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In the Wien-bridge oscillator circuit in Fig. 10.42, let Ry = R, =
2.5k, C; = C, = 1 nF. Determine the frequency f, of the oscillator.

Answer: 63.66 kHz.

10.10 Summary

1.

2.

We apply nodal and mesh analysis to ac circuits by applying KCL
and KVL to the phasor form of the circuits.

In solving for the steady-state response of a circuit that has inde-
pendent sources with different frequencies, each independent
source must be considered separately. The most natural approach
to analyzing such circuits is to apply the superposition theorem. A
separate phasor circuit for each frequency must be solved inde-
pendently, and the corresponding response should be obtained in
the time domain. The overall response is the sum of the time
domain responses of all the individual phasor circuits.

. The concept of source transformation is also applicable in the fre-

quency domain.

. The Thevenin equivalent of an ac circuit consists of a voltage

source Vry, in series with the Thevenin impedance Zry,.

. The Norton equivalent of an ac circuit consists of a current source

Iy in parallel with the Norton impedance Zy (=Zry,).

. PSpice is a simple and powerful tool for solving ac circuit prob-

lems. It relieves us of the tedious task of working with the com-
plex numbers involved in steady-state analysis.

. The capacitance multiplier and the ac oscillator provide two typi-

cal applications for the concepts presented in this chapter. A capac-
itance multiplier is an op amp circuit used in producing a multiple
of a physical capacitance. An oscillator is a device that uses a dc
input to generate an ac output.

Practice Problem 10.16

1

Review Questions

10.1 The voltage V,, across the capacitor in Fig. 10.43 is: 10.2  The value of the current I, in the circuit of Fig. 10.44 is:

(a)5/0°V (b) 7.071/45°V (a)4/0° A (b)2.4/-90° A
(¢)7.071/—45°V (d)5/—45°V (¢)0.6/0° A d-1A
1Q
WA
. I
10,£0°V -1 =—V, 3/0°A j8Q == -j20Q
Figure 10.43 Figure 10.44

For Review Question 10.1.

For Review Question 10.2.
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10.3 Using nodal analysis, the value of V, in the circuit of

Fig. 10.45 is:
(a) =24V (b) -8V
)8V (d)24V
j6 Q = —j3Q

v,
4/90° A #
L
Figure 10.45

For Review Question 10.3.

10.4 In the circuit of Fig. 10.46, current i(z) is:

(@) 10 cost A (b) 10sint A (c)S5costA

(d)5sint A (e) 4.472 cos(r — 63.43°) A
1H 1F
10 cos tV @ 1Q

Figure 10.46

For Review Question 10.4.

10.5 Refer to the circuit in Fig. 10.47 and observe that the
two sources do not have the same frequency. The
current i,(¢) can be obtained by:

(a) source transformation
(b) the superposition theorem
(c) PSpice

1H

sin 2t V sin 10t V

Figure 10.47

For Review Question 10.5.

Sinusoidal Steady-State Analysis

10.6 For the circuit in Fig. 10.48, the Thevenin
impedance at terminals a-b is:

@10 () 0.5 — j0.50Q
© 0.5+ j0.50 @1+20
©1-20

1Q 1H

S5cost V —|—1F
o b

Figure 10.48
For Review Questions 10.6 and 10.7.

10.7 In the circuit of Fig. 10.48, the Thevenin voltage at
terminals a-b is:
(a) 3.535/—-45°V (b) 3.535/45°V
(c)7.071/—45°V (d)7.071/45°V
10.8 Refer to the circuit in Fig. 10.49. The Norton
equivalent impedance at terminals a-b is:
(a) —j4 Q (b) =20
(©) j2Q (d) j4 Q
—j2Q
H o a
6/0°V Jj4Q
o b

Figure 10.49
For Review Questions 10.8 and 10.9.

10.9 The Norton current at terminals a-b in the circuit of

Fig. 10.49 is:
(2)1/0° A (b) 1.5 /—90° A
(c) 1.5/90° A (d)3/90° A

10.10 PSpice can handle a circuit with two independent
sources of different frequencies.

(a) True (b) False

Answers: 10.1c, 10.2a, 10.3d, 10.4a, 10.5b, 10.6c,
10.7a, 10.8a, 10.9d, 10.10b.
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1 Problems

Section 10.2 Nodal Analysis

10.1 Determine i in the circuit of Fig. 10.50.

i 1Q
= AW

2 cos 10t V 1F — 1H 1Q

Figure 10.50
For Prob. 10.1.
10.2 Using Fig. 10.51, design a problem to help other

efJd students better understand nodal analysis.
2Q

+
4,00V —j5Q = j4Q§Vo

Figure 10.51

For Prob. 10.2.
10.3 Determine v, in the circuit of Fig. 10.52.

1
inF 2H
IR

10.6 Determine V. in Fig. 10.55.

jl10Q

20 Q
N

\

+
4V, 3/00A 20Q SV,

Figure 10.55
For Prob. 10.6.

10.7 Use nodal analysis to find V in the circuit of
Fig. 10.56.

40 Q Jj20 Q vV
—VWW A11R

6 /30° A () ::—j309§ 50Q

120 £15°v (F)

Figure 10.56
For Prob. 10.7.

10.8 Use nodal analysis to find current i, in the circuit of

N Fig. 10.57. Let i, = 6 cos(2007 + 15°) A.
fosindry v(,_ 2cos 4t A %69 gﬁng et cos( )
0.1,
2

Figure 10.52
For Prob. 10.3.
10.4 Compute v,(?) in the circuit of Fig. 10.53.
0.25F

Iy

1H
= I
16 sin (41 - 10°)V%> %?O.Six 10

Figure 10.53
For Prob. 10.4.

10.5 Find i, in the circuit of Fig

Jo

. 10.54.

2 uF

25 cos(4 X 103 V 0.25H

Figure 10.54
For Prob. 10.5.

o 400
A
+
i 200 vy == 50 uF % 100 mH
+
v, Figure 10.57

For Prob. 10.8.

10.9 Use nodal analysis to find v,, in the circuit of Fig. 10.58.

i

50 pF 10 mH

20Q
I
Ll

o
+

4i, {y 0Q3 v,

20 Q

VWA

10 cos 10 V

10i,

Figure 10.58
For Prob. 10.9.
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10.10 Use nodal analysis to find v,, in the circuit of
42 HFig 1059, Letw = 2 krad/s.

2 uF
I
Il ©
+
+
36sinthQ>2kQ % 3 50 mH 0.10, 4%kQ 3 %

Figure 10.59
For Prob. 10.10.

10.11 Using nodal analysis, find i,(7) in the circuit in

Q H Fig. 10.60.
ML

0.25F 2H

I S

20 I H

AW I 2110
10

8 sin 21 +309 v () — 05F Qﬁ cos 2 A

Figure 10.60
For Prob. 10.11.

10.12 Using Fig. 10.61, design a problem to help other
e7Jd students better understand nodal analysis.

2i,
R,
VWWH $l.0
i R, —_—C L

Figure 10.61
For Prob. 10.12.

10.13 Determine V, in the circuit of Fig. 10.62 using any
g 12 method of your choice.
ML

-j2Q 8Q

j6Q

40 /30°V 5/0°A

Figure 10.62
For Prob. 10.13.

Sinusoidal Steady-State Analysis

10.14 Calculate the voltage at nodes 1 and 2 in the circuit

g ﬁ of Fig. 10.63 using nodal analysis.

jaQ
I
20/30° A

Z

—-j2Q =—

Figure 10.63
For Prob. 10.14.

10.15 Solve for the current I in the circuit of Fig. 10.64

g ﬁ using nodal analysis.
ML

5,0° A
2Q Jj1Q
1112
1
20 /-90° V L _po Do %49

Figure 10.64
For Prob. 10.15.

10.16 Use nodal analysis to find V, in the circuit shown in

g +H Fig. 10.65.
ML

Jj4Q
1A
+ V, -
2/0°A 50 —3Q —F— 3/45°A

Figure 10.65
For Prob. 10.16.

10.17 By nodal analysis, obtain current I, in the circuit of

£ R Fig. 10.66.
ML

j4Q 1Q

1002200 v ()

3Q 29

Figure 10.66
For Prob. 10.17.
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10.18 Use nodal analysis to obtain V,, in the circuit of Fig. 10.67 below.

<

4/45° A

g8Q JjOQ

4Q Jj5Q

+
:7‘]19 ]ZQTVO

Figure 10.67
For Prob. 10.18.

10.19 Obtain V,, in Fig. 10.68 using nodal analysis.

<

20
211
12/0°V 10

0.2V,

Figure 10.68
For Prob. 10.19.

10.20 Refer to Fig. 10.69. If vy(¢) = V,, sinwt and
v,(t) = A sin(wt + ¢), derive the expressions for
A and ¢.

o) == v,(1)

Figure 10.69
For Prob. 10.20.

10.21 For each of the circuits in Fig. 10.70, find V,/V, for
®=0,0— ©, and 0> = 1/LC.

R L R C
O—NW—TTT——0
+ +
Vi C 7 Vo Vi L Vo
o o o o

(a) (b)

Figure 10.70
For Prob. 10.21.

10.22 For the circuit in Fig. 10.71, determine V,,/ V.

Figure 10.71
For Prob. 10.22.

10.23 Using nodal analysis obtain V in the circuit of
Fig. 10.72.

v.O e T

Figure 10.72
For Prob. 10.23.

Section 10.3 Mesh Analysis

10.24 Design a problem to help other students better
ef)d understand mesh analysis.

10.25 Solve for i, in Fig. 10.73 using mesh analysis.

ML
4Q 2H
VWA [XIR
i
10 cos 2t V =——025F 6sin 2t V

Figure 10.73
For Prob. 10.25.
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10.26 Use mesh analysis to find current i, in the circuit of 10.29 Using Fig. 10.77, design a problem to help other
Fig. 10.74. e7Jd students better understand mesh analysis.
2kQ 1 uF
JXpi Ry
10 cos 103t V 20 sin 103t V SN VWA
R,
Figure 10.74 R Z @ @ 3 X
For Prob. 10.26. JX1
G0 f
N\ i
. . . o v, -JXc
10.27 Using mesh analysis, find I; and I, in the circuit of s
H Fig 1075 Figure 10.77
ML For Prob. 10.29.
jloQ 40Q

ML v,2 = 80 cos 1007 V.

A11R VWA
40/30° v @ —j20Q == @ 50L0°V 10.30 Use mesh analysis to find v, in the circuit of
g :“ Fig. 10.78. Let vy, = 120 cos(1007 + 90°) V,

Figure 10.75
For Prob. 10.27.

10.28 In the circuit of Fig. 10.76, determine the mesh 200 400 mH 200 mH
ﬁ currents 7; and i,. Letv; = 10 cos 4t V and N
ML v, = 20 cos(4t — 30°) V. +
Vs1 300 mH 50 uF v 10Q
1Q 1H 1H 1Q v
MW 11 l N MWW
IF Figure 10.78
; For Prob. 10.30.
+ i +
2 C_) @ f—2> C_) vy
1Q
Figure 10.76 . . .
For Prob. 10.28. 10.31 Use mesh analysis to determine current I,, in the
£ A circuit of Fig. 10.79 below.
ML
80 Q I, je0oQ 20Q
g 11)
100,/120° V —j40Q == —j40Q == 60 /30°V

Figure 10.79
For Prob. 10.31.



10.32 Determine V, and I, in the circuit of Fig. 10.80
g 13 using mesh analysis.
ML

jaQ
4112
"
N
4,/-30°A 203V, 3V, - —j2Q

Figure 10.80
For Prob. 10.32.

10.33 Compute I in Prob. 10.15 using mesh analysis.

ML
10.34 Use mesh analysis to find I,, in Fig. 10.28 (for
g 13 Example 10.10).
ML
10.35 Calculate I, in Fig. 10.30 (for Practice Prob. 10.10)
g ﬁ using mesh analysis.
ML
10.36 Compute V,, in the circuit of Fig. 10.81 using mesh
g 1 analysis.
ML
j4Q -j3Q
T |
4/90° A QB 205V, ér) 12,/0°V
2Q - 2Q
%% WA
S
2/0°A

Figure 10.81
For Prob. 10.36.

10.37 Use mesh analysis to find currents I, I,, and I5 in
42/ 13 the circuit of Fig. 10.82.

ML
Il
—
120 £90° v (£) z
D Z=80-j35Q
120 230° v (%) z

Figure 10.82
For Prob. 10.37.
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10.38 Using mesh analysis, obtain I, in the circuit shown

42/ 13 inFig. 10.83.
ML

L
2/0°A 20 ) 10,/90° V
20 -j4Q
T |
1Q 4/0° A 1Q

Figure 10.83
For Prob. 10.38.

10.39 Find I, I, I, and I, in the circuit of Fig. 10.84.

i

10Q
AN
")
00 |J15Q jl6Q
||
I U
14
(1) ()
1264°V § 3Q = -j25Q

Figure 10.84
For Prob. 10.39.

Section 10.4 Superposition Theorem

10.40 Find i, in the circuit shown in Fig. 10.85 using
superposition.

4Q

10 cos 4tV

Figure 10.85
For Prob. 10.40.

10.41 Find v, for the circuit in Fig. 10.86, assuming that
U, = 6cos 2t + 4sin4t V.

0.25F
11
If

Vg 2Q Vo

Figure 10.86
For Prob. 10.41.
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10.42 Using Fig. 10.87, design a problem to help other
efJd students better understand the superposition theorem.

v Ry

Figure 10.87
For Prob. 10.42.

10.43 Using the superposition principle, find i, in the
circuit of Fig. 10.88.

5 cos(2f + 10°) A 4H 10 cos(2t — 60°) V

Figure 10.88
For Prob. 10.43.

10.44 Use the superposition principle to obtain v, in the
circuit of Fig. 10.89. Let vy = 50 sin 2¢ V and
i, = 12 cos(6t + 10°) A.

20 Q SH
411%

is 16 Q §+UX C

NS

Figure 10.89
For Prob. 10.44.

10.45 Use superposition to find i(¢) in the circuit of

Fig. 10.90.
! 20 Q
AW
16 cos(10z + 30°) V 6sin 4tV
£11R
300 mH

Figure 10.90
For Prob. 10.45.

Sinusoidal Steady-State Analysis

10.46 Solve for v,(¢) in the circuit of Fig. 10.91 using the
superposition principle.

6Q 2H
2112
+
12cos 3tV TF=—1y 4sin 2 A 0V

Figure 10.91
For Prob. 10.46.

10.47 Determine i, in the circuit of Fig. 10.92, using the
g 13 superposition principle.
ML

1
1Q ¢

F

Ly AR

AN Jio
10 sin(z — 30°) V 2Q 2 cos 3t 4Q

Figure 10.92
For Prob. 10.47.

10.48 Find i, in the circuit of Fig. 10.93 using superposition.

<

20 uF
|
Ho
50 cos 20007 V 80 Q 100 Q
40 mH
2 sin 40007 A 60 Q 24V

Figure 10.93
For Prob. 10.48.

