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1 Introduction [26-28]. Furthermore, many enhancements and
extensions have been devised by researchers to the
Integral transform methods have proved their original triple Laplace transform. These include
value among the most powerful and effective ways triple  Sumudu transform [29], triple Elzaki
in solving partial differential equations (PDES). transform [30], triple Aboodh transform [31] ,triple
Their applications cover a wide range of phenomena Shehu transform [32] , triple Natural transform [33]
in the disciplines of mathematics, physics, Jtriple Kamal transform [34] and triple Laplace-
engineering, to mention only a few scientific ARA -Sumudu transform [35], all of which are
specializations [1-13]. Thereby, it is feasible to extensions and modifications to the original Laplace
transform PDEs in terms of algebraic equations and transform.

thus obtain exact solutions of PDEs.
For his part, Jafri has proposed a new general

Many scholars have focused great labor both to integral transform, namely Jafri transform [36],
develop and enhance these new methods prior to which is illustrated as follows:
applying them to resolve a wide spectrum of
problems in the realm of mathematics. These JIf(©);s] = Fr(v)
methods are best represented by Fourier and Laplace ©
transforms, to cite only few illustrative examples = a(v) _[ f®) e ?@Vdy. (1)
[14-25]. °

In more recent times, triple Laplace transforms where a(v) and 9(v) are regular complex functions
have been extensively used to solve PDEs, such that a(v) # 0, for all v belongs to complex

specifically those with unknown function of three
variables, with the ultimate goal of obtaining more
satisfactory solutions accompanying the new method

number.
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Recently, Meddahi et.al have proposed a general
double transform [37] defined by:

M[Z(ur S); (T' U)] = GD (T, 7.7)

=&(MGw) foofooz(u, s) e~ @Murw®I) gy ds. (2)
o Jo

where @(r)and w(v) are the transform functions

for u and s respectively.

More recently, Abdelilah [38] is introduced a novel
triple general integral transform known as Gamar

transform is defined as:

Glf(x,y,t),(r,s,v)] =F(r,s,v)
= IFx[]Fy[IFt[f(xl Y t); t— V]y

—>s]x—>r],r,s,v > 0,

=& J; me-“mx (Q(s) J; me-ﬁ“)y <C’(s) f e Wt (x,y,t) dt> dy) dx
0

= £GE)CW) f f f e~ E-BOY-00) £(x, y, t)dxdy dt. (3)
0 0 0

provided that all for

a(r),B(s) and 6(v), where F,,F, and F, are

integrals exist some

general transform functions for x,y and ¢,
respectively.
The inverse Gamar transform is defined by

G [F(r,s,v)] =F, ! []FS_1 [va_l[F(T, s, V)]”

=f(xyt)
1 J+ioo 1 1 h+ioo 1 1 w+ico 1
- amxgr 2 [ L sy ge L f L eornp dv, (4
2 j e’ Y | ¢ S omi e Frsvdv ()
j=iw hico wico

where j, h and w are real constants.
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Considered as a special kind of both third-order

homogeneous and  nonhomogeneous  partial
differential equations, the Mboctara equation, this
equation is mainly utilized to investigate the nature
of collective motion concerning micro-particles in
materials. It is possible to solve this equation by
means of any triple integral transform. Though been
a comparatively new operator, the Gamar transform
has proved its effectiveness in solving various
differential equations [38]. Consequently, it has
been widely adopted in different fields, including
physics, engineering and material science. For
instance, in engineering, it has greatly helped to
model the nature of behavior of certain fluids and to
analyze the dynamics of some kinds of waves.

In this study, we consider the Mboctara partial
differential equations of the following form:

Myy (X, ,8) + m(x,y,t) = R(x,y, 0).

Subject to the boundary and initial conditions

m(x,y,0) =f(x,y) , m(x0,0)=F(),
m(x,0,t) = h(x,t) , m(0,y,0) = H(y),
m(0,y,t) = z(y, t) , m(0,0,t) = Z(¢t) .

and m(0,0,0) = 0, where m(x, y, t) is an unknown
function, X(x, y, t) is the source term.

