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ABSTRACT. We obtain g—derivatives of Srivastava’s general triple g-hypergeometric series
with respect to its parameters. The particular cases leading to results for three Srivastava’s
triple g-hypergeometric series H4,q, Hp,q and Hc,4 are also considered.

1. Introduction

This paper continues the study of g—derivatives of multivariable ¢—hypergeometric
series with respect to its parameters. FEarlier, Ancarani and Gasaneo [1, 2, 3]
have studied derivatives of hypergeometric series with respect to its numerator
and denominator parameters followed by the work of Ghany [5] for derivatives of
g-hypergeometric series with respect to its parameters. The results obtained were
useful in the study of Hahn polynomials and certain problems in mathematical
physics. These works were extended to derivatives of Appell functions with respect
to parameters and g-derivatives of 3-variable g-Lauricella functions [6] as well as k-
variable ¢-Lauricella functions and ¢-Kampé de Fériet function by Sahai and Verma
[7, 8]. In the present paper, we obtain the nth-order g—derivatives of Srivastava’s
general triple g-hypergeometric series with respect to its parameters. We also con-
sider particular cases leading to results for three Srivastava’s triple g-hypergeometric
series Ha 4, Hp,q and Hc 4.

A g-extension of the Srivastava and Daoust multivariable hypergeometric func-
tion was given by Srivastava [10, 11] as follows:
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(1.1)

where the arguments x4, ..., x,, the complex parameters

aj,5=1,....4 b =1, B";
cj=1,..,C d" j=1,...., DMk =1,...n,

and the associated coefficients

g‘gk)’.j: ]')""A; d);k),J: ]‘7""B(k);
Yy =100 8 j=1,...,D®; k=1,...n,

are so constrained that the multiple series (1.1) converges.

The function (1.1) embodies a large number of various g-series of one and several
variables. A particular case of (1.1), namely

q)p;ql;...;q" (ap)§(b4(111))3-~3(b512))?q'x x
Bstieeisn \ (e)s(d))ses(@l)); 00T

o0

(1.2) = > Algma,...,my)

mi,...,Mp=0

where

1 1 n n
(G I, (Y () SO NN | C (0 )

1 1 1 n n
T, (53 Dyt Ty (55 @y - T (55 @,

Ag,my,...,my) =

which follows by taking the coefficients 9§k), ¢§k), ¢§k), 53(@, in (1.1) equal to 1,
has already been studied for g-derivatives with respect to parameters by Sahai and
Verma, [7].

In the present paper, the authors discuss the g-derivatives of a generalized g¢-
series, which is a g-extension of Srivastava’s general triple hypergeometric function
[9], given by

a) = (b); (V) ; () : (¢); () ()
F(B)[q,xl,aﬁg,xg] = ¥ {Ee)) :: ((g;; Eg’)) ; ((g”)): Eh)); Eh’)); ((h”)) .4, %1, T2, T3

(13) = Z /\(qamlv ma, m3) H i

11
mi,ma,m3=0 i=1 [mZ]Q'

m;
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where
/\( , M1, M2, m3)
A B B’ B”
H(aj; Q)m1+m2+m3 H(bj; q>m1+m2 H(b;’ q)m2+m3 H(by’ q)m3+m1
=1 Jj=1 Jj=1 Jj=1
T E G el G
H(ejv q)m1+m2+m3 H(g]v Q)mr‘r’ma H(g;a q)Tﬂ2+WL3 H(gél7 Q)m3+m1
j=1 j=1 j=1 j=1
C C/ C//
(1 4) y Hj:l(cﬁ Q)m1 Hj:l (C;G )Tﬂz Hj:1(c;_/; Q)mg,

H/ H//
Hj:l (hj5 @)m, Hj:l (h;, Qm Hj:l (h;‘/§ @ms

and (a) abbreviates the array of A parameters aq,as, ..., a4, etc and (a; q), is the
g-shifted factorial defined by [4]

n—1

(@) = J] (1 —ag™, (a;q)o = 1.

m=0
It is interesting to point out that the series (1.3) is not a particular case of the series
(1.1).

