... ... 262
20.3. Solution of Eq.(20.11). . . .+ v v v v v v v v s e 266
21. Optical solitons of mathematical model with arbitrary re-
fractive index 269
21.1. System of equations for real and imaginary parts to Eq.
(BLL). . v v o v e kB G R EB AR S B E S E W 269
21.2. Solitary wave solutions of Eq. (21.4) . . . ... ... ... 270
22. Highly dispersive optical solitons of equation with arbi-
trary refractive index 273
22.1. System of equations for real and imaginary parts to Eq.
(221}, - s s s ssm i m e manm s B B E B 8D EE B S B S 274
22.2. Conditions for solitary wave solutions of Eq. (22.4) . . . .274
22.3. Optical solutions of Eq. (22.1). . . . . .. .. .. ... .. 277
23. On traveling wave solutions of the Kundu-Eckhaus
equation 281
23.1. Traveling wave solutions of Eq.(23.1) . . . . ... ... .. 282
23.2. The Painlevé test for the traveling wave reduction of
L - T 283
23.3. The general solution of Eq.(23.7) . . . ... ... ... .. 285
24. Optical solitons of model with integrable equation for wave
packet envelope 288
24.1. System of equations corresponds to Eq.(24.1) . . ... .. 289
24.2. The Lax pair for Eq.(24.6) at some constraints . . . . . . 290
24.3. First integrals for Eq.(24.21) . . . . . .. ... ... .. 292

24.4. Special solutions of Eq.(24.6) . . ... ... ... ... .. 294



10 Nikolay A. Kudryashov

24.5. General solution of Eq.(24.33) . . . . . . . . ... ... 296
25. Optical solitons of the model with arbitrary refractive
index 301
25.1. System of equations corresponding to Eq.(25.1) . . . . . . 301
25.2. Traveling wave solutions of Eq.(25.1) . . . . ... ... .. 302

Bibliography 305



