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Abstract We use an appropriate initial condition for constructing squeezed wave packets
in the context of Wheeler-DeWitt equation with complete classical description. This choice
of initial condition does not alter the classical paths and only affect the quantum mechanical
picture. To demonstrate the method, we consider an empty 4 + 1-dimensional Kaluza-Klein
quantum cosmology in the presence of a negative cosmological constant. We show that these
wave packets do not disperse and sharply peak on the classical trajectories in the whole
configuration space. So, the probability of finding the corresponding physical quantities
approaches zero everywhere except on the classical paths.

Keywords Quantum cosmology · Classical-quantum correspondence · Kaluza-Klein
cosmology

1 Introduction

The issue of multi-dimensional cosmology has attracted much attention and many papers
has been appeared in the literature by numerous authors [1–3]. These efforts have begun
by Kaluza and Klein who were interested to geometrically unify the gravitation and elec-
tromagnetism via introducing one undetectable extra dimension. This extra dimension is
assumed periodic and its size can be made of the order of the Planck scale. However, in
recent years, some theories have published in the literature which suggest the possibility of
having large extra dimensions. Randall and Sundrum investigated a string theory inspired
5-dimensional Anti-de-Sitter bulk with an embedded 4-dimensional singular hypersurface
which represents the universe [4, 5]. Arkani-Hamed et al. considered a multi-dimensional
theory where the scale of gravity is taken to be the gauge unification scale rather than Planck
mass in 4 + d-dimension [6, 7]. These investigations led to finding a reasonable explana-
tion of the hierarchy problem (the huge disparity between fundamental constants in nature).
Induced-Matter-Theory is an alternative theory which considers our 4-dimensional curved
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universe as an embedded subspace in a 5-dimensional vacuum manifold (RAB = 0 where
A,B = 0,1,2,3,4) [8]. Therefore, the presence of matter in our universe has only geomet-
rical nature which comes from the induced vacuum solutions of the higher dimensions into
our 4-dimensional hypersurface.

In quantum cosmology [10], one is usually concerned with constructing wave packets
which are solutions of the underlying Wheeler-DeWitt (WDW) equation (see [9] and refer-
ences therein). Most authors consider semi-classical approximations to the WDW equation
and refer to regions in configuration space where these solutions are oscillatory or exponen-
tially decaying as representing classically allowed or forbidden regions, respectively. These
regions are mainly determined by the initial conditions for the wave function [9]. Some
popular proposals for the initial conditions are the DeWitt boundary condition [10], the no-
boundary proposal by Hartle and Hawking [11, 12], the tunneling condition by Vilenkin
[13, 14], symmetric initial condition by Conardi and Zeh [15], and the Kiefer proposal
[16–18]. These proposals are attractive to many authors because they lead to some classes of
classical solutions represented by certain trajectories which possess important features such
as predicting an inflationary phase. Also note that, the problem of the arrow of time or the
origin of irreversibility in our universe is one of the most intriguing open problems which
can be traced to the structure of the Wheeler-DeWitt equation [19].

Because of the hyperbolic nature of the WDW equation, we encounter with the problem
of initial condition i.e. the freedom for choosing the initial wave function and its initial slope.
On the other hand, in the classical domain, we have a unique classical trajectory which
is usually singular. Some authors have used this freedom to construct wave packets which
avoid singularities and represent the asymptotic classical behavior [20]. But, their solution is
not unique and we can find uncountable singularity free solutions with the same asymptotic
classical behavior. In fact, this result is not due to the quantum nature of the solutions and
is purely related to the choice of initial conditions. In other words, it is possible to choose
many initial conditions which result in non-vanishing wave packets at the singular points.
So, the issue of classical and quantum correspondence is an important problem which is
related to the selection of initial conditions. Now, we encounter with a significant question:
Is it possible to choose initial conditions which results in the wave packets with near-exact
classical behavior? This means that the amplitude of the wave packets should be almost zero
beyond the classical trajectories. In [21–25], we have followed this path to construct wave
packets which approximately correspond to their classical counterparts in various physical
situations. In fact, we have proposed a prescription to make a connection between initial
wave function and its initial slope. However, that prescription was not good enough to make
the probability of finding the physical observables nearly zero beyond the classical paths.

