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Abstract

In this paper, we study the RF feeding system for a set of standing-wave accelerator structures.

To avoid the initial reflections produced by the structures, sometimes these structures are fed in

pairs through a four-port 3-dB Hybrid. We present an extension to this system for an arbitrary

number of accelerator structures and show it is always possible to cancel the reflection back to

the source. The necessary and sufficient condition for this to happen depends only on the spacing

between accelerator structures. In this system, the structures are not fed in a binary hierarchal

system, rather in series with a set of directional couplers designed to bleed off an equal amount of

power to each accelerator structure in the set. We study the sensitivity of such a system to errors

resulting from the differences in accelerator structures spacing. We also study the sensitivity of

the system to component imperfections, such as the finite directivity of the directional couplers,

and the residual reflections from the loads that are attached to these couplers. We also study the

system under fault conditions, such as a breakdown in an accelerator structure or a feed waveguide.
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I. INTRODUCTION

Unlike traveling-wave accelerator structures, standing-wave accelerator structures gives a

high-reflected signal at the beginning of the input pulse. This is usually managed by using

a microwave circulator at the input port of the structure. An example of this RF system

is presented in the TESLA Design Report [1]. It is also possible to feed two accelerator

structures together through a 3-dB hybrid. If the distance between one of the proper ports

of the 3-dB hybrid and the first accelerator structure is equal to the distance between the

second accelerator structure and the second proper 3-dB hybrid port, the reflected signal

is directed to the fourth port of the hybrid where it is absorbed in a load. This isolates

the structures from the RF source. This technique was used for feeding SLAC’s X-band

standing-wave accelerator structures [2]. Here it is shown that feeding a set of standing-

wave accelerator structures with a chain of directional couplers can be arranged so that

there is no reflection back to the source. Also the structures are essentially decoupled

from each other. The system response under fault conditions due to RF breakdown in the

feeding waveguide or accelerator structures is studied, as well as the system response and

the coupling between accelerator structures due to the finite directivities of the directional

couplers. This type of RF distribution system is cost effective in long linacs containing many

accelerator structures, such as the ILC [3], because it eliminates circulators and simplifies

the RF waveguide distribution system.

II. SYSTEM ANALYSIS

Consider the system shown in Fig. 1. In this system, a set of n standing-wave accelerator

structures are fed by one waveguide running parallel to the structures. The waveguide

is interrupted by a series of n − 1 directional couplers that bleeds off some of the RF

power in the waveguide to feed the accelerator structures. The reflected signal from the

accelerator structures is then partially fed to the loads attached to the directional couplers

and depending on their relative phases some power is reflected to the source and some is

lost in the loads. To the extent of the finite directivity of the directional couplers, there

should be no power coupling from one accelerator structure to another due to the reflected

power. Clearly the last directional coupler (i.e., the n− 1 coupler) has to be a 3-dB Hybrid
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Figure 1: A chain of directional couplers feeding a set of standing-wave accelerator structures.

to split the power equally between the n and the n−1 accelerator structure. The directional

coupler before that, the n − 2 coupler, has to couple one-third of the incident power to

the structure and passes the remaining two-thirds of the power to the next coupler, etc.

A general expression for the scattering matrix of the ith four-port directional coupler that

guarantees unitarity and reciprocity, is then given by:

Sc(i) =

⎛
⎜⎜⎜⎜⎜⎝

0 1√
1−i+n 0

√
1 + 1

−1+i−n
1√

1−i+n 0
√

1 + 1
−1+i−n 0

0
√

1 + 1
−1+i−n 0 − 1√

1−i+n√
1 + 1

−1+i−n 0 − 1√
1−i+n 0

⎞
⎟⎟⎟⎟⎟⎠ . (1)

The port numbers are shown in Figure 2. To guarantee acceleration for a speed of light

particle, the RF phase difference, φ, between two successive accelerator structures depends

on the spacing L between the structures and is given by:

φ = −Lω
c

+ 2jπ, j ∈ Z. (2)

where ω is the operating angular frequency and c is the speed of light in free space. To

adjust this phase both the spacing between directional couplers, and the length of the arm

between the directional coupler and the accelerator structure are used. Note the phase angle

for the space between the ith coupler and (ith + 1) coupler by θ(i) .
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Figure 2: The ith directional coupler representation.

In order to satisfy Eq.(2) the phase angle ψ(i) produced by the arm connecting the ith

directional coupler to the ith accelerator structure has to have the following form:

ψ(i) = (i− 1)φ−
i−1∑
k=1

θ(k). (3)

Given the phase lengths at the fourth and second ports of the ith directional coupler, one

can define a new scattering matrix for the directional couplers, see Figure 2. The ports of

this scattering matrix are defined as follows:

• Port 1 is the input of the coupler.

• Port 2 is located at the input of the ith accelerator structure.

