Gravitation, Mathematical Physics and Field Theory Revista Mexicanasita68 010701 1-14 JANUARY-FEBRUARY 2022
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In this paper, different types of solitary wave solutions for the modified equal-width wave (MEW) equation with beta time derivative |
obtained by implementing the extended Jacobi’s elliptic function expansion method and the Kudryashov method. The secured solut
are in the form of dark, bright, singular solitons and other soliton type solutions. The obtained solutions are verified through symbolic <
computation. The solutions also suggest that these two methods are effective, straight forward and reliable as compared to other met
The obtained results can be used in describing the substantial understanding of the studious structures as well as other related non-
physical structures.

Keywords: Modified equal width equation; beta derivative; soliton solutions.

DOI: https://doi.org/10.31349/RevMexFis.68.010701

1. Introduction obtained by employing the Riccati equation method [5] and
spatio-temporal like optical solitons have been determined in
Solitary wave theory has gained much importance becaudgef. [6]. The famous Biswas and Arshed model with nonlin-
of its use in the field of applied physics. Waves are generearity factor’n” has been explored by employing the modi-
ated when some disturbance occur in the phenomenon. Sofied extendedanh expansion technique [7]. In this paper we
ton interactions occur where two or more than two solitonsare interested in investigation of an important model named
come close enough to each other. Because solitons presgnpdified equal-width (MEW) equation in the beta derivative
themselves as tiny, confined energy bundles, it is said thatense. The aforementioned equation also finds an important
they show the particle-like characteristics of a given systemrole in plasma physics and fluid dynamics.
One of the most important technical applications of solitons  This equation has been solved by different analytical
is their use in optical fibers to carry digital information. In methods such as: theanh —function method [8, 9], the
electromagnetism, solitons are studied as the transverse wagesatz and improve@s’ /G)—expansion methods [10]. But
that travels between two strips of superconducting metalshe extended Jacobi elliptic expansion function method and
Beyond these, solitons have been found to be useful in mangudryashov method have not been exercised for the above
applications across different areas of science and engineementioned model with a fractional beta derivative operator.
ing. Solitons are governed by nonlinear Sufinger equa- These methods have also been used to explore different mod-
tions, which represent the physical phenomena as models ugls in different articles, see for example [11-15]. Further-
ing non-linear partial differential equations (NLPDESs). Theremore, by applying the Kudryashov scheme, exact solutions
are many analytical schemes that have been constructed to the fractional and classical GEW-Burgers equations have
solve such non-linear partial differential equations. For in-been determined in [16]. Hosseiei al. obtained the soli-
stance, Biswas and Algahtani have determined the two type®en solutions of the Perturbed Gerdjikov-lvanov equation by
of bright solitons of perturbed Gerdjikov-lvanov equation employing the Kudryashov technique [17-19]. Moreover,
(PGIE) by using Semi-inverse Variational method [1]. Var-in different applied fields, physical model equations using
ious solitons for some coupled evolution equations were exthe novel beta derivative and Atangana’s-conformable deriva-
plained in [2]. Exponential rational function scheme [3] tive operators have been investigated via distinct techniques
was applied to find out the hyperbolic rational function type[20—24].
solitons of the Boussinesq fractional type models for some The primary prospect of this paper is to determine the
certain physical phenomenon. Periodic type solitons havevave form solutions of the MEW wave equation with beta-
been investigated, by implementing the variational principletime derivative based on the two different methods, the
method [4], for the KMN equation. Various optical soli- extended Jacobi’s elliptic function expansion method and the
ton solutions in the fiber communication system have beeiudryashov method.
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2. (3— Derivative and it's properties

Definition: Suppose(6) is a function that is defined non-negatived. Therefore, the beta-time fractional derivative of the
function g of powers is given as [25]

DA (g(0)) = do9(0) _ g(0+ (6 + F(lf))l_ﬁ) _ 4(6)

108 lim , 0<p<I.

Few useful features of the Beta-time fractional derivative are given follows [26—30]
Theorem:
Supposef (0) andg() are thed—time differentiable functions § > 0 andg € (0,1]. Then

i.  DP(af(0) +bg(0)) =aDP(f(0))+bD?(g(0)),Va,b € R.

ii.  DP(f(0)g(9)) = g(0)D%((9)) + F(0)D"(9(0)).

