. mathematics m\py

Article
Some Identities of Degenerate Bell Polynomials
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Abstract: The new type degenerate of Bell polynomials and numbers were recently introduced,
which are a degenerate version of Bell polynomials and numbers and are different from the previously
introduced partially degenerate Bell polynomials and numbers. Several expressions and identities
on those polynomials and numbers were obtained. In this paper, as a further investigation of the
new type degenerate Bell polynomials, we derive several identities involving those degenerate Bell
polynomials, Stirling numbers of the second kind and Carlitz’s degenerate Bernoulli or degenerate
Euler polynomials. In addition, we obtain an identity connecting the degenerate Bell polynomials,
Cauchy polynomials, Bernoulli numbers, Stirling numbers of the second kind and degenerate Stirling
numbers of the second kind.
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1. Introduction

For any nonzero A € R, the Carlitz’s degenerate Bernoulli polynomials are defined by (see [1])

t x
7 1+/\tfl:2‘3n/\

(1+ant-1 W

When x =0, B, = B, (0) are called the degenerate Bernoulli numbers.
Note that lim_,o 8, 1(x) = By(x), (n > 0). Here, B,(x) are ordinary Bernoulli polynomials
which are defined by (see [1-13])

o o
= HZZO Bu(x) o 2
The degenerate Euler polynomials are given by (see [1])
2 P £
m(“‘”)* = ngagn,/\(x)mr )

When x =0, &, 1 = &,1(0) are called the degenerate Euler numbers.
For any nonzero real number A, the degenerate exponential functions are defined by (see [8,10])

ei(t) = (1+ADE, er(t) =el(t) = (1+AD)T, (4)
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From (4), we note that (see [8,10])

o (X)na
=Lt ®)
n=0
where (x)or =1, (x)pp =x(x —A) - (x = (n—=1)A), (n > 1).
The Stirling numbers of the first kind are defined by
- k
(X)n = lim (x)n,?t = Z Sl (n,k)x ’ (7’1 > O)/ (6)
A—1 =0
and the Stirling numbers of the second kind are given by (see [12,13])
n
x" =} Sa(n, k) (x), )
k=0
As is well known, the Bell polynomials are defined by (see [5,12])
x(e'-1) Z Bel,,( ®)
When x = 1, Bel, = Bel,(1), (n > 0), are called the Bell numbers.
We note that the left hand side of (8) is equal to
i xkl(et — 1)k = i x i Sa(n k)ﬂ
k! N 2
k=0 k=0 n=k
o n ©)
=Y ) Sy(n, k)xk—,
n=0k=0
and hence we obtain
Bel,,( ): Sa(n,k)x", (n>0). (10)
It is known that the Cauchy polynomials are given by the generating function (see [7])
——(1+1t)*
log(1 + t) + 2 Cu(x ,' (11)
In view of (11), we may consider the degenerate Cauchy polynomials which are given by
t
(141t)" Z Cual(x (12)

log, (1+ t)

Here, log), t is the compositional inverse function of e, (f) such that e, (log, (t)) = log, (e (t)) = t.
Recently, the new type degenerate Bell polynomials are introduced by the generating function
as (see [10]).

ex(e —1) = (1+A e —1) ) ZBelM (13)

When x =1, Bel, , = Bel,, 5(1) are called the degenerate Bell numbers.
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Note that lim,_,q Bel,, A (x) = Bel,(x), (n > 0). We see that the middle term in (13) is equal to

> X k 1 s 'rl
Y (5) Mgl -1 =Y Mzsznkﬁ
k=0 k=0 n=k 14
=] n tn ( )
). S2(n, k) (X)er
n=0k=0 :
and hence we get
Bel,, \ (x 2 Sy (n, k)( (15)

Studying degenerate versions of some special polynomials has been very fruitful and regained
lively interest of many mathematicians in recent years. In [1], Carlitz initiated a study of degenerate
versions of some special polynomials, namely the degenerate Bernoulli and Euler polynomials
and numbers.

In the recent paper [10], the new type degenerate Bell polynomials Bel, (x) (see (13)) were
introduced and some interesting results about them were obtained, which are different from the
previously defined partially degenerate Bell polynomials (see [9]) and a degenerate version of the
ordinary Bell polynomials Bel, (x) (see (8)).

