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Abstract. We construct new (n + 1)-variable models of irreducible representations of the Lie
algebra #5. An n-fold integral transformation is used to obtain a new set of models of %5 in
terms of difference-differential operators. These models are further exploited to obtain recurrence
relations, generating functions and addition theorems.
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1. INTRODUCTION

There is a close connection between models of Lie algebras and identities in spe-
cial function theory. Miller [8] and Vilenkin [19] have developed this connection
systematically from its basics. Manocha [7], Govil and Manocha [3] have studied
this relationship via certain integral transformations thereby obtaining various recur-
rence relations and identities in the theory of special functions. Sahai [11, 12], Sahai
and Srivastava [ | 3] have extended this approach to obtain numerous results in the the-
ory of special functions of one and several variables. The Lie algebras considered for
obtaining these results mainly include the special linear complex algebra s/(2,C), the
oscillator algebra ¢/ (0, 1) and the 3-dimensional Euclidean algebra .73. In the present
paper, we extend this study to the 5-dimensional Lie algebra .%5. We construct new
(n+ 1)-variable models of irreducible representations of %5 in terms of differential
operators. Using an integral transformation, we obtain models of J#5 which are ex-
plored for recurrence relations, generating functions and addition theorems. These
results are believed to be new.
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Earlier, notable contributions in relating the Lie algebra .#5 and special func-
tions have come from the works of Khan and Ali [6], Pathan et al [9], Srivastava
et al [18] and Yadav and Rani [20]. The multi-variable Lauricella series as well as
their Srivastava-Daoust generalizations are extensively described in the monograph
by Srivastava and Karlsson [16]. Some developments in the usage of Lie algebraic
techniques to study the theory of multi-variable and multi-index Hermite polynomials
have been studied in [2]. Decomposition formulas, linearization problems and cer-
tain interesting properties associated with generalized Lauricella functions also exist
in literature, see [4, 5, 15]. Moreover, the incomplete Lauricella functions and their
associated properties including integral representations, finite summation formulas,
transformation and derivative formulas have been discussed in [1]. Recently, Srivast-
ava [14] has listed some important developments in the theory and applications of
hypergeometric and related functions.

The paper is organized as follows. In Section 2, we give a brief review of the
Lie algebra .#5 and its representations R'(®,mo,u) and 15, - One variable models of
representations R’(0,my, 1) and Tg)_y are given following Miller [8]. An r-fold integ-
ral transformation is defined and transforms of certain operator expressions are given
that are needed for our discussion [3]. In Section 3, we give (n+ 1)-variable models
of representations of %5 in which the representation spaces have basis functions ap-

n n
pearing as | Fp <—k; - ¥ u,-xi> *and |Fy ( —h—o;—; ¥ uix; | M, respectively.
i=1 i=1

In Section 4, we obtain the transformed models of Section 3 in terms of difference-
differential operators with basis functions as Lauricella functions F, A(") and Fg”), re-
spectively. Further, we utilize these models to obtain some recurrence relations and
generating functions. Finally, in Section 5, all the models of Sections 3 are utilized
to obtain interesting addition theorems.

2. PRELIMINARIES

The Lie algebra .#5 is the Lie algebra of 5-dimensional complex Lie group Ks,
given by:

1 ce* be™ 2a—bc 7
0 € 2ge™™ b—2gc O
Ks =< g(q,a,b,c,t) =10 0 e ° —c  0]||g,a,b,c,teC
0 0 0 1 0
0 0 0 0 1

where the group operation is matrix multiplication [8], satisfying the multiplication
law:

gl (q7a’ b’c’ T) gZ(q,) al’ bl? C/7 T/)

=g(qg+qe® at+d +ech +c2q e b+be"+2cqe®, c+cle T 1+7), (2.1)
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where g, a, b, c,t,q',d', b, ', 7 €Cand g, g1, g2 € Ks.

The identity element of Ks is g(0,0,0,0,0) and the inverse of g(g,a,b,c,T) is
g(—qe %, —a+bc — c*q,—be "+ 2cqe ", —ce*,—1). The 5-dimensional complex
Lie algebra %5 has basis { _¢#3, 7+ &, 2} satisfying the commutation relations:

|73 rE =2 %, [ 2]=22 [/, 77]=¢6 (2
7 2]=20", [7",2]=0,
[75.6] =77 ¢]=[2.6]=0,

where O is the 5 X 5 zero matrix.
Let p be an irreducible representation of .5 on a vector space V and let

FF=p( ), P=p(f7). E=p(6), 0=p(2)
be operators on V. Clearly, these operators obey the commutation relations identical
to (2.2).
Let S denote the spectrum of J* and let the irreducible representation p satisfies
the following conditions:

(1) Each eigenvalue of J3 has multiplicity equal to one.

