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Abstract We prove that if G is an analytic function in the unit disc such that
G(z) → ∞, as z → 1, and B is an infinite Blaschke product whose sequence of
zeros is contained in a Stolz angle with vertex at 1 then the function f = B · G is not
a normal function.

We prove also some results on the asymptotic cluster set of a thin Blaschke product
with positive zeros which are related with the question of the existence of non-normal
outer functions with restricted mean growth of the derivative.
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1 Introduction and notation

We denote by D the unit disc {z ∈ C : |z| < 1}. The space of all analytic functions in
D will be denoted by Hol(D). If 0 < r < 1 and f ∈ Hol(D), we set

Mp(r,f ) =
(

1

2π

∫ 2π

0
|f (reit )|p dt

)1/p

(0 < p < ∞),

M∞(r, f ) = sup
0≤t≤2π

|f (reit )|.

For 0 < p ≤ ∞ the Hardy space Hp consists of those functions f ∈ Hol(D) for

which ‖f ‖Hp
def= sup0<r<1 Mp(r,f ) < ∞. We refer to [9] for the theory of Hardy

spaces.
The space BMOA consists of those functions f ∈ H 1 whose boundary values have

bounded mean oscillation on ∂D (cf. [2, 10] and [14]). A function f analytic in D is
a Bloch function if

sup
z∈D

(1 − |z|2)|f ′(z)| < ∞.

The space of all Bloch functions is denoted by B. It is well known that

H∞ ⊂ BMOA ⊂ B.

We mention [1] as a general reference for the theory of Bloch functions.
A function f which is meromorphic in D is said to be a normal function in the

sense of Lehto and Virtanen [23] if

sup
z∈D

(1 − |z|2) |f ′(z)|
1 + |f (z)|2 < ∞.

For simplicity, we shall let N denote the set of all holomorphic normal functions in D.
It is clear that any Bloch function is a normal function, that is, we have B ⊂ N . We
refer to [1, 23] and [27] for the theory of normal functions. In particular, we remark
here that if f ∈ N , ξ ∈ ∂D and f has the asymptotic value L at ξ (that is, there exists
a curve γ in D ending at ξ such that f (z) → L, as z → ξ along γ ) then f has the
non-tangential limit L at ξ .

If a sequence of points {an} in the unit disc satisfies the Blaschke condition:∑∞
n=1(1 − |an|) < ∞, the corresponding Blaschke product B is defined as

B(z) =
∞∏

n=1

|an|
an

an − z

1 − anz
.

Such a product is analytic in D. In fact, it is an inner function (cf. [9, Chap. 2]). If there
exists δ > 0 such that

∏
m 	=n | an−am

1−anam
| ≥ δ, for all n, we say that the sequence {an} is

uniformly separated and that B is an interpolating Blaschke product. Equivalently,

B is an interpolating Blaschke product ⇔ inf
n≥1

(1 − |an|2)|B ′(an)| > 0. (1.1)
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We refer to [9, Chap. 9] and [10, Chap. VII] for the basic properties of interpolating
Blaschke products. In particular, we recall that an exponential sequence is uniformly
separated and that the converse holds if all the ak’s are positive.

2 Multiplying a normal function by a Blaschke product

It easy to see that if f is a normal function and g is an H∞-function which is
bounded away from zero then the product h(z) = f (z)g(z) is also a normal function
[21, Lemma 2]. However, if B is a Blaschke product and f is a normal analytic func-
tion in D, the product B · f need not be normal. This was first proved by Lappan [21,
Theorem 3] who used this to show that N is not a vector space.

Lappan’s result is a consequence of the following easy fact: if B is an interpolating
Blaschke product whose sequence of zeros is {an} and G is an analytic function in D

with G(an) → ∞, then f = B ·G is not a normal function (and hence it is not a Bloch
function either). This result has been used by several authors (see [7, 12, 28, 29]
and [4]) to construct distinct classes of non-normal functions.

It is natural to ask whether similar results can be obtained for certain classes of
Blaschke products that are not necessarily interpolating. Using a deep result of Mar-
shall and Sarason (see [22]), the following result was proved in [17].

Theorem A Let B be an infinite Blaschke product whose sequence of zeros {an} is
contained in the radius (0,1) and let G be a Bloch function such that G(z) → ∞, as
z → 1. Then the function f = B · G is not a Bloch function.

Our first result in this paper represents an improvement of Theorem A in two
senses: First, we deal with Blaschke product with zeros in a non-tangential region
and, secondly, the function we construct is non-normal instead of being merely non-
Bloch as in Theorem A.

