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

Lecture 17: Transient Waves on Transmission Lines 

I. Wave Equation (Loss Less) 

∂v ∂i
= −  L 

∂z ∂t 

∂2v 2 ∂
2v 

⇒	 = c 
∂t2 ∂z2 

∂i ∂v	 2 1 1
= −C	 c = = 

∂z ∂t	 LC εµ 

Solution: v z, t  ( ) = V+ 
⎛
⎜ t − 

z ⎞
⎟ + V− 

⎛
⎜ t + 

z ⎞
⎟


⎝ c ⎠ ⎝ c ⎠


z ∂α ∂α 1
Proof: Let α =  t − ⇒ = 1, = − (Positive z directed waves) 

c ∂t ∂z c 

Superposition: + (  )  = V+ 
⎛
⎜ t −

z ⎞
⎟ = V+ ( )v z, t  α 

⎝ c ⎠ 

∂v+ = 
dv  + ∂α

= 
dv  + 

∂t dα ∂t dα 

2 2 2∂ v+ = 
d v  + ∂α

= 
d v  + 

∂t2 dα2 ∂t dα2 

∂v+ dv  + ∂α 1 dv  += = − 
∂z dα ∂z c dα 

2 2	 2∂ v 1 d v  ∂α 1 d v  + = −  + = + +


∂z2 c dα2 ∂z c2 dα2


2 2 2 ⎛ 2 ⎞ 2∂ v+ d v  + 2 ∂ v 2 1 d v  + d v  + 

∂t2 
= 

dα2 
= c 

∂z2 
= c ⎜

⎝
⎜ 
c2 dα2 ⎟

⎠
⎟ = 

dα2 
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Negative z directed waves: Let  tβ = +  
z 
c 
⇒ 

t 
∂β 

∂ 
= 1,  

z 
∂β 

∂ 
= 

1 
c 

v−∂ 
= 

dv  − ∂β 
= 

dv  − 

t∂ dβ t∂ dβ 

−∂2v 
= − 

2d  v  ∂β 
= 

2d  v  − 

∂ 2t β2d ∂t dβ2 

v−∂ 
= 

dv  − ∂β 
= 

1 dv  − 

z∂ dβ z∂ c dβ 

2v−∂ 
= 

1 2d  v  − ∂β 
= 

1 2d  v  − 
2z∂ c 2dβ z∂ 2c 2dβ 

2 

2 

v 

t 
−∂ 

∂ 
= 

2 

2 

d  v  

d 
− 

β 
= 2c 

2 

2 

v 

z 
−∂ 

∂ 
= 2c 

2 

1 

c 

⎛ 
⎜⎜
⎝ 

2 

2 

d  v  

d 
− 

β 

⎞ 
⎟⎟
⎠ 

= 
2 

2 

d  v  

d 
− 

β 

II. Solution for current (i z, t) 

v∂ i∂
= −  L 

∂z ∂t 
∂2i 2 ∂2i 

⇒	 = c 
∂t2 ∂z2 

∂i ∂v
= −  C 

∂z ∂t 

Solution: i z, t  = I t − + I t +( ) + ⎜
⎝
⎛ 

c
z 
⎟
⎠
⎞ 

− ⎜
⎝
⎛ z

c ⎟⎠
⎞ 

v z, t  = V+ ⎜
⎛ z 

⎟
⎞ 

− ⎜
⎛ z 

⎟
⎞( ) t − + V t + 

⎝ c ⎠ ⎝ c ⎠ 

z ∂α ∂α 1
+z	 Solution: α =  t − , = 1,  = − 

c ∂t ∂z c 

∂v+ ∂i+ dv+ ∂α 1 dv+ di+ ∂α  
= −  L ⇒ = − = −L 

∂z ∂t dα ∂z c dα	 dα ∂t 

di+= −L 
dα 
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dv+ di+ L di+ L di+= L c  = = 
dα dα LC dα C dα 

