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Abstract.

In this paper, we introduce a new technique for solving some partial
differential equations called triple SEE-Sadik-Shehu technique, some
properties for this technique are introduced, and find SEE-Sadik-Shehu
transform for important basic functions. In addition, we use this triple
technique transform to evaluate the exact solution of Laplace, heat partial
operator equations. The main aim of this combination of these three integral
transforms is generality and obtaining an exact solution with simple and easy
mathematical operations.

Keywords: Triple SEE-Sadik-Shehu transform, Sadik transform, Shehu
transform, SEE transform , Partial differential equations.

1- Introduction

Due to the importance of integral transforms in finding accurate solutions to
differential equations , authors were interested in proposing many integral
transforms , including single ,double triple transforms. Every author began to
address one of the problems that exist in life , whether engineering , physical
,medical, or astronomical ,and sometimes social and economic problems ,in
order to obtain solutions using easier and technical methods that are far from
the complexity[ 1,2,7,8,9,24,25,26,27,28,29 ].

In this paper, a triple transform was proposed that is more general than many
of the triple transforms proposed previously. This is because both Sadik and
SEE transforms are more general transforms due to the presence of the
powers on the parameter in the kernel of these two transforms, and also that
Shehu transform is a transform with two parameters, which gives this triple
transform generality than other triple transforms[5,10-24].

Here, a novel triple integral transform technique is presented; it joins three
interesting transforms, SEE, Sadik and Shehu. The fundamental properties
regarding the existence conditions, linearity and the inverse of this new triple
transform are displayed. Furthermore, we establish new results related to
partial derivatives and the triple convolution theorem.
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2. Definitions and Some Basic Useful Properties of Triple SEE Shehu
Sadik Transform Technique

Definition (2-1) [24].

SEE technique of the function f (2),z = 0 is defined as : is known:

o0

1
@)= — f e=7% f(2)dz = F(0).

a™ Jy

Where @ is a complex parameter, n is any integer number Re(a)>0.
If S.[f(z)]=F(cg) is the SEE integral transform, then

-1 1 pb+j=
(2) = STHF@] = - [ )
SEE integral transform.
Definition (2-2) [12].
Sadik transform technique of the function f (t) ,t = 0is defined as :

1 = o

5.1 @)= =5 [ e r ©dr = F().
0

Where v is a complex parameter and a # 0 and f are any real numbers. Here

S: is called the Sadik transform operator. The inverse Sadik transform
technique is defined by:

1 c+ioo .
SPF@I=f@ =5 | e Fwa

Where c is a real constant, and i € C.
Definition (2-3) [6]. Shehu transform technique of the real function f(x) of
exponential order is defined over the set of functions

||

M={f{x]:EIN,T1,Tg > 0,|f(x)| < Ke™ ,forx € (—1)' X [0,0),i

= 1,2}.

Via the following integral
o )

5, [F(0] = f e W f() dx=F(8,), &u > 0.

0

g™ F(o)e“® do , is called an inverse of the

Where e « is the kernel function, and S, is the operator of Shehu
transform. The inverse Shehu transform is defined as:

) )
SeF@, W] = () == [} ex F(5,1) d6.

Where d is a real constant, and i € (C.
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Definition (2-4). Triple SEE Shehu Sadik transform of the function f(z,t, x)
be a continuous function of three variables z,t,x > 0 is denoted by
S, 85.5,.[f(z,t,x)] = F(o,v,d,1) and defined as:

S, 8.5, [f(z,t,x)] = F(o,v,6,n) =

ap S
ghpf fﬂm jﬂm fﬂm g_{az-l-v t+'u :]f{:zJ L, x]dz dt dx
1)

= llma—m uﬁf f fﬂ “lozevties x]f(z' t,x)dz dt dx.

Wherep, 6,0 and v > 0, It converges if the limit of the integral exists, and
diverges if not.

Definition (2-5): The inverse triple SEE Shehu Sadik transform technique of
a function F( o, v, 6, 1) is given by

Sz S8 F(o,v, 6, ] = f(z,t,%).

