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1 Problems

Section 10.2 Nodal Analysis

10.1 Determine i in the circuit of Fig. 10.50.

i 1Q
= AVWA

1H 1Q

2 cos 10t V 1F =

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,/0°V —j5Q = j4Q§VD

Figure 10.51

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

1
iF 2H
| A

32sin4tV

+
vo_ e %69 ps ML
A 0.1 v,

Figure 10.52
For Prob. 10.3.

10.4 Determine i, in the circuit of Fig. 10.53.

_iL 2kQ
WWA |

100 cos 103t V

Figure 10.53
For Prob. 10.4.

10.5 Find i, in the circuit of Fig. 10.54.
(S) _
o 2kQ

)

ps —
MW |

25 cos(4 X 103) V

Figure 10.54
For Prob. 10.5.

10.6 Determine V, in Fig. 10.55.

j10Q

200
v T
+
4v, 45/0°A 20Q 2V,

Figure 10.55
For Prob. 10.6.

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

40Q  j20Q v
5112

120 £15°V 6.L0°A (}) = —j30£2§ 50 Q

Figure 10.56
For Prob. 10.7.

10.8 Use nodal analysis to find current i, in the circuit of
t&;) 1 Fig. 10.57. Let i; = 6 cos(2007 + 15°) A.

lo 400

ANV

. +
iy 200 % == 50 uF g 100 mH

304, Figure 10.57

For Prob. 10.8.

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

S H
PS ML
200 S0 pF 10 mH
I
I
o
+
10 cos 10°% V 209% 4i, {y 0Q% 9,
10i, -

Figure 10.58
For Prob. 10.9.
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10.10 Use nodal analysis to find v,, in the circuit of 10.14 Calculate the voltage at nodes 1 and 2 in the circuit

1% 13 Fig. 10.59. Let @ = 2 krad/s.

‘&T)) ﬁ of Fig. 10.63 using nodal analysis.

PS ML PS ML
2 uF jaQ
I oot
I ©
+ 20,/30° A
+ )
10sinwr A () 2kQ ”x§ 50 mH 012, 4kQ S % ! N 2
_ —j2Q == 10Q 2Q = -j5Q
O
Figure 10.59

For Prob. 10.10.

10.11 Apply nodal analysis to the circuit in Fig. 10.60 and
é';) 13 determine I,,.

Figure 10.63
For Prob. 10.14.

PS ML 10.15 Solve for the current I in the circuit of Fig. 10.64
I i 1&)‘)) 13 using nodal analysis.
2. The psS ML
il 10,/0° A
2Q 2Q C
20 jra
v (&) 8Q P
. 40 /-90° V —— —j2Q 21 % 4Q
Figure 10.60 !
For Prob. 10.11.

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

Figure 10.64
For Prob. 10.15.

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

2i
0 < H Fig. 10.65.
PS ML
R, j4Q
WA . I
*lo + Vx _
i R, =X L 2/0°A 50 —3Q =/ 3,/45° A

Figure 10.61
For Prob. 10.12.

10.13 Determine V, in the circuit of Fig. 10.62 using any

Figure 10.65
For Prob. 10.16.

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

« ) Fig. 10.66.

(k)‘)) 13 method of your choice. ps ML
PS ML
—j2Q 8Q  j6Q 4= 1Q
o 2Q
150,£20° V (’:)
40 /30°V 5/0°A 30 T _i2Q

Figure 10.62
For Prob. 10.13.

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.

SH
PS ML 20

j6Q 4Q

8,/45° A

Figure 10.67
For Prob. 10.18.

10.19 Obtain V,, in Fig. 10.68 using nodal analysis. 10.22 For the circuit in Fig. 10.71, determine V,,/ V.

SH
PS ML
20
11D
12/0°V ‘0

0.2V,

Figure 10.71
For Prob. 10.22.

)
o
|
<
||
Il
.
N
o)
-
S

Figure 10.68
For Prob. 10.19.
10.23 Using nodal analysis obtain V in the circuit of
Fig. 10.72.

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

v.O e TV

Lo 1™

Figure 10.72
For Prob. 10.23.

vy(1)

Figure 10.69
For Prob. 10.20.

Section 10.3 Mesh Analysis

10.24 Design a problem to help other students better

10.21 For each of the circuits in Fig. 10.70, find V,,/V;, for
efd understand mesh analysis.

w=0,0— %, and v’ = 1/LC.
10.25 Solve for i, in Fig. 10.73 using mesh analysis.

