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Preface

Electrical Circuit Analysis is one of the most fundamental subjects of Electrical Engineering
which is taught in two courses in successive semesters under the names of “Electrical Circuit
Analysis I” and “Electrical Circuit Analysis II” or under the names of “DC Electrical Circuit
Analysis” and “AC Electrical Circuit Analysis” in universities and colleges all over the world.

This textbook, like the previously published DC Electrical Circuit Analysis, includes basic
and advanced exercises of AC Electrical Circuit Analysis with very detailed and multiple
methods of solutions. The textbook can be used as a practicing textbook by students and as a
supplementary teaching source by instructors.

To help students study the textbook in the most efficient way, the exercises have been
categorized in nine different levels. In this regard, for each problem of the textbook, a difficulty
level (easy, normal, or hard) and a calculation amount (small, normal, or large) have been
assigned. Moreover, in each chapter, problems have been ordered from the easiest problem with
the smallest calculations to the most difficult problem with the largest calculations. Therefore,
students are suggested to start studying the textbook from the easiest problems and continue
practicing until they reach the normal and then the hardest ones. On the other hand, this
classification can help instructors choose their desired problems to conduct a quiz or a test.
Moreover, the classification of computation amount can help students manage their time during
future exams and instructors give the appropriate problems based on the exam duration.

Since the problems have very detailed solutions and some of them include multiple methods
of solutions, the textbook can be useful for the underprepared students. In addition, the textbook
is beneficial for knowledgeable students because it includes advanced exercises.

In the preparation of problem solutions, use of typical methods of Electrical Circuit Analysis
has been tried to present the textbook as an instructor-recommended one. In other words, the
heuristic methods have never been used as the first method of problem solution. By considering
this key point, the textbook is in the direction of instructors’ lectures, and the instructors will not
see any untaught problem solutions in their students’ answer sheets.

The Iranian University Entrance Exams for the Master’s and PhD degrees of Electrical
Engineering major is the main reference of the textbook; however, all the problem solutions
have been provided by me. The Iranian University Entrance Exam is one of the most competi-
tive university entrance exams in the world that allows only 10% of the applicants to get into
prestigious and tuition-free Iranian universities.

Buffalo, NY, USA Mehdi Rahmani-Andebili
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Problems: Sinusoidal Steady-State Analysis 1

Abstract

This chapter helps both groups of underprepared and knowledgeable students taking courses in AC electrical circuit
analysis. In this chapter, the basic and advanced problems of important subjects of AC circuit analysis, that is, sinusoids
and phasors, sinusoidal steady-state analysis, and AC power analysis, are presented. The problems of sinusoids and
phasors include complex numbers; rectangular, polar, and exponential forms of phasors; phasor relationships for circuit
elements; impedance and admittance and their combinations; resonance frequency; and bandwidth of frequency response
of series and parallel RLC circuits. The problems of sinusoidal steady-state analysis include Kirchhoff’s laws in frequency
domain; nodal and mesh analyses in frequency domain; sinusoidal steady-state response; superposition theorem; source
transformation theorem; Thevenin and Norton theorems; and maximum average power transfer theorem. The problems of
AC power analysis are concerned with root mean square (rms) and peak quantities; average power, active and reactive
powers, apparent power, complex power; and lagging, unity, and leading power factors. In this chapter, the problems are
categorized in different levels based on their difficulty levels (easy, normal, and hard) and calculation amounts (small,
normal, and large). Additionally, the problems are ordered from the easiest problem with the smallest computations to the
most difficult problems with the largest calculations.

1.1. In the circuit of Figure 1.1, whatmust be the resistance of the purely resistive load to absorb themaximum average power [1]?
Difficulty level ● Easy ○ Normal ○ Hard

Calculation amount ● Small ○ Normal ○ Large
1) 5 Ω
2) 7 Ω
3) 7.5 Ω
4) 4 Ω

1.2. In the circuit of Figure 1.2, calculate the resistance of R so that it can absorb the maximum average power.
Difficulty level ● Easy ○ Normal ○ Hard

Calculation amount ● Small ○ Normal ○ Large

Figure 1.1 The circuit of problem 1.1
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1) 1 Ω
2) 3 Ω
3) 9 Ω

4) 1þ 2
ffiffiffi
2

p
Ω

1.3. In the circuit of Figure 1.3, calculate the value of vi(t) if the sinusoidal steady-state response of vo(t) is equal to
2 cos (0.5t � 30

�
) V.

Difficulty level ● Easy ○ Normal ○ Hard

Calculation amount ● Small ○ Normal ○ Large

1) 2
ffiffiffi
2

p
cos 0:5t � 15

�� �
V

2) 2
ffiffiffi
2

p
cos 0:5t þ 15

�� �
V

3) 2 cos (0.5t + 30
�
) V

4) 2
ffiffiffi
2

p
cos 0:5t � 30

�� �
V

1.4. In the circuit of Figure 1.4, calculate the sinusoidal steady-state response of v(t).
Difficulty level ● Easy ○ Normal ○ Hard

Calculation amount ● Small ○ Normal ○ Large

1) 5
2 cos 2t þ 45

�� �
V

2) 5 cos (2t � 45
�
) V

3) �5 cos (2t � 45
�
) V

4) 5
ffiffi
2

p
2 cos 2t � 45

�� �
V

Figure 1.4 The circuit of problem 1.4

Figure 1.2 The circuit of problem 1.2

Figure 1.3 The circuit of problem 1.3
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1.5. The circuit of Figure 1.5 is in its sinusoidal steady state. Calculate the phasor of the voltage of the inductor.
Difficulty level ● Easy ○ Normal ○ Hard

Calculation amount ● Small ○ Normal ○ Large

1)
ffiffiffi
2

p
e�j135 V

2)
ffiffi
2

p
2 e�j135 V

3) �
ffiffi
2

p
2 e�j45 V

4)
ffiffiffi
2

p
e�j45 V

1.6. In the circuit of Figure 1.6, what impedance must be connected to terminal a–b to absorb the maximum average power in
sinusoidal steady state?
Difficulty level ● Easy ○ Normal ○ Hard

Calculation amount ● Small ○ Normal ○ Large

1) 4
5 þ j 25
� �

Ω

2) 4
5 � j 25
� �

Ω

3) 2
5 þ j 45
� �

Ω

4) 2
5 � j 45
� �

Ω

1.7. In the circuit of Figure 1.7, calculate the sinusoidal steady-state voltage of the inductor.
Difficulty level ● Easy ○ Normal ○ Hard

Calculation amount ● Small ○ Normal ○ Large
1) 2 sin (2t) A
2) 4 sin (2t) A
3) �2 sin (2t) A
4) �4 sin (2t) A

Figure 1.5 The circuit of problem 1.5

Figure 1.6 The circuit of problem 1.6
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1.8. In the circuit of Figure 1.8, calculate the internal impedance of the voltage source (ZS) that can absorb the maximum
average power in sinusoidal steady state.
Difficulty level ● Easy ○ Normal ○ Hard

Calculation amount ● Small ○ Normal ○ Large
1) 4 Ω
2) 5 Ω
3) (4 � j10) Ω
4) (5 + j10) Ω

1.9. Calculate the average power that the current of 2 cos (10t) � 3 cos (20t) A delivers to a 4 Ω resistor.
Difficulty level ● Easy ○ Normal ○ Hard

Calculation amount ● Small ○ Normal ○ Large
1) 26 W
2) 13 W
3) 6.5 W
4) 18 W

1.10. Determine the resonance frequency of the circuit shown in Figure 1.9.
Difficulty level ● Easy ○ Normal ○ Hard

Calculation amount ● Small ○ Normal ○ Large
1) 5000 rad/sec
2) 1000 rad/sec
3) 500 rad/sec
4) 100 rad/sec

Figure 1.8 The circuit of problem 1.8

Figure 1.7 The circuit of problem 1.7
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1.11. In the circuit of Figure 1.10, calculate the voltage of the capacitor in sinusoidal steady state.
Difficulty level ● Easy ○ Normal ○ Hard

Calculation amount ● Small ○ Normal ○ Large
1) 45.8 cos (100t � 24.3

�
) V

2) 36.3 cos (1000t � 18.4
�
) V

3) 4.58 cos (100t � 24.3
�
) V

4) 3.63 cos (1000t � 18.4
�
) V

1.12. In the circuit of Figure 1.11, v(t) ¼ Acos(t) V. Calculate the sinusoidal steady-state response of i(t).
Difficulty level ● Easy ○ Normal ○ Hard

Calculation amount ● Small ○ Normal ○ Large
1) Acos(t) A
2) �Acos(t) A
3) 1

2 Acos tð Þ A
4) 1

4 Acos tð Þ A

Figure 1.10 The circuit of problem 1.11

Figure 1.11 The circuit of problem 1.12

Figure 1.9 The circuit of problem 1.10
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1.13. In a certain frequency, the series connection of a 2 Ω resistor and a capacitor with the capacitance of C has the same
impedance as the parallel connection of a 4 Ω resistor and a capacitor with the capacitance of 1

40 F . Determine the
capacitance of the capacitor (C).
Difficulty level ● Easy ○ Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large

1) 1
50 F

2) 1
20 F

3) 1
10 F

4) 1
5 F

1.14. Which of the following statement is correct for the circuit of Figure 1.12 in sinusoidal steady state?
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ● Small ○ Normal ○ Large
1) Increasing the frequency of the current source will increase the magnitude of the voltage of terminal a–b.
2) Increasing the frequency of the current source will decrease the magnitude of the voltage of terminal a–b.
3) Increasing the frequency of the current source will not change the magnitude of the voltage of terminal a–b.
4) Increasing the frequency of the current source will increase the phase angle of the voltage of terminal a–b.

1.15. The circuit of Figure 1.13 is in sinusoidal steady state. Calculate the current of the inductor (IL).
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ● Small ○ Normal ○ Large
1) (7 � j4) A
2) (7 + j4) A
3) (2 � j4) A
4) (2 + j4) A

Figure 1.12 The circuit of problem 1.14

Figure 1.13 The circuit of problem 1.15
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1.16. In the circuit of Figure 1.14, calculate the peak value of the amplitude of I2 if the average power of R1 is 1.5 W.
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ● Small ○ Normal ○ Large

1)
ffiffi
2

p
2 A

2) 1 A

3)
ffiffi
7
2

q
A

4) Impossible, since it depends on the other parameters of the circuit that are unknown.

1.17. Determine the size of the inductor and capacitor in the circuit of Figure 1.15 to adjust the resonance frequency and
�3 dB bandwidth at 50 kHz and 500 Hz, respectively.
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ● Small ○ Normal ○ Large
1) L ¼ 18.4 mH, C ¼ 6.4 nF
2) L ¼ 13.1 mH, C ¼ 64 nF
3) L ¼ 15.9 mH, C ¼ 64 nF
4) L ¼ 15.9 mH, C ¼ 0.64 nF

1.18. Parametrically calculate the phasor of the voltage of the terminal indicated in the circuit of Figure 1.16. Herein, “ ”

is the symbol of phase angle.
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ● Small ○ Normal ○ Large

1) 1þLCω2

1�LCω2 V

2) 1+LCw2

1-LCw2
90° V

3) 1�LCω2

1þLCω2 V

4) 1-LCw2

1+LCw2
90° V

Figure 1.14 The circuit of problem 1.16

Figure 1.15 The circuit of problem 1.17
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1.19. Consider the parallel and series RLC circuits shown in Figure 1.17. The�3 dB bandwidth of the parallel RLC circuit is
about 1 Hz. Determine C0 so that both circuits have the same quality factor.
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ● Small ○ Normal ○ Large
1) 2 F
2) 0.5 F
3) 4 F
4) 0.25 F

1.20. In the circuit of Figure 1.18, calculate v3(t) in sinusoidal steady state.
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ● Small ○ Normal ○ Large
1) �4 sin (4t)V
2) sin(4t)V
3) �2 sin (4t)V
4) 2 sin (4t)V

Figure 1.16 The circuit of problem 1.18

Figure 1.18 The circuit of problem 1.20

Figure 1.17 The circuit of problem 1.19
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1.21. The circuit of Figure 1.19 is in its sinusoidal steady state. The root mean square (rms) value of the voltage is about
100 V. The complex powers of the load “A” and the load “B” are 100e j30 kVA and 100e�j30 kVA, respectively. Calculate
the rms value of the current.
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ● Small ○ Normal ○ Large
1) 0 A

2) 200
ffiffiffi
3

p
A

3) 500
ffiffiffi
3

p
A

4) 1000
ffiffiffi
3

p
A

1.22. Determine the resonance frequency of the circuit illustrated in Figure 1.20.
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ● Small ○ Normal ○ Large

1)
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
LC � R2

L

� �2q

2)
ffiffiffiffiffi
1
LC

q

3)
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
LC

R2
L

� �2q

4)
ffiffiffiffiffiffiffiffiffiffiffi

1
LC�R2

q

1.23. In the circuit of Figure 1.21, calculate the impedance of Zx so that it can absorb the maximum average power.
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ● Small ○ Normal ○ Large
1) j2 Ω
2) 1 Ω
3) (1 + j0.5) Ω
4) (1 � j0.5) Ω

Figure 1.19 The circuit of problem 1.21

Figure 1.20 The circuit of problem 1.22
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1.24. In the circuit of Figure 1.22, calculate the phasor of the output voltage.
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ● Small ○ Normal ○ Large

1)
ffiffi
2

p
4 e�j45 V

2)
ffiffi
2

p
2 e�j45 V

3)
ffiffi
2

p
4 e j45 V

4)
ffiffi
2

p
2 e j45 V

1.25. In the circuit of Figure 1.23, calculate the sinusoidal steady-state response of the voltage of the capacitor.
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ● Small ○ Normal ○ Large
1) 63.2 cos (100t � 18.4

�
) V

2) 63.2 cos (100t + 71.6
�
) V

3) 70.7 cos (100t � 71.6
�
) V

4) 70.7 cos (100t + 18.4
�
) V

Figure 1.21 The circuit of problem 1.23

Figure 1.23 The circuit of problem 1.25

Figure 1.22 The circuit of problem 1.24
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1.26. In the circuit of Figure 1.24, the resistor (R) is consuming the average power of 1000 W and the impedance (ZL) has the
apparent power of 1000 VA with the lagging power factor of 0.6. Calculate the phasor (rms value) of the current of the
circuit.
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ● Small ○ Normal ○ Large

1) (1.79  -26.5°) A
2) (3.58  -53°) A
3) (3.58  -26.5°) A
4) (3.58   -53°) A

1.27. In the circuit of Figure 1.25, calculate the impedance of the load (ZL) so that it can absorb the maximum average power
in sinusoidal steady state.
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ● Small ○ Normal ○ Large
1) (0.3 � j0.9) Ω
2) (0.3 + j0.9) Ω
3) (0.9 � j0.3) Ω
4) (0.9 + j0.3) Ω

1.28. The circuit of Figure 1.26 is its sinusoidal steady state. Calculate the average power of the dependent voltage source
supplied only by the AC independent current source.
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ● Small ○ Normal ○ Large

1) 4
49 W

2) 2
49 W

3) 3
49 W

4) 1
49 W

Figure 1.25 The circuit of problem 1.27

Figure 1.24 The circuit of problem 1.26
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1.29. In the circuit of Figure 1.27, determine the sinusoidal steady-state response of i(t).
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large
1) 1

2 cos tð Þ A
2) � 8

5 cos tð Þ A
3) � cos (t) A
4) 0 A

1.30. The circuit shown in Figure 1.28 is in sinusoidal steady state. Determine the time-dependent equation of the output
voltage (vo(t)).
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large

1) 1� ffiffiffi
2

p
cos tð ÞV

2) 1þ ffiffiffi
2

p
cos t þ 45

�� �
V

3) 2 cos (t + 45
�
)V

4)
ffiffiffi
2

p
cos t � 45

�� �
V

Figure 1.26 The circuit of problem 1.28

Figure 1.28 The circuit of problem 1.30

Figure 1.27 The circuit of problem 1.29
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1.31. The circuit illustrated in Figure 1.29 is in its sinusoidal steady state. Calculate the root mean square (rms) value of the
output voltage if:
vs tð Þ ¼ 4 cos 1

2 t
� �� 1

3 cos
3
2 t
� �þ 1

5 cos
5
2 t
� �� �

V

Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large
1) 1.83 V
2) 2.12 V
3) 2.59 V
4) 3.72 V

1.32. The circuit of Figure 1.30 is in its sinusoidal steady state. What condition needs to be applied on gm to keep the relation
of |Vo| � |Vi| for all the frequencies?
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large
1) It is impossible to keep the relation
2) |gm| ¼ 1
3) |gm| � 0.5
4) |gm| � 0.5

1.33. In the circuit of Figure 1.31, determine the value of ZL to absorb the maximum average power.
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large
1) (1 + j2) Ω
2) (1 � j2) Ω
3) (1 � j4) Ω
4) (1 + j4) Ω

Figure 1.30 The circuit of problem 1.32

Figure 1.29 The circuit of problem 1.31
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1.34. In the circuit of Figure 1.32, calculate the current flowing from node “a” to node “b” if terminal a–b is short-circuited.
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large

1)
ffiffiffi
2

p
cos 3t þ 45

�� �
A

2)
ffiffiffi
2

p
cos 3t � 45

�� �
A

3) 1ffiffi
2

p cos 3t þ 45
�� �
A

4) 1ffiffi
2

p cos 3t � 45
�� �
A

1.35. In the circuit of Figure 1.33, calculate the sinusoidal steady-state response of the output voltage (vo(t)).
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large
1) 3.16 cos (t + 18.43

�
) + 0.33 cos (2t � 20.54

�
) V

2) 3.16 cos (t + 161.57
�
) + 0.66 cos (2t + 20.54

�
) V

3) 3.16 cos (t + 161.75
�
) + 0.33 cos (2t + 20.54

�
) V

4) 3.16 cos (t + 18.43
�
) + 0.66 cos (2t � 20.54

�
) V

Figure 1.31 The circuit of problem 1.33

Figure 1.33 The circuit of problem 1.35

Figure 1.32 The circuit of problem 1.34
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1.36. In the circuit of Figure 1.34, what must be the impedance of the load to absorb the maximum average power?
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large
1) (1 � j3) Ω
2) (0.9 � j0.3) Ω
3) (0.9 + j0.3) Ω
4) (0.27 � j2.86) Ω

1.37. In the circuit of Figure 1.35, determine the impedance of the load (ZL) so that the load can absorb the maximum average
power. In addition, how much is this maximum average power?
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large
1) ZL ¼ (26.66 + j20) Ω, Pmax ¼ 0.83 W
2) ZL ¼ (22.33 + 18.33) Ω, Pmax ¼ 0.73 W
3) ZL ¼ (26.66 � j20) Ω, Pmax ¼ 0.83 W
4) ZL ¼ (26.66 � j18.33) Ω, Pmax ¼ 0.73 W

1.38. In the circuit of Figure 1.36, calculate the sinusoidal steady-state response of i(t).
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large
1) 4.5 sin (1000t + 30

�
) A

2) 1.5 cos (1000t + 39
�
) A

3) 4.5 sin (1000t + 39
�
) A

4) 1.5 sin (1000t + 45
�
) A

Figure 1.35 The circuit of problem 1.37

Figure 1.34 The circuit of problem 1.36
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1.39. Calculate the phasor of the current i(t) in the circuit of Figure 1.37. Herein “ ” is the symbol of phase angle.
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large

1) (4.47   36.9°) A
2) (4.47 -143.1°) A
3) (0.44   36.9°) A
4) (0.44   -143.1°) A

1.40. In the circuit of Figure 1.38, calculate the sinusoidal steady-state response of the output voltage (vo(t)).
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large

1)
ffiffiffiffiffi
10

p
sin 4t þ tan �1 3ð Þð Þ�

� �
V

2)
ffiffiffiffi
10

p
2 sin 4t � tan �1 1

3

� �� ��� �
V

3)
ffiffiffiffi
10

p
2 sin 4t þ tan �1 3ð Þð Þ�

� �
V

4)
ffiffiffiffi
10

p
2 sin 4t � tan �1 3ð Þð Þ�

� �
V

Figure 1.37 The circuit of problem 1.39

Figure 1.38 The circuit of problem 1.40

Figure 1.36 The circuit of problem 1.38
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1.41. In the circuit of Figure 1.39, C1 ¼ 2
5 mF, C2 ¼ 5

6 mF, and L ¼ 3
5 H. Calculate the phasor of vx(t).

Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large
1) (150 � j200) V
2) (150 + j200) V
3) (�200 + j150) V
4) (200 � j150) V

1.42. In the circuit of Figure 1.40, calculate the sinusoidal steady-state current indicated by i(t).
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large

1)
ffiffiffi
2

p
cos 10t þ 45

�� �
A

2)
ffiffiffi
2

p
cos 10t þ 135

�� �
A

3)
ffiffiffi
2

p
cos 10t � 45

�� �
A

4)
ffiffiffi
2

p
cos 10t � 135

�� �
A

1.43. In the circuit of Figure 1.41, determine the sinusoidal steady-state response of i(t).
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large

1) 5
ffiffiffi
2

p
sin 1000t þ 45

�� �
A

2) 5
ffiffiffi
2

p
sin 1000t � 45

�� �
A

3) 10
ffiffiffi
2

p
sin 1000t � 45

�� �
A

4) 10
ffiffiffi
2

p
sin 1000t þ 45

�� �
A

Figure 1.40 The circuit of problem 1.42

Figure 1.39 The circuit of problem 1.41
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1.44. Calculate the sinusoidal steady-state response of the output voltage in the circuit of Figure 1.42.
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large

1) 2
ffiffiffi
2

p
cos t � π

4

� �
V

2) 2
ffiffiffi
2

p
sin t � π

4

� �
V

3) 2
ffiffiffi
2

p
sin t þ 3π

4

� �
V

4) 2
ffiffiffi
2

p
cos t þ 3π

4

� �
V

1.45. Determine the resonance frequency of the circuit of Figure 1.43 seen from the terminal.
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large

1)
ffiffi
3

p
2 rad/sec

2) 1
2 rad/sec

3) 1 rad/sec
4) The circuit does not have any resonance frequency

Figure 1.42 The circuit of problem 1.44

Figure 1.43 The circuit of problem 1.45

Figure 1.41 The circuit of problem 1.43
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1.46. In the circuit of Figure 1.44, determine the sinusoidal steady-state response of v(t).
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large

1)
ffiffiffi
2

p
cos 2tð Þ V

2)
ffiffiffi
2

p
sin 2tð Þ V

3)
ffiffiffi
2

p
cos 2t þ π

4

� �
V

4)
ffiffiffi
2

p
sin 2t þ π

4

� �
V

1.47. In the circuit of Figure 1.45, V1 ¼ (10 + j2) V and V2 ¼ (12 + j12) V. Calculate the voltage of the left-side voltage
source, that is, Vs1.
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large
1) (67 + j59) V
2) (29 + j59) V
3) (67 + j57) V
4) (24 + j54) V

1.48. Calculate the average power of the resistor in the circuit of Figure 1.46.
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large
1) 0.65 W
2) 1.1 W
3) 2.6 W
4) 4.8 W

Figure 1.45 The circuit of problem 1.47

Figure 1.44 The circuit of problem 1.46
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1.49. In the circuit of Figure 1.47, determine the value of C so that the input impedance and the input admittance of the circuit
are equal in any frequency.
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large
1) C ¼ 2 F
2) C ¼ 0.5 F
3) C ¼ 1 F
4) No C can be found.

1.50. Calculate the phasor of the output voltage (v0(t)) in the circuit of Figure 1.48.
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large
1) (50 + j20) Ω
2) (54 � j48) Ω
3) (20 + j50) Ω
4) (54 + j48) Ω

Figure 1.48 The circuit of problem 1.50

Figure 1.46 The circuit of problem 1.48

Figure 1.47 The circuit of problem 1.49
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1.51. In the circuit of Figure 1.49, calculate the voltage of vx(t) in sinusoidal steady state.
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large

1) 125 cos 100t � tan �1 3
4

� �� ��� �
V

2) 250 cos 100t � tan �1 4
3

� �� ��� �
V

3) 125 cos 100t � tan �1 4
3

� �� ��� �
V

4) 250 cos 100t � tan �1 3
4

� �� ��� �
V

1.52. In the circuit of Figure 1.50, calculate the average power of the independent voltage source in sinusoidal steady state.
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large
1) 1250 W
2) 2500 W
3) �1250 W
4) �2500 W

1.53. In the circuit of Figure 1.51, determine the value of α in sinusoidal steady state so that v0(t) ¼ sin (t) V.
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large
1) α ¼ 0.5
2) α ¼ � 0.5
3) α ¼ � 1
4) α ¼ 1

Figure 1.50 The circuit of problem 1.52

Figure 1.49 The circuit of problem 1.51
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1.54. In the circuit of Figure 1.52 calculate the sinusoidal steady-state response of the output voltage, that is, vo(t).
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large
1) 3 sin (t) V

2) 3
ffiffiffi
2

p
cos tð Þ V

3) 3
ffiffiffi
2

p
sin t � π

4

� �
V

4) 3 cos t þ π
4

� �
V

1.55. In the circuit of Figure 1.53, calculate the sinusoidal steady-state value of v(t).
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large
1) 5 cos (10t + 45

�
) V

2) 5 cos (10t + 90
�
) V

3) 10 cos (10t + 45
�
) V

4) 10 cos (10t + 90
�
) V

Figure 1.51 The circuit of problem 1.53

Figure 1.52 The circuit of problem 1.54

Figure 1.53 The circuit of problem 1.55
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1.56. In the circuit of Figure 1.54, what must be the resistance of R to see unity power factor by the voltage source in
sinusoidal steady state?
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large
1) 1 Ω
2) 2 Ω
3) 3 Ω
4) 0 Ω

1.57. In the circuit of Figure 1.55, calculate the sinusoidal steady-state response of i(t).
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large
1) 5 sin (2t + 53

�
) A

2) 5 sin (2t) A
3) 5 cos (2t) A
4) cos(2t) A

1.58. In the circuit of Figure 1.56, determine the complex power supplied by the current source.
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large

1) 1
4 þ j 32
� �

VA

2) 1
4 � j 32
� �

VA

3) 1
2 � j 34
� �

VA

4) 1
2 þ j 34
� �

VA

Figure 1.55 The circuit of problem 1.57

Figure 1.54 The circuit of problem 1.56
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1.59. In the circuit of Figure 1.57, calculate the peak value peak values of the amplitude of the output voltage while it is
absorbing the maximum average power in sinusoidal steady state.
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ○ Normal ● Large

1) 10ffiffi
2

p V

2) 10 V
3) 100ffiffi

2
p V

4) 100 V

1.60. For the circuit of Figure 1.58, which of the statements below is correct in sinusoidal steady state?
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ○ Normal ● Large
1) Increasing the angular frequency of the power source from 2 rad/sec to 3 rad/sec will halve the amplitude of the

indicated current (jIj).
2) Decreasing the angular frequency of the power source from 3 rad/sec to 2 rad/sec will cause the amplitude of the

indicated current (jIj) to be 1.5 times as big.
3) Decreasing the angular frequency of the power source from 3 rad/sec to 2 rad/sec will cause the amplitude of the

indicated current (jIj) to be 2.25 times as big.
4) Decreasing the angular frequency of the power source from 3 rad/sec to 2 rad/sec will cause the amplitude of the

indicated current (jIj) to be 2.12 times as big.

Figure 1.57 The circuit of problem 1.59

Figure 1.58 The circuit of problem 1.60

Figure 1.56 The circuit of problem 1.58
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1.61. Determine the resonance frequency of the circuit illustrated in Figure 1.59.
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ○ Normal ● Large

1)
ffiffiffiffiffiffiffi
α�1
LC

q

2)
ffiffiffiffiffi
α
LC

p

3)
ffiffiffiffiffiffiffi
1�α
LC

q

4)
ffiffiffiffiffiffiffi
1þα
LC

q

1.62. Which of the relations below must be held to calculate an equal resonance frequency in the circuits of Figure 1.60?
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ○ Normal ● Large
1) R ¼ L

C

2) R ¼ C
L

3) R ¼
ffiffiffi
L
C

q

4) R ¼
ffiffiffi
C
L

q

1.63. In the circuit of Figure 1.61, calculate the sinusoidal steady-state response of ix(t).
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ○ Normal ● Large
1) �2 cos (t � 60

�
) + 0.2 sin (10t) A

2) 2 cos (t � 60
�
) + 0.2 sin (10t) A

3) sin(10t) � 2 cos (t � 60
�
) A

4) � sin (10t) + 0.2 cos (t � 60
�
) A

Figure 1.60 The circuit of problem 1.62

Figure 1.59 The circuit of problem 1.61

1 Problems: Sinusoidal Steady-State Analysis 25



1.64. In the circuit of Figure 1.62 determine the impedance of the load (ZL) that can absorb the maximum average power in
sinusoidal steady state.
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ○ Normal ● Large
1) (2 + j0.5) Ω
2) (�1 + j) Ω
3) (2 � j0.5) Ω
4) (1 + j) Ω

1.65. The circuit illustrated in Figure 1.63 is in sinusoidal steady state. Calculate the average power of the resistor located in
the horizontal branch.
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ○ Normal ● Large
1) 16.4 W
2) 8.2 W
3) 14 W
4) 7 W

Figure 1.62 The circuit of problem 1.64

Figure 1.61 The circuit of problem 1.63
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1.66. In the circuit of Figure 1.64, calculate sinusoidal steady-state value of v(t).
Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ○ Normal ● Large

1) 16
15 sin 4tð Þ þ 2

3 cos 2tð Þ V
2) 16

15 cos 4tð Þ þ 2
3 sin 2tð Þ V

3) 15
16 cos 4tð Þ þ 3

2 sin 2tð Þ V
4) 15

16 sin 4tð Þ þ 3
2 cos 2tð Þ V

1.67. In the circuit of Figure 1.65, the impedance of the load is inductive, has the magnitude of 26 Ω, and absorbs the active
power of 13 kW. The voltage source delivers 13.5 kW active power. Determine the reactance of the load.
Difficulty level ○ Easy ○ Normal ● Hard

Calculation amount ● Small ○ Normal ○ Large
1) 15.6 Ω
2) 20.8 Ω
3) 26 Ω
4) The information of the problem is not enough to solve it.

Figure 1.63 The circuit of problem 1.65

Figure 1.65 The circuit of problem 1.67

Figure 1.64 The circuit of problem 1.66
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1.68. The circuit of Figure 1.66 is in sinusoidal steady state. For what value of φ, sinusoidal steady-state response of the
output current is in the form of io(t) ¼ Im cos (t) A? Moreover, calculate the value of Im.
Difficulty level ○ Easy ○ Normal ● Hard

Calculation amount ● Small ○ Normal ○ Large

1) φ ¼ � π
4 rad, Im ¼ ffiffiffi

2
p

A

2) φ ¼ � π
4 rad, Im ¼ 1ffiffi

2
p A

3) φ ¼ π
4 rad, Im ¼ 1ffiffi

2
p A

4) φ ¼ π
4 rad, Im ¼ ffiffiffi

2
p

A

1.69. In the circuit of Figure 1.67, determine the phase angle of Za if |Za| ¼ 100 Ω, |Zb| ¼ 50 Ω, and ω ¼ 100 rad/sec. The
network includes linear time-invariant (LTI) components and power sources.
Difficulty level ○ Easy ○ Normal ● Hard

Calculation amount ○ Small ● Normal ○ Large
1) 36

�

2) 47
�

3) 61
�

4) 85
�

1.70. The circuit shown in Figure 1.68 is in sinusoidal steady state. Calculate the root mean square (rms) value of v(t).
Difficulty level ○ Easy ○ Normal ● Hard

Calculation amount ○ Small ● Normal ○ Large

1)
ffiffi
5

p
2 V

2)
ffiffi
3

p
2 V

3) 1þ ffiffi
3

p
2 V

4)
ffiffiffiffi
7
20

q
V

Figure 1.66 The circuit of problem 1.68

Figure 1.67 The circuit of problem 1.69
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1.71. The differential equation for the input of vs(t) and the output of i(t), related to the circuit of Figure 1.69, is as follows:

d4

dt4
i tð Þ þ 10

d3

dt3
i tð Þ þ 40

d2

dt2
i tð Þ þ 60

d
dt
i tð Þ þ 784i tð Þ ¼ 10

d
dt
vs tð Þ þ 40vs tð Þ

Determine an equivalent circuit for sinusoidal steady-state behavior of the linear time-invariant (LTI) circuit in the
angular frequency of 4 rad/sec.
Difficulty level ○ Easy ○ Normal ● Hard

Calculation amount ○ Small ● Normal ○ Large
1) The circuit is equivalent to a single 1

40 H inductor

2) The circuit is equivalent to a single 1
40 F capacitor

3) The circuit is equivalent to the series connection of a resistor and a capacitor
4) The circuit is equivalent to the series connection of a resistor and an inductor

1.72. In the circuit of Figure 1.70, which of the relations below need to be held to transfer maximum average power to the
right side of terminal a–b?
Difficulty level ○ Easy ○ Normal ● Hard

Calculation amount ○ Small ● Normal ○ Large
1) ωC ¼ 0.01, ωL ¼ 50
2) ωC ¼ 0.01, ωL ¼ 200
3) ωC ¼ 100, ωL ¼ 2
4) ωC ¼ 100, ωL ¼ 0.5

Figure 1.68 The circuit of problem 1.70

Figure 1.70 The circuit of problem 1.72

Figure 1.69 The circuit of problem 1.71
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1.73. Calculate sinusoidal steady-state response of v(t) in the circuit of Figure 1.71.
Difficulty level ○ Easy ○ Normal ● Hard

Calculation amount ○ Small ● Normal ○ Large

1) 8
ffiffiffiffi
10

p
5 cos tð Þ þ 4 cos 2tð Þ V

2) 8
ffiffiffiffi
10

p
5 cos tð Þ þ 4 cos 2t þ 30

�� �
V

3) 8
ffiffiffiffi
10

p
5 cos t � 18:43

�� �þ 4 cos 2tð Þ V
4) 8

ffiffiffiffi
10

p
5 cos t � 18:43

�� �þ 4 cos 2t þ 30
�� �

V

1.74. In the circuit of Figure 1.72.1, determine the value of R, L, and C so that the frequency response (H jωð Þ ¼ I jωð Þ
V jωð Þ) of

Figure 1.72.2 is achieved.
Difficulty level ○ Easy ○ Normal ● Hard

Calculation amount ○ Small ● Normal ○ Large
1) R ¼ 50, L ¼ 0.1 mH, C ¼ 10 mF
2) R ¼ 50, L ¼ 10 mH, C ¼ 0.1 mF
3) R ¼ 0.02, L ¼ 10 mH, C ¼ 0.1 mF
4) R ¼ 0.02, L ¼ 0.1 mH, C ¼ 10 mF

1.75. Calculate the sinusoidal steady-state response of the output voltage (vo(t)) in the circuit of Figure 1.73.
Difficulty level ○ Easy ○ Normal ● Hard

Calculation amount ○ Small ● Normal ○ Large

1) 2þ ffiffiffi
2

p
cos t þ 45

�� �
V

2) 2 cos (t � 45
�
) V

3) 2þ ffiffiffi
2

p
cos t � 45

�� �
V

4) 2 cos (t + 45
�
) V

Figure 1.71 The circuit of problem 1.73

Figure 1.72 The circuit of problem 1.74
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1.76. The circuit of Figure 1.74 shows three parallel impedances. For this circuit, we have the following information:
• The first impedance consumes 25 kW and 25 kVAr active and reactive powers, respectively.
• The second impedance absorbs 15 kVA apparent power with the leading power factor of 0.8.
• The third impedance consumes 11 kW active power with the unity power factor.