Section 10.5 Source Transformation

10.49 Using source transformation, find 7 in the circuit of

Fig. 10.94.
3 L
VWA
5 mH
5Q 8 sin(2007 + 30°) A
T 1 mF

Figure 10.94
For Prob. 10.49.



10.50 Using Fig. 10.95, design a problem to help other
efJd students understand source transformation.

v(1)

Figure 10.95
For Prob. 10.50.

10.51 Use source transformation to find I, in the circuit of
Prob. 10.42.

10.52 Use the method of source transformation to find I, in
g the circuit of Fig. 10.96.

2Q  j4Q —jI2IQ
1 *Ix
60,/0°V 6Q§ 40 () s90° A
-3 Q
T

Figure 10.96
For Prob. 10.52.

10.53 Use the concept of source transformation to find V,,
g in the circuit of Fig. 10.97.

40 —j|3|Q jAQ
] ay
+
20,/0° V 20 20 —j2Q =—V,

Figure 10.97
For Prob. 10.53.

10.54 Rework Prob. 10.7 using source transformation.

Section 10.6 Thevenin and Norton
Equivalent Circuits

10.55 Find the Thevenin and Norton equivalent circuits at
terminals a-b for each of the circuits in Fig. 10.98.

j20Q 10Q
—VWW——oO0 a

50,/30° V = —j10Q
o b

(a)

449

Problems
—-ji5Q
[ X
4,/0°A 8Q j1Q
ob

(b)
Figure 10.98
For Prob. 10.55.

10.56 For each of the circuits in Fig. 10.99, obtain Thevenin
and Norton equivalent circuits at terminals a-b.

j4Q
6Q
a
-j2Q
2/0° A
o b
(a)
30 Q
jl10Q
120 /45° V 60 Q % a
—j5Q
T,

(b)

Figure 10.99
For Prob. 10.56.

10.57 Using Fig. 10.100, design a problem to help other
e?Jd students better understand Thevenin and Norton
equivalent circuits.

R, —Xc R,

V, XL

O

Figure 10.100
For Prob. 10.57.

10.58 For the circuit depicted in Fig. 10.101, find the
Thevenin equivalent circuit at terminals a-b.

O a

gﬂog
1 o

8Q

5/45° A
-6 Q

Figure 10.101
For Prob. 10.58.
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10.59 Calculate the output impedance of the circuit shown
in Fig. 10.102.

-j2Q  j0Q
I
I} A
+V, -

§j40£2

0.2v, {}

Figure 10.102
For Prob. 10.59.

10.60 Find the Thevenin equivalent of the circuit in
g Fig. 10.103 as seen from:

(a) terminals a-b (b) terminals c-d

c

d
10Q T -j4Q T
It oa

20,/0° V j5Q 4/0° A 40

o b

Figure 10.103
For Prob. 10.60.

10.61 Find the Thevenin equivalent at terminals a-b of the

£/ A circuit in Fig. 10.104.
ML

40
ANV O a
"
weA(})  ==-pe b> i
ob

Figure 10.104
For Prob. 10.61.

10.62 Using Thevenin’s theorem, find v,, in the circuit of

g Fig. 10.105.

3i,
L 4Q 2H
VWA Ty
+
12 cos(t) V };F:: };F:: 20 5,

Figure 10.105
For Prob. 10.62.

Sinusoidal Steady-State Analysis

10.63 Obtain the Norton equivalent of the circuit depicted
g in Fig. 10.106 at terminals a-b.

4 cos(2007 + 30°) A 10H 2kQ

o b

Figure 10.106
For Prob. 10.63.

10.64 For the circuit shown in Fig. 10.107, find the Norton
g equivalent circuit at terminals a-b.

60 Q 40Q
3,/60° A D a b
80Q T ~j30Q

Figure 10.107
For Prob. 10.64.

10.65 Using Fig. 10.108, design a problem to help other
efJd students better understand Norton’s theorem.

R
iol
CIT §L
Figure 10.108
For Prob. 10.65.

5 (1)

e

10.66 At terminals a-b, obtain Thevenin and Norton
equivalent circuits for the network depicted in
Fig. 10.109. Take @ = 10 rad/s.

10 mF 12 cos wtV

|| VR
1 Y, O a
+
2 sin wt A D %210 Q %Hg 20,
o b

Figure 10.109
For Prob. 10.66.



10.67 Find the Thevenin and Norton equivalent circuits at
42/ 13 terminals a-b in the circuit of Fig. 10.110.
ML

60 /45° V C:)

Figure 10.110
For Prob. 10.67.

10.68 Find the Thevenin equivalent at terminals a-b in the
£ A circuit of Fig. 10.111.

ML
i}» 4Q
AN o a
+
1o,
6sintorv (£) @ 4i, | 2 %mv,,
ob

Figure 10.111
For Prob. 10.68.

Section 10.7 Op Amp AC Circuits

10.69 For the differentiator shown in Fig. 10.112, obtain
V,/V,. Find v,(t) when v (f) = V,, sin wt and

w = 1/RC.
R
c
|_
+
Us yo
o

Figure 10.112
For Prob. 10.69.

10.70 Using Fig. 10.113, design a problem to help other
efJd students better understand op amps in AC circuits.

Problems 451

Figure 10.113
For Prob. 10.70.

10.71 Find v, in the op amp circuit of Fig. 10.114.

8 cos(2r + 30°) V CD

Figure 10.114
For Prob. 10.71.

10.72 Compute i,(¢) in the op amp circuit in Fig. 10.115 if
v, = 4 cos(10%) V.

50 kQ

vy 1 nF :E l fo

100 kQ

Figure 10.115
For Prob. 10.72.

10.73 If the input impedance is defined as Z;, = V,/I,
find the input impedance of the op amp circuit in
Fig. 10.116 when R; = 10kQ, R, = 20k, C, =
10 nF, C, = 20 nF, and w = 5000 rad/s.

C
I
I
L R R,
ANAY AN +E | oV
— o
VS C2::
—>
lz, L

Figure 10.116
For Prob. 10.73.
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10.74 Evaluate the voltage gain A, = V,/V, in the op amp

Chapter 10

circuit of Fig. 10.117. Find A, at w = 0,  — o0,
w = 1/R1C1, and w = 1/R2C2

Q< +

Ol

Figure 10.117
For Prob. 10.74.

Sinusoidal Steady-State Analysis

10.75 In the op amp circuit of Fig. 10.118, find the closed-
ﬁ loop gain and phase shift of the output voltage with
ML respect to the input voltage if C, = C, = 1 nF, R,
R, = 100 kQ, R; = 20 kQ, R, = 40 k), and

w = 2000 rad/s.

Ry

G
| I

MW

v

+  S—
Ry
s . §
R,
o

Figure 10.118
For Prob. 10.75.

€

10.76 Determine V, and I, in the op amp circuit of

Q 4 Fig. 10.119.
ML

22300 v (D)

0k Lo
A
‘f4| IkQ 10kQ
il ANV
2 +
—j2kQ == v,
o

Figure 10.119
For Prob. 10.76.

10.77 Compute the closed-loop gain V,,/V for the op amp

£ A circuit of Fig. 10.120.

ML
Rs J‘ G =R,
AWN——= T
v + +
R,
v fr— Cl Yo
o

Figure 10.120
For Prob. 10.77.

10.78 Determine v,(¢) in the op amp circuit in Fig. 10.121

2 sin(4007) V (’:)

g 1 below.
ML

20 kQ

A%
10 kQ 0.5 uF
W I %

——AAW—

0.25 uF == §10 kQ 40 kQ

Figure 10.121
For Prob. 10.78.




10.79 For the op amp circuit in Fig. 10.122, obtain v,(7).

20 kQ
—WW—
0.1 uE 40 kQ
10kQ 0.2 uF
oL
z +
5 cos(10%) V ”
o

Figure 10.122
For Prob. 10.79.

10.80 Obtain v,(¢) for the op amp circuit in Fig. 10.123 if
g v, = 4cos(1000r — 60°) V.

ML
50 kQ
AN
20 kQ 0.2 uF
0.1 uF

10 kQ
:|>w
v +
s V{)
o

Figure 10.123
For Prob. 10.80.

Section 10.8 AC Analysis Using PSpice

10.81 Use PSpice or MultiSim to determine V,, in the
circuit of Fig. 10.124. Assume w = 1 rad/s.

—j2Q 250
Il
it MY
24/0°V %309
100 +
40 Q § v,
4/0°A %,49

Figure 10.124
For Prob. 10.81.

10.82 Solve Prob. 10.19 using PSpice or MultiSim.

10.83 Use PSpice or MultiSim to find v,(¢) in the circuit of
Fig. 10.125. Let i, = 2 cos(10%) A.

Problems 453

2Q

NWY

6Q 8Q
ANV AMAN—

“® -

4/-"F = 7,

IOmHg -
%49

Figure 10.125
For Prob. 10.83.

10.84 Obtain V, in the circuit of Fig. 10.126 using PSpice
or MultiSim.

_j2 Q —

3&’AQ‘>

Figure 10.126
For Prob. 10.84.

10.85 Using Fig. 10.127, design a problem to help other
e?Jd students better understand performing AC analysis
with PSpice or MultiSim.

+
Ré V) 025V, §R3Vo
R, “Xc -
I
YWY I
\

L® RS

Figure 10.127
For Prob. 10.85.

10.86 Use PSpice or MultiSim to find V,, V,, and V3 in the
network of Fig. 10.128.

8Q
W
v, 100y oj0e |y,
601300\;(? 40—  _jaQ — 4/0° A
iR

Figure 10.128
For Prob. 10.86.
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10.87 Determine V, V,, and V5 in the circuit of
Fig. 10.129 using PSpice or MultiSim.

j10Q
211
48 50 10
v v v
w2
4/0° A %SQ j6Q 3 20 ==
1

Figure 10.129
For Prob. 10.87.

10.88 Use PSpice or MultiSim to find v, and i, in the
circuit of Fig. 10.130 below.

4 20mF

2/0° A

Sinusoidal Steady-State Analysis

10.90 Figure 10.132 shows a Wien-bridge network. Show
that the frequency at which the phase shift between
the input and output signals is zero is f = 37 RC,
and that the necessary gainis A, = V,/V; = 3 at
that frequency.

Figure 10.132
For Prob. 10.90.

2H

&
+
6 cos 4tV 0.57, 4i, 10Q 25 mF T 7y

Figure 10.130
For Prob. 10.88.

Section 10.9 Applications

10.89 The op amp circuit in Fig. 10.131 is called an
inductance simulator. Show that the input
impedance is given by

in

Zin = = ijeq
where
R{RsR
. _ 1R3 4 C
2
R, R, R; c R,
MM 1 MW

Figure 10.131
For Prob. 10.89.

10.91 Consider the oscillator in Fig. 10.133.

(a) Determine the oscillation frequency.

(b) Obtain the minimum value of R for which
oscillation takes place.

Figure 10.133
For Prob. 10.91.
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10.92 The oscillator circuit in Fig. 10.134 uses an ideal 10.95 Figure 10.136 shows a Hartley oscillator. Show that
op amp. the frequency of oscillation is
(a) Calculate the minimum value of R, that will B 1
cause oscillation to occur. fo= 2aVC(L, + Ly)

(b) Find the frequency of oscillation.

1 MQ
100 kO WY
n
R()
ANWN—
10 uH g — 2nF 10 kQ
Figure 10.134 Figure 10.136
For Prob. 10.92. A Hartley oscillator; for Prob. 10.95.

10.93 Figure 10.135 shows a Colpitts oscillator. Show that

10.96 Refer to the oscillator in Fig. 10.137.
efJd the oscillation frequency is

- 1 (a) Show that
° 27VLCr V, 1
where Cr = C,C,/(C; + C,). Assume R; >> X, V, 3+ j(wL/R — R/wL)

(b) Determine the oscillation frequency f,.

(c) Obtain the relationship between R; and R, in
order for oscillation to occur.

R,

T T
CZ:TI: :LCI

Figure 10.135
A Colpitts oscillator; for Prob. 10.93.

(Hint: Set the imaginary part of the impedance in the
feedback circuit equal to zero.)

Figure 10.137
10.94 Design a Colpitts oscillator that will operate at 50 kHz.  For Prob. 10.96.

eud



Chapter 10, Problem 1.

Determine i in the circuit of Fig. 10.50.

i 1Q
=AW

2cos 10tV 1F =— 1H 1Q

Figure 10.50
For Prob. 10.1.

Chapter 10, Solution 1.

We first determine the input impedance.

H —— jolL=jx10=j10

1 .
F — ¥V _——= -—_j01
/]{wC j10x1 :

-1
Z =1+ ,i+ ,1 +} =1.0101-j0.1=1.015 < -5.653°
10 -j0.1 1

B 2<0°
1.015 < -5.653°

=1.9704 < 5.653°

i(t) =1.9704 cos(10t + 5.653°) A = 1.9704cos(10t+5.65°) A
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Chapter 10, Problem 2.

Solve for V in Fig. 10.51, using nodal analysis.

2Q

+
4/0°V -j5Q = j4Q§Vo

Figure 10.51
For Prob. 10.2.

Chapter 10, Solution 2.

Consider the circuit shown below.
2

4.,0° —_1

At the main node,

AVo _ Vo Moo 40=V,(10+ j)
2  -j5 j4

V.= _398.571° A
10— |
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Chapter 10, Problem 3.
Determine v, in the circuit of Fig. 10.52.

1
nF 2H
|
: A

+
16 sin 4tV v02cos4tA 6Q

Figure 10.52
For Prob. 10.3.

4Q

Chapter 10, Solution 3.
w=4
2cos(4t) —— 24£0°
16sin(4t) —— 16£-90°=-j16
2H —— joL=j8
1 1

12F —— - = - =-j3
Y joC ~ j(@@12)
The circuit is shown below.
4Q -ji3 Q v i8Q 6Q
M IC 0000—"V\W,
;j16 v CD Z1a CT 2/0° A

Applying nodal analysis,

6=V, , Vo V.
4-j3 1 6+j8

1 1
> 2= (14— |y
A-3" (+4—13+6+18j 0

| 3.92-j2.56  4.6822-33.15°

o= 1227004~ 12207 188" 83943502

Therefore, Vv, (t) = 3.835 cos(4t — 35.02°) V
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Chapter 10, Problem 4.
Determine i, in the circuit of Fig. 10.53.

i1 2kQ 2 uF
—

50 cos 103 V 05H 30i,

Figure 10.53
For Prob. 10.4.

Chapter 10, Solution 4.

05H —— jol=j0.5x10° = j500
1

2uF  —— }/ -~ =-i500
H joC~ 10*x2x10°
Consider the circuit as shown below.

I, 2000 Vi l-jsloo
|

50.£0°V Si500
301

At node 1,
50-V, N 30, -V, _ V,
2000 —j500  j500
2000

50-V, + j4x30(50
20

VL av,—jAV,=0 > V=50
00
50V g

2000
il(t)ZO_A

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 10, Problem 5.

