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ABSTRACT

ARTICLEINFO
In this work we present an integral transform, namely g-g-transform and defined as :
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1. Introduction:
The method of integral transformations is widely used in the classical sections of

mathematical physics, in the theory of differential equations, integral equations, in the
theory automatic regulation and control, in the theory of queuing and other areas,[4],[11].

There are various types of such transformations: the Fourier transform, Laplace, Hankel,
Meyer, Kontorovich-Lebedev series others. We confine ourselves to considering the

integral Laplace transforms, [6],[8],[10] .
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The most important property of the integral transform is that the operations
differentiation in the space of the originals corresponds to the operation of image
multiplication to the operational variable s. This property allows us to replace the solution

of differential equations to solve algebraic ones, which is much simpler.
In [9], H.Jafari introduce a new integral transformation as generalized for many integral
transformation like Laplace transformation, Fourier transformation and others. He define

it as the following:

g(f(x) = p(S)j e™ 1% f(x)dx ,p(s) #0 ,q(s) >0
0

in this work we generalize g-transformation by introducing a g-g-transformation and we
define as:

oo

g(fx) = p(s)mf f(x)e~ 9™ dx ,p(s) = 0 ,q(s) > 0 or n even positive integrer
0

2. g-g-trans formation :
2.1 Definition:

g-g-transform for a function f(x) where x € [0. oo] is defined as:
g(f(x)) = p(s)mj f(x)e‘q(s)nx dx ,p(s) #0 ,q(s) > 0or neven positive integrer
0
2.2 Examples:

— — m (® ,—(q(s)™x — ()™ —(a(s))" = PEN™
g g(l) (p(s)) fo e d'x —(q(S))ne X (q(S))n

2.3 Examples:

g—ge™) = (p(s))mf e~ (1(9)"x gax gy
0
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0

= Me—(q(s)”—a)x ) _ (p(s))m
~@e"-a RNCIOTETS

2.4 Example:

g—gix) = (P(S))m fooo e~ @GN yqx

- m[_1 —@H™x _ L —@@s)x]" = PEO™
(p(s) [(q(s))n xe ()= ¢ ]0 @)=

2.5 The following table explain g-g-transformation for some selected functions

Function
g—g(f(x)) Condition
f(x)
mi1
(q(l(’s()s))ﬁ Re(q(s)) >0

o —
(I()cizg)zgqf;z Re(q(s)) >0

(sH™ -
(q((l;))sf‘z—aa2 |Re(q(s))| > Va

3. g-g-transform of Differentiation

3.1 Theorem:

Let f be a continuous functionon [0, [ and g—g(f(x)) =g —g(s),q(s)=s,n=1 , wheres is

a positive constant then

-D* <
()" &

ak . . .
—re—8(f) = CEED PN g— g (x4 f()
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where Cik is combonation of k, i

Proof:
g—8(f®) = (&))" f;” e~(4)"% £ (x)dx GF@)lgeres = (PE)™ [ e F () dx
Then by using (Leibniz formula) we get:
;__:c g~ g(f(x)) = i'c=0 Cik((p(s))m)(i) ( fooo o—s% f(x)dx )(k—i)

Now we note:

[oe] (k—1) e}
<j e ¥ f(x)dx> = (—1)k f xk~te™S* f(x) dx
0 0

E (1));"@ g (¥ f(0)

k

Thus, ;k 9-9(f) = ;clk((p(s))m) )

OLEDE g (vr0)

(=D*

. ())mzc"( DipEN® g-g(x* f(x))

dk
79 g(f(x) =

3.2 Example:
Find g — g(xe*),such thatp(s) =s?, m=n=1,q(s) =s ,f(x) =e*

Wenotethat k=1

d ~1! ¢ o .
5999 = ( Sz) z CE-DIEHY g —g(xtieX)
i=0

= -2 Eg —gxe®) —s71g - g(ex)] == (g-9(").

d
Then,2s ' g— g(e®) —G(xe*) = g(g —g(e")

2 ( x)_d 52
-1 g~ glxe ds\s—1
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2s 2s(s — 1) — s?
-1 (s—1)2

Thus,g — g(xe*) = S

_ 2s(s—1)— 25 +25—5°
- (s — 12

(re*) = 252 — 25 —3s% + 2s 3 —s?
gmgre = s - D2 BRCEINE

3.2 Example:
Find g — g(x?sinx),such thatp(s)=s,m=2n=1,q(s) =s
Wenote k=2, f(x) = sinx
Firstwe find g — g (sinx )

thatmeans , k=1

(_

S

d D! ¢ - .
=9 g(f() = 2) Z Ck(-1)i(s>)®D g — g(x*! sinx)
i=0

d
[-g —g(xsinx) +s g — g(sinx)] = o ( g —g(sinx))

2 s? Cxsin ) = d s? 1\ 2s(s*+1)—2s°
sszy1 I 9vmmI=u\st )T (s2 +1)2
253 +2s—-2s% 2
T (s24+1)2 0 (s2+1)2
- ( xsinx) = 2s 2s 3 s?+1-1\  2s°
U g = gi st =71 (s24+1)2 S (s24+1)2 ) (s2+1)2
Second ,wetake k =2
253 s? 2(1-13s%)
_ 2 41 252 _
g gtisinx ) A o e T E T T (2 1)?
8s? 2 2(1-3s?)

ThuS,g—g(xZSinx):(Sz+1)2 T 5241 (s2+1)3

_ 25%(3s—1)  25%(3s*—1)
o (s2+1)3 0 (s2+1)3
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4. g-g- transform of integration

4.1 Theorem

Let f(x) be a piecewise function , where x € [ 0,0 [ and |f(x)| < Me** and g-g(f(x))=g-g(s) exists then
f)=g-g™ (( o) g—g9( (x))) +£(0),

where (') denoted the derivative

Proof:
Since g—g(f(x) = (p(s))™ fowe_(q(s))nxf(x)dx

m —f(x) _
= (s) - q(s)x o
) ((q<s>) SR 4 T

f e ~(a))" *f'(x) dx)

(p(s)) —( (s)) x (p(s))

()"

” (@)™ £()d 0
(q(s))n ; e f'() x)"‘f()

9-97 (=5 9~ 90D = 10— 1)

4.2 Example

Letp(s) =s,m = 2and q(s) =s,n =3

. 1 1
Find g—g (s(s3 +1) )

Solution:

58" (om) =8¢ (Fam) o
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g—a(f' (@) ==

. s?
Since g—g(e™) = vy

= thus f'(x) =e™*
fx)=[eXdx= —e™™

1

[0)= —e?=-1,67 (5(53 +1)

>= —e*+1

4.3 Example:

Take p(s) =s,m=1, q(s) =s,n=2and

1
i 1 ()
ind g-g s(s*+1)

Solution:

- (;)_ _ (i;)
£78 s(s*+1) - 978 ¢

Since g—g(sinx) = this implies that f'(x) = sinx

s*+1

f(x)=fsinxdx = —cosx , f(0)= —cos0 =-1

1
—o Y ) =— 1
2= (srr) = oo

5.Conclusion:

In this paper we find the general formula for finding the inverse of the g-g-transformation by using g-g-

tranformation for derivative of the function and then finding it by integration. Also we get g-g-transformation for

some function as form x™f(x) by using g-g-transformation of the terms x*f(x) ; k=0,1,..,n—1 .
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