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114 Chapter 3
3.7 In the circuit of Fig. 3.49, current i; is:
(a)4 A b)3A ©)2A 1A
2Q 1Q
MWV MW
20V @ v 2A @
A% AN
3Q 4Q

Figure 3.49

For Review Questions 3.7 and 3.8.

Methods of Analysis

3.9

3.10

3.8 The voltage v across the current source in the circuit

of Fig. 3.49 is:

The PSpice part name for a current-controlled
voltage source is:

(a) EX (b) FX (c) HX (d) GX

Which of the following statements are not true of the
pseudocomponent IPROBE:

(a) It must be connected in series.
(b) It plots the branch current.

(c) It displays the current through the branch in
which it is connected.

(d) It can be used to display voltage by connecting it
in parallel.

(e) It is used only for dc analysis.

(f) It does not correspond to a particular circuit
element.

Answers: 3.1a, 3.2¢, 3.3a, 3.4c, 3.5¢, 3.6a, 3.7d, 3.8b,

(a)20V b)15V )10V @sv 3.9¢, 3.10b,d.
1 Problems
Sections 3.2 and 3.3 Nodal Analysis 3.3 Find the currents /; through I, and the voltage v, in

3.1 Using Fig. 3.50, design a problem to help other
efJd students better understand nodal analysis.

R, Ry

o
12V R; CD 9V

Figure 3.50
For Prob. 3.1 and Prob. 3.39.

3.2 For the circuit in Fig. 3.51, obtain v and v,.

g v

10 Q 3A

Figure 3.51
For Prob. 3.2.

the circuit of Fig. 3.52.

%

sa (4 109% 209% 309% 204 (§ 609%

lll llz *13 l14

L
Figure 3.52
For Prob. 3.3.
3.4 Given the circuit in Fig. 3.53, calculate the currents

iy through i .

NG

Figure 3.53
For Prob. 3.4.



3.5 Obtain v, in the circuit of Fig. 3.54.

30V 20V +

4k9§”0

2kQ 5kQ -

Figure 3.54
For Prob. 3.5.

3.6 Solve for V| in the circuit of Fig. 3.55 using nodal

analysis.
10 Q
4Q
— WH
5Q +

v ()

Figure 3.55
For Prob. 3.6.

3.7 Apply nodal analysis to solve for V. in the circuit of
Fig. 3.56.

2A 109§ inzog V)02V,

Figure 3.56
For Prob. 3.7.

3.8 Using nodal analysis, find v,, in the circuit of Fig. 3.57.

6 Q 20 Q

+ 60V

- 20Q

Figure 3.57
For Prob. 3.8 and Prob. 3.37.

Problems 115

3.9 Determine I, in the circuit in Fig. 3.58 using nodal

analysis.
I 601,
b 250Q
MW -
24V 50 Q 150 Q

Figure 3.58
For Prob. 3.9.

3.10 Find /, in the circuit of Fig. 3.59.

1Q

4A 21,
1<

2Q %49

3.11 Find V, and the power dissipated in all the resistors
in the circuit of Fig. 3.60.

Iy

sg%

Figure 3.59
For Prob. 3.10.

120 v 6Q

60 V %129 24V

Figure 3.60
For Prob. 3.11.

3.12 Using nodal analysis, determine V,, in the circuit in

Fig. 3.61.
20Q 10 Q
AWV

*Ix +

40V 20Q ar 1093y,

Figure 3.61
For Prob. 3.12.
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3.13 Calculate v, and v, in the circuit of Fig. 3.62 using 3.17 Using nodal analysis, find current i, in the circuit of
nodal analysis. Fig. 3.66.
, 20 1OV
i()
—_—

8Q 4Q Q)lSA
40 20

JT_ 10Q %89

Figure 3.62 )
For Prob. 3.13. 60V 3,

3.14 Using nodal analysis, find v,, in the circuit of Fig. 3.63. Figure 3.66
For Prob. 3.17.

125A
o)
N
30 3.18 Determine the node voltages in the circuit in Fig. 3.67
AN using nodal analysis.
2Q
1Q +
% % 4Q 50V
100V - 30V
)
N
Figure 3.63
For Prob. 3.14. 2Q 2 2Q
1 A% AWV 3
3.15 Apply nodal analysis to find i, and the power
dissipated in each resistor in the circuit of Fig. 3.64. 4Q % 154 % 8Q
2A 1
o) -
— Figure 3.67
v 35 For Prob. 3.18.
GO
t MWV
i * N
68 58 <> 4A 3.19 Use nodal analysis to find vy, v, and v3 in the circuit
1 of Fig. 3.68.
Figure 3.64 ML
For Prob. 3.15.
DA
3.16 Determine voltages v, through vs in the circuit of N
Fig. 3.65 using nodal analysis. 2Q
AWV
)5 ” 8Q 4,  4Q
A\/\/\/\l /\/\N\ /\/\N\ VS
2y,
vy vy 8S § 8Q
G = ANV v3 5A é 4Q § 2Q
. ®
2A %15 PRPEN t)iv @12\,

=

Figure 3.65 Figure 3.68
For Prob. 3.16. For Prob. 3.19.



3.20 For the circuit in Fig. 3.69, find v, v,, and v using

nodal analysis.

V]

2Q

v3

%g

MW

*i

%g

Figure 3.69
For Prob. 3.20.

3.21 For the circuit in Fig. 3.70, find v, and v, using

nodal analysis.

4%Q
o
2kQ 3
4l A = T v2
+
3mA (? 1kQ < %

Figure 3.70
For Prob. 3.21.

3.22 Determine v; and v; in the circuit of Fig. 3.71.

8Q
—AMA—
P N

12V

Figure 3.71
For Prob. 3.22.

3.23 Use nodal analysis to find V,, in the circuit of Fig. 3.72.

Figure 3.72
For Prob. 3.23.

Problems

3.24 Use nodal analysis and MATLAB to find V, in the

1} circuit of Fig. 3.73.
ML
8Q
AW
+ V, -
4A 40 2A
ST
2Q 2Q

19%

1Q

Figure 3.73
For Prob. 3.24.

3.25 Use nodal analysis along with MATLAB to determine

1 the node voltages in Fig. 3.74.
ML
200 o
MW
10 Q
1Q 4 10Q
71 v3
sa(®) 80 200

Figure 3.74
For Prob. 3.25.

1 circuit of Fig. 3.75.
ML
3A
o)
N :
10Q Lo
AW
’ 50 . 5Q
NV MY
20Q 5Q
15V 4,
L

Figure 3.75
For Prob. 3.26.

3.26 Calculate the node voltages vy, U,, and v5 in the

v3

15Q

10V
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*#3.27 Use nodal analysis to determine voltages vy, v,, and
1 vsin the circuit of Fig. 3.76.

ML
45
WY
3i,
—
vy 1S vy 1S 3
ANV MV

bo

2a(d) %25 %45 23% 4A

Figure 3.76
For Prob. 3.27.

*3.28 Use MATLAB to find the voltages at nodes a, b, c,
1}  anddin the circuit of Fig. 3.77.

ML
c
1og§ §59 §4Q
200 8Q
d A ~— VW b
40 8Q
§169
60V 90V

Figure 3.77
For Prob. 3.28.

3.29 Use MATLAB to solve for the node voltages in the

1 circuit of Fig. 3.78.
ML

SA 28 2S 6A

Figure 3.78
For Prob. 3.29.

* An asterisk indicates a challenging problem.

Methods of Analysis

3.30 Using nodal analysis, find v, and i, in the circuit of
Fig. 3.79.

96 V

40 Q

Figure 3.79
For Prob. 3.30.

3.31 Find the node voltages for the circuit in Fig. 3.80.

H
ML
1Q
AW
+ oy -
a1 2
9 °© 4, o v 2Q
~ + 0
§lo
1Aa(® 40 10 40 10V
L

Figure 3.80
For Prob. 3.31.

3.32 Obtain the node voltages v, U5, and v5 in the circuit

of Fig. 3.81.
5kQ
10V 20V
OO

o @

12V %IOkQ

H—@—s 3

Figure 3.81
For Prob. 3.32.
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Sections 3.4 and 3.5 Mesh Analysis 8Q
MW
3.33 Which of the circuits in Fig. 3.82 is planar? For the 5Q 4Q
planar circuit, redraw the circuits with no crossing MW MWW
branches.
IQ§ 6Q 39%
1Q 7R 20
MW MW
o)
3Q 40 so ")
4A
29%
] AR ®
6Q Figure 3.83
For Prob. 3.34.

