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ABSTRACT. We find four g-analogues of general reduction formu-
las from Buschman and Srivastava [3] together with some spe-
cial cases, e.g. g-analogues of reduction formulas for Appell- and
Kampé de Fériet functions. A proper g-analogue of the notation
A(l; A) by MacRobert [15], Meijer and Srivastava [25] is given, and
the definition of g-hypergeometric series is generalized accordingly.
Some further g-analogues of Srivastava from [28],[29] and [30] are
found. We introduce the concepts of balanced and very-well-poised
double ¢g-hypergeometric series and we find double g-analogues of
Srivastava’s summation formulas from [22].

1. INTRODUCTION

The purpose of this paper is to continue the study of ¢—Appell-, ¢—
Lauricella- and ¢-Kampé de Fériet functions from [5]. The convergence
properties of these g-series is a rather delicate problem, which will have
to be relegated until later. Instead we concentrate on a multitude of
double series formulas. This paper is organized as follows: In this
section we give a general introduction. In section 2, we give a slightly
improved version of the g—-Kampé de Fériet function compared with [5],
stating exactly the convergence region for the case ¢ = 1 and n = 2,
due to Srivastava. The important notation A(l; A) of MacRobert and
Srivastava for a certain array of [ parameters is given its proper g¢-
analogue with the aid of a generalized tilde operator; in this paper we
only consider the cases [ = 2,3, but a general definition is given. This
A-operator has a very long history in India and we will come back to
this in later papers.

Buschman and Srivastava [3] have proved a great number of double
series identities with general terms. We will find g-analogues of most
of these formulas like in [5]; the method of proof will be similar ex-
cept that we now use the g-Dixon- and ¢g-Watson summation formulas.
Some of the obtained formulas are symmetric in two variables, just as
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in the undeformed case. We pick out a form of these formulas, which
converges nicely for small values of x. A list of the different formu-
las and g-analogues in various journals and books is given for better
orientation. In section 2.4 we apply the Buschman-Srivastava formu-
las to find g-analogues of reduction formulas for Appell and Kampé
de Fériet functions. In section 3 we further investigate g-analogues
of Srivastava. The important concepts balanced and very-well-poised
double g-hypergeometric series are introduced in section 3.1. In the
last section we give a systematic collection of double g-analogues of
summation formulas from [22], which are exemplified by g-analogues
of [17]. The great difference between sec. 2 and 4 is that in section 2
the A operator appears only in the Heine function, whereas in section
4, the A operator appears in the ¢—Kampé de Fériet function.

We start with a new definition, other definitions are found in the
references.

Definition 1. A g-analogue of a notation due to Thomas MacRobert
(1884 - 1962) [15, p. 135] and Srivastava [25]. This notation was also
often used for the Meijer G-function and the Fox H-function (¢ = 1).

(1) (A LA )n = ﬂ(Atm;(Dn ><z<AJ;m;Q>n'

m=0

When X\ is a vector, we mean the corresponding product of vector
elements. When A\ is replaced by a sequence of numbers separated by
commas, we mean the corresponding product as in the case of g-shifted
factorials. The last factor in (1) corresponds to [™.

2. ¢—ANALOGUES OF BUSCHMAN-SRIVASTAVA

2.1. Definitions. We will give a definition reminding of [11], which
allows easy confluence to diminish the dimensions in (3) and (4), and
has the advantage of beeing symmertic in the variables. Furthermore,
q is allowed to be a vector and the full machinery of tilde operators
and g-additions will be used.

In the following three definitions we put

2) G=avavEaveav AN,

The first definition is a g—analogue of [26, (24), p. 38], in the spirit of
Srivastava. The second definition is a g—analogue of [26, (24), p. 3§]
with the restraint [26, (29), p. 38|, due to Karlsson. It will be clear
from the context which of the definitions we use.
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Definition 2. Let

(), (0), (g2), (ha), (a'), (), (g5). (Ry)
have dimensions
A, B,G;, H;, A", B', G, H].
Let
1+B+B +H,+H —A-A -G -G, >0,i=1,...,n.

Then the generalized ¢—Kampé de Fériet function is defined by

(3)
q>A+A’:G1+G/1;...;Gn+GLL (gl) : (9:1); s (g:n) 7 2] (@) :(g);--; (QZ) —
BABSHH G SHab B 5y o () (hy) 0 (0) 2 (B () |

3 ((@); @0} (@) (a0, m) T (((9,); @3)m, ((97) (a5, )]

) o) ()0 1) TTma (s @5omy () (5 s )

(_1)2?:1 m;(1+Hj+Hj~G;~ G+ B+B'—A-A)
QE ((B+B’ —A—A/)Cg),qo) [IQE ((1 + Hj+ H, - G, —G;)@j),qj) .
j=1

We assume that no factors in the denominator are zero. We assume
that (a’)(qo, m), (9})(q;, m;), (') (q0, m), (h;)(g;, m;) contain factors of

the form (a(k); )k, (5;q)k, (5(k); q)r or QE (f(n1)).
Definition 3. Let
(), (0), (92), (ha), (a'), (), (g5). ()
have dimensions
A B,G H A B G H.
Let

1+4B+B' +H+H —A-A-G-G >0.
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Then the generalized ¢—Kampé de Fériet function is defined by
(4)

PATAGHC [ (a) : (A ); - (gAn

9% R
BHBUHAH (1) (hy);. . (Ry) () : (h1);.. .5 (A
> §<&>;qo>m<a/><qo,m> [T ({(99): 43)m, ((95) a5 m3)a3”)
. ((0);q0)m (V) (g0 m) TT5— (C(hy); @5 )my (R (5, m5) (L5 G )m; )

(_1)2?:1 mj(1+H+H' —G—G'+B+B'—A-A')

Q>

S>>

X

X

QE((B+B’ A— A ( )qO)HQE( +H+H’—G—G’)(”;j),qj).

