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On Some Model Equations of Euler and
Navier-Stokes Equations*
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Abstract The author proposes a two-dimensional generalization of Constantin-Lax-Majda
model. Some results about singular solutions are given. This model might be the first step
toward the singular solutions of the Euler equations. Along the same line (vorticity for-
mulation), the author presents some further model equations. He possibly models various
aspects of difficulties related with the singular solutions of the Euler and Navier-Stokes e-
quations. Some discussions on the possible connection between turbulence and the singular
solutions of the Navier-Stokes equations are made.
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1 Introduction

The incompressible Navier-Stokes equations describe the motion of incompressible viscous
flow. Whether singular solutions exist in 3D is one of the famous seven millennium prize
problems. In terms of singular solutions, the study of incompressible Euler equations looks most
probably to be the first major step. For the sake of convenience, we will omit incompressible
from now on. The first nonlocal model was constructed by Constatin, Lax and Majda [2]. They
constructed a one-dimensional model and got the singular solution explicitly. The motivation
is the vorticity formulation. There are many developments after this model (see [1, 3, 4, 5,
8, 14] and others). Shortly before the publication of the current paper, the author found out
that Kiselev [9, Problem 6] has proposed to study the two dimensional analog of [2] in 2016.
Essentially Model 1 and 1’ in section two are some special cases of his proposal.

In this paper, we give some high dimensional generalizations of the Constantin-Lax-Majda
model. The study of them might help the understanding of singular solutions to the Euler and
Navier-Stokes equations. The motivation is still vorticity formulation.

We first present a two-dimensional zero order scalar model. One may think of it as a nonlocal
ODE. The good understanding of it is possibly the first step toward singular solutions of the

Euler and Navier-Stokes equations.
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Then we give further models. In some sense, the vorticity formulation provides an explana-
tion why the singular solutions to the Navier-Stokes equations are so hard. Roughly speaking,
the zero order term is pro-singularity term. The first and second order terms are perturbation-
s. To be able to construct original solution from vorticity, we need the initial vorticity to be
divergence-free. Any of them is hard to handle. The combination of them composes one of the
most difficult problems in contemporary mathematics.

One potential major application of singular solutions of the Navier-Stokes equations is about
turbulence. There is a prevailling viewpoint that the turbulent theory is deeply connected with
the singular solutions of the Navier-Stokes equations. Actually one can interpret the behaviour
of turbulence by the guessed properties of singular solutions to the Navier-Stokes equations.

This paper is organized as follows. In Section 2, we discuss the two-dimensional zero order
scalar models. In Section 3, further models are given. The possible connection between singular
solutions of the Navier-Stokes equations and turbulence theory is presented in Section 4. The

notations we use are standard ones.

2 Zero Order Scalar Models

The vorticity formulation of the three-dimensional Euler equations is the following:
we +u - Vw — Vuw = 0. (2.1)
In R3, the velocity u is given by the Biot-Savart law:
u = curl A" w. (2.2)
Note that (2.1)—(2.2) are well-defined when the vorticity is not divergence-free. Define
Ziy =007, zeqQ, (2.3)

where () is a bounded domain in R™ or R” itself, n > 2. If the domain is bounded, then the

boundary condition for A is the homogeneous Drichilet boundary condition:
A w |(’9Q: 0. (2.4)

In R3, the term Vu can be rewritten as

Vu = Veurl A~ w
Zo1wg — Zz1we 31wy — L11ws  Z1iws — Zojwy (2.5)
= | Zows — Zzows Zzowy — Ziow3 ZLi2w — LWy

Zazwz — Z3zws  Z3zw3 — L13w3  Z13W2 — Zagwi

Remark 2.1 If the domain has boundary, then in general, (2.2) is not valid. Neither is
(2.5). But conceptually, (2.5) is still close to be true. For Biot-Savart law in bounded domain,

we refer to [10] for more details.
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The Constantin-Lax-Majda model has the following form:
0, = H(6)0, (2.6)
where H is the Hilbert transform.

One nature generalization of Constantin-Lax-Majda model is the following equation.

Model 1

wy = Znw w, x€Qc R (2.7)

Proposition 2.1 The model equation is locally well-posed in WP, p > 2, i.e., Ywy €
WP Jw e C((0,T), WhP), s.t. w(z,0) = wo, w satifies (2.7).

The proof is pretty standard and we omitted it.
Next we present some elementary singular solutions of Model 1. One feature of the zero
order model is that self-similar singular solutions could be considered in bounded domain.