(“:))
ps
Find i, in the circuit of Fig. 10.54.
o 2xQ 2 uF
M 1
25 cos(4 X 103 V 025 H 10i,

Figure 10.54
For Prob. 10.5.
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Chapter 10, Solution 5.

0.25H —— jowl=j0.25x4x10° = 1000

1 .
2uF  — )/ - =-j125
H joC~ jaxi0°x2x10° )

Consider the circuit as shown below.

lo 2000 V, -j125
| |

25/0°V, § j1000
101,

At node V,,

Vo=25 Vo-0 Vo-10l
2000  jl000 - j125
V, — 25— j2V, + [L6V, — j1601, =0

L+ 1)V, — j160I, = 25

But I, = (25-V,)/2000

L+ [L4)V, — j2 + j0.08V, = 25

V. - 25+j2  25.08£4.57 17768/ —81.37°

°© 1+14.08 14.115/58.94°

Now to solve for iy,

25—V, 25-0.2666+ j1.7567

°" 2000 2000
—12.398./4.06°

=12.367 + j0.8784mA

io = 12.398cos(4x10°t + 4.06°) mA..
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Chapter 10, Problem 6.

Determine V, in Fig. 10.55.

j10Q

20Q
12
+
4v, 3/0°A 20Q 2V,

Figure 10.55
For Prob. 10.6.

Chapter 10, Solution 6.

Let V, be the voltage across the current source. Using nodal analysis we get:

Vo=8Vx 3, Yo _o where Vy :2—0_VO
20 20+ j10 20+ j10
Combining these we get:
V, 4V, V,

~0_ 7% 3470 _0-(1+j0.5-3)V, =60+ j30
20 20+ j10 20 + jLO

_60+j30

. 203)
° _2+jo5 % '

20 -29.11/-166° V.
~2+j05
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Chapter 10, Problem 7.

Use nodal analysis to find V in the circuit of Fig. 10.56.

400 200 v
A
120 /=15°V 6&)°A[% ::—j309§509
L
Figure 10.56
For Prob. 10.7.
Chapter 10, Solution 7.
At the main node,
J— 0 J— — 1
120/ 15_') Vv —6.,30° + V +X S 115.91 j-31.058 5196 3=
40+ j20 —330 50 40+ j20
V ;_+i+i
40+j20 30 50

~ —3.1885- j4.7805
0.04 + j0.0233

=124.08/ -154° V
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Chapter 10, Problem 8.
(‘:))

PS ML

Use nodal analysis to find current i, in the circuit of Fig. 10.57. Let

i, = 6c0s(200t +15°) A.

0.1v,

~-—

0

lo_ 400

iy C* 200 v,,t:: 50 uF g 100 mH

Figure 10.57
For Prob. 10.8.

Chapter 10, Solution 8.

o = 200,

100mH —  joL =j200x0.1= j20

1

1

50uF >

joC  j200x50x10

= —j100

The frequency-domain version of the circuit is shown below.

Vi| Loy

+ L 1000
6./15° 200 Vo

-

0.1V,

400

\Z)

j20Q
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At node 1,

6./15° +01Vy = L4 1 M=V
20 —j100 40
or 5.7955 + j1.5529 = (-0.025 + j0.01)V, —0.025V, (1)
At node 2,
Vi—Va V2 .
—==01lVi+= — 0=3V;+(1-j2)V 2
40 17520 1+1-J2)V; ()

From (1) and (2),

-0.025+j0.01) —0.025|V;) ((5.7955+ [1.5529
{( +j0.01) }( 1]:(( + ] )] AV-B

3 1-j2) [\, 0

Using MATLAB,
V =inv(A)*B

leads to V, = -70.63 - j127.23, V, =-110.3+ j161.09

M-V
40

lo =7.276/-82.17°
Thus,

iy (t) = 7.276c0s(200t —82.17°) A
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Chapter 10, Problem 9.

(“:))

PS ML

Use nodal analysis to find v, in the circuit of Fig. 10.58.

200 50 uF 10 mH
—|
{io

10 cos 10% V 209% 4i, (Y 30Q

I < +

Figure 10.58
For Prob. 10.9.

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 10, Solution 9.

10cos(10°t) —— 10£0°, w=10°
10mH —> joL=jl0
1 1

0OuF —— - = =-j20
M joC ~ j(10°)(50x10°) )
Consider the circuit shown below.
200 -szfQ y, 10Q
AN ¢ 0000
° +
10£0°V 20 O 41, 30 0 § Vo
L
At node 1,
10-V, _V, V,-V,
20 20 -j20
10=(2+))V,-jV, (1)
At node 2,
YimV, AE where I Y has been substituted.
= )20 30+ {10’ 20 HbSH
(-4+ j) V, =(0.6+j0.8)V,
0.6+ j0.8
1= _4+j VZ (2)
Substituting (2) into (1)
(2+ j)(0.6+ j0.8) .
10 = -
0 4+ vV, -]}V,
27 0.6-j26.2
V. = 30 V, = 3 170 =6.154 /70.26°
° 30+j10 2 3+j 06-j262 '
Therefore, v, (t) = 6.154 cos(10°t + 70.26°) V
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Chapter 10, Problem 10.

&
4

PS ML
Use nodal analysis to find v, in the circuit of Fig. 10.59. Let @ = 2 krad/s.
2 uF
I o
1]
+
N

36 sin ot A 2kQ Vx % 50 mH 0.1vy 4kQ <Z Vo

Figure 10.59
For Prob. 10.10.

Chapter 10, Solution 10.
50mH ——> joL= j2000x50x10_3 =00, ®=2000
1 1

2uF > ——= 5 =—j250
JoC  j2000x2x10~
Consider the frequency-domain equivalent circuit below.
Vi -j250 V;
| |
|
36<0°
2k Q) j100 0.1V: 4kQ
At node 1,

Vi Vv N V) -V,

36=—1 » 36 =(0.0005— j0.006)V; — j0.004V, (1
2000 00 — j250 ( 10.006)V1 = 2 ()
At node 2,
VRSVA V, . .
~ 0.1V + > 0=(0.1— j0.004)V; +(0.00025 + j0.004)V, (2
~ 1250 1+ 2000 ( ] V1 +( ] Vo (2)

Solving (1) and (2) gives
V, =V, =-535.6+ j893.5 = 8951.1./93.43°

Vo (t) = 8.951 sin(2000t +93.43°) kV
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Chapter 10, Problem 11.

(‘:))

PSML

Apply nodal analysis to the circuit in Fig. 10.60 and determine I, .

2Q 2Q

4/0°V 21, % j8Q

Figure 10.60
For Prob. 10.11.
Chapter 10, Solution 11.
Consider the circuit as shown below.
I, -j5Q

—
| |

20 20
\%1 \Z!

4,0° V
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At node 1,
V-4
2
V; —05V, —2l, =2

Vi-V,

-2l + 0

But, I, = (4-V5)/(=j5) = —j0.2V, + j0.8

Now the first node equation becomes,

Vi-05V, + j04V2 - J16 =2o0r
Vi + (<0.5+0.4)V, = 2 +j1.6

At node 2,
Vo -V; N Vo _—4 N V2_—O
2 ) 8
-0.5V; + (0.5 +j0.075)V, = j0.8

=0

Using MATLAB to solve this, we get,
>>Y=[1,(-0.5+0.4i);-0.5,(0.5+0.075i)]
Y =

1.0000 -0.5000 + 0.4000i
-0.5000 0.5000 + 0.0750i

>> |=[(2+1.6i):0.8i]
| =

2.0000 + 1.6000i
0 + 0.8000i

>> V=inv(Y)*I
V=

4.8597 + 0.0543i
4.9955 + 0.9050i

lo = —j0.2V, + j0.8 = —j0.9992 + 0.01086 + j0.8 = 0.01086 — j0.1992

=199.5/86.89° mA.
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Chapter 10, Problem 12.

«“:)

PS ML

By nodal analysis, find i, in the circuit of Fig. 10.61.

2i,
10Q
*i()
20 sin1000¢ A 20Q == 50 puF 10 mH

Figure 10.61
For Prob. 10.12.

Chapter 10, Solution 12.

20sin(1000t) ——> 20./0°, ®=1000
10mH —— joL=f0

1 1

joC ~ j(10%)(50x10°) ~

50 uF ——> -j20

The frequency-domain equivalent circuit is shown below.
21,

10 Q2 Vv,

2020° A § 20Q [~ -j200Q j10 Q
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At node 1,

vV, V,-V,
20=21, + >+ 2

Y1
20+ 0 where

I :&

1

v, Vi Vi-V,

ilo0 20 10

400 =3V, - (2+ j4)V,
)

2V, Vi=V, _V, V,

j10 10 -j20 © j10
2V, =(-3+j2)V,

or V,=1+115)V,

)

20 =

At node 2,

Substituting (2) into (1),
400=(3+j4.5)V,-(2+j4)V, =(1+j0.5)V,

400
27 1+j05

v, 40

Therefore, i, (t) = 35.74 sin(1000t — 116.6°) A
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Chapter 10, Problem 14.

S

PS ML _ o _ _ _

Calculate the voltagg at nodes 1 and 2 in the circuit of Fig. 10.63 using nodal analysis.
j4
211
20,/30° A

1 @ 2
—j2Q = 10Q 2Q = -jsQ

Figure 10.63
For Prob. 10.14.

Chapter 10, Solution 14.

At node 1,
0=V, 0=V Vo Vi o5 500
-2 10 j4
-(1+j2.5)V, — j2.5V, =173.2+ j100
At node 2,

Vz Vz Vz B V1
—+——+———=20£30°
2 -p A

-j5.5V, +j25V, =173.2+ j100

Equations (1) and (2) can be cast into matrix form as
[1+j25 j25 Vv, ] [-200£30°]

I 25 - j5.5JLV2H 200./30° |

1+j25 j25
25 -j55

‘ =20-)5.5=20.74£-15.38°

-200/30° j2.5
l:‘2004300 -j5.5
1+j2.5 -200/30°
25 200.30°

‘ = [3(200.£30°) = 600./120°

5 =

>

L~ 28.93.,135.38°

A\ X
A

V, = —%=49.18£124.08°
A

= (200.£30°)(1+ j5) =1020./108.7°

1)

)
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Chapter 10, Problem 15.

S
PS ML ) o ) ) )
Solve for the current I in the circuit of Fig. 10.64 using nodal analysis.

5/0°A

2Q jrQ
LI
1

20,/-90° V L _ina D o %4 Q

Figure 10.64
For Prob. 10.15.

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 10, Solution 15.

We apply nodal analysis to the circuit shown below.

SA

2Q v, v,
MV
Y I
20V 2078 > Zaa
L
At node 1,
-j20-V, _ V, V,-V,
5 —5+_j2+—j
-5-10=(05-j0.5)V, +jV, 1)
At node 2,
V,-V \%
54+2l+——%=—*%
J 4
Vl
where I__j2
5
V, = \% 2
27 025- @
Substituting (2) into (1),
5-j10- 2 _0501-j)V
P07 >0
. . j40
1-j)V, =-10— j20— ——
(1-))V,=-10-j20 -4
. 160 j40
(V2£-45°)V, =-10- j20+ 17

V, =15.81/313.5°

Y
= le = (0.5.290°)(15.81.,313.5°)

I=7.906£43.49° A
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Chapter 10, Problem 16.

(‘:))

PS ML

Use nodal analysis to find V , in the circuit shown in Fig. 10.65.

j4Q
411
+ V-

2,/0° A 50 —3Q =/ 3,/45° A

Figure 10.65
For Prob. 10.16.

Chapter 10, Solution 16.
Consider the circuit as shown in the figure below.
Vi [I¥e) Vs

YY)
+ V, —

2/0°A -j3Q — 3745° A
> 50 BB

L
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At node 1,

Vi-0 Vi-Vp ¢
S 14 1)
(0.2— j0.25)V; + j0.25V, = 2

-2+

At node 2,

VZ__Vl V2 __0—3445°=o
j4 -3 (2)

j0.25V; + j0.08333V, =2.121+ j2.121
In matrix form, (1) and (2) become

0.2-j0.25 j025 Tvi] 2
j0.25  j0.08333| V, | |2.121+j2.121

Solving this using MATLAB, we get,
>> Y=[(0.2-0.25i),0.25i;0.25i,0.08333i]
Y =

0.2000 - 0.2500i 0 + 0.2500i
0 + 0.2500i 0 + 0.0833i

>> |=[2;(2.121+2.121i)]
| =

2.0000
2.1210 + 2.1210i

>> V=inv(Y)*I
V=

5.2793 - 5.4190i
9.6145 - 9.1955i

Vs=V1-V,=-4.335+j3.776 = 5.749/138.94° V.
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Chapter 10, Problem 17.

«“:))

PS ML

By nodal analysis, obtain current I | in the circuit of Fig. 10.66.

j4Q 10
100,200V (£)
3Q -j2Q

Figure 10.66
For Prob. 10.17.

Chapter 10, Solution 17.

Consider the circuit below.

100420°V<+> vV, F—\W\—— V,
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At node 1,
100£20°-V, 'V, . V,-V,
ja -3 2

V.
100.£20° = ?1(3+ j10) - j2V,

(1)
At node 2,
100£20°-V, V, -V, 'V,
+ =—
1 2 -j2
100£20°=-0.5V, +(1.5+ j0.5)V,

(2)

From (1) and (2),
[100£20°] [ -05 05@+j)V,]
L1004200J=L1+j10/3 -2 1V,

05 15405
Tlirjroz -j2 [T
100£20° 15405 o
1711000200 -jo |7 T
05 100220°
27|14 j10/3 100.£20°| " YT IO
Al
V, = =64.74-13.08°
AZ
v, :X: 81.17/-6.35°
[ _Vi-V, A-A, -285+[7831
°° 2  2A  0.3333-j9

I, =9.25/-162.12° A
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Chapter 10, Problem 18.

(‘:))

PS ML

Use nodal analysis to obtain V in the circuit of Fig. 10.67 below.

8Q joQ 4  J5Q

4/45° A

Figure 10.67
For Prob. 10.18.

Chapter 10, Solution 18.

Consider the circuit shown below.

8Q  j6Q 4Q  j5Q
AMA—0000" AMN—0000—

+
4445°A<T> 2Q§Vx 2V, T Qs 2oV,

Vi
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At node 1,
V, V,-V
4/45°=—+—— =
= T e 6
200£45°=(29-j3)V, — (4— j3) V,
)

At node 2,
Vl_VZ Vz V2
P 2V =T T =
8+j6 X - 4+p-j2
(104-j3)V, = (12 + j41) V,
_12+j41V
11043 2

where V, =V,

)
Substituting (2) into (1),
200£45° = (29 - j3)M
104-j3
200£45° = (14.21489.17°) V,
200£45°

V=
27 14.21,89.17°

V,-(4-13)V,

vo_ 2 -2, -6-8
°4+p-j2°7 4+3°F 25
10£233.13°  200.£45°

0 25 '14.21./89.17°
V, = 5.63/189° V

V,
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Chapter 10, Problem 19.

(“:))

PS ML

Obtain V , in Fig. 10.68 using nodal analysis.