The g-derivative operator D, , is defined for fixed ¢ by

f(z) = f(zq)
(I-qaz '
Indeed, as ¢ — 1, the g—derivative operator becomes ordinary differential operator,

provided f is differentiable at x.
The g—multinomial coefficient is defined by

(1.5) Dy g f(2) = q#1

[ n ] _ [n]q!
kuoookal o TRl Ralglln — (ey+ -+ Fa)lg!

for k=0,1,...,n, where

[, =Y ¢ [0], =0

k=1

n

and
k=1
The g-analogues of three Srivastava’s triple hypergeometric functions are defined
as follows

Hy, 4(a,b1,b2;¢1,¢2;q, 1, T2, T3)
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(16) = i (a;q)m1+m3 (bl;Q)m1+m2 (b2§ )m2+m3

3
my,ma,ms=0 (Cl; q)ml (02; Q)m2+m3 H’L:l [ l]q'

Hp 4(a,bi,ba;c1,c2,c35q, 21,22, 23)
o0

(17) _ Z (a;Q)mr‘rmg (bl;Q)mrsz (b2§q)m2+m3

3
mi,ma,ma=0 (Cl; Q)m1 (62; Q)mg (03; Q)mg Hi:l [mz]q'

He, q(a,by,bo;¢;q, 21, 22, 73)

oo
(1.8) . (a;q)m1+m3(bl;q)m1+m32(bz;q)m2+m3xT1I;n2xg@3.
m1,mz,mz=0 (&3 @)ma+matms [Li=g [milg!
For brevity, we write (a') to denote array of parameters ai,...,a;_1,@;11,...
1=1,..., A, and (¢™a) to denote parameters ¢"aq,...,q"a4, etc.

ma2 ., m3,

ry Yty

mi . m2 M3,

Ty Ty "Tg

Also, we use the notation F®) lq,q™ei, ¢™ x1, ¢"2x5] for the series

73 [EZ?) el ((b); ®); @) (e); () ()

2. Main Results

ni no
95 (9 (g7 s (i (W5 (w) DT FL LT T

)

3

y @A,

The nth-order g-derivatives of Srivastava’s general triple g-hypergeometric function
with respect to variable z;, j = 1,2, 3, can be easily obtained. We have,

D(n) F(B)[q,uml,xg,xg]

Z1,9

Hf‘:l(ai;q)nl_[ 1(bi; On H (05 @) T (e @)

(]
- E H
Hi 1(ei§(I)nHz 1\9i5 9 Dn i= 1(91’ Dn sz (hi; @)n(1 —q)"
(3) [(@™a) = (¢"b); (&) ; (¢"b ”) (@"e); ()5 ("
(2.1) xF [(q me)  (q7g); (9') 5 (a™g”’) -
gz)q F(3)[q,m1,uw2,x3]

T (s @)n T2 (b @) Ty (05 ) [T (6 @)™

17 (e @) TT5 1 (965 @) T4 (95 @) Ty (R @)n (1 — @)

(qnh); (R'); (B) ; Q7U$17m27$3 )

(@) [("a) 5 (@05 (@85 () : (@) (@) 5 ()
(2:2) X EO [0 (e e o 00 e (o) 0o s
a(cz) F(s)[%ﬂ?l,ﬂﬁz,u%]

T (@i @)n T2 (5 @) Ty s @) T (63 @)™

I (e @)n 1 (0 @) 1A (05 @) L1 3 (R @) (1 — g7

(2.3) < F® [(q a) = (b); (") ;5 (@) = (e); ()5 (¢"¢") 5

(a7¢) = (9): (ag) 5 (amg”) + (h); (W); (qnhrr) 5D FL T2, ULS
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In the following, we present g-derivatives of F'() [q, 21, x2, 23] with respect to a
parameter in terms of its g-derivatives with respect to variables.

