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Abstract
In this Paper we will presents Sadik transform and Double Sadik transform and its
way to deal with one Dimensional time Dependent partial differential equations by
comparison Method, also we will produce solution procedure of Telegraph equation
by these two methods, application of these two methods over Telegraph equation are
also given.

Keywords: Sadik Transform, Double Sadik transform, one Dimensional time
Dependent partial differential equations, Telegraph equation.

Introduction

In recent years, many Mathematicians have paid attention to find the solution of linear
partial differential equations of different order by using various methods. Among
these are Laplace Transform, Sumudu Transform, double Laplace transform, and
double Sumudu transform , there are various ways have been proposed recently to
deal with these Linear partial differential equations, Double Laplace transform
method has not received much attention unlike other methods. Now a days Sadik
Transform, Double Sadik transform are going very popular because it is general form
of many Integral transforms like Laplace.

Preliminaries
Sadik Transform of Partial Derivatives:

1) If S(X,l)a,ﬂ) is a Sadik transform of u(x,t) and u, (X,t) is a first partial
derivative of with respect to variable t then
S[ut (X,t)] = U“S(X, U“,,B) —v"u(x,0)

2) If S(X,Ua,ﬂ) is a Sadik transform of u(x, t), u, (X, t) and u, (X, t) are first

and second order partial derivative of u(x,t) with respect to variable ‘t’ then
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S[utt (x,t)} = UZ“S(X, U“,ﬂ) —0""u(x,0)-v"u,(x,0)

3) If S(X,U“,,B) is a Sadik transform of u(x, t) and u, (x,t), S, (x,0%, ) are
Partial derivatives of u(x, t) and S(x,u“, ,B) with respect to variable ‘x’ then
S[uX (x, t)} =S, (X,U“,ﬂ)

4) It S(x,v%p) is a Sadik tansform of u(x,t) and
u(xt) and S, (x,0%,B) are the n® Partial derivatives of u(x,t) and

S(X, v*, B ) with respect to variable ‘x’ then

S[ux(n) (X’ t)] - Sx(") (X’Ua’ﬂ>

Double Sadik Transform
First we define Sadik Transform in terms of two variables @,v for function of two

variable x and t respectively that is u (X t)

S(x.v".B)=S UﬂI_Ut

& S(uar.p)=5,[u(x —%’j

if u(x, t) be a function that can be express as convergent infinite series and let

(X, t)ER2 then the double Sadik transform is denoted by

Sy t[u
S

(
t[u(x, t)] =S(w,v)=

where x,t> 0 and @, U are Sadik transform variables for x and t respectively, & is
any non-zero real number and S is any real number, whenever improper integral is
convergent.

X, t)|=S(@,0) and defined by

J I e @y (x, t)dx dt

S
S
x Y
@"V" 49

Double Sadik Transform of Partial Derivatives:
1) If S, S, [u(x, t)} =S(,v) then Double Sadik transform of first order partial

derivative with respect to x is defined by

.8, %u(x, t)} — o S(,0) -8, [u(0,1)]
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2) If S, S, [u(x, t)} = S(a),l)) is double sadik transform of the function u(x, t)

then Double Sadik transform of first order partial derivative with respect to t is
defined by

58, [%u(x, t)}zU“.S(a),u)—uﬂSm [u(x0)]

3) If S, S, [u(x, t)} = S(a),u) is double Sadik transform of the function u(X, t)

then Double Sadik transform of second order partial derivative with respect to x is
defined by

SSV u(x, t)} Z“S(a),u)—a)"‘ﬁSU[u(O,t)}—w‘%{%u(o,t)}

4) If S, S, [u(x, t)} = S(a),l)) is double sadik transform of the function u(X, t)

then Double Sadik transform of second order partial derivative with respect to t is
defined by

