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1. Introduction and Preliminaries

The Wright, Mittag-Leffler, and Beta functions are essential in fractional calculus
and the modeling of complex systems in physics and engineering, (see (2; 16; 19; 21;
26; 30)). The majority of current generalizations either employ restrictive kernels or
treat these functions independently. This paper proposes a unified framework that
embeds the generalized Mittag-Leffler function E,, . ;(2) as a kernel within the ex-
tended Beta and Wright functions, thereby enhancing their analytical flexibility.
The results provide a comprehensive foundation for applications in viscoelasticity,
diffusion, and signal analysis, where nonlocal effects are significant. The increasing
significance of such generalized special functions in applied mathematics is demon-
strated by a number of recent research (see (14; 15; 20; 24; 25; 31)). In many
applications of fractional calculus, the choice of kernel plays a crucial role in deter-
mining the analytical behavior of the associated operators. Classical kernels based on
the exponential function or the two parameter Mittag-Leffler function often lack
sufficient flexibility to capture the complex memory structures observed in visco-
elasticity, anomalous diffusion, and signal processing. Consequently, the develop-
ment of generalized kernels that offer greater flexibility while preserving analytical
tractability is gaining increasing popularity.

Classical kernels based on the exponential function or the Mittag-Leftler function
play an important role in modeling memory and hereditary effects in many physical
systems. In particular, the one and two parameter Mittag-Leffler functions, E,(z)
and E, 4(z), have been widely used in fractional calculus. However, such classical
kernels often lack sufficient flexibility to capture complex memory structures arising
in various applications, including physics, engineering, and signal processing.
Therefore, there is a growing interest in developing generalized kernels that provide
additional degrees of freedom while preserving analytical tractability. Such reliance
on classical kernels restricts the range of fractional operators that can be represented.
Specifically, these kernels offer limited flexibility for controlling convergence regions
of integral transforms and modeling multiscale memory effects. In order to overcome
these constraints, we extend the admissible parameter domain and enhance the
analytical structure by adding further parameters (v, 1, \) to the generalized function
Ea,’y,l(z)'

The classical Euler Beta function is defined by

1
Blon o) = [ o7 (=) da, R(60). R(0:) > 0. W
0
Choudhary et al. (4) proposed an exponential extension as

1
By(¢1,62) = / 21— 2)» e T de, R(N) > 0. (2)
0
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Shadab et al. (29) offered a further generalization of this by employing the Mittag-
Leffler kernel as

1
B (0n,00) = | w¢11<1—$>¢”Ea(—ﬁ)dw’ RNz

a e Ry,

where the classical Mittag-Leffler function (7; 23) is

Ea(z):;_:of(#n—kl)’ a€eRy,zeC. (4)
The Wright function (6) is given by
We(2) = ;mv &neC, RE > -1 (5)
The general form, as proposed by El-Shahed and Salem (28), is
Wi =y W RE) > 1, R(o) >R >0, (6)

(0), n!T(En+n)’

n=0
where (¢), =<¢(¢+ 1)+ (¢+n —1) is the Pochhammer symbol.
The generalized Wright function ,¥,(z), (1; 22) is defined by the series

I (Z) _ c H;:l F(ai +Atn) Z_n
res =0 H;zl F(b] —+ B]n) n' ’

where a;,b; €C and A;,B;€® with suitable convergence conditions
1+>251Bj— > 4; > 0.

In this study, we introduce a new generalized Beta function based on the gener-
alized Mittag-Leffler kernel and derive several integral representations and sum-
mation identities in Sec. 2. In subsequent sections, corresponding extensions of the
Wright function are obtained, along with their fundamental properties. This study
differs from earlier investigations of Khan et al. (15) and Shadab et al. (29), where the
classical Mittag-Leftler kernel was mainly utilized.

A number of recent studies have emphasized the growing importance of gener-
alized special functions in applied mathematics (see (3; 5; 8; 9; 11; 12; 13)). For
example, expansions of hypergeometric and Mittag-Leffler type functions and their
applications in integral operators and fractional calculus have been the subject of
contemporary research. Nevertheless, the majority of these research rely on classical
or limited parameter kernels, which limit their ability to describe intricate fractional
systems. In contrast, this work employs the generalized Mittag-Leffler function
E, . ,(2), introducing additional parameters that enlarge the admissible parameter
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domain. Consequently, an extended Wright function and a new generalized Beta
function are derived, together with a number of integral transforms and fractional
derivative properties.

