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1. Introduction

Hypergeometric Polynomials occupy the pride of place in the literature on spe-
cial functions. One variable special functions namely Madhekar- Thakare polyno-
mials, Mittag- Leffler polynomial, Konhauser polynomials, Gottlieb polynomials,
Jacobi polynomials, Legendre polynomials, Ultraspherical polynomial and the poly-
nomials hypergeometric in nature, are closely associated with problems of applied
nature. For example, Ultraspherical polynomials are deeply connected with ax-
ially symmetric potential in n dimensions and contain Legendre and Chebyshev
polynomials as special cases. Further Bessel functions used in our work are closely
associated with problem possessing circular or cylindrical symmetry. For example,
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they arise in the study of free vibration of a circular membrane and in finding the
temperature distribution in a circular cylinder. They also occur in electromagnetic
field theory and numerous other areas of Physics and Engineering.

The Laguerre polynomials used in our work play an important role in finding the
wave function associated with the electron in a Hydrogen atom. Further, Laguerre
polynomials are encountered in the solution of the problem on the propagation of
electromagnetic waves and in the analysis of the motion of electrons in Coulomb
field, as well as in certain other problems of theoretical physics.

The present paper mainly aims at applications of the theorems given by Chaud-
hary [6,pp.261-263] in obtaining bilinear and bilateral generating functions for a
class of hypergeometric polynomials. The results obtained in the paper are new
and generally not seen in the literature on special functions. The theorems used in
our work are as given below:

Theorem 1: Let F(z,t) be a function having formal power series expansion in ¢,
given by

= Cp ful2)t" (1.1)

where C), is a specified sequence of parameters, independent of x and ¢, and
fa(z);n = 0,1,2,..., are polynomials of degree n in x. With restrictions on
Xy, Xy, X3 andt, such that triple hypergeometric series of Srivastava and F’ (3:, Zt_zl)
remain uniformly convergent for z € (0, 1), then

o0 p+mn, (a):(b); (V)5 0"):(c) 5 () 5 (")
F® X1, Xy, X3

n=0 1+p_q g (d)  =:(e)5(e);(e"): ()5 ()5 (f")s

~I(»I(qg—p) /0 F =T
(@)::(b)5 (V)5 (") < (c) 5()5(") 5
x F®) X,z Xpz, Xaz F(m te 1) dz
(d):z(e)s(e)s (") (f)s (f)s () T
(1-» ¢ Z: Rla) > R(p) >0)

where FO[X,, X5, X3] is Srivastava’s triple hypergeometric function.

Theorem 2: Let .
= fula)t" (1.3)
n=0

(1.2)
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where f,(x) are the polynomials of degree n in z, then

1 [ee]
— / e P "\ Fi[e; by yp] 1 Fila; d; 2p] G(x, tp) dp
0

Z n Folh+n5a,c;d, b; 2, y] fo(x) t" (1.4)

(R(n) > 0)

where F, is Appell’s function of second kind.
Theorem 3: Let -
=2 Julo)t
n=0

where f,,(z) are the polynomials of degree n in x, then

/ / e~ Pra) et LB s e ypg) o Fy [—; d; 2pg] Gz, tpq) dpdg

Z Jn Fula +n,b4+n;e,dyy, 2] fuo(z)t" (1.5)

(é}%(a) > 0; R(b) > o)

where F} is Appell’s function of fourth kind.
Corollary: On taking B=B' =B"=F=F =FE'=(C"=
with X35 =0 gives

F" =0, theorem 1

p+mn, (a):(c);(d);

i 7@ X1, Xo | fulz)t"
mrd 1+P—q g, (d) ()5 (f);
1 (a):(c) 5 ()3
_ I'(q) p—1 q—p—1 1(2)
_ 2711 ) F Xz, Xoz | %
F<p>F<q—p>/o (d): (f)5 ()
F(x tj1>dz (1.6)

(q —p ¢ Z; R(q) > R(p) > 0)
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where F(? is Kampé de Fériet’s double hypergeometric function.

