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Abstract: The sun is a vital component of our natural environment, and kinetic equations are important mathematical
models that show how quickly a star’s chemical composition changes. Taking inspiration from these facts, we develop and
solve a novel fractional kinetic equation by calculating the Laplace transform of hypergeometric functions in the complex
coefficient parameter. This was a challenging task because the function cannot be integrated concerning the coefficient
parameters using classical methods due to the infinite number of singular points of the gamma function involved in it.
We achieved it using the distributional representation of the generalized hypergeometric function. Moreover, on the
one hand, the role of the delta function is vital to represent the electromotive forces, and on the other, the solution of
differential equations of engineering and mathematical physics led to a class of hypergeometric functions. This article
is the confluence of both. Therefore, innovative characteristics concerning the Fox-Wright and several related important
functions are applied for the simplification of the obtained outcomes. A popular class of fractional transforms involving
generalized hypergeometric functions are evaluated using the delta function, and as a distribution, numerous additional
features of this function are described.

Keywords: delta function, generalized hypergeometric function, mathematical operators, H-function, kinetic equation
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1. Introduction

Current hypotheses of gases and astrophysics have greatly enhanced environmental sciences because the role of the
sun is crucial in the realm of global warming and a system of differential equations can model the evolution of stars like
the sun [1]. Three factors-temperature, pressure, and mass-can be used to characterize stars’ internal structure, which is
formed completely of gases [2]. In fact, the conversion from the cloud to a star requires a greater gravitational strength as
compared with the inside pressure. A protostar is formed and the cloud produces light when fusion of nuclear matter takes
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place [1]. Mathematical models to describe the nuclear compositions in these types of stars are used in [1-3]. The basic
kinetic equation [2] to study this composition K (¢) using the amount of production P(K) and destruction D(K), described
as follows:

dK
= DK)+P(K): K (1) =K (1 —17), 1 > 0. (1)

Then ignoring the species disparity and inhomogeneity of K(r), the subsequent equation is formulated, K;(r = 0) =
Ko.

dK;
th = —c;K;(t). 2)
The following is the result of integrating this equation while ignoring the subscript j,

K(t)— Ko = —dI, 'K (t). 3)

Using the Riemann-Liouville (R-L) fractional integral, subsequent non-integer order kinetic equation can be
produced,

K(t) — Ko = —d®I§ . K(1), 4)

where is a constant. The next generalised non-integer kinetic equation [ 1-4] employing a wide-ranging integrable function
f(t) have been studied by various researchers,

K(t)— f(t)Ko = —d°I5, K(1). %)

Numerous researchers have made significant contributions to fractional calculus [4]. The literature contains previous
studies on a large number of generic families of fractional kinetic equations [5]. Unlike the Hurwitz-Lerch and
Mittag-Leffler functions, which have several multi-parameter extensions, Srivastava looked at significantly more general
functions in [6, 7]. Moreover, a significant class of general hybrid-type kinetic equations is also considered in the recent
research [8, 9]. The link between kinetic equations of fractional order and the theory of continuous-time random walks
have recently been discovered, which has led to an increased interest in these equations [10]. The purpose of examining
these equations is to identify and then understand certain physical phenomena that are known to control processes such as
anomalous propagation, diffusion in porous media, and so forth. According to this review of literature, such an equation

with regard to the pth parameter ¢, of the generalized hypergeometric function I'(c,) ,F. 1> =P 5| has not been

P ay, .. d,
studied so far. The reason behind it that the function cannot be integrated with respect to the coefficient parameter ¢, due
to the poles of gamma function. Therefore, main goal of this work is to fill this gap.

Considering the aforementioned, we offer the plan of this study: Basic concepts are given in Section 1.1. New
Cl, ---Cp
dy, ...dg,
required kinetic equation is provided in Section 2. Sections 2.1 and 2.2 contain new identities or formulas for fractional

modified representation of the hypergeometric function I'(c,) ,Fy l ; 5| as well as the implication to the
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calculus employing a hypergeometric function. Section 3 discusses the new distributional representation and its different
features. Section 4 discusses further uses of this representation. The last Section 5 concludes this research with suggestions
for future directions.

1.1 Preliminaries

R represents the set of real numbers throughout the text. R is a set of positive reals, while Zg is a set of positive
integers that contains 0. R represents real part of a complex number, while C represents set of such numbers.
For complex numbers @ € C with real part R(®) > 0, the gamma function is defined as [9],

I(0)= /0 T 1oy, (6)

Due to the extensive applications and representations of this well-researched special function, the fundamental
Pochhammer symbols (®), can be defined in terms of the gamma function

(@)=

C(o+r) _ [1(r=0),
I'(w) oo+1)...(0+r—1)(r=neN; o e C\{0}).

The generalized Mittag-Leffler case of three variables a, §, y € C, and R(a) > 0 is defined as [11, 12]

oo

(Ve
Eg’ ﬁ(a)) = kgom, (7)

which is an entire function [13] of type 6 = 1 and order o = 1/R(a). However, by taking particular values to parameters
o, B, v, we can obtain two and one parameter Mittag-Leffler function [11].

By choosing a particular contour which separates the singular points of {I"(1 —a; —As) }7: and {I'(b;+ Bjs)}
H-function [14] is defined as follows

m
j=1

: A') (a1 A1) (a,- A,')
Hm,n ) :Hin,n ) (alv 1 :Hm,n ® 9 9 9 9
p,q( ) P4 [ (bj,Bj) P4 l (thl)»-"a(thj)
:L/ " T (bj+Bjs) [T T (1 —aj—Ajs) o-ds (®)
2mi S TN D(1=bj—Bs)TIL, T (a;+As) '

(1£m=q;:0=n=<p,Ai>0AB;>0,a;Nb;eC(i=1,---, pAj=1,---,q)).

Meijer G-function [14] follows from (8) atA, =B, =1

1 : ©
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Moreover, H-function is related with Fox-Wright function ,'¥,, as follows [14]

p‘Pq[ (ai, Ai) ‘w] _ i i1 U(ai+Aim) 2 _ylr [—a)

(l—al,Al),...,(l—ai,Ai) ]

(bj, Bj) =TT, T((bj+Bjm) m! P at] (0, 1), (1—by, By), ..., (1—bj, B))
(10)
q p
ai€RY(i=1,...p); B;jeR"(j=1,...q): 1+ Y Bi— Y A;>0].
i=1 j=1
The generalized hypergeometric function is defined as [15]
cy,y ...C = (c1),(c2),---(cp), 7 & ZTIE, (i)
L (cp) pF, sl = e L = ; -, (11)
PPy, .. .d, ] Z{)(dl)r(dz)r---(dq),r! Zbr!]’[?zl (d)),
(ci; d;j€C; R(ci) >0,dj¢Zysi=1,....pANj=1,....¢; p<q+1;c,=v+10),
which has following relationship with Fox-Wright and G-functions
(aj, 1 a; I'(ay)...T(a) I p (I—ap, 1), ..., (I—a; 1)
¥ 0] F, , @O =G (0] 3
r ‘fl (bj, 1) PR b L(by)...T(b;) — Patt 0, (1=b1, 1), ..., (1=bj, 1)
(12)
(i >0 b; ¢ Zy )
Glue et al. [16] defined the Multiple Erdélyi-Kober (M-E-K) integral operators (see also [17-19]) as follows
f(@); (me=0; og = B)
1 1\
Yk+Tk_E+17 E
folf(ZG)Hzl,’zo c | ¢ 1 /1 ldo; (Tem>0)
’ ——+1, =
oS = <Yk B ﬁk>1 (13)
1 I
10 5 /yk+fk—*+1 E
:Zilfozf(é)szz Z | 1 YU dEs (Tew > 0).
| o)
< ﬁk ﬁk 1

