PART ONE

Solutions to End-of-Chapter Problems






CHAPTER 1
QUANTITIES AND UNITS

SECTION 1-1 Scientific and Engineering Notation

1. (@ 3000=3x10° (b) 75,000=7.5x10* (¢c) 2,000,000 =2 x 10°
2. (a) % =0.002=2x10""
(b) ﬁ =0.0005=5x107*
(c) m =0.0000002 =2 x 107
3. (a) 8400=84x10° (b) 99,000 = 9.9 x 10* () 02x10°=2x10°
4. (a) 0.0002=2x10"" (b 06=6x10"
(c) 7.8x107 (already in scientific notation)
5. (@ 25x10°=0.0000025 (b) 5.0x 10°=500 () 3.9x10"=0.39
6. (a) 4.5x107°=0.0000045
(b) 8 x 107 =10.000000008
() 4.0x 107 =0.0000000000040
7. (@ 92x10°+34x10"=92x10°+34x10° =4.32x10’

(b)) 5x10°+8.5x 107" =5x 10°+0.00085 x 10° = 5.00085 x 10°

() 56x10%+4.6x10°=56x10"+4.6x 107 = 6.06 x 107
8. (a) 32x10%-1.1x10"=21x10"

(b) 2.6x10°-13x10"=26x10"-1.3x 10" =24.7x 10’

() 15x107-8x10"=15x10"-8x10"=7x107"



10.

11.

12.

13.

14.

15.

16.

(a)
(b)
(©)

(a)

(b)

(©)

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

(5x10)(4x10°)=5x4x%x10°">=20x 10 =2 x 10’
(12x10H(B%x 100 =1.2x3x10?*?=3.6 x 10"

22x107)(7x10%=22%x7x10°"%=154x 10" =1.54 x 107

3
% =04x10°"2=04x10'=4
DX
-6
% =0.5x10°"=0.5x10°=50
.UX
8
4;.2>1<305 =2.1x10°" 7V =2.1x 107
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 % 10°

1.333 x 10’ (already in engineering notation)

0.000345 = 345 x 10°°

0.025=25%x10""

0.00000000129 = 1.29 x 10~

9.81 x 107 =9.81x 107

4.82x 107" =482x10°°

438x 107 =438x 10~
25x107°+46%x107=25+4.6)x10° =7.1x10"°

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 % 107)(56 x 10%) = 1792 x 107*? = 1792 x 10° = 1.792 x 10°

(1.2%109(12%x10% =144 x 1079 =144 x 107



17.

(©

(a)

(b)

(c)

(100)(55 x 107) = 5500 x 10 = 5.5

50

5o =2 107
X1
3
% =0.2x10°" =02 x 10’ = 200 x 10°
X
3
% =0.848 x 10°7=0.848 x 10° = 848 x 10
210°

SECTION 1-2 Units and Metric Prefixes

18.

19.

20.

21.

22.

(a)
(b)
©
(@)
(b)
©
(a)
(a)
(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 107° A = 345 A
0.025A=25%x10" A=25mA

0.00000000129 A = 1.29 x 10° A =1.29 nA

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

3x10°F=3puF (b) 33x10°Q=33MQ (¢) 350x10° A=2350nA
S5uUA=5x10"° A (b) 43mV=43x10"V
275kQ =275x10°Q (d 10MW=10x10°W

SECTION 1-3 Metric Unit Conversions

23.

(a)
(b)
©
(d)

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

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



ImA _ 1x107°A
1uA  1x107°A

24.  (a) =1x 10’ = 1000

0.05kV _ 0.05x10° V
1 mV 1107 V

(b) =0.05x 10° = 50,000

3
(0 Q02ke_002xI0 8 0,0 100 -2% 10
IMQ  1x10°Q

3
@ 22mW D30 W sy 002 155 x 107
kW IXIO W

25. (a) S50mA +680 1A =50 mA + 0.68 mA = 50.68 mA
(b) 120kQ +2.2MQ=0.12 MQ + 2.2 MQ = 2.32 MQ
(c)  0.02 uF + 3300 pF = 0.02 uF + 0.0033 uF = 0.0233 uF

26. (a) 10k = 10 kO =0.8197
22kQ+10kQ  12.2kQ

250 mV _ 250x10™°

(b) = — =5000
50uv 50x10
6
© MW _1xiot o
2kW  2x10

SECTION 1-4 Measured Numbers

27. (a) 1.00x 10° has 3 significant digits. (b)  0.0057 has 2 significant digits.

(c)  1502.0 has 5 significant digits. (d)  0.000036 has 2 significant digits.

(e)  0.105 has 3 significant digits. (f) 2.6 x 10 has 2 significant digits.
28. (a) 50,505=50.5x10° (b) 220.45=220

(c) 4646=4.65%10 (d) 1099=11.0

(&) 1.005=1.00



CHAPTER 2
VOLTAGE, CURRENT, AND RESISTANCE

BASIC PROBLEMS

SECTION 2-2 Electrical Charge

—_—

Q = (charge per electron)(number of electrons) = (1.6 x 107" C/e)(50 x 10*'e) = 80 x 10"* C

2. (625x10"e/C)80x 10°C)=5x10"e

3. The magnitude of the charge on a proton (p) is equal to the magnitude of the charge on the
electron (). Therefore, (1.6 x 107" C/p)(29 p) = 4.64 % 10" C

4. (1.6x 10" C/p)(17p)=2.72x 10" C

SECTION 2-3 Voltage

w107 _ W 5] W 100) _

5. (@ V=-— 0V (b)) V=—t=""=25V () V=—tr=—- =4V
0 IC 0 2C 0 25C
6. _W_5001 oy
0 100C
7. v 300 oy
0 40C

8. W=V0=(12V)25C)=30]

w_2357 =125V

"0 o02cC

b

SECTION 2-4 Current

10. I=Q=O'2C =20 mA
t 10 s




11. (a) I=2=75C=75A (b) I=g=£=20A () I==
t s t 05s
12. I=Q=O'6C:0.2A
t 3s
3. 1=2. 1= 2 _10C
t I 5A

4. O0=Ixt=(1.5A)0.15)=0.15C

SECTION 2-5 Resistance

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

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

QW >

16. A: Rin = 6800  — 0.1(6800 Q) = 6800 Q — 680 Q = 6120 Q
Ruax = 6800 Q + 680 Q =7480 Q
B: Ruin=33Q-0.133Q)=33Q-33Q=29.7Q
Rux=33Q+33Q=363Q
C: Ruin = 47,000 Q — (0.05)(47,000 Q) = 47,000 Q — 2350 Q = 44,650 Q
Ruax = 47,000 Q + 2350 Q = 49,350 Q
17. (a) 1st band = 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 k€Q2: brown, black, yellow (F)
18. (a) 365Q+2%
(b)) 2.74kQ%0.25%

(c) 825kQ*1%

19. (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%

20. (a) 0.47 Q=+5%: yellow, violet, silver, gold
(b) 270kQ +5%: red, violet, yellow, gold



(c) 5.1 MQ+5%: green, brown, green, gold

21. (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%

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

23. (a) 220=22Q (b) 472=4.7kQ
(c) 823=82KkQ (d 3K3=33KkQ
(e) 560=56CQ (fHh 10M =10 MQ

24. 500 Q, equal resistance on each side of the contact.

SECTION 2-6 The Electric Circuit

25.  There is current through Lamp 2.

26.  See Figure 2-1.

Fuse

|+

®

Lamp 2 Lamp 1

Figure 2-1

SECTION 2-7 Basic Circuit Measurements

27.  See Figure 2-2(a).



28.

29.

30.

31.

32.

33.

34.

+ —
R0
©
R
+ + 1
- R, +
(a) (b)
First remove R, from circuit or disconnect
power to measure the resistance.
Figure 2-2 Figure 2-3

See Figure 2-2(b).

Position 1: V1=0V, V2=Vj
Position2: V1=V,, V2=0V

See Figure 2-3.
On the 600 V DC scale: 250 V
R=(10)(10Q) =100 Q

(a)  2(100 ) =200 Q
(c) 45(100 Q) = 4500

See Figure 2-4.

(b) 15(10 MQ) =150 MQ

1.55A

N
e

—10 mA range

4.7kQ

10V 2.2k 8.2kQ

= i

4700 Q)

L/

RX100 —
[-o\‘O &J

4.7kQ

(©)

Figure 2-4

729V

10 V range —

<=

8.2kQ

10




ADVANCED PROBLEMS

35. I=g

t
O0=Ixt=(2A)155)=30C

_ W _1000T _ 333y

0 30C

36. I=g

t
QO = (number of electrons) / (number of electrons/coulomb)

_574x10" e
Q= 25x10%/C
;- Q_9.184x107C

t 250x107°s

=9.184x 1072 C

=0.367 A

37. 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

3. (@ 4R7T=47Q%5%
(b) 560KF =560 kQ +1%
(c) IM5G=15MQ=*2%

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

41. See Figure 2-5.

|+

Figure 2-5
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42.

43.

See Figure 2-5.

See Figure 2-6.

o o—e
: DPDT
+ o___¢SWitch
M=t Ry
-1 7= Rl%
Figure 2-6
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CHAPTER 3
OHMWM’S LAW, ENERGY, AND POWER

BASIC PROBLEMS

SECTION 3-1 Ohm’s Law

—

(a)

(b)

(©
2. (a)

(b)

(©
3.

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

I1=3(1A)=3A
I=1A—(0.8)(1A)=1A-08A=0.2A
I=1A+(05)(1A)=1A+05A=15A

‘When the resistance doubles, the current is halved from 100 mA to 50 mA.
When the resistance is reduced by 30%, the current increases from 100 mA to
I=V/0.7R = 1.429(V/R) = (1.429)(100 mA) = 143 mA

When the resistance is quadrupled, the current decreases from 100 mA to 25 mA.

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

N

~~
o

N

e

(a)

(c)

(e)

I:KZS—VZSA (b) I:K:Q:I.SA
R 10 R _10Q

I:KZSO—V:O.SA (d) I=K=3O—V=2mA
R _100Q R 15kQ

1=V 220V 53504
R 47 MQ

=V _ 9%V _333mA ® 1=V =2V _ssopa
R 27kQ R 10kQ

1=V 2OV segua @ 1=V =1 _500ma
R 68kQ R 2KkQ

_V _60kV _ 6omA
R 10MQ



10.

11.

12.

13.

14.

15.

vV 12V

=2 -2 _12A
R 10Q
25V
(a) I:K:S—:Z.SOmA (b)
R 10kQ
© 1=X-1Y _g33ma
R 18kQ

Orange, violet, yellow, gold, brown=37.4 Q + 1%
Vi 12V

=== =0321A
R 374Q

I= 24V =0.642 A
374 QO

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

(@ V=IR=Q2A)(18Q)=36V (b)
(©) V=IR=Q25A)620Q)=1550V  (d)
() V=IR=(0.1 A)470Q)=47V

(@ V=IR=(1mA)10Q)=10mV (b)
(c) V=IR=(BA)A7kQ)=141kV (d)
(e) V=IR=(250pA)(1kQ)=250mV (f)
(g V=IR=850pA)(10MQ)=8.5kV (h)

Vs=IR=(3 A)Q7Q)=81V

Vv
I=—= =2.27 pA
R . "

V=IR=(5A)47Q)=235V
V=IR=(0.6 A)47Q) =282V

V=IR=(50mA)(33 Q)=1.65V
V=IR=(1.6 mA)(2.2kQ)=3.52V
V=1IR = (500 mA)(1.5 MQ) =750 kV
V=IR= (75 pA)(47 Q) = 3.53 mV

(@) V=IR=(3mA)Q7kQ)=81V (b) V=1IR=(5uA)100 MQ) = 500 V

(©) V=IR=Q25A)47Q)=1175V

@ RrR=Y=19V _s5q b RrR=L=2V _,q
I 2A I 45A

© r=Y=YV _j00 @ RrR=Y=22V _4s50
1 5A 1 10A

© Rr=YL=D"V _35g0
I O05A

@ RrR=V=19KV ko o r=Y="Y _35K0
I 5A I 2mA

© R=Y-20V o @ RrR=2=2V _j00k0
I 250mA I 500uA

14



(e) =—=——=1MQ
I 1mA
6. R=Y-5Y _3ko
I 2mA
V 8V
17. a R=—=—""2=4Q b
(a) RN (b)
(©) R=Z= 0V =0.2MQ = 200 kQ
I 150pA
18. I=K:3'2—V=0.82A
R 39Q

SECTION 3-3 Energy and Power

19, p=W_200 6w
t 10s

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

51 P:K:7500J
¢ 5h
(750(”)( Lh J: 75007 =0.417 J/s = 417 mW
5h N 3600s) 18,000s
22. (a) 1000W=1x10°W=1kW (b)
() 160 W =0.160x 10° W = 0.160 kW (d)
23. (a) 1,000,000 W =1x10°W =1 MW (b)
() 15x10"W =150x 10° W = 150 MW (d)

V_ 12V

R=—=-—"1 =3kQ

I 4mA

3750 W = 3.750 x 10° W = 3.75 kW
50,000 W = 50 x 10° W = 50 kW

3% 10°W =3 MW
8700 kW = 8.7 x 10° W = 8.7 MW

24. (a3 1W=1000x10°W=1000mW (b) 0.4 W=400x10"W =400 mW

) 0.002W=2x10"W=2mW (@ 0.0I125W=12.5% 10" W=12.5mW
25. (a) 2 W =2,000,000 tW (b)  0.0005 W = 500 uW
(¢)  0.25mW =250 uyW (d  0.00667 mW = 6.67 uW

15



26.

27.

28.

(@ 1.5kW=15x10°W=1500 W (b)
() 350mW=350x10"W=0350W (d)

w .
P =— 1n watts

So, (1 V(1 A)=1W

=1 W
S

p WL
t

1000 J
ls

1 kW-second = 1000 J
1 kWh = 3600 x 1000 J

1 kW =1000 W =

1kWh=3.6x10°]

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

SECTION 3-4 Power in an Electric Circuit

29.

30.

31.

32.

33.

34.

35.

P=VI=(.5V)3mA)=16.5mW
P=VI=(115V)3A)=345W

P =R = (500 mA)*(4.7 kQ) = 1.18 kW

P=PFPR=(100x 10° A)*(10x 10° Q) = 1 x 10™* W = 100 uW

P—V—z—(60V)2 =581W
R 620Q )
Vi (1.5V)
P:?: <5 =0.0402 W = 40.2 mW
P=IR
=£2:100vx21 150
I’ (2A)

16



36. 5% 10° watts for 1 minute = 5 x 10* kWmin

5x10° KWmin

= 83.3 kWh
60 min/1 hr
37. 6700 Ws = 0.00186 KWh
(1000 W/KW)(3600 s/h)

38. (50 W)(12 h) = 600 Wh
50 W =0.05 kW
(0.05 kW)(12 h) = 0.6 kWh

39, 1=X LBV 51054
R, 10Q

P=VI=(125V)(0.125 A) =0.156 W = 156 mW

40. P=—
t

156 mJ

1s
W, = (156 mJ/s)(90 h)(3600 s/h) = 50,544 J

156 mW =

SECTION 3-5 The Power Rating of Resistors

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

42.  If the 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

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

(c)  +onright, — on left of resistor

SECTION 3-7 Power Supplies and Batteries

4. Vour= PR, = /A W)50Q) =7.07V

17



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

45.
46. I= 80Ah =8
10h

47, 1= 90mAR _LssmA
43h

PLOST=PIN_POUT= 500 mW — 400 mW =100 mW

48.
% efficiency = Four |09 = (m—mwjloo% =80%
N 500 mW
49.  Pour = (efficiency)P = (0.85)(5 W) = 4.25 W

SECTION 3-8 Introduction to Troubleshooting

50.  The 4th bulb from the left is open.

51.  If should take five (maximum) resistance measurements.

ADVANCED PROBLEMS

Assume that the total consumption of the power supply is the input power plus the power lost

52.
POUT = 2 W

% efficiency = (—POUT Jl 00%
N
N = % 100% = 2W 100% =3.33 W
% efficiency 60%

The power supply itself uses
PIN_POUT=3'33W_2W= 133W
Energy = W= Pt=(1.33 W)(24 h) =31.9 Wh = 0.032 kWh

V=120V ~150 O

P K= 0sa

18



54. 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.

(W)
NS

Figure 3-1

55. Calculate I for each value of V:

ov 10V

II=——=0A I,= —— =100 mA
100 100
20V 30V
I;=—— =200 mA Ii=—— =300 mA
100 Q 100 Q
15:40—\,:400mA 16:5()—V:500mA
100 Q 100 Q
17:6()—V:600mA 13:70—\]:700mA
100 Q 100 Q
I= 20V _ 800 mA o= 2V~ 900 mA
100 100
L= 10V A
100
4
100+
90
801
70 o The graph is a straight line as shown in
60 //@Q Figure 3-2. This indicates a linear
50T & relationship between / and V.
40
30
20T
10+
0 e+ 1(A)
0 0.10.20.30.40.50.60.70.80.9 1.0
Figure 3-2
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56.

57.

38.

59.

60.

61.

62.

5oV g
I 5mA
(a) Vs 1SV =7.5mA (b)
R 200Q
(©) 1=£= 3V =15mA (d)
R 200Q
(e) Izﬁzlo—V:S(}mA
R 200Q
rR=Y-Y 950 r=-Y-N_jg
I 2A I 1A
vV, 10V
30mA 50mA
V, = w =6V 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) =10 V.

Ve 2V
R 200Q
Ve 4V
R 200Q
v_1v.
I 05A

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

_ (10.4CM - Q/ft)(24 1t)

Wire resistance: Ry = =0.154 Q
1624.3CM
@ I1=—Y - %V _s99ma
R+Ry, 100.154Q
(b)  Vk=(59.9mA)(100 Q) =5.99 V
© Vg, =6V =599V =001V
For one length of wire, V = 001V _ 0.005V

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

1500kWh = 48.39 kWh/day
31days
p = WBIKWhiday _, o) 1w
24 h/day

20

=10 mA

=20 mA

=2Q



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

P Vi _az2vy
R 10Q
(b) W= Pt=(14.4 W)(2 min)(1/60 h/min) = 0.48 Wh

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

64. (a) =144 W

65. Vi =120V =100V =20V

V
Imax = R = _20 v =25A
R 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. R is open.

67. No fault

68. R, is shorted.

69. Lamp 4 is shorted.

70.  Lamp 6 is open.
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CHAPTER 4
SERIES CIRCUITS

BASIC PROBLEMS

SECTION 4-1 Resistors in Series

—

See Figure 4-1.

R,
R,

Ry

Figure 4-1

2. The groups of series resistors are
Ry, Ry, R, Ry Ry; Ri3, Ry, Rus, Ris; Re, Rs, Ri»; Rio, Ri1, Ris, Rs

See Figure 4-2.

Circuit board

Figure 4-2

R g=R;+R,+R,+ R
=68 kQ +33kQ +47kQ +22kQ
=170 kQ

Ry ;=R,+R+R; =100+ 18 Q+22Q=50Q

22



SECTION 4-2 Total Series Resistance

5. Rr=82Q +56 Q=138 Q

6. (a)  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 (round to 1.10 MQ)
7. (@) Rr=10kQ+47kQ+22kQ=79kQ
b)) Rr=10Q+10Q+12Q+1.0Q=33Q
(c)  Rr=1.0MQ +560kQ + 1.0 MQ + 680 kQ + 10 MQ = 13.24 MQ
See Figure 4-3.
1.0kQ 10Q LOMQ 560 kQ

9. RT=6

(47 Q) + 8(100 ) +2(22 Q) =282 Q + 800  + 44 Q = 1126 Q

10. Rr=Ri+R,+ R;+ R4+ R;
R5:RT—(R1+R2+R3+R4)

=2

=2

=8
11. (a)
(b)
(©)

(d)

0kQ - (4.7kQ +1.0kQ +2.2kQ + 3.9 kQ)
0kQ - 11.8kQ
2 kQ

Ris=Ri3+R;+Riu+Rys
=68 kQ + 33 kQ + 47 kQ + 22 kQ =170 kQ

R2,3:R12+R8+R6
=10Q+18Q+22Q=50Q

Ri7=Ryy+R; 1 +Ri5+Rs
=22kQ+82kQ+1.0kQ+1.0kQ =124 kQ

R5,6:R1+R2+R3+R9+R4
=220Q +330Q + 390 Q + 470 Q + 560 Q =1.97 kQ

23

Wy Wy
10Q 1.0MQ
22kQ Loq 129 oMo 680KQ
MWy Wy
(b)
Figure 4-3
8. Ry =12(5.6 kKQ) = 67.2 kQ




12. Rr=Ri 3+ R, 3+ R; 7+ Rs5
=170 kQ + 50 Q + 12.4 kQ + 1.97 kQ = 184.42 kQ

SECTION 4-3 Current in a Series Circuit

Ve :ﬂ =0.1A

13. 1=
R, 120Q

14.  I=35mA at all points in the circuit.

SECTION 4-4 Application of Ohm’s Law

15. (@ Rr=22kQ+5.6kQ+1.0kQ =28.8kQ

(b) Rr=1.0MQ+22MQ + 560 kQ = 3.76 MQ
1= 20V _426ua
3.76 MQ

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

RS 22kQ
+
55V — R, S 5.6kQ
RS 1.0kQ
(@
Figure 4-4
16. (a) V= & Vs = 2.2k0 5.5V=1375V
R; 8.8 kQ
Vo= R’ Vs = >.0k0 55V=35V
R; 8.8kQ
Vi= L Vs = LOkQ 5.5V =625 mV
R; 8.8 kQ
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® vi=| By = %j16\/=4.26v
R, 3.76 MQ

v, = fivg=-%§¥9va:936V
R, 3.76 MQ

v, = fivg:-3959jmv:zssv
Ry 3.76 MQ

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

- BV 340mA
12100

(b) V,=IR=(340mA)470Q)=16 V
() P, =I"R=(340mA)*470 Q= 0.543 W

18. RT=£=5—V =5 kQ
I 1mA

Reach = % =1.25 kQ

SECTION 4-5 Voltage Sources in Series

19.  See Figure 4-5.

6V 6V 6V 6V

AR

-« UV —>

Figure 4-5

20. The total voltageis6 V+6V+6V-6V=12V

SECTION 4-6 Kirchhoff’s Voltage Law

21. Vs=55V+82V+123V=26V

22. Vs=Vi+Vo+V3+Vi+ Vs
Vs=Vs—(Vi+Vo+V3+V)=20V-(1.5V+55V+3V+6V)=20V-16V =4V
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23. (a) By Kirchhoff’s voltage law:

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

See Figure 4-6(a).
(b) VR =8 V; VZR =16 V; V3R =24 V; V4R =32V

See Figure 4-6(b).

(@ (b)

Figure 4-6

SECTION 4-7 Voltage Dividers

24. 29 100 =4.4%
500 Q

47 Q
25. (a) Vip=|—" 12V =3.84V
@ Vas (1479}

22kQ+3.3kQ ng ~ (5.5 kQ

—— B8V =677V
1.0 kQ+2.2kQ +3.3kQ 6.5kQ

() Vag= (

2. V,=V,=15V
v RtR
R +R,+R,

v, =(LJVS =( 3.3 k2 le V=262V

3.3kQ

le V=106 V

7\
—_ | —
®©
Ne}
2%
@)
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27 Von = R Vsz( 080 €2 leV:3.80V
R +R, +R, 2150 Q

1680 Q2
2150 Q

v o[ RtR, _
"™\ R +R,+R, ) °

28. Ry=R+2R+3R+4R+5R=15R

)12 V=938V

Ve = i9V:0.6V Vr= 2—R9V:1.2V Vr= 3—R9V:1.8V
ISR ISR ISR

Vr= 4—R9V:2.4V Vr= 5—R9V:3.0V
ISR ISR

29.  Vsa =10V (by measurement); 1= 10V =1.79 mA;

 5.6kQ
Vie = (1.79 mA)(1 kQ) = 1.79 V; Vseo (1.79 mA)(560 Q) = 1 V;

Vik=(1.79 mA)(10 kQ) =179 V

SECTION 4-8 Power in Series Circuits

30. Pr=5(50 mW) =250 mW

31, Rr=56kQ+1kQ+560Q +10kQ=17.16 kQ
P =PRr=(1.79 mA)*(17.16 kQ) = 0.055 W = 55 mW

SECTION 4-9 Voltage Measurements

32.  Voltage from point A to ground (G): V=10V
Resistance between A and G: Ry =5.6kQ +5.6kQ +1.0kQ + 1.0 kQ =13.2 kQ
Resistance between B and G: R =5.6 kQ + 1.0 kQ + 1.0 kQ = 7.6 kQ
Resistance between C and G: Rcg=1.0kQ + 1.0 kQ =2 kQ

Vs = Ry 10V = 76 kO 10V =5.76 V
R, 13.2 kQ

VCG = RCG 10V = 2kQ 10V = 1.52 \Y%
R, 132 kQ

Ve = Rpg. 10V = LOKQ 10V =0.758 V
R, 132 kQ
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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 V.

VRZ = VA _VB

34, Rr=R+R,+R; + R, +Rs
=560 kQ + 560 kQ + 100 kQ + 1.0 MQ + 100 kQ =2.32 MQ

Vi=15V

Vo= |Ragly J[L7OMR 5y 14y
R, 2.32MQ

Vp= | Roaly | 12MQ hsy 506y
R, 232 MQ

Vo= |Bea |y [ LIMQ oy _o7p1v
R, 2.32 MQ

Vp= | Bo |y | 10KQ by (47 my
R, 2.32 MQ

35. V=V, -V.=1138V-711V =427V

36. Vo =V.-V,=711V-1138V =—427V

SECTION 4-10 Troubleshooting

37. (a) Zero current indicates an open. R, is open since all the voltage is dropped across it.

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

(b) =333 mA

38. Rr=10kQ+82kQ+ 12kQ +22kQ +5.6kQ =38kQ
The meter reads about 28 kQ. It should read 38 kQ2. The 10 KQ resistor is shorted.

ADVANCED PROBLEMS

39, V,=1IR = (10 mA)(680 Q) = 6.8 V
Vo= IR, = (10 mA)Y(1.0 kQ) = 10 V
Vi= IR, = (10 mA)270 Q) = 2.7V
Vs = IRs = (10 mA)(270 Q) = 2.7 V
V3:VS—(V1+V2+ V4+V5)
V;i=30V-(68V+10V+27V+27V)=30V-222V=78V
V, 78V

Ry= —==——=0.78kQ =780 Q
I  10mA
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40.

41.

42.

43.

44.

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

Va=10V, Rr=22kQ + 10kQ +47 kQ + 12 kQ + 5.6 kQ =96.6 kQ

22 kQ
Ve=V4— V=10V -
B=Va— Vax [9661(9

leV =10V-228V=772V

Ve=V=Vix=772V - 10 kO 10V =772V-104V=668V
96.6 kQ

Vp=Ve—Vik=6.68V — 47 kO 10V =6.68V-487V=181V
96.6 kQ

VeE=Vp—Vix=181V-— 12 kO 10V =181V-124V=057V
96.6 kQ

VF=0V

Vy= IR, = (20 mA)(100 Q) =2 V

Re= 500V 3390
I  20mA

S SR IET.) RN
I 20mA)

Vi = IRs = (20 mA)(280 Q) = 5.6 V
Vi=Vs—(20V+V)=30V—(20V +56V)=44V

Rl=ﬂ=4'4_V=2209
I  20mA
Vi+ V,=20V=-V,-Vs=20V-2V-66V=114V
V3=V4=ﬂ=5.7V R3=R4=E= STV =285Q
2 I 20mA

Vs =IRr = (250 mA)(1.5 kQ) =375V
Lhew =250 mA — 0.25(250 mA) = 250 mA — 62.5 mA = 188 mA

Rnew:i: 315V = 2000 Q
1 188 mA

new

500 Q2 must be added to the existing 1500 €2 to reduce I by 25%.

P=IR

Inax = \/E = 05 W =0.0645 A =645 mA
R 120 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.
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45.

46.

47.

1 1 1

@ Pr=—W+-W+-W =0.125W+025W+05W=0875W

8 4 2
1= o [O8BW g mA
R, 1\ 2400Q

(b)  Vs=ItRr=(19.1 mA)(2400 Q) =458V

P
© R=;
Ryg= %: 0.125 W2 _3430,
1 (19.1mA)
e = &“’2 - 686 Q
(19.1mA)
Rip= L\% =1371 Q
(19.1mA)

See Figure 4-7.

+ 1

—
i Hi ®

1.5V =

+

1.5V

Figure 4-7

Figure 4-8

See Figure 4-8.

When the potentiometer is at minimum setting (0 ), Voyr =10 V:

R +R,= ﬂ =12 kQ
10 mA

Ry 120V =10V
R +R,

_10V(12kQ)

120V
R, =12kQ - 1.0kQ =11 kQ

= 1.0 kQ

2
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When the potentiometer is at maximum setting, Vour = 100 V:

Rt R Naov =100V
R+R,+R,
LOKQ+R,
12kQ+R,

(1.0kQ + Ry120 V = (12 kQ + Ry)100 V
120 kQ + 120Ry = 1200 k€2 + 100Ry
20Ry = 1080 k€2

)lZOV: 100 V

RV=54kQ

See Figure 4-9.

