
Chapter 3, Solution 1. 
 
 

8 Ω 

v2 

2 Ω 

40 Ω v1  
 
 

6 A 10 A  
 
 
 
 
 

At node 1, 
 
 6 = v1/(8) + (v1 - v2)/4      48 = 3v1 - 2v2 (1) 
 
At  node 2, 
 
 v1 - v2/4 = v2/2 + 10      40 = v1 - 3v2  (2) 
 
Solving (1) and (2), 
 
 v1 = 9.143V, v2 = -10.286 V 
 

P8Ω = ( )
==

8
143.9

8
v 22

1  10.45 W 

 

P4Ω = 
( )

=
−
4
vv 2

21  94.37 W 

 

P2Ω = ( )
=

=
=

2
286.10

2
v 21

2  52.9 W 
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At node 1, 

  
2

vv
6

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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 Applying KCL to the upper node, 
 

  10 = 
60
v

2
30
v

20
v

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

 

  i1 =  =
10

0v
 4 A , i2 = =

20
v0  2 A, i3 = =

30
v0  1.33 A, i4 = =

60
v0  67 mA 
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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 
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  Apply KCL to the top node. 
 

  
k4

v
k6
v20

k2
v30 000 =

−
+

−
        v0 = 20 V 

i1 

10 Ω 10 Ω 

2A

i4 i3

v1 v2

i2

4 A 5 Ω 5 Ω 5 A
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 i1 + i2 + i3 = 0    0
2

10v
6
v

4
12v 002 =

−
++

−  

 
 or   v0 = 8.727 V  
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At node a, 

ba
baaa VV

VVVV
3610

101530
10

−=→
−

+=
−

  (1) 

At node b, 

ba
bbba VV

VVVV
72240

5
9

20
12

10
−=→=

−−
+

−
+

−
  (2) 

Solving (1) and (2) leads to 
 Va = -0.556 V,   Vb = -3.444V 
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i2

5 Ω 

2 Ω 

i13 Ω v1 i3 

1 Ω 

+
–

4V0 

3V
–
+

 
 
 + 

V0 

–
 
 
 
 
 
 
 
 

 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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+ 
v1

–

i2

6 Ω i13 Ω v1 i3 

8 Ω +
–

+  v0  – 

2v0 
12V 

–
+

 
 
 
 
 
 
 
 
 
 
At the non-reference node, 
 

  
6

v2v
8
v

3
v 011112 −

+=
−    (1) 

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

  
6

24v3
8
v

3
v 111 −

+=
−12          v0 = 3.652 V 
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At node 1, 
 

  
8
v4

1
vv 112 +=

−           32 = -v1 + 8v2 - 8v0  (1) 

1 Ω 

4A 2i0

i0 

v1 
v0 

8 Ω 2 Ω 

 
 
 
 
 
 v2  
 4 Ω 
 
 
 
 



At node 0, 

  0
0 I2

2
v

+=4  and  
8
vI 1

0 =          16 = 2v0 + v1  (2) 

 
At node 2, 
 

  2I0 = 
4

v
1

v 212 +
−v  and  

8
v1

0 =I          v2
 = v1  (3) 

 
From (1), (2) and (3), v0 = 24 V, but from (2) we get   

io = 62
4
242

2
2
v4 o

−=−=
−

 =  - 4 A 
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i3

6 Ω 

vi1 i24 Ω 3 Ω 

–
+

 
 
 
 10 V 5 A 
 
 
 
 
Note that i2 = -5A.  At the non-reference node 
 

 
6
v5

4
v10

=+
−      v = 18 

  

 i1 = =
−
4

v10  -2 A, i2 = -5 A 
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i3

40 Ω 

v1 v210 Ω 20 Ω 

–
+ 5 A

50 Ω  
 
 
 
 24 V 
 
 



 
 

At node 1, 
40

0v
20

vv
10

v24 1211 −
+

−
=

−
     96 = 7v1 - 2v2  (1) 

 

At node 2, 
50
v

20
vv 221 =

−
+5    500 = -5v1 + 7v2  (2) 

 
Solving (1) and (2) gives, 
 
 v1 = 42.87 V, v2 = 102.05 V 

 ==
40
vi 1

1  1.072 A,  v2 = =
50
v2  2.041 A 
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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 
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1 Ω 2 Ω 

4 Ω 

v0 
v1 

5 A 

8 Ω 

20 V –
+

40 V 
–
+

 
 
 
 
 
 
 
 
 
 
 
 
 
 

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 =  20 V 
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1 Ω 2 Ω 

4 Ω 

v0 
v1 

5 A 

8 Ω 

20 V –
+

40 V 
–
+

 
 
