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Abstract 
In this paper, we investigate the two-vertex resistance on four Archimedean lattices. This technique is based on the 
Green's function corresponding to the Laplacian matrix of the lattice. The Laplacian matrix of the resistor network 
is determined by applying basic principles (Kirchhoff's and Ohm's laws) in electrical circuit analysis, and Fourier 
transforms of the electric potential and current. We present some numerical results regarding the resistance 
between nearby lattice vertices. 
Keywords: regular resistor lattice; Green's function; two-vertex resistance; Archimedean lattices; Fourier 
transform 
1. Introduction 
Since the well-known work by (Kirchhoff, 1847) there have been several investigations on the problem of 
determining the effective resistance between any two vertices in infinite resistor networks (Venezian, 1994; 
Atkinson & van Steenwijk, 1999; Jeng, 2004). One of the most approaches has been used to study this problem is 
the lattice Green's function. This method was recently introduced by (Cserti, 2000) for perfect lattices and 
developed by (Cserti, D´avid & Pir´oth, 2002) for perturbed lattices. More recently, Cserti, Sz´echenyi, & D´avid 
(2011) generalized the method in Cserti (2000) to any lattice structure that is a uniform tiling of space with 
resistors. Based on the lattice Green's method numerous applications were carried out in Refs. (Owaidat, Hijjawi 
& Khalifeh, 2010(2), 2012, 2014; Owaidat, 2012, 2013; Owaidat, Hijjawi, Asad, & Khalifeh, 2013; Asad, Diab, 
Owaidat, Hijjawi, & Khalifeh, 2014). 
The case of finite resistor networks was considered by (Wu, 2004) and extended to impedance networks in Ref. 
(Tzeng & Wu, 2006). In this paper we apply the technique of Ref. (Cserti et al., 2011) to the following four 
Archimedean lattices, (33.42), (32.4.3.4), (34.6) and (3.4.6.4), that have not been studied before, and obtain the 
resistance between any two vertices in the networks. 
The paper is arranged as follows. In section 2 we briefly review the general formulation given in Ref. (Cserti et al., 
2011)for obtaining the general formula of the effective resistance between any nodes in any lattice structure of 
uniform tilings of resistors. In section 3 we apply the formulation to compute the vertex to vertex resistance in the 
Archimedean lattices that mentioned above and present some numerical results regarding the resistance between 
certain pairs of vertices. In section 4 we give a short conclusion and discussion. 
2. Review the Formulation 
In this section, elements of the methodology of the two point resistance are briefly reviewed (for more details see 
Cserti et al., 2011). 
Consider a resistor lattice network structure which is a periodic lattice of d-dimensional space with 

1 2, , ..., dN N N unit cells along each unit cell vectors 1 2, , ..., da a a . If the unit cell containing s sites (vertices) 
numbered by 1, 2, ..., sα =  then there are 1 2 ... dsN N N  vertices in the lattice. Let { ; }αr denote any vertex, thus 
the unit cell and the lattice site can be specified b 1 1 2 2( , , ..., )d d=r a a al l l and α  respectively, where 

1 2, , ..., dl l l are any integers. Assume, without lose of generality, that each resistor has of resistance R. 
Denote the electric potential and current at vertex { ; }αr by ( )V α r and ( )I α r respectively. Applying Kirchhoff's 
current and Ohm's laws at site { ; }αr , the currents ( )I α r in the unit cell can be written in the form: 
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( , ) ( ) ( )L V RIαβ β α
β′

′ ′ = −∑
r

r r r r  (1) 

where ( , )Lαβ ′r r is the Laplacian matrix of the network. The potential and current at vertex { ; }αr can be written in 
terms of their Fourier transforms: 

 
// 1 .1

0
/ /1

( ) ... ( ) e
2 2

aa d id

a ad

dkdk
V V

ππ

α α
π ππ π− −

= Ω ∫ ∫
k rr k , (2) 

and 

 
// 1 .1

0
/ /1

( ) ... ( ) e
2 2

aa d id

a ad

dkdk
I I

ππ

α α
π ππ π− −

= Ω ∫ ∫
k rr k  (3)

 where 0Ω is volume of unit cell and k is the reciprocal lattice vector in first Brilliuon zone. Using equations (2) 
and (3), equation (1) may be written as 