As a further study of the new type degenerate Bell polynomials, we will obtain two expressions
involving these degenerate Bell polynomials, Carlitz’s degenerate Bernoulli polynomials and the
Stirling numbers of the second kind, two identities involving those degenerate Bell polynomials,
degenerate Euler polynomials and the Stirling numbers of the second kind. In additon, we will be
able to find an identity involving those degenerate Bell polynomials, Cauchy polynomials, Bernoulli
numbers, Stirling numbers of the second kind and degenerate Stirling numbers of the second kind.

2. Some Identities of Degenerate Bell Polynomials

The following equation can be easily derived from (13):

n
Beln A Z

m=0

X AMLS (m, 1) Sy (n, m), (16)

ngE

0

where n > 0.
Indeed, we see that the middle term in (13) is equal to

i( ), A" @ =" = ioiosl(m,l) (i)lAmninsz(n,m)Z

(17)

m ti’l
Y Xl A™S (m, 1) S5 (n, m)
=0

|
agk
1=

3
i
o
3
i
o

By using (16), we can show that

Belg ) (x) =1, Bely 5 (x) = x, Bely o (x) = —xA + (x% + x),

Bel3 ) (x) = 2xA? + (=3x2 — 3x)A + (x® + 3x% + x),

Bely ) (x) = —6xA3 + (11x2 + 12x)A% + (—6x3 — 18x% — 7x)A + (x* + 623 + 7x% + x),
Bels ) (x) = 24xA* + (—50x% — 60x)A3 + (35x% + 110x2 + 50x) A2

+(—10x* — 60x3 — 75x% — 15x) A + (x° + 10x* + 25x3 + 15x% + x).
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By replacing t by ¢! — 1in (1), we get
et—1 - 1.
W ei(ef —1) = mX::Oﬁm,A(x)ﬁ(e -1)
o] (o] t}’l
= mZO Pua(x) X, Salmm) (18)
[ee] n tn
= ( Y. 5m,A(x)52(ﬂ,m)> =
n=0 \m=0 n
On the other hand,
et —1 & " t
e/\(et—l) 1 m;olgm)\ e _1 ZBell/\ )l
o k k 00 i’l
:Z Y BuaSa(k,m) k,ZBelu )3 (19)
k=0m=0
e} ti’l
:Z{ ( ) ZABm/\Ska)Beln kA (x )}n,

Therefore, by comparing the coefficients on both sides of (18) and (19), we obtain the
following theorem.

Theorem 1. For n > 0, we have

i B (x)S2(n, m) i ( ) Y BuaSa(k,m)Bel, g (x).

m=0 m=0

Let us replace t by e/ — 1 in (3). Then we get

eA(et_zl)Hei(ef =y 5,M(x)%(ef —1)"

=Y Eualx) ) Sz(n,m)a (20)

The left hand side of (20) is also given by

2
m e — 1 Z gm A Z Bell AlX
= L kz Sa(km) IZOBelz,m) r
m= =m =
l 1)

[e9)

k k o t
Y ) EuaSa(k,m) i ZBEZM X) g

P
(=)

=0m=0
[e¢] n n tl’l
=YY (k> ) 5m,A52(krm)Beln—k,/\(x)}n,'
k=0 m=0 :

n=0

Therefore, from (20) and (21), we obtain the following theorem.
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Theorem 2. For n > 0, we have

n n n k
3 Enn()a6mm) = Y- () 1 EnaSalk,mBel, i (x),
m=0 k=0 m=0

From (1), we have

Zﬁu l' 6/\ t)—1). (22)

Replacing t by ¢! — 1in (22), we get

(e = Des(e = 1) = Z&A (er(e =1) —1). (23)
The right hand side of (23) is equal to
o m gm0 tk
ZO gﬁl AX SZ TYZ l ' Z Belk,;\ﬁ
e (24)

tn

:Z<Z()Zﬁl)\ Szn—kl)Belk;\>|
=1 Vk=1

On the other hand, the left hand side of (23) is equal to

tm

ti’l

i i el (x ii’()Bdn kA) (25)

Therefore, by equating (24) and (25), we obtain the following theorem.

Theorem 3. Forany n € N, we have

i()Bdn k(X i()nzﬁm )Sa(n —k,1)Bely ;.

