
Problems 3–9

Problems

P 3.1 [a] From Ex. 3-1: i1 = 4 A, i2 = 8 A, is = 12 A
at node b: −12 + 4 + 8 = 0, at node d: 12 − 4 − 8 = 0

[b] v1 = 4is = 48 V v3 = 3i2 = 24 V

v2 = 18i1 = 72 V v4 = 6i2 = 48 V

loop abda: −120 + 48 + 72 = 0,
loop bcdb: −72 + 24 + 48 = 0,
loop abcda: −120 + 48 + 24 + 48 = 0

P 3.2 [a] p4Ω = i2s4 = (12)24 = 576 W p18Ω = (4)218 = 288 W

p3Ω = (8)23 = 192 W p6Ω = (8)26 = 384 W

[b] p120V(delivered) = 120is = 120(12) = 1440 W

[c] pdiss = 576 + 288 + 192 + 384 = 1440 W

P 3.3 [a] The 5 kΩ and 7 kΩ resistors are in series. The simplified circuit is shown
below:

[b] The 800Ω and 1200Ω resistors are in series, as are the 300Ω and 200Ω
resistors. The simplified circuit is shown below:
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3–10 CHAPTER 3. Simple Resistive Circuits

[c] The 35Ω, 15Ω, and 25Ω resistors are in series. as are the 10Ω and 40Ω
resistors. The simplified circuit is shown below:

[d] The 50Ω and 90Ω resistors are in series, as are the 80Ω and 70Ω
resistors. The simplified circuit is shown below:

P 3.4 [a] The 36Ω and 18Ω resistors are in parallel. The simplified circuit is shown
below:

[b] The 200Ω and 120Ω resistors are in parallel, as are the 210Ω and 280Ω
resistors. The simplified circuit is shown below:

[c] The 100 kΩ, 150 kΩ, and 60 kΩ resistors are in parallel, as are the 75 kΩ
and 50 kΩ resistors. The simplified circuit is shown below:
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Problems 3–11

[d] The 750Ω and 500Ω resistors are in parallel, as are the 1.5 kΩ and 3 kΩ
resistors. The simplified circuit is shown below:

P 3.5 Always work from the side of the circuit furthest from the source. Remember
that the current in all series-connected circuits is the same, and that the
voltage drop across all parallel-connected resistors is the same.

[a] Circuit in Fig. P3.3(a):

Req = [(7000 + 5000)‖6000] + 8000 = 12,000‖6000 + 8000

= 4000 + 8000 = 12 kΩ

Circuit in Fig. P3.3(b):

Req = [500‖(800 + 1200)] + 300 + 200 = (500‖2000) + 300 + 200

= 400 + 300 + 200 = 900Ω

Circuit in Fig. P3.3(c):

Req = (35 + 15 + 25)‖(10 + 40) = 75‖50 = 30Ω

Circuit in Fig. P3.3(d):

Req = ([(70 + 80)‖100] + 50 + 90)‖300 = [(150‖100) + 50 + 90]‖300

= (60 + 50 + 90)‖300 = 200‖300 = 120Ω

[b] Note that in every case, the power delivered by the source must equal the
power absorbed by the equivalent resistance in the circuit. For the circuit
in Fig. P3.3(a):

P =
V 2

s

Req

=
182

12,000
= 0.027 = 27 mW
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Problems 3–13

P 3.7 [a] Circuit in Fig. P3.7(a):

Req = ([(15‖60) + (30‖45) + 20]‖50) + 25 + 10 = [(12 + 18 + 20)‖50] + 25 + 10

= (50‖50) + 25 + 10 = 25 + 25 + 10 = 60Ω

Circuit in Fig. P3.7(b) – begin by simplifying the 75Ω resistor and all
resistors to its right:

[(18 + 12)‖60 + 30]‖75 = (30‖60 + 30)‖75 = (20 + 30)‖75 = 50‖75 = 30Ω

Now simplify the remainder of the circuit:

Req = ([(30 + 20)‖50] + (20‖60))‖40 = [(50‖50) + 15]‖40 = (25 + 15)‖40

= 40‖40 = 20Ω

Circuit in Fig. P3.7(c) – begin by simplifying the left and right sides of
the circuit:

Rleft = [(1800 + 1200)‖2000] + 300 = (3000‖2000) + 300 = 1200 + 300 = 1500Ω

Rright = [(500 + 2500)‖1000] + 750 = (3000‖1000) + 750 = 750 + 750 = 1500Ω

Now find the equivalent resistance seen by the source:

Req = (Rleft‖Rright) + 250 + 3000 = (1500‖1500) + 250 + 3000

= 750 + 250 + 3000 = 4000 = 4 kΩ

Circuit in Fig. P3.7(d):

Req = ([(750 + 250)‖1000] + 100)‖([(150 + 600)‖500] + 300)

= [(1000‖1000) + 100]‖[(750‖500) + 300] = (500 + 100)‖(300 + 300)

= 600‖600 = 300Ω

[b] Note that in every case, the power delivered by the source must equal the
power absorbed by the equivalent resistance in the circuit. For the circuit
in Fig. P3.7(a):

P =
V 2

s

Req
=

302

60
= 15 W

For the circuit in Fig. P3.7(b):

P = I2
s (Req) = (0.08)2(20) = 0.128 = 128 mW

For the circuit in Fig. P3.7(c):

P =
V 2

s

Req
=

202

4000
= 0.1 = 100 mW

For the circuit in Fig. P3.7(d):

P = I2
s (Req) = (0.05)2(300) = 0.75 = 750 mW
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Problems 3–15

[d]
R

n
= 4000 so R = 4000n

If n = 3 r = 4000(3) = 12 kΩ
This is a resistor from Appendix H. So put three 12k resistors in parallel
to get 4kΩ.

P 3.12 [a] vo =
160(3300)

(4700 + 3300)
= 66 V

[b] i = 160/8000 = 20 mA

PR1
= (400 × 10−6)(4.7 × 103) = 1.88 W

PR2
= (400 × 10−6)(3.3 × 103) = 1.32 W

[c] Since R1 and R2 carry the same current and R1 > R2 to satisfy the voltage
requirement, first pick R1 to meet the 0.5 W specification

iR1
=

160 − 66

R1

, Therefore,
(

94

R1

)2

R1 ≤ 0.5

Thus, R1 ≥
942

0.5
or R1 ≥ 17,672Ω

Now use the voltage specification:

R2

R2 + 17,672
(160) = 66

Thus, R2 = 12,408Ω

P 3.13 4 =
20R2

R2 + 40
so R2 = 10Ω

3 =
20Re

40 + Re
so Re =

120

17
Ω

Thus,
120

17
=

10RL

10 + RL
so RL = 24Ω

P 3.14 [a] vo =
40R2

R1 + R2

= 8 so R1 = 4R2

Let Re = R2‖RL =
R2RL

R2 + RL

vo =
40Re

R1 + Re
= 7.5 so R1 = 4.33Re

Then, 4R2 = 4.33Re =
4.33(3600R2)

3600 + R2

Thus, R2 = 300Ω and R1 = 4(300) = 1200Ω
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3–16 CHAPTER 3. Simple Resistive Circuits

[b] The resistor that must dissipate the most power is R1, as it has the largest
resistance and carries the same current as the parallel combination of R2

and the load resistor. The power dissipated in R1 will be maximum when
the voltage across R1 is maximum. This will occur when the voltage
divider has a resistive load. Thus,

vR1
= 40 − 7.5 = 32.5 V

pR1
=

32.52

1200
= 880.2 m W

Thus the minimum power rating for all resistors should be 1 W.

P 3.15 Refer to the solution to Problem 3.16. The voltage divider will reach the
maximum power it can safely dissipate when the power dissipated in R1 equals
1 W. Thus,

v2
R1

1200
= 1 so vR1

= 34.64 V

vo = 40 − 34.64 = 5.36 V

So,
40Re

1200 + Re
= 5.36 and Re = 185.68Ω

Thus,
(300)RL

300 + RL
= 185.68 and RL = 487.26Ω

The minimum value for RL from Appendix H is 560Ω.

