SUMMATION, TRANSFORMATION,
AND EXPANSION FORMULAS FOR
MULTIBASIC THETA HYPERGEOMETRIC SERIES

GEORGE GASPER AND MICHAEL SCHLOSSER*

ABSTRACT. After reviewing some fundamental facts from the theory of theta
hypergeometric series we derive, using indefinite summation, several summa-
tion, transformation, and expansion formulas for multibasic theta hypergeo-
metric series. Some of the identities presented here generalize corresponding
formulas given in Chapter 11 of the Gasper and Rahman book [Basic hyperge-
ometric series, 2" ed., Encyclopedia of Mathematics And Its Applications 96,
Cambridge University Press, Cambridge, 2004].

1. INTRODUCTION

By convention, a series ) _ u,, is called a hypergeometric series if g(n) = w41 /uy,
is a rational function of n. It is called a ¢- (or basic) hypergeometric series if
g(n) is a rational function of ¢". More generally, such a series is called an elliptic
hypergeometric seriesif g(n) is an elliptic (doubly periodic meromorphic) function
of n with n considered as a complex variable. We refer the reader to [8, Ch. 11]
for some motivation for considering these three classes of series and to [8] in
general for a treatise on basic hypergeometric series.

In a path-breaking paper, Frenkel and Turaev [6] in their work on elliptic 6;-
symbols (introduced by Date et al. [5] as elliptic solutions of the Yang-Baxter
equation [1, 2]) introduced elliptic analogues of very-well-poised basic hyper-
geometric series. In particular, using the tetrahedral symmetry of the elliptic
67-symbols and the finite dimensionality of cusp forms, they derived elliptic ana-
logues of Bailey’s transformation formula (cf. [8, Eq. (2.9.1)]) for terminating
1009 series and of Jackson’s g¢7 summation formula (cf. [8, Eq. (2.6.2)]). Elliptic
hypergeometric series and their extensions to theta hypergeometric series became
an increasingly active area of research (see [8, Sec. 11.1] for some references). So
far, many formulas for very-well-poised basic hypergeometric series have already
been extended to the elliptic setting. Some formulas for multibasic elliptic hyper-
geometric series appeared in work of Warnaar [10]. Here we consider yet other
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identities involving multiple bases and theta functions, special cases of which
have already been presented in [§].

We start in Section 2 with the elliptic shifted factorials, Spiridonov’s [9] ;1 F;
theta hypergeometric series notation and its very-well-poised .1V, special case,
and then point out some of their main properties. We also present the Frenkel
and Turaev summation and transformation formulas. In Section 3 we derive
theta hypergeometric extensions of some of the summation and transformation
formulas in [8, Secs. 3.6-3.8]. To give just one example, here is a transformation
formula for a “split-poised” theta hypergeometric 15 Fq; series

12B1(a,qa?, —qa?, qa? [p, —qa?p?,b,c,a/be,q ", B/Aq",C/Aq", 1/ BCq";
a%, —a%, a%p%, —a%/p%7 aq/b,aq/c,bcq,1/Aq",1/Bq",1/Cq", BC/Aq"™;
q,p;—1)

_ (aq,bq, cq,aq/be, Aq/B, Aq/C, BCq; q, p)n
(Aq, Bq,Cq, Aq/BC,aq/b,aq/c,beq; ¢, p)n

x 1211 (A, qA?, —qA? qA? [p2, —qAZp? B, C, A/BC,q™"bjag", c/aq", 1/beq™;

Az — Az Azpr — A2 [p2, Aq/B, Aq/C, BCq,1/aq”, 1/bg", 1/cq™, be/ag™;

q,p; —1)

(1.1)

forn =0,1,... (see (2.3) for the notation), a recast of (3.24), which extends the
transformation formula for a split-poised 19¢9 series given in [8, Ex. 3.21]. Most of
these extensions have recently been presented in [8, Ch. 11], where reference was
made to an earlier (2003) version of this paper. However, some formulas in [8] (in
particular, in Sec. 11.6 and Exercises 11.25-11.26) have been further generalized
in the current version of this paper. The selection of formulas we give is by
no means exhaustive, but they do serve to illustrate some of the possibilities
for deriving summations, transformations and expansions for multibasic theta
hypergeometric series. We wish to thank Mizan Rahman and Ole Warnaar for
some helpful correspondences.

2. ELLIPTIC AND THETA HYPERGEOMETRIC SERIES

As in [8] we define a modified Jacobi theta function with argument x and nome
p by

m

0(x;p) = (2,0/T;P)oc = (¥ D)oo P/ D)oo, O(w1, .- xmsp) = [ [ Oass p),
k=1
(2.1)
where @, 21, ...,y # 0, |p| < 1, and (2;p)ee = [[1eg(1 — 2p*). Also, following
Warnaar [10], we define an elliptic (or theta) shifted factorial analogue of the



FORMULAS FOR MULTIBASIC THETA HYPERGEOMETRIC SERIES 3

g-shifted factorial by

[T 0(aq"; p), n=1,2...,
(a;q,p)n = 4 1, n =0, (2.2)
1 TL2 0(ag;p), n=—1,-2,...,
and let

(a1, a2, . am; ¢, P)n = | [(ari ¢, p)n,
k=1

where a, ay, ..., a, # 0. Notice that §(z;0) = 1—x and, hence, (a;q,0), = (a;q),
is a g-shifted factorial in base q. Thus, the parameters ¢ and p in (a;q,p), are
called the base and nome, respectively, and (a;q,p), is called the g, p-shifted
factorial. A list of useful identities for manipulating the g, p-shifted factorials (and
related objects such as g, p-binomial coefficients, or elliptic binomial coefficients,
and elliptic gamma functions) is given in [8, Sec. 11.2].

