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Abstract: This research work introduces a novel method called the Sumudu-generalized Laplace
transform decomposition method (SGLDM) for solving linear and nonlinear non-homogeneous
dispersive Korteweg—de Vries (KdV)-type equations. The SGLDM combines the Sumudu—generalized
Laplace transform with the Adomian decomposition method, providing a powerful approach to
tackle complex equations. To validate the efficacy of the method, several model problems of dispersive
KdV-type equations are solved, and the resulting approximate solutions are expressed in series form.
The findings demonstrate that the SGLDM is a reliable and robust method for addressing significant
physical problems in various applications. Finally, we conclude that this transform is a symmetry to
other symmetric transforms.

Keywords: one-dimensional fractional dispersive KdV equation; Sumudu—generalized Laplace
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1. Introduction

The dispersive wave phenomenon holds significant importance in the fields of plasma
physics and quantum mechanics. Notably, the Korteweg—de Vries (KdV) equation, derived
by Korteweg and de Vries, serves as a dimensional representation of these equations.
However, obtaining accurate solutions for the KdV equation can often be challenging.

Laplace transformation is a mathematical gadget applied for resolving and converting
differential equations. In some areas of science and engineering, the Laplace transformation
methods are often used. In [1], the authors discussed the solution of fractional differential
equations by applying Laplace transform. The Korteweg—de Vries (KdV) equation, first
introduced in 1895, is a non-dimensionalized type of equation that has proven to be of
immense importance in various scientific and technological fields. This mathematical
model is widely employed to study and understand dispersive wave phenomena, with
applications spanning disciplines such as plasma physics and quantum mechanics. Its
versatility and ability to describe complex wave behaviors have made it a cornerstone
in the exploration and analysis of diverse wave phenomena across different domains of
science and technology [2].

Time-fractional third-order dispersive partial differential equations play a crucial role
in mathematical sciences. Previous research has suggested combining the Laplace trans-
form with the Adomian decomposition method to address the solution of such equations.
These combined techniques have successfully solved four different types of KdV equa-
tions [3]. Additionally, researchers have explored numerical methods for solving the third-
and fifth-order dispersive Korteweg-de Vries equations [4]. Several methodologies have
been employed to investigate fractional partial differential equations of order three. These
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include the fractional-order variational iteration method [5], modified fractional-order
differential transformation method [6], spline technique [7], and homotopy analysis trans-
form technique [8]. Recent research has explored a fundamental transform coupled with
Adomian’s approach to tackling nonlinear growth equations endowed with non-integer
derivatives [9]. In [10], the study focused on the n-th partial derivative of the G,-transform
for specific partial differential equations. The researchers in [11] examined the applicability
range of the Gu-transform in solving ordinary differential equations with variable coeffi-
cients. The study conducted in [12] delves into the solutions of Abel’s integral equations on
distribution spaces using the distributional G,-transform. Furthermore, the author of [13]
analyzed the analytic solution of third-order dispersive partial differential equations.

The primary objective of this study is to introduce a novel definition for the Sumudu—
generalized Laplace transform. Furthermore, we propose the application of this new
transform to fractional partial derivatives. Finally, we leverage the Sumudu—generalized
Laplace transform decomposition technique to successfully solve one- and two-dimensional
fractional dispersive Korteweg—de Vries (KdV) equations. This approach opens up new
avenues for solving complex fractional differential equations and sheds light on potential
applications in various scientific and engineering domains.

2. Definitions and Ideas

Here, we introduce some fundamental requisite definitions and preliminary concepts
related to fractional calculus and Sumudu—generalized Laplace transform decomposition,
which are useful in this work. Generalized Laplace transform of the function ¥(t) is given
by G, in the following definition.

Definition 1. If ¢(t) is an integrable function defined for all t > 0, its generalized Laplace

transform Gy is the integral of (t) times e fromt = 0tooo. Itisa function of s, denoted by
Y (s), and is represented as G, (y); thus,

(o)

¥(s) = Gily) =" [ “p(neiat,

0

where s € C and o € Z,. For more details, see [14].

Definition 2 ([15]). If ¢(t) € C([a,b]) and a < t < b, then the Riemann—Liouville fractional
integral of order o is given by

1 t
o _ _ n\o-1
Iaer(t) - 1"((7) /a (t l) w(T)dT (1)
where 0 € (—o0,00) and 1Y, indicates the left side of the Riemann—Liouville fractional integral of
order .