4> 02V,

4

Figure 10.68
For Prob. 10.19.
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Chapter 10, Problem 20.
Refer to Fig. 10.69. If v (t) =V, sinet and v, (t)= Asin (et + ¢) derive the expressions

+
L C == v,(1)
Figure 10.69
For Prob. 10.20.

for Aand ¢

R

vy(D)

Chapter 10, Solution 20.

The circuit is converted to its frequency-domain equivalent circuit as shown below.

R
M
+
Q) w8 v T
V00 ( joL Vo T e
L
. 1 C joL
Lt Z: L N = =
¢ Jobll5ie=- 1 ~1-0lLC
joL + -
oC
joL
Z 1-w’LC joL
V = V= : V= —V/
* Rtz " o joL " R(@-’LC)+joL "
1-w’LC
RY; ( oL j
V, = m 290°—tant ——————
JRZ (1-w?LC)? + w?L? R(l-»’LC)

If V, =AZ¢, then

A oLV,
JR? (1-@’LC)? + L2

oL

and  $=90°—tan' ————
¢ M R(1-0LO)
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Chapter 10, Problem 21.

For each of the circuits in Fig. 10.70, find V_/V, for @ =0,0 — », and @* =1/LC.

R L
O—MWN—TTT——0
+ +

Vl C 7 Vo
o o

(a) (b)
Figure 10.70
For Prob. 10.21.

Chapter 10, Solution 21.

1
vV joC 1
@ e
V, ) 1 1-0’LC+ joRC
" R+joL+-—
JoC
At o=0 Yl
e vV, 1 -
VO
AS ® > 0, —=0
Vi
RO S A SR 2
w_«/LC’ Vi_ch_ 1 RVC
vJLC
v, joL -o’LC
6 - T
V. . 1~ 1-@’LC+ joRC
" R+joL+-—
JoC
At ®=0 E—O
0=V, Vi__
As E—E—l
O —> ©, v, 171
RPN S A S Iy
w_«/LC’ Vi_jRC, 1 R\VC
vJLC
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Chapter 10, Problem 22.

For the circuit in Fig. 10.71, determine V /V ..

Figure 10.71
For Prob. 10.22.

Chapter 10, Solution 22.

Consider the circuit in the frequency domain as shown below.

R,
MNA
Rz 1 +
+ —_—
Vs<—> joc T Vo
joL —
Let Z=(R,+] |_)||i
- 2 J(’O j(,OC
LR, o)
S doc Y R el
- : " 1+ joR, —0?’LC
R2+J(DL+j(070 ] 2
R, + joL
V, Z = 1-0’LC+jeR,C
V, Z+R, R, + joL
R, + s :
1-0°LC+ joR,C
Vv, R, + joL

V. R, +R,-’LCR, + jo(L +R,R,C)
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Chapter 10, Problem 23.

Using nodal analysis obtain V in the circuit of Fig. 10.72.

v.O

1 *

Figure 10.72

For Praob. 10.23.

Chapter 10, Solution 23.
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V-V,
R

+ v 1 + jJoCV =0
joL +——
JoC
JoRCV

V + 5
-o°LC+1

+ joRCV =V,

1- »’LC + joRC + joRC — jo°RLC?
1-w’LC

V=V,

v (1- w’LC)V,
1- ©°LC + joRC(2 - »’LC)
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Chapter 10, Problem 24.

Use mesh analysis to find V , in the circuit of Prob. 10.2.

Chapter 10, Solution 24.

Consider the circuit as shown below.
20

G\w N 403 Vo
4/0° 50—

For mesh 1,
4:(2_j5)|1+j5|1 (1)
For mesh 2,
0= J51 (4= 9, — L=zl, @)
Substituting (2) into (1),
1 . 1
4=(2-5)=I 51 I, =
( J)5 2+J 2 — 2 0.1+j

V, = j4l, :Oi—4_:3.98<5.71° \Y
A4
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Chapter 10, Problem 25.

H
ML
Solve for i, in Fig. 10.73 using mesh analysis.
4Q 2H
ll)
10 cos 2t V =—025F 6sin 2tV

Figure 10.73
For Prob. 10.25.
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Chapter 10, Solution 25.

w=2
10cos(2t) —— 10£0°
6sin(2t) —— 6£-90°=-j6
2H — joL=}4

1 1

0BF = ¢ T iOwa "

_12

The circuit is shown below.
40 40

MA il "0000°
10.£0° V (D @ T-jz Q @ CD 6£-90° V

-10+ (4 j2)L, + j21, =0
5=2-)L+]I,

For loop 1,

1)
For loop 2,
j211 + (j4_ j2)12 + ('jG) =0
IL+I,=3
)

In matrix form (1) and (2) become
[2-j jTL] [5]

L1 1l 78]

A=2(1-})), A, =5-]3, A,=1-j3

A1 — Az . .
A 20-j)
Therefore, I,(t) = 1.4142 cos(2t + 45°) A

I,=1,-1,= 1+ j=1.414,45°
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Chapter 10, Problem 26.

Use mesh analysis to find current i, in the circuit of Fig. 10.74.
2kQ 1 uF

10 cos 103t V 20 sin 103t V

Figure 10.74
For Prob. 10.26.

Chapter 10, Solution 26.
0.4H —— jolL=j10%x0.4=j400

1 .
F — V¥V -~ _—_{1000
W }J/wC j10°x10°° :

20sin10%t = 20cos(10°t—-90°) —— 20<-90=-j20
The circuit becomes that shown below.

2 kQ
—j1|0?0
ll |
[0]
10./0° m ~j20
% j400
I
For loop 1,
—-10+(12000+ j400)1, — j400l,=0 —— 1=(200+ j40)I, — j40lI, (1)
For loop 2,
—j20+(j400- j1000)I, — j400l,=0 —— —12=401,+601I,
(2)

In matrix form, (1) and (2) become

1 | |200+j40 —j40 || I,
~12| | 40 60 || 1,
Solving this leads to

I, =0.0025-j0.0075, 1,= -0.035+j0.005
I, =1,—1,=0.0375— j0.0125=39.5 < ~18.43 mA

i, =39.5c0s(10°t -18.43°) mA
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Chapter 10, Problem 27.

H
ML

Using mesh analysis, find I, and I, in the circuit of Fig. 10.75.

j10Q 40Q

T
40430°V<% @ —j20Q == @ 50,0°V

Figure 10.75
For Prob. 10.27.

Chapter 10, Solution 27.
For mesh 1,
-40£30°+ (j10— j20)I, + j20I, =0
4.,30°=-jI, + j21, 1)

For mesh 2,
50£0°+ (40— j20)I, + j20I, =0
5:'j211_(4_j2)12 (2)

From (1) and (2),
[4230°] [ -] i2 T,
5 |7l -a-pln,]
A=-2+4j=4472/116.56°
A, =-(4£30°)(4 - j2) - 10 = 21.01./211.8°

A, =-]5+8/120° = 4.44 £154.27°

A,

I, = A 4.698.£95.24° A
A,

I, = A 0.9928/37.71° A
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Chapter 10, Problem 28.

H
ML

In the circuit of Fig. 10.76, determine the mesh currents i, and i, . Let v, =10cos4t V
and v, = 20cos(4t —30°)V.

1Q lH 1H 1Q
AN A11E i TIN—ANWW—

1F

© @ L, o

Figure 10.76
For Prob. 10.28.
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Chapter 10, Solution 28.

H —  joL=j4 1F 1 1

joC x4
The frequency-domain version of the circuit is shown below, where

=—j0.25

Vy =1020°, V, =20£-30° .
1 j4 j4 1
NN Y L Y L AN

—— -j0.25

v I 1 ) Ok

Vy =1020°,  V, =20£-30°

Applying mesh analysis,

10=(2+ j3.75)1; — (1- j0.25)1 (1)

—~20/£-30° =—(1-j0.25)1; + (2 + j3.75)I, (2)
From (1) and (2), we obtain
10 [ 2+]875 -1+j0.25) Iy
~17.32+[10) |\-1+j0.25 2+j3.75 |1,

Solving this leads to

Iy =2.741/ - 41.07°, 1, =4.114,92°
Hence,

i (t) = 2.741cos(4t-41.07°)A, i(t) = 4.114cos(4t+92°)A.
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Chapter 10, Problem 29.

H
ML

By using mesh analysis, find I, and I, in the circuit depicted in Fig. 10.77.

j4Q 30
M WA

SQ§ @ | @ %jZQ
—©

|

|
30,/20°V -j6Q
Figure 10.77
For Prob. 10.29.

Chapter 10, Solution 29.

For mesh 1,
G+/)IL-(2+)1,-30£20°=0
30£20°=(5+j5)I, - (2+))1,
1)
For mesh 2,

G+P-16)I, - (2+]))1,=0
0=-Q2+ )L +(5- 3L,
(2)

From (1) and (2),
[30220°] [ 5+j5 -@+j)1,]
o ITl-e+p s-isln,

A =37+ j6=37.48.9.21°
A, = (30.£20°)(5.831£ - 30.96°) =175/ -10.96°
A, = (30.£20°)(2.356 £26.56°) = 67.08.£46.56°

Al

I = A 4.67/-20.17° A
AZ

I, = A 1.79/37.35° A
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Chapter 10, Problem 30.

«“))

PS ML

Use mesh analysis to find v, in the circuit of Fig. 10.78. Let v_, =120cos(100t +90°) V,

v, =80 cos 100t V.

20 Q 400 mH 200 mH

A1
IR
Vsl 300 mH 50 uF Vo 10Q
—‘7 VYZ

Figure 10.78
For Prob. 10.30.

Chapter 10, Solution 30.

300mH — jol = 100x300x107 = j30
200mH — jol =j100x200x10 = j20
400mH —— jolL=j100x400x107 = j40

1 .
50uF —> }/ = = —j200
H JoC  j100x50x10°° :
The circuit becomes that shown below.

j40 j20

20 Q2
AN

120.£90° 10Q

80,0°

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.




For mesh 1,

-120<90° +(20+ j30)I, - j30l,=0 —— j120=(20+ j30)I,— j30l, 1)
For mesh 2,

—j301,+(j30+ j40—-j200)1, + j200l,=0 —— 0=-31,-131,+20I, 2
For mesh 3,

80+ j200I, + (10— j180)I3 =0 — -8 = j201, + (1 j18)I3 3)

We put (1) to (3) in matrix form.

2+i3 -3 0 T [j2
3 -13 20 |[1,|=| 0
0 j20 1-j8|I5| [-8

This is an excellent candidate for MATLAB.
>> 7Z=[(2+3i),-3i,0;-3,-13,20;0,20i,(1-18i)]
Z=
2.0000 + 3.0000i 0 - 3.0000i 0
-3.0000 -13.0000 20.0000
0 0 +20.0000i 1.0000 -18.0000i
>>V=[12i;0;-8]
V =
0 +12.0000i
0
-8.0000
>> |=inv(Z2)*V
| =
2.0557 + 3.5651i

0.4324 + 2.1946i
0.5894 + 1.9612i

Vo = =j200(I, — I3) = —j200(=0.157+j0.2334) = 46.68 + j31.4 = 56.26./33.93°

Vo = 56.26c0s(100t + 33.93° V.
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Chapter 10, Problem 31.

(“:))

PS ML

Use mesh analysis to determine current I, in the circuit of Fig. 10.79 below.

80 Q L jeoa 200
>
100/120° V —j40Q =—  —j40Q — 60 £-30° V

Figure 10.79
For Prob. 10.31.
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Chapter 10, Solution 31.
Consider the network shown below.

80 Q I, j60 Q 20Q
M\ 0000 M\
100£120° V L j40Q0—F/= | 2 | -j40Q @ (t) 60£-30° V
For loop 1,
-100£120° + (80 — j40) I, + j40I, =0
10£20°=4(2- )1, + j41, 1)
For loop 2,
j401, +(j60— j80O)I, + j40I, =0
0=2I,-1,+2I, 2
For loop 3,
604 -30°+ (20— j40)I, + j40I, =0
-6£-30°=j41, +2(1-j2)1, 3)
From (2),
21, =1, - 21,

Substituting this equation into (3),
-6£-30°=-2(1-j2)I, + (1+j2)1, 4)

From (1) and (4),
[10120°] [ 4(2-)) j4 1]
|-62-30°)" 2(1-j2) 1+j2 12J

‘8—j4 - j4

244 1_'_1.2‘:32+120=37.74432

8—j4 10«£120° .
, = =-4.928 + j82.11=82.25,93.44°

-2+j4 -62-30°

I, =1, :TZ: 2.179./61.44° A

0
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Chapter 10, Problem 32.

«“:))

PS ML

Determine V and I in the circuit of Fig. 10.80 using mesh analysis.

j4Q
2112
"
+
4/-30° A 2032V, 3V, = -j2Q

Figure 10.80
For Prob. 10.32.

Chapter 10, Solution 32.
Consider the circuit below.

j4Q
0000 I
4/-30°V 20 §V0 @ 3V, @ /I\-jZQ
For mesh 1,
2+14)1,-2(4£-30°)+3V, =0
where V,=2(4£-30°-1,)
Hence,
(2+)4)1,-82£-30°+6(4£-30°-1,)=0
4,/-30°=(1-)I,
or I, = 2+/2 £15°

AL —i(z)(44 30°-1,)
o~ _j2__j2 1

I, = j3(4£-30°— 22 /15°)
I, = 8.485/15° A

-je1,
Vo= "= S657£75°V

0
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Chapter 10, Problem 34.

)

PS ML

Use mesh analysis to find I, in Fig. 10.28 (for Example 10.10).

Chapter 10, Solution 34.

The circuit is shown below.

Lo
50 § L, <T> 3A
20 Q2
MA—C
8Q -2 0 I
N 10Q §
40.£90° V _> I % i15Q
j4 Q
For mesh 1,
- j40+ (18+j2)I, - (8—j2)I, — (10+ j4)I, =0 1)
For the supermesh,
13— j2)1, + (30 + jL9)I, — (18 + j2)I, =0 )
Also,
I,=1,-3 ()

Adding (1) and (2) and incorporating (3),
-j40+5(; -3)+(20+ jI15)I, =0
3+ 8 .
I, = 513" 1.46538.48

=1, = 1.465/38.48° A

|

0
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Chapter 10, Problem 35.

x‘))

PS ML

Calculate I, in Fig. 10.30 (for Practice Prob. 10.10) using mesh analysis.

Chapter 10, Solution 35.
Consider the circuit shown below.

40 i2Q
M\ 0000°
< h D
8Q 1Q -ji3 Q2
WA WA—¢
§ 10 Q
20V Cﬁ) @ CT) -j4 A I,
7~ -5 Q
For the supermesh,
-20+81, +(11-j8)1,-(9-j3)I,=0 1)
Also,
L=1,+}4 (2
For mesh 3,
(13- )T, 81, - (1- j1, =0 (3
Substituting (2) into (1),
(19-j8)I, - (9—-j3)I, =20- j32 4)
Substituting (2) into (3),
-(9-PB)1, + (13- )1, = j32 (5)

From (4) and (5),
[19-j8 -©-13T1,] [20-]32]

o-i 13-f I )Tl e

A =167 - j69, A, =324 jl148
. A, 324-148 356.2/-24.55°

27 A 167-j69 180.69/-22.45°

I,=1971/4-2.1° A
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Chapter 10, Problem 36.

