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Abstract. The main goal of this article is to study the extend Struve and extended modified Struve matrix
functions by making use of extended Beta matrix function. In particular, we investigate certain important
properties of these extended matrix functions such as integral representation, differentiation formula and
hypergeometric representation of these functions. Finally, we obtain some results on the transform and
fractional calculus of these extended Struve and extended modified Struve matrix functions.

1. Introduction and preliminaries

A wide range of special functions in applied sciences are defined via improper integrals or infinite
series. During last decades, several special functions become essential tools for scientists and engineering
due to their applications in mathematical physics, engineering, and Lie theory. This inspire the study of the
extensions of the special functions. In last few years, many extensions of gamma function, beta function,
and Gauss hypergeometric functions have been studied by many researchers(see [4, 9, 27]).

Struve functions are mainly investigated because of their intrinsic mathematical importance in various
problems in many branches of physics and mathematics, because these functions are shown to be natural
particular solutions of a set of ordinary and partial differential equations. The Struve functions Hy(z), which

have close relationship with Bessel functions, appeared as special solutions of the inhomogeneous Bessel
second-order differential equations (see[32-34])

2
zd—w+zdw+(z - )W = 1)( )Z’Jrl

dz? dz \/_I“(+

where W = W(z) = Hy(z) + c1]0(2) + c2Y4(2), c1 and ¢, are arbitrary constants, such that [,(z) is the Bessel
functions of the first kind and Y;(z) is Bessel function of the second kind as follow
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The modified Struve La(z) which closely related to the modified Bessel functions are solutions of the
equations

W 2 9 4 z

et z— = (P PI)W = ——(2)71, 2

S~ OW = s 6) @
where W = W(z) = La(z) + c11o(2) + c2My(2), c1 and ¢, are arbitrary constants, such that I,(z) is the modified
Bessel functions of the first kind and M,(z) is the modified Bessel function of the second kind as follow

= (G _ 1@ - L)
ID(Z)—;W' M@ =3 sin(om)

Nowadays, matrix generalization of special functions has become very important during last years. One
of the motivations is that special matrix functions provide solutions to some physical problems, another
is that special matrix functions are closely related to orthogonal matrix polynomials(see [10-13]). Special
matrix functions like gamma, beta and Bessel matrix function are frequently used in statistics[20, 28], Lie
groups theory [20, 29] and in the solution of matrix differential equations [5, 8, 15, 16, 21-23]. Recently,
a generalization of Gamma, Psi and Beta matrix functions and some properties are established in [1-3].
Very recently, Goyalet al. [14, 19] introduced an extension of the Beta matrix function using the Wiman
matrix function, thus studying various properties and relation-ships of that function and another study was
presented generalized hypergeometric Matrix functions via two-parameter Mittag-Leffler matrix function.

To discuss our main results, we need definition and results of some special matrix functions. Throughout
this paper, for CY denote the N-dimensional complex vector space and CV denote all square matrices with
N rows and N columns with entries are complex numbers, Re(z) and Im(z) denote the real and imaginary
parts of a complex number z, respectively. For any matrix A in CN*N, g(A) is the spectrum of A, the set of
all eigenvalues of A, which will be denoted by ||Al|, is defined by

Ax
||A||=sup” ”2,
w0 Xl

where for a vector yin CV, ||yl = (y"'y)? is Euclidean norm of y. I and 0 stand for the identity matrix and
the null matrix in CN*N, respectively. If f(z) and g(z) are holomorphic functions of the complex variable z
which are defined in an open set Q of the complex plane and A is a matrix in CN*N such that 0(A) c Q, then,
from the properties of the matrix functional calculus (see [6, 17, 22]), it follows that f(A)g(A) = g(A)f(A).
Furthermore, if B in CM*N is a matrix for which o(B) ¢ Q and if AB = BA, then f(A)g(B) = g(B)f(A). The
logarithmic norm of a matrix A in CN is defined as (see [8, 18])

