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Abstract

In this paper, we introduce a matrix polynomial in two variables L%M’N’é’g’)"n) (z,9)

and obtain some properties including the Kampé de Fériet matrix series representation,
generating matrix functions, integral representations, finite summation formulas and
recurrence relations. Some special cases have also been obtained.
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1 Introduction

Higher transcendental functions and classical polynomials of matrices are important topic
in the literature of matrix analysis. A large piece of mathematics and its applications (both
theoretical and practical) has been cut across the subject of orthogonal polynomials. The
property of orthogonality, generating matrix functions, Rodrigues formula, a relation be-
tween different orthogonal matrix polynomials, matrix differential equation, a three-term
matrix recurrence relation holds the theoretical examples, while, statistics, group represen-
tation theory, scattering theory, differential equations, Fourier series expansions, interpo-
lation, quadrature and splines, embrace the practical ones (see [1, 2, 4, 6, 7, 9, 20, 21]).
Orthogonal Latest innovations in matrix versions for the classical families of orthogonal
polynomials such as extended Laguerre, Jacobi, Bessel, Hermite, Gegenbauer, Chebyshev

polynomials and some other special functions have been introduced by many authors ( see
[5, 11, 12, 13, 17, 19)]).

In 1994, Jédar et al. [11] introduced the Laguerre matrix polynomials L™ (z) and
defined as,

"L (=1)PAp
LMY (z) = (—M+In M+ 1), a?. 1.1
(0 =3 S+ D+ (1)
where A is a complex number with ®(A) > 0 and M is a matrix in C"™" with M + nl
invertible for all n > 1.
Jatav and Shukla [10] gave the generalization of the Laguerre matrix polynomials LM ()
due to Jddar et al. [11], which is defined as,
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n

(M + (dn+ 1)I) (—nl),\Pa?

| |
n! = p!

LMAN () = (M + (6p+ 1)I). (1.2)

where 6 € ZT, A € C, R(\) > 0 and R(p) > —1, Vp € o(M), and o(M) denotes the set of
all eigenvalues of M € C™*".

In this paper, we define a matrix polynomial in two variables L;M’N’é’g’/\’n)(a:, y) which uni-

fies the Laguerre matrix polynomials LG () [11] and the matrix polynomials L%M’é’/\)(a:)

[10].

The present work is systematized as: In section 2, we discuss the basic definitions and
results which are needed in the sequel to the study. In section 3, we introduce a matrix
polynomial in two variables LML (x,y) and represent it in form of the Kampé de Fériet
matrix series. In section 4, we establish various interesting generating matrix relations. In
section 5, we obtain integral representations. Section 6 deals with summation formulas and
recurrence relations. The conclusion and future scope have been discussed in section 7.

2 Preliminaries

Let C™*" denote the vector space of all r-square matrices with complex entries. For M &

C"*" its spectrum o (M) denotes the set of all eigenvalues of M and a(M) = max[R(7y) : v €

o(M)], (M) = min[R(v) : v € o(M)]. Any square matrix M € C™" is a positive stable, if

R(y) > 0 for all v € o(M). A matrix norm is a vector norm on C™". If ||M|| denotes the

norm of the matrix M, then the operator norm corresponding to the 2-norm for vectors is
| Mzl _

||M|| = sup — max{V\: \ € a(M*M)},
a0 |zl

where for any vector x in r** complex plane, ||z||; = (z*x)"/? is the Euclidean norm of = and

M* denotes the transposed conjugate of M. The identity matrix and zero matrix in C"™*"
are symbolized by I and O respectively. If f(z) and g(z) are holomorphic functions of the
complex variable z and defined in an open set 2 in complex plane, then from the properties
of the matrix functional calculus [8], it follows f(M)g(N) = g(N)f(M), where M, N are
commuting matrices in C™*" with ¢(M) C ©Q and o(N) C Q such that MN = NM.

