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6.641, Electromagnetic Fields, Forces, and Motion 
Prof. Markus Zahn 

Lecture 7: Polarization and Conduction 
 

 
I. Experimental Observation 

 
A. Fixed Voltage - Switch Closed ( )ov = V  

 

 
 
 
As an insulating material enters a free-space capacitor at constant voltage 
more charge flows onto the electrodes; i.e. as x increases, i increases. 
 
 

B. Fixed Charge - Switch open (i=0) 
 
As an insulating material enters a free space capacitor at constant charge, 
the voltage decreases; i.e. as x increases, v decreases. 
 
 

II. Dipole Model of Polarization  
 
 

A. Polarization Vector = =P Np N q d  ( =p q d  dipole moment) 
 
N dipoles/Volume (P  is dipole density) 
 
 
 
 
 
 
 
 

d q+  
 

q−  
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Courtesy of Krieger Publishing. Used with permission. 
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− = ρ∫ ∫ivinside V P
S V

Q = qN d da dV  

 
 
 
 
 
 
 

− = − ∇ = ρ∫ ∫ ∫i ivinside V P
S V V

Q = P da P dV dV  

 
P = qN d

 (Divergence Theorem) 

 
∇ = −ρi PP  
 
 

B. Gauss’ Law 
 

( )∇ = ρ = ρ + ρ = ρ − ∇εi io total u P uE P  

 
 
 
 
 
 
 
 
 

( )∇ + = ρεi o uE P  

 

oD E P= +ε  Displacement Flux Density 
 
∇ = ρi uD  
 

C. Boundary Conditions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

paired charge or 
equivalently 
polarization 
charge density

unpaired charge 
density; also 
called free charge 
density 
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⎡ ⎤∇ ρ ⇒ ρ ⇒ − = σ⎣ ⎦∫ ∫i i iv a bu u su
S V

D = D da = dV n D D  

 
⎡ ⎤∇ −ρ ⇒ − ρ ⇒ − = −σ⎣ ⎦∫ ∫i i iv a bP P spP = P da = dV n P P  

 

( ) ( ) a bo u P o u P o su sp
S V

E E da dV n E E =⎡ ⎤∇ = ρ + ρ ⇒ = ρ + ρ ⇒ − σ + σ⎣ ⎦ε ε ε∫ ∫i i iv  

 
 

D. Polarization Current Density 
 
 
∆ = = =i iQ qN dV qN d da P da   [Amount of Charge passing through   

   surface area element da ] 
 
 
 

∂∆ ∂
= =

∂ ∂
ip

Q P
di da

t t
   [Current passing through surface  

 area element da ] 
 
 
 pJ da= i  
 
  polarization current density 
 

∂
=

∂
p

P
J

t
 

 
 
Ampere’s law: 
 

u p o

E
x H J J

t
∂

∇ = + +
∂

ε  

 

 ∂ ∂
= + +

∂ ∂
εu o

P E
J

t t
 

 

 ( )∂
= + +

∂
εu oJ E P

t
 

 

 u
D

J
t

∂
= +

∂
 

 
 
 
 
 
 

S

 

V
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III. Equipotential Sphere in a Uniform Electric Field  
 

 

 
 
 
 

( ) o o or
lim r, E r cos E z E r cos
→∞

Φ θ = − θ Φ = − = − θ⎡ ⎤⎣ ⎦  

 
 

( )r R, 0Φ = θ =  

 

( )
3

o 2

R
r, E r cos

r

⎡ ⎤
Φ θ = − − θ⎢ ⎥

⎣ ⎦
 

 
 
This solution is composed of the superposition of a uniform electric field 
plus the field due to a point electric dipole at the center of the sphere: 
 

dipole 2
o

p cos
4 r

θ
Φ =

πε
  with 3

o op 4 E R= πε  

 
 
This dipole is due to the surface charge distribution on the sphere. 
 
  

( ) ( )
3

s o r o o o 3
r R r R

2R
r R, E r R, E 1 cos

r r= =

⎡ ⎤∂Φ
σ = θ = = θ = − = + θ⎢ ⎥∂ ⎣ ⎦

ε ε ε  

 
 o o3 E cos= θε  
 
 
 



6.641, Electromagnetic Fields, Forces, and Motion                                                                  Lecture 7 
Prof. Markus Zahn                                                                                                           Page 6 of 27 

IV. Artificial Dielectric  
 
 

s

v v
E , E

d d
= σ = =

εε  

 

s

A
q A v

d
= σ =

ε  

 

= =
εq A

C
v d

 

 
 

 
 

Courtesy of Hermann A. Haus and James R. Melcher. Used with permission. 
 
