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NOTE ON THE CERTAIN SPECIAL FUNCTIONS

REPRESENTABLE AS Φ

RECEP ŞAHİN, OĞUZ YAĞCI

Abstract. Here,we will give relationship between Sumudu and Laplace trans-
form for a great number of the special functions which can be stated in the

sense of the Φ (or 1F1). Also, we present fractional derivative operators for

the special functions expressible as Φ.

1. Introduction

In 1836, E. E. Kummer investigated many detailed solutions for Confluent (or
Kummer) hypergeometric function (CHF) which can be defined as the following
equation [4]:

1F1(a; b; z) = Φ(a; b; z) =

∞∑
n=0

(a)n
(b)n

zn

n!
(1.1)

(<(b) > <(a) > 0; |z| <∞) .

Also, you can see the properties of the (CHF) for furher reading see [2, 6].

Definition 1. The certain special functions which can be expressed as in terms of
the (CHF) defined as[6];

Jξ(z) =
( z2 )

ξ

Γ (ξ + 1)
exp(±iz) Φ

(
ξ +

1

2
; 2ξ + 1;∓2iz

)
, (1.2)

Mξ,ζ(z) = zζ+
1
2 exp(−1

2
z) Φ

(
ζ − ξ +

1

2
; 2ζ + 1; z

)
, (1.3)

Mξ,ζ(z) = zζ+
1
2 exp(

1

2
z) Φ

(
ζ + ξ +

1

2
; 2ζ + 1;−z

)
, (1.4)

γ (a, z) = a−1za Φ (a; a+ 1;−z) , (1.5)

Erf(z) = z Φ

(
1

2
;

3

2
;−z2

)
, (1.6)
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L
(a)
ξ (z) =

Γ (ξ + a+ 1)

Γ (ξ + 1) Γ (a+ 1)
Φ (−ξ; a+ 1; z) , (1.7)

and

cξ (ζ, z) = (−z)−ξ(ζ − ξ + 1)ξ Φ (−ξ; ζ − ξ + 1; z) . (1.8)

In this paper, we will show the relationship betwenn the Sumudu and Laplace
transform for the some special functions which can be expressed as with regard to
the (CHF) (1.1). Besides, we will give the fractional calculus operator for these
speacial functions.

2. Main Results

In this section, we will investigate the relation between Sumudu and Laplace

transform for the some special function such as Jξ(z), Mξ,ζ(z), γ (a, z), Erf(z),L
(a)
ξ (z),

and cξ (ζ, z) which can be stated as (CHF) (1.1). For detailed reading see [1, 5, 8].

Theorem 1. Assume that λ, ξ, ζ ∈ C and |w| < 1. The Sumudu transform of the
certain special functions (1.2)-(1.8) are obtained:

S
{
zλ−1 Jξ(wz)

}
=

(
w
2

)ξ
Γ (λ+ ξ)

Γ (λ+ 1) (1± iw)
λ+ξ

× 2F1

[
ξ +

1

2
, λ+ ξ; 2ξ + 1;

(
∓2iw

1± iw

)] (2.1)

S
{
zλ−1Mξ,ζ(wz))

}
=

(w)
ζ+ 1

2 Γ
(
λ+ ζ + 1

2

)(
1 + w

2

)λ+ζ+ 1
2

× 2F1

[
ζ − ξ +

1

2
, λ+ ζ +

1

2
; 2ζ + 1;

(
2w

2 + w

)]
,

(2.2)

S
{
zλ−1Mξ,ζ(wz))

}
=

(w)
ζ+ 1

2 Γ
(
λ+ ζ + 1

2

)(
1− w

2

)λ+ζ+ 1
2

× 2F1

[
ζ + ξ +

1

2
, λ+ ζ +

1

2
; 2ζ + 1;

(
− 2w

2− w

)]
,

(2.3)

S
{
zλ−1 γ (a,wz))

}
= a−1 waΓ (λ+ a) 2F1 [a, λ+ a; a+ 1;−w] , (2.4)

S
{
zλ−1 Erf(wz)

}
= wΓ (λ+ 1) 3F1

[
1

2
,
λ+ 1

2
,
λ+ 2

2
;

3

2
;−4w2

]
, (2.5)

S
{
zλ−1 L

(a)
ξ (wz)

}
=

Γ (λ)

