International Journal of Mathematics Trends and Technology (IJMTT) - Volume 33 Number 2 - May 2016

FINITE DOUBLE SUMS OF KAMPE DE FERIET’S
DOUBLE HYPERGEOMETRIC FUNCTION OF HIGHER
ORDER

Mohammad Idris Qureshi Deepak Kumar Kabra Yasmeen
Department of Applied Sciences and Humanities, Department of Mathematics, Department of Mathematics
Faculty of Engineering and Technology, Govt. College Kota, Govt. College Kota,

Jamia Millia Islamia (A Central University) University of Kota University of Kota
New Delhi - 110025, India Kota, Rajasthan 324001, India  Kota, Rajasthan 324001, India
May 11, 2016
Abstract

In this paper we obtain four finite double sums of Kampé de Fériet’s double hyper-
geometric function of higher order using Gauss’s summation theorem. Associated and
contiguous relations for Kummer’s confluent hypergeometric function, Gauss’s ordinary
hypergeometric function, Saalschiitz’s summation theorem, double sums involving Appell,
Humbert, Karlsson, Bessel functions, are obtained as special cases of our main double sum-
mations.
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1 Introduction and Preliminaries

Throughout in present paper, we use the following standard notations:

N:={1,2,3,...}, Ng:={0,1,2,3,...} =NU{0} and Z~ := {—1,-2,-3,...} = Z; \{0}.
Here, as usual, Z denotes the set of integers, R denotes the set of real numbers, R™ denotes
the set of positive real numbers and C denotes the set of complex numbers.

The Pochhammer symbol (or the shifted factorial) (\), (A,v € C) is defined, in terms of the
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familiar Gamma function, by

Ny = rA+v) ! (v =0;A € C\{0})
VT TTO) T
@ AA+1D)...(A+n—-1) (r=neN;xeC)

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

Kampé de Fériet’s double hypergeometric function of higher order in the modified notation of

Srivastava and Panda [8,pp. 423(26), 424(27)], is given by

P q
o @)res [T TT(d0)s
piq;k (ap) = (bq); (dk); i=1 i=1 i=1 z"y°
o (95) : (em); (hn); r,5=0 : 4 - re
! H(gi>r+s H(ei>r H(hi)s
i=1 i=1 i=1
where (a,) abbreviates the array of p parameters given by ai, as, ..., a, with similar interpreta-

tions for (by), (di) et cetera and for convergence of double hypergeometric series(1.1), we have
()p+g<j+m+lp+k<j+n+1,|z] <ocoand |yl <ooor

(i)p+g=j+m+1p+k=j+n+1, and

1 1
w|p=7 +Jylr=i <1 if p>j

maz{|z],[y[} <1, if p<j

The Appell’s double hypergeometric functions Fy, Fs, F3 and Fy [3,p.224(5.7.1.6,....,5.7.1.9)]
are denoted by Fllfoljol, Folfll;;ll , F100202 and FD2::10;;10 respectively.
In our investigation we shall use the following results:

(i) Algebraic properties of Pochhammer’s symbol

(@)p+q = (a)p(a +p)g = (a)g(a+ q)p (1.2)
(b) (=1)" (b#0,£1,42,43 d k=1,2,3,...) (1.3)
_k_(l—b)k7 , , , ye.. o an =1,2,3,... .
(n—Fk)! = Lk(n)!, (0<k<n) (1.4)
(—=n)k
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(ii) Gauss’s summation theorem [7,p.49(Th. 18)]

where Re(c—a—b) >0and ¢ #0,—-1,-2,-3,—4,...

(iii) Karlsson’s quadruple hypergeometric function 2% [5,p. 37(2.1)]

HD a1, as, a3, as: ¢ ; 21, 79, 73, 74] = i (01) ks (02) ks (08) by g (@) kg ks T4 @52 af®
‘ s o a0 () -+ha-+hs ks (k) (F2)! (k3)! (Ka)!
(1.6)
(iv) Binomial coefficient
n (n)!
=7 1.7
() = o D

Any values of parameters and variables leading to the results given in sections 2 and 4

which do not make sense, are tacitly excluded.

