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Abstract 
 
This document is based on a question asked in the Dark Side of the Universe 2010 conference in Leon, 
Mexico, when a researcher from India asked the author about how to obtain a stability analysis of massive 
gravitons. The answer to this question involves an extension of the usual Pauli_Fiertz Langrangian as written 
by Ortin, with non-zero graviton mass contributing to a relationship between the trace of a revised GR 
stress-energy tensor (assuming non-zero graviton mass), and the trace of a revised symmetric tensor times a 
tiny mass for a 4 dimensional graviton. The resulting analysis makes use of Visser’s treatment of a stress 
energy tensor, with experimental applications discussed in the resulting analysis. If the square of frequency 
of a massive graviton is real valued and greater than zero, stability can be possibly confirmed 
experimentally. 
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1. Introduction 

The supposition advanced in this article is that initial 
relic energy flux is central to making predictions as to 

entropy f , where S  n fn is a “particle count” per phase 
space “volume” in the beginning of inflation [1,2]. So is 

fn  due to gravitons in near-relic conditions? If so, can the  

gravitons carry information? Where 
infentropy f start of

S n
 

   

is about the value of entropy information, which is 
 bits of “information” in line with Smoot’s [3] 

talk at the Paris observatory. Having said that, a relevant 
issue raised in DSU 2010 is: if gravitons with a small 
mass are part of the bridge between  
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tion bits, can one make a statement about necessary 
conditions for “massive” graviton stability? The 
conclusion is that stability of a massive graviton needs 
the square of frequency to be positive real valued. 

2. What can be Said about Massive Graviton 
Stability? Necessary Conditions 

This document looks at work presented by Maggiore [4], 
which specifically delineated for non-zero graviton mass, 
where  and v, that a small rest 
mass of the graviton is proportional to the trace of the 

energy-momentum tensor of general relativity. 

 Traceuv
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This document uses Visser’s [5] analysis of non-zero 
graviton mass for both T and h. Equation (1) is used with 
particle count fn  as a way to present initial GW relic 
inflation density using the definition given by Maggiore 
[4] as a way to state that a particle count:  
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where fn  is the frequency-based numerical count of 
gravitons per unit phase space. To do so, let us give the 
reasons for using Visser’s [5] values for T and h, in 
Equation (1). 

While Maggiore’s [4] explanation, and his treatment 
of gravitational wave density is very good, the problem 
we have is that any relic conditions for GW involve 
stochastic background, and also that many theorists have 
relied upon turbulence and or other forms of plasma- 
induced generation of shock waves, as stated by Duerrer 
and Rinaldi [6] and others, looking at the electroweak 
transition as a GW generator. If relic conditions can also 
yield GW/graviton production, and the consequences 
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exist up to the present era, then the question of stability 
of gravitons is even more essential. The author [1,2] uses a 
modification of results from Alcubierre [7], as an energy 
flux value for GW/gravitons, given by the Equation (3). 

 
2

2 32

64πinitial flux r Planck effective

r
E h n t



 
      
 

  (3) 

The fn  value obtained, was used to make a 
relationship, using Ng’s [8] entropy counting algorithm 
of roughly entropy . The author suggests that in 
order to obtain entropy f  from initial graviton 
production, as a way to quantify 

fS 
S

n
n

fn , that a small mass 
of the graviton can be assumed. A small mass graviton in 
four dimensions only makes sense if it is a stable 
construct. The remainder of this article will give specific 
cases to provide criteria for stability for the low mass 4 
dimensional graviton in obtaining his value of 

entropy f  tying in what Ng’s [8] entropy values as 
given by formulations started by Ng [8] and resultant 
information content present in the early universe. In 
doing so, the author will address if the correspondence 
principle and the closeness of the links to massless 
formalism of the graviton is due to ‘t Hoofts [9,10]; an 
idea of embedding QM within deterministic quantum 
theory, involving an embedding of quantum physics 
within a slightly “larger” highly non linear structure 
[1,2]. 

