© 2026 JETIR March 2026, Volume 13, Issue 3 www.jetir.org (ISSN-2349-5162)

JETIR.ORG
serie » JOURNAL OF EMERGING TECHNOLOGIES AND
s\ INNOVATIVE RESEARCH (JETIR)

= An International Scholarly Open Access, Peer-reviewed, Refereed Journal

A ¥-FUNCTION-BASED DECOMPOSITION
OF THE MULTIVARIABLE I- FUNCTION.

1T M Vidya, 2P C Sreenivas, °T M Vasudevan Nambisan, “P V Maya

Assistant Professor, Department of Mathematics, Mahatma Gandhi College, Iritty,

Kannur District, Kerala, E-mail-vidyatm4@gmail.com
2Rtd. Principal, Payyanur College, Payyanur, E-mail-sreenivaspc@rediffmail.com

SEmeritus Professor, College of Engineering, Trikaripur, Kasargod, E-mail-tonambisan.tm@gmail.com
“Assistant Professor, Department of Mathematics, Mahatma Gandhi College, Iritty,
Kannur District, Kerala, E-mail-panakkalveettilmaya@gmail.com
!Mahatma Gandhi College, Iritty, Kannur, Kerala, India

Abstract : In this paper, we establish a new expansion formula for the multivariable | — function by employing the generalized
I - function introduced by Srivastava, Gupta, and Goyal. Using the classical identity of Nair [6] together with the series

representation of the generalized y - function, we derive a decomposition formula expressing the multivariable 1 — function as an
infinite series.

IndexTerms - Multivariable I- function, Gamma function, Pochhammer symbol, Hypergeometric function, Generalized
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1. INTRODUCTION

Notations and Results used :
(a)n stands for a(a+1)...(@a+n-1).

I'(a+n
.- ; )
(a)
(B ) 105 0 (i ) (i ) ().
The generahzed Fox’s H-function, namely the I-function of r-variables introduced by Prathlma, Nambisan and Santha

,n>1 (1.1)

Kumari [7, p.38] is defined and represented as:

1 l(aj!a ) r) A])P 1(CJ ’}/J YC( ) Y’l(Cﬁr)'}/Er)YCEr))pr

1[z,,...,2,] = 107 nimon
[ 1 ! f] PG PyGyees Pr Oy

Ze|y(0;; B B3 B)g 14(d]),51 D) g o(d, 6175 D),
- . s
- (27 a)) .[1 J.H (8,)..0,(s,) ¢ (s,..08,) 7.2, s, ds (1.2)
where @ (S;,...,S,) and 6,(s;), i=12,...,r are given by,
HF (1-a, +Za

¢ (S11n8) =~ = | | -
§ i i i
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i (d( 5()S)HF‘(1 W+ s,

0,(s)=— . (1.4)
nlr V- d“+5<>s) H r (c“ 7\s)
j=m+

Also Z#0 (i=1..,r), w=+-1, m;,n;, P;.q; (J .,r) N, P ,q are non-negative integers such that

0<n<p, g=0, 0<m;<q;, 0<n;<p; (j=L2..,r) (ot all zero simultaneously).
" (i=12,.,p, i=12.r1), BV (j=12,..,09, i=12,..r), /" (j=12..p,i=12,..,r),and
s (j=12,.,q,i=12,.,r) are positive numbers.  &;(i=12...p), b;(i=12,..,9),
cl) (j:1,2,...,pi, i:1,2,...,r), and dgi) (j:1,2,...,qi,i=1,2,...,r) are  complex numbers. The exponents
A(J=22..p), B(i=12..09), CcV(j=12..p,i=12..r), ad DY (j=12,.,q,i=12,..r) of

various gamma functions may take non-integer values. The I-function of r-variables is analytic if

DA ) NR Al N~ R0 s) <0
\Pizzl:Ajaj —Z;Bjﬁj +>.Cy) => DlVs) <0,i=12,..,r
= = ! !