(ξ + a+ 1)B (ξ + 1, a+ 1)
2F1 [−ξ, λ; a+ 1;w] , (2.6)

and
S
{
zλ−1 cξ (ζ, wz)

}
= (ζ − ξ + 1)ξ (−w)−ξΓ (λ− ζ)

× 2F1 [−ζ, λ− ζ; ζ − ξ + 1;w]
(2.7)

, respectively.
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Proof. Using the Sumudu transfrom [8] to defined in (1.2),

S
{
zλ−1 Jξ(wz)

}
=

∫ ∞
0

zλ−1 exp(−z) Jξ(wz)dz, (2.8)

and interchanging order of integration and summation (2.8). Taking advantage of
the well-known integration formula for the Gamma function [2, 6]:

Γ (s) =

∫ ∞
0

ts−1 exp(−t) dt,

we can be easily yield the required result (2.1). In the same way, we can get the
equation (2.2)-(2.7). �

Theorem 2. Assume that λ, ξ, ζ, δ ∈ C and |w| < 1. The Laplace transform of the
certain special functions (1.2)-(1.8) are obtained:

L
{
zλ−1 Jξ(wz); δ

}
=

(
w
2

)ξ
Γ (λ+ ξ)

Γ (λ+ 1) (δ ± iw)
λ+ξ

× 2F1

[
ξ +

1

2
, λ+ ξ; 2ξ + 1;

(
∓2iw

δ ± iw

)]
,

(2.9)

L
{
zλ−1 Mξ,ζ(wz); δ

}
=

(w)
ζ+ 1

2 Γ
(
λ+ ζ + 1

2

)(
δ + w

2

)λ+ζ+ 1
2

× 2F1

[
ζ − ξ +

1

2
, λ+ ζ +

1

2
; 2ζ + 1;

(
2w

2δ + w

)]
,

(2.10)

L
{
zλ−1 Mξ,ζ(wz); δ

}
=

(w)
ζ+ 1

2 Γ
(
λ+ ζ + 1

2

)(
δ − w

2

)λ+ζ+ 1
2

×2 F1

[
ζ + ξ +

1

2
, λ+ ζ +

1

2
; 2ζ + 1;

(
− 2w

2δ − w

)]
,

(2.11)

L
{
zλ−1 γ (a,wz) ; δ

}
= a−1waΓ (λ+ a) 2F1

[
a, λ+ a; a+ 1;−w

δ

]
, (2.12)

L
{
zλ−1Erf(wz); δ

}
= w Γ (λ+ 1) 3F1

[
1

2
,
λ+ 1

2
,
λ+ 2

2
;

3

2
;−4w2

δ2

]
, (2.13)

L
{
zλ−1 L

(a)
ξ (wz); δ

}
=

Γ (λ)

(ξ + a+ 1)B (ξ + 1, a+ 1)
2F1

[
−ξ, λ; a+ 1;

w

δ

]
, (2.14)

and

L
{
zλ−1 cξ (ζ, wz) ; δ

}
= (ζ − ξ + 1)ξ (−w)−ξΓ (λ− ζ)

× 2F1

[
−ζ, λ− ζ; ζ − ξ + 1;

w

δ

] (2.15)

,respectively.
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Proof. Applying the Laplace transfrom [1, 5] to defined in (1.2),

L
{
zλ−1 Jξ(wz); δ

}
=

∫ ∞
0

zλ−1 exp(−δz) Jξ(wz) dz (2.16)

and shifting order of integration and summation (2.16). Taking advantage of the
well-known Laplace transfrom equation for power function [1, 5]:∫ ∞

0

tλ+n−1 exp (−δt) dt =
Γ (λ+ n)

δλ+n
,

we can be easily yield the desired result (2.9). In the same way, we can get the
equation (2.10)-(2.15). �

As you see that we can be easily seen the relation between Laplace transform
and Sumudu transform for the certain special functions which are expressible as
(CHF), if we take δ = 1 in the Theorem 2.

3. Fractional Calculus Operators

In this section, we derive certain fractional derivative operators for the some

special functions such as γ (a, z), Erf(z), L
(a)
ξ (z), and cξ (ζ, z) which can be stated

as (CHF) (1.1). In accordance with this purpose, we evoke the derivative op-

erators
{
Dµ,δ,κ

0+ f
}

(y) and
{
Dµ,δ,κ
∞− f

}
(y), which are given as integral operators{

Iµ,δ,κ0+ f
}

(y) and
{
Iµ,−δ,κ∞− f

}
(y). In addition to these fractional derivative oper-

ators, we give following definition for the relationship between Riemann-Liouville,
Erdėlyi-Kober and Weyl fractional operartors [3, 7].