S n

2.1. Defining the Graviton Problem and Using 
Visser’s (1998) Inputs into  uvT

This section defines a graviton in terms of a dark matter 
component, and an effective dark energy contribution. 
To do this, we look at a modification of what was 
presented by Maartens [11], which is written as Equation 
(4) below. Here we are actually using 

  65Graviton 10  gramsn

n
m

L
         (4) 

Equation (4) is a simplification of what is written for a 
Kaluza Klein particle, which in this case would read as 
given by Sarkar [1,2]  
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On the face of it, this assignment of a mass of about 
 grams for a 4 dimensional graviton, allowing for 

 grams violates all known 
quantum mechanics, and is to be avoided. Numerous 
authors, including Maggiore [4], have richly demonstrated 
how adding a term to the Fiertz Lagrangian as written up 
by Ortin [13] (2007) for gravitons, and assuming massive 
gravitons, leads to results which appear to violate field 

theory. Turning to the problem, we can examine what 
inputs to Equation (1) can tell us about whether there are 
grounds for Equation (4) and what this says about 
measurement protocol for both GW and gravitons as 
given in Equation (2). Visser (1998) came up with inputs 
into the GR stress tensor and also for the perturbing term 

uv  which will be given below. We will use them in 
conjunction with Equation (1) to perform a stability 
analysis of the consequences of setting the value of  

6510

0 G  65raviton-4 ~ 10m D 

h

  65Graviton-4 ~ 10m D0
  grams and from there discuss 

how to used ‘t Hooft’s (2002, 2006) supposition of 
deterministic QM, as an embedding of QFT, and more 
could play a role if there are conditions for stability of 

  65Graviton-4 ~ 10m D0
  grams. 

2.2. Visser’s Treatment of the Stress Energy 
Tensor of GR, and Its Applications 

This section will derive stability conditions for the 
graviton, if the graviton has a small rest mass. Visser [5] 
stated a stress energy tensor treatment of gravitons along 
the lines of a four dimensional matrix treatment of the 
stress energy tensor as given by  
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Furthermore, his version of uv uv uvg h   can be 
written as setting 
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If one adds in velocity “reduction” put in for speed of 
gravitons as stated by Visser [5] 
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As well as often setting   1 5MG r   for reasons 
which Visser [5] outlined, one can insert all this into 
Equation (1) to obtain a real value for the square of 
frequency > 0, i.e. 
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According to gw gw c    by Kim [14], if the 
square of frequency of a graviton, with mass, is > 0, and 
real valued, it is likely that the graviton is stable, at least 
with regards to perturbations. Kim’s [14] article is with 
regards to Gravitons in brane/string theory, but it is 
likely that the same dynamic for semi classical 
representations of a graviton with mass. 

Conditions permitting equation (8) to have positive 
values - This section is to obtain sufficient conditions for 
stability of a graviton. Looking at Equation (8) is the 
same as analyzing how  
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That is, setting 
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Note that Visser [5] writes  
, and a wavelength 

 meters. The two values, as well as 
ascertaining when one can use 

292 10  eVgm  
22~ 6 10g 

382 10 nucleonm

~ 1 5MG r , with r the 
usual distance from a graviton generating source, and M 
the mass’ of an object which would be a graviton emitter 
put severe restrictions as to the volume of space time 
values for which r could be ascertained. If, however, 
Equation (10) had, in most cases, a setting for which, 
then in many cases, Equation (8) would hold 

0 exp 1g

g

m rr


 

  
  


 

7

.         (12) 

The author believes that such a configuration would be 
naturally occurring in most generation of gravitons at, or 
before the electro weak transition point in early 
cosmology evolution. The author believes, that Equation 
(12) would allow to predict a particle count behavior 
along the lines of , which is put into 
Equation (2) and has implications for what to look for in 
stochastic GW generation. 

610 to 10fn 

2.3. Revisiting Ng’s Counting Algorithm for  
Entropy, and Graviton Mass 

The wavelength for a graviton as may be chosen to do 
such an information exchange would be part of a 
graviton as being part of an information counting 

algorithm. Namely argue that when taking the log, that 
the 1 N  term drops out. As used by Ng [8] 

   3~ 1 !
N

NZ N V           (13) 

This, according to Ng [8] leads to entropy of the 
limiting value of, if   log NS Z  will be modified by 
having the following done, namely after his use of 
quantum infinite statistics, 

 3log 5 / 2S N V N            (14) 

Eventually, the author hopes to put on a sound 
foundation what ‘t Hooft [9,10] is doing with respect to 
deterministic quantum mechanics and equivalence 
classes embedding quantum particle structures. 
Furthermore, making a count of gravitons with 

 gravitons,, with Lloyd’s [15] formalism  7~ 10S N

 3/4 7ln 2 # ~ 10total BI S k operations      (15) 

as implying at least one operation per unit graviton, with 
gravitons  being one unit of information, per produced 
graviton. Note, Smoot [3] gave initial values of the 
operations as 

  10#
initially

operations ~ 10          (16) 

The author’s work tends to support this value, and if 
gravitons are indeed stable in initial conditions, 
information exchange between a prior to a present 
universe may become a topic of experimental invest- 
tigation. 

