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Circuit Theorems

1 Problems

Section 4.2 Linearity Property

4.1 Calculate the current i, in the circuit of Fig. 4.69.
‘What value of input voltage is necessary to make i,
equal to 5 amps?

5Q 25Q

b

30V 40 Q 15Q

Figure 4.69
For Prob. 4.1.

4.2 Using Fig. 4.70, design a problem to help other
efd students better understand linearity.

R, R,
AN

Figure 4.70
For Prob. 4.2.

4.3 (a) In the circuit of Fig. 4.71, calculate v, and i,
whenv, = 1 V.
(b) Find v, and i, when vy, = 10 V.

(c) What are v, and i, when each of the 1-Q)
resistors is replaced by a 10-() resistor and
v, = 10V?

Figure 4.71
For Prob. 4.3.

4.4 Use linearity to determine i, in the circuit of Fig. 4.72.

30 20
AV
o
60 40 9A

Figure 4.72
For Prob. 4.4.

4.5 For the circuit in Fig. 4.73, assume v, = 1 V, and
use linearity to find the actual value of v,,.

2Q 3Q 45 2Q

o

15V 6 Q 6 Q 4Q

<

Figure 4.73
For Prob. 4.5.

4.6 For the linear circuit shown in Fig. 4.74, use linearity
to complete the following table.

Experiment Vi v,
1 12V 4V
2 16V
3 v
4 -2V

V, Ci') Linear ;0

circuit

Figure 4.74
For Prob. 4.6.

4.7 Use linearity and the assumption that V, = 1 V to
find the actual value of V, in Fig. 4.75.

1Q 4Q
MW MWV
S50

+

av(®)

Figure 4.75
For Prob. 4.7.

Section 4.3 Superposition

4.8 Using superposition, find V, in the circuit of Fig. 4.76.
g Check with PSpice or MultiSim.

4Q v, 1Q

3Q &
50 3V
(Hov
1

Figure 4.76
For Prob. 4.8.



4.9 Given that I = 4 amps when V; = 40 volts and I, = 4
amps and / = 1 amp when V; = 20 volts and I, = 0,
use superposition and linearity to determine the value
of I when V; = 60 volts and /; = —2 amps.

Figure 4.77
For Prob. 4.9.

4.10 Using Fig. 4.78, design a problem to help other
efd students better understand superposition. Note, the
letter k is a gain you can specify to make the
problem easier to solve but must not be zero.

Figure 4.78
For Prob. 4.10.

4.11 Use the superposition principle to find i, and v,, in
Q the circuit of Fig. 4.79.

i, 10Q 2

0Q
AN
+ oy, -
6 A 40 Q 4i, 30V

Figure 4.79
For Prob. 4.11.

4.12 Determine v, in the circuit of Fig. 4.80 using the
superposition principle.

2A

12V 9V

Figure 4.80
For Prob. 4.12.
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4.13 Use superposition to find v,, in the circuit of Fig. 4.81.

2A 109%

Figure 4.81
For Prob. 4.13.

4.14 Apply the superposition principle to find v,, in the
g circuit of Fig. 4.82.

20V<‘t>

Figure 4.82
For Prob. 4.14.

4.15 For the circuit in Fig. 4.83, use superposition to find i.
g Calculate the power delivered to the 3-) resistor.

20V 4Q

2Q 16V

Figure 4.83
For Probs. 4.15 and 4.56.

4.16 Given the circuit in Fig. 4.84, use superposition to

g obtain .

Figure 4.84
For Prob. 4.16.
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4.17 Use superposition to obtain v, in the circuit of
ﬁ Fig. 4.85. Check your result using PSpice or

ML MultiSim.
30Q 100Q 20Q
W
+ oy -
90 V 60 Q D 6A 300 40V

Figure 4.85
For Prob. 4.17.

4.18 Use superposition to find V, in the circuit of Fig. 4.86.

&

1Q
AN
0.5V
2Q ¢
AN —

10V

S

ZACP 40

4.19 Use superposition to solve for v, in the circuit of

g Fig. 4.87.

Figure 4.86
For Prob. 4.18.

bis N
20 Mea 4a(d) sazwn

&

4i

X

Figure 4.87
For Prob. 4.19.

Section 4.4 Source Transformation

4.20 Use source transformation to reduce the circuit in
Fig. 4.88 to a single voltage source in series with a
single resistor.

3A 10 Q 20Q 40 Q
12V 16V

Figure 4.88
For Prob. 4.20.

Circuit Theorems

4.21 Using Fig. 4.89, design a problem to help other
efd students better understand source transformation.

ih, R,
—

Figure 4.89
For Prob. 4.21.

4.22 For the circuit in Fig. 4.90, use source
transformation to find i.

50 100
ANV
*i

§SQ §4Q

20V

24 (Y)

Figure 4.90
For Prob. 4.22.

4.23 Referring to Fig. 4.91, use source transformation to
determine the current and power absorbed by the
8-() resistor.

8Q 3Q
%%

3a(®) §109

Figure 4.91
For Prob. 4.23.

4.24 Use source transformation to find the voltage V. in
the circuit of Fig. 4.92.

3A
30 10Q
MM MY
+V, -

40V 100 2V,

Figure 4.92
For Prob. 4.24.



4.25 Obtain v, in the circuit of Fig. 4.93 using source
transformation. Check your result using PSpice or
MultiSim.

2A

)
N

9Q
ANWY

Figure 4.93
For Prob. 4.25.

4.26 Use source transformation to find i, in the circuit of

Fig. 4.94.
50
&
6A 2Q 20V

Figure 4.94
For Prob. 4.26.

4.27 Apply source transformation to find v, in the circuit

of Fig. 4.95.
0Q 4 120 5, 20Q
AW —e
+ o -
50V 400 M sa 40V

Figure 4.95
For Probs. 4.27 and 4.40.

4.28 Use source transformation to find /, in Fig. 4.96.

1Q 1, 4Q
AMMN—" AMA,
+ v, -

v O 20 P

Figure 4.96
For Prob. 4.28.
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4.29 Use source transformation to find v,, in the circuit of

Fig. 4.97.
4kQ
MWV
3y,
2kQ
MWW =
+

3mA<P 1kQ %_vo

Figure 4.97
For Prob. 4.29.

4.30 Use source transformation on the circuit shown in
Fig 4.98 to find i,.

i 24Q 60 Q

W%

§3OQ

§ 10Q 0.7i,

12V Ci)

Figure 4.98
For Prob. 4.30.

4.31 Determine v, in the circuit of Fig. 4.99 using source
transformation.

Figure 4.99
For Prob. 4.31.

4.32 Use source transformation to find i, in the circuit of

Fig. 4.100.
10 Q
AW
0.5i,
e  15Q
A &

60V %SOQ

Figure 4.100
For Prob. 4.32.

%409




166 Chapter 4

Sections 4.5 and 4.6 Thevenin’s and Norton’s
Theorems

4.33 Determine the Thevenin equivalent circuit, shown in
Fig. 4.101, as seen by the 5-ohm resistor.

Then calculate the current flowing through the 5-ohm
resistor.

10 Q

§109 5Q

" @®

Figure 4.101
For Prob. 4.33.

4.34 Using Fig. 4.102, design a problem that will help
efJdd other students better understand Thevenin equivalent
circuits.

1% % Ry
O b
Figure 4.102
For Probs. 4.34 and 4.49.

4.35 Use Thevenin’s theorem to find v,, in Prob. 4.12.

4.36 Solve for the current i in the circuit of Fig. 4.103
using Thevenin’s theorem. (Hint: Find the Thevenin
equivalent seen by the 12-() resistor.)

li

10 Q 12Q

§4OQ

50V 30V

Figure 4.103
For Prob. 4.36.

Circuit Theorems

4.37 Find the Norton equivalent with respect to terminals
a-b in the circuit shown in Fig. 4.104.

2A

20Q

40 Q

120V Ci)

12Q

O b

Figure 4.104
For Prob. 4.37.

4.38 Apply Thevenin’s theorem to find V,, in the circuit of

Fig. 4.105.
40 10
A ANMA—
5Q +
3A<D §16Q IOQ§VO
2V

Figure 4.105
For Prob. 4.38.

4.39 Obtain the Thevenin equivalent at terminals a-b of
the circuit shown in Fig. 4.106.

3A
&
10Q 16 Q
MW O a
10Q

24V

Figure 4.106
For Prob. 4.39.

4.40 Find the Thevenin equivalent at terminals a-b of the
circuit in Fig. 4.107.

+ Vo_
MW AW
10 kQ 20 kQ
oa
+ +
0V C_> T>4v,
ob

Figure 4.107
For Prob. 4.40.



4.41 Find the Thevenin and Norton equivalents at
terminals a-b of the circuit shown in Fig. 4.108.

14V 140

@—ww oa
3AQ> §59

Q) §6§2

ob

Figure 4.108
For Prob. 4.41.

*4.42 For the circuit in Fig. 4.109, find the Thevenin
equivalent between terminals a and b.

200
;;)2ov
10Q 200
ao AW AW O b
10Q
5A 10Q §IOQ
30V

Figure 4.109
For Prob. 4.42.

4.43 Find the Thevenin equivalent looking into terminals
a-b of the circuit in Fig. 4.110 and solve for i,.

10Q 4 6Q

20V

Figure 4.110
For Prob. 4.43.

4.44 For the circuit in Fig. 4.111, obtain the Thevenin
equivalent as seen from terminals:

(a) a-b (b) b-¢
3Q 1Q
a
24V 4Q
b
2Q 5Q 2A
O C

Figure 4.111
For Prob. 4.44.

* An asterisk indicates a challenging problem.
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4.45 Find the Thevenin equivalent of the circuit in
Fig. 4.112 as seen by looking into terminals a and b.

6Q
MWV O a

4A 6Q 4Q

O b

Figure 4.112
For Prob. 4.45.

4.46 Using Fig. 4.113, design a problem to help other
ed students better understand Norton equivalent circuits.

Ry
A oa

Ob

Figure 4.113
For Prob. 4.46.

4.47 Obtain the Thevenin and Norton equivalent circuits
of the circuit in Fig. 4.114 with respect to terminals a
and b.

12Q

30v () V.:é 600 {2,

ob

Figure 4.114
For Prob. 4.47.

4.48 Determine the Norton equivalent at terminals a-b for
the circuit in Fig. 4.115.

10

4

LiM—OH

24 () §4Q

Figure 4.115
For Prob. 4.48.

4.49 Find the Norton equivalent looking into terminals
a-b of the circuit in Fig. 4.102. Let V=40V,
I=3AR =10Q,R, =40, and R3 = 20 Q.
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4.50 Obtain the Norton equivalent of the circuit in
Fig. 4.116 to the left of terminals a-b. Use the
result to find current i.

6o 12V
2a(d) §4Q §SQ })aa
=

Figure 4.116
For Prob. 4.50.