Definition 3 ([15]). Whenever the integral exists, the Riemann—Liouville derivative of fractional
order o, where n — 1 < o < n, is defined by

D) = ey (35) [ =0yt ®

n—o)
Here, D7, indicates the left Riemann—Liouvill derivative of fractional order .

Definition 4. The Caputo time-fractional derivative operator of order o > 0 is given by

’

)m—zr—l amat;;(nﬁg,r) it
m—1<oc<m,

1 ft(t—r
—0) JO
Folet) = ()

—5pr—, form=ce€N

For more details, see [16-19].
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In the next definition, we define the Sumudu-generalized Laplace transform:

Definition 5. Let (x,t) be a function. The definition of the Sumudu—generalized Laplace
transform of the function ¥(x,t) , t,x € R, is given by

Y(11,5) = SxGyi[ / / W) p(x, £)dadt, 3)

Here, Sy Gy indicates a Sumudu—generalized Laplace transform and the symbols y and s indi-
cate transforms of the variables x and t in Sumudu and generalized Laplace transforms, respectively.

Thus, an inverse Sumudu—generalized Laplace transform is denoted by

0—ico  po—ico 1
551G SG ) =9 = g [ 7 e s Gl lasa,

where the symbol S/ 1G; ! indicates an inverse Sumudu-generalized Laplace transform.

The Sumudu-generalized Laplace transform of the function ¢(x, t) is offered by

SxGt[p(x,t)] = ¥(u,s), so the Sumudu-generalized Laplace transform of , alpg’;'t) and

821552 D s presented by
(o4
s ] = HEA e sy, 0< o<t @
9?7 (x, t ¥(u, _ -
sxct[a‘ﬁgj )] = WS a2t [, 0)] - 225, (x,0)],
0 < o<1 ®)

3. Main Results

The investigation of analytical solutions for third-order dispersive fractional partial
differential equations has been explored by various authors through diverse methods.
Notable approaches include the Laplace-Adomian decomposition method presented in [3],
the Sumudu transform iterative method discussed in [20], and the homotopy analysis
Sumudu transform method outlined in [8]. In this section, we aim to address the same
problem but with a fresh perspective by employing the Sumudu-generalized Laplace trans-
form decomposition (SGLDM) technique. This innovative approach holds the promise of
providing valuable insights into solving such complex equations efficiently and effectively.

3.1. Sumudu—Generalized Laplace Transform Decomposition Method for Handling
One-Dimentional KAV Equations

In this subsection, we harness the power of the Sumudu-generalized Laplace trans-
form decomposition (SGLDM) method to tackle both linear and nonlinear one-dimensional
KdV equations. These equations are expressed as follows:

Yy op ¢
T <
By +a 8x+8 =f(xt), t>00<0c<1 (6)
with the initial conditions
P(x,0) = fi(x) 7)
and 5 53
“p l Y
o Tz thys- = flxt), ®)

$(x,0) = fi(x). ©)



Symmetry 2023, 15, 1540

40f13

Y n = 53 G [ R (w,0) + s7F ()| - 5,16
n=0

The SGLDM technique offers a promising approach to effectively handle the complex-
ities of these KdV equations and to provide accurate solutions. Through this method, we
aim to contribute to the understanding and analysis of dispersive wave phenomena in
various fields of science and engineering.

3.1.1. Linear One-Dimensional Fractional KAV

In order to discuss the solution of Equation (6), the following steps are addressed:
Step 1: With the assistance of the Sumudu-generalized Laplace transform, Equation (6)
becomes

v 93
5G| G| + 56 a3t + 5| = siGilrt ) (10
Step2: Applying Equation (4), we have
1 24
()~ S Fn0) = —5.Ge a2+ L] Es) a

where F(u,0) and F(y,s) are the Sumudu- generalized Laplace transform for f(x,0) and
f(x,t), respectively.
Step 3: Multiplying Equation (11) by s”, we have

oy Py

¥(u,s) = s“ 1F(u,0) —s"Sth[ ¥ + 3 3] +5F(u,s) (12)

Step 4: Taking an inverse Sumudu-generalized Laplace transform for Equation (12),

ap P
P(x,t) =5, 'G; ! [s““P(y,O) +s(’F(y,s)} -5, [ 75,G { a‘” + afo (13)

S

Yo = 5, 1G [T TE(1,0) + sF(p,5)] (15)

ST

Step 5: Using the ADM for Equation (13),

e [ i

229y

where

The other components are given by

ey

Y1 = —S, G;!

