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PART ONE

Solutions to End-of-Chapter Problems






CHAPTER 1
QUANTITIES AND UNITS

SECTION 1-1 Scientific and Engineering Notation

1. (a)
2. (a)
(b)
()
3. (a)
4. (a)
()
5. (a)
6. (a)
(b
(c)
7. (a)
(b)
(c)
8. (a)
(b)
(c)

3000=3x10° (b) 75,000=7.5x10*

1

— =0.002=2x10"
500
1 4
—— =0.0005=5x%10
2000
b 0.0000002 =2 x 107
5,000,000
8400 = 8.4 x 10° (b)  99,000=9.9 x 10*
0.0002=2x 107" (b) 06=6x10"

7.8 x 1072 (already in scientific notation)
2.5%x107°=0.0000025 (b) 5.0 x 10>=500
4.5 x 107° = 0.0000045

8 x 107 = 0.000000008

4.0 x 107 = 0.0000000000040

(¢) 2,000,000 =2 x 10°

() 02x10°=2x10°

() 3.9x10"=0.39

92 x10°+3.4x10"=9.2x10°+34 x 10° =4.32 x 10’

5x10°+8.5x 107 =5 x 10+ 0.00085 x 10° = 5.00085 x 10°

56x10%+4.6%x10°=56%x10°+4.6x 10°=6.06 x 108

32x102-1.1x10%=2.1 x 10"

26x108-13%x10"=26x10"-1.3x 10" =24.7 x 10’

15x107-8x10"7=15x10"-8x 10" =7x107"



10.

11.

12.

13.

14.

15.

16.

(a)
(b)
(©)

(@

(b)

©

(@
(b)
©
(@
(b)
©
(@
(b)
©
@
(b)
©
(@
(b)
©
(@
(b)

(5x10°)(4x10°)=5x4x10*"7=20x10°=2 x 10°
(12x10H3 x10)=12x3%x10?"*=3.6 x 10"

22x107)(7Tx10%=22x7x10°"%=154%x10""=1.54 x 107"

3
;gxigz =0.4x10°"2=04x10' =4
DX
-6
% =05x10°"¥=05x10"=50
UX
8
42'2 Téﬂ =21 %109 =2.1x 10"
X

89,000 = 89 x 10°

450,000 = 450 x 10°

12,040,000,000,000 = 12.04 x 10"

2.35x 10° =235 x 10°

7.32x 10" =73.2 x 10°

1.333 x 10° (already in engineering notation)
0.000345 =345 x 107

0.025=25x10""

0.00000000129 =1.29 x 10~

9.81x 10°=9.81x 107

482x10" =482x107°
438x107=438x10"°
25x107+4.6x10°=25+4.6)x10°=71x10""

68 x 10°+ 33 x 10° = (68 + 33) x 10° =101 x 10°

1.25 x 10°+ 250 x 10* = 1.25 x 10° + 0.25 x 10° = (1.25 + 0.25) x 10° = 1.50 x 10°

(32 x 107)(56 x 10°) = 1792 x 10729 = 1792 x 10° = 1.792 x 10°

(12x10°%)(1.2x 10%) =144 x 10°°79=1.44 x 107"



17.

(©)

(@)

(b)

(©)

(100)(55 x 107°) = 5500 x 10> =5.5

%0103 =227 x 107
L X
3
%11(())-6 =02x 1007 =02 x10"=200 x 10°
X
3

% —0.848 x 1009 = 0.848 x 10° = 848 x 10

X

SECTION 1-2 Units and Metric Prefixes

18.

19.

20.

21.

22.

(@)
(b)
(©)
(a)
(b)
(©
(@)
(@)
(a)
(©)

89,000 Q=89 x 10° = 89 kQ

450,000 Q =450 x 10° = 450 kQ
12,040,000,000,000 Q = 12.04 x 10"* = 12.04 TQ
0.000345 A =345 x 10° A =345 pA
0.025A=25x10" A=25mA

0.00000000129 A =129 x 10 A =1.29 nA

31x10°A=31mA (b) 55x10°V=55kV  (¢) 20x107"* F=20pF

3x10°F=3pF () 33x10°Q=33MQ (¢) 350x10°A=350nA
5pA=5x10"°A (b) 43mV=43x10"V
275kQ=275x10°Q (d 10MW=10x10°W

SECTION 1-3 Metric Unit Conversions

23.

(@
(b)
(©
(d)

(5mA) (1 x 10° pA/mA) = 5 x 10° pA = 5000 pA
(3200 pW)(1 x 107 W/uW) = 3.2 mW
(5000 kV)(1 x 107°) MV/kV =5 MV

(10 MW)(1 x 10° kW/MW) = 10 x 10° kW = 10,000 kW



24.  (a)

(b)

©

(d)

25. (a)
(b)
()

26. (a)

(b)

(©)

-3
ImA _DAOZA 10~ 1000
1pA  1x10°A
0.05kV _ 0.05x10° V

A=l 10° = 50,000
m X

3
0.02kQ _ 0.02x10°Q _ s o s

1MQ 1x10° Q

155mW _ 155x10° W

W e W =155x10°=1.55x10""
X

50 mA + 680 pA = 50 mA + 0.68 mA = 50.68 mA
120 kQ + 22 MQ = 0.12 MQ + 2.2 MQ = 2.32 MQ
0.02 uF + 3300 pF = 0.02 uF + 0.0033 uF = 0.0233 uF

10kQ _ 10kQ ~ 08197

22kQ+10kQ  12.2kQ

250 mV _ 250x107°

= — =5000
50uV - 50x10
6
IMW _ 1x103 _ 500
2kW  2x10

SECTION 1-4 Measured Numbers

27. (a)
(©
(©
28. (a)
(©
O]

1.00 x 10° has 3 significant digits. (b)  0.0057 has 4 significant digits.