Following Spiridonov [9], an ,.,1 E,. theta hypergeometric series with base ¢ and
nome p is formally defined by

r+1E7’(alaa2a BN M L RN M/ 3 Z)

:Z (al,a2,---,ar+1§Qap)nzn7 (23)

n=0 <Q7 bl?"'7b7’;q7p)n

where, as usual, it is assumed that the parameters are such that each term in
the series is well-defined. If z and the a’s and b’s are independent of p, then it
follows that

hmr—l—lE (ala ey Qrg1; b17 o 7b'r'; q,D; Z)

= r+1Er(a17 sy Qg1 bla s 7br; q, Oa Z)

- T+1¢'r(a17 ceey Qg b17 R bra q, Z)7
where the limit of the series is a termwise limit. See [8, Sec. 11.2] for more details
and a discussion of convergence of the series in (2.3).

As in [9], a (unilateral or bilateral) series Y ¢, is called an elliptic hyperge-
ometric series if g(n) = ¢p41/c, is an elliptic function of n with n considered
as a complex variable; i.e., the function g(z) is a doubly periodic meromorphic
function of the complex variable x. For the ., 1 FE, series in (2.3) it is clear that

r+1
H 0(arq”; p)
0(bkq™; p)
with b1 = ¢. It is not difficult to show (see [8]) that when
a1ag ...0re1 = <b1b2 . b’I’)Q7 (24)

g(x) is an elliptic (i.e., doubly periodic meromorphic) function of x. Therefore,
(2.4) is called the elliptic balancing condition, and ,,1 E, is said to be elliptically
balanced (E-balanced) when (2.4) holds.
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Corresponding to the basic hypergeometric special case (cf. [8]), the ,.1E,
series in (2.3) is called well-poised if

qa; = agbl = a3b2 = ... = ar—f—lbr, (25)
in which case we find that the elliptic balancing condition (2.4) reduces to
Ga ety = ()

Using (2.2) we see that

1 11,1 11
0(ag®;p)  (qa2,—qa2,qaz/p3,—qazp2;q,p), n
0(a: = T T 11 1,1 (—q)
(a;p) (a2, —az,azpz, —a2 [p2;q,p)y,
is an elliptic analogue of the quotient
1—ag®  (qaz,—qaz;q),
l—a (a%7 _a%§Q>n

Y

which is clearly the very-well-poised part of the very-well-poised basic hypergeo-
metric .41 W, series in [8, Eq. (2.1.11)]. Hence, the ., E, series in (2.3) is called
very-well-poised when it is well-poised, » > 4, and
1 1 1 15
as = qai, ag = —qai, ay = qal/pz, as = —qaipz. (2.6)
Analogous to Spiridonov [9, Eq. (2.15)], an 1V, very-well-poised theta hyper-
geometric series is defined by

r1Vi(as; as, az, ... ary1;q,p; 2)
alq (a17a67a77"'7ar+1;Q7p>n n
= qz)". 2.7
Z al p (Q7 alQ/a67QIQ/a77 s 7a1Q/ar+1;Q7p)n ( ) ( )
Thus, if (2.5) and (2.6) hold, then
r—&—l‘/;‘(al; Qg, A7, ..., Ary154, Py Z)
= r+1Er(a17 ag, ..., 0r41; bla s 7br; q,D; _Z)a

and the .1V, series is elliptically balanced if and only if

(aga7 -+~ a7,1)q" = (1)

If the argument z in the .1V, series equals 1, then we suppress it and denote the
series in (2.7) by the simpler notation ,1V,(ai;ag,ar,...,a.4+1;q,p). When the
parameters ay, ag, az, . .., a1 are independent of p,

lim r+1‘/7"(a1; A6, A7y -« oy Qpy1; Q7p)
p—0

- T—IWT—2<CL1; Qgy ..., 0r4154, Q)a

from which it follows that there is a shift » — r — 2 when taking the p — 0
limit, and that the p — 0 limit of a .1V, (as;a¢,a7,...,a,11;q,p) series with
ai, ag, ar, ..., a,4+1 independent of p is a ._1 W, _o series.
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Frenkel and Turaev [6] showed the following elliptic analogue of Bailey’s 19¢g
transformation formula [8, Eq. (2.9.1)]

12‘/11(0'; ba C, da 67 .fa )\aqn+1/ef7 q_n7 Qa p)
_ (ag,aq/ef, Nq/e. A/ f;q,P)n
(ag/e,aq/f, Mq/ef, Aq; ¢, P)n

X 12‘/11<>\; )‘b/au )\C/CL, )‘d/a’a €, fa )‘aanrl/ef? qinv QJp) (28)
forn=20,1,..., provided that the balancing condition
bede f(Nag™™ fef)g™"q = (ag)®, (2.9)

which is clearly equivalent to A = ga?/bed, holds. Notice that each of the series in
(2.8) is E-balanced when (2.9) holds. If we set A = a/d in (2.8), then we obtain a
summation formula for a 1y3Vjy series which is an elliptic analogue of Jackson’s g¢r
summation formula [8, Eq. (2.6.2)] and of Dougall’s 7Fs summation formula [8,
Eq. (2.1.6)]. After a change in parameters, this summation formula can be written
in the form:

(ag,aq/bc,aq/bd, ag/cd; q,p)»

Vo(a; b, c,d - = 2.10

10 g(CL, G, @, €, 4 7qap) ((IQ/b, (IQ/C, CLQ/d, CLQ/de,q,p)n ( )

for n = 0,1,..., provided that the elliptic balancing condition bede = a?q™*!,
which can be written in the form

(bedeq™™)q = (aq)?, (2.11)

holds. It is obvious that if a, b, ¢, d, e are independent of p, then (2.10) tends to
Jackson’s g¢7 summation formula [8, Eq. (2.6.2)] as p — 0. For a further discus-

sion of (2.8) and (2.10) including different proofs, see Gasper and Rahman |8,
Secs. 11.2, 11.4, 11.5].

