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1. Introduction

As fractional calculus is the generalization of notions of
integer-order differentiation and n-fold integration, we can
accomplish what integer-order calculus cannot. Because of
wide range of applications in science and engineering, it will
lead to great future developments in different fields.

There are many integral transforms that are used in differ-
ent fields of science and engineering. Particularly, to solve
differential equations of fractional order, integral transforms
are widely used and so many research works are carried out
on the theory and applications of Laplace transform, Fourier
transform and Mellin transform. The most popular integral
transform with exponential type kernel is the Laplace trans-
form. Laplace transform has proved its dominancy in the
applications of engineering and applied science. In the recent
years, many integral transforms with exponential type kernel
have been introduced.

The following table explores various integral transforms
with exponential type kernel.

Table 1. Integral transforms with exponential type kernel

[ SNo | Name of the integral transform [ Kernel ‘

1 Laplace transform(1749-1827) k(x,v)=e"™

2 Sumudu transform(1993) k(x,v)

3 Laplace-Carson transform (1886-1940) k(x,v) =

4 N-transform(2008),zz-transform(2016) k(x,s,v) =

5 Elzaki transform(2011) k(x,v)

6 Tarig transform(2013),New integral transform(2013) k(x,v) =

7 Aboodh transform(2016) k(x,v) =

8 Kamal transform(2016), Yang transform(2018) k(x,v)

9 Mahgoub transform((2018),New transform(2018) k(x,v)

Definition 1.1. Let f{x) be sectionally continuous on the inter-
val 0 <x < T forany T >0 and |f(x)| < meP* when x > N
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for any beR and m,NeR™. We define Sadik transform of f(x)
as

Uf(x)] = F(v*P) = viﬁ /O e f(x)dx (1.1)

where v is a complex variable, o0 > 0 and BeR.

All the transforms in the table 1 become particular cases
of Sadik transform.
By changing the values of o and f, the Sadik transform is
not only converted into the Laplace, Sumudu, Elzaki, Tarig,
Kamal, Laplace-Carson, Aboodh but will also be converted
into those integral transforms which are actually not present
in the literature.

By fixing values of a and f3, the following table shows
how Sadik transform is converted into the different integral
transforms.

Table 2. Conversion of Sadik transform to various integral
transforms
[ SNo | Valuesof aand f |

Sadik transform converts into \

1 B=0anda=1 Laplace transform

2 p=landa=—1 Sumudu transform

3 Bp=—-landa=1 Laplace-Carson transform

4 B=land o =—1 N-transform, zz-transform

5 B=—-landa=-1 Elzaki transform

6 B =1and o =—2 | Tarig transform, New integral transform
7 B=landa=1 Aboodh transform

8 B=0and ox =—1 Kamal transform, Yang transform

9 B=—-landa=1 Mahgoub transform, New transform

The function f(x) so involved in (1.1) is usually continu-
ous and continuously differentiable and the question is what
happens when it is continuous but with a fractional derivative
of order @, 0 < a < 1 only. There are two cases. In the first
case, f(x) has both a continuous derivative and a fractional
derivative. In the second case, f(x) has a derivative of order
o, 0 < a < 1 but has no derivative. For the second case we
have to find an alternative. The main goal of this article is to
provide a possible approach to this alternative.

Recently, some fractional integral transforms as generaliza-
tions of the classical integral transforms have been introduced.
The main purpose of fractional integral transforms is to solve
fractional differential equations arising in engineering as well
as in science fields. For example, the optics problems can also
be interpreted by fractional fourier transform.

The following is a fractional integral transform which is a
generalization of some existing fractional integral transforms
with exponential type kernel as well as many classical integral
transforms.

Definition 1.2. Let f{x) be a function vanishing for negative
values of x. It’s generalized integral transform of fractional
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order o, 0 < o < 1 with exponential type kernel, is defined by

Sulr} =aa00h) = () [ Ealory®
S

1\% M
= lim <vﬁ> A Eq(—xv")% f(x)(dx)* (1.2)
where v is a complex variable, v is any non-zero real number,

B is any real number and Eq(u) is the Mittag-Leffler function
k

L Gary

The following table explores how the generalized frac-
tional integral transform with exponential type kernel is con-
verted into fractional order integral transforms by assigning
particular values of 8 and 7.

Table 3. Conversion of the generalized fractional integral
transform with exponential type kernel into existing
fractional integral transforms
S.No Values of  and y

The generalized
fractional integral
transform with
exponential type kernel
converts into

1 B=0andy=1 Fractional Laplace
transform
Fractional Sumudu
transform
Fractional Natural
transform
Fractional Elzaki

transform

2 B=landy=—1

3 Bp=1landy=—1

4 B=—-landy=—1

2. Preliminaries

In this section, we recall some definitions and basic results
of fractional calculus which will be used throughout the paper.

Definition 2.1. A function f(x) is of fractional exponential
order o,0 < o < 1 if there are positive real constants c,M and
A such that Eq(—xcV)| f(x)| < M for all x > A where Eq(u) is

; . k .
the Mittag-Leffler function Y, @ and 'y is any non-zero real
number.