1502.0 has 5 significant digits. (d)  0.000036 has 6 significant digits.
0.105 has 3 significant digits. (f) 2.6 x 10% has 2 significant digits.
50,505 = 50.5 x 10° (b) 220.45=220

4646 = 4.65 x 10° d)  10.99=11.0

1.005 = 1.00



CHAPTER 2
VOLTAGE, CURRENT, AND RESISTANCE

BASIC PROBLEMS

SECTION 2-2 Electrical Charge

1. Q = (charge per electron)(number of electrons) = (1.6 x 107" C/e)(50 x 10*'e) =80 x 102 C
2. (625%x10"™e/C)(80x10°C)=5x10"e
3. (1.6x10"°Cle)29¢e)=4.64 x 10" C

4. (1.6x 10" Cle)(17e¢)=2.72x 10" C

SECTION 2-3 Voltage

5. (a) vV _107 v (b) vV _31 55y
Q 1C Q 2cC
W 1007
© V=9 e T
6 W 500] _
' T Q 100C
7 W _300J 5y
Q 40C
8. W=VQ=(12V)2.5C)=30J
SECTION 2-4 Current
9.  (a) 12Q_7C 554 (b) 122 _10C _50a
t 1s t 0.5s



(c) I—Q—EZZ.SA
t 2s
10. I:9:0'6C=0.2A
t 3s
1 1=9, (= Q_1C _,
t | 5A

12 Q=Ixt=(1.5A)0.15)=0.15C

SECTION 2-5 Resistance

13. Blue, gray, red, silver: 6800 Q+10%
Orange, orange, black, silver: 33 Q+10%

Yellow, violet, orange, gold: 47,000 Q £ 5%

QW

14 A: Ryun=6800Q - 0.1(6800 Q) = 6800 Q — 680 Q=6120 Q
Rmax = 6800 Q + 680 Q = 7480 Q
B: Rmn=33Q-0.1330)=33Q-330=29.7Q
Rnx=33Q+33Q0=363Q
C: Ruin=47,000 Q - (0.05)(47,000 Q) = 47,000 Q — 2350 Q = 44,650
Ruax = 47,000 Q + 2350 Q = 49,350 Q
15. (a) 1stband=red, 2nd band = violet, 3rd band = brown, 4th band = gold

(b) 330 Q; orange, orange, brown, (B)
2.2 kQ: red, red, red (D)
39 kQ: orange, white, orange (A)
56 kQ: green, blue, orange (L)
100 kQ: brown, black, yellow (F)
16. (a) 36.5Q%2%
(b) 2.74kQ £ 0.25%

() 825kQ+1%

17.  (a) Brown, black, black, gold: 10 Q +5%
(b)  Green, brown, green, silver: 5,100,000 Q + 10% =5.1 MQ £ 10%
(c)  Blue, gray, black, gold: 68 Q +5%

18. (a) 0.47 Q+5%: yellow, violet, silver, gold



(b) 270 kQ+5%: red, violet, yellow, gold
(c) 5.1 MQ+5%: green, brown, green, gold

19. (a) Red, gray, violet, red, brown: 28,700 Q + 1% =28.7 kQ + 1%
(b)  Blue, black, yellow, gold, brown: 60.4 Q + 1%
(c)  White, orange, brown, brown, brown: 9310+ 1% =9.31 kQ + 1%

20. (a) 14.7kQ =+ 1%: brown, yellow, violet, red, brown
(d) 39.2 Q+1%: orange, white, red, gold, brown
(c) 9.76 kQ + 1%: white, violet, blue, brown, brown

21, (@) 220=22Q (b) 472=4.7kQ
(c) 823=82kQ (d 3K3=33kQ
(&) 560=56Q f) 10M=10 MQ

22. 500 Q, equal resistance on each side of the contact.

SECTION 2-6 The Electric Circuit

23.  There is current through Lamp 2.

24.  See Figure 2-1.

Fuse

+

T Lamp 2 Lamp 1

Figure 2-1

SECTION 2-7 Basic Circuit Measurements

25.  See Figure 2-2(a).



26.

27.

28.

29.

30.

31.

32.

O/
G
. . R @
N - Ry — I
(a) (b)
First remove R, from circuit or disconnect
power to measure the resistance.
Figure 2-2 Figure 2-3
See Figure 2-2(Db).
Position 1: V1=0V, V2=V
Position 2: V1=V, V2=0V
See Figure 2-3.
On the 600 V DC scale: 250 V
R =(10)(10 Q) =100 Q
(@)  2(100 Q)=200Q (b)  15(10 MQ) = 150 MQ
(c)  45(100 Q) = 4500 Q
See Figure 2-4.
729V
1.55A \
10V range _
- 10 mA range
“"V‘f
L 4.7kQ2
S52k0 = 10V 22k0 S82k0

{a)
4700 £2
RX100 /
47kQ2
{c)
Figure 2-4
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ADVANCED PROBLEMS

33. I:g

t
Q=Ixt=(2A)155)=30C
%

_W 10001 oy

Q  30C
Q

34.

t
= (number of electrons) / (number of electrons/coulomb)
574x10" e
6.25x10"e/C
~Q 9.184x107°C
St 250x107s

Q
Q =9.184x 102C

=0.367 A

35. Total wire length = 100 ft
Resistance per 1000 ft = (1000 ft)(6 ©/100 ft) = 60 Q
Smallest wire size is AWG 27 which has 51.47 /1000 ft

36. (a) 4R7I=47Q+5%
(b)  560KF =560 kQ + 1%
(¢) IM5G=15MQ+2%

37. The circuit in (b) can have both lamps on at the same time.
38.  There is always current through Rs.

39. See Figure 2-5.

Figure 2-5




40.