1 1 . . . .
Here, Y1, B >Yr, o Order of integration is expressed by s, ¥'s, are taken as weights while oy s, B[s are

accompanying parameters. Since Hy,’ ~ vanishes if |o| > 1 Thus, in equation (13) the upper limit as infinity becomes
worthless. However, [18, 19] also provide a clear definition of the corresponding appropriate R-L type derivative with
order (7, >0, ..., 71 >0) =T1.
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(7+n+1 ! 1)1
'k k — Ty T
% %/1 | gs,  (14)

1
(). (%) ), (=) gy 1o
Liggy (B, 1L @)= Dalig) g} /(&) =D ”/o S ( L] 1)1
1oy o

" B’ Bx/,

where Dy, is defined as a following polynomial

r1 [Tk]+1; T ¢ L (15)

m 1 d
Dy = =2t %+J M=
n rlzlljl;lﬁ, dz Y s e { T, Tk €EZ

and the corresponding Caputo type multiple Erdélyi-Kober (E-K) derivative operators are stated as [19]

*y (%) (%) ), (=)
Digyy, (g, 1f@) =gy, [ Do f (). (16)

Table 1. Popular forms of M-E-K fractional operators [19] when o = B

Integrand of fractional integral operators [19]

3,0(1 3,01
53(5) o33
3,3\ 3,3L

Variations in Equation (11)

n+r,t-n,1t-n
n,n,t-n-n

Marichev-Saigo-Maeda (M-S-M) [20-22]
([:3; (Xk:ﬁk: 1)
xn

I(7)

! t
(=) (71, n,pr, nl- M f)

2,0 m+m, 1), (p+n, 1)
H2‘2|:G‘ (’}/]71)’(’)/2,1)
Saigo [23, 24] -G*% o Nn+7, n+n
(I=2 o= =1) T2 N,

Gﬁ(l,g)ﬂ*‘h*l
= F(n-n+nrn uu+n 1-0)

(171 +1)
. 1
. — - —1
Erdélyi-Kober (E-K) [19] 11 " a w1l g @0 (1—0%)"
H = _
(lzl;ock:[ik:oc>0) 1,0 o 0 l ao GI,O[G ‘0} F(T)
"o
Riemann-Liouville (R-L) [19] T (r, 1) | Gl L =Tt
([:1:0{,\,:(1) 1,0 (O, 1) Lo | T F(‘L’)
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Following the work of [20], fractional calculus operators with the Gauss hypergeometric function kernel were
successfully applied in [21, 22] and similarly, the Saigo fractional operators [23, 24] were also used for the significant
applications [25, 26].

Delta function is the most popular distibution defined for a suitable function g as follows [27, 28]

| 8- a)pwax = pla), (17)

O(x . . . . .
and 0 (ax) = |(), a # 0. Because it cannot be formed from a locally integrable function and instead acts as a continuous
a
linear functional on a set of test functions, this is one of the greatest examples of a singular distribution. The derivatives

(89(@), p(0)) = (~1)'p"(0), (18)

of delta function behave same like a singular distribution. Delta functions, or singular distributions, are also the Fourier
transformations for the frequently used functions, for instance sin @, cos @, sinh®, and cosh [27]. The exponential
function’s Fourier transform is also computed in Volume I of [27].

Fle"; &] =218(¢ —1a), (19)
belongs to 7 therefore, for Vg € 7' [27, 28]
Sk
so+a)= ¥ 556" @) (@acC) 20)

a
S(w+a)=Y Fs(k)(w). 1)
Convolution of the delta function with an appropriate function produces

S(x—a)xg(x) =g(x—a); 8V (x—a)xg(r)=g" (x—a). (22)

For this research we consider the following representation [29, 30]

T(c,) pFy FO(u—1(t+n+r));

Cly .- Cp ;s] Cor i (=1)"(s)" (c1),(c2),---(cp-1)

dy, ...d, L T (@), (da), - (dy),
' (23)

(ci; d;€eC;R(ci) >0,dj ¢ Zysi=1,....pAj=1,....q; p<q+1;c,=v+10).
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We derive numerous new and innovative results using this representation (see [31-35]) for additional such investigat-
ions of other special functions. The parameter values, as described in section 2, will be considered normal unless otherwise

noted in this article.

2. Distributional representation of the generalized hypergeometric function and
generalized Kkinetic equation

Main results about the generalized hypergeometric function as a complex delta function series are given in this section.
This is quite helpful in solving the new integral equation using this function by computing its Laplace transformation in
upper parameter c,,. Here and what follows (c;_1), are the Pochhammer symbols.

Theorem 1 The generalized hypergeometric function has a distributional representation specified as

F(Cp)qu[ g ;Sl =2z i L) 57=1(Ci_l)r5(cp‘|'r‘|'n)

di, ...d, ~0 n!r!H?zl (dj), 24
(i=1,....psj=1,...q: p<q+1;c;;d; €C; R(c;) >0; d;j ¢| Zy; v+10).
Proof. The modification of (23) that follows is presented as
1
0(6—1t(v+r+n))=29 L(l@—l—(v—l—r—krz))] =2x|1|0(v+10+n+r)=2r8(cp+r+n). (25)
This means that by substituting (25) in (23), the specified form (24) can be produced.
Corollary 1 The distributional representation of the generalized hypergeometric function is
i, ...C = (=) (n+r)"TIE, (ci-1)
I'(c,) F. P gl =21 ! r50 (c,) (26)
PP dy, . ..dy 1 rgzo nlrim! T4, (d)), b
(i=1,....pij=1,...q: p<q+1l;ciid; €C; R(c;) >0:dj & Zy; cp =v+10).
Proof. By using (20) in (24)
o ()™
O(cp+n+r)= Z 0" (cp), 27

the stated form (26) is obtained.

