
Problems 403

7. The techniques of voltage/current division, series/parallel combi-
nation of impedance/admittance, circuit reduction, and trans-
formation all apply to ac circuit analysis.

8. AC circuits are applied in phase-shifters and bridges.

Y-¢

Review Questions

9.1 Which of the following is not a right way to express
the sinusoid 

(a) (b) 

(c) (d) 

9.2 A function that repeats itself after fixed intervals is
said to be:

(a) a phasor (b) harmonic

(c) periodic (d) reactive

9.3 Which of these frequencies has the shorter period?

(a) 1 krad/s (b) 1 kHz

9.4 If and 
which of these statements are true?

(a) leads (b) leads 

(c) lags (d) lags 

(e) and are in phase

9.5 The voltage across an inductor leads the current
through it by 

(a) True (b) False

9.6 The imaginary part of impedance is called:

(a) resistance (b) admittance

(c) susceptance (d) conductance

(e) reactance

9.7 The impedance of a capacitor increases with
increasing frequency.

(a) True (b) False

90�.

v2v1

v2v1v1v2

v1v2v2v1

v2 � 20 sin(�t � 50�),v1 � 30 sin(�t � 10�)

A sin(�t � 90�)A cos �(t � T )

A cos(2 p t�T )A cos 2 p  ft

A cos �t?

9.9 A series RC circuit has and 
The magnitude of the supply voltage is:

(a) (b) 7 V (c) 13 V (d) 17 V

9.10 A series RCL circuit has and
The impedance of the circuit is:

(a) (b) 

(c) (d) 

(e) 

Answers: 9.1d, 9.2c, 9.3b, 9.4b,d, 9.5a, 9.6e, 9.7b, 9.8d,
9.9c, 9.10b.

�30 � j40 �

�30 � j40 �30 � j40 �

30 � j40 �30 � j140 �

XL � 90 �.
R � 30 �, XC � 50 �,

�7 V

0VC 0 � 5 V.0VR 0 � 12 V

+
−

+

−

1 Ω

Hv(t) vo(t)1
4

Figure 9.39
For Review Question 9.8.

9.8 At what frequency will the output voltage in
Fig. 9.39 be equal to the input voltage ?

(a) 0 rad/s (b) 1 rad/s (c) 4 rad/s

(d) (e) none of the above
 rad/s

v(t)
vo(t)

Problems

Section 9.2 Sinusoids

9.1 Given the sinusoidal voltage 
find: (a) the amplitude 

(b) the period T, (c) the frequency f, and 
(d) at 

9.2 A current source in a linear circuit has

is � 15 cos(25p t � 25°) A

t � 10 ms.v(t)
Vm,
50 cos(30t � 10�) V,

v(t) �

(a) What is the amplitude of the current?

(b) What is the angular frequency?

(c) Find the frequency of the current.

(d) Calculate at 

9.3 Express the following functions in cosine form:

(a) (b) 

(c) �20 sin(vt � 45�)

�9 sin (8t)10 sin(vt � 30�)

t � 2 ms.is
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9.13 Evaluate the following complex numbers:

(a) 

(b) 

(c) 

9.14 Simplify the following expressions:

(a) 

(b) 

(c) 

9.15 Evaluate these determinants:

(a) 

(b) 

(c) 

9.16 Transform the following sinusoids to phasors:

(a) (b) 

(c) 

9.17 Two voltages and appear in series so that their
sum is If 
and find 

9.18 Obtain the sinusoids corresponding to each of the
following phasors:

(a) 

(b) 

(c) 

(d) 

9.19 Using phasors, find:

(a) 

(b) 

(c) 

9.20 A linear network has a current input 
and a voltage output

Determine the associated
impedance.
120 cos(10t � 75�) V.
7.5 cos(10t � 30�) A

 �5 sin(400t � 20�)
 20 sin  400t � 10 cos(400t � 60�)

40 sin 50t � 30 cos(50t � 45�)

3 cos(20t � 10�) � 5 cos(20t � 30�)

I2 � �0.5 � j1.2 A, � � 10 
3

I1 � 2.8e�jp�3 A, � � 377

V2 � 6 � j8 V, � � 40

V1 � 60l15� V, � � 1

v.v2 � 12 cos(50t � 30�) V,
v1 � 10 cos(50t � p�3) Vv � v1 � v2.

v2v1

20 cos (2t) � 15 sin (2t)

8 sin(20t � 30�)�20 cos(4t � 135�)

3  1 � j

j

1

�j

1

j

0

�j

1 � j

 3
2  20l�30� �4l�10�

16l0� 3l45�
 2210 � j6 2 � j3

�5 �1 � j
 2

a10 � j20

3 � j4
b21(10 � j5)(16 � j20)

(240l75� � 160l�30�)(60 � j80)

(67 � j84)(20l32�)

(5 � j6) � (2 � j8)

(�3 � j4)(5 � j) � (4 � j6)

22 � j3    �j2

�j2    8 � j5
2

(5l10�)(10l�40�)

(4l�80�)(�6l50�)

2 � j3

1 � j6
�

7 � j8

�5 � j11

9.4 Design a problem to help other students better
understand sinusoids.

9.5 Given V and 
determine the phase angle

between the two sinusoids and which one lags
the other.

9.6 For the following pairs of sinusoids, determine
which one leads and by how much.

(a) and 

(b) and

(c) and

Section 9.3 Phasors

9.7 If show that 

9.8 Calculate these complex numbers and express your
results in rectangular form:

(a) 

(b) 

(c) 

9.9 Evaluate the following complex numbers and leave
your results in polar form:

(a) 

(b) 

9.10 Design a problem to help other students better
understand phasors.

9.11 Find the phasors corresponding to the following
signals:

(a) 

(b) 

(c) 

(d) 

9.12 Let and Evaluate the
following quantities and express your results in
polar form:

(a) 

(b) 

(c) (X � Y)�X

(X � Y)*

(X � Y)X*

Y � 20l�30�.X � 4l40�

i(t) � �60 cos(30t � 10�) mA

v(t) � 120 sin(10t � 50�) V

i(t) � �8 sin(10t � 70�) mA

v(t) � 21 cos(4t � 15�) V

(10l60�)(35l�50�)

(2 � j6) � (5 � j)

5l30�  a6 � j8 �
3l60�

2 � j
b

20 � (16l�50�)(5 � j12)

32l�20�

(6 � j8)(4 � j2)
�

20

�10 � j24

60 l45�

7.5 � j10
� j2

f (f) � e 
jf.f (f) � cos f � j sin f,

y(t) � 15 cos(2t � 11.8�)
x(t) � 13 cos 2t � 5 sin  2t

v2(t) � �20 cos 377t
v1(t) � 4 cos(377t � 10�)

i(t) � 4 sin(4t � 50�)
v(t) � 10 cos(4t � 60�)

50 cos(vt � 30°) V,
v2 �v1 � 45 sin(vt � 30�)

404 Chapter 9 Sinusoids and Phasors
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9.21 Simplify the following:

(a) 

(b) 

(c) 

9.22 An alternating voltage is given by 
Use phasors to find

Assume that the value of the integral is zero at

9.23 Apply phasor analysis to evaluate the following:

(a) 

(b) 

9.24 Find in the following integrodifferential
equations using the phasor approach:

(a) 

(b) 

9.25 Using phasors, determine in the following
equations:

(a) 

(b) 

9.26 The loop equation for a series RLC circuit gives

Assuming that the value of the integral at is
zero, find using the phasor method.

9.27 A parallel RLC circuit has the node equation

Determine using the phasor method. You may
assume that the value of the integral at is zero.

Section 9.4 Phasor Relationships for Circuit
Elements

9.28 Determine the current that flows through an 
resistor connected to a voltage source

9.29 What is the instantaneous voltage across a 
capacitor when the current through it is
i � 4 sin(106

 t � 25�) A?

2-mF

vs � 110 cos 377t V.

8-�

t � �

v(t)

dv
dt

� 50v � 100 �  v dt � 110 cos(377t � 10�) V

i(t)
t � �


di

dt
� 2i � �

t

�

 
i dt � cos 2t A

10�  i dt �
di

dt
� 6i(t) � 5 cos(5t � 22�) A

2
di

dt
� 3i(t) � 4 cos(2t � 45�)

i(t)

dv
dt

� 5v(t) � 4 �  v dt � 20 sin(4t � 10�)

v(t) � �  v dt � 10 cos t

v(t)

i � 330 cos(5t � 60�) � 20 sin(5t � 60�) 4  A
v � 3110 sin(20t � 30�) � 220 cos(20t � 90�)4  V

t � �
.

10v(t) � 4
dv
dt

� 2�
t

�


 v(t) dt

55 cos(5t � 45�) V.
v(t) �

h(t) � �
t

0
 
(10 cos 40t � 50 sin 40t) dt

g(t) � 8 sin t � 4 cos(t � 50�)

f (t) � 5 cos(2t � 15�) � 4 sin(2t � 30�)

9.30 A voltage is applied to
a parallel combination of a resistor and a

capacitor. Find the steady-state currents
through the resistor and the capacitor.

9.31 A series RLC circuit has 
and If the input voltage is 

find the currrent flowing through the circuit.

9.32 Using Fig. 9.40, design a problem to help other
students better understand phasor relationships for
circuit elements.

10 cos 2t,
v(t) �C � 5 mF.

R � 80 �, L � 240 mH,

50-mF
40-k�

v(t) � 100 cos(60t � 20�) V

Problems 405

Load
(R + j�L)

+
−v

IL

Figure 9.40
For Prob. 9.32.

9.33 A series RL circuit is connected to a 110-V ac
source. If the voltage across the resistor is 85 V, find
the voltage across the inductor.

9.34 What value of will cause the forced response, ,
in Fig. 9.41 to be zero?

vo�

+
−

+

−

2 Ω

50 cos�t V

5 mF

20 mH

vo

Figure 9.41
For Prob. 9.34.

Section 9.5 Impedance and Admittance

9.35 Find current i in the circuit of Fig. 9.42, when
vs(t) � 50 cos 200t V.

+
−

10 Ω 5 mF

vs 20 mH

i

Figure 9.42
For Prob. 9.35.
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9.36 Using Fig. 9.43, design a problem to help other
students better understand impedance.

9.40 In the circuit of Fig. 9.47, find when:

(a) (b) 

(c) � � 10 rad/s

� � 5 rad/s� � 1 rad/s

io

406 Chapter 9 Sinusoids and Phasors

R1

R2 R3C

L

+
−vs

i

Figure 9.43
For Prob. 9.36.

