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ARTICLE INFO ABSTRACT

Keywords: Objective: The principal purpose of this paper is to examine the perturbed Schrédinger—Hirota
Perturbed Schrédinger-Hirota equation equation with the effect of spatio-temporal dispersion and Kerr law nonlinearity which governs
Spatio-temporal dispersion the propagation of dispersive pulses in optical fibers by proposing and using a direct algebraic
Erell;afid modified extended tanh expansion form of the enhanced modified extended tanh expansion method for the first time. Our aim
method P is not only restricted to obtaining different and more soliton solutions by proposed method

for the first time in this study, but also includes examining the effect of the coefficients of
self-steepening and nonlinear dispersion terms to the soliton propagation in the investigated
problem.

Methodology: Utilizing a traveling wave transformation, the perturbed Schrédinger-Hirota
equation with the effect of spatio-temporal dispersion and Kerr law nonlinearity can be
transformed into an nonlinear ordinary differential equation (NODE). Then, the NODE is convert
into a set of algebraic equations by taking account into the Riccati differential equation.
Solving the set of algebraic equations, we acquire the analytical soliton solutions of the
perturbed Schrodinger-Hirota equation with the effect of spatio-temporal dispersion and Kerr
law nonlinearity. In the proposed method, the modified extended tanh function method is
enhanced by presenting more solutions of Riccati differential equations with the direct algebraic
form, is utilized.

Results: The more solutions have been established to the literature with new significant
physical properties of the perturbed Schrédinger-Hirota equation with the effect of spatio-
temporal dispersion and Kerr law nonlinearity. We indicated that the presented method are
effective, easily computable, and reliable in solving such nonlinear problems. Moreover, we
demonstrate the dynamical behaviors and physical significance of some soliton solutions at
appropriate values of parameters.

Originality: A variety of soliton solutions to the perturbed Schrédinger-Hirota equation with
Kerr law non-linearity by the direct algebraic form of enhanced modified extended tanh expan-
sion method have been acquired. These solutions are dark-bright, trigonometric, hyperbolic,
periodic, and singular soliton solutions. 3D, contour and 2D plots of some obtained solutions
have been demonstrated to interpret the physical meaning of the equation. For some parameter
values in the equation, the behavior of soliton solutions has been examined. The constraint
conditions are established to confirm the existence of valid solutions. The obtained results can
be effective in interpreting the physical meaning of this nonlinear system. We have seen that
the proposed direct algebraic form of the enhanced modified extended tanh expansion method
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is a powerful mathematical technique which can be utilized to acquire the analytical solutions
to different complex nonlinear mathematical models.

1. Introduction

Nonlinear evolution equations (NLEEs) are applied to identify a variety of the physical phenomena in the several branches of
science like optical fibers, plasma physics, biology, chemistry, physics. In recent years, soliton solutions and their features have
been particularly examined in different fields such as fluid dynamics, optical fibers, birefringent fibers, ocean engineering, etc
in [1-3]. Acquiring the analytical and soliton solutions of NLEEs has importance since they have strong practical importance in
various areas. So, a variety of the efficient method have been improved to achieve the analytical and soliton solutions of NLEEs
such as the Jacobi elliptic function approach [4], the extended auxiliary equation approach [5], the Lie symmetry analysis [6,7], the
unified Riccati equation [8], the extended trial function algorithm [9], the Kudryashov’s method [10], the extended Kudryashov’s
method [11], the semi-inverse variational principle [12,13], the Sardar subequation and the new Kudryashov methoc/is [14], the
modified extended tanh expansion method [15], the extended smh Gordon equation expansion method [16,17], the > expansion

function method [16,18,19], the sine-cosine method [19], the E—expanslon method [20,21], the exp-function method [21,22],
Riccati-Bernoulli sub-ODE method [23,24], the Kudryashov-expansion method [25,26], the rational sine-cosine method [26], the
modified simple equation method [27-30], the trial equation method [29,30], the modified tanh—coth method [31], the asymmetric
method [32], the F-expansion scheme [33], the functional variable method and first integral approach [34], He’s semi-inverse
variational principle [35].

The dynamics of soliton propagation through optical fibers is governed by the nonlinear evolution equation. As is known, in some
cases, one of the methods used to prevent the low group velocity dispersion (GVD) in optical fibers is the addition of third-order
dispersion (30D), which causes dispersive optical solitons. The Schrodinger-Hirota equation (SHE) is one of the important models
in which this type of modeling [36]. SHE describes the real-world models in nonlinear optics and dispersive optical fibers. The
equation and its solutions, which ensure interpret phenomena, have attracted a lot of attention recently, thanks to applications in
a wide variety of fields, particularly in optical communication systems.

