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Abstract: In this paper, we study the numerical solution of fractional Jaulent-Miodek equations with
the help of two modified methods: coupled fractional variational iteration transformation technique
and the Adomian decomposition transformation technique. The Jaulent-Miodek equation has appli-
cations in several related fields of physics, including control theory of dynamical systems, anomalous
transport, image and signal processing, financial modelings, nanotechnology, viscoelasticity, nanopre-
cipitate growth in solid solutions, random walk, modeling for shape memory polymers, condensed
matter physics, fluid mechanics, optics and plasma physics. The results are presented as a series of
quickly converging solutions. Analytical solutions have been performed in absolute error to confirm
the proposed methodologies are trustworthy and accurate. The generated solutions are visually
illustrated to guarantee the validity and applicability of the taken into consideration algorithm. The
study’s findings show that, compared to alternative analytical approaches for analyzing fractional
non-linear coupled Jaulent-Miodek equations, the Adomian decomposition transform method and
the variational iteration transform method are computationally very efficient and accurate

Keywords: fractional Jaulent-Miodek equations; Caputo operator; variational iteration transform
method; Adomian decomposition transform method

1. Introduction

In recent years, fractional differential equations have risen to prominence due to their
proved usefulness in a number of seemingly unrelated scientific and engineering fields. For
example, the nonlinear oscillations of an earthquake can be characterized by a fractional
derivative, and the fractional derivative of the traffic fluid dynamics model can solve the
insufficiency resulting from the assumption of continuous traffic flows [1,2]. Numerous
chemical processes, mathematical biology, engineering, and scientific problems [3-6] are
also modeled with fractional differential problems. Nonlinear partial differential equations
(NPDEs) characterize a variety of physical, biological, and chemical phenomena. Current
research focuses on developing precise traveling wave solutions for such equations. Exact
solution replies help scientists understand the complicated physical phenomena and dy-
namical processes portrayed by NPDEs [7-9]. In the past four decades, numerous important
methodologies for attaining accurate solutions to NPDEs have been proposed [10,11]. The
Jaulent-Miodek equation was developed in 1979 by Jaulent and Miodek as an application
to energy-dependent potentials [12,13]. The JM equation first came into existence in several
related fields of physics, including classical dynamics [14], condensed material physics [15],
optics [16], and fluid mechanics [17]. The goal of this study is to investigate the numerical
results of the following difficult and anomalous physical model,
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v v 3 Bp 999’ v o9 39V ,
aw Cop T2vap Taapagr ey ey 2ap? TV
9 3¢ v dp 150¢ ,
With initial conditions
v(y,0) = %/\2 (1 — dsech? ()\;b) >,
@)

¢(9,0) = Asech (/\le) .

where A is the arbitrary constant and 0 < @ < 1. Numerous writers have looked at the
system of nonlinear JM equation in the past using various methods, including the Sumudu
transformation homotopy perturbation technique (STHPM) [18], Hermite Wavelets and
OHAM [19], Invariant subspace technique [20], and many others [21-23]. On the other
hand, new methods for explaining nonlinear differential systems with fractional orders
have been discovered throughout the past three decades, along with novel computer algo-
rithms and symbolic programming. Fundamental significance is attached to the nonlinear
fractional differential equations analytical and numerical solutions. Since nonlinear frac-
tional differential equations are used to mathematically model most complex processes to
solve both linear and nonlinear differential equations, Keskin and Oturance [24] devised
the Reduced Differential Transform Method (RDTM) in 2009 [25].

2. Basic Preliminaries

In this section, we give some definitions of fractional calculus used in our present work.

Definition 1. The derivative of order fractional in Caputo sense is defined as

1 T —o—
D¥¢p(w, 1) = m/o (T —p) 190 (@,0)dp, k—1<@<k keN. (3)

Definition 2. For a function ¢(7), the Yang transform is denoted by Y{¢ ()} or M(u) and is
defined as

Y{p(1)} = M(u) = /0 e @(T)dT, T>0, uc(—1,n). 4)
and inverse transform is as

Y H{M(u)} = ¢(7). ©)

Laplace—Yang duality Property:
If the Laplace Transform of the function ¢(t) is F(u), then

Fu) = £{g(r)} = [~ e Dp(x)d()

Substitute (T) = L in the integral on right-hand side we get

u

Flu) = Lo} = [Te (5 )ato)

u

We get,
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Additionally, from the above equations, we get

T(u) = p(i)

Definition 3. The Yang transformation in terms of fractional-order derivative is as

o M n—1 ko
Y{¢® (1)} = ug”) _ kzo u‘g) ((k+)1)' 0<w< . (6)

Definition 4. The Yang transform in terms of nth derivative is as

Y{¢"(7)} = , Vn=123,--- (7)

T

3. The Methodology of Adomian Decomposition Transform Method

In this section, the Adomian decomposition transform method solution system for
fractional partial differential fractional equations.

