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Unified Integrals Involving Product of Multivariable Polynomials and
Generalized Bessel Functions

K.S. Nisar, D.L. Suthar, S.D. Purohit, Hafte Amsalu

ABSTRACT: The intention of the present article is to evaluate two integral formulas
associated with a finite product of the generalized Bessel functions of the first kind
and multivariable polynomials. The results are formulated in terms of the general-
ized Lauricella functions. The major outcome conferred here are of general aspect
and simply reducible to unique and widely known integral formulae.
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1. Introduction and Preliminaries

A remarkable authors have developed a huge amount of integral formulas in-
volving a different type of special functions for instance; Suthar et al. [19] evaluated
unified integrals associated with the hypergeometric function; Choi et al. [5], Choi
et al. [6], Menaria et al. [10], Nisar et al. [11] and Suthar and Habenom [18§]
established certain integrals involving Bessel type functions. In this paper, we ex-
plore the possibility to obtain certain new integrals involving generalized Bessel
function of the first kind and multivariable polynomials.

Recently, the generalized Bessel function of the first kind w,(2), studied and intro-
duce by Baricz [3], as follow:

1 k k( )’U-‘er

b 1.1
Wopel kZ:O D (0+k+ L) (L)

where T'(z) is a gamma function (see [14], Section 1.1). For additional details of
function defined by (1.1), one may refer to [3].
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Here, Bessel function of the first kind J,(z) and I,(z) are often accounted in
considering solutions of differential type equations and they are connected beside
a broad scope of issues in significant fields of mathematical physics, like issues of
acoustics, radio physics, hydrodynamics and atomic, nuclear-physics, probability
theory and statics. These thoughts have led a variety of hands in the meadow of
special functions for analyzing them, likely extensions, fundamental properties and
applications for the Bessel functions (see, [2], [4], [7], [8], [13], [20], [17]).

Also, we recall the following multivariable polynomial S:Z v ’,ZLT [z] introduced by
Srivastava ([16], p, 185, eq.(7)) defined and represented as:

ni/mi  ng/m. or

s = Y e [ A @] as

1,=0 1,=0 i=1

Throughout this paper, we consider C, N, Z~ and Ny as set of complex numbers,
set of positive integers, set of negative integers and set of positive integers including
zero respectively.

The generalized Lauricella function see [15] is defined as:

Z1

A:B(l); o B

C:DW);...; D) 2

.. .gn) oM. p(m)]. M. M. . (). 4(n)
— pABY;. B [(@):0; .50 ] [(0) DM 55 [(0) ™ 10™M)] P 1.3
C:DM; ... ;D) [(C):d}u); ;w(n)] . [(d)(l):g(l)] — [(d)(n):g(n)] ! ( )

where, for convenience

A BW 1 B n
T e I (1), 25 (),

Q (ki ... ky) = . :
C D) [ 4(1) D) [ 4(n)
e T2 (7). T2 (),
(1.4)
The coefficients defined as follows
0 G =1,... A); ™G =1,...,BM);
_](m)(j' ) ) )7 ¢%m)(‘7’ ) ) )7 vm e {1, . .,n}’ (1-5)

are real, positive and (a) shortens the array of A parameters aq,as, ..., a4, (b(m))
shortens the array of B parameters bg-m) (j = 1,...,B(m)) ;Vm € {1, ...,n},
with identical explanations for (c) and (d™) (m=1,...,n).

Further, the multiple series (1.2), converges absolutely either
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1. A;>00=1,2,...,n),Yz1, ..., 2z € C,
2.0, =0(=1,2, ...,n), V21, ...,2n. €C, |z <p; (i=1,2,...,n).