3. Conclusion 

The author pursued this question, partly due to wishing 
to determine if a non brane theory way to identify 
graviton stability existed. The author was particularly 
impressed with Visser’s [5] treatment of gravitons in the 
context of both an alleged graviton wave length, and the 
net slow down of gravitons, as referenced in Equation (7). 
Note, that the treatment of Equation (6) above heavily 
depends upon a small mass to the graviton very slightly 
lowering the speed of graviton to just below the speed of 
light. As the graviton mass is slight, the velocity of a spin 
two graviton is ALMOST the speed of light. If Equation 
(12) is verified in measurement, and there is a search 
done for regions of space time for graviton production, 
then the author hopes for a refinement and vetting 
experimentally as to Duerrer’s and Rinaldi [6] 
supposition of turbulence in the electro weak transition 
being the major source for GW/graviton production in 
early universe cosmology. In addition, it may give 
experimental evidence for the use of Alcubierre’s [7] 
(2008) expression of energy density as associated with 
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gravitational waves. 

4. Nomenclature - Definitions 

65(Graviton) 10nm n L    grams is a Kaluza Klein 
graviton mass expression, with a slight rest mass put in, 
for four dimensions, of  grams. The n is for nodes 
in 5 dimensions, and L is the length (size) of a 5th 
dimension. 

6510

fn  = numerical density of a group of gravitons, per 
unit phase space “volume” at a given frequency, f. 

gw gw c    is a ratio of gravity wave “density” per 
unit volume of phase space, over a phase space volume. 

effective  here, in this case is the same as  gw  Pauli_ 
Fierz Langrangian = classical stability and absence of 
ghosts lead directly to the standard Fierz-Pauli 
Lagrangian. 



KK. = Kaluza-Klein. A model that seeks to unify the 
two fundamental forces of gravitation and 
electromagnetism In the case of this paper, it is for 
particles obeying a unification of gravitation and 
electromagnetism. 

DM, DE = Dark Matter, and Dark energy. Non 
baryonic matter in cosmology. 

NZ  = partition function, a concept usually from 
statistical physics. 

  = wavelength of a “particle”. Frequently in 
association with matter as a particle and a wave, i.e. 
wave- particle duality of quantum mechanics. 
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The supposition advanced in this article is that initial relic energy flux is central to making predictions as to 
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 tying in what Ng’s [8] entropy values as given by formulations started by Ng [8] and resultant information content present in the early universe. In doing so, the author will address if the correspondence principle and the closeness of the links to massless formalism of the graviton is due to ‘t Hoofts [9,10]; an idea of embedding QM within deterministic quantum theory, involving an embedding of quantum physics within a slightly “larger” highly non linear structure [1,2].


2.1. Defining the Graviton Problem and Using Visser’s (1998) Inputs into 
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This section defines a graviton in terms of a dark matter component, and an effective dark energy contribution. To do this, we look at a modification of what was presented by Maartens [11], which is written as Equation (4) below. Here we are actually using
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Equation (4) is a simplification of what is written for a Kaluza Klein particle, which in this case would read as given by Sarkar [1,2] 
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On the face of it, this assignment of a mass of about 
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 grams violates all known quantum mechanics, and is to be avoided. Numerous authors, including Maggiore [4], have richly demonstrated how adding a term to the Fiertz Lagrangian as written up by Ortin [13] (2007) for gravitons, and assuming massive gravitons, leads to results which appear to violate field theory. Turning to the problem, we can examine what inputs to Equation (1) can tell us about whether there are grounds for Equation (4) and what this says about measurement protocol for both GW and gravitons as given in Equation (2). Visser (1998) came up with inputs into the GR stress tensor and also for the perturbing term 

[image: image25.wmf]uv


h


 which will be given below. We will use them in conjunction with Equation (1) to perform a stability analysis of the consequences of setting the value of 
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 grams and from there discuss how to used ‘t Hooft’s (2002, 2006) supposition of deterministic QM, as an embedding of QFT, and more could play a role if there are conditions for stability of 
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2.2. Visser’s Treatment of the Stress Energy Tensor of GR, and Its Applications

This section will derive stability conditions for the graviton, if the graviton has a small rest mass. Visser [5] stated a stress energy tensor treatment of gravitons along the lines of a four dimensional matrix treatment of the stress energy tensor as given by 
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Furthermore, his version of 
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If one adds in velocity “reduction” put in for speed of gravitons as stated by Visser [5]
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As well as often setting 
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 for reasons which Visser [5] outlined, one can insert all this into Equation (1) to obtain a real value for the square of frequency > 0, i.e.
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According to 
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 by Kim [14], if the square of frequency of a graviton, with mass, is > 0, and real valued, it is likely that the graviton is stable, at least with regards to perturbations. Kim’s [14] article is with regards to Gravitons in brane/string theory, but it is likely that the same dynamic for semi classical representations of a graviton with mass.


