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In this paper, optical solitons propagation in magneto-optical waveguides which is modeled by a coupled nonlifeimdggcrequation

system. A series of wave propagation patterns are given, including solitary wave solutions, periodic solutions and singular solutions. In
addition, the physical realization of the optical wave modes is carried out under certain parameter values. In particular, the parameters
stability of these optical wave modes is obtained.
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1. Introduction nents beingP, = —iQeE,, P, = iQcE,, and hence, the

coupled NLSEs are given by [22, 23]. In conventional op-
The nonlinear Sclidinger equation (NLSE) is an essential tical systems, solitons arise from a balance between disper-
branch in nonlinear science, which can model most nonlinsion and nonlinearity. In the case of magneto-optic effect,
ear phenomena in physics. With the continuous deepening @he existence of soliton also depends mainly on such balance
research, people have extended the NLSE to more complgrom the view of computation point in the paper. Therefore,
forms such as high-order, high-dimensional, variable coeffistudying the dynamic problem of optical solitons in MOW is
cient, coupled, etc. It is widely used in many fields [1-6].  feasible and meaningful [24-28].

Solitons maintain their shape and velocity unchanged In 2019, Kudryashov proposed a novel refractive index
during spatiotemporal transmission. They are broadly apstructure for nonlinear optical fibers [29], and it is useful
plied in optics, fluid mechanics, astrophysics [7-9], etc. Into study the soliton propagation models with this law [30].
1973, Hasegawa and Tappert first proposed optical solitonkudryashov [31] studied the generalized Kudryashov’s equa-
[10]. From a physical perspective, optical solitons are theion in 2020, which can be used to describe pulse propagation
result of balancing self-phase modulation (SPM) and grougn optical fibers with various polynomial nonlinearities.
velocity dispersion (GVD), and they can maintain waveform  In recent years, Zaye@t al. [32-34] have studied
invariance during transmission in optical fibers. They havethe optical solitons in MOW for generalized NLSE with
been widely studied in optical fiber communication [11-13]. Kudryashov's law (KL). For example, for the cubic-quartic
From a mathematical perspective, optical solitons are closelgoupled system of NLSE [32], they combined bright-singular
related to the NLSE. The theory of optical solitons is de-solitons, bright solitons, and singular solitons are given by us-
rived from the mathematical model of the NLSE, which de-ing the addendum to Kudryashov's method. More complexly,
scribes the behaviors of nonlinear optical waves. So, th&ayedet al. have studied the dynamics of optical solitons
optical solitons can be seen as integrable solutions to thin MOW with NLSEs, they have used ti"(eZZ—')-expansion
NLSE. Researchers have studied the exact solution problerechnique and enhanced Kudryashov's method, resulting in
of nonlinear NLSE and have successively proposed some efhe formation of bright solitons, singular solitons, combined
fective methods. For example, the inverse scattering trangsright, singular solitons, and combinations thereof, as well
form method [14, 15], the Darboux transformations methodas kink-type solutions [33]. On this basis, they combined
[16,17], the Hirota method [18,19], the generalized extendedhe generalized®-model expansion technique with the en-
tanh method [20], and the Jacobi elliptic function expansiorhanced Kudryashov scheme, using Jacobi elliptic functions
method [21], etc. to obtain bright, dark, isolated solitons, as well as additional

In magneto-optic waveguides (MOW), the magnetic-straddled soliton solutions [34]. In addition, Karghal. [35]
optical effect can compel solitons to move from an attrac-have used the modified extended direct algebraic method to
tive state to an isolated state, effectively avoiding informationsolve the (2+1)-dimensional NLSE. They obtained dark soli-
overflow from pulse-to-pulse. This is also the main role oftons, bright solitons, singular solitons and so on.
magneto-optic effect [22]. For the coupling case for a mag- Even more to the point, in 2022, Zayetal. [36] studied
netic waveguide, for example, for an external magnetic fieldthe cubic-quartic optical solitons in MOW for NLSE. The one
along z-axis, the dielectric tensois related to the magnetic- with KL arbitrary refractive index and generalized non-local
optical coefficient), which leads to the polarization compo- laws of nonlinearity. At the same time, they also introduced
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the coupled system for the first time. They used the modified Kudryashov's methodology and the addendum to Kudryashov'’s
methodology to provide dark, bright optical, candid, and combo bright-singular solutions for the system [36]. However, the
research methods they applied are based on stricter conditions without providing richer solutions. Our goal is to get richer
solutions. The trial equation method and complete discrimination system for polynomial are good methods, which have fewer
constraints and more abundant solutions [37-40]. In additioneKali [41-43] used these two methods to study the topological
stability of optical wave models.

In this paper, we use the trial equation method and the complete discrimination system for polynomial method to study the
coupled system, and obtain some new solutions. More importantly, according to these two methods, we study the topological
stability of the resulting optical wave modes, that is, the analysis of whether the optical wave modes change when the parameters
change, which is important for physics.

