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CERTAIN SUMMATION FORMULAE FOR
BASIC HYPERGEOMETRIC SERIES

BY
ARUN VERMA"

§1. In 1927, Jackson [5] obtained a transformation connecting a

a B. ,Yy-a—B+N
2q,1[q 4754 ]
q

where N is any integer, with a
a B N
9,9-,9
3(1)1[ a’+B—y+1 ;q],
q
viz.,

a’ B; yoamB+N T I —a— a, B, N;
@ 24,1[4 5 ]= a¥Il[y—a B]ﬂ)l[q aqw_qyﬂq]’
q Toly—eall[y—B] q

where |q|>1 and |q""*7?*"|> 1. T',[X] being the g-analogue of the gamma
function®. Jackson also conjuctured that it might be possible to remove the
restriction that N is an integer, altogether.

The result stated by Jackson is not correct as it is unless further conditions
on a and B are imposed. In fact (1) is false if neither «, B, nor N is a negative
integer because under these conditions the right hand side of (1) is a
divergent infinite series for |q|>1. Furthermore, the result (1) reduces for
N=0to

a, 3; vy—a—B rq rq -
@ 2<I>1[q a°;q ]= [yIo[y—a-B]

q Toly—all[y-B)

where |q|>1 and |q""*"¥|>1, which is known to be false if @ and B are
different from negative integer [See Jackson [4] for details].

Lastly, if neither a nor B is a negative integer and N is a negative integer,
the result still remains false in general. As a verification let « =y and N= -1,
q=1/p the left hand side of (1) becomes [[7_, [1—p?***/1—p>**]1#0 (since
B is different from a negative integer) whereas the right hand side of (1)
becomes zero and therefore the result is false.
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T am grateful to Professor G. E. Andrews for his suggestions in my original version of this
paper which has enabled me to present the paper in its present form.

@ For definition and properties of this function please see Jackson [4,5] and references
therein.
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Hence under the conditions |g|>1 and |q"*#*M|>1, (1) is false if neither
a nor B is a negative integer, whatsoever be N. Jackson got the incorrect result
because in his proof for (1) he made use of the incorrect relation (2). It may
be remarked that (2) is true only if @ or 8 is a negative integer or |q|<1 and
g™ <1.

In this paper we prove that if a or b or c is of the form of g™, n a positive
integer, then for |g|<1 and |ec/ab|<1,

) [a,b ec/ab] H[e/a, e/b] l[a,b;c;q]’

e, e/ab abq/e

where
H[al, a,..., a,;]
bl)b2s---’bs
is defined to be the infinite product

(1-ag)(1-axq) - - (l—arq")]
j=0 (1"b1¢1’)(1'b2¢1’) - (1- b,qi) '

In the event of a or b being of the form q™", n a positive integer, the
conditions |q|<1 and |ec/ab|<1 can be waived off, since under these condi-
tions both series of (3) reduce to polynomials. Hence the result (3) is
equivalent to Jackson’s result (1) if either a or B is a negative integer.

The result (3) gives the summations of terminating ,®, with arguments q2,
q’ etc. These results are then used to give alternative proof of some of the
summation theorems proved earlier by Lakin [7] by using q-difference equa-
tions. The paper is concluded by proving summation formula for terminating
3®, and a curious summation formula for a non-terminating

2®1|:q ’Z ’§Q}

q
where m is a positive integer. Both these summations are believed to be new.

§2. Sears [8; equation (10.2)] has shown that if |ef/abc|<1 and |q|<1

a,b,c;ef/abc]= [e/a,e/b;] [a,b,f/c;q]
“) 3¢’2[ e f n e, e/ab 322 abgle, f

a, b, flc, ef/ab;] [e/a, e/b, eclab; q]
* n[ able, f, ef/abc 3Pz gelab, eflab |

In this transformation replacing ¢ by f/c and then letting f — 0 we get that if
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lec/ab]<1 and |g|<1

S S e B

n[ a,b,c; ] [e/a,e/b;q].

