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Abstract: In this paper, the new optical wave solutions of truncated M-fractional perturbed
Kundu-Eckhaus model with full non-linearity are obtained by utilizing the exp, function technique
and modified extended tanh expansion function technique. The solutions are in the form of dark
soliton, bright soliton, singular solitons and other form of solutions. The gained solutions are helpful
for the further development of concerned model. The obtained results have also been presented
graphically in both two-dimensional and three-dimensional formats to discuss the dynamical features
as well as the parametric dependence of the constructed solutions. The study offers a highly
spectacular and acceptable techniques to combine various intriguing wave demonstrations for more
sophisticated models of the modern day.

Keywords: the perturbed Kundu-Eckhaus model; truncated M-fractional derivative; the exp,
function technique; modified extended tanh expansion function technique; new optical wave
solutions

1. Introduction

Fractional Calculus (FC) is a generalization of classical calculus related with operations of
integration and differentiation of non-integer (fractional) order. Since the 19th century, the theory of
fractional calculus developed rapidly, mostly as a foundation for a number of applied disciplines,
including fractional geometry, fractional differential equations (FDE) and fractional dynamics. The
applications of FC are very wide nowadays. It is safe to say that almost no discipline of modern
engineering, and science in general, remains untouched by the tools and techniques of fractional
calculus. For example, wide and fruitful applications can be found in rheology, viscoelasticity, acoustics,
optics, chemical and statistical physics, robotics, control theory, electrical and mechanical engineering,
bio-engineering etc. In fact, one could argue that real world processes are fractional order systems in
general. The main reason for the success of FC applications is that these new fractional-order models
are often more accurate than integer-order ones, i.e., there are more degrees of freedom in the fractional
order model than in the corresponding classical one. Fractional calculus is a field of mathematics
study that grew out of the traditional definitions of calculus integral and derivative operators in
much the same way fractional exponents are an outgrowth of exponents with integer values. A
fractional equation (FE) is a differential equation that contains fractional derivatives or integrals.
The awareness of the importance of this kind of equation has grown continually in the last decade.
Fractional derivatives and integrals are used to better assess different physical phenomena, such as
optics, fluid mechanics, electrochemistry, signal processing, control theory, population dynamics, and
many other real-world issues. In recent years, the calculus of fractional differential equations (FDEs)
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has been one of the most concerning aspects in nonlinear dynamics. More comprehensive forms of
differential equations (DEs) were defined as fractional differential equations that play a significant role
in the thoughtful qualitative features of many nonlinear wave propagation phenomena.

There are many famous models to describe the dynamics of optical wave solutions perturbation
in various types of waveguides [1-4]. While the very famous model is the non-linear Schrodinger’s
equation and there are many others. Since these mathematical equations with exact solutions of the
system have improved our understanding of their functioning, application and development [5-7].
Consequently, numerous researchers [8,9] have utilized a variety of analytical techniques to obtain
precise solutions for nonlinear partial and fractional differential equations over the course of many
years.

Our study model is the perturbed Kundu-Eckhaus model along full nonlinearity with truncated
M-fractional derivative. Kundu-Eckhaus equation has been very famous recently, since the model
would be useful for studying the dynamics of optical solitons in the nano-fibers and polarization
preserving fibers. This model was independently introduced by Wiktor Eckhaus and by Anjan
Kundu to model the propagation of waves in dispersive media. This model belongs to the class of
non-linear Schrédinger’s equation which is more widely visible in the mathematical photonics area.
Different types of exact wave solutions of this model have been obtained with the help of different
methods in the literature. Instantly; dark soliton and singular soliton solutions have been achieved
by using the modified simple equation scheme [10], the optical wave solutions in the form of dark,
singular and dark-singular solitons have been gained with the use of exp(—¢({))-expansion method
and (G'/G?)-expansion method [11], the bright and singular wave solutions have been attained by
applying the extended trial function method [12].

In our research, we utilize the exp, function technique and modified extended tanh expansion
function technique. In the literature, there are many uses of these techniques. Instantly; optical wave
solutions of perturbed Gerdjikov-Ivanov model by utilizing the exp, function scheme [13], some new
optical solitons of Sasa-Satsuma higher order equation in [14]. Similarly, different kinds of optical
wave solutions of Triki-Biswas equation have been obtained by applying the modified extended tanh
function expansion method [15], the dark, singular, dark-singular and periodic wave solutions of
Biswas-Arshed equation have been achieved by this technique [16].