)
\2—1 3.35 Rework Prob. 3.5 using mesh analysis.

3.36 Use mesh analysis to obtain 7y, i,, and i3 in the
circuit in Fig. 3.84.

3Q
AN 10V
4Q o
4Q . . N\ .
5Q b # 2 l ll3
2v () % 20 12v 6Q 20
AMA Figure 3.84
10 For Prob. 3.36.
(b)
Figure 3.82 3.37 Solve Prob. 3.8 using mesh analysis.

For Prob. 3.33. 3.38 Apply mesh analysis to the circuit in Fig. 3.85 and

ﬁ obtain /,,.

ML
4Q 3Q

3.34 Determine which of the circuits in Fig. 3.83 is planar
and redraw it with no crossing branches.
sov () ) 104 % 1o
2Q 2Q
— W WW—
20 L
MY
1Q % % 10 C_r 225
1Q 50
o)
7Q % 30 N W
5A 4Q
Figure 3.85
¥
v 60 For Prob. 3.38.
3.39 Using Fig. 3.50 from Prob. 3.1, design a problem to
4Q

efd help other students better understand mesh analysis.
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3.40 For the bridge network in Fig. 3.86, find i, using

1}  mesh analysis.
ML ,
o 2kQ
MW
6 kQ 6kQ
2kQ
sov(*) AW
4 kQ 4 kQ

Figure 3.86
For Prob. 3.40.

3.41 Apply mesh analysis to find i in Fig. 3.87.

H
ML

4Q§ @

e}
WWA
W
e}

Figure 3.87
For Prob. 3.41.

3.42 Using Fig. 3.88, design a problem to help students
eJd better understand mesh analysis using matrices.

20Q 30Q

10Q

WWW——— MW

G

VlC) @ %309@ 409@@)‘/3

VWA

N
Va

Figure 3.88

For Prob. 3.42.

3.43 Use mesh analysis to find v,;, and i, in the circuit of

ﬁ Fig. 3.89.
ML
20 Q
AW
30 Q
80V (*
20 Q +
30 Q § Yab
+
80V 30 Q
20 Q
AW

Figure 3.89
For Prob. 3.43.

Methods of Analysis

3.44 Use mesh analysis to obtain i, in the circuit of

Fig. 3.90.

<+ 180V

45A

Figure 3.90
For Prob. 3.44.

3.45 Find current i/ in the circuit of Fig. 3.91.

H
ML

it

30V<"_P

4Q 8Q
AWV MV
4A
2Q 6 Q
NV VWY
3Q

?g

Figure 3.91
For Prob. 3.45.

3.46 Calculate the mesh currents i, and i, in Fig. 3.92.

3Q

6Q
MW\

AW
+ gy -
1zv<9 @ 8(2@ 24,

Figure 3.92
For Prob. 3.46.

3.47 Rework Prob. 3.19 using mesh analysis.

H
ML



3.48 Determine the current through the 10-k{ resistor in
ﬁ the circuit of Fig. 3.93 using mesh analysis.

ML
3kQ
AW
4kQ 2kQ 5kQ
—AWA—
1 kQ

6V CD

Figure 3.93
For Prob. 3.48.

3.49 Find v, and i, in the circuit of Fig. 3.94.

3Q
AN
Q4 20
MM ———MA——
b

2Q b 2, (?27V

Figure 3.94
For Prob. 3.49.

3.50 Use mesh analysis to find the current i, in the circuit
1} of Fig. 3.95.
ML

4Q 2Q
10Q

35V 3

Figure 3.95
For Prob. 3.50.

Problems 121

3.51 Apply mesh analysis to find v, in the circuit of

Fig. 3.96.
5A
20 , 8Q
o
10
§4g G)2ov
40V

Figure 3.96
For Prob. 3.51.

3.52 Use mesh analysis to find #;, i, and i3 in the circuit
1} ofFig. 3.97.
ML

S+

VWA
[\S]
e}

%8&’2

12v (@) @

D,

Figure 3.97
For Prob. 3.52.

3.53 Find the mesh currents in the circuit of Fig. 3.98
1 using MATLAB.

ML
2kQ
wy
0
6kQ 3 kQ
A ANV
@ 8 kQ @ (H3ma
1kQ 4kQ
A AW
nv(®) @ 3k9% @

Figure 3.98
For Prob. 3.53.
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3.54 Find the mesh currents iy, i», and i3 in the circuit in

3 Fig 3.99.
ML
1 kQ 1kQ 1kQ
VWAL VWA VWA
1kQ
av@® () L () 2120) Qv
10V

Figure 3.99
For Prob. 3.54.

*3.55 In the circuit of Fig. 3.100, solve for I, I5, and 5.

H
ML

sa(d) & %29

=)
<
1|

Figure 3.100
For Prob. 3.55.

3.56 Determine v; and v, in the circuit of Fig. 3.101.

2Q
W
+ oy -
2Q 2Q
+
12V 2Q =22Q

Figure 3.101
For Prob. 3.56.

3.57 In the circuit of Fig. 3.102, find the values of R, V|,
and V, given that i, = 15 mA.

sov ()

Figure 3.102
For Prob. 3.57.

Methods of Analysis

3.58 Find iy, iy, and #5 in the circuit of Fig. 3.103.

H

ML 30Q

300 ®

Figure 3.103
For Prob. 3.58.

3.59 Rework Prob. 3.30 using mesh analysis.

H
ML

3.60 Calculate the power dissipated in each resistor in the
circuit of Fig. 3.104.

0.51,

0

—

4Q 8Q

iy

1Q 56 V 2Q

Figure 3.104
For Prob. 3.60.

3.61 Calculate the current gain i,/i, in the circuit of
Fig. 3.105.

10Q
e .
o
+
i, %2300 %%5% 40 Q

Figure 3.105
For Prob. 3.61.

3.62 Find the mesh currents i, i,, and i3 in the network of

1+ Fig 3.106.
ML

8 kQ 2kQ

410
AW AW
100V @ 4mA@¢2i,@§f>4OV

Figure 3.106
For Prob. 3.62.




Chapter 3, Problem 1.

Determine I in the circuit shown in Fig. 3.50 using nodal analysis.

1 kQ 4 kO
JAYAVA' /N

b

9V gsz 6V

Figure 3.50 For Prob. 3.1.

Chapter 3, Solution 1

Let Vi be the voltage at the node between 1-kQ and 4-kQ resistors.

9-V, 6-V, V,

+ =—< —> V,=6
1k 4k 2k

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 3, Problem 2.

For the circuit in Fig. 3.51, obtain v; and V».

20
'.'-.l'r'-.,-"'"-,.-'.'\-
2 6A 1
i 2
)
&
100 = S50 4Q°% b3a
L
Figure 3.51
Chapter 3, Solution 2
At node 1,
“h Mo 60 =8y, + 5,
10 5 2
At node 2,
Y2 234647 T2 4 36=-2v, +3v,
4 2
Solving (1) and (2),

V1:0V,V2=12

(1)

2)

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 3, Problem 3.

Find the currents i through i4 and the voltage V, in the circuit in Fig. 3.52.

ph ‘ o l " P
10A woz woz oz 24 @ woz

Figure 3.52

Chapter 3, Solution 3

Applying KCL to the upper node,

10=E+V° Yooy Mo vo=40V

1020 30 60
= 0= 4A = 2= 2A 0= 2= 13333 A, is= -2 = 666.7 MA
10 2 3 60

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 3, Problem 4.

Given the circuit in Fig. 3.53, calculate the currents i1 through is.

1A
|'I, -lr}@ _lr; “:‘.
1A s0Z we:  wo 505 sa
Figure 3.53
Chapter 3, Solution 4
2A
A A
iy i, iy iy
4A<T> 50 100 100 50 (T 5 A

Atnode 1,

4+2=vi/(5)+vi/(10) —> v;=20
Atnode 2,

5-2=vo/(10) + vo/(5) —» v, =10

H=vil5) =4A, b=v/(10)=2A, i3 =v2/(10) = 1A i4=vo/(5)=2A

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 3, Problem 5.

Obtain Vy in the circuit of Fig. 3.54.

30V 20V |+
J 4kQ =
2kQ = 5kQ = I

—

Figure 3.54
Chapter 3, Solution 5
Apply KCL to the top node.

30—V0+20—V0:V_0 Vo= 20V
2k 5k 4k

Chapter 3, Problem 6.