9.37 Determine the admittance Y for the circuit in Fig. 9.44.

j8 Ω −j10 Ω4 Ω
Y

Figure 9.44
For Prob. 9.37.

9.38 Using Fig. 9.45, design a problem to help other
students better understand admittance.

+

−
v

i

R Cis(t)

(a)

i

R1

R2

C

vs(t) +
− +

−
L

(b)

v

Figure 9.45
For Prob. 9.38.

9.39 For the circuit shown in Fig. 9.46, find and use
that to find current I. Let � � 10 rad/s.

Zeq

16 Ω j25 Ω

j20 Ω −j14 Ω4 Ω

+
−12   0° V

I

Figure 9.46
For Prob. 9.39.

+
− 2 Ω4 cos �t V 0.05 F

io 1 H

Figure 9.47
For Prob. 9.40.

9.41 Find in the RLC circuit of Fig. 9.48.v(t)

+
−

+

−

1 Ω

1 Ω

1 H

1 F v (t)10 cos t V

Figure 9.48
For Prob. 9.41.

9.42 Calculate in the circuit of Fig. 9.49.vo (t)

+
−

+

−

30 Ω

vo(t)

50 Ω

0.1 H60 sin 200t V
50 �F

Figure 9.49
For Prob. 9.42.

9.43 Find current in the circuit shown in Fig. 9.50.Io

50 Ω 100 Ω

−j40 Ωj80 Ω+
−60   0° V

Io

Figure 9.50
For Prob. 9.43.

9.44 Calculate in the circuit of Fig. 9.51.i(t)

Figure 9.51
For prob. 9.44.

+
− 3 Ω10 mH

5 mF

6 cos 200t V 4 Ω

5 Ωi
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9.45 Find current in the network of Fig. 9.52.Io 9.50 Determine in the circuit of Fig. 9.57. Let 
5 cos(100t � 40�) A.

is(t) �vx

Problems 407

2 Ω

2 Ω

Io

−j2 Ω

j4 Ω

−j2 Ω5   0° A

Figure 9.52
For Prob. 9.45.

9.46 If in the circuit of Fig. 9.53,
find io.

is � 5 cos(10t � 40�) A

0.2 H 0.1 F

4 Ω 3 Ω

io

is

Figure 9.53
For Prob. 9.46.

9.47 In the circuit of Fig. 9.54, determine the value
of is(t).

2 Ω 2 mH

20 Ω50 �F
+
−

is (t)

5 cos 2,000t V

Figure 9.54
For Prob. 9.47.

9.48 Given that in Fig. 9.55,
determine ix(t).

vs(t) � 20 sin(100t � 40�)

10 Ω 30 Ω

0.2 H 

ix 

0.5 mFvs (t) −
+

Figure 9.55
For Prob. 9.48.

9.49 Find in the circuit of Fig. 9.56 if the current 
through the resistor is 0.5 sin 200t A.1-�

ixvs(t)

+
−

1 Ω2 Ω

vs j2 Ω −j1 Ω

ix

Figure 9.56
For Prob. 9.49.

vx

0.1 H

1 mF 20 Ωis (t)
+

–

Figure 9.57
For Prob. 9.50.

9.51 If the voltage across the resistor in the circuit
of Fig. 9.58 is obtain is.10 cos 2t V,

2-�vo

+

−
vo

0.1 F

1 Ω 2 Ωis

0.5 H

Figure 9.58
For Prob. 9.51.

9.52 If in the circuit of Fig. 9.59, find Is.Vo � 8l30� V

Figure 9.59
For Prob. 9.52.

9.53 Find in the circuit of Fig. 9.60.Io

4 Ω

j6 Ω

8 Ω 10 Ω

–j2 Ω2 ΩIo

60   –30° V −
+

Figure 9.60
For Prob. 9.53.

9.54 In the circuit of Fig. 9.61, find if Io � 2l0� A.Vs

+ −
Io

1 Ω2 Ω

Vs

j2 Ωj4 Ω

−j2 Ω −j1 Ω

Figure 9.61
For Prob. 9.54.

+

−
5 Ω10 Ω Vo

−j5 Ω

j5 ΩIs
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*9.55 Find Z in the network of Fig. 9.62, given that
Vo � 4l0� V.

9.59 For the network in Fig. 9.66, find Let 
10 rad/s.

� �Zin.

408 Chapter 9 Sinusoids and Phasors

+
−

+

−

Z
12 Ω

Vo20  −90° V j8 Ω−j4 Ω

Figure 9.62
For Prob. 9.55.

Section 9.7 Impedance Combinations

9.56 At find the input impedance of the
circuit shown in Fig. 9.63.

� � 377 rad/s,

60 mH 40 Ω

50 �F12 Ω

Figure 9.63
For Prob. 9.56.

9.57 At obtain the input admittance in the
circuit of Fig. 9.64.

� � 1 rad/s,

1 Ω 2 Ω

2 H 1 F
Yin

Figure 9.64
For Prob. 9.57.

9.58 Using Fig. 9.65, design a problem to help other
students better understand impedance combinations.

R1 L

R2C

Figure 9.65
For Prob. 9.58.

Figure 9.66
For Prob. 9.59.

9.60 Obtain for the circuit in Fig. 9.67.Zin

0.5 H 5 Ω
Zin

1
4

F

25 Ω j15 Ω

j10 Ω

30 Ω

20 Ω

Zin

–j50 Ω

Figure 9.67
For Prob. 9.60.

9.61 Find in the circuit of Fig. 9.68.Zeq

Zeq 1 − j Ω

1 + j2 Ω

j5 Ω

1 + j3 Ω

Figure 9.68
For Prob. 9.61.

9.62 For the circuit in Fig. 9.69, find the input impedance
at 10 krad/s.Zin

Figure 9.69
For Prob. 9.62.

+
−

+ −v

2v

50 Ω 2 mH

Zin

1 �F

* An asterisk indicates a challenging problem.
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9.63 For the circuit in Fig. 9.70, find the value of ZT. 9.67 At find the input admittance of each
of the circuits in Fig. 9.74.

� � 10 
3 rad/s,

Problems 409

8 Ω

20 Ω

j15 Ω

–j16 Ω–j12 Ω

–j16 Ω

10 Ω
10 Ω

10 Ω

ZT

Figure 9.70
For Prob. 9.63.

9.64 Find and I in the circuit in Fig. 9.71.ZT

6 Ω

j8 Ω30   90°

I

ZT

4 Ω

−j10 ΩV −
+

Figure 9.71
For Prob. 9.64.

9.65 Determine and I for the circuit in Fig. 9.72.ZT

+
−

2 Ω

3 Ω

4 Ω

ZT

120   10° V

j4 Ω

−j6 Ω

I

Figure 9.72
For Prob. 9.65.

9.66 For the circuit in Fig. 9.73, calculate and Vab.ZT

+
−

20 Ω

+ −

ZT

Vab

60   90° V

j10 Ω

−j5 Ω 40 Ω

a b

Figure 9.73
For Prob. 9.66.

Yin

(a)

20 mH 12.5 �F

60 Ω 60 Ω

Yin

(b)

30 Ω 10 mH

20 �F

60 Ω

40 Ω

Figure 9.74
For Prob. 9.67.

9.68 Determine for the circuit in Fig. 9.75.Yeq

Yeq
3 Ω5 Ω

j1 Ω−j2 Ω

−j4 Ω

Figure 9.75
For Prob. 9.68.

9.69 Find the equivalent admittance of the circuit in
Fig. 9.76.

Yeq

2 S

4 S

1 S

j5 S j1 S

−j3 S −j2 S

Figure 9.76
For Prob. 9.69.

9.70 Find the equivalent impedance of the circuit in
Fig. 9.77.

10 Ω

Zeq

j15 Ω

−j5 Ω

−j10 Ω

2 Ω

5 Ω

8 Ω

Figure 9.77
For Prob. 9.70.
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9.71 Obtain the equivalent impedance of the circuit in
Fig. 9.78.

9.77 Refer to the RC circuit in Fig. 9.81.

(a) Calculate the phase shift at 2 MHz.

(b) Find the frequency where the phase shift is 45�.

410 Chapter 9 Sinusoids and Phasors

Zeq1 Ω j2 Ω

j4 Ω

−j2 Ω

−j Ω 2 Ω

Figure 9.78
For Prob. 9.71.

9.72 Calculate the value of in the network of
Fig. 9.79.

Zab

20 Ω

20 Ω

j6 Ω −j9 Ω

10 Ω

−j9 Ω

−j9 Ω

j6 Ω

j6 Ω
a

b

Figure 9.79
For Prob. 9.72.

9.73 Determine the equivalent impedance of the circuit in
Fig. 9.80.

2 Ω 4 Ω

j6 Ω j8 Ω j8 Ω j12 Ω

−j4 Ω

−j6 Ω
a

b

Figure 9.80
For Prob. 9.73.

Section 9.8 Applications

9.74 Design an RL circuit to provide a leading phase
shift.

9.75 Design a circuit that will transform a sinusoidal
voltage input to a cosinusoidal voltage output.

9.76 For the following pairs of signals, determine if 
leads or lags and by how much.

(a) 

(b) 

(c) v1 � �4 cos 10t,  v2 � 15 sin 10t

v1 � 19 cos(2t � 90�),  v2 � 6 sin 2t

v1 � 10 cos(5t � 20�),  v2 � 8 sin 5t

v2

v1

90�

+

−

+

−

5 Ω

20 nF VoVi

Figure 9.81
For Prob. 9.77.

9.78 A coil with impedance is connected in
series with a capacitive reactance X. The series
combination is connected in parallel with a resistor
R. Given that the equivalent impedance of the
resulting circuit is find the value of R and X.

9.79 (a) Calculate the phase shift of the circuit in Fig. 9.82.
(b) State whether the phase shift is leading or

lagging (output with respect to input).

(c) Determine the magnitude of the output when the
input is 120 V.

5l0� �,

8 � j6 �

+

−

+

−

20 Ω 40 Ω 30 Ω

Voj10 Ω j30 Ω j60 ΩVi

Figure 9.82
For Prob. 9.79.

