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Stéphane Dellacherie and Pascal Omnes

Abstract We investigate the accuracy of the Godunov scheme applied to the vari-
able cross-section acoustic equations. Contrarily to the constant cross-section case,
the accuracy issue of this scheme in the low Mach number regime appears even in
the one-dimensional case; on the other hand, we show that it is possible to construct
another Godunov type scheme which is accurate in the low Mach number regime.
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1 Introduction

It is well-known that Godunov type schemes suffer from an accuracy problem at
low Mach number. The analysis of this scheme applied to the linear wave equation
has shown that this problem already occurs for such a simple submodel, except
in the one-dimensional case [1]. However, it has also been proved that in higher
dimensions, simplicial meshes perform much better than rectangular meshes [2].
These results are obtained by the analysis of the invariant space of the discrete wave
operator: when this invariant space is rich enough to approach well the invariant
space of the continuous wave operator (that is to say the incompressible fields),
then the Godunov scheme is accurate at low Mach number. With the same type of
analysis, we show in the present work that accuracy problems may already occur in
the one-dimensional case for the variable cross-section linear wave equation, if one
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J. Fořt et al. (eds.), Finite Volumes for Complex Applications VI – Problems &
Perspectives, Springer Proceedings in Mathematics 4,
DOI 10.1007/978-3-642-20671-9 33, © Springer-Verlag Berlin Heidelberg 2011

313

stephane.dellacherie@cea.fr
pascal.omnes@cea.fr


314 S. Dellacherie and P. Omnes

is not careful about the expression of the diffusion terms inherent to the Godunov
scheme. This equation may be seen as a simple model for diphasic flows in which
the volumic fraction plays the role of the variable cross-section.

2 The variable cross-section wave equation

For regular solutions, the dimensionless barotropic Euler system with variable cross-
section may be written as

@t .A�/ C r � .A�u/ D 0 and �.@t u C u � ru/ C rp

M 2
D 0; (1)

where the Mach number M is supposed to be small and where p D p.�/ with
p0.�/ > 0. Denoting by a� a reference sound velocity, and setting

�.t; x/ WD ��
�
1 C M

Aa�
s.t; x/

�
; (2)

system (1) may be written, after some simplifications

@t q C H .q/ C LA;M

M
.q/ D 0 (3)

with

8̂
ˆ̂̂̂̂
ˆ̂<
ˆ̂̂̂
ˆ̂̂̂
:

q D �
s ; u

�T
; (a)

H .q/ D �r � .us/ ; .u � r/u
�T

; (b)

LA;M .q/ D
 

a�r � .Au/ ;
p0Œ��.1 C M

Aa�

s/�

a� C M
A

s
r
� s

A

�!T

: (c)

(4)

2.1 The linear wave equation with variable cross-section

When A is bounded by below and by above independently of M , we formally have
that M

Aa�

s.t; x/ � 1 in (2) and O.jjLA;M .q/jj/ D 1 in (3) when O.jjqjj/ D 1.
In that case, (3) contains a transport contribution whose characteristic time scale is
a O.1/ and a non-linear acoustic contribution whose characteristic time scale is a
O.M /, like in the usual barotropic low Mach number Euler system. In that case,
at least in a first approach, we may drop the transport contribution and study the
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linearized cross-section acoustic equation which reads

@t q C LA

M
q D 0 with LAq D a�

�
r � .Au/ ; r

� s

A

��T

: (5)

3 Basic properties of the variable cross-section linear wave
equation

3.1 General properties

In this section, we are interested in basic properties of (5) solved on a periodic torus
T

d2f1;2;3g. For this, we define the energy space

.L2
A.Td //1Cd WD

�
q WD �

s ; u
�T

such that
Z

Td

s2 dx

A.x/
C
Z

Td

juj2A.x/dx < C 1
	

endowed with the scalar product

hq1; q2iA D
Z

Td

s1s2

dx

A.x/
C
Z

Td

u1 � u2 A.x/dx: (6)

