Advances in Theoretical and Applied Mathematics

ISSN 0973-4554 Volume 11, Number 4 (2016), pp. 383-389
© Research India Publications
http://www.ripublication.com

On The Solution of Ordinary Differential Equation
with Variable Coefficients using Aboodh Transform

L3Mohand M. Abdelrahim Mahgoub, **Khalid Suliman Aboodh,
23 Abdelbagy A.Alshikh

!Department of Mathematics, Faculty of Science & technology,
Omdurman Islamic University, Khartoum, Sudan.

2Mathematics Department Faculty of Education
Alzaeim Alazhari University- Khartoum —Sudan.

$Mathematics Department Faculty of Sciences and Arts
Almikwah -Albaha University- Saudi Arabia.

*Department of Mathematics, Bisha Faculty of Science & Arts
King Khalid University, Saudi Arabia.

Abstract

In this paper, we apply a new integral transform " Aboodh transform" to solve
some ordinary differential equation with variable coefficients, The result
reveals that the proposed method is very efficient, simple and can be applied
to linear and nonlinear differential equations.
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1. INTRODUCTION

There are several integral transforms [1] like, Laplace Transform, Fourier Transform,
Sumudu Transform [2-3] , Elzaki Transform [4-6], ZZ Transform [7], Natural
Transform and Aboodh Transform, to crack the DEs and IEs. Of these the most
widely used transform is Laplace Transform.

Recently, Khalid Aboodh, has introduced a new integral transform, named the
Aboodh transform[8-11],and it has further applied to the solution of ordinary and
partial differential equations. This transformation has deeper connection with the
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Laplace and Elzaki Transform. The main objective is to introduce solution of
Ordinary Differential Equation with Variable Coefficients by using Aboodh transform
.The plane of the paper is as follows: In section 2, we introduce the basic idea of
Aboodh transform, Application in 3 and conclusion in 4, respectively.

2. DEFINITIONS AND STANDARD RUSELTS
Aboodh transform :
Definition :

A new transform called the Aboodh transform defined for function of exponential
order we consider functions in the set A, defined by:

A={f():3M,ky,k, >0, [f()] < Me™"t

For a given function in the set M must be finite number,k,,k, may be finite or
infinite. Aboodh transform which is defined by the integral equation

AlfO] =K@) == [ f()e™dtt 2 0,k; <v <k, (1)

Aboodh transform of some functions :

A ==, A(") =—m, Ale™) =

v2 —-av

A(sin(at)) = , A(cos(at)) =

a
v(v2+a?) (v?+a?)

Aboodh transform of derivatives :
Theorem |
If Aboodh transform of the function f(t) given by A[f(t)] = K(v), then:

1) A[f'®] = vk@) -2 Al 0] = vk @) - L2 — £ (0)
AlfO O] = vK @) - Tt L
2) (i) AltF(D} = — k(@) — L k(v)
(i) ALtf' (0} = —=|vk(w) = L2] =3 [vk() - 52,
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(i) Afes" () =~ L[v2k@) L2 - £()] - vk @) - L2~ £ (0)]

2 prey A2 o dK®) L f(O)
(V) At f'O}=v—+2———273
(V) ALE2f" (0} = v? T2 4 4y LDy op(v) — 22O

Proof

2) ()  AF(O)=K®) =1 [ f(Oe " dt
LKW =K'(v) == ["2f(t)e " dt = °°; (1 ) f(eat
= (——e‘”t) (tf@®)dt + [ —Ze " f(Ddt
= —A(tf () — 2K (v)
A(tf () = —dd—uK(v) — S A(K()).

iv)  ALF (0} =~ [-v2 LD 4 2uk () - L9
2@k, dk@) ., dk@®) _ f(0)
= ( vi—— = 2v— 2v—- 2k(v) +2 v3)

d2k(v) d k(v) 7'(0)
172 dv? + 4v +2k( ) 217_3

3. APPLICATION

In this section: we apply the above theorem to find Aboodh transform for some
differential equations

Example |
Solve the differential equation:

y'+ty'—y=0 2

With the initial condition ,y(0) =0, y'(0) =1 3)
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Solution

Using the differential property of Aboodh transform Eq.(2) can be written as
2 _1l_a _ _ —
v°K(v) - vk(v) —k(v) —k(v) =0

—v=-k(v) — 3k(v) + vZk(v) =:

k(@) - (v = 3v)k(v) = —— 4)

v2

This is a linear differential equation for unknown function k, have the Solution in the
form

k(v) = vig+ ces” and C=0  then: k(v) = = (5)

3

By using the inverse Aboodh transform we obtain the Solution in the form of

y(@) =t (6)

Example 11
Solve the differential equation:
y'+ty'—4y =6 @)
With the initial condition ,y(0) =0, y'(0) =0 (8)

Solution

Using the differential property of Aboodh transform Eq.(7) can be written as

v2K(v) — 2% [vk(v) — 2k(v) — 4k(v)] = iz

v

—ZU%k(v) — 8k(v) + v2k(v) ==

%k(v)—(—%v+g)k(v):_i ©)

p3
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This is a linear differential equation for unknown function k, have the Solution in the
form

k(v) = v% +ce ™ and =0, then: k(v) = v% (10)
By using the inverse Aboodh transform we obtain the Solution in the form of
y(t) = 3t? (11)
Example 111
Solve the differential equation:
ty"+(1-2t)y'—2y=0 (12)
With the initial condition ,y(0) =1, y'(0) =2 (13)

Solution

Using the differential property of Aboodh transform Eq.(12) can be written as

% E +1- vzk(v)] + % E +1- vzk(v)]

+%E - vk(v)] —2k(v) =0

2o

~20% L k(w) + 20 L k(v) — 20k () + 2k(v) = 0

1
+vk(v) — o 2

(v? — 2v) = k(v) — (2v = 2)k(v) = 0 (14)

This is a linear differential equation for unknown function k, have the Solution in the
form

C
v2-2p

1
v2-2v

k(v) = and C =1,thenik(v) = (15)

By using the inverse Aboodh transform we obtain the Solution in the form of
y(t) = e* (16)
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Example 1V
Solve the differential equation:
t2y" + 4ty' + 2y = 12t? (17)
With the initial condition ,y(0) =0, y'(0) =0 (18)

Solution

Using the differential property of Aboodh transform Eq.(17) can be written as

d k(v)

2
2KW) | 4, 4K | 2k(v) — 4v———4k(v) + 2k(v) = %

dv? dv

By simplifying above equation, we have

d?k(v) _ 24

dv?z  v6 (19)
The solution of this equation can be written in the form.
k(v) = 22:4 +cv+cy (20)
By substituting the initial condition (30) into equation (32) we get
k(v) = == =32 (21)

2004~ 5pt

By using the inverse Aboodh transform we obtain the Solution in the form of

y(©) =;t? (22)

CONCLUSION

The " Aboodh transform, whose fundamental properties are presented in this paper, is
little known and not widely used . In this paper, we apply a new integral transform "
Aboodh transform" to solve some ordinary differential equation with variable
coefficients , The result reveals that the proposed method is very efficient, simple and
can be applied to linear and nonlinear differential equations
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