The integral (1.2) converges absolutely if ‘ arg ‘< Az, 1=12,. where
Y Ag _S B 804+ 3 DsH _ 3 pilsi) 4 3 el 3l
__Z Aja; _ZBVBJ‘ +ZD1 J; __Z Dj’9; +ZC1 Vi *_Z C/r;>0 . (1.5)
j=n+1 j=1 j=1 j=m;+1 j=1 j=n;+1
Remark: 1

If D =1 (j=12,..m, i=12,..r) in(1.2), then the I-function will be denoted by:

2|l

1] on:m,n ; Ny
Iz,..... 2 ]= Ipq Py prqr

0.(5,)#(s,,...,8,) ,%... 2, ds,... ds, (1.6)

z|1,
where
=@, A, 60 C ) i 5 ),
=08, 8 B 1.(d,", 5-(1)'1)ml,W(dj(l)ﬁ,-“’:Dj“))ql;...;1(dj(r),5j‘”:l)m,l ma(d;”,8:,D,),,

Hr(d 0 5<'>s)1‘[r " (1-c,"+7,,)

0,(s)— — =12, (17)
H r° i (1 d I)+5 ')S) H s (Cj(l)_?/j(l)si)
j=m;+1 j=n;+1

and &(S,,...,S,) isgiven by (1.3).
The integral (1.6) converges absolutely if |arg(zi)| < %Air 7, i=12,...,r.

where,

:{_zp: Aa® 3B OS50 3 DOs +ZC(' 703 C iy ')]>o i=12,. (1.8)

j=n+1 j=1 j=1 j=m;+1 j=n;+1
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Remark: 2
If ¢l"=1(j=12,.n), D=1 (j=12..m) for i=1,2,..r and if n=0 in (1.2), then the corresponding

function will be denoted by:

Zl Il
- R ) 1 — —
1 (2,0 2,] = 190t | :Wj...jel(sl) i 0.(5,) 4, (5p0enrS,) 7% 2, ;... S, 1.9
Zr |2 L L
where
I, = 1(aj;aj(l) ----- aj(r); Aj)p :1(Cj(1)17j(1); 1)r11’ n1+1(cj(l):7j(l); Cj(l))pl;"';1(Cj(l)'7j(l); 1)n,’ nr+1(cj(r)-7/j(r); Cj(r))p,: (1.10)
=105 87 875 By 11,670 (A, 67D 550 (0, 65 0) s (A, 67 D) (1.11)
1
¢1(S]_1'-')Sr) = q 5 r () p A r () ’ (112)
i 1 i 1
nr '(1—bj+iz:1:ﬂj s,) nr J(aj—ga,. s)
i rd"-s%s ; r@-c®+y0s |
) g(l j ')lj:!( it i=12,....r . (113)
t % (i) i i P (i) i i '
.leDl (1_dj()+5j()si) ‘lecl (Cj()_Vj()Si)
j=m;+ j=n;+
The integral (1.9) converges absolutely if |arg(zi)| < %Ai" o i=12,...,r.
where,
) p _ q o ) g ; _ n h Py ) )
A=Y Ae"-3B, Y469 D50+ 59> ¢y [50i=12,..,r. (1.14)
j=1 j=1 j=1 j=m+1 j=1 j=n+1

For further details refer [7].

Nair [6, p.234]
asll_[r(dj—éjs) = (), {(—k,l), 1(dj'5i)l;%] (1.15)

J-1 F(Cj —5J-S) i KIT'(—k) i 1(Cj,5j )I
provided o >1and Re(c;) >Re(d;) >0, j=12,..,1. and
T r(di +5is)_ NEANON (=k.1), 1(dj’(Sj )|_ (1.16)
¢ l;!r(cj +5,9) " Zare Y (c.0),
provided 3 <a <1 and Re(c;) >Re(d;) >0, j=12,..,1.
(s - F-s) (1.17)
( 1) (Sl)k _F(l—sl—k)
H.M Srivastava, K.C. Gupta, S.P. Goyal [12, p.2]
Generalized Hypergeometric function
P
(a)
(ay); < H g 1.18
P R e -
a? I
j=1
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The series on the right-hand side of (1.18) is absolutely convergent for all values of z, real or complex, when p <q. Also,
when p=q-+1, the series is convergent if | z |<1.