R = (B0V-24.6V) _54KO
1mA

R, = (246 V-14.7V) —99kO
1mA

R, = (14.7V -8.18V) 650K
1 mA

R4=8'18V =8.18 kQ

1 mA

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

R, =4700 Q + 680 Q + 22 Q = 5.4 kQ

R, =8200 Q + 1500 Q + 220 Q = 9.92 kQ
R;=15600 Q + 820 Q + 100 Q = 6.52 kQ2

R,=6800Q + 1000 Q2 + 180 Q + 100 Q + 100 Q = 8.18 kQ2

The highest power dissipation is in the 8200 € resistor.
P =(1 mA)’8200 Q =8.2 mW

All resistors must be at least 1/8 W.

30V

246 V

147 V

8.18V

Figure 4-9
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49.

50.

51.

The groups are:
R\, Ry, R, and Ryp; Ry, Ry, Rg, and Ryy; R, Rs, Ry, and Ry,
See Figure 4-10.

R +R;+ Ry +Rg=22kQ +560Q +470Q + 1.0 kQ =4.23 kQ
Ry+Ry+Rs+R;; =4.7kQ +5.6kQ +3.3kQ+ 10kQ =23.6kQ
Ri;+Rs+Ry+ R, =1.0kQ +3.9kQ +82kQ +6.8kQ=19.9KkQ

Problem 56: There
is a short between
these two points.

Figure 4-10

Position 1:
Rr=R +R;+Rs=510 Q + 820 Q + 680 Q = 2.01 kQ
Position 2:
Rr=R +R,+ R+ R, + R;s
=510Q2 +910 Q + 820 Q + 750 Q + 680 Q = 3.67 kQ

Position A:
Ri=R +R,+R;+R;=220Q + 470 Q + 510 Q + 1.0 kQ = 2.2 kQ
I= L= 12V =5.45 mA
R, 22kQ
Position B:

RT=R2+R3+R4=47OQ+SIOQ+1.0kg=1.98k9
Vv 12V

= —= =6.06mA
R; 198 kQ
Position C:
Rr=R;+R,=510Q+ 1.0kQ =1.51kQ
=V 2 2V g95maA
R; 151kQ
Position D:
RT=R4=1.0kQ
[:L: 12V =12 mA
R, 1.0kQ
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52.

53.

54.

Position A:
RT = R1 = 10 kQ

Izlz oV =9 mA
R, 1.0kQ

Position B:
RT=R1+R2+R5=1.0kQ+33kQ+22kQ=56kQ

=V %V 61 HA
R, 56KkQ

Position C:
Rr=Ri+R,+R3;+ R, + Rs=1.0kQ + 33 kQ + 68 kQ + 27 kQ + 22 kQ = 151 kQ

1= Y22V _so6pa
R, 151kQ

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

6 mA = IS—V
R, +1.8kQ

R5:18—V -1.8kQ=12kQ
6 mA

Position A:

Ry =5.38kQ I=18 V/5.38kQ =3.35mA
Vi=3.35mA)(1.8 kQ)=6.03 V
V,=(3.35mA)(1.0kQ) =335V
V3=(3.35mA)(820 Q) =2.75V
V2=(3.35mA)(560 Q)=1.88 V

V5 = 4 V

Position B:

Rr=4.82 kQ I1=18V/4.82kQ =373 mA
Vi=((3.73mA)(1.8kQ)=6.71V

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

V5;=(3.73 mA)(820 Q) =3.06 V

V5 = 4.5 V

Position C:

Rr=4kQ =18 V/4kQ =4.5mA
Vi=(4.5mA)(1.8kQ)=8.1V
V,=(4.5mA)(1.0kQ)=45V
Vs=54V

Position D:

Rr=3kQ I=18V/3kQ=6mA
Vi=(6mA)(1.8kQ)=10.8V
Vs=72V

Note: The voltage approach can also be used.

See Figure 4-10. The results in the table are correct.

33



55.  Yes, R; and R;s are each shorted. Refer to Figure 4-10.
56.  Yes, there is a short between the points indicated in Figure 4-10.
57. (a) Ry burned open due to excessive power because it had the largest value in ohms.

(b)  Replace R;; (10 k€2).
(©) Rr=47.7kQ

Inax = i: OS—W =7.07 mA
R, \10kQ

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

Multisim Troubleshooting Problems

58. R, is open.

59.  Rgis shorted.
60. R, is open.

61. Lamp 4 is open.
62. No fault

63. 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.

M <

Figure 5-1

39kQ
Ry R, R, R,
15kQ = 22kQ = 10kQ = 12kQ
RS

47 kQ

2 L

R7
68 kQ

Figure 5-2

R8
56 kQ

SECTION 5-2 Total Parallel Resistance

3. FromProblem2: R, =R(||R,||R,|IR; || R;II(R + R, +Rs)
= 15 kQ |10 k|12 k|68 k|56 k|108 kQ = 3.43 kQ

4. RT =

5. (a)
(b)
()
(d)

1

1 1

I I I =557 kQ

+ + + +
1.OMQ 22MQ 47MQ 12MQ 22 MQ

R=47Q|6kQ=256Q

R=560 Q| 1.0kQ =359 Q
R=15kQ|22kQ | 10kQ =819 Q
R=1.0kQ |22 MQ| 1.0 MQ || 470 kQ = 996
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RR, _(47kQ)(2.2kQ)

(@) Rr= = =1.5kQ
R +R, 47kQ+22kQ

®) Rp= RR, _Q27Q)56Q) _ 1820
R +R, 27Q+56Q

© Rp= RR, _(A5kQ)2.2kQ) _ 892 O
R +R, 15kQ+22kQ

ri= 22 _2k0

RT1—159:3Q

5

100 Q
RTQ—T:IOQ

10 Q
Rpy=——=5Q
T3 5
Rr= ! =1.58 Q
R

+ +
3QQ 10Q 5Q

SECTION 5-3 Voltage in a Parallel Circuit

0.

10.

V1=V2=V3=V4=12V

Vi 12V
Iy= L=—="_

R; 600Q
The total current divides equally among the four equal resistors.

20mA — 5 mA

=20 mA

11=IQ=I3=I4=

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

11.

(@) Rr=33kQ|33kQ|[33kQ=11kQ
10V
Ir= ——— =909 pA
T kQ "
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12.

13.

14.

SECTION 5-5 Kirchhoff’s Current Law

15.

16.

17.

(b) Rr=1.0kQ]3.9kQ [ 560 Q=329 Q

IT=25—V=76mA
3290
belabarno 20V 120V 120V
240Q  240Q 240 Q
10V
= —— =179 pA
(a) 1 56 KO 13
10V
L= —Y —455pA
T 0kQ K
8V
b) I= — —444pA
(b) 1 13KO [¢8
8V
L= =80 pA
27100 kQ K
Ri=Ys- YV _sxo
I; 25mA

Reaen = 42 kQ) = 8 kQ

It =250 mA + 300 mA + 800 mA = 1350 mA

ILr=IL+L+L+1,+1;
15:IT—(11+12+I3+I4)

Is =500 mA — (50 mA + 150 mA + 25 mA + 100 mA) = 500 mA — 325 mA =175 mA

L= — (L +1)=50mA -35mA=15mA

12 = 13 =7.5mA
See Figure 5-3.

+0 ° ° .
+ +
R, R, Ry R,
-0 * 3 °

Figure 5-3

37



18. Ir=LL+L+6L+1L+1I+1 =05A+05A+05A+05A+12A+12A=44A

19. (a) Iy =L+L+L+L+1s+1 +1;+ I3
=05A+05A+05A+05A+12A+12A+10A+1.0A=64A

(b) Iground =64 A

SECTION 5-6 Current Dividers

20. The 10 kQ resistor has the highest current.

21. 11=( Ry JIT=(2'7kQJ3A=2-19A

R +R, 3.7kQ

J (1 OKQ}A 811 mA
R2

22. 1
@ [1+R2 T [

|
[l

I_
’ (R+R

JIO HA = 6.88 nA

jlo UA =3.13 pA

(b)  Rr=— T T ] =516 Q
+ + +

10kQ 22kQ 33kQ 56kQ

n=| Rl 2[99 )6 A —s16ma
R, 1.0 kQ

Le| Rl Z[ 2108 )6 A =235 mA
R, 2.2kQ

L=| Rl Z[21082 06 A = 1.56 mA
R, 33kQ

L= Bl o[ 2102 b A =921 pA
R 5.6 kQ

&~

SECTION 5-7 Power in Parallel Circuits

23.  Pr=540mW)= 200 mW

24. (@) Rr=1.0MQ|22MQ=0688kQ
Pr = I7R; = (10 nA) (688 kQ) = 68.8 uW

(b Rr=1.0kQ|22kQ|3.3kQ|5.6kQ =516Q
Pr = I}R; = (10 mA)*(516 Q) = 51.6 mW
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25.

P=VI

Ieach = £= 75—W =0.625 A
vV 120V

Ir=6(0.625 A)=3.75 A

SECTION 5-8 Troubleshooting

26.

27.

28.

29.

Ieach = £= 75—W =0.625 A
vV 120V

The current in each bulb is independent of the number of parallel bulbs.
Ir=375A-0.625A=3.125 A

First determine what the total current should be:
Rr=220Q | 100 Q|| 1.0 k€2 || 560 || 270 Q =47.54 Q

Ir= 10V =210.4 mA
47.54 Q

The measured current is 200.4 mA which is 10 mA less than it should be.
Therefore, one of the resistors must be open.

V. 10V ~1.0KQ

Ropen = —=
I 10mA

The 1.0 kQ resistor is open.

1
Rr= I I I =2.3kQ
+ +
4.7kQ 10kQ 8.2kQ
Ir= 25V = 25V =10.87 mA
R,  2.3kQ
The meter indicates 7.82 mA. Therefore, a resistor must be open.
I; = 25V =3.05 mA
8.2kQ

I=1Ir—Iy=10.87 mA —7.82 mA = 3.05 mA
This shows that /5 is missing from the total current as read on the meter.
Therefore, R; is open.

_ 1 N 1 N 1
560Q 270Q 330Q

=8.52mS

Gr

Gineas = 1 =4.82mS
207.6 Q

Gopen = G1 — Guneas = 8.52 mS — 4.82 mS = 3.70 mS
11
Gypen 370 mS

R, is open.

S0, Ropen = =270 Q
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30.

bt
100Q 100Q 220Q 220Q

G = —— =24.6mS
40.7 Q

There is a resistor open.

Gopen = G1 — Gmeas = 29.1 mS — 24.6 mS = 4.5 mS

So, Ropen = ﬁ =221 Q
D I

=29.1 mS

T

One of the 220 Q resistors is open, but identification requires more information.

ADVANCED PROBLEMS

31.

32.

33.

Vs =1LR; = (1 mA)(50 Q) =50 mV
Vs 50mV

R2=— =ZSQ

I, 2mA
Ry= Y =20mMY 400

I, 05mA
I4=IT—(11+12+I3)=7.5mA—3.5mA=4mA
Ro=5220M 4550

I, 4mA

Vi = xRy = (100 mA)(25 Q) = 2500 mV = 2.5 V
V, 25V

Iyo= -L=2""" =114mA
TR T 2200
1 R
Re= 71 111‘0'48R
—t 4+ 1+ -+
R 2R 3R 4R 2 3 4
I = (ﬁj10A= wleA =48A
R R
DL = (—TJloA:(wJIOA =24A
2R
Lz = Rilioaz w10A=16A
3R 3R
Lig = R hoa= w10A=12A
4 4R
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34.

35.

(a)

(b)

(©)
(d

(a)

(b)

Pr= IR, = (50 mA)(1.0kQ) =2.5 W

P 25W ~10
P 025W
All resistors are equal because each has the same power.

Number of resistors =n =

RT=—
n

R =nRr=10(1.0kQ) =10 kQ
I_T: 50 mA —5mA

n 1

Vs =ItRt = (50 mA)(1.0 kQ) =50 V

I=

L, =It—1; =150 mA — 100 mA = 50 mA
= 10V =100 Q
100 mA

R, = 10V =200Q

50 mA
Pi=Pr—P,=2W-075W=125W
V311=1.25W
_125W

Il
Vs, =075 W
_075W

12

1

Vs

Vs

Thus,

1.25W 0.75W
Il - 12

1.251, = 0.751,

1.25
L=|=2211, =1.671
! (0.75j2 2

I + I, =200 mA
2.671, =200 mA

= 200mA o mA
2.67
I, = 1.67(74.9 mA) = 125 mA

Vo= 9PV _Jov
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36.

37.

38.

100V

(¢c) ©L=——— =100 mA
1.0kQ
12:M:147mA
680 Q
L=Ir—1,—-1,=05A - 147 mA — 100 mA =253 mA
= 100V ~3950,
253 mA

(a) RT = Rl =510 kQ
1

(b) Rr=R/||R,= 1 I =245 kQ

+
510 kQ 470 kQ
(C) RT = Rl =510 kQ

1

(d  Rr=R|||R:||R3= T i ] =193 kQ
+ +
510kQ  470kQ 910 kQ
Inx=05 A
Rugm = 2V =10V _ 300
I.. O05A
(68 Q)R,
o~ -~ — f\T(min)
68 Q+R,

(68 Q)R, = (30 Q)(68 Q + R»)
68R, = 2040 + 30R,
68R, — 30R, = 2040

38R, =2040
R2 = 53.7 Q
Position A:
Rr=R\|| R, || Rs =560 kQ || 220 k2 || 270 kQ = 99.7 kQ
L= 24V _ 24V = 241 pA
Ry 99.7 kQ
= 24V =429 uA
560 kQ
I, = 24V =109 pA
220 kQ
I; = 24V =89.0 A
270 kQ
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39.

40.

41.

42.

Position B:
Rr=Ry || Ro || Rs | Ry | Rs || Ro
=560 kQ || 220 kQ || 270 kQ || 1.0 MQ || 820 kQ || 22 MQ =78.7kQ

Lo AV v _ 305 A
R, 78.7kQ
L =429 pA
L =109 pA
I5=89.0 pA
24V
L= = 24.0 A
T lLoMQ H
=22V _293pA
820 kQ
L=V _109 HA
22 MQ
Position C:
Rp=Ry | Rs || Rs=1.0 MQ || 820 kQ || 2.2 MQ = 374 kQ
Lo 24V v _ 642
R, 374kQ
I,=24.0 pA
15 = 29.3 l.lA
I =10.9 pA

From Kirchhoff’s current law, the total current into the room is equal to the current in the
appliances: Iygater + ILamps + Ivacuum = 8.0 A + 2(0.833 A) + 5.0 A = 14.7 A. The current
into the room is less than the capacity of the breaker, so the vacuum cleaner can be plugged in
without exceeding the capacity of the breaker.

Vr= LRy = (100 mA)(25 Q) =2500 mV =25V

V. 25V
o= L=V _11.4mA
8T R T 200

Ri|| Ro || Rs || Ry || Ruo || Ri

= 100 kQ || 220 kQ || 560 k2 || 390 k|| 1.2 MQ|| 100 kQ = 33.6 kQ
Ry Rs || R7 || R

=270 kQ || 1.0 MQ || 820 k2 || 680 kQ = 135.2 kQ

Ry || Ry = 330 kQ || 1.8 MQ = 278.9 kQ

R1R2 RTR1
RT = = —
Rl + R2 (R1 - RT)
Ri(R, + R,) = R\R, R, = (08000 _ or
680 Q—-200Q

RTR1 + RTR2 = R1R2
RTR1 = R1R2 - RTR2
RrR, = Ry(R; — Ry)
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I =15mA-12mA=0.3mA
Vs =V1= V2=V3= V4=11R1=(0.3 IIlA)(lOkQ)=03V
L =12mA - 0.8 mA =04 mA

R2=&= 0.3V =0.75kQ =750 Q
I, 04mA

=293V _g100a
R, 33kQ

I,= 0.8 mA — 910 pA = 709 pA

Ro= Yoo 93V _ 3
I, 709uA

Vs = ItRr = (250 mA)(1.5 kQ) =375V
Lnew =250 mA + (0.25)(250 mA) = 250 mA + 62.5 mA =313 mA

RT(new) = & = 35V =1.20kQ
I., 313mA
RT(new) = RT || Rnew
1 1 1
= — 4 —
RT(new) RT new
1 1 1 Ry = Rygew)

R RT(new) RT RT RT(new)

_ RrRrgey _ (20KQ)150KQ) _ )
Ry —Rppeyy  1.50kQ—-1.20 kQ

new

Rr=4.7kQ| 10kQ || 10 kQ = 2.42 kQ
Ir= 24V =10.3 mA

2.42 kQ
With the 4.7 kQ resistor open,

I:ﬂ:SmA
5kQ

Therefore, the 4.7 kQ resistor is open.

Pins 1-2

Rr=1.0kQ || 3.3kQ =767 Q (correct reading)

When one resistor is open, the reading is either 1.0 k€ or 3.3 k€Q.
Pins 3-4

Rr=270Q || 390 Q =160 Q (correct reading)

When one resistor is open, the reading is either 270 Q or 390 Q.
Pins 5-6

Rr=10MQ | 1.8 MQ || 680 k€ || 510 k€ =201 k< (correct reading)
Rs open: Rr=1.8MQ || 680 k€ || 510 k€ =251 kQ

Rs open: Rr=1.0 MQ || 680 k€ || 510 kQ = 226 k€

R;open: Rr=1.0MQ || 1.8 MQ || 510 kQ =284 kQ

Rsopen: Rr=1.0MQ || 1.8 MQ || 680 kQ = 330 k2
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47.

48.

49.

(a)

(b)
(©)

(a)
(b)

(c)
(d)

(a)
(b)

(©)
d

One of the resistors has burned open because the power exceeded 0.5 W. Since each
resistor has the same voltage, the smallest value will reach the maximum power
dissipation first, as per the formula P = V*/R.

2
P= %, V =+vPR =/(0.5W)(1.8kQ) = 30V

Replace the 1.8 kQ resistor and operate the circuit at less than 30 V or use a higher
wattage resistor to replace the existing 1.8 kQ.

Ria=Ry || R || Ry || Re || Ry || Rio

=10kQ [[2.2kQ || 22kQ || 3.3kQ || 18kQ || 1.0kQ = 422 Q
Ry =Rs || Rs || Ry || Rs || Ro || Rio

=47kQ || 4.7kQ || 6.8kQ || 5.6kQ||5.6kQ | 1.0kQ =518 Q
R3_4 = R5 ” R6 ” R7 ” Rg || R9 ” RlO = 518 Q
R1_4 = Rl ” R2 ” R3 ” R4 || Rll ” R12 = 422 Q

Ria=(Ri || Ry || Rs || Ry || R || Ri2) + (Rs || Ro || Ry || Rs || Ro || Rio)
=422 Q + 518 Q=940 Q

R2_3 = R5 ” R6 ” R7 ” Rg || R9 ” RlO = 518 Q

R2,4 = R5 ” R6 ” R7 ” Rg || Rg ” R10 = 518 Q

R1,4 = R1 ” R2 ” R3 ” R4 || R11 ” R12 = 422 Q

Multisim Troubleshooting Problems

50.

51.

52.

53.

R, is open.

R; is open.

No fault

(a)
(b)

The measured resistance between pin 1 and pin 4 agrees with the calculated value.

The measured resistance between pin 2 and pin 3 agrees with the calculated value.
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CHAPTER 6
SERIES-PARALLEL CIRCUITS

BASIC PROBLEMS

SECTION 6-1 ldentifying Series-Parallel Relationships

1. R», R;, and R, are in parallel and this parallel combination is in series with both R; and Rs.
Rr=(Ry || R3 || Ra) + Ri + Rs
2. (a) Ry in series with the parallel combination of R, and R;. See Figure 6-1(a).
(b) R, in parallel with the series combination of R, and R;. See Figure 6-1(b).
(¢) R, in parallel with a branch containing R, in series with a parallel combination of four
other resistors. See Figure 6-1(c).
o .
R2
—AMW\—oe R
R, R
R, !
R, § R; N
O \ g e, L
(a) (b) (©
Figure 6-1
3. See Figure 6-2.
Rl
R] R3 RS
R, Ry
R, R, Rg Rs
(a) (b)
Figure 6-2
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4. (@) R, and R4 are in series with the parallel combination of R, and Rj.
Rr=(R, || Ry)+ R+ Ry
(b) R, isin series with the parallel combination of R,, R3;, and R,.
Rr=R; + (R, | R3 || Rs)

SECTION 6-2 Analysis of Series-Parallel Resistive Circuits

5. RT = R1R2
R +R,
Ry = RR: _ (LOKQ)(667Q) _ 00t

R-R, 1.0kQ-667Q

6. Brown, black, black, gold = 10 Q + 5%
Orange, orange, black, gold=33 Q + 5%

Two 10 € resistors are in series with three 33 € resistors that are in parallel.

RAB:IOQ+IOQ+¥:ZOQ+IIQ=31£Z

7. (@ Rr=56Q+22Q+100Q[100Q=56Q+22Q+50Q=128Q
(b) Rr=680Q1330 Q220 Q+680Q=111Q +680 Q=791 Q

8. RT=R1+R5+R2”R3”R4=IOQ+IOQ+IIQ=3IQ
h=l=Is= > =968 mA
31Q

_268mA 4 3mA
V, = Vs = (96.8 mA)(10 Q) = 968 mV
Vo= Vi=V,= (323 mA)33 Q) =107V

9. (3 Rr=128Q
h=2Y C17mA
128Q

11=I4=IT=11.7mA
11.7 mA — 5.85 mA

12=I3=

Vi =LR, = (11.7 mA)(56 Q) = 655 mV
Vo= Vs = IRy || Rs) = (11.7 mA)(50 Q) = 585 mV
Vi= LR, = (11.7 mA)(22 Q) = 257 mV

(b) RT(p)=R2”R3||R4=6809”3309”2209 =1119
RT=RT(p)+R1 =791 Q
3V

It= —— =3.8mA
791 Q

11=IT=3.8mA
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10.

11.

12.

Ry 110.5Q

12 = IT =
R, 680 Q
I Ry I = 110.5Q
R, 330 Q
Ry, 110.5Q

I4 = IT =
R, 220 Q

3.8mA =618 pA

3.8mA =1.27mA

3.8mA =1.91 mA

Vi=LR,=(3.8 mA)(680 Q) =2.58 V
Vo=V;=V,=3.8mA)(111 Q) =420 mV

4.7 kQ
(a) R, || Rs=

=2.35kQ

R4 ” R5 + R3 =2.35kQ +3.3kQ +5.65 kQ
5.65 kQ || Ry = 5.65 kQ [| 2.7 kQ = 1.83 kQ
Ruz = 1.83 kQ || 10 kQ = 1.55 kQ

V, 6V

b)) I=—= =3.87 mA

R, 1.55kQ

(c)  The resistance to the right of AB is 1.83 kQ. The current through this part of the circuit

is /=6 V/1.83 kQ = 3.28 mA.

L=|—2%  hogma
R, +5.65 kQ

I, 1.06mA
15 = ?

(d) V2=VS=6V

From Problem 10, V,=6 V.
V6V
> R, 27kQ

=2.22mA

From Problem 10,

I = 1.06 mA
Is = 530 pA

[ 27kQ
5kQ

=530 pA

I4= I3-I5=IO6IHA—53OMA=530HA
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SECTION 6-3 Voltage Dividers with Resistive Loads

13.  Vour= 56 k2 15V =7.5V unloaded
112 kQ

R.=1.0MQ || 56 kQ = 53 kQ

VOUT = 26 kX 15V =729 V loaded
109 kQ

14.  With no load:

Va= 0.0 k02 12V=8V
9.9 kQ

_(33kQ
P71 9.9kQ

With a 10 kQ2 resistor connected from output A to ground:

Ry = (6.6 k)10 kQ) ~3.98 kO

6.6 kQ+10 kQ

leV =4V

3.98 kQ
7.28 kQ2

With a 10 kQ2 resistor connected from output B to ground:
_ (3.3kQ)10 kL)

VA(loaded) = ( jl2 V=656V

=2.48 kQ
o 133kQ
2.48 kQ
Vbaoaded) = 12V=328V
Hlonded (9.08 kQJ
Refer to Figure 6-3.
3.3kQ
Output 4
_________ |
+ 33kQ i
12V= Output B :
) S l
33kQ I i
- >
10 kQ:::: 10 kQ:‘;:
| 1
I |
<+ L = =
Only one load resistor connected at a time.
Figure 6-3
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15. The 56 kQ load will cause a smaller decrease in output voltage for a given voltage divider
because it has less effect on the circuit resistance than the 10 k€ load does.

16.  With no load:
Rr=10kQ +5.6 kQ +2.7kQ =18.3 kQ
22V

1= =1.2mA
18.3 kQ2

With a 10 k€2 load:

Rr=10kQ + (8.3 k)10 k)
8.3kQ+10 kQ

=14.54 kQ

22V

=—— =151mA
14.54 kQ

SECTION 6-4 Loading Effect of a Voltmeter

17.  The voltmeter presents the least loading across the 22 k€ load.

18. 10 MQ | 1.0 MQ = 909 kO
Vi = ( 909 kQ jmo V= (29909—1‘9}0 V =313V

1.0MQ +909kQ +1.0 MQ 09 MQ

1 MQ
19. Vacr=|——=|100V =333V
ACT (3MQJ

Vu=313V
AV =VACT_VM =333V—313V=2V

20. % V= M 100% = (Mjmo% - 6%
iy 333V

21.  The total resistance of the meter is Ry; = (10 k€/V)(10 V) =100 kQ .
Ry IR, 100 k€[] 100 k€ 50 kQ

= = =33%
Ry IR, +R 100 kQ[100kQ+100kQ 150 kQ

RyllR, 10 MQ {100 k€2 99 kQ

= = =49.8%
Ry IR, +R 10 MQ[100kQ+100 kQ 199 kQ
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SECTION 6-5 The Wheatstone Bridge

R
23. Ry =R,| —2
UNK v(&

J = (18 k€2)(0.02) = 360 Q

2 1

R R 560 Q
24, Runk= Ry| —L|: Ry=Runk| —2 | =390 Q =2184Q
UNK V[R J Y ”N‘{R J [1.0 ij

25, Re= R| R ] =5k 222 _ra3k0
R 15kQ

4

26.  Change in thermistor resistance from 25°C to 65°C.

ARy = 5 Q(65°C — 25°C) = 5 Q(40°C) =200 Q
At 65°C:
R =R, . =1kQ+200Q=12kQ

therm

R .
v, = 2 VS=£10ij9V=4.O9V
R +R, 2.2kQ

R :
V, = 4 VS=(10kgj9V:4.5V
R, +R, 2.0kQ

Vour=V,—V,=45V-409V =041V

SECTION 6-6 Thevenin’s Theorem

27.  Rmu= 100Kk || 22 kQ = 18 kQ Viu = 22 kQ 15V =2.7V
122 kQ
28. (@) Rm=22Q+78Q|147Q=22Q+51Q="73Q
Viu= 8Q 2.5V =867 mV
78 Q+100 Q+47 Q

(b) Rm=100Q270Q= 73Q

VTH= m 3V =811 mV
370 Q

(© Rm=100kQ | 56 kQ = 35.9 kQ

156 kQ
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Via= Vo Vo= [ By [ Ry, (2262 (15KQ1
R+ R, R, +R, 32kQ 3.7 kQ

=344V -203V=141V

Vi, = (LJVM =( 4.7k j1.41V =1.06 V

Ry +R, 6.28 kQ
; Ve _ 106V _ 226 A
R R, 47kQ

SECTION 6-7 The Maximum Power Transfer Theorem

30. Rmu=R||R=100kQ [ 22kQ =18 kQ
RL=RTH= 18 kg

31 RL=RTH=7SQ

32 RTH = 73 Q
Therefore, R, = Rty = 73 € for maximum power transfer.

SECTION 6-8 The Superposition Theorem

33.  Forthe 1V source:
Rr=R/ +R,||R3=100Q +56 Q|| 27 Q=118.2 Q
1V

11820

L= R, I; = S6Q 8.46 mA =5.71 mA (up)
R, +R, 83 Q

=8.46 mA

T

For the 1.5V source:
Rr=R,+R||R3=56 Q+100Q|27Q2=773Q

=22V _94mA
773 Q

L=|—f | = 100€2 1 16 4 mA =153 mA (up)
R +R, 127 Q

Loy =5.71 mA + 15.3 mA =21.0 mA (up)
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34.

For the 1V source:

L= Ry I, = 274 8.46 mA =2.75 mA (up)
R, + R, 83Q

For the 1.5V source:
L =I1r=194mA (down)
I2(tolal) =19.4 mA —2.75 mA =16.7 mA (dOWn)

SECTION 6-9 Troubleshooting

35.

36.

37.

38.

Reg= (680 Q)(4.7 k) ~5040
680 Q+4.7 kQ
Rr=560Q +470Q + 594 Q =1624 Q

The voltmeter indicates 9.84 V.

594 Q
1624 Q

The meter reading is incorrect, indicating that the 680 Q resistor is open.

The voltmeter should read: V = [ le V=439V

IfR,opens: V,=15V,Vg=0V,and Vo= 0V

R, | (R.+R
Vs = | (R, +Ry) ov = [L02K2 )0y _61sv
R, | (R +R)+R 2.62 kQ

The 7.62 V reading is incorrect.

22kQ
Vysa = 618V =425V
22K (3.2 ij

The 5.24 V reading is incorrect.
The 3.3 kQ resistor is open.

