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Abstract—This paper proposes an efficient equivalent 
model of patch antenna for the fast prediction of its installed 
radiation pattern. More CPU time and memory cost are 
required for accurate prediction of installed radiation pattern 
of patch antenna on different platforms. However, a fast and 
efficient prediction can save CPU time and memory cost when 
constructing an equivalent model of patch antenna that can 
reproduce a similar radiation pattern to that of the patch 
antenna. A code is developed to determine the electric field of a 
magnetic dipole based on Green function derivation. The result 
of the radiation pattern for the far-field and near-field are 
computed and validated with the result using commercial 
software tool (FEKO). The magnetic dipole is used to construct 
the equivalent model of patch antenna based on the radiation 
mechanism to predict its installed radiation pattern. The 
numbers of design parameters needed to be optimized are 
reduced to only two parameters which are the spacing distance 
between the dipoles in the x- and y-directions. The height of the 
dipole is kept at a fixed value above the same ground plane as 
that of the patch antenna. This makes it more computational 
efficient by reducing the CPU time and memory cost. After the 
equivalent model is optimized with FEKO optimization tool, it 
is further installed on a platform to compute the installed 
radiation pattern. The simulation results show that the 
proposed equivalent model based on a magnetic dipole with 
only two design parameters can obtain a fast prediction of 
installed radiation pattern of patch antenna when mounted on 
a platform. The equivalent model does not require detailed 
geometry and material information of the patch 
antenna. 

Keywords— Equivalent model, magnetic dipole, optimization, 
patch antenna, radiation pattern. 

I. INTRODUCTION  

The applications of patch antennas are expanding across 
various sectors and therefore adequate and efficient 
techniques are necessary and important to perform accurate 
predictions of electromagnetic devices for the development 
of modern electronics and telecommunication systems [1]-
[5]. Due to the low profile characteristics of patch antennas, 
they are widely used on wearable devices, biomedical 
devices satellites and aircraft [6]-[10]. Different platforms 
on which a patch antenna is seated on, considerably changes 
its radiation pattern [11]-[15]. Therefore, it is important to 
examine the performance of the installed radiation pattern of 

the patch antenna. However, the size of the general problem 
makes it cumbersome to carry out such examination.  To 
carry out an effective examination of patch antenna on 
different large platforms, a comprehensive electromagnetic 
method can be considered as a technique for constructing a 
problem equivalent to the actual antenna under test (AUT) 
[16]-[19]. The model should match with the physical 
problem by generating similar electromagnetic fields when 
the AUT and its equivalent model are interacting with the 
same environment [20]-[23]. However, equivalent models 
based on elementary sources of infinitesimal dipoles have 
been successfully applied to predict both the far and near 
field in any direction [24]-[28]. The methods stated presume 
that the geometry information of a patch antenna is known. 
More so, geometry information of antennas is barely 
provided by dealers except for the antenna performance 
[29]-[32]. Optimization method was employed to construct a 
fast prediction equivalent model of the patch antenna based 
on a magnetic dipole in this paper. Simulation results show 
that the radiation pattern of the equivalent model matches 
optimally with those of the patch antenna. The rest of this 
paper is organized as follows. The theory and formulation is 
detailed in section II. Numerical results are presented in 
section III. Optimization method is detailed in section IV. 
Optimization workflow is presented in section V. 
Simulation results are presented in section VI to illustrate 
the advantages of the proposed method. Patch antenna on a 
car is presented in section VII to show the radiation pattern 
of both the patch antenna and the equivalent model. The 
comparison efficiency is detailed in section VIII to illustrate 
the efficiency of the proposed model. Finally, the work 
enumerated in this paper is concluded in section IX. 

