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Abstract: Integral transforms play very important role in solving differential and integral transforms. Many researchers
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I. INTRODUCTION

Many process and phenomenon of science, engineering and real life can be expressed mathematically and solved by
using integral transforms. In this paper we discuss the dualities between various double integral transforms Laplace[L] ,
Elzaki[E] , Kamal[K] , Mohand[M] , Mahgoub[M*], Sumudu[S], Sawi[S*] .

Mahgoub and Abdelrahim introduced new integral transform Sawi [10] in 2019. In 2016, Sedeeg and Abdelilah Kamal
introduced Kamal transform [11]. In 2012 the new integral transform was developed by Elzaki[6]. Dealing and Michael
compared Sumudu and Laplace transform [2] in 1997. Mahgoub and Abdelrahim introduced Mahgoub transform [8] in
2016. Further in 2017 they introduced Mohand transform [9].

In 2011, Tarig and Salih introduced new integral transform called as Tarig transform [3]. Further they proved relationship
between Laplace and Tarig transform[4] in 2011. They also used Tarig transform to ordinary differential equation with
variable coefficients[5] in 2011. Same author's used Tarig transform to System of Integro-Differential Equations in
2013[7].

In 2018, Shaikh and Sadikali Latif introduced Sadik transform in 2018[12]. In 2017, Taha, Hassan, Nuruddeen, Sedeeg
and Abdelilah obtained dualities between Kamal and Mahgoub integral transforms and some famous integral transforms
[13]. In 2017, Aboodh introduced new transform namely Aboodh transform [1]. In 2018, Thangavelu [14] use double
Mahgoub transform to solve telegraph equations. Many researchers have developed double integral transforms and some
of the triple integral transforms. Dualities between integral transforms have been studied by some of the researchers.

In this paper, the dualities between double integral transforms are studied.

1. DEFINITIONS OF DOUBLE INTEGRAL TRANSFORMS

Definition 2.1 Double Laplace transform:

co 0o

Ly[f(x,t): (u,v)] ij(x t).e~Wx+v0 gy dt (2.1)

0
Definition 2.2 Double Elzaki transform

Ef(x,t): (u,v)] = uvfff(x t).e” u v) dx.dt (2.2)
0 0
Definition 2.3 Double Kamal transform:

K, [f (x,t): (u, v)] J J flxt) e (G v)dx dt (2.3)

Definition 2.4 Double Mohand transform:

M,[f (x,t): (u,v)] = u?v? f f f(x,t) e"®*+vdx de (2.4)
0 0
Definition 2.5 Double Mahgoub transform:

M3[f (x, t): (u, )] =uvf f fx,t) e @x+vDgy dt (2.5)
0 0
Definition 2.6 Double Sumudu transform:
1 ®r® t
S,[F (%, 0): (u, )] =—f f Feot) e G+ o)dx de (2.6)
uv 0 0
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Definition 2.7 Double Sawi transform:

1 =4} [e3) x t
S*[f (x, t): (u, v)] ZWI J- flx,t) e_(ﬂ+5)dx dt 2.7)
0 0
Definition 2.8 Double Aboodh transform:
1 [oe] [ee]
A, [f(x,0): (u,v)] = — f f flx,t) e @ +vqx dt (2.8)
uv Jy 0

I1l. DUALITY BETWEEN DOUBLE INTEGRAL TRANSFORMS

3.1 Duality between double Laplace and other double integral transforms
3.1.1 Duality between double Laplace and double Elzaki transform

A) Double Laplace - Double Elzaki duality
We have double Laplace transform

L[f(x,t): (u,v)] = fff(x,t).e‘(”’””t)dx.dt
00

Replace u by % and v by %

Lz[f(x t): — — fff(x t).e” u v)dx dt
00

([ .G
u!off(xt)e dx.dt

<

IREE (— | =
Thus, from equation (2:2), we have

IAVEXE (— %)] - ul—b Elf (%) (u,v)]

B) Double Elzaki - Double Laplace duality
We have double Elzaki transform

E[f(x0): (,v)] = uvfff(x 0).e G5 dx.de
00

Replace u by i and v by %
1
Elreo: (o)l =

Thus, from equation (2:1), we have

~E, [f(x,t): (%l)] - L E[f(x,t): (u,v)]

v uv

O"S

f f(x,t).e”@x+v0 gy dt
0

3.1.2 Duality between double Laplace and double Kamal transform
A) Double Laplace — double Kamal duality. We have double Laplace transform

