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function and the classical Jacobi polynomial. The outcomes of proposed integrals
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1. Introduction

Special functions are ubiquitous in the applied sciences. A number of special
functions are compiled and presented in classical monographs [6, 14, 38]. Being
the fundamental components of applicable mathematics, integrals and derivatives
of special functions play a key role in diversified fields of science and technology.
Due to a wide variety of applications, the Bessel function and its numerous gener-
alizations are studied by distinguished researchers. For instance, Suthar et al. [33]
have proposed an extension of the Bessel-Maitland function and investigated the
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associated fractional calculus. Further, Tilahun et al. [36] proposed another exten-
sion of a generalized form of the Bessel-Maitland function and established several
interesting results for the connected fractional integral and differential operators.
Also, Suthar et al. [35] have discussed Pathway fractional integral formulae involv-
ing extended Bessel-Maitland function in the kernel. Moreover, Marimuthu et al.
[16] have generalized a new family of meromorphic multivalent functions defined
by Bessel function (see also [37]). For some other related extensions of the Bessel
function, we refer [4, 32, 34].

A variety of integrals involving generalized special functions emerges during
the solutions of distinct mathematical problems pertaining to numerous fields of
applied sciences, including physical sciences, finance, social sciences, computational
biology, and physical chemistry. For instance, Elliptic-type integrals have their
potential application in various radiation field-related problems [3, 31] (see also,
[9]). A remarkably large number of integral formulas involving a variety of special
functions have been developed by several researchers. For some more integrals
involving the product of different special functions and polynomials, we refer [7,
11, 12, 20].

Motivated by the work of other co-researchers (see, for e.g., [2, 18]), in the
present research work, we have proposed two theorems based on single and double
finite integrals involving the product of a generalized Bessel-Maitland function and
the classical Jacobi polynomial with a suitably generalized argument. Some of
the interesting special cases are also demonstrated in terms of corollaries of the
theorems derived in the current investigation.

The generalized Bessel-Maitland function J}(z) is defined as [17]:

TV (z) = ; n!F(w(;—Zi—)Z T (eCw>0) (1.1)

A generalization of the Bessel-Maitland function defined by Pathak [22] (for more
details, see [33], [34]) is

Jz,’g(z) — Z (_Z>n(7)qn (12)

nIT(wn +v+1)’

n=0
with w,v,7 € C, Re(vy) >0, Re(w) >0, Re(v) > —1, and ¢ € (0,1) UN.
Also, (7)gn involved in (1.2) is the generalized Pochhammer symbol (see [30], p.6,
eq.30) and given as:

(V)qn:%:qqnn(%‘—l)n, HZO, qEN. (13)

j=1
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Particularly, the classical Pochhammer symbol (7),, is given as [24, 30]:

Iy + 1) 1 if n=0,
(V) = — 1 (1.4)
K L'(v) Yy +1..(v+n—-1) if neN.

Ghayasuddin and Khan [8] investigated the following extension of Bessel-Maitland
function:

V'yé Z)n(’}/)qn
Toin ) = 2 ot v+ (@), (15)

where w,v,v,d € C, Re(y) > 0, Re(d) > 0, Re(w) >0, Re(v) > —1, p,q > 0,
and ¢ < Re(w) + p.

In a recent investigation, Ali et al. [1] have investigated the following generalized
form of the Bessel-Maitland function:

v,7,0,p o - (_Z)n(’Y)qn(p)ﬁn
Torape(?) = nz—o D(wn+v+1)(0)pm (16)

where w,v,7,d,p € C, Re(y) > 0, Re(d) > 0, Re(p) > 0, Re(w) > 0, Re(v) >

-1, &,p,g>0,and &, p < Re(w) +q.

The generalized Bessel-Maitland function given in (1.6) is closely connected with

the different forms of generalized Mittag-Leffler functions. Now, we discuss some of

the interesting particular relationships of the generalized Bessel-Maitland function

with the other well-known Mittag-Leffler functions.