The multiple series defined in (1.2) is divergent when A; < 0(i = 1,2, ...,n)

omitting for the worthless case z;1 =0, ..., z, = 0. Here
C D@ A B®
Ar=1+> w+5760 -5T00 - N gl (i=1,.,m),  (L6)
j=1 j=1 j=1 j=1
p;= min_ {E;} (i=1,2,..,n), (1.7)
Hpseees Hp >0
with

S @ 7 05
C n (i)\ 7 D (i) 7
R, {Hj_l (Zi o) } {Hj_l (5
Ei — (/j/) +Zj:1 j Zj:l d)j

(1.8)
We also required (see [14], Section 1.5)
ar, Lo o (1), - (ap), 2"
F = |: B y &p oy Z:| _ n n
P Bi, . Bg s ;(ﬂl)n~~(ﬂq)nn!
=, F, (al,...,ap;ﬂl...,ﬂq;z) . (1.9)
where (), is the pochhammer symbol defined as:
I'(A+n)
A, = ————
where A € C (see [14], p. 2 and pp. 4-6).
The Oberhettinger’s integral formula [12] is defined as:
< - _ oI (20) T (A —0)
o—1 249 )nd =2 ’7(9) _ 1.1
/0 x (x+a+ x? 4 2ax x na 5 Ta+nto) (1.10)

accommodated with 0 < R(o) < R(n).

The intention of this note is to evaluate the Oberhettinger type integrals associated
with a finite product of the generalized Bessel functions (1.1) and multivariable
polynomials (1.2).
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2. Noted Results

We state the subsequent results:

Theorem 2.1. If > 0,n,0,v;,b,¢c € C with R(v;) > -1, (n,, 1) > 0,0 <
R(o) <R +v,) (=1,2,...,n). Then the following integral formula holds:

e —n Y
271 (ac +a+Va?+ an) G e [ ]
/0 Tt e 0+ Va2 + 2ax

h
Y
X Wy, dx
]'_‘[ ! [z+a+\/z2+2az]

j=1

ni/mi  np/m,. r

—Ni)m 1. e 1\
=T (20) a® 12177 Z Z H [%Anrll (%)l} ]-;-[1 [(%) }

11=0 =0 i=1

[ 1 ] F(??*UvLZ?:lUjJrZ::lli)F<1+77+Z?:1Uj+§:::1li)
X
r (1 L AKADVETUED i lz‘) r (77 + v+ i li)

h T
><F22:10;"';? (1+77+Zj:1 vi+ >l 2, ...,2) ,
5. (77-‘1-2?:1 Vj +Z::1 lis 2,...,2) ,

(77— a+2§;1uj + 3 b 2,...,2) :
(1+n+o+2?:1uj s 2,...,2) :

*

—C 2 —C. 2
(o + 5L, 1) 5 (on+ B2, 1) 2 o
Proof: By making use of product of (1.1) and (1.2) in the integrand of (2.1) and
interchanging the order of integral and summation, which is confirmed by uniform
convergence of the series, we obtain

U1+2k1 k Yn 'Uh+2kh
cFn (Y
. (71)7% " ( 2 )

kT (Uh + kpn, + HTI)

>~ =(n 225 1 (vs+2ks) + 3000 b
/ zo! (:L' +a+ V22 + 2ax ) \ s 4 dx, (2.2)
0

X
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In sight of the circumstances disposed in Theorem (2.1), since
0<R(o) <R(n+v;) < R(n+v; +1i+2k;) , R(v;) > -1,

we apply the integral formula (1.10) to the above integral (2.2) and get subsequent
expression:

=T (20) a2 > > ]

ni/mi  np/m, r l
Rl g )]

11=0 1,=0 i=1
3 L)V t2E k W\, 2k
Y pp BT e ()
Fro BT (o1 k25 Fnll (on + kn + 21)
SR e - OR0ES >0

