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1. INTRODUCTION

Differential operators plays key role in study of various generalized Rodrigues formulae,
Generating relations(including bilateral), Finite summation formulae etc.. In this paper,
operator considered as follows

0 =z%(s+zD) (1.1)

d
where a and s are arbitrary and D = e In particular, consider
i

61 =2%(1+ D) (1.2)
Some noteworthy operational formulae obtained
en{anrk} —a" <5+a+k) potktna (1 3)
a n
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where k is an integer, n a non-negative integer and « is arbitrary.

0" {zuv} = x Z (Z) 0w 67 Fy (1.4)
k=0
where n is non negative integer.

0" {x ()} = x%(0 + az®)"{f(x)} (1.5)

{2 f(2)} = 2®[(1 — azt)"7]°F* f(x[1 — azt] %) (1.6)

Shukla and Prajapati [I-3] introduced a class of polynomials connected with Mittag-
Leffler function and its generalization. Prajapati et. al. [1], Salehbhai et. al. [5] defined
sequence of functions associated with Mittag-LefHler function. Recently, Ajudia and Pra-
japati [0, 7] investigated a sequence of functions associted with Wright function and
studied its properties, in continuation of the study of sequence of functions. Here, we
eshtablished a general sequence of functions defined as,

1‘5

B 5 (pr(2))

—d—an

—— EL A on(2))0"

a,3,7,0 . _
B (250, k, 5) = (1.7)

where «, 8,7 € C;Re(a) > 0,Re(8) > 0,Re(y) > 0,¢ € (0,1) UN (furthermore, we can
consider ¢ > 0) and El% (z) is generalized Mittag-Leffler function defined by Shukla and
Prajapati [8] as

Z r om(j:B n! (1.8)

2. GENERATING RELATIONS

A considerably large number of special functions (including all the classical orthogonal
polynomials) are known to possess generating relations. We used operational technique
by employing 6 as a differential operator, for obtaining following generating relations of
equation (1.7).

0o . B T

> BB aya k, )t = (1—at)” () 0. (Px(2)) — (2.1)
— E) G (pe{z(l —at)"=})

0o ET T

D BB (wa, k, s)t"t = (14 at) "+ ~a p P2 T (2.2)
o Ey5(oe{z(1+at)e})

G m + n (0’5,7,5) . n
2 ( n )Bq<n+m> (30, k, 5)t

E % (pr(2))
E)(pe{z(l - at)~a})

1

a,3,7,0 =
BP0 (1 —at)"wsa,k, ) (2.3)

= (1 — at)imi(%)
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= /m+n (e,B,y,6—an) ;. ,
ZB ( n )Bq<n+m> (@30, k, 5)t"
S+s £ pr(T
= (14 at)(55)7! 2p D) Bl O (2(1 + at)esa,k,5)  (2.4)
E i (pe{z(1+at)e})
Proof. (Proof of (2.1)) From (1.7), consider
= an p(a,B,7,0) n [ na '] to 1,6
"By (xya,k, s)t" = 27 E ) (pr(T))e —_
B ) BN ) g
above equation reduces to
oo 5 a _ 5+s)
1— azat)~ (%
St B ITO) (3;a, , s)t" = 5 LS (o)) o)
n=0 7 E G pe{z(1l — azt) " }]
and replacing t by tx®, which gives (2.1). [
Proof. (Proof of (2.2)) From (1.7), one can get
i (0, B,7,8 aL)( )n 1 ’YQ( ()) to xé—an
B0 (s a, k, s)t" = a7 B (pr(x))e —_—
= ’ B} 5 (pr(2))
The simplification of above equation gives,
oo 5 ap ke 1
1 t) =
S Bt (g5 0k, )t = 5B (o () ) T
n=0 ’ EGlpr{x(l+ azot)a }]
which proves (2.2). m

Proof. (Proof of (2.3)) Writing (1.7) as

on prd | potan B(a ) .
W B nm an (l’, a, K, S)
therefore,

et@an mié _ n!ewﬂB(a’ﬁ’V’&)(;ﬂ-a k S)
B b (prk()) E) G () " o

above equation can be written as

X m é

> L

2= ml B (pi (@)

d+an as\— 81—5 —-n

- n;q( (1 _(fx 2 i) 1)}) Béféz’ﬁm&)(l‘(l —azt)"%;a,k, s)
a:ﬁ Pr1r(l —ax®t) a
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this reduces to