able, ec/ab qel/ab

From the above it is clear that the second term vanishes if a or b or ¢ is of
the form ¢™" and in that case we get that

a,b; ec/ab] [e/a, e/b; ] [a, b, c; Q]
©6) [ n e, e/lab & abgle |

where either a or b or c is of the form q™"
In this result setting a=q ™", c=1/q, b=q"*™", e=q'™*™" and rewriting
the ,®, in the reverse order by using the transformation

-n b np . b
y ; ) n n —n(n+
2¢1[q q ;. z ( [q’] 2"q (n+1)/2

q lq°1
-n l—e—n 1+e—b+
s ;(q/2) "
X2q)1|:q K 1_b?,, ]9
q
we get
n . 2 B-a a(n-1) ’
’ ; [ ]n— n+a - n n
) z¢1[q :p 1 ]=’g—‘[—q7;1]":1*‘-—{1+q Te—gfT - g
On the other hand, if we set a=q ™", c=1/g%,b=q""*™", e=q'™™" and

rewrite the resulting ,®, in the reverse order, we get

[qﬂ a] _ n(a+2)

q—", qa; q B—a+n—2
| T
e B T

+q 7" (1+q)(1-gP (1 -gM(1 - ¢
+ q-2n—2a[qn—1]2[qB+n—2]2}.

From the above it is clear that the sum of a terminating ,®, with argument
q>, q°, etc. could be written out without any difficulty.

It might be of interest to point out that setting c=1/q in (6), we get a
summation for a

, b; e/ab
ol

mentioned by Bailey [2].
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Next, we show that an alternative simple proof can be given for some of the
summation theorems derived by Lakin by operator methods. In fact we will
give an alternative proof (Lakin [7; (27)])

a b -N 1+d—a Na 1+e—a
9% 99 ;q|_[q 7 I [q " In-a
8 (D [ + +e = + +e e— k
( ) 3%2 1 d,ql [ql d]N[ql ]N(l*q b) N
where
d+e=a+b—N
and

kN= qe+N(a—e)—N2(1+q—e__q—a_qN)_qe—b(l_qe—a+N).

[q°1lg "1 » e a3 d ™" oem
LHS= me¢ﬂn,§[ﬂmml

N 1+e—b a —N —N-+r _a+r
r r.r r/2+ 7q
T+e i+d —-)q PAS! 1+d+r >
Z ) [q] [‘5 []q[q ]] (=)q &+ g q . q

___[qu—a]N Na 3 [qa]r[q_N]r[quAb]r r(b—d)
[f7 I T % [alla" 1q" °1.

=[q1+d-a]N qNa { {q‘N’ qa;qb—d]
[q1+d]N (1_qe—b) 2 q1+e

-N a,  1+b—d
_qe"b2¢1[q ’2113 ”

=[q1+d—a]N qNa { @ l:q——N’ qa;qe—a+N]
[q1+d]N (l*qe—b) 2% 1+e .

-N a, l1+e—-a+N
_qe_bzq)l[q %59 ]}

1+e

_ [q1+d—a]NqNa [[ql+e—a] _lqe+N(a—e)_N2 (q—€+ l—qN——q_a)
[ In(1-q°") q" I

_qe_b [ql+e—a] }

[q1+e]
The first of the ,®, is summed by (7), whereas the second of the ,®; is summed
by the g-analogue of Gauss’ theorem [9;p. 247]. We then get (8) on some
reduction.

Following exactly similar procedure alternative proofs for the summation
theorems 28 and 29 of Lakin [7] can be furnished.
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Next we show that: If | is any positive integer or zero then

[ —n k, .1
@ 2@y ? ’l;q ’q] =0 for k=<n
. 'q'", bq"“;ll [‘I]n n+1 n(nt D2 n+1
(") Zq)l | b [b]"+1 ) q
vee -q_", bq"+2; 1]=[q ]n—l _ n+1bn+1 jn2+n
("l) 2®1 | b [b]"+2 ( ) q

X {1 _ q2+n _ bq§n+1(l - qn+1)}.
To prove these summations let us rewrite
q—n’ bqk; ql‘l
o
2 1[ b
as