Theorem 1 Let B be an infinite Blaschke product whose sequence of zeros {an} is
contained in a Stolz angle with vertex at 1 and let G be analytic in D with G(z) → ∞,
as z → 1. Then the function f = B · G is not a normal function.

Proof Since 1 is the only limit point of the zeros of B , B can be analytically contin-
ued to a domain containing D \ {1} (see Theorem 6.1 in Chap. II of [10]). Then it
follows that B has non-tangential limit of absolute value 1 at all points of ∂D except
at the point 1 and, consequently, we can find a Jordan arc γ in D except for its end
point which is 1 such that B is bounded away from zero along γ . Since G(z) → ∞,
as z → 1, it follows that f has the asymptotic value ∞ at 1. If f were normal then
it would have the non-tangential limit ∞ at 1, but this is not true because f (an) = 0
for all n. �
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3 Non-normal outer functions and mean Lipschitz spaces

Functions of the form B · F with B being a certain Blaschke product and F being a
certain analytic function have also been used in questions about inclusions relations
between a number of classical spaces of analytic functions:

If 1 ≤ p ≤ ∞ and φ is a non-negative function defined in [0,1), we define L(p,φ)

as the space of all functions f ∈ Hol(D) for which

Mp(r,f ′) = O(φ(r)), as r → 1. (3.1)

A classical result of Privalov [9, Theorem 3.11] asserts that a function f which is
analytic in D has a continuous extension to the closed unit disc D whose boundary
values are absolutely continuous on ∂D if and only if f ′ ∈ H 1. In particular, we have

f ′ ∈ H 1 ⇒ f ∈ A ⊂ H∞, (3.2)

where, A denotes the disc algebra. This result is sharp in a very strong sense as the
following result shows.

Theorem B Let φ be any positive continuous function defined in [0,1) with φ(r) →
∞, as r → 1. Then, there exists a function f ∈ L(1, φ) which is not a normal func-
tion.

Hence, no condition on the growth of M1(r, f
′) other that its boundedness is

enough to conclude that f ∈ N . Theorem B was first proved in [12]. The proof
was constructive. The constructed function f was of the form f = BF where B

is a Blaschke product and F is a function given by a series of analytic functions in
D which converges uniformly on every compact subset of D. The constructions of
B and F made use in an essential way of certain sequences introduced by K.I. Os-
kolkov in several contexts (see, e.g., [24–26]) and were very involved. Subsequently,
simpler proofs of the result have been found in [4] and [16] but all the examples of
non-normal functions f with M1(r, f

′) tending to ∞ very slowly constructed so far
are of the form f = B · F where F is a certain analytic function and B is a Blaschke
product.

Similar questions can be considered for the spaces L(p,φ), 1 < p < ∞. These
spaces are closely related with the mean Lipschitz spaces �

p
α , 0 < α ≤ 1 (cf. [9,

Chap. 5], [5]) and the generalized mean Lipschitz spaces �(p,ω) (cf. [3, 4, 13]). We
remark here that a classical result of Hardy and Littlewood [20] (see also Chap. 5
of [9]) asserts that, for 1 ≤ p < ∞ and 0 < α ≤ 1, we have that

�p
α = L(p,φ), with φ(r) = (1 − r)α−1.

Blasco and de Souza [3] extended this result showing that if ω : [0,1] → [0,∞) is
a continuous and increasing function with ω(0) = 0 which satisfy the so called Dini
and b1 conditions then

�(p,ω) = L(p,φ), with φ(r) = ω(1 − r)

1 − r
.
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Cima and Petersen proved in [8] that �2
1/2 ⊂ BMOA. This result was extended by

Bourdon, Shapiro and Sledd [5] showing that

�
p

1/p ⊂ BMOA, 1 < p < ∞. (3.3)

This has been shown to sharp in [4, 13] and [16]. Indeed, we have.

Theorem C Suppose that 1 ≤ p < ∞ and let ω : [0,1] → [0,∞) be a continuous
and increasing function with ω(0) = 0 and

ω(δ)

δ1/p
→ ∞, as δ → 0

and set φ(r) = ω(1 − r)/(1 − r) (0 < r < 1), then there exists f ∈ L(p,φ) which is
not a normal function.

If we assume in addition that ω is a Dini weight and satisfies the condition b1 then
we can assert that there exists f ∈ �(p,ω) which is not a normal function.

Just as in the case of Theorem B, the distinct functions f constructed so far to
prove Theorem C are of the form f = B · F where B is a Blaschke product and F a
certain analytic function in D. Then it is natural to ask whether or not all the possible
examples must be of this kind. More precisely, the following questions were raised
in [15].

