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Chapter 1

L.

2.

10.

11.

12.

13.

14.

V=

lh

d_ 20,000/&{ 1 mi M 605 }{609’&1} =1363.64 mph

t 106 | 5,2804t

L

1h
4 i =0.067 h
{60 rm)J

V=

o

e

i 31mi

= =29.05 mph
t 1.067h

95nﬁ[5,289ft“ ]/“. Ml?@}:mass ft/s
AL opi JLeomdd ][ 60s
_d 60 ft

19

= =0431s
139.33 fi/s

_d _60%[ 605 ][ 60min|[ 1mi ] _
t 1;/[1@46}[ 1h Hs,zsoff} 4051 mph

C

_3

MKS, CGS, °C = 2 (F-32)=2 (68 -32) =2 (36) = 20°

9 9

SI: K=273.15+°C=273.15+20=293.15

100 0.7378ft-1b | _ 737.8 ft-lbs
A
0.5 yd 34| 123 2.54} om| _ e em
lyd || 1 || 1.
a. 10* b. 10° c. 10° d 107
a. 15x10° b. 30x10° c. 2.4x10°
e. 4.02x10™ £, 2x107"°
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10°

£ 10

d. 150 x 10°



15.

16.

17.

18.

19.

20.

21.

22.

poT® MmOoQaO TR Q0o

- o Ao o

/oo

e P

/oo

42 % 10°+48.0x 10°=52.2 x 10° =5.22 x 10*

90 x 10 + 360 x 10° = 450 x 10°> = 4.50 x 10°
50x10°-6x10°=44%x10"=4.4x10"*

1.2 x 10> +0.05 x 10> — 0.6 x 10° = 0.65 x 10° = 6.5 x 10?

(10%)(10%) = 10° = 100 x 10?
(10)(10°)=10'=10
(10°)(10°) =1 x 10’
(10)(10°)=1x 107"
(107)(10 x 10°) =10
(10%(107*)(10%®*) =1 x 10*

(50 x 103)(3 x 10*‘) =150x 10" =1.5x 10"

(2.2 x10°)(2 x 10 ) 44x10°=4.4

(82 x 10°)(2.8 x 107%) = 229.6 = 2.296 x 10*

(30 x 107*)(4 x 107°)(7 x 10*) = 840 x 10" = 8.40 x 10°

10%10*=102=10x 10"
10%10°=10°=10x 10"°
10%10°=10"=10 x 10°
107/10*°=1.0 x 10”°

10%*/107* = 1.0 x 10*
J100/1072 =10Y/102 = 1 x 10°

(2 x 10°)/(8 x 10°)=0.25 x 10* = 2.50 x 10’

(4 x 107)/(60 x 104) 4/60 x 107 =0.667 x 107 = 6.67 x 107
(22 x 107%)/(5 x 107°)=22/5 x 10° = 4.4

(78 x 10")/(4 x 107%) = 1.95 x 10%

(10%* = 1.0 x 10° b. (109" =10.0 x 107
(10%* =100.0 x 10* d. 107y =1.0x107%

(4 x 10)*=16 x 10" = 1.6 x 10°

(6x10°)P°=216x10"=2.16 x 107

(4 x 107%)(6 x 10%)* = (4 x 107°)(36 x 10*) = 144 x 10' = 1.44 x 10°

((2 x 107)(0.8 x 10%)(0.003 x 10%))* = (4.8 x 10°)* = (4.8)* x (10°)°
=110.6 x 10° =1.11 x 10"

(-107°yY=1.0x107°

2 4
A0)A0T) _ 1y o210° = 1.0 x 10~

10°
—35\2 2 -6 2 -4

(107)°(107) _ (10™)(107) _ 107 _ ., o\ 1o
10° 10* 10°

10° )(10 )

=107/10"*=1.0 x 10"
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(1 x 1079*(10%/10° = (107'%)(10%/10° = 107'%/10° = 1.0 x 107"
. (R I

o

ooy o] o0 o
23. a % = (9 x 10%)(10%)/(3 x 10*) = (9 x 10°)/(3 x 10*) =3 x 10* =300
b. (4:210(;2)2 = 186:11(;)38 =2 x10°=200.0 x 10°
S s
g @10 3x107 o 07 1500 x 10°

2%x10°  2x10°

(4x10*)>(3x10%) _ (16x10°)(3x10*) _48x10°

7 ; - =24.0 x 10"
2x10" 2x10" 2x10"

