Advances in Mathematics: Scientific Journal 9 (2020), no.12, 10335-10355
ADV MATH . .
SClI JOURNAL ISSN: 1857-8365 (printed); 1857-8438 (electronic)
https://doi.org/10.37418/amsj.9.12.25

NUMERICAL SIMULATION OF THE NONLINEAR COUPLED
JAULENT-MIODEK EQUATION BY ELZAKI TRANSFORM-ADOMIAN
POLYNOMIAL METHOD
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ABSTRACT. The Elzaki transform which is an integral transform used to obtain
solutions of linear differential equations is coupled with Adomian polynomial to
solve nonlinear coupled Jaulent-Miodek (JM) equation. The Adomian polynomial
is used to linearise the nonlinear functions in the partial differential equation
before the scheme of the Elzaki transform was used to iteratively generate each
term of the series solution. The solutions obtained were compared with the exact
solutions and were found to give a very small error, the graphical representation
of the solutions which give the shape of the solitons also agree with that of the
Adomian decomposition method when a comparison is made. The method is
powerful and effective as it does not involve large computer memory and does not
involve discretizing the independent variables to achieve the required solution.

1. INTRODUCTION

In recent years, multi-scale problems, scientific problems as well as engineer-
ing problems occur nonlinearly. Most time these problems are represented by
nonlinear partial differential equations [5], and most of them do not have spe-
cific analytical solutions except for a few number of them. However, various field
of science such as fluid mechanics [37], condensed matter physics [34], plasma
physics [4] and optics [25] have committed to studying them over the years.
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The theory of fractional calculus has been around for a while, it can be traced
back to 1695 [32], and that is why it is regarded as an old mathematical concept.
However, in recent decades, remarkable progress has been made. In the past forty
years, the theory of fractional calculus has procured remarkable concentration
from the researchers owing to its substantial capability to successfully explain var-
ious inconsistent phenomena and complicated operations in natural science and
engineering [26]. Diverse anomalous occurrence in real life situations have been
mathematically modeled by fractional differential or integral equations to verify
the theory of fractional calculus [27,30, 35]. Obtaining the analytical solutions of
these type of equations is generally very hard or occasionally impossible. Several
researchers have endeavored to ascertain and develop effective semi-analytical
and numerical procedures to handle fractional models [1,15, 24,28,31].

This research work is devoted to exploring the following challenging physical
model, the time-fractional coupled Jaulent-Miodek equation associated with the
energy-dependent Schrodinger potential [13,26, 33]
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where %() represents the Riemann-Liouville partial derivative operator of order
a (where, 0 < o < 1) with respect to the variable ¢, which is given as
1 o[
N L9 e gy
—u(z,t) = [l—a)dt f, (t—7)
or 211(95 t), a=1
at Y ) - )

and I'(+) is the gamma function. Our attention will be focused on when o = 1. In
this case, the model given in equations (1.1) and (1.2) transforms to the coupled
classical Jaulent-Miodek (JM) given by [11,21]

3
(1.3) Vg + Ugpw + §wwmm + §wxwm — 6vv, — bvww, — §vxw2 =0,

15
(1.4 Wi + Wage — OV W — GVW, — wauﬂ =0,

with the initial conditions v(z,0) = ¢;(z) and w(x,0) = g¢o(x). Several semi-
analytical and computational methods have been applied to analyze this classical
Jaulent-Miodek system, for instance, the time-stepping scheme coupled with the
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spectral method [29], the Adomian decomposition method [3,23], the tanh-coth
method [36], the variational iteration method [12], the exp-function technique
[14], the homotopy perturbation method [2], and the sine-cosine method [22].

Recently, the use of the Elzaki transform to solve the nonlinear partial differ-
ential equations has comes to the limelight [6, 8,9, 38], though this method can-
not handle the nonlinearity, and this lead to using other techniques like Adomian
polynomial, Differential transform, Homotopy perturbation method to decompose
the nonlinear terms. This work is a continuation of our research, where we stud-
ied several nonlinear equations such as third-order KdV equations [17], fifth-order
KdV equations [20], Klein-Gordon equations [18] and Sine-Gordon equations [19]
using aforementioned technique.

