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ABSTRACT An analytical formula for the average intensity
of cosh-Gaussian (ChG) beams diffracted by an aperture in
turbulent atmosphere is derived and some limiting cases are dis-
cussed. By using the average intensity formula, some numerical
simulation comparisons are made and some special cases are
studied, especially the influences of the ChG beam parameter
(Ω0), the propagation distance, the aperture and its size on the
average normalized intensity distribution. It is determined that
the evolution properties of the average normalized intensity pro-
file in turbulent atmosphere with aperture are different not only
from those of free space with aperture but also from those in
turbulent atmosphere without aperture.

PACS 42.68.Bz; 42.79.Ag; 42.25.Fx

1 Introduction

Hermite-sinusoidal-Gaussian (HSG) beams were
introduced by Casperson et al. and a comprehensive study of
HSG beam theory has been given [1–3]. Since then the prop-
erties of HSG beams have attracted much attention and several
related studies have appeared in the literature [4–8]. In fact,
the HSG beams represent the more general beams. A Gaus-
sian beam, a Hermite–Gaussian beam, a cosh-Gaussian
(ChG) beam and a sinh-Gaussian beam can be regarded as
special cases of them. Among the sets of HSG beams, the
ChG beams have some important applications; for example,
ChG dependence exhibits a concentration of energy in the
outer lobes of a beam that can be used in the space diversity
applications in free-space optics (FSO) systems. In addition,
their profiles can also resemble closely the flat-topped field
distributions by a suitable choice of beam parameters. Their
production and propagation in free space with or without
a hard-edge aperture have been studied [9–11].

A laser beam propagating in the atmosphere will be af-
fected by turbulence. It will cause distortions in the intensity,
phase, angle of arrival and displacement of the laser beam
at the observation plane. With the wide applications of laser
beams in the atmosphere, various theoretical models have
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been proposed to describe the effects of turbulence on the in-
duced image degradation and intensity fluctuations [12–16].
Much work has been carried out concerning the propaga-
tion of a laser beam in turbulent atmosphere. In particular,
Eyyuboğlu and Baykal presented the reciprocity of cos-
Gaussian and cosh-Gaussian beams [17] and the average in-
tensity of cosh-Gaussian beams in turbulent atmosphere [18].
Eyyuboğlu investigated the propagation of Hermite-cos-
Gaussian [19] and Hermite-cosh-Gaussian [20] laser beams
in turbulent atmosphere. Cai and He studied the propagation
of various dark hollow beams in turbulent atmosphere [21].
However, these studies have been restricted to the unapertured
cases.

In practice, the aperture effect exists more or less. On the
one hand, the diffraction by an aperture ultimately determines
the limiting resolution in an optical system. But, on the other
hand, diffraction by an aperture could control the propagation
of laser beams. It is hoped that the propagation rules of laser
beams limited by an aperture could promote the application of
laser beams in turbulent atmosphere, such as optical commu-
nication, phased arrays and optical super-resolution. In this
paper, our center of interest is on ChG beam propagation in
turbulent atmosphere limited by an aperture. The relations be-
tween the average intensity and the propagation distance, the
size of the aperture and the parameters of the ChG beam will
redound to the applications of a ChG beam propagating in tur-
bulent atmosphere.

2 The average intensity of ChG beam diffracted
by an aperture in turbulent atmosphere

In the Cartesian coordinate system, the field of
ChG beams propagating in free space along the z-axis is given
by [1]

E0(x, y, 0) = exp
(

− x2 + y2

w2
0

)
cosh(Ω0x) cosh(Ω0 y) , (1)

where w0 is the waist width of the Gaussian amplitude distri-
bution and Ω0 is the parameter associated with the cosh part.
Assume that, as shown in Fig. 1, an aperture with radius a is
located at the source plane (z = 0), and the receiver plane is
located at the z-plane. Here, (x, y) and (p, q) denote the trans-
verse coordinates of the source and the receiver, respectively.
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FIGURE 1 Propagation geometry

The field just behind the aperture reads

E(x, y, 0) = t(x, y) exp

(
− x2 + y2

w2
0

)
cosh(Ω0x) cosh(Ω0 y) ,

(2)

where the window function t(x, y) of the hard-edge aperture is
written as

t(x, y) =
{

1 , x2 + y2 ≤ a2 ,

0 , otherwise.
(3)

According to the extended Huygens–Fresnel principle, the
average intensity at the z-plane can be expressed as [17]

