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1. Introduction and Preliminaries

In this paper, we shall use the following notations:
N:= {1,2,3,---};Ny:=NU{0};Z, :=Z {0} ={0,-1,-2,-3,--- }.
The symbols C,R,N,Z, R and R~ denote the sets of complex numbers, real num-
bers, natural numbers, integers, positive and negative real numbers, respectively.
Pochhammer symbol
The Pochhammer symbol (a),(a, p € C)[11, p.22 Eq.(1), p.32, Q.N.(8) and Q.N.(9)],
see also [16, p.23, Eq.(22) and Eq.(23)] is defined by

I'(a+p)
(a)p = Ta)
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(1 3(p =050 € C\{0}),
ala+1)---(a+n—-1) 3(p=neN;acC),
—1)"k!
(@), = { ‘T sla=—kp=nink € Np;0 <n <k),
0 s(a=—k;p=n;nk € No;n > k),
\ % s(p=—nneN;aeC\Z).

It being understood conventionally that(0); = 1 and assumed tacitly that the
Gamma quotient exists.

Generalized hypergeometric function of one variable

A natural generalization of the Gaussian hypergeometric series o Fi[a, §5;7; 2] is
accomplished by introducing any arbitrary number of numerator and denominator
parameters. Thus, the resulting series

(ap)§ 1, g,y e ey Qi) 0 (Oz ) (a ) (
F o S (@) 2
o (6(])7 ) o 51’527"'7ﬁq; ’ nZ:O (Bl)n(BQ)n<ﬂq)n n!’

is known as the generalized hypergeometric series, or simply, the generalized hy-
pergeometric function. Here p and ¢ are positive integers or zero and we assume

that the variable z, the numerator parameters ay, as, ..., o, and the denominator
parameters 31, s, ..., B, take on complex values, provided that
5j 7&07_17_27a j:1727"'>q7

Supposing that none of the numerator and denominator parameters is zero or a
negative integer, we note that the ,F; series defined by equation (1.1):

(i) converges for |z| < oo, if p < ¢,

converges for |z] < 1,if p=q+ 1,

diverges for all z, z £ 0, if p> g+ 1’

converges absolutely for |z| =1, if p = ¢+ 1 and R(w) > 0

converges conditionally for [z| =1 (z # 1), if p=¢+ 1 and —1 < R(w) =0,
(vi) diverges for |z| =1, if p=¢+ 1 and R(w) < —1,

where by convention, a product over an empty set is interpreted as 1 and

W= Zﬁj - Zaj, (1.2)
j=1 j=1
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MR(w) being the real part of complex number w.

Double hypergeometric function of Srivastava-Daoust

In an earlier paper [13], Srivastava and Daoust defined a generalization of the
Kampé de Fériet function [3, p. 150] by means of the double hypergeometric series
(see also [13, p. 199] and [15]).

o g (@) 5 0 0] (m) WL (0) 2 0
Sc: pi b T,y

[(cc) = 6, €] : [(dp) : n; [(dp) : 1];

2 ST Tlay +m; + g TTL T, + my) TTZ, T, + niy) 2

_3y e

m=0 n=0 H] 1 Tlej +mé; +n€J]H  T'[d; "‘me]H F[d/ "’7”73] ml n'

(1.3)
_ H?:l I'[ay] Hf:l I'[b;] Hf:/1 [}
- C D D’ X (14)
Hj:l N[ H] 1 F[d ] H] 1 F[d/]
j 1 m19 e, HJB 1(b )ml,bj HB—I (b )WJ)/ y
7 1.5
: mzc)nzo j= 1(0 )m6j+nsj Hgl'):l(dj)m'f]j HJD 1(d,>m7; m' n' ( )
A B B’ /
_ Hj:l Iay] H]  T[bj] H] 1 F[b ] « (1.6)

HJC:1 N[ HjDZI I'[d;] H]D:,1 F[d;‘]

o (laa) s 0] () s ] [(0) 9
XFe! p! T,y

[(cc) = 6, ] [(dp) = ml; [(dp) = ];
= Z van xmy”, (17)

m,n=0
where the coeflicients

D1y ey D45 O1, ooy O 4; 1/)1,-- @/}B, Pl Wiy 0140y 005 (1.8)
€1y ey €C My ooy D} My ooy Ny

are real and positive.

Indeed it is easy to observe that when y — 0, S (g) reduces to the generalized
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hypergeometric series introduced by Wright [17,18] and when the positive real
constraints in (1.8) are all taken as unity, it would equal

1% Tlay) T12.,Tl;) 12, T | (@a) = (0n); (0p);
c 2 oo F z,y |, (L9)
=i Tlei) TLL T TOS T | (o) - () (dy )

where F[z,y] denotes Kampé de Fériet’s double hypergeometric function in the
contracted notation of Burchnall and Chaundy [5, p. 112] in preference, for the
sake of generality and elegance, to the one used by Kampé de Fériet himself [3, p.
150].

