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Abstract

The object of the present work is to deduce several important developments in various recursion relations, relevant differen-
tial recursion formulas, infinite summation formulas, integral representations, and integral operators for Horn’s hypergeometric
functions '} and I5.
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1. Introduction, notations, and preliminaries

The problem of recursion formulas of hypergeometric type functions with respect to their parameters
was considered in numerous papers, see for example [10, 20, 24]. Recently, Opps et al. [11, 12] obtained
recursion formulas for Appell’s function F,. Brychkov [2] and Brychkov et al. [3-6] gave the recursion
formulas for Appell’s hypergeometric functions Fy, F», F3 and F4. Brychkov and Savischenko [7] obtained
some formulas for Horn functions Hi(a,b,c;d;w,z) and H;C)(a, b;d;w,z). Mullen [10], Sharma [20]
and Wang [24] gave various recursion formulas for Appell’s functions. Sahin [17] and Sahai and Verma
[13-16] gave some recursion formulas for three variables hypergeometric functions and k-Lauricella’s
hypergeometric functions. Sahin and Agha [18], studied the recursion relations of G; and G, Horn’s
hypergeometric functions. Srivastava et al. [23] introduced incomplete Hurwitz-Lerch zeta functions of
two variables.

Recall that the following abbreviated notations, the Pochhammer symbol (a),, is defined in [21, 22] by

(1.1)

(a) _Tfla+n) [ ala+1)(a+2)---(a+n—1), ne N;aeC—{0}
“n = Ma) | 1, n=0acC—{0},
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where I'(a) is a gamma function, the symbols IN and C denote the sets of natural numbers and complex
numbers, respectively, and

=
(1 - a)n

Its well known form are also used in [8] as

(a)_n = ,(a#£0,+£1,+£2,43,...,Va>n,n e N). (1.2)
(@ns1 = ala+ Do = (@ + D@, (a+1)n= (1+ 2>(a)n;a £0.
For n, m € IN, we have
(ntm = (a)nla+n)m =(aJm(la+m)n, (Bln-m=-—"7—7— 0<m<n (1.3)

The Horn’s hypergeometric functions It and I; were defined by the series [8, 9]

. . - (@) m(b)n—m(c)m-—n m.om.
Mabexy)= ) oy XY < 1yl < oo (1.4)
m,n=0
and
Na(b,cix,y) = ZO XMy < oo fyl < oo, (1.5)
m,n=

Throughout this work, supposing that none of the numerator parameters a, b, ¢ are zero or a negative
integer, and with the usual restrictions (1.1), (1.2), and (1.3), the Horn’s hypergeometric functions I'; and I
were defined by the series (1.4) and (1.5) taking into consideration the parameter a satisfies the condition
in (1.1) and the parameters b and c satisfy the conditions in (1.2) and (1.3).

To simplify the notations, we write I} for the series I'(a,b,c;x,y), Th(a£n) for the series I (a £
n,b,c;x,y),... and Iy (c £ n) stands for the series (b, c £ n;x,y) etc.

Abul-Ez and Sayyed [1] and Sayyed [19] introduced an integral operator I as follows

- 1(% 1 (Y
I:J dx—l—J dy.
X Jo YJo

For [t| < 1 and « satisfing the condition in (1.1), we have the binomial theorem (see [22])

1-y =Y (‘:)th. (1.6)
=0 )

Motivated essentially by the demonstrated potential for applications of the Horn’s functions '} and I3 in
many diverse areas of physical, mathematical, statistical sciences and engineering, this paper is organized
as follows. In Section 2, we establish a number of new recursion formulas, various differential recursion
formulas and generating relations for Horn’s functions I. In Section 3, we present new an investigation
of several classes of recursion formulas, differential recursion formulas, infinite summation formulas and
integral representations for Horn’s functions I;. In Section 4, we introduce and investigate of integral
operators for Horn’s functions I'1 and I7. Finally, some concluding remarks and observations of the
results are obtained in Section 5.

