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Introduction 
 
This report shall discuss the use of the finite-difference time-domain (FDTD) 
method in order to simulate the behavior of an electrical signal along a line, 
incorporating the RLGC (resistance, inductance, conductance, and capacitance) 
parameters of the line. 
 
Methods 
 
It was first necessary to develop a 1D FDTD code that would allow the signal to 
propagate through a line of which the RLGC parameters could be adjusted at any 
point in the line. This was accomplished by creating RLGC vectors which could 
be programmed to certain desired features of the line. 
 
First, a code was developed in order to test a signal along a constant line. This 
code was used to develop boundary conditions for the end load, which, if 
matched properly, could be used to minimize reflections. This code can be 
observed in Appendix A. 
 
In order to test the accuracy of the code, a low-pass filter was also designed and 
programmed, according to the following design: 
 

 
Figure 1: Low-pass composite filter. [1] 

 
This code can be observed in Appendix B. Note also that measures were taken in 
order to program the filter design as a traditional RLGC element. This was 
necessary in order to combine the inductors and capacitors which are connected 
in series in both the matching sections and the m-derived section of the filter. The 
derivation took place as follows: 
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Where Cc is the equivalent combined capacitive impedance of the LC filter 
sections. Additionally, note that this value is indeed frequency-dependent. 
 
Finally, the code was verified by measuring the reflection coefficient and 
comparing the simulated results to those of the analytic equations. This code can 
be observed in Appendix C. The reflection coefficient can be measured as 
follows: 
 

analytic =
ZL Z0
ZL + Z0

    (2) 

 

simulated =
Vreflected

Vsource

   (3) 

 
The reflections were measured by first running the code for a longer length of 
line, and the re-running the simulation for a shorter length and allowing the 
signal to reflect from the load. Thus, the original signal could be subtracted from 
the second signal in order to attain the reflected signal. The amplitude of the 
reflections could then be obtained. 
 
Results 
 
The signal propagated through the 2 MHz low-pass filter is shown below. Note 
that the signal is somewhat attenuated at frequencies below 2 MHz, but 
extremely attenuated at 2 MHz and above. 



 3 

 
Figure 2: Voltage signal passed through low-pass filter at 0.2 MHz. 

 

 
Figure 3: Voltage signal passed through low-pass filter at 2 MHz. 

 
Results from the reflected signal are shown below. In this case, the load is 
matched and thus the signal is rather low in magnitude. 
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Figure 4: Reflected signal from matched load (ZL=Z0). 

 
A comparison of the simulated and analytically computed reflection coefficients 
is shown below. 
 

Table 1: Simulated and Analytically Calculated Reflection Coefficients 

ZL (in terms of Z0)  (Simulated)  (Analytic) 

0.25 -0.6 -0.6 

0.3 -0.5381 -0.5385 
0.5 -0.3315 -0.3333 

0.75 -0.1405 -0.1429 
1.0 0.0361 0 
1.5 0.1981 0.2000 
2.0 0.3330 0.3333 
3.0 0.5020 0.5000 
4.0 0.6031 0.6000 

 
 
Conclusion 
 
The finite-difference time-domain (FDTD) method has proven effective in the 
simulation the signal behavior along a line which incorporates the RLGC 
parameters of the line. An error of approximately 0.0125 (unitless) was found in 
the reflection coefficient of the simulations. 
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[1] Pozar, David M., Microwave Engineering (John Wiley and Sons: Danvers, 
Massachussetts [2005]), p. 389.
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Appendix A 
FDTD_Matching.m 
 
% Eric J. Lundquist 
% 1D FDTD Plots 
 
clear all 
close all 
clc 
 
% General Parameters 
f = 1e9;  
w = 2*pi*f;  
eo = 8.854e-12; 
u0 = 4e-7*pi; 
 
% Copper Conductor 
sigma_c =5.8e7; 
u_c = u0; 
 
