
Fundamentals of
Electric Circuits

FiFt h  Edition

Charles K. Alexander | Matthew n. o. Sadiku

Fundam
entals of

Electric C
ircuits

FiFth 
Edition

Alexander

Sadiku

With its objective to present circuit analysis in a manner that is clearer, more interesting, and easier to 
understand than other texts, Fundamentals of Electric Circuits by Charles Alexander and Matthew Sadiku 

has become the student choice for introductory electric circuits courses. 

Building on the success of the previous editions, the fifth edition features the latest updates and advances in the 
field, while continuing to present material with an unmatched pedagogy and communication style.

Pedagogical Features

■  Problem-Solving Methodology. A six-step method for solving circuits problems is introduced in Chapter 1 and 
used consistently throughout the book to help students develop a systems approach to problem solving that 
leads to better understanding and fewer mistakes in mathematics and theory.

■  Matched Example Problems and Extended Examples. Each illustrative example is immediately followed by a 
practice problem and answer to test understanding of the preceding example. one extended example per 
chapter shows an example problem worked using a detailed outline of the six-step method so students can 
see how to practice this technique. Students follow the example step-by-step to solve the practice problem 
without having to flip pages or search the end of the book for answers.

■  Comprehensive Coverage of Material. not only is Fundamentals the most comprehensive text in terms of 
material, but it is also self-contained in regards to mathematics and theory, which means that when students 
have questions regarding the mathematics or theory they are using to solve problems, they can find answers to 
their questions in the text itself. they will not need to seek out other references. 

■  Computer tools. PSpice® for Windows is used throughout the text with discussions and examples at the end of 
each appropriate chapter. MAtLAB® is also used in the book as a computational tool.

■  new to the fifth edition is the addition of 120 national instruments Multisim™ circuit files. Solutions for almost 
all of the problems solved using PSpice are also available to the instructor in Multisim. 

■  We continue to make available KCidE for Circuits (a Knowledge Capturing integrated design Environment for 
Circuits).

■   An icon is used to identify homework problems that either should be solved or are more easily solved using 
PSpice, Multisim, and/or KCidE. Likewise, we use another icon to identify problems that should be solved or are 
more easily solved using MAtLAB.

Teaching Resources

McGraw-hill Connect® Engineering is a web-based assignment and assessment platform that gives students the 
means to better connect with their coursework, with their instructors, and with the important concepts that they 
will need to know for success now and in the future. Contact your McGraw-hill sales representative or visit www.
connect.mcgraw-hill.com for more details.

the text also features a website of student and instructor resources. Check it out at www.mhhe.com/alexander.
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114 Chapter 3 Methods of Analysis

Problems

Sections 3.2 and 3.3 Nodal Analysis

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

3.3 Find the currents through and the voltage in
the circuit of Fig. 3.52.

voI4I1

9 V12 V

R1 R2

R3
+
−

+
−

Ix

Figure 3.50
For Prob. 3.1 and Prob. 3.39.

3.2 For the circuit in Fig. 3.51, obtain and .v2v1

Figure 3.51
For Prob. 3.2.

Figure 3.52
For Prob. 3.3.

Figure 3.53
For Prob. 3.4.

3 A

6 A

5 Ω10 Ω

2 Ω

v1 v2

4 Ω

8 A 20 A 60 Ω30 Ω20 Ω10 Ω

I1 I2 I3 I4

vo

6 A 2 A

3 A

40 Ω40 Ω10 Ω20 Ω

i1 i2 i3 i4

3.7 In the circuit of Fig. 3.49, current is:

(a) 4 A (b) 3 A (c) 2 A (d) 1 A

i1 3.9 The PSpice part name for a current-controlled
voltage source is:

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

3.10 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, 3.2c, 3.3a, 3.4c, 3.5c, 3.6a, 3.7d, 3.8b,
3.9c, 3.10b,d.

i1 i22 A20 V +
−

2 Ω 1 Ω

3 Ω 4 Ω

v
+

−

Figure 3.49
For Review Questions 3.7 and 3.8.

3.8 The voltage v across the current source in the circuit
of Fig. 3.49 is:

(a) 20 V (b) 15 V (c) 10 V (d) 5 V

3.4 Given the circuit in Fig. 3.53, calculate the currents
through .i4i1

ale80571_ch03_081_126.qxd  11/30/11  4:10 PM  Page 114



Problems 115

Figure 3.54
For Prob. 3.5.

Figure 3.55
For Prob. 3.6.

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

V1

30 V +
−

2 kΩ

20 V +
−

5 kΩ
4 kΩ vo

+

−

10 Ω10 V 20 V+
−

+
−

10 Ω

5 Ω

4 Ω

V1

+

−

10 Ω2 A 0.2Vx20 ΩVx

+

−

Figure 3.56
For Prob. 3.7.

3.5 Obtain in the circuit of Fig. 3.54.vo

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

Vx

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

Figure 3.57
For Prob. 3.8 and Prob. 3.37.

60 V

5vo4 Ωvo

+

− 20 Ω

6 Ω 20 Ω

+
−

+
−

3.9 Determine in the circuit in Fig. 3.58 using nodal
analysis.

Ib

Figure 3.58
For Prob. 3.9.

24 V +
− 50 Ω 150 Ω

60Ib250 Ω
+ −

Ib

3.10 Find in the circuit of Fig. 3.59.Io

Figure 3.59
For Prob. 3.10.

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

Vo

Figure 3.60
For Prob. 3.11.

2 Ω 4 Ω8 Ω

1 Ω

4 A 2 Io

Io

60 V +
−

−
+12 Ω 24 V

12 Ω Vo
6 Ω

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

Vo

Figure 3.61
For Prob. 3.12.

20 Ω 10 Ω

20 Ω 10 Ω

40 V +
− 4 Ix

Ix

Vo

+

−
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3.13 Calculate and in the circuit of Fig. 3.62 using
nodal analysis.

v2v1

Figure 3.62
For Prob. 3.13.

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

Figure 3.63
For Prob. 3.14.

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

io

Figure 3.64
For Prob. 3.15.

116 Chapter 3 Methods of Analysis

8 Ω 4 Ω 15 A

2 Ω 10 V v2v1
+ −

2 Ω

12.5 A

8 Ω

+
−

+
−4 Ω 50 Vvo

+

−

1 Ω

100 V

5 S6 S

2 A

io

4 A

3 S10 V

+ −

3.16 Determine voltages through in the circuit of
Fig. 3.65 using nodal analysis.

v3v1

Figure 3.65
For Prob. 3.16.

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

io

Figure 3.66
For Prob. 3.17.

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

Figure 3.67
For Prob. 3.18.

Figure 3.68
For Prob. 3.19.

1 S 13 V

2 S

v1 v2

2vo

v3

8 S

2 A 4 Svo

+

−
+
−

+ −

60 V

io

3io

10 Ω
8 Ω

2 Ω

+
−

4 Ω

15 A

2
31

2 Ω2 Ω

30 V

+−

8 Ω4 Ω

4 Ω 2 Ω

4 Ω

2 Ω

3 A

12 V

8 Ω

8 Ωv1
v2

v3

5 A

+
–

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

v3v2v1
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Problems 117

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

v3v2,v1,

Figure 3.69
For Prob. 3.20.

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

v2v1

Figure 3.70
For Prob. 3.21.

3 mA

v2v1

2 kΩ

4 kΩ

1 kΩ vo

3vo

+

−

+−

3.22 Determine and in the circuit of Fig. 3.71.v2v1

Figure 3.71
For Prob. 3.22.

3 A
v2

5vo

v1

8 Ω

1 Ω
4 Ω12 V

2 Ω

vo

+
−

–
+

+ −

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

Figure 3.72
For Prob. 3.23.

+
− 3 A30 V

1 Ω

2 Ω 16 Ω

4 Ω
2Vo

+ −

Vo

+

−

3.24 Use nodal analysis and MATLAB to find in the
circuit of Fig. 3.73.

Vo

Figure 3.73
For Prob. 3.24.

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

4 Ω

2 Ω1 Ω 2 Ω

2 A 4 A

8 Ω

1 Ω

Vo+ −

8 Ω4 A 20 Ω

10 Ω
10 Ω1 Ω

20 Ω

30 Ω
v3v1

v2

v4

Figure 3.74
For Prob. 3.25.

3.26 Calculate the node voltages , , and in the
circuit of Fig. 3.75.

v3v2v1

Figure 3.75
For Prob. 3.26.

+
− +

−

3 A

15 V 10 V

5 Ω 5 Ω

10 Ω

5 Ω20 Ω 15 Ω

io

4io

v2v1 v3

+
−

2 Ω

1 Ω

i

4 Ω 4 Ω

v3
2i

–+

12 V

v2v1

+ –
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118 Chapter 3 Methods of Analysis

*3.27 Use nodal analysis to determine voltages , , and
in the circuit of Fig. 3.76.v3

v2v1

Figure 3.76
For Prob. 3.27.

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

Figure 3.77
For Prob. 3.28.

2 S2 A 4 S 2 S 4 A

io

1 S

4 S

1 Sv1

3io

v2 v3

10 Ω

60 V

5 Ω

16 Ω
4 Ω

4 Ω

8 Ω20 Ω

8 Ω

90 V

b

c

a

d

+
−+

−

* An asterisk indicates a challenging problem.

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

Figure 3.78
For Prob. 3.29.

Figure 3.81
For Prob. 3.32.

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

iovo

Figure 3.79
For Prob. 3.30.