Parameters «, v, [, X provide additional flexibility in the analytical structure of the
kernel, o represents the fractional order, v influences the spacing in the series coef-
ficients, [ introduces a structural shift, and A\ acts as a scaling parameter. These
parameters allow the proposed functions to model a wider class of fractional
processes and extend previous results as special cases.

1.1. The Generalized Mittag-Leffler Function E, ., (z)

The generalized Mittag-Leffler function E,, . ;(2) was introduced by Kilbas and Saigo
(17) was represented by the following power series:

aliy+)+1] 1\ ,
Eara(2) Z<Hr (iy+1+1)+ 1]>z’ ™

where the parameters satisfy (0<a<1l,yelIT(It=1,2,3,...),l€ S(S= -1,
0,1,...)).
Then E, . ;(z) can also be expressed as a power series

[&°]

I‘ (iy+1) + 1)
(Y" CVLZ b
iz — M Taliy+1+1)+1]°

T

::L

(8)

where by applying the ratio test cb—“ — 0 as n — oo, the series converges for all 2.
Hence, E,, , () is an entire function.

If we take v = 1, the above function reduced in the form of Mittag-leffler function
as

Eprs(2) = T(al +1) Byois (), Bus(c i ©)

= Fak—i—ﬁ

where E,(z) = E,;(2). Classical kernels based on the exponential or the standard
Mittag-Leffler function often provide limited flexibility for modeling complex mul-
tiscale phenomena. The generalized Mittag-Leffler function E, ,,(z), incorporates
additional parameters (v,l) that improve control over convergence and fractional
dynamics. The inclusion of this generalized kernel in Beta and Wright-type functions
leads to a broader class of special functions and provides a unified analytical
framework for representing various fractional operators and integral transforms.
Consequently, it expands the applicability of these functions in fractional differential
equations and related mathematical models. These features motivate the introduc-
tion of a new generalized Beta function in the following section.
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2. Newly Generalized Beta Function and its Properties

The newly introduced generalized Gamma and Beta functions are as follows:

a > A
Fg;/\’w(s) = /0 xSIEaml(—a: — —) dz, (10)

X

1
B0 = [ 2 (0= 2) B (s ) (11)
where (R(p) > 0,R(g) > 0,R(A) >0,y It leS,0<a<]l).

We use the same condition for the prescribed theorems, where E, . ;(2) is the
power series defined by Eq. (8). Parameters a,+,l, and X play an important role in
controlling the analytical behavior of the generalized kernel. The parameter «
determines the fractional order and governs the growth rate of the function. The
parameter 7y influences the spacing in the gamma function arguments appearing in
the coefficients of the power series and thus affects convergence properties. The
integer parameter [ introduces an additional shift in the structure of the function,
allowing a broader class of Mittag-Leffler type functions to be generated. Parameter
) acts as a scaling parameter in the generalized Beta and Wright kernels and controls
the strength of the nonlocal interaction in the integral representations.

Theorem 2.1. The following integral representation holds for Bz’;’(p, q):

/2 )\
ay _ 2p-1p i1y 20-1
Bl;)\ (p7 q) = 2/0 cos“? 98111 q QEa,ml (m) d9 (12)
Proof. Taking x = cos?0 in Eq. (11), we obtain the required result. O

Theorem 2.2. The following relation holds:

o= [ g (A w)?
Bl;/\ (p,q) = /0 =) ) E, ., " du. (13)
Proof. Substituting # = % in Eq. (11), the expression becomes the same as the
required result. O

Theorem 2.3. The following formula holds:
! —22)

B} (p,q) = 9(1-p—q) / (14+u)P (1 — u)qflE,m,’l ((1—&—u)(1—u)> du. (14)

-1
Proof. Putting ¢ =% in Eq. (11), we get the result. |

Theorem 2.4. The following summation identity holds for By (p, q):

m
Bi(pg)=> "C,Bi(p+n,g+m—n), meN. (15)
n=0
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Proof. In Eq. (11), using zP~1(1 — 2)7! = [2P(1 — 2)97 ! + 2P~ 1(1 — 2)1], we get
Bl (p,q) = Bij (p,q+1) + By (p+1,9),

similarly if zP~}(1 —z)? ! = [P~ 1(1 — )9 + 22P(1 — )7 + 2P (1 — 2)77], we

have
By (p,q) = By (p,g+2) + 2B (p+1,¢+ 1) + By (p + 2,9).

