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Abstract—This paper presents the experimental results of
R,/Q, measurements in Kklystron cavities using the
perturbation technique. The theory involving this technique
results in an expression which depends on the natural frequency
/, and the perturbed frequency shift Af , both measured using
a cylindrical reentrant cavity with offset gap built in the
laboratory. In addition, it is used a cylindrical cavity (pill-box)
to calculate a constant that depends on the geometry of the
perturbed object, as well as analytical expressions to calculate
an integral factor that relates the square of the voltage on axis
and the electric energy originally stored in the small volume of
the perturbed object. The values measured of f , Af and
R,/Q, are, respectively, 2.86 GHz, - 5.27 MHz and 79.8 Q.
They are also compared with the results simulated by a 3D
eigensolver obtaining a good agreement.

Keywords — Klystron cavity R, /Q, , Slater’s perturbation

technique, cylindrical reentrant cavity, perturbed frequency shift.

L INTRODUCTION

The cavity R,/Q, is one of the most important
parameters to be determined in the design of a klystron
amplifier. In this problem the gain of a klystron is
proportional to the cavity shunt resistance R, , while
bandwidth proportional to the cavity 1/(Q,, so that R, /Q, is
a useful figure of merit in describing the effect of the each
cavity on the gain-bandwidth product of overall amplifier.
Therefore, it is relevant when, for example, one of the design
requirements is high product gain-bandwidth. Moreover, since
the R, /O, quantity is independent of cavity losses it is a very
relevant figure of merit. Furthermore, it is dependent on the
geometric shape of the cavity and frequency.

Although there are some electromagnetic field codes
available now to calculate of the cavity R,/Q, , the
experimental measurements provide considerable insight on
the role of a cavity and its gap [1]-[3] over the amplifier.
Accordingly to Slater’s perturbation theorem [4], when some
parameters such as the configuration of the boundary, the
material in the volume or the material of the boundary change
slightly, the electromagnetic system is said to be perturbed. If
the solution of an unperturbed problem is known, then the
solution of the perturbed problem, which is slightly different
from the unperturbed one, can be obtained by means of the
principle of the perturbation. There are two possible ways to
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do this: the cavity wall perturbation or the conductor
perturbation of the cavity. The first one means to introduce a
small deformation in the wall. The second one means to
introduce a small conductive perturbing object into the cavity.
In this work the latter technique is used, although the
deformation of the wall may also be considered as a
conductive perturbing object stuck on the wall.

Given a cavity at resonance, it is known that average
stored magnetic and electric energies are equals. If a small
perturbation is made by introducing a small conductive object
into the cavity, this changes one type of energy more than the
other, and resonant frequency would then shift by an amount
necessary to equalize the energies again. The perturbation
method assumes that the actual fields of a cavity with a small
shape or material perturbation are not different from those of
the unperturbed cavity. So, if the cavity frequency shift due to
the small object can be measured as well its geometry shape,
the Slater’s perturbation theorem is useful to determine the
cavity figure of merit R,/ Q, .

This paper is organized as follows. Section II presents the
mathematical formulation of the problem. The description of
the experiment setup and results are shown and discussed in
Section III. Finally, the conclusion is presented in Section I'V.

II. MATHEMATICAL FORMULATION

The physical interest problem is constituted of a real
resonant cavity considering small losses where the surface
currents are essentially those associated with the loss-free
field solutions. This cavity is formed by a surface S,
inclosing a volume ¥ . It is considered, as an hypothesis, the
volume of the perturbing object as being AV and the surface
enclosing the perturbing object as being AS . The positive
direction of AS is the outward direction of the volume AV .
Here, the volume of the perturbed cavity is V' and the surface
enclosing it is S . Consider that the positive direction of §
and S, is the outward direction of the cavity volume /' and
V, . Besides, it is_considered S =S, —AS and V =V, -AV .
Let w,, E, and H, represent the natural angular frequency,
the electric and magnetic fields of the unperturbed cavity,
respectively, and @, E and H represent the corresponding
quantities of the perturbed cavity. In both cases Maxwell’s
equations must be satisfied, that is