 
 
 
 
 
 
 
 
 
 
 
 
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

2
2
1

2
1v

 144.6 W 

P55 = =





 −= 5

11
56Gv

2
2
2  129.6 W 

 
 P35 = ( )  ==− 3)2(Gvv 22

3L 12 W 
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 2 S 

+  
v0 
–

13 V 
–
+

i0 

1 S 4 S

8 Sv1 v2 v3 

 
 
 
 
 
 2 A 
 
 
 
 
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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60 V 

i0 

3i0

2 Ω

10 Ω

4 Ω 

60 V 
–
+

 
 
 
 

8 Ω  
 
 
 
 
 
 



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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+  
v3 
–

+  
v1 
–

 

10 V 

– + 
v1 

v2 

2 Ω 2 Ω 

4 Ω 8 Ω 

v3

5 A 

 
 
 
 
 
 
 
 
 
 (a) (b)
 

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 
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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 VVVVVVVV
−+=−→=

−
+

−
+

−
+   (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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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  
 
 
 
   4Ω        1Ω          4Ω   
     
 
 
 



 
Between nodes 1 and 3, 

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

.V       (4) 2/6 12 V+=
 
Solving (1), (2), and (4) leads to 
 

V15 V,5.4    V,3 321 −==−= VVV  
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4 kΩ  

2 kΩ 

+  
v0 
–

3v0v1 v2
v3 

1 kΩ 

+

3 mA 

3v0 

+  
v2 
–

 

+  
v3 
–

+

 
 
 
 
 
 
 
 
 
 
 (b) (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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At node 1,  
8

vv
3

4
v

2
v 011012 −

++=
−

   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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At the supernode, 5 + 2 = 
5
v

10
v 21 +            70 = v1 + 2v2  (1) 

 
Considering Fig. (b),  - v1 - 8 + v2 = 0   v2 = v1 + 8  (2) 
 
Solving (1) and (2), 
 
 v1 = 18 V,  v2 = 26 V 
 

+  
v1 

–
5 Ω 10 Ω 

v1 v2

8 V 

– + 

5 A 2 A

 

 

 
 
 
 +  

v2 

–
 
 
 
 
 
 (b)(a)
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       6mA 
 
 
   1 kΩ    2 kΩ          3 kΩ  
        V1      V2 
     +     io                  - 
  30V                  15V 
     -     4 kΩ     5 kΩ    + 
 
 
 
 
At node 1, 

21
2111 2796

24
6

1
30 VVVVVV

−=→
−

++=
−   (1) 

At node 2, 

21
1222 311530

253
)15(

6 VVVVVV
+−=→

−
+=

−−
+  (2) 

Solving (1) and (2) gives  V1=16.24.  Hence 
  io = V1/4 = 4.06 mA 
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Using nodal analysis, 

1 Ω 

v0 

2 Ω 

4 Ω 

2 Ω 

10V 
–
+

–
+

40V 
–
+

i0 

20V 

 

4
0v

2
v10

2
v40

1
v20 0000 −

=
−

+
−

+
−

    v0 = 20V 

 

i0  =  
1

v20 0−
  =  0 A 
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At node 1, 
 

321
21311 24745

510
3

20
15 VVVVVVVV

−−=−→
−

+
−

+=
−   (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 52100

55
10

10
3 VVV

VVVVV
−+=−→=

−
+

−−
+

−
+       (4) 

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

BAV
V
V
V

=→
















−

−
=

































−
−

−−

10
0
45

521
3157
247

3

2

1

 

Using MATLAB leads to 

  
















−
−
−

== −

96.1
982.4
835.9

1BAV

Thus, 
  V 95.1  V, 982.4   V, 835.9 321 −=−=−= VVV  
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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
=

−
−

−
=∆   110

7134
160
4112

1 =
−−

−
−

=∆  

 

,66
744

101
427

2 =
−−

−
=∆    286

4134
061
2117

3 =
−

−=∆  

 

v1  =  ,V625.0
176
1101 ==

∆
∆

  v2  =  V375.0
176
662 ==

∆
∆

 

 

v3  =  .V625.1
176
2863 ==

∆
∆

 

 
v1  =  625 mV,  v2  =  375 mV,  v3  =  1.625 V. 
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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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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. 
 V 7076.0  V, 309.2  V, 209.1  V, 7708.0 4321 ===−= VVVV  
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v1 

10 Ω 

20 Ω 

80 Ω 

40 Ω 

1 

v0

I0 

2I0

2

v2

4v0

120 V 

+
––

+

– +  
 
 
 
 
 
 
 

 100 V  
 
 
 