3. MULTIBASIC SUMMATION AND TRANSFORMATION FORMULAS FOR THETA
HYPERGEOMETRIC SERIES

We first observe that if the parameter a in (2.10) is replaced by a/q, then it
follows that the n = 1 case of (2.10) is equivalent to the identity
0(b,c,d,a*/bed;p)  B(a,a/be,a/bd, a/cd;p)
0(afb, afc afd bedfaip)  Bafbed, afd, afc,afb; p)
More generally, by replacing a in (2.8) by a/q it follows that the n = 1 case of
(2.8) is equivalent to the identity

- 0(b,c,d.e, f.g;p)
0(a/b,a/c,a/d,afe,a/f,a/g;p)
_ 0(a,a/ef,a®/bede, a® /bedf ; p)
"~ 0(a2/bedef,a?/bed, al f,a/e; p)
O(a/be,a/bd,a/cd e, f, g;p)
(a/d,a/c,a/b,a?/bcde, a? [bedf, a? [bedg; p)

(3.1)

1_
% 0
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with a® = bede f g, which is equivalent to the identity in [8, Ex. 5.22]. Next, define

n AmQm4-1 ** * A, m S n,
[Ja=<1, m=n+1, (3.3)
k:m (an+1an+2am71)—1, m Z n_'_27

for n,m =0, 1, £2,..., and let

U :ﬁ 0w, ck, di, €xs fies Gis p)
b Olar /by, ar /e, ar/dy, ay/ex, ar/ fi ax/ g p)

where a} = brcpdier frgr for k=0, £1,£2, ..., and it is assumed that the a’s,
b’s, ¢’s, d’s, €’s, f’s, g’s, are complex numbers such that U, is well defined for
n=0,£1,£2 ... . Now use (3.2) with a, b, ¢, d, e, f, g replaced by ag, by, c,
dg, e, fr, gr respectively, to get the indefinite summation formula

n

Ufm — Unp+1 = Z (Uk - Uk+1)

k=—m

_ i 0(ay/bicrdi fr, ai/becrdrer, ar, a/exfr; p)
k=—m

(3.4)

U,

0(ar/ex, ar/ fr, a2 /bxcrdyer fr, a2 Jbrcrdy; p) "

0(ay/crdy, ar/bpdk, a/bick, ek, fr, gr; P)

X 1 - 2 2 2 (35)

O(ar /by, ar/ck, ar/dy, ai /bpcrdier, ai [bicrd fi, ai [brcrdrgr; D)

for n,m = 0, £1, 42, ..., where a} = bycpdier frgr for k =0, £1,£2,.... Since

Up = 1 by (3.3) and O(ay/ckdy;p) = 0 when a, = cxdg, setting m = 0 and

ar = cgdg for k = 0,1,...,n in (3.5) yields after relabelling the summation
formula

n

O(ar, ar/brcr, ay/brdy, ai/crdy; p)
0(ax/brcedy, ar/dy, ax/cr, ax/by; p)

kol H(bj,cj,dj,a?/bjcjdj;p)
- 0(aj/bj,a5/cy,a;/d;, bicid;/a;p)

J
_ 1_ﬁ Q(bj,cj,dj,a?/bjcjdj;p)
o 0la;/b;

a3/ ¢ a3/dj, bicd;/aj; p)
for n =0,1,..., which is equivalent to Warnaar’s formula [10, Eq. (3.2)]. When
p = 0 the above formula reduces to a summation formula of Macdonald that
was first published in Bhatnagar and Milne [3, Thm. 2.27], and contains the
summation formulas by W. Chu [4, Thms. A, B, C] as special cases.

Observe that in (3.1), (3.2), (3.4), (3.5) and (3.6) the components of each
quotient of products of theta functions have been arranged so that the well-
poised property of these quotients is clearly displayed; e.g., in the second sum
in (3.5) the quotient of the theta functions in front of Uy is arranged so that
each product of corresponding numerator and denominator parameters equals

k=0

X

(3.6)
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a3 /bperdrer fr, and each of the corresponding products in the quotient of theta
functions inside the square bracket equals az /brCrdy.
If we let

ap = aw®, by =bq", c, = cr*, dy, =ds*, e, = et®, fi = fu, g = go",
with a® = bedefg and w? = grstuv, then the product U,, reduces to

b o_ (b ¢, p)n(c; 7, P)n(d; 5, p)n
" (a/biw/g,p)ula/c;w/r,p)a(a/d;w/s, p)n
" (e3t,p)n(f3 1, P)n(g; v, P)n
(a/e;w/t, p)ula/fiw/u, p)n(a/giw/v,p)n
and, by applying (3.5) and some elementary identities for g, p-shifted factori-

als (listed in [8, Sec. 11.2]), we obtain the following indefinite multibasic theta
hypergeometric summation formula

Z (aw®, a(w/tw)*/ef, fg(uv/w)*/a, eg(tv/w)*/a;p)
0(g v/w “la,efg(tuv/w)*fa, alw/u)*/ f,a(w/t)"/e;p)

