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Differential Equations for Certain Hybrid Special Matrix Polynomials

Tabinda Nahid * and Subuhi Khan

ABSTRACT: The main aim of this article is to find the matrix recurrence relation and shift operators for
the Gould-Hopper-Laguerre-Appell matrix polynomials. The matrix differential, matrix integro-differential
and matrix partial differential equations are derived for these polynomials via factorization method. Certain
examples are constructed in order to illustrate the applications of the results.
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1. Introduction and preliminaries

It is known that the special polynomials of two variables provided new means of analysis for the
solutions of large classes of partial differential equations often encountered in physical problems. The two
variable forms of special polynomials are very important and perform a crucial role in solving problems
of mathematical physics and engineering. These special polynomials are useful and possess potential for
applications in numerous problems of number theory, combinatorics, theoretical physics, approximation
theory and other fields of pure and applied mathematics.

Recently, Cekim and Aktag [1] introduced the matrix generalization of the Gould-Hopper polynomials
(GHMaP) g (x,y; A, B) by means of the following generating function:

oo t"
exp(ut V24) exp(Byt™) = Y _ gy (v,y; A, B) ., (1.1)

n=0

where A, B are matrices in CV*¥ _ such that A is positive stable and m is a positive integer. The GHMaP
g (x,y; A, B) are specified by the following series:

(]

3

n! ( v 2A)n—kak xn—mk’yk

k

(1.2)

0

To introduce the hybrid forms of multi-variable special polynomials and to characterize their proper-
ties via generating function are beneficial and interesting approach. The introduction of multi-variable
special functions serves as an analytical foundation for the majority of problems in mathematical physics
that have been solved exactly and finds broad practical applications. Inspired by the usefulness and
applications of multi-variable hybrid special polynomials, a hybrid family of special matrix polynomi-
als, namely the Gould-Hopper-Laguerre-Appell matrix polynomials ;A (x,y, z; A, B) is introduced by
Nahid and Khan [7] and are specified by the following generating function:

A(t) exp <(x V2A - DYt + Bytm) = E et AN (z,y, 25 A, B)—t % (1.3)
n!
n=0
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Based on appropriate selection for the function A(t), different members belonging to the family
of GHLAMaP o A7 (z,y,2; A, B) are obtained. These members along with their names, generating
functions and series definitions are given in Table 1.

Table 1. Certain members belonging to the GHLAMaP ;A7 (z,y, z; A, B) family

S. Name and notation of the A(t) Generating function Series definition
No. hybrid polynomials
I. Gould-Hopper-Laguerre- (et%l) (et%l) e(@V2A-D 1)t+Byt™ LB (z,y, 2; A, B)
. i n (2]
Bernoulli matrix polynomials = nz—:o gL B (x,y,2; A, B) 5 = nl ;;o z B"*’“;!"‘(’k(f;;(/fzchi%))i(fz)k
(GHLBMaP)
II. Gould-Hopper-Laguerre- (ﬁ) (ﬁ) (@ VZA-D)t+Byt™ el Bl (z,y, 2; A, B)
. § n 2] , .
Euler matrix polynomials =Y erEM(z,y,2;A,B) 5 =nl Y E”"";ﬁi%;{fkiﬁz)ﬂ(ﬁ)k
n=0 k=01=0
(GHLEMaP)
IIL. Gould-Hopper-Laguerre- (ﬁl) (631) e@VRA-DHBYT (g y oo A B)
- n 2] -
Genocchi matrix polynomials = ¥ Gy, 5 A B) G =nl Y 3 Getomn 2 G0
n=0 k=0 [=0
(GHLGMaP)

Differential equations besides playing indispensable role in pure mathematics constitute significant
part of mathematical description of physical processes. Many researchers obtained the differential equa-
tions for the mixed type special polynomials and 2D special polynomials associated with the Appell
family, see for example [8,10,12,6]. Further, the ¢-difference equations for the g-special polynomials are
also established by many authors [5,9]. In 2002, He and Ricci [3] obtained the differential equation for
the Appell polynomials using the factorization method introduced by Infeld and Hull [4]. We recall some
preliminaries related to the factorization method:

Let {pn(z)}32, be a sequence of polynomials such that deg(p,(z)) =n, (n € Ny :={0,1,2,---}).
The differential operators O, and O satisfying the properties:

O, {pn(2)} = pr-1(2) (1.4a)

and
O {pn(2)} = Pt () (1.4b)

are called lowering and raising operators, respectively. Obtaining the lowering and raising operators of a
given family of polynomials gives rise to the following useful property:

(074105 {Pn(2)} = pa(2). (1.5)

The technique used in obtaining differential equations via equation (1.5) is known as the factorization
method. The main idea of the factorization method is to find lowering operator ©, and raising operator
O, such that equation (1.5) holds.

