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AN EXTENDED STICKELBERGER IDEAL

OF THE COMPOSITUM OF A BICYCLIC FIELD

AND AN IMAGINARY QUADRATIC FIELD

Veronika Trnková

(Communicated by Stanislav Jakubec )

ABSTRACT. We consider certain extension of the Stickelberger ideal of the com-
positum of a bicyclic field and a quadratic imaginary field, obtained by adding
new annihilators to the Stickelberger ideal. We compute the index of this exten-
sion, from which we get some divisibility properties for the relative class number
of the compositum.
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1. Introduction

The Stickelberger ideal for abelian fields (i.e. algebraic number fields hav-
ing over Q a commutative Galois group G) was introduced by W. Sinnott in
1980 in the paper [4]. It is an ideal of the group ring Z[G] and has a very
important property: it consists of elements which annihilate the class group of
the corresponding abelian field. Usually, there exist much more such elements.
However, these other annihilators we can not, in contrast to the elements of the
Stickelberger ideal, define by an explicit formula.

In [1] C. Greither and R. Kučera proved the existence of certain annihilator
of the class group of the compositum of an imaginary quadratic field and a
cyclic field. This annihilator is not contained in the Stickelberger ideal of the
compositum, but can be expressed in terms of a known Stickelberger element.

Let us consider the compositum of an imaginary quadratic field F and a
bicyclic field K. We call a field bicyclic if its Galois group is a non-cyclic group
of order l2 for an odd prime l. Except for F , proper imaginary subfields of
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KF are just the composita of F and cyclic subfields of K. Therefore, for these
subfields, there exist new annihilators, described by Greither and Kučera, which
are not contained in the Stickelberger ideal. Mapping these new annihilators to
the group ring Z[G], we can gain new annihilators of the class group of KF .
Hence we can consider the extension of Stickelberger ideal, obtained by adding
annihilators which were constructed in such a way.

The index of the Stickelberger ideal S of KF was computed by P. Kraemer
in [3]. Our aim is to compute the index of the extended Stickelberger ideal and
to show that if there are at least three primes ramifying in K, the extended
Stickelberger ideal is strictly larger then S. The resulting index is determined
by the Hasse unit index and the relative class number of KF , and by the degree
of K and the number of primes ramifying in K, while the index of S depends,
in addition, on what subfields K possesses. Moreover, knowing the index of the
extended Stickelberger ideal we can easily deduce divisibility of the relative class
number of KF by a certain power of l.

2. The compositum of a bicyclic field and
an imaginary quadratic field, and the Stickelberger ideal

Let us take an arbitrary bicyclic field K of degree l2, where l is an odd
prime, i.e. K/Q is a Galois extension whose Galois group GK is isomorphic to
Z/lZ × Z/lZ. Assume that l does not ramify in K. Let us denote by f the
conductor and by hK the class number of K. The non-trivial subfields of K will
be denoted byK0, K1, . . . , Kl and their conductors by f0, f1, . . . , fl, respectively.

From [2: Lemma 3.1] we know that f is square-free. Hence we can write
f = p1p2 . . . pz, where p1, p2, . . . , pz are pairwise distinct primes. Moreover,
z ≥ 2, because GK is non-cyclic. Further, for each i ∈ {0, . . . , l}, let us take the
set Pi = {j ∈ {1, . . . , z} : pj � fi} and set zi = z− |Pi|. So zi equals the number
of ramifying primes in Ki/Q.

We take an imaginary quadratic field F such that p1, . . . , pz split completely
in F and the number l does not ramify in F . This means, among others, that the
number w of roots of unity in KF is not divisible by l. Let m be the conductor
of F and Q ∈ {1, 2} the Hasse unit index of the compositum KF . The class
number hKF of KF is the product of the relative class number h−

KF and hK .
For the Galois group G of KF we have G = 〈GK ∪ {J}〉 where J means the
complex conjugation.

For each i, let δi ∈ G be a fixed automorphism whose restriction to KiF is
a generator of Gal(KiF/F ), by abuse of notation denoted by δi as well. For
each i and each j ∈ Pi, let kij be the non-negative integer satisfying kij < l
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and δ
kij

i = Frob−1(pj, KiF ). This means that Frobenius automorphisms of all
primes dividing f are determined by numbers kij.

