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Exercise 1.4.2 (Homework)

Exercise 1.4.2. This is your homework.

Exercise 1.4.2 (Homework) 



Exercise 1.4.2 (Homework)

𝑉𝑉2 =
2.44[V]𝑅𝑅2

𝑉𝑉1 = 2.45[V]𝑅𝑅1

𝑉𝑉 =
4.89[V]

Find the ratios of 𝑅𝑅1/𝑅𝑅234, and 𝑅𝑅3/𝑅𝑅4, where 𝑅𝑅234 is the combined resistance of 𝑅𝑅2, 𝑅𝑅3, and 
𝑅𝑅4. The right bottom figure shows an image of the combined resistance.

𝑅𝑅4

𝑅𝑅3 𝑉𝑉3 = 1.23[V]

𝑉𝑉4 = 1.21[V]

−

+

≈

Find the ratios
𝑅𝑅3
𝑅𝑅4

𝑅𝑅1
𝑅𝑅234

,

𝑅𝑅234: combined 
resistance



Exercise 1.4.2 (Answers)

The answers to Exercise 1.4.2

Exercise 1.4.2 (Answers) 



Exercise 1.4.2 (Answers)

𝑉𝑉2 =
2.44[V]𝑅𝑅2

𝑉𝑉1 = 2.45[V]𝑅𝑅1

𝑉𝑉 =
4.89[V]

𝑅𝑅1/𝑅𝑅234 = 1.00, and 𝑅𝑅3/𝑅𝑅4 = 1.02. The numbers are rounded at the third decimal 
places.

𝑅𝑅4

𝑅𝑅3 𝑉𝑉3 = 1.23[V]

𝑉𝑉4 = 1.21[V]

−

+

𝑅𝑅3
𝑅𝑅4

=
𝑉𝑉3
𝑉𝑉4

=
1.23
1.21

= 1.02

𝑅𝑅1
𝑅𝑅234

=
𝑉𝑉1
𝑉𝑉2

=
𝑉𝑉1

𝑉𝑉3 + 𝑉𝑉4
=

2.45
2.44

= 1.00



Exercise 2.2.1 (Homework)

Exercise 2.2.1 (Homework)



Exercise 2.2.1 (Homework)

Trial 
Trial

Write the resistance 𝑅𝑅𝑒𝑒𝑒𝑒 which is equivalent to the combined resistance of 𝑅𝑅1,⋯ ,𝑅𝑅4
in the top circuit.

−

+

𝑉𝑉

𝑉𝑉

𝑅𝑅2

𝑅𝑅1

𝑅𝑅4

𝑅𝑅3

−

+

𝑅𝑅𝑒𝑒𝑒𝑒
 

Write 𝑅𝑅𝑒𝑒𝑒𝑒.



Exercise 2.2.1 (Answer)

Exercise 2.2.1 (Answer)



Exercise 2.2.1

Trial 
Trial

The equivalent resistance 𝑅𝑅𝑒𝑒𝑒𝑒 of 𝑅𝑅1,⋯ ,𝑅𝑅4 is that 𝑅𝑅𝑒𝑒𝑒𝑒 = 𝑅𝑅1 + 1/(1/𝑅𝑅2 + 1/(𝑅𝑅3+𝑅𝑅4)).

𝑅𝑅1

𝑅𝑅234−

+

𝑅𝑅2

𝑅𝑅1

𝑅𝑅34−

+

𝑅𝑅2

𝑅𝑅1

𝑅𝑅4

𝑅𝑅3

−

+

𝑅𝑅34 = 𝑅𝑅3 + 𝑅𝑅4

𝑅𝑅234 =
1

1
𝑅𝑅2

+ 1
𝑅𝑅34

−

+
𝑉𝑉

𝑉𝑉

𝑉𝑉 𝑉𝑉

𝑅𝑅𝑒𝑒𝑒𝑒
 

𝑅𝑅𝑒𝑒𝑒𝑒 = 𝑅𝑅1 + 𝑅𝑅234

= 𝑅𝑅1 +
1

1
𝑅𝑅2

+ 1
𝑅𝑅34

= 𝑅𝑅1 +
1

1
𝑅𝑅2

+ 1
𝑅𝑅3 + 𝑅𝑅4



Exercise 2.2.2 (Homework)

Exercise 2.2.2 (Homework) 



Exercise 2.2.2 (Homework)

Find the equivalent resistance 𝑅𝑅𝑒𝑒𝑒𝑒.

𝑅𝑅2

𝑅𝑅1

𝑉𝑉
𝑅𝑅4

𝑅𝑅3

20[kΩ]

10[kΩ]

20[kΩ]

10[kΩ]

𝑅𝑅6

𝑅𝑅5

20[kΩ]

10[kΩ]

𝑅𝑅2𝑛𝑛−2

𝑅𝑅2𝑛𝑛−3

20[kΩ]

10[kΩ]

𝑅𝑅2𝑛𝑛

𝑅𝑅2𝑛𝑛−1

10[kΩ]

10[kΩ]

𝑉𝑉

−

+

−

+
𝑅𝑅𝑒𝑒𝑒𝑒
𝑥𝑥[kΩ]

Find 𝑅𝑅𝑒𝑒𝑒𝑒.



Exercise 2.2.2 (Answer)

Trial 
Trial

Exercise 2.2.2 (Answer) 



Exercise 2.2.2 (Answer)

The result of Exercise 2.2.1 can be applied to this circuit.

𝑅𝑅2

𝑅𝑅1

𝑅𝑅4

𝑅𝑅3

20[kΩ]

10[kΩ]

20[kΩ]

10[kΩ]

𝑅𝑅6

𝑅𝑅5

20[kΩ]

10[kΩ]

𝑅𝑅2𝑛𝑛−2

𝑅𝑅2𝑛𝑛−3

20[kΩ]

10[kΩ]

𝑅𝑅2𝑛𝑛

𝑅𝑅2𝑛𝑛−1

10[kΩ]

10[kΩ]

𝑅𝑅𝑒𝑒𝑒𝑒 = 20 [kΩ]

−

+

−

+
𝑉𝑉

𝑉𝑉



Exercise 3.2 (Homework)

Exercise 3.2 (Homework) 



2. Calculate 𝐼𝐼1 and 𝐼𝐼2 using the voltage 
𝑉𝑉 measured in Experiment 3.2.2.

Exercise 3.2 (Homework)

Calculate 𝐼𝐼1, 𝐼𝐼2 with the measured 𝑉𝑉 in Experiment 3.2.2.

1. Write the currents 𝐼𝐼1, 𝐼𝐼2.

𝑅𝑅3𝑅𝑅2

𝑅𝑅1

𝐼𝐼2𝐼𝐼1𝑉𝑉
−
+

10[kΩ]
20

[kΩ]

10[kΩ]



Exercise 3.2 (Answers)

Exercise 3.2 (Answers)



Exercise 3.2 (Answers)

KVL gives that

𝑉𝑉 = 𝑅𝑅1 + 𝑅𝑅2 𝐼𝐼1 − 𝑅𝑅2𝐼𝐼2
0 = −𝑅𝑅2𝐼𝐼1 + 𝑅𝑅2 + 𝑅𝑅3 𝐼𝐼2

Then
𝑉𝑉
0 = 𝑅𝑅1 + 𝑅𝑅2 −𝑅𝑅2

−𝑅𝑅2 𝑅𝑅2 + 𝑅𝑅3
𝐼𝐼1
𝐼𝐼2

𝐼𝐼1
𝐼𝐼2

= 𝑅𝑅1 + 𝑅𝑅2 −𝑅𝑅2
−𝑅𝑅2 𝑅𝑅2 + 𝑅𝑅3

−1 𝑉𝑉
0

𝐼𝐼1 =
𝑅𝑅2 + 𝑅𝑅3

𝑅𝑅1𝑅𝑅2 + 𝑅𝑅2𝑅𝑅3 + 𝑅𝑅3𝑅𝑅1
𝑉𝑉

𝐼𝐼2 =
𝑅𝑅2

𝑅𝑅1𝑅𝑅2 + 𝑅𝑅2𝑅𝑅3 + 𝑅𝑅3𝑅𝑅1
𝑉𝑉

𝑉𝑉 𝑅𝑅2

20[kΩ]

𝑅𝑅1 10[kΩ]

𝑅𝑅3

20[kΩ]

𝐼𝐼1 𝐼𝐼2



Exercise 3.2 (Answers)

𝐼𝐼1 =
3.88[V]
20[kΩ]

= 194 [μA]

𝐼𝐼2 =
3.88[V]
40[kΩ] =  97 [𝜇𝜇A]

Given that 𝑅𝑅1 = 10[kΩ], 𝑅𝑅2 = 𝑅𝑅3 = 20[kΩ], 
and the measured 𝑉𝑉 = 3.88 V , then 

The measured values in Exp. 3.2.2:

𝑉𝑉 𝑅𝑅2

20[kΩ]

𝑅𝑅1 10[kΩ]

𝑅𝑅3

20[kΩ]

𝐼𝐼1 𝐼𝐼2

𝑉𝑉 = 3. 88 V
𝐼𝐼1 = 194 [μA]
𝐼𝐼2 =  97 [μA]



Exercise 3.5 (Homework)

Exercise 3.5 (Homework)



Exercise 3.5 (Homework)

𝑉𝑉
𝑅𝑅𝐿𝐿

𝑅𝑅2

𝐼𝐼𝐿𝐿

𝑅𝑅4

𝑅𝑅1 𝑅𝑅3

Show that if 𝑅𝑅2𝑅𝑅3 = 𝑅𝑅2𝑅𝑅4, then 𝐼𝐼𝐿𝐿 = 0.−
+



Exercise 3.5 (Answer)

Exercise 3.5 (Answer)



Exercise 3.5 (Answer)

𝑅𝑅0

𝑉𝑉0 =
𝑅𝑅3

𝑅𝑅1 + 𝑅𝑅3
𝑉𝑉 −

𝑅𝑅4
𝑅𝑅2 + 𝑅𝑅4

𝑉𝑉

=
𝑅𝑅2𝑅𝑅3 − 𝑅𝑅2𝑅𝑅4

𝑅𝑅1 + 𝑅𝑅3 𝑅𝑅2 + 𝑅𝑅4
𝑉𝑉

𝑅𝑅0 =
1

1
𝑅𝑅1

+ 1
𝑅𝑅3

+
1

1
𝑅𝑅2

+ 1
𝑅𝑅4

=
𝑅𝑅1𝑅𝑅3
𝑅𝑅1 + 𝑅𝑅3

+
𝑅𝑅2𝑅𝑅4
𝑅𝑅2 + 𝑅𝑅4

𝑅𝑅2 𝑅𝑅4

𝑅𝑅1 𝑅𝑅3

𝑉𝑉

𝑅𝑅2 𝑅𝑅4

𝑅𝑅1 𝑅𝑅3

𝑉𝑉0



Exercise 3.5 (Answer)

𝐼𝐼𝐿𝐿

𝑅𝑅5

𝑅𝑅0

𝑉𝑉0

if 𝑅𝑅2𝑅𝑅3 = 𝑅𝑅2𝑅𝑅4, 

then 𝑉𝑉0 = 0 and 𝐼𝐼𝐿𝐿 = 0

𝑉𝑉
𝑅𝑅𝐿𝐿

𝑅𝑅2

𝐼𝐼𝐿𝐿

𝑅𝑅4

𝑅𝑅1 𝑅𝑅3



Exercise 4.4.1 (Homework)

Exercise 4.4.1 (Homework)



Exercise 4.4.1 (Homework)

10[μs]

1[V] 𝑡𝑡

𝑣𝑣𝑅𝑅

𝑣𝑣

1[μs]

1[V] 𝑡𝑡

𝑣𝑣𝑅𝑅
𝑣𝑣

∆𝑡𝑡 = 0.26[μs]
∆𝑡𝑡 = 16.0 [μs]

(b) 𝑓𝑓 =100[kHz](a) 𝑓𝑓 =10[kHz]

Calculate the phase shifts 𝜃𝜃𝑠𝑠 of 𝑣𝑣 relative to 𝑣𝑣𝑅𝑅 in (a) and (b). Answer in [° ]
and [rad].



Exercise 4.4.1 (Answers)

Exercise 4.4.1 (Answers)



Exercise 4.4.1 (Answers)

(a) 𝑓𝑓 =10[kHz]

𝑇𝑇 =
1
𝑓𝑓

=
1

10000
= 100 μs

𝜃𝜃𝑠𝑠 = −
∆𝑡𝑡
𝑇𝑇

× 360 ° = −
16.0 μs
100 μs

× 360 ° = −57.6 ° 

𝜃𝜃𝑠𝑠 = −
∆𝑡𝑡
𝑇𝑇

× 2𝜋𝜋 rad = −
16.0 μs
100 μs

× 2𝜋𝜋 rad = −0.320𝜋𝜋 rad 

(b) 𝑓𝑓 =100[kHz]

𝑇𝑇 =
1
𝑓𝑓 =

1
100000 = 10 μs

𝜃𝜃𝑠𝑠 = −
∆𝑡𝑡
𝑇𝑇 × 360 ° = −

0.26 μs
10 μs × 360 ° = −9.4 ° 

𝜃𝜃𝑠𝑠 = −
∆𝑡𝑡
𝑇𝑇 × 2𝜋𝜋 rad = −

0.26 μs
10 μs × 2𝜋𝜋 rad = −0.052𝜋𝜋 rad 



Exercise 4.4.2 (Homework)

Exercise 4.4.2 (Homework)



Exercise 4.4.2 (Homework)

Calculate the phase shifts 𝜃𝜃𝑠𝑠 of 𝑣𝑣 relative to 𝑣𝑣𝑅𝑅  in (a) and (b). Answer in [° ] and [rad].

10[μs]

1[V] 𝑡𝑡

𝑣𝑣𝑅𝑅
𝑣𝑣

2[μs]

1[V] 𝑡𝑡

𝑣𝑣𝑅𝑅

𝑣𝑣

∆𝑡𝑡 = 3.97 [μs]∆𝑡𝑡 = 8.40 [μs]

(b) 𝑓𝑓 =50[kHz](a) 𝑓𝑓 =10[kHz]



Exercise 4.4.2 (Answers)

Exercise 4.4.2 (Answers)



Exercise 4.4.2 (Answers)

(a) 𝑓𝑓 =10[kHz]

𝑇𝑇 =
1
𝑓𝑓

=
1

10000
= 100 μs

𝜃𝜃𝑠𝑠 =
∆𝑡𝑡
𝑇𝑇

× 360 [° ] =
8.40 μs
100 μs

× 360 ° = 30.2 ° 

𝜃𝜃𝑠𝑠 =
∆𝑡𝑡
𝑇𝑇

× 2𝜋𝜋 [rad] =
8.40 [μs]
100 [μs]

× 2𝜋𝜋 rad = 0.168𝜋𝜋 rad 

(b) 𝑓𝑓 =50[kHz]

𝑇𝑇 =
1
𝑓𝑓 =

1
50000 = 20 μs

𝜃𝜃𝑠𝑠 =
∆𝑡𝑡
𝑇𝑇 × 360 [° ] =

3.97 μs
20 μs × 360 ° = 71.5 ° 

𝜃𝜃𝑠𝑠 =
∆𝑡𝑡
𝑇𝑇 × 2𝜋𝜋 [rad] =

3.97 [μs]
20 [μs] × 2𝜋𝜋 rad = 0.397𝜋𝜋 rad 



Exercise 5.1.1 (Homework)

Exercise 5.1.1 (Homework)



Exercise 5.1 (Homework)

An AC current is expressed with 𝑖𝑖 = 𝐼𝐼𝑚𝑚 sin𝜔𝜔𝑡𝑡, where 𝐼𝐼𝑚𝑚 is the amplitude. Show that 
the effective value of the AC current 𝐼𝐼𝑒𝑒 = 𝐼𝐼𝑚𝑚/ 2.