DZv(y,T) + Mi(v, @) + NMi(v, ) = P1(¢,7) =0,

- 8
DPp(p,T) + Go(v, @) + Na(v,9) — Pa(¢,7) =0, k —1 < @ <k, ®

with initial conditions

v($,0) =g1(¥), ¢(¥,0) = g(y). ©)

where D@ = BBT‘”‘D the Caputo fractional derivative of order @, M3, G, and N7, NV, are linear
and non-linear functions, respectively, and P;,P, are source operators.

The Yang transformation is applied to Equation (8), we have

Y[DZv(p, 1)) + Y[Mi(v, ) + Mi(v, ) = Pi(, )] = 0,

. (10)
Y[DZ (9, T)] + Y[G2(v, 9) + Na(v, @) = Pa(9, T)] =
Using the Yang transform differentiation property, we get
k—1
oy LT (e (g, ) SN 0, 0) + N0, )},
J=0
11
_ (DK_l 1 a (P(IIJ T) CDY fp (DY N ( )
=5 I;OS‘D*] T =0 +sY[Pa (¢, 7)] = s7Y{Ga(v, ) + Na(v, 9)}],
ADTM defines the result of infinite series v(¢, T) and ¢ (¢, T),
0= wp1), o) =} exly7) (12)
k=0 k=0

Adomian polynomials decomposition of nonlinear terms of \; and N; are described as

M (v Z A, Na(v,9) Z B, (13)
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All forms of nonlinearity the Adomian polynomials can be represented as
1 aK ad ] ad ]
AK:E W Nl ZAV},Z)\Q)} ’
' =0 I A=0 (14)
1] o - o
Bo= 1o i Ve | LA v LA g :
k! | 0A =0 =0
A=0
Putting Equations (12) and (14) into Equation (11), gives
1 dv(y,
Y| Y vty ] = 2 T )
k=0
- S(DY{Ml(Z Vi, Z q)m) + 2 —AK}/
k=0 k=0 m=0 (15)
1 T
Y| E oty ] =" 2 LTy ipap )
_ swy{g'z(z Vi, Z P)+ ) BK}.
k=0 k=0 k=0
Using the inverse Yang transform of Equation (15), we get
= (D 1 a v lp T) @
Y vy, ) =Y st ) [e=0 +s“Y{P1(y, 7)}
k=0
—S(DY{Ml (Z Vi, Z 471() + Z -AK} ’
. k=0 k=0 k=0 (16)
= _ =1 eyt
Y ge(p ) =y [w Y o T sy oy, )
k=0 J=0
_S(DY{GZ (2 Vi, 2 (PK> + Z BK}]/
x=0 x=0 k=0
we define the following terms,
1 vy,
w7 [“’st SO v, r)}]
(17)

Po(,T) =

1 Voly, -
‘”2 o e+ Y{Pz(lp,ﬂ}],

vi(,7) = =Y [s®Y{ M1 (vo, o) + Ao}],
p1(9,7) = =Y [s°Y{Ga(vo, 90) + Bo}],
the general for ¥ > 1, is given by

Ve (P, T) = -y [Swy{Ml(VK/ (PK) + -AK}] ’
Pes1 (P, T) = =Y [s®Y{Go (vx, @) + B},
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4. The Producer of Yang Variational Iteration Method

In this section explain the Yang variational iteration method the solution of FPDEs.

DTv(¢,7) + Ma(v, @) + Ni(v, 9) = Pi(,7) =0,

_ 18
DLp(7) + Galv, @) + No(v,9) — Pl ) =0, m-1<@<m, O

with initial conditions

v($,0) = g1(¥), ¢(¥,0) = g(¥). (19)

. © . . . - 5
where is DY = aaTw the Caputo fractional derivative of order @, M1, G, and Ny, N, are
linear and non-linear functions, respectively, and P;,P, are source operators.