Il + KAl -1 A+ A
szax{z:zea( 5

Suppose the number (i(A) is such that
A+ A"

U(A) = m )} (3)

)} (4)

Let A and B be two positive stable matrices in C¥*N. The Gamma matrix function I'(A) and the Beta matrix
function B(A, B) have been defined in [6, 17, 24, 25] as follows

H(A) = —p(—A) = minfz : z € o(

00 1
T'(A) = f e”'tAldt, B(A,B) = f 4711 - 1)B-1dt, (5)
0 0

tA_I

where = exp((A — I) In#). The reciprocal Gamma function denoted by I'"}(z) = % is an entire function

of the complex variable z. Then the image of ['"!(z) acting on A denoted by I'"!(A) is a well-defined matrix.
For p,q € Z*, we will denote I'(A;) .. .T(A,)T ' (B)...I"(B,) by

A, ..., A
Moy B
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Furthermore, if

A +nl isinvertible for all integers n > 0, (6)
then, the reciprocal gamma function is defined as [17]

I''(A)=AA+D...(A+(m-1DDI YA +nl),n > 1.

By application of the matrix functional calculus, for A in CN*N, then from [8, 15], the Pochhammer symbol
of a matrix argument defined by

_ —71-1
(A)nz{f(A+I)...(A+(n 1)) = T"YA)(A + n), Zicl)f -

Jédar and Cortés have proved in [24, 25] that

T(A) = Tim (= DI[(A),] 0, ®)

where 1 > 1is an integer. Let A and B be commuting matrices in CN*N such that the matrices A + nl, B + nl
and A + B + nl are invertible for every integer n > 0, then , we have (see [6, 17, 25])

B(A,B) = T(A)T(B)[T(A + B)].. )

Let A, B and C be matrices in CVN and C satisfy condition (6), then the hypergeometric matrix function of
2-numerator and 1-denominator for |z| < 1 is defined by the matrix power series (see [8, 25])

(A)n(B)ul(C)n] ™" o

n! ! (10)

2F1(A,B;C;z) = Z

n>0

Let A and B be positive stable matrices in CN¥ then, the generalized Gamma matrix function T'(A, B) has
been defined as follows (see [3])

I'(A,B) = f HA-Te 0 D, 14T = exp((A — ) Int). (11)
0

Let A, B and Q be positive stable and commuting matrices in CV¥ satisfying the condition (6). Then, the
extended Beta matrix function B(A, Q; B) is defined in the form (see [1])

1
-B
.B) = A-1(1 _ pQ-1 12
B(A, Q; B) j; 711 - 1) exp(t(l_t))dt (12)
Let A,B,C,Q and C — Q be commuting positive stable matrices in CN and B,C and Q satisfying the
condition (6), then, the extended Gauss hypergeometric matrix and extended Kummer hypergeometric
matrix functions are defined in the forms (see [2])

FP(A,Q:C2) =IO HQI ™ (C- Q) ) [(AWBQ+nl,C-Q; B)i—’:, (13)
n=0 :
FI(QC2) = TOr QI (C-Q) Y BQ + 1, C~ QB (14)
n=0 :

The Struve matrix function is defined in the form (see [31])

v DT A+ + L A+Qnt1)I
Ha(z) = Z:(; e D ) , (15)
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where A is a matrix in CN*N satisfying u(A) > _73 The modified Struve matrix function L,(z) is defined as
follows

< T-1(A I
Ly = Zza (F(+ (:1; Sl (Z)A+ 2 1)1 (16)

where A is a matrix in CN*N such that i(A) > 3 . Later, Bakhet et al. [7] used B(A, Q; B) to extended Bessel
matrix function: let A and B are matrices in CN *N satisfying the condition (6)and [i(A) > —1 , then, the
extended Bessel matrix function J(4 5)(z) is defined as

()" 1<A+2>Z< 1)k

@Y )I A+s 5 Bz, (17)

Jiap)(2) =

The main object of this paper is to investigate various and study the extended Struve and extended
modified Struve matrix functions by using of extended beta matrix function, then the integral represen-
tations, differentiation formula and hypergeometric representation for the extended Struve and extended
modified Struve matrix functions are discussed. We also give connections with certain generalized gamma
matrix function under certain conditions. As an application, we present some results on the transform and
fractional calculus by the extended Struve and extended modified Struve matrix functions.