In order to model the optical propagation in fiber in presence of 30D is given by nonlinear Schrodinger equation as [37]

3
h=—iat, 1
i~ 6)

2
in Wthh h = h(x,1) is solution profile and, 2 is the linear temporal evolution term, :xé’ is the GVD term, |h|? is Kerr law nonlinearity

terrn, a is the 30D and, «a is the coeff1c1ent of 30D term.
Using the Lie transform [37,38]:

9=h- 3ia[hx + 2h/ |h(§)|2d§]. @

—00

Eq. (1) converts to the following equation:
9, + %19xx+ 19128 + ia (90 + 61018, ) =0, ®)

in which 9 = 9(x, 7). If the nonlinear terms are omitted, Eq. (3) is called the nonlinear Schrédinger equation (NLSE) with Kerr law
nonlinearity and it can be given in the following general form by organizing the coefficient with arbitrary numbers:

"'9+/11"’9+,13|s| &+z(a 2 piordl) <o, @
ot
in which 4,, 4; and, g are any real non-zero free parameters. A, and g are the coefficients of the GVD and the nonlinear dispersion
term, respectively. Because of the relation of the GVD and ill-pose of the model, in order to make the model well-pose an additional
term which is called spatio-temporal dispersion (STD) is added [36,39]. So, Eq. (4) becomes:

2 3
12—8+/116 f +,12§§ +/13|«9|219+i<a% +ﬂ|19|2£>=0, (5)
in which 4, is the coefficient of the STD term. When the perturbation term is taken into account, Eq. (5) turns into the perturbed
Schrodinger-Hirota equation with the effect of spatio-temporal dispersion and Kerr law nonlinearity (pSHE-STD-KL), which we have
discussed in the article.

In this paper, we carried out optical soliton solutions of the perturbed Schrddinger-Hirota equation with the effect of
PpSHE-STD-KL which models the propagation of dispersive pulses in optical fibers is described by [36,40]:

29 . 929 %9 2g . [ 039 209\ [ 09 009179 0|9
—+4 99 — - — | = 4 bh———4c—39
’az+ v ,120 at+/13|1|1 +z<aaX3+ﬁ|1| Ix i aax+ I +c ) 6)

in which 4, 4, and « are the coefficients of the GVD, the STD and the 30D terms, respectively. The parameters 1; and g are the
coefficients of nonlinear dispersion term. The coefficients a, b, and ¢ stand for the inter-modal dispersion (IMD), the self-steepening,
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and the nonlinear dispersion, respectively. The complex function 9 = 9(x, ) is the soliton profile, i = \/—_1, and Eq. (6) is expressed
as generalization of the NLSE. Besides, in Eq. (6), the right-hand side symbolizes the perturbation.

In this paper, we aim to introduce the direct algebraic enhanced modified extended tanh expansion method to examine analytical
and soliton solutions of the pSHE-STD-KL equation. Up to now, the proposed method has not been implemented to any nonlinear
partial differential equations in the literature as presented. To date, pSHE-STD-KL has been examined to get a variety of solutions by
few methods. These methods are the improved Sardar sub-equation method [36], the auxiliary equation and the modified auxiliary
equation method [41], the Q-deformed hyperbolic functions method and Q-deformed trigonometric functions method [42], the
modified Khater method [43]. In [44], numerical solutions for the dispersive optical soliton solutions of the pSHE-STD-KL were
obtained via the improved Adomian decomposition method.

This research paper is parted into the following sections. In Section 2, the mathematical analysis of the pSHE-STD-KL is
constituted. In a detailed manner, the direct algebraic enhanced modified extended tanh expansion method is proposed in Section 3.
The method is employed to the pSHE-STD-KL to acquire various soliton solutions in Section 4. The obtained results are reported in
Section 5. In the last section, conclusion part is presented.

