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Application of Lie transform perturbation method
for multidimensional non-Hermitian systems
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Abstract. Three-dimensional non-Hermitian systems are investigated using classical perturba-
tion theory based on Lie transformations. Analytic expressions for total energy in terms of action
variables are derived. Both real and complex semiclassical eigenvalues are obtained by quantiz-
ing the action variables. It was found that semiclassical energy eigenvalues calculated with the
classical perturbation theory are in very good agreement with exact energies and for certain non-
Hermitian systems second-order classical perturbation theory performed better than the second-
order Rayleigh—Schroedinger perturbation theory.
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1. Introduction

Classical perturbation theory based on Lie transforms has been used to investigate the mo-
tion of an artificial satellite [1] and to obtain constants of motion of 2D coupled harmonic
oscillator systems [2]. On the other hand, the classical perturbation theory in conjunction
with semiclassical quantization techniques has been utilized for determining semiclas-
sical eigenenergies and linking quantum avoided crossing with classical chaos in real
Hermitian systems in the past [3,4].

In recent years, quantum as well as classical behaviour of complex non-Hermitian
Hamiltonian systems have been of great interest because certain 1D and multidimensional
complex non-Hermitian systems possess purely real spectra [5—14]. It was revealed in
classical mechanical studies that the classical motion of complex non-Hermitian systems
has rich and complicated behaviour compared to that of Hermitian systems. It was also
found strange that new kinds of classical trajectories are not PT symmetric although the
PT symmetry is not spontaneously broken [15].
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Semiclassical investigations of non-Hermitian complex Hamiltonian systems are im-
portant from both fundamental and practical points of views. In the first place they may
expose important clues hidden in the correspondence between classical and quantum me-
chanics, specially when classical motion becomes chaotic or PT symmetries of quantum
states are spontaneously broken. Secondly, they provide powerful tools for calculating
highly excited energy spectra of the multidimensional complex systems. Particularly,
when action variables or eigenenergy expressions are available in analytic form, it is pos-
sible to have a better understanding of the classical behaviour, the semiclassical quantiza-
tion and the semiclassical limit.

In this paper we obtain semiclassical eigenenergies of 3D non-Hermitian Hamiltoni-
ans as analytic expressions using second-order classical perturbation theory based on Lie
transformation. We examine the accuracy of both real and complex energy eigenvalues of
these systems when they are PT symmetric and non-pseudo-Hermitian.

The first 3D system of interest is the PT symmetric system

pi P D3
H, = 21 + 22 + 23 + Wiz 4+ wirs + Wizl +idv 923, )]

where A is real. The quantum eigenenergy spectra of this system are real and positive
[16]. The second system is the 3D version of Henon—Heiles system,

2

2 2
Hy, = p21 +p22 +p23 twirttwirsdwiri i@ rataxt) Fip(reri+8r3),
2

where A, u, & and § can be real or complex. When all of them are real, the system is
PT symmetric whereas if A and y are not pure imaginary and « and 3 are non-real, the
system is neither PT symmetric nor pseudo-Hermitian. In the former case, the system
has real and positive eigenvalues whereas for the latter case the system will have complex
eigenvalues. First we derive classical Lie canonical transform equations for 3D systems
before presenting semiclassical eigenenergy expressions.

2. Classical Lie canonical transform

In this section, first we describe the classical perturbation theory based on Lie canonical
transformations. Consider the Hamiltonian of the form

H = HO + €H1, (3)
where
1
Ho =, [Pl +p3 + wizt + w323 + wsaj] @)
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and H;(x1, 2, r3) makes the above Hamiltonian H non-separable and non-Hermitian.
Hamilton’s equation of motion for the above Hamiltonian is

dpj o OH
dt Oz ©)
and
dxj o OH
dt B 8pj (6)
(1=1,2,3)
Now consider the transformation (p;, z;) — (n;,&;) given by
051 5,08 1, { 05, } 3
i=m;—€ —€ — € ,S1 ¢+ O(e (7)
P T 0g T 2" Log ! )
and
051 508 1, {BSl } 3
;=& +€ + € + € , 81 p +0(€”), ®)
A R P )

where {} represents the Poisson bracket (Note that the Poisson bracket used here is
defined with respect to conjugate complex variables {; and 7;. Therefore, the non-
standard Poisson bracket defined in [17] does not apply here.) The functions 51, So, ...
are defined later in terms of the Hamiltonian (for details, see [1,2]). Then the equations
of motion becomes

dﬁj o _6H*
a = g ©)
d¢;  OH*

= 1
at dn;’ (10)

where j = 1,2, 3 and the new Hamiltonian H*(n,£) = H (p,x). The purpose for intro-
ducing this canonical transformation is, to eliminate, from Hamiltonian H*, the parameter
7 which is introduced in eqs (12) and (13). Now we expand H* in a power series of € as