 
For spherical array of non-interacting spheres (s >> R) 
 

π ⇒ πε ε
_

3 3
zo o z z o oP = 4 R E i P = N p = 4 R E N  

 

31N = s  

 
⎡ ⎤ ⎛ ⎞⎛ ⎞ ⎛ ⎞π ψ ψ π⎜ ⎟⎢ ⎥⎜ ⎟ ⎜ ⎟⎜ ⎟⎝ ⎠ ⎝ ⎠⎢ ⎥⎣ ⎦ ⎝ ⎠

ε ε
3 3

o e o e

R R
P = 4 E = E = 4

s s
 

 
eψ  (electric susceptibility) 

 
 

+ + ψ⎡ ⎤⎣ ⎦ε ε εo o eD = E P = 1 E = E  

 
 rε (relative dielectric constant) 
 

⎛ ⎞⎛ ⎞+ ψ + π⎜ ⎟⎡ ⎤⎣ ⎦ ⎜ ⎟⎜ ⎟⎝ ⎠⎝ ⎠
ε ε ε ε ε

3

r o o e o

R
= = 1 = 1 4

s
 

 
 
 
 

_ 

d

+ 

ε 

E  
υ 
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V. Demonstration: Artificial Dielectric  
 
 
 

 
 
 

Courtesy of Hermann A. Haus and James R. Melcher. Used with permission. 
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Courtesy of Hermann A. Haus and James R. Melcher. Used with permission. 
 
 
 

s

v v
E = = E =

d d
⇒ σ

εε  

 

s

A q A
q = A = v C = =

d v d
σ ⇒

ε ε  

 

∆ ω ∆ o

s

v
i = C V =

R
 

 
( )− ⎛ ⎞∆ π ⎜ ⎟

⎝ ⎠

ε ε
ε

3
o

o

A R A
C = = 4

d s d
 

 
R=1.87 cm, s=8 cm, A= (0.4)2 m2, d=0.15m 
 
ω=2π(250 Hz), Rs=100 kΩ , V=566 volts peak 
 
 ∆C=1.5 pf 
 

ω ∆0 sv = C R V  

 
 =(2π) (250) (1.5 x 10-12) (105) 566 = 0.135 volts  peak  
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VI. Plasma Conduction Model (Classical)  
 
 

+ +
++ + + +

+

∇
− ν −

pdv
m = q E m v

dt n
 

 

− −
−− − − −

−

∇
− − ν −

pdv
m = q E m v

dt n
 

 
+ + − −p = n kT , p = n kT  

 
k=1.38 x 10-23 joules/oK Boltzmann Constant  
 
 

A. London Model of Superconductivity [ ±→ ν →T 0 , 0 ] 
 

dv dv
m = q E , m = q E

dt dt
+ −

+ + − −−  

 

+ −+ −+ + − −−J = q n v , J = q n v  
 

( ) ( ) 2q E q ndJ d dv
q n v = q n = q n = E

dt dt dt m m
+++ + +

++ + + + + +
+ +

=  

 +ω ε2
p  

 
 

( ) ( ) 2q E q ndJ d dv
= q n v = q n = q n = E

dt dt dt m m
−−− − −

−− − − − − −
− −

−
− − −  

 ε2  

 

 

 
 
 
 

 

+ + − −

+ −
−+

ω ω
ε ε

2 2
2 2
p p

q n q n
= , =

m m
  (ωp = plasma frequency) 

 
 
For electrons: q-=1.6 x 10-19 Coulombs, m-=9.1 x 10-31 kg 
 
 n-=1020/m3 , 12

o 8.854 x10−= ≈ε ε  farads/m 
 
 

 − −

−
−

≈ω
ε

2
11

p
q n

= 5.6 x10
m

 rad/s 

−
− ≈

π

ω
10p

pf = 9 x10
2

 Hz 

 
 
 
 