Conditions permitting equation (8) to have positive values - This section is to obtain sufficient conditions for stability of a graviton. Looking at Equation (8) is the same as analyzing how 
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That is, setting
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Note that Visser [5] writes 


[image: image38.wmf]29


210 eV


g


m


-


<´




[image: image39.wmf]38


210


nucleon


m


-


´


:


, and a wavelength 
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The author believes that such a configuration would be naturally occurring in most generation of gravitons at, or before the electro weak transition point in early cosmology evolution. The author believes, that Equation (12) would allow to predict a particle count behavior along the lines of 
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, which is put into Equation (2) and has implications for what to look for in stochastic GW generation.


2.3. Revisiting Ng’s Counting Algorithm for 
Entropy, and Graviton Mass

The wavelength for a graviton as may be chosen to do such an information exchange would be part of a graviton as being part of an information counting algorithm. Namely argue that when taking the log, that the 
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This, according to Ng [8] leads to entropy of the limiting value of, if 
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 will be modified by having the following done, namely after his use of quantum infinite statistics,
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Eventually, the author hopes to put on a sound foundation what ‘t Hooft [9,10] is doing with respect to deterministic quantum mechanics and equivalence classes embedding quantum particle structures. Furthermore, making a count of gravitons with 

[image: image48.wmf]7


~10


SN


»


 gravitons,, with Lloyd’s [15] formalism 
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as implying at least one operation per unit graviton, with gravitons  being one unit of information, per produced graviton. Note, Smoot [3] gave initial values of the operations as
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The author’s work tends to support this value, and if gravitons are indeed stable in initial conditions, information exchange between a prior to a present universe may become a topic of experimental invest- tigation.

3. Conclusion

The author pursued this question, partly due to wishing to determine if a non brane theory way to identify graviton stability existed. The author was particularly impressed with Visser’s [5] treatment of gravitons in the context of both an alleged graviton wave length, and the net slow down of gravitons, as referenced in Equation (7). Note, that the treatment of Equation (6) above heavily depends upon a small mass to the graviton very slightly lowering the speed of graviton to just below the speed of light. As the graviton mass is slight, the velocity of a spin two graviton is ALMOST the speed of light. If Equation (12) is verified in measurement, and there is a search done for regions of space time for graviton production, then the author hopes for a refinement and vetting experimentally as to Duerrer’s and Rinaldi [6] supposition of turbulence in the electro weak transition being the major source for GW/graviton production in early universe cosmology. In addition, it may give experimental evidence for the use of Alcubierre’s [7] (2008) expression of energy density as associated with gravitational waves.


4. Nomenclature - Definitions
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 grams is a Kaluza Klein graviton mass expression, with a slight rest mass put in, for four dimensions, of 

[image: image52.wmf]65


10


-


 grams. The n is for nodes in 5 dimensions, and L is the length (size) of a 5th dimension.



[image: image53.wmf]f


n


 = numerical density of a group of gravitons, per unit phase space “volume” at a given frequency, f.




[image: image54.wmf]gwgwc


rr


Wº


 is a ratio of gravity wave “density” per unit volume of phase space, over a phase space volume.
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 here, in this case is the same as 
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 Pauli_ Fierz Langrangian = classical stability and absence of ghosts lead directly to the standard Fierz-Pauli Lagrangian.


KK. = Kaluza-Klein. A model that seeks to unify the two fundamental forces of gravitation and electromagnetism In the case of this paper, it is for particles obeying a unification of gravitation and electromagnetism.


DM, DE = Dark Matter, and Dark energy. Non baryonic matter in cosmology.
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 = partition function, a concept usually from statistical physics.




[image: image58.wmf]l


 = wavelength of a “particle”. Frequently in association with matter as a particle and a wave, i.e. wave- particle duality of quantum mechanics.


5. Acknowledgements


The author wishes to thank Dr. Fangyu Li as well as Stuart Allen, of international media associates whom freed the author to think about physics, and get back to his work. This work is supported in part by National Nature Science Foundation of China grant No. 11075224.