Following the Bohmian interpretation of quantum mechanics the initial wave function
and the initial slope of the wave function are related to the classical initial position and mo-
mentum, respectively [26]. In the case of the classical cosmology, after using the zero energy
condition and fixing other variables, we obtain a unique classical trajectory. In fact, the zero
energy condition connects the classical position and momentum variables. In the quantum
domain, after the quantization procedure, this condition appears as WDW equation. Since
the WDW equation is a second-order partial differential equation, it admits arbitrary initial
wave functions and slopes. So, if we are interested to obtain the classical and quantum corre-
spondence, we need to manually impose some constraints on their probability distributions
or equivalently on the expansion coefficients.

In [21–25], we found that the classical and quantum correspondence fails for the small
values of the classical radius. Because the parts of the wave packets interfere with each other
which results in a non-classical scenario. Now, the question is that is this phenomena an
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intrinsic property of the quantum cosmology? In this paper, in order to answer this question,
we use the advantages of the freedom in the selection of the wave function’s initial condition.
For instance, consider the following symmetric initial wave functions �1(u,0) ≡ e−(u−u0)2 +
e−(u+u0)2

and �2(u,0) ≡ e−α2(u−u0)2 + e−α2(u+u0)2
. Note that, both �1(u,0) and �2(u,0)

have a common peak at u = ±u0. But, for the large values of α the later has a sharp peak at
u = ±u0. So, if we relate the position of the peaks to the classical initial points, the second
initial condition does not alter the classical picture. On the other hand, �1(u,0) does not
provide a near-exact classical description especially for u0 � 1 (because the two Gaussians
are not well-separated). Therefore, the second choice with α � 1 solves the interference
problem with suitable classical picture.

To demonstrate the method, we study the quantum cosmology aspects of an empty 4+1-
dimensional Kaluza-Klein model in the presence of a negative cosmological constant where
the 4-dimensional part of the metric is Friedmann-Robertson-Walker (FRW) type. This
model contains two scale factors, one is the usual FRW scale factor and another one is the
scale factor of the extra dimension. At the classical level, after suitable change of variables,
this model can be reduced to an exactly solvable oscillator-ghost-oscillator system which
shows that the solutions are singular classically for the both scale factors. At the quantum
level, after the quantization procedure, we need to solve the corresponding WDW equation.
Although the quantum cosmology of this model is also studied in [27], but the issues of
the initial condition and classical and quantum correspondence are not addressed therein. In
fact, they freely put all except first few expansion coefficients equal to zero.

Note that, the mentioned initial condition in not so useful in ordinary quantum mechan-
ics. Because, except the simple harmonic oscillator, for other potentials if we let α goes to
infinity the wave function �(x, t) will loses its shape just after t = 0. Of course, for other
values of α this result will also happens but in longer time. In fact, this is due to the parabolic
nature of the Schrödinger equation which is first order in time variable i�∂tψ = Hψ . On the
other hand, this scenario is very different in quantum cosmology. It is shown that for various
form of the WDW equation (in addition to the model presented below), it is possible to find
non-dispersed wave packets which peak on the classical paths [21–25]. Moreover, if we use
the Bohmian interpretation, we can conclude that the wave packets preserve their shape for
all time. So, this method has wide applications in quantum cosmology which is not limited
to our model.

2 The model

Let us start with a 4 + 1-dimensional metric in which its 4-dimensional part is assumed to
be of FRW type

ds2 = −dt2 + R2(t)

[
dr2

1 − kr2
+ r2(dθ2 + sin2 θ dφ2)

]
+ a2(t)dρ2, (1)

where k = +1,0,−1 correspond to a closed, flat or open universe and R(t), a(t) are the
scale factors of the universe and extra dimension, respectively. Now, we can construct the
Einstein-Hilbert action in the presence of the cosmological constant 	

S =
∫ √−g(R − 	)dt d3r dρ, (2)
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where gμν is the metric, g is its determinant, and R is the Ricci scalar. The Ricci scalar

corresponding to the above metric is R = 6[ R̈
R

+ k+Ṙ2

R2 ] + 2 ä
a

+ 6 Ṙ
R

ȧ
a

where a dot repre-
sents differentiation with respect to time. Now, the effective Lagrangian can be obtained by
integrating over spatial dimensions as

L = 1

2
RṘ2a + 1

2
R2Ṙȧ − 1

2
kRa + 1

6
	R3a, (3)

where R and a are the minisuperspace’s variables. We can also simplify this Lagrangian by
defining ω2 ≡ − 2	