DB (@) _ g(®)DP(f(")—f(B) DP(9(6))
g(0) (9(0))2 ’

. 1-8
iv. DO(FO) = (0+ i) L

3. Description of Strategies
3.1. Explanation of the extended Jacobi’s elliptic function expansion method

Here, we explain the general steps of the extended Jacobi’s elliptic function expansion scheme [11]: Assume the below travel-
ling wave equation in the form of PDE:

G(qtaq2qt7qm7qtt7qmraQIt7---) :07 (1)
hereq = ¢(x,t). Let us assume the propagational waves transformations:

Q(gjvt) = Q(n)a n=x— [Lt, (2)
wherep characterizes the soliton speed. Inserting 2)ir{to Eq. [1), leads to the non-linear ordinary differential equation
(NODE): ’ " nr

F(Qn), Q*(mQ (), Q (1),Q (n),...) =0. ®)

The above obtained EB) has the following type of solutions by applying the extended Jacobi’s elliptic function expansion
scheme:

N
Q) = Y oY (n), 4)
j=—M
whereM, N, a; (j = —M, ..., N) are unknowns to be found later whilé represents the Jacobi’s elliptic function, namely,

Y =Y (n) = snn = sn(n,m) or cn(n, m) or dn(n, m) where0 < m < 1 is the amplitude of Jacobi’s elliptic functions. The
values ofM and N may be found by using the balance technique of highest derivative and nonlinear term|(8). E&ft¢r
that, substituting Eq'4) into the Eq.8), we obtain a system of algebraic equation in termaofj = —M, ..., N). Now by
usingMathematica , we can solve the gained system of algebraic equations;foBy plugging these obtained values into
Eq. (4), the general form of Jacobi’s elliptic function solution of E).dan be given. Whem — 1, the Jacobi functions are
transformed into hyperbolic functions given as:

sn(n, m) — tanh(n), en(n, m) — sech(n) and  dn(n,m) — sech(n).

3.2. Explanation of the Kudryashov method

The procedure of Kudryashov method is explained in the steps below [17]:
Step 1:

Suppose Eqgsly, (2) and B).
Step 2:

Rev. Mex. Fis68010701
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Consider the solutions of EcB)are of the type:

Q) =Y a;&’ (n). ()
j=0

Here,a; ( =0,1,2,3,...,m) are the unknowns with; # 0 to be found. The positive integet will be calculated using the
homogenous balance technique.
The functiong(n) satisfies the auxiliary differential equation

(@' (n))* = ¢*(n)(1 — dg*(m)), (6)
Eq. 6) gives the following solution.

4a
(4a? — d) sinh(n) + (4a? + d) cosh(n)’

o(n) =

d =4 ab, a andb are constants @)

Step 3: By combining Egs. (3), (5), and (6), summing up all coefficients of the same ord&monand taking each coefficient
equal to zero, we can solve for the algebraic expressions involving, and other parameters.

Step 4: Putting the above finding results of the unknowns with the solutions of th&kqué get the solutions of the non-linear
partial differential equation Eqlj.

4. Model description and it's mathematical analysis

Consider the modified equal width wave (MEW) equation [10] with beta-time fractional derivative given as

&) 3 2 B
0Pq aai 0 (8(])0

a4 _, 2 (24 8
ot8 "V or o2 \ o8 (8)

Hereq = ¢(x,t) is the wave profile whil@ andp are the parameters. Let us assume the following travelling wave transforma-
tion:

A 1\’
o) = Q). n=wo =5 (14 55 ) ©
Herew and are the constants. By using E@) (nto the Eq.[8), we get the following ODE
—AQ 4 6w(@Q®) + pr*Q” =0. (10)
After integrating Eq. (10) once with respectiipwe get
—AQ + 0wQ® + pr?Q” = 0. (11)
4.1. Solutions with the extended Jacobi’s elliptic function expansion method
Balancing the term@” and@? in Eq. (11), we getM = N = 1. So Eq. ) reduces to
Q) = a1 Y ' (n) + ao + a1 Y (n). (12)
Case L:If Y =Y (n) = sn(n,m) EQ. (12) becomes:
Q(n) = a—1sn”™ ' (n,m) + ag + arsn(n,m). (13)

By substituting Eq. (13) into Eg. (11), we obtain the solution sets given below.

