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FRACTIONAL CALCULUS OPERATORS OF THE GENERALIZED
HURWITZ-LERCH ZETA FUNCTION

SHILPA KUMAWAT! AND HEMLATA SAXENAS

ABSTRACT. In this paper, our aim is to establish certain generalized Marichev-Saigo-Maeda frac-
tional integral and derivative formulas involving generalized p—extended Hurwitz-Lerch zeta function
by using the Hadamard product (or the convolution) of two analytic functions. We then obtain their
composition formulas by using fractional integral and derivative formulas and certain Integral trans-
forms associated with Beta, Laplace and Whittaker transforms involving generalized p—extended

Hurwitz-Lerch Zeta function.

1. INTRODUCTION

Fractional calculus is the field of mathematical analysis which deals with the investigation and appli-

cations of integrals and derivatives of arbitrary order. The study of fractional integrals and fractional

derivatives has a long history, and they have many real-world applications due to their properties of

interpolation between operators of integer order and its applications in various fields of science and

engineering, such as fluid flow, rheology, diffusive transport akin to diffusion, electrical networks, and

probability. This field has covered classical fractional operators such as Riemann-Liouville, Weyl,

Caputo, Grnwald-Letnikov, etc. Also, especially in the last two decades, many new operators have

appeared, often defined using integrals with special functions in the kernel, such as Atangana-Baleanu,

Prabhakar, Marichev-Saigo-Maeda, and tempered, as well as their extended or multivariable forms.

These have been intensively studied because they can also be useful in modelling and analysing real-

world processes because of their different properties and behaviours, which are comparable to those

of the classical operators[8, 22, 23, 24]. Special functions, such as the Hurwitz-Lerch Zeta function,

Mittag-Leffler functions, hypergeometric functions, Foxs H-functions, Wright functions, Bessel and

hyper-Bessel functions, etc., also have some more classical and fundamental connections with frac-

tional calculus [13]. Some of them, such as the Mittag-Leffler function and its generalisations, appear

naturally as solutions of fractional differential equations or fractional difference equations. Further-

more, many interesting relationships between different special functions may be discovered using the

operators of fractional calculus. Because of their significance and potential for applications, fractional

calculus operators (such as the Riemann-Liouville, Weyl, Liouville-Caputo, and other operators of

2010 Mathematics Subject Classification. Primary 26A33, 33B15; Secondary 33C05, 33C99, 44A20.

Key words and phrases. Hurwitz-Lerch Zeta Function; p—extended Hurwitz-Lerch Zeta Function; Fractional Calculus

operators.

326 KUMAWAT et al 326-337



J. COMPUTATIONAL ANALYSIS AND APPLICATIONS, VOL. 33, NO. 1, 2024, COPYRIGHT 2024 EUDOXUS PRESS, LLC

2 SHILPA KUMAWAT AND HEMLATA SAXENA

fractional integrationandfractional derivative) have undergone extensive development and study (for

more information, seein [12], [18] and [26]).

We begin by recalling a general pair of fractional integral operators known as Marichev-Saigo-

Maeda that have the third-order Appell’stwo-variable hypergeometric function F3(.) as their kernel

(see for more information, [15, 20, 21]), which is defined by:

Definition 1. Let wy,w),v1,v],& € C and x > 0, then for R(E) > 0,

w1 ,T V1,V W ¢ 1,
(=it r) @) = | @0t e

t x
! !
x I3 <w1,w1,1/1,1/1;§;1 - 5,1 - =

t) £(t) at.

and

(Iz&wi,ul,ui’f'f) (Z‘) _ %/ (t — x)ﬁ—l !

x F3 <w1,w’1,1/1,1/{;§;1 - %, 1-— i) f(&) dt.
Here, the Appell’s hypergeometric function of two variables, [25], is denoted by Fj(.).
Definition 2. Let wy,w],v1,v],€ € C and x > 0, then for (&) > 0,
(D= ) @) = (™ ) (@)

d " —w!  —w,—V —vi,—
() et @)