9.80 Consider the phase-shifting circuit in Fig. 9.83. Let
operating at 60 Hz. Find:

(a) when R is maximum

(b) when R is minimum

(c) the value of R that will produce a phase shift of 45�

Vo

Vo

Vi � 120 V

+

−

+

−

50 Ω

200 mH vovi

0 < R < 100 Ω

Figure 9.83
For Prob. 9.80.

9.81 The ac bridge in Fig. 9.37 is balanced when 
and 

Find and Assume and are in series.

9.82 A capacitance bridge balances when 
and What is the

capacitance of the capacitor under test?

9.83 An inductive bridge balances when 
and What is the value of

the inductance of the inductor under test?Lx,
Ls � 250 mH.R2 � 500 �,

R1 � 1.2 k�,

Cx,Cs � 40 mF.R2 � 2 k�,
R1 � 100 �,

C2R2Cx.Rx

C2 � 0.3 mF.400 �, R2 � 600 �, R3 � 1.2 k�,
R1 �
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9.84 The ac bridge shown in Fig. 9.84 is known as a
Maxwell bridge and is used for accurate measurement
of inductance and resistance of a coil in terms of a
standard capacitance Show that when the bridge
is balanced,

Find and for 
and Cs � 0.45 mF.R3 � 4 k�,

R2 � 1.6 k�,R1 � 40 k�,RxLx

Lx � R2R3Cs  and  Rx �
R2

R1
 R3

Cs.

9.85 The ac bridge circuit of Fig. 9.85 is called a Wien
bridge. It is used for measuring the frequency of a
source. Show that when the bridge is balanced,

f �
1

2p 2R2R4C2C4

Comprehensive Problems 411

AC
meter

R3

Lx

Rx

R2

R1

Cs

Figure 9.84
Maxwell bridge; For Prob. 9.84.

AC
meter

R3

R2

R1

C4

C2

R4

Figure 9.85
Wien bridge; For Prob. 9.85.

Comprehensive Problems

9.86 The circuit shown in Fig. 9.86 is used in a television
receiver. What is the total impedance of this circuit?

9.88 A series audio circuit is shown in Fig. 9.88.

(a) What is the impedance of the circuit?

(b) If the frequency were halved, what would be the
impedance of the circuit?

240 Ω j95 Ω −j84 Ω

Figure 9.86
For Prob. 9.86.

9.87 The network in Fig. 9.87 is part of the schematic
describing an industrial electronic sensing device.
What is the total impedance of the circuit at 2 kHz?

50 Ω 10 mH

2 �F 80 Ω
100 Ω

Figure 9.87
For Prob. 9.87.

9.89 An industrial load is modeled as a series combination
of an inductor and a resistance as shown in Fig. 9.89.
Calculate the value of a capacitor C across the series
combination so that the net impedance is resistive at a
frequency of 2 kHz.

10 Ω

5 mH

C

Figure 9.89
For Prob. 9.89.

250 Hz ≈

j30 Ω 120 Ω

−j20 Ω

−j20 Ω

Figure 9.88
For Prob. 9.88.

9.90 An industrial coil is modeled as a series combination
of an inductance L and resistance R, as shown in
Fig. 9.90. Since an ac voltmeter measures only
the magnitude of a sinusoid, the following
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measurements are taken at 60 Hz when the circuit
operates in the steady state:

Use these measurements to determine the values of L
and R.

0Vs 0 � 145 V,  0V1 0 � 50 V,  0Vo 0 � 110 V

9.92 A transmission line has a series impedance of 

and a shunt admittance of 

Find: (a) the characteristic impedance 

(b) the propagation constant 

9.93 A power transmission system is modeled as shown in
Fig. 9.92. Given the source voltage and circuit
elements

, source impedance
line impedance
and load impedance
find the load current IL.ZL � (23.2 � j18.9) �,

Zt � (0.4 � j0.3) �,
Zs � (1 � j0.5) �,
Vs � 115l0� V

1ZY.

g �Zo � 1Z�Y,

450l48� mS.

Y �100l75� �Z �

412 Chapter 9 Sinusoids and Phasors

80 Ω

+

−

+ −V1

Vs
+
− Vo

R

L

Coil

Figure 9.90
For Prob. 9.90.

9.91 Figure 9.91 shows a parallel combination of an
inductance and a resistance. If it is desired to connect
a capacitor in series with the parallel combination
such that the net impedance is resistive at 10 MHz,
what is the required value of C?

300 Ω 20 �H

C

Figure 9.91
For Prob. 9.91.

+
−vs

Z�Zs

Z�

ZL

IL

Source Transmission line Load

Figure 9.92
For Prob. 9.93.
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Chapter 9, Problem 1. 
 

Given the sinusoidal voltage v(t) = 50 cos (30t + 10 o ) V, find: (a) the amplitude V m ,(b) 
the period T, (c) the frequency f, and (d) v(t) at t = 10 ms. 
 

Chapter 9, Solution 1. 
 

(a)   Vm = 50 V. 

(b)   Period  2 2 0.2094
30

T sπ π
ω

= = =  = 209.4ms 

(c )   Frequency  f = ω/(2π) = 30/(2π) = 4.775 Hz. 
(d)   At t=1ms, v(0.01) = 50cos(30x0.01rad + 10˚)  

= 50cos(1.72˚ + 10˚) = 44.48 V and ωt = 0.3 rad. 
 

 

Chapter 9, Problem 2. 

A current source in a linear circuit has 

i s  = 8 cos (500π t - 25 o ) A 

(a) What is the amplitude of the current? 
(b) What is the angular frequency? 
(c) Find the frequency of the current. 
(d) Calculate i s  at t = 2ms. 
 
Chapter 9, Solution 2. 
 

(a) amplitude  =  8 A 
 
(b) ω  =  500π  =  1570.8 rad/s 
 

(c) f  = 
π
ω
2

 =  250 Hz 

 
(d) Is  =  8∠-25° A 

Is(2 ms)  = )25)102)(500cos((8 3- °−×π  
=  8 cos(π − 25°)  =  8 cos(155°) 
=  -7.25 A 
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Chapter 9, Problem 3. 
Express the following functions in cosine form: 

(a) 4 sin (ω t - 30 o ) 
(b) -2 sin 6t 
(c) -10sin(ω t + 20 o ) 
 
Chapter 9, Solution 3. 

(a) 4 sin(ωt – 30°)  =  4 cos(ωt – 30° – 90°)  =  4 cos(ωt – 120°) 
 
(b) -2 sin(6t)  =  2 cos(6t + 90°) 
 
(c) -10 sin(ωt + 20°)  =  10 cos(ωt + 20° + 90°)  =  10 cos(ωt + 110°) 

 
Chapter 9, Problem 4. 

(a) Express v = 8 cos(7t = 15 o ) in sine form. 
(b) Convert i = -10 sin(3t - 85 o ) to cosine form. 
 
 
Chapter 9, Solution 4. 

(a) v  =  8 cos(7t + 15°)  =  8 sin(7t + 15° + 90°)  =  8 sin(7t + 105°) 
 
(b) i  =  -10 sin(3t – 85°)  =  10 cos(3t – 85° + 90°)  =  10 cos(3t + 5°) 

 
Chapter 9, Problem 5. 
 

Given v 1  = 20 sin(ω t + 60 o ) and v 2  = 60 cos(ω t - 10 o ) determine the phase angle 
between the two sinusoids and which one lags the other. 
 
 
Chapter 9, Solution 5. 

 
 v1  =  20 sin(ωt + 60°)  =  20 cos(ωt + 60° − 90°)  =  20 cos(ωt − 30°) 
 v2  =  60 cos(ωt − 10°) 

 
This indicates that the phase angle between the two signals is 20° and that v1 lags 
v2. 
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Chapter 9, Problem 6. 
For the following pairs of sinusoids, determine which one leads and by how much. 

(a) v(t) =  10 cos(4t - 60 o ) and i(t) = 4 sin (4t + 50 o )  
(b) v 1 (t) = 4 cos(377t + 10 o ) and v 2 (t) = -20 cos 377t 
(c) x(t) = 13 cos 2t + 5 sin 2t and y(t) = 15 cos(2t -11.8 o )  
 
Chapter 9, Solution 6. 

(a) v(t)  =  10 cos(4t – 60°) 
i(t)  =  4 sin(4t + 50°)  =  4 cos(4t + 50° – 90°)  =  4 cos(4t – 40°) 
Thus, i(t) leads v(t) by 20°. 

 
(b) v1(t)  =  4 cos(377t + 10°) 

v2(t)  =  -20 cos(377t)  =  20 cos(377t + 180°) 
Thus, v2(t) leads v1(t) by 170°. 

 
(c) x(t)  =  13 cos(2t) + 5 sin(2t)  =  13 cos(2t) + 5 cos(2t – 90°) 

X  =  13∠0° + 5∠-90°  =  13 – j5  =  13.928∠-21.04° 
x(t)  =  13.928 cos(2t – 21.04°) 
y(t)  =  15 cos(2t – 11.8°) 
phase difference  =  -11.8° + 21.04°  =  9.24° 
Thus, y(t) leads x(t) by 9.24°. 

 
Chapter 9, Problem 7. 

If  f(φ ) = cosφ  + j sinφ , show that f(φ ) = e φj . 
 
Chapter 9, Solution 7. 
 If f(φ)  =  cosφ + j sinφ, 
 

)(fj)sinj(cosjcosj-sin
d
df

φ=φ+φ=φ+φ=
φ

 

φ= dj
f
df

 

Integrating both sides 
ln f  =  jφ + ln A 
 
f  =  Aejφ  =  cosφ + j sinφ 
 
f(0)  =  A  =  1 
 
i.e.  f(φ)  =  ejφ  =  cosφ + j sinφ 
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Chapter 9, Problem 8. 
 
Calculate these complex numbers and express your results in rectangular form: 
 

(a) 
43

4515
j

o

−
∠  + j2 

(b) 
)43)(2(

208
jj

o

−+
−∠  + 

125
10

j+−
 

(c) 10 + (8∠ 50 o ) (5 – j12) 
 
 
Chapter 9, Solution 8. 
 