−
ωp
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B. Drift-Diffusion Conduction [Neglect inertia] 
 
 
          0 

( )+ + +
+ ++ + + + +

+ + + + + +

∇
− ν − ⇒ − ∇

ν ν

n k T qdv k T
m = q E m v v = E n

dt n m m n
 

 
          0 

( )− − −
− −− − − − −

− − − − − −

∇ −
− − ν − ⇒ − ∇

ν ν

n k T qdv k T
m = q E m v v = E n

dt n m m n
 

 
 

+ + +
++ + + +

+ + + +

− ∇
ν ν

2q n q k T
J = q n v = E n

m m
 

 
 

− − −
−− − − −

− − − −

− + ∇
ν ν

2q n q k T
J = q n v = E n

m m
 

 
= q n , = q n+ + + − − −ρ ρ −  

 
J = E D+ + + + +ρ µ − ∇ρ  
 
J = E D− − − − −−ρ µ − ∇ρ  
 
 

+
+ +

+ + + +

µ
ν ν

q k T
= , D =

m m
 

 
 

−
− −

− − − −

µ
ν ν

q k T
= , D =

m m
 

 
charge mobilities  

 
 
 
 
D D k T

= =
q

+ −

+ −µ µ
 = thermal voltage (25 mV @ T ≈300o K) 

 
Einstein’s Relation 

 
 
 
 
 
 
 

Molecular 
Diffusion 
Coefficients
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C. Drift-Diffusion Conduction Equilibrium ( )J J 0+ −= =  

 
 
J = 0 = E D = D+ + + + + + + + +ρ µ − ∇ρ −ρ µ ∇Φ − ∇ρ  
 
 
J = 0 = E D = D− − − − − − − − −−ρ µ − ∇ρ ρ µ ∇Φ − ∇ρ  
 
 

( )D k T
= = ln

q
+

+ +
+ +

−
∇Φ − ∇ρ ∇ ρ

ρ µ
 

 
 

( )−
− −

− −

∇Φ ∇ρ ∇ ρ
ρ µ
D k T

= = ln
q

 

 
 
 

q / kT
o= e− Φ

+ρ ρ  
    Boltzmann Distributions 

q /kT
o= e+ Φ

−ρ −ρ  
 
 
 

( ) ( ) o= 0 = = 0 =+ −ρ Φ −ρ Φ ρ  [Potential is zero when system is charge neutral] 

 
 

( )2 q /kT q /kTo o2 q
= = = e e = sinh

kT
+ − − Φ + Φρ + ρ −ρ ρ−ρ Φ⎡ ⎤∇ Φ − −⎣ ⎦ε ε ε ε

 

 (Poisson-Boltzmann Equation) 
 
 

Small Potential Approximation: 
q

1
kT
Φ

<<  

 

 
q q

sinh
kT kT
Φ Φ

≈  

 
 

ρ
∇ Φ − Φ

ε
2 02 q

= 0
k T

 

 
 

2
d2

od

k T
= 0 ; L =

2 qL
Φ

∇ Φ −
ρ
ε

  Debye Length 

 
 
 



6.641, Electromagnetic Fields, Forces, and Motion                                                                  Lecture 7 
Prof. Markus Zahn                                                                                                           Page 12 of 27 

D. Case Studies 
 

1. Planar Sheet 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

d d

2
x /L x /L

1 22 2
d

d
= 0 = A e A e

dx L
−Φ Φ

− ⇒ Φ +  

 
 
 
 

B.C. ( )x = 0Φ → ±∞  

     
( ) ox 0 = VΦ =  

 
 
 

 
 

( )

−

+

>

⇒ Φ =

<

d

d

x /L
o

x /L
o

V e x 0

x

V e x 0
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− >

Φ
−

−
<

d

d

x /Lo

d

x

x /Lo

d

V
e x 0

L

d
E = =

dx
V

e x 0
L

 

 
 

−

+

− >

ρ

− <

ε

ε

ε

d

d

x /Lo
2

d

x

x /Lo
2

d

V
e x 0

L

dE
= =

dx
V

e x 0
L

 

 
 
 

( ) ( ) ( )+ −⎡ ⎤σ = − =⎣ ⎦
εε o

s x x
d

2 V
x = 0 = E x 0 E x 0 =

L
 

 
 