Main aim of this research is to investigate the new optical wave solutions to the truncated
M-fractional perturbed Kundu-Eckhaus model along full non-linearity with the help of exp, function
technique and modified extended tanh expansion function technique.

The motivation of this paper is that for the first time truncated M-fractional derivative is used for

our concerned model perturbed Kundu-Eckhaus as for as my knowledge. The importance of truncated
M-fractional derivative is that it fulfill the both properties of integer and fractional order derivatives.
The effect of fractional order derivative on the obtained solutions is also explained by graphically.
The gained results are helpful for the ultrashort light pulses in optical fibers. Our study model has
much importance in quantum optics and fluid mechanics, for explaining the optical characteristics
of the femtosecond lasers and femtochemistry object. Optical soliton perturbation is the backbone
of telecommunications industry. This industry stays in business because of the marvel of soliton
transmission technology. One of the various models that govern these pulse transmission across
inter—continental distances is the Kundu-Eckhaus (KE) equation.
Paper consists of different sections; In Section 2: we explain the our concerned model and it’s
mathematical analysis. In Section 3: we describe the main steps of our concerned technique exp,
function technique and it’s application. In Section 4: we explain the modified extended tanh expansion
function technique and it’s application to gain the new optical wave solutions of our concerned model.
In Section 5: we give the conclusion of our research work.
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2. The governing model
Let’s assume the truncated M-fractional perturbed Kundu-Eckhaus model given in [12].

Y 20,Y Y _ Y Y Y
1Diyig + 0D, 8 +vIgl*e + TDYL (187)8 = ([uDjy g + QDY (18*"8) +xDjy[g*"gl. (1)

where

o u(tEy(ttiY) —u(t
D) = tm U BT —ult)

0<a<1, Y>0, ()

here Ey (.) represents truncated Mittag-Leffler function of one parameter given in [17,18].

where ¢ = g(x, t) represents the non-linear wave function while independent variables x and t are the
spatial and temporal variables. First term denotes the evolution of the wave while the real-valued
constants 8, v and 7 indicates the group velocity dispersion (GVD), quintic non-linearity and non-linear
dispersion respectively. Parameters y represents the inter-model dispersion, () denotes the co-efficient
of self-steepening for short pulses and « indicates the higher order dispersion co-efficient. The
parameter n represents the full non-linearity. The perturbation terms are the Hamiltonian and appear
with full non-linearity.

3. Methodology

3.1. The exp, function technique

We explain the main points of this technique.
Let’s take the non-linear partial differential equation (PDE);

G(a,4%qt, 3, it Gxs Gt ) = 0. 3
Eq .(3) changed into non-linear ordinary differential equation:
AQQ,Q",..) =0. )
By applying the below transformations:
q(x, y, 1) = Q(8),§ = ax + by + rt. ®)
Assuming the solution of Eq. (4) is given in [19-22]:

wo + ards + ..+ apd™
ﬁo + ,Bldé + vee + ‘Bmdmé,

Q(¢) = d#0,1. ®)

here a; and B;(0 < j < m) are unknowns. Natural number m is found with the use of homogeneous
balance method into Eq.(4). Inserting Eq. (6) into Eq. (4), yields

o(d%) = o+ £1d° + ... + £,d' = 0. @)
Putting ¢; (0 < j < t) in Eq. (7) equal to 0, a system of algebraic equations is attained shown as
Ej =0, where j=0,..,t. (8)

exp(1(—px + At + 9)) With the help of attain results, we gain wave solutions of Eq.(3).
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3.2. The METHEF technique

We start with the fundamental steps of the modified extended tanh expansion function (METhEF)
technique by assuming the following non-linear PDE:

Y(q/ qzﬂl'y/ 90,4900, ’J'w/ q’yer"') =0 (9)

Here g = q(7,0). Let us consider the following transformations:

q(7,0) =Q(¢), {=q—vo (10)

the wave speed v. Putting the Eq. (10) into Eq. (9), taking the following nonlinear ODE:

Z(Q(&), Q4(&)Q'(8),Q'(8),Q"(8),..) =0. (11)

Moreover, consider the solution of Eq. (11) is of the shape:
m ) m )
Q) = a0+ ), ¢/ (0) + ) Bj9~'(©) (12)
j=1 j=1

In Eq. (12), «o, aj, [3]-, (j =1,2,3,...,m) are unknowns and to be find later. It is necessary that both
«;j and B; are not equal to simultaneously. By using the homogenous balance method into Eq. (11), we
get m. The function ¢ (1) fulfil the below Riccati differential equation:

¢'(8) = w+¢*(2) (13)

with () as a unknown parameter and the Eq. (13) have the following form solutions [23]:
(1) if O < 0, then

¢(¢) = —vV—wtanh(v—-w ), (14)
or
¢(8) = —V~wcoth(v~w g). (15)
(ii) if w = 0, then
P(g) = %1 (16)
(iii) if w > 0, then
$(¢) = Vwtan(vw ¢). (17)
or
$(&) = —Vweot(vVw ). (18)

Putting of the Eq. (12) and it’s compulsory derivatives in the Eq. (11) along Eq. (13), give us the
expressions in the form of polynomials in powers of ¢(¢). By summing up the coefficients of ¢ (1) with
the like order and taking each summation to zero, we achieve a system of algebraic expressions for
xo, &, B i (j=1,2,3,..,m) and w with the help of soft computation. Lastly, the unknown parameters
are to be found. Putting the values of these parameter into Eq. (12) along fixed value of m, provides
the solutions to the Eq. (9).

This method presents a wider applicability for handling many other nonlinear evolution equation
in mathematical physics.
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4. Mathematical analysis
Consider the following travelling wave transformations:
ra+y
(21) = G(§) x explet ) (—pa® +A1%) + 8)), 1)
and o
e TOEY) oy, (20)

o

here G({) denotes the shape of the wave. Parameters @ represents the speed of the soliton, p denotes
the frequency of soliton, A stands the wave number and ¢ indicates the phase constant or the center of
phase. Inserting Eq.(20) into the Eq.(1), we obtain the real and imaginary parts given as respectively:

0G" — (A 460 4 1p)G 4 21G*G' — pQG>* 1 + 1G> = 0, (1)
@+ 4200+ ((2n +1)Q +2nx)G* = 0. (22)

Taking the co-efficients of the linearly independent functions equal to zero.
@ = —(u+26p). (23)
along with the constraint condition given as:
(2n+1)p +2nx = 0. (24)
To gain the closed form exact wave solutions, we apply a transformation given as:
G(x,t) = V2 (x,t). (25)
that will transform Eq.(21) into
4oVt —413p0 — 4V2 (00> + A+ pip) +0 (2vV" — (V))?) + 4712V = 0. (26)

where V denotes the polynomial and prime ’ represents the d%' By using homogenous balance scheme,
we get m=1. We will find the new soliton solutions of Eq.(26) by using two different techniques in the
following.

4.1. Applications of the exp, function technique

Eq.(6) changes into the following for m =1

U(g) - vco—l-txldg

= " 27
Bo + prds’ @)

inserting Eq.(27) into Eq.(26) along n=1, a system of equations is achieved. By solving the system, we
obtain different solution sets given as follows:
Set 1:

X020y —po? 2 /BuLog(d? + pA2 — pQ)
{A =4 0log*(d) — 0p* — pp,p = p, 7 = o ,

201 (\/Gv log?(d) + p202 + pQ)
0 log?(d)

b (28)

o =0,01 =w1,B0 = Po,f1=—
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NI—=

wyd "L (n28p)))