&
4

PSML
Compute V , in the circuit of Fig. 10.81 using mesh analysis.
j4Q -j3Q
211} I}
+ ]
4/90° A eD 2Q 2V, é 12/0°V
2Q - 2Q
VWA VVWWA
o)
N
2/0°A

Figure 10.81
For Prob. 10.36.

Chapter 10, Solution 36.
Consider the circuit below.

4 Q -i3 Q
|C
IX

000"
4490°A<T> @ 20 §+VO @ Cﬁ) 12£0°V
M ———W

2Q 2Q
< w D

-
N

2/0° A
Clearly,

I,=4/90°= j4 and I,=-2
For mesh 2,

(4-j3)1,-21,-21,+12=0

(4-13)1,-8+4+12=0

-16+j8 .

I, = =-3.52-j0.64

: T3 3.52-]0.6
Thus,

V,=2(I,-1,) = (2)(3.52 + j4.64) = 7.04 + j9.28
V, = 11.648./52.82° V
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Chapter 10, Problem 37.

(“:))

PS ML

Use mesh analysis to find currents I, I, and I; in the circuit of Fig. 10.82.

120 290°v () zZ
D Z-80-j35Q
120 430° V a z

Figure 10.82
For Prob. 10.37.
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Chapter 10, Solution 37.

L;
RN
1202 -90°V(_) z
- L Z=80-j35Q
I,
120/ -30°V <> Z
+ B
—>
For mesh X,
Zl, —Z1, =—{120 (1)
For meshy,
Zl, - Zl, =-120£30° =-103.92 + j60 (2)
For mesh z,
~Zly -7, +3Z1, =0 (3)

Putting (1) to (3) together leads to the following matrix equation:

(80 — j35) 0 (~80+ j35) \( I ~ 120
0 (80-j35) (-80+35) | I, |=|-10392+j60| —— AI=B
(-80+j35) (-80+j35) (240 j105) |\ I, 0

Using MATLAB, we obtain

-0.2641- j2.366
| =inv(A)*B =| -2.181-j0.954
-0.815- j1.1066
l; =1, =-0.2641—j2.366 = 2.38/ - 96.37° A
I =1y -1y =—1.9167 + j1.4116 = 2.38£143.63° A

I3 =—I, =2.181+ j0.954 = 2.38./23.63° A
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Chapter 10, Problem 38.

(“:))

PS ML

Using mesh analysis, obtain I, in the circuit shown in Fig. 10.83.

I

0

-—
2,/0° A 20 . 10/90° V
]29 —]4Q
I
1Q 4/0° A 1Q

Figure 10.83
For Prob. 10.38.
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Chapter 10, Solution 38.
Consider the circuit below.

L,
Il IZ
2/0° A CD Q § 20 Q CD 10.£90° V
2 Q -j4 Q
00 €
03 () Dura (2) 210
A
Clearly,
I,=2 1)
For mesh 2,
(2- 01, -21, + j41,+10£90°=0 (2

Substitute (1) into (2) to get
1-j2)1,+j21,=2-J5

For the supermesh,
1+ j2)I, —j21, +(1-j41, + j41, =0

AL+ 1+ )1+ A-j4)1, = j4 ©)
At node A,

I,=1,-4 (4)
Substituting (4) into (3) gives

21, + Q- )1, =201+ j3) ()

From (2) and (5),
[1-j2 2 T1,] [2-]5]

L2 1l )2+ g6

A=3-]3, A, =9-1
o sA (- 1 .
=T, =" =375 =3(10+)

I, = 3.35£174.3° A
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Chapter 10, Problem 39.

(‘:))

PS ML

FindI,,I,,I,,andI, inthe circuitof Fig. 10.84.

©)
):—l
-

)

\

12 /64°V 8Q = —j25Q

Figure 10.84
For Prob. 10.39.

Chapter 10, Solution 39.

For mesh 1,

(28— j15)1; — 81, + jI5l3 =12./64°
For mesh 2,

-8l +(8-j9)I, — 1613 =0
For mesh 3,

115|1 - 116|2 + (10+ j)|3 =0
In matrix form, (1) to (3) can be cast as

(28—jl5) -8 15 Y1) [122£64°

-8 @8-19) -6 |1, |= 0 or
a5 -6 A0+ Al3 0
Using MATLAB,
I =inv(A)*B

l; =-0.128 + j0.3593 = 0.3814.,109.6° A

I, =—0.1946 + j0.2841=0.3443,124.4° A

I3 =0.0718 - j0.1265 = 0.1455/ — 60.42° A

l, =1 —1, = 0.0666 + j0.0752 = 0.1005,48.5° A

(1)
()
(3)

Al=B
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Chapter 10, Problem 40.

Find i, in the circuit shown in Fig. 10.85 using superposition.

4Q

10 cos 4tV

Figure 10.85
For Prob. 10.40.
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Chapter 10, Solution 40.
Let i, =ig +iy,, Where iy, is due to the dc source and i, is due to the ac source. For

1o, ,» CONsider the circuit in Fig. (a).

4Q 20
MV MV
Y iOl 8V
(a)
Clearly,
i, =8/2=4A
For i,,, consider the circuit in Fig. (b).
4Q 20
MNA MNA
lo2
° +
10£0°V C_) 40
(b)
If we transform the voltage source, we have the circuit in Fig. (c), where 4|2=4/3Q.
Io2
2.520° A §4Q §ZQ 40

(©
By the current division principle,
I, = 43 (2.5£0°)
02 4/3+j4
I,,=0.25-j0.75=0.79£ - 71.56°
Thus, 1o, = 0.79c0s(4t —71.56°) A

Therefore,

o =lg; +ig, = 4+ 0.79 cos(4t — 71.56°) A
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Chapter 10, Problem 41.

Find v, for the circuit in Fig. 10.86, assuming that v, =6 cos 2t + 4 sin 4t V.

025F
It
1f

Figure 10.86
For Prob. 10.41.
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Chapter 10, Solution 41.
We apply superposition principle. We let
Vo = V1tV
where v; and v, are due to the sources 6cos2t and 4sin4t respectively. To find vi,
consider the circuit below. -j2

+
6.20° 2Q) Vi
V4F —— }/ 1
joC ™ j2x1/ 4
2 . o
V,=———(6)=3+]3=4.2426 < 45
2—-j2
Thus,
v, = 4.2426 cos(2t + 45°)
To get vy, consider the circuit below
-
| |
|
+
4,0° 20 V,
V4F —— /V S )
joC ~ jaxy/ 4
V, = %(4) =3.2+j11.6 =3.578 < 26.56°
—J

v, = 3.578sin(4t + 26.56°)

Hence,
Vo = 4.243cos(2t + 45°) + 3.578sin(4t + 25.56") V.
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Chapter 10, Problem 42.
Solve for I, in the circuit of Fig. 10.87.

j10Q L 60 Q

20/0°V 50 Q 30,45° V

Figure 10.87
For Prob. 10.42.

Chapter 10, Solution 42.

Let 1 =1+1,

where I; and I, are due to 20<0° and 30<45° sources respectively. To get I;, we use the

circuit below.
I
j10 © ) 60 Q
VA VAN
50 Q 400
20,0°

Let Z;=-j40//60 =18.4615—j27.6927,
Transforming the voltage source to a curre

Z, =j10//50=1.9231 + j9.615
nt source leads to the circuit below.

|
)

Z;

Z;
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Using current division,
I, = Zs (-j2)=0.6217 + j0.3626
Z +7Z,

To get I, we use the circuit below.

I
j10 Q , 60 Q
Y'Y
50 —— 400

30£45°V

After transforming the voltage source, we obtain the circuit below.

—>
Z; Z;
0.5245°
Using current division,
l, = % (0.5 < 45°) =-0.5275— j0.3077
Z,+Z,

Hence,
I, =1,+1 ,=0.0942+ j0.0509 = 0.109 < 30° A
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Chapter 10, Problem 43.

Using the superposition principle, find i, in the circuit of Fig. 10.88.

oo|—

JF 30 i
{F—www—
H

5cos(2t+10°) A 4

10 cos(2t — 60°) V

Figure 10.88
For Prob. 10.43.
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Chapter 10, Solution 43.
Let I, =1, +1,, where I, is due to the voltage source and 1, is due to the current
source.

0=2

5cos(2t+10°) —— 5/10°

10cos(2t—-60°) —— 10£-60°

4H — joL=j8

1 1 1

st T Joc QW)
For I,, consider the circuit in Fig. (a).

j4

-4 3Q I,

|C
AN

s Q 10£-60° V

()

; _10£-60° 10/-60°
U 3+8-j4  3+j4

For I,, consider the circuit in Fig. (b).

-4 3Q I,

— W\ —
5/10° A i8Q
(b)
_j8 j40./10°
L= (5£10°) = —— —
2 3+j8—j4(5 0°) 3+j4

1
Ix = Il + IZ = ﬁ(lOZ -60° - j40£10°)

I 4951/ -76.04°
X 5/53.13°
Therefore, I, = 9.902 cos(2t —129.17°) A
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Chapter 10, Problem 44.

Use the superposition principle to obtain v, in the circuit of Fig. 10.89. Let
v, =50sin2t VV and i, =12cos(6t +10°)A.

20 Q SH
A11R

I G) 16 Q +vx (f) Vs

Figure 10.89
For Prob. 10.44.
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Chapter 10, Solution 44.
Let vy, =vy+Vy, where v, and v, are due to the current source and voltage source

respectively.
For vi, ®=6, 5H —— joL=j30

The frequency-domain circuit is shown below.

20Q /%

16 Q) Vi

Is =

16(20 + j30)
36+ j30

V=142 =(12,10°)(12.31216.5°) =147.7,26.5° ——  vq =147.7cos(6t + 26.5°) V

Let Z=16//(20+ j30) = =11.8+ j3.497 =12.31./16.5°

For v, ®=2, 5H —— joL=j10

The frequency-domain circuit is shown below.

M

16Q< Vs +
Vs

Using voltage division,
__ 18, 16(5020°)
16+20+ 10 °  36+jl0

Vs

Thus,
vy =147.7cos(6t + 26.5°) + 21.41sin(2t —15.52°) V
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Chapter 10, Problem 45.

Use superposition to find i(t) in the circuit of Fig. 10.90.

i 200

—_—

16 cos(10t + 30°) V -1 Q 6 sin 4t V

211
300 mH

Figure 10.90
For Prob. 10.45.
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Chapter 10, Solution 45.

Let i=i,+i,, where i; and i, are due to 16cos(10t +30°) and 6sin4t sources respectively.
To find iy , consider the circuit below.

1 200
—

16<30° V

YN
X

X = wL =10x300x10°° =3
L, =20<307 57011
20+ )3

i, = 0.7911cos(L0t + 21.47°) A

To find i, , consider the circuit below.

P 20Q
—
6£0°V
X
Y'Y

X = ol = 4x300x10° = 1.2
L =—2<9 _2995<176.6°
20+ 1.2

i, = 0.2995sin(4t +176.6°) A

Thus,
i=i+i,=0.7911cos@0t + 21.47°)+ 0.2995sin(4t +176.6°) A

=791.1cos(10t+21.47°)+299.5sin(4t+176.6") mA
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Chapter 10, Problem 46.
Solve for v, (t) in the circuit of Fig. 10.91 using the superposition principle.

6Q 2H
T
12 cos 3t V LF =, 4sin2r A 10V

Figure 10.91
For Prob. 10.46.

Chapter 10, Solution 46.

Let v, =v, +V, +Vv,, where v,, v,, and v, are respectively due to the 10-V dc source,
the ac current source, and the ac voltage source. For v, consider the circuit in Fig. (a).

6 Q 2H
W\ 000"
+
V12F 7= v, 10V
(@)

The capacitor is open to dc, while the inductor is a short circuit. Hence,
v, =10V

For v, , consider the circuit in Fig. (b).

=2
oH — joL=j4
1 11
12 > jeC  j@@12) !
+
6Q§ §6Q ARV, 420° A 40

(b)
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Applying nodal analysis,

V, V, V, (1 | |
4V Ve Ve (L)
6 "6 ja"\6T6 4)V

24
= = 21.45/26.56°
V:= 1" 5./26.56

Hence, v, = 21.45sin(2t + 26.56°) V

For v, consider the circuit in Fig. (c).

0=3
2H —— joL=j6
1 L1
12 > GoC j@@12) !
6Q j6 Q
AMA " 0000 —
120°V -j4 Q ~ V;
(c)
At the non-reference node,
12-V, V. Vq
6 -j4 j6
V, = — =10.73/£-26.56°
® 1+j05
Hence, v, =10.73cos(3t — 26.56°) V
Therefore, vV, = 10+ 21.45 sin(2t + 26.56°) + 10.73 cos(3t — 26.56°) V
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Chapter 10, Problem 47.

(“:))

PS ML

Determine i, in the circuit of Fig. 10.92, using the superposition principle.

ig
1Q ¢ 24V 2H

o

10 sin(r — 30°) V 2Q 2 cos 3t 4Q

Figure 10.92
For Prob. 10.47.
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Chapter 10, Solution 47.

Leti, =i, +i, +i,, where i, i,, and i, are respectively due to the 24-V dc source, the
ac voltage source, and the ac current source. For i, consider the circuit in Fig. (a).

1Q 1/6 F 24V 2H

I
AW\ |G -+ i

§2Q 40

Since the capacitor is an open circuit to dc,

h=a A

For i,, consider the circuit in Fig. (b).

=1
2H —— joL=j2
1.1
6 joc
1Q  -j6Q i2Q
|(
'\/\/\/ AN 12
10.£-30°V L) Z20 (L) Z40
(b)
For mesh 1,
-10£-30°+(3-j6)I, - 21, =0
10£-30°=3(1-2j)1, - 21, (1)
For mesh 2,
0=-21,+(6+j2)1,
I,=CB+)I, 2
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Chapter 10, Problem 48.

(‘:))

PS ML

Find i, in the circuit of Fig. 10.93 using superposition.

20 uF
I
I i,
50 cos 20007 V 80 Q 1000
40 mH
2 sin 40007 A 60 Q 24V

Figure 10.93
For Prob. 10.48.

Chapter 10, Solution 48.

Let iy =iy +iy, +igs, Where iy, is due to the ac voltage source, i, is due to the dc
voltage source, and i, is due to the ac current source. For i, , consider the circuit in

Fig. (a).
® = 2000

50c0s(2000t) ——> 50./0°
40mH —— joL = j(2000)(40x107?) = j80
1 1

20uF — 7 T 2000)20x10%) - 12
r al
\ -
000" M

80| (60 +100) = 160/3
[ 50 30
~ 160/3+j80—j25 32+ 33
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Using current division,
-801 -1 10.£180°

1. = — =
° 80+160 3 46.£45.9°
I, =0.217/134.1°

Hence, io; =0.217c0s(2000t +134.1°) A
For i, , consider the circuit in Fig. (b).

