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V = I ⋅R

Ω

Ω
(iemens)



4

R1 R2

R1

R2

 

R = R1+ R2

 

R =
1

1
R1

+
1
R2

=
R1⋅ R2
R1+ R2

⇒ R1//R2
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C = C1+ C2

 

C =
1

1
C1

+
1
C2

=
C1⋅C2
C1+ C2
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Voltage law Kirchhoff's first law  
 
電気回路に任意の閉路をとり電圧の向きを一方
向に取ったとき、各区間の電圧をvkとすると、電
圧の総和は0となる。�

Kirchhoff's law 

The sum of currents flowing into any node and the sum of the voltage 
around any closed network are zero. They were first described in 1845 
by German physicist Gustav Kirchhoff. (Wikipedia）�

Current law Kirchhoff's first law  
 
電気回路の任意の節点において、流れ込む向きを正
（又は負）と統一すると、各線の電流をikとしたとき、そ
の総和は0となる。�

 

ik
k=1

N

∑ = 0

 

vk
k=1

N

∑ = 0
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Any linear electrical network with voltage and current sources and 
resistances can be replaced by an equivalent voltage source VTh in series 
connection with an equivalent resistance RTh. The theorem was derived 
in 1883 by French engineer Léon Charles Thévenin.  
日本では等価電圧源表示、また独自に発表した鳳秀太郎（東大工学部教

授で与謝野晶子の実兄）の名を取って、鳳-テブナンの定理ともいう。

(Wikipedia) 

Thévenin's theorem (テブナンの定理)	
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V0 = V × R2
R1 + R2

 

r0 =
R1R2
R1 + R2
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I0 =
V0
r0

=
VR2
R1 + R2

÷
R1R2
R1 + R2

=
V
R1
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In electronics circuit which has several power supplies, current of any 
node and voltage between any two nodes are equal to the sum of the 
value when each supply exist independently by changing voltage 
sources to short and current sources to open.(Wikipedia) 

Principle of superposition

R1 R2 R3

V0 I0

V R1 R2 R3

I0

V1 R1 R2 R3

V0

V2

 

V = V1 +V2

=
R1 ⋅R2
R1+ R2

I0 +
R2

R1+ R2
V0

=
R2

R1+ R2
(R1 ⋅ I0 +V0)

= + 
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Ri = R1 //R2



14

X	



15

 

 

 

 



16

gm =
∂Ids
∂Vgs SaturatedRegion

= β Vgs −Vth( )

∂Ids = gm∂Vgs  ⇒  Ids = gmVgs

 

Ids = β
Vgs −Vth( )

2

2
            (Vds >Vgs −Vth )
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Use complex voltage V instead of sine wave v and make calculation 

 

V =V0e
i(ωt−ϕ ) =V0 cos ωt −ϕ( ) + iV0 sin ωt −ϕ( )

From the calculation result, actual voltage is obtained from the 
imaginary part. 
In case of Current	

 

I = I0e
i(ωt−ϕ )

Using Complex Numbers 
in AC Circuit Analysis  

This will ease the calculation!	
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By using complex number, differentiation and integration become 
multiplication and division.	

 

dI
dt

= jωI ,            dV
dt

= jωV

I dt∫ =
I
jω

,   V dt∫ =
V
jω

Using Complex Numbers in AC Circuit Analysis  
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V (t) =VR +VL +VC

= I(t) ⋅ R + L dI(t)
dt

+
1
C

I(t) ⋅ dt∫

 

d
dt
V (t) =

d
dt
I(t) ⋅ R + L ⋅ d

2

dt 2
I(t) +

1
C
I(t)

 

V (t) =V0e
jωt

I(t) = I0e
j(ωt+ϕ )

 

jωV (t) = jωR⋅ I(t) −ω 2L⋅ I(t) +
1
C
I(t)

Z ≡ V (t)
I(t)

= R + j ωL − 1
ωC

& 

' 
( 

) 

* 
+ 

交流回路の複素計算法	
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Z = R2 + ωL − 1
ωC

!