The Yang transformation is applied to Equation (18),

Y[DZv(, 1)+ Y[Mi(v, 9) + N1 (v, 9) = P1(9, T)] = 0,

5 20
Y[DF (3, T)] + Y[Ga(v, @) + Na(v, ¢) — Pa(9,T)] =0, (20)
Using the differentiation property Yang transform, we get
i -Y) ’ -
V0]~ & e Dy = v [Va(v,9) + Na(v,9) — Pr(y, 1),
k=0
(21)
1 ey, .
Y1)~ ¥ e D) o = ¥ [Gal,9) + Malv,9) ~ Pa(y, )],
k=0
The procedure iteration method is define as
= 1 vy,
Y[ver1 (9, T)] =Y [ve (9, T)] + A(s) [S‘Dv,{(zp, DEDY o Va(]l/; v lr—0 — Y[P1 (¥, T)]
=0
—Y{Mi(v,9) + Mi(v, 9)}], )
x—1 1 a] 3
Y[px1(, T)] =Y (yp, T)] + A(s) [S(D‘Pk(lpr T) — Z @—J—1 qoa(]l{)r ) lz=0 — Y[P2(¢, T)]
—Y{G2(v, 9) + Na(v, 9)}],
A Lagrange multiplier as
A(s) = =59, (23)

the inverse Yang transformation L~!, the iteration method Equation (22) can be given as

xk—1 J _
Ve (9, 7) = ve(g, 1) =Y ls‘” LZO sm—lf—l 2 va(fi 2 le=0 = Y[P1(y, T)] = Y{Ma (v, 9) + M1 (v, fP)}] ] ,

(24)
x—1 1 a] ; _
Pr1(,7) = @iy, T) = Y[ lz s 1 qoa(fli Do = Y[Pa( 7)) = Y{Galv, @) + Mo, 4))}] ]
the initial iteration can be find as
= 1 vy,
vo(yp,7) =Y [sw{g o )T VB(KT)T—OH,
B (25)

xk—1 1 a] ,
Po(yp, T) = y! lsw{fzo g@—]—1 (Pa(;’i 0 |T0}] .
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5. Implementation of Techniques
Problem 1. Consider the fractional-order non-linear Jaulent—Miodek equation is given as

v v 3 g

2
9dp ¢ 6V8v 6 0

am "oyt T2y Tadpayr Moy Moy 2590 T 26)
oo Tapd  Cop? oy T 2 ay? T
With initial conditions
v(y,0) = %/\2 (1 — 4sech? ();IJ)),
N @)
e(p,0) = Asech(zll)).
Taking Yang transform of (26),
1 1 Bv 3 B9 90¢d¢ ov dp 39V ,
D0 = ¥ [ S+ S50 ey et~ Sag |
1 1 _ EX ov dp 15d¢ ,
STDY[G"(IP/T)]—S(D_l @(y,0) = _Y[aqﬁ - @4’ - 61/@ - 7%90 }
Using inverse Yang transformation, we get
[0 1 [P 3 B apde v ap Sav
vy, T) =Y [ s is a3 + 2(’)81/;3 + 2 9y Iy? 6valp 6“’)81;; ZalP(P ’
_y-1[e@0) 1. (%9 v ¢ 150¢ ,
ol 7) =Y [ s @ oy 681;»90 6Va¢ 2 9y '
Applying the Adomian procedure, we have
122(1 — 4sech?( 2¥
vo(lP,T)=Y1{V(¢’O>] :Yl[8 ( <2)) ,
s s
Asech (&Y
eo(,7) =Y! V(lp’o)} =y ! {( : )]
s s
vo(y, 7) = %)\2 (l —4sech2</\2¢)>,
(28)

2 Ve (P, T) = —
k=0

;0 Pr+1 (lP, T) = -

@o(P, T) = Asech ();p) .