6. References

[1] A. W. Beckwith, “Applications of Euclidian Snyder Geo- metry to the Foundations of Space-Time Physics,” Electronic Journal of Theoretical Physics, Vol. 7, No. 24, 2010, pp. 241-266.

[2] A. Beckwith, “Energy Content of Gravitation as a Way to Quantify Both Entropy and Information Generation in the Early Universe,” Journal of Modern Physics, Vol. 2, No. 2, 2011, pp. 58-61. doi:10.4236/jmp.2011.22010

[3] G. Smoot, “CMB Observations and the Standard Model of the Universe,” International Programme of Cosmology Daniel Chalonge “Third Millennium,” Paris, 2007.


[4] M. Maggiore, “Gravitational Waves, Volume 1: Theory and Experiment,” Oxford University Press, Oxford, 2008.


[5] M. Visser, “Mass for the Graviton,” General Relativity and Gravitation, Vol. 30, No. 12, 1998, pp. 1717-1728. doi:10.1023/A:1026611026766

[6] R. Durrer and M. Rinaldi, “Graviton Production in Noninflationary Cosmology,” Physical Review D, Vol. 79, No. 6, 2009, p. 063507. doi:10.1103/PhysRevD.79.063507

[7] M. Alcubierre, “Introduction to Numerical Relativity,” Oxford University Press, Oxford, 2008.


[8] Y. Ng, “Spacetime Foam: From Entropy and Holography to Infinite Statistics and Nonlocality,” Entropy 2008, Vol. 10, No. 4, 2008, pp. 441-461. doi:10.3390/e10040441

[9] G. ‘t Hooft, “The Mathematical Basis for Deterministic Quantum Mechanics,” In: Th. M. Nieuwenhuizen, et al., Eds., Beyond the Quantum, World Scientific Publishing, Singapore, 2006.

[10] G. ‘t Hooft, “Determinism beneath Quantum Mechanics,” Report Number: ITP-02/69; SPIN-2002/45.
http://arxiv.org/abs/quant-ph/0212095


[11] R. Maartens, “Braneworld Cosmology, Chapter 7 - The Physics of the Early Universe,” Lecture Notes in Physics, Vol. 653, 2005, pp. 213-252.


[12] U. Sarkar, “Particle and Astroparticle Physics in ‘Series of High Energy Physics, Cosmology and Gravitation’,” Taylor & Francis, New York, 2008.

[13] T. Ortin, “Gravity and Strings,” Cambridge University Press, Oxford, 2007. 


[14] J. Y. Kim, “Stability and Fluctuation Modes of Giant Gravitons with NSNS B Field,” Physics Letters B, Vol. 529, No. 1-2, 2002, pp. 150-162.
doi:10.1016/S0370-2693(02)01233-9

[15] Lloyd, S., “Computational Capacity of the Universe,” Physical Review Letters, Vol. 88, No. 23, 2002, p. 237901. doi:10.1103/PhysRevLett.88.237901





































































































































































Copyright © 2011 SciRes.                                                                                 JMP

Copyright © 2011 SciRes.                                                                                 JMP

Copyright © 2011 SciRes.                                                                                 JMP



_1365257069.unknown



_1365313705.unknown



_1365314240.unknown



_1366093484.unknown



_1366093588.unknown



_1366093689.unknown



_1366093690.unknown



_1367215653.unknown



_1366093606.unknown



_1366093534.unknown



_1366093563.unknown



_1366093510.unknown



_1365314613.unknown



_1365314640.unknown



_1365314656.unknown



_1365314680.unknown



_1365314688.unknown



_1365314649.unknown



_1365314630.unknown



_1365314400.unknown



_1365314596.unknown



_1365314281.unknown



_1365313863.unknown



_1365314181.unknown



_1365314201.unknown



_1365314152.unknown



_1365313822.unknown



_1365313839.unknown



_1365313749.unknown



_1365257531.unknown



_1365313384.unknown



_1365313449.unknown



_1365257589.unknown



_1365257427.unknown



_1365257505.unknown



_1365257403.unknown



_1365256331.unknown



_1365256788.unknown



_1365256958.unknown



_1365256985.unknown



_1365256931.unknown



_1365256648.unknown



_1365256673.unknown



_1365256635.unknown



_1365256586.unknown



_1365256611.unknown



_1365255927.unknown



_1365256041.unknown



_1365256065.unknown



_1365256021.unknown



_1365255790.unknown



_1365255812.unknown



_1365255782.unknown




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.66667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.66667
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 807.874]
>> setpagedevice