£ (16 x10%"2(10°)°(2 x 107%) = (4 x 107°)(10*)(2 x 10 =8 x 10%
=800.0 x 10"

1/2

[3x107) ][1.60x10°] [ (2x10*)8x107]
(7x107)?
(27x107°)(2.56 x10*)(16x107%)"2
B 49x107"°
_(69.12x107°)(4x107")  276.48x10°°

49x1071° 49x107'°
=5.64 x 10*=56.4 x 10°

+3

/_\
24, a.  6x10°=0.006x 10"

-3

-3
/_\
b. 4x10°=4000x 107
\/

+3

-2 +3 +3

T T N

/_\
c.  50x10°=5000x10*= 5x 10°=0.005 x 10°

~ T~ T~
+2 -3 -3
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25.

26.

30 x 10°=10.0003 x 10°=0.3x10°=300x 10~

=5 +3 +3

-3
/_\
0.05 x 10°s=50 x 10~ s = 50 ms

~__ 7

+3

+3
/—\
2000 x 10°s=2x10"s=2 ms
\/
-3
-3
/_\
0.04x 1073 s=40 x 10°s =40 us
\/
+3
+6
/—\
8400 x 1072 s = 0.0084 x 10 s = 0.0084 us

~__ 7

-6
-3
/_\
4%x10°x10°m=4x 10° m = 4000 x 10~* m = 4000 mm
\/
+3

increase by 3

10°
K_H

260 x 10° x 10> m=0.26 x 10> m = 0.26 km

0.04 1 [M}Léos } ~144's

n

1
0.05){ M 120,05 % 10° 15 = 50 x 10° s
10° s

0.16}11[1;”;““ } =0.16 x 10° mm = 160 mm
S
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217. a.

28. a.

Chapter 1

1.2 % 107{ Ins } =12 x 10%ns = 120 ns

107°g
3.62 x 10° tprin |[ LK [1day — 41.90 days
60 || 60 i || 244
-6
0.1 | 12 F[ llsz }=0.1><10_6><1012pF=105pF
146 |[1072F
80 x 10-3;3{1010;?} ~ 8000 x 10> cm =8 em

600rﬁ[ il H I km }=60x10_5km
100 o || 1000 o

60min || 60 || 1ms _ 6
3.2,11’{ 5 }{1%}[10_3/{} 11.52 x 10° ms

10° /M |[ 1um
0.016 yﬁ{ MIO{J"’M} ~0.016 x 10’ um = 16 pm

600)2(2 I m I m =60 x 10~ m?
| 100,£m || 100 e

[ Im B
100 . _39.37)_&] =2.54m
120 1m 7 _
4%[ 119(“39.37;5] l22m

445N7
6)6[ o }—26.7N

11X 11b
60 x 10° dyres =0.131b
i LOden’eJLAS)J

150,000 g —28 || L1 _ 495126 ¢
2540 || 12,

52804 |[12jd ][ 1m 7 _
o.ooz;m[ " M 1}(“39'37%} 322m



29.

30.

31.

32.

33.

34.

35.

36.

5280 ft, 5280 & {%} =1760 yds

52804 2 | 1™ | 609,35 m, 1.61 km
1# ][39.37jd.

299,792,458 ”—{[39'37}‘{}[ WM I mi M 60/5(“609%}
£ 1pt ]2 ]| 52804 | |1 pin
= 670,615,288.1 mph = 670.62 x 10° mph

3 I mi _ .
100 yds [1 yd} {5,280,19(} 0.0568 mi

60mi{ Li Hlmﬂ:o.mmmus
% 60% 60 s

d _ 0.0568 mi
v

t=—=——"-—""—=340s

0.0167 mi/s

30 i szsoif}[lzm“ Im H 1V}[1®*ﬂ}=13.41m/s

[ 1 pfi 39.37ix. || 60 ptin || 60s
[60”/“} Imi | 205 mim
1yd || 5,280 4
d 3000 mi [1day |
=L = T 1760 ——= | =73.33 days
o 1.705mi/h M ar y

1000 1[39.37. |[ L& |[ Imi | _ :
10}«?{ H T } ' [5280}(} 6.214 mi

12
= lml. o= 02149 46 39 min
6.5 min 1)) 1 pd
6.5 min
100 ydS 3 [12 m} ~ 3600 in = 3600 quarters
1yd || 1