We assume that no factors in the denominator are zero. We assume
that (a’)(qo, m), (9)(g;,m;), (') (q0, m), (R})(q;, m;) contain factors of

the form (a(k); @)k, (5;Q)k, (s(k); @)k or QE (£(11)) .

Remark 1. The convergence region of the above series is extremely
difficult to compute. Consider the function (3) for ¢ = 1,n = 2 [29, p.
16]. When

(5) A+ A +G+G, <B+B +H+H +1, i=1,2,
the series always converges. When

(6) A+ A +G+G,=B+B +H,+H+1, i=1,2,
the series converges for

(7 |41 | AT BT |gy|aFamE <1, if A+ A' > B+ B
max{|zy|, |za]} <1, f A+ A < B+ B

Consider the function (4) for ¢ = 1,n = 2. When

(8) A+ A+G+G <B+B' +H+H +1,
the series always converges. When

(9) A+ A+G+G =B+B' +H+H +1,

the series converges for

oy [T s <1 A A BB
max{|zy|, |za]} < 1, f A+ A < B+ B
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Definition 4. Generalizing Heine’s series we shall define a g-hypergeometric
series by

o Prt? { %17"'7;;? |g; 2| 11:[[;;((]{;)) }
1) e ) o
(11) (alA; Ok - - - <a{3; Q) [(_1)%(;)} L7/ —p—p k IL fi(k)
o (Lbi @) (b @

Hj g;(k) '
We assume that the f;(k) and g;(k) contain p" and ' factors of the

form (a(k); q)r or (s(k); q)x respectively. In case of A(q;; A) the index
is adapted accordingly. When we have a sequence of elements a; we
can denote them by (A).

2.2. Two lemmata. In the following three proofs we will use the finite
g¢—Dixon-Schafheitlin theorem.

Theorem 2.1. [5, p. 210 (39)]
( —_~—
—2k,b,c,1—k  d—k—b—c| —
“%[1—2k—a1—2k—g:%m” =
ZQk (2k) (b,e1=ksq); (—1)7 QB((})+4 (1—3k—b—c))

(12) =0\ g (1-2k-b1-2k—c,~kiq);
(1—2k—b—c,1—k,b;q) s <l.q2> .
(1—2k—c,1 Kk bbthig), 2+ /%

—k,bc,1 -k
403 ke 2~ |C];q17%7b7C =0, k odd.
\ 1—k—bl—k—c—%

In another proof we will use

Theorem 2.2. A g-analogue of the Schafheitlin-Watson formula |8,
p. 170 (43)] -

(13)
1 14c—a
-~ <_’ q2>N
2 SR
¢ ta,—N = 1 Z if N even;
403 _—— Iq'q = ()
~N+lta —N+lta . ! 272 T
2 2 0, if N odd.

2.3. Four general double sums. The Buschman-Srivastava paper
[3] was a landmark for the studies of multiple g-hypergeometric series.
Some of these formulas had previously been published by Shanker and
Saran [19]. Srivastava and Jain [27] have found g-analogues of some of
these formulas, some of which are included in the book [10]. The fol-
lowing table summarizes the connection between the various formulas
and the method of proof. In the table below the first four references
are in chronological order.
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[19] (23] |[3] [31] | Proof Equation no.
- (4) |3.2 33 | ¢-Vandermonde [5](62), (66)
- (5) |3.7 49 | finite Bailey-Daum | [5](68)

- (17) | 3.3 44 | finite Bailey-Daum | [5](81)

bp. 10 |- 2.7,34 |46 |finite ¢-Dixon (14)

cp.10 |- 2.8, 3.6 |48 | finite ¢g-Dixon (16)

- - 2.9,3.8 |50 |finite ¢-Dixon (18)

ap.l0 |- 3.10, 3.5 | 47 | ¢-Watson (20)

We are now going to find a number of general double sums. Since
the convergence problem is rather delicate, we try to choose the most
proper form with respect to an arbitrary ¢-power. Sometimes we add
this g-power afterwards. In the following, a statement like a # &k will
mean a # k,k € N. Note that the formulas (16), (18) and (20) are
symmetric in two variables.

Theorem 2.3. A g-analogue of Buschman, Srivastava [3, p. 437 (2.7)].

3 Crnin®™ ™ (=1)"(g; @) (g, 1 — 22 ¢),QE (—2 — )
o (1, h; @) (1, h, m;”,q>

(14)

P

- h—g,1-N
Z O2N$ <gu g,1 7q>Nq(];)+Ng7 _h 7& k.

— <1,1,h h h htl hil b

72727 2 2 7q
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Proof.

(15)

e~

LHS — ZCNx )™ (g3 @) n—n{g, 1 g,q%QE(( ) — )
<1 h Q>N n<1 h QaQ>
CNquN(Q*hN—g +1—-N;q)n
Z (1,-h+1—N;q)n

P

Z (_1)”(]X>q<g7 _h+ 11— N7 11— %§Q>nQE ((g) +7’L(h —qg— %))
(hy—g+1—N,~X:q),

1q
Y Cona™ M0 (—g + 1 = 2Niqon . [ 1=2N =g, h,1 =N, h—g+ N
N=0 (I, =h+1—=2N;q)an 1 1-2N,h—g,1— N—g,h+ N

N=0

Conz®M(h — 9,1 = N, G q)n{—g + 1 — 2N; q)an (3: *)NQE ((°)) + 2Ng)
<h’7%7 %7 %7 %aN—i_ga I-N _qu>N<17q>2N
CZNx2N<gah -9, 1— Na§7 Q>N

0<1717h727§7h;17h;171_N_g;Q>N

2
I
(=)

=RHS.