For p = £ = 1, and replacing v by v — 1 in (1.6), it reduces in the following

generalized Mittag-Leffler function [25]:

v—1,7,6,1 vy, _ = (Z)n(’}/)qn
Jw,q,p,l(S (—2)=E qg z) = nz_% T(wn + V)((S)pn‘ (1.7)

On putting p = ¢ =1, ¢ = p = 1, and replacing v by v — 1 in (1.6), we arrive at
the following relationship:

TN (=2) = B3 ZMHV (1)

where E7(z) is the four-parameter Mittag-Leffler function defined by Salim [26].
On setting p = ¢ =1, 6 = p = 1, and replacing v by v — 1 in (1.6), we get the
following relationship:

J ) = B ()" 1.9
w,q,1,1 ( nZ:O (wn + l/ ( )
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where E)%(z) is the four-parameter Mittag-LefHler function investigated by Shukla
and Prajapati [27].

On taking p=¢ =1,¢g=1,0 = p =1, and replacing v by ¥ — 1 in (1.6), we obtain
the following relationship:

P () = B2 = 3 AL W

' Fon+ )’ (1.10)

where E) (z) is the three-parameter Mittag-Leffler function introduced by Prab-
hakar [23].

Also, on setting v = ¢g=1,p =& = 1,0 = p = 1, and replacing v by v — 1 in
equation (1.6), we get the following relationship:

n

v—1,1, > (Z
TN (=) = Buu(z) =) NOTET (1.11)
n=0

where E, ,(z) is the two-parameter Mittag-Leffler function, defined by Wiman [39].
Now, on putting v =0, w =1, and p =& = 1 in (1.6), we get the following rela-
tionship between the generalized Bessel-Maitland function and the Mittag-LefHer
confluent hypergeometric function [10]:

o0

(z)"(v
Rt -2 = B = 32 e 112

where 7,9, q,p € C.
The Jacobi polynomial Péa”g)(z) of degree n and order (a>—1), (8> —1) is defined

as [24]:
pled(; 1+a (1+a+ B)nik 2—1\" 113
Zk' N1+ )y (1+a+ﬁ)n( 2 ) ’ (1.13)

It can be shown that for certain values of the parameters a and 3 in (1.13), the
Jacobi polynomial reduces into several interesting polynomials which include the
Ultraspherical polynomial, Gegenbauer polynomial, Chebyshev polynomial of first
and second kind, and Legendre polynomial etc. (for more details, see [24]).

Srivastava and Daoust [28] proposed a multivariate generalization of the hyper-
geometric function, known as the Srivastava and Daoust function in the literature,
is defined as:
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A Bl BT (T’)
S M5 (@ vt o W1 By - I O Dy ol e (1.14)
) ! | T

1 oo a(r) | |
K1,y k.= szl <cj)k‘1§0;+...+krgo§r) H:jDzl (dj)klzsjl»"']:[‘jD:1<djT >kr5]<~r) kl. kr.

In the above series form of the Srivastava and Daoust function the coefficients
Qy),j =1,..., A gbg-l),j =1,..,BWY: ¢§l),j =1,..,C; 5](-”,]' =1,...,DW are real
and positive, and (a) abbreviates the array of A parameters ay, ..., a4, (b') abbre-
viates the array of B®) parameters bg-l), j=1,..,BO: VIl {l,..,r}, with similar
interpretations for (c) and (d), V1 € {1,...,r}; etc. For applications of Srivastava
and Daoust function, we refer Srivastava and Daoust [29], Khan et al. [11], Pandey
[19] and Chaurasia and Pandey [3].

Let us recall the following two lemmas, recently obtained in [21] as the exten-
sions of classical integrals proposed by MacRobert [15] and Edward [5], respectively.

Lemma 1.1. If Re(¢) > 0, Re(n) > 0, a; # az, p* € R\ {—u, —A}, and the con-
stant A and p are such that the values of the parameters \, u and p* cannot all be
zero simultaneously, (where a; <t < as) then the following result holds:

/“2 (t—a1)" "(ag — )" i (az — a1) + At — a1) + p(ay — t)]"dt

al

_ L'(¢)I'(n)
~ (ag — ar)(pr + N)S(pr + )¢+ ) (1.15)
Lemma 1.2. If Re(() > 0, Re(n) > 0, and a; # as, where a1 < u < as,

a1 < v < ag, then there holds the following integral formula:

1-¢—n

/ /(u — ) — 0) M ag — a1 = WO =)

(az —ay)?