4.51 Given the circuit in Fig. 4.117, obtain the Norton
equivalent as viewed from terminals:

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

a b
SR

120 V 3Q 6 A 2Q

Figure 4.117
For Prob. 4.51.

4.52 For the transistor model in Fig. 4.118, obtain the
Thevenin equivalent at terminals a-b.

3kQ
a
o
6V 20i, 2kQ
o b

Figure 4.118
For Prob. 4.52.

4.53 Find the Norton equivalent at terminals a-b of the
circuit in Fig. 4.119.

0.25,
6Q 2Q
AN AW oa
+
18V 303 %

Figure 4.119
For Prob. 4.53.

Circuit Theorems

4.54 Find the Thevenin equivalent between terminals a-b
of the circuit in Fig. 4.120.

3V<t v, 2 50Q

ob

Figure 4.120
For Prob. 4.54.

*4.55 Obtain the Norton equivalent at terminals a-b of the
circuit in Fig. 4.121.

gk 1
—

oy e 0.001V,, é 807 S0kQ 2V,

+

o b

Figure 4.121
For Prob. 4.55.

4.56 Use Norton’s theorem to find V,, in the circuit of

Fig. 4.122.
12kQ  2kQ 10 kQ
AM—T—AW AW
N
v (E) 24k (P)3ma 123 v,

Figure 4.122
For Prob. 4.56.

4.57 Obtain the Thevenin and Norton equivalent circuits
at terminals a-b for the circuit in Fig. 4.123.

3Q 2Q
ANV 0 a
+
50V 6Q vy 050, 10Q

o b

Figure 4.123
For Probs. 4.57 and 4.79.



4.58 The network in Fig. 4.124 models a bipolar transistor
common-emitter amplifier connected to a load. Find
the Thevenin resistance seen by the load.

ih R, iy

—

Figure 4.124
For Prob. 4.58.

4.59 Determine the Thevenin and Norton equivalents at
terminals a-b of the circuit in Fig. 4.125.

100 200
sa(®) a b
500 40 Q

Figure 4.125
For Probs. 4.59 and 4.80.

*4.,60 For the circuit in Fig. 4.126, find the Thevenin and
Norton equivalent circuits at terminals a-b.

2A

Figure 4.126
For Probs. 4.60 and 4.81.

*4.61 Obtain the Thevenin and Norton equivalent circuits
1}  atterminals a-b of the circuit in Fig. 4.127.

ML
20
A o a
v () o o ) 2v
6Q
2Q§ §29
12v

Figure 4.127
For Prob. 4.61.
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*4.62 Find the Thevenin equivalent of the circuit in

ﬁ Fig. 4.128.
ML
0.1i,
— O a
+
10Q %o
Vo
40 Q % 20 Q
%= o b
2y,

Figure 4.128
For Prob. 4.62.

4.63 Find the Norton equivalent for the circuit in

Fig. 4.129.
10Q
AN o
+
%<2 20Q 052,
O

Figure 4.129
For Prob. 4.63.

4.64 Obtain the Thevenin equivalent seen at terminals a-b
of the circuit in Fig. 4.130.

4Q 1Q

Figure 4.130
For Prob. 4.64.

4.65 For the circuit shown in Fig. 4.131, determine the
relationship between V,, and /.

4Q 2Q
AV MW

12Q V

Figure 4.131
For Prob. 4.65.
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Section 4.8 Maximum Power Transfer

4.66 Find the maximum power that can be delivered to
the resistor R in the circuit of Fig. 4.132.

20V 5Q 6A

.

Figure 4.132
For Prob. 4.66.

4.67 The variable resistor R in Fig. 4.133 is adjusted until
it absorbs the maximum power from the circuit.
(a) Calculate the value of R for maximum power.
(b) Determine the maximum power absorbed by R.

20 Q

40V
S

SR

10 Q

Figure 4.133
For Prob. 4.67.

*4.68 Compute the value of R that results in maximum
power transfer to the 10-) resistor in Fig. 4.134.
Find the maximum power.

R

10 Q

12v (%)
(2)sv

§ZOQ

Figure 4.134
For Prob. 4.68.

4.69 Find the maximum power transferred to resistor R in
the circuit of Fig. 4.135.

10 kQ 22 kQ
AN
+
100 V v < 40K g 003, 30 kQ R

Figure 4.135
For Prob. 4.69.

Circuit Theorems

4.70 Determine the maximum power delivered to the
variable resistor R shown in the circuit of Fig. 4.136.

5Q 5Q
AV AV
4V@—> §ISQ §R
6Q
AW~
v

Figure 4.136
For Prob. 4.70.

4.71 For the circuit in Fig. 4.137, what resistor connected
across terminals a-b will absorb maximum power
from the circuit? What is that power?

10 kQ

1204, 40 kQ

0 b

Figure 4.137
For Prob. 4.71.

4.72 (a) For the circuit in Fig. 4.138, obtain the Thevenin
equivalent at terminals a-b.

(b) Calculate the current in R; = 8 ().
(c) Find R; for maximum power deliverable to R;.

(d) Determine that maximum power.

2A
4Q 6Q a
ANV AN
4A 2Q R,
Q)
N b
20V

Figure 4.138
For Prob. 4.72.



4.73 Determine the maximum power that can be delivered
to the variable resistor R in the circuit of Fig. 4.139.

60V CD

10Q 25Q
R
MW

20Q 50

Figure 4.139
For Prob. 4.73.

4.74 For the bridge circuit shown in Fig. 4.140, find the

load R; for maximum power transfer and the
maximum power absorbed by the load.

Figure 4.140
For Prob. 4.74.

*4.75 For the circuit in Fig. 4.141, determine the value of
R such that the maximum power delivered to the

load is 3 mW.

R
R
MW
R

1V 2V 3V

Figure 4.141
For Prob. 4.75.

Section 4.9 Verifying Circuit Theorems
yo, with PSpice

4.76 Solve Prob. 4.34 using PSpice or MultiSim. Let
V=40V, I=3A,R =10Q,R, =400, and

R3 = 20 Q.
4.77 Use PSpice or MultiSim to solve Prob. 4.44.
4.78 Use PSpice or MultiSim to solve Prob. 4.52.

4.79 Obtain the Thevenin equivalent of the circuit in

Fig. 4.123 using PSpice or MultiSim.
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4.80

4.81

Use PSpice or MultiSim to find the Thevenin
equivalent circuit at terminals a-b of the circuit in
Fig. 4.125.

For the circuit in Fig. 4.126, use PSpice or MultiSim
to find the Thevenin equivalent at terminals a-b.

Section 4.10 Applications

4.82

4.83

4.84

4.85

A battery has a short-circuit current of 20 A and an
open-circuit voltage of 12 V. If the battery is
connected to an electric bulb of resistance 2 (),
calculate the power dissipated by the bulb.

The following results were obtained from
measurements taken between the two terminals of a
resistive network.

Terminal Voltage 12V ov
Terminal Current 0A 15A

Find the Thevenin equivalent of the network.

When connected to a 4-() resistor, a battery has a
terminal voltage of 10.8 V but produces 12 V on an
open circuit. Determine the Thevenin equivalent
circuit for the battery.

The Thevenin equivalent at terminals a-b of the
linear network shown in Fig. 4.142 is to be
determined by measurement. When a 10-k() resistor
is connected to terminals a-b, the voltage V,,, is
measured as 6 V. When a 30-k() resistor is connected
to the terminals, V,,;, is measured as 12 V. Determine:
(a) the Thevenin equivalent at terminals a-b, (b) V,,,
when a 20-k{) resistor is connected to terminals a-b.

Linear

network

Figure 4.142

4.86

For Prob. 4.85.

A black box with a circuit in it is connected to a
variable resistor. An ideal ammeter (with zero
resistance) and an ideal voltmeter (with infinite
resistance) are used to measure current and voltage
as shown in Fig. 4.143. The results are shown in the
table on the next page.

N
@)
Black
box

Figure 4.143

For Prob. 4.86.
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(a) Find i when R = 4 ().

(b) Determine the maximum power from the box.

R(Y)  V(V) iA)
2 3 1.5
8 8 1.0
14 105 075

4.87 A transducer is modeled with a current source /, and
efd aparallel resistance R,. The current at the terminals
of the source is measured to be 9.975 mA when an
ammeter with an internal resistance of 20 () is used.

(a) If adding a 2-k{) resistor across the source
terminals causes the ammeter reading to fall to
9.876 mA, calculate /; and R;.

(b) What will the ammeter reading be if the
resistance between the source terminals is
changed to 4 k?

4.88 Consider the circuit in Fig. 4.144. An ammeter with
internal resistance R; is inserted between A and B to

measure /,. Determine the reading of the ammeter if:

(a) R; = 500 Q, (b) R; = 0 ). (Hint: Find the
Thevenin equivalent circuit at terminals a-b.)

30 kQ

Figure 4.144
For Prob. 4.88.

4.89 Consider the circuit in Fig. 4.145. (a) Replace the
resistor R; by a zero resistance ammeter and
determine the ammeter reading. (b) To verify the
reciprocity theorem, interchange the ammeter and
the 12-V source and determine the ammeter reading
again.

10 kQ 20 kQ

12v CD

12 kQ 15kQ

Figure 4.145
For Prob. 4.89.
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4.90 The Wheatstone bridge circuit shown in Fig. 4.146 is
efd used to measure the resistance of a strain gauge. The
adjustable resistor has a linear taper with a maximum
value of 100 (). If the resistance of the strain gauge
is found to be 42.6 (), what fraction of the full slider
travel is the slider when the bridge is balanced?

4 kQ

X

Figure 4.146
For Prob. 4.90.

4.91 (a) In the Wheatstone bridge circuit of Fig. 4.147,
e d select the values of R, and R5 such that the bridge
can measure R, in the range of 0-10 ().

46

Figure 4.147
For Prob. 4.91.

(b) Repeat for the range of 0—100 ().

*4.92 Consider the bridge circuit of Fig. 4.148. Is the
efJd bridge balanced? If the 10-k{) resistor is replaced by
an 18-k() resistor, what resistor connected between
terminals a-b absorbs the maximum power? What is
this power?

2kQ

220V (i)

10 kQ

Figure 4.148
For Prob. 4.92.
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1 Comprehensive Problems

4.93 The circuit in Fig. 4.149 models a common-emitter
transistor amplifier. Find i, using source

transformation.
LR,
—_—
AW
U R, Bi,

Figure 4.149
For Prob. 4.93.

4.94 An attenuator is an interface circuit that reduces the
efJd voltage level without changing the output resistance.

(a) By specifying R, and R, of the interface circuit in

Fig. 4.150, design an attenuator that will meet the
following requirements:

Vo
—=0.125,
4

4

Req = Ry = R, = 100 Q

(b) Using the interface designed in part (a), calculate
the current through a load of R; = 50 () when

Ve, = 12V.

