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Abstract. The classical Hermite-Hermite matrix polynomials for commutative matrices
were first studied by Metwally et al. (2008). Our goal is to derive their basic properties in-
cluding the orthogonality properties and Rodrigues formula. Furthermore, we define a new
polynomial associated with the Hermite-Hermite matrix polynomials and establish the ma-
trix differential equation associated with these polynomials. We give the addition theorems,
multiplication theorems and summation formula for the Hermite-Hermite matrix polyno-
mials. Finally, we establish general families and several new results concerning generalized
Hermite-Hermite matrix polynomials.
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1. INTRODUCTION

Orthogonal matrix polynomials constitute a promising field whose development
leads to significant results both from the theoretical as well as the practical points
of view. Some results in the theory of classical orthogonal polynomials have been
extended to orthogonal matrix polynomials, for instance, see [3], [5], [8], [29]. Im-
portant connections between orthogonal matrix polynomials and matrix differential
equations of the second order appear in [2], [8], [6], [7]. Extensions to the ma-
trix framework of the classical families of Legendre, Laguerre, Hermite, Chebychev,
Hermite-Hermite and Gegenbauer polynomials have been introduced in [1], [9], [10],
[12], [14]-[31]. The interest in the family of Hermite polynomials is based on their
intrinsic mathematical properties due to which these polynomials have found wide-
ranging applications in physics.
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Our main aim in this paper is to consider a new system of Hermite-type matrix
polynomials. The organization of this paper is as follows. In Section 2, we discuss
the orthogonality properties and Rodrigues formula of the Hermite-Hermite matrix
polynomials in a fairly direct way. In Section 3, we define a polynomial associated
with the generalized Hermite-Hermite matrix polynomials and obtain the matrix
differential equation associated with these polynomials. A class of polynomials asso-
ciated with the generalized Hermite-Hermite polynomials is introduced and studied
in Section 4. Section 5 deals with some relations involving the addition theorems of
the Hermite-Hermite polynomials and the multiplication theorems discussed there
will hopefully provide the matter of forthcoming investigations in this and related
fields.

Throughout this paper, for a matrix A in CV*¥ its spectrum o(A) denotes the
set of all the eigenvalues of A. Furthermore, the identity matrix and the null matrix

or zero matrix in CV*N

will be denoted by I and 0, respectively. In this expression,
R(2) is the real part of the complex number 2. If A is a matrix in CV*¥ its two-norm

is denoted by || A||2, and is defined as

p 1Azl
B4 /P

[A]l2 = su
;e

where for a vector = in CV, ||z|y = (2Tx)"/? is the Euclidean norm of z.

Notation 1.1 (Dunford and Schwartz [4]). If f(z) and g(z) are holomorphic
functions of the complex variable z which are defined in an open set § of the complex
plane, and A, B are matrices in CN*¥ with 0(A) C Q and o(B) C Q such that
AB = BA, then from the matrix functional calculus, it follows that

Definition 1.1 (Jédar and Defez [9]). A matrix A € CNV*¥ is a positive stable
matrix if it satisfies

(1.1) R(z) >0 for every eigenvalue z € g(A).

Lemma 1.1. If A(k,n) and B(k,n) are matrices in CN*N forn > 0, k > 0, it
follows in an analogous way to the proof of Lemma 11 and 10 of Rainville [13] that

oo 00 oo [n/2]
(1.2) >N Ak, Z > A(k,n — 2k),
n=0 k=0 n=0 k=0
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n=0 k=0 n=0

oo (oo} [ee] n

>N Bk,n)=>"Y B(k,n—k); meN
n=0 k=0 n=0 k=0

oo [n/2] 00 oo
(1.3) SN A(kn) =0 Ak,n+ 2k),
n=0 k=0 n=0 k=0
oo [n/m] o oo
Z Z A(k,n) = ZZA(k,n+mk),
n=0 k=0 n=0 k=0
ZZ =Y Y B(kn+k); meN.
n=0k=0 n=0 k=0

In the following, we recall the main relations and some properties of the Hermite-

Hermite matrix polynomials mentioned in [11].