x, t) =
gt (20 (V/ovIogZ(@)+ 0202 +p) " (420
0~ 0log?(d)
< exp(e( MY (ot Lotog? (@) — 62— po)i®) +0)). @9)
Set 2:
2 2()2
1 2N a2 B _2\/9v10g (d) + p>? — pQ
{A = 40log™(d) — 60" —pp,p = p, 7= fog(d) ,
207 <\/9v log?(d) + p202 — pQ)
=0,01 = a1, B0 = Bo, 1 = . (30
ag = 0,01 = a1, Bo = Po, f1 Tl0g2(d) b (30)
1
2
(1 ad (T (e 26p)8))
x,t) =
8 (2061( /79v10g2(d)+9202—p0))d(FUIY) (X + (u+20p)14))
'BO + 0log?(d)
r(r+y 1
< exp(e( MY (ot (Lotog?(d) — 02— po)t®) +0)). ()
Set 3:
2 2()2
1 20 a2 B _2\/91/10g (d) + 2% + pQ
{A = 40log™(d) —6p" —pup,p = p, 7= og(d) ,
200 <\/ Bvlog?(d) + p202 + p0>
ag =g, 01 =0,B0 = — P11 = - (32
0= ap, &1 Bo o102 (d) B1=p1}. (32
1
2
&0
g(x,t) = >
TA+Y) (ot (414 000) i leo( 0vlog (d)+p202+p0>
Brd( T (e (ut200)t)) _ g
X eXP(l(M(—Px“ + (%910g2(d) — 6% — pp)t*) +8)). (33)
Set 4:

2 202
K s - _pQ—Z\/leog (d) + p>Q
{A = ;0log*(d) — 60" — pp,p = p, T = log(d) '

2u (\/91/ log?(d) + p2Q2 — pQ>
0log?(d)

,B1=pB1}. (34)

Xo = ko, &1 = OI,BO =
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N—

&

By (" e (e 28)) 200 (v/0v 108 (@) +020%—0)
1 0log?(d)

< exp(u( MY

g(xt) =

—px* + (inogz(d) = 0% = pp)t*) +9)). (35)

4.2. Applications of the METhEF technique

By applying the homogenous balance technique on equation (26), we obtain m = 1. Then Eq. (12)
reduces into:

V(&) =ag+arp(&) + Pr1y(8) 7, (36)

substituting Eq. (36) into Eq. (26) along n=1 and with the use of soft computations, we get the below
sets of soliton solution:

Set 1:
P (3206w — 2002 + p02) dagu - dag eV 0,b, — 2%V
- - 302 ,w__?)T,P_SiQ’T__ V,ap = ap, a1 =Y,01 = \/59
(37)
ifw <0,

1

203\/v :
V30 (—Mtanh (m;“) (x + (u + zep)tw)\/@))

4agv (%aof)v — g% + th)

glxt) = {ﬂo+

r(1+y),  4agw

< exp(e( MY (A0 ey - )+ 9)). (38)
_ 203V :
N e e e}
a0v dagv ( 2agbv — agQ? + uQ
< exp(e( M (A ey (2 (3 o Jyey+a). @
ifw >0,

_J, 2a3\/v :
g(x’t)_{o_'—\r(\ftn( 1+Y)(0xoc + (p+26p)t*) ))}

r1+y), 4 dagv (2agbv — apO? + uQ
xeXP(l( ( : )(_( ;(())V)xa+( (3 302 >)ta)—|—l9)> (40)
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or
7
2a5+\/v
t) =< ag+ 0
st {O V30 (— /@ cot (ME (x “+(y+zep)ta)\/a))}
4 2
T(1+Y), 4av, , ‘lﬂov(gﬂof)vfﬂoQ +HQ> X
x exple( M ( (S (- - ) +9)). @
Set 2
4agv ( 3a00v — 2902 + pQ 2y 28y
{)\— aov(3a0 1/3():0 ! ),w —ﬁ,p%,rﬁ\/@,aouo,alo,bl—2\0};097}. (42)
ifw <0
%
Q(x, t) a 205V
’ - 0—
\/?E( v tanh( ;Y)(x"‘—i—(;t—f—Z()p)t"‘)\/—w))
4 2
(1+Y) dagv 4ayv (gaOQV—QOQ +yQ> .
x expe( M ( (S (- - ) +9)). @3)
or
%
g(x,t)=<ap— 2a5y/v
, ’ \/@(—\/—wcothc(le(x“—i-(;1+26p)t"‘)\/—w))
4 2
T(1+Y), 4av, , 4”()”(361091/*010Q +HQ> .
x expls( M ( (SR (- - ) +9)). (@)
ifw >0,
8= a0 - ikl i
’ " vae (Vatan (TS (x p (u+ 260)0) ) )
4 2
T(1+Y),  4agu 4ﬂo'/(§ﬂo9v—ﬂoﬂ +#Q) X
< exp(( Y (200w (o - ) +8)). (45)

or

glx,t) = {ao - 205/ }
\/@(f\fcot( (1+Y)(x”‘+(y+29p)t"‘)f)>

T(1+Y),  4agu 4agv (%ﬂof)v —ag’ + P‘Q)