On the other hand, we set

8̂
ˆ̂̂̂<
ˆ̂̂̂
:̂

EA D
n
q WD �

s ; u
�T 2 .L2

A.Td //1Cd such that s D aA; a 2 R and r � .Au/ D 0
o

;

E ? D
n
q WD �

s ; u
�T 2 .L2

A.Td //1Cd

such that
Z

Td

sdx D 0 and 9� 2 H 1.Td /; u D r�
o
:

We remark that EA ? E ? for the scalar product (6). We shall admit the following
extension of the Hodge decomposition .L2

A.Td //1Cd D EA ˚ E ?. Moreover, we
have

EA D KerLA: (7)

Finally, for all q 2 .L2
A.Td //1Cd , we define the energy EA WD hq; qiA: The

following lemma is an easy extension of the energy conservation property to the
variable cross-section case:

Lemma 1. Let q.t; x/ be the solution of (5) on T
d2f1;2;3g. Then:

EA.t � 0/ D EA.t D 0/:



316 S. Dellacherie and P. Omnes

We also have the following result:

Lemma 2. Let q.t; x/ be the solution of (5) on T
d2f1;2;3g with initial condition q0.

Then:
1) 8q0 2 EA W q.t � 0/ 2 EA;
2) 8q0 2 E ? W q.t � 0/ 2 E ?.

Proof of Lemma 2: The first point is a direct consequence of (7). The second point
is inferred from the first item, from Lemma 1, and from the following Lemma, a
proof of which may be found in the appendix A of [1].

Lemma 3. Let A be a linear isometry in a Hilbert space H and let E be a linear
subspace of H. Then: A E D E H) A E ? � E ?:

3.2 The one-dimensional case

In the particular case of the one-dimensional geometry, equation (5) is now set in
T

dD1 and writes

@t q C LA

M
q D 0 (8)

with

LAq D a�
�

@x.Au/ ; @x

� s

A

��T

: (9)

The subspaces EA and E ? are now characterized by

8̂̂
ˆ̂<
ˆ̂̂̂:

EA D
�

q WD �
s ; u

�T 2 .L2
A.T1//2 such that s D aA and u D b

A
; .a; b/ 2 R

2

	
;

E ? D
�

q WD �
s ; u

�T 2 .L2
A.T1//2 such that

Z
Td

s dx D
Z

Td

u dx D 0

	
:

In the one-dimensional case, we remark that, as soon as A0.x/ 6D 0, the variables s

and u do not play the same role, while when A D 1, they do play symmetrical roles.

4 Numerical approximation in the one-dimensional geometry

We now consider the numerical approximation of (8)–(9) on a mesh with N cells
Œxi�1=2; xiC1=2� of constant size �x. We denote by xi the midpoints of the cells and
by ui .t/ and si .t/ the numerical approximation of u and s in the cell Œxi�1=2; xiC1=2�.
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4.1 A first numerical scheme

Integrating (8) over the cell Œxi�1=2; xiC1=2�, we obtain

8̂
ˆ̂̂̂<
ˆ̂̂̂̂
:

d

dt
si C a�

M
� AiC1=2uiC1=2.t/ � Ai�1=2ui�1=2.t/

�x
D 0;

d

dt
ui C a�

M
�

siC1=2.t/

AiC1=2

� si�1=2.t/

Ai�1=2

�x
D 0;

(10)

where AiC1=2 WD A.xiC1=2/ and where the interface values .siC1=2.t/; uiC1=2.t//

are determined by the solution of a Riemann problem (R.P.) based on the equation

@t q C a�
M



AiC1=2@xu;

1

AiC1=2

@xs

�T

D 0;

which amounts to locally neglect the variations of A in (8). The left and right
initial states of the R. P. being .si .t/; ui .t// and .siC1.t/; uiC1.t// respectively, its
solution is 8̂<

:̂
siC1=2 D 1

2
.si C siC1/ C AiC1=2

2
.ui � uiC1/;

uiC1=2 D 1
2AiC1=2

.si � siC1/ C 1
2
.ui C uiC1/:

(11)

Plugging (11) into (10), we obtain the following scheme

8̂̂
ˆ̂̂<
ˆ̂̂̂
:̂

d

dt
si C a�

M
� AiC1=2.ui C uiC1/ � Ai�1=2.ui�1 C ui /

2�x
D a�

2M�x
.siC1 � 2si C si�1/ ;

d

dt
ui C a�

M
�

.si C siC1/

AiC1=2
� .si�1 C si /

Ai�1=2

2�x
D a�

2M�x
.uiC1 � 2ui C ui�1/ ;

(12)
whose first-order modified equation is given by

@t q C LA

M
q D �

�s@
2
xxs ; �u@2

xxu
�T

(13)

with .�s; �u/ D a��x
2M

.1; 1/. This shows that for all non trivial .�s; �u/ 2 R
2, the

space EA is no more invariant as soon as A0 6D 0. In particular, even when �u D 0,
the space EA is not invariant as soon as A0 6D 0: this property stresses the fact
that the Godunov scheme, as well as its low Mach modification obtained by simply
removing the dissipative term in the right-hand side of the second equation of (12)
like in [1, 2], may not be accurate at low Mach number, including in the 1D case,
contrarily to the case A0 D 0.
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4.2 Study of a second numerical scheme

In order to propose a numerical scheme which will be accurate at low Mach number,
we proceed like in [1]. That is to say:

• First, we try to modify the diffusion term in (13) such that the new equation
preserves the invariance of EA.

• Then, we identify a numerical scheme whose modified equation corresponds to
the equation with the new diffusion term.

To these two points, we add something new with respect to what is done in [1]: we
shall show that it is possible to define a Godunov type scheme which corresponds
to the numerical scheme proposed in the second point above. This stresses the fact
that it is possible to build a particular Godunov scheme that is accurate at low Mach
number for the linear wave equation with variable cross-section, if one discretizes
equation (8) in a adequate set of variables. Another interest of this scheme is that it
doesn’t suffer from any checkerboard mode (see [3] when A D 1).

4.2.1 Modification of the diffusion term

Let us replace the diffusion term

�
�s@

2
xxs ; �u@2

xxu
�T

(14)

in equation (13) by the diffusion term



�s@x

h
A@x

� s

A

�i
; �u@x

�
1

A
@x .Au/

��T

(15)

with .�s; �u/ 2 R
2. Then, by construction, the space EA is invariant for equation

@t q C LA

M
q D



�s@x

h
A@x

� s

A

�i
; �u@x

�
1

A
@x .Au/

��T

: (16)

Moreover, we have the following result:

Lemma 4. Let q.t; x/ be solution of (16) over T
1. Then:

EA.t � 0/ � EA.t D 0/:

A numerical scheme associated to (16) is then likely to be stable.
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Proof of Lemma 4: Let q.t; x/ be solution of (16). There holds

1

2

d

dt
EA D �s

Z
Td

s@x

h
A@x

� s

A

�i dx

A.x/
C �u

Z
Td

u@x

�
1

A
@x .Au/

�
A.x/dx

D ��s

Z
Td

h
@x

� s

A

�i2

A.x/dx � �u

Z
Td

Œ@x .Au/�2
dx

A.x/
� 0:

This proves that EA.t � 0/ � EA.t D 0/.�

4.2.2 Identifying the numerical scheme

A numerical scheme whose modified equation corresponds to (16) is given by

8̂
ˆ̂̂̂
ˆ̂̂̂̂
ˆ̂̂̂
ˆ̂̂<
ˆ̂̂̂
ˆ̂̂̂̂
ˆ̂̂̂
ˆ̂̂̂:

d

dt
si C a�

M
� AiC1uiC1 � Ai�1ui�1

2�x
D

a�
2M�x

�
AiC1=2

AiC1

siC1 �



AiC1=2 C Ai�1=2

Ai

�
si C Ai�1=2

Ai�1

si�1

�
(a)