I et (VLA U)

(ag — ay) T (1.16)
2. Main Result

In this section, we have established two theorems based on the lemmas 1.1 and
1.2, respectively. Proposed theorems involve a single and a double finite integral
pertaining to the product of a generalized Bessel-Maitland function (1.6) and Ja-
cobi polynomial (1.13) with suitably generalized arguments. The outcomes are
presented in terms of the well-known Srivastava and Daoust hypergeometric func-

tion.

Theorem 2.1. For Re(n) > 0, Re(¢) > 0, Re(y) > 0,Re(5) > 0,Re(p) > 0,
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Re(w) > 0, Re(v) > —1, w,v,7,0,p € C, o, 5,&,p,q > 0, p* € R\{—p,—\},
A, Ao > 0, ay # as, and the constant A and p are such that the values of the pa-
rameters \, p and p* cannot all be zero simultaneously, then for a; <t < ay there
holds the following integral formula:

/a2 (t —a1) ag — )" p*(az — a1) + At — ar) + p(az — )] <"

ai

XJV,'y,J,p (t — al))\l ((12 B t))\Z
WOPE | [ (ag — ap) + Mt — ay) + plag — )] Arr2)

2(t — 1) (ag — 1) dt
az — ay) + At — a1) + plag — t)]Pi+i2)

(N )
T (@ —a)l(v 1) B(¢.m)

[A()‘1§C) : 172]? [A()‘2377) : 172]>

x P{P) {1 -
[ (

% F2+>\1 +A2+§+4:0;0
14+w+p+(A1+A2):0;1

[A((M +A2):¢+1) 2 1,2,
(A& p): L1, [1+a+5:1,2],[A(g,y) : 1,1],
[Aw;v+1): L1} [A(p;d) : L1, [1+a+ 3 :1,1]
[1+a : 171] == _()\1)\1)()\2)\2)qq€§
PPw (A +A)MA2) (px + M) (x4 p) e

[T+ a1

(APM) (A?2) g€
ppww<lu* + )\)2)\1 (M* + M)Q)\Q()\l + )\2>2(>\1+)\2)

, (2.1)

where J:Zg’g() and PP () involved in LHS of (2.1) are the generalized Bessel-

Maitland function and Jacobi polynomial defined in (1.6) and (1.13), respectively.

Also the function Flzr(’t\lli)/‘\jf_zigig,l(-) involved in RHS of (2.1) is the well-known

Srivastava and Daoust function defined in (1.14). Further, the symbol A(p;T) is

a p-tuple T, %, . %fl with p > 1 and A(q;v + 1) is a q-tuple %1,”7”, ...,”TJrq
with g > 1

Proof. To prove Theorem 2.1, we first express the generalized Bessel-Maitland
function and the Jacobi polynomial in the series form given by (1.6) and (1.13),
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respectively. Now, on interchanging the order of integration and summation, which
is valid under the given conditions, we may write

/a2 (t—a1)" " (ag — )" [u*(az — a1) + Mt — a1) + p(as — t)] 77"

ai

( 1)n(7)qn( )fn(t — al)m‘l (a2 — t)n&
C(wn +v+ 1)(0) [ (az—ar1) + At —a1)+pu(ag— t)]HM1+22)

(~DF(1 + )ull+ 0+ Blu
K= )T+ a)elp (a2 —an) +A (= ar)+ (a0

NE

X

n

- 1

X
k=0

(t—a)* (ag—t)F D)1+ ),
T tath. it HZ;;’C'”‘ (st O

(Ita+B8)nsk(Van(p)en [ b g S RN =L (e i1
Clwn+v+1)(0)m Ja, (=) (a2=1)

(1 (ay — a1) + Mt — ay) + p(ag — )] ¢ tA2)=k(atr2) gp. (2.2)

Now, we evaluate the integration involved in RHS of (2.2), using Lemma 1.1, we
may rewrite RHS of (2.2) as the following expression:

_ izn: (=)™ (1 + a)u(1 + & + B)nsr(Van(P)en
L e fl(n — k)N + a)i(1 4+ a+ B)uL(wn + v+ 1)(p* + A)Crnhithin
(0)pn(az— ar)(p+ p) 122 tR2T (C 4 n(Ar+A2) + k(Ai+A2)) '
Moreover, using the following well-known identity [24] in RHS of (2.3):
> > B(k,n) =Y B(k,n+k), (2.4)
n=0 k=0 n,k=0

we can express RHS of (2.3) as:

T'(QT(n)
(ag —a1)(p* + X)© (u* + )T (¢ +n)

Z ="+ @)ngk (1 + @+ B)nyar
k;'n'F (n+k)+v+1)1+a)e(l+a+B)nik
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(O nr2k) (M) xa (nr2) (V) g (nr k) (P e k) (2.5)
(5)p(n+k) ('u* + )\)(n/\1+2k)\1)(u* + M)(”)\2+2]€)\2) (C —+ n)(/\1+/\2)(n+2k) )
Finally, RHS of (2.5) can be represented in terms of the Srivastava and Daoust
function with the help of (1.14), we arrive at the desired form presented as RHS of
(2.1). This completes the proof of Theorem 2.1.

Theorem 2.2. For Re(¢) > 0, Re(n) > 0, Re(vy) > 0, Re(d) > 0, Re(p) > 0,
Re(w) > 0, Re(v) > —1, w,v,7,6,p € C, o, 5,&,p,9 > 0, A\, Ao > 0, and ay # as,
then for a1 < u < as,a; < v < as, there holds the following integral formula:

/(:Q /: (u—ar) (az — v)* " (a —u)"™ {1 C(w—a)(v _2a1) 1~¢—n

(az — a1)

(u — a))* (ag — v)M (ay — u)*

V,7,0,0
w7q7p7£ (u—al)(v—a1) ()\1+A2)
1 - |
A A A
wples) |1 2z a) e — v (@ —wr

n

(u—a1)(v—a1) (A1t22)
1]

(ag_al)(QCJrn) [A(ALC) :172]7 [A(A%n) :172]7

_ 24+A1+A2+€+4:0;0
o B(C’ 7rl)‘1-71-‘1-(/\1-‘v->\2)-‘y-u.i—i—p:[);l

Pw+1) A+ M) +m) 1,2,

A& p) - L], [A(g,y) s LA, [1+a+5: 1,2, [14+a:1,1):—;_;

[A(p; o) : L1 [A(w;v+ 1) : L1, [1+a+F:1,1] i [1+ a3 1];

—(AM) (™) g%t (M) (Ae*2)go¢t
ppww(ag—al)—(”‘l“‘?)()\l+/\2)(/\1+*2) ’ ppwUJ(aQ_al)—2(2)\1+>\2)()\1+)\2)2(A1+A2)
(2.6)
Proof. To prove Theorem 2.2, we first express the generalized Bessel-Maitland
function and Jacobi polynomial in series form, given in (1.6) and (1.13), respec-
tively. Now, on interchanging the order of integration and summation, which is
valid under the given conditions, we get

/:Q /:Q(U —a1)*(az — v)* Hag —u)" " |1 - (u—ay)(v —ay)

(az —ay)?

1-¢—n
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00 )gn(u _ al)n)\l (CLQ _ ,U)’I’L/\1 (a2 _ U)TL)\Q
X Z (u—ar)(v—ay) ] M)
n=0 r@n+u+nwhnh——n;zvﬁ

X (=D (1 + )n(1 + o+ Blngn(u — 1) (az — v)*™ (ay — u)*™ dudv

K
=0 kl(n = k)1 +a)(l+a+ B [1 — —(“‘“1)(”“”)]

=

(a2—a1)?