(b; ¢, p)i(c; 7, p)i(ds 5, D)k
(a/b;w/q,p)i(a/c;w/r, p)i(a/d;w/s, p)k
" (et p)e(fsu, p)(g; v, Pk
(a/e;w/t,p)(a/ fiw/u, p)i(a/g;w/v,p)k
" [1 _ O(a(w/rs)"[cd, a(w/qs)" [bd, a(w/qr)* /be; p)
0(a(w/q)*/b,a(w/r)k/c,a(w/s)*/d;p)
0(et®, fu*, gv*;p)
0(fg(uwv/w)k/a,eg(tv/w)k/a, ef(tu/w)*/a;p)
_ (bw/ag;w/q, p)m(cw/ar;w/r, p)m(dw/as;w/s, p)m
(q/0;4, p)m(r/c; 7, P)m(5/d; 5, P)m
(ew/at; w/t, p)m(fw/au; w/u, p)m(gw/av; w/v, p)m
(t/est, p)m(u/ f;u, p)m(v/g; 0, D)m
N (0: ¢, P)ns1 (e, P)nti(ds s, p)ns
(a/b;w/q,p)ni(a/c;w/r,p)nyi(a/d;w/s, p)nia
(e, D)nt1 (f; U, D)ng1 (950, P)nt
(a/e;w/t,pluyi(a/ fiw/u,p)nii(a/g;w/v,p)nia
for n,m = 0,£1,42, ..., where a® = bedefg and w? = grstuv.
If we set p = 0 and assume that

(3.7)

max(|q|, 7], [s], [¢], [ul, |v], [w/q], [w/r], |w/s], |w/t], |w/ul, [w/v]) <1

then letting n or m in (3.7) tend to infinity shows that this special case of
(3.7) also holds with n and/or m replaced by oo, just as in the special case [8,
Eq. (3.6.14)]. Thus we have extended [8, Eq. (3.6.14)] to the bilateral multibasic
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summation formula

io: (1 —awh)(1 = a(w/tu)*/ef)(1 = fg(uv/w)*[a)(1 — eg(tv/w)* /a)
(1 =g(v/w)*/a)(1 = efg(tuv/w)*/a)(1 — a(w/u)*/f)(1 — a(w/t)*/e)
o (b5 Dr(c;m)i(d; 8)xle; O)n(f; w)r(g; v)x
(a/b;w/q)r(a/c;w/r)(a/d;w/s)(a/e;w/t)k(a/ frw/u)(a/g;w/v)k
o i (a0~ gt )
(1 —a(w/q)*/b)(1 = a(w/r)*/c)(1 — a(w/s)*/d)
(1 —et®)(1 = fu")(1 — gv*)
(1= fg(uv/w)*/a)(1 — eg(tv/w)*/a)(1 — ef(tu/w)*/a)
_ (w/agiw/q)so(cw/ar;w/r)so(dw/as; w/s)oo
(q/b; @)oo (r/c;1)oo(8/d; 8)o
(ew/at; w/t) s (fw/au; w/u) s (gw/av; w/v) o
(/€5 t)o0(u/ f; )00 (v/ G5 0)oo
(05 @)oo (€5 7) 00 (5 8) 00 (€5 ) 0o ( f 5 1) 00 (95 ) o
(a/b;w/q)oc(a/c;w/T)so(a)d;w/s)oo(a)e;w/t) oo (a) fw /U)o (a)g; w/V)oo’
(3.8)

k=—0oc0

X

where a® = bedefg and w?® = grstuv, and
max(|q|, 7], [s|, [t], [ul, [v], |w/ql, [w/r], |w/s], [w/t], |w/ul, |w/v]) <1.

Even though we cannot let n — oo or m — oo in (3.7) when p # 0 to derive
summation formulas for nonterminating theta hypergeometric series (because
lim, .o 0(a;p) does not exist when p # 0), it is possible in some special cases to
let n — oo or m — oo in (3.5) to obtain summation formulas for nonterminating
series containing products of certain theta functions. In particular, if we denote
the kth factor in the product representation (3.4) for U, by

= 0(bk; s di, ek, fi, @i/ ucrdier fi; )
O(ay/by, ar/ck, ax/di, ax/ex, ag/ fi, bucrdier fx/ai; p)

and observe that

. 0(bsp)
blff% oafbip) Il <1,
when a is not an integer power of p, then it follows that there exist bilateral
sequences of the a’s, b’s, ¢’s, d’s, €’s, and f’s in (3.5) such that Rz, > 0 for
integer k£ and the series
o0

Z logz,  converges, (3.9)

k=—o00
where log zj is the principal branch of the logarithm (choose, e.g., by, ¢k, d, e,
1
and f so close to a? that |log z| < 1/k? for k = +1,+2,...). Then both of the
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limits lim,, ., U,, and lim,,, ., U_,, exist, and we obtain the bilateral summation
formula (which extends [8, Eq. (11.6.8)])

O(ay, ay/ex fr, ai /bxcrdrer, ai [bxcrdy fi; )
— _0(ai/beckdrer fu, ai [brcrdy, a/ fi, ar/ex; p)

— 0(b;, cj, dj €5, [, ]/b cjd;e;fi;p)
=0 Q(Qj/bj,aj/cj,aj/dj,aj/ej,aj/fj,b]c]dje]fj/ai;p)
{1 _ Olan/brcy, ar/bedy, ar/crdy; p)
0(ax/dx, ar/cy, ax/bx; p)
0(ex, fr, gk D)
(a3 /bycrdier, ai /bpcrdy fi, a2 /brckdrgr; p)

X

_ H ak/bk>ak/Ckaak/dkaak/ekaak/fmbkckdk@kfk/akv P)
O (b, cr, di, ek, fr, a3} /brcrdier fi; D)

H bk,@mdk,€k;fk,a2/bkckdk€kfk; ) (3 10)
O(ag /b, ax/ck, ar/dk, ar /e, ax/ fr, becedrer fir./az; p) .