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

Figure 3.80
For Prob. 3.31.

5 A

V1 V3

V4

V21 S 4 S

2 A
1 S 1 S

2 S 2 S 6 A

3 S

+
−80 V 80 Ω vo

+

−

10 Ω 20 Ω

40 Ω 96 V

+
− 2io4vo

+−

io

4 Ω1 A 1 Ω 4 Ω 10 V

Io

1 Ω

2 Ωv1

2vo4Io
v2 v3

+
−

vo

+−

+ −

10 kΩ4 mA

5 kΩ

v1

20 V10 V v2 v3

12 V+
−

+− + −

3.32 Obtain the node voltages , and in the circuit
of Fig. 3.81.

v3v1, v2
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Problems 119

Sections 3.4 and 3.5 Mesh Analysis

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

Figure 3.82
For Prob. 3.33.

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

2 Ω

6 Ω

5 Ω

2 A

(a)

4 Ω
3 Ω

1 Ω

(b)

12 V +
− 2 Ω

3 Ω

5 Ω
4 Ω

1 Ω

10 V +
−

3 Ω

5 Ω

2 Ω

7 Ω

4 Ω

(a)

1 Ω

6 Ω

7 Ω

6 Ω1 Ω 3 Ω

4 A

(b)

8 Ω

2 Ω

5 Ω 4 Ω

Figure 3.83
For Prob. 3.34.

12 V

4 Ω

6 Ω 2 Ω

10 V

+
−

i2i1 i3
+ –

Figure 3.84
For Prob. 3.36.

3.35 Rework Prob. 3.5 using mesh analysis.

3.36 Use mesh analysis to obtain i1, i2, and i3 in the
circuit in Fig. 3.84.

Figure 3.85
For Prob. 3.38.

1 Ω

5 A

1 Ω

2 Ω 2 Ω

22.5 

10 A60 V 1 Ω

Io

4 Ω

4 Ω 3 Ω

+
−

+
−

3.39 Using Fig. 3.50 from Prob. 3.1, design a problem to
help other students better understand mesh analysis.

3.37 Solve Prob. 3.8 using mesh analysis.

3.38 Apply mesh analysis to the circuit in Fig. 3.85 and
obtain Io.
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3.43 Use mesh analysis to find and in the circuit of
Fig. 3.89.

iovab

120 Chapter 3 Methods of Analysis

Figure 3.86
For Prob. 3.40.

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

Figure 3.87
For Prob. 3.41.

56 V +
−

2 kΩ

2 kΩ

6 kΩ 6 kΩ

4 kΩ4 kΩ

io

+
−

+ −

10 Ω

2 Ω

5 Ω
1 Ω

8 V

6 V
i1

i2 i3

i

4 Ω

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

Figure 3.88
For Prob. 3.42.

20 Ω 30 Ω 10 Ω

V3

V2

V1
40 Ω30 Ωi1

i2

i3 +
–

+ –

–
+

Figure 3.89
For Prob. 3.43.

3.44 Use mesh analysis to obtain in the circuit of 
Fig. 3.90.

io

Figure 3.90
For Prob. 3.44.

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

Figure 3.91
For Prob. 3.45.

3.46 Calculate the mesh currents i1 and i2 in Fig. 3.92.

+
−

20 Ω

20 Ω
30 Ω

30 Ω

20 Ω

80 V

+
−80 V

30 Ω vab

+

−

io

45 A

180 V+
−

4 Ωio 1 Ω

90 V

2 Ω

5 Ω

+ −

4 A

30 V

i
+
− 3 Ω 1 Ω

2 Ω 6 Ω

4 Ω 8 Ω

Figure 3.92
For Prob. 3.46.

i1 i212 V +
− 8 Ω

6 Ω3 Ω

2vo
+
−

+ −vo

3.40 For the bridge network in Fig. 3.86, find using
mesh analysis.

io

3.47 Rework Prob. 3.19 using mesh analysis.

ale80571_ch03_081_126.qxd  11/30/11  4:10 PM  Page 120



Problems 121

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

�

Figure 3.93
For Prob. 3.48.

3.49 Find and in the circuit of Fig. 3.94.iovo

Figure 3.94
For Prob. 3.49.

3.50 Use mesh analysis to find the current in the circuit
of Fig. 3.95.

io

Figure 3.95
For Prob. 3.50.

6 V

4 V

3 V
10 kΩ

1 kΩ

4 kΩ 2 kΩ 5 kΩ

3 kΩ

+
− +

−

+
−

27 V2io

3 Ω

1 Ω 2 Ω

2 Ω +
−

io

vo

3.51 Apply mesh analysis to find in the circuit of
Fig. 3.96.

vo

Figure 3.96
For Prob. 3.51.

3.52 Use mesh analysis to find and in the circuit
of Fig. 3.97.

i3i2,i1,

Figure 3.97
For Prob. 3.52.

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

Figure 3.98
For Prob. 3.53.

20 V

5 A

2 Ω 8 Ω

1 Ω

40 V

vo

+
−

+
−4 Ω

12 V +−

8 Ω

4 Ω +
−

2 Ωvo

2vo

i2

i3

i1

3 A

+

−

2 kΩ

I5

6 kΩ 8 kΩ

8 kΩ

3 kΩ

I3 I4

1 kΩ 4 kΩ

12 V +
− I2I1

3 mA

3io

10 Ω
4 Ω

35 V +
−

io

8 Ω

2 Ω
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3.58 Find and in the circuit of Fig. 3.103.i3i2,i1,

Figure 3.103
For Prob. 3.58.

3.59 Rework Prob. 3.30 using mesh analysis.

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

Figure 3.104
For Prob. 3.60.

3.61 Calculate the current gain in the circuit of
Fig. 3.105.

io�is

Figure 3.105
For Prob. 3.61.

3.62 Find the mesh currents and in the network of
Fig. 3.106.

i3i2,i1,

3.54 Find the mesh currents i1, i2, and i3 in the circuit in
Fig. 3.99.

Figure 3.99
For Prob. 3.54.

*3.55 In the circuit of Fig. 3.100, solve for and I3.I2,I1,

Figure 3.100
For Prob. 3.55.

3.56 Determine and in the circuit of Fig. 3.101.v2v1

Figure 3.101
For Prob. 3.56.

Figure 3.102
For Prob. 3.57.

3.57 In the circuit of Fig. 3.102, find the values of R, 
and given that mA.io � 15V2

V1,

122 Chapter 3 Methods of Analysis

1 kΩ 1 kΩ 1 kΩ

12 V12 V

10 V

1 Ω
1 kΩ

+
–

–
+

–
+

i1 i2 i3

4 A 2 Ω

1 A
I3

I1

I2

6 Ω

12 Ω 4 Ω

8 V

+ −

10 V

+ −

12 V

2 Ω 2 Ω

2 Ω+
−

2 Ω

v1

2 Ωv2

+

−

+ −

10 Ω

10 Ω

120 V 30 Ω30 Ω

30 Ω

i3

i2

i1

+
−

56 V

0.5io

4 Ω 8 Ω

1 Ω 2 Ω+
−

io

5vo

20 Ω 10 Ω

40 Ω

io

is 30 Ωvo

+

−
–
+

4 kΩ 8 kΩ 2 kΩ

100 V 4 mA 2i1 40 V+
−

+
−i1 i2 i3

Figure 3.106
For Prob. 3.62.

90 V

V1

io

+

+

−
V2

+

−

−
R

4 kΩ

3 kΩ
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Chapter 3, Problem 1. 
 
Determine Ix in the circuit shown in Fig. 3.50 using nodal analysis. 

 
1 kΩ 4 kΩ  

 

+ 
_ 

Ix 

2 kΩ 
+ 
_ 

 
 
 9 V 6 V 
 
 
 
 
 

Figure 3.50  For Prob. 3.1. 
 
 
 
 
 
 
 
 
 
Chapter 3, Solution 1 
 
Let  Vx be the voltage  at the node between 1-kΩ and 4-kΩ resistors. 
 

 9 6 6
1 4 2

x x k
x

V V V V
k k k
− −

+ = ⎯⎯→ =  

 3 mA
2

x
x

VI
k

= =  
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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, Problem 2. 
 
For the circuit in Fig. 3.51, obtain v1 and v2. 

 

 
 
Figure 3.51 

 
 
 
 
Chapter 3, Solution 2 
 
At node 1, 
 

  
2

vv6
5
v

10
v 2111 −

+=−
−

        60 = - 8v1 + 5v2  (1) 

 
At node 2, 

  
2

vv63
4

v 212 −
++=               36 = - 2v1 + 3v2  (2) 

 
Solving (1) and (2), 
    
  v1 = 0 V, v2 = 12 V
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Chapter 3, Problem 3. 
 
Find the currents i1 through i4 and the voltage vo in the circuit in Fig. 3.52. 

 

 
 
Figure 3.52 

 
 
 
 
 
 
 
 
 
Chapter 3, Solution 3 
 
 Applying KCL to the upper node, 
 

  10 = 
60
v

2
30
v

20
v

10
v 0oo0 ++++      v0 = 40 V

 

  i1 =  =
10
v0  4 A , i2 = =

20
v0  2 A, i3 = =

30
v0  1.3333 A, i4 = =

60
v0  666.7 mA 
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Chapter 3, Problem 4. 
 
Given the circuit in Fig. 3.53, calculate the currents i1 through i4. 