Equations (24) and (26) can be used at s=0 to derive the distributional representation of the gamma function. Thus,
for the generalized hypergeometric function with respect to the new representation, it is evident that the concepts related
to the Dirac delta function do exist. It provides fresh insights into more recent findings in diverse fields. For instance,

applying Laplace transform [23] i-e L {5(’) (7); é} = &7, on (26) yields
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L{F<CP>,,F4[CI""C” ;s];é}Zzn y e gn (28)

di, ...d, o n!r!m!]‘[lf-:l (d)),

Taking s = 0 it provides Equation (48) of [36]

L{T'(cp); &} =2mexp (7?&) ,

and for a constant 7,

Cly ...Cp—1,Cp—O0O
L<F(Cp_6)qul dlp dp ;Sl ; 5)
,..dg

=27 i (=1)"s"(n+r)" fﬂ(Ciil)fL{(S(r)(cp_G);é} .

n, r, m=0 n!r!m!H;{:I (dj)r

S (DS ()" I (cin), o to
:2 1 rer .
71?”7 r,Zm:O n!r!m!H?=1 (dj), §'e

Moreover, one can compute that
L{T(c)—0): £} =2me 5 exp (—e‘§>. (30)

Theorem 2 Considering the p-th parameter of the generalized hypergeometric function in a non-integer order kinetic
equation

C1, Cp

;5| =—dI§ K (cp); cp eRT N, £ >0, (D
dy, d,

K (cp) — Kol (cp) pFy l

results in the solution that follows

s () I ),

B 27'EKO Cp

K
(cp) & n ;ﬂzo nlrim! T2, (d)),

Ee, _1(—d“cye) (32)

(i=1,....pij=1...q: p<q+1l;ci;d; €C; R(c;) >0:d; & Zy; cp =v+10)

Proof. First, let’s apply the Laplace transform (see [1-3]) to (31)
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cl, .. Cp ;s‘|;€}:L{—dSI§+K(C‘p>:‘£}7 (33)

L{K(cp);é}—KOL{F(CP)PF‘? di, ...d,

wherever
K(s) = LIK(1) : &] = / TSR ()dr, R(E) >0 (34)

L{IG,K (cp); E} = EK(E). (35)

Then, by employing (24) in (33), we get

o —1)s" (n + r)™ 14 ci_ —&
k@ =amky ¥ TR e () k) (6)

and then expresses equation (36) above as follows

K(S)

d n!r!m!H‘]I-:1 (dj),

. (§> 5| P izo (—l)nsr(n—Fr)mHlP:l (ci—l)rém. (37)

After doing a quick calculation, the outcome can be ascertained as

= (D))" T (cie1)y o -]’
K(é):anon. er:O( )n!r(!mtn)??(’d;)(r ) 3 IZO[— (fz) ] : (38)
(Cp)gil

Furthermore, let em—p > 0; € > 0; L™ {w % ¢,} = ; we compute L~! of (38) given by

I'(e)

. i (_1)”Sr(n+r)mnf: (Ci—1>r - oo (7(1363)1
K(cp)=2mKy ) n!r!m!H?:,(d;)r ; 1XZ§(4)[‘<T_P"1)'

n, r, m=0

(39)

At last, we can obtain (32) by applying (7) in (39).

Remark 1 Response rate or the solution K (c),) is a function of the fractional parameter €, and it is noteworthy that
the solution approach is traditional [1-3]. Usually, K (c,) is expressed in closed form using the Mittag-Leffler function,
which can be observed in (39). This leads to a well-defined and finite sum over the coefficients in (32).

. -1y (*)nl (ci),

0 n!r!]’[j’.=1 (d)),

c i—1; 1
o3

e"lp] . (40)
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In the same way, lim,, . leads to the following

(ci-1, 1)

. /e (ci—la 1)
lim exp( e P)p_l‘Pq [ (d;, 1)

Cp*)m (d] 1)

efl'] —exp(—1),1¥, [ 1] : (41)

2.1 M-E-K fractional integral operators and the generalized hypergeometric function

Lemma 1 By means of the Laplace transform of generalized hypergeometric function, prove the following identity

i o%o [~ | (n+1)E] (" Ty (6o, =exp (—€§> 1Y [ (cp-1, 1)

e nirim! T17_, (d)),

s 651 . (42)

Proof. Equation (28) gives us the following result.

L<F(Cp)qu [ b s] ; 5) =2r i (=1)"s"(n+r)" Ty (Cifl)rgm

dy, dq n, r, m=0 n!r!m!Iﬁ:l (dj)r
(43)
- - (=1)"s" I, (ci-1)
=2r o¥o |— | (l’l + r)é = r s
n,;:O [ ] nlr! Hj’:l (d.f)r
then
cl, ...C = (=) (n4 )" (cio1)
L(T(cp)) pF. Ps|s E=2m ! Lem
PIPTE dy, .. .d, n ;’L:O n!r!m!H?:1 (dj),
_ é)"
S ( ¢ (cp-1, 1)
= % P s et (44)
n;=0 n! ! ! l (dt]’ 1)
(C,,,l, l) 13
=exp (fe ) Y se°|.
po e l (dg. 1)
Therefore, from both of the above Equations (43-44), the required result is established.
Remark 2 Note that the following general conclusion can be drawn from (42):
o (=1 TIE (cio1), (ai, Ai) £ (cie1, 1) (ai, Ay)
= ¥ ’ (n+r)€| =exp (—e ) Y, ’ ’ set|.  (45)
H;O nlrim! T, (d;), "~ | (bj, B)) PRI (d;, 1) (b, B))

Theorem 3 M-E-K fractional transform including the generalized hypergeometric function is
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-1 1y
(ci—l, 1) <7k+1+ ) >
1 s et

=277 exp (~e8 ) 1y 1 Wiy ho B (46)
X—
dj, 1 + o+ 1+ , )
( j ) (7/( k o o),
B+ <p; & >0 k=1, ..., Li=1,...p; j=1,....q).
Proof. Consider the following:
) - Cls p . |.
i (erefren] 2 )
(47)
oo —1)s" myTP -
:I((a))(zk él "2 Z L) (”Jrr)q iz, (e l)rgm )
w n, r, m=0 n!r!m!Hj:I (dj)r
then due to the uniform convergence of the integral, we exchange the role of sum and integration to obtain
("), (%) -1 €Ly -<Cp |
LCARIAN (5;5 L <F(“)PFq di, dy S] ’ é))
(43)
- i ( 1) (n+ )m qul (Cl 1) ﬁ (él lém)
n, r, m=0 n!rim! Hj:] (d/) ( ( k)
and the following action of multiple E-K operators [16, 17] is a key step of this proof
(}/k +1+ B )

o 3. @) =11 gk =1, e > SR (14 %)) 7> 0), (49)

(o). (Bo). 1 N ralk
k=1 F(’}’k-‘v-fk-i-l-l-a)
k

which gives
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(50)

—1
F(yk+1+X+p )

B
x+p—1
Ok

op ¥ GO (),

§"1+l—1
q 3
n, r, m=0 n!r!m!nj=l (dj)r k=1 T

<'}’k+’fk+l+

and then applying Equation (10) to Equation (50) yields the following outcome
Cl, -.-Cp | .
dy, ...d, " S] ’ 5))

x—1 1y
0o 1\ . Yo+ 1+=—F—, =
=2EX! Z (=1)"s 5):1 (Cl_1>r1‘P[ (k Be " B/, o ne (51)

poimeo Mrmt T (), (m+q+1+x_ll)
(Xk7OCk1

I((gl;()) ((Z(k))-,l <§x—1 (F(CP)PF(I

(=B(l+n)<p; %>0, k=1, ....1).

Applying Lemma 1 thus produces the correct simplified form.
Corollary2For (i=1, ....p; j=1, ....q; p<q+1; ciANd; € C; R(c;) > 0; dj ¢ Z, ) M-S-M fractional integral
operator including the generalized hypergeometric function is

N ~1
I())/L»YI V2, 12 T<§x L{F(Cp)qu

I

seél.