60 mph = 4 _100mi o~ 1 h:40.2 min
v 60mi/h

75 mph: = 4 _100mi s 1h:19.98 min
v 75mi/h

difference = 20.22 minutes
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37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

d= {600%} [0. 016,H][ 0 ptn M 61;2?“101012:111} =345.6 m

d = 86 st 1es{14ﬁ1 Istep = 1605 steps

sory || 9
12
p= Lo o _1605S1PS ) 5 eoetids| LU | _ 1338 minutes
¢ v ZSteps s/co/ds
second

d=(86 S/OYI/S){ 141t } - 1204,ﬂ[ﬂ} — 0.228 miles

stor§ 5,280 fr
rn.m = 10.7833 I.l’lll’l = 47.30 min/mile
mile  0.228 miles
> n'nn l)aﬂ/e 5,280 ft 10.56 ft , distance = 86 stpm/s =1204 ft
mile 5 min lpna’l/ minute /or§
v= i:ﬂziz% = 1.14 minutes
! Y1056
min
a.  5H—BY | _474x107 Btu
1054.354
lgg.lrl{n Im?® 4 3
b. 24 ounCes =71x10""m
s {128 om} {264.172 gglkﬁs}

86,400 s

c. 14)5/{ M}=1.21x105s

d lmg,{264 172 g}lfl/ns} [ 8 pints } _ 2113.38 pints

1 1 gattSn

6(4+8)="72
(20 +32)/4 =13

J (82 +12%) = 14.42

MODE = DEGREES: cos 50° = 0.64

MODE = DEGREES: tan"'(3/4) = 36.87°

Chapter 1



47.

48.

49.

50.

J(400/(6” +10)) =2.95

205x10°°
1.20 x 10"

6.667 x 10°+ 0.5 x 10°="7.17 x 10°

Chapter 1



Chapter 2

1. -

9
2. a F= 22 _OXI0AOR0 g, 0N
r (1m)
9
b, ok - OX10OQC) _, ey
r (3m)
9
c. F-82 _ Ox10AOCO) 445, 49N
r (10 m)
9
d.  Exponentially, r_3:1()_m =10 while EZM =100
r 1Im F, 0.18x10" N
3. a. r=1mi:
lm{szsoft}[lzm}[ lm. } 160935 m
1 pi 1t || 39.37.
o k00, _ (9%10°)(8x107° C)(40x10° C) 2880x10
r (1609.35 m)* 2.59x10°
=1.11 4N
b. r=10 ft:
10,&[12 1’1[ I m } =3.05m
1§ || 39.37 ix.
-3 -3
. kQ12Q2 _ 2880x102 _2880x107 oo
r (3.05m) 9.30
c. % lm' =1.59 mm
16 | 39.37 .

o k00, _ 2880x10~°  2880x107°

P (1.59x10° m)®  2.53x107°
=1138.34 kN

=113834x10° N

9 —6\2
5. pot0Q (k00 :\/(9><10 RO
r F 3.6x10
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10.

11.

12.

13.

14.

15.

16.

17.

10

k k
F= %:1.8 =%: k0,0, =4(1.8)=7.2

F= _kQ12Q2 =—7'22 —72 mN
r (10)

b. QI/Q2: 12 = Q2:2Q1

7.2= k0,0, = (9 x 10°)(0)(20)) = 9 x 10° (20?)

72 N

18><109_Q1 0= 18x10° 20 4C
0,=20,=2(2x 107 C) =40 xC
w127

y="= =3KkV
0 04mC

W= V0= (60V)8mC)=0.48J

W 961
MENZANTI
Q:Z:E:gc
Vo9V
= 2.12mC o ma
t 2.8s
,_Q_312C _
t (2Q)60s)

Q=1t=(40 mA)(0.8)(60s)=1.92 C
O=1t=(250mA)(1.2)(60 s) =18.0 C

(= £_6mC _

= 3s
I 2mA

1C
21.847 x 10" electrons =35C
/wo/[é.zmxlolg Ms}

I=g=3'5C =029 A
t 12s

0=1It=(4 mA)(90 s) = 360 mC
18
360 m@{6242 x10°° electrons

=2.25 x 10'® electrons
1< }

Chapter 2



1. 1=2-_8C 1 104a>1 A (yes)
t  (1.2)(60s)

