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SOME PROPERTIES OF NEW HYPERGEOMETRIC FUNCTIONS
IN FOUR VARIABLES

MAGED G. BIN-SAAD!, JIHAD A. YOUNIS!, AND KOTTAKKARAN S. NISAR?**

ABSTRACT. In this paper, we introduce ten new quadruple hypergeometric series.
We also obtain their various properties such that integral representations, fractional
derivatives, N-fractional connections, operational relations and generating functions.

1. INTRODUCTION

In recent years, several interesting and useful properties of certain multiple hyper-
geometric functions have been investigated by many authors (see, e.g., [1,3-9,11,12,
14,15,17,21,22,25,26]). In a sequel of such type of works mentioned above in this
paper, we introduce ten new hypergeometric series of four variables as below
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(1.3) _ i (@1)2m4n(02)2piniqlas)y a™ y* 2P u?
m,n,p,g=0 (Cl)m—l-p(CZ)n(C?))q m!l nl pl gl ’

@ | .
73 ((Il, ai, ag, a2, a1, az,0,0a3;Cy, C1,C1,C3; T, 7Y, Z7u>

by = O, 2
m,n,p,g=0 (Cl)n+p(62)m(c3)q m! nl p' ql ,

X(4) . .
74 (al,al,ag,ag,al,ag,a2,a3,cl,cl,cl,02,x,y, Z,U)

1y = 3 (Gemeltueg(e), ) 20
m,n,p,q=0 <Cl>m+n+p<62>q m' n‘ p' q' ’

W . .
75 (ah a, az, az, a, asz, asg, dq;C1,C2,C3,C4; T, Y, 2, U)

(16) _ i (@1)2m4n(@2)nsprqlas)p(as)g =™ y" 28 u?
=0 (c1)m(e2)n(cs)p(ca)q m! n! pl g’

o | .
76 ((Il, ai, az, a2, 0a1,02,0a3,04;C1,C1,C2,C3; T, 7Y, Z7u>

(1.7) _ i (@1)2min(@2)ntprqlas)p(as)g =™ y" 28 wf
m,n,p,q=0 (Cl)m-f-n(C?)p(C?’)q m! nl p‘ q' 7

X(4) . .
7 (a’17 ai, az, az, ai, az, ag, a4; C1, C2, C1,C3; 1, Y, 2, U)

(1.8) S @@l 2w
m,n,p,g=0 (c)m+p(c2)n(cs)q m! n! p g’

m n

2P

W . .
78 (ah a, az, az, ai, as, as, aq;C2,C1,C1,C3; 1, Y, 2, U)

(1.9) _ i (@1)2m4n(a2)niprqlas)p(as)y =™ y* 2P wu?
m,n,p,g=0 (Cl>n+P(CQ)m(C3)q ml nl pl ¢ ’

) | .
79 ((Il, ai, ag, a2, 0a1,02,0a3,04;C1,C1,C1,C2; T, Y, Z7u>

(1.10) _ i (@1)2m4n(a2)ntprqlas)p(as)y =™ y* 2P wu?
m,n,p,q=0 (Cl)m+n+p(62)q m! nl p‘ q' 7

where (a),, is the Pochhammer symbol defined by
I'(a+m)

=)

=ala+1)---(a+m—1),

for m > 1, (a)g = 1, I" being the well-known Gamma function.

The present paper aims at introducing and investigating certain properties of hy-
pergeometric series X%), X%), e ,X%). The structure of this paper is as follows. In
Section 2, integral representations of Laplace-type are obtained. In Section 3, we
establish some fractional derivatives for our series. Section 4 presents certain con-
nections by means of N-fractional operator. Section 5 deals with the derivation of
operational relations between the quadruple functions X%), X%), e ,X%) and triple
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hypergeometric functions. The generating functions are given in the last section of
this paper.
2. INTEGRAL REPRESENTATIONS OF LAPLACE-TYPE

In this section, we present certain integrals of Laplace-type involving the quadruple

series XZ-(4), i ="70,71,...,79. For our purpose, we begin by recalling the following
confluent hypergeometric functions [23]:

(2.1) Fi(er) =Y D

22) B (asesz) = 3 0 2
(2.3 By (aemy) = Y qom T

(2.4) He (a;c;2,y) = i

0 ()man m! "l

o~ (@)2msn 2™ Y
2.5 H a;b7c;;p, = ~ L2
Now, if we consider the definitions of the confluent hypergeometric functions
oF1,1F1, ®3,Hg and H7, we can derive the following integral representations:
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t v
F( a3 / / /

X OFl (—; 1 82 + sty + tvz) 1Fy (ag; eo; tu) dsdtdv,
(2.15)  Re(ay) > 0,Re(az) > 0,Re(a3) > 0.