II. THEORY AND FORMULATION 

Numerical Green’s function is widely used in E-field 
radiation calculation due to its contribution to the impulse 
response of antennas. The expression is given below;  

( ) ( ) ( , )E r M r G r r r′ ′ ′= −∇ × ∂    (1) 

The green’s function is defined below 
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 ;is the magnetic field, Hence, the E-field is given as (റݎ̀)ܯ (2) 
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( )M r′  is the magnetic current source while ( , )G r r′ is given as 

the Green’s function which denotes the impulse response 
and ( )E r

  is given as the E-field of the magnetic dipole. It’s 

difficult to analyze radiation pattern of patch antennas [33].-
[36]. Various methods have been proposed to predict 
radiation pattern of path antennas [37]-[39]. A recent 
method was proposed in a prediction based equivalent 
model using electric dipole with three optimized design 
parameters [40]. In this paper, magnetic dipole was used 
with only two design parameters needed to be optimized 
(pertaining to the position spacing between the dipoles in 
the x- and y-directions) as an advantage over the previous 
method which makes it more computational efficient than 
those equivalent dipole model. Considering a dipole that is 
placed very close to a PEC finite sized ground plane, it does 
not radiate effectively along the plane comprising the PEC. 
To get rid of this effect, this paper proposed to place the 
dipole at a reasonable distance of 4 times the thickness of 
the substrate from the ground plane to obtain a good 
radiation match. This minimizes the negative effect of the 
PEC ground plane.  

A. Initial Patch Antenna Model 

This paper considered a rectangular patch antenna for 
simplicity sake. Table 1 shows the geometry and material 
details of the patch antenna. The perfect electric contacting 

patch had a dimension of P PW L× . It was on a thin 

substrate of dimensions s sW L× . The thickness and relative 

permittivity of the substrate are denoted by sH and rε
respectively. The antenna was probe fed at a point W/2 and 
F away from the left and lower end of the patch antenna. A 
three-dimensional radiation pattern is shown in Figure 2. 
However, the goal of this research is to construct a fast 
prediction model that will generate similar radiation pattern 
to that of the patch antenna. 
 

 
Fig. 1. Schematic of the patch antenna 

 

 
Fig. 2. Three-dimensional radiation pattern of the patch antenna 

B. Initial Equivalent Model of Patch Antenna  

The magnetic current model can generate similar 
radiation pattern to that of the patch antenna. 
However, to match the polarization, the magnetic dipoles 
were placed above the ground plane and aligned in 
horizontal direction. The size of the ground plane was equal 
to that of the patch antenna. 2×2 dipole array model 
employed as shown in figure 3. Adjusting the distance 
between the dipoles, the E-plane beam width can be 
changed. To further broaden the beam width, the positions 
of the dipoles were introduced as optimization parameters. 
The concept of the equivalent model is basically replacing 
the patch with a 2x2 magnetic dipole above the same ground 
plane arranged to be pointing in the x-direction. The height 
of the dipoles was place approximately four times the height 
of the substrate of the patch antenna above the same ground 
plane. The spacing parameters in both x- and y- directions 
were optimized to further obtain the value of best fit which 
is then used to determine the positions of the dipole array. 
Figure 4 shows the arrangement of the optimized parameters 
of the position spacing in both x- and y-directions. 
 

 
Fig. 3. 2X2 magnetic array dipole 

III. NUMERICAL RESULT 

A. Array Antenna Radiation Pattern Validation 

More so, the results of the magnetic point dipoles in both 
linear and planar arrays of magnetic dipoles are obtained 
below with a spacing of half lambda. The simulation is done 
on a 4-element magnetic dipole array. The dipoles are 
placed on the xy-cut planes with z = 0. Figure 4 shows the 
accuracy of the algorithm designed to calculate the far-field 
and generate the radiation pattern of the linear and planar 
magnetic dipole arrays respectively. 
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TABLE I.  PARAMETERS OF THE PATCH ANTENNA 

 

Patch(cm)  

LP 9.9 

WP 11.858 

 

Substrate (cm) 

LS 18 

WS 20 

HS 0.1588 

Feeding (cm) F 3.21 

Permittivity rε  2.2 

HPBW(o) E- 80.2 

H- 74.4 

Directivity   (dBi) D 6.75 

 

IV. OPTIMIZATION METHOD 

According to the proposed initial model, the positions 
spacing between the dipoles in the x- and y-directions were 
the only two parameters needed to be optimized. The aim is 
to determine the optimal values of the parameters in order to 
lessen the differences between the generated and the desired 
radiation pattern. To build an equivalent model of the patch 
antenna with optimization technique, the FEKO 
optimization tool was employed. The optimization goal was 
defined by feeding the optimizer with the radiation pattern 
of the patch antenna which is termed mask.  The variables to 
be optimized were defined. The minimum and maximum 
values of the variables were chosen as well as the start 
value. The optimization process performs the optimization 
search to find the line of best fit by match the values of the 
equivalent model with that of the patch antenna at every 
angle in order to obtain an approximate match.  