Use nodal analysis to obtain Vg in the circuit in Fig. 3.55.

1Q 4 10
) ﬁ'._:"'-.f lﬁ_‘ -"l'.'. .
r,* rll < l i
12V 60 20
Figure 3.55

Chapter 3, Solution 6
-12 -10
i+ +tiz=0 YVo7le Vo Vo T WV
4 6 2

or vo=8.727V

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 3, Problem 7.

Apply nodal analysis to solve for Vi in the circuit in Fig. 3.56.

Vi 2 200
2A 003 § 0 o2V,

Figure 3.56 For Prob. 3.7.

Chapter 3, Solution 7

VX_O+V’<_0+o.zvxzo

-2+
10 20

0.35Vi=2 or V,=5.714 V.

Substituting into the original equation for a check we get,

0.5714 + 0.2857 + 1.1428 = 1.9999 checks!

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 3, Problem 8.

Using nodal analysis, find Vg in the circuit in Fig. 3.57.

3 Q 5Q
AL "MW
+ J 3V
'rE’ ;'E 2 Q 4’Iu
N = 10
Figure 3.57
Chapter 3, Solution 8
3Q I 5Q
NN—> VWY
+ 3V +
Vo =20 VA
4 +i=0 —» L4V _3+V1_4V° =0

5 1 5
2 8
But v, =—v, sothat vi+5v;-15+v;- EVI =0

or vi = 15x5/(27)=2.778 V, therefore v, = 2v;/5 = 1.1111V

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 3, Problem 9.
Determine I, in the circuit in Fig. 3.58 using nodal analysis.

b
—>
/\/\/\ +

v 2 w0 2 0

Figure 3.58 For Prob. 3.9.

Chapter 3, Solution 9

Let V; be the unknown node voltage to the right of the 250-Q resistor. Let the ground
reference be placed at the bottom of the 50-Q resistor. This leads to the following nodal
equation:

V24 N V-0 N V; =601, -0 _
250 50 150

simplifying we get

3V, =72+15V; +5V; =300I, =0

0

24-V
But [}, = L Substituting this into the nodal equation leads to
242V, -100.8=0 orV;=4.165V.
Thus, I, = (24 — 4.165)/250 = 79.34 mA.

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 3, Problem 10.

Find iy in the circuit in Fig. 3.59.

1Q
AN
4A 2i,
@ &
W[ & <
= = =
8 Q < < 2Q < 4Q
Figure 3.59
Chapter 3, Solution 10
3Q I V1 i3 6 Q

2Vo

At the non-reference node,

12—-v, v,
3 8

But
12+ v+ vy

Substituting (2) into (1),

12-v, v

3 8

PROPRIETARY MATERIAL.

v, —2v,
H7e% 1
P (1)
=0 — vo=12-v, )
_24
+3’V1T > v,=3652V

© 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 3, Problem 11.

Find V, and the power dissipated in all the resistors in the circuit of Fig. 3.60.

10 v, 40
AVAVA MEVAVAVAN

36V §29 12V

Figure 3.60 For Prob. 3.11.

Chapter 3, Solution 11
At the top node, KVL gives

Vo=36 Vo0 Vo-(-12) _
1 2 4

0

1.75V, =33 or V,=18.857V

Pio=(36-18.857)%/1 =293.9 W
Pao = (Vo)*/2 = (18.857)%2 = 177.79 W

Pso = (18.857+12)%/4 = 238 W.

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 3, Problem 12.

Using nodal analysis, determine V, in the circuit in Fig. 3.61.

10 Q 1Q
/N /N

I +

30V §ZQ SQ§VO
41,

L

Figure 3.61 For Prob. 3.12.

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,
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Chapter 3, Solution 12

There are two unknown nodes, as shown in the circuit below.

100 1Q
N\ Vi MMAL Vo

30V §ZQ t i §SQ

At node 1,
V1—3O+V1—O+V1—VO _0
10 2 1 (1)
16V, —10V, =30
At node o,
- V. —
VO Vl _4IX + o) — O
5 (2)
-5V +6V, -20I, =0
But Iy = V,/2. Substituting this in (2) leads to
—15V; +6V,=0 or V;=0.4V, (3)

Substituting (3) into 1,

16(0.4V,) — 10V, =30 or V,=-8.333 V.

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 3, Problem 13.

Calculate v, and v in the circuit of Fig. 3.62 using nodal analysis.

2V

w20 oo
AN -
VN u
$0 = 40 = @ 3a
Figure 3.62

Chapter 3, Solution 13

At node number 2, [(v, +2) — 0]/10 + vo/4 =3 or v, = 8 volts

But, I=[(v2+2)-0]/10=(8 +2)/10=1 amp and v, = 8x1 = 8volts

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 3, Problem 14.

Using nodal analysis, find V, in the circuit of Fig. 3.63.

5A
20 80
ﬂ'\l'*'l'l'*".".."' "'\.'ﬁ'-,""-,n"'-_‘r
102 + |
# 240 @ 20v
0V -
Figure 3.63

Chapter 3, Solution 14

N
A ‘L SQ
Vo
Vi ———— VWV > A
10 20

40V

— 40 —
Atnode 1, ! 2V° +5= 1V° s Vi +v=70 (1)
- +20
Atnode 0, %u:%@v‘)— > 4vi-Tve=-20 )

Solving (1) and (2), vo = 27.27 V

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 3, Problem 15.

Apply nodal analysis to find i, and the power dissipated in each resistor in the circuit of
Fig. 3.64.

10V 38

@
_‘:::
=
>

A
268 S 58 b)aa
Figure 3.64
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Chapter 3, Solution 15

N
A ‘L SQ
Vo
Vi ———— VWV > A
10 20

40V

Nodes 1 and 2 form a supernode so that vi = v, + 10 (1)
At the supernode, 2 + 6v; + 5v, =3 (v3-v2) —» 2+ 6v; +8v,=3vs  (2)
Atnode 3, 2+4=3(v3-Vv))—>» v3=Vv,+2 3)

Substituting (1) and (3) into (2),

246V, +60+8v;=3v,+6 —» V2=—_1516
54

vi=va+10= —

1 2 11

io=6v; =29.45 A

2 2
Pgs = V—1=vfG=(ﬁ] 6= 1446 W
R 11

2
Pss = v2G = [_1_516j 5= 129.6 W

Pis=(v, -v,)’G=(2)?3=12W
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Chapter 3, Problem 16.

Determine voltages v, through vs in the circuit of Fig. 3.65 using nodal analysis.

28
2 . $S
k & ;
2A S s W= 48 @ v
| B

|

Figure 3.65

Chapter 3, Solution 16

\ 4

2A <D

At the supernode,
2=v;+2(vi-v3)+8(vy—v3)+4vy, which leads to 2 =3v; +12v, - 10v;3

But
Vi = Vs + 2vg and v = va.

Hence
vi = 3w,
V3 = 13V
Substituting (2) and (3) with (1) gives,

v =18.858 V, v, = 6.286 V, v; =13V

(1)

2)
)
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Chapter 3, Problem 17.

Using nodal analysis, find current I, in the circuit of Fig. 3.66.

L]

Iﬂ
—
< =
40 2 220
T 10 Q - S
AN\ S 8Q

60 \'é <f 3i,
Figure 3.66
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Chapter 3, Solution 17

Vi

\ 4

\ 4

4Q§

60 V

e

%89

Atnode I’MZE Vl_Vz
4 8 2
60 — -
At node 2, 3iy+ Vo NiTVs
10 2
Butig= 6O_Vl .
4

Hence

120:7V1 -4V2 (1)

0

3(6O—V1)+6O—V2 ViV
4 10

Solving (1) and (2) gives v; =53.08 V. Hence iy =

2=0 — 1020=5v; +12v,

2)

60-v, _ 1.73 A
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Chapter 3, Problem 18.

Determine the node voltages in the circuit in Fig. 3.67 using nodal analysis.

o
L=
-
-
'\.,-"\-,.-' ".-"l"-.-
< -
—
.._:__‘
=
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=
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<
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LS
=]
=
P

Figure 3.67

Chapter 3, Solution 18

Vi Vs 10V i

2Q 5 p 2Q r o

i V1 Vgi

40 T 8Q .- —

| « |

(a) (b)
Atnode2,inFig.(a),5=VZ;V‘+V2;V3 s 10=-vi+2vs-V3 (1)
At the supernode, VarVi VoV Vi Vs 40=2v, + v (2)
2 2 48

From Fig. (b),-v;-10+v3;=0—> v3=v; + 10 3)

Solving (1) to (3), we obtain v; = 10V, v, = 20V =v;
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Chapter 3, Problem 19.
Use nodal analysis to find v, v, and v; in the circuit in Fig. 3.68.