Determine the power factor of the circuit.
Difficulty level ○ Easy ○ Normal ● Hard

Calculation amount ○ Small ● Normal ○ Large
1) 2ffiffiffiffi

10
p , lagging

2) 3ffiffiffiffi
10

p , leading

3) 2ffiffiffiffi
10

p , leading

4) 3ffiffiffiffi
10

p , lagging

1.77. In the circuit of Figure 1.75, the maximum average power that can be transferred to the network is 1
8 W. Determine the

value of R and A.
Difficulty level ○ Easy ○ Normal ● Hard

Calculation amount ○ Small ● Normal ○ Large
1) R ¼ 1 Ω, A ¼ 0.5 V
2) R ¼ 1 Ω, A ¼ 1 V
3) R ¼ 3 Ω, A ¼ 1 V
4) R ¼ 3 Ω, A ¼ 0.5 V

Figure 1.73 The circuit of problem 1.75

Figure 1.74 The circuit of problem 1.76
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1.78. The circuit shown in Figure 1.76 is in sinusoidal steady state. Determine the Thevenin equivalent circuit seen by
the load.
Difficulty level ○ Easy ○ Normal ● Hard

Calculation amount ○ Small ● Normal ○ Large
1) VTh ¼ j V, ZTh ¼ 1 Ω
2) VTh ¼ � j V, ZTh ¼ 1 Ω
3) VTh ¼ � j V, ZTh ¼ (1 � j) Ω

4) VTh ¼ ffiffiffi
2

p þ j
ffiffiffi
2

p� �
V ,ZTh ¼ 1� jð Þ Ω

1.79. In the circuit of Figure 1.77, calculate the average power consumed in the indicated part of the circuit while its power
factor is 1 in sinusoidal steady state.
Difficulty level ○ Easy ○ Normal ● Hard

Calculation amount ○ Small ● Normal ○ Large
1) 125 W
2) 250 W
3) 325 W
4) 500 W

Figure 1.76 The circuit of problem 1.78

Figure 1.75 The circuit of problem 1.77
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1.80. In the circuit of Figure 1.78, determine the ratio of the average power of the 1 Ω resistor to the average power of the
voltage source in sinusoidal steady state.
Difficulty level ○ Easy ○ Normal ● Hard

Calculation amount ○ Small ● Normal ○ Large

1) 1
2

2) 2
3

3) 3
4

4) 1

1.81. In the circuit of Figure 1.79, what percentage of total average power generated by the voltage source is consumed in the
two 1 Ω resistors in sinusoidal steady state if the resistor of R is absorbing the maximum power?
Difficulty level ○ Easy ○ Normal ● Hard

Calculation amount ○ Small ● Normal ○ Large
1) 25%
2) 20%
3) 50%
4) 75%

Figure 1.77 The circuit of problem 1.79

Figure 1.78 The circuit of problem 1.80
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1.82. In the circuit of Figure 1.80, determine the inductance of the inductor so that the voltage and the current of the voltage
source are in phase in sinusoidal steady state. Additionally, calculate the amplitude (peak value) of the current of the
voltage source in this condition.
Difficulty level ○ Easy ○ Normal ● Hard

Calculation amount ○ Small ● Normal ○ Large
1) 2 H, 20 A
2) 2 H, 40 A
3) 1 H, 40 A
4) 1 H, 20 A

1.83. The circuit of Figure 1.81 is in sinusoidal steady state. The indicated network is in the resonance state and its maximum
average power is 3 W. Calculate the reactive power of the current source.
Difficulty level ○ Easy ○ Normal ● Hard

Calculation amount ○ Small ○ Normal ● Large
1) �4 VAr

2) �4
ffiffiffi
2

p
VAr

3) 8 VAr

4) 4
ffiffiffi
2

p
VAr

Figure 1.80 The circuit of problem 1.82

Figure 1.79 The circuit of problem 1.81

34 1 Problems: Sinusoidal Steady-State Analysis



1.84. Calculate the average power of the dependent voltage source in the circuit of Figure 1.82.
Difficulty level ○ Easy ○ Normal ● Hard

Calculation amount ○ Small ○ Normal ● Large
1) 3 W generation
2) 6 W generation
3) 3 W consumption
4) 6 W consumption

1.85. The circuit illustrated in Figure 1.83 is in sinusoidal steady state. Which of the following statements is incorrect if
Z1 ¼ (0.3 + j0.1) Ω, Z2 ¼ (0.4 � j0.2) Ω, and Z3 ¼ (0.2 + j0.4) Ω?
Difficulty level ○ Easy ○ Normal ● Hard

Calculation amount ○ Small ○ Normal ● Large
1) |S2| ¼ |S3|
2) P2 ¼ 2P3

3) Q1 ¼ � 2Q2

4) Q3 ¼ 4Q1

Figure 1.81 The circuit of problem 1.83

Figure 1.82 The circuit of problem 1.84
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1.86. The circuit of Figure 1.84 is in sinusoidal steady state with the angular frequency of ω ¼ 1 rad/sec. The maximum

average power consumed by R is about 2
ffiffiffi
5

p
W . Calculate the total average power consumed in the circuit.

Difficulty level ○ Easy ○ Normal ● Hard

Calculation amount ○ Small ○ Normal ● Large

1) 2
ffiffiffi
5

p þ 1
� �

W

2) 2
ffiffiffi
5

p
W

3)
ffiffiffi
5

p þ 1
� �

W

4)
ffiffiffi
5

p
W
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Figure 1.83 The circuit of problem 1.85

Figure 1.84 The circuit of problem 1.86
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Solutions of Problems: Sinusoidal Steady-State
Analysis 2

Abstract

In this chapter, the problems of the first chapter are fully solved, in detail, step-by-step, and with different methods.

2.1. Based on maximum average power transfer theorem, to transfer the maximum average power to a purely resistive load,
the resistance of the load must be equal to the magnitude of the Thevenin impedance of the circuit seen by the load [1]. In
other words:

RL ¼ ZThj j ð1Þ

To calculate the Thevenin impedance (ZTh), we must turn off the voltage source (change it to a short circuit branch), as is
shown in Figure 2.1.2 and in the following:

ZTh ¼ 3þ j4ð Þ Ω ) ZThj j ¼ 3þ j4j j ¼ 5 Ω ð2Þ

Solving (1) and (2):

RL ¼ 5 Ω

Choice (1) is the answer.

2.2. As we know, to transfer maximum average power to a purely resistive component (R), the relation below must be held:

R ¼ ZThj j ð1Þ

where |ZTh| is magnitude of the Thevenin impedance seen by the component.

Figure 2.1 The circuit of solution of problem 2.1
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Herein, the voltage source needs to be turned off (changed to a short circuit branch), since we want to calculate the
Thevenin impedance. Figure 2.2.2 shows the circuit in frequency domain. The impedances of the components (for
ω ¼ 1 rad/sec) can be calculated as follows:

Z2
ffiffi
2

p
H ¼ jωL ¼ j� 1� 2

ffiffiffi
2

p
¼ j2

ffiffiffi
2

p
Ω ð1Þ

Z1 Ω ¼ 1 Ω ð2Þ

Z1 H ¼ jωL ¼ j� 1� 1 ¼ j Ω ð3Þ

Z1 F ¼ 1
jωC

¼ 1
j� 1� 1

¼ �j Ω ð4Þ

Thus:

ZTh ¼ j2
ffiffiffi
2

p
þ 1þ jð Þjj 1� jð Þ ¼ j2

ffiffiffi
2

p
þ 1þ jð Þ � 1� jð Þ

1þ jð Þ þ 1� jð Þ ¼ j2
ffiffiffi
2

p
þ 2
2
¼ 1þ j2

ffiffiffi
2

p� �
Ω ð5Þ

By solving (1) and (5), we have:

R ¼ 1þ j2
ffiffiffi
2

p��� ��� ¼ 3 Ω

Choice (2) is the answer.

Figure 2.2 The circuit of solution of problem 2.2
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2.3. The circuit of Figure 2.3.2 shows the main circuit in frequency domain. Herein, the phasor of cos(0.5t), that is, 0°1 is

defined as the reference phasor, where “ ” is the symbol of phase angle. Therefore, the phasor of the output voltage

is −30°2 V . The impedances of the components can be calculated as follows:

Z1 Ω ¼ 1 Ω ð1Þ

Z2 F ¼ 1
jωC

¼ 1
j� 0:5� 2

¼ �j Ω ð2Þ

Applying voltage division formula:

Vo =  Vi Vi 
-j

-j + 1
-j

-j + 1
× Vi ×(2  -30°) (2  -30°) ( 

2
   -45° )= = 2√

Vi V⇒ =
( 2 )

= 2
√2

√2
( )−30º2

15º
−45º

ð3Þ

The output voltage in time domain is:

vi tð Þ ¼ 2
ffiffiffi
2

p
cos 0:5t þ 15

�� �
Choice (2) is the answer.

2.4. Figure 2.4.2 shows the main circuit in frequency domain. The impedances of the components are as follows:

Z0:5 Ω ¼ 0:5 Ω ð1Þ

Z1 F ¼ 1
jωC

¼ 1
j� 2� 1

¼ �0:5j Ω ð2Þ

The phasor of cos(2t), that is, 0°1 is defined as the reference phasor, where “ ” is the symbol of phase angle.
Therefore, the phasor of the current of the current source is 0°10 A or 10 A.

The requested voltage can be calculated by using Ohm’s law as follows. In (3), Z is the impedance of the parallel
connection of the resistor and capacitor:

Z = 0.5||(–0.5j) =
0.5 × (–0.5j) –0.5j

–45°
1 – j

2

40.5 + (–0.5j)
= =

√ ð3Þ

0° −45° −45°
5 2

2
2

4
V = IZ = V=(10 ) √ √( (

ð4Þ

Figure 2.3 The circuit of solution of problem 2.3
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Transferring to time domain:

v tð Þ ¼ 5
ffiffiffi
2

p
2

cos 2t � 45
�� �

V

Choice (4) is the answer.

2.5. Figure 2.5.2 illustrates the primary circuit in frequency domain. The phasor of the voltage of the voltage source is defined
as the reference phasor ( 0°1 ), where “ ” is the symbol of phase angle. The impedances of the components are as
follows:

Z0:5 F ¼ 1
jωC

¼ 1
j� 2� 0:5

¼ �j Ω ð1Þ

Z1 Ω ¼ 1 Ω ð2Þ

Z1 H ¼ jωL ¼ j� 2� 1 ¼ j2 Ω ð3Þ

By using the current division formula for the current of the inductor, we have:

–j + 1 + j2

–j
1 + j

A(1 )0°I = =
–j

× ð4Þ

Using Ohm’s law for the inductor:

V ¼ I� j2ð Þ ð5Þ

Solving (4) and (5):

V = = =
–j

1 + j 1 + j
(2j) ( )

2
2 V V–45° 2e –j45=× √ √

Choice (4) is the answer.

Figure 2.4 The circuit of solution of problem 2.4
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2.6. Based on maximum average power transfer theorem, the relation below must be held to transfer the maximum average
power to the load, where ZTh

� is the complex conjugate of the Thevenin impedance seen by the load:

ZL ¼ ZTh
� ð1Þ

The voltage source must be turned off (changed to a short circuit branch), since we need to calculate the Thevenin
impedance. Figure 2.6.2 illustrates the circuit in frequency domain. The impedances of the components are as follows:

Z1 H ¼ jωL ¼ j� 1� 1 ¼ j Ω ð2Þ

Z0:5 F ¼ 1
jωC

¼ 1
j� 1� 0:5

¼ �j2 Ω ð3Þ

Z1 Ω ¼ 1 Ω ð4Þ

Therefore:

ZTh ¼ 1 jj �j2ð Þ jj jð Þ ¼ 1
1
1 þ 1

�2j þ 1
j

¼ 2
2� j

¼ 4
5
þ j

2
5

� �
Ω ð5Þ

Solving (1) and (5):

ZL ¼ 4
5
þ j

2
5

� ��
¼ 4

5
� j

2
5

� �
Ω

Choice (2) is the answer.

Figure 2.5 The circuit of solution of problem 2.5
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2.7. Figure 2.7.2 shows the primary circuit in frequency domain. The phasor of cos(2t), that is, 0°1 is defined as the

reference phasor, where “ ” is the symbol of phase angle. Therefore, the phasor of the current of the current source

is 0°4 A or 4 A. The impedances of the components are presented in the following.

Z2 Ω ¼ 2 Ω ð1Þ

Z0:5 H ¼ jωL ¼ j� 2� 0:5 ¼ j Ω ð2Þ

Z0:5 F ¼ 1
jωC

¼ 1
j� 2� 0:5

¼ �j Ω ð3Þ

This problem can be solved by using the current division relation and Ohm’s law as follows:

Applying the current division formula:

IL ¼ 2
2þ 2þ jþ �jð Þ � 4 ¼ 2 A ð4Þ

Applying Ohm’s law:

VL = –ILZL = –2 × j –j2 V= = 2   –90°V ð5Þ

Transferring back to time domain:

vL tð Þ ¼ 2 cos 2t � 90
�� �
V ¼ 2 sin 2tð Þ V

Choice (1) is the answer.

Figure 2.6 The circuit of solution of problem 2.6
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2.8. The primary circuit is illustrated in frequency domain in Figure 2.8.2. The impedances of the components (for ω ¼
1
2 rad=sec ) are presented in the following:

Z4 H ¼ jωL ¼ j� 1
2
� 4 Ω ¼ j2 Ω ð1Þ

Z4 mF ¼ 1
jωC

¼ 1
j� 1

2 � 1
5

¼ �j10 Ω ð2Þ

Z5 Ω ¼ 5 Ω ð3Þ

Based on maximum average power transfer theorem, to transfer the maximum average power to Zs, the complex
conjugate of the Thevenin impedance seen by Zs must be equal to Zs. In other words, the relation below must be held:

Zs ¼ ZTh
� ð4Þ

To determine the Thevenin impedance of the circuit, we need to turn off the voltage source (short circuit).

Zin ¼ ZTh ¼ j2þ �j10ð Þjj 5ð Þ ¼ j2þ �j10ð Þ � 5ð Þ
�j10ð Þ þ 5ð Þ ¼ j2þ 4� j2 ¼ 4 Ω ð5Þ

Solving (4) and (5):

Zs ¼ 4� ¼ 4 Ω

Choice (1) is the answer.

Figure 2.7 The circuit of solution of problem 2.7
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2.9. The average power of a resistor can be calculated by using the following relation, where |I| and |Irms| are the peak value
and root mean square (rms) value of the amplitude of the current of the resistor, respectively.

PR ¼ 1
2
R Ij j2 ¼ R Irmsj j2 ð1Þ

The rms value of the amplitude of the current that includes different frequencies can be determined as follows:

Irmsj j ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2ffiffiffi
2

p
� 	2

þ 3ffiffiffi
2

p
� 	2

s
¼

ffiffiffiffiffi
26

p
2

A ð2Þ

Solving (1) and (2):

PR ¼ 4�
ffiffiffiffiffi
26

p
2

� 	2

¼ 26 W

Choice (1) is the answer.

2.10. The primary circuit is illustrated in frequency domain in Figure 2.9.2. The impedances of the components are presented
in the following:

Z0:5 mH ¼ jωL ¼ jω� 0:5� 10�3 Ω ð1Þ

Z1 Ω ¼ 1 Ω ð2Þ

Figure 2.8 The circuit of solution of problem 2.8
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Z1 mF ¼ 1
jωC

¼ 1
jω� 10�3 ¼ �j

103

ω
Ω ð3Þ

To determine the resonance frequency of the circuit, we need to equate the imaginary part of the input impedance of the
circuit with zero and then solve it. In other words, we need to solve the following equation:

Im Zinf g ¼ 0 ð4Þ

From the circuit of Figure 2.9.2, we can write:

Zin ¼ jω� 0:5� 10�3 þ 1jj �j
103

ω

� 	
þ 1 ¼ jω� 0:5� 10�3 þ �j 10

3

ω

1� j 10
3

ω

þ 1

) Zin ¼ 1þ 106

ω2 þ 106

� 	
þ jω 0:5� 10�3 � 103

ω2 þ 106

� 	
ð5Þ

Im Zinf g ¼ ω 0:5� 10�3 � 103

ω2 þ 106

� 	
¼ ω

0:5� 10�3ω2 � 0:5� 103

ω2 þ 106

� 	
ð6Þ

Solving (4) and (6):

0:5� 10�3ω2 � 0:5� 103 ¼ 0 ) ω2 ¼ 106 ) ω0 ¼ 103 rad= sec

Choice (2) is the answer.

2.11. Figure 2.10.2 shows the main circuit in frequency domain. The phasor of cos(100t), that is, 0°1 is defined as the

reference phasor, where “ ” is the symbol of phase angle. Therefore, the phasor of the current of the current source

is 0°10 A or 10 A. The impedances of the components can be calculated as follows:

Z10 Ω ¼ 10 Ω ð1Þ

Z10 mH ¼ jωL ¼ j� 100� 10� 10�3 ¼ j Ω ð2Þ

Z1 mF ¼ 1
jωC

¼ 1
j� 100� 1� 10�3 ¼ �j10 Ω ð3Þ

This problem can be solved by using Ohm’s law for the equivalent impedance of the circuit.

Figure 2.9 The circuit of solution of problem 2.10
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The equivalent impedance of the circuit, seen by the current source, is:

Zeq ¼ 10ð Þ jj 10þ jð Þ jj �10jð Þ ¼ 1
1
10 þ 1

10þj þ 1
�10j

¼ 1
j 10þjð Þþ j10ð Þ� 10þjð Þ

j10 10þjð Þ

Zeq =
1

–11 + 19j
j10 (10 + j) 

= =–10 + 100j
–11 + j19

(4.58    –24.3°)W ð4Þ

Using Ohm’s law:

V = IZeq
= (10   0° ) ( (4.58  –24.3° = (4.58   –24.3°)V ð5Þ

The voltage of the capacitor in time domain is:

vc tð Þ ¼ v tð Þ ¼ 45:8 cos 100t � 24:3
�� �

V

Choice (1) is the answer.

2.12. Figure 2.11.2 shows the main circuit in frequency domain. The phasor of cos(t), that is, 0°1 is defined as the

reference phasor, where “ ” is the symbol of phase angle. Therefore, the phasor of the voltage of the voltage source

is 0°A V or A Volt. The impedances of the components are presented in the following:

Z1 F ¼ 1
jωC

¼ 1
j� 1� 1

¼ �j Ω ð1Þ

Z1 Ω ¼ 1 Ω ð2Þ

Z1 H ¼ jωL ¼ j� 1� 1 ¼ j Ω ð3Þ

Figure 2.10 The circuit of solution of problem 2.11
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Z2 H ¼ jωL ¼ j� 1� 2 ¼ j2 Ω ð4Þ

The current can be calculated by using Ohm’s law, but, first, we need to calculate the impedance of the indicated part of
the circuit (see Figure 2.11.2) as follows:

ZTotal ¼ �jð Þjj 1þ jð Þjj j2ð Þ ¼ 1
1
�j þ 1

1þj þ 1
j2

¼ 1
jþ 1

2 1� jð Þ � 1
2 j

¼ 1
1
2

¼ 2 Ω ð5Þ

Using Ohm’s law for the indicated part of the circuit:

I = A 0°
ZTotal

= A
2
Ampere ð6Þ

By transferring to time domain, we have:

i tð Þ ¼ 1
2
A cos tð ÞA

Choice (3) is the answer.

2.13. The impedance of the series connection of a 2 Ω resistor with a capacitor with the capacitance of C is:

ZSeries ¼ 2þ 1
jωC

¼ 2� j
1
ωC

� �
Ω ð1Þ

In addition, the impedance of the parallel connection of a 4 Ω resistor with a capacitor with the capacitance of 1
20 F is:

Figure 2.11 The circuit of solution of problem 2.12
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ZParallel ¼ 4jj 1
jω 1

20

 !
¼ 4jj �j

20
ω

� �
¼ 4� �j 20ω

� �
4þ �j 20ω

� � ¼ �j80
4ω� j20

Ω

) ZParallel ¼ �1600� j320ω
16ω2 þ 400

¼ 1600
16ω2 þ 400

� j
320ω

16ω2 þ 400

� 	
Ω ð2Þ

Based on the information given in the problem:

ZSeries ¼ ZParallel ð3Þ

Solving (1), (2), and (3):

2� j
1
ωC

¼ 1600
16ω2 þ 400

� j
320ω

16ω2 þ 400
)

2 ¼ 1600
16ω2 þ 400

4ð Þ

� j
1
ωC

¼ �j
320ω

16ω2 þ 400
5ð Þ

8><
>:

4ð Þ¼¼¼¼) 32ω2 þ 800 ¼ 1600 ) ω ¼ 5 rad= sec ð6Þ

)5ð Þ 1
ωC

¼ 320ω
16ω2 þ 400

) 16ω2 þ 400 ¼ 320ω2C
Using 6ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼) 16� 52 þ 400 ¼ 320� 52 � C

) C ¼ 800
8000

¼ 0:1 F

Choice (3) is the answer.

2.14. First, we need to determine and draw the circuit in frequency domain, as is shown in Figure 2.12.2. The impedances of
the components are as follows:

Z1 F ¼ 1
jωC

¼ 1
jω� 1

¼ 1
jω

Ω ð1Þ

Z1 H ¼ jωL ¼ jω� 1 ¼ jω Ω ð2Þ

Z1 Ω ¼ 1 Ω ð3Þ

Z10 Ω ¼ 10 Ω ð4Þ

First Method: By looking at Figure 2.12.2, we can quickly figure it out that Vab is zero, since the right-side part of the
circuit is a Wheatstone bridge. In a Wheatstone bridge circuit, illustrated in Figure 2.12.3, the condition of
Z1 3 Z3 = Z2 3 Z4 holds.

As can be noticed from Figure 2.12.2, we have:

1
jω

� jω ¼ 1� 1 ) 1 ¼ 1 ð5Þ

which satisfies the condition. Therefore, Vab ¼ 0 and consequently |Vab|¼ 0. Hence, the value of |Vab| does not depend
on the frequency of current source. Choice (3) is the answer.
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Second Method: We can directly calculate |Vab| in the circuit of Figure 2.12.2 as follows:

Vab ¼ Va � Vb ¼ 1� Ia � jω� Ib ¼ 1þ jω
1þ jωþ 1þ 1

jω

I� jω�
1þ 1

jω

1þ jωþ 1þ 1
jω

I

Vab ¼ 1þ jω� jωþ 1ð Þ
1þ jωþ 1þ 1

jω

I ¼ 0 ð6Þ

) Vabj j ¼ 0 ð7Þ

Choice (3) is the answer.

2.15. Nodal analysis is the best method to be applied to solve the problem.

Applying Ohm’s law for the series connection of the inductor and the 3 Ω resistor in the circuit of Figure 2.13:

IL ¼ 20� V
3þ j4

ð1Þ

Applying KCL in the top node:

�5þ V� 20
3þ j4

þ V
2� j4

¼ 0 ) V
1

3þ j4
þ 1
2� j4

� 	
¼ 5þ 20

3þ j4
) V ¼

5þ 20
3þj4

1
3þj4 þ 1

2�j4

) V ¼
35þj20
3þj4
5

22�j4

¼ 850þ j300
15þ j20

ð2Þ

Figure 2.12 The circuit of solution of problem 2.14
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Solving (1) and (2):

IL ¼
20� 850þj300

15þj20

3þ j4
¼

�550þj100
15þj20

3þ j4
¼ �550þ j100

�35þ j120
¼ 2þ j4ð Þ A

Choice (4) is the answer.

2.16. Based on the given information in the problem:

PR1 ¼ 1:5 W ð1Þ

The average power generated by the voltage source can be calculated by using the complex power relation, where
Vsource and Isource are the phasor (peak value) of the voltage and current of the voltage source, respectively.

Ssource ¼ 1
2
VsourceIsource� ¼ 1

2
10ð Þ 1

2
1þ jð Þ

� ��
¼ 5

2
1� jð Þ VA ) Psource ¼ 2:5 W ð2Þ

The average power generated by the voltage source is consumed in the resistors, thus:

Psource ¼ PR1 þ P2 Ω

Solving (1) and (2):

2:5 W ¼ 1:5 W þ P2 Ω ) P2 Ω ¼ 1 W ð3Þ

The average power relation for a resistor is as follows, where |I| is the amplitude (peak value) of the current of the
resistor.

P ¼ 1
2
R Ij j2 Using 3ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼) 1 W ¼ 1

2
� 2� I2 Ωj j2 ) I2 Ωj j2 ¼ 1 ) I2 Ωj j ¼ 1 A

Choice (2) is the answer.

Figure 2.13 The circuit of solution of problem 2.15
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2.17. Based on the information given in the problem, the resonance frequency and the �3 dB bandwidth are:

f 0 ¼ 50000 Hz ð1Þ

BW ¼ 500 Hz ð2Þ

In a series RLC circuit, the resonance frequency and the �3 dB bandwidth of the circuit can be calculated by using the
following relations:

ω0 ¼ 1ffiffiffiffiffiffi
LC

p rad= sec ) f 0 ¼ 1

2π
ffiffiffiffiffiffi
LC

p Hz ð3Þ

BW ¼ R
L
rad= sec ¼ R

2πL
Hz ð4Þ

Solving (1) and (3):

50000 ¼ 1

2π
ffiffiffiffiffiffi
LC

p ð5Þ

Solving (2) and (4):

500 ¼ R
2πL

) 500 ¼ 25þ 25
2πL

) L ¼ 1
20π

¼ 0:0159 ¼ 15:9 mH ð6Þ

Solving (5) and (6):

50000 ¼ 1

2π
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
0:0159� C

p ) C ¼ 0:64 nF

Choice (4) is the answer.

Figure 2.14 The circuit of solution of problem 2.16
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2.18. The circuit of Figure 2.16.2 illustrates the primary circuit in frequency domain. The phasor of the voltage of the voltage
source is defined as the reference phasor ( 0°1 ), where “ ” is the symbol of phase angle. The impedances of the
components are as follows:

ZL ¼ jωL Ω ð1Þ

ZC ¼ 1
jωC

Ω ð2Þ

Using voltage division formula for the left-side capacitor:

V1 =

1
1jwC

1
jwC

jwL+
× (1   0°) = 

1 - w2LC
V ð3Þ

Using voltage division formula for the right-side inductor:

V2 =
+ 1

× (1 =
+ 1

V)0°
jwL –w2LC

–w2LCjwL jwC
ð4Þ

Therefore, the requested voltage is:

V ¼ V1 � V2 ¼ 1
1� ω2LC

� �ω2LC
�ω2LC þ 1

¼ 1þ ω2LC
1� ω2LC

Choice (1) is the answer.

Figure 2.15 The circuit of solution of problem 2.17
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2.19. In a parallel RLC circuit, the �3 dB bandwidth and the quality factor of the circuit can be calculated by using the
following relations:

BWParallel ¼ 1
RC

rad= sec ) BWParallel ¼ 1
R� 0:5

rad= sec ð1Þ

QParallel ¼ R

ffiffiffiffi
C
L

r
) QParallel ¼ R

ffiffiffiffiffiffiffi
0:5
2

r
¼ R

2
ð2Þ

In addition, the quality factor of the series RLC circuit can be calculated as follows:

QSeries ¼ 1
R

ffiffiffiffi
L
C

r
¼ 1

R

ffiffiffiffiffi
1
C0

r
ð3Þ

Based on the given information:

BWParallel ¼ 1 rad= sec ð4Þ

QParallel ¼ QSeries ð5Þ

Solving (1) and (4):

1
R� 0:5

¼ 1 ) R ¼ 2 Ω ð6Þ

Figure 2.16 The circuit of solution of problem 2.18
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Solving (2) and (3):

R
2
¼ 1

R

ffiffiffiffiffi
1
C0

r
Using 6ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼) 2

2
¼ 1

2

ffiffiffiffiffi
1
C0

r
)

ffiffiffiffiffi
1
C0

r
¼ 2 ) C0 ¼ 1

4
F

Choice (4) is the answer.

2.20. Although the circuit is an AC circuit, the problem can be solved in time domain because the circuit is a resistive circuit.
Herein, nodal analysis is applied to solve the problem.

By applying KCL in the left-side node, we can write:

�10 sin 4tð Þ þ v1 tð Þ
1

þ v1 tð Þ � v3 tð Þ
1

¼ 0 ) � 10 sin 4tð Þ þ 2v1 tð Þ � v3 tð Þ ¼ 0 ð1Þ

Applying KCL in the right-side node:

v3 tð Þ � v1 tð Þ
1

þ v3 tð Þ
1

þ 2v1 tð Þ ¼ 0 ) v1 tð Þ ¼ �2v3 tð Þ ð2Þ

Solving (1) and (2):

�10 sin 4tð Þ þ 2 �2v3 tð Þð Þ � v3 tð Þ ¼ 0 ) v3 tð Þ ¼ �2 sin 4tð Þ

Choice (3) is the answer.

Figure 2.17 The circuit of solution of problem 2.19

Figure 2.18 The circuit of solution of problem 2.20
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2.21. Based on the information given in the problem:

Vrms ¼ 100 V (1)

SA = 100ej30 kVA = (100 ) kVA30° ð2Þ

SB = 100ej–30 kVA = (100 ) kVA–30° ð3Þ

The total complex power of the circuit can be calculated as follows:

SBSAS = = == kVA kVA–30° 0°30°100 100 (100 1003 3√ √)++ ð4Þ

As we know, the apparent power of a component can be calculated by using the following relation, where Vrms and Irms
are the magnitude (rams value) of the voltage and the current of the component, respectively.

S ¼ Sj j ¼ Vrms Irms ð5Þ

Solving (1), (4), and (5):

Irms ¼ 100
ffiffiffi
3

p
kVA

100 V
¼

ffiffiffi
3

p
kA ¼ 1000

ffiffiffi
3

p
A

Choice (4) is the answer.

2.22. Resonance frequency of a circuit is a frequency, in which zero value is achieved for the imaginary part of the input
admittance (or input impedance) of the circuit. In this problem, we can determine the input admittance of the circuit and
equate its imaginary part with zero and then solve it. In other words, the equation below must be solved:

Im Yinf g ¼ 0 ð1Þ

The primary circuit is illustrated in frequency domain in Figure 2.20.2. The impedances of the components are
presented in the following:

ZR1 ¼ R1 ð2Þ

ZR2 ¼ R2 ð3Þ

ZL ¼ jωL ð4Þ

Figure 2.19 The circuit of solution of problem 2.21
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ZC ¼ 1
jωC

ð5Þ

Yin ¼ 1
R1

þ 1
R2 þ jωL

þ 1
1

jωC

¼ 1
R1

þ R2 � jωL
R2

2 þ ω2L2
þ jωC

) Yin ¼ 1
R1

þ R2

R2
2 þ ω2L2

� 	
þ jω C � L

R2
2 þ ω2L2

� 	
ð6Þ

Solving (1) and (6):

ω C � L
R2

2 þ ω2L2

� 	
¼ 0 ) C � L

R2
2 þ ω2L2

) R2
2 þ ω2L2 ¼ L

C
) ω2 ¼ 1

LC
� R2

2

L2
) ω ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
LC

� R2

L

� �2r

Choice (1) is the answer.

2.23. Based on maximum average power transfer theorem, the relation below must be held to transfer the maximum average
power to the load, where ZTh

� is the complex conjugate of the Thevenin impedance seen by the load:

Zx ¼ ZTh
� ð1Þ

Figure 2.21.2 shows the primary circuit in frequency domain. The impedances of the components are as follows:

Z1 Ω ¼ 1 ð2Þ

Figure 2.20 The circuit of solution of problem 2.22
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Z1
2 H ¼ jωL ¼ j� 1� 1

2
¼ j

1
2
Ω ð3Þ

Z1
4 F ¼ 1

jωC
¼ 1

j� 1� 1
4

¼ �j4 Ω ð4Þ

To determine the Thevenin impedance, we need to turn off all the power sources. Thus, the voltage source is replaced by
a short circuit branch, as is shown in Figure 2.21.2.

ZTh ¼ Zin ¼ 1þ j
1
2

� �
jj 1þ �j4ð Þjj �j4ð Þð Þ ¼ 1þ j

1
2

� �
jj 1� j2ð Þ

) Zin ¼ 1þ j 12
� �� 1� j2ð Þ
1þ j 12
� �þ 1� j2ð Þ ¼

2� j 32
2� j 32

¼ 1 Ω ð5Þ

Solving (1) and (5):

Zx ¼ 1� ¼ 1 Ω

Choice (2) is the answer.

Figure 2.21 The circuit of solution of problem 2.23
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2.24. The primary circuit is illustrated in frequency domain in Figure 2.22.2. The phasor of cos(t), that is, 0°1 is defined as

the reference phasor, where “ ” is the symbol of phase angle. Therefore, the phasor of the voltage of the voltage

source is 1 V0° )( or 1 V. The impedances of the components are presented in the following:

Z1 H ¼ jωL ¼ j� 1� 1 ¼ j Ω ð1Þ

Z2 Ω ¼ 2 Ω ð2Þ

Z1 F ¼ 1
jωC

¼ 1
j� 1� 1

¼ �j Ω ð3Þ

The current of the voltage source can be calculated as follows:

–45°===I =
111

1 + jj + 2||2 2

2

j + 2||( – j + 2 + j)
A( (√ ð4Þ

Using current division relation:

–45° –45°= =Io
2 2 2

422 + ( – j + 2 + j)
A× ( ( ((√ √ ð5Þ

Using Ohm’s law:

Vo Io= =
2

4 4 4

2
ej45

2
V V–45° 45°j j× ×

√ √( () ) √

Choice (3) is the answer.

2.25. The primary circuit is illustrated in frequency domain in Figure 2.23.2. The phasor of cos(100t), that is, 0°1 is

defined as the reference phasor, where “ ” is the symbol of phase angle. Therefore, the phasor of the voltage of the

voltage source is 100 V0° )( or 100 V. The impedances of the components are presented in the following:

Z100 Ω ¼ 100 Ω ð1Þ

Figure 2.22 The circuit of solution of problem 2.24
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Z0:1 mF ¼ 1
jωC

¼ 1
j� 100� 0:1� 10�3 ¼ �j100 Ω ð2Þ

Z1 H ¼ jωL ¼ j� 100� 1 ¼ j100 Ω ð3Þ

It is suggested to simplify the circuit, by combining the indicated part of the circuit shown in Figure 2.23.2.

Z ¼ �j100ð Þjj 100þ j100ð Þ ¼ �j100ð Þ � 100þ j100ð Þ
�j100ð Þ þ 100þ j100ð Þ ¼ 100� j100ð Þ Ω ð4Þ

Using voltage division formula in the circuit of Figure 2.23.3:

–18.4°100 = (0.63
100 = j100 + 100

Vc
100 – j100

) V×= ð5Þ

Transferring back to time domain:

vc tð Þ ¼ 0:63 cos 100t � 18:4
�� �
V

Choice (1) is the answer.

Figure 2.23 The circuit of solution of problem 2.25
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2.26. In this problem, the phase angle of the voltage of the power source is defined as the reference phase angle. Therefore:

0°V = (1000 ) V rms = 1000 V rms ð1Þ

where, “ ” is the symbol of phase angle. Based on the information given in the problem:

PR ¼ 1000 W ð2Þ

SZ ¼ 1000 VA ð3Þ

PFZ ¼ 0:6 Lagging ð4Þ

Using average power relation for the resistor:

0°PR = VR,rmsIR,rms 1000 = 1000IR,rms = 1 A = 1IR,rms IR,rms
Using (1),(2) ð5Þ

In (5), we consider the fact that the voltage and current of a resistor are in phase.

Using apparent power relation for the impedance:

SZ ¼ VZ,rmsIZ,rms
Using 1ð Þ, 3ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼) 1000 ¼ 1000IZ,rms ) IZ,rms ¼ 1 A ð6Þ

The phase angle of the current of the impedance can be calculated by using (4) as follows:

= = –53°(0.6)– cos–1IZ ð7Þ

Solving (6) and (7):

= –53° ) A(1IZ,rms ð8Þ

Applying KCL in the top node:

Irms IR,rms IZ,rms= = + =+ 1 10° –53° (1.79 –26.5° A)

Choice (1) is the answer.

2.27. Based on maximum average power transfer theorem, the relation below must be held to transfer the maximum average
power to the load, where ZTh

� is the complex conjugate of the Thevenin impedance seen by the load:

ZL ¼ ZTh
� ð1Þ

Herein, a heuristic method is the best approach to determine the Thevenin impedance seen by the load. Herein, we need
to turn off the independent voltage source (short circuit), as can be seen in 2.25.2.

Figure 2.24 The circuit of solution of problem 2.26

60 2 Solutions of Problems: Sinusoidal Steady-State Analysis



Applying KVL in the left-side mesh of the circuit of Figure 2.25.2:

5þ j10ð ÞIþ 5I ¼ 0 ) 10þ j10ð ÞI ¼ 0 ) I ¼ 0 ð2Þ

Equation (2) implies that the voltage of the dependent voltage source is zero. Therefore, it is replaced by a short circuit
branch. Consequently, the branch parallel to the dependent voltage source is short-circuited and eliminated. Fig-
ure 2.25.3 shows the updated circuit.

ZTh ¼ Zin ¼ 1jj j3ð Þ ¼ 1� j3ð Þ
1þ j3ð Þ ¼ 0:9þ j0:3ð Þ Ω ð3Þ

Solving (1) and (3):

ZL ¼ ZTh
� ¼ 0:9þ j0:3ð Þ� ¼ 0:9� j0:3ð Þ Ω

Choice (3) is the answer.

Figure 2.25 The circuit of solution of problem 2.27
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2.28. The primary circuit is illustrated in frequency domain in Figure 2.26.2. Herein, the DC current source is turned off (open
circuit), since we want to determine the average power of the dependent voltage source supplied just by the AC current
source.

In this problem, the phase angle of the current of the current source is defined as the reference phase angle. Therefore, its
phasor is 0°1 or 1 A. Herein, “ ” is the symbol of phase angle.

To simplify the circuit, source transformation theorem is applied for the parallel connection of the current source and the
2 Ω resistor, as is shown in Figure 2.26.3.

Since no current is flowing through the 3 Ω resistor, V is the voltage of the 1 Ω resistor.

Using Ohm’s law for the 1 Ω resistor:

V ¼ 1� I ¼ I ð1Þ

KVL in the left-side mesh:

�2þ 2Iþ 2Vþ 2Iþ I ¼ 0 ) � 2þ 5Iþ 2V ¼ 0 ð2Þ

Solving (1) and (2):

�2þ 5Iþ 2I ¼ 0 ) I ¼ 2
7
A ð3Þ

Solving (1) and (3):

V ¼ 2
7
V ð4Þ

Now, the power of the dependent voltage source can be calculated as follows:

P ¼ 1
2
2Vj j Ij j ¼ 1

2
� 4
7
� 2
7
¼ 4

49
W

Choice (1) is the answer.
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2.29. The circuit of Figure 2.27.2 shows the primary circuit in frequency domain. The phasor of cos(t), that is, 0°1 is

defined as the reference phasor, where “ ” is the symbol of phase angle. Therefore, the phasors of the currents of
the current sources are 1 A and 2 A. The impedances of the components are as follows:

Z2 Ω ¼ 2 Ω ð1Þ

Z2 H ¼ jωL ¼ j� 1� 2 ¼ j2 Ω ð2Þ

Z0:5 F ¼ 1
jωC

¼ 1
j� 1� 0:5

¼ �j2 Ω ð3Þ

Z4 F ¼ 1
jωC

¼ 1
j� 1� 4

¼ �j0:25 Ω ð4Þ

Z0:25 H ¼ jωL ¼ j� 1� 0:25 ¼ j0:25 Ω ð5Þ

Z1 Ω ¼ 1 Ω ð6Þ

As can be noticed from the circuit of Figure 2.27.2, the impedance of the parallel connection of 2 H inductor and 0.5 F
capacitor is infinite (theoretically undefined). Thus, this connection can be considered as an open circuit branch:

Figure 2.26 The circuit of solution of problem 2.28
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Z2 HjjZ0:5 F ¼ j2ð Þ � �j2ð Þ
j2ð Þ þ �j2ð Þ ¼

4
0

ð7Þ

Likewise, the impedance of the parallel connection of 4 F capacitor and 0.25 H inductor is infinite (theoretically
undefined). Hence, this connection will be like an open circuit branch.