It converges when z =1, if Re{ibj —Zp:ajl>0 and when z =-1, if Re{ib. _zp:a}>_1.
J ]

j= i= =1 =
If p>q+1, the series never converges except when z =0, and the function is only defined when the series terminates.

H.M Srivastava, K.C. Gupta, S.P. Goyal [12, p.19]

(a.a HF(a +a, r)

1193)ps ia 1.19

{ 05 Z}‘g .
i HF(b +B, r)

When ¢, =1, j=12,...,pand g =1, j=12,...,q,(1.19) becomes:

p
] C(a;+r) | la,
(@ Dps 1 1,1 : Z_ H e | @ (1.20)
Pl’[/q (b’l) . q p-a (b) :
rde JoS e, +n " Hrb :
j=1
H.M Srivastava, K.C. Gupta, S.P. Goyal [12, p.18]
a,
.Fo {__ —z} =1+z)"
(1.21)
2. Main Result:
za|l
IO,O:an1+I s MmNy -
p.q: py+hog+l i py 0y
z, |1,
B — — Zl |3
i " (=k, D), 1(1 Ci’5j)l.a |g%ga+11qral---:r;ngr 3 ,when 2 <a <1 (2.2)
k! (k) " A i 1+ L0+l P e |
=13%% ( ) (1-4d,,5)) I,
zZ (1
- 1 (_k’l)’ 1(1_Cj’5j)l 00: my+L, 1y 5...;m, ,n -1 ’
a¥ W [ | ,when 0<a <1 (2.2)
~ k'F( k) I+1 1-d. 5 P.a:py+1, 0y +15 i Py Oy
k=0 0
1( j J)| Z.| 1,
where
= (@A) 5 (000,2) (00 51) (0 560) o (), L (0el) . @)
(bj,ﬂ] BB 5 (A0,6050) L (6D L (d)65) 5 (00, 6%) L (d.67D0)
(000, (a0000p), @
— (3. oW GF (oW @ c® ,0.cO 1)
= (aa oA ¢ (e ,1)n1,n1+1( P.rPicP), L @-kL);
(60 A05) () (WA, (E0 ), @9
4 (b,aﬂ(l) :Bj(r)'Bj) :(111;1) (d(l) 5(1) ) 1(d(1) 5(1) D(l)) i "1(dlm’51“)’1)”1,’m,+1(dl§lr)’5i(lr);Dlm)qr (2'6)
_ o g - e® . ® ,0.cO 1)
= (@0 o A) (7] 1)nl,w(cj 77:CP) L (0L);
. . r N1 ) (1. (r)
1(052)’7,‘2)11)”2'nzﬂ(c,‘l’#(nycgn) (e, )n,’n+1(cj ;¢ )pr, 2.7)
=, (07 BBy s (k12) (4 57%50) ,  (d.6PiDP) s (d.675) L (df,67:D7) (2.8)
provided
() Re(c;) >Re(d;) >0, j=12,..,1, (2.9)
(i) A" >0,i=12,..,r, (2.10)
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(iii) |arg(zi)|<%Ai"7r,i “12,..r (211)

where A" is given by (1.14).
Proof:
Express the Left-hand side of (2.1) in terms of contour integral using (1.9), it becomes:

1 _ I (1—c.+5.s)

——...] 6(s).-6,(s S, S,) (@) 2,72, | | —/————=ds,..ds,

(Zw)ri I (-850 55 (@) 2" ] Tmd ras) ™ 2.12)
where ¢ (S,,...,S,) and gi(si), i=1,...,r aregiven by (1.12) and (1.13) respectively.

