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Abstract In this study, we have investigated the dynamics of non-static Gödel type rotating
universe with massive scalar field, viscous fluid and heat flow in the presence of cosmolog-
ical constant. For various cosmic matter forms, the behavior of the cosmological constant
(�), shear (η) and bulk (ξ) viscosity coefficients and other kinematic quantities have stud-
ied in the early universe. We have showed the decay of massive scalar field in the non-static
rotating Gödel type universe and we have obtained constant scalar field with and without
source density. Also, we have investigated the effects of massive scalar field on the matter
density and pressure. From solutions of the field equations, we have a cosmological model
with non-zero expansion, shear, heat flux and rotation. Also some physical and geometrical
aspects of the model discussed.
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1 Introduction

In cosmology, scalar fields are important for the many researchers. According to Matos et
al. [1]; scalar fields as a basic interaction in physics are one of the fundamental predictions
of the Kaluza-Klein and the Super-string theories [1]. In the Brans-Dicke theory and its
inflationary models, scalar fields are fundamental components. However, they are a good
candidate for the dark matter in spiral galaxies [2, 3]. Because they effect so weakly with
matter we have never seen one but most of the theories with scalar fields are in good concor-
dance with measurements in weak gravitational fields [1]. According to Singh and Bhamra;
scalar meson field which is of zero-mass type and characterizes long-range interactions [4].
Since provide an understanding of the nature of space-time, the investigate of such a field
in general relativity has been initiated and the gravitational field associated with neutral ele-
mentary particles of zero spin [4]. The idea of scalar fields was introduced by Dirac [5] and
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Kaluza-Klein [6] works and then from Jordan, Brans and Dicke [7], Brans [8] first scalar-
tensor theory [9]. According to Fay and Lehner; in cosmology, the recent acceleration of the
universe expansion can be explained by a quintessence scalar field and it is also one of the
best mechanism to produce inflation at early times. It could even mimic the galactic dark
matter [10, 11] responsible for the rotation curves flattening [12]. Mohanty and Sahu [13]
examined the zero-mass scalar field in the anisotropic and LRS Bianchi I type universe
model when the metric potentials are the functions of the cosmic time t only. Also, they
found zero-mass scalar field without source term is compatible and yield feasible solutions,
where as zero-mass scalar field with source density model does not survive [14]. In 2002
Mohanty and Mishra [15] discussed that Bianchi I type universe model does not exist in the
case of mesonic perfect fluid and meson field with or without the mass parameter (M) in
the bimetric theory of gravitation [14]. In 2003 Mohanty et al. [14] studied LRS Bianchi
I type universe with attractive massive scalar field in the case of source density model and
they have showed that how the dynamical importance of the scalar field and shear change
in the course of evolution [14]. Particle physics and high energy astrophysical observations
show that the universe is rotating [16–21]. A rotating universe with vanishing expansion
and shear appeared with the advent of Gödel’s universe [20, 22]. According to Novello and
Reboucas, Gödel published the first cosmological model by a solution of the modified Ein-
stein equations in which a cosmological repulsive term (�gik) has been added [23]. The
congruence of the geodesics of this model has no shear, expansion and no acceleration,
but presents a constant rotation of matter relative to the compass of inertia [23]. After this
discovery, many attempts were made to construct more general solutions which take the ex-
pansion and/or shear into account besides rotation [23, 24]. Now, it is well known that the
universe is expanding. Therefore, the study and investigation of non-static rotating world
models is important [20]. From this reasons we have selected the Gödel universe. Because
it has many interesting feature [25]. This model has natural rotation, even more intriguing
is the lack of a global time ordering and existence of closed time-like world lines giving
rise to possibility of time travel [26, 27]. Also, this model is geodesically complete, it does
not contain horizons or any singularities [28]. The solutions of the various matter distribu-
tions with the Gödel universe have been investigated by different authors. Koppar and Patel
[29, 30] have presented some non-static generalizations of Gödel solution which rotating
universe with viscous fluid and heat flux. Chakraborty and Bandopadhyay [31] have pre-
sented a stationary generalization of Gödel’s universe with perfect fluid and a scalar field
[20]. Non-static Gödel cosmological model with heat flux and perfect fluid have been stud-
ied by Yavuz and Baysal [24]. However, usually cosmological models suppose that the mat-
ter in the universe can be described by perfect fluid or dust [32]. Nevertheless, there is good
reason to believe that—at least in the early stages of universe—viscous effects do play a role
[33–37]. For example, the existence of bulk viscosity is equivalent to slow process of restor-
ing equilibrium states [38] and viscosity mechanism can explain the anomalously high en-
tropy per baryon in the present universe [35, 36]. Viscosity plays an important role in ex-
plaining many physical features of the homogeneous world models. Homogeneous cosmo-
logical models filled with viscous fluid have been fairly studied by Murphy [39], Banerjee
and Santos [40] in cosmology. Chimento and Jakubi [41] have studied scalar field cosmolo-
gies with viscous fluid. Pradhan et al. [42] have presented some inhomogeneous magnetized
viscous fluid cosmological models with varying � in Bianchi type universe. The model with
shear and bulk viscosity were investigated by Elst [43] and Gavrilov [44]. Furthermore, the
matter distribution is not expected to attain thermal equilibrium in the early stages, it is un-
derstandable that there would be heat flux in the universe [45]. Several authors [46, 47] have
studied the influence of the heat flux in the evolution of the cosmological models [45]. From
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this point of view, we have investigated the influence of viscous fluid, massive scalar field (in
all directions) and heat flow with cosmological constant in the evolution of non-static Gödel
type universe. The paper is outlined as follows. In Sect. 2, the Einstein Field Equations are
obtained in non-static Gödel model. In Sect. 3, we get some exact solutions for the Einstein
Field Equations. In Sect. 4, the results of obtained are discussed.