R L R ML
Wﬂ’ Jc:—w»—{ 40 2H
WA a1
Vi C 7 Vo Vl l to
_ _ _ 20 cos 2tV —— 0.25F 12sin 2tV
O O O
() (b)

Figure 10.70
For Prob. 10.21.

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. efJdd students better understand mesh analysis.
2kQ 1 uF
JXp Ry
5cos 103t V 10 sin 103 V TN VW
R,
Figure 10.74 B2 @ @ ER
For Prob. 10.26. JX12
— l
. . . - V, “Xc
10.27 Using mesh analysis, find I; and I, in the circuit of s
1 Fig 1075 Figure 10.77
ML For Prob. 10.29.
jl1Q 40Q

AN VWA
40/30°V %} @ —j20Q == @ # 50£0°V  10.30 Use mesh analysis to find v, in the circuit of

4 Fig. 10.78. Letv,, = 240 cos(1007 + 90°) V.,
P'S ML v.. = 160 cos 1007 V.

Figure 10.75
For Prob. 10.27.

10.28 In the circuit of Fig. 10.76, determine the mesh

20Q 400 mH 200 mH
ﬁ currents i; and i,. Let v; = 10 cos 47 V and
ML v, = 20 cos(4t — 30°) V. vuy i"’
Us1 300 mH 50 uF v, 10Q
1Q 1H 1H 1Q ”

AN 211 TN—AWN—
l IF Figure 10.78

v @) @ . @ @) " For Prob. 10.30.

Figure 10.76

For Prob. 10.28. 10.31 Use mesh analysis to determine current I,, in the
‘k)‘)) 1 circuit of Fig. 10.79 below.
PS ML
80 Q L jeoQ 20Q
WW—T——T
100/120° V —j40Q =  —j40Q == 60 /-30° V

Figure 10.79
For Prob. 10.31.
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10.32 Determine V, and I, in the circuit of Fig. 10.80
(&T)) 13 using mesh analysis.

PS ML
j4Q
11
%
N
4,/-30° A 2Q%V, 3V, - —j2Q

Figure 10.80
For Prob. 10.32.

10.33 Compute I in Prob. 10.15 using mesh analysis.

S H
PS ML

10.34 Use mesh analysis to find I, in Fig. 10.28 (for

1‘)‘)) 13 Example 10.10).

PS ML

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

)

PS ML
10.36 Compute V,, in the circuit of Fig. 10.81 using mesh
AT)) 13 analysis.
PS ML
j4Q —j3Q
e |
+
8,/90° A * 2Q2Y, +)24,0°V
2Q - 2Q
WWA VWA
&
4/0°A

Figure 10.81
For Prob. 10.36.

10.37 Use mesh analysis to find currents I, I, and I in
é)“)) 13 the circuit of Fig. 10.82.

pPSs ML
Il
—
120 £90°v (£) z
D Z=80-35Q
120.230° v (5) z

Figure 10.82
For Prob. 10.37.

o
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10.38 Using mesh analysis, obtain I, in the circuit shown
1‘)‘)) 1} in Fig. 10.83.
PS ML

IO
-

2/0° A 29% . 10£90° V
||
I

1Q C) 4/0° A 10

Figure 10.83
For Prob. 10.38.

10.39 Find I, I,, I, and 1, in the circuit of Fig. 10.84.

S H
PS ML 10Q
A
)
00 |J15Q j16Q
||
I vvy
14
20 /64° V <50 = 250

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

20 cos 4tV

Figure 10.85
For Prob. 10.40.

10.41 Find v, for the circuit in Fig. 10.86, assuming that
v, = 3 cos 2t + 8sin4r V.

0.25F
It
1f

Figure 10.86
For Prob. 10.41.
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10.42 Using Fig. 10.87, design a problem to help other

e”Jd students better understand the superposition theorem.

JXr

v, R,

Figure 10.87
For Prob. 10.42.

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

5 cos(2t + 10°) A 4H 10 cos(2f — 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, = 25 sin 27 V and
iy = 6 cos(6r + 10°) A.

20Q SH

iy 16 Q +”x C_D v

Figure 10.89
For Prob. 10.44.

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

Fig. 10.90.
! 20 Q
A%
20 cos(10r +30°) V 10 sin 4t V
11
300 mH

Figure 10.90
For Prob. 10.45.

o

Sinusoidal Steady-State Analysis

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

60Q 2H
A
12 cos 3t V LF =12, 4sin2t A 20V

Figure 10.91
For Prob. 10.46.

10.47 Determine i, in the circuit of Fig. 10.92, using the
% 34 superposition principle.
PS ML

F 24V 2 H

o]
=

10 sin(t — 30°) V 20 2 cos 3t 40

Figure 10.92
For Prob. 10.47.