The section-wise treatment is as follows. In Section 2, we introduce the extended Struve and extended
modified Struve matrix functions, then establish the integral representations, differentiation formula and
hypergeometric representation of function. In Section 3, we study operators that are of the Riemann-
Liouville fractional integral, and of the Riemann-Liouville and Caputo fractional derivatives of extended
Struve and extended modified Struve matrix functions. Finally, we give conclusions in Section 4.

2. Extended Struve matrix function

In this section, we study and introduce extended Struve matrix function by extended Beta matrix
function. From (15), we can write the struve matrix function as follows

2T A+ & [
Hu(z) = —2 = 2 ;6(—1) B+ DLA+ D) (18)

Definition 2.1. Let A and B are commuting matrices in CN*N satisfying the spectral condition (6) and f(A) > 3

2 7
then, the extended Struve matrix function Hs py(2) is defined in the form
2T HA+ D) & 22
Hap)(2) = Z( 1'B((n+ 1)L A+ = B) T (19)

Vr

Remark 2.2. Further, we note the following special cases of the extended Struve matrix function as follows
i- Putting B = 0 in (19) and using Properties of Pochhammer symbol, we get the Struve matrix function in (15)
ii- If taking A = « € C™ and B = g € C™, in (19), we find the Struve function in [34].

2.1. Integral representation and differentiation formula

In this subsection, we study and show some integral representations and differentials of extended Struve
matrix functions as follows

Theorem 2.3. Let A and B be commuting matrices in CN*N where A and A + nl are invertible for every integer
n > 0and p(A) > 3L, then. The integral representation of extended Struve matrix function is as follows

26T A+ 1
AB)(Z):—(2) Ara)

1
7 f (1 — 1?7 sin(zu) exp (_—B)du. (20)
T 0

u2(1 — u?)
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Proof. Putting t = u® in the (12) and using the properties of Beta matrix function, we get

1
-B
B — 24-1¢1 _ ,2YQ-1 21
B(A, Q; B) 2f0u 1 - u?) exp(uz(l_uz))du. (21)
By using (21) in (19), we find that

4HMT A+ D) & L, 1 -B .

48)(2) = = 2 Z (2n+ i f u@mlq — 22 exp(—uz(1 —uZ))ZZ du
_4G YT A+ ) © N I -B .

= 2 Z (2n+1)'f U] — y2)A=s eXp(m)Zz du

2( )Ar—l(A+ 2) Al -B 0 (_1)n(zu)2n+1
—f(l—u 2 Xp(”2(1—“2))n=o (2n +1)!

ZVAT-1 I
S2TIALD [ s

(22)

-B
m)dﬂ

This completes the proof. [

Remark 2.4. Further, we note the following special cases of the integral representations of the extended Struve matrix
function as follows

i- Putting B = 0 in (20), we have the integral representations of Struve matrix function in [31]

ii - If taking A = « € C™ and B = B € €™, in (20), we find the integral representations of Struve function in [34].