In this article, the matrix recurrence relations and shift operators for the Gould-Hopper-Laguerre-
Appell matrix polynomials are obtained. In addition, the matrix differential, matrix partial differential
and matrix integro-differential equations for these polynomials are derived. Certain examples are consid-
ered to derive the results for the Gould-Hopper-Laguerre-Bernoulli, Gould-Hopper-Laguerre-FEuler and
Gould-Hopper-Laguerre-Genocchi matrix polynomials.

2. Main results

First, we derive the matrix recurrence relation for the GHLAMaP .1 A (z,y, z; A, B) by proving the
following result:
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Theorem 2.1. For the Gould-Hopper-Laguerre-Appell matriz polynomials gr Al (z,y, z; A, B), the fol-
lowing matrixz recurrence relation holds true:

gL AT (,y, 2, A, B) = (2 V2A + ag — D) gr AT (2,9, 2; A, B) + m! (mi 1) By

n (2.1)
n
X gL‘A:’Ln—m+1(x7 Y, 23 A, B) + Z <l€> (67 gL-A:,Ln_k,(LC, Y,z A, _B)7
k=1
where the coefficients {ay, }ren, are given by
At) & th
o > ay e (2.2)
k=0
Proof. Differentiating both sides of generating function (1.3) with respect to ¢, we find
2V2A - D' + mByt™ ! + A't) A(t) el V2A-D_N)t+Byt™) _ i LA (z,y, 2, A B)ﬁ (2.3)
: AD) =A

Using equations (1.3) and (2.2) in above equation and then on equating the coefficients of identical
powers of ¢ in both sides of the resultant equation, assertion (2.1) is proved. m|

Next, the shift operators for the GHLAMaP 1A} (,y, 2; A, B) are obtained by proving the following
result:

Theorem 2.2. The Gould-Hopper-Laguerre-Appell matriz polynomials o A} (x,y, 2; A, B) possess the
following shift operators:

oLy = Lf)z, (2.4)
nv2A
_ -1
an = _Dz, 2.5
- (2.5)
(VAT s
Ly =220 plemp 2,
L8 =2 V2A + a0 — DI+ mBy(V2A) MDY+ SR (v2A) D, (2.7)
k=1
L =aV2A+ag - DI+ mBy(-1)" T DI 4T SR (1) D, (2.8)
k=1

JEE = o VA + a0 — DI+ mBPy(VEA) Y pronn? pt

(677 k(m—1) Ne(1—m) ANk
+ Y T (VaA) D m by
k=1

<

Proof. Differentiating both sides of generating relation (1.3) with respect to x and then equating the
coefficients of identical powers of ¢ in both sides of the resultant equation, it follows that

ﬁf{gL‘A:Ln(xvya ZaAvB)} =nVv 2A gL-A:Ln—l(xayvz;AaB)a
so that

$L;{gL‘A?(xay7Z7AaB)} = ﬁr{gLA:Ln(xvyazaAvB)} :gL-A:Ln—l(xayvz;AaB)a (210)

1
nv2A

which in view of equation (1.4a), yields assertion (2.4).



4 T. NAHID AND S. KHAN

Again, by taking the derivative of generating function (1.3) with respect to z and then equating the
coeflicients of identical powers of ¢ in both sides of the resultant equation, it follows that

bz{gL‘Ax(xaywz;Aa B)} =N gL‘Axfl(zmyaZ;AvB)'

Consequently, we have
—1 -
z'grj{gL‘A;n(imyaZ;AvB)} = XDZ{gL.AZL({E,y,Z;A, B)} = gL.AZLl(ZC,y,Z;A,B), (211)

which yields assertion (2.5).

Further, differentiating both sides of generating relation (1.3) with respect to y and then equating the
coeflicients of identical powers of ¢ in both sides of the resultant equation, it follows that

ﬁy{gL.A;"(x,y,z;A, B)} =Bn(n—1)---(n—m+1) g A, (z,y,2; A, B)
=nB( \/2A)1*mﬁ;"*1{gLA?(x,y, z; A, B)},

which gives

_ V2Aym=t L
yLn {EL‘A:Ln(x’y’Z;A’B)} = %Di mDy{gL.A?(J),y,Z,A,B)} = gL‘A?—l(xvyaz;AvB)' (212)

Thus assertion (2.6) follows.