2 Four Finite Double Summations

In this section we obtain the following four finite double summation formulae with the help of
series manipulations.
If the values of a and b are adjusted in such a way that (1 —b), (14 a — b) are not integers; c

is neither zero nor a negative integer then

n

m
:D; pp),a+1:(dp);(eg :
Zc(m,n, T, s, a,b, C)Fgﬂzgﬁﬂ (pp) (dp); (ek) .

r=0 s=0 (q0) :(9a); (hg),c+n+s;

(B)mn PH2DiE+ (pp),a,b+n: (dp); (ep),b+m+n ;

= Q+1:G;H+2 T,y (21)
(SJrntn (9q), b 2 (96); (ha),b+mn,c+m+mn;
L Di1. :(dp),a+1;(er);
ZC(m,n, r,s,a,b, c)FQilz'DGH;’If (pr) (dp) (cp) z,y
r=0 =0 (q@),c+n+s: (9c) ;(hu);
(O)m+n Py1:D12E (pp),b+m+n : (dp),a,b+n; (ep);
= (C) Q+2:G+1;H z,y (22)
men (4@),b+n,c+m+n: (96),b  ;(hm);
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n

Y : ; : d , + r; (e ;
> Clmonorsanb g, | P (e (o) N
e (@)« (9a)  i(hm),c+n+s;

(b)m+nFP:D+2;E+1 (pP) : (dD)7a7b+n; (eE)7b+m+n ;

= Q:G+1;H+2 z,y (2.3)
(C)mtn (QQ) : (9G),b i(hg),b+n,c+m+mn;
" . ,a+r :(dp);(eg);
ZC(m,n,r,s,a, b, c)ngf;gﬁ (pr) (dp); (ep) T,y

r=0 s=0 (q@).c+n+s:(9a); (hm);
~ (O)mtn pP+2:DE (pp),b+m+n,a: (dp);(ep); 5.4
- (C) Q+2:G;H €,y ( . )

mn (q@);c+m+n,b: (9a); (hu);
where
n\ (m\ (=1)"""*(a),(c — b)s
= 2.

C(m,n,r,s,a,b,c) <T> <8) CETES (2.5)

and Pochhammer symbols and Gamma functions are well defined; denominator parameters in

hypergeometric notations are neither zero nor negative integers.

3 Proofs of Finite Double Summations

On expressing each Kampé de Fériet’s double hypergeometric function of left hand sides of
(2.1), (2.2), (2.3) and (2.4) in power series forms with the help of (1.1) and (2.5), interchanging
the order of summations with the help of (1.2), (1.3) and (1.4) and successive applications of
Gauss’s summation theorem (1.5), we get the right hand sides of (2.1), (2.2), (2.3) and (2.4).

4 Special Cases

Making suitable adjustment of parameters in (2.1), (2.2), (2.3) and (2.4) we can find a number
of finite double sums involving double hypergeometric functions of Appell and Humbert [3,pp.
224-226].

Putting P=FE=1,Q =D =G = H =0 in (2.2) and using a result of Carlson [1,p. 222(4)],

we have following double sums
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L& —1)"MES (@), (¢ = B)s g | PratTHeratr
S () (7) G e

(@=b+1)r—n(C)nts c+n+s atrte;—;

o1 | PO+M AN ta,b+nje;

(b)m+n 2
()m-+n b+n,c+m+n:b ;=

When y = z and e = 0, (4.1) reduces to a known result of Pathan [6,p.58(2.1)] which was

obtained with the help of operational calculus technique

o Fy z| = 3 z
S (a —-b + 1)7«_n(c)n+s c+n+ S; (C)m+n b7 c+m-—+n

" Zm: <n> <m> (~1)" () (e = b)s | @t TP Bn | @bFm+np

(4.2)
where oF] and 3F» are Gauss’s ordinary hypergeometric function [7,p.45(1)] and Clausen’s
hypergeometric function [7,p.73(2)], respectively.