〈I(p, q, z)〉

= k2

(2πz)2

∞∫
−∞

∞∫
−∞

∞∫
−∞

∞∫
−∞

E(x, y, 0)E∗(ξ, η, 0)

× exp

{
ik

2z

[
(p − x)2 + (q − y)2 − (p − ξ)2 − (q −η)2]}

×〈exp[ψ(x, y, p, q)+ψ∗(ξ, η, p, q)]〉dx dy dξ dη , (4)

where k is the wave number, the asterisk (∗) denotes com-
plex conjugation and 〈 〉 indicates the ensemble average over
the medium’s statistics covering the log-amplitude and phase
fluctuations due to the turbulent atmosphere. ψ(x, y, p, q), the
solution to the Rytov method, represents the random part of
the complex phase of a spherical wave that propagates from
the source point (x, y, 0) to the receiver point (p, q, z). The
ensemble average term within the integrand of (4) is [22]

〈exp[ψ(x, y, p, q)+ψ∗(ξ, η, p, q)]〉
= exp[−0.5Dψ(x − ξ, y −η)]
= exp

{
− 1

�2
0

[
(x − ξ)2 + (y −η)2]} , (5)

where Dψ(x − ξ, y −η) is the wave structure function, �0 =
(0.545C2

nk2z)−3/5 is the coherence length of a spherical wave
that propagates in the turbulent medium and C2

n is the structure
constant. As the wave structure function is approximated by
the phase structure function, Rytov’s phase structure function
is used here. It is valid not only in the case of weak turbu-
lence, but also in the case of strong turbulence [23]. In order
to obtain a simple and analytical formula, a Kolmogorov spec-
trum and a quadratic approximation of the 5/3 power law
for Rytov’s phase structure function are also employed. By

substituting (2) and (5) into (4), the average intensity at the
receiver plane becomes

〈I(p, q, z)〉

= k2

(2πz)2

∞∫
−∞

∞∫
−∞

∞∫
−∞

∞∫
−∞

t(x, y)E0(x, y, 0)t∗(ξ, η)E0(ξ, η, 0)

× exp

(
ik

2z

[
(p − x)2 + (q − y)2 − (p − ξ)2 − (q −η)2])

× exp
(

− 1

�2
0

[
(x − ξ)2 + (y −η)2])dx dy dξdη . (6)

In order to obtain the analytical expression of the average in-
tensity, we first expand the hard-edge aperture function as the
sum of complex Gaussian functions with finite terms [24]:

t(x, y) =
m∑

j=1

Bj exp
[
−Cj

a2
(x2 + y2)

]
, (7)

where the complex constants Bj and Cj are the expansion co-
efficients that can be obtained by optimization computation
directly [25]. If we insert (7) into (6) and assume that

f(p, z) =
∞∫

−∞

∞∫
−∞

exp
[
−

(
1

w2
0

+ Cj

a2

)
x2

]
cosh(x)

× exp

[
−

(
1

w2
0

+ C∗
s

a2

)
ξ2

]
cosh(ξ)

× exp
(

ik

2z

[
(p − x)2 − (p − ξ)2])

× exp
[
− 1

�2
0

(x − ξ)2
]

dx dξ , (8)

(6) can be expressed as

〈I(p, q, z)〉 = k2

(2πz)2

m∑
j=1

m∑
s=1

Bj B∗
s f(p, z) f(q, z) . (9)

By using the integral formula [26]

∞∫
−∞

exp(−p2x2 ∓qx)dx =
√

π

p
exp

(
q2

4p2

)
, (10)

(8) can be expressed as

f(p, z) = π�2
0

4
√

β1β2�
4
0 −1

×
{[

exp
(

β1�
4
0α

2
1

4β1β2�
4
0 −4

)
+ exp

(
β1�

4
0α

2
2

4β1β2�
4
0 −4

)]

× exp
[

1

4β1

(
Ω0 − ik

z
t

)2]

+
[

exp
(

β1�
4
0α

2
3

4β1β2�
4
0 −4

)
+ exp

(
β1�

4
0α

2
4

4β1β2�
4
0 −4

)]

× exp

[
1

4β1

(
Ω0 + ik

z
t

)2]}
, (11)
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where

β1 = 1

w2
0

+ 1

�2
+ C∗

g

a2
− ik

2z
, (12)