O
Theorem 2.4. A g-analogue of [3, p. 438 (2.8)].
(16)
3 Conn®™ " (=1)"(9, h; @) m{g, by 1 = "5 ) QE (—n + mn)
o (1; @ (1, =52 g),, 2
0 h1— N, g+h7 g+h+1’ g+h7 g+h+1 (%)
= Coya™ wl9 M S Sk iy , —h—g#k.

N=0 <171>g+h’a q)N
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Proof. We prove an equivalent formula.

(17)

Om n men =1)" 7ha m 7h7 11— m+n7 -
5 Gt " (=1)"(g, b Om (g 7 On QE((n 23mn) +m)
mon (L @)m (L, =25 q)n

X QE (—=m* = n® — (m +n)(g + h)) §jaw )" (g, b @) N—nlg, By 1 — S5 q)n

QE<(_”2++N”)+N—N2—N(g+h)> N
— :ZCNx (—
<1aq>N—n<1a_77q>n N,n
(3 (—9+1=N,~h+1—=N;g)n{g,h, 1 = §50).QE ((5) +n(l —h —g — 7))
(Lig)n(=h+1—-N,—g+1—-N,— 2,Q>n
by(12) x— Cona®™ (1 = N, §, 1 —2N — g — h;q)n(1 — 2N — 9,1 — 2N — h; @)an(3; ¢*)

= (g+N,1-N—g,1—2N — h;g)n(Liq)an
B i Cona®™ (1 — N, G, g+ h+ N; @) n{g, h; ¢)anQE (—4N? + 2N — N(3g + 2h))
= (N+h1-N—g.g+N,1T:q)n
& Cona®™{g, b1 - 1 - N,Aq;2:9+ h); )nQE ((§) —4N? + 2N — N(2g + 2h))
_%; (L1g+hiq)n |
Finally, multiply C,, by QE (2(5) +n(g + h)). O

Theorem 2.5. A g-analogue of [3, p. 438 (2.9)].

(18)
Crngn@™ ™ (=1)™(1 — 252 q),, QE ( 3mn N (m + n)2)

m,n <17V70-7_m;n7Q> <17V7O-;Q>

2 2 4

— Cona®™ (=1 + v+ 0;q)sn (1 — N;q)n(—1)Y
N=0 <171aV>J;Q>N<VaO—>_1+V+U;q>2N

, vyo,v+o—1%# —k.
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Proof.
(19)
1)N—n<1 —2q)n ( (n) 3nN N2)
LHS = QE 3 ——+n+—
Nz()nzo 1,v,0,— 2,q)<1yaq) 2 2 "

CnaVg'r (—1)Y & <—N,—v+1—N,—a+1—N,1—%;q>n><

_Z (Lv,o;9)n Z

n=0 <17V70-7_%;q>n

qn(%flJrqua) _ io: Conz®(1 = N,1—2N —v,2N +v+o0 — 1?Q>N<%§QQ>N

N=0 <17Va0—;q>2N<JaV+N71_V_N;q>N
where we have used (12) for the ¢-Dixon theorem. O

Theorem 2.6. A g-analogue of [3, p. 440 (3.10)].

(20)
i Connt™ (= 1)"QE () = 19) (g5 @) (B B3 )

—_—

CN:B2N<h—|—g+N g-;h7g42-h’g+i2t+l7g+h+1 > QE(( ))

—~—

N=0 <g+h7§7g+§7g+§7h+§7g+N7h+§71717q>N

Proof. We prove the equivalent formula

i Crsn@™ M (—=1)"QE (—(3) — mn + mg) (g; @) m{h, b; ¢)n
21 —
( ) i N$2N h+g+N g+h gth gt+h+1 g+h+1 q> q gN

2 2

N=o +hgg+2,g+2,h+2,g+N h+ 1,1;q)N
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(22)
LIS — ZZ C'N g Q>N n<h h Q>n$ ( )HQE( (n> (N )n—i— (N—n)g)
N=0n=0 (1,29 ) n—n{1,2h, —g + 1 — N;q),

iiON g+ 1= N;q)n(h,h, =29 +1 — N; q)pa™(—1)" QE((Q) +n(l1—N))
N=0 n=0 (L @) n-n({~20 + 1= N;q)n(—g +1 - N,1,2h, —g + 1 - N;q),
On{—g+1— N:g)nyz™ i (M), (B, =29 + 1 = N; @) (=1)"QE ((3) + n(1 — N))

(L=2g+1-Niglv 1= (=g+1—N,2h,—g+1— Nig),
by(13) o= Con (=g +1—=2N; o™ (5,h + g+ N; )y

(1, =29+ 1=2N;q)on(5 + h, g+ N; ¢®)n

2
Il
o

N=

0
i Con(g; @)ona®™ (3, h + g + N; ¢*) ng*™
(1

- . 2;@)an (5 + g+ Ny )N

& o™ (h ¥ g+ N, ggh,ggh,ﬁh*l L ) g2

N=0 <g+h,§,g+%,g+§,h+§,g+N,h+§,1,1,q>N
Finally, multiply C,, by QE ((g) — ng). O

—~—

4. Reduction formulas.

Theorem 2.7. A q-analogue of a reduction formula for the second
Appell function.

i (A Qmn ™ (=1)"(g3 @) (9, 1 — 51 9)nQE (Z572)

(23) m,n=0 <17ha Q>m<17h7 m;—n7q>
_ MG 20,9 h—g o g (1= kigh
= aor | AR ey
Proof. Put Cy = (\; q)y in (14). O

Remark 2. The righthand side of formulas (23) and (25) converge
quicker than the LHS because of the g-power with negative exponent,
the double sum and the minus sign. The other formulas in this section
have similar properties.