The reciprocal gamma function denoted by I'"1(z) = ﬁ is an entire function of the complex
variable z. For M € C™" image of I'"1(2) acting on M and denoted by I'"*(M) which is a
well defined matrix.

It M € C*" and M + nl is invertible matrix for all non-negative integer n, then the
matrix version of the Pochhammer symbol (M), is defined (Jédar and Cortés [13]) as,

M(M + I)(M + 21)..(M + (n — 1)I) (n € N)

I (n=0).
(2.1)

(M), =T(M +n)T" (M) = {
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For any matrix M € C™", one can get the relation due to Jédar and Cortés [13],
- (M)Tb n
(1-2) M:ZTz, 2| < 1. (2.2)
n>0

If M and N are commuting matrices in C™*" and M +nl, N +nl, M + N + nl are
invertible for all non-negative integer n, then (Jédar and Cortés [14]),

B(M,N) =T(M)I'(N)I"Y(M + N). (2.3)

Jodar and Cortés [14] defined the Beta matrix function as,
1
B(M,N) = / M1 — )N da, (2.4)
0

where M, N are positive stable matrices in C"*".
Jodar and Cortés [14] defined the Gamma matrix function as,

(M) = /000 e TaMdy, M T =exp (M —1)lnx). (2.5)

where M is a positive stable matrix in C™*".
Dwivedi and Sahai [3] discussed the generalized hypergeometric matrix function as,

AlaAQa"'aAp . o (Al)n(AQ)n“'(Ap)n[(Bl)n]il[(B2)n]71-“[(Bq)n]71Zn
Fa {Bl,BQ,...,Bq ’ Z] =2 nl

, (2.6)

n>0

where A;, B; e C™", 1 <i<p,1<j<gq,p,q < Nand B;+kl are invertible for all integers
k > 0. It is easy to prove the convergence of (2.6) for |z| < 1.

Dwivedi and Sahai [3] also defined the Kampé de Fériet matrix series as,
A B, C
S1,71,t1 ) ) .
F827“2t2 |:D E F ) l‘,y}

m,n

Z H m+nH mH nH m+n - H (*Fj)n]_l fn'i"

m,n>0 j=1 J=1 j=1 Jj=1 j:l 7j=1
(2.7)

where A;, B;,C;, D;, E; and F; be commuting matrices in C™" and D; + kI, E; + kI and
F; + kI are invertible for all integers k > 0.

To study such a matrix polynomial, we need the following Lemma due to Khan and
Shukla [16].

Lemma 2.1. If M(k,j,n) € C™*", then the following series relations are satisfied:

oo 00 00 n n—j
SIS Mk = 3D Mk g
n=0 j=0 k=0 n=0 j=0 k=0
o) n n—j [e'e] [ee] o0
> Mk, jn) =Y M(k,j,n+3j+k)
n=0 j=0 k=0 n=0 j=0 k=0

3
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3 The matrix polynomial in two variables L T, )

Definition 3.1. Let M, N € C™" be commuting matrices satisfying the spectral condition
R(p) > —1, R(y) > —1, Vp € o(M), ¥y € o(N) (3.1)

and 6, € Z*, \,n € C with R(A\) > 0, R(n) > 0. Then the matriz polynomial in two

(MN5€/\77)<

variables L x,y) defines as:

_ D(M+ (on+1)I)I(N + (én+ 1))
) = (n!)?

M7N767 7A7
L7(7, &A1) (

n n—q

X ZOZO TLI p;‘q)\!p qxpyqr 1(M+(5p+1)])F_I(N+(§q+1)]) (32)

Remark 3.1. On taking N =0, y =0, n=1 and £ = 1 in (3.2), this reduces to matriz
polynomials LMY (x) (Jatav and Shukla [10]),

"o(— P
L7(LM,@,6,1,)\,1)($70) — F(M + ((571 + 1)]) Z ( nI)p)‘ z? | (M + (5]9+ 1)}) L(M(”\)(QZ).

| |
n! = p!