P 3.16 Req = 10‖[6 + 5‖(8 + 12)] = 10‖(6 + 5‖20) = 10‖(6 + 4) = 5Ω

v10A = v10Ω = (10 A)(5Ω) = 50 V

Using voltage division:

v5Ω =
5‖(8 + 12)

6 + 5‖(8 + 12)
(50) =

4

6 + 4
(50) = 20 V

Thus, p5Ω =
v2

5Ω

5
=

202

5
= 80 W
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3–18 CHAPTER 3. Simple Resistive Circuits

R2 = 25/i2 = 25/0.00833 = 3000 = 3 kΩ

R3 = 25/i3 = 25/0.01667 = 1500 = 1.5 kΩ

R4 = 25/i4 = 25/0.02 = 1250 = 1.25 kΩ

The resulting circuit is shown below:

P 3.19
(24)2

R1 + R2 + R3
= 80, Therefore, R1 + R2 + R3 = 7.2Ω

(R1 + R2)24

(R1 + R2 + R3)
= 12

Therefore, 2(R1 + R2) = R1 + R2 + R3

Thus, R1 + R2 = R3; 2R3 = 7.2; R3 = 3.6Ω

R2(24)

R1 + R2 + R3

= 5

4.8R2 = R1 + R2 + 3.6 = 7.2

Thus, R2 = 1.5Ω; R1 = 7.2 −R2 − R3 = 2.1Ω

P 3.20 [a]

20 kΩ + 40 kΩ = 60 kΩ

30 kΩ‖60 kΩ = 20 kΩ

vo1 =
20,000

(10,000 + 20,000)
(180) = 120 V

vo =
40,000

60,000
(vo1) = 80 V
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Problems 3–19

[b]

i =
180

40,000
= 4.5 mA

30,000i = 135 V

vo =
40,000

60,000
(135) = 90 V

[c] It removes the loading effect of the second voltage divider on the first
voltage divider. Observe that the open circuit voltage of the first divider
is

v′
o1 =

30,000

40,000
(180) = 135 V

Now note this is the input voltage to the second voltage divider when the
current-controlled voltage source is used.

P 3.21 [a] At no load: vo = kvs =
R2

R1 + R2

vs.

At full load: vo = αvs =
Re

R1 + Re
vs, where Re =

RoR2

Ro + R2

Therefore k =
R2

R1 + R2
and R1 =

(1 − k)

k
R2

α =
Re

R1 + Re
and R1 =

(1 − α)

α
Re

Thus
(

1 − α

α

) [

R2Ro

Ro + R2

]

=
(1 − k)

k
R2

Solving for R2 yields R2 =
(k − α)

α(1 − k)
Ro

Also, R1 =
(1 − k)

k
R2

·. . R1 =
(k − α)

αk
Ro

[b] R1 =
(

0.05

0.68

)

Ro = 2.5 kΩ

R2 =
(

0.05

0.12

)

Ro = 14.167 kΩ
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3–20 CHAPTER 3. Simple Resistive Circuits

[c ]

Maximum dissipation in R2 occurs at no load, therefore,

PR2(max) =
[(60)(0.85)]2

14,167
= 183.6 mW

Maximum dissipation in R1 occurs at full load.

PR1(max) =
[60 − 0.80(60)]2

2500
= 57.60 mW

[d ]

PR1
=

(60)2

2500
= 1.44 W = 1440 mW

PR2
=

(0)2

14,167
= 0 W

P 3.22 [a] Let vo be the voltage across the parallel branches, positive at the upper
terminal, then

ig = voG1 + voG2 + · · · + voGN = vo(G1 + G2 + · · · + GN )

It follows that vo =
ig

(G1 + G2 + · · · + GN )

The current in the kth branch is ik = voGk; Thus,

ik =
igGk

[G1 + G2 + · · · + GN ]

[b] i5 =
40(0.2)

2 + 0.2 + 0.125 + 0.1 + 0.05 + 0.025
= 3.2 A

P 3.23 [a] The equivalent resistance of the 6 kΩ resistor and the resistors to its right
is

6 k‖(5 k + 7 k) = 6 k‖12 k = 4 kΩ
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Problems 3–21