B 1 [} 831/ 3 () 9 ) (] (] 3 )
Y 1{(01/{2 5 ;‘+22A,<+2ZBK—6ECK—6ZDK—ZZEKH, k=0,1,2,---
s x=0 I,U k=0 x=0 k=0 k=0 x=0
1 [e) a3 (o] 00 1 [e]
y-! (DY{ a(P3K—62FK—6ZGK—252HKH, K=0,1,2,-
s k=0 170 x=0 k=0 k=0

The nonlinear terms find with the help of Adomain polynomials
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Forx=1
—2A5 csch3 (Ay) sec h* (%w) (1)
nns e+ 9)
AMesch?(Ay) sech3 (%p) (1)?
1y, 7) = T(@+1)
forx =2
A8(—=2+ cosh(Ay)) sech* (%”) (1)%®
vy, = - 16T (20 + 1) 0)
A (=3 + cos h(Ay)) sec h® (Asz) ()%
$2($,7) = 320 (2@ + 1)
forx =2
. 2
v3(9,T) = — 1024(F (@ T 1)1 Ga 1) Al {2 ( — 165 + 28 cosh(Ap) + cosh(2Ay) (T (@ + 1))
+3 (43 — 20 cosh(Ap) 4 cosh(2A)T' (20 + 1) sec h® (/\24)) tanh(/\z—lp) (T)3w> ) }
31)
P3(0,7) = SIER 1§)ZF(3w —y A10 { (147 — 92 cosh(Ay) + cosh(2A9) )(T (@ 4 1))?
+12(—7 + 3 cosh(Ay))T (2@ + 1) sec h° (?) tanh<)\2¢> (7)3‘0}
The ADTM solution is
v(,T) = vo(¥, T) +vi(, T) +v2(p, T) +v3($, T) +- - -,
P, T) = 9o, T) + ¢1(¥, T) + @2(¢, T) + 3(P, T) -+,
1 A 2M% csc B3 (Ap) sec h4(/\7¢) (T)°  A8(—2+ cosh(Ap)) sec h4(AT¢) ()%
v T) = gA* (1_45“112(2)) N T(@+1) N 16T (2@ + 1)
2
e 11))2r(3¢o =y Al {2( — 165 + 28 cosh(A¢p) + cosh(2A9) (T (@ + 1))
+3 (43 — 20 cosh(Ah) 4 cosh(2Ap)T (2 + 1) sec h® ( 24)) tanh )u/) > >
(32)

L gy AMescP()sech® () (1) A(- 3+cosh<w>>sech3(%’*")
™) ASECh() " [@+1) - 32I' (20 + 1)
1
TS0+ D))2TGBa 1+ 1)

A0 { (147 — 92 cosh(Ay) + cosh(2Ay) ) (T (@ + 1))?

+12(—7 + 3cosh(Ap))T (2@ + 1) sech® <)\2¢> tanh<)‘21p> (T)B"D} N

The approximate solution by VITM
Apply the iteration technique, we have
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;)VKH(IP/ T) = v (¢, 7) —

*62

;)(PKH (Y, 7) = ox(¥p,T) —

where

0 3 ) 0 5
Vx § anK aq)Kaq)K
[Za 22 o3 Zan Y2
> a§0K7§waﬂ o -
6ZKK 5 zgoalp(”"H’ Kk =0,1,2

G Sl 3 Sl ZH
-6 K o —6 16 ’
[Z P 0Ly 2 Loy

vo(¥, T) = éAZ (1 —4sech2</\2¢)>,
Po(,T) = Asech();’b).

Forx=0,1,2,---

¢1(¢, 7)

¢2(¢, 7)

5 3
(i, T) = %)\2 (1 — 4sech? (?)) _ 2A% esch”(
tescl? (Ap) sec (%) (1)

v1(¢,7) = v(y, 7) —Yll Yla¢3 >90

v
P

Puy 3 P90 9990 P90
93 29y Iy?
d 3 9v
,61/0—7600@7587? H
! 290 Mo 200 _ 15990 2
aps o ™% T 2 oy

v (p,T) = ;)3(1 —

P1(y, 1) = Asech(?) +

3
n(p, 1) =vi(p,7) - Y ! [Swy [ + g(P

- 61/1

aq;

=@o(¥, T) —

=¢1(,T) —

Ap) sec h4(’\2—‘p)(r)‘”

]

I(@+1)
Mesch?(Ap) sech? (4) (r)°
I(@+1)
Ly 2 3, P 200100
oy? P> 29y oy?
8471 391y >
—6ug 1w_§w§01 ,
[ Ly [Per _gon o 991 15991 o
! [swy o Mo T 2 oy

2\ WA B4 Ay 1)
4sech2</\2¢)) — cscl”(Ay) sec (2 >(T)

|

- AB(—2+ cosh(Ay)) sec h* (%”) (1)*®

I'@o+1)

16T (2@ + 1)
A7(=3 + cos h(A)) sec b (3F) (1)

P2(p,7) = Asech();’b) + A

I(@+1)

32I' (20 + 1)

(33)

(34)

(35)

(36)

(37)

(38)
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Pvy 3 Bgy 999 %,
oy 27y T2ay ay?