2. Description of the proposed method
In this section, we introduce a different version of direct algebraic form of modified extended tanh expansion method with more
solution sets. In the generalized modified extended tanh expansion method [45], the following Riccati equation is utilized:
') = w+ V), ™

and in the literature, generally Eq. (7) is given with the solutions ¥} (), ¥; (n), 'I’; ), ‘P;' (n) and ¥} () in Situation-1 to Situation-3.
Consider the following nonlinear partial differential equation:

P, 8,981,951 9xxs ) =0, (8)

in which 9 = 9(x,7) and, subscript x,7 denotes the partial derivatives of 9(x, ) with respect to x and 1.
In order to transform Eq. (8) to NODE, we apply the following new transformation:

x.n=w), n=x-ut ©)]
where v is the wave speed of the soliton. Inserting Eq. (9) into Eq. (8), we get the following NODE in the following form:
O (m,w' i, y" (), ...) = 0. 10§
The solution of Eq. (10) is proposed as follow:
Bm
)

In Eq. (11), Ay, A,,, B,,, (m = 1,2, ..., M) are unknown coefficients to be calculated and M is the balancing constant which is acquired
by the balancing rule in Eq. (10), also A,,, B,, should not be zero, simultaneously.
In Eq. (11), the ¥(n) function admits the following formula:

M M
win = Ag+ ), A"+ Y an
m=1 m=1

() = ln(K)<w F Tz(n)>,0 <K #1, (12)

in which w is real value. We can write some solutions of Eq. (12) as follow:

Situation-1:

WE) = v/ tanhy (vEw (1+m) ),
¥ (n) = £y/£wcothy (\/-w_-_w (n+ m))) ,
Tf(r,) =+\/zw (tanhK (2 +w (n +110)> Fiysechg (2 iw("l*"lo)))s

(w— /+wtanhg (@('I""IO)))
(17 vEwtanhy (vEw (n+1)) )
\/i_w(5—4cosh,< (2 Tw ('I+'70))>

(3+4sinhK (2 iw(ﬂ+710)>)
. R [+w (p% + 02) — py/+wcoshg (2 iw(n‘H?o))
Tﬁ(ﬂ)—"' psinhK(2 iw(’?+’70)>+ﬁ s

Yim==
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2p

p + coshg (2 iw(q+no))1ysinhK(2 iw(ﬂ‘l'ﬂo))

PF) =rvVEw|1-

>

in which
sinhg (Qn) = w
coshy (Qn) = w,
tanhy (Qn) = %,
cothy (Qn) = %,
sechy (Qn) = m

Situation-2:

V() = Fy/Fwtang (\/5(11+r/0)>,
i) = £1/Fwecoty (\/¢_W(r]+110)) ,
i) = FVFw (tanK (2 Fw ('I+'lo)) F seck (2 Fw(n +i10))),

vaEw (1= tang (VFw (n+m)))
(1+tang (VF@ (n+m)))

VW (4= 5cosg (2/Fw (1+m) )
<3+55in,<<2 1w(r1+no)>) ’

},\/m_p ¢wcosk(2 iw(ﬂ"'”o))

Yhm ==

5

YR =7F

OEE _ :
psing (2 Fw (n+r]0)> +0
_ 2
WEE© = irVFw|1 - L :
p+cosg (2 Fw (11 + n0)> + iy sing (2 Fw (11 + 110))
in which
i2n _ p—ifn
sing (.(211) = —ii,
2
i2n —iQn
cos (@n) = KHKTT
2
‘KiQn _ K*i.(ln
tane (@1) = o e
K 4 KT
cotK(.Qn) = zm,
2
see(1) = iy km

Situation-3: If w = 0, then
1

Y50 = 2 T )’

in which Q = \/Fw, y = ¥1, p, 0,1y and w are any real non-zero free parameter.

Remark 1. In Situation-1 to Situation-2, for \/E, w is positive, for ﬁ, w is negative.

4
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Remark 2. In the presented method, we utilize a direct algebraic form of enhanced modified extended expansion method in [46].

Remark 3. In this paper, we will use Eq. (12) in the following form:

P () — In(K)(w — P*(n)) = 0.
3. Application

Consider the next wave transformations to acquire analytical traveling wave solutions of Eq. (6),
9(x, 1) = w(n)e, n=p(x—ot), 0=—kx+ot+o, (13)

in which o is the soliton velocity, 6, k,w and ¢, are the phase component, the soliton frequency, the soliton wave number, and the
phase constant, respectively. Inserting Eq. (13) into Eq. (6) and dividing into real and imaginary parts yields a pair of relations. The
real part and imaginary part are acquired as follows, respectively:

(=bk+pk+43) (—ak3—k2,11+kw,12—ak—w)u/+

" =0, (14)
3ak p? — p2viy + p*Ay 3ak p? — p*vi, + p? A, v

1 bp— 2
38p—bp—3cp 3, (=3ak?p+ kpvdy — 2kpA; + wphy — ap — pv) y
ap3 v ap’

dy(n)
d

+y" =0, (15)

where v = w(), v’ = and after using the homogeneous balance principle between Eq. (14) and, Eq. (15), we acquire the
following constraint conditions:
6abk + 6ack —3bviy + pvi, —2cvAy + 3bA) — fA; + 2c Ay
3= ?
3a

a1e)