C ) D ;
oo (st lmboome Tt
1= 1 A . TTB ’ '
Hj:1 (05 + /L2(Pj)ﬂ] Hj:l(wj)%
, , C e D/ l_
B, = (M”zfm;—zf”?) Uty tres Moo (L.11)
2 = | Mo A . ’ a '
[Tmi (a9 + paey)er TIZ, (w)%

C D A B

Ay=1+) 6+> m—> 0= i, (1.12)
j=1 j=1 j=1 j=1
C D’ A B’

Ap=1+4) e+ 0i=> o= U (1.13)
j=1 j=1 j=1 j=1

Case I. The double power series in (1.3) converges for all complex values of z and
y when A; > 0 and Ay > 0.
Case II. The double power series in (1.3) is convergent when A; = 0, Ay =
0, || < p1, |y| < p2 where

pr= min (Ey), pp= min (Ey).
Case III. The double power series in (1.3) would diverge except when, trivially,
z =y =0 when A; < 0and A; < 0.
Further analysis of Case II

When
pj=1; 1<j< A (1.14)

&5 = 5j, 1< j < C, (115)
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I1,(0)% I ()™
B ’ 1.16
CTIIL 07 T () (1.16)
T15(6)% TIZ ()
G = ] o ' 1.17
TN W) T W) (1.17)
C D A B
A=T4d 04 mi=) 0= v (1.18)
=1 =1 =1 j=1

C D’ A B’
B=1+>6+> n-> 0= v (1.19)
j=1 j=1 j=1 j=1

and

Case II(a). Then double power series in (1.3) will converge when A = 0; @ = 0;
w > 0 and

(1) (B o

Case II(b). Then double power series in (1.3) will converge when A = 0; @ = 0;
w < 0 and

2| [yl
—_— = 1. 1.22
max (Gl, Gy < ( )

Series rearrangement technique is based upon certain interchanges of the order of a
double (or multiple) summation. Several hypergeometric generating relations have
been established using series rearrangement technique.

Here, we consider some well known results.

Cauchy’s double series identity [16, p.100]

oo m

Y omn)=> > @(m—n,n), (1.23)

m=0 n=0 m=0 n=0
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o 5] o oo
Zié(m,n) =33 o(m+2n,n), (1.24)
m=0 n=0 m=0 n=0

provided that the associated double series are absolutely convergent.
Reduction formula [11, p. 70, Q.No.10]

1 2 2y-1 Y + %7
(I—2z)"2 (H—\/Tz) = of )’ z (1.25)
and )
2 2y-1 Y 55

Simple Bessel polynomials of Krall and Frink, [7, p.101, Eq.(3)]

—n,n+1;
(1.27)

Neg
3
—
I
N—
I
[\
=
|
N8

and
Y—n(2) = Yn-1(2), yo(z) = Ln € N
Krall and Frink [7, p.106, Eq.(25)]

i —y’"“lﬁ)tn — exp (1 - (i - m)) . (1.28)

Krall and Frink [7, p.106]

> ()t = (1-1)Y LR = (1.29)
n=0

I

Generalized Bessel polynomials of Krall and Frink [7, p.108, Eq.(34)]

—n,a—1+mn;
yn(xaav b) - 2F0 _% 5 (130)
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when a = b = 2 in (1.30) we get simple Bessel polynomial

Yn(,2,2) = yu(2). (1.31)
L;

=142 1F z . (1.32)
2.

?

Rainville polynomials [11, p.294, Eq.(3)]

pnle,w) = =75 ol x|, (1.33)

When 7 is replaced by —5 and ¢ = 1 in (1.33), we get

T

9071(17_5) :yn(x)> (1'34)

When 7 is replaced by —% and ¢ = (a — 1) in (1.33), we get

x (a—1),
¢n(a_17_g> = Tyn(xch?b)' (135)
Linear generating function
Two functions F'(x,t) and G(x,t) of two independent variables x and ¢ are called
generating functions of the sets {f,(z)} and {g,(x)} respectively, if it is possible
to represent F'(z,t) and G(z,t) in the following series expansions of ¢

F(x,t) = ibn fa(x)t™ 5t #0, (1.36)
n=0
+o0

Gz, t)= Y e gala)t" 1t #£0, (1.37)

where the coefficients b, and ¢, are independent of x and ¢ and may contain some
parameters related with f,(z), g,(x) respectively.