- M AN\ omp(@.87,8 m
S (" e b

m=0
. E’Y,q T
= (1 —aaeg)= (%)= EX%(p {Zfl(pk(agiit)‘l})Béi’m";) (2(1 - az"t)"%;a,k, )
a,8\Pk - ¢
replacing ¢ by tx®, this leads to (2.3). L]
5

Proof. (Proof of (2.4)) Multiply T and then employing 6™ on both the sides

Eq 5 (pr())

of equation (2.2), we have

xﬁBtg%/Bry’é_an) (x’ a7 k’ S)

= .. 0 L 1gm 20
”Z::OG { Eappr(2)) }t e ’ {El:qﬁ(pk{x(1+at)i})}

Equation (1.7) can be written as

1 z?
1,.04+a(m+n) (0,8,7,0) /... —_ gm+tn
(m+n)lx 7Eg’%(pk($)) Byiminy (@3a,k,s) =0 I
ie.
xé-&-a(m-‘rn)

B(&A9) (z;a,k,s)

ot BT oata) e

o bt T BB (g
= ! B (g 2.6
Mg k) 26)

replacing § by § — an, above equation reduces to
z° (a,8,7,0—an) )
o B &2 0mam) (g ks
ELG(pr(x)) " Y

_(mn)! 2 e pas-an)
nl B} (pr(x)) atmEm)

(z30,k, 5) (2.7)

From equation (2.5) and (2.7), we get

BT (p(z)) atmm

n=0

S5+s 1

=(14at)

xé—i—am (@.7.6) N
T\ B b1 Ty [ D a0 k)

this follows (2.4). ]
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3. GENERATING FUNCTIONS INVOLVING STIRLING NUMBER

Riordan [9], defined Stirling number of second kind as

-
so that
S(n,1) = S(n,n) =1,S8(n,n—1) = (Z) and S(n,0) = { (1) Z;%

The following theorem is useful to get some generating relation for B(gfi’ﬁ ’7’5)(:10; a,k,s);

Theorem 3.1 (Srivastava (Theorem 1) [10]). Let the sequence {(,(x)}22, be generated
by

Z (n —;m) Cnan(@)t™ = f(z,0){g(x,t)} " Cu(h(z, 1)) (3.2)
m=0

where f, g and h are suitable function of x and t.
Then the following family of generating function

Y m Gulhlz, =2))" {g(w, =2)} " = {fla,=2)} 7" Y mIS(n,m)G ()"
m=0

m=0
(3.3)
holds true provided that each member of (3.3) exists.
The generating functions (2.3) and (2.4) related to the family given by (3.2).
By comparing (2.3) and (3.2); g(x,t) = (1 — at), (n(z) = Bé%’ﬁmé) (z;a,k,s),
h(z,t) = 2(1 —at)" and f(z,t) = (1 — at -(5) o5 (=) , we get
(#.8) = a(0 —at)y~F and fo.) = (1 —at) () LD e
S° mn B (1 + az) " Fia, k)™ (1 4+ az) "
N ED z(1+ az) %
=(1+ az)(at ) (pE]’C;{’q((pk Z m!S(n, m)BL% ﬁ,»y,a)(x; a,k,s)z™  (3.4)
replacing z by - and x by (1+”” T above equation gives
. E’Y,q T
Zm (28:7:9) (3 0, k, 5)2™ = (1 — az) (%) — a.p (Pr(z) —
m=0 Ea:B(pk{x(l - az) @ })
Z m!S(mm)B(gi{B”"s) (m(l - az)_%;a, k, s) (1 jaz) (3.5)

m=0
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with |z] < |a|71;a # 0.
Similarly, use of Theorem 3.1, to generating relation (2.4) gives generating relation as

Z m”Béﬁ;B’%‘S*“m)(x(l — a,z)*%;a7 k,$)z™(1—az)™™

m=0

E % (pr{z(l - az)"7}) &

=(1+az 1-(%5) m!S(n,m B(?,’B’Wg) x;a,k,s)z™ 3.6
(1+ a2 TG o S mBE T ek 2 (9

m=0

replacing z by and z by z(1 — az)_% above equation gives

l—az
> . E}" -
S B (b 5)2 = (1 az)(59) 1 FapPe)
m=0 Ey s (pe{z(l+az)7})
Z mlS(n, m)Bé‘,",{ﬂ’%‘;) ( (14 az) ;' ) (1 n az> (3.7)
m=0

with |z < |a|71;a # 0.

4. BILATERAL GENERATING FUNCTIONS
A class of function {S,(x),n =0,1,2,...} is generated by
> A Smnt™ = (@, t){g(a, 1)} " S (h(x, 1)) (4.1)

n=0

where m is non negative integer, the coefficient A,, ,, are arbitrary constant and f,g,h
are suitable functions of x and ¢t. Equation (4.1) is well-known in the literature as the
Singhal-Srivastava generating function [11].