2. Recursion formulas and differential recursion formulas of I';

In this section, we give some investigation of several classes of recursion formulas, generating relations
and relevant differential formulas for Horn’s function T3.
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Theorem 2.1. For n € IN and b # 1, recursion formulas for Horn’s function Ty are as follows

n
CcX
rl(a+n):r1+er1(a+k,b—1,c+1;x,y) 2.1)

and

Fl(a—n) :Fl— , ) (22)

Proof. From the definition of the I} (1.4) and transformation

(@+1)m = (1 + ‘;‘)(a)m, a#0,

we get
F (a+1) —F1+

T 1F1(a+1 b—1,c+1xy), b#L (2.3)
If we compute the Horn’s function I with the parameter a +n by relation (2.3) for n times, we obtain the
formula (2.1). From the contiguous relation (2.3) and replacing a by a —1, we get

X M(a,b—1c+1%y),b 1

Mla=1)=T - —q

If we apply this relation to the 1 with the parameter a —n for n times, we obtain (2.2). O

Theorem 2.2. For b #1,2,3,..., the Horn’s function T satisfies the identity:

MNa+n) = Z <n>(_x)k(c)kl“1(a—|—k,b—k,c+k;x,y)

— k) (1—-b)x
and
Mla—n) = i i TG
1a — k (1 b) 1la, 7 7 ;U .
k=0
Proof. The proofs are omitted (mathematical induction method). O

Theorem 2.3. For n € N and c # 1, the recursion relations hold true for Horn’s function T7:

n

y Zl“l(a,b—l—k,c—l;x,y)

= _(1 1,b+k—2c+1xy) 24)
—acx Y Mlatlbtk=2ctbxy) oy p2o kvkeN

k=1

Fl(b+n) =

)_\

(brk—1)(b+k—2)

and

n

M(b—n) :rlfCLZr1 (a+1,b—k+1,c—1xy)
(2.5)

mn
Ma+1,b—k—1,c+1;%x,y)
,b#£k,b#A1+kVk e N.
+acxkE1 b Wb _k_1) # #1+ €
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Proof. From (1.4) and the relation
n
(b+1)n—m = <1+b_

we obtain the contiguous function

NMbb+1) =M+ Cglﬁ(a,b—kl,c—l;x,y)

T et 1L,b-1ctLxybA0bATLc#1 20
b(b—l)l 7 7 ’ /U/ 7 7 .

By iterating this method on the above contiguous relation for I with b 4+ n for n times, we get (2.4).
Replacing b by b —1 in contiguous relation (2.6), we obtain

Mo—1) =N — Y ra+1,b.c—1;%y)
1
X RM(a+1,b—2c+1;xy),c,b£1,b#£2 27)
+mla+ ,b—2,c+1;x,y),¢c,b#1,b#2.

If we compute the Horn’s function I with the parameter b —n by the contiguous relation (2.7) for n
times, we obtain the recursion formula (2.5). O

Theorem 2.4. For n € N and b # 1, the Horn's function T satisfies the relations:

N(c+n) r1+ﬁZr1a+1b 1,c+kx,y)
" (e,b+1,c+k—2%y) @8)
(a, c X, Y
~b ! 1-kc#2—kVk
Z ik _Dcrk_n 'S7 1 ker2-kvkeN
and
x n
Fl(c—n):Fl—b_lkZlFl(a—i-l,b—l,c—Fk—l;x,y)
) (2.9)
I ( a—i—lb—l—lc k—1;%x,y
— aby Z TP ,c£kc#k+1VkeN.
Proof. Using the definition of the I'1 and the equality
m o n
e Dmn= (142 =2 ) elmne 20,
we obtain the contiguous function
Ne+1) F1+b 1F1(a+1b 1,c+1;%y)
(2.10)

b
C(CE1)r1(a’b+1lc_1;xly)/b 7& 1/C #O,C # 1.