Equivalently,

flz,t,x) =St S35 [F(o,v,6,u) ]

b+1m

1 a+ioco c+ico

_ ev2do = [**

2mi"a—ice 21Tl
(2)
Where a, b and ¢ are real constants.
Property(2-1): (Linearity) If the Triple SEE Shehu Sadik transform
Technique of  functions S, S.S5,.[f(z,t,x)] = F(o,v,6, 1) and
S. 5.5 [¢(z,t,x)] = ®(o,v,6,1) , then for any constants A and B, we have
S5 S [Af(z,t,x)+B ¢(z,t,x)] =
AS, 5.5, [f(z,t,0)] + B S, 5.5, [ ¢(z,t,%)]

3)

Proof:
S.S. S, [Af(z,t,x)+ B ¢(z,t,x)]=

& Ex
er ff f: (o ZHvEy J[A f(z,t,x) + B ¢(z,t,x)]dz dt dx ,

5
ed” F(o,v,6, 1) déb.

i “e—io

gyl 40

A = —FZ U —X
= ff f (o 2+t ]f(ztx]dzdtdx—k

ghpF

u,gf f fm ozt quf{z t,x)dz dt dx
—AS S.S,.[f(z,t,x)]+BS,S.5,[ plz,t,x)]. 4)
property(2-2): (Shifting) If S, S.S,.[f(z t,x)] = F(o,v,6,1) then for any
real constant a , b and we have
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S S,S [ed=tbt+ex £(z t x)] = F((6 — a), (v — b), (_5‘;6
Proof:S, S,S,.[e%2 TP % f(z,t,x)]=

1 N —{az+vat+£x] +hi+
fﬂ fu fﬂ e wi(gaztbtrex £z + x))dz dt dx,

gplf

_ J'J' J' p (O -Dz- T -b)—(: W 0zt x)dzdt dx,
4] ]

))- ()

ghph
0

5 _
— F((c — a), w“— b), (T’”’“JJ.

Property(2-3): Let f(z,t,x) = v(2)h(t)g(x), z=>0,t >0, x > 0. then
S: SeSl f(z, 8,001 =S, [y(2)] Se[h(£)]S,[g(x)]. (6)
Proof : By definition

Sz 5:S:[ f(z,t,%)]

1 [ (6 z+ vt 42k
= f f f g T EHTER) [v(z)h(t)g(x)ldz dt dx,
0 ]

onvf
0

&
= if: e~ %% y(z) dz % fﬂm et h(t) dt fum e © g(x)dx,
=5, [y (@] S:[h()]1S,[g(x)]
Now, we compute this triple technique for some essential functions,
1) Let f(z,t,x) = 1then

1 = = —|FZ Ua E.‘JC

S. 5.5, [11= — ﬁf f f e TEENS) q7 dt dx.
0

Thus, we get using the properties of single transforms

W
Sz Stsxf(z: L, Ij = g+l patp E
2) Let f(zt,x)=z"tPx*, z>0,t >0andx >0 and r,pand w are
positive constants. Then
apy 8,
S, 5.5, [z tPx] = 11;45' jﬁ] fu fo € (e ][zrt,axm] dz dtdx ,

gt

)
1 W 1 oo ﬂt = —— ]
=Ff0 e 9% [z"]dz ﬁfo eVt [tP]dt fﬂ e © x“dx .

Thus, we get using the properties of single transforms
S, S.S.[z7tPx®] = I(r+1) T(p+1) T{w+1)

n+r+1 S8 tapto (Bywdl C
& el {gj

3) Let f(zt,x) =e®*Pt** z>0,t>0,and x >0and a, b and c are
constants. Then,
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Sz Stsx[eaz+ bt+ cx]