X exp(i(— ) (— (S0 + (- o i)+ 6)). (46)
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Set 3:
2,2 2
(A = —(8ag(ap (22" +T2(71099” R f) — oV 3vag (1639‘“ - 8% +202)
2 _ 72 2 _ 2 _ 3
+ 1) + Qv — )/ (300%), w = daj(-2T VT 39”(; 3‘3\/2% 3 + 60vT — 277)
 dag(—72V/T2 = 30v + 60vV/T2 — 30V + 30vT — T3) B 7 ~2a3(VT2—36v +7)
— 6OV ,T=T,a0 = ag,a; = 0,b; = — 36 1. (47)
ifw <0,
2a3 (\/ T2 —30v + T) ’
g(x,t)=<¢ap—
( v/—wtanh ( (1+Y) (x* + (u +26p)t*)\/— ))
_ 2 _ 2 _ _ 3
" exp(t(r(l +Y) (7(4510( T2V 12 = 30V + 60V T2 — 30V + 30vT — T ))x”‘ LAY 4 0)). (48)
« 900/ 12 — 30V
or
1
243 (\/ T2 — 30v + T) :
g0 t) = {ao—
30 (—v/=weoth (M (x4 (4 +20p)1%) V=) )
T2 _ 2 _ _ 43
" e)(p([(l"(l +Y) (_(4110( T2V T2 — 30V + 60vV/ T2 — 30V + 30vT — T ))x”‘ AR 4 8)). (@9)
« 900/ 12 — 30v
ifw >0,
2a2 (\/1'2—361/4-1) ?
g(x,t)=<¢ap—
39 (\ftan (r L) (x4 (+ 29p)ta)\ﬁ))

T(1+Y dap(—7T>V12 - 30 Ovv/T2 — 30 ovt — 73
« exp i (1+ )(_( ag(—T*V T2 — 30V + 60vV/ T — 30V + 30vT T))x“+)\t”‘)+19)). (50)
o 900/ 12 — 36V
or
243 (\/T2 —391/+T> 2
g(x,t) =< ap—
30 (—\/acot( fa+y) (x* + (y+29p)t“)\/>)>
_ 12 _ 2 _ _ 3
><exp(l(l“(1+Y)(_(4410( T4V T2 — 30V + 60vV/ T2 — 30V + 30vT — T ))x"‘+)\t"‘)+19)). (51)
« 900/ 72 — 30v
Set 4:
2,2 2
(A = —(8ag(ao (22" +r2(—1°99”—%)+ Loy 92+ﬁ)+én/fz 391/(910(16391/—8%—1—202)
2 451 (—272/12 = 30v + 30v/T2 — 30V — 66VT + 27°)
Q) +uQ(v — —)))/(3002), w 0 ,
+pQ) + pQ(bv — -)))/ (3607), w N
 dag(—T3V/T2 — 30 + 60vV/ T2 — 391/—391/T+T3) _ B C0b = 203 (V12— 30v — ) 5
- 990/ 72  36v ST mE R 30 b6
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ifw <0,
2a3 (\/TZ — 30y — T) ’
g(x, t) = ao+
( N= tanh( 1+Y)(x”‘—l—(pl—I—ZGp)t”‘)\/ ))
—12/72 — 60v/ 2 — 36V — 30 3
xexp(l(l"(ll;i—Y)(_(éLao( VT 3991/9—; :2_7391/ v UT+T))x"‘+)\t"‘)+l9)). (53)
or
1
243 (\/Tz —30v — T) ’
g(x,t) = qao+
30 (—\/ coth( LAY (4 (1 + 20p) 1) /= ))
F(1+Y 4ay(—T*V12 = 30V + 60vV/ T2 — 30V — 30vT + T3) .
x exp(1( ( " )(—( o TN ))x +AtY)+9)). (54)
ifw >0,
1
2a3 (\/1'2 — 30y — ‘L') ’
g(x, t) =< ap+
39 (ﬁtan (@(xa +(u +29p)t"‘)\/5))
r(1+Y dag(—7>V12 — 30V + 60vV/ T2 — 30V — 30vT + T3) ., u
« exp(i( 2L : ) (— (4ol N Dyxt 4 Ay +9)). (55)
or
243 (\/T2 — 360V — T) :
g(x,t) =< ap+
30 (—v/@cot (ML (¢ + (u + 20p)1) ) )
. 60vv/ 12 — 30V — 36 3
><exp(L(l"(lt:—Y)(_(4510( VT 3991/9—; ;/ZESGV v VT—FT))xa_i_)\ta)_i_l?))‘ (56)
Set 5:
200 (4" — 1036 (a0 (46v +20%) + uQ2) + adv (2a08v + Q1) )
- . ,
2 2 2
a4y @ (4a3v —6) _ 4ajv+30 _ _
w= a%,P =220 T T M= 00 = a1, by =0}, (57)