2.1 Sufficient conditions for the existence of the gen-
eralized fractional integral transform with expo-
nential type kernel

Theorem 2.2. Let a function f{(x) be sectionally continuous in

each finite subinterval of the intervals 0 < x <A and x > A for

any positive real constant A. If f{x) is of fractional exponential
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order o, 0 < o < 1 then the generalized fractional integral
transform with exponential type kernel of f{x) defined by (1.2)
exists.

Proof. For any A > 0,

<> / Eq(—xv?)* f(x)(dx)*
+<vﬁ> | Eal-a) () )

As f(x) is sectionally continuous in 0 < x < A, the first inte-
gral in (2.1) exists

Now,
/ Eo(—xv))*f
A

Sa{f(x)
2.1)

(x) (dx)*

< / Eq(—xv")®
0

X MEg (xc")*(dx)*
/A Eg(—xv")*f / MEq(—x(v¥ —c"))*
dx)*

Taking 7 = x(v¥ — ¢¥) and using

Ta(x) :ﬁ/jm(—z)%(ﬂw(daa,
we have
/Ea (=) % £ (x) (dx)® <ﬁra(1)r(a+1)

Hence the second integral in (2.1) exists and so the generalized
fractional integral transform with exponential type kernel of
f(x) defined by (1.2) exists. O

Definition 2.3. Let us consider a class <f of functions f(x)
as follows

of ={f(x)|3IM,k and/or ky > 0 such that
|f(x)| <MEq (|xlk;"), ifx € (=1) x[0,e0)}

where the constant M must be finite, while k\ and ky may be
finite or infinite, 0 < o < 1 and y is any non-zero real number.
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<f B (—0")? £ ()] (dx)
< /0 " Eol(—0) | £(x) ()

2.2 Duality relation between the fractional laplace
transform and the generalized fractional integral
transform with exponential type kernel

Theorem 2.4. Let Fy(v) be the laplace transform of frac-

tional order o of a function fix) and Ay (VPY) be the general-

ized integral transform of fractional order o with exponential
type kernel of the same function f(x). Then

A(PT) = (lﬁ)amw)

1%

Proof. Let f(x) € o/. By the generalized fractional integral
transform with exponential type kernel, we have

Ag(VP7) = (v1ﬁ> a /000 Eq(—xv?)* f(x)(dx)*

_ (VZ)QFQM

3. Operational Properties
(i)
Sa{tn} —

1 1 n
oy Gy e (g +) e+

Proof.

So{t"} ( )/Ea —tv) %" (dt)*

By taking tv¥ = x, and using

Co(x) = a+1 / Eq(— “Degn® (3.1)
we have,
Sa{tn}:(v;)a(v},)(wra (Z+1)r(@+1)
0
(i)
Sa{1"} = (;)QWF(”“)(OC—H)F(M—I)

Proof.
1\ [
Sa{i") = (= / Eq(—tv") %" (d1)®
VB 0
By taking tv¥ = x,and using (3.1), we have

S {f"} = (:ﬁ) Wfa(n—i— DI(a+1)
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Since (V)

To(n+1) =I"(a+ DI(n+1),n €N, Sa{Ea(—c"2")f ()} = Sa{f ()} o7t

We have,

Proof.
nay _ i * 1 (n+1) n
Sa{t"*} <vﬁ) (w)(m)al‘ (a+1DI(n+1) SulEa(—c® (ﬁ) " Eg(—x)®
O v 0
(ii) X Eq(—c®x%) f(x)(dx)®
Sa{f(aX)}=az%Aa(v7ﬁ) (VB) /0 (v +c))”
f(x)(dx
Proof.
g L\ e Sa{Ea(—c*x%)f(x)} Sa{f(X)}qum
Sulst@n) = (55 ) [ Bal-n) (e (@9 .
1\“ M
Sulstan) a5 ) tm [ Bl
X f(ax)(dx) I\
Sulf ) = 015l 0} - (55 ) T+ 000
By taking ax=u, we have
a-1 Proof.

Saf{f(ax)} (x< lim

i)
e
s

Teo JO

vy

Sa{f(® ( ) / Ea(—0")® £ () (dx)®

By integration by parts and using

)1
) lim Ea —u?)*

Moo Jo

i ¢

Sa{f(ax)} =—zSa{f(x)} DY{Eq(Ax")} =AEq(Ax%)

[0 we have

(iv) (@) ()} — i * X Y
o o)} — ()50 1)) Salr @) = (15 {T0+ W7

Proof: +Vya /()m7 Ea(_xvy)af(X) (dX)a}
sutrto=m) = (55) [ Bat= e b —- (Vlﬁ)ar(l +a)f(0
1\ ¢ M vyoc
:a<vﬁ> 1{;%10 A Eq(—xv")*(M —x)*~! / Eq(—xv)% dx)®
X f(x—b)dx

Sul /) = (175al70) - (55 ) T+ )110)

By taking x-b=u, we have

a b 3.2)
Suls-0) =a( ) tim [* 0=
O
X Eq(—(v")¥(b-+ w)®) f(u)du
Sa{f(x=b)} =Ea(=b""*)Sa{f(u)} (vii)
- Sa{ [ 700} =y (e+ DSal 06}