2 Fundamental Concepts and Field Equations

We consider a non-static Gödel type space-time [22] for rotating universe in the form

ds2 = −dt2 − 1

2
H 2e2xdy2 − 2Hexdydt + dx2 + dz2 (1)

where the metric potential H is a function of cosmic time t only. The Einstein’s field equa-
tions (in gravitational units c = 8πG = 1) read as

Rik − 1

2
Rgik + �gik = −Tik (2)

where �, is the cosmological constant and Tik, is the energy momentum tensor for cosmic
matter distribution including massive scalar field, viscous fluid and heat flow and is given

Tik = ρuiuk + (p − ξθ)hik − 2ησik + qiuk + qkui

+ 1

4π

[
V,i V ,k −1

2
gik(V ,l V

,l − M2V 2)

]
. (3)

Here p is the isotropic pressure, ρ the fluid density, η, ξ the coefficients of shear and bulk
viscosities, respectively and ui the four vector of the cosmic matter distribution satisfying
the relation in co-moving coordinate system.

giku
iuk = −1, ui = (0,0,0,1), ui = (0,−Hex,0,−1) (4)

hik is projection tensor and given by

hik = gik + uiuk (5)

while

σik = 1

2
μik − 1

3
θhik (6)

is component of shear tensors where,

μik = ui;k + uk;i + u̇iuk + u̇kui . (7)

Here comma and semi-colon denote partial and covariant differentiations, respectively and

θ = ui
;i (8)

is the expansion factor. Here qi is heat conduction vector orthogonal ui , and

qiq
i > 0; qiu

i = 0. (9)
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However, V is the massive scalar field and we assume that V is a function of the x, y, z, t

coordinates {V = V (x, y, z, t)}. The scalar field V is governed by the Klein-Gordon (KG)
equation (gikV;ik + M2V = 0) as,