1 = [=al [=a) _ @ E
= f f f o (TEVIINY) [gaztbtrex)dy dt dx,
arvf ) ), U,
0
1 == 1 o oo _s
= ;fﬂ e % [e**] dz— J, e fle”]adt I, e W [e*] dx,
Thus, we get using the properties of single transforms

az+bt+ex] _ 1 1 M
SzSth[E' I ]_ gMo—a) vPws—b) 6—puc

imi ilaz+bt+ex)| — 1 1 7
Similarly, S, S.S..[e | gy el
Thus, one can obtain

z al o SY,. 2 o g, . ab
s 6g [ei{az+bt+cx:]] _ I (cr v .u_a be—avte—ab n]+1p (cr vMe+o b ﬁ+au “—a b c)
zox o™ vf (g2 +a2) {um’a +bz}{53+luzcz:]
. . . iz_ —i= glZ gl
Euler’s formulas implies that sin z = 1_ and cosz =
&7 —e? eF +o7

And, sinhz = —— and coshz =

i 2
Consequently, the new triple technique of some essential functions can be
obtained as :

,uz(a veta b §+ auai—a b c)
. 7
g™ B (g2 +a2) (2 +b2 )62 +u2c2) ( )
,uz{a ua%—a be—av®c—ab %)
o™ B (eZ4+a2) (20 +b2) (52 +puc?)

S, S.S.[sin (az+ bt + cx)] =

S, S.S,.[cos (az+ bt + cx)] =

(8)
. ,uz{a v eto b%+auag—ab c)
S; S.S,.[sinh (az + bt + cx)] = R et (s 5 )
(9)
,uz(a uaé—a be—av®c—ab E)
_ g B
S, 5.5, [cosh (az + bt + cx)] = 7B (7 —a7) (w7 57057z o7’
(10)
4)Let

S. S.S,[sin(az) sin(bt)sin(cx)] =

ap S
77 [ e T [sin(az) sin(bt)sin(ex)]dz de dx,

gl

)
1 o= . 1 oo . o e
=—J, e°%sin(az) dz—; [, e~ *sin(bt) dt [~ e " sin(cx) dx.
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Thus, we get using the properties of single transforms:

. . . plabe
S, 5.5, [sin(az) sin(bt)sin(cx)] = P (o7 ra?) (2157 1R

Definition (2-6): If f(zt,x) is defined on[0,2] x [0,T] X [0,X] , and
satisfies the condition |f(z,t,x)| < Rehz+kt+yx
AR > 0,Vz > Z,Vt > Tand Vx > X,

Then f(zt,x) is said to be a function of exponential orders h, k andy as
Z,t,x — oo

Theorem (1). The existence condition of TLSEESSHT of the continuous
function f(z,t,x)defined [0,Z] X [0,T] X [0,X] is to be of exponential
orders h, k and y , for [¢] = h,Re[ v*] = k, and Re E] > Y.

Proof.. The definition of TSEESSHT implies that

|F (c:r, 1?“,2)| = |— f: fom fﬂm e_{””aH%x] f(z,t,x)dz dt dx|

gl
o0 00 D0 — [} E
2 fc. fc. fo e (I |f(z,t,x)|dz dt dx ,

gyl

&
R = oo o —(gz+vTEe—x) hz+kt+yx
< I I, 1, e we dz dt dx,

gyl

&
- R fﬂm e~lo-hzqy, fom g~ (ViR fum e_(ﬂ_}")xdx ,

gyl

=

_ R p
e of (o—h)(v*—k)(E—puy)

Re[o] > h,Re[ v®] > k,and Re E] >y,

Definition (2-7): the convolution of f(z,t,x) and &(zt,x) is denoted by
(f =*=* &)z, t,x) and defined by
(Ferxs O t,x)=[ [ [ f(z—B,t —¢,x — A)E(B,,A) dB dt dA
(11)

Theorem (2): let S, S5.5..[f(z,t,x)]=F (c;r, v“,f). Then

)
—aE—avat——A__

S.5S,. [fz—B,t—gx—AH(z—B,t—gx—A4)]=e W=
5
F T —
(0, v ,#)