41.

42.

See Figure 2-5.

See Figure 2-6.

DPDT
switch

Figure 2-6

See Figure 2-7.

Phonograph

Tape deck

AM tuner |B
)
FM tuner

CD player

Figure 2-7

Amplifier

12




CHAPTER 3
OHM’S LAW, ENERGY, AND POWER

BASIC PROBLEMS

SECTION 3-1 Ohm’s Law

—

| is directly proportional to V and will change the same percentage as V.

(@ 1=3(1A)=3A
(b) 1=1A-(08)1A)=1A-08A=02A
(© 1=1A+(05)(1A)=1A+05A=15A

2. (@)  When the resistance doubles, the current is halved from 100 mA to 50 mA.
(b)  When the resistance is reduced by 30%, the current increases from 100 mA to
1=V/0.7R = 1.429(V/R) = (1.429)(100 mA) = 143 mA
(c)  When the resistance is quadrupled, the current decreases from 100 mA to 25 mA.

3. Tripling the voltage triples the current from 10 mA to 30 mA, but doubling the resistance
halves the current to 15 mA.

SECTION 3-2 Application of Ohm’s Law

4 @ 1=L3V 54 b 1=L-BV_gs5a
R 10 R 100
© 1=L-39Y _psa @ 1=L-3V oA
R 1000 R 15kQ
Vo250V
o I=2_ —532pA
© R 47 H
55 @ 1=2-2Y _333ma ® 1=L -5V _ssoua
R 27kQ R 10KkQ
© 1=L_2V _segpa @ 1=L-1Y S0 ma
R 63kQ R 2KkO
66 kV
© 1=2 = 6.60 mA
R 10 MQ



10.

11.

12.

13.

14.

15.

l=—=——=12A
R 10Q
25V 5V
(a) I=!—7—2.50mA (b) I=! =2.27 pA
R 10kQ R 22MQ
(c) I=!— 5V =8.33 mA
R 1.8kQ

Orange, violet, yellow, gold, brown =374 Q + 1%

I=V—S—127V—0321A
R 374Q

24V

=0.642 A

37.4 Q
0.642 A is greater than 0.5 A, so the fuse will blow.

(@) V=IR=Q2A)(I8Q)=36V (b) V=IR=(5A)47Q)=235V
(€) V=IR=(Q25A)6200)=1550V  (d) V=IR=(0.6A)47Q)=282V
(&) V=IR=(0.1 AY470Q)=47V
(@ V=IR=(1mA)10Q)=10mV (b) V=IR=(50mA)(33Q)=1.65V
(©) V=IR=(GA)@TkQ)=141kV  (d) V=IR=(1.6mA)22kQ)=3.52V
() V=IR=(250pA)1kQ)=250mV () V=IR=(500 mA)1.5 MQ)="750 kV
(8 V=IR=(850 pA)10MQ)=85kV (h) V=IR=(75pA)47Q)=3.53mV
Vs=IR=(3 A)27 Q)=81V
(@ V=IR=(3mA)Q27kQ)=81V (b) V=IR=(5pA)(100 M) =500 V
(©) V=IR=(2.5A)@47Q)=117.5V
_VvV _10V _ _V_9%V _

@ R=T=74 730 ®  R=T7=05a
© R=L_3% _1p0 @ R=L_33V _ 4550

I~ 5A I 10A
© R=Y_-DB%W _s0a

I 05A
@ R=YL_19%V )0 ® R=Y_-TV _3s5k0

I 5A | 2mA
© R=L_-30V _ ko @ RrR=Y_3% 0k

I 250mA | 500 pA

14



16.

17.

() R=—=—=1MQ
I 1mA
rR=Y_ 8V _3kq
I 2mA
(a) R=!—8—V—4Q
I 2A
() R=VT— 30V =02 MQ= 200 kQ

150pA

SECTION 3-3 Energy and Power

18.

19.

20.

21.

22.

23.

24.

Since 1 watt =1 joule, P =350 J/s =350 W

b W _7500J
t  5h

-2V _3ka
4 mA

—-|<

b R

75007 Lh = 75007 =0.417J/s =417 mW
5h 3600s) 18,000s

(@ 1000 W=1x10"W=1KkW
() 160 W=0.160 x 10° W = 0.160 KW

(@ 1,000,000 W=1x10°W=1MW
() 15x10"W=150x 10° W =150 MW

(@ 1W=1000x10"W=1000mW (b)

() 0.002W=2x10"W=2mW (d)
(@) 2W=2,000,000 pW (b)
() 0.25mW =250 pW (d)

(@ 15kW=15%x10°W=1500 W (b)
() 350mW=350x10"W=0350W (d)

15

(b) 3750 W =3.750 x 10° W = 3.75 kW
(d) 50,000 W=50x 10° W =50 kW

(b) 3x10°W=3MW
(d) 8700 kW =8.7 x 10° W = 8.7 MW

0.4 W =400 x 107° W = 400 mW
0.0125W=125% 10" W =12.5 mW

0.0005 W = 500 pW
0.00667 mW = 6.67 uW

0.5 MW =0.5 x 10° W = 500,000 W
9000 W = 9000 x 10° W = 0.009 W



25.