We will denote the group ring Z[G] by R. Let A be the set of all elements α of
the group ring R such that (1+J)α lies in (

∑
σ∈G

σ)R. The G-module A contains

the Stickelberger ideal S (see [4]). Let us recall the definition of S. For an abelian
field L and its subfield M , let resL/M : Q[Gal(L/Q)] → Q[Gal(M/Q)] be the ring
homomorphism determined for σ ∈ Gal(L/Q) by restriction resL/M (σ) = σ|M
and let corL/M : Q[Gal(M/Q)] → Q[Gal(L/Q)] be the additive group homomor-
phism satisfying

corL/M (τ) =
∑

τ ′∈Gal(L/Q)
τ ′|M=τ

τ ′

for τ ∈ Gal(M/Q). The Stickelberger ideal S is defined as the intersection of
Z[G] and

S′ =
〈
corKF/Qn∩KF resQn/Qn∩KF

∑
0<t≤n
(t,n)=1

〈
− at

n

〉
σ−1
n,t; n ∈ N, a ∈ Z

〉
,

where Qn is the n-th cyclotomic field, automorphism σn,t of Qn maps each n-th
root of unity to its t-th power, and 〈x〉 denotes the fractional part of a real
number x. We set M− = 1−J

2 M ∩M for an arbitrary G-module M .

According to [3: Corollary 5.1] S′− for our fieldKF is generated as aG-module
by elements θ−KF , θ

−
F and θ−KiF

for every subfield KiF , where

θ−KF =
1− J

2
resQfm/KF

∑
(t,fm)=1

〈 t

fm

〉
σ−1
fm,t

θ−F =
1− J

2
corKF/F resQm/F

∑
(t,m)=1

〈 t

m

〉
σ−1
m,t

θ−KiF
=

1− J

2
corKF/KiF resQfim

/KiF

∑
(t,fim)=1

〈 t

fim

〉
σ−1
fim,t

We will write S′− =
〈
θ−KF , θ

−
F ,

{
θ−KFi

: i ∈ {0, . . . , l}}〉
G
. Moreover, denote by

T the subgroup of S′− generated as a G-module by θ−F and by all θ−KiF
.

3. The construction of an extended Stickelberger ideal

Let us denote by Zl the ring of l-adic integers. Due to [1: Theorem 6.1]
there exists for each i an annihilator ϑ′

i ∈ Zl[Gal(KiF/F )] of the minus part
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of the l-Sylow subgroup of the class group of KiF of the form (δi − 1)ϑ′
i0 for

ϑ′
i0 ∈ Zl[Gal(KiF/F )] such that

(1− J)(δi − 1)zi−1ϑ′
i = (1− J)resQfim

/KiF

∑
(t,fim)=1

〈 t

fim

〉
σ−1
fim,t.

����� 1� For each i ∈ {0, . . . , l} we have

ϑ′
i ∈ Q[Gal(KiF/F )].

P r o o f. The statement follows from

((δi − 1)

l−1∑
j=1

jδji )
zi−1ϑ′

i = (l −
l−1∑
j=0

δji )
zi−1ϑ′

i = lzi−1ϑ′
i

since ϑ′
i = (δi − 1)ϑ′

i0 and (δi − 1)zi−1ϑ′
i ∈ Q[Gal(KiF/F )] according to [1:

Theorem 6.1]. �

We can set ϑi for
1−J
2 corKF/KiFϑ

′
i. Then we have

ϑi =
1− J

2
(δi − 1)corKF/KiFϑ

′
i0.

Recall that the group ring Z[G] is denoted by R. The following lemma gives
some properties of ϑi.

����� 2� For each i we have θ−KiF
= (δi − 1)zi−1ϑi. Moreover, lzi−1ϑi ∈ S′

and wϑi ∈ R.

P r o o f. By substituting we obtain

θ−KiF
=

1− J

2
corKF/KiF resQfim

/KiF

∑
(t,fim)=1

〈 t

fim

〉
σ−1
fim,t

=
1− J

2
corKF/KiF (δi − 1)zi−1ϑ′

i

= (δi − 1)zi−1ϑi.