 
Fig. 4. Arrangement of  magnetic dipoles  afterv optimization 

V. OPTIMIZATION WORKFLOW 

In each optimization search, far-field goals were defined 
to determine the state the optimization process should 
attempt to achieve. The far-field goal makes provision for 
optimization relating to all far-field quantities computed as 
part of the FEKO solution. The focus is identified based on 
the label of a far-field request in CADFEKO. Figure 5 
shows the flowchart of FEKO optimization adopted in this 
paper. 
 

 
Fig. 5. Optimization workflow in CADFEKO 

VI. SIMULATION RESULTS 

The simulation results show the effectiveness and 
advantages of the proposed equivalent model based on a 
magnetic dipole. The radiation pattern of the patch antenna 
was first generated by FEKO and was further used to 
construct the equivalent model via optimization technique. 
The derived equivalent model was finally validated by 
matching its radiation patter with that of the patch antenna. 
The parameters are described in Table II with the operating 
frequency of 1GHz. The arrangement of the optimized 
parameters is described in figure 4 above. Good agreement 
could be observed between the E- and H-plane radiation 
pattern of the patch antenna and its equivalent model in the 
forward radiation of the upper hemisphere in figure 6 and 7. 
It was observed from the result that an optimum width of the 
backward radiation was obtained at the predetermined 
height position of the dipoles. However, the discrepancy in 
the backward radiation of the lower hemisphere can be 
attributed to the height of the dipole above the ground plane. 
This effect was not taken into account because the height is 
a fixed parameter. 

TABLE II.  PARAMETERS OF THE EQUIVALENT MODEL FOR THE 
PATCH ANTENNA 

 
Predefined 
Parameters 

Dipole(cm) 
Length 1.874 

Height 0.6 

GND Plane(cm) LS 18 

WS 20 

Optimized 
Parameters 

Distance(cm) 
X 5.00 

Y 4.50 
  

Radiating 
Performance 

HPBW(o) E- 80.2 

H- 74.3 
Directivity(dBi) D 6.75 

288



 
Fig. 6. Normalized radiation pattern of patch antenna and its 

equivalent model for E-plane 

 

 
 

Fig. 7. Normalized radiation pattern of patch antenna and its 
equivalent model for H-plane 

The simulation results show good agreement 
especially for the forward radiation on the upper 
direction. Although there is some difference in the 
backward radiation, the results are still satisfactory in 
view of the low radiation level. 
 

VII. PATCH ANTENNA ON A CAR 

The equivalent model was mounted on a car 
model to further illustrate its efficiency. The 
placement is shown in Figure 8 and figure 9. The roof 
of the car is a PEC with a dimension of 40cn x64cm 
(operating at 1GHz frequency). The patch antenna 
was installed on the same car model. 
 

 
Fig. 8. The placement of the patch antenna on a car model 

 
Fig. 9. The placement of the equivalent model on a car model 

The radiation pattern of the patch antenna and its 
equivalent model were compared as shown in figure 
10 and 11.  Hence, the flat equivalent model is able to 
represent the flat patch antenna on flat platforms. The 
proposed equivalent model of patch antenna based on 
a magnetic dipole is an efficient way to obtain a fast 
prediction of installed radiation patterns of patch 
antennas. Two design parameters of the equivalent 
model are optimized to match the radiation pattern of 
the patch antenna. The key feature of the proposed 
model is the implementation of magnetic dipole to 
construct equivalent model of patch antenna and the 
reduced number of design parameters needed to be 
optimized. The important idea of the proposed model 
is the fast prediction of radiation pattern of patch 
antenna and its installed radiation pattern on large 
platforms 
 

 
Fig. 10. The normalized radiation pattern of the patch antenna and 
its equivalent model on a PEC platform of a car model on the E-

plane. 