By iterating this method on the above contiguous relation for I with the parameter ¢ +n for n times, we
obtain (2.8).
Replacing c by ¢ —1 in the contiguous relation (2.10), we get

Mile—1) =N — ===T(a+1b—1,¢xy)

by (2.11)

————  N(a,b+1,c—2;%x,y),b, 1,b#£2.
+(c—1)(c—2) 1(a,b+1,c x,y),b,c # +
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If we compute the Horn’s function Iy with the parameter ¢ —n by contiguous relation (2.11) for n times,
we obtain (2.9). O

Now, we apply differential operators 0 = Xa% and 0y = y% and state the following theorem.

Theorem 2.5. Differential recursion formula for the function T is as follows

NM(a+1) = <1+e )Fl,a;«éo (2.12)

Proof. Definie the differential operators
Oxx™ =mx™, and 6,y =ny™.

By using the above differential operators and the transformation

(a+1)m = (1 ; T)(a)m, a0,

we get
— (a+Dm(b)nmc)m_
NMla+1) = Z m m!:L!m T Txmyn
m,n=0
_ Si 1 ™) (@nbnm(C)mon m
a min!
m,n=0
_ i (a)m(b)nfm(c)mfnxmyn i 1 i m(a)m(b)nfm(c)mfnxmyn
min! min!
m,n=0 m,n=0
1
=+ aexﬁ, a#0.
Hence, we obtain the differential recursion formula (2.12). O]

Theorem 2.6. The differential recursion formulas hold true for the Horn’s function Ty:

Nb+1)= (14—%’—61:)1}&7&0 (2.13)
and
0x 0y
Met+1) = (14— 2 )n,c#0. (2.14)

Proof. By defining the transformation

(b + 1)nfm = <1 + n;m> (b)nfmrb 7£ 0

and using the differential operators for the Horn’s function I';, we get

b 1 n—m m—"m_m_. n
b+1 Z +TI'3'T1' ( ) 'y
mn=0
ZL( > min! Y
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N m(C)m—n m n 1 & n(a)m (D) n—m(c)m-n m n
Z m'n' Yt b Z min! Y
m,n=0 m,n=0
1 & Jn—m(€)m-n m, n
b Z m'n' Y
1 1
=+ Eey I — Eexrl,b #0.
Thus, we obtain (2.13).
Using the relation
m—n
(C+1)m—n: <1+ )(c)m_n,c;éo
and (1.4), after simplification we get (2.14). O
Theorem 2.7. The derivative formulas hold true for Horn’s function T,
0" (=1)"(a)r(c)r ,
ox" —Wr](a+r,b—r,C+T,X,y),b#1,2,3,... (215)
" o (-1 (b)
MN=-————"rab —1; 1,2,3,.... 2.1
ayr 1 (1*C)r 1(0-/ +TIC T'/X/y)/c7é ’ /3/ ( 6)
Proof. Differentiating (1.4) with respect to x, we get
0 ac
— 1, 1, 1; .
aXH 5—1 Mla+1,b—1,c+1L;x,y),b#1
Repeating the above process, we eventually arrive at
or alfa+1)...(a+r—1)c(c+1)...(c+7r—1)
r = r /b - 1y 7 X,
oxr ! (b—1)(b—2)...(b—1) ilatmb-orctmixy)
1)
= Mﬁ(a—i—r,b —r,c+1;xYy),b#1,23,....
(I—b),
The differential recursion formulas (2.16) can be proved in similar manner (2.15). O
Theorem 2.8. The infinite summation formulas of Horn’s function Ty hold true:
— (a) X
Z k'k Na+ktk=1-t) N (a,b, S t,y), It| <1, (2.17)
k=0 N
i(b)rb KtE = (1—t)7°r x(1 J 1 2.1
k' 1( + ) ( _t) 1 a/b/C/X( _t)/a /|t|< 7 ( . 8)
k=0
and
Z (i)'kl“l(c +Kth =(1-t)°n <a, b,c; %,y(l — t)), It] < 1. (2.19)
k=0 N
Proof. Using (1.4), (1.3), and (1.6), we obtain (2.17), (2.18), and (2.19). O