Proof. This can be achieved by using (o = ;) in (46) and then using the case [ = 3 from Table 1.
Corollary 3 For (i=1, ....p; j=1,....q; p<q+1; c;Adj € C; R(c;) > 0; d; ¢ Z, ) Saigo fractional integral
operator including the generalized hypergeometric function is

€l - Cp ] _ TH-n-n—1 _
o) et ()

(ci-1, 1) (x, 1) x+t—-n-n'-»1 x+r'-n.1
dj, 1) (x+».1) (+t—-n-n.1) (x+7-n"-r1)

p+21Pq+3 l

Igi ne (51_1L{F(C'p)qu

S, 5 (ci-1, 1) (x: 1) x+r-n,1) se§
PEEIE @) (- D) (T 1) '
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Proof. This can be achieved by using (o = ;) in (46) and then using the case [ = 2 from Table 1 .
Corollary4For (i=1, ....p; j=1, ....q: p< q+1; c;Adj € C; R(c;) > 0; d; ¢ Z, ) Erdélyi-Kober fractional
integral operator including the generalized hypergeometric function is

Cly, ...C . . . -~ (Cl;,l) (%‘i’% 1)
dl“ "'dl; ’S] ’ €}> - lexp(_eé)PquH [ (djl ) (x+y+7 1) ‘Sg]'

Proof. This can be achieved by using (o4 = f) in (46) and then using the case [ = 1 from Table 1 .
Corollary SFor (i=1, ....p; j=1,....q: p<q+1; ¢;ANd; € C; R(c;) > 0; d; ¢ Z ) R-L fractional integral
operator including the generalized hypergeometric function is
s e‘ﬂ .

Proof. This can be achieved by using (o = B¢) in (46) and then using the case / = | from Table 1 . Similarly, the
corresponding left side formulae for (i=1, ....p; j=1, ....q; p<q+1; ¢;Ad; € C; R(c;) > 0; d; ¢ Z; ) are listed
as follows:

Igf <5X_IL {F(Cp)qu

Cl, ---Cp | . . — (Ci—a]) (%a 1)
dll, ...dz ’S] ’ é}) =28  exp (_65>P‘*’4+1 [ (djl 1) (t4x, 1)

Iy <§XIL{F(Cp>qu

’ ! 1 !
(s freann 5 o g e el

ap | G ) (=x—ttn+n’ 1) (I=x+n+nr'-11) I=x-n.1 | ¢
PREETOEL (d, 1) (1—x, 1) I—z+n+n'+p+p -t 1) (I-x+n-n 1)
1
1717)/277 X*lL F C1, "'Cp . e
- <€ {pqldl7---dq’s’é

(cict, 1) (m—x+1,1) (p—x+1,1)
((dj, 1) I-x1) (n+rp+r—x+1,1)

Ig’f (éllL{F(c,,)qu l 21 ZZ ; S] ; é})

(ciot, 1) (I—=x+7, —1)
(dj, 1) (t—x+1+7y,-1)

1
=27E% 1 exp (_eé) 112 [ s 65]

1
ses

¢ty ...cp |1 - - (ci1, 1) (I1-=7—x-1)
d, d’; ; S] ; §}> _27T§X+ lexp (7eé)pq’q+l [ (dj 1) (1—yx, —1)

=2mEX L exp (—eé> Py [

1
ses|.

I’ (él—lL{r(cp)qu
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2.2 Multiple E-K derivatives including the generalized hypergeometric function

Using the method from Theorem 1 and the distributional representation of the generalized hypergeometric function,
we may deduce the new derivative formulae involving a generalized hypergeometric function. Here, we deduce them
directly while altering the overall outcome using Theorem 4 of [19], which is

Y
(ai, i), (Yk+fk+1+ )
pl%): (Tkk) y {ZCP‘P [ (ai, 04)7 M“] } =2 | prt ¥y % ak; s AZH (52)

(b, )1 1 ’ ’

(L>0; R(t,) >0, R(p)>—1; L #0; |A*| < 1 wheng+1=p).

M-E-K fractional derivatives containing generalized hypergeometric function are computed using first (52) on (28)
and then using (42)

o35 )

1
1
(cio1, DI, (}/k+rk+l+ )
o’ o st

1 l
@ v (mrieg ﬁk)

(L>0; R(%) >0, R(y) > -1 A#0; [A*|<1wheng+1=p; p<qg+1;c;5d; €C; R(c;)>0;d; ¢ Zy).

—2mEX L exp (_eé) ¥t (53)

Hence, the following special cases of the result (53) for [ = 3 (M-S-M derivative); [ = 2 (Saigo fractional derivative);
[ =1 (E-K and R-L fractional derivatives) are listed as follows:

D(J)/L; n,n Té%*IL {F(cp),,Fq

s e ()

I (cie1, 1) (1) x—-r+tn,1) x+rnn'+n'-1,1) e
e di, 1) (x—-71) (x—-t+n++r1) (x-t+7n'+n,1) ’

P Tex—1
Dgﬂrn e L{F(Cp)qu

€L, ---Cp |, — 2-n-1 _e5
dl,...dq’S]’é} 2m8 exp (—¢f)

s (-1, 1) (1) (etrtn+n 1) | el
e @, 1) (x+n1) (x+7, 1) ’
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. _ cl, ...C _ ci-1, 1 +74+y, 1
D{,"&* 1L{F(Cp)qu l dll dp : s] ; é} =2mEX L exp (—ei)p“yq+1 [ ((d.l 1)) (y(y+xx1) ) ‘se‘gl ;
) e tq ] )

D(T)+§x_1L{F(Cp)qu l 2111 ;’; ; S] ; é} :27175%_167‘19 (*eé)p\PqH [ (lel’li) (XOETI’)I) |585] )

and the corresponding left hand formulae are given as:

JoUARIERCER Tile{F(cp)qu [ 21’ "'Zp ; s] ; é} = 2mETHAN N " exp (—e‘5>
1, ---dq

(cict, 1) (I=x+%" 1) (I-n'—-x-n+7,1) 1=x—n-n'+71)
(dj, 1) (1-x,1) A=x—-n'+v,1) (A=-x+6-n"-n-m1)

1
ses|;

p+2"Pq+3 [

D" Téle{F(c,,),,Fq

¢ty cp | L x-n-1 ¢
s s & _2 ! -
] g tan()

1
ses|;

ety cp |1 _ 21 i (ci-1, 1) (I—x+y+7, 1) .
s],é} 2mé exp( e)p‘PqH @, 1) - gsy 1) set|;

(cict, 1) (I=x-71, 1)  (—x+7+m, 1)
(dj, 1) (I=x+t-=m,1) (1=, 1)

pr1¥Pgi2 [

D" Téx‘lL{r(cp)qu

1

Ci—1, 1) (’L’—X—i—l, 1) s of

ngllL{F(cp)qu [ 2]1’ ;”q ;s] ; é} =2mEX T exp (—e®) )Py l ((dj N

3. Behaviour of distributional representation of the generalized hypergeometric
function

It is important whether the delta function used to build the new series representation of the generalized hypergeometric
function is accurately described in terms of the distributional idea. The results may hold over complex domain due to the
fact stated at page 200 of [28],

(f(@), x(@)) = (f(t+uw), x(t+uw)) = (f(1), 2(t+mw—w)) = (f(1), x(1))-

Moreover, a class of test functions closed under the Fourier transform contains infinitely differentiable and fastly decreasing
functions is .¥ (space . is its dual which contains functions of slow growth). Essentially, the Fourier transforms of dual
space 2’ (2 is the space of test functions with compact support) do not belong to 2’ but they belong to a different space
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% that is a space of complex functions. We remark that the Fourier transforms of are the elements of 2, which are entire
functions and do not vanish but only on a specific interval @; < ¢ < @y, that yields the subsequent enclosure

YcSCL CHXNZND=0N9Ccs S CD,

and

(0 p(0)] <A@ (Vpe Z: o ey).