• Port 3 is connected to a matched load.

• Port 4 is located at the input of the (ith + 1) coupler.

This scattering matrix is given by:

S(i) =

⎛
⎜⎜⎜⎜⎜⎝

0 eiψ(i)√
1−i+n 0 ei θ(i)

√
1 + 1

−1+i−n
eiψ(i)√
1−i+n 0 eiψ(i)

√
1 + 1

−1+i−n 0

0 eiψ(i)
√

1 + 1
−1+i−n 0 −

(
ei θ(i)√
1−i+n

)
ei θ(i)

√
1 + 1

−1+i−n 0 −
(

ei θ(i)√
1−i+n

)
0

⎞
⎟⎟⎟⎟⎟⎠ .

(4)
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Assuming all standing-wave accelerator structures are identical, one can calculate the re-

flected power to the source. During the beginning of the charging phase (i.e., at a time

t << tf ; where tf is filling time of the accelerator structure) most of the power is being

reflected from the accelerator structure. One can then consider the worst case scenario,

where all the power is being reflected simultaneously from all accelerator structures. The

input vector to the ith scattering matrix is then given by:

V +(i) =

⎛
⎜⎜⎜⎜⎝

ei (
∑−1+i
k=1 θ(k))

√
1−i+n
n

ei (−1+i)φ√
n

0

V +
4 (i)

⎞
⎟⎟⎟⎟⎠ . (5)

The first component of that vector represents the input power to the coupler after the

signal has passed through the previous i−1 couplers. The second component represents the

reflected signal from the ith structure. The third components represent the reflection from

the load attached to the coupler and we assumed a matched load. The fourth component

V +
4 (i) represents the reflected signal from all the remaining accelerator structures after

being scattered through the remaining directional couplers. The scattered fields from the

ith directional coupler is given by:

V −(i) = S(i)V +(i). (6)

The scattered field from Port 1 of the ith directional coupler is the input to Port 4 of the

i− 1 coupler. For example:

V +
4 (i− 1) = V −

1 (i). (7)

For the last directional coupler in the chain, the n − 1 coupler, V +
4 is simply the reflection

from the last, the nth, accelerator structure and is given by:

V +
4 (n− 1) = e2 i (n−1)φ−i

∑−1+n
k=1 θ(k) 1√

n
. (8)

Using Eqs.(4) through (8) one can calculate the reflected signal to the source. By induction,

a general expression for that coefficient can be calculated and is given by:

V −
1 (1) =

ei (n−1)φ

2n

n∑
i=1

cos((−2 i+ n + 1) φ) =
sin(nφ)

n sin(φ)
ei (n−1)φ. (9)

Eq(9) is the fundamental result of this work. It shows that the reflection to the source

depends only on the spacing between accelerator structures (i.e., the angle φ). Also, it
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Figure 3: System response as seen from Port 1 of the first directional coupler. The system contains

eight accelerator structures and seven directional couplers

shows that it is always possible to choose this spacing to cancel the reflection completely to

the sources; this happens at φ = iπ/n, i �= jn, i, j ∈ Z. Using Eq(2), this spacing is then

given by:

L(i) = jλ− iλ

2n
, L �= kλ/2, i, j, k ∈ Z (10)

Eq(10) is plotted in Figure 3 for the case of eight accelerator structures, (n = 8). Several

comments on this graph are in order. The envelop of the reflection coefficient has a minimum

at L = iλ/2 + λ/4, i ∈ Z. One can show that this minimum is equal to 1/n. If one chooses

the separation between accelerator structure near this minimum, the resulting system would

not be very sensitive to the tolerance on this separation (i.e., one need not hit exactly the

septation that nulls the refection coefficient). This gives the system designer more freedom

to choose the distance between accelerator structures.

Some of the reflected power from the structures are absorbed by the loads that are

attached to the directional couplers. For n structures having a φ phase advance between

each two consecutive structures, an explicit expression for the power dissipated in jth load

is:

P (j, φ, n) =
sin2((j − n)φ) csc2(φ)

n(n− j)(n− j + 1)
− csc(φ) sin((1 − 2(j − n))φ)

n(n− j + 1)
+

1

n
. (11)

For the spacing between structures that makes the reflection coefficient identically zero, the

reflected power from the accelerator structures is distributed among the loads. In this case,
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Figure 4: Power distribution over the loads for a system satisfying Eq(10). The number of direc-

tional couplers and loads is seven and the number of accelerator structures is eight.

for a system with n structures separated by L(i), Eq (11) reduces to:

P (j, i, n) =
sin2

(
i(n−j)π

n

)
/ sin

(
iπ
n

)− (n− j) sin
(
i(2(n−j)+1)π

n

)
(n− j)(n− j + 1)n sin

(
iπ
n

) +
1

n
. (12)

Note that
∑n−1

j=1 P (j, i, n) = 1. Because P (j, i, n) is an even function of i, there is only �n/2�
possible distributions. Figure 4 shows a plot of the power distributions among the loads for

an eight-structure system for different structure separation L(i), i = 1, 2, 3, 4.

