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Abstract.

In this paper, we study the generalization Bernoulli numbers and polynomials attached to a periodic
group homomorphism from a finite cyclic group to the set of complex numbers and derive new periodic
group homomorphism by using a fixed periodic group homomorphism. Hence, we obtain not only
multiplication formulas, but also some new identities for the generalized Bernoulli polynomials attached
to a periodic group homomorphism.

1. Introduction

The theory of the family of the Bernoulli polynomials and numbers have played a very important role
in many branches of mathematics such as analytic number theory, combinatorics, special functions and in
the other sciences such as , engineering, computer, geometric design and mathematical physics.

Recently in [1], the authors study the periodic function to decompose the g-Eulerian numbers and
polynomials. This decomposition provided us to compute g-Apostol-type Frobenius-Euler polynomials
and numbers more easily. Moreover, in [5], Cangul et al and in [10], Cevik et al studied some new
relationship between the subgroup and monoid presentation and special generating functions (such as
Stirling numbers, Array polynomials etc.).

There are many useful Raabe type or multiplication formula for Bernoulli numbers and polynomials in
the literature (cf. [24], [25]- [26]). Unfortunately so far we have not find any very useful Raabe type formulas
related to the generalized Bernoulli numbers and polynomials attached to a character. Therefore, in this
paper, our main aim is to obtain some multiplication formulas for the generalized Bernoulli polynomials
attached to a periodic group homomorphism. For this aim, we define new generating functions for
the generalized Bernoulli numbers and polynomials attached to a periodic group homomorphism and
investigative the relations among them. These relations let us verify some identities among the Bernoulli
numbers, the Euler numbers, the Apostol-Bernoulli polynomials and the Frobenius-Euler number and
polynomials. Moreover, we decompose the generalized Bernoulli numbers and polynomials attached to a
periodic group homomorphism and as a results of them, we drive some equations to more easily compute
of the nth generalized Bernoulli polynomials attached to a periodic group homomorphism.
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Throughout our paper, we use the following standard notations:IN, Z, IR and C denotes the set of natural
numbers, the set of integer numbers, the set of real numbers and the set of complex numbers respectively.

Now we recall the following well-known generating functions:

The classical Bernoulli polynomials B, (x) and the classical Euler polynomials E,(x) are usually defined
by means of the following generating functions, respectively (cf. [1]-[23]):

R0 = et = Y Bl (<20 )
n=0

and

2 - t”
et = Z Eu()— (tl < 70).
n=0 :

The classical Bernoulli numbers B, and the classical Euler numbers E, of order # are defined by
B, = B,(0)
and
E, = Ex(0),
respectively (cf. [1]-[23]). By using Equation (1), we easily have
B,(x) = kz_; (Z)x”‘kBk. (2)

Apostol [3] gave some interesting analogues of the classical Bernoulli polynomials and numbers. Here
we also recall Apostol-Bernoulli polynomials B,,(x, A) which are given by means of the following generating
functions:

text L tn
m = nZ:(; By(x, A)a 3)

(t <2mif A =1; |t < (log/\| if A #1and A € C). Then
By(x) = Bu(x,1)
and
B.(A) = Bu(0, 1),

where B,,(A) denotes the so-called Apostol-Bernoulli Bernoulli polynomials (cf. [1]-[23]). The Frobenius-
Euler numbers H,(u) are defined by means of the following generating function:

1-u t"
= ) Ha 4)
n=0

where u is an algebraic number (cf. [23]). If we substitute u = (-1) into Equation (4), we have the following
well-known result:

E, = Hy(-1).



M. Alkan, Y. Simsek / Filomat 31:1 (2017), 35-44 37

Following [2], we recall a Dirichlet character y module a natural number f which is a function from the set
of integers to the set of complex numbers and satisfies the following two conditions:

i) x is a multiplicative function with the period f € IN;

ii) if (a, f) = 1 where g, f € N, then x(a) is non zero and if (g, ) # 1 then x(a) =

In the literature, the generalized Bernoulli numbers B,, , attached to a Dirichlet character y module a
natural number f are defined by the following generating function:

f-1
o=y A8 L <n. ®
j=0 n=0

In this paper, we modify Equation (5) with a group homomorphism 7 instead of a Dirichlet character
since the properties of 7 allows us to get new relations among the Bernoulli , Euler and Apostol-Bernoulli
numbers and also obtain some multiplication formula for the generalized Bernoulli numbers attached to
a group homomorphism. A group homomorphism 7 with the period f is from the additive integer group
(Z, +) to the multiplicative complex group (C — {0}, -). Now, we note the following fundamental properties
of a group homomorphism 7;

i)t(0) =1,

ii) T(a) = ©(1)" for a integer 4,

iii) T(f) = 7(0)/ = 1 and 7(0) is a roof of unity.