It involves the imaginary part u of @ and the constants 11 and A, which are determined by £. Hence, we prove the
following theorem.

C1, ---Cp

; s| is a singular distribution (generalized
dy, ...dg

Theorem 4 Generalized hypergeometric function I'(c,) ,Fy l

function) over Z.
Proof. For @ (c)), o (cp) € Z NCi, C; € C, we take the subsequent combination

<F(Cp)qu 21’ Zp : S] G (CP)+C2@(CP)>
1, ---dyq
o (1)) TIE (ci-1),
:<27rn";0 n!r!nzzl (ldj), O(cp+n+r), Cign(cy)+Cogn(cp) ). (54)
:><F(Cp)qu 217 ---Zp : S] , Cign (Cp)+C2[02(CP>>
1, ---dq
—C, <F(cp)qu 2 '.'.'.‘;;; ;s],m(cp)>+cz<qu[ ;11’7'.'.:;1; ;s] : ;oz<cp>>. (55)

Then, we choose an arbitrary sequence. {pg}gj’ — Ousing {(6(c,+n+r)), ) t? —0.

f—oo
= {<F(Cp)qu 211’ ;I; ;S] ) z@(cp)>}
. _

e § VO )

n, r=0 n!rlnjzl (dj)r

(56)

“{(8(cp+n+r)), fu(cp)},_y =0

In order to examine how new representations converge, take into account the following
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oo

cl, ...C —1)"(s)" TIZ (ci-1),
dll’, dz ;S] ’ p(cp)> 22717"7;:0( li!f!%lgll(ld(j)r ]) <5 (Cp+n+r))v f@(cp); (VA@(C])) € Qf)

<F(Cp)qu

p Y EDMONTIL (i),

n, r=0 ’””H?ﬂ (dj)r

P(—(n+r)), (57)

wherever

< (—1)"(s)TT? . 1P
sum over the coefficients = ) (D) Ty (i), —1p]‘Pq[ ((Ccll 1’1)3’=1
Jr ) j=1

n, r=0 nlr!H?:l (dj)r

s] . (58)

Consequently, Equation (57) displays that (I' (c,) ,Fy ((¢)p: (d)gs 5), #2(cp)); V(z) € Z is the inner product of
the two types of functions that increase slowly and diminish swiftly, and it is convergent. It’s also corroborated by the
Abel theorem. Consequently, the behavior of a generalized hypergeometric function is similar to a distribution over 2.

To help our grasp the previous topic, consider the example that follows.

Example 1 For o (c,) = t¢ (£ > 0; ¢, € C), consider the following

<”C“PF‘1[ o, ] ’ ’”<”> <”[ wa ] / >

= Y (_1)"(S)’Hf:1(ci—1)r —n&—ré
_znn,;:o n!r'lo_, (d)), ! (59)

st‘};] .

S S A,

For s = 0, it leads to

/ﬁ Tt () dey =21 Y @ —exp(—178). (60)

|
* n=0 n.

These findings offer fresh insights into the possibility of additional findings of this kind. For instance, based on

7= ! in Equation (60), one can obtain the Laplace transform of I'(c,) ,F, l cci] L 'Zp 1 .
1, ---dq
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3.1 Validation of the distributional representation of generalized hypergeometric function using
classical Fourier transform

Verifying the stability of the new identities attained by innovative representation is the main objective of this part.
A generalized hypergeometric function’s Fourier transform representation is obtained by taking u; = v; = 1 in Equation
(2.1) of [30]

dy, ...d,

L(ep) pfy l ot ;s] =\V2nF [e%(”")"eXp(—ex)p—qu di, ...d
...d,

Cl,...Cp—l ;sex‘|;§‘| (61)
Since the duality condition is preserved by the Fourier transform, any function u(t)

FIV2rF[u(t); s); &] = 2mu(-§). (62)

Equation (61) yields the following result when this characteristic is applied.

9{1“(61:)qu 217 ”'Zp ;S] ; 5} =7 lvm? [eﬁ(c")xexp(—ex)pqu[ Ci{ mc’:[] ;seXH ; 5]
1, ---lUgq 1, ---dq
(63)
_ R Cly ...Cp—1 . _
e O e Rt
For ¢, = v+ 16, the matching form of the above identity is provided as
T e Cpe 0
/ e’eél“(qulO)qu Cly -+ Cp=1, VL ;s dO
oo di, ...... d,
(64)

By substituting T = e; ¥ = v + 10, this is the particular form of (57). These specifics show th representation agree
with those obtained using more conventional techniques. Furthermor can be obtained by assuming & = 0 in (64):

Cly - Cp_1, V+10
diy ...... d, ’

s] do =2me !, |F,

€l - Cp-l ;se‘:‘| . (65)

+o0
/ F(v+16),F, Lo
. d,

3.2 Distributional (generalized) properties of the generalized hypergeometric function

New distribution features, based on the ideas and methodology presented in chapter 7 of [28], are offered here for a
generalized hypergeometric function as a consequence of its new relation with delta function [28, 29].
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Theorem 5 For any test function #(z) € &, the generalized hypergeometric function has the following properties
as a generalized function (distribution), where 7 is an arbitrary real or complex constants.

P-1) Any distribution g being an element of the dual space 2" and a generalized hypergeometric function together
have the following combined effect:

C1, ---Cp

di, ...dy ; S] ’ ‘(O(C”)>+<g’ #2(cp))-

+8; W(Cn)> = <F(Cp)ﬁFq

Cly ...C
<F(Cp)qul dy d]; ;8

P-2) The following is obtained by multiplying the generalized hypergeometric function by an arbitrary constant, y

Cly ...C Cly ...C
<7F(Cp)qu dll '_.dl; ;s],p(cp)>:<F(cp)qu dll ---dz §S]’7W(Cp)>-

P-3) Shifting property of the generalized hypergeometric function using any complex constant y

<F(cp —7)pF,

Cly .- Cp—1, Cp—7Y . . Cl, ..-Cp .
di, ...d, ’S] : ‘O(Cp)> <F(Cp)qu d o d, ,s] : JO(cp+7)>.

P-4) Generalized hypergeometric function is transposed as

<F(_Cp)qu

Cly ...Cp—1, —C Cly ...C
d1,[.)..dq ' ;Sl ) 50(CP)> = <F(Cp)qu d, ...dl; ;Sl ) W(—cp)>.