—8a%k3 + 6 (UAZ - A%) ak?+ (—02)% + (2aa) + 3011) Ay = 3av — 2}%) k— a)u/l% + (a)/ll + Uz) Ay — VA +aw

- . 17
4 2ak — vl + A an

Under these constraint conditions, Eq. (15) can be taken into account NODE form of Eq. (6) and, with the assistance of the
homogeneous balance rule by taking the terms y’’ and y? in Eq. (15), M = 1 is acquired. So, Eq. (11) transforms into the following
form:

B,
=A,+ AP0+ —. 18
w(n) 0 1#(m) 70 (18)

Substituting Eq. (18) into Eq. (15) by taking account of Eq. (12) and equalizing the coefficients of ¥/ (1) to zero, a system of algebraic
equations is acquired as follows:

w3 () ¢ (Bp - 3bp—2cp) B; + 6B In(K)* wa p® =0,

w=2(y) © (Bp— 3bp—2cp) BIA; =0,
(P +3b+20) By (A2 + A, By) . (20 k3 = K*vdy + k24 + kv - ) B

7y L 2B, (K w=0,
Pra P2 (2ak —vdy + 4y) !
1 2
o (3ﬂp —bp- 361)) (4B1AgA; + Ay (AT+2A1B))) (20 k3 — K2oi, + K24, + ko — @) A, .
n) + =0,
ap’ P2 (2ak —viy + Ay)
(=B+3b+20) Ay (AJ+ A1By)  (20k> — K20ly + K24y + kv — w) A, 5
Yn: - + —2A; In(K)* w =0,
Pra P2 (20k — vly + 41)

P2(n) : (f—3b—2c) A24, =0,
P3(n) : (B—3b—2c) A +6A,p*aIn(K)* = 0.
When this algebraic system is solved with the assistance of a Computer Algebraic Software, many solution sets are acquired. In
order not to take up much volume in the article we presented some of them which we used for the graphical representations. One
can also get and use other solution sets easily:
Set 1:
20 k3 = k2ody + K2 A) + kv —
W= T AT 4 =04, =0,
2p% In(K)* (2ak — vly + A1)
Véa (203 = K2viy + k* Ay + kv — )

B, = I
2GR+ 3b+ 20 In(K) (2ak — viy + 41) p

19)
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Set 2:
2k + (VA — A K> —kv+ 4/ In(K
{w= (A2 =) _ A= 0,4, = —YOapInK)
4 (2ak — vAy + 1) p? In(K) (=B +3b+20)
(3\/8 Va(=p +3b + 2¢) + \/18ab — 6ap + 12ac) (20 k3 = K20y + K2A) + kv — @)
By =- ). (20)
: 16 (—f + 3b+ 2¢) (2ak — vy + A1) pIn(K)
Set 3:

V2 [ (2a k3 - Kok, + K2, + ko - o)
{p= ,Ap=0,4, =0,
2w/ (2ak — vAy + A) In(K)

\/3w (—2ak3+ (vAy— A K2 —kv+ o) a
B =% }. (21)
\/(—ﬂ +3b+20) (—2ak + vdy — 4,)

Set 4:

w2k =Koy + K24 + ko — o)
{p= ,Ag =0,
2w/ (2ak — viy + A) In(K)

) (2ak® + (=vdy + 4)) K2 + kv — @) V6
1= ’

2\/—3w(—§ bt 2 ) (220K + (g = 41) K2 = ko + ©) (2ak +0d = 4y )

\/_\/ 20l + (vdy — Ay) K2 — kv + o) @
B, = 3 (22)
2\/(2ak—u/12+/11)(—ﬁ+3b+2c)

Set 5, 6:
e 20k3 + (—vdy+ 4) K2 + kv —w oA 5 VorpinK) V6a pIn(K)
8 (2ak — vy + A1) PP In(K)® L hesbrac
(3V6 Vap+3b+20) + \/T8ab — 6ap + 12ac ) (2ak® = K20y + K24y + kv = )
B =7 ) (23)

16 (=B +3b +2¢) (2ak — viy + A;) pIn(K)

Accepting the 5, = 0 and y = 1, then substituting the functions ¥;(»), (i = 1,2, ..., 15) in Situation-1 to Situation-3 into Eq. (18)
utilizing Eqgs. (13), (16) and (17), one can acquire the solutions of Eq. (6) by substituting the Sets 1-6 above into 9;(x, ). We expose
the solution functions of Eq. (6), in the following general form:

9,(e.1) = (AO + A, V/w tanhy (&) + BI%Z"@)&B, (24)
9,(x,1) = (Ao + A, \/w cothy (&) + &ta%:f@)ew, (25)
953(x, 1) = (AO + A Vw (tanhg 28) — iy sechg (28)) + B )e"", (26)
Vw(tanhg (28) — iysechy (2€))
h 1- h .
P (Ao l(w w tan K(ﬁ)) By ( \/E tanh g (£)) )e,g @7
w tanhK(f) w — \/w tanhg (&)
b (Ao A \/_(5 4 coshg(28))  By3 +4sinhg (28) )e“’, 28)
3 +4sinhg (28) \/E(s — 4 coshg(28))
vV 7) - hy (2 i .
9505, (Ao Ai(rVw(p® + 0%) = pyJwcoshg (28) By (psinhg(28) + o) )9,9’ 29)
psinhg(26) + o (rVw(p® + 62) — py/w cosh (28))
2p B, i0
95(x.1) = (Ao +A|y\/_< ) )e' , (30)
+ coshy (28) +  sinhg (2 2
p + coshg (28) + y sinhg (26) y\/;<1 _ p+coshK(2§)iysinhK(2§))
95(x,1) = (Ao + AV =w tang () + w)e”’, 31

\/m
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(d) 2D of |97(z,t)|? for various c

(e) 2D of |97(x,t)|? for various b

Fig. 1. The diverse plots of 9,(x,7) in Eq. (30) for the Set 1. and, the parameters 4, =0.5,4, =2,a =0.75,=1.5,b=0.7,K =50,0=1.5,p= 1,0 = 1,0, = 10,c =

-2,k =0.75,p=—-1 and, 0 =2. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

85, = (Ag + A vV cotg () + M)e”’,

(32)
V-w
B, i0
yo(x, 1) = —Ajy/—w(tang (2¢) - 20) - ! (33)
1045 ( w{tang 20) —y see(2¢ \/—w(tang (28) — y secg (2¢)) )e
Ajy/—w (1 —tang (0)) B, (1 + tang (%)) 0
9 = (Ay+ - ! (34)
1en = ( 0 T+ tang© ——w(l—tanK(é‘)))e
P (AO A/ w4 —.5 cosg(20)) _ B (5sing(28) + 3) )eie (35)
3 4 5sin(2¢) V—w@ -5 cos(20))
V=w(p? = 62) — py/=w cos (2 i _
915(x,1) (Ao Ay vV—w(p . o py —wcosg (20)) B B (psing(28) + o) )e,g7 (36)
psing(28)+o (A /_w(pz —62) — py/=wcos g (20))
2p B, i0
914(x, 1) = (AO + lAly\/—w< — ) - )el , (37)
+ (20) + (20) Yy 2
PO i ¥ _w<1 - p+cos,<(zc>£iysink<2r:)>
A .
9,5(x.1) = <A0+ m + By(—kx + ot + 0g) )", (38)

in which ¢ = \/E(—kx +wt + ¢y) and ¢ = \/—w(—kx + @t + gp).

4. Results and discussion

In this part, we successfully carried out plethora of soliton solution for the nonlinear Schrédinger-Hirota equation in existence
of perturbation terms with the effect of spatio-temporal dispersion and Kerr law nonlinearity using Mathematica, Matlab and Maple
symbolic computation programs. We visualized 3D, contour and 2D plots of some solutions to present the soliton dynamic of the
acquired solution with Matlab. Besides, the effect of the perturbation parameters on the solution propagation is investigated and
interpreted by giving the 2D graphs obtained for different parameter values. In Fig. 1, we depict a plethora of views of 9;(x,t)
in Eq. (30) for the selected special parameters, which are chosen in accordance with the constraint conditions for the presence of
related solutions, 4, = 0.5,4, = 2,a = 0.75, = 1.5,b = 0.7,K = 50,0 = 1.5,p = L,w = 1,95 = 10,¢c = -2,k = 0.75,p = —1 and
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(d) 2D of |913(x, t)|? for various c (e) 2D of |913(z,t)|? for various b