A novel concept termed Gamar transform is
introduced in the current study which is specifically
directed to functions with three variables. As a
foundation, we first establish and prove some key
theorems that comprise existence and triple
convolution, among other properties. Subsequently,
we obtain the Gamar transform regarding some
basic functions. Likewise, the Gamar transform of
some partial differential derivatives is established
and obtained. The findings prove that the new
general triple transform indeed implies the original

triple Laplace transform. The effectiveness of
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Gamar transforms to solve Mboctara partial

differential equations upon applications is firmly

proved.

2 Some Properties and Theorems of

Gamar transform [38]

In this section, we proceed to prove some basic
properties and theorems such as existence, triple
convolution.

Property 2.1. (Linearity). If G[f(x,y,t)] =
F(r,s,v) and G[g(x,y,t)] = G(r,s,v), then for
any constants M and V', we have

GIMf(x,y,t) + Ng(x,y,t)] =

M F(r,s,v) + N G(r,s,v). (5

Proof of Property 2.1. From the definition of

Gamar transform, we obtain

GIMf(x,y,t) + Ng(x,y,t)]

= GEEW) [ [ [ ey, 0
0 0O

+ Ng(x,y,t)]dxdy dt.

Thus, Gamar transform is linear integral
transformation. Similarly, we can prove that the

inverse Gamar transform is also linear.

Property 2.2.Let m(x,y,t) =
A(x)f()g(t) ,x >0,y >0andt > 0.Then

GIm(x,y,0)] = Fx[AOIF, [f (DIF[g(D)]. (6)

where F,,F, and IF, are general integral transform

for A (x),f (y) and g(t) respectively.
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Proof of Property 2.2. From the definition of
Gamar transform, we obtain

Glm(x,y, 0]

= EMG(s)C(v)

f f e=aME=BEY-0WI L4 (x) f(y) g (6)]dxdy dt
0 0

- (s(r) [ emtaco) dx) (g@) [ et dy) (cw) [[eerig dr)
0 0 0
= F[A(O]F, [f )]F[g(®)].

Definition 2.1. If m(x,y,t) defined on [0,X] x
[0,Y] x [0, T] satisfies the condition |m(x,y,t)| <
Nelx¥+oy+at 3 > 0, vx > X, Vy >Y and Vvt >
T. Then, m(x,y,t)
exponential orders k,§ and A as x,y,t — oo.

is called a function of

Theorem 2.1.The existence condition of Gamar
transform of the continuous function m(x,y,t)
[0,X] x [0,Y] x [0, T]is
exponential orders x,6 and A, for Re[a(r)] >k,
Re[B(s)] > 6 and Re[6(v)] > A.

defined on to be of

Proof of Theorem 2.1. From the definition of

Gamar transform, we get

IM(r,s,v)| = |G[m(x,y, )]

0 00 oo

e~ aMx=BOY-0Wt[m(x, y, t)]dxdy dt

—

E(MG($)C(v)

< E(MG(s)C(v) e e MBEY =Wt |m(x, y, t)|dxdy dt

!
[]

3} 3}

< NEMG()C(v) j e~(@M=0x gy f e~ (F©)=9 gy f e~ (60)-Digy
_ N EMGSEW)
(a(r) =) (B(s) = 8)(O() = )

where Re[a(r)] > k,Re[B(s)] > dand Re[6(v)] > A.
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Definition 2.3. The triple convolution of n(x, y, t)
and m(x,y,t) is denoted by (nx*xxm)(x,y,t)
defined by

(n *xx m)(x,y,t)

x ¥Vt
=fffn(x—x,y—6,t
000
— A)m(k, 6, A) dedddA. (7

Theorem 2.2. Let
Then,

G[m(x,y,t)] = M(r,s,v).

GImx —k,y—6,t—A)HMXx —Kk,y—56,t—1)] =
e—a(r)K—B(s)S—B(v)AM(r, s, 17). (8)

where H(x,y,t) denotes the unit step function
defined by

Lx>Ky>6,t>A1
Hx—-—k,y—6t—21) =
0, Otherwise.

