Simple Resistive Circuits

Assessment Problems
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Start from the right hand side of the circuit and make series and parallel
combinations of the resistors until one equivalent resistor remains. Begin by
combining the 6 () resistor and the 102 resistor in series:

AP 3.1

60241002 =162

Now combine this 16 2 resistor in parallel with the 64 ) resistor:

(16)(64) 1024

= = 12.802
16 + 64 80

169640 =

This equivalent 12.8 Q) resistor is in series with the 7.2 resistor:
1280+ 720 =200

Finally, this equivalent 20 Q2 resistor is in parallel with the 302 resistor:

(20)(30) _ 600

= =12Q)
20 + 30 50

200|300 =

Thus, the simplified circuit is as shown:

5A 120

3-1
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3-2 CHAPTER 3. Simple Resistive Circuits

[a] With the simplified circuit we can use Ohm’s law to find the voltage across
both the current source and the 122 equivalent resistor:

= (12Q)(5 A) =60 V

[b] Now that we know the value of the voltage drop across the current source,
we can use the formula p = —vi to find the power associated with the
source:

—(60 V)(5 A) = —-300 W
Thus, the source delivers 300 W of power to the circuit.

[c] We now can return to the original circuit, shown in the first figure. In this
circuit, v = 60 V, as calculated in part (a). This is also the voltage drop
across the 30 €2 resistor, so we can use Ohm’s law to calculate the current
through this resistor:

60 V

== _92A
T80

Now write a KCL equation at the upper left node to find the current ip:
—5A+is+ip=0 SO ip=bA—igs=5A—-2A=3A

Next, write a KVL equation around the outer loop of the circuit, using
Ohm’s law to express the voltage drop across the resistors in terms of the
current through the resistors:

—0 4 7.2 + 6ic + 10ic = 0
So  16ic =v—T.2ip =60V —(7.2)(3) =384 V

38.4
Th c=——=24A
us ic 16

Now that we have the current through the 102 resistor we can use the
formula p = Ri? to find the power:

proa = (10)(2.4)> = 57.6 W

ZSkQ;

200v ()

AP 3.2

75k E V5 Ry,
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Problems 3-3

[a] We can use voltage division to calculate the voltage v, across the 75 k(2
resistor:

75,000
75,000 + 25,000
[b] When we have a load resistance of 150 k{2 then the voltage v, is across the

parallel combination of the 75 k{2 resistor and the 150 k() resistor. First,

calculate the equivalent resistance of the parallel combination:
(75,000)(150,000)
75,000 + 150,000
Now use voltage division to find v, across this equivalent resistance:
50,000
50,000 + 25,000
[c] If the load terminals are short-circuited, the 75 k€2 resistor is effectively

removed from the circuit, leaving only the voltage source and the 25 k{2
resistor. We can calculate the current in the resistor using Ohm'’s law:

vo(no load) =

(200 V) = 150 V

75 kQ||150 kQ =

= 50,0009 = 50 kO

Vo =

(200 V) = 133.3 V

Now we can use the formula p = Ri? to find the power dissipated in the
25 kS resistor:

pask = (25,000)(0.008)* = 1.6 W

[d] The power dissipated in the 75 k€ resistor will be maximum at no load
since v, is maximum. In part (a) we determined that the no-load voltage
is 150 V, so be can use the formula p = v?/R to calculate the power:

(150)2
—03W
prok(max) = 75,000
AP 3.3
600
ity
+ 4002
204 (T v R
800 42

[a] We will write a current division equation for the current throught the 802
resistor and use this equation to solve for R:

R
R+40Q 4+ 80%2

ison = (20 A)=4A so  20R =4(R+ 120)

Thus 16R = 480 and R = 41% =30Q
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34 CHAPTER 3. Simple Resistive Circuits

[b] With R =30 we can calculate the current through R using current
division, and then use this current to find the power dissipated by R,
using the formula p = Ri?:

40 + 80

p=—— (20 A) =16 A = (30)(16)% = 7680 W
n= 10801300 A) o pr=(30)(16)

[c] Write a KVL equation around the outer loop to solve for the voltage v,
and then use the formula p = —vi to calculate the power delivered by the
current source:

—0+ (609)(20 A) + (30Q)(16 A) =0  so v = 1200+ 480 = 1680 V
Thus,  Peowree = — (1680 V)(20 A) = —33,600 W

Thus, the current source generates 33,600 W of power.

AP 34
400 5002
Aty ity
+ o -
60V () 200z 3002% 1002
709 r
Req

[a] First we need to determine the equivalent resistance to the right of the
402 and 702 resistors:

1 1 1 1 1
Req =20Q[30Q][(50Q + 10Q) SO

Ree 200 300 TG00 100

Thus, Req = 1002

Now we can use voltage division to find the voltage v,:

40
o= —————=(60 V) =20V
Y=gtV
[b] The current through the 40 € resistor can be found using Ohm’s law:
v 20V
00 =-—=-—-=05A
BT RTITG)

This current flows from left to right through the 40 €2 resistor. To use
current division, we need to find the equivalent resistance of the two
parallel branches containing the 202 resistor and the 50€2 and 102
resistors:
(20)(60)
20 + 60
Now we use current division to find the current in the 30 €2 branch:
15
15430

209Q/(502 + 10Q) = =150

(0.5 A) = 0.16667 A = 166.67 mA

1300 =
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Problems 35

[c] We can find the power dissipated by the 50 Q resistor if we can find the

AP 3.5 |[a]
[b]
AP 3.6 [a]

current in this resistor. We can use current division to find this current
from the current in the 40 () resistor, but first we need to calculate the
equivalent resistance of the 202 branch and the 302 branch:

(20)(30)
2092|1300 = ———= =12Q
| 20 + 30
Current division gives:
12
500 = ——— (0.5 A) = 0.08333 A
500 = 55010 00 M)

Thus,  psoq = (50)(0.08333)? = 0.34722 W = 347.22 mW

1w 10002

We can find the current ¢ using Ohm’s law:

) 1V

Ry = 50Q|5.555Q = 50

We can use the meter resistance to find the current using Ohm’s law:

1V
.moas - = = 0009524 = 9524 A
! 1009 + 59 m
15k0)
My
+
60V(E) v 275k0Q
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3-6 CHAPTER 3. Simple Resistive Circuits

Use voltage division to find the voltage v:
75,000

~ 75,000 + 15,000 (60 V) =50V
[b]
15k 0
ity
N 149,95k ()
60v(E) v 275k0

o 50¢2

The meter resistance is a series combination of resistances:
R,, = 149,950 + 50 = 150,000 €2

We can use voltage division to find v, but first we must calculate the
equivalent resistance of the parallel combination of the 75 k{2 resistor and
the voltmeter:

(75,000)(150,000)
75,000 + 150,000

50,000
50,000 + 15,000

75,000 2| 150,000 € = = 50 kQ

Thus, Umeas = (60 V) =46.15 V

AP 3.7 [a] Using the condition for a balanced bridge, the products of the opposite
resistors must be equal. Therefore,

(1000)(150)
100

[b] When the bridge is balanced, there is no current flowing through the
meter, so the meter acts like an open circuit. This places the following
branches in parallel: The branch with the voltage source, the branch with
the series combination R; and R and the branch with the series
combination of Ry and R,. We can find the current in the latter two
branches using Ohm’s law:

5V 5V
Ry = —————————— = 20 mA; Rof, = ——————— = 2 mA
MR T 1000 + 1500 e MR =000 + 1500
We can calculate the power dissipated by each resistor using the formula
p = Ri*%:

prooe = (1009)(0.02 A)? = 40 mW

100R, = (1000)(150)  so R, = = 15009 = 1.5 kQ

pisoa = (1509)(0.02 A)? = 60 mW

mgnc U] er Saddle River, NJ. All rights reserved. This publication is protected by Copy f‘vavntten irén]
STU ubli ri reproductlon storage in a retrieval system, or transmission in any form or sg?é pyBJO rﬂat

recording, or likewise. For mformatlon regarding permission(s), write to: Rights and Permissions Department, Pearson ducation, Inc., Upper Saddle R|ver NJ 07458.



