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Abstract: This research introduces an approach that combines four different transforms such as Laplace transform, Sumudu
transform, Aboodh transform and Elzaki transform to produce a quadruple transform. We state and apply the quadruple transform
for several functions of four variables and went further to proof some fundamental properties and theorems. The existence
analysis of the method and partial derivatives theorems were proven. Moreover, we examined how efficient and applicable the
transform is by applying it to some integral equations and partial differential equations.
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1. Introduction

The application of differential equations in physics,
engineering and applied sciences has been subject of active
research for years. The importance of differential equations
made many researchers to be interested in finding different
solutions. Among the solution methods, the integral transform
techniques have been the most used in finding solutions
to both ordinary and partial differential equations. One
dimensional integral transform such as Laplace, Sumudu,
Adoodh, Elzaki, Mellin, Shehu and many others have been
used to get analytical solutions of ordinary, partial and even
fractional differential equations(See [8, 9, 12, 15, 19]). Due to
researcher’s quest for development, one dimensional transform
was extended to two dimensional transform which is a superior
version and appeared to be a very efficient method for solving
all classes of differential equations (Also See [1-3, 6, 10, 11,
16]). Then subsequently, three dimensional transform such
as Triple Shehu [7, 18], Triple Sumudu [13], Triple Aboodh
[4] and Triple Laplace [17] were introduced. Recently, three

dimensional transforms were extended to four dimensional
transform called the Quadruple transform to deal with all
kinds of differential equations. In [14], Quadruple Shehu
transform was introduced to deal with integral equations and
partial differential equations. In 2019, Suliman Alfageih
[5] introduced quadruple Aboodh transform, its inverse and
applied the transform for several functions of four variables.
The transform was applied to integral and partial including
fractional differential equations to confirm its efficiency and
applicability. Very recently, researchers went further to focus
attention on the way in which different transform can be
combined in two and three dimensional transforms. Ahmed
S. A. et al [2] demonstrated an efficient new double transform
called the double Laplace-Sumudu transform to solve partial
differential equations. Al-Aati et al [3] combined the Laplace
transform, Aboodh transform and Sumudu transform to give
another transform called the triple Laplace-Adoodh-Sumudu
transform to solve some kinds of partial differential equations.
However, this paper aims to extend this idea to a four
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dimensional transform by introducing a special quadruple
transform called quadruple Laplace-Aboodh-Sumudu-Elzaki
(L-S-A-E) transform which is made up of Laplace transform,
Aboodh transform, Sumudu transform and Elzaki transform.
This transform will be used to solve integral equations and
partial differential equations. Its basic properties, functions
and several theorems with some examples will also be
presented.

2. Preliminaries

This section presents the basic properties and definitions
that are of importance to quadruple Laplace-Sumudu-Aboodh-
Elzaki transform.

Definition 2.1. The Laplace transform of a function h(z) is
given by

1 y+ioo
h(z) = —/ e”H(p)dp.
vy

—100

Definition 2.2. The Sumudu transform of a function h(t) is
given as

while its inverse is

21 o

w100
h(t) = i/ Lot H(o)do.

w—100

Definition 2.3. The Aboodh transform of a function h(y) is
given as

1 /> _,
Aln(y) = H@) = [ ety
0
while its inverse is
1 St
h — —e*YH (a)do
) = g | g @)

Definition 3.2. The inverse of L-S-A-E transform L, 'S, " A, 1 E

L S; A ES

HH(p,o,0,8)) =

Quadruple Laplace-Sumudu-Aboodh-Elzaki Transform and Its Applications

Definition 2.4. The Elzaki transform of a function h(z) is

given as
:HB):B/ e Bh(z)dz
0

p+ioco .
W)= [ BeFHS.
“w

Elh(2)]

while its inverse is

3. Quadruple Laplace-Sumudu-Aboodh-
Elzaki (L.-S-A-E) of Some Basic
Functions and Examples

The definition, inverse and examples of L-S-A-E are
presented in this section.