III. SYSTEM RESPONSE UNDER FAULT CONDITIONS

A. Residual Reflection due to Structure Failure

Now consider what happens if one of the structures fails. The following calculates two

cases. First, if the structure or its fundamental mode coupler starts to arc, and instead of

reflecting the power the power gets absorbed by the arc. It is assumed, for simplicity, the
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extreme case of the power being absorbed completely by the ith structure. Second, consider

the case of a structures or coupler failure long after all the structures are filled with energy

and essentially do not reflect any power back to the source. Also, for simplicity, consider

the extreme case of unity reflection coefficient from the ith structure, while the rest of the

structures are essentially matched.

For the first case, the residual reflection coefficient is:

Rres = V −
1 (1) =

ei(n−1)φ csc(φ) sin(nφ) − e2i(i−1)φ

n
(13)

If φ satisfies the spacing conditions given by Eq(10) then the magnitude of |Rres| = 1/n.

In the second case, where only one of the accelerator structures is reflecting the incident

power the residual reflection is also |Rres| = 1/n. This is obvious since the magnitude of the

coupling between the input port and any output port is 1/
√
n.

B. Residual Reflection and Coupling Between Structures due to Components Er-

rors

Consider the residual reflection and coupling between structures due to the finite di-

rectivity of the directional couplers and mismatches at the loads attached to them. The

construction of most directional coupler is such that the device has a set of reflection sym-

metries. Hence, at some reference planes that are chosen to reveal these symmetries, the

scattering matrix of an imperfect directional coupler should take the following form [4]:

S =

⎛
⎜⎜⎜⎜⎝
α β γ ζ

β α ζ γ

γ ζ α β

ζ γ β α

⎞
⎟⎟⎟⎟⎠ . (14)

Imposing unitarity to this form and shifting the reference planes of Ports 3 and 4 by −π/2,

one can write a an expression for the scattering matrix of an imperfect directional coupler

that is compatible with Eq(1):

S =

⎛
⎜⎜⎜⎜⎝

−α β γ ζ

β −α ζ γ

γ ζ α −β
ζ γ −β α

⎞
⎟⎟⎟⎟⎠ ; (15)
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α = δi

√
δ2
i + i− n

(i− n− 1) (δ2
i + 1)

; (16)

β =
1√

n− i+ 1
; (17)

γ =
δi√

n− i+ 1
; (18)

ζ =

√
i2+(δ2i−2n−1)i+n2−nδ2i−δ2i+n

δ2i+1

n− i+ 1
; (19)

where the directivity of the coupler di = −20 log(|δi|), δi ∈ R, |δi| � 1.

Now, we introduce a load at the third arm of the above four-port network. The load has

a residual reflection coefficient εi, εi ∈ C, |εi| � 1. The resultant three-port network has a

scattering matrix which, of course, is not unitary. We expand this matrix in orders of δi and

εi and keep only first order terms. Then the three-port network is represented by:

S3(i) =

⎛
⎜⎜⎜⎜⎝

−
√

1 + 1
i−n−1

δi
1√−i+n+1

√
1 + 1

i−n−1

1√−i+n+1

√
1 + 1

i−n−1

(√
1 + 1

i−n−1
εi − δi

)
δi−

√
1+ 1

i−n−1
εi√−i+n+1√

1 + 1
i−n−1

δi−
√

1+ 1
i−n−1

εi√−i+n+1

√
1 + 1

i−n−1
δi +

εi
−i+n+1

⎞
⎟⎟⎟⎟⎠ .

(20)

With reference to Figure 2, we move reference planes of Ports 2 and 3 with an angle ψ(i),

θ(i) respectively. This is similar to the transition from Eq(1) to Eq(4). Having an expression

for the the three-port scattering matrix for each coupler i allows us to cascade all of them

together [5] to get the total (n + 1) × (n + 1) scattering matrix S of the system. We now

list the results of this procedure that is correct only to first order in δi and εi.