KG ≡ M2V + Vxx + 2e−2xVyy

H 2
+ Vx + HtVt

H
− 4e−xVyt

H
+ Vzz + Vtt = 0 (10)

where and after the lower indices x, y, z, t represent the first and second derivatives of
x, y, z, t coordinates, respectively. Also, M is related to mass m of zero-spin particle by
M = 2πm

h
where h being Planck’s constant [48]. Using co-moving coordinates, the field

equations (2) for metric (1) with energy momentum tensor (3) can be written as

G11 ≡ −Htt

H
− 1

2
+ � = Ht

H

(
ξ − 2η

3

)
− p + Vy

2πHex

(
Vy

2Hex
− Vt

)

+ 1

8π
(V 2

z + V 2
t − V 2

x − M2V 2), (11)

G12 ≡ Hte
x − VxVy

4π
+ q1Hex, (12)

G13 ≡ −VxVz

4π
, (13)

G14 ≡ Ht

H
− VxVt

4π
+ q1, (14)

G22 ≡ 3

4
+ �

2
= ρ + p

2
− Ht

H

(
ξ

2
+ 2η

3

)
+ Vy

4πHex

(
3Vy

2Hex
− Vt

)

+ 1

16π
(V 2

x + V 2
z + V 2

t − M2V 2) − 2q2

Hex
, (15)

G23 ≡ q3Hex − 1

4

VyVz

π
, (16)

G24 ≡ 1

2
+ � = ρ − Vy

4πHex

(
Vt − Vy

Hex

)
+ 1

8π
(V 2

x + V 2
z + V 2

t − M2V 2) − q2

Hex
, (17)

G33 ≡ −Htt

H
− 1

2
+ � = Ht

H

(
ξ − 2η

3

)
− p + Vy

2πHex

(
Vy

2Hex
− Vt

)

+ 1

8π
(V 2

x − V 2
z + V 2

t − M2V 2), (18)

G34 ≡ q3 − VzVt

4π
, (19)

G44 ≡ −1

2
− � = −ρ − Vy

2πHex

(
Vy

2Hex
− Vt

)
− 1

8π
(V 2

x + V 2
z + 3V 2

t − M2V 2). (20)

3 Solutions of Einstein Field Equations

The bulk (ξ ) and shear (η) viscosities coefficients are both positively definite, i.e.,

η > 0, ξ > 0 (21)
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they may be either constant or function of time [49]. Here we take as constant these coeffi-
cients. With (11) and (20) it can be found unknown parameters. Firstly, using (12) and (14)
or (16) and (19) we get

Vy = VtHex. (22)

From (11) and (17) we get

V 2
x = V 2

z . (23)

From (13) we get two situations about the derivatives of scalar field as follows,

Vx = 0 or Vz = 0. (24)

Helping (23) and (24), we obtain independent scalar field from x and z coordinates as fol-
lows,

Vx = Vz = 0, then V (x, y, z, t) = V (y, t). (25)

In this case, the mesonic scalar field does not exist in the direction of x and z coordinates.
Equations (12), (14) and (25) give

q1 = −Ht

H
. (26)

Helping (19) and (25), q3 is given by

q3 = 0. (27)

From (4) and the condition qiu
i = 0, one obtains q4 = 0. If we compare (25) and (22), we

see that (22) must be equal to zero. Because of (25), the left side of (22) depends only y

and t coordinates also the right side of (22) depends x, y and t coordinates. From this point
of view, (22) is written as

Vy = VtHex = 0 and Vy = Vt = 0 (Hex �= 0). (28)

In this case, the mesonic scalar field does not exist in the all directions and we find the
constant mesonic scalar field in non-static Gödel space-time {V (x, y, z, t) = β}, here β is
a constant. If we substitute (25) and (28) into KG equation (10) we obtain that the mass
function of massive scalar field is vanish (M = 0) in Gödel type universe and we find zero-
mass scalar field in the case of non source density model as follows,

KG ≡ M2V = 0 and V = β = const. �= 0, and M = 0. (29)

Using (25), (28) and (29) into (20) we get the fluid density of cosmic matter distribution,