(3.3)

Remark 3.2. On taking N =0, y=0,n=1,5 =1 and § =1 in (58.2), this reduces to
Laguerre matriz polynomial LE™ (x) (Jodar et al. [11]),

M (—=1)P)\P
Lo (g o) = S X Gy g e 10 34

= pl(n—p)!

3.1 The Kampé de Fériet matrix series representation

The matrix polynomial in two variables L8, ")(

the Kampé de Fériet matrix series as,
xy):<M+])6n(N+])£nF100 —nl . )\_:E ny
/ (nl)? 088 | A5 M+ T, AGN+1) T 5 ¢ (7 )
3.5

x,y) can be represented in the form of

M7N75’ 7A’
LﬁL 13 77)(

where Folﬁiéo() is called the Kampé de Fériet matrix series and A(§; N + I) is the array of £

parameters:
(N+]> <N+2]) (N+3]> (N+§])
£ ) 3 ’ 3 £ '

Remark 3.3. If we take N = Q, y =0, n =1 and £ = 1 in (3.5), then this yields the
corresponding result due to Jatav and Shukla [10],

(M,0,6,1,)\,1) _ (M + 1)sn —nl AT sy

4
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Remark 3.4. If we take N =0, y =0, n=1,0 =1 and & =1 in (3.5), this yields the
corresponding result due to Shehata [18],

(M + 1), —nl

L;M,(O),l,l,)\,l)(x’o) - ' 1F1 [M+ I
n!

; )\x} = LN ()., (3.7)

4 Generating matrix functions

In this section, we establish new generating matrix functions of the matrix polynomial (3.2).

Theorem 4.1. Let M,N,P € C"™" be commuting matrices such that M, N satisfy the
spectral condition (3.1) and P is positive stable matriz, §,& € Z, \;n € C with R(\) >

R(n) >0 and [w| < 1, |[322] < 1, [F22| < 1. Then the following generating matriz rela,twn

holds:
D (P I M + (60 + 1)DT NN + (€n + DI LMD (2, ) w'nl
n=0
_ -1 —1 w 1,00 P . Awz —nwy
=D Y (M+ DY (N 4+ 1)e* Fy 5y AGM+D),AGN+T) " 1-w' l-w] (4.1)
Proof. Consider the left hand side of (4.1) and employing (3.2), we get
D (PN M + (6n+ DTN + (§n+ DI LMV (2, ) w™nl
n=0
Ll APpdPyd
Z ”;‘;m? TV (P DY (M + (6p + 1)IDT YN + (g + D) I)w",
on applying the Lemma 2.1, this gives
SO(P)D (M + (6n -+ DTN (N + (€n + DLV (g 4y ip)
n=0
2 o o (=) gPy B
= R () O G+ 1))
plg!n!
n=0 p=0 ¢q=0
x T7H(N + (Eq + D)W TPt
O L (—1)PHINPI Py P
-y (=1) it Plotap-1(a1 4 (0p + )TN + (gg + 1))
p=0 q=0 P¢
x Y —(P+(p+q)
n=0
0o 00 7)\wx P (—nwy\4q )z
=T ' (M + DI YN +I)(1 - w) PZZ =) 5 ') (Plpa
=0 g0 p'q!
ﬁ <M+m]> (N+r]>
m= 0 P r=1
on using (2.7), this establishes the result (4.1). O
5
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Theorem 4.2. Let M,N,P € C™" be commuting matrices such that M, N satisfy the
spectral condition (3.1) and P is positive stable matriz, 6,§ € Z7, \,;n € C with R(\) >

R(n) >0 and |w| < 1, [7225] <1, |F22] < 1. Then the following generating matriz relatzon

holds:
D (P)ul(M 4 D] (N + D] ™ LIV (a1, ) 'l
n=0
P —\wr —nwy
W FLO,O [ X 4.2
€ Lose {A((SM—#-I) AGN+I) l—w’l—wl (4.2)
Proof. Proof of Theorem 4.2 is similar as given in Theorem 4.1. O]