Theorem 2.5. Let A and B are commuting positive stable matrices in CN*N satisfying the condition (6), we have the
differential of extended Struve matrix function as follows

d\2 I
(E) [Z_AH(A,B)(Z)] =2 Hap)(2) + (A + E)Z_(A”)H(AH,B)(Z)- (23)

Proof. By multiplying both members of (19) by z=4 and differentiate each member with respect to z, we get

2 2( )" A+Dr- 1(A+ ) — " I Z2n+1
( ) [z Huap ()] = (dz) [=2 N 2 Z( 1)"B((n+ 1), A+ > > B)—(2n+1)!]
271 A+ L) & I Z21-1 @)
—_— 2 — n f— —_—
= = ;( 1)"B((n+ 1), A+ Z,B)(zn o
By properties of extended beta matrix function in [1], we get
B(A,Q+LB)+B(A+1,Q;B) =B(A,Q;B),
we find
d\2r 2THA+ ) & (1), I 31
(E) [z Hap)(2)] = = 2 Y G 1)!22 [B(1, A +3,B) - B(ul, A+ 3, B)]. (25)
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Replacing n by k + 1 in the above equation we get

2—Ar o n
(%)Z[Z-AH(A,B)(z)] - Z 5 k+ & 2 [B((k+ LA + > B) B((k+ 1), A + %I,B)].
k=0
ar2G )AHF {A+9) & (-1 Sk I
- k+1DI,A+=,B
= W £ (2K +1)! ( 2 ) 26)

2T A+ L) & (-1
N £ 2k +1)!

_ I _
=z Hup(z) + (A + E)Z ADH a1 8)(2),

A+ é)z—wn[ 22B((k+ 1)L, A + %I,B)]

which completes the proof of the required result. [

2.2. Connections with certain generalized gamma matrix function

In the subsection, we give connections with certain generalized gamma matrix function.
Let A and B be commuting matrices in CN*N satisfying the condition n(A) > =2, then, the extended
Struve matrix function H4 py(z) is defined in the form

S (-1)"T YA+ (n+ 3)I,B)
Hp)(2) = Z fe D (Z)A+(2n+1)1 27)
n=0

Now, We give some properties of extended Struve matrix function as follows.

Theorem 2.6. Let A, B, C, and A — B are positive stable matrices in CN*N such that A, B, C commute with each
other, we have

1
Hu,o(z) =2I"(A - B, C)<§>A*B f (1= 2y exp (¢ ))H<B,c>(zt>dt. (28)
0

_=¢
2(1-£

Proof. Consider the integral

1
-C
— 2\A-B-1B+I
F = j(; (1 —t ) t + eXp(m)H(B,C)(Zt)dt,

we have
A G L 3 Z\B+(n+1 fl _B- —C
[ = T B+(n+ = I,C = @2n+1)I 1= tZ A-B ItZB+(2n+2)I — = i 29
Z('g ey’ B DLOG) - = ((Gr—7) (29)
Putting u = t? in (29), we get
A Gt D 3 Z\B+(2n+1 fl _B- 1 -C
F=)Y — T YB+n+=),C)(2)Br@ DL [ (1 — yy)A-B-IyBrine2)l du
Z(; T O - exp (=)
Ivw (1)
=3 Z (=1) - (g)“@"“ﬂr—l(B +(n+ %)I, O)B(A-B,B+(n+ g)l; Q)

( )B+(2n+1)Ir(A B, C)F(B + (7’1 + )I C) _1(A + (1/1 + )I C)

1, 3 .
= T B+ +3)LO) nZST

NIQJ

1 Z.p_
= EF(A - B, C)(E)B AHa,0)(2)-

This completes the proof. [
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Theorem 2.7. Let A, B are commuting positive stable matrices in CNN, then each of the following properties holds
true

(i) L[zAHp)(2)] = 2 Ha-1,8(2);

. 2-AT-1(A+31,B _
(ii) L[z Hup)(2)] = +2) — 24 Ha+1,8)(2).