P-5) A positive constant ¥ multiplied by the independent variable ¢,

Cly ---Cp—1, CpY _ cly .--Cp . 1 cp
dy, ...d, ’S] ’ Jo(cp)>_<F(cp)qul dy, ...d, ’s]’ y‘@(y)>'

P-6) Differentiating a generalized hypergeometric function as a distribution

dm
<dcp’" (F(Cp)qu

P-7) The distributional Fourier transform of a generalized hypergeometric function

P H : p(cp>> = <r<cp>qu

P-8) Dual characteristic of Fourier transforms for the generalized hypergeometric function

<F(cp)/) oy

Ccl,y, ...C had (_1)n(s>r l[; (C,', )r .
dll, dl; : S‘|> ’ p(cp)> :271:"’;:0 n!r!l—l(j':] (ldj)r ] (_1) zfdn(—n—r)

cl, Cp

o] e,

<9 lr(cp)qu
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cl, ...C Cly -.-C
F | (cp) pFy ! Post |, Fp(cp)] ) =2n( T (cp) pFy ! Ps), P(=cp) ).
dy, ...d, di, ...d,
P-9) Parseval’s characteristic of Fourier transform for the generalized hypergeometric function
cl, ...C — cl, -.-C
F |Tep) pky Pys s Flplep)] ) =(F |T(ep)pky MK s Flp(cp)]
di, ...d, di, ...d,

=27 (T (cp) pFy ()3 () 8), PR (ep))])-

P-10) The generalized hypergeometric function and differentiation property of the Fourier transform

(= i) o] ) (e

P-11) Generalized hypergeometric function s’ Taylor series

> <i’ n! ;c:< (cp) pFy

P-12) Generalized hypergeometric function has the property of convolution

m

d Cl, ...C
de,m (F(Cp)qu v

o] A,

Cly, ...Cp—1, Cp+
<F(CP+Y)qul dll’ 4 Tl
y weedg

Cly ---Cp | _
dy, ...dl; ’S1>’/[<@](0p)>.

C1, ---Cp
di, ...d,

i (=1)"s"(n+r)" 1%, (ci-1), d™

n!r!m!l—[?:l (d)), det}

(f (cp))-

;s] * f(cp)=2m

n, r, m=0

P-13) Suppose fis a distribution with bounded support, then we have the following identity

F | e R(er)8 exp (76‘5) —1F, ((c)p,l; (d)gs ) * f(s )} =7 [f(2); cp]T(cp) pFy

Cl, ...C
’ gl
dy, ...d,

Proof. Theorem 4’s methodology and the characteristics of the delta function can be utilized to accomplish P-1)-P-5).
Similarly, Equation (18) is used to show the property P-6)

dm
<dcg1 (F(Cp)qu

Cl, ---Cp | had n {1 (Cz l)r .
d], dl; ’ S])’ > n’;o nyryl—[q (1 ) (_1) [Om(—n—r).
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According to Theorem 4, the above is a finite sum of functions that are of slow growth and fast decay. Alternatively,
the Fourier transform of delta function features can be used to demonstrate outcomes P-7)-P-8). Consequently, result P-8)
is confirmed by the following:

1,

¢ 0 —1)"(s) 1T Ci—
1 ;SH,JO(CP)> —on Y, CV O €y 15004y 0], ple,)
1, ---dyqg n, r=0

<3‘\ lr(cp)qu ntr! T, (d)),

=27 i (_l)n(s)r f:](ci—l)r

o n!r!H;I-:] (d)),

)

(8(cptntr), Fp(cp)])

_<F(Cp)qu [ ;11: Cd,; ; S‘| ) j[p(cp)]>

Similarly, Parseval’s identity P-9) for the Fourier transform is determined and provided as

:27r< [F(Cp)qu ;11,’ ZI; ; S]] ) [EK(CP)]>-

It is possible to demonstrate property P-10) by taking into account the following

<ng lddc,, (F(Cp)qu

=2r i (=1)"()" T, (cim1),

w20 n!r!H?:l (dj),

Cl, ... Cp |
o)) )

o DT (1), / .
727[,,;;0 n!r!H;?:l(ldj)r <‘/ [6(cp+n+r)], g (c,,)>,

<3Z lddcl, (F(cp)qu 211: ;’; ; S])] ) p(cp)>

o (D" I, (cim1),
n,;=0 n!r!H‘]]':l (dj)r

(78D tn+n]. pler)s

=21 <5(c,,+n+r),§i [p(l) (c,,)D;
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cl, Cp

ot ] 2 o] ) (e @ e, ot )

<3f [dd <r<c,,>qu[ P )] , p(cp>> = <<—w>3f [ncp)qu[ ded H , p(cp>>;

and so forth, it results

<y~ [d‘j:’m (r@)qu R m , p(cp>> - <<n>mff [F(cp)qu [ o H v (CP)>'

Equation (17) makes it possible to demonstrate the outcome number P-11) as follows:
<F(Cp+7’)qu ) JO(CP)>

_ > (=) (s)" f:l(cifl)r o nar )
Y T @), ot o)

<F(Cp)qu

Cly -+ Cp—1, Cpt+ 7Y . s
9
dy, ...d,

=27 i (=1)"()'TI, (cim1),

n, r=0 n!r!H?zl(dj)r (6(cp+n+r), p(cp—7))

: - n rHl l(cl l)r . n
:v]gg<2nn,; n'r'Hq (d)), oleptntr 72 n‘ )

0 m=0

Cly, ..-Cp .
) o)

as required. Next, result P-11) can be demonstrated using Equation (22), which is further explained by the example that
follows [28].
Example 2 Consider f (c,) = exp (acp,) then

—, m! dcp

=JLH;< y Wd <r<cp>qu

oy ] = (=1 () T (e, s
I'(c,),F ; 8| xexp(ac,) =27 ) cp)*xexp(acy); a>0
(0) oFy | di,dy (acy) " E:O nlrim!TI%_, (d)), (€p) »expacy)
_ e b oo (_l)nsr(n+r);n le(cifl) am
N ’ P s| xexp(ac,) =21 ! L (exp (acp))
Py, dy P " ;mZO nlrlm! 1%, (d;), dcln b
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Cl, ... Cp
di, ...d,

5 (et )T, (e,

q
0 =0 nlrim!TT;_, (d)),

; s] xexp (acp) = 2w

=2mexp (—acy) pFy

Cly, ---Cp—1 .
; ser |
dl, ...dq

The following identities can also be further computed using the definitions of sinhac, and coshac,

A 1 o —1)%¢" m {77 . am
L (c,) pFy L xsinhac, =21 ) (=) (n—i—r)q M (o), d” (sinhac,)
| diydy 0 =0 nlrim![15_, (d)), deyy
oy ] B = (=) (4 )" I, (cio1), d™
I(cp) pFy d, ..d, s| xcoshac, —27rn nz,:n:o alrmI T, (d)), acy (coshac,,).