AC current

          𝑖𝑖 = 𝐼𝐼𝑚𝑚 sin𝜔𝜔𝑡𝑡
       𝐼𝐼𝑚𝑚: Amplitude

Show that

𝐼𝐼𝑒𝑒 =
𝐼𝐼𝑚𝑚

2
      𝐼𝐼𝑒𝑒: Effective value of AC current



Exercise 5.1 (Homework)

The effective value of AC current is defined as the DC current that gives the same 
heating effect as the AC current.

𝑅𝑅

𝑖𝑖: AC
 current

Heat

𝑅𝑅

𝐼𝐼𝐷𝐷𝐷𝐷: DC 
current

Heat

Heating 
effect

Heating 
effect

Same 𝐼𝐼𝐷𝐷𝐷𝐷: Equivalent 
current of AC 
power

𝐼𝐼𝑒𝑒 ≡ 𝐼𝐼𝐷𝐷𝐷𝐷

𝐼𝐼𝑒𝑒: Effective value 
of AC current



Exercise 5.1 (Answer)

Exercise 5.1 (Answer)



𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎 =
1
𝑇𝑇
�
0

𝑇𝑇
𝑣𝑣𝑣𝑣 𝑑𝑑𝑑𝑑

=
1
𝑇𝑇
�
0

𝑇𝑇 𝑣𝑣2

𝑅𝑅
 𝑑𝑑𝑑𝑑

=
𝑉𝑉𝑚𝑚2

𝑅𝑅𝑇𝑇
�
0

𝑇𝑇
sin2𝜔𝜔𝑡𝑡 𝑑𝑑𝑑𝑑

=
𝑅𝑅𝑅𝑅𝑚𝑚2

𝑇𝑇
�
0

𝑇𝑇 1 − cos 2𝜔𝜔𝑡𝑡
2

𝑑𝑑𝑑𝑑

=
𝑅𝑅𝐼𝐼𝑚𝑚2

𝑇𝑇
𝑇𝑇
2

=
𝑅𝑅𝑖𝑖𝑚𝑚2

2

cos 2𝜃𝜃 = 1 − 2sin2𝜃𝜃

Exercise 5.1(Answer)

𝑅𝑅

𝑣𝑣: AC voltage

Heat𝑖𝑖: AC 
current

𝑖𝑖 = 𝐼𝐼𝑚𝑚 sin𝜔𝜔𝑡𝑡

𝑣𝑣 = 𝑅𝑅𝑅𝑅

Heating effect = Average power consumed by the resistor 𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎

𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎 =
1
𝑇𝑇
�
0

𝑇𝑇
𝑣𝑣𝑣𝑣 𝑑𝑑𝑑𝑑

=
1
𝑇𝑇
�
0

𝑇𝑇
𝑅𝑅𝑅𝑅2 𝑑𝑑𝑑𝑑

=
𝑅𝑅𝑅𝑅𝑚𝑚2

𝑇𝑇
�
0

𝑇𝑇
sin2𝜔𝜔𝑡𝑡 𝑑𝑑𝑑𝑑



𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎 =
1
𝑇𝑇
�
0

𝑇𝑇
𝑣𝑣𝑣𝑣 𝑑𝑑𝑑𝑑

=
1
𝑇𝑇
�
0

𝑇𝑇 𝑣𝑣2

𝑅𝑅
 𝑑𝑑𝑑𝑑

=
𝑉𝑉𝑚𝑚2

𝑅𝑅𝑇𝑇
�
0

𝑇𝑇
sin2𝜔𝜔𝑡𝑡 𝑑𝑑𝑑𝑑

=
𝑉𝑉𝑚𝑚2

𝑅𝑅𝑅𝑅
�
0

𝑇𝑇 1 − cos 2𝜔𝜔𝑡𝑡
2

𝑑𝑑𝑑𝑑

=
𝑉𝑉𝑚𝑚2

𝑅𝑅𝑅𝑅
𝑇𝑇
2

=
𝑉𝑉𝑚𝑚2

2𝑅𝑅

cos 2𝜃𝜃 = 1 − 2sin2𝜃𝜃

Exercise 5.1 (Answer)

𝑅𝑅

𝑣𝑣: AC voltage

Heat

𝑖𝑖

𝑣𝑣 = 𝑉𝑉𝑚𝑚 sin𝜔𝜔𝑡𝑡

𝑖𝑖 =
𝑣𝑣
𝑅𝑅

𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎 =
1
𝑇𝑇
�
0

𝑇𝑇
𝑣𝑣𝑣𝑣 𝑑𝑑𝑑𝑑

=
1
𝑇𝑇
�
0

𝑇𝑇 𝑣𝑣2

𝑅𝑅
 𝑑𝑑𝑑𝑑

=
𝑉𝑉𝑚𝑚2

𝑅𝑅𝑇𝑇
�
0

𝑇𝑇
sin2𝜔𝜔𝑡𝑡 𝑑𝑑𝑑𝑑

=
𝑅𝑅𝐼𝐼𝑚𝑚2

2

𝑅𝑅

𝑉𝑉𝐷𝐷𝐷𝐷: DC voltage

Heat

𝑃𝑃𝐷𝐷𝐷𝐷 = 𝑉𝑉𝐷𝐷𝐷𝐷𝐼𝐼𝐷𝐷𝐷𝐷

=
𝑉𝑉𝐷𝐷𝐷𝐷2

𝑅𝑅

𝐼𝐼𝐷𝐷𝐷𝐷
= 𝑅𝑅𝐼𝐼𝐷𝐷𝐷𝐷2

𝑅𝑅𝑅𝑅𝐷𝐷𝐷𝐷2 =
𝑅𝑅𝐼𝐼𝑚𝑚2

2
𝐼𝐼𝐷𝐷𝐷𝐷 =

𝐼𝐼𝑚𝑚
2

𝐼𝐼𝑒𝑒  =
𝐼𝐼𝑚𝑚

2

≡
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10[μs]

1[V] 𝑡𝑡

𝑣𝑣𝑅𝑅
𝑣𝑣𝐶𝐶

Exercise 5.4 (Homework)

𝑣𝑣𝐶𝐶 = 𝑉𝑉𝐶𝐶𝐶𝐶 sin𝜔𝜔𝑡𝑡

𝑖𝑖 = 𝜔𝜔𝐶𝐶𝑉𝑉𝐿𝐿𝐿𝐿 sin 𝜔𝜔𝑡𝑡 +
𝜋𝜋
2

𝑡𝑡

𝑉𝑉𝐶𝐶𝐶𝐶 =3.4 [V]

1. Find 𝜔𝜔𝐶𝐶, where 𝐶𝐶 = 0.01 [μF].

Results in Experiment 5.4.1. 𝑓𝑓 = 10 [kHz]. 

3. Find 𝑉𝑉𝑅𝑅𝑅𝑅 using 𝐼𝐼𝑚𝑚, and compare it to the 
reading from 𝑣𝑣𝑅𝑅. 

2. Find 𝐼𝐼𝑚𝑚, if 𝑉𝑉𝐶𝐶𝐶𝐶 = 3.4 [V].

You can round the answers to 2 significant 
figures

𝐶𝐶
𝑣𝑣𝐶𝐶

𝑣𝑣𝑅𝑅

0.01 [μF]

𝑅𝑅
1 [kΩ]

𝑖𝑖

𝑣𝑣 +
−

𝑉𝑉𝑅𝑅𝑅𝑅
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Exercise 5.4 (Answers)

1. Find 𝜔𝜔𝐶𝐶, where 𝐶𝐶 = 0.01 [μF].

𝜔𝜔𝐶𝐶 = 2𝜋𝜋𝑓𝑓𝑓𝑓
= 2 × 𝜋𝜋 × 10 × 103 Hz × 0.01 × 10−6 H
= 6.3 × 10−4 [Ω]

2. Find 𝐼𝐼𝑚𝑚 , if 𝑉𝑉𝐶𝐶𝐶𝐶 = 3.4 [V].

𝐼𝐼𝑚𝑚 = 𝜔𝜔𝐶𝐶𝑉𝑉𝐿𝐿𝐿𝐿 = 6.3 × 10−4 × 3.4 = 2.1 × 10−3 [A]

3. Find 𝑉𝑉𝑅𝑅𝑅𝑅 using 𝐼𝐼𝑚𝑚, and compare it to the reading 
from  𝑣𝑣𝑅𝑅. 

𝑉𝑉𝑅𝑅𝑅𝑅 = 𝑅𝑅𝐼𝐼𝑚𝑚 = 103 Ω × 2.1 × 10−3[A] = 2.1 [V]
10[μs]

1[V] 𝑡𝑡

𝑣𝑣𝑅𝑅
𝑣𝑣𝐶𝐶

𝑉𝑉𝑅𝑅𝑅𝑅 = 2.1 [V]

𝐶𝐶
𝑣𝑣𝐶𝐶

𝑣𝑣𝑅𝑅

0.01 [μF]

𝑅𝑅
1 [kΩ]

𝑖𝑖

𝑣𝑣 +
−
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Exercise 6.6 (Homework)

𝐶𝐶1

𝐶𝐶2

Show that  

𝐶𝐶𝑒𝑒𝑒𝑒 =
1

1
𝐶𝐶1

+ 1
𝐶𝐶2𝐶𝐶𝑒𝑒𝑒𝑒

(b) Equivalent circuit

(a) Capacitors in series

𝑣𝑣 +
−

𝑣𝑣 +
−
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𝑣𝑣1
𝑣𝑣

𝑣𝑣2

𝑖𝑖

𝐶𝐶1

𝐶𝐶2

Exercise 6.6 (Answer)

𝐶𝐶𝑒𝑒𝑒𝑒 is obtained as 1/ 1/𝐶𝐶1 + 1/𝐶𝐶2 .

𝑣𝑣𝐶𝐶𝑒𝑒𝑒𝑒

𝑖𝑖𝑒𝑒𝑒𝑒

(b) Equivalent circuit

(a) Capacitors in series

𝑣𝑣 +
−

𝑣𝑣 +
−

𝑣𝑣1 =
1
𝐶𝐶1
� 𝑖𝑖 𝑑𝑑𝑑𝑑, 𝑣𝑣2 =

1
𝐶𝐶2
� 𝑖𝑖 𝑑𝑑𝑑𝑑

Kirchhoff’s voltage Law
𝑣𝑣 = 𝑣𝑣1 + 𝑣𝑣2

=
1
𝐶𝐶1
� 𝑖𝑖 𝑑𝑑𝑑𝑑 +

1
𝐶𝐶2
� 𝑖𝑖 𝑑𝑑𝑑𝑑

=
1
𝐶𝐶1

+
1
𝐶𝐶2

� 𝑖𝑖 𝑑𝑑𝑑𝑑

𝑣𝑣 =
1
𝐶𝐶𝑒𝑒𝑒𝑒

� 𝑖𝑖𝑒𝑒𝑒𝑒 𝑑𝑑𝑑𝑑

𝐶𝐶𝑒𝑒𝑒𝑒 =
1

1
𝐶𝐶1

+ 1
𝐶𝐶2

    𝐶𝐶𝑒𝑒𝑒𝑒: Combined capacitance
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Exercise 6.7

(b) Equivalent circuit

𝑣𝑣 +
−

𝑣𝑣 +
−

𝐶𝐶1 𝐶𝐶2

Show that 

𝐶𝐶𝑒𝑒𝑒𝑒 = 𝐶𝐶1 + 𝐶𝐶2𝐶𝐶𝑒𝑒𝑒𝑒

(a) Capacitors in parallel
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Exercise 6.7 (Answer)

𝑖𝑖1

𝑣𝑣

𝑖𝑖2

𝑣𝑣

𝑖𝑖

(b) Equivalent circuit

(a) Capacitors in parallel

𝑣𝑣 +
−

𝑣𝑣 +
−

𝐶𝐶1 𝐶𝐶2

𝐶𝐶𝑒𝑒𝑒𝑒

𝑖𝑖1 = 𝐶𝐶1
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

𝑖𝑖2 = 𝐶𝐶2
𝑑𝑑𝑣𝑣
𝑑𝑑𝑑𝑑

Kirchhoff’s current Law

𝑖𝑖 = 𝑖𝑖1 + 𝑖𝑖2
= 𝐶𝐶1

𝑑𝑑𝑣𝑣
𝑑𝑑𝑑𝑑 + 𝐶𝐶2

𝑑𝑑𝑣𝑣
𝑑𝑑𝑑𝑑

= 𝐶𝐶1 + 𝐶𝐶2
𝑑𝑑𝑣𝑣
𝑑𝑑𝑑𝑑

𝑖𝑖 = 𝐶𝐶𝑒𝑒𝑒𝑒
𝑑𝑑𝑣𝑣
𝑑𝑑𝑑𝑑

𝐶𝐶𝑒𝑒𝑒𝑒 = 𝐶𝐶1 + 𝐶𝐶2
 𝐶𝐶𝑒𝑒𝑒𝑒: Combined Capacitance
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Exercise 7.1 (Homework)
1. 𝑍𝑍1 = 3

2
+ 𝑗𝑗 1

2
, 𝑍𝑍2 = 1

2
+ 𝑗𝑗 3

2
.  

(1) Convert 𝑍𝑍1 and 𝑍𝑍2 into polar form.
(2) Find 𝑍𝑍1 + 𝑍𝑍2 in polar form.
(3) Plot 𝑍𝑍1,𝑍𝑍2, and 𝑍𝑍1 + 𝑍𝑍2 in complex plane.

2. 𝑍𝑍1 = 1
2

+ 𝑗𝑗 1
2
, 𝑍𝑍2 = 1

2
+ 𝑗𝑗 1

2
.  

(1) Convert 𝑍𝑍1 and 𝑍𝑍2 into polar form.
(2) Find 𝑍𝑍1 × 𝑍𝑍2 in polar form.
(3) Plot 𝑍𝑍1,𝑍𝑍2, and 𝑉𝑉1 × 𝑉𝑉2 in complex plane.

3.  𝑍𝑍1 = 1
2

+ 𝑗𝑗 3
2

, 𝑍𝑍2 = 3 + 𝑗𝑗.   
(1) Convert 𝑍𝑍1 and 𝑍𝑍2 into polar form.
(2) Find 𝑍𝑍1

𝑍𝑍2
in polar form.

(3) Plot 𝑍𝑍1,𝑍𝑍2, and 𝑍𝑍1
𝑍𝑍2

 in complex plane.
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Exercise 7.1 (Homework)
1.   𝑍𝑍1 = 3

2
+ 𝑗𝑗 1

2
, 𝑍𝑍2 = 1

2
+ 𝑗𝑗 3

2
.  

(1)  𝑍𝑍1 = 3/2
2

+ 1/2 2 cos 30° + 𝑗𝑗 sin 30° = cos 30° + 𝑗𝑗 sin 30°

𝑍𝑍2 = 1/2 2 + 3/2
2

cos 60° + 𝑗𝑗 sin 60° = cos 60° + 𝑗𝑗 sin 60°

(2)  𝑍𝑍1 + 𝑍𝑍2 = 1
2

+ 3
2

+ 𝑗𝑗 1
2

+ 3
2

= 1
2

+ 3
2

1 + 𝑗𝑗 = 2 1
2

+ 3
2

cos 45° + 𝑗𝑗 sin 45°

     (3)

Real Axis

Imaginary Axis 𝑍𝑍1 + 𝑍𝑍2

60°
45°

30°

𝑍𝑍1

𝑍𝑍2



Exercise 7.1 (Homework)
2.   𝑍𝑍1 = 1

2
+ 𝑗𝑗 1

2
, 𝑍𝑍2 = 1

2
+ 𝑗𝑗 1

2
.  