Next, in order to derive the expression for raising shift operator (2.7), the following relation is used:
gL‘AZL(xv Y, z; A, B) = (mL];_;_l fELk_;J'_Q o rL:L) {gLAZL(xa Y, z; A, B)}, (213)

which in view of equation (2.10) can be simplified as:

k' — N
gL‘AZL(xa:%Z;Aa B) = ﬁ( 2A)k_n D;L_k{gL‘Ax(xaywz;Aa B)} (214)

Putting k =n —m+ 1 and k = n — k in equation (2.14), the following relations are obtained:

n—m+1), — oA m
gLAZL_mH(%y,Z;AaB) = %( 2A)1 Dz 1{gL‘An (x,y,z;A, B)}’ (215)
m (n —k)! —k Pk m
et An_p(2,y,2,A,B) = p (V2A) ™" DE{ LA (2,y,2 A, B)}. (2.16)

Making use of equations (2.15) and (2.16) in recurrence relation (2.1) and in view of the relation:
w'Lrer{gL‘A:zn(x7 Y, z; Av B)} = gL‘A:Ln+1(x7 Y, z; Av B)v

it follows that
LT = (x V2A+ag - D7t + mBy(V2A) Dt 4> %( \/2A)‘kf)’;>
k=1 "
X {EL‘A:Ln(xv Y, z; Av B)} = gL‘A:Ln—i-l(xv Y, z; A, B),
which proves assertion (2.7).
In order to derive the expression for raising shift operator (2.8), the following relation is used:

gL.AZAL(LC,y,Z;A,B) = (z'£];+1 z'£];+2 zL;) {gL‘A;n(xyyaZ§AvB)}a (218)

which in view of equation (2.11) can be simplified as:

k! .
gL.AZL(J),y,Z;A,B) = E(_l)n_k D?_k{gL‘Ax(xayvz;AaB)}' (219)
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From equation (2.19), the following relations are obtained:
(n—m+1)!
n!

(n—k)!
n!

EL‘Axferl(xvyaz;AvB) = (_1)m—1 ﬁ?_l{gL‘A:Ln(xvyaz;AvB)}a (220)

gL‘A:’Ln—k(x7ya zZ3 Av B) =

(1) DE{gr Ay (2,y, 2 A, B)}. (2.21)
Making use of equations (2.20) and (2.21) in recurrence relation (2.1) and in view of the relation:
ZL:{EL‘AZL(J;? Y,z Av B)} = gL-A:LnJrl(x, Y,z A, B),

it follows that

Lb = <a: V2A+ag— D' + mBy(-1)" "Dt 4 Z %(—l)kﬁLf)
k=1 "

(2.22)
% {gLAx(J), Y, % A’ B)} = gL‘Aerl(xa Y,z A; B);
which proves assertion (2.8).
Finally, to derive the expression for raising shift operator (2.9), the following relation is used:
et AL (z,y, 2, A, B) = ( Lot vlryo --yL;) {gLAf(a:, Y, 2; A, B)}, (2.23)

which in view of equation (2.12) can be simplified as:

k! . .
st AL (2,4, 2 A, B) = S BE (V24) N0 DR DR A .y, 25 A, B) ) (224)

From equation (2.24), the following relations are obtained:

m m+1 m m— A—(m— ym— m
et AT 1 (2,y,2;A,B) = %Bl (V2A)m=D* D=1 pm=if A (g oy 2: A, B)},
(2.25)
— k) . ~
L AT (2,y,2; A, B) = (n— k) B7F (V2AyRm=h pEI=mI DEL AT (2,y, 25 A, B) }. (2.26)

n!

Making use of equations (2.25) and (2.26) in recurrence relation (2.1) and in view of the relation:
ot {eL Al (2, y, 2 A, B)} = gL Al 1 (2,1, 2 A, B),
it follows that

= (2 V24 + ap — DI + mB> "y (V2A)m= V" p (=D pm-t

/N

- 2.27)
ak m— m m m (
+ D gy (VAR D VD) (s Ay (2., 25 A, B)} = gr Aty (2,9, 5 A, B),
k=1
which proves assertion (2.9). mi

In order to derive the matrix differential, matrix integro-differential and matrix partial differential
equations for the GHLAMaP ;A" (x,y, z; A, B), the following results are proved:

Theorem 2.3. For the Gould-Hopper-Lagurre-Appell matriz polynomials ;. Al (x,y, z; A, B), the follow-
ing matrixz differential equation holds true:

((x V2A + ap)D. + mBy(-1)""1D™" + Z % —1)*DFL 4 (n — 1)) e AT (2, y,2; A, B) = 0. (2.28)
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Proof. Consider the following factorization relation:
L;Jrl ZL {gL‘A:Ln(x7yaZ;AvB)} :gL‘A:Ln(x7yaZ;AvB)' (229)

Use of expressions (2.5) and (2.8) of the shift operators in the 1.h.s of above equation, yields assertion
(2.28). O

Theorem 2.4. For the Gould-Hopper-Lagurre- Appell matric polynomials o A7 (x,y, 2; A, B), the follow-
ing matriz integro-differential equations hold true:

(( V2A +ag — D7YD, + mBy(V?2 Z Ok (VoA kDR
k
k=1 (2.30)
-n \/2A)gL.Aﬁ(x, y,z;A,B) =0
and
(2 V2A + g — D7Dy +mB> ™ (V2A) " by (m=1)* o=t
+ myB>™( /_2A)(m—1)2f);(m—1)2f)'m. Z ?;_ k(m 1 p- kD k(m— 1)Dk+1 (2.31)
k=1
— (n+1)B( \/2A)1*mﬁ§”*1)gLA;”(x,y, %A, B) =0
Proof. Consider the following factorization relation:
L;+1 $£’ {EL‘A:Ln(xv Y, z; Av B)} = EL‘A:Ln(xv Y, z; Av B)v (232)
w1 yE {gL.Ax(x,y,z;A,B)} =gt AN (2, y, 2, A, B). (2.33)

Making use of expressions (2.4) and (2.7) of the shift operators in the Lh.s of equation (2.32) and
using expressions (2.6) and (2.9) of the shift operators in the Lh.s of equation (2.33), we get assertions
(2.30) and (2.31), respectively. mi

Theorem 2.5. For the Gould-Hopper-Lagurre-Appell matriz polynomials ;. A (x,y, z; A, B), the follow-
ing matriz partial differential equations hold true:

2V2A + ag)D, D" — D" 1D, + mBy(V2A 1*mﬁmb a_ kaHD"
(( z z y xT k

pt (2.34)
—nV2ADL ) g A 2,y A, B) = 0

and

((x\/2A—|—o¢0— D1 D, D=1 4 (m — 1)(n — 1) D DO=D=1\/9AD,, + m(V2A) D

2—m y(n—m)(m—1) fym—1 2—m m—1)2 A(n—m)(m—1) Aym S Qg k(m—1 —k
x B mplr=mm=l pm=l 4y B2 (V2A) (M plrmmm= pme g N - (V24) (m-1)p
k=

x D{m= D=1 DEFL (1) B( V2A>1—mﬁ2<m—”)gﬂf(x, Y.z A, B) = 0. (2.35)

Proof. Differentiation of equation (2.30) n times with respect to z, yields assertion (2.34). Similarly
differentiating equation (2.31) (m — 1)(n — 1) times with respect to z, we get assertion (2.35). mi

In the next section, certain examples are considered in order to give the applications of the results
derived above.
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3. Applications

The matrix recurrence relation, shift operators, matrix differential, matrix integro-differential and
matrix partial differential equations for certain members belonging to the family of GHLAMaP
L A (z,y, z; A, B) are derived by considering the following examples:

Example 3.1. In view of relation (2.2) and using the generating function Table 1 (I), it follows that

A1) = " = —Bpya(1)t
A(t) _;)a”ﬁ_; (n+1) nl’

which gives
L ZBun() 1
" (n+1) 2’
Substituting the values of the coefficients from equation (3.1) in equations (2.1), (2.4)-(2.9), (2.28),
(2.30), (2.31), (2.34) and (2.35), the corresponding results for the GHLBMaP 41 B)'(x,y,2; A, B) are
obtained. These results are given in Table 2.
Table 2. Results for the GHLBMaP ;1 B]'(x,y, z; A, B)

,n>1; ag=— (3.1)

S. No. Results Expressions
L Matriz recurrence g By (x,y,2;A,B) = (x V2A -1 - ﬁ;l)gLBZL(x, v,z A, B)+m!(, " )By
relation XgLB:zn—mﬁ—l(‘/L‘v Y,z A7 B) - Z (;CL) Bk}gtrll(l) gLBTT—k(I,' Y, %3 A7 B)
k=1