The Elzaki transform and Adomian polynomial method is implemented for ob-
taining the traveling wave and approximate analytic solutions of the Jaulet-Miodek
equations. The JM solution is efficiently obtained by executing the aforementioned
method instead of the usual methods of obtaining the exact solutions, without suf-
fering conventional difficulty.

This paper is organized as follows: Section 2 comprises the definitions, prop-
erties, as well as the analysis of the Elzaki transform and Adomian polynomial
method in solving coupled Jaulent-Miodek equation. In Section 3, we consider
the application of this method in solving two problems to show its efficiency. Dis-
cussion of results is presented in Section 4, and Section 5 contains the conclusion.

2. THE ANALYSIS OF THE ELZAKI TRANSFORM AND ADOMIAN POLYNOMIAL METHOD
IN SOLVING COUPLED JAULENT-MIODEK EQUATION

The Elzaki transform [6, 8,9, 16] is defined for the functions of exponential
order [7] as given below

A= {f(t) :3AM, 1,00 > 0, f ()] < Me®, ift € (—1)7 x [0,00)}.

For any given function in the set A defined above, the constant c;, ¢, could either
be finite or infinite, while M is always infinite.
Based on the findings of Tarig [7], he defined the Elzaki transform as:

E[f(t)] = u? /000 flut)etdt = T(u), t >0, u € (c1, ),
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or
(2.1) E[f(t)] = u/oo f(t)e_édt =T(u), t >0, u€ (c1,c2).
0

Theorem 2.1. Let the Elzaki transform of the function f(t) be denoted by T (u) in
such a way that E|[f(t)] = T'(u), then:

() E[f(©] = ™ —uf(0),
(i) E[f" (0] = T8 — £(0) — uf'(0),
i) B[/ (1) = 57— i w* M),

Proof. (i) Considering (2.1), E[f’(t)] is given as
2.2) E[f(5)] = u / Fbetdt = T(u).
0
Using the integration by part on the right hand side, we have
o t t o0 1 o t
/ f(t)e wdt = e—zf(t)’ + - / f(t)e wdt,
0 0 U Jo
1 [ t
——f0)+ [ sweia
u Jo
Substituting this result back into (2.2) yields
/ 1 > -t
Bl =u |10+ [ sttt
0
—_uf(0) + / Ft)etat.
0
Using definition (2.2) in this expression yields

B0 =" ()

(ii) Again, from (2.1), replacing the function f’(¢) by f”(t), we have

Ewwnzuéwfww*w.

By integrating by part, this yields

Bl 0] = [-r o+ 1 [T et
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Now using definition given in (2.2), we have

By0) = —up(0) + 2L
LBy

Using the result obtained in (i) here, this relation yield

T(u)

ELf"(t)) = (0) — uf'(0).

(iii) The general form of this theorem is proved by induction. Given that

—_

Tlw) _ u? R0, foralln > 1.

0

(2.3) E[f™(t)] =

un

i

Step 1: When n = 1 in (2.3), we have

Tlw)

ELf' ()] = — uf(0).

Here, it is evident that (2.3) holds for n = 1.

Step 2: Assume that equation (2.3) holds for n = N i.e.

N-1
(2.4) E[f™(t) u? N (0

k=0

This is true for all the values of V.

Step 3: It is proved that it is equally held for N + 1, i.e

N
E[f(NJrl uN+1 Z 2 (N+D)+E ¢ k)( ).
k=0

By making use of STEP 1 above,

BIf0 (0] = (™)',
= M — uf(’“)(O).

u
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Using equation (2.4), so

EIFO(0] = T3z f00) < upt(o),
k=0
T
Zwﬁﬂ—k IO}
=0

Therefore, the last expression corresponds to equation (2.3) whenn =N +1. 0O

E[f(t)] = T'(u) implies that T'(u) is the Elzaki transform of the function f(¢), so,
f(t) will now be the inverse of Elzaki transform 7'(u) as given below

The algorithm of Elzaki transform, which is directly applicable to JM equation is
described in this section. Application of Elzaki transform into the equations (1.3)
and (1.4) is given in the form

3 9 3
(2.5) Elw] =-FE {Umx + —WWagy + —WyWyy — 6VV, — GVWW, — §vxw2 ,

2 2
5
(2.6) Elw] = =B |z — 6,0 — bvw, — —w,w”|
since [10]
V() @
E['Ut] = T — U’U(JT,O), E[szx] = @ [U]7
W (x, ) @