"
#

$

%
&
2

tanϕ = Im(Z )
Re(Z )

=
ωL − 1

ωC
R

交流回路の複素計算法	

I(t) = V0

R2 + ωL − 1
ωC

"

#
$

%

&
'
2
sin(ωt −ϕ )

ϕ 

X =ωL − 1
ωC

 --- Reactance

ωL − 1
ωC

= 0 ⇒  ω0 =
1
LC

ω <ω0:  ωL < 1
ωC

,ϕ →−90º

ω =ω0:  ϕ = 0°

ω >ω0 :   ωL > 1
ωC

,ϕ →+90º
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Vo

Vi

=
1
jωC

R + 1
jωC

=
1

1+ jωRC

⇒
1

1+ jωτ
    (τ = RC)

 

Phase Shift φ

φ = tan−1( real
imaginary

) = −tan−1(ωt)

Gain G

G(iω) = Vo
Vi

=
1

1+ (ωτ )2

⇒
1
ωτ

 ωτ >>1( )
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dB =10 log10
P2
P1
= 20 log10

V2
V1

 

log10 2 = 0.3010

dB/decade 20
10
120log1

10
1

log20  

dB/octave 6
2
1log201

2
1

log20  

)1( 1
)(1

1)(   

Gain 

2

−==

−==

>>→
+

=

ωτ

ωτ

ωτ

ωτ

ωτ
ωτωτ

ωjG

G

dBV = 20 log10
V

1 Vrms[ ]

dBm =10 log10
P

1 mWrms@600Ω[ ]

= 20 log10
V

0.775 Vrms@600Ω[ ]

dBv = 20 log10
V

0.775 Vrms[ ]
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Signal propagation in transmission line

If the distance is short, the output 
changes with the input change.

Tdτ

If the characteristic time of a input signal τ is shorter than the 
transmission time Td, the output signal is no more same as the 
input signal. 
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ダム 
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Transmission speed

Characteristic Impedance

Signal propagation time
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R	=		4.5	Ω/m	
L	=	360	nH/m	

C	=	120	pF/m	

 
 

Vp =
1

360×10−9 ⋅120×10−12
= 1.5×108  [m/sec]

プリント基板断面	[µm]	

光速の約半分	

 

Z0 =
360×10−9

120×10−12 = 55 [Ω]

 

TD = 360×10−9 ⋅120×10−12 = 6.6 [nsec/m]
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Reflection	Coefficient	

Γ =
Vreflected
Vincident

=
Z2 − Z1
Z2 + Z1

Γ

Γ 

Γ 
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WWaavvee  oonn  aa  SSttrriinngg 
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A

B

 

ρB =
100− 50
100+ 50

= 0.33

 

ρA =
50− 50
50+ 50

= 0

100ns	
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A

B

C
 

ρB =
100− 50
100+ 50

= 0.33

 

ρC =
100− 50
100+ 50

= 0.33

 

ρA =
25− 50
25+ 50

= −0.33
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3V 
12mA Driver 

10ns 

3 

3V 
22Ω

12mA Driver 
10ns 

22Ω

50W 

50W 

 
*  
*

V1 V2 
V10 

V10 

50Ω
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cf. Internal resistance of a driver	

Driving power of a driver is different depending 
on signal standard. 
For example, in TTL logic, driving power is 
defined for low level output signal of 0.4V. 
Normally, it has 1.5 times margin.	

 

RO =
VOL

IOL ×1.5
=

0.4
12×1.5

= 22 Ω

 

IOL =
VOL
RO

×
1
1.5

従って、規格値12mAの駆動能力を持つ	

ドライバーの内部抵抗は	

V	 Ro	

Ro	I	
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3V 
12mA Driver 

10ns 
22Ω

50Ω
V1 V2 

V10 
28Ω

 
 

3V 
12mA Driver 

10ns 
22Ω

50Ω
V1 V2 

V10 

3V 

 



34

Ω

Ω Ω

Ω
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Ω

Ω

Ω

ΩΩ
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Ω

Ω

Ω

Ω
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 ~10 MΩ
 ~10 pF 

 ~300MHz

 ~1 MΩ
 ~1 pF 

~2GHz
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Ω
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 ~1 kΩ
 ~2 pF 

 ~1GHz