Motivated by the work of Burchnall [5], Krall-Frink [7], McBride [9],Erdélyi et al.
(6, Ch.19, pp.245-278], Magnus et al.[8], Srivastava [12, 14, 16] and Agarwal [1, 2],
we obtain a generating relation involving Srivastava-Daoust double hypergeometric
functions.
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The present article is organized as follows. In section 2, we obtain a generating
relation. In section 3, we have given the proof of hypergeometric generating relation
using series rearrangement technique and quadratic transformation.In section 4,we
discuss some special cases.

2. Main Hypergeometric Generating Relations
When the values of parameters and arguments leading to the results which do not
make sense are tacitly excluded. Then

f Waa) = 2,2, [(dp) - 1,2], [(9c) « 1, 1]:[(kx) < 1]; [(pp) - 1];
B+E+H:LiQ Bt, yt
[(bB) : 2’2]v [(eE) : 1’2]7 [(hH) -1, 1]:[(£L) : 1]; [(QQ) : 1];
_ i [T (%)m TLE (55 )m TL0 (i) T (9)m TTis (Ke)mB™ (2A_23)mx
0 [T (5)m TL () m TTi (e T (Bi)m [Ty (G) e

m, 7(dD)+m7 (pP)7 1_(€L)_

K+L+1
X 11p+P+LFErQiK (=1)FFeF % "

(eE) +m, (QQ)a 1- (kK) - ( )
2.1
5 T (%) T ()0 T2, (500 T2 (P50 T (000 T1E (2024420428426
2 T2 ()0 TTE () THZ (52 TTEL, (Ri)n T2 (g3)nm!

—n,1—(eg) —2n, (k),1 — (qq) — n;

1+ E+K+QF D4 Lt P (—1)PHPHEFQEN S gn,
1- (dD) - 2n7 (€L>7 1- (pP) -
(2.2)
Convergence conditions
Suppose
A1=14+2B+FE+H+L—-2A-D—-G-K, (2.3)
Ay=14+2B+2FE+H+Q—-2A-2D—-G—P, (2.4)

(i)When Ay > 0, As > 0, then double series in left hand side of equations (2.1) and (2.2)
is convergent for all finite (real/complex) values of 3,y and ¢,

(ii))When A; = Ay = 0, then double series in left hand side of equations (2.1) and (2.2)
is convergent for suitably constrained values of |S¢|, |yt|,

provided that in each hypergeometric function, denominator parameters are neither zero
nor negative integers.

3. Proof of Main Generating Relations
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Let
A+D+G:K;P
¢ =F B+E+H:L;Q (

[(aa) = 2,2],[(dp) : 1,2], [(96) : 1, 1]:[(kk) = 1]; [(pp) < 1]; )
Bt, yt

[(bs) :2,2], [(ep) : 1,2], [(ha) : 1, 1]:[(4r) = 1]; [(qq) « 1;
Then

Bmyntm—l-n

9

2m+2n dD)]m—f—Zn [(QG)]m+n [(kK)] [(pP)]n
o=y L O ol mronl(hi Toen (o (aq

m=0n=0

where [(a4)]m = (a1)m(a2)m--(aa)m = [T (ai)m.

oo o0

2m+2n >2m+2n (dl )m+2n (dD)m+2n (91 )m+n .. (gG)ern
@ = E:E:

X
2m+2n (B)2m+2n(61)m+2n (eE')m+2n(hl)m+n---(hH)m+n

mOnO

(kl)m---(kK)m(pl)n-~-(pp)nﬁmyntm+n
(1) m--(LL)m(q1)n---(qQ)nmIn!

Replacing m by m —n in equation (3.1) and applying double series identity(1.23), we get

(3.1)

d — ZZ al 2m ) (dl) +n--~(dD>m+n(gl)mm(gG)m(kl)m—n"-(kK)m—n

=0 n=0 1 2m .- )2m(el)m+n---(€E>m+n(h1)m---(hH)m(el)m—n---(EL)m—n

(P1)n--(PP)n (=) BTy ™
(q1)n---(qQ)n(=1)" m!n!

i a1)am---(4)2m(d1)m---(dD)m(91)m---(9¢)m (k1) m - (kK Jm S™
(b1)2m---(0B)2m (1) m---(€E)m (A1 )m--(hr )m (€1 )m--- (€L ) mm!