with a} = brepdiey frgr for k= 0,41, 42 ..., and ay, by, cx, di, €k, fr, gr such
that (3.9) holds.
However, it seems to be more useful to employ the patching
O(a(w/t) fe,a(w/u)*/ f, g(v/w)" [a;p)(a/e;w/t, p)i(a/ fiw/u, p)r(a/g;w/v. p)k
=0(aje,a/f,g/a;p)(aw/et;w/t, p)p(aw/ fu; w/u, p)rlaw/gv;w/v, p)(v/w)F,

to convert the m = 0 case of (3.7) into the form

i O(aw®, a(w/tw)* [ef, fg(uv/w)*/a, eg(tv/w)* [a,efg/a;p)
e, afe], f9]a ega e Foltu ] a;p)
(03 ¢, P)rlcs )i(ds 5, Pk
(a/b;w/q, p)r(a/c;w/r p)r(a/d;w/s, p)y
" (e;t,p)r(f;up)k(g; v, P)k
(aw/et;w/t, p)k(aw/ fu;w/u, p)g(aw/gv;w /v, p)g
" [1 _ Oa(w/rs)*/cd, a(w/qs)* /bd, a(w/qr)* /be; p)
0(a(w/q)*/b,a(w/r)*/c,a(w/s)*/d;p)
O(et*, fu*, gv*;p)
0(fg(uv/w)*/a,eg(tv/w)*/a, ef (tu/w)*/a; p)
0(a/e,a/f . g/a,efg/a;p)
0(eg/a, fg/a,a,a/ef;p)
v [1 _ (03 ¢, P)n+1(¢; 7 P)ns1 (ds S, Pt
(a/byw/q, p)nsi(a/c;w/r, plnta(a/d;w/s, p)nia

(w/v)*

X
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(e;t,D)n1(f; U, D)ny1(9; 0, P)nt
(a/e;w/t, p)nira/ fiw/u, plnii(a/g;w/v, plnia

where a® = bedefg and w3 = grstuv, and then to let ¢ = v™" to obtain the
following multibasic theta hypergeometric generalization of [8, Eq. (3.6.16)]

(3.11)

n

Z O(aw*, a(w/tu)k Jef, a®(uv/w)* /bede, a® (tv /w)* [bedf, a? /bed; p)
O(a,a/ef,a?/bcde, a?/bedf, a?(tuv /w)k /bed; p)
(b @, p)ilc;m, p)i(d; s, p)i
(a/b;w/q, p(a/c;w/r,p)i(a/d;w/s, p)
y (€2, (5w D)™ 0, D)k
(aw/et;w/t, p)r(aw/ fu; w/u, p)k(awv™ L w/v, p)
o o - St oo
O(a(w/q)* /b, alw/r)*[e, a(w/s)*/d;p)
" O(et®, fuf v*=m; p)
0(f (u/w)rvE="/a, e(t/w)vE=" fa, ef (tujw)* [ a; p)
0(a/e,a/f,v™"/a,efv™" /a;p)

= Blev-/a, forJaa,ajefip) (3.12)

where av" = bedef and w? = grstuv, and n = 0,1,... . By letting f — a in
(3.12) we obtain

i O(aw®, (w/tu)k /e, v (uv/w)*, a(tv/w)k /bed, a? [bed; p)
0(a,1/e,a?/bede, a/bed, a?(tuv /w)F /bed; p)
(s g, p)r(c; 7, p)i(ds s, p)i

(a/b;w/q, p)r(a/c;w/r, p)ila/d;w/s,p)i

(est,p)r(as u, p)e(v™"; 0, p)i
(aw/et;w/t, p)r(w/u; w/u, p)r(awv™ 1 w/v, p)
o 1 Yttt

O(a(w/q)* /b, alw/r)* /e, a(w/s)*/d;p)

O(et®, au®, v*="; p)

O((u/w)*vr=n, e(t/w)*vr="[a, e(tu/w)*; p)
= 0Onyo (3.13)

2

k=0

(w/v)*

k=0

k

(w/v)

X

forn=20,1,..., where a
function.

Setting w = rs and d = a/c in (3.13), we have e = av"/b and obtain (after
doing the simultaneous replacements q — 7, rs +— rst/q, u +— rst/q* and v — s)
the identity (see [8, Eq. (11.6.11)])

i 0(a(rst/q)F, br* /q*, s*=" [¢*, as™t* /bg"; p)
0(a,b,s~™, as™/b;p)

V" = bede, w? = grstuv, and 6, is the Kronecker delta

k=0
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" (a;7st/q%, p)r(b; 1, p)i(s™"; 5, p)i(as” /bit, p)i K
(¢; 4, p)x(ast/bg; st/q, p)e(as™rt/q;rt/q,p)(brs'="/q;rs/q, p)k
= 0n0, (3.14)
where n =0, 1, ..., which generalizes [8, Eq. (3.6.17)]. In particular, if we replace

n, a, b, and k in the s = t = ¢ case of (3.14) by n —m, ar™q¢™, br'"™¢~ ™, and
J — m, respectively, we obtain the orthogonality relation

Z anjbjm = 5n,m (315)
j=m

with o
_ (=)™ 0(ar? ¢ br’q i p)(arg”, brg™"; 1, p)ns

(43¢ P)n—j(arq™, brq=";r,p);(bg' " /a; ¢, )n—j’
by — (ar™g™, br™q~"™; 1, p)j—m ( B gq1+2m>]_mq2(j3m),

(g, aq™*2" /b3 q,p)j-m b

This shows that the triangular matrix A = (an;) is the inverse of the trian-
gular matrix B = (bj;,), and yields a theta hypergeometric analogue of [8,
Egs. (3.6.18)—(3.6.20)]. It should be noted, on the contrary, that by replacing
n and k in (3.13) by n — m and j — m one does not obtain a sum of the form
(3.15).