 

 
 
Figure 3.53 

 
 
 
 
Chapter 3, Solution 4 
 
 

i1 

10 Ω 5 Ω 5 A5 Ω 4 A 

i2

v2v1

i3 i4 

10 Ω 

2A
 
 
 
 
 
 
 
 
 
At node 1, 
 
 4 + 2 = v1/(5) + v1/(10)      v1 = 20 
 
At node 2, 
 
 5 - 2 = v2/(10) + v2/(5)    v2 = 10 
 
 i1 = v1/(5) = 4 A, i2 = v1/(10) = 2 A, i3 = v2/(10) =  1 A, i4 = v2/(5) = 2 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 5. 
 
Obtain v0 in the circuit of Fig. 3.54. 

 

 
 
Figure 3.54 

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

  
k4

v
k5
v20

k2
v30 000 =

−
+

−
        v0 = 20 V

 
Chapter 3, Problem 6. 
 
Use nodal analysis to obtain v0 in the circuit in Fig. 3.55. 
 

 
 
Figure 3.55 

 
Chapter 3, Solution 6 

 i1 + i2 + i3 = 0    0
2

10v
6
v

4
12v 002 =

−
++

−
 

 
  or   v0 = 8.727 V 
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Chapter 3, Problem 7. 
 
Apply nodal analysis to solve for Vx in the circuit in Fig. 3.56. 
 
 
 

10 Ω 
20 Ω 2 A 

+ 

_ 
0.2 Vx 

Vx 

 
 
 
 
 
 
 
 
 

Figure 3.56  For Prob. 3.7. 
 
 
 
 
 
 
 
Chapter 3, Solution 7 
 

 0V2.0
20

0V
10

0V2 x
xx =+
−

+
−

+−  

 
 0.35Vx = 2  or  Vx = 5.714 V. 
 
Substituting into the original equation for a check we get, 

 
0.5714 + 0.2857 + 1.1428 = 1.9999 checks! 
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Chapter 3, Problem 8. 
 
Using nodal analysis, find v0 in the circuit in Fig. 3.57. 
 

 
 
Figure 3.57 

 
 
 
 
 
 
 
Chapter 3, Solution 8 
 

–
+3V

4V0

+ 
V0 

– +
–

1 Ω 

i1

2 Ω 

3 Ω 5 Ω 

i2

i3 v1
 
 
 
 
 
 
 
 
 
 
 

 i1 + i2 + i3 = 0   0
5

v4v
1

3v
5
v 0111 =

−
+

−
+  

But 10 v
5
2v =   so that  v1 + 5v1 - 15 + v1 - 0v

5
8

1 =  

 or  v1 = 15x5/(27) = 2.778 V, therefore  vo  =  2v1/5  =  1.1111 V 
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Chapter 3, Problem 9. 
 
Determine Ib in the circuit in  Fig. 3.58 using nodal analysis. 
 

250 Ω

50 Ω 

+ – 

150 Ω 

+ 
_ 24 V 

60 Ib Ib  
 
 
 
 
 
 
 
 
 

Figure 3.58  For Prob. 3.9. 
 
 
 
 
Chapter 3, Solution 9 
 
Let V1 be the unknown node voltage to the right of the 250-Ω resistor.  Let the ground 
reference be placed at the bottom of the 50-Ω resistor.  This leads to the following nodal 
equation: 
 

  
0I300V5V1572V3

getwegsimplifyin

0
150

0I60V
50

0V
250

24V

b111

b111

=−++−

=
−−

+
−

+
−

 

  

But  
250

V24I 1
b

−
= .  Substituting this into the nodal equation leads to 

 
    or V08.100V2.24 1 =− 1 = 4.165 V. 
 
Thus,  Ib = (24 – 4.165)/250 = 79.34 mA. 
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Chapter 3, Problem 10. 
 
Find i0 in the circuit in Fig. 3.59. 
 

 
 
Figure 3.59 

 
Chapter 3, Solution 10 
  
 

–
+12V 

2v0

+  v0  – 

+
–

8 Ω 

i13 Ω 6 Ω 

i2

i3 v1

+ 
v1

–

 
 
 
 
 
 
 
 
 
 
At the non-reference node, 
 

  
6

v2v
8
v

3
v12 0111 −

+=
−

   (1) 

 
But 
  -12 + v0 + v1 = 0        v0 = 12 - v1  (2) 
 
Substituting (2) into (1), 
 

  
6

24v3
8
v

3
v12 111 −

+=
−

         v0 = 3.652 V
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Chapter 3, Problem 11. 
 
Find Vo  and the power dissipated in all the resistors in the circuit of Fig. 3.60. 
 
 

4 Ω 

+ 
_ 36 V 

– 
+ 12 V 

1 Ω 

2 Ω 

Vo  
 
 
 
 
 
 
 
 
 
 
 

Figure 3.60  For Prob. 3.11. 
 
 
 
 
 
Chapter 3, Solution 11 
 
At the top node, KVL gives 
 

 0
4

)12(V
2

0V
1

36V ooo =
−−

+
−

+
−

 

 
 1.75Vo  = 33  or  Vo = 18.857V 
 
 
 
 

P1Ω = (36–18.857)2/1 = 293.9 W

 P2Ω = (Vo)2/2 = (18.857)2/2 = 177.79 W
 
 P4Ω = (18.857+12)2/4 = 238 W. 
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Chapter 3, Problem 12. 
  
Using nodal analysis, determine Vo in the circuit in Fig. 3.61. 
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Figure 3.61  For Prob. 3.12. 
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Chapter 3, Solution 12 
 
There are two unknown nodes, as shown in the circuit below. 
 

10 Ω 

+ 
_ 2 Ω 5 Ω 30 V 

4 Ix 

1 Ω Vo V1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
At  node 1, 

                    
30V10V16

0
1

VV
2

0V
10

30V

o1

o111

=−

=
−

+
−

+
−

  (1) 

 
At node o, 

  
0I20V6V5

0
5

0V
I4

1
VV

xo1

o
x

1o

=−+−

=
−

+−
−

   (2) 

But  Ix  =  V1/2.  Substituting this in (2) leads to 
 
  –15V1 + 6Vo = 0  or  V1 = 0.4Vo    (3) 
 
Substituting (3) into 1, 
 

16(0.4Vo) – 10Vo = 30  or  Vo = –8.333 V. 
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Chapter 3, Problem 13. 
 
Calculate v1 and v2 in the circuit of Fig. 3.62 using nodal analysis. 
 

 
 
Figure 3.62 

 

 

 

 
 

Chapter 3, Solution 13 

At node number 2, [(v2 + 2) – 0]/10 + v2/4 = 3 or v2 = 8 volts 
 
But,   I = [(v2 + 2) – 0]/10 = (8 + 2)/10 = 1 amp and v1 = 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 vo in the circuit of Fig. 3.63. 
 

 
 
Figure 3.63 

 
 
Chapter 3, Solution 14  

–
+40 V 

–
+20 V 

8 Ω 

5 A 

v1
v0

4 Ω 

2 Ω 1 Ω 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

At node 1, 
1

v40
5

2
vv 001 −

=+
−

           v1 + v0 = 70   (1) 

 

At node 0,  
8

20v
4
v

5
2

vv 0001 +
+=+

−
       4v1 - 7v0 = -20  (2) 

 
Solving (1) and (2), v0 =  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 io and the power dissipated in each resistor in the circuit of 
Fig. 3.64. 
 
 
 

 
 
Figure 3.64 
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Chapter 3, Solution 15 
 
 

–
+40 V 

–
+20 V 

8 Ω 

5 A 

v1
v0

4 Ω 

2 Ω 1 Ω 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Nodes 1 and 2 form a supernode so that v1 = v2 + 10    (1) 
 
At the supernode, 2 + 6v1 + 5v2 = 3 (v3 - v2)   2 + 6v1 + 8v2 = 3v3 (2) 
 
At node 3,  2 + 4 = 3 (v3 - v2)              v3 = v2 + 2    (3) 
 
Substituting (1) and (3) into (2), 
 

 2 + 6v2 + 60 + 8v2 = 3v2 + 6   v2 = 
11
56−  

v1 = v2 + 10 = 
11
54  

  
 i0 = 6vi = 29.45 A
 

 P65 =  =⎟
⎠
⎞

⎜
⎝
⎛== 6

11
54Gv

R
v 2

2
1

2
1  144.6 W

P55 = =⎟
⎠
⎞

⎜
⎝
⎛ −= 5

11
56Gv

2
2
2  129.6 W

 
 P35 = ( )  ==− 3)2(Gvv 22

3L 12 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 16. 
 
Determine voltages v1 through v3 in the circuit of Fig. 3.65 using nodal analysis. 

 
 
Figure 3.65 

 
Chapter 3, Solution 16 
 

2 A 

v3 
v2v1 

8 S

4 S1 S 

i0 

–
+13 V 

2 S

+  
v0

–

 
 
 
 
 
 
 
 
 
 
 
 
At the supernode,  
 
       2 = v1 + 2 (v1 - v3) + 8(v2 – v3) + 4v2, which leads to  2 = 3v1 + 12v2 - 10v3 (1) 
 
But 

v1 = v2 + 2v0 and v0 = v2. 
 
Hence  

v1 = 3v2     (2)  
v3 = 13V     (3) 

 
Substituting (2) and (3) with (1) gives,  
 
    v1 = 18.858 V, v2 =  6.286 V,  v3 = 13 V 
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Chapter 3, Problem 17. 
 
Using nodal analysis, find current io in the circuit of Fig. 3.66. 