Definition 1.2. In [11], the Hermite-Hermite matrix polynomials are defined by

["/2] k(. /5 A\n—2k

(1.4) R(n = 28) :

where A is a positive stable matrix in CV*V satisfying condition (1.1) and H, (z, A)
are the Hermite matrix polynomials (see [6], [9])

[n/2]

k
n(z, A) —n'zmni)%) (zV24)" 2 >0,

According to [11], we have
(1.5) i M = exp(2t(V2A4)? — t3(I + (V24)?)).
n=0 :

Theorem 1.1. Let A be a positive stable matrix in CN*¥N satisfying condi-
tion (1.1). The Hermite-Hermite matrix polynomials yH, (x, A) satisfy the relation

dr (M)Qr !

(1.6) Qo (0 4) = S S (0, 4)), 0<r <
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Theorem 1.2. Let A be a positive stable matrix in CN*N satisfying condi-
tion (1.1). Then we have

(1.7) gHy (2, A) = 2(V2A) gH, 1 (z, A) — 2(n — 1) gH,,_o(z, A), n > 2.

Corollary 1.1. The Hermite-Hermite matrix polynomials are a solution of the
matrix differential equation of the second order

2
(1.8) 4, QxiAQ(I +2A)7 1 £ 2nA%(T + 2A)*1}HHn(x, A)=0, n=0.

dx? dx

2. ORTHOGONALITY AND RODRIGUES FORMULA OF THE HERMITE-HERMITE
MATRIX POLYNOMIALS

In this section, we will discuss the orthogonality properties of the Hermite-Hermite
matrix polynomials.
From (1.8), we can write
—A%z2(142A4)7! d?
(2.1) e @HHn(va)
- d
— e—A2x2(1+2A) 121‘142([ + ZA)_laHHn(x; A)
4 672142@2(]4»214)_12”142([ 4 2A)71HHYL($;A) =0
/

2, -1 d
= efAzxz([JrzA) aHHn(%A)

+ e—A2x2(1+2A)712nA2(I =+ 2A)_1HHn(xaA) =0.

Replacing the index n by m in (2.1), we get

-1 d !
(22) eiA2E2(I+2A) aHHm(va)

e AT o A2(T 4 2A) T yH,, (2, A) = 0.
If we multiply (2.1) by gH,(z, A) and (2.2) by gH,(x, A), and subtract, we obtain
(2.3) e A2 9 42(1 1+ 24) Y (0 — m) gH o (2, A) gH o (2, A)
_ [efA2z2(I+2A)_1(HHn(x,A)%
— gHp(z, A)

%Hﬂn(x,A))}'.
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Integrating (2.3) over the interval [a, b], one gets

b
(2.4) / e 2AUH2N) %9 42T 4 9 A) Y (n — m) gH,, (2, A) gH (2, A) da

= [e—A2x2<I+2A>*( (s A)— 4l (@A) — uHo(x, A d i A))} '

a

Since the multiple of any polynomial in x by e~ A U+207" 5 0 a5 7 — 0o or
x — —oo, and taking limits in (2.4) as a = —o0, b — o0, it follows that

o)
/ e~ ATt (I+24)7! H, (z, A)gHy,(z, A)dz =0; m #n.
—o0
We see therefore that the Hermite-Hermite matrix polynomials are an orthogonal

set over the interval (—oo, 00) with weight function e~ A% (I+24)
From (1.2) and (1.5), we obtain

s 3N HH’“(”C’A()fim’];)’jlif’ A p (4t — 2T +24)1%).

SO

(o)
(2.6) / e ATt (I+24) ™ exp(4Azt — 2(1 + 2A)t*) dz

i zm:/oo A2 (T42A)" 1HHk(x,A)HHm,k(x,A)tm*k da

S (m — k)k!