Let

w:LQ( v ) (2.8)
Then the equation for @ is
Z11Q Q =Q. (2.9)

The interesting thing is that, when the domain is an ellipse, (2.9) has constant solution.

Theorem 2.1 Assume Q = {ax? + bx1x9 + cx3 < 1}, a,c¢ > 0, b* —4ac < 0. Then (2.9)

has a constant solution @ =1+ £.

Proof By the definition of ellipse, we know

1
A l1= m(amf + bxywo + cxl — 1).
So
a
Zi 1= .
11 atc

Therefore @ =1+ £ solves (2.9). The theorem is proven.
Going back to the original equation, we see that w = “TJFC . ﬁ is a singular solution to
Model 1.

Consider the following simpler version of Model 1:

(le + CLZ22>’LU w = w. (210)
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Proposition 2.2 Assume that a > 0, the domain Q) is rectangle or whole space. Then for

any measurable set E C €, (2.10) has solution w € L?(2) such that

(le + aZ22)'UJ‘Q\E =1.

Proof Without loss of generality, we may assume that the rectangle is (0, 7) x (0, 7). In this
case, sink-z, k = (ki, k2), k; positive integers, are complete orthogonal basis and w = A sin k-z.

So we have

(o) kj2
lew = Z ﬁ)\k sink - x.
Ki,ka=1 ki + ks

Therefore
/ Ziwwdz > 0. (2.11)
(0,7)x(0,7)

In the whole space case, similarly we have

k2
Z dz = —L 132 dk >0, 2.12
/32 Leee /R k%+k§|w| = (2.12)

where w is the Fourier transform of w. Also note that Z; is self-adjoint.
Define
La = Z11 + CLZQQ.
So under the assumptions of the current proposition, L, is coercive:

(Low,w)p2 > allwl|pz2. (2.13)

The proof mainly comes from the coerciveness of L,. Below is the details.
Note
(2.10) & (Lew — 1)w = 0.

So the solving of (2.10) reduces to finding w such that

w = 0, rEL,
Low=1 xz¢FE.

Define

Low = L“w‘SZ\E’

(2.14)
w:{(} veE G\ p),
w, x¢FE,

In some sense L, is the restriction of L, on L?(Q\ E). Note that L, is also self-adjoint.

Below we show Za is one-to-one and the inverse of it is bounded.
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(1) one-to-one.
Assume @ € L2(Q\ E) and L,@ = 0. Define

0 E
w— {L TER T sin (2.14).
w, v¢F

Then we have
<Law, w>L2 Q) = <Zaﬁ, '[D>L2(Q\E) = 0. (215)

Therefore

which implies w = 0. So L, is one-to-one.
(2) The inverse is bounded.
Using (2.14)—(2.15), we get

(Lo®, @) = (Lqw, w)

> afwl|7
> al|wl|zz.
So
11> < = H|@]) L2 | L@ 2,
i.e.,

@] 2 < a™ | Lat]| 2.

Hence the inverse of Za is bounded.

Next we show Za is onto.

Assume the contrary. Then 3@ ¢ Lq(L*(Q\E)). Since the inverse of L, is bounded, the
space Lq(L2(2\ E)) is closed. Denote @; the projection of @ on Lo(L2(Q\ E)). Then

(@ — @1, L(L*(Q\ E))) = 0.

So Vi € L2(Q\ B),

<La(w - wl)v :ﬁ> =0.

This means Za(ﬁ —wp)=0. Sow =w;. A contradiction. Therefore Za is onto.

After proving L, is onto, the proof is essential finished. Let w = Z;ll and

0, ze€kE,
w=< _
w, z¢FE.
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Then w is a solution to (2.10). The claim is proven.

Remark 2.2 The claim above might help a little bit in the study of singular solutions of
Model 1.

There is a small generalization of Model 1.

Model 1/
wy = Zipw w, x€QC R (2.16)

Model 1’ seems a little bit harder than Model 1. There are some related evidences. For

instance, if we assume o € L?*(R?), then

kiky | -
/ Zigppdr = / 5 e >|@[?dk will change sign,
R? R2 kl + k2

where ¢ is the Fourier transform of ¢. Also for the simple singular solution in the ellipse, we
need b to be non-zero. More precisely, we have the following theorem.
Theorem 2.2 Assume Q = {az? + brize + cad < 1}, a,¢ >0, b*> —dac <0, b# 0. Then

1 2a + 2¢
T—1t b

is a self-similar singular solution to (2.16).