L[f(x,t): (u,v)] = fff(x,t).e'(“x”t)dx.dt
00

Replace u by i and v by %

Lz[f(x t): — — ij(x t).e” u v)dx dt
0 0
Thus, from equation (2:3), we have

11
Lo (5 .5)] = Klreon: ol
B) Double Kamal - double Laplace duality
We have double Kamal transform

Ko[f (x, 0): (w v)] =fmfmf(x,t) e+ o) dx dt
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Replace u by % and v by %
K. t): L - o t) e~ qy qt
Zf(x') u'v f(x;)e X
0 0

Thus, from equation (2:1), we have

G lfo: (5 2)] =Ll @on)]

u

3.1.3 Duality between double Laplace and double Mohand transform
A) Double Laplace — double Mohand duality
We have double Laplace transform

L[f(x,t): (u,v)] = fff(x,t).e‘(”’””t)dx.dt
00

By arrangement
1

u2v?

L[f(x,t): (u,v)] = uzvzjjf(x,t).e‘(”“"t) dx.dt
00

Thus, from equation (2:4), we have

LIf(xt): (w,v)] =

My[f(xt) : (u,v)]

u?v?

B) Double Mohand — Double Laplace duality
We have double mohand transform

M,[f (x,t): (u, v)] =u2vzjmfmf(x, t) e~ X +vOqy dt
0 0

Thus from equation (2:1), we have

Mo [f (e, 0): (u,v)] = u?v? Ly[f(x,8) = (w,v) ]

3.1.4 Duality between double Laplace and double Mahgoub transform
A) Double Laplace — double Mahgoub duality
We have double Laplace transform

L[f(x,t): (u,v)] = fff(x,t).e'(“x”t)dx.dt
00

L[f(x,t): (u,v)] = %uvfff(x,t).e'(“x”t) dx.dt

00

Thus from equation (2:5), we have

1
Llf(x0) s (w,v)] = — Mz[f(x, 0): (w, )]
B) Double Mahgoub — double Laplace duality
We have double Mahgoub transform

M3[f(x, t): (u,v)] = uvfoofwf(x’ t) e~ (WX +v0 4y dt

Thus, from equation (2:1), we have

My [f (x, 8): (, v)] = wvl,[f(x,t) + (u,v)]

3.1.5 Duality between double Laplace and double Sumudu transform
A) Double Laplace - double Sumudu duality
We have double Laplace transform

Copyright to IARJISET DOI 10.17148/IARJSET.2020.7610 76



E ‘;M? ISSN (Online) 2393-8021
IA RJ S ET ISSN (Print) 2394-1588
()
International Advanced Research Journal in Science, Engineering and Technology

Vol. 7, Issue 6, June 2020

[ee]

L[f(x,t): (u,v)] = fff(x,t).e‘(““”t)dx.dt

0

Replace u by % and v by %

Lz[f(xt) —— fwfwf(xt)e &) dx. de

1% uv

Ly [f(x't): (%l)] = uv [ijoff(x,t).e_(g%) dx. dt
Thus, from equation (2:6), we have
Lt (3 3)] = wsiien s @v)

B) Double Sumudu — double Laplace duality
We have double Sumudu transform

S,[f (x, 1) (u, v)] =uivame(x,t) e+ %) dx dt

Replace u by 111 and v by %

s, [f(x, £ : (%%)] - uvfowf:f(x, £) e=(x+vgy e
Thus, from equation (2:1), we have
S:rcen s (5 7)] = wvkalren: vl

3.1.6 Duality between double Laplace and double Sawi transform
A) Double Laplace — double Sawi duality
We have double Laplace transform

o]

L[f(x,t): (u,v)] = jjf(x,t).e‘(”“”t)dx.dt
00

Replace u by % and v by i

L, [f(x £): — — fff(x t).e~G*%) dx. dt
00

L, [f(x,t): G%)] = uy? [uzlvz fff(x £).e~*Y) dx. dt
00

Thus, from equation (2:7), we have

L[f(x0: (%%)] = u2v? §,"[f (2, 0): (1, V)]

B) Double Sawi - double Laplace duality
We have double Sawi transform

S G t):(wv)] =

J f flx,t) e (u v)dxdt

u?v?
Replace u by % and v by %
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S.* t): l l — 1,2.,2 " t —(ux+vt)d dt
2 [f(x,t): 2o5)] =w f(x,t) e X
o Jo

Thus, from equation (2:1), we have

s o0 (5 3)] = wrtnife s @)

3.1.7 Duality between double Laplace and double Aboodh transform
A) Double Laplace — double Aboodh duality
We have double Laplace transform

[oe]

LIf(xt): (w,v)] =

O\

f fx,t).e” WX+ dx dt
0

We have double Laplace transform
1
uv

L[f(xt): (u,v)] = uv [ fff(x,t).e_(“x”t)dx.dt
00

Thus, from equation (2:8), we have

LIf(xt): w,v)] = wh[f(xt): (u,v)]