 
Fig. 11. The normalized radiation pattern of the patch antenna and 
its equivalent model on a PEC platform of a car model on the H-

plane. 
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VIII. COMPARISON EFFICIENCY 

Summary of the CPU time and memory cost is 
presented in table 4.2 on the simulation of the original 
model and proposed model including the installed 
patch antenna. It is observed that both the CPU time 
and memory cost is considerable reduced using the 
equivalent model. However, the complex geometry of 
the patch antenna may sometimes lead to ill-
conditioned matrix during direct modeling. This ill-
condition usually increases the memory cost. The 
equivalent model reduces memory cost and saves 
time due to its simplicity in geometry and PEC 
material information. From table 3, it is observed that 
the number of unknowns in the equivalent model is 
much less than the others because the equivalent 
model does not require detailed design geometry and 
material information of the patch antenna. However, 
lesser number of unknowns to solve definitely 
requires lesser CPU time and memory cost as 
presented in table III below. 

TABLE III.  MEMORY COST AND CPU TIME BY DIFFERENT 
METHODS 

Antenna 
Model 

Number of 
Unknown 

CPU 
Time(S) 

Memory 
Cost 

Original 
patch 

8,422 21.310 261.189 
MB 

Equivalent 
model 

237 1.669 515.734 
KB 

Patch on car 30,417 56.784 156.442 
MB 

Equivalent 
model on car 

11,736 34.634 32.455 
MB 

IX. CONCLUSION AND FUTURE WORK 

An equivalent model of patch antenna has been 
presented. Magnetic dipole has been implemented to 
construct the equivalent model of patch antenna. 
Optimization has been performed by the FEKO 
optimization tool. A fast prediction of installed 
radiation pattern of patch antenna has been achieved. 
The following conclusion can be drawn from the 
advantages of the proposed model. Only two design 
parameters have been optimized which makes it more 
computational efficient than the previous methods. 
The proposed equivalent model method provides an 
efficient way for fast prediction of radiation pattern of 
patch antenna and its installed radiation pattern when 
mounted on a platform compute its installed radiation 
pattern. For better accuracy and to obtain good 
agreement in both forward and backward radiation, 
the height of the dipole above the ground plane could 
be considered as a design parameter to be optimized 
especially in the backward radiation. 

The above proposed model has a huge application 
in biomedical and wearable devices. The derived 
equivalent model based on a magnetic dipole can be 
mounted on different platforms to compute and 
predict its installed radiation pattern which will be 
considered in future work. 

 

 

ACKNOWLEDGMENT  

I would like to show my sincere gratitude to Dr. 
Huapeng Zhao for his continual inspiration during 
this research work. 

REFERENCES 
[1] T. S. Sijher and A. A. Kishk, “Antenna modeling by 

infinitesimal dipoles using genetic algorithms,” Progr. 
Electromagn. Res., vol. PIER 52, pp. 225–254, 2005. 

[2] S. M. Mikki and A. A. Kishk, “Theory and applications of 
infinitesimal dipole models for computational 
electromagnetics,” IEEE Trans. Antennas Propag., vol. 55, 
no. 5, pp. 1325–1337, May 2007. 

[3] C. D. Giovampaola, E. Martini, A. Toccafondi, and S. Maci, 
“A hybrid PO/ generalized-scattering-matrix approach for 
estimating the reflector induced mismatch,” IEEE Trans. 
Antennas Propag., vol. 60, no. 9, pp. 4316–4325, Sept. 2012. 

[4] X. Wang, Z. Peng, K.-H. Lim, and J.-F. Lee, “Multisolver 
domain decomposition method for modeling EMC effects of 
multiple antennas on a large air platform,” IEEE Trans. 
Electromagn. Compat., vol. 54, no. 2, pp. 375–388, Apr. 
2012. 

[5] A. Barka and P. Caudrillier, “Domain decomposition method 
based on generalized scattering matrix for installed 
performance of antennas on aircraft,” IEEE Trans. Antennas 
Propag., vol. 55, no. 6, pp. 1833–1842, June 2007. 

[6] A. Barka, “Integration of antennas onboard vehicles and 
diffraction by large and complex structures with 
multipledomain–multiple-methods techniques,” Proc. IEEE, 
vol. 101, no. 2, pp. 280–297, Feb. 2013. 

[7] Z. Peng, K.-H. Lim, and J.-F. Lee, “Nonconformal domain 
decomposition methods for solving large multiscale 
electromagnetic scattering problems,” Proc.IEEE, vol. 101, 
no. 2, pp. 298–319, Feb. 2013. 

[8] V. Prakash and R. Mittra, “Characteristic basis function 
method: A new technique for efficient solution of method of 
moments matrix equations,” Microw. Opt. Technol. Lett., 
vol. 36, no. 2, pp. 95–100, Jan. 2003. 