Remark 3. We can’t use the g-analogue of Burchnall-Chaundy [2, (43)]
from [5] (or [9]) to produce another g-analogue of a reduction formula
for the second Appell function, since these formulas use NWA. The
proof would have worked if the formula used JHC, like in [13, p. 77
(50)]; this is however not possible as shown in the appendix.
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Theorem 2.8. A g-analogue of a reduction formula for the third Appell
function. By using vectors, this formula can easily be extended to a q-
analogue of [26, p. 31 (48)].

f: ™ (=1)"(g, h; @)m (g, h, 1 — "4 q), QE (—n + mn)

min. 2
(24) m,n=0 <,U,; q>m+n<1; Q>m<17 - ;— ) q>
B g hAG29+h) o (1= kg
a 7¢7[A(q;2;u),g+h,1,oo‘ l - '

Proof. Put Cy = 7z in (16). O

Corollary 2.9. A g-analogue of [3, p. 439 (3.4)] and [26, p. 31 (46)]

X L (=)
CI)P:I;Q 9,299, 00 |q;x, —xq 2|| < A q> " =
,u : h, h < m+n q>
(25) B 2
A(q;2;0),9.h—g,300 o g (1 —k;q)n

6-+4pP6-+4p { A(g;2; i, h), h, i ¢, —27¢“| . :
Proof. Put C,, = <2 qi: in (14). O
Corollary 2.10. A g-analogue of [3, p. 439 (3.5)]

q)pzl;Q |: Xg,h?l ‘ H mn :| —_

P 29320 (m+g; q)n
Ng:2; A, g+ h)

26 5+4p¢8+4p . T T T o~ o
(26) [A(q;2;u),g+h,g+%,h+%,g+%,h+%,1,g

201 (h+g+ k)

g3
(k+ g a)
(Xi)n
Proof. Put C,, = ;qin (20). O

Theorem 2.11. A g-analogue of [3, p. 439 (3.8)] and [26, p. 32 (50)]

(27)
R Ete gL e o e U A
n <ﬂa Q>m+n<17V7 0.7_m;—n’q> <17V7O-;Q> 2 2 4

P

A(q;Q;)\),A(q;3;V+U— 1)79(10 lg; —2?|] (1= k; q)x } )

16+4p¢15+4p{ Nqg; 2; fi,v,ov+0 —1),v,0,1

Proof. Put C,, = 22‘3: in (18).

O
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This last formula is the crown of our efforts in this section, and
beautifully unites the notation used so far. The formula [26, p. 32
(50)] is also the last one in the corresponding chapter. We will come
back to more g-analogues from [26] in later papers.

3. SOME FURTHER ¢-ANALOGUES OF SRIVASTAVAS FORMULAS

In this section we show more examples of our method and also ex-
tend some of the notions of g-hypergeometric series to multiple g-series.
Although the title of the papers [29] and [30] is a class of finite g-series,
their main content is concerned with the hypergeometric case.

Theorem 3.1. A g-analogue of [29, p. 17, 2.1].

(©) =N +n,(a)

al (_1)n ( pir+1lu+1 (CL) P . -n
> | o, " v

>n<]-; Q>N—n b

(b)

Il
=)
)

(1-d-N),—N,(a) |  p Y
b),(d)71;q>N u+r+1¢u+r |: (1 N ,(ﬂ) |q7q C :| 7

where D =3 _,d;, C=3%.¢;.
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(
 2™((d); @) n-m{(B); @) (L @) (L5 @)

S Q)NT iyw—]\@(@), —d—N); ) QE(m(>_d; — > ¢))
Ja)N A z™((8), (1 =c=N), L q)m '

4

2ly™(—=N +n; q)
- Ao BiC g™ viime
S @) N—n ;n;) ’ (1 15 q) (L5 q)

where A, B,C are arbitrary sequences of complex numbers.
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Proof.

N—n

/@) Z Ay BiC,
=0

(s @)
LHS = }: e
x (—y)mQE((Q) +m(n— N —l—n,u) _
(1, L )15 ) <1'Q>mef

S st () )

m=0

T T lmZOA”mBZ > e
m —m <)\+:U+maq>me:
GE ((2) N) G, S

O

3.1. Balanced and very-well-poised double ¢-series. We now come
to a definition which is new even for the case ¢ = 1. We illustrate with
two g-analogues of [28]. We remind that this concept has occurred
before, in [1, p.456 (7)] the following summation formula was proved:

a:_muﬁ;_naﬁ/ | .
6+ﬁ/21+a—ﬁ/—m;1+a_ﬁ_n q;4,4

(B+ 0" = ; QmanlB QB On
(B+ B @)man(f — QB — @ q)n

Theorem 3.3. We use the following notation:
(@)
()

Assume that

(32)

e~

(a,b,c,d, 1+ %a, 1+ %a, e),

(33)

—~

lI+a-bl+a—cl+a—d1+a—e, za, ia).

2
(34) %+ MA+N+1=b+ctdtemod 2>
log g
Then we have a q-analogue of (28, p. 245 (1.4)]:
7:1;1 (Oé) :—M;—N . 1-N
Q7000 (ﬁ),1+a—|—M+N:—;—|q’q » q

35
(35) (1+a,l14+a—-b—cl+a—-b—d1l+a—c—d;q)usn

(I1+a—bl+a—cl+a—d14+a—b—c—d;q)py+n
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Proof. The following theorem is known from [5, p. 219 (74)]:

(36) i Conen™ ™ (V3 @) (03 0)ng " _ i Cut™ v 4 05 @y
Bt (L @)m (15 ) — (1 @)n
Put C,, = Eggggiz, r=¢" N, v=—-Mand o= —N.
Assume that
o

(37) 2a+n+1zb+c+d+emod%.
Then

g7 a,b,c,d, 1+ %a,l + %a,e, N giq| =
(38) (B),1+a+n

(I+a,1+a—-b—c,1+a—-b—d,1+a—c—d;q),

(1+a—-bl+a—cl+a—-d1+a—-b—c—d;q),

where n =0,1,2,....
Thus we get

7:1;1 (CY) i —=M;—-N . 1-N _
Q)7:0;0|:(ﬂ),1—|—&+M—|—N:—;—|q’q aQ]—

(39)  so7

a,b,c,d,1+%a,1+%a,e,—M—N g:q| =
(B),1+a+M+N ’

(1+a,1+a—-b—c,l+a—-b—d 1+a—c—d;q)nmsn

(I+a—-bl+a—cl+a—dl+a—b—c—d;q)yin

4

The series (35) is called balanced with respect to both summation
indices. The series (35) and (42) are called very-well-poised if we sum
the two m and n factorials together with the last factorial in the de-
nominator.