Problems 37

procon = (10009)(0.002 A)? = 4 mW
p1so0n = (15009)(0.002 A)* = 6 mW

Since none of the power dissipation values exceeds 250 mW, the bridge
can be left in the balanced state without exceeding the power-dissipating
capacity of the resistors.

AP 3.8 Convert the three Y-connected resistors, 202, 102, and 52 to three

A-connected resistors R,, Ry, and R.. To assist you the figure below has both

the Y-connected resistors and the A-connected resistors
30

105 @

_ (5)(10) + (5)(20) + (10)(20)

R, = 50 =17.5Q
py = G0+ G20+ (10020 _
. = DU+ OC0) + 0060 _

The circuit with these new A-connected resistors is shown below:
280

M\

17.50
Wi o 390 105
| 28

From this circuit we see that the 70 resistor is parallel to the 282 resistor:

(70)(28)

Q|28 =
7042)j28 70 + 28

=20(2

Also, the 17.5Q resistor is parallel to the 105 resistor:

(17.5)(105)

1750|1052 =
7590|105 17.5 4+ 105

= 1502
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3-8 CHAPTER 3. Simple Resistive Circuits

Once the parallel combinations are made, we can see that the equivalent 20 {2
resistor is in series with the equivalent 15 () resistor, giving an equivalent
resistance of 20€2 4+ 152 = 35€). Finally, this equivalent 35 resistor is in
parallel with the other 35 () resistor:

(35)(35)
35 + 35

350|350 = = 17.5Q

Thus, the resistance seen by the 2 A source is 17.5€2, and the voltage can be
calculated using Ohm’s law:

— (17.5Q)(2 A) =35V
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Problems

Problems
P 3.1 [a] From Ex. 3-1: ;=4 A, 19 =8 A, i =12 A
at node b: —12+4+4+8 =0, at noded: 12—4—-8=0
40 20
W -
v, = + v, —
i ) )
120 v, 3182 w, £ B0
_ \Lil -
d
[b] vy = 423 =48V Vg = 3’&2 =24V
Vo = 18’&1 =72V Vyg = 6’&2 =48 V
loop abda: —120 448 + 72 = 0,
loop bedb: =72 424448 =0,
loop abecda: —120 448 +24+48 =0

P32 [a] pio = 24=(1224=576W  pigo = (4)°18 = 288 W
e = (8)23=192 W Pea = (8)26 = 384 W
[b] pigov(delivered) = 120i, = 120(12) = 1440 W
[c] Paiss = 576 + 288 + 192 + 384 = 1440 W

P 3.3
below:

Bk
WA

18V (JD 6kE2

A

12k€2

3-9

[a] The 5 kQ and 7 k(2 resistors are in series. The simplified circuit is shown

[b] The 8002 and 12002 resistors are in series, as are the 300 and 200 (2

resistors. The simplified circuit is shown below:
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3-10 CHAPTER 3. Simple Resistive Circuits

AMA-

500 Q

AMA
20000

27V

500€
W

[c] The 35€Q, 150, and 252 resistors are in series. as are the 10 and 40
resistors. The simplified circuit is shown below:

7503 90V 2500

L

[d] The 50 and 902 resistors are in series, as are the 802 and 70
resistors. The simplified circuit is shown below:

1400

30 mA 3000 $100Q $150Q

P 3.4 [a] The 362 and 182 resistors are in parallel. The simplified circuit is shown
below:

A
24 Q

18V 1208

[b] The 2002 and 1202 resistors are in parallel, as are the 210 and 2802
resistors. The simplified circuit is shown below:

120 &

30mA 7502 18080

[c] The 100 k€2, 150 k€2, and 60 kS resistors are in parallel, as are the 75 kQ
and 50 k2 resistors. The simplified circuit is shown below:
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Problems 3-11

[d] The 750 and 500 (2 resistors are in parallel, as are the 1.5 k(2 and 3 k{2
resistors. The simplified circuit is shown below:

900 Q2 1kQ

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 4 8000 = 12 k{2

Circuit in Fig. P3.3(b):

Req = [500]|(800 -+ 1200)] + 300 + 200 = (500(|2000) -+ 300 + 200
= 400 4 300 4 200 = 9002

Circuit in Fig. P3.3(c):

Req = (35 + 15 + 25)[|(10 + 40) = 75[|50 = 30

Circuit in Fig. P3.3(d):

Req = ([(70 + 80)||100] 4 50 + 90)||300 = [(150/100) + 50 + 90]{|300
— (60 + 50 + 90)[|300 = 200|300 = 120

[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):

‘/'32 _ 182

= = 0.027 = 27 mW
Req 12,000

P=
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3-12 CHAPTER 3. Simple Resistive Circuits

For the circuit in Fig. P3.3(b):

v: 27
=2 =_—=0.81 =810 mW
Req 900 o
For the circuit in Fig. P3.3(c):
V2 902
P= — =270 W
Req 30

For the circuit in Fig. P3.3(d):
P = I*(Req) = (0.03)2(120) = 0.108 = 108 mW

P 3.6  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. P3.4(a):
Req = (36]|18) + 24 = 12 + 24 = 36 Q2
Circuit in Fig. P3.4(b):
Req = 200[|120]|[(210]|280) + 180] = 200]|120](120 + 180) = 200||120]|300 = 602
Circuit in Fig. P3.4(c):
Req = (75 k][50 k) + (100 k|[150 k||60 k) + 90 k = 30 k + 30 k + 90 k = 150 kQ
Circuit in Fig. P3.4(d):
Req = [(600 + 900)(|750(|500] + (1500/[3000) + 2000 = (1500]|750[|500) + 1000 + 2000
= 250 + 1000 + 2000 = 3250 = 3.25 k(2

[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. P3.4(a):

Vo1
Req 36
For the circuit in Fig. P3.4(b):
P = I3(R.,) = (0.03)*(60) = 0.054 = 54 mW
For the circuit in Fig. P3.4(c):

P = =9W

V2 602
== = =0.024 = 24 mW
Req 150,000 o
For the circuit in Fig. P3.4(d):
2 2
P = v = 05 =13 W
Req 3250
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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 = 60

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

[(18 4 12)]|60 + 30]||75 = (30|60 4 30)|75 = (20 + 30)||75 = 50|75 = 302

Now simplify the remainder of the circuit:

Req = ([(30 + 20)|50] + (20]60))||40 = [(50]|50) 4 15]]|40 = (25 + 15)||40
= 40|40 = 202

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

Riete = [(1800 + 1200)||2000] -+ 300 = (3000(|2000) + 300 = 1200 + 300 = 1500 Q)
Ruigne = [(500 + 2500)/1000] 4 750 = (3000|1000) + 750 = 750 + 750 = 1500 2

Now find the equivalent resistance seen by the source:

Reyq = (Riett || Rright) + 250 4+ 3000 = (1500(/1500) + 250 4 3000
= 750 + 250 + 3000 = 4000 = 4 k2

Circuit in Fig. P3.7(d):

Req = ([(750 + 250){]1000] 4 100)||([(150 + 600)||500] + 300)
= [(1000([1000) + 100]||[(750([500) + 300] = (500 + 100)||(300 + 300)
= 600(|600 = 300 2

[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):

vz o 302

= —=15 W

R, 60

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

P = I?(Req) = (0.08)%(20) = 0.128 = 128 mW

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

1% 202
=2 = =0.1 =100 mW
Req 4000 o
For the circuit in Fig. P3.7(d):

P = I}(R.,) = (0.05)*(300) = 0.75 = 750 mW

P=
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3-14 CHAPTER 3. Simple Resistive Circuits

P38 [a] Rap =24+ (90]/60) + 12 = 24 + 36 + 12 = 720
[b] Ry =[Ak+6k+2K)|8k +52k=(12k|8k) +52k =48k +5.2k =10 kQ
[c] Rab = 1200]|720][(320 + 480) = 1200]|720||800 = 288

P 3.9  Write an expression for the resistors in series and parallel from the right side
of the circuit to the left. Then simplify the resulting expression from left to
right to find the equivalent resistance.