Theorem 2.3. (General Triple Convolution Theorem).
If G[n(x, y,t)] = N(r,s,v) and G[m(x,y, t)] = M(r,s,v),

then

N(r,s, v)M(r,s,v). (9)

1
G[(n *okk m)(x;}’r t)] = m

3. Gamar Transform for Some Basic

Functions

In this section, we introduce the Gamar

transform for some basic functions.

i. Letm(x,y,t) =1.Then
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G[1]

= £(G(s)C(v) f f f e~ aX-BEOY-00)t gy dt.
0 0 O

From Property 2.2, we have
G[1] = F,[1]F, [1]F.[1]

= 8(1”)—[ e—a(Mx gy g(s)f e By dy e(v)f e~ 0t 4t
0 0 0

Thus,

a(r)B(s) O(v)

, x>0,y >0 and

G[1]

ii. Let m(x,y,t)=xyt
t>0 .Then

Glxyt]

= EMG(5)CW) f f f o=@ T-BEOY-00) [yyr]dx dy dt.
0 0O

From Property 2.2, we obtain
Glxyt] = Fy[x]Fy[y]F[t]

— () f "o [x] dx G(s) f "e POV [yldy ) f "0 [¢] a.
0 0 0

By integrating by parts, we have

_ & g(s) C)
Cat () pA(s) 6% (v)

Glxyt]

Thus, by induction, we prove

Er) g(s) ¢

ny — T
G[(th) ] a,n+1(r) ‘Bn+1(s) 9""'1(17) ( (Tl
+1))3, ner.
iii. Let m(x,y,t) = e®¥tby+et x>0,y >

Oand t > 0 and a, b and ¢ are constants. Then

G[eax+by+ct]

= EMG(s)c(v)

J’ j e~ @ (Mx-BEy-6Wt [gaxtby+et| gy dy dt.
00

From Property 2.2, we obtain:
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G [eax+by+ct]

= E(r)f e~(@M-ax gy g(s)f e~ (B®-by gy C(v)f e 0wt g,
0 0 0

Thus,
Glewv+by+et] = E() G(s) c(v) |
@) —a) (BG) —b) (0(v) — ©)
Similarly,
Glelax+by+en]

_ M cw)
(@() — @) (B(s) — b) (0() — ic)

Thus, one can obtain

G [e(ax+by+ct)i]

_EMGS)e)a(r)f(s)8(v) — abd(v) — bea(r) — acB(s)]
B (a?(r) + a®)(B?(s) + b?)(6?(v) + ¢?)

+

EMG(s)CW)[ba(r)o(w) + aB(s)0(w) + ca(r)B(s) — abc]
l @ () + a)(B2(s) + bD(O2 (W) + ¢2)

Using Euler’s formulas:

e (ax+by+ct)i _ e —(ax+by+ct)i

sin(ax + by + ct) = T

)

e (ax+by+ct)i +e —(ax+by+ct)i

cos(ax + by + ct) = 5

And the formulas:

e ax+by+ct _ e —(ax+by+ct)

2

sinh(ax + by + ct) =

)

ax+by+ct) +e —(ax+by+ct)

cosh(ax + by + ct) = 5

Then, we find the Gamar transform of the following
functions:

G[cos(ax + by + ct)]
_EMGE)IEW)[a(r)B(s)0(v) — abd(v)

— bea(r) — acB(s)]

Abdelilah Kamal. H. Sedeeg

G[cosh(ax + by + ct)]
_EMGE)EW)[a(r)B(s)0(w) — abd(v) — bea(r) — acB(s)]

(a?(r) — a?)(B*(s) — b?)(6%(v) — c?)

G[sinh(ax + by + ct)]
E(r)g(s)(;’(v) [ba(r)8(w) + aB(s)0(v) + c(r)B(s) + abc]
(a?(r) —a?)(B2(s) — b*)(0*(v) — c?)

4. Gamar transform for Partial

Differential Derivatives [38]

In this section, we present some results related to
the Gamar transform of partial derivatives. We
begin by obtaining partial derivatives with respect to
x,yand t.

Theorem 4.1. (Derivative properties with respect

tox). LetM(r,s,v) is Gamar transform of
m(x,y,t)and Gp(0,s,v) is general double
transform of m(0, y, t), then:
a) G [%] = a(r)M(r,s,v) —
E(M)GpH(0,s,v).
b) G [M] = a?(r)M(r, s, v) —
EM)a(r)Gp(0,s,v) —
E(r)F, F, [am(Oyt)].
c) G [—a 7:;5;;3/ B = g ()M(r, s, v) —
a'm(0,y,t)

EMYda™ 1‘i(r)IFyIFt[

|
Theorem 4.2. (Derivative properties with respect
toy). Let M(r, s, v) is Gamar transform of
m(x,y,t)and Gp(r,0,v) is general double

transform of m(x, 0, t), then:
a)G [ ] B(s)M(r,s,v) —
Q(S)GD(T 0,v).

am(x V,t)

(a?(r) + a®)(B2(s) + b*)(62(v) + c?)