E wH
Vx{a}?juo{ _ } (1
EO a)OHO
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where ¢, is the electric permittivity of free space and g, is
the magnetic permeability of the free space. The Maxwell’s
equations (1)-(2), conveniently manipulated [5] [6], result in
the exact equation for the change in natural frequency due to
the introduction of a conductive perturbing object into the
cavity. Initially, one must multiply the complex conjugate of
the second equation of (1) by H , the first equation of (2) by

E, , the complex conjugate of the second equation of (2) by
E and the first equation of (1) by H0 , obtaining

H-VXE, = jou,H-H,, 3)
E,-VxH = jwe,E, - E, “4)
E-VxH, =—jw,e,E-E", and Q)
H; -VXE=—jou,H; H . (6)

Then, subtracting (4) from (3) and (6) from (5) and using the
vector identity given by

V.(4xB)=(VxA)-B-(VxB)- 4 7
it is possible to write

V-(EyxH)= jou,H - H, - jog,E, -E,and  (8)

V-(ExH,) :ja)ogOE-E* —ja),uoflg H. ©)
The next step is to add (8) and (9), integrate over the

volume V', and use the divergence theorem to obtain
Cf(Exl?{j +EyxH)-ds =—j(w-a,) I(SOE-EJ +u,H-Hy)dv .
V

N
o (10)
Now, since 7xXE =0 on S, expression (10) means that
CngxH-a@:—j(a)—a)o) j(gOE-E;wOH.H;)dv. (11)
N

In addition, since §=S5,-AS and n><E =0on S§,, it is
possible to write that

C;ng><H~d§=<§EgxH~d§—<§ngﬁ-d§=—c§E§xﬁ-cﬁ, (12)
s S AS AS

Finally, using (14) in (13) one gets to
—jcngxH~d§
Av=w-o,= (13)
_[(gE El+u,H-H)dv

For practical apphcatlon of (13) and once that E, H , or
@ are not generally known, it must replace these unknown
perturbed quantities by the unperturbed fields E and HO,
besides @, . For small perturbations, when AS' is small this
is certainly reasonable and the denominator results

[, By + o H - Hy v = [(6,E] +p,Hy)dbv . (14)
14 4

In the numerator, the tangential component of the
perturbed magnetic field is, approximately, equal to the
unperturbed value when the conductive perturbing object is
small. Then, it is possible to write that

JE xH-ds ~J By xH,-d§ = [V-(E;xH, )cbv. (15)
AS AS AV

Equation (15) can be written any other way. First, one must
multiply the complex conjugate of the second equation of (1)
by H,, and the second equation of (2) by E0 , obtaining

H, -VXE, = jo,u,H; , and (16)

E,-VxH, = jwe,E; . (17)
Then, subtracting (17) from (16) and using the vector identity
(7) it is possible to write that

V(EyxH,)= jouH, - jo,E; . (18)
Therefore, (15) can be rewritten as
[V-(ByxH, )dv= jea, [ (4o =&, )b (19)
AV AV
Substituting (14) and (19) into (13), it obtains

[ o Hy — £,E3 )b
Ao 4y

@y i J.(£OE§+,UOH02)dv '
v

(20)

This is the perturbation equation for conductor
perturbation of a cavity. It is verified that the denominator is
proportional to the total energy stored in the cavity, whereas
the terms in the numerator are proportional to the electric and
magnetic energies removed by the perturbation. Then, (20)
can be rewritten as

Aw AW, — AW,

ay 2w
where W denotes the total energy stored in the original
cavity, and AW and AW, denote the time average magnetic
energy and electric energy, respectively, originally stored in
the small volume AV . The perturbation equation shows that
the introduction of a conductive perturbing object into the
cavity will raise the natural frequency if it is made at a point
with large magnetic field (high W ) and small electric field
(low W,), and will lower the natural frequency if it is made at
a point with large electric field (high ##, ) and small magnetic
field (low W,)).

The perturbation formulae (20) or (21) are valid only when
the introduction of the perturbing object does not influence
the fields outside the perturbing body. Otherwise, the
perturbation formula must be modified as follows

J.(/“oHoz —&yE; )d"

; e2y)

B0y V0 /A
Wy _[(EOEO +HoH )dV 2w
v

where K is a constant and depends upon the shape of the
perturbing object and the orientation of it in the fields. This
perturbation constant K may be obtained by means of
experiment.