Definition 2. For y > 0,<(µ) > 0 and µ, δ, κ ∈ C,the left sided fractional integral

and derivative operators
{
Dµ,δ,κ

0+ f
}

(y) and
{
Iµ,δ,κ0+ f

}
(y), and also the right sided

fractional integral and derivative operators
{
Dµ,δ,κ
∞− f

}
(y) and

{
Iµ,−δ,κ∞− f

}
(y) are

defined by [3, 7];{
Iµ,δ,κ0+ f

}
(y) =

y−µ−δ

Γ (µ)

∫ y

0
2F1(µ+ δ,−κ;µ; 1− t

y
) f(t) dt, (3.1)

{
Dµ,δ,κ

0+ f
}

(y) =
{
I−µ,−δ,µ+κ
0+ f

}
(y) =

(
d

dy

)m {
I−µ+κ,−δ−κ,µ+κ−m
0+ f

}
(y) ,

(3.2){
Iµ,δ,κ∞− f

}
(y) =

1

Γ (µ)

∫ y

0

(t− y)
−µ

t−µ−δ 2F1(µ+ δ,−κ;µ; 1− y

t
) f(t) dt, (3.3)

and{
Dµ,δ,κ
∞− f

}
(y) =

{
I−µ,−δ,µ+κ
∞− f

}
(y) =

(
− d

dy

)m {
I−µ+κ,−δ−κ,µ+κ−m
0+ f

}
(y) ,

(3.4)
where m = [<(µ)] + 1, respectively. Together with above fractional derivative oper-
ators, we have the following equalities:

RLµ0+ = Dµ,−µ,κ
0+ and EKµ,ρ

0+ = Dµ,0,κ
0+ (3.5)

and

Wµ
∞− = Dµ,−µ,κ

∞− and EKµ,κ
∞− = Dµ,0,κ

∞− (3.6)
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where RL, EK, W is the Riemann-Liouville, Erdėlyi-Kober and Weyl fractional
calculus operators, respectively [3, 7].

Theorem 3. The left-sided fractional derivative of the certain special functions
(1.5)-(1.8) are obtained:{

Dµ,δ,κ
0+ wλ−1 γ (a,wz)

}
(ρ) = a−1zaρλ+a+δ−1

× Γ (λ+ a) Γ (λ+ a+ µ+ δ + κ)

Γ (λ+ a+ δ) Γ (λ+ a+ κ)

× 3F3

 λ+ a, λ+ a+ µ+ δ + κ, a;

λ+ a+ δ, λ+ a+ κ, a+ 1;
−zρ


(3.7)

(ρ > 0;<(µ) ≥ 0; <(λ+ a) > −min {0, <(µ+ δ + κ)}) ,

{
Dµ,δ,κ

0+ wλ−1 Erf(wz)
}

(ρ) = zρλ+δ

× Γ (λ+ 1) Γ (λ+ 1 + µ+ δ + κ)

Γ (λ+ 1 + δ) Γ (λ+ 1 + κ)

× × 5F5

 λ+1
2 , λ+2

2 , λ+1+µ+δ+κ
2 , λ+2+µ+δ+κ

2 , 3
2 ;

λ+1+δ
2 , λ+2+δ

2 , λ+1+κ
2 , λ+2+κ

2 , 1
2 ;

− (zρ)
2


(3.8)

(ρ > 0; <(µ) ≥ 0; <(λ+ 1) > −min {0, <(µ+ δ + κ)}) ,

{
Dµ,δ,κ

0+ wλ−1 L
(a)
ξ (wz)

}
(ρ) =

ρλ+δ−1

(ξ + a+ 1)B (ξ + 1, a+ 1)

× Γ (λ) Γ (λ+ µ+ δ + κ)

Γ (λ+ δ) Γ (λ+ κ)

× 3F3

 λ, λ+ µ+ δ + κ, ξ;

λ+ δ, λ+ κ, a+ 1;
zρ


(3.9)