G[sin(ax + by + ct)]
_ EMG)CW)[ba(r)8(w) + aB(s)0(v) + ca(r)B(s) — abc]

b) G [6 m(xyt)] B2(s)M(r, s, v) —
G($)B(s)Gp(r,0,v) —

(a?(r) +a?)(B2(s) + b*)(6%(v) + c?)
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c) G [%} = B (s)M(r,s,v) —

atm(x,0,t)

G(S) By BT Fe [

Theorem 4.3. (Derivative properties with respect
to t). Let Mi(r, s, v) is Gamar transform of
m(x,y,t)and Gp(r,s,0) is general double

transform of m(x, y, 0), then:
a) G [_am(;ct,y,t)] = O(W)M(r,s,v) —
C(v)Gp(r,s,0).

b) G [a ";(;y t)] = 02(v)M(r,s,v) —

om(x,y,0)

C()O@)Gp(r,5,0) = CW)FyFy |

c) G [a n;(:;y t)] 6" (v)M(r,s,v) —

L gn-1-i()F_F [—a m;’;;y'o)].

Cw) XiZo

Theorem 4.4. (Derivative properties with respect
to x,y and t). Let M(r, s, v) is Gamar transform of
m(x,y,t), then

63m(x *m(x,y,t)
axayat

= a(r)B(s)0(w)M(r,s,v)

—a(r)B(s)C(W)Gp[m(x,y,0)]

— a(ro)G(s)Gp[m(x,0,t)]

—B(s)0(W)E(r)Gp[m(0,y, )]

+ a(r)G(s)C(W)Fy[m(x,0,0)]

+ B(s)E(M)C(V)F,[2(0,y,0)]

+ 0W)E)G(s)F[m(0,0,1)]

— E(M)G(s)e(v)m(0,0,0).
Corollary 4.1.(Gamar transform of integral). Let

a(r),B(s)and 8(v) be positive functions and let

M(r, s, v) the Gamar transform of m(x, y, t), then

x Yt
G fffm({’,p,n)dm”dpdn
000

1

= —a(r)ﬁ(s)ﬁ(v) M(r, s, v).

E-ISSN: 2769-2477
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where a(r)B(s)0(v) # 0 forall r,s,v € R*.
Theorem 4.5. Let M(r,s,v) is Gamar transform
of m(x,y,t), then

a) G[x”mgc,)y,at)] ;( )
4\ ECr _n T,5,V
=D a'(r)ar"( E(r) )

b) G[y" m&c)y,at)] )

n G(s S,V
(-1 ,B(s)asn( G(s) )

c) G[t"m(gg )y at)] )
_4yn Cw _” 7,5,V
=D 9'(v)av"( c(v) )

5. Applications

In this section, we apply the properties associated
with Gamar transform established above to solve
homogeneous and honhomogeneous three-
dimensional Mboctara partial differential equations.
All the following figures of the selected examples
were obtained using Mathematica software 13.

Example 5.1

Consider the following homogeneous three-

dimensional Mboctara partial differential equation
Myy(x,y,t) + m(x,y,t) = 0. (10)

Subject to the boundary and initial conditions

m(x,y,0) =e**Y | m(x,0,0) = e¥,
m(x,0,t) =e*t , m(0,y,0)=e”. (11)
m(O! 3’; t) = ey_t ) m(OIOI t) = e_t'

Applying Gamar transform on both sides of Eqg. (10),
we have
G[Myye(x,y,8) + m(x,y,6)] = 0. (12)
By linearity property and partial derivative

properties of Gamar transform, we get
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a(m)B(s)8(w)M(r,s,v)
—a()B(s)C(w)Gp[m(x,y,0)]
—a(r)oW)G(s)Gp[m(x,0,)]

— B(s)6(W)E(r)Gp[m(0,y,t)]

+ a(r)E(s)C(w)F,[m(x,0,0)]

+ B()E(MC(V)F, [m(0,y,0)]
+0(W)EM)G()F[m(0,0,1)]

— EMM)G(s)C(v)m(0,0,0) + M(r, s, v)

= 0. (13)

Substituting

E(r)G(s)
(a() —D(B(s) — 1)