1/3(1/], T) = 1/2(1/], T) —y1! l;ﬂy

d
-6 = —6NPr=— — =@

a(pz 381/2 2 (39)
op 20y ||

_ [ Ly [P v gy 150¢s ,
¢3(¢,7) = @2(p,T) =Y LQY{MJ?, 681/]@2 61/281/; ralk

T(@+1) 16I'(20 +1)

va (i, 7) = é 22 (1  dsects? (w» 25 esclP(Ap) sech () (1)® AB(—2+ cosh(Ay)) sec h*(5E) (1)*°

1
1024(T(@ +1))2T (3@ + 1)

2
Al {2( — 165 + 28 cosh(Ay) + cosh(2Ay) (T(@ + 1))

+3<43‘2°C°Sh“"’>+C°Sh<2w>r<2w+1>sech6<A§”>tanh<A2"”><r>3‘°>>}'
40
Ap\ | Aesch2(Ap)sechd () (1) A7(=3 + cosh(Ap)) sec b () (1)* )

9a(¥,T) = ASECh(z) + T(@+1) + 32T (20 + 1)

1 )Llo{(
512(T(@ +1))2T' (3@ + 1)

147 — 92 cosh(A4) + cosh(2Ay)) (T(@ + 1))?

+

+12(—=7 + 3 cosh(Ay))T (2@ + 1) sec h5()\7¢) tanh()%l)) (1')3‘0}

T(@+1) 16I 20 + 1)

v(y,T) = 1)@ (1 _ dsech? (Mp)) B 2A5 csc h3(Ap) sec hﬂ%”)(r)w A8(—=2 + cos h(Ay)) sec h4()‘7¢)(r)2w

1
©1024(T (@ 41))2I (3@ 4 1)

2
Al {2( — 165 + 28 cosh(Ayp) + cosh(2Ay) (T (@ + 1))

+3 (43 —20cosh(Ap) + cosh(2Ay)T (20 + 1) sec hé(%’b) tanh();’b)(f)gw> ) } — ..
(41)

B AP Mcsch2(Ap) sec i3 (ALY (1) A7(=3 + cosh(Ap)) sec h3(2E) (1)@
¢(¢’7)A56Ch<)+ T(@+1) ; + 320 (20 + 1) }

+ 147 — 92 cosh(A4) + cosh(2A1) ) (T (@ + 1))?

AlO{(
512(T(@ + 1))2T (3@ + 1)

+12(—7+3cosh(Ay))I'(20 + 1) sec hS(%P) tanh()\zl‘b) (T)?’w} 4

The exact solution of Equation (8) at @ =1,

v(p,T) = %Az (1 — 4sech? (/2\ (1/1 + ;AZT) >>,
(i, T) = Asech <g <1p + ;A2T> )

Figure 1, exact and analytical solution of v(, T) at @ = 1 and 0.8 and Figure 2, analytical
solutions of v(, T) at @ = 0.6 and 0.4. Figure 3, the different fractional-order of @ of v(¢, T). In
Tables 1 and 2 the different fractional-order of o of v(, T) and ¢ (¢, T) of Problem 1.

(42)
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Figure 4, exact and analytical solution of ¢ (i, T) at @ = 1 and 0.8 and Figure 5, the analytical
solutions of (1, T) at @ = 0.6 and 0.4. Figure 6, the different fractional-order of @ of (1, T).

Table 1. The different fractional-order of p at of v(¢, T) of Problem 1.