=
=

24

lo2 = 804605100 ~ 01 A

For 1,5, consider the circuit in Fig. (c).
o = 4000
2cos(4000t) —— 2£0°
40mH —— joL = j(4000)(40x10%)= j160

31

1 1

0 UF —s —— - _.j12.
Ou joC ~ j(4000)(20x10°) = 1&°

For mesh 1,
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(1)
For mesh 2,
(80+ j160— j12.5)T, — 1601, —80I, =0
Simplifying and substituting (1) into this equation yields
(8+ j14.75)1, - 81, = j32
)
For mesh 3,
2401, - 601, —80I, =0
Simplifying and substituting (1) into this equation yields
I,=31,-15
©)

Substituting (3) into (2) yields
(16 + j44.25)1, =12 + j54.125
12+ )54.125

+ = To+ jados ~ 117824738

I, =-1,=-1.1782/7.38°
Hence, 10s =-1.1782sin(4000t + 7.38°) A

Therefore, o =0.1+0.217 cos(2000t + 134.1°) — 1.1782 sin(4000t + 7.38°) A

Chapter 10, Problem 49.
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Using source transformation, find i in the circuit of Fig. 10.94.

30 i

—

5 mH
50 () 8sin(200:+30°) A
1 mF
-

Figure 10.94
For Prob. 10.49.

Chapter 10, Solution 49.
8sin(200t +30°) —— 8£30° =200
5mH —— joL=j(200)(5x10%)=j

1 1 B
joC ~ j(200)(1x10%)

ImF — -j5
After transforming the current source, the circuit becomes that shown in the figure below.

5Q 3Q 1
M\

iQ

T-jSQ

40£30°V

40£30° 40£30°

I= = — = 4.472 /56.56°
5+3+]J-5 8-}4

I = 4.472 sin(200t + 56.56°) A

Chapter 10, Problem 50.
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Use source transformation to find v, in the circuit of Fig. 10.95.

20 Q 0.4 mH

5 cos 10°t V 0.2 uF == 80Q S v,

Figure 10.95
For Prob. 10.50.

Chapter 10, Solution 50.
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5cos(10°t) —— 5.0°, ©=10°
04mH —— joL=j(10°)(0.4x10%) = j40
1 1

joC ~ j(10°)(0.2x10%) ~

02uF — -j50

After transforming the voltage source, we get the circuit in Fig. (a).

j40 Q
00—
+
0.25£0° CT) 20Q § -i50 Q 1~ 80 Q § V,
(a)
. - jL0O
Let Z=20|-j50=—-"—"-
e II-350=>" 5
and V, = (0.25£0°) Z = ﬁ
2—15
With these, the current source is transformed to obtain the circuit in Fig.(b).
Z j40 Q
/0000
+
Vs 80Q < v,
(b)
By voltage division,
v, - 80. Vs=_-0080 _-J2.5
7. +80+ j40 Jl_ +80+ j40 2—-5
2—-15
=802 5615, 4060
36— j42
Therefore, Vv, = 3.615 cos(10° t — 40.6°) V

Chapter 10, Problem 51.
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Use source transformation to find I, in the circuit of Prob. 10.42.

Chapter 10, Solution 51.
Transforming the voltage sources into current sources, we have the circuit as

shown below.

—j2 3Siji0 <50 —— -j40 60 0.5./45°

RN

Let 7, = j10//50=320 _1 99314 j9.615
50+ 10
V, =22z, =19.231— j3.846
Let 7, =—j40//60=—J49%00 _1g 4615 j27 6923
60— j40

V, = Z,X0.5 < 45° =16.315-3.263

Transforming the current sources to voltage sources leads to the circuit below.
Zy lo Z
—

Vl V2

Applying KVL to the loop gives

vV, +1,(2,+Z,)+V, =0 — |, =

19.231- j3.846-16.316+ j3.263

0= - - =0.1093<30° A =109.3430° mA
1.9231+ j9.615+18.4615— j27.6923

Chapter 10, Problem 52.
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x“:))
ps
Use the method of source transformation to find I, in the circuit of Fig. 10.96.

2Q  j4Q fjﬁ!l
1 *Ix
60,/0° V 6Q 40 G 5/90° A
j3Q
T

Figure 10.96
For Prob. 10.52.

Chapter 10, Solution 52.

We transform the voltage source to a current source.

[ - 6040"_6 12
S2+j4
The new circuit is shown in Fig. (a).
-2 Q)
|
AN I,
20 4Q
L=6-j12A §6Q 5/90° A
j4Q T -ji3 Q
(@
. 6(2+ j4) :
Let Z =6|(2+)=—""7—"=24+]18
e s =6[1(2+]4) 8+ j4 +]

V,=1,Z, =(6-12)(2.4+ L.8) =36 j18=18(2 j)
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With these, we transform the current source on the left hand side of the circuit to a
voltage source. We obtain the circuit in Fig. (b).

Z -i2Q
1 |C
AN I,

w0 (D
L.

(b)
Let Z,=7Z, -j2=24-j02=02(12-])
vV, 18(2-))
[ =—*=— " -15517-j6.207

° Tz, 02(12-))

With these, we transform the voltage source in Fig. (b) to a current source. We obtain the
circuit in Fig. (c).

SOOI OLE

Using current division,

(1 +5) = (15 517 — j1.207)

L= Z, +4 6.4 - 32
I, =5+ 11.5625 = 5.238/17.35° A
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Chapter 10, Problem 53.

&
4

ps
Use the concept of source transformation to find V ; in the circuit of Fig. 10.97.
4Q —jﬂQ jAQ
I
+
20,/0°V 20 20 -2Q ==V,

Figure 10.97
For Prob. 10.53.

Chapter 10, Solution 53.

We transform the voltage source to a current source to obtain the circuit in Fig. (a).

30 40
G 000
+
540°A<D =40 %.izg 220 v, -20
(a)
Let Z, -4 2= _08+ 116
ST T

V, = (5£0°)Z, = (5)(0.8+ jl.6) =4+ j8
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With these, the current source is transformed so that the circuit becomes that shown in
Fig. (b).

Z. 30 40
+
v, 20 § 2QA YV,
(b)
Let Z,=7, -3=08-jl4
1 =Yoo 4B 30769+ ja6154

"7, 08-[l4

S

With these, we transform the voltage source in Fig. (b) to obtain the circuit in Fig. (c).

40
0000
+
I, Zy D 20 § 2OV,
(©
Let Z, =22 _16-128 4 oe71 j05714
e T Wihd U

V, =1,Z, =(~3.0769 + j4.6154)-(0.8571 j0.5714) = j5.7143

With these, we transform the current source to obtain the circuit in Fig. (d).
Using current division,

z, 40
+
Vy -i2Q TV,
(d)
2y - J2(15.7143) — (3.529 — {5.883) V

V, = C vV, = : —
Z,+jA-j2 7 0.8571-j0.5714+ j4—j2
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Chapter 10, Problem 54.

Rework Prob. 10.7 using source transformation.

Chapter 10, Solution 54.
50//(—j30) = 22XCI30) 4354 22,059
50— 30

We convert the current source to voltage source and obtain the circuit below.

13.24 - j22.059 Q)

400 j200
+ + -
V =115.91 —j31.06V, I
; j O v O 134.95-j74.912 VV

- +

Applying KVL gives
-115.91 +j31.058 + (53.24-j2.059)1 -134.95 + j74.912 =0

| - 229086+ JIOS.97 2097 i1 8055
53.24 - j2.059

But —Vi+(40+j20)l+V=0 —— V=V, —(40+j20)l

V =115.91— j31.05— (40 + j20)(~4.7817 + j1.8055) = 124.06.£ —154° \V/

which agrees with the result in Prob. 10.7.
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Chapter 10, Problem 55.
Find the Thevenin and Norton equivalent circuits at terminals a-b for each of the circuits

in Fig. 10.98.
j20Q 10Q
—VW\W——-o0 a
50,/30°V == -10Q
o b
(@
—j5Q
I} oa
4,/0° A 8Q jlQ
o b

(b)
Figure 10.98
For Prob. 10.55.

Chapter 10, Solution 55.

(@) To find Z,,, consider the circuit in Fig. (a).
j20 Q 10 Q
0000° MA—
Ly
10 Q /= —
(a)

(j20)(-j10)
j20—j10
=10-j20 = 22.36£-63.43° O
To find V,,, consider the circuit in Fig. (b).

Z, =7, =10+ j20| (-j10) = 10 +

20 Q 100
000" AMN—s
+
50.£30° V CD J10Q /= Ve
(b)
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- j10

Vi =< (50£30° = -50£30° V
[, on 202307 ) a6 97340 A
N Z, 2236/-6343° = )
(b) To find Z,,, consider the circuit in Fig. (c).
-jiSQ

IC .

IC *
L
8Q § i10Q —

(©

(j10)(8 - J5)

Zy =2y = RO G-9) =" o

= 10£26° Q

To obtain V,,, consider the circuit in Fig. (d).

-i5Q
Vs -
I I,
+
400 A CD 302 j100 Van
(d)
By current division,
N RS
° 8+j10-5 - 8+)5
vV, =101, = J.?’ﬁ—33 92/58° V
th — J [ 8+ j5 AL T A R
V, 33.92./58°
= = 3.392/32° A

N Tz,  10£26°
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Chapter 10, Problem 56.
For each of the circuits in Fig. 10.99, obtain Thevenin and Norton equivalent circuits at
terminals a-b.

j4Q
6Q
—O0 a
—j2Q
2en (B
ob
(a)
30Q
j10Q
120 /45° V 609% a
—-i5Q
T o b
(b)

Figure 10.99
For Prob. 10.56.

Chapter 10, Solution 56.

@) To find Z,,, consider the circuit in Fig. (a).
j4 Q
6Q 000"
MWV B
——
Z
20 -
(a)
PR ¢ ) [ 7
Zy =2y =6+ 41| (2) =6+, =64

= 7.211/-33.69° Q

By placing short circuit at terminals a-b, we obtain,
I, =240°A

V, =Z, 1, =(7.211/ - 33.69°) (2£0°) = 14.422./-33.69° V
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Chapter 10, Problem 57.

Find the Thevenin and Norton equivalent circuits for the circuit shown in Fig. 10.100.

50 -/10Q

2Q
60,/120° V j20Q
o}

Figure 10.100
For Prob. 10.57.
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Chapter 10, Solution 57.

To find Z,,, consider the circuit in Fig. (a).

50 -j10Q 20
AMA— AN\—
Y/
200 —
(a)

(j20)(5- j10)
5+ j10
=18 - 12 = 21.63/-33.7° O

Z,=Z,=2+j20]| (5-jl0) =2+

To find V,,, consider the circuit in Fig. (b).

50 -j10Q 20
MWV |— AMN—
+
60£120° V Cﬁ) 200 % Ve
(b)
j20 j4
V, =—————(60£120°) = ——(60.£120°
i 5—JlO+120( ) 1+12( )
= 107.3£146.56° V

_V,  107.3/146.56°

=0 = 4.961£-179.7° A
NTZ, 21.633/-337°
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Chapter 10, Problem 58.
For the circuit depicted in Fig. 10.101, find the Thevenin equivalent circuit at terminals
a-b.

O a

8Q

5/45° A (D %4/109

-6 Q
1 o

Figure 10.101
For Prob. 10.58.

Chapter 10, Solution 58.
Consider the circuit in Fig. (a) to find Z,, .

o
@

8Q L
10 Q -—
-j6 Q f’\
(a)

(1L0)(8— j6)
8+ j4

[ ]

Z,, =J10][(8-j6) = =5(2+))

= 11.18£26.56° Q

Consider the circuit in Fig. (b) to find V.

I, +
50 S
5/45° A jl10 Q Vin
[j6Q AR
(b)
8- j6 4-j3
I,=c——(5/45%) = — (5/45°
0 8—j6+j10(5 >) 4+j2(5 >)
. (JL0)(4 - j3)(5£45°)
V., = 1OI0 = - = 55.9/71.56°V
n =1 @)@2+])
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Chapter 10, Problem 59.

Calculate the output impedance of the circuit shown in Fig. 10.102.

-i2Q 100
I AN
+V, -
02v, {4 %MOQ

Figure 10.102
For Prob. 10.59.

Chapter 10, Solution 59.

Insert a 1-A current source at the output as shown below.

20 10Q
Vi
T =
Vo, +
Vln
0.2V, § j40 Q 1A

L

0.2v, +1= A

140
But v, =-X-j2)=j2

i2x0.2 +1= _\2—10 — > \,=-16+j40
j

Vin=V1-V, + 10 =-6 +j38 = 1xZy

Zin=-6+j38 Q.
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Chapter 10, Problem 60.

«“A)

ps

Find the Thevenin equivalent of the circuit in Fig. 10.103 as seen from:
(@) terminals a-b (b) terminals c-d

c d

10Q T -j4Q T
1] o a

I

20,/0° V j50 4,/0° A 40

o b

Figure 10.103
For Prob. 10.60.

Chapter 10, Solution 60.

@) To find Z,,, consider the circuit in Fig. (a).

100 -j4 Q
M [ . a
Y
5 Q % 40 § —
* b
(a)
Z, =4|(-j4+10[| j5) =4[ (-}j4+2+ j4)
Z,=4]2=1333Q
To find V,,, consider the circuit in Fig. (b).
100 -j4 Q
Vi V)
MW € .
+
200° V Cﬁ) % i5Q CT) 420° A § 40 Vin
(b)
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At node 1,
20—V, Y v,
10 5 - j4
(1+j0.5)V,-j25V, =20

(1)
At node 2,
Vi-V, _V,
4+ Cja =7
V,=@1-j)V,+ 16
)
Substituting (2) into (1) leads to
28— 16=(1.5-]j3)V,
I
27 15-j3 P
Therefore,
V, =V, = 9.615/33.69° V
(b) To find Z,,, consider the circuit in Fig. (c).
Y
c l v d
100 -j4 Q
AW €
50 40
(©
. o j10 j
Z, =-j4] (4+10] J5) = J4||(4+—2+j

i
Z, =416+ 4) =2 (6+ 4) = 266740

To find V,, ,we will make use of the result in part (a).
V, =8+j5.333=(8/3)(3+j2)
Vi=@1-)V,+ 6= [16+(8/3)(5-))

V, =V,-V, =16/3+ 8= 9.614/56.31° V
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Chapter 10, Problem 61.

S
PS ML
Find the Thevenin equivalent at terminals a-b of the circuit in Fig. 10.104.

4Q

A% o a

i
ea(l)  =-pe +> sy,
ob

Figure 10.104
For Prob. 10.61.
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Chapter 10, Solution 61.
To find V1, consider the circuit below

Vo 4Q

2/0°A — 30

T 1.51x

2+1'5|X =IX R IX=_4
But Vo =—j3lc=]j12

V, =V, +6l =j12-24V

To find Z+y, consider the circuit shown below.