SH&

a5
'.qn"‘"_'u"__“
2| e r— ] ®
. o £E$ﬂ
sa@® Z4o  Za2e
O v
Figure 3.68 B
Chapter 3, Solution 19
Atnode 1,
V-V, V, -V, V
5=34-L 341 2oL 16=7V, -V, -4V, (1)
8 4
At node 2,
VI;V2=V72+V2;V3 > 0=-V, +7V, -2V, 2)
At node 3,
12 -V, Vv, -V, V,-V
3+ >+ 12 Sy 24 30 —  —36=4V,+2V, -V, (3)
From (1) to (3),
7 -1 —4)V, 16
-1 7 =2|V,|=| O ——> AV =B
4 2 -7)\Vv,) =36
Using MATLAB,
10
V=A"B=| 4.933 —> V, =10V, V,=4933V,V, =12.267V
12.267
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Chapter 3, Problem 20.
For the circuit in Fig. 3.69, find vy, V,, and v3 using nodal analysis.
12¥

% R .
I O, T 0 ” :
\7 . :\r'llk'“'t"-l!r v

| M
= ALk =18 > 462
Figure 3.69

Chapter 3, Solution 20
Nodes 1 and 2 form a supernode; so do nodes 1 and 3. Hence

VigVa Vs

2T TS0 T Vi, Y =0 (1)
s . v, 20 \'
— =N
40 10 40

Between nodes 1 and 3,
-V, +12+V, =0 —— V,=V,-12 (2)

Similarly, between nodes 1 and 2,
V, =V, +2i 3)

But i=V,/4. Combining this with (2) and (3) gives
V,=6+V,/2 4)

Solving (1), (2), and (4) leads to
V, =-3V, V, =45V,V, =-15V
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Chapter 3, Problem 21.

For the circuit in Fig. 3.70, find v; and Vv, using nodal analysis.

4 kQ

A A A
ViV

" VA

2 kO 3o
A A A A A "'2_
\/

<

—

3mA (4 1kQ = o

¥

Figure 3.70
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Chapter 3, Solution 21

4kQ
—W———
2kQ 3o 3Vo
Vi 44%% " V2 —< :>~——
i + +
3 mAQ Vo § 1kQ Ve V2
4
b
(@) (b)

Let v3 be the voltage between the 2k resistor and the voltage-controlled voltage source.
Atnode 1,
VimVy, ViV

3x10°° = — 12=3v;-v;-2v; (1)
4000 2000
Atnode 2,
Vl;V2+V1;V3=V—12—>3V1-5V2-2V3=0 )

Note that vo = vo. We now apply KVL in Fig. (b)
-V3-3va v =0 —» v3=-2v, 3)
From (1) to (3),

vi=1lV, v»,=3
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Chapter 3, Problem 22.

Determine Vi and V; in the circuit in Fig. 3.71.

8Q
r'l\.l‘"_ 'I'r.lfl.‘.'.
20 {3’_:
(-.\l.-‘-.v.-'-. \ ."2
W .
J 10
12V "_D > 40 [
i S,
Figure 3.71
Chapter 3, Solution 22
12—-v, v, vV, =V,
Atnode 1, 5 :?+3+T—> 24 ="7vy -V,

Atnode?2, 3+ Vi ;VZ _ Y +15Vz

But, vi=12 - v

Hence, 24 +v;-v;=8(v2+60+5v|)=4V
456 =41v, - v,
Solving (1) and (2),

vi=-1091V, v,=-100.36 V

(1)

2)
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Chapter 3, Problem 23.
Use nodal analysis to find V, in the circuit of Fig. 3.72.

2V,
1Q 4Q

AAA AAA L

+
30V<> ZQ§VO 16 O §
_ 3A

Figure 3.72 For Prob. 3.23.

Chapter 3, Solution 23

We apply nodal analysis to the circuit shown below.
2V,

1Q 40
MA___Yo MW i Vi

30V ZQ§VO 16 O §
3A

.

At node o, —

~ _ @
v, 3O+V0 O+Vo (V0+V1)=0—>1.25V0—0-25V1=30

1 2 4
(1)
Atnode 1,
2V, +V)) -V -
( o+41) °+V1160—3=0—>5V1+4V0=48 (2)

From (1), V;=5V,—120. Substituting this into (2) yields
29V,=648 or V,=22.34 V.

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 3, Problem 24.

Use nodal analysis and MATLAB to find V, in the circuit in Fig. 3.73.

8 Q
NV
+ V, —
2A
4A 40
NV —

1Q§ §ZQ §29 Sio

Figure 3.73 For Prob. 3.24.

Chapter 3, Solution 24

Consider the circuit below.

V> vV
N\ 3 — Vi

\1 “«—

1Q§ §ZQ §29 §19

.
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V11_0_4+¥=0—>1.125V1—0.125V4=4 (D
0 V,-V
+4+VZ2 0, Y2V =0—0.75V, —0.25V; =4 2)
V3=V, V3-0
34 2453~ 42=0--025V,+0.75V5 =2 (3)
Vy-Vy V-0
o 48V1+ 4205 -0.125V] +1.125Vy =2 (4)
1125 0 0 —0.125 4
0 075 -025 0 | _|-4
0 -025 0.75 0 -2
~0.125 0 0 1125 2

Now we can use MATLAB to solve for the unknown node voltages.

>>Y=[1.125,0,0,-0.125;0,0.75,-0.25,0;0,-0.25,0.75,0;-0.125,0,0,1.125]

Y =
1.1250 0 0 -0.1250
0 0.7500 -0.2500 0
0 -0.2500 0.7500 0
-0.1250 0 0 1.1250
>>1=[4,-4,-2,2]'
1=
4
-4
-2
2

>> V=inv(Y)*I

V=
3.8000
-7.0000
-5.0000
2.2000

V0:V1—V4:3.8—2.2:1.6V.
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Chapter 3, Problem 25.

Use nodal analysis along with MATLAB to determine the node voltages in Fig. 3.74.

20 Q)
IYAVAVA 4
10 » 10 4 | 10Q
1 YAVAVAN N\
30 Q0
4A t ; 8 Q) ; 200
Figure 3.74 For Prob. 3.25.
Chapter 3, Solution 25
Consider the circuit shown below.
20
1
30
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At node 1.
Vi-V, +\/1_V4

4= . > > 80=21,-20V, -V, (1)

At node 2,

WV, M, VooV, »  0=-80V,+98V,-8Y,  (2)
1 8 10

At node 3,

Va=Vs Vs V-V > 0=-2V,+5V, -2V, 3)
10 20 10

At node 4,

V.-V, +V3 -V, _V4 —> 0=3V,+6V; -11, “4)

20 10 30

Putting (1) to (4) in matrix form gives:

80 21 =20 0 -1
0 -80 98 -8 O

o
o
|
N
a1
|
N
-b< oo< N< H<

Using MATLAB leads to

V,=2552V, V,=2205V, V;=14842V, V,=15.055V
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Chapter 3, Problem 26.

Calculate the node voltages Vi, V», and Vs in the circuit of Fig. 3.75.

Figure 3.75
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Chapter 3, Solution 26

Atnode 1,

15-Vi _; M-V ViV, > —45="V, -4V, -2V, (1)
20 10 5

At node 2,

V, -V, N 41, -V, _ V, -V, ()
5 5 5

-V
But |, = 110 2. Hence, (2) becomes

0="7V, -1V, +3V, 3)
Atnode 3,

10 15 5

Putting (1), (3), and (4) in matrix form produces

7 -4 -2YV;) (-45
7 -15 3 |V,|=| 0 | —> AV=B
3 -6 11)v3) (70

Using MATLAB leads to
-7.19

V=AT'B=|-278
2.89

Thus,
V] = —719V, V2 = —278V, V3 =2.89V.
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Chapter 3, Problem 27.
Use nodal analysis to determine voltages V1, Vo, and V3 in the circuit in Fig. 3.76.