Again on adjusting parameters and variables suitably, the results for Lauri-
cella’s functions F), FS) | FE and FY [28,p.60] given by Mathur [16,pp.222-223,
Equations (2.2)-(2.5)] follow as spec1a1 cases of Theorem 1.

Further on making applications of these theorem, many more known and new
results can be obtained by specializing the parameters or variables or both.

It is worth pointing out that F® is a generalization of F} to Fi4[14, pp. 113-
114] series of Lauricella, Kampé de Fériet’s double series F®[1, p. 150(29); see
also 5,p.112], H4, Hg and H¢ of Srivastava[23, pp. 99-100; see also 25] and F of
Sharma [22, p. 613(2)].

2. Definitions

The hypergeometric functions and polynomials needed in our subsequent work
are as defined below:

The Kampé de Fériet’s double hypergeometric function F®*[1,p.150] is defined

s (@i (O (D] 2 "
F(Q) T,y _ Z [( )]m—i—n [( m n Y (21)
(f): ()5 (h); = = (Dl [(9)]m [()] mi 0!
where (a) and [(a)]nen Will mean the sequence of A parameters aj, as, ..., as

and the product (ai1)m+n(@2)min - (@a)min respectively. Thus [(a)l],, is to be
interpreted as

A

[(@)]in = [ [ (@) = (a1)m(az)m -~ (aa)m =] W (2.2)

i=1 i=1

with similar interpretations for [(b)], [(d)] etc.
F® has Appell’s functions Fy, F, and F, as special cases, that is,

Fila .7 60,y = Y0 3 e O el ) <1 (23)

0 n=0 m-+n m!n!

m

Rlo, 750, € .y = 30 5 e O OBl gy <1 2a)

&), m!n!

m=0 n=0
Fia, 857 6 @, 9] = Y ( )(;)m((a)) —;nlnl [z + /Iyl <1 (2.5)
m=0 n=0 n
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Srivastava’s generalized hypergeometric function F'®)[24,p.428] of three variables is
defined as

(@) (b)5 (0) 5 ()2 (c) 5(c) 5(¢") 5
F® T, Y, 2

(d) :(e) 5 ()5 (") = (F) 5 ()5 () 3

In [()]pa™ y" 27

)n [(f7)]p min!p!
(2.6)

It will be assumed throughout the paper that the absence of parameters shown by

horizontal dashes mean that there exist no parameters and in that case, from
0

(2.2), the conventional value of an empty product will be unity, that is, [](a;)m, =
i=1

1. Further numerator parameters like (a), (b), (b') etc. may be zero or negative
integers, but the denominator parameters like (d), (e), (¢’) etc. are not allowed to
be zero or negative integers.

The region of convergence of above triple series (2.6) is given in the literature
[8,p.156; see also 9,p.40].

The function Fy in the notation of Saran[19] indicating also the numbering of
Lauricella[14] on the left is as given below:

NN L@y [0 [(0)]nsp [(0)]psm [(0)]m (<)
ZZ (Dlmtntp [(€)lman [(€)nap [(€)]prm [(F)]m [(F

m=0 n=0 p:()

Fg:Fg[a,a,CL; b,C,d; e?faf; xayVZ]ZZZZ m-‘r?’b-i-p ) (C)N( )px y 2

m=0 n=0 p=0 ( )n—l—p m! n'p‘

(2.7)
(lfff|<7", lyl <s, |2] <t, T+S=1:r—|—t>

The Jacobi polynomials [18,p.254] has Ultraspherical (or Gegenbauer) polynomi-

1
als C%(x), Legendre polynomial C’n/Q(x) and the generalized Laguerre polynomials
Lga)(x) [18,p.200] as special cases and is defined by:

(1+a), — lratfan <€§ 1—95)

211 5
1+«

P (z) =

n!