Vo

4Q
A VAN
I
—_ -3Q

<&
w

A

1+1.5 IX = Ix |:> IX= '2

V,+1(4-j3)=0 ——> V. =-8+6

ZThzv—lf’:—8+jGQ

<? 1.51 1A
-
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Chapter 10, Problem 62.

I )

ps

Using Thevenin’s theorem, find v, in the circuit of Fig. 10.105.
3i

0

iy 4Q 2H
VWA IR
+
12 costV }‘F — %F:: 2Q =,

Figure 10.105
For Prob. 10.62.
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Chapter 10, Solution 62.
First, we transform the circuit to the frequency domain.

12cos(t) —— 12/0° =1
2H — joL=j2
1 1

—-F —> —=-§4
4 JoC J
e E
8 > Goc

To find Z,,, consider the circuit in Fig. (a).

31,
L, 4Q i2Q I
AN —— “
1 2
. 1 . 1 +
-ji4 Q —~ -i8Q —~ C_) 1V
(a)
At node 1,
&+ Vs +31 _1-V, where 1= Vs
47 -4 2 ° "4
Thus V., 2V, 1-V,
’ -4 42
V, =04+j0.8
At node 2,

1
I, +31,=—{ -
x+ [¢] _J8+ J2

3
I, =(0.75+J05)V, - jg
I, =-0.1+ j0.425

1
Z, = 1= -0.5246 — j2.229 = 2.29./-103.24° Q)

X
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To find V,,, consider the circuit in Fig. (b).

31,
—>
I, 4Q v, j2Q v,
W0
+
1240°VC> J4Q  -i8QA4  Va
(b)
At node 1,
12_Vl—3I LT il £ where T 2w
R L A ° 4
24=(2+j)V,—-j2V,
(1)
At node 2,
Vl_VZ Vz
—+3l =—=
j2 2% - j8
72=(6+j4)V,-j3V,
(2)
From (1) and (2),
[24] [2+) -j2][V,]
72] |6+j4 -jsJLVZJ
A=-5+]6, A, =-j24

V, =V, = % =3.073/-219.8°
Thus,

2 (2)(3.073£ - 219.8°)
°T2+Z, " 1.4754-j2.229
y _ 81462-2198°

° 2673/-565°

\%

=2.3£-163.3°

Therefore, V, = 2.3 cos(t—163.3°) V
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Chapter 10, Solution 63.
Transform the circuit to the frequency domain.

4c0s(200t +30°) ——> 4./30°, =200

10H —— joL = j(200)(10) = j2 kQ
1 1

joC ~ j(200)(5x10°) —

Spuf — - kQ

Z,, is found using the circuit in Fig. (a).

kO

VAN
2 k0 210 2 P

(@
Z,=-j+2|j2=-]+1+j=1kQ

We find I using the circuit in Fig. (b).

-j kKQ
|
AN
4/30° A CT) i2 kQ § 2 kQ v In
(b)
i212=1+]
By the current division principle,
1= (4300 = 5.657.75°
TRy o

Therefore,
Iy = 5.657 cos(200t + 75°) A

Z, = 1kQ
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Chapter 10, Problem 64.

I )

ps

For the circuit shown in Fig. 10.107, find the Norton equivalent circuit at terminals a-b.

60 Q 40 Q

3,/60° A (D a b

780 Q —j30Q

_{

Figure 10.107
For Prob. 10.64.
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Chapter 10, Solution 64.
Z,, is obtained from the circuit in Fig. (a).

6OQ§ ZNl §40§2

i80 Q T -i30 Q

()
) oo oo (100)(j50)
Zy = (60-+40) (180~ J30) = 10011150 == 5" "

Z, =20+ j40 = 44.72.£63.43° O

To find I, consider the circuit in Fig. (b).

S (1) Zwao

60 Q

In
3.260° A D I, >
i80 O % @ == -i30Q

(b)
I, =3£60°
For mesh 1,
1001, -60I, =0
I, =1.8260°
For mesh 2,
(j80—j30)I, —j80I, =0
I, =4.8260°

IN = |2— |1 = 3/60° A
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Chapter 10, Problem 65.

Compute i, in Fig. 10.108 using Norton’s theorem.

0 5cos 2tV

Figure 10.108
For Prob. 10.65.

Chapter 10, Solution 65.
5cos(2t) —— 5£0° =2
4H — joL=j(2)(4)=]8

1 11
4 > joC T j@a/a) !
1 N
2 > GeoC j@a2) !
To find Z,, consider the circuit in Fig. (a).
20
MW ]
N
-2Q — T
(a)
. L -i@2-j2) 1 .
Z,= J||(2—12)——2_j3 =13~ 10)
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To find I, consider the circuit in Fig. (b).

()
Wy )

-2Q y Ix - Q

5£0° .
IN = _j :JS

The Norton equivalent of the circuit is shown in Fig. (c).

Lo
In V4N i8S Q
(©
Using current division,
Z, (1/13)(2— j10)(j5) 50+ jLO

b=z BN T3 2-110)+ 8 2+)94

I, =0.1176 - j0.5294 = 0542 £ - 77.47°

Therefore, i, = 542 cos(2t — 77.47°) mA
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Chapter 10, Problem 66.
«“:))

ps

At terminals a-b, obtain Thevenin and Norton equivalent circuits for the network

depicted in Fig. 10.109. Take @ = 10 rad/s.

10 mF 12 cos wt V

)

—C9 oa
N
2 sin wt A D Vo_ 10Q iH 2v,
o b
Figure 10.109
For Prob. 10.66.
Chapter 10, Solution 66.
»=10
05H —— joL=j(0)(0.5) =5
1 1

10mF — -j10

joC ~ j10)(10x10%?) ~

To find Z,,, consider the circuit in Fig. (a).

10 O

|
AN

109§+v0 %jSQ tSav, CT)IA

(@)

1+2V —£+ A
°j5 10-j0’
19V, V _-10+j10

X

o x, y 2T
T0-10” 5 T 14 2

\4 14.142 £135°

Zy=Z,="2="""""""_= 0.67/129.56° Q

where V_= 10V
° 10-j10
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To find V,, and 1, consider the circuit in Fig. (b).

100 1220°V
1C -7 y
+ 7 +
-j2A 10 Q § Vo @ i5Q 2V, Vin
(b)

(10— j10+ j5) I — (10)(-j2) + j5(2V,)-12 =0

where V, =(10)(-j2-1)
Thus,
(10— j105)1 =-188 - j20
188+ j20
~ -10+ j105

Vin = (I +2V,) = j5(~191 - j40) = —j951 + 200

vy, = A0U88*120) 550 2973+ 18723
-10+ 105

V, = 29.79/3.6°V

_ Vi _ 297943.6° _ 4 46/ 125.96° A

In = -
N Zy  0.67.,129.56°
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Chapter 10, Problem 67.

(‘()’)ﬁ

PS ML

Find the Thevenin and Norton equivalent circuits at terminals a-b in the circuit of Fig.
10.110.

w05V (®)

10 Q

Figure 10.110
For Prob. 10.67.

Chapter 10, Solution 67.

10(13- j5) , 12(8+ j6)
23-j5 = 20+6

ZN = Z1h =10//(13 - j5) +12//(8 + j6) = =11.243+ j1.079Q

L= 10 (60.,45°) =13.78+ jo1.44, vb=(8+—@(60445°):12.069+j26.089
23-j5 20+ j6

Vi =V, -V, =1.711- j4.64 = 4,945/ - 69.76° V,

Iy =Jh _ 49452 709.76° _ , hazg ) 7540 A

Ztn,  11.295./5.48°
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Chapter 10, Problem 68.

(«ﬂ)ﬁ

PS ML

Find the Thevenin equivalent at terminals a-b in the circuit of Fig. 10.111.

Iy,  4Q
—
O a
+
::%F
6sinl0f V (t) 4, % 1H v,
ob

‘\}—

Figure 10.111
For Prob. 10.68.

Chapter 10, Solution 68.

IH ——  joL=j0xl=jl0

20 joC 10X
20
We obtain Vyy, using the circuit below.
lo 40
- a
+ +
6<0° () Vo/3 4l
b
0/(-j2) = 2OC2) _ 555
10—-j2
V, =41,x(-j2.5) = -j10l, (1)
—6+4I0+%V0=0 (2
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Combining (1) and (2) gives

6 . — j60
2 V=V =0l =
™ = Yo == =4 h0/3

lg=——, =11.52/-50.19°
4-10/3

Vtp =11.52sin(10t —50.19°)

To find Ry, we insert a 1-A source at terminals a-b, as shown below.

lo 40
- a
+
—__-j2 j10/ V,
Vo/3 4IO :|_<00
V,
4|0+1v = — ly=—-2
3 12
1+4I0=V—9+\_/—°
-j2 0

Combining the two equations leads to

V, = ; =1.2293 - j1.4766
0.333+j0.4
Y
Zth = TO =1.2293-1.477Q
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Chapter 10, Problem 69.

For the differentiator shown in Fig. 10.112, obtain V_/V .. Find v, (t) whenv_(t) =V
sin @t and @ = 1/RC.

c
5}7

R

Q<+

ol

Figure 10.112
For Prob. 10.69.

Chapter 10, Solution 69.

This is an inverting op amp so that
Vo _-Zi R _ oo
V.  Z, Vjoc &=

S

When V, =V, and ®=1/RC,

1
V, = 2 RCVy =<V, =V, 2 -90°

Therefore,

v, (t) =V, sin(ot —90°) = - V,, cos(wt)
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Chapter 10, Problem 70.

The circuit in Fig. 10.113 is an integrator with a feedback resistor. Calculate v, (t) if
Vv, =2c0s4x10*t V.

100 kQ
—AM—

10 nF
1|
11

50 kQ

bi g vb

Figure 10.113
For Prob. 10.70.
Chapter 10, Solution 70.

This may also be regarded as an inverting amplifier.
2cos(4x10"t) —— 220° w=4x10*

1 1
10nF —— - =- =-j2.5 kQ
on joC  j(4x10%)(10x107?) 1.5
Vo _-Z;
VS - ZI
) - j100
where Z, =50 kQ and Z, =100k || (-j2.5k) :K—j kQ.
Thus, &:L_
Vy 40—
If V,=2£0°,
vy = Jt 4807 44 91430
40—j 40.01£-1.43°
Therefore,

v, (t) = 0.1 cos(4x10*t +91.43°) V
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Chapter 10, Problem 71.

Find v, in the op amp circuit of Fig. 10.114.

8 cos(21 +30°) V (i) —VWA— v

Figure 10.114
For Prob. 10.71.

Chapter 10, Solution 71.

8cos(2t+30°) —— 8,30°

! 1 _imo

0.5uF y = _
joC  j2x0.5x107°

At the inverting terminal,

V, -8-30° Vo -8,30° 8,30°
— jL000K 10k 2k

V, (1-j100) = 830+ 8004 —60°+ 4000 £ —60°

_ 6.928 + j4+2400 - j4157 4800/ —-59.9°

: = =48.,29.53°
1- 100 1002 -89.43°

Vo

Vo(t) = 48cos(2t +29.53°) V
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Chapter 10, Problem 72.

Compute io(t) in the op amp circuit in Fig. 10.115 if v, = 4cos10°t V.

50 kQ

¢ iO
Vg 1 nF ==

Figure 10.115
For Prob. 10.72.

Chapter 10, Solution 72.

4cos(10t) —— 4£0° ®=10*

1 1 .
InF —> ioC ~ 11010 =-j100 kQ

Consider the circuit as shown below.

S0kQ
AN - ¥ Vo
_ I,
40°V C’) 100 kKQ /=
- 100 kQ

At the noninverting node,
4-V, V, v

=— —>
50 - j100

4
° 1+j05

[ vV, 4
° 100k  (100)(L+ jO.5)

mA = 35.78/ - 26.56° pA

Therefore,
i, (t) = 35.78 cos(10* t — 26.56°) pA
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Chapter 10, Problem 73.

If the input impedance is defined as Z,, =V . /I, find the input impedance of the op amp
circuit in Fig. 10.116 when R, =10kQ,R, =20k,C, =10nF, and o =5000rad/s.

Figure 10.116
For Prob. 10.73.

Chapter 10, Solution 73.

As a voltage follower, V, =V,

1 1
joC,  j(5x10%)(10x10?)
- 1
joC,  j(5x10%)(20x10°)

C,=10nF —— = -j20 kQ

C,=20nF —— = -j10 kO

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.




Consider the circuit in the frequency domain as shown below.

-j20 kQ
1
AN
I. 10kQ 20 kQ
Y MA— L
V1 i —* V"
+ . 1
Vs C_) -j10 kKQ /4~
|_>
| Zin
At node 1,
V.-V, V,-V, V-V,
=— +
10 - j20 20
2Vs = (3+ J)Vl - (l+ j)Vo
(1)
At node 2,
V.-V, B vV, -0
20 -jl0
V, =1+ ]j2)V,
(2)

Substituting (2) into (1) gives
1
2V, =j6V, or Vv, = -jgvS

. 2 1
V. =(1+]2)V, = 37 13)Vs

_Vs-Vi_@3a+),

I. =
S 10k 10k S
Is _1+)
V, 30k
n=vs 3% g5k
I, 1+

Z. = 21.21/-45° kQ
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Chapter 10, Problem 74.

Evaluate the voltage gain A, =V /V in the op amp circuit of Fig. 10.117. Find A, at
w=0,0—>00=1/RC,, and 0 =1/R,C,.

R, C,
4’\/\/\/\/—{
R, C,
}7
+
V()
o

Figure 10.117
For Prob. 10.74.

Chapter 10, Solution 74.

1 1
Z. =R, +- , Z. =R, +-
i 1 JCOCl f 2 J(DCZ
L1
A _&_-Zf _ j(J)C2 _ & 1+j0)R2C2
VoV z; Ry + 1 C, )\ 1+ joR,Cq
joCy
Cl
At ©=0, A, =——+
Al
R2
AS ® — ©, A, =—R—
1
Moot N :_(QJ(IHRZCZ-/R]C]]
R,C, C, 1+
“TRC, ", U+iRr,C /R C,
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Chapter 10, Problem 75.

(“) )

PS ML

In the op amp circuit of Fig. 10.118, find the closed-loop gain and phase shift of the

output voltage with respect to the input voltage if C, =C, =1nF, R, =R, =100kQ,
R, =20 kQ, R, =40 kQ, and » = 2000 rad/s.

R,

Figure 10.118
For Prob. 10.75.