Where H(z, t, x) denotes the Heaviside function defined by:
l, z=B,t>=gx =4

H(Z_B’E_E’x_‘q)_{{], otherwise

Proof: From the definition, we have

5,58, [fz—B,t—gx—AH(z—B,t—¢gx—A4)] =
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o0 po0 oD — o E
nlﬁfu fo fﬂ g 7=ty H“x]fl:z—B,E—E,I—A)H(Z—B,E—E,I—
L4 2

A) dz dt dx

1
ghpf
(12)
Putting—B =k ,t —e=w and x — A = D in equation (11) , we obtain :
S.5S,. [fz—B,t—egx—AH(z—-B,t—gx—A4)] =

a A lea_
1 fumfum fume—g{k+ﬁ':]+v {5+w]+“{ﬂ iy f(k,W,D) dk dw dD.

gplf
(13)
Thus, Equation (13) can be simplified into
S.5S,. [fz—B,t—gx—AH(EZz—-B,t—¢gx—A4)] =

a8 00 pOD AOD — g —uaw—é
E'_JE_U © 'H’A(giuﬁjﬂ fo fu € ‘ “D f(k,W,DJ dk dw dD

@p S
J-DE:JJ-DD: f:ne—':az+v t+“ ]f(Z—B,E—E,x—A] dzdf dx

a__S
=e PV F (J, ﬁa,i).
. i
Theorem (3). (Convolution Theorem) If
S, 8.8, [f(zt,x)]=F (J, v, E) and S, 5.5, [p(z,t,x)] = P(o, ve, Ej , then

1 af a &
S. SS.(f =+ * )2t 0] = 5 F (0, v7,2) P(o, v%,%)
(14)
Proof: From the definition, we have

e U
Sz Stsx[(_f * % p) (z’ f,X]] — J:Uﬁ f::' f':‘:' f;‘:‘ e—{O' Z+V t+;x:l [J‘: f; f:f(z B
B,t —&,x— A)¢(B,s,A) dB dt dA] dz dt dx.
(15)
The definition of Heaviside function, Equation (16) can be written as
Sz Stsx[(_f ok P] (E', t;x)] =

- E.’X-' oo o0 o0
e T [T T S fz—B,t—e,x — AH(z -
B,t —g,x — A)¢(B,£,A) dB dt dA|dz dt dx.
(15)
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Thus, Equation (16) can be written as
Sz SeSel(f =**p)(z,t,x)] =

ap 5
I, 1), €B.eA) dBdtdA[J:UﬁfD e (e o,y
gx—A)H(z—B,t —&,x — A) dz dt dx]

Using Theorem 3, we have :
S, S:SA(F=+p)z )] = [ [~ [ &(B,c,A) dB dt dA(e
a8
F(J v R)),
- ( )f NN —oB-vies g(BEA)dBdrdA
o, & —_ E
=g"v F(J,‘I? ,“)P(J,v ,uj.

The following theorem presents for the partial derivatives of orders 1 and 2.
Theorem (7). (Derivative properties) If

S. $:S.[f (2 t,0] = F (o, v¥,2) , Then

o 5.5.5. [LE2) = oF (0, v%.%) - % S.S.1F(0.50]

. 55,5, % = v°F (o, ﬂ“i) % 5.8,[f(z,0,)].

)
—gB—1%z——4
I

afztx)] 8 @ 8Y
¢ 5.5, [T = 2F (0, v%,2) - S.S.[f (21, 0]

dz2

=SS [£0,8, )],

. 55, [FLE2] = 02F (0, v2,2) — & S.S.[F(0,6)] -

a8 f{ztx]

5.S.S, | = v2<F (o, v° D — 2 5.5,[7(z,0,0] -

L 5.5,0f 5,0.0)

S 5.5 [ = &2F (0, v, %) =2 5.5.1£(2,1,00] -

o S25:1f(2,,0)]

Proof:. Based on the definition, we get:
ap 8
1.5, 5,.S, [afit’XJ] = Jnluﬁ fo fﬂ fﬂ g (TFVIENX) f(z,t,x)dz dt dx.
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mm—a—é m—aza{z**]
Sl e ‘ Wdtdx [ e [%]dz.