Rk s
—AVW :
] L+

4 R, 1V, Ry,
: -
[ ) Load
Attenuator R

Figure 4.150
For Prob. 4.94.

*4.95 A dc voltmeter with a sensitivity of 20 k{)/V is used
efd to find the Thevenin equivalent of a linear network.
Readings on two scales are as follows:

(a) 0-10 V scale: 4V (b) 0-50 V scale: 5V

Obtain the Thevenin voltage and the Thevenin
resistance of the network.

*4.96 A resistance array is connected to a load resistor R
efd and a9-V battery as shown in Fig. 4.151.

(a) Find the value of R such that V,, = 1.8 V.

(b) Calculate the value of R that will draw the
maximum current. What is the maximum current?

Figure 4.151
For Prob. 4.96.

4.97 A common-emitter amplifier circuit is shown in
efd Fig. 4.152. Obtain the Thevenin equivalent to the

left of points B and E.

RL

6 kQ
B +
—-— 12V

4kQ

RC

E
L

Figure 4.152
For Prob. 4.97.

*4,98 For Practice Prob. 4.18, determine the current
through the 40-() resistor and the power dissipated
by the resistor.
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Chapter 4, Solution 1.

30V § 40 Q § 150

40((25+15) = 20Q2, i = [30/(5+20)] = 1.2 and i, = i20/40 = 600 MA.

Since the resistance remains the same we get can use linearity to find the new
value of the voltage source = (30/0.6)5 = 250 V.
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4.2 Using Fig. 4.70, design a problem to help other students better understand linearity.

Although there are many ways to work this problem, this is an example based on the same kind
of problem asked in the third edition.

Problem

Find v, in the circuit of Fig. 4.70. If the source current is reduced to 1 #A, what is v,?

50 40
'."\."J".,-""- _,-'"-...- .l‘.'-l'rl'\'ll,"'ﬂlﬁ.'\'
+
1A 8Q = 6Q = 20 = 1,
Figure 4.70
Solution
1
6)(4+2)=3Q, i, =i, =5 A
i, :lil :1, vV, =2i,=05
2
5Q iy 4Q
WA—— MA—

1A<D 80 S 60 Z 20

If is = 1pA, then v, = 0.5pV
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Chapter 4, Solution 3.

(@)

(a) We transform the Y sub-circuit to the equivalent A.

2
R||3R:3R _3R, 3R13R=3R
AR 44 4 2

Vv, = V—ZS independent of R

io = Vo/(R)

When vs =1V, v, = 0.5V, i, = 0.5A
(b) Whenvs =10V, v, =5V, i, =5A

(c) Whenvs =10V and R = 10Q,
Vo = 5V, i, = 10/(10) = 500mA

1V
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Chapter 4, Solution 4.

If I, = 1, the voltage across the 6Q resistor is 6V so that the current through the 3Q
resistor is 2A.

oA 20 20

1A] 3A 3A I

§3Q 60 §4Q 's<1>§29 v < 40 's(T)

(@) (b)
36 =20, vo = 3(4) = 12V, i, = \CTO ~3A
Hence Is =3+ 3 =6A

If s:6A_>|o:1
s =9A— 1, =9/6 = 1.5A
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Chapter 4, Solution 5.

Vi Vo

Vs §6Q §6Q

§6Q

|st:% —» V=1

Then vs =15 — Vo = %xlS = 4.5V
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Chapter 4, Solution 6.

Due to linearity, from the first experiment,
Vo = E\/s
3

Applying this to other experiments, we obtain:

Experiment Vs Vo
2 48 16V
3 1V 0.333V
4 -6V -2V
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Chapter 4, Solution 7.

If V,= 1V, then the current through the 2-Q and 4-Q resistors is ¥2 = 0.5. The voltage

across the 3-Q resistor is ¥2 (4 + 2) = 3 V. The total current through the 1-Q resistor is
0.5 +3/3 = 1.5 A. Hence the source voltage

V,=Ix1.5+3=45V
If v,=45 — 1V

Then v,=4 ——» 4—15x4 =0.8889 V =888.9mV.
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Chapter 4, Solution 8.

Let V, =V +V;, where V; and V; are due to 9-V and 3-V sources respectively. To
find V1, consider the circuit below.

V1

A
\ 4

90 § §1Q

9V

+% > V,=27/13=2.0769

To find V5, consider the circuit below.

A
A

90 § §3Q 3V

>V, =27/13=2.0769

Vo=V1+V;=41538 V
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Chapter 4. Solution 9.

Given that I = 4 amps when Vs =40 volts and I = 4 amps and | = 1 amp when V = 20 volts and
Is = 0, determine the value of I when Vs = 60 volts and Is = -2 amps.

W\

O g @

At first this appears to be a difficult problem. However, if you take it one step at a time then it is
not as hard as it seems. The important thing to keep in mind is that it is linear!

If I =1 amp when Vs =20 and Is = 0 then | = 2 amps when Vs = 40 volts and I = 0 (linearity).
This means that | is equal to 2 amps (4-2) when Is = 4 amps and V = 0 (superposition). Thus,

| = (60/20)1 + (-2/4)2 = 3-1 = 2 amps.
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Chapter 4, Solution 10.

Using Fig. 4.78, design a problem to help other students better understand superposition. Note,
the letter k is a gain you can specify to make the problem easier to solve but must not be zero.

Although there are many ways to work this problem, this is an example based on the same kind
of problem asked in the third edition.

Problem

For the circuit in Fig. 4.78, find the terminal voltage Va4, using superposition.

3,
100 b

M 'II.*.I .‘."'\ \r <\7 f ﬂ
V

4V @) 2A D

Figure 4.78
For Prob. 4.10.

Solution

Let Vap = Vap1 + Va2 Where Vg1 and vap, are due to the 4-V and the 2-A sources respectively.

3 3

100 Vab1 100 Vab2

M >—e AN >
+ +

+
4V C_) Vab1 2A CT) Vab2
o o
(a) (b)

For vap1, consider Fig. (a). Applying KVL gives,
- Vap1 — 3 Vapr + 10x0 +4 = 0, whichleadstovgy = 1V

For v, consider Fig. (b). Applying KVL gives,
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—Vap2 — 3Vap2 + 10x2 = 0, which leadsto vy = 5

Vab = 1+5 = 6V
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Chapter 4, Solution 11.

Let v, =V; +Vy, where vi and v, are due to the 6-A and 80-V sources respectively. To
find vy, consider the circuit below.

i 100 200
Va = AMVAL_ W AAA
+ Vi —

6A 4OQ§ t) 4,

At node a,

6=-2 -2 > 240 =5v, —4v, 1)

At node b,
—l; —4l; + (vp — 0)/20 =0 or v, = 100I,

But i =~Ya_ Yo \which leads to 100(va—Vp)10 =vp or vp =0.9091v, (2)
Y10

Substituting (2) into (1),
5v, — 3.636v, =240 or v, = 175.95 and v, = 159.96
However, Vi =Va—Vp=15.99V.

To find v,, consider the circuit below.
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i, 100 20 Q)
0’/\/\/\ . VC, A
+ v, —
40 Q § 4i, 30V
0-ve +4i, L880-v)
50 20
50
_5Vc_(30+Vc):0 v, =-10V
50 20
i _0-v, _0+10_1
> 50 50 5
v, =10i, =2 V

Vo =V1 +Vy; =15.99+2=17.99 V and i, = vo,/10=1.799 A.
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Chapter 4, Solution 12.

Let Vo = Vo1 + Vo2 + Vo3, Where Vo, Voz, and Vo3 are due to the 2-A, 12-V, and 19-V sources
respectively. For vy, consider the circuit below.

2A oA
+ Vo1 — — VW
o
69§39§ §129 T Vo —
50
MN

6|3 = 2 ohms, 4||12 = 3 ohms. Hence,
o = 2/2 = 1,vyy =5i0 =5V

For vy, consider the circuit below.

6 Q 5Q 4Q 6Q 5Q
MWWy — WA W
+ Vo2 — L R

12V 3Q§ ;129 12V V1§ 3Q §3Q

3018 = 24/11, v; = [(24/11)/(6 + 24/11)]12 = 16/5
Vo = (5/8)vy = (5/8)(16/5) = 2V

For v,3, consider the circuit shown below.

5Q 4Q 5Q 4Q
AW\ _, WA —TWA
+ Vo3 — + Vo3 — +

6Q§ § 30 § 120 19v ZQ§ 12 Q§V2 19V

7|12 = (84/19) ohms, v, = [(84/19)/(4 + 84/19)]19 = 9.975
v = (-5/7)v2 = -7.125

Vo = 5+2-7.125 = -125 mV
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Chapter 4, Solution 13.

Let v, =Vv,+V,+V,, where vi, vy, and vz are due to the independent sources. To
find v4, consider the circuit below.

8Q

+
2A 109§ 5Q§V1

10

vV, =5x————x2 =4.3478
10+8+5
To find v», consider the circuit below.
4 A
8Q
YA VAVANE

+
V2

1OQ§ 59§

8

X—
8+10+5
To find v3, consider the circuit below.

v,=5 x4 = 6.9565
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+
100 § 5Q§
V3

vV, =—-12 5 =-2.6087
5+10+8

Vo=V, +V, +V ,=8.6956 V =8.696V.
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Chapter 4, Solution 14.

Let Vo =Vo1 + Vo2 + Vo3, Where Vo, Vo2 , and Vs, are due to the 20-V, 1-A, and 2-A sources
respectively. For vy, consider the circuit below.

6 Q
AWy
4Q 2Q
A —AW\

+
onv Vo1 § 3Q

6]|(4 +2) = 30hms, vy = (£)20 = 10V

For v, consider the circuit below.

6 Q 6 Q
AW W
4Q 2Q
W Wy

1A V02§ 3Q V02§ 3Q

3|6 = 20hms, vy, = [2/(4+2+2)]4 = 1V

For v,3, consider the circuit below.

6 Q
MA
AZA 2A
>, -
a0 20 30
/V\/\/ /\/\/\/+ S /vv\/
Vo3 3Q 3Q
_§ Wy
— Vo3 *+

Bl(4+2) = 3,ves = (-1)3 = -3

Vo = 10+1-3 =8V



Chapter 4, Solution 15.

Let i = i1 +1i,+1i3, whereiy,i,,and iz are due to the 20-V, 2-A, and 16-V sources.

For iy, consider the circuit below.

www.konkur.in

20V

2Q

\ 4

3Q

4(3+1) = 2ohms, Then io = [20/(2+2)] = 5A, iy =

For i3, consider the circuit below.