Since θ−KiF
∈ S′, we can similarly as in the proof of the previous lemma show that

the same holds for lzi−1ϑi. [4: Proposition 2.1] states that [S′ : S] = w, therefore
wlzi−1ϑi ∈ S ⊆ R. From the fact that ϑ′

i ∈ Zl[Gal(Ki/F )] and consequently
ϑi ∈ Zl[G] we obtain wϑi ∈ R. �

We can consider the additive group Z ′ ⊆ Q[G] generated as a G-module by
S′ and all elements ϑi. The submodule of Z ′− generated by θ−F and all ϑi is
called V . Similarly as in the definition of Stickelberger ideal, we set Z = Z ′∩R.
Clearly, S ⊆ Z. Therefore we call Z the extended Stickelberger ideal of KF .
We want to show that Z annihilates the class group C of KF . We need the
following lemma:
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����� 3� The index [Z : S] is a power of l and the index [Z ′ : Z] = w.

P r o o f. From the previous lemma it follows that the index [Z ′ : S′] is a power
of l and consequently the same holds for the index [Z : S]. Lemma 2 also gives
that [Z ′ : Z] divides a power of w. On the other hand,

[Z ′ : Z] · [Z : S] = [Z ′ : S] = w · [Z ′ : S′].

We obtain [Z ′ : Z] = w, because l � w. �

�����	
�
�� 4� The ideal Z annihilates the class group C of KF .

P r o o f. Since S annihilates C (see [4: Theorem 3.1]), we get using the previous
lemma that Z annihilates every q-Sylow subgroup of the class group C for a
prime q 	= l.

From [1: Lemma 1.6] it follows that each ϑi annihilates the minus part of the
l-Sylow subgroup of C, and hence the same does Z. Since the plus part of the
l-Sylow subgroup of C is annihilated by ϑi trivially, the statement is proved. �

4. Finding a basis of Z ′−/V

First, we express θ−KF in terms of generators of the G-module V . By substi-
tuting (δi − 1)zi−1ϑi for θ

−
KFi

(see Lemma 2) in [3: Corollary 5.2] we obtain the
following proposition:

�����	
�
�� 5� The Stickelberger element θ−KF satisfies

l · θ−KF =

l∑
i=0

(δi − 1)zi−1ϑi

∏
j∈Pi

(1− δ
kij

i ).

�����	
�
�� 6� The set M = {θ−F } ∪ {δji · ϑi; 0 ≤ i ≤ l, 0 ≤ j ≤ l − 2} forms
a Z-basis of V .

P r o o f. Since ϑi = (δi− 1)ϑi0, where ϑi0 =
1−J
2 corKF/KiFϑ

′
i0 ∈ Zl[G], we have( l−1∑

j=0

δji

)
ϑi = 0. Therefore δl−1

i · ϑi can be expressed in terms of elements of M

and V is generated by M .

Recall that T is the G-module generated by θ−F and by all θ−KiF
. Since T ⊆

V ⊆ 1
w
R−, and Z-rank of both R− and T is equal to l2 (see [3: Proposition 5.2]),

the Z-rank of V is equal to l2 as well. This is exactly the number of elements of
M , and therefore the set M is a basis of V . �
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If for a certain i there exists j ∈ Pi such that kij = 0, the following equality
holds:

ϑi(δi − 1)zi−1
∏
j∈Pi

(1− δ
kij

i ) = 0.

Hence we do not have to consider all such i in the product from Proposition 5.
Let q denote the number of subfields Ki such that kij is non-zero for every
j ∈ Pi. For the simplicity we can assume that subfields Ki are numbered in
such a way that this holds just for i ∈ {0, . . . , q − 1}. Further, in what follows,
we will write Fl for the finite field of l elements.

�����	
�
�� 7� Let d = l − z and µi(δi) = (−1)zi−1
∏

j∈Pi

kij−1∑
h=0

δhi for each

i ∈ {0, . . . , q − 1}. Then

l · θ−KF =

q−1∑
i=0

ϑi · µi(δi)(1− δi)
l−1−d.

Moreover, µi(δi) is not divisible by 1− δi in Fl[〈δi〉] .
P r o o f. By rewriting the statement of Proposition 5 we obtain

l · θ−KF =

q−1∑
i=0

ϑi · (δi − 1)zi−1
∏
j∈Pi

((1− δi)

kij−1∑
h=0

δhi )

=

q−1∑
i=0

ϑi · µi(δi)(1− δi)
|Pi|+zi−1

The first statement follows from |Pi|+ zi = z = l − d.

Now let us prove the second statement. We have δi ≡ 1 (mod 1− δi), so

µi(δi) ≡ (−1)zi−1
∏
j∈Pi

kij (mod 1− δi).