Remark 4.1. If we set N = O, y =0, n = 1 and § = 1 in (4.2), then this yields the
corresponding result due to Jatav and Shukla [10],

> (I IOF + Dl L @) = (1= )1 [A@; Ml ﬁ] - (43)

Remark 4.2. Ifwe set N =0,y=0,n=1,0=1and { =1 in (4.2), then this yields the
corresponding result due to Jatav and Shukla [10],

S P + D LY @) = (1 - w) B [M]L i %} (4.4)

Theorem 4.3. Let M, N € C™*" be commuting matrices satisfying the spectral condition
(8.1), \,n € C, §,£ € Z*, R(\) > 0, R(n) > 0 and | 5§”“| <1, | "“’y| < 1. Then the
following generating matriz relation holds:

D TN M + (on+ )OI NN + (En + DI LN (2, y) w'nl
n=0
- o dwz P - Wy
AGM+T) "7 | AGN+T) T e
(4.5)

=T"Y M+ DI YN +1)e” o Fs

Proof. From left hand side of (4.5) and employing (3.2), we get

> THM + (6n+ DDT N + (En+ DI LMNED (2, ) w'nl
n=0

n n

— (=) APnTaPy

o LM+ Gp+ DI + (g + D)o

on using the Lemma 2.1, we obtain

Z =Y M + (6n+ )10 YN + (én+ 1) 1) LPTENSEAD (1 4y y"n)

6

25 Jul 2023 03:24:18 PDT
230204-Shukla Version 2 - Submitted to Rocky Mountain J. Math.



oo o 0

=T Y M+ DIY(N+1) ZZZ

0 p=

1)PHa NPy Py

plg'n! [(M + I)ép]_l (N + I)éq]_l Biazar

)

. w"OA M +ml —nwy)? oy (N 41\
— (M + D) N+Iez ‘;f H( m) Z(q:z;z;)l—[( €r>q’

p= m=1 P ¢=0 r=1

on applying (2.7), this completes the proof of Theorem 4.3. ]

Theorem 4.4. Let M, N € C™" be commuting matrices satisfying the spectral condition
(3.1), \;n € C, 6,¢£ € Z*, R(\) > 0, R(n) > 0 and |=3%| < 1, | —&4| < 1. Then the

53
following generating matriz relation holds:

S I + 1ou] N + Dea] ™ LN (3, ) o

n=0
— o dwx — Wy
- 0F5{A(5;M+I) ’_56]0FE[A(§;N+I) ’_?} (4.6)
Proof. Proof of Theorem 4.4 is similar as Theorem 4.3. O]

Remark 4.3. If we take N =0, y =0, n=1and £ =1 in (4.6), this yields the corre-
sponding result due to Jatav and Shukla [10],

> —wA
S M + Ds] LY (@ d x} (4.7)
n=0

()" = o Fs [A(a;MH) T

Remark 4.4. [f we take N =0,y =0,n=1,0=1and £ =1 in (4.6), then this yields

the corresponding result due to Jodar and Sastre [15],
M)\) n__ w -

ZM+I (z)w —eOFl[M+I

n=

: —w)\x} . (4.8)

Theorem 4.5. Let M, N € C™*" be commuting matrices satisfying the spectral condition
(5.1),6,£ € Z*, A,n € C with R(N) >0, R(n) > 0 and | =522 < 1, |ZL2%| < 1. Then
the following double series generating matriz relation holds:

nz%mzo mn;; M A+ (6(n+m) + DDTTHN + (E(n +m) + 1)])
X Lyl "M (2, y)w™ o
- A
=T (M + DITHN + 1) 7™ o Fy [A(é;M+I) e +5§') .
- . (wto)ny
X ol [A(g;N+1) T ] (4.9)

Proof. On denoting the left hand side of (4.9) by L; and using the Lemma 2.1, we get

L = i Xn: m!(Lﬂr—l(M + (0n + 1)HDHN + (En + 1))
7
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XL(MN%XW)@ Yo"

= Z Z DM + (6n+ 1)DT YN + (én + 1)) LIENSEAD (2 ) (0 + w)"nl.

n=0 m=0

Now using the Theorem 4.3, this immediately leads to the proof. O

5 Integral representations

In this section, we establish new integral representations of the matrix polynomial (3.2).