2. Point Charge (Debye Shielding) 
 
 

2
2

d

= 0
L
Φ

∇ Φ −  

 

2
2

1
r

r rr
∂ ∂Φ⎛ ⎞
⎜ ⎟∂ ∂⎝ ⎠

 

 

( )∂
Φ

∂

2

2

1
= r

r r
 

 
 

E. Ohmic Conduction 
 

 
J = E D+ + + + +ρ µ − ∇ρ  
 
J = E D− − − − −−ρ µ − ∇ρ  
 
If charge density gradients small, then ±∇ρ  negligible + −⇒ ρ −ρ ρo= =  
 

( ) ( )+ + + − +− − −+ ρ µ − ρ µ ρ µ + µ σoJ = J J = E = E = E  

 
σ= ohmic conductivity 

J = Eσ  (Ohm’s Law) 

( )

( )

+−

−

Φ
⇒ Φ −

Φ +

Φ
π ε

d

d

2

2 2
d

r /Lr /Ld
1 2

r /L

d r
r = 0

dr L

r = A e A e

Q
r = e

4 r

0



F. pn Junction Diode 
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A D

n p 2
i

N Nk T
= = ln

q n
∆Φ Φ − Φ  

 

( )Φ Φ + Φ −
ε ε

2 2
A p D n

p n

qN x qN x
x= 0 = =

2 2
 

 

∆Φ Φ − Φ
ε ε

22
A pD n

n p

qN xqN x
= = +

2 2
 

 

 

 

( ) ⎛ ⎞
+ = +⎜ ⎟

⎝ ⎠ε ε

2
D n D n D

n p
A

qN x qN x N
= x x 1

2 2 N
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VII. Relationship Between Resistance and Capacitance In Uniform Media Described 
by and σε . 

 

 
 
 

ε∫ ∫

∫ ∫

i i

i i

v v
u S S

L L

D da E da
q

C = = =
v E ds E ds

 

 

σ

∫ ∫

∫ ∫

i i

i iv v
L L

S S

E ds E ds
v

R = = =
i J da E da

 

 

σσ

ε
ε∫ ∫

∫ ∫

i i

i i

v
v v

L L

S L

E ds E da
RC = =

E da E ds
 

 
 
Check: 
 

Parallel Plate Electrodes: l A
R = , C = RC =

A l
⇒ σσ

ε ε  
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Coaxial 
 
 

 
 
 bln laR = , C = RC =

b2 l ln a

2
⇒ σπ σ

π ε ε  

 
Concentric Spherical 
 
 

 
 
 

1 2

1 2

1 1
R R

R = , C = RC =
1 14
R R

4
−

⇒ σπ σ −

π ε ε  

 



6.641, Electromagnetic Fields, Forces, and Motion                                                                  Lecture 7 
Prof. Markus Zahn                                                                                                           Page 18 of 27 

VIII. Change Relaxation in Uniform Conductors  
 
 

u
uJ = 0

t
∂ ρ

∇ +
∂

i  

 
uE = ρ∇ εi  

 
uJ = Eσ  

 
∂ ρ ∂ ρ σ

σ ∇ + ⇒ + ρ
∂ ∂ ε

i u u
uE = 0 = 0

t t
 

    uρ
ε  

 
e =τ σε  = dielectric relaxation time 

 
 

( ) − τ∂ ρ ρ
+ ⇒ ρ ρ

∂ τ
etu u

u 0
e

= 0 = r, t = 0 e
t

 

 
 

IX. Demonstration 7.7.1 – Relaxation of Charge on Particle in Ohmic Conductor 

 
 

Courtesy of Hermann A. Haus and James R. Melcher. Used with permission. 
 