[a] Rab = [(26 + 10)|/18 + 6]||36 = (36|18 + 6)[|36 = (12 + 6)||36 = 18|36 = 120
[b] Ran = [(12 + 18)]|10]|15]|20 + 16]||30 + 4 + 14 = (30]|10][15]|20 + 16)]|30 + 4 + 14

= (4+16)[130 + 4+ 14 =20|[30 + 4+ 14 = 12+ 4+ 14 = 30Q
[c] Rap = (500|[1500]|750 + 250)||2000 + 1000 = (250 + 250)||2000 + 1000
= 500/|2000 + 1000 = 400 + 1000 = 14002

[d] Note that the wire on the far right of the circuit effectively removes the
602 resistor!

Ra, = [([(30 + 18)||16 + 28]||40 + 20)|24 + 25 + 10]||50

([(48]16 + 28) |40 + 20]]|24 + 25 + 10)]|50

= ([(12 + 28)[]40 + 20]||24 + 25 + 10)|50 = [(40]|40 + 20)]|24 + 25 + 10]||50
= [(20 + 20)[|24 + 25 + 10]||50 = (40||24 + 25 + 10)||50 = (15 + 25 + 10)||50
= 50/[50 = 2502

P3.10 [a] R+R=2R
[b] R+ R+ R+---+ R=nR

[c] R+ R=2R=3000 so R =1500=1.5 kQ
This is a resistor from Appendix H.

[d] nR = 4000; soifn=4, R=1kQ
This is a resistor from Appendix H.

R* R
P 3.11 [a] Req RHR = ﬁ = 5
[b] Req = RIR|R|---[[R  (n R’s)
R
= AT

R’/(n—1) _R* R
R+R/(n—1) nR n

R
[c] 5 =5000 so R =10 kQ
This is a resistor from Appendix H.
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Problems 3-15

[d] R 4000 so R = 4000n
n

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

160(3300)
(4700 + 3300)
[b] i = 160/8000 = 20 mA

P3.12 [a] v, = — 66V

Pr, = (400 x 107%)(4.7 x 10*) = 1.88 W
Pr, = (400 x 107°)(3.3 x 10*) = 1.32 W

[c] Since R; and Rs carry the same current and R; > Rs to satisfy the voltage
requirement, first pick R; to meet the 0.5 W specification
160 — 66

: 94\ 2
iR, = B Therefore, (ﬁ) Ry <0.5

1

942
Thus, Ry > 05 or Ry >17,6720Q

Now use the voltage specification:
Ry
Ry 417,672

Thus, Ry = 12,4082

(160) = 66

P313 4= Riofio 50 Ry =100
- 4(?0+R;-20 o0 fe= %Q
Thus, % = 132—}2;& so Ry =240
P 3.14 [a] voz%:é% so Ry =4Rs
Let R = Ryl|Ry, = %
V, = Rilo—fj?c =75 so R;=433R,
Then, 4Ry = 4.33R, = %620122)

Thus, R, =300 and R; = 4(300) = 12002
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3-16 CHAPTER 3. Simple Resistive Circuits

[b] The resistor that must dissipate the most power is Ry, as it has the largest
resistance and carries the same current as the parallel combination of R,
and the load resistor. The power dissipated in R; will be maximum when
the voltage across R; is maximum. This will occur when the voltage
divider has a resistive load. Thus,

vr, =40 —7.5=1325 V

32.52
1200

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

=880.2 m W

PR, =

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 R; equals

1 W. Thus,
Vi _ 4 — 3464 V
1200 = SO 'URl = .

v, =40 —34.64 =5.36 V

AOR,
_ M _ 536 and R, = 185.680
© 1200 + R, o
(300) Ry,
Thus, ~ "' _ 18568 and Ry = 487.26Q
300+ R an g

The minimum value for Ry, from Appendix H is 560 Q.

P 3.16 Req = 10]|[6 + 5[/(8 + 12)] = 10||(6 + 5[|20) = 10|(6 + 4) = 512
V10A = V100 — (10 A)(5 Q) =50V

Using voltage division:

5(1(8 + 12)
_ 50) = ——(50) = 20 V
v =5 sie 1) Y T 512V
2 202
Thus,pm:%?ﬂz?:é%ow
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P 3.17

P 3.18

STUBENTS-HUIE, cdit

recording, or likewise. For mformatlon regarding permission(s), write to: Rights and Permissions Department, Pearson ducation, Inc., Upper Saddle R|ver NJ 07458.

Problems 317

[a]

18]
- '
Yo 2062 100
h 1002 24n 900

Req = (10 + 20)[|[12 + (90]|10)] = 30|15 = 1012
V2.4A = 10(24) =24V

20
T 24) =16 V
Vo = V200 = 757 55(24)
90//10 9
_ DI gy 24) =144 V
v = g om0y Y = 53 =
14.4
=2 2016 A
90
o) (24 — 14.4)2
[b] pea = (v2.40 = o00)” _ | ) 1536w

6
[c] praa = —(2.4)(24) = =57.6 W

Thus the power developed by the current source is 57.6 W.

Begin by using KCL at the top node to relate the branch currents to the
current supplied by the source. Then use the relationships among the branch
currents to express every term in the KCL equation using just is:

0.05 =iy + ig + i3 + 14 = 0.612 + o + 2i9 + 441 = 0.6ig + 2 + 2iy + 4(0.612) = 6iy
Therefore,

ip = 0.05/6 = 0.00833 = 8.33 mA

Find the remaining currents using the value of s:

i1 = 0.6i5 = 0.6(0.00833) = 0.005 = 5 mA

i3 = 2i5 = 2(0.00833) = 0.01667 = 16.67 mA

iy = 447 = 4(0.005) = 0.02 = 20 mA

Since the resistors are in parallel, the same voltage, 25 V, appears across each
of them. We know the current and the voltage for every resistor so we can use
Ohm’s law to calculate the values of the resistors:

Ry =25/iy = 25/0.005 = 5000 = 5 kQ
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3-18 CHAPTER 3. Simple Resistive Circuits
Ry = 25/i5 = 25/0.00833 = 3000 = 3 k2
R3 =25/i3 = 25/0.01667 = 1500 = 1.5 k
Ry = 25/iy = 25/0.02 = 1250 = 1.25 kQ

The resulting circuit is shown below:

+
30mA #)25\/ %Skg %31{9 %1.51{@ %1.251{@

(24)°
P 3.19 = &80 Theref Ri+ Ry + Ry =720
R+ Ryt I , eretore, fi1 + fip + 113
24
(R1 + Ry) _ 19

(Ri+ Ry + R3)
Therefore, 2(R1 + Rg) = R1 + R2 + Rg
ThU.S, R1 + R2 = Rg; 2R3 = 72, Rg =3.612

Ra24)
Ry + Ry + R3
48Ry =R+ Ry +3.6=72

ThU.S, R2 = 15Q, R1 =72— R2 — Rg =210

P 3.20 [a]
10kQ 20k02

180\/’(5/:::@ %vm 401@%

20 kQ + 40 kQ = 60 k2

30 kQ||60 kQ = 20 kO

20,000
o = ’ 180) = 120 V
Vel = (70,000 + 20,000) V)
40,000
o= = (u) = 80 V
Yo = 50,000 "V
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Problems 3-19