Theorem 5.1. Let M, M’', N and N' be commuting matrices in C™*" such that M, N, M +
M’ N + N’ satisfy the spectral condition (3.1) and M', N' are positive stable matrices, 6,& €
Zt, \,n € C with R(\) >0, ®(n) > 0. Then

/ / S—I 1yN(t y)N 1L(MN6£>\7])(1' y)d!L‘dy

= MAMYNEND (VDN (M + (6n + 1)I)T(N + (én + 1)1)
x T™YM + M 4 (6n+ D)I)I YN + N' + (én + 1)I) LMHMNENSEAM (60 48) - (5.1)

Proof. On denoting the left hand side of (5.1) by Lo,
D(M+ (on+ 1)HI'(N + (En+ 1))

b2 = (n!)?
XZOZO nIpp;"q)‘ n? - ( +(5p+1)])F_I<N+(fq—|—1)])

s t
> (/ $M+6pl(s _ $)M’—Id$) (/ yN—i-qu(t _ y)M’—Idy) :
0 0

on making substitution s —x = s(1 — ) and t — y = ¢(1 — w) in the above equation, we can
easily arrive at the desired result (5.1). O

Further, one can also express the result (5.1) in the Kampé de Fériet matrix series form

/ / oM yN (= )N TN (20 ) dwdy
SMEMUNEND DN (M + (6n + 1)DT(N + (én+ )T~ M + M' + 1)
—nl S As? ot

x YN+ N' + 1) Fy3? (5.2)

AWM+ M +1),A(6N+N +1) 7 560 €€
Remark 5.1. On setting N = N' =0, y=0,n=1and { =1 in (5.1), this yields the
corresponding result due to Jatav and Shukla [10],
/ (s — x)M' = TgM LN (38) dg = MAMD(MT(M + I + onl)
0

x T™HM + M' + I + onI) LM+HM0X) (50, (5.3)
8

25 Jul 2023 03:24:18 PDT
230204-Shukla Version 2 - Submitted to Rocky Mountain J. Math.



Remark 5.2. On setting N =N'=0,y=0,n=1,£=1and § =1 in (5.1), this yields
the corresponding result due to Jatav and Shukla [10],
/ (s — )M LM LN () do = MM DM (M + (n+ 1)1)
0
x T™HM + M + (1 +n))LMTMN (g), (5.4)

Theorem 5.2. Let M and N be commuting matrices in C™*" satisfying the spectral condition
(3.1) and 0,& € ZT, \,n € C with R(\) > 0, R(n) > 0. Then

/ / ey M NLglM’N’é’g”\’”)(x,y)dxdy
LM+ (dn+ 1))T(N + (En+ 1)1)
(n!)?
« FLLL —nl, M+ 1,N+1
0.08 |\A(G; M +1),A(&;N +1)

A

Proof. On denoting the left hand side of (5.5) by Ls,

(M + (on+ 1)DHT(N + (én+ 1))

(n!)2
n n—q

X (/ e_“"xM“’Idm) (/ e_ny+quy)
0 0

_ D(M + (6n+ OT(N + (€n+ D)

Ls =

which establishes the result (5.5). O

Remark 5.3. On putting N = O, y =0, n =1 and § = 1 in (5.5), then this yields the
corresponding result due to Jatav and Shukla [10],

/ oMe—e [N () gy = LM EOnE DD o f=nd, M AT )\]
0

n! b5 {A((S;M%—I) 00 (5.6)

Theorem 5.3. Let M and N be commuting matrices in C™*" satisfying the spectral condition
(3.1) and 0,& € ZT, \,n € C with R(\) > 0, R(n) > 0. Then