By proceeding as in the derivation of Eq. (3.6.22) in [8], we find that the latter
extends to the bibasic theta hypergeometric summation formula

~  (ag*,bg™*;r,p)n_10(aq® /b; p)
O(a/r,b/r;
(a/rb/ p),; (@3¢, 2)r(@; ¢, P)n-—k(aq" /b5 ¢, P)ni1

anj

(~1)fq®) = 6,0 (3.16)

for n =0,1,..., which when r = ¢ reduces to

sVi(a/bia/b.ad" ", ¢7", a7 q,p) = .
Special cases of the summation formula (3.12), combined with the argument

applied in [8, Sec. 3.8], can be used to extend equations (3.8.14) and (3.8.15) of
[8] to the quadratic theta hypergeometric transformation formulas

Z”: 0(acq®:; p) (a,b,cq/b;q, p)e(f, a*¢" ) a7 6%, p)k +
— Oac;p) (cq? acq?/b,abq; ¢, p)rlacq/ f, f/acg®, acg®+; q, p)
_ (acg; ¢, p)on(ac®a®/bf, abq/ f; 4%, p)n
(acq/f;q,p)2n(abq, ac’q?/b; ¢, p)n
X 12‘/11(ac2/b; f; ac/b, c, CQ/b, Cq2/b7 G2C2q2n+1/f, q—QTL; q27 p) (317)

and

2n —om
3 0(acq®; p) (d, f,a*Pq/df; % p)r(a,cg® ™, ¢ ¢, p)k .
 O(ac;p) (acq/d,acq/f,df [ac; q,p)r(cq®, aq' 2", acg®+2; ¢ p)x

(acq, acq/df; q,p)n(acq' ™" /d, acq" ™"/ [ 6%, p)n

(acq/d,acq/ f;q,p)n(acg'=", acg*="/df; ¢*, p)n
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x 19Vi1(acg " Y e,d, f,a*Pq/df,aqg " ¢ " g 4P, p) (3.18)

forn=0,1,...; see Thms. 4.2 and 4.7 in Warnaar [10].

Also of interest is the special case of (3.11) that is obtained by setting w +—
rs, ¢ — a/d, and f — a/d (hence g — ad/be), which after the simultaneous
replacements ¢ — 7, 7s — rst/q, u +— rst/¢*, v — s, a — ad, and e — ad?®/bc
gives the identity (see also [8, Eq. (11.6.9)])

n

Z O(ad(rst/q)*, br* /dg*, cs* /dqk, adt® /beqk; p)
O(ad,b/d,c/d,ad/be;p)

(a;rst/q?, p)e(b;r,p)(c; s, p)(ad®/be; t,p)s X
(dg; q, p)r(adst/bq; st/q, p)r(adrt/cq;rt/q, p)i(bers/dg; rs/q, p)k q
_ H(a,b,c,ad?®/be; p)
~ db(ad,b/d,c/d,ad/bc; p)
(arst/q* rst/q?, p)n(br;r,p)n(cs; s, p)n(ad?t/bc; t, p),
(dq; g, p)nladst/bg; st/q, p)n(adrt/cq; vt/ q, p)n(bers/dg; rs/q, p)n
0(d,ad/b,ad/c,bc/d;p)
 d6(ad,b/d, c/d,ad/bc;p)
Just as in the derivation in Gasper [7] of the quadbasic transformation formula

in [8, Ex. 3.21], one can extend indefinite summation formulas (such as in (3.6)
and (3.19)) to transformation formulas by applying the identity

k=0

(3.19)

n n—k n n—k
YIED SV I S
k=0 j=0 k=0 7=0

which follows by a reversing the order of summation. For example, by taking A
to be the kth term in the series in (3.6) and Ay to be this term with ay, by, cx,
dy, and p replaced by Ay, By, Ck, Dy, and P, respectively, we obtain the rather
general transformation formula

i O0(ay, a/brcr, ar/bpdy, ar/crdy; p)
P O(ar/brcrdy, ar/dr, ar/cr, ar/bi; p)

y lﬁ Q(bj,cj,dj,a?/bjcjdj;p)

L4 0(aj/bj,a/ci a;/dj,bicid;fag; p)

7=0

{1_nk Q(Bj,Cj,Dj,AJQ-/BjOij;P) }
o 0(A;/ By, A5/ C5, A/ Dy, BiC;D; /Ay P)

X

n

0( Ay, A/ BpCy, A/ By Dy, A/ Cy.Dy; P)
prt 0(Ay/BkCyDy, A/ Dy, Ay /Cry A/ By; P)

o 0(B;,Cj, D;, A3/ B;C;Dy; P)
o 0(A;/B;, A;/C;5, A; /Dy, B;C;D;/Aj; P)

X

=
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n—k
9<bj,Cj,dj,CL2-/bjdej;p)
1— J . 3.20
& g, j (320)

i) @5/ ¢y a3 /dj, bicid;/ag; p)
The special case of (3.20) that is obtained by using (3.19) instead of (3.6) is

i O(ad(rst/q)*, br* /dq", cs* /dq", adt® /beqt; p)
0(ad,b/d,c/d,ad/bc;p)

k=0
(a;rst/q?, p)i(b;r,p)i(c; s, p)r(ad®/be; t, p) .
(dg; ¢, p)(adst [bg; st]q, p)e(adrteq; 7t /q, p)x(bers dg 7], pe -
0(A,B,C,AD?*/BC; P)(Q"/D;Q, P)(B(Q/ST)"/AD; ST/Q, P)y,
( DO(AD,B/D,C/D,AD/BC; P)((Q?/RST)"/A: RST/Q?, P),
(C(Q/RT)"/AD; RT/Q, P)(D(Q/RS)"/BC; RS/Q, P)y
(R—/B; R, P),(S—"/C: S, P)s(BCT—"/AD?;T, P);
0(D,AD/B, AD/C, BC/D; P)(DQ;Q, P),(ADST/BQ; ST/Q, P),
" DH(AD,B/D,C/D, AD/BC; P)(ARST/Q? RST/Q?, P),(BR; R, P),
 (ADRT/CQ: RT/Q. P).(BCRS/DQ; RS/Q, P)n)
(CS; S, P).(AD*T/BC:T, P),
(arst/q?;rst]/q%, p)n(br;7, p)n(cs; s, p)n(ad®t /bc; t, p)p
(dg; g, p)n(adst/bg; st/q, p)n(adrt/cq; rt/q, p)u(bers/dg;rs/q, p)n
(DQ; Q, P)n(ADST/BQ; ST/Q, P)y
(ARST/Q? RST/Q?, P),(BR; R, P),
(ADRT/CQ; RT/Q, P),(BCRS/DQ; RS/Q, P),
8 (CS: S, P).(AD?*T/BC;T, P),
" §(AD(RST/Q)*, BR*/DQ*,CS*/DQ*, ADT* | BCQ*; P)