Proof The proof is essentially the same as that of Theorem 2.1.
For zero order models, bounded domain case might be simpler than the whole space case

since the former is compact region.

3 Further Models
The vorticity formulation of the three-dimensional Navier-Stokes equations is the following:
wy — Aw +u - Vw — Vuw = 0. (3.1)

By simplifying the zero order term, removing first order or second order term, we could get
various model equations of the Navier-Stokes equations. The usual way of simplifying zero

order term is to replace Vu with simpler zero order operater.

Examples
1
w1 + 211wy T
wy = 1 w, x€QCR? welR? (3.2)
Sw1 wy + Z11w1
wy=Vuw, z€QCR? weR3, (3.3)

wi +u-Vw—Zpww=0, zcR? (3.4)
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wy — Aw—Zjyww=0, xeR? (3.5)

wy—Aw+u-Vw—Znww=0, zcR% (3.6)

In 2D, u = (=0, A7 w, 9, A w).

Roughly speaking, (3.2) is a simple situation when the model is a system (The matrix in
(3.2) is symmetric, and the equation also has simple singular solutions similar with Theorem
2.1.). (3.3) models the pro-ingularity effect of zero order term in the vorticity formulation.
(3.4)—(3.6) model the effects of first order perturbation, second order perturbation, first and

second order perturbation combined for scalar equations.

Remark 3.1 Different from zero order model, it seems that for the first and second order
models, the whole space case is inclined to be first considered. One reason is that self-similar

singular solutions for PDEs only occur in whole space.

Remark 3.2 It is known that in the whole space situation, the vorticity formulation with
divergence initial vorticity is equivalent to the original Euler/Navier-Stokes equations (see [11,
p.78, Proposition 2.21]). In general, the requirement of divergence-free initial data will make
the situation harder. For instance, most probably the self-similar singular solutions would not
exist if we add the divergence-free initial data requirement.

If the dimension is higher than three, it is convenient to think the velocity as 1-form and
vorticity as 2-form. In this case, the divergence-free requirement becomes dwy = 0, where d is
the exterior differential and wy is initial vorticity. We refer to [15] for more details in the case
of R", n > 3.

Skew-symmetry of zero order term In the roughest sense, one may think of the zero

2

order term Vuw as w®, w € R. Therefore one might expect that it has some pro-singularity

effect.
Proposition 3.1 Singular solutions generated from constant do not hold true for (3.3).

Proof Define the generalized Kronecker sign:

1, (4,4,1) is an even arrangement of (1,2, 3),
;z =< -1, (i,4,1) is an odd arrangement of (1,2, 3),
0, otherwise.
So
= 8m5;-l8jA’1wl
= 5;ZZmel
And

(Vu w)y, = 5§lemwlwi. (3.7)



288 D. P. Du

Given any constant vector ¢ € R, Zj,, ¢ = ajm,c. Here the domain is {a;jz;z; < 1}, a; =

3
aji, » a; =1 and (a;;) is positive definite. Therefore

=1
(Vuw)m, |w=c
26;lemClCi
__ st
= 051AimCiCq

=0. (3.8)
The proposition is proven.

The Proposition 3.1 above suggests that the zero order term has certain algebraic skew-

symmetry, which may cause some more trouble in the study of singular solutions.

Possible steps toward Euler equations In the luckiest scenario, the study of model
equations might lead to the existence of singular solutions of the Euler equations and even
Navier-Stokes equations. The following are possible steps toward Euler equations:

(1) Model 1,

(2) (3.3),
(3) (34),
(4) the whole Euler equations.

Remark 3.3 It was suggested in [6, p.3] that the degree of difficulty for singular solutions
to Navier-Stokes equations may decrease a lot in higher dimensions. Probably this scenario will

also hold true for certain second order model.

Remark 3.4 For zero order models, if there is no divergence-free requirement on the initial
data, the self-similar singular solutions probably exist. But for more complicated situations, one
might have to work on singular solutions with general form. One evidence is that the Navier-
Stokes equations do not have self-similar singular solutions at any dimensions (see [12, 16]).
There were also no reliable numerical evidence that Euler equations have self-similar singular

solutions.

4 Possible Connection with Turbulence

It is well accepted that the main features of turbulence is irregular, random and chaotic.
Based on what is known on Navier-Stokes equations and the features of turbulence, it seems

reasonable to make the following guess.

Conjecture 4.1 The singular solutions of three-dimensional Navier-Stokes equations gener-

ically are fluctuated.