(1)  𝑍𝑍1 = 𝑍𝑍2 = 1/ 2
2

+ 1/ 2
2

cos 45° + 𝑗𝑗 sin 45° = cos 45° + 𝑗𝑗 sin 45°

(2)  𝑍𝑍1 × 𝑍𝑍2 = 1
2

+ 𝑗𝑗 1
2

× 1
2

+ 𝑗𝑗 1
2

= 1
2
− 1

2
+ 𝑗𝑗 1

2
+ 1

2
= 𝑗𝑗 = cos 90° + 𝑗𝑗 sin 90°

     (3)

Real Axis

Imaginary Axis

𝑍𝑍1 × 𝑍𝑍2

45°

𝑍𝑍1 = 𝑍𝑍2

90°



Exercise 7.1 (Homework)
3. 𝑍𝑍1 = 1

2
+ 𝑗𝑗 3

2
, 𝑍𝑍2 = 3 + 𝑗𝑗.  

(1)  𝑍𝑍1 = cos 60° + 𝑗𝑗 sin 60° , 𝑍𝑍2 = 2 cos 30° + 𝑗𝑗 sin 30°

(2)

    
     (3)

𝑍𝑍1
𝑍𝑍2

=
1
2 + 𝑗𝑗 3

2
3 + 𝑗𝑗

=
1
2 + 𝑗𝑗 3

2 3 − 𝑗𝑗

3 + 𝑗𝑗 3 − 𝑗𝑗
=

3
2 + 3

2 + 𝑗𝑗 3
2 −

1
2

3 + 1 =
1
2

3
2 + 𝑗𝑗

1
2 =

1
2 cos 30° + 𝑗𝑗 sin 30°

Real Axis

Imaginary Axis

𝑍𝑍1/𝑍𝑍2

60°
30°

𝑍𝑍2𝑍𝑍1



Exercise 7.4 (Homework)

Exercise 7.4 (Homework)



Exercise 7.4 (Homework)

0

1

2

3

4

10 30 50

Measured

[kHz]

𝑓𝑓

[kΩ]

𝜔𝜔
𝐿𝐿

Inductive Reactance

𝐿𝐿 = 10 [mH]

1. Calculate 𝜔𝜔𝐿𝐿 at 𝑓𝑓 = 10, 20, 30, 40 , 50
[kHz].

2. Draw a line of 𝜔𝜔𝐿𝐿.

𝐿𝐿 = 10 [mH]

1. Calculate 𝜔𝜔𝐿𝐿 at 𝑓𝑓 = 10, 20, 30, 40, 50
[kHz].
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Exercise 7.4 (Answers)

0

1

2

3

4

10 30 50

Measured

[kHz]

𝑓𝑓

[kΩ]

𝜔𝜔
𝐿𝐿

Inductive Reactance

Nominal

𝑓𝑓 = 10 [kHz] 

𝜔𝜔𝐿𝐿 = 2𝜋𝜋𝑓𝑓𝑓𝑓 = 2 × 𝜋𝜋 × 104 Hz × 0.01 H = 628 [Ω]

f [kHz] 𝜔𝜔𝜔𝜔 [kΩ]
10 0.63
20 1.26
30 1.88
40 2.51
50 3.14

Nominal values of 𝜔𝜔𝐿𝐿
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Exercise 7.5 (Homework)

The nominal value of capacitance 𝐶𝐶 = 0.01 [μF]

1. Calculate the nominal values of capacitive 
reactance −1/𝜔𝜔𝐶𝐶 at 𝑓𝑓 = 10, 20, 30, 40, 50
[kHz].

2. Draw a line that interpolates the nominal 
values of −1/𝜔𝜔𝐶𝐶.

Capacitive Reactance

-2

-1.5

-1

-0.5

0
10 20 30 40 50 [kHz]

𝑓𝑓

[kΩ]

−
1/
𝜔𝜔
𝐶𝐶 Measured
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-2

-1.5

-1

-0.5

0
10 20 30 40 50

Experiment 7.5 (Answer)

Nominal Values of −1/𝜔𝜔𝐶𝐶

f [kHz] −1/𝜔𝜔𝜔𝜔 [kΩ]
10 -1.59
20 -0.796
30 -0.531
40 -0.398
50 -0.318

−
1
𝜔𝜔𝐶𝐶

= −
1

2 × 𝜋𝜋 × 104 Hz × 0.01 × 10−6 F
= −1.59 [kΩ]

Capacitive Reactance

[kHz]

𝑓𝑓

[kΩ]

−
1/
𝜔𝜔
𝐶𝐶 Measured

Nominal

𝑓𝑓 = 10 [kHz]
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Exercise 8.5.1 (Homework)

If 𝑓𝑓 = 10 [kHz], 𝑉𝑉𝑒𝑒 = 2.96 [V] as in Experiment 8.5, then what is 𝑉𝑉𝑅𝑅𝑅𝑅? 

𝐿𝐿

𝑉𝑉𝑅𝑅

10 [mH]

𝑅𝑅
1 [kΩ]

𝐼𝐼

𝑉𝑉 +
−

𝑍𝑍 = 𝑍𝑍 cos𝜓𝜓 + 𝑗𝑗 sin𝜓𝜓

If 𝑉𝑉 = 𝑉𝑉𝑒𝑒 cos𝜃𝜃 + 𝑗𝑗 sin𝜃𝜃 , then 

𝐼𝐼 =
𝑉𝑉
𝑍𝑍

=
𝑉𝑉𝑒𝑒 cos𝜃𝜃 + 𝑗𝑗 sin𝜃𝜃
𝑍𝑍 cos𝜓𝜓 + 𝑗𝑗 sin𝜓𝜓

𝑍𝑍 = 𝑅𝑅2 + 𝜔𝜔𝐿𝐿 2 𝜓𝜓 = tan−1
𝜔𝜔𝐿𝐿
𝑅𝑅

=
𝑉𝑉𝑒𝑒
𝑍𝑍 cos 𝜃𝜃 − 𝜓𝜓 + 𝑗𝑗 sin 𝜃𝜃 − 𝜓𝜓

Eq. (7.4)

If 𝑓𝑓 = 10 [kHz], 𝑉𝑉𝑒𝑒 = 2.96 [V], then 𝑉𝑉𝑅𝑅𝑅𝑅 = ? 
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Exercise 8.5.1 (Answer)

𝑉𝑉𝑅𝑅𝑅𝑅 = 𝑅𝑅
𝑉𝑉𝑒𝑒
𝑍𝑍

= 𝑅𝑅
𝑉𝑉𝑒𝑒

𝑅𝑅2 + 𝜔𝜔𝐿𝐿 2

= 103 Ω ×
2.96 V

103 Ω 2 + 2 × 𝜋𝜋 × 104 Hz × 0.01 H 2

= 2.51 [V]

𝑉𝑉𝑅𝑅 = 𝑅𝑅𝑅𝑅

= 𝑅𝑅
𝑉𝑉
𝑍𝑍

= 𝑅𝑅
𝑉𝑉𝑒𝑒
𝑍𝑍 cos 𝜃𝜃 − 𝜓𝜓 + 𝑗𝑗 sin 𝜃𝜃 − 𝜓𝜓

The result In Experiment 8.5 was that 𝑉𝑉𝑅𝑅𝑅𝑅 = 2.40 [V] at 𝑓𝑓 = 10 [kHz]. This means that 
the amount of actual current is smaller than the nominal value. This is because the 
magnitude of actual impedance was larger than the nominal value.
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Exercise 8.10 (Homework)

This is an 𝑅𝑅 − 𝐶𝐶 parallel circuit. The admittance of 
the capacitor is 𝑗𝑗𝜔𝜔𝐶𝐶, and that of the resistor is 1/𝑅𝑅. 

1. Write the composite admittance 𝑌𝑌 of this 
circuit in the polar form.

2. If 𝑅𝑅 = 1 𝑘𝑘Ω ,𝐶𝐶 = 0.01 [μF], and 𝑓𝑓 = 15.9 
[kHz], find the admittance 𝑌𝑌 in the polar form.

You can round the answer to 2 significant figures.

𝐼𝐼

𝑌𝑌2
= 𝑗𝑗𝜔𝜔𝐶𝐶

𝑌𝑌1
=

1
𝑅𝑅

+
−𝑉𝑉
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Exercise 8.10 (Answers)

𝑌𝑌 = 𝑌𝑌1 + 𝑌𝑌2 =
1
𝑅𝑅

+ 𝑗𝑗𝜔𝜔𝐶𝐶 = 𝑌𝑌 cos𝜑𝜑 + 𝑗𝑗 sin𝜑𝜑

1. Composite Admittance

𝑌𝑌 =
1
𝑅𝑅

2

+ 𝜔𝜔𝐶𝐶 2 𝜑𝜑 = tan−1𝜔𝜔𝐶𝐶𝐶𝐶

𝐼𝐼

𝑌𝑌2
= 𝑗𝑗𝜔𝜔𝐶𝐶

𝑌𝑌1
=

1
𝑅𝑅

+
−𝑉𝑉

𝑌𝑌 =
1

1000

2

+ 2 × 𝜋𝜋 × 15.9 × 103 × 0.01 × 10−6 2 = 10−3 2 + 1.0 × 10−3 2

= 1.4 × 10−3

𝜓𝜓 = tan−12 × 𝜋𝜋 × 15.9 × 103 × 0.01 × 10−6 × 103 = tan−11.0 = 45°

𝑌𝑌 = 1.4 cos 45° + 𝑗𝑗 sin 45°  [mS]

2.  𝑅𝑅 = 1 kΩ ,𝐶𝐶 = 0.01 [μF], and 𝑓𝑓 = 15.9 [kHz]



Exercise 9.3 (Homework)

Exercise 9.3 (Homework)



-4.1

-3.1

-2.1

-1.1

-0.1

0.9

1.9

2.9

3.9

0 100 200 300 400 500 600 700 800 900 100 0

𝑣𝑣𝐶𝐶 𝑖𝑖

Exercise 9.3
𝑖𝑖

𝑣𝑣𝐶𝐶 𝐶𝐶

1. The voltage 𝑣𝑣𝐶𝐶 and the current 𝑖𝑖 are given 
by

       Develop the power 𝑝𝑝 = 𝑣𝑣𝐶𝐶𝑖𝑖.

2. Draw the waveform of 𝑝𝑝.

3. Find the average power of 𝑝𝑝.

4. The amplitude of 𝑝𝑝 is denoted by 𝑃𝑃𝐶𝐶𝐶𝐶 and 
𝑃𝑃𝐶𝐶𝑚𝑚 = 𝑉𝑉𝐶𝐶𝐶𝐶𝐼𝐼𝑒𝑒. The unit of 𝑃𝑃𝐶𝐶𝑚𝑚 is [Var]. 
Show that 𝑃𝑃𝐶𝐶𝑚𝑚 is

  

𝑣𝑣𝐶𝐶 = 2𝑉𝑉𝐶𝐶𝑒𝑒 sin𝜔𝜔𝑡𝑡
𝑖𝑖 = 2𝐼𝐼𝑒𝑒 cos𝜔𝜔𝑡𝑡.

𝑃𝑃𝐶𝐶𝐶𝐶 =
𝐼𝐼𝑒𝑒2

𝜔𝜔𝐶𝐶
= 𝜔𝜔𝐶𝐶𝑉𝑉𝐶𝐶𝐶𝐶2

𝜔𝜔𝑡𝑡
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Exercise 9.3
𝑖𝑖

𝑣𝑣𝐶𝐶 𝐶𝐶

1. The voltage 𝑣𝑣𝐶𝐶 and the current 𝑖𝑖 are given 
by

       Develop the power 𝑝𝑝 = 𝑣𝑣𝐶𝐶𝑖𝑖.

2. Draw the waveform of 𝑝𝑝.

3. Find the average power of 𝑝𝑝.

4. The amplitude of 𝑝𝑝 is denoted by 𝑃𝑃𝐶𝐶𝐶𝐶 and 
𝑃𝑃𝐶𝐶𝑚𝑚 = 𝑉𝑉𝐶𝐶𝐶𝐶𝐼𝐼𝑒𝑒. The unit of 𝑃𝑃𝐶𝐶𝑚𝑚 is [Var]. 
Show that 𝑃𝑃𝐶𝐶𝑚𝑚 is

  

𝑣𝑣𝐶𝐶 = 2𝑉𝑉𝐶𝐶𝑒𝑒 sin𝜔𝜔𝑡𝑡
𝑖𝑖 = 2𝐼𝐼𝑒𝑒 cos𝜔𝜔𝑡𝑡.

𝑃𝑃𝐶𝐶𝐶𝐶 =
𝐼𝐼𝑒𝑒2

𝜔𝜔𝐶𝐶
= 𝜔𝜔𝐶𝐶𝑉𝑉𝐶𝐶𝐶𝐶2

𝜔𝜔𝑡𝑡
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𝑡𝑡
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Exercise 9.3 (Answer)
𝑖𝑖

𝑣𝑣𝐶𝐶 𝐶𝐶

1. 
𝑝𝑝 = 𝑣𝑣𝐶𝐶𝑖𝑖

= 2𝑉𝑉𝐶𝐶𝑒𝑒 sin𝜔𝜔𝑡𝑡 × 2𝐼𝐼𝑒𝑒 cos𝜔𝜔𝑡𝑡
= 2𝑉𝑉𝐶𝐶𝐶𝐶𝐼𝐼𝑒𝑒 sin𝜔𝜔𝑡𝑡 cos𝜔𝜔𝑡𝑡
= 𝑉𝑉𝐶𝐶𝑒𝑒𝐼𝐼𝑒𝑒 sin 2𝜔𝜔𝑡𝑡

3. 

𝑃𝑃𝐶𝐶 =
1

2𝜋𝜋
�
0

2𝜋𝜋
𝑝𝑝𝑝𝑝𝜔𝜔𝑡𝑡

=
1

2𝜋𝜋
�
0

2𝜋𝜋
𝑉𝑉𝐶𝐶𝑒𝑒𝐼𝐼𝑒𝑒 sin 2𝜔𝜔𝑡𝑡 𝑑𝑑𝜔𝜔𝑡𝑡

= 0
4.

𝐼𝐼𝑒𝑒 = 𝜔𝜔𝐶𝐶𝑉𝑉𝐶𝐶𝑒𝑒

𝑉𝑉𝐶𝐶 =
𝐼𝐼𝑒𝑒
𝜔𝜔𝐶𝐶

𝑃𝑃𝐶𝐶𝐶𝐶 = 𝑉𝑉𝐶𝐶𝑒𝑒𝐼𝐼𝑒𝑒

=
𝐼𝐼𝑒𝑒2

𝜔𝜔𝐶𝐶
= 𝜔𝜔𝐶𝐶𝑉𝑉𝐶𝐶𝐶𝐶2
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𝑅𝑅

𝐼𝐼

𝐶𝐶

Exercise 9.6.1 (Homework)

In the case of 𝑅𝑅 − 𝐶𝐶 series circuit, cos𝜓𝜓 and sin𝜓𝜓 are given by these equations.