Proof. (i) From (27), we have

Z ( 1)n 1(A+ (11 + 2)[ B)ZZA+ 2n+1)I

_[Z H(A B)(Z)] = 2A+(2n+1)1r(n + %)

n—O
_, i (“1)"T YA+ (n+ 2L B)A + (n + 14+
e 2A+(2n+1)1r(n + %)
o (CD'TYA + (n + 3)ILB)zA+2

zZ

2A+2nll"(n + %)

o

=
= 2"Hi-15)(2)
(i1) From (27), we have
= ()T YA+ (n+ %)I, B)z@m+DI
2A+(2n+1)11"(n + %)
—1)”F‘1(A + (n+ 2)I, B)z2"
L DA+QnHDIT (17 + %)
_ A i D)'T YA+ (n+ ), B)z“”z”l.
QAT (1 + %)

—[Z AHup ()] = —

M

O

=2

S

I
(==}

n=0

A shift of index from n to k + 1 yields

© (_1)k+11-'—1(A + (k + g)L B)ZA+I+(2k+1)I

d.-a _ A
257 Hap(2)] =z ,;1 @I (s D)

LA RLBE i (=1 T YA + (k + )1, B)zA+H+@k+ 1
[(3)24 QA+HDIT (k + 3)
24T1(A + 21, B)
= "

which completes the proof relation (ii). [

(31)

k=0

— 2 Hp115)(2),

2.3. Extended modified Struve matrix function

Definition 2.8. Let A and B be matrices in CN*N satisfying the spectral condition (6) and [i(A) > 3, then, the
extended modified Struve matrix function L p)(2) is defined in the form

20T A+ 3) &
\Vn

Remark 2.9. Further, we note the following special cases of the extended modified Struve matrix function as follows

i- Putting B = 0 in (32), by using the properties of the Pochhammer symbol, we get the modified Struve matrix

function in (16)
ii- If taking A = a« € C™ and B = B € C™ in (32), we find the modified Struve function in [34].

ZZn

Qn+

Lap(z) = Z B((n+DLA+ = B) (32)
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Now, we give the integral representations of the extended modified Struve matrix function as

Theorem 2.10. Let A and B be commuting matrices in CN*N where A, A + nl and B are invertible and [i(A) > ’71,
then

20T YA+ -B
L == 1-#)A"2ginh —_— 33
@ = =2 [ By i exp (s 3)
Proof. By substitute the series for sinh(zt) in the right hand side (33), we have
2( YAT- 1(A +1 Ll B
—2 2 f (1 —#7)""2 sinh(zt) exp (t2(1 t2)) o
34
2(% Ar g+ 1L 2n+1
_ (3) ( ) (z) f - tz)A §ens exp( -B )dt
T — (21 +1)! 2(1 - £2)
Putting t* = u in (34) and using the properties of the extended Beta matrix function, we have
2UDAT 1A+ L) & )@n+D) _
_ (2) ( ) (Z f (1 Zu”lexp( )du
\r 2(2n +1)! u(l —u)
2 T YA+ 1L (2n+1) 35
2T 2) @ Q3(n+1)IA+ ,B) %
T = 2(2n +1)!
=Lap)(2),

which completes the proof relation (33). [

2.4. Hypergeometric representation

Form the definition of the extended Struve matrix function in (19), we can write the extended hyperge-
ometric matrix function form of extended Struve matrix function

2EAHT 1A + & >[G0S DLA+LB
Hun(@) = 2 — =2 (A pria s 2)2( W DLAY D) 2y
2T 1A+ ) 3 31 2 (36
= 2 ,\/E 2 1F(ZB)(I/ 5/A + 3/_1)/

where 1F(ZB (I; 321 LA+ Y T ) is called extended hypergeometric matrix function as (13).

In similar manner, we can write the extended hypergeometric matrix function form of extended modified
Struve matrix function

2T A+ )

Vr

31 3l z2
B, A+ 557, (37)

Liap)(z) =

3. Fractional calculus of extended Struve matrix function

In this section, we introduce and study operators that are of the Riemann- Liouville fractional integral,
and of the Riemann-Liouville and Caputo fractional derivatives of the extended Struve and extended Mod-
ified Struve matrix functions. The fractional order integral and derivative of Riemann-Liouville operator
of order u and x > 0 such that Re(u) > 0, which are given as follows (see[26, 30])

H _L : _ pu-1
WP = g [ =0 o 8)
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and
DI f(x) = r%u) f (x - 7 F L (bt (39)

For the fractional order integral and derivative, we have the following definition (see[8]).