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

(&)‘)) :ﬂ
PS ML
20 uF
||
I T i
50 cos 2000t V 80 Q 100 ©Q
40 mH
2 sin 4000t A 60 Q 24V

Figure 10.93
For Prob. 10.48.

Section 10.5 Source Transformation

10.49 Using source transformation, find i in the circuit of

Fig. 10.94.
3o b
AW
5 mH
50 () 16 sin(2007 + 30°) A
T 1 mF

Figure 10.94
For Prob. 10.49.
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10.50 Using Fig. 10.95, design a problem to help other
efJd students understand source transformation.

v,(1) C— R, Z v,

Figure 10.95
For Prob. 10.50.

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

Problems 449
—j5Q
I oa
4/0° A 8Q jloQ
o b
(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
Prob. 10.42. 6Q
10.52 Use the method of source transformation to find I in od
tk‘)) the circuit of Fig. 10.96. .
p>s —j2 Q
20 j4Q 29 20 (B
I
*IX o b
(a)
30,0°V 6Q % 4Q () 25290° A
. 30Q
-3 Q T
Figure 10.96 j10Q
For Prob. 10.52. 120,/45°V 60 Q % a
50
10.53 Use the concept of source transformation to find V,, o b
1‘7) in the circuit of Fig. 10.97. (b)
Ps Figure 10.99
40 30 40 For Prob. 10.56.
H 10.57 Using Fig. 10.100, design a problem to help other
+ eJd students better understand Thevenin and Norton
20,/0° V 20 20 —ji2Q \A equivalent circuits.
T B R, —iXc R,
Figure 10.97
For Prob. 10.53.
Vy jXL
10.54 Rework Prob. 10.7 using source transformation.
O

Section 10.6 Thevenin and Norton F
Equivalent Circuits

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

igure 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.

0 a
Jj20 Q 10Q 30
—MM—o0 a
2/30° A %leQ

50,/30°V == 10Q -j6 Q T

o b

o b Figure 10.101
(a) For Prob. 10.58.
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10.59 Calculate the output impedance of the circuit shown

in Fig. 10.102.
-i2Q 100
I AN
+V, -
02v, < g 40 Q

Figure 10.102
For Prob. 10.59.

10.60 Find the Thevenin equivalent of the circuit in
@;) Fig. 10.103 as seen from:

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

10 Q T -j4Q T
H 0 a

8,/0° A 40

40,/0°V j5Q

o b

Figure 10.103
For Prob. 10.60.

10.61 Find the Thevenin equivalent at terminals a-b of the
% 1 circuit in Fig. 10.104.

).
psS ML
4Q
MWV 0 a
n
2/0°A = J3Q 4> 151,

Figure 10.104
For Prob. 10.61.

10.62 Using Thevenin’s theorem, find v,, in the circuit of
AT)) Fig. 10.105.

ps
3,
i 4Q 2H
=AW T

+

20 cos(t +30°) V IF=— {F=— 2Q%y,

Figure 10.105
For Prob. 10.62.

o

Sinusoidal Steady-State Analysis

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

ps
5 uF
o
4 cos(200z + 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
ak)‘)) equivalent circuit at terminals a-b.
S

60 Q 400
3,/60° A Q) a b
80Q T ~j30 Q

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
¢ T g
Figure 10.108
For Prob. 10.65.

5 ()

L —‘76‘2

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

10 mF 12 cos wt V

—o o

+

D wzwo H 2,

BI—

2 sin wt A

o b

Figure 10.109
For Prob. 10.66.

—p—



ale29559 chl0.qxd 07/08/2008

11:59 AM Page 451

10.67 Find the Thevenin and Norton equivalent circuits at
1%“)) 13 terminals a-b in the circuit of Fig. 10.110.
PS ML

60 /45° V Ct)

Figure 10.110
For Prob. 10.67.

10.68 Find the Thevenin equivalent at terminals a-b in the
(k)k)) 1 circuit of Fig. 10.111.

PS ML
i}» 4Q
ANV oa
+
::LF
6sintor v (F) % 4, | 20 ngvg
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,, sinwt and
w = 1/RC.

= +

ol

Figure 10.112
For Prob. 10.69.

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

o

Problems 451

ol

Figure 10.113
For Prob. 10.70.

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

16 cos(2 +45°) V C:)

§2k9

Figure 10.114
For Prob. 10.71.

10.72 Compute i,(?) in the op amp circuit in Fig. 10.115 if
v, = 10 cos(10% + 30°) V.

50 kQ

(2
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, = 20kQ, C, =
10 nF, C, = 20 nF, and v = 5000 rad/s.