45
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Figure 3.76
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Chapter 3, Solution 27
Atnode 1,

2=2vi+vi—vy+(vi—v3)4+3ip ip= 4v,. Hence,

2:7V1+11V2—4V3 (1)
Atnode 2,
Vi—-Vo=4vp+vo—vy —» O0=— v +6Va—V3 (2)
At node 3,
2vs =4+ vy —v3+12v, + 4(V1 — V3)
or —4 = 4V1 + 13V2 — 7V3 (3)

In matrix form,

7 11 —4]v, 2
I -6 1 |v,|=]|0
4 13 —7|v,| |-4
7 11 -4 2 11 -4
A=|1 -6 1|=176, A, =|0 -6 1|=110
4 13 -7 -4 13 -7
7 2 -4 7 11 2
A,=[1 0 1]=66 A, =[1 -6 0|=286
4 —4 -7 4 13 —4
A A
V1:—1=M=0.625V, V) = —22&20.375\/
A 176 A
A
vy = B 280 osy
A 176

vi = 625mV, v, = 375mV, vz = 1.625 V.
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Chapter 3, Problem 28.

Use MATLAB to find the voltages at nodes a, b, ¢, and d in the circuit of Fig. 3.77.

= ~ =
108 = < 582 <. 463
ﬁ-',- o _‘J'
20 54
i WAL > ARAN, b
IIL':a: T
X < 5 A8
q = 1e £
<
My ELRY
il
Figure 3.77
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Chapter 3, Solution 28

Atnode c,

Vo Ve VoV Voo 0=-5V, +11V, -2V, (1)
10 4 5

At node b,

V. +45-V, V.-V, V

a ™t 5 b 4 ¢ b _ b — —45:Va—4Vb+2Vc (2)
8 4 8

At node a,

V. -30-V, V., V_ +45-V,

¢+_a+a+—5b:0 —  30=7V, -2V, -4V, (3)
4 16 8

At node d,

Va—3O_Vd:V_d+Vd_V° >  150=5V,+2V, -V, 4
4 20 10

In matrix form, (1) to (4) become
0 -5 11 -=-2\V, 0
1 -4 2 0|V —45
> |= ——> AV=B
7 -2 0 -4V, 30

5.0 2 -7)\v,) (150

We use MATLAB to invert A and obtain

-10.14
o 7.847
V=AB=
-1.736
-29.17
Thus,

V, =-10.14V, V, =7.847V, V, =-1.736 V, V, =-29.17V
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Chapter 3, Problem 29.

Use MATLAB to solve for the node voltages in the circuit of Fig. 3.78.

FI ATATAY L

Mé) 21§ 5128 O
=

Figure 3.78

Chapter 3, Solution 29

Atnode 1,
54V, -V, +2V,+V, -V, =0 —— -5=4V,-V,-V,
At node 2,
V,-V, =2V, +4(V,-V;,) =0 —— 0=-V,+7V, -4V,
At node 3,
6+4V,-V;))=V,-V, —— 6=-4V,+5V,-V,
At node 4,
24V, -V, +V, -V, =3V, —— 2=-V, -V, +5V,
In matrix form, (1) to (4) become
4 -1 0 -1}V, -5
-1 7 -4 0]V,
0 -4 5 -1V,
-1 0 -1 S5 )V, 2

0
= —> AV =B

Using MATLAB,
—-0.7708
y 1.209
V=AB=
2.309
0.7076
ie.

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

(1)
2)
3)

4)

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.




V, =-0.7708 V, V, =1.209V, V, =2.309V, V, =0.7076 V
Chapter 3, Problem 30.

Using nodal analysis, find v, and i, in the circuit of Fig. 3.79.

Figure 3.79

Chapter 3, Solution 30

| 40 Q
ﬂ‘ 0 120 V v
v 20Q Vo
AL AN — >
100 1 2
+
100 V <_> vy ( + 21, T 809§
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Atnode 1,

vi—v, 100-v, +4V0—V1

= 1
40 10 20 D
But, v, = 120+ v, — v, = v,— 120. Hence (1) becomes
7vi —9v, = 280 (2)
At node 2,
L+ar = Yo O
80
3V1+120—V0 _ Ve
40 80
or 6vy—7v, = -720 3)
7 =9 v, 280
from (2) and (3), =
6 —7|v, - 720
7 -9
= =-49+54=35
6 —7
280 -9 7 280
| = =-8440, A, = =—-6720
-720 -7 6 —720
A - A _
vy = =L = 8440 =—-1688, v, = —% = 6720 — 1344V
A 5 A 5
I, = 5.6 A
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Chapter 3, Problem 31.

Find the node voltages for the circuit in Fig. 3.80.

12

A A

Figure 3.80

Chapter 3, Solution 31

10V
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At the supernode,

V, V=V,

\%
1+2vo= 1 +-—2+ 1
R 1 M
But v, =v;—vs. Hence (1) becomes,
4 =-3v; +4v, +4v; (2)
At node 3,
10—
2v, + V—3=V1 - V3 3
4 2
or 20 =4v; +0vy—v3 3)
At the supernode, v, =v; +4i,. But i, = % Hence,
Vo2 =V + V3 (4)

Solving (2) to (4) leads to,

vi =497V, v, =485V, v3;=-0.12V.
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Chapter 3, Problem 32.
Obtain the node voltages V1, V2, and V3 in the circuit of Fig. 3.81.

Figure 3.81

Chapter 3, Solution 32

V3

loop2 | Vs

(b)

We have a supernode as shown in figure (a). It is evident that v, = 12 V, Applying KVL
to loops land 2 in figure (b), we obtain,

-vi—10+12=0o0orv;=2 and-12+20+v3=0 or v;=-8V

Thus, vi=2V, v,=12V, v;=-8V.
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Chapter 3, Problem 33.

Which of the circuits in Fig. 3.82 is planar? For the planar circuit, redraw the circuits
with no crossing branches.

1Q
AW

30 gm %59
m:% \%

6Q
&
2A
(a)

3JQ

40
50

v @ %m

14
(b)

Figure 3.82
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Chapter 3, Solution 33

(2) This is a planar circuit. It can be redrawn as shown below.

vy
5Q

2A
)
_/

(b) This is a planar circuit. It can be redrawn as shown below.

5Q
12v( + § 20Q
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Chapter 3, Problem 34.

Determine which of the circuits in Fig. 3.83 is planar and redraw it with no crossing
branches.

20
MW

1§1§ 50

AWy
40
(a)
8 Q
AN
5Q 4Q
"MW A
Iﬂ§ 60 3O
7Q 20 '
AN
4A
(b)

Figure 3.83

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 3, Solution 34

(a) This is a planar circuit because it can be redrawn as shown below,

—Wy
70
—Wy
20
10 é %39
60
1ov<+> % 50
40

(b) This is a non-planar circuit.

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 3, Problem 35.
Rework Prob. 3.5 using mesh analysis.
Chapter 3, Problem 5

Obtain Vy in the circuit of Fig. 3.54.

0V 20V

A

2 KQ = 5kQ§;
lk

—

Figure 3.54

Chapter 3, Solution 35

3ov<+ 20V
T - - +

1 12 Vo $4KQ
2 kQ % + 5KQ e

Assume that i; and i, are in mA. We apply mesh analysis. For mesh 1,

-30+20+ 711 —51,=0 or 7i; —5i, =10 (1)
For mesh 2,
20+ 91, —51;=0 or -51; +91, =20 (2)

Solving (1) and (2), we obtain, i, = 5.

vo =41, =20 volts.
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Chapter 3, Problem 36.

Rework Prob. 3.6 using mesh analysis.

Chapter 3, Problem 6

Use nodal analysis to obtain vy in the circuit in Fig. 3.55.

10%
10 4
] 'l"._'.'""r'r '.~,-"‘-_ — @ .
'I¢ le l I3
12V 260 20
Figure 3.55
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Chapter 3, Solution 36

4Q
—A\W _
I2

()
_/
A\ 4
12V 1 @
6Q 2Q§
&« &«

Applying mesh analysis gives,

iy

12 =101, - 61,
-10 = -61, + 81,
6 5 =371,
or =
-5 |-3 4 ]I,

5 -3 6 -3 5 6
A= =11, A, = =9, A, = =7
-3 4 -5 4 -3 -5

A, 9 A, =T
[ =—t=2, ,=-2=—
A 11 A 11

11=-1; =-9/11=-0.8181 A, 1,=1; =1, =10/11 = 1.4545 A.

Vo = 61, = 6x1.4545 = 8.727 V.
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Chapter 3, Problem 37.
Rework Prob. 3.8 using mesh analysis.
Chapter 3, Problem 8

Using nodal analysis, find Vg in the circuit in Fig. 3.57.

