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Theorems on n- dimensional Sumudu
transforms and their applications

Lecturer Amal Khalaf Haydar,
Kufa University,College of Education for Girls,Math. Dep.

Abstract

In this paper we prove eight fundamental theorems that include the Sumudu transform of
n—variables and a table of n— Sumudu transform of some familiar functions that is calculated
in this paper . In addition , two partial differential equations are solved by using the double

Sumudu transform .
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1. Introduction
The single Sumudu transform ( or Sumudu transform ) was proposed by Watugala in [1] for
functions of exponential order as follows : Consider functions in the set A , defined by

A={f(t)|3M,z, ,and /orz, >0,
suchthat | f ()] <Me"/", if te(-1)! x[0,){. (L)
For a given function in the set A , the constant M must be finite , while 7, and 7, need not

simultaneously exist , and each may be infinite . For a given function f(t) in A the Sumudu
transform is defined by

FW=S [f®]=] fe'dt, ue(-r.,). (1.2)
Or equivalently
Fu)=$ [f(t)]=% [l it (1.3)

provided the integral exists for some u. Also properties and applications of the Sumudu transform
to ordinary differential equations are described in [1] . In [2] , Weerakoon derived formulas for the
single Sumudu transform of partial derivatives and applied them in solving initial value problems .
Subsequently exploited by many works such as Weerakoon in [3] and [4] . Watugala in [5]
extended the Sumudu transform to functions of two variables with emphasis on solutions to partial
differential equations . In [6] , the double Sumudu transform of functions expressible as
polynomials or convergent series are derived .

The generalization of the single Sumudu transform to n—dimensional for a function f(t) of

the exponential order is given by

F(u)zsn[f(f)]zj:j:...j:e;ti f(Ut_)izldti . (1.4)
Or by
) NS PP ¥ S
F@)=S,[f({)]=- jo jo jo e FUE() zdt,, (1.5)
7 U

i=1
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provided the integral exists for some (U) , t eR", (I)=(,t,,...,t,) , @) =(,,u,,..,u,) and

(ut) = (ut,ut,,...,ut) . The n—dimensional Sumudu transform S_ and the n—dimensional
Laplace transform L, of the function f(t) [7] which is given by

Ln[f(t')]z.[:.[:....[:e;Sitif(f)izldti , (16)

are theoretically dual . That is

F(0) U, = LLF O, g0, (L7)
Also
LLf©)zs = F@), 4, (L8)

2. Properties of the n—dimensional Sumudu transform
In this section we prove very important properties of the transform S, through the following

eight theorems
Thoerem 2.1 . Suppose that F(u,)be the Sumudu transform of the function f,(t) for
i=12,..,n.Then

S.lz ft)=zF (). (2.1)
Proof . From definition (1.4) and definition (1.2) we have

Sn[i%l fi(t)]= J': J-ow"'.'.omeiz;ti £Z1 fiut) i=7n[1dti 2.2)

_ n © 7ti _ n
= .7:[1-..0 e f.(ut))dt, —i:”lFi (u;).

Remark 2.2. By using a similar proof of theorem 2.1 we can easily deduce that if f(t) be a
product of two independent functions , i .e. if

f(f)= fl(til’tizi“"tik) fz(tikﬂ’tikﬂf“"tin)’ (2.3)
where i, =i, for k=1 and k,l,i,,i, =12,...,n . Then
Sn[f(f)]:Sk[fl(til’tiz""'tik)] Sn—k[fZ(tikA’tikQ""’tin)] ) (2.4)

i.e. the dimension of Sumudu transform of any function is equal to the number of the independent
variables of that function . This speech is true if f () is a product of any number doesn’t exceed n

of the independent functions .

Theorem 2.3. Let f(t) is a function with n—dimensional Sumudu transform F(U) . Then
S.[f(at)]=F(au) , (2.5)
where (at) = (at,,at,,...,at ), (au) = (au,,a,u,,..,au ) and a's are positive constants .

Proof . The n—dimensional Sumudu transform of f (at) may be obtained directly from definition
(1.4)

sn[f(ét‘)]=j:j:...j:e§ti f (a‘ljt‘)i;:zldti — F(au), (2.6)
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where (aut) = (aut,, a,ut,,..,aut) .