/ / —z— yl, NLng,N,(S,S,)\,n) (xd,yf)dxdy

_ (M +(dn+ )(n)!;(N &t DD e, (5.7)
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Proof. On denoting the left hand side of (5.7) by Ly,
I'(M+ (0n+ 1)I)I'(N + (§én+ 1)I)

b= (n)?
X Zn: ni =)y Y M + (5p+DIDIYN + (E¢ + 1))
(2 gl p q
q=Y p=

X </OO e_zxM+5p1dx) (/OO €_ny+5quy)
0 0

CT(M +(6n+ D)DTN + (En 4+ D) =~ (—nd)piAn?
(n!)2 QX;Z; plq!

Y

this immediately establishes the result (5.7). O

Corollary 5.1. Let M be a matriz in C™*" satisfying the spectral condition (3.1) and § € Z7,
A € C with R(\) > 0. Then

/Oo e~ g™ LN (49) g = LM+ (On+ DI) (I—=XM)" (5.8)

n!

Corollary 5.2. Let M be a matriz in C™*" satisfying the spectral condition (3.1) and A € C
with R(A) > 0. Then

I'(M+ (n+1)I)
n!

(1 -\ (5.9)

n

/ e 2™ LM () dx =
0

6 Summation formulas and recurrence relations

In this section, we establish finite summation formulas and differential recurrence relations
of the matrix polynomial (3.2).

Theorem 6.1. Let M, N € C™*" be commuting matrices satisfying the spectral condition
(3.1) and 6, € Z*, \,n € C with R(\) > 0, R(n) > 0. Then the following summation
formulas hold:

k
> ( . ) (M 1 = k)] ™" DELENOEAD (a0, y) = (M D [(M AT = kI)sn] ™
s LMFLNSEND (7 0y (6.1)

Z(S)y“[(NJrI—/{;I)u]_lD;jLMN‘SU”)( Y) = (N+Deu [(N+1 = kD)e] ™

u=0
% L%M,N—k[,é,f,)\,n)(x’y) (6.2)
SO D AN 4 ) = YSI 0y)  (63)
u!
u=0
(U)‘ D;LLHM,N,&EJ\,U) (z,y) = LUENOEAD (3 4 4 o) (6.4)
u!
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(_x)uDngM’N’5’§’A’”) (2.4) = (M + (dn+ 1)) LgN,g,n)(y) (6.5)

\E

— u! n!
(=)t I'(N I
( y.) DyLssean g, y) — L EREID 0N 0) (5)
u. n.
u=0
Z D“DtUM““W(x y) = LMNOEAD (4 46y +w)  (6.7)
t=0 u=0
OJ) ( ) Dth L(M,N,d,g)\,n) (LU, y) — F(M + (577, + 1)[) Lglegv"]) (y —+ CU)
t=0 u=0 U' TL'
(6.8)
—~x— (=9)'(0)" DY D! LMNAEN) (3 ) = (N + (En+ 1)I)L£LM’5’A)(I+U)-
t=0 u=0 U| n|
(6.9)
Proof. On denoting the left hand side of (6.1) by Ls,
¢ _ DM+ @n+ DIOTN + (6n + 1))
T (nl)?
n n—q )
_ ] P Q)\p q
x N (=n )pﬂf”' Y2 P=Y(M + (5p + DTN + (€ + 1))
g piq!
k
> " (M +1—kI),]
u=0 ’
(M + (dn+1)D(N + (En+ 1))I'(M + 1 — DT (M + 1)
a (n)?
n n—q
I) 0P, 9 \Pp4
3oy }Z' VNI R (0 4 — R+ SpI)T (N + (€q + 1)1),
q=0 p=0 o

which yields the result (6.1). Similarly, we can establish the result (6.2).
On denoting the left hand side of (6.3) by Lg,

(M + (n + DIT(N + (6n + 1)) o= <= (=) 2Py NP1

L6 pr—
12 1g!
(nl) — plg!

q=0

hS]

X T M 4 (5p+ DOP (N + (€ + 1D Y w

—q

S
|

S

CT(M+ (6n+ 1)DT(N + (§n+ 1)]) <
B (n!)?