x (1) o =10.6 o = 0.75 © =09 =1
0.2 0.2 1.14864 x 1074 6.02179 x 1075 2.03492 x 1073 1.24335 x 1010
0.4 1.49003 x 104 8.38441 x 1075 3.00661 x 107> 1.98709 x 10~°
0.6 1.61589 x 104 9.58441 x 107> 3.59113 x 107° 1.00477 x 1078
0.8 1.58816 x 104 9.90276 x 107> 3.86768 x 107> 3.17168 x 108
1 1.43066 x 104 9.43676 x 107> 3.85778 x 107> 7.73351 x 1078
0.4 0.2 2.00217 x 1074 1.07699 x 104 3.71407 x 1073 1.16347 x 10710
0.4 2.40806 x 1074 1.39099 x 10~* 5.10803 x 107> 1.85733 x 1077
0.6 243904 x 1074 1.48381 x 104 5.69845 x 107> 9.38090 x 10~°
0.8 223097 x 1074 1.42794 x 104 5.72312 x 1073 295781 x 108
1 1.83773 x 104 1.25233 x 104 5.27649 x 107> 7.20380 x 1078
0.6 0.2 2.81663 x 1074 1.53074 x 104 5.32052 x 1073 1.03760 x 1010
0.4 3.27938 x 1074 1.91648 x 104 7.10983 x 105 1.65425 x 1079
0.6 3.21523 x 1074 1.98048 x 104 7.69518 x 1075 8.34447 x 107°
0.8 2.83130 x 1074 1.83823 x 104 7.46824 x 1075 2.62762 x 1078
1 221041 x 1074 1.53730 x 104 6.59448 x 1072 6.39134 x 108
0.8 0.2 3.57726 x 104 1.95516 x 104 6.82488 x 105 8.74434 x 10711
0.4 4.08852 x 104 2.40549 x 104 8.97594 x 105 1.39192 x 10~°
0.6 3.93110 x 10~* 2.43979 x 10~* 9.54607 x 1075 7.01008 x 10~
0.8 3.37931 x 104 2.21425 x 104 9.07319 x 105 220392 x 108
1 254330 x 1074 1.79417 x 104 7.79054 x 10~° 5.35217 x 108

Table 2. The different fractional-order of p at ¢(i, T) Problem 1.

x (1) o =0.6 o = 0.75 © =09 =1

0.2 0.2 2.30416 x 104 1.20720 x 104 4.07827 x 105 5.21689 x 10~
0.4 2.99561 x 10~* 1.68382 x 104 6.03594 x 105 429844 x 1078
0.6 3.25817 x 1074 1.92979 x 104 7.22983 x 10~ 1.49281 x 1077
0.8 3.21531 x 10~* 2.00136 x 10~* 7.82094 x 1075 3.63810 x 1077
1 2.91426 x 104 1.91790 x 104 7.85409 x 10~° 7.29980 x 1077

0.4 0.2 4.03498 x 104 2.16852 x 104 7.47504 x 10~° 1.01172 x 1078
0.4 4.86882 x 1074 2.80810 x 10~* 1.03056 x 104 8.21274 x 108
0.6 495394 x 104 3.00730 x 10~* 1.15446 x 1074 2.81182 x 1077
0.8 456224 x 104 291168 x 104 1.16744 x 1074 6.75959 x 107
1 3.80107 x 104 257923 x 104 1.08885 x 10~* 1.33863 x 1076

0.6 0.2 5.71624 x 1074 3.10320 x 1074 1.07799 x 104 1.47159 x 10~8
0.4 6.68234 x 1074 3.89793 x 1074 1.44487 x 104 1.18823 x 1077
0.6 6.58907 x 104 4.04795 x 1074 1.57175 x 10~* 4.04709 x 1077
0.8 5.85337 x 1074 3.78632 x 1074 1.53839 x 104 9.67991 x 107
1 4.64139 x 1074 3.20891 x 104 1.37879 x 104 1.90747 x 1076

0.8 0.2 7.32846 x 1074 400036 x 1074 1.39542 x 104 1.88855 x 10~
0.4 8.41543 x 1074 494077 x 1074 1.84172 x 104 1.52057 x 107
0.6 8.14513 x 104 5.03993 x 1074 1.97007 x 104 5.16457 x 1077
0.8 7.07446 x 1074 461552 x 1074 1.89076 x 104 1.23187 x 1076
1 5.42633 x 1074 3.80010 x 1074 1.65197 x 104 2.42089 x 1076

1 0.2 8.85417 x 1074 4.85021 x 1074 1.69634 x 1074 225214 x 1078
0.4 1.00496 x 103 5.92545 x 1074 221684 x 1074 1.80999 x 107
0.6 9.60595 x 1074 5.97282 x 1074 234519 x 1074 6.13643 x 1077
0.8 8.21325 x 1074 5.39082 x 1074 222087 x 1074 1.46106 x 10°
1 6.14855 x 104 4.34707 x 10~* 1.90563 x 104 2.86622 x 10~°

Figure 1. Exact and analytical solution of v(, T) at @ = 1 and 0.8.
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Figure 2. The analytical solutions of v(¢, T) at @ = 0.6 and 0.4.