   

(a) 
4j3

4515
−

°∠
+ j2  =  

°∠
°∠

53.13-5
4515

+ j2 

    =  3∠98.13° + j2 
    =  -0.4245 + j2.97 + j2 
    =  -0.4243 + j4.97 

 
(b) (2 + j)(3 – j4)  =  6 – j8 + j3 + 4  =  10 – j5  =  11.18∠-26.57° 

j4)-j)(3(2
20-8

+
°∠

+
j125-

10
+

 =  
°∠

°∠
26.57-11.18
20-8

+
14425

)10)(12j5-(
+

−
 

     
     =  0.7156∠6.57° − 0.2958 − j0.71 
 

         =  0.7109 + j0.08188 − 0.2958 − j0.71 
 
         =   0.4151 − j0.6281 

 
(c) 10 + (8∠50°)(13∠-68.38°)  =  10+104∠-17.38° 

   =  109.25 – j31.07 
 
 
 
 
 
 



PROPRIETARY MATERIAL.  © 2007 The McGraw-Hill Companies, Inc.  All rights reserved.  No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation.  If you are a student using this Manual, 
you are using it without permission. 
 

Chapter 9, Problem 9. 
 
Evaluate the following complex numbers and leave your results in polar form: 

(a) 5 o30∠ ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

∠
+−

j
j

o

2
60386  

(b) 
)5()62(

)5035()6010(
jj

oo

+−+
−∠∠  

 

Chapter 9, Solution 9. 
 

(a)    
=°−∠°∠=

−°∠=++−°∠
)52.45176.10)(305(

)261.7j13.7)(305()7392.0j1197.18j6)(305(
 

 
50.88∠–15.52˚. 

 (b)  =
°∠=+−

°−∠°∠
)96.12083.5()5j3(

)5035)(6010(   60.02∠–110.96˚. 

 
 
Chapter 9, Problem 10. 
 

Given that z1  = 6 – j8, z 2  = 10∠ -30 o , and z 3 = 8e
oj120− , find: 

(a) z 1  + z 2  + z 3  

(b) 
3

21

z
zz  

 
 
Chapter 9, Solution 10.  
 

 
(a)  9282.64z   and  ,566.8z   ,86 321 jjjz −−=−=−=  

93.1966.10321 jzzz −=++  
 

(b)  499.7999.9
3

21 j
z
zz

+=  
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Chapter 9, Problem 11. 
 
Find the phasors corresponding to the following signals: 

(a) v(t) = 21 cos(4t - 15 o ) V 
(b) i(t) = -8 sin(10t + 70 o ) mA 
(c) v(t) = 120 sin (10t – 50 o ) V 
(d) i(t) = -60 cos(30t + 10 o ) mA 
 
 
 
 
 
 

Chapter 9, Solution 11. 
 
(a)    21 15  VoV = < −  
 
(b)  ( ) 8sin(10 70 180 ) 8cos(10 70 180 90 ) 8cos(10 160 )o o o o o oi t t t t= + + = + + − = +  
 8 160  mAoI = <  
(c )   3 3( ) 120sin(10 50 ) 120cos(10 50 90 )o o ov t t t= − = − −  
 120 140  VoV = < −  
(d)    ( ) 60cos(30 10 ) 60cos(30 10 180 )o o oi t t t= − + = + +  
   60 190 mAoI = <  
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Chapter 9, Problem 12. 
 

Let X = 8 o40∠  and and Y = 10 o30−∠  Evaluate the following quantities and express 
your results in polar form: 
(a) (X + Y)X*  (b) (X -Y)*   (c) (X + Y)/X 
 
 
 
Chapter 9, Solution 12. 
 

Let X = 8∠40° and Y = 10∠-30°. Evaluate the following quantities and express 
your results in polar form. 
 
(X + Y)/X* 
(X - Y)* 
(X + Y)/X 

 
  X = 6.128+j5.142;    Y = 8.66–j5 
 

(a) (X + Y)X* = 
°−∠=°−∠°∠=

°−∠+
45.3931.118)408)(55.0789.14(

)408)(142.0j788.14(
  

=  91.36-j75.17 
 
 

(b) (X - Y)* = (–2.532+j10.142)* = (–2.532–j10.142) = 10.453∠–104.02˚ 
 
 
(c) (X + Y)/X  = (14.789∠0.55˚)/(8∠40˚) = 1.8486∠–39.45˚  

=  1.4275–j1.1746  
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Chapter 9, Problem 13. 
Evaluate the following complex numbers: 

(a) 2 3
1 6

j
j

+
−

 + 7 8
5 11

j
j

−
− +

 

(b) (5 10 )(10 40 )
(4 80 )( 6 50 )

o o

o o

∠ ∠−
∠− − ∠

 

(c) 
2 3 2

2 8 5
j j

j j
+ −
− −

 

 
Chapter 9, Solution 13.  

(a)  1520.02749.1)2534.08425.0()4054.04324.0( jjj +−=−−++−  
 

(b)  0833.2
15024

3050
−=

∠
−∠

o

o

 = –2.083 

 
(c) (2+j3)(8-j5) –(-4) = 35 +j14 

 

Chapter 9, Problem 14. 

Simplify the following expressions: 

(a) (5 6) (2 8)
( 3 4)(5 ) (4 6)

j j
j j j
− − +

− + − + −
 

(b) (240 75 160 30 )(60 80)
(67 84)(20 32 )

o o

o

j
j

∠ + ∠− −
+ ∠

 

(c) 
2

10 20 (10 5)(16 120)
3 4

j j j
j

⎛ ⎞+
+ −⎜ ⎟+⎝ ⎠

 

 
Chapter 9, Solution 14.  
 

(a)  13912.0j7663.071.1697788.0
38.112385.18
91.77318.14

17j7
14j3

+−=°∠=
°∠
°−∠

=
+−
−  

 

(b)  55.11922.1
7.213406.246

9.694424186
)5983.1096.16)(8467(

)8060)(8056.13882.231116.62( j
jjj

jjj
−−=

+
−

=
++

−−++  

 

(c)  
( )

2214.25624.13946.338
)38.12923.16)(86.12620()120260(42 2

j
jj

−−=°−∠

=°−∠°−∠=−+−
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Chapter 9, Problem 15. 

 

Evaluate these determinants: 

(a) 
j

jj
+−−
−+
15

32610
 

 

(b) 
°∠°∠
°−∠−°−∠

453016
1043020

 

 

(c) 
jj

jj
jj

+
−

−−

11
1

01
 

 
 
Chapter 9, Solution 15. 

 

(a) 
j1-5-
3j26j10

+
−+

 =  -10 – j6 + j10 – 6 + 10 – j15 

    =  –6 – j11 
 

(b) 
°∠°∠
°∠°−∠

453016
10-4-3020

 =  60∠15° + 64∠-10° 

=  57.96 + j15.529 + 63.03 – j11.114 
=  120.99 + j4.415 

 

(c) 

j1j
0jj1

j1j1
j1j

0jj1

−
−−

+
−

−−

   = )j1(j)j1(j01011 22 ++−+−−++  

= )j1j1(11 ++−−  
= 1 – 2  =  –1 
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Chapter 9, Problem 16. 

 

Transform the following sinusoids to phasors: 

(a) -10 cos (4t + 75 o ) 

(b) 5 sin(20t - 10 o ) 
(c) 4 cos2t + 3 sin 2t 
 
 
Chapter 9, Solution 16. 

 
(a) -10 cos(4t + 75°)  =  10 cos(4t + 75° − 180°) 

     =  10 cos(4t − 105°) 
The phasor form is 10∠-105° 

 
(b) 5 sin(20t – 10°)  =  5 cos(20t – 10° – 90°) 

   =  5 cos(20t – 100°) 
The phasor form is 5∠-100° 

 
(c) 4 cos(2t) + 3 sin(2t)  =  4 cos(2t) + 3 cos(2t – 90°) 

The phasor form is 4∠0° + 3∠-90°  =  4 – j3  =  5∠-36.87° 
 

Chapter 9, Problem 17. 

 

 Two voltages v1 and v2 appear in series so that their sum is v = v1 + v2. If v1 = 10 
cos(50t - 3

π )V and v2 = 12cos(50t + 30 o ) V, find v. 

 

 

Chapter 9, Solution 17. 
 

1 2 10 60 12 30 5 8.66 10.392 6 15.62 9.805o o oV V V j j= + = < − + < = − + + = < −  
15.62cos(50 9.805 ) Vov t= −  = 15.62cos(50t–9.8˚) V 
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Chapter 9, Problem 18. 

 

 Obtain the sinusoids corresponding to each of the following phasors: 

(a) V 1  = 60∠ 15 o V, ω  = 1 
(b) V 2  = 6 + j8 V, ω  = 40 
(c) I 1  = 2.8e 3πj−  A, ω  = 377 
(d) I 2  = -0.5 – j1.2 A, ω  = 10 3  
 
 
 
Chapter 9, Solution 18. 

 
(a) )t(v1  =  60 cos(t + 15°) 
 
(b) 2V  =  6 + j8  =  10∠53.13° 

)t(v2  =  10 cos(40t + 53.13°) 
 
(c) )t(i1  =  2.8 cos(377t – π/3) 
 
(d) 2I  =  -0.5 – j1.2  =  1.3∠247.4° 

)t(i 2  =  1.3 cos(103t + 247.4°) 
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Chapter 9, Problem 19. 

Using phasors, find: 
(a) 3cos(20t + 10º) – 5 cos(20t- 30º) 
(b) 40 sin 50t + 30 cos(50t - 45º) 
(c) 20 sin 400t + 10 cos(400t + 60º) -5 sin(400t - 20º) 
 
 
Chapter 9, Solution 19. 

 
(a) 3∠10° − 5∠-30°  =  2.954 + j0.5209 – 4.33 + j2.5 

     =  -1.376 + j3.021 
     =  3.32∠114.49° 

Therefore, 3 cos(20t + 10°) – 5 cos(20t – 30°)  =  3.32 cos(20t + 114.49°) 
 
(b) 40∠-90° + 30∠-45°  =  -j40 + 21.21 – j21.21 

=  21.21 – j61.21 
=  64.78∠-70.89° 

Therefore, 40 sin(50t) + 30 cos(50t – 45°)  =  64.78 cos(50t – 70.89°) 
 
(c) Using sinα  =  cos(α − 90°), 

20∠-90° + 10∠60° − 5∠-110°  =  -j20 + 5 + j8.66 + 1.7101 + j4.699 
   =  6.7101 – j6.641 
   =  9.44∠-44.7° 

Therefore, 20 sin(400t) + 10 cos(400t + 60°) – 5 sin(400t – 20°)   
=  9.44 cos(400t – 44.7°) 

 

Chapter 9, Problem 20. 

