AIMS Mathematics, 6(11): 12713-12717.
AIMS Mathematics DOI: 10.3934/math.2021733
% : Received: 05 March 2021
o Accepted: 30 August 2021
http://www.aimspress.com/journal/Math Published: 06 September 2021

Research article

Some new identities involving Laguerre polynomials

Xiaowei Pan'* and Xiaoyan Guo®

! School of Health Management, Xi’an Medical University, Xi’an 710021, China
2 School of Mathematics, Northwest University, Xi’an 710127, China

* Correspondence: Email: panxiaowei @xiyi.edu.cn.

Abstract: In this paper, we use elementary method and some sort of a counting argument to show the

equality of two expressions. That is, let f(n) and g(n) be two functions, k be any positive integer. Then
- ,on! (n+k-1 ) ) - .on! (n+k-1

f(n) = ;(—1) S (r o 1) - g(r) if and only if g(n) = ;(—1) = (r he 1) - f(r) for all

integers n > 0. As an application of this formula, we obtain some new identities involving the famous

Laguerre polynomials.
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1. Introduction

For any integer n > 0, the famous Laguerre polynomial L,(x) is defined by

R P N LA
Lix)= e~ (¥e )_;( DI (r) X, (1.1)

m!

here |
w = —
m m!(n —m)!
The exponential generating function of L,(x) is

LI > L) (1.2)

It is clear that Lo(x) = 1, Lj(x) = —x + 1, and L,;(x) = 2n + 1 — x)L,(x) — n*L,_;(x) for all positive
integer n > 1. Therefore L,(x) satisfy a 3-term recurrence relation. It satisfies the integral identity

e |0, if m # n;
fo e L,(x)-L,(x)dx = { M2 ifm=n. (1.3)
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In recent years, many papers investigated the elementary properties of Laguerre polynomials and
recurrence polynomials (see [3-8]).

In this paper, as a note, we prove a new inversion formula related to Laguerre polynomials. That is,
we shall prove the following conclusion.

Theorem. Let f(n) and g(n) be two functions, k be any positive integer. For all integer n > 0, if

- n! (n+k-1
OEDYC RS (Hk_ 1)-g(r), (1.4)
r=0 ’
then we have the inversion formula
- n' (n+k-1
g =) (=1~ (Hk_ 1) - f). (15)
r=0 ’

It is clear that if we take k = 1, f(n) = L,(x) and g(r) = X", then from (1.1) we have the identity

n !
X' = Z(—l)r : % : (’Z) CL(x).
r=0 ’

2. Proof of the theorem

In this section, we shall complete the proof of our main result. Hereinafter, we shall use
some elementary number theory contents and properties of power series, which can be found in
references [1,2], and also be found in [3,4], so we will not repeat them here. First we need the following
simple lemma.

Lemma. For any integer n > 0, let f(n) and g(n) be two number theoretic functions. If f(n) and

g(n) satisfy the identity
1 !
f =Y 1= (’Z) -8,
r=0 ’

then we have the inversion formula

1 !
g = (-1 (’:) - f(r).
r=0 '

Proof. It is clear that the lemma holds if n = 0. So without loss of generality, we can assume that
n > 1. At this time, from the definition of f(n), we have

U !

S (") £

pry rt \r

- .on! (n\[< s rto(r

;(—1) = (r) [;}-1) o (s) : g<s>]
K g(S) C r r n

o S S ()

s=0
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T SV IO O o PV Lt Y B
= Z( D s! rzz(;( b ( s ) (r+s)

s=0
_ N8 Nyt (=)
= Z:(; 5! ;( e P By ——
B ' - g(s)_ n! _”_S_ , (n—s
= Z:(; sU (sl s ;( b ( r )
IR N C) n! =1y

sl (m=s)!-s!

! nl !
= ng.@. n +ng.zg(s). n (1= 1)
s=0

n! 0! n! sl (m—s)!-s!

That is,

- . nl (n
g(n) = ;(—1) = (r) [,
The lemma is proved.

Now for any positive integer k > 1, let f(n) and g(n) be defined as (1.4) and (1.5). If k = 1, then the
theorem follows from the lemma. So without loss of generality we can assume k& > 2. This time we
have

n

. on! (n+k-1
DD '7'(r+k_1)'f(”

=
_ rz:l(_l)r-’Z_:.(2:::})(;(_1)s,Z_i.(::i:i)-g(@]

- nvzo(—l)%Z(—l)(’;:i:i)(l::::i)

= nz.g(—l)S-%s)~2(—D’”~(Ti£ﬁ1)'(rZ:]:1:1)
- 0 % ' 2‘(_1)r' (n—(sl;!+- fs_+112!— IS EZ::)i s)!
- SE () S (1)

_ nz.g%s).(’z:]’z:i)-a—l)”:g(n).

The theorem is proved.

This theorem can also be proved by manipulating the exponential generating function in (1.2).
Here we give an alternative proof for the theorem by using the well known method of the exponential
generating functions. Consider
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F(x) = Z(;f(n)% and G(x) = Z; g(n)%,

where f(n) and g(n) defined as in the theorem.

x"
Then multiplying on both sides of (1.4) by - and summing over n > 0, we obtain
n!

F(x) = (1 = x)*G(=x(1 = x)™). (2.1)

Now lety = —x(1 — x)™!,sox = —y(I —y)'and 1 — x = (1 — y)~!, and expressing (2.1) in terms of y
gives
F(=y(1=»7") =1 -»/Gw),

or rearranging slightly,

GO) = (1 =y *“F (-y(1-»7). (2.2)

Equating coefficients of y_‘ in (2.2) we obtain (1.5). This completes the second proof of the theorem.
n!

3. Conclusions

The main result of this paper is a theorem, which proved a new reciprocal formula for some
arithmetical functions, it revealed some essential properties of the Laguerre polynomials. The result
is actually new contribution to the study of the properties of Laguerre polynomials. Of course,
the methods adopted in this paper have some good reference for the further study of the Laguerre
polynomials.
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