GD [m(xr }’: 0)] =

E
]Fx [m(x, 0,0)] = %:
EMEe()

Gl 00 =G —Dewm + 1

IFy [m(O, Y 0)] = (ﬁég—szl)‘

Ggs)e)
B -DEW +1)’
C(v)
OWw)+1y

GD [m(O, Y, t)] =

IFt [m(oror t)] =

m(0,0,0) = 1.

in Eq. (13) and simplifying, we obtain:

E-ISSN: 2769-2477
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M(r, s, v)

_ E(GE)C®)
(@)~ DBEE) - DO + 1)

(14)

Taking inverse Gamar transform for Eq. (14), we get

m(x,y,t) = G M(r,s,v)]

- EMGECw)
(@@~ DEE - DO + D

x+y-t

=€

Figure 1. The exact solution of Example 5.1.

Example 5.2
Consider the following nonhomogeneous third-
order Mboctara partial differential equation

Myye (X, y, ) + m(x,y,t) = 3e*727*. (15)

Subject to the boundary and initial conditions

m(x,0,t) = e~**t , m(0,y,0) = e~2, (16)

m(x,y,0) = e ™%, m(x,0,0) = e %,
, m(0,0,t) = et.

m(0,y,t) = e" 2+t

Applying Gamar transform on both sides of Eq. (15),
we have
G [mxyt (x,y,t) + m(x,y, t)]
= G[3e™*"2V*t], (17)

87 Volume 4, 2024



International Journal of Computational and Applied Mathematics & Computer Science

DOI: 10.37394/232028.2024.4.9 Abdelilah Kamal. H. Sedeeg
By linearity property and partial derivative M(r, s, v)
properties of Gamar transform, we get _ EMG(s)C(w) 19
" @@+ DBE DO - %
a(r)B(s)6(v)M(r,s,v)
—a(r)B(s)C(w)Gp[m(x,y,0)] Taking inverse Gamar transform for Eq. (19), we get
- 0 G ,0,
a(r)8(v)G(s)Gp[m(x,0,t)] e y,6) = G-L[M(r, 5, )]
— B(s)8(W)E(r)Gp[m(0,y,t)]
R E(r)G(s)C(v)
+alGEOCWEAm(x 0] I (O E IO EPICOREY
+ B()E(r)C(W)Fy[m(0,y,0)] + ———

O(W)E)G(s)F[m(0,0,)]
— E()G(s)C(v)m(0,0,0) + M(r, s, v)
3E(r)G(s)c(v)

= . 18
@O+ DE®+DEm -1 P
Substituting
EMG(s)
Gplm(x,y,0)| = )
om0l = e T DE® +
E
]Fx [m(x; 010)] = L}
(a(r)+1) Figure 2. The exact solution of Example 5.2.
B E(r)C(v)
Gp [m(x: 0, t)] = ((X(T) T 1)(9(17) — 1)' Example 5.3
Consider the following nonhomogeneous third-
IFy [m(ol Y, 0)] = &;
(B(s) +2) order Mboctara partial differential equation
G(s)e() Myy (x,y,t) + m(x,y,t) =cosxcosycost
Gp[m(0,y,6)] = , L
BE)+2)(O(w) - 1) —sinxsinysint (20)
C(v) Subject to the boundary and initial conditions
F:|m(0,0,t)| = ———,
m(x,y,0) = cosxcosy ,m(x,0,0) = cosx,
m(0,0,0) = 1. m(x,0,t) = cosxcost, m(0,y,0) = cosy,(21)
m(0,y,t) = cosycost ,m(0,0,t) = cost.

in Eq. (18) and simplifying, we obtain:
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Applying Gamar transform on both sides of Eq. (21), _ GHCW)B()0(v)
we have om0y O = G+ nEm +
G|Myye(x,y,t) + m(x, y, t) _ Cmo()
[ yt ] F.[m(0,0,t)] = @2+ 1)
= G[cosxcosycost
—sinx siny sin t]. (22) m(0,0,0) = 1.