A linear network has a current input 4cos(ω t + 20º)A and a voltage output 10 
cos( tω +110º) V. Determine the associated impedance. 
 
 
Chapter 9, Solution 20. 

 
 4 20 , 10 110o oI V= < = <  

 10 110 2.5 90 2.5 
4 20

o
o

o

VZ j
I

<
= = = < = Ω

<
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Chapter 9, Problem 21. 
Simplify the following: 
(a) f(t) = 5 cos(2t + 15(º) – 4sin(2t -30º) 
(b) g(t) = 8 sint + 4 cos(t + 50º) 

(c) h(t) = ∫ +
t

dttt
0

)40sin5040cos10(  

 
 
Chapter 9, Solution 21.  
(a)  oooo jF 86.343236.8758.48296.690304155 ∠=+=−−∠−∠=  

)86.3430cos(324.8)( ottf +=  
 

 
(b)  ooo jG 49.62565.59358.4571.2504908 −∠=−=∠+−∠=  

)49.62cos(565.5)( ottg −=  
 

(c)  ( ) 40,9050010
j
1H oo =ω−∠+∠
ω

=  

i.e.  ooo 69.1682748.125.125.0j18025.19025.0H −∠=−−=−∠+−∠=  
h(t) = 1.2748cos(40t – 168.69°) 

 
Chapter 9, Problem 22. 
An alternating voltage is given by v(t) = 20 cos(5t - 30 o ) V. Use phasors to find 

∫
∞−

−+
t

dttv
dt
dvtv )(24)(10  

Assume that the value of the integral is zero at t = - ∞ . 
 
Chapter 9, Solution 22.  

Let    f(t) = ∫
∞−

−+
t

dttv
dt
dvtv )(24)(10  

oV
j
VVjVF 3020,5,2410 −∠==−+= ω
ω

ω  

o89.334.454)10j32.17)(4.20j10(V4.0jV20jV10F ∠=−+=−+=  
 

)89.33t5cos(4.454)t(f o+=  
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Chapter 9, Problem 23. 
Apply phasor analysis to evaluate the following. 

(a) v = 50 cos(ω t + 30 o ) + 30 cos(ω t + 90 o )V 
(b) i = 15 cos(ω t + 45 o ) - 10 sin(ω t + 45 o )A 
 
 
Chapter 9, Solution 23. 
(a)   50 30 30 90 43.3 25 30 43.588 6.587o o oV j j= < + < = + − = < −  
 43.588cos( 6.587 )  Vov tω= −  = 43.49cos(ωt–6.59˚) V 
 
(b)   15 45 10 45 90 (10.607 10.607) (7.071 7.071) 18.028 78.69o o o oI j j= < − < − = + − − = <  
 18.028cos( 78.69 )  Aoi tω= +  = 18.028cos(ωt+78.69˚) A 
 
Chapter 9, Problem 24. 
Find v(t) in the following integrodifferential equations using the phasor approach: 

(a) v(t) + ∫ = tdtv cos10  

(b) ∫ +=++ )104sin(204)(5 otdtvtv
dt
dv  

 
Chapter 9, Solution 24. 

(a)  

1,010
j

=ω°∠=
ω

+
V

V  

10)j1( =−V  

°∠=+=
−

= 45071.75j5
j1

10
V  

Therefore, v(t)  =  7.071 cos(t + 45°) 
 
(b)  

4),9010(20
j
4

5j =ω°−°∠=
ω

++ω
V

VV  

°∠=⎟
⎠

⎞
⎜
⎝

⎛
++ 80-20

4j
4

54jV  

°∠=
+

°∠
= 96.110-43.3

3j5
80-20

V  

Therefore, v(t)  =  3.43 cos(4t – 110.96°) 
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Chapter 9, Problem 25. 
Using phasors, determine i(t) in the following equations: 

(a) 2 )452cos(4)(3 otti
dt
di

−=+  

(b) 10 ∫ +=++ )225cos(5)(6 otti
dt
didti  

 
Chapter 9, Solution 25. 

(a)    
2,45-432j =ω°∠=+ω II  

°∠=+ 45-4)4j3(I  

°∠=
°∠
°∠

=
+

°∠
= 98.13-8.0

13.535
45-4

j43
45-4

I  

Therefore, i(t)  =  0.8 cos(2t – 98.13°) 
 
(b)     

5,2256j
j

10 =ω°∠=+ω+
ω

II
I

 

°∠=++ 225)65j2j-( I  

°∠=
°∠

°∠
=

+
°∠

= 56.4-745.0
56.26708.6

225
3j6

225
I  

Therefore, i(t)  =  0.745 cos(5t – 4.56°) 
 
Chapter 9, Problem 26. 
The loop equation for a series RLC circuit gives 

∫ ∞−
=++

t
tdtii

dt
di 2cos2  

Assuming that the value of the integral at t = -∞  is zero, find i(t) using the phasor 
method. 
 
Chapter 9, Solution 26. 

2,01
j

2j =ω°∠=
ω

++ω
I

II  

1
2j
1

22j =⎟
⎠

⎞
⎜
⎝

⎛
++I  

°∠=
+

= 87.36-4.0
5.1j2

1
I  

Therefore, i(t)  =  0.4 cos(2t – 36.87°) 
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Chapter 9, Problem 27. 
 
A parallel RLC circuit has the node equation 

50 100 110cos(377 10 )odv v v dt t
dt

= + = −∫  

Determine v(t) using the phasor method. You may assume that the value of the integral at 
t = - ∞ is zero. 
 
 
Chapter 9, Solution 27. 

 
377,10-110

j
10050j =ω°∠=

ω
++ω

V
VV  

°∠=⎟
⎠
⎞

⎜
⎝
⎛

−+ 10-110
377
100j

50377jV  

°∠=°∠ 10-110)45.826.380(V  
°∠= 45.92-289.0V  

 
Therefore, v(t)  =  0.289 cos(377t – 92.45°). 

 
 
Chapter 9, Problem 28. 
 
Determine the current that flows through an 8-Ω  resistor connected to a voltage source 

110cos377sv t= V. 
 
 
Chapter 9, Solution 28. 

 
  ===

8
)t377cos(110

R
)t(v

)t(i s 13.75 cos(377t) A. 
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Chapter 9, Problem 29. 
 
What is the instantaneous voltage across a 2-µ F capacitor when the current through it is 
i =4 sin(10 6 t +25 o ) A? 
 
 
 
Chapter 9, Solution 29. 

 
  5.0j-

)102)(10(j
1

Cj
1

6-6 =
×

=
ω

=Z  

 
°∠=°∠°∠== 65-2)90-5.0)(254(IZV  

 
Therefore  v(t)  =  2 sin(106t – 65°) V. 

 
 
Chapter 9, Problem 30. 
 

A voltage v(t) = 100 cos(60t + 20 o ) V is applied to a parallel combination of a 40-kΩ  
resistor and a 50-µ F capacitor. Find the steady-state currents through the resistor and the 
capacitor. 
 

 

Chapter 9, Solution 30. 
 
Since R and C are in parallel, they have the same voltage across them.  For the resistor, 

 100 20/ 2.5 20  mA
40

o
o

R RV I R I V R
k

<
= ⎯⎯→ = = = <  

 2.5cos(60 20 )  mAo
Ri t= +  

 
For the capacitor, 

 650 10 ( 60) 100sin(60 20 ) 300sin(60 20 ) mAo o
C

dvi C x x t t
dt

−= = − + = − +  
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Chapter 9, Problem 31. 

 

A series RLC circuit has R = 80 Ω , L = 240 mH, and C = 5 mF. If the input voltage is 
v(t) = 10 cos 2t find the currrent flowing through the circuit. 
 

Chapter 9, Solution 31. 
 

3240 2 240 10 0.48L mH j L j x x jω −= ⎯⎯→ = =  

 3

1 15 100
2 5 10

C mF j
j C j x xω −= ⎯⎯→ = = −   

80 0.48 100 80 99.52Z j j j= + − = −  
010 0 0.0783 51.206

80 99.52
oVI

Z j
<

= = = <
−

 

 ( ) 78.3cos(2 51.206 ) mAoi t t= +  = 78.3cos(2t+51.26˚) mA 
 

Chapter 9, Problem 32. 

 

For the network in Fig. 9.40, find the load current I L . 

 

 
 
Figure 9.40 
For Prob. 9.32. 
 

Chapter 9, Solution 32. 
 

100 0 12.195 9.756 15.62 38.66  A
5 4

o
oVI

Z j
<

= = = − = < −
+
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Chapter 9, Problem 33. 
 
A series RL circuit is connected to a 110-V ac source. If the voltage across the resistor is 
85 V, find the voltage across the inductor. 
 
Chapter 9, Solution 33. 

 
  2

L
2
R vv110 +=  

2
R

2
L v110v −=  

=−= 22
L 85110v  69.82 V 

 

 

Chapter 9, Problem 34. 

 

What value of ω  will cause the forced response v o  in Fig. 9.41 to be zero? 

 

 
 
Figure 9.41 
For Prob. 9.34. 
 
Chapter 9, Solution 34. 

 
  0vo =  if 

LC
1

C
1

L =ω⎯→⎯
ω

=ω  

=
××

=ω
−− )1020)(105(

1
33

 100 rad/s 
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Chapter 9, Problem 35. 
 
Find current i in the circuit of Fig. 9.42, when v s (t) = 50 cos200t V. 

 

 
 
Figure 9.42 
For Prob. 9.35. 
 
 
 
 
Chapter 9, Solution 35. 
 

( ) 50cos 200  50 0 , 200o
s sv t t V ω= ⎯⎯→ = < =  

   
 

 3

1 15
200 5 10

mF j
j C j x xω −⎯⎯→ = = −

 320 20 10 200 4mH j L j x x jω −⎯⎯→ = =  
 

 10 4 10 3inZ j j j= − + = +  

 50 0 4.789 16.7
10 3

o
os

in

VI
Z j

<
= = = < −

+
 

 ( ) 4.789cos(200 16.7 ) Aoi t t= −  
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Chapter 9, Problem 36. 
 

In the circuit of Fig. 9.43, determine i. Let v s  = 60 cos(200t - 10 o )V. 

 

 
 
Figure 9.43 
For Prob. 9.36. 
 
Chapter 9, Solution 36.  
 
 
Let  Z be the input impedance at the source. 
 