Question 1 If φ is a positive continuous function defined in [0,1) with φ(r) → ∞, as
r → 1, does there exist an outer function f ∈ L(1, φ) which is not a normal function?

Question 2 Suppose that 1 ≤ p < ∞ and let ω : [0,1] → [0,∞) be a continuous
and increasing function with ω(0) = 0 and ω(δ)δ−1/p → ∞, as δ → 0. Set φ(r) =
ω(1 − r)/(1 − r) (0 < r < 1). Does there exist an outer function f ∈ L(p,φ) which
is not a normal function?

We refer to [9] for the definitions and basic properties of inner functions, outer
functions and other related terms. We remark that Brown and Hansen [6] and
Gehring [11] constructed examples of non-normal outer functions f in Hp for all
p < ∞, but no information about the mean growth of the derivative of these func-
tions was given.

Questions 1 and 2 remain open. Theorem 2.6 of [15] simply asserts that there exist
non-Bloch outer functions in the desired spaces L(p,φ):

Theorem D (i) Let φ be a positive continuous function defined in [0,1) with φ(r) →
∞, as r → 1. Then, there exists an outer function f ∈ L(1, φ) which is not a Bloch
function.

(ii) Suppose that 1 ≤ p < ∞ and let ω : [0,1] → [0,∞) be a continuous and
increasing function with ω(0) = 0 and ω(δ)δ−1/p → ∞, as δ → 0. Set φ(r) =
ω(1 − r)/(1 − r) (0 < r < 1). Then there exists an outer function f ∈ L(p,φ) which
is not a Bloch function
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The functions f constructed to prove Theorem D were of the form f = (B +1) ·G
where:

• G(z) = F(z)/z with F a conformal mapping from D onto a certain simply con-
nected domain � with F(0) = 0 and F(z) tending to ∞, as z → 1, slowly enough,
and

• B is an infinite Blaschke product whose sequence of zeros {an} is contained in the
radius (0,1) and such that the counting function n(r,B) grows slowly enough.

Here, as usual, for 0 < r < 1, n(r,B) denotes the number of zeros of B whose ab-
solute value is smaller than r .

Remark 1 If the Blaschke product B could be taken satisfying the additional two
conditions:

(A) there exists a curve γ in D ending at 1 such that B + 1 is bounded away from
zero on γ ,

(B) there exists a sequence {bk} ∈ (0,1) with limk→∞ bk = 1 and with the property
that B(bk) + 1 → 0, as k → ∞,

then combining the arguments in the proof of [15, Theorem 2.6] and those used in
the proof of Theorem 1, we could deduce that the function f = (B + 1) · G would
be non-normal and then the answers to our questions would be positive. We omit the
details.

These considerations lead us to consider thin Blaschke products with positive ze-
ros.

A uniformly separated sequence {ak} is said to be thin if

lim
k→∞

∞∏
j=1j 	=k

∣∣∣∣ ak − aj

1 − ajak

∣∣∣∣ = 1. (3.4)

The Blaschke product B is called thin if its sequence of zeros {ak} is thin, this is
equivalent to saying that

lim
k→∞(1 − |ak|2)|B ′(ak)| = 1. (3.5)

Proposition 1.1 of [18] asserts that if the sequence {ak} is contained in the radius
(0,1), then {ak} is thin if and only if 1−ak+1

1−ak
→ 0, as k → ∞. Thus:

(C) A Blaschke products B with positive zeros is thin if the counting function n(r,B)

tends to ∞ slowly enough.

Recall that the radial cluster set of a function f ∈ Hol(D) at the point eiθ is the set
of all values, w, for which there exists a sequence, {rk} of points in (0,1) satisfying
f (rke

iθ ) → w, as k → ∞. Gorkin and Mortini proved the following result in [19].

Theorem E Let B be a thin Blaschke product with positive zeros. Then the radial
cluster set of B at the point 1 is the interval [−1,1].
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In particular, we have:

(D) If B is a thin Blaschke product with positive zeros then (B) holds.

Question 3 Let B be an thin Blaschke product with positive zeros. Does there exist a
curve 
 in D ending at 1 and a positive constant β such that |B(z) + 1| > β , for all
z ∈ 
?

Bearing in mind (C), (D) and Remark 1 it is easy to see that if the answer to
Question 3 were positive then the answers to Questions 1 and 2 would be positive
too. Our next result will be contained in Theorem 2 below. In particular, it implies
that the answer to Question 3 is negative. Hence, questions 1 and 2 remain open.