30 50
ANV A
+ 3V
220 <f> 4,
[ 10
Figure 3.57

Chapter 3, Solution 37

Applying mesh analysis to loops 1 and 2, we get,

6i; — 11, +3 =0 whichleadsto 1,=61; +3 (1)
i+ 61, -3 +4vy=0 (2)
But, vo = -21; 3)

Using (1), (2), and (3) we get i; =-5/9.
Therefore, we get v = -2i; = -2(-5/9) = 1.1111 volts
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Chapter 3, Problem 38.
Apply mesh analysis to the circuit in Fig. 3.84 and obtain .

40 30
VAVAVAN
uv (°F t )aa § 10
20 20
I,
A 4
+
IQ§ glg 9V
iR A
40
2A

Figure 3.84 For Prob. 3.38.

Chapter 3, Solution 38
Consider the circuit below with the mesh currents.

40 30
YAVAVAY VAVAVAN
uy (7 q t 4AI4 § 10
20 20
YAVAVAN YAVAVAN
lIo

05 () gq?

2A
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I =2A (1)

1(12—11) + 2(12—14) +9+4],=0
T —L=—11 @)

24 + 415 + 314 + 114 + 2(I4—1,) + 2(I; — 1) = 0 (super mesh)
2L +613+6l4,=+24—-4=20 3)

But, we need one more equation, so we use the constraint equation —I3 + I4 = 4. This now
gives us three equations with three unknowns.

7 0 -11,] [-11
2 6 6 |I3|=|20
0 -1 1|14 4

We can now use MATLAB to solve the problem.

>>7=[7,0,-1;-2,6,6;0,-1,0]

Z:

7 0 -1
2 6 6
0 -1 0
>>V=[-11,20,4]
V:

-11

20

4

>> [=inv(2)*V
I:

-0.5500
-4.0000
7.1500

10211—12:—2—4:—6A.
Check using the super mesh (equation (3)): 1.1 —24 +42.9 = 20!
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Chapter 3, Problem 39.
Determine the mesh currents i; and i, in the circuit shown in Fig. 3.85.

.1

r

4 £ 163
Hf’r"trﬂr‘@ # f I; Vil y
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Figure 3.85

LY Fal
PUTATY

Chapter 3, Solution 39

For mesh 1,
-10-21,+101, =61, =0

But I, =1, —1,. Hence,

10 = -21; + 21, +10I; =61, —— 5=4I;-2I, (1)
For mesh 2,
12+81,-61, =0 —— 6=31,-41, (2)
Solving (1) and (2) leads to

I, =0.8A, |I,=-09A
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Chapter 3, Problem 40.

For the bridge network in Fig. 3.86, find |, using mesh analysis.
b 2kQ

—_—
L.'q"*'v'.‘"r"‘.'\'
6 kQ ,./\' 6 kQ2

i1
-4

| /ﬁ zmz”&\
30\ A
N 7

4KQ 7 //ﬁ4mz

Figure 3.86

Chapter 3, Solution 40

) (s

Assume all currents are in mA and apply mesh analysis for mesh 1.

30 = 12i1*6i2*4i3 —> 15:6i1*3i2*2i3 (1)
for mesh 2,

0=-61; + 141, — 213 — 0=-31; +71h — 13 (2)
for mesh 2,

0=-4i; — 21, + 1013 0=-21; —1p + 513 3)

Solving (1), (2), and (3), we obtain,

1o =1; = 4.286 mA.
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Chapter 3, Problem 41.
Apply mesh analysis to find i, in Fig. 3.87.

10 2

Figure 3.87
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Chapter 3, Solution 41

6V

2Q m
_/

4Q$ @SV N Q %Q

For loop 1, 0
6= 12i1—2i2 —> 3:6i1—i2 (1)
For loop 2,
8= 211 +7h—13 (2)
For loop 3,
8+6+613—-1,=0 —> 2=—1+ 613 (3)

We put (1), (2), and (3) in matrix form,
6 —1 0f1,
2 =7 1|1, |=
0 -1 61, 2

6 -1 0 6 30
A=2 -7 1=-234, A, =2 8 1/=240
0 -1 6 026
6 -1 3
Ay =2 -7 8/=-38
0 -1 2
Atnode 0, i+ =iyori=is—ip= 2322 - 387290 _ 4 45 p
A - 234
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Chapter 3, Problem 42.

Determine the mesh currents in the circuit of Fig. 3.88.

00 ENEY 1 £
ke 3 i P "
12y By -_’f.-, B “”_,r‘x\ = MR (o T I,
w AT (i) P
#
(i
¢
&Y
Figure 3.88

Chapter 3, Solution 42

For mesh 1,

-12+501, =301, =0 —— 12=501, -30l, (1)
For mesh 2,

-8+1001, -301, —40l, =0 —— 8=-301,+1001, —40I, (2)
For mesh 3,

-6+501,-401,=0 —— 6=-40l, +501, 3)

Putting egs. (1) to (3) in matrix form, we get

50 -30 0 Y1) (12

-30 100 —-40| 1, |=|8 — Al =B
0 —-40 50 AlI, 6
Using Matlab,
0.48
| =A"'B=|0.40
0.44

ie. ;=048 A, L,=04A, ;=044 A
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Chapter 3, Problem 43.

Use mesh analysis to find vy and i, in the circuit in Fig. 3.89.

20 ©
.-‘-._'..*._‘..-._‘l,-'-__‘l_
|
, 30
80 % R
20 Q / L+
ANy e

\ 300 = ab

80y 300
20 02
AN
Figure 3.89
Chapter 3, Solution 43 200
4%%%
a
4%4%% I3 30Q
20Q
80V <+> i 300
20Q b
—\VW
For loop 1,
80 =701, — 201, — 3013 — 8 ="Ti; — 21, — 313
For loop 2,
80 =701, — 201; — 3013 8 =-21; + 7 — 313
For loop 3,
—

0 =-301; — 301, + 9013 0=1; +1 — 313
Solving (1) to (3), we obtain i3 = 16/9
I[,=13=16/9= 17778 A

Va =3013 = 53.33 V.

Vab

(1)
2)
3)
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Chapter 3, Problem 44.

Use mesh analysis to obtain I, in the circuit of Fig. 3.90.
6V
M
o

20 :E; i :j 4Q
e 1Q .
AN C_ 12V
502 3A
Figure 3.90

Chapter 3, Solution 44 6V

________ (A

50 i _
! !

Loop 1 and 2 form a supermesh. For the supermesh,

61 +4i,-513+12=0 (1)
For loop 3, -1 =41 +73+6 =0 2)
Also, L=3+1 3)

Solving (1) to (3), i1 =-3.067, i3 = -1.3333; i =i; — i = -1.7333 A
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Chapter 3, Problem 45.

Find current i in the circuit in Fig. 3.91.

4Q 8 Q2
LA, dTATATAY
G 4A
20 6L
"L"-."*'-.""'-p"‘".' "L"."'"-f"."-'"l kY
it
0V C_j : 30 ﬁ} 10
Figure 3.91
Chapter 3, Solution 45
4Q 8Q
—\W —\N——

30V [+ _ _
= It 39% I2 1Q %

For loop 1, 30 = 51; — 31p — 213 (1)
For loop 2, 101, -31; —6i4=0 (2)
For the supermesh, 613 + 14iy — 2i; — 61, =0 3)
But  i;—i3=4 which leadsto i4 =13+ 4 4)

Solving (1) to (4) by elimination gives i =1; = 8.561 A.
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Chapter 3, Problem 46.

Calculate the mesh currents i; and i, in Fig. 3.92.

Ly i £
|l‘I:-.-'l'q-c'r"-d:“-‘- ﬁ\-'#k{u"\r
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=,
12 ¥ ’_r:) @ =82 (& 2n,
o n

Figure 3.92

Chapter 3, Solution 46

For loop 1,
-12+11, -8i, =0 —— 11i,-8i, =12 (1)

For loop 2,
—8i, +14i, +2v, =0

But v, =3i,,
—8i +14i, +6i, =0 —— i =7, )

Substituting (2) into (1),
77, -8i, =12 —— i,=0.1739Aand i, =7i,=1217 A
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Chapter 3, Problem 47.
Rework Prob. 3.19 using mesh analysis.
Chapter 3, Problem 3.19

Use nodal analysis to find V3, V3, and V3 in the circuit in Fig. 3.68.