3. Recursion formulas and differential recursion formulas for Horn’s function I',

In this section, we derive the recursion formulas, differential recursion formulas, generating relations
and integral representations for Horn’s function I, with five theorems as follows. First, we present the

recursion formulas of Horn’s function I5.
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Theorem 3.1. For n € IN, the recursion formulas of I, with parameters b and c are

R(b+n) r2+—Zr2b+kc 1;x,y)
k=1

B il}(b—i—k—Z,c—i—l;x,y)

(b+k—1)(b+k—2)

k=1

N(b—n) r2—7Zr2b k+1,¢c—1;%xy)

Fz(b—k—l,c—i-l;x,y
— 1,b#£k,b#£1+k,Vk
cka1 bR ko1 AP AkDALERVKEN,

n
X
Rc+n) =+ b_lkzlrz(b—l,c—l—k,x,y)

Rb+1,c+k—2;
by Z 5(b+1,¢+ Xy)b¢1lc¢1_k,c¢2—k,Vk€]N/

(c+k—1)(c+k—2)

H(c—n) =T (b—1,c+k—1;%x,y)

b—l

F2 b+1c k—1,%x,y)
—by b#£1 k 1+k,Vk .
Z ek=1) (P7LeFketlrkikeN

cA1L,bA1—-kb£2—kVkeN,

(3.1)

Proof. By the similar method in the Theorems 2.3-2.4, we obtain the recursion formulas for Horn’s’s

function I3, (3.1).
Theorem 3.2. The derivative formulas for the Horn’s function T hold true:

0

0
Lb+)=(1+2L—=2)N,b#£0
2(+)<+b b>z#

and 0 o
NDic+1) = (1+C"—C‘J>r2,c¢o.

Proof. The proof of the current theorem is similar to the proof of Theorem 2.6.

Theorem 3.3. For the Horn’s function T, the differential recurrence relations hold true

o (—)(e)
x" 2 (1—-b),

Rb—rc+1;xy),b#1,23,...

IZ— Izb |,C I;X,y ,0#1/2/3,....

Proof. We obtain results (3.2) and (3.3) as same way as the proof of (2.15) and (2.16).

In a similar manner in Theorem 2.8, we can obtain the next results.

Theorem 3.4. The infinite summation formulas for Horn’s function T, hold true:

= (b
ZT b+k)tc=(1—-1)" br2<bcx(1—t) 1” >|t|<1
k=0

O

(3.2)

(3.3)
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and

Z %E(C-ﬁ-k)tk = (1 —t)icr2 <b1 c; %/y(l _t)>'|t| <L
k=0 N

4. Integral operators of I'y and I';

Here we apply integral operator of I and I, and state the following theorem.
Theorem 4.1. For a # 1,2, b # 1,2 and ¢ # 1,2, the integration formula of the function Ty holds true:
o b(b+1)
x2(a—1)(a—2)(c—1)(c—2)
clc+1)
y?(b—1)(b—-2)

Na—2,b+2,c—2; ——F M(a—1,b,¢
1((1 Y + ,C /X/U)+Xy(a_1) 1((1 ’ /C/X/U)

(4.1)

rl(azb—2/C+2}XrU)/X/y 7& 0.