26.

W .
P= T in watts

1000 J
S

1 kW =1000 W =

1 kW-second = 1000 J
1 kWh = 3600 x 1000 J
1kWh=3.6x10°J

SECTION 3-4 Power in an Electric Circuit

27.

28.

29.

30.

31.

32.

33.

P=VI=(55V)3 mA) =16.5 mW
P=VI=(115V)(3 A) =345 W
P =I°R = (500 mA)*(4.7 kQ) = 1.18 kW

P=1R=(100x 10 A)(10 x 10° Q) =1 x 10~ W =100 uW

2 2
p=Y OV 51w
R 6200
V2 (1.5V)
P=—= =0.0402 W = 40.2 mW
R 56Q
P=IR
_ 32:100\7\2/ 250
1> (2A)

16



34. 5 x 10° watts for 1 minute = 5 x 10* kWmin

5x%10° kWmin

: =83.3 kWh
60 min/1 hr
35, 6700 Wis = 0.00186 kWh
(1000 W/KW)(3600 s/h)

36. (50 W)(12 h) = 600 Wh
50 W =0.05 kW
(0.05 kW)(12 h) = 0.6 kWh

Vo 125V

37 1=—==2T_0125A
R, 100
P = VI =(1.25 V)(0.125 A) = 0.156 W = 156 mW
3 p-W
t
156 mw = 120

S
W,,, = (156 mJ/s)(90 h)(3600 s/h) = 50,544 J

SECTION 3-5 The Power Rating of Resistors

39. P=IR=(10mA)*(6.8kQ)=0.68 W
Use the next highest standard power rating of 1 W.

40. Ifthe 8 W resistor is used, it will be operating in a marginal condition.
To allow for a safety margin of 20%, use a 12 W resistor.

SECTION 3-6 Energy Conversion and Voltage Drop in a Resistance

41. (a) + attop, — at bottom of resistor (b)  + at bottom, — at top of resistor

(c)  +onright, — on left of resistor

SECTION 3-7 Power Supplies

42.  Vour= /PR =JAW)(50Q) =707V

43.  Ampere-hour rating = (1.5 A)(24 h) =36 Ah

17



44,

45.

46.

47.

_ 650mAh
48h

=13.5mA

PLOST = Pm - POUT: 500 mW — 400 mW = 100 mW

% efficiency = Pour 100% = [MJIOO% =80%
Px 500 m

Pour = (efficiency)Pr = (0.85)(5 W) =4.25 W

SECTION 3-8 Introduction to Troubleshooting

48.

49.

The 4th bulb from the left is open.

If should take five (maximum) resistance measurements.

ADVANCED PROBLEMS

50.

51.

Assume that the total consumption of the power supply is the input power plus the power lost.
POUT =2W

% efficiency = (PSWJIOO%

IN

n=|—four 100%:(2“’)100% =333 W
% efficiency 60%

The power supply itself uses
Pn—Pour=333W-2W=133W
Energy =W = Pt=(1.33 W)(24 h) =31.9 Wh = 0.032 kWh

R=Y -2V _i500
I 08A

18



52.  Measure the current with an ammeter connected as shown in Figure 3-1. Then calculate the
unknown resistance with the formula, R =12 V/I.

Figure 3-1

53. Calculate | for each value of V:

I1=07V=0A I2=107V=100mA
100 Q 100 Q
20V 30V
l;= —— =200 mA l,= —— =300 mA
100 Q 100 Q
I5=407V:400mA I6=507V=500mA
100 Q 100 Q
I7=607V=600mA I8=M=700mA
100 Q 100 Q
I9=807V:800mA I10=907v=900mA
100 Q 100 Q
. 100V _ 1A
100 Q
v
100+
90+
80
70+ o The graph is a straight line as shown in
60 T /’\@ Figure 3-2. This indicates a linear
50T + relationship between | and V.
40+
30+
20
10+
0 A 1(A)
0 0.10.2030405060.70809 1.0
Figure 3-2

19



54.

55.

56.

57.

58.

59.

R=—==—=200Q
| 5mA
(a) I=£= 1SV =7.5mA (b)
R 200Q
V. 3V
c l=3S=—""_=15mA d
© R 200Q @
(e) |:£:107V=50mA
R 200Q
Rlzlezﬂ.SQ Rzzxzﬂzlﬂ
I 2A I 1A
VvV, 10V
30mA  50mA
vFM:év new value
50 mA

The voltage decreased by 4 V, from 10 Vto 6 V.

The current increase is 50%, so the voltage increase must be the same; that is, the voltage must

be increased by (0.5)(20 V)=10V.

The new value of voltage is V, =20 V + (0.5)(20 V) =20 V+ 10 V=30 V

100V 0.133kQ =133 Q; R= 100V

750 mA

=100 Q

If R=0 Q, the voltage source will be shorted causing possible damage.