β2 = 1

w2
0

+ 1

�2
+ Cj

a2
− ik

2z
, (13)

α1 = ik p

z

(
1 − 1

β1�2

)
−

(
1 − 1

β1�2

)
Ω0 , (14)

α2 = ik p

z

(
1 − 1

β1�2

)
+

(
1 + 1

β1�2

)
Ω0 , (15)

α3 = ik p

z

(
1 − 1

β1�2

)
−

(
1 + 1

β1�2

)
Ω0 , (16)

α4 = ik p

z

(
1 − 1

β1�2

)
+

(
1 − 1

β1�2

)
Ω0 . (17)

From (9) and (11)–(17), the average intensity at an arbitrary
position for a ChG beam diffracted by an aperture in turbulent
atmosphere can be obtained. As the series is finite, a more con-
venient method is provided to investigate the average intensity
of ChG beams with aperture in turbulent atmosphere. If we set
a → ∞, from (9) the average intensity of ChG beams without
aperture in turbulent atmosphere can be obtained:

〈I(p, q, z)〉 = k2

(2πz)2
f(p, z) f(q, z) . (18)

From (11)–(17), f(p, z) within (18) can be simplified to

f(p, z) = π�0zw2
0

2
√

8z2w2
0 + k2w4

0�
2
0 +4z2�2

0

×
{

2 exp

[
2�2

0w
2
0

(
Ω2

0 z2 − k2 p2
)

8z2w2
0 + k2w4

0�
2
0 +4z2�2

0

]

× cos
(

4kzΩ0�
2
0w

2
2 p

8z2w2
0 + k2w4

0�
2
0 +4z2�2

0

)

+ exp

[
2w2

0

(
2Ω2

0w
2
0z2 +Ω2

0z2�2
0 − k2�2

0 p2
)

8z2w2
0 + k2w4

0�
2
0 +4z2�2

0

]

×
[

exp
(

2k2Ω0�
2
0w

4
2 p

8z2w2
0 + k2w4

0�
2
0 +4z2�2

0

)

+ exp

( −2k2Ω0�
2
0w

4
2 p

8z2w2
0 + k2w4

0�
2
0 +4z2�2

0

)]}
.

(19)

Here, we point out that in our paper the cosh part (cosh(ax)×
cosh(ay)) is in disagreement with the cosh part (cosh(ax +
by)) in [18]. Since cosh(ax) cosh(ay) = 0.5[cosh(ax −ay)+
cosh(ax + ay)], we can obtain (18) and (19) of our paper
from (17) of [18]. Study shows that (18) and (19) agree
with (17) of [18]. From (18) and (19) and setting Ω0 = 0, the
average intensity of Gaussian beams without aperture in tur-
bulent atmosphere can be expressed as

〈I(p, q, z)〉 = k2w4
0�

2

k2w4
0�

2 +4z2
(
2w2

0 +�2
)

× exp
[

− 2k2w2
0�

2(p2 +q2)

k2w4
0�

2 +4z2
(
2w2

0 +�2
)
]

. (20)

Equation (20) is in accordance with the existing results
of Gaussian beams without aperture in turbulent atmo-
sphere [17, 18].

If we set �0 → ∞, (19) can be simplified to

f(p, z) = πzw2
0

2
√

k2w4
0 +4z2

× exp
[

2w2
0

(
k2 p2 + k2Ω0w

2
0 p −Ω2

0z2
)

k2w4
0 +4z2

]

×
{

1 + exp

[
4k2Ω0w

4
0 p

k2w4
0 +4z2

]

+2 exp
[

2k2Ω0w
4
0 p

k2w4
0 +4z2

]
cos

(
4kzΩ0w

2
2 p

k2w4
0 +4z2

)}
.

(21)

Equations (18) and (21) are the expressions of the inten-
sity of ChG beams without aperture in free space. It should
be pointed out that the analytical formula (9) is an approxi-
mate analytical expression by using a sum of finite-term com-
plex Gaussian functions to express a hard-edge aperture. The
studies [26, 27] showed that the method can provide satisfac-
tory results in the far field. For example, the Fresnel number
Fw ≤ 1 (Fw = w2

0/λz), the error being less than 1%. But, the
error increases with increasing Fresnel number. For example,
for a Fresnel number Fw = 7, the error can reach 10%. How-
ever, for the limiting cases, (18)–(21) are precise expressions.