S, { Zulx t)}zz)z“.S(a),u)—u“‘ﬂSw u(x, 0)]-vS, [%u(x, o)}

5) If S, S, [u(x, t)] = S(a),u) is double sadik transform of the function u(X, t)

then Double Sadik transform of mix partial derivative with respect to x and t is
defined by

S, S, [Oi;t u(x, t)} = 00" S(o,0)-v*0™’S, [u(O, t)] -v oS, [u(x, 0)] v’ [u(O, 0)]

6) If S, S, [u(x, t)} = S(a),l)) is double sadik transform of the function u(X, t)

then show that Double Sadik transform of nth order partial derivative with respect to t
is defined by

a na LS k a(n ik
S, S (8‘[“ (X,t)j =0"S(w,v)- 2, o| 2T u(x,0)
7 If S,S, [u(x,t)] = S(a), U) is double sadik transform of the function u(x,t)

then Double Sadik transform of nth order partial derivative with respect to x is
defined by,

o" ma S za L a(m )
S, S (ax u(x, t)] S(w,v) So| — u(0,t)

i=0

Main Result
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Theorem 1: Show that solution of Linear, one-dimensional, time-dependent partial
differential equation is deﬁned as

>a, L u(x, Zb u(xt)+ f(xt), (xt)cR? (1)

where a, and bmare given coefficients and N, M are positive integers and
f(x,t) is the source term with initial conditions

stnu(x,O) —g,(x),0=0,1.2, ... .N-1, xR, 2)
and boundary conditions

;;u(o ) =h, (1), m=0,12, .. .. ..M-1, te R, 3)
X

exist by Sadik integral transform.

Proof: Applying Sadik Transform on (1) we get

5|30, S } 5| 3o o) [+8[(x0)]

nzi;an _ oS, [ Zuka Y atnn "k‘ll x,t)} =mzhzbm {SU {%u(x,t)ﬂJrS[f(x,t)]
nzli;an V™S, I:U(X,t):l—::z;:;l)kaﬂ aatnnkkll u(x, )} ;Mllbm " [S [u (x.t) H+S[f(x,t)} (4)

by applying boundary conditions (2) to (4) we get ordinary differential equation of
order m of dependent variable S, [u(x,t)} and independent variable x, by finding
particular integral of this differential equation we get solution in terms of SU [u(x, t)] ,

applying Sadik inverse Transform we get the solution u(X, t) .
Theorem 2: Show that solution of (1) exists by Sadik Double Transform.

Proof: Applying Sadik Double transform on (l) we get

stt[gan% } 5,8 [Zb }+S S/ (x1)]

m=1

a, {ngt (%u(x,t)ﬂ =S, {sxgt (%u(x,t)ﬂ +8,8,[f(x4)]

n=0 m=1
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mibm {a)maS(a),u) _: SPS, [aim;l u(O,t)ﬂ ssS[f(x0] 5)
Sia,|05(00)- 5075, [, ()] |-
ﬁlbm [a)m“S(a),u)— mol @“’S,[h,_ ., (t)]} +S,8,[ S (%)) (6)

Equation (6) is an algebraic equation in S(a), U) . Solving this algebraic equation and
by taking inverse Double Sadik Transform of S(a), U), we get an exact solution

u(x,t).

Corollary 1: Show that solution of Telegraph equation
2

0 0 o
aIEU(X,t) + 8?11()(,1;) =b2 yu(x,t) +f(X,t), (X,t)ERi (7)

subject to initial and boundary conditions

u(x.0)=g(x). Su(x.0) =g (x), u(0.)=h (1), —u(0)=h®

exist by Sadik Integral Transform.