 ( ) ( ) ( )R= −L k V k I k  (4) 
where ( )L k is the Fourier transform of the Laplacian matrix ( s by s matrix) and ( )V r , ( )I k are the Fourier 
transforms (column matrices) of the potential and current. The Fourier transform of the Green’s function is given by 

 ( ) ( ) = −L k G k I  (5) 
where I is s by s identity matrix. 
From equations (4) and (5) we have 

 ( ) ( ) ( )R=V k G k I k  (6) 
Now the resistance between the vertices 1{ ; }αr and 2{ ; }βr , is given by 

 1 2
1 2

( ) ( )
( , )

V V
R

I
α β

αβ
−

=
r r

r r  (7) 

The computation of the two-point resistance is now reduced to solving equation (1) or (6) for ( )V α r with the 
current distribution at any vertex is given by 

 
1

2

, and
( ) , and

0, otherwise

I
I Iν

ν α
ν β

⎧
⎪
⎨
⎪
⎩

= =
= − = =

r r
r r r  (8)

 
Therefore, combining equations (2), ( 6) and (8) the electrical potential distribution at arbitrary vertex of the lattice is  

 ( )
// 1 i .( - ) i .( - )1 1 2

0
/ /1

( ) ... ( )e ( )e
2 2

aa d d

a ad

dkdk
V RI G G

ππ

μ μα μβ
π ππ π− −

= Ω −∫ ∫
k r r k r r

r k k  (9) 

Substituting potential distribution given above into equation (7), the two-node resistance can be written as 

 
 ( )

// 1 -i ( - ) i ( - )1 2 1 2 1
1 2 0

/ /1

( , ) ... ( ) ( ) ( )e ( )e
2 2

aa d d

a ad

dkdk
R R G G G G

ππ

αβ αα ββ αβ βα
π ππ π− −

= Ω + − −∫ ∫
k r r k r r

r r k k k k  (10)

 It has been pointed out in (Cserti et al.,2011) that the lattice structure can be deformed into d- dimensional 
hypercubic lattice without changing the two point resistance of a resistor network. For hypercubic lattice the unit 
cell vectors are orthogonal and have the same magnitude. Thus , if one makes the transformations 

2 1 1 1 2 2, , ..., )( d d− =r r a a al l l  and . iθ=ik a  with 0
daΩ =  then, equation (10) becomes 

 
-i( .. )1 1 2 2

1 11
1 i( .. )1 1 2 2

1 1

( , .., ) ( , .., )e
( , .., ) ..

2 2 ( , .., ) ( , .., )e

d d
d dd
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d d

G Gdd
R R

G G

θ θ θ
π π αα αβ

αβ θ θ θ
π π

ββ βα

θ θ θ θθθ
π π θ θ θ θ

+ +

+ +
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l l  (11) 
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For two dimensional lattices the resistance between the origin { ; }α0 and vertex 1 2{ , ; }βl l is 

 
1 1 2 2

1 1 2 2

-i( )
1 2 1 2

1 2 1 22 i( )
1 2 1 2

(2 )

( , ) ( , )e
( , )

( , ) ( , )e
R G G

R d d
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θ θπ π αα αβ
αβ θ θ

π π ββ βα
π

θ θ θ θ
θ θ

θ θ θ θ

+

+
− −

−
= ∫ ∫

+ −

⎧ ⎫⎪ ⎪
⎨ ⎬
⎪ ⎪⎩ ⎭

l l

l l
l l  (12) 

3. Two Dimensional Uniform Tilings (Archimedean Lattices) 
Archimedean lattices are well-known in the literature. There are eleven Archimedean lattices which are uniform 
tiling in two dimensions by regular polygons. The square, triangular and honeycomb lattices have been studied in 
Refs. (Atkinson & Van Steenwijk, 1999; Cserti, 2000), the Kagomé and (4.8.8) lattices in (Cserti et al., 2011). In 
this section, we calculate the effective resistance between two arbitrary vertices in the four Archimedean networks; 
(33.42), (32.4.3.4), (34.6) and (3.4.6.4). 
3.1 (33.42) Lattice Network 
 