Proof. To establish (2.6), denote by J the right side of the relation (2.6). Then, by
substituting the expression of the confluent hypergeometric functions (2.1), (2.2) and
(2.5) into the right hand side of (2.6), we have

g — > <a1)2m+n(a3)q x™ yn 2P o —s a2+2p+n+q—1
= PR e °s dS,
m,n,p,g=0 (cl)m(cl)n(cl)p(cl)qF(ag) m! nl p' q'

by using the known equality (see [23])
['(a) :/ e ® s 'ds, Re(a) >0,
0

we get the result after some simplifications. Similarly, one can proof the relations
(2.6) to (2.15). O
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3. FRACTIONAL DERIVATIVES
The fractional derivative operator DF that was introduced by Miller and Ross [16]

is given as

(31) Dkwa — F(a + 1) a—k

_ —1.
. F(a—k+1)w , Re(a) >

Now, by using the above operator, we aim in this section at establishing the following
fractional derivative formulae:
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Proof. We have

ar—c [,,a1—1 y(4) . o2
Dw {w X70 ¢ G, a2, a2,C,a2,02,03;,C1,C2,C3,C4; W T, WY, 2, U

e}

_ Z (C)2m+n(a2)2p+n+q(a3)q'337‘7 20 u!
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Now, with the help of (3.1) and Definition 1.1, the proof of the first fractional derivative
formula is completed. The proofs of the assertions (3.3) to (3.12) run parallel to that
of the assertion (3.2) then we skip the details. O
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4. N-FRACTIONAL CONNECTIONS

First, by recalling the N-fractional operator due to Bin-Saad [4]:

@] - T [0,

where a,b,c € C and (a — ¢) ¢ Z, we aim in this section to investigate the following
relationships:
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z Y
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(48) :AX'%) ((Zl,a,l,b, b> alab7 CLQ,(I;Cl,Cl,CQ,C;.T,y,Z,U),
Y z
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(410) :AX’;‘;) (alu ay, b7 b7 ay, b? Q2,0a;C2,C1,C1,C T, Y, 2, U) )
Y z
MY X5 [ ar, b, ag; e, ,
' ( T A <1—u>>
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where A = e"”'(a_c)%uc_1 and X, Xyo, ..., X17 are Exton’s hypergeometric func-

tions of three variables [10] defined by

B K= 3 el 72
(4.13) Xio (a1, a2; 1, 023, y, 2) :mgj‘:o (al()CiTZiCEZiT)L;% ' i: i{; : ;I!J,

L e el
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(4.16) X5 (ay, as, az; ¢; 2, y, 2) = = (a1)2min(a2)nsp(as)y . ™ . y" ) ip7
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(4.17) Xi4 (a1, as,a3; ¢1,co; 2, Yy, 2) :m’go (a1)2(7;+)r;fii)(z:§§a3)p ‘ ;L:: Zj;: ' j)
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Proof. To prove (4.2), from the equality (4.15), we can write

Y z
Ma,c,bX b: :
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By applying the formula (4.1) and in view of the relation (1.1) one can get the
result with direct calculations. The proofs of the remaining relations run in the same
way. 0
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5. OPERATIONAL RELATIONS

Here, in this section, we shall discuss some operational relations by means of the
following operational formulas (see [3,20]):

['(a+1) _

5.1 Do =—————a"""
_ ['(a+1)

92 D k a _ a+k

(5:2) o & F(a—i—k—i—l)a ’

ke NU{0},a € C—{-1,-2,...}, where D, denotes the derivative operator and
D_! denotes the inverse of the derivative.

