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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

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. Inthe circuit of Figure 1.1, what must be the resistance of the purely resistive load to absorb the maximum average power [1]?

Difficulty level ® Easy O Normal O Hard
Calculation amount ® Small O Normal O Large
1) 50
2) 7Q
3)75Q
4) 4Q
3+j4 Q

(260532 V R,

Figure 1.1 The circuit of problem 1.1

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 O Normal O Hard

Calculation amount @ Small O Normal O Large
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Difficulty level
Calculation amount
1) % cos (2t+ 450) \%
2) 5cos (2t — 45 )OV
3) =5cos 2t —45)V
4) 32 cos (2 —45°) V

® Easy
® Small

O Hard

O Large

O Normal
O Normal

2 1 Problems: Sinusoidal Steady-State Analysis
1) 1R
2) 3Q
3) 9Q
4) 1+2v20
2V2 H R 1Q
A11IA A MW
1Q
G:D cos(t) V =—1F
1H
Figure 1.2 The circuit of problem 1.2
1.3. In the circuit of Figure 1.3, calculate the value of v,(7) if the sinusoidal steady-state response of v,(f) is equal to
2 cos (0.5 — 30) V.
Difficulty level ® Easy O Normal O Hard
Calculation amount ® Small O Normal O Large
1) 2v2cos (0.5t —15") V
2) 2v/2cos (0.5¢ + 150) 1%
3) 2cos (0.5¢+30) V
4) 2v/2cos (0.5t —30") V
1Q
MWW O
+
v =2F p(t)
)
Figure 1.3 The circuit of problem 1.3
1.4. In the circuit of Figure 1.4, calculate the sinusoidal steady-state response of v(¥).

10cos(2t) A §0.5 Q

Figure 1.4 The circuit of problem 1.4
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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 O Normal O Hard
Calculation amount @ Small O Normal O Large
D \/ze—jl?aS 74
2) Loy
3) —V2e Sy
4) V2e BV

cos(2t) A T-05F %1 H

Figure 1.5 The circuit of problem 1.5

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 O Normal O Hard
Calculation amount @ Small O Normal O Large
44 :2
D (5+j3) @

2 (G- a
3 (+d) @
b G- e

1 H
L1

a_
(D2cos) V. ==05F § 19 [
5

a

7y,

| S |

Figure 1.6 The circuit of problem 1.6

1.7. In the circuit of Figure 1.7, calculate the sinusoidal steady-state voltage of the inductor.
Difficulty level ® Easy O Normal O Hard
Calculation amount @ Small O Normal O Large
1) 2sin (21) A
2) 4sin (21) A
3) —2sin (2H A
4) —4sin (20 A
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20 0.5H
MW 411K
- (t)+
GDMOS(.’ZI) A §2 Q ==05F
Figure 1.7 The circuit of problem 1.7

1.8. In the circuit of Figure 1.8, calculate the internal impedance of the voltage source (Zg) that can absorb the maximum

average power in sinusoidal steady state.

Difficulty level ® Easy O Normal O Hard

Calculation amount ® Small O Normal O Large

1) 4Q

2) 52

3) 4 —j10) Q2

4) (5 +j10) Q2

4H
£11A
=1l 50
5
C{w)%os(kt) \%
2
Figure 1.8 The circuit of problem 1.8

1.9. Calculate the average power that the current of 2 cos (10f) — 3 cos (20¢) A delivers to a 4 Q resistor.

Difficulty level ® Easy O Normal O Hard
Calculation amount @ Small O Normal O Large
1) 26 W
2) 13 W
3) 65 W
4) 18 W

1.10. Determine the resonance frequency of the circuit shown in Figure 1.9.

Difficulty level ® Easy O Normal O Hard
Calculation amount @ Small O Normal O Large
1) 5000 rad/sec

2) 1000 rad/sec

3) 500 rad/sec

4) 100 rad/sec
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0.5 mH
o 411R
glg =1 mF
1Q
o N

Figure 1.9 The circuit of problem 1.10

1.11. In the circuit of Figure 1.10, calculate the voltage of the capacitor in sinusoidal steady state.

Difficulty level ® Easy O Normal O Hard
Calculation amount @ Small O Normal O Large
1) 45.8 cos (100r — 24.3) V

2) 36.3 cos (10007 — 18.4) V

3) 4.58 cos (100r — 24.3) V

4) 3.63 cos (1000 — 18.4) V

10 Q
10 mH

5

‘DlOcos(lOOl) A

MW
1

Figure 1.10 The circuit of problem 1.11

. In the circuit of Figure 1.11, v(f) = Acos(#) V. Calculate the sinusoidal steady-state response of i(%).

Difficulty level ® Easy O Normal O Hard
Calculation amount @ Small O Normal O Large
1) Acos(r) A

2) —Acos(t) A

3) 1Acos(r) A

4) L Acos(r) A

o
10
@v(t) —=1F %2 H
1H

Figure 1.11 The circuit of problem 1.12
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1.13.

1.14.

1.15.

In a certain frequency, the series connection of a 2 Q resistor and a capacitor with the capacitance of C has the same
impedance as the parallel connection of a 4 Q resistor and a capacitor with the capacitance of i F. Determine the
capacitance of the capacitor (C).

Difficulty level ® Easy O Normal O Hard

Calculation amount O Small @ Normal O Large

1) 5—10 F

2) 5 F

3) 15 F

4) % F

Which of the following statement is correct for the circuit of Figure 1.12 in sinusoidal steady state?

Difficulty level O Easy @ Normal O Hard

Calculation amount @ Small O Normal O 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.

Figure 1.12 The circuit of problem 1.14

The circuit of Figure 1.13 is in sinusoidal steady state. Calculate the current of the inductor (Ir ).

Difficulty level O Easy @ Normal O Hard
Calculation amount @ Small O Normal O Large
HDT—-j4A
2) T+j4)A
3)2-4A
4) 2+4)A

3Q

0A
5.0 §2 0
iQ

1t

1090 A @Dzoﬂv

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 I, if the average power of R is 1.5 W.

Difficulty level O Easy @ Normal O Hard

Calculation amount @ Small O Normal O Large
V2

5 A

2) 1A

OBV

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

1 ¢
]—j(lﬂ)A L;

=

L 20

1
C@)]OJV §Rl gL

——

[

Figure 1.14 The circuit of problem 1.16

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 O Easy @ Normal O Hard
Calculation amount @ Small O Normal O Large
1) L=184mH, C =64 nF
2) L=13.1 mH, C = 64 nF
3) L=159mH, C = 64 nF
4) L=159mH, C = 0.64 nF

25Q L ¢
A

@)vs(t) §25 Q

Figure 1.15 The circuit of problem 1.17

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 O Easy @ Normal O Hard
Calculation amount @ Small O Normal O Large

1+LCw?
1)) 1—LCa? v

2y MCO g5y

1-LCw?

1-LCw”
3) 1+LCw? 4

4) L rgp0 y

1+LCw?
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(f':-—)cus{l) V +—o0+ v(t) —o—

Figure 1.16 The circuit of problem 1.18

1.19. Consider the parallel and series RLC circuits shown in Figure 1.17. The —3 dB bandwidth of the parallel RLC circuit is

1.20.

about 1 Hz. Determine C’ so that both circuits have the same quality factor.

Difficulty level O Easy @ Normal O Hard
Calculation amount @ Small O Normal O Large
1)2F
2) 05 F
3)4F
4) 025 F
R 1 H ;
o o—MWMN— T —]|
§R 32 H =—05F
O o,
(1) ¥))

Figure 1.17 The circuit of problem 1.19

In the circuit of Figure 1.18, calculate v3(¢) in sinusoidal steady state.
Difficulty level O Easy @ Normal O Hard

Calculation amount @ Small O Normal O Large

1) —4 sin 41V

2) sin(4n)V

3) —2sin (4)V

4) 2 sin 40V

R,=1Q
AW

O

+ &
Di(t)=105in(4t)A v, (H)2R;=1Q v3(r)§R3=lQ ‘#’>2v1(t)

MW

Figure 1.18 The circuit of problem 1.20
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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”*° kVA and 100e 7*° kVA, respectively. Calculate
the rms value of the current.

Difficulty level O Easy @ Normal O Hard
Calculation amount @ Small O Normal O Large
1)0A
2) 2001/3 A
3) 500v/3 A
4) 1000v/3 A
el
ao
+
\' A B
bo

Figure 1.19 The circuit of problem 1.21

1.22. Determine the resonance frequency of the circuit illustrated in Figure 1.20.
Difficulty level O Easy @ Normal O Hard
Calculation amount @ Small O Normal O Large

D Ve ()

2) /1=

3) /& (&)
L L

4) LCI—RZ

A

)i () §R1 =5,

Figure 1.20 The circuit of problem 1.22

1.23. In the circuit of Figure 1.21, calculate the impedance of Z, so that it can absorb the maximum average power.

Difficulty level O Easy @ Normal O Hard
Calculation amount @ Small O Normal O Large
1) j2Q
2)10

3) (1 +/0.5) 2
4) (1 —j0.5) @



10 1 Problems: Sinusoidal Steady-State Analysis
1
=H
10 2 Zy
—VWW—TTT 1
—_]
1
=F
10 4
1l
({D 2cos(t) V
"
__4F
Figure 1.21 The circuit of problem 1.23
1.24. In the circuit of Figure 1.22, calculate the phasor of the output voltage.
Difficulty level O Easy @ Normal O Hard
Calculation amount @ Small O Normal O Large
1) ey
2) Ly
3) LeiSy
4) LSy
1 H \F 20
1 —W
+
Deos)V 220 JOEE
Figure 1.22 The circuit of problem 1.24
1.25. In the circuit of Figure 1.23, calculate the sinusoidal steady-state response of the voltage of the capacitor.

Difficulty level O Easy @ Normal O Hard
Calculation amount @ Small O Normal O Large

1) 63.2 cos (100f — 18.4) V
2) 63.2 cos (100t + 71.6) V
3) 70.7 cos (100r — 71.6") V
4) 70.7 cos (100¢ + 18.4) V

100 ©Q 100 Q
MW

MWV

+

G_-Dlomos(mol) v vc(t)==0.1 mF

Figure 1.23 The circuit of problem 1.25
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1.26.

1.27.

1.28.

In the circuit of Figure 1.24, the resistor (R) is consuming the average power of 1000 W and the impedance (Z;,) 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 O Easy @ Normal O Hard

Calculation amount @ Small O Normal O Large

D (1.79.426.5°) A

2) (3.58,453°) A

3) (3.58.£26.5°) A

4) (3.58 /53°) A

O
-

Vs = 1000 V
f=50Hz

]z §R

o,

Figure 1.24 The circuit of problem 1.26

In the circuit of Figure 1.25, calculate the impedance of the load (Zy,) so that it can absorb the maximum average power
in sinusoidal steady state.

Difficulty level O Easy @ Normal O Hard

Calculation amount @ Small O Normal O Large

1) (0.3 —;0.9) 2

2) (0.3 +0.9) 2

3) (0.9 —;0.3) L

4) (0.9 +0.3) 2

1, s@ 00 1 Q

o
—

©w. :

Figure 1.25 The circuit of problem 1.27

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 O Easy @ Normal O Hard
Calculation amount @ Small O Normal O Large
1) % w
2)F W
3) 43—9 w

4HLw
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2v(t)
20 30
CD—M A

.
cos(t) A §29 §1 a vo(})2a

Figure 1.26 The circuit of problem 1.28

1.29. In the circuit of Figure 1.27, determine the sinusoidal steady-state response of i(f).

1.30.

Difficulty level O Easy @ Normal O Hard
Calculation amount O Small @ Normal O Large
1) 4 cos (1) A

2) —8cos(r) A

3) —cos(H)A
4)0A
i(t
e
cos(t) A =2Q 2H ==05F =—4F %0.25 H<10 2cos(t) A

Figure 1.27 The circuit of problem 1.29

The circuit shown in Figure 1.28 is in sinusoidal steady state. Determine the time-dependent equation of the output
voltage (v,(?)).

Difficulty level O Easy @ Normal O Hard

Calculation amount O Small @ Normal O Large

1) 1 —+2cos(t)V

2) 1+ V2cos (t+45)V

3) 2cos (t+45)V

4) V2cos (t —45 )V

I H i
i B
+
+
(A_Dcos(t)v v(t)§lQ G 1A v,(t)
o

Figure 1.28 The circuit of problem 1.30
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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:
ve(t) = 4(cos (31) =1 cos (31) +1cos (31)) V

Difficulty level O Easy @ Normal O Hard
Calculation amount O Small @ Normal O Large
1) 1.83 VvV
2) 212V
3) 259V
4) 372V
1Q
MW O
+
l?s(t) —— |l Ua(f)
O

Figure 1.29 The circuit of problem 1.31

1.32. The circuit of Figure 1.30 is in its sinusoidal steady state. What condition needs to be applied on g, to keep the relation

1.33.

of IV,| > IV, for all the frequencies?

Difficulty level O Easy @ Normal O Hard
Calculation amount O Small @ Normal O Large
1) It is impossible to keep the relation

2) Igl=1

3) Igl <0.5

4) Ignl > 0.5

({Dvi(t) <1r Imv;(t) vitém

Figure 1.30 The circuit of problem 1.32

In the circuit of Figure 1.31, determine the value of Zy, to absorb the maximum average power.

Difficulty level O Easy @ Normal O Hard
Calculation amount O Small @ Normal O Large
DA+2)Q2
2) (1 —j2)
3) (1 —j4) 2

4) 1+j4) 02
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@1av @ H 7

Figure 1.31 The circuit of problem 1.33

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.

1.35.

Difficulty level O Easy @ Normal O Hard
Calculation amount O Small @ Normal O Large
1) V2cos (3t +45)A
2) V2cos (3t —45')A
3) 75 cos (31 +45)A
4) %5 cos (3t — 45 )A

Oa
G} 2c0s(3t) V @Dsin(.?t)A {-'> Fic®
ob

Figure 1.32 The circuit of problem 1.34

In the circuit of Figure 1.33, calculate the sinusoidal steady-state response of the output voltage (v,(?)).
Difficulty level O Easy @ Normal O Hard

Calculation amount O Small @ Normal O Large

1) 3.16 cos (t + 18.437) + 0.33 cos (2t — 20.54) V

2) 3.16 cos (¢ + 161.57") + 0.66 cos (2t + 20.54) V

3) 3.16 cos (¢ + 161.75") + 0.33 cos (2t + 20.54) V

4) 3.16 cos (t + 18.43") + 0.66 cos (2t — 20.54) V

W
O
I 9
G, 10cos(t) A §1 Q §1 Q v,(t)
10 -
AW o

2cos(2t-30) A

Figure 1.33 The circuit of problem 1.35
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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 O Easy @ Normal O Hard
Calculation amount O Small @ Normal O Large
(A —-j3)a

2) (0.9 — j0.3) 2
3) (0.9 +j0.3) Q
4) (0.27 — j2.86)

250  20H 10
AA— TN A
<+>100cos(t) v <+> - gz H H
= ~ S5, (t) 3 ZL
i (t)

Figure 1.34 The circuit of problem 1.36

1.37. In the circuit of Figure 1.35, determine the impedance of the load (Zy,) so that the load can absorb the maximum average

1.38.

power. In addition, how much is this maximum average power?
Difficulty level O Easy @ Normal O Hard
Calculation amount O Small @ Normal O Large

1) Zy, = (26.66 + j20) 2, P,,,, =083 W

2) Zy, = (2233 + 18.33) 2, P,y = 0.73 W

3) Zy, = (26.66 — j20) 2, P,,,, = 0.83 W

4) Zy, = (26.66 — j18.33) 2, P,,,, = 0.73 W

15+j20 Q
'S
@)mﬁlv [ -j20 Q HZL
O—

Figure 1.35 The circuit of problem 1.37

In the circuit of Figure 1.36, calculate the sinusoidal steady-state response of i(%).
Difficulty level O Easy @ Normal O Hard

Calculation amount O Small @ Normal O Large

1) 4.5 sin (10007 + 30) A

2) 1.5 cos (10007 + 39°) A

3) 4.5 sin (10007 + 397) A

4) 1.5 sin (10007 + 45) A
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30

i(t) 500 uF
AW —= I

@; 30cos(1000t) V §1.5 Q 34 mH <~_L>2i(t)

Figure 1.36 The circuit of problem 1.38

1.39. Calculate the phasor of the current i(7) in the circuit of Figure 1.37. Herein “ /°  ” is the symbol of phase angle.

1.40.

Difficulty level O Easy @ Normal O Hard
Calculation amount O Small @ Normal O Large
1) (447./36.9°) A

2) (4.47/4143.1°) A

3) (0.44./36.9°) A

4) (0.44/143.1°) A

2
A115
Q

H1LE

"(t)l L AMA—]
10cos(21) A §3Q <T:>51(c) gm 34}1

l

Figure 1.37 The circuit of problem 1.39

In the circuit of Figure 1.38, calculate the sinusoidal steady-state response of the output voltage (v,(?)).
Difficulty level O Easy @ Normal O Hard
Calculation amount O Small @ Normal O Large

1) V10sin (4t+ (mn*l(3))°) %

2) @ sin (42‘— (tan_l(%))o> \%
3) V10 in (4z+ (mn—l(3))°) 1%
4) @ sin (4t - (mn’l(3))o) v
lp
20 8
MV I

+

("955in(4t) \% %0.5 H vo(t)§l Q

Figure 1.38 The circuit of problem 1.40
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1.41. In the circuit of Figure 1.39, C; =2 mF, C; =2 mF, and L =2 H. Calculate the phasor of v,(7).

Difficulty level O Easy @ Normal O Hard
Calculation amount O Small @ Normal O Large
1) (150 — j200) V

2) (150 + ;200) V

3) (=200 + j150) V

4) (200 — j150) V

0.4, ()
50 O
'\/\/\/\'—@
+ 0 (8)-
Qchos(lom) A ==¢, ==, %L

)

Figure 1.39 The circuit of problem 1.41

1.42. In the circuit of Figure 1.40, calculate the sinusoidal steady-state current indicated by i(%).

1.43.

Difficulty level O Easy @ Normal O Hard
Calculation amount O Small @ Normal O Large
1) V2cos (10t +45) A
2) V2cos (107 + 135)
3) V2cos (10r —45") A
4) V2cos (106 —135) A

5H
AT
10 02 H
2 IrrlnF
10Q l
§1 Q @.)zk:os(zot) \%
cos(10t) V ii(t)

Figure 1.40 The circuit of problem 1.42

In the circuit of Figure 1.41, determine the sinusoidal steady-state response of i(f).
Difficulty level O Easy @ Normal O Hard

Calculation amount O Small @ Normal O Large

1) 5v/2sin (1000z +45) A

2) 5V/2sin (1000 — 457) A

3) 10v/2sin (1000 — 457) A

4) 10v/25sin (1000¢ +45°) A
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2i(t)
6Q 1 mF
AV @ |

@Dsosin(loom) v §3 Q %l mH gl Q

Figure 1.41 The circuit of problem 1.43

1.44. Calculate the sinusoidal steady-state response of the output voltage in the circuit of Figure 1.42.

1.45.

Difficulty level O Easy @ Normal O Hard
Calculation amount O Small @ Normal O Large
1) 2v2cos (t —%) V

2) 2V2sin (t %) V
3) 2V2sin (1 +3%) Vv
4) 24/2 cos (t + %”) \%

O

lic(t) "
2cos(t) A §IQ =y 2ic(t) ng V()
o

Figure 1.42 The circuit of problem 1.44

Determine the resonance frequency of the circuit of Figure 1.43 seen from the terminal.
Difficulty level O Easy @ Normal O Hard

Calculation amount O Small @ Normal O Large

1) @ radlsec

2) % radlsec

3) 1 radlsec

4) The circuit does not have any resonance frequency

O

40

4H

== F 1Q

@,

Figure 1.43 The circuit of problem 1.45



1 Problems: Sinusoidal Steady-State Analysis

1.46. In the circuit of Figure 1.44, determine the sinusoidal steady-state response of v(f).
® Normal
® Normal

1.47.

1.48.

Difficulty level
Calculation amount
1) V2cos (21) V
2) V/2sin (2t) V

3) V2cos (2t +2) V

4) V2sin (2t +%) V

O Easy
O Small

O Hard
O Large

G@Zcos(Zt) A gl H

Figure 1.44 The circuit of problem 1.46

In the circuit of Figure 1.45, V; = (10 + j2) V and V, = (12 + j12) V. Calculate the voltage of the left-side voltage

source, that is, V.
Difficulty level
Calculation amount
1) (67 +j59)V
2) 29+j59)V
3) (67+j5T)V
4) 24 +j549V

O Easy @ Normal O Hard
O Small @ Normal O Large
20 20 vy, H“Q v, #Q 49
@)Vsl —-2Q glg ——-j4Q éﬁﬂ @
2
1

Figure 1.45 The circuit of problem 1.47

Calculate the average power of the resistor in the circuit of Figure 1.46.

Difficulty level
Calculation amount
1) 0.65W

2) 11w
3)26W

4) 4.8 W

O Easy
O Small

® Normal
® Normal

O Hard
O Large

Vs,



20

1

Problems: Sinusoidal Steady-State Analysis

1 H

l

T)cos(m) \%

Q)

§lﬂ

Figure 1.46 The circuit of problem 1.48

C‘Dsin(zt) Y

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.

1.50.

Difficulty level O Easy @ Normal O Hard
Calculation amount O Small @ Normal O Large
1) C=2F
2)C=05F
3)C=1F
4) No C can be found.
ao
1Q §1 Q
1 H =C
bo

Figure 1.47 The circuit of problem 1.49

Calculate the phasor of the output voltage (vo(¢)) in the circuit of Figure 1.48.

Difficulty level
Calculation amount
1) (50 +j20)

2) (54 — j48) Q

3) (20 +j50) £2

4) (54 + j48) 2

O Easy @ Normal O Hard
O Small @ Normal O Large
0.1F a 1H
Il MWN—TTTY
-V (t)+

+

@DBOcos(zt) Vo 15,0350

MWW

¢

<l>2vx(r)

Figure 1.48 The circuit of problem 1.50
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1.51. In the circuit of Figure 1.49, calculate the voltage of v,(¢) in sinusoidal steady state.

Difficulty level O Easy @ Normal O Hard
Calculation amount O §mall ® Normal O Large

1) 125 cos (100:
2) 250 cos

100t —

(
100z — (tan -1

—(

(tan—

(
3) 125 cos (1
(

4) 250 cos

10cos(100t) V. ==

Figure 1.49 The circuit of problem 1.51

1.52. In the circuit of Figure 1.50, calculate the average power of the independent voltage source in sinusoidal steady state.

1.53.

Difficulty level O Easy @ Normal O Hard
Calculation amount O Small @ Normal O Large
1) 1250 w
2) 2500 W
3) —1250 W
4) —=2500 W

1Q 1Q

AMNN—O—AN

+
(»-'-_DIOOSin(t) Vo0 Aovi(t) ==1F

Figure 1.50 The circuit of problem 1.52

In the circuit of Figure 1.51, determine the value of « in sinusoidal steady state so that vy(f) = sin (¢) V.

Difficulty level O Easy @ Normal O Hard
Calculation amount O Small @ Normal O Large
1) a=0.5

2)a= —05

Na= —1

4 a=1
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=
+>:-
~ —
=
o

+0

=1F

Dsin(t) A g 1 H v,(t)
L) S1e

G

Figure 1.51 The circuit of problem 1.53

1.54. In the circuit of Figure 1.52 calculate the sinusoidal steady-state response of the output voltage, that is, v,(?).
Difficulty level O Easy @ Normal O Hard
Calculation amount O Small @ Normal O Large
1) 3sin(®) V
2) 3v/2cos (1) V
3) 3V2sin (1 —%) V
4) 3cos (t+%) V

4H 0.25F
n—i| o
¥
1Q 1Q
3cos(t+g) A =2F %0.5 H v,(t)
IiH ——1F
o

Figure 1.52 The circuit of problem 1.54

1.55. In the circuit of Figure 1.53, calculate the sinusoidal steady-state value of v(z).
Difficulty level O Easy @ Normal O Hard
Calculation amount O Small @ Normal O Large
1) Scos (10t +45) V
2) 5 cos (101 +90) V
3) 10 cos (10 +45) V
4) 10 cos (10t +90°) V

. 1om 10i(¢)
S
N 50

@Dzocosuot) Vo) §10 Q
- 05H

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 O Easy @ Normal O Hard
Calculation amount O Small @ Normal O Large
1R
2)2Q
3)3Q
4) 02
2Q
AN
R
({Dcos@t) \Y %l H ==05F
0.5H

Figure 1.54 The circuit of problem 1.56

1.57. In the circuit of Figure 1.55, calculate the sinusoidal steady-state response of i(?).
Difficulty level O Easy @ Normal O Hard
Calculation amount O Small @ Normal O Large
1) 5sin 27+ 53) A
2) S5sin(2H A
3) 5cos(2nH A
4) cos(2t) A

1Q 4 H
AW AR 1
=F
i(t) 4
— ||
1 ||
2 F cos(2t) A

@ 2cos(2t) A él Q

ng

Figure 1.55 The circuit of problem 1.57

1.58. In the circuit of Figure 1.56, determine the complex power supplied by the current source.
Difficulty level O Easy @ Normal O Hard
Calculation amount O Small @ Normal O Large
D (1473 va
2) (4-j3) VA
3) (;-J3) VA
4) (3+j3) vA
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1H sin(t) A

§1 Q ==05F

Figure 1.56 The circuit of problem 1.58

NIV

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 O Easy @ Normal O Hard
Calculation amount O Small O Normal @ Large
10
1) N Vv
2) 10V
100
3) 2 1%
4) 100 V
1 mH
A11R
§ 10Q +
10cos(10000t+5) A ==10uF v, (0)| [ZL
C{Dzoocos(loooot) v =

Figure 1.57 The circuit of problem 1.59

1.60. For the circuit of Figure 1.58, which of the statements below is correct in sinusoidal steady state?

Difficulty level O Easy @ Normal O Hard

Calculation amount O Small O 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 (|I|).

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 (|I|) 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 (|I|) 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 (|I|) to be 2.12 times as big.