Theorem 4.1 (Srivastava and Manocha [12]). For the sequence {S,(z)} generated by
(4.1), let

)= anSn(x)t" (4.2)
n=0

where a,, # 0 are arbitrary constants, then
fla ) Flh(z,t),yt{g(z, )} =D Sa(@)on(y)t" (4.3)
where 0, (y) is a polynomial (of degree n in y) defined by
= i apAp_ry* (4.4)
k=0

Theorem 4.1 play an important role to obtain a bilateral generating relation from (2.3).
Considering S, () = Bin " (w0, k,5), A = ("), g(2,t) = (1 — at),
B a1 B C(ax2y " EL (k)
h(z,t) =x(1 —at)"« and f(z,t) = (1 —at) \ @

EY (pr{e(1—at) @ })

in above theorem,
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produces
S° B (50, k, )0 (y)t"
n=0
s E4 x t
:(1—at)7(51— ) _ a’ﬁ(pk( ) __F T - Y (4.5)
Ey4(pefz(l —at)"=})  L(1—at)s (1-at)
o0
where F(z,t) = Y anpSp(x)t"
n=0
Srivastava and Lavoie have generalized McBride’s theorem [13] in 1975 as follows.
Theorem 4.2 (Srivastava and Lavoie [11]). If sequence {(,(x) : uis a complex number}
is generated by
S ApnCuin (@)t = fla t){g(e, 1)} Culhlx, 1)) (4.6)
=0
where A, ,, arbitrary constants, and f, g, h are arbitrary functions of x and ¢. Let
(D)\ v 1' t Z ay n<p,+)\n (au,n 7£ O)a (47)
where X is positive integer and v is an arbitrary complex parameter.
Then
(oo}
> Guan @B )" = f g, 0} #Oa [ 1)y g, 0} Y] (@48)
n=0

where Pri‘,y(y) is a polynomial of degree [g] in y, which is defined as,

(%]
Pi\,u(y) = Z AV—{-)\T,n—)\r Ay.n yr
r=0

x;a7k7s)7/j/: m,
g(z,t) = (1—at) and h(z,t) =

In the generating relation (2.3), consider (,(x) = Bé(f{’ﬁ’%é)(

— (&= EY G (pr(x))
Ay = ("™, f(z,t) = (1 —at () . —,
= () (o) = (1= () )

n

2(1 —at)~%. Then

= a,3,7,0 n
ZBé(mﬁgl))(x a,k,s)P),(y)t
n=0
s £ x )
= (1—at) () 0,57k (®) by, | (4.9)
Bt ta(—at) 5 L0 =t (0 —ah)
where,
Dy (2, t) Zal’" 7;16_;1\’2) (x;a,k, s)t", with a,,, #0, (4.10)
and
(1]
v+n
PA = v,n "
=3 (%) n
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is a polynomial of degree [%] in y, A is positive integer and v is an arbitrary complex
number.

Theorem 4.3 (Srivastava [15]). For the function (,(z) defined by (4.6), let

O%" [ Y1, -y yis 1] chgﬂm )yt (Y1, oy )", CY £ 0, (4.11)

where p and v are arbitrary complex numbers, p and A are positive integers, and
Q. (y1, ..., y1) is non-vanishing function of [ variables yi,...,y;, I > 1. Then

oo
Z Cu+n (x)Qf{,l;\,# (Y1, - y1; 2)t"
n=0

A
h(x,t);yl,.--,yz;z{g(;vw} ] (4.12)

where Qn \ “(yl, .., Y15 2) is a polynomial of degree [L;] in z (with coefficient’s dependent

on yi, .. ,yl) defined by

= [z, t){g(z, )} 7O,

%]
fl:l;\#t(ylv ces Y13 Z) = Z A;LJr)\r,nf)\r C#WQLHLPT (yl; ceey yl) 2" (413)
r=0

considering,

@I))\:I:n [!L‘; Y1y eeey yla Z Cm Uv(iiné (£E7 a, kv S)Qu+pn(y17 ceey yl)tn7 CZL’U 7é 01
(4.14)

where v is arbitrary complex number, p and A are positive integers and Q, (y1, ..., 1) is
non-vanishing function of [ variables y,...,y;, [ > 1.
ote) B % (pr(2))