Since Fourier (.%) and inverse Fourier (% ~!) act like continuous linear functionals from 2’ — %" therefore, next

Cly ---Cp—1 -
di,..d, ¢ H ©
2'. The proof of property P-13) is therefore completed in the light of Theorem 7.9.1 as given and proved in [23]. This

will be further demonstrated with the aid of the example that follows.
Example 3 Analyze the following distribution f (c,) with bounded support

result P - 12) is demonstrated [23]. Thus, in light of Equation (60), lexp (fe_é) e R(er)8 p—1Fy

)1 e <1
f(cP)_{O |Cp|21

Therefore, with the previously stated data, we arrive at

:Sigér(cp)qu l CII’ :“Cp ;S] .

Utilizing the new representation, the obtained result is novel and useful.
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4. Further applications and discussion

C1, ---Cp
di, ...d,

function ensures this fact for a wider range of functions. This topic is further discussed in this conversation. The Dirac
delta function transfers all functions to their zero value in a linear fashion. Therefore, (18) can be used to obtain the
subsequent results for a real ¢:

The above explanation focuses on the convergent behavior of ' (¢),) ,F ; s] and the presence of delta

Cl, .--Cp |
dy, ...d, ’S]’p(cf’)>

Ly U I ),

q
n, r, m=0 n!r!M!Hj:l (dj)r

<F(Cp) pFq

(8" (cp), 9(cy)) (66)

—or i (=1)"s"(n+r)" 1, (ci-1),

n, r, m=0 n'r’m'ngzl (dj)r

(=" &™(0).
Example 4 Consider #£(c,) = e*” then 2P (0) =a?

<T(Cp)qu l 211’ ZZ ; S‘| ) eacp>

P S a9V ETCRD

0 =0 n!r!m!]’[?=1 (d)),

(_l)mam

(67)

=27 i (=D"6) f=l (Ci_l)refanfar

o ”!”!H?=1 (dj),

=2mexp (—e ) p-1F, . g
,ody

Cl, ...Cp—1 _
’ Pt se “].

Example 5 Consider £/(c,) = sinac,, then £ (0) = (—a)?"*!; @™ (0)=0; m=0, 2 ,4, ...

Cl, ---Cp |
di, ...d; "’ S] ’ p(cp)>

ox i (=1)"s"(n+r)>" 007 (cio1),
nlr!(2m+ 1)!11?:1 (d;)

n, r, m=0

<F(Cp)qu

(_a)2m+l

r
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o ii (=) ()T, (ci 1)

n!r!H;Z:l @) sina(—n —r)

n, r=0 r

=g (271- i (_1)”(_5')?1_1?:1 (Ci_l)rel(a(—r—n))>

~ 0 n!r!H;’,=1 (d)),

:S <2n.exp (_efla)pil Fq l Cli,] ...szl : sela‘|> . (68)
, ---dg

Likewise, if@(c,) = cosac, then @™ (0) = (—a)*"; ™M (0)=0;m=1, 3,5, ...

(rteonn | 3 ] e ) =31 (e ] 5t o] ) o

Hence, the distributional representation is capable of producing more creative outcomes in several ways. A fractional
kinetic Equation was previously solved in Section 2. Take note that when evaluating the following findings regarding the
products of a broad class of special functions, (42) and (46) are taken into account.

1 1\
(here i 1)

b Cly .. Cp—1 1,0
DI +T +1+ . —
(Yk k o Otk>1
(70)
(ci-1, 1) <}’k+1+xﬁ_17 B1>l
:Znéxilexp <_65)p+m—llpq+m+1 Seg ;_1 kll
dj, 1 + T+ 1+ y )
@ 1) <Yk ¢ O O/
Consequently, we also obtain
l
x—1 1
1+,
1 c1, ...cp1, EC ! (Yk ’ )
/Or(écp)qu d pd 7 Hylep Bxk_lﬁklll dep
C (n+n+1+ ,>
Oy Ok /4

1 1\
(”‘“*xﬂ ’ ﬁ)
k %/ 1 ; de

IERE R Al
Y k o ) o

=27 i (=1)"()'TI, (cim1),

1
0(c é—f‘n—l-r)Hl"O c
'm0 ”!r!H;1'=1(d.i)r /0 (ep i1 |Cp

1
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[
x—1 1
e n r 1 —_—, 5
opgt 3 CVO I () o | _ntr (”‘* B ﬂk>
—0 n'r'Hq_l(dJ) 11 é xX— 1 1 l
m, r= =L <7k+rk+l+ )
1

O O

_ 1\!
(ci—1, 1) (Vk+1+x )

=21 exp (—e‘g)H[lfprHq sells ﬁl 1ﬁk1 ) (71)
(dj, 1) (n+rk+1+, )
O O i
and
1 c1, ...Cp1, EC (% + )7
r F ) p—1b p : Gm,O 1 d
/0 (Ecp)p ql dy, ...d, $1 Gm,m (Cp ()" p
o (=1)"(s )’H 1 Cz 1) / %+ )Y
=27 = 0(cp+n+r)Gyy |cp| = L de
n,éo n!r! T} (d; (e ) P ()7 g
(72)
Lo CDMO T )y o [ ntr| et} ]
22713& Z T4 (d; Gm-,m - é ( )ml
n, r=0 n'r'H]:I( J)r Ye 1

(()p-1, 1) (m+m)Y
(dg, 1) (%)Y

=21E exp (—e‘§> Gﬁ;‘;ﬁl’ _— ls et

5. Conclusion and future directions

The new fractional transformations of a generalized hypergeometric function have been computed by applying
multiple E-K operators form fractional calculus. Consequently, as special examples for the many other well-known
fractional transforms, equivalent new images are created. More general kinetic Equation in parameter ¢, is designed
and solved using the distributional representation, which is also applied to examine the Laplace transformation of the

. . . 1y ...C . . . . .
generalized hypergeometric function I'(c)) ,F, dl’ d” ; s|. Particular examples involving the original Mittag-
1, ---dq
Leffler function are given as corollaries. The purpose of this work was made possible in large part by a recently derived
formulation of the generalized hypergeometric function as well as the associated Laplace transform. We can therefore
draw the conclusion that this finding is important for extending the use of the generalized hypergeometric function [37, 38]

beyond its original context [39].

Author contributions

Each author equally contributed to writing and finalizing the article. All authors have read and agreed to the published
version of the manuscript.

Volume 6 Issue 6]2025| 8889 Contemporary Mathematics



Data availability statement

The original contributions presented in this study are included in the article material. Further inquiries can be directed

to the corresponding author, Asifa Tassaddiq, at the email address a.tassaddiq@mu.edu.sa.

Acknowledgement

The author extends the appreciation to the Deanship of Postgraduate Studies and Scientific Research at Majmaah

University for funding this research work through the project number (PGR-2025-2134).

Conflict of interest

The authors declare that they have no competing interests.

References

[11]
[12]

[13]
[14]
[15]
[16]

[17]

Haubold HJ, Mathai AM. The fractional kinetic equation and thermonuclear functions. Astrophysics and Space
Science. 2000; 273(1): 53-63.

Saxena RK, Mathai AM, Haubold HJ. Unified fractional kinetic equations and a fractional diffusion equation.
Astrophysics and Space Science. 2004; 290: 299-310.