k
"2 0(AD, B/D,C/D, AD/BC: P)(DQ: Q, P)s @

(4; RST/Q?, P)u(B; R, P)s(C; S, P)w(AD?/BC; T, Py,
(ADST/BQ; ST/Q, P).(ADRT/CQ; RT/Q, P),(BCRS/DQ; RS/Q, P);
y ( 0(a,b, c,ad?/be; p) (g~ /d; q,p)r(blq/st)" /ad; st/q, p)k
d
(

X

O(ad,b/d,c/d,ad/be;p)((q?/rst)™/a;rst/q?, p)p(r—"/b;r, p)k
c(g/rt)" [ad;rt/q,p)i(d(g/rs)" [be;Ts/q, p)k
(s7™/c; s, p)r(bct=/ad?; t, p)

_ 0(d,ad/b,ad/c,bc/d; p)(dg; g, p)n(adst/bg; st/q, p)n
dO(ad,b/d,c/d,ad/bc;p)(arst/q?;rst/q? p)n(br;r, p)n
(adrt/cq;rt/q, p)a(bers/dg;rs/q, p)n)

(cs; 8, p)n(ad?t/be;t,p)y, '

X

(3.21)
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The d, D — 1 special case of (3.21) is

" O(a(rst/q)*, brFq*, cstq=*, atk /begt; p)
kzg 0(a,b,c,a/be;p)
(a;7st/q* p)i(b;r,p)i(c; 5, p)i(a/be; t, p)i
(¢; 4, p)x(ast/bg; st/q, p)x(art/cq;rt/q, p)r(bers/q;rs/q, p)
(@7 Q, PIn(B(Q/ST)"/A; ST/Q, P)i(C(Q/RT)"/A; RT/Q, P)i
((Q*/RST)"/A; RST/Q? P)i(R~"/B; R, P)(S~"/C; S, P)i
((Q/RS)"/BC; RS/Q, P)x 4
(BCJAT™; T, P)y
_ (arst/q* rst/q?, p)n(br;r, p)a(cs; s, p)n(at/bc;t, p)y,
(¢; 4, p)nlast/bq; st/q, p)n(art/cq; vt/ q, p)n(bers/q;rs/q, p)n
(Q; Q, P)n(AST/BQ; ST/Q, P)s
(ARST/Q? RST/Q? P),(BR; R, P),
(ART/CQ; RT/Q, P)(BCRS/Q; RS/Q, P)n
(CS;S,P),(AT/BC;T,P),
y i O(A(RST/Q)*, BRFQ~*, CS*FQ~*, AT* | BCQ*; P)
0(A,B,C,A/BC; P)
" (A; RST/Q?, P)i(B; R, P)
(Q:Q, P)k(AST/BQ; ST/Q, P)y,
(C; 5, P)(A/BC;T, P);
(ART/CQ: RT[Q, P)y(BURS]Q: RS]Q. P
(7" ¢, p)k(b(q/st)" /a; st/q, )
((g*/rst)*[a;rst/q®, p)x
(c(g/rt)"/a;rt/q,p)k((g/Ts)" /bc;Ts/q, P)k
(r=m/b;r,p)e(s™™/c; s, 0)k(be/at™; t, p)

forn =0,1,... . For s =t =qgand S =T = @ this reduces to the elliptic
quadbasic transformation formula

X

k=0

X

Q" (3.22)

zn: 0(ar*e* br*q™*:p)  (a,b;7,p)i(c, a/be; q,p)x
0(a, b;p) (¢,aq/b; q,p)x(ar/c, ber;r, p)i

(CR"/A,R"/BC; R, P),(Q™", BQ™/A;Q, P)x

(Q—"/C.BCQ—"/4;Q, P)(R"/A,R"/B; R, P),."

_ (ar,bryr,p)n(cq, aq/be; q, p)n(Q, AQ/B; Q, P),(AR/C, BCR; R, P),

(¢, aq/b; q, p)n(arc,be/r;r, p)n(AR, BR; R, P),(CQ, AQ/BC; Q, P),

y i O(AR*QF, BRFQ~F; P) (A,B; R, P),(C,A/BC;Q, P),

0(A, B; P) (Q,AQ/B;Q, P)y(AR/C, BOR; R, P)

k=0

k=0
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(er™"/a,r™"[be;r p)i(a™" bg ™" /a; 4, p)x
(g7 /c,beq a;q, pi(r="/a,r=" /b, p)
which is an extension of the second identity in [8, Ex. 3.21] (see also [8, Ex. 11.25]).