By linearity property and partial derivative

properties of Gamar transform, we get in Eq. (23) and simplifying, we obtain:

M(r, s, v)

__ EMGG)E@a(r)p(s)ow)
(@) + DB + DE2W) + 1)

a(r)B(s)0(w)M(r,s,v)
—a(M)B(s)C(W)Gp[m(x,y, 0)]
—a(r)8(w)G(s)Gp[m(x,0,t)]
— B(s)0(W)E(r)Gp[m(0,y,t)]
+a(r)G(s)C(W)Fx[m(x,0,0)]
+ B()E(MC(W)F, [m(0,y,0)] +

(24)

Taking inverse Gamar transform for Eq. (24), we get

m(x,y,t) = G M(r,s,v)]

_ 1| EMGEIC@)ar)B(s)6w) ]
- (@*(r) + DB*() + DE*(v) + 1)

= cosxcosycost.

O(W)E)G(s)F[m(0,0,t)]
— E()G(s)C(v)m(0,0,0) + M(r, s, v)
_¢ (MGs)C)a(r)B(s)8(w) — ET)G(s)C(v)

@O+ DEE + D@+ D
Substituting
_ EMG(s)a(r)B(s)
GD [m(‘xl y: O)] - (az(r) + 1)(‘82(5) + 1);
_ E(Ma(r)
Fy[m(x,0,0)] = @O+
B EMeEa(r)o(v)
GD [m(xl 01 t)] - (az(r) + 1)(92(17) + 1):
Figure 3. The exact solution of Example 5.3.
G(s)B(s)
Fy[m(0,y,0)] = EOEEN _
4 Conclusion
Greatly inspired by the work carried out in the single
integral transform related to one-dimensional spaces
and double integral transform in two-differential
spaces, the new notion of Gamar transform is
introduced. This novel transform is characterized by
E-ISSN: 2769-2477 89 Volume 4, 2024
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its capacity to both refine and imply its original
model, namely Laplace triple transform in positive
guadrant places. The next goal was to prove some
major properties concerning the proposed Gamar
transform, which include, among other properties,
triple convolution theorem. In order to judge and
evaluate the effectiveness of this transform, it is
utilized to solve a selection of PDEs under standard
conditions. As an extension of the of the present
study, we recommend that scholars pursue
investigations dealing with the feasibility of
applying this transform to solve both differential and
functional differential equations.
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Appendix
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Table 1: Here we present a list of the previous results Gamar transform of some special function and general properties:

Glm(x,y,t)] = M(r,s,v)

m(x,y,t)
xyn " Er) GGk ¢ 3
an+1(r) ﬁn+1(s) 9n+1(v) (r(n + 1))
eax+by+ct &) G(s) C(w)

cos(ax + by + ct)
sin(ax + by + ct)

mx—Kx,y—06,t—A)Hx—-—Kk,y—6t—21)

(n *+xxm)(x,y,t)

a"m(x,y,t)
axm

a"m(x,y,t)
ayn

a"m(x,y,t)
atn

x"m(x,y,t)
y'm(x,y,t)

t"m(x,y,t)
x Yt
fffm(f,p,n)dfdpdn
00O

E-ISSN: 2769-2477

(a(r) —a) (B(s) =b) (6(v) — )

EMGS)EW)[a(r)B(s)6(w) — abb(v) — bea(r) — acB(s)]
(W2(r) + a®)(Y?(s) + b*)(9?*(v) + ¢?)

EMGS)ICW)[ba(r)e) +aB(s)8(v) + ca(r)B(s) — abc]
(a?(r) +a?)(B2(s) + b2)(6%(v) + c?)

e —a(T)K—B(s)S—H(v)AM(r, s, U).

1
S N s IMEs,v)

a™(r)M(r,s,v) — E(r) Zl—: a"'l‘i(r)"ﬂ"y'll‘t [W}

n-1 ) 'ai , 0’
‘Bn(S)M(T', S, U) — g(S)Z-=O ,Bn_l_l(S)Tth %}

el [0'm(x,y,0)
O"WM(r,5,v) — CW) )OI WITLT, |——
i=0 i

(1) E(r) " (M(r,s,v))

a'(ryorm\ E(r)

1) G(s) ﬁ(M(r,s,v))

B'(s)as™\  G(s)

(1) C(w) o" (M(r,s,v)>

9'(w)avr\ c)

1

«@BEIE) TS )

91 Volume 4, 2024



International Journal of Computational and Applied Mathematics & Computer Science

DOI: 10.37394/232028.2024.4.9

References:

[1] Ahmad.L ;Khan .M. Numerical simulation
for MHD flow of Sisko nanofluid over a
moving curved surface: A revised model.
Microsystem Technologies.2019, 25 (6),
2411 — 2428 .