Definition 3.1. Let A be a positive stable matrix in CN*N and u € C such that Re(u) > 0. Then, the Riemann-
Liouville fractional integral of order u is defined

I(x?) = %“) fo x(x — 1AL, (40)

The Riemann-Liouville fractional derivative of order u is defined by
1 X
DH(xd) = —— f (x — )™ 1Adt. 41
T Jo )

Let A be a positive stable matrix in C¥V, such that Re(u) > 0. Then, the Riemann-Liouville fractional
integral of order u is defined (see[8])

(M) = T(AT A + ul)xAE-DL (42)

Lemma 3.2. Let A be a positive stable matrix in CN*N, such that Re(u) > 0, we get the Riemann-Liouville fractional
derivative of order u as follows

DH () = T(AT A — pl)xA~ W+l (43)

Proof. From (41), we find that
1 * 1 * t
DHA Ty = —— f — R g s f “uel() - Dy lAsl gy 44
e Jy B0 e Y “

. _ t .
putting u = +, we obtain

Dy(xA—I) 1 fl _‘u_l(l )—‘u—l( )A—Id xA DI 1(1 )(—y—l)l A—Id
=—_— X —u ux U= -u u“~du
T(=1) Jo I'=1) Jo
xA—(p+1)I 1 xA ()
= —B(—ul,A) =TAT (A — uDx" ",
T (—ul,A) =T(AI (A — ul)

which yields assertion (43). [J

Thus we can rewrite (19) in this form

Hp(z) = 27 4@ T™YA + §I)ir( A+3l )B((n + DL A + £-B) )’
(A,B) - 2 — I/ A+ %I 7 2/ (%)ni’ﬂ

(45)

Theorem 3.3. Let A, B and C are positive stable matrices in CN*N and A, B, C commute with each other, such that
Re(u) > 0, we find integral operators representation of extended Struve matrix function as follows

T[xCT Hip sy ()| = VxS T1(A + %1)21@;3)(1, LA+ %1; (P

(46)

y Z F( A+C+(2k+1)I —wx)Zn, x| < 1.

— A+ CH (u+2k+ 1), (%+k)l)(T
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Proof. Form (45), we find
( —wx )2
2

A+ I
) ($)nn!

227 qu [xA+C+2nI ] (47)

I [xS Hippy(0x)] = 274 w)™ T(A + 1) Z B((n +1)I, A + :B)

and using (42), we have

! Hipfaom)] = VAT T A+ D)

0 ( A+%I
= L A+ A+C+Q2n+ DI\ —wx
X 58((n+1)IA+ ;B)T( 3 —)
;O n! (21, A+C+y1) 2 (48)
= VAt Ol LA 4 1)2FB>(11A il (%))
. A+C+ 2k + I —wx ,,
XZF(A+C+(H+2k+1)I, (g+k)z)( 2 )

n=0

This completes the proof. [

Theorem 3.4. Let A, B and C are positive stable matrices in CN*N and A, B, C commute with each other, such that
Re(u) > 0, we have differential operators representation of extended Struve matrix function as follows

D#[xc—l H(A,B)(wx)] - \/;xmc-zz(%)mz (A + %I)zF(lB)(L LA+ %I; (_%)2)

0 49)
A+C+@2k+ 1) wx (
XZSF A+C+(u+2k+1I (3 +k)1)(_7)  fworf < 1.
Proof. By using (45) , we get
D[ Hig ) (w2)| =27 ()™ T71(A + §1)
(—IUX) (50)

xir A+31 )23(( +1)IA+ :B)

§A+CH2n=D)I
] ik |

from (43), we have

D[R Hg ()] = Ve A T A+ D)

A+31
w (DT 2
@ (I, A+%1)23 A Lpyp(A+TCH@u+ DIy —wr,
XZS — (n+ 1), + 5 ) (%1 A+C+H1) ) (51)

3

_ A+C=21 W\ A+] -1 3 B)(7 7. WX
= TIX + (E) + T (A+ El)zpl (I,I,A'l‘EI,(—?))