We start with the following lemmas whose proofs are straightforward computa-
tions [8].

Lemma 2.1. If my, mo, m3 are non-negative integers, then

1
[ml + Mo _|_m3]q 5{(1_|_qm3 +qm2+m3)[m1]q+(1+qm1 +qm3+m1)[m2]q

(2.4) (14 g™ 4 g™ ) [mg] )
FEquivalently,
1
[ma+ma+msly = S{(1+¢™ + g ) malg + (14 ¢™2 4 ¢ ) [mal,
(2.5) (14 g™+ q™ ) [ma] g}

Let N; = 25:1 n;, where j = 1, 2.
Lemma 2.2. If mq, me,m3,n1,ny are non-negative integers, then for No < n
[m1+mg +mg —n]q

1
gV2mitnima 4 g(n—ng)ma+(n—Nz)mg 4 g(n—nj)mz+ngmy

[(qN2m1+n1m2 4 g(nHimno)mo(nt1-No)mg—Ny 4 (ndl-ni)mg+ngmi—niyp,  _ (n _ Nalg

+(g N2t Dmitnimy—ntNy | (nnp)mat(n=Na)mg | (ntl=—np))mgt(ng+Dmy—ntnayp, _ pof
+(q(N2+1)m1+("1+1)m2—"+"1 4 g(nH1—n2)mat(n—Nz)mg—ny 4 q(”’_"1>m3+"2m1)[’m3 - nl]q} .

(2.6)

Lemma 2.3. If mi,ms, m3,n1,ne are non-negative integers, then for No < n

[m1 4+ ma + m3 + njg
1
GNamitnimy 4 g(n—ng)ma+(n—Ng)mg  g(n—n1)mg+ngmy

[(qNQmIJrnlmQ 4 g(nFimna)mat(nd1=No)mg+ Ny | ((n+l—np)mg+nami+niy, 4 (n — No)lg

+(q(N2+1)7n1+n17n2+n71\72 +q(n7n2)7n2+(n71\72)7n3 +q(n+17n1)77L3+(n2+1)m1+n7n2)[m2+n2]q

F(gN2Dmi+ (i )motn—ny | (n+l-ny)ma+(n—Na)mg+ny +q(n—n1)m3+n2m1)[m3+n1]q:|'

(2.7)

Theorem 2.4. The following nth-order q—derivative formula holds true for
F(g)[q,$1,$2,$3] :

_1 n (’IL)
D, POl oy as) = GEEEE S| g pl M nly
1

3(a;: ni,na 1,9 x2,9
( 'qu)n Ny<n ) q-
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Dim) {F(?’)[q, g2 x1, q" @] + FPq, ¢ 20, ¢ V2] + FO[g, ¢ 2, q"*’”x:s]},
(2.8)

where i =1,..., A.
Proof. We first prove the result for n = 1.

Dauq F( )[Q7x171’25z3}

1 0o /\(q,ml, ma, mg)
- T (1—ay) E : [m1 + mg + mgly X mi ma ms
(2

mi,ma,mz=0 H?:l [mi}q! U
Using (2.4) of Lemma 2.1, this gives
D uqF(S) lg, 21, T2, 3]
= “30—a) {szl q<F< g, 1, w2, 3] + FPq, 21, 32, qus] + F® [q,xl,qwz,qm])
2 Doy ( (g, 21, 22, 23] + FP[q, qu1, 2, 5] + FP[q, g1, 72, qxg])
3 Drsg (F( g, 21,32, 23] + FO g, 21, g, 23] + FP[q, g1, qao, xs]) }

which equals R. H. S of (2.8) for n = 1. To prove the general case, we apply
induction. Let the result be true for n = m, then for n = m + 1 we have:

DIV FE® (g, 21, 22, 23]

m—Nz _na_ny r(m—N2) H(n2)
1 zy w3 Doy g Dzy3q

- ’"q@) m
S 2 b

a;i,q
" ni,n
3(ai; @)m No<m M0 12] g1

D;m){p(@ [0, V221, ¢ ao] + F® g, ¢™ 229, ¢ N2ag] + F®) (g, q"2 2y, qm_"lzs]}

I S K

No<m mi,m2,m3=0

X{[(qumH-nlmz + q(m—nz)m2+(m—N2)m3 + q(m—nl)m3+n2m1)M1’m7N271
Mg, mhmz,ms x
MZ,nQ—lMS,nl—l] X Dai,q (a H }
17

=1

where M, ; = [my]q[m; — 1]q - - - [m; — l]q. This gives

D(7n+1)F(3) [q T, (EQ,LL‘g]

ai,q

(_1)m+1 m+

_ 3( B> [HTML_I{KQNQmﬁmm

m+1 No<m mi,m2,m3=0
+q(m na)mo+(m 2)ms + q(m ni)ms+nam; )Ml,m—NQ—lMQ,nQ—lMS,nl—1]

/\(q;mtha m3) mi _.mo mg}

3 1 L2 T3
Hi:l [mily!

X[m1 4+ ma +mg —ml,
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Using Lemma 2.2, this leads to

Dl(zT,:;l)F(s)[q, x1, T2, 3]

(cym+1g("3)

oo
- 2 q - 7 S S { m } {[(qN2WL1+"1m2
3(ai; ) m1 NoZm my migimg—0 ni,n2f 1

+‘1(m+17"2)m2+(m+17N2)m37N2 + q(m+lin1>m3+n2mlinl )Ml,m—NQ M2,n2711\43.n1*1

(N2t DMt R my —mA Ny | (monp)mat(m—Na)mg 4 (m+l-ni)mgt(ngt)mi—mtna)
><M1,mfzvzf1M2,nzM3,n1—1+(q(N2+1)m1+("1+1)m2_m+n1 4 g(mA1=nz)mat(m—Ng)mz—no
A(g, m1, ma, mg) my my m3}

+q(7n7n1)m3+n27n1)lemi . v 7
[T7=1 [milg!

No—1M2 no—1Msz 5] X

Cymern (M3 = o
NG S 5 mly 1 {((fm 41— N2l

3(ai; Dm+1  my mgima= 0 Ny <m+1 [n1l,—1t[n2] —1!fm+1 - Na] 1!

P e R D (R T R Y P Y
Hnal,—1q"2)gm T2 DMt (N2 DS 4 ([ 1 - N 1g7 ™M 4 [ma] aqT 2T

Alg,m1, m2, M3) my my 23

—ni+1
4—[711](1—1)11(m mt )m3+n27n1]M1,m7N2]MQ,nz—lei,nl—l} X 3 z) L@y
[T5_, [milq!

mt1, (") o
D™ e 2 7 [erl] (gN2mnama
3(ai; DmA1 iy migimg=0 Ny 1 L1 "2l g—1

+q(7n7n2+1)m,2+(1n7N2+1)m3 + q(nzfnl+1)'m3+n27n1 )Ml,vanQ M2,n271]\/[3,71171

Alg,m1, m2, M3) my my mg
_, [malg!

which equals R. H. S of (2.8) for n = m + 1. This completes the proof. O

Note that if we use (2.5) in place of (2.4), we will get the following expression
for D F® g, 1, 2, 5]

(n) F(B) [q7 T1,T2, .Tg]

CLqu

= g 2 |num] LT e DD
iyq)n Na<n )

DI FOlg,q" a1, ¢ as] + FOlg, g™ 01, g ")

x3,q

(2.9) +F®[q, q"Nagy, "M ] }

We now give the g-derivatives of F() [q, 21, 2, 23] with respect to remaining nu-
merator parameters. The proofs are omitted.