 
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

=+−=
−
−

=∆  

 

8440
7720
9280

1 −=
−−
−

=∆ ,    6720
7206

2807
2 −=

−
=∆  

 



v1  =  ,1688
5

84401 −=
−

=
∆
∆

  vo  =  V1344
5

67202 −
−

=
∆
∆

 

 
Io  =  -5.6 A 
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 1 Ω 
 

i0

2v0 v3

1 Ω 

2 Ω 

4 Ω 10 V 
–
+

v1 v2

+   v0    –

4 Ω 

 
 
 
 
 1 A  
 
 
 
 
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
2 −

+−=  

 
or    20  = 4v1 + v2 – 2v3     (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 V,  v2 = 4 V,  v3 = 0 V. 
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v3

v1 
v2 

10 V 

loop 2 

– + 

20 V 

+ – 

12 V 

loop 1

–
+

 

+  
v3 
–

+  
v1 
–

10 kΩ 

4 mA 

5 kΩ 

 

 
 
 
 
 
 
 
 
 
 
 
 
 (b)(a)  
 
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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(a) This is a non-planar circuit because there is no way of redrawing the circuit 
with no crossing branches. 
 

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

1 Ω 

2 Ω 

3 Ω 

4 Ω 

5 Ω 
12 V 

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

7 Ω 

10 V 
–
+

1 Ω 
2 Ω 

3 Ω 

4 Ω 

6 Ω 

 
 
 
 
 
 
 

5 Ω  
 
 
 
 
 
 
(b) This is a non-planar circuit. 
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5 kΩ  
i1

 
i2

+  
v0 
–2 kΩ 

30 V 
–
+

–
+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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i1 i2

2 Ω 

4 Ω 
10 V 

+ – 

12 V 
–
+

 
I2

6 Ω 
I1 

 

 
 
 i3
 
 
 
 
 
 
 
Applying mesh analysis gives, 
 

12 = 10I1 – 6I2 
 

-10 = -6I1 + 8I2 
 

or      















−

−
=








− 2

1

I
I

43
35

5
6

 

,11
43
35
=

−
−

=∆   ,9
45
36

1 =
−

−
=∆   7

53
65

2 −=
−−

=∆  

 

,
11
9I 1

1 =
∆
∆

=   
11

7I 2
2

−
=

∆
∆

=  

 
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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5 Ω 

4v0 
2 Ω 

1 Ω 

3 Ω 

  3 V 
–
+

+
–

+  
v0 
–

i2

 
i1

 

 
 
 
 
 
 
 
 
 
 
 



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) = 1.111 volts 
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6 Ω 

2v0 8 Ω 

3 Ω 

12 V 
–
+ +

–

+   v0    – 

i2

 
i1 

 

 
 
 
 
 
 
 
 
 
 
We apply mesh analysis. 
 

 12 = 3 i1 + 8(i1 – i2)  which leads to  12 = 11 i1 – 8 i2  (1)  
 
  -2 v0 = 6 i2 + 8(i2 – i1)  and v0 = 3 i1 or i1 = 7 i2  (2) 
 

From (1) and (2), i1 = 84/69  and v0 = 3 i1 = 3x89/69  
 
    v0 = 3.652 volts 
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For mesh 1, 
   0610210 21 =−+− III x−  
But  .  Hence, 21 III x −=

212121 245610121210 IIIIII −=→−++−=  (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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2 kΩ 

i2 

6 kΩ 

4 kΩ 

2 kΩ 
6 kΩ 

i3

i1

 
–
+

4 kΩ 

 
 
 
 30V  
 
 
 
 
 
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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 10 Ω 
 

i3

i
i2 

2 Ω 

1 Ω 

  8 V 
–
+

  6 V 

+ – 

i3

i2 

i1

 
 
 
 
 
 
 
 
 
 5 Ω 4 Ω  
 
 

0



 
 
 
 
 
For loop 1, 
 
   6 = 12i1 – 2i2   3 = 6i1 – i2  (1) 
 
For loop 2, 
 
    -8 = 7i2 – 2i1 – i3    (2) 
 
For loop 3, 
 

 -8 + 6 + 6i3 – i2 = 0   2 = 6i3 – i2  (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

−=
−
−
−

=∆   240
620
182
036

2 −==∆  

 
 

38
210
872
316

3 −=
−
−
−

=∆  

 

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

2403823

−
−−

=
∆
∆−∆ =  1.188 A 
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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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30 Ω 

30 Ω 

20 Ω 

20 Ω 

20 Ω 

80 V 
–
+

80 V 
–
+

i3

i2

i1

 
a  

 
 +  

 
 
Vab 
 
 
– 
 

 
 