= (—m)y d1 + m) (dp +m)n(k1 +m)_p...(kxk + m)_n(P1)n---@P)Y" \ ,m
: (Z et )
(

X

(eg+m)n(ly +m)_p...(br, + m)_n(q1)n-..(gQ)n(—1)"n! 5"

2 )m (”‘“ 227 (5 ) (HF4 ) (d1)m--

2 2 dp)m(g -(96)m (k1) m-.. (kK ) mB™
me22m(58),, (12ba

(dD)m(91)m-
)m(el)m (eE)m( l)m ( ) (gl)m-"(eL)mm!
m<ﬂm4m+mmnwD+m><nn< 1" (p1)n---(PP)n
X<z: (e1+ M- (er + m)n(aD)n-(Q)n
(1—51— ) (1—€L— )nyn
C U= — ) (1— kg — m)a(—1)7 (=1 w<1wwm0t
(I (I (5 (22 () (DI g1 (96)m

2 5
20 ()i CE)m () i (2 m (€1) e (B (P2 ). ()

X

Il
P18
[\V]
[\~
3
—~
w\S‘
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3
—~
—
+
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n
X

n=0
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(kl)mm(kK)mle2(2A72B)m
X<§: m+m)(%+mhmhwmh

(e1 +m)y (6E+m)n(Q1)n-~-(QQ)n

X

X
n=0

(1 =01 —m)p...(1 — €, —m),(—1)E+LADnyn i
(1= k1 — m)n...(1 — ke — m)pBnl :

Now using the definition(1.1) of generalized hypergeometric function of one variable, we
get the main generating relation(2.1).

Similarly, when we replace n by n —m in equation (3.1) and after simplification, we get
right hand side of (2.2).

4. Special Cases
In generating relation (2.1)put A = B = 0, we get

[(dp) - 1,2}, [(9¢) : L1A]: [(kx) < 1] 5 [(pp) : 1];

PRt Bt, yt
l(em) 1,20, [(har) : 1,1 [(62) : 1] 5 [(gg) : 1];
= 12, ( -mni@mzniwmwm —m, (dp) +m,
7 1 1=1 =1
mzzo E e T TTy (Gt H0HHH K14 (ex) +m,

1= () =m, (pp);

(—1)EFEFDY ] g, (4.1)
In generating relation (4.1)put g = % y=35,D=H=1d = (d-1),hy = (d—1),E =
G =K =P =L=@Q =0 and using Reduction formula (1.25), expansion of exponential
function and definition of generalized Bessel’s polynomials (1.30),after rationalization we
get a correct form of generating relation of Burchnall [4, p.67, Eq.(26)]

> (hym ymxdb)

1 \/ (1 —2xt)
Z (3) — (1-2at)"3 ( + v ) exp [2 {1 /- 2:015)}} .
=0

(4.2)

When d = b = 2 in generating relation(4.2) and using a result (1.31), we get

m ' 1— /(= 2zt
Z Y (1 —2xt)” éexp < ( ’ )> . (4.3)
x

In generating relation (4.1)put 8 =1 and y = —z, we get
[(dp) : 1,2], [(9c) : 1, 1]: [(kk) : 1] 5 [(pp) : 1];

FD+G:K;P t,

E+H:L;Q —at
[(e) : 1, 2], [(ha) : 1,1]: [(€2) : 1] 5 [(qq) : 1];
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G —m, (d
Z ZD:l o L (0)on L1205 1+D+L+PFE+K+Q oy
m—o Lli=1(ei)m Hfil(hl)m Hle(&-)mm! (ex) +m,
1— (L) —m, (pp);
(—1)EH g | e, (4.4)

1= (kr) = m, (9@);

In generating relation (4.4), put D = H =1,dy =hy =c,G=FE =P = =0 and
when K < L, we get a known result of Rainville [10, p.104,Eq.(3 and 4)],

(kk);

c—1
2 2t
F
<1+ \/(1+4xt)> A (t1): (v

-

(14 4at)" 2

-n, (kK)§

2 (c4n)p(—z)" n
= Z et mn(z2)" 31'( ) K+1Fr41 -3 |t (4.5)
n=0 ' 1—C—2?”L,(£L);
0o K *m’c+m317(€L)7 )
Z =1 - 2+LK (=) g [ t™ (4.6)
m=o I1iz z)mm 1— (kg) —

In generating relation (4.6),put K = L = 0 and applying the definition of Rainville’s
polynomial ¢,,(c,x)(1.33), we get a known result of Rainville [11, p.296,Eq.(15)], see
also [4].

1

c—1
_1 2 2t
(L dat)™> <1 +/( +4xt)> P (1 +/0 +4xt)>
= Z (16) om(c, )t (4.7)
m=0 m

In generating relation (4.7) put ¢ = 1, we get another known result of Krall and Frink
[7].

5.Conclusion

In this paper, we obtained a generating relation by using reduction formula and series re-
arrangement technique. We conclude our work with these words that the result obtained
above is remarkable that can lead to innumerable generating functions and generating re-
lations. Besides, presented generating relation is supposed to find various applications in
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Numerical Analysis, Statistics and Linear Programming. The given generating relation
may be very functional to non-professionalists who are fascinated in Applied Mathemat-
ics and the Theory of Probability.

Acknowledgment: Authors are very thankful to the referees for their valuable sugges-
tions in improving this paper.
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