D (n+ S0 (0 +26) + Y, &)
(n+ZJ L)+ —u)( fo+2?:1(vj)+22:11i)2h7
(1+U+?7+ZJ L) +X lz) <1+U+U+ZJ L (i) + 2700 )

and, we acquire

X

Z]:1 2k

=T(20) a2 > > ]

ni/mi  np/m, p [
11=0 1.=0 1=1

. h U
o ()] T2

P(n-o+ X, () + S, k) T (1 S (o) + S k)
r (1 totn+ Yl () + Y, li) r (n +Y )+ Y lz‘)

h T
oo F(1+77+Zj:1 (Uj)+2i:11i) h o

h T
kiookn=0 T (77 + Zj:l (V) + 2ima li) S 2%

X

h T
. (77 =0+ (V) + 2 li)zjh:l

(1o 0+ Sin )+ i),

j=1

1 1
U (vr+ 50 (v + 82, T (on+52) (on+ 82,

k k
(8] )"
(2.3)

X
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Straightaway, we employ (1.3) to pick up the aimed formula (2.1). O

If we set r = 1, then the multivariable polynomials reduces to Srivastava’s polyno-
mials, i.e. ST [z], and we get the following result:

Corollary 2.2. If x > 0,n,0,v;,b,c € C with R(v;) > -1, (n,1) > 0,0 <
R(o) < R(n+v;) (j=1,2,...,n). Then there holds the following integral formula

o -n
o—1 2 m Y
T r+a+ Vo +2ax) Sy { ]
/0 ( r+a+vVa?+ 2ax
h yi
x| [ wy, J ]dm
jI;[l ][z+a+\/z2+2az

n/m h
=T (20) a® 1277 Z (77;?mlAn7l (%) H
! =1

(5)" rrvem]

F(n—a—l—l—kZ?:lvj) F(1+n+l+2?zlvj)

X
P(1n+o+i+Siv) T(n+l+S),v;)

" (1+n+l+2?:1vj;2,...,2), (n—a+l+2?:1vj;2,...,2):
(77—&-[—&-2?:1111-;27.4.72)7 (1+n+a+l+2?:1vj;27.4.72>:

,,,,,,

*

I
_— 7... , T . 24
(00 + 852,1) . (o + 22,1y 407 (2:4)

Theorem 2.3. If x > 0,0, n,v,,b,c € C with R(v;) > -1, (ny, 1) > 0,0 <

R(o) <R(m+v;) (=1, ...,n). Then the following integral formula holds true:
e _ N m.,...,m Ty
o—1 2 1 s My
x r+a+Vzx +2ax) Sn)t [ ]
/0 ( P o+ a+ Va2 + 2ax

n Ty
X Wy, dx
H ’ [Jc+a+\/$2+2am]

ny/my r

ny/ma —Ni)m 1 i i\ Vi
:a07”21*”F(77—J) ZZZO Z H [%Amll (%)l} H [(%) }

1,=0 i=1 j=1

h T
BRI
X
b r
Lo+ ] 1 (77 + Z?:l Uit i li)
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r (20’ +2 Z;’l:l v +2 2221 ll)

X
F(1+o+n+22?:1vj+2zg;lli)

h r
2050 <1+77+Z_j:1vj+2i:11i : 2,...,2),
2:15...51 h r
(n+2j:1vj+2i:11i: 2, ey 2) N
(2a+22?:11)j F2S A 4)
(1+o+n+22?:1vj+2§jj:lli:4, S 4)
" —c —c
(014555 1) 5 (v + 555 1) 5
Proof: By analogous way as in demonstration of the Theorem (2.1), we can fix
the integral formula (2.5). O
If we intent » = 1, then the multivariable polynomials reduces to Srivastava’s

polynomials, i.e. S/ [z], and we get the following result:

Corollary 2.4. If x > 0,0, n,vj,b,c € C with R(v;) > —1, (n, ) > 0,0 <
R(o) <R +v;) (=1, ...,n). Then there holds the following integral formula

< . = Ty
o—1 2 m
T r+a+ Ve +2ax) Sy { ]
/0 ( T+ a+ V2 + 2ax

h
$yj
X Wy . dx
jI;[1 ]L—i—a—l— x2+2ax]
n/m h
_ o-mol—c (=1 )m1 y\! Yj\Yi 1
—a® "2 F(??*U)Z 1 Ant (5) H[(Z) T (v; + 520
=0 j=1 J 2

F(1+n+l+2?:1uj) F(l+2a+2zf:1vj)

) F(l+n+zf:1vj) F(1+U+n+l+22?:10j)

(1+n+l+2?211}j:2,...,2),(l+20+22?:11;j:4,...,4):
(Z+U+27:1U327a2),(1+0+77+l+22?:11)]4,,4)

......