 
 
Figure 3.66 
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Chapter 3, Solution 17 
 

60 V 

–
+60 V 

4 Ω 

10 Ω

2 Ω

8 Ω 

3i0

i0 

v1

v2

 
 
 
 
 
 
 
 
 
 
 
 
 
 

At node 1, 
2

vv
8
v

4
v60 2111 −

+=
−

            120 = 7v1 - 4v2  (1) 

At node 2,  3i0 + 0
2

vv
10

v60 212 =
−

+
−

       

 

But i0 = .
4

v60 1−
 

 
Hence 
 

 
( )

0
2

vv
10

v60
4

v603 2121 =
−

+
−

+
−

           1020 = 5v1 + 12v2 (2) 

 

Solving (1) and (2) gives v1 = 53.08 V.  Hence i0 = =
−
4

v60 1  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. 
 

 
 
Figure 3.67 

 
Chapter 3, Solution 18 
 

(b)

5 A 

v3

8 Ω 4 Ω 

2 Ω 2 Ω 

v2 v1 

– + 

10 V 

 

+  
v1

–

+  
v3

–

(a) 

 
 
 
 
 
 
 
 
 
 
 

At node 2, in Fig. (a), 5 = 
2

vv
2

vv 3212 −
+

−     10 = - v1 + 2v2 - v3   (1) 

 

At the supernode, 
8
v

4
v

2
vv

2
vv 313212 +=

−
+

−
          40 = 2v1 + v3  (2) 

 
From Fig. (b), - v1 - 10 + v3 = 0        v3 = v1 + 10    (3) 
 
Solving (1) to (3), we obtain v1 =  10 V, v2 =  20 V  = v3 
 
 

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 19. 
Use nodal analysis to find v1, v2, and v3  in the circuit in Fig. 3.68. 

 
Figure 3.68 

 
Chapter 3, Solution 19 
At node 1, 
 

321
12131 4716

482
35 VVVVVVVV

−−=⎯→⎯+
−

+
−

+=   (1) 

At node 2, 
 

321
32221 270

428
VVV

VVVVV
−+−=⎯→⎯

−
+=

−
  (2) 

At node 3, 
 

321
32313 724360

428
12

3 VVV
VVVVV

−+=−⎯→⎯=
−

+
−

+
−

+   (3) 

From (1) to (3), 
 

BAV
V
V
V

=⎯→⎯
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

−
=

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

−
−−
−−

36
0

16

724
271
417

3

2

1

 

 
Using MATLAB, 

V 267.12  V, 933.4  V, 10
267.12
933.4
10

321
1 ===⎯→⎯

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
== − VVVBAV    
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Chapter 3, Problem 20. 
For the circuit in Fig. 3.69, find v1, v2, and v3 using nodal analysis. 

 
Figure 3.69 

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

040
414 321

321 =++⎯→⎯=++ VVV
VVV

  (1) 

 
 
  . 
         V1 .  V2              2Ω      V3  
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   4Ω        1Ω          4Ω   
     
 
 
 
 
Between nodes 1 and 3, 

12012 1331 −=⎯→⎯=++− VVVV    (2) 
 
Similarly, between nodes 1 and 2, 
                      (3) iVV 221 +=
 
But   .  Combining this with (2) and (3) gives 4/3Vi =

                 2/6 12 VV += (4) 

 
Solving (1), (2), and (4) leads to 

V15 V,5.4    V,3 321 −==−= VVV  



Chapter 3, Problem 21. 
 
For the circuit in Fig. 3.70, find v1 and v2 using nodal analysis. 
 
 

 
 
Figure 3.70 
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Chapter 3, Solution 21 
 

(b) 

+

+  
v3

–
 

+  
v2

–

3v0 

3 mA 

+

1 kΩ 

v3 v2v1 
3v0

+  
v0

–

4 kΩ 

2 kΩ 

(a) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Let v3 be the voltage between the 2kΩ resistor and the voltage-controlled voltage source. 
At node 1,  

 
2000

vv
4000

vv
10x3 31213 −

+
−

=−              12 = 3v1 - v2 - 2v3 (1) 

 
At node 2,  

 
1
v

2
vv

4
vv 23121 =

−
+

−
     3v1 - 5v2 - 2v3 = 0  (2) 

 
Note that v0 = v2.  We now apply KVL in Fig. (b) 
 
 - v3 - 3v2 + v2 = 0        v3 = - 2v2    (3) 
 
From (1) to (3), 
 
 v1 = 1 V,  v2 = 3 V
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Chapter 3, Problem 22. 
 
Determine v1 and v2 in the circuit in Fig. 3.71. 
 

 
 
Figure 3.71 

 
 
 
Chapter 3, Solution 22 
 

At node 1,  
8

vv
3

4
v

2
v12 0110 −

++=
−

   24 = 7v1 - v2  (1) 

 

At node 2,  3 + 
1

v5v
8

vv 2221 +
=

−
 

  
But, v1 = 12 - v1
 
 
Hence,  24 + v1 - v2 = 8 (v2 + 60 + 5v1) = 4 V 
 
  456 = 41v1 - 9v2      (2) 
 
Solving (1) and (2), 
 
 v1 = - 10.91 V,  v2 = - 100.36 V
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Chapter 3, Problem 23. 
 
Use nodal analysis to find Vo in the circuit of Fig. 3.72. 
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Figure 3.72  For Prob. 3.23. 

Chapter 3, Solution 23 
 
We apply nodal analysis to the circuit shown below. 
 
 
 
 
 
 
 
 
 
 
 

At node o, 
 

30V25.0V25.10
4

)VV2(V
2

0V
1

30V
1o

1oooo =−→=
+−

+
−

+
−

  

 (1) 
 
At node 1, 
 

48V4V503
16

0V
4

V)VV2(
o1

1o1o =+→=−
−

+
−+

    (2) 

 
From (1),    V1 = 5Vo – 120.  Substituting this into (2) yields 

29Vo = 648  or  Vo = 22.34 V. 

30 V 

4 Ω 

16 Ω 

+ 

_ 
Vo 

1 Ω 

2 Ω 

+ – 

3 A 

+ 
_ 

2 Vo 

30 V 

4 Ω 

16 Ω 

+ 

_ 
Vo 

Vo V1 



Chapter 3, Problem 24. 
 
Use nodal analysis and MATLAB to find Vo in the circuit in Fig. 3.73. 
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Figure 3.73  For Prob. 3.24. 

 

 

Chapter 3, Solution 24 
 
Consider the circuit below. 
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125.100125.0
075.025.00
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125.000125.1

 

 
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 
 
>> I=[4,-4,-2,2]' 
 
I = 
     4 
    -4 
    -2 
     2 
 
>> V=inv(Y)*I 
 
V = 
    3.8000 
   -7.0000 
   -5.0000 
    2.2000 
 
Vo = V1 – V4 = 3.8 – 2.2 = 1.6 V. 
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Chapter 3, Problem 25. 
 
Use nodal analysis along with MATLAB to determine the node voltages in Fig. 3.74. 
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Figure 3.74  For Prob. 3.25. 
 
Chapter 3, Solution 25 
 
Consider the circuit shown below. 
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10 

4  

1 

8 

2 1 
3 

20 

30 

10 

4 

 

 

 

 

20 

 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



At node 1. 
1 2 1 4

1 24 80 2
1 20

V V V V V V V− −
= + ⎯⎯→ = − − 41 20   (1) 

 
At node 2, 

2 31 2 2
1 20 80 98 8

1 8 10
V VV V V V V−−

= + ⎯⎯→ = − + − 3V  (2) 

 
At node 3, 

2 3 3 3 4
2 3 40 2 5 2

10 20 10
V V V V V V V V− −

= + ⎯⎯→ = − + −   (3) 

 
At node 4, 

3 41 4 4
1 30 3 6 11

20 10 30
V VV V V V V V−−

+ = ⎯⎯→ = + − 4   (4) 

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

 

− − ⎡ ⎤⎡ ⎤ ⎡ ⎤
⎢ ⎥⎢ ⎥ ⎢ ⎥− − ⎢ ⎥⎢ ⎥ ⎢ ⎥=
⎢ ⎥⎢ ⎥ ⎢ ⎥− −
⎢ ⎥⎢ ⎥ ⎢ ⎥

− ⎢ ⎥⎣ ⎦ ⎣ ⎦ ⎣ ⎦

1

2

3

4

80 21 20 0 1
0 80 98 8 0
0 0 2 5 2
0 3 0 6 11

V
V
V
V

 

 
   B  = A  V               V = A-1 B 
 
 
 
Using MATLAB leads to 
 

V1 = 25.52 V,    V2 = 22.05 V,   V3 = 14.842 V,  V4 = 15.055 V
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Chapter 3, Problem 26. 
 

 
Calculate the node voltages v1, v2, and v3 in the circuit of Fig. 3.75. 
 
 
 

 
 
Figure 3.75 
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Chapter 3, Solution 26 
 
At node 1, 
 

321
21311 24745

510
3

20
15

VVV
VVVVV

−−=−⎯→⎯
−

+
−

+=
−

   (1) 

 
At node 2, 

55
4

5
32221 VVVIVV o −

=
−

+
−

        (2) 

But  
10

31 VV
Io

−
= .  Hence, (2) becomes 

321 31570 VVV +−=          (3) 
 
At node 3, 

321
32331 V11V6V3700

5
VV

15
V10

10
VV3 +−−=⎯→⎯=

−
+

−−
+

−
+       (4) 

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

BAV
70
0
45

V
V
V

1163
3157
247

3

2

1
=⎯→⎯

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛−
=

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

−−
−

−−
 

 
 
Using MATLAB leads to 

  
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
−
−

== −

89.2
78.2
19.7

BAV 1

Thus, 
  V1 = –7.19V; V2 = –2.78V; V3 = 2.89V. 
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Chapter 3, Problem 27. 
 