Definition 3.1. The quadruple Laplace-Sumudu-Aboodh-
Elzaki transform of the function h(z,t,y, z) of variables x >
0,t > 0,y > 0 and z > 0 can be defined as

LzStAyEz[h(xatvyv Z)] = H(p7 g, Q, 6)

Sl kL

h(z,t,y, z)dzdtdydz

—(pr+itay+z)

The linear integral transformation of quadruple L-S-A-E
transform can clearly be shown as expressed below:

LzStAyEZ [)\h(l'7 t? Y, Z) + ¢9(xa ta Y, Z)]

////
=////
Sl L

= )\LIStAyEZ[ (x,t,y,2)] + YL St Ay E[g(x, t,y, 2)]

~(Pm s rert S ) An (2, t,y, 2)
, 2)|dxdtdydz

—(prt 30yt 5) drdtdyd

—(pr+3+0v+5) drdtdyd

YH(p,0,a,B)] = h(x,t,y, 2) can be defined as

1 w100
el* {
2mi w—100

1 /'y+ioo
21 ~—ioco

1 .| 1 [&feen 1 fefiee
—eo 7/ 7€o¢y |:/ BeﬁdﬁH(f% O',CY,,B):| do| do dp
o 270 Je_joo @ 27 Sy

where H(p, o, «, 8) and for all p, o, « and § are analytic function defined in the region Rep > v, Rec > w, Rea > £ and

Rep > p
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3.1. Examples

1. Let h(z,t,y,z) = 1forz > 0,t > 0,y > 0and z > 0 then

H(p,a,a,ﬂ) L, StA E / / / / P1’7+ +ay+% )dxdtdydz

[ele] B 1 . /82
= e PPdr— e~ dt o‘ydyﬁ e Fdz = —
0 g Jo 0 po

2. Let h(z,t,y, z) = es*tbitey+d then

(p7 o, Q, 5) L, StA E, [ aa:+bt+cy+dz / / / / mc+ +ay+ ﬁ) aw+bt+cy+dzdxdtdydz

/ / / / e (e~ b)tei(aic)ye_(%_d)zdzdtdydz
(1) (5) Gess) ()

3. Let h(x, t,y, z) = el(awtbtteytdz) thep

52
(p —ia)(1 —ibo)a(a —ic)(1 — ifd)

B B2(p +ia)(1 + ibo)(a+ic)(1+iBd)  apf*(ap —ac)(bfod — 1)(ac + cp)(bo + Bd)
o + @)1 1 Po?) (a2 T E) 11 B°) — alp+ )1+ BoD)(a? + A)(1 + B2
3 iaB?(ac — ap)(bo + Bd)(aa + cp)(bBod — 1)

a(p? +a?)(1+ b%0?)(a? + 2)(1 + 2d?)

Hence, if h(z,t,y, z) = sin(ax + bt + cy + dz) then

H(p,0,a,8) = LSt A, E, [ei(ax+bt+cy+dz)] _

af?(ap — ac)(bBod — 1) (ac + cp)(bo + Bd)
a(p? +a?)(1+b%202) (a2 + 2)(1 + B2d?)

H(p,o,a,8) = L, SiAyE.[sin(ax + bt + cy + dz)] =

and if h(x,t,y, z) = cos(azx + bt + cy + dz) then

af?(ap — ac)(bBod — 1)(ac + cp)(bo + Bd)
Al T @)1+ o) (0 + A)(1 + )

L,SiAyE.[cos(ax + bt + cy + dz)] =

4. Let h(x,t,y, z) = sinh(ax + bt + cy + dz) and since

ar+bt+cy+dz _ e—(am+bt+cy+dz)
2

sinh(az + bt + cy + dz) = c

then

L,S:AyFE,[sinh(ax + bt + cy + dz)] = ﬁ2 ((p—a)(l — ba)clu(oz (1 = Bd)

