45727 Abdelilah K. Hassan Sedeeg and Zahra.l. Adam Mahamoud/Elixir Appl. Math. 103 (2017) 45727-45730

Available online at www.elixirpublishers.com (Elixir International Journal)

Applied Mathematics

ISSN: 2225-712X

Elixir Appl. Math. 103 (2017) 45727-45730

Application of New Transform " Kamal Transform’’ to Ordinary

Differential Equations with Non-Constant Coefficients

Abdelilah K. Hassan Sedeeg" ? and Zahra.l. Adam Mahamoud**

*Mathematics Department Faculty of Sciences and Arts-Almikwah -Albaha University- Saudi Arabia.
Mathematics Department Faculty of Education- Holy Quran and Islamic Sciences University-Sudan.
*Mathematics Department Faculty of Sciences and Arts-Bukirayh -Algassim University- Saudi Arabia.
*Mathematics Department Faculty of Education -Omdurman Islamic University-Sudan.

ARTICLE INFO ABSTRACT

Article history: In this paper we apply a new integral transform " Kamal transform" to solve ordinary
Received: 7 January 2017; differential equation with non-constant coefficients without resorting to a new frequency
Received in revised form: domain .

5 February 2017; © 2017 Elixir All rights reserved.

Accepted: 14 February 2017,

Keywords

Kamal transform,
Ordinary Differential
Equations.

1.Introduction
A new integral transform, called Kamal transform defined for functions of exponential order, is proclaimed. We consider
function in the set A, defined by

u . @)
= {f(t): aM ky, k, > 0. |f(8)| < Me" ,if te (—1) x [0,00)}
For a given function in the set A, the constant M must be finite, while k, and k, may be infinite, the variable v in Kamal transform
is used to factor the variable ¢ in the argument of the function f£(t) . Specifically, for f(t) inA . Kamal transform is defined by:

P =t
KIF(O] = [ f®evdt = 6w) 20, ky <v<k,®
The next theorem very useful in study of differential equations having non-constant coefficients.
Theorem : Let G(v) is Kamal transform of f(¢), then :

AK[Lf(b)] = v? i -(G(v))

D) KItf ()] = [1 G(v) - f(0>]

C)K[tf”(t)] =2 L[L6w) - —f(O) — 1)

Dilezf(e)] = vt L (G(v)) +20° L (6w))
[

VKleF©] = v —( 6v) - f(0))+z 'L (360 - 1)
D K[z 0] = vt & (L60) - 20 - F(0)) + 20° & (260) - L5(0) - (0)

Proof : a) By the definition , we have:

Gw) = f " fwe dt
0

Differentiate two sides with respect to v :

d 0T
60 =5 | e roue

And,
¢ W) = [ 2(ev) f0at = 5 [ evef e = SKief )]
Thus,
K[tf ()] = v* 1 (6 () )
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To prove (b)and (c), put £ (¢) = f'(t) and f (t) = f "'(t) respectively in Eq.(4) .
d) By differentiating Eq.(3) with respect to v, we get:

d | 0 (1 /(% =
@ =2 ([ Foa)|

© £2

" 1 t -t 2 @ -t
') = 5| Ff@evde 5| et

And,

Thus
KIEF©)] = v* 5 (6@) + 20* L (6(w)) )

Toprove (e)and (f),put f(t) = f'(t)and f (t) = f"(t) respectively in Eq.(5) .

2. Application of Kamal Transform of Ordinary Differential Equations:

In this section we solve for some ordinary differential equations with variables coefficients .
Example 2.1
Let's consider the following ordinary differential equation :

ty'+(t+1)y +2y=e* , y(0)=0 ,y'(0) =1(6)

Applying Kamal transform to both sides of Eq.(6)
K[ty" + (t + Dy + 2y] = K[e™*](7)
Using the differential property of Kamal transform , Eq.(7) can be written as:

2 2K0) — 230~y @ ) + LK)~ y©0) + 52 (TK) - y0))} + 2K () =
v\ KO~y y ;KO -y vdvv(y)y() y) =