ZQ§

Vo

+

10 4Q§
i3

O

3Q

2||(L+3) = 4/3, vo' = [(413)/((413) + 4)](-16) = -4

For i,, consider the circuit below.

i3 = Vvo'/4 = -1

. § § 1Q

2A

214 = 4/3, 3+4/3 = 13/3

/2 = 25A

2A
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Using the current division principle.
[1/(1 +13/2)]2 = 3/8 = 0.375

i2

=25+0375 -1 =1875A

i’R = (1.875)%3 = 10.55 watts

=}
1



Chapter 4, Solution 16.
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Letio = ig1 + g2 *+ i3, Where i, ig2, and ig3 are due to
the 12-V, 4-A, and 2-A sources. For io1, consider the circuit below.

i, 49 3Q 2Q
MA—AW\
12V 10 Q§ 50 §

103+ 2 +5) = 5ohms, ioy = 12/(5+4) = (12/9) A

For iy, consider the circuit below.

lo2

»
»

103 1003

i1

»

»

§SQ

2+5+4||10 = 7 +40/14 = 69/7

i, = [3/(3+69/7)]4 = 84/90, i, =[-10/(4 + 10)]i, = -6/9

For i,3, consider the circuit below.
i03

3Q 2Q

»

=40

‘TWVWV

< 10

§5Q 2A

3+2+4|10 = 5+20/7 = 55/7
i, = [5/(5+55/7)]2 = 719, ios

io = (12/9) - (6/9) — (5/9)

[-10/(10 + 4)]i, = -5/9

1/9 = 111.11 mA
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Chapter 4, Solution 17.

Let vy = Vy1 + Vyo + Vi3, Where vyi,Vyo, and Vys are due to the 90-V, 6-A, and 40-V

sources. For vyq, consider the circuit below.

30 Q 10Q 20 Q
M m\/l\/b = M\
x1

[sT0\V/ 60 Q§ 30 Q§

20||30 = 12 ohms, 60||30 = 20 ohms

By using current division,

io = [20/(22 + 20)]3 = 60/42, vy = 10i, = 600/42 = 14.286 V

For vy, consider the circuit below.

00 ;. 100
e >
+ VX2 —_ => + VX2 —_

iy’ = [12/(12 + 30)]6 = 72/42, vy, = —10i,” =-17.143V

For v,3, consider the circuit below.

3002 6003 002 v

20 Q§

=>

Vx3

1ZQ§ 4A

iy” = [12/(12 + 30)]2 = 24/42, vy = -10i,” = -5.714= [12/(12 + 30)]2 = 24/42,

Vx3 = '10i0" =
= [12/(12 + 30)]2

24142, vy3 = -10i,”

-5.714

Vy = 14.286 -17.143-5.714 = -8.571V

-5.714
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Chapter 4, Solution 18.

Let V,=Vi+V, whereV; and V; are due to 10-V and 2-A sources respectively. To
find V1, we use the circuit below.

10
VA VAVA U
0.5V
2Q
AVAVA —

10V § Vi
|

20 10

0.5V,

-+

AVAVANEEERVAVAVA
+
10V q 40 §V1

-10+7i-0.5V; =0

But V; = 4i
10=7i-2i=5i —— i=2, \,=8V
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To find V5, we use the circuit below.

10
VA VAVANEEES
0.5V,
20 :
+
4Q §V2
2A
20 10 0.5V2
YAVAVAN YAVAVAN

v ()

5w

-4+7i-05V; =0
BUtV2:4i
4=7i-2i=5 —— =08, V,=4i=3.2

Vo=V1+V,=8+32 =112V
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Chapter 4, Solution 19.

Let vx = vi + vy, where v; and v, are due to the 4-A and 6-A sources respectively.

ix Vi ix Va2
< > > . < < .
§ZQ 4A®89§V1 §ZQ ¢6A 8Q v,
—+ - —+ -
4y, = 4ix —
(a) (b)

To find vq, consider the circuit in Fig. ().
V1/8 — 4 + (v1 — (-4ix))/2 =0 or (0.125+0.5)v; =4 — 2i, or v; = 6.4 — 3.2ix
But, ix = (vi—(-4ix))/20rix = -0.5v;. Thus,

vi = 6.4+ 3.2(0.5v1), which leads tov; = —6.4/0.6 = -10.667

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

V28 — 6+ (Vo — (—4ix))/2=00rv; +3.2ix =9.6
But ix = —0.5v;,. Therefore,

vy +3.2(-0.5v2) = 9.6 which leadsto v, = -16
Hence, vy = -10.667-16 = -26.67V.
Checking,

ix = -0.5v = 13.333A

Now all we need to do now is sum the currents flowing out of the top node.

13.333-6-4+(-26.67)/8 =3.333-3.333=0
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Chapter 4, Solution 20.

Convert the voltage sources to current sources and obtain the circuit shown below.

10 Q 0.6 20 Q 0.4
3A 40 Q

Lt L 0140054002520175 ——» R =57140Q

R 10 20 40

eq

[(q=3+06+04=4

Thus, the circuit is reduced as shown below. Please note, we that this is merely an
exercise in combining sources and resistors. The circuit we have is an equivalent circuit
which has no real purpose other than to demonstrate source transformation. In a practical
situation, this would need some kind of reference and a use to an external circuit to be of

real value.

5.714 Q
VA VA VA

4A (T) §5.714Q — 18'285\<+>
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4.21 Using Fig. 4.89, design a problem to help other students to better understand source
transformation.

Although there are many ways to work this problem, this is an example based on the same kind
of problem asked in the third edition.

Problem

Apply source transformation to determine v, and i, in the circuit in Fig. 4.809.

ju 6 O
—
LTATATLY

12V 3Q

"-._,-"'.',-""._.-""._,

@ 24

Figure 4.89

Solution

To get io, transform the current sources as shown in Fig. (a).

i, 6Q 30
iy+
12v 6V 2A 6Q§ 30 < v, 2A
(@) (b)
From Fig. (a), -12 +9i, + 6 = 0, therefore i, = 666.7 mA

To get v,, transform the voltage sources as shown in Fig. (b).
i = [6/(3+6)](2+2) = 8/3

Vo = 3i =8V
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Chapter 4, Solution 22.
We transform the two sources to get the circuit shown in Fig. (a).

50 50
MA—" W\,

10V 4Q § 109§ 2A

()

i
1A 109§ 4Q 109§ 2A

(b)
We now transform only the voltage source to obtain the circuit in Fig. (b).

10[|110 = 5ohms, i = [5/(5+4)](2-1) = 5/9 = 555.5 MA
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Chapter 4, Solution 23

If we transform the voltage source, we obtain the circuit below.

8Q

100 6Q 3Q 5A
3A

3//6 = 2-ohm. Convert the current sources to voltages sources as shown below.
10Q 8Q 2Q

O 10er

30V

Applying KVL to the loop gives
-30+10+1(10+8+2)=0 —> I=1A

p=VI=1°R= 8W
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Chapter 4, Solution 24.

Transform the two current sources in parallel with the resistors into their voltage source
equivalents yield,

a 30-V source in series with a 10-Q resistor and a 20V -V sources in
series with a 10-Q resistor.

We now have the following circuit,

40V

I 20V

We now write the following mesh equation and constraint equation which will lead to a
solution for Vy,

281 -70+ 20V, =0 or 281 + 20V, = 70, but V, = 81 which leads to

281+ 160I=700r1=0.3723 Aor V, =2.978 V.
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Chapter 4, Solution 25.

Transforming only the current source gives the circuit below.

Applying KVL to the loop gives,
—(4+9+5+2)i+12-18-30-30 = 0
20i = -66 which leadsto i = -3.3

Vo = 21 = 6.6V
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Chapter 4, Solution 26.
Transforming the current sources gives the circuit below.

15V
20 5Q io 40
ANA @4/\/\/\ — AAA

12V 20V

-12 + 11i,,-15+20=00r 11li, =7 0or io = 636.4 MA.
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Chapter 4, Solution 27.
Transforming the voltage sources to current sources gives the circuit in Fig. (a).

10||40 = 8 ohms

Transforming the current sources to voltage sources yields the circuit in Fig. (b).
Applying KVL to the loop,

-40 + (8+12+20)i+200 = 0 leadsto i = -4

vy 12i = -48V

5A 1OQ§ 4OQ§ 8A ZOQ§ 2A

(@)

120 200
'\/\/V MA—AWW

+ vy, —

200V

(b)
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Chapter 4, Solution 28.

Convert the dependent current source to a dependent voltage source as shown below.

1Q o 4Q 30
NN\ AViV)\ JAYAVA'
+ Vo, —
8V V,
Applying KVL,
-8+i,0+4+3)-V, =0
But V, =4i,

—8+8i,—4i, =0
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Chapter 4, Solution 29.

Transform the dependent voltage source to a current source as shown in Fig. (a). 2||4 =
(4/3) k ohms

4 kQ
M
2 kQ
AN (413) kQ 2Vo
1.5V, M —+
N
4—} . 3 mA i 1kQ v,

3 mA T 1kQ §Vo -

(@) (b)

Itis clear thati = 3 mA which leads tov, = 1000i = 3V

If the use of source transformations was not required for this problem, the actual answer
could have been determined by inspection right away since the only current that could
have flowed through the 1 k ohm resistor is 3 mA.
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Chapter 4, Solution 30

Transform the dependent current source as shown below.

iy 24Q) 60Q 10Q
’ ANP2AN
+ +
12V () 300 7iy

Combine the 60-ohm with the 10-ohm and transform the dependent source as shown
below.

Ix 24Q2

12\J/r <> 300 700 0.1iy

Combining 30-ohm and 70-ohm gives 30//70 = 70x30/100 = 21-ohm. Transform the
dependent current source as shown below.
Ix 240 210

—

12\J/r <> 2.1iy

Applying KVL to the loop gives

= 12 254.8 mA.

451 —12+21i, =0 —— i,
47.1
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Chapter 4, Solution 31.

Transform the dependent source so that we have the circuit in
Fig. (a). 6||8 = (24/7) ohms. Transform the dependent source again
Fig. (b).

12v " Zsa Zsa

(@)

30 (2417) Q

—MA—W\
12V é’) ” Q%?(S/?)Vx

(b)

From Fig. (b),
Vx = 3i, or i = V4/3.
Applying KVL,

“12 + (3 + 24/7)i + (24/21)vx = 0

to get the circuit in

Vy/3

12 = [(21 + 24)/7]vx/3 + (8/T)vy, leadsto vy = 84/23 = 3.652 V
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Chapter 4, Solution 32.

As shown in Fig. (a), we transform the dependent current source to a voltage source,

150 100 Olx

60V § 50 § 40 Q

60V § 50 Q § 50 Q 0.1iy

In Fig. (b), 50[|50 = 25 ohms. Applying KVL in Fig. (c),

-60 + 40iy — 2.5ix

0, oriy =16A
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Chapter 4, Solution 33.