2. Mathematical analysis
In this section, we study the coupled system as follows [36]
Wy + 101 Ugpr + D1 Upgee + [cl|u|" + dl\u|2" + el|u|3” + f1|u|4n + g1 (Jul™),, +h1 (\u|2")m]u + [k1|v\" + l1|v\2”
+ oo + sl + & (Jo]") g +m (W), Ju = Quo+i M (lu*™u) , + p (Jul™™) , u+ Orul*ua] (1)
W + 102V00z + b2Vsgas + [c2|v]" + da|v]®™ + e2v3™ + folv*™ + g2 (|v]™),, + he (|v\2”)m]v + [Kolul™ + lo|ul?"
+ aalul*™ + so|ul*™ + & ([u]™),, + 12 (|u|2”)m Jv=0Qu+ilX (|v|27”v)m + p2 (\v|2"”)m v+ 0], (2)

wherex is spatial variablest is temporal, all coefficients are nonzero constantg. b; (J = 1,2) are the parameters of
third-order, forth-orderc;, d;, e;, f; (J = 1,2) are the coefficients of SPMy;, h;,&;,1; (J = 1,2) are the coefficients of
the non-local generalized refractive index laky., l;,0;,s; (J = 1,2) represent the nonlinear parameters effects caused by
cross-phase modulation. Besidg€s, are the MOW terms coefficientg,, A; andd; represent nonlinear dispersal coefficients.
m andn represent the maximum intensity and power nonlinear parameters respectively<and< 2. Equation (1) and (2)
are coupled NLSEs.

Firstly, we use the transformation as follows [36]

®)

and
E=ax—-Vt, ¢x,t) = —ka + wt+ 0y, (4)

whereV, k, w andf, represent velocity, frequency, wave number and phase constant, respectively.
Substituting Eqg. (3) into Eq. (1) and Eq. (2), we get the real parts

b1t + 3k (a1 — 2b1k) ¢ — (w+ ark® — bik*) ¢y + Pt 4 dyp 2 eyt 4 fgdntd
+gi[n (n = 1) oP + 0l Jo7 + 20k [(2n = 1)y 2 + 110" + kioa gy + L™ + oriy”
+ 519195 + na[(n — Dby 1y’ + ¥ ]l + 2nm[(2n — 1)y Pagps” + ¥y g Jd”
— Qi — k(A + 07" =0, )
batp$Y) + 3k (ag — 2b2k) Y — (w + agk® — bok*) vy + ot + dypF Y 4 eau3 ™ 4 foudt T 4 goln (n — 1) ¢y Ly
+ np |98 + 2nho[(2n — 1)y "5 + Y T03™ + kathathy + lahoth?™ + oothothd™ + sathothl™ + néa[(n — 1)y ot
T YU + 2nm2[(20 — 1)1 2 att + o7 U a]U" — Qathr — k(A + 2)y3™ T =0, (6)
and the imaginary parts
(a1 = 4b1k) 7" = (V 4 3ark® — 4b1k°) 91 — [2m(A\ + 1) + A+ 61] 7™y = 0, )
(az — 4bok) 5" — (V + Bagk® — 4bsk™) 4ty — [2m(Ag + p2) + A2 + 0] 37 = 0. (8)
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From Eqg. (7) and (8), we have the constraint conditions
ap —4b1k =0, as — 4bsk =0,
V + 3a1k% — 4b1 k3 = 0, V + 3ask? — 4bok® = 0,
2m(A + 1)+ A+ 601 =0, 2m(Ag + p2) + Ag + 62 = 0.

From Eg. (9), we have

s = 1, 2, a1b2 = &2b1.

From Eq. (10), we have
V = (—3a, + 4bsk)k?, s=1, 2.
From Eq. (11), we have
2m(As + ps) + As + 05 =0, s=1, 2.
Setting
P2(8) =T (8),
wherel is a real number, and # 0, 1. So the Eq. (5) and Eq. (6) are rewritten as
biyiY + 8k (a1 — 2b1k) Y — (w + ark® — bk — QuT) ¥y + (2 + b TP + (dy + T2y !
+(er + o DY 4 (fr + s T (g + 06D [(n = Dy 9 + 9 Ty
+2n(hy + T20)[(20 — D)oy 02 + 971" — k(A + 619 =0,
and
boTpt™) 4 KT (ag — 2bok) ¢ — [D(w + ask® — bok*) + Q2] 1 + T (ko + exT)P L + T(ly + doT?")yp2 1
+ (02 + eaD")yp" T+ Dy + fol ™ )gif" T 4 nl (& + goI™)[(n — D)ooy ' + 79T
+ 20D (n + hoI*™)[(2n — D)py "W + 0" — kD2 (Ao + 62)07™ T = 0.

Then we have the constraint conditions
by = bol',
ay — 2b1k =T (as — 2bk)
1+ kT =T" (ko + o),
di + LT?" =T (Io + doT?")
e1 + o113 =T(oy + eoT3"),
fitsiI*™ =T (82 + f2F4n) )
g1 +1"& =T(& + g2I'™),
hy + T2y = T(ng + hoT?"),
M+ 0y =T (A2 + 6y),
wH+ a k® — bik* — Qi = D(w + agk® — bok?) + Qo.