1+v
Where K(y) is Kamal transform of the function y(t)
Now , applying the initial conditions , we get :

2 1
K'(y) — ;K(y) + ;K(y) +vK'(y) —K(y) + 2K(y) =

1+v
And,
K'O)+ oK) = —
Y v(1+v) y) = 1+ v)2
This is a linear differential equation for unknown function K(y) , have the Solution in the form :
__* o (8
K@) = a2 T @2

Now , applying the inverse Kamal transform to Eq.(8) , then we find the solution of Eq.(6) is:

y(®) = K1 [ LA
1+v)2 (1+v)?

=te?t, wherec =10

Example 2.2:
Let's consider the ordinary differential equation :
ty'+y +ty=0 , y(0)=1 ,y'(0)=0(9)

Applying Kamal transform to both sides of Eq.(9)

K[y" +y' +ty] = 0(10)
Using the differential property of Kamal transform , Eq.(10) can be written as:

d /1 1 1 d
v’ 5(;1{@) - ¥(0) - y'(0)> + (;K(y) - y(O)) +v2 - (K() =0

Now , applying the initial conditions , we get

K') ~2KO) 414 KG) ~ 1+ 92K () = 0
And K' ()1 +v%)-2K(y) =0

Or Ky _ 1 _1_ v
K@) v(1+v2) v (1+v?)

Thus ,

K(y) = Ji(ll)

1+v2

Now , applying the inverse Kamal transform to Eq.(11) ,then the solution of Eq.(9) is:
y() = CK'1[ ] =Jo(t) , where c=1
Example 2.3:
Let's consider the ordinary differential equation :
t’y' + 2ty = sinht , y(0) = 2(12)
2
Applying Kamal transform to both sides of Eq.(12)

K[t?*y' + 2ty] = K[sinh t](13)
Using the differential property of Kamal transform , Eq.(13) can be written as:

v

1+v2
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2 2

o4 (1 d .
v 2< K(y) - y(O))+2v d—( K(y) - y(0)>+2v K'(y) =

Now , applying the initial conditions , we get
2 [oe]
— 2j+2
2 Z v?

1—v?

VK" (y) + 20°K'(y) =

j=1
And ,
173K”(y) + ZvZKl(y) — Z v2j+2
j=1
And ,
V2K (y) + 2vK'(y) = Z v+l
j=1
Or
ZKr(y) — pi+1
j=1
Thus,
K %2 vHtt (14)
) = G €2

Now , applying the inverse Kamal transform to Eq.(14) , then the solutlon of Eq.(12) is:

_a [ TRt 22, ¢4
_ 1 . a =2
yO =K (2j+2)(2j+1) 2] (2j+2)!
Example 2.4

Let's consider the following ordinary differential equation :
t2y" + 4ty + 2y = 12t> , y(0) = y'(0) = 0(15)
Applying Kamal transform to both sides of Eq.(9)
K[t?y" + 4ty' + 2y] = K[12t?](16)
Using the differential property of Kamal transform Eq.(16 ) can be written as:

d’ (1 d (1 1 ,
{ (K0 5y ~y ) + 207 E(—chy)—;ym)—ym))}+

, where c¢;=¢c;=0

{4112 i<1K(y) - y(O))} + 2K (y) = 2403
dv\v

Now , applying the initial conditions , we get

{(v’K'" (y) — 2vK'(y) + 2K(y)} + 4vK'(y) — 4K(y) + 2K(y) = 2403
And, v2K" (y) + 2vK'(y) = 2403
or

div(sz’(y)) = 2403
And ,

K'(y) = v_12<J 24v3 dv + cl)
Thus,
K(y) = 2v3 + cv—l + ¢,(17)
Now , applying the inverse Kamal transform to Eq.(17) , then the solution of Eq.(15) is:
y(t) =K1 [2173 +cv—1+ cz] =t?,where c;=c¢c; =0
Conclusion
Application of Kamal transform to Solution of ordinary differential equation with variable Coefficients has been demonstrated.
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