However, each kij is non-zero, because i < q, therefore the right side of the

congruence is a unit in Fl[〈δi〉]. On the other hand, (1 − δi)
l−1∑
j=0

δji = 0, and so

1− δi is not a unit. Hence 1− δi does not divide µi(δi). �

Let σ be a fixed generator of Gal(KF/K0F ) and τ a fixed generator of
Gal(KF/K1F ). Then for every i ≥ 2 there exists a generator of Gal(KF/KiF )
of the form τσl−ni , where ni ∈ {1, . . . , l − 1} is uniquely determined. This im-
plies that restrictions of τ and σni to KiF are the same for all i ∈ {2, . . . , l}, so
we can assume that δ0 = τ and δi = σ for i ∈ {1, . . . , l}.

Since Z ′−/V is a G-module generated by θ−KF and l · θ−KF ∈ V by Propo-
sition 7, the quotient Z ′−/V forms a vector space over Fl. For polynomials
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v1, . . . , vm ∈ Z[s, t], the set U = {θ−KF · v1(σ, τ), . . . , θ−KF · vm(σ, τ)} is a basis of
Z ′−/V if and only if both

〈U ∪ V 〉 = Z ′−

and for each choice of ci ∈ Z, i ∈ {1, . . . ,m} the following implication holds:

θ−KF ·
m∑
i=1

civi(σ, τ) ∈ V ⇒ c1 ≡ · · · ≡ cm ≡ 0 (mod l).

In order to determine generators of Z ′−/V we need the following two lemmas
similarly as in [2] and [5]:

����� 8� Let g, h ∈ Z[t] and N(t) =
l−1∑
j=0

tj . Then ϑi · g(δi) = ϑi · h(δi) if and

only if g(t) ≡ h(t) (mod N(t)) in Z[t].

����� 9� If d ≤ 0, we have

ϑi · µi(δi)(1− δi)
l−1−d ∈ l · V.

Using these lemmas, we can prove the statement, which reduces the set of
generators of Z ′−/T :

�����	
�
�� 10� Let v ∈ Fl[s, t] be a polynomial and assume that d > 0. Then
θ−KF · v(1 − σ, 1 − τ) ∈ V is satisfied if and only if all the following conditions
hold in Fl[s, t]:

v(0, t) ≡ 0 (mod td) if q > 0,

v(s, 0) ≡ 0 (mod sd) if q > 1,

and for all i ∈ {2, . . . , q}

v(s, 1− (1− s)ni) ≡ 0 (mod sd)

P r o o f. Similarly as the proof of [2: Proposition 4.1] using Lemmas 8 and 9. �

Now, we can formulate the following theorem, which states that the set of
generators, obtained by applying Proposition 10 is a basis:


������ 11� The set

U = {(1− τ)i(1− σ)jθ−KF : i, j ≥ 0, i+ j < d}
is a basis of the vector space Z ′−/V .

P r o o f. The theorem can be proved analogously to [5: Theorem 12]. �
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5. Computing the index [A : Z]

In order to compute the index [A : Z], we first compute the index [V : T ].

����� 12�
[V : T ] = lzl−l−1

P r o o f. Due to Lemma 8, 〈ϑi〉G ∼= Z[t]
/( l−1∑

i=0

ti
)
Z[t]. Let ζl = e

2πi
l be the l-th

primitive root of unity. Since this quotient ring is isomorphic to Z[ζl], Lemma 2
gives

〈ϑi〉G/〈θ−KiF
〉G ∼= Z[ζl]/(ζl − 1)zi−1Z[ζl].

Hence the number of elements of the quotient group is equal to lzi−1. [3: Propo-

sition 3.1] states that the sets Pi are pairwise disjoint and
l∑

i=0

|Pi| = z, hence

[V : T ] =
l∏

i=0

lzi−1 = l
z(l+1)−

l∑

i=0

|Pi|−(l+1)
= lzl−l−1.

�

For any finitely generated G-modules L, M ⊆ Q[G] such that QM = QL we
denote the generalized index of M in L by (L : M ). See [4: page 187].

�����	
�
�� 13�

(R− : Z ′−) =

{
1

Qw l
1
2 (l

2−2lz+l+2)h−
KF z ≥ l

1
Qw l−

1
2 (z+1)(z−2)h−

KF z ≤ l − 1

P r o o f. For z ≥ l we have [Z ′− : V ] = 1 from Proposition 7 and Lemma 9. If
z ≤ l − 1, Theorem 11 gives

[Z ′− : V ] = l|U | = l
(l−z)(l−z+1)

2 .