Thus, we have

w_Q1F+Q2
- (-0
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When@; = Q2 = 0, we havew = 0, that is, the frequency is equal to zero if the magnetic-optical coupled coefficients are
equal to zeros. Therefore, this perhaps can be used to verify the effect of MOW.
Applying the transformation; () = U (&) to the Eqg. (16). We get

USU(4) +L0U/4 +L1UU/2UN+ L2[3U//2 +4U/U///]U2 +L3U2U/2 +L4U3UN

— L5U4 + L6U5 + L7U6 + L8U7 + L9U8 + L10U4UN — L11U%+4 + //12(U4U/2 + U5UN) =0, (30)
where

, _ (1=n)(1—=2n)(1—3n) , _ 3(1—n)(1—2n) , _1-n , _ 3(1—n)k? , _E
0 — 4TL3 ) 1= 2n2 ) 2 = in ) 3 m ) 4 = 2 )
o n(w + ark® — bik* — Q1) o n(ey + k1 T™) - n(dy + ;T%") e n(er + o13")
5 4b; ’ 6 4by T 4b; BT 4by ’
b n(f1 + s1T47) - n(gy + &™) A nk(A\ + 61) . n(hy +T?ny) (31)
9 4b1 ) 10 4b1 ) 11 4b1 ) 12 2b1 )

providedb; # 0.
Next, we apply the trial equation method to solve the Eq. (30).
We set the trial equation,

(U')? = En:zU (32)
=0

For the convenience of calculation, let the = n in Eq. (29). By balancing the order 6F2U"” and.,U® , we can geh = 4.
The trial equation is written as follows
(U2 = 24U + 23U3 + 2U% + 21U + 2, (33)
then we derive
U" =22,U3 + %ng2 + 2U + %zl,
U™ = [1224U + 323)(U")? + [624U% + 323U + 2]U". (34)

substituting Eqg. (32), Eq. (33) and Eq. (34) into Eg. (29). Then let each coefficient be zero to form an algebraic equations
system, we can obtain the valueszpfi = 0, 1,2, 3,4) in Eg. (32) as follows

—3L12 + \/9L%2 — 4LOL9 — 8L1L9 — 144L2L9 — 96L9 —lg — 2L1()Z4

24 = , z3 = ,

4 210 + 41 + 7210 + 48 3 20024 + %L1Z4 + 541524 + gbm + 3024
2y = — (Z +iw+ 50+ Pw) 2 _ (134 2t4) 24 + 311023 + 17

2024 4 20924 + 3124 + 400224 + 2119 2024 + 20924 + 31124 + 400024 + 2L12’
(%5 + 219 + %Ll + 251,2) 2223 (Lg + %L4> 23 + L1022 + g — L11

z = - — ,

! 1524 + 20924 + ngz4 + 300224 + %ng 1524 + 20924 + ngz4 + 30t224 + %Lu

1 33 9

o = ls — 501021 — (7L2 + 201 + 200 + 5) Z123 + = (ta+t3) 20 — (Tea+ 11+ 0o+ 1) 23 (35)

1224 + 20024 + 20124 + 241924 + L12 1224 + 20024 + 20124 + 241924 + 112
and satisfied the following constraints

3 3 1 1
2102023 + §L1z0z3 + 12102023 + 2192122 + §L12122 + Tioz129 + 1321 + 32023 + §z1z2 + §L421 =0,

1 3 1
2102022 + Lozf + §lef + ZLsz 4+ 112022 + 4lozozo + 1320 = 0, 2092021 + §L12021 =0, Lozg =0. (36)
Finally, taking the following transformation to Eq. (34)

p=(z4) (U + Z"’) L& = ()it (37)

42’4
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We get

(Pe,)? = p* + lip® + lap + 13, (38)
where

3 -3 4 2
b= =5GP0t e b =) (2 - 2 n ), b e 2L A5

Simplifying Eq. (38) into the integral form

dp
(& — &) = : 40
(& — &) o) (40)
where
F(p) = p" + Lp® + lop + 5. (41)

Now, we can use the complete discrimination system for quartic polynomial to solve Eqg. (41). The discrimination system
is as follows

Dy =1, Dy=—l;, D3=—2I3+8ll3—9I2,
2
Dy = —I315 + 41113 + 3611513 — 321313 — 1713 + 6413, By =912 — 321y13. (42)

In the next section, we will classify the roots of Eq. (41) which give all optical wave modes.

3. The optical wave modes

In this section, we obtain thirteen different optical wave modes in total. In addition, it is important to study the topological
stability of the optical wave modes. The analysis method is as follows, these solutions are stable when conditions are given
by inequalities, unstable when conditions are given by equations, and semi-stable when conditions are given by equations an
inequalities. In fact, in general, inequalities can remain unchanged when their parameters are perturbed small, and when som
parameters change, the equation becomes an inequality [44]. Then our results are as follows

Case 1.D, = D3 = D, = 0, thenF(p) = p*, we have a singular rational solution as follows

1
1 Z o

w(t,0) = () [~ - )] - 22 etikerman, (43
This optical wave pattern is parameter unstable.

Case 2.E, < 0,Dy < 0,D3 = Dy =0, thenF(p) = [(p — ¢1)? + ¢2]?,we have a singular periodic solution as follows

_1 1 no L
us(t, @) = (z4 etan(Gzie - ) + ] - f) H(—katursto)}, (44)
Z4
where(; and(, are real constants.
This pattern is parameter semi-stable and changes form with parameter perturbations.
Case 3.Ey > 0,D2 > 0,D3 = D,y = 0, thenF(p) = (p — ¢1)?(p — (2)?, we have two solitary wave solutions as follows

us(t, r) = <,z4_‘%L l@ ;Cl {coth (S 42)(22415 —&) _ 1} + G| - :;) el (Zhatwttbo)} (45)
wat, ) = <Z4i lCz ; G {tanh (G — C2)(2241§ —&) 1} el - ;) / G (—katwt+60)} (46)

These two solitary modes of optical wave are parameters semi-stable.