If we now set R = (Q = r = ¢, we obtain the following transformation formula
for a “split-poised” theta hypergeometric series

Q" (3.23)

iﬂaqz’“;p) (a,b,c,a/bc;q, p)
“ O(a;p) (q,aq/b,aq/c,beg;q, p)x
(¢, B/Aq",C/Aq",1/BCq";q,p)r 4
(1/Aq", 1/Bq", 1/Cq", BC/Aq™; ¢, ) "
_ (aq,bq, cq,aq/bc, Aq/ B, Aq/C, BCq; q,p)n
~ (Aq,Bq,Cq, Aq/BC, aq/b,aq/c, beq; ¢, p)n
zn:9(Aq2’“;p) (A, B,C, A/BC; q,p)x
“—~ 0(A;p) (q,Aq/B,Aq/C,BCq; ¢, p)x

(g™ blag™, c/aq™, 1/bcq"™; ¢, D)k 4
(1/ag™, 1/bg™, 1/cq™, be/ag™; q,p)k

for n =20,1,..., which is an extension of the transformation formula for a split-
poised 19¢9 series given in [8, Ex.3.21|. This formula may also be written as a
transformation formula for a split-poised 12 £ series, see (1.1).

We will now use (3.14) to derive multibasic extensions of the Fields and Wimp,
Verma, and Gasper expansion formulas in [8, Eqs. (3.7.1)-(3.7.3) & (3.7.6)-
(3.7.9)], and multibasic theta hypergeometric extensions of [8, Eqgs. (3.7.6)-
(3.7.8)]. Let a = y(rst/q)? and b = o(r/q)’ in (3.14) and replace the summation
index k by n—k. For j,n=0,1,..., we assume that B,(p) and C;,, are complex
numbers such that C;y = 1 and the sequence { Bn(p)} has finite support when
p # 0. Then, for 7 =0,1,...

(3.24)

Y

ovgi — 5 000 ()" p) (v (st); 5t/q, p)a
B0 = 2 T o st )5,
(yrsitq s rt/q,p)j(orst =g rs/q,p);
(yrs"titg=Yirt/q,p)j(orst==ig Y rs/q, p),

n+1

w (") g~ ("3 " Bjin(p)Cjna? 000

V(rst/q)" a(r/q)",yo~ (st)"F yo "R s T p)
- g ; O(s7==%:p)(85 8, D)k(Q; 4, P)n
o o (s g st g, )i (Yo SR E pa
(yrsntrtg=tirt/q, p)n(orst=""kq=Yirs/q, p)n
x (yrs’ tq‘l' rt/ 0, p); (v(rsty g2 rst /g2, P)ni
x (ors' g7 s /q,p); (0 g p)na (a7 4, D),
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% (=1)" By (p) Gy sl 3 ) g~ (3 )+ () el =n=h) (3.25)

by interchanging sums and setting n — n+k—j (this extension of [8, Eq. (3.7.5)]
corrects [8, Eq. (11.6.20)]).

By multiplying both sides of (3.25) by 4;w’/(q; ¢, p); and summing from j = 0
to oo we get that the following multlbasm expansion formula (this corrects [8,
Eq. (11.6.21)])

N (zw)"

2 AnBalt) (4:4,P)n

n=0

_ i O rst/a)",o(r/@)"p) (o e (3)

q
(6:¢,D)n

y i 9(70*1(515)”““;]7) Bn_;'_k(p)l’ks(k;l)q_(k;l)
(yrsmtrtg=lirt/q, p)n(orst—" kgL rs/q,p)n (515,D)k

18n+ktn k

0(yo~ ¢ " s p)(a " q,p);
= 0(s~*:p)(4:4,p);
X (yo = (st)" T st /g, p)e- 1(70‘18"+ktj+1;t,p)n—j_1
x (yrs'tq trt)q, p);(y(rsty T g T rst /47 p)nja
x (ors' g rs/q,p)i (o T p) a1 AjC gk jw? "R (3.26)

which reduces to [8, Eq. (3.7.6)] by letting p = 0 and then setting r = p and
s=1=q.

If weset r=s=t=gqand C,,, =1 in (3.26) we obtain an expansion formula
that is equivalent to the following extension of [8, Eq. (3.7.7)] (which corrects a
slight misprint in (8, Eq. (11.6.22)])

ZA B,( _(zw)* Z (o, W+1/i’.a’ﬁ; 4, P)n <§>n

q (G¢:p)n = (¢,74": 4, P)n

k

2n+2k 2n n n.
XZ /0- p)(ryq /UU , q Jﬁq 7Q7p)k

Bn k\D)T
0(vq* /o3 p) (¢, 74> 15 ¢, p)k +(p)

. (7™ 74" 4, p); :
X Ai(wq)’, 3.27
=0 (Q77qn+1/07 ql_n/O',Oé,ﬁ;q,p)j ]( ) ( )

where, as previously, it is assumed that {B } has finite support when p # 0.
Clearly, one cannot let ¢ — oo in (3.27) to obtaln an extension of [8, Eq. (3.7.3)]
that holds when p # 0.

Corresponding to the g-analogue of the Fields and Wimp expansion formula
displayed in [8, Eq. (3.7.8)], (3.27) gives the rather general theta hypergeometric
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expansion formula (see [8, Eq. (11.6.23)])

~ (ar, ¢, p)n
A,B,(p)(xw)"
Z (Q7 bS7dU;Q7p)n ( >( )

n=0

i (er, ex, 074" /o34, p)n (g)”
n=0

(¢, dv, fr, ¥4 ¢,0)n \O

3 00y [o;p)(vg*" [0, 07", crg", exq" 4, D) W(p)2*
— 0y [osp) (@, vt dug, fud a0k
% (q el 7a‘R7fM;Q7p)j AJ(UJQ)], (328)

= (@.7q")o,q' /0, bs, ex ¢, p);

where we used the contracted notation that was used in [8, Eq. (3.7.8)], and, in
order to avoid convergence problems, it is assumed that {Bn} has finite support
when p # 0.

By using (3.13) instead of its special case (3.14) and proceeding as above,
one can derive even more general extensions of the multibasic Fields and Wimp,
Verma, and Gasper expansions. Since they are rather lengthy and do not seem
to be of any particular interest at this time, we will not give them here.

1]
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