1a

2a

12 (0, 0)R

1

2

 
Figure 1.The resistor network of (33.42) lattice 

 
The (33.42) network is shown in Figure 1, where the simplest unit cell contains two lattice sites labeled by 1, 2α =
and the unit cell vectors are 1 2anda a as shown. According to Kirchhoff's and Ohm's laws, one can write the 
currents at the vertices{ ;1}r and { ; 2}r  as following: 

 1 1 1 1 1 1 1 2 1 2 1 1 2 2
1

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )
( )= + + + +

V V V V V V V V V V
I

R R R R R

− + − − − − + − +r r a r r a r r r r a r r a
r  (13) 

 2 1 2 1 1 2 1 2 2 2 1 2 2 1
2

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )
( )

V V V V V V V V V V
I

R R R R R

− − − − − − + − −
= + + + +

r r r r a r r a r r a r r a
r (14) 

Substituting equations (2) and (3) into (13) and (14), the Laplacian matrix of the (33.42) lattice, after changing 
. ( 1, 2)i i iθ= =k a , can be written as 

 
1 2

1
1 2 1 2

1

5 2 cos 1
( , )

1 5 2 cos

i i

i i
e e

e e

θ θ

θ θ
θ

θ θ
θ

− −
− + + +

=
+ + − +

⎛ ⎞
⎜ ⎟⎜ ⎟
⎝ ⎠

L  (15) 

and the lattice Green's function can be obtained from equation (5): 
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1
1 2 1 2

1 2 1

5 2 cos 11
( , )

det ( , ) 1 5 2 cos

i i

i i
e e

e e

θ θ

θ θ
θ
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 (16)
 

where 

 1 2 1 1 2 2 1det ( , ) 24 22 cos 2 cos( ) 2 cos 2 cos 2θ θ θ θ θ θ θ= − − − − +L  (17) 

is the determinant of the Laplacian matrix. Now the equivalent resistance between any two sites can be calculated 
from equation (12). As an example, the resistance between the origin { ; 1}α =0 and the site{ ; 2}β =0  (see figure 
1) is given by  

 1 2 1 2
12 2

1 2 1 2 1
4

(4 3cos cos )
(0, 0)

12 11cos cos cos( ) cos 2
R d d

R
π π

π ππ
θ θ θ θ

θ θ θ θ θ− −

− −
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− − − − +
 (18) 

The numerical calculation of this integral is R12(0,0)=0.400648R. Numerical values for some other resistances are 
displaced in Table 1.  
 
Table 1. Numerical values of 1 2( , )Rαβ l l in units of R for a (33.42) lattice 

1 2( , )Rαβ l l  
The value of

1 2( , )Rαβ l l
 

in terms of R 
1 2( , )Rαβ l l  

The value of 
1 2( , )Rαβ l l  

in terms of R 
R11(0,0) 0 R12(0,0) 0.400648 
R11(1,0) 0.401606 R12(1,0) 0.340298 
R11(2,0) 0.572593 R12(2,0) 0.508612 
R11(0,1) 0.577461 R12(0,1) 0.417312 
R11(0,2) 0.749104 R12(0,2) 0.742836 
R11(1,1) 0.630838 R12(1,1) 0.635586 
R11(2,1) 0.692814 R21(-1,0) 0.340298 
R11(1,-1) 0.577461 R21(1,0) 0.623151 
R11(3,0) 0.674959 R21(0,1) 0.778646 
R11(0,-1) 0.577461 R21(0,-1) 0.417312 

 
3.2 (32.4.3.4) network 

 
Figure 2.The resistor network of (32.4.3.4)lattice 

1a

2a

43

2 1 1
1 1 (1,0)R
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Figure 2 shows the(32.4.3.4) network. The unit cell can be taken as a square containing four verticies labeled by 
1, 2, 3, 4α = and the unit cell vectors are 1 2anda a as in Figure 2. Using Kirchhoff's and Ohm's laws the currents at 

sites { ; 1, 2, 3, 4}α =r can be written as 

 1 3 11 2 1 2 1 1 4 1 4 2
1

( ) ( )( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )
( )

V VV V V V V V V V
I
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I
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As in previous subsection the Fourier transform of the Laplacian matrix reads 
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1 5 1
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1 1 5

i i i
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⎝ ⎠

L  (22) 

and its Green's function can be obtained from equation(5). Using equation (12) one can numerically calculate the 
resistance between any two sites. As an example, the resistance between nodes{ ; 1}α =0 and{ ; 2}β =0 is given by  

 1 2 1 2 1 1 2
12 2

1 2 1 2 1 2
4

(69 40 cos 20 cos 10 cos cos cos 2 )
(0, 0)

170 72 cos 72 cos 28 cos cos cos 2 cos 2
R d d

R
π π

π ππ
θ θ θ θ θ θ θ

θ θ θ θ θ θ− −

− − − +
= ∫ ∫

− − − + +
 (23) 

The numerical value of this integral is 12 (0, 0) 0.403775R R= . In Table 2, we list numerical values for some extra 
resistances. 
 