[b]
10kQ 20kQ
—; +
180V 30kQ A0KO Vo
30,000i )
180
_ — 4.5 mA
10000 _ +om
30,0000 = 135 V
40,000
%= G000 139 =90V

[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

30,000
1= 2 g0) = 135 V
Yor = 70,000 2V

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

Ry
P 3.21 At no load: o = kvg = ———,
[a] no loa v v F sz
R, R, R
At full load: v, = av, = o ROUS’ where R, = F ;2
R 1—-k
Therefore k = RszRg and R1 = ( 2 )Rg
R, (1—a)
TR and R;= R,
11—« R2R0 (1 — k‘)
Th —
e ( o >[RO+R2] PR
k—
Solving for Ry yields Ry — ﬁf{o
1— —
Also, B =Rp . g e
k ak
0.05
b = (— | R, =25k
[b] £y (0.68> R >
0.05
fz (0.12> R o7
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3-20 CHAPTER 3. Simple Resistive Circuits

[c ]

Maximum dissipation in Ry occurs at no load, therefore,

[(60)(0.85)]

PRg(maX) = 14167 = 183.6 mW

Maximum dissipation in R; occurs at full load.

(60 — 0.80(60)]?
PRl(max) = 2500

- &

= 57.60 mW

14157
éBde short

P ~ 1.44 W = 1440 mW
B 2500 W= o
(0)?
P pr— pr—
fiz 14,167

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

ig = VsG1 + G2+ + V.G = V(G + Go + -+ + Gy)

i
It follows that v, = G+ Gy —l-g- G
The current in the £ branch is i, = v,Gy; Thus,
. i19G
* TG+ Gt 1 Gal
40(0.2)

=32 A

bl i —
b] s = 5 0125 £ 0.1 1 0.05 £ 0.025

P 3.23 [a] The equivalent resistance of the 6 k{2 resistor and the resistors to its right
1s

6k[|(5k+7k) =6k[|12k =4 kO
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Problems 3-21

Using voltage division,

4000
:—1 pr—
Vok = 000 + 4000 1) =6 V
5000
bl vs = — 2 () =25 V
[b] sk = =550+ 7000 )

P 3.24 [a] The equivalent resistance of the 1002 resistor and the resistors to its right
1s
100](80 + 70) = 100{[150 = 602

Using current division,

(50 4+ 90 + 60)]|300 120
- 0.03) = —~(0.03) = 0.018 = 18 mA
150 50190160 \003) = 555(0.03) m
(80 + 70)[|100 60

[b] vro = (0.018) = 1=5(0.018) = 0.0072 = 7.2 mA

80 + 70

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

[(60]|15) + (45[|30) + 20][|50 = 250

Thus by voltage division,
25

= ————(30) =125V
T T
[b] The current in the 25 resistor can be found from its voltage using Ohm’s
law:
12.5
. 05 A
125 25 =0.5

[c] The current in the 25 resistor divides between two branches — one
containing 502 and one containing (45([30) + (15/|60) + 20 = 50€2. Using
current division,

5050 . 25
50 ) =5
[d] The voltage drop across the 502 resistor can be found using Ohm’s law:

(0.5) = 0.25 A

150 =

[e] The voltage vso divides across the equivalent resistance (45(/30) 2, the
equivalent resistance (15/60) 2, and the 20 resistor. Using voltage
division,

15(|60 12
= = 125) = ————
Y60 = V13160 = {75160) - (30[45) £ 20> T 12+ 18 1 20

(125) =3 V
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3-22 CHAPTER 3. Simple Resistive Circuits

P 3.26 [a] The equivalent resistance to the right of the 36 () resistor is
6 + [18]](26 + 10)] = 18Q

By current division,

36/|18
ige = 3”6 (0.45) = 0.15 = 150 mA

[b] Using Ohm’s law,
V36 = 36iz6 = 36(0.15) = 5.4 V

[c] Before using voltage division, find the equivalent resistance of the 18
resistor and the resistors to its right:

18]/(26 + 10) = 12

Now use voltage division:

12
— % (54)=36V
s = 15604
10
d] vy = 36)=1V
[d] vi0 = 757755 (30)

P 3.27 [a] Begin by finding the equivalent resistance of the 30 Q2 resistor and all
resistors to its right:

([(12 + 18)|10]|15]|20] + 16)[|30 = 12

Now use voltage division to find the voltage across the 4 €2 resistor:
4
4+12+14
[b] Use Ohm’s law to find the current in the 4 resistor:

(6) =08V

Vyg =

[c] Begin by finding the equivalent resistance of all resistors to the right of the
30 resistor:

[(12 + 18)]]10]|15/20] + 16 = 202

Now use current division:
301/20
g = 2120 Z122(0.2) = 0.12 = 120 mA
20
[d] Note that the current in the 16 resistor divides among four branches —
200,150,109, and (12 + 18)
_20[]15[|10]|(12 + 18)
a 10

[e] Use Ohm’s law to find the voltage across the 102 resistor:

(0.12) = 0.048 = 48 mA
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Problems 3-23

18
£l vig = ——(0.48) = 0.288 = 288 mV
£l s = 1575 (048) o
P 3.28 — 2 (18) =135V
[a] ve 6+2( )

3
=—(18) =45V
Ve = 375 118)
Uy = Vek — U3k = 13.5—4.5=9V

6
[b] vex = g(Vs) = 0.75V;

3
= — s) = 2 s

vs = 75 (Vi) = 0.25V,
= (0.75V,) — (0.25V,) = 0.5V,

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

. ~ (10k+15K)[(3k+ 12 k)
110k+15k — 10kt 15k

(18) = 6.75 mA

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

Vis5k — —(675 m)(15 k) =-101.25 V

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

. ~_ (10k+15K)[[(3k+ 12 k)
110k+15k — 3kt 12k

(18) = 11.25 mA

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

vk = —(12 k)(11.25 m) = —135 V
Vo = V1pk — V12xk = —101.25 — (—=135) =33.75 V
P 3.30 The equivalent resistance of the circuit to the right of the 902 resistor is

R., = [(150]|75) + 40]|(30 4 60) = 90|90 = 452
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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:

45

—3) =1
45—|—90(3) v

VUReq =

Use voltage division again to find v; from vgeq:

15075 (1) = 50
150/|75 +40""" 90

V1 =

)=V

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

30
30 + 60

Vo =

1
==V
(1=
P 3.31 Find the equivalent resistance of all the resistors except the 2
5Q2002 =49Q; 404+6Q =10, 10][(15 + 12 4+ 13) = 82 = Req

Use Ohm’s law to find the current i,:

125 125
T o Req 2+8

Use current division to find the current in the 6 {2 resistor:

8
i = ——(12.5) = 10 A
too = 57— (125)

Use current division again to find i,:

5120 5]|20
= _ 20 =24
to = e = —55=(10)

P 3.32 Use current division to find the current in the 82 resistor. Begin by finding
the equivalent resistance of the 82 resistor and all resistors to its right:

Req = ([(20]|80) + 4]]|30) + 8 = 20
60][20

60| Req

0.25
e (0.25) =

iy = Z 12 (0.25) = 0.1875 = 187.5 mA

Use current division to find 7; from ig:

~30[[[4 + (80]|20)]
N 30

30(|20

(i) = =55 (0.1875) = 0.075 = 75 mA
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P 3.33

P 3.34
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Original meter:

Modified meter:
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Problems

Use current division to find 440 from 7s:

30]|[4 + (80]]20)]
4+ (80]|20)