ifw <0,

gloh) = {ao ~mV/-wtanh (m:Y) (x*+ (p +29p)t“)\/$> }%
r(14Y)

( —ag(4a3v —0) , 2a0( “089 — 1a20(ag (46v + 202) + uQ) + atv(2a00v + uQ))

x explil ST e ) +8). (58)
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or

1

gluh) = {aofalrcmh( ¢ +Y)( “+(;4+29‘0)t”‘)\/$>}7

T(1+Y), —ap(4adv — 9) 2a0(% — 1a20(ag (40 + 202) + uQ) + atv(2a00v + uQ)) .,
X exp(i(———( 220 = ( A ) +9)). (59)
Set 6:
6
(hm _Zao (”OT — 1420 (ag (46v +200%) + uQ) + afv (2a00v + yQ)) @
4 2 /w 2/
a1 Q) 4a7
a (4a3v —0) 4a2v + 30 a3
= —_— = —-— frd e b = — .
Za%() ;T 4 ,40 = 4g,41 = a1, 01 4a1} (60)
ifw <0,
g(x, ) =qag—a;v/—wt nh( (1+Y) (x“+(y+29p)t"‘)\/—w) + % :
’ 4ay (—v/—wtanh (&v/—w))
T(1+Y), —ap(4adv — 9) 2a0( %5 0l _ 1a20(ag(40v + 202) + pQY) + afv(2apfv + pQ)) . ,
x exp(i(———( 220 = ( AP ) +9)). (61)
or

) }
a5
441 (—v/—wcoth (&y/—-w)) }
2a0( % — 1a20(ag(40v + 202) + pQY) + adv(2apbv + Q)
402

glx,t) = {ao — a1v/—wcoth (F(l;Y) (x* + (u +26p)t“)\/$> +

—ag(4a2v — 0)
Za%Q

r(1+Y)

x exp(i( ( x* —( ) +8)). (62)

5. Stability analysis

Here, one study the Eq. (1) stability for this we define the hamiltonian transformation as,

= % /_0; g2 dx, (63)

the momentum factor is delimited by S, while the possibility for power is expressed by g(x,t).
Following that, we describe the essential conditions for stable solitaires accordingly.

oS
5o >0, (64)

where @ is the wave solitons rate, then by substituting Eq. (29) in Eq. (63) from this we attain the
outcome

dx, (65)

1 (10 41-32934(x+ o)
=5 / 4132934(x+@) (\/m+pw>
20

0—
by applying the condition described in Eq. (64)

,BO (2.d26.5868 _ 2.) 9241329340

(d132934w+13‘2934 (\/erpw) _ 2.1309) <d1A3z934w (1_\/W+ 1.pw) _ 2_’30,113429349)

>0, (66)
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so we can conclude that Eq. (1) represents a stable nonlinear fractional model provided that the above
condition is satisfied.

6. Discussion and results

In this section the graphical representations of the truncated M-fractional perturbed
Kundu-Eckhaus model has been illustrated in Figures 1-9. The 3D, contour and 2D graphs visualize
the nature of nonlinear waves constructed from Eq. (1). A family of bright, dark, periodic and singular
solitons are displayed for a set of values.