3 and introducing new variables u = 1√
8
[R2 +Ra − 3k

	
] and v = 1√

8
[R2 −

Ra − 3k
	

]. In terms of new variables the Lagrangian takes the form L = 1
2 [(u̇2 − ω2u2) −

(v̇2 − ω2v2)] which results in the following Hamiltonian:

H = 1

2

[
P 2

u + ω2u2 − P 2
v − ω2v2

]
, (4)

where Pu = u̇ and Pv = v̇ are the canonical momenta conjugate to u and v, respectively.
Above Hamiltonian represents an isotropic oscillator-ghost-oscillator system. Using the
commutation relations {u,v} = 0, {Pu,Pv} = 0, {u,Pu} = 1, {v,Pv} = 1, and zero energy
condition for the Hamiltonian H = 0, we find the equations of motion for these variables,
namely

u(t) = D cos(ωt − θ0), v(t) = D sin(ωt), (5)

where D and θ0 are constants which can be obtained after imposing the initial conditions.
It is obvious that the above solutions represent Lissajous ellipsis which are singular in the
present (t = 0) and in the future (t = π/ω).

3 Quantum cosmology

Now, let us study the quantum cosmology aspects of the model presented above. The Hamil-
tonian can be obtained upon quantization procedure Pu → −i ∂

∂u
and Pv → −i ∂

∂v
. Therefore,

one arrives at the WDW equation describing the corresponding quantum cosmology

H�(u,v) =
{

∂2

∂u2
− ∂2

∂v2
− ω2u2 + ω2v2

}
�(u,v) = 0. (6)

This equation is separable in the minisuperspace variables and the solutions can be written
as

�α
n (u, v) = ψα

n (u)ψα
n (v), (7)

where ψα
n (z) = ( ω

π
)1/4[Hn(

√
ωαz)√

2nn! ]e−ωα2z2/2. In the above expression, Hn(z) is the Hermite
polynomial and the orthonormality and completeness of the basis functions follow from
those of the Hermite polynomials. The general form of the wave packets which satisfies the
WDW equation (6) can be written as follows

�α(u, v) =
∑

n=even

Anψ
α
n (u)ψα

n (v) + i
∑

n=odd

Bnψ
α
n (u)ψα

n (v), (8)
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where the case α = 1 corresponds to the solutions with approximate classical-quantum cor-
respondence [21–25]. Since the potential in each direction is an even function, the eigen-
functions are separated in both even and odd categories. In fact, the coefficients An deter-
mine the initial wave function and the coefficients Bn determine the initial derivative of the
wave function [21–25]. Since the underling WDW equation (6) is a second-order differential
equation, An’s and Bn’s are arbitrary and independent variables. On the other hand, if we
are interested to construct wave packets which simulate the classical behavior with known
classical positions and momentums, all of these coefficients will not be independent. As we
shall see, the usage of the real coefficients for the even terms and the imaginary coefficients
for odd terms in the expansion, results in the symmetric solutions about v axis (or θ0 = 0
in (5)). Here, in order to study the general case (θ0 �= 0), we need to choose appropriate
complex expansion coefficients for both even and odd terms.

To study the initial conditions let us consider the general form of the wave packet near
v = 0 (for details, see [21–25] which is also applicable for α �= 1). In this limit, the solution
to the WDW equation is in the form of �α

n (u, v) = ψα
n (u)χ(v) where χ(v) is an oscillatory

function of v. So, near v = 0 we have

�α
n (u, v) =

∑
n=even

an cos(
√

Env)ψα
n (u) + i

∑
n=odd

bn sin(
√

Env)ψα
n (u), (9)

where En’s are the separation constants and equal to the energy eigenvalues of the simple
harmonic oscillator En = (2n+1)ω. Since we are interested to construct a wave packet with
all classical properties, we need to assume a specific relationship between these coefficients.
The prescription is that the coefficients have a same functional form i.e. an = C(n,α) for n

even and bn = C(n,α) for n odd. So, in terms of An and Bn we have An = 1
ψn(0)

C(n,α) for

n even and Bn =
√

En

ψ ′
n(0)

C(n,α) for n odd. Note that, we need to specify C(n,α) in such a
way that the initial wave function sharply peaks on the classical initial position. Now, using
equations (8) and above relation for the expansion coefficients, we can explicitly write the
form of the wave packet