The same process is repeatedly applied to the right side of Eq. (15), up to n times,
and we yield the result. O

Theorem 2.5. The following summation formula for Bl/\ (p, q) holds:

> (@)
BM (p,1—¢q) = T)' Vip+ k1) (16)
k=0

Proof. Replacing ¢by 1 — ¢in Eq. (11), and using the binomial series after changing
the order, we get the required result. O

Theorem 2.6. The following property establishes for B} (p,q):
ZB '(p+ k,q+ 1). (17)

Proof. By using the binomial theorem, (1 —z)% ! = (1 —2)?) 7%, z*, changing
the order of summation and integration, and using (11), we get the required result. O

3. Main Result

3.1. Extended wright function

To construct the extended Wright function, we first recall that the ratio of the
Pochhammer symbols can be expressed in terms of the Beta function as

() _ Blstn,0—9)
(0,  Bl(s,0—5) '

which follows from the relation between the Pochhammer symbol and the Beta
function. Replacing the classical Beta function by the extended Beta function defined
n (11), this relation can be written as

(g)n _ B?;(g +n,0— §)
(Q)n B B(§,Q—§)
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This leads to the following construction of the extended Wright function:

iBEf‘Q(CJrn,@—c) 1y

W erhse A) = LA
BN = R T T

(18)

where 7,0, €C;¢(>—-1,yelIT,le S, 0<a<l,RA)>0,R) >R >0 In
the subsequent theorems, the parameters are assumed to satisfy the conditions stated
in Eq. (18). These conditions will be omitted for brevity.

3.2. Derivative properties of Wg:;/’l;g’g(y;)\)

Here, we consider some derivative properties of the extended Wright function, which
is defined in Eq. (18).

Theorem 3.1. Differentiation property holds for the extended Wright function:
d\™ n—1yx7 @7:bis,0 C. n—m—1yy7 @:Y:ks:0
7 [y Wy N =y we
X(uy<msN), R(C—m) >0, me N. (19)

Proof. Using (18) and applying term-wise m times differentiation of left-hand side,
we have

>, B <+ng—<) 1 n/d\™
Z [t <_> y(Cntn=1)

= —<)  T(Cn+n) nl \dy
—m— ks,
= YW (S A). O

Theorem 3.2. The following property holds for Wg,‘;"l:'g’g(y; A):

_dm Qb5 S)m @ m.o+m
dym |:W<,"r]/’l'<7g(y; )\) = ((Q)) Wénzgln?L o+ )(y7 )\)’ m e N. (20)

Proof. Using Eq. (18) and applying term-wise differentiation of the extended
Wright function as

d s,

d—y (W52 (y; N)]
o0 + — (n-1)
Z J(s+n,0—5) 1 y | 21)
o -<)  T(¢n+n) (n—1)!

shifting n — n+ 1 and using a known formula (see 26, p. 46), B(q,7 —q) =
gB(q—’_ ]-aT - q)7 we get

oy lis+1,
= E Wg 7;1(&1 QH(y; A). (22)
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Repeated application of this transformation yields the required general form on the
right-hand side of Eq. (20). O

Theorem 3.3. The differentiation of the extended Wright function yields the
following result:

; ; d 4
aylis, alis, a,,l;s,
WC,ﬁV Uy ) = nWCWVH% %(y; N) + Cydiywiﬂl/ﬂg 2(y; \). (23)
In particular, we have
d
WEnw) = n W) +Cug Wi w).

Proof. Taking right-hand side of Eq. (23) and using Eq. (18), we have

00 Bﬂr Y § + n,o— )\) 1 yn
_ Waﬁ/,l;c 0 l/\ LA
MW cne1 )+ Z —9) I'({n+1+1n) n n!’

= §+n9—<,)\) (Cn+n) y»
Z —GA) T(¢n+1+n) nl’ (24)

n=0

using the Gamma property, and A = 1,7 = 1,T'(al 4+ 1) = 1, we yield the result. O

4. Integral Transform of W ’7’ ()

This section presents the derivation of several important integral transforms for the
extended Wright function under the same parameter assumptions as in the definition
of the extended Wright function.