We will need the following lemma:

Lemma 3.4.

604

a,b,c,00,1+ %a, 1+ %a 4; qu] _

1+a—b,1+a—c,%a,%a

T l+a—-01+a—c
9 1+al+a—b—c |-

(40)



16 THOMAS ERNST

Proof. Let d — oo in the equation

. g
l+a—-b1l+a—-cl+a—d;a,za
T l+a—-b1l+a—-cl4+a—-d1+a—-b—c—d
9 14al4a-b—cl+a—-b—d,1+a—c—d |’

6¢5

a,b,c,d, 1+ %a, 1+ %a 1+a_b_c_d] _

(41)

Theorem 3.5. A g-analogue of [28, p. 247 (2.8)]:

(42)
1; 04,1—1—9,1/:—/2, ,00 1 V0 Ber  —o—f—v
®Z(1),(1) a o 2 2 6 |q7q b » q =
S lta—F1l+a—v—0:—;—;

r l+a-pF14+a—-v—o
"“"14+a,l4+a—-pF—-v—0

71 gvl g7 ’ q)n
Proof. Put C,, = <§ oyt feoa ,
5 lta—B,1+a—v—0ig)n
formula (40). O

¢ P in (36) and use

We conclude this section by two g-analogues of [24].

Theorem 3.6. A g-analogue of [24, p. 242 (4)].

cc R
q>3:1;1 5357:2_'/1/; g, ’q'qUJrl ql =
300 | —ntl4vio —ntlfvto .. _._ . 1’ ’
(43) 2 ’ 2 ;€L
n(v+o) 1 c+l l+vdo—n 1=(v+o)+nitc
27 20 2 ) 2
q 2 FQQ v+o+1l —n+l1 1—(v+o)+c 14n+tec
2 ) 2 2 9 2

Proof. Use formula (36) together with the following equation from [8,
p.172]:

(44)

%7%7a7_n na
103 —~—  |g;q| =q2 Tp
,C

1
27 27 2 )
at+l —n+4+1 1—a+c 12+n+c

c+1l 14+a—mn l—a+n+c :|
2 2 0 2 7 2

—n+l4+a —ntlia
2 ’ 2

4

We need a generalization of (36) for the proof of the following theo-
rem.
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Lemma 3.7. [6] A g-analogue of Panda [16] and Singhal [21]. If
{Cn}o, {an}2, are sequences of arbitrary complex numbers, then

Cm1+---+mn H] lx <aﬂ’ _
D T ( kzm’“zal> -

Theorem 3.8. A g-analogue of [24, p. 244 (12)].
(46)

¢ T n i
315,41 513 =J PN
@3:0;...;0 [ —j+1+7 _j_|_1_,_7 o —; L |QHQE <Z mg <1 +’Y _ ;%>>]
r

PRRERER

3y L 1+’y J l=—ytj+c
=q?2 q2 { +1 2 'y—l—c 12+g+c } ) ZVk
s s T o
Proof. Use formula (45) together with (44). O

The notion balanced ¢-hypergeometric series of three variables was
introduced in [20]. We will come back to this in another article.

4. CERTAIN ¢-SUMMATION FORMULAS

Srivastava [22] and Panda & Srivastava [17] have systematically col-
lected and generalized a number of related summation formulas known
from the literature. Our task in this section is to find symmetric g¢-
analogues of these formulas, which always occur in pairs. In certain
exceptional cases the convergence in the formulas is not so good, we
then replace the equality sign by the sign for formal equality, =.

We assume throughout that M = km + In and {C(m,n)}55, — is a
sequence of bounded complex numbers. Then

Theorem 4.1. Compare [17, (4) p. 244] and [22, (9) p. 28].

(47)

al N\ T,(a iy n_
_1\" q O _ (2) rM

2D (r)qw 7 mZ N e T

(8= q)nTy() i Clm 2"y (1= B;)mg ™™ (I+a—Fiqu

(1= q)nT4(8) 2=, (Lgyn(lig)n  (I+a—=B-Nig)u
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Proof.

(48) ()
LHS =) (1) (];]) II:ZEZ::; Z C(m,n)(l — ﬁ+r;q>M<xy>nq—<>

(A= @rim N @r o(arprriny —

_Fq(a) . m, ) ™y al
2 C e

IRYICI <17qm $Q)n = Q)

rq g;f”nnl_@> uﬂ:gﬂmﬁglzézgq>xf;%
ki s
T I e i e

U
Theorem 4.2. Compare [17, (4) p. 244].
(49)
N r(a—B—N+1)
N\ T, (a—r) My q( )Hr{e—p-
-1)" g C(m,n)(1 — B+r;q =
;( ) (T) Lg(6—r) mzn:() & (L @)m(L; @)n
S "yt (1= Bia)ug™ P {1+ a - Bigu