𝜓𝜓 = − tan−1
1

𝜔𝜔𝐶𝐶𝑅𝑅

cos𝜓𝜓 =
𝑅𝑅

𝑅𝑅2 + 1
𝜔𝜔𝐶𝐶

2

sin𝜓𝜓 = −
1
𝜔𝜔𝐶𝐶

𝑅𝑅2 + 1
𝜔𝜔𝐶𝐶

2

𝑅𝑅

𝜔𝜔𝐶𝐶

𝑅𝑅2 +
1
𝜔𝜔𝐶𝐶

2

−𝜓𝜓

𝑉𝑉 +
−



𝑅𝑅

𝐼𝐼

𝐶𝐶

Exercise 9.6.1 (Homework)

𝑉𝑉 +
−

𝑃𝑃𝑟𝑟 = �
−(1/𝜔𝜔𝐶𝐶)𝐼𝐼𝑒𝑒2

−
1/𝜔𝜔𝐶𝐶

𝑅𝑅2 + 1/𝜔𝜔𝐶𝐶 2 𝑉𝑉𝑒𝑒
2

𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎 = �
𝑅𝑅𝐼𝐼𝑒𝑒2
𝑅𝑅

𝑅𝑅2 + 1/𝜔𝜔𝐶𝐶 2 𝑉𝑉𝑒𝑒
2

Show that the active power 𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎 and the reactive power 𝑃𝑃𝑟𝑟 
are given by the following equations:
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Exercise 9.6.1 (Answers)

𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎 = 𝑉𝑉𝑒𝑒𝐼𝐼𝑒𝑒 cos𝜓𝜓 cos𝜓𝜓 =
𝑅𝑅

𝑅𝑅2 + 1/𝜔𝜔𝐶𝐶 2

= 𝑉𝑉𝑒𝑒𝐼𝐼𝑒𝑒
𝑅𝑅

𝑅𝑅2 + 1/𝜔𝜔𝐶𝐶 2
𝑉𝑉𝑒𝑒 = 𝑅𝑅2 + 1/𝜔𝜔𝐶𝐶 2𝐼𝐼𝑒𝑒

= 𝑅𝑅𝐼𝐼𝑒𝑒2 𝐼𝐼𝑒𝑒 =
𝑉𝑉𝑒𝑒

𝑅𝑅2 + 1/𝜔𝜔𝐶𝐶 2

=
𝑅𝑅

𝑅𝑅2 + 1/𝜔𝜔𝐶𝐶 2 𝑉𝑉𝑒𝑒
2

𝑃𝑃𝑟𝑟 = 𝑉𝑉𝑒𝑒𝐼𝐼𝑒𝑒 sin𝜓𝜓

= −𝑉𝑉𝑒𝑒𝐼𝐼𝑒𝑒
1/𝜔𝜔𝐶𝐶

𝑅𝑅2 + 1/𝜔𝜔𝐶𝐶 2

= �
−(1/𝜔𝜔𝐶𝐶)𝐼𝐼𝑒𝑒2

−
1/𝜔𝜔𝐶𝐶

𝑅𝑅2 + 1/𝜔𝜔𝐶𝐶 2 𝑉𝑉𝑒𝑒
2

sin𝜓𝜓 = −
1/𝜔𝜔𝐶𝐶

𝑅𝑅2 + 1/𝜔𝜔𝐶𝐶 2

𝑅𝑅

𝐼𝐼

𝐶𝐶
𝑉𝑉 +

−
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Exercise 9.6.2 (Homework)

Find the nominal values of 𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎/𝑉𝑉𝑒𝑒2 and 𝑃𝑃𝑟𝑟/𝑉𝑉𝑒𝑒2 using these equations. Then compare 
the measured values to the nominal ones. 

Measured values in Experiment 9.6.1

𝑅𝑅
1 [kΩ]

𝑣𝑣𝑅𝑅

𝐶𝐶
0.01 [μF]

𝑣𝑣 +
−

𝑓𝑓 [kHz] 𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎/𝑉𝑉𝑒𝑒2(Measured) 𝑃𝑃𝑟𝑟/𝑉𝑉𝑒𝑒2(Measured)
10 0.293 -0.450 
20 0.613 -0.482 
30 0.773 -0.412 
40 0.856 -0.347 
50 0.898 -0.296 

Nominal values:

𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎
𝑉𝑉𝑒𝑒2

=
𝑅𝑅

𝑅𝑅2 + 1/𝜔𝜔𝐶𝐶 2 

𝑃𝑃𝑟𝑟
𝑉𝑉𝑒𝑒2

= −
1/𝜔𝜔𝐶𝐶

𝑅𝑅2 + 1/𝜔𝜔𝐶𝐶 2

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

0
10 20 30 40 50 [kHz]

𝑓𝑓

𝑃𝑃 𝑟𝑟
/𝑉𝑉
𝑒𝑒2

Measured
0

0.2

0.4

0.6

0.8

1

10 20 30 40 50 [kHz]

𝑓𝑓

𝑃𝑃 𝑎𝑎
𝑎𝑎𝑎𝑎

/𝑉𝑉
𝑒𝑒2

 

(b) Reactive Power(a) Active Power

Measured
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Exercise 9.6.2 (Answers)

These equations show examples of the calculation at 𝑓𝑓 = 10 [kHz]. The table shows 
the results.

𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎
𝑉𝑉𝑒𝑒2

=
𝑅𝑅

𝑅𝑅2 + 1/𝜔𝜔𝐶𝐶 2

=
1000[Ω]

10002 + 1/(2 × 𝜋𝜋 × 104[Hz] × 0.01 × 10−6[F]) 2

= 0.283

 
𝑃𝑃𝑟𝑟
𝑉𝑉𝑒𝑒2

= −
1/𝜔𝜔𝐶𝐶

𝑅𝑅2 + 1/𝜔𝜔𝐶𝐶 2

= −
1/(2 × 𝜋𝜋 × 104 × 0.01 × 10−6)

10002 + 1/(2 × 𝜋𝜋 × 104 × 0.01 × 10−6) 2

= 0.450

𝑓𝑓 = 10 [kHz]

𝑓𝑓 [kHz] 𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎/𝑉𝑉𝑒𝑒2
(Measured)

𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎/𝑉𝑉𝑒𝑒2
(Nominal)

𝑃𝑃𝑟𝑟/𝑉𝑉𝑒𝑒2
(Measured)

𝑃𝑃𝑟𝑟/𝑉𝑉𝑒𝑒2
(Nominal)

10 0.293 0.283 -0.450 -0.450
20 0.613 0.612 -0.482 -0.487
30 0.773 0.780 -0.412 -0.414
40 0.856 0.863 -0.347 -0.344
50 0.898 0.908 -0.296 -0.289

𝑅𝑅
1 [kΩ]

𝑣𝑣𝑅𝑅

𝐶𝐶
0.01 [μF]

𝑣𝑣 +
−



Exercise 9.6.2 (Answers)

The measured values met the nominal values well. The resistance component of the 
capacitor was small.

𝑓𝑓 [kHz] 𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎/𝑉𝑉𝑒𝑒2
(Measured)

𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎/𝑉𝑉𝑒𝑒2
(Nominal)

𝑃𝑃𝑟𝑟/𝑉𝑉𝑒𝑒2
(Measured)

𝑃𝑃𝑟𝑟/𝑉𝑉𝑒𝑒2
(Nominal)

10 0.293 0.283 -0.450 -0.450
20 0.613 0.612 -0.482 -0.487
30 0.773 0.780 -0.412 -0.414
40 0.856 0.863 -0.347 -0.344
50 0.898 0.908 -0.296 -0.289

𝑅𝑅
1 [kΩ]

𝑣𝑣𝑅𝑅

𝐶𝐶
0.01 [μF]

𝑣𝑣 +
−

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

0
10 20 30 40 50 [kHz]

𝑓𝑓

𝑃𝑃 𝑟𝑟
/𝑉𝑉
𝑒𝑒2

Measured

Nominal

0

0.2

0.4

0.6

0.8

1

10 20 30 40 50 [kHz]

𝑓𝑓

𝑃𝑃 𝑎𝑎
𝑎𝑎𝑎𝑎

/𝑉𝑉
𝑒𝑒2

 

(b) Reactive Power(a) Active Power

Measured

Nominal
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Exercise 10.1.2 (Homework)

1-   2-   G  V-   W2 G  TO
1+  2+  G  V+  W1  G  TI 𝑅𝑅 𝑉𝑉

ADALM2000

1 [kΩ]

(a) Experimental circuit

This exercise is to find the internal 
resistor 𝑅𝑅0 of the Signal Generator(SG). 
(a) shows an experimental circuit to 
measure 𝑅𝑅0. (b) shows its equivalent 
circuit. The SG is represented by a 
practical voltage source having the 
source voltage 𝑉𝑉0, and the internal 
resistance 𝑅𝑅0. Assume that the 
measured effective values of 𝑉𝑉0 and 𝑉𝑉 
were

1. Find the internal resistance 𝑅𝑅0.

𝑅𝑅0

𝑉𝑉

I

b

+
−𝑉𝑉0

(b) Equivalent Circuit of Signal Generator

𝑅𝑅
1 [kΩ]

V0e [V] Ve [V]
2.85 2.71

a

a

b

Pause the video and find the internal resistance 𝑅𝑅0 of the signal generator.



Exercise 10.1.2 (Homework)

Pause the video and find the current source 𝐼𝐼0, and internal conductance 𝐺𝐺0 .

(c) Equivalent Circuit 

(c) shows another equivalent circuit of the SG. 
This circuit employs the current source 𝐼𝐼0 and 
the internal conductance 𝐺𝐺0.

2. Find the current source 𝐼𝐼0, and internal 
conductance 𝐺𝐺0.

𝑅𝑅
1 [kΩ]

𝐺𝐺0

b

a

𝐼𝐼0 𝑉𝑉
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Exercise 10.1.2 (Answers)

𝐼𝐼 =
𝑉𝑉0

𝑅𝑅0 + 𝑅𝑅

𝑉𝑉 = 𝑅𝑅𝑅𝑅

=
𝑅𝑅

𝑅𝑅0 + 𝑅𝑅
𝑉𝑉0

𝑅𝑅
1 [kΩ]

𝐺𝐺0

b

a

𝐼𝐼0 𝑉𝑉
𝐼𝐼0 =

𝑉𝑉0
𝑅𝑅0

=
2.86 [V]
51.7 [Ω]

= 55.3[mA]

𝐺𝐺0 =
1
𝑅𝑅0

=
1

51.7[Ω]
= 19.3[mS]

𝑅𝑅0

𝑉𝑉

I

b

+
−𝑉𝑉0 𝑅𝑅

1 [kΩ]

a

𝑅𝑅0 =
1 − 𝑉𝑉

𝑉𝑉0
𝑉𝑉
𝑉𝑉0

𝑅𝑅

=
1 − 2.71

2.85
2.71
2.85

× 1000

= 51.7 [Ω]
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Exercise 10.2 (Homework)

Derive 𝑉𝑉4 as a function of 𝑍𝑍1, 𝑍𝑍2, 𝑍𝑍3, 𝑉𝑉1, 𝑉𝑉2 and 𝑉𝑉3, by applying the Node Voltage Method.

𝐼𝐼2𝐼𝐼1

𝐼𝐼3

𝑍𝑍2

𝑍𝑍3

𝑍𝑍1

𝑏𝑏

𝑎𝑎

+
− 𝑉𝑉2+

−𝑉𝑉1
+
−𝑉𝑉3

𝑉𝑉4

Derive 𝑉𝑉4 as a function of 𝑍𝑍1, 𝑍𝑍2, 𝑍𝑍3, 𝑉𝑉1, 
𝑉𝑉2 and 𝑉𝑉3.
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Exercise 10.2 (Answer)

𝑉𝑉1 − 𝑉𝑉4
𝑍𝑍1

+
𝑉𝑉2 − 𝑉𝑉4
𝑍𝑍2

+
𝑉𝑉3 − 𝑉𝑉4
𝑍𝑍3

= 0

𝑉𝑉4 =

𝑉𝑉1
𝑍𝑍1

+ 𝑉𝑉2
𝑍𝑍2

+ 𝑉𝑉3
𝑍𝑍3

1
𝑍𝑍1

+ 1
𝑍𝑍2

+ 1
𝑍𝑍3

𝐼𝐼1 =
𝑉𝑉1 − 𝑉𝑉4
𝑍𝑍1

𝐼𝐼2 =
𝑉𝑉2 − 𝑉𝑉4
𝑍𝑍2

𝐼𝐼3 =
𝑉𝑉3 − 𝑉𝑉4
𝑍𝑍3

𝐼𝐼1 + 𝐼𝐼2 + 𝐼𝐼3 = 0
KCL

𝐼𝐼2𝐼𝐼1

𝐼𝐼3

𝑍𝑍2

𝑍𝑍3

𝑍𝑍1

𝑉𝑉4

𝑏𝑏

𝑎𝑎

+
− 𝑉𝑉2+

−𝑉𝑉1
+
−𝑉𝑉3



Exercise 10.3.2 (Homework)

Exercise 10.3.2 (Homework)



Exercise 10.3.2 (Homework)

Derive 𝑉𝑉4 as a function of 𝑍𝑍1, 𝑍𝑍2, 𝑍𝑍3, 𝑉𝑉1, 𝑉𝑉2 and 𝑉𝑉3, by applying the Mesh Current Method.

𝑍𝑍2

𝑍𝑍3

𝑍𝑍1

𝑏𝑏

𝑎𝑎

+
− 𝑉𝑉2+

−𝑉𝑉1
+
−𝑉𝑉3

𝑉𝑉4

Derive 𝑉𝑉4 as a function of 𝑍𝑍1, 𝑍𝑍2, 𝑍𝑍3, 𝑉𝑉1, 
𝑉𝑉2 and 𝑉𝑉3.

𝐼𝐼2𝐼𝐼1



Exercise 10.3.2 (Answer)

Exercise 10.3.2 (Answer)



Exercise 10.3.2 (Homework)

𝐼𝐼1
𝐼𝐼2

= 𝑍𝑍1 + 𝑍𝑍3 −𝑍𝑍3
−𝑍𝑍3 𝑍𝑍2 + 𝑍𝑍3

−1 𝑉𝑉1 − 𝑉𝑉3
−𝑉𝑉2 + 𝑉𝑉3

KVL

𝑉𝑉1 − 𝑉𝑉3
−𝑉𝑉2 + 𝑉𝑉3

= 𝑍𝑍1 + 𝑍𝑍3 −𝑍𝑍3
−𝑍𝑍3 𝑍𝑍2 + 𝑍𝑍3

𝐼𝐼1
𝐼𝐼2

𝑉𝑉1 − 𝑉𝑉3 = (𝑍𝑍1+𝑍𝑍3)𝐼𝐼1  − 𝑍𝑍3𝐼𝐼2Loop 1: 

−𝑉𝑉2 + 𝑉𝑉3 =  −𝑍𝑍3 𝐼𝐼1  + (𝑍𝑍2 + 𝑍𝑍3)𝐼𝐼2Loop 2: 
𝑍𝑍2

𝑍𝑍3

𝑍𝑍1

𝑉𝑉4

𝑏𝑏

𝑎𝑎

+
− 𝑉𝑉2+

−𝑉𝑉1
+
−𝑉𝑉3

𝐼𝐼2𝐼𝐼1



Exercise 10.3.2 (Homework)

𝑍𝑍2

𝑍𝑍3

𝑍𝑍1

𝑉𝑉4

𝑏𝑏

𝑎𝑎

+
− 𝑉𝑉2+

−𝑉𝑉1
+
−𝑉𝑉3

𝐼𝐼2𝐼𝐼1

𝐼𝐼1 =
𝑍𝑍2 + 𝑍𝑍3 𝑉𝑉1 − 𝑉𝑉3 + 𝑍𝑍3 −𝑉𝑉2 + 𝑉𝑉3

𝑍𝑍1 + 𝑍𝑍3 𝑍𝑍2 + 𝑍𝑍3 − 𝑍𝑍32

=
𝑍𝑍2 + 𝑍𝑍3 𝑉𝑉1 − 𝑍𝑍3𝑉𝑉2 − 𝑍𝑍2𝑉𝑉3
𝑍𝑍1𝑍𝑍2 + 𝑍𝑍2𝑍𝑍3 + 𝑍𝑍3𝑍𝑍1

𝑉𝑉4 = 𝑉𝑉1 − 𝑍𝑍1𝐼𝐼1

= 𝑉𝑉1 − 𝑍𝑍1
𝑍𝑍2 + 𝑍𝑍3 𝑉𝑉1 − 𝑍𝑍3𝑉𝑉2 − 𝑍𝑍2𝑉𝑉3
𝑍𝑍1𝑍𝑍2 + 𝑍𝑍2𝑍𝑍3 + 𝑍𝑍3𝑍𝑍1

=
𝑍𝑍2𝑍𝑍3𝑉𝑉1 + 𝑍𝑍1𝑍𝑍3𝑉𝑉2 + 𝑍𝑍1𝑍𝑍2𝑉𝑉3

𝑍𝑍1𝑍𝑍2 + 𝑍𝑍2𝑍𝑍3 + 𝑍𝑍3𝑍𝑍1

=

𝑉𝑉1
𝑍𝑍1

+ 𝑉𝑉2
𝑍𝑍2

+ 𝑉𝑉3
𝑍𝑍3

1
𝑍𝑍1

+ 1
𝑍𝑍2

+ 1
𝑍𝑍3



Exercise 10.4.2 (Homework)

Exercise 10.4.2 (Homework)



Exercise 10.4.2 (Homework)

𝑉𝑉2

𝑅𝑅2

𝐶𝐶

𝑅𝑅1

𝑉𝑉1 𝑉𝑉3+
−

+
−

1. Derive the voltage 𝑉𝑉3 as a function of 
𝑅𝑅1, 𝑅𝑅2, 𝐶𝐶, 𝑉𝑉1, and 𝑉𝑉2.

2.  𝑅𝑅1 = 𝑅𝑅2 = 𝑅𝑅 = 1 kΩ ,𝐶𝐶 = 0.01 [μF], 
and

       

𝑣𝑣1 = 𝑉𝑉1𝑚𝑚 sin𝜔𝜔𝑡𝑡
𝑣𝑣2 = 𝑉𝑉2𝑚𝑚 sin 𝜔𝜔𝑡𝑡 −

𝜋𝜋
2

where 𝑉𝑉1𝑚𝑚 =4 [V] (𝑉𝑉1,𝑝𝑝−𝑝𝑝 =8 [V]), 
𝑉𝑉2𝑚𝑚 = 2 [V] (𝑉𝑉2,𝑝𝑝−𝑝𝑝 =4 [V]) and 
𝑓𝑓 = 15.9 [kHz].