[9] R. Maaskant, R. Mittra, and A. Tijhuis, “Fast analysis of 
large antenna arrays using the characteristic basis function 
method and the adaptive cross approximation algorithm,” 
IEEE Trans. Antennas Propag., vol. 56, no. 11, pp. 3440–
3451, Nov. 2008. 

[10] H. Shao, J. Hu, W. Lu, H. Guo, and Z. Nie, “Analyzing large-
scale arrays using tangential equivalence principle algorithm 
with characteristic basis functions,” Proc. IEEE, vol. 101, no. 
2, pp. 414–422, Feb. 2013. 

[11] ] N. Bartoli, F. Collino, F. Dodu, and T. Koleck, “A far-near 
field transformation using the fast multipole techniques,” 
IEEE Trans. Antennas Propag., vol. 52, no. 12, pp. 3329–
3336, Dec. 2004. 

[12] N. Bartoli, F. Collino, F. Dodu, and T. Koleck, “A far-near 
field transformation using the fast multipole techniques,” 
IEEE Trans. Antennas Propag., vol. 52, no. 12, pp. 3329–
3336, Dec. 2004. 

[13] M. Serhir, P. Besnier, and M. Drissim, “An accurate 
equivalent behavioral model of antenna radiation using a  

[14] mode-matching technique based on spherical near field 
measurements,” IEEE Trans. Antennas Propag., vol. 56, no. 
1, pp. 48–57, Jan. 2008. 

[15] M. Serhir, P. Besnier, and M. Drissi, “Antenna modeling 
based on a multiple spherical wave expansion method: 
Application to an antenna array,” IEEE Trans. Antenas 
Propag., vol. 58, no. 1, pp. 51–58, Jan. 2010. 

[16] M. Serhir, J. M. Geffrin, A. Litman, and P. Besnier, 
“Aperture antenna modeling by a finite number of elemental 
dipoles from spherical field measurements,” IEEE Trans. 
Antennas Propag., vol. 58, no. 4, pp. 1260–1268, Apr. 2010. 

[17] J. F. Izquierdo and J. Rubio, “Antenna modeling by 
elementary sources based on spherical waves translation and  

290



[18] evolutionary computation,” IEEE Antennas Wireless Propag. 
Lett., vol. 10, pp. 923–926, 2011. 

[19] J. F. Izquierdo, J. Rubio, and J. Zapata, “Spherical-waves-
based analysis of arrays of volumetric antennas with 
overlapping minimum spheres,” IEEE Antennas Wireless 
Propag. Lett., vol. 11, pp. 1296–1299, 2012. 

[20] J. F. Izquierdo and J. Rubio, “Full modeling of wideband 
volumetric antennas by elementary sources placed on the 
ground plane,” J. Electromagn. Waves Appl., vol. 27, no. 6, 
pp. 794–806, 2013.  

[21] J. F. Izquierdo, J. Rubio, and J. Zapata, “Antenna-generalized 
scattering matrix in terms of equivalent infinitesimal dipoles: 
Application to finite array problems,” IEEE Trans. Antennas 
Propag., vol. 60, no. 10, pp. 4601–4609, Oct. 2012. 

[22] Y. C. Pati, R. Rezaiifar, and P. S. Krishnaprasad, 
“Orthogonal matching pursuit: Recursive function 
approximation with applications to wavelet decomposition,” 
in Proc. 27th Annu. Asilomar Conf. Signals Syst. Comput., 
Nov. 1993, vol. 1, pp. 40–44. 

[23] J. A. Tropp, “Greed is good: Algorithmic results for sparse 
approximation,” IEEE Trans. Inf. Theory, vol. 50, no. 10, pp. 
2231–2242, Oct. 2004. 

[24] J. F. Izquierdo; J. Rubio; J. Córcoles; R. G.. Alcalá,  
“Efficient Radiation Antenna Modeling via Orthogonal 
Matching Pursuit in Terms of Infinitesimal Dipoles” IEEE 
Journals & Magazines, vol. 15, pp. 444 – 447, Jun. 2016. 

[25] M. M. Matin., B. S. Sharif, and C. C. Tsimenidis, \Probe fed 
stacked patch antenna for wideband applications," IEEE 
Trans. Antennas Propag., Vol. 55, No. 8, 2385{2388, 2007. 