Setting x = 0 in Theorem 3, we get the following corollary.

Corollary 1. For any n € N, we have

n n—k
Z (Z) 2 ﬁl,)\SZ(n — k,l)BElk,/\ =1.

k=1 1=0

From (3), we note that

0 1
2= Y &g (ealt) +1). (26)
1=0 :
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By (26), we get

(o]

2= 251,,\%(8 —1) (e;\(et -1)+ 1)

=0

=) ZSZ,ASZ(k/l)k,< ) Belm,Am|+1> (27)
k=01=0 T \m=0 :
o0 n n k n tn

=), { Y (k) Y EixSa2(k )Bely_jp+ ), 5k,A52(n,k)}n,.
n=0 \ k=0 1=0 k=0 '

By comparing the coefficients on both sides of (27), we get
o\ & n 2, ifn=0,
kg,) (k) l;Ogl,/\SZ(krl)Belnfk,A +k§65k,/\52(n,k) = {0, n o1 (28)

Therefore, by (28), we obtain the following theorem.

Theorem 4. For n € N, we have
n k n
). ( ) 2512\52 (k,)Bely_gp = =Y EcaSa(n,k).
1=0 k=0

k=0

In other words, for n > 0, we have

n n k n
Y. (k) Y &aSa(k,1)Bely i+ Y EaSa(n, k) = 2Bel, (0).

1=0 k=0

Let us replace t by ey (¢! — 1) — 1 in (12). Then we have

F—1)—-1 o0 1

As is well known, the degenerate Stirling numbers of second kind are defined by (see [8])

1 k
ﬁ( A(t) =)™ ZszAkm)k,/ (30)

k=m

By (29) and (30), we have

hgk

Y- Coale)gleae =) =1 = 1 Gua(w) 1 Saam) (e ~ 1

S
I
o
S
]
o
T
&

k =) n
Y Cup (0200 m) Y- 2,k G1)

m=0 n=k

n k i
(Z 2 Cna(x)S2(k,m)Sa(n, k)),.
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[7e
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Hence, by (29) and (31), we get

t . o0 n k n
WD = Y (L 8 Conlsaatomsatnb) ) o )
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On the other hand,
1
ey(et —1) — leﬁ(et = ey (et —1) —el(ef — 1)
et —1 et —1

- ()i (7@ - - -n)
— (kz Beg )7 Yy (Belm,A(x+1) Belm,/\(x)>m! (33)

>tk & /Bel 1) — Bel "
:ZBkt Z( em+1,)\(x+ ) em+1,)\(x))t

= k= m+1 m!
o [ v (1) [ Belwiia(x +1) — Belyq0(x) t
= Z anm 7'/
= L= \m m+1 n!

where B, are the ordinary Bernoulli numbers.
Therefore, by (32) and (33), we obtain the following theorem.

Theorem 5. For n > 0, we have

D

k=0

Cina(x)S2,0(k,m)S2(n, k)

(ﬂ) <Belm+1,/\(x +1) — Belyy1,2(x) ) B
n—m-
m m+1

0

0= i p-

i
o

m

3. Conclusions

As a further study of the new type degenerate Bell polynomials, we obtained two expressions
involving these degenerate Bell polynomials, Carlitz’s degenerate Bernoulli polynomials and the
Stirling numbers of the second kind, two identities involving those degenerate Bell polynomials,
degenerate Euler polynomials and the Stirling numbers of the second kind. In additon, we were able to
find an identity involving those degenerate Bell polynomials, Cauchy polynomials, Bernoulli numbers,
Stirling numbers of the second kind and degenerate Stirling numbers of the second kind.

In our previous works related to this paper, we studied various degenerate versions of many
special polynomials. They have been investigated by using several different means, such as generating
functions, combinatorial methods, umbral calculus techniques, probability theory, p-adic analysis,
differential equations, and so on. Further, g-analogues of those degenerate versions of special
polynomials were also introduced by using bosonic and fermionic p-adic g-integrals, and their number
theoretic and combinatorial properties were investigated.

It is one of our research projects to continue this line of study. Namely, we would like to
study various degenerate versions of special polynomials and numbers and also their g-analogues,
and investigate their possible applications to physics and engineering, as well as to mathematics.
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