Using the conjecture above, we could interpret the turbulence in the following way. Since

the solutions are fluctuatedly singular, the average of them are irregular. The randomness
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comes from the infinite amplifying effect of fluctuatedly singular solutions over arbitrarily small

experimental error. The chaotic behavior could be explained in the similar way.

Remark 4.1 The results on model equations (see [7, 13]) and numerical simulation for
Euler equations suggest that, in dimension five and higher the usual singular solutions possibly
are also typical for Navier-Stokes equations. There is no information in dimension four so far.

The model system constructed by Plechac and Sverdk in [13] has the form:
uy — Au 4 2auVu + (1 — a)V]ul* + (div u)u = 0, (4.1)

where a € [0,1]. The system (4.1) has the similar mathematical structures with the Navier-
Stokes equations. It is possible that Conjecture 4.1 also holds true for (4.1). The phenomenon
controlled by the system (4.1) might be called Plechéc-Sverdk turbulence. The advantage of
this turbulence is that it would be a lot easier since the governing system is local.

At this stage little is known regarding the singular solutions of the Navier-Stokes equations.
Therefore the application in the turbulence theory is not much. With the development of the
mathematical theory on the singular solutions, more and more applications could be expected.
To some degree, the good understanding of turbulence may depend on the good understanding

of singular solutions to the three-dimensional Navier-Stokes equations.
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on turbulence.

References

[1] Choi, K., Hou, T. Y., Kiselev, A., et al., On the finite-time blowup of a one-dimensional model for the
three-dimensional axisymmetric Euler equations, Comm. Pure Appl. Math., 70, 2017, 2218-2243.

[2] Constantin, P., Lax, P. and Majda, A., A simple one-dimensional model for the three-dimensional vorticity,
Comm. Pure Appl. Math., 38, 1985, 715-724.

[3] Cordoba, A., Cordoba, D. and Fontelos, M. A.; Formation of singularities for a transport equation with
nonlocal velocity, Annals of Mathematics, 162, 2001, 1377-1389.

[4] De Gregorio, S., A partial differential equation arising in a 1D model for the 3D vorticity equation, Math.
Methods Appl. Sci., 19, 1996, 1233-1255.

[5] Dong, H., Du, D. and Li, D., Finite time singularities and global well-posedness for fractal Burgers equa-
tions, Indiana University Mathematics Journal, 58, 2009, 807—822.

[6] Du, D., Three Regularity Results Related with the Navier-Stokes Equations, Ph.D. Thesis, University of
Minnesota, 2005.

[7] Du, D. and Lv, J., Blow-up for a semi-linear advection-diffusion system with energy conservation, Chin.
Ann. Math. Ser. B., 30, 2009, 433-446,.

(8] Jia, H., Stewart, S. and Sverak, V., On the De Gregorio Modification of the Constantin Lax Majda Model,
Arch. Ration. Mech. Anal., 231, 2019, 1269-1304.

[9] Grafakos, L., Oliveira e Silva, D., et al., Some problems in harmonic analysis, arXiv: 1701.06637, 2017.

[10] Kress, R., Potentialtheoretische Randwertprobleme bei Tensorfeldern beliebiger Dimension und beliebigen
Rangs (in German), Arch. Ration. Mech. Anal., 47,1972, 59-80.

[11] Majda, A. J. and Bertozzi, A. L., Vorticity and Incompressible Flow, Cambridge Texts in Applied Math-
ematics, 27, Cambridge University Press, Cambridge, 2002.



290
[12]
[13]
[14]
[15]

[16]

D. P. Du

Necas, J., Razicka, M. and Sverdk, V., On Leray’s self-similar solutions of the Navier-Stokes equations,
Acta Math., 323, 1996, 283-294.

Plechég, P. and Sverdk, V., Singular and regular solutions of a nonlinear parabolic system, Nonlinearity,
16, 2003, 2083-2097.

Schochet, S., Explicit solutions of the viscous model vorticity equation, Comm. Pure Appl. Math., 39,
1986, 531-537.

Serrin, J., On the interior regularity of weak solutions of the Navier-Stokes equations, Arch. Ration. Mech.
Anal., 9, 1962, 187-195.

Tsai, T.-P., On Leray’s self-similar solutions of the Navier-Stokes equations satisfying local energy esti-
mates, Arch. Ration. Mech. Anal., 143, 1998, 29-51.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 1.50000
  /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 1.50000
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