⎛ z ⎞ ⎛ z ⎞ v = i Z  ⇒ I t − = Y V  t  −+ + 0 + ⎜ ⎟ 0 + ⎜ ⎟
⎝ c ⎠ ⎝ c ⎠ 

C 1
Y0 = = 

L Z0 

z ∂β ∂β 1
 -z Solution: β =  t + , = 1,  = 

c ∂t ∂z c 

∂v− ∂i− dv− ∂β 1 dv− di− ∂β
= − L ⇒ = = −L 

∂z ∂t dβ ∂z c dβ dβ ∂t 

di−= − L 
dβ 

dv di −L di L di−− = − Lc − = − = −  
dβ dβ LC dβ C dβ 

⎛ z ⎞ ⎛ z ⎞ v = − Z i  ⇒ I t + = − Y V  t  +− 0 − − ⎜ ⎟ 0 − ⎜ ⎟
⎝ c ⎠ ⎝ c ⎠ 

v z, t  (  )  = V+ 
⎛
⎜ t −

z ⎞
⎟ + V− 

⎛
⎜ t +

z ⎞
⎟

⎝ c ⎠ ⎝ c ⎠ 

(  )  = Y0 ⎢
⎡
V+ 

⎛
⎜ t −

z ⎞
⎟ − V− 

⎛
⎜ t

z ⎞
⎟⎥
⎤

i z, t  + 
⎣ ⎝ c ⎠ ⎝ c ⎠⎦ 
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III. Transmission Line Transient Waves 

A. Transients on Infinitely Long Transmission Lines 

1. Initial Conditions 

⎛ ⎞  ⎛ ⎞  ( = 0) = 0 = V+ ⎜ − ⎟ + V− ⎜  ⎟  =v z, t  
z z

0 
c c⎝ ⎠  ⎝ ⎠  

⎡ z z ⎤⎛ ⎞  ⎛ ⎞  ( = 0) = 0 = Y0 ⎢V+ ⎜ − ⎟ − V− ⎜  ⎟  ⎥ =i z, t  0  
c c⎣ ⎝ ⎠  ⎝ ⎠  ⎦ 

V+ 
⎛
⎜− 

z ⎞
⎟ = 0,  V− 

⎛
⎜ 
z ⎞
⎟ = 0


⎝ c ⎠ ⎝ c ⎠


z > 0,  t  > 0 ⇒ t + 
z 
> 0 ⇒ V− 

⎛
⎜ t + 

z ⎞
⎟ = 0 

c ⎝ c ⎠ 

t − 
z 
> 0 if t > 

z 
to allow V+ 

⎛
⎜ t − 

z ⎞
⎟ =/ 0 

c c ⎝ c ⎠ 

⎛ z ⎞ ⎛ z ⎞With V t  + = 0 ⇒ v  z, t  ( ) = V t −− ⎜ ⎟ + ⎜ ⎟
⎝ c ⎠ ⎝ c ⎠ 

( ) ⎛ t
z ⎞ ⇒ 

v z, t  ( )
= Zi z, t  = Y V  0 +

⎝
⎜ − 

c ⎠
⎟ i z, t  ( ) 0 

2. Traveling Wave Solution with Source Resistance Rs 

v z  = 0, t  = V t  = V t( ) ( ) + ( ) 

v z  = 0,  t  = V t  = V t( ) 
Z0

Z 
+ 
0

Rs 
( )  + ( )  

V t
( ) 0 + ( )  

Rs +
(
Z 
) 
0 

i z  = 0, t  = Y V  t  = 
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v z, t  = V t  −( ) 
Z0

Z 
+ 
0

Rs 
⎜
⎛
⎝ c

z 
⎟
⎞
⎠ 

⎛ z ⎞V t −⎜ ⎟ 
i z( , t) = ⎝ c ⎠ 

Rs + Z0 
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B. Reflections from Resistive Terminations  

1. Reflection Coefficient  

at z = l : v l, t ( ) = V+ (t − l c ) + V− (t + l c ) 

= i l, t  RL( )

= Y R0 L	
⎡
⎢V+ 

⎛
⎜ t −

l ⎞
⎟ − V− (t + l c  )⎥

⎤ 

⎣ ⎝ c ⎠ ⎦ 

V t( + l c  ) RL − Z0Γ = − = L V t  − l c  ) RL + Z0+ ( 

  Special Cases 

i) RL = Z0 ⇒ ΓL = 0 (matched line) 

ii) RL =  ⇒ Γ = −1  (short circuited line) 0 L 

If RL < Z0 , − 1 < Γ  L < 0 
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iii) RL = ∞ ⇒ ΓL = +1  (open circuited line) 