Using these definitions in conjunction with the given initial conditions, equations

(2.5)and (2.6) become

d? 3
V(z,u) =u*v(z,0) + B~ { u—=E[v] — uE {§wwxm

A3
2.7) v
—i—gw Wey — 60V, — GVWW, — —V W
2 xT T xT x 2 X )
2 -1 d*
W(z,u) =u*w(z,0)+ F { uﬁE[ w]
(2.8)

15
+wk {Gwa + 6vw, + 7w$w2] } .
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Applying the inverse Elzaki transform to both sides of the equations (2.7) and
(2.8) and simplifying yield

v(z,t) =gi(z) + B~ {—ud—E[U] —ukl ENI(U, w) + gNg(v,w)

da3
(2.9) 5
—6N3(v,w) — 6Ny (v, w) — §N5(U, w)} } )
d3
w(z,t) =go(z) + B {—u—E[w] + wE [6Ng(v, w)
dz?
(2.10)

+6N7 (v, w) + ?Ng(v,w)} } :

The linear terms v(x,t) and w(x,t) can be decomposed by an infinite series of
components

v(x,t) = Zvn(x,t), w(z,t) = an(x,t),

in which the nonlinear operators N; (v, w), No(v,w), N3(v,w), Ny(v,w), N5(v,w),
Ng(v,w), N7z(v,w), and Ng(v,w) can be decomposed by the infinite series:

Ni(v,w) = Agp, i=1,2,--8.
n=0

This implies that all the nonlinear terms, that is, Ww,ze, WelWas, VU, VWW,, Vxw?2,
v,w, vw,, and w,w? are denoted by Adomian polynomials which is the series
Aip, i=1,2,---8.

Next, we want to determined v, (z,¢) and w,(z,t), n > 0 which are the com-
ponents of v(z,t) and w(z,t). Therefore, using equations (2.9) and (2.10), the
components series can be determined by the recursive relation

(2.1D) vy = g1(x), wo = ga(x),
d3
(2.12) da? o 2

3
_6A3,n - 6A4,n — §A5,n:| } )

d? 15
(213) Wp+1 = E_l {—U%E[wn] +wk |:6A6,n + 6A77n + ?Ag,n:| } s
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where n > 0. The Adomian’s polynomials A; ,, needed for nonlinear decomposition
of functions in equations (2.12) and (2.13) is generated by using the formula

’ j=0 j=0

A=0

Using equation (2.14), the first few Adomian polynomials are given as

Al 0 = WogzsWo,

Al 1 = WozzaW1 + WigzeWo,

Al 2 = WoggaW2 + Wigez W1 + W22z Wo,

A1,3 = WorgzW3 + Wigpz W2 + Wogzz W1 + W3gzaWo,

A1,4 = WozgzWq + WigzaW3 + Wogza W2 + W3gza W1 + WhzzaWo,

Az,o = WozzWoz,

A2,1 = Wogz Wiz + WizzWoz,

A2,2 = Wogz W2z + Wigg Wiz + W2zeWog,

A2,3 = Woze W3z + WigaWaz + Wogr Wiz + W3z Wog,

A2,4 = Woza Wiz + Wigz W3z + Wogz W2z + Wigaz Wiy + WazeWo,

As,o = Yoz Vo,

Az 1 = VozU1 + V100,

Az 9 = Upa V2 + V1501 + Vg0,

A3z 3 = VU3 + V1,V2 + U2,U1 + V3,00,

A3 4 = VozVs + VizU3 + VgV + U3pU1 + Vag Vo,

A4,0 = VoWoWoy,

Ayl = VW, + VoW Wog + VoW1,

Ay 2 = VawoWo, + V1W1 Woy + VoWalog + V1WeW15 + VoW W1, + VoW,
Ay z = V3w, + V2W1Woe + V1WaWo, + VoWaWo, + VaWoW1, + V1WI W1,