(@) R, open:
Vei=15V; Vig=Viz=Vig=Vis=0V

(b) Rz open:
Vis=15V; Ve =Va = Vs =Vis=0V

(c)  Ryopen:
Rr=Ri+R,+R;+ Rs=1.0kQ + 560 Q + 470 Q + 2.2 kQ =4.23 kQ

Va=| Blisve [ 10K N5y isvosssy
R, 423kQ

VR2= &15\/: 56OQ 15V=1.99V
R; 423 kQ
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Vo= | Balisv = [ 202 hsy_167v
R, 423kQ

VR4=VR5= &15V= 22kQ 15V =7.80V
R 4.23 kQ

T

(d) Rsopen:

Rr=R/+R,+R3;+ R, =1.0kQ +560 Q + 470 Q + 3.3 kQ =5.33 kQ
Ve = ﬁ15V= 1O kQ 15V =281V

Ry 5.33kQ
Vio = &15V= >60 0 15V =158V

Ry 5.33kQ
VR3= &15\/: 470 Q2 15V=1.32V

R 5.33kQ
VR4=VR5= &15V= 3.3 k0 15V=9.29V

R; 5.33kQ

(e)  Point C shorted to ground:
Rr=R + R, + R3 =1.0kQ + 560 Q + 470 Q = 2.03 kQ

VR4 = VRS =0V

Ve = ﬁ15V= 1O KO 15V=739V
R; 2.03kQ

VR2= &15\/: 56OQ 15V=4.14V
R; 2.03kQ

Vi = &15V= 4702 15V=347V
R; 2.03kQ

(@)  Ryopen:

Vi = -10 V, Vie= Vg3 =Vis = ov

(b) R, open:
Rr=R;+R;=1.0kQ +3.3kQ =4.3kQ

Ve = - & 10V =— LOKQ 10V =-233V
R 4.3 kQ

T

VR2 = —7.67 V

VR3 = 0 V

Ve = — Ry 10V =—- SELS 10V =-7.67V
R, 4.3kQ
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(c)  R;sopen:
Rr=R;+R;=1.0kQ +3.3kQ =4.3kQ

VRl = —(%JIOV= _(10 kQJlOV =—2.33V

; 43%kQ
VR2 = 0 V
Vrs ==7.67V

Vra = — Ry 10V =—- SELS 10V =-7.67V
R 4.3 kQ

T

(d) Ry shorted:
Rr=R +Ry+R; + R,=1.0kQ + 560 Q + 470 Q + 3.3 kQ =5.33 kQ
VRI = —10 V
VR2=VR3=VR4=0V

ADVANCED PROBLEMS

40.

41.

(a)  The parallel combination of R, and Rj; is in series with the parallel combination of R4 and
Rs. This is all in parallel with R;.

(b) R, and R, are in series with the parallel combination of R; and R,. Also, Rs and Rg are in
series with the parallel combination of Rs and R;. These two series-parallel
combinations are in parallel with each other.

Resistors Rg, Ry, and Ry can be removed with no effect on the circuit because they are shorted
by the pc connection. See Figure 6-4.

These resistors do not affect
the circuit because they are shorted
and can be deleted.
R¢ Rs
4 AWV
1.0MQ 4.7kQ2
R,
33kQ
R,
270 Q
B 2
Figure 6-4
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The circuit is redrawn and simplified as shown in Figure 6-5.

@ Rr=(((((560 @+560 Q) || 1.0 kQ)+ (1.0 kQ+1.0 kQ) | 560 @) || 910 Q) | 56 ©2) | 560
= ((528.3Q+437.5 Q) | 910 Q)+56 Q) | 560 @ =271 Q

b)) I= 00V, =221 mA
271Q

560 Q
O Issa=|—— |1, =(0.516)221 mA = 114 mA
© foa (56OQ+5259JT 016

910 Q+966 Q
(d) Vojpa=15100(910 Q) =(58.7mA) 910 Q =534V
The voltage from point B to the negative side of the battery is

v - ( 437.5Q JVMOQ :(437.5 QJ53.4V a2V

Iooa = [ﬂJ (0.515)114 mA = 58.7 mA

437.5 Q+528.3 Q 966 Q

VAB= ¥ = 12.1 V

56 Q
560 Q2 560 Q —\W\—¢
. » L6 5283 Q
+] 1L.OkQ gl ‘ \
60V — 910Q B 60V = 560 O 910Q |B
- b B 4375Q
23 560 Q Isgo Io1o
A 78 .
1.OKQ 1.0kQ
1 2
56 Q
° ,\M .
+ Is N Is
60V == Isq 560 Q § 469 Q) 60V = Isgo 560 Q § 525 Q)
3 4
Figure 6-5
Rp=22kQ | 2kQ=1.05kQ R, =2.2kQ | 2.05kQ =1.06 kQ
Rr=47kQ + 1.06 kQ =5.76 kQ
= 1.06 k€ 18V=33V
5.76 kQ
V, = 1.05 kQ v, = 1.05 kQ 33V =17V
2.05kQ 2.05kQ
1.0 kQ
Ve= V., =(0.5)(1.7 V) =850 mV
c ( %) j » = (0.5)( )
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The circuit is simplified in Figure 6-6 step-by-step to determine Rr.
Rr=621Q
10V

Ir=11=ly= —— =161 mA

TP T 10

L= 864 2 16.1 mA =8.26 mA
1684 Q

3=1g= 820 16.1mA =7.84 mA

1684 Q

4= 880 Q2 7.84 mA =4.06 mA
1700 Q

5= 820 Q 7.84 mA =3.78 mA
1700 Q

100 Q 220Q

A AoO——
T

100 Q 220 Q 100 Q

100 Q 100 Q

Figure 6-6

Using the currents found in Problem 44:

Vi=ItR; =(16.1 mA)(100 Q) =1.61V
Vo=LR, =(8.26 mA)(820 Q) =6.77 V
Vi=LR; =(7.84 mA)(220 Q) =1.72V
V4= LRy = (4.06 mA)(820 Q) =333V
Vs = IsRs = (3.78 mA)(100 Q) = 378 mV
Vs = IsRs = (3.78 mA)(680 Q) =2.57 V
V7 = V5 =378 mV

Vs = IRg = (7.84 mA)(220 Q) =1.72 V
Vo =ItRy = (16.1 mA)(100 Q) =1.61V
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46.

47.

48.

Resistance of the right branch:

Rr =R, + Rs || Rs + R; + Ry =330 Q + 600 Q + 680 Q + 100 Q = 1710 Q

Resistance of the left branch:

RL=R; + R, =470 Q + 560 Q =1030 Q

Total resistance:

Rr=R,+R.||Re=1.0kQ+642.8 Q=1643 Q
100V

Ir= =60.9 mA
1643 Q

Current in right branch:

L= R, I; = 1030 & 60.9 mA =22.9 mA
R +Ry 2740 Q

Current in left branch:

I = Ry I = 17102 60.9 mA = 38.0 mA
R +Ry 2740 Q

Voltages with respect to the negative terminal of the source:
Va=1LRs=(38.0mA)(560 Q) =213V

Ve =Ir(R7 + Rg) = (229 mA)(780 Q) =179V
Vap=Vy—Vp=213V-179V=340V

Writing KVL around outside loop, and substituting /; = (It — 1 mA):
—220V+(Ur—1mA)47kQ + I+ (33kQ) =0
47kQ+33kQ) 1 =220V +47V

267 V

~80 kQ
Vy= LRy = (3.34mA)(33kQ) = 110 V
I = (Ip— 1 mA) = 2.34 mA
Vo= Vs— V=220V —110V=110V
v, 110V
R2= — =
I, 1.0mA

It =3.34 mA

=110 kQ

Re_onp=Re=1.0kQ

Ry oo = (Rs + Re) || Ra =2 kQ || 2.2 kQ = 1.05 kQ

Ry _owp = (Rs + Ry _up) || Ra = 2.05 kQ || 2.2 kQ = 1.06 kQ
Rr=Ry + Ry _onp = 5.6 kQ + 1.06 kQ = 6.66 kQ

Va= 1.06 ke 18V=286V
6.66 kQ

Vp= 105 kO 286V=147V
2.05 kQ

Ve= LOKQ 1.47V =735 mV
2 kQ
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49.  I...=100mA
Rr= 24V =240 Q
100 mA

(&Jm V=6V

T

24R2 = 6RT

g, = 6240 Q)
24

R =140 Q —-60Q =180 Q

With load:

Ry || R, =60 Q || 1000 Q = 56.6 Q

Vour = ﬁ 24V =574V
180 Q+56.6 Q

=60 Q

50.  Refer to Figure 6-7.
10V

Rr=— =2KkQ
SmA

Ri=R,+R;

Ry=R;

R =2R,

R, +2R, =2kQ

2R, + 2R, =2 kQ

4R, =2 kQ

R2:R3:5009

R1:R2+R3:10009

With 1 k€ loads across the 2.5 V and the 5 V outputs:

. :(( (R, IR, +R,)IIR, JVS

Ry IR +R) IR, +R
_( (500 |1 kQ +500 Q) |1 kQ J v

(500 ©]|1 kQ +500 Q)[|1 kQ+1kQ

_[ 455 Q

—)10V=3.13V
455 Q +1kQ
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51.

v, Z(ijﬁ(&}gm:mv

R, |1 kQ+R, 333 Q + 500 Q
5SmA
+
v =
5V
Figure 6-7

Refer to Figure 6-8(a).
With the 2 V source acting alone:

Ry =1.96 kQ
2V

~ 1.96 kQ
/- ( 22kQ

=1.02 mA

T

2.2 kQ+1.69 kQ

I = 1.0 kQ
T 1.0kQ+2.2kQ
Refer to Figure 6-8(b).

J1.02 mA =577 pA

J577 UA = 180 A up

With the 3 V source acting alone:

Ry =1.96 kQ
3V

~ 1.96 kQ
g:( 1.69 kQ

=1.53 mA

T

2.2 kQ+1.69 kQ
Isqony = 665 LA + 180 pA =845 pA

J1.53 mA = 665 A up
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955 Q) 1.69kQ 688 Q

(a) Rp=1.96 kQ (b) Ry =1.96 kQ

Figure 6-8

X | 169KkQ - s— A
: —————————————————————— I |:|r ————— ol : 955Q 1
LOKQ T 10K ! 688 O Ly} 1.0kQ :I»OkQ:I __________ : N
A d |
i |:: L 153mA | |
I Iy I I
: " | E|oe i
! Ly I 1 2 22kQ]
I 1l 1 i |
| I || —=—=3V
i . -L - IT
| 5
|

52.

Using Superposition:

Current from the 12 'V source:
Rr=220Q + 100 Q|| 560 Q || 100 Q || 820 =220 Q +43.5 Q =264 Q

12V

Ir= ——— =455mA
264 Q
43.5Q
= 45.5 mA =2.41 mA
K ( 820 Q j (up)

Current from the 6 V source:
Rr=100Q +220 Q560 Q|| 100 Q || 820 Q=100 Q + 57 Q =157 Q

L=V _382maA
157 Q
57Q
I, =| 2122 1382 mA =2.66 mA
R (820 Qj (vp)

Current from the 10 V source:
Rr=560Q +220 Q| 100 Q || 100 Q || 820 £ =560 Q + 38.8 =599 Q

=22V i67mA
599 Q
8Q
R = 38.8 16.7 mA =0.79 mA (down)
- 820 Q

Current from the 5 'V source:
Rr=100Q +220 Q1 100 Q|| 560 Q || 820 =100 Q + 57 Q =157 Q
5V

Ir=——=31.8mA
157 Q

7Q
I, = 5— 31.8 mA =2.21 mA (down)
- 820 Q

=241 mA + 2.66 mA — 0.79 mA - 2.21 mA =2.08 mA (up)

IRL(total )
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53. Refer to Figure 6-9(a).
Ry =2.65kQ || 2.35 k€ = 1.25 kQ
Refer to Figure 6-9(b).
[ 1.69 kQ
e (6.39 kQ
Refer to Figure 6-9(c).

JSOV =132V

11.3kQ

Vy= ( 10 kO J13.2V =117V

R, || Rs
® * 0 A 0 A
1.65 kQ
R, Ry Rg R+ R, || Rs Ry || Rg
1.0kQ 47kQ < 47kQ 2.65 kQ 235kQ
* . oB o B
(@)
Ry ——o4 Ry [IRs Ry [
4.7kQ 1.65kQ 4.7 kQ
Rq Vig R |(Ry + Ry || Rs)
. 47kQ R, . 1.69 kQ
=_50V ¢——oB8 1.0kQ =50V l
: T
(b)
Rrn A
Wy
1.25kQ
pall R,
Vin = 132V 0kO
© B
Figure 6-9
54. (a) When SW2 is connected to +12 V, the voltage at the junction of R3, R4, and Rs is
24 kQ |/ 26.4 kQ .
V,= ” = wl2V=4.l3V
24 kQ+(24 kQ | 26.4 kQ) 36.6 kQ
The voltage at the junction of Rs, Rg, and R; is

24kQ |36 kQ

Ve [12 kQ+(24kQ |36 kQ)J : 2(36.41@

24 KQ
Vour = v
ot [36 ij .

24 kQ
36 kQ
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(b)  When SW1 is connected to +12 V, the voltage at the junction of R, R,, and R; is

24 kQ || 24.6 kQ
Vi= { ” J12V=[12'IKQJIZV=4.02V

24 kQ+(24 kQ [ 24.6 Q) 36.1kQ

The voltage at the junction of R3, R4, and Rs is

- 24kQ | 24.4kQ 1=(12.6k9j4‘02V:2‘08V
12kQ+(24 kQ | 24.4kQ) 24.4kQ

- 24kQ | 14.4kQ 22(@)208\/:1‘13\]
12kQ+(24 kQ | 14.4kQ) 26.4kQ

Vour = 24kQ V, = 24kQ 1.13V =0.75V
36 kQ 36 kQ

55.  See Figure 6-10.

Re Ry
B MWN———AWNV—
56 kQ 3.9kQ

R, Ry
A—— M ———— A ——
33kQ 22kQ
Figure 6-10

56.  See Figure 6-11.

Figure 6-11
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57.

58.

Position 1:
Rr =10k + 30 kQ || 330 kQ = 10 k€ + 27.5 kQ = 37.5 kQ
V.= 275 kQ 120V=88.0V
37.5kQ
V,= M 88.0V=58.7V
30 kQ
Vi = w 88.0V=293V
30 kQ
Position 2:

Rr =20k +20 kQ || 330 kQ = 20 k€ + 18.9 k€ = 38.9 kQ

v, = 10KQ+189KQ ) eo 1y
35.5kQ
Vo= 1BIKQ ) yvossav
38.9 kQ
V= 10kQ \se rvo201 v
20 kQ
Position 3:
Rr=30kQ + 10 kQ || 330 kQ = 30 kQ + 9.71 kQ = 39.7 kQ
v, = 20kQ+9.71kQ) gy
39.7 kQ
v, = 10kQ+971KQ ) s ey
39.7 kQ
V= ITIKL ) v =293V
39.7 kQ
R
(@ V,=|—2— VDDz( 260 kO jl6V=3.25V
R +R, 2.2 MQ + 560 kQ
Vs=325V-15V=175V
Vop = Vi -3.
by 1, =l o _l16V 325V=5.80uA

(©)

R, 22 MQ
I,=1, =5.80 pA

Vo=Vpp—IpRp =16V - (167 uA)(4.7kQ)=16 V-0.783 V=152V
Vps=Vp—=Vs=152V-025V=1497V=150V
Voe—=Vp—Vs=152V-175V=1347V=135V
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The circuit is redrawn in Figure 6-12.
The meter reading at point A should be:

Va= ok 150V =563V
16 kQ

The meter reading of 81.8 V is incorrect. The most likely failure is an open 12 k€2 resistor.
This will cause the voltage at point A to be higher than it should be. To verify, let’s calculate
the voltage assuming that one of the 12 k€ resistors is open.

22 kQ
Now check V5:

V= [2'2 kngSOV =423V

Vi= [12 kQ JISOV 81.8 V.  This verifies an open 12 kKQ.

This meter reading is correct.

= 150V

§R2 R,
12 kQ 12 kQ

Figure 6-12

The circuit is redrawn in Figure 6-13.
Ryc = (10 k€ + 47 kQ)(100 k) ~363 KO
10 kQ +47 kQ+100 kQ
Rac =33 kQ + Rps =33 kQ + 36.3 kQ = 69.3 kQ

Ry =Ry =27k =693 kQ + 27 kQ = 96.3 kQ

Vac = [%}SV = (69 3kgjlgv =1295V

T 96.3kQ
Vg = Rag. 18V = (36'31(9)18V =679V
R; 96.3kQ
Veg = ﬂ Vi 47 kQ 6.79V=5.60 V correct
57 kQ 57kQ

VAC = VAG - VCG =1295V-5.60V =735V correct
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61.

62.

63.

L
o

o+

® §100k§2

Figure 6-13

The 2.5 V reading indicated on one of the meters shows that the series-parallel branch
containing the other meter is open. The 0 V reading on the other meter shows that there is no
current in that branch. Therefore, if only one resistor is open, it must be the 2.2 kQ.

The circuit is redrawn in Figure 6-14.
The resistance from point A to ground is
R;=12KkQ || 8.2 k€ = 4.87 kQ

Va= [ 487 kO JSOV =[%J3OV =153V

4.7kQ+4.87 kQ 9.57 kQ
The meter reading of 15.3 V at point A is correct.

V= (3'3 kQJ3OV =111V

8.9 kQ

The meter reading of 30 V at point B is incorrect. Either the 5.6 kQ resistor is shorted or the
3.3 kQ resistor is open. Since resistors tend to fail open, the 3.3 kQ is most likely open.

4.7kQ

30V

12kQ 8.2kQ

Figure 6-14

VA = 0 V

V= R 30V=(3'3kQJSOV:11.1V
R+ R 8.9kQ
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Multisim Troubleshooting Problems

64.

65.

66.

67.

68.

69.

70.

71.

R; is open.
R, is shorted.
R, is open.
No fault

Rg is open.
R, is shorted.
R; is open.

In fact, Rs is shorted, but it must be removed from the bridge before that can be determined.
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CHAPTER 7
MAGNETISM AND ELECTROMAGNETISM

BASIC PROBLEMS
SECTION 7-1 The Magnetic Field

1. Since B= %, when A increases, B (flux density) decreases.

5 g ¢ _ 1500 Wb

= T 3000 uWb/m” = 3000 uT
Dm

3. B=

> x|

There are 100 centimeters per meter. (1 m/100 cm =1 m?/10,000 cm?
2

A=150 cn?| — | Z 0,015 m?
10,000 cm

¢=BA = (2500 x 107° T)(0.015 m*) = 37.5 uWb

4. 10°G=1T
(0.6 G)(1 T/10* G) = 60 pT
5. 1T=10*G

(100,000 uT)(10* G/T) = 1000 G

SECTION 7-2 Electromagnetism

b

6. The compass needle turns 180°.
7. W= L
Ko
Lo = 41 x 107 Wb/At-m
_ 750x107° Wb/Atm
47 %107 Wb/At-m
8. o= L= _ 028m — =233x 10° At/Wb
HA  (150x107" Wb/Atm )(0.08 m*)
F,,=NI = (500 t)(3 A) = 1500 At
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SECTION 7-3 Electromagnetic Devices

10. When a solenoid is activated, its plunger is retracted.

11. (a) An electromagnetic force moves the plunger when the solenoid is activated.
(b) A spring force returns the plunger to its at-rest position.

12. The relay connects 49 V to pin 2 turning on lamp 2 and turning off lamp 1.
13. The pointer in a d’ Arsonval movement is deflected by the electromagnetic force when there is
current through the coil.

SECTION 7-4 Magnetic Hysteresis

14. F,, = 1500 At
_F, _1500At

m

) 0.2m

=7500 At/m

15. The flux density can be changed by changing the current.

F, _ NI 5000025 A)

16. (a9 H=-12% =417 At/m

[ [ 0.3m
NI
b) gp= tm =
(b) ¢ R (ZJ
UA
Hr'zi
Mo

W= = (250) (4 x 107) = 3142 x 107’ Wb/At-m
A = (2 cm)(2 ecm) = (0.02 m)(0.02 m) = 0.0004 m*

. (500 1)(0.25 A) _ 1256At 52,3 Wb
0.3m 2.39x10° A/Wb
(3142x107)(0.0004 m*)
© B=2- M = 130,750 uWh/m’
A 0.0004 m

17. Material A has the most retentivity.

SECTION 7-5 Electromagnetic Induction

18. The induced voltage doubles when the rate of change of the magnetic flux doubles.
19. Iinduced = Vinduced = 100 mv =1mA
R 100 Q
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20. The magnetic field is not changing; therefore, there is no induced voltage.

-3
)l B= 22 1.24 %10 \sz
A (0.085 m)
b Vid 44 mV
" Blsin® (0.172 T)(0.085 m)(sin 90°)

=0.172 Wb/m*=0.172 T

=3.02 m/s

22. (a) Positive (with respect to other end).

(b)  The induced force will oppose the motion; it is downward.

SECTION 7-6 DC Generators

P
23. efficiency = ;“t =0.80
P
Pp= = =—45 W =563W
0.80 0.80

24 IA=IF+IL=1A+12A=13A
25. (@ P=IV =(12A)(14V)=168 W

(b)) P=IVv=(1.0A)(14V)=14W

SECTION 7-7 DC Motors

26. (a) P=0.015Ts=0.105(3.0 N-m)(1200 rpm) = 378 W

® 3718 W[ | _ .51 hp
746 W
P
27. Pp=62W; P, =50W. efficiency = —*- = OW =80.6%
P 62W

n

ADVANCED PROBLEMS

28. 60 rev/s x 2 peaks/rev = 120 peaks/s
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29.  The output voltage has a 10 V dc peak with a 120 Hz ripple. See Figure 7-1.

10V -

0

Figure 7-1

Multisim Troubleshooting Problems

30.  Upper lamp is open.
31. Thedesign is flawed. 12 V is too little voltage to operate two 12 V relays in series but 24 V is

too much to operate a 12 V lamp. Install a separate 12 V power supply for the lamps and
change the 12 V to 24 V for the relays.
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CHAPTER 8
INTRODUCTION TO ALTERNATING CURRENT AND
VOLTAGE

BASIC PROBLEMS

SECTION 8-1 The Sinusoidal Waveform

=

1
1 a =—= = 1Hz
(@ f T~ 1s
1 1
b =—= = S5Hz
® s T 0.2ms
(c) f—l— I = 20 Hz
T 50ms
1 1
d =—=——=1KkHz
@ f 7 = Tms
1 1
e f=—= = 2 kHz
T 500us
® f—l— ! = 100 kHz
T 10us
2. (a) Tziszls
f 1Hz
1 1
b)) T=—= = 16.7 ms
f 60Hz
©) T=i= ! = 2ms
f  500Hz
(d) T=i= ! = 1ms
f 1kHz
(e) T:l: ! = Sus
f  200kHz
1 1
® T=—= = 200 ns
f  5MHz
3. T:&=2u
Scycles
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1 1

4. T=—= =20 us =0.02 ms
f 50kHz
10 ms .
=500 cycles in 10 ms
0.02 ms
5. T= e = ! =100 pus
f 10kHz

(100 ps/cycle)(100 cycles) = 10 ms

SECTION 8-2 Voltage and Current Values of Sine Waves
6. (@)  Vim=0.707V,=0.707(12 V) = 848 V
(b) V,,=2V,=2(12V)=24V

©  Vave= (EJVP = (Ejlz V =7.64V
T T

7. (@ I,=1414l,=1414(5 mA) =7.07 mA
(b)  Iavg=0.63711,=0.637(7.07 mA) = 4.5 mA
() I,=2I,=2(7.07 mA)=14.14 mA

8. V,=25V
V,,=2V,=50V
Vs = 0707V, =177V
Vavg = 0.637V, =159 V

9. (@ 177V (b)y 25V © 0V d -177V
SECTION 8-3 Angular Measurement of a Sine Wave

10. (@ 175V (by 25V (c) OV
11. 6=45°-30° = 15° waveform A leading
12.  With respect to 0°: Sine wave with peak at 75° is shifted 15° leading. Sine wave with peak at

100° is shifted 10° lagging.
Phase difference: 8= 100° — 75° = 25°
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13.

14.

15.

SECTION 8-4 The Sine Wave Formula

16.

See Figure 8-1.

A/X\B
7 A\
Figure 8-1

mrad

(a) %X 30° =0.524 rad
180°

® T2 45020785 rad
180°

© T g 1.36 rad
180°

@ 13502236 rad
180°

© 5000 = 3.49 rad
180°

@ 2 3000 = 524 rad
180°

TC

(a) X 57.3°/rad = 22.5°
8rad

(b) —F—x57.3°rad = 60°
3rad

T

(c) X 57.3%rad = 90°
2rad

@ = 57.3%ad = 108°
Srad

© O« 573%%ad = 216°
Srad

@ LB 57 39/ad = 3240
rad

V,=141420 V) =28.28 V

(a) v=V,sin®=(28.28 V)sinl5° =732V
(b) v=(28.28 V)sin33°=154V

(©) v=(28.28 V)sin 50° =21.7 V

(d)  v=(28.28 V)sin 110° =26.6 V
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17.

18.

19.

20.

(e) v=(28.28 V)sin 70° = 26.6 V
)  v=(28.28 V)sin 145° =162V
(g) v=(28.28 V)sin 250° = —26.6 V
(h) v=(28.28 V)sin 325°=—-16.2 V

(a) i=1,s1in0= (100 mA)sin 35° = 57.4 mA
(b) i=(100 mA)sin 95° = 99.6 mA

(¢) =100 mA)sin 190° =-17.4 mA

(d) i=(100 mA)sin 215° =—-57.4 mA

(e) i=(100 mA)sin 275° =-99.6 mA

() i=(100 mA)sin 360° = 0 mA

V,=1414V,, = 1.414(637V) =9V

T
a — =22.5°
(a) g

v=(9V)sin22.5°=3.44V

(b) =45°

I N PS

=9 V)sin45°=6.36 V

(c) =90°

(SN

y=9V)sin90°=9V
31
d — =135°
(d) 1
vy=(9 V)sin 135°=6.36 V
(e) m=180°
v=(9 V)sin 180° =0V
3n
— =270°
() 5
v=(09 V)sin270°=-9V
(&) 2m=360°
v=(9 V)sin 360° =0V

y = (15 V)sin (30° + 30°) = 13.0 V

v =(15 V)sin (30° + 45°) = 14.5 V
v=(15 V)sin (30° + 90°) = 13.0 V
v=(15 V)sin (30° + 180°) =—7.5 V
v = (15 V)sin (30° + 200°) =—11.5 V
y = (15 V)sin (30° + 300°) = =7.5 V

v=(15V)sin (30°-30°) =0V

v = (15 V)sin (45° - 30°) =3.88 V
v = (15 V)sin (90° - 30°)=13.0 V
v = (15 V)sin (180°-30°) =75V
v = (15 V)sin (200° - 30°) = 2.60 V
v = (15 V)sin (300°-30°)=-15 V
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SECTION 8-5 Analysis of AC Circuits

Vv
21. (@) Ime= 0.707| £ | =0.707 10V
R 1.0 kQ

j =7.07 mA

(b)  Iavg =0 A over a full cycle.
10V
c I,=— =10mA
© & 1.0kQ
(d 1,=2(10mA) =20 mA
(e) i=1,=10mA

22, Voemy=Va—V3=65V-30V=35V
Vo = 1.41435V) =495V
Vaave) = 0.637(49.5 V) =315V
Viemsy = Vo= V4=120V =65V =55V
Vipy=1.414(55 V) =77.8 V
Viiave) =0.637(77.8 V) =495 V

16V 16V
R, 1.0kQ

1
Lims = 0.707 (%J = 0.707(

23. 1, = 16 mA

16 mA

J =5.66 mA

Vra = LRy = (5.66 mA)(560 Q) =3.17 V rms
Applying Kirchhoff’s voltage law:

Vri+ Ve + Vrs + Vra =V

0.707(8 V) + 5V + Vs + 3.17 V=0.707(30 V)
Vs =2121V-566V-5V-317V= 738V

24, V,=(1.414)(10.6 V)= 15V
Viw =24V +V, =39V
Viin=24V -V, =9V

25. V,=(1.414)3V)=4.242V
VDC = Vp = 4.24 V

26 Vm,‘n=VDC—Vp=5V—6V=—1V
SECTION 8-6 Alternators (AC Generators)

27.  f=number of pole pairs X rev/s = 1 X 250 rev/s = 250 Hz

28.  f=number of pole pairs X rev/s

rev/s = M = 60 rev/s

60 s/min
f=2 pole pairs x 60 rev/s = 120 Hz
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29.

30.

N=

f _ 400 Hz
pole pairs 2

rev/s = =200 rps

120 120(400 Hz)
s 3000 rpm

=16 poles

SECTION 8-7 AC Motors

31.

32.

A one-phase motor requires a starting winding or other means to produce torque for starting the
motor, whereas a three-phase motor is self-starting.

The field is set up by current in the stator windings. As the current reaches a peak in one
winding, the other windings have less current and hence less effect on the field. The result is a
rotating field.

SECTION 8-8 Nonsinusoidal Waveforms

33.

34.

35.

36.