If R L > Z0 , 0 < Γ  L < 1 

2.	 Step Voltage 

At z = 0 : v  z  = 0, t  + i  0, t  R  = V0( ) ( ) S 

V z  0( , t  V z 0) + ( , ) + ⎡ ( = , ) − ( = , t)⎤= = t  Y R V z 0 t  V z 0 = V+ − 0 s ⎣ + − ⎦ 0 

Z V  R  − Z
V z  = 0, t  = Γ V z = 0, t  + 0 0 , Γ = s o 
+ ( ) s − ( ) 

Z0 + Rs 
s Rs + Z0 
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a. Matched Line: R = Z ,  Γ = 0;  R  = Z ,  Γ =  0L 0 L s 0 s 

⎛ z ⎞Γ = 0 ⇒ V t + = 0L − ⎜ ⎟
⎝ c ⎠ 

V z  = 0, t  = ,  In steady state after time T = + ( ) V0 l 
2 c 
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b. Short circuited line: R = 0,  Γ = −  1,R  = Z Γ =  0L  L  s 0,  s  

Γ = − ⇒  V = −V . When V ⎛ − 
⎞ and  V  ⎛ ⎞  overlap L 1 + − + ⎜ t

z 
⎟ − ⎜ t +

z 
⎟

⎝ c ⎠ ⎝ c ⎠

in space, v z, t  = 0.  For t  ≥ 2T  = 2l c , v z, t  = 0,  ( ) ( ) 

i z, t  = V( )  0 Z0 

c. Open circuited line: R = , +1,R  = Z ,  ∞ Γ = Γ =  0L L s 0 s 

Γ = 1 V ++ ⇒  = VL + − 

For t ≥ 2T = 2l c , v z, t = V , i z, t = 0( ) 0 ( ) 
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3. Approach to the dc Steady State (neither end matched) 

z = 0 :  V  ( ) = Γ  V + Γ V ( )  t ,  Γ =  
Rs

Z 
+ 
0

Z0 

, Γ = 
R
R

s

s 

+
− Z

Z
0

0 

t+ 0 0  s  − 0 s 

z = l :  V  ⎛ t +
l ⎞ = Γ V ⎛ t −

l ⎞ , Γ =  
RL − Z0


− ⎜
⎝ c ⎟⎠ 

L + ⎜
⎝ c ⎟⎠ 

L RL + Z0


at z = l : 

V = Γ V0 + Γ V (n 1)+n 0 s − − 

V (n 1) = ΓL V+  −  (n 1)− −  

V = Γ V + Γ Γ  V+ − ⇒ V − Γ Γ  V+ −  = Γ V0+n 0 0 s L (n 1) +n s L (n 1) 0 

Particular Solution:  V+n =  constant

Γ V
 Constant (1 − Γ Γ  = Γ V ⇒ Constant = 0 0  

s L ) 0 0 1 − Γ Γs L 

Homogeneous Solution: V − Γ Γ V+ − = 0+n s L (n 1) 

Try a solution of the form: V+n = Aλn 

n  n 1  A λ − Γ Γ λ  − ⇒ λ = Γ Γ  ( ) ss L  L  

0 0V =
Γ V 

+ A (Γ Γ  )n 
+n s L1 − Γ Γ  s L 

Initial Condition: 

Γ V Γ V
V = Γ V = 0 0  + A (Γ Γ  ) ⇒ A = −  0 0  
+1 0 0 s L1 − Γ Γ  1 − Γ Γs L s L 

Γ V
V = 0 0  

⎢
⎡1 − Γ Γ  ( )n ⎤ 

+n 1 − Γ Γ  ⎣ s L ⎥⎦
s L
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V (n 1) = ΓLV+(n 1− ) ⇒ V−n = ΓLV+n− −  

V = V + V = V 1 + Γ  =  0 L 0 0 
⎢1 −  Γ Γ  n +n −n +n ( L ) 