As expected the coupling between the first port, Port 1 and the remaining n ports is

given by:

S1i =
ei(i−2)φ

√
n

, 2 ≤ i ≤ n+ 1. (21)

The intrinsic reflection coefficient of the system is now finite and is given by:

S11 = −
n−1∑
j=1

e2i
∑j−1
k=1 θ(k)

√
(n− j)(n− j + 1)

n
δj. (22)

The coupling between feeding ports is given by Sij = Sji that represent the coupling between

the port that feed accelerator j − 1 and accelerator i− 1 and is given by:

Sji = ei(i+j−4)φ

(
e−2i

∑j−2
l=1 θ(l)

(
δj−1√

(−j + n + 1)(−j + n+ 2)
− εj−1

−j + n + 2

)
+
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j−2∑
k=1

e−2i
∑k−1
l=1 θ(l)

(
δk + εk√

(n− k)(−k + n+ 1)
+

))
, 2 ≤ j ≤ n, i > j. (23)

The accelerator structure feeds are also mismatched and have a residual reflection coefficient

and is given by:

Sii = e2i(i−2)φ

(
e−2i

∑i−2
l=1 θ(l)

(
(n− i)

−i+ n+ 1
εi−1 −

√
n− i

−i+ n+ 1
δi−1

)
+

i−2∑
j=1

e−2i
∑j−1
l=1 θ(l)

(
(n− i)|i−j−2|εj(n− i+ 1)j−i + (n− i)|i−j−

3
2
|δj(n− i+ 1)(j−i+ 1

2
)
))

,

2 ≤ i ≤ n. (24)

Finally, the reflection seen by the nth accelerator structure is given by:

S(n+1)(n+1) = e2i(n−1)φ
n−1∑
j=1

e−2i
∑j−1
l=1 θ(l)

(
δj√

(n− j)(n− j + 1)
+

εj
(n− j)(n− j + 1)

)
. (25)

Eqs. (21) to (25) present all matrix elements for the scattering matrix representing the

distribution system.

Assuming that all the directivities of the couplers are equal; δj = δ, the residual reflection

coefficient, Eq(22), can have an upper limit when all the phases in the series are the same

(i.e., θ(k) − θ(1) = iπ, i, k ∈ Z). This upper limit is ≈ nδ/2. Up to this point, there is no

reason to specify the choice of θ(k). It is obvious that one can minimize or at least reduce

the residual reflection by scrambling the phases of the summation in Eq(22).

The same of course can be said about the coupling between accelerator structures; the

phases in the summation term can be used to minimize the coupling. However, in this case

one can also tune each coupler individually by adjusting the load reflection coefficient, εk

with respect to δk. This is accomplished experimentally by perturbing the the waveguide

connecting the load to the coupler. Finally, the reflection coefficient seen by each structure

benefits from this tuning procedure as well, but it can be taken into account when tuning

the coupling of each individual accelerator structure.

IV. CONCLUSION

The RF feeding system for a set of standing-wave accelerator structures was presented.

The system comprises a chain of directional coupler connected in series. Each coupler bleeds
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off an equal amount of power, and hence, their coupling is tapered along the chain. We also

presented a set of expressions that enables system designers to estimate system parameters

and errors. The fundamental results of this work is summarized in the following few points:

1. The reflected signal to the source depends only on the spacing between accelerator

structure.

2. By appropriate choice of the spacing between accelerator structures, the reflection to

the source from the system could be eliminated, see Eq(10). Hence, we eliminate the

need for using circulators in such a system.

3. The system has the advantage of low sensitivity to the system parameters as the

number of couplers in the chain is increased. The reflection to the source is least

sensitive near spacing L = iλ/2 + λ/4, i ∈ Z.

4. At fault conditions the reflected power to the source is ∼ 1/n2.

5. However, the value of an increased number of feeds starts to diminish at around 8 to

10 feeds. At the same time, errors due to components imperfection start to increase.

These errors are minimized by tuning individual couplers with respect to the attached

loads and also by adjusting the spacing between couplers.
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for very useful discussions.

[1] R. Brinkman, K. Flottman, J. Roßbach, P. Schmusser, N. Walker, and H. Weise(eds.), TESLA

Technical Design Report, Tech. Rep., DESY, Hamborg, Germany (2001), TESLA Technical

Design Report, http://tesla.desy.de/new pages/TDR CD/start.html.

[2] in V. A. Dolgashev, C. Adolphsen, D. Burke, G. Bowden, R. Jones, J. Lewandowski, Z. Li,

R. Loewen, R. Miller, C. Ng, C. Pearson, R. Ruth, et al.Proc. of the Particle Accelerator

Conference (PAC 03) (2003), pp. 1264–1266.

11



[3] First ILC Workshop–Towards an International Design of a Linear Collider (KEK, Tsukuba,

Japan, 2004), http://lcdev.kek.jp/ILCWS/.

[4] C. G. Montgomery, R. H. Dicke, and E. M. Purcell, Principles of Microwave Circuits (Boston

Technical Lithographers, Inc., 5 Bryant Road, Lexington, Massachusetts, USA, 1963)MIT Ra-

diation Laboratory Series of vol. 8, section12.17, p. 437, first ed.

[5] J. Neilson, P. Latham, M. Caplan, and W. Lawson, IEEE Transactions on Microwave Theory

and Techniques 37(8), 1165 (1988), see aslo Ref[3] cited therin.

12



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /CMYK
  /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 true
  /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 300
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