(B —a;q)nly(a)
(1-a Z Clmym)= (L; @) (L5 @)n

(I+a—-F-=N;q)m
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Proof

(50)

e :(f‘”’” (7) B3 3 ctmmti =g
QE((Q) +T(a—6—N+1)) - ?Zggi

mio(}(m, g qx:?n; @) é <1<1__6;(1;>;;M <Z1]7Vq’>qr>’” =
%mi:):oc(m,n)(l — ﬂ;q>M<1;qx:3</:; a ﬁ; {1 Zlﬂ—J;AZ} Q) <1]Vq>q>7“qr _
?ZE;? WZZO:OO(m, n) x?zl/jl(j;m—lﬂxm <—a<zt_ﬁa—; ;\quqm_ﬁw) _

(8= q)nTy() 2"y (1= B;)mg P 1+ a—Biq)u
) 2 Clm.m) (L @)m(L; @)n (I1+a—-0B-N;q)m

U
Theorem 4.3. Compare [17, (5) p. 244] and [22, (8) p. 28].
(51)
iv:( 1)T(N) s Z C(m (1—B+rigu o™y =
r=0 r q q ﬂ T m,n=0 1_Oé+raq>M <1ﬂq>m<17q>n

<ﬁ—an qa - x’” y" (1= B;q)m 1
Z Clm (Lg)m(Lg)n (I—a+N;q)u
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. (NN Tyla—r) <& (1— B4 amyql)
L = 3 (-1 )qrqw—r) 2 e T,

)
(1=8+M;q)r (—N;q),
{

(1 -5
Le(B) (I=a;9)m (1;q)m —~(l-—a+Myq), (1q),
r(—a+B+N) _ Ly() = ™y (1 — B q)m (—a+B;q9)N
! W) m;f(m’”) G amlLian (- aiqhu(l—at Miq)y

U
Theorem 4.4. Compare [17, (5) p. 244].
(53)
=y (VY Lala=r) (=6+rigu _ a™y"
21 () rm 2 e T,
QE((g) +r(a—ﬁ—N+1)) =
(8= arq)nTy(0) 2™y (L — B q) gV M)
(1= a;q)nTy(P) m;()o(m ") (L @)m(L@n(l —a+ Niqhu
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Proof.

(54)
s =3y (V) B 55 o=t e
As ((2) Friespe N 1)) - Ezggi mioc(m’ g {1 qx:?n; q)n
> (ot () 5 conn
3 QDM L} 55 o
(—a+ Bigng"
I—a;q)m{l+a+ M;q)n
) 3 Clmn)
]

Theorem 4.5. Compare [17, (6) p. 244] and [22, (10) p. 29].
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Proof.

Brayu To(B) 2=, G am(ligh (T —a— Mig)y

Theorem 4.6. Compare [17, (6) p. 244].

(57)

(VY Dyla—r) & (a—r; q) g amyngB) e BN+
2.1 (r)qrqw—r) 2 e T,

_ B-aiawle(e) 5~ o, 2 (0= Nighy

(L= ag)nT(B) m;()(]( G T a5 ahar
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Proof.

(5)+r(a—B—N+1)

< (NN Tyla—r) <& (a—7;q)p 2™Y"q
LHS_TZO(_”( )qw—r) m;:OC(m’”)w—r;qm (1 )15 )

s @) m—r (=N q)rqr(a_ﬁﬂ) _
3 q>M—7’ <1a Q>r

() Tyla) < zmy" Y (1= 8= M;q), (—N;q), ,
(B:4) Ty(D) m;qm, NG a 2 (1=a= ;g (L)

ECTINYIORS 2™yt (—at Biq)ng¥ O
- 2, Clmm) 1ym(liq)n  (1—a—M;q)y

(B —a;q)nTy(a) < 2™y (o — N q) gV
) ) G

Theorem 4.7. Compare [17, (7) p. 244] and [22, (11) p. 29].

q(;> =

[]=
T
—_
~—
VR
=2
N———
—| =
25~
15
SIS
(]

C(m,n) oy
= (B3 ) (13 @)

(5 — a;g)nTy(a) i C(m, n)amy"qe)  (—a+ B+ Niq)u
r By (L)L) (—a+ B5¢)

Q)
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L&, (N Tya—r) & Clmon)  amyrgl)
LHS_T:O( 1)( )q ;0 (B=r30)m (1; @)m(L; @)

rN

_ L) S oy Y (=N, q
@ 2 ST 2 e rg (i) el

—~ (l-oq)  (Lig)r

y© (ot B8+ Mign _
o (Lan(La)n(Bia)n (1—aq)n

4

Remark 4. The convergence in formula (59) is not so good. However,
this formula works well in a number of special cases. One example is

(61)
C(m,n)=1,q=.85,a=53,8=5543, N =4, = .2,y = .176.

In this case the difference LHS-RHS in (59) is 4.09273 x 10~'? for
m = n = 60.

Theorem 4.8. Compare [17, (7) p. 244].

mn

—1) ¢~ C(m Yy (3)+r(+a—p-M-N) _
5 2= Geram < >m<1,q>q

m,n=0

ﬁ
(B —a; q)nT () i C(m,n)z™y"qgN =AM (—a + B+ N;q)ur
( “ (GO m(L ) (—a+ B0 u
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Proof.