_; i " w] * _ p\n—¢—1,0
‘r<n—s><dx> AU

R+ 1)

t
x F3 (—w’l,—wl,n— vi,—viin—&1——,1— ) f@t) de.
x

and

(D?(l)éwﬂal/h'/{@f) (a:) _ (I—wl17—w1,—l’{7—1/17—5f) (1‘)

_ (;) (== A ) (@) (n = [R(O] + 1)

1 d " ’ o n—&— ’
g ) e

t
x F3 <—w'1, —wy,v,n—viin —§&1— %, 1-— x) f)yde. (1.4)

These operators include Riemann-Liouville, Erdélyi-Kober, and Saigo hypergeometric fractional

calculus operators as special examples for various parameter choices (see for more information, [12],

[18] and [26]). Early on, the p—extended Bessel function, p—modified Bessel function, p—extended

Sturve function,and p-extended Mathieu series were used by a number of authors to create some

intriguing generalized fractional formulas, ( see, for details, [5, 10]).

327 KUMAWAT et al 326-337



J. COMPUTATIONAL ANALYSIS AND APPLICATIONS, VOL. 33, NO. 1, 2024, COPYRIGHT 2024 EUDOXUS PRESS, LLC

FRACTIONAL CALCULUS .... 3

The more generalized form of Hurwitz-Lerch zeta function has been considered very recently by

Luo et al. [17] in the following form

i M BV +n, v —0;p) 2"

(6,0 )
o
A (2,5,4;p) n! B, v —19) (n+a)s

(1.5)
n=0

(R(0) > 0,R(6") > 0,R(p) = 0; p, AV, s €C;v,aeC\Zy;l|z| <1).
where B(%)(z, y; p) denotes the generalized Beta function, that is introduced by Chaudhry et al. [2]
1
B (z,y;p) = BU)(z,y) = / L=tV Fy(6; 0 —%)dt, (1.6)
0

when min{®(9) > 0,R(¢) > 0,R(x),R(y)} > 0;R(p) > 0. They also introduced p-extended of

hypergeometric function as [3]:

/ BE) (b+n, c—b; p) 2"
(6,07) B ) ) . .
Fy7% ) (a,b;y¢;2) = n§>0 (a)n B(b, c—b) o p20;]z] <1; R(e) > R(b) >0, (1.7)

Additionally provided in [4]are related properties, multiple integral representations, differentiation
formulee, Mellin transforms, recurrence relations, and summations.
The definition of the Hadamard product (or convolution) of two analytical functions, such as in[5],

is necessary for the present study. If the Ry and R, be the radii of convergence of the two power series

Zan (2] < Ry) and g(z Zb 2" (|z] < Ry),

respectively. Then the Hadamard product is the new emerged series defined by

Zanb 2" = (g % f)(2) (|| < R) (1.8)
where
(07%% bn . Qp : bn
R= 1l =1 1 =R¢.R
ngr;o Ap41 bn+1 (”1‘1’20 Gn41 ) <nl)ngo bn+1 ) I

so that, in general, we have R 2 Ry - R,.

In the following study, we seek to broaden the compositions of the generalized fractional integral
and differential operators (1.1), (1.2), (1.3) and (1.4) for the p-extended Hurwitz-Lerch zeta function
(1.5) by using the Hadamard product (1.8) in terms of p—extended Hurwitz-Lerch zeta function and
Wright hypergeometric function.

2. FRACTIONAL FORMULAS OF THE p—EXTENDED HURWITZ-LERCH ZETA FUNCTION

The Wright hypergeometric function ,.U,(z) (r, s € Np) having numerator and denominator pa-
rameters r and s, respectively, defined for (3, ..., {, € Cand k1, ..., ks € C\Z; by (see, for example,
[11, 14, 18, 25]):

(Clv A1)7 ) (grv AT’); 2 = i F(Cl + Al”) U F(Cr + Arn) ﬁ (2 1)
T .