4.1. Fuler beta transform

For the function f(y), the Euler Beta transform (20) is defined as

B{f(v);p, q} =/O (L= 'y fy)dy. (25)

Theorem 4.1. The Euler Beta transform for the extended Wright function holds for
R(u) > 0,R(v) > 0, and is expressed as
(u, 6);

B{W Tty A)yu, v} =T \I/le)[
{ (s} = H) (1,0, (u+v;0)

AL (26)
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Proof. By taking the left-hand side and using the definition of the Euler Beta
transform and Eq. (18), we have

> B (s +n,0-5) 1 tr T(u+én)

= Ny F I
; B(s,0—¢) F'¢n+n) n! T(u+dn+v) (v)
which gives the right-hand side of Eq. (26). O

4.2. Laplace transform

The Laplace transform (27) of the function f(z), is defined, as usual, by

L9 = [ e s R >0 (27)

Theorem 4.2. For R(s) > 0, the extended Wright function satisfies the following
Laplace transform:

0 . 1 " (u,6) t
u—1,—sy a,y,lis,0 t 0. Mdy = \j (a,y,l5,0) ’ SN 28
/0 y e MWty Ady = o (n.0) 57 (28)

Proof. Counsidering Eq. (28) and applying Egs. (18) and (27), with some

simplification, we get the required result. O

4.3. Mellin transform

The Mellin transform (30) of an appropriately integrable function f(«) with index s
is defined as usual, by

M{f(a);a — s} := /000 a*f(a)da, R(s) >0, (29)

whenever the improper integral in (28) exists.

Theorem 4.3. The extended Wright function admits the following Mellin transform:
ayls,
MW 5y A) 2 A — s}

CT(T" ()M (e—s+5) (c+s,1);
N T()T(e — <) 12| (5425 1), (0, ;Y]

R(s) > 0, where F;fgﬁ) is a particular case of (13) for A = 0.

2650009-9
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Proof. Applying the definition of Mellin transform and extended Wright function
new generalized beta function, we have

M{W &2 (g 0) 0 X — s} =
¢ ; I( Cn +n)n
o0
x/ MBI (s +n,0— <) dA, (31)
0

to compute the right-hand side of the above, using Eq. (11) and the change in
integration order, we obtain

= /01x<+"—1(1 — ) UO B, (ﬁ)dx} da

A
_ = = 1 —
put pr— u, dA=z(l—2z)du

1 o)
= /0 x§+n+571(1 _ :L') o—c+s—1 [/0 USlEa,y,l(_u)d“} dz, (32)

using T'{° Lo " from Eq. (10) and the definition of the classical beta function in Eq. (32),
we have

:FE%’W)(s) B(s+n+s,0—s+s), (33)

with the help of Eq. (33) in (30), we yield the desired result. m|

4.4. Whittaker transform

Theorem 4.4. The Whittaker transform for the extended Wright function holds
under the following form:

| e W oW s e
0

—L (a,/,l;g‘g)|:(1/2+M+§,5)(1/2—M+§’5);i
“Blo-9" 0.02-r+; gl Y

Proof. Substituting Sz = v in the left-hand side of (33), and interchanging the
order of summation and integration (since the series is absolutely convergent), we
obtain

< B <+n o—¢)tr 1 [
¢ ) (), 14
=6 ZB T(Cn+n)nl 65"/ VW) dv.

n=0

2650009-10
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using the formula

L L1/2—p+v)T(1/2+p+v)
g1, dv = R(v+p) > —1/2
| eFim e a e Fa L (ROEp) > -172),
in above expression, we get the desired solution. O

5. Fractional Properties of Wg;;”l;g’g(y;b)

Here, we develop some results involving the right-sided Riemann—Liouville fractional
integral operator I’ and the derivative operator D/, which are defined, respec-
tively, as (see (18; 27))
00 = [ e, (ne O >0 (35)
o L) Ja ( ’ ’

t—x)l-r

and
a\" .
L0 = () T, (0= R+ e RG>0, (36)

According to Hilfer (10), the generalized right-sided Riemann-Liouville fractional
derivative operator (Do) of order 0 < v <1 and 0 < p < 1 with respect to ¢ is
defined as follows:

(D)) = (A S IS0 (ne OR@ >0). (1)

The following result concerning the right-sided fractional operator I, is due to
Mathai and Haubold (22) as

(12l = ) D) = gy (¢~ @) -

(1, ¢ € C,R(C) > 0,R(p) > 0).