In order to state Theorem 2 we need to introduce some notation: If S is a subset
of D with ξ in the closure of S and f is analytic in D we let C(f,S, ξ) be the cluster
set of f at ξ along S, that is

w ∈ C(f,S, ξ) ⇔ there exists {zn} ⊂ S with zn → ξ and f (zn) → w.

Theorem 2 Let B be a thin Blaschke product with positive zeros. If 
 is a curve in
D except for its end point which is 1 then −1 ∈ C(B,
 \ {1},1).

Theorem 2 will follow from the following result which may be of independent
interest.

Theorem 3 Suppose that f ∈ H∞, w ∈ C(f, [0,1),1) ∩ ∂f (D) and � is a simply
connected domain contained in D satisfying the following two conditions:

(i) ∂� ⊂ D ∪ {1}.
(ii) [x0,1) ⊂ � for some x0 ∈ (0,1).

Then w ∈ C(f, ∂� \ {1},1).

Before embarking into the proof of Theorem 3 let us say that for z ∈ C and r > 0,
D(z, r) will stand for the disc of radius r centered at z. Also, if S is a subset of C,
the closure of S will be denoted by Cl(S).

Proof of Theorem 3 Let h be a conformal mapping from D onto � and set g = f ◦h.
The function g lies in H∞, hence it has a finite non-tangential limit g(eit ) for almost
every t ∈ R. The function g(z) − w is also bounded, hence it can be factored in the
form

g(z) − w = F(z)I (z)

with F outer in H∞ and I inner.
Suppose that w /∈ C(f, ∂� \ {1},1). Then there exists ε > 0 such that

|g(eit ) − w| ≥ ε, for almost every t .

Then it follows that 1/F ∈ H∞. This and the fact that w ∈ C(f, [0,1),1) implies
that the inner factor I is not constant and then D ⊂ Cl(I (D)). This implies that there
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exists η > 0 such that D(0, η) ⊂ Cl((F I)(D)) = Cl((g − w)(D)) which is equivalent
to saying that D(w,η) ⊂ Cl(g(D)). Since Cl(g(D)) ⊂ Cl(f (�)), this yields to w /∈
∂f (�) which is a contradiction. �

Proof of Theorem 2 Suppose that B is a thin Blaschke product with positive zeros and
that 
 is a curve in D except for its end point which is 1 such that |B(z)+1| > β > 0,
for all z ∈ 
 \ {1}. Since B(z) = B(z), we have that

|B(z) + 1| > β > 0, z ∈ (

 ∪ 


) \ {1}.

(Here 
 = {z : z ∈ 
}.) Consequently, we may assume without loss of generality
that 
 ⊂ {Im z ≥ 0}. Then it follows easily that there exists a simple curve 
1 in
D ∩ {Im z > 0} except for its end-point 1, such that

|B(z) + 1| > β/2, z ∈ 
1 \ {1}. (3.6)

Now we set J = 
1 ∪
1 ∪S, where S is the vertical segment joining the origins of 
1
and 
1. Then J is a Jordan curve. Let � be the domain inside J . Theorem E shows
that −1 is in the radial cluster set of B at 1 and then it follows easily that � is in the
conditions of Theorem 3 with w = −1. Then it follows that −1 ∈ C(B,
1 \ {1},1).
This is in contradiction with (3.6). �

References

1. Anderson, J.M., Clunie, J., Pommerenke, Ch.: On Bloch functions and normal functions. J. Reine
Angew. Math. 270, 12–37 (1974)

2. Baernstein, A. II: Analytic functions of bounded mean oscillation. In: Brannan, D., Clunie, J. (eds.)
Aspects of Contemporary Complex Analysis, pp. 3–36. Academic Press, New York (1980)

3. Blasco, O., Soares de Souza, G.: Spaces of analytic functions on the disc where the growth of
Mp(F, r) depends on a weight. J. Math. Anal. Appl. 147(2), 580–598 (1990)

4. Blasco, O., Girela, D., Márquez, M.A.: Mean growth of the derivative of analytic functions, bounded
mean oscillation, and normal functions. Indiana Univ. Math. J. 47, 893–912 (1998)

5. Bourdon, P., Shapiro, J., Sledd, W.: Fourier series, mean Lipschitz spaces and bounded mean oscil-
lation. In: Berkson, E.R., Peck, N.T., Uhl, J. (eds.) Analysis at Urbana 1, Proceedings of the Special
Year in Modern Analysis at the University of Illinois, 1986–1987. London Math. Soc. Lecture Notes
Series, vol. 137, pp. 81–110. Cambridge Univ. Press, Cambridge (1989)

6. Brown, L., Hansen, L.: A nonnormal outer function in Hp . Proc. Am. Math. Soc. 34, 175–176 (1972)
7. Campbell, D.M.: Nonnormal sums and products of unbounded normal functions. II. Proc. Am. Math.