(2) There is a enumerable basis for V consisting of all the eigenvectors of J°.
This ensures that S is enumerable and that there exists a basis for V' consisting of vec-
tors {f,, | m € S} such that J> f,, = mf,,. It is well known that the oscillator algebra
%(0,1) is a subalgebra of Lie algebra .5 and an irreducible representation of ¢ (0, 1)
satisfying (1)—(2) is isomorphic to one of the irreducible representations R(, m, u)

or T of 4(0,1). In the following, we study such representations of .#5. Indeed, we
have [8].

Theorem 1. Every irreducible representation p of 5 is isomorphic to a repres-
entation in the following list:

(1) The representation R (®,mq,u) defined for all ®,my,u € C such that u # 0,
0< Remg < 1 and ®~+my is not an integer. The spectrum of J° is the set
S ={mo+n:nisan integer}.

(2) The representation Téo , defined for all ®,p € C such that u# 0. The spectrum
of I3 is the set S = {—®+ n : n is non-negative integer}.

For each of the above cases, there is a basis of 'V consisting of vectors { f,, | m € S}
such that

J3fm:mfm7 Efm=ufm, QOfm=pfm+2,
T fn=ttfmsr, I fn= (m+®) fn—1. (2.3)
On the right hand side of (2.3), frn=0ifm¢&S.

One variable models of the irreducible representations of .5 are given by:
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Representation R'(0,mq, u):

d d
J3: . J+: J*:i
Zdz’ Mz, dz’

E=u, Q=p, filx)=17"

where A€ S ={mo+n|mye C—{0},0 <Remy<1,n=0,%1,...}.

Representation 1, :

d d
J3:— — J+: J =
co—i—zdz, HzZ, a2

E=p, Q=u?, filz)=2"°,
where A e S={-0+n|n=0,1,...}.

2.1. Integral Transformation

Let V be a complex vector space consisting of all analytic functions f (z1,...,2,),

analytic at (zj,...,z,) = (0,...,0). We define
h(Bi, Y, v, xi) =1 [f (215, 2]

_ ﬁ I'(v) I'(y)
1 PB)T (Y —Bi) ) T(Brsr).. . TBAT(v—Xis 1 Bi)
- m Y=Yk Bi—1
x// [T TT(1 (1— Y uj)
: i1 Py

Jj=k+1
r—fold

X f(z1y...,2) duy ... duy,
where,
zi=ux;, i=1,....r;
ReY; > Ref; >0, i=1,...,k
ReB; >0, j=k+1,....m

Re (Y— i Bj) > 0;

j=k+1

and the path of integrationis 0 <u; < 1,i=1,....k,u; >0,j=k+1,....m,...

,r

and Z’;l:k +1uj < 1[3]. Then W =1V is an isomorphic image of V under the trans-
formation /: f(z1,...,z-) = h(Bi,Y;,Y,xi). Next, we obtain transforms of certain ex-
pressions under the transformation / in terms of difference operators and differential

operators defined as follows:

Eyh(Bi,vi) = h(Bi,vi+ 1),
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Lyh(Bi,vi) = h(Bi,vi — 1),
Ayh(Bi,Yi) = (Ey, — DA(Bi, i),
EﬁiYih(Bi?Yi) :EBi [E'Yih(Bi?FYi)} )

Where h(Bi,’Yii 1) — h(BlaYla'")Bi*lv’yiflvBiv’Yi:l: 15"'7BF5'YI”)'
We obtain the following transforms under /

BBy h, 1<i<k

Iu; f] =
Bi ;
?Eﬁﬁh, k+1<i<m.