Also, Srivastava and Tomovski(31) established the following result:

ATy — a) =) (z) = D'(p)
D30 - o) =

where ¢,p € C,R(¢) > 0,R(p) >0 and 0 < ¢ < 1,0 <A< 1.

(z —a) =1, (39)

Theorem 5.1. Let p € R, ,R(n) > 0,R(u) > 0 under the parameter assumptions
same as Sec. 3, and fort > p, the following relation holds true:

(T2 (@ — )W gl — )] ()

= (t = a)" W gt — a) D), (40)

2650009-11
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(D4 (@ — a) W ETE gz — a) D)) (1)

= (t—a)" W (gt — a) ;D) (41)

and

(DI (@~ ) W (el — ) SO

= (1= ) W gt - )5 ). (42)

n—p

Proof. Considering left-hand side and using Eq. (18), we have

I [(z — a)" L W5 (g(z — a)S; b)])(¢
Lol o) W el )0 = g
Bl (s+n,0—gA)g"
I'(¢n+n)n!
X (I3 [(z = a)™ e h)(2).
Using the result of Eq. (37) in the right-hand side of the above, we get the desired
result. Now, to prove Eq. (40), we have

(DL [(x — ) W gla — @) b)) (E) = ( ) {102 — )

< WS gl — ) D]} (1)

_ (%) (= ayrent

a,,l
XWc e (q(t —a)$;b)}

X

) -(t)™ ", we reach at the desired result.

by using equation &+ (t™) =
e (4 ) with the help of Eqgs. (18) and (38). |

Similarly, we can prov
6. Illustrative Application
Consider the fractional relaxation equation
Diy(t) = -dy(t), 0<a<l.

The solution of this equation can be expressed in terms of the Mittag-Leffler
function. Using the generalized Mittag-Leffler kernel introduced in this work, the
solution can be written as

y(t) = ,vl( /\ta)

2650009-12
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This representation demonstrates that the generalized Mittag-Leffler function
provides a flexible framework for modeling fractional relaxation processes appearing
in viscoelastic materials and anomalous diffusion systems.

7. Comparison and Discussion

This paper’s approach builds upon previous research by Khan et al. (15) and Shadab
et al. (29). Specifically, Khan et al. used kernels based on the classical Mittag-Leffler
function to create an extended Beta function along with a related probability density
function. In a similar vein, Shadab et al. (29) suggested extending the Beta function
using the conventional Mittag-Leffler kernel.

In contrast, this work employs the generalized Mittag-Leffler function E,, , () as
the kernel. The introduction of the additional parameters v and [ significantly
enlarges the admissible parameter domain and provides greater flexibility in the
analytical structure of the resulting functions. An extended Wright function and a
new generalized Beta function are created using this generalized kernel. Moreover,
several new integral transforms, summation identities, and integral representations
are derived, along with properties of fractional derivatives involving the Hilfer and
Riemann—Liouville operators.

When the parameters are specialized to v = 1 and [ = 1, the generalized Mittag-
Leffler function reduces to the classical Mittag-Leffler function. Consequently, the
present formulation provides a unified extension of the earlier results.

The graphical behavior of the extended Wright function and the generalized
Mittag-Leffler function for various parameter values is shown in Figs. 1 and 2. The
figures demonstrate how the shape and growth behavior of the functions are greatly
affected by changes in the parameters «, v, I, and A. Specifically, v and [ alter the

’ Generalized Mittag-Leffler Function
T T T T T

\\ ———— $a=0.75,5y=1$,51=05
08\'\ - — — $a=0.95,%y=2$,3I=1$

08f > E
0.7+ > -
0.6 ~ -

05+ So J

Eqy(—x)

04+ ~ ]
0.3+ ~a -
02+ P .

0.1

Fig. 1. Graph of the generalized Mittag-Leffler function E,, , ;(2) with a range of a,y, chosen at random.
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10 x10210 Extended Wright Function for different A
T T T T
9k
8 - .
7 - .
< 6k |
5
o4t i
3 - .
2 - .
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Fig. 2. Graph of the extended Wright function for different values of A.

structure of the generalized Mittag-Leffler kernel, while « influences the rate of
decay. The flexibility of the suggested functions in simulating various fractional
phenomena is demonstrated by these graphical findings.