Show that

𝑉𝑉3𝑒𝑒 =
2
2

𝑉𝑉 ,𝜓𝜓3 = −53°



Exercise 10.4.2 (Answers)

The answers to Exercise 10.4.2. 

Exercise 10.4.2 (Answers)



Exercise 10.4.2 (Answers)

𝑉𝑉2

𝑅𝑅2

𝐶𝐶

𝑅𝑅1

𝑉𝑉1 𝑉𝑉3+
−

+
−

𝑅𝑅2

𝐶𝐶

𝑅𝑅1

𝑉𝑉1 𝑉𝑉3
(𝑏𝑏)+

−

𝑉𝑉2

𝑅𝑅2

𝐶𝐶

𝑅𝑅1

+
−

𝑉𝑉3
(𝑐𝑐)

𝑉𝑉3
(𝑏𝑏) =

1
1
𝑅𝑅2

+ 𝑗𝑗𝜔𝜔𝐶𝐶

𝑅𝑅1 + 1
1
𝑅𝑅2

+ 𝑗𝑗𝜔𝜔𝐶𝐶

𝑉𝑉1

=
1

1 + 𝑅𝑅1
𝑅𝑅2

1 + 𝑗𝑗𝜔𝜔𝐶𝐶𝑅𝑅2
𝑉𝑉1

𝑉𝑉3
(𝑐𝑐) =

1

1 + 𝑅𝑅2
𝑅𝑅1

1 + 𝑗𝑗𝜔𝜔𝐶𝐶𝑅𝑅1
𝑉𝑉2

𝑉𝑉3 = 𝑉𝑉3
(𝑏𝑏) + 𝑉𝑉3

(𝐶𝐶)

=
1

1 + 𝑅𝑅1
𝑅𝑅2

1 + 𝑗𝑗𝜔𝜔𝐶𝐶𝑅𝑅2
𝑉𝑉1 +

1

1 + 𝑅𝑅2
𝑅𝑅1

1 + 𝑗𝑗𝜔𝜔𝐶𝐶𝑅𝑅1
𝑉𝑉2

1.



Exercise 10.4.2 (Answers)

𝑉𝑉2

𝑅𝑅2

𝐶𝐶

𝑅𝑅1

𝑉𝑉1 𝑉𝑉3+
−

+
−

𝑉𝑉1 = 𝑉𝑉1𝑒𝑒 =
4
2

𝑉𝑉2 = 𝑉𝑉2𝑒𝑒 cos 90° − 𝑗𝑗 sin 90° = −𝑗𝑗
2
2

𝜔𝜔𝐶𝐶𝑅𝑅
    = 2 × 𝜋𝜋 × 15.9 × 103 Hz × 0.01 × 10−6 F × 103 Ω
    = 1.0

𝑉𝑉3 =
1

1 + 𝑅𝑅1
𝑅𝑅2

1 + 𝑗𝑗𝜔𝜔𝐶𝐶𝑅𝑅2
𝑉𝑉1 +

1

1 + 𝑅𝑅2
𝑅𝑅1

1 + 𝑗𝑗𝜔𝜔𝐶𝐶𝑅𝑅1
𝑉𝑉2

=
𝑉𝑉1 + 𝑉𝑉2

1 + 1 + 𝑗𝑗

=
2
2

2 − 𝑗𝑗
2 + 𝑗𝑗

𝑉𝑉3𝑒𝑒 =
2
2

𝜓𝜓3 = −tan−1
1
2
− tan−1

1
2

= −53°

1[kΩ]

0.01[μΩ]

1[kΩ]
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Exercise 10.5.2 (Homework)



Exercise 10.5.2 (Homework)

1. Derive 𝑉𝑉𝑎𝑎𝑎𝑎 as a function of 
𝑅𝑅1,𝑅𝑅2,𝐶𝐶, and 𝑉𝑉 by applying 
Ho-Thévenin’s Theorem.

2. 𝑣𝑣 = 𝑉𝑉𝑚𝑚 sin𝜔𝜔𝑡𝑡

where 𝑉𝑉𝑚𝑚 =4 [V] (𝑉𝑉𝑝𝑝−𝑝𝑝 =8 [V]), 
𝑓𝑓 = 20 [kHz].

     Find 𝑉𝑉𝑎𝑎𝑎𝑎.

𝐶𝐶
0.01 [μF]

𝑎𝑎𝑅𝑅1 1 [kΩ]

𝑅𝑅2
1 [kΩ]𝑉𝑉 𝑉𝑉𝑎𝑎𝑎𝑎

Original Circuit

+
−



Exercise 10.5.2 (Answer)

Exercise 10.5.2 (Answer)



Exercise 10.5.2 (Answer)

𝑍𝑍1 = 𝑅𝑅1, 𝑍𝑍2 = 𝑅𝑅2, 𝑍𝑍𝐿𝐿 = −𝑗𝑗 1
𝜔𝜔𝐶𝐶

.

From the answer to Exercise 10.5.1,

𝑉𝑉𝑎𝑎𝑎𝑎 =
𝑍𝑍2𝑍𝑍𝐿𝐿

𝑍𝑍1𝑍𝑍2 + 𝑍𝑍2𝑍𝑍𝐿𝐿 + 𝑍𝑍𝐿𝐿𝑍𝑍1
𝑉𝑉

=
−𝑗𝑗 𝑅𝑅2𝜔𝜔𝐶𝐶

𝑅𝑅1𝑅𝑅2 + 𝑅𝑅1 + 𝑅𝑅2 −𝑗𝑗 1
𝜔𝜔𝐶𝐶

𝑉𝑉

=
𝑅𝑅2

𝑅𝑅1 + 𝑅𝑅2 + 𝑗𝑗𝜔𝜔𝐶𝐶𝑅𝑅1𝑅𝑅2
𝑉𝑉

𝐶𝐶
0.01 [μF]

𝑎𝑎𝑅𝑅1 1 [kΩ]

𝑅𝑅2
1 [kΩ]𝑉𝑉 𝑉𝑉𝑎𝑎𝑎𝑎

+
−

1.



Exercise 10.5.2 (Answer)

𝐶𝐶
0.01 [μF]

𝑎𝑎𝑅𝑅1 1 [kΩ]

𝑅𝑅2
1 [kΩ]𝑉𝑉 𝑉𝑉𝑎𝑎𝑎𝑎

+
−

2. 𝑉𝑉 =
4
2

 [V]

𝑉𝑉𝑎𝑎𝑎𝑎𝑎𝑎 =
𝑅𝑅2

𝑅𝑅1 + 𝑅𝑅2 2 + 𝜔𝜔𝐶𝐶𝑅𝑅1𝑅𝑅2 2
𝑉𝑉

=
1000

2000[Ω] 2 + 2 × 𝜋𝜋 × 20 × 103[Hz] × 0.01 × 10−6[F] × 1000[Ω] × 1000[Ω] 2

4
2

= 1.20 [V]

𝜓𝜓𝑎𝑎𝑎𝑎 = −tan−1
𝜔𝜔𝐶𝐶𝑅𝑅1𝑅𝑅2
𝑅𝑅1 + 𝑅𝑅2

= −tan−1
2 × 𝜋𝜋 × 20 × 103 × 0.01 × 10−6 × 1000 × 1000

2000
 

= −32.1 [° ]



Exercise 10.6 (Homework)

Exercise 10.6 (Homework)



Exercise 10.6 (Homework)

Derive the balanced condition of this 
bridge circuit.𝐷𝐷

𝑅𝑅4 𝐶𝐶4𝑅𝑅2

𝑅𝑅3

𝐶𝐶3

𝑅𝑅1

𝑣𝑣

+ −



Exercise 10.6 (Answer)

Exercise 10.6 (Answer)



Exercise 10.6 (Answer)

𝐷𝐷

𝑅𝑅4 𝐶𝐶4𝑅𝑅2

𝑅𝑅3

𝐶𝐶3

𝑅𝑅1

𝑣𝑣

+ −

Balanced condition:

𝑅𝑅1 𝑅𝑅4 − 𝑗𝑗
1
𝜔𝜔𝐶𝐶4

= 𝑅𝑅2
1

1
𝑅𝑅3

+ 𝑗𝑗𝜔𝜔𝐶𝐶3

𝑅𝑅4 − 𝑗𝑗
1
𝜔𝜔𝐶𝐶4

1
𝑅𝑅3

+ 𝑗𝑗𝜔𝜔𝐶𝐶3 =
𝑅𝑅2
𝑅𝑅1

𝑅𝑅4
𝑅𝑅3

+
𝐶𝐶3
𝐶𝐶4

+ 𝑗𝑗 𝜔𝜔𝐶𝐶3𝑅𝑅4 −
1

𝜔𝜔𝐶𝐶4𝑅𝑅3
=
𝑅𝑅2
𝑅𝑅1

Real part:
𝑅𝑅4
𝑅𝑅3

+
𝐶𝐶3
𝐶𝐶4

=
𝑅𝑅2
𝑅𝑅1

Imaginary part:

𝜔𝜔𝐶𝐶3𝑅𝑅4 =
1

𝜔𝜔𝐶𝐶4𝑅𝑅3
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Exercise 11.2.1 (Homework)

1. Derive 𝐺𝐺𝑍𝑍 = 20log10 𝑍𝑍 ,  and 𝜓𝜓𝑍𝑍 as 
functions of the frequency 𝑓𝑓.

 𝑍𝑍 is the impedance of 𝑅𝑅 − 𝐿𝐿 series circuit.

2. Plot 𝐺𝐺𝑍𝑍 and 𝜓𝜓𝑍𝑍 in the range of 0.1 [kHz]≤
𝑓𝑓 ≤ 1000 [kHz]. 

𝑉𝑉𝑍𝑍

𝑅𝑅𝑑𝑑
1 [kΩ]

𝑅𝑅
1 [kΩ]

𝑉𝑉𝑑𝑑

𝐿𝐿
10 [mH]

𝑉𝑉
+
−



Exercise 11.2.1 (Answer)

Exercise 11.2.1 (Answer)



Experiment 11.2.1 (Answer)

𝑍𝑍 = 𝑅𝑅 + 𝑗𝑗𝜔𝜔𝐿𝐿

The unit of 𝑍𝑍: [kΩ]

20log10 𝑍𝑍 = 20log10
𝑅𝑅

1000[Ω]

2

+
𝜔𝜔𝐿𝐿

1000[Ω]

2

= 20log10
1000[Ω]
1000[Ω]

2

+
2 × 𝜋𝜋 × 𝑓𝑓[Hz] × 0.01[H]

1000[Ω]

2

 [dB]

𝜓𝜓𝑍𝑍 = tan−1
𝜔𝜔𝐿𝐿
𝑅𝑅

= tan−1
2 × 𝜋𝜋 × 𝑓𝑓[Hz] × 0.01[H]

1000 [Ω]  [° ]



Experiment 11.2.1 (Answer)

0
10
20
30
40
50
60

0.1 1 10 100 1000

0

30

60

90

120

0.1 1 10 100 1000 [kHz]

[kHz]

[ °]

[dB]

𝜓𝜓
𝑍𝑍

𝑓𝑓

𝑓𝑓

Nominal

Nominal

𝐺𝐺 𝑍𝑍
=

20
 lo

g
𝑍𝑍
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Exercise 11.2.2 (Homework)



Exercise 11.2.2 (Homework)

1. Derive 𝐺𝐺𝑍𝑍 = 20log10
𝑉𝑉𝐶𝐶
𝑉𝑉

,  and 𝜓𝜓𝑉𝑉𝐶𝐶−𝑉𝑉 as 
functions of 𝜔𝜔.

2. Plot 𝐺𝐺𝑍𝑍 and 𝜓𝜓𝑍𝑍 in the range of 0.1 [kHz]≤
𝑓𝑓 ≤ 1000 [kHz]. 

𝑉𝑉𝐶𝐶

𝑅𝑅

𝐶𝐶

𝑉𝑉
+
−

0.01 [μF]

1 [kΩ]



Exercise 11.2.2 (Answer)

Exercise 11.2.2 (Answer)



Exercise 11.2.2 (Answer)

𝑉𝑉𝐶𝐶

𝑅𝑅

𝐶𝐶
0.01 [μF]

1 [kΩ]𝑉𝑉
+
−

20 log10
𝑉𝑉𝐶𝐶
𝑉𝑉 = 20log10

1

1 + 𝜔𝜔𝐶𝐶𝐶𝐶 2

𝜓𝜓𝑉𝑉𝐶𝐶−𝑉𝑉 = −tan−1𝜔𝜔𝐶𝐶𝐶𝐶

𝑉𝑉𝐶𝐶 =
−𝑗𝑗 1

𝜔𝜔𝐶𝐶
𝑅𝑅 − 𝑗𝑗 1

𝜔𝜔𝐶𝐶
𝑉𝑉

=
1

1 + 𝑗𝑗𝜔𝜔𝐶𝐶𝐶𝐶
𝑉𝑉



Exercise 11.2.2 (Answer)

-40

-30

-20

-10

0
0.1 1 10 100 1000

-120

-90

-60

-30

0
0.1 1 10 100 1000 [kHz]

[kHz]

𝑓𝑓

𝑓𝑓

Nominal

[dB]

Nominal

[ °]

𝜓𝜓
𝑉𝑉 𝐶𝐶

−
𝑉𝑉

20
 lo

g
𝑉𝑉 𝐶𝐶 𝑉𝑉
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Exercise 12.4 (Homework)

1. Derive the relationship between the ratio

and the frequency 𝑓𝑓.