1
(p+a)(I+bo)ala+e)(1+ Bd))
Also,for h(x,t,y, z) = cosh(ax + bt + cy + dz) where
eaa:-‘rbt-l-cy-‘rdz 4 e—(aw+bt+cy+dz)

cosh(az + bt + cy + dz) = 5

then
LS Ay E.[cosh(az + bt + cy + dz)]
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2 (e )
2 \(p—a)(l—=bo)afa—c)(1—08d) (p+a)(l+bo)ala+c)(l+ d)
5. Let h(z,t,y, z) = (xtyz)" then,

oo 1 o0 + o0
H(p,o,a,3) = LSt AyE.[(xtyz)"] :/ x”e‘pxdxf/ t”e_th/ yre=Ydyps
0 g Jo 0

[e'e} n+2 n |
— / 2Ne” B dzw
0

pn+1a7L+2

6. Let h(z,t,y,2) = x%°y°2? then,

Hip0,0,0) = Lo Blaottyst) = [~ anermaek [Tt [ yreovags [T st
0 0 0 0
= F(paai—ll) br(b + 1)F(C—|— l)ﬂd+2f‘(d+ 1)
7. Let h(z,t,y,2) = d(x)e(t) f(y)g(z) then,
H(p, 0,0, 8) = LpSi Ay E.[d(x)e(t) f (1)g / / / / (pat Loyt 3)

)et) g dsdrayaz = | [~ it >dx} o[ eseal [ [T e

[ﬁ / ~ eég<z>dz} — L, [d(@)|S: ()] Ay [ ()] E-[g(2)]

4. Existence and Uniqueness of the Quadruple Laplace-Sumudu-Aboodh-Elzaki
Transform

Definition 4.1. A function h(z,t,y, z) is said to be of exponential order a > 0,0 > 0,¢ > 0andd > 0on 0 < z,t,y,2z < o0
if there exists a positive constant A such that for all x > X, ¢t > T,y > Y and z > Z; we have

h($7t,y72) S Aeaw+bt+cy+dz

Hence, h(z,t,y, 2) = Ole®®T0+ev+dz] ag .t y, 2 — oo

Theorem 4.1. Let h(x,t,y,z) be continuous in every finite interval (0, X), (0,7),(0,Y),(0,Z) and of exponential order
ea@tbitey+dz then the quadruple Laplace-Sumudu-Aboodh-Elzaki transform of h(z,t,y, z) exists for all p, o, i, 3 provided
Rep > a, Reo > b, Rea > c and Ref5 > d.

Proof:
/ / / / (om0 S ) (e, 1, y, 2)dadtdydz
[ox0%

T el [T —(z-n)el [T —ta—on Ap?
SA/O ¢« a/o el )a/ yﬁ/ OV dedidydz = (o —a)(1 = bo)ala —o)(1— 3d)

for Rep > a, Re% > b, Reaw > c and RGB > d. It follows from (2) that the limiting property of quadruple Laplace-Sumudu-
Aboodh-Elzaki transform can be expressed as

|H(p, 0,0, B)]

lim H(p,7,0,8) =0
P—00,0—00,a0— 00, 3—00
Theorem 4.2.1f f(x,t,y,z) and g(z,t,y,z) be continuous functions defined for x,t¢,y,z > 0 having the quadruple
Laplace-Sumudu-Aboodh-Elzaki transform F(p, o, «, ) and G(p, o, o, B) respectively. Let F(p, o, a, ) = G(p, o, o, B), then

f(p,o,a,B) = g(p,0,a,B).
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Proof: Since

1 y+ioco e 1 w100 1 A 1 &+ioco 1 oy 1 p+ioco .
h(z,ty,2) = 5— i Pl —e™ | — Besdf Hp,o,a,B)]da)do]dp
v 12