- gl J0

Appling integrating by parts with:

u=e 7% , du=—oce “*dz ,
dv=wdz , v=f(zt,x).
We obtain :

= gz d ':3; ;-'7(-'] ® g
Jrli] € [ fazt ]dZ =_f{:{],t,jf)+ﬂ'j0 e f{:z,t,x]dz .
aﬂz:ﬂ] =05, 5.5, [f(z,t,x)] — f 5. S [f(0,t,x)] (17)

Then, S.S, |

af(z.t.x) 1 e opoo poo - ay S
2.5:5:5: [ = g [ I e T fla t 0z drdx

(z.8.%) w rwm —gz-o w (z.t.x)
S, 5.8, [LE2) = L [P e W dzax [ e (L2 ar

Appling integrating by parts with:
e - du=-v®eVtdt.

u=e
dv = af{;’;’ﬂ dt — v=f(ztx).
Thus

[Fe"t [af{z“ﬂ]dt = —f(z,0, :lr:]—l—ﬂ“f e "t [f(z t,x)dt,

0

S, 5.5, [L222] = w2, 5,5, [f(z, 6,01 — = 5.5, [£(z,0,2)]
18) 5
8f(z.t.x) 1 w rw rw —(oz+vit+—x
3.5.85,S, [f ]= Jnuﬁfo fD fﬂ g lo=t +n]f(z,t,x]dzdt dx,
S, S.S, aﬂ""”“]]_

e w Sy afiz.tx)
o f emer ™ tdzdt [ e [ - ]dx.

o“vﬁ

Appllng integrating by parts with:

6
u—e#'f — du———e&ﬂdx

i
dvzmg—’t’ﬂdx — v=f(ztx).
x
)
J"I‘ E—Ex [3_1‘-':,3;&?6:]
0 dx

Thus

]dx = —f(z,t,0) —|—§f:n e_%x [f(z,t,x)dx.
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S, 5.8, [T22] =25, 5.5, (2,6, 0] - 5.8, (2,6,0)]
(19)
Similarly, we can prove that:
5. 5.5, |° f{“’d =075, 5.5,[f(z,t, )] — = 5., [f(0,£,x)] —

% SiS, 0,0

8 f'f,ztx]

. S¢S, | = v2es, 5.5,z £, 0] — 2 S.8,0£ (z,0,00]
S 100l

R E f‘“’d

o SS5:lf(z 8, UJ]

| =28, 5.5,z 6,01 - £ 5.5,[£ (26,00 -

Corollary 1. If S, S5,5.[f(z,t,x)] = F(a, v“,g), then
S, 5.5, [FLE22] = 5 028, 5,5,[f (2,1, 0] — 5 5,S.[£(2,0,0)] +
()28:F(0,0,0)] = = S:S,[£(0,8,%)]

1E) _ 625, 5,5,1f (6,01 - 0 5.5, [f (2, 6,001 +

=S.[£(0,£,0)] - ,,z—n# S5:S,.[£(0,t,x)]

S, S.S,

82 Flz.t,%)
at dx

S, sts ]: vﬂ*isz S:S,[f(z,t, 0] — v® 8,8, [f(z,t,0)] +

xf(2,0,%)]

nz,t?

The proof can be obtained by direct applications of partial derivatives in
Theorem 7

3- Applications

In this section, we use the proposed triple transform for solving some types of
linear PDEs.

Example (3-1). Consider the following nonhomogeneous heat equation ,[4]:
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filzt,x) = f.(z,t,x) + fir (z,t,x) + 2cos(z + t), (z,t) ER; ,x >
0

(20)
Subject to the boundary and initial conditions:
f(0,t,x) = e”* sint + cost , f.(0,t,x) = e™* cost — sint
f(z,0,x) = e ** sinz +cosz , fi(z,0,x) = e™* cosz — sinz (21)

f(z,t,0) = sin(z+ t) + cos(z+1t) .