2. Derive the relationship between the phase 
angle of 𝑉𝑉𝐿𝐿 relative to 𝑉𝑉, 𝜓𝜓𝑉𝑉𝐿𝐿−𝑉𝑉, and the 
frequency 𝑓𝑓.

3. Draw the plots of 𝐺𝐺𝑉𝑉𝐶𝐶 and 𝜓𝜓𝑉𝑉𝐿𝐿−𝑉𝑉 in the 
range from 1 [kHz] to 100 [kHz].

𝐺𝐺𝑉𝑉𝐿𝐿 = 20 log
𝑉𝑉𝐿𝐿𝐿𝐿
𝑉𝑉𝑒𝑒

 [dB]

Equivalent Circuit

𝐿𝐿

𝐶𝐶

+
−

𝐼𝐼

𝑉𝑉𝐿𝐿

0.01[μF]

𝑅𝑅𝐿𝐿𝐿𝐿
80[Ω]

10[mH]
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Exercise 12.4 (Answer)

𝑉𝑉 = 𝑅𝑅 + 𝑗𝑗 𝜔𝜔𝐿𝐿 −
1
𝜔𝜔𝐶𝐶

𝐼𝐼

𝑉𝑉𝐿𝐿 = 𝑗𝑗𝜔𝜔𝐿𝐿𝐿𝐿

𝐺𝐺𝑉𝑉𝐶𝐶 = 20 log
𝑉𝑉𝐶𝐶𝐶𝐶
𝑉𝑉𝑒𝑒

𝑉𝑉𝐿𝐿 =
𝑗𝑗𝜔𝜔𝐿𝐿

𝑅𝑅 + 𝑗𝑗 𝜔𝜔𝐿𝐿 − 1
𝜔𝜔𝐶𝐶

𝑉𝑉

𝐺𝐺𝑉𝑉𝐿𝐿 = 20 log
𝜔𝜔𝐿𝐿

𝑅𝑅2 + 𝜔𝜔𝐿𝐿 − 1
𝜔𝜔𝐶𝐶

2

𝜓𝜓𝑉𝑉𝐿𝐿−𝑉𝑉 =
𝜋𝜋
2 − tan−1

𝜔𝜔𝐿𝐿 − 1
𝜔𝜔𝐶𝐶

𝑅𝑅

Equivalent Circuit

𝐿𝐿

𝐶𝐶

+
−

𝐼𝐼

𝑉𝑉𝐿𝐿

0.01[μF]

𝑅𝑅𝐿𝐿𝐿𝐿
80[Ω]

10[mH]



Frequency Characteristics

(a) 𝐺𝐺𝑉𝑉𝐿𝐿

(b) 𝜓𝜓𝑉𝑉𝐿𝐿−𝑉𝑉

Equivalent Circuit

𝐿𝐿

𝐶𝐶

+
−

𝐼𝐼

𝑉𝑉𝐿𝐿

0.01[μF]

𝑅𝑅𝐿𝐿𝐿𝐿
80[Ω]

10[mH]

-60

-40

-20

0

20

40

1 10 100

0

45

90

135

180

1 10 100 [kHz]

[kHz]

𝜓𝜓
𝑉𝑉 𝐿𝐿
−
𝑉𝑉

𝑓𝑓

𝑓𝑓

[dB]

[ °]

𝐺𝐺 𝑉𝑉
𝐿𝐿
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Exercise 12.8.1 (Homework)

Assume that voltage 𝑉𝑉 is applied to this circuit.

1. Write the relationship between the source 
current 𝐼𝐼 and the voltage 𝑉𝑉.

2. Write the relationship between the 
capacitance current 𝐼𝐼𝐶𝐶  and the voltage 𝑉𝑉.

3. Write the relationship between the 
capacitance current 𝐼𝐼𝐶𝐶  and the source 
current 𝐼𝐼.

4. Write the relationship between the 
effective value of capacitance current 𝐼𝐼𝐶𝐶𝐶𝐶 
and that of the source current 𝐼𝐼𝑒𝑒.

5. Write the relationship between the ratio 
𝐺𝐺𝐼𝐼𝐶𝐶 = 20log 𝐼𝐼𝐶𝐶𝐶𝐶/𝐼𝐼𝑒𝑒 and the frequency 𝑓𝑓.

6. Write the phase angle of the capacitance 
current relative to the source current 𝜓𝜓𝐼𝐼𝐶𝐶−𝐼𝐼 
as a function of frequency 𝑓𝑓.

𝑅𝑅 𝐿𝐿 𝐶𝐶+
−

𝑉𝑉

𝐼𝐼𝐶𝐶

𝐼𝐼



Exercise 12.8.1 (Answer)

Exercise 12.8.1 (Answer)



Exercise 12.8.1 (Answer)

𝐼𝐼 =
1
𝑅𝑅
− 𝑗𝑗

1
𝜔𝜔𝐿𝐿

− 𝜔𝜔𝐶𝐶 𝑉𝑉

𝐼𝐼𝐶𝐶 = 𝑗𝑗𝜔𝜔𝐶𝐶𝐶𝐶

𝐼𝐼𝐶𝐶 =
𝑗𝑗𝜔𝜔𝐶𝐶

1
𝑅𝑅 − 𝑗𝑗 1

𝜔𝜔𝐿𝐿 − 𝜔𝜔𝐶𝐶
𝐼𝐼

𝐺𝐺𝐼𝐼𝐶𝐶 = 20 log
𝜔𝜔𝐶𝐶

1
𝑅𝑅

2
+ 1

𝜔𝜔𝐿𝐿 − 𝜔𝜔𝐶𝐶
2

𝐼𝐼𝐶𝐶𝐶𝐶
𝐼𝐼𝑒𝑒

=
𝜔𝜔𝐶𝐶

1
𝑅𝑅

2
+ 1

𝜔𝜔𝐿𝐿 − 𝜔𝜔𝐶𝐶
2𝑅𝑅 𝐿𝐿 𝐶𝐶+

−
𝑉𝑉

𝐼𝐼𝐶𝐶

𝐼𝐼

𝜓𝜓𝐼𝐼𝐶𝐶−𝐼𝐼 =
𝜋𝜋
2 + tan−1𝑅𝑅

1
𝜔𝜔𝐿𝐿 − 𝜔𝜔𝐶𝐶
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Exercise 13.2.2 (Homework)

𝑣𝑣 = 𝑣𝑣1 + 𝑣𝑣3

+
−

𝐿𝐿

R

10 [mH]

1 [kΩ]𝑣𝑣
𝑣𝑣𝐿𝐿

𝑣𝑣 = 𝑣𝑣1 + 𝑣𝑣3

𝑣𝑣3

𝑣𝑣1

𝑣𝑣1 = 2𝑉𝑉𝑒𝑒 sin𝜔𝜔𝑡𝑡

𝑣𝑣3 =
2

3
𝑉𝑉𝑒𝑒 sin 3𝜔𝜔𝑡𝑡

        𝑓𝑓 = 15.9 [kHz]

(1) Derive 𝑉𝑉𝐿𝐿𝐿 and  𝑉𝑉𝐿𝐿𝐿.

(2) Derive 𝑣𝑣𝐿𝐿𝐿 and 𝑣𝑣𝐿𝐿3. 

(3) Draw the waveform of 𝑣𝑣𝐿𝐿  (= 𝑣𝑣𝐿𝐿𝐿+ 𝑣𝑣𝐿𝐿3).   
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Exercise 13.2.2 (Answer)

𝑣𝑣1

𝑣𝑣1 = 2𝑉𝑉𝑒𝑒 sin𝜔𝜔𝑡𝑡

𝑗𝑗𝜔𝜔𝐿𝐿 = 𝑗𝑗2𝜋𝜋 × 15.9 × 103 × 0.01
= 𝑗𝑗 [kΩ]

𝑉𝑉𝐿𝐿𝐿 =
𝑗𝑗𝜔𝜔𝐿𝐿

𝑅𝑅 + 𝑗𝑗𝜔𝜔𝐿𝐿
𝑉𝑉1 =

𝑗𝑗
1 + 𝑗𝑗

𝑉𝑉𝑒𝑒(1)

𝑣𝑣𝐿𝐿𝐿 = 2
1
2
𝑉𝑉𝑒𝑒 sin 𝜔𝜔𝑡𝑡 +

𝜋𝜋
4

= 𝑉𝑉𝑒𝑒 sin 𝜔𝜔𝑡𝑡 +
𝜋𝜋
4

(2)

+
− 𝑗𝑗𝜔𝜔𝐿𝐿

R

1 [kΩ]

1 [kΩ]

𝑣𝑣𝐿𝐿



Exercise 13.2.2 (Answer)

+
−

𝑗𝑗3𝜔𝜔𝐿𝐿

𝑗𝑗 3 [kΩ]

R
1 [kΩ]

𝑣𝑣𝐿𝐿𝐿

𝑣𝑣3

𝑣𝑣3 =
2

3
𝑉𝑉𝑒𝑒 sin 3𝜔𝜔𝑡𝑡

𝑗𝑗𝑗𝜔𝜔𝐿𝐿 = 𝑗𝑗3 × 2𝜋𝜋 × 15.9 × 103 × 0.01

= 𝑗𝑗 3 [kΩ]

𝑣𝑣𝐿𝐿𝐿 =
3
10

2
3 𝑉𝑉𝑒𝑒 sin 𝜔𝜔𝑡𝑡 +

𝜋𝜋
2 − tan−1 3

≈
1
5
𝑉𝑉𝑒𝑒 sin 𝜔𝜔𝑡𝑡 + 0.1𝜋𝜋

𝑉𝑉𝐿𝐿𝐿 =
𝑗𝑗3𝜔𝜔𝐿𝐿

𝑅𝑅 + 𝑗𝑗3𝜔𝜔𝐿𝐿
𝑉𝑉1 =

𝑗𝑗 3
1 + 𝑗𝑗 3

𝑉𝑉𝑒𝑒
3

(2)

(1)



Exercise 13.2.2 (Answer)

+
−

R
1 [kΩ]

𝑣𝑣
𝑣𝑣𝐿𝐿

𝑣𝑣𝐿𝐿 = 𝑣𝑣𝐿𝐿𝐿 + 𝑣𝑣𝐿𝐿3
≈ 𝑉𝑉𝑒𝑒 sin 𝜔𝜔𝑡𝑡 +

𝜋𝜋
4

+
1
5
𝑉𝑉𝑒𝑒 sin 𝜔𝜔𝑡𝑡 + 0.1𝜋𝜋

𝐿𝐿
10 [mH]

𝑣𝑣𝐿𝐿𝐿
𝑣𝑣𝐿𝐿𝐿

(3)

-1.5

-1

-0.5

0

0.5

1

1.5

0 0.02 0.04 0.06

𝑣𝑣𝐿𝐿 = 𝑣𝑣𝐿𝐿𝐿 + 𝑣𝑣𝐿𝐿3

𝑉𝑉𝑒𝑒 = 1



For your reference

This is for your reference. If the harmonics up to 999th are summed, the inductance voltage 𝑣𝑣𝐿𝐿 
becomes like this one.

+
−

R
1 [kΩ]

𝑣𝑣
𝑣𝑣𝐿𝐿

𝑣𝑣 = 𝑣𝑣1 + 𝑣𝑣3 + ⋯+ 𝑣𝑣999
𝑣𝑣𝐶𝐶 = 𝑣𝑣𝐶𝐶𝐶 + 𝑣𝑣𝐶𝐶3 + ⋯+ 𝑣𝑣𝐶𝐶𝐶𝐶𝐶

𝑣𝑣𝐿𝐿𝐿𝐿 =
𝑘𝑘

1 + 𝑘𝑘2
2
𝑘𝑘
𝑉𝑉𝑒𝑒 sin 𝜔𝜔𝑡𝑡 +

𝜋𝜋
2
− tan−1 𝑘𝑘

𝐿𝐿
10 [mH]

𝑣𝑣𝐿𝐿
𝑣𝑣

𝑉𝑉𝑒𝑒 = 1

-2.5
-2

-1.5
-1

-0.5
0

0.5
1

1.5
2

2.5

0 0.02 0.04 0.06
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Exercise 13.3.3 (Homework)

-1.5

-1

-0.5

0

0.5

1

1.5

-1000 -800 -600 -400 -200 0 200 400 600 800 1000 𝑡𝑡

𝑓𝑓

𝑇𝑇

𝑇𝑇
2

𝑉𝑉𝑚𝑚
Find the Fourier series for this 
square wave.
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Exercise 13.3.3 (Answer)  

-1.5

-1

-0.5

0

0.5

1

1.5

-1000 -800 -600 -400 -200 0 200 400 600 800 1000 𝑡𝑡

𝑇𝑇

𝑇𝑇
2

𝑉𝑉𝑚𝑚

𝑣𝑣 = 𝑉𝑉𝑚𝑚𝑚 cos𝜔𝜔𝑡𝑡 −
1
3
𝑉𝑉𝑚𝑚𝑚 cos 3𝜔𝜔𝑡𝑡 +

1
5
𝑉𝑉𝑚𝑚𝑚 cos 5𝜔𝜔𝑡𝑡 −⋯

𝑎𝑎0 =
1
𝑇𝑇
�
0

𝑇𝑇
𝑣𝑣𝑣𝑣𝑣𝑣

= 0

𝑎𝑎𝑛𝑛 =
2
𝑇𝑇
�

�

�
0

𝑇𝑇/4
𝑉𝑉𝑚𝑚 cos𝑛𝑛𝜔𝜔𝑡𝑡 𝑑𝑑𝑑𝑑 −�

𝑇𝑇/4

3𝑇𝑇/4
𝑉𝑉𝑚𝑚 cos𝑛𝑛𝜔𝜔𝑡𝑡 𝑑𝑑𝑑𝑑

+ �
3𝑇𝑇/4

𝑇𝑇/4
𝑉𝑉𝑚𝑚 cos𝑛𝑛𝜔𝜔𝑡𝑡 𝑑𝑑𝑑𝑑

=
4
𝜋𝜋
𝑉𝑉𝑚𝑚

sin𝑛𝑛𝜋𝜋2
𝑛𝑛

𝑉𝑉𝑚𝑚𝑚 =
4
𝜋𝜋
𝑉𝑉𝑚𝑚

𝑣𝑣

𝑏𝑏𝑛𝑛 =
2
𝑇𝑇
�
0

𝑇𝑇
𝑣𝑣 sin𝑛𝑛𝜔𝜔𝑡𝑡 𝑑𝑑𝑑𝑑

= 0
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Exercise 13.4.2 (Homework)

(2)

𝑣𝑣 = 𝑉𝑉𝑚𝑚𝑚 sin𝜔𝜔𝑡𝑡 −
1
2
𝑉𝑉𝑚𝑚𝑚 sin 2𝜔𝜔𝑡𝑡 +

1
3
𝑉𝑉𝑚𝑚𝑚 sin 3𝜔𝜔𝑡𝑡 −⋯

𝑉𝑉𝑚𝑚𝑚 =
2
𝜋𝜋
𝑉𝑉𝑚𝑚

𝑉𝑉𝑚𝑚 = 1 V ,𝑓𝑓 = 1 [Hz].