V 1( + Γ  ) Γ V ⎡ ( s L )
n 

⎥
⎤ 

1 − Γ Γ  ⎣ ⎦s L  

= V 1  ( )
R

R 
+ 
L

R 0 
⎡
⎢⎣ 

− Γ Γ  s L
n ⎤
⎦⎥ L s 

RLlim V = V 
n→∞ n RL + Rs 

0 

Y 10 ( − ΓL ) Γ0 0  V 1  
⎣
⎡ ( s L  )n 

⎥⎦
⎤ 

I = Y V  − V = Y 1  − Γ  V = n 0 ⎡⎣ +n −n ⎤⎦ 0 ( L ) +n 1 − Γ Γ  

⎢ −  Γ Γ  

s L  

= V 10 ⎢⎣
⎡ −  Γ Γ  ( s L )

n 

⎥⎦
⎤ (RL + Rs ) 
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a. Special Case: Rs = 0,R  L = 3Z  0 

Γ = −  s 1, Γ =  L	
RL − Z0 = 

2 
= 

1 
⇒ Γ Γ  L = −

1 
RL + Z0 4 2 s 2 

⎡ ⎛ 1 ⎞
n ⎤ 

z l= Vn = V0 1 ⎜ ⎟⎢ − −  ⎥  
⎢ ⎝ 2 ⎠ ⎥⎣ ⎦ 

nV ⎡ ⎛ 1 ⎞ ⎤

In = 0 ⎢ − −  ⎟
1 ⎜ ⎥ 

3Z0 ⎢⎣ ⎝ 2 ⎠ ⎥⎦ 

1
b. Special Case: Rs = 0,  RL = Z03 

−2 
RL − Z0 3 1 1

Γ = −1, Γ =  =  = −  ⇒ Γ Γ  = +s L RL + Z0 4 2 s L 2 
3 

1 n⎡ ⎛ ⎞ ⎤

z l  1  ⎜ ⎟ ⎥
= Vn = V0 ⎢ −

2⎢⎣ ⎝ ⎠ ⎥⎦ 

c. Special Case: Rs = 0,  RL = ∞  (open circuit)  

Γ Γ = −1s L

Vn = 
R

R 
+ 
L

R 
V0 

⎡
⎣⎢
1 ( sΓL )

n ⎤
⎦⎥ 
= V0 (1 ( )  n )− Γ − −  1 

s L 

⎧0 n even 
⎪ = ⎨ 
⎪
⎩2V0 n odd 
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d. Special Case: Rs = 0,  RL = 0  (Short circuit) 

Γ Γ  = +1s L 

In = 
RL

V 
+
0

RS 

⎡
⎣
1 ( S L )

n 

⎥
⎤
⎦

Indeterminate⎢ − Γ Γ  

RS −1 2
RS − Z0 Z0 ⎛ RS ⎞ ⎛ 2R  S ⎞Γ =S =  ≈ −  ⎜1 − ⎟ ≈ −  ⎜1 − ⎟
RS + Z0 RS + 1 ⎝ Z0 ⎠ ⎝ Z0 ⎠ 

Z0 

RL − Z0 ⎛ 2RL ⎞Γ =  ≈ − ⎜1 −L RL + Z0 ⎝ Z0 
⎟
⎠ 

V ⎡ ⎡⎛ 2R ⎞ ⎛ 2R  ⎞⎤
n ⎤ 

In = 
RL + 

0

RS 

⎢
⎢
1 − ⎢

⎣⎢
⎜
⎝ 
1 − 

Z0

L ⎟
⎠
⎜
⎝ 
1 − 

Z0

S ⎟
⎠
⎥
⎥⎦ 
⎥
⎥ 

⎣ ⎦ 

≈ 
RL

V 
+ 
0

RS 

⎢
⎡

⎢
⎣ 
1 −

⎛
⎜⎜
⎝ 
1 −

2 R( L

Z0 

+ RS ) ⎞⎟⎟
⎠ 

n 

⎥
⎤

⎥
⎦ 

V0 ⎡ 
1 1  2n  

(RL + RS )
⎥
⎤ 

≈ ⎢ − +  
RL + RS ⎢⎣ Z0 ⎥⎦ 

V 2n  0= 
Z0 

Approximates Inductor 

0 = ( ) di 
⇒ i 

V0V  L l  = t 
dt L l 
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e. Special Case: RL = ∞  (Open Circuit) , Rs finite 