Set 1:
{0[1 :$\/§{1\;>%, O[()ZO, a1:0, w = _1} (14)

By using Egs. (13) and (14) into E@®)( we get

S e R -~ R )
VO —(m+1)p V-(m+1)p B ING)) .

Rev. Mex. Fis68010701
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Set 2: iR
{a—l =0, a=0, a;= _VEVAVID

By using Egs. (13) and (16) into E@®)( we get

q(z,t) = \[\F\/»\[ i _A [H— 1]6
BN XY (m+1)p V—(m+1p B NGRS
Set 3: V3V
B iV2VAP 0 a0 b 1
{“14%@4 ECES A —<m+1>p}'

By using Egs. (13) and (18) into E@®)( we get

dant) = 2O (= [H— lr
’ \[\/m——i—l V-(m+1)p B I'(B) .

Set 4.

{Oé_l = O7 Qg = O7 a1 = Z\[\F\/i\[

By using Egs. (13) and (20) into E®)( we get
szf\f x _A[H_lr
\[\/ (m+1)p V-(m+1)p B '

w0 = o)

Set 5:

-1
Vi —m)p ‘*’:¢_<m—+1>p}'

1
Ve —mt p “:m}'

2pA 0. o 2mpA -1 e L
{C“ Vo Wn sy 0 e Wm—wml)p’ NCECESY,

By using Egs. (13) and (22) into E@®)( we get

1 -z A
=) ff\/}/ (m— 6\F+1 (:an [\/(m—e'\/ﬁﬂ)p ﬂ{t+

LT A 1 A
ifsn[\/(mﬁ\/ﬁJrl)p ﬁ{t F(ﬂ)} ])
Set 6:

a_1=F1i QL ,a0=0,a1==*1 2mpA -1 w=
SR (m— 6\F+1 U 0 m—6ymt)p’ T m—6ymt1)p

By using the Eqgs. (13) and (24) into E®)(we get

" _Apa Lo
i\rsn[\/(m—6\/7n+l)p EARSEY D

Set 7:

W Fsm! — - {t + 53
(m — 6\F+1 Vim—6ym+1)p B r

EY, O 2T —1 W =
{ \/m+6f+1 @0 =0, 0 \/(m+6\/ﬁ+1)f>’ V(m+6ym+1)p
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By using Egs. (13) and (26) into E@®)( we get

2\p 1 —Lr A N ’
a(z,1) Ve \/m+6\ﬁ+ (n V(m +6ym+1)p B{HF(ﬁ)}]

—Lx A 1 A
+ﬁsnl\/(m+6\/%+1)p_ﬂ{t+ﬂﬂ)}]) (27)

Set 8:

B /27/\/)4_ 1 N /2/\mp B —
{a‘l_ 0 \/ (m+6ym+1)p 0" \/m+6f+1 \/(m+6\/%+1)p}' (8)

By using Egs. (13) and (28) into E®)( we obtain

2\p 1 —w A N ’
a(z.t) =/ =5~ \/m+6\ﬁ+ (n [\/(m+6\/ﬁ+1)p 6{t+F(ﬁ)}1

—Lx A 1 1°
+msn[\/(m+6\/ﬁ+l)p_ﬂ{t+r(5)}])l (29)

Set 9:

2Mp , -1 - 00=0, oy =— 2)\mp L (30)
g (m+6/m+1)p 0T m+6\ﬁ+1 T mt6vmt e |

By using Egs. (13) and (30) into E@®)( yields

_ 2Xp , —1 L _A L ’
ate, 1) \/7\/m+6\ﬁ+1 <Sn V(m+6y/m+1)p 5{t+r(ﬂ)}]

Lx A 1 )”?
+msnl\/(m+6\/ﬁ+1)p_5{t+1“(ﬂ)}D' ()

Set 10:

2Xp 2dmp , -1 B L
{O‘llv\/m+6f+1 “Oe =iy \/(m+6¢7n+1)p’”\/(m+6m+1>p}' (32)