Fig. 2. The diverse plots of 9,5(x,) in Eq. (36) for the Set 2. and, the parameters 4, =0.5,4, =2,a =0.75,=1.5,b=0.7,K =50,0=1.5,p= 1,0 = 1,0, = 10,c =
-2,k =0.75,p=—-1 and, 0 =2. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

o =2 and in Eq. (19). Figs. 1(a), 1(b) and 1(c) represent 3D, contour and 2D plots of |197(x, t)|2, respectively. Figs. 1(a), 1(b), 1(c)
depict dark soliton solution and Fig. 1(c) also shows the traveling wave properties of the soliton, which soliton moves to the right,
for t = 2 (blue line), t = 3 (red line) and ¢ = 4 (yellow line). In Figs. 1(d) and 1(e) , the effect of the parameters b,c which are the
coefficients of self-steepening and nonlinear dispersion terms in Eq. (6) is examined while a = 0.380. Our main purpose is to observe
how the optical soliton solution or soliton propagation behaves if these parameters change. The Fig. 1(d) shows the soliton profile of
at ¢ = -2 (black line), ¢ = —1.5 (blue line), ¢ = —1 (red line), ¢ = 2 (dashed black line), ¢ = 1.5 (dashed blue line) and ¢ = 1 (dashed
red line), respectively We observed that, despite, there is no any movement along the x-axis, when the parameter ¢ changes, the
amplitude of |87(x 1)| is changes. If ¢ < 0 and c¢ increases, the amphtude of |87(x 1)| also increases. So, in this situation we can
say that ¢ has a positive correlation on the amplitude of |197(x 1)| If c > 0 and ¢ increases, the amplitude of |197(x 1)| decreases.
So, in this situation ¢ has a inverse correlation on the amplitude of |9;(x, 1)| The Fig. 1(e) projects the soliton profile of at b = —1.5
(black line), b = —1.2 (blue line), b = —1 (red line), b = 1.5 (dashed black line), b = 1.2 (dashed blue line) and » = 0.7 (dashed red
line), respectively. Although, there is no any movement along the x- aXlS, when the parameter b changes, the amplitude of |9, (x, 1)|

is also changes. If b < 0 and b increases, the amphtude of |9;(x, l)| also increases. So, in this situation we can say that b has a
positive correlation on the amplitude of |9;(x, I)L If b > 0 and b increases, the amplitude of |9;(x, 1)| increases. So, b has a also
positive correlation on the amplitude of |9,(x, 1)|". In case b>0 the increase in amplitude is much greater than in case b<0.

In Fig. 2, we visualize the diverse plots of the soliton solution of 9,5(x, ) in Eq. (36) for the selected special parameters, which
are chosen in accordance with the constraint conditions for the existence of related solutions, 4, =0.5,4, =2, =0.75, = 1.5,b =
0.7,K =50,0=15p=1,w=1,0y =10,c = -2,k = 0.75,p = —1 and, ¢ = 2. Figs. 2(a), 2(b) and 2(c) represent 3D, contour and 2D
plots of |191 3(x, t)|2, respectively. Figs. 2(a), 2(b), 2(c) depict the periodic bright-dark soliton solution and Fig. 2(c), and also show
the traveling wave properties of the soliton, which soliton moves to the right, for 7 = 3 (blue line), t = 5 (red line) and 7 = 7 (yellow
line). In Figs. 2(d) and 2(e), our main purpose is to observe how the optical soliton solution or soliton propagation behaves if the
parameters b, ¢ parameters change while a = 0.380. The Fig. 2(d) shows the soliton profile of at ¢ = —2 (black line), ¢ = —1.5 (blue
line), ¢ = —1 (red line), ¢ = 2 (dashed black line), ¢ = 1.5 (dashed blue line) and ¢ = 1 (dashed red line), respectively We observed
that, despite, there is no any movement along the x-axis as the parameter ¢ changes, the amplitude of |9,;(x, 1)| is changes. As ¢
increases for ¢ < 0, the amphtude of |9;5(x, 1)| also increases. So, in this situation we can say that ¢ has a positive correlation on
the amplitude of |9;;(x, 1)| As ¢ increases for ¢ > 0, the amplitude of |9;5(x, l)| decreases. So, in this situation ¢ has a inverse
correlation on the amplitude of |813(x 1)| The Fig. 2(e) projects the soliton profile of at b = 1.5 (black line), 5 = —1.2 (blue line),
b= —0.7 (red line), b = 0.7 (dashed black line), b = 1.2 (dashed blue line) and » = 1.5 (dashed red line), respectively. Although, there
is no any movement along the x-axis as the parameter b changes, the amplitude of |9,;(x, 1)|2 is also changes. As b increases for
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b <0, the amphtude of |9,3(x, 1)| also increases. So, in this situation we can say that b has a positive correlation on the amplitude
of |19]3(x 1)| As b increases for b > 0, the amplitude of |191;(x 1)| increases. So, b has a also positive correlation on the amplitude
of |93(x, 1)| In case b > 0 the increase in amplitude is much greater than in case b < 0.