19.  0.84x10" ey;etro/ns[ L } = 1.346 mC
6.242x10'" eleetfons

j= £ _1346mC ) i3 mA

t 60 ms

20, a. Q=It=Q2mA)0.01 us)=2x10"C

] 6.242x10' elgetrons |[ 1¢
2x 107"
* ’g{ £ HM}

=1.25 x 10°* ¢ = $1.25 x 10° = 1.25 million

b. Q=1It=(100 zA)(1.5ns)=1.5x 10" C

18
1.5 % 10‘13,@{6‘242“0 eWM $1 } = 0.94 million

1< W
(a) > (b)
2. O=It=(00x 107 A)(30s)=6C
p=W 3 _cerv
0 6C

420C
2. 0=1It-= {7—}(0.5}?@) =210 C
m

V=K=ﬂ=3.53V
0 210C

23. 0= K:H =0.0167 C
V24V

7= £ _00167C _J34A
t 5x107 s

4. = AhratngZOOAh _

t(hours) 40h

25.  Ah=(0.8 A)(75 h) = 60.0 Ah

Ahrating _ 32Ah _

= 25h
1 1.28A

26. t(hours) =

Chapter 2 11



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

12

40 Ah(for 1 h): W, = VO = V-I-t=(12 V)40 A)(1 m[

60 Ah(for 1 h): W, = (12 V)(60 A)(LX)

1)
-

]

Lipif

=2.592x10°J

Ratio W,/W; = 1.5 or 50% more energy available with 60 Ah rating.

. 1pin ][ 1h
For 60 s discharge: 40 Ah=1t=1|608]| -——
8 [ ’4_ 605 || 60
and[= — 2020 h400A
16.67x10° h

60 Ah = It = 1[60,] Lpdn |[_1h

| 605|160
and = —0AD 3600 A

16.67x10° h

L/l = 1.5 or 50 % more starting current available at 60 Ah

I=ﬁ=500mA
6.0h

0 = It = (500 mA)(6.4) {60 'n} [160.5 } = 10.80 kC

j%i}
W=0V=(108kC)(12 V)= 129.6 kJ

n

60s
n

41}y%1|:wi|=24()s

Q=1t=(2.5A)2405s)=600 C

Q=1It=(10 x 10~ A)(20 s) =200 mC
W=V0=(125V)200x 10> C)=2.5J

n |

=1(16.67 x 10~ h)

| =1(16.67 x 10~ h)
n

M} {ﬂ} — 1728 x 10°]

Chapter 2



Chapter 3

1. a.

H

0.5 in. = 500 mils

0.02,if | 1000mils | 5 il
L.

1000 mils

1
— in. = 0.25 . = 250 mils
-0z |

1 in. = 1000 mils

12,1. ]| 10° mils | _ ,
0.0Z/E‘{ o H ™ } 240 mils

0.1,¢’m[ L. MIOOO_ mﬂs} = 39.37 mils
2.540m || L.

Acy = (30 mils)* =900 CM

0.016 in. = 16 mils, Acy = (16 mils)* = 256 CM

% =0.125" = 125 mils, Acy = (125 mils)* = 15.63 x 10° CM

in| 0|1 1000mils | 305 5 ils, Aoy = (393.7 mils) = 155 x 10° CM
2.54¢m 1d.

o.oz/ﬁ{lf;ﬂ Fooliémls} — 240 mils, Aoy = (240 mils)® = 57.60 x 10° CM

39.37in.

0.0042/m[ —

} =0.1654 in. = 165.4 mils, Acy = (165.4 mils)* =27.36 x 10° CM

3. ACM = (dmils )2 - dmils = \[ ACM

a.
b.

C.

Chapter 3

d= /1600 CM =40 mils = 0.04 in.
d= 820 CM = 28.64 mils = 0.029 in.

d = 4/40,000CM =200 mils = 0.2 in.

13



10.

14

d d=+625CM =25 mils=0.025 in.
e. d=4625CM =2.5mils=0.0025 in.

f.  d=+100CM =10 mils=0.01 in.

0.01 in. = 10 mils, Ay = (10 mils)® = 100 CM
! (200')

R= p—=(10.37 =20.74Q
Py~ 0300 em
. I (150 ft)
Aev =@ mils)> = 16 CM,R= p— = (9.9 -92.810Q
oM = ( ) P ( )16CM

a. A= p—l=17 80 =544 CM
R 25Q

b.  d= \JAcy =V544CM =23.32 mils =23.3 x 107 in.