SUS x Gt l Z
The exact solution is given by

P=vo+P1+P2t...

Example 1 ([3]). The fractional dispersive KAV equation is considered as follows:

3

Y Py
+ = —sin(7x) sin(t) — 7r° cos(7rx) cos(t), x,t>0,0<0c<1 (17)

otr ' 9x3

subject to the initial condition

P(x,0) = sin(7mx). (18)
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Solution 1. By employing the Sumudu-generalized Laplace transform of Equation (17) and using
Equation (12), we have
nys"‘H

g 83#) o . . 3
= T+ -5 Sth[ } +575+Gt {sm(nx)sm(t) — 717 cos(7Tx) cos(t)]. (19)

Y(u,s) 3

Applying the sin(t) and cos(t) series in Equation (19), we obtain

B n.]/lsterl 831p
Y(us) = 1+ 122 —575:Gy {ax:)’
., . BB
—575,Gy [sin(mx) | t — 30 + 51 71 + .. (20)
2t 0
—575, Gt {n?’ cos(7tx) (1 ~ 5 + TRl + ﬂ,
T Stx+1 83
Yws) = 7 am = sSG [aﬂ
— 7 +7-Z427T2 (Sa+ac+2 _ Sa+a+4 + Sa+a+6 _ Sa+zx+8 + ) (21)

3

7U

_ . (S(f—l-oc-i-l _ S(7+4x+3 + Sa+a+5 _ S(7+oc+7 + ) .
1+ psm

By involving an inverse Sumudu—generalized Laplace transform for Equation (22) and using
ADM proceeding, we obtain

00 ) ) t(7+1 t0+3 tU+5 t(7+7
n;ol/’”(x’t) = sin(7rx) — sin(7x) (r(a+2) T To+4) "Tlot6) T8 )
5 1o ttTJrZ t£7+4 t0’+6
o COS("x)<r(a+1) TT(013) T(ct5) T(017) +>
=) a3lp
S, 1G! [578,Gy "H
uos x = ox3
) ) t0'+1 t(7'+3 t0'+5 t0'+7
Po(x,t) = sin(mx) s1n(7rx)(r(0+2) T Totd) + Tc+6) T(c+8) +)
1o tt7+2 tt7+4 t(7+6
— 7113 cos(7rx) - + - + ..
I'(c+1) T(c+3) TI(c+5) T(c+7)
and
Poia(oh) = —571G1 75,6, [ 20 @2
n+1\A, U s xUt ax3

where n > 0, and the first terms are denoted by
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P1(x,t)

Pa(x,t)

P2 (x, t)

p(x, 1)

3
-—S;lcgi[s”sxct[awo

3 H

S;ngl {s”Sth [7‘(3 cos(nx)H

o+l
o+2)
1o

c+1)

t0'+3
S T(0+4)
t0+2
I'(c+3) *

t0'+5
+ I'(c+6)

tt7+7
" T(c+8)
t0+4 t(7+6
T(c+5) T(c+7)
t2(7+3 t20'+5

I'(20+4) + I'(20+6)

t20’+6
raa+m*“>

ksl -]

- T(20 +8)

—S;ngl [s"Sth [713 cos(7rx) (F(

+S;1GS_1 [s”Sth [7‘(6 sin(7tx) (F(

7"(31'0— 3 t217+1
m COS(T[x) — 7T COS(TE.X') |:<r<20+2) —
t20'+2 t20’+4

T(20+3)  T(20+5)

tZO'
T(20+1)

+ 78 sin(7rx) (

[ KR
6|58 |
e

s To+1) sin(rcx)} ]

I'(
t217+1
20 +2)

—S;lcgl

SO—Sth

—1-~-1
-5,'G;s
t217+3

C T(20 +4)
t2(7'+2

I'(20+3) +

t2(7+5

TTaote) -
t20'+4

I'(20+5)
t3(7+3 t3(7+5

T(30 +4)  T(30+16)

t3(7+6
+ )

I'(3r+7)
Eventually, the approximate solution of Equation (17) is given by
C T(c+8)

+ )
t0'+6
T )

CT(0+7)
t2(7+5

t2(7+3
I'(20+6)

t2l7+7

2(7 + 8

t20+6
_rza+7
t3(7+7

" T(3r+8)

—S;ngl

_s”Sth _716 sin(7x) <F(
t20’