Using the fact that (R− : T ) = 1
Qw l

l(l−1)
2 h−

KF due to [3: Theorem 7.1] and

Lemma 12, the statement follows from

(R− : Z ′−) = (R− : T )/([Z ′− : V ] · [V : T ]).

�

������ 14� If z ≥ l, then

[A : Z] =
1

Q
l
1
2 (l

2−2lz+l+2)h−
KF .

For z ≤ l − 1 we have

[A : Z] =
1

Q
l−

1
2 (z+1)(z−2)h−

KF .
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P r o o f. Since {a ∈ A : (1 + J) · a = 0} = A− = R− and {a ∈ Z ′ : (1 + J) ·
a = 0} = Z ′−, we obtain using [4: Lemma 1.2] for G-modules A and Z ′ and
1 + J ∈ Q[G] the equality

(A : Z ′) = (R− : Z ′−) · ((1 + J)A : (1 + J)Z ′).

Moreover, (1 + J)A =
( ∑
σ∈G

σ
)
Z, and we have (1 + J)Z ′ = (1 + J)S′, which is

equal to
( ∑
σ∈G

σ
)
Z due to [4: Lemma 2.1]. We get the equality

[A : Z] = [Z ′ : Z] · (R− : Z ′−),

and the statement follows from the previous proposition and Lemma 3. �

��������� 15� The ideal Z coincides with the Stickelberger ideal S if and only
if z = 2.

P r o o f. Since S ⊆ Z, the equality S = Z holds if and only if [A : Z] = [A : S].
From [3: Theorem 7.2] we have

[A : S] =
1

Q
l

1
2 l(l−1)− ∑

0≤i<ai

(ai−i)

h−
KF ,

where ai = l− 1− |Pi| for each i < q and ai = −∞ for i ≥ q. Here, subfields Ki

are numbered in such a way that ai ≥ ai+1 for each i ∈ {0, . . . , l− 1}. From this
formula and the formula for the index [A : Z] (Theorem 14) we can see that the
equality of the indices is equivalent to the equality of the powers of l in both of
them.

For the power of l in the index [A : S] we have

1

2
l(l− 1)−

∑
0≤i<ai

(ai − i) ≥ 0.

On the other hand, if z ≥ l, we have the inequality

1

2
(l2 − 2lz + l + 2) ≤ 1

2
(l + 2− l2)

for the power of l in [A : Z]. Since l ≥ 3, the right side of this inequality is
negative.

In the case that z ≤ l − 1 and z ≥ 3 we have

−1

2
(z + 1)(z − 2) < 0

as well. Therefore in both cases the ideal Z is strictly larger then S.

For z = 2, the field K has two proper subfields having a prime conductor and
the conductor of all the other subfields is equal to f . [5: Lemma 10] states that
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q ≥ l − z + 1 = l − 1. Hence we get

1

2
l(l − 1)−

∑
0≤i<ai

(ai − i) =
1

2
l(l − 1)−

l−2∑
i=0

(l − 1− i) = 0.

Therefore the equality Z = S holds just for z = 2. �

6. Divisibility of the class number of KF

Immediately from Theorem 14 we obtain the following divisibility property
of the relative class number h−

KF by a power of l:

��������� 16� If z ≥ l, the relative class number of KF is divisible by

l
1
2 (2lz−l2−l−2). In the case that z ≤ l − 1 the relative class number of KF is

divisible by l
(z+1)(z−2)

2 .

From this corollary and the divisibility property forK deduced in [5: Corollary
18], we get this result on the class number of KF :

��������� 17� If z ≥ l, the class number of KF is divisible by l(2lz−l2−2l−1).
In the case that z ≤ l − 1 the class number of KF is divisible by lz(z−2).
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CZ–611 37 Brno
CZECH REPUBLIC

E-mail : xtrnkova@math.muni.cz

62


	Abstract
	1. Introduction
	2. The compositum of a bicyclic field and an imaginary quadratic field, and the Stickelberger ideal
	3. The construction of an extended Stickelberger ideal
	4. Finding a basis of Z'-/V
	5. Computing the index [A:Z]
	6. Divisibility of the class number of KF
	REFERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts false
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldMT
    /ArialMT
    /Times
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
    /CZE ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [498.898 708.661]
>> setpagedevice