 
 

Courtesy of Hermann A. Haus and James R. Melcher. Used with permission. 
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u

S S

q dq
J da = E da = =

dt
σ −

σ
ε∫ ∫i iv v  

 
 

( ) ( )et
e

e

dq q
= 0 q = q t = 0 e =

dt
− τ+ ⇒ τ στ

ε  

 
 
Partially Uniformly Charged Sphere 
 

 
  Courtesy of Krieger Publishing. Used with permission. 
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( )
0 1

3
u T 1 0

1

r R

4
t = 0 = Q = R

3
0 r R

ρ <

ρ π ρ

>

 

 
 

( ) ( )et
u 0 1 e

1

t = e r R =

0 r R

− τρ ρ < τ σ

>

ε
 

 
 
 

( )

e e

e

t t
0

13
1

r

t

1 22

22
0

r e Q r e
= 0 r R

3 4 R

E r, t =

Q e
R r R

4 r
Q

r R
4 r

− τ − τ

− τ

ρ
< <

π

< <
π

>
π

ε ε

ε

ε

 

 
 

( ) ( ) ( )su 2 0 r 2 r 2r = R = E r = R E r = R+ −σ −ε ε  

 

 ( )et
2

2

Q
= 1 e

4 R
− τ−

π
 

 

 
X. Self-Excited Water Dynamos 

 
A. DC High Voltage Generation (Self-Excited) 
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l l l

l l l

st2
1 1 2i 1 1 i

st1
2 2 1i 2 2 i

dv
n C v = C v = V e n C V = C s V

dt

dv
n C v = C v = V e n C V = C s V

dt

− −

⇒ ⇒

− −

 

 
 

  

l

l

i
1

i

2

nC V1
Cs

= 0
nC

1 VCs

⎡ ⎤ ⎡ ⎤
⎢ ⎥ ⎢ ⎥
⎢ ⎥ ⎢ ⎥
⎢ ⎥ ⎢ ⎥
⎢ ⎥ ⎢ ⎥
⎢ ⎥ ⎢ ⎥⎣ ⎦⎢ ⎥⎣ ⎦

 

 
       Det = 0 
 
 

2

i inC nC
=1 s =

Cs C
⎛ ⎞

⇒ ± ⊕⎜ ⎟
⎝ ⎠

root blows up 

 
inC
t

Ce  
 Any perturbation grows exponentially with time 
  

B. AC High Voltage Self – Excited Generation 
 

 
 

l

l

l

st2
1i 1 1

st3
2i 2 2

st1
3i 3 3

dv
n C v = C ; v = V e

dt
dv

n C v = C v = V e
dt

dv
n C v = C v = V e

dt

−

−

−

 

 
 

l

l

l

⎡ ⎤⎡ ⎤ ⎢ ⎥⎢ ⎥ ⎢ ⎥⎢ ⎥ ⎢ ⎥⎢ ⎥ ⎢ ⎥⎢ ⎥ ⎢ ⎥⎢ ⎥ ⎢ ⎥⎢ ⎥ ⎢ ⎥⎣ ⎦ ⎣ ⎦

1i

2i

3i

VnC Cs 0

0 nC Cs V = 0

Cs 0 nC V

 

 
     det = 0 
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( ) ( ) ( )
13 3 i 3

i

nC
nC + Cs = 0 s = 1

C
⎛ ⎞

⇒ −⎜ ⎟
⎝ ⎠

 

 
1 is = nC C−  (exponentially decaying solution) 

 
 
 

i
2,3

nC
s = 1 3 j

2C
⎡ ⎤±⎣ ⎦  (blows up exponentially because sreal >0 ; but also  

 oscillates at frequency simag ≠ 0) 
 
 
 

XI. Conservation of Charge Boundary Condition 
 

 

 
 
 

u
uJ = 0

t
∂ρ

∇ +
∂

i  

 

u u
S V

d
J da dV = 0

dt
+ ρ∫ ∫iv  

 

a b su

d
n J J = 0

dt
⎡ ⎤− + σ⎣ ⎦i  

( ) ±
− = −

1 3 1 3j
1 1,

2
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XII. Maxwell’s Capacitor 
 

 
 
 

A. General Equations 
 

( )

( )

_

xa

_

xb

E t i 0 x a

E =

E t i b x 0

< <

− < <

 

 
 

( ) ( ) ( )
a

x x b a
b

E d = v t = E t b E t a
−

+∫  

 
 

( ) ( ) ( ) ( )su
a b a a b b a a b b

d d
n J J = 0 E t E t E t E t = 0

dt dt
σ⎡ ⎤ ⎡ ⎤− + ⇒ σ − σ + −⎣ ⎦⎣ ⎦ ε εi  

 

( ) ( ) ( )b a

v t a
E t = E t

b b
−  

 