20+1)
7.[6 t2¢7 t3¢7+1

T G 6 i _
T2o 1) sin(7rx) 4 71° sin(7rx) KF(BU—I— )
$30+2 30+4

T(30+3)  T(Br+5)

ol
ol
o))

—Slles_1 s7SxGy _719 cos(7rx) (1"(

t30’
T(30+1)

+70 cos(nx)(

t(7+1 t(7+7

I'(c+2)

t(7+3 t17+5
“T(o14) T(ot6)
o t0'+2 tt7+4
— 71 cos(rx) - +
I'(c+1) TI(c+3) TI(c+5)
7'[3{'(7 3 t20+1
T(o+ 1) <o8(7F) = 70" cos(x) Kr(za T2 To+4)
t217+2 t217+4 t2(7+6
+ - + ...
I'(2r+3) T(20+5) T(20+7) )
t3(7'+1 t30’+3 t30’+5
T(30+6)
+.)

sin(7rx) — sin(7tx) (

t2(7+7
 T(20+8)

+

t2t7
T(20+1)

47 sin(7x) (
7-(6 t20’
[(20+1)

t30’+7
I'(30+8)

. 6 - .
sin(7tx) + 71° sin(7rx) [(F(30+2) (30 +4) +
t3(7+2 t37+4 t3(7+6

TT(Ge+3) "TBr15) T(Gr+7)

t317
T30 +1)

4 cos(rcx)(
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Therefore, the exact solution at o = 1 is presented by
) ) t2 t4 i’6 t8
P(x,t) = sin(mx) —51n(7rx)<r(3) G + 7 T —|—)
t 3 $05 +7
—7T3cos(nx)<r(2) T T@) + T®6) T3 —l—)
it cos — 7% cos e - £ i - i
gy osten) = o) | (1557~ g+ 7~ 00+ )|
, t2 th t 8
478 sm(7rx)<r(3) T + T7) 1) +>
I i sin 6 sin a — o a - £
rsy ) 75w (5655 167 * £y i * )
t3 £ t7 £
+719cos(7rx)<r(4) T (6 + T®) ~ T(10) +>
By simplifying
: , 2 t t 8
P(x,t) = sin(7mx) sm(rcx)(r(B) G + T T +)

+

) £2 4 t6 8
= S‘“(”x)<1‘r<3>+r<s>‘r<7> NG )

P(x,t) = sin(mx) cos(t)

3.1.2. Nonlinear One-Dimensional Fractional KdV

In this subsection, we delve into the nonlinear one-dimensional fractional Kortewega€“de
Vries (KdV) equation and elucidate the Sumudu—generalized Laplace transform decomposition
method (SGLDM) that we employ to find its solution.
Problem: Consider the nonlinear one-dimensional fractional dispersive KdV equation

0% d
atff ta % w0yl = o, 23)
P(x,0) = fi(x). (24)

where f(x,t) and f;(x) are known functions and a and b are constants. For the ideal of ob-
taining the solution of Equation (23) by using the past examining method, the fundamental
approximation is proposed via

3
P(x,t) = s;lcs—l {sa+1F(y,0) +50P(y,s)} — 5;1(;5—1 {SUS,‘G{ e lé) + by 4’”/ (25)

Therefore,
Z Py = S;ngl [S’X+1F(‘u,0) + s”F(y,s)}
n=0

—5,'G; 575Gy |a

0 3
gbn Py
2 7;) Y ox

| -

Yo = ;G [ TF(1,0) + sF(p,5)] (27)

where
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The other components are given by

Ppi1 = =S, 1G71[s75,G P bA 28
n+1 — I s Sxfaax3+ n ()

where the nonlinear term A, = ) ;7 ( ¢, aa% is determined by

Ao = Yotox

A1 = Poxth1 + Pothrx

Axy = Yoxp2 + PoPox + P11y

Az = Poxs + PoPsx + Pratp2 + PrPox. (29)

Therefore, the approximate solution of Equation (23) is given by

l[)(x,t) =Yoo+ +Pr+.....