[26] S. H. Wi, Y. B. Sun, I. S. Song, S. H. Choa, I. S. Koh, Y. S. 
Lee, and J. G. Yook, \Package-Level integrated antennas 
based on LTCC technology," IEEE Trans. Antennas Propag., 
Vol. 54, No. 8, 2190{2197, 2006. 18 Islam, Shakib, and 
Misran 

[27] S. H. Wi,  J. M. Kim, T. H. Yoo, H. J. Lee, J. Y. Park, J. G. 
Yook, and H. K. Park, \Bow-tie-shaped meander slot antenna 
for 5 GHz application," Proc. IEEE Int. Symp. Antenna 
Propag., Vol. 2, 456{459, 2002. 

[28] F. Yang, X. Zhang, and Y. Rahmat-Samii, \Wide-band E- 
shaped patch antennas for wireless communications," IEEE 
Trans. Antennas Propag., Vol. 49, No.7, 1094{1100, 2001. 

[29] K. M. Luk, C. L. Mak, Y. L. Chow, and K. F. Lee, 
\Broadband microstrip patch antenna," Electron. Lett., Vol. 
34, No. 15, 1442{ 1443, 1998. 

[30] R. Chair, C. L. Mak, K. F. Lee, K. M. Luk, and A. A. Kishk, 
\Miniature wide-band half U-slot and half E-shaped patch 
antennas," IEEE Trans. Antennas Propag., Vol. 53, 
2645{2652,2005. 

[31] X. L. Bao., and M. J. Ammann, \Small pacth/slot antenna 
with 53% input impedance bandwidth," Electron. Lett., Vol. 
43, No. 3, 146{147, 2007. 

[32] B. K. Ang,  and B. K. Chung, \A wideband E-shaped 
microstrip patch antenna for 5{6 GHz wireless 
communications," Progress In Electromagnetics Research, 
PIER 75, 397{407, 2007. 

[33] G. F. Khodaei., J. Nourinia, and C. Ghobadi, \A practical 
miniaturized U-slot patch antenna with enhanced 
bandwidth,"Progress In Electromagnetics Research B, Vol. 
3, 47{62, 2008. 

[34] D. Orban and G.J.K. Moernaut, ‘Orban Microwave Product’, 
www.orbanmicrowave.com 

[35] H. Malekpoor, S. Jam, ‘Miniaturized asymmetric E-shaped 
microstrip patch antenna with folded-patch feed’, IET 
Microw. Antennas Propag., 2013, 7, pp. 85–91 

[36] H. Malekpoor, S. Jam, ‘Ultra-wideband shorted patch 
antennas fed by folded-patch with multi resonances’, Prog. 
Electromagn. Res. B, 2012, 44, pp. 309–326 

[37] H. Malekpoor, A. Bazrkar, S. Jam, F. Mohajeri, 
‘Miniaturized trapezoidal patch antenna with folded ramp-
shaped feed for ultra-wideband applications’, Wirel. Personal 
Commun., 2013, 72, pp. 1935–1947 

[38] H. Malekpoor, S. Jam, ‘Enhanced bandwidth of shorted patch 
antennas using folded-patch techniques’, IEEE Antennas 
Wirel. Propag. Lett., 2013, 12, pp. 198–201 

[39] R.W. Dearnley, and A.R.F. Barel, ‘A broadband transmission 
line model for a rectangular microstrip antenna’, IEEE Trans. 
Antennas Propag., 1989, 37, pp. 6–15 

[40] C. A. Balanis, Antenna Theory: Analysis and Design. 
Hoboken, NJ: Wiley, 2012 

[41] J. Liu, and Q. Xue, ‘Microstrip magnetic dipole yagi array 
antenna with endfire radiation and vertical polarization’, 
IEEE Trans. Antennas Propag., 2013, 61, (3), pp. 1140–1147 

[42] S.P. Gao; B. Wang; H. Zhao; W.j. Zhao; C.E. Png “Installed 
radiation pattern of patch antenna: prediction based on a 
novel equivalent model”.IEEE Antenna and Propagation 
Magazine, Vol. 57, pp. 81-92, 2015 

 

291

View publication stats

https://www.researchgate.net/publication/330477644


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 /Error
  /CompatibilityLevel 1.7
  /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 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