Equation (2.6) is
(2.7) / oAt (I+24)™ exp(4Azt — 2(1 + 2A)*) dz

_ th2(1+2A) /Oo e—(gcA(\/I+2A)*1—2\/I+2At)2 dz

= \/EA_l I + 2A62t2(I+2A)

>, on¢

2n
=VrA W +24) — (I +2A)",
n=0

which can be written

28)  VEAWIT24 Z 2";2" (I +24)"

n=0 ’

_ i i/oo e—Azxz(I+2A)’1 HHk(a:,A)HHm_k(x,A)tm_k du

=) (m — k)!k!
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Then m must be even, m = 2n and k = n. Therefore we have

)

SVRATWT2A + 24)" = / o~ A% (rr24) 1 B (@, Al (@, 4) 4

oo nln!

which yields
oo
/ e AU U2 (3 A) da = 2'nl/mRAT T + 2A(T + 24)"
—00
Therefore, the following result has been established.

Theorem 2.1. Let A be a positive stable matrix in CN*Y satisfying condi-
tion (1.1), then the Hermite-Hermite matrix polynomials satisfy the following or-
thogonality formula:

(2.9) | e i o, A) i, )

0, m#n;
) 2l RATH(T 4 24) Y2 =

In the following theorem, we provide a Rodrigues formula for the Hermite-Hermite
matrix polynomials.

Theorem 2.2. Let A be a positive stable matrix in CN*Y satisfying condi-
tion (1.1), then the Hermite-Hermite matrix polynomials yH, (x, A) satisfy the Ro-
drigues formula:

(2.10) (2, A) = (—1)"((I + 24) A" )" exp(2*A*(I + 24) )

X Ton exp(—2?A*(I +24)71).

Proof. We use (1.5) and Taylor’s theorem, which states that

tn
o™

> d"F(t)

(2.11) F(t) = T

n=0

The matrix generating function (2.11) with the aid of the Taylor’s theorem gives

n

(212)  pH(x,A) = [% exp(at(V2A)? — (1 + (V24)?))|

= exp(z®A*(I +24)7")

t=0

n

< [ 2 exp(- AT /T 2P|

t=0
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Setting f(z,t, A) = exp(— [z AT + 2A)~! — t/T + 2A]?) in (2.12), we have
0

(2.13) /@t 4) = (I +24)A° —f(x t, A),
a’n n B n an
S @t A) = (C)M(L +24) A7) S f (., A).
So
(2.14) 8—;[exp(—[xA(\/I+2 )= tVIT+24P)]|,_, = (=D)™*((I +24)A~)"

n

x%[exp(—[x/l(\/]-i-?) — VT +24)]

1o

and we have

(2.15) (2, A) = (—1)"((I +24) A" ") exp(2®A*(I +24)7")

X {% eXp(—[mA(\/M)_l —tvI+2A 2)} ‘t:ol

Therefore, the result is established. ([

3. ASSOCIATED HERMITE-HERMITE MATRIX POLYNOMIALS

The object of this section is to introduce an associated polynomial with the
Hermite-Hermite matrix polynomials. From (1.6), we can write

[((n—p)/2]

P _ p (—1)k(m)n7p72anfp* (x,4)
(3.1) DPyH,(z,A) = (V24)*n! kZ:O kl(n —p— 2k)! - ’

0<p<n,

where p is non-negative integer.
The associated Hermite-Hermite matrix polynomials can be defined as

(V2A)=*(n — p)!

n!

(3.2) n®P (z, A) = (z7 — 1)P""P) DPuH, (x, A),

which can be written with the aid of (3.1) in the form

(3.3) a®P (2, A) = (n — p)!(z? — 1)P(*=P)
[(n—p)/2]
(—D)F(V2A) P2k H, (2, A)
x kZ=O kl(n —p — 2k)! ’
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Moreover, we have

/2l
pwz )k \/ZA) 2k I (2, A)

(3.4) m P, (7, A) = (n — 2k)! ’

ie.,
(35) H(I)fz+p(xv A) = (xq - ]-)anHn(xa A)

Clearly, if p = 0, y®? +p(®, A) reduces to the Hermite-Hermite matrix polynomi-
als gH,(x, A).