 30 Ω 
 
 
 
 
 b 
 
 
 
For loop 1, 
 
  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 =  1.778 A 
 
Vab = 30i3 =  53.33 V. 
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 6 V  

1 Ω 

4 Ω i3 
i2

i1 

3 A 

+ 

6 V 
–
+

 
 
 
 

2 Ω  
 
 
 
 
 

5 Ω  
 
 
 
 
 i2 i1 
 
Loop 1 and 2 form a supermesh.  For the supermesh, 
 
   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 
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 4 Ω 8 Ω 
 

1 Ω i1 

2 Ω 6 Ω 

3 Ω –
+

i4i3 

i2

 
 
 
 
 
 
 
 

30V  
 
 
 
 
 
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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For loop 1, 
12811081112 2121 =−→=−+− iiii   (1) 

For loop 2, 
02148 21 =++− ovii  

But  v , 13io =

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

1739.012877 222 =→=− iii A and  217.17 21 == ii  A   
 
 



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

- 6V +   
        2Ω  
              
 
       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

=→















−=

































−−
−−
−−

3
6

10

724
271
417

3

2

1

 

Using MATLAB, 

8667.1,0333.0  ,5.2
8667.1
0333.0
2

321
1 ===→
















== − IIIBAI  

But 

1 1
20 20 4 10 V

4
VI V−

= → = − =1I  

2 1 22( ) 4.933 VV I I= − =  
Also, 

3
2 3 2

12 12 8 12.267V
8

VI V I−
= → = + =    
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We apply mesh analysis and let the mesh currents be in mA. 

3kΩ  
 
      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

I
I
I
I

=→



















=





































−−−
−−
−−−
−−

0
6
8
4

14524
515100
210131
4015

4

3

2

1

 

Using MATLAB, 
 



















== −

6
791.7
087.8
217.7

1BAI  

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

(a) 

2i0 

i20

16 V 
–
+

1 Ω 2 Ω 

i3

i2i1

i1

2 Ω 

16V 
2 Ω 

i2

+  
v0 
–

+  
v0      or
–

i1

1 Ω 

–
+

 
 
 
 
 
 
 
 
 
 2 Ω 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (b) 

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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10 Ω 

4 Ω 2 Ω 
i3

i2 

i1 

3i0 

60 V 
–
+

 
 
 
 
 
 
 
 8 Ω 
 
 
 
 
 
 
 i3 i2 

 
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 
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5 A  
 

+ 

v0

1 Ω 

4 Ω 

2 Ω 

i3

i2 

i1 

20V –
+40 V 

–
+

8 Ω 

 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
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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i3 

i2 

2 Ω 

4 Ω 

8 Ω 

i3

i2

i1

3A

+  
v0 
–

2V0 
+
–

–
+

 
 
 
 
 VS 
 
 
 
 
 
 
 
 
 
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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i3 

i2 

2 Ω 

4 Ω 

8 Ω 

i3

i2

i1

3A

+  
v0 
–

2V0 
+
–

–
+

 
 
 
 
 VS 
 
 
 
 
 
 
 
 
 
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. 
 



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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dI1 i2 

a 0

b c

1A

4A 

i1

i3

I4 

1A

I2 

I3

8 V 

12 Ω 4 Ω 

2 Ω 

6 Ω 

10 V 

+ 

+ – 

4 A 

I4

I3

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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 +   v1    – 
 

2 Ω 

2 Ω 

2 Ω 

2 Ω 

2 Ω 

i3

i2 

i1 
12 V 

–
+

 
 
 
 
 +  

v2 
–

 
 
 
 
 
 
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

 

 

∆ = ,8
311
131
112
=

−−
−−
−−

  ∆2 = 24
301
131
162
=

−
−−
−

 

∆3 = 24
011
031
612
=

−−
−

−
, therefore i2 = i3 = 24/8 = 3A,  

v1 = 2i2 = 6 volts, v = 2i3 = 6 volts 
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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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 30 Ω 
 

10 Ω 30 Ω 10 Ω 

i3

i2

i1

120 V 

–
+

 
 
 
 
 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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i1 

2I0

I0 

10 Ω 

20 Ω 

40 Ω 

+  
v0 
–

100V 
–
+

120 V 

– + 

 
+
–

4v0 
i3

i2 

 
 
 
 
 
 
 
 

80 Ω  
 
 
 
 

i2 i3 
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

 