Theorem 2.4 . Suppose that F(T) is the n—dimensional Sumudu transform of the function f(f) .
Then

S, f (O] = F( ), 2.7)

z(1-au) 17

where ( ) (

u2 un )
1a1u '1-au, l-au’
Proof . From definition (1.4) we get that

at; (l au;)t; o
S [e (D))= j j j e f(ut);rdt (2.8)
Therefore , by the change of variables w; _(1—a. Ot , 1=12..n,then
> PR S :
Sl T O1=———[ [ [ e ) 7 dw,
z(-au,) saur
(2.9)
3 1 F( u
z(l-au) 1-au
Note [4] : Recall that , the Heaviside function H(t —a) is defined as
0,if t<a,
H(t-a)= 2.10
(t-a) {1 ,if t>a (210
Theorem 2.5. Let F(U) be the n—dimensional Sumudu transform of the function f (f) . Then
_____ 33
S, [f(t- a)ﬂH(t —a)]=e ""F(0), (2.11)

where f(t—a)=(t—a,..,t,—a ) and H is the Heaviside function .
Proof . From equation (2.10) we conclude that

n 0,if 3Jiost<a,
zH(t -3a)= . \ (2.12)
i=1 1,if t>a Vi
Thus
_____ 0 Jif 3ot <a,
f(t—a) 7rH t—-a)=< (2.13)
f(t—a),if t>a Vi

From definition (1.5) and equation (2.13) we get that
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-t

S [f(t—a)ﬂH (t - ai)]—

f(t—a)ﬁH(t a)7rdt

T u
=t ¢u (2.14)
. e'l'f(t__—__é)ﬂdt
7}_ ana a
By setting (t—a)=(x) ,i.e t—a =x fori=1 2, N then
s,[f(t-a) 7zH (t —a)]= 5 E )
7_[ i=1
_p nl [ e 0t () rax (2.15)
7_1_ i=1
ya
=e 2 F(0).

Corollary 2.6. Suppose that F (u)be the Sumudu transform of the functions f,(t,) for
i=12,..,n.Then

8

S, fi(t, ~a)H ¢, ~a)] = o 7F (u). (2.16)

Proof .If f(t—a)= zr f.(t —a) then f(f):_%fi(ti) and by applying theorem 2.5 and theorem 2.1
we get the desired result :

Theorem 2.7 . For an even number N we have

vz (m)u;,
ct, )= : ) (2.17)
AT U, +CjU;,

)mJ+1

n/2 .
Sn[_ﬂ'l(ti LGt ) UHC,
j= 2j-1 2j 2171

where i, =1, for k=1, k,1,i.,i, =12,...,n and mj =012,... .
Proof . From remark (2.2) we have

S[ﬂ(t.“ cit, ) H(,  —cit, )= ES[(t.“ cit, ) H(,  —cjit, )] (2.18)

For k=1 then using definition (1.5) when n=2 and definition of the Heaviside function in
(2.10) , then integrating m+1 times and once with respect to dt, and dt, respectively give
tk tI

SZ[(tk—ctl)mH(tk—ct,)]— e et YPH (L, —ct,)dt, dt

t (2.19)
k I | m+1
Sl (4 oty dy, = DT
U, 0 u, +cu,
If we put k=i,;,,c=c;,l=i,; and m=m, in equation (2.19) and substitution the result in

equation (2.18) the desired result is obtained .

Theorem 2.8 . Let F(U) denote the n—dimensional Sumudu transform of the function f(t) .
Then
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ot 4 " n _

sn[j0 jo jo (%) zdx = 2 U,F (@). (2.20)

Proof . To prove this theorem we shall define the functions g, (t) for i=0,1,...,n as follows
1 i

00 = [ [ Gy Ko Xy %) Ay b 4K (2.21)
Therefore ,

ty (toa tlf _ ”d _

[oJo " fy 100 7 = go(0). (2.22)

f () =g,(t).
Also

0(t,t,,...5,0,t.,,...,t)=0fori=01,... (2.23)
Let for i =01,...,n—1 that

ag; (t

gt( ) - gH—l(t) (224)

i+1

By definition (1.5) and integrating by parts with respect to dt, and dt, respectively with using
relations (2.23) and (2.24) and change the order of integration after each integration we get

S ) i{zldxi] =5, [0, (E)]

B 0(t) 7Z'dt

b (2.25)
e “g,(f) dt, 7rdt dt,

7Z'
i=1

n t;
UU, oo po *ZI B n
:”l_ZJ‘o J-o "'J.o e gz(t) th iZdti dtl dtz-

7 u
i=1

After performing n—1 integrations yields

n-1
_ ﬂ-ul 0 (o ) 7Zn:ltTl _
S,[0, (1= ["["..["e T g, ,([) dt,dt dt ..dt,
zu,
i=1
b .
() zdt, g, (0) = (D) (2.26)
i=1 i
:%uiF(U)

Theorem 2.9. Let f(t)is a function with n—dimensional Sumudu transform F(T) . Then

t, g tlf _ nd
) (x)glxi]—

Ung

F V) 7de (2.27)

i=1 !