By using Egs. (13) and (32) into E@®)( we get

5 » e A 1"
q(x,t) _Z\/>\/m—|—6\r+ (n [\/(m—i-ﬁx/m-I-l)P_ﬂ{t—i_F(ﬂ)}]
e A 1’
+msn[\/(m+6\/%+1)p_5{t+r(5)} D >

Rev. Mex. Fis68010701
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4.2. Dark, singular and combined soliton solutions

Whenm — 1 then from the solution fog(z, ¢) for each set, the dark and singular soliton solutions given as:

_ f VB —r A 117

q(z,t) = \[\‘VT coth < =TI [t + I‘()} ) . (34)
B \/ﬁﬁ\/ﬁ —x A 1 1°

q(x,t)fq:\/m_% tanh( 2pﬁ{t+F(ﬁ)] ) (35)
V2D x 11”

q(z,t) =T N, coth ( = {t + r()} , (36)

)
) ; (37)

_ [2on [T —u 1)’ A 1’
L 2pX )1 —Lx A 1\’ —Lx A 1\’
q(z,t) =1 5 4p(tioth[ —4p_ﬁ{t+r()} itanh[ —4p_5{t+f‘(ﬁ)} 1), (39)

—x A 1 A
* tank l\/%ﬁ{HF(B)} ) o)

|
) ; (41)

)]
1 B

22X /-1 L A 1\’ L A
q(z,t) =1 v 8p(coth [\/% ~3 {t+ F(ﬂ)} + tanh [SP ~3
Case 2:If Y =Y (§) = en(¢, m) Eq. (12) becomes
Q(n) = a—ien™!(n,m) + ao + aren(n, m). (44)
By plugging Eq.44) into the Eq./L1), we get the below solution sets:
Set 1:
. Alm —1)p _ B B -1
{a_1 = Fiv2 N T om = 1)p7a0 =0,0p =0,w = 7(27” = 1)p} . (45)
By using Egs. (44) and (45) into E@®)( we get
q(z,t) = ?Z\f ( —p ;x_é {t—i— 1]6 (46)
0/2m —1)p Cm—1)p B rel )
Set 2:
a_1=0,00 =0, iv2hmp ! (47)
-1 = 9 0 — 9 1= f\/m \/m .
By using Egs. (44) and (47) into E@®)( we get
z«/2)\m —x A 1 1°

Rev. Mex. Fis68010701
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B Alm —1)p o = 0.0 = 0.0 = 1
{al—:F\/i\/im, 0=0,00 =0, m} (49)

By using Egs. (44) and (49) into E@®)( we get

dot) = 5va, | X De w_A{le (50)
’ NG, Jem-n, Al TT@ )

:q:v%mpwzl}
\/5\4/(277171)p7 V(2m—1)p .

Set 3:

Set 4:

{al = 07040 = 0,&1 (51)

By using Egs. (44) and (52) into E@®)( we get

VT P, ]
q“’“ﬂém”‘(m ﬁ{HF(B)}) 2

Set 5:

m — 1)mp? — 2mp + p

—6./(
. Am = 1)\/ 32m? —32m —1
a_1 = :FZ\/i 9 )

O[0:07

m — 1)mp? —2mp + p

—6/(
)\\/
om? — 32m — 1 —om — 6+y/(m — )ym +
o o 32m? — 32m 7 y \/2m 6/ (m—1)m+1 . (53)

0 (32m? —32m —1)p
By using Egs. (44) and (54) into E@®)( we have

—6+/(m —1)mp? —2mp+p
N iv3 A\/ 32m? — 32m — 1 V=T on! “2m—6y/(m—Dm+1 N[ =1 p
q(z,t) =i ) Fvm-—1cn —x (32m2—32m—1)p _ﬁ{ +I‘(B)}
—2m—6y/(m—Lm+1 1)”
i\/rncn[—x\/ o — 33m Ty —ﬂ{t-i-r()}]). (54)
Set 6:

m — 1)mp? — 2mp + p

-6 (
~1
Alm )\/ 32m2 — 32m — 1
ay ==£V2 7 ;

OZOZO,

m— 1)mp? —2mp + p

—6/(
)\\/
32m2 — 32m — 1 —2m — -1 1
o1 = =3m m m 7 w\/ m —6/(m —1)m + ' (55)