Applying the triple transform on both sides of Equation (19), we have
Sz SeSelfe(z, 6, x)] = S, S Sy [f22(2,t, ) + fie (2,8, %) + 2 cos(z + 1)].
(22)

Using the linearity and partial derivative properties of this triple transform,
we get

& &

—F “«—) — 8.8 t,0)] =

u (JJ v Jlu) = t[f(zr L] ]]

o*F (0, v, %) = 5 5:5.1f0,6,0] ~ % SS[£ 0,501 +

v?>*F (g, vﬂg) — 2 5.5 F(2,0,0] — = 8.5 [£(2,0,0] +

S, 5.5, [2cos(z+1)]

(23)
Rearranging the terms, we have
o 8
F(o,v°2) = 5t (5. @ 6,001 = 5 S.S.[F(0,6,0] -
vﬂ
= SeS:[£00,6,01 = 55 5.8, [f(2,0,0] = 5 5.5,[£(z,0,0)] +
2u(e v¥-1)
g v E(a2+1)(v2%4+1)
: (24)
Substituting the transformed values:
(7 ¥+ +1%-1) (g v¥—g —v%-1)

stt[f(z’ t’{]]] T oM B (g2 +1) (2% +1) g vl (g2+1) (p2%4+1)

_ pt 1+ v%) p(v®-1)
Stsx[ftnj tx)] = vEp2F S p20 1) E+2p) * vBE( 2]}

_ pi (¥ -1) _ p(v+1)
Stsx [}; (U’ 2 X)] e p2BE( vEC41)(E+2u)  vFE(v2T41)

_ 2u® u(o-1)
SZSX[I:(Z’ U,I)] o g2 Mgs(s+2u) (a2 +1) * sn§(e2+1)

e P

S.S.[fi(z,0,0)] =L 2

Mg g(E+2p)(o2+1)  oME(s241)
In Equation (24) and simplifying, we obtain

o E) . 1L [wle v* —1)+{r v*—1)E +2 )] (F—o% — 2T
F (JJ v  S—g2yp2a {: eMuB 56 +2) (2 +1)( v2% +1) (25)
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Taking the inverse transform S 1§75 for Equation (25), we get

1 prle v -1) ple v-1)
flz,t,x) =S5 S Sy [J NpBs(e2+1)( 2 %4+1)(6+2) oMFS(e2+10( 2% +1)

= e **sin(z + t) + cos(z + 1)

Example (2). Consider the following Laplace operator equation ,[3]:
fi.(z,t, )+ fir(z,6,x) + f..(z,t,x) =0, (z,t,x)ER3

(26)

Subject to the boundary and initial conditions:

f(0,t,x)=0, £.(0,t,x) = sint sinh+/2¢
f(z,0,x) =0, f.(z,0,x) = sinz sinh /2t
f(z,t£,0) =0, f.(zt,0) = /2 sinz sint .
(27)

Applying the triple transform on both sides of Equation (26), we have
S, 5.5, [z, t,x)+ fir (2,6, x) + f,.(2,t,x)] = 0.
(28)
Using the linearity and partial derivative properties of this triple transform,
we get
2F (o, v*,2) — < S,5,[£(0,t,x)] —
g (JJ v JH) e t x[f( L ij] ]
o S:SeL£(0, v F (0, v, %) — 15 S.5.[f(2 0,01 -

= 5516 @ 0,01+ O?F (0, v°,2) =2 S5.S.[f(1,0)] -
S2S8:lfe(2,6,0)] =0

: (29)
Rearranging the terms, we have

a® 1
£ (JJ v ’;) - -:rz+um+{£j3(
SS [f(0,t, x]]+ S. S, [£(0,t x]]+ SS Lf(z,0,x)] +
—,g S,8,[f: (2,0,x)] +; S.8:[f(z,t,0)] +SzSt[f;f(z, t, 0)]).