*

o S
Ui 716yh

(2.6)
(U1+b+71, 1) H (Uh+b+71, 1) ; 16
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Remark 2.5. If we plan n = 0 in corollary (2.2) and (2.4) , then in observation
of Srivastava’s polynomials S)I* [x] yields to unity, i.e. SJ*[x] — 1, and we arrive
at the subsequent noted results due to Agarwal et al. [1].

Remark 2.6. If we set h =1 in corollary (2.2) and (2.4), then we get the subse-
quent established results due to Menaria et al. [9].

3. Particular Cases

In this part, we deal with some particular cases of above outcome presented in term
of generalized Lauricella type functions.

(i) For b—1 =1 = c equation (1.1) reduces to Spherical Bessel function K, (z) and
is express as:

& (—1)F 2\ vF2k
K”(z)_kzzor(u+ +3/2) k! (5)  (2€0), (3.1)

(ii) For b = ¢ = 1 in equation (1.1) reduces to Bessel function .J, (z) and is express
as:

> —1 k 2\ v+2k
Jo () = kzom (5) . (z€Q). (3.2)

Now, by setting ¢ = 1 and b = 2 in equation (2.1) and (2.5), the new unified
integrals presents in terms of the spherical Bessel function K, (z). we get two next
couples of integral results, as under:

Corollary 3.1. Let the observation of Theorem (2.1) be fulfilled. Then the subse-
quent integral formula holds true:

oo —n Y
21 (ac +a+\Va?+ an) G [ ]
/0 Moot e L0+ Va2 + 2ax

h

Yj
v dx
[z +a+ V2 + 2(1:0}

II[(L) et

h T h T
r (77_0+Ej:1 Uj +Zi:11i) r (1 0+ v +Zi:1li)
r (1+77+U+Z?:1 vj +ZL11¢) r (WJFZ?:l vj +22:1li)

X
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(1 v 12, 2) :
1551 h r
(n+ X0y v+ iy 13 2,2),

(7} —o+ Z?:l v+ > i3 2, ...,2) :
(1 SR D DRI S TP I 2) :

x . —c —c
(V1 +3/2,1) 5.5 (hy +3/2, 1);

Corollary 3.2. Let the observation of Theorem (2.3) be fulfilled. Then the subse-
quent formula exists:

o - m.,...,m Ty
271 (z+a+ x2+2a:c) Sp T
/0 Tt e 0+ V22 + 2ax

TYj
X K,. dx
H ]{z+a+ x2+2ax}

r (1 +77+Z?:1 v+ i li) r (20+22?:1 vy +222:1li)

F(H+Z?:1Uj+22211i) F(1+0+77+22?:1Uj+22221li)

X

(L4 + v+ il 2,.00,2),
h r
(77+ijlvj+zizlli:2,...,2),

......

(20425 0 +2X 0 k4 4)
<1+J+77+22?:1Uj+22:::11i:4,...,4):

) ' —c —c
(v +3/2, 1) .. (vn +3/2, 1) 3
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4. Concluding Remarks

We put the lid on the comment that, by accounting our finest developments, one
can find many other impressive integrals associated with a variety of Bessel func-
tions, hyperbolic functions and trigonometric functions, after appropriate paramet-
ric replacements. Additionally, on putting convenient particular characters to the
coefficient A,, ; the Srivastava’s polynomials provide various acknowledged classical
orthogonal polynomials as its special cases as comprise Hermite, Laguerre, Jacobi,
the Konhauser polynomials along with others.
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