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Abstract – Here we consider electromagnetic response of non-reciprocal bianisotropic materials in some extreme
regimes. The magneto-electric coupling is modeled by symmetric and antisymmetric uniaxial dyadics, which corre-
spond to the so called artificial Tellegen media and moving media, respectively. Extreme electromagnetic properties of
uniaxial non-reciprocal bianisotropic materials in the limiting case of nihility, when both permittivity and permeabil-
ity of the media tend to zero, and only the magneto-electric parameters define the material response, are studied.
Among other interesting effects, we show that the moving nihility materials provide the extreme asymmetry in the
phase shift of transmitted waves propagating along the opposite directions. Furthermore, we reveal a possibility to
create an angular filter with extreme sensitivity to the incidence angle, also using moving nihility slabs.
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1 Introduction

The metamaterial paradigm offers possibilities to design
and realize electromagnetic materials with desired values of
constitutive parameters (naturally, with some limitations). It
is of theoretical and practical interest to explore the properties
of artificial materials with extreme values of material parame-
ters, either very large or very small. Such extreme materials
show interesting, often extreme, electromagnetic properties
[1]. Recently, materials with very small values of the permittiv-
ity and/or permeability attracted attention due to some interest-
ing physical effects and application possibilities, see e.g. [2–4].
General properties of isotropic media with either very small or
very large parameter values were discussed in reference [1]. In
this paper we study some extreme cases of bianisotropic mate-
rials, focusing on the case of non-reciprocal materials.

It is well known that the difference of the plane-wave prop-
agation factors b of the two (circularly polarized) eigen-
waves in isotropic chiral media is defined by the chirality
parameter j in the Tellegen formalism as [5] b = k0 (N ± j),
where k0 ¼ x

ffiffiffiffiffiffiffiffiffi
�0l0
p

is the free-space wavenumber and

N ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�l=ð�0l0Þ

p
is the refractive index. In the extreme case

when N ! 0 but j 5 0, the propagation factors of the two
eigenmodes differ by sign, maximizing birefringence of
medium. In particular, mixtures of optimal helices [6, 7] with
j � 1 realize effective media with the propagation factor
b = �k0 for one of the circular polarizations, while the

same medium is transparent for the orthogonal circular polar-
ization [8]. This extreme-parameter medium is called chiral
nihility [9]. The concept of chiral nihility leads to understand-
ing of the chiral route to negative refraction and superlensing
with the use of chiral structures [9, 10]. In the context of this
work, we can say that the asymmetry in the propagation
constants of the two eigenwaves comes to its extreme (the
two values differ by sign) in the limiting case of chiral nihility.
The wave impedances of the two eigenwaves are always the
same as they do not depend on the chirality parameter j.

More recently, it was understood that there exist optimal
parameters (the optimal shapes and sizes of meta-atom inclu-
sions) also for another fundamental class of reciprocal bianiso-
tropic media: omega materials [11]. In contrast to chiral media
where the chirality breaks the symmetry of the propagation
constants of eigenwaves while the wave impedances are not
affected, in omega materials the properties are dual: Mag-
neto-electric coupling breaks the symmetry of the wave imped-
ances of the counter-propagating modes while the propagation
constants remain symmetric [12]. It was shown that omega
nihility media have extreme properties in reflection from a pla-
nar slab: the reflection coefficient changes its sign when one or
the other face of the slab is illuminated [13].