( ) ( ) ( ) ( ) ( ) ( )a a b a a a b a

v t v td
E t E t a E t E t a = 0

b dt b

⎡ ⎤⎡ ⎤ ⎛ ⎞
σ − σ − + − −⎢ ⎥⎜ ⎟⎢ ⎥ ⎜ ⎟⎢ ⎥ ⎢ ⎥⎣ ⎦ ⎝ ⎠⎣ ⎦

ε ε  

 
 

( ) ( )bb a b b
a a a

v ta dE a dv
E t =

b dt b b b dt

σσ⎛ ⎞ ⎛ ⎞
+ + σ + +⎜ ⎟ ⎜ ⎟

⎝ ⎠ ⎝ ⎠

ε εε  
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B. Step Voltage: ( ) ( )v t = V u t  

 
 
 
 
 
 
 
 

Then ( )dv
= V t

dt
δ  (an impulse) 

 
At t=0 

 

( )b a b b
a

a dE dv
= = V t

b dt b dt b
⎛ ⎞

+ δ⎜ ⎟
⎝ ⎠

ε ε εε  

 
Integrate from t=0- to t=0+ 

 
 

( )
= =+ +

== =−− −

⎛ ⎞ ⎛ ⎞
+ + δ⎜ ⎟ ⎜ ⎟

⎝ ⎠ ⎝ ⎠

ε ε ε εε ε∫ ∫b a b b b
a a a

0t 0 t 0 +

t 0t 0 t 0

a dE a
dt = E = V t = V

b dt b b b
 

 
( )aE t 0 = 0−=  

 

( ) ( )b b b
a a a

b b

a V
E t = 0 = V E t = 0 =

b b b a+ +

⎛ ⎞
+ ⇒⎜ ⎟ +⎝ ⎠

ε ε εε
ε ε

 

 

For t > 0, dv
= 0

dt
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C. Sinusoidal Steady State: ( ) l ω⎡ ⎤
⎣ ⎦

j tv t = Re V e  

 

( ) � ω⎡ ⎤
⎣ ⎦

j t
aaE t = Re E e  

 

( ) � ω⎡ ⎤
⎣ ⎦

j t
bbE t = Re E e  

 
Conservation of Charge Interfacial Boundary Condition 
 

( ) ( ) ( ) ( )a a b b a a b b

d
E t E t E t E t = 0

dt
⎡ ⎤σ − σ + −⎣ ⎦ε ε  

 
 
� �σ + ω − σ + ω⎡ ⎤ ⎡ ⎤⎣ ⎦ ⎣ ⎦ε εa ba a b bE j E j = 0  

 
� � l+b aE b E a = V  
 

� l �
− a

b

V E a
E =

b b
 

 

� l �⎛ ⎞
σ + ω − − σ + ω⎡ ⎤ ⎜ ⎟ ⎡ ⎤⎣ ⎦ ⎣ ⎦⎜ ⎟

⎝ ⎠
ε εa

a a a b b

V E a
E j j = 0

b b
 

 

� ( )
l⎡ ⎤σ + ω + σ + ω σ + ω⎡ ⎤⎣ ⎦⎢ ⎥⎣ ⎦

ε ε εa a a b b b b

a V
E j j = j = 0

b b
 

 
 

� � l

( ) ( )ω + σ ω + σ ⎡ ⎤σ + ω + σ + ω⎣ ⎦ε ε ε ε
a b

b b a a a a b b

E E V
= =

j j b j a j
 

 
 
� � �σ −ε ε bsu a b= E E  
 

 ( ) l
( ) ( )

σ − σ

⎡ ⎤σ + ω + σ + ω⎣ ⎦

ε ε
ε ε

a b b a

a a b b

V
=

b j a j
 

a

 
 



6.641, Electromagnetic Fields, Forces, and Motion                                                                  Lecture 7 
Prof. Markus Zahn                                                                                                           Page 27 of 27 

D. Equivalent Circuit (Electrode Area A) 
 
 

( ) � ( ) �σ + ω σ + ωε ε�
a ba a b bI = j E A = j E A  

 

 
l

+
ω + ω +

a b

a a b b

V
=

R R
R C j 1 R C j 1

 

 
 

a b
a b

a b
R = , R =

A Aσ σ
 

 
ε εa b

a b

A A
C = , C =

a b
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