é =0.03125" = 31.25 mils, Acy = (31.25 mils)* = 976.56 CM

Repl o = RA_22Q)07656CM)
R p 600

=3.58 ft

1 (1037)(300') _
A 330
d= 94273 CM =30.70 mils = 30.7 x 10~ in.

942.73 CM

o

Acn =

o

larger

c. smaller

o

Rsilver > Rcopper > Raluminum

_ (9.9)(10 ft)

b. Silver: R= pi =990 {Acy=(1mil)>’=1CM

A 1 CM
I (10.37)(50 ft) o

Copper: R= p— = ~——"2"""1 =519 { Acy = (10 mils)> = 100 CM
pp P 100 CM {Acm=( )

1 (17)(200 f)

=1.36 Q { Acy = (50 mils)> = 2500 CM
4 2500 CM Ao =( )

Aluminum: R= p

= =47 = nickel

_ RA (500 Q)(94CM)
P 1000/

Chapter 3



11.

12.

13.

14.

a. 3"=3000mils, 1/2" = 0.5 in. = 500 mils
Area = (3 x 10’ mils)(5 x 10% mils) = 15 x 10’ sq. mils

15 x 10° sq ppfs {4/”@\4}: 19.108 x 10° CM

lsc_! gll

1 (1037)4)
A 19.108x10° CM

R=p =21.71 4

b ke pl o0
A 19.108x10° CM

Aluminum bus-bar has almost 64% higher resistance.

=35.59 10

c.  Increases
d. decreases

12 = 211,142 :A1/4, L2 = P
pal

R, _ 4, _phd 204 _
R ph ohd, L4714
4
and R, =8R,=8(0.2Q)=1.6 Q
AR=160-020=14Q

2 s 2
_m e /ﬂ _ /M 02257 in.
4 T T

dmils =225.7 mils

Acm = (225.7 mils)* = 50,940.49 CM

/
Plfl

R A [ A 1A
N 11 :/112:12 (o1 = p»)
Rz 2 /212‘41 IZAI
P2
4,
and R, = Ril,4, _ (800 mQ)(300 f)(40.000CM) _ o0 oo )
llA2 (200 £t)(50,940.49 CM)
a. #11: 4504 @ =0.567 Q
1000t
#14: 4504t 2.5250Q =1.136 Q
10004t

b. Resistance: #14:#11=1.136 Q:0.567 Q =2:1

c. Area: #14:#11 =4106.8 CM:8234.0 CM = 1:2

Chapter 3
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15.

16.

17.

18.

19.

16

a.  #8: R=1800At 0.6282Q | _ 1130
10004t

18 R= 18004 P2 _ 11490
10004t

b.  #18#8=11.49 2:1.13 Q=10.17:1 =10:1
c. #18:#8=1624.3 CM:16,509 CM =1:10.16 =1:10

1 (1037)(30) _31L.1CM

a. A= = =51,850 CM = #3
R 6mQ 6x10
but 110 A = #2
b A= ol (03DGO) BILICM _ oo

R 3 mQ 3x1073

a. A/CM=230A/211,600 CM =1.09 mA/CM

p  LO9mA 1 oM [IOOOMEHWOOW{}:1.39kA/in.2

(/:M %Sq mils 1 in. 1 in.

1 in.2 2
5 =3.6in.
A {1.39 199(} "

2.54 cm
in.

é in. = 0.083/'rn.( j =0.21 cm

zd®  (3.14)(0.21 cm)’

A= =0.035 cm®
4 4
2
j= RA_@DO05 M) _ 44 663 o - 406.03 m
P 1.724x10
o, L) Z%m g m 3| 222 g 60 em
2 Ligr,
s D] 234 em ] oy em
Vil Lif.
6
| L ATax0002192em o o
A (1.27 cm)(7.62 cm)
—6
b, Re pl o (2825X1012L02em) ooy o

A (1.27 cm)(7.62 cm)

Chapter 3



c.  Increases

d.  decreases

-6
20, R=L-=100md=2L =21 55 ,em
d 100 100
21, R=RL == RL_AODUR2I) _ s
W R 500 Q)

22. a. d=11in.=1000 mils
Acv = (10° mils)* = 10° CM
6

pr = B4 _AmUACEM) 4 enp oy

/ 10° ft

b. 1lin.=254cm
2 2

4= zd _ 7(2.54 cm) 5067 om’

4 4
/=1000 f{llz ;ﬂ[z.ﬂ Cm} = 30,480 cm

1 in.
_ R4 (1mQ)(5.067 cm®)
/ 30,480 cm

=1.66 x 107" Q-cm

P2

Py _1.66x107 Q-cm
o 1 CM-Q/ft

c. k= =1.66 x 1077

by 2345410 2345480 o (1492 _, o

20 R, 244.5

236+0  236+100
0.02Q R,
(002 ©)(336)
Ry = 22 R20D)
236

24.