—100

1 vy+ioco 1 w100 1 . 1 &+ioco 1 1 p+ioco .
t - pPT | _ —eo | —— ey | — BE d d d d
Fla,t,y, 2) 27”'/w R e /wﬂloo —e7 | 5 / o {27”. /#Z_OO Be? F(p,0,a, ) 5] a| do| dp

1 ~y+ioco 1 w100 1 . 1 E+ico 1 1 ptico ;
_ - pr | - e | ——— —e™ | — B5G dg| d do| dp = t
— /7 e | o /w; e 2m,/£ e [2m’ /ﬂm Be?G(p, o, a, 3) /3} a|do|dp=g(z,ty,z)

—100

5. Some Basic Properties of Quadruple Laplace-Sumudu-Aboodh-Elzaki
Transform

5.1. Shifting Property

, 1—-3d o
LEStAyEZ[e(aw+bt+cy+dz)h(x7t7y7z)] = O[(l_ﬁo—b)H (p —a, 1— a_ba a —C, 1 —B/Bd)

Proof:

La;StAyEZ[e(ax+bt+cy+d2)h($ ty, 2 / / / / pm+ +ay+% ) ax+bt+cy+dzh(x’t7y’Z)dxdtdydz
o

= ﬁ/ / / / e_(P—a)I67(%*17)756—(0(—0)1/6—(/%—d)zh(x’t7y7Z)dxdtdydz
« 0

Using u = ﬁ and v = = ﬂd,then

1— d
LxStAyEZ[e<m+bt+cy+dz>h(a:,t,y,z)}_m1 Bb / / / /
— 0

(v— _z 1— /3d /13
(a—c)y m - = _ _
e (& h(x,t,y,z)dxdtdydz (1 )H (p a, 1 b,Oé 1 )

Theorem 5.1. If H(p, 0, a, B) = LS Ay E.[h(z,t,y, 2)], then
L,SiAyE.[h(z —a,t — by —c,z—d)H(z —a,t —by —c,z —d) = e_(p‘”'%*'““'%)H(p, a,a, B)
where the Heaviside unit step function denoted by H(z,t,y, z) is given as

1 z>a,t>by>cz>d

Hx—at—by—cz—d) =
( Y ) {O r<a,t<by<cz<d

Given by the definition, we have

LS A E [h(z —a,t—by—c,z—d)H(x —a,t—b,y—c,z—d) / / / / —(pa+3+ayt3)

h(x —a,t —b,y —c,z—d) —(prt+ttay+z)
H(:L’—a,t—b,y—c,z—d)] d‘rdtdydz_ / / / /
hz —a,t — by — ¢,z — d)dzdtdydz
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Puttingr =2 —a,u=t—b,v =y —cand w = z — d, we get

:ﬂ —(pa+E+act / / / / —(pr+g+avty )f(r,u,v,w)drdudvdw
oa

— e Pt D H(p, 0, 0, B)

Theorem 5.2. Let function h(z, t,y, z) be periodic on periods a, b, ¢, d and
L,SiAyE.[h(z,t,y, 2)] exists then:

(1_67/)0,7%70407%)_16 a b c d . .
LSt A E [h(z,t,y,2)] = / / / / e PP T WTB h(x, t,y, 2)dedtdydz
oo o Jo Jo Jo

Given by the definition,

L,SiAyE.[h(z,t,y, 2 / / / / e P Ty Bh(m t,y, z)dzdtdydz

B[ [t e t ]
— 7/ / / / e PP T YT B h(a, t, y, 2)dadtdydz
alo o o Jo
+£/ / / / e_px_* ay— 5h(x t )dxdtdydz
als o) S

Again puttingx =r +a,t =u+ b,y =v+ cand z = w + d, we have

Loy Eelhiz 1.y, 2) / / / / ~aU= (1, y, 2)ddtdyd

Jre_pa_*_ac_* b / / / / e PTTE T B h(r + a,u+ b, v + ¢, w + d)drdudvdw

ﬁ a b c d . ; B w
= —/ / / / e PTT TV h(x, t, y, z)dedtdydz + e P smac—j / / / / T
@ Jo Jo Jo

h(r,u,v,w)drdudvdw = —/ / / / TPEST O (g, by, 2)dadtdydz + e P TS L, StAyE [h(x,t,y, )]