Proof: We consider linear, one-dimensional, time-dependent partial differential
equation of the form (1) in which put N=2,M=2, a,=0,b, =0anda, =1 we

get linear Telegraph equation (7) applying Sadik transform with respect to t to the

equation (7) with initial and boundary conditions

a,u°’s, [u(x, t)] —a,v g, (x)+0’S, [u(x, t)} —0" gy (x)—v g (x)

=bzaax—2280 [u(x,0)] +8, [/ (x.1)]

=-5, | f(x1)]—av7 g (x) =0 g (x) v g (x)
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this equation is in the form of ordinary differential equation therefor using particular
integral we get

S, [u(x,t)}:

—(SD [f(x,t)] +a,u0’g (x)+0 g, (x)+v g, (x))
(sz2 —0* —alu"‘)

)

after finding particular integral we can apply inverse sadik transform we get solution.

Corollary 2: Show that solution of Telegraph equation (7) subject to initial and
boundary conditions (8) exist by Double Sadik Integral Transform.

Proof: Using preliminaries on equation (7)with (8) we get

a, 0" S(w,0)-av’s, [go (x)] +0* S(w,0)-0""S,, [go (x)} -v’S,, [gl (x)]
= b0 S(w,0)-b0*’S, [ho (t)} —b,0’S, [hl (t)} +8,S, [f(x,t)}

S.S, [f(x,0)]+ap™’s, [go (x)] +0°7’S, [go (x)] +07’S, [gl (x)}

~b,0" S, [h,(t)]-b,0’S, [h, ()] ]
(alu”‘ +0* — bza)z")

applying inverse of double Sadik transform

S, S, [f(x.t)]+av’s, [go (x)] +07’S, [go (x)} +

[uﬁSw [, (x)]-b,0"”S, [ h, (1) |-b,0’S, [, (t)]J

(alua +0*" —b,0™ )

S(a),u)—{

u(x,t)=S;s;

(10)

Applications of the Method

EXAMPLE 1: Consider the Telegraph Equation
2 2

0 0 0
3au(X,t)+¥u(X,t)=§u(x,t)+ 3xP+2+1), (xt)eR2 (11)

with initial and boundary conditions
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u(x,0)=gy(x)=x, %u(x,O) =g (x)=1+x>

u(0.0) =hy 0=t Lu(0)

=h,(t) =t
SOLUTION: By the result (9) that is by Sadik transform

30040 oy 0 o o ) |

L - (Dz—uza—3u“)

S,[u(x,t)]= v” 1+ b’ —... Lﬂ)a)&(){z +1)
L 1 v v* (3+0%) v (3+0%)

_ - -p v”?
S, _u(x,t)_z{zia +xu—a+(x +1) }

v L v

applying inverse Sadik Transform we get
3

u(x,t)=%+ Xt+x+t

now by the result (10)that is by Double Sadik transform

6 6 3
B SxSt [f(X,t):|: a)3a+ﬁua+ﬂ + C()a+'81)3a+'8 + a)a+ﬂua+ﬂ
6 6 3

.y 2
3a+ﬂua+,6' a+ﬁ'U3a+/3 + a)aJrﬂUaJrﬁ +v SIH (1+X )

u(x,0)=878] | ——— X :
(30 tv o ) +(3u’ﬁ +u“’ﬁ)Sw(x)—a}“’ﬂSu £t+?j—a)ﬂSU (t)
6 6 3 1 | 1 2
+ + +3 +v +—+
(X t) S IS | ( )_ﬁ % ) waua a)Za a)2a a)a 3a
o’ 20" 1
- 2a - U4a - UZa

simplifying we get

dg- -p 1 1 2 2
U.(X,t)z legtl [(Q)U) (QZaua + wav2a + w3au2a + a)au4a jj

now applying Inverse Double Sadik Transform
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3
u(x,t)=%+ Xt+x+t

Conclusion
we get same solution of Telegraph Equation by Sadik Transform and Double Sadik
Transform; we observe that by Sadik transform we get a differential equation of order

2 in terms of S, [u(x,t)] but by Sadik Double transform we get an algebraic

equation in terms of two variables @, so Sadik Double Transform completely

transfer partial differential equations in terms of algebraic equation which is easy to
solve.
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