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OPERATIONAL AND LIE ALGEBRAIC TECHANIQUES ON

HERMITE POLYNOMIALS

REHANA KHAN

Abstract. In this paper, we derive generating relations involving multi-index

multi-variable associated Hermite polynomialsGm,n(x, y; ρ) by using Lie-algebraic

method. Further we use the principle of monomiality and the operational
methods to prove that this approach is more flexible than Lie algebraic tech-

niques.

1. Introduction

MThe theory of many variable many index Hermite polynomials was initially
developed by Hermite himself [9].There are two kinds of Hermite polynomials
Hm,n(x, y) and Gm,n(x, y) which are usually defined with the help of a symmetric

2× 2 matrix M̂ . Two varirble two index Hermite polynomials are specified by the
generating function [1]

∞∑
m,n=0

Hm,n(x, y)
tmun

m!n!
= exp

[
w
¯
T M̂z

¯
− 1

2
w
¯
T M̂w

¯

]
. (1.1)

where T denotes the transpose and

w
¯

=

(
t
u

)
z
¯

=

(
x
y

)
The 2× 2 matrixM̂ is

M̂ =

(
a b
b c

)
,

where
∆ = ac− b2 > 0, (a, c) > 0.

The second kind is defined for the purpose of the orthonormalization of the first
kind in the form of bio-orthogonality relations. Recently the associated orthogonal
functions have been discussed in [3] along with a number of applications to classical
and quantum mechanics [6]. The importance of these polynomials for Physical
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applications has been recognized by other authors and a partial list of refrences is
reported in [7],[8],[10],[12].Restricting ourselves to the case of two indices and two
variables, here we consider second kind i.e.associated Hermite polynomials (aHP)
Gm,n(x, y) defined by means of the generating function [1,4,9]

∞∑
m,n=0

Gm,n(x, y)
rmsn

m!n!
= exp

[
Z
¯
TK

¯
− 1

2
K
¯
T M̂−1K

¯

]
. (1.1)

where T denotes the transpose and

Z
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=
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y

)
K
¯

=

(
r
s

)
The 2× 2 matrixM̂ is

M̂ =

(
a b
b c

)
,

where
∆ = ac− b2 > 0, (a, c) > 0.

More in general one can introduce the polynomials Gm,n(x, y; ρ) defined by[1,4,9]
∞∑

m,n=0

Gm,n(x, y; ρ)
rmsn

m!n!
= exp

[
Z
¯
TK

¯
− ρ K

¯
T M̂−1K

¯

]
, (1.2)

where

∂

∂ρ
Gm,n(x, y; ρ) =

1

∆

[
c
∂2

∂x2
− 2b

∂2

∂x∂y
+ a

∂2

∂y2

]
Gm,n(x, y; ρ). (1.3)

which is a kind of extended heat equation,with the conditions

Gm,n(x, y; 0) = xmyn. (1.4)

and

Gm,n(x, y;−1

2
) = Gm,n(x, y). (1.5)

The polynomial Gm,n(x, y; ρ) are linked to Gm,n(x, y) by the relation

Gm,n(x, y; ρ) = im+n(2ρ)
m+n/2

Gm,n

(
x

i
√

(2ρ)
,

y

i
√

(2ρ)

)
. (1.6)

The aHP Gm,n(x, y; ρ) defined by Eq.(1.2) satisfy the following differential and
pure recurrence relations:

∂

∂x
Gm,n(x, y; ρ) = mGm−1,n(x, y; ρ) ,

∂

∂y
Gm,n(x, y; ρ) = nGm,n−1(x, y; ρ) ,

∂

∂ρ
Gm,n(x, y; ρ) =

1

∆
[cm(m− 1)Gm−2,n(x, y; ρ)− 2bmnGm−1,n−1(x, y; ρ)

+a(n− 1)Gm,n−2(x, y; ρ)]. (1.7)
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and

Gm+1,n(x, y; ρ) = xGm,n(x, y; ρ) +
2cρ

∆
mGm−1,n(x, y; ρ)− 2bρ

∆
nGm,n−1(x, y; ρ),

Gm,n+1(x, y; ρ) = yGm,n(x, y; ρ) +
2aρ

∆
nGm,n−1(x, y; ρ)− 2bρ

∆
mGm−1,n(x, y; ρ).