10 H 1 H
— T 411A

iz‘(t)

Ou(t)  ==OIF §6 o

(v
I

Figure 1.58 The circuit of problem 1.60
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1.61. Determine the resonance frequency of the circuit illustrated in Figure 1.59.
Difficulty level O Easy @ Normal O Hard
Calculation amount O Small O Normal @ Large

D (/oL
2) Vi=

3) /i
4y \fz

§R

<1r ai(t)

1.62. Which of the relations below must be held to calculate an equal resonance frequency in the circuits of Figure 1.60?
® Normal O Hard

Figure 1.59 The circuit of problem 1.61

Difficulty level O Easy

Calculation amount O Small O Normal @ Large
_L

DR=¢
_C

2) R=7%

3)R:\/%
4)R:\/§

R L
o AN o A11%
== gL —C
O O
(1) (2)

Figure 1.60 The circuit of problem 1.62

1.63. In the circuit of Figure 1.61, calculate the sinusoidal steady-state response of i,(f).

Difficulty level O Easy

® Normal O Hard

Calculation amount O Small O Normal @ Large

1) —2cos (f — 60°) + 0.2 sin (107) A
2) 2 cos (t — 60) + 0.2 sin (107) A
3) sin(10f) — 2 cos (r — 60°) A

4) — sin (107) + 0.2 cos (r — 60°) A
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0.5 F
0.02H inx(t)
AR
gz H >S50, (¢)
(L)2cos(t+30) V ()sin100 v
==0.5F 50

Figure 1.61 The circuit of problem 1.63

1.64. In the circuit of Figure 1.62 determine the impedance of the load (Zy) that can absorb the maximum average power in
sinusoidal steady state.
Difficulty level O Easy @ Normal O Hard
Calculation amount O Small O Normal @ Large

1) 2 +j0.5) Q

2) (-1+))Q
3) (2 —j0.5) @
4) (1+))Q
20cos(t) V Lr
COS 3 IH IQ
fin) |
&, | TI—MWA
+ v(t) -
v(t) ng ém
H /1 A )10sin(t) A , 0
-y
==2F §4H
——2F
10 1 H
ANA—TTIN
—wWW @

Figure 1.62 The circuit of problem 1.64

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 O Easy @ Normal O Hard
Calculation amount O Small O Normal @ Large
1) 164 W

2) 82 W

3) 14 W

4)TwW
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1Q
MWW

@)zcos(t) \Y%

§1 Q =I1F 2cos(t) A
~_-«>4cos(2t) Y

(D)

Figure 1.63 The circuit of problem 1.65

1.66. In the circuit of Figure 1.64, calculate sinusoidal steady-state value of v(¢).

1.67.

Difficulty level O Easy @ Normal O Hard
Calculuti()n amount O Small O Normal @ Large
1) 48 sin (41) + 3 cos (21) V
2) 18 io cos (4t) + 3 sin (2t) V

3) 1 16 cos (41) + 2 sin (21) V

4) 2 sin (4t) +3 cos (21) V

®
A

)sin(2t) \% v(t)% I'H é)zcos(m) \%

Figure 1.64 The circuit of problem 1.66

In the circuit of Figure 1.65, the impedance of the load is inductive, has the magnitude of 26 Q, 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 O Easy O Normal @ Hard

Calculation amount @ Small O Normal O Large

1) 15.6 2

2) 20.8 2

3) 26 Q2

4) The information of the problem is not enough to solve it.

080Q 2Q
AN 11D

O |n

Figure 1.65 The circuit of problem 1.67
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1.68. The circuit of Figure 1.66 is in sinusoidal steady state. For what value of ¢, sinusoidal steady-state response of the
output current is in the form of i,(f) = I,,, cos (f) A? Moreover, calculate the value of I,,.
Difficulty level O Easy O Normal @ Hard
Calculation amount @ Small O Normal O Large
1) ¢p=—%radl,=V2A

2) p=—7% rad,Im:%A

3) (p:%md,lm:%A

4) ¢ =1=rad,l, =V2A

b0, 19

(_) sin(t+®) V % 2H =

!

I
ro |
"

Figure 1.66 The circuit of problem 1.68

1.69. In the circuit of Figure 1.67, determine the phase angle of Z, if |Z,l = 100 2, |Z| = 50 2, and @ = 100 rad/sec. The
network includes linear time-invariant (LTI) components and power sources.

Difficulty level O Easy O Normal @ Hard
Calculation amount O Small @ Normal O Large
1) 36
2) 47
3) 61
4) 85

100 uF

— ——

N N
P P
Z

Z,

Figure 1.67 The circuit of problem 1.69

1.70. The circuit shown in Figure 1.68 is in sinusoidal steady state. Calculate the root mean square (rms) value of v().
Difficulty level O Easy O Normal @ Hard
Calculation amount O Small @ Normal O Large
HBy
)Ly
3) 58y

4) \/%V
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1Q

V5cos(2t) V

——8

cos(t) A

1H

@

+

v(t)<1Q

Figure 1.68 The circuit of problem 1.70

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

1.72.

at & . d* . d .
wl(t) + 10ﬁl(l) +40W1(t) + 6OEI

(£) + 784i() = 10 L, (1) + 40w, (1)

dt

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 O Easy O Normal @ Hard
Calculation amount O Small @ Normal O Large
1) The circuit is equivalent to a single i H inductor

2) The circuit is equivalent to a single ﬁ 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

i(t)

vs(t)

LTI
Network

Figure 1.69 The circuit of problem 1.71

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 O Easy O Normal @ Hard
Calculation amount O Small @ Normal O Large
1) oC =0.01, oL =50

2) wC = 0.01, oL = 200

3) wC =100, oL =2

4) oC =100, oL = 0.5

50Q g L

!

(_) cos(wt) V

e

=

§IOOQ

b

Figure 1.70 The circuit of problem 1.72
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1.73. Calculate sinusoidal steady-state response of v(¢) in the circuit of Figure 1.71.
Difficulty level O Easy O Normal @ Hard
Calculation amount O Small @ Normal O Large
1) %ﬁ cos (t) +4cos(21) V

2) %ﬁ cos (1) +4cos (2t +30°) V

3) %ﬁ cos (t— 18.43 ) +4cos (2

4) %ﬁ cos (t 18.43 ) + 4 cos (2t+30 )

1H 20
A11R AN
+
G-_’-»)Scos(t) V =— éll—F v(t) §2 Q 2cos(2t+30) A

Figure 1.71 The circuit of problem 1.73

1.74. In the circuit of Figure 1.72.1, determine the value of R, L, and C so that the frequency response (H(jo) = ‘I,%“(; ) of

Figure 1.72.2 is achieved.

Difficulty level O Easy O Normal @ Hard
Calculation amount O Small @ Normal O Large
1) R=50,L=0.1 mH, C =10 mF

2) R=50,L=10mH, C = 0.1 mF

3) R=0.02,L=10mH, C = 0.1 mF

4) R=0.02,L=0.1 mH, C=10mF

W, R L C -
MAN—TTN—| 50| -
50
(v V2
» w (rad/sec)
900 1100
(D (2)

Figure 1.72 The circuit of problem 1.74

1.75. Calculate the sinusoidal steady-state response of the output voltage (v,(¢)) in the circuit of Figure 1.73.
Difficulty level O Easy O Normal @ Hard
Calculation amount O Small @ Normal O Large
1) 24 v2cos (t4+45) V
2) 2cos(t—45)V
3) 2+ V2cos (r—45)V
4)2cos(t+45)V
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& P
&
(A_.Dcos(l) v?t):.—..l F (* 1A v,(t)
O

Figure 1.73 The circuit of problem 1.75

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 O Easy O Normal @ Hard
Calculation amount O Small @ Normal O Large
1) \/%, lagging

2) \/%, leading

3) \/%, leading

4) \/%, lagging

Figure 1.74 The circuit of problem 1.76

1.77. In the circuit of Figure 1.75, the maximum average power that can be transferred to the network is % W. Determine the
value of R and A.
Difficulty level O Easy O Normal @ Hard
Calculation amount O Small @ Normal O Large
DR=1Q2,A=05V
2Q)R=102,A=1V
3) R=3Q2,A=1V
4) R=3Q2,A=05V
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G_.., Acos(t) V 05F

Figure 1.75 The circuit of problem 1.77

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 O Easy O Normal @ Hard
Calculation amount O Small @ Normal O Large
DVin=jV,Zmn=128
D) Vih= —jV.Zy, =11
) Vim= —jVilpn=(1-))Q
4) Vo = (V24+jV2) V.Zm = (1 —))

I
él Q Pz
=—-jQ Vi §RL
(O v
-

Figure 1.76 The circuit of problem 1.78

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 O Easy O Normal @ Hard
Calculation amount O Small @ Normal O Large
1) 125 W
2) 250 W
3) 325 W

4) 500 W
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G

DZ\/fcos(mt) A §250 Q

3

H

5Q

—4 mF

Figure 1.77 The circuit of problem 1.79

1.80. In the circuit of Figure 1.78, determine the ratio of the average power of the 1 Q resistor to the average power of the

1.81.

voltage source in sinusoidal steady state.

Difficulty level O Easy O Normal @ Hard
Calculation amount O Small @ Normal O Large

1
I

2
2) 5

3
3) 3
4) 1

I, i 20
A115 1l MW\

(@2005(20 A%

Si0
8

=

Figure 1.78 The circuit of problem 1.80

In the circuit of Figure 1.79, what percentage of total average power generated by the voltage source is consumed in the
two 1 Q resistors in sinusoidal steady state if the resistor of R is absorbing the maximum power?

Difficulty level O Easy O Normal @ Hard
Calculation amount O Small @ Normal O Large
1) 25%
2) 20%
3) 50%

4) 75%
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R 2vV2 H 1Q

AMAMN——TT]H

MWW

_)cos(t) A%

@

1Q

:
ng

Figure 1.79 The circuit of problem 1.81

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

1.83.

voltage source in this condition.

Difficulty level O Easy O Normal e Hard
Calculation amount O Small @ Normal O Large
1) 2H,20A
2)2H,40A
3) 1H,40A
4)1H,20A

i(t) 0.5F

— l

|

()

L) vs(t) =40sin(2t) V

Figure 1.80 The circuit of problem 1.82

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 O Easy O Normal @ Hard
Calculation amount O Small O Normal @ Large
1) —4 VAr

2) —42 VAr

3) 8 VAr

4) 42 VAr
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Figure 1.81 The circuit of problem 1.83

1.84. Calculate the average power of the dependent voltage source in the circuit of Figure 1.82.
Difficulty level O Easy O Normal @ Hard
Calculation amount O Small O Normal @ Large
1) 3 W generation
2) 6 W generation
3) 3 W consumption
4) 6 W consumption

1Q 1Q

vJ(rt) § 10 sin(t) A % 1 H

Figure 1.82 The circuit of problem 1.84

1.85. The circuit illustrated in Figure 1.83 is in sinusoidal steady state. Which of the following statements is incorrect if
Z;=(03+,0.1)Q2,Z, = (04 —j0.2) 22, and Z3 = (0.2 + j0.4) £2?

Difficulty level O Easy O Normal @ Hard
Calculation amount O Small O Normal @ Large
1) IS, = 1S3l

2) P, =2P;

3) 0= —20

4) O3 = 40,
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72

1,0V Z1 73

Figure 1.83 The circuit of problem 1.85

1.86. The circuit of Figure 1.84 is in sinusoidal steady state with the angular frequency of @ = 1 rad/sec. The maximum
average power consumed by R is about 21/5 W. Calculate the total average power consumed in the circuit.
Difficulty level O Easy O Normal @ Hard
Calculation amount O Small O Normal @ Large

H2(WV5+1) W

2) 2V5 W
3) (V5+1) W
4H V5w
R 1Q 2H
AAA'AY M A11R
o =1 F <~j->i1(t)
lil(t)
Figure 1.84 The circuit of problem 1.86
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Solutions of Problems: Sinusoidal Steady-State 2
Analysis

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:

R = |Zy| (1)

To calculate the Thevenin impedance (Zyy,), 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:

Solving (1) and (2):
R, =50
Choice (1) is the answer.
— 1o
(260532 v R, ‘_‘
= ZTh
(1) (2)

Figure 2.1 The circuit of solution of problem 2.1

2.2. As we know, to transfer maximum average power to a purely resistive component (R), the relation below must be held:
R = |Zmn| (1)

where |Zy! is magnitude of the Thevenin impedance seen by the component.
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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
w = 1 rad/sec) can be calculated as follows:

Zysu=JjoL=jx1x2V2=2V2Q (1)
Zio=1Q (2)
Z]HZJCL)LZJXIXIZJ.Q (3)

1 1 .
Lir=r e ixix1 . 9 “

Thus:
) . N (I+)x1—j . 2 .

Zm =j2V2+ (1 l—j)=2V2++— 2 2 pVoa+s=(1+2V2) Q 5
m =2V 4 (LI =) =2V2 4 oy =i2va+ g = (142V2) (5)

By solving (1) and (5), we have:
R:h+ﬂ¢ﬂ:39

Choice (2) is the answer.

2V2 H R 1Q
1A AN ANV
1Q
(=)eos(t) V Lr
1 H
(D
ZTII
jZ\EQ ‘ 1.0
MN—-—o0 o A
1Q
::—jQ
iQ
2

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(0.5¢), thatis, 1 0° is
defined as the reference phasor, where “ ~  ”is the symbol of phase angle. Therefore, the phasor of the output voltage

is 2/~30° V. The impedances of the components can be calculated as follows:
Zig=1Q

1 1

Z”:jw_c:jxosz:

Applying voltage division formula:

_j;J_ 7xVi= (2.430°) = (‘% £45° ) V;

Vo=— T xVi= (2.40°)=

-+ 1

=V;= —g&) =22 /15°7
(5 /45°)

The output voltage in time domain is:

vi(1) =2v2cos (051415 )
Choice (2) is the answer.
1 2 1 Q

AAA, O AA'A" o]

- +

("‘:) v;(t) =2F y,(t) (’S)Vi ==-j0 v,

0 0

(1) (2)

Figure 2.3 The circuit of solution of problem 2.3

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

Zys50=050

! L _ osi0

ZlF:ja)_C:jXZXI_

(1)

(1)

(2)

The phasor of cos(2f), that is, 1 °0° is defined as the reference phasor, where “ ” is the symbol of phase angle.

Therefore, the phasor of the current of the current source is 100° 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:

0.5 x (-0.5] -0.57 2
Z =0.5//(-0.5)) = ( J_) = 1_{ T
0.5 + (-0.5)) i 4

V=1Z= (10 0°)(g —45°)=Lﬁ/—45°v

2

(3)
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Transferring to time domain:

~ / S
v(t) = w\?Z cos (2t —45 )V
Choice (4) is the answer.
0]
+
GD 10cos(2t) A §0‘5 Q@ ==IF ¢
O
(D
O
+
100 A §0.5 Q ==-j0.5 vy
O

()

Figure 2.4 The circuit of solution of problem 2.4

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 (1,70° ), where “ ~  ”is the symbol of phase angle. The impedances of the components are as

follows:

Zoern— L _ 1 _
0SF = 5wC~ jx2x05

Zig=18
Zin=jol=jx2x1=72Q

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

— ~
I=————x(1/0°)=—-A
-+ 1+;2 @ ) 1+j
Using Ohm’s law for the inductor:
V=Ix(j2)

Solving (4) and (5):

_j . 2 A~ —id45

= x (2j) = —— = (N2 /45° =2e7PV
< @) = o = (25t v =

Choice (4) is the answer.
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10
ANV
cos(2t) A T 05F %1 H
(D
10
NN ’
Nl
LA S0 vjjm
(2)

Figure 2.5 The circuit of solution of problem 2.5
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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 Zyy," is the complex conjugate of the Thevenin impedance seen by the load:

Zy, =Zm"

(1)

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:

Zin=jol=jx1x1=jQ

1 1

Zosv =50 T TxIx05 2%

Zig=1Q

Therefore:

. 12 42
Zn =L 2D = =5 5= (5+5) @

Solving (1) and (5):

() -
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1 H 8
A11R O—
C@Zcos(t) Vv =0.5F § 1Q |:| 7,
O—
b
(D
jQ &
4115 O

o0

)

Figure 2.6 The circuit of solution of problem 2.6

=0 gm “|

Zin

2.7. Figure 2.7.2 shows the primary circuit in frequency domain. The phasor of cos(2f), that is, 1,70° is defined as the
reference phasor, where “ ~ ”is the symbol of phase angle. Therefore, the phasor of the current of the current source
is4_,0° A or4 A. The impedances of the components are presented in the following.

7,6=20Q
ZOSH:JO()L:]X2X05:].Q

1 1

Zos¥ =5uc = jx2x05 "~ I

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

Applying the current division formula:

Applying Ohm’s law:
V=12 =-2xj=—2V=2,/90°V
Transferring back to time domain:

=2cos (2t =90 )V =
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20 0.5H
A1

-y () +

)

D4c05{21) A §2 Q ==05F

(1)
I, 20 iQ
— ANM— TN

GD‘*-‘- 0 A §2 Q =-j Q

(2)

Figure 2.7 The circuit of solution of problem 2.7

2.8. The primary circuit is illustrated in frequency domain in Figure 2.8.2. The impedances of the components (for @ =
% rad/sec ) are presented in the following:

Z4H:ja)L:j><%><4.Q:j2!2 (1)
Zamp=——=—1 — _jl00 2)
4mF_jCUC_jX%X% ]

Zso=50 (3)

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

Zs =71 4)

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

. , o, (H10) % (5) _ . ,
Zin =21, = j2 —J10|5)=R24++——F—SX=2+4—-2=480 5
Solving (4) and (5):
7, =4" =40

Choice (1) is the answer.
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4H
2115
I
e
T F §5 Q
1
2cos(§t) V
(D
12 Q
IR

r ——il0Q ;§5 Q

()

Figure 2.8 The circuit of solution of problem 2.8

2.9. The average power of a resistor can be calculated by using the following relation, where Il and II,.,,4| are the peak value
and root mean square (rms) value of the amplitude of the current of the resistor, respectively.

1
Pr = ER|1|2 = R|Lms|* (1)

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

i () () 20

Solving (1) and (2):
— 2
P/\J:4X (%) =26W

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:

Zosmu = joL = jo x 0.5 x 107 Q (1)

Zig=18 (2)
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1 1 10°
1 mF joC ij10,3 ]a) (3)
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{Zin} =0 (4)
From the circuit of Figure 2.9.2, we can write:
10° e
Zin = jo x 0.5 x 107 + 1|<—j—> +1=jox05x107° +—2_ 4]
10° 5 103
=Zn=(1+————) +jw[05x107° - ——— 5
o ( w2+106) J ( o (5)

3 3.2 _ 3
Im{Zi,} = w<0.5 <103 10 ) _ w<0'5 x107w* — 0.5 x 10 )

w? + 10° w? + 10°
Solving (4) and (6):
05x 103> —05%x10° =0 = &® = 10° = w, — 10" rad/ sec

Choice (2) is the answer.

0.5 mH j0x0.5x1073 Q
o 411A 0 4115
T 1 wF ;100 g
§IQ = I ml ’—- §1Q =18
1Q Z 1Q
O AL in o AN

() (2)

Figure 2.9 The circuit of solution of problem 2.10

2.11. Figure 2.10.2 shows the main circuit in frequency domain. The phasor of cos(100¢), that is, 1,0° is defined as the
reference phasor, where “ ~ ”is the symbol of phase angle. Therefore, the phasor of the current of the current source
is 10,0° A or 10 A. The impedances of the components can be calculated as follows:

Zio =102 (1)

Ziomu =joL =jx 100 x 10 x 107° = Q (2)
1 1 .

Z] mF = = —]IOQ (3)

joC ™ jx100x 1 x 103

This problem can be solved by using Ohm’s law for the equivalent impedance of the circuit.
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The equivalent impedance of the circuit, seen by the current source, is:

1 1
Zeq = (10) || (10 +)) || (—10j) = 5 i =~ 101 G10) (104
10t 105 Ty LGRS
1 10 + 100j o
7 - - = (4.58 /24.3°)0
T LT T 19 1419 (458 224.3%)

J10 (10 +)
Using Ohm’s law:

V=1z, = (10/0° ) (4.58.£24.3%) = (4.58 £243°)V

The voltage of the capacitor in time domain is:

ve(r) = v(r) = 45.8 cos (1007 — 24.3 ) V
Choice (1) is the answer.
10 Q2
10cos(100t) A glo 0 =1 mF
10 mH
(1)
10Q
100 A gl{)g =10
Zeq
(2)

Figure 2.10 The circuit of solution of problem 2.11

2.12. Figure 2.11.2 shows the main circuit in frequency domain. The phasor of cos(), that is, 1,/0° is defined as the
reference phasor, where “ ~  ”is the symbol of phase angle. Therefore, the phasor of the voltage of the voltage source

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

1 1

ZlF:ja)—C:jxlxlz

_j_Q
Zig=180

Zig=joL=jx1x1=j80
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Znpg=joL=jx1x2=j20 4)

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:

1 1 1
Zovota = (=) +)II(2) = == — =120 (5)
° Ltrgts Jts(l-)-3 3
Using Ohm’s law for the indicated part of the circuit:
1= ﬂ A Ampere (6)
ZT
otal

By transferring to time domain, we have:

Choice (3) is the answer.

L
1Q
@)v(c) ——1F %2 H
1 H
(D
I .

@)A&V —-if B gﬂ Q

)

Figure 2.11 The circuit of solution of problem 2.12
2.13. The impedance of the series connection of a 2 Q resistor with a capacitor with the capacitance of C is:

1 .1
ZSeﬁes—2+R— (Z_JR)Q (1)

In addition, the impedance of the parallel connection of a 4 € resistor with a capacitor with the capacitance of % F is:
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() 20\ 4 x (-
Zparaliel _4l|<jw—%> _4”(_]_> _4+( —J

—1600 — 3200 1600 . 3200
160 +400  \160? +400 1602 + 400

%) =80
-

((}) 4o — j20 2

= ZParallel =

Based on the information given in the problem:

ZSeries = ZParallel <3)
Solving (1), (2), and (3):
1600 @
_ L 1600 . 3200 )77 T6w” +400

ToC ™~ 16w? + 400 7/ 16w? + 400 1 320w )

ToC ™ T 16w? 1 400 )

4) .,
— 32w” + 800 = 1600 = @ = 5 rad/ sec (6)
51 320 Using (6)

= o 2 5 _ )

800
~ 8000

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:

1 1 1

Ziv = =i " e (1)
Zig=joL=jox1=jo (2)
Zio=1Q (3)
Zio =102 (4)

First Method: By looking at Figure 2.12.2, we can quickly figure it out that V,;, 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
Zl X Z3 = Z2 X Z4 holds.

As can be noticed from Figure 2.12.2, we have:

jlwxja):lxlsxlzl (5)

which satisfies the condition. Therefore, V,p, = 0 and consequently IV, =0
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Second Method: We can directly calculate [V y,! in the circuit of Figure 2.12.2 as follows:

; 1+1
1+]w llfij . 2 1
I +jo+ 1+ 1 +jo+1+--

Jjo

Vib=Va—Vp=1x1I —joxIy=

1 +jo — (jo + 1
Vi = LHe = Uot Dy (6)
1+]a)+1+j;

= |Vap| =0 (7)

Choice (3) is the answer.

J’ll: 1Q

®
=
~
ot

| —

MW
o

)
0
o

1Q 1H
(1)
1,
I%lj%g} lb¢ 10
@ o0 s Ou -
1Q jo Q
(2)

Figure 2.12 The circuit of solution of problem 2.14
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 Q resistor in the circuit of Figure 2.13:

20—V
IL_3+j4 (1)
Applying KCL in the top node:
Vo2 V 1 1 20 5+534
34+j4  2—j4 34j4 2—j 34 j4 ﬁ"'ﬁ
L850 + 300
. 3+4 J
V=5 = 5520 )

22—ja
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Solving (1) and (2):

850+;300 —550+;100
L0 T 55044100
LT T34 3444 3544120
Choice (4) is the answer.
\Y%
30
5,0A §2 Q
[7¥e)
i}
—=-j4 Q
10,790 A @« 20,0V

Figure 2.13 The circuit of solution of problem 2.15

2.16. Based on the given information in the problem:

Pr, =15W (1)

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

1 | 1 AN\°O5 .
Ssource = EVsourceIsource = E (10) (E(l +J)) = E (1 _]) VA = Psource =25W (2)

The average power generated by the voltage source is consumed in the resistors, thus:
Pyource = Pr, + P2
Solving (1) and (2):
25W=15WH+Pro=Pro=1W (3)

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

Using (3
P:%R|I|2 :2 1 W:%XZX Lol = hel’=1= Lol =14

Choice (2) is the answer.
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1=la+a
2 L L, 20
£11% AMAN
w
=R
+
(D)oo ng
—
Figure 2.14 The circuit of solution of problem 2.16
2.17. Based on the information given in the problem, the resonance frequency and the —3 dB bandwidth are:
fo = 50000 Hz (1)
BW = 500 Hz (2)

In a series RLC circuit, the resonance frequency and the —3 dB bandwidth of the circuit can be calculated by using the

following relations:

1 1
wy = rad/ sec = f,=——+— Hz
0 =ze 9/ Jo = Jic
R R
BW =7 rad/ sec = 7L Hz
Solving (1) and (3):
50000 = 1
27v/LC
Solving (2) and (4):
R 25425 1 _
Solving (5) and (6):
50000 = ; = C =0.64 nkl
22/00159 x C

Choice (4) is the answer.