Theorme 2.5. The following nth-order q-derivative formulas hold true for
F(?’)[q,xhxz,xg] :

zvq

D(") FOlg, z1,20,23] = (Sl AT
[q 1,42,4L3 Z - 1 2
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(2.10) DE DL FOg, ¢ ] + FOg, "™ as]},

x2

wherei=1,...,B;

_1)n q(g) n _
D ) (¢, 21,22, 23] = 7( Z zh Mgt
b L1, L2, T 2 3
o4 Q(biaq)n ni<n ni g1
(2.11) D pim) {F(S) la: 4™ 2] + F®)[g, q”’”lxg]},

where i =1,...,B’;

Dl(;}) F(S) [q’ T1, T, 373] _ (—1)" q(2) Z l:’rl:l w?frnwgl
i0q 2(b;/q)n = ny g1
(2.12) D D FOg,q" ] + FOlg, ¢ )},
where i =1,...,B".

Theorem 2.6. The following nth-order q-derivative formulas hold true for
F(3)[q,x17x2,x3] :

(2.13) D) F®g, 1, 20, 3] = %D;??qF<3> [q, 1,22, 23),i = 1,...,C;
(2.14)

1) (3)pm
MD;ZLF(S) [qwrla $27$L'3],i =1,..., Cl?

(n) (3 —
ch,qF( )[qamthaxi’)]_ (C{”qn

(2.15)
" —1) () g
Dé,/) F(3)[q,m1,x2,x3] = (=1)" ¢'*/a3 D™ F(?’)[q,xl,xg,xg],i =1,...,C".

g (), m

Theorem 2.7. The following nth-order q—derivative formula holds true for
F(3)[q,$1,x2,x3] :

1 n —N.

D p®) — E pn=N2) p(n2) p(n1)

e;,q [q,l‘l,l’g,iUS] 3(67,,(])” g N1, m2 q(x1x2$3 1 To T3
2<

m?_Nle;’le?l_l){F“) [g,q" i, ¢ w1, " o) + FPq, q"ei, ¢ 220, ¢ Vs

+F(3) [qv qneia qnzmlv qn_nlz3]}7
(2.16)

where i =1,... F.
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Proof. We first prove the result for n = 1. Clearly

De, g F®[q, 21,22, 23]

— (1%@1) Z [my 4+ my + ms],

o)
(ei; Q)m1 +mo+ms3

m1,ma,mz=0 (eiQ; Q)m1+m2+m3

m;
i

[mi]q! .

T

X /\(q7m1,m27m3)H
i=1

By Lemma 2.1, this gives

1
De. o F® -
eia lq, z1, 22, x3] 50 —er)

X {ﬂﬁle,q (F(3>[117 gei, x1, w2, 23] + F g, qes, 1, x2, qz3] + F®[q, qe;, 21, qz2, ql‘3]>
+x2Dzy 4 (F(S)[q, e, x1, 22, 23] + F®q, geq, qz1, 22, 23] + F®[q, ges, g1, 22, qxs}>
+23Dag,q (F<3)[q7 e, x1, 22, 23] + F®q, ge;, 1, g2, 23] + F® g, ge;, g1, qm,xs}) }

which equals R.H.S. of (2.16) for n = 1. Assuming that the result be true for
n = m, we have

DI p®) [q, T1,T2, $3]

€i,q

1 m
= Degor—— D D(m=Nz) p(nz) pini)
uq3 (€i§Q)m 2 |:n17n2:|q(x11'2$3 T To T3

$T7N271$3271x731171) {F(B) [qa qmei7 qn1+n2xl7 qnl 1‘2}
+F(3) [qv qmeiv qn_n2x27 qm—Nsz] + F(S) [Cb qmeiv qnlea qn_nl 5[55]}

1 > m mi+nim m—na)m m— m
= 3 Z Z |:n1,n2:| {(qu 1+n1 2+q( 2)ma+(m—N2)ms
q

No<m mi,mz2,m3=0

/\(qa my,ma, m3)

g TNy M 2 M1 ) X Deg

(ei; q)m
3 .
(61'; q)m1+m2+m3 ‘T;nl
(eiqm;q)m1+m2+m3 =1 [ml]q'

where M, ; = [m;]q[m; + 1]+ -~ [m; +],. This gives

D(m+1)F(3) [q, Z1,x2, x3]

€i,q

1 - m { Nomi+nime (m—nz)mao+(m—N2)
— m nim + m—mnsg)ms m 2)ms
e DD [WL (@ .