As a consequence of equation (3), we have

(]- _e_pa_i ac_i lﬁ - ac—f [e%
LS A E.[h(z,t,y,2)] = s V=B h(x, t,y, 2)dedtdydz

5.2. Convolution Theorem of Quadruple Laplace-Sumudu-Aboodh-Elzaki Transform

Theorem 5.3. If at the point (p, o, «, 3), the integral

Fi(p,o,a, ) = / / / / e POy B fi(x, t,y, 2)dedtdydz
Fy(p,o,a,0) = / / / / —pr— gy 5 folw, t,y, 2)dadtdydz

is absolutely convergent, then

converges and if

F(p7o—ua76) = %Fl(p7a—7aa6)F2(p7U7aaﬁ)

is a quadruple Laplace-Sumudu-Aboodh-Elzaki transform of the function

f(P,@Oé,ﬁ)=/()Z/Oy/ot/oxfl(x—xht—thy—yhz—21)
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gg(l‘l, tl, Y1, Z1)dl‘1dt1dy1d21

F(p,0,a,8) = / / / / et B f(x,t,y, 2)dedtdydz

which converge at the point (p, o, a, ().

Proof:
F(p,0,a,8) = / / / / e PTT T O B f(x,t,y, 2)dedtdydz
L L e

fa(x1,t1,y1, 21)dx1dt1 dy1dz | dedtdydz

and the integral

Using Heaviside unit set function, we have

F(on’,aaﬂ):/ / / / Ja(wy,t1, 91, 21)dzydtydyrdzy ¥
o Jo Jo Jo

{5/ / / / file =zt —t,y —y1,2 — 21) H(x —21,t —t1,y — y1,2 — 21)dadtdydz]
o Jo 0 0 0

Hence, it follows from Theorem (5.1) that

F(p,a,a,ﬁ) = %Fl(pvgvaaB)FQ(pvgva7ﬁ)

5.3. Change of Scale
Theorem 5.4. If f(x,t,y, z) be a function such that
L,SiAyE.[h(z,t,y,2)] = H(p,0,a,B)
then for some positive constants a, b, ¢ and d; we have

LaSi Ay E.[h(az, bt, cy, dz)] = ﬂH(p bo, & ~.dp)

Proof: We can deduce using quadruple Laplace-Sumudu-Aboodh-Elzaki transform that

L,StAyFE.|h(az,bt,cy,dz)] / / / / —(prtLtay+3 )h(am,bt,cy,dz)da:dtdydz

If u =ax,& =bt,¢p = cy and 7 = dz, then we have

LoSiA B (1, &, 6,7)] = =0 / / / / (51t et 5)
1

h(p, &, ¢, 7)dpdédgdr = —H(L bo, =, dp)
abe a c

5.4. Derivatives Properties

The derivatives properties of quadruple Laplace-Sumudu-Aboodh-Elzaki transform are given below without proof.
If L,S;AyE.[h(z,t,y,2)] = H(p,0,, () then,