Using voltage division,

v6k =
4000

8000 + 4000
(18) = 6 V

[b] v5k =
5000

5000 + 7000
(6) = 2.5 V

P 3.24 [a] The equivalent resistance of the 100Ω resistor and the resistors to its right
is

100‖(80 + 70) = 100‖150 = 60Ω

Using current division,

i50 =
(50 + 90 + 60)‖300

50 + 90 + 60
(0.03) =

120

200
(0.03) = 0.018 = 18 mA

[b] v70 =
(80 + 70)‖100

80 + 70
(0.018) =

60

150
(0.018) = 0.0072 = 7.2 mA

P 3.25 [a] The equivalent resistance of the circuit to the right of, and including, the
50Ω resistor is

[(60‖15) + (45‖30) + 20]‖50 = 25Ω

Thus by voltage division,

v25 =
25

25 + 25 + 10
(30) = 12.5 V

[b] The current in the 25Ω resistor can be found from its voltage using Ohm’s
law:

i25 =
12.5

25
= 0.5 A

[c] The current in the 25Ω resistor divides between two branches – one
containing 50Ω and one containing (45‖30) + (15‖60) + 20 = 50Ω. Using
current division,

i50 =
50‖50

50
(i25) =

25

50
(0.5) = 0.25 A

[d] The voltage drop across the 50Ω resistor can be found using Ohm’s law:

v50 = 50i50 = 50(0.25) = 12.5 V

[e] The voltage v50 divides across the equivalent resistance (45‖30)Ω, the
equivalent resistance (15‖60)Ω, and the 20Ω resistor. Using voltage
division,

v60 = v15‖60 =
15‖60

(15‖60) + (30‖45) + 20
(12.5) =

12

12 + 18 + 20
(12.5) = 3 V
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Problems 3–23

[f ] v18 =
18

12 + 18
(0.48) = 0.288 = 288 mV

P 3.28 [a] v6k =
6

6 + 2
(18) = 13.5 V

v3k =
3

3 + 9
(18) = 4.5 V

vx = v6k − v3k = 13.5 − 4.5 = 9 V

[b] v6k =
6

8
(Vs) = 0.75Vs

v3k =
3

12
(Vs) = 0.25Vs

vx = (0.75Vs) − (0.25Vs) = 0.5Vs

P 3.29 Use current division to find the current in the branch containing the 10 k and
15 k resistors, from bottom to top

i10k+15k =
(10 k + 15 k)‖(3 k + 12 k)

10 k + 15 k
(18) = 6.75 mA

Use Ohm’s law to find the voltage drop across the 15 k resistor, positive at the
top:

v15k = −(6.75 m)(15 k) = −101.25 V

Find the current in the branch containing the 3 k and 12 k resistors, from
bottom to top

i10k+15k =
(10 k + 15 k)‖(3 k + 12 k)

3 k + 12 k
(18) = 11.25 mA

Use Ohm’s law to find the voltage drop across the 12 k resistor, positive at the
top:

v12k = −(12 k)(11.25 m) = −135 V

vo = v15k − v12k = −101.25 − (−135) = 33.75 V

P 3.30 The equivalent resistance of the circuit to the right of the 90Ω resistor is

Req = [(150‖75) + 40]‖(30 + 60) = 90‖90 = 45Ω
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3–24 CHAPTER 3. Simple Resistive Circuits

Use voltage division to find the voltage drop between the top and bottom
nodes:

vReq =
45

45 + 90
(3) = 1 V

Use voltage division again to find v1 from vReq:

v1 =
150‖75

150‖75 + 40
(1) =

50

90
(1) =

5

9
V

Use voltage division one more time to find v2 from vReq:

v2 =
30

30 + 60
(1) =

1

3
V

P 3.31 Find the equivalent resistance of all the resistors except the 2Ω:

5Ω‖20Ω = 4Ω; 4Ω + 6Ω = 10Ω; 10‖(15 + 12 + 13) = 8Ω = Req

Use Ohm’s law to find the current ig:

ig =
125

2 + Req
=

125

2 + 8
= 12.5 A

Use current division to find the current in the 6Ω resistor:

i6Ω =
8

6 + 4
(12.5) = 10 A

Use current division again to find io:

io =
5‖20

20
i6Ω =

5‖20

20
(10) = 2 A

P 3.32 Use current division to find the current in the 8Ω resistor. Begin by finding
the equivalent resistance of the 8Ω resistor and all resistors to its right:

Req = ([(20‖80) + 4]‖30) + 8 = 20Ω

i8 =
60‖Req

Req

(0.25) =
60‖20

20
(0.25) = 0.1875 = 187.5 mA

Use current division to find i1 from i8:

i1 =
30‖[4 + (80‖20)]

30
(i8) =

30‖20

30
(0.1875) = 0.075 = 75 mA
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Problems 3–25

Use current division to find i4Ω from i8:

i4Ω =
30‖[4 + (80‖20)]

4 + (80‖20)
(i8) =

30‖20

20
(0.1875) = 0.1125 = 112.5 mA

Finally, use current division to find i2 from i4Ω:

i2 =
80‖20

20
(i4Ω) =

80‖20

20
(0.1125) = 0.09 = 90 mA

P 3.33 The current in the shunt resistor at full-scale deflection is
iA = ifullscale − 3 × 10−3 A. The voltage across RA at full-scale deflection is
always 150 mV; therefore,

RA =
150 × 10−3

ifullscale − 3 × 10−3
=

150

1000ifullscale − 3

[a] RA =
150

5000 − 3
= 30.018 mΩ

[b] Let Rm be the equivalent ammeter resistance:

Rm =
0.15

5
= 0.03 = 30 mΩ

[c] RA =
150

100 − 3
= 1.546Ω

[d] Rm =
0.15

0.1
= 1.5Ω

P 3.34

Original meter: Re =
50 × 10−3

5
= 0.01Ω

Modified meter: Re =
(0.02)(0.01)

0.03
= 0.00667Ω

·. . (Ifs)(0.00667) = 50 × 10−3

·. . Ifs = 7.5 A
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Problems 3–37

Rc =
(25)(125) + (25)(37.5) + (37.5)(125)

125
=

8750

125
= 70Ω

Replace the Y with its equivalent ∆ in the circuit to get the figure below:

Find the equivalent resistance to the right of the 5Ω resistor:

350‖[(100‖233.33) + (40‖70)] = 75Ω

The equivalent resistance seen by the source is thus 5 + 75 = 80Ω. Use Ohm’s
law to find the current provided by the source:

is =
40

80
= 0.5 A

Thus, the power associated with the source is

Ps = −(40)(0.5) = −20 W

P 3.58 [a] Use the figure below to transform the Y to an equivalent ∆:

Ra =
(25)(30) + (25)(50) + (30)(50)

30
=

3500

30
= 116.67Ω

Rb =
(25)(30) + (25)(50) + (30)(50)

50
=

3500

50
= 70Ω

Rc =
(25)(30) + (25)(50) + (30)(50)

25
=

3500

25
= 140Ω
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3–38 CHAPTER 3. Simple Resistive Circuits

Replace the Y with its equivalent ∆ in the circuit to get the figure below:

Find the equivalent resistance to the right of the 13Ω and 7Ω resistors:

70‖[(50‖116.67) + (20‖140)] = 30Ω

Thus, the equivalent resistance seen from the terminals a-b is:

Rab = 13 + 30 + 7 = 50Ω

[b] Use the figure below to transform the ∆ to an equivalent Y:

R1 =
(50)(20)

50 + 20 + 30
= 10Ω

R2 =
(50)(30)

50 + 20 + 30
= 15Ω

R3 =
(20)(30)

50 + 20 + 30
= 6Ω
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Problems 3–39

Replace the ∆ with its equivalent Y in the circuit to get the figure below:

Find the equivalent resistance to the right of the 13Ω and 7Ω resistors:

(50 + 10)‖(25 + 15) + 6 = 30Ω

Thus, the equivalent resistance seen from the terminals a-b is:

Rab = 13 + 30 + 7 = 50Ω

[c] Convert the delta connection R1—R2—R3 to its equivalent wye.
Convert the wye connection R1—R3—R4 to its equivalent delta.