Z4 FjjZ0:25 H ¼ �j0:25ð Þ � j0:25ð Þ
�j0:25ð Þ þ j0:25ð Þ ¼

0:0625
0

ð8Þ

Now, the circuit of Figure 2.27.2 is simplified and shown in Figure 2.27.3. By using source transformation theorem, the
parallel connection of 1 A current source and 2Ω resistor is converted to the series connection of 2 V voltage source and
2 Ω resistor, as is illustrated in Figure 2.27.4. Likewise, the parallel connection of 2 A current source and 1 Ω resistor is
converted to the series connection of 2 V voltage source and 1 Ω resistor, as can be seen in Figure 2.27.4.

Now, by applying KVL in the only loop of the circuit of Figure 2.27.4, we have:

�2þ 2Iþ 2Iþ Iþ 2 ¼ 0 ) 5I ¼ 0 ) I ¼ 0 ð9Þ

Transferring to time domain:

i tð Þ ¼ 0 A

Choice (4) is the answer.

Figure 2.27 The circuit of solution of problem 2.29
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2.30. The circuit includes two independent power sources with different frequencies. One of them is a DC source (DC current
source); thus, its frequency is zero, and the other one (AC voltage source) has the angular frequency of 1 rad/sec.
Therefore, we must use superposition theorem to solve the problem.

Part 1: The circuit of Figure 2.28.2 shows the main circuit, which only includes the DC current source. Hence, the
voltage source is shut down (short circuit), and the inductor is replaced by a short circuit branch.

Since the resistor is short-circuited, its voltage is zero.

v tð Þ ¼ 0 ð1Þ

By applying KVL in the indicated loop (see Figure 2.28.2), we have:

�vo1 tð Þ þ v tð Þ ¼ 0 ) vo1 tð Þ ¼ v tð Þ ð2Þ

Solving (1) and (2):

vo1 tð Þ ¼ 0 ð3Þ

Part 2: The circuit of Figure 2.28.3 illustrates the circuit in frequency domain, while the current source is turned off
(open circuit). The phasor of cos(t), that is, 0°1 is defined as the reference phasor, where “ ” is the symbol of
phase angle. The impedances of the components are determined as follows:

Z1 H ¼ jωL ¼ j� 1� 1 ¼ j Ω ð4Þ

Z1 Ω ¼ 1 Ω ð5Þ

Now, by applying voltage division formula for the resistor, we have:

= = =
2 2

1
1

1 1
1 + j 45°

–45°) VV ×
√ √

ð6Þ

Applying KVL in the indicated loop (see Figure 2.28.3):

�Vo2 þ Vþ V ¼ 0 ) Vo2 ¼ 2V ð7Þ

By solving (6) and (7):

= 2 –45°( ) VVo2 √ ð8Þ

Transferring to time domain:

vo2 tð Þ ¼
ffiffiffi
2

p
cos t � 45

�� �
V ð9Þ

Based on superposition theorem:

vo tð Þ ¼ vo1 tð Þ þ vo2 tð Þ ¼ 0þ
ffiffiffi
2

p
cos t � 45ð Þ ¼

ffiffiffi
2

p
cos t � 45

�� �
V

Choice (4) is the answer.
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2.31. The voltage of the voltage source includes three terms with different frequencies. Therefore, the problem must be solved
by using superposition theorem.

Part 1: The circuit has been redrawn in Figure 2.29.2 to exhibit it in frequency domain. For the unknown angular
frequency of ω, the impedance of each component is as follows:

Z1 Ω ¼ 1 Ω ð1Þ

Z1 F ¼ 1
jωC

¼ 1
jω� 1

¼ �j
1
ω

Ω ð2Þ

By using voltage division formula, we can calculate the output voltage as follows:

Vo ¼
�j 1ω

1þ �j 1ω
� �Vs ) Voj j ¼ �j 1ω

1þ �j 1ω
� �

�����
����� Vsj j ¼

1
ωffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1þ 1
ω

� �2q Vsj j ¼ 1ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ω2 þ 1

p Vsj j ð3Þ

Figure 2.28 The circuit of solution of problem 2.30
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Now, for the voltage of 4 cos 1
2 t
� �

V , the peak value and the root mean square (rms) value of the output voltage are:

Vo1j j ¼ 1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
2

� �2 þ 1
q � 4 ¼ 8ffiffiffi

5
p V ) V1rms ¼ 1ffiffiffi

2
p � 8ffiffiffi

5
p ¼ 8ffiffiffiffiffi

10
p ð4Þ

Part 2: Likewise, for the voltage of � 4
3 cos

3
2 t
� �

V , the peak value and the rms value of the output voltage are:

Vo2j j ¼ 1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
3
2

� �2 þ 1
q � 4

3
¼ 8

3
ffiffiffiffiffi
13

p V ) V2rms ¼ 1ffiffiffi
2

p � 8

3
ffiffiffiffiffi
13

p ¼ 8

3
ffiffiffiffiffi
26

p ð5Þ

Part 3: Similarly, for the voltage of 4
5 cos

5
2 t
� �

V , the peak value and the rms value of the output voltage are:

Vo3j j ¼ 1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
5
2

� �2 þ 1
q � 4

5
¼ 8

5
ffiffiffiffiffi
29

p V ) V3rms ¼ 1ffiffiffi
2

p � 8

5
ffiffiffiffiffi
29

p ¼ 8

5
ffiffiffiffiffi
58

p ð6Þ

Now, by using the relation below, we can calculate the rms value of the output voltage:

Vrms ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
V1rms

2 þ V2rms
2 þ V3rms

2
p

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

8ffiffiffiffiffi
10

p
� 	2

þ 8

3
ffiffiffiffiffi
26

p
� 	2

þ 8

5
ffiffiffiffiffi
58

p
� 	2

s

) Vrms ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
64
10

þ 64
234

þ 64
1450

r
¼ 2:59 V

Choice (3) is the answer.

2.32. Based on the problem, we need to determine the relation between the amplitudes of the input and output voltages in
frequency domain. The circuit of Figure 2.30.2 shows the primary circuit in frequency domain. The impedances of the
components are determined as follows:

Z1 F ¼ 1
jωC

¼ 1
jω

Ω ð1Þ

Z2 Ω ¼ 2 Ω ð2Þ

Applying KCL in the indicated node:

Vo � Vi
1
jω

þ gmVi þ Vo

2
¼ 0 ) 1

2
þ jω

� �
Vo þ gm � jωð ÞVi ¼ 0 ) Vo ¼ �gm þ jω

1
2 þ jω

Vi ð3Þ

Figure 2.29 The circuit of solution of problem 2.31
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The amplitude of the output voltage is:

) Voj j ¼ �gm þ jω
1
2 þ jω

�����
����� Vij j ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
gm2 þ ω2

p
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
2

� �2 þ ω2
q Vij j ð4Þ

Based on the given information:

Voj j � Vij j ð5Þ

Solving (4) and (5):

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
gm2 þ ω2

p
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
2

� �2 þ ω2
q Vij j � Vij j )

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
gm2 þ ω2

p
�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
2

� �2
þ ω2

r

) gm
2 þ ω2 � 1

2

� �2
þ ω2 ) gm

2 � 1
2

� �2
) gmj j � 1

2

Choice (4) is the answer.

2.33. Based on maximum average power transfer theorem, the relation below must be held to transfer the maximum average
power to the load, where ZTh

� is the complex conjugate of the Thevenin impedance seen by the load:

ZL ¼ ZTh
� ð1Þ

As is shown in Figure 2.31.2, to calculate the Thevenin impedance seen by the load, we need to turn off all the
independent sources (herein, independent voltage source), apply a test source (herein, a test voltage source) to the
terminal, and determine the value of Vt

It
. Nodal analysis can be applied to solve the problem.

Figure 2.30 The circuit of solution of problem 2.32
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Applying KCL in node “a”:

Iþ It ¼ 0 ) I ¼ �It ð2Þ

Using Ohm’s law for the 1 Ω resistor:

I ¼ V� Vt

1
) I ¼ V� Vt

Using 1ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼) V ¼ Vt � It ð3Þ

Applying KCL in the indicated node:

V
j2
� 3Iþ I ¼ 0

Using 2ð Þ, 3ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼) Vt � It
j2

� 2 �Itð Þ ¼ 0

) 1
j2

� 	
Vt þ � 1

j2
þ 2

� 	
It ¼ 0 ) Vt

It
¼

1
j2 � 2

1
j2

¼ 1� j4 ) ZTh ¼ 1� j4ð Þ Ω ð4Þ

Solving (1) and (4):

ZL ¼ 1� j4ð Þ� ¼ 1þ j4ð Þ Ω

Choice (4) is the answer.

2.34. The circuit of Figure 2.32.2 shows the primary circuit in frequency domain while the terminal is short-circuited and
node “b” is grounded. The problem has two power sources; however, both are operated in the same angular frequency
(ω ¼ 3 rad/sec). Thus, we do not need to apply superposition theorem. The impedances of the components are
determined as follows:

Z1
3 F ¼ 1

jωC
¼ 1

j� 3� 1
3

¼ �j Ω ð1Þ

Figure 2.31 The circuit of solution of problem 2.33
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Z1
6 H ¼ jωL ¼ j� 3� 1

6
¼ j0:5 Ω ð2Þ

In this problem, the phasor of cos(3t) is defined as the reference phasor ( 0°1 , where “ ” is the symbol of phase
angle). Therefore, the voltage of the voltage source and the current of the current source are (            )0°2 V and (            )0°1 A,
respectively. Nodal analysis can be applied to solve the problem.

By applying Ohm’s law for the capacitor, we can write:

IC ¼ 2� 0
�j

¼ j2 ð3Þ

Applying KCL in the indicated node:

)– (1 –90° – ++=
j0.5

00 – 2
–j

4
1

++ 1
2

Isc IscIC

IC
= 0jj

– –
–0 ⇒ ð4Þ

Solving (3) and (4):

) A() A 45°2==j2j–j
2
1 (1 + jIscIsc = 0++ × ⇒ √ ð5Þ

Transferring from frequency domain to time domain:

isc tð Þ ¼
ffiffiffi
2

p
cos 3t þ 45

�� �
A

Choice (1) is the answer.

Figure 2.32 The circuit of solution of problem 2.34
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2.35. The main circuit, shown in Figure 2.33.1, includes two current sources with different angular frequencies. Therefore,
superposition theorem must be applied in this problem, as can be seen in Figs. 2.33.2–3.

Part 1: Figure 2.33.2 illustrates the primary circuit in frequency domain for the left-side current source with the angular
frequency of 1 rad/sec. Another current source is turned off (open circuit). Herein, the phasor of cos(t), that is, 0°1 is

defined as the reference phasor, where “ ” is the symbol of phase angle. Hence, the phasor of the current of the left-

side current source is 0°10 A. The impedances are determined as follows:

Z1 F ¼ 1
jωC

¼ 1
j� 1� 1

¼ �j Ω ð1Þ

Z1 Ω ¼ 1 Ω ð2Þ

Applying current division relation:

Io1 ¼ 1
1þ �jð Þ þ 1þ 1

� 10 ¼ 10
3� j

A ð3Þ

Io1 ) V== 1 ´ Io1 = 18.43°
10

3 – j
(3.16V ð4Þ

The output voltage in time domain is:

vo1 tð Þ ¼ 3:16 cos t þ 18:43
�� � ð5Þ

Part 2: Figure 2.33.3 exhibits the main circuit in frequency domain for the bottom current source with the angular
frequency of 2 rad/sec. Another current source is turned off (open circuit). In this part, the phasor of cos(2t), that is,

0°1 is defined as the reference phasor, where “ ” is the symbol of phase angle. Thus, the phasor of the current
of the bottom current source is −30°2 . The impedances can be calculated as follows:

Z1 F ¼ 1
jωC

¼ 1
j� 2� 1

¼ �j0:5 Ω ð6Þ

Z1 Ω ¼ 1 Ω ð7Þ

Applying current division formula:

Io2 1 + (–j0.5) + 1 + 1
) ) A= =–30°

1
´= (2

–30°
–20.54°

2
3 – j0.5

(0.66A ð8Þ

Io2Vo2 (0.66 ) V–20.54°1 ´= = ð9Þ

The output voltage in time is:

vo2 tð Þ ¼ 0:66 cos 2t � 20:54
�� � ð10Þ

By using superposition theorem and (5) and (10), we can determine the total output voltage in sinusoidal steady state:

vo tð Þ ¼ vo1 tð Þ þ vo2 tð Þ ¼ 3:16 cos t þ 18:43ð Þ þ 0:66 cos 2t � 20:54ð Þ

Choice (4) is the answer.
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2.36. To transfer the maximum average power to the load, the impedance of the load must be equal to the complex conjugate
of the Thevenin impedance of the circuit seen by the load, that is:

ZL ¼ ZTh
� ð1Þ

The circuit of Figure 2.34.2 shows the main circuit in frequency domain, where a test voltage source has been connected
to the terminal and the independent voltage source has been shut down (short circuited). The value of Vt

It
will give us the

Thevenin impedance of the circuit seen by the load. The impedances of the components are as follows:

Z25 Ω ¼ 25 Ω ð2Þ

Z20 H ¼ jωL ¼ j� 1� 20 ¼ j20 Ω ð3Þ

Z1 Ω ¼ 1 Ω ð4Þ

Z3 H ¼ jωL ¼ j� 1� 3 ¼ j3 Ω ð5Þ

The circuit of Figure 2.34.2 can be analyzed by using nodal analysis.

Applying KCL in the supernode:

�It þ Vt

j3
þ Vt � 5Ix

1
¼ 0 ) � It þ 1� j

1
3

� �
Vt � 5Ix ¼ 0 ð6Þ

Figure 2.33 The circuit of solution of problem 2.35
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Defining Ix based on the node voltages, by using Ohm’s law:

Ix ¼ 0� 5Ix
25þ j20

) 25þ j20ð ÞIx ¼ �5Ix ) 30þ j20ð ÞIx ¼ 0 ) Ix ¼ 0 ð7Þ

Solving (6) and (7):

�It þ 1� j
1
3

� �
Vt � 5� 0 ¼ 0 ) 1� j

1
3

� �
Vt ¼ It ) Vt

It
¼ 1

1� j 13
� � ¼ 0:9þ j0:3

) ZTh ¼ 0:9þ j0:3ð Þ Ω ð8Þ

Solving (1) and (8):

) ZL ¼ 0:9þ j0:3ð Þ� ¼ 0:9� j0:3ð Þ Ω

Choice (2) is the answer.

2.37. Based on maximum average power transfer theorem, the maximum average power can be transferred to the load if:

ZL ¼ ZTh
� ð1Þ

In this regard, the maximum transferrable average power can be calculated by using the following relation, where VTh

and RTh are the phasor (peak value) of the Thevenin voltage and the resistance of the Thevenin impedance seen by the
load, respectively.

PL,max ¼ 1
8

VThj j2
RTh

ð2Þ

Therefore, we need to determine the Thevenin equivalent circuit seen by the load. To determine the Thevenin
impedance, the independent voltage source is turned off (short-circuited) and the input impedance is calculated, as
can be seen in Figure 2.35.2.

Figure 2.34 The circuit of solution of problem 2.36
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ZTh ¼ Zin ¼ 15þ j20ð Þjj �j20ð Þ ¼ 15þ j20ð Þ � �j20ð Þ
15þ j20ð Þ þ �j20ð Þ ¼ 26:66� j20ð Þ Ω ð3Þ

Solving (1) and (3):

ZL ¼ 26:66� j20ð Þ� ¼ 26:66þ j20ð Þ Ω ð4Þ

Moreover, to determine the Thevenin voltage of the circuit, the open circuit voltage of the load needs to be calculated, as
can be seen in Figure 2.35.3.

VTh Voc –j20 + (15 + j20)
(10 )0°

–j20 –j200
–j13.33 V

15
´= = == ð5Þ

Solving (2), (3), and (5):

PL,max ¼ 1
8

�j13:33j j2
26:66

¼ 0:83 W

Choice (1) is the answer.

2.38. Figure 2.36.2 illustrates the primary circuit in frequency domain. The phasor of cos(1000t), that is, 0°1 is defined as

the reference phasor, where “ ” is the symbol of phase angle. Therefore, the phasor of the voltage of the

independent voltage source is ( )0°30 V or 30 V. The impedances of the components are as follows:

Z3 Ω ¼ 3 Ω ð1Þ

Z1:5 Ω ¼ 1:5 Ω ð2Þ

Z1 H ¼ jωL ¼ j1000� 4� 10�3 ¼ j4 Ω ð3Þ

Figure 2.35 The circuit of solution of problem 2.37
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Z0:5 F ¼ 1
jωC

¼ 1
j1000� 500� 10�6 ¼ �2j Ω ð4Þ

The problem can be simply solved by using nodal analysis as follows:

Applying KCL in the left-side node:

V� 30
3

þ V
1:5

þ I ¼ 0 ) Vþ I ¼ 10 ) V ¼ 10� I ð5Þ

Applying KCL in the right-side node:

�Iþ V
j4
þ V� 2I

�j2
¼ 0 ) V

1
j4
þ 1
�j2

� 	
� 1þ jð ÞI ¼ 0

) j
1
4

� �
V� 1þ jð ÞI ¼ 0 ð6Þ

Solving (5) and (6):

 j  j
 j

 j
(10 – I)

1 5 5
5

5
2

41 +
(1.5 39° A)

2 4
00 1 +

4
I I I(1 + j) = = ==–– ⇒⇒ (( )) ð7Þ

The current in time domain is:

i tð Þ ¼ 1:5 cos 1000t þ 39
�� �

A

Choice (2) is the answer.

Figure 2.36 The circuit of solution of problem 2.38
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2.39. Figure 2.37.2 illustrates the main circuit in frequency domain. The phasor of cos(2t), that is, 0°1 is defined as the

reference phasor, where “ ” is the symbol of phase angle. Therefore, the phasor of the current of the current source

is ( )0°10 A or 10 A. The impedances of the components are as follows:

Z3 Ω ¼ 3 Ω ð1Þ

Z2 H ¼ jωL ¼ j� 2� 2 ¼ j4 Ω ð2Þ

Z6 Ω ¼ 6 Ω ð3Þ

Z0:1 F ¼ 1
jωC

¼ 1
j� 2� 0:1

¼ �j5 Ω ð4Þ

Z8 Ω ¼ 8 Ω ð5Þ

Z4 H ¼ jωL ¼ j� 2� 4 ¼ j8 Ω ð6Þ

Now, we should simplify the circuit by calculating the impedance of the indicated part of the circuit of Figure 2.37.2 as
follows:

z = (j4) || (6 – j5) = 
(j4)–(6 – j5)

 = 
20 – j24

 = (5.13   59.6°) W
(j4)+(6 – j5) 6 – j

ð7Þ

By applying KCL in the left-side node, we can write:

�10þ Iþ I0 ¼ 0 ) I0 ¼ 10� I ð8Þ

Applying KVL in the indicated loop:

-3I + I Z - 5I = 0 -8I + I (5.13   59.6°) = 0
Using (7)Using (7) ð9Þ

Solving (8) and (9):

–8I + (10 – I) (5.13 (11.48) = )I +59.6° –157.3° 59.6°51.3 = 00 ⇒

I = =
–51.3

–157.3°
59.6°

(4.47 36.9°) A
11.48

⇒

Choice (1) is the answer.
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2.40. Figure 2.38.2 shows the circuit in frequency domain. The phasor of sin(4t), that is, 0°1 is defined as the reference

phasor, where “ ” is the symbol of phase angle. Therefore, the phasor of the voltage of the voltage source is

0°5 V or 5 V. The impedances of the components are as follows:

Z2 Ω ¼ 2 Ω ð1Þ

Z0:5 H ¼ jωL ¼ j� 4� 0:5 ¼ j2 Ω ð2Þ

Z1
8 F ¼ 1

jωC
¼ 1

j� 4� 1
8

¼ �j2 Ω ð3Þ

Z1 Ω ¼ 1 Ω ð4Þ

We can simplify the circuit by calculating the impedance seen by the voltage source, as is presented in the following.

Zin ¼ 2þ j2ð Þjj 1� j2ð Þ ¼ 2þ j2ð Þ 1� j2ð Þ
j2ð Þ þ 1� j2ð Þ ¼ 2þ 4þ j2

1
¼ 6þ j2 ð5Þ

Applying Ohm’s law for the input impedance of the circuit:

I ¼ V
Zin

¼ 5
6þ j2

A ð6Þ

Figure 2.37 The circuit of solution of problem 2.39
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Applying current division formula for the 1 Ω resistor:

Io ¼ j2
j2þ �j2ð Þ þ 1

� 5
6þ j2

¼ 10j
6þ j2

A ð7Þ

Applying Ohm’s law for the 1 Ω resistor:

Vo = Io × 1 =  
10j

6 + j2
×1 =  1

2
3
2

+ j (  (

 ( (

       V     10 
2

√ (tan-1(3))°= V ð8Þ

Transferring from frequency domain to time domain:

vo tð Þ ¼
ffiffiffiffiffi
10

p
2

sin 4t þ tan �1 3ð Þ� ��� �
V

Choice (3) is the answer.

2.41. Figure 2.39.2 shows the primary circuit in frequency domain. The phasor of cos(100t), that is, 0°1 is defined as the

reference phasor, where “ ” is the symbol of phase angle. Thus, the phasor of the current of the current source is

0°10 A or 10 A. The impedances of the components are presented in the following:

Z2
5 mF ¼ 1

jωC
¼ 1

j� 100� 2
5 � 10�3 ¼ �j25 Ω ð1Þ

Figure 2.38 The circuit of solution of problem 2.40
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Z50 Ω ¼ 50 Ω ð2Þ

Z5
6 mF ¼ 1

jωC
¼ 1

j� 100� 5
6 � 10�3 ¼ �j12 Ω ð3Þ

Z3
5 H ¼ jωL ¼ j� 100� 3

5
¼ j60 Ω ð4Þ

To solve the problem, it is suggested to simplify the circuit by using source transformation theorem for the parallel
connection of the independent current source and the left-side impedance as well as determining the equivalent
impedance of the right-side parallel branches, as is shown in Figure 2.39.3.

Based on source transformation theorem, the voltage of the voltage source is:

v = (10   0°) × (-j25) = -j250 ð5Þ

In addition, the equivalent impedance of the right-side parallel branches is:

�j12ð Þjj j60ð Þ ¼ �j12ð Þ � j60ð Þ
�j12ð Þ þ j60ð Þ ¼ �j15 Ω ð6Þ

Now, by applying KVL in the loop (see Figure 2.39.3), we can write:

j250þ �j25ð ÞIþ Vx � 0:4Vx þ �j15ð ÞI ¼ 0

) j250þ �j40ð ÞIþ 0:6Vx ¼ 0 ð7Þ

Applying Ohm’s law for the resistor:

Vx ¼ 50I ð8Þ

Solving (7) and (8):

j250þ �j40ð ÞIþ 0:6� 50Ið Þ ¼ 0 ) j250þ 30� j40ð ÞI ¼ 0

) I ¼ �j250
30� j40

ð9Þ

Solving (8) and (9):

Vx ¼ 50� �j250
30� j40

� 	
¼ 200� j150ð Þ V

Choice (4) is the answer.
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2.42. Although the circuit includes two power sources, it is operated with a single frequency. Therefore, we do not need to
apply superposition theorem. Figure 2.40.2 illustrates the primary circuit in frequency domain. The phasor of cos(10t),
that is, 0°1 is defined as the reference phasor, where “ ” is the symbol of phase angle. Thus, the phasor of the

voltages of the left-side and right-side voltage sources are 0°1 V and 0°4 V , respectively. The impedances of the
components are presented in the following:

Z10 Ω ¼ 10 Ω ð1Þ

Z5 H ¼ jωL ¼ j� 10� 5 ¼ j50 Ω ð2Þ

Z2 mF ¼ 1
jωC

¼ 1
j� 10� 2� 10�3 ¼ �j50 Ω ð3Þ

Z1 Ω ¼ 1 Ω ð4Þ

Z0:2 H ¼ jωL ¼ j� 10� 0:2 ¼ j2 Ω ð5Þ

Figure 2.39 The circuit of solution of problem 2.41

80 2 Solutions of Problems: Sinusoidal Steady-State Analysis



The frequency of the power sources is equal to the resonance frequency of the parallel connection of the 5 H inductor
and 2 mF capacitor, as can be seen in the following.

ω0 ¼ 1ffiffiffiffiffiffi
LC

p ¼ 1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
5� 2� 10�3

p ¼ 1ffiffiffiffiffiffiffiffiffiffi
10�2

p ¼ 10 rad= sec ð6Þ

Thus, this part of the circuit will behave like an open circuit branch.

Or, we can calculate the impedance of the parallel connection of the 5 H inductor and 2 mF capacitor in the circuit of
Figure 2.40.2 as follows:

j50ð Þjj �j50ð Þ ¼ j50ð Þ � �j50ð Þ
j50ð Þ þ �j50ð Þ ¼

2500
0

¼ 1 ð7Þ

Therefore, this part of the circuit has an infinite impedance (theoretically undefined). Hence, no current will flow
through it.

By applying KVL in the right-side mesh (see Figure 2.40.2), we can write:

-4 + (j2)I + I = 0 I = 4
2 + j2

= (2  -45°) A ð8Þ

The requested current in time domain is:

i tð Þ ¼
ffiffiffi
2

p
cos 10t � 45

�� �
A

Choice (3) is the answer.

Figure 2.40 The circuit of solution of problem 2.42
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2.43. Figure 2.41.2 exhibits the primary circuit in frequency domain. The phasor of sin(1000t), that is, 0°1 is defined as

the reference phasor, where “ ” is the symbol of phase angle. Thus, the phasor of the voltage of the voltage source

is 0°30 V or 30 V. The impedances of the components are presented in the following.

Z6 Ω ¼ 6 Ω ð1Þ

Z3 Ω ¼ 3 Ω ð2Þ

Z1 mH ¼ jωL ¼ j� 1000� 1� 10�3 ¼ j Ω ð3Þ

Z1 mF ¼ 1
jωC

¼ 1
j� 1000� 1� 10�3 ¼ �j Ω ð4Þ

Z1 Ω ¼ 1 Ω ð5Þ

This problem can be simply solved by using source transformation theorem, as is shown in the following. Based on this
theorem, the series connection of the independent voltage source and the 6 Ω resistor can be replaced by the parallel
connection of a current source (with the current of 5 A) and the same resistor (see Figure 2.41.3).

I = 30   0°
6 = 5   0° ð6Þ

In addition, the indicated part of the circuit of Figure 2.41.2 can be simultaneously simplified as follows (see
Figure 2.41.3):

jð Þjj 1� jð Þ ¼ jð Þ � 1� jð Þ
jð Þ þ 1� jð Þ ¼ 1þ jð Þ Ω ð7Þ

Now, the impedance of the parallel connection of the 6 Ω and 3 Ω resistors can be calculated as follows (see
Figure 2.41.4):

6jj3 ¼ 6� 3
6þ 3

¼ 2 Ω ð8Þ

By applying source transformation theorem, the parallel connection of the current source and the 2 Ω resistor can be
changed to the series connection of a voltage source (with the voltage of 10 V) and 2 Ω resistor (see Figure 2.41.5).

v = (5   0°) × 2 = 10   0° ð9Þ

Now, by applying KVL in the only mesh of the circuit of Figure 2.41.5, we have:

–10 + 2I – 2I + (1 + j)I = 0 I = 10
1 + j

=(5√2   –45°) A⇒ ð10Þ

The current can be transferred back to time domain as follows:

i tð Þ ¼ 5
ffiffiffi
2

p
sin 1000t � 45

�� �
A

Choice (2) is the answer.
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Figure 2.41 The circuit of solution of problem 2.43
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2.44. The primary circuit is shown in frequency domain in Figure 2.42.2. The phasor of cos(t), that is, 0°1 is defined as the

reference phasor, where “ ” is the symbol of phase angle. Therefore, the phasor of the current of the current source

is 0°2 A or 2 A. The impedances of the components are presented in the following:

Z1 Ω ¼ 1 Ω ð1Þ

Z1 F ¼ 1
jωC

¼ 1
j� 1� 1

¼ �j Ω ð2Þ

Z1 H ¼ jωL ¼ j� 1� 1 ¼ j Ω ð3Þ

This problem can be solved by using current division relation and Ohm’s law.

By applying current division formula for the capacitor, we can write:

IC =
1

1 + (- )
× 2 =  √2    45°  A
j

ð4Þ

Applying Ohm’s law for the inductor:

vo = –2ICZ1 H= –2 × (√2   45°) × (1   90°) = 2 √2 –45°V ð5Þ

Transferring back to time domain:

vo tð Þ ¼ 2
ffiffiffi
2

p
cos t � 45

�� �
V

Choice (1) is the answer.

Figure 2.42 The circuit of solution of problem 2.44
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2.45. Figure 2.43.2 shows the primary circuit in frequency domain. The impedances of the components are presented in the
following:

Z4 Ω ¼ 4 Ω ð1Þ

Z4 H ¼ jωL ¼ j4ω Ω ð2Þ

Z1 F ¼ 1
jωC

¼ 1
jω

Ω ð3Þ

Z1 Ω ¼ 1 Ω ð4Þ

To determine the resonance frequency of the circuit, we need to find the input impedance (or the input admittance) of the
circuit and equate its imaginary part with zero and then solve it. In other words:

Im Zin jωð Þf g ¼ 0 ) ω ¼ ω0 ð5Þ

Im Yin jωð Þf g ¼ 0 ) ω ¼ ω0 ð6Þ

The input impedance of the circuit can be calculated as follows:

Zin ¼ 4þ j4ωþ 1
jω

� 	
jj1 ¼ 4þ j4ωþ

1
jω

� �
� 1

1
jω

� �
þ 1

¼ 4þ j4ωþ �j
ω� j

) Zin ¼ 4þ j4ωþ 1� jω
ω2 þ 1

¼ 4þ 1
ω2 þ 1

þ j 4ω� ω
ω2 þ 1

� 	
ð7Þ

Solving (5) and (7):

4ω� ω
ω2 þ 1

¼ 0 ) ω2 þ 1 ¼ 1
4
) ω2 ¼ � 3

4
) ω ¼ �j

ffiffiffi
3

p
2

Therefore, the circuit does not have any resonance frequency because no real non-zero value was found for ω.

Choice (4) is the answer.

Figure 2.43 The circuit of solution of problem 2.45
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2.46. The primary circuit is shown in frequency domain in Figure 2.44.2. The phasor of cos(2t), that is, 0°1 is defined as

the reference phasor, where “ ” is the symbol of phase angle. Therefore, the phasor of the current of the current

source is 0°2 A or 2 A. The impedances of the components are presented in the following:

Z1 H ¼ jωL ¼ j� 2� 1 ¼ j2 Ω ð1Þ

Z1
4 F ¼ 1

jωC
¼ 1

j� 2� 1
4

¼ �j2 Ω ð2Þ

Z1 Ω ¼ 1 Ω ð3Þ

Z1
2 F ¼ 1

jωC
¼ 1

j� 2� 1
2

¼ �j Ω ð4Þ

Z1
2 H ¼ jωL ¼ j� 2� 1

2
¼ j Ω ð5Þ

The problem can be solved by using nodal analysis. By applying KCL in the indicated supernode, we can write:

�2þ Vx

j2
þ Vx

�j2
þ Vx

1� j
þ Vx

1þ j
¼ 0 ) � 2þ Vx

1
j2
þ 1
�j2

þ 1
1� j

þ 1
1þ j

� 	
¼ 0

) � 2þ Vx 0þ 1þ jþ 1� j
1þ 1

� �
¼ 0 ) � 2þ Vx

2
2

� �
¼ 0 ) Vx ¼ 2 ð6Þ

Now, by applying voltage division formula, we have:

V = 1 2 2   45°
1 - j1 + (-j)

× 2 = =√ V ð7Þ

By transferring to time domain, we can write:

v tð Þ ¼
ffiffiffi
2

p
cos 2t þ 45

�� �
Choice (3) is the answer.

Figure 2.44 The circuit of solution of problem 2.46
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2.47. Based on the information given in the problem:

V1 ¼ 10þ j2ð Þ V ð1Þ

V2 ¼ 12þ j12ð Þ V ð2Þ

Applying KCL in node 1:

V1 � Vs1

2þ j2
þ V1

�j2
þ V1

1
2

þ V1 � V2

j4
¼ 0 ð3Þ

Solving (1), (2), and (3):

10þ j2ð Þ � Vs1

2þ j2
þ 10þ j2ð Þ

�j2
þ 10þ j2ð Þ

1
2

þ 10þ j2ð Þ � 12þ j12ð Þ
j4

¼ 0

) 10þ j2ð Þ � Vs1

2þ j2
� 1þ j5þ 20þ j4� 2:5þ j0:5 ¼ 0

) 10þ j2ð Þ � Vs1

2þ j2
¼ �16:5� j9:5 ) 10þ j2ð Þ � Vs1 ¼ �14� j52

) Vs1 ¼ 24þ j54ð Þ V

Choice (4) is the answer.

2.48. The average power of the resistor can be calculated by using the relation below:

PR ¼ 1
2

Vj j2
R

ð1Þ

The primary circuit is illustrated in frequency domain in Figure 2.46.2. The phasor of cos(2t), that is, 0°1 is defined
as the reference phasor, where “ ” is the symbol of phase angle. Therefore, the phasors of the voltage of the left-
side and right-side voltage sources are 0°1 V and V−90°1 , respectively. The impedances of the components are
presented in the following:

Z1 F ¼ 1
jωC

¼ 1
j� 2� 1

¼ �j0:5 Ω ð2Þ

Figure 2.45 The circuit of solution of problem 2.47
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Z1 Ω ¼ 1 Ω ð3Þ

Z1 H ¼ jωL ¼ j� 2� 1 ¼ j2 Ω ð4Þ

Applying KCL in the indicated node:

Vx
Vx

Vx Vx– (–1) – (1 )
–j0.5 j2 –j0.5 –j0.5 j2

(1 )
= 0

j2

1
1+ + + –

1 1

1

–90° –90°
0+ + =

Vx (1 + j1.5) + j2 + 0.5 = 0 Vx=
–0.5 – j2
1 + j1.5

= (1.14   –160.34°) V⇒⇒ ð5Þ

Solving (1) and (5):

PR ¼ 1
2

Vj j2
R

¼ 1
2

1:14ð Þ2
1

¼ 0:65 W ð6Þ

Choice (1) is the answer.

2.49. Figure 2.47.2 shows the primary circuit in frequency domain. The impedances of the components are as follows:

Z1 Ω ¼ 1 ð1Þ

ZL ¼ jωL ¼ jω� 1 ¼ jω ð2Þ

ZC ¼ 1
jωC

¼ �j
1
ωC

ð3Þ

Figure 2.46 The circuit of solution of problem 2.48
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Based on the information given in the problem:

Zin ¼ Yin ð4Þ

On the other hand, based on the definition of the impedance and the admittance, we know that:

Zin ¼ 1
Yin

ð5Þ

By solving (4) and (5), we have:

0°
180°

(6)
(8)

(7)

(9)Zin = 
= 
= Zin  = 

Zin

Zin

Zin = 1 |Zin| = 1 ,
,|Zin| = 1Zin = −1

1 1 { {2
Zin

⇒ ⇒ ⇒

Herein, “ ” is the symbol of phase angle.

Zin ¼ 1þ jωð Þjj 1� j
1
ωC

� �
¼ 1þ jωð Þ � 1� j 1

ωC

� �
1þ jωð Þ þ 1� j 1

ωC

� � ¼ 1þ 1
C

� �þ j ω� 1
ωC

� �
2ð Þ þ j ω� 1

ωC

� � ð10Þ

Solving (6) and (10):

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ 1

C

� �2 þ ω� 1
ωC

� �2q
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2ð Þ2 þ ω� 1

ωC

� �2q ¼ 1 ) 1þ 1
C

� �2
þ ω� 1

ωC

� �2
¼ 2ð Þ2 þ ω� 1

ωC

� �2

) 1þ 1
C

� �2
¼ 2ð Þ2 ) 1þ 1

C
¼ 2 ) C ¼ 1 F

Choice (3) is the answer.

2.50. The primary circuit is illustrated in frequency domain in Figure 2.48.2. The phasor of cos(2t), that is, 0°1 is defined

as the reference phasor, where “ ” is the symbol of phase angle. Therefore, the phasor of the voltage of the

independent voltage source is V30 0° or 30 V. The impedances of the components are presented in the following:

Z0:1 F ¼ 1
jωC

¼ 1
j� 2� 0:1

¼ �j5 Ω ð1Þ

Z5 Ω ¼ 5 Ω ð2Þ

Z1 Ω ¼ 1 Ω ð3Þ

Figure 2.47 The circuit of solution of problem 2.49
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Z1 H ¼ jωL ¼ j� 2� 1 ¼ j2 Ω ð4Þ

This problem can be solved by using nodal analysis.