In the following, certain operational connections among the hypergeometric series
of three and four variables as:

(5.3)
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(5.8)
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as—1 as—1 pca—1_a—1
X (041 oyt BN Ty )
_ as—1 __as—1 pncg—1_a—1 (4) . .
_0512 &24 6 * Y X75 ((11,(11,@2,(12,@1,&2,(13,&4,Cl,CQ,Cg,C4,$,O{1y,CY12,U),
29-1p1—1.-171-1,2 - . .
[1 - (Daﬁ Dﬁ 7 ny «@ )U,] F(B)A (al,(lg,ag,(l4,01,02,Cg,@ﬂﬂ?,y,z)
X (aagflﬁclfl,}/afl)
_ as—1ppc1—1_a—1 (4) . .
=a™ 5 ! 7 X76 (a27a’27a17a170’27a17a37a47 617017627637%0453773/72)7
(5.9)
1- (D, D,,3 D'y D! X LC1, Co
— (Day Da, 5 D) aiaz)u 16 (a1, ag, ag; c1, co; T, vy, 1 2)
a2—1 _aqs—1 pc3—1_a—1
X (al ay' BNy )
as—1 _as—1pcs—1 a—1 vy (4) . .
=af? agt T Ae TN X (ar, a1, a9, ag, ay, ag, as, ag; ¢1, Co, €1, C33 T, 00 Y, Q1 2, U)
(5.10)
2 p—11y—1.-17—12 - . .
|:]- - (Daﬁ Dﬁ Y ny o )u:| FG (a17a17a1;a27a37a4;0170270271’7@%2)
% (Oéag_lﬁc:s_l’}/a_l)
_ az—1pc3—1_a—1v(4) . .
=a™ B ? 7 X78 (a3>a3aa17a1aa3aa17a47a27037027 027clau7ayvz7x)a
(5.11)
1 — (Du, Do, ' Dy'y 1D -
- a 042/6 g v G102 U

as az + 1 2 as—1

. . 2— as—1 pea—1_a—1
X Fy (a1,2,a3,a4,2 , 45 C1, C2, C2; Qo 4oy By, an Bz (041 ayt T BTy )
__az—1 _as—19co—1_a—1
=af? Tayt ey

(4) . )
X X79 a27a?aa47a47a27a47a37al7C27627027617a15yau70425Z7a2x )

where Xg, Xg and Xy are the Exton’s triple hypergeometric series defined by [10]

> (a1>2m+n+p(a2)n(a3)p ™ yn zP
( ) 6 (al, Q2,03;C1,C2; T, Y, Z) m7n§7p0 (Cl)m+n(C2)p ' n' p| 5
(5.13)
> (a1)2m+n+ (a2)n(a3) xm y” Zp
Xg(a1,a2,as;¢1,c2,03;2,Y,2) = E i p - ’
( ) m,n,p=0 (Cl>m<02>n(03)p m!  n! p'
(5.14)
(G1)2m+n(@2)n(a3)p(a4)p ™oyt 2P
20 (ala 2,03, 04;C1,Co; T, Y, Z) m’g’pzo (Cl)m+p(62)n m' n' p' 5

and F\Y, Fy, Fy denote the Lauricella’s series of three variables (see [13]).
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Proof. To solve equation (5.3), first we assume the left hand side of (5.3) by the
notation J, then expressing the Exton’s function Xg as a series in the left hand side
of (5.3) and using the binomial theorem, it follows that:

m n

g — i (a1)2mtntp(@2)n(as)p(a)g Sy 2P ) u?

m,n,p,q=0 (Cl)m(CQ)TL(C3)p W ﬁ H a

« 5fq,quiqDﬁ*qD;q (aa2+n+2q71564717a71) _

Now, we use the above formulas in (5.1) and (5.2), then in view of Definition 1.1, we

arrive at the desired result (5.3). In a similar manner, one can prove the relations
(5.4) to (5.11). O

6. GENERATING FUNCTIONS

In this section, we will consider some generating functions for our quadruple series.
Because the proofs of the following relations are similar to the proofs of results in
[2,18,19,23,24], we omit these proofs.

The generating relations of series X;é), X%), cee 7(3)

(6.1)

given as below

(@1)k 1 (2) k
Z Xz (a1 + k, a1 + k, ag, az, a1 + k, ag, ag, as; ¢y, ¢2, ¢3, Ca4; T, Y, 2, u) t

! k!
:<1 - t)f%Xéé) <alua’17a‘27a’27a17a27a’27a3;61762763764; (1 ft)Qa (1 g t)727u> )
(6.2)
Z <alj|)kX$1l) (a1, a1, a0 + k,as + k,a1, as + k, a2 + k, az; c1, 1, ¢2, ¢33 2, y, 2, u) tF
k=0 '