Determine the Thevenin equivalent circuit as seen by the 5-ohm resistor. Then calculate
the current flowing through the 5-ohm resistor. 100

MW\

an (1 §109 §SQ

Solution

Step 1. We need to find V. and I.. To do this, we will need two circuits, label
the appropriate unknowns and solve for V., Iy, and then Ry which is equal to Voo/Is.

v, 10Q v, 10Q

W\ MW\

.
N
§ 100 V..  4A (D § 100 L.

Note, in the first case V| = V. and the nodal equation at 1 produces —4+(V;—0)/10 = 0.
In the second case, I = (V,—0)/10 where the nodal equation at 2 produces,
—4+[(V,-0)/10]+[(V2—-0)/10] = 0.

Step 2. 0.1V =40rV, =40 V=V, = Vrpey. Next, (0.1+0.1)V, =4 0r 0.2V, =
4 or V, =20 V. Thus, I =20/10 =2 A. This leads to Req = 40/2 =20 Q. We can check
our results by using source transformation. The 4-amp current source in parallel with the
10-ohm resistor can be replaced by a 40-volt voltage source in series with a 10-ohm
resistor which in turn is in series with the other 10-ohm resistor yielding the same
Thevenin equivalent circuit. Once the 5-ohm resistor is connected to the Thevenin
equivalent circuit, we now have 40 V across 25 Q producing a current of 1.6 A.
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4.34 Using Fig. 4.102, design a problem that will help other students better understand Thevenin
equivalent circuits.

Although there are many ways to work this problem, this is an example based on the same kind
of problem asked in the third edition.

Problem

Find the Thevenin equivalent at terminals a-b of the circuit in Fig. 4.102.

JA
&)
10 € 200
ATATATAY AN O q
: S
- = 40 Q
40V 2
O b
Figure 4.102
Solution

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

100 200
ANN—T\W\—e
40 Q§ <«—Rm 40V 40 Q§ Vn
° —— o
(a) (b)

R, = 20+ 10]]40 = 20 +400/50 = 28 ohms

To find V1, consider the circuit in Fig. (b).
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At node 1, (40 - vl)/10 =3+ [(V1 - V2)/20] +v1/40, 40 = 7v1 -2V, (1)
At node 2, 3+ (v1-v2)/20 = 0, or vl = v2-60 @)

Solving (1) and (2), vi =32V, v, =92V, andVt, = v, = 2V
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Chapter 4, Solution 35.

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

Rh = Rap = 6||3 +12]4 = 2+ 3 =5 ohms

To find V1, consider the circuit shown in Fig. (b).

Rh
2, ! ob
6Q§ 3Q§ 12§z§ 4Q§
(a)
2A
6Q @ 4Q
MA— ot Vi e A,
+ +
12V Vi § 3Q 129§V2 19V
_L_
(b)

At node 1, 2+ (12— v1)I6 = v4/3, or vi = 8
At node 2, (19-vo)l4 = 2+v,/12, or v, = 33/4

But, Vi+Vm+vy, =0, or Vi, = vi—-Vvy = 8-33/4 = -0.25
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a+ ° _ b
VW
10Q
RTh—5Q% “‘
(+)
N

Vrh = (-

Vo = Vm/2 = -0.25/2 = -125 mV
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Chapter 4, Solution 36.

Remove the 30-V voltage source and the 20-ohm resistor.

§ 40Q

la
R 100 § +
. Y,
a + Th
10Q § L, §40§2 (D 50V -
ob %o
a
From Fig. (a), Rt = 10/[40 = 8 ohms
From Fig. (b), Vrn = (40/(10 + 40))50 = 40V

8Q

The equivalent circuit of the original circuit is shown in Fig. (c). Applying KVL,

30-40+ (8+12)i = 0, which leadsto i = 500mA
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Chapter 4, Solution 37

Ry is found from the circuit below.

200
a
400
120
b
R, =12//(20+40) =10 Q.
In is found from the circuit below.
2A
200 < )
A VA N a
VA VEA N
+ 400
120v() 120
- Yy In
b

Applying source transformation to the current source yields the circuit below.

200 40Q +
NN

12jE)v O \' Lo

Applying KVL to the loop yields
-120+80+601, =0 —— 1, =40/60= 666.7 mA.

()=
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Chapter 4, Solution 38

We find Thevenin equivalent at the terminals of the 10-ohm resistor. For Ry, consider
the circuit below.

10
AN
50
— RTh
16 Q
Ry, =1+5//(4+16) =1+ 4 =5Q
For V1, consider the circuit below.
10
Vi N Ve
50 +
3A 160 Vh
+
() 12V
At node 1,
3=V, ViV, > 48=5V, -4V, (1)
16 4
At node 2,
VvV, -V, 12-V
14 2+ c 2=0 —— 48=-5/,+9V, 2)

Solving (1) and (2) leads to
V=V, =19.2
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Thus, the given circuit can be replaced as shown below.

19.2-';/() Vo 100

Using voltage division,

v, = _(192) =128 V.
1045
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Chapter 4, Solution 39.

We obtain Ry, using the circuit below.

10 Q § §5Q <« Ry

Rney = 16 + (20]|5) = 16 + (20x5)/(20+5) = 20 Q

To find V1, we use the circuit below.

3A
@
10 16
\YZEVAVAVAN V> VAVAVAY
+
1002
+
5 V
24 Ve § "
At node 1,
24-V, 3 M-V, » 54=2V,~V, (1)
10 10
At node 2,
MV 3., go-2v-6v, )
10 5
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Substracting (1) from (2) gives

6=-5V,0rVv,=-12V
But
-V2 + 16X3 + VTheV = O or VThe\/ = '(48 + 12) = —49.2 V
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Chapter 4, Solution 40.

To obtain V1, we apply KVL to the loop.
—70+(0+20)kI+ 4V, =0

But V, =10k
70=70k —> I=1mA
~70+10KI+V,, =0 ——> V,, =60V

To find Ry, we remove the 70-V source and apply a 1-V source at terminals a-b, as
shown in the circuit below.

I,

V
oglokQ 1V

We notice that V, =-1 V.
-1+ 20kl +4V, =0 —— 1, =0.25mA

L=+~ ~0.35 mA
10k

NM_ 1 va-2857ka
035 o el

Th
|2
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Chapter 4, Solution 41

To find Ry, consider the circuit below

140

6Q 5Q

Ry, =5//(14+6) =4Q =R,
Applying source transformation to the 1-A current source, we obtain the circuit below.

6Q - 14V + 140  Vq
() a
N4
+
6V 3A 50
At node a,
W6-Vo o Vo _ gy
6+14 5
VTh

Iy =t =(-8)/4=-2A

Th

Thus,
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Chapter 4, Solution 42.

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

200
AV 300
100 200 a® WV ®b
a9 ® MA—e |, 30Q 300

S oS0 = > 100Z < 0o

() (b)

20||20 = 10 ohms. Transform the wye sub-network to a delta as shown in Fig. (b).
10|30 = 7.5 ohms. R, = Ry = 30]|(7.5 +7.5) = 10 ohms.

To find V1, we transform the 20-V (to a current source in parallel with the 20 Q resistor and
then back into a voltage source in series with the parallel combination of the two 20 € resistors)
and the 5-A sources. We obtain the circuit shown in Fig. (c).

10V

1OQ 1OQ _
o b
10
O () < oo
(©
For loop 1, 30 +50+30i; —10i, = 0, or -2 = 311 —1» (1)
For loop 2, -50-10+30i,—10i; = 0, or 6 = -i; + 31, (2)
Solving (1) and (2), i1 =0,i, =2A

Applying KVL to the output loop, -va, —101; +30—-10i; = 0, vy = 10V

V1 = vy = 10 volts
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Chapter 4, Solution 43.

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

Rh

a3y ¥ b

lOQ§ lOQ§ 5Q §

(@)

10Q a b

Wy + **t Vm _.+

20V va§109 Vb §5Q 2A
(b)

Rm = 10|10 +5 = 10 ohms
To find V1, consider the circuit in Fig. (b).
vp = 2x5 =10V, v, = 20/2 = 10V

But, -va+Vi+vp =0, or Vi, = va—Vp = 0volts
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Chapter 4, Solution 44.
@) For R, consider the circuit in Fig. (a).

R = 1+4||(3+2+5) = 3.857 ohms
For V1, consider the circuit in Fig. (b). Applying KVL gives,

10-24+i(3+4+5+2), 0ri =1

Vi = 4i = 4V
30 10 a
MA MA ot
30 10 a n §4Q Vi
A ——MW— (Daw ,
_
b
R +
%49 <« Rm 1ov
§2Q e
b §2Q
§5Q i 50

@) )

(b) For R, consider the circuit in Fig. (c).

30 10 30 10
MA MA MA MA
=40 b 2av = o b
§ 20 ——o
20 ¥
§ 50 <= Rm § Vh
50 2A
L L
C C
(c) (d)

Rrn = 5|2+ 3 +4) = 3.214 ohms
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To get VT, consider the circuit in Fig. (d). At the node, KCL gives,
[(24 —v0)/9] + 2 = vo/5, or vo = 15

Vi = vo = 15V
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Chapter 4, Solution 45.

For Ry, consider the circuit in Fig. (a).

6Q 6Q
MWV o MV

6Q§ 4Q§<=RN 4A§6§z §4Q VIN
(a) ) (b)

Ry = (6+6)14 = 3Q

For Iy, consider the circuit in Fig. (b). The 4-ohm resistor is shorted so that 4-A current is
equally divided between the two 6-ohm resistors. Hence,

In =412 =2A
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Chapter 4, Solution 46.

Using Fig. 4.113, design a problem to help other students better understand Norton
equivalent circuits.

Although there are many ways to work this problem, this is an example based on the
same kind of problem asked in the third edition.

Problem
Find the Norton equivalent at terminals a-b of the circuit in Fig. 4.113.

10Q
VAVAVAN

O a

4A 10 Q§ gzog

Figure 4.113 For Prob. 4.46.

Solution

Ry is found using the circuit below.

10 ©

109§ gzog — n
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Rn =20//(10+10) =10 Q
To find Iy, consider the circuit below.

10 ©

4A 1OQ§ 20 O

The 20-Q2 resistor is short-circuited and can be ignored.

IN=%Xx4=2A
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Chapter 4, Solution 47
Since V1h = Va = Vy, We apply KCL at the node a and obtain

30-V, V

B = GLOh +2V, —— V;, =150/126 =1.1905V
To find R+, consider the circuit below.
120 Vy a
2V
60Q

At node a, KCL gives
1=2V, +V—X+V—X ——> V, =60/126 =0.4762
60 12
\% =0.4762Q2, Iy = \F/Ql =1.19/0.4762=2.5

Th

Ry, =

Thus,

Vney = 1.1905 V, Req = 476.2 mQ, and Iy = 2.5 A.

1A
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Chapter 4, Solution 48.

To get Ry, consider the circuit in Fig. (a).