In Fig. 3, we present some projections of 9,(x,7) in Eq. (37) for the selected special parameters, which are chosen in accordance
with the constraint conditions for the presence of related solutions, 4, = 2,4, = 1,p = -1,0 = 2,a = 05, = 0.8,b = 0.5,K =
10,0 = l,w = 15 09 = 0,c = 1,k = 0.75 and, w = 1.5 and in Eq. (22). Figs. 3(a), 3(b) and 3(c) represent 3D, contour and 2D
plots of |84(x t)| for ¢ = 1, respectively.Figs. 3(a), 3(b), and 3(c) depict the periodic bright-dark soliton solution and Fig. 3(c) also
show the traveling wave properties of the soliton, which soliton moves to the right, for r = 1 (blue line), = 3 (red line) and 7 = 5
(yellow line). In Fig. 3(d) and e, our main purpose is to observe how the optical soliton solution or soliton propagation behaves if
the parameters b, ¢ parameters change when a = —2.660. The Fig. 3(d) respectively shows the soliton profile of at ¢ = —1.5 (black
line), ¢ = —1.25 (blue line), ¢ = —1 (red line), ¢ = 1.5 (dashed black line), ¢ = 1.25 (dashed blue line) and ¢ = 1 (dashed red line). We
observed that, despite, there is no any movement along the x-axis as the parameter ¢ changes, the amplitude of |9,(x, l)| changes.
As ¢ increases for ¢ < 0, the amphtude of |94(x, 1)| also increases. So, in this situation we can say that ¢ has a positive correlation
on the amplitude of |84(x 1)| As ¢ increases for ¢ > 0, the amplitude of |84(x 1)| decreases. So, in this situation ¢ has a inverse
correlation on the amplitude of |194(x 1)| The Fig. 3(e) projects the soliton profile of at b = —1.5 (black line), b = —1.25 (blue line),
b = —1 (red line), b = 1.5 (dashed black line), b = 1.25 (dashed blue line) and » = 1 (dashed red line), respectively. Although, there
is no any movement along the x-axis as the parameter b changes, the amplitude of |9,(x, 1)| is also changes. As b increases for
b <0, the amphtude of |194(x 1)| also increases. So, in this 51tuat10n we can say that b has a positive correlation on the amplitude
of |84(x 1)| As b increases for b > 0, the amplitude of |84(x 1)| increases. So, b has a also positive correlation on the amplitude of
[94(x, 1)| In case b > 0 the increase in amplitude is much greater than in case b < 0.

In Fig. 4, we illustrate some portraits of 9,(x,?) in Eq. (33) for the selected special parameters, which are chosen in accordance
with the constraint conditions for the existence of related solutions, 4, = 05,4, = 1,a =05, =1,=05,K=50,vo=1,p=1l,0 =
1.5,09 = 10,k = 0.75,p = —1 and, ¢ = 2. Fig. 4(a), Fig. 4(b) and Fig. 4(c) represent 3D, contour and 2D plots of |810(x, t)|2 fort=1,
respectively. Fig. 4(a), Fig. 4(b) and Fig. 4(c) depict the bright soliton solution and, Fig. 4(c) also show the traveling wave properties
of the soliton, which soliton moves to the right, for 1 = 3 (blue line), t = 5 (red line) and 7 = 7 (yellow line). In Figs. 4(d) and 4(e),
our main purpose is to observe how the optical soliton solution or soliton propagation behaves if the parameters b, ¢ parameters
change when a = 0.875. The Fig. 3(d) shows the soliton profile of at ¢ = —1.5 (black line), ¢ = —1.25 (blue line), ¢ = —1 (red line),
¢ = 1.5 (dashed black line), ¢ = 1.25 (dashed blue line) and ¢ = 1 (dashed red line), respectlvely We observed that, despite, there
is no any movement along the x-axis as the parameter ¢ changes, the amplitude of |9;,(x, 1)| is changes. As ¢ increases for ¢ < 0,
the amphtude of |9;9(x, 1)| also increases. So, in this situation we can say that ¢ has a positive correlation on the amplitude of
|1910(x 1)| As ¢ 1ncreases for ¢ > 0, the amplitude of |1910(x 1)| decreases. So, in this situation ¢ has a inverse correlation on the
amplitude of |810(x 1)| The Fig. 4(e) projects the soliton profile of at b = —1.5 (black line), b = —1.25 (blue line), b = —0.7 (red
line), b = 1.5 (dashed black line), b = 1.25 (dashed blue line) and b = 0.7 (dashed red line), respectively. Although, there is no
any movement along the x-axis as the parameter b changes, the amplitude of |9,4(x, 1)| is also changes. As b increases for b < 0,
the amphtude of |919(x, 1)| also increases. So, in this situation we can say that b has a positive correlation on the amplitude of
|1910(x 1)| As b increases for b > 0, the amplitude of |810(x 1)| decreases. So, b has an inverse correlation on the amplitude of
|910(x, 1)| In case b > 0 the increase in amplitude is much greater than in case b < 0.