The goal of this work is to study the fundamental proper-
ties of non-reciprocal bianisotropic materials in the case when
the permittivity and permeability are negligibly small as com-
pared with the magneto-electric coupling coefficients and
understand what kinds of extreme wave properties can be
expected for such special materials.*e-mail: younes.radi@aalto.fi
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2 General solution for plane waves
propagating in uniaxial non-reciprocal media

In this work we concentrate on the properties of bianiso-
tropic materials in which the magneto-electric coupling is
due to non-reciprocal effects. Thus, we assume that the mate-
rial under study is non-chiral and there is no omega coupling.
In this case, the appropriate constitutive relations for non-
reciprocal bianisotropic media having uniaxial symmetry (the
axis direction is along the unit vector z0) are described by uni-
axial material dyadics as [12]

D ¼ � � Eþ ffiffiffiffiffiffiffiffiffi
�0l0
p

vt þ vnz0z0 � aJ t

� �
�H;

B ¼ l �Hþ ffiffiffiffiffiffiffiffiffi
�0l0
p ðvt þ vnz0z0 þ aJ tÞ � E:

ð1Þ

Here, � ¼ �0ð�tI t þ �nz0z0Þ and l ¼ l0ðltI t þ lnz0z0Þ are

the material permittivity and permeability, I t ¼ I � z0z0 is

the transverse unit dyadic, and J t ¼ z0 � I t is the 90 degree
rotator in the x � y plane. Parameters a and v(t, n) measure
the strength of magneto-electric coupling and are called the
effective velocity (in artificial moving media) and the Tellegen
parameter, respectively. For lossless materials, these coupling
parameters are real-valued.

In this paper we will derive field equations, study the prop-
agation factors and the wave impedances of the eigenwaves in
the general case of uniaxial non-reciprocal bianistropic media,
and then consider the extreme cases of nihility materials. In the
following derivations we use the general method for analysing
plane waves in uniaxial materials, described in [12, 14]. We
look for time-harmonic plane-wave solutions of the Maxwell
equations

r� E ¼ �jxB; r�H ¼ jxD ð2Þ
in form e–jkÆr, where the wavevector k = bz0 + kt (with
z0 Æ kt = 0). As we are considering structures with the uniaxial
symmetry, it is convenient to split the field vectors into the lon-
gitudinal and transverse parts with respect to the material axis z0:

E ¼ Enz0 þ Et; H ¼ H nz0 þHt ð3Þ
(here the vectors marked by index t are orthogonal to z0).
Substituting these fields into the Maxwell equations and per-
forming the two-dimensional Fourier transform in the trans-
verse plane (x � y), after some mathematical manipulations,
we arrive at a system of two equations for the transverse
components of electric and magnetic fields:

o

oz
þ jk0a

� �
I t � j k0vtI t �

vn

k0ð�nln � v2
nÞ

ktkt

� �
� J t

� �
� Et

¼ jxl0ltI t �
jg0ln

k0ð�nln � v2
nÞ

ktkt

� �
� z0 �Ht;

o

oz
þ jk0a

� �
I t þ J t � jk0vtI t �

jvn

k0ð�nln � v2
nÞ

� �� �
� z0 �Ht

¼ jx�0�tI t �
j�n

g0k0ð�nln � v2
nÞ

z0 � ktz0 � kt

� �
� Et:

ð4Þ

Here g0 ¼
ffiffiffiffi
l0
�0

q
is the free-space wave impedance, and kt

stands for the two-dimensional Fourier variable (the transverse
component of the propagation factor). Eliminating the

magnetic field from (4), we come up with a second-order equa-
tion for the transverse electric field component Et:

a11
ktkt

k2
t

þ a22
z0 � ktz0 � kt

k2
t

þ a12
ktz0 � kt

k2
t

þ a21
z0 � ktkt

k2
t

� �
� Et ¼ 0;

ð5Þ
where the coefficients read

a11 ¼
nk2

0

ltnk2
0 � lnk2

t

1

k0

o

oz
þ ja

� �2

� v2
t

lt

þ �t;

a22 ¼
1

lt

1

k0

o

oz
þ ja

� �2

� nk2
0

ltnk2
0 � lnk2

t

vnk2
t

nk2
0

� vt

� �2

� �nk2
t

nk2
0

þ �t;

a12 ¼ a21 ¼ �j
nk2

0

ltnk2
0 � lnk2

t

vnk2
t

nk2
0

� vt

� �
þ vt

lt

� �
1

k0

o

oz
þ ja

� �
;