(D)™ A+ )u(L + @ + Btk (Nan(P)en
El(n — k)1 + a)(l+a+6)n(0)ml(wn+v+1)

/a2 /a2 (u . al)ngn)\lJrk,\l (az _ ?))C+n)‘l+k)‘171(&2 _ u)n+n)\2+k>\271

a1 al

_ _ 1—C—n—n(A1+A2)—k(A1+A2)
{1—@ (v al)] dudv. (2.7)

(a2 — a1)?
Using Lemma 1.2 and the identity (2.4) in RHS of the above (2.7), we get the
following expression as RHS of (2.7):

- (T (n)(ag — ap)E+m i (=1)" (1 + @)1+ a + B)nron
I'(¢+n) Ao Kl e+t By
(ag — ap)PEMFAHRENAAD) () 0 (0)e () (O)ag (mr2k) (1) ao (nt28)

L(w(n + k) + v+ 1)(0)pn+#) (€ 4 1) (n(ni-+22)+2k(n +22))
By applying the definition of the Srivastava and Daoust function, given in (1.14),

we arrive at the desired form presented as RHS of (2.6). This completes the proof
of Theorem 2.2.

3. Special cases

In this section, we derive a number of corollaries of Theorem 2.1 and Theorem
2.2. Further, we establish connections of the corollaries with the other interesting
and known results.

Corollary 3.1. For p = 1,§ = 1, and replacing v by v — 1 with all the other
conditions stated in Theorem 2.1, the following integral formula holds true:

/a2 (t—a1)* M(ag — )" [ (az — a1) + Mt — a1) + p(az — )] 77"
v, (t —a)) (ag — 1)
<y [[M*(% —a1) + At — a1) + p(az — )[2)
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2(t — ar)V (ap — 1)
[ (as — ar) + At — a1) + plas — ¢)]Ca+22)

_ (NI )
- (a2 . al)F(y) B(C, 77)

[A(Alag) :172]7 [A()\zaﬁ) :172]7 [1+ a+ B :172]7

dt

x P{e?) {1 -

F2+)\1 +X2+4:0;0
1+ (A1 +22) +-+p:0;1
[A((A1+A2);C+m) L2, [T+ a+ B 1,1,

[Alg;y) s L1, [14+a:1,1] M
[A(p;6) : 1,1], [A(w;v) - 1,1] 1 [1 4a; 1]; PP (A4 Ao ) Crt22) (4 AN ()2

—(MP) (A2

3.1
Ve TR e U WELTEES oy

Corollary 3.2. Forv =0, w=1, p=1, £ =1, and with all the other conditions
stated in Theorem 2.1, the following integral formula holds true:

/42 (t —a1) ae — )" p*(az — a1) + At — a1) + p(ap — )] <"

al

v,8
xﬂ”[M(w—ao+Au—ao+n
2(t — al))‘l (ag — t)
[(az — ar) + A(t — a1) + plaz — t)](“”%)} «
_ (N ) B(C.n)

(az — ay)

(t — al) (CLQ — t))‘2 }
(a2 = O]

Xpéaﬂ) [1 _

[AA;0):1,2] [A(Aes )1, 2], [T +a 4+ :1,2],

XF2+)\1+>\2+1100
2+()\1+)\2)+p 0;1

[A((A+A2);C+n):1,2],[1:1,1], [A(p; §):1,1],

A 1,1 (1 N O | S
[ (%7) ) ]7[ +a ) ] ’— ()\1/\1)()\2/\2>qq
PP(Ax 4 X)) (e + AP (e + )2

l4+a+0:1,1] ;1 4+ o 1];

—(AP) (A2 g

PP+ A2 (p* + )22 (Mg + Ag)2AatA2) (3.2)
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Remark 3.3. On taking p* =1, Po(a’ﬁ)(z) = 1,1 = Xy = v, Corollary 3.2 reduces
into an interesting result derived by Pal (see [18], Theorem 2.3, p.4, Eq.(2.4)).

Corollary 3.4. For p = 1,§€ = 1, and replacing v by v — 1 with all the other
conditions stated in Theorem 2.2, the following integral formula holds true:

(a2 — a1)?
o [V 2(u — a)* (ag — v)* (ag — )™
w,q,p (u—al)(v—m) ()\14—)\2)
L [1  (az—ar)? }
A A A
cpe |1 - 2o Z 0 R g,
(u—a1)(v—a1) (A1+22)
L 1= (az—a1)?
(a2_a1)(2§+77) [A()‘lag)luﬂa [A(A27U)172]7

(C )F2+)\1 +A2+q 0;0
7 1+ )\1+)\2)+w+p 051

) A+ A)iC ) 1,2)