0 0 _
I[uiauif] ZBiAﬁihzxia—Xih, 1<i<r

Lauricella functions F, ffn) and F[()") are defined as follows [17]

FA(n) = FA(")(a;bl,...,bn;cl,...,cn;zl,...,zn)
_ i (@)my+-tm,(D1)m, - - - (bp)m, ﬁ Z"
o o (€ )my ---(Cn)m, m ! m,!
1+ +z| <13
FL()”> = Flg")(a;bl,...,b,,;c; ZyeeesZn)
— i (a>ml++mn (bl )ml o (bn)mn ﬁ . ZZ‘”
my,...,my=0 (C>m1+”'+mn mi ! m”!’
|Zi| <l,i=1,...,n;

305

(2.4)

and F") (a+1i) stands for F Vin (2.4) with a replaced by (a+i), etc
") are given by [3]:

A
The integral representations of Lauricella functions F A( " and F l()

Fn [a B], BnaYla ,'Yn,X], -y X }

- Bi Yi—Bi—
u; l—u
ety oy 1
n— fold

n
x (1— Zu,- xi) " %duy ... duy,

ReY; > ReP; >0, i=1,...,n, "] < 1

Flgn) [0 B, Brs Yo Xt - -+, %]

i
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:nr YB/ /H“B' )YZIB’

n— fold
n
x (1— Z“i xi) " %duy .. .duy,
i=1

RefB;i >0, i=1,...,n; Re(y Y. Bi) >0, |x| <1,i=1,...,n; and the path of
integration is u; > 0, z—l Y u < 1.

3. (n+1)-VARIABLE MODELS
Theorem 2. Let u=¢(z) and z =1t (1 — Y, z) then Zd — tat and du _ % _
r 121 1<i aZ,

Proof. We have z=1(1—Y",z;), which leads to

ou 1 du
E = (1 _;Zi)zz7

Ju . du . !
—=—t—, i=1,...,n
aZl' dZ
From this follows the conclusion of the theorem. O

Directed by Theorems | and 2, we give below (n+ 1)-variable models of the rep-
resentations R'(0,mo,u) and 1, , of the Lie algebra .#5. Let .7 be the space of all
analytic and single-valued functions for all z; = u;x; # 1,i=1,2,...,n and t # 0.
Multiplier representations of the Lie group K5 induced by the J-operators are also
given.

Model IA:
Representation R'(0,mq, u):

0 n 0 & 9
3_, Y + _ _ - - _ ;1 = L
J—tat, Jt=ut(1 ;ulx,), J =t ltaz ,-_Zlu’aui]’
E=p, Q=p(1-Y wuix)%  flur,...;un ) =*(1=Y wx)*, 3.1
i=1 i=1

where A € S = {mo+n|myg e C—{0},0 <Remy<1,n=0,£1,...}.

The multiplier representation 7i(g) f of the Lie group Ks induced by the operators
(3.1) on Z is

[Tl(g)f](ul,...,umt) = eXp {.u [qtz(l _iuixi)2+a+bt(l —iuix,-)] }

i=1 i=1



LIE ALGEBRA %5 AND LAURICELLA FUNCTIONS 307

u uy, t( c)}

x f et (14 5)] (32)
(1“—;) (1+;) t

where }ﬂ < 1and g =g(q,a,b,c,7) € Ks.

Model ITA:
Representation 1, :

a n n
P=—o+tr—, J=ur(l-Yux), J =t"]r=—Y u
+ atJ Au ( izzlul-xl)J [ at Zul aul] )

n
E:,U, Q::thz(l_zui-xi)27 fl(“l?"‘vul’lat):tk+m(1_zui-xi)k+m7 (33)
i=1 i=1

where A e S={-0+n|n=0,1,...}.

The multiplier representation 75 (g) f of the Lie group K5 induced by the operators
(3.3) on Z is

n

gr*(1— iuix,-)z +a+bt(1— Zuix,-)] - (m:}

i=1 i=1

uj Uy T c
Xf|:(1—|—f)"“’(l+f)7te <1+t):|,

where }ﬂ < 1land g =g(q,a,b,c,T) € Ks.

[T (g)f1(ury... uy,t) =exp {y

4. TRANSFORMED (n+ 1)-VARIABLE MODELS OF %5

To obtain models in terms of difference-differential operators with the basis func-

tions appearing as Lauricella functions F, A(") and Flg") respectively, we utilize a the-
orem from Govil and Manocha [3]:

Theorem 3. Let p be an irreducible representation of the Lie algebra Js in
terms of operators {.13,Ji,E , Q} on a representation space V with basis functions
{fi L€ S}. Then the transformation I induces another irreducible representation
G of 5 on the representation space W = IV having basis functions {hy | A € S} in
terms of operators {K>,K* ,E',Q'}, where

K=1Pr', k*=p*r', e=Ier', o=ior',
h=1f,, AE€S.