37.

t,=3.5ms — 0.5 ms =3.0 ms
tr=16.0ms — 13 ms = 3.0 ms
tw=14.5 ms — 2.5 ms = 12.0 ms
Amplitude =5V

(@) % duty cycle = (fljloo% _[ 18 Y009 = 25%
T 4 us

20 ms
ms

() % duty cycle = (%}00% - ( j100% = 66.7%

(@)  Vayg = baseline + (duty cycle)(amplitude) =—1 V + (0.25)(2.5 V) =—0.375 V
(b) Vavg=1V+(0.6H)3V)=3.01V

(@ f= 4L = 250 kHz

us
b) f= L _333m
30 ms
(@) f= L 50kHz
C20ps
1
b) f= =10H
® 7= 00 ‘
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38. f= l = !
T 40ps
3rd harmonic = 75 kHz
5th harmonic = 125 kHz
7th harmonic = 175 kHz
9th harmonic = 225 kHz
11th harmonic = 275 kHz
13th harmonic = 325 kHz

=25kHz

39. fundamental frequency = 25 kHz

SECTION 8-9 The Oscilloscope

40. Volts/div=0.2 mV; Time/div =50 ms

V, = Volts/div X Number of divisions = 0.2 V/div x 3 divisions = 0.6 V
T = Time/div X Number of divisions = 50 ms/div X 10 divisions = 500 ms

41, V,=06V
Vims = 0.707V, = 0.707(0.6 V) = 0.424 V

T =500 ms
f: l = 1 = 2 HZ
T 500ms
42.  V,=Volts/div X Number of divisions = 1 V/div 2.2 divisions =2.2 V
Vims =0.707V, =0.707(2.2 V) =1.56 V
T = Time/div X Number of divisions = 0.1 pus/div X 6.8 divisions = 0.68 us
f=l= ! =1.47 MHz
T 0.68us
43.  Amplitude = Volts/div X Number of divisions = 0.5 V/div X 2.8 div=14V
tw = Time/div X Number of divisions = 0.1 s X 1.2 div=0.12 s =120 ms
T = Time/div X Number of divisions = 0.1 s X 4 div = 0.4 s =400 ms
% duty cycle = | - 1100% = [ 1221 Y 00% = (0.3)100% = 30%
T 400 ms
ADVANCED PROBLEMS
44. t= i = ! =0.455 ms
f  2.2kHz
Att=0.12 ms:
= [ Q12mS e 0400
0.455 ms

p=A2 (25 V)sin 94.9° = (35.36)sin 94.9° =352V
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45.

46.

47.

48.

49.

Attr=0.2 ms:
[ 0.2ms
0.455 ms

y=12 (25 V)sin 158.2° = (35.36)sin 158.2°=13.1 V
Av=352V-13.1V=221V

j360° =158.2°

Voo 200V 4150V 350V

Imax = R — - = 2.38 A VL V)
R, 100Q+47Q 147Q
238
R 100 Q
Vave= Ve = | =L Voo =| —— [200V =136 V
ave T Tbe [RTJ B [147 Qj

136

See Figure 8-2.

34

Figure 8-2

Average value = area under curve/period
OV+1V+2V+3V+4V+5V+6V)(Ims) 21V -ms

7 ms 7 ms

=3V

VAVG =

(a) 2.5 cycles are displayed.
(b)y V,=2V/ivx28div=5.6V, V,,,=0.707(5.6 V) =3.96 V

(¢) T=4divx20 ps/div=_80 us, f:lz ! =12.5 kHz
T 80us

See Figure 8-3.

Figure 8-3 Figure 8-4

See Figure 8-4.
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50.

51.

Voimy = (1 div)(5 V/div) = SV
T;, = (2 div)(0.1 ms/div) = 200 pus
1
Jin=
200 pus
R, =560 Q + (470 Q || (560 Q + 470 Q)) =560 Q + 323 Q=883 Q

,o 470 Q 33Q),  _(470Q323Q)  _eae v
" 470 Q+560Q )\ 883Q ) " 11030 Q )| 883 Q

Jour=fun=5SkHz
The scope display for channel 1 shows five cycles of the output waveform with the peak being
0.835 division high relative to the zero crossing of the sine wave.

=5kHz

Viou = (0.2 V/div)(3 div) = 0.6 V
T, = (10 div)(50 ms/div) = 500 ms

1
out = _ =2Hz
T = 500 ms

Voo 1.0 kQ 1.0KQ || (22kQ+1.0kQ)
" {10kQ+22kQ | LOKQ+1.0kQ [22kQ+1.0kQ) | "™

762 Q
= (0313)(1'76%)‘/[7(!”) = 0135Vp(tn)
4
V= 200 2 00V _ 4 44y
0.135 0.135
Jin=fou=2Hz

Multisim Troubleshooting Problems

52.

53.

54.

55.

56.

V,=353V; T=1ms

R; is open.

R, is open.
Amplitude=5V; T=1ms

No fault
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CHAPTER 9
CAPACITORS

BASIC PROBLEMS

SECTION 9-1 The Basic Capacitor

Q _50uC

. @ c==2=2M_g5,p
V.10V
() Q=CV=(0.001 uF)(1 kV) = 1 pC
© v=2-2mC _jov
C  200pF

2. (a (0.1 uF)(10° pF/uF) = 100,000 pF
(b)  (0.0025 uF)(10° pF/uF) = 2500 pF
(¢) (5 uF)(10° pF/uF) = 5,000,000 pF

3. (a) (1000 pF)(10™° uE/pF) = 0.001 uF
(b) (3500 pF)(10™° uF/pF) = 0.0035 pF
(¢) (250 pF)(10°® uF/pF) = 0.00025 pF

4. (a) (0.0000001 F)(10° uF/F) = 0.1 uF

(b)  (0.0022 F)(10° uF/F) = 2200 uF
(¢)  (0.0000000015 F)(10° uF/F) = 0.0015 pF

5. W= (lJCW

2
_ 2_W_ 2(10mJ)
V: (100 V)*
_12 2 —12
6. C= Aeg, (8.85x107° F/m) _ (0.002 m~)(5)(8.85x10""“ F/m) —1.39 nF
d 63.5 pm
—12
7 C= Ag,(8.85x107 7 F/m)
d
2 —12
_ (0.1 m*)(1.006)(8.85x10™"“ F/m) —885% 107 F=88.5 pF
0.0lm
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_ A&,(8.85x107%)
d

A= Cd = ((8x107) = 3.6x10°m’
£,(8.85x107%) (2.5)(8.85x107"?)

l=\/z=\/3.6><106 2 =1.9%10° m (almost 1.2 miles on a side)

8. C

The capacitor is too large to be practical and, of course, will not fit in the Astrodome.

-12y - (0.09)(2.5)(8.85x107"
o, o Ae@85x10™) (00 I )=24.9nF=0.0249pF

d 8.0x107°

10. AT=50C°
(=200 ppm/°C)50 C° = —10,000 ppm

1x10° 3
AC = | —— |(=10x10* ppm) =—10 pF
£1><106J( ppm) p

Cys» = 1000 pF — 10 pF = 990 pF

11. AT=25C°
(500 ppm/°C)25 C° = 12,500 ppm
(1 x 10° pF/uF)(0.001 uF) = 1000 pF

AC = (110;)0 J 12,500 ppm = 12.5 pF
X

06
SECTION 9-2 Types of Capacitors

12.  The plate area is increased by increasing the number of layers of plate and dielectric materials.
13.  Ceramic has a higher dielectric constant than mica.

14.  See Figure 9-1.

W———3
R,
. +
Vs = R, ==C
B
Figure 9-1
15. (a) 0.022puF (b) 0.047 uF (c) 0.001 uF (d 22pF

16.  Aluminum, tantalum; electrolytics are polarized, others are not.
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17. (a) Encapsulation
(b)  Dielectric (ceramic disk)
(c)  Plate (metal disk)
(d) Conductive leads

SECTION 9-3 Series Capacitors

_ 1000 pF

18.  Cp = 200 pF
1
19 @ Cr=————=069pF
7+7
1uF  2.2uF
b) Cr= ! = 69.7 pF
TS 1 P
+ +
100pF  560pF 390 pF
© Cr= ! = 2.6 pF
= 1 1 oK

+ + +
10uF 4.7uF 47uF 22uF

20. (a) Cr=0.69uF
Vigr = ( Cr JlOV = (0'695}10\/ =69V

1 uF 1w
Vo= | 2R oy _313v
22 uF

(b) Cr=69.7pF
69.7 pF

Vioopr = 100 pF 100V =69.7V

Vseopr = 6596(3—})15 100V=124V
p

V300pF = 6399(3—1)15 100V =179V
p

(¢) Cr=26uF
Viour = 2.6uF 30V=78V
10 uF
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Vi = | 224 3oy 168 v
4.7 uF

V47HF = (ﬂsto V= 1.68 V

V22HF = (—FJ3O V= 3.59 V

2. Or=01=0,=03=04=10nuC

v,= & _10C 3y
C, 47uF

0 _10iC _ 0
C, IuF

=S _0C sy
C, 22uF
C, 10uF

SECTION 9-4 Parallel Capacitors
22. (a) Cr=47pF+ 10 pF + 1000 pF = 1057 pF
(b)  Cr=0.1uF+0.01 uF + 0.001 uF + 0.01 uF = 0.121 pF

23. Cr=C,+C,=22uF+33uF=55yF
Or=CrV=(55uF)(5V)=275uC

24.  Use four 0.47 UF capacitors and one 0.22 UF capacitor in parallel:
Cr=4(0.47 uF) + 0.22 uF = 2.1 puF
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SECTION 9-5 Capacitors in DC Circuits

25.

26.

27.

28.

29.

30.

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

(a)
(b)
(©)
(d)

7 =RC = (100 Q)(1 uF) =100 ps

7 = RC = (10 MQ)(56 pF) = 560 us

7 = RC = (4.7 kQ)(0.0047 uF) = 22.1 us
7 =RC = (1.5 MQ)(0.01 uF) =15 ms

57 = 5RC = 5(47 Q)(47 uF) = 11.04 ms
57 = 5RC = 5(3300 ©)(0.015 pF) = 248 s
57 = 5RC = 5(22 kQ)(100 pF) = 11 pis

57 = 5RC = 5(4.7 MQ)(10 pF) = 235 pis

7 =RC = (100 Q)(1 uF) = 10 ps

(a)
(b)
(©)
(d)
(e)

ve=15V(1 =) =15V — '™ = [5V(1-¢") =948V
ve=15V(1 - =130V
ve=15V(1 - =143V
ve=15V(1l-eH =147V
ve=15V(1 -7 =149V

7 =RC=(1.0kQ)(1.5 uF) = 1.5 ms

(a)
(b)
(©)
(d)

(a)
(b)
(©)

(a)
(b)
(c)

ve=Vie "€ =257 I = 05071 = 9.2V
ve=Vie =25 = 2507 = 1,24 V
ve=Vie " =25¢ ™1™ = 2507 = 458 mV
ve=Vie " =25¢7™19™ = 2507 = 168 mV

ve=15V(1 =Y =15V1 =) = 15V(1 =) =272V
ve=15V(1 =M1 = 15 V(1 - ™) =5.90 V
ve=15V(1 ="My = 15 y(1 - ¢ ) =117V

VC — Vie—t/RC — 256—0.5m5/1.5ms — 256—0.33 — 18-0 V
VC — Vie—t/RC — 256—1m5/1.5ms — 256—0.67 — 12.8 V
Ve = ‘/ie—t/RC — 25672ms/1.5ms — 25671.33 — 6.61 Vv

SECTION 9-6 Capacitors in AC Circuits

31.

(a)

(b)

(c)

(d)

= ! =339 KQ
2nfC 2m(10 Hz)(0.047 uF)
Xe= — = ! = 13.5kQ
2nfC  2m(250 Hz)(0.047 uF)
XC = ! = I = 677 Q
2nfC  2m(5 kHz)(0.047 uF)
! ! 3390

“T 2mfC ~ 2m(100 kKH2)(0.047 uF)
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1 1
= = = 3.
2nfC  2m(1kHz)(0.047 uF)
(b) Cr=10puF+ 15 uF=25pF
1

32. (a) XCT 39 kQ

XCT = = 6.37 kg
2n(1Hz)(25 uF)
1
(© Cr=——— =05uF
- 4+
IuF 1uF
XCT = ! = 5.31 kg
21(60 Hz)(0.5 uF)
1 1
33, Xa = = = 1.42 kQ
2z fC,  27(2 kHz)(56 nF)
X ! ! =970 Q

T 27/C,  27(2 kHz)(82 nF)
Xcer=Xc1+ X = 1.42 kQ + 0.97 kQ = 2.39 kQ

1 1

= = = . F
Cr 1 I I 333n

—+— +

¢, C, 56nF 82nF

56 nF

3nF
v@:( )vs=(333n )10V:4.06V
2

82 nF

—(33‘3 “F)lov =594V

34. (a) ForXecr=100Q:

1 1
I= 2MX ., C 2m(100 Q)(0.047 UF)
For X¢r=1kQ:

1 1
f= 2X o C 2m(1 kQ)(0.047 UF)

=33.86 kHz

=3.386 kHz

(b)  For X¢r=100 Q:

e 1 3 1
2nX C  2m(100 )(25 uF)
For X¢r=1kQ:

P 1
2MX o, C  27m(1kQ)(25 UF)

=63.7Hz

=6.37 kHz
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(¢) For X¢r=100 Q:

R ! = 3.18 kHz
2nX o C 21100 £2)(0.5 uF)
For X¢r= 1 kQ:
f= ! = ! =318 Hz
2mX ., C 2m(1 kQ)(0.5 uF)
35. Xc= Vi = 20V =0.2kQ=200Q
1 100 mA

ms

36 Vrms = IrmsXC
1

XC = = 3
21(10 kHz)(0.0047 UF)
Vims = (1 mA)(3.39kQ) =3.39 V

39 kQ

1
- 2nfC
Ptme = 0 W
P,= 1} .X.=(1 mA)*(3.39 kQ) = 3.39 mVAR

rms

=3.39kQ

37.  Xc

SECTION 9-7 Capacitor Applications

38.  The ripple voltage is reduced when the capacitance is increased.

39.  X((bypass) 1deally should be 0 € to provide a short to ground for ac.

ADVANCED PROBLEMS

40.  Vy= (&JVS

CX

Cr= Y _AUOBV) 5 o67 1p
v 12V

ce=| Sy, :(MJHV:Z;LF
V, 4V
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41.

42.

43.

44.

In(e %) = h{KJ
_ (LJ = ln(lJ
RC v,
t=—-RC IH{KJ
VI.
3V
t=—(1.0 kQ)(1.5 uF) 1n(ﬁj =3.18 ms

v = VF(l _ eft/RC)
—t/RC

v=Vr—V¢e
VFe—I/RC — VF —v
ore_ Vemv v
VF F
In(e ) = In| 1- 2
VF

8V
1 =—(10 kQ)(0.001 uF)In| 1 - —— | =7.62
( X u)n( 15VJ Hs

Looking from the capacitor, the Thevenin resistance is
Rry=Rs+ R, ” R, ” R; = 1471 Q
7= RuC = (1471 ©Q)(0.0022 uF) = 3.24 pus

t=RC h{ —V—CJ
VF

R=— 1 _ —10us = 7.86 kQ

Clnl 1= ¢ (lOOOpF)ln[l—mJ
v, 10
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45.

46.

71 = (R + Ry)C =(55kQ)(1 uF) = 55 ms
% =(Ry+ R3)C = (43 kQ)(1 uF) 43 ms
5% =5(43 ms) =215 ms

Ve = 20(1 _ e—lOms/.SSms) =332V

See Figure 9-2(a).

ve =332 =296 V

See Figure 9-2(b).

Ve
332ViE———2 332V
: 296 V
|
|
| 5\ )
10 ms 225 ms 10 ms 15ms
(a) (b)
Figure 9-2

Cs.e= 0.006 MF, Cis6= 0.053 MF, Ci456= 0.01169 MF, Crz456= 0.03369 MF
CT = 000771 MF, XC(tot) = 688 kQ
Iy=—0 = 1OV jaspa

Xcon  68.8kQ

VC1= ﬁ Vv= w 10V=7.71V
C ) 0.01uF

Ver=V, = Ve =10V -771V=229V
Xeo =241 kQ

Ve, 229V
X 24.1kQ

Vs = M V., = M 229V =1.78 V
C, 0.015uF

Xc3 =35.4kQ
Ies = Ves _ L8V 50.4 pA
X 354kQ
Ver =V = V3 =229V - 1.78 V=505 mV
Xea=11.3kQ
Vey  505mV

Xo 11.3kQ

Ves = | So ly,, = QOUOME \sos v = 303 mv
C; 0.01uF

Xc5=53.1k9
Ies=1ce = Ves _ 3BmY =571 pA
X5 53.1kQ

Vee = Vs — Vs =505 mV - 303 mV =202 mV

IC2=

=95.0 pA

= 44.7 pA

Ies=
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47.

48.

Vc2 = Vc3 = (4 mA)Xc3 = (4 mA)(750 Q) =3
f= 1 _ 1
2MX 5C;  2m(750 ©)(0.0015 pF)
Xp= L = ! =51
2nfC, 2m(141.5kHz)(0.0022 uF)
IC2= VC2 23—V =5.87 mA
X., SI11Q

v

=141.5kHz

1Q

ICl = IC(tar) = IC2 + Ic3 =5.87 mA +4 mA =9.87 mA

VCl=5V—3V=2V
Ve, 2V

Xep=SL=—""__ =203Q
I, 9.87mA
Cl=— - ! =0.0056 PF
2nfX ., 2m(141.5kHz)(203 Q)
Position I:
Vs — Crus Yoy
CS
! =L L= ! + ! Cr=0.0087 uF
Crosy G Cs O0.0IuF  0.068uF
vez | Q0087TUE ) oy say
0.068 UF
1 = L L = 1 =+ 1 CT(3,6) = 00256 HF
Cras Ci Co 0.047puF  0.056uF
C
Ve=| —29 12V = 0.0256 12V=548V
. 0.056 uF
Position 2:
1 = L L = 1 + 1 CT(2,5) = 00166 HF
Craosy C, Cs 0.022uF  0.068 uF
C
Vs=|—22 |12V = 0.0166pF 12V=293V
s 0.068 uF
1 11 1 1

= +
Crasy Ci Cs O0.OISUF  0.056 uF

C
Ve = ZTE8 iy = M 12V =2.54
Cs 0.056 uF

AV5=293V -154V =139V increase,

90

CT(4,6) =0.0118 LLF

v

AVg=548V —254V =294V decrease



49, ! = i i + L = ! + ! + ! Cio3.5.6= 0.0043 UF
Cossey G Cs Co 00ISUF  0.01uF  0.015uF
Corors.6) = 0.022 UF + 0.0043 UF = 0.0263 UF
L4, vt 1 Cor = 0.00725 UF
Coi C Corasse O.0IUF  0.0263pF
Ver = | G J 0V = (M}o V=725V
Vo= | o 0 00725 ILLFjlo V=276V
tot(2356) 00263“‘F
C
Ve = | Zeso) fy [ O003UEY, S0y _g79 v
C, 0.015uF
C
Vs = | 2336 V., = M 276V=119V
C, 0.01uF
C
Voo = | Creser |y [ QO0B3REY, 20y _g79y
C, 0.015uF

Vc4 = Vc5 + VC6 =1.19V+0.79V=198V

Multisim Troubleshooting Problems

50. GC;is leaky.
51. GC,is open.
52.  C;is shorted.
53.  No fault

54. (s shorted.
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CHAPTER 10
RC CIRCUITS

BASIC PROBLEMS

SECTION 10-1 Sinusoidal Response of RC Circuits

1. Both voltages are also sine waves with the same 8 kHz frequency as the source voltage.

2. The current is sinusoidal.

SECTION 10-2 Impedance and Phase Angle of Series RC Circuits

3. (@ Z=R*+X2=4(Q70Q)+(100 Q) =288Q
(b)  Z=R*+ X2 =680 Q)> +(1000 Q)* = 1209 Q
4. (@) Ru=100kQ+47kQ = 147 kQ
Cun= — ! —— =0.00688 uF
0.01uF " 0.022 uF
et = 2n;c,m 21100 Hz)(10.00688 up) - e

Z= R, + X2 =147 kQ)* +(231 kQ)* =274 kO

X
f=tan”' (MJ = tanl(lzj; llzgj =57.6° (I leads V)

tot

(b)  Cur =560 pF + 560 pF = 1120 pF
1 1 ~
2nfC,,  2m(20 kHz)(1120 pF)

ot

Z= R, + X2 =(10kQ)’ +(7.11kQ)* =123kQ

X
f=tan”' (%m)j = tan1(71'1 ! ij =35.4° (I leads V)

Xeqton = 7.11 kQ

0kQ
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1 1
©2nfC 2m(100 Hz)(0.0022 uF)

Z= R+ X2 =/(56 kQ)* + (723 kQ)* =726 kQ

(@ Xc 723 kQ

1 1
©2mfC 2m(500 Hz)(0.0022 uF)

Z= R+ X} =/(56 kQ)’ + (145 kQ)> =155 kQ

(b) Xc 145 kQ

1 1
" 2mfC 2m(1.0 kHz)(0.0022 pF)

Z= R+ X2 = /(56 kQ)* +(72.3kQ)* =91.5kQ

() Xc =72.3kQ

1 1
C2nfC 2m(2.5kHz)(0.0022uF)

Z= R+ X2 = /(56 kQ)* + (31.8kQ)* = 63.0 kQ

(d Xc 28.9 kQ

1 1
= = =3
¢ 2nfC 2m(100 Hz)(0.0047 uF)

Z= R+ X2 = J(56 kQ)* + (339 kQ)? =343 kQ

(a) 39 kQ

1 1
“7 2mfC T 2n(500 Hz)(0.0047 uF)

Z=R*+ X2 =56 kQ)* +(67.7 kQ)* =87.9kQ
JR+X?

67.7 kQ

(b)

1 1
“7 2rfC 2m(1kHz)(0.0047 uF)

Z= R+ X2 = /(56 kQ)* +(33.9 kQ)* = 65.4 kQ

(©) 33.9kQ

1 1
T 2nfC T 2m(2.5kHZ)(0.0047 uF)

Z= R+ X2 =/(56 kQ)’ + (13.5kQ)> =57.6 kQ

(d) 13.5kQ

SECTION 10-3 Analysis of Series RC Circuits

(a) Yo 10V = 34.7 mA
Z 288 Q

® 1=Y-23Y _ 414maA
Z 1209 Q
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50V

%

a) I=-= = 182 pA

@ Z 274kQ "

V. 8V

b) I=-2= = 652 pA
®) Z 123kQ "
See Figure 10-1.
Ct()t = 1 ! 1 =0.0688 LLF

+
0.1uF  0.22pF
1
Xc = =154 Q
2(15 kHz)(0.0688 UF)
Z= R, + X2 = /(50 Q* +(154 Q) =162Q
tot = Lzz—v =12.3 mA
Z 162Q
1

X, = = 106 Q

OO (15 kHZ)(0.1 uF)

1

X = =4820Q

COZED T (15 kHZ)(0.22 uF)

VCl = ItatXC(O.lp.F) = (123 mA)(106 Q) =131V
Vc2 = ItutXC(0.22uF) = (123 mA)(482 Q) =0.595V
Ve = LoRio = (12.3 mA)(50 Q) = 0.616 V

f=tan"’ (ﬁ) = tan_l( %} =72.0° (I, leads V)

tot

I,,=12.3 mA

Ve=0616V

72.0°

Ve, =0.595V

Ve =131V

Figure 10-1
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10.

11.

12.

1

(@ Xc= =79.6 Q
27(20 Hz)(100 F)
Z= JR*+ X2 = (56 Q) +(79.6 Q) =97.3Q
b 1= 2V _103mA
973Q
© W= 5Vs= 26 €2 10V=576V
z 973Q
@ Ve=|Zely =] 202Ny -_gasv
z 9730
v,_10v _.
I 10mA
Xc ! 89 Q

= 2IOKHL0.027 1F)
JR*+ X2 =1kQ

R* + (589 ©)* = (1000 Q)*

R = /(1000 Q)* - (589 Q)* = 808 Q

f=—tan! 589 Q =-36.1°
808 Q

1

= =4.08 MQ
21(1Hz)(0.039 uF)

(@ Xc

$=90° — tan”! ﬁj ~90°— tan™! Mj = 0.0548°
R 3.9kQ
(b) Xc= ! = 40.8 kQ
27(100 Hz)(0.039 pF)
¢=90° — tan™’ &j =90°—tan™" 408k ij =5.46°
R 3.9kQ
(©) Xc= ! =4.08 kQ
27(1 kHz)(0.039 pF)
¢=90°—tan”' Xe | 90° - tan™" 408KkQ) 43.7°
R 3.9kQ
d)  Xc= ! =408 Q
27(10 kHz)(0.039 UF)
¢=90°—tan™" (ﬁj =90° - tanl(Mj = 84.0°
R 3.9kQ
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1 1
"~ 2nfC 2m(1 Hz)(0.1pF)

X
p=tan”'| =5 |=tan™ 159 MQ =90.0°
R 1.0 kQ

13. (@ Xc

=15.9 MQ

1 1
" 2nfC 2m(100 Hz)(0.1 uF)

X .
p=tan"'| =< |=tan™ 3IKQ) _ g6 40
R 1.0kQ

() Xc

=159 kQ

1 1
"~ 2nfC 2m(1 kHz)(0.1 uF)

X .
p=tan"'| =< |=tan™ 19K, 57.8°
R 1.0 kQ

() Xc =1.59 kQ

c= 1 = ! =159 Q
2nfC  2m(10 kHz)(0.1uF)

X
p=tan"'| =< |=tan™ 159 Q =9.04°
R 1.0 kQ

SECTION 10-4 Impedance and Phase Angle of Parallel RC Circuits

(d)

4 7 RX,  (1.2kQ)(2.2kLQ) — 1.05 KO

SR x2 Ju2kQr 22k

15. Be=2nfC=2.76 mS
1

=750 Q

Y= /G>+ B2 = /(133 mS)> +(2.76 mS)? =3.07 mS
[

Y 3.07mS

0= tan”! (2.76 mS

1.33mS

=133 mS

=326 Q

J =64.3° (Ileads V)

16. (a) Bc=2mn(1.5kHz)(0.22 uF) =2.07 mS
Y = 4/(1.33mS)* +(2.07 mS)> =2.47 mS

Lo 450
Y 247mS
9= tan~! [ 297™S ) _ 5730
1.33mS
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(b)  Be=2m(3.0 kHz)(0.22 uF) = 4.15 mS
Y = 4/(1.33mS)* + (4.15mS)* =4.36 mS

I X
Y 436mS

9= tant| H12MS ) _ 75 20
1.33mS

(¢)  Bc=2m(5.0 kHz)(0.22 pF) = 6.91 mS
Y = 4/(1.33mS)> +(6.91mS)> =7.04 mS

1o mo
Y 7.04mS

= tan~![ 021 ™S _ 79 10
133 mS

(d)  Be=2m(10 KHz)(0.22 uF) = 13.8 mS
Y = (1.33mS)> +(13.8mS)* =13.9mS
11

= — = =72.0Q
Y 13.9mS

9= tan~ [ 32MS ) _ g4.50
1.33mS

17. B¢ =2nfC =2nf(C, + C,) = 21(2 kHz)(0.32 uF) = 4.02 mS

G=— 1 1 _0676ms
R +R,+R; 1480Q

Y= /G + B2 = /(0.676 mS)* +(4.02mS)* = 4.08 mS

Lo 1 s
Y 4.08mS
9 = tan'[ F92™S | _go.50
0.676 mS

SECTION 10-5 Analysis of Parallel RC Circuits

(68 2)(90 Q)

18.  Zy= =543Q
J(68 Q)7 +(90 Q)
VC= VR= V5=10V
o= 22V 184 mA
543 Q

=2V 147 ma

68 Q
=98 _111ma

90 Q
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1

X(:l = = 677 Q
2n(50kHz)(0.47 uF)
X = ! =145 Q
21(50 kHz)(0.022 uF)
Ie) = Y, = 8V = 118 mA
X, 677Q
Ie; = Y, =8—V= 55.3 mA
Xe, 145Q
IR1=&= 8V =36.4 mA
R, 220Q
Ig, = —S=8—V=44.4mA
R, 180Q

Lt = T2 + 12 =/(80.8mA)* +(173.3mA)* =191 mA

1
- [_J _ tan—l(Mj _65.0°

Ron 80.8 mA
RX . .
@ 7~ ¢ _ 10KQQRIKD) _ g0 o
JR+x2 J1.0KQ? +2.1kQ?
Ve 100 mV
b) [,= 5= =100 pv
) e= =T 0k "
1%
© o= s 10MY 4 euv
X. 2.1kQ
Ve 100 mV
d I,=-"3= =111 pVvV
(d) Lo Z =~ om0 1)
(e) O=tan" LS =tan”! (1'0 ij = 25.5° (I, leads V)
X, 2.1kQ
Xo= ! = 6.77 kQ
21(500 Hz)(0.047 uF)
@ 7o ATKOOTTKY) g0
JATKQ)? +(6.77 kQ)?
V. 100mV
b I = 3= = 21.3 A
® == H
V. 100mV
C Ie=—= = A
© e X, 677kQ .
V. 100 mV
d)y I, == =259 uA
@ Z 3.86kQ H
(e) O=tan’ 4.7kQ =34.8°
6.77 kQ
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22.