NM+a+p6:1,2],[A(g,y): L1, [14+a:1,1]:;_;
A(w;v) : L1, [A(p;0) - L, [+ a+5:1,1] 5 [T+ as 1];

—(A™M)(A™?)g"
ppww(/\l + >\2)(>\1+)\2)(a2 _ a1)—(2)\1+)\2)7

()\12)\1)(>\ 2)\2)qq
pPw* (ay — a1)72(2/\1+>\z)()\1 + )\2)2(>\1+,\2)

(3.3)

Corollary 3.5. Forv =0, w=1, p=1, £ =1, and with all the other conditions
stated in Theorem 2.2, the following integral formula holds true:

/:2 /:Q(U —ay)*(az —v)* " (ag — u)"! :1 _ (u—a1)(v—ay) 1=C=n

(az — a)?

(u = a1)™ (as — v)™(ap — u)*

1
X s
(AM+A2)

P |:1 . (u—a1)(v—a1)

(az—a1)?
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XP(O"ﬁ) 1 — 2(u — al))\l (a2 - U)Al (CLQ - U)AQ

' | — a)(=a) |1

2

dudv

(az—a1)

[A(A:¢) < 1,2,

24+A1+A2+¢:0;0
= (a2_a1)(2<+n)B(<7 n)F2+()\11+)\22)—?—p:0;1

[A((AM+A2); C4n) : 1, 2],
[A(Agsm) : 1,2, [1 +a+B:1,2],[Ag,v) : 1,1],

1: 11 [A(p;0): L1, [1+a+0:1,1]
M4+ a:1,1] 5

_(/\1>\1>(/\2>\2>qq
[+ a1 PP A1+ Ag)A1tA2) (gg — )~ (AtA2)”
()\12)\1)()\22)\2)(]‘1 i)
pP(ag—ay) ~2GAHA2) (N 4+ \g)2t) | (3.4)

Corollary 3.6. For & = p = 1, and with all the other conditions stated in Theorem
2.2, the following integral formula holds true:

/:2 /:2 (u—a1) (a2 = v)* " (az —u)""! [1 C (w—a)(v = al)] 1—¢—1

(az —ar)?

o YD (u—a)™(ag — )M (ag — u)*
wap [1 o (u—a1)(v—a1)] (A1+A2)

(a2—a1)?

2(u — a1)M (ay — v)M(ag — u)*?

[1 (ufm)(vfal)] (M1+22)

(a2—a1)?

dudv

x PP |1 —

 (ag—ay)® (¢, m) P A data0 (A€ 1,2,
- ? 1+()\1+>\2)+w+p:0;1
Mw+1) A+ M) ) 1.2],

[A(A2;n) = 1,2], [A(g, ) : L1 [T+ a+B:1,2],

[A(p;0) : L1, [A(w;v+1) : L1, 1 +a+5:1,1]
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1 3 U N .
[ + a 3 ] y— _()\1)\1)()\2)\2)qq

ppww(/\l + A2)(A1+)\2)(a2 _ a1)—(2)\1+)\2)7

[+ a1

(A1) (A*2) ¢
ppww<a2 _ al)—2(2>\1+)\2)(>\1 + )\2)2(>\1+>\2)

(3.5)

Remark 3.7. On setting a1 = 0,a0 = 1,\; = Xy = 1, and Péa’ﬁ)(z) =1, in
Corollary 3.6, we may produce a well-known result, investigated by Khan and Nisar
(see [13] Theorem 1).

4. Conclusion

In this paper, by applying the extensions of two classical lemmas, proposed
earlier by Edward [5] and MacRobert [15], respectively, we have derived certain fi-
nite single and double integrals involving a product of a generalized Bessel-Maitland
function and the classical Jacobi polynomial as the main result of the paper. More-
over, several corollaries are also obtained as the special cases of the main results
derived in this paper. Further, the generalized Bessel-Maitland function may be
reduced into several well-known classical functions, which have their potential ap-
plications in physics and other branches of applied science. Also, the popular Jacobi
polynomial is directly connected with several other well-known classical polynomi-
als. Thus, the obtained results are not only beneficial for the evaluation of several
known forms of single and double finite integrals but also provide a general frame-
work for the evaluation of numerous novel integrals.