Rev. Mex. Fis71051304
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Case 4.Dy > 0,D3 > 0,D4 = 0, thenF(p) = (p — (1)*(p — &) (p — (3),
when(¢; — (3)/(( — ¢1) < 0, and(y, ¢2 and(s are real constants, we have two wave modes as follows

_ 1G(G—C) = (G = G)Geoth® B 2 \ 7™ oo
us(t,x) = < -G (a e E iz e ; (47)

and

; (48)

GG —G) — (G -GG tanh® E o\
ta) = i )
olte) <Z4 (C1—G3) = (¢ — ¢2) tanh® 2 4z4> €

whereB = (2{"/*¢ — £0)\/(C1 — (2)(¢1 — C3), C1., (2 and(s are real constants.
When(¢; — ¢3)/(¢2 — ¢1) > 0, and¢y, ¢ and(s are real constants. Then we have a singular periodic wave mode,

ur(t,z) = <Z4‘1‘ Gl =)~ (G = Q) tan® 5 Z3> ' il (—hatwt+00)} (49)

(Gt —¢3) — (G —¢i)tan? £ 42y
whereB = (Zi1/4)£ )G = = Ga).

These modes are parameters semi-stable when the parameters change.
Case 5.FE, = 0,Dy > 0,D3 = Dy = 0, thenF(p) = (p — ¢1)*(p — (2), we have a rational singular solution,

_ (.-t 4(¢1 — ¢2) } B Zd>1 i{ (—ka+wt+00)}
ug(t, ) <Z4 [Q + (G C1)2[Z%f -1 s e ) (50)

where(; and(, are real constants.
In this case, the optical wave pattern is parameter semi-stable.
Case 6.D3 < 0, D, = 0, thenF(p) = (p — ¢1)?[(p — ¢2)? + (2], we have a solitary wave solution in exponential form,

uo(t, ) = <Z4i (c—1)+ [(C;;_Ciﬂ +312-0) Zi) " il (—hatwt+00)} (51)

wherec = exp[++/ (¢ — (2)? + gg(zfﬁ/“)g — &), 1= (&1 —28)/\/ (¢ — ¢2)? + (3, 1, (2 and(s are real constants.

This optical wave pattern is parameter semi-stable.
Case 7.Dy > 0,D3 > 0,D4 > 0, thenF(p) = (p — ¢G1)(p — ¢&2)(p — (3)(p — ¢4), We have the elliptic function double
periodic solutions,

_(—1G(G = C)sn*(C, M) = GG —G) 23 " i{(—katwt+00)}

N e e G T it ) A 2
(=16 =GO M) — GG —C) 2\ " g kerwtion)

urr(t, o) = <z4 (6 —C)sn2(C. 3 — (G2 — o) 4Z4> e twitbo)y (53)

whereC = (v/(C1 — G3)(C2 — C0)/2) (2§ — &), M = /(G — C) (& — G3)/(CL — G3) (G — Ca), G, Co, G @nd¢y are real
constants and; > (o > (3 > (4.

These patterns are parameters stable.

Case 8.D, < 0,D2D3 > 0, thenF(p) = (p — ¢1)(p — &) [(p — (3)% + (3], we have the elliptic function double periodic
solutions,

1

—1y1en(C, M) + v 23 ) i{ (—ka+wi+00)}
wn(nt) = (27 2} gil(—kaotwt+o)} 54
12(7, 1) < 4 v3en(C, M) + s 4z 59

where(;, (2, (3 and(, are real constants, and

1= %(Cl +(2)y3 — %(Cl — (2)V4s Y2 = %(Q + Co)va — %(Q —(2)73,

_ _ _ G (G —G)(G—G)
=G Cg_mif H=G-Gohm,  B= GG —¢2) ’ (55)

1 —2¢ G1—C), 1
my=E+VE?+1, Mzm, cz\/ ;Z\”jﬂ(hl 2)(z4g—go).

Rev. Mex. Fis71051304
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This pattern is parameter stable.

Case 9.D, > 0,D3D3 < 0,thenF(p) = [(p — ¢1)* + F][(p — ¢3)? + ¢F]. When(, > ¢4 > 0, we have the elliptic
function double periodic solutions,

1
—11sn(C, M) +y2en(C, M) 23 \™ o
o 1y ) _*3 i{(—kz+wt+60)} 56
UlS(mv) <Z4 ,y38n(CyM)-|—fy4cn(C,M) 4zy ‘ , ( )

where(y, (2, (3 and{, are real constants, and
@
7 =Cv3+ e, Y2 = Cva — G203, v3=—C2 — g Y4 = (1 — (3,

_ (G -G+ @+ _ 5 _ Imi-1
E = e , m=E++VE2—-1, M= w7 (57)

o = V03 +9D) (g +11)

1
2 & — &o).
TR

This pattern is parameter stable.