Resistance value = 3300 Q + 5%
Rmax = 3300 Q + (0.05)(3300 Q) = 3465 Q
Ruin = 3300 Q — (0.05)(3300 Q) = 3135 Q

[ Vs _ 12V =3.83 mA
R, 3135Q

i = Vs _ 12V =3.46 mA
R 3465 Q

‘max

20



60. Wire resistance: Ry = (104 CM - QVft)(24 ft) =0.154 Q

1624.3CM

@ 1=——Y =%V _590ma
R+R, 100.154Q

(b)  Va=(59.9mA)(100 Q) =5.99 V
© Vg, =6V-599V=001V
0.01V

For one length of wire, V = =0.005V

61. 300W=03kW
30 days = (30 days)(24 h/day) = 720 h
Energy = (0.3 kW)(720 h) =216 kWh

1500 kWh

62. ———— =48.39kWh/day
31days
_ 48.39kWh/day _ 2.02 KW
24 h/day

63.  The minimum power rating you should use is 12 W so that the power dissipation does not
exceed the rating.

_VEo2vy
R 100
(b)  W=Pt=(14.4 W)(2 min)(1/60 h/min) = 0.48 Wh

64.  (a) =144 W

(©) Neither, the power is the same because it is not time dependent.

65.  Vem =120V -100 V=20V

Ve m
o = 20 20V 50
Run  8Q

A fuse with a rating of less than 2.5 A must be used. A 2 A fuse is recommended.

Multisim Troubleshooting Problems

66. Risopen.

67.  No fault

68. R is shorted.

69. Lamp 4 is shorted.

70.  Lamp 6 is open.

21



CHAPTER 4
SERIES CIRCUITS

BASIC PROBLEMS

SECTION 4-1 Resistors in Series

1. See Figure 4-1.
A B A R, .
Ry Rs Rg
Figure 4-1
2. The groups of series resistors are

R1, Rz, R3, Ry Ry; Ri3, Rz, Ris, Rie; Rs, Rs, Ri2; Rio, Ri1, Ris, Rs

See Figure 4-2.

-s Circuit board

Figure 4-2

3. Rs=R;+R,+R,+Rj
=68kQ+33kQ+47kQ+22kO
=170 kQ

4 R,,=R,+R+R,=10Q+18Q+22Q=50Q
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SECTION 4-2 Total Series Resistance

5. Rr=82Q+560Q=138Q

6. (@) Rr=560Q+1.0kQ=1560Q
(b) Rr=47Q+33Q-80Q
(©) Rr=15kQ+22kQ+10kQ=13.7kQ
(d) Rr=1.0kQ+ 1.8kQ+ 100kQ+ 1.0 MQ = 1,102,800 Q

7. (@ Rr=10kQ+4.7kQ+22kQ=79kQ
(b) Ri=10Q+10Q+12Q+1.0Q=33Q
(¢) Rr=1.0MQ +560kQ+ 1.0 MQ + 680 kQ + 10 MQ = 13.24 MQ

See Figure 4-3.

1.0kQ 10€2 LOME 560 kQ

Figure 4-3

8.  Rr=12(5.6kQ)=67.2kQ
9. Rp=6(47 Q) +8(100 Q) +2(22 Q) =282 O + 800 Q + 44 QO = 1126 Q

10. RT:R1+R2+R3+R4+R5
R5:RT—(R1+R2+R3+R4)
=20kQ-(4.7kQ+1.0kQ+22kQ+3.9kQD)
=20kQ - 11.8kQ
=82 kQ

11. (@ Ris=Ri3+R;+Riu+Ry
=68kQ+33kQ+47kQ+22kQ =170 kQ

(b) Ry3=Rpp+Rg+Rg
=10Q+18Q+22Q=50Q

() Rsg7=Rig+Ri+Ris+Rs
=22kQ+82kQ+1.0kQ+1.0kQ=124kQ

(d Rss=Ri+Ry+R;+Ro+Ry
=2200+3300Q+390Q+470 Q2+ 560 Q=1.97 kKQ
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12. RT = Rl,g + R2,3 + R4,7 + R576
=170kQ +50 Q+12.4 kQ + 1.97 kQ = 184.42 kQ

SECTION 4-3 Current in a Series Circuit

13. I=V—S—127V—0.1A
Ry 120Q
14. | =5 mA atall points in the circuit.

SECTION 4-4 Application of Ohm’s Law

15. () Rr=22kQ+56kQ+1.0kQ=88kQ
[V _ssV
R, 88kQ

=625 pA

(b)) Rr=1.0MQ+22MQ+560kQ=3.76 MQ

=10V 4a6paA
3.76 MQ

The ammeters are connected in series. See Figure 4-4.