Proof. Let T acts on the Horn’s function Ty, then we have

A > 1 1 (a)m(b)n—m(c)m-m
IF — m, . n
! Z <m—|—l+n—i—l> min! Y

m,n=0
0

- (@) m(b)n—m(c)m—m m. . n (@) m(b)n—m(c)m—m m. n
- 2 m+nm 9 7 2 mnt+y Y

m=0n=1
_ Z (a)m—l(b)n—m+1(c)m—n—1xm71yn+ i (a)m(b)n—m—l(C)m—n—o—lxmynf]

min! min!
m,n=0 m,n=0

b Z (a—1D)m(b+1)n—mlc—1)m—n m. .
min! Y

C - (@)m(d—=1n-mlc+1)m-n m. n
) Z min! Y

= T(a—1,b+1,c—1;xy)+ y MN(a,b—1,c+1;x,y),x,y#0,a,c,b#1.

_°c
(b—1)
y, where I, = L[5 dx and I, = % J§ dy, then the operator 12 is such that

2 =11 = ()2 + 21,0y, + ()2 1JXJde ZJyJde 1Jnydd
- - X + X + X - —5 XX_‘_* X +7 .
Y x? 0 Jo XY Jo Jo Y 92 0 Jo W

By using the above integral operator 12, we obtain the relation (4.1). O
Theorem 4.2. The integration formula of the function Ty holds true:
RO o

m H(9X+ey —k+1)r1(a—r), X,y ?é 0,0. # 1,2,3,.... (42)
k=1

rn=

Proof. With the help of the integral operator I and differential operators, we get the formula

—_— > (Mm+n+2)(a)m(bn-m(C)m-n_m n
Irl—mg_l (m+Din+1)! Y
> m—10)n—m(c)m-n m—1. n—
- 5 el ol oty
0, +0

:ng—?) MNa—1), x,y#0,a#1.
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Tterating this integral operator I and differential operators on I for r-times, we get the formula (4.2). [

Theorem 4.3. For Horn’s function Ty, we have the integral operators 1% and I:S:

T; M= xr(lg):(lc)r Mla—r,b+r,c—1,%y), x#0,a,¢c#1,2,3,..., (4.3)
r rF%mab—r c+m%y), y#0,b+£1,23,... (4.4)
Y Yy (1—b)s ’ ’ T ’
and
<TT>TF:(_WF(a—r)x £0,a#1,2,3 (4.5)
x 1y 1 Xryr(l—a)r 1 P ,y , PIAPNe FRNRIN .

Proof. Also, we get relations concerning I, and Ty individually, we get

b

——— = li(a—=1,b+1,c—1; 1
xa—De_p e bbtle—bxylx#0ac7

ix rlz

By applying the operation of the above relation for r times, we obtain the desired (4.3).
Similarly, for I, applying operation in the proof of the relation (4.3), we obtain (4.4) and (4.5). O

Theorem 4.4. For b # 1,2 and ¢ # 1,2, the integration formula of the function I3 holds true:

R b(b+1) 2
2, = Bb+2,c—2xy)+—T
2 x2(c—1)(c—2) 2(b+2,c Xy)+xy 2
clc+1)

(b—2,c+2;%x,y), %, 0.

Theorem 4.5. The integration formula of the function T holds true:

T

1
o [J6x+0y —k+1), x,y #0.
k=1

o, =

Theorem 4.6. For Horn's function T, we have the integral operators 1% and I:TJ:

2 (b)r

In=———-r — T 0,c#1,23,...,
2=, 2(b+r,c—1xy), x#0,c#

3 (=D)"(c)r

Ih=-———""Db-rc+mxy), y#£0b£1,23,...,
v 2=, 2(b—r,c+mxy), y#0,b#

s\ (=17
IXIy r2 = Tyr rz,X,y ;é 0.

5. Concluding remarks and observations

As a direct consequence of the several recursion formulas and differential recursion formulas of Horn’s
functions I and I, which we have established here, the infinite summation formulas, integral operators
and integral representations for It and I; have been discussed. Our analytic expressions can be used as a
benchmark for an accuracy of a different approximation techniques designed especially for an investiga-
tion of radiation field problems.

Acknowledgment

The authors would like to thank the anonymous referees for their valuable comments and suggestions
which improved the quality and clarity of the paper.