LxStAyEZ [W] - PH(Pa O',Oé,ﬂ) - StAyEZ[h(O7taya Z)]
> oh 1 1
LmStAyEz |:(1.78tt’y’2):| = ;H(pa o,Q, ﬁ) - ;LmAyEZ [h(.’E, 07 ya Z)]
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3.
h(x,t
Lost B | LD b (p,0,0.6) - LS E(0,1,0.2)]
* oh 1
x,t,Yy, 2
LzStAyEz |:(82y):| = BH(p7 o—vaaﬁ) - BLzStAy[h(mvta yao)}
5. 02
z,t,Yy, 2
LxStAyEz |:(8$2y):| = p2H(p7 g, Q, 5) - pStAyEZ [h(oa t) Y, Z)] - StAyEZ [hT(Ov ta Y, Z)]
6. 02
z,t,y, 2 1 1 1
LwStAyEz [(3152?”] = 7H(P7 0',0[,5) - *QLszEz[h@jv ana Z)} - *LszEz[ht(ﬂU»Qy, Z)]
g ag g
7. 22
1
L‘LStAyEZ [W:l = QQH(py g, &, ﬁ) - L;L'Sth [h(ﬂ?, t7 07 Z)] - ELJ,Sth [hy(l‘7 ta Oa Z)]
8. o )
z,t,Y,2 1
LzStAyEz |:822:| = @H(/L o, Q, B) - LxStAy [h(l‘7 t, Y, 0)] - ﬁLmStAy[hz($7 t7 Y, 0)]
9. 52 )
z,t,Y, 2 a 1
LwStAyEz |:ayazj| = EH(/)7 Ovavﬁ) - aﬁLmStAy [h(l‘,t, yao)] - aLwSth [hz('rat707 Z)]
10. o2 ( )
h(z,t,y, 2 P p
LzStAyEZ |:a]jat:| = EH(p7 g, Q, ) — ;LszEz[h(LO,y, Z)] — StAyEz[ht“),t,y, Z)]
11.

O*h(x,t,y, 2)

L,S:AyE, { 920y

:| = Osz(p, g, Q, ﬂ) - gLTSfEZ [h(xa t7 07 Z)] - LxStEZ [hy(oa t? yv Z)]

6. Numerical Applications

In this section, we will illustrate the effectiveness of quadruple Laplace-Sumudu-Aboodh-Elzaki transform by applying it solve
different examples.

6.1. Example 1

Consider the following integral equation:

z pt py pz
2= - — — —
“ - A /O /0 A h(z b g’y (baz T)h(:u7€a¢a7-)d,ud€d¢d7'

where a represents constant.

Solution: Applying quadruple Laplace-Sumudu-Aboodh-Elzaki transform and the convolution theorem on this integral
equation, we have:

620‘2 ao 2
pO[Q = ?[LIStAUEz(h(mv ta Y, Z))}
So that
B3a2
LaStAyEz(h('rat7yvz)) = pO'O[?’

Making use of Laplace-Sumudu-Aboodh-Elzaki transform inverse, we get:

h(z,t,y,z) = nglSt_lA;lEz_l

p2a? | am?
poas Vatyz
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6.2. Example 2

Consider the following integral equation:

x t Yy z
xtyz:/ // / o~ (=) (=) +y=¢)+(z-7))
0 0 JO 0

h(p, &, ¢, 7)dpdsdedr
Solution: Applying quadruple Laplace-Sumudu-Aboodh-Elzaki transform, it follows that

L,SiAyE.(h(z,t,y,z)) = (; + p12> (1+o0) (()}2 + ;) (B2 + %)

Taking the inverse, we have
h(z,t,y,z) = (14+z)(1+t)(1+y)(1+2)

6.3. Example 3
Consider the following homogeneous wave equation:
Utt(xvt7yaz) = sz(x;tvyvz) (D

Subject to the conditions:
U(z,0,y,2) =sin(z +y +2),U(0,t,y,2) = 2tyz

Ui(x,0,y,2) =2,U,(0,t,y,2) = cos(t +y + 2)
Solution: Applying the quadruple Laplace-Sumudu-Aboodh-Elzaki transform to (4), we have
Ly StAyE.[Uy(2,t,y,2)] = Ly St Ay E. [Use (2, t,y, 2)]

Making use of the derivative properties, we get

1 1 1
;H(Py g, Q, 6) - ﬁLxAyEz [h(ﬂ?, 0,y, Z)] - ;LxAyEz [ht (1'7 0,y, Z)}
= PQH(P, g, Q, ﬂ) - pStAyEz [h(07 ta Y, Z)] - StAyEz [h’.L (07 ta Y, Z)]