Use nodal analysis to determine voltages v1, v2, and v3 in the circuit in Fig. 3.76. 
 

 
 
Figure 3.76 
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Chapter 3, Solution 27 
 
At node 1, 
 
 2 = 2v1 + v1 – v2 + (v1 – v3)4 + 3i0,   i0 =   4v2.  Hence, 
 
  2 = 7v1 + 11v2 – 4v3      (1) 
At node 2, 
 
 v1 – v2 = 4v2 + v2 – v3       0 = –  v1 + 6v2 – v3  (2) 
 
At node 3, 

2v3 = 4 + v2 – v3 + 12v2 + 4(v1 – v3) 
 
or   – 4 = 4v1 + 13v2 – 7v3    (3) 
 
In matrix form, 

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

−
=

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

−
−

−

4
0
2

v
v
v

7134
161
4117

3

2

1

 

 
 

,176
7134

161
4117
=

−
−

−
=Δ   110

7134
160
4112

1 =
−−

−
−

=Δ  

 
 

,66
744

101
427

2 =
−−

−
=Δ    286

4134
061
2117

3 =
−

−=Δ  

 
 

v1  =  ,V625.0
176
1101 ==

Δ
Δ

  v2  =  V375.0
176
662 ==

Δ
Δ

 

 

v3  =  .V625.1
176
2863 ==

Δ
Δ

 

 
v1  =  625 mV,  v2  =  375 mV,  v3  =  1.625 V. 
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Chapter 3, Problem 28. 
 

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

 

 
 
Figure 3.77 
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Chapter 3, Solution 28 
 
 
At node c, 

dcb
cbccd VVV

VVVVV
21150

5410
−+−=⎯→⎯+

−
=

−
  (1) 

At node b, 

cba
bbcba VVV

VVVVV
2445

848
45

+−=−⎯→⎯=
−

+
−+

 (2) 

At node a, 

dba
baada VVV

VVVVV
427300

8
45

164
30

−−=⎯→⎯=
−+

++
−−

  (3) 

At node d, 

dca
cddda VVV

VVVVV
725150

10204
30

−+=⎯→⎯
−

+=
−−

 (4) 

 
In matrix form, (1) to (4) become 

BAV

V
V
V
V

d

c

b

a

=⎯→⎯

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛
−

=

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

−
−−

−
−−

150
30
45
0

7205
4027

0241
21150

 

 
We use MATLAB to invert A and obtain 
 

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

−
−

−

== −

17.29
736.1

847.7
14.10

1BAV  

Thus, 
  V 17.29  V, 736.1   V, 847.7   V, 14.10 −=−==−= dcba VVVV  
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Chapter 3, Problem 29. 
 

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

 
Figure 3.78 

 
Chapter 3, Solution 29 
 
At node 1, 

42121141 45025 VVVVVVVV −−=−⎯→⎯=−++−+   (1) 
At node 2, 

32132221 4700)(42 VVVVVVVV −+−=⎯→⎯=−+=−   (2) 
At node 3, 

4324332 546)(46 VVVVVVV −+−=⎯→⎯−=−+    (3) 
At node 4, 

43144143 5232 VVVVVVVV +−−=⎯→⎯=−+−+    (4) 
In matrix form, (1) to (4) become 

  BAV

V
V
V
V

=⎯→⎯

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛−

=

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

−−
−−

−−
−−

2
6
0
5

5101
1540

0471
1014

4

3

2

1

Using MATLAB, 
 

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛−

== −

7076.0
309.2
209.1
7708.0

1BAV  

i.e. 
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 V 7076.0  V, 309.2  V, 209.1  V, 7708.0 4321 ===−= VVVV  
Chapter 3, Problem 30. 
 
Using nodal analysis, find vo and io in the circuit of Fig. 3.79. 
 
 
 

 
 
Figure 3.79 

 
 
 
 
 
Chapter 3, Solution 30 
 

v1 

10 Ω 

20 Ω 

80 Ω 

40 Ω 

1 

v0

I0 

2I0

2

– + 

–
+ +

–
100 V 

120 V 

4v0

v2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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. 
 



 
At node 1, 
 

  
20

vv4
10

v100
40

vv 1o121 −
+

−
=

−
   (1) 

 
But,  vo  =  120 + v2     v2  =  vo – 120.  Hence (1) becomes 
 
   7v1 – 9vo  =  280    (2) 
 
At node 2,  

Io + 2Io  =  
80

0v o −
 

 

80
v

40
v120v

3 oo1 =⎟
⎠
⎞

⎜
⎝
⎛ −+

 

 
or    6v1 – 7vo   =  -720   (3) 
 
 

from (2) and (3),   ⎥
⎦

⎤
⎢
⎣

⎡
−

=⎥
⎦

⎤
⎢
⎣

⎡
⎥
⎦

⎤
⎢
⎣

⎡
−
−

720
280

v
v

76
97

o

1

 
 

55449
76
97

=+−=
−
−

=Δ  

 
 

8440
7720
9280

1 −=
−−
−

=Δ ,    6720
7206

2807
2 −=

−
=Δ  

 

v1  =  ,1688
5

84401 −=
−

=
Δ
Δ

  vo  =  V1344
5

67202 −
−

=
Δ
Δ

 

 
 

Io  =  –5.6 A 
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Chapter 3, Problem 31. 
 
Find the node voltages for the circuit in Fig. 3.80. 
 

 
 
Figure 3.80 

 
 
 
 
 
 
 
Chapter 3, Solution 31 
 
 
 

i0

4 Ω 

v2v1 

1 Ω 

1 A 
–
+10 V 4 Ω 

2 Ω 

1 Ω 

v32v0

+   v0    –
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At the supernode, 
 

   1 + 2v0 = 
1

vv
1

v
4
v 3121 −

++    (1) 

 
But   vo = v1 – v3.  Hence (1) becomes, 
 
    4 = -3v1 + 4v2 +4v3     (2) 
At node 3,  

2vo + 
2

v10
vv

4
v 3

31
3 −

+−=  

 
or    20  = 4v1 + 0v2 – v3     (3) 
 

At the supernode,  v2 = v1 + 4io.  But  io = 
4

v 3 .  Hence, 

 
    v2 = v1 + v3     (4) 
 
Solving (2) to (4) leads to, 
 
 

v1 = 4.97V,  v2 = 4.85V,  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

(b)

v1 
v2  

5 kΩ 

(a) 

4 mA 

10 kΩ 
+  
v1

–

+  
v3

–
 –

+12 V 

+ – 

20 V 

– + 

loop 2 
loop 1

10 V  
 
 
 
 
 
 
 
 
 
 
 
 
 
We have a supernode as shown in figure (a).  It is evident that v2 = 12 V,  Applying KVL 
to loops 1and 2 in figure (b), we obtain, 
 

 
-v1 – 10 + 12 = 0 or v1 = 2  and -12 + 20 + v3 = 0  or  v3 = -8 V 

 
 
Thus,    v1 = 2 V,  v2 = 12 V,  v3 = -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. 
 

 
 
Figure 3.82 
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Chapter 3, Solution 33 
 

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

2 A 

5 Ω 

4 Ω 

3 Ω 

6 Ω 

1 Ω 

2 Ω 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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

–
+12 V 

5 Ω 

4 Ω 

3 Ω 

2 Ω 

1 Ω 
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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. 
 

 
 
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, 
 
 

7 Ω 

6 Ω 

5 Ω 

4 Ω 

3 Ω 
2 Ω 

1 Ω 

–
+10 V 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) This is a non-planar circuit. 
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Chapter 3, Problem 35. 
 
Rework Prob. 3.5 using mesh analysis. 
 
Chapter 3, Problem 5 

 
Obtain v0 in the circuit of Fig. 3.54. 
 

 
 
Figure 3.54 

 
Chapter 3, Solution 35 
 
 

5 kΩ  
i1

 
i2

+  
v0

–

–
+30 V 

2 kΩ 

–
+20 V 

 
 
 
 
 4 kΩ  
 
 
 
 
 
Assume that i1 and i2 are in mA.  We apply mesh analysis.  For mesh 1, 
 

-30 + 20 + 7i1 – 5i2 = 0  or  7i1 – 5i2 = 10  (1) 
 
For mesh 2, 
 
 -20 + 9i2 – 5i1 = 0  or  -5i1 + 9i2 = 20   (2)  
 
Solving (1) and (2), we obtain, i2 = 5. 
 

v0 = 4i2 = 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 v0 in the circuit in Fig. 3.55. 
 
 
 
 

 
Figure 3.55 
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Chapter 3, Solution 36 

 
I1 

 
I2

–
+12 V 

+ – 

10 V 
4 Ω 

6 Ω 2 Ω 

i3i2
i1 

 
 
 
 
 
 
 
 
 
 
Applying mesh analysis gives, 
 

12 = 10I1 – 6I2
 

-10 = -6I1 + 8I2 
 
 

or     ⎥
⎦

⎤
⎢
⎣

⎡
⎥
⎦

⎤
⎢
⎣

⎡
−

−
=⎥

⎦

⎤
⎢
⎣

⎡
− 2

1

I
I

43
35

5
6

 

,11
43
35
=

−
−

=Δ   ,9
45
36

1 =
−

−
=Δ   7

53
65

2 −=
−−

=Δ  

 

,
11
9I 1

1 =
Δ
Δ

=   
11

7I 2
2

−
=

Δ
Δ

=  

 
i1 = -I1 = -9/11 = -0.8181 A,  i2 = I1 – I2 = 10/11 = 1.4545 A. 

 
vo = 6i2 = 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 v0 in the circuit in Fig. 3.57. 
 