Next, we obtain the matrix generating function for the associated Hermite-Hermite
matrix polynomials. From (3.4), (1.3) and (1.4), we have

n oo [n/2] _
e o (VZAy .
712::0 n! g ,; k' m—2k) (2 = 1)"" Hy—op(z, A)

_ exp(((xq _ 1)pxt\/_) — (27 — )2pt2(m)2)
x exp(—(z¢ — 1)*P121).

Therefore, the matrix generating function concerning the associated Hermite-
Hermite matrix polynomials is given in the form

(3.6) Z 18y A exp((z? — 1)Pat(V2A4)? — (27 — 1)%P£3(1 + (V24)?)).

n!
n=0

To derive the matrix differential equation satisfied by the associated Hermite-Hermite
matrix polynomials, let us take

(3.7 aHy (z, A) = (27 = 1) g @F, (x, A).

Differentiating with respect to x, we get

d —pn d — mn—
aHHn(x,A) =(xz9-1)"? aH(I)fLﬂ)(va) —pqna®H(z? — 1) @b (3, A)
and &2 &2
@HHn(x7A) = (xq - 1)_1)”@1'1(1)?14#7(%)14)
d
— 2pgna? ! (z9 — 1)7P" 1d m® . (z, A)
—png(q — 1)z? (27 —1)7P"~ 1H<I>n+p(a: A)

+ @®pn(pn + 1)2*1 2 (29 — 1) """ 2y @b (x, A)
Therefore, the following result is established:
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Theorem 3.1. Let p be a non-negative integer and let A be a positive stable

CNXN

matrix in satisfying condition (1.1). Then the associated Hermite-Hermite

matrix polynomials, y®), , (x,A), are a solution of the matrix differential equation
of the second order in the form

2
(3.8) (27— 1) (2A+I)dd2H<I>n+p(x,A)

— (2pqnat™ Y (z7 — 1)(2A + I) + 22(a? )2A2) oy (z, A)

d_H
+ [pqnxﬂ(xq 122242 — (¢ —1)(24 + 1))
+ ¢pn(pn + 1)2* 2 (2A 4+ 1) + 2n(2? — 1)2A2} a® . (x,A) =0

Note that when p = 0, the above matrix differential equation reduces to the
Hermite-Hermite matrix differential equation (1.8).

4. SOME RELATIONS ON HERMITE-HERMITE MATRIX POLYNOMIALS

Here, let us recall some important properties of Hermite-Hermite matrix polyno-
mials, namely the addition theorems and multiplication theorems, which will be used
in this section.

Theorem 4.1. For a positive stable matrix A in CN*¥ satisfying condition (1.1),
the following addition formulas for the Hermite-Hermite matrix polynomials hold

true:
Yk gH, (x, A)
HIg
(4.1) HH(z +y, A —n'z 0
and

" gHy(2v/2, A) gH, 1 (yV/2, A
ERNN TR o it

Proof. From (1.5) and (1.2), we have

i 7HH"(Q;L'—|— " = exp(amf(\/ﬂ)2 —t3(I + (\/ﬂ)Q))eyt(‘/ﬂ)2
n=0 ’

_ i": i i (z, A)t* (yt(V24)*)"

k! n!
n=0 k=0
_ i  qH(z, AP (yt(V2A4)?)n
N k! (n—k)!
n=0 k=0
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Comparing the coefficients of ¢, we obtain (4.1). From (1.5) and (1.2), we find

Z (z + s (z +y)t" exp((z + y)t(V2A4)? — 2(I + (V24)?))

n=0
B ii mHy (2v/2, A) aHa(yv/2, A) (i)"*’“
B ] !
=i k! n! V2
_ i — mHy (22, A) 5Hn i y\/_ 2,4) (L)
n=0 k=0 k! (n— 2
by comparing the coefficients of ¢", we get (4.2). The proof is completed. O

Theorem 4.2. For a positive stable matrix A in CN*¥ satisfying condition (1.1),
the following multiplication formulas for the Hermite-Hermite matrix polynomials
hold true:

(4.3) wHp(px, A) = n! kzzo m(x(m)Q)k(ﬂ — D yH, _y(z, A)

and
/2] ) - 1 \k
(4.4)  gH,(uz, A) = nly kzzo ot (vV2A4)?) (1 - F) HH—oi (2, A).