’I"\IIS
(k1,B1), -, (ks, Bs); = T(k1+ Bin)---I'(ks + Bsn) n!
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S T
AjERT (j=1,....r); BieRY (j=1,...,s); 1+ > B;—Y 4;20],
j=1 j=1
with

2] < V := ﬁA;Aﬂ' . ﬁij
j=1 j=1

Also, if we take Aj = B, =1 (j =1,...,r; k =1,...,s) in (2.1), reduces to the generalized

hypergeometric function . Fs (r, s € Ng) (see, e.g., [25]):

’I‘FS

G G z] Tl Tls) g | (Gl (Gl

K1y...5Kg) B F(Cl)F(CT’) ('%171)"" 7(Ksa1); (22)

In the context of our investigation, the image formulas or power functions below, referencing [1],are
significant.

Lemma 1. Let wy, @, v1,v1,& 0 € C and x > 0. The relation that follows is then:

(a) If R(&) > 0 and R(p) > max {0, R(wy + @] +v1 — &), R(w) —v1)}, then

(1t (o) - LT+ € w1 =] — n)lle+ o — )

0 Plo+ )0+ €& -1 —w))l(o+{— ) — 1)
(b) If R(&) > 0 and R(p) < 1+ min {R(—11),R(w1 + @] — &), R(w1 + v — &)}, then

(I?ééw/l’ylxl’iftg—l) (l‘) — F(l — 00— Vl)r(l — 0 — g + w; + wll)F(l — 0 — 5 + w1+ V{)xg—i-g—wl—wi—l.
’ 'Nl—pll—p0o—¢+wm+a)+v))I(1— o+ w1 —11)

gett=mm=ol o (93)

(2.4)
Lemma 2. Let wy,w,v1,v,& 0 € C and x > 0. The relation that follows is then:
(a) If R() > 0 and R(p) > max {0, R(§ — w1 — @i + 1), R(v1 — w1)}, then

(thwi,yl,u{,ftQ,l) (:L‘) _ F(Q)F(Q — f + w1 + w’l + Vi)].—‘(g — v+ wl)
o L(e—v)l(e — &+ @ +@i)l(e — €+ @1 +114)
(b) If R(&) >0 and R(p) < 1+ min {R(v]),R(§ — w1 — w)), R — @) —11)}, then

o—&+witw)—1 (25)

(Da:wloéwi,l/l,l/iftgfl) (ZL’) _ F(l —0— V{)P(l — 0 + 5 — w1 — Wll)r(l — 0 + f - wll - Vl)xQ*§+‘W1+‘W/1*1.
' FMl—ol(1-p+&—w —w)—v)I(1—p—w] —1])
(2.6)
We begin the key outcomes exposition with showing the composition formulae for generalized
fractional operators (1.1), (1.2), (1.3) and (1.4) involving the p-extended Hurwitz-Lerch zeta function

by making use of the Hadamard product (1.8) in terms of p-extended Hurwitz-Lerch zeta function
(1.5) and Fox-Wright function (2.1).

Theorem 1. Let wy, @}, v1,v],&, 0,p, A\, 0, s € C withy € RT and v, a € C\Z; such that R(§) >0

and R(o0) > max {0, R(w1 + @) + 11 — &), R(w) — vi)} with|t| < 1. Then for R(p) > 0, the fractional
integration formula shown below is valid:

(Iér:';,wi,lq,l/i»f {t!_)—l @&9,132 (t’Y7 s, a7p)}) (LU)
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_ 6
_$Q+£ w — wl 1(1)5\

9
( ) )7(Q+£ w1 — wll_yla’Y)v(Q"i'yi_w/l»’y); z7
(9+V1, ¥), (e +§&— w1 —w@,7), (0 + & — @) —vi,7);

0") .
y(‘r’ya S,Cl,p)

3

* 4‘1/3

Proof. Using the relation (2.3) and the definitions (1.5) and (1.1),we can shift the order of integration.
Thus, we obtain for z > 0

(Iéﬂ,;’wi»l’hlfi’é{ o1 q)( )(t'v s, a; p)}) (z)

> kBee)(ﬂ_FkV 19]9) w1, v,V € _
) I 1,Wq,V1,Vq, o+vk—1
Z (k+a) B, v —0) k! (1% {t ) @)

B(W+k, v—19;p)

— poté—wi—wi—1
-7 ];) k+a) B, v — ) k!