B) Double Aboodh - double Laplace duality
We have double Aboodh transform

A,[f (x,): (u, v)] =uivjwfmf(x, t) e~ X +vOqy dt
0 0

Thus, from equation (2:1), we have

1
Alf G ): ()] == Lalf (x,0) = (w,v)]

3.2 Duality between double Elzaki and other double integral transforms
3.2.1 Duality between double Elzaki and double Kamal transform

A) Double Elzaki — double Kamal transform

We have double Elzaki transform

x t

Ef(x,t): (u,v)] = uvjjf(x t).e” G F)dx.dt
00

Thus, from equation (2:3), we have

Elf(xt): w,v)] = wk[f(xt): (u,v)]

B) Double Kamal — double Elzaki duality
We have double Kamal transform

Ko [f (x, t): (u, v)] =ijwf(x,t) e~ G+ o) dx dt
Ko[f (x, 0): (wv)] = [uv f f Foot) et vdx dt

Thus, from equation (2:2), we have

1
Ko lf (6, 0): (w,v)] =B, [f (x, 6): (u, v)]

3.2.2 Duality between double Elzaki and double Mohand transform
A) Double Elzaki — double Mohand duality
We have double Elzaki transform

x t

E[f(x,t): (u,v)] = uvjjf(x t).e G F)dx.dt
00
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Replace u by % and v by %
1 00 ©o
Ez[f(x £): — — = —fff(x,t).e‘(““”)dx.dt
00

uv

E, [f(x,t): <% ,1)] = % [uzv2 fff(x, t).e~ WX +v0 dx dt
0 0

v

Thus, from equation (2:4), we have

11 1
Blfen: (5.0)] = SaMalf(nn: @ w]
B) Double Mohand - double Elzaki duality
We have double Mohand transform

M,[f (x,0): (u,v)] = u? f f fx,t) e @ +vqx dt
Replace u by % and v by %

o ()= ] [ o o dana
w0 (3l g o)) [ s o 6 D

Thus, from equation (2:2), we have

M [f s ()| = oo EalFGu: e

v

3.2.3 Duality between double Elzaki and double Mahgoub transform
A) Double Elzaki — double Mahgoub duality
We have double Elzaki transform

Ebf(x,t): (w,v)] = uv

O"S

7 t
ff(x 0).e~@*) dx. dt
0

Replace u by i and v by %

f(x,t).e”@x+v0 gy dt

el (2.3)] - —f

0 ()] - e

Thus, from equation (2:5), we have

ANERE (% %)] - ufvz M3[f (x, £): (u, v)]

o 80\‘ 8

f f(x,t). e~ @+ gy dt
0

B) Double Mahgoub — double Elzaki duality
We have double Mahgoub transform

M3[f(x, t): (u,v)] = uvfmfmf(x’ t) e~ Wx +v0 0y dt
Replace u by % and v by i
wilr 0@l = [ [ e o bt axar
M3[F (%, 0): (u, )] =%[uvfmfmf(x,t) e+ o) dx dt

Thus, from equation (2:2), we have
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1
Malf (e 0): ()] =55 Blf(nt): (w,v)]
Similarly we can prove following dualities
3.2.4 Duality between double Elzaki and double Sumudu transforms
A) Double Elzaki - double Sumudu duality

E[f(x,t): wv)] = uv? S,[f (x, t): (w,v)]
B) Double Sumudu — double Elzaki duality

1
SlfCut):wv)] = 5 E[f (x 0): (u,v)]

3.2.5 Duality between double Elzaki and double Sawi transform
A) Double Elzaki - double Sawi transform

E[f (x,£): (w,v)] = w*v3S,"[f (x, t): (u, v)]
B) Double Sawi — double Elzaki duality

. 1
S2If (0 0): ()] = ——=E[f (x,0): ()]
3.2.6 Duality between double Elzaki and double Aboodh transform
A) Double Elzaki — double Aboodh duality
11
E, [f(x; t): (a .;)]
B) Double Aboodh — double Elzaki duality

wfrmo: ()

3.3 Duality between double Kamal and other double integral transforms
3.3.1 Duality between double Kamal and double Mohand transform
A) Double Kamal — double Mohand duality
11 1
Kfno: (5 0)] = o Ml o @)

v udv3

A [f (%, O): (w, v)]

Ex[f (%, 0): (w, v)]

B) Double Mohand — double Kamal duality
11 1
a0+ (3 03)] = G Kl 0: o)