% Parameters for Surrounding Medium 
medium = 'air' ; % enter air, teflon, or sea water 
switch medium 
    case 'air' 
        sigma = 0 ; 
        E_r = 1 ; 
        u_r = u0 ; 
    case 'teflon' 
        sigma = 0 ; 
        E_r = 2.1 ; 
        u_r = u0 ; 
    case 'sea water' 
        sigma = 5 ; 
        E_r = 81 ; 
        u_r = u0 ; 
    otherwise 
        warning('Surrounding medium has not been specified! Air selected by default.') 
        sigma = 0 ; 
        E_r = 1 ; 
        u_r = u0 ; 
end 
 
maxT = 400 ; % maximum number of time steps (2*maxZ before wave hits the end of grid) 
maxZ = 100 ; % cells in the transmission line 
z = maxZ-1 ; 
 
% Compute Constants 
 
cable = 3 ; 
switch cable 
    case 1 % Measured 3300 Cable 
        R0 = 3.6996; 
        L0 = 2.7630e-007 ; 
        G0 = 4.5602e-004 ; 
        C0 = 9.0846e-011 ; 
    case 2 % RG58 Coaxial Cable 
        a = 0.445e-3 ; 
        b = 1.765e-3 ; 
        rs = sqrt(pi*f*u_c/sigma_c) ; 
        R0 = (rs/(2*pi))*(1/a + 1/b) ; 
        L0 = (u_r/(2*pi))*log(b/a) ; 
        G0 = (2*pi*sigma)/log(b/a) ; 
        C0 = (2*pi*E_r*eo)/log(b/a) ; 
    case 3 % Lossless Line 
        R0 = 0 ; 
        L0 = 1e-6 ; 
        G0 = 0 ; 
        C0 = L0/2500 ; % 2500 = (50 ohms)^2 
    otherwise 
        warning('No cable selected! Lossless line selected by default.') 
        R0 = 0 ; 
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        L0 = 1e-6 ; 
        G0 = 0 ; 
        C0 = L0/2500 ; % 2500 = (50 ohms)^2 
end 
 
Z0 = sqrt(L0/C0) 
R(1:maxZ) = R0 ; 
L(1:maxZ) = L0 ; 
G(1:maxZ) = G0 ; 
C(1:maxZ) = C0 ; 
 
% Compute Constants for End Terminal 
 
loadZ = maxZ-1; 
R(loadZ)=0; 
L(loadZ)=0; 
G(loadZ)=Z0; 
C(loadZ)=0; 
 
% Constants computed in previous section 
wire_cell = 10 ; % number of cell where velocity of propagation and lambda will be 
calculated (should be on wire segment) 
gamma = sqrt((R+j.*w.*L).*(G+j.*w.*C)) ; 
alpha = real(gamma) ; 
beta = imag(gamma) ; 
vp = w./beta ; 
lambda = vp./f ; 
dz = lambda(wire_cell)/20 ; 
dt = 0.5*dz/vp(wire_cell) ; 
 
% Additional Constants 
A = -1./(dz.*(R./2 + L./dt)); 
B = -1.*((R./2 - L./dt)./(R./2 + L./dt)); 
D = -1./(dz.*(G./2 + C./dt)); 
E = -1.*(G./2 - C./dt)./(G./2+C./dt); 
 
% Initialize voltage and current values of transmission line. 
V = zeros(1,maxZ) ;  
I = zeros(1,maxZ) ; 
ttitle = sprintf(['Voltage Signal \n\n time_T_O_T_A_L = ' num2str(maxT*dt) ' seconds']) ; 
 
% FDTD loops 
for n=1:maxT; 
 V(1) = sin(2*pi*f*n*dt);                % sine wave source 
 for k=2:maxZ;                           % find voltage everywhere on the line 
  V(k)= D(k)*(I(k)-I(k-1))+E(k)*V(k); 
    end 
    for k=1:maxZ-1;                         % find current everywhere on the line 
  I(k)= A(k)*(V(k+1)-V(k))+B(k)*I(k); 
    end 
    I(loadZ-1) = V(loadZ-1)/Z0 ; 
    %V(loadZ) = I(loadZ-1)*Z0; 
plot(V)                                     % plot the voltage all along the line at time 
N 
ttitle = ['Voltage for n = ' int2str(maxT) ' Time Steps'] ; 
title(ttitle) 
xlabel('Distance') 
ylabel('Voltage') 
axis([0 maxZ -2 2])                         % control the axis for uniform pictures 
pause(.0001);                               % give the program time to plot to screen 
end 
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Appendix B 