Proof. Using (1.2) and (1.5), we get

i W = exp(pat(vV24)* — (I + (V24)%))

n=0

YN e (VIR 1 1, )

n=0 k=0
33 VBRI U ),
n=0k=0 )
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Therefore, (4.3) follows. From (1.2) and (1.5), we have

n=0

_ 2 _ (LY

- eXp(mt(\/2A) (M) (I + (V24) ))

—iii I+ (V24 1L kt”“k LA
n=0 k=0
< A 1

_ 2\k

=33 ma T+ VR (1= ) i n(, 4)
n=0 k=0

Therefore, the expression (4.4) is established and the proof is completed. O

CNXN

Theorem 4.3. Let A be a positive stable matrix in satisfying condi-

tion (1.1). Then the Hermite-Hermite matrix polynomials satisfy the following rela-

tions:
" HHk 04.13/\/5, A)HHn_k(ozx/\/i, A)
(4.5) H, (o, A) \/2_n Z) Hn 01
and
o0l s gHa—k(Byv2, A) gHy(axv/2, A)
(4'6) HHn(ax + By, A) = \/2—n kg) k"(n — k)' )

where o« and 3 are constants.

Proof. From (1.2) and (1.5), we get

=0 =0 k!(n —k)!
o= gHn(az/V?2, A)gHy(ox/V/2, At
- v;)kz:;) . Z'n]:
= eXP(jo%xt(\/ﬂ)z —26%(I + (\/ﬂ)z))

= exp(az(tV2)(V24)? — (tv2)*(I + (V24)?))
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Comparing the coefficients of ¢, we obtain (4.5). The series can be given as

o o k(ByV/2, A) pHy (a2, A)t"
3" sl

= i io: HHn(/By\/E, A)HHk(OéJ?\/E, A)tn+k

In!
e k!n!

— exp((a + By) (WD (VIR — (W) + (VIA)R))
HHn ax + By, n
= Z — v A) 4z

n=0

n=0

By comparing the coefficients of ¢, we get (4.6). The proof is completed. O
In the following corollary, we obtain the properties Hermite-Hermite matrix poly-

nomials as follows.

Corollary 4.1. For a positive stable matrix A in CV*¥ satisfying condition (1.1),
the following relation for the Hermite-Hermite matrix polynomials holds true:

Proof. From (1.3) and (2.1), we can write

> (tV2)" z+y
2 (g4
r+y 2 2 2
:exp(Tt\@(x/M) — (tV2)*(I + (V24) ))

Il MS Il Mg

'k"HH X A)HHk(y A)tn+k

T — o (@, A)pHi(y, A)t"

>
RS

By comparing the coefficients of t”, we get (4.7) and the proof is completed. O

Theorem 4.4. Let k € N and A be a positive stable matrix in CN*V satisfying
condition (1.1). Then the Hermite-Hermite matrix polynomials satisfy the following
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relation:

[n/2] 2\\s T 2\n—2s
ay 3 CHIELTA) ;/z;m) )

- Z nl'ng'nk'

ni+ne+...4+n=n

Proof. From (2.2), we can find that

i (t\:f)n wH, (2Vk, A) = exp(kat(V24)? — kt*(I + (V24)?))
n=0 '
= exp(kat(V24)?) exp(—kt*(I + (V24)?)).