In terms of the resonant frequency f; and the perturbed
frequency shift Af due to application of the method of
perturbation it is possible, from (22), to write that

Af = j (tuH; —€,E3)dv, (23)
for small perturbatlons and where 4 is due to the fact that

w =% (g0 + o3 v 24)
V
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In TM,, klystron cavities, only the electric field is
present along the cavity axis. Besides, experimentally, it is
used the concept of the Slater’s perturbation theorem, which
states that, considering a small perturbing object along the
axis, the magnetic field can be negligible [7] and the
perturbed frequency shift, from (24), can be written as

o __Ke J.[Ez (fo,r,z)]zdv. (25)
ﬁ) 4W AV
The cavity R, /(Q,, a figure of merit relating the resonant
structure with its ability in doing work on an electron beam,
is defined as the ratio of the shunt impedance R, of the
cavity, in case of klystron cavities, given by

. {IE.dT} [rIEz(fO’O’Z)dZ}

2

— axis — , 2 6
sh 2 [,L 2 [,L ( )
and the unloaded quality factor Q,, given by
oW
= R 27
9 P @7

where P, is the power loss on the cavity walls [&].
Combining (26) and (27), one has

; HEZ(];,O,z)dZT

on . 28
0, 20,W (28)

Now, multiplying and dividing (28) by J.[EZ (fo ’r’Z)TdV
AV

results
([ (fo,r,z)]zdv[ TEZ(fO,O,z)dzj
.[[Ez (fo,r,z)}zdv .

29
0, 20,W (

Isolating the term J.[Ez(fo,r,z)}zdv/2a)0W in (25) and
AV

substituting in (29), it is possible to write that

J-EZ (fo,b,z)dz]
& — Af [axis (30)

o K7re, f; I[Ez(ﬁ),r,z)]zdv .

The calculation of K is presented as the first result of the
experiment in the next section. The integral ratio is obtained,
experimentally, using the Slater’s perturbation theorem.

III. EXPERIMENT AND RESULTS

First of all, it is necessary to calculate K . For this, it is
used a cylindrical cavity (pill-box) and a metallic perturbing
cylinder as shown in the Fig. 1. Table I presents their
dimensions.

28

30

Fig. 1. Geometry and dimensions of the cylindrical cavity (pill-box) and
perturbing object used in the perturbation method. The dimensions are in
mm.

TABLE I. DIMENSIONS OF THE CYLINDRICAL CAVITY (PILL-BOX) AND THE
METALLIC PERTURBING CYLINDER.

Quantity Value
Cylindrical cavity length L , mm 28
Cylindrical cavity radius 7, , mm 30
Metallic perturbing cylinder length Lp , mm 5.00
Metallic perturbing cylinder radius r,, mm 1.60
Volume of the perturbing object AV , mm® 40.21

If the perturbing object is placed along the axis of pill-
box in the TM,, mode, R,/Q, can be theoretically
determined [8] [9] by

R 2
_sh=185£=_Lf2, 31
g r.  Kme AV,
where the gap factor reduces to 1.0 because the electric field
in a TM,, cylindrical cavity is constant across L. Thus, K
becomes
___ iy
1857, AV

A metallic perturbing cylinder, shown in Fig. 2, was
calibrated in this way using the cylindrical cavity shown in
Fig. 1.

(32)

Fig. 2. Metallic perturbing cyliﬁder used in the perturbation method.

The perturbation measurements starting point is the
calibration of a port of the Agilent PNA N5230C Network
Analyser used in the experiment. Next, the calibrated port of
the network is connected to the coupling probe in the cavity,
one should select the parameter S, or §,, to find out the
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frequency f; without the perturbing object. Thereafter, the
experiment is repeated with the metallic perturbing cylinder
placed along the axis of a cavity and the perturbed frequency
shift Af is recorded. Substituting the experimental values of
f, and Af in (32), besides the dimensions shown in Table I,
one can find the value of K, presented in Table II. Moreover,
a 3D eigensolver was used to simulate the cavity for
comparison purposes.

TABLE II. RESULTS OF THE PERTURBATION METHOD APPLIED TO
CALCULATE THE CAVITY R, /() AND COMPARISON WITH THE QUANTITIES
CALCULATED BY THE 3D EIGENSOLVER. IT WAS USED THE CYLINDRICAL
CAVITY ( PILL-BOX) SHOWN IN FIG. 2.