Using (1.16), the expression (2.12) reduces to:

1 s, Yo (Sl)k (-k.D, 1(1_01’5i)|
Cro) !...Ljrel(sl)..ﬂr(sr) é (S,...,8,) 2> 2, kz;‘(kll)"( K ¥ (1—d.,5.) ; a |ds,...ds, (2.13)

Interchanging the order of integration and summation, which is justified under the given conditions, and using (1.17), (2.13)
reduces to:

. (—k,1), 1(1—(:,.,5,.) ri-s) S
Zk'a “T(=k) |+1‘/’|{ 1(1—dj,5j)| ; ](2 o) J: jé)(sl) 0.(s.) & (5,...,5,) mzlsl".Zr ds,...ds, (2.14)

Now interpret these integrals in (2.14) with the help of (1.9) to get the right-hand side of (2.1).

The change in the order of summation and integrations which are justified because the series

5 (L) (s), (—k,1), 1(1—cj,5j)I
$ (D'65) [

a¥ ;| converges uniformly in any arbitrary interval a<s <b,
Sk T " (1md,0) ] ; T E

0,(s)...6,(s)4 (s,.-.5,)7"...2,% are continuous and the integrals

a |ds;...ds

r

1 S ( 1) (Sl)k (_k'l)’ 1(1_Cj’5j)l.
Gy | A0 000 89) 8t T (14,5

exist, when the given conditions are satisfied.

The proof of (2.2) is similar; instead of (1.16), (1.15) is used with & and S, - - ., S, are replaced by é and

=S, ...,—S, respectively.

3. Special Cases:

When 5, =1,for j=12,...,1, and using (1.20), (2.1) and (2.2) become:

zald,
IO,O: my g+ meng
p.a:pyH G+ Py 0y

zZ, [J,
I
I - - -k, (1-c; 4|13
H F(l C )Z 1 o F| 1( J)l X Ig%gh:llqnilr;,gr _when %<a <1 (3,]_)
=1 1—‘(1 d)kok' (1—d) Pl G+ Py
! i zr |4
I
® -k, 1-c. Z|lg
1'_[F(1 C)& 1 F 1( J)l S IS%glhilqnil | when 0<a <1 (32)
o IA-d;)ic okI (]__d_) h o
1 IV Zr |6
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where
3= (il A) (0 8i8) (60 050) L (e iCR), s (60 05), (e ie),

ne o n+l Pr
3=, (b8P B738y) (AP 61%50) L (dP.6DP) L (d;.11) 5 (A, 6731) L (df.67:D) ..

o (d9,60:1) d?,607;D")

m, ' mr+1( ar

and I;,1,,1;, 1 are given by (2.5), (2.6), (2.7) and (2.8) respectively.
provided the conditions (2.9), (2.10) and (2.11) are satisfied with &, =1, for j=12,...,1.

When | =0, the conditions on ¢ can be relaxed and using (1.21), the results (3.1) and (3.2) take the following form.

za| K,
0,0:my ny;...imp,ny
pvq:plvql;---;prvqr
Zr K2
o (y 1)k 7|l
_ a 0,0:m+1, My ;.;me,n | 2 .
- g Kl I PP +L G+ P, | , provided |%¢ _]-I <1 (3.3)
z.|1,
Al
k 1|1 °5
& (1-a)
_ 00:m+L, n ;..ome,n. | 2 .
= kZ; T | oo prtastipe | - , provided |1-a| <1 (3.4)
Z|1g
where

Ki= (@ia el A ) 5 (P 1%50) (6P s (e 472), o (e175C),

o= (00 B8, (A0,6030) |, (A9,695D0) oo (60,005), (0, 600)

m o om+l m, - m+ B

and I5,1,,1;, 1 are given by (2.5), (2.6), (2.7) and (2.8) respectively.
The additional conditions in the results (3.3) and (3.4) are Ai” >0 and |arg(zi)| <%Ai” 7,i=12,...,r.

Putting p=q=0, r=1, ij =L n+1<j<p ,i=12,..,r, D=1 m+1<j<q,i=12,..,r and specialising

the parameters in (2.1), (2.2), (3.1), (3.2), (3.3) and (3.4), the results established by Nair V.C [6] are obtained.
On account of the most general characters of the result (2.1), due to the presence of | — functions of several variables,
many special cases of known and unknown can be derived.
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