ð6Þ
with n ¼ enln � v2

n. To derive the wave propagation factors b,
we assume a plane-wave solution in the form exp(–jbz)
and equate the determinant of (5) to zero. We get a bi-
quadratic eigenvalue equation for the propagation factor b:

b
k0
� a

� �4

� 2vt

vnk2
t

nk2
0

� vt

� �
� lt�nk2

t

nk2
0

þ lt�t þ �t lt �
lnk2

t

nk2
0

� �� �
b
k0
� a

� �2

þ nt �
v2

nk4
t

n2k4
0

� v2
t þ

2vtvnk2
t

nk2
0

� k2
t

nk2
0

�nlt þ �tlnð Þ þ �tlt þ
�nlnk4

t

n2k4
0

� �
¼ 0;

ð7Þ
where nt ¼ etlt � v2

t . Solutions of this equation for the wave
propagation factor b read

b ¼ k0a� k0

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�vt vt �

vnk2
t

nk2
0

� �
þ �tlt �

k2
t

2nk2
0

�tln þ �nltð Þ � 1

2

ffiffiffiffi
�
p

s
;

� ¼ k4
t

n2k4
0

�tln � �nltð Þ2 þ 4 �tltv
2
n þ �nlnv

2
t � vtvn �tln þ �nltð Þ

	 
� �
:

ð8Þ
To get a complete description of eigenwaves, we also need

to find the wave impedances for waves travelling in these mate-
rials. Dyadic wave impedances define the relations between the
transverse electric and magnetic fields components in plane
waves propagating in an unbounded medium. We define the
relation between transverse electric and magnetic fields as

Et ¼ �Z � z0 �Ht: ð9Þ

In this definition, the eigenvalues of Z which have positive
real parts correspond to waves propagating along the z-axis,
and eigenvalues having negative real part correspond to eigen-
waves propagating in the opposite direction. For the four eigen-
solutions, the wave impedances can be readily found from (4)
by substituting the corresponding propagation factors from (8).
After some dyadic algebra we find

Z ¼ g0

k0�t
ðb� k0aÞ

ktkt

k2
t

þ n�tk
2
0

n�tk
2
0 � �nk2

t

ðb� k0aÞ
kt � z0kt � z0

k2
t




�k0
�tðnvtk

2
0 � vnk2

t Þ
n�tk

2
0 � �nk2

t

z0 � ktkt

k2
t

þ vt

ktkt � z0

k2
t

� ��
;

ð10Þ
where b is given by (8).
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3 Tellegen and moving nihility

In the previous section, we derived the general solutions for
the propagation constant and wave impedance in non-reciprocal
uniaxial bianisotropic media. Next, we will study what extreme
properties, we can expect if the permittivity and permeability of
the materials are negligibly small (bianisotropic nihility).

3.1 Tellegen nihility

To find the wave propagation factor for the case of Tellegen
nihility, we just need to substitute a = 0 in (8). Let us consider
the Tellegen nihility case where et, en, lt, and ln tend to zero.
In this case the wave propagation constant reads

b ¼ �jk0

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
vt vt þ

k2
t

vnk2
0

� �s
: ð11Þ

As it can be seen from this equation, for lossless media the
propagation constants can be purely real, purely imaginary, or
zero. For the cases where b 5 0, for arbitrary propagation
directions all the components of the wave impedance dyadics
tend to infinity meaning that these modes do not couple to
free-space modes at the sample boundaries. For the case where
b = 0, all the components of the wave impedance dyadics tend
to infinity except the component corresponding to z0 � ktkt=k2

t
which tends to zero.