(1.8)

The theory of special functions from the group-theoretic point of view, provides a
unifying formalism to deal with the immense aggregate of the special functions and
a collection of formulae such as the relevant differential equations, integral represen-
tations, recurrence formulae, composition theorems, etc., see for example [15,16].
The first significant advance in the direction of obtaining generating relations by
Lie-theoretic method is made by Weisner [17-19] and Miller [13].

Within the group-theoretic context, indeed a given class of special functions ap-
pears as a set of matrix elements of irreducible representation of a given Lie group.
The algebraic properties of the group are then reflected in the functional and differ-
ential equations satisfied by a given family of special functions, whilst the geometry
of the homogeneous space determines the nature of the integral representation as-
sociated with the family.

The 4-dimensional complex local Lie group G(0, 1) is the set of all 4×4 matrices
of the form

g =


1 ceτ a τ
0 eτ b 0
0 0 1 0
0 0 0 1

 , b, c, τ ∈ C, (1.9)

A basis for the Lie algebras G(0, 1) = L[G(0, 1)] is provided by the matrices

J+ =


0 0 0 0
0 0 1 0
0 0 0 0
0 0 0 0

 , J− =


0 1 0 0
0 0 0 0
0 0 0 0
0 0 0 0



J3 =


0 0 0 1
0 1 0 0
0 0 0 0
0 0 0 0

 , E =


0 0 1 0
0 0 0 0
0 0 0 0
0 0 0 0

 , (1.10)

with commutations relations

[J3, J±] = ±J3, [J+, J−] = −E, [E, J±] = [E, J3] = 0, (1.11)

In this paper, we consider aHP Gm,n(x, y; ρ) and derive generating relations
involving these polynomials by using representation ↑ω,µ of Lie algebra G(0, 1).In
Section 2, we consider the problem of framing aHP Gm,n(x, y; ρ) into the con-
text of the representation ↑ω,µ of four dimensional Lie algebra G(0, 1) and obtain
generating relations involving aHP Gm,n(x, y; ρ) and associated Laguerre polyno-
mials Lαn(x). In Section 3, we consider some applications of the generating relations
obtained in Section 2. Finally, in Section 4,some concluding remarks are given.
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2. Representation ↑ω,µ of G(0, 1) and generating relations

The irreducible representation ↑ω,µ of G(0, 1) is defined for each ω, µ ∈ C such
that µ 6= 0. The spectrum S of this representation is the set {−ω + k : k a
nonnegative integer} and there is a basis (fm)m∈S for the representation space V ,
with the properties

J3fm = mfm, Efm = µfm, J+fm = µfm+1, J−fm = (m+ ω)fm−1,

C0,1fm = (J+J− − EJ3)fm = µωfm, µ 6= 0. (2.1)

(Here f−w−1 ≡ 0, so J−f−w = 0).

The commutation relations satisfied by the operators J3, J±, E are

[J3, J±] = ±J±, [J+, J−] = −E, [E, J±] = [E, J3] = 0. (2.2)

In order to obtain a realization of the representation ↑ω,µ of G(0, 1) on a space
of functions of two complex variables x and y, Miller ([13]; p.104) has taken the
functions fm(x, y) = Zm(x)emy, such that relations (2.1) are satisfied for all m ∈ S,
where the differential operators J3, J+, J−, E are given by

J3 =
∂

∂y
,

J+ = ey
[
∂

∂x
− 1

2
µx

]
,

J− = e−y
[
− ∂

∂x
− 1

2
µx

]
E = µ. (2.3)

In particular, we look for the functions

fm,n(x, y, r, s; ρ) = Zm,n(x, y; ρ)rmsn, (2.4)

such that

K3fm,n = mfm,n, Ifm,n = µfm,n, K+fm,n = µfm+1,n

,

K−fm,n = (m+ω)fm−1,nC0,1fm,n = (K+K−−IK3)fm,n = µωfm,n, µ 6= 0,
(2.5)

for all n ∈ S.