(—nd)piq(x + 0)PyI APy

= plq!
x T7HM + (ap + DTN + (&g + 1)),
on applying (3.2), this leads to form of the result (6.3). Similarly, one can easily prove the

desire result (6.4). On putting 0 = —z in (6.3) , we get the result (6.5) and on putting
11
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o = —yin (6.4), we arrive at (6.6).

Indicating the left hand side of (6.7) by L7,

(M +6én+ DD(N +&n+ 1) z": "i —nl) i g Py INPYT

L; =
(n!)2 == plq!
u [ t
x DM + (6p+ 1) )T Y (N + (€ + 1 ZZ 05 <7>
t=0 u=0 ult!
(M +6on+1)I'(N +&n+1) Xn: nzf —nl)piq(x 4+ 0)P(y + w)INY?
B (n!)? plq!

q=0 p=0

x I™YM + (6p + )T YN + (€g + 1)),

use of (3.2) establishes the result (6.7). On setting 0 = —z in (6.7), this yields (6.8) and on
putting w = —y in (6.7), we can easily obtain (6.9). ]

Remark 6.1. Ifwe set N=0,y=0,n=1and { =1in (6.1) and (6.3), then we get the
corresponding results due to Jatav and Shukla [10],

k
> ( ’; ) 2 [(M + T —kI),] " DULUN (%) = (M + g, [(M + T — kI)s,] ™" (6.10)
u=0
% L%M—kl,&,)x) ({lf)

and

(o) DuL(M,é,/\)<I> _ L%M"W (z+0). (6.11)

Theorem 6.2. Let M, N € C"™*" be commuting matrices satisfying the spectral condition
(3.1) and 6, € Z*, \,n € C with R(\) > 0, R(n) > 0. Then the following differential
recurrence relations hold:

MLMNSEAD (32 0y 4 g5 D, LMNIEA (32 ) = (M + o) LM TNIEAD (2 1) (6.12)
NL(M NGEN, n)( y) + yéDnglM’N’é’g”\’") (z,y) = (N + £n]>L£LM,N7L6,£,>\,77) (z,y). (6.13)

Proof. Consider the right hand side of (6.12),

(M + dnd) LM=ENSEAN) (4 4))

(M +6n)(M)sn(N + ey xo= s (=10 piqaPy? A1 o 1
- (n))? Z ] [(M)ap] ™ [(N + Deg]
q=0 p=0
n ne a4 \Pyd
(M—I—] gn ZZ n[)p+q:(:'y)\n (M—F(Sp[)(M—l—[) (N+I)
=0 p—0 pq
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M(M + I)sn(N + I)gy, L (—nd) Pyt NPT . .
= (n)2 ] (M + [)5p (N + [>§q
q¢=0 p=0
2O(M + Ign(N + I)ep, D (—n)pyqprP~tyINPyd . .
q=0 p=0

this immediately leads to form of the result (6.12). Similarly, we can prove the result
(6.13). 0

Remark 6.2. If we take N =0, y =0, n =1 and & =1 in (6.12), then this yields the
corresponding result due to Jatav and Shukla [10],

d
ML (@) 4+ 25 LM (@) = (M + on D) LM19 (), (6.14)
X

7 Concluding Remarks

In this paper, we introduced the matrix polynomials in two variables LML (z,y) which
unifies a number of matrix polynomials and discussed various properties including the Kampé
de Fériet matrix series representation, generating matrix functions, integral representations,
finite summation formulas and recurrence relations with their several interesting special cases
have been obtained. These results can play a significant role in the Wireless Communica-
tions and Signal Processing, Combinatorial Problems, Theory of Special Functions, Operator
Theory, Matrix Analysis Theory, Mathematical Physics, Fractional Calculus and Statistics.

One can find orthogonality and g-analogues of the matrix polynomials in two variables
LN BEN (2, 1).
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