(30)

Substituting 5.5, [f(0,t,x)]=0 ,
o 742
$.S.[£(0,6,0)] =Dk

vBE(v204+1) B uﬂ((§]2—23 '

&
{‘v"5+0' E:]

S,5.[f(20,)]1=0, S,S.[f(z0,x)] =L

g ElF2 +1) Jn+1{{%:]2_2:] '
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stt[f(zy tJU]] = DJ S;ngst [ﬁc(zy t,{])] =
V2 (o+1) (v +1)

g ol v (5241) M pfg(p2d41) "

In Equation (30) and simplifying, we obtain

— o)
V2 (et 1t ®
: (g: ﬂﬂxa) : 5 ( - w0 3 )
i Jz+u3a+{E:]3 G2 28 2052 252 1) 20 + 1]{{5]2—2:]

(31)
Taking the inverse transform S §71S5* for Equation (31), we get

flz,t,x)=S71S7AS | —

INp3E 22 52 (g2 41)( 20 + 1]{{%]2—2]

= sinzsintsinhv?2 x.

4- Conclusion

This article introduced a new triple integral transform called SEE Sadik
Shehu transform technique. The definition of this transform and its useful
properties, including linearity, existence, inverse and specific values for
importance functions were discussed and proved. Moreover, new results
concerning the triple convolution theorem and partial derivatives were
introduced. The effectiveness of the novel technique was proven via using it
to find the solution of various kinds of PDEs. The results obtained in this
study highlighted the simplicity and practicality of this triple approach,
achieving the aim of providing new techniques to evaluate the solution of
PDEs with significant scientific applications. Moving forward, our aim is to
extend the application of this technique to handle non-linear PDEs and
systems of differential equations.

5- References

[1] Aggarwal, S., Singh, A., Kumar, A., Kumar, N., Application of Laplace
transform for solving improper integrals whose integrand consisting error function,
Journal of Advanced Research in Applied Mathematics and Statistics, 4(2019), 1-
1.

[2] Ahmed, S.A., Elzaki, T.M., Elbadri, M., Mohamed, M., Solution of partial
differential equations by new double integral transform (Laplace - Sumudu
transform), Ain Shams Engineering Journal, 12(2021), 4045-4049.

[3] Albukhuttar, A., Jubear, B., Neamah, M., Solve the Laplace, Poisson and
telegraph equations using the Shehu transform, Turkish Journal of Computer and
Mathematics Education, Turkey, 10(2021), 1759-1768.

[4] Albukhuttar, A., Ridha, Z., Kadhim, H., Applications of a Shehu transform to
the heat and transport equations, International Journal of Psychosocial
Rehabilitation, 24(2020), 4254-4263.

May (2025) ,i OO [ NS - [N P X P
293



2l gl U a1 A1 Akl p ) il
Jlad Coag
(i i g Al 2l ptal
20257512928 jusadell golagyd) pop

[5] Alfageih, S., Misirli, E., On double Shehu transform and its properties with
applications, International Journal of Analysis and Applications, 3(2020), 381-395.
[6] Alkaleeli, S., Mtawal, A., Hmad, M., Triple Shehu transform and its properties
with applications, African Journal of Mathematics and Computer, 14(2021), 4-12.
[7] Debnath, L., The double Laplace transforms and their properties with
applications to functional, integral and partial differential equations, Int. J. Appl.
Comput. Math, 2(2016), 223-241.

[8] Dhunde, R., Waghmare, G., Double Laplace transform method in mathematical
physics, International Journal of Theoretical and Mathematical Physics, 7(2017),
14-20.

[9] Eltayeb, H., Kilicman, A., A note on solutions of wave, Laplace’s and heat
equations with convolution terms by using a double Laplace transform, Applied
Mathematics Letters 21(2008), 1324-1329.

[10] Lakmon, K., Mensah, Y., The Plancherel formula for the Shehu transform,
Annals of Pure and Applied Mathematical Sciences, 1(2021) 14-19.

[11] Maitama, S., Zhao, W., New integral transform: Shehu transform a
generalization of Sumudu and Laplace transform for solving differential equations,
International Journal of Analysis and Applications, 17(2019), 167-190

[12] Aggarwal S., Bhatnagar K., Sadik Transform for Handling Population
Growth and Decay Problems, Journal of Applied Science and Computations, 24
July 2019, 1076-5131.