Rui=22KkQ, Cy, = 32.0 pF
1

XC(lot) = =49.8 kQ
2m(100 kHz)(32.0 pF)
S __(2KQUOBKD) oo
J(22kQ) + (49,8 kQ)

f=tan™" i =tan™' 22 kQ =23.8°
X e ron) 49.8 kQ

Req=Z cos 6 =(20.1 kQ)cos 23.8° = 18.4 kQ
Xceq = Z sin 0 = (20.1 kQ)sin 23.8° = 8.13 kQ

Ceq = ; =196 pF

C(eq)

SECTION 10-6 Analysis of Series-Parallel RC Circuits

23.

c1= ! =106 Q
21(15 kHz)(0.1 uF)
X = ! =226 Q
21t(15 kHz)(0.047 uF)
Xe3 = ! =482 Q
21t(15 kHz)(0.22 uF)

The total resistance in the resistive branch is
Ry=R +R,=330Q+ 180 Q2=510Q

The combined parallel capacitance of C, and C; is
Cionp = C1 + C, =0.047 uF + 0.22 uF = 0.267 uF

! =39.7Q
21t(15 kHz)(0.267 pF)

X Cltot)p =

The impedance of Ry, in parallel with C,), is
RoXcwn, _ (510Q)(39.7 Q)

Z, = — =39.6Q
VR + X200, G10Q)*+(39.7 Q)

tot

The angle associated with R,,; and C,,), in parallel is

f=tan™" L = tanl( >10Q J = 85.5°
X conp 39.7 Q

Converting from parallel to series:
Req=Z,cos 8= (39.6 Q)cos 85.5° =3.08 Q
Xc(eq) = Zpsin 0= (39.6 Q)sin 85.5° = 39.5 Q
The total circuit impedance is

Zun= RY + (X Xeeg)® = (308 Q) +(145.6 Q) = 145.6Q
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24,

25.

26.

The voltage across the parallel branches is

Z
VC2 = VC3 = VR1R2 = (_pJK :{ 39.6Q J12V= 3-26 A%

Z 145.6 Q
510Q
VR2= 1809326\]—115‘7
510 Q
Vel = h12V= 1062 12V =874V
o 145.6Q

From Problem 23, R, = 3.08  and X¢ + X¢eq = 145.6 Q.
Since 145.6 Q > 3.08 €, the circuit is predominantly capacitive.

Using data from Problem 23:
V 12V

Ly,=—= =82.4 mA
Z, 145.6Q

IC2 = VC2 = 326 v = 14.4 mA
Xen 226Q

Ies= Ves = 3.26V =67.6 mA
X 482Q

Ipi =1 = 31206;7 =6.39 mA

Rzor = Rl + R2 ” R3 =899 Q
1

= =339Q
27(1kHz)(0.47 UF)
Ziw= R%, + X2 =\/(89.9Q) +(339Q)> =351 Q
(a) Ifg[ = K = 15—V = 42.7 mA
Z, 351Q
(b) H=tan” Xe =tan" 339Q =75.1° (I, leads V)
89.9Q
Z, 351Q
R | R
d)  Vi= R R = 229905y 183V
Z, 351Q

(e) VR3 = VR2 =183V

0 ve=|Zely [ 3225y C1asv
z, )" 1351Q
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SECTION 10-7 Power in RC Circuits

27, P,= P2 +P> ={2W) +(35VAR)’ =4.03 VA

true
28.  From Problem 10: 7,,= 103 mA, X =79.6 Q
Pue = I*,R = (103 mA)*(56 Q) = 0.591 W

tot
P,= 1}, X, =(103mA)*(79.6 Q) = 0.840 VAR

29.  Using the results from Problem 22:
Req=18.4kQ
1 1

= = 8.
2nfC,, 2m(100kHz)(196 pF)

X
O=tan"'| =€ | = tan~! 8.13 kQ =23.8°
R 18.4 kQ

©q

PF = cos @=cos 23.8° =0.915

13 kQ

Xceq =

30. From Problem 26: [,,,=42.7 mA, R,,,=89.9 Q, X-=339Q, Z,, =351 Q
Pue = 12 R =(42.7 mA)*(89.9 Q) = 169 mW

tot* Mot T

P,= I}, X .= (42.7 mA)’(339 Q) = 618 mVAR

P,= 1’7, = (427 mA)’(351 Q) = 640 mVA
PF = cos 8= cos(75.1°) = 0.257

SECTION 10-8 Basic Applications

31. Use the formula, V,,, = [&Jl V. See Figure 10-2.

tot

Frequency (kHz) X (kQ) Ziot (KQ) Vou (V)
0 1.000
1 4.08 5.64 0.723
2 2.04 4.40 0.464
3 1.36 4.13 0.329
4 1.02 4.03 0.253
5 0.816 3.98 0.205
6 0.680 3.96 0.172
7 0.583 3.94 0.148
8 0.510 3.93 0.130
9 0.453 3.93 0.115

10 0.408 3.92 0.104
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Vour (V)

1.0

0.8

0.6

0.4 A
\\

0.2 \\\

KH
0l 1 2 3 456 7 8 9 10 J (kHz)

Figure 10-2

R

32.  Use the formula, V,,, = { JIO V. See Figure 10-3.

tot

Frequency (kHz) Xc (Q) Zyor (Q) Vour (V)
0 0
1 159 18.79 5.32
2 7.96 12.78 7.82
3 5.31 11.32 8.83
4 3.98 10.76 9.29
5 3.18 10.49 9.53
6 2.65 10.35 9.67
7 2.27 10.26 9.75
8 1.99 10.20 9.81
9 1.77 10.16 9.85
10 1.59 10.13 9.88
VYou (V)
10 p——
"
8 /

L/
il

o' 1 2 3 45 6 7 8 9 10

f (kHz)

Figure 10-3
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33.  For Figure 10-73:

XC = ! = 81
21(5 kHz)(0.039 uF)

Z=(3.9kQ)’ +(816Q)* =3.98kQ

f=tan™" (&J =tan”! 816 Q =11.8°
R 3.9 kQ

6 Q

=YX IV osiua
Z 3980 Q

Ve =1IR = (251 pA)(3.9 kQ) = 979 mV
Ve =1IXc= (251 uA)(816 Q) = 205 mV
The phasor diagram is shown is Figure 10-4(a).

For Figure 10-74:
1

= = 31
27(5 kHz)(10 uF)
Z=010Q7+(3.18Q) =105Q

f=tan™" (& =tan”! 3.18 Q =17.7°
R 10 Q

8Q

Xc

=% Y 953ma
Z 1050

Ve =1IR =(95.3 mA)(10 Q) =953 mV
Ve=1Xc=(95.3 mA)(3.18 Q) =303 mV
The phasor diagram is shown in Figure 10-4(b).

Vg =953 mV
V=979 mV
11.8° 17.7°
,/ 78.2° /730
Ve =205 mV Ve=303 mV
(a) For Figure 10-73 (b) For Figure 10-74
Figure 10-4
1
34, Xc= =1.13kQ
2n(3kHz)(0.047 uF)
The signal loss is the voltage drop across C.
X 1.13 kQ
Vo= | —=5—— Vourcay = 3 50mV =5.61 mV
Ry + X2 JA0kQ)? + (113 kQ)?
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35.  For Figure 10-73:
1 1

f.= = =1.05 kHz
2nRC  2m(3.9 k2)(0.039 uF)
For Figure 10-74:
fo= L _ ! =1.59 kHz
2nRC  2m(10Q)(10 uF)
36. f. ! ! =1.05 kHz

- 2nRC B 21(3.9 kQ)(0.039 uF)
Since this is a low-pass filter, BW = f. = 1.05 kHz

SECTION 10-9 Troubleshooting

37.  After removing C, the circuit is reduced to Thevenin’s equivalent:
R = (4.7 kQ)(5 kQ)

th =2.42 kQ
9.7 kQ
Vi = > kO 10V=515V
9.7 kQ
Assuming no leakage in the capacitor:
Xc= ! =1592 Q
2n(10 Hz)(10 UF)
Vo= | ——_floV = 15922 10V =321V
R+ X2 J@TkQ) + (1592 Q)
o=tan'| D228 _ 1870
4.7 kQ
With the leakage resistance taken into account:
Vour = _Xe V, = 15929 5.15V =283V
JR: + X2 J(242KQ)* + (1592)?

f=tan™" 1592 Q =33.3°
2.42 kQ

The leaky capacitor reduces the output voltage by 0.38 V and increases the phase angle
by 14.6°.

38. (a) The leakage resistance effectively appears in parallel with R,.

Thevenizing from the capacitor:
Ry=R\ || R || Riear = 10 kQ || 10 kQ || 2 kQ = 1.43 kQ

Voo | Rl Rew ), _(16TRQ )y
"TURR, R ) " 1167k
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39.

40.

(b)

(a)

(b)

(©
(d)
(a)
(b)

(©)

(d
(e)

1
~ 2m(10 Hz)(4.7 uF)

Vaut = [LJ‘/M = [ 3386 Q 143mV =132 mV

JR2 + X2 J(1.43kQ) + (3386 Q)°

= ! =33
27(100 kHz)(470 pF)
Reg=Ry || (Ry+ R3) =2.2kQ || 2kQ = 1.05 kQ

Kol Run = FeadXe) __QRDBIBOD) 170

JRL + X2 JekQ)? +(3386 Q)

=3386 Q

Xc

86 Q

Xc

Re
Vi = 4 V. =196V
Xc " Ry + Ry

Xc || Riear consists of a reactive and a resistive term and cannot be added directly to R,

Vour = Ry Vi = 1.0k 1.96V =0.978 V
R, + R, 2kQ

Vo =0V  (less than normal output)

Xc= ! =3386 Q
2n(10 Hz)(4.7 puF)

Vour = [LJVM = (ﬂ} V =0.321V (greater than normal output)

IR? + Xé 10,494 Q
Vou = R, V., = w 1V =0.5V (greater than normal output)
R +R, 20 kQ

Vo =0V (less than normal output)

V=0V (less than normal)

Vour = Ry V., = LOkQ 5V =2.5V (greater than normal output)
R, + R, 2kQ
Xc=3386
Vou = Ry V., = [1000 Q J5 V =1.27V (greater than normal output)
VR, + R, + X2 3933 Q
Vo =0V (less than normal output)
Vour = R V., = 2.2kQ 5V =272V (greater than normal output)
f R*+ X} 4038 Q
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ADVANCED PROBLEMS

240V

41. (a) IL(A): 50—Q =48 A
240V
IL(B) = m = 3.33 A

(b) PF,=cos 8=0.85;, 6=31.8°
PFgz=cos §=0.95; 6=18.19°
Xew = (50 Q)sin 31.8° =26.3 Q
Xew = (72 Q)sin 18.19° =22.48 Q
P, = LnXcw) = (4.8 A)*(26.3 Q) = 606 VAR
P, = I Xcw = (3.33 A)’(22.48 Q) = 250 VAR

() Ry=(50Q)cos31.8°=425Q
Rz = (72 Q)cos 18.19° = 68.4 Q
Pouey = I )Ry = (48 AY(42.5Q) =979 W

Py = 115 Ry = (3.33 A)*(68.4 Q) =758 W

d  Pun= \/(P,,W(A) )2 +(Pay )2 = J(979 W)? + (606 VAR)? = 1151 VA

Par=(Precs ) + (B )| =758 W)? + 250 VAR)? =798 VA

42 voutl _ R

Vi R+ X2
R=0.707R* + X}
JR*+ X} = R a1ar
0.707

R+ X2=(1.414)°R* = 2R
X =2RR-R'=RQ2-1)=F
Xc=R
1 —
onfC
1 1 o
2nfR  2m(20 Hz)(100 kQ)

=0.707

R

08 uF

1
 2m(1kHz)(0.01 uF)

f=tan (&J
Xc
Riw =tan @
Xc

Ry = Xctan 6= (15.9 kQ)tan 30° =9.19 kQ

15.9 kQ

43.  Xc
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44.

R1R2
R +R,
Ri(Ri + Ry)) =R\R;,
RlRtot + R2Rtot = R1R2
Rl(Rtot - Rz) = _R2Rtot

tot =

R - RR, _ (ATkQ)O.19kQ) _ 0 0o
R, —-R, 37.9kQ
1
XCl = = 4244 Q
21(2.5 kHz)(0.015 uF)
! =1355Q

<7 2m(2.5kHz)(0.047 uF)
RXcey __ 010Q0355Q) .

JR2+ X2, - Jo109)+1355Q)

Gracr = tan”' R, =tan"' 91002 =33.9°
Xcs 1355 Q

The equivalent series R and X¢ for Ry || Xco:
Req = (R4 ” XCQ)COS 0R4C2 = (756 Q)COS 33.9°=627Q
XC(eq) = (R4 || Xc2)Sil'l 6R4C2 = (756 Q)Sil’l 33.9°=422Q

Ziw= |RE + X2y =R+ Ry + Ry + RO+ (X ey + X))’

R, || Xer=

= J1.0kQ+680 Q+1.0 kQ+627 Q) + (4244 Q + 422 Q)
= (3307 Q)> + (4666 Q)> =5719Q

X
O=tan"'| =Y | = tan~! 4666 Q2 =54.7°
R,, 3307 Q

V 10V

S

Z 57190

tot
1., leads V; by 54.7°
Ici = Iy = Ipy = I3 = I,,, = .75 mA

=1.75mA

tot =

X 1355 Q
Ipy= | —2—1I, = 1.75mA =1.45mA
[1/1@% +X2, } J010 Q) + (1355 Q)
R 910 Q
Io=|——11, = 1.75mA =0.976 mA
[JRZ +X§2] “ [J(mo)z +(1355 9)2}

Ver = LoXer = (175 mA) (4244 Q) =7.43 V
Vel = L,R = (1.75mA)(1.0Q) =175V

Vio = LoRo = (1.75 mA)(680 Q) =1.19 V

Vis = 1,R3 = (1.75 mA)(1.0Q) =175V

Via= Ve =IraRy = (1.45 mA)(910 Q) =132V
Ver lags 1, by 90°.
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L,,=1.75mA

tot
Vii= Vg3 =175V
Vea=1.19V

54.7° 4 Veaca =132V
20.8° Vx =10V

35.3°

Ve =743V

Figure 10-5

Vi1, Vg2, and Vi are all in phase with [,,,.
Vraco lags 1, by 33.9°. See Figure 10-5.

0= cos '(0.75) = 41.4°
Py = P,cos 0
_ P 15kW

true

PF 0.75
P.=P,sin 0 =(2kVA)sin 41.4°=1.32 kVAR

=2kVA

a

Zo=10Y _290
5A
Ptrue = I2Rlot
tot = PLZKZ 400\);[ =16 Q
> (A
Ri=Ry-R=16Q-4Q=12Q
Zfil = Rlif + Xé
Xy Z2, —R2, =20 Q) —(16 Q) =144 = 12Q
- ! — 133 pF
2n(1 kHz)(12 Q)

For/=0 A, VA = VB and VRI = VR2

X(:l = 1 = 339 kQ
2m(1 kHz)(0.047 uF)
Vi1 = Vre
2.2kQ v - 1.0 kQ v
J22kQ)? +(3.39 kQ)? JA0KQ) + X2,

108



48.

Cancelling the V| terms and solving for X;:

2.2 kQ _ 1.0kQ
J(z.z kQ)* +(3.39 kQ)* \/(1.0 kQ)* + X},

1.0 kQ4/(2.2 KQ)? + (3.39 kQ)?
JaokQy +x2, = Y2k +( )

22kQ
2 2 b
(LOKQY + X2, = (L0 k(22 k) j(3.39 kQ)?)
(2.2kQ)

2 2 b

Xeoe [0LOKD) (22 k) + (339 k) )—(1.0 L = 15410
(2.2 kQ)
Cr= 1 = 0.103 uF
2n(1 kHz)(1.54 kQ)
See Figure 10-6.
Vin =10V peak
f= L 00 kHz
10 ps

Xc 1 1590

~ 2100 kHz)(0.1 uF)
Xc can be neglected because it is very small compared to 22 k€.
Ry=22KkQ || 18 kQ || (8.2 kQ + 1.0 k) =4.77 kQ

14.77 kQ

The waveform on the scope is correct, so the circuit is OK.

Vour=Vy = (ﬂ}o V =3.23 V peak

10kQ 4 0.1 uk
Input o ® I I L o Output
10 V peak
8.2kQ 22kQ
§ 18 kQ2
1.0 kQ
Figure 10-6
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Multisim Troubleshooting Problems

49.

50.

51.

52.

53.

54.

55.

C is leaky.
C, is shorted.
No fault

C is open.

R, is open.

C is shorted.

Phase shift with C; shorted = 13.7°.
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CHAPTER 11
INDUCTORS

BASIC PROBLEMS

SECTION 11-1 The Basic Inductor

—_—

(@ 1Hx 1000 mH/H = 1000 mH

(b) 250 uH x 0.001 mH/uH = 0.25 mH
(¢) 10 pH x 0.001 mH/uH = 0.01 mH
(d)  0.0005 H x 1000 mH/H = 0.5 mH

2. (a) 300mH x 10° uH/mH = 300,000 pH
(b)  0.08 Hx 10° uH/H = 80,000 pH
(¢) 5 mH x 10’ uH/mH = 5000 uH
(d)  0.00045 mH x 10’ uH/mH = 0.45 uH
2
30 =N
!
- |E (30 11_161—1)(0.05 n_lz - = 3450 turns
HA  \(1.26x107°)(10x107° m?)
g 1=t 12V gy
R, 120Q
2
5. W= (1 2 = Q1HDAA" =50 mJ
2 2
6. Vindueed = L X (rate of change of 7) = (100 mH)(200 mA/s) =20 mV

SECTION 11-3 Series and Parallel Inductors

7. Lr=5uH+ 10 uH + 20 uH + 40 uH + 80 uH = 155 pH

8. L,=50mH - 10 mH - 22 mH = 18 mH
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10.

11.

12.

Lr= I 1 1 1 =7.14 uH
+ + +
75uH S50uH 25uH 15uH
8 mH = L,(12mH)
L +12mH
(8 mH)L, + (8 mH)(12 mH) = (12 mH)L,
(4 mH)L, = 96 mH?
2
L= 20mE oy mE
4 mH
(10 H)(5 H)
a =1H+ —= =433 H
@ Lr I0H+5H
®) Lo= 100 mH — 50 mH
(c) L= ! =57 uH
SR U U H
100uH  200uH 400 uH

(100 mH)(50 mH) N (60 mH)(40 mH)

150 mH 100 mH
(12 mH)(6 mH) — 4mH

18 mH
© Lr=4mH+ (2mH)(4 mH)

(@ Lr=

() Lr=

=5.33 mH

SECTION 11-4 Inductors in DC Circuits

14.

15.

L 100 pH
T= —= :1 b
(a) R 1000 us (b)
L 3H
T= —= :2
© R 1.5MQ HS
L 50 uH
S5t=5—|=5——| =4.46 b
(a) [Rj (56!2} s (b)
) 57= 5(£j=5 100mH ) _ 5> 7 s
22 kQ
=£=10mH=10us
R 1.0kQ

(@ v=Ve =15 =150"=552V
(b) vi=Ve " =151 =15¢7=2.03V
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16.

() vp=Vie""=15¢7M10 = 1567 =0.747 V
(d)  vy=Vie""=15¢"M10 = 1564 = 0.275 V
() vi=Vie""=15e7M1M = 15075 =0.101 V

r= LoH g s s
R 82kQ
=0V ma

2
@ i=I,(1-¢""""")=0.811 mA
by i=1I, (1—6‘20“5/9'15“8) =1.08 mA

) i=1I, (1—e-3°“5’9-15“3) =1.17mA

SECTION 11-5 Inductors in AC Circuits

17.

18.

19.

The total inductance for each circuit was found in Problem 11.
(a) Xp=2nfL, =2n(5 kHz)(4.33 H) = 136 kQ

) X =2nfL,, =2n(5 kHz)(50 mH) = 1.57 kQ

(©) Xy =2nfL, =2n(5kHz)(57 uH) = 1.79 Q

The total inductance for each circuit was found in Problem 12.
(a) Xp=2nfL, =2n(400 Hz)(57.3 mH) = 144 Q

(b)) X;=2nfL,, =2n(400 Hz)(4 mH) = 10.1 Q

(c) Xp=2nfL, =2n(400 Hz)(5.33 mH) = 13.4 Q

Ly=L + 25 _50myy GOOHDEOmH) o0y
L +L, 60 mH

Xiion = 2TfLy = 27(2.5 kHz)(63.3 mH) = 994 Q

X1 = 2nfL,, = 2m(2.5 kHz)(20 mH) = 314 Q

X3 = 2nfL,, = 2m(2.5 kHz)(40 mH) = 628 Q

Ly = Vims =1O—V =10.1 mA
Xy 994Q

Ip=| X I, = __68Q Vo imA=67mA
X, +X,, 314 Q+628 Q

I5= L I, = ﬂ 10.1mA = 3.37 mA
X, +X,, 314 Q+628 Q
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20. (a) Lt()t = 57.33 mH

x,=Y=19V _q
I 500mA
X, = znthot
f= X _ 200 =55.6 Hz
2nL,, 2m(57.3 mH)
(by L,=4mH, X;=20Q
f= X, __200 =796 Hz
2nL, 2n(4 mH)
(¢) Lx=533mH, X;=20Q
f= X 200 =597 Hz
2nL,, 2m(5.33 mH)

21, Xigon =994 Q from Problem 19.
P.= 12X, 0 =(10.1 mA)’(994 Q) =101 mVAR

rms

ADVANCED PROBLEMS

22. Ry =R|R+R|R,
= 47kQ|47kQ +33kQ[6.8kQ =457 kQ
L 33mH

Ry 4.57kQ

=0.722 ps
23. (@ v=Vi—(V,— Ve ™ (for 60 us, use 10 us. The initial voltage is —10 V.)
=0V + (=10 V =0 V) &2DU0/ISmH _ _3 35y

b)) v=Ve—(V,— VF)e_R’/L (for 70 us, use 20 ps for calculation)
=0V +(=10V =0 V)g B2KDQ0RITSmH _ g 15y

) v=Ve—(V,— VF)e_R’/L (for 80 us, use 30 s for calculation)

=0V + (=10 V =0 V) @2KDCORNTSmH __¢ 39y

24. By KVL, Vi is equal and opposite to V, (because Vs =0 V). Therefore, Vy=3.35 V.

25, Vi =| e |y | L VS=(4'7ij15V—(6'8kQJ15V=—2.6V
R +R, R,+R, 9.4kQ 10.1 kQ

1, =Ym o 20V __ 5690

Ry  4.57kQ
@ i=1,(1-€"7)=569 pA(1-e "7 ) = 427 pA
(b) i=1I,=569pA
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26.

27.

28.

Ry =(R +R) (R, +R,)=8kQ[11.5kQ =472 kQ
r=L_33mH 6609 s
R 472kQ

i= Iie-t/‘l' — (569 MIA)e—lplS/0.699].J.s - 136 ,,IA

X.1 = 2n(3 kHz)(5 mH) = 94.2 Q
X3 = 2n(3 kHz)(3 mH) = 56.5 Q
Vis = I13X15 = (50 mA)(56.5 Q) = 2.83 V
V=10V -283V=717V
V., 717V

1= —==
"7 X, 9420

IL2=IL1 —IL3 =76.1 mA — 50 mA =26.1 mA

=76.1 mA

Position 1:

Lr=5mH+ 1 mH =6 mH

Position 2:

Lr=5mH+ 100 uH 1 mH = 6.1 mH
Position 3:

Lr=5mH+ 1000 uH + 100 uH + 1 mH = 7.1 mH
Position 4:
Lr=5mH+ 10 mH + 1000 uH + 100 uH + 1 mH = 17.1 mH

Multisim Troubleshooting Problems

29.

30.

31.

32.

33.

L; is open.
L, is shorted.
No fault

L, is open.

L; is shorted.
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CHAPTER 12
RL CIRCUITS

BASIC PROBLEMS

SECTION 12-1 Sinusoidal Response of RL Circuits

1. All the frequencies are 15 kHz.

2. I, Vi, and V; are all sinusoidal.

SECTION 12-2 Impedance and Phase Angle of Series RL Circuits

3. (a)
(b)
4. (a)
(b)
5. (a)

(b)

Z= R+ X} =J1.0kQ)’ +500Q° =1.12Q
Z= R + X} =(1.5kQ)* + (1.0kQ)* = 1.8kQ

Ru=47Q+10Q=57Q
Ly =50 mH + 100 mH = 150 mH
Xion = 21tfLy, = 2n(100 Hz)(150 mH) = 94.2 Q

Z= R, + X}, =57 Q) +(9420Q)7 =110Q

X
O=tan"' | =22 | = tan~! 942 Q =58.8°
Rl()f 57 Q

_ (5.0 mH)(8.0 mH)

Ly =
" 5.0mH +8.0 mH
X1t = 27fLyyy = 21(20 kHz)(3.08 mH) = 387 Q

Z= R, + X}, =(470 Q) + (387 Q) =609 Q

X
O=tan"'| =22 | = tan~! ﬂ =39.5°
R,, 470 Q

X, = 2nfL = 21(100 Hz)(0.02 H) = 12.6
Z=JR+X} =J12Q7 +(12.6 Q) =17.4Q
X, = 2nfL = 2n(500 Hz)(0.02 H) = 62.8 Q
Z=|R*+X} =/12Q) +(62.8 Q) =64.0Q

= 3.08 mH
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(©) X, =2mfL =2n(1 kHz)(0.02 H) = 126 Q
Z=\R+X} =120 +(126 Q) =127Q

(d) X, =2nfL =2n(2 kHz)(0.02 H) = 251 Q
Z=\R*+ X} =/12Q) +(251Q)* =251Q

(@) R=Zcos 8=(20Q)cos 45°=14.1 Q
X; =Zsin 8= (20 Q)sin 45° =14.1 Q
(b) R=Zcos 8=(500Q)cos 35°=410Q
Xy =Z sin 8= (500 Q)sin 35° = 287 Q
(¢) R=Zcos 8=(2.5kQ)cos 72.5° =752 Q
X; =Zsin 8= (2.5 kQ)sin 72.5° = 2.38 kKQ
(d) R=Zcos 8=(998 Q)cos 45° =706 Q
X; =Zsin 8= (998 Q)sin 45° =706 Q

SECTION 12-3 Analysis of Series RL Circuits

R,(,, =R +R,=47Q+10Q=57Q
:LI+L =50 mH + 100 mH = 150 mH
X Liory = 27fL,, = 27(1 kHz)(150 mH) = 942 Q

Vo = Y:( AL )5V=0.302V
\/Rtot + XL(tot) 944 Q
R, =470Q
1 1
L, = = =3.08 mH
1ot 1 1 1 I 3.08

— +
L L2 50mH 8.0 mH
L(wt) 2nfl‘zot - 27‘5(20 kHZ)(3 08 HlH) 387 Q

R 470 Q
Vion =| 2 |V, = 8 V=618V
BV R x| @70 Q) + (387 Q)

tot

v X Lo _ 387 Q
L(tot) - 5 >
VRS + X J@70 Q) + (387 Q)

tot

JS V=5.08V

(a) Z=1.12k€Q from Problem 3.

I=£= 10V =8.94 mA
Z 1.12kQ
(b) Z=1.8kQ from Problem 3.
I=L: v =2.77 mA
Z 18kQ
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Using the results of Problem 4:

(a) I=£=—5V =45.5mA
Z 110Q

o 1=2%=3Y _131maA
Z 609Q

X, =2m(60 Hz)(0.1 H) =37.7 Q

f=tan' ﬁ =tan! 377 € = 38.7°
R 47 Q

6= tan™' (ﬁj
R

X, = 2n(60 Hz)(0.1 H) =377 Q
6= tan! 3770 =38.7°
47 Q

Double L:
X; =2m(60 Hz)(0.2 H) =75.4 Q

f= tan™ 754Q =58.1°
47 Q

0 increases by 19.4° from 38.7° to 58.1°.

The circuit phase angle was determined to be 38.7° in Problem 11. This is the phase angle by
which the source voltage leads the current; it is the same as the angle between the resistor

voltage and the source voltage. The inductor voltage leads the resistor voltage by 90°. See
Figure 12-1.

14

o

Ve VL/-
/ / 0
2
: 129°

—>| <= 38.7°

Figure 12-1

(@) X, =2m(60 Hz)(100 mH) = 37.7 Q
Z=\R*+ X} =150 Q) +(37.7Q) =155Q

Ve = (EJV = (@JS V=484V

s

z 155Q
vo= (Xl o[ 3078 sy 1oy
zZ ) 1550
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15.

16.