It is clear that there exist a group homomorphism with a period f which is not a character and so our
generating function in Equation (6) is clearly different to the generating function in Equation (5).

2. The Generalized Bernoulli Numbers and Polynomials Attached to Any Group Homomorphism

We define a new family of the generalized Bernoulli numbers B, . attached to a group homomorphism
T with the period f € IN by the following generating functions:

-1

\,\

0o

7( )teft #n
==Y Bu, (i <2m). ©)
n=0 ’

eft —

F(t) =
j

I
o

The generalized Bernoulli polynomials B, ;(x) attached to a group homomorphism 7 with the period
f € N are defined by the following generating functions:

Fe(t,x) = Fo(he* ZBM")— 7)

By using the second property of a group homomorphism 7 and applying the finite geometric series to
Equation (6), we modify Equation (7) and so obtain our first relation:

f-1

(e’
—144

F(t) = (8)

T(l)ef

By combining Equation (8) with Equation (3) for x = 0, we arrive at the following proposition which
gives us a relation between the generalized Bernoulli numbers attached to the group homomorphism 7 and
Apostol-Bernoulli numbers :

Proposition 2.1. Let n € IN. Then
Byr = Bu(t(1)),

where B,,(t(1)) denotes the Apostol-Bernoulli numbers.
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Since
1 =17(0) = t(1)t(-1),
we get the following

t A - 7(-1))
(1)1 = 7(=1)) (et = 7(-1))’

By combining Equations (8) and (4) with the above equation, we have
-, t S "

Ty T a7 A Hn -1))—
2B ! A - 7(-1)) Z =03

n=0
= ZH (t(-1)—~

where H,(t(-1)) is the nth Frobenius-Euler numbers. By comparing the coefficient of ;, on both sides of
the above equation, we find the relation between the generalized Bernoulli numbers attached to the group
homomorphism 7 and Frobenius-Euler numbers by the following theorem:

Fi(t) =

tn+1

Theorem 2.2. Let n be a positive integer and for n > 1. Then we have

nH, 1(1(-1))

Bue = —1)=1

It is easy to get the following well known result:

f-1
= fr- 121@3 ( ) (10)

where B, (x) is nth Bernoulli polynomial.
Combining Equation (9) and Equation (10), we get

f-1
- 1ZT(a)B ( ) () 1" Hm (=)

n=

Therefore, we find the relation between the Bernoulli polynomials attached to the group homomorphism
and Frobenius-Euler number by the following theorem:

Theorem 2.3. Let n be a positive integer and for n > 1. Then we have

1) — n—1 f-1
Hyoa(2(-1)) = uz T(@)B, ( f)

a=0

As a results of Theorem 2.3, we derive a relation between the classical Euler numbers and the classical
Bernoulli numbers in the following result:

Corollary 2.4. Let n be a positive integer and for n > 1. Then we have

i (n(3)-5)
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Proof. 1If the period 7 is 2, then 7(—1) = 7(1) = —1. Then by Equation (4), it follows that
Hy-1(t(=1)) = Ey1.
Therefore, by using Theorem 2.3, we get the assertion Equation (11). O

We know the multiplication formula (or Rabbe’s formula) for the Bernoulli polynomials given by
r=1 ]
Bu(rx) ="} B,|x+=]. 12
(rx)=r ]ZO‘ (x + r) (12)

Thus, the Bernoulli polynomials B, (x) are the normalized polynomials, which have many applications in
analytic number theory. Substituting r = 2 and x = 0 into Equation (12), we get the following

1
_ nn-1 -
B,=2 (Bn+Bn(2)).

Therefore, it follows that
1 —-n
B, (E) = (21 - 1)Bn

and so we get the following known result:

Corollary 2.5. Let n be a positive integer and for n > 1. Then we have

1
anga—f“ww

3. Some Properties of the Generating Functions

In this section, we define new group homomorphisms and obtain the relations between the generalized
Bernoulli numbers attached to these group homomorphisms which are obtained from 7. Moreover, we
compare two generalized Bernoulli numbers attached to group homomorphisms with the period f. We
also find sum of the generalized Bernoulli numbers attached to different group homomorphisms with the
period f.

Theorem 3.1. Let Q be a periodic group homomorphism with the period f and k a positive integer. Then (O (j) :=
Q(kj) is a periodic group homomorphism with the period p = (ka) where (f, k) is ged(f, k).