[13] Hunaiber M., Al-aati A., On Double Laplace-Shehu Transform and its
Properties with Applications, Turk. J. Math. Comput. Sci. 15(2)(2023) 218-226.
[14] Turq S.M. , Kuffi E.A., Anew complex Double Integral transform, and
Applications in partial differential , AL-Muthanna Journal of pure science,
vol.(10,No.(1), (2023).

[15]. Turg S.M. , Kuffi E.A., On the Double of the Emad - Falih Transformation
and Its Properties with Applications, 1bn Al-Haitham Journal for Pure and Applied
Sciences, October 2022, 10.30526/35.4.2938.

[16] Kuffi E.A. ,Abbas E.S., Maktoof S.F., Applying “Emad-Sara” Transform on
Partial Differential Equations, Springer Nature Singapore,2022/5/11.

[17] Mansour E.A., Kuffi E.A., Mehdi S.A., Solving Partial differential equations
using double complex SEE integral transform, AIP Conference Proceedings,
2591/1, 2023/3/29.

[18] Issa A., Kuffi E.A.,, On the Double Integral Transform(Complex SEE
Transform)and Their Properties and Applications , Ibn AL-Haitham Journal For
Pure and Applied Sciences, 37/1,2024/1/20.

[19] Mehdi S.A., Kuffi E.A., Jasim J.A., Solving the Partial differential equations
by using SEJI integral transform, Journal of Interdisciplinary Mathematics, 26/6,
2023.

May (2025) i e et SN il e
294



2l gl U a1 A1 Akl p ) il
Jlad Coag
(i i g Al 2l ptal
20257512928 jusadell golagyd) pop

[20] Jasim J.A., Mehdi S.A., Kuffi E.A., Double SEJI Integral Transform and its
Applications differential equations, General Letters in Mathematics (GLM), 13/4,
2023/12/1.

[21] Mehdi S.A., Kuffi E.A., Jasim J.A., Solving the Delay differential equations
by using SEJI integral transform, IEEE, 2022/8/31.

[22]Mohammed N.S., Kuffi E.A., Al-Nuaimi D.H., Utilize the Complex Sadik
Transform to Solution Volterra Integro-Differential, Mathematics Analysis and
Numerical Methods IACMC 2023,Zaga, Jordan, May 10-12.

[23]Alsaoudi M., Gharib G., Kuffi E.A., Guitatni A., New Two Parameter Integral
Transform “MAHA Transform” and its Applications in Real Life, WSEAS
Transactions on Mathematics, 23, 2024.

[24] Eman A. Mansour, Emad A. Kuffi, Sadiq A. Mehdi, The new integral
transform " SEE transform ™ and its applications, Periodicals of Engineering and
Natural Science, Vol. 9, No. 2, June 2021, PP. 1016-1029.

[25] Theyab Sh.Haider. ,Solution of the delay differential equations via applying
Rohit transform technique, Journal of Interdisciplinary Mathematics, Vol. 28
(2025), No. 1, pp. 195-201

[26] Salman N.K, Kuffi E.A, Mansour E.A, Issa A.J., SEE Transform Technique
in Control Theory, Journal of Kufa for Mathematics and Computer Vol.11, No.2,
Aug., 2024, pp 147-149.

[27] Salman N.K., Jassim A.T., Kuffi E.A ., Issa AJ., Solution of Partial
Differential Equations and Their Application by Three Parameters of Integral
Transform, dvances in Nonlinear Variational Inequalities Vol 28 No. 1s (2025).
[28]Theyab Sh.Haider, Kuffi E.A., Salman N.K, Mansour E.A, Issa A.J Solution of
First Order Complex Differential Equations by complex Sadik Transform
Technique, NTU Journal for Administrative and Human Sciences / Special Issue,
Published online : 01, 11, 2024.

[29] Salman N.K., Integral Transform of three Parameters with its Applications
,Kurdish Studies, Jan 2024 VVolume: 12, No: 1, pp. 3743-3752.

May (2025) ,i OO [ NS - [N P X P
295