(ρ > 0; <(µ) ≥ 0; <(λ) > −min {0, <(µ+ δ + κ)}) ,

and {
Dµ,δ,κ

0+ wλ−1 cξ (ζ, wz)
}

(ρ) = (−z)−ξ (ζ − ξ + 1)ξρ
λ+ξ+δ−1

× Γ (λ+ ξ) Γ (λ+ ξ + µ+ δ + κ)

Γ (λ+ ξ + δ) Γ (λ+ ξ + κ)

× 3F3

 λ+ ξ, λ+ ξ + µ+ δ + κ,−ξ;

λ+ ξ + δ, λ+ ξ + κ, ζ − ξ + 1;
zρ


(3.10)

(ρ > 0; <(µ) ≥ 0;<(λ− ξ) > −min {0, <(µ+ δ + κ)}) ,
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Proof. Using the left sided hypergeometric fractional transfrom (3.2) to defined in
(1.5), regulating order of integration and summation, we get,{

Dµ,δ,κ
0+ wλ−1 γ (a,wz)

}
(ρ)

= a−1 za Φ (a; a+ 1;−z)
{
Dµ,δ,κ

0+ wλ+a+n−1
}

(ρ)
(3.11)

and taking advantage of the well-known fractional derivative operator equality for
the power function [7]:{

Dµ,δ,κ
0+ wλ+n−1

}
(ρ) = | ρλ+n+δ−1 Γ (λ+ n) Γ (λ+ n+ µ+ δ + κ)

Γ (λ+ n+ δ) Γ (λ+ n+ κ)
. (3.12)

Applying the equation (3.12) in the equation (3.11), and making some arragen-
ments. We can be easily yield the required result (3.7). In the same way, we can
get the equation (3.8)-(3.10). �

If we put δ = −µ and δ = 0 and using the equalities (3.5) in Theorem 3,
respectively, we can obtain the Corollary 1 and Corollary 2.

Corollary 1. The left sided Riemann-Lioville fractional derivative operators of the
certain special functions (1.5)-(1.8) are obtained:{

RLµ0+ wλ−1 γ (a,wz)
}

(ρ) = a−1zaρλ+a−µ−1

× Γ (λ+ a)

Γ (λ+ a− µ)

× 2F2

 λ+ a, a;

λ+ a− µ, a+ 1;
−zρ

 ,
(3.13)

{
RLµ0+w

λ−1 Erf(wz)
}

(ρ) = z ρλ−µ
Γ (λ+ 1)

Γ (λ+ 1− µ)

× 3F3

 λ+1
2 , λ+2

2 , 3
2 ;

λ+1−µ
2 , λ+2−µ

2 , 1
2 ;
− (zρ)

2

 (3.14)

{
Dµ,δ,κ

0+ wλ−1 L
(a)
ξ (wz)

}
(ρ) =

ρλ−µ−1

(ξ + a+ 1)B (ξ + 1, a+ 1)

× Γ (λ)

Γ (λ− µ)

× 2F2

 λ, ξ;

λ− µ, a+ 1;
zρ


(3.15)

and {
Dµ,δ,κ

0+ wλ−1 cξ (ζ, wz)
}

(ρ) = (−z)−ξ (ζ − ξ + 1)ξρ
λ+ξ−µ−1

× Γ (λ+ ξ)

Γ (λ+ ξ − µ)

× 2F2

 λ+ ξ,−ξ;

λ+ ξ − µ, ζ − ξ + 1;
zρ


(3.16)
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, respectively.

Corollary 2. The left-sided Erdėlyi-Kober fractional derivative operators of the
certain special functions (1.5)-(1.8) are obtained:{

EKµ,κ
0+ wλ−1 γ (a,wz)

}
(ρ) = a−1zaρλ+a−1

× Γ (λ+ a+ µ+ κ)

Γ (λ+ a+ κ)

× 2F2

 λ+ a+ µ+ κ, a;

λ+ a+ κ, a+ 1;
−zρ


(3.17)

{
EKµ,κ

0+ wλ−1Erf(wz)
}

(ρ) = z ρλ
Γ (λ+ 1 + µ+ κ)

Γ (λ+ 1 + κ)

× 3F3

 λ+1+µ+κ
2 , λ+2+µ+κ

2 , 3
2 ;

λ+1+κ
2 , λ+2+κ

2 , 1
2 ;

− (zρ)
2

 (3.18)

{
EKµ,κ

0+ wλ−1 L
(a)
ξ (wz)