SR
“l"f
547
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Proof. From (3.2),

0780} =Salr @) + (55 ) T+ a)f(0

Let g(x) = [y f(x)(dx)*. Then g(0) =0

067)8a{ [ 700" } =Sa e ()}

—sa{ D% [ 1) ()"}

=Sa{l(a+1)f(x)}
=I(a+1)Sa{f(x)}

Saf [ 7000} =TT+ )Sadl )

4. Convolution theorem

Theorem 4.1. If the convolution of order & of the two func-
tions f(x) and g(x) is given by the expression

(a(x)*b(x))e = /Oxa(x —u)b(u)(du)*

then one has the equality

Safa(®) +b(x)} =(v#)%Safa(x)}Sa {b(x)}
Proof.
Sa{(a%b)a =<1ﬁ> /Ea %y
< [ atx ) ()"
(5 / Ea(—"*(x— 1))

% Eg(—7u) /0 a(x— u)b(u)
X (du)*(dx)*

By changing the variables x-u=t, u=s, we obtain

1

Sul(axbla) = (vﬁ)a/:Ea( (1) d)*

x /0 " Eq(—v"%s%)b(s) (ds)®
=(v#)*So{a(t)}Sa{b(s)}
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5. Inversion theorem

Theorem 5.1. For 0 < o < 1, the generalized fractional inte-
gral transform with exponential type kernel

Ag(VPY

f(x)(dx)®

(3] [

has the inversion formula,

o 1 Fieo ﬁ o o [3 o
10 = Gy [ O a7 )40 () @)

(Ma o —ioo
where My, is the period of the complex-valued Mittag-Leffler
function defined by the equality Eq(i(My)*) =1

Proof. The laplace transform of fractional order o of f(x),i.e.,
:/ Ea(—v%x%) £(x)(dx)%,0 < a0 < 1
0

has the inversion formula

! /erEa(v x%)F,

f(x) M) )

o(v)(dv)®

By the duality relation between the laplace transform of frac-
tional order and the generalized fractional integral transform
with exponential type kernel, we arrive the desired inversion
formula.

O

6. Applications

Example 6.1. Suppose Ay (VP is the generalized fractional
integral transform with exponential type kernel of a function
f(x). Then the solution of fractional differential equation

%) 4 Ay =f(x),y(0)=0,0< a <1 6.1)

is given by
_ 1 e (Vﬁ)a Yo o B,y o
(6.2)

where A is a constant.
Now we solve (6.1). By taking the generalized fractional

integral transform with exponential type kernel on the both
sides of (6.1), we get

(VY)aAa{VB»Y}y +1Aa{vﬁ,y}y :Aa{vﬁ,y}f
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Ag (WP —Aa{VP T}y

1
[ S —
=T (v) ©3

By substituting (6.3) in the inversion formula of the gen-
eralized fractional integral transform with exponential type
kernel, we arrive the required solution (6.2).

Example 6.2. The current in a circuit with inductance L,
resistance R and capacitance C with an applied voltage E(t)
is governed by the equation

dl

L—+

1 ot
RI+— | Idt=E(t
dt +C./o ®)

where L,R and C are constants and the current I1(t) having the
relation

_40

1) = dt

with accumulated charge Q on the condenser at time t is

0(1) = /0 I(t)de

Let us consider the fractional equation of current in the circuit,
that is

LI'™)(r) + RI + é /0 tl(t)(dt)“ —E(1), (6.4)

with t=0, 1(0)=0, Q(0)=0and 0 < a < 1

Now we solve (6.4). By taking the generalized fractional
integral transform with exponential type kernel on both sides
of (6.4), we get,

1
+Rv* + L

Ag(VP7) = Aa(VP)E  (65)

v (o+1)
c
where Ag(VP)r and Ay (V1) are the generalized fractional
integral transforms of I(t) and E(t) respectively. Then char-

acteristic equation of (6.5) is given by

I'o+1)
CL
The roots of the above characteristic equation are v'® =

—ktin, where k= £ and n> = "D _ R paving the neg-

' =L =Tc T 8 8
ative real part. This shows that the system is stable. Now by
substituting (6.5) in the inversion formula of the generalized
fractional integral transform with exponential type kernel, we
arrive

R

Tyt oy =0
Vv LV

1 +ioo BYOE (%Yo
L(My)* J e VZya+§Vya_|_T

as a solution of (6.4).
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7. Conclusion

The generalized fractional integral transform with expo-
nential type kernel is thus a very powerful tool because we
have a choice whether we wish to proceed by the general-
ized fractional integral transform with exponential type kernel
itself or any other existing, non existing fractional integral
transforms according to our convenience and situation of the
problems. Sufficient conditions for the existence of the gen-
eralized fractional integral transform with exponential type
kernel ensure the existence of many fractional integral trans-
forms. It is also seen that the generalized fractional integral
transform with exponential type kernel is an efficient and
useful technique for solving many fractional differential equa-
tions.
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