In Fig. 5, we give a plethora of silhouettes of 9,(x,7) in Eq. (37) for the selected special parameters, which are chosen in
accordance with the constraint conditions for the presence of related solutions, 4, = 0.8,4, = 1,p = -1,6 =2,a = 0.75, = 1,b =
LK=50,0=1w= 1 5,00 = 10,¢ = 1,k = 0.75 and, w = -5 and in Eq. (22). Figs. 5(a), 5(b) and 5(c) represent 3D, contour and
2D plots of |1914(x t)| for t = 1, respectively. Figs. 5(a), 5(b), 5(c) depict the singular soliton solution and Fig. 5(c) also show the
traveling wave properties of the soliton, which soliton moves to the right, for + = 3 (blue line), t = 5 (red line) and ¢ = 7 (yellow
line). In Fig. 5(d). and Fig. 5(e), our main purpose is to observe how the optical soliton solution or soliton propagation behaves if
the parameters b, ¢ parameters change when a = —1.029. The Fig. 5(d) shows the soliton profile of at ¢ = —0.75 (black line), ¢ = -0.5
(blue line), ¢ = —0.25 (red line), ¢ = 0.75 (dashed black line), ¢ = 0.5 (dashed blue line) and ¢ = 0.25 (dashed red line), respectlvely
We observed that, despite, there is no any movement along the x-axis as the parameter ¢ changes, the amplitude of |9;,(x, 1)|
changes. As ¢ increases for ¢ < 0, the amphtude of |9)4(x, l)| also increases. So, in this situation we can say that ¢ has a posmve
correlation on the amplitude of |8 14(x, 1)| As ¢ increases for ¢ > 0, the amplitude of |8 1a(x, 1)| decreases. So, in this situation ¢ has
a inverse correlation on the amplitude of |94(x, 1)| The Fig. 5(e) projects the soliton profile of at b = —0.75 (black line), b = —0.5
(blue line), b = —0.25 (red line), b = 0.75 (dashed black line), b = 0.5 (dashed blue line) and b = 0.25 (dashed red line), respectively.
Although, there is no any movement along the x-axis as the parameter b changes, the amplitude of |9;,(x, 1)| is also changes. As b
increases for b < 0, the amphtude of |94(x, 1)| also increases. So, in this situation we can say that » has a positive correlation on
the amplitude of |31 4(x 1)| As b increases for b > 0, the amplitude of |814(x 1)| decreases. So, b has an inverse correlation on the
amplitude of |94(x, 1)|

Last of all, we would like to emphasize that the forms of all solution functions obtained in the article with all the solution sets
obtained provide the main investigated problem in Eq. (6).

5. Conclusion
In this article, we have examined a variety of solutions to the perturbed Schrédinger-Hirota equation with Kerr law non-linearity

by presenting and applying the direct algebraic form of enhanced modified extended tanh expansion method. We have derived dark—
bright, trigonometric, hyperbolic, periodic, and singular soliton solutions. For some values of the appropriate parameters, the 2D,
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0.75,p = —1 and, ¢ = 2. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

contour and 3D graphs to some of the obtained solutions are illustrated. Besides, the effect of the coefficients of the self-steepening

and nonlinear dispersion terms to the soliton propagation is investigated, obtained results presented graphically and interpreted in

10
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10,¢ =1,k =0.75 and, w = —5. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

detail. The acquired results can be more helpful in interpreting the physical meaning of this nonlinear system. The proposed direct
algebraic form of enhanced modified extended tanh expansion method is a powerful mathematical method which can be utilized to
get the analytical solutions to a variety of the complex nonlinear mathematical models and we believe that the results obtained in
the article will contribute to the studies in this field in every aspect.
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