=0.028 Q

25. C= %(C’F ~32)= 3(32 —32) =0° (=32°F)

C= 3(70—32) =21.11° (=70°F)

234.5°+21.11°  234.5°+0°

40 R,
R, = (B4 Q) _ 40
255.61

Chapter 3
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26.

27.

28.

29.

30.

18

234.5+30 234.5-40

0.76 Q R,
_ (194.5)(0.76 ©)

Ry=—"F""—-=056Q

264.5

243+(-30) 243+0

g ZMEOMO) _

0.04 Q R,

6 mQ
213

a. 68°F =20°C, 32°F =0°C

2345420 234.5+0
0.002 R,
(23452 mQ)
Ry= 22 R2 TR
2545
212°F = 100 °C
234.5+20 234.5+100
2mQ R,
(33452 mQ)
2545

=1.84 mQ

R, =2.63 mQ

AR _2.63mQ-2mQ _ 0.63mQ
AT 100°C-20°C 80°C

2345+4  2345+1,
10 110
234.5+4 2345+1,
10 01Q

, 1=27.85°C

, 1=-210.65°C

a. K=273.15+°C b.

50=273.15+°C

°C =-223.15°

2345420 234.5-223.15
10Q R,

R=13 10 0)=0.446 Q
254.5

9

¢ F=_oC+32= % (-273.15°) + 32 = —459.67°

=7.88 uQ/°C or 7.88 x 10° Q/10°C

K=273.15+°C

38.65=273.15+°C

°C =-234.5°

234.5+20 234.5-234.5
10Q R,

R, - 0100 ~00

254.5
Recall: —234.5° =

Inferred absolute zero
R=0Q
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31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

1 1 1

- = = =0.003929 = 0.00393
|T|+20°C  2345+20 2545

a. )

b. R = Ro[1 + ang(t — 20°C)]
1 Q=0.8Q[1 +0.00393(t — 20°)]
1.25 = 1+ 0.00393¢ — 0.0786
1.25 - 0.9214 = 0.00393¢
0.3286 = 0.00393¢
0.3286

= = 83.61°C
0.00393

R=Ry[1 + ao(t —20°C)]
=0.4 Q[1 +0.00393(16 —20)] = 0.4 QQ[1 — 0.01572]=0.39 Q
Table: 1000’ of #12 copper wire = 1.588 Q @ 20°C
C°= g(F° -32)= 3(115 —32)=46.11°C

R =Ry[1 + ao(t —20°C)]
=1.588 Q[1 +0.00393(46.11 — 20)]
=1.75Q

20
10°

AR = —Rrigﬁl (PPM)( AT) = (200)(65° —20°) =0.198 ©

R = Ryomina + AR =22.198 Q

R 100 &2
AR = nominal PPM)( AT) =
o0 PPM)(AT) 00

R = Ryomina + AR =100 Q + 0.30 2=100.30 Q2

(100)(50° — 20°) = 0.30 Q

#12: Area= 6529 CM

d=6529CM = 80.8 mils = 0.0808 j. {2'5 4 Cm} =0.205 cm
2 2
4= md _ 7(0.205cm)” 0.033 em’
4 4
I= %{0.033 o’ ]=33 KA >> 20 A
C
a. 2 times larger b. 4 times larger

10 kQ - 3.5 kQ = 6.5 kQ

Chapter 3



42.

43.

44,

45.

46.

47.

48.

49.

50.