Defining Vx based on the nodal voltages:

Vx ¼ Vo � 30 ð5Þ

Applying KCL in the indicated node:

Vo � 30
�j5

þ Vo

5
þ Vo � 2Vx

1þ j2
¼ 0

Using 5ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼) Vo � 30
�j5

þ Vo

5
þ Vo � 2 Vo � 30ð Þ

1þ j2
¼ 0

) Vo
1

�j5
þ 1
5
� 1
1þ j2

� 	
þ 30

j5
þ 60
1þ j2

¼ 0

) Vo
� 1þ j2ð Þ þ j 1þ j2ð Þ � j5

j5 1þ j2ð Þ
� 	

þ 30 1þ j2ð Þ þ 60 j5ð Þ
j5 1þ j2ð Þ ¼ 0

) Vo
�3� j6
j5 1þ j2ð Þ

� 	
þ 30þ j360

j5 1þ j2ð Þ ¼ 0 ) Vo 3þ j6ð Þ ¼ 30þ j360

) Vo ¼ 30þ j360
3þ j6

¼ 50þ j20ð Þ V

Choice (1) is the answer.

Figure 2.48 The circuit of solution of problem 2.50
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2.51. The primary circuit is illustrated in frequency domain in Figure 2.49.2. The phasor of cos(100t), that is, 0°1 is

defined as the reference phasor, where “ ” is the symbol of phase angle. Therefore, the phasor of the voltage of the

independent voltage source is 0°10 V or 10 V. The impedances of the components are presented in the following:

Z2
5 mF ¼ 1

jωC
¼ 1

j� 100� 2
5 � 10�3 ¼ �j25 Ω ð1Þ

Z50 Ω ¼ 50 Ω ð2Þ

Z5
6 mF ¼ 1

jωC
¼ 1

j� 100� 5
6 � 10�3 ¼ �j12 Ω ð3Þ

Z3
5 H ¼ jωL ¼ j� 100� 3

5
¼ j60 Ω ð4Þ

To simplify the problem, it is suggested to apply source transformation in the left-side part of the circuit as follows:

V = (10   0° ×) (-j25)=-j250V ð5Þ

In addition, the equivalent impedance of the right-side part of the circuit can be determined to simplify the problem:

Z ¼ �j12ð Þjj j60ð Þ ¼ �j12ð Þ � j60ð Þ
�j12ð Þ þ j60ð Þ ¼

720
j48

¼ �j15 Ω ð6Þ

Now, by applying KVL in the only mesh of the circuit of Figure 2.49.3, we can write:

� �j250ð Þ þ �j25ð ÞIþ 50I� 0:4Vx þ �j15ð ÞI ¼ 0 ) j250þ �j40þ 50ð ÞI� 0:4Vx ¼ 0 ð7Þ

Applying Ohm’s law for the resistor:

I ¼ Vx

50
ð8Þ

Solving (7) and (8):

j250þ �j40þ 50ð ÞVx

50
� 0:4Vx ¼ 0 ) �j0:8þ 0:6ð ÞVx ¼ �j250

Vx 250= =
0.6 – j0.8

– j250
tan–1 V

3
4 °–90⇒ ( ( ( ( )) ) ) ð9Þ

As we know from trigonometry:

tan �1 αð Þ þ tan �1 1
α

� �
¼ 90 ð10Þ

Solving (9) and (10) for α ¼ 4
3:

Vx = 250 tan–1 V
3
4

°–( ( ( (

)( ð11Þ

Transferring back to time domain:

vx tð Þ ¼ 250 cos 100t � tan �1 3
4

� �� ��� 	

Choice (4) is the answer.
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2.52. The primary circuit is illustrated in frequency domain in Figure 2.50.2. The phasor of sin(t), that is, 0°1 is defined as

the reference phasor, where “ ” is the symbol of phase angle. Therefore, the phasor of the voltage of the

independent voltage source is 0°100 V or 100 V. The impedances of the components are presented in the following:

Z1 Ω ¼ 1 Ω ð1Þ

Z1 F ¼ 1
jωC

¼ 1
j� 1� 1

¼ �j Ω ð2Þ

To simplify the circuit, it is suggested to apply source transformation theorem for the dependent current source and its
parallel impedance, as is shown in Figure 2.50.3.

By assigning the current of I to the loop and applying KVL in that, we can write:

Figure 2.49 The circuit of solution of problem 2.51
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�100þ Iþ I� jI� jV1 ¼ 0 ) � 100þ 2� jð ÞI� jV1 ¼ 0 ð3Þ

Applying KVL in the left-side mesh, to define V1 based on the loop current:

�100þ Iþ V1 ¼ 0 ) V1 ¼ 100� I ð4Þ

Solving (3) and (4):

�100þ 2� jð ÞI� j 100� Ið Þ ¼ 0 ) �100þ 2I� j100 ¼ 0

I = (50 + j50) A = (50 2 45°) A√ ð5Þ

Now, we can calculate the average power of the independent voltage source by considering the associated reference
direction for its voltage and current as follows:

Psource ¼ 1
2
VmIm cos θV � θIð Þ ¼ 1

2
� 100ð Þ � �50

ffiffiffi
2

p� �
cos 0� 45ð Þ ¼ �2500 W

Choice (4) is the answer.

Figure 2.50 The circuit of solution of problem 2.52
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2.53. The primary circuit is illustrated in frequency domain in Figure 2.51.2. The phasor of sin(t), that is, 0°1 is defined as

the reference phasor, where “ ” is the symbol of phase angle. Therefore, the phasor of the current of the current

source is 0°1 A or 1 A. The impedances of the components are presented in the following:

Z1 H ¼ jωL ¼ j� 1� 1 ¼ j Ω ð1Þ

Z1 F ¼ 1
jωC

¼ 1
j� 1� 1

¼ �j Ω ð2Þ

Z1 Ω ¼ 1 Ω ð3Þ

This problem can be solved by using nodal analysis as follows:

Defining IL based on the nodal voltages:

IL ¼ V1

j
ð4Þ

Defining the voltage of the dependent voltage source based on the nodal voltages:

αIL ¼ V1 � Vo

Using 4ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼) α
V1

j
¼ V1 � Vo ) V1 ¼ Vo

1þ αj
ð5Þ

Applying KCL in the supernode:

�1þ V1

j
þ Vo

1� j
¼ 0

Using 5ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼)� 1� j
Vo

1þ αj
þ Vo

1� j
¼ 0 ) Vo

�j
1þ αj

þ 1
1� j

� 	
¼ 1

) Vo
j α� 1ð Þ

1þ αþ j α� 1ð Þ
� 	

¼ 1 ) Vo ¼ 1þ αþ j α� 1ð Þ
j α� 1ð Þ ð6Þ

Based on the information given in the problem:

vo (t) = sin(t) Vo = 1 = 1 (7)0° ð7Þ

Solving (6) and (7):

1þ αþ j α� 1ð Þ
j α� 1ð Þ ¼ 1 ) 1þ αþ j α� 1ð Þ ¼ j α� 1ð Þ ) α ¼ � 1

Choice (3) is the answer.
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2.54. The primary circuit is illustrated in frequency domain in Figure 2.52.2. The phasor of cos(t), that is, 0°1 is defined as

the reference phasor, where “ ” is the symbol of phase angle. Therefore, the phasor of the current of the current

source is π(3 )4 A.rad . The impedances of the components are presented in the following:

Z1 Ω ¼ 1 Ω ð1Þ

Z1 H ¼ jωL ¼ j� 1� 1 ¼ j Ω ð2Þ

Z2 F ¼ 1
jωC

¼ 1
j� 1� 2

¼ �j0:5 Ω ð3Þ

Z4 H ¼ jωL ¼ j� 1� 4 ¼ j4 Ω ð4Þ

Z0:25 F ¼ 1
jωC

¼ 1
j� 1� 0:25

¼ �j4 Ω ð5Þ

Z0:5 H ¼ jωL ¼ j� 1� 0:5 ¼ j0:5 Ω ð6Þ

Z1 F ¼ 1
jωC

¼ 1
j� 1� 1

¼ �j Ω ð7Þ

This problem can be solved by simplifying the circuit. As can be seen in Figure 2.52.2, the total impedance of the indicated
horizontal branch is zero ( j4 + (�j4 )¼ 0Ω); therefore, it is replaced by a short circuit branch, as is shown in Figure 2.52.3.

Next, as can be seen in Figure 2.52.3, the total impedance of the parallel connection of �j0.5 Ω and j0.5 Ω is infinite
(theoretically undefined). Thus, it is replaced by an open circuit, as is illustrated in Figure 2.52.4.

�j0:5ð Þjj j0:5ð Þ ¼ �j0:5ð Þ � j0:5ð Þ
�j0:5ð Þ þ j0:5ð Þ ¼

0:25
0

¼ 1 ð8Þ

Figure 2.51 The circuit of solution of problem 2.53
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After that, the total impedance of the parallel connection of (1 + j) Ω and (1 � j) Ω is calculated which is 1 Ω, as is
shown in Figure 2.52.5.

1þ jð Þjj 1� jð Þ ¼ 1þ jð Þ � 1� jð Þ
1þ jð Þ þ 1� jð Þ ¼

2
2
¼ 1 Ω ð9Þ

Now, the output voltage can be determined by using Ohm’s law:

Vo = 3 3
4 4

1 =rad Arad
π π

× ð10Þ

By transferring back to time domain, we have:

vo tð Þ ¼ 3 cos t þ π
4

� �
V

Choice (4) is the answer.

Figure 2.52 The circuit of solution of problem 2.54
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2.55. The circuit is shown in frequency domain in Figure 2.53.2. The phasor of cos(10t), that is, 0°1 is defined as the reference

phasor, where “ ” is the symbol of phase angle. Therefore, the phasor of the voltage of the independent voltage source

is 0°(20 ) V or 20 V. Herein, “ ” is the symbol of phase angle. The impedances of the components are as follows:

Z10 Ω ¼ 10 Ω ð1Þ

Z5 Ω ¼ 5 Ω ð2Þ

ZL ¼ jωL ¼ j� 10� 0:5 ¼ j5 Ω ð3Þ

This problem can be solved by using mesh analysis as follows:

KVL in the left-side mesh:

�20þ 10Iþ 10 I� I2ð Þ ¼ 0 ) � 20þ 20I� 10I2 ¼ 0 ð4Þ

KVL in the right-side mesh:

10 I2 � Ið Þ � 10Iþ 5þ j5ð ÞI2 ¼ 0 ) � 20Iþ 15þ j5ð ÞI2 ¼ 0 ð5Þ

Solving (4) and (5):

�20þ 20
15þ j5ð ÞI2

20
� 10I2 ¼ 0 ) I2 ¼ 4

1þ j
A ð6Þ

Solving (4) and (6):

�20þ 20I� 10
4

1þ j
¼ 0 ) I ¼ 1þ 2

1þ j
¼ 3þ j

1þ j
A ð7Þ

Applying Ohm’s law for the 10 Ω resistor in the vertical branch:

V = 10 (I – I2) V = 10
3 + j
1 + j

4
1 + j

–1 + j
1 + j

–( (

= 10 j10 V= = (10   90°)V
Using (6), (7) ð8Þ

Transferring to time domain:

v tð Þ ¼ 10 cos 10t þ 90
�� �

Choice (4) is the answer.

Figure 2.52 (continued)
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2.56. Based on the information given in the problem, the power factor detected by the voltage source is one. Thus, the circuit
is in the resonance state, and the imaginary part of the input impedance or admittance of the circuit is zero.

The primary circuit is illustrated in frequency domain in Figure 2.54.2. The impedances of the components are
presented in the following:

Z2 Ω ¼ 2 Ω ð1Þ

ZR Ω ¼ R Ω ð2Þ

Z0:5 H ¼ jωL ¼ j� 2� 0:5 ¼ j Ω ð3Þ

Z1 H ¼ jωL ¼ j� 2� 1 ¼ j2 Ω ð4Þ

Z0:5 F ¼ 1
jωC

¼ 1
j� 2� 0:5

¼ �j Ω ð5Þ

The input admittance of the circuit is:

Zin ¼ 2þ Rþ jð Þjj j2ð Þjj �jð Þ ¼ 2þ 1
1

Rþj þ 1
j2 þ 1

�j

¼ 2þ 1
�Rþj

Rþjð Þ j2ð Þ

) Zin ¼ 2þ�2þ j2R
�Rþ j

¼ �2� 2Rþ j 2þ 2Rð Þ
�Rþ j

ð6Þ

We do not have to find the imaginary part of Zin in (6). Instead, we can realize that, by putting R¼ 1 in (6), we will have
a purely resistive impedance:

Figure 2.53 The circuit of solution of problem 2.55
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Solving (6) for R ¼ 1:

Zin ¼ �2� 2� 1þ j 2þ 2� 1ð Þ
�1þ j

¼ �4þ j4
�1þ j

¼ 4 Ω ð7Þ

Therefore, for R ¼ 1, the power factor seen by the voltage source is one.

Choice (1) is the answer.

2.57. Although the current sources have the same frequency, we should apply superposition theorem to simplify the problem
solution.

Figure 2.55.2 shows the main circuit in frequency domain. The phasor of cos(2t), that is, 0°1 is defined as the

reference phasor, where “ ” is the symbol of phase angle. Therefore, the phasors of the currents of the current

sources are 0°2 A and 0°1 A or 2 A and 1 A. The impedances of the components are presented in the following:

Z1 Ω ¼ 1 Ω ð1Þ

Z4 H ¼ jωL ¼ j� 2� 4 ¼ j8 Ω ð2Þ

Z1
2 F ¼ 1

jωC
¼ 1

j� 2� 1
2

¼ �j Ω ð3Þ

Z1
4 F ¼ 1

jωC
¼ 1

j� 2� 1
4

¼ �j2 Ω ð4Þ

Part 1: Applying current division formula in the circuit of Figure 2.55.3:

I1 ¼ 1þ �jð Þ
1þ �jð Þ þ 1þ j8þ �j2ð Þ þ 1

� 2 ¼ 2 1� jð Þ
3þ j5

A ð5Þ

Figure 2.54 The circuit of solution of problem 2.56
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Part 2: Applying current division formula in the circuit of Figure 2.55.4:

I2 ¼ �jð Þ þ 1þ j8
�jð Þ þ 1þ j8þ �j2ð Þ þ 1þ 1

� 1 ¼ 1þ j7
3þ j5

A ð6Þ

Based on superposition theorem:

I ¼ I1 þ I2 ¼ 2 1� jð Þ
3þ j5

þ 1þ j7
3þ j5

¼ 3þ j5
3þ j5

¼ 1 A ð7Þ

Transferring to time domain:

i tð Þ ¼ cos 2tð Þ A

Choice (4) is the answer.

Figure 2.55 The circuit of solution of problem 2.57
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2.58. Figure 2.56.2 shows the main circuit in frequency domain. The phasor of sin(t), that is, 0°1 is defined as the

reference phasor, where “ ” is the symbol of phase angle. Therefore, the phasor of the current of the current source

is 0°1 A or 1 A. The impedances of the components are presented in the following:

Z1 Ω ¼ 1 Ω ð1Þ

Z0:5 F ¼ 1
jωC

¼ 1
j� 1� 0:5

¼ �2j Ω ð2Þ

Z1 F ¼ 1
jωC

¼ 1
j� 1� 1

¼ �j Ω ð3Þ

Z1 H ¼ jωL ¼ j� 1� 1 ¼ j Ω ð4Þ

Figure 2.55 (continued)

2 Solutions of Problems: Sinusoidal Steady-State Analysis 101



The complex power of the current source can be calculated by using the following relation:

S ¼ 1
2
VI� ð5Þ

Therefore, we need to calculate the voltage of the current source, as is shown in the circuit of Figure 2.56.3. Herein, Z is
the total impedance seen by the current source.

V ¼ IZ ð6Þ

Z ¼ 1jj �j2ð Þ þ �jð Þð Þjj jð Þ ¼ 1� �j2ð Þ
1þ �j2ð Þ þ �jð Þ
� 	

jj jð Þ ¼ 4
5
� j

7
5

� �
jj jð Þ

) Z ¼
4
5 � j 75
� �� jð Þ
4
5 � j 75
� �þ jð Þ ¼ 1þ j

3
2

� �
Ω ð7Þ

Solving (6) and (7):

V ¼ 1� 1þ j
3
2

� �
¼ 1þ j

3
2

� �
V ð8Þ

Solving (5) and (8):

S ¼ 1
2
VI� ¼ 1

2
1þ j

3
2

� �
� 1� ¼ 1

2
þ j

3
4

� �
VA

Choice (4) is the answer.

Figure 2.56 The circuit of solution of problem 2.58
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2.59. The impedances of the components for the angular frequency of ω ¼ 104 rad/sec is presented in the following:

Z10 Ω ¼ 10 Ω ð1Þ

Z1 mH ¼ jωL ¼ j� 104 � 10�3 ¼ j10 Ω ð2Þ

Z10 μF ¼ 1
jωC

¼ 1
j� 104 � 10� 10�6 ¼ �j10 Ω ð3Þ

Based on maximum average power transfer theorem, the load will absorb the maximum power if the complex conjugate
of the Thevenin impedance, seen by the load, is equal to its impedance. In other words:

ZL ¼ ZTh
� ð4Þ

To determine the Thevenin impedance, we need to turn off the independent voltage and current sources, as is shown in
Figure 2.57.2.

ZTh ¼ 10þ j10ð Þjj �j10ð Þ ¼ 10þ j10ð Þ � �j10ð Þ
10þ j10ð Þ þ �j10ð Þ ¼ 10� j10ð Þ Ω ð5Þ

Solving (4) and (5):

ZL ¼ 10� j10ð Þ� ¼ 10þ j10ð Þ Ω ð6Þ

Figure 2.57.3 shows the main circuit in frequency domain, while the impedance of the load is known by using (6).
The phasor of cos(10000t), that is, 0°1 is defined as the reference phasor, where “ ” is the symbol of
phase angle. Therefore, the phasor of the voltage of the voltage source and the phasor of the current of the

current source are 0°200 V or π10 2 A, respectively. Although the circuit includes two power sources, the

problem does not need to be solved by using superposition theorem because the circuit is working with a single
frequency.
Applying KCL in the supernode of the circuit of Figure 2.57.3.

Vo Vo Vo– 200

10 + j10 10 + j10
= 0

– j10
(10 90°)– + +

Vo
1 1 1 200

= 0(10 90°)+ + – –
10 + j10 10 + j10 10 + j10– j10

) Vo
1
10

� �
� 10 ¼ 0 ) Vo ¼ 100 V

Choice (4) is the answer.
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2.60. The circuit is shown in frequency domain in Figure 2.58.2. The impedances of the components are as follows:

Z10 H ¼ jωL ¼ jω� 10 ¼ j10ω Ω ð1Þ

Z1 H ¼ jωL ¼ jω� 1 ¼ jω Ω ð2Þ

Z0:1 F ¼ 1
jωC

¼ 1
jω� 0:1

¼ �j
10
ω

Ω ð3Þ

Z6 Ω ¼ 6 Ω ð4Þ

Figure 2.57 The circuit of solution of problem 2.59
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The phasor of the current of the voltage source can be calculated as follows:

Is ¼ Vs

Z10 H þ Z0:1 Fð Þjj Z1 H þ Z6 Ωð Þ ¼
Vs

j10ωþ �j 10ω
� �jj jωþ 6ð Þ

) Is ¼ Vs

j10ωþ �j10ωð Þ� jωþ6ð Þ
�j10ωð Þþ jωþ6ð Þ

¼ Vs

j10ωþ 10�j60ω
6þj ω�10

ωð Þ

) Is ¼ Vs
j60ωþ100�10ω2þ10�j60ω

6þj ω�10
ωð Þ

¼ 6þ j ω� 10
ω

� �
110� 10ω2 þ j 60ω� 60

ω

� �Vs ð5Þ

Using current division formula:

I ¼ �j 10ω
�j 10ω þ jωþ 6

Is ¼
�j 10ω

6þ j ω� 10
ω

� � Is ð6Þ

Solving (5) and (6):

I ¼ �j 10ω
6þ j ω� 10

ω

� �� 6þ j ω� 10
ω

� �
110� 10ω2 þ j 60ω� 60

ω

� �Vs ¼
�j 10ω

110� 10ω2 þ j 60ω� 60
ω

� �Vs

) I ¼ �j 1ω
11� ω2 þ j 6ω� 6

ω

� �Vs ð7Þ

) Ij j ¼ �j 1ω
11� ω2 þ j 6ω� 6

ω

� �Vs

�����
����� ¼

1
ωffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

11� ω2ð Þ2 þ 6ω� 6
ω

� �2q Vsj j ð8Þ

) I ω ¼ 2ð Þj j
I ω ¼ 3ð Þj j ¼

1
2ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

11�22ð Þ2þ 6�2�6
2ð Þ2

q
1
3ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

11�32ð Þ2þ 6�3�6
3ð Þ2

q ¼
1
2ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

7ð Þ2þ 9ð Þ2
p

1
3ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2ð Þ2þ 16ð Þ2
p

¼
1
2ffiffiffiffiffiffi
130

p
1
3ffiffiffiffiffiffi
260

p
¼ 2:12

Therefore, decreasing ω from 3 rad/sec to 2 rad/sec will enlarge jIj, 2.12 times as big. Choice (4) is the answer.

Figure 2.58 The circuit of solution of problem 2.60
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2.61. Figure 2.59.2 illustrates the primary circuit in frequency domain. The impedances of the components are as follows:

ZR ¼ R ð1Þ

ZL ¼ jωL ð2Þ

ZC ¼ 1
jωC

ð3Þ

The resonance frequency of a circuit can be determined by calculating the frequency that results in zero value for the
imaginary part of the input admittance (or impedance) of the circuit. Therefore, we need to determine the admittance
(or impedance) of the circuit and equate its imaginary part with zero to calculate the resonance frequency. In other
words, the equation below must be solved:

Im Zinf g ¼ 0 ð4Þ

Since the circuit includes at least one dependent source, we must apply a test source in the terminal to determine the
value of Vt

It
to calculate the input impedance. The problem can be solved by using nodal analysis as follows:

Using Ohm’s law to define I based on the desirable variable (Vt):

I ¼ Vt

jωL
ð5Þ

Applying KCL in the supernode:

�It þ Vt

R
þ Vt

1
jωC

þ Vt

jωL
þ αI ¼ 0 ) � It þ Vt

1
R
þ jωC þ 1

jωL

� 	
þ αI ¼ 0 ð6Þ

Solving (5) and (6):

�It þ Vt
1
R
þ jωC þ 1

jωL

� 	
þ α

Vt

jωL
¼ 0 ) � It þ Vt

1
R
þ jωC þ 1

jωL
þ α
jωL

� 	
¼ 0

) Vt

It
¼ 1

1
R þ j ωC � αþ1

ωL

� � ¼ 1
R � j ωC � αþ1

ωL

� �
1
R

� �2 þ ωC � αþ1
ωL

� �2 ð7Þ

) Zin ¼
1
R

1
R

� �2 þ ωC � αþ1
ωL

� �2 � j
ωC � αþ1

ωL

� �
1
R

� �2 þ ωC � αþ1
ωL

� �2 ð8Þ

Im Zinf g ¼ � ωC � αþ1
ωL

� �
1
R

� �2 þ ωC � αþ1
ωL

� �2 ð9Þ

Solving (4) and (9):

ωC � αþ1
ωL

� �
1
R

� �2 þ ωC � αþ1
ωL

� �2 ¼ 0 ) ωC � αþ 1
ωL

� �
¼ 0 ) ω2 ¼ αþ 1

LC
) ω ¼

ffiffiffiffiffiffiffiffiffiffiffi
αþ 1
LC

r

Choice (4) is the answer.
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2.62. To determine the resonance frequency of a circuit, we need to find the input impedance (or the input admittance) of the
circuit, equate its imaginary part with zero, and solve it. In other words, we need to solve (1) or (2).

Im Zin jωð Þf g ¼ 0 ) ω ¼ ω0 ð1Þ

Im Yin jωð Þf g ¼ 0 ) ω ¼ ω0 ð2Þ

Figures 2.60.3 and 2.60.4 show the primary circuits in frequency domain. The impedances of the components are
presented in the following:

ZR ¼ R ð3Þ

ZL ¼ jωL ð4Þ

ZC ¼ 1
jωC

ð5Þ

Part 1: In the circuit of Figure 2.60.3, the input impedance can be calculated as follows:

Zin,1 ¼ 1
jωC

jj Rþ jωLð Þ ¼
1

jωC � Rþ jωLð Þ
1

jωC þ Rþ jωLð Þ ¼
L
C � j R

ωC

Rþ j ωL� 1
ωC

� � ð6Þ

) Zin,1 ¼
LR
C � R

ωC ωL� 1
ωC

� �þ j � L
C ωL� 1

ωC

� �� R2

ωC

� �
R2 þ ωL� 1

ωC

� �2 ð7Þ

) Zin,1 ¼
LR
C � R

ωC ωL� 1
ωC

� �
R2 þ ωL� 1

ωC

� �2 þ j
� L

C ωL� 1
ωC

� �� R2

ωC

� �
R2 þ ωL� 1

ωC

� �2 ð8Þ

Solving (1) and (8):

� L
C ωL� 1

ωC

� �� R2

ωC

R2 þ ωL� 1
ωC

� �2 ¼ 0 ) � L
C

ωL� 1
ωC

� �
� R2

ωC
¼ 0 ) � L2

ωC
ω2 � 1

LC
þ R2

L2

� 	
¼ 0

) ω2 � 1
LC

þ R2

L2
¼ 0 ) ω2 ¼ 1

LC
� R2

L2
) ω01 ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
LC

� R
L

� �2r
ð9Þ

Figure 2.59 The circuit of solution of problem 2.61
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Part 2: In the circuit of Figure 2.60.4, the input impedance can be calculated as follows:

Zin,2 ¼ jωLþ 1
jωC

jjR ¼ jωLþ
1

jωC � R
1

jωC þ R
¼ jωLþ �j R

ωC

R� j 1
ωC

¼ jωLþ
R

ω2C2 � j R
2

ωC

R2 þ 1
ω2C2

) Zin,2 ¼
R

ω2C2 þ j � R2

ωC þ R2Lωþ L
ωC2

� �
R2 þ 1

ω2C2

¼
R

ω2C2

R2 þ 1
ω2C2

þ j
� R2

ωC þ R2Lωþ L
ωC2

R2 þ 1
ω2C2

ð10Þ

Solving (1) and (10):

� R2

ωC þ R2Lωþ L
ωC2

R2 þ 1
ω2C2

¼ 0 ) � R2

ωC
þ R2Lωþ L

ωC2 ¼ 0 ) R2L
ω

� 1
LC

þ ω2 þ 1
R2C2

� 	
¼ 0

) � 1
LC

þ ω2 þ 1
R2C2 ¼ 0 ) ω2 ¼ 1

LC
� 1
R2C2 ) ω02 ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
LC

� 1

RCð Þ2
s

ð11Þ

Based on the information given in the problem:

ω01 ¼ ω02 ð12Þ

Solving (9), (11), and (12):

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
LC

� R
L

� �2r
¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
LC

� 1

RCð Þ2
s

) 1
LC

� R
L

� �2
¼ 1

LC
� 1

RCð Þ2 ) R
L

� �2
¼ 1

RCð Þ2

) R
L
¼ 1

RC
) R ¼

ffiffiffiffi
L
C

r

Choice (3) is the answer.

Figure 2.60 The circuit of solution of problem 2.62
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2.63. This problem needs to be solved by using superposition theorem, since the circuit is operated with more than one
frequency.

Part 1: As can be seen in the circuit of Figure 2.61.2, the right-side voltage source is turned off (short circuit), but the
left-side voltage source is kept in the circuit. In addition, the circuit has been transferred to frequency domain based on
the angular frequency of 1 rad/sec. The phasor of cos(t), that is, 0°1 is defined as the reference phasor, where

“ ” is the symbol of phase angle. Therefore, the phasor of the voltage of the voltage source is 30°2 V . The
impedances of the components are presented in the following:

Z1 H ¼ jωL ¼ j� 1� 1 ¼ j Ω ð1Þ

Z2 H ¼ jωL ¼ j� 1� 2 ¼ j2 Ω ð2Þ

Z0:5 F ¼ 1
jωC

¼ 1
j� 1� 0:5

¼ �j2 Ω ð3Þ

Z0:02 H ¼ jωL ¼ j� 1� 0:02 ¼ j0:02 Ω ð4Þ

Z5 Ω ¼ 5 Ω ð5Þ

As can be seen in Figure 2.61.2, the indicated part of the circuit has zero impedance ( j2 + (�j2)¼ 0Ω); therefore, it can
be replaced by a short circuit branch, as is shown in Figure 2.61.3. By applying KVL in the left-side mesh of the circuit
of Figure 2.61.3, we can write:

–2    30° + jIL = 0 IL = 2    30°
j

= (2  –60°)A⇒ ð6Þ

Now by applying KVL in right-side mesh, we have:

–5IX1 – 5IL
= 0 IX1

–IL Ix1= = (–2   –60°) AUsing (6)⇒ ð7Þ

By transferring back to time domain, we have:

ix1 tð Þ ¼ �2 cos t � 60
�� �
A ð8Þ

Part 2: As is shown in Figure 2.61.4, the left-side voltage source is turned off (short circuit), but the right-side voltage
source is kept. In addition, the circuit has been transferred to frequency domain based on the angular frequency of
10 rad/sec. The phasor of sin(10t), that is, 0°1 is defined as the reference phasor, where “ ” is the symbol of
phase angle. Therefore, the phasor of the voltage of the voltage source is 0°1 V or 1 V. The impedances of the
components are presented in the following:

Z1 H ¼ jωL ¼ j� 10� 1 ¼ j10 Ω ð9Þ

Z2 H ¼ jωL ¼ j� 10� 2 ¼ j20 Ω ð10Þ

Z0:5 F ¼ 1
jωC

¼ 1
j� 10� 0:5

¼ �j0:2 Ω ð11Þ

Z0:02 H ¼ jωL ¼ j� 10� 0:02 ¼ j0:2 Ω ð12Þ

Z5 Ω ¼ 5 Ω ð13Þ

The indicated part of the circuit, shown in Figure 2.61.4, has infinite impedance (�j0.2)k( j0.2) ¼ 1; thus it can be
replaced by an open circuit branch, as is shown in Figure 2.61.5. Therefore:

IL ¼ 0 A ð14Þ
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Consequently, the dependent voltage source will be shut down (short-circuited), as is shown in Figure 2.61.5.

By applying KVL in the right-side mesh, we can write:

�5Ix2 þ 1 ¼ 0 ) Ix2 ¼ 1
5
A ð15Þ

By transferring back to time domain, we can write:

ix2 tð Þ ¼ 0:2 sin 10tð ÞA ð16Þ

Now, based on superposition theorem and using (8) and (16), we have:

ix tð Þ ¼ ix1 tð Þ þ ix2 tð Þ ¼ �2 cos t � 60
�� �þ 0:2 sin 10tð Þ A

Choice (1) is the answer.

Figure 2.61 The circuit of solution of problem 2.63

110 2 Solutions of Problems: Sinusoidal Steady-State Analysis



2.64. The primary circuit is illustrated in frequency domain in Figure 2.62.2. Although several independent power sources
exit in the circuit, their frequencies are the same. Hence, we do not need to apply superposition theorem. The
impedances of the components are presented in the following:

Z1
3 F ¼ 1

jωC
¼ 1

j� 1� 1
3

¼ �j3 Ω ð1Þ

Figure 2.61 (continued)

2 Solutions of Problems: Sinusoidal Steady-State Analysis 111



Z2 Ω ¼ 2 Ω ð2Þ

Z2 F ¼ 1
jωC

¼ 1
j� 1� 2

¼ �j0:5 Ω ð3Þ

Z1 H ¼ jωL ¼ j� 1� 1 ¼ j Ω ð4Þ

Z1 Ω ¼ 1 Ω ð5Þ

Z2 H ¼ jωL ¼ j� 1� 2 ¼ j2 Ω ð6Þ

Z1
2 F ¼ 1

jωC
¼ 1

j� 1� 1
2

¼ �j2 Ω ð7Þ

Z3 Ω ¼ 3 Ω ð8Þ

Z4 H ¼ jωL ¼ j� 1� 4 ¼ j4 Ω ð9Þ

Z1 F ¼ 1
jωC

¼ 1
j� 1� 1

¼ �j Ω ð10Þ

Based on maximum average power transfer theorem, the relation below must be held to transfer the maximum average
power to the load, where ZTh

� is the complex conjugate of the Thevenin impedance seen by the load.

ZL ¼ ZTh
� ð11Þ

As is shown in Figure 2.62.2, since the circuit includes at least one dependent source, we must connect a test voltage
source to the terminal to determine the value of Vt

It
, which will give us the Thevenin impedance of the circuit. Herein, we

need to turn off all the independent voltage and current sources.

Before solving the problem, the circuit should be simplified as follows:

The equivalent impedance of the series connectionof j2Ω and�j2Ω is zero.Thus, it can be replacedbya short circuit branch.
Therefore, the branch including the impedances of 3Ω and j4Ωwill be eliminated since it is parallel to a short circuit branch.

Moreover, the equivalent impedance of the bottom part of the circuit is as follows:

1þ jð Þjj 1� jð Þ ¼ 1þ jð Þ � 1� jð Þ
1þ jð Þ þ 1� jð Þ ¼

1þ 1
2

¼ 1 Ω ð12Þ

The simplified circuit is shown in Figure 2.62.3. In this problem, mesh analysis is the best approach to solve the problem.

Defining V based on the mesh current:

V ¼ jþ 1ð ÞI2 ð13Þ

Defining the current of the dependent current source based on the mesh currents:

V ¼ I2 � It
Using 13ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼) jþ 1ð ÞI2 ¼ I2 � It ) I2 ¼ jIt ð14Þ

KVL in the supermesh:

�Vt þ �j3ð ÞIt þ jþ 1ð ÞI2 þ I2 ¼ 0
Using 14ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼) � Vt þ �3jð ÞIt þ jþ 2ð Þ jItð Þ ¼ 0 ð15Þ

) � Vt þ �1� jð ÞIt ¼ 0 ) Vt

It
¼ �1� j ) ZTh ¼ �1� jð Þ Ω ð16Þ
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Solving (11) and (16):

ZL ¼ �1� jð Þ� ¼ �1þ jð Þ Ω

Choice (2) is the answer.

Figure 2.62 The circuit of solution of problem 2.64
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2.65. The circuit is working with two different angular frequencies, that is, ω ¼ 1, 2 rad/sec. Therefore, we must apply
superposition theorem as follows.

Part 1: Figure 2.63.2 shows the circuit in frequency domain for ω ¼ 1 rad/sec. Herein, only the bottom voltage source
is turned off. The phasor of cos(t), that is, 0°1 is defined as the reference phasor, where “ ” is the symbol of
phase angle. Therefore, the phasors of the voltage of the voltage source and the current of the current source are

(            )0°2 V and (2 )A0° , respectively. The impedances of the components are presented in the following:

Z1 Ω ¼ 1 Ω ð1Þ

Z1 F ¼ 1
jωC

¼ 1
j� 1� 1

¼ �j Ω ð2Þ

The power of a resistor can be calculated by using the relation below. Hence, we need to calculate its current.

PR ¼ RI2R,rms ð3Þ

By applying source transformation on the indicated part of the circuit of Figure 2.63.2, we have:

Z ¼ 1jj �jð Þ ¼ 1� �jð Þ
1þ �jð Þ ¼

1� j
2

Ω ð4Þ

V =
1 - j

2( (

(2   0 ) = (1 - j) V ð5Þ

The updated circuit is shown in Figure 2.63.3. Now, by applying KVL in the only loop of the circuit, we can write:

�2þ Iþ 1� j
2

� �
I� 1� jð Þ ¼ 0 ) 3� j

2

� �
I� 3� jð Þ ¼ 0 ) I ¼ 2 A ð6Þ

Solving (3) and (6):

P1 ¼ 1� j 2 jffiffiffi
2

p
� 	2

¼ 1� 2ffiffiffi
2

p
� 	2

¼ 2 W ð7Þ

Figure 2.62 (continued)
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Part 2: Figure 2.63.4 illustrates the circuit in frequency domain for ω ¼ 2 rad/sec. Herein, the top voltage source and
the current source are turned off. The impedances of the components are presented in the following:

Z1 Ω ¼ 1 Ω ð8Þ

Z1 F ¼ 1
jωC

¼ 1
j� 2� 1

¼ �j0:5 Ω ð9Þ

The current of the horizontal resistor can be calculated as follows:

I ¼ 4
1þ 1jj �j0:5ð Þ ¼

4

1þ 1� �j0:5ð Þ
1þ �j0:5ð Þ

¼ 4
1:2� j0:4

¼ 3þ jð Þ A ð10Þ

Solving (3) and (10):

P2 ¼ 1� j 3þ j jffiffiffi
2

p
� 	2

¼ 1�
ffiffiffiffiffi
10

p ffiffiffi
2

p
� 	2

¼ 5 W ð11Þ

Based on superposition theorem and using (7) and (11):

P ¼ P1 þ P2 ¼ 2þ 5 ¼ 7 W

Choice (4) is the answer.

Figure 2.63 The circuit of solution of problem 2.65
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2.66. The circuit includes two voltage sources with different angular frequencies, that is, ω¼ 4, 2 rad/sec. Therefore, we must
apply superposition theorem, as is presented in the following.