Proof . From definition (1.4) and setting (X) = (vt) we have
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n

Z

[ 1w o[ e
7t

Uty Uity

f (%) ﬁdx]ﬂdt

—l

n

'—f(vt)ﬂt zdv zdt
R (2.28)

ul_

i l

n

Un

Uy 0 ®© 7':1ti ——_nh n
0 .O[jo ..joe f(vt) zdt]zay,

i1 !

V@) z v

Theorem 2.10. Let f(t)is a function with n—dimensional Sumudu transform F(T) . Then
m 0 f(t)]:;;ui@ F (@) |

Sn[ﬂ-tl m ! i (229)
j=1 ﬁatl =1 7[8[,]
j=1 i j=1 gy
for1<m<n, i, =i for k=l and ki i =12,..,n
Proof . From definition (1.4) and the relation
m m d(t U ) ﬂ'd(tU)
zt =7 : (2.30)
s duJ 7Z'dU
=
we have
m Zn: m meOgt) 0
Szt o f(t)] jj’ J'e Tt ffﬁgdti
i N .”a(uivti.)li
j=1 ] -1
Zt 7Z'd(t U; ) m n
—au ] ARICOR
”du _”a(tiui.) i
i=1 j (2.31)
A j j j e'l f(ut);rdt
T 0
=t
=;;ui_ 6mF(u).
= 7 OU,
=t
Note that if m=n in theorem 2.10 then
S[ t 0 f(t)] n 8 F(u) (2.32)

716'[-

=1 !

_71' o
i-1
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3. The n-dimensional Sumudu transform of some functions

In this section we shall give a table of n—dimensional Sumudu transforms of some of the
familiar functions which we find them using definition (1.4) or definition (1.5) or the theorems

given in section 2 .

a table of n—dimensional Sumudu transforms of some functions.

No. f(© S,[f ()]
1 1 1
n t_)ij
2 j7£1(J ' no i
(u.)"
id =12, 7))
" at, 1
: P e
_ﬁ(l_aiui)
4 iZHi(ti - eiizluii
N/2 n 1 2m-1
Z Z G
. ML iy 7:1(2m_1)! =
5 Smh(iZ:l:aiti) .7_[1(1_ai2ui2)
N=n if nisanevenand N =n+1 if n is an odd number ,
i, =1, for k=1 and k,1,i,1i, :12, LN,
N/2
1+ U
n Z—; lllz..Z,l: _1(2m)l _1 Ij Ij
6 COSh(; at;) -7_[1(1_ a2u?)
N=n if nisanevenand N =n-1 if n is an odd number ,
i, =1, for k=1 and k,l,i,i, =12,...,n
n m n
(2 at)", m)!(au,)™
7 ; ml+mz+z..:.+mn—m m11m21'--1mn |7=Z;I'( I)( I I)
N/2 n m-1 om-1
Yooy U Ty
. =S| @m-1t =
sin() at r :
8 (IZ:l: i |) _7}'1(1+ai Ui )
N=n if nisanevenand N =n+1 if n is an odd number ,
i, =1, for k=1 and k,1,i,i, =12,..
N/2 ( 1)m 2m
1+ U
z—l |1|2; —l(2m)'J1 Ij Ij
9 n " 2,,2 1
cos(> at;) z(1+a7u;)
i< N=nif nisanevenand N =n-1 if n is an odd number ,
i, =1, for k=1 and k,l,i,i, =12,...,n
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No. f () ST (V)]
n N/2 l 2m-1 biA Ui,
1-au -
Zn: '7=Z-1( )2_1 i, |2-‘.,|Z e (2m-1)! JZI 1-3 u,
ait; . n n - ’
10 | e Slnh(;biti) 'Z-L[l_zaiui +(a —b7)u7]

N=n if nisanevenand N =n+1 if n is an odd number ,
i, =1, for k=1 and k,l,i,i, =12,...,n