2.2kQ LOMQ SR,

5.6 k2 16V —

1.0 k€2 560 kQ

Figure 4-4
16. (@ V,= R‘}/S:(Z'NQ}S.SVI.MSV
R; 8.8kQ
V, = Ry s=(5'6k9)5.5V3.5V
Ry 8.8kQ
V; = Ry Sz(l’OkQ)5.5V=625mV
R; 8.8kQ
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(b) (Rl o[ LOME oy 46y
R, 3.76 MQ

- [R =(22M9j16\/=9.36v
R, 3.76 MQ

vi= | R :(MJMV:Z.F,SV
R, 3.76 MQ

17. (@) Rr=3(470Q)=1410Q
48V

= =34.0 mA
1410Q

(b) Vg =IR=(34.0 mA)470 Q)=16 V

() P, =1"R=(34.0mA)*470 Q=0.543 W

18. Rr=-3="——=5kQ

SECTION 4-5 Voltage Sources in Series

19. Vy=5V+9V=14V

20. (@) Vsuop=10V+5V+8V=23V (b))  Vseon=10V+50V-25V=35V
(C) VS(lol) 8V-8V=0V

SECTION 4-6 Kirchhoff’'s Voltage Law

21, Vg=55V+82V+123V=26V

22. VS:V1+V2+V3+V4+V5
Vs=Vs— (Vi +V,+V3+V)=20V-(15V+55V+3V+6V)=20V-16V=4V
23. (a) By Kirchhoff’s voltage law:

I5V=2V+V,+32V+1V+15V+05V
Vo=15V-2V+32V+1V+15V+05V)=15V-82V=68V

See Figure 4-5(a).
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(b) VR =8 V, V2R =16 V; V3R =24 V,

See Figure 4-5(b).

(a) (h)

Figure 4-5

SECTION 4-7 Voltage Dividers

2Q 100 =4.4%
500 Q

25. (@) Vag= (ﬂ}zv =384V

147 Q)
22kQ+33kQ 5.5kQ
(b) VAB: 8 =
1.0kQ+2.2kQ +3.3kQ 6.5kQ
26, V,=Ve=15V
v, =| e tR v5=(13'3 ijlS V=106V
R +R,+R, 18.9kQ
v, = — s vs=(3"3kQ )15V22.62V
R +R,+R, 18.9 kQ

27. v.:[ R, )VS=(6809)12V=3.80V

min

R +R, +R; 2150 Q
v, = PetR vsz(mgogjlz V=938V
R +R, +R, 2150 Q
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28. Rr=R+2R+3R+4R+5R=15R

Vg = i9V=0.6V Vg = £9V=1.2V Vg = £9V=1.8V
15R 15R

I5R
Va= [ Rlov =24V Va=[2R v =30V
I5R I5R

10V
29.  Vsq =10V (by measurement); | = =1.79 mA;
ok (by ) 5.6 kQ

Vi = (1.79 mA)(1 kQ) = 1.79 V; Vso (1.79 mA)(560 Q) =1 V;

Vior = (1.79 mA)(10 kQ) = 17.9 V

SECTION 4-8 Power in a Series Circuit

30.  Pp=5(50 mW) =250 mW
3. Ry=5.6kQ+1kQ+560Q+10kQ=17.16kQ
P =I’Rr = (1.79 mA)*(17.16 kQ) = 0.055 W = 55 mW

SECTION 4-9 Voltage Measurement

32.  Voltage from point A to ground (G): Vag =10V
Resistance between A and G: Ryg=5.6kQ+5.6kQ+1.0kQ+1.0kQ=13.2kQ
Resistance between Band G: Rgg=5.6kQ+1.0kQ + 1.0kQ =7.6 kQQ
Resistance between C and G: Reg=1.0kQ + 1.0 kQ =2 kQ

Voo = | Res figy = | K2 oy 576y
Rac 132 kQ

Veo= | Ree oy =[ 252 gy —ys2v
Rac 132 kQ

Voo = | Ree oy = LOK2 Noy — o758 v
Rac 132kQ

33.  Measure the voltage at point A with respect to ground and the voltage at point B with respect to
ground. The difference of these two voltages is Vg,.

Vk2=Va —Vs
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34, RT=R1+R2+R3 +R4+R5
=560 kQ + 560 kQ + 100 kQ + 1.0 MQ + 100 kQ = 2.32 MQ

Vr=15V
~ (Rye 1.76 MQ
Va= | 28V, =
Ry 232MQ
Vg = Res. = L2ZMO }5y _ 776V
R; 232 MQ
_ (Reg 1.1 MQ
Ve= |GV, =
Ry 232 MQ
Vp = Roe = 100k 3y 647 mv
R, 232 MQ

SECTION 4-10 Troubleshooting

15V =114V

15V =711V

35. (a) Zero current indicates an open. Ry is open since all the voltage is dropped across it.

Vg 10V
R +R,+R; 300Q
R, and Rs have no effect on the current. There is a short from A to B.

=333 mA

(b)

36. Rr=10kQ+82kQ+12kQ+22kQ+ 5.6 kQ =38k
The meter reads about 28 kQ. It should read 38 k2. The 10 kQ resistor is shorted.

ADVANCED PROBLEMS

37. V,=IR, = (10 mA)(680 Q) = 6.8 V
Va=1IR, = (10 mA)(1.0kQ) =10V
V,=IR; = (10 mA)(270 Q) =2.7V
Vs =IRs = (10 mA)(270 Q) =2.7 V
V37Vs—(V1+V2+V4+V5)
V3=30V-(68V+10V+27V+27V)=30V-222V=78V
Vv, _ 78V

— =0.78kQ =780 Q

R3: —
I 10mA

38. Rr=3(5.6kQ)+ 1.0 kQ+2(100 Q) = 18 kQ
Three 5.6 kQ resistors, one 1 kQ resistor, and two 100 Q resistors

39. VaA=10V, Rr=22kQ+10kQ+47kQ+ 12kQ+ 5.6 kQ=96.6 kQ

22 kQ
Veg=Va— Vo =10V -
B= Va— Vax [9661((2

]IOV =10V-228V=1772V
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40.