ρ = 1

2
+ �. (30)

If we substitute (25), (28), (29) and (30) into (17), q2 is given by,

q2 = 0. (31)

From (15), (25) and (28)–(31) we obtain that the isotropic pressure of the cosmic matter
distribution as follows,

p = 1

2
− � + Ht

H

(
ξ + 4η

3

)
. (32)
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If we substitute (25), (28), (29) and (32) into (11), the metric potential H(t) is given by,

H = b + ae2ηt . (33)

+Here a and b are constants. Also, the non-zero components of the conservation of energy-
momentum equations (T ik

; k = 0) are given for this model as the follows,

Ht

H
(2η + q1) + q1t = 0,

3H(q1 + pt) + 3Ht(p + ρ) − Htt (4ξ + 3η) = 0, (34)

3H 2(2pt + 3q1 + ρt ) − (4η + 3ξ)(H 2
t + 2HHtt ) + 9HHt(ρ + p) = 0.

If we compare the (26) and (32)–(34), we can choose that b = 0 in (33) and the metric
potential H can be found as

H = ae2ηt . (35)

From (26) and (30)–(35), q1 is given by,

q1 = −2η. (36)

Using (35) into (32) we find that the isotropic pressure of the cosmic matter distribution as
follows,

p = 1

2
− � + 2η

(
ξ + 4η

3

)
. (37)

If we investigate the variations of the cosmological constant for this model, we find below
results as follows:

(a) For p = 0 Matter Distribution From (37), the cosmological constant is given by,

� = 1

2
+ 2η

(
ξ + 4η

3

)
. (38)

(b) Stiff Matter Distribution (p = ρ) From (30) and (37), the cosmological constant is
given by,

� = η

(
ξ + 4η

3

)
. (39)

(c) The Radiation Phase (p = ρ

3 ) From (30) and (37), the cosmological constant is given
by,

� = 1

4
+ 3

2
η

(
ξ + 4η

3

)
. (40)

(d) Dark Energy Distribution (p = −ρ) The cosmological constant drops in this case.
Also, we find the relation between shear and bulk viscosity coefficients as follows,

ξ = −
(

1

2η
+ 4η

3

)
. (41)
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4 Conclusions and Summary

In this study firstly we have discussed Gödel type non-static, homogeneous, anisotropic and
rotating universe with massive scalar field in all directions without source density (δ = 0),
viscous fluid and heat flow in the presence of cosmological constant with shear and bulk
viscosity coefficients. After the exact solutions of the Einstein’s field equations for these
matter distributions, we have found that massive scalar field does not exist with heat flow
and viscous fluid matter distributions in Gödel type universe and the mass function vanishes
(M = 0) and massive scalar field turns into constant (V (x, y, z, t) = β), massless scalar
field distribution. Also, we obtained the results of massive scalar field with heat flow and
viscous fluid when the massive scalar field V (x), V (y), V (z), V (t) depend on only x, y, z, t

coordinates, respectively. So, these results are the same as the results of this paper. However
we show that the � term plays very important role in the Gödel type space-time. Also, the
kinematical quantities in the our model are given as follows, the expansion (θ ) is

θ = Ḣ

H
= −q1 = 2η. (42)

The shear scalar (σ 2), and the rotation (�2) of the four velocity vector ui = [0,−Hex,0,−1]
are determined as

σ 2 = 1

3
θ2 = 4

3
η2, (43)

�2 = 1

2
. (44)

Thus the vorticity remains constant along the whole history of the universe. The acceleration
vector (u̇i) and the proper volume (U 3 = √−g) are given by,

u̇i = (0,−2ηae2ηt+x,0,0), (45)

U 3 =
√

2Hex

2
=

√
2ae2ηt+x

2
(46)

where g is the determinant of the metric. From (42)–(44), it is easily seen that θ, σ 2,�2 are
constants which depend on shear viscosity coefficient. U 3 are functions of x and t for two
cases. The proper volume of the universe increases exponentially. This case represents the
rotating inflation era in the evolution of the universe. From (45) we have u̇i �= 0. Therefore,
it can be said that the matter filling the universe is not geodetic. From (42) and (43), it is
easy to see that