Draw the frequency spectrum of the following two equations: 

(1)

𝑣𝑣 = 𝑉𝑉𝑚𝑚𝑚 sin𝜔𝜔𝑡𝑡 −
1
3
𝑉𝑉𝑚𝑚𝑚 sin 3𝜔𝜔𝑡𝑡 +

1
5
𝑉𝑉𝑚𝑚𝑚 sin 5𝜔𝜔𝑡𝑡 − ⋯

𝑉𝑉𝑚𝑚𝑚 =
4
𝜋𝜋
𝑉𝑉𝑚𝑚

𝑉𝑉𝑚𝑚 = 1 V ,𝑓𝑓 = 1 [Hz].
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Exercise 13.4.2 (Answer)

0

1.25

2.5

3.75

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

0

0.5

1

0 0.5 1
𝑓𝑓[kHz]

1.27

0.42
0.25

0.140.18

[V]

0

1.5

0.5

1.0

𝑓𝑓[Hz]

9531 7

[V]

0

0.5

1.0

9531 7

0.64

0.32
0.21 0.130.16

(2)

(1)



For your reference

0

1.25

2.5

3.75

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

0

0.5

1

0 0.5 1
𝑓𝑓[kHz]

1.27

0.42
0.25

0.140.18

[V]

0

1.5

0.5

1.0

𝑓𝑓[Hz]

9531 7

[V]

0

0.5

1.0

9531 7

0.64

0.32
0.21 0.130.16

(2)

(1)
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𝑉𝑉𝑚𝑚

𝑣𝑣
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Pause the video, and answer the questions.

𝑅𝑅 𝑣𝑣𝑅𝑅

𝐿𝐿

−
+

𝑖𝑖

𝑉𝑉

𝑆𝑆𝑆𝑆 𝑡𝑡 = 0

𝑣𝑣𝐿𝐿
(1) Why do 𝑣𝑣𝑅𝑅 increase and  𝑣𝑣𝐿𝐿 decrease?

(2) Why does           decrease ?

Exercise 14.3 (Homework)

𝑑𝑑𝑣𝑣𝑅𝑅
𝑑𝑑𝑑𝑑

0

0.5

1

1.5

2

2.5

0 20 40 60 80 100

𝑣𝑣𝐿𝐿

[V]

𝑡𝑡 [s]

𝑣𝑣𝑅𝑅
𝑉𝑉



Exercise 14.3 (Answer)
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𝑅𝑅 𝑣𝑣𝑅𝑅

𝐿𝐿

−
+

𝑖𝑖

𝑉𝑉

𝑆𝑆𝑆𝑆 𝑡𝑡 = 0

𝑣𝑣𝐿𝐿
(1) Why do 𝑣𝑣𝑅𝑅 increase and  𝑣𝑣𝐿𝐿 decrease?

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

=
𝑣𝑣𝐿𝐿
𝐿𝐿

𝑣𝑣𝐿𝐿 decreases.

𝑖𝑖 increases.

𝑣𝑣𝑅𝑅 increases.

Exercise 14.3 (Answer)

0

0.5

1

1.5

2

2.5

0 20 40 60 80 100

𝑣𝑣𝐿𝐿

[V]

𝑡𝑡 [s]

𝑣𝑣𝑅𝑅
𝑉𝑉



𝑅𝑅 𝑣𝑣𝑅𝑅

𝐿𝐿

−
+

𝑖𝑖

𝑉𝑉

𝑆𝑆𝑆𝑆 𝑡𝑡 = 0

𝑣𝑣𝐿𝐿
(2) Why does           decrease ?

𝑑𝑑𝑣𝑣𝑅𝑅
𝑑𝑑𝑑𝑑

𝑣𝑣𝐿𝐿 decreases.

𝑑𝑑𝑣𝑣𝑅𝑅
𝑑𝑑𝑑𝑑 = 𝑅𝑅

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

=
𝑅𝑅
𝐿𝐿
𝑣𝑣𝐿𝐿

𝑑𝑑𝑣𝑣𝑅𝑅
𝑑𝑑𝑑𝑑

decreases.

Exercise 14.3 (Answer)

0

0.5

1

1.5

2

2.5

0 20 40 60 80 100

𝑣𝑣𝐿𝐿

[V]

𝑡𝑡 [s]

𝑣𝑣𝑅𝑅
𝑉𝑉
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Exercise 14.4.1 (Homework)

𝑅𝑅 𝑣𝑣𝑅𝑅

𝐿𝐿

−
+

𝑖𝑖𝑆𝑆𝑆𝑆 𝑡𝑡 = 0

𝑣𝑣𝐿𝐿

1 [kΩ]

𝑉𝑉 = 1 [V] 10 [mH]

The switch 𝑆𝑆𝑆𝑆 is turned on at 𝑡𝑡 = 0.

Find 𝑣𝑣𝑅𝑅 , 𝑣𝑣𝐿𝐿 and 𝑖𝑖 at 𝑡𝑡 = 𝜏𝜏, where 𝜏𝜏 is the 
time constant.



Exercise 14.4.1 (Answer)

Exercise 14.4.1 (Answer)



Exercise 14.4.1

𝑅𝑅 𝑣𝑣𝑅𝑅

𝐿𝐿

−
+

𝑖𝑖𝑆𝑆𝑆𝑆 𝑡𝑡 = 0

𝑣𝑣𝐿𝐿

1 [kΩ]

𝑉𝑉 =1 [V] 10 [mH]

𝑖𝑖 =
𝑉𝑉
𝑅𝑅

1 − 𝑒𝑒−
𝑅𝑅
𝐿𝐿𝑡𝑡

𝑣𝑣𝐿𝐿 = 𝑉𝑉𝑒𝑒−
𝑅𝑅
𝐿𝐿𝑡𝑡

𝑣𝑣𝑅𝑅 = 𝑉𝑉 1 − 𝑒𝑒−
𝑅𝑅
𝐿𝐿𝑡𝑡

(𝑡𝑡 ≥ 0)

At 𝑡𝑡 = 𝜏𝜏 =
𝐿𝐿
𝑅𝑅 = 10 [μs]

𝑖𝑖 =
𝑉𝑉
𝑅𝑅 1 − 𝑒𝑒−1 =

1
1000 1 − 𝑒𝑒−1 ≈ 0.63 [mA]

𝑣𝑣𝐿𝐿 = 𝑉𝑉𝑒𝑒−1 = 1𝑒𝑒−1 ≈ 0.37 [V]

𝑣𝑣𝑅𝑅 = 𝑉𝑉 1 − 𝑒𝑒−1 = 1 × 1 − 𝑒𝑒−1 ≈ 0.63 [V]



Exercise 14.6 (Homework)

Exercise 14.6 (Homework)



(1) Why are 𝑣𝑣𝑅𝑅 = 𝑉𝑉 [V] and 𝑣𝑣𝐶𝐶 = 0 [V] at 𝑡𝑡 = 0 ?

Exercise 14.6 (Homework)

0

0.5

1

1.5

2

2.5

0 20 40 60 80 100

𝑣𝑣𝑅𝑅

[V]

𝑡𝑡 [s]

𝑣𝑣𝐶𝐶
𝑉𝑉

(3) What is time constant of this 𝑅𝑅 − 𝐶𝐶 circuit ?

𝑅𝑅

𝑖𝑖

𝑣𝑣𝐶𝐶

𝑣𝑣𝑅𝑅

𝐶𝐶

1 [kΩ]

0.01 [μF]
−
+

𝑉𝑉

𝑆𝑆𝑆𝑆 𝑡𝑡 = 0

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 ,

𝑑𝑑𝑣𝑣𝑅𝑅
𝑑𝑑𝑑𝑑 ,

𝑑𝑑𝑣𝑣𝐶𝐶
𝑑𝑑𝑑𝑑

(2) What are the values of                    and           
at 𝑡𝑡 = 0 ?



Exercise 14.6 (Answer)

Exercise 14.6 (Answer)



(1) Why are 𝑣𝑣𝑅𝑅 = 𝑉𝑉 [V] and 𝑣𝑣𝐶𝐶 = 0 [V] at 𝑡𝑡 = 0 ?

Exercise 14.6 (Answer)

0

0.5

1

1.5

2

2.5

0 20 40 60 80 100

𝑣𝑣𝑅𝑅

[V]

𝑡𝑡 [s]

𝑣𝑣𝐶𝐶
𝑉𝑉

𝑅𝑅

𝑖𝑖

𝑣𝑣𝐶𝐶

𝑣𝑣𝑅𝑅

𝐶𝐶

1 [kΩ]

0.01 [μF]
−
+

𝑉𝑉

𝑆𝑆𝑆𝑆 𝑡𝑡 = 0

𝑣𝑣𝐶𝐶 =
1
𝐶𝐶
� 𝑖𝑖𝑖𝑖𝑖𝑖

𝑣𝑣𝑅𝑅 = 𝑉𝑉   at 𝑡𝑡 = 0.

𝑣𝑣𝐶𝐶 cannot change instantaneously.

𝑖𝑖 = 𝐶𝐶
𝑑𝑑𝑣𝑣𝐶𝐶
𝑑𝑑𝑑𝑑

Initial condition: 𝑞𝑞 = 0 at 𝑡𝑡 = 0

𝑣𝑣𝐶𝐶 =
𝑞𝑞
𝐶𝐶 = 0 at 𝑡𝑡 = 0.



Exercise 14.6 (Answer)

0

0.5

1

1.5

2

2.5

0 20 40 60 80 100

𝑣𝑣𝑅𝑅

[V]

𝑡𝑡 [s]

𝑣𝑣𝐶𝐶
𝑉𝑉

𝑅𝑅

𝑖𝑖

𝑣𝑣𝐶𝐶

𝑣𝑣𝑅𝑅

𝐶𝐶

1 [kΩ]

0.01 [μF]
−
+

𝑉𝑉

𝑆𝑆𝑆𝑆 𝑡𝑡 = 0 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

,
𝑑𝑑𝑣𝑣𝑅𝑅
𝑑𝑑𝑑𝑑 ,

𝑑𝑑𝑣𝑣𝐶𝐶
𝑑𝑑𝑑𝑑

(2) What are                             at 𝑡𝑡 = 0 ?

𝑞𝑞 = 𝐶𝐶𝐶𝐶 1 − 𝑒𝑒−
1
𝑅𝑅𝑅𝑅𝑡𝑡

𝑑𝑑𝑣𝑣𝐶𝐶
𝑑𝑑𝑑𝑑 =

1
𝐶𝐶
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 =

𝑉𝑉
𝑅𝑅𝐶𝐶 𝑒𝑒

− 1
𝑅𝑅𝑅𝑅𝑡𝑡

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

=
𝑉𝑉
𝑅𝑅
𝑒𝑒−

1
𝑅𝑅𝑅𝑅𝑡𝑡

𝑖𝑖 =
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

𝑑𝑑𝑣𝑣𝑅𝑅
𝑑𝑑𝑑𝑑 = 𝑅𝑅

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 = 𝑅𝑅

𝑑𝑑
𝑑𝑑𝑑𝑑
𝑉𝑉
𝑅𝑅 𝑒𝑒

− 1
𝑅𝑅𝑅𝑅𝑡𝑡 = −

𝑉𝑉
𝑅𝑅𝐶𝐶 𝑒𝑒

− 1
𝑅𝑅𝑅𝑅𝑡𝑡



Exercise 14.6 (Answer)

0
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1
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𝑣𝑣𝑅𝑅

[V]

𝑡𝑡 [s]

𝑣𝑣𝐶𝐶
𝑉𝑉

(3) What is time constant of this 𝑅𝑅 − 𝐶𝐶 circuit ?

𝑅𝑅

𝑖𝑖

𝑣𝑣𝐶𝐶

𝑣𝑣𝑅𝑅

𝐶𝐶

1 [kΩ]

0.01 [μF]
−
+

𝑉𝑉

𝑆𝑆𝑆𝑆 𝑡𝑡 = 0

The coefficient of 𝑡𝑡, 1/𝑅𝑅𝑅𝑅 determines the 
rate at which the voltage 𝑣𝑣𝐶𝐶 approaches to 
𝑉𝑉. 

The reciprocal of this coefficient is defined as 
the time constant of 𝑅𝑅 − 𝐶𝐶 circuit.

𝜏𝜏 = 𝑅𝑅𝑅𝑅

𝑣𝑣𝐶𝐶 = 𝑉𝑉 1 − 𝑒𝑒−
1
𝑅𝑅𝑅𝑅𝑡𝑡
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Exercise 14.7 (Homework)

Find 𝑣𝑣𝑅𝑅 and 𝑣𝑣𝐶𝐶  for this circuit under the 
conditions that for 𝑡𝑡 ≥ 0, 𝑣𝑣𝑅𝑅𝑅𝑅 = 0, and. at 
𝑡𝑡 = 0, 𝑞𝑞 = CV.

𝑣𝑣𝐶𝐶

𝑅𝑅 𝑣𝑣𝑅𝑅

𝑆𝑆𝑆𝑆1

−
+

𝑉𝑉

𝑖𝑖

𝑆𝑆𝑆𝑆2

𝑡𝑡 = 0

𝑡𝑡 = 0
𝐶𝐶

𝑣𝑣𝑅𝑅𝑅𝑅



Exercise 14.7 (Answer)

Exercise 14.7 (Answer)



For 𝑡𝑡 ≥ 0, 𝑣𝑣 = 0

0 = 𝑅𝑅
𝑑𝑑𝑞𝑞
𝑑𝑑𝑑𝑑

+
𝑞𝑞
𝐶𝐶

Assume that 𝑞𝑞 = 𝐴𝐴𝑒𝑒−
1
𝑅𝑅𝑅𝑅𝑡𝑡 + 𝐵𝐵, where 𝐴𝐴 and 𝐵𝐵 are constants.

0 = 𝑅𝑅
𝑑𝑑
𝑑𝑑𝑑𝑑

𝐴𝐴𝑒𝑒−
1
𝑅𝑅𝑅𝑅𝑡𝑡 + 𝐵𝐵 +

1
𝐶𝐶

𝐴𝐴𝑒𝑒−
1
𝑅𝑅𝑅𝑅𝑡𝑡 + 𝐵𝐵

=
1
𝐶𝐶
𝐵𝐵

𝐵𝐵 = 0

At 𝑡𝑡 = 0, 𝑞𝑞 = 𝐶𝐶𝐶𝐶: initial condition

𝐶𝐶𝐶𝐶 = 𝐴𝐴

𝑞𝑞 = 𝐶𝐶𝐶𝐶𝑒𝑒−
1
𝑅𝑅𝑅𝑅𝑡𝑡

𝑣𝑣𝐶𝐶

𝑅𝑅 𝑣𝑣𝑅𝑅

𝑆𝑆𝑆𝑆1

−
+

𝑉𝑉

𝑖𝑖

𝑆𝑆𝑆𝑆2

𝑡𝑡 = 0

𝑡𝑡 = 0
𝐶𝐶

Exercise 14.7 (Answer)



𝑣𝑣𝑅𝑅 = 𝑅𝑅𝑅𝑅

= 𝑅𝑅
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝑅𝑅
𝑑𝑑
𝑑𝑑𝑑𝑑

𝐶𝐶𝑉𝑉𝑒𝑒−
1
𝑅𝑅𝑅𝑅𝑡𝑡

= −𝑉𝑉𝑒𝑒−
1
𝑅𝑅𝑅𝑅𝑡𝑡

𝑣𝑣𝐶𝐶 =
𝑞𝑞
𝐶𝐶

= 𝑉𝑉𝑒𝑒−
1
𝑅𝑅𝑅𝑅𝑡𝑡

-2

-1

0

1

2

0 20 40 60 80 100

𝑣𝑣𝐶𝐶

𝑣𝑣𝑅𝑅

[V]

𝑡𝑡 [μs]

𝑣𝑣𝐶𝐶

𝑅𝑅 𝑣𝑣𝑅𝑅

𝑆𝑆𝑆𝑆1

−
+

𝑉𝑉

𝑖𝑖

𝑆𝑆𝑆𝑆2

𝑡𝑡 = 0

𝑡𝑡 = 0
𝐶𝐶

Exercise 14.7 (Answer)



𝑡𝑡

𝑡𝑡

For your reference

𝑣𝑣

𝑣𝑣𝐶𝐶
1[V/div]

10[μs/div]

1[V/div]

𝑡𝑡

𝑡𝑡

𝑣𝑣

𝑣𝑣𝑅𝑅

1[V/div]

10[μs/div]

1[V/div]

𝑅𝑅
𝑣𝑣 +

−

𝑖𝑖

𝑣𝑣𝐶𝐶

𝑣𝑣𝑅𝑅

𝐶𝐶

1 [kΩ]

0.01 [μF]
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Exercise 14.8 (Homework)



Find the phase angle 𝜃𝜃 with which no transient response 
occurs in this circuit.