Lo+ ykl(e+E—m —w —n + k(e + v —@ +7k)
Lo+ +7k) e+~ — @) +7k)T(0+§ — @ —v1 +9k)

(2.7)

Subsequently,the necessary formula is obtained by utilizing the Hadamard product (1.8)in (2.7), which,
in light of (1.5) and (2.1). O

Theorem 2. Let @y, @i, v1,14,& 0,p,\, 0,58 € C withy € RT and v, a € C\Z; such that R(&) >0
and R(p) < 14 min {R(—1), R(w1 + @] — &), R(w1 +v4 — &)} with |1/t] < 1. Then for R(p) >0

the fractional integration formula shown below is valid:

(Igééwi,uh’/{vf {tgl (135\91901/) (tV 5@ p) }> (x)

1
szJri w—w — 1(1)(99)< sa'p)
Ao | T S @5
xY

(L1),(I-o—wv,7),(l-0—¢+m+@,7),(L-0—&+m+v1,7); 1

* 4 U3
(17977)3(1797§+w1+wi+yivv)v(179+wl 7’/1’7); 7

Theorem 3. Let @y, @i, v1,14,& 0,p, A\, 0,58 € C withy € RT and v, a € C\Zg such that R(£) >0
and R(p) > max{0,N( —wi — @) — 1), R(v1 —w1)} with |t| < 1 . Then for R(p) > 0, the

fractional integration formula shown below is valid:

(D=t {et o)W s.aip) ) ()

= 2 E+witwi—1 @(99 )(_%.’Y s, a; p>

(L1), (e, (e =&+ @ + @1 +11,7), (0 — 1 + @1,7); o

* 4 U3
(0 —v1,7), (e~ &+ +@1,7), (0 — §+ w1 +11,7);

Proof. Using the relation (2.5), and the definitions (1.5), (1.3), we can shift the order of integration.
Thus, we obtain for x > 0

(Dw; TPV {tg ! <I>( )(x“’ s, a; p)}) (z)

330 KUMAWAT et al 326-337



J. COMPUTATIONAL ANALYSIS AND APPLICATIONS, VOL. 33, NO. 1, 2024, COPYRIGHT 2024 EUDOXUS PRESS, LLC

6 SHILPA KUMAWAT AND HEMLATA SAXENA

> (6,0") . , /
kB ("9+k v — 19,])) Wy, v,V L€ k—1
D yTW1,V1,V7,8 t,QJr’y
Z (k+a)° B0, v— )kl ( 0 { }) (@)

= o §+w1+w171 i (19+k v — 19,]))
(k+a) B, v—0) K

F(9+7k) (9—£+w1 + @) + v + k) (0 — v + @1 + k)
Lo —vi +7k)T(0 — &+ w1 + @) + k)T (0 — &+ w1 + V] + k)

2k (2.8)

Subsequently,the necessary formula (1.3) is obtained by utilizing the Hadamard product (1.8) in (2.8),

which in light of (1.5) and (2.1).

Theorem 4. Let @y, @, v1,v4,&, 0,p, A\, 0,8 € C withy € RY and v, a € C\Z; such that Re(£) >0
and Re(p) < 1+min {Re(v}), Re(§ — w1 — wi, Re(§ — w) — 1)} with |1/t] < 1. Then for R(p) >0

the fractional integration formula shown below is valid:

(Dzééwi,u1,u{7§ {tgl (I)g\ V) (tV s,a; p) }) (1,)
ietoag (3 o

(L1),(L-o—v,7),(1-0+&—m —@,7),(L—o+&—@) —v1,7); 1

*4\1’3 1— 1— . o l—p—w — 1/ . x
(1-0,7),1-0+&—w —wy —v1,7), (1 —o0—w) —v],7);

3. CERTAIN INTEGRAL TRANSFORMS

With the aid of the findings from the previous section, we will give severalextremely intriguing

theorems relating to the Beta, Laplace, and Whitaker transformations in this section. First, we would

like to define these transformations for this.