Quantity - Values -
Experiment | 3D eigensolver
Frequency f, , GHz 3.82551 3.82443
Perturbed frequency shift Af , MHz -19.80 -21.42
Perturbation constant K 5.57 5.95

The next step is, using the klystron cavity built in the
laboratory with dimensions as in Fig. 3 and the metallic
perturbing cylinder, showed in the Fig. 2, to determine the
R, /Q, using the perturbation method. The reentrant cavity

geometry is shown in Fig. 4.
93

28
15 -

i !

. T 30

19.18
| 1588
e 11
3.2 T Llos
L I

Fig. 3. Geometry and dimensions of the reentrant cavity used in the
perturbation method. The dimensions are in mm.

Fig. 4. Reentrant cvity built in laboratory which geometry and dimensions
are presented in Fig.3.

The experimental setup is shown in Fig. 5. Initially, two
copper foils of 0.2 mm thickness each were placed between
the cavity body and the openings of the cavity, to act as
electromagnetic chokes, in order to stop the electromagnetic
leakage from the cavity. Then, following the same steps

described before, the first determination is the frequency f,
without the perturbing object. Actually, the perturbing object
is kept all the time inside the cavity axis but, for this first
measurement, its position is far enough from the center and,
since the electric field is evanescent, it is considered that the
field is negligible and the perturbing object does not affect
the measurement.

Fig. 5. Experimental apparatus used in the calculation of the cavity
R, / Q, using the perturbation method.

Afterwards, the experiment is repeated with the metallic
perturbing cylinder placed along the axis at the position
where the perturbed frequency shift Af' is a maximum. This
deviation can be seen in Fig. 6, which is the PNA display.

Tr 1 S22 LogM 0.020dB/ -0.42dB I 522 LogM 0.020dB/ -0.42dB

02 A1 [-5.271820 MHz (0.07268 dB
> R: | 2.858825 GHz +0.46944 dB

o341 L 1 4

————

-0.36

™

-038

s s
<
s 5

-052 | Ch1Avg)= 10
>Ch1: Start 2.82108 GHz — — Stop 2.86048 GHz

Fig. 6. The perturbed frequency shift Af calculated by the perturbation
method.

Furthermore, it is possible, using the concept of the Slater’s
perturbation theorem and the experiment, to plot the graph of
the axial electric field along the cavity axis. The result is
compared with the profile of the axial electric field in a cavity
with offset gap considering a hyperbolic profile, according to
the development presented in [9] and where the gap of
interaction is symmetric with respect to the position z, and
the electric field in the gap region is considered as a
combination of two functions: for z <z, the electric field in
the interaction gap has a hyperbolic profile given by
E,, cosh(q,z), otherwise it has a hyperbolic profile given by
E,, cosh(q,z), where E,, is the electric field amplitude, ¢,
and g, are constants. Considering b as the drift tube radius,
Fig. 7 shows the distribution of electric field in the axial
coordinate of the gap (r=5) and for some values inside the
drift tube. It is possible to observe that it is an evanescent
field.
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Fig. 7. Distribution of electric field in the axial coordinate of the gap (r=5)
and for some values inside the drift tube, considering the hyperbolic profile.
It is observed that this field is evanescent [9].

The same result can also be obtained by simulating a
klystron cavity using a 3D eigensolver. Fig. 8 shows the three
results for »=0.

1,0 | o Experimental

[ Analitic
09 —— 3D eigensolver ]
0,8 | E

0,7 [
0,6 I
0,5 I
0,4 [
0,3 I

0,2

Normalized axial electric field - E,(z) /E, .

0,1

0’0 PN TR BT BT S N R
-40 -35 -30 25 -20 -15 110 -5 0 5 10 15 20 25 30 35 40
Axial distance z (mm)

Fig. 8. Normalized axial electric field calculated experimentally and using,
for comparison purposes, the 3D eigensolver and the analytic expression
presented in [9].