(3)
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250 L ¢
A

Figure 2.15 The circuit of solution of problem 2.17

@Dvs(t) §25 9)

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 (1,/0° ), where “ /~  is the symbol of phase angle. The impedances of the

components are as follows:

Using voltage division formula for the left-side capacitor:

1
joC o 1
Vl =1‘]—.ll X (l&) = —-————— V
joc ¢ 1-a?LC
Using voltage division formula for the right-side inductor:
oL —0?LC
V=L (10—
ol + 1 -w’LC +1
J joC
Therefore, the requested voltage is:
1 —w*LC

:VI—VZZ

1—w’LC —?LC+1

(1)
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L —C

cos(t) V. —o0+ v(t) —o——

®

== L
(D
; N
JwL Q ——ij-Q
@)lﬁv —O0+ V. —0—
+ ks
11 -
ViTFioc & V, SjwL Q
2

Figure 2.16 The circuit of solution of problem 2.18

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:

rad/ sec (1)

1
BWParallel = rad/ sec = BWParallel = m

1
RC
C 05 R
QParallel = R\/; = QParallel =R 7 = 2
In addition, the quality factor of the series RLC circuit can be calculated as follows:

1 /L 1 /1
Oseries = R \/; = R F (3)

Based on the given information:

BW paraiier = 1 rad/ sec (4)
Oparaltet = Dseries (5)
Solving (1) and (4):
1
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Solving (2) and (3):

R 1 [1 Using(6)2 1 [1 [

Choice (4) is the answer.

R 1 H
o O—AMN—TTN |
§R %2 H =—05F
O O
(1 )

Figure 2.17 The circuit of solution of problem 2.19

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:

—105sin (4) + V’](t) 4 l) = %3() _ 0 10sin (41) + 201 (1) — va(r) = 0 (1)

Applying KCL in the right-side node:

V3(l) -V (t)
1

V3 (l‘)
1

+ + 2v; (l) =0= v (l) = —2\/3([) (2)
Solving (1) and (2):
—10sin (47) +2(=2v3(z)) — v3(t) = 0 = 15(7) 2 sin (41)

Choice (3) is the answer.

R,=10Q
MW

3 +
(O-10sm) A OIRI710 nOFR;-10 1>2v1(r)

= =

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:

Vs = 100 V (1)
Sa = 100530 kVA = (100,/30° ) kVA (2)
Sp = 1006730 kVA = (100 /230° ) kVA (3)

The total complex power of the circuit can be calculated as follows:
S=8S,+ Sp =10030°+ 100/=30° = (100~3.0° ) kVA = 1003 kVA (4)

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

§= |S| = Vs Lms <5)
Solving (1), (4), and (5):

100v/3 kVA
100V V3ka =

.
ao
+
Vv A B
bo

Figure 2.19 The circuit of solution of problem 2.21

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{Yin} =0 (1)

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

ZR1 = Rl (2)

ZRz = R2 <3 )

7y, = joL (4)
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1
Zc =t (5)
_ 1 1 11 R—joL .
Yin Ry ' Ry +joL +,,%c Rl R+ 0?7 jec
1 R, L
= Yin o + C 6
(R1 R+ a)2L2> "”( R + w2L2> (6)
Solving (1) and (6):

L\ _ L 2 2,2 _ L o1 R? | R\ 2
a)(C R22+w2L2> =0=20C R+ Wil = Ry +w°L = = w =Ic 2 = w \ I <L>
Choice (1) is the answer.

R,
i, () §R1 —¢
I
(D
O
R,
1 1 Q
- e
jwL Q
Yin
O
(2)

Figure 2.20 The circuit of solution of problem 2.22

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 Zy," is the complex conjugate of the Thevenin impedance seen by the load:

Zy = Im" (1)
Figure 2.21.2 shows the primary circuit in frequency domain. The impedances of the components are as follows:

Zio=1 (2)
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. . 1.1
Z%H:]a)szxle:]EQ (3)
1 1
) 4
L joC  jx1x% £ “)

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.

Zn = Zi = (1-473) 11+ ()1 (~4) = (1 +3)1101~ 2)

g U x (-2 2205 (5)
i) -2) 2-j3
Solving (1) and (5):
Z,=1"=1Q
Choice (2) is the answer.
1
~H
1Q 2 Y
AMWN—TTT 1
1
—F
15 4”
Il
(@2005(0 A%
-
__4F
(D
jl_ QO g
1Q 2 ; -
AMAN— T O o
1Q ~j4|l|Q
[l
-4 Q
(2)

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(#), that is, 1 0° is defined as
the reference phasor, where “ ” is the symbol of phase angle. Therefore, the phasor of the voltage of the voltage
source is (10° )V or 1 V. The impedances of the components are presented in the following:

Zig=jol=jx1x1=j0 (1)
Zyo=280 (2)
1 1 .

Zyy= = =—jQ (3)

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

1 2
== =1.=(£ 45°) 4 4)
jr2l(=j+2+)  j+2l2 1+j 2
Using current division relation:
2 V2 V2
= _ o — | — o 5
o 2+(—j+2+j>x(2 45) (4&)A o
Using Ohm’s law:
2 2 .
Vo=jxIg=jx (T —45°) = (g 445") V=—e¥bV
1 H 1E 20
411 A
+
C@cos{t) \' §2 Q vo(t)gl H
(1)
1 1Q -1 Q 2 Iv
|| —
40 A
+
G’_-Dlﬁv gzg v, gjg
(2)

Figure 2.22 The circuit of solution of problem 2.24

Choice (3) is the answer.

2.25. The primary circuit is illustrated in frequency domain in Figure 2.23.2. The phasor of cos(100f), that is, 1,70° is
defined as the reference phasor, where “ " is the symbol of phase angle. Therefore, the phasor of the voltage of the
voltage source is (100,0°_ )V or 100 V. The impedances of the components are presented in the following:

Zio o = 100 2 (1)



2 Solutions of Problems: Sinusoidal Steady-State Analysis

59

1 1
JoC  jx 100 x 0.1 x 1073

Zo1mr = = —j100 2

Ziu =joL=jx 100 x 1 =;100 Q2
It is suggested to simplify the circuit, by combining the indicated part of the circuit shown in Figure 2.23.2.

(—7100) x (100 + j100)
(—j100) + (100 +100)

Z = (—j100)||(100 + j100) = — (100 — j100)

Using voltage division formula in the circuit of Figure 2.23.3:

100 — /100
Vo= 100 = (0.63 /~18.4°
= T00=;100+ 100 < '00=(063 )V

Transferring back to time domain:

ve(t) = 0.63 cos (100t — 18.4 )V

Choice (1) is the answer.
100 100 Q
A, A
+
@Dloocos(lom) Vv vc(t)==0.1 mF %1 H
(1)
100 Q 100 Q
AN AN
+
(Hro00v Ve ==-j100Q gjlom
)
100 Q
+
()1000V v ||z
3)

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:

V = (1000 £0°_) V rms = 1000 V rms (1)

where, “ /7 is the symbol of phase angle. Based on the information given in the problem:

Pg = 1000 W (2)
Sz = 1000 VA (3)
PF; = 0.6 Lagging (4)
Using average power relation for the resistor:
Using (1),(2)
Pr= VR mslg rms === 1000 = 10001k y1ns = I yis = 1 A = Ig pms = 1 £0° (5)

In (5), we consider the fact that the voltage and current of a resistor are in phase.
Using apparent power relation for the impedance:

Using (1), (3)
Sz = Vzmslz ms =————> 1000 = 10001z ;s = Izyms =1 A (6)

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

/I =-cos™ (0.6) = -53° (7)
Solving (6) and (7):
Iz.ms = (1/=53°) A (8)

Applying KCL in the top node:
Lms = TR ems+ Tzyems = 1.20° +1,/53° = (179 /26.5°) A

Choice (1) is the answer.

R |
+ llz iln
Vms= 1000 V
f= 50 Hz “ = §R
o

Figure 2.24 The circuit of solution of problem 2.26

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 Zy," is the complex conjugate of the Thevenin impedance seen by the load:

Zy, = ZL1y” (1)

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

(54+ 101 +51=0= (10+10)I=0=I=0

(2)

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.

Solving (1) and (3):

Choice (3) is the answer.

) 1x(Jj3
Znn = T = 1 3) = 25

7y, =1Im' = (09 +]O3)* = (0.9

~—|—

+(Jj3

= (0.94,0.3) 2

j0.3) 2

v, ;:>51 %jm ”ZL
(D

9

©

(2)

Figure 2.25 The circuit of solution of problem 2.27

(3)
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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
phasoris 1,°0° 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 Q resistor, as is shown in Figure 2.26.3.

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

Using Ohm’s law for the 1 Q resistor:

V=1xI=1I (1)
KVL in the left-side mesh:
242I+2V420+1=0= —2+514+2V=0 (2)
Solving (1) and (2):
72+SI+ZI:O:>I:%A (3)
Solving (1) and (3):
v=>2v (4)

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

1

1
= 52V =3 %

~ &

2
_
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2v(t)
A 4

@Dcos(t)A §m §1 o v(})24

(1)
2V
(= ’\2}\/%\, f\j\/g\l/*v o
A 4
+
1.0 A §2Q §1 Q v
O
(2)
2V
oE ’\%\/S\l/\, N}\/g\lm o
)\ 4
20 +
@ §m v
20V _
O
3)

Figure 2.26 The circuit of solution of problem 2.28

2.29. The circuit of Figure 2.27.2 shows the primary circuit in frequency domain. The phasor of cos(#), that is, 1,70° 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:

7,0=2Q0 (1)
Zon=jol=jx1x2=72Q 2)
0SF = 50C~ jx1x05
Zop=-t =1 020 (4)

AF=i0C jxlixd T
Zoasu =jowL =j x 1 x0.25=;0.25Q (5)
71o=1Q (6)

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:
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Z2H||Z0‘5F:%:% (7)

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.

(—j0.25) x (j0.25)  0.0625 )
(—j0.25) + (j0.25) ~ 0 (

Zsv||Zoosu =

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 2 Q resistor is converted to the series connection of 2 V voltage source and
2 Q resistor, as is illustrated in Figure 2.27.4. Likewise, the parallel connection of 2 A current source and 1 Q resistor is
converted to the series connection of 2 V voltage source and 1 Q 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:

242I4+2I+142=0=5I=0=1=0 9)
Transferring to time domain:
i(t)y=0A
Choice (4) is the answer.
i
JDcos(t) A<2Q 2H =05F —A4F 025H <10 2cos(t) A
(1)
39
| ol
JD]A}A 20 %jgg —_20Q ::§ 10250210 270 A
o]
I |
(2)
20 1 .
AN
@91 0A 220 10 @Lz/OA
3)
20 26 il 1)
AN AWV
e 20V 24) \%
(4)

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(t) =0 (1)
By applying KVL in the indicated loop (see Figure 2.28.2), we have:
—Vo1 () +v(2) =0 = vy (£) = v(t) (2)
Solving (1) and (2):
Vo1 (t) =0 3)

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(), that is, 1 0° 1is defined as the reference phasor, where “ / ” is the symbol of
phase angle. The impedances of the components are determined as follows:

Zin=joL=jx1x1=jQ (4)
Zio=1Q (5)

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

1 1 1l e
_1+jx1_\/§ﬁ ‘@445)‘/ (6)

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

Vo +V+V=0= Vg =2V (7)
By solving (6) and (7):
Vo2 = (V2./45°) V (8)
Transferring to time domain:
voa(t) = V2 cos (1 — 45 )V (9)

Based on superposition theorem:

= Vo1 (1) 4+ vea (1) = 0 + V2 cos (1 — 45) =
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1 H

;)cos(t) V

()
<
3

AAAY
e}

@
>
i

&
A1IR <€7 O
Qgﬁgﬂv \!§IQ V.,

3)

Figure 2.28 The circuit of solution of problem 2.30

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 w, the impedance of each component is as follows:

Zia=10 (1)
1 1 t
v =7 axi~ J5? (2)

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

.l _1 1

—j— —ji 1 1
V,=—2 V.= |V,| = @ V.| = @ V. = ——1|V. 3
o 1_"_(_]%) S ‘ 0| 1+(_]£)| S| /71+(l>2| S‘ ,—w2+1| s| <)
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Now, for the voltage of 4 cos ( ) V, the peak value and the root mean square (rms) value of the output voltage are:

1 8 1 8 8
\% =— X4=—V=V,u=—F2X—==—— 4
| 01| _)2 1 \/§ : \/_2 \/§ v 10 <)

Part 2: Likewise, for the voltage of —% cos ( ) V, the peak value and the rms value of the output voltage are:

Vo =t x4 8 oy, =L, 8 8
41 313 V2 313 326

2

W

Part 3: Similarly, for the voltage of 2 cos (37) V, the peak value and the rms value of the output voltage are:

V| = w22 8y, oL 8 8
e B MTV2 TV 5V

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

\/ 8 2 8 2 8 2
rms Vv rms + Vv rms + Vv rms = T + | —= + | —
1 ? ’ (m) (3@) (s@)

64 64 64 o

V=Vt taso -

Choice (3) is the answer.

1Q 162
ANV ‘o) ANV o)
- +
@uo  TFIFRO  @v Tk v,
o o

(1) (2)

Figure 2.29 The circuit of solution of problem 2.31

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:

1 1
Ziy = oC o Q (1)
7,0=28 (2)
Applying KCL in the indicated node:
V,—V; V, | — i
gVt 5 =0= (5+j0)Vot (g, —ja)Vi=0=V, S U LAY (3)

2—|-ja)

j(u
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The amplitude of the output voltage is:

_ ; /o 2 2
= |V, = fm—"'fw V| = MWH (4)
o @) +or
Based on the given information:
Vol = Vil (5)

Solving (4) and (5):

VE O s v = Ve T2/ (3)

O+ o

202

()
4
=
<
) 4
o
3
=
S
AN

(1)

G_Dv < ImV, v, §2_Q

()

Figure 2.30 The circuit of solution of problem 2.32

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 Zy," is the complex conjugate of the Thevenin impedance seen by the load:

Zy, =ZIm" (1)
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 . Nodal analysis can be applied to solve the problem.
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Applying KCL in node “a”:
I+L=0=1=-I (2)
Using Ohm’s law for the 1 Q resistor:
— Using (1
I:V1V‘:>I:V—Vt:(>)V:Vt—It (3)
Applying KCL in the indicated node:
\% Using (2),(3) v, — 1,
].—2—3I+I—0 7 -2(-L)=0
= LV+ _i+21:o:>&:%_2:1_‘4:>z =(1—-j4)Q (4)
n t 7 t I, le J Th J
Solving (1) and (4):
Zip=0—j4) = (1+j4)Q
Choice (4) is the answer.
12Q 10 1 a
4115 AMAN

@DIA)V A>31 H i,
T

EfE
<o
£_

(2)

Figure 2.31 The circuit of solution of problem 2.33

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
(w = 3 radlsec). Thus, we do not need to apply superposition theorem. The impedances of the components are

determined as follows:

1 1

Lip=-r=——r=
. , :
JoC  jx3xi

LF = —j

(1)
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Z%H:ja)L:jxs'x%:jO.S.Q (2)

In this problem, the phasor of cos(37) is defined as the reference phasor (1,/0° , where “ /° ” is the symbol of phase
angle). Therefore, the voltage of the voltage source and the current of the current source are (2,°0° )} and (1,0° )4,
respectively. Nodal analysis can be applied to solve the problem.

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

2-0

Ic = — =Jj2 (3)
Applying KCL in the indicated node:
OTf—(l@’)+0;)§IC+ISC=0:>—j+j%IC+ISC=O (4)
Solving (3) and (4):
4y X2 4T =0 = Lo = (14)) A= (V2 /45°) A (5)

Transferring from frequency domain to time domain:
ise(t) = V2cos (3t +45) A

Choice (1) is the answer.

Qa
1 1
ic(t) 3”F H
[l
G:)Zcos(ﬁ%t) \% + sin(3t) A <’i’> %ic(f)
Oob
(1
a
—_ Q "
e kol SRR
llst‘
D2s0v @)19 A <§> He
- b
2

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(f), that is, 1 /0°_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 10,,0°  A. The impedances are determined as follows:

1 1

Lir=r e ixix1 . 9 W
Z7io=180 (2)
Applying current division relation:
1 10
I x10=—A 3
R ECT RS 3-) G)
10
Iy =1 %Iy = T V=(316,1843°)V (4)
The output voltage in time domain is:
voi (f) = 3.16cos (f + 18.43") (5)

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(2¢), that is,
1,/0° is defined as the reference phasor, where /7 is the symbol of phase angle. Thus, the phasor of the current
of the bottom current source is 2 ,/~30° . The impedances can be calculated as follows:

1 1 .
Ziv=c= o= 059 (6)
Zig=1Q (7)
Applying current division formula:
1 2 /=30°
I = x(2,-30°) = ———7+7— A = (0.66 /1=20.54°) A 8
27 14 (505)+1+1 (2307 3-j0.5 (0.66220547) )
Vo2 = 1 XI5 = (0.66,/-20.54°) V 9)
The output voltage in time is:
vor () = 0.66 cos (2t — 20.54") (10)

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

=, (t) +vr(t) =
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g
e
1 +
10cos(t) A §1 Q §1 Q  v,(t)
10 -
A4, O
2cos(2t-30) A
0
- Q -j0.5 ©
[l o | o
I Mo+ L oz +
100 A 1Q 1Q Vou §IQ ng Vo2
10 — 1Q -
AV ‘el AWV '}
()
&
2/-30 A
() 3)

Figure 2.33 The circuit of solution of problem 2.35

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:

Zy, = Zm" (1)

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 Y_: will give us the

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

Zaso =252 (2)
Zoou = jwL =j x 1 x 20 =j20 Q (3)
Zio=1Q (4)
Zig=jol=jx1x3=3Q (5)

The circuit of Figure 2.34.2 can be analyzed by using nodal analysis.
Applying KCL in the supernode:

Vi, Vi =35I _ it _ _
_It+j_3+f_0$ It+<1 ]3)Vt 5y =0 (6)
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Defining I based on the node voltages, by using Ohm’s law:

0 —5I

=35 + ;20

= (254,200, = =51, = (30 +20)[, =0 = L, = 0 (7)

Solving (6) and (7):

I+ (1 —j%)Vt—S %0 =0 (1 —j%)Vt:It: ‘I'—t‘z (11,'1) =0.94/0.3
3
Solving (1) and (8):
= 71, = (0.9 +,0.3)" = (0.9 —0.3) Q
Choice (2) is the answer.
25Q 20H 1Q
ANAN—TTT AN
@Dmocos(t) \ <§,>5 i, () gs H 7y
L (£)
e S—
(D)
25Q 120Q 10
ANN—TTT AN~ 0

(2)

Figure 2.34 The circuit of solution of problem 2.36

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

Zy, =Zm" (1)

In this regard, the maximum transferrable average power can be calculated by using the following relation, where Vy,
and Ry, are the phasor (peak value) of the Thevenin voltage and the resistance of the Thevenin impedance seen by the
load, respectively.

1 [V
PL,max - g RTh (2)

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.
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(15 4 j20) x (—j20)

(151 720) + (o) ~ (26:66 =)20) 2 (3)

Zyw = Zin = (15 4 j20)||(—j20) =

Solving (1) and (3):
71 = (26.66 — j20)" = (26.66 + j20) Q (4)

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.

—j20 —200 )
= = °) = = — 5
V1 = Voc 20+ (15 +720) x (10 £0°) 15 j13.33V (5)
Solving (2), (3), and (5):
P _Ll133sf =083 W
L, max 8 2666 J.0Z
Choice (1) is the answer.
15+j20 Q
| S| O_
(H)10./0v H 200 H Zy
O—
(D
15+20 Q 15+520 Q
{ | O 1 O
+
[ -20 © “I @Dloﬂv H—jzoﬁ Voc
Zin _
O O
(2) 3)

Figure 2.35 The circuit of solution of problem 2.37

2.38. Figure 2.36.2 illustrates the primary circuit in frequency domain. The phasor of cos(1000¢), that is, 1,0° 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 (30,,°0° ) V or 30 V. The impedances of the components are as follows:

Z30=3Q (1)
Ziso=15Q (2)

Zyn = joL = j1000 x 4 x 107> = j4 Q (3)



6930005(10000 Y §1.5 Q 34 mH <,._L 2i(t)

1)

(2)300V §1.5Q %49 =21

Figure 2.36 The circuit of solution of problem 2.38
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Zosp == ! — 20 (@)
O5F = 7oC ~ 71000 x 500 x 106 Y
The problem can be simply solved by using nodal analysis as follows:
Applying KCL in the left-side node:
Vg30+%+1:o;»v+1:10;»V:10—1 (5)
Applying KCL in the right-side node:
V V-2I 1 1 .
_I+j74+ ) _O§V<_]4+]2) - (1 +])I—0
.1 .
= (Jg)V-(+j1=0 (6)
Solving (5) and (6):
.5
1 ; 5 5 12
(jz) (10—I)—(1+])I:0:>]§—(1+ Z)1:0:>1= 5:(],5&)14 (7)
1+jZ
The current in time domain is:
i(f) = 1.5co0s (10007 + 39 ') A
Choice (2) is the answer.
30 i(t) 500 puF
AN — I
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2.39. Figure 2.37.2 illustrates the main circuit in frequency domain. The phasor of cos(27), that is, 1,0° is defined as the
reference phasor, where “ /7 is the symbol of phase angle. Therefore, the phasor of the current of the current source
is (10,0° ) A or 10 A. The impedances of the components are as follows:

Z30=3Q (1)
Zon=jol=jx2x2=j4Q (2)
Zeo =68 (3)
Z041F:.L:.;:—j5.9 (4)
joC jx2x0.1
Zso=8Q (5)
Zan=jol=jx2x4=j8Q (6)

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

_(i)-(6-j5) 2024

z=(j4)11(6-j5)= = —=(5.13/59.6°) 2 (7)
(4)+H6-js5)  ©6-J
By applying KCL in the left-side node, we can write:
—104+I+T=0=0=10-1 (8)
Applying KVL in the indicated loop:
BI+TZ-51= 0220 81+ 1(5.13/59.6°) = 0 )

Solving (8) and (9):
81+ (10-1)(5.13 /59.6°) = 0= (11.48 /=157.3°)I + 513 £59.6° =0

-51.3 /59.6°

I =
— T 1148 /-157.3°

= (4.47 /36.9°) A
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2
A11
Q

0.1F
"(‘)l L AAA—]
A )10cos(2t) A §39 ~>5i(t) égg §4H

(1)
40
, 1IN
i
| o 5O
100 A gag ~>3l §SQ ngQ
(2)

Figure 2.37 The circuit of solution of problem 2.39

2.40. Figure 2.38.2 shows the circuit in frequency domain. The phasor of sin(4¢), that is, 1 0° 1is defined as the reference
phasor, where “ ” is the symbol of phase angle. Therefore, the phasor of the voltage of the voltage source is
5,/0° V or5 V. The impedances of the components are as follows:

Zy0=2Q (1)

Z0_5H:ja)L:j><4><0.5:j2_Q (2)
1 1 ,

Zyy Y 3)

~joC Jx4xi
Zia=18 (4)
We can simplify the circuit by calculating the impedance seen by the voltage source, as is presented in the following.

(G2)(1 —j2)
(/2) + (1 =2)

442

Zin =2+ (2|1 -j2) =2+ =6+2 (5)

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

\4 5

"=z, 6n" o



78 2 Solutions of Problems: Sinusoidal Steady-State Analysis

Applying current division formula for the 1 Q resistor:

J2 5 105
I, = = = = A 7
T R ()41 6+R2 6+2 ()
Applying Ohm’s law for the 1 Q resistor:
— — 10j _(1 '3) _NO0 1 o
Vozlox 1 =2 Xl—(§+]7 V_(Vgi(tan (3)))\/ (8)

Transferring from frequency domain to time domain:

N \/W . . —1/n
V(1) = —5— sin <4/+ (tan™"(3)) > 1%

Z

Choice (3) is the answer.

[}
o
oo|=—

@Dssin(m) \% %05 H vo(t)§l Q

@)54}\; %sz vél Q

(2)

Figure 2.38 The circuit of solution of problem 2.40

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

reference phasor, where “ " is the symbol of phase angle. Thus, the phasor of the current of the current source is
10°0° A or 10 A. The impedances of the components are presented in the following:

1 1

Z = — =
EmF = JoC T X 100 x2x 1073

5

=250 (1)
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Zs50 0 =50 2
1 1
== ——jl2Q
SmF T joC T X100 x3x 100 Y
) . 3 .
Z%HZJCOLZJX 100><§:]60.Q

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 = (10.40° x (-125) = 250

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

(—]:12) x (j60)

(12)11689) = (=135 (o)

= —j15Q

Now, by applying KVL in the loop (see Figure 2.39.3), we can write:
J250 4+ (—j25)I + Vx — 0.4V4 + (—j15)I =0
= j250 + (—j40)I + 0.6V =0
Applying Ohm’s law for the resistor:
Vy =501

Solving (7) and (8):

7250 + (—j40)I + 0.6 x (50I) = 0 = j250 + (30 — j40)I = 0

—j250

=300

Solving (8) and (9):

B —j250 \ _
=30 <30—j40> -
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GDl(}cos(lom) A ==(, = gi‘

(1
0.4V,
£
+ oV -
@0 A= psa L 2o Ficoo
(2)
0.4V,
50 0
w—@
; + Vx -
—=-250
150
(2)-j2s0v G)
3)

Figure 2.39 The circuit of solution of problem 2.41

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(10z),
that is, 1 ,0° 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 1 /0° ¥ and4,/0° V, respectively. The impedances of the
components are presented in the following:

Zigo =102 (1)
Zsu =joL =jx 10 x 5 =50 Q ()
1 1 :
Zo wr —j50 2 (3)

TJoC T jx10x2x 100
Zio=1Q (4)

Zozu=joL=jx10x02=,20 (5)
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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.

1 1 1
CVIC V3x2x10° V102

o = 10 rad/ sec (6)

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:

(j50) x (=j50) _ 2500
(j50) + (—j50) 0

(j50)[[(=50) = (7)

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+ 02)I+I=0:I=#jz=(2L450)A (8)

The requested current in time domain is:

i(t) = V2 cos (10t — 45 ) A

Choice (3) is the answer.

SH
— i —
10 02H
AL AIIA
2 mF

10 Q

§1 Q @4cos(1m) \
e cos(10t) V r(t)

(D
150 Q
10 2Q

2)

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(1000¢), that is, 1 0° is defined as
the reference phasor, where “ ° ”is the symbol of phase angle. Thus, the phasor of the voltage of the voltage source
is 30 ~0° ¥V or 30 V. The impedances of the components are presented in the following.