Γ = 1 ⇒ V = V ⎣
⎡1 − Γ  n ⎤

L n 0 S ⎦ 

Approximate transmission line as capacitor being charged though resistor RS 

−t t  )v t  = V 1 − e


T = RS Cl 


( )  0 ( 

C. Reflections from Arbitrary Terminations 
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( ) L ( )  +
⎛
⎜ 

l ⎞
⎟ −

⎛
⎜ 

l ⎞
⎟v z  = l, t  = V t = V t − + V t + 

⎝ c ⎠ ⎝ c ⎠ 

i z  = l, t  = I t = Y V t − − V − t +( ) L ( )  0 
⎣
⎢
⎡ 

+
⎝
⎜
⎛ 

c
l 

⎠
⎟
⎞ 

⎝
⎜
⎛ 

c
l 

⎠
⎟
⎞

⎦
⎥
⎤ 

⎛ l ⎞ ⎛ l ⎞ ( )    Eliminate V t  + ⇒ 2V  t  − = V ( )t + I  t Z  − ⎜ ⎟ + ⎜ ⎟ L L 0
⎝ c ⎠ ⎝ c ⎠ 

⎛ l ⎞ ⎛ l ⎞V t  + = L ( ) − V− ⎜ ⎟ V t + ⎜ t − ⎟
⎝ c ⎠ ⎝ c ⎠ 

V0a. Capacitor C at  z  = l,  R  = Z ⇒ V = L S 0 + 2 

ct > T VL ( )  = vc ( )t ,  IL t = CL 
dv 

t ( )  
dt 

dv
Z C  c + v = 2V  = V t > T0 L c + 0dt 
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− −  
c ( )  = V0 

⎡
⎢1 − e (t T ) (  Z C  v t  0 L  ) ⎤

⎥ t > T
⎣ ⎦ 

T = l c  

V− = vc ( ) − V+t 

−V − −t T  Z C  = 
2

0 + V l e  ⎡
⎢⎣
− (  ) ( 0 L )

⎦⎥
⎤ 

0 
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(Z C  V0 − −(  ) 0 L  )= − V e  t T  

2 0 

dv V − −  Z C  ic = CL 
c = 0 e ( )t T  ( 0 L  ) t > T 

dt Z0 

b. Inductor L at  z  = lL

diLL + i Z  = 2V  = V t > TL L 0 + 0dt 

V − −i = 0 (1 − e ( )  t T Z  0 LL ) t > TL Z0 

diL − −(  ) 0 LL t > Tv = L = V e  t T Z  
L L 0dt 

IV. Linear Constant Coefficient Difference Equations 

⎡a c 0 0  0 0 0 0  − − − −  ⎤ 
⎢c a c 0  0 0 0 0  − − − −  ⎥ 
⎢ ⎥ 
⎢0 c a c  0 0 0 0  − − − −  ⎥ 
⎢ ⎥ 
⎢0 0 c a  c 0 0 0  − − − −  ⎥Dn = det ⎢ ⎥ n 
' ' ' ' ' ' ' ' 
⎢ ⎥ 
⎢ ' ' ' ' ' ' ' ' ⎥ 
⎢ ⎥' ' ' ' ' ' ' ' ⎢ ⎥ 
⎣⎢ ' ' ' ' ' ' ' ' ⎦⎥ 

n 
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n-1 

 n-2 

⎡a c 0 0  0 0  − −  − − − −  ⎤ 
⎢	 ⎥ 
⎢c a c 0  0 0  − −  − − − −  ⎥ 
⎢0 c a c  0 0  − −  − − − −  ⎥ 
⎢	 ⎥ 

=  a	 ⎢0 0 c a  c 0  − −  − − − −  ⎥   n-1⎢ ⎥' '	 ' ' ' ' 
⎢	 ⎥ 
⎢ ' ' ' ' ' '	 ⎥ 
⎢	 ⎥' '	 ' ' ' ' ⎢	 ⎥ 
⎢ ' ' ' ' ' '	 ⎥⎣	 ⎦