Definition 3. As is customary, the Euler-Beta transform [19]of the function f(z) is set forth by

1
B{f(z);a,b} = / 22711 = 2)P7 1 f(2) de. (3.1)
0
Definition 4. As is customary, the Laplace transform (see, e.g., [19]) of the function f(z) is set forth
by
L{f(): 8} = / e~ f(2)dz. (Re(t) > 0) (3.2)
0
The following integral involving Whittaker function (see Mathai et al. [14, p. 79]):
e 1 L' +tv+p) 1
trle 2 W, (at) dt =a P 2 — + —= :
/0 B W) dt = o S EE R (Re() > 0, Re(p ) > ). (33)

is significant to the subject at hand, where W, , is the Whittaker function [16, p. 334].

In this portion, the following captivating results in the form of theorems shall be demonstrated.

These findings are put forward here without further justification because they follow directly from the

definitions (3.1), (3.2), (3.3)and Theorems 1 to 4.
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Theorem 5. Let wy, @), vi, 04, 0,p, A\, 0,8 € C withy € RY and v, a € C\Z; such that Re(§) > 0

and Re(p) > max{0, Re(wy + w| + v1 — &), Re(w) — vf)} with |t| < 1. Then for R(p) > 0, the
Beta-transform formula shown below is valid:

B { (Igf’;’w?’”l’”“ {tg’l o) ((t2)7, 5, a;p)}) (@):1, m}
— poté—m—wi—1 I'(m) CI)E\‘%;;Q (z7,5,a;p)

(17 1)v (lafy)ﬂ (97’7)7 (9+€ - w1 — 7ﬂll - Vla’Y)a (Q + Vi - wllaﬂY);

* 5Wy
(Z+mv’7)7(9+yiv'7)a(9+§_wl _w/17’7)7(9+£_w/1 -V +’777);

xY

Theorem 6. Let wy, @, v, V], & 0,p, N0, s €C withy € R and v, a € C\Z; such that Re(&) >

0 and Re(p) < 14 min{Re(—v1), Re(w1 + w}] — &), Re(wy +vf — &)} with |1/t| < 1. Then for
R(p) > 0, the Beta-transform formula shown below is valid:

’ ’ ’ Yy
B { (Iﬁéfl’”“’l’é {tg_l @&‘%ﬁg ((;) , S, a;p) }) (z) : Lm}

’ / 1
= 20t =T () 9 (w S, a;p>
o\ 7

" (1, 1), (L,7), (1 —o—v1,7),
5\114[ (+m,y), (1 =07),

(l-o—&+m+@,7),(1—0— &+ @ +v1,7); H
l-—o—&+w +w+v,7),(1—o+w —rvy,7); ¥7

Theorem 7. Let wy, @), v1,v1,&, 0,0, A\, 0,8 €C withy € RT and v, a € C\Z, such that Re(§) > 0

and Re(p) > max {0, Re(§{ — wy — w) — v{), Re(vy —wy)} with [t| < 1. Then for R(p) > 0, the
Beta-transform formula shown below is valid:

B { (57554 (st w2 ain}) ) L)
— 2P D () 00 (27, 5, 03 )

(1,1),(L,7), (0,7), (06 = &+ w1 + @) +11,7), (0 — v1 +@1,7);

* 50y
(l+m,v),(0—11,7), (e — &+ w1 +@,7), (e =+ w1 + V] +7,7);

Theorem 8. Let @y, @), vi,v4,&, 0,p,\, 0,8 € C withy € RY and v, a € C\Z; such that Re(§) >
and Re(p) < 1+min{Re(v}), Re(§ — w1 — w}, Re(§ — w) —v1)} with |1/t| < 1. Then for R(p) >
the Beta-transform formula shown below is valid:

w w/ v V/ —_ / ’Y
B{(Dx,ég GRS {tg 1 @g\?;ﬁg ((;) ,s,a;p)}) (z) : l,m}
’ / 1
s a0 (L)