Part 1: Figure 2.64.2 shows the circuit in frequency domain for ω ¼ 4 rad/sec. Herein, the left-side voltage source is
turned off. The phasor of cos(4t), that is, 0°1 is defined as the reference phasor, where “ ” is the symbol of

phase angle. Therefore, the phasor of the voltage of the voltage source is (            )0°2 V or 2 V. The impedances of the
components are presented in the following:

Z0:5 F ¼ 1
jωC

¼ 1
j� 4� 0:5

¼ �j
1
2
Ω ð1Þ

Z1 H ¼ jωL ¼ j� 4� 1 ¼ j4 Ω ð2Þ

The requested voltage can be calculated by using voltage division formula in the circuit of Figure 2.64.2 as follows:

V1 ¼
j4ð Þjj �j 12

� �
j4ð Þjj �j 12

� �þ �j 12
� �� 2 ¼

j4ð Þ� �j12ð Þ
j4ð Þþ �j12ð Þ

j4ð Þ� �j12ð Þ
j4ð Þþ �j12ð Þ þ �j 12

� �� 2

) V1 ¼
�j 47

�j 47 þ �j 12
� �� 2 ¼ 16

15
V ð3Þ

Figure 2.63 (continued)
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Transferring to time domain:

v1 tð Þ ¼ 16
15

cos 4tð Þ ð4Þ

Part 2: Figure 2.64.3 illustrates the circuit in frequency domain for ω ¼ 2 rad/sec. Therefore, the right-side voltage
source is turned off. The phasor of sin(2t), that is, 0°1 is defined as the reference phasor, where “ ” is the
symbol of phase angle. Therefore, the phasor of the voltage of the voltage source is 1 V0° or 1 V. The impedances of
the components are presented in the following:

Z0:5 F ¼ 1
jωC

¼ 1
j� 2� 0:5

¼ �j Ω ð5Þ

Z1 H ¼ jωL ¼ j� 2� 1 ¼ j2 Ω ð6Þ

The requested voltage can be calculated by using voltage division relation in the circuit of Figure 2.64.3, as is presented
in the following:

V2 ¼ j2ð Þjj �jð Þ
�jð Þ þ j2ð Þjj �jð Þ � 1 ¼

j2ð Þ� �jð Þ
j2ð Þþ �jð Þ

�jð Þ þ j2ð Þ� �jð Þ
j2ð Þþ �jð Þ

� 1

) V2 ¼ �j2
�jð Þ � j2

� 1 ¼ 2
3
V ð7Þ

Transferring to time domain:

v2 tð Þ ¼ 2
3
sin 2tð Þ ð8Þ

Based on superposition theorem and using (4) and (8):

v tð Þ ¼ v1 tð Þ þ v2 tð Þ ¼ 16
15

cos 4tð Þ þ 2
3
sin 2tð Þ V

Choice (2) is the answer.
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2.67. Based on the information given in the problem, we have:

ZLj j ¼ 26 Ω inductive ð1Þ

PL ¼ 13 kW consumed ð2Þ

PSource ¼ 13:5 kW generated ð3Þ

From (1), we can conclude:

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
RL

2 þ XL
2

p
¼ 26 ð4Þ

Figure 2.64 The circuit of solution of problem 2.66
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In addition, based on energy conservation theorem, we can conclude that the difference between the average powers,
generated and consumed by the voltage source and the load, is consumed in the 0.8 Ω resistor. Now, by using this fact
and average power formula for the 0.8 Ω resistor, we can write:

PSource � PL ¼ 1
2
R0:8 Ω Ij j2 Using 2ð Þ 3ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼) 13:5 kW � 13 kW ¼ 1

2
� 0:8� Ij j2 ) Ij j ¼ 25

ffiffiffi
2

p
A ð5Þ

Solving (2) and (5):

PL ¼ 1
2
RL Ij j2 ) 13000 ¼ 1

2
� RL � 25

ffiffiffi
2

p� �2
) RL ¼ 20:8 Ω ð6Þ

Solving (4) and (6):

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
20:82 þ XL

2
q

¼ 26 ) XL ¼ 15:6 Ω

Choice (1) is the answer.

2.68. The primary circuit is illustrated in frequency domain in Figure 2.66.2. The phasor of sin(t), that is, 0°1 is defined as

the reference phasor, where “ ” is the symbol of phase angle. Therefore, the phasor of the voltage of the voltage

source is j°1 V . The impedances of the components are presented in the following:

Z1 Ω ¼ 1 Ω ð1Þ

Z2 H ¼ jωL ¼ j� 1� 2 ¼ j2 Ω ð2Þ

Z3
2 F ¼ 1

jωC
¼ 1

j� 1� 3
2

¼ �j
2
3
Ω ð3Þ

We need to calculate the output current of the circuit. First, we should simplify the circuit by determining the equivalent
impedance of the right-side part of the circuit as follows:

Z ¼ j2jj �j
2
3

� �
¼ j2� �j 23

� �
j2þ �j 23

� � ¼ �j Ω ð4Þ

Now, by applying Ohm’s law for the Z, we can write:

Io =
   j°1    j°1
1 - j

=
2√ -45°

1=
2√

(j + 45)° ð5Þ

Figure 2.65 The circuit of solution of problem 2.67
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Based on the information given in the problem:

io= Im cos (t) Io
= Im 90°⇒ ð6Þ

By solving (5) and (6), we can conclude that:

φ ¼ 45
� ¼ π

4
rad

Im ¼ 1ffiffiffi
2

p A

Choice (3) is the answer.

2.69. The network can be modeled by its Thevenin equivalent circuit including Thevenin impedance and Thevenin voltage
source. However, since we are interested in the determination of the input impedance, the Thevenin voltage source
needs to be turned off (short-circuited). Thus, the network can be replaced by a single impedance (ZN¼ RN + jXN), as is
shown in Figs. 2.67.3–4.

In the first test, illustrated in Figure 2.67.3, we can write:

Za ¼ RN þ jXN ð1Þ

In the second test, shown in Figure 2.67.4, we have:

Zb ¼ 1
jωC

þ RN þ jXN ¼ 1
j� 100� 100� 10�6 þ RN þ jXN ¼ RN þ j XN � 100ð Þ ð2Þ

Figure 2.66 The circuit of solution of problem 2.68
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Based on the given information:

Zaj j ¼ 100 Ω ð3Þ

Zbj j ¼ 50 Ω ð4Þ

By solving (1) and (3), we have:

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
RN

2 þ XN
2

p
¼ 100 ) RN

2 þ XN
2 ¼ 10000 ð5Þ

Solving (2) and (4) gives:

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
RN

2 þ XN � 100ð Þ2
q

¼ 50 ) RN
2 þ XN � 100ð Þ2 ¼ 2500 ð6Þ

Solving (5) and (6):

RN ¼ 48:4 Ω,XN ¼ 87:5 Ω ð7Þ

Solving (1) and (7):

Za = 48.4 + j87.5 = 100 Za61° = 61°

Choice (3) is the answer.

Figure 2.67 The circuit of solution of problem 2.69
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2.70. This problem must be solved by using superposition theorem, since the circuit is operated with more than one
frequency.

Part 1: As can be seen in the circuit of Figure 2.68.2, the current source has been turned off (open circuit), but the
voltage source is kept in the circuit. In addition, the circuit has been transferred to frequency domain based on the
angular frequency of 2 rad/sec. The phasor of cos(2t), that is, 0°1 is defined as the reference phasor, where “ ”

is the symbol of phase angle. Therefore, the phasor of the voltage of the voltage source is √5 V0° or
ffiffiffi
5

p
V . The

impedances of the components are as follows:

Z1 Ω ¼ 1 Ω ð1Þ

Z1 H ¼ jωL ¼ j� 2� 1 ¼ j2 Ω ð2Þ

Z1 F ¼ 1
jωC

¼ 1
j� 2� 1

¼ �j0:5 Ω ð3Þ

Using voltage division formula in the circuit of Figure 2.68.2:

V1 = 1
1 + 2j

× 5√ = (1 -63°)V V1rms = =
1

1
√2

1
√2

× V⇒ ð4Þ

Part 2: Figure 2.68.3 shows the primary circuit that includes the current source but excludes the voltage source, since it
has been shut down (short-circuited). As can be seen, the circuit has been transferred to frequency domain by using the
angular frequency of 1 rad/sec. The phasor of cos(t), that is, 0°1 is defined as the reference phasor, where “ ” is
the symbol of phase angle. Therefore, the phasor of the current of the current source is 0°1 A or 1 A. The impedances
of the components are as follows:

Z1 Ω ¼ 1 Ω ð5Þ

Z1 H ¼ jωL ¼ j� 1� 1 ¼ j Ω ð6Þ

Z1 F ¼ 1
jωC

¼ 1
j� 1� 1

¼ �j Ω ð7Þ

The circuit of Figure 2.68.3 has been simplified and shown in Figure 2.68.4.

Using current division formula:

I2 =
j

j + 1
× 1 =

1
√2( (45° A ð8Þ

Using Ohm’s law for the resistor:

I2V2  = ×1 =
1
√2( (45° V VV2rms =

1
√2

1
√2

1
√2

× = ð9Þ

Now, by using the relation below and (4) and (9), we can calculate the total root mean square (rms) value of the voltage
of the resistor:

Vrms ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
V1rms

2 þ V2rms
2

p
¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1ffiffiffi
2

p
� 	2

þ 1
2

� �2s
¼

ffiffiffiffiffiffiffiffiffiffiffi
1
2
þ 1
4

r
¼

ffiffiffi
3
4

r
=

ffiffiffi
3

p
2

V

Choice (2) is the answer.
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2.71. Based on the problem, the relation below between the voltage and current of the linear time-invariant (LTI) circuit
exists:

d4

dt4
i tð Þ þ 10

d3

dt3
i tð Þ þ 40

d2

dt2
i tð Þ þ 60

d
dt
i tð Þ þ 784i tð Þ ¼ 10

d
dt
vs tð Þ þ 40vs tð Þ ð1Þ

As we know, the first derivative operator in time domain, that is, d
dt is equivalent to jω in frequency domain. Therefore,

(1) can be transferred to frequency domain as follows:

jωð Þ4Iþ 10 jωð Þ3Iþ 40 jωð Þ2Iþ 60 jωð ÞIþ 784I ¼ 10 jωð ÞVs þ 40Vs

) ω4I� j10ω3I� 40ω2Iþ j60ωIþ 784I ¼ j10ωVs þ 40Vs

) ω4 � 40ω2 þ 784þ j 60ω� 10ω3
� �� �

I ¼ 40þ j10ωð ÞVs ð2Þ

Figure 2.68 The circuit of solution of problem 2.70
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Based on the main circuit, the value of Vs
I will give us the input impedance of the network.

Zin ¼ Vs

I
¼ ω4 � 40ω2 þ 784þ j 60ω� 10ω3ð Þ

40þ j10ω
ð3Þ

The impedance of the network for the given angular frequency of 4 rad/sec is:

Zin ω ¼ 4ð Þ ¼ 44 � 40� 42 þ 784þ j 60� 4� 10� 43
� �

40þ j10� 4
¼ 400� j400

40þ j40
¼ 10 1� jð Þ

1þ j

) Zin ω ¼ 4ð Þ ¼ �j10 Ω ð4Þ

On the other hand, we know that the impedance of a single capacitor is:

ZC ¼ 1
jωC

for ω ¼ 4¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼) ZC ω ¼ 4ð Þ ¼ 1
j4C

¼ �j
1
4C

ð5Þ

By comparing (4) and (5), we can find the capacitance of the capacitor as follows:

�j10 ¼ �j
1
4C

) C ¼ 1
40

F

Therefore, the network is behaving like a single capacitor with the capacitance of 1
40 F in the sinusoidal steady state with

the angular frequency of 4 rad/sec. Choice (2) is the answer.

2.72. Figures 2.70.2–3 show the left-side and right-side parts of the circuit in frequency domain. The impedances of the
components are as follows:

Z50 Ω ¼ 50 Ω ð1Þ

ZL ¼ jωL Ω ð2Þ

ZC ¼ 1
jωC

Ω ð3Þ

Z100 Ω ¼ 100 Ω ð4Þ

Based on maximum average power transfer theorem, to transfer maximum average power to the right-side of terminal
a–b, the relation below must be held between the impedances seen from the left side and the right side of the terminal:

Zin�right ¼ Zin�left
� ð5Þ

Figure 2.69 The circuit of solution of problem 2.71
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As can be seen in the circuit of Figure 2.70.2:

Zin�left ¼ 50 Ω ð6Þ

Zin�right ¼ jωLþ 1
jωC

jj100 ¼ jωLþ
1

jωC � 100
1

jωC þ 100
¼ jωLþ

100
ωC

1
ωC þ j100

) Zin�right ¼ jωLþ 1
0:01þ jωC

¼ jωLþ 0:01� jωC

10�4 þ ω2C2

) Zin�right ¼ 0:01
10�4 þ ω2C2 þ j ωL� ωC

10�4 þ ω2C2

� 	
Ω ð7Þ

Solving (5)–(7):

0:01
10�4 þ ω2C2 þ j ωL� ωC

10�4 þ ω2C2

� 	
¼ 50� )

0:01
10�4 þ ω2C2 ¼ 50 8ð Þ

ωL� ωC
10�4 þ ω2C2 ¼ 0 9ð Þ

8>><
>>:

From (8), we can write:

2� 10�4 ¼ 10�4 þ ω2C2 ) ω2C2 ¼ 10�4 ) ωC ¼ 0:01 ð10Þ

Solving (9) and (10):

ωL ¼ 10�2

10�4 þ 10�4 ) ωL ¼ 50

Choice (1) is the answer.

Figure 2.70 The circuit of solution of problem 2.72
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2.73. The circuit includes two power sources with different angular frequencies. Therefore, superposition theorem must be
applied in this problem.

Part 1: Figure 2.71.2 shows the main circuit in frequency domain for the voltage source with the angular frequency of
1 rad/sec. In this regard, the phasor of cos(t), that is, 0°1 is defined as the reference phasor, where “ ” is the

symbol of phase angle. Thus, the phasor of the voltage of the voltage source is 0°8 V or 8 V. The impedances of the
components are presented in the following:

Z1 H ¼ jωL ¼ j� 1� 1 ¼ j Ω ð1Þ

Z1
4 F ¼ 1

jωC
¼ 1

j� 1� 1
4

¼ �j4 Ω ð2Þ

Z2 Ω ¼ 2 Ω ð3Þ

By applying KCL in the indicated node, we can write:

Vx � 8
j

þ Vx

�j4
þ Vx

2þ 2
¼ 0 ) Vx

1
4
� j

3
4

� �
¼ �8j

Vx  = 
–8j

1
4

3
4
j

= 16  10√
5

(

(

–18.43° V⇒
–

ð4Þ

Applying voltage division formula:

=
2

2 + 2
×

16 10

5
− 18.43° =

8 10

5
− 18.43°Vo1 V

√ √ ð5Þ

The output voltage in time domain is:

vo1 tð Þ ¼ 8
ffiffiffiffiffi
10

p
5

cos t � 18:43
�� �
V ð6Þ

Part 2: Figure 2.71.3 exhibits the main circuit in frequency domain for the current source with the angular frequency of
2 rad/sec. Herein, the phasor of cos(2t), that is, 0°1 is defined as the reference phasor, where “ ” is the symbol
of phase angle. Therefore, the phasor of the current of the current source is 30º2 A. The impedances of the
components can be calculated as follows:

Z1 H ¼ jωL ¼ j� 2� 1 ¼ j2 Ω ð7Þ

Z1
4 F ¼ 1

jωC
¼ 1

j� 2� 1
4

¼ �j2 Ω ð8Þ

Z2 Ω ¼ 2 Ω ð9Þ

The impedance of the indicated part of the circuit of Figure 2.71.3 is infinite (theoretically undefined), as can be seen in
the following:

Z ¼ j2ð Þjj �j2ð Þ þ 2 ¼ j2ð Þ � �j2ð Þ
j2ð Þ þ �j2ð Þ þ 2 ¼ 4

0
þ 2 ¼ 1þ 2 ¼ 1 ð10Þ
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Therefore, that part of the circuit is an open circuit branch. Thus, the whole current of the current source will flow
through the 2 Ω resistor in the vertical branch.

Vo2 = (2   30°)× 2 = (4   30°)V ð11Þ

The output voltage in time domain is:

vo2 tð Þ ¼ 4 cos 2t þ 30
�� �

V ð12Þ

Based on superposition theorem and using (6) and (12):

vo tð Þ ¼ vo1 tð Þ þ vo2 tð Þ ¼ 8
ffiffiffiffiffi
10

p
5

cos t � 18:43
�� �þ 4 cos 2t þ 30

�� �
V

Choice (4) is the answer.

Figure 2.71 The circuit of solution of problem 2.73
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2.74. In a series RLC circuit, the �3 dB bandwidth and the resonance frequency are determined by using the following
relations:

BWSeries ¼ R
L
rad= sec ð1Þ

ω0 ¼ 1ffiffiffiffiffiffi
LC

p rad= sec ð2Þ

The �3 dB bandwidth and the resonance frequency of the circuit can be extracted from the graph shown in
Figure 2.72.2.

BWSeries ¼ 1100� 900 ¼ 200 rad= sec ð3Þ

ω0 ¼ 1000 rad= sec ð4Þ

Moreover, as can be noticed from the graph of Figure 2.72.2, the amplitude of the frequency response of the circuit in
the resonance frequency is:

H ω ¼ 1000 rad= secð Þj j ¼ 50 ð5Þ

On the other hand, as we know, in the resonance state, the input admittance of the circuit is purely resistive. Therefore,
for the circuit of Figure 2.72.1, we have:

Yin ω ¼ 1000 rad= secð Þ ¼ 1
R

) Yin ω ¼ 1000 rad= secð Þj j ¼ 1
R

ð6Þ

In addition, based on the information given in the problem, the frequency response of the circuit is the same as the input
admittance of the circuit. In other words:

H jωð Þ ¼ I jωð Þ
V jωð Þ ) Yin jωð Þ ¼ H jωð Þ ) Yin jωð Þj j ¼ H jωð Þj j ð7Þ

Solving (5)–(7):

1
R
¼ 50 ) R ¼ 0:02 Ω ð8Þ

Solving (1) and (3):

R
L
¼ 200

Using 8ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼) 0:02
L

¼ 200 ) L ¼ 0:1 mH ð9Þ

Solving (2) and (4):

1ffiffiffiffiffiffi
LC

p ¼ 1000
Using 9ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼) 1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

10�4 � C
p ¼ 1000 ) C ¼ 10 mF

Choice (4) is the answer.
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2.75. This problem needs to be solved by using superposition theorem, since the circuit is working with more than one
frequency.

Part 1: The AC voltage source is left intact, but the DC current source is turned off (changed to an open circuit branch),
as is shown in the circuit of Figure 2.73.2. The circuit is transferred to frequency domain based on the 1 rad/sec angular
frequency of the voltage source. The phasor of the voltage of the voltage source, that is, 0°1 is defined as the

reference phasor, where “ ” is the symbol of phase angle. The impedances of the components are as follows:

Z1 Ω ¼ 1 Ω ð1Þ

Z1 F ¼ 1
jωC

¼ 1
j� 1� 1

¼ �j Ω ð2Þ

Applying voltage division formula for the capacitor (Figure 2.73.2):

v = -j
-j+1

× ( 1   0° ) = 1
1 + j

V ð3Þ

Applying KVL in the mesh (Figure 2.73.2):

�Vo1 þ Vþ V ¼ 0 ) Vo1 ¼ 2V ð4Þ

Solving (3) and (4):

Vo1 = (2 × 1
1 + j

2
1 + j= =    -45°2√ V ð5Þ

Thus, the output voltage in time domain is:

vo1 tð Þ ¼
ffiffiffi
2

p
cos t � 45

�� �
V ð6Þ

Part 2: The DC current source is kept in the circuit; however, the AC voltage source is shut down (short-circuited), as
can be seen in the circuit of Figure 2.73.3. Moreover, as we know, a capacitor behaves like an open circuit in the steady-
state condition if the circuit includes only DC power source.

The 1 A current of the current source passes through the 1 Ω resistor. Thus, by applying Ohm’s law for the resistor
(Figure 2.73.3), we can write:

V ¼ 1� 1 ¼ 1 Ω ð7Þ

Figure 2.72 The circuit of solution of problem 2.74
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Applying KVL in the loop (Figure 2.73.3):

�Vo2 þ Vþ V ¼ 0 ) Vo2 ¼ 2V ð8Þ

Solving (7) and (8):

Vo2 ¼ 2� 1 ¼ 2 V ð9Þ

The output voltage in time domain is:

vo2 tð Þ ¼ 2 V ð10Þ

Based on superposition theorem and using (6) and (10), we can determine the total output voltage as follows:

vo tð Þ ¼ vo1 tð Þ þ vo2 tð Þ ¼
ffiffiffi
2

p
cos t � 45

�� �þ 2 V

Choice (3) is the answer.

Figure 2.73 The circuit of solution of problem 2.75
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2.76. Based on the information given in the problem, we know that:

P1 ¼ 25 kW ð1Þ

Q1 ¼ 25 kVAr ð2Þ

S2 ¼ 15 kVA ð3Þ

PF2 ¼ cos θ2ð Þ ¼ 0:8 Leading ð4Þ

P3 ¼ 11 kW ð5Þ

PF3 ¼ cos θ3ð Þ ¼ 1 ð6Þ

By using power triangle relation and (3) and (4), we can calculate the active and reactive powers of the second load.

P2 ¼ S2 cos θ2ð Þ ¼ 15 kW � 0:8 ¼ 12 kW ð7Þ

Q2 ¼ �S2 sin θ2ð Þ ¼ �15 kVAr �
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� 0:82

p
¼ �15 kVAr � 0:6 ¼ �9 kVAr ð8Þ

In (8), minus sign was applied for the reactive power of the second load, since it has a leading power factor.

Based on (6), we can conclude that:

Q3 ¼ 0 ð9Þ

Now, we can calculate the total active and reactive powers of the circuit as follows:

Using 1ð Þ, 5ð Þ, 7ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼) PTotal ¼ P1 þ P2 þ P3 ¼ 25 kW þ 12 kW þ 11 kW ¼ 48 kW ð10Þ

Using 2ð Þ, 8ð Þ, 9ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼) QTotal ¼ Q1 þ Q2 þ Q3 ¼ 25 kVAr þ �9 kVArð Þ þ 0 ¼ 16 kVAr ð11Þ

The total apparent power of the circuit can be calculated by using the following relation:

STotal ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
PTotalð Þ2 þ QTotalð Þ2

q
¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
48 kWð Þ2 þ 16 kVArð Þ2

q
¼ 16

ffiffiffiffiffi
10

p
kVA ð12Þ

Finally, the total power factor of the circuit is:

PFTotal ¼ cos θTotalð Þ ¼ PTotal

STotal
¼ 48 kW

16
ffiffiffiffiffi
10

p
kVA

¼ 3ffiffiffiffiffi
10

p Lagging

The total power factor of the circuit is lagging because QTotal > 0. Choice (4) is the answer.

Figure 2.74 The circuit of solution of problem 2.76
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2.77. Figure 2.75.2 shows the primary circuit in frequency domain. The phasor of cos(t), that is, 0°1 is defined as the

reference phasor, where “ ” is the symbol of phase angle. Thus, the phasor of the voltage of the voltage source is

0°A Volt. The impedances of the components are as follows:

Z1 Ω ¼ 1 Ω ð1Þ

Z1 H ¼ jωL ¼ j� 1� 1 ¼ j Ω ð2Þ

ZR ¼ R ð3Þ

Z1 F ¼ 1
jωC

¼ 1
j� 1� 1

¼ �j Ω ð4Þ

Based on maximum average power transfer theorem, to transfer the maximum average power to the network, the
impedance of the network must be equal to the complex conjugate of the Thevenin impedance seen by the network.

ZN ¼ ZTh
� ð5Þ

As can be noticed from the circuit of Figure 2.75.2, 1 Ω is achieved as the Thevenin impedance seen by the network.

Herein, the voltage source needs to be turned off (short-circuited). Therefore:

ZTh ¼ 1 Ω ð6Þ

Solving (5) and (6):

ZN ¼ 1� ¼ 1 Ω ð7Þ

The input impedance of the network can be directly calculated by using Figure 1.75.2.

ZN ¼ jþ Rþ 1ð Þjj �j2ð Þ ¼ jþ Rþ 1ð Þ � �j2ð Þ
Rþ 1ð Þ þ �j2ð Þ ¼ jþ �j2 Rþ 1ð Þ

Rþ 1ð Þ � j2

) ZN ¼ jþ 4 Rþ 1ð Þ � j2 Rþ 1ð Þ2
Rþ 1ð Þ2 þ 4

¼ 4 Rþ 1ð Þ
Rþ 1ð Þ2 þ 4

þ j 1� 2 Rþ 1ð Þ2
Rþ 1ð Þ2 þ 4

 !
ð8Þ

Solving (7) and (8):

4 Rþ 1ð Þ
Rþ 1ð Þ2 þ 4

¼ 1 ) 4 Rþ 1ð Þ ¼ R2 þ 2Rþ 1þ 4 ) R2 � 2Rþ 1 ¼ 0 ) R� 1ð Þ2 ¼ 0

) R ¼ 1 Ω ð9Þ

Based on the information given in the problem:

PN,max ¼ 1
8
W ð10Þ

Based on maximum average power transfer theorem, the maximum average power of the network can be calculated by
using following relation:

PN,max ¼ 1
8

VThj j2
RN

ð11Þ
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where VTh and RN are the phasor (peak value) of the Thevenin voltage seen by the network and the resistance of the
impedance of the network.

By using the circuit of Figure 2.75.2, the open circuit voltage or the Thevenin voltage seen by the network is:

VTh = Voc= A   0° = A Volt ð12Þ

Solving (7), (9)–(12):

1
8
¼ 1

8
A2

1
) A ¼ 1

Choice (2) is the answer.

2.78. The circuit of Figure 2.76.1 is in frequency domain. To determine the Thevenin equivalent circuit seen from terminal a–
b, we can connect a test source (e.g. voltage source with the voltage and current ofV1 and I1) to the terminal and find the
relation below, where α = ZTh and β = VTh. In this method, we do not need to turn off the independent power sources.

V1 ¼ αI1 þ β ð1Þ

Applying KCL in the indicated upper-left node:

�Iþ I2 � I1 ¼ 0 ) I ¼ I2 � I1 ð2Þ

Figure 2.75 The circuit of solution of problem 2.77
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Applying KVL in the left-side mesh:

–1 –1 – –90° 90° = 0(–j) = 0
Using (2)

I I2 I2 I1 jI2+ ++ ´

– 1 90°
 1 90°

+ (1 – j) I2 I2I1

I1  – = 0 =
+

1 – j
⇒ ⇒ ð3Þ

Applying KVL in the right-side mesh:

�V1 þ I2 þ I2 � �jð Þ ¼ 0 ) � V1 þ 1� jð ÞI2 ¼ 0 ð4Þ

Solving (3) and (4):

 1 90°I1 +
 1 90°+

1 – j
(1 – j)–V1

–V1+ = 0 = 0+ I1  1 90°+V1 + I1⇒ ð5Þ

By comparing (1) and (5), we can conclude that:

ZTh ¼ 1 Ω

VTh = (1 90°) V = j V

Choice (1) is the answer.

Figure 2.76 The circuit of solution of problem 2.78
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2.79. Based on the information given in the problem, the power factor of the indicated part of the circuit is one; hence, the
circuit is in the resonance state. Therefore, the imaginary part of the input impedance or the input admittance of that
section of the circuit is zero.

Im Yinf g ¼ 0 ð1Þ

The circuit is illustrated in frequency domain in Figure 2.77.2. In this problem, the phase angle of the current of the
current source is defined as the reference phase angle. Therefore, its phasor is √2(2 ) A0° or 2

ffiffiffi
2

p
A. Herein, “ ”

is the symbol of phase angle. The impedances of the components are presented in the following:

Z250 Ω ¼ 250 Ω ð2Þ

Z5 H ¼ jωL ¼ j5ω Ω ð3Þ

Z5 Ω ¼ 5 Ω ð4Þ

Z4 mF ¼ 1
jωC

¼ 1
jω� 4� 10�3 ¼ �j

103

4ω
Ω ð5Þ

The input admittance of the circuit is:

Yin ¼ 1
250

þ 1
5þ j5ω

þ 1

�j 10
3

4ω

¼ 1
250

þ 5� j5ω
25þ 25ω2 þ j4ω� 10�3

) Yin ¼ 1
250

þ 5
25þ 25ω2 þ jω � 5

25þ 25ω2 þ 4� 10�3

� 	
ð6Þ

Solving (1) and (6) results in the resonance frequency.

� 5
25þ 25ω2 þ 4� 10�3 ¼ 0 ) 0:1þ 0:1ω2 ¼ 5 ) ω2 ¼ 49 ) ω0 ¼ 7 rad= sec ð7Þ

By solving (6) and (7), we can calculate the input resistance of the circuit as follows:

Yin ¼ 1
250

þ 5
25þ 25� 72

¼ 0:008 Ω�1 ð8Þ

) Zin ¼ 1
Yin

¼ 125 Ω ) Rin ¼ 125 Ω ð9Þ

The average power of the indicated part of the circuit can be calculated as follows:

P ¼ RinI
2
rms ¼ 125� 2

ffiffiffi
2

pffiffiffi
2

p
� 	2

¼ 500 W

Choice (4) is the answer.
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2.80. The primary circuit is illustrated in frequency domain in Figure 2.78.2. In this problem, the phase angle of the voltage of
the voltage source is defined as the reference phase angle. Therefore, its phasor is (            )0°2 V or 2 V. Herein, “ ” is
the symbol of phase angle. The impedances of the components are presented in the following:

ZL ¼ jωL ¼ j2L Ω ð1Þ

ZC ¼ 1
jωC

¼ 1
j2C

ð2Þ

Z1 Ω ¼ 1 Ω ð3Þ

Z1
2 H ¼ jωL ¼ j� 2� 1

2
¼ j Ω ð4Þ

Z2 Ω ¼ 2 Ω ð5Þ

Z1
4 F ¼ 1

jωC
¼ 1

j� 2� 1
4

¼ �j2 Ω ð6Þ

The average power of the 1 Ω resistor can be calculated as follows (See Figure 2.78.2):

P1Ω ¼ 1
2
R1Ω I1j j2 ¼ 1

2
I1j j2 ð7Þ

Figure 2.77 The circuit of solution of problem 2.79
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Likewise, the average power of the voltage source, which is equal to sum of the average powers of the resistors, can be
calculated as follows:

PS ¼ 1
2
R1Ω I1j j2 þ 1

2
R2Ω I2j j2 ¼ 1

2
I1j j2 þ I2j j2 ð8Þ

By applying Ohm’s law for the left-side vertical branch of the circuit, we can write (See Figure 2.78.2):

I1j j ¼ V
1þ j

����
���� ¼ Vj jffiffiffi

2
p ð9Þ

By applying Ohm’s law for the right-side vertical branch of the circuit, we can write (See Figure 2.78.2):

I2j j ¼ V
2� j2

����
���� ¼ Vj j

2
ffiffiffi
2

p ð10Þ

Solving (9) and (10):

I1j j ¼ 2 I2j j ð11Þ

Therefore, the requested ratio can be calculated by solving (7), (8), and (11) as follows:

P1Ω

PS
¼

1
2 I1j j2

1
2 I1j j2 þ I2j j2 ¼

1
2 � 4 I2j j2

1
2 � 4 I2j j2 þ I2j j2 ¼

2
2þ 1

¼ 2
3

Choice (2) is the answer.

Figure 2.78 The circuit of solution of problem 2.80

2 Solutions of Problems: Sinusoidal Steady-State Analysis 137



2.81. Based on maximum average power transfer theorem, to transfer the maximum average power to R, the relation below
must be held, where ZTh is the Thevenin impedance seen by R:

R ¼ ZThj j ð1Þ

The circuit is shown in frequency domain in Figure 2.79.2, while it is intended to determine the Thevenin equivalent
circuit seen by the R. Herein, the phasor of the voltage of the voltage source has been defined as the reference phasor.
The impedances of the components are presented in the following:

Z2
ffiffi
2

p
H ¼ jωL ¼ j� 1� 2

ffiffiffi
2

p
¼ j2

ffiffiffi
2

p
Ω ð2Þ

Z1 Ω ¼ 1 Ω ð3Þ

Z1 H ¼ jωL ¼ j� 1� 1 ¼ j Ω ð4Þ

Z1 F ¼ 1
jωC

¼ 1
j� 1� 1

¼ �j Ω ð5Þ

The Thevenin impedance, seen by the R, is calculated as follows:

ZTh ¼ Zin ¼ j2
ffiffiffi
2

p
þ 1þ jð Þjj 1� jð Þ ¼ j2

ffiffiffi
2

p
þ 1þ jð Þ � 1� jð Þ

1þ jð Þ þ 1� jð Þ ¼ 1þ j2
ffiffiffi
2

p� �
Ω ð6Þ

In (6), we assumed that we have turned off the independent voltage source of Figure 2.79.2. In addition, the Thevenin
voltage can be calculated by applying KVL in the left-side mesh of the circuit of Figure 2.79.2 as follows:

- 1 90°  1 90°+ Voc + 0 = 0 VTh = =Voc ( )V⇒ ð7Þ

Solving (1) and (6):

R ¼ 1þ j2
ffiffiffi
2

p��� ��� ¼ 3 Ω ð8Þ

Figure 2.79.3 illustrates the Thevenin equivalent circuit seen by the R.

On the other hand, as we know, the average power of a resistor can be calculated as follows:

P ¼ 1
2
R Ij j2 ð9Þ

Now, let us define PZTh and PSource as the average powers of the Thevenin impedance and the voltage source,
respectively. Herein, PZTh includes the average power consumed by the two 1 Ω resistors of the main circuit. In
addition, PSource is the average power generated by the voltage source or consumed in the whole circuit. Therefore:

PZTh

PSource
¼

1
2 � 1� Ij j2

1
2 � 1� Ij j2 þ 1

2 � 3� Ij j2 ¼
1

1þ 3
¼ 0:25 ¼ 25 %

Choice (1) is the answer.
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2.82. Figure 2.80.3 shows the circuit in frequency domain. Herein, the phasor of sin(2t), that is, 0°1 is defined as the

reference phasor, where “ ” is the symbol of phase angle. Therefore, the phasor of the voltage of the voltage source

is 0°40 V or 40 V. The impedances of the components are as follows:

Z0:5 F ¼ 1
jωC

¼ 1
j� 2� 0:5

¼ �j Ω ð1Þ

Z1 H ¼ jωL ¼ j2L Ω ð2Þ

Z2 Ω ¼ 2 Ω ð3Þ

In order to have vs(t) and is(t) in phase in sinusoidal steady state, the circuit must be in resonance state, and the Thevenin
impedance seen by the voltage source must be purely resistive. In other words:

Im ZThf g ¼ 0 ð4Þ

Therefore, we need to determine the Thevenin impedance seen by the voltage source (see Figure 2.80.2).

ZTh ¼ �jþ 2ð Þjj j2Lð Þ ¼ �jþ 2ð Þ � j2Lð Þ
2ð Þ þ j2Lð Þ ¼ �jþ j2L

1þ jL
¼ �jþ 2L2 þ j2L

1þ L2

) ZTh ¼ �j� jL2 þ 2L2 þ j2L
1þ L2

¼ 2L2

1þ L2
þ j

2L� L2 � 1
1þ L2

ð5Þ

Figure 2.79 The circuit of solution of problem 2.81
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Solving (4) and (5):

2L� L2 � 1
1þ L2

¼ 0 ) L2 � 2Lþ 1 ¼ 0 ) L ¼ 1 H ð6Þ

Now, we can determine the current of the voltage source by using Ohm’s law for the whole circuit.

Is ¼ 40
ZTh

ð7Þ

The Thevenin impedance can be calculated by solving (5) and (6):

ZTh ¼ 2� 12

1þ 12
þ j

2� 1� 12 � 1
1þ 12

¼ 1 Ω ð8Þ

Solving (7) and (8):

Is ¼ 40
1

¼ 40 A ) Isj j ¼ 40 A

Choice (3) is the answer.

Figure 2.80 The circuit of solution of problem 2.82
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2.83. The primary circuit is illustrated in frequency domain in Figure 2.81.2. The impedances of the components are as
follows:

Z2
ffiffi
2

p
H ¼ jωL ¼ j2

ffiffiffi
2

p
ω Ω ð1Þ

Z1 Ω ¼ 1 Ω ð2Þ

Z2 H ¼ jωL ¼ j2ω Ω ð3Þ

Z0:5 F ¼ 1
jωC

¼ 1
j0:5ω

Ω ð4Þ

ZR ¼ R ð5Þ

Based on the information given in the problem, the network is in resonance state. Hence, its input impedance is purely
resistive. In other words:

Im Zinf g ¼ 0 ð6Þ

The input impedance of the network can be calculated from the circuit of Figure 2.81.2 as follows:

Zin ¼ j2ωþ 1
j0:5ω

þ R ¼ Rþ j 2ω� 2
ω

� �
ð7Þ

By solving (6) and (7), we can calculate the resonance frequency.

2ω� 2
ω
¼ 0 ) ω0 ¼ 1 rad= sec ð8Þ

Based on the information given in the problem, the maximum average power of the network is 3 W.

PN ¼ 3W ð9Þ

To transfer the maximum average power to the network, the input impedance of the network must match with the
impedance seen by itself. Herein, due to the resonance state, the input impedance of the network is purely resistive
and equal to R as can be noticed from the solution of (6) and (7). Therefore, to absorb the maximum average power,
the relation below must be held. See Figure 2.81.3 that shows the circuit in the resonance frequency, that is,
ω ¼ ω0 ¼ 1 rad/sec.