3 Numerical calculation results and analyses

In order to study the variation of the average inten-
sity of ChG beams diffracted by an aperture in turbulent atmo-
sphere with different parameters, some numerical simulations
are performed. Here, we choose the deuterium fluoride (DF)
chemical laser mid-infrared wavelength (λ = 3.8 ×10−6 m).
Because the circular aperture and the ChG beams at the source
plane adopted in this paper are x–y symmetric, the average
intensity distributions at the receiver plane are x–y symmet-
ric. The properties of one-dimensional intensity distributions
can reflect the properties of a two-dimensional intensity dis-
tribution. Therefore, we adopt one-dimensional intensity dis-
tributions in the following numerical calculation and analysis.
Here, we define the one-dimensional average normalized in-
tensity as

〈Jp(p, z)〉 = 〈Ip(p, z)〉
P0(0)

, (22)

P0(0) =
∞∫

−∞
E2

0(x, 0)dx =
√

2πw0

4

[
exp

(
w2

0Ω
2
0

2

)
+1

]
,

(23)

where 〈Jp(p, z)〉 is the one-dimensional average normalized
intensity and P0(0) is the incident power of the ChG beams.
Without aperture, 〈Ip(p, z)〉 can be expressed as

〈Ip(p, z)〉 = k

2πz
f(p, z) (24)
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and 〈Jp(p, z)〉 satisfies the equation

∞∫
−∞

Jp(p, z)d p = 1 . (25)

Within (24), f(p, z) is in the form of (19). With aperture,
〈Ip(p, z)〉 can be expressed as

〈Ip(p, z)〉 = k

2πz

m∑
j=1

m∑
s=1

Bj B∗
s f(p, z) . (26)

Within (24), f(p, z) is in the form of (11)–(17). Figure 2 repre-
sents the one-dimensional average normalized intensity distri-
bution for different Ω0 with w0 = 0.1 m at the input plane just
before the aperture, where

J0x(x, 0) = E0x(x, 0)

P0(0)
, (27)

E0x(x, 0) = exp

(
− x2

w2
0

)
cosh(Ω0x) . (28)

From Fig. 2 and in order to compare with Fig. 1a in [10], we
can see that for a small value of Ω0, the one-dimensional aver-
age normalized intensity profile of the ChG beam is similar to
a Gaussian distribution (without a central dip) and, with Ω0

increasing, the profile becomes flat-topped (Ω0 = 14.4 m−1).
Moreover, with Ω0 further increasing, the central dip ap-
pears, and becomes larger and deeper. In order to compare
with the one-dimensional average normalized intensity pro-
files at the z-plane of the ChG beam diffracted by an aper-
ture in turbulent atmosphere, the one-dimensional average
normalized intensity distribution 〈Jp(p, z)〉 versus different
Ω0 with C2

n = 10−14 m−2/3, w0 = 0.1 m and λ = 3.8 ×10−6 m
for the unapertured case are represented (calculated by (24)
and (19)), as shown in Fig. 3. Meanwhile, under the same
conditions of Fig. 3, the one-dimensional average normalized
intensity profiles at the z-plane (z = 8 ×103 m) of ChG beams
diffracted by an aperture (a = 0.1 m) are shown in Fig. 4 (cal-
culated by (26) and (11)–(17)).

FIGURE 2 One-dimensional average normalized intensity distributions of
ChG beams at the input plane just before the aperture, where w0 = 0.1 m

FIGURE 3 One-dimensional average normalized intensity distributions of
ChG beams with different Ω0 for unapertured case at the z-plane, where z =
8×103 m, λ = 3.8×10−6 m and C2

n = 10−14 m−2/3

From Figs. 2 and 3 and on comparing with Fig. 1c
in [10], we can see that the evolution properties of the one-
dimensional average normalized intensity profile in turbulent
atmosphere are different from those in free space. In turbulent
atmosphere, the one-dimensional average normalized inten-
sity profile of the ChG beam at the z-plane (z = 8 ×103 m) has
changed much compared with the profile at the input plane.
Namely, for a small value of Ω0 (Ω0 = 14.4 m−1), the flat-
topped profile disappears and becomes a profile that bears
some resemblance to the intensity profile of a Gaussian beam
(see the dotted lines in Figs. 2 and 3). For Ω0 = 30 m−1, the
central dip of the normalized intensity profile at the z-plane
disappears and becomes flat-topped (see the dashed lines in
Figs. 2 and 3). For Ω0 = 45 m−1, the central dip begins to
disappear (see the solid lines in Figs. 2 and 3). Meanwhile,
the peak values of the one-dimensional average normalized
intensity at the z-plane all decrease.