H*(n,&) = Hy(n, &) + eHy(n,6) +--- . (11)

and parameter 7 is introduced by the auxiliary equation

dnj _ 81{6k

dr 0¢; ’ a2
d¢; _ 0H;§

dr — Jn;’ (13)
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where j = 1,2, 3 and hence H;j = const. The H; s in the power series (11) are obtained
(details are given in [1,2]) by

1
o (M1 + 15 + wig] + w3ty + wikd)

Hi =[Hi(n,§)]s
si= [1t(n.8) - Hildr
* 1 *
Hy = 2{H1+H1,Sl}s
1 * *
Sg:/|:2{H1+H1,Sl}—H2 dr
H3 - 2{H1+H1,SQ}S+ 2{H2+H2,Sl}s

1
+ 12 {{Hl_Hfasl}v‘S’l}sv (14)
where the subscript s stands for the average value which is defined for a function A as

¢
As = lim ! A(r)dr (15)

t—oo t 0

and for a periodic function with period 7', the above equation becomes
1 (T
A, = / A(r)dr (16)
T/

3. Semiclassical eigenvalues

First we obtain Hj , H* as analytic expressions and equivalent constants of motion for
two non-Hermitian systems given in eqs (1) and (2). The above Hamiltonians are found
to be functions of new variables £1, &2, €3, 71, 172 and 73 only in the form &7 + n? /w? |
&3 + n3 /w3, and &2 + 13 /w3. These transformed Hamiltonians are merely the Birkhoff
normal forms [18,19] of the original Hamiltonians.

3.1 FEigenvalues of H,

The Hamiltonian H, in (1) is PT symmetric and is known to have all eigenvalues real.
Assuming w; = w; + wy, forall ¢ # j # k, and w;, wo and w3 are not commensurable
with each other, Hj(n, &) and H*(n), {) are found for the above system as

H*_l & 2
a_2 ;Ciwi

2
g
T Bas a7
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where
5, = {eres(—wi 4+ wi — w}) + cacs(wi — w3 — w3) + crea(—wi — w3 +w3)}
(w1 —wa —ws3) (w1 + w2 — ws3) (w1 — wa + ws) (w1 + wa + ws3)
and

a = (& +ui/wi), c2=(&+m/w;), = (& +n5/wi)

. 1
Hiy = (i +m5 + 05 + 0l + w36 +wigs) (18)

When g = 0, this system is separable and all the trajectories are periodic. Therefore,
classical actions can be defined as §.p,dz, §-p,dy and §,p.dz using periodic orbits.
When non-separable real Hermitian 3D systems are regular (non-chaotic) classical actions
can be defined by integrating over topologically independent paths [20-22] which are
closed curves. However, when ¢ is complex, it is evident from numerical calculation
of trajectories that the Hamiltonian H, does not constitute such close curves and hence
actions cannot be defined in the usual manner.

With the transformed coordinates and momenta, &;, 7); (¢ = 1, 2, 3) which are the solu-
tions of egs (12) and (13), we can evaluate classical action integrals I; = ¢ 7, d&; exactly
and they are found to be

I; = (& + n? Jw})wim, (19)

where 7 = 1,2, 3. Using eq (19), we can write the quantization conditions for the above
system as

1
I = <ni + 2) h, (20)
where ¢ = 1,2, 3 and n;’s are quantum numbers. Hence we obtain the following analytic
expression for semiclassical energy eigenvalues of H,,.

2

3
1
Bl oy = (n + 2) huwi + g2 Ba @1
=1

1 1
Ba = <(n1 + 2) (n3+ 2) (—wi 4+ wi — w3) wa
+(n 1 1 2_,2_ 2
2—|—2 n3—|—2 (wl wy w3)w1

1 1
+ <n1 + 2) <n2 + 2) (—w} — w} +w§)w3)
/w1w2w3 (wl — Wy — (.U3) (w1 + wo — (.U3)

X (w1 — wo +ws) (w1 + w2 + ws).