We assume that the set of linear differential operators K±, K3, I takes the form

K+ = xr +
2cρr

∆

∂

∂x
− 2bρr

∆

∂

∂y
,

K− =
1

r

∂

∂x
,

K3 = r
∂

∂r
,

I = 1

(2.6)

and note that these operators satisfy the commutation relations identical to (2.2).

There is no loss of generality for special function theory if we set w = 0, µ = 1,
then in terms of the function Zm(x), relation (2.1) reduce to ([13]; p.104(4.72))
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(
d

dx
− 1

2
x

)
Zm(x) = Zm+1(x),

(
− d

dx
− 1

2
x

)
Zm(x) = mZm−1(x),

(
− d2

dx2
+
x2

4
− 1

2
−m

)
Zm(x) = 0. (2.7)

Further, for the same choice of ω and µ and using operators (2.6), relations (2.5)
take the form[
x+

2cρ

∆

∂

∂x
− 2bρ

∆

∂

∂y

]
Zm,n(x, y; ρ) = Zm+1,n(x, y; ρ),

[
∂

∂x

]
Zm,n(x, y; ρ) = mZm−1,n(x, y; ρ),

[
(
2cρ

∆
+ x)

∂

∂x
+

2cρ

∆

∂2

∂x2
− 2bρ

∆

∂2

∂x∂y
−m

]
Zm,n(x, y; ρ) = 0.

(2.8)

Again if we take the functions fm,n(x, y, r, s; ρ) = Zm,n(x, y; ρ)rmsn such that

K ′3fm,n = nfm,n, I ′fm,n = µfm,n, K ′+fm,n = µfm,n+1

,

K ′−fm,n = (n+ω)fm,n−1C
′
0,1fm,n = (K ′+K ′−−I ′K ′3)fm,n = µωfm,n, µ 6= 0,

(2.9)
for all n ∈ S,where the differential operators K ′+,K ′−,K ′3, I ′ are

K ′+ = ys− 2bρs

∆

∂

∂x
+

2aρs

∆

∂

∂y
,

K ′− =
1

s

∂

∂y
,

K ′3 = s
∂

∂s
,

I ′ = 1

(2.10)

and note that these operators satisfy the commutation relations identical to (2.2).

again taking w = 0 and µ = 1 relations (2.9) becomes[
y +

2aρ

∆

∂

∂y
− 2bρ

∆

∂

∂x

]
Zm,n(x, y; ρ) = Zm,n+1(x, y; ρ),

[
∂

∂y

]
Zm,n(x, y; ρ) = mZm,n−1(x, y; ρ),

[
(
2aρ

∆
+ y)

∂

∂y
+

2aρ

∆

∂2

∂y2
− 2bρ

∆

∂2

∂x∂y
− n

]
Zm,n(x, y; ρ) = 0.

(2.11)
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Miller [13] have used relations (2.7) to compute the functions Zm(x), which are
easily expressed in terms of parabolic cylinder functions or Hermite polynomials
Hn(x). In fact,

Zm(x) = (−1)mDm(x) = (−1)m exp
(
− x2

4

)
2−m/2Hm

( x√
2

)
, m = 0, 1, 2, . . . .

(2.12)
Similarly, we observe that, for all n ∈ S, the choice for fm,n(x, y, r, s; ρ) =

Zm,n(x, y; ρ)rmsn satisfy Eqs. (2.8) and (2.11). It follows from the above discus-
sion that the functions fm,n(x, y, r, s; ρ) = Gm,n(x, y; ρ)rmsn, m,n ∈ S form a basis
for a realization of the representation ↑0,1 of G(0, 1). By using ([13];P.18(Theorem
1.10)), this representation of G(0, 1) can be extended to a local multiplier repre-
sentation T (g), g ∈ G(0, 1) defined on F , the space of all functions analytic in a
neighbourhood of the point (x0, y0, r0, s0, ρ0) = (1, 1, 1, 1, 0).