Assuming a = 1, b = -2, and f(x,f) = 0, in Equation (23), we have the following
example:

Example 2. Consider the following nonlinear one-dimensional fractional KAV equation

o’y Py —
> + Fvcl 2y, =0, (30)
subjected to the initial condition
P(x,0) = x. (31)

Solution 2. By utilizing Equations (27) and (28), we obtain
Yo =x,. (32)
The additional components are provided by

P 03 1
Yo = —S;1G;1 [s"sxct {8;’;” + 5,16 57 S:Gi 24, (33)

By substituting n = 0 in Equation (33), we achieve

P 93 o
¢ = -S;1G71 {s”sxct [ax"?ﬂ + 8,16 1[s78:Gi240]]

= —5,'G 1 [s7S:Ge[0]] + S, G [s7 S Gi 290 0n]]
= 5,'G;1[s7S:Gr[2x]]
_ S;le_lSz_l[Ms‘”"‘ﬂ}

tO’

Y (x,t) = ZxW.
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At n =1, we have

P 03 P
o= -sieesa TR +sie esaia

= 25;1GS_1 [s7SxGt[oP1x + P1tpox]]

t(T
_ —1~-1|.0
= S.'G, {s sth{er(UH)H

_ 5;1 Gt {8‘”520-&-04-&-1}
t20'

Po(x,t) = SxW

and at n = 2, we have

331[11
0x3

¥3 -5,'G;! {s"Sth { ” + 5,1 G s7S:Gr[2A]]

= S;1G;1[s78,Gy|32x £ + 8x £
I YT (20 1) T(c+1)I(c+1)

(20 +1)
Tlc+1DI'(c+ 1)}
£37 T (20 + 1)

= 2 .
T Ge 1) T e )T e £ )T G + 1)

— S};lG;l [32ys3a+lx+1 +8y53¢7+1x+1

Therefore, the approximation solution of Equation (30) is presented by

o t2¢7
= x+2 8
v Ty TP Teo )
13 BT (20 +1)

+32xr +

8
Gor1) T (et Do+ DTG + 1)
In the particular case when ¢ = 1, we obtain

= x+2xt+4xt> +8xt> + ...

= x(l 2t 4 (20)% + (2t)3+)
X
1—2tf

4. Sumudu—-Generalized Laplace Transform Decomposition Method for Handling
Two-Dimentional KdV Equations

Here, we present the details of the Sumudu-generalized Laplace transform decompo-
sition method for solving the two-dimensional fractional KdV equation:

Ly 83 831!?
ll’ ll <
T + a—a 3 + b—ay3 = f(x, y,t), xy,t>00<0<1 (34)

with the initial condition
¥(x,0) = fi(x,y) (35)

where a and b are constant. In order to obtain the solution of Equation (34), the following
steps are proposed:

Step 1: Upon using double a Sumudu-generalized Laplace transform for Equation (34)
and a double Sumudu transform for Equation (35), we obtain

97 9° 9°
S,Gy |:at;p:| + S, Gy [aa;ﬁ + baylf:| = 5,Gy [f(x,,y, t)] (36)
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where the symbol S, indicates a double Sumudu transform.
Step 2: Applying Equation (4), we obtain

o

F(u,A,0) = —S,G; [aa%’b + bm] + F(u,A,s) (37)

1
?T(y’ Ars) = ox3 a3

s0—1
where F(u,A,0) and F(u, A, s) are the double Sumudu—generalized Laplace transform for
f(x,y,0) and f(x,y,t), respectively.

Step 3: Multiplying Equation (37) by s7, we have

Y(u,A,s) =s"T1F(u, A, 0) — s7S2Gy aaip —1—17(—93—l’t7 +s7F(u, A, 8) (38)
7/ 7/ 2 ax3 ay::, Y
Step 4: Employing the inverse double Sumudu-generalized Laplace transform for
Equation (38),
03 03
¥(x,y,t) = S;1G; ! [s"‘HF(y, A,0) +s"F(u, /\,s)} —-S,1G! |:SUSQGt {aaxf + bany (39)
Step 5: Using the ADM for Equation (39),
c- —1 -1 a1 o 11| = e o
Y = S31G [T F (1, 4,0) + TF (1, 4,8)| = 716 |s752Gi [0 Y- S 40 Y- S (40)
n=0 n=0 9% n=0 %Y
Then, we determine the repetition relations as
¢0:SEG;ﬂ¢HFWJL®+ﬁq%%A£ﬂ (41)
_ _glp-1| = e = Oty
Pnp1 = —5; Gy ' |752G|a ) =2 +b ) =5 (42)
n=0 ox n=0 ay

The series solution is given by

P=4Yo+¢P1+P2+...