= A+C+(Q2k+1) wx
XZF A+C+(u+2k+1), (%+k)1)(_?)'

n=0
This completes the proof. [
Similar to Theorem 3.3 and Theorem 3.4, we can get the result about the fractional integral and the fractional

derivatives of extended modified Struve matrix function L4 p)(z), we give the following statements without
proofs.
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Theorem 3.5. Let A, B and C are positive stable matrices in CN*N and A, B, C commute with each other, such that
Re(u) > 0, we find integral operators representation of extended modified Struve matrix function as follows

[ Lia ()] = Vi (A + §I>2F§B’ LLA+ gz; (5
e (52)
XZF( A+C+ (k+1)I wx

== Jwx| < 1.
A+ CH+ (u+2k+1) (%+k)1)(2) ]

n=0

Theorem 3.6. Let A, B and C are positive stable matrices in CNN and A, B, C commute with each other, such that
Re(u) > 0, we get differential operators representation of extended modified Struve matrix function as follows

_ o7, W _ 3 3. wx
D[ Liay(wn)] = Virt )M THA+ SDFP (L LA+ 3L ()
y i F( A+C+ (2k+ I wx (53)

WX \»
A+CH(u+2k+1), (§+k)1)( 5 )l <1

n=0

4. Conclusions

We conclude our analysis by remarking that the results presented in this article are new and very
potential for the extension of other special matrix functions. First, we have generalized extended Struve
and modified Struve matrix functions, then we have studied several basic properties like integral repre-
sentations, differentiation formulas, and transformations hypergeometric functions. The results presented
here articulating an interesting application in fractional calculus of these extended Struve and extended
modified Struve matrix functions.

References

[1] M. Abdalla, A. Bakhet, Extension of Beta matrix function, Asian J. Math. Comput. Res. 9 (2017) 253-264.
[2] M. Abdalla, A. Bakhet, Extended Gauss hypergeometric matrix functions, Iran J. Sci. Technol. Trans. Sci. 42 (2018) 165-170.
[3] M. A. Abul-Dahab, A. Bakhet, A certain generalized Gamma matrix functions and their properties, J. Ana. Num.Theor. 3 (2015)
63-68.
[4] P. Agarwal, M. Chand, S. D. Purohit, A note on generating functions involving the generalized Gauss hypergeometric functions,
Natl. Acad. Sci. Lett. 37 (2014) 457-459.
[5] M. Akel, A. Bakhet, M. Abdalla, F. He, On degenerate gamma matrix functions and related functions, Linear and Multilinear
Algebra, 2022, 1-19.
[6] A.Bakhet, F. He, On 2-variables Konhauser matrix polynomials and their fractional integrals, Mathematics 8(2) (2020) 232.
[7] A.Bakhet, F. He, M. Yu, On the matrix version of extended Bessel functions and its application to matrix differential equations,
Linear and Multilinear Algebra 12 (2021) 1-20.
[8] A.Bakhet, Y. Jiao, F. He, On the Wright hypergeometric matrix functions and their fractional calculus, Integr. Transf. and Spec.
F. 30(2) (2019) 138-156.
[9] A. Cetinkaya, O. Kymaz, P. Agarwal, R. Agarwal, A comparative study on generating function relations for generalized hyper-
y Y & & p y on g g 8 yp
geometric functionsviageneralized fractional operators, Adv. Differ Equ. 1 (2018) 1-11.
[10] E.Defez, L.]J6dar, Chebyshev matrix polynomails and second order matrix differential equations, Utilitas Math. 61 (2002) 107-123.
[11] E.Defez, L.]Jé6dar, A. Law, Jacobi matrix differential equation, polynomial solutions, and their properties, Comput. Math. Applicat.
48 (2004) 789-803.
[12] A.]. Duran, W. Van Assche, Orthogonal matrix polynomials and higher order recurrence relations, Linear. Algebra. Appl. 219
(1995) 261-280.
[13] J.S. Geronimo, Scattering theory and matrix orthogonal polynomials on the real line, Circuits Systems Signal Process 25(3) (1982)
143-155.
[14] R. Goyal, P. Agarwal, G.I. Oros, S. Jain, Extended beta and gamma matrix functions via two-parameter Mittag-Leffler matrix
function, Mathematics 10 (2022) 892.
[15] F. He, A. Bakhet, M. Abdalla, M. Hidan, On the extended hypergeometric matrix functions and their applications for the
derivatives of the extended Jacobi matrix polynomial, Mathematical Problems in Engineering (2020) 4268361.
[16] F. He, A. Bakhet, M. Akel, M. Abdalla, Degenerate analogues of Euler zeta, digamma, and polygamma functions, Mathematical
Problems in Engineering (2020) 8614841.
[17] E. He, A. Bakhet, M. Hidan, M. Abdalla, Two variables Shivley’s matrix polynomials, Symmetry 11(2) (2019) 151.
[18] G.D. Hu, M. Liu, The weighted logarithmic matrix norm and bounds of the matrix exponential, Linear Algebra Appl. 390 (2004)
g & P 8 PP
145-154.