By employing the exp, function approach : Figure 1 illustrates an bright singular wave soliton
29 whena =01, 09 =1, Bo =2, y=154d=100,0 =025 yu=2,v=2p=-1 Q=2
while Figure 2 demonstrates a solitary wave (33) whena = 1.5, a1 =1, Bo = —05, y =2, d =
100, 0 = 0.25, u = 0.5, v = 3, p = 3, O = —1 whereas Figure 3 represents a optical soliton (33)
whena =15, a1 =1, po=—-05 7v=2,4d=100,0 =025 y =05 v=3,p=3 Q=—-1land
Figure 4 illustrates a bright solitary wave (35) whena = 1.5, a1 = -2, Bo = -5, y =2, d =100, 0 =
—05 u=-5v=1p=3 Q=025

Similarly, applying the modified extended tanh expansion function technique: Figure 5 depicts
soliton (43) whena = 0.1, a9 =2, y =1, 0 =05, p =2, v = 0.5, Q) = 4 while Figure 6 illustrates a
travelling wave (45) whena =125, a0 =2, y =1, 8 = 0.5, y =2, v = 0.5, () = 2 whereas Figure
7 displays a periodic wave (51) whena =05, a0 =2, vy =2,0=05 uy=4v=10Q0=2,1t=3
then Figure 8 expresses a bright soliton (58) whena =15, a0 =2, a1 =4, y=1,0=5 uy=2, v =
3, Y =2, T = 0.5 while Figure 9 expresses a singular optical wave (62) whena = 1.5, a9 =2, a; =
4, v=1,0=5pu=2,v=3,0=2 1v=05.

¥

(©

Figure 1. 3D, contour and 2D plots for the solution (29) whena = 0.1, a1 =1, Bp =2, vy =15, 4d =
100, 0 =025, uy=2,v=2,p=-1, Q=2

(@) (b) (@

Figure 2. 3D, contour and 2D plots for the solution (31) whena =05, a1 =1, By =2, y=15,d =
100, 0 =025, y=4,v=2,p=-1, Q=2
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(b) (©

Figure 3. 3D, contour and 2D plots for the solution (33) whena =15, a1 =1, fg = —05, y=2,d =
100, 6 =025, u =05, v=3,p=3, Q= -1

(b) (@

Figure 4. 3D, contour and 2D plots for the solution (35) whena = 1.5, a1 = =2, o= -5, v =2,d =
100, 6 = —05, y=—-5v=1p=3, Q=025

10

06|
7.x10%

os| 10°
5.x10
axt08
3x10%

00| !

E) e g i 0 ] E

Figure 5. 3D, contour and 2D plots for the solution (43) whena = 0.1, a9 =2, y =1, 6 =05, u =
2, v=05 Q=4.

(b) (©

Figure 6. 3D, contour and 2D plots for the solution (45) whena = 1.25, a9 =2, v =1, 0 =05, u =
2, v=05 Q=2.
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(b) (©

Figure 7. 3D, contour and 2D plots for the solution (51) whena = 0.5, ap =2, y =2, 6 =05, yu =

4, v=10=2 1=3.
(b)

Figure 8. 3D, contour and 2D plots for the solution (58) whena =15, a9 =2, a1 =4, y =1, 0 =
5 u=2,v=3 Q=2 1t=05

0015|
0010)

0.005]

4 -2 [ 2 )

(b) (0)

Figure 9. 3D, contour and 2D plots for the solution (62) whena =15, a9 =2, a1 =4, y =1, 0 =
5, u=2v=30=21=05

7. Conclusion

We are succeed to gain the new optical wave solutions of truncated M-fractional perturbed
Kundu-Eckhaus model with full non-linearity by applying the exp, function technique and modified
extended tanh expansion function technique. The obtained solutions are in the form of dark soliton,
bright soliton, singular solitons and other form of solutions. These results are very helpful in the further
research in the field of non-linear optics. The attain solutions are helpful for the further development
of concerned model. Finally, it is extended that the applied strategies are simple, fruitful and reliable
to handle many nonlinear fractional models of contemporary era.
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