Initial condition: at 𝑡𝑡 = 0, 𝑞𝑞 = 0.

-1.5

-1

-0.5

0

0.5

1

1.5

2

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

Exercise 14.8 (Homework)

𝑣𝑣 = �
0 (𝑡𝑡 < 0)
𝑉𝑉𝑚𝑚 sin 𝜔𝜔𝑡𝑡 + 𝜃𝜃  (𝑡𝑡 ≥ 0)

𝑡𝑡

𝑣𝑣

𝑡𝑡 = 0

𝜃𝜃
𝜔𝜔

𝑅𝑅
𝑣𝑣 +

−

𝑣𝑣𝐶𝐶

𝑣𝑣𝑅𝑅

𝐶𝐶

10 [kΩ]

0.01 [μF]

𝑆𝑆𝑆𝑆 𝑡𝑡 = 0
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2

-0.1 0 0.1 0.2 0.3 0.4

Exercise 14.8 (Homework)

These are calculated waveforms. For 𝑡𝑡 ≥ 0, 𝑣𝑣𝐶𝐶  contains only a trigonometric waveform. 

𝑉𝑉𝑚𝑚 = 2 [V]
𝑓𝑓 = 15 kHz
𝜃𝜃 =? [rad]

𝑣𝑣

𝑡𝑡 [ms]

𝑡𝑡 [ms]

𝜃𝜃
𝜔𝜔 =?

𝑅𝑅
𝑣𝑣 +

−

𝑣𝑣𝐶𝐶𝐶𝐶

10 [kΩ]

0.01 [μF]

𝑆𝑆𝑆𝑆 𝑡𝑡 = 0

𝑣𝑣𝐶𝐶

-0.3

0.3

-0.1 0 0.1 0.2 0.3 0.4



Exercise 14.8 (Homework)

These are experimental waveforms.

𝑡𝑡
1[V/div]

𝑡𝑡

50[μs/div]

0.2[V/div]

𝑣𝑣

𝑣𝑣𝐶𝐶

𝑉𝑉𝑚𝑚 = 2 [V]
𝑓𝑓 = 15 kHz
𝜃𝜃 =? [rad]

𝑅𝑅
𝑣𝑣 +

−

𝑣𝑣𝐶𝐶𝐶𝐶

10 [kΩ]

0.01 [μF]
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Exercise 14.8 (Answer)

If 𝜃𝜃 = 𝜋𝜋
2
− 𝜓𝜓, then the term of transient response is 0. Thus, 𝑣𝑣𝐶𝐶 has no transient response.

𝑣𝑣𝐶𝐶 =
(1/𝜔𝜔𝐶𝐶)𝑉𝑉𝑚𝑚
𝑅𝑅2 + 1/𝜔𝜔𝐶𝐶 2

cos 𝜃𝜃 + 𝜓𝜓 𝑒𝑒−
1
𝑅𝑅𝑅𝑅𝑡𝑡 − cos 𝜔𝜔𝑡𝑡 + 𝜃𝜃 + 𝜓𝜓

=
(1/𝜔𝜔𝐶𝐶)𝑉𝑉𝑚𝑚
𝑅𝑅2 + 1/𝜔𝜔𝐶𝐶 2

sin𝜔𝜔𝑡𝑡

If 𝜃𝜃 = 𝜋𝜋
2
− 𝜓𝜓

𝑅𝑅
𝑣𝑣 +

−

𝑣𝑣𝐶𝐶𝐶𝐶

𝑆𝑆𝑆𝑆 𝑡𝑡 = 0

cos 𝜃𝜃 + 𝜓𝜓 = 0

𝑣𝑣𝐶𝐶 has no transient response.
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Exercise 14.8 (Answer)

These are calculated waveform. 

𝑉𝑉𝑚𝑚 = 2 [V]
𝑓𝑓 = 15 kHz
𝜃𝜃 =

𝜋𝜋
2 − 𝜓𝜓 [rad]

𝑣𝑣

𝑡𝑡 [ms]

𝑡𝑡 [ms]

𝜃𝜃
𝜔𝜔

=
𝜋𝜋/2 − 𝜓𝜓

𝜔𝜔

𝑅𝑅
𝑣𝑣 +

−

𝑣𝑣𝐶𝐶𝐶𝐶

10 [kΩ]

0.01 [μF]

𝑆𝑆𝑆𝑆 𝑡𝑡 = 0

𝑣𝑣𝐶𝐶

-0.3

0.3

-0.1 0 0.1 0.2 0.3 0.4



Exercise 14.8 (Answer)

These are experimental waveforms.

𝑡𝑡
1[V/div]

𝑡𝑡

50[μs/div]

0.2[V/div]

𝑣𝑣

𝑣𝑣𝐶𝐶

𝑉𝑉𝑚𝑚 = 2 [V]
𝑓𝑓 = 15 kHz
𝜃𝜃 =

𝜋𝜋
2 − 𝜓𝜓 [rad]

𝑅𝑅
𝑣𝑣 +

−

𝑣𝑣𝐶𝐶𝐶𝐶

10 [kΩ]

0.01 [μF]
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Exercise 15.4.2 (Homework)

𝑅𝑅

𝑣𝑣𝐿𝐿𝐿𝐿

𝑣𝑣𝑅𝑅

𝑣𝑣𝐶𝐶𝐶𝐶

3 [kΩ]

0.01 [μF]

10 [mH]

𝑆𝑆𝑆𝑆

−
+

𝑉𝑉 =
2[V]

𝑡𝑡 = 0

𝑣𝑣𝑅𝑅𝑅𝑅𝑅𝑅

𝑖𝑖
At 𝑡𝑡 = 0, the switch 𝑆𝑆𝑆𝑆 is turned on.
For 𝑡𝑡 ≥ 0, 𝑣𝑣𝑅𝑅𝑅𝑅𝑅𝑅 = 𝑉𝑉

Initial conditions: at 𝑡𝑡 = 0, 𝑖𝑖 = 0, 𝑣𝑣𝐶𝐶 = 1 [V]

1. Obtain 𝑣𝑣𝑅𝑅, 𝑣𝑣𝐿𝐿 and 𝑣𝑣𝐶𝐶 for 𝑡𝑡 ≥ 0. 

2. Draw the waveforms of 𝑣𝑣𝑅𝑅, 𝑣𝑣𝐿𝐿 and 𝑣𝑣𝐶𝐶 for 𝑡𝑡 ≥ 0. 
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There is no difference in the process to determine 𝐵𝐵 as in the previous case for 
𝑅𝑅
2𝐿𝐿

2
> 1

𝐿𝐿𝐿𝐿
.

𝑅𝑅

𝑣𝑣𝐿𝐿𝐿𝐿

𝑣𝑣𝑅𝑅

𝑣𝑣𝐶𝐶𝐶𝐶

3 [kΩ]

0.01 [μF]

10 [mH]

𝑆𝑆𝑆𝑆

−
+

𝑉𝑉 =
2[V]

𝑡𝑡 = 0

𝑣𝑣𝑅𝑅𝑅𝑅𝑅𝑅

𝑖𝑖

𝑅𝑅
2𝐿𝐿

2
=

3000
2 × 0.01

2

= 2.25 × 1010

1
𝐿𝐿𝐿𝐿

=
1

0.01 × 0.01 × 10−6
= 1010

𝑅𝑅
2𝐿𝐿

2
>

1
𝐿𝐿𝐿𝐿

Assume that

=
𝐵𝐵
𝐿𝐿𝐿𝐿

𝐵𝐵 = 𝐶𝐶𝐶𝐶

𝑉𝑉
𝐿𝐿

=
𝑑𝑑2𝑞𝑞
𝑑𝑑𝑡𝑡2

+
𝑅𝑅
𝐿𝐿
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

+
𝑞𝑞
𝐿𝐿𝐶𝐶

𝑞𝑞 = 𝐴𝐴1𝑒𝑒𝑝𝑝1𝑡𝑡 + 𝐴𝐴2𝑒𝑒𝑝𝑝2𝑡𝑡 + 𝐵𝐵

= 𝐴𝐴1 𝑝𝑝12 +
𝑅𝑅
𝐿𝐿
𝑝𝑝1 +

1
𝐿𝐿𝐿𝐿

𝑒𝑒𝑝𝑝1𝑡𝑡 + 𝐴𝐴2 𝑝𝑝22 +
𝑅𝑅
𝐿𝐿
𝑝𝑝2 +

1
𝐿𝐿𝐿𝐿

𝑒𝑒𝑝𝑝2𝑡𝑡 +
𝐵𝐵
𝐿𝐿𝐿𝐿
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𝑅𝑅

𝑣𝑣𝐿𝐿𝐿𝐿

𝑣𝑣𝑅𝑅

𝑣𝑣𝐶𝐶𝐶𝐶

3 [kΩ]

0.01 [μF]

10 [mH]

𝑆𝑆𝑆𝑆

−
+

𝑉𝑉 =
2[V]

𝑡𝑡 = 0

𝑣𝑣𝑅𝑅𝑅𝑅𝑅𝑅

𝑖𝑖

𝐶𝐶𝑉𝑉0 = 𝐴𝐴1 + 𝐴𝐴2 + CV

0 = 𝑝𝑝1𝐴𝐴1 + 𝑝𝑝2𝐴𝐴2

Initial conditions: at 𝑡𝑡 = 0, 𝑖𝑖 = 0, 𝑞𝑞 = C𝑉𝑉0

𝑞𝑞 = 𝐴𝐴1𝑒𝑒𝑝𝑝1𝑡𝑡 + 𝐴𝐴2𝑒𝑒𝑝𝑝2𝑡𝑡 + 𝐵𝐵 𝐵𝐵 = 𝐶𝐶𝐶𝐶

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 = 𝑖𝑖 = 𝑝𝑝1𝐴𝐴1𝑒𝑒𝑝𝑝1𝑡𝑡 + 𝑝𝑝2𝐴𝐴2𝑒𝑒𝑝𝑝2𝑡𝑡

𝐴𝐴1 =
𝑝𝑝2

𝑝𝑝1 − 𝑝𝑝2
C(V − 𝑉𝑉0) =

𝑝𝑝2
2𝛽𝛽 C(V − 𝑉𝑉0)

𝐴𝐴2 =
−𝑝𝑝1

𝑝𝑝1 − 𝑝𝑝2
C(V − 𝑉𝑉0) =

−𝑝𝑝1
2𝛽𝛽 C(V − 𝑉𝑉0)

The difference is only in the initial condition. At 𝑡𝑡 = 0, 𝑞𝑞 = 𝐶𝐶𝑉𝑉0.



𝑣𝑣𝐿𝐿 = 𝐿𝐿
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 =

(V − 𝑉𝑉0) 
2𝛽𝛽 𝑝𝑝1𝑒𝑒𝑝𝑝1𝑡𝑡 − 𝑝𝑝2𝑒𝑒𝑝𝑝2𝑡𝑡

𝑣𝑣𝐶𝐶 =
𝑞𝑞
𝐶𝐶 =

(V − 𝑉𝑉0) 
2𝛽𝛽 𝑝𝑝2𝑒𝑒𝑝𝑝1𝑡𝑡 − 𝑝𝑝1𝑒𝑒𝑝𝑝2𝑡𝑡 + 𝑉𝑉

𝑣𝑣𝑅𝑅 = 𝑅𝑅𝑅𝑅 =
𝛼𝛼(V − 𝑉𝑉0) 

𝛽𝛽 𝑒𝑒𝑝𝑝1𝑡𝑡 − 𝑒𝑒𝑝𝑝2𝑡𝑡

𝑖𝑖 =
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

=
𝑝𝑝1𝑝𝑝2
2𝛽𝛽 C(V − 𝑉𝑉0) 𝑒𝑒𝑝𝑝1𝑡𝑡 − 𝑒𝑒𝑝𝑝2𝑡𝑡

=
(V − 𝑉𝑉0) 

2𝐿𝐿𝛽𝛽
𝑒𝑒𝑝𝑝1𝑡𝑡 − 𝑒𝑒𝑝𝑝2𝑡𝑡

𝑞𝑞 =
𝐶𝐶(V − 𝑉𝑉0) 

2𝛽𝛽
𝑝𝑝2𝑒𝑒𝑝𝑝1𝑡𝑡 − 𝑝𝑝1𝑒𝑒𝑝𝑝2𝑡𝑡 + 𝐶𝐶𝐶𝐶

𝑅𝑅

𝑣𝑣𝐿𝐿𝐿𝐿

𝑣𝑣𝑅𝑅

𝑣𝑣𝐶𝐶𝐶𝐶

3 [kΩ]

0.01 [μF]

10 [mH]

𝑆𝑆𝑆𝑆

−
+

𝑉𝑉 =
2[V]

𝑡𝑡 = 0

𝑣𝑣𝑅𝑅𝑅𝑅𝑅𝑅

𝑖𝑖
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The major differences are the values of 𝑣𝑣𝐿𝐿 and 𝑣𝑣𝐶𝐶 at 𝑡𝑡 = 0.

At  𝑡𝑡 = 0,

𝑣𝑣𝐿𝐿 =
(V − 𝑉𝑉0) 

2𝛽𝛽
𝑝𝑝1 − 𝑝𝑝2 =

(V − 𝑉𝑉0) 
2𝛽𝛽

2𝛽𝛽 = 𝑉𝑉 − 𝑉𝑉0

𝑣𝑣𝐶𝐶 =
𝑞𝑞
𝐶𝐶

=
(V − 𝑉𝑉0) 

2𝛽𝛽 𝑝𝑝2 − 𝑝𝑝1 + 𝑉𝑉 =
V − 𝑉𝑉0  

2𝛽𝛽 −2𝛽𝛽 + 𝑉𝑉

= 𝑉𝑉0

𝑣𝑣𝑅𝑅 =
𝛼𝛼(V − 𝑉𝑉0) 

𝛽𝛽 𝑒𝑒𝑝𝑝1𝑡𝑡 − 𝑒𝑒𝑝𝑝2𝑡𝑡 =
𝛼𝛼(V − 𝑉𝑉0) 

𝛽𝛽 1 − 1 = 0

𝑅𝑅

𝑣𝑣𝐿𝐿𝐿𝐿

𝑣𝑣𝑅𝑅

𝑣𝑣𝐶𝐶𝐶𝐶

3 [kΩ]

0.01 [μF]

10 [mH]

𝑆𝑆𝑆𝑆

−
+

𝑉𝑉 =
2[V]

𝑡𝑡 = 0

𝑣𝑣𝑅𝑅𝑅𝑅𝑅𝑅

𝑖𝑖
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𝑅𝑅

𝑣𝑣𝐿𝐿𝐿𝐿

𝑣𝑣𝑅𝑅

𝑣𝑣𝐶𝐶𝐶𝐶

3 [kΩ]

0.01 [μF]

10 [mH]

𝑣𝑣𝐿𝐿

𝑣𝑣𝑅𝑅

𝑣𝑣𝐶𝐶

𝑡𝑡 [μs]

[V]

𝑆𝑆𝑆𝑆

−
+

𝑉𝑉 =
2[V]

𝑡𝑡 = 0

𝑣𝑣𝑅𝑅𝑅𝑅𝑅𝑅

𝑖𝑖

Initial conditions: at 𝑡𝑡 = 0, 𝑖𝑖 = 0, 𝑣𝑣𝐶𝐶 = 1 [V]
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