P 3.59 Begin by transforming the ∆-connected resistors (10Ω, 40Ω, 50Ω) to
Y-connected resistors. Both the Y-connected and ∆-connected resistors are
shown below to assist in using Eqs. 3.44 – 3.46:

Now use Eqs. 3.44 – 3.46 to calculate the values of the Y-connected resistors:

R1 =
(40)(10)

10 + 40 + 50
= 4Ω; R2 =

(10)(50)

10 + 40 + 50
= 5Ω; R3 =

(40)(50)

10 + 40 + 50
= 20Ω
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Problems 3–41

Convert the lower delta to a wye.

R4 =
(60)(80)

200
= 24Ω

R5 =
(60)(60)

200
= 18Ω

R6 =
(80)(60)

200
= 24Ω

Now redraw the circuit using the wye equivalents.

Rab = 1.5 + 12.5 +
(120)(80)

200
+ 18 = 14 + 48 + 18 = 80Ω

[b] When vab = 400 V

ig =
400

80
= 5 A

i31 =
48

80
(5) = 3 A

p31Ω = (31)(3)2 = 279 W

P 3.61 [a] After the 20Ω—100Ω—50 Ω wye is replaced by its equivalent delta, the
circuit reduces to
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3–42 CHAPTER 3. Simple Resistive Circuits

Now the circuit can be reduced to

i =
96

400
(1000) = 240 mA

io =
400

1000
(240) = 96 mA

[b] i1 =
80

400
(240) = 48 mA

[c] Now that io and i1 are known return to the original circuit

v2 = (50)(0.048) + (600)(0.096) = 60 V

i2 =
v2

100
=

60

100
= 600 mA

[d] vg = v2 + 20(0.6 + 0.048) = 60 + 12.96 = 72.96 V

pg = −(vg)(1) = −72.96 W

Thus the current source delivers 72.96 W.

P 3.62 8 + 12 = 20Ω

20‖60 = 15Ω

15 + 20 = 35Ω

35‖140 = 28Ω

28 + 22 = 50Ω

50‖75 = 30Ω
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Problems 3–45

Solving,

R1 = 50Ω

R2 = 2(50) + 300 = 400Ω

[c] From Appendix H, choose R1 = 47Ω and R2 = 390Ω. For these values,
Rab 6= RL, so the equations given in part (a) cannot be used. Instead

Rab = 2R1 + [R2‖(2R1 + RL)] = 2(47) + 390‖(2(47) + 300)

= 94 + 390‖394 = 290Ω

% error =
(

290

300
− 1

)

100 = −3.33%

Now calculate the ratio of the output voltage to the input voltage. Begin
by finding the current through the top left R1 resistor, called ia:

ia =
vi

Rab

Now use current division to find the current through the RL resistor,
called iL:

iL =
R2

R2 + 2R1 + RL
ia

Therefore, the output voltage, vo, is equal to RLiL:

vo =
R2RLvi

Rab(R2 + 2R1 + RL)

Thus,

vo

vi

=
R2RL

Rab(R2 + 2R1 + RL)
=

390(300)

290(390 + 2(47) + 300)
= 0.5146

% error =
(

0.5146

0.5
− 1

)

100 = 2.92%

P 3.67 [a] After making the Y-to-∆ transformation, the circuit reduces to
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3–46 CHAPTER 3. Simple Resistive Circuits

Combining the parallel resistors reduces the circuit to

Now note: 0.75R +
3RRL

3R + RL
=

2.25R2 + 3.75RRL

3R + RL

Therefore Rab =

3R

(

2.25R2 + 3.75RRL

3R + RL

)

3R +

(

2.25R2 + 3.75RRL

3R + RL

) =
3R(3R + 5RL)

15R + 9RL

If R = RL, we have Rab =
3RL(8RL)

24RL
= RL

Therefore Rab = RL

[b] When R = RL, the circuit reduces to

io =
ii(3RL)

4.5RL
=

1

1.5
ii =

1

1.5

vi

RL
, vo = 0.75RLio =

1

2
vi,

Therefore
vo

vi

= 0.5

P 3.68 [a] 3.5(3R − RL) = 3R + RL

10.5R − 1050 = 3R + 300

7.5R = 1350, R = 180Ω

R2 =
2(180)(300)2

3(180)2 − (300)2
= 4500Ω
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