41.

42.

43.

10 kQ
96.6 kQ

47 kQ
96.6 kQQ

12 kQ
96.6 kQQ

VC—VB—mG—7.72V—[ leV—7.72V—1‘04V—6.68V

Vb=Vc— V4 =668V — [ JlOV =6.68V-487V=181V

VEVD—V12k181V—( ]IOV =181V-124V=057V
VF:0V

V2= IR, = (20 mA)(100 Q) =2 V
V6.6V

Rs=—== =330Q
| 20 mA

R = %:mez =280 Q
I (20mA)

Vs=IRs= (20 mA)(280 Q) =5.6 V
Vi=Vs— (20 V+Ve)=30V-(20 V+5.6V)=44V

R1=£: 44V =220Q

I 20mA
V3+Vs=20V-V,-Vs=20V-2V-66V=114V
V3=V4: 114V =57V R3:R4=V3 = TV =285Q

1 20mA

Vs = IRy = (250 mA)(1.5kQ) =375V

Lew = 250 mA — 0.25(250 mA) = 250 mA — 62.5 mA = 188 mA

R _ VY _ 375V
A 188 mA

new

500 Q must be added to the existing 1500 Q to reduce | by 25%.

P=IR
nax = \F _ [0S W 0.0645 A = 64.5 mA
R 120 Q

=2000 Q

Since all resistors in series have the same current, use the largest R to determine the maximum

current allowable because the largest R has the greatest power.
Thus, the 120 Q resistor burns out first.

(a) PT=1W+lW+lW =0.125W+025W+05W=0875W

8 4 2
| = & = w = 19.1 mA
R; 2400 Q
®)  Vs=1Rr=(19.1 mA)(2400 Q) =458 V
©) = Tz
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44.

45.

46.

025W

Riu= —2"  —686Q
Y (19.1mA)?

Rip= 70'5 W > =1371Q
(19.1mA)

See Figure 4-6.

1.5V J;_ J’
L5V — 120V =
15V =
—T (max)
Figure 4-6 Figure 4-7

See Figure 4-7.
When the potentiometer is at minimum setting (0 Q), Voyr =10 V:

R1+R2=w =12kQ
10 mA

R, 120V =10V
R +R,

R,= 10VA2KO) _ oo
120V

R =12kQ-1.0kQ =11 kQ

When the potentiometer is at maximum setting, Voyr = 100 V:

_R*R hoov =100V
R +R, +R,

LOKQ+R, | ov=100V
12kQ+R,

(1.0kQ +Ry)120 V = (12 kQ +Ry)100 V
120 kQ + 120Ry = 1200 kQ + 100Ry,
20Ry = 1080 kQ

Ry =54 kQ

See Figure 4-8.
_(30V-24.6V)

Ri=———— =~ =54kQ
I mA

R, = (24.6V-14.7V) —99KkO
1 mA
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47.

_ (147V-8.18V)

I mA

&zm =8.18kQ
I mA

Rs =6.52kQ

A series of standard value resistors must be used to approximately achieve each resistance as

follows:

R; =4700 Q + 680 Q +22 Q=54 kQ

R, =8200 Q + 1500 Q + 220 Q =9.92 kQ

R;=5600 Q2 + 820 Q + 100 Q = 6.52 kQ

Rs=6800Q+ 1000 Q+180 Q+100Q+ 100 Q=8.18 kQ

The highest power dissipation is in the 8200 Q resistor.
P =(1 mA)’8200 Q=82 mW

All resistors must be at least 1/8 W.

246 V
147 v
818V
Figure 4-8
The groups are:
Ri, Rz, Rg, and Rip; Ry, Ry, Rg, and Ry; Rs, Rs, Ry, and R1»

See Figure 4-9.

Ri+R;+Rg+R;90=22kQ+560 Q+470 Q+ 1.0 kQ =4.23 kQ
R, +R;+R¢+R;1=4.7kQ+ 5.6 kQ+3.3kQ+10kQ=23.6kQ
R;+Rs+Ry+Rip=1.0kQ+3.9kQ+82kQ+ 6.8 kQ=19.9 kQ
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48.

49.

50.

Problem 54: There
is a short between
these two points.

N —a
£y

12 3
Figure 4-9

Position 1:
Rr=R;+R;+Rs=510Q + 820 Q2 + 680 Q =2.01 kQ

Position 2:
RT:R1+R2+R3+R4+R5
=510Q+910 Q2+ 820 Q + 750 Q + 680 Q=3.67 kQ

Position A:
Rr=Ri+R;+R;+R;=220Q+470 Q+ 510 Q2+ 1.0kQ =22 kQ
V 12V

Position B:
Rr=R,+R;+R;=470Q+510Q + 1.0kQ =1.98 kQ

1=V _ 12V coema
R, 1.98kQ

Position C:
Rr=R;+R4=510Q+ 1.0kQ=1.51 kQ

=Y _ 12V s95ma
R, 151kQ

Position D:
RT = R4 =1.0 kQ

=Y o2V o ma
R, 1.0kQ

Position A:

RT:RIZI.OkQ

|:i: oV =9mA
Ry 1.0

5
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51.

52.

53.

54.

Position B:
Rr=R;+R, +Rs=1.0kQ + 33 kQ +22kQ =56 kQ
I:i:izlﬂ LA

Ry 56kQ

Position C:

Rr=Ri+R;+R; +R; +Rs=1.0kQ + 33 kQ + 68 kQ +27kQ +22kQ =151 kQ

V. 9V
Ry 151kQ

= =59.6 pA

First, find the value of Rs with the switch in Position D.