2010100200mH 100 3 jxxjLj ==⎯→⎯ −ω  
 

500
2001010

11F10 6 j
xxjCj

−==⎯→⎯ −ω
µ  

 
1000//-j500 = 200 –j400 
1000//(j20 + 200 –j400) = 242.62 –j239.84 
 

ojZ 104.6225584.23962.2242 −∠=−=  
 

mA 896.361.26
104.62255

1060 o
o

o

I −∠=
−∠
−∠

=  

 
)896.3200cos(1.266 oti −= mA 
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Chapter 9, Problem 37. 
 
Determine the admittance Y for the circuit in Fig. 9.44. 
 

 
 
Figure 9.44 
For Prob. 9.37. 
 
 
 
Chapter 9, Solution 37. 
 

1 1 1 0.25 0.025  S
4 8 10

Y j
j j

= + + = −
−

 = 250–j25 mS 
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Chapter 9, Problem 38. 
Find i(t) and v(t) in each of the circuits of Fig. 9.45. 
 

 
Figure 9.45 
For Prob. 9.38. 
 
Chapter 9, Solution 38. 

(a) 2j-
)6/1)(3(j

1
Cj

1
F

6
1

==
ω

⎯→⎯  

 

°∠=°∠
−

= 43.18-472.4)4510(
2j4

2j-
I  

Hence, i(t)  =  4.472 cos(3t – 18.43°) A 
 

°∠=°∠== 43.18-89.17)43.18-472.4)(4(4IV  
Hence, v(t)  =  17.89 cos(3t – 18.43°) V 
 

(b) 3j-
)12/1)(4(j

1
Cj

1
F

12
1

==
ω

⎯→⎯  

12j)3)(4(jLjH3 ==ω⎯→⎯  
 

°∠=
−

°∠
== 87.3610

j34
050

Z
V

I  

Hence, i(t)  =  10 cos(4t + 36.87°) A 
 

°∠=°∠
+

= 69.336.41)050(
j128

12j
V  

 
Hence, v(t)  =  41.6 cos(4t + 33.69°) V 
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Chapter 9, Problem 39. 
 
For the circuit shown in Fig. 9.46, find Z eg  and use that to find current I. Let ω  = 10 
rad/s. 
 

 
 
Figure 9.46 
For Prob. 9.39. 
 

 

 

Chapter 9, Solution 39. 
 

4 20 10 //( 14 25) 9.135 27.47  eqZ j j j j= + + − + = + Ω  
 

12 0.4145 71.605
9.135 27.47

o

eq

VI
Z j

= = = < −
+

 

( ) 0.4145cos(10 71.605 )  Aoi t t= −  = 414.5cos(10t–71.6˚) mA 
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Chapter 9, Problem 40. 
 
In the circuit of Fig. 9.47, find i o  when: 

(a) ω  = 1 rad/s  (b) ω  = 5 rad/s 
(c) ω  = 10 rad/s 
 

 
 
Figure 9.47 
For Prob. 9.40. 
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Chapter 9, Solution 40. 

 
(a) For 1=ω , 

j)1)(1(jLjH1 ==ω⎯→⎯  

20j-
)05.0)(1(j

1
Cj

1
F05.0 ==

ω
⎯→⎯  

802.0j98.1
20j2

40j-
j)20j-(||2j +=

−
+=+=Z  

 

°∠=
°∠

°∠
=

+
°∠

== 05.22-872.1
05.22136.2

04
j0.8021.98
04

o Z
V

I  

Hence, =)t(io  1.872 cos(t – 22.05°) A 
 

(b) For 5=ω , 
5j)1)(5(jLjH1 ==ω⎯→⎯  

4j-
)05.0)(5(j

1
Cj

1
F05.0 ==

ω
⎯→⎯  

2.4j6.1
2j1

4j-
5j)4j-(||25j +=

−
+=+=Z  

 

°∠=
°∠

°∠
=

+
°∠

== 14.69-89.0
14.69494.4

04
j41.6

04
o Z

V
I  

Hence, =)t(io  0.89 cos(5t – 69.14°) A 
 

(c) For 10=ω , 
10j)1)(10(jLjH1 ==ω⎯→⎯  

2j-
)05.0)(10(j

1
Cj

1
F05.0 ==

ω
⎯→⎯  

9j1
2j2

4j-
10j)2j-(||210j +=

−
+=+=Z  

 

°∠=
°∠

°∠
=

+
°∠

== 66.38-4417.0
66.839.055

04
9j1

04
o Z

V
I  

Hence, =)t(io  0.4417 cos(10t – 83.66°) A 
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Chapter 9, Problem 41. 
 
Find v(t) in the RLC circuit of Fig. 9.48. 
 

 
 
Figure 9.48 
For Prob. 9.41. 
 
 
 
Chapter 9, Solution 41. 

 
  1=ω , 

j)1)(1(jLjH1 ==ω⎯→⎯  

j-
)1)(1(j

1
Cj

1
F1 ==

ω
⎯→⎯  

j2
1

1j-
1)j-(||)j1(1 −=

+
+=++=Z  

 

j2
10s

−
==

Z
V

I , II )j1(c +=  

°∠=
−

−
=−=+= 18.43-325.6

j2
)10)(j1(

)j1()j1)(j-( IIV  

Thus, v(t)  =  6.325 cos(t – 18.43°) V 
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Chapter 9, Problem 42. 
 
Calculate v o (t) in the circuit of Fig. 9.49. 

 

 
 
Figure 9.49 
For Prob. 9.42. 
 
 
 
Chapter 9, Solution 42. 

 
  200=ω  

100j-
)1050)(200(j

1
Cj

1
F50 6- =

×
=

ω
⎯→⎯µ  

 
20j)1.0)(200(jLjH1.0 ==ω⎯→⎯  

 

20j40
j2-1

j100-
j10050

)(50)(-j100
-j100||50 −==

−
=  

 

°∠=°∠=°∠
−++

= 9014.17)060(
70
20j

)060(
20j403020j

20j
oV  

 
Thus, =)t(vo  17.14 sin(200t + 90°) V 
 
or  =)t(vo  17.14 cos(200t) V 
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Chapter 9, Problem 43. 
Find current I o  in the circuit shown in Fig. 9.50. 

 
 
Figure 9.50 
For Prob. 9.43. 

Chapter 9, Solution 43. 

 80(100 40)50 80 //(100 40) 50 105.71 57.93
100 40in

j jZ j j j
j
−

= + − = + = +
+

 

60 0 0.4377 0.2411 0.4997 28.85  A
o

o
o

in

I
Z
<

= = − = < −  = 499.7∠–28.85˚ mA 

 
Chapter 9, Problem 44. 
Calculate i(t) in the circuit of Fig. 9.51. 

 
Figure 9.51 
For prob. 9.44. 
 
Chapter 9, Solution 44. 

  200=ω  
2j)1010)(200(jLjmH10 -3 =×=ω⎯→⎯  

j-
)105)(200(j

1
Cj

1
mF5 3- =

×
=

ω
⎯→⎯  

4.0j55.0
10

j3
5.0j25.0

j3
1

2j
1

4
1

−=
+

+−=
−

++=Y  

865.0j1892.1
4.0j55.0

11
+=

−
==

Y
Z  

°∠=
+
°∠

=
+

°∠
= 7.956-96.0

865.0j1892.6
06

5
06
Z

I  

Thus, i(t)  =  0.96 cos(200t – 7.956°) A 
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Chapter 9, Problem 45. 

 
 
Find current I o  in the network of Fig. 9.52. 

 

 
 
Figure 9.52 
For Prob. 9.45. 
 
 
Chapter 9, Solution 45. 

 
  We obtain oI  by applying the principle of current division twice. 

 

2j-1 =Z ,  3j1
j2-2

j4-
j42||-j2)(4j2 +=+=+=Z  

j1
j10-

)05(
3j12j-

2j-

21

1
2 +

=°∠
++

=
+

= I
ZZ

Z
I  

=
+

=⎟
⎠

⎞
⎜
⎝

⎛
+

⎟
⎠

⎞
⎜
⎝

⎛
==

11
10-

j1
j10-

j-1
j-

j2-2
j2-

2o II  –5 A 

 
 
 

I I2 

Z2  Z1 

(a) 

I2 Io

2 Ω -j2 Ω

(b)
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Chapter 9, Problem 46. 

 
If i s  = 5 cos(10t + 40 o ) A in the circuit of Fig. 9.53, find i o . 

 

 
 
Figure 9.53 
For Prob. 9.46. 
 
 
 
Chapter 9, Solution 46. 

 
  °∠=⎯→⎯°+= 405)40t10cos(5i ss I  

j-
)1.0)(10(j

1
Cj

1
F1.0 ==

ω
⎯→⎯  

2j)2.0)(10(jLjH2.0 ==ω⎯→⎯  
 

Let  6.1j8.0
2j4

8j
2j||41 +=

+
==Z ,  j32 −=Z  

 

)405(
6.0j8.3

j1.60.8
s

21

1
o °∠

+
+

=
+

= I
ZZ

Z
I  

 

°∠=
°∠

°∠°∠
= 46.94325.2

97.8847.3
)405)(43.63789.1(

oI  

 
Thus, =)t(io  2.325 cos(10t + 94.46°) A 
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Chapter 9, Problem 47. 
 
In the circuit of Fig. 9.54, determine the value of i s (t). 

 

 
 
Figure 9.54 
For Prob. 9.47. 
 
 
 
Chapter 9, Solution 47.  
 

 
First, we convert the circuit into the frequency domain. 
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Chapter 9, Problem 48. 

 
Given that v s (t) = 20 sin(100t - 40 o ) in Fig. 9.55, determine i x (t). 

 

 
 
Figure 9.55 
For Prob. 9.48. 
 
Chapter 9, Solution 48.  
 
Converting the circuit to the frequency domain, we get: 
 
 
 
 
 
 
 
 
 
 
 
We can solve this using nodal analysis. 
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Chapter 9, Problem 49. 
 
Find v s (t) in the circuit of Fig. 9.56 if the current i x  through the 1-Ω  resistor is 0.5 sin 
200t A. 

 
 
Figure 9.56 
For Prob. 9.49. 
 
 
Chapter 9, Solution 49. 
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Chapter 9, Problem 50. 
 

Determine v x  in the circuit of Fig. 9.57. Let i s (t) = 5 cos(100t + 40 o )A. 

 

 
 
Figure 9.57 
For Prob. 9.50. 
 
 
 
Chapter 9, Solution 50.  
 