That is, p and G are isomorphic. Indeed, the behavior of the commutation relations
satisfied by K-operators is same as that of J-operators.

We give below the transforms of Models IA and IIA discussed above. The new
models are in terms of difference-differential operators.
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Model IB(i):

d " Byx, N A I
K=t—, Ki=pt|{1-Y "=Egu|, K =t""{t5-Y BiAg |,
ot ( )3 Yi BY) (at 1:21 P

hx(xl,...7xn,t) :ngn)(—l., Blr-',Bn;'Ylw-an;xlw-',xn)t}Lv

where A € S = {mo+n|myg e C—{0},0 <Remy<1,n=0,£1,...}.
Model IB(ii):

0 " Bx; 0 &
3 + 1M ) 1 .
K ——l‘fat, K" =ut (l—iEIEBZY) , K =t (tat_izlﬁlAB') s

2
L ixi
E' =y, Q’—,ut2<1—;BYEﬁiy> ;

hy (X1, 3 Xn, 1) :Flg")(—k, Bl,...,Bn;y;xl,...,xn)tx,
where A € S ={mo+n|myge C—{0},0 <Remp<1,n=0,%1,...}.

Model TIB(i):
" Bx; B B p) n
K3:—0~)+t* B'.XEBI'YI'), K =t ! <ta—ZBiABi),
i=1 g

gt’ K+:,ut<l—

2
noRo
E/:/J, Q/::utz (1_213,;”EB1'Y1> ’
i=1 i

h?u(xla"')xnat) :FA(n)(_;\'_w7 Bl,...,Bn;'Yl,...,'Yn;X1,...,xn)tx+w,

where A e S={-0+n|n=0,1,...}.
Model IIB(ii):

0 " Bix; J
3 _ _ Z iXi - 1
K ——(D+t§, K+—,th (1— ’YEBIY>7 K =t <ta[_i_EIBiABi>’
n B . 2
i X1
El:;u7 QI:/JtZ <l_§ 'YEBZY> ’

i=1

=1

I, X ) = FS (= A= @, Br, oo Bus Yo X1, ooy 200) 27,

where A€ S={-0+n|n=0,1,...}.
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The models given above satisfy the following:
K’ k*] =xk*, [K’,0]=20, [K.K']=F,
K-.Q) =2k, [K*,0]=0. [K*E]=[KE] = [0.F] =
and thus lead to a representation of _#5. Also, Model IB(i), Model IB(ii) satlsfy
KEfi=M K h=pfie, K fHr=Mi,
E'fi=uf, QO f=ufiia
and Model IIB(i), Model 1IB(ii) satisfy
KEfi=M K h=pfe, K fHi=A+0) i,
E'fi=pfi, Qfi=ufri
4.1. Recurrence relations and generating functions

We shall be utilizing Models IA and ITA for obtaining generating functions. Trans-
formed Models IB(i), IB(ii) and I1IB(i), I1IB(ii) are further exploited for obtaining re-
currence relations. To obtain generating functions, we follow the method given in
Sahai [12]. We leave details and present the results only as follows:

4.1.1. Recurrence relations

We obtain the following two term and three term recurrence relations using raising
and lowering operators, respectively of Model IB(i):

ZB’X’ Bit+1,7+1)—F" (=a—1) =0,

(MZB,-) Z "B+ 1) —AE" (=A+1) =0,
i=1 i=1

n 12 iXi (n u
F -y 2P gy Z j ’F (Bj+2,7,+2)

i=1 i j=1

) <B> <M>FA("<Bi+1,yi+1,s,-+1,vj+1>—F§"><—x—z>=
1<iZj<n \ Vi v

A1) ZB’X’ (Bt Lt 1)+ Y 75 (B +2,7;+2)

Z(B> (%) et =2 -

Similarly, we obtain the following recurrence relations using Model 1B(ii):

)ZB’X’ Bi+1,7+1)—Fy"(~A—1)=0,
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x+25 Zﬁ, JBi+1) = AFY (=1 +1) =0,

n 2Pix; (n <
F -y 2Ppm gy g iini
i=1 j=1

oy B g gy 2) - B (- 2) =0,

LES (B +2,7+2)

1<i#j<n Y
Bx n 2 2
FW(-a—1) Z R B4 1,7+1) +Y JYJF J(B;+2,7+2)
j=1
+ Z (Bixi)(zﬁjxj) (Bl+1 B]+1 ,Y+2) ( ( A — 2)

1<i#j<n

Similarly, other recurrence relations can be obtained using Models IIB(i) and 1IB(ii).