Acknowledgements
The authors are grateful to the referees and editors for their insightful comments
and valuable suggestions for improving the manuscript.

References

[1] Ali, R. S., Mubeen, S., Nayab, 1., Araci, S., Rahman, G., Nisar, K. S., Some
fractional operators with the generalized Bessel-Maitland function, Discrete
dynamics in nature and society, 2020 (2020), 1-15.

2] Ali, M., Khan, W. A., Khan, I. A., Study on double integral operator associ-
ated with generalized Bessel-Maitland function, Palestine Journal of Mathe-
matics, 9(2) (2020), 991-998.



202

3]

[10]

[11]

[12]

[13]

South FEast Asian J. of Mathematics and Mathematical Sciences

Chaurasia, V. B. L., Pandey, S. C., On certain generalized families of unified
elliptic-type integrals pertaining to Euler integrals and generating function,
Rendiconti del Circolo Matematico di Palermo, Springer, 58 (2009), 69-86.

Din, M. U., Raza, M., Xin, Q., Yalgin, S., Malik, S. N., Close-to-Convexity
of q-Bessel-Wright functions, Mathematics, 10(18) (2022), 3322.

Edward, J., A Treatise on the Integral Calculus, Vol. II, Chelsea Publishing
Company, New York, 1922.

Erdélyi, A., Magnus, W., Oberhettinger, F., Tricomi, F. G., Higher Tran-
scendental Functions, Vol. II. McGraw-Hill, New York, 1953.

Ghayasuddin, M., Khan, N. U., Khan, S. W., Some finite integrals involving
the product of Bessel function with Jacobi and Laguerre polynomials, Com-
munications of the Korean Mathematical Society, 33(3) (2018), 1013-1024.

Ghayasuddin, M. and Khan, W. A., A new extension of Bessel-Maitland
function and its properties, Matematicki Vesnik, 70(4) (2018), 292-302.

Gradshteyn, I. S. and Ryzhik, I. M., Table of integrals, series, and products,
Elsevier, Academic Press, 2014.

Ghanim, F., Al-Janaby, H. F., An analytical study on Mittag-Leffler conflu-
ent hypergeometric functions with fractional integral operator, Mathematical
Methods in the Applied Sciences, 44(5) (2021), 3605-3614.

Khan, N. U.,; Ghayasuddin, M., Usman, T., On certain integral formulas
involving the product of Bessel function and Jacobi polynomial, Tamkang
Journal of Mathematics, 47(3) (2016), 339-349.

Khan, W. A.; Ghayasuddin, M., Srivastava, D., New class of finite integral
operators involving a product of generalized Bessel function and Jacobi poly-
nomial, Palestine Journal of Mathematics, 9 (2020), 427-435.

Khan, W. A., Nisar, K. S., Unified integral operator involving generalized
Bessel-Maitland function, Proceedings of the Jangjeon Mathematical Society,
21(3) (2018), 339-346.

Korenev, B. G., Bessel functions and their applications, London, Taylor and
Francis, CRC Press, 2002.



Certain Finite Integral Formulas Pertaining to the product ... 203

[15] MacRobert, T. M., Beta functions formulae and integrals involving E-Function,
Mathematische Annalen, 142 (1961), 450-452.

[16] Marimuthu, K., Yal¢in, S., Jayaraman, U., Saravanan, G., Baskaran, S., A
new family of meromorphic multivalent functions defined by Bessel functions,
Montes Taurus Journal of Pure and Applied Mathematics, 6(2) (2024), 69-77.

[17] Merichev, O. I., Handbook of Integral Transforms of Higher Transcendental
Functions, California, CA, USA, 1983.

[18] Pal, A., Some finite integrals involving Mittag-Leffler confluent hypergeomet-
ric function, Analysis, 44(1) (2024), 17-24.

[19] Pandey, S. C., Unified integral formulae pertaining to elliptic-type integrals,
Rendiconti del Circolo Matematico di Palermo, Springer, 63 (2014), 425-437.

[20] Pandey, S. C., Chaudhary, K., Certain unified integrals involving a prod-
uct of the four-parameter Bessel function and Jacobi polynomial, Journal of
Ramanujan Society of Mathematics & Mathematical Sciences, 10(2) (2023),
107-120.