Hence using operators (2.6), the local multiplier representation takes the form

[T (exp a1E)f ](x, y, r, s; ρ) = exp(a1)f(x, y, r, s; ρ),

[T (exp b1J
+)f ](x, y, r, s; ρ) = exp

(
xrb1(1 +

cρrb1
∆x

)

)
× f

(
x

(
1 +

2ρcrb1
∆x

)
, y

(
1− 2ρbrb1

∆y

)
, r, s; ρ

)
,

[T (exp c1J
−)f ](x, y, r, s; ρ) = f

(
x
(

1 +
c1
xr

)
, y, r, s; ρ

)
,

[T (exp τ1J
3)f ](x, y, r, s; ρ) = f(x, y, reτ1 , s; ρ), (2.13)

for f ∈ F , where J+, J−, J3, E are given by the matrices (1.10) and form a basis
for Lie algebra G(0, 1). If g ∈ G(0, 1) has parameters (a1, b1, c1, τ1) then

T (g) = T (exp a1E)T (exp b1J
+)T (exp c1J

−)T (exp τ1J
3)

and therefore we obtain
[T (g)f ](x, y, r, s; ρ) =

exp

(
a1 + xrb1(1 +

cρrb1
∆x

)

)
f

(
x

(
1 +

2ρcrb1
∆x

+
c1
xr

)
, y

(
1− 2ρbrb1

∆y

)
, reτ1 , s; ρ

)
.

(2.14)

The matrix elements of T (g) with respect to the analytic basis fm,n(x, y, r, s; ρ) =
Gm,n(x, y; ρ)rmsn, are the functions Alk(g), uniquely determined by ↑0,1 of G(0, 1)
and we obtain relations

[T (g)fk,n](x, y, r, s; ρ) =

∞∑
l=0

Alk(g)fl,n(x, y, r, s; ρ), k, l = 0, 1, 2, . . . , (2.15)

which on using (2.14) yields

exp

(
a1 + kτ1 + xrb1(1 +

cρrb1
∆x

)

)
Gk,n

(
x

(
1 +

2ρcrb1
∆x

+
c1
xr

)
, y

(
1− 2ρbrb1

∆y

)
; ρ

)

=

∞∑
l=0

Alk(g)Gl,n(x, y; ρ)rl−k, k, l = 0, 1, 2, . . . . (2.16)
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The matrix element Alk(g) are given by ([13]; p.87(4.26))

Alk(g) = exp(a1 + kτ1)ck−l1 Lk−ll (−b1c1), k, l ≥ 0. (2.17)

Substituting (2.17) into (2.16) and simplifying, we obtain the generating relation

exp

(
xrb1(1 +

cρrb1
∆x

)

)
Gk,n

(
x

(
1 +

2ρcrb1
∆x

+
c1
xr

)
, y

(
1− 2ρbrb1

∆y

)
; ρ

)

=

∞∑
l=0

c1
k−lLk−ll (−b1c1)Gl,n(x, y; ρ)rl−k, k = 0, 1, 2, · · · . (2.18)

Again taking the operators (2.10) and proceeding exactly as before , we obtain
the generating relation

exp

(
ysb2(1 +

aρsb2
∆y

)
Gm,r

(
x

(
1− 2ρbsb2

∆x

)
, y

(
1 +

2ρasb2
∆y

+
c2
ys

)
; ρ

)

=

∞∑
i=0

c2
r−iLr−ii (−b2c2)Gm,i(x, y; ρ)si−r, r = 0, 1, 2, · · · . (2.19)

3. Applications

We consider the following applications of generating relation (2.18).