N /2 am b, U-

n gl(l—a )[1+Z—1 g Z _1(2m)|,—1 1-a Uy ]
Zaiti n n - ZNVI ; 1
11 | = cosh(Z:l:biti) 7[1-2au; +(a - bf)u]

N=nif nisanevenand N =n-1 if n is an odd number ,
i, =1, for k=1 and k,l,i,i, =12,...,n

ol > T | Py
= m;+m, +..4m_=m m1|m2|"-1m = 1-auy,
m=12,.. B n : .
_7}'(1_aiui)
N N/2 m1 ooma by U
(™t = by,
1-au ;
n |7=Z;|-( )Z—l |1 Iz-‘-,lZ *l (Zm_l)! j7£1 1_al ui'
ajt; . n n - | | ,
13 | e S|n(;biti) .ﬁ[l—Zaiui+(af+bi2)Uf]

N=n if nisaneven and N =n+1 if n is an odd number ,
i, =i, for k=1 and k,l,i,i, =12,...,n

N/2 m Uy
n ( 1) 2m b U
1-au;)[1
Zn: |7=Z'l( )[ +Z_1 |1|2; L (2m)ti _11 a U ]
at; n n - '
14 | e cos(;biti) 7[1-2au; + (a7 +b7)u;]

N=n if nisanevenand N =n-1 if n is an odd number ,
i, =1, for k=1 and k,l,i,i, =12,...,n

Now , we shall introduce some explanations about the table . To prove No.5 and No.6 of the
table , first we shall use the mathematical induction to prove that

m

i72z1(1+ au;) :1+Zn: z 1z au (3.1)

= i
ol e < Mbi=t

where i, =i, for k=1 and k,I,|k,|, =12,...,n . Note that for each number 1<m<n the summation

Z 1 | 78 U with the condition i, =i, for k=1 and k,l,i.,i, =12,...,n is summation of all
_1m =1

i g,
permutations of the n objects au,,...,a,u, taken m at a time such that each term in that summation

occurs m! times .

It is clear that relation (3.1) is satisfied when n=1 since
1
l+au, =1+ 1 rau . (3.2)

|1—1:|-| = i ]
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Suppose that relation (3 1) istrue when n=Kk , i.e.
k
7(l+au,) =1+ u . 3.3
(1+au) = 2;h2;4nﬂH.,u (3.3)
For n=k +1 we have
k+1 k k k 1 m
7 (+au) = (1+a,,,U,) i7_Tl(1+aiui) =(+a,u )L+ ), D ml fflaijuij]
- m=l iy, =1 1112 77
k k 1 m kK k 1 m
:1+ak+luk+1 +Z Z — g U +ak+1uk+lz Z — T a U
m=l iy, dp=1 ml =1 m=l igiy,.. 0=l m' =L 7
k 1 K m
= 1+[ak+luk+1 + = n 72- a + ;[ Y I;Jm_lﬁ Jﬂ-laluj + ak+luk+1 (34)
k mfjl_ K k
z — 7 Ui, 1+ @yl z ﬂﬂ' & U;,
=1 m(m 1)' J 1 J | g, =1 (k +1)kl =

[P Y
m k+l 1 k+1

k+11 K+1
=1+ z za,, +z > _lmlrl au + :1(k+1)!j7£1aijuij

m=2 iy,ip,...Jn [T

k+1 k+1 m
:1+Z | Z ﬁjnlaju,j,
m=1 i,iy,...in=1
2<m<k+1.

since , permutations of the objects a,u; ,...,a u; are ml=m(m-1)!,
Therefore relation (3.1) is satisfied for n=k +1. Now , using No.3 of the table we have

-Xat

s, [sinh(Y at)] = 25, [ 1 L5 [0 ]
i=1 2 2
1 B 1
2,7}1(1—aiui) 27}1(1+aiui)

(3.5

z(L+ay) - z(1-au,)

2__%(1—afuf)

By replacing au, , in relation (3.1) , by —au, for _z(l—aiui) and substitution in the last equation

of equations (3.5) give
R G )

s, sinh(>at)=— > Y O ra,
i=1 2_7r(1—ai2ui2) mel = ME )
=t (3.6)
1 N/2 n 1 2m-1
= za U,
n i :1(2m_1)! j:1 I L

7[(1_a|2u|2) m=1 Il""‘izm,1

i=1
where N =n if n is an even number and N =n+1 if n is an odd number
In a similar manner we have