Table 2. Numerical values of 1 2( , )Rαβ l l in units of R for a (32.4.3.4) lattice 

1 2( , )Rαβ l l  
Thevalueof

1 2( , )Rαβ l l  
intermsofR 

1 2( , )Rαβ l l  
Thevalueof

1 2( , )Rαβ l l  
intermsofR 

R11(0,0) 0 R12(0,0) 0.403775 
R11(1,0) 0.564739 R13(0,0) 0.510759 
R11(2,0) 0.730728 R34(0,0) 0.403775 
R11(0,1) 0.564739 R23(0,0) 0.403775 
R11(0,2) 0.730728 R24(0,0) 0.510759 
R11(1,1) 0.651261 R14(0,0) 0.403775 

 
3.3 (34.6) network 
Figure 3 shows the (34.6) network. The unit cell is a hexagon containing six vertices labeled by 1, 2, ..., 6α = . 
Using Kirchhoff's and Ohm's laws the currents at verices{ ; 1, 2, ..., 6}α =r can be written as  

 

1 3 11 2 1 4 1 2
1

1 5 1 2 1 6

( ) ( )( ) ( ) ( ) ( )
( )

( ) ( ) ( ) ( )

V VV V V V
I

R R R
V V V V

R R

− +− − + +
= + +

− + + −
+ +

r r ar r r r a a
r

r r a a r r
 (24) 
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Again the Fourier transform of the Laplacian matrix can be obtained as previously to be 
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After obtaining the Green's function from equation (5), the resistance between any two sites can be calculated 
numerically from equation (12). As an example, the resistance between sites { ; 1}α =0 and {1, 0; 1}β = is given 
by 

 

( )( )1 2 1 2 1 2 1 1 2
11 2

1 2 1 2 1 2

1 2 1 2 2 1 2

1724 140cos 74cos 212cos( ) 2cos(2 1 cos
2517 826cos 826cos 812cos( ) 14cos(2 )4
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=

=

 (31) 

In Table 3, we listed some resistance values near the origin. 
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Figure 3.The resistor network of (34.6) lattice 

 
Table 3. Numerical values of 1 2( , )Rαβ l l in units of R for a (34.6) lattice 

1 2( , )Rαβ l l  
Thevalueof

1 2( , )Rαβ l l  
intermsofR 

1 2( , )Rαβ l l  
Thevalueof

1 2( , )Rαβ l l  
intermsofR 

R12(0,0) 0.365993 R26(0,0) 0.520674 
R13(0,0) 0.511082 R34(0,0) 0.372814 
R14(0,0) 0.601145 R35(0,0) 0.520674 
R15(0,0) 0.553051 R36(0,0) 0.561246 
R16(0,0) 0.548426 R45(0,0) 0.365993 
R23(0,0) 0.376727 R46(0,0) 0.531172 
R24(0,0) 0.55308 R56(0,0) 0.376727 
R25(0,0) 0.583099 R11(1,0) 0.583973

 
3.4 (3.4.6.4) Network 
The (3.4.6.4) network is shown in Figure 4. Also the unit cell can be taken as a hexagon containing six lattice sites 
numbered by 1, 2, ..., 6α = . 
As in the previous subsections the Fourier transform of the Laplacian matrix of the (3.4.6.4) network can easily be 
obtained : 
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The perturbation of uniformly tiled resistor lattices by replacing one resistor by another one in the perfect lattice 
(Owaidat et al., 2014) or removing one resistor from the perfect lattice (Cserti et al., 2002) can be applied to the 
above Archimedean lattices of resistors.  
Finally, the present work can be extended to study the classical lattice dynamics and the vibrational modes of 
atoms in the harmonic approximation as another application of the Green’s function approach.  
References 
Asad, J. H., Diab, A. A., Owaidat, M. Q., Hijjawi, R. S., & Khalifeh, J. M. (2014). Infinite Body Centered Cubic 