Substituting the experimental values of f,, Af and K
in (30), besides the value of the integral ration obtained from
the experimental results of the electric field shown in Fig. 8,
one can find the value of cavity R, /Q,, which is presented
in Table III, together with the value calculated using the
analytic expressions and the simulated result from the 3D
eigensolver, both used for comparison purposes.

TABLE III. RESULTS OF THE PERTURBATION METHOD APPLIED TO
CALCULATE THE CAVITY R, /(Q, AND COMPARISON WITH THE QUANTITIES
CALCULATED USING THE ANALYTIC EXPRESSIONS AND THE 3D
EIGENSOLVER. IT WAS USED THE REENTRANT CAVITY SHOWN IN FIG. 4.

Values
Quantity Experiment | Analytic . 3D
eigensolver
Frequency f, , GHz 2.859 2.875 2.872
Perturbed frequency shift Af , MHz  -5.27 -5.27 -5.90
Perturbation constant K 5.57 557 | -
Cavity R, /0, , @ 79.8 74.9 79.7

The deviation between the experimental and the analytic
value is around 6 % while the experimental and simulated
value is less than 0.5 %, which demonstrates that the
experimental procedure presented is very effective in
measuring R, /Q, .

It is interesting to observe the negative signal of the
perturbed frequency shift Af , which indicates that the
presence of the perturbing object decreased the natural
frequency. This phenomenon occurs when the perturbing
object is put in a position with large electric field (high )
and small magnetic field (low W ). This is exactly the case,
confirmed by calculating the integral ratio using the analytic
expressions without neglecting the magnetic field (23). It was
obtained for cavity R, /Q, the value of 75.0 Q, less than
0.14 % . This result is interesting because it indicates that the
calculation using only the electric field (magnetic field is
negligible) is sufficient to have a good accuracy.

IV. CONCLUSION

In this work the results of a klystron cavity R, /Q, using the
perturbation measurements was presented. The R, /O,
expression involves the natural frequency f,, the perturbed
frequency shift Af, the perturbing constant K and the axis
factor which relates the electric field along the cavity axis
and the electric field in the volume of the perturbed object.
The two first parameters were measured using a cylindrical
reentrant cavity with offset gap built in the laboratory:
/, using an unperturbed cavity and Af using the same cavity
perturbed by a metallic perturbing cylinder. The perturbing
constant K was calculated by measuring the same parameters
mentioned above using a cylindrical cavity (pill-box). The
integral ratio was obtained experimentally using the Slater’s
perturbation theorem. It was verified a good agreement
between the cavity R, /Q, obtained by the experiment and
the values found with the analytic expressions and the 3D
eigensolver as well.

REFERENCES

[11 G. Goplen, L. Ludeking, D. Smithe, and G. warren, “User-configurable
MAGIC for electromagnetic PIC simulations”, Comput. Phys.
Commun., vol. 87, pp. 54-86, 1995.

[2] K. Halbach and R. F. Holsinger, "SUPERFISH -- A Computer
Program for Evaluation of RF Cavities with Cylindrical Symmetry,"
Particle Accelerators 7 (4), 213-222 (1976).

[3] CST, Computer Simulation Tecnology. CST STUDIO SUITE™ 2008
getting started. 2008.

[4] J. C. Slater, Microwave Electronics. New York, N.Y.. Dover
Publications, 1950.

[5] D. M. Pozar, Microwave Enginnering. New York, USA: Addison-
Wesley Company Inc, 1993.

[6] K. Zhang, D. Lee, Electromagnetic Theory for Microwaves and
Optoelectronics. 2nd ed. Leipzig, Germany: Springer, 2008.

[7] D. J. Liska, “Electric field measurements in klystron cavities,” IEEE
Transactions on Electron Devices., vol. 18, no. 7, pp. 450- 453, jul.
1971.

[8] R. J. Barker, J. H. Booske, N. C. Luhmann Jr., G. S. Nusinovich,
Modern Microwave and Millimeter-wave Power Electronics. 2nd ed.
New Jersey, N.J.: John Wiley & Sons, 2005.

[91 R.K. Silva, D. T. Lopes and C. C. Motta, “Analytical determination of
lumped parameters of reentrant klystron cavities,” /EEE Transactions
on Electron Devices, to be published.

766




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 1
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /SABAEN44
    /SAKURAalp
    /Shruti
    /SimSun
    /STSong
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