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 10, Solution 75.

w=2x10°
1
Ci=C.=1n > JoC,  jex109)axio?) - PP
Consider the circuit shown below.
100 kQ
M
-j500 kQ -j500 kQ Vv,
IS IS + .
Vi _
40 kQ +
+
Vs _) 100 kQ § W\ v,
§ 20 kQ _
Let Vs = 10V.
At node 1,
[(V1=10)/(=j500K)] + [(V1=V0)/10°] + [(V1=V2)/(=j500k)] = 0
or (1+j0.4)V;-j0.2V, -V, =j2 1)
At node 2,
[(V2=V1)/(=]5)] + (V-0) =0
or —j0.2V1 + (1+j0.2)V, =0 or V1 = (1-5) V2 2
But
V, = LVO _Yo ©)
R 3 +R 4 3

From (2) and (3),
V1 =(0.3333-j1.6667)V, (4)
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Substituting (3) and (4) into (1),
(1+j0.4)(0.3333-j1.6667)V, — j0.06667V, — V, = j2
(1.077.£21.8°)(1.6997 £-78.69") = 1.8306.£-56.89° = 1 — j1.5334
Thus,
(1-j1.5334)V, — j0.06667V, — V, = j2
and, V, =j2/(-j1.6601) = —1.2499 = 1.2499./180° V
Since V; = 10,
Vo/Vs=10.12499/180°.
Checking with MATLAB.
>>Y=[1+0.4i,-0.2i,-1;1,-1+5i,0;0,-3,1]
Y =
1.0000 + 0.4000i 0 - 0.2000i -1.0000
1.0000 -1.0000 + 5.0000i 0
0 -3.0000 1.0000
>> |=[2i;0;0]
| =
0 + 2.0000i
0
0
>> V=inv(Y)*I
V =
-0.4167 + 2.0833i
-0.4167

-1.2500 + 0.0000i (this last term is v,)
and, the answer checks.
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Chapter 10, Problem 76.

(“:))

PSML

Determine V and I, in the op amp circuit of Fig. 10.119.

]

20kQ 0
AW
JAkQ 10kQ

I n
I AW 2 .
= +
2300V Ct) —j2kQ == v,
o

Figure 10.119
For Prob. 10.76.
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Chapter 10, Solution 76.

Let the voltage between the -jk QQ capacitor and the 10k resistor be Vi

2£30° -Vy _ V1 -V, Vi-Ve

— jak 10k 20k (1)
2/30° = (1- j0.6)V; + j0.6V,
=1.7321+j1
Also,
Vi-V, V, .
= > Vi ={1+J5)V, 2
10k _jk 1=0+)V, (2)

Solving (2) into (1) yields

2./30° = (1— j0.6)(L+ j5)V, + j0.6Vy = (1+3— j0.6+ j5+ j6)V,

= (4+J5)V,
= 2830 03194,-2134° v
6.403./51.34°

>> Y=[1-0.6i,0.6i:1,-1-0.5i]
Y =

1.0000 - 0.6000i 0 + 0.6000i
1.0000 -1.0000 - 5.0000i

>> |=[1.7321+1i;0]
| =

1.7321 + 1.0000i
0

>> V=inv(Y)*|
V =

0.8593 + 1.3410i
0.2909 - 0.1137i =V, =0.3123/-21.35°V. Answer checks.
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Chapter 10, Problem 77.
(“:))

PS ML
Compute the closed-loop gain V ,/V , for the op amp circuit of Fig. 10.120.

Figure 10.120
For Prob. 10.77.
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Chapter 10, Solution 77.

Consider the circuit below.

R;
M
L ¢ R
2 Vl ™ 2 § 2
R, _ .
M + i
1 Vi +
Vs 7 G Vo
At node 1,
V.-V, .
R—1: JoCV,
V, =1+ joR,C))V,
1)
At node 2,
0-v, V.-V,
R, L= lRZ +JjoC, (V;-V,)
R, .
V. =(V,-V)| 5z +]joC,R,
R,
vV, —(1+ 1 jV
° (Ra/Rz)"‘j(’JCsz '
2)

From (1) and (2),

V,=—— 1+ —2
° 1+j(,0R1C1[ R3+JwC2R2R3j

Yo
v

S

B R, +R; + joC,R,R,
1+ joR,C))(R; + joC,R,R;)
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Chapter 10, Problem 78.

(“:))

PSML

Determine v, (t) in the op amp circuit in Fig. 10.121 below.

20 kQ
10 kQ 0.5 pF
MW I i Lo v,
2 sin 400t V C:) 0.25 uF == §10 kQ 40 kQ
20kQ
—

Figure 10.121
For Prob. 10.78.
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Chapter 10, Solution 78.
2sin(400t) ——> 2./0°, =400
1 1
05u > JoC = j(400)(05x10%) - P
025F — > —+ _ : e
s joC ~ j(400)(0.25x10°) ~

Consider the circuit as shown below.

10kQ | -i5k
Wy S h

40 kQ
2/0°V<+> 10 KO AN

At node 1,
2_V1 _ Yl +V1__V2 +V1_Vo
10 - j10 -5 20
4=@+j6)V,-j4V, -V, 1)

At node 2,
V.-V, 'V,
-j5 10
V,=(1-j0.5)V, (2)
But

V, = 20 \Y lV (3)
27 20+40

From (2) and (3), ’

V, = % (1-j0.5)V, ()
Substituting (3) and (4) into (1) gives

4=(3+j6) .%.(1—j0.5)V0 —j%v0 -V, = (1“%}\70

Vo = ﬁ =3.945/-9.46°
6+]
Therefore,

Vv, (t) = 3.945 sin(400t — 9.46°) V
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Chapter 10, Problem 79.

For the op amp circuit in Fig. 10.122, obtain v, (t).

20 kQ
—MWW—;
0.1 uF
40 kQ
_“7
10 kQ 0.2 uF
T e
= +
5cos 103V v
o

Figure 10.122
For Prob. 10.79.
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Chapter 10, Solution 79.
5cos(1000t) —— 520° ®=1000

1 1
ApF —s _ — {0 kO
0.1n joC ~ j@000)0.1x10°) - MO

1 1 .
02uF —> -5 kQ

joC ~ j(1000)(0.2x10°) ~

Consider the circuit shown below.

20 kQ
MWV
'-'“Tfkg 40 kQ
t W
10 kQ
M - Vi 1 }
+ AN - L .
V,=5.0°V L5 kQ P +
Vo
B . . B Zf
Since each stage is an inverter, we apply V, = Z—Vi to each stage.
-40
Vo =—=V 1
0= " )
and
-20]1 (-110)
- 2
TR @)

From (1) and (2),
(ﬁ - (20)(-110)

=7 |5 20°
10 A 20- Jle

V. =

(o]

V, =16(2+ j) = 35.78.£26.56°

Therefore, Vv, (t) = 35.78 cos(1000t + 26.56°) V
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Chapter 10, Problem 80.
SR
ps ML
Obtain v, (t) for the op amp circuit in Fig. 10.123 if v, = 4cos(1000t — 60°)V

50 kQ
AW\

20 kQ 0.2 uF

0.1 uF M—H—
}7

o1 & +$

Figure 10.123
For Prob. 10.80.

Chapter 10, Solution 80.

4c0s(1000t —60°) ——> 4/-60°, =1000

01pF —— L0 KQ

joC ~ j(1000)(0.1x10°) ~
1
joC ~ j(1000)(0.2x10°) ~

02uF —— -5 kO

The two stages are inverters so that
20 20 ( j5)
=|——=-(4£-60°)+— —
vV, (J ( 60)+50 j1o

i -2
=—-(j2)-(4£-60°)+—-=V
5 (12)( )roT

(L+j/5)V, = 4/ -60°

4/ -60°

= —=3.922/-71.31°
° 1+j/5

Therefore, Vv, (t) = 3.922 cos(1000t —71.31) V
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Chapter 10, Problem 81.

(“A)
ps
Use PSpice to determine V  in the circuit of Fig. 10.124. Assume @ =1 rad/s.
—j2Q 25Q
|
24/0°V 30Q
10 Q +
40 Q § Vo
4/0° A §j4g B

Figure 10.124
For Prob. 10.81.
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Chapter 10, Problem 89.

The op amp circuit in Fig. 10.131 is called an inductance simulator. Show that the input
impedance is given by

Zin :ﬁz ja)Leq
where
RR.R
Leq _ 1R3 4C
2

Figure 10.131
For Prob. 10.89.
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Chapter 10, Solution 89.

Consider the circuit below.
Ry R ) R;
AN 1 AN 3

At node 1,

1)
At node 3,

Y vV in _Vz
- . —|— =
in 4 j(DCRS

()
From (1) and (2),

Thus,

| — - V,
"~ R,  joCR,R,R, "
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Chapter 10, Problem 90.

Figure 10.132 shows a Wien-bridge network. Show that the frequency at which the phase

shift between the input and output signals is zero is f = %72' RC, and that the necessary

gainis A =V /V,= 3 at that frequency.

Figure 10.132
For Prob. 10.90.
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Chapter 10, Solution 90.

1 R
Let Z,=R]| joC "1t joRC
7 -Ra 1 _ 1+ joRC
3 joC joC

Consider the circuit shown below.

R
' 1+ joC R,
vV, R 1+joRC R,+R,
. +
1+ joC JoC
3 JoRC Ry
joRC+(1+ joRC)* R, +R,
v, joRC R,
V, 1-0*R?’C?+j3oRC R,+R,

\%
For V, and V, to be in phase, 7° must be purely real. This happens when

1-®?’R?C?=0
(D=R—C=2nf
1
o =R
At this frequenc A —E_l _Rz
q Y, v Vi _3 R1+R2
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Chapter 10, Problem 91.

Consider the oscillator in Fig. 10.133.
(a) Determine the oscillation frequency.
(b) Obtain the minimum value of R for which oscillation takes place.

Figure 10.133
For Prob. 10.91.
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Chapter 10, Solution 91.

@ Let  V, = voltage at the noninverting terminal of the op amp

V, = output voltage of the op amp
Z,=10kQ=R,
. 1
Z,=R +JwL+jc0_C
As in Section 10.9,

v, Z, R,

Vo Z%Zy RiR sjol- 3
° ®C

v, oCR,

V,  oC(R+R,)+j(@’LC-1)

For this to be purely real,

1
®’LC-1=0 —>» o =——

° °JLc
R 1

° 2nJLC  27./(0.4x10%)(2x10°)
f, = 180 kHz

(b) At oscillation,
vV,  oCR, R,

V, ©,C(R+R,) R+R,

[¢]

This must be compensated for by

A Yo 1,80 o

YV, T 20

R R=4R, = 40
R+R, 5 e~
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Chapter 10, Problem 92.

The oscillator circuit in Fig. 10.134 uses an ideal op amp.
(a) Calculate the minimum value of R, that will cause oscillation to occur.

(b) Find the frequency of oscillation.

1 MQ
100 kQ VW
+
R()
10 uH % — 2nF 10 kQ

Figure 10.134
For Prob. 10.92.
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Chapter 10, Solution 92.

Let  V, = voltage at the noninverting terminal of the op amp
V, = output voltage of the op amp

Z =R,
Z oL |- || R = 1 ~ oRL
p T IORIG IR =T 1 ~ oL+ jR(@LC—1)
— 4+ JoC+
R JoL
As in Section 10.9,
oRL
vV, Z,  oL+]jR(@’LC-1)
V., Z.+7 oRL
° ° P Ro+ ; 2
oL+ JR(w’LC-1)
v, oRL

V,  oRL+oR,L+jR,R(0’LC—1)

0

For this to be purely real,
1

®o’LC=1 — f =
0 °  2m+/LC

@ At o=0,,
A\ o,RL R

V, oRL+w,R,L R+R,

0

This must be compensated for by

A —E— +&—1+1000k—11
YV, 7 R, 100k
Hence,
Rl R -10R= 100kQ
R+R, 11 o
1
by f,=
214/(10x10°)(2x10°)

f, = 1.125 MHz
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Chapter 10, Problem 93.

eqd

Figure 10.135 shows a Colpitts oscillator. Show that the oscillation frequency is
1

f =

° 2zyLC,

where C; =C,C, /(C, +C,). Assume R, >> X

Ry
Ri
a

L
dLIk

G ¢

1 1
I 1

Figure 10.135
A Colpitts oscillator; for Prob. 10.93.

(Hint: Set the imaginary part of the impedance in the feedback circuit equal to zero.)
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Chapter 10, Solution 93.

As shown below, the impedance of the feedback is

joL
0000 .
1 1 1 | Zy
j(DCZ g R j(DCI g —

, L ”(_ L L J
T joC, Jo joC,

- -] 1

L -

z oC, (Jw i O)CZJ o oLC,
T o 2

| joLs A I(C+C,—wLCC)

oC, oC,

In order for Z to be real, the imaginary term must be zero; i.e.
C,+C,-w’LC,C,=0

2:C1+Cz: 1
° LCC, LC;

Q)

1

b= onic,
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Chapter 10, Problem 94.

ed
Design a Colpitts oscillator that will operate at 50 kHz.

Chapter 10, Solution 94.

If weselect C, =C, =20 nF

c, =S S _qgpr
T C+C, 2
1
Since f, = :
4/ LC;
L= L = L =10.13mH
~ (2rf)2C,  (4m?)(2500x10°)(10x10°)
X, = L _ L =159 Q
° oC, (2m)(50x10°)(20x10°)
We may select R, =20kQ and R; >R, say R; =20 kQ2.
Thus,
C,=C,=20nF, L=1013mH R, =R, = 20 kQ
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Chapter 10, Problem 95.
Figure 10.136 shows a Hartley oscillator. Show that the frequency of oscillation is
1

fo= 27 JC(L, +L,)

Figure 10.136
A Hartley oscillator; For Prob. 10.95.

Chapter 10, Solution 95.
First, we find the feedback impedance.

T 0
]

Zy
L, % L % +—

. . 1
Z; = jol, ”(le—z +10)_C]

. . J
. J“)Ll(‘“"‘z ) (:)Cj  wlL,C@-ol,)
T 0 (L +L,)-1)
oC
In order for Z to be real, the imaginary term must be zero; i.e.

®’C(L, +L,)-1=0

1
—onf =—————
0)0 TCO C(L1+L2)

joL; + joL, —

1

f =
* 2m/C(L, +L,)
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Chapter 10, Problem 96.

Refer to the oscillator in Fig. 10.137.
(@) Show that

Vv, 1

V, 3+ j(@L/R-R/wl)

(b) Determine the oscillation frequency f,.
(c) Obtain the relationship between R, and R, in order for oscillation to occur.

Figure 10.137
For Prob. 10.96.
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Chapter 10, Solution 96.

@) Consider the feedback portion of the circuit, as shown below.

joL Vi R V,
0000 MA

v, RS

voo ot oy _Rtlely )
2" R+joL ! " jeob 2

Applying KCL at node 1,
joL R  R+joL
v,V joLv, [ et ]
A R G- T

j20RL — 0’ LZ}

Vo= Vl(“ R(R+ jol)

(2)

From (1) and (2),

v _(R+ijj(1+ jZmRL—mszjV
° U joL R(R+jolL) ) 2

V, R’+joRL+ j20RL -0’
vV, joRL
Y__ 1
V, _ R*-@’L’

3+ —

JoRL

v, 1
V, 3+j(®L/R-R/oL)
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A%
(b) Since the ratio V_Z must be real,

oL R 0
R ol
RZ
L =
o o,L
R
=2nf, =—
('00 TEO L
_R
° " 27L

This must be compensated for by A, =3. But

R2

A, =1+—2=3
Rl

R, =2R,
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