_ . 1y N\ Dy(a=r) - C(m,n) xmynqr(l—i—a poM-N (5)+1-2M
s = S )qrqw—r) 2 Gora  Gantan,

L Ty0) < . Zy N (~Niq),  qOte=p=)

- Ty(B) m;:OO( ’ )<1;q w(li @) = (a =110 (Liq)r (B @)
L@ NS ) (L= 8= Miq), (~N:q),q"

Lo (B)(8; a)m m%:()(]( ’ <1 Qm Z (I-aiq)r (L@
Ly(

_ Lo(a) f: C(m, n)a"y"q" 5" M)<—@+6+M;Q>N
Ly(8) 4y (Liam(10)n(Bs q)u (1-aiq)n

(8 —a;q)nT(a) i C(m,n)a™y"g"" =P (—a + B+ Niq)u

(1= nly(B) 4= Bu{lam(lig)n  (—a+Biq)u

U
Theorem 4.9. Compare [17, (8) p. 244] and [22, (12) p. 29].
(64)
N (N [,(a—1) o e xmy" T\
21 (7)o 2 Clmmla=riau g e ((3)) -

Ty(a (o=Nigu _(I+a=Figu
1—a;q)nT(B) “—=, (Lgym(Lig)y (I+a—B-=Nigu
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N a—r) — x (3)
HIS=2 ““’"(N)q?‘iﬁﬁ—ri 2 Clmmia=riahry, i

Fq(Oé) io: C’(m,n)(a,q>M xmyn Z <1 _ﬁ Q> —ethe M+N)< N? Q>r

Ly(B) 5=, (Lgm(lighn =  (1-a- M, q)r (L;q)r
_ Dyla) io: Clm,n)z™y"(a; q)u (—a+ 0 — M;q)n
I4(5) Lm{Lgn  (1-M—a;q)n

Theorem 4.10. Compare [17, (8) p. 244].

+r(l4+a—B+M—N)

Al (NN Ty(a—r) x yq() -
S () i Z Clm e T,

(B — ;) nT(@) ™y (1= B gV (1+a—Bq)u
( ; 2 Clm.n) (1 @)m(L; @)n (1+a—-0B-N;q)m
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Proof.
(67)

- N L N\ Ty(a—r) oo N 2™y q( )+r(1+a—p+M—N)
LHS =3 (=1 (r)qrq<ﬂ—r> m;“mv"ﬂa BN T )
CTy() = Clmn)a™y" o= (B = 11 @) {05 @) w—r(—Ni gy oA
B FQ(ﬂ) m%:() <17q m 1,C] n Tz; (1,Q>r B
Ty(@) < Y - Bia)rd" (=N;q),
() 2, Cmmles i Z (I T T
_ I'y(a) io: C(m,n)z™y™(a; @) argV P (—a + 8 — M;q)n

Ly(9) 5=, (1 @) (L5 @) (1-M—a;q)n
(8 — a;q)nTq(a) i "y (o= N;)ug"' ™ (1+a—-5q)u
(I —a;q)nly(8) 4=, (15 @)m(L; @)n (I+a—-B-N;qu
O

Remark 5. The convergence in formula (66) is not so good. However,
this formula works somehow in a number of special cases. One example
is
(68)

C(m,n)=1,q=.99,a=4.3,8=5543, N =4, = .1,y = .076.

In this case the difference LHS-RHS in (66) is 0.0000127104 for m =
n = 20.

Theorem 4.11. Compare [17, (9) p. 244] and [22, (13) p. 29].

(N Dyla=r) & Cm,n)amyng)
21 (r)qrq<ﬁ—r> 2 T arrgu(GanLan
(B —a;q)nly(a) zmy" (—a+ B+ N;q)u
( 2 C(m’n)ﬂ;q m{l;@n (1 —a+ N, —a+ 3;q)u
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Proof.

Ny (M) Dalo=r) S~ Clmomjayg&
LHS =) ( 1)( )qr 20<1—a+r O m (L Q15 q)n

n N
Y <1 - 6; Q>r <_N; Q>r r(—a+B+M+N)
(L= q)rn (L)

(=B (—N;ig),
2 (1—a+ M, q) (1;9)r

m,n=0 r=0
qr(—a—l—ﬁ—f—M—f—N) — Fq(Oé) io: C(m> 77,) »Tmy” <_Oé + ﬁ + M; Q>N
Ly(8) 6o = @u (L m{l¢)n (1 —a+M;q)y
(B —a;g)nTy(0) < a"y" (—a+ B8+ N;q)u
C )
(1 —a;q)nly(B) m;() (m,n) (1;)m(L; @) (1 —a+ N, —a+ B;¢)u
O

Theorem 4.12. Compare [17, (9) p. 244].

3 (VY Lola=r) = C(m,n)az™ yq( )+r(a—p+1- )_
z;( 1)( )qr B Z (1 —a+r;¢)m{l; Q)m(l;q)n =

(B —a;q)nTy() = sy "M (—a 4 B+ N;q>MqN(1—,6’)
< Z C(mm)(l;@mﬂ%@n (1—a+N,—a+06;q)m
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Proof.
(72)

N M = C(m,n)xmy”q(£)+’“(a—ﬁ+1—1\f)
)qu(ﬁ—r) 2 (1= a+r; @) a (L @)m(1; On

_ Ty(a) i c<m,n>xmy”i (=) (N,
: {

L—o;q)rim (1;9),

m,n=0

n

_Dy(a) <~ C(m,n) ™y S (1-Big)y (=Nighd
B Zoﬂ—a,q}M(l OmlL; @n ZO<1—Oé+M;q>r (L;q),

Lo(8) 5= .
~ Ty(e) i C(m,n) zmy"¢" =P (—a+ B+ M;q)n
IRV 1-m (Lm(lign (1—a+ Mgy

n=0
(8= a;)nT(0) amyngV0P (—a+ B4 Niq)u
Ly( Z: C(m’n><1;q>m<1;q>n (1—a+N,—a+06;q)u

a

Specializing the previous formulas leads to the following formulas for
two variables, where we have put

(73)
O(N; o, B;7mq9) = (—1)" (Zj)qq(;)%; w(N; @, B;q) if:z: Z;J]\\;;ZE;))

We have assumed that B = B’ = G = G’ in all formulas. The
conditions for A and F are given separately in each case.

Theorem 4.13. Compare [17, (16) p. 246]. We have assumed that
A+2l=FE.