∆ = ,5
130

1231
3223

=
−
−−

−
 ∆2 = ,28

100
1261

32103
−=

−
−−  ∆3 = 84

030
631

1023
−=−

−
 

 
  I0 = i2 = ∆2/∆ = -28/5 = -5.6 A 
 
  v0 = 8i3 = (-84/5)80 = -1344 volts 
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 0.5i0 

i0 

v1 

1 Ω 

4 Ω 8 Ω 10 V

10 V 
–
+

 
 
 
 v2  
 
 2 Ω 
 
 
 
 
 
 
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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+  
v0 
–

20 Ω v2v1 

+
–30 Ω 5v0 

40 Ω 

10 Ω  
 
 i0  is  
 
 
 
 
 
 
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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i1 

4 kΩ A

–
+

B8 kΩ 

100V 
–
+

i3i2

2 kΩ  
 
 
 
 
 40 V  
 
 
 
 
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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A 

5 Ω 

10 Ω 

i2i1

+
– 4ix 

50 V 
–
+

 
 
 
 
 
 
 
 
 
 
 
 
 
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 = 4.105 amp  
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i0

i1 

2 A

10 Ω 

50 Ω A 10 Ω i2

+             − 

0.2V0 

4i0 
+
–

100V 
–
+

i3

i2
i1 

 
 
 
 
 
 40 Ω 
 
 
 
 
 
 
 
 i1 i3B
 
For mesh 2,    20i2 – 10i1 + 4i0 = 0     (1) 
 
But at node A,  io = i1 – i2  so that (1) becomes i1 = (7/12)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 – (17/12)i2  (5) 
 
Solving (1)  to  (5),  i2 = -0.674,  
 

v0 = 10i2 = -6.74 volts,  i0 = i1 - i2 = -(5/12)i2 = 0.281 amps 
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For mesh 1, 421 61212 III −−=    (1) 
For mesh 2, 54321 81660 IIIII −−−+−=   (2) 
For mesh 3, 532 1589 III −+−=    (3) 
For mesh 4, 5421 256 IIII −+−−=   (4) 
For mesh 5, 5432 8210 IIII +−−−=   (5) 
 
 



Casting (1) to (5) in matrix form gives 

BAI

I
I
I
I
I

=→























=













































−−−
−−−
−−
−−−−

−

10
6
9
0

12

82110
25011
101580
118166

010612

5

4

3

2

1

 

Using MATLAB leads to 























== −

411.2
864.2
733.1
824.1
673.1

1BAI  

Thus, 
 A  411.2 A, 864.1 A, 733.1 A, 824.1 A, 673.1 54321 ===== IIIII  
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Consider the circuit below. 

 
   2  kΩ    2 kΩ  
 
 

  +           + 
            20V     I1          1 kΩ        I2      10V 
  -           - 
           1 k           1 kΩ Ω  
 
              Io   

 

             1 kΩ        2 kΩ  
   2 kΩ         I3                     I4 
            - 
            12V 
            + 
 
We use mesh analysis.  Let the mesh currents be in mA.   
For mesh 1,     (1) 321420 III −−=
For mesh 2,     (2) 421 410 III −+−=−
For mesh 3,     (3) 431 412 III −+−=
For mesh 4,     (4) 432 412 III +−−=−
 



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

BAI

I
I
I
I

=→



















−

−
=





































−−
−−
−−

−−

12
12
10

20

4110
1401
1041

0114

4

3

2

1

 

Using MATLAB, 
 



















−

−
== −

5.2
75.3
75.1
5.5

1BAI  

Thus, 
   mA 75.33 −=−= II o  
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  G11 = (1/1) + (1/4) = 1.25,  G22 = (1/1) + (1/2) = 1.5  
 
   G12 = -1 = G21, i1 = 6 – 3 = 3,  i2 = 5-6 = -1 
 

Hence, we have,    







−

=















−

−
1

3
v
v

5.11
125.1

2

1

 

 







∆

=







−

− −

25.11
15.11

5.11
125.1 1

, where ∆ = [(1.25)(1.5)-(-1)(-1)] = 0.875 

 

    







=








−
−

=







−








=








2
4

)4286.1(1)1429.1(3
)1429.1(1)7143.1(3

1
3

4286.11429.1
1429.17143.1

v
v

2

1

 
   Clearly v1 = 4 volts and v2 = 2 volts 
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 By inspection, G11 = 1 + 3 + 5 = 8S, G22 = 1 + 2 = 3S,  G33 = 2 + 5 = 7S 

 G12 = -1,  G13 = -5,  G21 = -1,  G23 = -2,  G31 = -5,  G32 = -2 

 i1 = 4,  i2 = 2,  i3 = -1 

 

We can either use matrix inverse as we did in Problem 3.51 or use Cramer’s Rule.  
Let us use Cramer’s rule for this problem. 

First, we develop the matrix relationships. 