(b)

(c)

(d)

(a)

(b)

(c)

(d)

(a)

(b)

X, =2m(200 Hz)(100 mH) = 126 Q
Z=yR*+ X} =150 Q) +(126 Q)> =196 Q

VR=[£JV, (ISOQJSV 383V

z)* (196 Q
VLz(&VS 1269105y _321v
z 196 Q

X, =2m(500 Hz)(100 mH) = 314 Q
Z=\R*+ X} =150 Q) +(314 Q) =348Q

Ve = [EJVS (ISOQJSV 215V

z 348 Q
VLz(&VS 3149y _4sv
z 348 Q

X, =2m(1 kHz)(100 mH) = 628 Q
Z=\R*+ X} = /(150 Q) +(628 Q) =646 Q

Ve = [EJVS (ISOQJSV 1.16 V

z 646 Q
VL=(&VS 0285y _ 486V
Z 646 Q

X, = 2m(1 Hz)(10 H) = 62.8 Q
¢=tan™' (%) =tan”' 62.83Q 1 _ 0.092°

39 kQ
X, = 21(100 Hz)(10 H) = 6.28 kQ
6.28 kQ

¢=tan™’ Xl tan”' =9.15°
R 39 kQ

X, = 2n(1 kHz)(10 H) = 62.8 kQ

¢=tan”' %j — tan"!| 928KL | _ g 50

39 kQ
X, = 2n(10 kHz)(10 H) = 628 kQ

¢=tan”' ﬁj — tan"!| O28 K2 _ g6 40
R 39 kQ

$=90° — tan™" ﬁj —90°—tan"!| 2282 | _ g9 9o
R 39 kQ

$=90° — tan™" ﬁj —90°—tan!| 28K} _ g5 g0
R 39 kQ
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62.8 kQ
39 kQ

(d) ¢= 90° — tan*1 ﬁj =90°— tan_l 628 kQ
R 39 kQ

() ¢=90°—tan" (%j =90°— tanl( J =31.8°

=3.55°

SECTION 12-4 Impedance and Phase Angle of Parallel RL Circuits

17. X, =2m(2 kHz)(800 uH) = 10 Q

2 2
Yt()t= L + L :O.I3S
12 Q 10 Q

1.1 760
Y, 0.13S

7=

18. (a) X, =2m(1.5kHz)(800 uH) =7.54 Q

o ERES R C R Rt

= =6.37Q

(b) X, =2m(3 kHz)(800 uH) = 15.1 Q

&) (e ) o

1
©0.106S

Z= =943 Q

~|—

(¢) X, =2m(5kHz)(800 uH) =25.1 Q

\/(g ’ (X%Jz ) \/(1219}2 +(25.11 sj ~o2s

_1__ 1
Y 00928

Y

=109 Q

(d) X,.=2m(10 kHz)(800 pH) =50.3 Q

[T

_1__ 1
Y 0.086S

Y

=11.6 Q
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19. X, =2nfL
o X 120

= 2L =2.39 kHz
2nL 2m(800 uH)

SECTION 12-5 Analysis of Parallel RL Circuits

10V

20. Ig= =4.55mA
2.2kQ

I = 10V =2.86 mA
3.5kQ

I,, =+/(4.55 mA)> +(2.86 mA)® = 5.37 mA

21. (@) X, =2m(2 kHz)25 mH) =314 Q

S RX,  _ GO0QGI4Q) ..o
VR + X7 (560 Q) +(314 Q)
® L= L=V _go3ma
R 560 Q
© L=Y-V _is9ma
X, 314Q
) L= 220V g3ma
7 2740
(e) O=tan’ R’ = tan™’ 260Q = 60.7°
R 314 Q
R +R)X 11.5 kKQ)(5.0 kQ
22, Zy= R+ R)X,  _ ALSKE.0 ):4.59k£2
\/(Rl + RZ)Z + XZ 12.54 kQ
6= tan™ 11,5 k2 = 66.5°
5.0kQ

Req = Z,,c0s 8= (4.59 kQ)cos 66.5° = 1.83 kQ
Xi(eq) = Zinsin 8= (4.59 kQ)sin 66.5° = 4.21 kQ

SECTION 12-6 Analysis of Series-Parallel RL Circuits
23. X, =2m(100 kHz)(1.0 mH) = 628 Q

;- RX, _ (15009)628 Q)
s 2 2 2 )
VR +X2 41500 Q) +(628 Q)

6= tan™' & =tan! 1500 © =67.3°
X, 628 Q
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24.

25.

Req = Z,cos 8= (579 Q)cos 67.3° =224 Q
Xi(eq) = Zpsin 0= (579 Q)sin 67.3° =534 Q
Zun= (R + R+ X}y =+/(444 Q) +(534 Q) =694 Q
It()l = 25—V = 36 mA
694 Q
Vit = LR = (36 mA)(220 Q) =792V
Ve =V, =12, = (36 mA)(579 Q) =208 V

The circuit is predominantly inductive because Xjcq) > Rior-

Using the results of Problem 23:

L, =36 mA
=Y 2208V 335 maA
X, 628Q
Irz = Ver _ 208V _ 139 ma
R, 1500Q

SECTION 12-7 Power in RL Circuits

26.

27.

28.

29.

P, = \[P2. +P? = /(100mW)* + (340 mVAR)* =354 mVA

X, = 21(60 Hz)(0.1 H) = 37.7 Q
Z= R+ X} =47 Q) +(37.7Q) =603 Q

L=V Y i66ma
Z 603Q
P = I2,R =(16.6 mA)*(47 Q) = 13.0 mW

P.=1

tot

f=tan™" i =tan! 2.2kQ =32.2°
X, 3.5kQ

PF =cos 8= cos 32.2° = 0.846

X, =(16.6 mA)’(37.7 Q) = 10.4 mVAR

Using the results of Problems 23 and 25:
PF = cos @=cos 67.3° = 0.386
Pyye = Vil cos = (25 V)(36 mA)(0.386) = 347 mW

P,=I’X, =(33.2 mA)%(628 Q) = 692 mVAR
P.= Vil = (25 V)(36 mA) = 900 mVA
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SECTION 12-8 Basic Applications

30. Use the formula, V,,, = [

iJVm. See Figure 12-2.
Zf(}t
Frequency (kHz) X, (kQ) Zior (KQ) Vou (V)
0 0 39 1
1 62.8 73.9 0.53
2 126 132 0.30
3 189 193 0.20
4 251 254 0.15
5 314 316 0.12
Vour (V)
14
0.8
0.6 -
0.4 |
021 ' : 1 (kHz)
0 1 3 4 5
Figure 12-2
[ X, j .
31.  Use the formula, V,,, = | — |V;,. See Figure 12-3.
tot
Frequency (kHz) X, (kQ) Zior (KQ) Vou (mV)
0 0 39 0
1 62.8 73.9 42.5
2 126 132 47.7
3 189 193 49.0
4 251 254 494
5 314 316 49.7
Ve (mV)
50 | . o o
40 -
30
20
10
! 1 ! ! ! / (kHz)
0 1 2 3 4 5
Figure 12-3

32.

For Figure 12-55: See Figure 12-4(a).
X =2n(8 kHz)(10 H) = 503 kQ

Z=\R+ X} = (39 kQ)* +(503kQ)* =505 kQ
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f=tan™' (%) = tanl[503 kQJ = 85.6°

39 kQ

Vo= [ Ry —[ 3Ky 97 my
z 505 kQ

v = [ Xl —[28K2Y G 996 my
z 505 kQ

For Figure 12-56: See Figure 12-4(b).
X, =2m(8 kHz)(10 H) = 503 kQ
Z=\|R?+ X} =1/(39 kQ)? +(503kQ)* =505 kQ

f=tan™" (& =tan! 503 kQ = 85.6°
R 39 kQ

Ve= (EJVM = ( 39 k2 Jso mV = 3.86 mV

z 505 kQ

v, = (ﬁ v, =28 50 v - 49.8 mv
z 505 kQ

l
Ms‘ﬁo 4.4°
Vg=772mV

/\l—'
Ms.@’ 4.4°
Vg =3.86mV

Figure 12-4

(@)

V,=49.8 mV

(b)

SECTION 12-9 Troubleshooting

33.

34.

VRI = VLI = 18 V
VR2= VR3= VL2=0V
@ V=0V
® V=0V
© Vu=0V
(d V=0V
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ADVANCED PROBLEMS

35.

36.

37.

38.

See Figure 12-5(a).
Ry=R;+R,||R:=33Q+56Q22Q=48.8Q

V= R, 25V:@25V=7.05V
78 Q

R +R,
See Figure 12-5(b):
1
Liy= 1 . 1 =25 mH
50mH 50mH
Xron= 2TtfL; = 21(400 Hz)(25 mH) = 62.8 Q
X Lo 62.8 Q
Viz|—=———Va= 7.05V=557V
JR+ X2, | (J488Q7 +(628Q)
th
° Wy
488 Q
25V Thevenize Vin
400 Hz ’22 o 205 % 25 mH
o g o

Figure 12-5

Since Xj o > Ry, the circuit is predominantly inductive.

From Problem 35,
XL(tot) = 628 Q

Ziw= R +R, || R; + X; =56Q+22£2||\/(339)2+(62.8£2)2 =72.8Q

L(tot)

()  X,=2nfL = 21(80 kHz)(8.0 mH) = 4.02 kQ
Z,. = R1||(R2+R3|| Rj+X§)

=12kQ| (1.0 kQ +3.3kQ|| \/(5.6 kQ)? + (4.02 kQ)? )

=875Q
14
®)  fy=—=8Y 206mA
V4 875Q

tot

(©)  Ru=RII(Ry+R)+R, =12kQ||43kQ+5.6kQ =6.54kQ
6= tan™' XL =tan”! 4.02 k02 =31.6°
R, 6.54kQ
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(d)  See Figure 12-6(a).
Ry=Rs+R,||R3=5.6kQ+1.0kQ || 3.3 kQ=6.37kQ

Vo= | —fo |y o[ 33K he v 138y
R,+R,) ' (43kQ

X 4.02kQ
V.= [—L}/,h :[ 0 }3.8 V =737V

JR, + X} J(6.37kQ) +(4.02kQ)*

(e)  See Figure 12-6(b) and (c):
Ry=R,||R3=1.0kQ | 3.3kQ =767 Q
Vi = Ry V. = 3.3kQ 18V=138V
R,+R; ) 4.4 kQ
The voltage across the R4-L combination is the same as the voltage across R;.

JRI+ X2
VR3 = [ : L Jvth

VR, +R,)? + X}

2 2
_ V5.6 kQ) +(4.02 kQ) o (6.89 kgng ‘e ey
J (6.37 kQ)* + (4.02 kQ)* 3kQ

~ R, R, Thevenize
1.2kQ 3.3kQ

(b)

@ 138V gy 40210

Figure 12-6
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39.

40.

41.

RX, _  (68Q)(100Q)
JRE+ X2 (68 Q) +(100 Q)

Oy, ., =tan”' & =tan"' 88 =34.2°
o X, 100 Q

Converting the parallel combination of R, and X}, to an equivalent series form:
Req= Zg,_x,, €08Og, _x,, = (56.2 Q)cos 34.2° =46.5 Q

Xieor= Zay—x,, Si0 0, _x,, = (562 Q)sin 34.2° = 31.6 Q
Zo= (R + R+ X}y =(47 Q+465Q) +(31.6 Q)* =98.7Q
V. 40V

=562 Q

(@) ZRz -Xp T

I = —= =405 mA
s, 98.7Q
R 68 Q
b)) In=|—2— = 405 mA =228 mA
JRE+x2 ) (68 9 + 100 Q)2
(C) XL2—L3 = XL2 + XL3 =75 Q+ 45 Q= 120 Q
I = Y, = 40v =333 mA
X, 5 1200
d) Ip= Xi I = 1002 405 mA =335 mA
JR2 + X2, J(68 Q) +(100 Q)

Ry +Rs=39kQ +6.8kQ=10.7kQ

Rs || (Rs + Rs) = 4.7KQ || 10.7 kQ = 327 kQ

Ry + R3 || (R4 + Rs) = 5.6 kQ + 3.27 kQ = 8.87 kQ

R, =R, ” (Rz + R; ” (R4 + R; )) =3.3kQ ” 8.87kQ =2.41kQ
X =2n(10 kQ)(50 mH) = 3.14 kQ

f=tan"’ ﬁ = tan”! 3.14 kQ2 =52.5° V,,lagsV,,
R 2.41kQ

J [ 241 k0 JIV:609mV

J(241kQ)° +(3.14 kQ)?

R,
J R +X2

Ry || (R, +Ry
Vis = I¢ ) Vir = 32K 609 my =225 mv
Ry | (R, +R5)+R, 3.27 kQ+5.6 kQ

Vaut = VRS = RS VR3 = & 225 IIlV = 143 IIIV
R, +R; 3.9kQ+6.8kQ

143 mV
1v

out __

=0.143

Attenuation =

in

L= L+ L) | L+ L) | 1,
= (1.0 mH+1.0 mH) |2.0mH +1.0 mH) | 2.0 mH
= (1.0mH+1.0mH) |20 mH=2.0 mH 2.0 mH = 1.0 mH
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XL(rut) = anL =62.8Q

XL(tot)

VL(rat) = T ‘/in
\/R + X on)

= 62.8 & Jl V=0532V

{100 Q)7 +(62.8 Q)

VL3_4_5 = 628 Q 0532V = 0265 \Y
125.6 Q

out = 628 Q2 0.265V=0.133V
125.6 Q
Attenuation = Vou = 0.133v =0.133
v, 1V
0w rR=2Y_png

1A

R, = 2.5kV =2.5kQ
1A

See Figure 12-7. When the switch is thrown from position 1 to position 2, the inductance will
attempt to keep 1 A through R,, thus a 2.5 kV spike is created across R, for a short time. This
design neglects the arcing of the switch, assuming instantaneous closure from position 1 to
position 2. The value of L is arbitrary since no time constant requirements are imposed.

RI
o—
= B
V= 25kQ
1A
Figure 12-7

43.  See Figure 12-8. The correct output voltage is calculated as follows:
X, =2nfL = 2n(10 kHz)(50 mH) = 3142 Q
39kQ + 6.8 kQ =10.7 kQ
4.7kQ || 10.7 kQ = 3.27 kQ
5.6 kQ +3.27 kQ = 8.87 kQ2
3.3kQ || 8.87kQ =2.41kQ

2.41kQ

= 1V=0.609V
J(2.41 kQ)* +(3.142 kQ)?

Va
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~ 327 kQ
327 KQ+5.6 KQ

_ 6.8 kQ
1 6.8kQ+3.9kQ

The measured output is approximately 0.3 V peak, which is incorrect.
After trial and error, we find that if the 4.7 kQ is open we get:
Ry =33kQ | (5.6 kQ +3.9kQ + 6.8 kQ)=2.74 kQ

j0.609 V=0225V

JO.225 V=0.143V

Va= 274 k2 1V=0.657V
J(274 KQ)* +(3.142 kQ)?
out = 68 kQ 0657 V= 0274 V
5.6 kQ+3.9 kQ+6.8 kQ2
This is relatively close to the measured value. Component tolerances could give us the scope
reading.
50 mH 5.6kQ 3.9kQ
IVpeak o Aon 4 B _
10[;(Hz Wy MWy 0 Vou
33kQ 47kQ 6.8 kQ
Figure 12-8

Multisim Troubleshooting Problems

44. R, is shorted.
45. L, is open.
46. L, is shorted.
47. R,isopen.
48. No fault

49. L, is shorted.
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CHAPTER 13
RLC CIRCUITS AND RESONANCE

BASIC PROBLEMS
SECTION 13-1 Impedance and Phase Angle of Series RLC Circuits

1 1
= = = 6
2nfC 2m(5 kHz)(0.047 UF)
X, = 2nfL = 2n(5 kHz)(5 mH) = 157 Q
Z= R +(X.-X,)
= J10 Q) +(677 Q=157 Q)* = /(10 Q)* +(520 Q)* =520Q
X, - X 520 Q
@=tan'| =C—L | =tan”!| === | = 88.9° (V, laggin
ERANIE Y -
Xior = Xc— X; =520 Q Capacitive

—

77 Q

Xc

N

Z= R +(X, - X0)* =(47kQ)* + (8.0 kQ-3.5kQ)> =6.51kQ

et

Doubling f doubles X; and halves X, thus increasing the net reactance and, therefore, the
impedance increases.

SECTION 13-2 Analysis of Series RLC Circuits

4 Z= R +(X, - X0) = {(4TkQ)? +(4.5kQ)> =6.51 kQ
Imt:L= 4V =614|.LA
Z, 651kQ
V= IR = (614 LA)(4.7kQ) = 2.89 V
V, = LoX, = (614 HA)8.0 kQ) = 4.91 V
Ve = loXe = (614 HA)3.5kQ) = 215 V
5.

f=tan™" (& =tan™ 4.5 kQ =43.8°
R 4.7 kQ

The voltage values were determined in Problem 4. Vi lags V, by 43.8° because it is in phase

with /. V; and V( are each 90° away from Vi and 180° out of phase with each other. See
Figure 13-1.
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V, =491V
46.2°

43.8°

90°
Ve=2.15V ‘ Vp=2.89V

Figure 13-1

Ru=R||Ry=220Q1|390 Q = 141 Q
Lu=L+L=05mH+1.0mH=1.5mH
Cir= C; + C,=0.01 uF + 1800 pF = 0.0118 uF

XL(tot) = 236 Q
XC(tot) = 540 Q
Zuw= | RE + (X gy = X ) =141 Q)% + (304 Q) =335Q
@ IL,= =12V _358ma
Z, 335Q
() Pue= I.,R, =(35.8 mA)’ (141 Q) = 181 mW

(¢c) P,=1I’X, =(358mA) (304 Q)=390 mVAR

(d)  P.=+(P,.)" +(P)* =430 mVA
SECTION 13-3 Series Resonance

Because X¢ < X, f; is less than the frequency indicated.

Xc = X, at resonance.
Ve=V,=12V

PES S 1 _-
" 2m/LC  2m\/(1mH)(47 pF)

X, =2nf,L = 2m(734 kHz)(1 mH) = 4.61 kQ
XC = XL = 4.61 kg

34 kHz

Zml:RZZZOQ
1= Y PV sysma
Z 220 Q

tot

10. V=V, =100V atresonance

z=r="Yo =19V 140
I,. 50mA

Xooxoo Vo100V o6
I, 50mA

max
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11.

12.

1 1

/= 2JIC 21 y(82 uH)(1.5 nF)

X, =2n fL = 2m(454 kHz)(82 uH) = 234 Q

=454 kHz

X, 234Q
Q="-Lt="""1=6

R 39Q
pw= Lo - PHHL s,

0
fd:f,—%=454kHz—@=4l6kHz
fc2=f,+¥=454kHz+@=492kHz
o= =30V 97 mA

R 39Q

Lhaip-power = 0.7071,4c = 0.707(77 mA) = 54 mA

SECTION 13-4 Series Resonant Filters

13.

14.

(a) f = 1 = 1 =
" 2ndLC 2myJ(12mH)(0.01 uF)
1 1
b) f.= =
® 2ndLC  2m/(2 mH)(0.022 uF)

These are bandpass filters.

14.5 kHz

=24.0 kHz

@ Rx=10Q2+75Q=85Q
1

1
fi= = =
2n/LC  2m/(12mH)(0.01 uF)
X, = 2m(14.5 kHz)(12 mH) = 1.09 kQ
0= Xu _1O9KQ _
R, 85Q
f, _14.5kHz
Q
(b) R,=10Q+22Q=32Q
PR 1 ~
" ondLC 2my /(2 mH)(0.022 pF)
X, = 2m(24.0 kHz)(2 mH) = 302 Q
X, 302Q

14.5 kHz

BW= =1.12 kHz

24.0 kHz

= DL _944
¢ R, 32Q
pw= L 280K o vhy
0 944
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1 1
(@ f.= = =339 kHz
Y 2n/LC  2m, /(100 uH)(0.0022 WF)

X =2m(339 kHz)(100 pH) =213 Q

15.

o= X _2BQ 4
R 150Q
BW = %: 339KHZ _ 539 kHz

1 1
. _ _ =10.4 kH
®) f wmJLC  2m \/(5 mH)(0.047 uF) ’

X, =2n(10.4 kHz)(5 mH) = 327 Q

0= XL 3272 54
R 820

pw= o 10AKHZ ) o kHz
0 39

SECTION 13-5 Parallel RLC Circuits

16. X, =2mfL =2n(12 kHz)(15 mH) = 1.13 kQ
1 1 e
“7 2nfC T 2m(12 kHz)(0.022 uF)

2 2 2 2
1) 1 1 1 1 1
Y= || =| +| ———| = + -
\/(R X, X, 100 Q 603Q 1.13kQ

= J(0.018)’ +(16.58x10™* S—8.84x10™* $)* =10.03 mS

Zi = l=; =99.7Q
Y 10.03mS

03 Q

17.  Xp=2m(12 kHz)(15 mH)=1.13 kQ

= 1 = 6
21t(12 kHz)(0.022 uF)

Since X¢ < X, the parallel circuit is predominantly capacitive.

The smaller reactance in a parallel circuit dominates the circuit response because it has the
largest current.

Xc

03 Q

18. I, = Y, = SV =50.2 mA IR=£=5—V=50.0mA
Z, 99.7Q R 100Q
V.
=Yoo OV _44rma fe=—-=>"_ _829mA
X, 1.13kQ X, 603Q
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19. X, =27fL=27(10 kHz)(10 mH) =628 Q
1 1

1.59 mS

— 942 1S

B =—=——=159mS
X, 628Q
R ! ~1.06 kQ
27fC 2 (10 kHz)(15 nF)
1 1
B.=—= =942 uS >
X, 106k " 3 e
Ry=80Q 2003
_X _OBQ_ e
R 80Q
R, =Ry (Q7 +1)=80 Q(7.85" +1)=5.01 kQ Figure 13-2
Gy ==L —200S
rep R 5.01kQ :

p(eq)
The equivalent circuit is shown in Figure 13-2.

Yo =[G eqy’ + B’ =200 puS>+ (159 mS — 942 uS)*> =678 pS
1
Z[Ol =
678 uS

= 1.47kQ

SECTION 13-6 Parallel Resonance

20.  Z,is infinitely large.

\/I_RVZVC \/1_ (20 Q)* (47 pF)

=104 kHz
2L 21/ (50 mH)(47 pF)
X, = 2nf,L = 21(103.82 kHz)(50 mH) = 32.6 kQ
0- X, _326kQ
R, 20Q

Z, = Ry(Q* + 1) =20 Q(1630* + 1) = 53.1 MQ

22.  From Problem 21: Z,=53.1 MQ and f, = 104 kHz
Ly = £=63—V =119 nA
Z, 53.1MQ
Io=1 6.3V

L —
J(20 Q)7 +32.6 kQ)’

=193 pA
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SECTION 13-7 Parallel Resonant Filters

3. o= XL 2K2 g
R 250
Bw= 1 K02 _ o s Hy
0 80

24. BW=f,—f.,=2800 Hz — 2400 Hz = 400 Hz

25. P=(0.5P,=(0.5)2.75W)=138 W

26 o= Lo 8KHZ 4
BW  800Hz
XL(res) = QRW = 10(10 Q) = 100 Q
_ X, 1008 1.99 mH

"~ 2nf,  2m(8kHz)
Xc=X; atresonance
1 1

= - =0.199 puF
onf. X,  2m(8 kHz)(100 Q)

27. Since BW = g , the bandwidth is halved when Q is doubled.

So, when Q is increased from 50 to 100, BW decreases from 400 Hz to 200 Hz.

1

28. f.=
2n\/LC
= 212 = > 12 =35.2 mH
4r” f7C  4(3.14)°(60) (200 UF)
29.  See Figure 13-3.
L
35 mH
C \ 4 O
|l
I
v 200 UF Ry v
@ 220 Q out

Figure 13-3
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ADVANCED PROBLEMS

30.

31.

(a) 20log “/;’l:’ =20 log %j =0dB

(b) 201log “/;’l:’ =20 log i—zj =-4.4dB
(¢) 20log “/;’l:’ =20 log 7i(())7VVj =-3dB
(d 201log “/;’l:’ =20 log ;—‘;J =-14dB

—_—

1

Xuon= N 1
X, X, (5kQ 10kQ

RXiwn  (10kQ)(3.33kQ)
VR + X2, 0K +(3.33kQ)

6, = tan™! R, = tan”! 10 k€2 =71.6°
XL iion) 3.33kQ

Converting the parallel combination of R,, X;;, and X, to an equivalent series circuit:
Req = Z,cos ,=(3.16 kQ)cos 71.6° =997 Q
Xi(eq) = Zpsin 0= (3.16 kQ)sin 71.6 ° = 3 kQ

Zu = (R + R +(X gy + X ) +4/(4297 Q) +(2000 Q) = 4740 Q

vV, 10V
Z, 4740 Q

tot
Vi = LR = (2.11 mA)(3.3kQ) =6.96 V
Ve=1pXc=2.11 mA)(1.0kQ) =211V
Vitiore = LioZ, = (2.11 mA)(3.16 kQ2) = 6.67 V

=3.33kQ

Zp = XL(tot) ” R2 = = 316 kQ

=2.11mA

Loy =1Ip = IC =

ILl = VLI = 6.67vV =1.33 mA
X, 5kQ

fae Vi _6STV s
X, 10kQ
\% 67V

= Y22 00TV er A
R, 10kQ
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32.

33.

34.

For V,, =0V, V, =V, in both magnitude and phase angle.
X1=226Q; X;,=151Q

226 Q

J180 Q) +(226 Q)

It is not possible for V,, to be 0 V because the LC branch has no resistance; thus, the voltage
from a to b can only have a phase angle of 0°, 90°, or —90° (the branch will be either resonant,
purely inductive, or purely capacitive depending on the value of X¢). Therefore, it is not

possible for V, to equal V, in both magnitude and phase angle, which are necessary conditions.

Vo=Vi = [ J12V=9.38V

1
= = 2
2n(3 kHz)(0.22 uF)
X, = 2n(3 kHz)(12 mH) = 226 Q
Xy, = 21(3 kHz)(8 mH) = 151 Q

Y, = 12V =41.5mA

IRl—Ll =
JRZ+ X2 180 Q) +(226 Q)

Ieqr= V. = 2V =133 mA
X.—X,, 241Q-151Q

Gr1 1 = tan™" @ =tan” @ =51.5°
R, 180 Q

The resistive component of current in the left branch is:

IR = IRl—LlCOS 6R1—Ll = (415 IIIA)COS 51.5°=25.8 mA

The reactive component of current in the left branch is:

IX = IRl,Llsin HRI—LI = (415 mA)Sin 57.5°=32.5mA

In the right branch X¢ >X;,, so I, is totally reactive and is
180° out of phase with Iy in the left branch.

41 Q

Xc

L= T2 +Ue_ps— 1) =/(25.8mA)’ +(133mA—32.5mA)> = 104 mA

L RC
L, 1
For parallel resonance: f,= = =2.6 kHz
2m/L,C ~ 2m(25mH)(0.15 uF)
X,, = 27(2.6 kHz)(25 mH) = 408 Q 0,= X2 _408L _ 0,
R,, 4Q

Z,=Rin(Q2 +1)=4 Q102> +1) =41.6 kQ
X;1 =2m(2.6 kHz)(10 mH) = 163 Q
Since Z, is much greater than R, Ry, or X, and is resistive, the output voltage is:
Vour 2Vy=10V
1 1

— = = 4.1 kHz
2n/LC 2m, /(10 mH)(0.15 pF)

For series resonance: f, =
and

Xe =X, = 2n(4.1 kHz)(10 mH) = 258 Q
Xp» = 21(4.1 kHz)(25 mH) = 644 Q
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35.

36.

Since X¢ < X, the parallel portion of the circuit is capacitive.

> 2 XC(\/RV%/2+X£2)
Z,= Ry, +X;, — - -
\/sz +(XL2 _Xc)
Assuming that Z, is almost totally reactive:

‘/out = Zr ‘/s = 1720 10V =196V
JR?+27 J860Q)* +(172 Q)

f-=BWx Q= (500 Hz)(40) = 20 kHz

Xc= 25V =125Q
20mA

=172 Q

S ! =0.0
onf, X, 2m(20kHz)(125Q)

64 UF

w
Ry= L _ (%} X, =0.025X, = 0.025(2nf,L)

| RyC) | (0.025(2mf,L))' C
oo L L _1-0.025f’LC
’ 4m’LC AM’LC 4MLC
In the above derivation, the term (0.025(2m))* = 0.025

fRAn’LC = 1-0.025f’LC

fILC(41* +0.025) =1

L= —; 21 =9
fAC(4m* +0.025)

89 pH

Refer to Figure 13-4.
1

fi= i Choose C =0.001 uF

1
1= AM’LC
@ f=00kHz L = 47:2;,20 " 42500 kHzl)2(0.001 up) - TOLHH
®) §=1000kHz: L, = 47:2;,20 - 4n2(1000kH1z)2(0.001uF) =25.3pH
(©)  f=1500kHz: Ly= — ! 113 pH

A f2C 4m*(1500 kHz)*(0.001 uF)
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1 1

= =63 uH
4n° f2C  4m*(2000 kHz)*(0.001 uF) "

(d) f,=2000kHz: L,=

101 uH

d1L)

253 uH L,
T
°—| 11.3 uH Ly

0.001 uF o—H——o0

in
4

L

O

Figure 13-4

35.  See Figure 13-5. The winding resistance is neglected because it contributes negligibly to the
outcome of the calculations.
1

)= 2 LC
1
2 _
5y AT°LC
1
C=——5
A fL
For f, =8 MHz, 9 MHz, 10 MHz, and 11 MHz:
Ci=— ! < =40 pF
4m*(8 MHz)* (10 uH)
C=— ! > =31 pF
41> (9 MHz)* (10 uH)
C=— ! > =25pF
41> (10 MHz)” (10 uH)
! 21 pF

Ci=—— 2 =
4m* (11 MHz)? (10 uH)

Figure 13-5
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Multisim Troubleshooting Problems

38.
39.
40.
41.
42.