 
 
Figure 3.57 

 
Chapter 3, Solution 37 
 

5 Ω 

 
i1

 
i2

+  
v0

–
+
–

–
+  3 V 

3 Ω 

1 Ω 

2 Ω 
4v0

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

6i1 – 1i2 + 3 = 0  which leads to   i2 = 6i1 + 3  (1) 
 
-1i1 + 6i2 – 3 + 4v0 = 0    (2) 
 
But, v0 = -2i1       (3) 

 
Using (1), (2), and (3) we get i1 = -5/9. 
 
Therefore, we get v0 = -2i1 = -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 Io. 
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           2A 

Figure 3.84  For Prob. 3.38. 
Chapter 3, Solution 38 
Consider the circuit below with the mesh currents. 

4 Ω 3 Ω 

+ 
_ 24 V 

+ 
_ 9 V 

4 A 

Io 

2 Ω 2 Ω 

1 Ω 

1 Ω 1 Ω 

4 Ω 

 4 Ω 3 Ω  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

+ 
_ 

2 Ω 2 Ω 

4 A 

I4 I3 
1 Ω 24 V 

Io 

I1 

1 Ω 

I2 
+ 
_ 9 V 1 Ω 

4 Ω 

2 A 



I1  =-2 A       (1) 
 
1(I2–I1) + 2(I2–I4) + 9 + 4I2 = 0 
7I2 – I4 = –11       (2) 
 
–24 + 4I3 + 3I4 + 1I4 + 2(I4–I2) + 2(I3 – I1) = 0 (super mesh)  
–2I2 + 6 I3 + 6I4 = +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. 
 

  
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡−
=

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

−
−

−

4
20
11

I
I
I

110
662
107

4

3

2

 
We can now use MATLAB to solve the problem. 
 

>> Z=[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 
>> I=inv(Z)*V 
 
I = 
 
   -0.5500 
   -4.0000 
    7.1500 

 
 Io = I1 – I2 = –2 – 4 = –6 A. 
 
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 i1 and i2 in the circuit shown in Fig. 3.85. 
 

 
 
Figure 3.85 

 
 
 
 
 
Chapter 3, Solution 39 
 
 
For mesh 1, 

0610210 21 =−+−− III x     
But  .  Hence, 21 III x −=

212121 I2I45I6I10I2I210 −=⎯→⎯−++−=  (1) 
For mesh 2, 

2112 43606812 IIII −=⎯→⎯=−+    (2) 
Solving (1) and (2) leads to 
 -0.9A   A, 8.0 21 == II  
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Chapter 3, Problem 40. 
 
For the bridge network in Fig. 3.86, find Io using mesh analysis. 

 
 
Figure 3.86 

 
Chapter 3, Solution 40 
 

4 kΩ 

–
+30V 

 
i1

i3

6 kΩ 
2 kΩ 

4 kΩ 

6 kΩ 
i2 

2 kΩ 

 
 
 
 
 
 
 
 
 
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 = - 6i1 + 14i2 – 2i3    0 = -3i1 + 7i2 – i3  (2) 
 
 
for mesh 2, 
 
 0 = -4i1 – 2i2 + 10i3  0 = -2i1 – i2 + 5i3  (3) 
 
Solving (1), (2), and (3), we obtain, 
 

io = i1 = 4.286 mA. 
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Chapter 3, Problem 41. 
 
Apply mesh analysis to find io in Fig. 3.87. 
 

 
 
Figure 3.87 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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 41 

5 Ω 

i3

i1

i2

i3

+ – 

  6 V 

–
+  8 V 

1 Ω 

4 Ω 

2 Ω 

10 Ω 

i2

i

0

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For loop 1, 
   6 = 12i1 – 2i2   3 = 6i1 – i2  (1) 
For loop 2, 
    -8 =  – 2i1 +7i2 – i3    (2) 
For loop 3, 
  -8 + 6 + 6i3 – i2 = 0   2 = – i2 + 6i3   (3) 
 
We put (1), (2), and (3) in matrix form, 

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
=

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

−
−
−

2
8
3

i
i
i

610
172
016

3

2

1

 

 

,234
610
172
016

−=
−
−
−

=Δ   240
620
182
036

2 ==Δ  

 

38
210
872
316

3 −=
−
−
−

=Δ  

At node 0, i + i2 = i3 or i = i3 – i2 = 
234

2403823

−
−−

=
Δ
Δ−Δ =  1.188 A
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Chapter 3, Problem 42. 
 

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

 
 
Figure 3.88 

 
 
 
 
Chapter 3, Solution 42 
 
For mesh 1, 
    (1) 2121 3050120305012 IIII −=⎯→⎯=−+−
For mesh 2, 
  (2) 321312 40100308040301008 IIIIII −+−=⎯→⎯=−−+−
For mesh 3, 
    (3) 3223 50406040506 IIII +−=⎯→⎯=−+−
Putting eqs. (1) to (3) in matrix form, we get 
 

BAI
I
I
I

=⎯→⎯
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
=

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

−
−−

−

6
8

12

50400
4010030
03050

3

2

1

 

Using Matlab, 
 

  
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
== −

44.0
40.0
48.0

1BAI

i.e.   I1 = 0.48 A,  I2 = 0.4 A,  I3 = 0.44 A
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Chapter 3, Problem 43. 
 
Use mesh analysis to find vab and io in the circuit in Fig. 3.89. 

 
 
Figure 3.89 

 
Chapter 3, Solution 43 
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For loop 1, 

a 

i1

i2

i3

–
+80 V 

–
+80 V 

20 Ω 

20 Ω 

20 Ω 

30 Ω 

30 Ω 

30 Ω 

b 

+  
 
 
Vab

 
 
– 
 

  80 = 70i1 – 20i2 – 30i3   8 = 7i1 – 2i2 – 3i3  (1) 
For loop 2, 
  80 = 70i2 – 20i1 – 30i3   8 = -2i1 + 7i2 – 3i3  (2) 
For loop 3,  
  0 = -30i1 – 30i2 + 90i3   0 = i1 + i2 – 3i3   (3) 
 
Solving (1) to (3), we obtain i3 = 16/9 
 

Io = i3 = 16/9 =  1.7778 A
 

Vab = 30i3 =  53.33 V. 



Chapter 3, Problem 44. 
 
Use mesh analysis to obtain io in the circuit of Fig. 3.90. 

 
 
Figure 3.90 

 
Chapter 3, Solution 44 
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Loop 1 and 2 form a supermesh.  For the supermesh, 

–
+6 V 

+ 

6 V 

3 A 

i1 

i2
i3 4 Ω 

5 Ω 

2 Ω 

1 Ω 

i1 i2 

 
   6i1 + 4i2 - 5i3 + 12 = 0    (1) 
 
For loop 3,  -i1 – 4i2 + 7i3 + 6  =  0    (2) 
 
Also,   i2 = 3 + i1     (3) 
 
Solving (1) to (3),  i1 = -3.067, i3 = -1.3333; io = i1 – i3 = -1.7333 A
 



Chapter 3, Problem 45. 
 
Find current i in the circuit in Fig. 3.91. 

 
 
Figure 3.91 

 
Chapter 3, Solution 45 
 

1 Ω i1 i2

i3 i4

–
+30V 

3 Ω 

6 Ω 2 Ω 

4 Ω 8 Ω 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For loop 1,  30 = 5i1 – 3i2 – 2i3     (1) 
 
For loop 2,  10i2  - 3i1 – 6i4 = 0     (2) 
 
For the supermesh, 6i3 + 14i4 – 2i1 – 6i2 = 0    (3) 
 
But  i4 – i3 = 4 which leads to  i4 = i3 + 4     (4) 
 
Solving (1) to (4) by elimination gives i = i1 =  8.561 A. 
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Chapter 3, Problem 46. 
 

Calculate the mesh currents i1 and i2 in Fig. 3.92. 
 

 
 
Figure 3.92 

 
 
 
 
 
Chapter 3, Solution 46 
 
For loop 1, 

12811081112 2121 =−⎯→⎯=−+− iiii   (1) 
 
For loop 2, 

02148 21 =++− ovii  
 
But  , 13ivo =

21121 706148 iiiii =⎯→⎯=++−    (2) 
 
Substituting (2) into (1), 

1739.012877 222 =⎯→⎯=− iii A and  217.17 21 == ii  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 V1, V2, and V3 in the circuit in Fig. 3.68. 

 

 
 
Figure 3.68 
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Chapter 3, Solution 47 
 
First, transform the current sources as shown below. 

- 6V +   
        2Ω  
              

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. 
 