Cay (4 Y z U
=(1-1) 2X§1) <a1,@1,a2,a27a1,a2,a2,a3;61701702,03;% 116102 (1— t)) g
(6.3)

< (a a
Z (1)161'(?)162)(%1) (CLl + k’l, aq + ]fl, a9 + /{32, a9 + k’g, aq + ]fl, a9 + /{32, a9 + k’g,
oy a0 kqlks!
&3;01,62,01,03;.1',:%2,'&) tllﬂtgg
_ —a1 —az y(4) ) . z
_(1_t1) (1_t2) X72 <a17a17a?aa?aa’17a27a27a37017027cl7c37Wa
- U
Y z U )
(1—t)(1—ts) (1 —#2)2" (1 —to))’
(6.4)
< (a a
Z WX%)(CH + k1, a1 + ki, ag, az, a1 + ki, ag, az, az + ko;
1-R92:

k1,k2=0
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. k1 k2
C2,C1,0,C3; 0, Y, 2, u>t1 t2

—a —aQ, x
:<]-_t1) 1(1_t2> 3X’§§)<a17a17a27a27a17a27a’27a3;027cl701763;WJ
— U
Y u )
’27 )
(1—t1) " (1 —ty)
(6.5)
(a3)k 1 (2) . ) k
Z o X7 (ay,a1,a9,as9,a1,as,as,a3 + k;cy,c1,c1,¢0;, 2,9, 2,u) t
k=0 ™
U
:(1 - t)_agXéi) <a1,&1,612,@27@1,@2,&2,&3;01701701,02;%%2’7 7(1 t)) )
(6.6)
o= (02)k () . . b
Z k" X75 ((],1,@1,@2+k,a2+k,a1,a2‘I—kf,a3,a4761702,03,C4,fL‘,y,Z,U)t
k=0
:1—t‘“2X(4) ai,ay, a2, 0z, 41,02, a3, 4; C1, Co, C3, C4; T, i - l
( ) 75 1,01, @2, a2, a1, Az, a3, G4; C1, C2, C3, C4 (1—t)’(1—t)’(1—t) )
(6.7)
o
A1)k, \ A2k
> WX%)(M—F/?LM+k’1,a2+]€2,&2+k‘2,a1+k’1,a2+]€2,&3,a45
k1 ,ko=0 1:hz:

. k1 k2
€1,C1,C2,C3; 1, Y, Z, u)tl t2

X

B e () . T
=(1=t1)"" (1 —t2)" " X7 (GhahGQ,az;al,a2,a37a4701,61,02703, -t
—h

Y z U
(L—t)(1—t2) (1 —t2)" (1— t2)>’
(6.8)

i (a’3)k1 (a’4)k2 X(

4) . .
ko) 77 (alaaba%a?aalaa?aa{% + k17a4 + k27cl7027cl7c37
1'Kg!

k1,k2=0

m? y? Z7 u) tlflté;2

_ —a: —as v (4) ) .
_(1_t1) d<1_t2) X77 (al,al,ag,ag,al,ag,ag,a4,cl,02,01,63,x,y,

(I—t1)" (11— t2)>’
(6.9)

o0

Z (a1)k, (a2)k, (a3) ks @
Fey Vo i) ™

(a1 + k1, a1 + k1, a0 + ko, as + ko, a1 + Ky, ag + ko,
K1 ,ko,k3=0
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) . K1 pko 1k
as + ks, aq; 2, C1, C1, €35, Y, 2, )ty 52157

_ —a —a —as 3 (4) . )
_<]-_t1) 1(1_t2> 2(1_t3) 3)(78 <a17a17a270’27a17a27a37a47027617017037

T Yy z u
(T—t)>" (T —=t) (1 —ta) (1 —t2)(1 —t3)" (1 —'t2)>7

(6.10)
Z (al)kl Efazll):ilia?]lk? (a4)k4 X%) (al + ki,a1 + k1, a9 + ko, as + ko, a1 + ki,
k1,ko,k3,ks=0 1:K2:K3!R4!

) . K1 ko pks 1k
ag + ko, a3 + ks, as + kg c1, 01, ¢1, 02,2, Y, 2, 0t g2t

=(1—t1) (1 —t9) (1 —t3) (1 — t4)‘“4X§§) (a1, a1, az, as, ay, a, as, ay;

oz Y “ Y
O T T ) (L) (12T —t5) (1 t)(1 —t4)> |
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