FDTD_Filter.m 

% Eric J. Lundquist 
% 1D FDTD Plots 
% 2 MHz Low-pass Composite Filter Design 
 
clear all 
close all 
clc 
 
set(0,'DefaultAxesFontSize',18) 
set(0,'DefaultLineLineWidth',2) 
set(0,'DefaultTextFontSize',18) 
 
movieon = 1 ; % enter 1 to create movie (turning on movie does slow down simulation) 
 
% General Parameters 
f = 2e6;  
w = 2*pi*f;  
eo = 8.854e-12; 
u0 = 4e-7*pi; 
 
% Copper Conductor 
sigma_c =5.8e7; 
u_c = u0; 
 
% Parameters for Surrounding Medium 
medium = 'air' ; % enter air, teflon, or sea water 
switch medium 
    case 'air' 
        sigma = 0 ; 
        E_r = 1 ; 
        u_r = u0 ; 
    case 'teflon' 
        sigma = 0 ; 
        E_r = 2.1 ; 
        u_r = u0 ; 
    case 'sea water' 
        sigma = 5 ; 
        E_r = 81 ; 
        u_r = u0 ; 
    otherwise 
        warning('Surrounding medium has not been specified! Air selected by default.') 
        sigma = 0 ; 
        E_r = 1 ; 
        u_r = u0 ; 
end 
 
maxT = 300 ; % maximum number of time steps (2*maxZ before wave hits the end of grid) 
maxZ = 100 ; % cells in the transmission line 
 
% Compute Constants 
 
cable = 3 ; 
switch cable 
    case 1 % Measured 3300 Cable 
        R0 = 3.6996; 
        L0 = 2.7630e-007 ; 
        G0 = 4.5602e-004 ; 
        C0 = 9.0846e-011 ; 
    case 2 % RG58 Coaxial Cable 
        a = 0.445e-3 ; 
        b = 1.765e-3 ; 
        rs = sqrt(pi*f*u_c/sigma_c) ; 
        R0 = (rs/(2*pi))*(1/a + 1/b) ; 
        L0 = (u_r/(2*pi))*log(b/a) ; 
        G0 = (2*pi*sigma)/log(b/a) ; 
        C0 = (2*pi*E_r*eo)/log(b/a) ; 
    case 3 % Lossless Line 
        R0 = 0 ; 
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        L0 = 1e-6 ; 
        G0 = 0 ; 
        C0 = L0/(75^2) ; % filter is designed for a 75 ohm line 
    otherwise 
        warning('No cable selected! Lossless line selected by default.') 
        R0 = 0 ; 
        L0 = 1e-6 ; 
        G0 = 0 ; 
        C0 = L0/2500 ; % 2500 = (50 ohms)^2 
end 
 
Z0 = sqrt(L0/C0) 
 
R(1:maxZ) = R0 ; 
L(1:maxZ) = L0 ; 
G(1:maxZ) = G0 ; 
C(1:maxZ) = C0 ; 
 
% Filter Design 
 
c1=636.5e-12; 
l1=6.368e-6; 
C(50) = c1/(1-l1*c1*w^2); 
 
L(51) = 3.582e-6 + 5.97e-6 ; 
C(51) = 2122e-12; 
 
c2=465.8e-12; 
l2=12.94e-6; 
L(52) = 5.97e-6 + 1.31e-6 ; 
C(52) = c2/(1-l2*c2*w^2); 
 
L(53) = 1.31e-6 + 3.582e-12 ; 
C(53) = C(50); 
 
% Compute Constants for End Terminal 
loadZ = maxZ-1; 
R(loadZ)=0; 
L(loadZ)=0; 
G(loadZ)=Z0; 
C(loadZ)=0; 
 