 
       I3
          V1   8Ω   V2      4Ω      V3
 
             
       4Ω  
            8Ω  
     I1        2Ω  I2     
   +             + 
  20V             12V  
   -             -  
 
 
For mesh 1, 

321321 47100821420 IIIIII −−=⎯→⎯=−−+−    (1) 
For mesh 2, 

321312 2760421412 IIIIII −+−=−⎯→⎯=−−+    (2) 
For mesh 3, 

321123 7243084146 IIIIII +−−=⎯→⎯=−−+−    (3) 
Putting (1) to (3) in matrix form, we obtain 

BAI
I
I
I
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⎠

⎞

⎜
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⎜

⎝

⎛
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6
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3

2
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Using MATLAB, 

8667.1,0333.0  ,5.2
8667.1
0333.0
2

321
1 ===⎯→⎯

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
== − IIIBAI  

But 

V 10420
4

20
111 =−=⎯→⎯

−
= IVVI  

V 933.4)(2 212 =−= IIV  
Also, 

2.267V1812
8

12
23

3
2 =+=⎯→⎯

−
= IV

V
I    



Chapter 3, Problem 48. 
 

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

 
 
Figure 3.93 
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Chapter 3, Solution 48 
 
We apply mesh analysis and let the mesh currents be in mA. 

3kΩ  
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      I4    
 
         4kΩ                  2kΩ                      5kΩ  
 
 
            Io 
      1kΩ       I3   - 
         I1   I2      6V 
       +           + 
   12 V         +      10kΩ  
       -         8V 
          -    
 
 
For mesh 1, 

421421 454045812 IIIIII −−=⎯→⎯=−−++−   (1) 
For mesh 2, 

43214312 2101380210138 IIIIIIII −−+−=⎯→⎯=−−−+−   (2) 
For mesh 3, 

432423 5151060510156 IIIIII −+−=⎯→⎯=−−+−   (3) 
For mesh 4, 

014524 4321 =+−−− IIII      (4) 
Putting (1) to (4) in matrix form gives 

BAI
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⎝

⎛

−−−
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0
6
8
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4015

4

3
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Using MATLAB, 
 

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

== −

6
791.7
087.8
217.7

1BAI  

The current through the 10k   resistor is   IΩ o= I2 – I3  = 0.2957 mA
 



Chapter 3, Problem 49. 
 
Find vo and io in the circuit of Fig. 3.94. 
 

 
 
Figure 3.94 
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Chapter 3, Solution 49 

–
+

1 Ω 

i1

+  
v0      or
–

+  
v0

–
i2

2 Ω 
16V 

2 Ω 

(b) 

3 Ω 

i1

2 Ω i1 i2

i3

2 Ω 1 Ω 

–
+16 V 

0 i2

2i0 

(a) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For the supermesh in figure (a), 
 
    3i1 + 2i2 – 3i3 + 16 = 0    (1) 
 
At node 0, i2 – i1 = 2i0  and  i0 = -i1  which leads to i2 = -i1  (2) 
 
For loop 3, -i1 –2i2 + 6i3 = 0  which leads to  6i3 = -i1   (3) 
 
Solving (1) to (3),  i1 = (-32/3)A, i2 = (32/3)A, i3 = (16/9)A 
 
i0 = -i1 = 10.667 A, from fig. (b), v0 = i3-3i1 = (16/9) + 32 = 33.78 V. 
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Chapter 3, Problem 50. 
 
Use mesh analysis to find the current io in the circuit in Fig. 3.95. 

 
 
Figure 3.95 

 
Chapter 3, Solution 50 
 

–
+60 V 

3i0 

i1 

i2 

i3
2 Ω 

8 Ω 

4 Ω 

10 Ω 

i2 i3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For loop 1,  16i1 – 10i2 – 2i3 = 0  which leads to 8i1 – 5i2 – i3 = 0  (1) 
 
For the supermesh,  -60 + 10i2 – 10i1 + 10i3 – 2i1 = 0 
 
 or   -6i1 + 5i2 + 5i3 = 30    (2) 
 
Also,  3i0 = i3 – i2  and  i0 = i1  which leads to  3i1 = i3 – i2    (3) 
 
Solving (1), (2), and (3), we obtain i1 = 1.731  and  i0 = i1 = 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 vo in the circuit in Fig. 3.96. 

 
Figure 3.96 

 
Chapter 3, Solution 51 

8 Ω

+40 V +20V

i1

i2

i3

2 Ω 

4 Ω

1 Ω 

5 A 

+ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For loop 1,  i1 = 5A        (1) 
 
For loop 2,  -40 + 7i2 – 2i1 – 4i3 = 0  which leads to  50 = 7i2 – 4i3 (2) 
 
For loop 3,  -20 + 12i3 – 4i2 = 0  which leads to  5 = - i2 + 3 i3  (3) 
 
Solving with (2) and (3), i2 = 10 A,  i3 = 5 A 
 
And,   v0 = 4(i2 – i3) = 4(10 – 5) =  20 V. 
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Chapter 3, Problem 52. 
 
Use mesh analysis to find i1, i2, and i3 in the circuit of Fig. 3.97. 
 
 
 

 
 
Figure 3.97 
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Chapter 3, Solution 52 
 
 

–
+VS 

+
– 2V0 

+  
v0

–
3A

i1

i2

i3

8 Ω 

4 Ω 

2 Ω 

i2 

i3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
For mesh 1, 
 
 2(i1 – i2) + 4(i1 – i3) – 12 = 0  which leads to  3i1 – i2 – 2i3 = 6  (1) 
 
For the supermesh,  2(i2 – i1) + 8i2 + 2v0 + 4(i3 – i1) = 0 
 
But v0 = 2(i1 – i2)  which leads to  -i1 + 3i2 + 2i3 = 0     (2) 
 
For the independent current source,  i3 = 3 + i2      (3) 
 
Solving (1), (2), and (3), we obtain, 
 
 

i1 = 3.5 A,  i2 = -0.5 A,  i3 =  2.5 A. 
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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 + 4kI1 – 3kI2 – 1kI3 = 0            (1) 
–3kI1 + 7kI2 – 4kI4 = 0 
–3kI1 + 7kI2 = –12             (2) 
–1kI1 + 15kI3 – 8kI4  – 6kI5 = 0 
–1kI1 + 15kI3 – 6k =  –24   (3) 
   I4 =  –3mA    (4) 
–6kI3 – 8kI4 + 16kI5 = 0 
–6kI3 + 16kI5 = –24    (5) 

 
 
 
 

I 4 

1 kΩ 

8 kΩ 

4 kΩ 

3 kΩ I2 

3 mA 

I1 



Putting these in matrix form (having substituted I4 = 3mA in the above), 
 

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

−
−
−

=

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

−
−−

−
−−

24
24
12

12

I
I
I
I

k

16600
61501

0073
0134

5

3

2

1

 

 
ZI = V 

 
Using MATLAB, 
 
 

>> Z = [4,-3,-1,0;-3,7,0,0;-1,0,15,-6;0,0,-6,16] 
 
Z = 
 
     4    -3    -1     0 
    -3     7     0     0 
    -1     0    15    -6 
     0     0    -6    16 
 
>> V = [12,-12,-24,-24]' 
 
V = 
 
    12 
   -12 
   -24 
   -24 
 

We obtain, 
 

>> I = inv(Z)*V 
 

I = 
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 i1, i2, and i3 in the circuit in Fig. 3.99. 
 

 
 
Figure 3.99 

 
 
 
 
Chapter 3, Solution 54 
 
Let the mesh currents be in mA.  For mesh 1, 

2121 22021012 IIII −=⎯→⎯=−++−   (1) 
 
For mesh 2, 

    (2) 321312 3100310 IIIIII −+−=⎯→⎯=−−+−
 
For mesh 3, 

3223 2120212 IIII +−=⎯→⎯=−+−   (3) 
 
Putting (1) to (3) in matrix form leads to 
 
 

BAI
I
I
I

=⎯→⎯
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
=

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

−
−−

−

12
10
2

210
131

012

3

2

1

 

 
Using MATLAB, 
 

mA 25.10,mA 5.8  ,mA 25.5
25.10
5.8
25.5

321
1 ===⎯→⎯

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
== − IIIBAI  
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Chapter 3, Problem 55. 
 
In the circuit of Fig. 3.100, solve for i1, i2, and i3. 
 
 

 
Figure 3.100 
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Chapter 3, Solution 55 
 

dI1 

I2

I3

I4

4 A 

+ – 

+ 

10 V 

6 Ω 

2 Ω 

4 Ω 12 Ω 

8 V 

I3

I2 

1A

I4 

i3

i1

4A 

1A

cb 

0a 

i2

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It is evident that   I1 = 4       (1) 
 
For mesh 4, 12(I4 – I1) + 4(I4 – I3) – 8 = 0     (2) 
 
For the supermesh 6(I2 – I1) + 10 + 2I3 + 4(I3 – I4) = 0    
   or  -3I1 + 3I2 + 3I3 – 2I4 = -5    (3)  
 
At node c, I2 = I3 + 1       (4) 
 
Solving (1), (2), (3), and (4) yields,  I1 = 4A, I2 = 3A, I3 = 2A, and I4 = 4A 
 
At node b, i1 = I2 – I1 = -1A
 
At node a, i2 = 4 – I4 = 0A
 
At node 0,  i3 = I4 – I3 = 2A
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Chapter 3, Problem 56. 
 
Determine v1 and v2 in the circuit of Fig. 3.101. 
 
