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ABSTRACT

In this paper, we introduced a new integral transform namely Hunaiber transform. Proved operational properties of Hunaiber transform and presented the
Hunaiber transform for some functions. Hunaiber transform was applied to solve linear ordinary differential equations with constant coefficients.
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INTRODUCTION

Hunaiber Transform is derived from the classical Fourier integral.
Hunaiber Transform was introduced by Mona Hunaiber to facilitate
the process of solving differential equations. There are so many
integral transforms has been developed for removing different
differential operators, see in [1], [3], [4], [5], [6], [7], [9]. Fourier,
Laplace, Elzaki,Aboodh, Tarig, Sumudu, Mahgoub, Kamal and
Sadiktransforms are the convenient mathematical tools for solving
differential equations. Also, Hunaiber transform and some of its
fundamental properties are used to solve differential equations.

Definition.

Let 1 (y) be piecewise continuous on the interval 0 < y < k for
any k > 0, and|y(y)| < Te* wherey = M, forany real
constant a and somepositive constants T and M. The Hunaiber
transform denoted by the operator H(. )is defined by

o0

HRp ()] = W, B) = 1 f T Y dy (L1)

0

where u is complex variable, a # 0 and S are real numbers. The
operator H is called the Hunaiber transform operator.

HUNAIBER TRANSFORM OF ELEMENTARY
FUNCTIONS

(1). If the function ¥(y) = 1,then
Co uf
Hp ()] = u# f e dy =2 (21)
0
(2). If the function ¥(y) =y ,then

- B
Hp ()] = uf f e ydy = I @22)
0
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(3). Ifthe function ¥(y) =y? ,then

5 [ yu o _ 2P
B = 8 [ e yray =2 23)
0
(4). If the function Y(y) =y™,n=0,1,2,...,then
; « nluf
Hly()] = uf f eV ytdy = ata) (2.4)
0
(5). If the function Y(y) = e%,then
p e b
Hp)] = 0 [ e eordy = @5)
0

(6). Ifthe function (y) = sinay,then

o

B . .
HIpO)] = f [ e sinay dy =57 [ e (er = e=e)ay
0 0
_

= ey 229

(7). If the function ¥ (y) = cos ay,then

0

HEp ()] = b f e cos ay dy =
0

W .

-yYu aty —aiy)q
2 f e (e +e ) Y
0

B,
uwru
=y @7

(8). Ifthe function ¥(y) = sinhay ,then

o

B
—yu . au
K] = 18 [ e sinhay dy = s (@28)
0
(9). If the function ¥(y) = coshay ,then
(e uPue
H[¢(V)] = ,UB f e Y1 cosh ay d}’ = m (2.9)

0
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Theorem

Let W(u*, B)be the Hunaiber transform of the function ¥ (y), then
M HIY'WN] = P @ B) — uf(0)
(ii) Hp"()] = W, B) — u*1Pp(0) — uP'(0)

(i) Hy™ @) = pro®w (u, B) — u™D*uPp(0)
— p=Day By ©) . By (n=1)()
Proof:

(i) By the definition (1.1),we have

o

HIY'()] = pu# f e Y'(y)dy
0
Integrating by parts,we obtain

HY' ()] = p* (s, B) — uPp(0)
(ii) By the definition (1.1), we have 3}
HIY' )] = 07 [ e )y
Integrating by parts,we obtain ’
H[Y" ()] = w2 ¥, B) — u*uPp(0) — php'(0)
(iii) Can be proof by mathematical induction.

APPLICATION OF HUNAIBER TRANSFORM OF
ORDINARY DIFFERENTIAL EQUATIONS

As stated in the introduction of this paper, the Hunaiber transform can
be used as an operative tool. For analyzing the basic characteristics
of a linear system ruled by the differential equation in response to
initial data. The following examples illustrate the use of the Hunaiber
transform in solving certain initial value problems described by
ordinary differential equations.

Consider the first-order ordinary differential equation

dy

ay +py =), y>0 3D
with the initial condition

y(0) =a, (3-2)

where a and p are constants.

Applying the Hunaiber transform to both sides of Eq. (3.1), we have

d
|5+ ey = Hw )l (3:3)

Using the differential property of Hunaiber transform, Eq.(3.3) can be
written as
peHlyl = 1Py (0) + pHly] = Y (s, ) (34

Using the initial condition(3.2)gives

_ Y p) + ap?

H
[v] T p

(3.5)

The inverse Hunaiber transform leads to the solution.

Consider the second-order linear ordinary differential equation has
the general form

d*y dy
with the initial conditions
y(0) =a , y'(0)=b, 3.7)

where a, b, pandgq are constants.

Applying the Hunaiber transform to both sides of Eq.(3.6), we have

d? d
HIZY 4202 4 gy| = HIpOI

dy? dy 38)

Using the differential property of Hunaiber transform, Eq. (3.8)and
using the initial conditions, we obtain

w2 Hly] — u*ufy(0) — uPy’(0) + 2pu*H[y] — 2puPy(0)
+ qH[y] = P (u*, B)

Using the initial conditions (3.7), we get

(3.9)

P B) auf (u + 2p) buf
W2+ 2ppt +q PP+ 2ppt+q  pP* +2pu +q

Hly] = (3.10)

The inverse Hunaiber transform leads to the solution.

Example 1.Consider the first order differential equation

——-2y=0, y(0)=1

v (3.11)

Take Hunaiber transform to this equation gives

pHly] — ufy(0) + 2H[y] = 0, (3.12)

whereH is the Hunaiber transform of the function y(y).
Applying the initial condition, we get

(u* + 2)H[y] = uf(3.13)

MB

H[y] = m (314)

Now, applying the inverse Hunaiber transform, we get

]
y(y) =H7 [ﬂ“ﬂ+ 2] =e % (3.15)

Example2. Consider the second-order differential equation

d? d
Y 32 42y=0,

o7 3% (3.16)

y(0)=1, y(0)=4

Applying the Hunaiber transform to both sides of the equation gives

By — B
P (u* —3) 4pu
Hiyl = 5= TR (3.17)
u 3ut+2 u 3ut+2
3uf (u* — 1) 4 uP —2uPpc
Hly] = (3.18)

W*=D@*-2) @*-1D@*-2)
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_ 3uf _ 2ub
HIyl = 2m — ey (3.19)
Inverting to find the solution in the form
y(y) =3e* —2¢¥ (3.20)

Example 3.Consider the second-order differential equation

dZ
—y+4y=12)/.

ay? y(0) =0, y(0)=7 (3.21)

Applying the Hunaiber transform to both sides of the equation gives

12uP 7ub
Hlyl = U2 (u2e + 4) + U2 4+ 4 (3.22)
12u8 + 3uf e 4uP
Hly] = u2% (u2% + 4) U2 + 4 (3.23)
3uf 4uf
Hly] = P (3.24)
Inverting to find the solution in the form
y(y) =3y +4sin2y (3.25)

CONCLUSION
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