SH&

19
'.ql"""_'.d"'_v
80 . 40
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< < = 80
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Figure 3.68
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Chapter 3, Solution 47

First, transform the current sources as shown below.
-6V +

%
NS
\%g ~A8Q V,  A4Q V,

8Q
L 2Q I
+ +
20\() 12V

4Q

For mesh 1, -
~20+141,-21,-81,=0 ——> 10=71,—1, -4, (1)
For mesh 2,
12+141, =21, -41,=0 ——> —6=—1,+71,-2l, )
For mesh 3,
-6+141,-41,-81,=0 ——> 3=-41,-21,+71, 3)
Putting (1) to (3) in matrix form, we obtain
7 -1 =4\, 10
-1 7 =2|1,|=|-6 ——> Al=B
-4 -2 7\ 3
Using MATLAB,
2
| =A"'B=[0.0333 —> |, =25,1,=0.0333,1, =1.8667
1.8667 )
But
|1=20;V >V, =20-41, =10V
V,=2(I,-1,)=4.933V
Also,
|2=V3;12 V, =12+8l, =12.267V
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Chapter 3, Problem 48.

Determine the current through the 10-kQ2 resistor in the circuit in Fig. 3.93 using
mesh analysis.

Ty,
4 ke 2 ke 5 b
WA l WV W
2 1k
= f- n
v @ 2 @O
§¥

Figure 3.93
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Chapter 3, Solution 48

We apply mesh analysis and let the mesh currents be in mA.

4k Q 2kQ 5kQ

12

For mesh 1,

—12+8+51,-1,-41,=0 —— 4=5I-1,-4l, (1)
For mesh 2,

-8+131,-1,-101,-21,=0 —— 8=-1,+131,-101,-21, (2)
For mesh 3,

-6+151,-101,-51, =0 —— 6=-10l, +151, =51, 3)
For mesh 4,

—41,-21,-51,+141, =0 4)
Putting (1) to (4) in matrix form gives
5 -1 0 -4\ 4

-1 13 -10 -2 8
0 -10 15 -5|1,| |6
4 -2 -5 14 |1 0

Using MATLAB,
7.217
» 8.087
I=A"B=
7.791
6

The current through the 10k Q resistor is [,=I,— 15 = 0.2957 mA
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Chapter 3, Problem 49.
Find v, and i, in the circuit of Fig. 3.94.
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Figure 3.94
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Chapter 3, Solution 49

3Q
AW
is
1Q 20
W —\

20 § iy | i, ) 16 VG)

11 0 I>
(@)
10 2Q
— A~ —ANW—
16V
2Q - - +
% iy Vo Or iy C_)
(b)
For the supermesh in figure (a),
3i1+2i,-3i3+16=0 (1)
At node 0, 1o —1; = 21y and ip = -1; which leads to 1, = -1 (2)
Forloop 3,  -i; —2i + 6i3 =0 which leads to 6i3 = -, 3)

Solving (1) to (3), i1 = (-32/3)A, i, = (32/3)A, i3 = (16/9)A

io=-iy = 10.667 A, from fig. (b), vo = i3-3i; = (16/9) + 32 = 33.78 V.
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Chapter 3, Problem 50.

Use mesh analysis to find the current i, in the circuit in Fig. 3.95.
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Figure 3.95

Chapter 3, Solution 50

40 % Iy 20 § 5 5

! I3 |

100 |

VN ! :
e . Ss80

60V<+ i Q | )
— : |2 :
| 3ig |
Iy I3
For loop 1, 161; — 101, — 213 = 0 which leads to 8i; — 51, —13 =0 (1)

For the supermesh, -60 + 10i, — 10i; + 10i3 — 2i; =0
or -6i1 + 512 + 513 =30 (2)
AISO, 31() = i3 — i2 and i() = i1 which leads to 311 = i3 — iz (3)

Solving (1), (2), and (3), we obtain i; = 1.731 and ip=1,=1.731 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 3, Problem 51.

Apply mesh analysis to find V, in the circuit in Fig. 3.96.

S5A
20 n 8Q
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Figure 3.96

Chapter 3, Solution 51 5 A

o)
@)

:

a%

i» 5
+ \,C
40 40 20M .

—W

Forloop1l, 1;,=5A (1)
For loop 2, -40 + 71, — 21; — 413 = 0 which leads to 50 = 71, — 413 (2)
For loop 3, -20 +12i3 — 41, =0 whichleadsto 5=-1,+3 13 3)

Solving with (2) and (3), L,=10A, 3=5A

And, Vo =4(is — i) = 4(10 — 5) = 20 V.
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Chapter 3, Problem 52.

Use mesh analysis to find iy, i2, and i3 in the circuit of Fig. 3.97.
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Figure 3.97
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Chapter 3, Solution 52

Vs <+ .
_ I1

For mesh 1,

2(i; —12) + 4(i; —i3) — 12 =0 which leads to 3i; —i, —2i3=06 (1)
For the supermesh, 2(i, —1;) + 81, + 2vo + 4(i3 —1;) =0
But v = 2(i; — i) which leads to -i; + 3i; +2i3 =0 (2)
For the independent current source, i3 =3 + 1 3)

Solving (1), (2), and (3), we obtain,

1=35A, ,=-05A, 3= 25A.
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Chapter 3, Problem 53.

Find the mesh currents in the circuit of Fig. 3.98 using MATLAB.
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Figure 3.98 For Prob. 3.53.

Chapter 3, Solution 53

Applying mesh analysis leads to;

12 + 4KI, - 3k, — 1kI; = 0 (1)

—3kI; + 7kI, - 4kI4 =0

_3KI, + 7k, = —12 )

—lkll + 15kI3— 81(14 - 61(15 =0

_1KT, + 15kT; — 6k = 24 3)
L= 3mA (4)

—6klI; — 8kls + 16kls =0

—6kl; + 16kIs = 24 (5)
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Putting these in matrix form (having substituted I4 = 3mA in the above),

4 -3 -1 0 I 12

=37 0 0| |-12
-1 0 15 -6 |I3| |-24
0 0 -6 16| |I5| |-24
ZI=V

Using MATLAB,

>>7 =[4,-3,-1,0;-3,7,0,0;-1,0,15,-6;0,0,-6,16]

Z:
4 -3 -1 O
37 00
-1 0 15 -6
0 0 -6 16

>>V =[12,-12,-24,-24]
V =

12
-12
24
24

We obtain,
>>1=inv(Z)*V

1=
1.6196 mA
—1.0202 mA
—2.461 mA
3 mA
—2.423 mA
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Chapter 3, Problem 54.

Find the mesh currents iy, i, and i5 in the circuit in Fig. 3.99.
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Figure 3.99

Chapter 3, Solution 54

Let the mesh currents be in mA. For mesh 1,

-12+10+21, -1, =0 — 2=21,-1, (1)
For mesh 2,
-10+31,-1,-1,=0 —— 10=-I,+31, -1, (2)
For mesh 3,
-12+21,-1,=0 — 12=-1,+2I, 3)

Putting (1) to (3) in matrix form leads to

2 -1 0Y1,) (2
-1 3 —1[1,|=[10] — AI=B
0 -1 2)\1,) 12

Using MATLAB,
5.25

|=A"B=| 85 —> |, =525mA, |, =85mA,l, =10.25mA
10.25
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Chapter 3, Problem 55.

In the circuit of Fig. 3.100, solve for i, I, and is.
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Figure 3.100
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Chapter 3, Solution 55

b
AN |
4 A 6Q 5
Q) I i
A 1 120 40 Ty
a < () 0
) \_/
8V
Itis evident that I, =4 (1)
Formesh4, 12(I;—1))+4(Is—15)-8=0 (2)
For the supermesh 6(I, - 1)+ 10+ 213 +4(s—-15) =0
or -3I; + 3, + 3I; - 214, =-5 (3)
Atnode c, L=I3+1 4)

Solving (1), (2), (3), and (4) yields, I} =4A, 1, =3A, I3 =2A, and , =4A
Atnodeb, i]ZIQ—Ilzﬁ
Atnode a, i,=4-1,=0A

At node 0, 3=L—-13=2A
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Chapter 3, Problem 56.