8. Conclusions

In this paper, newly generalized Beta and extended Wright functions were intro-
duced using the generalized Mittag-Leffler kernel E,, . ;(z). Several analytical prop-
erties, including integral representations, summation identities, and integral
transforms such as Euler Beta, Laplace, Mellin, and Whittaker transforms, were
derived. Fractional derivative relations involving Riemann-Liouville and Hilfer
operators were also established. The additional parameters «, v, !, A provide greater
analytical flexibility and extend several previously known results. Potential appli-
cations of the proposed functions may arise in fractional differential equations, vis-
coelastic models, and anomalous diffusion processes.

Remark. If vy =1 and [ = 1, the generalized Mittag-Leffler function reduces to the
classical Mittag-Leffler function. Consequently, the proposed generalized Beta and
Wright functions reduce to the forms studied in earlier works by Khan et al. and
Shadab et al. Therefore, the present results can be viewed as a natural generalization
of these earlier formulations.

ORCID

Pallavi Sharma © https://orcid.org/0000-0002-8824-6990
Ekta Mittal © https://orcid.org/0000-0001-7235-1852

Rajni Gupta @ https://orcid.org/0000-0002-8224-6383

Sunil Dutt Purohit ® https://orcid.org/0000-0002-1098-5961

2650009-14


https://orcid.org/0000-0002-8824-6990
https://orcid.org/0000-0002-8824-6990
https://orcid.org/0000-0001-7235-1852
https://orcid.org/0000-0001-7235-1852
https://orcid.org/0000-0002-8224-6383
https://orcid.org/0000-0002-8224-6383
https://orcid.org/0000-0002-1098-5961
https://orcid.org/0000-0002-1098-5961

Math. Open 2026.05. Downloaded frrom www.worlascientitic.com
by Clemente Cesarano on 05/31/26. Re-use and distribution is strictly not permitted, except for Open Access articles.

A note on the generalized ML function

Clemente Cesarano @ https://orcid.org/0000-0002-1694-7907
Meenakshi Singhal ® https://orcid.org/0000-0003-2715-4723

References

1]

G. E. Andrews, R. Askey and R. Roy, Special Functions, Vol. 71 (Cambridge University
Press, Cambridge, 1999).

N. H. Al-harbi and M. Raissouli, Extension of the Beta function in several variables and
applications for multivariate orthogonal polynomials, J. Inequal. Appl. 2025(1) (2025) 1-22.
M. Ali;, M. Ghayasuddin, W. A. Khan and K. S. Nisar, A novel kind of the multi-index
Whittaker function and its certain properties, Int. J. Appl. Math. 34(6) (2021) 1031.
M. A. Chaudhry, A. Qadir, M. Rafique and S. M. Zubair, Extension of Euler’s beta
function, J. Comput. Appl. Math. 78(1) (1997) 19-32.

S. A. Dar, M. Kamarujjama and W. A. Khan, On matrix properties of generalised Sri-
vastava’s triple hypergeometric matrix function He p(-), Palest. J. Math. 12(3) (2023)
552-562.

A. Erdélyi, Higher Transcendental Functions, Vol. 3 (McGraw-Hill, New York, 1955).
R. Gorenflo, A. A. Kilbas, F. Mainardi and S. V. Rogosin, Mittag-Leffler Functions,
Related Topics and Applications, Vol. 1451 (Springer, Berlin, 2020).

R. Gupta and P. Purohit, An incomplete category comprised of R-functions and their
implications, J. Nonlinear Convezr Anal. 25(9) (2024) 2249-2268.

R. Gupta and P. Purohit, Certain incomplete R-function expansion formulas utilizing
fractional calculus, J. Sib. Fed. Univ. Math. Phys. 19(1) (2026) 72-79.

R. Hilfer, Applications of Fractional Calculus in Physics (World Scientific, 2000).

S. Kanemitsu, M. Katsurada and M. Yoshimoto, On the Hurwitz—Lerch zeta-function,
Aequ. Math. 59(1) (2000) 1-19.

W. A. Khan, M. Ghayasuddin and M. Ahmad, On extended beta type integral operators
involving generalized Mittag-Leffler function, Palest. J. Math. 12(3) (2023) 44-51.

W. A. Khan, H. Aydi, M. Ali, M. Ghayasuddin and J. Younis, Construction of generalized
k-Bessel-Maitland function with its certain properties, J. Math. 2021(1) (2021) 5386644.
N. U. Khan, T. Usman and M. Aman, Some properties concerning the analysis of gen-
eralized Wright function, J. Comput. Appl. Math. 376 (2020) 112840.