Then
o2 1 A
H(p, O',Oz,ﬂ) = m ;L'c yEZ[h(:c,O,y,z)]

1
+;L£EA’UEZ [ht (.’II, Oa Y, Z)] - pStAyEz [h(oa ta Y, Z)] _StAyEz[hx (07 t7 Y, Z)])

Making use of the conditions, we have

o2

H(p,o,0,3) = (1_[)2> (;LszEZ [sin(z + y + 2)]

1
+;LmAyEz 2] — pSLA E.[2tyz] — St Ay E.[cos(t +y + z)])

Evaluating and simplifying, we get

o? B*(afp+a—pB+p)
ao?

w0.0.0:8) = (1753) (s D 067 70

L2682 28%0  Ba(fo—1) +B+o)
a?po as a(@®?+1)(B2+1)(p?2+1)
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Applying the inverse, we obtain

t2
h(z,t,y,z) = 2tyz coshz — sinhx (sin(x +y+2z)+ 0l cos(t+y+2z) — 2t>

6.4. Example 4

Consider the following non homogeneous wave equation:

Uy(z,t,y,2) = Upe(2,t,y,2) +  Unlx,t,y,2) +2cos(z+1) 2)

Subject to the conditions:

U(0,t,y,2) = e *sint + cost,

U(x,0,y,2) =e”

W sinx + cos z,

Uy (0,t,y,2) = e ¥ cost — sint

U(x,t,0,2) =sin(x + t) + cos(z + t),

Ui(2,0,y,2) = e * cosx — sinx

Solution: Applying the quadruple Laplace-Sumudu-Aboodh-Elzaki transform to (5), we have

LrStAyEz[Uy(xa t; Y, Z)] = LmStAyEz [Umz(‘rv ta Y, Z) + Utt(xa tv Y, Z) + 2COS(£E + t)]

Applying the derivative properties, we have

aH(p,0,a, ) = LaSiE:[h(w,t,0,2)] = p*H(p, 0,0, f)

1 1
7pStAyEz [h(O, ta Y, Z)] - StAyEz [hm(O» tv Y, Z)] + ;H(p, o, Q, B) - ﬁLrAyEz [h(l‘, 0,Y, Z)]

1
—;LIAyEz[ht(xv 0,Y, Z)] +

23%(p — o)
(P (o2 + 1)

3)

Applying the conditions on equation (3) and simplifying, we have

1

H(p,o,a,p3) (a —p? - 02> = LSt A E.[sin(z + t) + cos(z + t)] — pS; A, E.[e”* sint + cost]

1 1
—SiAyE.[e” % cost — sint] — — LA E, [e™®sinz + cosx] — ~L, A E.[e"?Y cosz + sina] +
o o

28%(p — o)
a?(p? +1)(02 +1)

Evaluating, then followed by some algebraic operation, we obtain

(.09 =

o2
ac? — p?o? —1

(1= Bo+Bp+po)(ao® = p*o® 1)  B*(Bop+ B +0 —p)(ac® = p?o® — 1)

a??(f2 +1)(0® +1)(p* + 1)

ac?(a+2)(B% +1)(e? +1)(p? +1)

Simplifying and taking Quadruple L-S-A-E inverse on both sides, we get

h(z,t,y,z) =sin(z+t+2) — e Y cos(z + t + 2)

7. Conclusion

In this paper, we combined the Laplace transform, Sumudu
transform, Aboodh transform and Elzaki transform to produce
a new transform called Quadruple Laplace-Sumudu-Aboodh-
Elzaki (L-S-A-E) transform. We then applied this transform

to some functions and presented some fundamental properties
and theorems about the transform. Moreover, the applicability
and effectiveness of the transform were investigated by using
the transform to solve some integral and partial differential
equations. It is worth mentioning that the L-S-A-E transform
can be used as an alternative to other similar techniques in the
solution of integral and partial differential equations.
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