Determine v; and Vv, in the circuit of Fig. 3.101.
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Chapter 3, Solution 56

+ v, —
—A\\N
2Q
)
20 2Q
—A\\N —\\W\
2Q +
12v(+> . % . 29?/2
_ I I3 _
Forloop 1, 12 = 4i; —2i, — 2i3 which leadsto 6 =2i; — 1, — 13 (1)
For loop 2, 0= 61, —2i; — 2 i3 which leadsto 0=-1; + 3i, — 13 (2)
For loop 3, 0= 613 —2i; — 2i, which leadsto 0=-1; —1i, + 313 3)
In matrix form (1), (2), and (3) become,
2 -1 —1}j 6
-1 3 -1|i,[=|0
-1 -1 3 |i 0
2 -1 -1 2 6 -1
A=]-1 3 -—-1=8, A=|-1 3 —-1=24
-1 -1 3 -1 0 3
2 -1 6
As=|-1 3 0/=24, therefore i, = 13 = 24/8 = 3A,
-1 -1 0

vy = 21, = 6 Volts, v = 2i; = 6 volts
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Chapter 3, Problem 57.

In the circuit in Fig. 3.102, find the values of R, Vi, and V, given that i, = 18 mA.

100V @ |
-:"+ .

Figure 3.102

Chapter 3, Solution 57

Assume R is in kilo-ohms.

V, =4kQx18mA =72V, V, =100-V, =100-72 =28V
Current through R is
3

) ] ) 3

I, =—1I V, =1,R —_— 28=—(18)R
RO34+R® bR 3+R( )
This leadsto R =84/26=3.23kQ
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Chapter 3, Problem 58.

Find iy, I, and i3 the circuit in Fig. 3.103.

30 Q
VAN

300 7 i) 120V < 300

N S

Figure 3.103

Chapter 3, Solution 58

30Q
30Q i 30Q

For loop 1, 120 + 40i; — 10i, = 0, which leads to -12 =4i; — 1, (1)
For loop 2, 501, — 10i; — 10i3 = 0, which leads to -i; + 51, —13=0 (2)
For loop 3, -120 — 101, + 40i3 = 0, which leads to 12 = -i, + 4i3 3)

Solving (1), (2), and (3), we get, 1; =-3A, 1, =0, and i3 = 3A
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Chapter 3, Problem 59.
Rework Prob. 3.30 using mesh analysis.
Chapter 3, Problem 30.

Using nodal analysis, find V, and i, in the circuit of Fig. 3.79.

Figure 3.79
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Chapter 3, Solution 59

_________________

: .
i ! is | ! 80 Q
100v€> i o (* s )| Xﬁ?

For loop 1, -100 + 301; — 201, + 4vy = 0, where v¢ = 80i3
or 5=1.511—1, + 1613 (1)

For the supermesh, 601, —20i; — 120 + 80i3 — 4 v = 0, where v = 8013
or 6=-1;+31, — 1213 (2)

Also, 2Ip =13 —1, and Iy = i», hence, 31, = 13 3)

From (1), (2), and (3), -1 3 -=12||1,|=| 6

3 -2 32 3 10 32 3 -2 10
A=|-1 3 —12|=5 A=|-1 6 -12/=-28, A3=|-1 3 6|=-84
0 3 -1 0 0 -1 0

I() = i2 = A2/A =-28/5=-5.6 A

Vo = 8i3 = (-84/5)80 = -1.344 kvolts
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Chapter 3, Problem 60.

Calculate the power dissipated in each resistor in the circuit in Fig. 3.104.
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Figure 3.104
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0.5ig
—>
A 40 10V 8Q Y
Vi ¢—e—"\NN . —A\N——>—9 V2
Y Y

%lﬂ 10V + §2§2

Atnode 1, (vi/1)+ (0.5vi/1)= (10— v;)/4, which leads to v; =10/7
Atnode 2, (0.5vy/1)+ ((10 —v;)/8) = v,/2 which leads to v, =22/7
Pio = (v1)*/1 = 2.041 watts, P,q = (v2)*/2 = 4.939 watts

Pso = (10 — v;)*/4 = 18.38 watts, Pgo = (10 — v,)*/8 = 5.88 watts
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Chapter 3, Problem 61.
Calculate the current gain iy/is in the circuit of Fig. 3.105.
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Chapter 3, Solution 61

20Q 10Q
A W

Q) VoS 300 s 400

Atnode 1, i5= (v1/30) + ((vi — v2)/20) which leads to 60is = 5v| — 3v, (1)
But v, =-5v¢ and vy =v; which leads to v, = -5v;
Hence, 60is=5v; + 15v; =20v; which leads to v = 3is, v, = -15i;

1o = v2/50 = -151/50 which leads to 1¢/is =-15/50 =-0.3
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Chapter 3, Problem 62.
Find the mesh currents iy I, and i3 in the network of Fig. 3.106.

4 kil 2 kil

8 ki)
_J"-H- - i -
100V ( ,',:;- CD 4mA -”1:] %Pz:. ,/:',) (:b 0y

Figure 3.106
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4 kQ 8 kQ B 2 kQ

_________________________

9D ) G-

We have a supermesh. Let all R be in kQ, i in mA, and v in volts.

For the supermesh, -100 +4i; + 81, +2i3 +40=0 or30=21; +4i +i3 (1)
At node A, i1+4=1, )
At node B, =21 +13 3)

Solving (1), (2), and (3), we get 1, =2 MA, 1, =6 MA, and i3 =2 mA.
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Chapter 3, Problem 63.
Find vy, and ix in the circuit shown in Fig. 3.107.
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10Q A
VW %_} __________ T; __________
i 5 § 50
50V C) i _ S\ !
_J I I E
e N
: : — 4|x
For the supermesh, -50 + 10i; + 51, + 4ix = 0, but iy =1;. Hence,
50 = 14i; + 51, (D
Atnode A, 1; +3 + (vy/4) =1, but vy = 2(1; — 1), hence, i; +2 =1, (2)

Solving (1) and (2) gives i; =2.105 A and i, =4.105 A

vx =2(1; — 1) = =4 volts and iy =1, — 2 =2.105 amp
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Chapter 3, Problem 64.

Find Vo, and I, in the circuit of Fig. 3.108.
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Chapter 3, Solution 64

i, 50Q A i, 10Q

—\\N—> —\\N—

Y

/7 N\ Swwal b

! I1 |

: I §4og

1oov(+> | 5--{ ________________________ .
i t 0.2V,
iy B

For mesh 2, 201, — 10i; +4ip=0 (1)
But at node A, i, =1; — 1, so that (1) becomes i; = (16/6)i, 2)

For the supermesh, -100 + 50i; + 10(i; — i) — 4ip + 4013 =0

or 50 =28i; — 3iy + 2013 3)
At node B, +02vg=2+1; 4)
But, vo = 101, so that (4) becomes i3 =2 + (2/3)i, ®)]

Solving (1) to (5), 1, =0.11764,

vo = 101, = 1.1764 volts, ip=1; - 1 = (5/3)1, = 196.07 mA
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Chapter 3, Problem 65.

Use MATLAB to solve for the mesh currents in the circuit of Fig. 3.109.
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Chapter 3, Solution 65

For mesh 1,
—12"‘1211—612—14:001'
12=121, -6l, -1,
For mesh 2,
—611+ 1612—813—14—15:0
For mesh 3,
—812+1513—I5—9=00r
9=-28,+15I;—1s
For mesh 4,
L1 -, +7l4—2ls—6=0or
6:—11—Iz+7l4—215
For mesh 5,

—12—13—2I4+8I5—IO=00r
10=—1,—1,-21, +8I,
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Casting (1) to (5) in matrix form gives
12 -6 0 1 0} 12
-6 16 -8 -1 1|1,
0 -8 15 0 -1|I3]|=|9 ——> AlI=B
-1 -1 0 7 =214 6
0 -1 -1 -2 8 \I; 10

Using MATLAB we input:
7=[12,-6,0,-1,0;-6,16,-8,-1,-1;0,-8,15,0,-1;-1,-1,0,7,-2;0,-1,-1,-2,8]
and V=[12;0;9;6;10]

This leads to
>>7-[12,-6,0,-1,0;-6,16,-8,-1,-1;0,-8,15,0,-1;-1,-1,0,7,-2;0,-1,-1,-2,8]

7 =
12 6 0 -1 O
-6 16 -8 -1 -1
0 -8 I5 0 -1
-1 -1 0 7 -2
o -1 -1 -2 8

>>V=[12;0;9;6;10]

V=
12
0
9
6
10

>> [=inv(Z2)*V

I=

2.1701
1.9912
1.8119
2.0942
2.2489

Thus,
| =[2.17,1.9912, 1.8119, 2.094, 2.249] A.
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