I. Taking b1 → 0 in generating relation (2.18) and using the limit ([13];
p.88(4.29))

cn1L
n
l (b1c1)

∣∣∣
b1=0

=


(
n+ l
n

)
c1
n if n ≥ 0,

0 if n < 0,
(3.1)

we get

Gk,n

(
(x+

c1
r

), y; ρ
)

=

k∑
l=0

(
k

k − l

)
c1
k−lGl,n(x, y; ρ)rl−k. (3.2)

Again, taking c1 → 0 in generating relation (2.18) and using the limit ([13];
p.88(4.29))

c1
nLnl (b1c1)

∣∣∣
c1=0

=

 0 if n > 0,
(−b1)−n

(−n)!
, if n ≤ 0,

(3.3)

we get

exp

(
xrb1(1 +

cρrb1
∆x

)

)
Gk,n

(
x

(
1 +

2ρcrb1
∆x

)
, y

(
1− 2ρbrb1

∆y

)
; ρ

)

=

∞∑
l=0

b1
l−k

(l − k)!
Gl,n(x, y; ρ)rl−k (3.4)

Similar results can be obtain from generating relation (2.19).

II. Taking ρ = −1/2 in generating relation (2.18) and using Eq. (1.5), we get
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exp

(
xrb1(1− crb1

2∆x
)

)
Gk,n

(
x

(
1− crb1

∆x
+
c1
xr

)
, y

(
1 +

brb1
∆y

))
=

∞∑
l=0

c1
k−lLk−ll (−b1c1)Gl,n(x, y)rl−k, k = 0, 1, 2, · · · . (3.5)

where Gl,n(x, y) denotes aHP of two variables given by Eq.(1.1). Similar results
can be obtain from generating relation (2.19).

III. Taking ρ = −1/2, − c
2∆ = y and b

∆ = ξ in generating relation (2.18)

exp(xrb1 + yr2b1
2)Gk,n

(
x

(
1 +

2yrb1
x

+
c1
xr

)
, y

(
1 +

ξrb1
y

))
=

∞∑
l=0

c1
k−lLk−ll (−b1c1)Gl,n(x, y)rl−k, (3.6)

which is the correct form of a result of Miller[13]. Similar results can be obtain
from generating relation (2.19).

4. Concluding Remarks

The principle of monomiality, combined with the operational techniques, pro-
vides a powerful and flexible mean to deal with multi-variable and multi-index
polynomials than the ordinary Lie-algebraic methods used in section 2 also in [14].

In this section , we will show that Lie-algebraic methods of generalized Hermite
polynomials can be replaced by the methods developed in [2],which albeit a by-
product of the Lie-algebraic theory [13] , gives more flexiblity in the treatment of
multi-dimentional Hermite polynomials.

The associated Hermite polynomials Gm,n(x, y; ρ) satisfies the identities

∂

∂ρ
Gm,n(x, y; ρ) =

1

∆

[
c
∂2

∂x2
− 2b

∂2

∂x∂y
+ a

∂2

∂y2

]
Gm,n(x, y; ρ).

and

Gm,n(x, y; 0) = xmyn.

are defined by means of the operational rule

Gm,n(x, y; ρ) = e
ρ
∆ (c ∂

2

∂x2−2b ∂2

∂x∂y+a ∂2

∂y2 )
xmyn. (4.1)

The Lie-algebraic study of these polynomials can be achived by considering the
separate realizations of G(0, 1) algebras and by coupling them through a similarity

transform involving the operator e
ρ
∆ (c ∂

2

∂x2−2b ∂2

∂x∂y+a ∂2

∂y2 )
.

We can therefore apply a procedure of generalization of the Lie algebraic method
by defining the following generators of the algebra Gx(0, 1) ⊕ Gy(0, 1)

Jx
+ = xr +

2cρr

∆

∂

∂x
− 2bρr

∆

∂

∂y
, Jy

+ = ys− 2bρs

∆

∂

∂x
+

2aρs

∆

∂

∂y
,

Jx
− =

1

r

∂

∂x
, Jy

− =
1

s

∂

∂y
.
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Jx
3 =

(
x+

2cρ

∆

∂

∂x
− 2bρ

∆

∂

∂y

)
∂

∂x
, Jy

3 =

(
y − 2bρ

∆

∂

∂x
+

2aρ

∆

∂

∂y

)
∂

∂y
,

Ê = 1. (4.2)

with commutation relations

[J3
α, J

±
β ] = ±Jαδα,β , [J+

α, J
−
β ] = δα,β , (4.3)

where δα,β is the Kronecker symbol.