 
Since ω = 100, the inductor = j100x0.1 = j10 Ω and the capacitor = 1/(j100x10-3)  
= -j10Ω. 
 

 
 
 
 

 
 
 
 

Using the current dividing rule: 
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Chapter 9, Problem 51. 
 
If the voltage v o  across the 2-Ω  resistor in the circuit of Fig. 9.58 is 10 cos2t V, obtain 
i s . 

 

 
 
Figure 9.58 
For Prob. 9.51. 
 
 
 
Chapter 9, Solution 51. 
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Chapter 9, Problem 52. 
 

If V o  = 8 ∠ 30 o V in the circuit of Fig. 9.59, find I .s
. 

 

 
 
Figure 9.59 
For Prob. 9.52. 
 
 
 
Chapter 9, Solution 52. 
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Chapter 9, Problem 53. 

 
Find I o  in the circuit of Fig. 9.60. 

 
 
Figure 9.60 
For Prob. 9.53. 
 
Chapter 9, Solution 53.  

Convert the delta to wye subnetwork as shown below. 
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Chapter 9, Problem 54. 

 
In the circuit of Fig. 9.61, find V s  if I o = 2 ∠ 0 o  A. 

 

 
 
Figure 9.61 
For Prob. 9.54. 
 
 
 
 
Chapter 9, Solution 54. 
  

Since the left portion of the circuit is twice as large as the right portion, the 
equivalent circuit is shown below. 
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Chapter 9, Problem 55. 

 
* Find Z in the network of Fig. 9.62, given that V o  = 4∠ 0 o V. 

 
 
Figure 9.62 
For Prob. 9.55. 
 
*  An asterisk indicates a challenging problem. 
 
Chapter 9, Solution 55. 
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Chapter 9, Problem 56. 
At ω = 377 rad/s, find the input impedance of the circuit shown in Fig. 9.63. 

 
 
Figure 9.63 
For Prob. 9.56. 
 
Chapter 9, Solution 56. 
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Chapter 9, Problem 57. 
At ω = 1 rad/s, obtain the input admittance in the circuit of Fig. 9.64. 

 
 
Figure 9.64 
For Prob. 9.57. 
 
Chapter 9, Solution 57.  
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Chapter 9, Problem 58. 
Find the equivalent impedance in Fig. 9.65 at ω = 10 krad/s. 

 
 
Figure 9.65 
For Prob. 9.58. 

Chapter 9, Solution 58. 
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Chapter 9, Problem 59. 
For the network in Fig. 9.66, find Z in . Let ω = 10 rad/s. 

 
 
Figure 9.66 
For Prob. 9.59. 
 
Chapter 9, Solution 59. 

1 10.25 0.4
10 0.25

F j
j C j xω

⎯⎯→ = = −

 0.5 10 0.5 5H j L j x jω⎯⎯→ = =  
 

°∠=
°∠

°−∠°∠
=−= 82.42691.3

61.42794.6
)57.4016.5)(905()4.0j5(5jZin  

 
= 2.707+j2.509 Ω. 



PROPRIETARY MATERIAL.  © 2007 The McGraw-Hill Companies, Inc.  All rights reserved.  No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation.  If you are a student using this Manual, 
you are using it without permission. 
 

Chapter 9, Problem 60. 
Obtain Z in  for the circuit in Fig. 9.67. 

 
 
Figure 9.67 
For Prob. 9.60. 
 
Chapter 9, Solution 60.  
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Chapter 9, Problem 61. 
Find Z eq  in the circuit of Fig. 9.68. 

 
 
Figure 9.68 
For Prob. 9.61. 
 
Chapter 9, Solution 61.  
 All of the impedances are in parallel. 
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Chapter 9, Problem 62. 
 
For the circuit in Fig. 9.69, find the input impedance Z in  at 10 krad/s. 

 

 
 
Figure 9.69 
For Prob. 9.62. 
 
 
Chapter 9, Solution 62.  

 
  20j)102)(1010(jLjmH2 -33 =××=ω⎯→⎯  

100j-
)101)(1010(j

1
Cj

1
F1 6-3 =

××
=

ω
⎯→⎯µ  

 
50)50)(01( =°∠=V  

 
)50)(2()100j20j50)(01(in +−+°∠=V  

80j15010080j50in −=+−=V  
 

=
°∠

=
01
in

in

V
Z  150 – j80 Ω 

 

j20 Ω50 Ω

1∠0° A 
+ 

Vin

−

+           −V 

+ 
2V 

-j100 Ω



PROPRIETARY MATERIAL.  © 2007 The McGraw-Hill Companies, Inc.  All rights reserved.  No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation.  If you are a student using this Manual, 
you are using it without permission. 
 

Chapter 9, Problem 63. 

 
For the circuit in Fig. 9.70, find the value of Z T ⋅ . 

 
Figure 9.70 
For Prob. 9.63. 
 
Chapter 9, Solution 63.  
First, replace the wye composed of the 20-ohm, 10-ohm, and j15-ohm impedances with 
the corresponding delta. 
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Now all we need to do is to combine impedances. 
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Chapter 9, Problem 64. 
Find Z T  and I in the circuit of Fig. 9.71. 

 
Figure 9.71 
For Prob. 9.64. 
 
Chapter 9, Solution 64.  
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Chapter 9, Problem 65. 
Determine Z T  and I for the circuit in Fig. 9.72. 

 
Figure 9.72 
For Prob. 9.65. 
 
Chapter 9, Solution 65.  
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Chapter 9, Problem 66. 
 
For the circuit in Fig. 9.73, calculate Z T  and V ab⋅ . 

 

 
 
Figure 9.73 
For Prob. 9.66. 
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Chapter 9, Solution 66.  
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Chapter 9, Problem 67. 

At ω  = 10 3  rad/s find the input admittance of each of the circuits in Fig. 9.74. 

 

 
Figure 9.74 
For Prob. 9.67. 
 
Chapter 9, Solution 67.  
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Chapter 9, Problem 68. 
 
Determine Y eq  for the circuit in Fig. 9.75. 

 

 
 
Figure 9.75 
For Prob. 9.68. 
 
 
 
 
Chapter 9, Solution 68.  
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Chapter 9, Problem 69. 
Find the equivalent admittance Y eq  of the circuit in Fig. 9.76. 

 

 
 
Figure 9.76 
For Prob. 9.69. 
 
Chapter 9, Solution 69.  
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Chapter 9, Problem 70. 

 
Find the equivalent impedance of the circuit in Fig. 9.77. 
 

 
 
Figure 9.77 
For Prob. 9.70. 
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Chapter 9, Solution 70.  
 

 Make a delta-to-wye transformation as shown in the figure below. 
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=−= 2.9j51.12eqZ  15.53∠-36.33° Ω 
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a

Zan
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Chapter 9, Problem 71. 

 
Obtain the equivalent impedance of the circuit in Fig. 9.78. 
 

 
 
Figure 9.78 
For Prob. 9.71. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



PROPRIETARY MATERIAL.  © 2007 The McGraw-Hill Companies, Inc.  All rights reserved.  No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation.  If you are a student using this Manual, 
you are using it without permission. 
 

Chapter 9, Solution 71.  
 

 We apply a wye-to-delta transformation. 
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Chapter 9, Problem 72. 

 
Calculate the value of Z ab  in the network of Fig. 9.79. 

 

 
 
Figure 9.79 
For Prob. 9.72. 
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Chapter 9, Solution 72.  
 

 Transform the delta connections to wye connections as shown below. 

 
6j-18j-||9j- = , 

 

Ω=
++

= 8
102020
)20)(20(

R1 ,  Ω== 4
50

)10)(20(
R 2 , 

 Ω== 4
50

)10)(20(
R 3  

 
44)j6(j2||)82j(j2ab ++−++=Z  

j4)(4||)2j8(j24ab −+++=Z  

j2-12
)4jj2)(4(8

j24ab

−+
++=Z  

4054.1j567.3j24ab −++=Z  
=abZ  7.567 + j0.5946 Ω 

 
 
 
 
 
 
 

j2 Ω j2 Ω

j2 Ω
-j9 Ω

-j18 Ω 

b 

a 

R1 R2
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Chapter 9, Problem 73. 

 
Determine the equivalent impedance of the circuit in Fig. 9.80. 
 

 
 
Figure 9.80 
For Prob. 9.73. 
 
 
 
Chapter 9, Solution 73.  

 
Transform the delta connection to a wye connection as in Fig. (a) and then 
transform the wye connection to a delta connection as in Fig. (b). 
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Chapter 9, Problem 74. 

 
Design an RL circuit to provide a 90 o  leading phase shift. 
 
 
 
Chapter 9, Solution 74.  

 
  One such RL circuit is shown below. 

We now want to show that this circuit will produce a 90° phase shift. 
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⎛
+

=
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This shows that the output leads the input by 90°. 
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Chapter 9, Problem 75. 

 
Design a circuit that will transform a sinusoidal voltage input to a cosinusoidal voltage 
output. 
 
Chapter 9, Solution 75.  

 
Since )90tsin()tcos( °+ω=ω , we need a phase shift circuit that will cause the 
output to lead the input by 90°.  This is achieved by the RL circuit shown 
below, as explained in the previous problem. 

 
This can also be obtained by an RC circuit. 

 
Chapter 9, Problem 76. 

 
For the following pairs of signals, determine if v 1  leads or lags v 2  and by how much. 

(a) v 1  = 10 cos(5t - 20 o ), v 2  = 8 sin5t 

(b) v 1  = 19 cos(2t - 90 o ), v 2  = 6 sin2t 

(c) v 1  = - 4 cos10t , v 2  = 15 sin10t 

Chapter 9, Solution 76. 
(a)   2 8sin 5 8cos(5 90 )ov t t= = −  
  v1 leads v2 by 70o. 
 
(b)   2 6sin 2 6cos(2 90 )ov t t= = −  

v1 leads v2 by 180o. 
(c )   1 4cos10 4cos(10 180 )ov t t= − = +  
 2 15sin10 15cos(10 90 )ov t t= = −  
            v1 leads v2 by 270o. 
 

10 Ω 10 Ω

j10 Ω j10 Ω
+ 

Vi 

−

+ 

Vo 

−
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Chapter 9, Problem 77. 
Refer to the RC circuit in Fig. 9.81. 
(a) Calculate the phase shift at 2 MHz. 
(b) Find the frequency where the phase shift is 45 o . 
 