Using (1.2), we have

(4.9) Z(kxt(\/_ ”Z (—kt3 (I + (V24)?))*

n=0 n! 5= st
0o /] _
m 28 (ke m 2\n—2s .
zz: EZ:O s!()n))— (23)!( = -

On the other hand, we get

(4.10)  exp(kat(V24)? — kt* (I + (V24)?))

e SI k
— [exp(at(VEAY? — (I + (VIA))]* = [Z E A)]
n=0

’I’Ll!’I’LQ! . ’I’Lk|

_ i { > o, (2, A) pHy, (2, A) . .. gH, (2, A)]

0 “nit+ns+...+ng=n

If we combine (4.9) and (4.10), we obtain (4.8), the proof is completed. O

Theorem 4.5. For k € N and A a positive stable matrix in CN*N satisfying
condition (1.1), we get the following relation:

[nf (= + (V2A) k(@1 + @2 + ...+ 20) (VZA)?)" 2

sl(n —2s)!

_ Z HHn1 (3317 A)HHTL2 (332, A) s Han (J?k, A)
nl!ng!...nk! '

(4.11)
s=0

ni+n2+...+ng=n
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Proof. Let
W(x1,xa, ..., 25,1, A) = eXp((xl + o+ ) t(V2A)2 — (1 + (V ZA)Q)).

Using (1.2), we can write

(4.12) W(J)l\/E, 332\/E, e ,xk\/E, t\/E, A)
= exp(k(z1 + 22 + ... + 2p)t(V2A4)? — kt* (I + (V24)?))
_ i (k(z1 4 29 + ... + 2)(V24)%)" i (—kt2(I + (V24)?))*

n! s!

n s=0
_ i ["f (kI + (VD)) (h(ws + @3 + ...+ o) (VEAD)™ >
— = sl(n — 2s)!
On the other hand, we get
(4.13)  exp (k(z1 + a2 + ...+ 2)t(V2A)? — kt* (I + (V24)?))
= [exp((z1 + 22 + ... + 2p)t(V2A)? — 2(I + (\/2A) ))}
_ i [ Z aHy, (21, A) pHy, (22, A) - - gHyy (21, A) i
=0 Ly tnototne=n nl!ng! N k!
Comparing (4.12) and (4.13), we obtain (4.11), the proof is completed. O

It is obvious that we can define the generalized Hermite-Hermite matrix polyno-

mials in the forms

(n/2] —1)5(+/ n—2s
+xk7A) = Z ( 1> ( 2A> Hn—Qs(xl—F...—l—q;k)

4.14 H
(4.14) (1 + sl(n —2s)!

s=0

and

[n/2] s s
T, A) = Z (_1) (\/ﬂ) 2 Hn—23($1,...7xk).

4.15 H
( )t sl(n — 2s)! ’

k e N.
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5. GENERALIZED HERMITE-HERMITE MATRIX POLYNOMIALS

It is the purpose of this section to introduce a new matrix polynomial which
represents a generalization of the Hermite-Hermite matrix polynomials as given by
relation (1.1). For n = 0,1,2,..., A € R and m a positive integer, we define the
generalized Hermite-Hermite matrix polynomials by

[n/m] ( )k)\k(\/_A)n mk g A

x, A
(5.1) H) . (x, A) = nl Z '(n_mk; mkm ).

The generalized Hermite matrix polynomials are defined by (see [14])

[r/m) k
A — 1\ (_1) n—mk

(5.2) Hp . (z,A) = nI) kZ:O NC ST (zV/2A)

and

(5.3) ZO HHgm(x, A) = exp(A(ztV2A —t™1)).

Using (1.3), (5.1), (5.2) and (5.3), we arrange the series

W/ (kN (VA R Y (2, A)

2 a— =2 K (n — mik)! a

< (VRA Y, (3, A)
- Z n! t

= exp(Mat(V24)? — (tV2A4

(_1)k>‘k mk
k!

NE

i
(e}
b

0
™)) exp(—At™I).

~—

Thus, we obtain an explicit representation for the matrix generating function of
generalized Hermite-Hermite matrix polynomials in the form
> gH) (2, A)t"
(5.4) 3 M — exp(A(@t(V2A)? — (I + (V2A)™)t™)).
n!

n=0

The above examples prove the usefulness of the method adopted in this paper. Here,
we have obtained the matrix generating functions for associated Hermite-Hermite and
generalized Hermite-Hermite polynomials, from a known result for Hermite-Hermite
polynomials.