Figures 3 and 4 show that the one-dimensional normalized
intensity profile is affected little by the aperture for a small

FIGURE 4 One-dimensional average normalized intensity distributions of
ChG beams with an aperture with different Ω0 at the z-plane, where
a = 0.1 m, z = 8×103 m, λ = 3.8×10−6 m and C2

n = 10−14 m−2/3



CHU et al. Propagation of cosh-Gaussian beams diffracted by a circular aperture in turbulent atmosphere 551

FIGURE 5 One-dimensional average normalized intensity distributions of ChG beams with different propagation distance, where Ω0 = 45 m−1,
λ = 3.8×10−6 m and C2

n = 10−14 m−2/3

value of Ω0 but, with the value of Ω0 increasing, the effect
due to the aperture increases greatly. For example, the one-
dimensional average normalized intensity profile for Ω0 =
45 m−1 in Fig. 4 is hardly seen. This is because the peaks’
span of the intensity distribution of the incident ChG beams
for Ω0 = 45 m−1 is so large that only little energy could pass
though the aperture. Figure 5 represents the one-dimensional
normalized average intensity distribution for different propa-
gation distances with and without aperture.

From Fig. 5 we can see that the evolution properties of
the one-dimensional average normalized intensity profiles
with an aperture in turbulent atmosphere are similar to those
for the unapertured case. Namely, the central dips disap-
pear gradually as the propagation distance z increases. In
the far field, the central dips disappear completely and the
beams become Gaussian beams (without a central dip), but
the conversion with an aperture is quicker than that without
an aperture. However, the evolution properties of the one-
dimensional average normalized intensity profiles of ChG
beams propagating in turbulent atmosphere are also closely
related with the radius of the aperture. Figure 6 represents the
one-dimensional normalized average intensity distribution for
different apertures.

Figure 6 depicts that for a small value of a, the variation of
the aperture size will affect greatly the one-dimensional aver-
age normalized intensity distribution (see the dashed line in

FIGURE 6 One-dimensional average normalized intensity distributions of
a ChG beam with different radius of aperture at the z-plane, where Ω0 =
30 m−1, λ = 3.8×10−6 m, C2

n = 10−14 m−2/3 and z = 8×103 m

Fig. 4 and the dotted line in Fig. 6). With the value of a in-
creasing, the one-dimensional average normalized intensity
distribution is close to the unapertured case (see the dashed
and solid lines in Fig. 6).

4 Conclusion

In this paper we have derived an approximate an-
alytical formula for the average intensity of ChG beams
diffracted by an aperture in turbulent atmosphere. Some lim-
iting cases were studied. It agrees with the existing results.
In order to see the properties of ChG beams with aperture in
turbulent atmosphere, one-dimensional average normalized
intensity profiles with different parameters have been studied
and numerically calculated. It demonstrates that the propa-
gation distance, the parameter of the ChG beams (Ω0), the
aperture and its size all affect the average intensity distri-
butions of ChG beams propagating in turbulent atmosphere.
A turbulent atmosphere could transform the intensity pro-
files of ChG beams to the intensity profiles of Gaussian
beams (without a central dip) as the propagation distance z
increases. The conversion with an aperture is quicker than
that without an aperture and this process is further acceler-
ated by the aperture size or the value of Ω0 decreasing. But,
when the size of the aperture is large enough, the effects
of the aperture on the average intensity are too small to be
measured.
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20 H.T. Eyyuboğlu, Opt. Commun. 245, 37 (2005)



552 Applied Physics B – Lasers and Optics

21 Y. Cai, S. He, Opt. Express 14, 1353 (2006)
22 C.H. Wang, M.A. Plonus, J. Opt. Soc. Am. 69, 1297 (1979)
23 A. Ishimaru, Appl. Opt. 16, 3190 (1977)
24 J.J. Wen, M.A. Breazeale, J. Acoust. Soc. Am. 83, 1752 (1998)

25 Y. Zhang, Opt. Commun. 248, 317 (2005)
26 I.S. Gradshteyn, I.M. Ryzhik, Tables of Integrals, Series and Products

(Academic, New York, 1980)
27 Z. Mei, D. Zhao, J. Gu, Opt. Commun. 267, 58 (2006)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /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
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