3.3.2 Duality between Kamal and Mahgoub transform
A) Double Kamal —double Mahgoub duality
11

1
K, [f(x, t): <a ;)] = HMZ [f(x,t): (u,v)]
B) Double Mahgoub - double Kamal duality
1

AELHE 1)] =u—1vl<z[f(x, £): (u,v)]

)
u v

3.3.3 Duality between double Kamal and double Sumudu transform
A) Double Kamal - double Sumudu duality

K[f (x,t): (w,v)] = uvS,[f(x,t): (u, v)]
B) Double Sumudu - double Kamal duality

1
S2[f (e, 0): ()] == Ko [f (x, ): (w, V)]

3.3.4 Duality between double Kamal and double Sawi transform
A) Double Kamal - double Sawi duality

Ko[f (x, £): (u, v)] = w?v?S,"[f (x, 6): (u, v)]
B) Double Sawi - double Kamal duality
1
S U O: @)l = 5 Klf () wv)]
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3.3.5 Duality between double Kamal and double Aboodh transform
A) Double Kamal - double Aboodh duality
11

K; [f(x,t): (E ;)] = ww A, [f (x, 0): ()]
B) Double Aboodh - double Kamal duality

A [fCxey s (1 %)] = wvk; [f (6, £): (u, )]

u

3.4 Duality between double Mohand and other double integral transforms
3.4.1 Duality between double Mohand and double Mahgoub transform
A) Double Mohand - double Mahgoub duality

M[f (x, 0): (w, v)] = wwMy"[f (x, £): (w, V)]
B) Double Mahgoub - double Kamal duality

. 1
My [f (x, 0): (w,v)] = EMZ [f (x, ©): (u,v)]
3.4.2 Duality between double Mohand and double Sumudu transform
A) Double Mohand - double Sumudu duality

11 1
M, [f( x,t) <a ;)] = u—sz[f(x, t): (u,v)]
B) Double Sumudu - double Mohand duality

AVELE (1 1)] = S MLf (r 0): ()]

u v uv

3.4.3 Duality between Mohand and Sawi transform
A) Double Mohand - double Sawi duality

11 .
ma[r e t): (2 o2)] =71 Go: v
B) Double Sawi - double Mohand duality

5" [Fexo (%%)] = My[f (x,£): (u, )]

3.4.4 Duality between double Mohand and double Aboodh transform
A) Double Mohand - double Aboodh duality

My [f(x, ) (wv)] = uvPAz[f (x, t): (u, )]
B) Double Aboodh - double Mohand duality

1
A[f G 1): (V)] =53 M [f (%, 8): (u, V)]

3.5 Duality between double Mahgoub and other double integral transforms
3.5.1 Duality between double Mahgoub and double Sumudu transform
A) Double Mahgoub - double Sumudu duality

11

My |fxe s (5 0)] = salfeoo: v
B) Double Sumudu - double Mahgoub duality

11
S| (5 0)] =M e o @)
u v
3.5.2 Duality between double Mahgoub and double Sawi transform
A) Double Mahgoub - double Sawi duality
11 .
my [ro s (5 0)]| = ws e @)
B) Double Sawi - double Mahgoub duality
* 1 1 *
s [reen s (5 5)] = wmTreo: auw

3.5.3 Duality between double Mahgoub and double Aboodh transform
A) Double Mahgoub - double Aboodh duality

My [f G, 6): (,v)] = uPv?A,[f (x, ) (w,v)]
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B) Double Aboodh - double Mahgoub duality
1 *
A[f(x,0):(wv)] = M, [f (x, ) (u, v)]

up?
3.6 Duality between double Sumudu and other double integral transforms
3.6.1 Duality between double Sumudu and double Sawi transform

A) Double Sumudu - double Sawi duality

Slf(x,0):(wv)] = uvSy"[f (x, 6): (w, V)]
B) Double Sawi - double Sumudu duality

X 1
S [f (e 0): ()] = — S[f (x, ): (u, v)]

3.6.2 Duality between double Sumudu and double Aboodh transform

A) Double Sumudu - double Aboodh duality

11
S|ro: (L 5)] = W alreo: @
B) Double Aboodh - double Sumudu duality

afren: (o 0)] = vl o)

3.7 Duality between double Sawi and other double integral transforms
3.7.1 Duality between double Sawi and double Aboodh transform
A) Double Sawi - double Aboodh duality

) 11
S0 (5 0)] = wrrdlre o @)
B) Double Aboodh - double Sumudu duality

HIEE (% %)] = w0 5, [f (x,6): (u,v)]
IV CONCLUSION

In the present paper duality relation between some useful integral transforms namely Laplace[L], Elzaki[E] , Kamal[K],
Mohand[M] , Mahgoub[M*], Sumudu[S] , Sawi[S*] are established successfully.
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