Network of Identical Resistors. Acta Physica Polonica A. http://dx.doi.org/10.12693/APhysPolA.125.60. 
Atkinson, D., & van Steenwijk. F. J. (1999). Infinite resistive lattices. Am. J. Phys., 67, 486-492. 

http://dx.doi.org/10.1119/1.19311 
Cserti, J. (2000). Application of the lattice Green’s function for calculating the resistance of an infinite network of 

resistors. Am. J. Phys., 68, 896-906. http://dx.doi.org/10.1119/1.1419104 
Cserti, J., David. G., & Piroth, A. (2002). Perturbation of infinite networks ofresistors. Am. J. Phys., 70, 153-159. 

http://dx.doi.org/10.1119/1.1419104 
Cserti, J., Szechenyi, G., & David, G. (2011). Uniform tiling with electrical resistors. J. Phys. A: Math. Theor., 44, 

215201-215220. http://dx.doi.org/10.1088/1751-8113/44/21/215201 
Doyle, P. G., & Snell. J. L. (1984). Random Walks and Electric Networks (USA: The Mathematical Association of 

America). 
Jeng, M. (2004). Random walks and effective resistances on toroidal and cylindrical grids. Am. J. Phys., 68(1) 

37-40. http://dx.doi.org/10.1119/1.19370 
Kirchhoff, G. R. (1847). ÜberdieAuflo¨sung der Gleichungen, auf welche man bei der Untersuchung Derlinearen 

Verteilunggal vanischerStr¨omegef¨uhrtwird. Ann. Phys. Chem., 72, 497-508. 
Owaidat, M. Q, Hijjawi, R. S, & Khalifeh. J. M. (2012). Network with Two Extra Interstitial Resistors. Int. J. 

Theor. Phys., 51, 3152. http://dx.doi.org/10.1007/s10773-012-1196-5. 
Owaidat, M. Q, Hijjawi. R. S, Asad, J. H, & Khalifeh. J. M. (2013). Electrical networks with interstitial single 

capacitor. Mod. Phys. Lett. B, 27, 1350123. http://dx.doi.org/10.1142/S0217984913501236 
Owaidat, M. Q, Hijjawi. R. S., & Khalifeh, J. M. (2014). Perturbation theory of uniform tiling of space with 

resistors. Eur. Phys. J. Plus., 129, 29. http://dx.doi.org/10.1140/epjp/i2014-14029-y. 
Owaidat, M. Q. (2012). Networks of Identical Capacitors with a Substitutional Capacitor. JJP, 5(3), 113-118. 
Owaidat, M. Q. (2013). Resistance calculation of the face-centered cubic lattice: Theory and Experiment. Am. J. 

Phys., 81, 918. http://dx.doi.org/10.1119/1.4826256. 
Owaidat, M. Q., Hijjawi, R. S., & Khalifeh. J. M. (2010). Substitutional single resistor in an infinite square lattice 

application to lattice Green’s function. Mod. Phys. Lett. B, 24, 2057-2068. http://dx.doi.org/10.1142/S021 
7984910024468 

Owaidat. M. Q., Hijjawi. R. S., & Khalifeh. J. M. (2010).Interstitial single resistor in a network application of 
lattice Green’s function. J. Phys. A: Math. Theor., 43, 375204-375215. http://dx.doi.org/10.1088/1751-8113/ 
43/37/375204. 

Tzeng, W. J, & Wu, F. Y. (2006). Theory of impedance networks: the two-point impedance and LC resonances. J. 
Phys. A: Math. Gen., 39, 8579. http://dx.doi.org/10.1088/0305-4470/39/27/002. 

Venezian, G. (1994). On the resistance between two points on a grid. Am. J. Phys., 62, 1000-1004. 
http://dx.doi.org/10.1119/1.17696 

Wu, F. Y. (2004). Theory of resistor networks: the two-point resistance. J. Phys. A: Math. Gen., 37, 6653-6673. 
http://dx.doi.org/10.1088/0305-4470/37/26/004. 

 
Copyrights 
Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 
This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/3.0/). 



<<
  /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