101, 5

101, 20 + - '\/\/\/—°
+
Vh

40
L J
(@) (b)
From Fig. (a), lo = 1, 6-10-V =0,0rV = -4

Req = V/1 = -4 ohms

Note that the negative value of Req indicates that we have an active device in the circuit since we
cannot have a negative resistance in a purely passive circuit.

To solve for Iy we first solve for V1, consider the circuit in Fig. (b),
lo =2, Vin = -10l, + 41, = -12V

||\| = VTh/RTh = 3A
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Chapter 4, Solution 49.
Rn = R = 28 ohms

To find Iy, consider the circuit below,

3A

40V LISC: In

Atthe node, (40-Vv,)/10 = 3+ (vo/40) + (vo/20), or v, = 40/7

io = V0/20 = 2/7, but IN = Isc = |o+3 = 3286A



www.konkur.in

Chapter 4, Solution 50.

From Fig. (a), Ry = 6 +4 = 10 ohms

6 Q 6 Q
VY lse = In
§ 40 oA 4Q 1,
e
(a) (b)
From Fig. (b), 2+(12-Vv)/6 = v/4, or v = 9.6V

-In = (12-v)/6 = 0.4, whichleadsto Iy = -0.4 A

Combining the Norton equivalent with the right-hand side of the original circuit produces
the circuit in Fig. (c).

§1OQ 5Q

0.4A 4A

(©)

i = [10/(10 +5)] (4-0.4) = 2.4 A



www.konkur.in

Chapter 4, Solution 51.

@) From the circuit in Fig. (a),

Ry = 4|2 +6||3) = 4]4 = 2 ohms

RTh + VTh _
* | o °
6 Q 4Q 6 Q 4Q I
M\ M\ M\ M\

(a) (b)
For Iy or V1, consider the circuit in Fig. (b). After some source transformations, the
circuit becomes that shown in Fig. (c).

+ Vi =

20 4Q 20
MA——AIN—"W\

[
40V 12v

()
Applying KVL to the circuit in Fig. (c),

-40 + 8i + 12 = 0 which gives i

712

14/2 = 7TA

V1 = 4i = 14 therefore Iy = V1/Rn
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(b) To get Ry, consider the circuit in Fig. (d).

Rn = 2[|(4+6|3) = 2||6 = 1.5 ohms

60 40 20
AN - i
3Q§ 2Q§ «—Rn Vi 1oy
. _
(d) (e)

To get Iy, the circuit in Fig. (c) applies except that it needs slight modification as in
Fig. (e).

I =712, Vmn = 12+2i = 19, In =Vm/Ry = 19/1.5 = 12.667 A
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Chapter 4, Solution 52.

For the transistor model in Fig. 4.118, obtain the Thevenin equivalent at terminals a-b.

3 KO
WV . o
Llﬂ
. 2
12V <+ 20i, 2 2kQ
o b
Figure 4.118
For Prob. 4.52.
Solution
Step 1. To find the Thevenin equivalent for this circuit we need to find v, and ig.
Then VThe\/ = Voc and Req = Voc/isc.
3kQ
°
+
12 § 2 kQ Voc iSc
y 0l, B
°

For Vo, 1o = (12-0)/3k = 4 mA and 201, + (vo.—0)/2k - 0.
For isc, isc ==20I,.

Step 2. Voc = —2k(201,) = —40x4 = —160 volts = V1pe,
isc = —20x4x10™° = -80 mA or

Req = —160/(80x107%) = 2 kQ.
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Chapter 4, Solution 53.

To get Ry, consider the circuit in Fig. ().

0.25v,
20 | .
M
+
6Q§3Q§V° 1A 29;"00"%
b
(@)

From Fig. (b),
Vo = 2X1 = 2V, Vg +2X(1/2) +v, = 0

Vab = 3V
Rn = va/l = 3 0ohms

To get Iy, consider the circuit in Fig. (c).

0.25v,
6Q 2Q | 4
ANV—— W\,
18V 3Q §Vo Iy =
b
(c)

[(18 = Vv,)/6] + 0.25v, = (Vo/2) + (Vo/3) Or v, = 4V

But, (Vo/2) = 0.25v, + Iy, whichleadsto Iy = 1A
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Chapter 4, Solution 54

To find V1, =V, consider the left loop.

-3+1000i, +2v, =0 ——  3=1000i, + 2V, 1)
For the right loop,
V, =-50x40i ,=—2000i, (2)

Combining (1) and (2),

3=1000i, —4000i, =-3000i, —— i, =—1mA

V, =-2000i, =2 —> V, =2
To find Ry, insert a 1-V source at terminals a-b and remove the 3-V independent
source, as shown below.

1kQ Iy

4—
Y VA N
-—
io + + +
2V l 40i, VN 50 Q <>1V
V=1 i, =20 __omA
1000

I, =40i, +V—X =-80mA +iA =-60mA
50 50

R, = ——1/0.060 = —16.670

X
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Chapter 4, Solution 55.

To get Ry, apply a 1 mA source at the terminals a and b as shown in Fig. (a).

sk | .

o Q O s0 K= !
2V Vab N
Vap/100 :

(b)

We assume all resistances are in k ohms, all currents in mA, and all voltages in volts. At
node a,

(vap/50) + 801 = 1 @
Also,
-8l = (V4/1000), or I = -v4,/8000 (2
From (1) and (2), (Van/50) — (80v4,/8000) = 1, or va = 100
Rn = va/l = 100 k ohms
To get Iy, consider the circuit in Fig. (b).
| a

> +
Van/100 801
8 kQ 50 k§2§ Vab 1ImA

(@)

Since the 50-k ohm resistor is shorted,
In = -80I, vgp = O
Hence, 8i = 2 which leadsto I = (1/4) mA

In = -20 mA
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Chapter 4, Solution 56.

We remove the 1-kQ resistor temporarily and find Norton equivalent across its terminals.
Req is obtained from the circuit below.

12 kQ 2 kQ 10 kQ

24 kQ § +—— Ry

Req = 10 + 2 + (12//24) = 12+8 = 20 kQ
In is obtained from the circuit below.

12 k 2k 10k

36V 24 kQ § 3mA v In

We can use superposition theorem to find Iy. Let Iy =11 + I2, where I; and I, are due
to 16-V and 3-mA sources respectively. We find 1, using the circuit below.

12 k 2k 10k
YA VA VAN VA VA

36 V 24 kQ § vy I
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Using source transformation, we obtain the circuit below.

3mA 12 k

i3

12//24 = 8 kQ

l, = L(SmA) =1.2 mA
8+12

To find I, consider the circuit below.

2k 10 k

12 k § 24 k

or

VAVAYA /A VA VAN

N

2k + 12k/124 k =10 kQ
1,=0.5(-3mA) = -1.5 mA
In=12-15=-0.3mA

The Norton equivalent with the 1-kQ resistor is shown below

a

20 kQ

+
2,

g 1kQ

b

Vo = 1K(20/(20+1))(-0.3 mA) = -285.7 mV.
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Chapter 4, Solution 57.

To find Ry, remove the 50V source and insert a 1-V source at a — b, as shown in Fig. (a).

20
VW

B A
N
3Q§ VX§69 §1og i\

0.5vy

a i

(@) b

We apply nodal analysis. At node A,
i+0.5vy = (1/10) + (L —vyx)/2, or i+vx = 0.6 @
At node B,
(1-Vvo)2 = (vxI3) + (vx/6), and vy, = 0.5 2
From (1) and (2), i = 0.1 and
Rt = 1/i = 10 ohms

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

3Q vy 2Q Vo a
L ]

A 4

+

50V 10Q v,

0.5vy

°
(b) °
At node 1, (50 —=v1)/3 = (v1/6) + (v1 —V32)/2, or 100 = 6v; — 3V, 3)
At node 2, 0.5vy + (V1 = V2)/2 = Vv,/10, vx = vy, andv; = 0.6v; 4)
From (3) and (4),
Vo = Vm = 166.67 V
In = Vn/Rh = 16.667 A

Ry = Rty = 10 ohms
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Chapter 4, Solution 58.

This problem does not have a solution as it was originally stated. The reason for this is
that the load resistor is in series with a current source which means that the only
equivalent circuit that will work will be a Norton circuit where the value of Ry =
infinity. Iy can be found by solving for I.

Writing the node equation at node vo,
ip + Bip = Vo/Rz = (1 + B)ip
But ib = (Vs—Vo)/R1
Vo = Vs—ipR1
Vs —ipRy = (1 + B)R2ip, or ip = V/(R1 + (1 +B)Ry)

lse = In = 'Bib = 'BVS/(R1+(1+B)R2)
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Chapter 4, Solution 59.
Rty = (10 + 20)||(50 + 40) 30||90 = 22.5 ohms

To find V11, consider the circuit below.

"L @ s,

T —e+ Vi, -
8A<> §SOQ §4OQ

ip =i, = 8/2 =4, 10i1 + V11 —-20i, = 0, or V1, = 20i, -10i; = 10i; = 10x4

V = 40V, and Iy = Vm/Ry = 40/22.5 = 1.7778 A
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Chapter 4, Solution 60.

The circuit can be reduced by source transformations.

2A

[ Je})
H
o
o)

3A

3.333Q b 3.333Q v

M AMA——(+ )

+ —

o
[
[ JsY
0T

Norton Equivalent Circuit Thevenin Equivalent Circuit
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To find Ry, consider the circuit in Fig. (a).

Let R = 2||18 = 1.8 ohms,

To get V, we apply mesh analysis to the circuit in Fig. (d).

Rt = 2R|R = (2/3)R = 1.2 ohms.

ZQ§

20
MWV o2
;oS Zea
§2§z §2§2
= 60
o b
(@)
20
M o d
18 Q
‘ ' 180
§2Q AMA o
18 Q 18 Q
1.8Q§ 1.8Q§ <« R,
Ob Ob
® ©
M o d
GQ§@§GQ +
+ +
12v ( _ 12v { _
V1h

i1

(d)
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-12 - 12 + 14i; - 6i, —6i3 = 0, and 7i;-31i,-3i3 = 12 1)
12+12+14i,-6i;-61i3 = 0, and -3i;1+7i,-3i3 =-12 (2)
14i3-6i,-6i, = 0, and 3i1-3i,+7i3 = 0 ©)

This leads to the following matrix form for (1), (2) and (3),

7 -3 -3Ti,| [12
-3 7 -3|i,|=[-12
~3 -3 7 |i, 0

7 -3 -3 7 12 -3
A=-3 7 -3=100, A,=|-3 -12 -3=-120
-3 -3 7 -3 0 7

i2 = A/Az = -120/100 = -1.2 A

Vi = 12+2i, =96V, and Iy = Vn/Rh = 8A
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Chapter 4, Solution 62.
Since there are no independent sources, Vi, = 0V
To obtain Ry, consider the circuit below.