A. Shehata,

S. I. Moustafa, ]J. Math. Computer Sci., 23 (2021), 26-35 35

References

(1]

[9]
(10]

(11]

(12]

M. A. Abul-Ez, K. A. Sayyed, On integral operator sets of polynomials of two complex variables, Simon Stevin, 64 (1990),
157-167. 1

Y. A. Brychkov, Reduction formulas for the Appell and Humbert functions, Integral Transforms Spec. Funct., 28 (2017),
22-38. 1

Y. A. Brychkov, N. Saad, On some formulas for the Appell function F1(a,b,b’;¢c,c’;w,z), Integral Transforms Spec.
Funct., 23 (2012), 793-802. 1

Y. A. Brychkov, N. Saad, On some formulas for the Appell function F»(a,b,b’;¢,c’;w,z), Integral Transforms Spec.
Funct., 25 (2014), 111-123.

Y. A. Brychkov, N. Saad, On some formulas for the Appell function F3(a,b,b’;c,c’;w,z), Integral Transforms Spec.
Funct., 26 (2015), 910-923.

Y. A. Brychkov, N. Saad, On some formulas for the Appell function Fy(a,b;c,c’;w,z), Integral Transforms Spec.
Funct., 28 (2015), 629-644. 1

Y. A. Brychkov, N. V. Savischenko, On some formulas for the Horn functions Hi(a,b,c; d;w, z) and ch) (a,b;d;w,z),
Integral Transforms Spec. Funct., 31 (2020), 1-17. 1

A. Erdélyi, W. Magnus, F. Oberhettinger, F. G. Tricomi, Higher Transcendental Functions, Vol. I, McGraw-Hill Book
Company, New York-Toronto-London, (1953). 1, 1

J. Horn, Hypergeometrische Funktionen zweier Verinderlichen, Math. Ann., 105 (1931), 381-407. 1

J. A. Mullen, The differential recursion formulae for Appell’s hypergeometric functions of two variables, SIAM J. Appl.
Math., 14 (1966), 1152-1163. 1

S. O. Opps, N. Saad, H. M. Srivastava, Some reduction and transformation formulas for the Appell’s hypergeometric
function Fy, J. Math. Anal. Appl., 302 (2005), 180-195. 1

S. O. Opps, N. Saad, H. M. Srivastava, Recursion formulas for Appell hypergeometric function Fp with some applications
to radiation field problems, Appl. Math. Comput., 207 (2009), 545-558. 1

V. Sahai, A. Verma, Recursion formulas for multivariable hypergeometric functions, Asian-Eur. ]J. Math., 8 (2015), 50
pages. 1

V. Sahai, A. Verma, Recursion formulas for Exton’s triple hypergeometric functions, Kyungpook Math. J., 56 (2016),
473-506.

V. Sahai, A. Verma, Recursion formulas for Srivastava’s general triple hypergeometric functions, Asian-Eur. J. Math., 9
(2016), 17 pages.

V. Sahai, A. Verma, Recursion formulas for the Srivastava-Daoust and related multivariable hypergeometric functions,
Asian-Eur. J. Math., 9 (2016), 35 pages. 1

R. Sahin, Recursion formulas for Srivastava hypergeometric functions, Math. Slovaca, 65 (2015), 1345-1360. 1

R. Sahin, S. Ridha Shakor Agha, Recursion formulas for Gy and G Horn hypergeometric functions, Miskolc Math.
Notes, 16 (2015), 1153-1162. 1

K. A. M. Sayyed, Basic Sets of Polynomials of two Complex Variables and Convergence Propertiess, Ph.D. Thesis (Assiut
University), Egypt, (1975). 1

B. L. Sharma, Some formulae for Appell functions, Proc. Cambridge Philos. Soc., 67 (1970), 613-618. 1

H. M. Srivastava, P. W. Karlsson, Multiple Gaussian hypergeometric series, Ellis Horwood Ltd., Chichester, (1985). 1
H. M. Srivastava, H. L. Manocha, A treatise on generating functions, John Wiley & Sons, New York, (1984). 1, 1