4.1.2. Generating functions

The matrix elements A (g) of T1(g) f of the Lie group K5 with respect to the basis
functions { fuy+x | mo € C\ {0},0 < Remy < 1,k=0,%1,...} are defined by:

[Tl(g)fmo+k] (ula'“auna Z Alk fmo+l uy,. Mﬂ)t)7 (41)

|=—o0

g2g<‘1aavb7c71) GKS'

The special case of (4.1) for the particular case ¢ = O is obtained by putting an ex-
pression for 71 (g) from (3.2) in (4.1) and then computing the matrix elements A (g)
by comparing the coefficients of ¢/ on both sides of (4.1). This leads to the following
generating function:

n o\ +
exp [ybt(l—Zuix,-)] (1_2 1”;"1) (14-;)’”0 ik 4.2)
i=1 t

i=1

k—lyk—1 C 1.l

Z L,y (—pbe) (1 — Zuix,-)mOJr t,
I=—oo i=1

where k = 0,%1,... such that k > [, [Y7  uix;| < 1,| X0 12| < 1 andLm L (—ube)
are Laguerre polynomials defined by [&, 10]:
I'v+a+1
Ly(z) = ( ) 1Fi(=v;a+1;z). 4.3)

T(a+ )T(v+1)



LIE ALGEBRA %5 AND LAURICELLA FUNCTIONS 311

Similarly, the following generating function is obtained by puttinga =c=1=0in
“4.1):

i=1 i=1

= (—ug) 02 ub
= Z (-0 H1k<2( _ 1/2> Zu,xl , 4.4)

|=—c0

exp {,u léﬂz(l — iuixi)Z +bt(1 - iuixi)] } (1- iuixi)kfk

where k =0,+1,... such that [ >k, [Y ; u;x;| < 1 and H;_ <(7l;),/2) are Hermite
polynomials defined by [8, 10]:

exp(2xy —y?) Zl'Hl 4.5)

Another set of generating function is obtained by puttinga =b =1t =01n (4.1):

n ok n mo~+k
0 Ui X;
exp{,uqtz(l—Zuix, }<1+ ) (1—21;’C> K
i=1 ‘ i

i=1

- 2\m
o (ugc”)

[=—c0
n

X (1 — Z uixi)m°+ltl, (4.6)
i=1

where m ranges over all integral values so that summand makes sense, k =0, +1,...,

Y uixi| < 1 and (zl L <1

Similarly, the following generating function is obtained by putting g =a =c¢ =
T=0i1n (4.1):

n n s -k n
exp lybt(l -~ Zuix,-)] (1=Y wix) =Y %(1 — Y uix)'t, @)
i=1 [=—0c0 : i=1

i=1

where k =0,+£1,... such that/ > k and |y ; u;x;| < 1. We also obtain the following
generating functlon by puttingg=a=b=1t=01in (4.1):

Tk n mo+k
c\ ™Mo Ui X;

1 7) -y Mk *
( +t ( Z 147

i=1

o 1Motk < mo+1 1
= 1— i x;)"0T 4.8
¥ (0] )= L, @8)

[=—o0

<1

where k = 0,%1,... such that k > 7, [¥_, u;x;| < 1 and ‘z, L
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Similarly, the following generating function is obtained by puttingb =c=1=0
in (4.1):

n n
exp [,uqtz(l - Zuix,-)zl (1— Zu,-xi)ktk
i=1

i=1

(qu)(l—k)/z n L
= L (1-Y uix)', 4.9
,H,r(%ﬁ)( i;“) 4.9)

where k =0,=£1,... such that/ > k and |Y7; uix;| < 1.
Another set of generating function is obtained by putting a =T =0in (4.1):

n mo+k
Ui xi k
x| 1— t
(-E )