Figure 3. The different fractional-order of @ of v(¢, 7).

Figure 4. Exact and analytical solution of ¢(¢, T) at @ = 1 and 0.8.
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Figure 5. The analytical solutions of ¢(¢, T) at @ = 0.6 and 0.4.

Figure 6. The different fractional-order of @ of ¢(¢, 7).

6. Conclusions

In this paper, we have successfully applied two modified methods to investigate the
numerical results of fractional system Jaulent-Miodek equations connected with energy de-
pendent Schrodinger potential. Accord between the obtained numerical solution by ADTM
and VITM with exact results appears very appreciable by way of illustrative solutions.
The suggested algorithms are simple to implement, efficient for achieving the solutions
of nonlinear coupled JM equations of fractional order. In addition, both the ADTM and
the VITM yield convergent series solutions with easily determinable components without
using perturbation, linearization, or limiting assumptions. We can draw a final conclusion
that the suggested methods are extremely analytical and more reliable, and that they can
be used to analyze nonlinear issues that develop in complicated processes.

Author Contributions: Methodology, S.A. and M.M.A -S.; Software, S.A.; Validation, R.S.; Investiga-
tion, M.M.A.-S. and R.S. All authors have read and agreed to the published version of the manuscript.

Funding: This research has been funded by Deputy for Research & Innovation, Ministry of Education
through Initiative of Institutional Funding at University of Ha’il-Saudi Arabia through project number
IFP-22 020.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.



Fractal Fract. 2023, 7, 140 13 of 13

References

1.  Said, L.A.; Radwan, A.G.; Madian, A.H.; Soliman, A.M. Three fractional-order-capacitors-based oscillators with controllable
phase and frequency. J. Circuits Syst. Comput. 2017 26, 1750160. [CrossRef]

2. Said, L.A.,; Madian, A.H.; Radwan, A.G.; Soliman, A.M. Fractional order oscillator with independent control of phase and
frequency. In 2014 2nd International Conference on Electronic Design (ICED). In Proceedings of the 2014 2nd International
Conference on Electronic Design (ICED), Penang, Malaysia, 19-21 Augus 2014; pp. 224-229.

3. Machado, J.T.; Kiryakova, V.; Mainardi, F. Recent history of fractional calculus. Commun. Nonlinear Sci. Numer. Simul. 2011, 16,
1140-1153. [CrossRef]

4. Sabatier, J.A.TM.J.; Agrawal, O.P.; Machado, J.T. Advances in Fractional Calculus; Springer: Dordrecht, The Netherlands, 2007; p. 9.

5. Baleanu, D.; Diethelm, K.; Scalas, E.; Trujillo, J.J. Fractional Calculus: Models and Numerical Method; World Scientific: Singapore,
2012; Volume 3.

6.  Debnath, L. Recent applications of fractional calculus to science and engineering. Int. J. Math. Math. Sci. 2003 54, 3413-3442.
[CrossRef]

7. Al-Sawalha, M.M.; Alshehry, A.S.; Nonlaopon, K.; Shah, R.; Ababneh, O.Y. Fractional view analysis of delay differential equations
via numerical method. AIMS Math. 2022, 7, 20510-20523. [CrossRef]

8.  Mukhtar, S.; Shah, R.; Noor, S. The Numerical Investigation of a Fractional-Order Multi-Dimensional Model of Navier-Stokes
Equation via Novel Techniques. Symmetry 2022, 14, 1102. [CrossRef]

9.  Al-Sawalha, M.M.; Alshehry, A.S.; Nonlaopon, K.; Shah, R.; Ababneh, O.Y. Approximate analytical solution of time-fractional
vibration equation via reliable numerical algorithm. AIMS Math. 2022, 7, 19739-19757. [CrossRef]

10. Al-Sawalha, M.M.; Khan, A.; Ababneh, O.Y.; Botmart, T. Fractional view analysis of Kersten-Krasil’shchik coupled KdV-mKdV
systems with non-singular kernel derivatives. AIMS Math. 2022, 7, 18334-18359. [CrossRef]

11. Kai, Y.; Chen, S.; Zhang, K.; Yin, Z. Exact solutions and dynamic properties of a nonlinear fourth-order time-fractional partial
differential equation. Waves Random Complex Media 2022, 1-12. [CrossRef]