Eigenvalues obtained from the above equations are compared with eigenvalues calcu-
lated by Rayleigh—Schroedinger perturbation theory and numerical energies. The results
are presented in table 1.
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Table 1. First ten eigenenergies of V(x) = é(w%m% + wir? + wixd) + igrizoxs
where wi = 0.7, w2 = 1.3, w3 = 1.2185 and g = 0.05 are calculated using Lie trans-
form method. Numerical eigenenergies are obtained by diagonalizing the Hamiltonian
in harmonic oscillator basis-set.

na ns Numerical Lie transform RS perturbation
0 0 1.6093 1.6096 1.6093
0 0 2.3096 2.3098 2.3093
0 1 2.8283 2.8285 2.8278
1 0 2.9099 2.9101 2.9093
0 0 3.0098 3.0100 3.0093
0 1 3.5287 3.5289 3.5278
1 0 3.6105 3.6107 3.6103
0 0 3.7101 3.7103 3.7093
0 2 4.0472 4.0475 4.0463
1 1 4.1296 4.1298 4.1278

It is evident from table 1 that the semiclassical eigenenergies are in good agreement
with numerical quantum eigenvalues and the second-order Lie transform method pro-
duced more accurate eigenenergies than the second-order RS perturbation theory.

3.2 Eigenvalues of Hy

When all the parameters, w1, ws, w3, A, 4, @« and 3 in Hy, are real, the system is PT sym-
metric whereas, if A and p are not pure imaginary and « and 3 are non-real, the system
is not pseudo-Hermitian. In the former case, the system has real and positive eigenvalues
while for the latter case the system will have complex eigenvalues. On the other hand,
when the system is not pseudo-Hermitian, the classical trajectories are found to be neither
periodic nor quasi-periodic. However, as in the case of H,,, we obtain expressions for H;'

and H,

where

42

+ Be, (22)

1[3
Hy = 5 lz ciw?
i=1

15 [ Nn? 5 W’ 5
By = — {wg ¢+ W§CQ

4 1
n 2)2 3X2a n 22 3u%3
C1C — CoC —
Pl -4wd) e TleR -4 w
A (w — 3w}/8) w2 (w3 — 3w3/8)
2 4 2 2 1 2 2 3 2
ettt Ml il
.1
Hyjy =, (1 + 15 + 15 + wi€] + w33 + wiéd). (23)

2
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Eigenenergies E°

n1.na.ms OF this system are given by

3
EZI nz2,n3 [Z 52"_771/“} +ﬂb7
where
)\2772 1 2 2 92 1 2

By yl { w% <n1+2> + g (n2+2>
+{n1+ L no + L 22 3\%a
' T2 ) \wiws (w? —4w3)  wiws
1 1 212 3P
" (nQ " 2) (n3 " 2) {wzw:s (w% —4w§) - wgwa

2 2 2
1 w3 — 3ws5/8
—I—wg ns + M2(43 2/)
2) wiwsi (Wi —4w?)

It is evident from tables 2 and 3 that the semiclassical eigenenergies are in good agree-
ment with numerical quantum eigenvalues regardless of the hermiticity of the
Hamiltonians and whether the trajectories are periodic or not.

Table 2. First ten eigenenergies of V' (z) = é(w%x% + wia3 4+ wizd) + iX(z12d +

oexzf)—i—i,u(xgx%—i—ﬂwg) where w; = 0.7, w2 = 1.3, w3 = 1.0, A\ = —0.1, u = —0.1,
a = 0.1 and 8 = 0.1 are calculated using Lie transform method. Numerical eigenen-
ergies are obtained by diagonalizing the Hamiltonian in harmonic oscillator basis-set.

n1 na ns Numerical Lie transform RS perturbation
0 0 0 1.506 1.5069 1.5061
1 0 0 2.2139 2.2151 2.2139
0 0 1 2.5134 2.5146 2.5139
0 1 0 2.8262 2.8279 2.8271
2 0 0 2.9247 2.9265 2.9247
1 0 1 3.2211 3.2229 3.2217
0 0 2 3.5238 3.5261 3.5219
1 1 0 3.5441 3.5463 3.5451
3 0 0 3.6383 3.641 3.5726
0 1 1 3.8412 3.8437 3.8429
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Table 3. First ten eigenenergies of V(z) = é(w%mf + wia3 4+ wizd) +id(zi2d +
am‘;’) + iu(xgxg + m%) where w1 = 0.7, wa = 1.3, w3 = 1.0, A = —0.1,
u = —0.1, « = 0.1¢, and 8 = 0.1¢ are calculated using Lie transform method.
Numerical eigenenergies are obtained by diagonalizing the Hamiltonian in harmonic

oscillator basis-set.

ni no ns Numerical Lie transform RS perturbation
0 0 0 1.503 + 0.0027 1.504 + 0.0027 1.503 + 0.0022
1 0 0 2.201 4 0.005: 2.203 4 0.005¢ 2.202 + 0.005¢
0 0 1 2.510 4 0.003% 2.511 4 0.0032 2.510 + 0.003¢
0 1 0 2.819 4 0.006: 2.820 + 0.006% 2.819 + 0.006¢
2 0 0 2.897 4 0.009: 2.898 4 0.009: 2.898 + 0.009¢
1 0 1 3.209 4 0.006% 3.210 4 0.0062 3.209 + 0.006¢
0 0 2 3.520 4 0.004: 3.522 4 0.003% 3.517 + 0.003¢
1 1 0 3.521 4+ 0.015¢ 3.523 4+ 0.016¢ 3.522 + 0.016¢
3 0 0 3.589 4 0.012% 3.591 4 0.0122¢ 3.612 — 0.0154
0 1 1 3.832 4 0.008: 3.834 + 0.008¢ 3.833 + 0.008¢