Mathai AM, Haubold HJ. Erdélyi-Kober Fractional Calculus: From a Statistical Perspective, Inspired by Solar
Neutrino Physics. Singapore: Springer Briefs in Mathematical Physics; 2018.

Srivastava HM. Some parametric and argument variations of the operators of fractional calculus and related special
functions and integral transformations. Journal of Nonlinear and Convex Analysis. 2021; 22(8): 1501-1520.
Srivastava HM, Tomovski Z. Fractional calculus with an integral operator containing generalized Mittag-Leffler
function in the kernel. Applied Mathematics and Computation. 2009; 211(1): 198-210.

Srivastava HM. A survey of some recent developments on higher transcendental functions of analytic number theory
and applied mathematics. Symmetry. 2021; 13(12): 2294.

Srivastava HM. An introductory overview of fractional-calculus operators based upon the Fox-Wright and related
higher transcendental functions. Journal of Advanced Engineering and Computation. 2021; 5: 135-166.

Srivastava HM. A general family of hybrid-type fractional-order kinetic equations involving the Liouville-Caputo
fractional derivative. Montes Taurus Journal of Pure and Applied Mathematics. 2024; 6(3): 48-61.

Srivastava HM. Some general fractional-order kinetic equations associated with the Riemann-Liouville fractional
derivative. Journal of the Indian Academy of Mathematics. 2023; 45(2): 55-76.

Hilfer R, Anton L. Fractional master equations and fractal time random walks. Physical Review E. 1995; 51: R848-
R851.

Mittag-Leffler MG. About the new function Eq (x). French Academy of Sciences. 1903; 137: 554-558.

Prabhakar TR. A singular integral equation with a generalized Mittag-Leffler function in the kernel. Yokohama
Mathematical Journal. 1971; 19(1): 7-15.

Gorenflo R, Kilbas AA, Mainardi F, Rogosin S. Mittag-Leffler Functions: Theory and Applications. Berlin: Springer;
2014.

Kilbas AA. H-Transforms: Theory and Applications. Florida: CRC Press; 2004.

Lebedev NN. Special Functions and Their Applications. Englewood Cliffs, NJ: Prentice Hall; 1965.

Galu’e L, Kiryakova VS, Kalla SL. Solution of dual integral equations by fractional calculus. Mathematics Balkanica
(New Series). 1993; 7. 53-72.

Galu’e L, Kalla SL, Srivastava HM. Further results on an H-function generalized fractional calculus. Journal of
Fractional Calculus. 1993; 4. 89-102.

iporary Math tics 8890 | Asifa Tassaddiq, et al.



[18] Srivastava HM, Saxena RK. Operators of fractional integration and their applications. Applied Mathematics and
Computation. 2001; 118: 1-52.

[19] Kiryakova V. Unified approach to fractional calculus images of special functions-A survey. Mathematics. 2020;
8(12): 2260.

[20] Marichev OI. Volterra equation of Mellin convolutional type with a Horn function in the kernel. Proceedings of the
Academy of Sciences of the BSSR, Series of Physical and Mathematical Sciences. 1974; 1: 128-129.

[21] Srivastava HM, AbuJarad ESA, Jarad F, Srivastava G, AbuJarad MHA. The Marichev-Saigo-Maeda fractional-
calculus operators involving the (p, g)-extended Bessel and Bessel-Wright functions. Fractal and Fractional. 2021,
5(4): 210.

[22] Srivastava HM, Karlsson PW. Multiple Gaussian Hypergeometric Series. Toronto: Halsted Press; 1985.

[23] Saigo M, Maeda N. More generalization of fractional calculus. In: Transform Methods & Special Functions,

Varna’96. Singapore: Science Culture Technology Publishing; 1998. p.386-400.

[24] Saigo M. A remark on integral operators involving the Gauss hypergeometric functions. Mathematical Reports of
the College of General Education, Kyushu University. 1978; 11(2): 135-143.

[25] Srivastava HM, Saigo M. Multiplication of fractional calculus operators and boundary value problems involving the
Euler-Darboux equation. Journal of Mathematical Analysis and Applications. 1987; 121: 325-369.

[26] Raina RK, Srivastava HM, Kilbas AA, Saigo M. Solvability of some Abel-type integral equations involving the
Gauss hypergeometric function as kernels in the spaces of summable functions. ANZIAM Journal. 2001; 43: 291-
320.

27] Gel’fand IM, Shilov GE. Generalized Functions: Properties and Operations. New York: Academic Press; 1969.

28] Zamanian AH. Distribution Theory and Transform Analysis. New York: Dover Publications; 1987.

[29] Al-Lail MH, Qadir A. Fourier transform representation of the generalized hypergeometric functions with applications
to the confluent and Gauss hypergeometric functions. Applied Mathematics and Computation. 2015; 263: 392-397.

[30] Pal A, Jana RK, Shukla AK. Some integral representations of the pR, (o, B; z) function. International Journal of
Applied and Computational Mathematics. 2020; 6: 72.

[31] Chaudhry MA, Qadir A. Fourier transform and distributional representation of Gamma function leading to some
new identities. International Journal of Mathematics and Mathematical Sciences. 2004; 39: 2091-2096.

[32] Tassaddiq A, Srivastava R. New results involving the generalized Krétzel function with application to the fractional
kinetic equations. Mathematics. 2023; 11(4): 1060.

[33] Tassaddiq A, Srivastava R. New results involving Riemann zeta function using its distributional representation.
Fractal and Fractional. 2022; 6(5): 254.

[34] Tassaddiq A, Srivastava R, Kasmani RM, Almutairi DK. Distributional representation of a special Fox-Wright
function with an application. Mathematics. 2023; 11(15): 3372.

[35] Tassaddiq A, Cattani C. Fractional distributional representation of gamma function and the generalized kinetic
equation. Alexandria Engineering Journal. 2023; 82: 577-586.

[36] Tassaddiq A. A new representation of the extended k-gamma function with applications. Mathematical Methods in
the Applied Sciences. 2021; 44(14): 11174-11195.

[37] Koornwinder TH. Fractional integral and generalized Stieltjes transforms for hypergeometric functions as
transmutation operators. Symmetry, Integrability and Geometry: Methods and Applications. 2015; 11: 074.

[38] Zaidi A, Almuthaybiri S. Explicit evaluations of subfamilies of the hypergeometric function 3F;(1) along with
specific fractional integrals. AIMS Mathematics. 2025; 10: 5731-5761.

[39] El-Nabulsi RA. Modelling of KdV-soliton through fractional action and emergence of lump waves. Qualitative
Theory of Dynamical Systems. 2024; 23(Suppl 1): 298.

— —

Volume 6 Issue 6]2025| 8891 Contemporary Mathematics



	Introduction
	Preliminaries

	Distributional representation of the generalized hypergeometric function and generalized kinetic equation
	M-E-K fractional integral operators and the generalized hypergeometric function
	Multiple E-K derivatives including the generalized hypergeometric function

	Behaviour of distributional representation of the generalized hypergeometric function
	Validation of the distributional representation of generalized hypergeometric function using classical Fourier transform
	Distributional (generalized) properties of the generalized hypergeometric function

	Further applications and discussion
	Conclusion and future directions