R ¼ ZSeen by N

�� �� ð10Þ

The impedance seen by the network can be calculated by using the circuit of Figure 2.81.3. Herein, the independent
current source needs to be turned off (open circuit).

ZSeen by N

�� �� ¼ 1þ j2
ffiffiffi
2

p��� ��� ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
12 þ 2

ffiffiffi
2

p� �2r
¼

ffiffiffi
9

p
¼ 3 Ω ð11Þ
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Solving (10) and (11)

R ¼ 3 Ω ð12Þ

The updated circuit is illustrated in Figure 2.81.4. On the other hand, we know that the average power of the resistor can
be calculated by using the following relation:

PN ¼ PR ¼ RIR,rms
2 ð13Þ

Solving (9), (12), and (13):

3 ¼ 3IR,rms
2 ) IR,rms ¼ 1 A ð14Þ

Applying Ohm’s law for the series connection of the 3 Ω and 1 Ω resistors in the circuit of Figure 2.81.4 will give us
V indicated in the circuit:

V ¼ 1þ 3ð Þ � IR,rms
Using 14ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼) V ¼ 4� 1 ¼ 4 V ð15Þ

Applying current division relation in the circuit of Figure 2.81.4:

IR,rms ¼ j2
ffiffiffi
2

p

j2
ffiffiffi
2

p þ 4
IS,rms

Using 14ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼) IS,rms ¼ j2
ffiffiffi
2

p þ 4

j2
ffiffiffi
2

p � 1 ¼ 1� j
ffiffiffi
2

p� �
A ð16Þ

Applying complex power relation for the current source:

SS ¼ VS,rmsIS,rms
� ¼ �VIS,rms

� Using 15ð Þ, 16ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼) SS ¼ �4� 1� j
ffiffiffi
2

p� ��
¼ �4� j4

ffiffiffi
2

p� �
VA ð17Þ

The minus sign has been used in (17) to apply the associate reference direction for the current source.

From (17), we can conclude that:

QS ¼ �4
ffiffiffi
2

p
VAr

Choice (2) is the answer.

142 2 Solutions of Problems: Sinusoidal Steady-State Analysis



Figure 2.81 The circuit of solution of problem 2.83
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2.84. Figure 2.82.2 illustrates the primary circuit in frequency domain. Herein, the phasor of sin(t), that is, 0°1 is defined

as the reference phasor, where “ ” is the symbol of phase angle. The impedances of the components are presented
as follows:

Z1 F ¼ 1
jωC

¼ 1
j� 1� 1

¼ �j Ω ð1Þ

Z1 Ω ¼ 1 Ω ð2Þ

Z1 H ¼ jωL ¼ j� 1� 1 ¼ j Ω ð3Þ

To calculate the average power of the dependent voltage source, we need to determine its voltage and current. To solve
this problem, mesh analysis is suggested.

Defining the unknown voltage of V based on the mesh current:

V ¼ �1� I2 ¼ �I2 ð4Þ

Defining the current of the current source based on the mesh currents:

1 ¼ I3 � I2 ð5Þ

Applying KVL in the supermesh including meshes 2 and 3:

I2 þ 1 I2 � I1ð Þ þ 1þ jð ÞI3 ¼ 0 ) � I1 þ 2I2 þ 1þ jð ÞI3 ¼ 0 ð6Þ

Applying KVL in the top mesh:

�jI1 þ 3Vþ 1 I1 � I2ð Þ ¼ 0
Using 4ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼) � jI1 þ 3 �I2ð Þ þ 1 I1 � I2ð Þ ¼ 0

) 1� jð ÞI1 � 4I2 ¼ 0 ) I2 ¼ 1� j
4

I1 ð7Þ

Solving (5) and (6) to eliminate I3:

�I1 þ 2I2 þ 1þ jð Þ 1þ I2ð Þ ¼ 0 ) � I1 þ 3þ jð ÞI2 þ 1þ j ¼ 0 ð8Þ

Solving (7) and (8):

�I1 þ 3þ jð Þ 1� j
4

I1
� �

þ 1þ j ¼ 0 ) I1
�j
2

� �
¼ �1� j

I1
= 2(1-j)A= (2  2√ -45°)A⇒ ð9Þ

Solving (7) and (9):

I2 ¼ 1� j
4

I1 ¼ 1� j
4

� 2 1� jð Þ ¼ �j A ð10Þ

Solving (4) and (10):

-I2V = = j V  1 90°= V( ) ð11Þ
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Now, we can calculate the average power of the dependent voltage source as follows:

P =
1
2

cos =
1
2

3 90° 2 2 –45° cos(90 – (–45))–qV qI( )3V I1| || |||| |

) P ¼ 1
2
� 3� 2

ffiffiffi
2

p
cos 135ð Þ ) P ¼ �3 W

Since negative value was achieved for the average power, the dependent voltage source is generating that power.
Choice (1) is the answer.

2.85. The complex power of a component can be calculated by using the following relations, where V and I are the phasors
(peak value) of the voltage and the current of the component, respectively.

S ¼ 1
2
VI� ¼ 1

2
Vj j2
Z� ¼ 1

2
Z Ij j2 ð1Þ

Figure 2.82 The circuit of solution of problem 2.84
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Moreover, the magnitude of the complex power of a component is defined as its apparent power.

S ¼ Sj j ð2Þ

In addition, the real part and the imaginary part of the complex power of a component are defined as the average power
(active power) and the reactive power of the component, respectively.

P ¼ Re Sf g ð3Þ

Q ¼ Im Sf g ð4Þ

Now, we need to calculate the current of each component. By applying current division formula, we can write:

I1 =
Z2 + Z3 × =Z1 + Z2 + Z3

(            )0°1
(0.4 − j0.2) + (0.2 + j0.4)

(0.3 + j0.1) + (0.4 − j0.2) + (0.2 + j0.4)

I1 ¼ 0:6þ j0:2
0:9þ j0:3

¼ 2
3
A ) I1j j ¼ 2

3
A ð5Þ

I2 = I3 =
Z1 × =Z1 + Z2 + Z3

(            )0°1
(0.3 + j0.1)

(0.3 + j0.1) + (0.4 − j0.2) + (0.2 + j0.4)

I2 ¼ I3 ¼ 0:3þ j0:1
0:9þ j0:3

¼ 1
3
A ) I2j j ¼ I3j j ¼ 1

3
A ð6Þ

Solving (1) and (5):

S1 ¼ 1
2
Z1 I1j j2 ¼ 1

2
0:3þ j0:1ð Þ 2

3

� �2
¼ 0:066þ j0:022ð Þ VA ð7Þ

Solving (1) and (6):

S2 ¼ 1
2
Z2 I2j j2 ¼ 1

2
0:4� j0:2ð Þ 1

3

� �2
¼ 0:022� j0:011ð Þ VA ð8Þ

S3 ¼ 1
2
Z3 I3j j2 ¼ 1

2
0:2þ j0:4ð Þ 1

3

� �2
¼ 0:011þ j0:022ð Þ VA ð9Þ

Choice (1) is correct, since |S2| ¼ |0.022 � j0.011| ¼ 0.024 VA, |S3| ¼ |0.011 + j0.022| ¼ 0.024 VA, and |S2| ¼ |S3|.

Choice (2) is correct, since P2 ¼ 0.022 W, P3 ¼ 0.011 W, and P2 ¼ 2P3.

Choice (3) is correct, since Q1 ¼ 0.022 W, Q2 ¼ � 0.011 W, and Q1 ¼ � 2Q2.

Choice (4) is incorrect, since Q3 ¼ 0.022 W, Q1 ¼ 0.022 W, and Q3 6¼ 4Q1.

Choice (4) is the answer.
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2.86. The circuit is shown in frequency domain in Figure 2.84.2 for the angular frequency of ω ¼ 1 rad/sec. The impedances
of the components are presented in the following:

ZR ¼ R Ω ð1Þ

Z1 Ω ¼ 1 Ω ð2Þ

Z2 H ¼ jωL ¼ j� 1� 2 ¼ j2 Ω ð3Þ

Z1 F ¼ 1
jωC

¼ 1
j� 1� 1

¼ �j Ω ð4Þ

To transfer the maximum average power to R, the relation below must be held, where ZTh is the Thevenin impedance
seen by R.

R ¼ ZThj j ð5Þ

To calculate the Thevenin impedance seen by R, we need to replace it with a test source and determine the value of Vt
It
, as

can be seen in the following and in Figure 2.84.3:

Defining I1 based on the mesh currents:

I1 ¼ It � I2 ð6Þ

Applying KVL in the right-side mesh:

�jð Þ I2 � Itð Þ þ j2ð ÞI2 � I1 ¼ 0 ) I2 ¼ I1 � jIt
j

¼ �jI1 � It
Using 6ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼) I2 ¼ �j It � I2ð Þ � It

) 1� jð ÞI2 ¼ �1� jð ÞIt ) I2 ¼ �1� jð Þ
1� j

It ð7Þ

Applying KVL in the left-side mesh:

�Vt þ It þ �jð Þ It � I2ð Þ ¼ 0 ) � Vt þ 1� jð ÞIt þ jI2 ¼ 0 ð8Þ

Using 7ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼) � Vt þ 1� jð ÞIt þ j
�1� jð Þ
1� j

It ¼ 0 ) � Vt þ 1� jþ 1� j
1� j

� 	
It ¼ 0

) � Vt þ 2� jð ÞIt ¼ 0 ) Vt

It
¼ 2� j ) ZTh ¼ 2� jð Þ Ω ð9Þ

Solving (5) and (9):

R ¼ ZThj j ¼ 2� jj j ¼
ffiffiffi
5

p
ð10Þ

Figure 2.83 The circuit of solution of problem 2.85
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Based on the information given in the problem:

PR,max ¼ 2
ffiffiffi
5

p
ð11Þ

As we know, the power of a resistor can be calculated by using the following relation:

PR ¼ RI2R,rms ð12Þ

Solving (10)–(12):

2
ffiffiffi
5

p
¼

ffiffiffi
5

p
I2R,rms ) IR,rms ¼

ffiffiffi
2

p
ð13Þ

Now, we can calculate the total average power consumed in the circuit, which is equal to the total average power wasted
in the resistors:

PConsumed ¼ Rþ 1ð ÞI2R,rms
Using 10ð Þ, 13ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼) PConsumed ¼

ffiffiffi
5

p
þ 1

� � ffiffiffi
2

p� �2
¼ 2

ffiffiffi
5

p
þ 1

� �
W

Choice (1) is the answer.

Figure 2.84 The circuit of solution of problem 2.86
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Problems: Sinusoidal Steady-State Analysis
of Circuits Including Transformers
and Magnetically Coupled Inductors

3

Abstract

This chapter helps both groups of underprepared and knowledgeable students taking courses in AC electrical circuit
analysis. In this chapter, the basic and advanced problems of another important subject of AC circuit analysis, that is,
sinusoidal steady-state analysis of circuits including transformers and magnetically coupled inductors, are presented. Like
the first chapter, the problems are categorized in different levels based on their difficulty levels (easy, normal, and hard) and
calculation amounts (small, normal, and large). Additionally, the problems are ordered from the easiest problem with the
smallest computations to the most difficult problems with the largest calculations.

3.1. In the circuit of Figure 3.1, what must be the angular frequency of the voltage source to transfer the maximum average
power [1] to the 12 Ω resistor in sinusoidal steady state?

Difficulty level ● Easy ○ Normal ○ Hard

Calculation amount ● Small ○ Normal ○ Large

1) 3 rad/sec
2) 6 rad/sec
3) 9 rad/sec
4) 12 rad/sec

3.2. The inductance matrix of a circuit including three magnetically coupled inductors is L½ � ¼
2 1 �1

1 4 �1

�1 �1 3

2
64

3
75 H, and their

currents are i1 ¼ 3 A, i2 ¼ 1 A, and i3 ¼ 2 A. Calculate the magnetic energy stored in the circuit.

Difficulty level ● Easy ○ Normal ○ Hard

Calculation amount ● Small ○ Normal ○ Large
1) 17 J
2) 12 J
3) 28 J
4) 24 J

Figure 3.1 The circuit of problem 3.1
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3.3. In the circuit of Figure 3.2, parametrically determine the value of RL so that it can absorb the maximum average power in
sinusoidal steady state.

Difficulty level ● Easy ○ Normal ○ Hard

Calculation amount ● Small ○ Normal ○ Large

1)

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
R0ð Þ2 þ L0ω� 1

ωC0

� �2
r

Ω

2)

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
R0
n2

� �2 þ n2L0ω� 1
ωn2C0

� �2
r

Ω

3) R0
n2

� �2
Ω

4)

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
R0
n2

� �2 þ L0ω� 1
ωn2C0

� �2
r

Ω

3.4. In the circuit of Figure 3.3, determine the number of turns of the primary coils of the transformer to transfer the maximum
average power to the 4 Ω resistor in sinusoidal steady state.

Difficulty level ● Easy ○ Normal ○ Hard

Calculation amount ● Small ○ Normal ○ Large
1) 100
2) 4
3) 25
4) 5

3.5. In the circuit of Figure 3.4, calculate the primary voltage of the transformer in sinusoidal steady state (v1(t)).

Difficulty level ● Easy ○ Normal ○ Hard

Calculation amount ● Small ○ Normal ○ Large
1) 100 cos (10t) V
2) �200 cos (10t) V
3) �100 cos (10t) V
4) �30 cos (10t) V

Figure 3.2 The circuit of problem 3.3

Figure 3.3 The circuit of problem 3.4
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3.6. In the circuit of Figure 3.5, determine the resistance of R so that it can absorb the maximum average power in sinusoidal
steady state.

Difficulty level ● Easy ○ Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large
1) 3 Ω
2) 0.75 Ω
3) 12 Ω
4) 1.25 Ω

3.7. In the circuit of Figure 3.6, calculate the load impedance (ZL) so that it can absorb the maximum average power in
sinusoidal steady state.

Difficulty level ● Easy ○ Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large
1) (5 � j5) Ω
2) (5 + j5) Ω
3) (20 � j20) Ω
4) (20 + j20) Ω

Figure 3.4 The circuit of problem 3.5

Figure 3.5 The circuit of problem 3.6

Figure 3.6 The circuit of problem 3.7
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3.8. In the circuit of Figure 3.7, determine the angular frequency of the current source so that the sinusoidal steady-state value
of the output voltage is maximum. Moreover, calculate the maximum value of this output voltage.

Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ● Small ○ Normal ○ Large
1) ω0 ¼ 2 rad

sec , vo tð Þ ¼ 1
2 cos 2tð Þ V

2) ω0 ¼ 4 rad
sec , vo tð Þ ¼ 1

2 cos 4tð Þ V
3) ω0 ¼ 2 rad

sec , vo tð Þ ¼ 1
4 cos 2tð Þ V

4) ω0 ¼ 4 rad
sec , vo tð Þ ¼ 1

4 cos 4tð Þ V

3.9. In the circuit of Figure 3.8, determine the parameters of the Norton equivalent circuit seen from terminal a–b in sinusoidal
steady state.

Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ● Small ○ Normal ○ Large
1) iN(t) ¼ sin (t) A, RN ¼ 12 Ω
2) iN(t) ¼ sin (t) A, RN ¼ 11 Ω
3) iN(t) ¼ 3 sin (t) A, RN ¼ 12 Ω
4) iN(t) ¼ 3 sin (t) A, RN ¼ 11 Ω

3.10. The equivalent inductances of the circuit, shown in Figs. 3.9.1–2, in two different tests are 6 mH and 2 mH. Determine
the mutual inductance of the circuit (M ).

Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ● Small ○ Normal ○ Large
1) 6 mH
2) 4 mH
3) 2 mh
4) 1 mH

Figure 3.7 The circuit of problem 3.8

Figure 3.8 The circuit of problem 3.9
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3.11. In the circuit of Figure 3.10, determine the impedance seen from terminal a–b in sinusoidal steady state with the angular
frequency of 1 rad/sec?

Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ● Small ○ Normal ○ Large
1) (2 + j4) Ω
2) (2 + j3) Ω
3) (2 + j4.5) Ω
4) (2 + j3.5) Ω

3.12. In the circuit of Figure 3.11, determine the inductance matrix of the circuit for n1 ¼ 1 and n2 ¼ 1.

Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large

1)

3
2

3
2

3
2

3
2

2
64

3
75 H

2)

1
2

3
2

3
2

1
2

2
64

3
75 H

3)

3
2

1
2

1
2

3
2

2
64

3
75 H

4)

1
2

1
2

1
2

1
2

2
64

3
75 H

Figure 3.10 The circuit of problem 3.11

Figure 3.9 The circuit of problem 3.10
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3.13. In the circuit of Figure 3.12, determine the equivalent inductance seen from terminal a–b.

Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large
1) 23

16 H

2) 5
16 H

3) 16
23 H

4) 16
5 H

3.14. In the circuit of Figure 3.13, determine the equivalent inductance seen from the terminal.

Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large
1) 1 H
2) 0.5 H
3) 1 H
4) 2.5 H

Figure 3.13 The circuit of problem 3.14

Figure 3.11 The circuit of problem 3.12

Figure 3.12 The circuit of problem 3.13
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3.15. Determine the resonance frequency of the circuit of Figure 3.14 that can be seen from the terminal for L1 ¼ 3
5 H, L2 ¼ 2

5 H,

Mj j ¼ 1
5 H, and C ¼ 1

7 F.

Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large
1) 7 rad/sec

2)
ffiffiffiffiffi
21

p
rad/sec

3) 1.6 rad/sec
4) 5ffiffiffiffi

21
p rad/sec

3.16. In the circuit of Figure 3.15, determine the value of n1
n2
and C so that the maximum average power is transferred to the

secondary side of the transformer in sinusoidal steady state.

Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large
1) n1

n2
¼ 2,C ¼ 1

20 F

2) n1
n2
¼ 1

2 ,C ¼ 1
5 F

3) n1
n2
¼ 2,C ¼ 5 F

4) n1
n2
¼ 1

2 ,C ¼ 20 F

3.17. In the circuit of Figure 3.16, determine the equivalent inductance of the circuit seen from terminal a–b (Lab). k is the
coupling coefficient.

Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large
1) L1
2) L1

ffiffiffiffiffiffiffiffiffiffiffiffiffi
1� k2

p

3) L1(1 � k2)

4) L1 1þ M
L22

� �

Figure 3.15 The circuit of problem 3.16

Figure 3.14 The circuit of problem 3.15
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3.18. Calculate the sinusoidal steady-state response of v(t) in the circuit of Figure 3.17.

Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large
1) �3 sin (2t) � cos (2t) V
2) 3 sin (2t) + cos (2t) V
3) � sin (2t) � 3 cos (2t) V
4) sin(2t) + 3 cos (2t) V

3.19. In the circuit of Figure 3.18, determine the phasor of the output voltage (Vo).

Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large
1) 36e j53 V
2) 36e�j53 V
3) 72e�j53 V
4) 72e j53 V

Figure 3.17 The circuit of problem 3.18

Figure 3.16 The circuit of problem 3.17
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3.20. In the circuit of Figure 3.19, what must be the value of n1n2 and C to transfer the maximum average power to 2Ω resistor in

sinusoidal steady state?

Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large
1) n1

n2
¼ 0:5,C ¼ 0:02 F

2) n1
n2
¼ 5,C ¼ 0:02 F

3) n1
n2
¼ 0:25,C ¼ 0:01 F

4) n1
n2
¼ 5,C ¼ 0:2 F

3.21. In the circuit of Figure 3.20, calculate the power of 2 Ω resistor.

Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large
1) 25 mW
2) 50 mW
3) 80 mW
4) 100 mW

Figure 3.18 The circuit of problem 3.19

Figure 3.19 The circuit of problem 3.20

Figure 3.20 The circuit of problem 3.21
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3.22. In the circuit of Figure 3.21, calculate the Thevenin impedance seen from the terminal in sinusoidal steady state.

Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large
1) 162

221 � j 100221

� �
Ω

2) 50
221 � j 140221

� �
Ω

3) 320
221 þ j 430221

� �
Ω

4) 112
221 þ j 40

221

� �
Ω

3.23. In the circuit of Figure 3.22, determine the magnitude of the Thevenin impedance seen from terminal a–b in sinusoidal
steady state with the angular frequency of 2 rad/sec.

Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large
1) 5 Ω
2) 10 Ω
3) 2 Ω
4) 1 Ω

3.24. In the circuit of Figure 3.23, determine the Thevenin impedance seen from the terminal in sinusoidal steady state.

Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large
1) 4

3 Ω

2) 3
4 Ω

3) 7
5 Ω

4) 5
7 Ω

Figure 3.21 The circuit of problem 3.22

Figure 3.22 The circuit of problem 3.23
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3.25. In the circuit of Figure 3.24, calculate the root mean square (rms) value of the primary and secondary currents of the
transformer.

Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ● Normal ○ Large

1)
I1 ¼ 10 A

I2 ¼ �3 A

(

2)
I1 ¼ 12 A

I2 ¼ �3 A

(

3)
I1 ¼ 10 A

I2 ¼ �2:5 A

(

4)
I1 ¼ �10 A

I2 ¼ �2 A

(

3.26. In the circuit of Figure 3.25, determine the inductance matrix based on the given information.
Test 1: 5 H inductance is measured in the left-side terminal while the right-side terminal is open.
Test 2: 16 V rms voltage is measured in the right-side terminal (open circuit voltage) by applying a sinusoidal voltage
source with the rms voltage of 5 V to the left-side terminal.
Test 3: 4 V rms voltage is measured in the left-side terminal (open circuit voltage) by applying a sinusoidal voltage
source with the rms voltage of 20 V to the right-side terminal.

Difficulty level ○ Easy ● Normal ○ Hard

Calculation amount ○ Small ○ Normal ● Large

1)
5 15

15 80

� �
H

2)
5 15

10 60

� �
H

3)
5 16

16 60

� �
H

4)
5 16

16 80

� �
H

Figure 3.23 The circuit of problem 3.24

Figure 3.24 The circuit of problem 3.25
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3.27. In the circuit of Figure 3.26, determine the mutual inductance (M ) so that no current flows from node “a” to node “b” if
it is short-circuited in sinusoidal steady state.

Difficulty level ○ Easy ○ Normal ● Hard

Calculation amount ● Small ○ Normal ○ Large
1) R1L2�R2L1

R1þR2
H

2) R1L2�R2L1
R1�R2

H

3) R2L1�R1L2
R1þR2

H

4) R2L1�R1L2
R1�R2

H

3.28. In the circuit of Figure 3.27, calculate I1 if I2 ¼ 20
ffiffiffi
2

p
e�j45 A and I3 ¼ 24 A.

Difficulty level ○ Easy ○ Normal ● Hard

Calculation amount ● Small ○ Normal ○ Large
1) (2 89 –22°) A
2) (2 89 –32°) A
3) (10 2 –45°) A

4) (6 ) A0°

Figure 3.25 The circuit of problem 3.26

Figure 3.26 The circuit of problem 3.27
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3.29. The circuit illustrated in Figure 3.28 is in sinusoidal steady state. The inverse of the inductance matrix of the circuit is

L½ ��1 ¼ Γ ¼ 5 �2

�2 2

� �
. Determine the capacitance of the capacitor so that the voltage of the resistor is maximum.

Difficulty level ○ Easy ○ Normal ● Hard

Calculation amount ● Small ○ Normal ○ Large
1) 10 F
2) 50 F
3) 100 F
4) 200 F

3.30. In the circuit of Figure 3.29, determine the impedance of the load (ZL) so that it can absorb the maximum average power
in sinusoidal steady state.

Difficulty level ○ Easy ○ Normal ● Hard

Calculation amount ● Small ○ Normal ○ Large
1) (1.25 � j3.75) Ω
2) (0.8 � j2.4) Ω
3) (1.25 + j3.75) Ω
4) (0.8 + j2.4) Ω

Figure 3.27 The circuit of problem 3.28

Figure 3.28 The circuit of problem 3.29
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3.31. In the circuit of Figure 3.30, calculate the voltage of the voltage source in sinusoidal steady state.

Difficulty level ○ Easy ○ Normal ● Hard

Calculation amount ● Small ○ Normal ○ Large

1) 2
ffiffiffi
5

p
sin 2t � 26

�� �
V

2) 2 sin (2t � 26
�
) V

3) 2 sin (2t + 26
�
) V

4)
ffiffiffi
5

p
sin 2t � 26

�� �
V

3.32. In the circuit of Figure 3.31, calculate the amount of mutual inductance (M ) based on the given parameters and the
information read from the ideal voltmeters.

Difficulty level ○ Easy ○ Normal ● Hard

Calculation amount ● Small ○ Normal ○ Large

1) R
2ω � V2

VR

			 			 H
2) 2R

ω � VR
V2

			 			 H
3) R

ω � V2
VR

			 			 H
4) R

ω � VR
V2

			 			 H

Figure 3.29 The circuit of problem 3.30

Figure 3.30 The circuit of problem 3.31
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3.33. In the circuit of Figure 3.32, calculate the sinusoidal steady-state voltage of the circuit for the given inductance matrix.

L½ � ¼
1 �1 0

�1 1 1

0 1 1

2
64

3
75 H

Difficulty level ○ Easy ○ Normal ● Hard

Calculation amount ○ Small ● Normal ○ Large
1) 1

3 sin tð Þ V
2) cos(t) V
3) sin(t) V
4) 1

3 cos tð Þ V

3.34. In the circuit of Figure 3.33, network N1 is in sinusoidal steady state and working with the angular frequency of 1 Hz.
The input impedance of network N1 is ZN1 ¼ 3

2 þ j2
� �

Ω. Determine the values of R and C so that the maximum average
power is transferred from network N1 to network N2, and the power factor of network N2 is unity.

Difficulty level ○ Easy ○ Normal ● Hard

Calculation amount ○ Small ● Normal ○ Large
1) R ¼ 3

2 Ω,C ¼ 1
4 F

2) R ¼ 5
2 Ω,C ¼ 4

3 F

3) R ¼ 5
2 Ω,C ¼ 1 F

4) For no value of C, unity power factor is achieved for network N2

Figure 3.32 The circuit of problem 3.33

Figure 3.31 The circuit of problem 3.32
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3.35. In the circuit of Figure 3.34, determine the resistance of R so that it can absorb the maximum average power.
Additionally, calculate the maximum average power.

Difficulty level ○ Easy ○ Normal ● Hard

Calculation amount ○ Small ● Normal ○ Large
1) R ¼ 2

7 Ω,Pmax ¼ 8
7 W

2) R ¼ 2
7 Ω,Pmax ¼ 1 W

3) R ¼ 4
7 Ω,Pmax ¼ 16

7 W

4) R ¼ 4
7 Ω,Pmax ¼ 6

7 W

3.36. If the circuits of Figure 3.35.1 and Figure 3.35.2 are equivalent, determine the coupling coefficient (k).

Difficulty level ○ Easy ○ Normal ● Hard

Calculation amount ○ Small ● Normal ○ Large
1) 2

9

2) 2
3

3) 3
2

4) 9
2

3.37. In the circuit of Figure 3.36, calculate the Thevenin resistor seen from terminal a–b.

Difficulty level ○ Easy ○ Normal ● Hard

Calculation amount ○ Small ● Normal ○ Large

Figure 3.33 The circuit of problem 3.34

Figure 3.35 The circuit of problem 3.36

Figure 3.34 The circuit of problem 3.35
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1) nþ1
n

� �2
R1 þ R2ð Þ

2) n
nþ1

� �2
R1 þ R2ð Þ

3) n�1
n

� �2
R1 þ R2ð Þ

4) n
n�1

� �2
R1 þ R2ð Þ

3.38. In the circuit of Figure 3.37, the sinusoidal steady-state current flowing through the load is zero. Calculate the amount of
mutual inductance (M ).

Difficulty level ○ Easy ○ Normal ● Hard

Calculation amount ○ Small ● Normal ○ Large
1) R2C and L1

2

2) L1þL2
2

3) L1L2
R2C

4) L2R2C
L1

Figure 3.36 The circuit of problem 3.37

Figure 3.37 The circuit of problem 3.38
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3.39. In the circuit of Figure 3.38, determine the value of n1
n2
so that the maximum average power is transferred to the 400 Ω

resistor in sinusoidal steady state.

Difficulty level ○ Easy ○ Normal ● Hard

Calculation amount ○ Small ● Normal ○ Large
1) 10
2) 12
3) 14
4) 16

3.40. In the circuit of Figure 3.39 the input impedance of the circuit is R
2. Determine the parameter of “a.”

Difficulty level ○ Easy ○ Normal ● Hard

Calculation amount ○ Small ○ Normal ● Large
1) 1

2

2) 1
2C

3) 1
4) 2C

3.41. In the circuit of Figure 3.40, determine the amount of mutual inductance (M ) so that the impedance seen from terminal
a–b is purely inductive.

Difficulty level ○ Easy ○ Normal ● Hard

Calculation amount ○ Small ○ Normal ● Large

Figure 3.38 The circuit of problem 3.39

Figure 3.39 The circuit of problem 3.40
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1) 1
3 H

2) 1
2 H

3) 2
3 H

4) No value of mutual inductance can result in a purely inductive impedance

3.42. In the circuit of Figure 3.41, determine the resistance of R so that it can absorb the maximum average power.

Difficulty level ○ Easy ○ Normal ● Hard

Calculation amount ○ Small ○ Normal ● Large
1) 1810

33 Ω

2) 1810
11 Ω

3) 1810
99 Ω

4) 905
99 Ω

3.43. In the circuit of Figure 3.42, calculate the resonance frequency seen from terminal a–b.

Difficulty level ○ Easy ○ Normal ● Hard

Calculation amount ○ Small ○ Normal ● Large
1) 1ffiffiffiffiffi

LC
p rad=sec

2) nffiffiffiffiffi
LC

p rad=sec

3) 1
n
ffiffiffiffiffi
LC

p rad=sec

4) This circuit does not have any resonance frequency from the terminal

Figure 3.40 The circuit of problem 3.41

Figure 3.41 The circuit of problem 3.42
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Figure 3.42 The circuit of problem 3.43
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Solutions of Problems: Sinusoidal Steady-State
Analysis of Circuits Including Transformers
and Magnetically Coupled Inductors

4

Abstract
In this chapter, the problems of the third chapter are fully solved, in detail, step-by-step, and with different methods.

4.1. By transferring the whole circuit to the left side of the transformer, we can simplify the problem solution [1], as can be
seen in Figure 4.1.2. The updated parameters are as follows:

R0
12 Ω ¼ 12 Ωð Þ � 2

1

� �2
¼ 48 Ω ð1Þ

C0
1
12 F ¼ 1

12
F

� �
� 1

2

� �2
¼ 1

48
F ð2Þ

As can be noticed from Figure 4.1.2, if the capacitor and the inductor create a resonance state, the impedance of their
series connection will be zero (i.e., a short circuit branch). Hence, the whole voltage of the voltage source will be applied
on the resistor, and consequently it will absorb the maximum average power.

The resonance frequency of the series connection of a capacitor and an inductor is calculated as follows:

ω0 ¼ 1ffiffiffiffiffiffi
LC

p ¼ 1ffiffiffiffiffiffiffiffiffiffiffi
1
3 � 1

48

q ¼ 12 rad= sec ð3Þ

Therefore, the frequency of the voltage source must be equal to the resonance frequency.

ω ¼ ω0 ¼ 12 rad= sec

Choice (4) is the answer.
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4.2. The magnetic energy stored in the magnetically coupled inductors can be calculated by using the following relation:

W ¼ 1
2
i½ �T L½ � i½ � J ð1Þ

where [L] and [I] are the inductance matrix of the circuit and the currents of the inductors, respectively, as can be seen in
(2) and (3).

L½ � ¼
2 1 �1

1 4 �1

�1 �1 3

2
64

3
75 H ð2Þ

i½ � ¼
3

1

2

2
664
3
775 A ð3Þ

Solving (1), (2), and (3):

W ¼ 1
2

3

1

2

2
664
3
775
T

2 1 �1

1 4 �1

�1 �1 3

2
64

3
75

3

1

2

2
664
3
775 ¼ 12 J

Choice (2) is the answer.

4.3. To simplify the problem solution, we can eliminate the effect of the transformer by transferring the circuit of one side of
the transformer to its other side. Figure 4.2.2 shows the circuit, where the circuit of the left side of the transformer has
been transferred to its right side. The updated values of R0 and C0 can be calculated as follows:

R0
0 ¼

R0

n2
ð1Þ

C0
0 ¼ n2C0 ð2Þ

Figure 4.1 The circuit of solution of problem 4.1
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Figure 4.2.3 illustrates the circuit of Figure 4.2.2 in frequency domain. The impedances of the components are as follows:

ZR0
0
¼ R0

n2
Ω ð3Þ

ZC0
0
¼ 1

jωn2C0
Ω ð4Þ

ZL0 ¼ jωL0 Ω ð5Þ

In Figure 4.2.3, the voltage source has been turned off (short-circuited), since we want to calculate the Thevenin
impedance (ZTh) seen by the load. After that, by using the following relation, we can calculate RL so that it can absorb the
maximum average power based on maximum average power transfer theorem.

RL ¼ ZThj j ð6Þ

The Thevenin impedance, seen by the load, can be calculated as follows:

ZTh ¼ R0

n2
þ 1
jωn2C0

þ jL0ω ¼ R0

n2
þ j L0ω� 1

ωn2C0

� �
Ω ð7Þ

Solving (6) and (7):

RL ¼ R0

n2
þ j L0ω� 1

ωn2C0

� �����
���� ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
R0

n2

� �2
þ L0ω� 1

ωn2C0

� �2
s

Ω

Choice (4) is the answer.

Figure 4.2 The circuit of solution of problem 4.3
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4.4. This problem can be solved in time domain, since the circuit is purely resistive. Based on maximum average power
transfer theorem, to transfer the maximum average power to the load, the resistance of the load (4Ω) must be equal to the
Thevenin resistance seen by the load. In other words:

RL ¼ RTh ) RTh ¼ 4 Ω ð1Þ

To calculate the Thevenin resistance, we must turn off the voltage source. In addition, to simplify the problem, we can
transfer the 100 Ω resistor from the left side of the transformer to its right side, as is shown in Figure 4.3.2. The updated
resistance of the resistor is as follows:

R0
100 Ω ¼ 100 Ωð Þ � 1

n

� �2
¼ 100

n2
Ω ð2Þ

From Figure 4.3.2, we see that:

RTh ¼ 100
n2

Ω ð3Þ

Solving (1) and (3):

100
n2

¼ 4 ) n2 ¼ 25 ) n ¼ 5

Choice (4) is the answer.

4.5. This problem can be solved in time domain. As can be noticed from the circuit, the current of the left-side mesh is zero,
since the circuit is open. Therefore:

i1 tð Þ ¼ 0 ð1Þ

By applying KVL in the left-side mesh, we can write:

�v1 tð Þ þ 3
d
dt
i1 tð Þ � 2

d
dt

10 sin 10tð Þð Þ ¼ 0 ð2Þ

Solving (1) and (2):

�v1 tð Þ � 200 cos 10tð Þ ¼ 0 ) v1 tð Þ ¼ �200 cos 10tð Þ V

Choice (2) is the answer.

Figure 4.3 The circuit of solution of problem 4.4
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4.6. Based on maximum average power transfer theorem, to transfer the maximum average power to a resistor, its resistance
must be equal to the magnitude of the Thevenin impedance seen by the resistor. In other words:

R ¼ ZThj j ð1Þ

To simplify the circuit, we should transfer the whole circuit to the right side of the transformer, as is shown in
Figure 4.5.2. The updated parameters are as follows:

R0
3 Ω ¼ 3 Ωð Þ � 1

2

� �2
¼ 3

4
Ω ð2Þ

L05 H ¼ 5 Hð Þ � 1
2

� �2
¼ 5

4
H ð3Þ

v0s tð Þ ¼ cos tð Þ � 1
2

� �
¼ 1

2
cos tð ÞV ð4Þ

Figure 4.5.3 shows the circuit in frequency domain, while the voltage source has been turned off. The impedances of the
components are as follows:

Z3
4 Ω ¼ 3

4
Ω ð5Þ

Z5
4 H ¼ jωL ¼ j� 1� 5

4
¼ j

5
4
Ω ð6Þ

Z4 F ¼ 1
jωC

¼ 1
j� 1� 4

¼ �j
1
4
Ω ð7Þ

The Thevenin impedance can be calculated as follows:

ZTh ¼ 3
4
þ j

5
4
þ �j

1
4

� �
¼ 3

4
þ j

� �
Ω ð8Þ

Solving (1) and (8):

R ¼ 3
4
þ j

��� ��� ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
3
4

� �2
þ 12

r
¼ 5

4
Ω

Choice (4) is the answer.

Figure 4.4 The circuit of solution of problem 4.5
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4.7. To transfer the maximum average power to the load, the impedance of the load must be equal to the complex conjugate of
the Thevenin impedance seen by the load. In other words:

ZL ¼ ZTh
� ð1Þ

Figure 4.6.2 shows the circuit in frequency domain. The impedances of the components are as follows:

Z10 Ω ¼ 10 Ω ð2Þ

Z0:01 H ¼ jωL ¼ j� 1000� 0:01 ¼ j10 Ω ð3Þ

Z100 μF ¼ 1
jωC

¼ 1
j� 1000� 100� 10�6 ¼ �j10 Ω ð4Þ

Herein, to calculate the Thevenin impedance (input impedance), we need to turn off the independent voltage source, as
can be seen in Figure 4.6.2.