[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]

[29]
[30]

[31]
[32]
[33]

[34]

A. Bakhet, F. He / Filomat 36:10 (2022), 3381-3392 3392

S.Jain, R. Goyal, G. I. Oros, P. Agarwal, S. Momani, A study of generalized hypergeometric matrix functions via two-parameter
Mittag-Leffler matrix function, Open Physics 20 (2022) 730-739.

A.T. James, Special functions of matrix and single argument in statistics in theory and application of special functions, R.A. Askey
(Ed), Academic Press, New York 1975.

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

L. Jédar, R. Company, E. Navarro, Laguerre matrix polynomials and systems of second order differential equations, Applied
Numer. Math. 15 (1994) 53-63.

L.Jédar, R. Company, E. Ponsoda, Orthogonal matrix polynomials and systems of second order differential equations, Diff. Equa.
Dynam. Syst. 3 (1995) 269-288.

L. Jédar, ].C. Cortés, Some properties of Gamma and Beta matrix functions, Appl. Math. Lett. 11 (1998) 89-93.

L. Jédar, ].C. Cortés, On the hypergeometric matrix function, J. Comp. Appl. Math. 99 (1998) 205-217.

A. A. Kilbas, H. M. Srivastava, J. J. Trujillo, A theory and applications of fractional differential equations, Elsevier, Amsterdam
2006.

M.J. Luo, G.V. Milovanovic, P. Agarwal, Some results on the extended beta and extended hypergeometric functions, Commun.
Appl. Math. Comput. 248 (2014) 631-651.

A. M. Mathai, A handbook of generalized special functions for statistical and physical sciences, Oxford University Press, Oxford
1993.

W. Miller, Lie theory and specials functions, Academic Press, New York 1968.

S.G. Samko, A.A. Kilbas, O.I. Marichev, Fractional integrals and derivatives: theory and applications. Gordon & Breach, Yverdon
1993.

A. Shehata, Some new results for Struve matrix functions, Milan J. Math. 86 (2018) 81-96.

B. Spain, M.G. Smith, Functions of mathematical physics, Van Nostrand Reinhold Company, London 1970.

N. M. Temme, Special functions: an introduction to the classical functions of mathematical physics, John Wiley and Sons, New
York 1996.

G. N. Watson, A treatise on the theory of Bessel functions, Cambridge Mathematical Library, 1995.