Proof. Let k be a positive integer and (f, k) = d. Then f = pd and k = p’d for some p,pr € IN.
Clearly, () is a group homomorphism. For z, j € N, it is proved that

O(j +2) = Qk(j + 2)) = Q(kj + kz) = Q(kj)CQkz) = Qkj) = Qu(f)

if and only if Q(kz) = 1 if and only if f divides kz.
If the period of Q) is z then f divides kz and so

p'dz=kz = fn=pdn

for some n € IN and so p’z = pn. This means that p divides z since (p,p’) = 1.
On the other hand, using the equality kp = fp’, we get

Qu(j +p) = Qk(j + p)) = Qlkj + kp) = Qk)Qkp) = Q(kj) = % ())-

Therefore, z divespand soz =p. O
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Let h be a positive integer and (f, /) = d and so f = f’d for f* € IN. By using Equation (8) and Theorem
3.1, we investigate the relations between F7 and Fty;

T(1)ef -1

Fa() = (T(h)et 1

)FT(t). (13)

We note that if # = 1 mod f then, it is easy to observe that
Fo,(t) = Fo(t)

by applying Equation (13).

Using Theorem 3.1 and Equation (13), our aim is to find relations between two different generating func-
tions for the generalized Bernoulli numbers and polynomials attached to different group homomorphisms
with the period f.

Let A be a group homomorphism with A(a) = exp (2’}—“1) foralla € Z. If t(1) = exp (2”%) forv € Z, then
we get (f,v) = 1. Therefore, we get

(1) = Ay(1).

Using Equation (13), we have the following relation;

A1)et -1

Felt) = Fa (8) = ( Ao T

)FA(t)- (14)
Let F(t) be the generating function for the generalized Bernoulli numbers attached to the group homo-
morphism p with the period f and
2miy
u(l) =exp (T)
Then we arrive at the following result:

Theorem 3.2. With the above notations, we have that

A(y)e' -1

F.(t) = (W

)Fy(t). (15)

Let L be the set of group homomorphisms with the period f. Now, we are ready to give sum of all
generating functions for the generalized Bernoulli numbers with the period f. By using Equation (15), we
get the following theorem:

Theorem 3.3. With the above notations, we have that for all n € IN,

Z Bn,r) = ﬁ ;‘ (1:)Br—l,A [ Z (A(l)B"—V/A(U)(l) - B”"/A(v))] ’

L (@ f)=Losf

Proof. By using Equation (14), we get

A)et -1
an(t) = Z Fa,(t) = (W)FAU)
neL (v,f)=10<f (v,f)=10<f

( A(1)te! t ) 1
= - —Fa(t)
t_ F_
(0 fiTosS A@)et -1 A@)et —1)t

Y Ea0[ADEs (1) - Fa )]
(0. o<f
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where Fj (t,1), Fa,(t) are the generating functions for the Apostol-Bernoulli polynomials and numbers.
Then, applying Cauchy product in the above equations, we obtain that

el tn—l s I
Z F,,(t) = Z (Z Bn,A TJ [Z (A(l)Bn,A(v)(l) - Bn,A(zJ)) E]
neL (v,f)=1v<f \n=0 n=0
0 1 n " fn
= Z [ Z m Z (1’) Br—l,A (A(l)Bn—r,A(v)(l) - Bn—r,A(v))] E
n=0 \ (v, f)=1,0<f r=0

Hence, comparing the coefficient £ on both sides yields the assertion of the desired results. [

Now we want to decompose the generalized Bernoulli numbers attached to a group homomorphism
with the period f with respect to the integer k where f = pk and (p, k) = 1. The decomposition is that

Fo(t)

Pl k-1 ; kj+r)t
t(kj + r)tei*n
y (16)

0

eft—1

0
1 k-1
- E[Z T(r)e”}FTk(kt).

If f = 2p then using the finite geometric sequence, Equation (16) make efficient the following result.

Theorem 3.4. Let n be a positive integer and T a group homomorphism with the period f = 2p. Then we have

n
B n
B, =2"" [B,w (1)) (],)B(n_jm].
j=0

Proof. Using Equation (16), we get
1 t
Fo(t) = 5F(2f) (1+7(1)e').

Hence applying the Cauchy product, it follows that

F.(t) = (Z(zn—an’Tz);—Tl‘][1+T(l)Z:l_n']
n=0 ’ n=0 "

- e B e nn)

n=0 j=0 / "

By comparing the coefficient of £ on both sides above, we get the desired results. []
On the other hand, from Equation (16), we obtain a formula for the nth generalized Bernoulli numbers.