Example 3. The non-homogeneous fractional dispersive KAV equation in two dimensions is con-
sidered as follows:

Y Py By .
= — <
5 + 923 + 3y sin(x +y) cos(t) —2cos(x +y)sin(t), x,t>00<c<1 (43)

subject to the initial condition
¥(x,y,0) =0, (44)

Solution 3. With the help of Equations (41) and (42), we obtain

P +A
Yo = 521G51{50<(1+;2)(1+/\2) (Stx+1_Sa+3+sa+5_stx+7+m))}

_ — o 2(1—uA o 1 o« o
(Bt o

e 0 03
puin = =5, 57526 e 4 S| 46)
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fo = Sm(x+y>(r(a+1) TT(0+3) T(et5) Tot7
ta+l tcr+3 t¢7+5 t17+7 )

—2cos(x+y)<r(0+2) - T(o+4) + I['(c+6) B I'(c+38) +

o t0'+2 t0’+4 t0'+6
S+ )

where n > 0. The element of the solution is denoted by

e Py 1Yy
_ 1 1
P = *52 G, |:SUSZGt |:ax + Pl

= Sz_le_l [s7S2Gt[2 cos(x + y)[A] + 4sin(x + y) [IT]]]

where
1o tt7+2 t17+4 t17+6
A = — + — + ...
<F(a+1) I'(c+3) T(c+5 T(c+7) )
t0'+1 t(7'+3 t0'+5 t0'+7
In = - + - +...
I'(c+2) T(c+4) T(c+6) T(c+8)

The first three terms are given by

I I, Yo
¥y = —S,'G; 1[s”szct[ax+ 3
tZU t217+2 t20’+4 t2(7+6
- zcos(x+y)<r(2a+1) “T@o13) T@o1s) T@o17) +)

t2(7+1 t2(7+3 t2(7+5 t20+7
+asin(x+y) (F(Za—i- 2) T(o+4) "To16) To+s) & )

o 9Py 831,01
_ 1--1
g2 = =5,'G [5"52@ [ax T
. 3o {30+2 f30+4 $30+6
= _4SIn(x+y)(F(3a+l) " TBo+3) + T(Br+5) TI(30+7) +>
3041 {3043 $30+5 7+
+8cos(x +y) (F(3(7+2) T TG0 +4) + T30 +6) T(30+8) + )
L allJz 831P2
_ 141
3 = —5,°G; {SUSZGt [ax TS
4o o2 po+4 (34°+6
= —8cos(x+y)<r(4a+1> " T@o+3) + [(40+5) T(40+7) +>

t40’+1 t40’+3 t40’+5 t40’+7
~16sin(x+y) (r(4a+2) T T 14) T@c16) T@c+8) )
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and so on. Therefore, upon adding up the above iterations, the solution is now denoted by

t(T t(7+2 t0’+4 t(7+6

o+1) T@+3) T(e+5 T@+7) )
t0'+1 t0'+3 t17+5 t0'+7

( (U+2)_F(0+4)+F(U+6) I'(o+38) )

t2(7 t2(7+2 t2(7+4 t2(7+6

(r(zaﬂ)_r(zaju?))jL [(20+5) T(20+7)
t20'+1 t20’+3 t2(7+5 t20’+7

<r(2a+2) “T@o14) To16) T(2018)

t3U t30’+2 t30+4 t30’+6 )

Pt = sin<x+y>( 7

—2cos(x+y)

+2cos(x + )

+4sin(x +y)

+

+

T30 +1) T(30+3) + (30 +5) T(30+7)
t3(7+1 t3£7+3 t317+5 t3lT+7

+8cos(x +y)

_|_

T(3r+2) TI(30+4) + I(30+6) TI(30+8)
t4¢7 t40+2 t4(7+4 t340+6
_I_

8BS Y Far 1) “To53) T Tr£5) T+ 7)

t417+1 t40+3 t417+5 t40’+7
_165si _ _
6sin(x +y) (r(4a+2) T(4r+4) T(@dc+6) T@c+8) )

In the particular when case o = 1, the solution of becomes

. A A
ployt) = Sm(”y)(r(z)F(4)+F(6)T(8>+'")
= sin(x +y)sin(t)

5. Conclusions

Our research demonstrates the significance of employing the Sumudu—generalized
Laplace transform decomposition to derive solutions for the one and two-dimensional
fractional dispersive KdV equation. The method we employed proves to be straightforward
in its fundamentals, and we have provided three illustrative examples to validate the
accuracy and relevance of our approach. Building on these promising results, we anticipate
exploring and solving various novel and intriguing scientific phenomena in the future,
utilizing our technique to expand the horizons of modeling in our field.
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