. — 0 _1_ A

1I. Shift operators 2L, = - gADz'
Ly = %Dz.
— (V2A)™ 1 A1m A

LT =224 -1

S]]

A n A
Lt mBy(V2A) Dyt - 3 BeaQ) (/24) kDR,
k=1

_f);
L =aV2A-L - D7

) Fym—1 S Brra(1) k Pk
4 mBy(-1)""tDm~ sz A (—1)FDE.
1

ij{ — rvV2A — % o ﬁz—l + mBz_'”y( /2A)(rrL—l)ZD;<7’L_1)2DZL—1

n (m—1) Ak(1—m) Ak
- 3 A (VR B D

111. Matriz differential <(:C V2A — %)f)z + 7nBy(71)7’L—1ﬁ;n _ kz }?Ziﬁ(ﬁ} (*Dkf)fﬂ +(n-— 1)) e BT (x,y, 2, A, B) = 0.
=1

equation

A A A n A
IV.  Matriz integro ((z oy D;l)DI +mBy(V2A) DR - Y Benl) (o) -k prit

differential equations — —n+/ 2A> LBl (x,y, z; A, B) = 0.

<(.1; V2A — % — ﬁ;l)f)y +mB2>™( \/ﬂ)(m’l)zD;m_l)zﬁgl’l

Sy B (VA D DV 35 Bl ((aaken=y gk pr D piss
k=1

—(n+1)B( M)lmﬁ;"1>gLB;"(w., v,z A, B) = 0.

V.  Matric partial ((x oy %)Dng — DD, + mBy(V2ZA) DT D — po) Beal) (2A) kD1 D1
differential equations —n \/2ADZ> LBl (z,y,2;A,B) =0.

2

<(I V2A =4 = D7) D, DIV (= 1)(n = 1)DE VT VRAD, + m( v2A) 0 Y?

A(n—m)(m— Am— — — A(n—m)(m— a n —
XBZ—mD;'L )( 1)DLT7 1y my32 m( m)(m 1)21)‘5c )( 1)Dzn _ Z B(l]i:—ll()l')B k
: ! k=1 '

x (V2An=) pim=De=mR et 4 1) B( \/2A)17”D;'](m1)>gLB;”(x,1 21 A, B) = 0.
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Example 3.2. In view of relation (2.2) and using the generating function Table 1 (II), it follows that

Al = " =& t?
A(t) _Z“”E_Z 2 nl’

n=0 ’ n=0

which gives

En 1
ap = —, n>1; a0 = —3, (3.2)
where the numerical coefficients & (k = 1,2,--- ,n—2,n — 1) are linked to the Euler number by the
relation:
1<~ /n
En=— E, .
72 (1) B

k=0

Substituting the values of the coefficients from equation (3.2) in equations (2.1), (2.4)-(2.9), (2.28),
(2.30), (2.31), (2.34) and (2.35), the corresponding results for the Gould-Hopper-Lagurre-Euler matriz
polynomials (GHLEMaP) g1 El"(z,y,z; A, B) are obtained. These results are given in Table 3.

Table 3. Results for the GHLEMaP o E)"(x,y,2; A, B)

S. No. Results Expressions
L Matriz recurrence g B (x,y,2; A, B) = (:v V2A-1 - ﬁ;1>gLE;f(x,y, z A, B)+ml!(,")By
relation XgrLEM oy (2,y,2,A,B) + & kil (D)Ek gL EM (2,9, 2; A, B).
1. Shift operators L5 = - 12Aﬁz.
Ly = %Dz.
P

oLF =0 Vv2A— 1 - DI+ mBy(v2A) D 4 L Z L (2A)~FDE.
s ::x\/2_7; D'+ mBy(-1)mtDmt 4+ 1 Z Ek( 1)kDE.

yL-f— = 24 — L _ f) + mBZ_"”y( \/ﬂ)(m—l)zD;ﬁnfl) D;!n—l
O Ww AHn—) DI B
k=1

A n o
111. Matriz differential <(T V2A - %)Dz +mBy(—1)m" 1Dm 41 kz_: %( )ka+1 +(n— 1)) cLEM(2,y, 2 A, B) = 0.

—

equation

1V. Matriz integro <<z V2A- 11— D;1>ﬁw + mBy(V2A) =" D™ + 1y é_;r( /2A)~k Dk+1
differential equations — —n \/2A> e BN (x,y,2;A,B) = 0.