Zeo =68 (1)

Zig =32 (2)

Zymu = joL =j x 1000 x 1 x 1073 = Q (3)
1 1 :

joC ™ jx 1000 x 1 x 103
Zia=10 (5)

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 Q 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).

1=3020% s (6)

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

(=) = — 42 )

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

6x3

63 =653=

20 (8)

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

v =(5.0°) x2=10.0° )

Now, by applying KVL in the only mesh of the circuit of Figure 2.41.5, we have:
—10+21—21+(1+j)1=0:>1=11—2j=(5\/§445°)A (10)

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

‘o 2i(t) -
e |
C@msin(looouv §3 Q gl mH §1 Q
i(t)
(D
21 :
6Q -1 Q
in——<D i
@)304)\/ §3 Q gj Q §1 Q
e o
)
21
A
Vv
5,0 A gﬁg é%n (1) Q
<l
3)
21 21
ot o
Ut —A\AW Ut
2 D
5,0 A §2Q H(1+j)g @DIOQV q
s gl
“4) 3)

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(#), thatis, 1 0° 1is defined as the
reference phasor, where “ ~ ” is the symbol of phase angle. Therefore, the phasor of the current of the current source
is2 /0° A or?2 A. The impedances of the components are presented in the following:

Zio=18 (1)
1 1 .
Br=jec=jxix1 - @)
Zig=joL=jx1x1=j80 (3)

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 —x2=v2,45° A (4)
1+())
Applying Ohm’s law for the inductor:
Vo=-2IZ; y=-2% (V2./45°) x (1,/90°) = 22 /~45°V (5)

Transferring back to time domain:

v(t) = 2v2cos (t —45 )V

Choice (1) is the answer.

fc(t) F
2cos(t) A glﬁ :LIF ’*’>2fc(t) ng Vo ()

(D

2,0 A ?Q —-iQ <1’>21C gjg v,

()

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:
Zig=48 (1)
Zsn = joL = jAo Q (2)
1 1
Zyy ~C o Q (3)
Zio=18Q 4)

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(jo)} = 0= o = wy (5)
Im{Yn(jo)} =0 = v = v (6)

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

Jjo
1

1
. 1 . (—)“ . —j
Zin =4 +jdo + (—>|1 :4+J4w+—:4+14w+—J.
jo ®—)

() +1

_ ) 1 —jo 1 ; o
éZm4+]4w+w2+14+w2+1+](4w aﬂ—i—l) (7)
Solving (5) and (7):
o _ NI S B |
4w wz_'_lfOéa) +174:>a)— 4é

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

Zin

(2)

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(2¢), that is, 1 0° is defined as
the reference phasor, where “ " is the symbol of phase angle. Therefore, the phasor of the current of the current
source is 2 0° A4 or 2 A. The impedances of the components are presented in the following:

Zig=jol=jx2x1=12Q (1)
1 1 ,

Ly =joc = jraxl” P92 @)
Zio=1Q (3)
1 1 .

Z%F*jwicijx2><%7_]he “
. . 1 .

Z%H:]a)LZJXZXE:].Q (5)

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

X X X X 1 1 1 1
—2+V7+V + v + v - =0= —2+VX<.+_.+_.+.)—

2 =2 1—j 1+4j

L4+j+1—

N —2+VX(0+ -

Now, by applying voltage division formula, we have:

v L x2=_2 _\h 45y (7)
1+ () 1-j

By transferring to time domain, we can write:

v(t) = V2 cos (2t +45°)
Choice (3) is the answer.
+
v(H)S1Q 1Q
2cos(2t) A %1 H —— glf]: -
Ll
(D
Vx
I 1
+
V=10 1Q
@220 4 % 2Q ==
(2)

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:
Vi=(10+2)V (1)
V. =(12+j12) V (2)
Applying KCL in node 1:
Vi-Va Vi Vi ViV,
PRy R U T (3)
Solving (1), (2), and (3):
(10+72) = Vg  (1042) (10+72) (10 4,2) — (12 +j12)
- - + + - =0
2452 -2 4 j4
(10 +,2) — Vg . . 05
) —1+j5+204+4—-25+05=0
(104+/2) — Vg . , - .
B S R —16.5—-j9.5= (10+,2) — Vg = —14 — j52
=Va=024+)54)V
Choice (4) is the answer.
i 14 Q 14 Q
e v Ve Ao Ay
~)V. - g 1 b | 1o
=~ )Vs1 =-j2Q EQ =—-14Q 4 Vs,
—_
Figure 2.45 The circuit of solution of problem 2.47
2.48. The average power of the resistor can be calculated by using the relation below:
_ LIV
Pr=75"%" ()

The primary circuit is illustrated in frequency domain in Figure 2.46.2. The phasor of cos(2¢), that is, 1 /0° 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 1,°0° ¥ and 1 /=90° V, respectively. The impedances of the components are

presented in the following:

1 1 .
Lir =5 = Txaxi 109

(2)
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Zig=10 (3)
Zin=joL=jx2x1=j20Q (4)

Applying KCL in the indicated node:

Vi—(-1) Vy V,—(1,/-90°) ( 1 1) 1 (1/-90°)
X oy Xy X Ve [ — — =0
o5 1t 2 0=ViZos t 1+ 32) T o3 I3
. , —0.5-,2 o
=Vx(1+j1.5)+j2+05= O:>VX=TJ.15= (1.14 /£160.34°) V (5)
Solving (1) and (5):
CLVPE 1 (114)
Pr=5'p =57 =065W (6)
Choice (1) is the answer.
1F 1H
I T
@)cos(zt) \ §1 Q @)sin(zt) Y
(D

@12V §1Q (Ons=90v

2

—
~—

Figure 2.46 The circuit of solution of problem 2.48

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

Zig=1 (1)

71 = jol = jo x 1 = jo (2)
1 1

Ie=——=—j— (3)

wC
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Based on the information given in the problem:
Zin = Yin <4)

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

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

Zin=Z1_:>Zi,,2=1:>{
n

Zin= 1 {lzm|—1(6) , Zin =0° ()
Zin |Zinl =1 (8)> / Zin =180° (9)

Herein, “ /s the symbol of phase angle.

1 1y (+je) x (1=jgze) _ (1+7) +ile —26)
Zin = (1 +]w)||<l _]R) (1 +jo) + (1 _Jw_lz) () _|_J(w_L)C (10)

Solving (6) and (10):

Choice (3) is the answer.

ac ac

bo bo
(D (2)

Figure 2.47 The circuit of solution of problem 2.49

2.50. The primary circuit is illustrated in frequency domain in Figure 2.48.2. The phasor of cos(2f), that is, 1 0° 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 30 ,°0° J or 30 V. The impedances of the components are presented in the following:

I I .
Zoir =5 e = Txax01 . P9 M

Zso =50 (2)

Zio=10 (3)
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Zin=joL=jx2x1=j20Q (4)
This problem can be solved by using nodal analysis.

Defining V, based on the nodal voltages:
Vi =V, -30 (5)

Applying KCL in the indicated node:

Vo—30, Vo, Vo—2Vy _ Using (5) Vy =30 | Vo | Vo —2(Ve—30) 0

55 5 TTiip2 5 s T+2

1 1 1 30 60
“"(Hs‘wz)ﬂsﬂﬂz—o

v, <—(1 +2) +j(1 +,2) —j5> N 30(1 +,2) +60(j5) _

J5(1+j2) J5(1+j2)

~3-j6 30 4360 L .
=V, (jS(l +j2)> + s 0 Vo(3 +.j6) = 30 +j360

. 304,360 BN
:“0—73 6 = (50 +,20) V

Choice (1) is the answer.

01K 1Q 1H
AM— TN ——
|

-1, (t)+

C’.":-'>30cos(2t) \Y% v:(—t)§5 Q ~ >20,(t)

(D

3@ v, 10 j2Q
AAA— T

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(100f), that is, 1,70° 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 10 ~0° J or 10 V. The impedances of the components are presented in the following:

1 1

- = —_25Q 1

$mF = 50 C j % 100 X%X 1073 / v

Zsoo =50 Q2 (2)

7 ! I 12 0 (3)

s === =~ )
oM jwC T % 100 x 3 x 1073 /

Z%H:ij:jXIOOx§:j6OQ (4)

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

V = (100°) x (5j25) =-j250V (5)

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

(—j12) X (j60) _ 720 .
(j12) 1 (j6o) — jag — 1< (6)

Z = (—j12)]|(j60) =
Now, by applying KVL in the only mesh of the circuit of Figure 2.49.3, we can write:
—(—j250) + (—j25)I + 50I — 0.4V + (—j15)I = 0 = j250 + (—j40 4+ 50)I — 0.4V, =0 (7)
Applying Ohm’s law for the resistor:

-3 (8)

Solving (7) and (8):

250 + (—j40 + 50) % — 0.4V, =0 = (—j0.8 + 0.6)Vyx = —250
=V, =%= (2504( —90+(tan—1 (‘%))))v )
As we know from trigonometry:
tan " (a) + mn*l(é) =90 (10)
Solving (9) and (10) for a = %:
VX:(250L—(tan—1 (%))) % (11)

Transferring back to time domain:
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0.4v,(t)
50 Q
AMMN—E
+ v, (t)—
10cos(100t) V ::%mF ::%mF %%H
(D
0.4V,
50 Q
AMN—E L
+ Vg -
@Dmg@v =250 L 120 gmog
2)
0.4V,
50 Q

AMWW—
(-
-25Q

RO &

)

Figure 2.49 The circuit of solution of problem 2.51

2.52. The primary circuit is illustrated in frequency domain in Figure 2.50.2. The phasor of sin(?), thatis, 1 /0° 1is defined as

the reference phasor, where “  ” is the symbol of phase angle. Therefore, the phasor of the voltage of the
independent voltage source is 100 ~0°_V or 100 V. The impedances of the components are presented in the following:

Zio=1Q (1)

1 1

“C jxixi % (2)

Zi¥

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:
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—100+T+T—T1—jV;=0= — 100+ (2—j)T—jV; =0 (3)

Applying KVL in the left-side mesh, to define V; based on the loop current:
—1004+14+V;=0=V; =100-1 4)
Solving (3) and (4):

—100+ (2 = /T —j(100 —=T) =0 = —100 + 21 —j100 = 0

=1=(50+,50) A= (50v245°) A (5)

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:

% (100) x (—50[2) cos (0 — 45) = 2500 W

N —

Pwmu’ - % lem COS (ev — 91) =

Choice (4) is the answer.

10 1Q
AN —O—AA
+
(D00sin® Vv (0) Aov() ==1F
)
10 1Q
A —O—AMA
+

@)100@\! v, <4.> Vi =i

(2
10 10
A —O—AM, J_
+
(Do vy, Q
-1V
3)

Figure 2.50 The circuit of solution of problem 2.52



94 2 Solutions of Problems: Sinusoidal Steady-State Analysis

2.53. The primary circuit is illustrated in frequency domain in Figure 2.51.2. The phasor of sin(?), thatis, 1 /0° 1is defined as
the reference phasor, where “ " is the symbol of phase angle. Therefore, the phasor of the current of the current
source is 1,,70° A or 1 A. The impedances of the components are presented in the following:

Z1H:ij:j><1><l:j.Q <1)

1 1

ZlF:jw_C:jxlxlz

—j £ (2)
Zig=1Q 3)

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

Defining Iy, based on the nodal voltages:

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

Using (4) v, V,
OCIL:V17V0=:>a7:V1*V0:>V1:1+aj

Applying KCL in the supernode:

Using (5 —j
_1+%+ V“jzoz(l_l_j Vo | V“,zojvo( J +L>:1

1-— 1+a 1—j l+a 1—j

Jjla—1) B _I4a+jla—1)
(i) R o

Based on the information given in the problem:
v, (t) =sin(t)= V,=1 £0° =1 (7) (7)
Solving (6) and (7):

l+a+jla—1)

a1 =l=1+a+jla-1)=jla-1)=
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aip(t)

+1- i 2

1F

@9 sin(t) A g 1 H v,(t)
1Q
iL(t)l
o
()
aIL
Vi

__Z_ 3

@12 v é‘i o v,

= =
2)

—

Figure 2.51 The circuit of solution of problem 2.53

2.54. The primary circuit is illustrated in frequency domain in Figure 2.52.2. The phasor of cos(#), that is, 1 0° is defined as
the reference phasor, where “ " is the symbol of phase angle. Therefore, the phasor of the current of the current

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

Zig=180 (1)
Zig=joL=jx1x1=jQ (2)
Zov———=—1 __ 50 (3)
joC jx1x2
Zan=jol=jx1x4=j4Q 4)
Zo,st:;:;:*ﬂQ (5)
joC  jx1x0.25
Zosu =jol =jx 1x0.5=j050 (6)
Ziy = L _ ! =—j0 (7)

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 ) = 0 2); 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 £ and j0.5 £2 is infinite
(theoretically undefined). Thus, it is replaced by an open circuit, as is illustrated in Figure 2.52.4.

(0505 = e e = o= % Q
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After that, the total impedance of the parallel connection of (1 + ) £ and (1 — j) £ is calculated which is 1 £, as is
shown in Figure 2.52.5.

R R e o)

Now, the output voltage can be determined by using Ohm’s law:
b T
= - = = 10
Vo (3L4 rad)X1 (3L4 rad)A (10)
By transferring back to time domain, we have:

. T
' (1) = 3 cos /
Vo (1) coS (I + 4>\

Choice (4) is the answer.

4H 0.25F
T—j| o
+
1Q §l Q
3cos(tty) A ==2F go.s H v, (t)
IH =1F
0
(D
4 O -14 Q
Arr— | — o
Il .
1Q gl Q
32745 A =-j0.5Q %joj Q L'/
jQ ::—j Q
'}
(2
O
+
1Q él Q
3/45 A ==-j0.5Q j0.5Q V,
1Q =50
o)
(3)

Figure 2.52 The circuit of solution of problem 2.54
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1Q §IQ

1Q =] Q

4) (3)

Figure 2.52 (continued)

2.55. The circuit is shown in frequency domain in Figure 2.53.2. The phasor of cos(10¢), thatis, 1 ,/0° 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 (200° ) ¥V or20 V. Herein, “ /  ”is the symbol of phase angle. The impedances of the components are as follows:

Zio =102 (1)
Zso=50Q (2)
Zy = jol = x 10 x 0.5 = j5 3)

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

KVL in the left-side mesh:

—20+10I+10I—-L,)=0= —20+20I—-10I, =0 4)
KVL in the right-side mesh:

10(I =) —10I+ (5+j5 L =0= —20I+ (1545, =0 (5)

Solving (4) and (5):

(15 +j5)L, _ 4
Solving (4) and (6):
4 2 3+j

-20420I-10——=0=I=14+-—"—-=""=A 7
+ 1+j - + 14+ 14j )

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

1+
1+

3+j 4
1+ 1+j)_10

Using (6), (7)
>

V=10(1-1p) = j10 V= (10,0°)y (8)

Transferring to time domain:

v(t) = 10 cos (10¢ + 90 )

Choice (4) is the answer.
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. 10i(t
i) 100 46
=AW\ Lo
i 50
(920&:05( 10t) V v(t) § 100
= 0.5H
1)
I 10 Q 1
= AW -
& 50
@Dmﬂv @ vém @
= i5Q
(2)

Figure 2.53 The circuit of solution of problem 2.55

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:

Z70=2Q (1)
Zro=RQ (2)
Z0,5H:ja)L:j><2><O.5:jQ (3)
Zig=jol=jx2x1=72Q (4)
7 —L—;_ —i0 (5)
05F=30C~ jx2x05 7 :
The input admittance of the circuit is:
. ; ; 1 1
Z; :2+(R+J)||( JZ)H(_J) :2+L+L+L:2+ —R4j
Rtj ©j2 " —j (R+)( j2)

—24+j2R —2—2R+j(2+2R)

== : 6
—R+j —R+j (6)

= ZLin =2+

We do not have to find the imaginary part of Z;, in (6). Instead, we can realize that, by putting R = 1 in (6), we will have
a purely resistive impedance:
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Solving (6) for R = 1:

22X 14jQ2+42x1) —44j4

Z; - = -=40
" —1+j 14
Therefore, for # = |, the power factor seen by the voltage source is one.
Choice (1) is the answer.
2Q
AW
R
C’i-*)cos(Zt) \% gl H ==05F
0.5H
(1
2Q
o AW
R
|" g) 20 ==-iQ
Q
Zin !
o
(2)

Figure 2.54 The circuit of solution of problem 2.56
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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(2f), that is, 1 /0° is defined as the
reference phasor, where “ 7 is the symbol of phase angle. Therefore, the phasors of the currents of the current
sources are 2 /0° Aand 1,0° 4or2Aand 1 A. The impedances of the components are presented in the following:

Zig=1Q

Z4H:ja)L:j><2><4:j8[2

1 1 .
Br=joc = ax1- 72

1 1 ;
Zip S — Y o)

:jwic:jx2><%7

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

L = -
PTIH () T B () + 1

L+ () L, 21-))
3

+J5



100 2 Solutions of Problems: Sinusoidal Steady-State Analysis

Part 2: Applying current division formula in the circuit of Figure 2.55.4:

_ (=) + 148 1+
12_(—j)+1+j8+(—j2)+1+1>< T 34)5 (6)
Based on superposition theorem:
_ 21 —j) 1+ 3+4j5
I=h+bh =55 +3 535 14 (7)
Transferring to time domain:
i(t) = cos(2t) A
Choice (4) is the answer.
1Q 4 H
MW A1 1
~F
i(t) 4
e |
1 I
2 F cos(2t) A
| a2
l &
2c0s(2t) A gl Q
gl Q
(1)
1 Q 18 Q
AA%A%" £11A
[ —i2Q
=
-i Q 1,0A
| iR
l @

4204 10

()

Figure 2.55 The circuit of solution of problem 2.57
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1Q 18 Q
A S11A
I; —12Q
—
_]Q

@DzﬂA §1Q glﬁ

3)
1Q 18 Q
MWV 411N
L, e
I
il 10 A
| o)
I &/
gl Q
§1 Q
4

Figure 2.55 (continued)

2.58. Figure 2.56.2 shows the main circuit in frequency domain. The phasor of sin(f), that is, 1,0° is defined as the
reference phasor, where “ ~  ”is the symbol of phase angle. Therefore, the phasor of the current of the current source
is 1,70° A4 or 1 A. The impedances of the components are presented in the following:

Zig=1Q (1)
z L_ 1 20 2)
05F = 5C~ jx1x05 /
1 1 ,
Ziy=-——F= =—j& (3)

Zlﬂ:ja)L:jxlxl:j.Q (4)
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The complex power of the current source can be calculated by using the following relation:
s—lvr (5)
2

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=1Z (6)

2= () + DG = (554 ()1 = (=591

4 .7 .
(373 x()) 3
= Z=p2 IS (1420 (7)
GG )
Solving (6) and (7):
3\ .3
V—lx(1+]§>—(l+j§)V (8)
Solving (5) and (8):
S PO O U B
S=aVI =3 (1+73) x 1= (3 +73) v
Choice (4) is the answer.
1F
1|
Il
§1 Q L o5F gl H sin(t) A
(D

§1Q —-i2Q ém 120 A Hz % @DIAA

2 3)

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 @ = 10* radlsec is presented in the following:

Zipo =102 (1)

Zymp = joL =jx 10* x 107 =10 Q2 (2)

Z1o yr = ! ! =—jl10Q2 3)

joC~ jx10° x 10x 100

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:

Zy, =Zm" (4)

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

(10 +j10) x (—j10)

Zm = (10 +10)||(—j10) = (10 +,10) + (—10)

= (10 - j10) 2 (5)

Solving (4) and (5):
Zy, = (10 — j10)" = (10 +;10) Q (6)

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(10000¢), that is, 1,0° 1is 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 200 /0° V or 10/ g 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.

V, —200 v, vV,
— — (10 £90°) + +——=0
05710 ¢ )+ 50 T 0410
I 1 1 200
V( bt )— — (10./90°) =0
=VolTo710 " 50 T Toe510) ~Tosg10 ¢ )
=V (i) —10=0=
o\10 =
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1 mH
4115
glog %
@Dmcosaooomgm ==10pF  y,(0)]|Z
@D 200c0s(10000t) V =
(D
10 Q
211 O
§1OQ
=-jl0 Q *-|
Zl'h
—1= O
(2)
i10Q
v ; :
§IOQ
109 A ==-jloq V, [|(10+10Q
@Dzooﬁv -
3)

Figure 2.57 The circuit of solution of problem 2.59

2.60. The circuit is shown in frequency domain in Figure 2.58.2. The impedances of the components are as follows:

Zioy =joL =jo x 10 = j10w Q2 (1)
Zig=joL=jo x1=joR (2)

1 1 .10
ZO'IF_ja)—C_ijO.l__JEQ 3)

Zeo =60 4)
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The phasor of the current of the voltage source can be calculated as follows:

L v, _ v,
* Zwn+ Zoaw)||(Zin+Zs o) j10w + (—=j19) || (jw + 6)
V, V.
= I = s = S
. (—j%) x (jo+6) . 10—/
6+j(w—10
:>Is: - Vs ) 0 J(a) a)) 60 VS (5)
j60w+100—100?+10—j2 " 110 — 10> —|—](60w — E)
6+j(w7%)
Using current division formula:
_j10 _;10

= Lo (6)

0 o6 6+ j(w—10) "

[0}

Solving (5) and (6):

i 650~ 2) 4

T (0 -1 110~ 1007 1 (600 —®) ** ~ 110~ 1002 + (60w &) **

-]
_jl
=1= ’ v ’
11— +j(6w—8) "° .
_jl L
— = e V| = w \A (8)
11— +j(60 - 7) V1 -2 + (60— 6)’
1
2 % 1
2 2 —— 2
_ I((!) —2)] _ \/(11722) +(6x2-§) _ OO _ @ b
I(o=3)| ! % :
B V@72 (16? V260

\/(11—32)

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

+(6><3—%)2

J0H AH I, il0w Q jo Q
—
l!‘(t) AR A1 l]
ve(t) =0.1F §652 C"—DV ::—jL?Q §()Q
(1) )

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 =R (1)
Zy, = joL (2)
Ze=— (3)

joC

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{Zin} =0 (4)

Since the circuit includes at least one dependent source, we must apply a test source in the terminal to determine the
value of ‘I]—" 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 (Vy):

_V
~ jwL )
Applying KCL in the supernode:
—It+Vt+&+JE+ I—O:B—Iﬁ—Vt( —&-]a)C—i—L)—i—aI—O (6)
joC

Solving (5) and (6):

1 Ve _ 1 )

Vt_ 1 B % ](a)C a-H)
O (a)C ““) (1%)2+(a)C a+1)2

= Zin — % _ 7 (CUC — a{jil) <8)
)+ (0C =) " @)+ (o€ —2l)’

ekl
m{Zin} = —— (oc “‘L)H ; )
() + (@€ —=3)
Solving (4) and (9):
(oC ﬁﬁ a+1 , a+1
2*0;5(“_ wL>*0 ~IC
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§R —¢ gL ¥ Oai(t)

(D

|
:_]UJI—(. %jm]_, ’*’ al

e
VMW

=

||

@)

Figure 2.59 The circuit of solution of problem 2.61

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{Zn(jo)} =0 = 0 = w (1)
Im{Yin(jo)} =0 = o= wp (2)

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 = R (3)
7, = joL (4)
Ze— - (5)

joC ;

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

1 ' L_;jR
! . —& X (R + joL) E—Joc
Zini = —||(R+joL) =" = °
in.1 ]a)CH( JoL) d+ (R+joL) R+ j(oL — L) ¢

LB (o — L) +j(— L (oL - ) - &)

éZiJ: <7)
" R+ (oL — L)’
2
wo gl y) | (L5 — &)
éZinJ: @ w2 ) (8)
R* + (0L — 1) R* + (0L — L)
Solving (1) and (8):
2
—e(@L—g0) —we _ L LfL),R_:O;x L_z(wzigﬁ) _o
2 2
R2+(a)L—$) C wC wC oC LC [
2 1 R 1 R _ L_(B)z
= @ LC+L2 0= w ic L2:>a)01 ic 7 9)
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Part 2: In the circuit of Figure 2.60.4, the input impedance can be calculated as follows:

1 - xR R R R
Zi > = jwl +——||R = .wL+]w — ol + afc _ 'a)L—i-wzC wC
" ]a)CH ! ja+C+R ’ R_]i / R2+m21c2
R : R? 2 L
z et Rlotgl) b R R+ 10
= Lin2 = S =— ;4»] 1 ( )
R+ -5 R+ -5 R+ -5
Solving (1) and (10):
R? 2 L
“octRlotoa R L RL{ 1 1
wC wC? KT ) L _ RL( 1 ) _
Rz—l—ﬁ =0= wC+R La)erC2 0= > ( LC+w +R2C2) 0
1 2 1 . 2 _i_ 1 B L_ 1
= LC+60 +R2C2—0éw =Ic R72C2éa)02— ic (RC)2 (11)
Based on the information given in the problem:
wo1 = W02 (12)

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

Vi &) = e () o e = () -

R_1 L
I rc " \C
Choice (3) is the answer.
R L
o AN O AR
—{ B %L —C §R
O O
(1) (2)
R JwL Q
o AN o S11R
o S : ads L
T 0C Q g_]U)L T j0C §R
o, O
Zin,1 3) Zin2 (4)

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(?), that is, 1,0° is defined as the reference phasor, where
“ /7 is the symbol of phase angle. Therefore, the phasor of the voltage of the voltage source is 2,,°30° V. The
impedances of the components are presented in the following:

Zig=joL=jx1x1=jQ (1)
u=joL=jx1x2=j280 (2)

1 1 .
st =joc = fxTx05 22 @)
Zooru = joL =j x 1 x 0.02 = j0.02 Q )
ngZS.Q <5)

As can be seen in Figure 2.61.2, the indicated part of the circuit has zero impedance (j2 + (—j2) = 0 £2); 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. /304, =0 =1, =22 = (2.£6094 (6)

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

Using (6) _ °
_SIXI — SIL: 0= IXl = _IL: le = (—2 / ~6 ) A <7)
By transferring back to time domain, we have:

i () = —2cos (t — 60 ')A (8)
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(10¢), that is, 1 0° is defined as the reference phasor, where “ / ” is the symbol of

phase angle. Therefore, the phasor of the voltage of the voltage source is 1,0° V or 1 V. The impedances of the
components are presented in the following:

Zig=joL=jx10x1=,;10Q 9)

Zru=joL=jx10x2=;20Q (10)

Z0.5F:.L=.;=—j0.2(2 (11)
joC  jx10x0.5

Zoozu =joL =jx10x0.02 =,0.2.Q (12)

Zso=5Q (13)

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

I, =0A (14)



110

2 Solutions of Problems: Sinusoidal Steady-State Analysis

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:

—51x2+1=0:»1X2:%A (15)
By transferring back to time domain, we can write:
() = 0.2sin (101)A (16)

Now, based on superposition theorem and using (8) and (16), we have:
(1) = i (1) + ixa(t) = —2cos (1 — 60 ) +0.2sin (107) A

Choice (1) is the answer.