[2] Constanda, C. Solution Techniques for
Elementary Partial Differential Equations;
Chapman and Hall/CRC: New York, NY,
USA, 2002.

[3] Debnath,L.The double Laplace transforms
and their properties with applications to
functional, integral and partial differential
equations. Int. J. Appl. Comput. Math. 2016,
2,223-241.

[4] Muatjetjeja, B. Group classification and
conservation laws of the generalized Klein—
Gordon—Fock equation. Int. J. Mod. Phys. B
2016, 30, 1640023.

[5] A.M.Wazwaz, Partial Differential
Equations and Solitary Waves Theory.
Springer Dordrecht Heidelberg .London
New York , 2009.

[6] Eddine, N.C.; Ragusa, M.A. Generalized
critical Kirchhoff-type potential systems
with Neumann boundary
conditions.Appl.Anal.2022.
https://doi.org/10.1080/00036811.2022.205
7305.

[7] Rashid, S.; Ashraf, R.; Bonyah,E.On
analytical solution of time-fractional
biological population model by means of
generalized integral transform with their
uniqueness and convergence analysis. J.
Funct. Spaces2022, 2022, 7021288.

[8] zid, S.; Menkad, S. The lambda-Aluthge
transform and its applications to some
classes of operators. Filomat2022, 36, 289.

[9] Saadeh, R., Abbes, A., Al-Hushan, A.,
Ouannas, A., & Grassi, G.The Fractional
Discrete Predator—Prey Model: Chaos,
Control and Synchronization. Fractal and
Fractional, 2023.7(2), 120.
https://doi.org/10.3390/fractalfract7020120.

[10] Debnath, L. Nonlinear Partial Differential
Equations for Scientists and Engineers;
Birkh User: Boston, MA, USA, 1997.

[11] Qazza, A.; Hatamleh, R.; Alodat, N. About
the solution stability of Volterra integral
equation with random kernel. Far East J.
Math. Sci. 2016, 100, 671-680.

[12] Gharib, G.; Saadeh, R. Reduction of the
self-dual yang-mills equations to sinh-
poisson equation and exact solutions.
WSEAS Interact. Math. 2021, 20, 540-554.

E-ISSN: 2769-2477

92

Abdelilah Kamal. H. Sedeeg

[13] Abdulrahman BM  Alzahrani, Rania
Saadeh, Mohamed A Abdoon, Mohamed
Elbadri, Mohammed Berir, and Ahmad
Qazza. Effective methods for numerical
analysis of the simplest chaotic circuit
model with atangana-baleanu caputo
fractional derivative. Journal of
Engineering Mathematics, 2024.144(1):9.

[14] Widder, V. The Laplace Transform;
PrincetonUniversity Press: Princeton, NJ,
USA, 1941.

[15] Bochner, S.; Chandrasekharan, K. Fourier
Transforms; Princeton University Press:
London, UK, 1949.

[16] Atangana, A.; Kiligman, A. A novel
integral  operator transform and its
application to some FODE and FPDE with
some kind of singularities. Math. Probl.
Eng. 2013, 2013, 531984.

[17] Srivastava, H.; Luo, M.; Raina, R. A new
integral transform and its applications. Acta
Math. Sci. 2015, 35B, 1386-1400.

[18] Watugula, G.K. Sumudu transform: A new
integral transform to solve differential
equations and control engineering problems.
Int. J. Math. Educ. Sci. Technol. 1993, 24,
35-43.

[19] Khan, Z.H.; Khan, W.A. Natural
transform-properties  and  applications.
NUST J. Eng. Sci.2008, 1, 127-133.

[20] Elzaki, T.M. The new integral transform
“Elzaki transform”. Glob. J. Pure Appl.
Math. 2011, 7, 57-64.

[21] Saadeh, R.; Qazza, A.; Burgan, A. A new
integral transform: ARA transform and its
properties and applications.
Symmetry2020,12, 925.

[22] zafar, Z. ZZ transform method. Int. J. Adv.
Eng. Glob. Technol. 2016, 4, 1605-1611.
[23] Mahgoub MMA (2019) The new integral
transform “Sawi Transform”, Advances in
Theoretical and Applied Mathematics,

14(1):81-87.