Another interesting extreme case is the case where only the
transverse components of permittivity and permeability tend to
zero et, lt ! 0 but the normal components of the permittivity
and permeability dyadics may have any arbitrary non-zero val-
ues. The propagation constant for this case reads

b ¼ �jk0

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
vt vt �

vnk2
t

nk2
0

� �
� k2

t

nk2
0

vt

ffiffiffiffiffiffiffiffiffi
enln

p
s

: ð12Þ

In this case, for some design parameters, the propagation
constants can even take real values. All the components of the
wave impedance dyadics tend to infinity except z0 � ktkt=k2

t
component which gets a purely real value. This interesting
wave-propagation phenomenon in Tellegen media happens
only in the case of non-axial propagation. For axial propaga-
tion, the propagation constants are purely imaginary and all
components of the wave impedance dyadics tend to infinity.

3.2 Moving nihility

For the case of an artificial moving medium, by substituting
vt = vn = 0 in (8), the four values of the propagation constant
are given by

b ¼ k0a� k0

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�tlt �

k2
t

k2
0

lt

ln

s
and

b ¼ k0a� k0

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�tlt �

k2
t

k2
0

�t

�n

s
:

ð13Þ

Now let us consider the moving nihility case where et, en,
lt, and ln tend to zero with the same rate. In the case of obli-
que propagation (kt 5 0), the wave propagation factors read

b ¼ k0a� jkt ð14Þ

while the wave impedances are

Z ¼ 1 ktkt

k2
t

þ1 kt � z0kt � z0

k2
t

þ 0
z0 � ktkt

k2
t

þ 0
ktkt � z0

k2
t

;

ð15Þ
however, for the case of axial propagation (kt = 0), the prop-
agation factors and wave impedances simplify to

b ¼ k0a; Z ¼ �g0I t: ð16Þ

These interesting results show that such a medium can sup-
port both forward and backward waves propagating along the
axis. In other words, it behaves as a Veselago medium [15] for
waves propagating in one direction along the axis and as vacuum
for waves propagating in the opposite direction. Let us consider a
material slab of thickness d in free space, filled with a moving
nihility material under illumination of a normally incident plane
wave. Such a layer is matched for waves hitting any of its sides,
however, the transmission coefficient T is different:

R ¼ 0; T ¼ e�jk0ad : ð17Þ

Similar results were already discovered for metasurfaces
with moving magneto-electric coupling [16].

Another interesting example is the case where only trans-
verse components of permittivity and permeability tend to
zero. The propagation constant equals

b ¼ k0a ð18Þ

while the wave impedance becomes

Z ¼ 1 ktkt

k2
t

þ1 kt � z0kt � z0

k2
t

þ 0
z0 � ktkt

k2
t

þ 0
ktkt � z0

k2
t

:

ð19Þ
For the axial propagation the wave impedance equals to

that of free space for both propagation directions:

Z ¼ �g0I t: ð20Þ
It is seen that for axially propagating plane waves in a mov-

ing nihility medium we have g0 wave impedance for waves
propagating in both directions, while for waves propagating
in any other direction the diagonal components of the imped-
ance dyadics tend to infinity. A slab of such material consti-
tutes an ideal angular filter.

4 Conclusion

Exotic and extreme properties of non-reciprocal nihility
materials have been considered. We have studied Tellegen
and moving nihility media. It was found that, for specific
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material parameters, oblique wave propagation is possible in a
Tellegen nihility medium while axial propagation is not possi-
ble. It was shown that lossless moving nihility materials exhibit
extreme asymmetry in the phase propagation constants for
oppositely directed waves, so that the phase shift for waves
transmitted through a slab in one direction is negative with
respect to the phase shift for the oppositely-bound waves.
We have also revealed an effect of extreme sensitivity of the
reflection coefficient on the incidence angle for moving nihility
slabs. It was found that the rate in which e and l tend to zero
is, for some cases, a factor which determines the electromag-
netic response of the composite.