Calculating the input impedance seen from the left side of the transformer:

Z0
in ¼ 10jj �j10ð Þ þ j10 ¼ 10� �j10ð Þ

10þ �j10ð Þ þ j10 ¼ 5� j5þ j10 ¼ 5þ j5ð Þ Ω ð5Þ

Figure 4.5 The circuit of solution of problem 4.6
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Calculating the input impedance seen from the right side of the transformer:

Zin ¼ Z0
in �

2
1

� �2
¼ 20þ j20ð Þ Ω ð6Þ

Solving (1) and (6):

ZL ¼ 20þ j20ð Þ� ¼ 20� j20ð Þ Ω

Choice (3) is the answer.

4.8. To simplify the circuit, we can transfer the whole circuit to the left side of the transformer. The updated parameters are as
follows:

R0
1 Ω ¼ 1 Ωð Þ � 1

2

� �2
¼ 1

4
Ω ð1Þ

L01 H ¼ 1 Hð Þ � 1
2

� �2
¼ 1

4
H ð2Þ

v0o tð Þ ¼ vo tð Þ � 1
2

� �
¼ vo tð Þ

2
ð3Þ

By studying the circuit of Figure 4.7.2, it is realized that if the capacitor and the inductor create a resonance state, the
impedance of their parallel connection will be infinite (i.e., an open circuit branch). Therefore, the whole current of the
current source will flow through the resistor, and consequently the output voltage will be maximum.

As we know, the resonance frequency of the parallel connection of a capacitor and an inductor can be calculated by using
the following relation:

ω0 ¼ 1ffiffiffiffiffiffi
LC

p ¼ 1ffiffiffiffiffiffiffiffiffiffi
1
4 � 1

q ¼ 2 rad= sec ð4Þ

Figure 4.7.3 shows the updated circuit of Figure 4.7.2 in frequency domain. The phasor of cos(ωt), that is, 0°1 is
defined as the reference phasor, where “ ” is the symbol of phase angle. Thus, the phasor of the current of the
current source is 0°1 or 1 A.

Figure 4.6 The circuit of solution of problem 4.7
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By using Ohm’s law for the resistor, we have:

Vo

2
¼ 1� 1

4
) Vo ¼ 1

2
V ð5Þ

Transferring to time domain:

vo tð Þ ¼ 1
2
cos 2tð Þ V

Choice (1) is the answer.

4.9. This problem can be solved in time domain, since the circuit does not include any capacitor or inductor.

To simplify the problem solution, we should transfer all parts of the circuit to one side. Before that, we need to apply
source transformation theorem for the parallel connection of the current source and the 4 Ω resistor, as can be seen in
Figure 4.8.2 and in the following:

vs tð Þ ¼ 4� 3 sin tð Þ ¼ 12 sin tð Þ V ð1Þ

Transferring the left-side circuit of the left-side transformer to its right side, as is shown in Figure 4.8.3, the updated
parameters are as follows:

R0
4 Ω ¼ 4 Ωð Þ � 5

1

� �2

¼ 100 Ω ð2Þ

v0s tð Þ ¼ 12 sin tð Þ � 5
1

� �
¼ 60 sin tð Þ V ð3Þ

Figure 4.7 The circuit of solution of problem 4.8
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Combining the 100Ω and 25Ω resistors and transferring the left-side circuit of the right-side transformer to its right side,
as is shown in Figure 4.8.4:

R00
100þ25 Ω ¼ 100 Ωþ 25 Ωð Þ � 1

5

� �2
¼ 5 Ω ð4Þ

v0s tð Þ ¼ 60 sin tð Þ � 1
5

� �
¼ 12 sin tð Þ V ð5Þ

The circuit of Figure 4.8.4 is simplified and shown in the form of Norton equivalent circuit in Figure 4.8.5 by using
source transformation theorem as follows:

is tð Þ ¼ 12 sin tð Þ
5þ 7

¼ sin tð Þ A ð6Þ

Based on Norton theorem, we can conclude that:

RN ¼ 12 Ω

iN tð Þ ¼ sin tð Þ A

Choice (1) is the answer.

Figure 4.8 The circuit of solution of problem 4.9
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4.10. Based on the information given in the problem, we know that:

Leq�1 ¼ 6 mH ð1Þ

Leq�2 ¼ 2 mH ð2Þ

The equivalent inductance of the circuit, in the first test, can be calculated as follows:

Leq�1 ¼ L1 þ L2 þ 2M ð3Þ

Herein, plus sign is applied for the mutual inductance, due to the direct position of the dots of the inductors.
The equivalent inductance of the circuit, in the second test, is:

Leq�2 ¼ L1 þ L2 � 2M ð4Þ

Herein, minus sign is applied for the mutual inductance because of the inverse position of the dots of the inductors.

Solving (3) and (4):

Leq�1 þ Leq�2 ¼ 2 L1 þ L2ð Þ ð5Þ

Solving (1), (2), and (5):

8 mH ¼ 2 L1 þ L2ð Þ ) L1 þ L2 ¼ 4 mH ð6Þ

Solving (1), (3), and (6):

6 mH ¼ 4 mH þ 2M ) M ¼ 1 mH

Choice (4) is the answer.

4.11. The positions of the dots of the mutually coupled coils can be determined by using the right-hand rule. As is shown in
Figure 4.10.1, the magnetic fluxes of the coils oppose each other, for an arbitrary direction of the current flowing
through the coils. Therefore, the positions of the dots of the coils must be like the ones illustrated in Figure 4.10.2. The
equivalent inductance of the mutually coupled coils can be calculated as follows:

Leq ¼ 1þ 2� 2� 0:5 ¼ 2 H ð1Þ

Based on the information given in the problem, ω ¼ 1 rad/sec. The simplified circuit is shown in frequency domain in
Figure 4.10.3. The impedances of the components are as follows:

Z1 H ¼ jωL ¼ j� 1� 1 ¼ j Ω ð2Þ

Figure 4.9 The circuit of solution of problem 4.10
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Z2 H ¼ jωLeq ¼ j� 1� 2 ¼ j2 Ω ð3Þ

Z2 Ω ¼ 2 Ω ð4Þ

Therefore:

Zab ¼ jþ j2þ 2 ¼ 2þ j3ð Þ Ω

Choice (2) is the answer.

4.12. The circuit of Figure 4.11.1 illustrates the primary circuit in frequency domain. The impedance of each inductor is as
follows:

Z1 H ¼ jωL ¼ jω� 1 ¼ jω Ω ð1Þ

To determine the inductance matrix of the circuit, we need to find a relation between the phasors of the primary and
secondary voltages and currents of the circuit in the following matrix form:

V0
1

V0
2

� 	
¼ jω

L11 L12
L21 L22

� 	
I01
I02

� 	
ð2Þ

As we know, the relation below exists between the primary and secondary voltages, currents, and the numbers of turns
of a transformer.

V1

V2
¼ � I2

I1
¼ n1

n2
ð3Þ

Figure 4.10 The circuit of solution of problem 4.11
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Based on the information given in the problem:

n1 ¼ n2 ¼ 1 ð4Þ

Solving (3) and (4):

V1

V2
¼ � I2

I1
¼ 1 )

V1 ¼ V2 5ð Þ
I2 ¼ �I1 6ð Þ

(

From the circuit of Figure 4.11.2, it is seen that:

V1 ¼ V0
1 ð7Þ

V2 ¼ V0
2 ð8Þ

Solving (5), (7), and (8):

V0
1 ¼ V0

2 ð9Þ

Applying KCL in the left-side node:

�I01 þ
V0

1
jω

þ I1 ¼ 0 ) I1 ¼ I01 �
V0

1
jω

ð10Þ

Applying KCL in the right-side node:

�I02 þ
V0

2
jω

þ I2 ¼ 0 ) I2 ¼ I02 �
V0

2
jω

ð11Þ

Solving (6), (10), and (11):

I02 �
V0

2
jω

¼ � I01 �
V0

1
jω

� �
Using 9ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼) I01 �

2V0
1

jω
þ I02 ¼ 0 ) V0

1 ¼
jω
2

I01 þ I02

 � ð12Þ

Solving (9) and (12):

V0
2 ¼

jω
2

I01 þ I02

 � ð13Þ

Solving (12), (13), and (2):

V0
1

V0
2

� 	
¼ jω

1
2

1
2

1
2

1
2

2
64

3
75 I01

I02

� 	

Choice (4) is the answer.
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4.13. The main circuit is shown in Figure 4.12.2 in frequency domain. The impedances of the components are as follows:

Z3 H ¼ jωL ¼ jω� 3 Ω ð1Þ

Z4 H ¼ jωL ¼ jω� 4 Ω ð2Þ

Z2 H ¼ jωL ¼ jω� 2 Ω ð3Þ

Z2 H ¼ jωM ¼ jω� 2 Ω ð4Þ

To determine the equivalent inductance of the circuit in frequency domain, we need to connect a test source (e.g., test
voltage source) to the terminal (see Figure 4.12.2), analyze the circuit, and determine the value of Vt

jωIt
. Then:

Leq ¼ Vt

jωIt
ð5Þ

In this problem, mesh analysis is the best approach to analyze the circuit.

Applying KVL in the left-side mesh:

�Vt þ jω� 3� It � Ið Þ � jω� 2� I ¼ 0 ) � Vt þ j3ωIt � j5ωI ¼ 0 ð6Þ

Applying KVL in the right-side mesh:

jω� 3� Iþ jω� 4� Iþ jω� 2� I� Itð Þ þ jω� 2� Iþ jω� 3� I� Itð Þ þ jω� 2� I ¼ 0

) j16ωI� j5ωIt ¼ 0 ) I ¼ 5
16

It ð7Þ

Figure 4.11 The circuit of solution of problem 4.12
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Solving (6) and (7):

�Vt þ j3ωIt � j5ω� 5
16

It ¼ 0 ) � Vt þ j
23
16

ωIt ¼ 0 ) Vt

jωIt
¼ 23

16
ð8Þ

Solving (5) and (8):

Leq ¼ 23
16

H

Choice (1) is the answer.

4.14. To simplify the circuit, we should transfer the circuit of the right side of the transformer to its left side. The values of
inductance and the mutual inductance are updated, as can be seen in the following.

M0
4 H ¼ 4 Hð Þ � 1

2

� �
¼ 2 H ð1Þ

L020 H ¼ 20 Hð Þ � 1
2

� �2
¼ 5 H ð2Þ

The updated circuit is shown in Figure 4.13.2. As can be seen, due to the inverse positions of the dots of the
transformer’s coils, the position of one of the dots of the coils of the inductors needs to change.

Figure 4.12 The circuit of solution of problem 4.13
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Since the circuit includes mutually coupled inductors, we need to apply a test source to determine the equivalent

inductance of the circuit. Then, we need to analyze the circuit and determine the value of Vt
jωIt

that will give us the

equivalent inductance of the circuit (Leq).

Figure 4.13.3 shows the circuit of Figure 4.13.2 in frequency domain, where a test voltage source with the voltage and
current of Vt and It, respectively, has been connected to its terminal. Herein, it is assumed the angular frequency of the
test source is ω ¼ 1 rad/sec. The impedances of the components are as follows:

Z1 H ¼ jωL ¼ j� 1� 1 ¼ j Ω ð3Þ

Z5 H ¼ jωL ¼ j� 1� 5 ¼ j5 Ω ð4Þ

Z2 H ¼ jωM ¼ j� 1� 2 ¼ j2 Ω ð5Þ

KVL in the right-side mesh (Figure 4.13.3):

�jI1 � j2I2 þ j5I2 þ j2I1 ¼ 0 ) jI1 þ j3I2 ¼ 0 ) I1 ¼ �3I2 ð6Þ

Applying KCL in the top node (Figure 4.13.3):

It ¼ I1 þ I2
Using 6ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼) It ¼ �3I2 þ I2 ¼ �2I2 ) I2 ¼ � 1

2 It

KVL in the left-side mesh:

�Vt þ jI1 þ j2I2 ¼ 0
Using 6ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼)� Vt þ j �3I2ð Þ þ j2I2 ¼ 0 ) � Vt � jI2 ¼ 0

Using 7ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼)� Vt � j � 1
2
It

� �
¼ 0 ) Vt

jIt
¼ 1

2
) Leq ¼ 1

2
H

Choice (2) is the answer.

Figure 4.13 The circuit of solution of problem 4.14

4 Solutions of Problems: Sinusoidal Steady–State Analysis of Circuits. . . 185



4.15. The resonance frequency of the parallel connection of the single capacitor and the mutually coupled inductors can be
calculated by using the following relation, where Leq is the equivalent inductance of the mutually coupled inductors.

ω0 ¼ 1ffiffiffiffiffiffiffiffiffiffi
LeqC

p ð1Þ

Therefore, we need to determine the inductance of Leq. Since the circuit includes mutually coupled inductors, we need to
apply a test source (with the voltage and current of Vt and It), analyze the circuit, and determine the value of Vt

jωIt
, which

will give us the equivalent inductance of the circuit (Leq). The circuit of Figure 4.14.2 shows the mutually coupled
inductors in frequency domain. Herein, it is assumed the angular frequency of the test source is ω ¼ 1 rad/sec. The
impedances of the components are as follows:

Z3
5 H ¼ jωL ¼ j� 1� 3

5
¼ j

3
5
Ω ð2Þ

Z2
5 H ¼ jωL ¼ j� 1� 2

5
¼ j

2
5
Ω ð3Þ

Z1
5 H ¼ jωM ¼ j� 1� 1

5
¼ j

1
5
Ω ð4Þ

KVL in the left-side mesh of the circuit of Figure 4.14.2:

�Vt þ j
3
5

It � Ið Þ � j
1
5
I ¼ 0 ) � Vt þ j

3
5
It � j

4
5
I ¼ 0 ð5Þ

KVL in the right-side mesh of the circuit of Figure 4.14.2:

� j
3
5

It � Ið Þ � j
1
5
I

� �
þ j

2
5
I� j

1
5

It � Ið Þ ¼ 0 ) � j
4
5
It þ j

7
5
I ¼ 0 ) I ¼ 4

7
It ð6Þ

Solving (5) and (6):

�Vt þ j
3
5
It � j

4
5
� 4
7
It ¼ 0 ) � Vt þ j

1
7
It ¼ 0 ) Vt

jIt
¼ 1

7
) Leq ¼ 1

7
H ð7Þ

Figure 4.14.3 illustrates the simplified circuit. By solving (1) and (7), we have:

ω0 ¼ 1ffiffiffiffiffiffiffiffiffiffi
LeqC

p ¼ 1ffiffiffiffiffiffiffiffiffiffi
1
7 � 1

7

q ¼ 7 rad= sec

Choice (1) is the answer.

Figure 4.14 The circuit of solution of problem 4.15
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4.16. To transfer the maximum average power to the right-side circuit (RSC) of the transformer, the impedance of the right-
side circuit of the transformer must be equal to the complex conjugate of the Thevenin impedance seen by itself. In other
words:

ZRSC ¼ ZTh
� ð1Þ

To calculate the ZTh, we must turn off the independent voltage source, as is shown in Figure 4.15.2. Moreover, to
simplify the problem, we should transfer the left-side circuit of the transformer to another side of the transformer. The
updated parameters are as follows:

R0
4 Ω ¼ 4� n2

n1

� �2

Ω ð2Þ

C0 ¼ C � n1
n2

� �2

F ð3Þ

Calculating ZTh by using (2) and (3) (see Figure 4.15.2):

ZTh ¼ 4� n2
n1

� �2

þ 1

j� 1� C � n1
n2

� �2 ¼ n2
n1

� �2

4� j
1
C

� �
Ω ð4Þ

From the circuit of Figure 4.15.2:

ZRSC ¼ 1þ j� 1� 5 ¼ 1þ j5ð Þ Ω ð5Þ

Solving (1), (4), and (5):

1þ j5 ¼ n2
n1

� �2

4� j
1
C

� ��
) 1þ j5 ¼ n2

n1

� �2

4þ j
1
C

� �
)

1 ¼ n2
n1

� �2

� 4 6ð Þ

5 ¼ n2
n1

� �2

� 1
C

7ð Þ

8>>><
>>>:

From (6), we have:

n2
n1

� �2

¼ 1
4
) n2

n1

� �
¼ 1

2
) n1

n2

� �
¼ 2 ð8Þ

Solving (7) and (8):

5 ¼ 1
4
� 1
C

) C ¼ 1
20

F

Choice (1) is the answer.
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4.17. This problem can be solved either in time domain or in frequency domain. To calculate the equivalent inductance of the
circuit in time domain, we need to connect a test source (e.g., test voltage source) to the terminal, analyze the circuit, and
determine the value of Vt

d
dtIt
. Then:

Leq ¼ Vt
d
dt It

ð1Þ

Applying KVL in the right-side mesh of the circuit of Figure 4.16.2:

L2
d
dt
I2 þM

d
dt
It ¼ 0 ) I2 ¼ �M

L2
It ð2Þ

Applying KVL in the left-side mesh of the circuit of Figure 4.16.2:

�Vt þ L1
d
dt
It þM

d
dt
I2 ¼ 0

Using 2ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼)� Vt þ L1
d
dt
It þM

d
dt

�M
L2

It

� �
¼ 0

) � Vt þ L1 �M2

L2

� �
d
dt
It ¼ 0 ) Vt

d
dt It

¼ L1 �M2

L2
ð3Þ

Solving (1) and (3):

Leq ¼ L1 �M2

L2
ð4Þ

Based on the definition, the coupling coefficient (k) can be determined as follows:

k ¼ Mffiffiffiffiffiffiffiffiffiffi
L1L2

p ð5Þ

Figure 4.15 The circuit of solution of problem 4.16
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Solving (4) and (5):

Leq ¼ L1 � k2L1L2
L2

¼ L1 1� k2

 �

Choice (3) is the answer.

4.18. Figure 4.17.2 illustrates the main circuit in frequency domain. The phasor of sin(2t), that is, 0°1 is defined as the

reference phasor, where “ ” is the symbol of phase angle. Thus, the phasor of the voltage of the voltage source is

0°10 or 10 V. The impedances of the components are as follows:

Z1 Ω ¼ 1 Ω ð1Þ

Z2 H ¼ jωL ¼ j� 2� 2 ¼ j4 Ω ð2Þ

Z0:5 H ¼ jωM ¼ j� 2� 0:5 ¼ j Ω ð3Þ

Z1 H ¼ jωL ¼ j� 2� 1 ¼ j2 Ω ð4Þ

Z0:5 F ¼ 1
jωC

¼ 1
j� 2� 0:5

¼ �j Ω ð5Þ

Z2 Ω ¼ 2 Ω ð6Þ

The problem can be solved by using mesh analysis as is presented in the following.

KVL in the left-side mesh:

�10þ I1 þ j4I1 � jI2 � j I1 � I2ð Þ ¼ 0 ) � 10þ 1þ j3ð ÞI1 ¼ 0 ) I1 ¼ 10
1þ j3

ð7Þ

KVL in the right-side mesh:

�j I2 � I1ð Þ þ j2I2 � jI1 þ 2I2 þ j2I2 ¼ 0 ) 2þ j3ð ÞI2 ¼ 0 ) I2 ¼ 0 ð8Þ

Using Ohm’s law for the impedance of the capacitor:

V ¼ �j I1 � I2ð Þ ð9Þ

Solving (7), (8), and (9):

V ¼ �j
10

1þ j3
� 0

� �
¼ �10j

1þ j3
¼ �3� jð Þ V ð10Þ

Figure 4.16 The circuit of solution of problem 4.17
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Transferring to time domain:

v tð Þ ¼ �3 sin 2tð Þ � sin 2t þ 90
�
 � ¼ �3 sin 2tð Þ � cos 2tð Þ V

Choice (1) is the answer.

4.19. First, we should apply source transformation theorem for the parallel connection of the dependent current source (DCS)
and the 320 Ω resistor, as can be seen in Figure 4.18.2.

VD:C:S: ¼ 320� 2I ¼ 640I ð1Þ

To simplify the circuit, we can transfer the whole circuit to the left-side mesh, as is shown in Figure 4.18.3. The updated
parameters are as follows:

V0
o ¼ Voð Þ � 1

4

� �
¼ Vo

4
ð2Þ

Z0
C ¼ �j480 Ωð Þ � 1

4

� �2
¼ �j30 Ω ð3Þ

Z0
R ¼ 320 Ωð Þ � 2

1

� �2
¼ 1280 Ω ð4Þ

V0
D:V:S: ¼ � 640Ið Þ � 2

1

� �
¼ �1280I ð5Þ

Figure 4.17 The circuit of solution of problem 4.18
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In (5), due to the inverse position of the dots of the bottom transformer, minus sign needs to be applied for the voltage of
the dependent voltage source (DVS).

Applying KVL in the only mesh of the circuit of Figure 4.18.3:

�30þ 40I� j30Iþ 1280I� 1280I ¼ 0 ) � 30þ 40� j30ð ÞI ¼ 0 ) I ¼ 30
40� j30

ð6Þ

Using Ohm’s law for the impedance of the capacitor:

Vo Vo Vo 72e− j53 V4
30

40 − j30= 40 − j30
− j3600

=× (− j30) = (72             ) V =−53°

Choice (3) is the answer.

Figure 4.18 The circuit of solution of problem 4.19
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4.20. This problem needs to be heuristically solved. Instead of transferring the maximum average power to 2 Ω resistor, we
can assume that we want to transfer the maximum average power to the series connection of the 2Ω resistor and the 2 H
inductor. This assumption is right, since the inductor does not consume any average power.

Based on maximum average power transfer theorem, to transfer the maximum average power to the load (herein, the
series connection of the resistor and inductor), the impedance of the load must be equal to the complex conjugate of the
Thevenin impedance seen by the load. In other words:

ZL ¼ ZTh
� ð1Þ

To simplify the problem, we should have the whole circuit in one side of the transformer, as is shown in Figure 4.19.2.
Herein, the circuit of the left side of the transformer has been transferred to its right side. The value of parameters is
updated as follows:

R0
0:5 Ω ¼ 0:5

n2
n1

� �2

Ω ð2Þ

C0 ¼ C
n1
n2

� �2

F ð3Þ

v tð Þ0 ¼ n2
n1

� �
cos 10tð Þ V ð4Þ

Figure 4.19.3 illustrates the circuit of Figure 4.19.2 in frequency domain. Since we want to calculate the Thevenin
impedance seen by the load, the independent voltage source is turned off.

The impedances of the components are as follows:

ZR0 ¼ 0:5
n2
n1

� �2

Ω ð5Þ

ZC0 ¼ 1

jωC n1
n2

� �2 ¼ �j
1

10C
n2
n1

� �2

Ω ð6Þ

Z2 H ¼ jωL ¼ j� 10� 2 ¼ j20 Ω ð7Þ

Z2 Ω ¼ 2 Ω ð8Þ

Now, the Thevenin impedance and the load impedance can be calculated as follows:

ZL ¼ 2þ j20ð Þ Ω ð9Þ

ZTh ¼ 0:5
n2
n1

� �2

� j
1

10C
n2
n1

� �2
 !

Ω ð10Þ

Solving (1), (9), and (10):

2þ j20 ¼ 0:5
n2
n1

� �2

� j
1

10C
n2
n1

� �2
 !�

¼ 0:5
n2
n1

� �2

þ j
1

10C
n2
n1

� �2

)
2 ¼ 0:5

n2
n1

� �2

11ð Þ

20 ¼ 1
10C

n2
n1

� �2

12ð Þ

8>>><
>>>:
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)11ð Þ n2
n1

� �2

¼ 4 ) n2
n1

¼ 2 ) n1
n2

¼ 0:5 ð13Þ

Solving (12) and (13):

20 ¼ 1
10C

� 2ð Þ2 ) C ¼ 0:02 F

Choice (1) is the answer.

4.21. The average power of a resistor can be calculated by using the relation below:

P ¼ 1
2
R Ij j2 ð1Þ

Figure 4.19 The circuit of solution of problem 4.20
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Figure 4.20.2 shows the circuit in frequency domain. The phasor of cos(2t), that is, 0°1 is defined as the reference
phasor, where “ ” is the symbol of phase angle. Thus, the phasor of the current of the current source is 0°1 or
1 A. The impedances of the components are as follows:

Z10 Ω ¼ 10 Ω ð2Þ

Z1 H ¼ jωL ¼ j� 2� 1 ¼ j2 Ω ð3Þ

Z0:5 H ¼ jωM ¼ j� 2� 0:5 ¼ j Ω ð4Þ

Z1 F ¼ 1
jωC

¼ 1
j� 2� 1

¼ �j0:5 Ω ð5Þ

Z2 Ω ¼ 2 Ω ð6Þ

Applying KVL in the middle mesh:

j2� I1 þ j� 1þ �j0:5ð Þ I1 � I2ð Þ ¼ 0 ) j1:5� I1 þ j0:5� I2 þ j ¼ 0 ð7Þ

Applying KVL in the right-side mesh:

2� I2 þ �j0:5ð Þ I2 � I1ð Þ ¼ 0 ) 2� 0:5jð ÞI2 þ j0:5I1 ¼ 0 ) I1 ¼ 1þ 4jð ÞI2 ð8Þ

Solving (7) and (8):

j1:5� 1þ 4jð ÞI2 þ j0:5� I2 þ j ¼ 0 ) I2 ¼ �j
�6þ j2

A ) I2j j ¼ 1ffiffiffiffiffi
40

p A ð9Þ

Solving (1) and (9):

P2 Ω ¼ 1
2
� 2� 1ffiffiffiffiffi

40
p
� �2

¼ 1
40

W ¼ 25 mW

Choice (1) is the answer.

Figure 4.20 The circuit of solution of problem 4.21
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4.22. To determine the Thevenin impedance or the input impedance seen from terminal a–b, we need to connect a test voltage

source to the terminal, analyze the circuit, and determine the value of Vt
It
. Herein, the independent voltage source needs to

be turned off, as is shown in Figure 4.21.2. Figure 4.21.2 shows the circuit in frequency domain. The impedances of the
components are as follows:

Z3 H ¼ jωL ¼ j� 2� 3 ¼ j6 Ω ð1Þ

Z2 H ¼ jωL ¼ j� 2� 2 ¼ j4 Ω ð2Þ

Z1 H ¼ jωM ¼ j� 2� 1 ¼ j2 Ω ð3Þ

Z5 Ω ¼ 5 Ω ð4Þ

This problem can be solved by using mesh analysis as is presented in the following.

Applying KVL in the right-side mesh:

j4� Iþ j2 I� Itð Þ þ 5Iþ j6 I� Itð Þ þ j2� I ¼ 0 ) � j8It þ 5þ j14ð ÞI ¼ 0

) I ¼ j8
5þ j14

It ð5Þ

Applying KVL in the left-side mesh:

�Vt þ j6 It � Ið Þ � j2� I ¼ 0 ) � Vt þ j6It � j8� I ¼ 0 ð6Þ

Solving (5) and (6):

�Vt þ j6It � j8� j8
5þ j14

It ¼ 0 ) � Vt þ 320þ j430
221

� �
It ¼ 0 ) Vt

It
¼ 320þ j430

221

) Zab ¼ 320
221

þ j
430
221

� �
Ω

Choice (3) is the answer.

Figure 4.21 The circuit of solution of problem 4.22
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4.23. To calculate the Thevenin impedance seen from a terminal, we need to apply a test source in the terminal,

analyze the circuit, and calculate the value of Vt
It
. To simplify the problem, we should transfer the resistor from the

right side of the transformer to its left side, as is shown in Figure 4.22.2. The updated resistance of the resistor is
as follows:

R0
2 Ω ¼ 0:5� 2

1

� �2
¼ 2 Ω ð1Þ

Figure 4.22.2 illustrates the circuit in frequency domain, where a test voltage source with the voltage and current of Vt

and It, respectively, has been connected to its terminal. Based on the information given in the problem:

ω ¼ 2 rad= sec ð2Þ

The impedances of the components are as follows:

Z3 H ¼ jωL ¼ j� 2� 3 ¼ j6 Ω ð3Þ

Z2 H ¼ jωL ¼ j� 2� 2 ¼ j4 Ω ð4Þ

Z0:25 F ¼ 1
jωC

¼ 1
j� 2� 0:25

¼ �j2 Ω ð5Þ

Z2 Ω ¼ 2 Ω ð6Þ

This problem can be solved by using mesh analysis as is presented in the following.

Applying KVL in the right-side mesh of the circuit of Figure 4.22.2:

�Vt þ j6It þ j4Iþ j6 It � Ið Þ � j2 It � Ið Þ ¼ 0 ) � Vt þ j10It ¼ 0 ) Vt

It
¼ j10

) Zin ¼ j10 Ω ) Zinj j ¼ 10 Ω

Choice (2) is the answer.
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4.24. As is illustrated in Figure 4.23.2, to calculate the Thevenin impedance seen from the terminal, we have connected a test

voltage source to the terminal. Now, we need to analyze the circuit and calculate the value of Vt
It
. To simplify the

problem, we should transfer the circuit of the right side of the transformer to its left side, as is shown in Figure 4.23.2.
The updated parameters are as follows:

R0
20 Ω ¼ 20� 1

4

� �2
¼ 5

4
Ω ð1Þ

V0
D:V:S: ¼ �10I� 1

4

� �
¼ � 5

2
I ð2Þ

In (2), minus sign must be applied for the dependent voltage source (DVS), due to the inverse position of the dots of the
transformer. This problem can be solved by using mesh analysis as is presented in the following.

Simultaneously applying KCL and KVL in the right-side mesh (Figure 4.23.2):

�5I� 5
2
Iþ 5

4
It � Ið Þ ¼ 0 ) � 35

4
Iþ 5

4
It ¼ 0 ) I ¼ 1

7
It ð3Þ

Figure 4.22 The circuit of solution of problem 4.23
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Applying KVL in the left-side mesh:

�Vt þ 5I ¼ 0 ) Vt ¼ 5I ð4Þ

Solving (3) and (4):

Vt ¼ 5
1
7
It

� �
) Vt

It
¼ 5

7
) ZTh ¼ 5

7
Ω

Choice (4) is the answer.

4.25. This problem can be solved in time domain, since the circuit is purely resistive. In Figure 4.24.2, the circuit of the right
side of the transformer has been transferred to its left side. The updated resistance of the resistor is as follows:

R0
240 Ω ¼ 240 Ωð Þ � 1

4

� �2
¼ 15 Ω ð1Þ

Applying KVL in the loop:

�240
ffiffiffi
2

p
cos ωtð Þ þ 5i1 tð Þ þ 15i1 tð Þ ¼ 0 ) i1 tð Þ ¼ 12

ffiffiffi
2

p
cos ωtð Þ A ð2Þ

Therefore, the root mean square (rms) value of the primary current is:

I1,rms ¼ 12
ffiffiffi
2

pffiffiffi
2

p ¼ 12 A ð3Þ

The relation below exists between the primary and secondary currents and numbers of turns of the transformer.

� I2,rms
I1,rms

¼ 1
4

ð4Þ

Figure 4.23 The circuit of solution of problem 4.24
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Solving (3) and (4):

� I2,rms
12

¼ 1
4
) I2,rms ¼ �3 A

Choice (2) is the answer.

4.26. Figure 4.25.2 shows the circuit in frequency domain. The impedances of the components are as follows:

ZL1 ¼ jωL1 ð1Þ

ZL2 ¼ jωL2 ð2Þ

ZM ¼ jωM ð3Þ

The current–voltage relations of the mutually coupled inductors can be determined as follows:

Applying KVL in the left-side mesh:

V1 ¼ jωL1I1 þ jωMI2 ð4Þ

Applying KVL in the right-side mesh:

V2 ¼ jωL2I2 þ jωMI1 ð5Þ

Test 1: Based on the information given in the first test, we know that:

I2 ¼ 0 ð6Þ

Leq1 ¼ 5 H ð7Þ

Figure 4.24 The circuit of solution of problem 4.25
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Solving (4) and (6):

V1 ¼ jωL1I1 þ 0 ¼ jωL1I1 ) L1 ¼ V1

jωI1
ð8Þ

Based on the definition:

Leq1 � V1

jωI1
ð9Þ

Solving (7), (8), and (9):

L1 ¼ 5 H ð10Þ

Test 2: Based on the information given in the second test, we know that:

V1 ¼ 5 V ð11Þ

V2 ¼ 16 V ð12Þ

I2 ¼ 0 A ð13Þ

Solving (4), (10), (11), and (13):

5 ¼ jω� 5I1 þ 0 ¼ jω� 5I1 ð14Þ

Solving (5), (12), and (13):

16 ¼ 0þ jωMI1 ¼ jωMI1 ð15Þ

Solving (14) and (15):

16
5

¼ jωMI1
jω� 5I1

) M ¼ 16 H ð16Þ

Test 3: Based on the information given in the third test, we know that:

V1 ¼ 4 V ð17Þ

I1 ¼ 0 A ð18Þ

V2 ¼ 20 V ð19Þ

Solving (4), (17), and (18):

4 ¼ 0þ jωMI2 ¼ jωMI2 ð20Þ

Solving (5), (18), and (19):

20 ¼ jωL2I2 þ 0 ¼ jωL2I2 ð21Þ
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Solving (16), (20), and (21):

20
4

¼ jωL2I2
jω� 16I2

) L2 ¼ 80 H ð22Þ

By using (10), (16), and (22), we can determine the inductance matrix of the mutually coupled inductors, as is presented
in the following:

L½ � ¼ 5 16

16 80

� 	
H

Choice (4) is the answer.

4.27. Figure 4.26.2 shows the circuit of Figure 4.26.1 in frequency domain. The impedances of the components are presented
in the figure. The problem can be solved by using a heuristic approach. Based on the information given in the problem,
no current flows through the a–b branch. Therefore, we can define I1 and I2 for the indicated branches like the ones
shown in the circuit of Figure 4.26.2.

KVL in the upper right-side mesh:

� jωL1I1 þ jωMI2ð Þ þ jωL2I2 þ jωMI1 ¼ 0 ) jω �L1 þMð ÞI1 þ jω L2 �Mð ÞI2 ¼ 0

) I1 ¼ L2 �M
L1 �M

I2 ð1Þ

KVL in the lower right-side mesh:

�R1I1 þ R2I2 ¼ 0 ) I1 ¼ R2

R1
I2 ð2Þ

Solving (1) and (2):

L2 �M
L1 �M

¼ R2

R1
) L2 �M ¼ L1 �Mð ÞR2

R1
) L2 � R2

R1
L1 ¼ M 1� R2

R1

� �
) M ¼ L2 � R2

R1
L1

1� R2
R1

) M ¼ R1L2 � R2L1
R1 � R2

Choice (2) is the answer.

Figure 4.25 The circuit of solution of problem 4.26
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4.28. Based on the information given in the problem:

I2 = (20Ö–2 −45° A ð1Þ

I3 ¼ 24 A ð2Þ

In addition, based on the information that can be extracted from the circuit:

n1
n2

¼ 2
1

ð3Þ

n1
n3

¼ 4
1

ð4Þ

By using (3) and (4), we can assume that:

n1 ¼ 4, n2 ¼ 2, n3 ¼ 1 ð5Þ

The secondary and the tertiary currents are leaving the dots of the coils. Therefore, we can write:

n1I1 ¼ n2I2 þ n3I3 ð6Þ

Figure 4.26 The circuit of solution of problem 4.27
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Solving (1), (2), (5), and (6):

892 −45°4I1 = 2 × (20Ö–             ) + 1 × 24 I1 = (2Ö––            ) A−32°

Choice (2) is the answer.

4.29. If the capacitor and the mutually coupled inductors create a resonance state (ω ¼ ω0), the total impedance of their
parallel connection will be infinite (i.e., an open circuit branch). Thus, the whole voltage of the voltage source will be
applied on the resistor.

The resonance frequency of the parallel connection of the capacitor and the mutually coupled inductors is as follows:

ω0 ¼ 1ffiffiffiffiffiffiffiffiffiffi
LeqC

p ð1Þ

where Leq is the equivalent inductance of the mutually coupled inductors. As can be realized from the circuit of
Figure 4.28.1, the angular frequency of the voltage source is:

ω ¼ 100 rad= sec ð2Þ

To determine the equivalent inductance of the mutually coupled inductors, we can apply their T-equivalent circuit (see
Figure 4.28.2) in the main circuit, as is illustrated in Figure 4.28.3. As can be noticed, we need to calculate the
inductance matrix of the mutually coupled inductors, which is presented in the following:

L½ � ¼ 5 �2

�2 2

� 	�1

¼ 1
5� 2� �2ð Þ � �2ð Þ

2 2

2 5

� 	
¼

1
3

1
3

1
3

5
6

2
64

3
75 H

) L11 ¼ 1
3
H,L22 ¼ 1

3
H,M ¼ 1

3
H ð3Þ

Figure 4.27 The circuit of solution of problem 4.28
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To determine the equivalent inductance, we must turn off the voltage source, as is shown in Figure 4.28.3. By using
(3) and Figure 4.28.3, we can find Leq as follows:

Leq ¼ 0jj 1
3

� �
þ 1
2
¼ 1

2
H ð4Þ

Solving (1), (2), and (4):

100 ¼ 1ffiffiffiffiffiffiffiffiffiffiffi
1
2 � C

q ) 1
2
� C ¼ 10�4 ) C ¼ 2� 10�4 F ) C ¼ 200 μF

Choice (4) is the answer.