4. The numerical simulation of the solutions

In this section, we calculate different forms of several characteristic solutions under the conditions of given parameter values,
and plot envelope graphs to get more intuitive conclusions.
Example 1: Singular solutions

Takingn:w:&):@o:al :1,F:2,<1 = 1lg = L1 :L2=L3:0,C2:m:1/2,b1 :—1,V:16\/6/9,
E=v6/3,hy =4,m =7,g1 = —2,& = =3, f1 = —16,5, = —5,e; = 8, we get

Uy = % (tan B {x - %ﬁt} - 11) i F ot (58)

The 3D plot of |ug| are shown in Fig. 1. This is a parameter unstable periodic solution with singularity.
Takingn =w=§ =60 =k=1b =—-1T =2 = 1/4,(3 = —(1/4),4'1 =1 =1t =t =13 =0m=
1/2,h1 = 12,7]1 =5,01 = 3,51 = —5,f1 = —16,51 = —5,V =e; = 8,91 = —6, we get

1 1 211
— + = tan“[z(z -8t —1 .

Uy = ( 1613 16 [ ( )]) el(_x+t+1)'
1

(59)

1.00010
1.00005

1.00000
-10

1.00015 J
|ug| 0

FIGURE 1. The modulus ofiy (z, t). FIGURE 2. The modulus ofis(z, t).
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This is also a parameter unstable periodic solution with singularity.
Takingn:w :fo =0y = 1;41 =bh=-1,k=1= Q,CQ =3,m= 1/2,L0 =11 =13 =13 =0,h =81 =6,01 =
2,51 = —4,f1 = —16,51 = —H,e1 = 16,91 = —8,51 = —4,V = 64, we get

16 .
I _ i(—2x+t+1)
s ( 16(z — 64t —1)2 — 4 1) ‘ ' (60)

This is an unstable rational solution with singularity. T plot of |us| is shown in Fig.2.

Example 2: Solitary wave solutions

Takingn =w = fo =60y = Cl =b = 1, =210 =11 =120 =13 =0,01 = CQ =-1,V = —(58\/@/9),]6 =
(V174/6),hy = =4, = —T,m =1/2,91 = —2,&, = T, e, = f1 = 16,5, = 5, we get

58+/174 9\ . _V
uz = | —coth(z 4+ t—1)+= | = o atitl) (61)
4
V174 (N
Uy = (— tanh(z + 58v17 t—1)+ Z) ei(— g att+1) (62)

They are solitary waves that can propagate stably, an8Dt@ot of |uy4| is shown in Fig.3.
Example 3: Elliptic function double periodic solutions
Takingn:bl:wzfoze():éé:l,m:o’l:%,C3=—1,C4:—2,C1 :F:g1:2,L0:L1 = lg = l3 =
0,hy = —4,e1 =4, = -7,61="7,f1 =16,81 =5, k =+/55614/78, V = (—28521/55614) /3042, we get

2(3 —2852/55614 2¢/2
U = <4sn G- 30\‘}2715 -b, \3[) — 0 — 1) pi(— g o tt+1) (63)
45n2(%(x _ —285320425614t i 1), 232) _3 4

This is a periodic pattern of optical wave propagation.
Takingn =b1 =w=§ =0 =G=1G=0==g=2m=01=1/2,i)0 =11 =12 =13=0,(o = h; =
—4,ey =4,m =—-7,& =7, f1 = 16,51 = 5,k = /48945102/2166,V = —(90388+/48945102) /2345778, we get

200+2v145 (.. _ /4 12
’y1CTL( PV vl (x Vit 1),—m)+72

1 )
g = — -1 ez(—km+t+1)7 (64)
200+2v145 (. _ 12
wen(\ L5 @ - V-1, )

wherey; = (=13 — 21/145)/3, 75 = —(11 +2y/145) /3, ~4 = (7 + /145) /6.

The 3D plot of |u12| is shown in Fig.4. This is also a periodic stable pattern of optical wave propagation.

<>

0.2 -0.10

FIGURE 3. The modulus ofi4(z, t). FIGURE 4. The modulus ofs12(z, t).
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can also use these two methods to solve, which are two pow-

erful tools.
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waveguides is studied by the trial equation method and the
complete discrimination system for polynomial method, andAcknowledgements

thirteen different exact solutions are obtained.

In particu-

lar, the elliptic function double periodic solutions is a new The author would like to acknowledge Northeast Petroleum
achievement. In addition, the types of different solutions carJniversity for funding this work. This project is supported by

be determined according to the physical parameters, stabl#le Special Programm for the Ability Promotion of the Basic

semi-stable, or unstable. For similar NLSE problems, yowand Scientific Research (No. 2023JCYJ-01).

10.

11.

. A. Chabchoub and R. H. J. Grimshaw, The Hydrodynamic Non-12
linear Schédinger Equation: Space and Time, Flullg&016)
23, https://doi.org/10.3390/fluids1030023

. F. Sun, Propagation of solitons in optical fibers with general-
ized Kudryashov’s refractive indexResults Phys28 (2021)
104644 nttps://doi.org/10.1016/).rinp.2021.