0.1i, i

>
+

A Vo %
1%

Ix
10Q
V1 n
- w(
§ 40 Q 20 Q

2V,
< + —
At node 2, e
ix +0.1lipc = (1-v1)/10, or 10ix +i, = 1-v; 1)
At node 1,
(v1/20) + 0.1i, = [(2vo — Vv1)/40] + [(1 - v1)/10] (2

But i, = (v1/20) and v, = 1-vy, then (2) becomes,
1.1v1/20 = [(2 - 3vy)/40] + [(1 - v1)/10]
22vy = 2-3vi+4-4vy = 6-T7vq
or Vi = 6/9.2 3)
From (1) and (3),
10iyx +v1/20 = 1 -V,
10ix = 1-Vi—V1/20 = 1—(21/20)v; = 1 - (21/20)(6/9.2)

ix = 31.52mA, R = 1/ix = 31.73 ohms.
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Chapter 4, Solution 63.
Because there are no independent sources, Iy = Isc = 0A

Ry can be found using the circuit below.

10 Q2 .
V]_ IO
+

Vo =200
1V
§ 0.5v,

Applying KCL atnode1, v; =1, andv, = (20/30)v; = 2/3

lo = (v1/30) - 0.5v, = (1/30) - 0.5x2/3 = 0.03333 -
0.33333 = -0.3A.

Hence,

Ry = 1/(=0.3) = -3.333 ohms
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Chapter 4, Solution 64.

With no independent sources, V1, = 0 V. To obtain R, consider the circuit shown
below.

ix = [(1=vo)/1] + [(10ix — Vvo)/4], or 5v, = 4 + 6Biy Q)
Butiy = vo/2. Hence,
5vo = 4+3vy, OF Vo = 2, i, = (1-Vo)/1 = -1

Thus, Rty = 1/i, = =1 ohm
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Chapter 4, Solution 65

At the terminals of the unknown resistance, we replace the circuit by its Thevenin equivalent.
R, =2+(4[12)=2+3=50,  V, =2 (32)=24V
12+4

Thus, the circuit can be replaced by that shown below.

20 lo

\ 4

2av () V.

Applying KVL to the loop,

—24+51,+V, =0 — 5 Vo =24-5l,.
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Chapter 4, Solution 66.

We first find the Thevenin equivalent at terminals a and b. We find Ry, using the circuit

in Fig. (a). 20 LoV
O
3Q
it W -
30 |, b =50
WO
Rh T i -
50 20V N
= L0

(a) (b)
Rt = 2||(3+5) = 2||8 = 1.6 ohms

By performing source transformation on the given circuit, we obatin the circuit in (b).
We now use this to find V.

10i+30+20+10 =0, or i = -6
VTh+10+2i =0,0or Vihn =2V

P = Vi /(4Rm) = (2)/[4(1.6)] = 625 m watts
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Chapter 4, Solution 67.

We first find the Thevenin equivalent. We find Ry, using the circuit below.

80 Q
20Q
“— Rmn
N\QK/\@/%Q

R, =20//80+90//10=16+9=25Q

We find V1, using the circuit below. We apply mesh analysis.

()
N
1OQ§ q ggog -

(80+20),-40=0 —— =04
10+90)i, +40=0 —— i,=-0.4
~90i, - 20i, +V;, =0 —— V, =-28V

(@ R=Rm=25Q

(b) — VT2h :(28)2 _
"X AR, 100

\]

.84 W
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Chapter 4, Solution 68.

This is a challenging problem in that the load is already specified. This now becomes a
"minimize losses" style problem. When a load is specified and internal losses can be
adjusted, then the objective becomes, reduce Rrhey as much as possible, which will result
in maximum power transfer to the load.

R
—WA

12 VC> 100

8V

Removing the 10 ohm resistor and solving for the Thevenin Circuit results in:
Rt = (Rx20/(R+20)) and a Vo =V = 12x(20/(R +20)) + (-8)

As R goes to zero, Rt goes to zero and Vh goes to 4 volts, which produces the
maximum power delivered to the 10-ohm resistor.

P=vi =Vv¥R = 4x4/10 = 1.6 watts

Notice that if R = 20 ohms which gives an Rty = 10 ohms, then V1, becomes -2 volts
and the power delivered to the load becomes 0.1 watts, much less that the 1.6 watts.

It is also interesting to note that the internal losses for the first case are 12%/20 = 7.2 watts
and for the second case are = to 12 watts. This is a significant difference.
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Chapter 4, Solution 69.

We need the Thevenin equivalent across the resistor R. To find Ry, consider the circuit
below.

VWV
+
10kQ§ V0§40kﬂ T §30k§2
0.003v, ImA

Assume that all resistances are in k ohms and all currents are in mA.

10||40 = 8, and 8 + 22

30

1+3vo = (v4/30) + (v1/30) = (v1/15)

15+45v, = v4
Butv, = (8/30)vy, hence,

15 + 45x(8v1/30) vi, which leadsto v; = 1.3636
Rt = vi/1 = -1.3636 k ohms
R, being negative indicates an active circuit and if you now make R equal to 1.3636 k

ohms, then the active circuit will actually try to supply infinite power to the resistor. The
correct answer is therefore:

2 2
PR = Vn 1363.6 = YT | 13636 = o0
—1363.6+1363.6 0

It may still be instructive to find V1. Consider the circuit below.

10kQ v, 22kQ v,
AW\ AN )

+ +

100V Vo § 40 kQ T § 30 kQ Vn
0.003v,

(100 = Vo)/10 = (Vol40) + (Vo — v1)/22 (1)
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[(vo —Vv1)/22] +3v, = (v1/30) (2)

Solving (1) and (2),
-243.6 volts

Vi = Vm
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Chapter 4, Solution 70

We find the Thevenin equivalent across the 10-ohm resistor. To find Vrp,, consider the
circuit below.

3Vy
5Q 5Q
A Vi N VA VAN
+
+
4V <> 15Q Vn
- 6Q
+ Vi
From the figure,
15
V, =0, Vi =——#@) =3V
" ™55 )
To find R¢q, consider the circuit below:
3Vi

50 50

+
4V <> 15Q

Atnode 1,

[(Vi=V)/15] + [(Vi—(4+V))/5] + [(V1-0)/5] + 3V =0 or
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0.4667V, +2.733V,=0.8 (1)
At node x,

[(Vx=0)/6] + [(Vx+4)-V1)/5] + [(Vx—V1)/15] =0 or
—(0.2667)V,; +0.4333V, =-0.8 (2)

Adding (1) and (2) together lead to,
(0.4667-0.2667)V; + (2.7334+0.4333)V, =0 or V| =—(3.166/0.2)V, = -15.83V,
Now we can put this into (1) and we get,

0.4667(-15.83V) +2.733V, = 0.8 = (-7.388+2.733)V, =—-4.655V, or V4, =—-0.17186
V.

I =—V4/6 =0.02864 and R4 = 3/(0.02864) = 104.75 Q

An alternate way to find R is replace I with a 1 amp current source flowing up and
setting the 4 volts source to zero. We then find the voltage across the 1 amp current
source which is equal to R¢q. First we note that V, = 6 volts ;

Vi =6+3.75=-9.75; Vo, =19x5 + V; = 95+9.75 = 104.75 or R¢q = 104.75 Q.

Clearly setting the load resistance to 104.75 Q means that the circuit will deliver
maximum power to it. Therefore,

Pmax = [3/(2x104.75)]*x104.75 = 21.48 mW
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Chapter 4, Solution 71.

We need R, and V1, at terminals a and b. To find Ry, we insert a 1-mA source at the
terminals a and b as shown below.

10 kQ a
+
3 kQ § Vo § 1 kQ ; 40 kQ
B 120v, LmA
°
N b

Assume that all resistances are in k ohms, all currents are in mA, and all voltages are in
volts. At node a,

1 = (va/40) + [(va + 120v,)/10], or 40 = 5v, + 480v, Q)
The loop on the left side has no voltage source. Hence, v, = 0. From (1), v, = 8 V.
Rth = Va/I mA = 8 kohms
To get V, consider the original circuit. For the left loop,
Vo = (1/4)8 = 2V
For theright loop, vk = Vm = (40/50)(-120v,) = -192
The resistance at the required resistor is
R = Rm = 8kQ

p =Vmi(4Rm) = (-192)%/(4x8x10% = 1.152 watts
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Chapter 4, Solution 72.

@) Rth and V are calculated using the circuits shown in Fig. (a) and (b)
respectively.

From Fig. (a), Rth = 2+4+6 = 12 ohms
From Fig. (b), -V +12+8+20 = 0, or Vo = 40V
4Q 6Q 2Q 4Q 6Q 12v
—VW—\W\—e MA—AVN—N—- + .
§ 2Q < Rm 8V V1h
. 20V @ .-
(@) (b)
(b) i = Vm/(Rth +R) = 40/(12 + 8) = 2A
(©) For maximum power transfer, R. = Rty = 12 ohms

(d) p =V (4Rm) = (40)%/(4x12) = 33.33 watts.
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Chapter 4, Solution 73

Find the Thevenin’s equivalent circuit across the terminals of R.

10 © 250

200 50

R;, =10//20+25//5=325/30 =10.833Q2

10 © 250

V., Vy
200 50

20 5
V. =—(60) = 40, V, =—(60) =10
a 30( ) b 30( )
-V, +V, +V, =0 —— V, =V, -V, =40-10=30V

2

30°

_VTh _
4R, 4x10.833

pmax - = 20.77 W.
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Chapter 4, Solution 74.
When Ry is removed and V; is short-circuited,
Rth = R1]|R2 + R3||Rs = [R1 R2/(R1 + R2)] + [R3 R4/( R3 + Ry4)]
RL=Rm = (R:1 R, Rs +R; R, Ru+ Ry R3 Ry + Ry Rz Ry)/[(R1 + R2)(R3 + R4)]
When R is removed and we apply the voltage division principle,
Voc = V1h = VR2 — VR4
= ([R/(R1 + R2)] = [Ra/(R3 + Ra))Vs = {[(R2R3) - (R1R4)V[(R1 + R2)(Rs + R4)I}Vs
Prax = Vn/(4Rm)
= {[(R2R3) — (RiR&)I/[(R1 + R2)(Rs + Ra)FIV[( Ry + R2)( Rs + Ra)l/[4(2)]
wherea = (R1 R, R3 +R; R R4+ R; R3 Ry + Ry Rz Ry)

Pmax =

[(R2R3) — (RiR)IPVS[4(R: + R2)(Rs + Ry) (R1 R, R3 + R1 Ry Ry + Ry R3 Ry + Ry R3 Ry)]
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Chapter 4, Solution 75.

We need to first find R, and V.