12.  Jaulent, M.; Miodek, I. Nonlinear evolution equations associated with energy-dependent Schrodinger potentials. Lett. Math. Phys.
1976, 1, 243-250. [CrossRef]

13.  Jaulent, M. Inverse scattering problems in absorbing media. J. Math. Phys. 1976, 17, 1351-1360. [CrossRef]

14. Hong, T.; Wang, Y.Z.; Huo, Y.S. Bogoliubov quasiparticles carried by dark solitonic excitations in non-uniform Bose-Einstein
condensates. Chin. Phys. Lett. 1998, 15, 550-552. [CrossRef]

15. Ma, W.X; Li, C.X.; He, J. A second Wronskian formulation of the Boussinesq equation. Nonlinear Anal. Theory Methods Appl. 2009,
70, 4245-4258. [CrossRef]

16. Jie-Fang, Z. Multiple soliton solutions of the dispersive long-wave equations. Chin. Phys. Lett. 1999, 16, 4.

17. Das, G.C.; Sarma, J.; Uberoi, C. Explosion of a soliton in a multicomponent plasma. Phys. Plasmas 1997, 4, 2095-2100. [CrossRef]

18. Atangana, A.; Baleanu, D. Nonlinear Fractional Jaulent-Miodek and Whitham-Broer-Kaup Equations within Sumudu Transform.
Abstr. Appl. Anal. 2013, 2013, 160681. [CrossRef]

19. Gupta, AK,; Ray, S.S. An investigation with Hermite Wavelets for accurate solution of fractional Jaulent-Miodek equation
associated with energy-dependent Schrodinger potential. Appl. Math. Comput. 2015, 270, 458—471. [CrossRef]

20. Maijlesi, A.; Ghehsareha, H.R.; Zaghian, A. On the fractional Jaulent-Miodek equation associated with energy-dependent
Schrodinger potential: Lie symmetry reductions, explicit exact solutions and conservation laws. Eur. Phys. J. Plus 2015 132, 1-13.
[CrossRef]

21. Yildirim, A.; Kelleci, A. Numerical simulation of the Jaulent-Miode equation by He’s homotopy perturbation method. World Appl.
Sci. J. 2009, 7, 84-89.

22. He, ].H.; Zhang, L.N. Generalized solitary solution and compacton-like solution of the Jaulent- Miodek equations using the
Exp-function method. Phys. Lett. A 2008, 372, 1044-1047. [CrossRef]

23. Rashidi, M.M.; Domairry, G.; Dinarvand, S. The homotopy analysis method for explicit analytical solutions of Jaulent-Miodek
equations. Numer. Meth. Partial Differ. Equ. 2009, 25, 430-439. [CrossRef]

24. Keskin, Y,; Oturanc, G. Reduced differential transform method for partial differential equations. Int. |. Nonlienar Sci. Numer. Simul.
2009, 10, 741-749. [CrossRef]

25. Saravanan, A.; Magesh, N. An efficient computational technique for solving the Fokker-Planck equation with space and time

fractional derivatives. J. King Saud Univ.-Sci. 2016, 28, 160-166. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1142/S0218126617501602
http://dx.doi.org/10.1016/j.cnsns.2010.05.027
http://dx.doi.org/10.1155/S0161171203301486
http://dx.doi.org/10.3934/math.20221123
http://dx.doi.org/10.3390/sym14061102
http://dx.doi.org/10.3934/math.20221082
http://dx.doi.org/10.3934/math.20221010
http://dx.doi.org/10.1080/17455030.2022.2044541
http://dx.doi.org/10.1007/BF00417611
http://dx.doi.org/10.1063/1.523064
http://dx.doi.org/10.1088/0256-307X/15/8/002
http://dx.doi.org/10.1016/j.na.2008.09.010
http://dx.doi.org/10.1063/1.872545
http://dx.doi.org/10.1155/2013/160681
http://dx.doi.org/10.1016/j.amc.2015.08.058
http://dx.doi.org/10.1140/epjp/i2017-11793-0
http://dx.doi.org/10.1016/j.physleta.2007.08.059
http://dx.doi.org/10.1002/num.20358
http://dx.doi.org/10.1515/IJNSNS.2009.10.6.741
http://dx.doi.org/10.1016/j.jksus.2015.01.003

	Introduction
	Basic Preliminaries
	The Methodology of Adomian Decomposition Transform Method
	The Producer of Yang Variational Iteration Method
	Implementation of Techniques
	Conclusions
	References