 
 

 
 
Figure 3.101 
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Chapter 3, Solution 56 
 

–
+12 V i1 

i2 

i3

+  
v2

–

+   v1    – 

2 Ω 

2 Ω 

2 Ω 

2 Ω 

2 Ω 

 
 
 
 
 
 
 
 
 
 
 
 
For loop 1,  12  =  4i1 – 2i2 – 2i3  which leads to  6 = 2i1 – i2 – i3  (1) 
 
For loop 2,  0 = 6i2 –2i1 – 2 i3  which leads to  0 = -i1 + 3i2 – i3  (2) 
 
For loop 3,  0 = 6i3 – 2i1 – 2i2  which leads to  0 = -i1 – i2 + 3i3  (3) 
 
In matrix form (1), (2), and (3) become, 
 

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
=

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

−−
−−
−−

0
0
6

i
i
i

311
131
112

3

2

1

 

 

Δ = ,8
311
131
112
=

−−
−−
−−

  Δ2 = 24
301
131
162
=

−
−−
−

 

Δ3 = 24
011
031
612
=

−−
−

−
, therefore i2 = i3 = 24/8 = 3A,  

v1 = 2i2 = 6 volts, v = 2i3 = 6 volts 
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Chapter 3, Problem 57. 
 

In the circuit in Fig. 3.102, find the values of R, V1, and V2 given that io = 18 mA. 
 
 

 

 
 
Figure 3.102 

 
 
 
 
 
 
 
Chapter 3, Solution 57 
 

Assume R is in kilo-ohms. 
VVVVmAxkV 2872100100,72184 212 =−=−==Ω=  

Current through R is 

R
R

RiVi
R

i RoR )18(
3

328
3

3
1, +

=⎯→⎯=
+

=  

This leads to   R = 84/26 = 3.23 kΩ  
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Chapter 3, Problem 58. 
 
Find i1, i2, and i3 the circuit in Fig. 3.103. 

 
 
Figure 3.103 

 
Chapter 3, Solution 58 
 

–
+

120 V 

30 Ω 

i1

i2

i3

10 Ω 30 Ω 10 Ω 

30 Ω 
 
 
 
 
 
 
 
 
 
 
 
 
 
For loop 1,  120 + 40i1 – 10i2 = 0,  which leads to  -12 = 4i1 – i2  (1) 
 
For loop 2,  50i2 – 10i1 – 10i3 = 0,  which leads to  -i1 + 5i2 – i3 = 0  (2) 
 
For loop 3,  -120 – 10i2 + 40i3 = 0,  which leads to  12 = -i2 + 4i3  (3) 
 
Solving (1), (2), and (3), we get,  i1 = -3A, i2 = 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 vo and io in the circuit of Fig. 3.79. 
 
 
 

 
 
Figure 3.79 
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Chapter 3, Solution 59 
 

i1 

i2 

i34v0 +
–  

– + 

120 V 

–
+100V 

+  
v0

–
80 Ω 

40 Ω 

20 Ω 

10 Ω 

i2 i3

I0 

2I0

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For loop 1,  -100 + 30i1 – 20i2 + 4v0 = 0,  where v0 = 80i3
  or  5 = 1.5i1 – i2 + 16i3     (1) 
 
 
For the supermesh,  60i2 – 20i1 – 120 + 80i3 – 4 v0 = 0, where v0 = 80i3
  or  6 = -i1 + 3i2 – 12i3      (2) 
 
 
Also,  2I0 = i3 – i2  and I0 = i2, hence, 3i2 = i3     (3) 
 

From (1), (2), and (3),    
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

−
−−

−

130
1231

3223

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
=

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

0
6

10

i
i
i

3

2

1

 

Δ = ,5
130

1231
3223

=
−
−−

−
 Δ2 = ,28

100
1261

32103
−=

−
−−  Δ3 = 84

030
631

1023
−=−

−
 

 
  I0 = i2 = Δ2/Δ = -28/5 = -5.6 A
 
  v0 = 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. 
 

 
 
Figure 3.104 

 
 
Chapter 3, Solution 60 
 0.5i0

v2 

–
+10 V 

10 V

2 Ω 

8 Ω 4 Ω 

1 Ω 

v1 

i0 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
At node 1,  (v1/1) + (0.5v1/1) = (10 – v1)/4,  which leads to  v1 = 10/7 
 
At node 2,  (0.5v1/1) + ((10 – v2)/8) = v2/2  which leads to  v2 = 22/7 
 
  P1Ω = (v1)2/1 = 2.041 watts,  P2Ω = (v2)2/2 = 4.939 watts
 
  P4Ω = (10 – v1)2/4 = 18.38 watts, P8Ω = (10 – v2)2/8 = 5.88 watts
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Chapter 3, Problem 61. 
 
Calculate the current gain io/is in the circuit of Fig. 3.105. 
 

 
 
Figure 3.105 

 
 
Chapter 3, Solution 61 
 
 

+  
v0

–

20 Ω v2

+
–

is

v1 

30 Ω 40 Ω 

10 Ω 

5v0 

i0 

 
 
 
 
 
 
 
 
 
 
 
At node 1,  is = (v1/30) + ((v1 – v2)/20)  which leads to 60is = 5v1 – 3v2  (1) 
 
But  v2 = -5v0  and  v0 = v1  which leads to v2 = -5v1
 
Hence,  60is = 5v1 + 15v1 = 20v1  which leads to v1 = 3is, v2 = -15is
 
  i0 = v2/50 = -15is/50  which leads to  i0/is = -15/50 = –0.3
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Chapter 3, Problem 62. 
 
Find the mesh currents i1, i2, and i3 in the network of Fig. 3.106. 
 

 
 
Figure 3.106 

 
 
 
 
 
Chapter 3, Solution 62 
 

i1 i2 i3–
+100V 

B

–
+

4 kΩ 8 kΩ 2 kΩ 

40 V 

A 
 
 
 
 
 
 
 
 
 
 
We have a supermesh.  Let all R be in kΩ, i in mA, and v in volts. 
 
For the supermesh,  -100 +4i1 + 8i2 + 2i3 + 40 = 0  or 30 = 2i1 + 4i2 + i3 (1) 
 
At node A,   i1 + 4 = i2      (2) 
 
At node B,  i2 = 2i1 + i3      (3) 
 
Solving (1), (2), and (3), we get  i1 = 2 mA,  i2 = 6 mA,  and i3 = 2 mA. 
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Chapter 3, Problem 63. 
 
Find vx, and ix in the circuit shown in Fig. 3.107. 
 

 
 
Figure 3.107 

 
Chapter 3, Solution 63 
 
 

–
+50 V 

4ix 
+
–

i1 i2

10 Ω 

5 Ω 

A 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For the supermesh,  -50 + 10i1 + 5i2 + 4ix = 0, but ix = i1.  Hence,  
 
  50 = 14i1 + 5i2       (1) 
 
At node A,  i1 + 3 + (vx/4) = i2, but vx = 2(i1 – i2), hence,  i1 + 2 = i2  (2) 
 
Solving (1) and (2) gives i1 = 2.105 A and i2 = 4.105 A 
 
  vx = 2(i1 – i2) = –4 volts  and ix = i2 – 2 = 2.105 amp  
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Chapter 3, Problem 64. 
 
Find vo, and io in the circuit of Fig. 3.108. 
 

 
 
Figure 3.108 
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Chapter 3, Solution 64 
 

40 Ω 
i1 

i2

i3

–
+100V 

+
– 4i0 

0.2V0 

50 Ω 10 Ω 

10 Ω 

2 A

B

Ai1

i0

i2

i3i1

+             − 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For mesh 2,    20i2 – 10i1 + 4i0 = 0     (1) 
 
But at node A,  io = i1 – i2  so that (1) becomes i1 = (16/6)i2   (2) 
 
For the supermesh,  -100 + 50i1 + 10(i1 – i2) – 4i0 + 40i3 = 0 
 
or   50 = 28i1 – 3i2 + 20i3     (3) 
 
At node B,    i3 + 0.2v0 = 2 + i1     (4) 
  
But,   v0 = 10i2  so that (4) becomes  i3 = 2 + (2/3)i2  (5) 
 
Solving (1)  to  (5),  i2 = 0.11764,  
 

v0 = 10i2 = 1.1764 volts,  i0 = i1 - i2 = (5/3)i2 = 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. 
 

 
 
Figure 3.109 

 
 
Chapter 3, Solution 65 
 
For mesh 1, 

–12 + 12I1 – 6I2 – I4 = 0 or  
421 61212 III −−=    (1) 

For mesh 2, 
  –6I1 + 16I2 – 8I3 – I4 – I5 = 0   (2) 
For mesh 3, 

–8I2 + 15I3 – I5 – 9 = 0 or 
9 = –8I2 + 15I3 – I5   (3) 

For mesh 4, 
–I1 – I2 + 7I4 – 2I5 – 6 = 0 or 
6 = –I1 – I2 + 7I4 – 2I5    (4) 

For mesh 5, 
–I2 – I3 – 2I4 + 8I5 – 10 = 0 or 

5432 8210 IIII +−−−=   (5) 
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Casting (1) to (5) in matrix form gives 

BAI

10
6
9
0

12

I
I
I
I
I

82110
27011
101580
118166

010612

5

4

3

2

1
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⎟
⎟
⎟
⎟
⎟
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⎜
⎜
⎜
⎜
⎜
⎜

⎝

⎛
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⎟
⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜
⎜

⎝

⎛

⎟
⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜
⎜

⎝

⎛

−−−
−−−
−−
−−−−

−

 

 
Using MATLAB we input: 
Z=[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 
>> Z=[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] 
 
Z = 
    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 
 
>> V=[12;0;9;6;10] 
 
V = 
    12 
     0 
     9 
     6 
    10 
 
>> I=inv(Z)*V 
 
I = 
    2.1701 
    1.9912 
    1.8119 
    2.0942 
    2.2489 
 
Thus, 
 I  = [2.17, 1.9912, 1.8119, 2.094, 2.249] A. 
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