+ VoW1, + V1 WoWay + VoW1 W + VoWoW3g,
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Ay a = VaWeWop + V3W1 Wog + VaWalWoy + V1 W3Wog + VoWalo, + V3WeW1g
+ VoW W1z + V1WoW1 + VoW3W1, + VoWoWas + V1 W1 Wy + VoWoWay
+ V1 WeW3, + VoW1 W3z + VoWoW4y,

Aso = UOxwga

As 1 = vi,w] + 201, wowy,

A5 9 = ngwg + 2U11w0w1 + 2v0mw0w2 + onw%,

As 3 = U3,wh + 209, wow; + 201, Wewa + 200, W Wy + 200, Wow3 + VW3,

A5y = v4xw(2) + 2u3,wowy + ng’w% + 209, WoWy + 201, W1 We + 201, WoWs
~+ 209, w1 w3 + 2vp, wowy + voxwg,

AG,O = VoL Wo,

Ag 1 = VoW1 + vizWo,

Ag 2 = Vo W2 + V1w + VazWo,

Ag 3 = VozW3 + V1zW2 + VagWy + VspWo,

Ap 4 = VopWa + V15W3 + VapWa + Vg1 + VagWo,

A?,o = Wog Vo,

A7 1 = Woav1 + Wiz,

A7 9 = WoaV2 + WixU1 + Wagy,

A7 3 = WopV3 + WipV2 + WarV1 + W3y,

A7 4 = WoaVs + W1zV3 + WogVy + W3,V1 + Wag o,

Ago = wowa,

Ag1 = wuwg + 2w wowy,

Ag o = WopWi + 2W1,Wow + 2WopWos + Woaw?,

Ag 3 = wgmwg + 2w2mw0w1 + 2w1mw0w2 + 2w0mw1w2 + 2w0mw0w3 + wlxwf,

A874 = w4xw§ + 2wswowq + ngw% + 2Wo, WoWe + 2W1 W W + 2W1,Wols3
+ 2wz wiws + 2w Wos + wawg.

These polynomials is enough for the purpose of this work, they can be constructed
further using the same approach.
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3. APPLICATIONS
3.1. Illustration 1: Here, the Elzaki transform and Adomian polynomial explained
above is applied to obtain the approximate analytical solution of coupled JM equa-
tion given in equations (1.3) and (1.4) with the initial conditions [23]

(3.1) v(z,0) = g + 2¢ sech®(kz), w(x,0) = 2k sech(kzx).

Incorporating equation (2.14) into equations (2.11), (2.12) and (2.13) for the
coupled JM equations (1.3) and (1.4) with the given initial conditions (3.1) yield

(3.2) vy = g + 2¢ sech®(kx), wo = 2k sech(kz).

Considering when n = 0, then the recursive relations (2.12) and (2.13) become

» &3 3 9 3
v = E E[UQ] —ukb 514170 + §A270 — 6A370 — 6A470 — §A570 s

R
1 d? 15
w1 = E —U—E[wo] +wk 6A670 + 6A7,0 + —A&Q s
dx3 2
and these yield
1
U1 :m (4t/~c sinh(kz) ( — 6k* cosh?(kz) — ck? cosh?(kx)
(3.3) + 3¢2 cosh? (k) + 18k + 30ck? + 12(;2)),
2 .
(3.4 w1 :M (—k? cosh? (kz) + 3ccosh®(kz) + 36k* + 36¢) .
cosh®(kx)

Similarly, when n = 1, the recursive relations (2.12) and (2.13) become

vy = B! —ud—3E[v]—uE §A —1—914 —6A3; —6A —§A
2 = el 51T 520 3,1 11— 5480

3

d 15
Wy = E1 —u—E[wI] +wkE 6461+ 6A71 + —Ag ,
dx3 ) ) 2 )

which yield
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576t3k3 sinh(kx)c*  6048t3k3 sinh(kx)c?  9216t3k3 sinh(kz)c*
Vo =