σ

θ
= 1√

3
� 0.577 (47)

for our models. The present upper limit of the anisotropy ratio σ
θ

is 10−3 obtained from in-
direct arguments concerning the isotropy of the primordial black-body radiation [50]. The
ratio σ

θ
for our model is considerably greater than its present value. This fact indicates that

our solutions represent the early stages of evolution of the universe [20]. Equations (32),
(35)–(46) show that the shear coefficient (η) is playing more important role than bulk co-
efficient (ξ) in this universe model. If we take ξ = η = 0 in our model, we obtain that the
massless and constant scalar field and perfect fluid matter distributions instead of viscous
fluid with rotating, non-shear and expanding Gödel type universe model and the heat flow
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distribution vanishes in this universe model. Also, the various quantities in this new model
are given as follows,

p = 1

2
− �, (48)

ρ = 1

2
+ �, (49)

q1 = q2 = q3 = q4 = 0, (50)

H = a, � = 0, σ 2 = 0, �2 = 1

2
, (51)

M = 0, V = β = const., U 3 =
√

2aex

2
, (52)

� = 1

2
(for p = 0); � = 0 (for p = ρ); � = 1

4

(
for p = 1

3
ρ

)
. (53)

If we choose perfect fluid and massive scalar field matter distribution to solve the Einstein
field equations, it is easily seen that we find the zero-mass and constant scalar field. These
solutions agree with our first model. From these results, we say that without source density
(δ = 0) in KG equation, the massive scalar field decays to massless, constant scalar field in
non-static, rotating Gödel type universe model with or without viscous and heat flow matter
distributions.

Until now, helping the KG equation in (10) (i.e. gikV;ik + M2V = 0) we have discussed
the scalar meson field without the source density. Now we investigate the massive scalar
field with the source density (δ). The Klein Gordon equation corresponding to the scalar
field V with the source density is given by

KG = gikV;ik + M2V = δ (54)

where δ is the source density of the scalar meson field and δ is either a constant or a function
of t [14]. Now we investigate the scalar field with the source density in non-static Gödel
type universe. From (1)–(9), (11)–(20) and (54), we find the exact solutions of the unknown
parameters for massive scalar field with the source density as follows,

p = 1

2
− � − M2β2

8π
+ 2η

(
ξ + 4η

3

)
, (55)

ρ = 1

2
+ � + M2β2

8π
, (56)

q1 = −2η, q2 = q3 = q4 = 0, (57)

H = ae2ηt , � = 2η, σ 2 = 4η2

3
, �2 = 1

2
, (58)

M �= 0, V = β = const., δ = M2β = const., U 3 =
√

2Hex

2
. (59)

If we investigate the variations of the cosmological constant for this model, we find below
results as follows:
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(a) For p = 0 Matter Distribution From (55), the cosmological constant is given by,

� = 1

2
+ 2η

(
ξ + 4η

3

)
− M2β2

8π
. (60)

(b) Stiff Matter Distribution (p = ρ) From (55) and (56), the cosmological constant is
given by,

� = η

(
ξ + 4η

3

)
− M2β2

8π
. (61)

(c) The Radiation Phase (p = ρ

3 ) From (55) and (56), the cosmological constant is given
by,

� = 1

4
+ 3

2
η

(
ξ + 4η

3

)
− M2β2

8π
. (62)

(d) Dark Energy Distribution (p = −ρ) The cosmological constant drops in this case.
Also, we find the relation between shear and bulk viscosity coefficients as follows,

ξ = −
(

1

2η
+ 4η

3

)
. (63)