No<m mi,m2,m3=0
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+q(m*"1)m3+”2m1)Ml,m—NQ—lﬂznz—lMs,m—l} X [m1 +ma +mg +ml,

3 .
(61‘; Q)m1+m2+m3 x?%

(qm+1€i§Q)m1+m2+ms i=1 [ml]‘I'

X A (qa miy,ma, m3)

By Lemma 2.3, we get

D(m+1)F(3) [Q7 T1,T2, 1‘3}

€i,q

1 = m 2 1 1 2
= 73(&;(]) Z Z . l:nl’n2:|q{<qN mi+nim

m+1 No<m mi,ma,mz=

+q(m+17n2)m2+(m+17Ng)m3+N2 + q(m+17n1)m3+n2m1+n1 )MLm—Nz

XMy 1 Mgy 1+ (qNeH DMt mamamee g g(monz)mnam—Na)ma

1- 1 —n2\7 T Mo M
fg(mHtmnmst(natmitmona\ 3, 0 Mgy M3, 1

+(q(N2+1)m1 +(n1+1)ma+m—ny + q(m+1—nz)m2+(m—N2)m3+n2

_|_q(m7n1)m3+n2m1 )]\417711_]\,2_1]\427%_1]\43,n1 }
3
(ei; q)m1+m2+m3 Ly

A (q7 e mS) (qm+16i§ Q)m1+m2+m3

i1 [milg!

_ 1 Z { Z [m]g!fm +1 — NoJ, (qN2m1+n1m2

3(€i5 @) m+1 [n1]g![n2]g!fm + 1 — Naj,!

my,mz,m3=0 Ny<m+1

+q(m+1—n2)m2+(7n+1—N2)m3+N2 + q(m+1—n1)m3+n2m1+n1 )Ml,mfNQMZan

— [mlq!
XM?),n -1+
! N2§n+1 [’fbl]q![WQ — ].]q'[ + 1-— NQ}q!
+q((m+1,nz)m2+(mfN2+1)m3)w(m+lfn1)m3+n2m1+m+17n2 )Ml,m—NQMQ,n'z—

= [m]q!
XM3n, 1+
! stzv;wl [n1 — 1]4![n2]g!fm + 1 — Naj,!

1

(N2mi+nima+m—Na+1)

(¢

1

(q(N2m1+n1m2+m—n1+1)

+q(7rL+1—n2)m2+(m—N2+1)m3+n2 + q(m—n1+1)m3+7l2m1 )MmeNzManfl

3 mi

(ei; Q)ml +mao+m3 Z;
(qm+1ei;Q)Tn1+m2+m3 i=1 [ml]q'

_ 1 = m+1 Nomi+nima
~ 3(e5Qmn Z Z {nl’m]q(q

my,mz,m3=0 No<m+41

XMS,nlfl} X /\(qv miy,ma, m3)

gl = Natlyms . gl Omatnem N M i M1

(ei; Q)m1+m2+m3 Ty :

X A (q7 mi,mao, m3) (qm-‘rlei; q)m1+m2+m3

1=
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which equals R.H.S of (2.16) for n = m + 1. This completes the proof of (2.16).

Note that if we use (2.5) instead of (2.4), we will arrive at the following expres-
sion for Dé")q F®q, 21,2, x3] given by

DM F®) [q75€1,9€27$3]

€i,q
1 n —No— _
_ L1 Tox D(n—NQ)D(nZ)D(nl)xn No lmng 1
3(ei3q), NQZS:H {nhniq( 12T v2 s 2

xgl_l){F(g) [qa qnei, quxlv qn2x3] + F(S) [qa qnei, qnlxla qnfnng]
(217) +F(3) [Q7qnei7qn7N2x27qninlx3]}a

We now give the g—derivatives of F(®)[q, 21, zs,x3] with respect to remaining
denominator parameters. The proofs are omitted.