Taking ¢, (x :B(Z’B’”"” r;a,k,s), f(x,t) = (1 —at -(% —.
B Gala) = BP0 s k), (o) = (1 an) (8) BRI

g(z,t) = (1 — at), h(z,t) = (1 —at) ", = m, Ay, = (") in above theorem, and
generating relation (2.3) yields bilateral generating relation as

" ey EX(me(@))
Z Bé(fﬂl’f)(x;a,k,s) e (U5 s yr; 2)t" = (1 — at) (%) —
=0 E%(pr{z(1—at)~+})
1 t A
<00 x(l—at)‘“;yl,m,yz;Z{l_at} ] (4.15)

where n 5y S W1, -, Y15 2) is a polynomial of degree [%] in z (with coefficient’s dependent
on yi, .. ,yl) defined by

i

(3]

m—"_n m,v T
Y1y Y 2) = 2 (n B /\r> Cl" Qi (Y150, 41) 2 (4.16)
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5. FINITE SUMMATION FORMULAE

In this section, We obtained finite summation formulae for equation (1.7) as

(@,B.7:8) (.. N am (s (@B,0) .
BLA ) a0,k 5) = - <a> B (w3, k, ) (5.1)
m=0 m
n m
B( B9 (1 a, k, 5) Z L' (*) é?,ﬁg{;;)(x;a,hs —0) (5.2)
m=0 m:
~a” (1) e
(a,B,77,6+p+1) (.. _ “ a,B,7, .
Blapmtu (z;a,k,s) —mz::O - ( . )mBq(n_m) (z;a,k,s) (5.3)

Proof. (Proof of (5.1)) We can write (1.7) as

l,féfan

o B - 1
Bén’ﬁ’%é)(@aakﬁ): ol EZ;?;(pk(x))ﬂ {xa:5 1}

using (1.4) we get,

—d—an n 1
B(Q;B,’Y,fs) ca. k — z E4 n gr—m om 6—1
qn (1’,&, 75) n a,ﬂ(pk(x))x E;:%(pk($)) 1 {:U }

Equation (1.3) yields
1B8,7,6) (-
Béi v )(x,a,k,s)

—an

D ol (A {m} a(2) e e

m=0

Putting 6 = 0 and replacing n by n —m in (1.7) gives

—a(n—m) 1
BP0 (wa,k, 5) = T B2 (p(2))07 " (5.5)
an=m) (n—m)t 7 E 5 (pe(x))
use of (5.4) and (5.5), follows (5.1) m

Proof. (Proof of (5.2)) From (1.7) and (1.5) it follows that,

—an

1
B@8.7.8) (- e o VY @)
w0 @ik ) = o B (@))(0 +02)" | s

this gives

1 xann!
0" = BB (pa ks — 6 56
{Elz%@k(x»} B m@) ) (56)

with the help of (1.4), equation (1.7) gives
Béz’ﬂ"y’“)(x; a,k,s)

g~ (o+an)+1 S N n n\ T ;
= TEa,ﬁ(pk( ) Z (m) 07" { 10 {E%q (pk(x))} (5.7)

m=0 a,p
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Using (5.6), simplification of (5.7) reduces to (5.2). ]

Proof. (Proof of (5.3)) Using (1.4), equation (1.7) can be written as
Bl (g5, k. o

x—(é-{-u-&-an)

T By (2 ok TRVl P J———
S TN >>Z(m>91{ I { Ez;g@k(x))}

m=0

this leads to (5.3). ]

6. SPECIAL CASES

Special cases of Béﬁ’ﬁ ’7’6)(33; a, k, s) obtained by considering suitable values of param-
eters. Putting a = 8 =+ = ¢ =1 and pp(z) = Bz* in (1.7) reduces to
B1(11,1,1,6) (z;a,k,8) = xa(sfn),rg(m; k, B, a,s) (6.1)
where
« Iiail{n T K o r
T (@57, B 5, 1m) = ———exp (Ba”) [2"(n + 2 D)]" {z” exp(—Ba")} (6.2)

is defined by Chen et. al. [16].
If a =8 =~=¢qg=1 then (1.7) reduces to

B,(ll’l’l";) (x;a,k,s) = M,‘gn(m; s, a) (6.3)
where
—d—an
My, (55, a) = o exp{px(x)} [2*(s + 2D)]" {a° exp —pp(2)} (6.4)

given by Joshi and Prajapat [17].
Ifa=p8=v=q¢=1and pg(x) = = then (1.7) gives

BUAL) (320, 1,5) = "V (23 a) (0

where Y,*(z; a) is Konhauser polynomial of second kind defined by Konhauser [18].
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