(2.8)
where H\™?) (¢, ¢, ) [12,p.158] is the generalized Rice polynomial of Khandekar[12].
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Szeg0[29,p.64; see also 17,p.190] established the formulae:

e T(1+a 1+z\" I
Pé B )(:v): ( ) o F) z—1
I'l1+a—mn)n! 2 lta—n -
9

1—2\" x+3
_ p—a—B-1,-n) 2.9

P @) = (<1)" PP (~a)

o _ (1+a), at3 T
P! >(a;)_—<1+2a)n Cn 2 (x) (2.10)
Py(z) = B (x) = C)*(x) = (=1)" Pu(—2) (2.11)
@(p) = LT i pen (2
o=ty e frn(o3)) e
72 J(2Vx) = Tlim {n—a L@(%)} (2.13)

where in each of the equations (2.8) to (2.13), ®(a) > —1, R(f) > —1 and n is a
non-negative integer.

The Madhekar-Thakare polynomial JieP) (x; k) [15,p.421;28,p.197(Q.No.64)] is
defined as

—n, A(k;a+B+n+1) ;
k1 % (52)k (2.14)
A(k; 1+ «) ;

(1 + Oé)]m

T k) = )

where £ is a positive integer, and
e a:1) = PO

The Konhauser polynomial Z%(z; k) [13; p. 304,(Eq.5); 28, p. 197 (Q.No. 65)] is
defined as

1 n
Z%(x; k) = ﬂle (£ |, keN (2.15)

n! Alk; 14+ a)
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2z
Z%(x; k) = lim { JleP) (1 - —); k}
i) = Jim {g00(1-2
Zi(231) = LY ()
The Gottlieb Polynomials [11,p.454,eq.(2.3)] is defined as
—n, =T ;
Uo(z; ) = e ™ B 1—e (2.16)
1 ;
e 0, (z; \) = PO~ (9eh 1) (2.17)
The Mittag-Leffler Polynomial g, (2)[28,p.185(Q.No.45); see also 2] is defined as

1l—m,1—2 ;
gu(T) = 22 o1} 2 (2.18)
2 ;

The Bessel function J,(2)[28,p.209(Q.No.1)] of order v is defined as

J,/(Z) = (5+0F1 —Z ; 2 € R (219)

3. Applications
(i) Consider the generating function [28,p.209(Eq.10); see also 7,p.62(Eq.27)]

< (), -n, (9) ;
Z ( ), a+1 41 r | t"
= v 1—=XA—n, (h) ;
(9) 3
=(1—t)aFy xt (3.1)
(h) 3
where (g) stands for G number of parameters gi, gs, ..., go with similar
interpretation for (h) and |¢| < 1.
(9) ;
In (3.1), we take F(z, t) = (1 —t)"* o Fg xt
(h) ;

Combining (3.1) with (1.1) and using corollary of Theorem 1 we get

- o, p+n, (a), () ;
Z a j_p; _( q)) o 1+A+cFiypyr y | X
n=0 " q, (d)) (f) 5
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G+1 a1 x | t"

| —————5—1 (a), (0) ;(9);A ;
=F® y, xt, t (3.2)
—u—31+p—q;—:q, (d), (f);(h);—;
which for G = H =0, A = —a and with ¢ replaced by —t, gives

p+mn, (a), (c) ;

= p n a—n n
Z TN +(p>— 7 1+a+cFiipyr y | L (z)t
n=0 " g, (d), (f) ;
p osi—j———3—: (a), () 5—; —a;
= F0® y, —at, —t

— 5 l+p—qi;—:q, (d), (f);—;

9

(a—n)

where Ly, " (x) is the restricted Laguerre polynomial given by (2.12).

Further in (3.2), taking C = D = F = H =0, A = G = 1 and then replacing
A by 1+4+p—gq, we get

%0 -n, 8 3 ptn,a ;
Z(m'nQFl T | o y | t"

n.
n=0 ¢g—p—n ; q ;

=Ielp.p.p,o. 14 p—q ¢, 1+p—ql+p—qyati  (34)
where Saran’s function Fg is given by (2.7).