(74)

> O0(N;a, 55 q) @i d” { A(q;lsl( )ﬁj?r))igl)) (): (®) \q,wa(N’"’,yq“N’")} =

®A+4IB{A(C] 1= 6,14+ a—0),(a):

. . (
w(N; a, 3;¢)P5 5 ANgli1+a—p5—N),(e): (97(9) |q7xy}

Proof. Put

(@) Dmn{(0); @) ((V): D i)
((€); @) min((9); Dm{(9); )

n (47). We have assumed that k = [. O

(75) C(m,n) =
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In the following proofs we use the value

((@); Q) msn((0); Dm{(b); @)n
((€); D minl(9); Dml(9); D

(76) C(m,n) =

and assume that & = .

Theorem 4.14. Compare [17, (19) p. 247]. We have assumed that
A=FE.

(77)

N

. AN(g; ;1 — 2 (b); (U
;9(1\7;@,6;7“;61)%‘13?2 { Afg;l;’l_fjﬁ));gjfz ((ggggg/)) \q;x,y} -
: A(g; ;1= 0),(a): (b); (V

Proof. Use (51). O
Theorem 4.15. Compare [17, (20) p. 247]. We have assumed that
A=F.
(78)

= 5[ Algla— L (b); (W

s it AT 00 ]

) Ala:l: o — :
“(Nio )i { (K(lq’;old; ﬂ){v(é)(ra)(

Proof. Use (55). O

Theorem 4.16. Compare [17, (21) p. 247]. We have assumed that
A=FE+2l.

(79)

. v nee o\ r(1+a—B—N) 5 A:B a) : (b); (b') R A ]
Z H(Nv Q, ﬁv T q)q ( 7 )qnger:G |: A(q7 [: ﬁ-?"), (6) ( ( /) |q7 ) » Yq :| -
(

9); (g
N(1-p) g A+2L:B [ A(g;l;8—a+ N),(a): (b); (V)

r=0 ’

w(N; Q, ﬁ? q)q E+41:G A(q; l; ﬁ, ot ﬁ), (e | (g);'(g/) |QQ -quNl’ qul} .

Proof. Use (62). O
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Theorem 4.17. Compare [17, (22) p. 248]. We have assumed that
A+2l=FE.

(80)

s | Alg =), (a) 1 (b); (V)
;H(Nﬂo@ﬂarvqybg@' |: (6) . (9)7 (g/) ’%x y:|

. 3yt | Dlglha— N1+ a—p5),(a): (b); (V)
ottt | A ey ]

Proof. Use (64). O

Remark 6. In [14, (3.1) p. 439] Kandu tried to derive a similar formula.
However, in this article the definitions are insufficient.

Remark 7. Formula (80) is a g-analogue of [12].

Theorem 4.18. Compare [17, (23) p. 248]. We have assumed that
A=FE+2l.

(81)

. R :B (CL) : (b)7 (b/) T r
;Q(N,a,ﬁ,r, Q)(I)é+2l:G { A(q;l; 1— a_Hn)’ (6) : (g); (g/) |q7$q layq l}

g aypin [ ko BN, @) 0 0)
ol | pei Y LS e e

Proof. Use (69). O

5. APPENDIX

We show that the g-analogue of Burchnall-Chaundy [2, (43)] from [5]
can’t be used to produce another g-analogue of the reduction formula
for the second Appell function. We know that

(82)
> a;q)or{b,c—=b;0)r (Nary o
Dy (a; b, b; ¢, clq; x1,20) = Tz:;(—l)’”< <g;>;>ir<17c; q)f> q(2)+ by X

spr1(a+2r,b+1; ¢+ 2r|q; 11 By x2).

In order to produce another g-analogue of the reduction formula for
the second Appell function, we would have to change the z; ®, x5 to
x1 By xo and then put zy = —q'zy. However this can’t be done as the
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following computation shows:

@152;1 a . b, Q5 b
1:1;1 R
’ XDl cC

\QS T, —1702] = Vq(c) Aq (b)2¢1(@> b; C\QJ (371 Bﬂq 552)) =

io: <C - b, _eq,la _eq,Z; Q>r r io: <CL> b; Q>m+nxTxgq(g)

q =
<1,C,1 _b_eq,l _eq,23q>?“ <C; Q>m+n<1ﬂq>m<1aQ>n

m,n=0
2

io: <c — b; q)r (—q)r i <b7 q>r<a7 b— T q>m+n1‘71nx3q(;)+3(;)+rafr

r—0 <17 G, Q>T <b - C]>2r<C§ Q>m+n<17 q>mfr<17 q>n7r

m,n=r

i (_1)T<C — b, b; Q>T<Cl§ q>2rx’{x§ qQ(;)Jrra i <a + 2r, b+ T q>m+nx11nxgq(g)+nr _
g (L, ¢;9)r(c; q)ar (e + 2 O man (L OV (1; @)

m,n=0

- (_1)T<C_ b7 b7 Q>r<a;q>2rlﬁr$r 2(")+ra )
; <1,c; q>r<c; q>2T : 2q2(2) ¢1(a+27‘,b+r;c+2r|q; (I1 Equ Ig))

6. CONCLUSION

In section 3, [5] we mainly considered double summation formulas
of general terms, which could be specialized to reduction formulas for
Kampé de Fériet functions. In this paper we found g¢-analogues of
Buschman and Srivastava [3] double series identities and all the cor-
responding reduction formulas. We have tried to keep the order of
equations in accordance with [3]. In the book [10] we have changed the
notation to A(q;l; \) whenever possible. Like in the previous papers,
there was no need to recapitulate the hypergeometric formulas, a great
advantage of our g-umbral method. Another advantage of this method
is that we don’t have to bother about the uncomfortable g-factors to
the right of ||, instead we can keep these factors after confluence. The
important thing is that the exponent of ¢ in the series remains positive,
like in ¢™".
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