0 (32m2 —32m —1)p

By using Egs. (44) and (55) into E@)( we get

)\\/—6 (m—1)mp? —2mp+p )
32m2 — 32m — 1 . —2m—6y/(m—Dm+1 A 1
q(w,t) =2 7 <i vm —1en [z\/ (32m2 — 32m — 1)p _5{t+F(ﬁ)} ]

—2m—6y/(m—Dm+1 A 1 \”?
th/fncn[x\/ GBI — 33m — 1)y 6{t+F(ﬂ)} ]) (56)

Rev. Mex. Fis68010701
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Set 7:

A(m

6+/(m — 1)mp? —2mp+p
32m2 —32m — 1
9 )

1= —iV2

050:03

m—1)mp? —2mp + p

—2m 4+ 6/ (m—1)m+1

)\\/6 (
32m? —32m — 1
a1 :*7:\/2777, m 9 m R L()\/

By using Egs. (44) and (57) into E@®)( we get

(57)

(32m2 —32m —1)p

— 2 _
2)\\/6\/(771 1)mp? —2mp+p

32m? — 32m — 1 —2m +6y/(m — Dm+1 1)”
q(z,t) = —i i o Vm —T1cn! m LN PR
9 (32m? — 32m — 1)p 3 T(5)
-2 \/ —1 1
+vmen|—z m + 6y/(m = Lm + fé i (58)
(32m2 —32m —1)p ﬁ
Set 8:
A(m 6/ (m —1)mp? —2mp + p
) 32m? —32m — 1
a_1 =1V2 , ag =0,
0
)\\/6 (m—1)mp? —2mp+p
32m2 —32m — 1 -2 -1 1
o = ivam me—Sem C wm oy 26y m (59)
0 (32m2 —32m—1)p

By using Egs. (44) and (59) into E@®)( we get

32m? —32m — 1

2m+64/(m—1)m+1

\/6\/ m— 1)mp? —2mp+ p
(z,t) =iV2

= o

(32m2 —32m —1)p

et

-2 Vm—1 1 7
++v/men | —x m+6y(m=-lm+1 A t+—1 : (60)
(32m2 —32m —1)p Ié; )
Set 9:
A(m 6/ (m — 1)mp? — 2mp + p
32m2 —32m — 1
04—1:\/i 0 ) 050:0,
)\\/6 (m—1)mp? —2mp+p
32m?2 —32m — 1 -2 -1 1
Y m m 7 _ m+6+/(m—1)m + (61)
0 (32m? —=32m—1)p

Rev. Mex. Fis68010701
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By using Egs. (44) and (61) into E@®)( we get

\/GW—Qmp-i-p
1) V3 32m? — 32m — 1 (mcn—l [x\/—zm%\/m“_A{Hl}B]
B INCE)

0 (32m? —32m —1)p
/ B
+\/7ncn[x\/2m+6 (ml)erl;{tJrl}]). (62)

(32m2 —32m — 1) p I'(8)

Set 10:

A(m \/6\/ —1)mp% —2mp+p

32m?2 —-32m -1

a1 =—-V2 0 ) ag =0,
\/6\/ m — 1)mp? —2mp + p
32m?2 — 32m — 1 -2 6 -1 1
_ _Vom m m 7 " m+6+4/(m—1)m+ . (63)
0 (32m2 —-32m—1)p

By using Egs. (44) and (64) into E®)( we get

\/6\/ m— 1)mp? —2mp+ p
0.8 — 3 32m? — 32m — 1 (mcn—l [x\/—2m+6«/(m—1)m+1_)\{t+1}1
B

0 (32m2 —32m —1)p I'(p)
—2m+6y/(m—Dm+1 A 1)”