Cy
Il
I
L R R,
= MW A +> oV
— 0
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
circuit of Fig. 10.117. Find A, at w = 0, w — o0,
w = I/RICI, and w = 1/R2C2

+

<

ol

Figure 10.117
For Prob. 10.74.

10.75 In the op amp circuit of Fig. 10.118, find the closed-

Lk)“)) ﬁ loop gain and phase shift of the output voltage with
PS ML respect to the input voltage if C; = C, = 1 nF, R,

R, = 100kQ, R; = 20 k), R, = 40 k(, and

w = 2000 rad/s.

Figure 10.118
For Prob. 10.75.

o

Sinusoidal Steady-State Analysis

10.76 Determine V, and I, in the op amp circuit of
é';) 11 Fig. 10.119.

PS ML
0k Lo
A
*f'4‘ T(Q 10 kQ
I A B
20 £30° mv (F) —j2kQ ==

Figure 10.119
For Prob. 10.76.

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

«» 1 circuit of Fig. 10.120.

PS ML

L. %,
U

+ +

=N

Figure 10.120

For Prob. 10.77.

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

‘k)‘)) 13 below.
PS ML
20 kQ
A
10 kQ 0.5 uF
AW { +
4 sin(4001) mV C’:} 0.25 uF = §10 kQ 40 KO
20 kQ

Figure 10.121
For Prob. 10.78.

‘\}_
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10.79 For the op amp circuit in Fig. 10.122, obtain v ().

500 cos(107) mV

Figure 10.122

For Prob. 10.79.

PS ML

11:59 AM

20 kQ

—WW—

0.1 uF
i

=

10 kQ

Page 453
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2Q
MWV

6Q
40 kQ

0.2 uF
||

4 uF =

IOmHg
%49
11 -
+

8Q
AN ANAN—
20

* Figure 10.125

10.80 Obtain v,(¢) for the op amp circuit in Fig. 10.123 if

S H o, = 4 cos(1000r — 60°) V.

" For Prob. 10.83.
O

20 ==
3/0°A
50 kQ
AW
20kQ 0.2 uF Figure 10.126
0.1 uF oka ——
[

L

For Prob. 10.84.

+

10.85 Using Fig. 10.127, design a problem to help other

Figure 10.123
For Prob. 10.80.

ps

Section 10.8 AC Analysis Using PSpice
<

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

-2Q
I

25Q

24/0°V

4,/0° A

I
%309
10 Q

MWV

+

4OQ§ v,
§j4g

Figure 10.124

For Prob. 10.81.

10.82 Solve Prob. 10.19 using PSpice.

10.83 Use PSpice to find v,(¢) in the circuit of Fig. 10.125.

Leti, = 2 cos(10%) A.

e?Jd students better understand performing AC analysis
with PSpice.

+
025V, § RV,
R, —Xc -
I
W\ Il
v

L®

Figure 10.127
For Prob. 10.85.

10.86 Use PSpice to find V,, V,, and V; in the network of
Fig. 10.128.

3Q
VWA
v, j10Q y, jloQ |y,
60430°V<? j4Q =  —j4Q = 4/0° A
1

Figure 10.128
For Prob. 10.86.

—p—

10.84 Obtain V,, in the circuit of Fig. 10.126 using PSpice.
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10.87 Determine V,, V,, and Vj in the circuit of
Fig. 10.129 using PSpice.

11:59 AM Page 454
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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 = 3 RC,
and that the necessary gainis A, = V,/V; = 3 at

that frequency.
j10Q
A1
EARIE Yo 1Q
M \£] \E
| —_is WA
4/0° A %SQ j6Q j2Q = 2,/0° A
L
Figure 10.129 vi(®
For Prob. 10.87.
10.88 Use PSpice to find v, and i, in the circuit of Figure 10.132
Fig. 10.130 below. For Prob. 10.90.
4q 20mF 2H
o
+
6 cos 4tV 0.57, 4i, 10Q 25 mF Y,

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

Zin = - ] wLeq
where
eq = R2
R, R, R, c R,
AW { AN

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.

—p—
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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 _ 1
cause oscillation to occur. fo= 2aVC(Ly + L)

(b) Find the frequency of oscillation.

1 MQ
100 kO W
-
Rl)
AN—
10 uH = 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.
efdd the oscillation frequency is

- 1 (a) Show that
’ 2wVLCr v, 1
where Cr = C,C,/(C, + Cy). 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

R
A
R; order for oscillation to occur.
—O ‘]o
L

RZ
R, MWW
czf o %cl il

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 S0 kHz.  For Prob. 10.96.

eud