104644

. M. Y.Wanget al,, Dispersive solitons in magneto-optic waveg-
uides with Kudryashov's form of self-phase modulati@p-
tik 269(2022) 169860Chttps://doi.org/10.1016/|.
11e0.2022.169860

. M. Y. Tang and M. Y. Wang, The chirped wave propaga-
tion in modified cubic-quintic complex Ginzburg-Landau equa-
tion with parabolic law,Optik 275 (2023) 170547 https:
//doi.org/10.1016/].ijle0.2023.170547

. J. Ahmad, etal., Soliton solutions of fractional extended nonlin-
ear Schodinger equation arising in plasma physics and nonlin-
ear optical fiberSci. Rep13(2023) 10877https://dol.
0rg/10.1038/s41598-023-37/5/-y

. X. Z. Xu, Exact solutions of coupled NLSE for the gener-
alized Kudryashov's equation in magneto-optic waveguides,
J. Opt. 53 (2024) 3877,https://doi.org/10.1007/
S12596-023-01594-z

. S. F. Wang, Spatial optical soliton cluster solutions in 17.

strongly nonlocal nonlinear mediaChaos Solitons Fract.
182 (2024) 114815, https://doi.org/10.1016/).
chaos.2024.114815

. X. H. Wu, Y. T. Gao, and X. Yu, On a Hirota equation in

oceanic fluid mechanics: double-pole breather-to-soliton trand3.

sitions, Chaos Solitons Fract183 (2024) 114874/https:
//doi.org/10.1016/j.chaos.2024.114874

. S. Chandreet al., Degeneracy affected stability in ionospheric
plasma wavesPramana98 (2023) 2,https://doi.org/
10.100//s12043-023-02687-X

A. Hasegawa and F. Tappert, Transmission of stationary non-
linear optical pulses in dispersive dielectric fibers. I. Anoma-
lous dispersion,Appl. Phys. Lett23 (1973) 142 https:
//doi.org/10.1063/1.1654836

X. Wang and J. Yang, Exact spatiotemporal soliton solutions
to the generalized three-dimensional nonlinear 8dimger
equation in optical fiber communicationAdv. Difference
Equ. 2015 (2015) 347, |https://doi.org/10.1186/
$13662-015-0683-4

13.

14.

15.

16.

19.

20.

. N. Raza, et al., Optical solitons of space-time fractional Fokas-
Lenells equation with two versatile integration architectures,
Adv. Difference Equ2020 (2020) 1, https://doi.org/
10.1186/s13662-020-029/3-7

S. Wang et al, Dynamic behavior of optical soliton in-
teractions in optical communication systemShin. Phys.
Lett 39 (2022) 114202 https://doi.org/10.1088/
0256-30/X/39/11/114202

L. An, L. Ling, and X. Zhang, Inverse scattering transform
for the integrable fractional derivative nonlinear Sattinger
equation,Phys. D: Nonlinear Phenonm458 (2024) 133888,
https://doi.org/10.1016/].physd.2023.

133888

Y. Li et al, The exact solutions for the nonlocal Kundu-NLS
equation by the inverse scattering transfoi@haos Solitons
Fract. 180(2024) 114603https://doi.org/10.1016/
J].cha0s.2024.114603

X. Sang et al, Soliton, breather and rogue wave solu-
tions of the nonlinear Schdinger equation via Darboux
transformation on a time-space scafehaos Soliton Fract
184 (2024) 115052, https://doi.org/10.1016/.
chaos.2024.115052

C. Fan, L. Li, and F. Yu, Soliton solution, breather so-
lution and rational wave solution for a generalized non-
linear Schédinger equation with Darboux transformation,
Sci. Rep13(2023) 9406 https://doi.org/10.1038/
S41598-023-36295-X

S. T. Rizviet al, The interactions of dark, bright, parabolic
optical solitons with solitary wave solutions for nonlinear
Schiddinger-Poisson equation by Hirota meth@ft. Quant.
Electron 56 (2024) 1162https://doi.org/10.1007/
s11082-024-0/008-z

R. J. Luo and G. Q. Zhou, Double-Pole Solution and Soliton-
Antisoliton Pair Solution of MNLSE/DNLSE Based upon Hi-
rota MethodWuhan Univ. J. Nat. ScP9(2024) 430https:
/ldol.org/10.1051/wujns/2024295430

M. S. Ahmed, A. A. Zaghrout, and H. M. Ahmed, Soli-
tons and other wave solutions for nonlinear $ctinger equa-
tion with Kudryashov generalized nonlinearity using the im-
proved modified extended tanh-function meth@gpt. Quant.
Electron.55 (2023) 1231 https://doi.org/10.1007/
$11082-023-05521-1