43.

L is open.
No fault
Cis open.
L is shorted.

C is shorted.

L is shorted.
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CHAPTER 14
TRANSFORMERS

BASIC PROBLEMS

SECTION 14-1 Mutual Inductance

1. Ly= kyLL, =0.75/1 uH)(4 pH) = 1.5 uH

2. Ly=ky{LL,
Ly, 1uH

k = = = 0.25
JLL, @ uH)2 pH)

SECTION 14-2 The Basic Transformer

N
3. n= e 390 g
N, 120
N
4 @ o= 1000y
N, 250
N
by = 190 g5
N, 400
5. (a) Inphase (b)  Out of phase (c)  Out of phase

SECTION 14-3 Step-Up and Step-Down Transformers

=

i 100

Vie= 1.5V,; = 1.5(120 V) = 180 V

=1.5

=z

7. Niee = 2N,,,; = 2(250 turns) = 500 turns
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10.

11.

12.

13.

14.

See Figure 14-1(a).

(a) sec - anH

< |V,.s = 10(10 V)= 100 V rms

(b) sec - anrt

See Figure 14-1(b).
( <V . =2(50V)=100 V rms

1:10

o 3l v

100V rms 50 V rms 100 V rms

(a) In-phase (b) 180 degrees out-of-phase

Figure 14-1

p= N - 3OV _ g5
N,. 120V

Viee = (0.2)(1200 V) =240 V

&: Noee =n=0.1
Vpri pri
1 1
Vp”'= - Vrec: o (6V) =60V
n 0.1
N 1
a Vi=nV ==V =|—[120V =6V
( ) L pri Np”- pri (2())
(b)  V.=0V (The transformer does not couple constant dc voltage)
N
© Vp=nV, = ﬁ vV, =410V)=40V

pri

No, the voltages would not change.
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15. (@) V.=(0.1)V, =(0.1)(100 V) =10 V
(b)  V,; =20V, =20(12V)=240V

16. Meter would indicate 10 V.

SECTION 14-4 Loading the Secondary

N . 1

I ri
17. =P —_

1
I . N n 3

pri sec

L= [ljlm _ G}oo mA =33.3mA

n

I .
18. _sec _ _Prt

1

pri sec

N 1
a Vrecz Vn': — Vri= —130V=15V
@ e [N J @

pri

<=

V 15V

(b) Isec =X =—__ =50mA
R, 300Q

© D= |Yeelp = (ﬂjso mA =25mA
v, ) 30V

(d)  Pp=1I.R.=(50 mA)*(300 Q) =0.75 W
SECTION 14-5 Reflected Load

1Y 1Y 1
19. Ryi= (—j R, = (—j 680 Q = (—j680 Q=272Q
25

200 n=—

—_—

2
R,.i= (—J R, =50%(8 Q) =20 kQ

N

=M = 6.0 mA

20kQ

14
2. =

pri
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22.

24,

25.

26.

R,:=300Q; R, =1.0kQ

oo R
Rpri

. i: 1.0kQ=183
R, \300Q

n=0.5 from Problem 23.

1Y 1
Ryi=|—| R =|—4Q =16Q
’ (;J peak (o.zs)
L= BV _s6A

16 Q

L= (ljlp,,. =2(1.56 A)=3.12 A

n
Ppeater = I Ry = (312 A)’(4 Q) =389 W
n=10 n= R n = R
R R

R, =n"R,,;=10°(50 Q) = 100(50 Q) = 5 kQ

1Y 1)
R,i=|=| R, =| —| R, =(0.0DR,
n 10

For R, =1kQ, R,,;=(0.01)(1kQ)=10Q
10Q

VR(pri) = (&)—Qj 1I0V=1.67V

_ (167 V)’
100

=0.278 W
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For R, =2kQ, R, =(0.01)(2kQ) =20 Q

Vi) = (38—2) 10V=286V

2
p= (2.86' V)
20 Q

=0.408 W

For R, =3 k€, R, =(0.01)(3 k) =30 Q

300
Veoro = | 2222 10v =3.75 V
Ripri) (809}
2
p=BDBV) 60w
300

For R, =4kQ, R,;= 40 Q
40 Q

Vi = | ———= |10 V=444 V

Rpr) (909}

2
b (444V)
40 Q

=0.494 W

For R, =5k, R,;= 50Q

50 Q
Viors = | ——= |10 V=5V
ey (1009}
2
p=8Y" _ps00w
50 Q

For R, = 6 kQ, R,,;=60Q

Vreri) = (%J 10V=545V

2
P (5.45V)
60 Q2

=0.496 W

FOTRL=7kQ, Rp”‘=7OQ
70 Q

Vi) = | —— |10 V=583V

e (1209}

2
p= (5.83V)
70 Q

=0.486 W

For R, =8k, R,;=80Q

Vreri) = (%J 10V=6.15V

2
p= (6.15V)
80 Q2

=0473 W
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For R, =9k, R,;=90Q
90 Q

Vi = | ——= |10 V= 6.43 V

Rprd) (1409}

2
p= (6.43V)
90 Q

=0.459 W

For R, = 10kQ, R,,; =100 Q

100 Q
Vi = | ——= 110 V=6.67 V
Rprd) (1509}
2
p= OOV _gaaaw
100 Q

See Figure 14-2.

P (W)

0.5~ //\
" —

0.4 —

03—

02—

0.1 —

Ry (kQ

0 1 2 3 4 5 6 7 8 9 10

Figure 14-2

SECTION 14-7 Transformer Ratings and Characteristics

27. Pr=P,i—Pox=100W -55W =945 W

28, % efficiency = | 12 |1009 = [ 222 W
E 100 W

JIOO% =945 %

in

29.  Coefficient of coupling = 1 — 0.02 = 0.98
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P 1kVA

30. a Loy = —+=——=1.67TA
@ o= 3= 00V
(b) RL(min) = ‘/SEC = 600V =359 Q
Ly 1OTA

© Xe= e 23500
IL

1 1
2nfX. 2m(60Hz)(359 Q)

Chax = 7.4 uF

31. kVArating=(2.5kV)(10 A) =25 kVA

SECTION 14-8 Tapped and Multiple-Winding Transformers

32. V= 5—0)120 V=120V
500

V= @jlzo V=240V
500

V= @jlzo V=240V
500

V4:V2+V3:48.0V

33.  For secondary I:

B & 24V )
Vi 12V
For secondary 2:
Vv
= & = —6 =0.5
Vi 12V
For secondary 3:
n= Q=—3V =0.25
v . 12V

pri

34. (a) See Figure 14-3.
(b) 100 turns: V.. = (—j240 V=12V

200 turns: V. = (—j240 V=24V
500 turns: V.= (ﬂ 240V=60V

1000 turns: V.= m 240V=120V
2000
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o)
% 100 turns

1000 turns
g 200 turns

g 500 turns
1000 turns
g 1000 turns
o ‘e}

Figure 14-3

35.  For both primaries:

100

Top secondary: n= —— =0.

P Y 1000

Next secondary: n = 200 =0.2
1000

Third secondary: n = 00 =0.
1000

Bottom secondary: n = 1000-_ 1

1000

SECTION 14-9 Troubleshooting

36. Open primary winding. Replace transformer.

37.  If the primary shorts, excessive current is drawn which potentially can burn out the source
and/or the transformer unless the primary is fused.

38.  Some, but not all, of the secondary windings are shorted or the primary voltage is lower than
expected.

ADVANCED PROBLEMS

39. (a) Ny =400 turns + 300 turns = 700 turns

Vi, =nV,, = Nee |y [790 Yoy =35V
b N

o) (1200
I, = i=_35V =292 A
R, 12Q
Vo= ﬂ 60V =15V
1200
IL2= hzls—v =1.5A
R, 10Q
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40.

41.

42.

1 1 1 1 1

(b) = —t —= +

an. (N,,r,- J (N,,r,- J (29412 Q) (16)(10 Q)

Ll N RL2
N700 300
= ! +#= 0.0283 S + 0.00625 S =0.0346 S
353Q 160Q
Zpi = _ 1 _190
0.0346S

() V,;=2400V
N. V. 120V

no= S Do = 0.05
N,, V., 2400V
(b) Isec = i = SkVA =417 A
\% 120V

sec

(©) L =nl,=(0.05)(41.7A)=2.09 A

(a) The lower 100 Q resistor is shorted out by the meter ground; so, the full secondary
voltage measured by the meter is:

1

Vicier = Viee = 1V, = Neee 120V = (_juo V=20V

N, 6

(b)  The common point between the 100 Q resistors is ground. Both resistors are still in the
secondary with one-half of the secondary voltage across each.

Vmeler = (l Vsec = l 20V=10V
2 2

Position 1:
R, =560Q+220Q +1.0kQ =1780 Q

_ [R_ 11802 _ .,
R, 10Q

Niee = Nyeet + Nyeer + Niee3 = BN, = 13.3 X 100 = 1330 turns

Position 2:
R, =220Q2+1.0kQ=1220Q

o [R_ 12200 _ o
R, 10Q

pri

Nyee = Nyeez + Nyees = nN,; = 11.0 X 100 = 1100 turns

Position 3:
R, =1.0kQ

o [R_ oo _ o
R,. 10Q

prt

Nsee = Nyee3 = nN,,,; = 10 X 100 = 1000 turns
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43.  R,i= —— =40.0kQ
3mA
2
R[m’ = (lj RL
n
Rpri
R
n=|—= 802 =0.0141
R, 40.0 kQ
This is 70.7 primary turns for each secondary turn.
44. n= 126V = 0.105
120V
o lOVA
120 V
sec(max) = m = 794 mA
0.105
126V o
794 mA
45. n= 10V =0.0833
120 vV

Lyrigmaxy = (0.0833)(1 A) =83.3 mA
A fuse rated at 0.1 A should be used.

Multisim Troubleshooting Problems

46. Partial short in transformer.
47.  Secondary is open.
48. No fault.

49.  Primary is open.
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CHAPTER 15
TIME RESPONSE OF REACTIVE CIRCUITS

BASIC PROBLEMS

SECTION 15-1 The RC Integrator

1. T=RC=(2.2kQ)(0.047 uF) = 103 us

2. (a) SRC =5(47 Q)(47 uF) = 11.0 ms
(b)  5RC =5(3300 k€)(0.015 uF) = 248 pus
(c) SRC =522 kQ)(100 pF) =11 ps
(d)  5RC=5(4.7 MQ)(10 pF) = 235 ps
3. T=6ms, C=0.22 uF
T=RC
ST 6m sk
C 022pF

Use a standard 27 kQ resistor.

by (miny =97 =5(6 ms) = 30 ms

SECTION 15-2 Response of RC Integrators to a Single Pulse

5.

6. (a)
(b)
(©)
(d

7.

ve=0.6320V)=12.6 V

v=0.8620 V)=17.2V
v=0.9520V)=19V
v=09820V)=19.6 V

v=0.99(20 V) =19.8 V (considered 20 V)

See Figure 15-1.

10V
|
5T<ty 0 I I

5T>tW SV\/\/\

Figure 15-1
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T=RC=(1.0kQ)(1 uF) =1 ms

Vour = 0.632(8 V) =5.06 V

The time to reach steady-state with repetitive pulses is S5 ms.
See Figure 15-2 for output wave shape.

5.06 V

5 ms I

<—1 ms

Figure 15-2

SECTION 15-3 Response of RC Integrators to Repetitive Pulses

0.

10.

T=(4.7 kQ)(10 uF) =47 ms
5t =235 ms
See Figure 15-3.

12V-——
|
Vou | L
| | |

I
I
I
|
0 235 500 735 1000 1235 1500 1735

t (ms)

Figure 15-3

1 1

f  10kHz
Ist pulse: 0.632(1 V) =632 mV

Between Ist and 2nd pulses: 0.05(632 mV) =31.6 mV

2nd pulse: 0.632(1 V—-31.6 mV) + 31.6 mV = 644 mV
Between 2nd and 3rd pulses: 0.05(644 mV) = 32.2 mV
3rd pulse: 0.632(1 V—-32.2mV) +32.2 mV =644 mV

=100 s = 0.25(100 ps) = 25 s
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See Figure 15-4.

out

Figure 15-4

11.  The steady-state output equals the average value of the input which is
15 V with a small ripple.

SECTION 15-4 Response of RC Differentiators to aSingle Pulse

12.  See Figure 15-5.

+10V
""«’WK '\ K

0

|

I

I

I

|

|

I

-10V

‘r>>zz, [\' ! l\"
e

Figure 15-5

13. 1t=(1.0kQ)(1 uF) =1 ms
See Figure 15-6. Steady-state is reached in 5 ms.

8V

294V

506V I/

0

Figure 15-6
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SECTION 15-5 Response of RC Differentiators to Repetitive

Pulses

14. t=(1.0kQ)(1 uF) =1 ms
See Figure 15-7.

+4.5V

45V

Figure 15-7

T I i t(ms)

15.  The output voltage is approximately the same wave shape as the input voltage but with an

average value of 0 V.

SECTION 15-6 Response of RL Integrators to Pulse Inputs

16. 1= 10mH =1us
10 kQ
5t=5us
Vouttmaxy = 0.632(8 V) =5.06 V
See Figure 15-8.

T= S50mH
1.0 kQ
51 =250 us
Vout(max) =12V
See Figure 15-9.

17.

50 us

5.06 V

|
|
|
|
|
0 —t f
0 1

Figure 15-8

o

1(us)

Figure 15-9
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SECTION 15-7 Response of RL Differentiators to Pulse Inputs

_ 100 uH 454 s 10V
2.2kQ

(b)  Atend of pulse,
Vou=(10V)e>* =111V
See Figure 15-10.

18. (a)

1.11V
t
0 100 ns 327 ns

-8.89 V

Figure 15-10

_ 100pH

19. T=——— =454ns +10V
2.2kQ
0 I 1 t (ns)
5t =227 ns 0 ZSOV 600 850 V
See Figure 15-11. -10V

Figure 15-11

SECTION 15-8 Applications

20. T=RC=(22kQ)(0.001 uF) =22 s
vp= Vil — &) =10 V(1 — ") = 10,0 V

21.  The output of the integrator is ideally a dc level which equals the average value of the input
signal, 6 V in this case.

SECTION 15-9 Troubleshooting

22. 1t=RC=(3.3kQ)(0.22 uF) =726 ps
5t =5RC = 5(726 pus) = 3.63 ms
(b)  Since the output looks like the input, the capacitor must be open or the resistor shorted
because there is no charging time.
(c)  The zero output could be caused by an open resistor or a shorted capacitor.

23.  1=726ps; 5t =5(726 us) = 3.63 ms

(b) No fault.
(c)  Open capacitor or shorted resistor.
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ADVANCED PROBLEMS

24. (a) Looking from the source and capacitor,

g, - 22KQLOKQ+LOKD) | oo
42kQ

T=R,,,C = (1.05 kQ)(560 pF) = 588 ns = 0.588 ps

(b)  See Figure 15-12.
y= 106—2.6].18/0.588}18 = 120 mV

10V

120 mV
0 4§ t

-9.88V

Figure 15-12

25. (a) Looking from the capacitor, the Thevenin resistance is 5 k€.
1= kQ)4.7 uF) =23.5ms; 5Tt =5(23.5 ms) = 118 ms

(b)  See Figure 15-13.

20VE——=

[
by

by

by

| 1 ]
0 118 125 243

Figure 15-13

26. Liy=8uH+4pH=12 uH
_ (10 k€2)(14.7 kQ)

R, = ~5.95 kO
247 kQ
1= Lo _ 12HH 505
R 595kQ

tot
This circuit is an integrator.
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27. v=Vi(l-e™
25=51-¢"
25=5-5¢"
5¢""=5-25
e = 25 _ 0.5

5
Ine”=1n0.5

L 0693
T

t ls

T= = =1.44s
0.693 0.693

28.  The scope display is correct. See Figure 15-14.

1000 pF LOKO

i
%221{9

Figure 15-14

O

1.0kQ

Multisim Troubleshooting Problems

29.  Capacitor is open.
30. R,is open.
31. No fault

32. L;isopen.
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CHAPTER 16
DIODES AND APPLICATIONS

SECTION 16-1 Introduction to Semiconductors

—

N

98]

&

e

3

~

Two types of semiconductor materials are silicon and germanium.
Semiconductors have 4 valence electrons.

In a silicon crystal, a single atom forms 4 covalent bonds.

When heat is added to silicon, the number of free electrons increases.

Current in silicon is produced at the conduction band and the valence band levels.

Doping is the process of adding trivalent or pentavalent elements to an intrinsic semiconductor
in order to increase the effective number of free electrons or holes, respectively.

Antimony is an n-type impurity. Boron is a p-type impurity.
A hole is the absence of an electron in the valence band of an atom.

Recombination is the process in which an electron that has crossed the pn junction falls into a
hole in the p-region, creating a negative ion.

SECTION 16-2 The Diode

The electric field across a pn junction is created by the diffusion of free electrons from the
n-type material across the barrier and their recombination with holes in the p-type material.
This results in a net negative charge on the p side of the junction and a net positive charge on
the n side of the junction, forming an electric field.

A diode cannot be used as a voltage source using the barrier potential because the potential
opposes any further charge movement and is an equilibrium condition, not an energy source.

Forward biasing of a pn junction is accomplished by connecting the positive terminal of a
battery to the p-type material.

A series resistor is necessary to limit the diode current when a diode is forward-biased to
prevent overheating.
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SECTION 16-3 Diode Characteristics

14.

15.

16.

17.

18.

19.

To generate the forward bias portion of the diode characteristic curve, use the set-up shown in
Figure 16-1.

Triangular C/I
waveform

Figure 16-1

Oscilloscope

X-Y mode
Y inverted

The barrier potential would decrease from 0.7 V to 0.6 V is there were an increase in junction

temperature.

(a)  The diode is reverse-biased because the anode is at 5 V and the cathode is at 8 V.

(b)  The diode is forward-biased because the anode is at ground and the cathode is at
—100 V.

(c)  The diode is forward-biased by the positive voltage produced by the voltage divider.

(d)  The diode is forward-biased because its cathode is more negative than the anode due to
the —20 V source.

(a) Vr=8V -5V =3V (reversed biased) (b) Vg=07V

0 V=07V d V=07V

(a) The diode should be forward-biased with Vy = 0.7 V. The 25 V measurement indicates
an open diode.

(b)  The diode should be forward-biased with Vg = 0.7 V. The 15 V measurement indicates
an open diode.

(c)  The diode should be reverse-biased and the measured voltage should be 0 V. The 2.5V
reading indicates that the diode is shorted.

(d)  The diode is reverse-biased. The 0 V reading across the resistor indicates there is no
current. From this, it cannot be determined whether the diode is functioning properly or
is open.

VA = Vs 1= 25 V

Ve=V,—-07V=25V-07V=243V
Ve=Vsu+07V=8V+07V=87V
VD:VSZZSV
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SECTION 16-4 Diode Rectifiers

20.

21.

22.

23.

24.
25.

VAVG =
T T

V, _200V

=63.7V

VL(peak) = 50 V- 07 V= 49.3 V

493V

IL(peak) = — =493 mA

100 Q
See Figure 16-2.

493 mA
]L /\
0

/\
/\

493V
0

Figure 16-2

Yes, a diode with a PIV rating of 50 V can be used because the maximum reverse voltage is

50 V.

N
Viee =0V, = (Nm JIZO V =(0.5)120 V=60 V rms

pri

Vieepeary = 1.414(60 V) = 84.8 V

VRL(peak) = Vmc(peak) -07V=84.1V

VAVG =
T

2V, 2(75V)

L

=477V

(a)  Center-tapped full-wave rectifier.

b))  Vee=0.2580V)=20V rms
Vieepeary = 1.414(20 V) =28.3 V

=142V

07V _142V-07V 135V

(C) Vsec(peak) — 283V
2
(d)  See Figure 16-3.
‘/SEL' cal
(e) IF(peak) = ;) o -

R,

1.0 kQ

160
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(f)  PIV=2V,um=2(135V)=27.0V

135V
0

Figure 16-3
110V
26. Vavg= = T =55V for each half of the transformer
Vv
Vave =
T

Vp =TVavGg = 7'5(55 V) =173V

27.  See Figure 16-4.

i<
e oo
I v

Figure 16-4

28. PIV=V,= “VSVG = “(5(2) Y)

=785V

SECTION 16-5 Power Supplies

29.  The ideal dc output voltage of a capacitor filter is the peak value of the rectified input.

30. V,

ety =1.414(120 V) =170 V

V,=(170 V)(%) =56.6 V

V,=56.6 V—-1.4V =552 Vdc (with ripple at 120 Hz)
See Figure 16-5.
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170 V-

in

oV

y, 566 V/\ /\
AY

v 552V

0V

Figure 16-5

31. % load regulation = [M
F.

L
_(126V-121V
B 121V
—4.13%

Jl 00%

JIOO%

32. % line regulation = (MJIOO%

IN
_ (4.85V-4.65V
- (9.35 V-648V
=6.97%

leO%

SECTION 16-6 Special-Purpose Diodes

33. See Figure 16-6.

Zy
> 50
+
Vg =— 15V
Figure 16-6
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. oz AV 38mv

222 =38Q
AI,  1mA

35. At5V; C=20pF
At20V; C=11pF
AC=20pF—11 pF=9 pF (decrease)

36. From the graph, the diode reverse voltage that produces a capacitance of 25 pFis Vp =3 V.

37. The microammeter reading will increase because the photodiode will conduct current when the
LED is turned on.

38.  The reverse current in a photodiode with no incident light is called dark current.

SECTION 16-7 Troubleshooting

2v, _ 23120 V)(1.414)

T
The output of the bridge is correct. However, the 0 V output from the filter indicates that the
capacitor is shorted or Ry, is open.

39. VAVG = =108 V

40. (a) Outputis correct.
(b)  Incorrect, open diode.
(c)  Output is correct.
(d) Incorrect, open capacitor.

41. (a) Readings are correct.
(b)  Zener diode is open.
(c)  Fuse is blown or switch is open.
(d)  C,isopen.
(e)  Transformer winding is open or the bridge is open.

42. (a) Fuseis open. Replace fuse.
(b)  Open transformer winding or connection. Verify and replace transformer.
(c)  Open transformer winding or connection. Verify and replace transformer.
(d) C,isopen. Replace capacitor.
(e) C;leaky. Replace capacitor.
(f) A diode is open. Isolate and replace.
(g) Fuseis blown or C; is shorted or IC regulator is bad or transformer is open or at least
two bridge diodes are open. Isolate and replace.
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Multisim Troubleshooting Problems

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

The diode is open.

D, is shorted.

No fault

D, is open.

D, is leaky.

Diode is shorted.

D, is open.

A bridge diode is shorted.
No fault

Zener diode D is open.
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CHAPTER 17
TRANSISTORS AND APPLICATIONS

SECTION 17-1 DC Operation of Bipolar Junction Transistors

—_—

N

e

e

e

@

~

Ic=Ig— Iz =534 mA - 475 pA = 4.87 mA

e = 1o 2 823MA g 947
I, 8.69mA
1. 25mA

Boc = € = =
I, 200 uA

Iy =0.025 = 0.02(30 mA) = 0.6 mA
Ic=Ig— Iz =30 mA - 0.6 mA =29.4 mA

V=2V
VE=VB—VBE=2V—O.7V=1.3V
IE= V—Ez 13V =1.3mA

R, 1.0kQ
Ic = apcle = (0.98)(1.3 mA) = 1.27 mA
fy= e _127mA _25.9 A

Boc 49
V=2V
VE=VB—VBE=2V—O.7V=1.3V
IE: V—E: 13V :1.3mA

R, 1.0kQ
Ic = opcle = (0.98)(1.3 mA) = 1.27 mA
fy= e _127mA 127 A

Boc 100

VE=VB—VBE=2V—O.7V=1.3V

(a) VB= VBB=10V
VC:VCCZZOV
VE=VB—VBE=10V—O.7V=9.3V
Veg=Vc—-Ve=20V-93V =107V
VBE=0.7V
Vee=Vp—=Vc=10V-20V=-10V
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10.

11.

(b) VB = VBE = 0.7 V

VE=0V

Vey =4V =-07V=33V
v,

Iy= - 33V =702 pA
R, 47kQ

Ic = Bocls = 50(702 pA) = 35.1 mA
VC = VCE = VCC - IcRC = 24 V - (351 mA)(43O Q) = 8.91 V
VBC = VB - (VCC - IcRc) = 07 V - 891 V = —8.21 V

_1V-07V _ 03V
BTk 22kQ
Ic = Bocls = 50(13.6 PA) = 680 pA

Ve=10V — (680 LA)(1.0kQ) =9.32 V

R
vo=| 2y =[&j12 V=375V
R +R, 22kQ+10 kQ

V=V, —Vip = 375V -07V =305V
Ve 305V
R, 680Q
I =1I;=448 mA

Ve =Vee —IcRe = 120V — (448 mA)(1.2kQ) =6.62 V

=13.6 pA

~

=448 mA

E:

I

Ve =Ve =V = 662V -3.05V=357V
Q point coordinates are at 4.48 mA (I/c) and 3.57 V (V)

SECTION 17-2 BJT Class A Amplifiers

12.

14.

Vou =A,V;, =50(100mV) =5V

A= Yo o 1OV 333

V, 300mV
_Re_500Q
"R, 100Q

Ve=A,V,=5050mV) =250 mV
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15, Vy= (&JISV —2.64V

4.7 kQ+22 kQ
VE=Ve—Veg=264V-07V=194V
L= Ye JL193V 0 ma
R, 390Q
o= 2MV_ 5030
4.97 mA
A = &: 1.0 kQ 199
r, 5.03Q
16. Vg=2.64V From Problem 15.
V=194V From Problem 15.

Ic=1g=4.97 mA
Ve=15V - (4.97 mA)(1.0kQ) =10.03 V

17.  Ignoring loading effects,

R
VB:[ 2 JVCC=[&}8V =3.66 V

R +R, 47 kQ+12 kQ
Ve =Vg —Vgp = 366 V-0.7V =296V
Vg 296V
ETR, 1.0kQ
Io = 1;=2.96 mA
Ve =Vee —IcR- = 180V —(296 mA)(3.3kQ) =823V
Ve =V -V, =823V -296V=527V=527V

=2.96 mA

18.  From problem 17, I = 2.96 mA.
25 mV
R, zﬂDCrezﬂDC( )Z

E

( 25 mV

) =844 Q
2.96 mA

R = R IR, || R, =47 kQ |12 kQ || 844 Q =776 Q
R. 33kQ
A= r 844Q
V.
[ = tn 1OV 150 0a
m(tot) 776 Q
R ||IR,
| = arIzkQ ), MA =119 pA
R, +R IR, ) 776 Q+47kQ|12kQ
1, =p,.1,=70(11.9 pA) =835 pA
1, A
A=l 3P g
I, 129pA
A, =AA = (393)(64.7) = 25,400
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R :
19. V= 2 Ve =(&jsv =172V
12kQ + 3.3 kQ

Ve=Vy—Vge= 172V -07V=1.02V
Ve 1.02V
IE = =

R, 100Q

n=(25mvj=( 25 mV j:2.44g

= 10.2mA

10.2 mA

R. 300 Q

Amin R, +r,  100Q+2.44Q

R. 300Q
Anar) = ro 244Q

=123

Re || R, _ 300 Q]| 600 ©
r 2.44 Q

e

=82

20 Av(max)

47 kQ+47 kQ

R
21. sz( 2 j 47 k2 jS.SV:2.75V
Ve =V, VBE= J5V-0.7V=205V

Ry _  10kQ

- - = 0.988
r+R, 122Q+1.0kQ

22. R

in(tot)

=R ”Rz ”ﬁ(RE +’2)
=47 kQ || 47 kQ || 100(1.0 kQ + 12.2 Q) =19.1 kQ
Visaey =V =2.05V

23. The voltage gain is reduced (by approximately 1% for a 1.0 kQ load.)
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SECTION 17-3 BJT Class B Amplifiers

24.  Bias current

Vee =14V 20V-14V
R +R, 780 Q

Vi1 = Vee —ItR; =20 V — (23.85 mA)(390 Q) =10.7 V

VEr=Vei— Vege=107V-07V=10V

Ver=Vgi—14V=107V-14V=93V

Vo=V +07V=93V+07V=10V

Veeor = Ve = Ve =20V-10V=10V

Veegr=Vee = Ve =10V-0V=10V

I = =23.85 mA

25 Vp(out) = VCEQ = ‘/C_C = 20_V = 10 V
2 2
VCEQ 10V
1 oa EIcsa = —==——=625mA
p(load) (sat) RL 16 Q
26. Efficiency = Ijg”’

L

P,y=(0.71)(16.3W)=11.6 W

SECTION 17-4 The BJT as a Switch

27. IC(sal) = ‘/C—C = S—V =0.5mA

R. 10kQ
I

Tmin) = ;*‘” = —O‘TSIBA =333 pA

DC
I _ VlN(min) -07V
B(min) = R—
B

07V
ViNmin) = Ry [1 B(min) T R—J
B

VlN(min) = IB(min)RB + 07 V = (333 HA)(IOO kQ) + 07 V = 1.03 V

15V

28.  Icay= —— =12.5mA
O 2kQ
Ien  12.5mA
Ig(min) = ; v — 150 =833 uA
DC

Vn—07V 43V

= =51.6kQ
Iywn 833 4A

RB(min) =
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SECTION 17-5 DC Operation of Field-Effect Transistors (FETS)

29.