 

















−
=

































−−
−−
−−

1
2
4

v
v
v

725
231
518

3

2

1

 

 

85
721
232
514

,34
725
231
518

1 =
−−

−
−−

=∆=
−−

−−
−−

=∆  

 

87
125

231
418

,109
715
221
548

32 =
−−−

−
−

=∆=
−−

−−
−

=∆  

 

v1 = ∆1/∆ = 85/34 = 3.5 volts, v2 = ∆2/∆ = 109/34 = 3.206 volts 

v3 = ∆3/∆ = 87/34 = 2.56 volts 
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Assume that all conductances are in mS, all currents are in mA, and all voltages 
are in volts. 
 
 G11 = (1/2) + (1/4) + (1/1) = 1.75,  G22 = (1/4) + (1/4) + (1/2) = 1, 
 G33 = (1/1) + (1/4) = 1.25,  G12 = -1/4 = -0.25,  G13 = -1/1 = -1, 
 G21 = -0.25,  G23 = -1/4 = -0.25,  G31 = -1,  G32 = -0.25 
 
 i1 = 20,  i2 = 5, and i3 = 10 – 5 = 5 
 
The node-voltage equations are: 
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G11 = G1 + G2 + G4,  G12 = -G2,  G13 = 0, 
G22 = G2 + G3,  G21 = -G2,  G23 = -G3, 
G33 = G1 + G3 + G5,  G31 = 0,  G32 = -G3 
 
i1 = -I1,  i2 = I2,  and  i3 = I1 

 
Then, the node-voltage equations are: 
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R11 = 4 + 2 = 6,  R22 = 2 + 8 + 2 = 12,  R33 = 2 + 5 = 7, 
R12 = -2,  R13 = 0,  R21 = -2,  R23 = -2,  R31 = 0,  R32 = -2 
 
v1 = 12,  v2 = -8,  and v3 = -20 
 

Now we can write the matrix relationships for the mesh-current equations. 
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Now we can solve for i2 using Cramer’s Rule. 
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=∆  

 
  i2 = ∆2/∆ = -0.9026,  p = (i2)2R = 6.52 watts 
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R11 = 5 + 2 = 7,  R22 = 2 + 4 = 6,  R33 = 1 + 4 = 5,  R44 = 1 + 4 = 5, 
R12 = -2,  R13 = 0 = R14,  R21 = -2,  R23 = -4,  R24 = 0,  R31 = 0, 
R32 = -4,  R34 = -1,  R41 = 0 = R42,  R43 = -1, we note that Rij = Rji for  
all i not equal to j. 
 
v1 = 8,  v2 = 4,  v3 = -10,  and  v4 = -4  

 
Hence the mesh-current equations are: 
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R11 = 2 + 3 +4 = 9,  R22 = 3 + 5 = 8,  R33 = 1 + 4 = 5,  R44 = 1 + 1 = 2,   
R12 = -3,  R13 = -4,  R14 = 0,  R23 = 0,  R24 = 0,  R34 = -1 
 
v1 = 6,  v2 = 4,  v3 = 2,  and  v4 = -3 

 
Hence, 

 



















−

=





































−
−−

−
−−

3
2
4
6

i
i
i
i

2100
1604

0083
0439

4

3

2

1

 

 
 
 
Chapter 3, Solution 74 
 

R11 = R1 + R4 + R6,  R22 = R2 + R4 + R5,  R33 = R6 + R7 + R8, 
R44 = R3 + R5 + R8,  R12 = -R4,  R13 = -R6,  R14 = 0,  R23 = 0, 
R24 = -R5,  R34 = -R8,  again, we note that Rij = Rji for all i not equal to j.  

 

 The input voltage vector is =  
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* Schematics Netlist * 
 
R_R4         $N_0002 $N_0001  30   
R_R2         $N_0001 $N_0003  10   
R_R1         $N_0005 $N_0004  30   
R_R3         $N_0003 $N_0004  10   
R_R5         $N_0006 $N_0004  30   
V_V4         $N_0003 0 120V 
v_V3         $N_0005 $N_0001 0 
v_V2         0 $N_0006 0 
v_V1         0 $N_0002 0 

i3

i2i1

 
Clearly, i1 = -3 amps,  i2 = 0 amps, and i3 = 3 amps, which agrees with the answers in 
Problem 3.44. 
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* Schematics Netlist * 
 