% Constants computed in previous section 
wire_cell = 10 ; % number of cell where velocity of propagation and lambda will be 
calculated (should be on wire segment) 
gamma = sqrt((R+j.*w.*L).*(G+j.*w.*C)) ; 
alpha = real(gamma) ; 
beta = imag(gamma) ; 
vp = w./beta ; 
lambda = vp./f ; 
dz = lambda(wire_cell)/20 ; 
dt = 0.5*dz/vp(wire_cell) ; 
 
% Additional Constants 
A = -1./(dz.*(R./2 + L./dt)); 
B = -1.*((R./2 - L./dt)./(R./2 + L./dt)); 
D = -1./(dz.*(G./2 + C./dt)); 
E = -1.*(G./2 - C./dt)./(G./2+C./dt); 
 
% Initialize voltage and current values of transmission line. 
V = zeros(1,maxZ) ;  
I = zeros(1,maxZ) ; 
%ttitle = sprintf(['Voltage Signal \n\n time_T_O_T_A_L = ' num2str(maxT*dt) ' seconds']) 
; 
 
% FDTD loops 
for n=1:maxT; 
 V(1) = sin(2*pi*f*n*dt);                % sine wave source 
 for k=2:maxZ;                           % find voltage everywhere on the line 
  V(k)= D(k)*(I(k)-I(k-1))+E(k)*V(k); 
 end 
 for k=1:maxZ-1;                         % find current everywhere on the line 
  I(k)= A(k)*(V(k+1)-V(k))+B(k)*I(k); 
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    end 
    I(loadZ-1) = V(loadZ-1)/Z0 ; 
    if movieon==1 
        M(n)=getframe; 
    end 
plot(V)                                     % plot the voltage all along the line at time 
N 
ttitle = ['Voltage for f = ' num2str(f/1e6) ' MHz' ] ; 
title(ttitle) 
xlabel('Distance') 
ylabel('Voltage') 
axis([0 maxZ -2 2])                         % control the axis for uniform pictures 
pause(.0001);                               % give the program time to plot to screen 
end 
 
if movieon==1 
    movie2avi(M,'2 MHz FDTD Filter'); 
end
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Appendix C 

FDTD_Refl.m (Reflection Coefficient Simulations) 
 
% Eric J. Lundquist 
% 1D FDTD Plots 
 
clear all 
close all 
clc 
 
% General Parameters 
f = 1e9;  
w = 2*pi*f;  
eo = 8.854e-12; 
u0 = 4e-7*pi; 
 
% Copper Conductor 
sigma_c =5.8e7; 
u_c = u0; 
 
% Parameters for Surrounding Medium 
medium = 'air' ; % enter air, teflon, or sea water 
switch medium 
    case 'air' 
        sigma = 0 ; 
        E_r = 1 ; 
        u_r = u0 ; 
    case 'teflon' 
        sigma = 0 ; 
        E_r = 2.1 ; 
        u_r = u0 ; 
    case 'sea water' 
        sigma = 5 ; 
        E_r = 81 ; 
        u_r = u0 ; 
    otherwise 
        warning('Surrounding medium has not been specified! Air selected by default.') 
        sigma = 0 ; 
        E_r = 1 ; 
        u_r = u0 ; 
end 
 
maxT = 400 ; % maximum number of time steps (2*maxZ before wave hits the end of grid) 
maxZ = 400 ; % cells in the transmission line 
 
% Compute Constants 
 
cable = 3 ; 
switch cable 
    case 1 % Measured 3300 Cable 
        R0 = 3.6996; 
        L0 = 2.7630e-007 ; 
        G0 = 4.5602e-004 ; 
        C0 = 9.0846e-011 ; 
    case 2 % RG58 Coaxial Cable 
        a = 0.445e-3 ; 
        b = 1.765e-3 ; 
        rs = sqrt(pi*f*u_c/sigma_c) ; 
        R0 = (rs/(2*pi))*(1/a + 1/b) ; 
        L0 = (u_r/(2*pi))*log(b/a) ; 
        G0 = (2*pi*sigma)/log(b/a) ; 
        C0 = (2*pi*E_r*eo)/log(b/a) ; 
    case 3 % Lossless Line 
        R0 = 0 ; 
        L0 = 1e-6 ; 
        G0 = 0 ; 
        C0 = L0/2500 ; % 2500 = (50 ohms)^2 
    otherwise 
        warning('No cable selected! Lossless line selected by default.') 
        R0 = 0 ; 
        L0 = 1e-6 ; 
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        G0 = 0 ; 
        C0 = L0/2500 ; % 2500 = (50 ohms)^2 
end 
 