30/j20
20

(is) = Z222(0.1875) = 0.1125 = 112.5 mA

140 =

Finally, use current division to find i from isq:

80]j20

80/[20
2= 790 -

(ia0) = =5

———(0.1125) = 0.09 = 90 mA
The current in the shunt resistor at full-scale deflection is

iA = dfuliscale — 3 X 1073 A. The voltage across R at full-scale deflection is
always 150 mV; therefore,

150 x 1073 150
Ry = - = .
Ufullscale — 3 x 103 10002fullscalo -3
150
[a] Ra= oo = 30018 m
[b] Let R,, be the equivalent ammeter resistance:
0.15
R, = = = 0.03 = 30 mQ2
150
Ry = = 1.546 2
el = 150 3
0. 15
//—\ 1 md,
D,
54 R
———A
+oE0mY -

50 x 1073

R, =
)

=0.0192

(0.02)(0.01)

R, =
0.03

= 0.00667 2

(I15)(0.00667) = 50 x 107

Ity =75 A
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3-26

P 3.35

P 3.36

P 3.37

CHAPTER 3. Simple Resistive Circuits

At full scale the voltage across the shunt resistor will be 200 mV; therefore the
power dissipated will be

(200 x 1073)2

Py =
A Rx

(200 x 1073)?2

Therefore Ry > 10 ) =40 mQ2

Otherwise the power dissipated in Ry will exceed its power rating of 1 W
When Rx = 40 m(2, the shunt current will be

200 x 10-3
1 = - A
W= J0x108

The measured current will be 7,60 = 5 + 0.002 = 5.002 A
Full-scale reading for practical purposes is 5 A.

[a] The model of the ammeter is an ideal ammeter in parallel with a resistor
whose resistance is given by

100 mV
R, = TmA 502
We can calculate the current through the real meter using current
division:
(25/12) . . 25 1

im = m(zmoas) - @(Zmoas) - %Zmoas

[b] At full scale, imeas =5 A and i, = 2 mA so 5 — 0.002 = 4998 mA flows
throught the resistor Ra:

100 mV 100

A7 4008 mA 4998
(100/4998) , 1 .
im = (Zmoas) - —(Zmoas)
50 + (100/4998) 2500
[c] Yes

For all full-scale readings the total resistance is

full-scale reading
10-3

RV + Rmovcmcnt =

We can calculate the resistance of the movement as follows:

20 mV
Rmovomon = —F=200Q
’ 1 mA

Therefore, Ry = 1000 (full-scale reading) — 20
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P 3.38

P 3.39

P 3.40

P 3.41
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Problems

[a] Ry = 1000(50) — 20 = 49, 980 Q)
[b] Ry = 1000(5) — 20 = 4980

[c] Ry = 1000(0.25) — 20 = 2301
[d] Ry = 1000(0.025) — 20 = 5

[a] Vmeas = (50 x 1073)[15]|45]/(4980 + 20)] = 0.5612 V
[b] Ve = (50 x 1073)(15]|45) = 0.5625 V

0.5612
0.5625

The measured value is  60(|20.1 = 15.05618 ().
50 : 60

% error = ( — 1) x 100 = —0.224%

327

lg = = 1.995526 A; Imeas = ——(1.996) = 1.494768 A

(15.05618 + 10) 80.1
The true value is ~ 60]|20 = 154.

50 60
:7:2A .ru0:_2:1'5A
9= 15 1 10) ’ forue = 552)

1.494768

o 1] « 100 = —0.34878% ~ —0.35%

%error = [

Begin by using current division to find the actual value of the current 7,:

S &
terwe = 95T E

15
15+45+40.1

[12.4792
% error = o5 1] 100 = —0.166389% ~ —0.17%

(50 mA) = 12.5 mA

(50 mA) = 12.4792 mA

tmeas =

[a ]

i é 082k
ig 06 CD?EV
_ 8 _

fi, -iB)¢%BD ke v =02k
40

20 x 10%; + 80 x 10%(i; — i) = 7.5
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3-28 CHAPTER 3. Simple Resistive Circuits

80 x 10%(i; — ip) = 0.6 + 40ip(0.2 x 10%)

1004; — 80ig = 7.5 x 1073

80i; — 88ig = 0.6 x 1073
Calculator solution yields i = 225 yA

[b] With the insertion of the ammeter the equations become
100i; — 80ig = 7.5 x 107 (no change)
80 x 10%(i; — ig) = 10%ig + 0.6 + 40i(200)
80i; — 89ip = 0.6 x 107°
Calculator solution yields ig = 216 A
216

[c] % error = (% — 1) 100 = —4%

P 3.42 [a] Since the unknown voltage is greater than either voltmeter’s maximum
reading, the only possible way to use the voltmeters would be to connect
them in series.

Ry = (300)(900) = 270 kQ; Ry = (150)(1200) = 180 kO

Ry + Ry = 450 kQ

300 150
1 max = —— X 1073 = 1.11 mA: 9 max = — X 1072 = 0.833 mA
“ 270 ma; % 180 ~ m

Imax = 0.833 mA since meters are in series
Umax = (0.833 x 107%)(270 + 180)10% = 375 V

Thus the meters can be used to measure the voltage.
320
el in = 50 % 107 "

Om1 = (0.711)(270) = 192 V;  w,ng = (0.711)(180) = 128 V
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P 3.43

P 3.44

P 3.45

P 3.46

STUBENTS-HUIE, cdit

recording, or likewise. For inf

Problems

The current in the series-connected voltmeters is

2052 1368
m = 570,000 180,000 m
Vg ko = (0.76 x 107%)(50,000) = 38 V

V})owor supply — 205.24136.8 438 =380 V

500 V

— =1 kQ
TmA 000

Rmotor = Rm + Rmovcmcnt =

VUmeas = (50 k€2[|250 k€2||1000 k2)(10 mA) = (40 kQ)(10 mA) = 400 V

Virue = (50 k250 kQ)(10 mA) = (41.67 kQ)(10 mA) = 416.67 V

400
% error = (416.67 — 1) 100 = —4%
[a] Vmerer = 180 V
[b] Rueter = (100)(200) = 20 kQ
20/[70 = 15.555556 kO
180
meter = ——————— X 15.555556 = 78.75 V
Umeter = 35 555556
[c] 20]|20 = 10 kQ
180
Umeter = —0(10) =225V
[d] VUmeter a — 180 V

Umeter b T Vmeter ¢ — 101.26 V

No, because of the loading effect.

[a] R = (100/2)10° = 50 kQ
Ry = (10/2)10% =5 kQ
Ry = (1/2)10% =5000
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3-30 CHAPTER 3. Simple Resistive Circuits

[b] Let 4, = actual current in the movement

iq = design current in the movement

Then % error = (z_a — 1) 100

1d
For the 100 V scale:
100 100 , 100
Za g = s Z g
50,000 + 25 50,025 d 50,000
7o 50,000
= = = 0.9995 = (0.9995 — 1)100 = —0.05
W 50.0%5 % error = ( ) %
For the 10 V scale:
i, 5000
— =——=10.995 = (0.995 — 1.0)100 = —0.4975
= 502 % error = ( ) %
For the 1 V scale:
i, 500
= =_— =0.9524 % error = (0.9524 — 1.0)100 = —4.76%
iq 9525

P 3.47 From the problem statement we have

V.(10
50 = 10 5_ R)s (1) Viin mV; R in MQ
Vs(6)
48.75 = 2
6+ R, (2)
[a] From Eq (1) 10+ Rs; = 0.2V}
R, =02V, — 10
Substituting into Eq (2) yields
6V
[b] From Eq (1)
520
50 01 R or H0R 0
So R, = 400 k2
P 3.48 [a] Rmovement = 50§2
Ri+R 3% 50k R = 299500
1 movement — 1 10_3 - .- 1 — )
150
Ry + R1 + Ruovement = —————= = 150 k€2 ", Ry =120 kQ2
1x10-3
300
movement — T . 1A a2 kQ
Rs+Ro+ R+ R ¢S T 10-3 300
Rs = 150 kQ2
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Problems 3-31