% 5\114[ (171)7”7’7)’(1_9_1/1;7)7
(1_Q77)3(1_Q+€_w1 _wi_yla7)7

0
0,

332 KUMAWAT et al 326-337



J. COMPUTATIONAL ANALYSIS AND APPLICATIONS, VOL. 33, NO. 1, 2024, COPYRIGHT 2024 EUDOXUS PRESS, LLC

8 SHILPA KUMAWAT AND HEMLATA SAXENA
(I-o+&-m —w,7), (1 -0+ & — @ —v1,7); i]
(L+m,7),(1—o—w —v,7); 7

Theorem 9. Let wy, @), v1,v1,&, 0,0, A, 0,8 € C withy € RT and v, a € C\Z, such that Re(§) > 0
and Re(g) > max {0, Re(w; + w}) + 11 — &), Re(wy — vi)} with |t| < 1 . Then for R(p) > 0, the

Laplace-transform formula shown below is valid:

L {1 (gt fee o) (()), s, i} ) ()}

’
_ xQ+E—W1—w1—1 q)(e’e/) x\" )
- Sl A\95v g y S, AP

* 503

(171)7@’7)7(@77)7(94‘5_ w1 _wll - V1,’y),(Q+V{ _wlla'Y)§ ($)71 -

(Q+V177)v(g+€_wl_w157)7(g+§_wi_yl7’y); S

Theorem 10. Let @y, @i, v1,14,& 0,p,\, 0, s € C with v € R and v,a € C\ Z; such that
Re(€) > 0 and Re(p) < 1+ min{Re(—v1), Re(wi + w) — &), Re(wy +v) — &)} with |1/t] < 1.
Then for R(p) > 0, the Laplace-transform formula shown below is valid:

’ ’ / Y
o (i e a2 () o)) )
xg—&-&—wl—wg—l 0.6 1\"”
= (I) 7‘ - y S,
sl Ay s 5P

(171)7(177)7(1 —Q—I/1,’Y)7(1—.Q—§+w1 +w/17'7)7
(1-0,7),0—0—&+m +@) +v1,7),
(1—o—&+wm +v1,7); (1>”}
(1—-o0+ w1 —vi,7);

* 5\1’3[

xrs

Theorem 11. Let wy, @i, v1,14,& 0,p,\, 0, s € C with v € R and v,a € C\ Z; such that
Re(€) > 0 and Re(p) > max{0,Re({ —w; —w) — 1)), Re(vy —w1)} with [t < 1 . Then for

R(p) > 0, the Laplace-transform formula shown below is valid:

L{= (D= {eet o) () s, aip) ) (2) <

7
_ @Al L0 (B,
- Sl A\, 95v ; y S, a3 P

* 503

(1,1), (1,7), (0,7), (0 — £ + w1 + @} +v4,7), (0 — v1 + @1,7); (%)7
(0—v1,7), (e =&+ +@1,7), (0 =+ w1 +v1,7); s

Theorem 12. Let wy, @i, v1,14,& 0,p,\, 0, s € C with v € RY and v,a € C\ Z; such that
Re(§) > 0 and Re(p) < 14 min{Re(v}), Re(§ — wi — wi, Re(§ — w) — 1)} with |1/t] < 1. Then

for R(p) > 0, the Laplace-transform formula shown below is valid:

_ W, v,V LE — 0,0’ Z\7
oo (prart e {et el ((3) san)}) @)}
x97£+w1+w171 0.0 1 v
(2 o)

333 KUMAWAT et al 326-337



J. COMPUTATIONAL ANALYSIS AND APPLICATIONS, VOL. 33, NO. 1, 2024, COPYRIGHT 2024 EUDOXUS PRESS, LLC

FRACTIONAL CALCULUS ....