;

d

dt
ui C a�

M
�

siC1

AiC1

� si�1

Ai�1

2�x
D

a�
2M�x

�
AiC1

AiC1=2

uiC1 � Ai



1

AiC1=2

C 1

Ai�1=2

�
ui C Ai�1

Ai�1=2

ui�1

�
(b)

(17)
where Ai WD A.xi /. A discrete analogue of Lemma 4 may be proved through
“discrete integration by parts” and shows that the scheme is stable and that the
discrete invariant space is the set

E h
A D

�
q WD �

s ; u
�T 2 .RN /2 such that si D aAi and ui D b

Ai

; .a; b/ 2 R
2

	
;

which admits the orthogonal set

.E h/? D
�

q WD �
s ; u

�T 2 .RN /2 such that
NX

iD1

si D
NX

iD1

ui D 0

	

for the discrete scalar product hq1; q2ih
A WD

NX
iD1

�x



.s1/i .s2/i

Ai

C .u1/i .u2/iAi

�
.
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4.2.3 The associated Godunov scheme

It is possible to obtain scheme (17) from (10) by the following process: we set

eq WD �
r ; j

�T
; r WD s

A
; j WD Au

and solve the Riemann Problem based on the equation

@teq C a�
M



@x



j

AiC1=2

�
; @x.AiC1=2r/

�T

D 0

with initial left and right states given by



si

Ai

; Ai ui

�T

and



siC1

AiC1

; AiC1uiC1

�T

respectively. This provides an expression for
�
riC1=2; jiC1=2

�T
which is plugged

into (10) for the evaluation of
siC1=2

AiC1=2

and AiC1=2uiC1=2, and we obtain (17).

5 Numerical results in 1D

In this section, we chose A.x/ D 1
4

sin.2�x/ C 1
2
. As an initial condition, we

choose s0.x/ D A.x/ and u0.x/ D 1=A.x/. At the discrete level, we choose
s0

i D A.xi / and u0
i D 1=A.xi/, so that the initial condition belongs to E h

A . Then,
with (17), this initial condition is left unchanged for all times, as is the case with the
continuous solution. On the other hand, with (12), the solution .si .t/; ui .t//

T
i2Œ1;N �

has a non zero component in the space .E h/? as soon as t > 0, which may be
computed by an orthogonal projection. Figure 1 shows the discrete weighted L2
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Fig. 1 norm of the spurious component for M D 10�4 as a function of t=M
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norm of this spurious component in .E h/? as a function of time scaled by M , with
M D 10�4 and for two different values of �x. The size of the spurious wave grows
up from 0 at t D 0 to O.�x/ at t D O.M /, which is much greater than O.M /,
since M � �x.

References

1. Dellacherie, S.: Analysis of Godunov type schemes applied to the compressible Euler system at
low Mach number. J. Comp. Phys. 229(4), 978–1016 (2010)

2. Dellacherie, S., Omnes, P., Rieper, F.: The influence of cell geometry on the Godunov scheme
applied to the linear wave equation. J. Comp. Phys. 229(14), 5315–5338 (2010)

3. Dellacherie, S.: Checkerboard modes and wave equation. In: Proc. of the Algoritmy 2009
Conference on Scientic Computing (March 15-20, 2009, Vysoke Tatry, Podbanske, Slovakia),
pp. 71-80 (2009)

The paper is in final form and no similar paper has been or is being submitted elsewhere.


	On the Godunov Scheme Applied to the Variable Cross-Section Linear Wave Equation
	1 Introduction
	2 The variable cross-section wave equation
	2.1 The linear wave equation with variable cross-section

	3 Basic properties of the variable cross-section linear wave equation
	3.1 General properties
	3.2 The one-dimensional case

	4 Numerical approximation in the one-dimensional geometry
	4.1 A first numerical scheme
	4.2 Study of a second numerical scheme
	4.2.1 Modification of the diffusion term
	4.2.2 Identifying the numerical scheme
	4.2.3 The associated Godunov scheme


	5 Numerical results in 1D
	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
  /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 149
  /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 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 149
  /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 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 599
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