0.5 F
ip(t) 1H I
—_—
1A
0.02H iix(t)
2110

%2 H 5i.(t)

@_chos(m()) v G*_;)sin(lm) Y
=0S5F 5Q
(D)
R
L jo '
AN
| 0.02Q ¢1x1
211
% i2Q 51,
@)2 30V
=120 5Q
(2)

Figure 2.61 The circuit of solution of problem 2.63
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e
- |
I, 18
i0.02 Q ¢1x1
2112
51,
(D2L30v q q
50
3)
-j0.2 Q
T
I 10 Q I
>
020 ilxz
.
g 200 51L
@DIA)V
==-j02Q 50
4)
I, jloQ
>

)

Figure 2.61 (continued)

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:

1 1

Z =V — =
. - ]
JoC  jx1x3

LR =-j38 (1)
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Zro=28 (2)
Zov———o—1 __ 50 (3)
JjoC jx1x2

Zin=jol=jx1x1=jQ (4)
Zio=1Q (5)
Zou=joL=jx1x2=2Q (6)
T === PO 9
Z30=3Q (8)
Zyg=joL=jx1x4=j4Q 9)
Ziv——o 1 0 (10)

Based on maximum average power transfer theorem, the relation below must be held to transfer the maximum average
power to the load, where Zyy," is the complex conjugate of the Thevenin impedance seen by the load.

Zy, =Znw" (11)

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 % 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 connection of j2 £ and —j2 £ is zero. Thus, it can be replaced by a short circuit branch.
Therefore, the branch including the impedances of 3 £2 and j4 £2 will 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:

M0 ) = = =1 (12)

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=(j+ 1)L (13)

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

Using (13) .
V=L -li——— (j+)h=L-L=L =] (14)

KVL in the supermesh:
) ) Using (14) _ _ _
Vit (B4 (j+ D)+ =0 ——= —Vi+ (=3 + (j+2)(jk) =0 (15)

:>—Vt+(—1—j)1t:o§%:-1-;;»%,:(—1—]')9 (16)
t
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Solving (11) and (16):

Zu=(-1-)"=(-1+)) &

Choice (2) is the answer.

1
20cos(t) V ?F 1 H
: 10
@ [ ATN—AWW
+ v(t) -
wE) 22}1 §3£1
Zy, Aosin) A =5
)
== F §4H
=2F
10 1H
AMNN—TTT
—WW N\
(D
£t i 10
o | TN—A
+ A4 =

MW
(7S]
o}

4 Q

2Q
=-12Q %
=—-j0.5Q
1Q ] Q
o ANA—TIN
ﬁﬁl 10
I AN
(2)

Figure 2.62 The circuit of solution of problem 2.64
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—13Q i 10
o H FTTN—AAMA
+ \Y% -
\Y
b,
(’é" V( (i) 13
20
=——j0.5Q
10
S AN

3)

Figure 2.62 (continued)

2.65. The circuit is working with two different angular frequencies, that is, @ = 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 @ = 1 rad/sec. Herein, only the bottom voltage source
is turned off. The phasor of cos(?), that is, 1,/0° is defined as the reference phasor, where /7 is the symbol of
phase angle. Therefore, the phasors of the voltage of the voltage source and the current of the current source are
(2/0° )V and (2,70° ) A, respectively. The impedances of the components are presented in the following:

Zio=1Q (1)
ir=—F=—"—-=—j0 (2)

The power of a resistor can be calculated by using the relation below. Hence, we need to calculate its current.
Pg =RI},,. (3)

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

z=1|-) = =" )
v=(EL)ean=a-jpv 5

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

—2+I+(%)I—(lfj):0:¥<¥)17(3—j):0:>1:2A (6)

Solving (3) and (6):

P1:1><(%)2:1><(\/%.)2:2W (7)
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Part 2: Figure 2.63.4 illustrates the circuit in frequency domain for @ = 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:

Zia=10

1 1 .
Lir=sc T ixaxi - 1024

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

4 4 4
1+ 1[|(—j0.5) 1+% 12-j04 (3+))

I

Solving (3) and (10):

Based on superposition theorem and using (7) and (11):
P=P +P,=2+5=7T7W

Choice (4) is the answer.

G;r-'>2cos(t) A%
(9 4cos(2t) V

(1

1Q

v

(2)

Figure 2.63 The circuit of solution of problem 2.65

§1 Q ==1F GaZCOS(t) A

§1 Q —-j Q 2/0A

(8)

©)

(10)
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3)
L 8,

1Q ==-j050Q

G€M4DV

4

Figure 2.63 (continued)

2.66. The circuit includes two voltage sources with different angular frequencies, that is, @ = 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 w = 4 rad/sec. Herein, the left-side voltage source is
turned off. The phasor of cos(4t), that is, 1 ,0° is defined as the reference phasor, where “ / ” is the symbol of
phase angle. Therefore, the phasor of the voltage of the voltage source is (2,,0° )V or 2 V. The impedances of the
components are presented in the following:

1 1 .1

wC T jxax05" 129 (1)

Zosy =

Zig=joL=jx4x1=j4Q (2)

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

(4 (=73) o E j%
Jj _JE (J4)+ J%
Vi=— T —n = 2= )% (=% X2
PN + () Bl
=V :i X 2 = 16 \% <3)

()T
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Transferring to time domain:

w(t) = % cos (41) (4)

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

1 1 .
Z()ASF—J-(U—C——J.X2><0.5——]-Q (5)
Zin=jol=jx2x1=120 (6)

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:

, . (2)x(=))
V, = DN=) o @)
—j i2)||(—j _ ) 1 2=
(=) + G2I(=) (=) + s
) 2
=Vy=r—F——F%x1=3V 7
G 3 2
Transferring to time domain:
2 .

(1) = 3 sin (21) (8)

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

= V[(l‘) + Vz(l‘) =
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(%)2005(4’[) \"

(¥
N1y
aw

+> sin(2t) V v(t)

(1)

-j05Q  -j05Q
Il

|
+
v, g 40 (£)2£0v
2
-1 Q -1 Q
I I
| |
+
CRTI
(3)

Figure 2.64 The circuit of solution of problem 2.66

2.67. Based on the information given in the problem, we have:

|Z1| = 26 2 inductive (1)
Py = 13 kW consumed (2)
Psource = 13.5 kW generated (3)

From (1), we can conclude:

VR + X2 =26 (4)
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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 Q resistor. Now, by using this fact
and average power formula for the 0.8 Q resistor, we can write:

Using (2)(3
Psource — PL = %Ro_g oI AQ 13.5kW — 13 kW :% x 0.8 x |I” = [I] =25V2A (5)
Solving (2) and (5):
1, 2 1 2
PL = 3RUIP = 13000 =5 x Ry x (25v2) = R, =208 .0 (6)

Solving (4) and (6):

1/20.8% + X% =26 =

I _ 080Q 12Q
=AM AR

@3z 2

Figure 2.65 The circuit of solution of problem 2.67

2.68. The primary circuit is illustrated in frequency domain in Figure 2.66.2. The phasor of sin(?), thatis, 1 /0° 1is defined as
the reference phasor, where “ ” is the symbol of phase angle. Therefore, the phasor of the voltage of the voltage
source is 1 /¢° V. The impedances of the components are presented in the following:

Zig=1Q (1)

Zou=jol=jx1x2=12Q (2)
1 1 2

P eC T xixd 737 ®)

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:

Sl 2x(=3) .
z=pl(-3) =L = —j @ 4)
o2+ (=)
Now, by applying Ohm’s law for the Z, we can write:
19 _ 19 o
L= = L (o +45) (5)

U] o 450 L8
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Based on the information given in the problem:
i =1 cos )= I = 1, 290° (6)
By solving (5) and (6), we can conclude that:

o T
=45 == rad

4
l /
]Ill ﬁ A

Choice (3) is the answer.
=2 3P
@.) sin(t+®) V g 2 H L %F
(D
I, 10 I 1Q
AMN— AN

(2) 3)

Figure 2.66 The circuit of solution of problem 2.68

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 (Zx = Ry + jXy), as is
shown in Figs. 2.67.3-4.

In the first test, illustrated in Figure 2.67.3, we can write:
Z, = Ry +jXn (1)
In the second test, shown in Figure 2.67.4, we have:

1

7% 100 x 100 x 106 Ry +jXy = Ry +j(Xy = 100) @)

1 .
Zb*-]-a)7C+RN+]XN*
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Based on the given information:
|Z,| = 100 2
|Zp| =50 2

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

VRN + Xn% = 100 = Ry? + Xn2 = 10000

Solving (2) and (4) gives:

VRV + (X = 100)° = 50 = Ry? + (Xy — 100)? = 2500

Solving (5) and (6):
Ry =4840,Xy=875Q2

Solving (1) and (7):

Z,=484+j87.5=100 /61°= Z,=61°

Choice (3) is the answer.

100 uF

0 ——

- | -]

Z, Zy,
(1) (2)
100 uF
Zy = Ry + jXy Zy = Ry +jXy
e e
Z, Z;,
3) 4)

Figure 2.67 The circuit of solution of problem 2.69



122 2 Solutions of Problems: Sinusoidal Steady-State Analysis

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, 1,/0° _is defined as the reference phasor, where /7
is the symbol of phase angle. Therefore, the phasor of the voltage of the voltage source is \'5,0° ¥ or v/5 V. The
impedances of the components are as follows:

Zig=1Q (1)
Zin=joL=jx2x1=j20Q (2)
Zir———=— 1 _ 50 (3)

TjwC T jx2x1
Using voltage division formula in the circuit of Figure 2.68.2:

1 1 1
= =(1.£63° =—x1=—=V 4
Vl 1+2) x5 (1 63 )V:>V1rms 2 X V2 ( )

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(?), that is, 1 /0° is defined as the reference phasor, where “ /" ”is
the symbol of phase angle. Therefore, the phasor of the current of the current source is 1 0° A or 1 A. The impedances

of the components are as follows:

Zio=1Q (5)
Zig=joL=jx1x1=jQ (6)
1 1 .
Z1F—.—_ = ]-Q (7)

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

Using current division formula:

— -] = 1_ 450) A
L jr1 : (\/5 ®)
Using Ohm’s law for the resistor:
1 ° 1 1 1
- =(—_A45 - -
V2 - IZX 1 _(1/2 )V V2rms Y5 X1,2 V2 (9)

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:
2 2
e 1 1 1 1
— 2 2 — R — frng — —_ =
- Vlrms + V2rms (\/Z) + (2) D) + 4
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1Q =1F
V5cos(2t) V
@9(:05(1) A @ N
s v(t)%l Q
(1)
1Q ==-105Q 1Q =-1Q
V5,0V
O
O—; 104 -
21Q vém iQ VZ?Q
(2) (3)
=10
@124 h1./0A

%Q
(C))

Figure 2.68 The circuit of solution of problem 2.70

2.71. Based on the problem, the relation below between the voltage and current of the linear time-invariant (LTI) circuit

exists:

d* . & d’ d

dt* dar dr? dt

D i)+ 109 i(0) + 40 L i(6) + 60 Li(r) + 784i() = 10 Lvy (1) + 40w, (1)

dt

(1)

As we know, the first derivative operator in time domain, that is, < is equivalent to jw in frequency domain. Therefore,

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

(jo)*T + 10(jw)’I + 40(j)*X + 60(jw)I + 7841 = 10(jw)V + 40V

= o1 — j100°T — 4001 + j60wI + 7841 = j10wV + 40V

= (0" — 400 + 784 + j(60w — 100°) )T = (40 + j10w)V
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Based on the main circuit, the value of % will give us the input impedance of the network.

7 Vs _ 0" — 400’ 4 784 4 j(60w — 100*) )
S 40 + j10w )

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

44— 40 x 42 + 784 4 (60 x 4 — 10 x 4°) 400 — j400  10(1 — j)

Zin( =4) = 40 + 10 x 4 TT40+40  1+j

= Zin(w=4) = —j10Q (4)
On the other hand, we know that the impedance of a single capacitor is:

7 1 forw:4Z 4 1 1 s

By comparing (4) and (5), we can find the capacitance of the capacitor as follows:
10 = —j = =
Y Tg

Therefore, the network is behaving like a single capacitor with the capacitance of % F in the sinusoidal steady state with
the angular frequency of 4 rad/sec.

i(t)
-
LTI T
vs(t) Network Network

(D (2)

Figure 2.69 The circuit of solution of problem 2.71

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:

Zsoa =500 (1)

71, = joL Q (2)

Ze=-— 0 (3)
JjoC

Zipp o = 100 2 4)

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—vight = Lin—tett” (5)
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As can be seen in the circuit of Figure 2.70.2:

Zin et = 50 Q (6)
1 100
. 1 . we < 10 . oC
Zin—rioht = joL + —=1[100 = joL +“~——— = joL + —2¢
norghe = J0L o 5, 1100 = o 2000 =/ 1 oo
. 1 . 0.01 — joC
= Zin-right = joL + 0.01 + joC =JoL+ 1074 + w2C?
0.01 wC
= Zinright = ———5 Ti|oL ————= | L 7
noright =04 22 ]< 104+a)2C2> ™
Solving (5)—(7):
0.01
—— =150 (8)
—4 22
001 +j<wL_ _oC 2) _sgr o J 107+ e?C
107" 4+ w?C 107" + w?C oC .
oL —————>=0 9)
107* + w2C
From (8), we can write:
2x107*=10"*+0’C* = &*C* = 10" = wC = 0.0] (10)
Solving (9) and (10):
1072

L:W = wlL =50

Choice (1) is the answer.

50Q g L

C_)cos(mt) Vv =—C §100 Q

l

0

(D

500 - = ](.UL Q

(B

| i e

_)cos(mt) \Y% 4—‘ ’-> T jwC §100 Q

L O Zin et Zip_right O
b b

()

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(?), that is, 1 & is defined as the reference phasor, where “ L” is the
symbol of phase angle. Thus, the phasor of the voltage of the voltage source is 8 /0° ¥ or 8 V. The impedances of the
components are presented in the following:

Zig=joL=jx1x1=jQ (1)

1 1 .
¥ 1 AL (2)

Zivw=——= =
. , ;
JjoC  jx1xq

1
3

Z2 Q= 20 <3)
By applying KCL in the indicated node, we can write:

Vie8 Vi Vi _ 1o
7 +—j4+2+2_0:‘v"(4 ig) =8

-8 _(16V10 _18.43°)V

vV =
T a s 4)
4 7%
Applying voltage division formula:
2 16 V10 810

= A 1843° | = [—— A418.43° 5
Vo1 2+2><<5 83) (5 83>V (5)

The output voltage in time domain is:
Vor (1) = 8\? cos (t — 18.43")V (6)

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(2¢), that is, 1,0°_is defined as the reference phasor, where /7 is the symbol
of phase angle. Therefore, the phasor of the current of the current source is 2 30° 4. The impedances of the
components can be calculated as follows:

Zyg=joL=jx2x1=j20 (7)

1 1

o€~ jxaxl (8)

1
4+ F

Zog=20 )

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:(j2)||(fj2)+2:(§2)x7(_]:2)+2:i+2:oo+2:oo (10)
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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 Q resistor in the vertical branch.

V,,=(24809% 2=(430°)V (11)
The output voltage in time domain is:
voa(t) = dcos (2t +30°) V (12)

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

V(1) = Vo1 (1) + vea(t) = ¢ SlO cos (r — 18.43 ) +4cos (2t + 30 )V

Choice (4) is the answer.

1H 20
A115 MWV

+

Ososo v ==lr  v©320  @)200s0u30 A

b

(1
1@ vy, 20
2118 AW
+
@p0v  Lsa V320
()
2Q 20
4115 AN
+
::—j2 Q Voz §2 Q 2L30 A
3)

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:

BWeries = I{ rad/ sec (1)
wy = ! rad/ sec (2)
°~Jic

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

BWg,yies = 1100 — 900 = 200 rad/ sec (3)
wo = 1000 rad/ sec (4)

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(w = 1000 rad/ sec )| = 50 (5)

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(w = 1000 rad/ sec) = 11_8 = |Yin(@w = 1000 rad/ sec)| = I]_€ (6)
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:

. I(j . . . .
H(jo) = g = V(o) = Hio) = Ya(jo)| = H(o) )
Solving (5)—(7):

L _ 50 8
RV (8)

Solving (1) and (3):

Usi 8

% =200 — 8% ) 0'—22 =200 = 9)

Solving (2) and (4):

1 Using (9) 1
—— = 1000 =— —=—==1000 =
VLC 107 % C
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= AW—TTN | 50
50
(v V2
» w (rad/sec)
900 1100
(D (2)

Figure 2.72 The circuit of solution of problem 2.74

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, 1,0° is defined as the
reference phasor, where “ ” is the symbol of phase angle. The impedances of the components are as follows:

Zig=1Q (1)

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

— _j o\ 1 3
v ——_j+1x(1&)_—1 +jv 3)

Applying KVL in the mesh (Figure 2.73.2):

~Vor+V+V=0= Vg =2V (4)
Solving (3) and (4):
— l — 2 —_ _450V
Vol—(2x—1+j——1+j—\/EL (5)

Thus, the output voltage in time domain is:

vor (t) = V2cos (1 — 45 )V (6)
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 Q resistor. Thus, by applying Ohm’s law for the resistor
(Figure 2.73.3), we can write:

V=1x1=1Q (7)
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Applying KVL in the loop (Figure 2.73.3):

~V2+V+V=0=V;, =2V (8)
Solving (7) and (8):
Voo =2x1=2V )
The output voltage in time domain is:
vea(t) =2V (10)

Based on superposition theorem and using (6) and (10), we can determine the total output voltage as follows:
Vo (1) = o1 (1) + vea(t) = V2 cos (1 — 45 ) +2V

Choice (3) is the answer.

v(t)
10
AW <
+
+
@.)cos(t) v(O)==1F G 1A v, (t)
QO
(D
v
10
+
+
C@lﬁ}v A\ :—__]Q Vol
0}
(2)
1A 10 X
~——WW\ S
+

v o Vos

3)

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:

P =25 kW
0, = 25 kVAr
S, = 15 kVA

PF, = cos (6) = 0.8 Leading
Py = 11 kW

PF; = cos(0;) =1

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

P2 = SQ Cos (92) =15kW x 0.8 =12 kW

Q, = —Sysin (6;) = —15kVAr x V1 —0.8> = —15 kVAr x 0.6 = —9 kVAr

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:
0;=0
Now, we can calculate the total active and reactive powers of the circuit as follows:

Using (1),(5),(7)

Prowr = Py + Py + Py =25 kW + 12kW + 11 kW = 48 kW

Using (2),(8), (9

) Orotar = 01 + 0y + O3 = 25 kVAr + (=9 kVAr) + 0 = 16 kVAr

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

Soral = \/ (Prowa)” + (Qroat)” = \/ (48 kW)* + (16 kVAr)* = 16V/10 kVA

Finally, the total power factor of the circuit is:

) 3
PF'/})/([/ = COS§ (H/})/u/) = PTOml = 48 kW =—
Stoal  16v/10kVA /10

agging

U

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

o,

Figure 2.74 The circuit of solution of problem 2.76

(7)
(8)
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2.77. Figure 2.75.2 shows the primary circuit in frequency domain. The phasor of cos(#), that is, 1 0° is defined as the
reference phasor, where “ " is the symbol of phase angle. Thus, the phasor of the voltage of the voltage source is
A,/0° Volt. The impedances of the components are as follows:

Zio=1Q (1)
Zig=joL=jx1x1=j0Q (2)
Zr =R (3)

1 1 .
ZlF —].Q <4)

TjoC T jx1Ix1

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.

I = Iy (5)
As can be noticed from the circuit of Figure 2.75.2, 1 Q is achieved as the Thevenin impedance seen by the network.
Herein, the voltage source needs to be turned off (short-circuited). Therefore:
Zm =12 (6)
Solving (5) and (6):
In=1"=1Q (7)
The input impedance of the network can be directly calculated by using Figure 1.75.2.

Zy =+ R+ DI(72) =i+ G =+

—2(R+1)
R+1)—j2

:>ZN:j+4(R+1)_j2(R+1)2: AR+ 1) +j<1(2“!€ﬂ>

(R+1)*+4 (R+1)*+4 R+1)°+4

Solving (7) and (8):

4(R—+21): 1 :¥4(R+1):R2+2R+1+4:&R2—2R+1:0:»(R—1)2:0
(R+1)*+4
= ©)
Based on the information given in the problem:
1

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

1 [V
PN,max - 8 RN

(1)
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where Vy, and Ry, 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:

Vi =V,.= AL = AVolt (12)
Solving (7), (9)-(12):
1 1A
g=81
Choice (2) is the answer.
1Q 1 H
AN A11R
R
@.« Aos(t) V' 02
1Q
()
10 1Q
AMN —
R
@asov e
1Q
ZTh Zin
2)

Figure 2.75 The circuit of solution of problem 2.77

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 of V; and I;) to the terminal and find the
relation below, where & = Zry, and f = Vry,. In this method, we do not need to turn off the independent power sources.

Vi=al; +p (1)
Applying KCL in the indicated upper-left node:

—I+L-Li=0=1I=L,—-1 (2)
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Applying KVL in the left-side mesh:

Using (2
C1/90° 4141, x (<) =0 =80 | 90° 41, — Ty — I, =0
L +1./90°
=10 +(1-HI-1,=0=1, =11—. (3)
=J

Applying KVL in the right-side mesh:

Vi+h+hx(—)=0= —Vi+(1 -l =0 (4)
Solving (3) and (4):

L +1/90°

_V1+(1_j):=0=>—V1+ L+190°=0=V, + I +1/0° (5)
1-j

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

Zrp =180

Vi =(1.,00)V=jV

Choice (1) is the answer.

3
w
§1 Q vz
=—-jQ Vi §RL
(1% v
4

(D

<+
+ O™

IT?IQ i I
q SSET o SHv

@)1.@ \%

o0 |

()

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{Yin} =0 (1)

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\/5 /0° ) A or2+/2 A. Herein, “ 7

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

Zoso o = 250 2 (2)
Zsy = joL = j50 Q (3)
Zso=5Q 4)
1 1 10°
V/ == =—j— £ 5
T joC T jo x 4 x 1073 Y40 ®)
The input admittance of the circuit is:
_ 1 L1 5-j5w . 3
Yin =356+ 57 30 0 250 T35 12562 T/ 10
1 5 . 5 3
:Y‘"_250+25+25w2+]“’< 251 2502 T 4210 ) ©)
Solving (1) and (6) results in the resonance frequency.
5 3 _ 2 2 _
25+25w2—l—4>< 107°=0=0.140.10"=5= 0° =49 = wy =7 rad/ sec (7)

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

1 5 4
Yn=r~+—"—"—-=0.008 2 8
n 250+25+25><72 (8)

;»zin:YI —125Q = R, = 125 Q 9)

in

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

2
=Ryl =125 x <&> =
V2
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SH
(—-‘D%ﬁcos(wt) A §250 Q =4 mF
50
(D
150 Q
13
220 A §2509 ::—j% Q
r 50 @
Yin
(2)

Figure 2.77 The circuit of solution of problem 2.79

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 (2,°0° )V or2 V. Herein, “ / is
the symbol of phase angle. The impedances of the components are presented in the following:

Zy, = joL = j2L Q (1)
1 1

ZC_]a)—C_jZ_C (2)
Zig=1Q (3)

. . 1
Z%H:]wLZJXZXEZJ.Q (4)
Zro=20 (5)

1 1 ,
Zyy L pa (6)

=l Fxaxl =
The average power of the 1 Q resistor can be calculated as follows (See Figure 2.78.2):

1 1
Pio :§R19|11|2 =§|11|2 (7)
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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:

1 1 1
Ps = A Riall* + S Ragllal? = b + 1o ®)

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

v V|
L= |——| =12 9
By applying Ohm’s law for the right-side vertical branch of the circuit, we can write (See Figure 2.78.2):
A\ V]|
Ll=|—=|=—% 10
|2| '2__]2‘ 2\/5 ( )
Solving (9) and (10):
| = 2[L| (11)

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

Pio _ %|Il|2 _ % X 4|IZ|2 _ 2 :g
Poo AP+ o x4+ 2+10 9
Choice (2) is the answer.
L ¢ 20
gl Q
@)2.;:05(20 v ::iF
1
Sy
(1)
L0
RLQ 12€ O
n—| A
” ill ¢lz
él Q
@Dzﬁv 20
3
2)

Figure 2.78 The circuit of solution of problem 2.80
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2.81. Based on maximum average power transfer theorem, to transfer the maximum average power to R, the relation below
must be held, where Zyy, is the Thevenin impedance seen by R:

R = [Z| (1)
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:

Zysu=JjoL=jx1x2V2=2V2Q (2)
Zio=1Q (3)
Zin=joL=jx1x1=jQ (4)

1 1 .
Zig —j (5)

:ja)—C:jxlxlz

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

_ . . N (I+7)x(1—=)) )
Zon = Zin = 2V2 + (1 )] (1 —J)_]zx/i+m_ (1+,2\/§)Q (6)

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 :900 +VOC+O=OSVTh=V0c=(1 M)V <7)
Solving (1) and (6):
R:‘l+j2\/§‘:3.(2 (8)

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=Llgrpp (9)
2

Now, let us define Pz, and Pg,,.. as the average powers of the Thevenin impedance and the voltage source,
respectively. Herein, Pz, includes the average power consumed by the two 1 Q resistors of the main circuit. In
addition, Ps,,,. 1s the average power generated by the voltage source or consumed in the whole circuit. Therefore:

2
Ix1x 1 1

= = 20.25:
Il x IP+1x3x (I 1+3
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R 2V2 H 1Q
A A1 A%
1Q
C@cos(t) \Y =1F
1H
(1)
Thevenin
2v2 H 1Q R=3Q
O O 11 A A
+Vo—
1Q
@Dlﬁv q ==-j Q @91QV HZT.,=(1+J'2~/§)Q
1Q
(2) 3)

Figure 2.79 The circuit of solution of problem 2.81

2.82. Figure 2.80.3 shows the circuit in frequency domain. Herein, the phasor of sin(2¢), that is, 1,0° is defined as the
reference phasor, where “ 7 is the symbol of phase angle. Therefore, the phasor of the voltage of the voltage source
is 40,°0° V or 40 V. The impedances of the components are as follows:

1 1 .
Zos¥ =506~ Tx2x05 /9 (1)
Zin = joL = 2L Q (2)
2, 0=20 (3)

In order to have vy(#) and i,(¢) 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{ZTh} = O (4)

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

. . L@xen) o pL L 22 L
Ty — DG2L) = —j+ 75— =+t =+ ———5—
Th j+ (2)[1(j2L) J+(2)+(j2L) J+1+1L J 1+ 12
IR o) 2, - 2 _72 _
T — j—JjL”+2L° +j2L 2L +j2L L~ —1 (5)

1+1? 1+ 1+1?
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Solving (4) and (5):

2L—I%—1

vy =0=L*-2L+1=0=1—1H (6)

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

40
Is - Z—Th (7)

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

C2x 12 2x1—12—1

Zm = =10 8
™ T e ®
Solving (7) and (8):
Iy = ? =40A = |I;| =40A
Choice (3) is the answer.