According to the relization asserted by Eq.(4.2) we can conclude that by means
of the operational representation in Eq.(4.1), we can transform a result involv-
ing products of the type am,nx

myn into a corresponding result for the associated
Hermite polynomials Gm,n(x, y; ρ), namely

e
ρ
∆ (c ∂

2

∂x2−2b ∂2

∂x∂y+a ∂2

∂y2 )
am,nx

myn = am,nGm,n(x, y; ρ). (4.4)

Now we extend this process to a product of two series of the relation [13]
∞∑
l=0

ck−lLl
k−l(−bc)xl = ebx (x+ c)

k
, (4.5)

with Ll
α(x) being associated Laguerre polynomials [11],

Ln
α(x) = Γ(α+ n+ 1)

∞∑
r=0

(−1)rxr

r!Γ(a+ r + 1)(n− r)!
, (4.6)

accordingly we find from Eq.(4.5) that
∞∑
m=0

∞∑
n=0

c1
k−mc2

s−nLm
k−m(−b1c1)Ln

s−n(−b2c2)e
ρ
∆ (c ∂

2

∂x2−2b ∂2

∂x∂y+a ∂2

∂y2 )
xmyn

= e
ρ
∆ (c ∂

2

∂x2−2b ∂2

∂x∂y+a ∂2

∂y2 )
e(b1x+b2y)(x+ c1)k(y + c2)s. (4.7)

which on using some properties of the exponential operators, yields the generating
relation of aHP Gm,n(x, y; ρ)

∞∑
m=0

∞∑
n=0

c1
k−mc2

s−nLm
k−m(−b1c1)Ln

s−n(−b2c2)Gm,n(x, y; ρ)

= e(b1x+b2y− 2b1b2bρ
∆ +

b1
2cρ
∆ +

b2
2aρ
∆ )Gk,s

(
(x+

2b1cρ

∆
− 2b2bρ

∆
+ c1),

(y +
2b2aρ

∆
− 2b1bρ

∆
+ c2); ρ

)
. (4.8)

Again using the identity [2]

e(y ∂2

∂x2 +w ∂2

∂z2
+ξ ∂2

∂x∂z )xmzn = Hm,n(x, y, z, w | ξ). (4.9)

in Eq.(4.7), we obtain a generating relation of two index Hermite polynomials in
four variables

∞∑
m=0

∞∑
n=0

c1
k−mc2

s−nLm
k−m(−b1c1)Ln

s−n(−b2c2)Hm,n(x,
cρ

∆
, y,

aρ

∆
| −2bρ

∆
)

= e(b1x+b2y− 2b1b2bρ
∆ +

b1
2cρ
∆ +

b2
2aρ
∆ )Hk,s

(
(x+

2b1cρ

∆
− 2b2bρ

∆
+ c1), y,
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(z +
2b2aρ

∆
− 2b1bρ

∆
+ c2), w | ξ

)
. (4.10)

Now replacing cρ
∆ by y, y by z, aρ

∆ by w and −2bρ
∆ by ξ in Eq.(4.10), we obtain

([5];p.86(40))

∞∑
m=0

∞∑
n=0

c1
k−mc2

s−nLm
k−m(−b1c1)Ln

s−n(−b2c2)Hm,n(x, y; z, w | ξ)

= e(b1x+b2z+b1b2ξ+b1
2y+b2

2w)Hk,s ((x+ 2b1y + b2ξ + c1), y; (z + 2b2w + b1ξ), w | ξ) .
(4.11)

where Hm,n(x, y, z, w | ξ) are defined as follows [2]

Hm,n(x, y, z, w | ξ) = m!n!

min[m,n]∑
r=0

ξrHm−r(x, y)Hn−r(z, w)

r!(m− r)!(n− r)!
, (4.12)

The interest for polynomials of the type (4.12) is manifold, they can indeed be
used in the problems involving coupled harmonic oscillators. Moreover they are
the generalized forms of the biorthogonal families of polynomials introduced by
Hermite himself [9].