Theorem 2.8. The following nth-order q—derivative formulas hold true for
F(S)[qaxlax27x3] :

1 n g
DM F®q 21, 29,25] = [ } z12o D) plna) ==l
sia 1 b 26, nzg:n ml,

(2.18) ap ! {F(S) [9,4"gi, ¢ 1] + FPq,¢" g, q"*’“xz]},

where it =1,...,G;

(n) (3) _ ; n (n—n1) n(n1),.n—n1—1
DgquF [Q7x1’x2’x3] - 2(gg;q) Z [nl} q$2x3D$2 ! Dwgl .I‘Q 1

ap {F(3) [4.4" g}, q" 2] + FPq,q" g}, q" ™" 5] }

n ni<n

(2.19)

wherei=1,...,G’;

(n) 3 = ! n n—m n n—mip—1
Dg;’7q F( )[q7$1,$2,1‘3] = m Z |:n1:| qx3x1D§c3 l)Déll)m?) 1

ap {F(S) 0,4 gl g 3] + F®q, q"g!,q" ™ 1] }

n ni<n

(2.20)

wherei=1,...,G";

Theorem 2.9. The following nth-order q—derivative formulas hold true for
F(3)[q,$1,$2,.’1]3] :

n z n n— n
(2.21) DY F®g, 21,29, 35] LD {2 PO g, 0"y,

(hj3q), *M1
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where j =1,...,H;

n € n n n
(222) DY, FOlg,e1,m0,a5) DU (@i @ g, 07
J (hj7Q)n
where j =1,..., H';
n c T n n— c n
(223) D), FOlgm, 1w = WD”(“’)Q{% FOg,qnn)},
VRV

where 7 =1,...,H".

The g—derivatives of the three Srivastava’s triple g—hypergeometric functions
with respect to their parameters can now be deduced from the above results. Indeed,
we have

Theorem 2.10. The following nth-order q— derivative formulas hold true for Hy 4 :

DfYHay = GO LE SN
’q 2 (a; q)” ni<n m a-
(2.24) DG DU Ha g (4 21) + Hag(a" ™ 23)

. —1)"¢(3)
D( ) HA,q _ ( ) q Z |:n:| l‘? nlxgl

bi,q

2 (bl; q)n nien ni

(225) DU DG o g(q 1) + Ha (") ).

D(n) HA (_1)’” q(g) Z n A !

ba,q »q (bg, ) ~ ny o 2
(2.26) DG D Hag(q™ w2) + Hag(a" " ws) },
(227 Dy Hag = (s D Haglaen),
D('rl) — 1 Z n xQxSD(n_nl)D(nl)xnfnlfl

62,q A,q 9 (02; q)n — ni . T2 T3 2

(228) 711 1{HA,q(q C2, qnl IZ) + HA,q(anZa qn_nl 1‘3)}

where Ha 4(¢"x1) stands for Ha q(a,b1,bs;c1,c2;q,¢" %1, x2,23) etc.
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Theorem 2.11. The following nth-order q— derivative formulas hold true for Hp 4 :

_1)n q(;‘) n
Dy, = G0 g
e 2 (a;q),, n;n ]
(229) DY DG His g™ 1) + Higla™ ™)),
~1)" ¢(%) n _
D(") H _ ( n—mi _ni
b1,q B,q 9 (bl, q)n Z< n1 q71x1 Ty
nisn
(2:30) D DU Hio(a™00) + Hi (g™ 2) |
D(") HB — xg ’ﬂlngl
ba,q q b2’ nq
ni<n
(231) D q””D““z{ (0" 2) + Higla" ")},
xX; _ .
(232) Dé?,)q HB,q = ﬁDgf;?q{x? IHBH(C]”CJ‘)}M] =1,2,3,
7 n

where Hp 4(q"x1) stands for Hp 4(a, b1, b2;c1, c2,¢3;q,¢"x1, T2, x3) etc.