Equation (3.4) for y = 0 gives

- (p)'ﬂ - ﬁ ’ n __ . .
> ek v | "= Fip, B, 1+p—q; 1+p—q; at,t] (3.5)
n=0 " g—p—n ;
where Appell’s function F} is given by (2.3).
(ii) Consider the generating function [28,p.185(Q.45(ii));18,p.290(8); see also 3.

1—z ;

o tn’
Z gn+1(x)—' =2z [ —2t (3.6)
n=0 n 2 5
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where g,,1(x) is a Mittag-Leffler Polynomial given by (2.18).

1—x 3
Then for F(z,t) = 2ze' 1 F} —2t |, the application of corollary of
2 3
Theorem 1 would give us
o0 p+mn, (a), (¢) ;
(P)n n
1+p—q)nn! 1+A+cFiipyr Y | gnyr(x)t
n=0 A 4, (d)7 (f) )
poui—j———5—: (a), (¢) 51 —x3—;
— 9, F® y, —2t, t
—u—3l4+p—q;—:q (d), (f); 2 ;—;
(3.7)
which for y = 0 gives:
0o P -z —3
Z . (P)n P gn1 ()" = 2x F® —2t, t
nzo( +p = qan! l+p—q: 2 ;—;
(3.8)
Further equation (3.7) for A=C =D =1, F' =0, would give us:
e +n, a, H
(p), 3k o . Y | Gnr(x)t"
1 —q)pn! "
= (LEp—dn q, ;
poi— i —i, fil —wy—
=22 F® y, =2t t | (3.9)
—u—3l4+p—qgi—:q, 75 2 5—;
(iii) Consider the generating function [2,p.140; see also 28,p.214(Q.No.10)]
2 (M) 1 1
> Wi P (@) ¢ = Fy| A, —a, =5 pi; —5 (2 + 1t —5(x — 1)t
(3.10)

where P77 (x) is the restricted Jacobi Polynomial given by (2.8).

In (1.1), we take F(z,t) = Fi[\, —a, —; p; —3(z +1)t, —1(z — 1)t], combin-
ing (3.10) with (1.1), then using corollary of Theorem 1, we get
(p)n p+ n, (CL), (C) 3

) () 1+A+0F1ipir y | P (@) e
n=0 " q; (d)v (f) ;
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p -3-35-: (a), (¢) 5 —a; —B;

=G y, —5(x+ 1)t, —5(z — 1)t
~ios =i (d), () 5—3—;
(3.11)
Now for C =D = F =0, A =1, above equation reduces to:
. (P ptn, 7y
Z 2 F Y Prgain’ﬁin)(@ "
=0 (n q ;
1 1
= FG p,p,p,7, —Q, _67 q, kb, 15 Y, _5(33 + 1)t7 —§<ZIT - 1)t (312)

Again equation (3.12) in the light of the result (2.9) gives an elegant gener-
ating relation in the form:

o n +n,v ;
1— p ) ’
S () en y | P (2E2)
x_

(1) q ;

2< 2
Further by means of the relations (2.10), (2.11) and (2.12), equation (3.12)

reduces to generating functions involving Ultraspherical, Legendre and La-
guerre polynomials.

1 1
= FG |:p7p7p7’77 —Q, _Ba q, by 115 Y, —5(T + 1)t7 ——(I’ - 1)t:| (313)

Consider the generating function [15,p.421; see also 28,p.197(Q.64(ii))]

i in Alk;a+p+1) ;
TP (k) e = € —(555)M
n=0 (o Dn Alkia+1)

(3.14)
where k is a positive integer, A(k; b) represents an array of k parameters given
by 2 o b+1, ce %k_l and J,S“’ﬁ‘")(a;; k) is a Madhekar-Thakare Polynomial
given by (2.14).