[b]

v = (0.96 m)(150 k) = 144 V

144
z.movo == =0.96 mA
120 + 29.95 + 0.05
144

= —— = 0.192 mA

i

19 = Imove + 91 = 0.96 m + 0.192 m = 1.152 mA

Vmeas = Uy = 144 + 15015 = 316.8 V
[c] v1 =150 V; io=1m+0.20 m = 1.20 mA

iy = 150/750,000 = 0.20 mA
Umeas = Uz = 150 + (150 k)(1.20 m) = 330 V

P 349 [a] Rumeter = 300 k€ 4 600 k€2[[200 k2 = 450 k{2

450(|360 = 200 kS

200
Vmctor - 240 (600) 500 V

[b] What is the percent error in the measured voltage?
360

T lue = ——(600) = 540 V
rue value 400( )
500
={(——1)100 = —7.41
7o error (540 ) %
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3-32 CHAPTER 3. Simple Resistive Circuits

P 3.50 Since the bridge is balanced, we can remove the detector without disturbing
the voltages and currents in the circuit.

‘Zn 2

It follows that

(Rt R) iRt Ry
! Ri+Ry+ R3+ R, ZR
iy = 'ég(Rl + Rg) _ 'ig(Rl + Rg)
2 Ri+Ry+ R3+ R, ZR

Vg = Rg’él = Uy = Zng

Ryig(Ro + Ry)  Ruig(Ra + R3)

>R )R

Rs(Ry+ R,) = R.(R1 + Rs)

RyR3
Ry

From which R, =

P 3.51 [a]

I

—

&

_— 10005
24v(7)
?50@{

The condition for a balanced bridge is that the product of the opposite
resistors must be equal:

(1000)(750)

= 1500 Q2
500

(500)(R,) = (1000)(750)  so R, =
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Problems 3-33

[b] The source current is the sum of the two branch currents. Each branch
current can be determined using Ohm'’s law, since the resistors in each
branch are in series and the voltage drop across each branch is 24 V:

: 24V L 24V 988 mA
Qs = =28.8m
5002 + 750 1000£2 + 1500 €2
[c] We can use Ohm’s law to find the current in each branch:

24

Aeft = F00 + 750 m

24
=~ 96mA
“ight = 7000 + 1500 o

Now we can use the formula p = Ri? to find the power dissipated by each
resistor:

Psoo = (500)(0.0192)> = 184.32 mW  prso = (750)(0.0192)? = 276.18 mW
Prooo = (1000)(0.0096)> = 92.16 mW  prse0 = (1500)(0.0096)? = 138.24 mW

Thus, the 750 €2 resistor absorbs the most power; it absorbs 276.48 mW
of power.

[d] From the analysis in part (c), the 10002 resistor absorbs the least power;
it absorbs 92.16 mW of power.

P 3.52 Note the bridge structure is balanced, that is 15 x 5 = 3 x 25, hence there is
no current in the 5 k{2 resistor. It follows that the equivalent resistance of the
circuit is

R.q = 750 + (15,000 + 3000)||(25,000 4+ 5000) = 750 4+ 11,250 = 12 kQ
The source current is 192/12,000 = 16 mA.

The current down through the branch containing the 15 k€2 and 3 k2
resistors is

11,250
18,000

iy = (0.016) = 10 mA

pax = 3000(0.01)* = 0.3 W
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3-34 CHAPTER 3. Simple Resistive Circuits

P 3.53 Redraw the circuit, replacing the detector branch with a short circuit.

20ko

6 kQ|30 kQ = 5 kQ

12 k|20 kQ = 7.5 kQ

75
12,500

1s = =6 mA

vy = 0.006(5000) = 30 V

vy = 0.006(7500) = 45 V

30
.:—: A
=G0 -0 MW

45
= ——2 375 mA
2= o000 oo

'éd :’él —’éz =1.25 mA

P 3.54 1In order that all four decades (1, 10, 100, 1000) that are used to set Rj
contribute to the balance of the bridge, the ratio Ry/R; should be set to 0.001.

P 3.55 Use the figure below to transform the A to an equivalent Y:

(40)(25)

R, = = 9.756 Q2

40 425+ 37.5
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Problems 3-35

(25)(37.5)
Ry = —9.1463Q
27 40+ 25+ 375
__“0@ETs) 14.634Q
40 + 25 +37.5

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

50
A
100 125 O
+ ——
40V _—
R 0756 O 9.1463 Q2
14.634 Q

Find the equivalent resistance to the right of the 52 resistor:
(100 + 9.756) | (125 + 9.1463) + 14.634 = 752

The equivalent resistance seen by the source is thus 5 + 75 = 80€2. Use Ohm’s
law to find the current provided by the source:

40
= =05 A
730

Thus, the power associated with the source is

P, = —(40)(0.5) = —20 W

P 3.56 Use the figure below to transform the Y to an equivalent A:
R,

(25)(100) + (25)(40) + (40)(100) _ 7500

_ — 3000
25 25 S0

R, =

mBnc U] er Saddle River, NJ. All rights reserved. This publication is protected by Copy f‘vavntten irén]
STU ubli ri reproductlon storage in a retrieval system, or transmission in any form or sg?é pyBJO I'na'[

recording, or likewise. For mformahon regarding permission(s), write to: Rights and Permissions Department, Pearson ducation, Inc., Upper Saddle R|ver NJ 07458.



3-36

Ry,

R. =

CHAPTER 3. Simple Resistive Circuits

(25)(100) + (25)(40) + (40)(100) 7500
= m = = 18750
(25)(100) + (25)(40) + (40)(100) _ 7500 _ .
100 100

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

50
e 18750 A7 0
+ | R, .
40V _—_ R, =300 Q
— B R.
75 €2 &;59

Find the equivalent resistance to the right of the 52 resistor:

300]|[(125]/187.5)

+(37.5)|75)] = 750

The equivalent resistance seen by the source is thus 5 + 75 = 80€2. Use Ohm’s
law to find the current provided by the source:

is =

40
=05 A
80

Thus, the power associated with the source is

P, =

—(40)(0.5) = —20 W

P 3.57 Use the figure below to transform the Y to an equivalent A:
R,

Ry,

STUBENTS-HUIE, cdit
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250 125Q

_(25)(125) + (25)(37.5) + (37.5)(125) 8750 533,33 )
N 37.5 375 T
_(25)(125) + (25)(37.5) + (37.5)(125) 8750 2350

N 25 25
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Problems 3-37

(25)(125) + (25)(37.5) + (37.5)(125) 8750
125 125

R. = =700

Replace the Y with its equivalent A in the circuit to get the figure below:
5Q

Find the equivalent resistance to the right of the 52 resistor:
350]][(100]|233.33) + (40]|70)] = 7552

The equivalent resistance seen by the source is thus 5 + 75 = 80€2. Use Ohm’s
law to find the current provided by the source:

40
= =05 A
7 Q0

Thus, the power associated with the source is
P, = —(40)(0.5) = —-20 W

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

(25)(30) + (25)(50) + (30)(50) 3500

R, = n ==, = 16.670
~(25)(30) + (25)(50) + (30)(50) 3500
By = 50 =50 08
o (25)(30) + (25)(50) + (30)(50) _ 3500 _
25 25
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3-38 CHAPTER 3. Simple Resistive Circuits

Replace the Y with its equivalent A in the circuit to get the figure below:
13 Q

Find the equivalent resistance to the right of the 132 and 72 resistors:
70|[(50]/116.67) + (20]|140)] = 302
Thus, the equivalent resistance seen from the terminals a-b is:

Ry, =134304+7=500Q

[b] Use the figure below to transform the A to an equivalent Y:
50Q

(50)(20)
= T _10Q
i 50 + 20 + 30 0
Rgz—(w)(?’o) — 150
50 + 20 + 30
(20)(30)
Ry=——2"" __§Q
57 50 + 20 + 30
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Problems 3-39

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

13 Q
a e AN
50 Q 25 O
10 O 15Q
6 Q
7Q
be AAA

Find the equivalent resistance to the right of the 132 and 72 resistors:
(50 4+ 10)||(25 + 15) +6 = 30Q

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

Ry, =13430+7=50(

[c] Convert the delta connection R;—Rs—R3 to its equivalent wye.
Convert the wye connection Ry—R3—R, to its equivalent delta.