Rev. Mex. Fis71051304


https://doi.org/10.3390/fluids1030023�
https://doi.org/10.1016/j.rinp.2021. 104644�
https://doi.org/10.1016/j.rinp.2021. 104644�
https://doi.org/10.1016/ j.ijleo.2022.169860�
https://doi.org/10.1016/ j.ijleo.2022.169860�
https: //doi.org/10.1016/j.ijleo.2023.170547�
https: //doi.org/10.1016/j.ijleo.2023.170547�
https: //doi.org/10.1038/s41598-023-37757-y�
https: //doi.org/10.1038/s41598-023-37757-y�
https://doi.org/10.1007/ s12596-023-01594-z�
https://doi.org/10.1007/ s12596-023-01594-z�
https://doi.org/10.1016/j. chaos.2024.114815�
https://doi.org/10.1016/j. chaos.2024.114815�
https: //doi.org/10.1016/j.chaos.2024.114874�
https: //doi.org/10.1016/j.chaos.2024.114874�
https://doi.org/ 10.1007/s12043-023-02687-x�
https://doi.org/ 10.1007/s12043-023-02687-x�
https: //doi.org/10.1063/1.1654836�
https: //doi.org/10.1063/1.1654836�
https://doi.org/10.1186/ s13662-015-0683-4�
https://doi.org/10.1186/ s13662-015-0683-4�
https://doi.org/ 10.1186/s13662-020-02973-7�
https://doi.org/ 10.1186/s13662-020-02973-7�
https://doi.org/10.1088/ 0256-307X/39/11/114202�
https://doi.org/10.1088/ 0256-307X/39/11/114202�
https://doi.org/10.1016/j. physd.2023.133888�
https://doi.org/10.1016/j. physd.2023.133888�
https://doi.org/10.1016/ j.chaos.2024.114603�
https://doi.org/10.1016/ j.chaos.2024.114603�
https://doi.org/10.1016/j. chaos.2024.115052�
https://doi.org/10.1016/j. chaos.2024.115052�
https://doi.org/10.1038/ s41598-023-36295-x�
https://doi.org/10.1038/ s41598-023-36295-x�
https://doi.org/10.1007/ s11082-024-07008-z�
https://doi.org/10.1007/ s11082-024-07008-z�
https://doi.org/10.1051/wujns/2024295430�
https://doi.org/10.1051/wujns/2024295430�
https://doi.org/10.1007/ s11082-023-05521-1�
https://doi.org/10.1007/ s11082-023-05521-1�

10

2

—_

22.

23.

24.

26.

27.

28.

29.

30.

31.

32.

33.

. U. Younas and J. Ren, Investigation of exact soliton solutions37

NING-HE YANG

. A. Farooq, M. I. Khan, and W. X. Ma, Exact solutions for the 34.

improved mKdv equation with conformable derivative by us-
ing the Jacobi elliptic function expansion meth@jt. Quant.
Electron. 56 (2024) 542 https://doi.org/10.1007/
S11082-023-06258-/

M. Savescu, et al., Optical solitons in magneto-optic waveg-
uides with spatio-temporal dispersidhiequenz8 (2014) 445,
https://doi.org/10.1515/freq-2013-0164

J. V. Moloney, Nonlinear optical materials, vol. 101, 1st ed.
(Springer Science and Business Media, 2012), pp. 83-108.

M. Asmaet al., A pen-picture of solitons and conservation laws
in magneto-optic waveguides having quadratic-cubic law of
nonlinear refractive indexQptik 223 (2020) 165330https:
//doi.org/10.1016/].ijle0.2020.165330

35.

in magneto-optic waveguides and its stability analyRissults
Phys.21 (2021) 103816/https://doi.org/10.1016/
|.nnp.2021.103816

E. M. Zayedet al, Solitons in magneto-optic waveguides
with quadratic-cubic nonlinearityPhys. Lett. A384 (2020)

126456, |https://doi.org/10.1016/j.physleta. 38.

2020.126456

A. H. Arnous, Optical solitons with Biswas-Milovic equation in
magneto-optic waveguide having Kudryashov's law of refrac-
tive index, Optik 247 (2021) 167987 https://doi.org/
10.1016/}.ijle0.2021.167987

A. Biswas, Solitons in magneto-optic waveguidappl. Math.
Comput.153 (2004) 387 https://doi.org/10.1016/
S0096-3003(03)00639-8

N. A. Kudryashov, A generalized model for description of prop- 40.

agation pulses in optical fibe@ptik. 189 (2019) 42 https:
//do1.0rg/10.1016/].1le0.2019.05.069

N. A. Kudryashov, Mathematical model of propagation
pulse in optical fiber with power nonlinearitiesOptik

212 (2020) 164750, https://doi.org/10.1016/]. -
ijle0.2020.164750

N. A. Kudryashov, Optical solitons of the model with arbitrary
refractive index,Optik 224 (2020) 165767https://doi. 49
0rg/10.1016/).1jle0.2020.165767 '
E. M. Zayed, K. A. Gepreel, and M. E. Alngar, Ad-
dendum to Kudryashov's method for finding solitons in
magneto-optics waveguides to cubic-quartic NLSE with 13

Kudryashov's sextic power law of refractive indexQp-
tik 230(2021) 166311https://doi.org/10.1016/.
1le0.2021.166311

E. M. Zayed et al, Effects of high dispersion and gen-

eralized non-local laws on optical soliton perturbations in 44.

magneto-optic waveguides with sextic-power law refractive
index, NODY. 112 (2024) 8507 |https://doi.org/10.
100//s110/1-024-09518-/

36.

39.