N. U. Khan, T. Usman, M. Kamarujjama, M. Aman and M. I. Khan, A new extension of
beta function and its properties, JMI Int. J. Math. Sci. 9 (2018) 51-63.

N. Khan and S. Husain, A note on extended beta function involving generalized Mittag-
Leffler function and its applications, TWMS J. Appl. Eng. Math. 12(1) (2022) 71-81.
A. A. Kilbas and M. Saigo, On solution of integral equation of Abel-Volterra type, Differ.
Integral Equ. 8(5) (1995) 993-1011.

A. A. Kilbas, H. M. Srivastava and J. J. Trujillo, Theory and Applications of Fractional
Differential Equations, Vol. 204 (Elsevier, 2006).

V. Kiryakova, Some special functions related to fractional calculus and fractional (non-
integer) order control systems and equations, Facta Univ. Ser. Autom. Control Robot. 7(1)
(2008) 79-98.

V. Kumar, On a generalized Mittag-Leffler function and fractional integrals, Fundam. J.
Math. Appl. 7(1) (2024) 12-25.

M. J. Luo and R. K. Raina, Extended generalized hypergeometric functions and their
applications, Bull. Math. Anal. Appl. 5(4) (2013) 65-77.

2650009-15


https://orcid.org/0000-0002-1694-7907
https://orcid.org/0000-0002-1694-7907
https://orcid.org/0000-0003-2715-4723
https://orcid.org/0000-0003-2715-4723

Math. Open 2026.05. Downloaded frrom www.worlascientitic.com
by Clemente Cesarano on 05/31/26. Re-use and distribution is strictly not permitted, except for Open Access articles.

P. Sharma et al.

22]
[23]

[24]

[25]
[26]
[27]
[28]
[29]

[30]

[31]

A. M. Mathai and H. J. Haubold, Special Functions for Applied Scientists (Springer, New
York, 2010).

G. M. Mittag-Leffler, Sur la nouvelle fonction E,(z), C. R. Acad. Sci. Paris Ser. II 137
(1903) 554-558.

M. A. Ozarslan and E. Ozergin, Some generating relations for extended hypergeometric
functions via generalized fractional derivative operator, Math. Comput. Modelling 52(9—
10) (2010) 1825-1833.

E. Ozergin, M. A. Ozarslan and A. Altn, Extension of gamma, beta and hypergeometric
functions, J. Comput. Appl. Math. 235(16) (2011) 4601-4610.

R. K. Parmar, A new generalization of gamma, beta hypergeometric and confluent
hypergeometric functions, Le Mat. 68(2) (2013) 33-52.

S. G. Samko, A. A. Kilbas and O. I. Marichev, Fractional Integrals and Derivatives:
Theory and Applications (Gordon and Breach Science Publishers, Switzerland, 1993).
M. El-Shahed and A. Salem, An extension of Wright function and its properties, J. Math
2015(1) (2015) 950728.

M. Shadab, S. Jabee and J. Choi, An extended beta function and its applications, Far
East J. Math. Sci. 103(1) (2018) 235-251.

H. M. Srivastava, R. K. Parmar and P. Chopra, A class of extended fractional derivative
operators and associated generating relations involving hypergeometric functions,
Azioms 1(3) (2012) 238-258.

H. M. Srivastava and Z. Tomovski, Fractional calculus with an integral operator con-
taining a generalized Mittag—Leffler function in the kernel, Appl. Math. Comput. 211(1)
(2009) 198-210.

2650009-16



	A note on the generalized ML function as the kernel of the extended wright function
	1. Introduction and Preliminaries
	1.1. The Generalized Mittag-Leffler Function Eα,&gamma;,l(z)

	2. Newly Generalized Beta Function and its Properties
	3. Main Result
	3.1. Extended wright function
	3.2. Derivative properties of W&zeta;,&eta;α,&gamma;,l;&sigmav;,&rhov;(y;λ)

	4. Integral Transform of W&zeta;,&eta;&alpha;,&gamma;,l;&sigmav;,&rhov;(y;&lambda;)
	4.1. Euler beta transform
	4.2. Laplace transform
	4.3. Mellin transform
	4.4. Whittaker transform

	5. Fractional Properties of W&zeta;,&eta;&alpha;,&gamma;,l;&sigmav;,&rhov;(y;b)
	6. Illustrative Application
	7. Comparison and Discussion
	8. Conclusions
	ORCID
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 900
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