S g (motk\ & [ (—ug) )™ (—mo— 1) ub
=L l<mo+l> )y m! (k—z+1)mH’" <2( 1/2>

|=—oo m=0 _IJQ)

n

qtz(l — ;uixi)z +bl(1 . iuixi)] } (1 n §)mo+k

i= i=1

n
< (1=Y upx;)™ 4, (4.10)
i=1
where k=0,=£1,...suchthatk > 1, |Y7  uixi| < ‘1—1—% , ﬂ <land Y7 uixi| < 1.
The matrix elements By (g) of the T>(g) f of the Lie group K5 with respect to the
basis functions {fk =t (1-Y"  uix)* [ k=0,1,.. } are defined by:

[TZ(g)fk] (ula'--aunat) = iBlk(g)fl(ulv"'aunat)v g:g(Qaavbacvt) € Ks.
=0

4.11)
We obtain the following generating functions under special cases of (4.11), similar to
(4.2)—(4.10). We list a few of them and remaining can be obtained similarly.

k
n n X k
exp [,ubt(l—Zu,-x,-)] <1_Z 1”:5!6) (1—1—;) *
t

i=1 i=1
oo n
= Z KL (—ube) (1 - Zu,-xi)l f,
=0 i=1

where k =0,1,... suchthatk > 1> 0, |Y7  u;x;| < ‘1—}—%},

<

} (1 — iu,-xi)ktk
i=1

i=1 i=

exp {,u [qt2(1 — Zu;xi)z +bt(1— Zuix,-)
. ~
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= (—pg)1—h/2 ub
; lk(z( 1/2> z

)
where k =0,1,...suchthat/ > k>0, |Y7  uix;| < 1.

5. ADDITION THEOREMS

The matrix elements A;(g) of the multiplier representations 7;(g)f of the Lie
group Ks satisfy the addition theorem:

An(g182) = Z Arj(g1)Aj(g2), Lk=0,£1,£2,.... (5.1

J_—oo

We now enumerate some special cases of (5.1) when g; = g1(g,a,b,c,T) and g, =
gz(q d',b',c’,v') are chosen suitably. For example, if we assigng=a=b=1=¢ =
d=cd=1 —Oandb’ b then (5.1) leads to

+j\ (ub)=*
Hbe k=Rl (_ipe) j=t (Mo . 52
(1) Z mo+1) (j—Fk)! 62

Similarly, assigningb=c=1=¢ =d =c =t =0and ' = b in (2.1) gives the
following addition theorem

(—ug) )/ b & () (k)
RECI (Z(—MCI)I/Z) _;(r(%ﬂ)(j—k)!' (5.3)

Another addition theorem can be obtained by puttinga=1T=¢ =d = =7 =0
and b’ = b. This yields

= [ (—pg)' Pt (—mo—1), pb

TR (RS H”((—w)l/?) e
¥ apeyik (Mot (=D [ ()] (—mo— D
_j;k(“bc) k(mg—l-k)(j—l)!mz_’o m! (j—14+1),

Finally, we puta=t=¢' =d = ¢ =1 =0 and ¢’ = ¢ resulting in the following
addition theorem

o [2(=pg) )" (=mo— D)y b
L () 6.3

(kN & () P (mmy D), b
‘Z<j—z>mzo m! <j—z+1>mHm<z<—uq>l/2>'

J=l
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Further, the matrix elements By (g) of the multiplier representations 7>(g) f of the
Lie group K satisfy the addition theorem:

Bi(g182) = Z Bij(g1)Bjx(g2), Lk=0,1,2,.... (5.6)
Jj=0

Using the same choices for g1 = g1(¢q,a,b,c,t) and g = g2(¢',d',b’,c/, ') asin (5.2)—
(5.5), we obtain the following addition theorems from (5.6)

oo . M jik
e”b"ck_lLl;_l(—ybc) = Zc"l <J> (ub) , provided j >1>0;

= 1) (-h)
= (ssa) = B
T = e ()
o (R )
;[—2(—Zq!)1/2c}n (kSZJ)rnl),,zle” <2(_zl;)1/2>
-2 () B i ()
respectively.

6. CONCLUSION

We have obtained recurrence relations and generating functions involving basis

functions as Lauricella functions F A(") and F[()") respectively, for (n+ 1)-variable mod-
els of J#5. Results for n = 1 and n = 2 will lead to the corresponding relations in-
volving basis functions as Gauss hypergeometric function ,F; and Appell functions
F;, F respectively.
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