30.

31.

32.
33.
34.

35.

36.

37.

(a)  The depletion region narrows when Vg is increased from 1 Vto 3 V.
(b)  The resistance increases when Vg is increased from 1 Vto 3 V.

The gate-to-source voltage of an N-channel JFET must be zero or negative in order to maintain
the required reverse-bias condition.

See Figure 17-1.

® o © O

D-MOSFET, n-channel = D-MOSFET, p-channel E-MOSFET, n-channel E-MOSFET, p-channel

Figure 17-1

The gate is insulated from the channel by an SiO, layer.
The n-channel D-MOSFET operates in enhancement mode when positive Vg is applied.
VGS(min) = VGS(th) = 3 \4

@ Vs=(1I1mA)(1.0kQ)=1V
Vp=12V-(1mA)4.7kQ)=73V
VG=OV
Vbs=Vp—Vs=73V-1V=63V
VGS:VG—VSZOV—IV:—].V

b)) Vs=(@BmA)(100Q)=03V
Vb=9V-(3mA)470Q)=759V
VG:OV
Vos=Vp—Vs=759V-03V=729V
VGS: VG— VSZOV—O.3V:—0.3V

(©) Vs=(-5mA)470Q)=-235V
Vb=—15V - (-5mA)22kQ)=—4YV
VG = O V
Vbs=Vp—Vs=—4V -(235V)=-1.65V
VGS = VG - Vs = 0 V - (—235 V) = 2.35 V

(a) Depletion (b)  Enhancement
(c)  Zero bias (d) Enhancement
10 MQ

(a) as=|—— [I0V =6.8 V This one is on.

14.7 MQ

1.0 MQ
b = —25V) =-2.27 V This one is off.
(b) Gs ( 11MQ J( )
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SECTION 17-6 FET Ampilifiers

38. (a) A, =g.Rp=3.8mS)(1.2kQ) =4.56
(b) A, =g.Rp=(55mS)(2.2kQ || 10 kQ) = 9.92

39, (@ A= _SuRs __GO00MSHETKY) _
1+g, Ry 1+(3000 uS)(4.7 kQ)
_ g.Ry (4300 uS)(100 Q)
" l4g,Ry 1+(4300 uS)(100 Q)
3000 uS)(4.7 kQ |10 kQ
0. @ A= Sufs _ GOORSX [10kD) _ 0 g0
1+g,Ry  1+(3000 uS)(4.7 kQ |10 kQ)
4300 uS)(100 Q |10 kQ
gl _0ORSU0L 0K __

Tl g,Rs  1+(4300pS)100Q [10kQ)

(b)

(b)

SECTION 17-7 Feedback Oscillators

41.  Unity gain around the closed loop is required for sustained oscillation.
Au=AB=1

B=L -1 _go133
A 75

42.  To ensure start up:
Ag>1
Since A, =75, B must be greater than 1/75 in order to produce the condition.
AB>1.
For example, if B = 1/50,
AB=75(1/50)=1.5

43. (@) Cuy= G _gng pF
C,+C,
1 1

fi= = =528 kHz
2n[LC,,  2my/(0.1mH)(909 pF)

Oscillator is Colpitts.

(b) Leg=Li+L,=22uH

fi= L ! =759 kHz
2n|L,,C  2m/(22 uH)(0.002 pF)

Oscillator is Hartley.
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SECTION 17-8 Troubleshooting

44.

45.

46.

If Rs opens, Vg, =0 V and Q, will be in cutoff.

VC2 = 10 V

(a)  If the bypass capacitor, C,, opens, the voltage gain of the first stage and thus the overall
gain decreases. The dc voltages and the currents are not affected.

(b)  If the coupling capacitor, Cs, opens, the signal will not reach the second stage so
Vo =0 V. The voltage gain of the first stage increases due to reduced loading. The dc
voltages and currents are not affected.

(c)  If the bypass capacitor, C,, opens, the voltage gain of the second stage and thus the
overall gain decreases. The dc voltages and currents are not affected.

(d) If G, shorts, R, is shorted, resulting in the dc bias voltages of the first stage being
changed.

(e) If the BC junction of Q; opens, the signal will not pass through the first stage. The dc
voltages at the base, emitter, and collector of Q; will change. The dc voltages and
currents in the second stage are not affected.

(f)  If the BE junction of Q, opens, the signal will not pass through the second stage. The dc
voltages at the base, emitter, and collector of O, will change. The dc voltages and
currents in the first stage are not affected.

(a) Q) open drain to source: Vs; =0V, Vp; =+Vpp, no signal at Q, drain.

(b) Rsopen: Vs =0V, Vp, floating, no signal at O, gate.

(¢) GCyshorted: Vgs=0V, Ip=Ipss .

(d)  Cjshorted: Vg, = Vpy, improperly biasing O,

(e) O, open drain to source: Vs, =0V, Vp, =+Vpp, no signal at Q, drain

Multisim Troubleshooting Problems

47.

48.

49.

50.

51.

52.

53.

Base-collector junction is open.

No fault

Drain and source are shorted.

R, is open.

No fault

C, is open.

C, is open.

172



CHAPTER 18
THE OPERATIONAL AMPLIFIER

SECTION 18-1 Introduction to the Operational Amplifier

—

N

Practical op-amp: High open-loop gain, high input resistance, low output resistance, and high

CMRR.

Ideal op-amp: Infinite open-loop gain, infinite input resistance, zero output resistance, and

infinite CMRR.

Op-amp 2 is more desirable because it has a higher input resistance, a lower output resistance,

and a higher open-loop gain.

SECTION 18-2 The Differential Amplifier

98]

B

e

a

(a)  Single-ended input, differential output
(b)  Single-ended input, single-ended output
(c) Differential input, single-ended output
(d) Differential input, differential output

VEI = VE2 = —07 V
_ —07V-(-15V) 143V

e 22kQ T22KQ
IE1 = IEz = 6.52mA = 3.25 mA
o=t Zo08

IEI
=12 Z0975

E2
Iey = 0.98(3.25 mA) = 3.19 mA
Icr = 0.975(3.25 mA) = 3.17 mA

= 6.5 mA

Ver=15V-3.19mA)(3.3kQ)=447V
Voo =15V -3.17mA)(3.3kQ)=4.54V
VOUT = ch - VCI =454V -447V=0.07V=70mV

A _ 60

CMRR =20log n —— =56.5dB

0.09

cm

A 150

A, = = =0.084

cm 1OCMR%0 - 106%0
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(a)  Single-ended mode
(b)  Differential mode
(¢) Common mode

See Figure 18-1. V,, =V, ,

inl —

V,

inl

o8

V,

in2

Figure 18-1

SECTION 18-3 Op-Amp Parameters

10.

11.

12.

13.

14.

15.

83 UA+79 UA

=8.1pA

I BIAS =

Input bias current is the average of the two input currents.
Input offset current is the difference of the two input currents.
Ios= I -L| =[83pA-79uAl =04 pA

CMRR = 20 log 250,000 = 108 dB

CMRR = 20log| 22 | = 20 1og/ 1220 ) _ 120 aB
A, 0.18
Ao/

AL

“m

CMRR =

A

ol

90,000
CMRR 300,000

AC}H =

24V
15 us

Slew rate =

= 1.6 V/ps

e BV L 20V

slew rate 0.5 V/us -
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SECTION 18-5 Op-Amp Configurations with Negative Feedback

16.

17.

18.

19.

20.

21.

(a)

(a)
(b)
(©)

(a)

(b)

(©)

(d)

(a)

(b)

(c)
(d)

(a)
(b)

(©)

(d)

(a)
(b)

Voltage-follower

1

(b)  Noninverting (¢) Inverting

1

Acl(Nl) = -

= =374
B 1.5kQ/561.5kQ

Vour = AaanVin = (374)(10 mV) = 3.74 V
V= 15K s v o 10my
561.5 kQ
1 1
Agany = — = =11
T T 47kQ/51.7 kQ
1 1
A, == =101
7B T 10kQ/1.01 MQ
1 1
Acl(Nl) = — = = 47.8
B  4.7kQ/224.7kQ
1 1
Agan= —=—————— =23
T BT 1L0KkQ/23kKQ
1 1 Rf + R,
Aan = — = =
B R /(Rf + Ri) R
Ry + Ri = RA )
Rf = RiAcl(Nl) - Ri
Rf= Ri(Acl(Nl) - 1) = 10 kQ(49) = 49 kg
R
Augy = —| =L
v ( Ri J
Rf= —AC[([)Ri = —(—300)(10 kQ) = 3 MQ
Rf= Ri(Acl(NI) - 1) =12 kQ(7) = 84 kQ
Rf= _Acl(l)Ri = —(—75)(22 kQ) = 165 kg
Acl(VF) =1
R, 100 kQ
AL-1(1)= - |=~ ==
R 100 kQ
1 1
Acl(Nl) = = =223
R/R +R,) 47kQ/(47kQ+1.0 MQ)
R 330 kQ
Aany= — —Li=- =-10
R 33kQ
Vour = Vi = 10 mV, in-phase
R
Vour =AaVin = — (%JVM =-1(10 mV) = -10 mV, 180° out-of-phase
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© V= _t V., = ! 10 mV =223 mV, in-phase
R/(R, +R,) 47 KQ/1.047 MQ

R,
d)  Vou=-—-|-LWV, =- 330 kC2 10mV =-100 mV, 180° out-of-phase
R. 33 kQ

1

Vi o IV _gsspa
R, 22kQ

() L=1,=455pA
©)  Vou=-IR;=—(455 pA)(22kQ)=-10 V

R, 22 kQ
d)  Agp=-|—-L|=- =-10
@ Aa (R,J (2.2 kQJ

SECTION 18-6 Op-Amp Resistances

22, (a) Iy=

23 (@ B=-21X 00048
562.7 kQ
Ry = (1 + AuB)R;, = (1 + 175,000 x 0.0048)10 MQ = 8410 MQ
R 75 Q
Rounny = om = > = 89.2 mQ
1+A,B) (1+175,000x0.0048)
b B= 2K 0300
48.5 kQ
Rion = (1 + AuB)R;, = (1 + 200,000 x 0.0309)1.0 MQ = 6181 MQ
R 25Q
Rounny = om = > =4.04 mQ
1+A,B) (1+200,000x 0.0309)
(¢) B= —56 kQ =0.053
1.056 MQ
Rin(NI) = (1 + AolB)Rin = (1 + 50,000 X 0053)20 MQ = 5302 MQ
R 50Q
Rouny = M= =18.9 mQ
(1+A,B) (1+50,000x0.053)

24. (@) Riwp=(+A,)R; = (1+220,0006.0 MQ =1.32x 10 Q =1.32 TQ
R 100 Q

out

1+A, 1+220,000
1) Ruqvm = (1 + AR, = (1 + 100,000)5.0 MQ = 500 x 10° Q = 500 G
R 60Q

out

1+A, 1+100,000
(C) Rin(VF) = (1 + AO[)R,',, = (1 + 50,000)800 kQ =40 GQ
R 75Q

out

1+A, 1+50,000

= 0.455 mQ

Rout(VF) =

=0.6 mQ

Rout(VF) =

=1.5mQ

Rout(VF) =
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25.

(A Rup=R =10kQ
Rou) = Rowr = 5.12 mQ

(b)  Riqg =R; =100 kQ
Rouy = Rous = 67.2 mQ

) Rupn=R =470Q
Rouy = Rous = 6.24 mQ

SECTION 18-7 Troubleshooting

26.

27.

(a)  Faulty op-amp open R, no power supplies, or grounded output.
(b) R, is open, forcing open-loop operation.
(c)  Nonzero output offset voltage. R, is faulty or needs adjustment.

The closed-loop voltage gain will increase to:
100 kQ

1kQ

This increase is because the feedback resistance becomes the maximum potentiometer
resistance (100 k).

Ay = =100

Multisim Troubleshooting Problems

28.

29.

30.

31.

32.

R; is open.

R, is open.

No fault

The op-amp is faulty.

C is open.

177



—

N

e

&

|91

CHAPTER 19
BASIC OP-AMP CIRCUITS

SECTION 19-1 Comparators

(a) Maximum negative
(b) Maximum positive
(c) Maximum negative

Since £13 V is the peak limit, V,,pu) =26 V

See Figure 19-1.

Votoury = AotVin = (80,000)(0.15 mV)(1.414) =169 V

%

+8V
VOMI 0
-8V
(@
Figure 19-1

2V

+10V

-10 V-

(b)

SECTION 19-2 Summing Amplifiers

(@ Vorr=—(1V+15V)=-25V

R
()  Vour= —(?f} (-01V+1V+05V)=-22(14V)=-3.08V

(a) V=1V
VR2 = 1.8 V
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1V
b Ipp= —— =455uA
(b) B0 28
1.8V
Ipp= ——— =81.8 UA
27 20k0 "
If= Iy + Ipp = 45.45 HA + 81.82 HA =127 I.LA

(©)  Vour=IR=—-(127 nA)(22kQ) =-2.8 V

R
f _5
R

Ry=5R =522 kQ) = 110 kQ

R R R R
(| LW+ LWV, +| LWV, +| =L,
R, R, R, R,
10kQ) o (10kQ) o (10kQ), o (10kQ )
10 kQ 33kQ 91 kQ 180 kQ
=—2V+091V+033V+033V)=-357V
Vour _ 3.57V
= 2our

7. Vour

= =357 pA
R, 10kQ

8. R;=100 kQ, R, =100 kQ, R, =50 kQ, R; =25 kQ, Ry = 12.5 kQ

SECTION 19-3 Integrators and Differentiators

9. Ao ZViv_ -V =—4.06 mV/ps
At RC (56 kQ)(0.022 uF) sVE————
Vill
10.  See Figure 19-2. 0 [

10 us

I

Vout 0

-10V —

Figure 19-2
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SECTION 19-4 Oscillators

11. Vout — l
Vin 3
Vout = (lJ‘/m = E =733 mV
3 3
1 1
12.  f, =1.17 kHz

T 2nRC 2m(6.2 kQ)(0.022 WF)

Ry +Ros + R
Rys+R,
3(RD5+R3) :Rf+ Rps + R
3Rps + 3.0kQ =12 kQ + Rps + 1.0 kQ
3Rps — Rps = 13 kQ — 3 kQ

RDS=¥=SI(Q

13.

14.  Negative excursions of V;; forward-bias D, causing C; to charge to a negative voltage, which
increases the drain-source resistance of the JFET and reduces the gain.

1 1

= = =1.06 kHz
2nRC  2m(15 k€Q)(0.01 uF)

15. f

16.  The circuit produces a triangular waveform.

f= L ! 26 kO =1.61 kHz
4RC\ R, ) 4(22kQ)(0.022 uF)| 18 kQ

17.  Change the frequency to 10 kHz by changing R, as follows:
The circuit produces a triangular waveform.

1 (R
f= 2
4RC\ R,

R= R ! KR 3 s4k0
4/C\ R, )~ 4(10 kH2)(0.022 pF) | 18 kQ2

SECTION 19-5 Active Filters

18. (a) One pole, low pass
(b)  One pole, high pass
(c)  Two poles, band pass
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1 1

19. (@ f= - = 1.54 kHz
2MRC 2m(4.7 kQ)(0.022 uF)
b) fi=—t= 1 —7.20 kKHz
2MRC 2m(4.7 kQ)(0.0047 UF)
© fim——— = ! ~ 894 Hz
2 RR,CC,  2m(12 KQ)*(0.022 PF)(0.01 uF)
20. (a)  For the low-pass stage:
f= ! - ! =232 kHz
2 R*C,C,  2my(10 kQ)?(0.01 wF)(0.0047 )
For the high-pass stage:
fe= ! = ! =1.07 kHz
2 RR,C 2my(22 kQ)(10 kQ)(0.01 uF)?
BW =232 kHz — 1.07 kHz = 1.25 kHz
.= [(232kHz)(1.07 kHz) = 1.58 kHz
(b)  For the low-pass stage:
fo= L. ! = 7.15 kHz
2R’ C,C,  2my(15 kQ)?(2200 pF)(1000 pF)
For the high-pass stage:
f ! ! =2.73 kHz

2 RR,C? 21y (56 kQ)(27 kQ)(1500 pF)*
BW =7.15 kHz — 2.73 kHz = 4.42 kHz
/= +/(7.15kHz)(2.73kHz) =4.42 kHz

SECTION 19-6 Voltage Regulators

3

R 4.7 kQ
21. Vour= [1+R—2JVREF =[1+ s kgjzv =722V

22. For R;=1.8kQ:
R 4.7 kQ
Vour = | 1+ =2 Vo =| 1+ 2V=722V
ot [ RJ REF [ 1.8kQJ
For R; = 2(1.8 kQ) = 3.6 kQ:

4.7kQ
Vour = | 1+
ot [ 3.6 kQ

JZV =461V

The output voltage decreases by 2.61 V when R; is changed from 1.8 k€2 to 3.6 kQ.
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3. Vour=|1+27X2 b 7y o5V
1.8 kQ
YR PA
R,
R2 0TV _ 0TV eg

Ly 250mA
Puax = I{ Ry = (250 mA)*(2.8 Q) = 175 mW
Use a 0.25 W resistor.

_28Q

25. Ry =14Q

07V _ 07V _ 00 ma

R, 14Q

I L(max) —

26. Q) conducts more when the load current increases, assuming that the output voltage attempts to
increase. When the output voltage tries to increase due to a change in load current, the
attempted increase is sensed by R; and R4 and applied to the op-amp’s noninverting input. The
resulting difference voltage increases the op-amp’s output, driving O, more, and thus
increasing its collector current.

27. Mczﬂ=l:10mA
R 100Q
R 8.2 kQ
28, Vour=|1+—=> Vo =| 1+ 5V =155V
ot { RJ REF [ 3.9kQJ
I = Your _ 155V _ 15.5 mA
R, 10kQ
I, = Your _ 155V _ 12.9 mA
R, 12kQ

Al =129 mA — 15.5 mA =-2.6 mA
Als =—Al; = 2.6 mA (increase)

Multisim Troubleshooting Problems

29. R, is open.
30. Op-amp open.
31. No fault

32.  Cjisopen.
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CHAPTER 20
SPECIAL-PURPOSE OP-AMP CIRCUITS

SECTION 20-1 Instrumentation Amplifiers

R
1 =14 B 100K
R, 1.0kQ
R
14 B 100k
R, 1.0kQ
a1 2R_ 2000
Rq 1.0kQ
3. Vaw= AWy = Vi) =201(10 mV — 5 mV) = 1005 V
4. Av= 1+ 2_R
RG
2R 41
RG
Ro= 2R _2000kQ) _200kQ _ 5,56 2900
A —1 1000—1 999
5 g olo0ke
A1
o J00KQ 100K

R, C2.0kQ

6. Using the graph in Figure 20-6 for A, = 51, the BW is approximately 7 kHz.

100 kQ 100 kQ

7. Rq =
A -1 24-1

=43 kQ

_100kQ 100 kO
A -1 206-1

*®

=5.1kQ

G
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SECTION 20-2 Isolation Amplifiers

9- Av(total) = Avl Av2 = (30)(10) = 300

R
10. (@) A,=—L+1= BKQ a0
R, 8.2kQ
R.
Ay, = 2 10KQ
R, 15 kQ

Av(tut) = AVIAVZ = (32)(1 1) =35.2

R
o= 330 kQ

(b) A, = +1=331
R, 1.0kQ
R.
A,= L2 +1:47 kQ +1=4.13
R, 15 kQ

Avon =AnAn = (331)(4.13) = 1,367

11. A,, =11 (from Problem 10)
Alev2 = 100

R
i+1=Av1=%:9.09

il
Change Ry (18 k€2) to 66.3 k2.
Use 66.5 kQ + 1% standard value resistor.

12. A,1 =331 (from Problem 10)
Alev2 = 440

R.
i+1=Av2=ﬂ=1.33
331

i2
Change Ry (47 kQ) to 3.3 kQ.
Change R; (15 kQ) to 10 kQ.

13. Connect pin 6 to pin 10 and pin 14 to pin 15.

SECTION 20-3 Operational Transconductance Amplifiers (OTAS)

14, g, = L J1OHA_4S
V. 10 mV

15, Low=gnVi = (5000 £S)(100 mV) = 500 zA
‘/Out = IoutRL = (500 ﬂA)(lO kQ) =5V
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16.

17.

18.

19.

gm ) Vin
Iout = gm‘/in = (4000 ,US)(lOO mV) =400 IUA
R = You _ 33V _gask0
1. 400 uA
pe H2V=CI2V)Z07V _412V-(12V)=07V B3V 0
Romns 220kQ 220kQ
2 = Klpins = (16 18/1A)(106 1A) = 1.70 mS
A, = ‘\//_:Ivi = g,R, = (1.70 mS)(6.8 kQ) = 11.6

in in

The maximum voltage gain occurs when the 10 k€ potentiometer is set to 0 2 and was
determined in Problem 17.
Av(mwc) =11.6
The minimum voltage gain occurs when the 10 k€ potentiometer is set to 10 kQ.
+12V-(-12V)-0.7V _ 233V =101 uA

220kQ +10kQ 230kQ
gm= (16 uS/uA)(101 4A) =1.62 mS
Av(min) = ngL = (162 mS)(68 kQ) =11.0

I BIAS =

The Vop waveform is applied to the bias input.
The gain and output voltage for each value of Vyop is determined as follows using
K =16 uS/uA. The output waveform is shown in Figure 20-1.

For Vmop = +8 V:
+8V—-(9V)-0.7V 163V

foias = 39kQ “okq  EHA
= Klnias = (16 4S/A)418 LA) = 6.69 mS

A= ‘\//_Zlvi = g.R. = (6.69 mS)(10 kQ) = 66.9
Vow = ALV = (66.9)(100 mV) = 6.69 V

For Vyiop =+6 V:

o= OV 0TV 143V

39kQ 39kQ

IR
A, = %: ” L = g¢,R,=(5.87 mS)(10 kQ) = 58.7

Vour = A, Vi = (58.7)(100 mV) = 5.87 V

out
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20.

For Vyiop =+4 V:

I BIAS =

+4V-(-9V)-0.7V 123V

39

kQ "~ 39kQ

=315 uA

V

A= out __
Y

in

1,,R,

out

V.

in

= gk = (5.04 mS)(10 kQ) = 50.4

Vour = A, Vi = (50.4)(100 mV) = 5.04 V

For Vmop = +2 V:

I BIAS =

+2V-(9V)-07V 103V

39

kQ "~ 39kQ

=264 yA

Gm = Klgias = (16 4S/1A)(264 uA) = 4.22 mS

V

A= out __
v

in

I1,,R,

out

V

in

= g,R. = (4.22 mS)(10 kQ) = 42.2

Vour = A, Vi = (42.2)(100 mV) = 4.22 V

For Vyiop =+1 V:

I BIAS =

+1V-(-9V)-0.7V 93V

39kQ

T 39kQ

=238 A

V

A= out __
Y

in

1,,R,

out

V

in

=g,k = (3.81 mS)(10 k) =38.1

Vour = A, Vi = (38.1)(100 mV) = 3.81 V

I BIAS =

+9V-(-9V)-0.7V 173V

+5.87 V———— 1}

+5.04 V————f 4

+422V-———Hi
+3.81V————1

Figure 20-1

39kQ

"~ 39kQ

=444 uA

VTRIG(+) = IBIASRI = (444 /,lA)(lO kQ) =+4.44V
VTRIG(—) = _IBIASRI = (—444 ﬂA)(lO kQ) = —4.44 V
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21. See Figure 20-2.
0VE-——-—>

44V -

44V

-10V

+4.4V

V()ur 0

44V -

Figure 20-2

SECTION 20-4 Active Diode Circuits

22. (a) A sine wave with a positive peak at +0.7 V, a negative peak at —7.3 V, and a dc value of
-3.3 V.
(b) A sine wave with a positive peak at +29.3 V, a negative peak at —0.7 V, and a dc value
of +14.3 V.

23. See Figure 20-3.

10V ---

5V

ov

Figure 20-3

24, See Figure 20-4.

A

+45V

Figure 20-4

187



25.

26.

27.

28.

(a) See Figure 20-5(a).
(b) See Figure 20-5(b).

+0.7V,

Figure 20-5

See Figure 20-6.

Figure 20-2

See Figure 20-7.

R, 180kQ _

Av=_ —18

R 10kQ
‘/out(p) = Av‘/in(p) = 18(05 V) = 9 A%

50V+07V---
V. 0

out

~(5.1V+0.7V)=-==-==--~
Figure 20-7

R, 180kQ

R 10kQ

=18

4

‘/out(p) = Av‘/in(p) = 18(50 mV) = 09 \Y
No limiting will occur because the peak output must be greater than 5.1 V+ 0.7V =58 V.

Vour = Vpiny = 1.414(25 V) =354 V
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SECTION 20-5 Current Sources and Converters

30. (a) VIN = VZ =47V

h="2= 2TV g mA
R, 1.0kQ
10kQ
b) Vin=|————[12V =6V
(B Vin (201@}
Ri=10kQ|10kQ+100Q =5.1 kQ
n="n OV 1isma
R, 5.1kQ

31. See Figure 20-8.

Wy

Vin o—@a

Figure 20-8

—O Voul

Multisim Troubleshooting Problems

32. Rg leaky

33. D, shorted

34. Diode is shorted.
35. Zener diode open
36. R, is open.

37. Diode is open.
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CHAPTER 21
Measurement, Conversion, and Control

SECTION 21-1 Temperature Measurement

1. Assuming all are of the same type, the thermocouple exposed to the highest temperature
(thermocouple C) produces the highest output. Note that thermocouple voltages are
significantly different for different types as indicated in Figure 21-2 in the text.

2. The letters indicate the temperature range, coefficient, and voltage characteristic.

3. Vinermocouple = 20.869 mV (from Table 21-1 in the text)

VAmhientjunction = 025(4277 mV) =1.069 mV
The voltage across the op-amp inputs:
VThermocouple - VAmbiem‘junction =20.869 mV — 1.069 mV = 19.80 mV
For the inverting amplifier:
R
A=_Nr 220kQ 50
R, 1.0kQ
Vour = (=220)(19.80 mV) = -4.36 V

4. When properly compensated, the input voltage to the amplifier is equal to the thermocouple

voltage of 20.869 mV, so the output voltage is:
R, 220kQ

Vo= ——LV, = 0 (20.869 mV) =—4.59 V
R; 1.0kQ

5. The bridge is balanced when
Rw+ RRTD + RW= 560 Q
Rrrp =560 Q — 2Ry =560 Q —20 Q =540 Q

6. The bridge is balanced when
Rw+ RRTD = 560 Q + RW
Rrrp =560 Q + Ry — Ry =560 Q — 0 Q =560 Q

7. The results of problems 5 and 6 differ because in the three-wire circuit (text Figure 21-47), Ry

has been added to both the RTD and the 560 € arms of the bridge which cancels the effect of
Ry. In the two-wire circuit (text Figure 21-46), 2R\, appears only in the RTD arm of the
bridge.
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SECTION 21-2 Strain, Pressure, and Flow Rate Measurements

10.

11.

At the point in the bridge between R, and R;:

Vip= | 22 (+15V)=(&J(+15V)=+7.50V
R +R, 10kQ +10kQ

At a point in the bridge between R; and the RTD:

Virtp = [&J(HS V)= (ﬂj(ﬂs V) =+7.23V
Rpm + R5, 697 Q+750Q

The bridge voltage applied to the inputs (across pins 1 and 3) of the amplifier is:
Vm = V1_2 - VS-RTD = 7500 V- 7225 V= 0275 \Y
The amplifier gain is:

A = 100 ke +1=4.70
27 kQ

The amplifier output voltage is
Vour = A, Vi = (4.70)(0.275 V) =129V

AR = (GF)(R)(&) = (2.5)(600 )(3 x 10°) = 4.5 mQ

A strain gauge can be used to measure pressure by mounting it on a flexible diaphragm. As the

diaphragm distends from increasing pressure, the strain gauge detects it.

The symbol in Figure 21-1(a) represents an absolute pressure transducer, which measures

pressure relative to a vacuum.

The symbol in Figure 21-1(b) represents a gauge pressure transducer, which measures pressure

relative to ambient pressure.

The symbol in Figure 21-1(c) represents a differential pressure transducer, which measures

pressure relative to the other input.

(@) (b) ©
Figure 21-1
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SECTION 21-4 Sample-and-Hold Circuits

See Figure 21-2.

12.

Analog in /‘—\

Tracking

H

|
|
I

S/H control ' S

Output

Figure 21-2

See Figure 21-3.

13.

Analog
input

S/H control J_l

Figure 21-3
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SECTION 21-6 Power-Control Circuits

14.

15.

16.

17.

An SCR can be triggered into forward conduction by a pulse on the gate terminal if the anode
is positive with respect to the cathode. An SCR can also be triggered into forward conduction
if the forward voltage exceeds the forward breakover-voltage.

See Figure 21-4.

\/ N4

R\ \
TR BN A

Figure 21-4

The output of the comparator is a square wave that is “in-phase” with the input sine wave with
a peak voltage of approximately +9 V. The output of the circuit is a series of positive triggers
that rise from 0 V to 9 V, then decay in about 2 ms (measured on the 741 although the
calculated is less). The positive triggers correspond to the rising edge of the sine wave.

Reverse the comparator inputs.
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