Theorem 2.12. The following nth-order q—derivative formulas hold true for Ho 4 :

~1)" ¢%) n
piye, = GUAD 5 0] oy
e 2(aq), = lml,
(2.33) pnm) pm) {Hc,q(q’“:z:l) n Hc7q(qnin1$3)},
n (*l)n q(g) n
DM Hey = S Y R
1 2 (b17 q)n ni<n m q-
(230 DU DU Heyq" 1) + Hegla""22) .
0 (—=1)" ¢(3) n _
DZS ) Hey = —7—— xy "Myt
2,4 2(b2,q)n =, n1f
(2.35) DI DI He (g™ ) + Hc,,,(q"*mxg)},
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D™ Heq

1 n DN . N
= e, LhnZLxl@%D;l D) DU =

3(aa), 2,

—1 —1 _ o
Ty gt {Hc,q(qnc,q"1+”2x1,q"1x2)+Hc,q(Q"c,q" "229,q" M T2 gg)

(2.36) +Hcq(q"c, q"zml,q”_"lxg)}.

where He ¢(¢"x1) stands for Heq(a, b, ba;c;q, ¢ w1, 2, 3) ete.

Acknowledgments. The authors thank the referee for valuable suggestions that
led to a better presentation of the paper.

References

[1]

L. U. Ancarani and G. Gasaneo, Derivatives of any order of the confluent hypergeo-
metric function 1Fi(a,b,z) with respect to the parameter a or b, J. Math Phys., 49
(2008)., 063508-16,.

L. U. Ancarani and G. Gasaneo, Derivatives of any order of the Gaussian hypergeo-
metric function 2F1(a,b, ¢; z) with respect to parameter a, b and ¢, J. Phys. A: Math.
Theor., 42, (2009) 395208, (10 pp).

L. U. Ancarani and G. Gasaneo, Derivatives of any order of the hypergeometric
function pFy(ai,...,ap;b1,...,bq;2) with respect to the parameters a; and b;, J.
Phys. A: Math. Theor. 43, 085210, (11pp) (2010).

G. Gasper and M. Rahman, Basic Hypergeometric Series, Second edition, Encyclope-
dia of Mathematics and its Applications, 96, Cambridge University Press, Cambridge,
2004.

H. A. Ghany, g-derivative of basic hypergeometric series with respect to parameters,
Int. J. Math. Anal. (Ruse), 3(2009), No. 33-36, pp. 1617-1632.

V. B. Kuznetsov and E. K. Sklyanin, Factorisation of Macdonald polynomials, Sym-
metries and integrability of difference equations (Canterbury, 1996), 370-384, London
Math. Soc. Lecture Note Ser., 255, Cambridge Univ. Press, Cambridge, (1999).

V. Sahai and A. Verma, nth-order q-derivatives of multivariable g-hypergeometric
series with respect to parameters, Asian-Eur. J. Math., 7(2014), No. 2, 1450019 (29
pages).

V. Sahai and A. Verma, Derivatives of Appell functions with respect to parameters,
J. Inequal. Spec. Funct., 6(2015), No. 3, pp. 1-16.

H. M. Srivastava, Generalized Neumann expansions involving hypergeometric func-
tions, Proc. Cambridge Philos. Soc., 63(1967), pp. 425-429.

H. M. Srivastava, Certain q-polynomial expansions for functions of several variables,
IMA J. Appl. Math., 30(1983), pp. 315-323.



Srivastava’s General Triple g-hypergeometric Series 925

[11] H. M. Srivastava and P. W. Karlsson, Multiple Gaussian Hypergeometric Series, Hal-
sted Press (Ellis Horwood Limited, Chichester), John Wiley and Sons, New York,
Chichester, Brisbane and Toronto, 1985.