References

[1] P. Appell, P. and J. Kampe de Feriet; Fonctions Hypergemetriques et Hyperspheriques, Poly-

nomes d’ Hermite, Gauthier-Villars, Paris, 1926.
[2] Dattoli,G,;Hermite-Bessel and Laguerre-Bessel functions:A by product of the monomial-

ity principle, proceedings of the Workshop,Advanced Special Functions with Applications,

Eds.D.Cocolicchio,G.Dattoli and H.M.Srivastava,ARACNE Ed.Rome,Italy, (2000),p. 147-
164.

[3] Dattoli, G., Lorenzutta, S., Maino, G. and Torre, A.,Generalized forms of Bessel functions

and Hermite polynomials, Annals of Numerical Math., 2(1995) p.211-232.
[4] Dattoli, G., Lorenzutta, S., Maino, G. and Torre, A.; Theory of multiindex multivariables

Bessel functions and Hermite polynomials, Mathematiche L 11(1997) Fasc. I, p.179–197.

[5] Dattoli, G., Srivastava, H.M. and Khan, Subuhi; Operational versus Lie-algebraic methods
and the theory of multi-variable Hermite polynomials, Integral Transforms Spec. Funct.,

16(2005),p.81-91.

[6] Dattoli, G., Torre, A., Lorenzutta, S.and Maino, G. ;Coupled harmonic and generalized
harmonic-oscillator eigenstates and coherent state, Nuovo Cim.111B(1996), p.811-823.

[7] Dodonov,V.V. , Man’ko,V.I.;New relations for two dimentional Hermite polynomials,
J.math.Phys., 35(1994), p.4277-4294.

[8] Dodonov,V.V. , Man’ko,V.I.;The density Matrix of the Canonically Multidimential Hamil-

tonian in the Fock Basis, Nuovo Cimento 111B(1995), p.138-145.
[9] Hermite,C.;Sur un Nouveau developpement en series de fonctions, C.R.A.S.Paris 58(1864),p.

93-100.

[10] Kauderer,M.;Modes in n-dimensional first-order systems, J.Math.Phys.,14(1993), p.4221-
4250.

[11] Lebedev,N.N. ;Special Functions and their Applications, Prentice Hall,Englewood Cliffs,New

Jersey,1965.
[12] Malkin,I.A. ,Man’ko,V.I. ,Trifonov,D.A.; Linear adiabatic in the coherent states, J.Math.

Phys.,14(1973), p.576-582.

[13] Miller, W. Jr.; Lie Theory and Special Functions, Academic Press, New York and London,
1968.

[14] Pathan,M.A.,Khan Subuhi, G.Yasmeen G.;Representation of a Lie algebra G(0, 1) and three
variable generalized Hermite polynomials Hn(x, y, z), Integral Transforms and Speci. Funct.

13 (2002),p. 59-64.



OPERATIONAL AND LIE ALGEBRAIC TECHANIQUES ON HERMITE POLYNOMIALS 53

[15] Vilenkin, N. Ja.; Special Functions and the Theory of Group Representations, Amer. Math.

Soc. Trans. Providence, Rhode Island, 1968.

[16] Wawrzyn̄czyk, A.; Group Representation and Special Functions, PWN-Polish Scientific Publ.,
Warszawa, 1984.

[17] Weisner, L.; Group-theoretic origin of certain generating functions, Pacific J. Math. 5(1955),

1033–1039.
[18] Weisner, L.; Generating functions for Hermite functions, Canad. J. Math. 11(1959), 141–147.

[19] Weisner, L.; Generating functions for Bessel functions, Canad. J. Math. 11(1959), 148–155.

Rehana Khan
Women’s College, Aligarh Muslim University, Aligarh–202002, India.

E-mail address: rehanakhan97@gmail.com


	1. Introduction
	References