L {

i(t) 05F

—]
20
AN
G-_FD v(t) =40sin(2t) V
(D
12L Q
I -1 Q r’m{

' |
2.0
AN

@)40_/_0\? I"
zTh
2

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:
Zy 54 =JoL=2V20Q (1)
Zio=1Q (2)
75 =jol =j2w Q (3)
ZuniﬁZﬁﬂ (4)
Zx =R (5)

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{Zin} =0 (6)

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

. 1 . 2
Zin_12w+m+R_R+J(2w—5> (7)

By solving (6) and (7), we can calculate the resonance frequency.
2
Zw—;:Oéwozlrad/sec (8)

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

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,
w = wy = 1 radlsec.

R= ’ZSeen by N (10)

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).

ZSeenbyN‘:‘1+j2\/§’:~/ 12+(2\/§)2:\/§:3Q <ll)
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Solving (10) and (11)
R=3Q (12)

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:

Py = Pg = Rlgms’ (13)
Solving (9), (12), and (13):
3 =3Igms’ = Igyms = 1 A (14)

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

Using (14)
V=(143)XIgm ———=V=4x1=4V (15)

Applying current division relation in the circuit of Figure 2.81.4:

I 7 - Ir aoms — . —
R,rms ]2\/§+4 S,rms S,rms ]2\/§

j2/2 Using (14) PV2EA (1-/v2) 4 (16)

Applying complex power relation for the current source:

. , Using (15), (16) R _
SS = VS,rmsIS,rms = _VIS,rms —_—— SS =—4x (1 _]\/E) = <_4 —]4\/§> VA (17)

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

From (17), we can conclude that:



2 Solutions of Problems: Sinusoidal Steady-State Analysis 143

is(t) ézﬁ H §R
(H
st
10 12w Q Jo-ﬁm
AW 4115 |
L %jh@n Q ’—' §R
Zin
(2
10 po 120
AW £11% I

Q)
ol
S
)
e
_ 14
K
AN
=~

3)
10Q
AN
+
I, Vv gjzﬁ Q §3 Q
4

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(#), that is, 1 0° is defined
as the reference phasor, where “ ”is the symbol of phase angle. The impedances of the components are presented
as follows:

1 1

e TS R A .
Zio=12 (2)
Zig=joL=jx1x1=j0Q (3)

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=—IxL=-I 4)
Defining the current of the current source based on the mesh currents:
1=L-1 (5)
Applying KVL in the supermesh including meshes 2 and 3:
L+1L-I)+(1+)=0= —Li+2L+(1+,)3=0 (6)

Applying KVL in the top mesh:

Using (4)
—j11+3V+1(Il—Iz)=O:> —j11+3(—12)+1(11—12):0
. 1—j
é(l —])11—412:0:>12:Tll <7)
Solving (5) and (6) to eliminate Is:
“L+2L+(1+/)(1+L)=0= - L+ 3+/))L+1+,;=0 (8)

Solving (7) and (8):

711+(3+j)(511)+1+j:0:>11<;j) =1

4 2
=1,=2(1+)A = (22 £45°) A 9)
Solving (7) and (9):
== 00 )= a (10)

Solving (4) and (10):

V=-1, =V =190V (11)
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Now, we can calculate the average power of the dependent voltage source as follows:

P= %ISVIIIII cos(8, — 6,) = %|3 90°]12v2 /=45° | cos(90 — (-45))

1

:¢P:§x3x2¢ZmMB$:>P*f3W

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

(%]
<
~
L
~—

@

1Q %19
AN
u(t)§1 Q GDSin(t) A gl H

(1)

A 4
—=ia (n)
10 13
NV
I
;gm @ GQIAQ gm
(2)

Figure 2.82 The circuit of solution of problem 2.84

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.

LIVE 1,0

[
S =3 VI' =
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Moreover, the magnitude of the complex power of a component is defined as its apparent power.

S=18|

2 Solutions of Problems: Sinusoidal Steady-State Analysis

(2)

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 = Re{S}

0 = Im{S}

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

-+ 7
=22 x(1,/0°)

(0.4 — j0.2) + (0.2 + j0.4)

L+ I+ 7, T 03+/0.1)+ (04— /02)+ (0.2 +,0.4)
06402 2 2
=693 j03-34 7 Mi=34
R TR (0.3 +/0.1)
2R L+ 1+ 7, (03 +,/0.1)+ (0.4 —j02)+ (0.2 +/0.4)
034400 1 a1
L=L=gg7j03 34 [Li=Ihl=34

Solving (1) and (5):

2
S, = %z1|11|2 - %(0.3 +j0.1) (E) = (0.066 +j0.022) VA

3
Solving (1) and (6):
1 2

1 2 1
S2—§Z2|Iz| -

\S]

3

1

2
S; = %Z_,,|13|2 = %(o.z +j0.4) (—) = (0.011 4 j0.022) VA

3

Choice (1) is correct, since IS,| =10.022 — j0.0111 = 0.024 VA, IS5/ =10.011 + j0.022| = 0.024 VA, and

Choice (2) is correct, since P, = 0.022 W, P; = 0.011 W, and

Choice (3) is correct, since Q; = 0.022 W, O, = — 0.011 W, and

Choice (4) is incorrect, since Q3 = 0.022 W, Q; = 0.022 W, and

(0.4 — j0.2) (—) = (0.022 — j0.011) VA

(3)
(4)

(6)
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72

1,0V Z1 Z3

Figure 2.83 The circuit of solution of problem 2.85

2.86. The circuit is shown in frequency domain in Figure 2.84.2 for the angular frequency of w = 1 rad/sec. The impedances
of the components are presented in the following:

Zr =RQ (1)

Zig=18 (2)

Zom—jol=jx1x2=20 (3)
1 1 .

Zy= = =—jQ (4)

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

R = |Zm| (5)

To calculate the Thevenin impedance seen by R, we need to replace it with a test source and determine the value of ‘I/_:’ as
can be seen in the following and in Figure 2.84.3:

Defining I; based on the mesh currents:

L=L-1L (6)
Applying KVL in the right-side mesh:
. . L —il . Using (6) .
(HL-T)+(2L-L=0=L=""t— |, ——L=—jL-L)-L
. , —1—j
L e e )

Applying KVL in the left-side mesh:

“Vit+ L+ (=) —L)=0= —Vi+ (1 =)l +jlb=0 (8)
Using (7) 11— 1—i
—_— —Vt+(1—j)lt+j%lt=0:> —Vt+<1—j+1—_§>lt:0
. Vi . .
= —Vi+(2-)k=0= I—t:2—J:>ZTh:(2_])-Q )

Solving (5) and (9):

R=|Zm|=2—jl=V5 (10)
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Based on the information given in the problem:

Promar = 2V5 (11)

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

Pg = Rl (12)
Solving (10)—(12):
2V5 = V51% = Ijms = V2 (13)

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

Using (10), (13 2
Pconsumed = (R + l)IIZQ,rmS (:)(2 P consumed = (\/5 + 1) <\/§> = 2<\/§ + 1) W

Choice (1) is the answer.

(B
I
1
-
l

~)v(0)

S

itl(t)
(D
R 1Q 12 Q
A NMAN S1IA

®
o~
[l
!
L
o)
&

)
Vil g 2Q
@“’ A A

(D =-j Q @ <€~>ll

3)

Figure 2.84 The circuit of solution of problem 2.86
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Problems: Sinusoidal Steady-State Analysis 3
of Circuits Including Transformers
and Magnetically Coupled Inductors

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 Q resistor in sinusoidal steady state?

Difficulty level ® Easy O Normal O Hard
Calculation amount @ Small O Normal O Large

1) 3 radlsec
2) 6 radlsec
3) 9 radlsec
4) 12 radlsec

H
411 2]

(E)Vicos(wr) § | E §12 Q

Figure 3.1 The circuit of problem 3.1

W=

e

2 1 -1
3.2. The inductance matrix of a circuit including three magnetically coupled inductorsis [L]= | 1 4 —1| H, and their
-1 -1 3
currents are i1 = 3 A, i = | A, and i3 = 2 A. Calculate the magnetic energy stored in the circuit.
Difficulty level ® Easy O Normal O Hard
Calculation amount @ Small O Normal O Large
1 17J
2) 12J
3) 28J
4) 247
© Springer Nature Switzerland AG 2021 151
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3.3.

3.4.

3.5.

In the circuit of Figure 3.2, parametrically determine the value of R; so that it can absorb the maximum average power in
sinusoidal steady state.

Difficulty level ® Easy O Normal O Hard

Calculation amount @ Small O Normal O Large

2
1 \/ (Ro)> Loa)—mlco> Q

2
2) \/%)2 + nzLOw wnZCO) Q
.Q

} n:1 S11R

©n0 [l )

Figure 3.2 The circuit of problem 3.3

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 Q resistor in sinusoidal steady state.

Difficulty level ® Easy O Normal O Hard
Calculation amount @ Small O Normal O Large
1) 100
2) 4
3) 25
4)5

100 Q

MW n:1

L ®

wo  JIE e

Figure 3.3 The circuit of problem 3.4

®
\ 4

In the circuit of Figure 3.4, calculate the primary voltage of the transformer in sinusoidal steady state (v;(?)).
Difficulty level ® Easy O Normal O Hard

Calculation amount @ Small O Normal O Large

1) 100 cos (107) V

2) —200 cos (101) V

3) —100 cos (10¢) V

4) —30 cos (10r) V
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3.6

3.7.

2H

2,(8) 3H§ E.m

)

D 10sin(10t) A

Figure 3.4 The circuit of problem 3.5

. 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 O Normal O Hard
Calculation amount O Small @ Normal O Large
1) 38
2) 0.75 2
3) 122
4) 1252
30 SH 4F
ANM— T 2:1 |

Figure 3.5 The circuit of problem 3.6

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

Difficulty level ® Easy O Normal O Hard

Calculation amount O Small @ Normal O Large

1) §—j5 %

2) (5+j5) R

3) (20 — j20) Q
4) (20 + j20) Q2

10 Q 001 H
MWV A1LA 12

(F)10sin(10000 V. ==100 uF é | E Zy

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 O Easy @ Normal O Hard
Calculation amount @ Small O Normal O Large

D) wy =222 v, (1) = 2cos( v

2) wo =424 y,(1) =1 cos (41) V
3) wg =2 ;“ef o(t) = 4 cos (2t) V
4) wy =4 ZZ‘C’ Vo(t) = 4 cos (4t) V

12

cos(wt) A —— i g || E

+

%lH vo(t)élﬂ

Figure 3.7 The circuit of problem 3.8

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 O Easy @ Normal O Hard
Calculation amount @ Small O Normal O Large
1) in(H) = sin(H A, Ry=12 2

2) iM(H) = sin(H A, Ry=112

3) i) =3sin () A, Ry=12Q

4) in() =3sin(H A, Ry=110

155

255

S5 | AMW—O0 a

3sin(t) A §4Q g | E

VWY

ob

Figure 3.8 The circuit of problem 3.9

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 O Easy @ Normal O Hard
Calculation amount @ Small O Normal O Large
1) 6 mH
2) 4 mH
3) 2mh

4 1 mH
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Ly L, Ly L,
o .W .’WU“ O © .’D’D’U“ Qﬂﬂi“. O

W ™ i
M M

(D (2)

Figure 3.9 The circuit of problem 3.10

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 O Easy @ Normal O Hard
Calculation amount @ Small O Normal O Large
DQ2+4)Q
2) 2+3) Q2

3) (2 +j4.5) Q2
4) 2+j35)Q

Figure 3.10 The circuit of problem 3.11

3.12. In the circuit of Figure 3.11, determine the inductance matrix of the circuit for n; = 1 and n, = 1.

Difficulty level O Easy @ Normal O Hard
Calculation amount O Small @ Normal O Large
'3 37
2 2
1) 33 H
L2 2
137
2 2
2) 31 H
L2 2
317
2 2
3) 13 H
L2 2
117
2 2
4) 11 H
L2 2]
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np:n»
o, O
L] L]
Jn JIE G
o, O
Figure 3.11 The circuit of problem 3.12
3.13. In the circuit of Figure 3.12, determine the equivalent inductance seen from terminal a—b.
Difficulty level O Easy @ Normal O Hard
Calculation amount O Small @ Normal O Large
23
DEH
5
2) s H
16
3) 3 H
16
4 ¢ H
3H
ao £11R
® M=2H
%3 H 34 H
o]
2H
bo 4115
Figure 3.12 The circuit of problem 3.13
3.14. In the circuit of Figure 3.13, determine the equivalent inductance seen from the terminal.

Difficulty level O Easy @ Normal O Hard
Calculation amount O Small @ Normal O Large
H1H

2) 05 H

3) 1H

4) 25 H

§1H %H

4115

éZOH
®

Figure 3.13 The circuit of problem 3.14
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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 L; = % H L, =
M| =1 H,and C =1 F.
Difficulty level O Easy @ Normal O Hard
Calculation amount O Small @ Normal O Large
1) 7 rad/sec
2) V21 radlsec
3) 1.6 radlsec
5
4) 7 radlsec

M
= %lq gl‘z
L]

Figure 3.14 The circuit of problem 3.15

H,

(1]

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

secondary side of the transformer in sinusoidal steady state.
Difficulty level O Easy @ Normal O Hard
Calculation amount O Small @ Normal O Large

1) Z—; =2,C= % F

2) Z—; = %, C= % F

) =2,C=5F

4) Z—; = %, C=20F

4Q
MWW

@0V S P

Figure 3.15 The circuit of problem 3.16

a
=
5
[38]
[
@)

!

3.17. In the circuit of Figure 3.16, determine the equivalent inductance of the circuit seen from terminal a-b (L,;). k is the

coupling coefficient.

Difficulty level O Easy @ Normal O Hard
Calculation amount O Small @ Normal O Large
1) L,

2) LiV1—k*

3) Li(l — &)

4) L1(1+%)



158 3 Problems: Sinusoidal Steady-State Analysis of Circuits Including Transformers and Magnetically Coupled Inductors

bo—

Figure 3.16 The circuit of problem 3.17

3.18. Calculate the sinusoidal steady-state response of v(¢) in the circuit of Figure 3.17.
Difficulty level O Easy @ Normal O Hard
Calculation amount O Small @ Normal O Large
1) —3sin (2f) — cos )V
2) 3sin (21) + cos 2V
3) —sin(2t) —3cos 2 V
4) sin(2t) + 3cos 2 V

10 poi 20
M Y — W
[ ] [ ]

2 H% I H
C{Dl(}sin(ﬁ) \ 31 -

+
v(t)=—05F

Figure 3.17 The circuit of problem 3.18

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

Difficulty level O Easy @ Normal O Hard
Calculation amount O Small @ Normal O Large
1) 36¢”° V
2) 367V
3) 72e 3V

4) 7273 v
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40 Q
VWV 1:4

@)30&‘1

IT é | E Vo==-j480 Q

g || E §320 Q

Figure 3.18 The circuit of problem 3.19

3.20. In the circuit of Figure 3.19, what must be the value of :’,—; and C to transfer the maximum average power to 2 € resistor in

3.21.

sinusoidal steady state?

Difficulty level O Easy @ Normal O Hard
Calculation amount O Small @ Normal O Large
1) % =05C=002F

2) %zS,Cz0.0ZF

3) % =0.25C=001F

4) %zS,CzO.ZF

L) cos(10t) V

(v
NITY
211

Figure 3.19 The circuit of problem 3.20

In the circuit of Figure 3.20, calculate the power of 2 Q resistor.

Difficulty level O Easy @ Normal O Hard
Calculation amount O Small @ Normal O Large
1) 25 mW
2) 50 mW
3) 80 mW
4) 100 mWw
05H
100 { )
MWW
5 ®

cos(2t) A 1 H% E] H =—1F

§2Q

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 O Easy @ Normal O Hard

Calculation amount O Small @ Normal O Large

1) (351 —Jz) 2
(221 J%AZKI))
3 GB+in) e
(ég +J 221)
2H SO
ao 115~ AW
§3 H @)lOcos(Zl) \"
bo

Figure 3.21 The circuit of problem 3.22

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 O Easy @ Normal O Hard
Calculation amount O Small @ Normal O Large
1) 50
2) 102
3) 20
410
2H
3H . 2H
ao A11R 411k 2:1
] °
33 H
g | E §0.5 Q
=—025F
bo

Figure 3.22 The circuit of problem 3.23

3.24. In the circuit of Figure 3.23, determine the Thevenin impedance seen from the terminal in sinusoidal steady state.

Difficulty level O Easy @ Normal O Hard
Calculation amount O Small @ Normal O Large
HiQ
2) % Q
3) % Q

430



3 Problems: Sinusoidal Steady-State Analysis of Circuits Including Transformers and Magnetically Coupled Inductors 161

3.25.

3.26.

a0 1:4 o

o JIE g

Figure 3.23 The circuit of problem 3.24

bo

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 O Easy @ Normal O Hard

Calculation amount O Small @ Normal O Large

: L =104
L=-3A
{1, =124
2)
L=-3A
{11 =10A
3)
L=-25A
I =-10A
5 {
L=-2A
s () i2(t)
AN = 1:4 —

+ +
(f"'_-'>240\/§cos(wt) \" vy () g H E v, (t) §240Q

Figure 3.24 The circuit of problem 3.25

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 O Easy @ Normal O Hard
Calculation amount O Small O Normal @ Large
[5 15]
1) H
115 80
[5 15]
2) H
|10 60 ]
[5 167
3) H
116 60 |
[5 167
4) H
116 80|
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M
i1 (t) ir(t)
LB, Y L0
+ ® ® +
v (t) Ly % ELZ v,(t)
o o

Figure 3.25 The circuit of problem 3.26

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 O Easy O Normal @ Hard
Calculation amount @ Small O Normal O Large
Ril,—RoL;
1) Bl
2) Rle Rle H
R L R L
3) Bkl g
4) R2L1 R1L2 H
M
° m ®
L]_ %LZ
a b
_l’_
CF—"')US(t) © ©

Figure 3.26 The circuit of problem 3.27

3.28. In the circuit of Figure 3.27, calculate I, if I, = 20v/2¢ 7% A and Iy = 24 A.
Difficulty level O Easy O Normal @ Hard
Calculation amount @ Small O Normal O Large
D) (V89 £22%) A
2) (2489 £32°) A
3) (10V2 £45°) A
4) (6.£0°) A
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Figure 3.27 The circuit of problem 3.28

3.29. The circuit illustrated in Figure 3.28 is in sinusoidal steady state. The inverse of the inductance matrix of the circuit is

3.30.

5
' =r=
B -
O Normal @
O Normal

Difficulty level
Calculation amount
1) 10F

2) 50 F

3) 100 F

4) 200 F

O Easy
® Small

Hard

O Large

M

A

_2 } . Determine the capacitance of the capacitor so that the voltage of the resistor is maximum.

®

Dcos(lom) \%

L113 EL;Q

&

+

v(t)§10ﬂ

Figure 3.28 The circuit of problem 3.29

In the circuit of Figure 3.29, determine the impedance of the load (Z; ) so that it can absorb the maximum average power

in sinusoidal steady state.

Difficulty level O Easy O Normal @ Hard
Calculation amount @ Small O Normal O Large

1) (125 — j3.75) 2
2) (0.8 — j2.4) 2
3) (1.25 + j3.75) @
4) (0.8 +j2.4) 2
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20 +360 Q
Figure 3.29 The circuit of problem 3.30
3.31. In the circuit of Figure 3.30, calculate the voltage of the voltage source in sinusoidal steady state.
Difficulty level O Easy O Normal @ Hard
Calculation amount @ Small O Normal O Large
1) 2v/5sin (2t —26") V
2) 2sin (2t —26) V
3) 2sin (2t +26) V
4) V/Ssin (2t —26") V
1 H
AL
+
1Q
M él H  v,(t)=2sin2) V
v(t) .
O
Figure 3.30 The circuit of problem 3.31
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 O Easy O Normal @ Hard
Calculation amount @ Small O Normal O Large

& x |2 H

Vr
Vr
V2
V2
Vr

Vi
A\

2) & x H

3) B x H

4) B x H
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M

A
w0 2 E wo ®

R
MWV

+= G

!

@)

- V() +

Figure 3.31 The circuit of problem 3.32

3.33. In the circuit of Figure 3.32, calculate the sinusoidal steady-state voltage of the circuit for the given inductance matrix.

1 -1 0
L=|(-1 1 1|H
0 1 1
Difficulty level O Easy O Normal @ Hard

Calculation amount O Small @ Normal O Large
1) 1sin(r) V

2) cos(r) V

3) sin(®) V

4) tcos(r)V

lil(t) liz(t)

Figure 3.32 The circuit of problem 3.33

3.34. In the circuit of Figure 3.33, network N is in sinusoidal steady state and working with the angular frequency of 1 Hz.
The input impedance of network N is Zn; = (% + j2) £2. Determine the values of R and C so that the maximum average
power is transferred from network N, to network N,, and the power factor of network N, is unity.

Difficulty level O Easy O Normal @ Hard

Calculation amount O Small @ Normal O Large
DR=3QC=}F

2)R=32,C=%F

3) R=3Q2,C=1F

4) For no value of C, unity power factor is achieved for network N,
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Network N,

\_/-
Network N, -—I | IH 2H

YA

Figure 3.33 The circuit of problem 3.34

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 O Easy O Normal @ Hard
Calculation amount O Small @ Normal O Large
DR=2Q,Pu=5%W
2)R=2QPux=1W
A R=2QPu=2W
4 R=2QPuux=5W

IR 25

C)cos(t) v I ==0.5F R @DZsin(t)A

!

Figure 3.34 The circuit of problem 3.35

3.36. If the circuits of Figure 3.35.1 and Figure 3.35.2 are equivalent, determine the coupling coefficient (k).

Difficulty level O Easy O Normal @ Hard
Calculation amount O Small @ Normal O Large
13
2) %
3) %
4) %
0 2H i(t) M
2 TN O i1(t) m i2(t)
-
i N\ + o, O
I1H % + o ° +
vy (t
210 E3 H 2() vy (t) Ly L, v,(t)
O O o, O
ey 2

Figure 3.35 The circuit of problem 3.36

3.37. In the circuit of Figure 3.36, calculate the Thevenin resistor seen from terminal a—b.
Difficulty level O Easy O Normal @ Hard
Calculation amount O Small @ Normal O Large
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("nl 2 (Ri +Ry)
(,,"1) (Ri +R>)
3) (=1%(R, +Ry)
4) (%)’ (Ri +R)

3:

n—

a0

bo

® nl

R,

MWWV

Figure 3.36 The circuit of problem 3.37

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 O Easy O Normal @ Hard
Calculation amount O Small @ Normal O Large
1) R’Cand &
2) L1+Lz

3) L L1L2

b L

Ly
W—
M F
N2 AN AN
L,
Load

| tnc
~ )~
+ ~

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 ::_; so that the maximum average power is transferred to the 400 Q
resistor in sinusoidal steady state.

Difficulty level O Easy O Normal @ Hard
Calculation amount O Small @ Normal O Large
1) 10
2) 12
3) 14
4) 16
10 kQ
MWV
L]
n
@)s20a §80 kQ :
n2
400 Q

Figure 3.38 The circuit of problem 3.39

3.40. In the circuit of Figure 3.39 the input impedance of the circuit is §. Determine the parameter of “a.”

Difficulty level O Easy O Normal @ Hard

Calculation amount O Small O Normal @ Large

1) %

2)ic

3)1

4) 2C
C
||
|

ao l:a
® @

e
A
~

bo

Figure 3.39 The circuit of problem 3.40

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 O Easy O Normal @ Hard
Calculation amount O Small O Normal @ Large
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3.42.

3.43.

HiH
1
2)5 H
3)2H
4) No value of mutual inductance can result in a purely inductive impedance
a—dﬂ“”"——‘ﬂﬂa-*_hdh_h—““““ﬁaﬁh
a0——=T4 T

1:H

bo

Figure 3.40 The circuit of problem 3.41

In the circuit of Figure 3.41, determine the resistance of R so that it can absorb the maximum average power.