H. M. Srivastava, R. Sahin, O. Yagci, A family of incomplete Hurwitz-Lerch zeta functions of two variables, Miskolc
Math. Notes, 21 (2020), 401-415. 1

X. X. Wang, Recursion formulas for Appell functions, Integral Transforms Spec. Funct., 23 (2012), 421-433. 1


https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=On+integral+operator+sets+of+polynomials+of+two+complex+variables&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=On+integral+operator+sets+of+polynomials+of+two+complex+variables&btnG=
https://doi.org/10.1080/10652469.2016.1249481
https://doi.org/10.1080/10652469.2016.1249481
https://doi.org/10.1080/10652469.2012.666019
https://doi.org/10.1080/10652469.2012.666019
https://doi.org/10.1080/10652469.2013.822207
https://doi.org/10.1080/10652469.2013.822207
https://doi.org/10.1080/10652469.2015.1068305
https://doi.org/10.1080/10652469.2015.1068305
https://doi.org/10.1080/10652469.2017.1338276
https://doi.org/10.1080/10652469.2017.1338276
https://doi.org/10.1080/10652469.2020.1790554
https://doi.org/10.1080/10652469.2020.1790554
https://cds.cern.ch/record/100232
https://cds.cern.ch/record/100232
https://link.springer.com/article/10.1007/BF01455825
https://doi.org/10.1137/0114092
https://doi.org/10.1137/0114092
https://www.sciencedirect.com/science/article/pii/S0022247X04006584
https://www.sciencedirect.com/science/article/pii/S0022247X04006584
https://doi.org/10.1016/j.amc.2008.11.006
https://doi.org/10.1016/j.amc.2008.11.006
https://doi.org/10.1142/S1793557115500825
https://doi.org/10.1142/S1793557115500825
https://doi.org/10.5666/KMJ.2016.56.2.473
https://doi.org/10.5666/KMJ.2016.56.2.473
https://doi.org/10.1142/S1793557116500637
https://doi.org/10.1142/S1793557116500637
https://doi.org/10.1142/S1793557116500819
https://doi.org/10.1142/S1793557116500819
http://search.proquest.com/openview/1a797747b9e40496206d63d67d700230/1?pq-origsite=gscholar&cbl=2038886
https://doi.org/10.18514/MMN.2015.1306
https://doi.org/10.18514/MMN.2015.1306
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Basic+Sets+of+Polynomials+of+two+Complex+Variables+and+Convergence+Propertiess&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Basic+Sets+of+Polynomials+of+two+Complex+Variables+and+Convergence+Propertiess&btnG=
https://www.cambridge.org/core/journals/mathematical-proceedings-of-the-cambridge-philosophical-society/article/some-formulae-for-appell-functions/CBE66A5DB088022384C3CFE52C64CAE9
https://scholar.google.com/scholar?as_q=&as_epq=Multiple+Gaussian+hypergeometric+series&as_oq=&as_eq=&as_occt=title&as_sauthors=Srivastava&as_publication=&as_ylo=&as_yhi=&hl=en&as_sdt=0%2C5
https://scholar.google.com/scholar?as_q=&as_epq=A+treatise+on+generating+functions&as_oq=&as_eq=&as_occt=title&as_sauthors=&as_publication=&as_ylo=1984&as_yhi=1984&hl=en&as_sdt=0%2C5
http://real.mtak.hu/111751/1/3059.pdf
http://real.mtak.hu/111751/1/3059.pdf
https://doi.org/10.1080/10652469.2011.596483

	Introduction, notations, and preliminaries
	Recursion formulas and differential recursion formulas of 1
	Recursion formulas and differential recursion formulas for Horn's function 2
	Integral operators of 1 and 2
	Concluding remarks and observations