I_I2         0 $N_0001 DC 4A   
R_R1         $N_0002 $N_0001  0.25   
R_R3         $N_0003 $N_0001  1   
R_R2         $N_0002 $N_0003  1   
F_F1         $N_0002 $N_0001 VF_F1 3 
VF_F1        $N_0003 $N_0004 0V 
R_R4         0 $N_0002  0.5   
R_R6         0 $N_0001  0.5   
I_I1         0 $N_0002 DC 2A   
R_R5         0 $N_0004  0.25   
 

 
 
Clearly,  v1 = 625 mVolts,  v2 = 375 mVolts,  and  v3 = 1.625 volts,  which agrees with 
the solution obtained in Problem 3.27. 
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* Schematics Netlist * 
 
R_R2         0 $N_0001  4   
I_I1         $N_0001 0 DC 3A   
I_I3         $N_0002 $N_0001 DC 6A   
R_R3         0 $N_0002  2   
R_R1         $N_0001 $N_0002  1   
I_I2         0 $N_0002 DC 5A   
 

 
Clearly, v1 = 4 volts  and  v2 = 2 volts, which agrees with the answer obtained in Problem 
3.51. 
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The schematic is shown below.  When the circuit is saved and simulated the node 
voltages are displaced on the pseudocomponents as shown.  Thus, 
 

 ,V15 V,5.4    V,3 321 −==−= VVV  
 

.  
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The schematic is shown below.  When the circuit is saved and simulated, we obtain the  
node voltages as displaced.  Thus, 
 

 V 88.26V  V, 6944.0V   V, 28.10V   V, 278.5V dcba −===−=  
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* Schematics Netlist * 
 
H_H1         $N_0002 $N_0003 VH_H1 6 
VH_H1        0 $N_0001 0V 
I_I1         $N_0004 $N_0005 DC 8A   
V_V1         $N_0002 0 20V 
R_R4         0 $N_0003  4   
R_R1         $N_0005 $N_0003  10   
R_R2         $N_0003 $N_0002  12   
R_R5         0 $N_0004  1   
R_R3         $N_0004 $N_0001  2   



 

 
Clearly,  v1 = 84 volts,  v2 = 4 volts,  v3 = 20 volts,  and  v4 = -5.333 volts 
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Clearly, v1 = 26.67 volts,  v2 = 6.667 volts,  v3 = 173.33 volts,  and  v4 = -46.67 volts 
which agrees with the results of Example 3.4. 
 



This is the netlist for this circuit. 
 
* Schematics Netlist * 
 
R_R1         0 $N_0001  2   
R_R2         $N_0003 $N_0002  6   
R_R3         0 $N_0002  4   
R_R4         0 $N_0004  1   
R_R5         $N_0001 $N_0004  3   
I_I1         0 $N_0003 DC 10A   
V_V1         $N_0001 $N_0003 20V 
E_E1         $N_0002 $N_0004 $N_0001 $N_0004 3 
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+   v0   – 

4 

3 kΩ 

2 kΩ 

4 kΩ 8 kΩ 

6 kΩ 

0

1 
2 33v0 

2i0 

100V 
–
+

4A 
+

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This network corresponds to the Netlist. 
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The circuit is shown below. 
 

+   v0   – 

4 

3 kΩ 

2 kΩ 

4 kΩ 8 kΩ 

6 kΩ 

1 3 

20 V 
–
+ 30 Ω 2 A 

0

50 Ω 

0

1 
2 3

3v0 

2i0 2

100V 
–
+

4A 
+

20 Ω 70 Ω 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
When the circuit is saved and simulated, we obtain  v2 = -12.5 volts 
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From the output loop,  v0 = 50i0x20x103 = 106i0  (1)  
 
 From the input loop,  3x10-3 + 4000i0 – v0/100 = 0 (2) 
 
 From (1) and (2) we get,  i0 = 0.5µA  and  v0 = 0.5 volt. 
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The amplifier acts as a source. 
 
     Rs 
   
        + 
       Vs           RL 
              - 
 
 
 
For maximum power transfer, 
 
  Ω== 9sL RR  
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 Let v1 be the potential across the 2 k-ohm resistor with plus being on top.  Then, 
 

[(0.03 – v1)/1k] + 400i = v1/2k    (1) 
 
Assume that i is in mA.  But,  i = (0.03 – v1)/1  (2) 
 
Combining (1) and (2) yields, 
 
v1 = 29.963 mVolts  and  i = 37.4 nA,  therefore, 
 
v0 = -5000x400x37.4x10-9 = -74.8 mvolts 
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v1 = 500(vs)/(500 + 2000) = vs/5 
 
v0 = -400(60v1)/(400 + 2000) = -40v1 = -40(vs/5) = -8vs, 
 
Therefore,  v0/vs = -8 
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 Let v1 be the potential at the top end of the 100-ohm resistor. 
 