}
(ρ) =

ρλ−1

(ξ + a+ 1)B (ξ + 1, a+ 1)

× Γ (λ+ µ+ κ)

Γ (λ+ κ)

× 2F2

 λ+ µ+ +κ, ξ;

λ+ κ, a+ 1;
zρ

 ,
(3.19)

and {
EKµ,κ

0+ wλ−1 cξ (ζ, wz)
}

(ρ) = (−z)−ξ (ζ − ξ + 1)ξρ
λ+ξ−1

× Γ (λ+ ξ + µ+ κ)

Γ (λ+ ξ + κ)

× 2F2

 λ+ ξ + µ+ κ,−ξ;

λ+ ξ + κ, ζ − ξ + 1;
zρ


(3.20)

, respectively.

Theorem 4. The right-sided fractional derivative of the certain special functions
(1.5)-(1.8) are obtained:{

Dµ,δ,κ
∞− wλ−1 γ

(
a,
z

w

)}
(ρ) = a−1zaρλ+a+δ−1

× Γ (1− λ− a− δ) Γ (1− λ+ µ+ κ)

Γ (1− λ− a) Γ (1− λ− a+ κ− δ)

× 3F3

 1− λ− a− δ, 1− λ− a+ µ+ κ, a;

1− λ− a, 1− λ− a+ κ− δ, a+ 1;
z
ρ


(3.21)

(ρ > 0;<(µ) ≥ 0; <(λ+ a) > −min {0,<(µ+ δ + κ)}) ,
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Dµ,δ,κ
∞− wλ−1Erf(

z

w
)
}

(ρ) = z ρλ+δ Γ (−λ− δ) Γ (−λ+ µ+ κ)

Γ (−λ) Γ (−λ+ κ− δ)

× 5F5

 −λ−δ
2 , 1−λ−δ

2 , −λ+µ+κ
2 , 1−λ+µ+κ

2 , 1
2 ;

−λ
2 ,

1−λ
2 , −λ+κ−δ

2 , 1−λ+κ−δ
2 , 3

2 ;
−
(
z
ρ

)2

 (3.22)

(ρ > 0; <(µ) ≥ 0; <(λ+ 1) > −min {0,<(µ+ δ + κ)}) ,

{
Dµ,δ,κ
∞− wλ−1 L

(a)
ξ (

z

w
)
}

(ρ) =
ρλ+δ−1

(ξ + a+ 1)B (ξ + 1, a+ 1)

× Γ (1− λ+ δ) Γ (1− λ+ µ+ κ)

Γ (1− λ) Γ (1− λ+ κ− δ)

× 3F3

 1− λ+ δ, , 1− λ+ µ+ κ,−ξ;

1− λ, 1− λ+ κ− δ, a+ 1;
z
ρ


(3.23)

(ρ > 0; <(µ) ≥ 0; <(λ) > −min {0,<(µ+ δ + κ)}) ,

and, {
Dµ,δ,κ
∞− wλ−1 cξ

(
ζ,
z

w

)}
(ρ) = (−z)−ξ (ζ − ξ + 1)ξρ

λ+ξ+δ−1

× Γ (1− λ− ξ − δ) Γ (1− λ− ξ + µ+ κ)

Γ (1− λ− ξ) Γ (1− λ− ξ + κ− δ)

× 3F3

 1− λ− ξ + δ, , 1− λ− ξ + µ+ κ,−ξ;

1− λ− ξ, 1− λ− ξ + κ− δ, ζ − ξ + 1;
z
ρ


(3.24)

(ρ > 0; <(µ) ≥ 0; <(λ+ ξ) > −min {0,<(µ+ δ + κ)}) ,

Proof. Using the right sided hypergeometric fractional transfrom (3.4) to defined
in (1.5), interchanging order of integration and summation, we get,{

Dµ,δ,κ
∞− wλ−1 γ (a,wz)

}
(ρ)

= a−1 za Φ (a; a+ 1;−z)
{
Dµ,δ,κ
∞− wλ+a−n−1

}
(ρ)

(3.25)

and taking advantage of the well-known fractional derivative operator equality for
the power function [7]:{

Dµ,δ,κ
∞− wλ−n−1

}
(ρ) = ρλ−n+δ−1 Γ (1− λ+ n− δ) Γ (1− λ+ n+ µ+ κ)

Γ (1− λ+ n) Γ (1− λ+ n+ κ− δ)
. (3.26)