[21] Pandey, S. C., Tiwari, S., On certain integral formulas pertaining to ,R,
(o, p; z) function and the Srivastava polynomial, Jrnanabha, 54(2) (2024),
251-259.

[22] Pathak, R. S., Certain convergence theorems and asymptotic properties of
a generalization of Lommel and Maitland transform, Proceedings of the Na-
tional Academy of Sciences, India Section A, 36 (1966), 81-86.

[23] Prabhakar, T. R., A singular integral equation with a generalized Mittag-
Leffler function in the kernel, Yokohama Mathematical Journal, 19 (1971),
7-15.

[24] Rainville, E. D., Special Functions, The Macmillan Co. Inc., New York, 1960.

[25] Salim, T. O., Faraj, A. W., A generalization of Mittag-Leffler function and
integral operator associated with fractional calculus, Journal of Fractional
Calculus and Applications, 3(5) (2012), 1-13.

[26] Salim, T. O., Some properties relating to generalized Mittag-Leffler function,
Advances and Applications in Mathematical Analysis, 4(1) (2009), 21-30.



204

[27]

28]

[29]

[30]

[31]

[32]

South FEast Asian J. of Mathematics and Mathematical Sciences

Shukla, A. K., Prajapati, J. C., On a generalized Mittag-Leffler function
and its properties, Journal of Mathematical Analysis and Applications, 336
(2007), 797-811.

Srivastava, H. M., Karlsson, P. W., Multiple Gaussian hypergeometric series,
Ellis Horwood Limited, England, 1985.

Srivastava, H. M., Daoust, M. C., A note on the convergence of Kampé de
Fériet double hypergeometric series, Mathematische Nachrichten, 53 (1972),
151-159.

Srivastava, H. M., Choi, J., Zeta and g-Zeta functions and associated series
and integrals, Elsevier, New York, 2012.

Srivastava, H. M., Siddiqi, R. N., A unified presentation of certain families of
elliptic-type integrals related to radiation field problems, Radiation Physics
and Chemistry, 46(3) (1995), 303-315.

Suthar, D. L., Amsalu, H., Certain integrals associated with the general-
ized Bessel-Maitland function, Applications and Applied Mathematics, 12(2)
(2017), 1002-1016.

Suthar, D. L., Khan, A. M., Alaria, A., Purohit, S. D., Singh, J., Extended
Bessel-Maitland function and its properties pertaining to integral transforms
and fractional calculus, AIMS Mathematics, 5(2) (2020), 1400-1410.

Suthar, D. L., Ayene, M., Vyas, V. K., Al-Jarrah, A. A., A class of the ex-
tended multi-index Bessel-Maitland functions and It’s Properties, In Mathe-
matical and Computational Intelligence to Socio-scientific Analytics and Ap-
plications, Singapore, Springer Nature Singapore, (2023), 93-106.

Suthar, D. L., Amsalu, H., Bohra, M., Selvakumaran, K. A., Purohit, S.
D., Pathway fractional integral formulae involving extended Bessel-Maitland
function in the Kernel, In Advances in Mathematical Modelling, Applied
Analysis and Computation, Proceedings of ICMMAAC 2021, Singapore,
Springer Nature Singapore, (2022), 385-393.

Tilahun, K., Tadessee, H., Suthar, D. L., The extended Bessel-Maitland func-
tion and integral operators associated with fractional calculus, Journal of
Mathematics, Article ID 7582063, 2020(1) (2020).



Certain Finite Integral Formulas Pertaining to the product ... 205

[37] Venkateswarlu, B., Reddy, P. T., Yalgin, S., Sridevi, S., On Meromorphic
functions with positive coefficients defined by Bessel function, Journal of
Quality Measurement and Analysis, 18(1) (2022), 71-81.

[38] Watson, G. N., A Treaties on the Theory of Bessel Function, Cambridge
Univ. Press, Cambridge, UK, 1965.

[39] Wiman, A., Uber den fundamentalsatz in der Teorie der Funktionen F,(z),
Acta Mathematica, 29 (1905), 191-201.



206 South FEast Asian J. of Mathematics and Mathematical Sciences



