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ABSTRACT

equations.

In this paper we introduce some properties and definition of the new transform, called Tarig
transform. Farther, we use this transform to solve the linear systems of ordinary differential
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Introduction

In the literature there are numerous integral transforms and
widely used in physics, astronomy as well as in engineering .The
integral transform method is also an efficient method to solve
the system of ordinary differential equations. Recently, Tarig M.
ELzaki introduced a new transform and named as Tarig
transform which is defined by the following formula.

T[f (t)}=F(u)=ule (t)e‘%dt , 120 ,u#0

And applied this new transform to the solution of system of
ordinary differential equations. In this study, our purpose is to
show the applicability of this interesting new transform and its
efficiency in solving the linear system of ordinary differential
equations.

Theorem 1:

If T[f (t)]zF(u) , thenT[f (at)]le(au)

a
Proof:
= ot
We have T |:f (at)} :je uf (aut )dt . Let x =at, then
0
we get:

T[f (m)]:je«if (wx )dx =L F (ar)

a
Theorem 2:
If a,b are any constants and f (l‘) and g (l‘ ) are any
functions, then:
T[af (t)+bg(t)]=aT (f (t))+bT (g (1))

Proof:

o —t

T[f(l)]=Tf(ut)e%dz. And T[g(f)]z-[g(ut)ejdt, then:
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o~

T [af (t)+b g (Z)J:Je7[af (ut)+b g (ut)]dt
Theorem 3: '

If T[f (t)]=F(u) then:

P L ey iy rre)-"- L ro-Lro)

() 1l 0]=""
(i) 7] 1] =8-S 0 o)

F
u

Proof:

oo -t

(i)T [f (¢ )} = ljf (¢ )efdz . Integrating by parts to find
u

0

that:
Tr()] =;{—f (0)+-7[f (s )]}
And T[f’(z)j Fu(?)—:f (0)
(ii)By (i) T [G'(z)]:T [j}f)] —ulG (0). Let
G(l‘)=f’(t) then
)R- o)< L o)L ) o

1

L= r0)-L )

The generalization to nth order derivatives in (iii) can be

proved by using mathematical induction.
Theorem 4:

T [f (t)]=G (u) ana L[f (1)]=F (s) then:

1
G ()= F(Fj where F (s) is the Laplace transform of f (z )

u
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Proof:

T[f (t)]:Tf (m)ﬁdt =G (u) Let w=ut,thenwe
have: '

]
G(M)ZJf(w)e”z—wz “
0 u u
System of Ordinary Differential Equations
Tarig transform method is very effective for the solution of
the response of a linear system governed by an ordinary
differential equation to the initial data and | or to an external
disturbance (or external input function). More precisely, we seek
the solution of a linear system for its state at subsequent time

t >0 due to the initial state at =0 and / or to the

disturbance applied for ¢ > 0.
Example 1:
Consider the following system,
dx (1)  dy (1)

" 7+x(t)+y(t):1 0

dyTit)ZZx(t)—i-y(t)

With the initial conditions:

x(0)=0, y(0)=1 (@)
Solution:-
Using Tarig transform into eq(1) we have:
f(u)_x(O) y(u)_y(O) _ P
3 y + % p +x(u)+y(u)—u(3)
) O ez
u u

Where X,y are Tarig transform of X ,y . Substituting eq(2)
into eq(3) we get:

(1+u2)f(u)+(l+u2)§(u) =u’+u
)

(l—uz)ﬁ(u)—Zuzf(u):u

And

7(14)22”5 -}-31/[3 +u=2u u - y([):Fﬁl |:2u_ u }22—87[
(Huz)z 1+’ 1+’
Substituting y (l ) into eq (1) we get:
Example 2:

Consider the following non — homogenous differential
system,

d);(tt)—z(t)z—cost -
dyd (t’) (1) =

dz (1)

(50

With the initial conditions:
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=

(0)=1.5(0) =0, z(0)=2 ¢

Solution:
Taking Tarig transform of eq(5)we have:

@_x(o)_g(u)z_L

u u 1+u*
y() _ y(O)_Z(M):_l_“ G
- )5t

Substituting eq (6) into eq(7) we get:

f(u)—uzf(u)zu—

—u ®

Or
Z(u)—2u =u2)?(u)—u2)7(

<
~

5 5
u u

- l+u* 1-u

and z(u)

u
z(u)=2u+u3—1+u4 +1—u

z(t)zF’[

2

z}ze‘ +cost

+
I+u* 1-u
Substituting z (l‘ ) into eq (5) we have:

dx(t)
dt
By using x (0)=1 we get ¢ = 0 and x (r)=e" . Substituting

=z(t)—cost=¢' = x(t)=¢ +c

x(t) and z(t) intoeq(5) yields,

dz .
t)= x (1)-===sint
y(t)=x(r) o sin

Example 3:
Consider the following second order system of differential
equation,

d’x (t) B
o ty()=1 ©
dZ
a);z(t)+x(t)=0
With initial conditions:
x(0)=x(0) = y(0)=y"(0)=0 (10)

Solution:
Applying Tarig transform to eq (9), we get:

F)_x(0)_¥0),

=u
ut u’ u an
y (:4)_)7(30)_)’ (0)+f(u):O
u u u



3228 Tarig et al./ Elixir Appl. Math. 36 (2011) 3226-3229

Substituting eq(10) into eq(11) we have:
)?(u )+u4)7(u ) =u’
u4x_(u)+)7(u):0

(1_u8)j(u)=us = }(u)=1_ux =(1—u2)(1+”2)(1+”4)

U u u _F u u u
e {148 4Awb) Al = AP Ab) A+l

1

111
x(t)=—e"+—¢" —=cost
4 4

Substituting X (t ) in to eq(9) we get:

d’x (1 1, 1 1
y(t)= 1—# =l—-—e'——e ' ——cost
dt 4 4 2
Example 4:
Consider the following second order system of differential

equation,

2 2
d xgt)+d yz(t) 642
dt dt (12)
d’x (t)+dx (t)_dy (1)
dt? dt dt
With the initial conditions:
x(0)=1,x"(0)==1,y(0)=0 , y’(0)=2 (3)
Solution:

By using Tarig transform into eq (12) we get:
2X(u) _2x(0) 2JC'(O)+ yw) _yO) _ Y0 _ L2t

=0

F o a w19
w20 _FO0), 5w _x0) 3w 0 _,
u u u u u u u

Substituting eq(13) in to eq(14) we have,
5

_ N 5. 2u

25 (u)+y (u)=6u +1+u2+2u Or
(1+u2)f(u)—u2)7(u)=u

7

+2u’ +u

2\ = o7, u
(l+3u )x(u)—6u +1

+u’

_ 6u’+8u’ +2u’+3u’
(1+3u2)x( )= u + M(:—+:2)+ u +u
2u5(3u4+4u2+1)+ u(3u2+1)

(1+u7)(1+3u%)

x(u)=

u
2
u

x(u)=2u+ Then:x(t)zF‘[Zu5+ “ }=t2+e_’

1+u’

Substituting X (t ) into eq (12) yields:
dy d’x d
DT T ooy = y()=2+7+c
dt dt™ dt

By using, ¥ (0) =0 we get, c =0, and

y(t)=2t+27
Conclusion

Tarig transform provides powerful method for analyzing
derivatives. It is heavily used to solve differential equations and
system of ordinary differential equations.
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Appendix Tarig Transform of Some Functions

S.NO. f (l) F(u)
1 1 u
2 t u’
3 eat u
1—au’
4 t" n! u2n+l
5 e T(a+1)u*
6 sinat au’
1+a’u*
cosat u
1+a’u’
sinhat au’
1-a%u*
9 coshat u
1—a’u*
10 H(t—a) =
ue"
11 — —a
S(r—a) 1,z
u
12 te® u’
(1-a’)
13 | ¢“sinbt bu’
(l—auz)2 +b%u*
t 2
0
15 | (f*g)® uM (u)N (u)
16 | e“cosbt u(1-au’)
(l—auz)2+b:u4
17 e coshbt u(l—auz)
(l—auz)—b2u4
18 e sinbt bu’
(l—auz)2 —-bu*
19 tsinat 2au’
(1+a2u4)2
20 t cosat u3(1_a2u4)
(l+a2u4)2
21 t sinhat 2au’
(1—a2u4)2
22 | tcoshat w(1+a’u’)
(1—a2u4)2