In (1.1), we take
Alk;a+8+1) ;
G([L‘,t) = Gthk —(ka)kt

A(k;a+1) ;
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Combining (3.14) with (1.3) in Theorem 2, we get

o0 () b+n,a ;
Z — 2F1 zZ JT(La’B—n) (.T, k) t"
p— (Oé—l-l);m d ;
b i—5—5—a;— 3 A(ksa+ S+ 1)
:F(3) Z, t? _(ka)kt
— iy ——id;—; A(ka+1)

(3.15)
Now expanding F® of (3.15) for k& = 1, multiplying by " u~?, replacing ¢ by
% and then evaluating the result obtained with the help of contour integral

for Gamma function [10,p.32(1.5.1.5)]:
1 1
— YoMy = ——— 3.16
27 J o “v ! C'(a+m) (3.16)

(where m is a non-negative integer and a does not take non-positive integer
values), we get a bilateral generating function involving Jacobi Polynomials:

b+n,a ;

S (0)n -
PO 2 | Py
Onla+1),° "
2O
b i —5—5—a;—s;a+5+1;
— FO y S
— i 0 5—ids—; a+1
Further equation (3.15) for k£ = 2, reduces to
o0 b+n,a ;
bn 9 bl
> . >1) B 2 | s (g 2) g
a n
n=0 2 d 3
b oo e .g._ .otBHl atft2.
.. ’ 9 « Uy ’ 2 ) ’
= F® 2 b, =220 | (3.18)
. ’ 3 < Uy ’ 2 v 9 3

(v) Consider the generating function [11, p. 454(Eq.2.3); 18, p.303 (Q.No.10);
28, p.186 (Q.No.47(ii))]

E (2 0)— = €' 1}y —(1—e M)t (3.19)
n.
n=0 1 ;
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where £, (z; \) is the Gottlieb Polynomials given by (2.16).

r+1 ;
In (1.3), we take G(z,t) = €' 1 F} —(1 —e )t |, combining (3.19)
1 ;
with (1.3) in Theorem 2, we get
00 b+n,c ;
b n ) 9 n
n=0 " b ;
b vi— 5 — 5 — 1 —xy—3C;
= F® (1—eMt, e,y (3.20)
—i—;—;—: 1 5—3b;

which on using (2.17), replacing ¢ by %, multiplying by e“u~* and then eval-
uating with the help of the integral (3.16), gives a result involving Jacobi

Polynomial:
0o ) b+n,c ;
Z( )n‘2F1 y P(Omfn)(2€7)\_1)tn
= (1) n! b :
b ot — 5 — 55— cy—s3x+ 13
=F® y, t, (e — 1)t (3.21)
—u—; py—ibj—3 1

(vi) Consider the generating function [13, p.304 (Eq.5); 26, p.490; 28, p.198
(Q.No.65(ii))]

o tn
> Z8(wik) ———— = oFy —(Z)k¢ (3.22)
n=0 (@ + D Alk;a+1)

where Z%(z; k) is the Konhauser Polynomial given by (2.15). Then, the
application of Theorem 3 would give us:

a+n,b+n ;

N —(a)n (0)n o Fy y | Z3(x; k)"

n=0 (Oé + 1)k’n
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ayber — 5 — 555
— s ——: ¢ ;—5Aka+1);
which for £ = 2 gives:
o0 +n,b+n
b arm ;
(a)n( )n £ Y Zz(,r; 2) i
n=0 (a+1)2n c :
a by — 5 — 5 — 55 ]
= F® y, t, —=t (3.24)
e e e+ e cafl o ad2,
’ ’ * 9 Y 92 9 9

Further multiplying by e“u=?, replacing t by % and evaluating the result
obtained with the help of the integral (3.16), equation (3.23) for k = 1 gives:

a+n,b+n ;

—  (@)n (D)n (a)
d LR y | Ly ()t
= (B)n (a+ 1), . :
a, b::—7—7—:—a—7 H
= F® y, t, —at (3.25)
— 3 B y—: cyj—sa+1;
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