If we substitute M = 0 in (55)–(62), we obtain our first results i.e. (30), (32), (36)–(46)
and we say that our results agree with each other. From (60)–(62), it is easily seen that the
cosmological constant is decreased by the mass function M of the massive scalar field in
the case of source density model. From obtained results, the corresponding metric in (1) can
now be written with and without source density models in the form

ds2 = −dt2 − a2

2
e2(2ηt+x)dy2 − 2ae(2ηt+x)dydt + dx2 + dz2. (64)

Also, from (55) and (56) we found that the massive scalar field exists and the mass func-
tion M is not vanishes in this model. Also, in this case of source density model, when cosmic
pressure is decreased by the cosmological constant and massive scalar field, the matter den-
sity is increased by the cosmological constant and massive scalar field.
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27. Yılmaz, İ., Baysal, H.: Int. J. Mod. Phys. D 14, 697 (2005)
28. Barrow, J.D., Tsagas, C.G.: Class. Quantum Gravity 21, 177 (2003)
29. Koppar, S.S., Patel, L.K.: Nuovo Cimento B 102, 419 (1988)
30. Koppar, S.S., Patel, L.K.: Nuovo Cimento B 102, 425 (1988)
31. Chakraborty, S.K., Bandyopadhyay, N.: J. Math. Phys. 24, 129 (1983)
32. Weinberg, S.: In: Gravitation and Cosmology, p. 472. Wiley, New York (1972)
33. Israel, W., Vardalas, J.N.: Lett. Nuovo Cimento 4, 887 (1970)
34. Klimek, Z.: Post. Astron. 19, 165 (1971)
35. Weinberg, S.: Astrophys. J. 168, 175 (1971)
36. Heller, M., Klimek, Z., Suszycki, L.: Astrophys. Space Sci. 20, 205 (1973)
37. Tauber, G.E.: Astrophys. Space Sci. 57, 163 (1978)
38. Landau, L., Lifshitz, E.M.: In: Fluid Mechanics, p. 304. Addison-Wesley, Reading (1962)
39. Murhpy, G.L.: Phys. Rev. D 8, 4231 (1973)
40. Banerjee, M.B., Santos, O.: Astrophys. Space Sci. 136, 331 (1987)
41. Chimento, L.P., Jakubi, A.S.: Int. J. Mod. Phys. D 5, 313 (1996)
42. Pradhan, A., Srivastav, S., Jotinia, K.: Czech. J. Phys. 54, 255 (2004)
43. Elst, H., Dunsby, P., Tavakol, R.: Gen. Relativ. Gravit. 32, 1429 (1995)
44. Gavrilov, V.R., Melnikov, V.N., Triay, R.: Class. Quantum Gravity 14, 2203 (1995)
45. Patel, L.K., Dadhich , N.: Astrophys. J. 401, 433 (1992)
46. Mukherjee, G.: Astrophys. Astron. 7, 259 (1986)
47. Suiestins, E.: Gen. Relativ. Gravit. 17, 521 (1985)
48. Singh, R.K.T., Singh, N.I.: Astrophys. Space Sci. 150, 309 (1988)
49. Saha, B.: Mod. Phys. Lett. 28, 2127 (2004)
50. Collins, C.B., Class, E.N., Wilkinson, D.A.: Gen. Relativ. Gravit. 12, 805 (1980)


	 The Decay of Massive Scalar Field in Non-Static Gödel Type Universe with Viscous Fluid and Heat Flow
	Abstract
	Introduction
	Fundamental Concepts and Field Equations
	Solutions of Einstein Field Equations
	(a) For p=0 Matter Distribution
	(b) Stiff Matter Distribution (p=rho)
	(c) The Radiation Phase (p=rho3)
	(d) Dark Energy Distribution (p=-rho)

	Conclusions and Summary
	(a) For p=0 Matter Distribution
	(b) Stiff Matter Distribution (p=rho)
	(c) The Radiation Phase (p=rho3)
	(d) Dark Energy Distribution (p=-rho)

	Acknowledgements
	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 0.1000
  /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 0.76
    /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 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