In a forthcoming paper, we will consider the problem of a unified approach to
the theory of new orthogonal matrix polynomials following the technique discussed
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in this paper. The used notations are implied by the following matrix generating
function for the generalized Hermite-Hermite matrix polynomials definitions: The
matrix generating functions of the generalized Hermite-Hermite matrix polynomials
of index two, three and p in terms of series are represented as follows:

= - Hp m (z, A)t"
= eXp( (t +u)(V24)? — (t +u)*(I + (V24)?)),
Hyy o p(x, A)t"u™ 0P
> 3oy el

n=0 m=0 p=0

= exp(z(t +u +v)(V24)? — (t +u +v)*(I + (V24)?))

and

oy (2, A)ETHER? L ty?

oo [ee] oo
Z Z Z HHnl,nQ,... )
nylna!. .. ny!

n1=0n2=0 nyp=0

=exp(@(ts +ta+ ... +tp)(V2A)2 = (t1 +ta + ...+ ,)2(I + (V24)?)).

6. OPEN PROBLEM

One can use the same class of new integral representation and operational methods
for some other matrix polynomials of several variables. Hence, new results and
further applications can be obtained.

Acknowledgment. (1) The first author wishes to express his sincere appre-
ciation and gratitude to Dr. Mohamed Saleh Metwally (Department of Mathematics,
Faculty of Science, Suez Canal University, Egypt), and Dr. Mahmoud Tawfik Mo-
hamed (Department of Mathematics, Faculty of Science, Assiut University, Egypt)
for their kind interest, encouragement, help, suggestions, comments and the investi-
gations for this series of papers.

(2) The authors would like to thank the anonymous referees for their valuable
comments and suggestions, which have led to a better presentation of the paper.

160



1]
2]
8]
[4]
[5]
[6]
[7]
8]
[9]
[10]
[11]
[12]

[13]
[14]

[15]
[16]
[17]
18]
[19]
[20]
21]
22]
23]
[24]

[25]

References

E. Defez, L. Jodar: Chebyshev matrix polynomials and second order matrix differential
equations. Util. Math. 61 (2002), 107-123.

E. Defez, L. Jodar, A.Law: Jacobi matrix differential equation, polynomial solutions,
and their properties. Comput. Math. Appl. 48 (2004), 789-803.

E. Defez, L. Jodar, A. Law, E. Ponsoda: Three-term recurrences and matrix orthogonal
polynomials. Util. Math. 57 (2000), 129-146.

N. Dunford, J. T.Schwartz Linear Operators. I. General Theory. Pure and Applied
Mathematics 7. Interscience Publishers, New York, 1958.

A. J. Duran, W. Van Assche: Orthogonal matrix polynomials and higher-order recur-
rence relations. Linear Algebra Appl. 219 (1995), 261-280.

L. Jédar, R. Company: Hermite matrix polynomials and second order matrix differential
equations. Approximation Theory Appl. 12 (1996), 20-30.

L. Jédar, R.Company, E. Navarro: Laguerre matrix polynomials and system of sec-
ond-order differential equations. Appl. Numer. Math. 15 (1994), 53—-63.

L. Jodar, R. Company, E. Ponsoda: Orthogonal matrix polynomials and systems of sec-
ond order differential equations. Differ. Equ. Dyn. Syst. 3 (1995), 269-288.

L. Jodar, E. Defez: On Hermite matrix polynomials and Hermite matrix function. Ap-
proximation Theory Appl. 14 (1998), 36-48.

G. S. Khammash, A. Shehata: On Humbert matrix polynomials. Asian J. Current Engi-
neering and Maths. (AJCEM) 1 (2012), 232-240.

M. S. Metwally, M. T. Mohamed, A.Shehata: On Hermite-Hermite matrix polynomials.
Math. Bohem. 133 (2008), 421-434.

M. S. Metwally, M. T. Mohamed, A. Shehata: On pseudo Hermite matrix polynomials of
two variables. Banach J. Math. Anal. (eletronic only) 4 (2010), 169-178.