4.30. Based on maximum average power transfer theorem, to transfer the maximum average power to the load, the impedance
of the load must be equal to the complex conjugate of the Thevenin impedance seen by the load. In other words:

ZL ¼ ZTh
� ð1Þ

To calculate the Thevenin impedance, we need to connect a test voltage source to the terminal, analyze the circuit, and
determine the value of Vt

It
. Herein, the independent voltage source must be turned off, as can be seen in Figure 4.29.2. The

relation between the primary and secondary voltages, currents, and numbers of turns of the transformer is as follows:

Figure 4.28 The circuit of solution of problem 4.29
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V1

Vt
¼ � It þ I

I
¼ 8

2
¼ 4 )

V1 ¼ 4Vt 2ð Þ

I ¼ � 1
5
It 3ð Þ

8<
:

KVL in the left-side mesh:

20þ j60ð ÞIþ V1 þ Vt ¼ 0
Using 2ð Þ, 3ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼) 20þ j60ð Þ � � 1

5
It

� �
þ 4Vt þ Vt ¼ 0

� 4þ j12ð ÞIt þ 5Vt ¼ 0 ) Vt

It
¼ 4

5
þ j

12
5

� �
) ZTh ¼ 4

5
þ j

12
5

� �
Ω ð4Þ

Solving (1) and (4):

ZL ¼ 4
5
þ j

12
5

� ��
¼ 4

5
� j

12
5

� �
¼ 0:8� 2:4ð Þ Ω

Choice (2) is the answer.

4.31. The circuit is illustrated in frequency domain in Figure 4.30.2. The phasor of sin(2t), that is, 0°1 is defined as the

reference phasor, where “ ” is the symbol of phase angle. Therefore, the phasor of the output voltage is 0°2 and
2 V. The impedances of the components are as follows:

Z1 H ¼ jωL ¼ j� 2� 1 ¼ j2 Ω ð1Þ

Z1 Ω ¼ 1 Ω ð2Þ

Figure 4.29 The circuit of solution of problem 4.30
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Applying KVL in the right-side mesh:

� j2I� jIð Þ þ 2 ¼ 0 ) I ¼ 2
j
¼ �j2 V ð3Þ

Applying KVL in the left-side mesh:

�Vþ Iþ j2I� jIþ j2I� jI ¼ 0 ) V ¼ 1þ j2ð ÞI ð4Þ

Solving (3) and (4):

V = (1 + j2) × (– j2) = (4 –  j2) V  = (2√– −26.5°5 ) V ð5Þ

Transferring to time domain:

v tð Þ ¼ 2
ffiffiffi
5

p
sin 2t � 26:5

�
 �
V

Choice (1) is the answer.

4.32. Figure 4.31.2 shows the circuit in frequency domain. The impedances of the components are as follows:

ZL1 ¼ jωL1 ð1Þ

ZL2 ¼ jωL2 ð2Þ

ZM ¼ jωM ð3Þ

ZR ¼ R ð4Þ

Figure 4.30 The circuit of solution of problem 4.31
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Applying KVL in the right-side mesh:

V2 ¼ jωL2I2 þ jωMI1 ð5Þ

As we know, we can model an ideal voltmeter as an open circuit branch. Therefore:

I2 ¼ 0 ð6Þ

Solving (5) and (6):

V2 ¼ 0þ jωMI1 ) V2j j ¼ ωM I1j j ð7Þ

Applying Ohm’s law for the resistor:

VR ¼ RI1 ) VRj j ¼ R I1j j ð8Þ

Solving (7) and (8):

V2j j ¼ ωM
VRj j
R

) M ¼ R
ω
� V2

VR

����
����

Choice (3) is the answer.

Figure 4.31 The circuit of solution of problem 4.32
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4.33. Figure 4.32.2 shows the circuit of Figure 4.32.1 in frequency domain. The phasor of sin(t), that is, 0°1 is defined as

the reference phasor, where “ ” is the symbol of phase angle. Thus, the phasor of the current of the current source

is 0°1 or 1 A.

The current–voltage relation matrix of the three mutually coupled inductors in phasor domain is as follows:

V1

V2

V3

2
664

3
775 ¼ jω

1 �1 0

�1 1 1

0 1 1

2
64

3
75

I1

I2

I3

2
664

3
775 ω ¼ 1¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼)

V1

V2

V3

2
664

3
775 ¼ j

1 �1 0

�1 1 1

0 1 1

2
64

3
75

I1

I2

I3

2
664

3
775 ð1Þ

By determining the inverse of the inductance matrix, we can calculate the currents of the inductors based on their
voltages, as can be seen in the following:

I1

I2

I3

2
664

3
775 ¼ �jð Þ

1 �1 0

�1 1 1

0 1 1

2
64

3
75
�1 V1

V2

V3

2
664

3
775 ð2Þ

From the circuit, it is clear that:

V1 ¼ V2 ¼ V3 ¼ V ð3Þ

By solving (2) and (3), we have:

I1

I2

I3

2
664

3
775 ¼ �jð Þ

1 �1 0

�1 1 1

0 1 1

2
64

3
75
�1 V

V

V

2
664

3
775)

I1

I2

I3

2
664

3
775 ¼ �jð Þ

0 �1 1

�1 �1 1

1 1 0

2
64

3
75

V

V

V

2
664

3
775)

I1 ¼ 0 4ð Þ
I2 ¼ jV 5ð Þ
I3 ¼ �j2V 6ð Þ

8><
>:

Applying KCL in the supernode:

�1þ I1 þ I2 þ I3 ¼ 0 ð7Þ

Solving (4)–(7):

�1þ 0þ jV� j2V ¼ 0 ) � 1� jV ¼ 0 ) V ¼ j ð8Þ

By transferring to time domain:

v tð Þ ¼ cos tð Þ V

Choice (2) is the answer.
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4.34. The following information has been given in the problem:

ω ¼ 1 rad= sec ð1Þ

ZN1 ¼ 3
2
þ j2

� �
Ω ð2Þ

PFN2 ¼ 1 ) Im ZN2f g ¼ 0 ð3Þ

PN2 ¼ PN2,max ð4Þ

Solving (3) and (4):

Re ZN2f g ¼ ZN1j j Using 2ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼)Re ZN2f g ¼ 3
2
þ j2

��� ��� ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
3
2

� �2
þ 22

r
¼ 5

2
Ω ð5Þ

To simplify the problem solution, we can transfer the circuit of the right side of the transformer to its left side.
Figure 4.33.2 shows the updated circuit. Herein, the positions of the dots of the coils of the inductors do not need to be
changed. Think about its reason. The updated value of the parameters can be calculated as follows:

C0
1 F ¼ 1 Fð Þ � 2

1

� �2
¼ 4 F ð6Þ

Figure 4.32 The circuit of solution of problem 4.33
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L01 H ¼ 1 Hð Þ � 1
2

� �2
¼ 1

4
H ð7Þ

L02 H ¼ 2 Hð Þ � 1
2

� �2
¼ 1

2
H ð8Þ

M0
1 H ¼ 1 Hð Þ � 1

2

� �2
¼ 1

4
H ð9Þ

Figure 4.33.3 illustrates the circuit of Figure 4.33.2 in frequency domain. The impedances of the components are as
follows:

ZR ¼ R Ω ð10Þ

ZC ¼ 1
j� 1� C

¼ �j
1
C

Ω ð11Þ

Z4 F ¼ 1
j� 1� 4

¼ �j
1
4
Ω ð12Þ

Z1
4 H ¼ j� 1� 1

4
¼ j

1
4
Ω ð13Þ

Z1
2 H ¼ j� 1� 1

2
¼ j

1
2
Ω ð14Þ

The input impedance of the second network (N2) is:

ZN2 ¼ R� j
1
C
� j

1
4
þ j

1
4
þ j

1
2
þ 2� j

1
4
¼ Rþ j � 1

C
þ 1

� �� �
Ω ð15Þ

Solving (3) and (15):

� 1
C
þ 1 ¼ 0 ) C ¼ 1 F

Solving (5) and (15):

R ¼ 5
2
Ω

Choice (3) is the answer.
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4.35. Figure 4.34.2 shows the main circuit in frequency domain. The phasor of cos(t), that is, 0°1 is defined as the

reference phasor, where “ ” is the symbol of phase angle. Therefore, the phasor of the voltage of the voltage source

and the phasor of the current of the current source are 0°1 V and −90°1 A. The impedances of the components are
as follows:

Z1 H ¼ jωL ¼ j� 1� 1 ¼ j Ω ð1Þ

Z0:5 F ¼ 1
jωC

¼ 1
j� 1� 0:5

¼ �j2 Ω ð2Þ

ZR ¼ R Ω ð3Þ

Based on maximum average power transfer theorem, to transfer the maximum average power to a resistive
load, the resistance of the loadmust be equal to the magnitude of the Thevenin impedance seen by the load. In other words:

R ¼ ZThj j ð4Þ

Figure 4.33 The circuit of solution of problem 4.34
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Moreover, the average power of the load can be calculated by using the following relation:

P ¼ 1
2
R IRj j2 ð5Þ

As is shown in Figure 4.34.3, to identify the Thevenin equivalent circuit, we can connect a test voltage source to the
terminal, analyze the circuit, and find a relation in the form ofVt¼ αIt + β between the voltage and the current of the test
source, where α ¼ ZTh and β ¼ VTh. In this method, the independent sources are left intact.

In addition, to simplify the circuit, we can transfer the circuit of the left side of the transformer to its right side, as is
shown in Figure 4.34.3. The updated parameters are as follows:

Z0
1 H ¼ j Ωð Þ � 1

2

� �2
¼ j

1
4
Ω ð6Þ

Vs = (1          ) × (   ) = (             ) V′ 0° 1
2–

1
2– 0° ð7Þ

Now, by applying KCL in the supernode, we can write:

−90° Vt
− j2 j4 − It −

Vt

 j

<
=

− 
− (2             ) − It + 

0°
+

(          )1
2– 0 1

4–
 j 7

2–  Vt  = 0

) Vt ¼ j
2
7
It þ 8

7
)

ZTh ¼ j
2
7
Ω 8ð Þ

VTh ¼ 8
7
V 9ð Þ

8><
>:

Solving (4) and (8):

R ¼ j
2
7

��� ��� ¼ 2
7
Ω ð10Þ

Now, we have the circuit of Figure 4.34.4 with the parameters given in (8), (9), and (10).

Solving (5), (8)–(10):

P ¼ 1
2
� 2
7
�

8
7

2
7 þ j 27

�����
�����
2

¼ 1
2
� 2
7
� 2� 2ij j2 ¼ 8

7
W

Choice (1) is the answer.
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4.36. This problem can be solved either in time domain or in frequency domain. In this problem, we need to write down the
current–voltage equations of each circuit and equate them correspondingly.

Part 1: Applying KVL in the left-side mesh of the circuit of Figure 4.35.2:

v1 tð Þ ¼ L1
d
dt
i1 tð Þ þM

d
dt
i2 tð Þ ð1Þ

Figure 4.34 The circuit of solution of problem 4.35
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Applying KVL in the right-side mesh of the circuit of Figure 4.35.2:

v2 tð Þ ¼ L2
d
dt
i2 tð Þ þM

d
dt
i1 tð Þ ð2Þ

Part 2: Applying KVL in the left-side mesh of the circuit of Figure 4.35.1:

v1 tð Þ ¼ 2
d
dt
i1 tð Þ � d

dt
i1 tð Þ þ i2 tð Þð Þ þ 3

d
dt

i1 tð Þ þ i2 tð Þð Þ � d
dt
i1 tð Þ

) v1 tð Þ ¼ 3
d
dt
i1 tð Þ þ 2

d
dt
i2 tð Þ ð3Þ

Applying KVL in the right-side mesh of the circuit of Figure 4.35.1:

v2 tð Þ ¼ 3
d
dt

i1 tð Þ þ i2 tð Þð Þ � d
dt
i1 tð Þ ) v2 tð Þ ¼ 3

d
dt
i2 tð Þ þ 2

d
dt
i1 tð Þ ð4Þ

Solving (1) and (3):

L1 ¼ 3 H,M ¼ 2 H ð5Þ

Solving (2) and (4):

L2 ¼ 3 H ð6Þ

The coupling coefficient (k) is defined as follows:

k ¼ Mffiffiffiffiffiffiffiffiffiffi
L1L2

p ð7Þ

Solving (5), (6), and (7):

k ¼ 2ffiffiffiffiffiffiffiffiffiffiffi
3� 3

p ¼ 2
3

Choice (2) is the answer.

Figure 4.35 The circuit of solution of problem 4.36
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4.37. This problem can be solved in time domain because the circuit is resistive. As is shown in Figure 4.36.2, to calculate the
Thevenin resistance, we need to connect a test voltage source to the terminal, analyze the circuit, and determine the
value of Vt

It
to find RTh.

Applying KCL in the upper-left node:

�It þ I1 þ I2 ¼ 0 ð1Þ

Based on the polarities defined for the primary and secondary voltages and currents of the transformer, we can write:

Vt

V2
¼ I2

I1
¼ n

1
)

V2 ¼ Vt

n
2ð Þ

I1 ¼ I2
n

3ð Þ

8><
>:

Solving (1) and (3):

�It þ I2
n
þ I2 ¼ 0 ) I2 ¼ 1

1þ 1
n

It ¼ n
nþ 1

It ð4Þ

Applying KVL in the middle mesh (clockwise):

�Vt þ R1I2 � V2 þ R2I2 ¼ 0
Using 2ð Þ, 4ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼)� Vt þ R1 þ R2ð Þ n

nþ 1
It � Vt

n
¼ 0

) � Vt
nþ 1
n

� �
þ R1 þ R2ð Þ n

nþ 1
It ¼ 0 ) Vt

It
¼ n

nþ 1

� �2
R1 þ R2ð Þ

) RTh ¼ n
nþ 1

� �2
R1 þ R2ð Þ Ω

Choice (2) is the answer.

Figure 4.36 The circuit of solution of problem 4.37
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4.38. Figure 4.37.2 illustrates the circuit in frequency domain. The impedances of the components are as follows:

ZL1 ¼ jωL1 Ω ð1Þ

ZL2 ¼ jωL2 Ω ð2Þ

ZM ¼ jωM Ω ð3Þ

ZR ¼ R Ω ð4Þ

ZC ¼ 1
jωC

Ω ð5Þ

Based on the information given in the problem, the current of the load is zero. Therefore, its voltage is zero as well.

Applying KVL in the left-side mesh of the circuit of Figure 4.37.2:

0þ RI2 þ jωL1I2 þ jωMI1 ¼ 0 ) I1 ¼ �Rþ jωL1
jωM

I2 ð6Þ

Simultaneously applying KVL and KCL in the right-side mesh of the circuit of Figure 4.37.2:

1
jωC

I2 þ RI2 þ 0þ R I1 þ I2ð Þ ¼ 0 ) I1 ¼ � 1
jωCR

þ 2

� �
I2 ð7Þ

Solving (6) and (7):

�Rþ jωL1
jωM

I2 ¼ � 1
jωCR

þ 2

� �
I2 ) Rþ jωL1

jωM
� 1
jωCR

� 2 ¼ 0

) �jR
ωM

þ L1
M

þ j
ωCR

� 2 ¼ 0 ) j � R
ωM

þ 1
ωCR

� �
þ L1

M
� 2 ¼ 0 )

� R
ωM

þ 1
ωCR

¼ 0 8ð Þ
L1
M

� 2 ¼ 0 9ð Þ

8><
>:

)8ð Þ R
M

¼ 1
CR

) M ¼ R2C ð10Þ

)9ð Þ L1
M

¼ 2 ) M ¼ L1
2

ð11Þ

Solving (10) and (11):

M ¼ R2C ¼ L1
2

Choice (1) is the answer.
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4.39. Based on maximum average power transfer theorem, to transfer the maximum average power to a resistive load, the
resistance of the load must be equal to the magnitude of the Thevenin impedance seen by the load. In other words:

ZThj j ¼ 400 Ω ð1Þ

To calculate the Thevenin impedance, we need to connect a test voltage source to the terminal, analyze the circuit, and
determine the value of Vt

It
. Herein, the independent current source must be turned off, as can be seen in Figure 4.38.2.

This problem is solved by using mesh analysis as follows:

The relation between the primary and secondary voltages, currents, and numbers of turns of the transformer is as
follows:

Figure 4.37 The circuit of solution of problem 4.38
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V1

Vt
¼ � It þ I

I
¼ n1

n2
)

V1 ¼ n1
n2

Vt 2ð Þ

I ¼ � 1

1þ n1
n2

It 3ð Þ

8>>><
>>>:

KVL in the left-side mesh:

80� 103 � Iþ 10� 103 � Iþ V1 þ Vt ¼ 0 ð4Þ
Solving (2), (3), and (4):

9� 104 � � 1
1þ n1

n2

It

 !
þ n1
n2

Vt þ Vt ¼ 0 ) 9� 104 � 1
1þ n1

n2

 !
It ¼ 1þ n1

n2

� �
Vt ¼ 0

) Vt

It
¼ 9� 104 �

1
1þn1

n2

1þ n1
n2

¼ 9� 104 � 1

1þ n1
n2

� �2

) ZTh ¼ 9� 104 � 1

1þ n1
n2

� �2 Ω ð5Þ

Solving (1) and (5):

9� 104 � 1

1þ n1
n2

� �2 ¼ 400 ) 1þ n1
n2

� �2

¼ 225 ) 1þ n1
n2

¼ 15 ) n1
n2

¼ 14

Choice (3) is the answer.

Figure 4.38 The circuit of solution of problem 4.39
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4.40. To calculate the input impedance of the circuit in frequency domain, we need to connect a test source (e.g., test voltage

source) to the terminal, analyze the circuit, and determine the value of Vt
It
. Then:

Zab ¼ Vt

It
ð1Þ

Figure 4.39.2 illustrates the main circuit in frequency domain. To simplify the problem solution, we can assume that the
angular frequency of test source is ω ¼ 1 rad/sec. The impedances of the components are as follows:

ZR ¼ R Ω ð2Þ

ZC ¼ 1
jωC

¼ 1
j� 1� C

¼ �j
1
C

Ω ð3Þ

In this problem, nodal analysis is the best approach to analyze the circuit. From the circuit, it is clear that:

V1 ¼ Vt ð4Þ

The primary and secondary voltages, currents, and numbers of turns of the transformer have the following relation:

V1

V2
¼ � I2

I1
¼ 1

a
) V2 ¼ aV1 5ð Þ

I1 ¼ �aI2 6ð Þ

(

Solving (4) and (5):

V2 ¼ aVt ð7Þ

KCL in the left-side supernode:

�It þ Vt

R
þ I1 þ Vt � V2

�j 1C
¼ 0 ) � It þ 1

R
þ jC

� �
Vt þ I1 � jCV2 ¼ 0

Using 7ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼)� It þ 1
R
þ jC

� �
Vt þ I1 � jCaVt ¼ 0 ) � It þ 1

R
þ jC 1� að Þ

� �
Vt þ I1 ¼ 0

Using 6ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼)� It þ 1
R
þ jC 1� að Þ

� �
Vt � aI2 ¼ 0 ð8Þ

KCL in the right-side node:

I2 þ V2

R
þ V2 � Vt

�j 1C
¼ 0 ) I2 þ 1

R
þ jC

� �
V2 � jCVt ¼ 0

Using 7ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼)I2 þ 1
R
þ jC

� �
aVt � jCVt ¼ 0 ) I2 þ a

R
þ jC a� 1ð Þ

� �
Vt ¼ 0 ð9Þ

Solving (8) and (9):

1
a

�It þ 1
R
þ jC 1� að Þ

� �
Vt

� �
¼ � a

R
þ jC a� 1ð Þ

� �
Vt
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) � 1
a
It þ 1

Ra
þ jC

1
a
� 1

� �
þ a
R
þ jC a� 1ð Þ

� �
Vt ¼ 0

) � It þ 1
R
þ a2

R
þ jC 1� aþ a2 � a


 �� �
Vt ¼ 0

) Vt

It
¼ 1

1
R þ a2

R þ jC a� 1ð Þ2 ) Zab ¼ 1
1
R þ a2

R þ jC a� 1ð Þ2 ð10Þ

Based on the information given in the problem:

Zab ¼ R
2

ð11Þ

Combining (10) and (11):

1
1
R þ a2

R þ jC a� 1ð Þ2 ¼
R
2
) 1

R
þ a2

R
þ jC a� 1ð Þ2 � 2

R
¼ 0

) 1
R

a2 � 1

 �þ jC a� 1ð Þ2 ¼ 0 )

1
R

a2 � 1

 � ¼ 0 ) a ¼ �1

C a� 1ð Þ2 ¼ 0 ) a ¼ 1

8<
: ) a ¼ 1

Choice (3) is the answer.

Figure 4.39 The circuit of solution of problem 4.40
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4.41. As is illustrated in Figure 4.40.2, to calculate the Thevenin impedance of the circuit, we must connect a test source (e.g.,

test voltage source) to the terminal, analyze the circuit, and find the value of Vt
It
. To simplify the problem, we can assume

that the angular frequency of the circuit is 1 rad/sec (ω ¼ 1 rad/sec).

To see a purely inductive impedance from the terminal, the real part of the Thevenin impedance must be zero. In other
words:

Re ZThf g ¼ 0 ð1Þ

Im ZThf g > 0 ð2Þ

Figure 4.40.2 illustrates the circuit in frequency domain. The impedances of the components are as follows:

Z1 H ¼ jωL ¼ j� 1� 1 ¼ j Ω ð3Þ

ZM ¼ jωM ¼ j� 1�M ¼ jM Ω ð4Þ

Z1
4 H ¼ jωL ¼ j� 1� 1

4
¼ j

1
4
Ω ð5Þ

Z1
12 H ¼ jωL ¼ j� 1� 1

12
¼ j

1
12

Ω ð6Þ

Z2 Ω ¼ 2 Ω ð7Þ

This problem is solved by using mesh analysis as follows:

KVL in the right-side mesh:

2 I� Itð Þ þ j
1
4
I� jMIt þ j

1
12

I ¼ 0 ) � 2þ jMð ÞIt þ 2þ j
1
3

� �
I ¼ 0

) I ¼ 2þ jM
2þ j 13

It ð8Þ

KVL in the left-side mesh:

�Vt þ jIt � jMIþ 2 It � Ið Þ ¼ 0 ) � Vt þ 2þ jð ÞIt � 2þ jMð ÞI ¼ 0 ð9Þ

Solving (8) and (9):

�Vt þ 2þ jð ÞIt � 2þ jMð Þ 2þ jM
2þ j 13

It ¼ 0

) � Vt þ
4þ j 23 þ j2� 1

3 � 4þ j4M �M2

 �

2þ j 13

 !
It ¼ 0

) � Vt þ
� 1

3 þM2

 �þ j 8

3 � 4M

 �

2þ j 13

 !
It ¼ 0 ) Vt

It
¼ � 1

3 þM2

 �þ j 8

3 � 4M

 �

2þ j 13

 !
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) Vt

It
¼ � 1

3 þM2

 �þ j 8

3 � 4M

 �
 �

2� j 13

 �

4þ 1
9

) Vt

It
¼ � 2

3 þ 2M2 þ 8
9 � 4

3M

 �þ j 16

3 � 8M þ 1
9 � 1

3M
2


 �
37
9

) Vt

It
¼ 9

37
2
9
þ 2M2 � 4

3
M

� �
þ j

9
37

49
9
� 8M � 1

3
M2

� �

) ZTh ¼ 9
37

2
9
þ 2M2 � 4

3
M

� �
þ j

9
37

49
9
� 8M � 1

3
M2

� �� �
Ω ð10Þ

Solving (1) and (10):

9
37

2
9
þ 2M2 � 4

3
M

� �
¼ 0 ) M2 � 2

3
M þ 1

9
¼ 0 ) M ¼

2
3 �

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
� 2

3


 �2 � 4� 1� 1
9

q
2

) M ¼ 1
3
H ð11Þ

Solving (2) and (10):

9
37

49
9
� 8M � 1

3
M2

� �
> 0

Using 11ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼) 9
37

49
9
� 8� 1

3
� 1
3

1
3

� �2� �
> 0 ) 2

3
> 0 ð12Þ

Based on (11) and (12), choice (1) is the answer.

Figure 4.40 The circuit of solution of problem 4.41
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4.42. This problem can be solved in time domain, since the circuit is a resistive circuit. Based on maximum average power
transfer theorem, to transfer the maximum average power to the resistive load, the resistance of the load (R) must be
equal to the Thevenin resistance seen by the load. In other words:

R ¼ RTh ð1Þ

To calculate the Thevenin resistance, we can connect a test voltage source to the terminal, analyze the circuit, and
determine the value of Vt

It
, while the independent power sources are turned off, as is shown in Figure 4.41.2. This

problem should be solved by using mesh analysis.

Based on the polarities defined for the primary and secondary voltages and currents of the transformer, we can write:

V1

V2
¼ I2

I1
¼ 4

1
)

V1 ¼ 4V2 2ð Þ
I2 ¼ 4I1 3ð Þ

(

Simultaneously applying KVL and KCL in the right-side mesh (counterclockwise):

�Vt � V2 þ 20 I1 þ I2ð Þ ¼ 0
Using 3ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼)� Vt � V2 þ 20

I2
4
þ I2

� �
¼ 0

) � Vt � V2 þ 25I2 ¼ 0 ð4Þ

Simultaneously applying KVL and KCL in the middle mesh (clockwise):

�V1 þ 30 I2 � Itð Þ � V2 ¼ 0
Using 2ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼)� 4V2 þ 30 I2 � Itð Þ � V2 ¼ 0

) � 5V2 þ 30I2 � 30It ¼ 0 ð5Þ

Simultaneously applying KVL and KCL in the left-side mesh (clockwise):

40 I1 þ I2 � Itð Þ þ V1 þ 20 I1 þ I2ð Þ ¼ 0 ) 60I1 þ 60I2 � 40It þ V1 ¼ 0

Using 2ð Þ, 3ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼) 60
I2
4
þ 60I2 � 40It þ 4V2 ¼ 0 ) 75I2 � 40It þ 4V2 ¼ 0 ð6Þ

Solving (5) and (6):

�5
�75I2 þ 40It

4

� �
þ 30I2 � 30It ¼ 0 ) 495

4
I2 � 80It ¼ 0 ) I2 ¼ 64

99
It ð7Þ

Solving (6) and (7):

75
64
99

It

� �
� 40It þ 4V2 ¼ 0 ) 280

33
It þ 4V2 ¼ 0 ) V2 ¼ � 280

132
It ð8Þ

Solving (4), (7), and (8):

�Vt � � 280
132

It
� �

þ 25
64
99

It

� �
¼ 0 ) � Vt þ 1810

99
It ¼ 0 ) Vt

It
¼ 1810

99
) RTh ¼ 1810

99
Ω ð9Þ
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Solving (1) and (9):

R ¼ 1810
99

Ω

Choice (3) is the answer.

4.43. Figure 4.42.2 shows the circuit in frequency domain. The impedances of the components are as follows:

ZC ¼ 1
jωC

Ω ð1Þ

ZL ¼ jωL Ω ð2Þ

The resonance frequency of a circuit is the frequency in which the imaginary part of the input impedance (or admittance)
of the circuit is zero. Therefore, we need to determine the Thevenin impedance of the circuit and equate its imaginary
part with zero to calculate the resonance frequency. In other words, the equation below must be solved:

Im Zinf g ¼ 0 ) ω ¼ ω0 ð3Þ

Herein, we must apply a test source in the terminal to determine the value of Vt
It
, to find the Thevenin impedance of the

circuit. The problem needs to be solved by using mesh analysis as can be seen in the following.

Figure 4.41 The circuit of solution of problem 4.42
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Based on the polarities defined for the primary and secondary voltages and currents of the transformer, we can write:

V1

V2
¼ I2

I1
¼ 1

n
) V1 ¼ V2

n
4ð Þ

I1 ¼ nI2 5ð Þ

8<
:

Applying KVL in the middle mesh (clockwise):

�Vt � V1 � V2 ¼ 0
Using 4ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼)� Vt � V2

n
� V2 ¼ 0 ) V2 ¼ � Vt

1þ 1
n

¼ � nVt

nþ 1
ð6Þ

Simultaneously applying KVL and KCL in the lower left-side mesh (clockwise):

V2 þ 1
jωC

It þ I2ð Þ ¼ 0
Using 6ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼)� nVt

nþ 1
þ 1
jωC

It þ 1
jωC

I2 ¼ 0

) I2 ¼ jωCnVt

nþ 1
� It ð7Þ

Simultaneously applying KVL and KCL in the lower right-side mesh (clockwise):

jωL It � I1ð Þ þ V1 ¼ 0
Using 4ð Þ, 5ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼) jωLIt � jωLnI2 þ V2

n
¼ 0

Using 6ð Þ¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼¼) jωLIt � jωLnI2 þ 1
n

� nVt

nþ 1

� �
¼ 0 ) I2 ¼ 1

n
It � Vt

jωLn nþ 1ð Þ ð8Þ

Solving (7) and (8):

jωCnVt

nþ 1
� It ¼ 1

n
It � Vt

jωLn nþ 1ð Þ ) jωCn
nþ 1

þ 1
jωLn nþ 1ð Þ

� �
Vt ¼ 1þ 1

n

� �
It

) Vt

It
¼ 1þ 1

n
jωCn
nþ1 þ 1

jωLn nþ1ð Þ
¼

nþ1
n

�ω2LCn2þ1
jωLn nþ1ð Þ

¼ j
ωL nþ 1ð Þ2
1� ω2LCn2

) Zin ¼ j
ωL nþ 1ð Þ2
1� ω2LCn2

ð9Þ

Solving (3) and (9):

ωL nþ 1ð Þ2
1� ω2LCn2

¼ 0 ) ω ¼ 0 ð10Þ

As can be seen, no non-zero ω can be found as the solution of equation (10). Therefore, no resonance frequency can be
detected from terminal a–b.

Choice (4) is the answer.
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Figure 4.42 The circuit of solution of problem 4.43

226 4 Solutions of Problems: Sinusoidal Steady-State Analysis of Circuits. . .



Index

A
AC circuit, 54
AC voltage source, 65
Angular frequency, 69, 109, 124, 165, 186, 219
Apparent power, 55, 60, 131
Associated reference direction, 93
Average power, 50, 60, 119, 146

B
Bandwidth of frequency response of series and parallel

RLC circuits, 8, 53
Bottom current source, 71
Branch parallel, 61

C
Capacitor, 171
Capacitor capacitance, 124
Complex powers, 9, 55, 142, 146
Coupling coefficient (k), 157, 166, 188, 214
Current division formula, 40, 42, 71, 78, 100, 105
Current division relation, 42, 58, 71, 142
Current–voltage relation matrix, 208

D
Dependent current source (DCS), 190
Dependent voltage source (DVC), 61, 62, 110, 144, 145, 191, 197

E
Energy conservation theorem, 119
Equivalent impedance, 46, 79, 91, 112, 119
Equivalent inductances, 156

circuit, 180
frequency domain, 183, 188
mutual inductance, 154
mutually coupled coils, 180
mutually coupled inductors, 186, 203
terminal a–b, 156, 157
test source, 185
voltage source, 204

F
Frequency domain

angular frequency, 219
circuits, 175
components, 195, 199, 201, 206, 210, 216
current–voltage equations, 213

impedances, 39, 173, 176, 180, 183, 221, 224
inductor, 181
phasor, 39, 42, 177, 189, 205
primary circuit, 40
Thevenin impedance, 192, 194
voltage source, 185, 196, 219

H
Heuristic approach, 60, 201

I
Independent voltage source, 72, 82, 195
Indicated horizontal branch, 95
Indicated loop KVL, 65, 76
Indicated node KCL, 69
Inductance matrix, 151, 155, 161, 163, 165, 172, 181, 201, 203, 208
Inductive impedance, 221
Inductor, 171
Infinite impedance, 81
Input admittance, 55, 128, 135
Input impedance, 141, 168, 210
Input resistance, 135

K
KVL and KCL in frequency domain, 216, 223, 225

L
Lagging, 11
Leading power factors, 31
Left-side circuit (LSC), 187
Linear time-invariant (LTI), 28, 29, 123

M
Magnetic energy, 151, 172
Magnetically coupled inductors, 151, 172
Maximum average power, 165, 171, 192
Maximum average power transfer theorem

load, 174, 204, 211
maximum average power, 173
network average power, 132
resistance R, 223
resistive load, 37
resistor, 175
Thevenin impedance, 41, 43, 60, 192, 217

Maximum transferrable average power, 73
Mesh analysis, 112, 183, 189, 195–197, 221, 223
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Mutual inductance, 162, 164, 167, 168, 180
Mutually coupled inductors, 186, 203, 208

N
Network input impedance, 132
Nodal analysis, 54, 70, 72, 75, 86, 90, 94, 106, 219
Nodal voltages, 90
Norton equivalent circuit, 154
Norton theorems, 179

O
Ohm’s law, 39, 40, 42, 47, 78, 91, 178, 189, 191
Open circuit branch, 63, 81
Output voltage amplitude, 68
Output voltage phasor, 158

P
Parallel connection, 47, 64
Parallel impedance, 92
Parallel RLC circuit, 53
Peak value, 7, 44, 50, 67
Phase angle, 39, 60, 211
Polarities, 225
Positions of dots of coils, 180, 184, 202, 209
Power factor, 131
Power triangle relation, 131
Primary circuit, 63

R
Reactive power, 31, 34, 131, 146
Reference phase angle, 60, 62, 135, 136
Reference phasor, 39, 208, 211
Resistance R, 153, 166, 169
Resistive circuit, 223
Resonance frequency, 4, 7, 9, 18, 25, 51, 55, 56, 85, 106–108, 157, 169

impedance and admittance, 224
parallel connection, 177, 186, 203
series connection, 171
voltage source, 171

Right-side circuit (RSC), 187
Root mean square (rms), 9, 44, 67, 161, 198

S
Series connection, 49
Series RLC circuit, 51, 53
Short circuit branch, 57, 95, 109
Sinusoidal steady-state

angular frequency, 154
impedance, 155
inductance matrix, 163
load impedance, 153
maximum average power, 151, 152
mutual inductance M, 162
Norton equivalent circuit, 154
resistance R, 153
response v(t), 158
Thevenin impedance, 160
voltage source, 164

Sinusoidal steady-state analysis
AC circuit, 8, 54
angular frequency, 36, 147, 148

apparent power, 11, 60
average power, 1, 3, 4, 7, 9, 11, 41, 44, 62
capacitor, 6, 7, 47, 48, 51
complex power, component, 35, 145–147
current source, 2, 6, 17, 19, 23, 39, 40, 48, 78–80, 86, 99–102
dependent voltage source, 21, 35, 94, 95, 144, 145
equivalent circuit, 29, 123, 124
frequency domain, 5, 46
impedances, components, 20, 88, 89
independent voltage source, 15, 21, 22, 74, 75, 91–93, 97
inductor, 6, 7, 34, 49–51
input/output voltages, frequency domain, 13, 67, 68
load, 27
load impedance, 15, 26, 72–74, 111–113, 118, 119
LTI, 28
maximum average power, 37, 56, 57, 60, 61
output current, 28, 119, 120
output voltage, 14, 16, 18, 22, 30, 71, 72, 77, 78, 84, 95, 96

129, 130
output voltage, rms value, 13, 66, 67
parallel impedances, 31, 131
parallel RLC circuit, 8, 53
peak value, 7, 24, 50, 103
phasor current, 16, 76
phasor output voltage, 2, 10, 20, 39, 58, 89, 90
phasor voltage, 3, 7, 40, 41, 52
power factor, 31, 32, 135, 136
power sources, 17, 28, 80, 81, 120, 121
reactive power, current source, 34
resistance R, 37
resistor, 19, 26, 87, 88, 114, 115
resonance frequency, 4, 9, 18, 25, 30, 44, 55, 56, 85, 106–108, 128,

141, 142
right-side, terminal a–b, 29, 124, 125
rms value, resistor voltage, 122, 123
rms value, voltage of the resistor, 28
short-circuited and node “b, 14, 69, 70
Thevenin equivalent circuit, 32, 133, 134
Thevenin impedance, 31, 33, 132, 133, 138–140
time-dependent equation, output voltage, 12, 64, 65
unity power factor, 23, 98, 99
voltage, capacitor, 5, 10, 45, 58, 59
voltage, inductor, 3, 42, 43
voltage source, 4, 17, 19, 24, 25, 27, 30, 33, 43, 44, 82, 83, 87, 104,

105, 109, 110, 116–118, 126, 127, 136, 137
Sinusoidal voltage source, 161
Source transformation theorem, 62, 64, 79, 178, 179, 190
Supermesh, 112, 144
Supernode, 103, 219
Superposition theorem, 65, 71, 100, 109, 110, 115–117, 127, 129, 130

T
Thevenin equivalent circuit, 32, 73, 120, 133, 212
Thevenin impedance, 160

calculation, 37, 175
circuit, 43
components, 38, 41
impedance, 192
independent voltage source, 176
input impedance, 195
load, 173, 176, 192
magnitude, 37, 211, 217
maximum average power, 204
mesh analysis, 224
resistor, 175
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resonance frequency, 224
RSC, 187
terminal, 196, 197, 221
test source, 221

Thevenin resistance, 174, 215, 223
Thevenin resistor, 166
Thevenin voltage, 120, 133
Time domain

capacitors, 178
circuit, 174
equivalent inductance, 188
output voltage, 39
phasor, 40
resistive, 174, 215

Transformers
circuits, 172
coils, 184
DVS, 191, 197
input impedance, 176, 177
LSC, 187
maximum average power, 152, 157
mutual inductance, 184
parameters, 171, 175, 177, 178

parameters value, 192, 209
polarities, 215, 223
primary voltage, 152, 181, 217, 219
resistance R, 196
RSC, 187, 197
secondary voltages, 217, 219
Thevenin resistance, 174
turns, 198, 204
updated parameters, 212
updated resistance, 198

U
Unity power factor, 165

V
Voltage division formula, 39, 52, 59, 66, 86, 116, 129
Voltage division relation, 117

W
Wheatstone bridge circuit, 48
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