cosh®(kz) cosh’ (kz) cosh? (k)
23040t3k3 sinh(kx)c* 72637 sinh(kx)c? 89763k sinh(kx)c
a cosh!! (kx - cosh®(kzx) ; cosh® (kz)
1527263k " sinh(kx)c®  384t3k% sinh(kx)e® 54993613k sinh(kz)c
a cosh® (kx) a cosh® (kx) ; cosh” (kz)
214296t3k" sinh(kxz)c®  15552t3k5 sinh(kx)c®  2338560t3k” sinh(kx)c
a cosh” (kz) cosh” (kz) cosh? (kx)
1209216t3k" sinh(kx)c? ~ 72192t3k° sinh(kx)c®  2039040t3k? sinh(kx)c
cosh?(kx) cosh? (kx) B cosh!! (kx)
1146240t3k" sinh(kx)c?  115200t3k5 sinh(kx)e® 483K sinh(kz)c
- cosh! (kx) - cosh!! (kx) * cosh?(kx)
16t2kS¢c 48t%k*c?  3960t%kSc  1176t%k*c?*  15720t%kCc
cosh?(kzx) a cosh?(kz) a cosh? (kx) - cosh?(kzx) * cosh®(kx)
N 5880¢°k*c®  126006°k5¢  5040¢°k*¢®  8t°k'! sinh(kx) N 70003kt sinh (kx)
cosh®(kz) cosh®(kz) cosh®(kzx) cosh?(kz) cosh® (kz)
(3.5)
3284403k sinh(kz) =~ 119232063k sinh(kz)  984960t3k!! sinh(kx)
a cosh” (kzx) * cosh? (kz) a cosh!! (kx)

1959552t4k0¢4 1260t*k12¢  1620t%k10¢2  972t1k33 54834tk
cosh*(kx) * cosh?*(kz) ; cosh?(kzx) a cosh?(kzx) a cosh®(kz)
972t4k5¢*  95058t4k10c?  25218t4k8¢®  1253190t%k'2c  41310t4kSc
cosh?(kzx) a cosh® (kx) * cosh® (kx) B cosh®(kx) T cosh® (kx)
230634t4k19¢?  1076166tk3c3  11394828t4Kk2¢c 404190t kS
cosh®(kx) * cosh®(kx) * cosh!®(kx) * cosh®(kx)
11053116t4k10¢%  4042116t*K8¢>  20865600t4k'%c  338904t1k6c4

+ +
cosh!®(kx) cosh!(kx) cosh'? (kx) cosh®®(kx)
~25883712t"k'0c¢*  13960512¢"k5¢ 274492815 ¢! N 10777536tk 2c

cosh'?(kx) cosh'? (kx) cosh'?(kx) cosh*(kx)

8817984t k8¢®  14696640t*k10c¢?  4044924¢4 k™M™ 96t% k3 7560t2k8
cosh!*(kx) * cosh*(kx) - cosh'(kx) * cosh?(kz) - cosh®(kz)
813960t k14 6197472t* k4 27396tk 10080t%k®

a cosh®(kx) - cosh'?(kx) * cosh®(kz) - cosh®(kz)
293932814 k14 216tk 30242k
cosh' (k) B cosh? (kz) a cosh?(kz)’
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8100t*k™ sinh®(kx)c 583204k sinh®(kz)c  4860t*k" sinh*(kx)c?

cosh? (kzx) cosh? (kzx) cosh”(kx)
291600t*k? sinh?(kz)c?  14580t*k" sinh?(kz)c®  174960t*k” sinh? (kz)c?
cosh? (kz) B cosh” (kx) - cosh? (kzx)
2099520tk sinh?(kx)e 2099520tk sinh? (kx)c®  699840t*k” sinh? (kx)c?
cosh! (kx) a cosh!! (kx) ; cosh! (kx)
135tk sinh? (kx)e  405t*k° sinh?(kx)c®  405t*k7 sinh? (k)3
cosh® (kz) cosh® (kz) a cosh® (kz)
270t kM sinh? (kz)c  810t*k sinh? (kx)c?
cosh” (kz) a cosh” (kz)
810t*k7 sinh*(kx)c® 21600tk sinh? (kz)c
cosh” (kz) ; cosh? (kz)
194400tk sinh® (kx)e  12960t1k% sinh*(kz)c? ~ 972000t*k° sinh?* (kx)c?
cosh'! (k) * cosh? (kx) * cosh!'! (k)
38880t*k" sinh?(kz)c3  583200t4Kk7 sinh?(ka)c®  8398080t1k!! sinh? (kx)c
cosh? (kx) cosh!! (k) * cosh'3(kzx)
8398080t1kY sinh!(kx)c? ~ 2799360t*k” sinh?(kx)c®  288t3k* sinh(kx)c?
cosh®® (kx) * cosh'?(kx) B cosh? (k)
4608t3k* sinh(kz)c®  13824t3k* sinh(kx)e®  7296t3k8 sinh(kx)c
cosh®(kx) B cosh®(kx) * cosh®(kx)
4800t3kS sinh(kx)c?  55296t3k8 sinh(kx)c  48384t3kS sinh(kx)c?
cosh®(kz) - cosh®(kx) - cosh®(kz)
1360t3k% sinh®(kx)e 255363k sinh®(kx)e  480t3KS sinh?(kx)c?
cosh®(kx) a cosh®(kx) ; cosh® (kzx)
16800t3k5 sinh®(ka)c?  720t3k* sinh®(kx)c? 161283k sinh® (kx)c?
cosh®(kz) cosh® (kzx) cosh®(kzx) *
248832t3k8 sinh3(kx)c 21772830 sinh® (kx)c® 622083k sinh® (kx)c?
cosh'(kx) N cosh®® (kx) N cosh'®(kx)
54413k sinh(kx)c  192t3kS sinh(kx)c? t2k" 480t3E10 sinh? (kx)
cosh?(kzx) cosh?(kz) - cosh(kx) * cosh®(kz)
26208t3k10 sinh®(kx) ~ 9331263k10sinh®(kx)  7488t3k10 sinh (k)
cosh® (k) * cosh!®(kx) cosh® (kx)

20736t°k' O sinh(kz)  1926%'%sinh(kx) = 43204k sinh* (kx)
cosh® (kx) cosh* (kz) cosh? (kx)




NUMERICAL SIMULATION OF THE NONLINEAR COUPLED ... 10347

194400t*k"% sinh? (kz) ~ 2799360t*k'3 sinh* (kz)  30t*k'3 sinh? (kx)

cosh!! (kx) * cosh'®(kx) cosh” (kzx)
1620t k13 sinh?(ka) 699840t k'3 sinh?(kx)  58320t*k'3 sinh? (k)
; cosh” (kz) B cosh!! (k) cosh” (k)
15t k3 sinh?(kz) 3 2k°c 456t2k5c  2412t%k5¢  2160t%k5c
cosh® (k)  2cosh(kz) cosh? (kx) - cosh® (kx) - cosh” (kx)

49208k7 43200k 992%k7
cosh®(kz)  cosh”(kx)  cosh?(kz)’

Therefore, the series solution is given as
3.7) v(z,t) = vo +v1 + v+ vz 4
(3.8) w(z, ) = wy + wy + wy +ws + - .

Substituting equations (3.2), (3.3), (3.4), (3.5) and (3.6) into equations (3.7) and
(3.8) give the required approximate solutions associated with the initial conditions
of the given nonlinear coupled Jaulent-Miodek equation.

The closed form solutions to equations (1.3) and (1.4) in connection to initial
conditions (3.1) are obtained by [11] as

3.9  wuat) = g + 2¢ sech® (k(Rt + ), w(z,t) = 2k sech (k(Rt + 1)),

where R = 1(b* + ¢) and b, ¢, k are taken as the arbitrary constants.
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FIGURE 1. The upper and lower left panel show the solitary wave
solutions v(x,t) and w(x,t) of coupled nonlinear Jaulent-Miodek
equation (1.3) and (1.4) with the given initial conditions (3.1) using
Elzaki transform and Adomian polynomial as seen in equations (3.7)
and (3.8), while the solitary wave solutions v(x, t) and w(z, t) of cou-
pled nonlinear Jaulent-Miodek equation (1.3) and (1.4) with the
given initial conditions (3.1) using Adomian decomposition method
[12] is shown in the upper and lower right panel when b = ¢ = 0.01
and k = /c.

TABLE 1. Error obtained when the approximate analytical solution
to the illustration 1 is compared to the exact solution for v(z,?),
taken b = ¢ = 0.01 and k = /c.

3.2. Illustration 2: As in illustration 1, we applied the same method in obtaining
the solution of the coupled JM equation given in equations (1.3) and (1.4) with

X

t=0.2

t=0.4

t=0.6

t=0.8

0.2
0.4
0.6
0.8
1.0

8.38 x 1076
1.74 x 107
2.63 x 107°
3.50 x 107°
4.35 x 107°

1.55 x 107°
3.34 x 107
5.13 x 1075
6.88 x 107°
8.59 x 107°

2.13 x 1077
4.83 x 1075
7.51 x 107°
1.01 x 107*
1.27 x 107*

2.57 x 1077
6.18 x 1077
9.75 x 107°
1.33 x 107*
1.67 x 107*
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TABLE 2. Error obtained when the approximate analytical solution
to the illustration 1 is compared to the exact solution for v(z,t),

taken b = ¢ = 0.01 and k = +/c.

X

t=0.2

t=0.4

t=0.6

t=0.8

0.2
0.4
0.6
0.8
1.0

6.11 x 107
1.19 x 1074
1.77 x 10~*
2.34 x 1074
2.91 x 107

1.27 x 1074
2.44 x 1074
2.59 x 1074
4.74 x 1074
5.86 x 1074

1.97 x 1074
3.73 x 10~*
5.46 x 1074
7.17 x 1074
8.86 x 10~*

2.73 x 1074
5.07 x 1074
7.38 x 107*
9.66 x 10~*
1.11 x 1074

the initial conditions [23]

(3.10)
v(x,0) =

1
4

1 1
7B+ je— shoksech(kr) - zcsechQ(kx), w(z,0) = by + ksech(kz).

Incorporating equation (2.14) into equations (2.11), (2.12) and (2.13) for the
coupled JM equations (1.3) and (1.4) with the given initial conditions (3.10) yield

(3.11)
(3.12)

1
UO:_Z

1 1

b2 _Z
0t 3¢5

wo = by + ksech(kzx).

boksech(kzx) — zcsechg(kx),

When n = 0, then the recursive relations (2.12) and (2.13) become

U1 :E_l{

and these give

3

d 3 9 3
_u@E[UO] —uk [§A1,O + §A2,0 —6A30—6A40 — §A5,0} } ;

W1 :E_l{

d? 15
—U—E[’wo] + whk 614670 -+ 6A770 + ?A&Q s

dx3

sinh(kx)k*bot ~ 15sinh(kz)k3ct 9 sinh(kx)kibot
e cosh?(kx) 2 cosh® (kx) 4 cosh*(kx)
99 sinh(kz)k3ct  3sinh(kz)k?*b3t 3 sinh(kx)k?boct
4 cosh®(kx) 2 cosh?(kx) 4 cosh?(kx)
6sinh(kz)k°t  9sinh(kz)k*03t 9 sinh(kz)kc*t  9sinh(kz)k?boct
B cosh® (kx) 2 cosh?®(kx) 4 cosh? (kx) 4 cosh*(kx)
(3.13) 18sinh(kx)k°t 27 sinh(kx)kc’t

cosh® (kx)

4 cosh®(kz) ’
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w, = 6sech(kz) tanh®(kz)k*t — 5sech(kx) tanh(kx)k*t
— 3sech(kz) tanh(kx)k2b3t — 9sech” (kz) tanh(kxz)k3byt
+ 9sech’ (k) tanh(ka)kboct + %sechs(lﬁx) tanh(kz)k>ct

(3.14) — gsech(lm) tanh(kx)k3ct — ?sechf’)(k;a;) tanh(kz)kt.

Therefore, the series solution is given as

(315) U($,t>=@0+U1+U2+U3+“'
(3.16) w(z,t) = wo + wy + wy + w3 + - -

Upon substitution of equations (3.11), (3.12), (3.13), and (3.14) into equations
(3.15) and (3.16), the approximate solutions of the given nonlinear coupled Jaulent-
Miodek equation is obtained.

The closed form solutions to equations (1.3) and (1.4) in connection to initial
conditions (3.10) are obtained by [11] as

_ bksech(k(Rt+z)) 3c sech” (k(Rt + x))
2 4 ’
(3.17) w(x,t) = b+ k sech (k(Rt + x)),

v(x,t)=s

where R = $(b? + ¢), s = 1(c — b?) and b, ¢, k are taken as the arbitrary constants.

-1l
v{x,li_
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FIGURE 2. The upper and lower left panel show the solitary wave
solutions v(x,t) and w(x,t) of coupled nonlinear Jaulent-Miodek
equation (1.3) and (1.4) with the given initial conditions (3.10)
using Elzaki transform and Adomian polynomial as seen in equa-
tions (3.15) and (3.16), while the solitary wave solutions v(x,t)
and w(z,t) of coupled nonlinear Jaulent-Miodek equation (1.3) and
(1.4) with the given initial conditions (3.10) using Adomian decom-
position method [12] is shown in the upper and lower right panel

NUMERICAL SIMULATION OF THE NONLINEAR COUPLED ...

when b = ¢ =0.01 and k = /c.

TABLE 3. Error obtained when the approximate analytical solution
to the illustration 2 is compared to the exact solution for v(z,?),

taken b = ¢ = 0.01 and k = /c.

X

t=0.2

t=0.4

t=0.6

t=0.8

0.2
0.4
0.6
0.8
1.0

6.2922 x 1078
1.2687 x 1077
1.9042 x 1077
2.5337 x 1077
3.1554 x 1077

1.2341 x 1077
2.5133 x 1077
3.7847 x 1077
5.0444 x 1077
6.2886 x 1077

1.8147 x 1077
3.7339 x 1077
5.6417 x 1077
7.5321 x 1077
9.3994 x 1077

2.3710 x 1077
4.9304 x 1077
7.4750 x 1077
9.9960 x 107
1.2480 x 107°

10351




10352 O. E. IGE, R. A. ODERINU, AND T. M. ELZAKI

TABLE 4. Error obtained when the approximate analytical solution
to the illustration 2 is compared to the exact solution for w(z,t),

taken b = ¢ = 0.01 and k = +/c.

X

t=0.2

t=0.4

t=0.6

t=0.8

0.2
0.4
0.6
0.8
1.0

3.590 x 1078
4570 x 1078
5.530 x 1078
6.470 x 1078
7.400 x 1078

7.080 x 1078
9.040 x 1078
1.096 x 1077
1.285 x 1077
1.470 x 1077

1.048 x 1077
1.340 x 1077
1.629 x 1077
1.913 x 1077
2.190 x 1077

1.375 x 1077
1.767 x 1077
2.153 x 1077
2.531 x 1077
2.900 x 1077

4. DISCUSSION OF RESULTS

In this paper, the coupling of both Adomian polynomial and Elzaki transform is
used to solve the nonlinear coupled Jaulet-Miodek equations (1.3) and (1.4). In
this study, two examples were demonstrated and the solutions were presented in
series form as seen in equations (3.7), (3.8), (3.15) and (3.16). The solutions to
the two examples considered show the accuracy of this method when compared
with the results obtained when the Adomian decomposition method is used [12].
This is shown graphically in Figures 1 and 2, the two solutions appear to agree.
In both cases, the upper and lower left panel show the solitary wave solutions
v(x,t) and w(z,t) of coupled nonlinear Jaulent-Miodek equation with the given
initial conditions using Elzaki transform and Adomian polynomial, while the up-
per and lower right panel show the solitary wave solutions v(x,¢) and w(z,t) of
coupled nonlinear Jaulent-Miodek equation with the same initial conditions using
Adomian decomposition method when b = ¢ = 0.01 and k£ = \/c.

Moreover, to affirm the accuracy of Elzaki transform method, we considered the
exact solutions to the aforementioned problem as established by [11] in equations
(3.9) and (3.17), and the absolute errors is computed, these errors turn out to be
very small with the values of = and ¢ chosen as shown in Tables 1, 2, 3 and 4.

5. CONCLUSION

The Adomian polynomial is incorporated into the Elzaki transform to obtained
the approximate traveling wave solutions of the coupled nonlinear Jaulet-Miodek
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equation. Coupling of aforementioned methods has been successfully applied to
two examples in which different initial conditions were applied to the coupled
nonlinear Jaulet-Miodek, it is noted that this method is an effective method for
solving these problems because this is demonstrated by the agreement of the re-
sults obtained using the Elzaki transform and Adomian decomposition method.
Furthermore, the smaller errors obtained when the difference between the exact
solutions and approximate analytic solutions of this problem were computed is
another evidence that shows how powerful this method is.
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