4.3. Bright soliton solutions:

Whenm — 1 then the bright soliton solutions above reduce to

YAV (e P N PO B
q(z,t) = q:\/gw sech(\/ﬁ 3 [t+ T )} ) , (65)
RS 2Y, fA[ 1r
q( ,t);\/é\%asech<\/ﬁ 3 t+F(ﬁ) , (66)
Y 2NV JO e .Y PO
gz, t) ==x1 2 Sech<\/ﬁ 3 {t—&—r(ﬂ)} ) (67)
Case 3:f Y =Y (&) = dn(¢, m) Eq. (12) becomes:
Q(n) = a_idn~ (n,m) + ag + ardn(n,m). (68)
By putting Eq. 68) into the Eq./11), we get the solution sets given by
Set 1:
_ A(m —1)p _ _ _ -1
{a1—$\/§ ; —(m—2)p’ ap=0, a1 =0, w= —(m—2)p}. (69)
By using Egs. (68) and (69) into E@®)( we get
Am —1)p 4 — _A[ 1}‘3
dfet) = FVE e < =9, Al TTH] ) (70)

Rev. Mex. Fis68010701
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Set 2:
B B B i2Ap B -1
{oz_l—O7 apg =0, aq —:F—\/gm, w_\/—(m——2)p}' (71)
By using Egs. (68) and (71) into E®)( we get
B i/2Ap — A [ 1 r
= d - = — . 72
q(z,t) qﬁ\/@fm_mp n( =, B t+F(ﬁ) ) (72)
Set 3:
_ A(m —1)p _ _ _ 1
{a1—¥L\/§ P —(m—2)p7 apg=0, a1=0, w= —(m—2)p}. (73)

By using Egs. (68) and (73) into E@®)( we get

Py U ey S S S PR B
1) = Fv2 [ e dn (m ﬂ{”m)”' (74)

Set 4:
a=0, ag=0, ag—g— Y2 ot | (75)
VOy/—(m—2)p —(m—2)p

By using Egs. (68) and (75) into E@®)( we get

I, L Y PO S
q(m’t)‘ﬂémd”(m ﬁ[HF )D (70)

Set 5:

6y/—(m—1)p2+(2—m)p

A(m — 1)\/ 5
32m — 32
ay=FV2 me kel :

aO:()v

6/ —(m—1)p2+(2—m)p

/\\/
2+ 32m — 32 - —(m—1)+2
ar = FuV/?2 M7 Sem , wz—\/ m+6 (m—1)+ . (77)

0 (m?+32m —32)p
By using Eqgs. (68) and (77) into E®)( we get

(m—1)p*+(2-—m)p

6+/—
v ﬁ
q(z,t) = V2 m? 1 52m — 32 ( m—1dn! |:x\/_m+6\/m+2/\{t+ Fl)} ]

6 (m2+32m —32)p B (B
_[em46y/=(m-1)+2 A 1)
“dn[ x\/ (m? + 32m — 32) ﬂ{”F(ﬂ)}D' 7®

Set 6:

6y/—(m—1)p>+ (2—m)p

A(m — 1)\/ 5
32m — 32
a_1 = :FL\/5 n; i m )

aOZOa

6y/—(m—1)p>+ (2—m)p

A
N \/ w3 w_\/(?—m)—l—(i«/—(m—l) | 79

0 (m2+32m —32)p

Rev. Mex. Fis68010701
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By using Egs. (68) and (79) into E@®)( we get

)\\/6 —(m—=1)p2+(2—m)p
ort) = V3 T+ 32— 3 (%m_ldnl[xw?m>+6m_k{+l}ﬁ]

6 (m2 + 32m — 32) p 3 T'(3)
[ 2=m)+6y/=(m-1) A 1)
+dn x\/ (2 1 32m — 32) 5 ﬁ{t+P(ﬂ)} ] (80)

Set 7:
(

o 1) %6 —(m— D + (m—2)p
24+ 32m — 32
a = _\/5 m* + 32m

0 ) aOZOa
\
M‘G —(m— 1P +(m—2)p
m? + 32m — 32 (m—2)4+6y/—(m—1)
— V2 — /- . 1
a1 = V2 6 ’ v \/ (m2+32m—32)p (81)

By using Egs. (68) and (81) into E@®)( we get

A\/_6 —(m—1)p* + (m —2)p ,
B m2 + 32m — 32 . (m—2)4+6y/—-(m—-1) X 1
q(z,t) = V2 7 ( m — 1dn x\/ (% 1 32m —32) 1 ﬁ{t+I‘(ﬁ)}]

i (m—2)+6y/—(m—1) A 1)”
Set 8:

)\(ml)\/ﬁ —(m— 1P +(m—2)p
o =2 7; +32m — 32 7 o0 =0,
A\/6 —(m— 1P +(m—2)p
B m? + 32m — 32 B (m—2)4+6y/—(m—1)
a1 = —v2 9 ’ “’__\/_ (m2+32m—32)p (° (83)

By using Egs. (68) and (83) into E@®)( we get

A\/_6 —(m— 1P +(m—2)p )
m?2 + 32m — 32 1 (m—2)+6y/—(m—-1) A 1
q(z,t) = V2 7 (\/ﬂﬁdn (|:—x\/— (m? 1 32m = 32) 5 —5{754— I‘(ﬂ)}]

- __w C(m=2)+6y/=(m—1) A RERG
L \/ (m® + 32m — 32) p ﬁ{HF(ﬁ)}D' (&4
Set9
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I \/ 6/~ (m—1)p +(m—2)p
m2+32m—32
a_1 = — 5 apg = Oa

\ %6 —(m =D+ (m—2)p
_ m?2 + 32m — 32 B (m—2)46y/—(m—1)
-2 0 T \/_ (m? +32m — 32) p ' (83)

By using Egs. (68) and (85) into E®)( we get

6y/=(m—1)p*+(m-2)p
\/ m2+32m 32 — . (m=2)+6y/-(m—-1) A 1 p
q(z,t) = <L\/m 1dn {x\/ (mZ + 32m — 32) ﬂ{t+ (ﬁ)}]
(m—2)+6y/—(m—1) A 1"
+an_ A e ) ) o0
Set 10:

6y/—(m —1)p>+ (m —2)p
_ s, A(m_l)\/_ m2 + 32m — 32

a_1 0 ) Qo = 0;
\ \/_6 —(m = D) + (m — 2)p
B m? + 32m — 32 ] (m=2)+6y/—(m—1)
o =V2 0 YT \/_ (m?2+32m—32)p ([ ®87)

By using Egs. (68) and (87) into E@®)( we get

6/~ (m =D+ (m—2)
dert) = V3 V m +32m — 32 <m_1dn—1 W_m—zwm _A{Hl}ﬁ]
’ ;

0 (m?+32m —32)p '(B)
(m—2)+6y/=(m—1) A 17
an {‘”% T, 5\ T ] ) %)

Whenm — 1 then the solutions above allow for the bright soliton solution given by we get the bright soliton solutions given

as:
[2X A 17’

4.4. Bright and singular soliton solutions with the Kudryashov Method

By applying the homogenous balance technique between the @¥rasdQ” into Eq. {L1), we havem = 1. Form = 1,
Eq. (B) reduces to
Q(n) = ao + a1¢(n). (90)
Hereay and a; are unknown constants. By inserting Egs. (6) and (90) into Eq. (11) and collecting the all coefficients of same
order of¢(n), we get the algebraic expressions involving a; and other parameters. Now usikthematica

Set 1: .
{aOO, QI::FM wl}. (91)

Voo TP
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DIFFERENT SOLITON SOLUTIONS TO THE MODIFIED EQUAL-WIDTH WAVE EQUATION. ..

By using Egs. (90) and (91) into E@®)( we get

13

ale.t) =% - fﬂjmw @
\/§<[a—b]smh [wx— ﬁ{t+I‘(ﬂ)} + [a + b] cosh [wac— ﬂ{t—i—r(ﬂ)} 1)
Set 2:
Ay 1
{040—0,041—43\/5 ,w—\/ﬁ}. (93)
By using Egs. (90) and (93) into E@®)( we get
ale.t) =% - 1@{3&&% )
\/§<[a—b]smh [wx— ﬁ{t+I‘(ﬂ)} + [a + b] cosh [wx— ﬂ{t+m} 1)

5.

Conclusion

We have successfully attempted to produce a variety of soliton-type solutions including the dark, bright, singular and ot

types of solitons for the fractional MEW equation using a beta-time derivative. The required results have been obtainec

applying the extended Jacobi’s elliptic expansion function method and the Kudryashov method. The secured results have

verified through symbolic soft computations. The equation in this investigation has been considered for the first time in -
Beta derivative sense via the above-mentioned approaches and the solutions can potentially be helpful for further develop

in

ot

this field.
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