Difficulty level O Easy O Normal @ Hard
Calculation amount O Small O Normal @ Large
1810
1) =55 @
1810
2) 91 2
1810
3) 55 2
905
4) 55 2
40 Q 30 Q
MW\ AAAA
L 41

§20Q

Figure 3.41 The circuit of problem 3.42

In the circuit of Figure 3.42, calculate the resonance frequency seen from terminal a—b.
Difficulty level O Easy O Normal @ Hard

Calculation amount O Small O Normal @ Large

1) \/#L—C rad /sec

2) iz rad /sec

3) ﬁL—C rad [sec

4) This circuit does not have any resonance frequency from the terminal
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a b
o @]

n:1
[ ]

-

Figure 3.42 The circuit of problem 3.43
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Solutions of Problems: Sinusoidal Steady-State 4
Analysis of Circuits Including Transformers
and Magnetically Coupled Inductors

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:

R, o= (129) x (%)2:48.(2 (1)
oo () () - >

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:

Wy = S 12 rad/ sec (3)

T
X3

1
3

oo

Therefore, the frequency of the voltage source must be equal to the resonance frequency.
w=wy =12 rad/ sec

Choice (4) is the answer.
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1
0 2 F
2112 %1 l
@ ®
(@%cos(mt) g || E §12Q
(D
1
b
2112 I
G_-’)Vscos(wt) §48 Q
(2)

Figure 4.1 The circuit of solution of problem 4.1

4.2. The magnetic energy stored in the magnetically coupled inductors can be calculated by using the following relation:
" (L] v (1)

where [L] and []] are the inductance matrix of the circuit and the currents of the inductors, respectively, as can be seen in
(2) and (3).

2 1 -1
=1 4 —-1|H (2)
1 -1 3
3
[j=1]1]A (3)
2
Solving (1), (2), and (3):
T
3 2 1 —-17]3
1 _ — 19
W=31 1 4 1] =127
o) -1 -1 3 2

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 R, and C, can be calculated as follows:

R
Ry =—2 (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:

Ry

Ly, =7 % (3)
1

Zy, = joLy L2 (5)

In Figure 4.2.3, the voltage source has been turned off (short-circuited), since we want to calculate the Thevenin
impedance (Zyy,) seen by the load. After that, by using the following relation, we can calculate R; so that it can absorb the
maximum average power based on maximum average power transfer theorem.

Ry = |Z| (6)
The Thevenin impedance, seen by the load, can be calculated as follows:

Ry 1 . Ry . 1
Zin =04 +jLow =2 1 j( Low — Q 7
™= +ja)nZCo Hikew =25 +]< 0% wn2Co> ™

Solving (6) and (7):

o)

Ry . 1 <R<>) ’ 1 7
Ry )= /(R Low — . 0
2 (Low a)n2Co> ‘ \ ) on”Co

Choice (4) is the answer.

R Co Ly
MW—| n:l 2110
| — )
@ IE R
(€Y)]
w T ko
| A
t vs(t}
e Ry
()
1
R Q
p JoniC, jLow @
AWV Il O
o 7.
(3} 1n

Figure 4.2 The circuit of solution of problem 4.3
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44.

4.5.

4 Solutions of Problems: Sinusoidal Steady-State Analysis of Circuits. . .

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 (4 ) must be equal to the
Thevenin resistance seen by the load. In other words:

RL:RTh:>RTh:4'Q (l)
To calculate the Thevenin resistance, we must turn off the voltage source. In addition, to simplify the problem, we can

transfer the 100 Q 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:

> 100
Rjgy o = (100 £2) x (;) =-7 £ (2)
From Figure 4.3.2, we see that:
100
Ry = e Q (3)

Solving (1) and (3):

9§=4:wﬂ:25¢n::
n
Choice (4) is the answer.
100
100 Q) n?
MWV n:l AL O
o ®
S g
O Ry
(1) @) '

Figure 4.3 The circuit of solution of problem 4.4

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:

i(1) =0 (1)
By applying KVL in the left-side mesh, we can write:

da
dt

4

2 (10sin (101)) = 0 (2)

*V](l‘) +3 i](l) -2
Solving (1) and (2):
—vi(t) —200cos (107) =0 = v (1) = —200cos (107) V

Choice (2) is the answer.
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2H
iy (t) m
O
o8 ®
v, (t) 3 Hg ES H 10sin(10t) A
; @

Figure 4.4 The circuit of solution of problem 4.5

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 = |Zmn| (1)

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:

RgQ:(3Q)><(%> :%Q (2)
Ly=GHx(3) =3 H o)
Vi(t) = cos (1) x (%) = % cos (1)V (4)

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:

Zig :% Q (5)
ZgH:ja)L:jxlxgzj%Q (6)
Z"F:ja)LC:jx]ﬁ:_jé_llg (7)
The Thevenin impedance can be calculated as follows:
zn =i+ (cig) = () @ ®

Solving (1) and (8):

B N .
=[3+il=\ () +r=
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30 5H 4F
AMN—TIN 2:1 I
o L ]
G})cos(t) A% g H E R
()
10 4 i
ANMA—TIT il

(2)

=l
@]
L -
%-&If.ﬂ
e,
o
e o L
e}
O

C z
3) Th

Figure 4.5 The circuit of solution of problem 4.6

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:

Zy, =Zn" (1)

Figure 4.6.2 shows the circuit in frequency domain. The impedances of the components are as follows:

Z10 Q= 10 Q2 (2)
Zyo1u = joL =j x 1000 x 0.01 =10 Q2 (3)
1 1 .
Z1oo v = =—jl10 Q2 (4)

joC ™~ 7% 1000 x 100 x 10°°

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:

10 x (—j10)

m+]10:5*]5+.]10:(5+]5)9 <5)

Z;, = 10[|(=j10) +,10 =
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Calculating the input impedance seen from the right side of the transformer:

2
Zin =7, x (%) — (20 +20) @ (6)
I
Solving (1) and (6):
= (20 +20)* =
10 Q 0.01 H
AN TN 1:2
L ] L ]
C&)losin(looot) \% ==100 uF g | E Zi
()
10 Q 10 Q
AN 2112 1:2
L ] L ]
==-il0Q g | E Zy
|Ir |
Zin lel
(2)

Figure 4.6 The circuit of solution of problem 4.7

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:
2
R’IQ:(LQ)X(%) :%Q (1)
2
L’IH:(lH)x(%) :%H (2)
(0 =vo(t) x (5) =40 o)

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:

- = (4)

Figure 4.7.3 shows the updated circuit of Figure 4.7.2 in frequency domain. The phasor of cos(ws), that is, 1,0° is
defined as the reference phasor, where “,”  ” is the symbol of phase angle. Thus, the phasor of the current of the
current source is 1 /0° or 1 A.
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By using Ohm’s law for the resistor, we have:

Vo 1 _1
771><4:>V0—2V (5)
Transferring to time domain:
. 1
Vo (1) cos(2t) V
Choice (1) is the answer.
1:2
° o +
cos(wt) A —1F g || E El H vﬂ(c)gl Q
(1
+
cos(Wt)A —=—=1F El H %®>1g
B 2 4
(2)
+
A0 Vo §l Q
(D Z0A 234

3)
Figure 4.7 The circuit of solution of problem 4.8
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 Q resistor, as can be seen in
Figure 4.8.2 and in the following:

vs(t) =4 x 3sin () = 12sin(¢) V (1)

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:

R, o= (4Q)x (?)2:1009 2)

V(6) = 12sin (1) % G) — 60sin (1) V (3)
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Combining the 100  and 25 Q resistors and transferring the left-side circuit of the right-side transformer to its right side,
as is shown in Figure 4.8.4:

1 2
Rinizs o = (1002+250) x (5) =50 4)
V(£) = 60sin (1) x (%) — 12sin(1) V (5)

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:

(1) = 125%“7(’) — in(1) A (6)

Based on Norton theorem, we can conclude that:

Choice (1) is the answer.

250 70
1:5 AV o | WW—o02
[ ] [ ] L ®
3sin(t) A 4Q %HE %”E
ob
()
40 250 7Q
AN 1:5 ANV 5:1 MWW—02a
L ] [ ] L] ®
@n2singy v 3IE 3IE
ob
(2)
100 Q 250 7Q
AN AN 5:1 MWW—o042a
(2)60sint) v %H E
ob
3)
5 70
AMM—AW—o0 2 oa
(Ohzsiny v sin) A 2120
ob . ob
4) (5)

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:

4.11.

Leg—1 = 6mH (1)
Leg— =2mH (2)

The equivalent inductance of the circuit, in the first test, can be calculated as follows:
Leg1 =L +1L, +2M (3)

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:

Lg2=Li+L,—2M (4)
Herein, minus sign is applied for the mutual inductance because of the inverse position of the dots of the inductors.
Solving (3) and (4):
Leg—1+ Leg—2 = 2(L1 + Lp) (5)
Solving (1), (2), and (5):
8mH =2(L, + L,) = L+ L, =4mH (6)
Solving (1), (3), and (6):

6 mH =4 mH +2M =

Ly L, Ly L,
O .fﬁﬁﬁ“ .(Uﬁﬁ“ O © .KUUU\ KWUU\. O
\_// v
M M
(D (2)

Figure 4.9 The circuit of solution of problem 4.10

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:

Ly=1+2-2x05=2H (1)

Based on the information given in the problem, @ = 1 rad/sec. The simplified circuit is shown in frequency domain in
Figure 4.10.3. The impedances of the components are as follows:

Zin=jol=jx1x1=jQ (2)
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Zyy=joL,=jx1x2=j20Q (3)
Zog=20 (4)

Therefore:

Choice (2) is the answer.

O
oo
Om
(@]

1{-1% §2Q jQE §ZQ
1 H 2H 12Q
o L ST~ Q00
\_/
0.5H
2) 3)

Figure 4.10 The circuit of solution of problem 4.11

4.12. The circuit of Figure 4.11.1 illustrates the primary circuit in frequency domain. The impedance of each inductor is as
follows:

Zig=joL=jwx1=joQ (1)

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:

Vll . L] 1 L12 Ill
il =Ll @
2 21 22 2
As we know, the relation below exists between the primary and secondary voltages, currents, and the numbers of turns
of a transformer.

Vi_ L.m
Vz_ Il_nZ (3)
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Based on the information given in the problem:
ny =npy = 1

Solving (3) and (4):

Vi=V
Vi L_ V1=V
V. L L=-1,

From the circuit of Figure 4.11.2, it is seen that:

Vi =V;
V.=V,

Solving (5), (7), and (8):
L=V,

Applying KCL in the left-side node:

Vi v,
7 4+ 1 - -7 -1
Il+ja)+11 0=IL=I To
Applying KCL in the right-side node:
v, V;
L+ 24+ L=0=L=0 -2
Jw Jw
Solving (6), (10), and (11):
V; Vi Using (9 2V,
1’2—.—2:—<I’1—.—1):()>1’1— !
Jo Jo Jo

Solving (9) and (12):

vy =24+ 1)
Solving (12), (13), and (2):
1 1
Vil_. |2 2|[h
vyl 1
2 2

Choice (4) is the answer.

4L, =0=V, =

(10)

(12)
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np;:n
O i O
L] o

g JIE - I

ey

o l—- Lo Niinp 2 «-li o

+ +® b i +

v we v, 3|Ev, 0o v

O —l— O
(2)

Figure 4.11 The circuit of solution of problem 4.12

4.13. The main circuit is shown in Figure 4.12.2 in frequency domain. The impedances of the components are as follows:

23y =joL =jo x3Q (1)
Ziu =joLl =jo x4 Q (2)
Zry=joL =jox2Q (3)
Zr g =joM = jo x 22 (4)

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 ,/ZI,_it Then:

_ Vi
Leg = ol (5)

In this problem, mesh analysis is the best approach to analyze the circuit.
Applying KVL in the left-side mesh:

—Vi+jox3x -1 —jox2xI=0= —Vi+ 30l —j50l =0 (6)
Applying KVL in the right-side mesh:

Jox3xI+joxd4xT+jox2x (I-L)+jox2xI+jox3x(I-I) +jox2xI=0

= j160] — jSwly =0 = I = %It (7)
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Solving (6) and (7):

. 5 23V, 2

Solving (5) and (8):

Choice (1) is the answer.

ao LI

3H §4H

bo AN

Jwx3 02
YT ———

Qe

Jwx2 02

& ) %W s

Jwx2 0
A11A

o O

(2)

Figure 4.12 The circuit of solution of problem 4.13

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.

MgH:(4H)><(%):2H (1)
Ly = (20 H) x (%)2 —5H )

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.



4 Solutions of Problems: Sinusoidal Steady-State Analysis of Circuits. . . 185

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 ]Z)’—it that will give us the

equivalent inductance of the circuit (L,,).

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 V¢ and I, respectively, has been connected to its terminal. Herein, it is assumed the angular frequency of the
test source is @ = 1 rad/sec. The impedances of the components are as follows:

ZlH:ij:jXIXIZj.Q (3)
Zsy=joL=jx1x5=j5Q (4)
Iou=joM=jx1x2=12Q (5)

KVL in the right-side mesh (Figure 4.13.3):
—h 2L +5L 4+ 2 =0= L +3L=0=1; = =3I (6)

Applying KCL in the top node (Figure 4.13.3):

Using (6)
L= +L ——"T=3L+hL=—2L =T =—1I

KVL in the left-side mesh:

Using (6)
—Vt+]11—|-]212 :O:>—Vt+](—312) +]212 =0= —Vt—]IZZO

Using (7) 1 Ve 1 1
:>—Vt_J(_§It> =0= EZE :>L“/ :5 H
Choice (2) is the answer.
M=4H
o /17\
e
@
%1 H g | E Eon
® °®
O
Leq
()
120
2H O Wi

3 . b, TERST
%lH ESH O\ E E

oG O
Leq —_

2 3)

Figure 4.13 The circuit of solution of problem 4.14

~_
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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 L., is the equivalent inductance of the mutually coupled inductors.

1
L.sC

Wy —

(1)

Therefore, we need to determine the inductance of L,,,. Since the circuit includes mutually coupled inductors, we need to
apply a test source (with the voltage and current of V; and Iy), analyze the circuit, and determine the value of ]Xit, which
will give us the equivalent inductance of the circuit (L,,). 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 @ = 1 rad/sec. The

impedances of the components are as follows:

) : 3 .3
Z%H:]a)L:Jxlxgzjgﬂ (2)
. . 2 .2
Z oM — i x 1 1.1 0 4
g =JjoM =) x I X5=]3 (4)
KVL in the left-side mesh of the circuit of Figure 4.14.2:
3 .1 .3 4
KVL in the right-side mesh of the circuit of Figure 4.14.2:
.3 .1 2 .1 4 .7 4 :
(3 M=) —j30) 4T (=) =0 = — 2L+ /5l =0~ T=2, (6)
Solving (5) and (6):
.3 4 4 10 A\ 1

Figure 4.14.3 illustrates the simplified circuit. By solving (1) and (7), we have:

1 1
wy = = =7 rad/ sec

LE‘ZC X

~=

1
7

Choice (1) is the answer.

7O

(2) (3)

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:

Zysc = Zmy” (1)

To calculate the Zty,, 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:

2
RgQ:4x<Z—T> Q (2)
n 2
C=Ccx(=) F (3)
ny

Calculating Zy, by using (2) and (3) (see Figure 4.15.2):

n\ 1 n\’ 1
ZTh:4><(n—j> + 2:(’1—?) (4-iz) @ (4)

jxGCx(%)

From the circuit of Figure 4.15.2:
ZRSC:1+jX1X5:(1+j5).Q (5)

Solving (1), (4), and (5):
2
S S I LG
< _ (M2 . « (M2 . 1
1+15—<n—1) (4—J—) :>1+]5—<a> (4+]—):> ( )

From (6), we have:

Solving (7) and (8):
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40 C : 10
Il np:n»

AV I . AV
Doy 3IE 2
[ ]

(1)

4 n; Zﬂ CX(E)Z F
X(n_l) m 10
AV | AV

1T i

ZTh ZRSC

(2)

Figure 4.15 The circuit of solution of problem 4.16

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 Z—l‘ Then:
dr't

Applying KVL in the right-side mesh of the circuit of Figure 4.16.2:

d d M
LZEIZ +MEII :O:>12 - _L_zlt

Applying KVL in the left-side mesh of the circuit of Figure 4.16.2:

d d Using (2) d d( M
—VI+L1EIZ+ME12—0:-V;+L]EIZ+ME _let —O
M*N\d, vV, M?
= —V[+(L]—L—2>Elt—0:> ﬁ_LI_L_

Solving (1) and (3):

Based on the definition, the coupling coefficient (k) can be determined as follows:

M
VLiL,

k=

(1)



4 Solutions of Problems: Sinusoidal Steady-State Analysis of Circuits. . . 189

Solving (4) and (5):

2
L,L/,:Ll—%:u(l k)
Choice (3) is the answer.
M M
a O—m a m
© ® ht ° e
gfq ELZ Vt @ é‘{‘l ELZ @
bo—m— b
(D 2)

Figure 4.16 The circuit of solution of problem 4.17

4.18. Figure 4.17.2 illustrates the main circuit in frequency domain. The phasor of sin(2¢), that is, 1 0° is defined as the
reference phasor, where “ " is the symbol of phase angle. Thus, the phasor of the voltage of the voltage source is
10 /0° or 10 V. The impedances of the components are as follows:

Zio=1Q (1)
Zon=jol =jx2x2=j4Q (2)
Zosu=joM =jx2x05=j0 (3)
Zin=jol=jx2x1=72Q (4)
ZO'SF:WLC:M;XO.S:_].Q (5)

Zro=28 (6)

The problem can be solved by using mesh analysis as is presented in the following.

KVL in the left-side mesh:

10

—100+5L4+4L —jL—jL—-L)=0= —10+(1+3);=0=1 1173 (7)
KVL in the right-side mesh:
—L-L)+2L—jL+2L+2L=0= 2+3)Lb=0=L=0 (8)
Using Ohm’s law for the impedance of the capacitor:
V=—jli - L) 9)

Solving (7), (8), and (9):

A A N [
= J(1+j3 0)_1+j3_( 3-0)V (10)
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Transferring to time domain:

(1)

Choice (1) is the answer.

—3sin (2¢) — sin (2¢+90°) = ~3sin (21) — cos (21) V

%IH

1Q y il 20
AV Y —WA
[ ] [ ]
2H 1 H
@Dmsin(zt) \
+
v(£)==0.5 F
(1)
io
1Q 20
AN { Y — W
[ ] [
40 X
@)10@\/
om0
=—-1 Q

(2)

Figure 4.17 The circuit of solution of problem 4.18

4.19. First, we should apply source transformation theorem for the parallel connection of the dependent current source (DCS)

and the 320 Q resistor, as can be seen in Figure 4.18.2.

Vp.cs. =320 x 21 = 6401

(1)

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:

Vo= () x (3) =%

2
= —j30Q

Z) = (—j480 ) x G)

2
Zj = (320 2) x (%) — 1280 Q

Vpys, = —(640I) x (%) = —12801

(2)
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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:
. . 30
—30 4+ 40I —j30I + 12801 — 1280l =0 = — 30+ (40 —j30)I=0=1= 20— 730 (6)

Using Ohm’s law for the impedance of the capacitor:

v ~ 3600
-3 30y v, = 40] a0 = Vo= (A5 ) =20 Y

Yo
4~ 40-;30

Choice (3) is the answer.

40 Q
A z 1:4
I | —==-j480 Q
.{.
~ )3 ov
300 o |2
| 320 Q 20
L]
(D
L 480 ©

40 Q
WA 14

i [
@)30/_/0\! L2
|

MV
| Uol
I oL i3
130Q

@”)30&V F) 1280 Q
12801

3)

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 € resistor, we
can assume that we want to transfer the maximum average power to the series connection of the 2 Q 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:

Zy, =Zm" (1)
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:

Ry, =05 (Z—?)z Q (2)
v(t) = (f:) cos (107) V (4)

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:

2
Zyp =05 (’”) Q (5)
ni
2

1 o1 ny

ij(fl—;) 10C \ my
Zou=joL =jx10x2=;200 (7)
Zro=2Q (8)

Now, the Thevenin impedance and the load impedance can be calculated as follows:

Zy, = (2+j20) 2 (9)

Zn = (0.5 (;’f)z —j& (Z?)z) Q (10)

Solving (1), (9), and (10):

2

2 1 2\ * 2 1 2 2—0.5(:’12> (11)
L m\~ . ny _ ny . ny 1
o= (05(2) e (2) ) 0s(e) e () - |7
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2
Q<@>:4¢@:2¢mu5 (13)
ny ny np
Solving (12) and (13):
_ 1 2
20= 156 % (2" = C=002F
Choice (1) is the answer.
059 2H
I\NV\' i 1‘1121’12 (W
=]
(@cos(lOt) \Y4 % || E §2 Q
[ ]
(D
N\ 2
n2\? c(=2] F
os(2) o ()
n ‘”ilz 2H
AV I A11A
1 nz
G:)(—)cos(lOt) V §2 Q
n
(2)
1 m,\?
o () o
05 (n_l) @ “ac\n, j20Q
|
Il S11A
<—| §2 Q
|
Ly,
(3)

Figure 4.19 The circuit of solution of problem 4.20

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

N g
P=3R|I (1)
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Figure 4.20.2 shows the circuit in frequency domain. The phasor of cos(2f), that is, 1 0° is defined as the reference
phasor, where “ 7 is the symbol of phase angle. Thus, the phasor of the current of the current source is 1 °0° or

1 A. The impedances of the components are as follows:
Zino=10Q
Zig=joL=jx2x1=j20
Zosgu=joM =jx2x05=jQ

1 1

ZlF:ja)—C:jx2><1:

—j0.5

7,0=20Q
Applying KVL in the middle mesh:
RxLi+jx1+(—05) (L1 —L)=0=j15xL;+j05xL+j=0
Applying KVL in the right-side mesh:
2xL4+ (=05 L -L5L)=0=(2-05)L+j0.5; =0=1; = (1 + 4)L,

Solving (7) and (8):

. . . . = 1
J13x (144)L+j05xL+j=0=1, _7—6—|—j2 A= L _—\/EA
Solving (1) and (9):
2
1 1 1
o= —= — ) =— W=25 /
P> o 3 X 2 X (\/4_0) 20 w mW
Choice (1) is the answer.
05H
10 Q)
AN m
° ®
QDcos(zt}A 1 H 1 H —L|F 20
(D
1Q
10 Q
ANV m
® ®
1,0 A @ 2Q jm@ ==-j0.5 Q @ 2Q
(2)

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 %‘ 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:

Zyu=jol=jx2%x3=j68 (1)
Zow=jol=jx2x2=j40 2)
Zig=joM=jx2x1=128 (3)

Zsq =52 (4)

This problem can be solved by using mesh analysis as is presented in the following.
Applying KVL in the right-side mesh:

JAXTH200— L) +51+j6(1—L) +2xIT=0= — 8L+ (5+j14)I=0

__ 8
=57 j14It )
Applying KVL in the left-side mesh:
—Vi+jo(Ii—I) —2xI=0= —V;{+j6L; —j8xI=0 (6)
Solving (5) and (6):
B . Jj8 B B (320 +j430) _ Vi 320+,430
320  .430
= Zun = (357 +iyy)
Choice (3) is the answer.
2H 5Q
ao ’W. MW
® 1 H
3H @Dlocos(zt) \Y
bo
(D
a AQ 5Q
o 11

[=x(0]

(2)

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 ‘I[_: 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:

/ 2\?
RngO.SX(T> —20 (1)

Figure 4.22.2 illustrates the circuit in frequency domain, where a test voltage source with the voltage and current of V
and I, respectively, has been connected to its terminal. Based on the information given in the problem:

® =2 rad/ sec (2)

The impedances of the components are as follows:

Ziy=joL=jx2x3=j6Q (3)
Zouy=joL=jx2x2=j4Q (4)
ZO'ZSF:J'CULC:M%: —j282 (5)
Zyo=2Q (6)

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:

—Ve+joL+jal+j6(I —I) — 2L — 1) =0= — V;+,10I;, =0 = %:le
t

= Zin ZJIO.Q:>
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2H
A0 O, 28

ao A1 2:1
@ @
33 H
| 0.50

==0.25F

bo
)
40

O @ gjm @ §29

(2)

Figure 4.22 The circuit of solution of problem 4.23

oo

4.24. Asis 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 % 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:

2

R'ZOQ:2OX(}L) :%Q (1)
bvs, = — 10 x G) =31 2)

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):

5.5 355 1
SSE-ST4 (=D =0 —2T+3L=0=T=I (3)
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Applying KVL in the left-side mesh:
—Vi+5I=0= V=35I

Solving (3) and (4):

ol Vo 5 .,
Vt—5(7lt):>l—t—7:>L1hf7Q

Choice (4) is the answer.

101
ao 1:4

Y 3E

@

20 Q

MWV

bo

NS

Gn () 3 () :

(2)

Figure 4.23 The circuit of solution of problem 4.24

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:

Ry o = (240 Q) x (1)2 ~ 150
240 Q2 4

Applying KVL in the loop:
—240V/2 cos (wt) + 5i1 (1) + 15i1(t) = 0 = i1 (f) = 12v/2 cos (wt) A
Therefore, the root mean square (rms) value of the primary current is:

V2

]].I'H[\ =

The relation below exists between the primary and secondary currents and numbers of turns of the transformer.