   (vs – v1)/200 = v1/100 + (v1 – 10-3v0)/2000  (1) 
 
 For the right loop, v0 = -40i0(10,000) = -40(v1 – 10-3)10,000/2000, 
 
   or,  v0 = -200v1 + 0.2v0 = -4x10-3v0   (2) 
 

Substituting (2) into (1) gives,  
(vs + 0.004v1)/2 = -0.004v0 + (-0.004v1 – 0.001v0)/20 

 
 This leads to 0.125v0 = 10vs  or  (v0/vs) = 10/0.125 = -80 
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  vi = VBE + 40k IB       (1) 
 
  5 = VCE + 2k IC        (2) 
 
 If IC =  βIB = 75IB  and  VCE = 2 volts, then (2) becomes 5 = 2 +2k(75IB) 
 which leads to IB = 20 µA. 
 

Substituting this into (1) produces, vi = 0.7 + 0.8 = 1.5 volts.  
 2 kΩ 
 
 
 IB 40 kΩ  

+  
VBE 

–

 

-
+   

-
+ vi 5 v  
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 1 kΩ  

100 kΩ 

IE 

IB 

+  
VBE 

–

+  
VCE 
–

i2

i1 -
+  

18V -
+ 

500 Ω +  
V0 
–

 
 
 
 
 

vs  
 
 
 
 
For loop 1,  -vs + 10k(IB) + VBE + IE (500) = 0 = -vs + 0.7 + 10,000IB + 500(1 + β)IB 
 
which leads to  vs + 0.7 = 10,000IB + 500(151)IB = 85,500IB 
 
But,  v0 = 500IE = 500x151IB = 4  which leads to  IB = 5.298x10-5 
 
  Therefore,  vs = 0.7 + 85,500IB = 5.23 volts 
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 We first determine the Thevenin equivalent for the input circuit. 

  RTh = 6||2 = 6x2/8 = 1.5 kΩ and VTh = 2(3)/(2+6) = 0.75 volts 
 
 5 kΩ  

IC 

1.5 kΩ 

IE 

IB

+  
VBE 

–

+  
VCE 
–

i2

i1 -
+  

9 V -
+ 

400 Ω +  
V0 
–

 
 
 
 
 
 

 0.75 V  
 
 
 
 
For loop 1,  -0.75 + 1.5kIB + VBE + 400IE = 0 = -0.75 + 0.7 + 1500IB + 400(1 + β)IB 
 
   IB = 0.05/81,900 = 0.61 µA 
 
  v0 = 400IE = 400(1 + β)IB = 49 mV 
 
For loop 2,  -400IE – VCE – 5kIC + 9 = 0, but, IC = βIB  and  IE = (1 + β)IB  
 
  VCE = 9 – 5kβIB – 400(1 + β)IB = 9 – 0.659 = 8.641 volts 
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IC 

VC

10 kΩ 

IE 

IB 

+  
VBE 

–

+  
VCE 
–

12V -
+ 

4 kΩ +  
V0 
–

I1 5 kΩ 



  I1 = IB + IC = (1 + β)IB  and  IE = IB + IC = I1  
 
 Applying KVL around the outer loop, 
 
  4kIE  + VBE + 10kIB + 5kI1 = 12 
 
  12 – 0.7 = 5k(1 + β)IB + 10kIB + 4k(1 + β)IB = 919kIB 
 
  IB = 11.3/919k = 12.296 µA 
 
Also, 12 = 5kI1 + VC  which leads to  VC = 12 – 5k(101)IB = 5.791 volts 
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i1 i2
i 

4 Ω 

4 Ω 

2 Ω 

2 Ω 

1 Ω 

8 Ω 

3v0 

+  
v2 
–

+  
v1 
–

+

–
+

3v0 
+

2 Ω i v2v1 i3

+  
v0 
–

 
 
 
 
 
 24V 
 
 
 
 
 

(a) (b)  
 
From (b),  -v1 + 2i – 3v0 + v2 = 0  which leads  to  i = (v1 + 3v0 – v2)/2 
 
At node 1 in (a),  ((24 – v1)/4) = (v1/2) + ((v1 +3v0 – v2)/2) + ((v1 – v2)/1), where v0 = v2 
 
  or  24 = 9v1  which leads to  v1 = 2.667 volts 
 
At node 2,  ((v1 – v2)/1) + ((v1 + 3v0 – v2)/2) = (v2/8) + v2/4,  v0 = v2 
 
  v2 = 4v1 = 10.66 volts 
 
Now we can solve for the currents,  i1 = v1/2 = 1.333 A,  i2 = 1.333 A, and 
 
     i3 = 2.6667 A. 
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