P 3.59 Begin by transforming the A-connected resistors (10€2,40€,502) to
Y-connected resistors. Both the Y-connected and A-connected resistors are
shown below to assist in using Eqs. 3.44 — 3.46:

150

)

Now use Eqgs. 3.44 — 3.46 to calculate the values of the Y-connected resistors:

4o)o) o, (100 oL (40)(50)

Ri=—2""7 _ — — —
"7 10+ 40+ 50 2T 10+ 40 4 50 B T 10+ 40 4+ 50
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3-40 CHAPTER 3. Simple Resistive Circuits

The transformed circuit is shown below:

150
— W
10 40 50
MW

24y v, i 200
i 2

The equivalent resistance seen by the 24 V source can be calculated by making
series and parallel combinations of the resistors to the right of the 24 V source:

Req = (154 5)[|(1 +4) + 20 = 20[[5 + 20 = 4 + 20 = 24Q

Therefore, the current 7 in the 24 V source is given by

24V
' =1A
T ua
Use current division to calculate the currents ¢7; and 5. Note that the current
11 flows in the branch containing the 15¢2 and 5 (2 series connected resistors,
while the current i, flows in the parallel branch that contains the series
connection of the 1 and 4 resistors:
N (i) = 4(1A) 0.2 A, d  i,=1A—-02A=08A

= an 19 = — 0. = 0.

T 55 T 0 2
Now use KVL and Ohm’s law to calculate v;. Note that v; is the sum of the
voltage drop across the 4 resistor, 4is, and the voltage drop across the 202
resistor, 20¢:

vy = 4iy +20i = 4(0.8 A) +20(1 A) =3.24+20 =232V

Finally, use KVL and Ohm’s law to calculate v,. Note that vy is the sum of
the voltage drop across the 5 resistor, 5¢;, and the voltage drop across the
20 €2 resistor, 20::

vy = 5iy +20i =5(0.2 A) +20(1 A) =1+20=21V

P 3.60 [a] Convert the upper delta to a wye.

(50)(50)
R, = 2 1950
! 200
(50)(100)
= T 950
e 200 g
(100)(50)
— 7 950
fs 200
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Problems 341

Convert the lower delta to a wye.

Ry = BOB0 50
200

Ry = BOE0) e
200

Ry = B0 _y
200

Now redraw the circuit using the wye equivalents.

Ry, =1.54125+

[b] When vy, =400 V

400

ig=—=5A

80
48

isn = —(5) =3 A

80

paia = (31)(3)> =279 W

circuit reduces to

32D Q

(120)(80)

+18=14+484+18 =801

[a] After the 20Q—100Q—50 €2 wye is replaced by its equivalent delta, the

BD Q
2400 160G
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342 CHAPTER 3. Simple Resistive Circuits

Now the circuit can be reduced to

B4 0
1000méA o l 2400
96
' 1000) = 240 mA
P = qop (1000 = 240
400
io = ——(240) = 96 mA
1000
80
b] i1 = —(240) = 48 mA
[b] i1 = 755(240) =48 m
[c] Now that i, and ¢; are known return to the original circuit
3200
48mé

pila¥

600 &

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

. V2 60
=2 Y 600 mA
27700 ~ 100 o

[d] vy = v2 +20(0.6 4+ 0.048) = 60 + 12.96 = 72.96 V
pg = —(vg)(1) = =72.96 W
Thus the current source delivers 72.96 W.

P3.62 8+12=200Q
20/|60 = 159
15 +20 = 350
35(|140 = 28 Q)
28 422 = 500

50(|75 = 3002
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Problems

30410 =408

ig = 240/40 = 6 A

iy = (6)(50)/125 = 2.4 A

ia00 = (6 — 2.4)(35)/175 = 0.72 A

praoa = (0.72)%(140) = 72.576 W

P 3.63

P 3.64

P 3.65

STUBENTS-HUIE, cdit
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[a] Replace the 60—120—2012 delta with a wye equivalent to get
240

i 50
£
780
1s = 750 75—0 =10 A
54 (24 4 36)||(14 + 6) + 12 + 43 75
(24 + 36)||(14 + 6) 15
24 4 36 (10) 60( )

[b] ip=10—25="75A
v = 36i1 — 6i, = 36(2.5) — 6(7.5) =45 V

. 45
[c] 1o =10+ 60_75+@_825A
[d] Psuppliod = (750)(10) = 7500 W
o r Ry
* R, RiRy+ RyRs+ RsR,
B 1/G4
— (1/G)(1/Ga) + (1/Ga)(1/Gs) + (1/Gs)(1/Gh)
(1/G1)(G1GoGs) G>Gs

Gi+Ga+Gs  Gi+Ga+Gs
Similar manipulations generate the expressions for Gy, and G..

[a] Subtracting Eq. 3.42 from Eq. 3.43 gives
Ry — Ry = (R.Ry, — R.R,)/(Ra + Ry + R.).
Adding this expression to Eq. 3.41 and solving for Ry gives
Ry = R.Ry/(Ra + Ry + R.).
To find Rs, subtract Eq. 3.43 from Eq. 3.41 and add this result to

3-43

Eq. 3.42. To find Rj, subtract Eq. 3.41 from Eq. 3.42 and add this result

to Eq. 3.43.
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CHAPTER 3. Simple Resistive Circuits

[b] Using the hint, Eq. 3.43 becomes

P 3.66 [a] Rab = 2R1 +

Ry[(Ra/Rg) Ry + (Ro/Ra)Ry]  Ru(Ri+ Rs) Ry
(Ra/R1)Ry + Ry + (Ra/R3)Ry,  (RiR2+ RoRs + R3Ry)

Solving for R}, gives Ry, = (R1Ry + RaR3 + R3R;)/Rs. To find R,: First
use Eqgs. 3.44-3.46 to obtain the ratios (R;/R3) = (R./R.) or

R. = (Ry1/R3)R, and (Ry/Ry) = (Ry/R.) or Ry, = (R1/R2)R,. Now use
these relationships to eliminate Ry, and R. from Eq. 3.42. To find R., use
Eqgs. 3.44-3.46 to obtain the ratios R}, = (R3/Rs)R. and

R, = (R3/R;)R.. Now use the relationships to eliminate R}, and R, from
Eq. 3.41.