In (4.2) putting n = O0,m = 1,b = a and ¢ = d — 1, we get a known contiguous relation

[7,p.71,Ex. 21(2,13)]

a,p; a X
(a—d+1)2F1 | =aoF] x —(d—l) o FY x (43)

When m =0, x =1 and p = b in (4.2) and using Gauss’s summation theorem (1.5), we get
Saalschiitz’s summation theorem[7,p.87(Th. 29)] in the following form

—n, a, l4+a—c—n ; —b)p(b)n
3 Fy 1| = (=Dl (4.4)

l1+a-b—-—n,1+a+b—-c—mn; (b—a)n(c—a—"bn

because sum of its denominator parameters exceeds the sum of its numerator parameters by
unity.
Putting P=Q=H=D=0,G=FE=1andsettingeg =b+n—1,9g1 =a,c=1+bin

(2.3), and using a result of Karlsson [4,p.197(8)] for o Fb, we get a result involving the product
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of two Kummer’s confluent hypergeometric functions 1 F; [7,p.123(1)]

=\ (m —1)"*t+3(q),s! a—+r; b+n—-1 ; b
Z (=1) (a) 151 x| 1/ yl = ——=
r)\s)(@—b+1);_pn(l+4+0b)nis m+1

I

r=0 s=0 a g 1+b+n+s;
b+ n; b+n—1; b(l—b—n b+ n; b+m-+n
151 x| 11 Y|+ ( ) 1k x| 1
b b+n ; (m+1)(b+m +n) b ; 1+b+m+mn;
(4.5)
2
When P=Q=E=H=D=G=0in (2.3) andy:—zzweget
"L /0 /m) (=D)" s (a), (e — b)s [2)\°
$° (1) () e (27
= \r)\s)(a=b+1)rn(l—2)" \z
2\ ctn—1 b)mtn a,b+n; b+m-+n ; 22
= (1 — x)a (5) 11((_{_)+)2F]_ X ]_F2 - Z (46)
ctmn b b+n,c+m+n;
where J;,(z) is Bessel function of first kind of order m [7,p. 108(1)].
When m = 0, (4.2) reduces to
"~ n+T r a+nrp; a7b+n7p;
r—=o \" (@—b+ )T” c+n b, c+n ;

In (4.5), replacing  and y by xt and yt respectively, multiplying both the sides by e *“~! and

integrating term by term with respect to ¢ from 0 to oo, we have

(=1)7+5(a), 5! ' ' '
ZZ( >< ) a—b—{—l)Tin(l_|_b)n+SF2[Caa+T7b+n—17a,1—|—b—|—n—|—s,x’y]

r=0 s=0

b(1—-0b—
- (m+(1)(b+n;l)Jrn)Fz[c;bJrn,berJF”Sb?l+b+m+n5$’y]

b
F . —1: . 4
+m+1 Z[va+n7b+n ,b,b+n,x,y] ( 8)

where F» is Appell’s double hypergeometric function of second kind [3,p. 224(7)].

In (4.8), replacing = and y by xt and y(1 — t) respectively, multiplying both the sides by
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th=1(1 — t)*"*~1 and integrating term by term with respect to t from 0 to 1, we have

N fm (_1)n+r+s(a)rsl k,a+r; c—k,b+n-—1;
F F
Z( ><S>(a_b+1)rn(1+b)n+s2 ! . Y

=0 s=0 \| a l+b+n+s ;
b k,b+n; c—k,b+n—1;
:712F1 X 2F1 y
m+ b ; b+n ;
bl —b— k,b+n; c—k,b+m+mn;
(1 b TL) 2F1 T 2F1 Y (49)
(m+1)(b+m+n) b l+b+m+n ;

When P=FE=1,G=D =Q = H =0 and p; = p2 + p3 in (2.2) and using a reduction

formula of Karlsson [5,p. 40(4.5)], we get

n m —1)ntrts ” —b s
ZZ (7;> <TZ> ( ) (a) (C ) Hc(4) [a+ T, P2,€,p3;C+ N+ ST, Y, 3/733]

r=0 s=0 (a' - b + 1)T_n(C)n+5

b o | P2+ p3,b+m+n:ab+nie;
(B)m o T,y (4.10)

)

(©)nm b+n,c+m+n : b ;=

In all equations the values of a and b are adjusted in such a way that (1 —b), (1 4+ a —b)
are not integers; c is neither zero nor a negative integer; Pochhammer symbols and Gamma
functions are well defined and denominator parameters in hypergeometric notations are neither

zero nor negative integers.
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