[24] Sedeeg, A .H. The New Integral Transform
“ Kamal Transform ” , Advances in
Theoretical and Applied Mathematics |,
2016,11,451-458.

[25] Saadeh,R., AlshawabkehA., Khalil,R.,
Abdoon,M., Taha,N. and Almutairi,D The

Mohanad Transforms and Their
Applications for Solving Systems of
Differential Equations. EUROPEAN

JOURNAL OF PURE AND APPLIED
MATHEMATICS .2024.17(1)385-49 .

[26] Thakur, A. K .and Panda, S. ‘’Some
Properties of Triple Laplace Transform”’,
Journal of Mathematics and Computer

Volume 4, 2024


https://doi.org/10.1080/00036811.2022.2057305
https://doi.org/10.1080/00036811.2022.2057305

International Journal of Computational and Applied Mathematics & Computer Science

DOI: 10.37394/232028.2024.4.9

Applications Research (JMCAR), 2250-
2408, 2015.

[27] Atangana,A. Anote on the Triple Laplace
Transform and Its Applications to Some
Kind of Third-Order Differential Equation.
Abstract and Applied Analysis,Vol. 2013,
Acrticle ID 769102, Pages 1-10.

[28] A.Khan, T.Khan, G.Zaman, Extension of
triple Laplace transform for solving
fractional differential equations, J.Discrete
Contin. Dyn. Syst. 13 (3) 755-768 (2020).

[29] Mechee, M. S. and Naeemah, A. J. (2020).
A Study of Triple Sumudu Transform for
Solving Partial Differential Equations with
Some  Applications.  Multidisciplinary
European  Academic  Journal, 2020,
Vol.2,No.2.

[30] Elzaki,T.,Adil.M. On the convergence of
triple Elzaki transform, SN Applied
Sciences, 2019 1:275. doi:10.1007/s42452-
019-0257-2.

[31] Alfageih, S. and Ozis, T.Note on Triple
Aboodh Transform and Its Application.
International Journal of Engineering and
Information Systems (IJEAIS), ISSN: 2000-
000X, Vol. 3, Issue 3, March 2019, Pages:
41-50.

[32] Alkaleeli, S., Mtawal, A., and Hmad, M.
(2021). Triple Shehu transform and its
properties  with applications.  African
Journal of Mathematics and Computer,
2021, 14(1), 4-12.

[33] Sinha,A.,, Kumar Three dimensional
natural transform and its applications.
National  Conference on  Advanced
Materials and Applications,
2019.d0i:10.1088/1757-
899X/798/1/012037.

[34] Sedeeg, A. Solution of Three-Dimensional
Mboctara Equation via Triple Kamal
Transform , Elixir Applied Mathematics,
2023.181()57002-570011.

[35] Saadeh, R., K. Sedeeg, A., A. Amleh, M.,
& |. Mahamoud, Z. Towards a new triple
integral transform (Laplace-ARA-Sumudu)
with applications. Arab Journal of Basic
and Applied Sciences, 2023. 30(1), 546-
560.
https://doi.org/10.1080/25765299.2023.225
0569

[36] Jafari ,H. A new general integral transform
for solving integral equations. J Adv Res.
2021; 32:133-138.

[37] Meddahi,M.; Jafari,H.; Yang,X-J. Towards
new general double integral transform and

E-ISSN: 2769-2477

93

Abdelilah Kamal. H. Sedeeg

its applications to differential equations.
Math Meth Appl Sci,2021,1-18.

[38] Sedeeg, A. Some Properties and
Applications of a New General Triple

Integral Transform >’Gamar Transform’”’ ,
Complexity , 2023.1D 5527095.

Contribution of Individual Authors to the
Creation of a Scientific Article (Ghostwriting
Policy)

The author contributed in the present research, at all
stages from the formulation of the problem to the
final findings and solution.

Sources of Funding for Research Presented in a
Scientific Article or Scientific Article Itself
No funding was received for conducting this study.

Conflict of Interest
The author has no conflict of interest to declare that

is relevant to the content of this article.

Creative Commons Attribution License 4.0

(Attribution 4.0 International, CC BY 4.0)

This article is published under the terms of the

Creative Commons Attribution License 4.0

https://creativecommons.org/licenses/by/4.0/deed.en
us

Volume 4, 2024


https://doi.org/10.1080/25765299.2023.2250569
https://doi.org/10.1080/25765299.2023.2250569