Ry + Ry =

Ry(2Ry + Ry)

=R
R+ Re+ Ry, ¢
Ro(2R, + Ry)
Therefore 2R, — Ry, + =
L OR YRy + Ry

Thus R? =4R? + 4R Ry = 4R (R1 + Ry)

When R,, = Ry, the current into terminal a of the attenuator will be

'UZ'/RL .
Using current division, the current in the Ry, branch will be
i ac
Ry, 2Ry + R+ Ry
V; R2

Therefi o= — - R

erefore v R OR 1 Ret R E

o R

and Yo _ 2

V; _2R1—|—R2—|—RL

[b] (300)? = 4(R; + R2) Ry
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22,500 = R + R, Ry

L 05= 1t
v; 2Ry + Ry + 300

Ry +0.5Ry + 150 = Ry

0.5Ry = R; + 150

Ry = 2R; + 300
22,500 = R? + R1(2R; + 300) = 3R? + 300R,
R? + 100R; — 7500 = 0
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Problems 3-45

Solving,
Ry =509
Ry = 2(50) + 300 = 400 Q2

[c] From Appendix H, choose R; =47 and Ry = 390€2. For these values,
R.p» # Ry, so the equations given in part (a) cannot be used. Instead

Rap = 2Ry + [Ry|(2R: + Ru)] = 2(47) + 390 (2(47) + 300)

= 94 + 390|394 = 290 Q)

290
=|=——1)100 =-3.33
7 error (300 ) %
Now calculate the ratio of the output voltage to the input voltage. Begin

by finding the current through the top left R; resistor, called i,:

. Vi
la =
Rab
Now use current division to find the current through the Ry, resistor,
called i
: Ry
11, =

la
Ro+ 2R, + Ry,
Therefore, the output voltage, v,, is equal to Ry iy,:
RQRL'UZ'

Vo= Rab(R2 + 2R, + RL)

Thus,

Vo Ry Ry, 390(300)

v;  Rap(Ra+2R;+ Rp)  290(390 + 2(47) + 300)
0.5146

% error = ( 0 1) 100 = 2.92%

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

Combining the parallel resistors reduces the circuit to
0.75R

3RR;, _ 2.25R’ +3.75RRy,

N te:  0.75R -
OW HOtE TSRt R 3R + Ry

3R 2.25R? + 3.75RRy,
B 3R+ Ry 3R(3R + 5Ry)
ab =

Theref = —
cretore ap . (225F 4 BT5RR, 15R + 9Ry,
3R+ Ry,
3R (8R
If R= Ry, we have Ry, = %LL) = Ry,
Therefore R, = Ry
[b] When R = Ry, the circuit reduces to
| 0.75R, Iy
— c —»
a
0.75R,
b - _=
d
o= = —l = =5, 0:075R o — =V,
T 45k, 150 15R. ¢ Lo =50

Therefore Yo _ 0.5
(%

P 3.68 [a] 3.5(3R — Ry) = 3R+ Ry,
10.5R — 1050 = 3R + 300
7T5R =1350, R =180Q

2(180)(300)2

= 4500
3(180)2 — (300)2

Ry =

mBnc U] er Saddle River, NJ. All rights reserved. This publication is protected by Copy f‘vavntten irén]
STU ubli ri reproductlon storage in a retrieval system, or transmission in any form or sg?é pyBJO I'na'[

recording, or likewise. For mformatlon regarding permission(s), write to: Rights and Permissions Department, Pearson ducation, Inc., Upper Saddle R|ver NJ 07458.



Problems 347

[b ]

49 3000
.
v, = ;—5 - ;—25 — 12V
Iy = 31020 40 mA
R
lg = 34020 = 140 mA

1o = 140 — 6.67 = 133.33 mA
i3 =40 — 6.67 = 33.33 mA
iy = 133.33 — 33.33 = 100 mA

P4500 top = (6.67 x 107%)%(4500) = 0.2 W

Piso tete = (133.33 x 107)2(180) = 3.2 W
D180 right = (33.33 x 107%)%(180) = 0.2 W
D180 vertical = (100 x 107%)%(180) = 0.48 W

D300 1oad = (40 x 107%)%(300) = 0.48 W

The 180 €2 resistor carrying i
[c] pisoters = 3.2 W

[d] Two resistors dissipate minimum power — the 4500 € resistor and the 180
Q) resistor carrying 3.

[e] They both dissipate 0.2 W.
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348 CHAPTER 3. Simple Resistive Circuits

P 3.69 [a]

Ryviy _ R3 v
R,+Ri+AR Ry+Rs "

When the bridge is balanced,

Vo = Va — Up =

RO+R4 m_Rg—l—Rg in
Ri Ry
R,+ Ry R+ Rs
Ryviy Ryviy
Th = _
1 Y R,+Ri+AR R, + Ry
1 1
= R in -
W | B R, + AR R, + R,
. R4'Uin(—AR)
~ (Ro+ Rs+ AR)(R, + Ry)
—(AR)R4’U1H

m, since AR << R4
) 4

[b] AR=0.03R,

RyRy  (1000)(5000)
R, = = = 10,0002
R 500

AR = (0.03)(10%) = 300

__ —300(5000)(6)
°7 (15,000)2
—(AR)R4’U1H
(Ro+ Ry + AR)(R, + Ry)
—300(5000)(6)
(15,300)(15,000)

= —39.2157 mV

= —40 mV

] v =
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P 3.70

P 3.71

P 3.72
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Problems 3-49

—(AR)R4’U1H
(Ro + Ry)?
—(AR)R4’U1H
(Ro+ Ry + AR)(R, + Ry)

[a] approx value =

true value =

approx value (R, + Ry + AR)

true value (R, + Ry)
R, + Ry —AR
= -1 100 = ——— x 100
% error R R LAR X R0+R4X

Note that in the above expression, we take the ratio of the true value to
the approximate value because both values are negative.

RyR,
But R, =
u R
% error — AR
’ Ry(Rs + Ry)
—(500)(300)
b = 100 = —2
[b] % exror = 0007 (1500) < %
AR(Ry)(100) _
(Re + R3)Ry '
AR(GO0)(100) _
(1500)(5000)
AR =750
% change = 10,000 x 100 = 0.75%

[a] Using the equation for voltage division,

R, R
b Vszﬁ LV = BV

SRy + (1 - PR, Ry

[b] Since [ represents the touch point with respect to the bottom of the
screen, (1 — [3) represents the location of the touch point with respect to
the top of the screen. Therefore, the y-coordinate of the pixel
corresponding to the touch point is

y=(1 —ﬁ)Py

Remember that the value of y is capped at (p, — 1).

‘/;/_
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P 3.73 [a] Use the equations developed in the Practical Perspective and in Problem

3.72:
Ve 1

Ve = aVk —=-=02

aVs SO a = Vs 5

3.75
%:ﬁVs SO ﬁ——y ?:075
[b] Use the equations developed in the Practical Perspective and in Problem

3.72:

r=(1-—a)p, = (1-0.2)(480) = 384
y=(1—-p)p, = (1—-0.75)(800) = 200
Therefore, the touch occurred in the upper right corner of the screen.

P 3.74 Use the equations developed in the Practical Perspective and in Problem 3.72:

x 480
=(1-— . =1—-—=1——=0.25
(1—a)p SO Q . 10
V, = aVs = (0.25)(8) =2 V
y 192
—(1- -4 o1 0812
y=(=0p, s F=1-T =1 =0812

V, = BVs = (0.8125)(8) = 6.5 V

P 3.75 From the results of Problem 3.74, the voltages corresponding to the touch
point (480, 192) are

%1:2\/; %1:65\/

Now calculate the voltages corresponding to the touch point (240, 384):

240
=(1— - —1———1———0625
(1—a)p SO a . 10
Vi = aVs = (0.625)(8) =5 V
Y 384
—(1- —1- L o1 062
y=(=0p, s F=1-h =1 {062

Vo = Vs = (0.625)(8) =5V

When the screen is touched at two points simultaneously, only the smaller of the
two voltages in the = direction is sensed. The same is true in the y direction.
Therefore, the voltages actually sensed are

V,=2V; V,=5V
These two voltages identify the touch point as (480, 384), which does not correspond

to either of the points actually touched! Therefore, the resistive touch screen is
appropriate only for single point touches.
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