E. M. Zayedet al.,, Investigating the generalized Kudryashov’s
equation in magneto-optic waveguide through the use of a cou-
ple integration techniqued, Opt.(2024) 1 https://doi.
0rg/10.100//s12596-024-0185/-3

K. K. Ahmed et al, Unveiling optical solitons and
other solutions for fourth-order (2+1)-dimensional nonlinear
Schiddinger equation by modified extended direct algebraic
method,J. Opt (2024) 1 https://doi.org/10.1007/
$12596-024-01690-8

E. M. Zayedet al, Cubic-quartic optical solitons in magne-
tooptic waveguides for NLSE with Kudryashov's law arbitrary
refractive index and generalized non-local laws of nonlinearity,
Optik 261 (2022) 169127https://doi.org/10.1016/
1.il€0.2022.169127

C. S. Liu, Trial Equation Method to Nonlinear Evo-
lution Equations with Ranklnhomogeneous: Mathemati-
cal Discussions and Its ApplicationsCommun. Theor.
Phys. 45 (2006) 219, https://doi.org/10.1088/
0253-6102/45/2/005

C. S. Liu, Trial equation method based on symmetry and
applications to nonlinear equations arising in mathematical
physics, Found Physt1 (2011) 793 /https://doi.org/
10.100//s10/01-010-9521-4

C. S. Liu, Applications of complete discrimination system
for polynomial for classifications of traveling wave solutions
to nonlinear differential equation§ommput. Phys. Commun.
181 (2010) 317 https://doi.org/10.1016/|.cpc.

2009.10.006

C. S. Liu, The classification of travelling wave solutions and
superposition of multi-solutions to Camassa-Holm equation
with dispersionChin. Phys16(2007) 1832https://doi.
org/10.1088/1009-1963/16///004

X. Wang and V. Liu, All single travelling wave patterns
to fractional Jimbo-Miwa equation and Zakharov-Kuznetsov
equation,Pramana92 (2019) 31 |https://doi.org/10.
100//s12043-018-1698- /

Y. Kai, J. Ji, and Z. Yin, Exact solutions and dynamic proper-
ties of Ito-type coupled nonlinear wave equatioRbys. Lett.

A 421 (2022) 127780https://doi.org/10.1016/].
physleta.2021.12//80

Y. F. Chen, Optical solitons for twin-core couplers in opti-
cal metamaterials with Kudryashov’s sextic power law of arbi-
trary refractive indexindian J. Phys99 (2025) 247 htips:
/ldoi.org/10.1007/s12648-024-03258-5

T. Wei et al,, Wave patterns and dynamical properties of optical
propagation by a higher order nonlinear Satinger equation,
Results Phys46 (2023) 106283https://doi.org/10.
1016/].rinp.2023.106283

Rev. Mex. Fis71051304


https://doi.org/10.1007/ s11082-023-06258-7�
https://doi.org/10.1007/ s11082-023-06258-7�
https://doi.org/10.1515/freq-2013-0164�
https://doi.org/10.1016/j. ijleo.2020.165330�
https://doi.org/10.1016/j. ijleo.2020.165330�
https://doi.org/10.1016/ j.rinp.2021.103816�
https://doi.org/10.1016/ j.rinp.2021.103816�
https://doi.org/10.1016/j.physleta. 2020.126456�
https://doi.org/10.1016/j.physleta. 2020.126456�
https://doi. org/10.1016/j.ijleo.2021.167987�
https://doi. org/10.1016/j.ijleo.2021.167987�
https://doi.org/10.1016/ S0096-3003(03)00639-8�
https://doi.org/10.1016/ S0096-3003(03)00639-8�
https: //doi.org/10.1016/j.ijleo.2019.05.069�
https: //doi.org/10.1016/j.ijleo.2019.05.069�
https://doi.org/10.1016/j. ijleo.2020.164750�
https://doi.org/10.1016/j. ijleo.2020.164750�
https: //doi.org/10.1016/j.ijleo.2020.165767�
https: //doi.org/10.1016/j.ijleo.2020.165767�
https://doi.org/10.1016/j. ijleo.2021.166311�
https://doi.org/10.1016/j. ijleo.2021.166311�
https://doi.org/10. 1007/s11071-024-09518-7�
https://doi.org/10. 1007/s11071-024-09518-7�
https: //doi.org/10.1007/s12596-024-01857-3�
https: //doi.org/10.1007/s12596-024-01857-3�
https://doi.org/10.1007/ s12596-024-01690-8�
https://doi.org/10.1007/ s12596-024-01690-8�
https://doi.org/10. 1016/j.ijleo.2022.169127�
https://doi.org/10. 1016/j.ijleo.2022.169127�
https://doi.org/10.1088/0253-6102/45/ 2/005�
https://doi.org/10.1088/0253-6102/45/ 2/005�
https://doi.org/ 10.1007/s10701-010-9521-4�
https://doi.org/ 10.1007/s10701-010-9521-4�
https://doi.org/10.1016/j.cpc. 2009.10.006�
https://doi.org/10.1016/j.cpc. 2009.10.006�
https: //doi.org/10.1088/1009-1963/16/7/004�
https: //doi.org/10.1088/1009-1963/16/7/004�
https://doi.org/10. 1007/s12043-018-1698-7�
https://doi.org/10. 1007/s12043-018-1698-7�
https://doi.org/10.1016/j. physleta.2021.127780�
https://doi.org/10.1016/j. physleta.2021.127780�
https: //doi.org/10.1007/s12648-024-03258-5�
https: //doi.org/10.1007/s12648-024-03258-5�
https://doi.org/ 10.1016/j.rinp.2023.106283�
https://doi.org/ 10.1016/j.rinp.2023.106283�

