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The Daftardar-Jafari technique is a powerful solution method for obtaining approximate and exact solutions of

some nonlinear partial differential and integral equations. In this paper, the Daftardar-Jafari method is used to

establish approximate solution of the conformable K (m, p,1) equation. This equation has been widely used in

the applied sciences and engineering. The conformable derivative (CD) was introduced and explored with Khalil

et al. We present the figures and tables to compare between the approximate solutions. The approximate results

show that the Daftardar-Jafari method is a very efficient and most reliable approach to handle conformable

partial differential and integral equations.
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1. Introduction

In recent years, differential equations in fractional sense
(FDEs) have found significant importance arising from their
application in different branches of chemistry, biologist,
physics, engineering, economic and other science. Studies
show that the behavior of a lot physical systems is deployed
on the theory of fractional derivatives. Different important
phenomena in chemical and biological processes, electro-
chemistry, electromagnetic, viscoelasticity, fluid mechanics,
signal processing, and control systems are well defined
by FDEs. For that we require an affective and reliable ap-
proach for the solution of FDEs. Lots of researchers have
practical different techniques to study the of FDEs such as
the decomposition approach of Adomian [1, 2] , the varia-
tional iteration technique [3, 4], the homotopy perturbation
and the homotopy analysis methods [5-7], the differential
transform [8, 9], Daftardar-Jafari method [10, 11] and so
on [12-31]. The Daftardar-Jafari method (DJM) was first
proposed in 2006 [32], which was successfully used to set
solutions to nonlinear PDEs. It was shown that this new
method is efficient to construct analytical solutions approx-
imately. The DJM has been used to solve various nonlinear

equations [33-35].

The aim of this work is to expand the application of
the DJM to obtain analytical and approximate solution for
some conformable K (m, p,1) equation. These equations
include conformable K (2,2,1) and K (3,3,1) equations. The
conformable K (m, p,1) equation in the following form [36].

Dfv+ (v"), — (0F) 0y +Usx =0, >0,0<a <1, (1)

where v(x,t) represents the wave profile. Also m,p are
positive integer with m,p > 1. This equation models
large discontinuous time scales while forecasting weather
or high energy physics in tiny time scales. In the E-infinity
theory, time is discontinuous. Thus, fractional models can
be the best choice to define such problems [36].

There are many studies for the classical K(m,p,1) such as
variational iteration method [37], decomposition approach
of Adomian [38], reduced form of the differential trans-
form technique [39] and homogeneous balance method
[40]. Also, in [36], by using homotopy perturbation method,
authors set solitary wave solutions for time conformable
nonlinear K(m,p,1) equations.
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The remainder of this study is organized as follows.
In Sec. 2, we give brief definition and some significant
properties of the CD. In Sec. 3 the DJM introduced. In Sec.
4, using the DJM we establish approximate solution of the
conformable K(m,p,1) equation. The conclusions are then
given in the in the last Sec. 5.

2. Cd

In this Sec., we summarize fundamental definitions and
significant properties of CD used in this present paper.

Khalil et al. [41] have newly defined the fractional inte-
gral and derivative named conformable derivative (CD).
This newly defined derivative has been used in many dif-
ferent problems [42-47].The « th order CD is given in limit
form as

D (1) — tim L E) = S0

e—0 3 (2)
t>0, 0<a<l

Critical properties of the derivative in conformable
sense are listed below [41-43].

D? (tJ) —at® % V5 € R 3)

Di(f(H)g(t)) = (DEf(£)) g(t) + (DEg(1)) f(£)  (4)

(Dig(h)) £(1)

COFON | (DEF) 8(6) -
Df (g(t)) = 200 ©
DE(f o g)(t) = g/ (1) (8(1)) ®)

Definition 1. Let 4 > 0 and t > a and f be a function of
t defined on (4, ] with & € R. Then, the fractional integral
can be shown as,

= [ L) )

when the existence of the Riemann integral is satisfied.

3. The DJM

Consider the differential equation with nonlinear parts can
be represented in operator form:

(%) = N(v(#)) = f(%), ®)

Where N represents a nonlinear operator,f is known and
X7 ). Assume that the solution of Eq. (8) has
a solution in series form:

X = (xl,xz,...,

0(%) = ) vi(%) 9

i=0
Thus, a decomposition can be achieved in the nonlinear
operator N as:

N (fov> = N (vp) +1§ {N (}i%‘) N (i(l)vj)}

(10)
However, by the Egs. (8) to (10) can be rewritten as:

Zvl f+ N (v)+

1 {N (]i)z;]-) . (:i;%)} (11)

Define the recurrence relation:

e

1

V():f
V1:N(VQ)
Vi1 =N (vo+...+vm) (12)
—N((vg+vi+...+Vm_1)
m=1,23,...
So:
v+ +---+0 =
(01 + 2 m+1) (13)
N(wy+v2+...4+vm),m=1,23,...
and

(Z vl> = (14)

The approximate solution in k-terms of Eq. (8) can be

e

written as:

v=0vyg+v1+0v2+...+0_1 (15)
Proof of the convergence of the DJM can be examined
in the [11].
4. Applications

4.1. The DJM for conformable K (2,2,1) equation
Let we take m=2, p=2 in Eq. (1), hence we have

Df‘v + (vz>x B

The exact solution to Eq. (16) when a=1 and subject to
the initial data

2
v(x,0) = 1627;1 (cosh (%x)) (17)

Where c is an arbitrary constant and

(vz)m Tos,=0,t>0  (16)
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v(x,t) =

l6c -1 o [t —x
7 cosh (T) (18)

which is the exact solution. Applying transform on both
sides of Eq. (17), we have

t)
0 1 P
av(x,t) = 6 <$Z}(x, t)

2 o(x,

Based onthe DJM, we construct the following result:

v(x,t) = vy(x, t)

—20(x,8) Lo(x,t) + 6 ( Lo(x,t)) Z0(x, 1)+
+]( o(x,t) 5z 0(x, t) (a v(x )) 52 0(x,1)

tl-a (20)

5
20(x,t) ava(x,t) — aa?v(x, t)
tl-u

where ] is an integral operator. Therefore, the following
results are obtained:

v(x,0) = 16C 1 (cosh (% ))2,

N(Z)) _ (Zv(x,t) 2o(x, t)+6(a v(x, t)) 2v(x,i,‘)Jr

- (21)
2'0(xt)a3v(xt) BSSzJ(xt))

H-a

The iteration solution of Eq. (19) are obtained as follows:

vo(x,t) = w (cosh (ix))z

1 #(16c — 1) cosh (}x) sinh (}x)

vy (x,t) = ~51 ; ,
22 (32 (cosh (% ))2c—
vp(x,t) = 19 —
2 (COSh (%x»z —16¢ + 1)
o2
o3(x, 1) = _% 3 cosh (%x) sin}:&(}lx) £ (16c — 1)

The remaining components of vy (x, t) can be completely
determined such that each term is determined by using
Eq. (21).

So, we can have the 3th-order approximate solution of
Eq. (16) as the following form:

(d)

Fig. 1. Solution of Eq. (16) using the 3-iteration of DJM for
several values of « when c=1: (a) exact (x=1), (b) a=1,
(c)a=0.95 and (d) = 0.9 .

¢2 = vo(x,t) +v1(x, )

()]

12
1 t*(16c —1) cosh (% )smh (%x) c
24 o

o(x, ) +v3(x, t) =

22 <32 (cosh G ) ?e (22)

)
— 16C+1)

T

2o (1)

1 ¢ cosh (Zx) sinh (%x) 3% (16c — 1)
576 a’d '

Fig. 1 and Table 1 show solutions of Eq. (16) for different
values of a. Table 1 shows the approximate solutions of
Eq. (19) for different values of  : &« = 0.9, & = 0.95 and a=1
using only three iterations of the DJM solution (see also
Fig. 2).

4.2. The DJM for conformable K (3,3,1) equation
Let we take m=3, p=3 in Eq. (1), hence we have

Do+ (03)x - (v?’)m Tos,=0,t>0  (23)

The exact solution to Eq. (23) when a#=1 and subject to
the initial condition
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Table 1. Solution of Eq. (16) using DJM for different values of « .