Soc. 74(1), 202–203 (1979)
8. Cima, J.A., Petersen, K.E.: Some analytic functions whose boundary values have bounded mean os-

cillation. Math. Z. 147, 237–347 (1976)
9. Duren, P.L.: Theory of Hp Spaces. Academic Press, New York/London (1970). Reprint: Dover, Mi-

neola, New York (2000)
10. Garnett, J.B.: Bounded Analytic Functions. Academic Press, New York (1981)
11. Gehring, F.W.: The asymptotic values for analytic functions with bounded characteristic. Q. J. Math.

Oxford Ser. (2) 19, 282–289 (1958)
12. Girela, D.: On a theorem of Privalov and normal functions. Proc. Am. Math. Soc. 125(2), 433–442

(1997)
13. Girela, D.: Mean Lipschitz spaces and bounded mean oscillation. Ill. J. Math. 41(2), 214–230 (1997)
14. Girela, D.: Analytic functions of bounded mean oscillation. In: R. Aulaskari (ed.) Complex Functions

Spaces. Univ. Joensuu Dept. Math. Report Series, No. 4, pp. 61–171 (2001)



On Blaschke products, Bloch functions and normal functions 57

15. Girela, D.: A class of conformal mappings with applications to function spaces. In: Recent Advances
in Operator-Related Function Theory. Contemp. Math., vol. 393, pp. 113–121. Am. Math. Soc., Prov-
idence (2006)

16. Girela, D., González, C.: Mean growth of the derivative of infinite Blaschke products. Complex Var.
Theory Appl. 45(1), 1–10 (2001)

17. Girela, D., González, C., Peláez, J.A.: Multiplication and division by inner functions in the space of
Bloch functions. Proc. Am. Math. Soc. 134(5), 1309–1314 (2006)

18. Gorkin, P., Mortini, R.: Universal Blaschke products. Math. Proc. Camb. Philos. Soc. 136(1), 175–184
(2004)

19. Gorkin, P., Mortini, R.: Cluster sets of interpolating Blaschke products. J. Anal. Math. 96, 369–395
(2005)

20. Hardy, G.H., Littlewood, J.E.: Some properties of fractional integrals, II. Math. Z. 34, 403–439 (1932)
21. Lappan, P.: Non-normal sums and products of unbounded normal function. Michigan Math. J. 8,

187–192 (1961)
22. Li, K.Y.: Interpolating Blaschke products and the left spectrum of multiplication operators on the

Bergman space. Hokkaido Math. J. 21(2), 295–304 (1992)
23. Lehto, O., Virtanen, K.I.: Boundary behaviour and normal meromorphic functions. Acta Math. 97,

47–65 (1957)
24. Oskolkov, K.I.: Uniform modulus of continuity of summable functions on sets of positive measure.

Dokl. Akad. Nauk SSSR 229(2), 304–306 (1976) (In Russian). English transl. in Sov. Math. Dokl.
17(4), 1028–1030 (1976/1977)

25. Oskolkov, K.I.: Approximation properties of summable functions on sets of full measure. Mat. Sb.,
Ser. 32(4), 563–589 (1977) (In Russian). English transl. in Math. USSR Sb. 32(4), 489–514 (1978)

26. Oskolkov, K.I., Luzin’s C-property, On: for a conjugate function. Trudy Mat. Inst. Steklova 164,
124–135 (1983) (In Russian). English transl. in Proc. Steklov Inst. Math. 164, 141–153 (1985)

27. Pommerenke, Ch.: Univalent Functions. Vandenhoeck und Ruprecht, Göttingen (1975)
28. Yamashita, S.: A nonnormal function whose derivative has finite area integral of order 0 < p < 2.

Ann. Acad. Sci. Fenn. Ser. A I Math. 4(2), 293–298 (1979)
29. Yamashita, S.: A nonnormal function whose derivative is of Hardy class Hp , 0 < p < 1. Canad.

Math. Bull. 23(4), 499–500 (1980)


	On Blaschke products, Bloch functions and normal functions
	Abstract
	Introduction and notation
	Multiplying a normal function by a Blaschke product
	Non-normal outer functions and mean Lipschitz spaces
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