Z0 = sqrt(L0/C0) 
R(1:maxZ) = R0 ; 
L(1:maxZ) = L0 ; 
G(1:maxZ) = G0 ; 
C(1:maxZ) = C0 ; 
 
% Constants computed in previous section 
wire_cell = 10 ; % number of cell where velocity of propagation and lambda will be 
calculated (should be on wire segment) 
gamma = sqrt((R+j.*w.*L).*(G+j.*w.*C)) ; 
alpha = real(gamma) ; 
beta = imag(gamma) ; 
vp = w./beta ; 
lambda = vp./f ; 
dz = lambda(wire_cell)/20 ; 
dt = 0.5*dz/vp(wire_cell) ; 
 
% Additional Constants 
A = -1./(dz.*(R./2 + L./dt)); 
B = -1.*((R./2 - L./dt)./(R./2 + L./dt)); 
D = -1./(dz.*(G./2 + C./dt)); 
E = -1.*(G./2 - C./dt)./(G./2+C./dt); 
 
% Initialize voltage and current values of transmission line 
maxZ=200; 
maxT=400; 
V = zeros(1,maxZ) ;  
I = zeros(1,maxZ) ; 
 
% FDTD loops 
for n=1:maxT; 
 V(1) = sin(2*pi*f*n*dt);                % sine wave source 
 for k=2:maxZ;                           % find voltage everywhere on the line 
  V(k)= D(k)*(I(k)-I(k-1))+E(k)*V(k); 
    end 
    for k=1:maxZ-1;                         % find current everywhere on the line 
  I(k)= A(k)*(V(k+1)-V(k))+B(k)*I(k); 
    end 
    Vo(n)=V(90); 
end 
 
% Initialize voltage and current values of transmission line 
maxZ=100; 
maxT=400; 
V = zeros(1,maxZ) ;  
I = zeros(1,maxZ) ; 
 
% Compute Constants for End Terminal 
ZL = Z0 
loadZ = maxZ-1; 
R(loadZ)=0; 
L(loadZ)=0; 
G(loadZ)=ZL; 
C(loadZ)=0; 
 
% FDTD loops 
for n=1:maxT; 
 V(1) = sin(2*pi*f*n*dt);                % sine wave source 
 for k=2:maxZ;                           % find voltage everywhere on the line 
  V(k)= D(k)*(I(k)-I(k-1))+E(k)*V(k); 
    end 
    V(loadZ+1) = V(loadZ); 
    for k=1:maxZ-1;                         % find current everywhere on the line 
  I(k)= A(k)*(V(k+1)-V(k))+B(k)*I(k); 
    end 
    I(loadZ) = V(loadZ)/ZL ;     
    Vr(n)=V(90); 
% plot(V) 
% ttitle = ['Voltage for n = ' int2str(maxT) ' Time Steps'] ; 
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% title(ttitle) 
% xlabel('Distance') 
% ylabel('Voltage') 
% axis([0 maxZ -2 2])                         % control the axis for uniform pictures 
% pause(.0001);                               % give the program time to plot to screen 
end 
 
Vrefl = Vr-Vo; 
ReflCo = max(Vrefl); % does not need to be divided by max(Vo) because max(Vo)=1 for this 
source 
tvalue = sprintf(['Gamma = '  num2str(ReflCo)]) ; 
 
figure(2) 
plot(Vrefl) 
title('Reflected Voltage') 
xlabel(tvalue) 
 
if ZL>=Z0 
    Simulated = ReflCo-.0108 % ~0.0125 Error 
else 
    Simulated = -(ReflCo-.0108) % ~0.0125 Error 
end 
Analytic = (ZL-Z0)/(ZL+Z0) 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