, I, =1, for k=1 and

K,Li i, =1.2,...,n
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s,feosh(Yat)]=————[2+Y > D zau
i—1 2_7:(1—a_2u_2) mel =t M IE
i=1 ! ! (3.7)
1 N/2 n 2m
=—[1+ u ],

]

T D
z(l-a%u?) M o (2m)ti=
“ i Yi

where N =n if n isaneven numberand N =n-1 if n is an odd number , i, =i, for k=1 and

kL i =12,..,n.
For No. 7 of the table then from the multinomial theorem [8] we have
n m n
S at)"]=S at)™], 3.8
(Gari-st T (" Jre @9

m! . . ..
———— are called multinomial coefficients . From No. 2

where the numbers =
m,m,,..m, ) mim,l..m!

of the table yields
Sn[(iaiti)m]: Z [ " ji;zl(ai)mi Sn[i%l(ti)mi]

m+my+..+m,=m ml’ m2 yrany mn

(3.9)
- ¥ T rm)a
my+Mmy+..+my=m mlvmz""imn =1 Ve
No.8 and No0.9 can be concluded by using the relations
S, sin(>at)] =S, - s fe 5] k=v=1, (3.10)
=) 2k 2k
S,feos( At =28, fe 1+ 8 [ ] k=1, (3.11)
i=1

and No.3 of the table then replacing au., in relation (3.1) , by kau. and —kau. for _7}1(1+ kau,)

and _7}1(1—ka1.ui) respectively .

It is clear that No. 10, No.11 ,.. and No.14 can be obtained using theorem 2.4 in addition , No.5
, No.6, ...and No.9 of the table respectively .

Example 1. Here we shall give an example for finding the inverse of the triple Sumudu transform
(3- dimension)
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(32u,u’u® - 32u’u’u® + 4u,u® + 16uu’u’
l 3 1 2 3 1 1 2 3 1

st !
* M6u) —16u2u’ +8uu? —8uZ —u? +

2,3 2 2 3,,2
—16u,u°u” +4u” + 2u,uTu, —2uTUCU, +UyU,)]

1
=% {(32u,u® —32u’u®)u® + (4u, +16u°u?
3 (16—16u§)u;‘+(8u§—8)uf—u§+1‘( 2% MU+ (4, 2o
—16u,u°)u’ +4u’ + (2u,u® — 2u°u?® +u,)u;}] (3.12)

4u,u’ +4u? +uyu,
(16 —16u’)u; + (8u —8)u” —uZ +1
4u,u’ +4u” +uyu,
(TN

:xyzz+382‘1[uli( 1+22u1u2 >
2 ou, (1-4u’)1-uy)

]

= S;'[2u,u,u’ +

= Se,_l[zuluzug] + Sz_l[

)]

=xyz° + Ei(cosh(2x +V))
2 OX
= xyz® + xsinh(2x + y).

Note that for the first term of the last equation of equations (3.12) we used No.2 of the table when
n=3, i =i,=1and i;=2 . For the second term we used theorem 2.10 when n=2 , m=1 and

I, =1, in addition we used No.6 of the table when n=2, a, =2 and a, =1 to obtain
4 1+2uu,
* - Au)-u)
Notethat t, =x ,t,=y and t,=z.

]=cosh(2x+y) . (3.13)

4 . Applications to PDEs in the 2- dimension
In this section we shall find the double Sumudu transform of some of the partial derivatives of
the function u(x,y) and then use them to solve two non — homogenous linear partial differential

equations .
To obtain the double Sumudu transform of partial derivatives we use integration by parts . Using

definition (1.5) when n=2 ,t,=x, t,=y, S,[u(x,y)]=U(u,,u,) then
1 oo &%
Sl (= [ ] e " T ulxy)dxdy

y

= L% e "u(xy) axdy

uu, (4.1)
1 —1pw = 1 popo i)
=U—1[Ijo e gy [ [e " " u(xy)dxdy]
- L Csaun+s,um ) = 2u ) - Lew,),
ul ul ul
where
G(u,)=S[a(y)], a(y)=u(0y). (4.2)
Similarly
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S,[u, (x, y>]=uiU(ul,u2)—ui F(u), (4.3)
where
Fu)=S[f(x)], f(x)=u(x0) (4.4)