(L), (1), —e—r1,7),
* 53 ,
(1 - Qv’}/)u(l - Q+§_w1 — W _V177)1
(l-—o+&—m —w,7), (1 -0+ &— @ —v1,7); (1)”}
(1-o0—@ —v1,7); zs) 1

Theorem 13. Let wy, @i, v1,14,&, 0,p,\, 0, s € C with v € RY and v,a € C\ Z; such that
Re(§) > 0 and Re(o) > max{0, Re(w; + w} + 11 — &), Re(w) —v})} with |t| < 1 . Then for
R(p) > 0, the Laplace-transform formula shown below is valid:

/ Tt oo { (1 L a0 (i), s aip ) () ) a2
_ f’;w@m ()" s.aip)
(1,1), (3 + ¢+ 1), (5 = ¢+ 1),

* 6\114{
(% _T+lv’7)7(g+V177)7

(0:7),(e+€&—m — @) —v1,7), (e + V] — @, 7); (%)7}
(e+&—m — @), (e+&— @ —v1,7); 0

Theorem 14. Let wy, @i, v1,14,&, 0,p,\, 0, s € C with v € R and v,a € C\ Z; such that

Re(§) > 0 and Re(p) < 1+ min{Re(—v1), Re(wy +w}] — &), Re(w1 + v — &)} with |1/t] < 1.

Then for R(p) > 0, the integral formula shown below is valid:

R B e R (W I

poté—wi—wi—1 ©0.0') W\

- ((55) o)
[ (LD, (5 +CHL, (53— C+ 1), (L—0—v1,7),

* 6Wy

(5_7——’_17’7)’(1_977)7
(l-o-¢+m+w,7),(1-0— &+ @ +v1,7); (g)q
(I-—o—¢+m+w +v,7), (1 —o+w —vi,7); ‘@0
Theorem 15. Let wy, @}, v1,v1,&, 0,0, A\, 0,8 € C withy € R and v, a € C\Zy such that Re(£) >

0 and Re(p) > max{0, Re(§ —wy — w} —v}), Re(v1 —w1)} with |t| < 1. Then for R(p) > 0, the
integral formula shown below is valid:

[t o { (D5 (et o0 e s} ) 0
=:xgﬂgf;+aq_l¢§bﬁ(((5)778wup>

*6W4< D, (3 +C+5L7), (5 =C+1,7)
(§ _T+l77)7( _V177)a

(0+7.7) (e =&+ + @ +v1,7), (0 — 1 + @1, 7); (g)v}
(0 =&+ + i), (0 — &+ +14,7) g
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Theorem 16. Let @y, @i, v1,14,& 0,p,\, 0, s € C with v € R and v,a € C\ Z; such that
Re(§) >0 and Re(p) < 14 min{Re(v}), Re(§ — w1 — wy, Re(§ — w) —v1)} with |1/t] < 1. Then
for R(p) > 0, the integral formula shown below is valid:

S ’ ’ ’ v
/ Zlfleféﬁz Wr,g(§z) {(me,loéWDVhyhg {t@*l @&97;:3 ((%) ,s,a;p) }) (iﬂ)}
0

xg—§+m1+wll—l (9 0/) wN\Y
S () )
Y

(171>7(%+C+l )7(%_C+17’Y),(1—Q—Via’7),

* G\IJ4
|: (%—T‘Fl,’}/),(l_Q,’}/),

(I-o+&—m —w@,7),(1—o+&— @) —vi,7)p; (g)q
(l-o+&—w —w) —v1,7),(1—0—w) —v],7); \20

4. CONCLUDING REMARKS AND OBSERVATIONS

In the current study, we have found the composition formulas for the generalized Marichev-Saigo-

Maeda fractional integrals and differential operators (1.1), (1.2), (1.3) and (1.4) involving the p—

(0,07

extended Hurwitz-Lerch zeta function @)’ ,(2,8,a;p) in terms of the Hadamard product (1.8) of

the p-extended Hurwitz-Lerch zeta function @&?’eg

(z,8,a;p)(z,8,a) and the Fox—Wright function
+¥s(2) employing the Hadamard product (or convolution) of two analytic functions. Additionally, we
have derived some image formulas in connection with integral transformations such asthe Euler-Beta,
Laplace, and Whittaker transforms. Then, as special cases, we can construct as corollaries the specific
image formulas for the Erdélyi-Kober(E-K), Riemann-Liouville(R-L), and Saigo’s fractional integral
and differential operators. We have left this as an exercise for the readers. The results obtained in
this paper are assumed to be have applications in various field of Physical and Engineering Sciences.

Another application in real world problems can be developed in recents papers[22, 23|
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