References

1. A. Sihvola, S. Tretyakov, A. de Baas, Metamaterials with
extreme material parameters, J. Commun. Technol. Electron.
52 (2007) 986–990.

2. R.W. Ziolkowski, Propagation in and scattering from a matched
metamaterial having a zero index of refraction, Phys. Rev. E
70 (2004) 046608.

3. A.M. Mahmoud, N. Engheta, Wave-matter interactions in
epsilon-and-mu-near-zero structures, Nature Commun. 5
(2014) 5638.

4. N. Engheta, Pursuing near-zero response, Science 340 (2013)
286–287.

5. I.V. Lindell, A.H. Sihvola, S.A. Tretyakov, A.J. Viitanen,
Electromagnetic waves in chiral and bi-isotropic media, Artech
House, Norwood, MA, 1994.

6. I.V. Semchenko, S.A. Khakhomov, A.L. Samofalov, Radiation
of circularly polarized electromagnetic waves by the artificial
flat lattice with two-turn helical elements, in Proc. of the 10th
International Conference on Complex Media and Metamaterials,
Ghent, Belgium, 2004, pp. 236–239.

7. I.V. Semchenko, S.A. Khakhomov, A.L. Samofalov, Optimal
shape of spiral: equality of dielectric, magnetic and chiral
properties, in Proc. of NATO ARW & META’08, Marrakesh,
Morocco, 2008, pp. 71–80.

8. I.V. Semchenko, S.A. Khakhomov, S.A. Tretyakov, Chiral
metamaterial with unit negative refraction index, Eur. Phys. J.
Appl. Phys. 46 (2009) 32607.

9. S. Tretyakov, I. Nefedov, A. Sihvola, S. Maslovski, C.
Simovski, Waves and energy in chiral nihility, J. Electromagn.
Waves Appl. 17 (2003) 695–706.

10. S. Tretyakov, A. Sihvola, L. Jylhä, Backward-wave regime and
negative refraction in chiral composites, Photon. Nanostruct.
Fund. Appl. 3 (2005) 107–115.

11. S.A. Tretyakov, The optimal material for interactions with
linearly-polarized electromagnetic waves, in Proc. of The
Fourth International Congress on Advanced Electromagnetic
Materials in Microwaves and Optics (Metamaterials’2010),
Karlsruhe, Germany, 2010, pp. 65–67.

12. A.N. Serdyukov, I.V. Semchenko, S.A. Tretyakov, A. Sihvola,
Electromagnetics of bi-anisotropic materials: theory and appli-
cations, Gordon and Breach Science Publishers, Amsterdam,
2001.

13. Y. Radi, S.A. Tretyakov, Electromagnetic phenomena in omega
nihility media, in Proc. of The Sixth International Congress on
Advanced Electromagnetic Materials in Microwaves and Optics
(Metamaterials’2012), St. Petersburg, Russia, 2012, pp. 764–
766.

14. S.A. Tretyakov, A.A. Sochava, Reflection and transmission of
plane electromagnetic waves in uniaxial bianisotropic materials,
Int. J. Infrared Millim. Waves 15 (1994) 829–856.

15. V.G. Veselago, The electrodynamics of substances with simul-
taneously negative values of e and l, Sov. Phys. Usp. 10 (1968)
509–514.

16. Y. Ra’di, V.S. Asadchy, S.A. Tretyakov, One-way transparent
sheets, Phys. Rev. B 89 (2014) 075109.

Cite this article as: Ra’di Y, Asadchy VS & Tretyakov SA: Nihility in non-reciprocal bianisotropic media. EPJ Appl. Metamat. 2015, 2, 6.

4 Y. Ra’di et al.: EPJ Appl. Metamat. 2015, 2, 6


	Introduction
	General solution for plane waves propagating in uniaxial non-reciprocal media
	Tellegen and moving nihility
	Tellegen nihility
	Moving nihility

	Conclusion
	References


<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
  >>
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /WorkingRGB
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