6mA=__8Y
R +1.8 kQ
Rs = 18V 1.8kQ=12kQ
6 mA
Position A:
Rt =5.38kQ =18 V/5.38 kQQ=3.35mA

Vi =(3.35 mA)(1.8 kQ) = 6.03 V
Vo=(3.35mA)(1.0kQ) =335V
V5= (3.35mA)(820 Q) =2.75 V
V.= (3.35 mA)(560 Q) = 1.88 V
Vs=4V

Position B:

Rt =4.82 kQ 1=18 V/4.82 kQQ=3.73 mA
Vi =(3.73 mA)(1.8kQ)=6.71V

V,=(3.73 mA)(1.0kQ)=3.73 V

V3 =(3.73 mA)(820 Q) =3.06 V

Vs=45V

Position C:

Rr=4kQ 1=18V/4kQ=4.5mA
Vi=4.5mA)(1.8kQ)=8.1V
Vo,=(4.5mA)(1.0kQ)=4.5V

V5 =54V

Position D:

Rr=3kQ 1=18V/3kQ=6mA
V;=(6 mA)(1.8kQ)=10.8V
Vs=72V

Note: The voltage approach can also be used.
See Figure 4-9. The results in the table are correct.
Yes, R; and Rs are each shorted. Refer to Figure 4-9.

Yes, there is a short between the points indicated in Figure 4-9.
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55.  (a) Ry, burned open due to excessive power because it had the largest value in ohms.
(b)  Replace Ry; (10 kQ).
(¢) Rp=47.7kQ

Imax: i: M =7.07 mA
R, V10kQ

VTOTAL = ImaxRT = (707 mA)(477 kQ) =338V

Multisim Troubleshooting Problems

56. R, is open.

57. Rgis shorted.
58. R, is open.

59. Lamp 4 is open.
60.  No fault

61. The 82 Q resistor is shorted.
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CHAPTER 5

PARALLEL CIRCUITS

BASIC PROBLEMS

SECTION 5-1 Resistors in Parallel

1. See Figure 5-1.

2. See Figure 5-2.

3.

4. RT =

M
Vi % v—’\j,j\:—i § Ry

Figure 5-1

Rs

(9]

Rs
15 kQ

R, § Ry
22 kQ 10 kQ

R,
12 kQ

68 kQ 56 kQ

Figure 5-2

SECTION 5-2 Total Parallel Resistance

From Problem 2: R; =R, UR,R, IR, IR (R +R, +R;)

= 15kQ |10 k€12 k€68 k€56 kQ|108 kQ = 3.43 kQ

1

1 1 1

1

1

=557 kQ

+ + + +
LOMQ 22MQ 47MQ 12MQ 22 MQ

(@ R=47Q(6kQ=256Q
(b) R=560Q1 1.0kQ =359

Q

() R=15kQ[22kQ[10kQ=819Q
(d R=1.0kQ|[2.2MQ] 1.0 MQ | 470 kQ = 996 O




RR, _(47kQ)(22kQ) _

6. (a Re= L5kQ

R+R, 47kQ+22kQ
RR, (27 Q)56 Q

®) Rp= DR QTR 4,0
R+R, 27Q+560Q

© R RR _(SkQQ2KQ) g0, o)
R+R, 15kQ+22kQ

_22kQ

7. Rr=——=2KkQ
11

8. RT1=¥:3Q

100 Q
Rp=—=10Q
T2 10

10Q
Rpy=——=5Q
T3 5

Rr= =1.58Q

S
11
30 10Q 50

SECTION 5-3 Voltage in a Parallel Circuit

9. V1:V2=V3:V4=12V

Ip= Ve = 12V 20 mA
Ry 6000
The total current divides equally among the four equal resistors.

20 mA

|1:|2:|3:|4: =5mA

10.  The resistors are all in parallel across the source. The voltmeters are each measuring the
voltage across a resistor, so each meter indicates 100 V.

SECTION 5-4 Application of Ohm’s Law

1. (@ Rr=33kQ[33kQ|33kQ=11kQ
10V
lr= — =909 pA
T kQ H
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(b) Rr=1.0kQ[3.9kQ [ 560 Q=3290Q
25V

Ilr= —— =76 mA
329Q
2 w2200
= 110V —10A
11Q

13. (a) Ry=56kQ|22kQ=15.8kQ
10V
Iy = =633 uA
T 15.8kQ H

(b) Rr=18kQ| 100kQ=15.3kQ
8V
It = =523 pA
153k #
Circuit (a) has more current than circuit (b).

14 RT: Vi: SV
I, 2.5mA

Reach = 4(2 kQ) = 8 kQ

=2kQ

SECTION 5-5 Kirchhoff's Current Law

15. 11 =250 mA + 300 mA + 800 mA = 1350 mA
16. IT:|1+|2+|3+|4+|5

Is=lr—(h+L+1+1y

Is=500 mA — (50 mA + 150 mA + 25 mA + 100 mA) = 500 mA — 325 mA =175 mA
17. bs=Ilr—((;+1)=50mA -35mA =15 mA

|2 = |3 =7.5mA
See Figure 5-3.

fO—u . -
+ +
R Ry Ry Ry

Figure 5-3
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