�α(u, v) =
∑

n=even

1

Hn(0)
C(n,α)

Hn(
√

ωαu)Hn(
√

ωαv)

(π/ω)1/4
√

2n n! e−ωα2(u2+v2)/2

+ i
∑

n=odd

√
2n + 1

2nHn−1(0)
C(n,α)

Hn(
√

ωαu)Hn(
√

ωαv)

(π/ω)1/4
√

2n n! e−ωα2(u2+v2)/2. (10)

For instance consider the following form of the expansion coefficients:

C(n,α) = αnζ ne−α2|ζ |2/4

√
2n n! , (11)

where ζ = |ζ |e−iθ0 . The initial wave functions resulting from these coefficients contain
two well-separated peaks centered at ±|ζ |. These two peaks correspond to classical ini-
tial (t = 0) and final (t = π/ω) values of u, respectively. The squeezed wave packets can
be obtained by α → ∞. At this limit, the initial wave function approaches zero everywhere
except at the classical initial and final points which has a finite value. For the case α = 5,
θ0 = π/4 and |ζ | = 3, we have depicted the resulting wave packet at the left part of Fig. 1.
Moreover, as it can be seen from the right part of this figure, the larger values of α leads
to narrower peaks in the initial wave function. Figure 2 shows that how the parameter α
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Fig. 1 Left, the square of the wave packet |ψ(u,v)|2 for α = 5, θ0 = π/4, ω = 1, and |ζ | = 3. Right, the
square of the initial wave function for α = 1,3,5, θ0 = 0 and |ζ | = 3

Fig. 2 The square of the wave packet |ψ(u,v)|2 for α = 1 (left) and α = 5 (right). For both cases we set
θ0 = 0, ω = 1, and |ζ | = 3

affects the form of the wave packets. So, the preference of larger values of α, from classical-
quantum correspondence point of view, remains valid in the whole configuration space. Note
that, we are free to choose any other appropriate initial condition. For instance, we can also
choose C ′(n,α) = nk C(n,α). For this case, the behavior of the resulting wave packets are
similar to those which are shown in Figs. 1 and 2, but their initial peaks will not be centered
at ±|ζ | anymore.

Now, to obtain a good classical and quantum correspondence, we define the “classical”
wave packet

�cl(u, v) ≡ lim
α→∞ �α(u, v), (12)

which has the desired property �cl(u, v) �= 0 at {u = ucl, v = vcl} and �cl(u, v) 	 0 else-
where. This wave packet exhibits other classical properties such as the behavior of the clas-
sical momentum throughout the trajectory. Note that, the height of the crest of the wave
packets shows the constancy or periodicy of the classical momentum via (5). In fact, these
wave packets, up to the WKB approximation, satisfy the classical probability relation on the
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Fig. 3 The singularity borders
(solid lines and dot-dashed lines)
and the classical path (dashed
line) for 	 = −1, D = 4, and
θ0 = 0

classical path

|�cl |2 ∝ 1

P
, (13)

where P is the classical momentum. In other words, the high probability density corresponds
to low momentum and vice versa (Figs. 1 and 2). To make the correspondence between
the classical and quantum mechanical results more concrete, we can also use the Bohmian
interpretation of quantum mechanics [26]. In fact, the usage of above prescription for the
expansion coefficients leads to the vanishing of quantum potential on the classical paths
(since the “classical” wave packet exists only on the classical path, the quantum potential
vanishes everywhere) and unification of classical and Bohmian trajectories. Also note that, a
non-zero distribution of the initial slope of the wave packets is necessary to have a non-zero
initial Bohmian momentum, although it is not compulsory from the mathematical point of
view. One important property of these squeezed wave packets is that when we express them
in terms of the original variables �(u,v) → �(R,a), the resulting wave packets are also
squeezed states. However, for small values of α it is possible to have a wide wave packet in
terms of {R,a} variables which is correspond to a localized state in terms of {u,v}.

As we have stated before, this model is singular at the classical level. The singular points
(R = 0 and a = 0) correspond to v = −u − 3√

2
k
	

and v = u, respectively. In Fig. 3, we
have shown a classical trajectory (dashed line) and the singularity borders (solid lines and
dot-dashed lines). The left solid line corresponds to k = 0 and dot-dashed lines correspond
to k = ±1. The right solid line exists for all values of k. So, we have two singularities (for
each k) during t = 0 and t = π/ω. Since the wave packets do not vanish at these points, we
have an indication that this model could be singular also at the quantum level.