<<l’ V2A— = D) Dy 4 mB T (V2A) o oy () pme

n

+ myB*™( \/ﬂ)(m—lfﬁ;(m—lyb;n Z %( \/_)k(m—l)B*sz_kU”_l)_Dz#»l

—(n+1)B( \/2A)17"D;n1> er Bl (z,y, 2, A, B) = 0.

V. Matriz partial ((m V2A — ) D, D — DD, + mBy(V2A)'""Dm D" + 1 Z L (2A4)"*DE+1 D7
differential equations —n \/ﬂDQ) BT (z,y,2;A,B) = 0.
<<"f VA~ £ = D) D, DYV o (m— 1)(n = 1)DE VDT VBAD, + m( V2A) - D?
X B2=m PO pmet gy p2em (/B m=1)? HlrmmmeD pym L é £ gk

X(m)k(m_l)b;7n71)(n717k)ﬁ5+1 _ (n + 1)B( \/ﬂ)l—mﬁg(ml)> E"L(”L‘ Y, 2 A B)
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Example 3.3. In view of relation (2.2) and using the generating function Table 1 (III), it follows that

Al " G t"
A _Za”ﬁ_z 2 nl’

n=0 ’ n=0

which gives

n>1; ap=1. (3.3)

Substituting the values of the coefficients from equation (3.3) in equations (2.1), (2.4)-(2.9), (2.28),
(2.30), (2.31), (2.34) and (2.35), the corresponding results for the Gould-Hopper-Lagurre-Genocchi matriz
polynomials (GHLGMaP) ;.G (z,y,z; A, B) are obtained. These results are given in Table 4.

Table 4. Results for the GHLGMaP .G} (z,y,z; A, B)

S. No. Results Expressions
L Matriz recurrence .Gy (2,y, 2, A, B) = (‘L V2A+1-— D;1>gLGZ"(:L', y,2; A, B) + m!(mﬁl)By
n
relation XgLG:znfm+1 (Iv Y,z A» B) + % Z (Z)Gk gLGZLk(I% Y,z A7 B)
k=1
11 Shift operators L5 = lef)
L= —D

Lo (\/ﬁ)’" 1Dl mD
L ::a:\/ +1—D;' + mBy(V2A) -mpm=1 4 1 2 G (V2A)"kDE.

L i=2V2A+1—- D'+ mBy(—1)™1Dr-t 4 1 Z (= 1)EDE.
ijL- _ I‘\/_+1*ﬁ_1 +771B2_my( \/_A)(m 1)2 2 (m 1) Dm 1
+ Z Gy (\/_)k(m 1)Dk(1 m)Dk

III.  Matriz differential ((x V2A+1)D. + mBy(-1)""'D7" + 1 z G (—1)kDEHL 4 (n — 1)> .G (x,y, 2 A, B) = 0.
k=1
equation

Iv. Matriz integro <(£ V2A+1- D;l)ﬁz +mBy(V2A) "D 4 1 Z %( V2A)~k D1
k=1

differential equations — —n v/ 2A> .G (z,y,2;A,B) = 0.

((.T \/ﬂ 41— ﬁz—l)Dy 4 ,,nBQ—m( \/ﬂ)(m—lfﬁg(mflyﬁ;f—l

A A n A » A
+my32 m( r)(mfl)zD;(m*UzDLn + % Z (]:::v ( \/ﬂ)k(mfl)Bka;k(mfl)D;j+l
k=1

—(n+1)B(V24)1~ "lﬁgll>gLGZ‘(x,y,z; A,B) =0.

A A A A n A A
V. Matriz partial (( V2A+1)D, D! — DD, + mBy(v2A) "D DY + %kzl G (\2A)"F DD
differential equations —n \/2Aﬁ;"> e G (x,y,2;A,B) = 0.
((1‘ VZA+1— D7) D, DI VY o (m — 1) (n — 1) DD VIAD, 4+ m( V2A) D
B2—mﬁ<n*m)(m*1)ﬁm—l B2—m \/_A (m—1)2D(n*m)(m*1)ﬁm 1 a G
x @ y tmy (v24) p HES PR

X (V2AYRm=) DLm= DR PR (4 1) B( \/ﬂ)l—"nib;%(ml)) (LG (x,y, 2 A, B) = 0.

The problems arising in different areas of science and engineering are usually expressed in terms of
differential equations, which in most of the cases have special functions as their solutions. During the
past three decades, the development of nonlinear analysis, dynamical systems and their applications to
science and engineering has stimulated renewed enthusiasm for the theory of differential equations. The
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differential equations satisfied by these hybrid type special matrix polynomials may be useful in solving
various problems arising in certain branches of science and engineering.
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