Similarly , using the last equation of equations (4.1) we have

1 powpe G
S [u, (X,y)]=— e
o[Uy (%, Y] uluzjo [

X
X
U1

—)
“u,, (x,y) dxdy

1 (o oope u
S [7e 1], e "u,(xy)dx]dy
R 1 popo &5 (4.5)
=U—1[Ijo e "g,(y) dy+@fo Joe " T uxy)dxay]
1
= u—[—S(gl(y)) +5,(u, (X, y)]
1
1 1 1
:Eu(ul’uz)_EG(uz)_u_lGl(uz),
where
G, (u;) =S[9.(N]. 9.(y) =u,(0,y) , (4.6)
and G(u,)is defined in (4.2) .
Example 2. Determination of a solution u(x, y) of the PDE
u,+au, =2ay", x>0,y>0,a>0,n=12,.. 4.7
under the following initial and boundary conditions
i. u(x,0)=0,
ii.  u(,y)=y".
From relations (4.4) and (4.2) we get
F(u)=S[0]=0, (4.8)
and
G(uy)=S[y"]=mlu’, (4.9)

respectively . By taking the double Sumudu transform to the PDE (4.7) using the last equation of
equations (4.1) and relations (4.3) , (4.8) and (4.9) we get

m+1

2antu,u, N mlu,

n+1

u (U1vu2) =
u,+au, Uu,+au
n+2 m+1 (410)
— ot — 2nlu, N mlu,

U,+au, U,+au,
By using theorem 2.7 when n=2 , ¢,=a, iy=2 and i,=1 then the inverse transform S,"of
the second equation of (4.10) gives the following solution of the PDE (4.7)

1y (n+D)+1 1M+
(% y) = 2§ (et -2 s, DN g i
n+1 n+1 u, +au, u, +au,
n%ly””, if 0<y<ax, (4.11)
- 2 n+l n+l

yr - 2 (y—ax)"™ +(y—ax)™, if y>ax.
n+1 n+1
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Example 3. Consider the PDE

u, =a’u, +sin3z x , 0<x<1, (4.12)
with the initial and boundary conditions

I-u(x,0)=sinz x ,

ii- u(0,y)=0,
L ey,
o T

From relations (4.4) , (4.2) and (4.6) we get

A

iii-u, (0,y) =27 + 3

F(ul):S[simrx]:le2u12 (4.13)
G(u,)=S[0]=0, (4.14)
and
Gy(,) =S [re ™+ ——(1-e ")
o T
- 1 1 (4.15)

= 2 2 v a2 a2 2 2
l1+a°z°u, 3a°m 3a°z(l+9%a°7u,)
respectively . Applying the double Sumudu transform of the PDE (4.12) by using relations (4.3) ,
(45) , (4.13) , (4.14) and (4.15), simplifications and adding the terms F97°c’u,u’ and
F37°a%u,’u’ to the denominator of the right hand side give the transformed problem
T

A+ a’z%u,)(L+9a’zu,)(L+ 720 ) (L+97°u?)
+37°U, + 3’7 ud)ud + (L+9a’z’u, +3u, + 3’ r°ul)u,] (4.16)

V4 Au,+B Cu,+D
= 2_2 2 2 22+ 771

I+a7°u,)A+9% 7u,) 1+ 7°u;  1+97°U;

by applying partial fractions with respect to the variable u, . Solving the partial fractions gives

U(Ul’uz):

[(97° +8la’xu,

7r 1+9a27%u,)u,  (Bu, +37°a " u?)u,
U(Ul,U2)= 2 2 > 2 [ 7 2 + 5 ]
Q+a°7u,)A+9a 7 u,) 1+ 7°u; 1+97°u; (4.17)
7T Uy 1 1 37U,

- A+’ 7°u,)(L+ 7°u?) i 9a’r? _1+9a27z2u2 1+97°%U;
Since , from theorem 2.1 we have S,'=S"S™ then taking S,* of the last equation of (4.17)
gives
1
+9a’7u,

1 U 1
u(x,y)=S" st L1+
(x,y) [1+a27[2u2] [1 -1

+7%ul 9a’n?

3 u,
1+97°u]

V1S

[S7® —5‘1(l ]

(4.18)

22, . 1 9022y - :
=e " Vsinx x+9T(1—e 07 Y)sin 3zx.
arnw

5. Conclusion

Throught our work in this paper , we note that there is a little work has been done on the single
Sumudu transform and a very little work on the double Sumudu transform . In the field of the
generalized Sumudu transform we don’t find any relating paper or reference . Hence , for advanced
reseach , there is many works such as introducing other interesting properties or in applied
mathematics via control problems in partial differential equations .
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