4 Conclusions

We have presented an appropriate initial condition for the WDW equation which results in
the squeezed wave packets with near-exact classical and quantum correspondence. We used
this method to study an empty 4 + 1-dimensional Kaluza-Klein quantum cosmology in the
presence of a negative cosmological constant. We showed that for α → ∞ the wave func-
tions vanish everywhere except on the classical paths and strongly peak on them. Moreover,
the Bohmian interpretation of quantum mechanics and WKB approximation both predicted
the correct corresponding classical properties. We finally showed that the model could be
also singular at the quantum level.



Int J Theor Phys (2010) 49: 2910–2917 2917

Acknowledgement I would like to thank F. Darabi for useful discussions and valuable comments.

References

1. Bronnikov, K.A., Melnikov, V.N.: Ann. Phys. 239, 40 (1995)
2. Kasper, U., Rainer, M., Zhuk, A.: Gen. Relativ. Gravit. 29, 1123 (1997)
3. Mignemi, S., Schmidt, H.: J. Math. Phys. 39, 998 (1998)
4. Randall, L., Sundrum, R.: Phys. Rev. Lett. 83, 4690 (1999)
5. Randall, L., Sundrum, R.: Phys. Rev. Lett. 83, 3370 (1999)
6. Arkani-Hamed, N., Dimopoulos, S., Kaloper, N., March-Russell, J.: Nucl. Phys. B 567, 189 (2000)
7. Lyth, D.: Phys. Lett. B 448, 191 (1999)
8. Wesson, P.S.: Space-Time-Matter: Modern Kaluza-Klein Theory. World Scientific, Singapore (1999)
9. Kiefer, C.: Quantum Gravity, 2nd edn. Oxford University Press, Oxford (2007)

10. DeWitt, B.S.: Phys. Rev. 160, 1113 (1967)
11. Hawking, S.W.: Pontif. Acad. Sci. Scr. Varia 48, 563 (1982)
12. Hartle, J.B., Hawking, S.W.: Phys. Rev. D 28, 2960 (1983)
13. Vilenkin, A.: Phys. Rev. D 37, 888 (1988)
14. Vilenkin, A.: In: Gibbons, G.W., Shellard, E.P.S., Rankin, S.J. (eds.) The Future of Theoretical Physics

and Cosmology, pp. 649–666. Cambridge University Press, Cambridge (2003)
15. Conradi, H.D., Zeh, H.D.: Phys. Lett. A 154, 321 (1991)
16. Kiefer, C.: Phys. Rev. D 38, 1761 (1988)
17. Kiefer, C.: Phys. Lett. B 225, 227 (1989)
18. Kiefer, C.: Nucl. Phys. B 341, 273 (1990)
19. Zeh, H.D.: The Physical Basis of the Direction of Time, 4th edn. Springer, Berlin (2001)
20. Shojai, F., Molladavoudi, S.: Gen. Relativ. Gravit. 39, 795 (2007)
21. Goushe, S.S., Sepangi, H.R., Pedram, P., Mirzaei, M.: Class. Quantum Gravity 24, 4377 (2007)
22. Pedram, P., Jalalzadeh, S.: Phys. Lett. B 660, 1 (2008). arXiv:0712.2593
23. Pedram, P.: Cosmol. J. Astropart. Phys. 07, 006 (2008). arXiv:0806.1913
24. Pedram, P.: Phys. Lett. B 671, 1 (2009). arXiv:0811.3668
25. Pedram, P.: Ann. Phys. (Berlin) 19, 285 (2010)
26. Holland, P.R.: The Quantum Theory of Motion: An Account of the de Broglie-Bohm Interpretation of

Quantum Mechanics. Cambridge University Press, Cambridge (1993)
27. Darabi, F., Sepangi, H.R.: Class. Quantum. Gravity 16, 1565 (1999)

http://arxiv.org/abs/arXiv:0712.2593
http://arxiv.org/abs/arXiv:0806.1913
http://arxiv.org/abs/arXiv:0811.3668

	Squeezed Wave Packets in Quantum Cosmology
	Abstract
	Introduction
	The model
	Quantum cosmology
	Conclusions
	Acknowledgement
	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