E. D. Rainville: Special Functions. Macmillan, New York, 1960.

K. A. M. Sayyed, M. S. Metwally, R. S. Batahan: On generalized Hermite matrix polyno-
mials. Electron. J. Linear Algebra (eletronic only) 10 (2003), 272-279.

A. Shehata: On p and ¢-Horn’s matrix function of two complex variables. Appl. Math.,
Irvine 2 (2011), 1437-1442.

A. Shehata: On Tricomi and Hermite-Tricomi matrix functions of complex variable.
Commun. Math. Appl. 2 (2011), 97-109.

A. Shehata: A new extension of Gegenbauer matrix polynomials and their properties.
Bull. Int. Math. Virtual Inst. 2 (2012), 29-42.

A. Shehata: A new extension of Hermite-Hermite matrix polynomials and their proper-
ties. Thai J. Math. 10 (2012), 433—444.

A. Shehata: On pseudo Legendre matrix polynomials. Int. J. Math. Sci. Eng. Appl. 6
(2012), 251-258.

A. Shehata: Certain pl(m,n)-Kummer matrix function of two complex variables under
differential operator. Appl. Math., Irvine 4 (2013), 91-96.

A. Shehata: On Rainville’s matrix polynomials. Sylwan Journal 158 (2014), 158-178.
A. Shehata: On Rice’s matrix polynomials. Afr. Mat. 25 (2014), 757-777.

A. Shehata: Connections between Legendre with Hermite and Laguerre matrix poly-
nomials. Gazi University Journal of Science 28 (2015), 221-230. Avaible at http://
gujs.gazi.edu.tr/article/view/1060001688/5000116963.

A. Shehata: New kinds of hypergeometric matrix functions. British Journal of Mathe-
matics and Computer Science. 5 (2015), 92-103.

A. Shehata: On a new family of the extended generalized Bessel-type matrix polynomials.
Mitteilungen Klosterneuburg J. 65 (2015), 100-121.

161



[26]

[27]
28]

29]

(30]

31]

ics,

A. Shehata: Some relations on Gegenbauer matrix polynomials. Review of Computer En-
gineering Research 2 (2015), 1-21. Avaible at http://www.pakinsight.com/pdf-files/
RCER-2015-27,281%29-1-21 . pdf.

A. Shehata: Some relations on Humbert matrix polynomials. Math. Bohem. 141 (2016),
407-429.

A. Shehata: Some relations on Konhauser matrix polynomials. Miskolc Math. Notes 17
(2016), 605-633.

A. Sinap, W. Van Assche: Orthogonal matrix polynomials and applications. Proc. 6th
Int. Congress on Computational and Applied Mathematics (F. Broeckx at al., eds). Leu-
ven, 1994. J. Comput. Appl. Math. 66, Elsevier Science, Amsterdam, 1996, pp. 27-52.
L. M. Upadhyaya, A.Shehata: On Legendre matrix polynomials and its applications.
Inter. Tran. Math. Sci. Comput. 4 (2011), 291-310.

L. M. Upadhyaya, A.Shehata: A new extension of generalized Hermite matrix polyno-
mials. Bull. Malays. Math. Sci. Soc. (2) 38 (2015), 165-179.

Authors’ addresses: Ayman Shehata (corresponding author), Department of Mathemat-
Faculty of Science, Assiut University, Assiut 71516, Egypt, and Department of Mathe-

matics, College of Science and Arts, Unaizah 51911, Qassim University, Qassim, Kingdom of

Sau

di Arabia, e-mail: drshehata2006@yahoo.com; Lalit Mohan Upadhyaya, Department of

Mathematics, Municipal Post Graduate College, Mussoorie, Dehradun, Uttarakhand, India
248179, e-mail: lmupadhyaya@rediffmail.com.

162



		webmaster@dml.cz
	2020-07-01T19:32:01+0200
	CZ
	DML-CZ attests to the accuracy and integrity of this document