Theorem 3.5. Let f = pk for some p,k € Z such that (p, k) = 1. Then for a positive integer n, we have

n k-1
n v-1 n—v
0 (U)Bmkk Y . (17)

U=l r=0

o]
3
~

Il
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Proof. By using Equation (16), we get

=

-1 k-1 )
F) = 1Y e E) =1 Y ) [Xr —](Z Bk ]
r=0 r=0 n=0 !
_ 1 (Y (7 v n-vpv g £
= Z:‘ L (v) ; T(r)r vu | op

Hence, comparing the coefficient £ on both sides yields the assertion of this theorem. []

Now, we try to find the similar relations for the generalized Bernoulli polynomials. Firstly, by using
Equation (16), we observe the following;

o0 Y k=1
Fo(pk) = Z Bk~ = [% TPy (1 + %)] (18)
= ’ =0
) k-1
1 p
= Z T T(r)Bpz, (x + ) -
n=0 r=0

By comparing the coefficient of the last Equation, we have the following results which are similar to the
multiplication formula:

Theorem 3.6. Let f = pk for some p,k € Z such that (p, k) = 1. Then for all positive integer n, we have that

k=
B(kx) = K1 ) 7(r)Bug (x + ) (19)
r=0

,_.

For B,,;(kx), we also find the different formula from Equation (19) in the following Theorem.

Theorem 3.7. Let f = pk for some p,k € N such that (p, k) = 1. Then for all positive integer n, we have

n k-1

Bue(kx) = Z( )B, LR Y i, (20)

1=0 i=0

Proof. For the generalized Bernoulli polynomials, we have the following the generating function;

kZO‘% ()" e, (kt, )‘[Z kT(l)Zl —](ZBM Ko ]

5SS for i ()¢

By the comparing of the coefficient in above Equation, we get the result. [

F.(t,x)

The classical multiplicative formula for the generalized Bernoulli polynomials has been given in Equa-
tion (12). Unfortunately so far, we have found some Formulas in Equations (19-20) under some conditions.
And now, our aim is to obtain more general formula. For this aim, we need to define new group homo-
morphisms and study the generating functions for the generalized Bernoulli polynomials attached to these
group homomorphisms.

Let h be a positive integer. We define the group homomorphism p(v) = exp(#2) with the period & for an
integer v.

Let us define the function A from Z to C such that A(j) := 7(j)p(j) for all integer j. It is clearly a group
homomorphism and also its period is lcm(f, k). Then we have the following result.
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Theorem 3.8. Let h be a positive integer. Then for all integer j, A(j):= T(j)p(j) is a group homomorphism with the
period f where p(v) = exp(ZR).

Now, we show the relations between the generalized Bernoulli numbers attached to the group homo-
morphisms A and 7j,. Then we try to obtain the formula like the multiplicative formula for the generalized
Bernoulli polynomials attached group homomorphisms 7 and 7j,.

Firstly, we note that Icm(f, h) ged(f, h) = fhand so f = f’ ged(f, h) for f* € N.

Let H = lcm(f,h) and so H = f’h. Then by Theorem 3.1, the period of 7, is f* and so we have the
following;

(h )t ri+xt
F)\(t X) PA t)ert Z Z T(h])T(V)P(r)te / (21)

Ht _
j=0 r=0 €

Therefore, by Equation (21), we arrive at the following theorem.
Theorem 3.9. For a positive integer n, with the above notations, we have
h-1 .
By (hx) = 1! ZO‘ (B, (2 + 7)- (22)

Proof. By using Equation (21), we have the following;

=
Jay

xX+r

F}\(t/x) = h

A(r)Fty(ht, ——).

=
il
o

T

Then we get the generalized Bernoulli polynomials and so the results by comparing the coefficient of £;
in the following equation;

00 h=1
ZB,M(X) Z[h 1;/\ "Bz, ( x”)] ;!.

O

To find the relations between the generalized Bernoulli polynomials attached to group homomorphisms
7 and A directly, we may focus on the Equation (13) and (21). Thus we get interesting multiplication
formula.

Fa(t,x) = [ZA()(T&;Et ) (htx;;r)].

Maybe, the above equation is not useful in general case, but if # = 1 mod f, then we get

=
—_

gB,,,,\(x)t Z/\(r)F (1, =7) = i A B ()

n=0 r

Il
o

Therefore, by comparing the coefficient of t, on both sides in Equation (21), we get the following theorem
which gives us the modification of Equation (22).

Theorem 3.10. Let h be a positive integer and h = 1 mod f. Then for all n € Ny, we have

h-1
Bua(i) = ' Y A)Bue (x+ 7).
r=0
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