Vo

SAZ AT

§ R § R § R <— Ry,
. IVC:P 2V 3V
()
(b)

Consider the circuit in Fig. (a).
(URe) = (U/R) + (1/R) + (1/R) = 3/R
Reg = R/3
From the circuit in Fig. (b),
(L-vo)/R)+ ((2-Vo)/R)+ ((3=V,)/R) = 0
Vo = 2 =V
For maximum power transfer,
R. = Rm = R/3
Pmax = [(Vn)?/(4Rm)] = 3 mW
Rt = [(V1n)/(4Pmax)] = 4/(4XPmax) = 1/Pmax = R/3

R = 3/(3x107) = 1kQ

1 kQ, 3 mW

+
Vrh
'Y
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Chapter 4, Solution 82.
VTh = VOC = 12V, Isc = 20A

RTh = Voc/lsc = 12/20 = 06 Ohm

0.6 Q

12V 2Q

i = 12/26, p = iR = (12/2.6)2) = 42.6 watts
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Chapter 4, Solution 83.

VTh = VOC = 12V, Isc = IN = 15A

Rt = V/ln 8 ohms, V1, = 12V, R, = 8 ohms



www.konkur.in

Chapter 4, Solution 84

Let the equivalent circuit of the battery terminated by a load be as shown below.

Rh

+

VTh<

For open circuit,

R =0, —— V4=V, =V, =108V
When R, =4 ohm, V. =10.5,

=V—L:10.8/4: 2.7
R

L

IL

But
Vi, -V,  12-10.8

Vi =V + 1Ry, — Ry = =0.44440

I L

= 444.4 mQ.
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Chapter 4, Solution 85

(a) Consider the equivalent circuit terminated with R as shown below.
Rh

b
R 10
Vab = VTh = Th
R+Ry, 10+ Ry,
or
60 +6R,, =10V, @)
where Ry, is in k-ohm.
Similarly,
30
12=—""--V,, —> 360+12R,, =30V,, 2
30+ Ry,

Solving (1) and (2) leads to

V,, =24V, R, =30kQ

(b)
20

® = 50+ 30

(24)=96V
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Chapter 4, Solution 86.

We replace the box with the Thevenin equivalent.

Rh

Vn

V1 = V+iRm

Wheni = 1.5, v = 3, which implies that V1, = 3+ 1.5R, 1)
Wheni = 1, v = 8, which implies that V1, = 8 + 1xRm, 2

From (1) and (2), Rt = 10 ohms and V1, =18 V.

(@ WhenR = 4,i = Vip/(R+ Rqp) = 18/(4+10) = 1.2857 A
(b) For maximum power, R = Ry
Pmax = (V1)%4Rm, = 18%(4x10) = 8.1 watts
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Chapter 4, Solution 87.

@ im =9.975 mA im =9.876 mA
+
IS (T) Vm § Rs Rm IS (T) § Rs § RS Rm
(a) (b)

From Fig. (a),

Vm = Rpim = 9.975mA x20 = 0.1995V

Is =9.975 mA + (0.1995/R;) 1)
From Fig. (b),

Vm = Rpim = 20x9.876 = 0.19752 V

I, = 9.876 mA + (0.19752/2k) + (0.19752/R;)

= 9.975 mA + (0.19752/Rq) 2
Solving (1) and (2) gives,
Rs = 8 k ohms, Is = 10 mA
(b)
im’ =9.876
IS (T) § Rs § Rs Rm
(b)

8Kk||4k = 2.667 k ohms

im’ = [2667/(2667 + 20)](10 mA) = 9.926 mA
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Chapter 4, Solution 88

To find Ry, consider the circuit below.

1 Rh 5kQ

30k 20k Q

10kQ
R, =30+10+20//5 = 44kQ

To find V1, consider the circuit below.

S5kQ
A
_’i

0

k Kk
» 4mA e <> 60 V

10k ©

V, =30x4 =120, V, =%(60) =48, V,, =V,-V, =72V
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The Thevenin equivalent circuit is shown below.

44
l I
Ri
+
72V <>
2k Q)
44+ 2+R,
assuming R; is in k-ohm.
(@) When R;=500Q2,
| =L=1.548 mA
44+2+05 —
(b) WhenR; =0Q2,
72 =1.565mA

l=———
44+2+0
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Chapter 4, Solution 90.
RX = (Rg/Rl)Rz = (4/2)R2 = 42.6,R2 = 21.3

which is (21.30hms/1000hms)% = 21.3%
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Chapter 4, Solution 91.
RX = (Rg/Rl)Rz

@) Since 0 < R, < 50 ohms, to make 0 < Ry < 10 ohms requires that when R, = 50
ohms, Ry =10 ohms.

10 = (Rs/R1)50 or Rz = Ry/5
so we select R; = 100 ohms and Rz = 20 ohms
(b) For 0 < Rx <100 ohms

100 = (Ra/R1)50, or R; = 2R;

So we can select R; = 100 ohms and Rz = 200 ohms
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Chapter 4, Solution 92.

For a balanced bridge, va, = 0. We can use mesh analysis to find v,,. Consider the
circuit in Fig. (a), where i; and i, are assumed to be in mA.

2 kQ
AN
§ 3kQ /'m § 6 kQ
i a b
220V 1 ° °
+ Vab
§ 5 kQ § 10 kQ
0
(a)

220 = 2i; +8(i1 —i,) or 220 = 10i; — 8i, (1)
0 = 24i,-8i; or i, = (1/3)|1 (2)

From (1) and (2),
ip = 30mAandi, = 10 mA

Applying KVL to loop 0ab0 gives
5(|2 — |1) + Vg +10i, = 0V
Since vy = 0, the bridge is balanced.

When the 10 k ohm resistor is replaced by the 18 k ohm resistor, the gridge becomes
unbalanced. (1) remains the same but (2) becomes

0= 32i2—8i1, or iz = (1/4)|1 (3)
Solving (1) and (3),
ip = 27.5mA, i, = 6.875 mA
Vay = 5(iy — ip) — 18i, = -20.625 V

V1h = Va = -20.625V
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To obtain Ry, we convert the delta connection in Fig. (b) to a wye connection shown in
Fig. (¢).

2 kQ
MW

(b) (c)
R; = 3x56/(2+3+5) = 1L.5kohms, R, = 2x3/10 = 600 ohms,

Rs = 2x5/10 = 1 k ohm.

R = Ry + (R2 +6)||(Rs +18) = 1.5+6.6|9 = 6.398 k ohms
R. = Rt = 6.398 k ohms
Pmax = (V1n)%(4R1h) = (20.625)%/(4x6.398) = 16.622 mWatts
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Chapter 4, Solution 93.

BROiX

'Vs + (Rs + Ro)ix + BROiX = 0

ix = V/(Rs + (1 +B)Ro)
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Chapter 4, Solution 94.
(a) VolVg = Rpl(Rg + Rs + Rp) 1)
Reg = Rpll(Rg +Rs) = Rg
Ry = Rp(Rg + Rs)/(Rp + Rg + R)
RgRp + Rg® + RgRs = RyRg + RyRs

RpRs

Rg(Rg + Rs) )

From (1), Rp/la = Rg+Rs + R,
Rg+Rs = Rp((M/a)-1) = Rp(1-a)/a.  (1a)
Combining (2) and (1a) gives,
Rs = [(1- a)/o]Req 3
= (1-0.125)(100)/0.125 = 700 ohms

From (3) and (1a),

Rp(1-a)a = Rg+[(1-a)a]Ry = Ry/a
Rp = Ry/(1- @) = 100/(1 —0.125) = 114.29 ohms
(b)
Rh
|
Vi RL

Vi = Vs = 0125V4 = 15V
Rw = Ry = 100 ohms

| = Vmn/(Rm + RL) = 1.5/150 = 10 mA
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Chapter 4, Solution 95.
Let 1/sensitivity = 1/(20 k ohms/volt) = 50 pA

For the 0 — 10 V scale,

For the 0 — 50 V scale,
m = 50(20 k ohms/V) = 1 M ohm
"""""""" R,
M

d =

V1 = (Rt + Rm)

@ A 4V reading corresponds to

| = (4/10)l5 = 0.4x50 pA = 20 pA
V1 = 20 pA R + 20 pA 250 k ohms
= 4+ 20 pARm, (1)
(b) A 5V reading corresponds to
| = (5/50)I5 = 0.1x50 A = 5 A
Vi = 5uAXRm +5 pAXx 1 Mohm

V1 = 5+5uA R (2)
From (1) and (2)

= -1+ 15 pA R, which leadsto Ry, = 66.67 k ohms
From (1),
V1 = 4+ 20x10°x(1/(15x10°)) = 5.333 V
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(@)

10
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The resistance network can be redrawn as shown in Fig. (a),

From (1) and (2),

From Fig. (b),

-9 + 50i; - 40i,
116i2—40i1 =0 or il

i, = 9/105=0.08571

8Q 10 Q
VW W\ VW\—se o—
+
o @@gmﬁ; 0o IR
8Q 10Q  _
w AMA—e o
()

(b)

R, = 10+ 10 + [60]|(8 + 8 + [10]|40])] = 20 + (60||24) = 37.14 ohms
Using mesh analysis,

1)
2.9, )

V1 = 60i; = 5.143V

Vo = [RIR +Rm)]V = 1.8V

R/(R +37.14) = 1.8/5.143=0.35 or R=0.35R + 13 or R = (13)/(1-0.35)

(b)

However, the problem asks for the value of R for maximum current. This happens when
the value of resistance seen by the source is a minimum thus R = 0 is the correct value.

which leads to R = 20 Q (note, this is just for the V, = 1.8 V)

Asking for the value of R for maximum power would leadto R = Ry, = 37.14 Q.

Imax = Vm/(Rmh) = 5.143/(37.14) = 138.48 mA.
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Chapter 4, Solution 97.

+ B
12v \ _ — ® "+

Rm = R1||R2 = 6”4 = 2.4 kohms

Vrn = [Ro/(R1+ Ro)]vs = [4/(6+4)](12) = 4.8V
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Chapter 4, Solution 98.

The 20-ohm, 60-ohm, and 14-ohm resistors form a delta connection which needs to be
connected to the wye connection as shown in Fig. (b),

20 Q) 300 R, %30 Q
R1
§ 140
b a
60 Q a Rm Rs b Ry
(@) (b)

R1 = 20x60/(20 + 60 + 14) = 1200/94 = 12.766 ohms

R, = 20x14/94 = 2.979 ohms

Rs = 60x14/94 = 8.936 ohms

R = Rs+ Ry|(Rz +30) = 8.936 + 12.766(|32.98 = 18.139 ohms

To find V1, consider the circuit in Fig. (c).

30 Q2
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I+ = 16/(30 + 15.745) = 349.8 mA
I, = [20/(20 + 60 + 14)]IT = 74.43 mA
Vrn = 141, + 3017 = 11.536 V
lso = Vrn/(Rn +40) = 11.536/(18.139 + 40) = 198.42 mA

Psw = l4°R = 1.5748 watts