 
 
Figure 9.81 
For Prob. 9.77. 
 
Chapter 9, Solution 77.  
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Therefore, the phase shift is 51.49° lagging 
 

 
(b) )RX(tan-90-45 c

-1+°=°=θ  

C
1

XR)RX(tan45 cc
1-

ω
==⎯→⎯=°  

RC
1

f2 =π=ω  

=
×π

=
π

=
)1020)(5)(2(

1
RC2
1

f 9-  1.5915 MHz 

 



PROPRIETARY MATERIAL.  © 2007 The McGraw-Hill Companies, Inc.  All rights reserved.  No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation.  If you are a student using this Manual, 
you are using it without permission. 
 

Chapter 9, Problem 78. 
 
A coil with impedance 8 + j6 Ω  is connected in series with a capacitive reactance X. The 
series combination is connected in parallel with a resistor R. Given that the equivalent 
impedance of the resulting circuit is 5∠ 0 o  Ω  find the value of R and X. 
 
 
 
 
Chapter 9, Solution 78.  
 
 
 
 
                                                                                           8+j6 
                                                             R 
                Z 
 
                                                                                           -jX 
 
 
 
 

[ ] 5
)6(8

)]6(8[)6(8// =
−++
−+

=−+=
XjR

XjRXjRZ  

 
i.e  8R + j6R – jXR = 5R + 40 + j30 –j5X 
 
Equating real and imaginary parts: 
 

8R = 5R + 40   which  leads to   R=13.333Ω 
6R-XR =30-5X which leads  to      X=  6 Ω. 
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Chapter 9, Problem 79. 
 
(a) Calculate the phase shift of the circuit in Fig. 9.82. 
(b) State whether the phase shift is leading or lagging (output with respect to input). 
(c) Determine the magnitude of the output when the input is 120 V. 
 

 
 
Figure 9.82 
For Prob. 9.79. 
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Chapter 9, Solution 79.  
(a) Consider the circuit as shown. 
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VVVV +=
+
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+

=  

)6.1131718.0)(56.268944.0(o °∠°∠=V  
°∠= 2.1401536.0oV  

 
Therefore, the phase shift is 140.2° 

 
(b) The phase shift is leading. 
 
(c) If V120i =V , then 

°∠=°∠= 2.14043.18)2.1401536.0)(120(oV V 
and the magnitude is 18.43 V. 
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Chapter 9, Problem 80. 
 
Consider the phase-shifting circuit in Fig. 9.83. Let V i = 120 V operating at 60 Hz. Find: 

(a) V o  when R is maximum 
(b) V o  when R is minimum 
(c) the value of R that will produce a phase shift of 45 o  
 

 
 
Figure 9.83 
For Prob. 9.80. 
 
 
Chapter 9, Solution 80.  

 
  Ω=×π=ω⎯→⎯ 4.75j)10200)(60)(2(jLjmH200 3-  
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4.75j150
4.75j
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(b) When Ω= 0R , 

°∠
°∠°∠

=°∠
+

=
45.5647.90

)0120)(904.75(
)0120(

4.75j50
4.75j

oV  

=oV  100∠33.55° V 
 

(c) To produce a phase shift of 45°, the phase of oV  =  90° + 0° − α  =  45°. 
Hence, α  =  phase of (R + 50 + j75.4)  =  45°. 
For α to be 45°, R + 50  =  75.4 
Therefore,   R  =  25.4 Ω 
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Chapter 9, Problem 81. 
The ac bridge in Fig. 9.37 is balanced when R 1  = 400 Ω , R 2  = 600 Ω , R 3  = 1.2kΩ , and 
C 2  = 0.3 Fµ . Find R x  and C x . Assume R 2  and C 2  are in series. 
 
Chapter 9, Solution 81.  
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Chapter 9, Problem 82. 
A capacitance bridge balances when R 1  = 100Ω , and R 2  = 2kΩ  and C s  = 40 Fµ . What 
is C x  the capacitance of the capacitor under test? 
 
Chapter 9, Solution 82.  
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⎠
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R
R

C 6-
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2

1
x  2 µF 

 
Chapter 9, Problem 83. 
An inductive bridge balances when R 1  = 1.2kΩ , R 2  = 500Ω , and L s  = 250 mH.  What 
is the value of L x , the inductance of the inductor under test? 
 
Chapter 9, Solution 83.  
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Chapter 9, Problem 84. 
 
 The ac bridge shown in Fig. 9.84 is known as a Maxwell bridge and is used for 
accurate measurement of inductance and resistance of a coil in terms of a standard 
capacitance C ⋅s  Show that when the bridge is balanced, 

L x  = R 2 R 3 C s  and  R x = 
 
 

1

2

R
R R 3  

 

Find L x  and R x  for R 1  = 40kΩ , R 2  = 1.6kΩ , R 3  = 4kΩ , and C s  = 0.45 µ F. 

 

 
 
Figure 9.84 
Maxwell bridge; For Prob. 9.84. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



PROPRIETARY MATERIAL.  © 2007 The McGraw-Hill Companies, Inc.  All rights reserved.  No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation.  If you are a student using this Manual, 
you are using it without permission. 
 

Chapter 9, Problem 85. 
 
The ac bridge circuit of Fig. 9.85 is called a Wien bridge. It is used for measuring the 
frequency of a source. Show that when the bridge is balanced, 
 

2 4 2 4

1
2

f
R R C Cπ

=  

 

 
 
Figure 9.85 
Wein bridge; For Prob. 9.85. 
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Chapter 9, Solution 85.  
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Equating the real and imaginary components, 
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Chapter 9, Problem 86. 
 
The circuit shown in Fig. 9.86 is used in a television receiver. What is the total 
impedance of this circuit? 
 

 
 
Figure 9.86 
For Prob. 9.86. 
 
 
 
 
 
 
Chapter 9, Solution 86.  
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Chapter 9, Problem 87. 
 
The network in Fig. 9.87 is part of the schematic describing an industrial electronic 
sensing device. What is the total impedance of the circuit at 2 kHz? 
 

 
 
Figure 9.87 
For Prob. 9.87. 
 
 
Chapter 9, Solution 87.  
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Chapter 9, Problem 88. 
 
A series audio circuit is shown in Fig. 9.88. 
(a) What is the impedance of the circuit? 
(b) If the frequency were halved, what would be the impedance of the circuit? 
 

 
 
Figure 9.88 
For Prob. 9.88. 
 
 
 
Chapter 9, Solution 88.  

 
(a) 20j12030j20j- −++=Z  

Z  =  120 – j10 Ω 
 

(b) If the frequency were halved, 
Cf2

1
C
1

π
=

ω
 would cause the capacitive 

impedance to double, while Lf2L π=ω  would cause the inductive 
impedance to halve.  Thus, 

40j12015j40j- −++=Z  
Z  =  120 – j65 Ω 
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Chapter 9, Problem 89. 
An industrial load is modeled as a series combination of a capacitance and a resistance as 
shown in Fig. 9.89. Calculate the value of an inductance L across the series combination 
so that the net impedance is resistive at a frequency of 50 kHz. 

 
 
Figure 9.89 
For Prob. 9.89. 
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Chapter 9, Solution 89.  
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To have a resistive impedance, 0)Im( in =Z .  Hence, 
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 Now we can solve for L. 
 
  )C/(1CRL 22 ω+=   

 
= (2002)(50x10–9) + 1/((2πx50,000)2(50x10–9)  
= 2x10–3 + 0.2026x10–3 = 2.203 mH. 
 

Checking, converting the series resistor and capacitor into a parallel combination, gives 
220.3Ω in parallel with -j691.9Ω.  The value of the parallel inductance is ωL = 
2πx50,000x2.203x10–3 = 692.1Ω which we need to have if we are to cancel the effect of 
the capacitance.  The answer checks.  
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Chapter 9, Problem 90. 
 
An industrial coil is modeled as a series combination of an inductance L and resistance R, 
as shown in Fig. 9.90. Since an ac voltmeter measures only the magnitude of a sinusoid, 
the following measurements are taken at 60 Hz when the circuit operates in the steady 
state: 

sV  = 145 V, 1V  = 50 V, oV  = 110 V 

 
Use these measurements to determine the values of L and R. 
 

 
 
Figure 9.90 
For Prob. 9.90. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



PROPRIETARY MATERIAL.  © 2007 The McGraw-Hill Companies, Inc.  All rights reserved.  No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation.  If you are a student using this Manual, 
you are using it without permission. 
 

Chapter 9, Solution 90.  
Let °∠= 0145sV ,  L377L)60)(2(LX =π=ω=  
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From (1) and (2), 
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From (1), 

232
50

)145)(80(
jXR80 ==++  
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     (4) 
 

Subtracting (3) from (4), 
=⎯→⎯= R16448R160  102.8 Ω 

 
From (3), 

204081056830976X2 =−=  
=⎯→⎯== LL37786.142X  0.3789 H 
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Chapter 9, Problem 91. 
Figure 9.91 shows a parallel combination of an inductance and a resistance. If it is 
desired to connect a capacitor in series with the parallel combination such that the net 
impedance is resistive at 10 MHz, what is the required value of C? 
 

 
 
Figure 9.91 
For Prob. 9.91. 
 
Chapter 9, Solution 91.  
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To have a resistive impedance, 0)Im( in =Z . 
Hence, 
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C  =  235 pF 
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Chapter 9, Problem 92. 

A transmission line has a series impedance of Z = 100∠ 75 o Ω  and a shunt admittance 
of Y = 450∠ 48 o Sµ . Find: (a) the characteristic impedance Z o  = YZ  

 (b) the propagation constant ZY=γ . 
 
Chapter 9, Solution 92.  

 

(a)  Ω∠=
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== −

o
o

o

o xY
ZZ 5.134.471

1048450
75100

6  

 
(b)  ooo xxZY 5.612121.0104845075100 6 ∠=∠∠== −γ  
 
Chapter 9, Problem 93. 
A power transmission system is modeled as shown in Fig. 9.92. Given the following; 

Source voltage   V s = 115 ∠ 0 o V, 
Source impedance  Z s = 1 + j0.5Ω , 

Line impedance  Z l = 0.4 + j0.3Ω , 
Load impedance  Z L = 23.2 + j18.9Ω , 
find the load current  I L⋅  

 
 
Figure 9.92 
For Prob. 9.93. 
 
Chapter 9, Solution 93.  
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