4. Concluding remarks

In this paper, we studied two 3D non-Hermitian complex Hamiltonians, H, and H;, with
classical Lie transform method. The first Hamiltonian H, is PT symmetric when g is real
and all the low energy levels are found to be real and positive [16]. In this study it was
found that classical phase space of H, contains quasi-periodic trajectories. The semiclas-
sical energies were obtained as algebraic expressions and semiclassical eigenenergies are
found to be in very good agreement with numerical quantum eigenenergies. The second-
order Lie transform method produced more accurate eigenenergies than the second-order
RS perturbation theory. The second Hamiltonian Hj is PT symmetric when A, p, o and 3
are real and low level quantum eigenenergies are found to be real and positive. As for H,,,
semiclassical energies of this system are obtained as an approximate algebraic expression
and semiclassical eigenenergies are found to be in very good agreement with numerical
quantum eigenenergies. When A, i1 are real and « and 3 are complex, Hamiltonian is not
pseudo-Hermitian and the entire quantum eigenenergy spectrum is complex. In this case,
the classical trajectories are found to be non-quasi-periodic for all the energies. However,
the semiclassical eigenenergies are found to be in very good agreement with numerical
quantum eigenenergies.

In this study we found that the Lie transform based semiclassical method can be applied
to obtain semiclassical eigenvalues of multidimensional non-Hermitian Hamiltonian sys-
tems accurately. The validity of the method is independent of the existence of the classical
quasi-periodic motion at low energies.

44 Pramana - J. Phys., Vol. 76, No. 1, January 2011



Application of Lie transform perturbation method

References

(1]
(2]
(3]
(4]
(5]
(6]
(7]
(8]
(9]
(10]
(11]
[12]
(13]
(14]
[15]
(16]
(17]
(18]
(19]
(20]
[21]
(22]

G Hori, Publ. Astron. Soc. Japan 18, 287 (1966)

G Hori, Publ. Astron. Soc. Japan 19, 229 (1967)

R Ramaswamy and R Marcus, J. Chem. Phys. 74, 1385 (1981)

R Ramaswamy and R Marcus, J. Chem. Phys. 74, 1379 (1981)

C M Bender and S Boettcher, Phys. Rev. Lett. 80, 5243 (1998)

E Delabaere and F Pham, Phys. Lett. A250, 25, 29 (1998)

C M Bender, S Boettcher and P N Meisinger, J. Math. Phys. 40, 2201 (1999)

C M Bender, F Cooper, P N Meisinger and V M Savage, Phys. Lett. A259, 224 (1999)
C M Bender and G V Dunne, J. Math. Phys. 40, 4616 (1999)

C M Bender, D C Brody and H F Jones, Phys. Rev. Lett. 89, 270401 (2002)

A Nanayakkara, Czech. J. Phys. 54, 101 (2004); J. Phys. A: Math. Gen. 37, 4321 (2004)
A Nanayakkara, J. Phys. A: Math. Gen. 37, 4321 (2004)

C M Bender, S Boettcher and P N Meisinger, J. Math. Phys. 40, 2201 (1999)

C M Bender, J Chen, D W Darg and K A Milton, J. Phys. A: Math. Gen. 39, 4219 (2006)
C M Bender and D W Darg, J. Math. Phys. 48, 042703 (2007)

C M Bender, G V Dunne, P N Meisinger and M Simsek, Phys. Lett. A281, 311 (2001)
A Mostafazadeh, Phys. Lett. A357, 177 (2006)

C L Siegel and J L Moser, Lectures on celestial mechanics (Springer-Verlag, Berlin, 1971)
G D Birkhoff, Acta Math. 43, 1 (1922)

W Easter and R A Marcus, J. Chem. Phys. 61, 4301 (1974)

D W Noid and R A Marcus, J. Chem. Phys. 67, 559 (1977)

D W Noid, M L Koszykowski and R A Marcus, J. Chem. Phys. 67, 404, 4301 (1977)

Pramana - J. Phys., Vol. 76, No. 1, January 2011 45



	Application of Lie transform perturbation method for multidimensional non-Hermitian systems

	Abstract
	Introduction
	Classical Lie canonical transform
	Semiclassical eigenvalues
	Eigenvalues of Hb
	Concluding remarks
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