X t a =09 a =0.95 a=1 Exact(x=1)
1.250781412  1.250781412  1.250781412 1.250781412

0.1 05 1269069250 1.265382355 1.262439912 1.262541722
1 1.329090839 1.320240856 1.312721265 1.314356354

0 1.278336572 1.278336572  1.278336572  1.278336572

0.6 05 1.249790859 1.250089455 1.250676406 1.250781412
1 1.267984798 1.264030547 1.260875944  1.262541722

0 1314356354 1.314356354 1.314356354 1.250781412

09 05 1257040494 1.259723496 1.262431657 1.269633188

1 1.250849839

1.249694958

1.249047377  1.250781412

————— alpha=0.9 i //
S alpha=0.95 A
= - alpha=1 43 i

-~ Exact solution S
g o

Fig. 2. Solution of Eq. (16) using the 3-iteration of DJM for
several values of « when, x=0.1.

8lc—1

v(x,0) = 1

cosh (g) , (24)

Where c is an arbitrary constant

8lc—1 ct—x
2 cosh( 3 ) (25)

which is the exact solution. Applying transform on both

v(x,t) =

sides of Eq. (24), we have

iv(x,i!) =

3
2 o <3(v(x, 0P oo(x 1) +6 (%v(x,t))

+ 18v(x, ) (%v(x, t)) %v(x, t)

a° °
+3(v(x, t))zﬁv(x, ) — ﬁv(x, t))
(26)

According to the DJM, we construct the following result:

v(x,t) = vg(x,t)

+7

3
t% (—3(v(x,t))2aaxv(x, £ 46 (%v(x, t))
2
+ 18v(x, t) (%v(x,t)) %v(x,t)

) O° ?°
+3(v(x,t)) ﬁv(x, t) — ﬁv(x,t)ﬂ
27)
Where ] is an integral operator. Therefore, the following
results are obtained:

v(x,0) =4/ 81C5; ! cosh (g) ,

s (b (486¢ — 6)3/2
T <cosh <%x>)2 sinh <%x) 3 (28)
+ 2ebaz (486c — 6)%/2 (sinh (1) )
— 133 V/486c — 6sinh () )

N(v) =]

We can obtain the iteration solution of Eq. (27) as fol-
lows:

8lc—1 x
vo(x, t) =4/ 51 cosh(§>,

1 s*V/486¢ — 6sinh (%x) c
54 « !
( 486¢ — 62

o1 (x,t) =
1
220 t) = = 7730348
81 cosh (%x) c?t4* — 1458 cosh (%x) a’t2x
X —324sinh (%x) ct3%g — cosh (%x) ot ),
+4sinh (%x) t3%g

The remaining components of vy (x, ) can be completely
determined such that each term is determined by using
Eq. (28).

So, we can have the 2th-order approximate solution of
Eq. (23) as the following form:
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Fig. 3. Solutionof Eq. (23) using the 3-iteration of DJM for
several values of « when c=1: (a) exact (v=1), (b) a=1, (c)
«=0.95 and (d) =09 .

$2 = vo(x,t) +o1(x,t) +v2(x, )

B 7) - e 1)

1 ( 486¢ — 672 (81 cosh (%x) At

47239244
+4sinh (%x) t3”‘a)) .
(29)

Fig. 3 and Table 2 show solutions of Eq. (23) for different
values of a. Table 2 shows the approximate solutions of
Eq. (23) for different values of a: #=0.9,64=0.95 and a=1
using only three iterations of the DJM solution (see also
Fig. 4).

5. Conclusions

In this work, we have successfully expand DJM to ob-
tain approximate solution of nonlinear dispersive K(m,n,1)
equations with conformable time derivatives. Also we just
calculate 2 or 3 terms of DJM. The approximate solutions
obtained by the DJM are compared with exact solutions.
The result shows that this method is a very formidable,
effective and simple mathematical tool for solving the non-
linear conformable differential equations in the fields of
science and engineering. The computations associated with
examples provided here were performed using Maple 10.
Author Contribution: Guohua Fu: Conceptualization,
Methodology, Resources, Writing-original draft, Data cura-

~~~~~ alpha=0.9 4 /
e alpha=0.95 7
alpha=1 43 st

——n——= Exact solution -
s /

Fig. 4. Solution of Eq. (23) using the 2-iteration of DJM for
different values of « when, x=0.1 .
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Funding acquisition, Software, Investigation.
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