⎡a c 0 0  0 0  − −  − − − −  ⎤ 
⎢ ⎥ 
⎢c a c 0  0 0  − −  − − − −  ⎥ 
⎢0 c a c  0 0  − −  − − − −  ⎥ 
⎢ ⎥ 

− c2 ⎢
⎢ 
0 0 c a  c 0  − −  − − − −  ⎥

⎥   n-2 
' '	 ' ' ' ' 
⎢	 ⎥ 
⎢ ' ' ' ' ' ' ⎥ 
⎢ ⎥' '	 ' ' ' ' ⎢ ⎥ 
⎢ ' ' ' ' ' ' ⎥⎣	 ⎦

Dn =	 aD  n  1  − − c2 Dn−2 

Dn − a  D  n−1 + c2 Dn−2 = 0 

D A n= λn

n 	 n 1  − 2  n 2  − 2A ⎡⎣ a +  λ  − ⎤
⎦ = 0 ⇒ λ  n 2  ⎡

⎣ a + c2 ⎤
⎦ = 0λ − λ  c	 A λ − λ

2 
2 2 a ⎡⎛ ⎞a 2 

⎤
1 2  

a +	 c = 0 ⇒ λ = ± ⎢⎜ ⎟ −  ⎥  cλ − λ
2 ⎢⎣ 2 ⎦⎝ ⎠  ⎥ 

⎡ ⎡⎛ ⎞  
2 ⎤

1 2  ⎤ 
= c ⎢

a 
± ⎢

a
1 ⎥

⎜  ⎟ 	− ⎥  ⎢2c 2c ⎥ 
⎢	 ⎢⎣⎝  ⎠  ⎥⎦ ⎥⎣	 ⎦ 
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  Let  
a 

= cos θ 
2c 

⎡ 2 1 2  ⎤λ = c cos  θ ± ⎡cos  θ −1⎤⎢ ⎣ ⎦ ⎥⎣ ⎦ 

= ⎡ ⎡ 2 1 2  ⎤ c cos  θ ± −  sin  θ⎤⎢ ⎣ ⎦ ⎥⎣ ⎦ 

= c cos  ⎡ θ ± jsin θ⎤⎣ ⎦ 

j± θ= c e

D = A (c e  jθ )n 
+ A (c e  − jθ )n 

n 1 2 

n ⎡ jn  θ  − θ  ⎤= c A1 e + A2 e jn  
⎣ ⎦ 

D1 = a = c ⎡⎣A1 ejθ + A2 e
− jθ ⎤

⎦ 

2 2  j2  θ − θD = a − c = c2 ⎡A e  + A e  j2  ⎤
2 ⎣ 1 2 ⎦ 

A ejθ + A e−jθ = 
a 

1 2 c 
jθ 

⇒ A1 = 
e 

2jsin θ 

−e− jθ 

A2 = 
2jsin θ 

j2θ j2 ⎛ ⎞
2 

A e  + A e−  θ  =
a

11 2 ⎜ ⎟ − 
c⎝ ⎠  

n n 

Dn = 
c 

ej n  1  + θ − e − j n  + θ  1 = 
c sin  ⎡(n + 1) θ⎤⎡ ( )  ( )  ⎤ ⎣ ⎦ 

2jsin θ ⎢⎣ ⎥⎦ sin θ 

sin2 θ
Check: D1 = c = 2cos  θ =  2c  ⎜

⎛ a 
⎟
⎞ 
= a 

sin θ ⎝ 2c ⎠ 

2 sin3 θ 2 2 2 
⎡ ⎛  ⎞  a 2 

− ⎥
⎤ 

2 2D2 = c = c ⎡4cos  θ −1⎤ = c ⎢4 ⎜ ⎟  1 = a − c 
sin θ ⎣ ⎦

⎣ 2c ⎦⎢ ⎝ ⎠  ⎥ 

6.641, Electromagnetic Fields, Forces, and Motion  Lecture 17 
Prof. Markus Zahn        Page 20 of 20 



<<
  /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