1 ¢ [q7"] [bq J» - 1 [q_"] la~ ]1 i (+s)j+sl
(61 .5 [ql, [bqs“‘]w (bl ;o (4] ,Z [q]; bq

1 [ PPTITN U a ™
(b'q”) = )
[b]kj ;"1 [q]y [q'H]w
since the terms corresponding to j=0,1,..., n are all zeros. From the above

simple transformations the three summations (i), (ii), and (iii) follow readily.
On this score it might be worth mentioning that if we define

2q)2[q ql’ ]= [q ]mq[qI]qu ™. Iql lqll |Z|<1

qd ql m=0 [qd]m,q[ql]m,ql

then foilowing the above procedure it is possible to show that:
If n, k, I, m are positive integers and q; =q' then

c+k
) 2<I>2[q - ’q’] 0 if m+k<n
q:q1
+n+1 1] [q]
ii () [ )”"‘1 (¢n?+n(c+1)+c) 1lnlq
( ) o q q‘ ( [ql]n+1q,

The result similar to (iii) can also be written out.

§3. In this section we have proved the summation formula

p+1+n, q ; qp+i; q} _ [q]"_.lq(n—l)(pﬁ)
qp+1, qp+1+1 [q1+p+]]”_l[q1+p]"

x {[ql-—j]n + (__ )"+1[qp+i}nq(”+l—2i)/2}'

We begin by mentioning a g-analogue of an expansion due to Fox [3].

© :@z[
7
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(It may be remarked that the result of Fox has been proved recently by
Karlsson [2].)

qb+a & l:q(a)]J
a+1Pp+1 b) > Ta®1[a®7.
10) [q,qu :)- Zo[ ][q g

(a)+j
j JG+1D+j(b=2) .
x z'q’¥ A®B|:q(b)+j s Z |

which follows readily on substituting the series definition for ,®g, changing the
order of summation and summing the inner ,®; by the g-analogue of Gauss’
theorem. In (10) taking A=2, B=1, b=p+1, a=n (a positive integer)
a;=1-n, a;=p+j, by=p+j+1, z=gq then summing the inner ,®; by the
g-analogue of Vandermonde’s theorem [9; p. 247], we get that the LHS of (9)

_ [q]n_lq(n.~1)(p+j) n—1 [q—n]rqr(n—j-H)
a1 /<o [adlq"™"]

=[q]n_1q(n.~1)(p+i) {zq)l[q—n’ qp+1’qn j+1] ( )" (ne1-2jy72 [q ]n}
[ql+p+]]n_l ql+p [q1+p]n

Once again summing the ,®, by the g-analogue of Gauss’ theorem, we get (9).
Lastly, we show that

q“,qm;q]=[q“]m q™ {[q‘g“"‘]m_'"_l[q"'“”"‘],q,.,}
q° [4°)-[¢°*"Im L [g"}  Zo  [q). ’

where |q|<1 and m is a positive integer.

(4"

1y 2¢1[

Proof.

(12) LHS=

[4°] ¥ § [q" k[qB ‘I
[qB]ook i [Q]k a+k]oo

[q ] ¥ [q I k Z 1 r(a+k)

[qB]mk=o [Q]k r=0 [Q]

[a°) ¢ [4° ) .. . [a™ 4"

WL e 1“)"[ — ]
B—a— m]

[9°)- lq
[qB]w[qB o m]m IZO [q]H—m

i e )

S U
,;, q. 1 }

Now summing the ;®,, we get (11).

r+m rq
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Some of the interesting special cases of (11) are
(i) Setting m=1, in (11) we get

[qa]k k 1 - 3—1_[qa]w_
Z o[q°Tk (q‘"—q‘*—l){1 q [q“L}

(c.f. Andrews et al [1]).
(ii) Letting m tend to infinity in (12), we get

q%;q|__[q°) pa. . a
I(I)l[ qp ] [qﬁ]w[q]w2q)0[q’q 5759 ]

I am grateful to the referee for a number of helpful suggestions leading to
the present version of this paper.
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