Applying the equation (3.26) in the equation (3.25), and making some arragenments
. We can be easily yield the required result (3.21). Similarly, we can get the equation
(3.22)-(3.24). �

Applying into δ = −µ and δ = 0 and taking advatage of the equalities (3.6) in
Theorem 4, respectively. We can come to a conclusion Corollary 3 and Corollary 4.
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Corollary 3. The right sided Weyl fractional derivative of the certain special func-
tions (1.5)-(1.8) are obtained:{

Wµ
∞−w

λ−1 γ
(
a,
z

w

)}
(ρ) = a−1zaρλ+a−µ−1

× Γ (1− λ− a+ µ)

Γ (1− λ− a)

× 2F2

 1− λ− a+ µ, a;

1− λ− a, a+ 1;
z
ρ

 ,
(3.27)

{
Wµ
∞−w

λ−1 Erf(
z

w
)
}

(ρ) = zρλ−µ
Γ (λ+ µ)

Γ (−λ)

× 3F3

 −λ+µ
2 , 1−λ+µ

2 , 1
2 ;

−λ
2 ,

1−λ
2 , 3

2 ;
−
(
z
ρ

)2

 , (3.28)

{
Wµ
∞−w

λ−1 Hζ(
z

w
)
}

(ρ) = (2z)
ζ
ρλ−ζ−µ−1 Γ (1− λ+ ζ + µ)

Γ (1− λ+ ζ)

× 4F2

 1−λ+ζ+µ
2 , 2−λ+ζ+µ

2 , 1
2ζ,

1
2 −

1
2ζ;

1−λ+ζ
2 , 2−λ+ζ

2 ;
−
(
z
ρ

)−2

 , (3.29)

{
Wµ
∞−w

λ−1 L
(a)
ξ (

z

w
)
}

(ρ) =
ρλ−µ−1

(ξ + a+ 1)B (ξ + 1, a+ 1)

× Γ (1− λ− µ)

Γ (1− λ)

× 2F2

 1− λ− µ,−ξ;

1− λ;
z
ρ

 ,
(3.30)

and {
Wµ
∞−w

λ−1 cξ

(
ζ,
z

w

)}
(ρ) = (−z)−ξ (ζ − ξ + 1)ξρ

λ+ξ−µ−1

× Γ (1− λ− ξ + µ)

Γ (1− λ− ξ)

× 2F2

 1− λ− ξ + µ,−ξ;

1− λ− ξ, ζ − ξ + 1;
z
ρ


(3.31)

, respectively.

Corollary 4. The right-sided Erdėlyi-Kober fractional derivative of the certain
special functions(1.5)-(1.8) are obtained:
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{
EKµ,κ

∞−w
λ−1 γ

(
a,
z

w

)}
(ρ) = a−1zaρλ+a−1

× Γ (1− λ+ µ+ κ)

Γ (1− λ− a+ κ)

× 2F2

 1− λ− a+ µ+ κ, a;

1− λ− a+ κ, a+ 1;
z
ρ

 ,
(3.32)

{
EKµ,κ

∞−w
λ−1 Erf(

z

w
)
}

(ρ) = zρλ
Γ (−λ+ µ+ κ)

Γ (−λ+ κ− δ)

× 3F3

 , −λ+µ+κ
2 , 1−λ+µ+κ

2 , 1
2 ;

−λ+κ
2 , 1−λ+κ

2 , 3
2 ;

−
(
z
ρ

)2

 , (3.33)

{
EKµ,κ

∞−w
λ−1 L

(a)
ξ (

z

w
)
}

(ρ) =
ρλ−1

(ξ + a+ 1)B (ξ + 1, a+ 1)

× Γ (1− λ+ µ+ κ)

Γ (1− λ+ κ)

× 2F2

 1− λ+ µ+ κ,−ξ;

1− λ+ κ, a+ 1;
z
ρ

 ,
(3.34)

and {
EKµ,κ

∞−w
λ−1 cξ

(
ζ,
z

w

)}
(ρ) = (−z)−ξ (ζ − ξ + 1)ξρ

λ+ξ−1

× Γ (1− λ− ξ + µ+ κ)

Γ (1− λ− ξ + κ)

× 2F2

 1− λ− ξ + µ+ κ,−ξ;

1− λ− ξ + κ, ζ − ξ + 1;
z
ρ


(3.35)

, respectively.
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