,Mfl

Il,rms 4

(1)



4 Solutions of Problems: Sinusoidal Steady-State Analysis of Circuits. .. 199
Solving (3) and (4):
IZ,rms _ 1 A
- 12 —Z :>[Z./‘m\ 3A
Choice (2) is the answer.
s ) i2(t)
MWV 1:4
+ ¢ ® 4
+
(2)240v2cos(w)) V v, (£) % | E v5(2) §240 Q
(1
s u)
A%
+
(2)240VZeos(w) V vl(r)§15 Q
(2)
Figure 4.24 The circuit of solution of problem 4.25
4.26. Figure 4.25.2 shows the circuit in frequency domain. The impedances of the components are as follows:
ZLl = ja)Ll (1)
ZL2 :ja)L2 (2)
The current—voltage relations of the mutually coupled inductors can be determined as follows:
Applying KVL in the left-side mesh:
Vi = joLi1; + joMI, (4)
Applying KVL in the right-side mesh:
Vi = jolhI, 4+ joMIy (5)
Test 1: Based on the information given in the first test, we know that:
L=0 (6)
Lyt =5H (7)
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Solving (4) and (6):

Vi

Vi1 =joliI; +0 = joliI; = L, :jw—ll (8)
Based on the definition:
eql Ejz)]—lll 9)
Solving (7), (8), and (9):
Li=5H (10)
Test 2: Based on the information given in the second test, we know that:
V=5V (11)
V=16V (12)
ILb=0A (13)
Solving (4), (10), (11), and (13):
5=jw x 5I; + 0 = jo x 5I) (14)
Solving (5), (12), and (13):
16 = 0 + joM1; = joMIy (15)
Solving (14) and (15):
S =just M6 (16
Test 3: Based on the information given in the third test, we know that:
V=4V (17)
ILb=0A (18)
V=20V (19)
Solving (4), (17), and (18):
4 =0+ joMI, = joMI, (20)

Solving (5), (18), and (19):

20 = jol,I) + 0 = joly1, (21)
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Solving (16), (20), and (21):
20 o ja)L212 o
Z 7]'7w><1612 =1, =80H (22)

By using (10), (16), and (22), we can determine the inductance matrix of the mutually coupled inductors, as is presented

in the following:

Choice (4) is the answer.

M

O

iy () (“\ ip(t)
QO

5
16

16
80

o[ ]

+ L]

v,(6) h% Eh wé)

O

- +

(D

O

(2)

Figure 4.25 The circuit of solution of problem 4.26

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 I and I, for the indicated branches like the ones

shown in the circuit of Figure 4.26.2.

KVL in the upper right-side mesh:

—(ja)LIII +J0)M12) +JC()L212 +J0)MII =0 :>ja)(—L1 + M)Il +]a)(L2 - M)Iz =0

KVL in the lower right-side mesh:

Solving (1) and (2):

L—M_R

Li—-M R

Choice (2) is the answer.

iLQ—M:

L, —

:>11:L17M

I

—RL+RIL,=0=1 Z%Iz
1
R, R,
(Ll _M)R_l :>L2—R—1L1 =M
_ RiL, — RyL,
=M 77/{1 R

(1



202 4 Solutions of Problems: Sinusoidal Steady-State Analysis of Circuits. . .

Py
| §+
U,
M‘S
Y
&L
O
oo

)

Figure 4.26 The circuit of solution of problem 4.27

4.28. Based on the information given in the problem:
I = (202 /£45° 4 (1)
I;=24A (2)

In addition, based on the information that can be extracted from the circuit:

m_2
ny - 1 (3)
n 7&
By using (3) and (4), we can assume that:
np=4,nm=2n=1 (5)

The secondary and the tertiary currents are leaving the dots of the coils. Therefore, we can write:

mly = noly + n3l3 (6)
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Solving (1), (2), (5), and (6):

A1 =2 % (20V2,/245° )+ 1 x 24 = 1, = (289,327 ) 4

b L
O
5 sl Zl|e 3
HE V2| |z
+
Vi
HE V3§R
_ +
o 412 —
I;

Figure 4.27 The circuit of solution of problem 4.28

4.29. If the capacitor and the mutually coupled inductors create a resonance state (o = ), 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:

1
LesC

(1)

Wy =
where L., 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:

® = 100 rad/ sec (2)
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:

b=\ _z}lzsw—(—lz)x(—z)[; ;=

W = W =
O\ L W —
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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 L., as follows:

1 1 1
L= (013) +5=5 H )

Solving (1), (2), and (4):

100=— %xC:lO*“:»czzx 1074 F = € =200 puF
%x C
Choice (4) is the answer.
e

[ ] @ +

({DCOS(IOOQ v Eii - = (310 Q
(1)
M
m Lyhn-M  Lp-M
o o TrN—o
[ [ ]
Li Lg") M
O O O O
2)
1
0H 7] i
A11R A11R

+
%H "| ==C ()10 Q

Leq ==

(3)

Figure 4.28 The circuit of solution of problem 4.29

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:
Zy, =Zm" (1)

To calculate the Thevenin impedance, we need to connect a test voltage source to the terminal, analyze the circuit, and
determine the value of % 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:
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Vi =4V

Vi L4I1_8_, ! ‘

Ve 1 27 |

5 t

KVL in the left-side mesh:
Using (2), (3)

(20 + J60)I + Vi + Vi = 0 ————="2 (20 + j60) x (—g
(4412 45V =0 — Yt (A—L—FjE) — Zon = (i
L \5/3 5

Solving (1) and (4):

7, = (‘—1 +j£)* = (%_},15_2) — (0.8 —-2.4)¢

5 5

Choice (2) is the answer.

20 +j60 Q
]
n= 8
v :
n2=2
(1)
20 +360 Q
+ o
Vl Ill— 8

.12
“v‘]?

2

7y

@ R
\!(

()

Figure 4.29 The circuit of solution of problem 4.30

S1) 4V V=0

)Q

4.31. The circuit is illustrated in frequency domain in Figure 4.30.2. The phasor of sin(2f), that is, 1 0° is defined as the
reference phasor, where “ " is the symbol of phase angle. Therefore, the phasor of the output voltageis 2,°0° and

2 V. The impedances of the components are as follows:
ZIH:ja)L:jX2>< 1 :]29

Zia=10

(1)
(2)
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Applying KVL in the right-side mesh:

7(j2lfjl)+2:0é1:§,:fj2V (3)
Applying KVL in the left-side mesh:
“V4+I4+20 -0+ 20—jI=0=V=(1+,2)I 4)
Solving (3) and (4):
V=(1+2) % (-2)=(4—- j2) V = (V5 /~26.5°) I (5)

Transferring to time domain:
v(t) = 2V/5sin (2t —26.5 )V

Choice (1) is the answer.

1 H
TN o
+
10
0.5H El H v, (£)=2sin(2t) V
v(t) ¢
0]
(1)
20
ST
+
10
IN_Ere _ ve2.0v
\ ﬁ) ° (—)
O
(2)

Figure 4.30 The circuit of solution of problem 4.31

4.32. Figure 4.31.2 shows the circuit in frequency domain. The impedances of the components are as follows:

ZLI :ja)Ll (1)
ZL2 :j(t)Lz (2)

Zr = R 4)
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Applying KVL in the right-side mesh:
V, = jol)1; + joMI (5)
As we know, we can model an ideal voltmeter as an open circuit branch. Therefore:
Ib=0 (6)
Solving (5) and (6):
V, =0+ joMI; = |V2| = oM |L;| (7)
Applying Ohm’s law for the resistor:
Vr =Rl = |Vg| = R|L] (8)

Solving (7) and (8):

A\

_ |VRr| _R
Val = oM SR = Vo

= X
[0

Choice (3) is the answer.

M
{ y—o

R
A O
®
= vp(t)+
(D
; joM Q I
Ly -t
=

)

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(#), that is, 1 0° is defined as

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

is1,70° orlA.

The current—voltage relation matrix of the three mutually coupled inductors in phasor domain is as follows:

Vi 1 -1 01|h Vi 1 -1 o]|h
Vol =jo| -1 1 1| |n|2=t v, =jl-1 1 1||n (1)
Vs 0 1 1 I Vs 0 1 1 I

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:

L 1 -1 0] 'Vt
L|=()|-1 1 1 V, (2)
I, 0 1 1 Vs
From the circuit, it is clear that:
Vi=V,=V3=V (3)
By solving (2) and (3), we have:
L 1 -1 0] 'V L o -1 17|V I=0 (4)
L|=()|-1 1 1 V= |L|=()|-1 -1 1[|V|={{L=V (5)
I 0 1 1 A% I 1 I 0]y I; = —j2V (6)
Applying KCL in the supernode:
I+ L +L+13=0 (7)
Solving (4)—(7):
—140+4+jV-2V=0= —1—-jV=0=V=j (8)

By transferring to time domain:
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[ J12(© 5

GDsin(t) A él.l %LZ v(t)é;{g

(1)

TR TR
@)lﬁA gleg gjLZQ Véij

1

)

Figure 4.32 The circuit of solution of problem 4.33

4.34. The following information has been given in the problem:

o = 1rad/ sec (1)

It = (%—i—jZ) Q 2)
PFyy = 1 = Im{Znz} = 0 (3)
Py = PNn2, max (4)

Solving (3) and (4):

Using (2) 3 3\ 2 5
Re {Zna} = |Zn1| ———— Re {Znz} = ‘5 +,2( - (E) +2 =30 (5)

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:

C’IF:(IF)X(%)Z:4F (6)
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Ly=0mx(3) =tn )
L’ZH:(2H)><<%)2:%H (8)
M’IH:(lH)x(%)zziH 9)

Figure 4.33.3 illustrates the circuit of Figure 4.33.2 in frequency domain. The impedances of the components are as

follows:
Zgr =R Q (10)
1 .1
Ze=757xc Jc® (1)
1 .1
Zav =754~ 39 (12)
Ziy=jx1 l—'lﬂ 13
%H_]X XZ_]Z (*)
Z,y=jx1 1—'1.(2 14
1t =] X I X5=]5 (14)
The input impedance of the second network (N,) is:
I S B B | 1 1
ZN2—R7]6*]Z+11+]§+2XJZ—<R+](*6+1)>Q (15)
Solving (3) and (15):
—l+1—0:»
o =

Solving (5) and (15):
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Network N,

R
AMW—| 2 I 112

\__,/
Network N, “| H 1 H 2H
L ]

YAS
(D
Network N,
1
R T i i
YWWA—] I 300
\/I
Network N; ‘-‘ 1y lfH
4
|
AN
(2)
Network N,
. -~ | 1
—i=n g 1
B Jﬁ fﬁ LY }4 N
NW—| /110
[ ]
Network N; *—‘ ’—‘ j% n j% n
[
Ix1 Iz
(3)

Figure 4.33 The circuit of solution of problem 4.34

4.35. Figure 4.34.2 shows the main circuit in frequency domain. The phasor of cos(#), that is, 1,0° 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 1,,0° V and 1,~90° A. The impedances of the components are
as follows:

Zin=joL=jx1x1=jQ (1)

1 1 ,
ZO'SF_ja)—C_inIXO.S__ng (2)
Zr = RO (3)

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:

R = |Zm| (4)
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Moreover, the average power of the load can be calculated by using the following relation:
1 2
P =3 R|Ig| (5)
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 of V = al; + f between the voltage and the current of the test

source, where & = Zxy, and f = Vy,. 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:

2
Z’IH:(J‘Q)X(%) :jiﬂ (6)

VI=(1,0° ) x (%) = (%&) v (7)

Now, by applying KCL in the supernode, we can write:

1
Vi—(5<0°
—(25—900)—It+_V7F2+ (12 )—O:>j4—lt—j%Vt=0
J jé_l
2
L =j5 L2 (8)
.2 8 7
VTh—7 1% )
Solving (4) and (8):
2
=|i3= 1o

Now, we have the circuit of Figure 4.34.4 with the parameters given in (8), (9), and (10).

Solving (5), (8)—(10):




4 Solutions of Problems: Sinusoidal Steady-State Analysis of Circuits. . . 213

1 H
A11R 2:1
L] L]
@Dcos(t) Y é | E ==0.5F §R 2sin(t) A
(D
iQ
2:1
L ] [ ]

@
>
<

P

411h
I|
J
Al
[§]
e
=

5

)2./-90 A

()

@D%QV =-pa (D, @DzﬂA

—
.,.[|_
S

4)

Figure 4.34 The circuit of solution of problem 4.35

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(l)=L1%i1(l)+M%i2(l) (1)
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Applying KVL in the right-side mesh of the circuit of Figure 4.35.2:

nt) = L G int) + M 51 (1)

Part 2: Applying KVL in the left-side mesh of the circuit of Figure 4.35.1:
d . d,. . d . . d .
vi(r) = ZE”(I) - E(ll(t) +ix(1)) + 3E(ll(t) +ix(1)) — En(t)

d . d .
= Vl(t) = SEll(I) +2E12(I)

Applying KVL in the right-side mesh of the circuit of Figure 4.35.1:

va(t) = 3%(:‘1(0 +ix(1)) —%il(t) () = 3%1'2(0 + Z%il(t)
Solving (1) and (3):
Ly,=3HM=2H

Solving (2) and (4):

L,=3H
The coupling coefficient (k) is defined as follows:
Lo M
vLiL,
Solving (5), (6), and (7):
2 2
k = = —
3x3 3
Choice (2) is the answer.
L(t)  2H i(t) M
o A110~ o) i,(t) m i,(t)
\ & o O
+ 1 B . . +
Ul(t) E% H Vz(t) vy () L, e v,(t)
(o O O O
(1) (2)

Figure 4.35 The circuit of solution of problem 4.36



4 Solutions of Problems: Sinusoidal Steady-State Analysis of Circuits. . . 215

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 ‘1/_,’ to find Ryy,.
Applying KCL in the upper-left node:

—L;i+1,+1,=0 (1)

Based on the polarities defined for the primary and secondary voltages and currents of the transformer, we can write:

Vi
Vi L »n = Vo= P (2)
Vo I 1 L
I = (3)
Solving (1) and (3):
12 1 n
—1t+;+12:():>12:1+%It:n+llt (4)
Applying KVL in the middle mesh (clockwise):
Using (2), (4) 1%
Vit R = Vot Ry = 0 e = Vi 4 (R + Ro) gl =1 =0
n+ 1 n _ Vi_( n \?
) w0 e (e
= Rn = (2) (Ri+R:) @
Choice (2) is the answer.
R, R,
MW AYATAVAY
ol -2
ao a
® |
n:1 hr P (ol |
SIIE V. v. 3l Ev.
- +
L ] L ]
bo b
R, R,
AATAAY AATAAY,
(1 (2)

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:

71y = joLy 2
7y, = jol, 2
Iy = joM Q
Zr =R Q
Ze=—— 0
JjoC

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:

7R +]G)L1 12

0+ Rl + joly Iz +joMl =0 = I = ==

Simultaneously applying KVL and KCL in the right-side mesh of the circuit of Figure 4.37.2:

1 1

Solving (6) and (7):

R+ joL, 1 R+ joL, 1 .
joM T (wczeJrz)I2 oM joCR 0
R | 1
S\ N ES —0$< R+ 1)+Ii—2—0:> o ek
oM "M " wCR oM TwCR) "M 7T L ,_,
2=
® R _ 1 —
= M—CR:>M R°C
©) L _ L

Solving (10) and (11):
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Ly
W
M R R ¢
® [|
T AN AMW—|
2
Load
R
ANV
vs(t)
&
&
(1)
I4
e
jwL, Q
W= joM Q I—CQ
B R R %%
113 ANV AAAAY, |
_]U)ng
Load o
R
AAAAY
A

&
2)

Figure 4.37 The circuit of solution of problem 4.38

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:

|Z1n| = 400 2 (1)

To calculate the Thevenin impedance, we need to connect a test voltage source to the terminal, analyze the circuit, and
determine the value of }7—: 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:
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Vi=—V; (2)
% L+1 n =
—1 = — t = — = 1
Vt | np I= BT It (3)
1+—
np
KVL in the left-side mesh:
80x 10° x T+ 10 x 10 xI+V; 4+ V=0 (4)

Solving (2), (3), and (4):

a (1 ny _ 4 1 _ n\y _
9 x 10 X( 1+:_;It +n2Vt+Vt—0:>9><10 X 1+Z—; I = 1‘|‘n2 Ve=0

1

T

14+-L
= %:9x 104><1+"2,,_]=9>< 104><;2
t ny 1+ﬂ)
ny
:>ZTh:9><104><;2Q (5)
(1+%)
Solving (1) and (5):
2
9% 10* x — 1 =400 <1+ﬂ> =25= 1+ 2=15="1- 14
nyp ny np
(8
ny
Choice (3) is the answer.
10 kQ
MW
°
n
5,0A §80 kQ .
n3
400 Q
(D
10 kQ
A"
+ ®
Vi S|

2)

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 ‘I/_: Then:

V
zab:I—‘ (1)
t

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 @ = 1 rad/sec. The impedances of the components are as follows:

Zx =RQ (2)

1 1 1o 3

ZC:jwiC:jxGC:ﬁC

In this problem, nodal analysis is the best approach to analyze the circuit. From the circuit, it is clear that:
Vi=V (4)

The primary and secondary voltages, currents, and numbers of turns of the transformer have the following relation:

&:_I_zzzé{VzaVl (5)
Va ILi a I, = —al, (6)
Solving (4) and (5):
V, =aV, (7)
KCL in the left-side supernode:
_It+%+11 +V‘_;le —0— —I + (%—ij)Vt—irIl _jCVy=0
c

Using (7) 1 1
— L+ (I—e+jc)vt+11—jCth=0j L+ (ﬁ—ij(l—a))Vt—i—Il:O

1

Using (6)

KCL in the right-side node:

V2 VoV L —iCV, =
S ! =0= L+ (5+JC)V2 = jCVe =0
Using (7) 1 a
L+ (5+iC)aVi—jCVi =0 = L+ (§+jCla— 1)) Vi =0 ©)

Solving (8) and (9):

Lrk (rict-a)v) = —(&+jca 1)V,
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< e )+ o o

1 a* . 2
= —It+<E+§+JC(1—a+a —a)>Vt=0

%:§+%+le(¢1—1)2éZabzﬁJr%ﬂlC(a—nZ (10)
Based on the information given in the problem:
Zoy =5 (1)
Combining (10) and (11):
1 R 1 d 2 2

=0

=% = +—+jCla—1)

2 2
lyeijca—1) 2 R R R

1,5

(@ -1)=0=a=+I1
;»Ile(a2—1)+jC(a—1)2:0;» R( ) =a=1

Cla—1Y=0=a=1

Choice (3) is the answer.

ao l:a

bo

Figure 4.39 The circuit of solution of problem 4.40
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4.41. Asisillustrated 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 %‘ To simplify the problem, we can assume
that the angular frequency of the circuit is 1 rad/sec (w = 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 {ZTh} =0 <1)
Im{ZTh} >0 <2)

Figure 4.40.2 illustrates the circuit in frequency domain. The impedances of the components are as follows:

Zin=joL=jx1x1=jQ (3)

Iy =joM =jx 1 xM=jM Q 4)
Zig=joL=jx1 1—'1[2 5
i = JOE =) XX g =Ty (5)

Z:y=joL=jx1 1—'1!2 6
LR = JOL =] X I X 15 =15 (6)
Zr0=20 (7)

This problem is solved by using mesh analysis as follows:

KVL in the right-side mesh:

a1 . 1
20— 1) +j71— Ml +j 51 =0 = —(2+]M)It+(2+]—)1:0

3
= 2tMy 8)
243
KVL in the left-side mesh:
“Vi+jl —jMI+ 2L - 1) =0= —Vi+ (24— (2+,;M)I=0 9)

Solving (8) and (9):

2+ M
2+j3

Vit 2+ )L — (2 +jM) L =0

442421 (4+j4M — M?
:—Vt+< 3 32+5-1 ) L =0
3

Vet <(‘%+M2) +J'(§—4M)>It oo Vi_ <(—%+M2) +j(§—4M)>

2+j3 L 243
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_ Ve (3 82) +/G—4M)) (2 - j3)

443
Ve (320 tu) - 8M = o)
I, il
9
Vi 92 , 4 9 o Lip
17‘37(9*21” M) +igs (g —8M —300°)
(et 2 (9 s L
:ZTh—(37(9+2M 3M>+]37(9 8M 3M))!2 (10)
Solving (1) and (10):
2 2\2 1
92 o, 4 N , 2.1 3y /(=) -4x1x)
37(§+2M —gM)—0:>M ~ MG =0= M= R
;»M:%H (11)
Solving (2) and (10):
9 149 1 5 Using (11) 9 (49 1 1/1\2 2
Based on (11) and (12), choice (1) is the answer.
//_M\
ao ® ’}ﬂf’ﬁ"
1H 1y
4 1
§m gﬁH
bo
(D
M Q
] id
b, fg &
4 1
G:' Vi G) §2Q G) %Jﬁﬂ
bo
(2)

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 = Rqp, (1)

To calculate the Thevenin resistance, we can connect a test voltage source to the terminal, analyze the circuit, and

determine the value of ‘;—1’ 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:

Vi_L_4 V1= (2)
Vo I 1

I I, =4I, (3)
Simultaneously applying KVL and KCL in the right-side mesh (counterclockwise):

Using (3) I
V= Va4 20(1 + 1) = 0 e — V, — v2+2o(z+12) =0

= =V, =V, +25I, =0 4)
Simultaneously applying KVL and KCL in the middle mesh (clockwise):

Using (2)
V1430, —1,) -V, =0——— -4V, +30(L, - I,) -V, =0

= —5V,+300, - 30, =0 (5)
Simultaneously applying KVL and KCL in the left-side mesh (clockwise):
40(L+ 1, —1,) + V1 +20(I; + 1) = 0= 601, +60I, —40[,+ V, =0

Using (2), (3) 15
60 + 601, — 401, + 4V = 0 = 751, — 401, +4V> = 0 (6)

Solving (5) and (6):

_5 —75L + 401, +301, — 301, = 0 = 4—9512—801t:0:¥12=@1z (7)
Solving (6) and (7):
64 280 280

Solving (4), (7), and (8):

280 64\ 1810, Vv, 1810 1810
v, - (‘@Q +25<®I,> =0 Vit g hi=0= 7' =55 = Rn =5~ 2 9)
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Solving (1) and (9):
1810

R = 99 Q0
Choice (3) is the answer.
40 Q 30Q
AW A AAAY
4 4:1

(1)
40 Q 300
AW AW o
*L 41 |-

Figure 4.41 The circuit of solution of problem 4.42

4.43. Figure 4.42.2 shows the circuit in frequency domain. The impedances of the components are as follows:

1
7y, = joL Q (2)

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{Zin} =0= 0 =wy (3)

Herein, we must apply a test source in the terminal to determine the value of ‘I’—:, 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.
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Based on the polarities defined for the primary and secondary voltages and currents of the transformer, we can write

A\
V] 12 1 V1 = 2 (4)
2 I, = nl, (5)
Applying KVL in the middle mesh (clockwise):
Vt _ th (6)

Using (4) V,
Vi—- Vi -V, =0—— — Vt—7—V 2=0=V,; = 1+% “hEd

Simultaneously applying KVL and KCL in the lower left-side mesh (clockwise):

1 Using (6) th 1 1
]Cl)CI’th . It <7)

:>12: ntl

Simultaneously applying KVL and KCL in the lower right-side mesh (clockwise):

Using (4), (5
JoLdy —T;)+ V=0 %U>](L)th — joLnl; + V— =0

Using (6) 1/ nVy 1 \'A
Solving (7) and (8):
—L==I — =(1+-)I
n+1 Tt ja)Ln(n—l—l)j n+1+ja)Ln(n—|—l) Vi Tt
Vi _ 1+1 2l wL(n+1) wL(n+1)*
jwCn = wlonsl 1= aren  Lin=J 27 2 9)
It Jn+1 +Jan(n+l) jc(:))Ls(CnJri‘—)l 1 o°LCn I —w’LCn

Solving (3) and (9):

wL(n+1)°
71_0)2Lcn2:0:>w:0 (10)

As can be seen, no non-zero @ can be found as the solution of equation (10).
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I
: 8 8 @3
n:l £ n:1 "'[_I
[ ] L ]
é N
=L %HE %L ::jul)—CQ vzg”%v, %JwLQ
s +
L ] L ]
() (2)

Figure 4.42 The circuit of solution of problem 4.43
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A impedances, 39, 173, 176, 180, 183, 221, 224

AC circuit, 54 inductor, 181

AC voltage source, 65 phasor, 39, 42, 177, 189, 205
Angular frequency, 69, 109, 124, 165, 186, 219 primary circuit, 40

Apparent power, 55, 60, 131 Thevenin impedance, 192, 194
Associated reference direction, 93 voltage source, 185, 196, 219

Average power, 50, 60, 119, 146

H
B Heuristic approach, 60, 201
Bandwidth of frequency response of series and parallel
RLC circuits, 8, 53
Bottom current source, 71 I
Branch parallel, 61 Independent voltage source, 72, 82, 195

Indicated horizontal branch, 95
Indicated loop KVL, 65, 76

C Indicated node KCL, 69
Capacitor, 171 Inductance matrix, 151, 155, 161, 163, 165, 172, 181, 201, 203, 208
Capacitor capacitance, 124 Inductive impedance, 221
Complex powers, 9, 55, 142, 146 Inductor, 171
Coupling coefficient (k), 157, 166, 188, 214 Infinite impedance, 81
Current division formula, 40, 42, 71, 78, 100, 105 Input admittance, 55, 128, 135
Current division relation, 42, 58, 71, 142 Input impedance, 141, 168, 210
Current—voltage relation matrix, 208 Input resistance, 135
D K
Dependent current source (DCS), 190 KVL and KCL in frequency domain, 216, 223, 225
Dependent voltage source (DVC), 61, 62, 110, 144, 145, 191, 197
L
E Lagging, 11
Energy conservation theorem, 119 Leading power factors, 31
Equivalent impedance, 46, 79, 91, 112, 119 Left-side circuit (LSC), 187
Equivalent inductances, 156 Linear time-invariant (LTI), 28, 29, 123
circuit, 180
frequency domain, 183, 188
mutual inductance, 154 M
mutually coupled coils, 180 Magnetic energy, 151, 172
mutually coupled inductors, 186, 203 Magnetically coupled inductors, 151, 172
terminal a-b, 156, 157 Maximum average power, 165, 171, 192
test source, 185 Maximum average power transfer theorem
voltage source, 204 load, 174, 204, 211
maximum average power, 173
network average power, 132
F resistance R, 223
Frequency domain resistive load, 37
angular frequency, 219 resistor, 175
circuits, 175 Thevenin impedance, 41, 43, 60, 192, 217
components, 195, 199, 201, 206, 210, 216 Maximum transferrable average power, 73
current—voltage equations, 213 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

(0]

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

Index

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



Index

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

\%

Voltage division formula, 39, 52, 59, 66, 86, 116, 129

Voltage division relation, 117

w
Wheatstone bridge circuit, 48
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