20

6.25 kQ and 18.75 kQ

a. 560 kQ + 5%, 560 kO + 28 kQ, 532 kQ <> 588 kQ)

b. 2200Q+10%,2200Q+22 0,198 Q<>242Q
c. 100Q2+20%,100Q2+200,80 Q< 120Q
a. 120 Q= Brown, Red, Brown, Silver

b. 8.2 Q= Gray, Red, Gold, Silver

c. 6.8 kQ=Blue, Gray, Red, Silver

d. 3.3 MQ = Orange, Orange, Green, Silver

10Q2£20% =8Q-12 Q

no overlap, continuance
15Q0+20%=12Q-18Q

10Q£10%=10Q£1Q=9Q-11Q

No overlap
1I5Q£10%=15Q+£1.50Q0=13.5Q-16.5Q

a. 621=62x10' Q=620Q=0.62 kQ
b. 333=33x10°Q=33kQ
c. Q2=39x10"Q=3900Q
d C6=12x10°Q=12MQ
a G=i—;—8.33ms
R 120Q
1
b. G=——=025mS
4k
c S =0.46 1S
22MQ

G,>Gy,>G.vs. R.> R, >R,

a. Table 3.2, /1000" = 1.588 Q

1 = ! =629.72 mS
R 15880

oo A _6529.9 CM (Table 3.2)
pl (10.37)(1000)

G:

= 629.69 mS (Cu)

oo 6529.9CM

=384.11 mS (Al)
(17)(1000")

oo 65299CM _

88.24 mS (Fe)
(74)(1000")

Chapter 3



51 A, =
G
G,
52. -
53. -
54. -
55. a.
b.
c.
d.
56. a.
c.
57. a.
b.

Chapter 3

G, =5G, =5(100 S) =500 S

—50°C specific resistance = 10° Q-cm
50°C specific resistance = 500 Q-cm
200°C specific resistance = 7 QQ-cm

negative
No

_ AQ-cm _300-30_270Q- cm

» AT  125-50  75°C

Logscale: 10 fc = 3 kQ
100 fc = 0.4 kQ

no—Ilog scales imply linearity

@O0.5mA, V=195V
@1mA,V =200V
@5mA,V =215V

AV =215V -195V=20V
5 mA:0.5 mA =10:1

compared to
215V:200 V =1.08:1

1000 tangent
el I 300 0-cm (50°C)
100 N
g-cm
" ———— e IS ——— 30 0-cm (125°C)
0-om &5 100°C  150°C
= 3.6 Q-cm/°C
b. negative
d. 1kQ= = 30fc
10kQ = = 2fc
AR|_10KQ-1KQ _ 1)) 40

|Afe|  30fc-2fc

and AR _ -321.43 Q/fc
Afc

21



Chapter 4

1.

10.

1.

12.

13.

14.

15.

22

V=IR=(2.5A)47Q)=1175V

12V

=~ =300A
40107 Q

V=1IR= (3.6 uA)(0.02 MQ) = 0.072 V = 72 mV

=V 92V 413maA
R 15kQ

r=V 120V _gis50
I 22A

=V o120V e mA
R 75kQ

r=V-120V 8510
I 42A

Ro V45V oo
I 125mA

r=V-24mV ko
I 20uA

V=IR=(15A)05Q)=75V

=——=12.63Q b.

V=IR= (24 uA)3.3 MQ) =792V

- es]

W=Pt=VIt

} =3600s

= (120 V)(9.5 A)(3600 s)

=4.1x10°J

Chapter 4



16.  b. (0.13 mA)(500 h) = 65 mAh

17. -
18. -
19. -
20. P= ?— 4206JO :ji?)J =175 W
s s
4 pain
m([lm,n}

21. t=K:64OJ =16s

P 401J/s

2. a 8 M[w?}:zs,z@om
L1 mif

W= Pt=(2 W)(28,000 s) = 57.6 kJ

2 W)(8 h)
1000

23. I=Q=BOOC[%}=5CB=5A
t lp_a’in 60 s

P=PR=(5A10Q=250 W

b. kWh= =16 x 10~ kWh

2. P=VI=3BV)14A) =420W
w123

=2 =22 286
P 42W

25, 1=48‘C1@ 0.8 A
n| 60s

P=EI=(6V)0.8A)=48W

26.  P=PFR=(7.2mA)’4kQ=207.36 mW

27. P=PR=1I= /fz 240mW 044 mA
R\ 22kQ
8. 1= P o 2V 12910 mA
R V1200

V=IR=(129.10 mA)(120 Q) =15.49 V

Chapter 4



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

o9

24

P=IR=(2.14 mA)’ 5.6 kQ = 25.65 mW

W=P-t=(25.65mW) (1;{60 ‘p’ﬂ[ 60 D -92.34)

1) 1906
=P _324W _ov
I 27A
= [Po [ W =461.27 uA
R \47MQ

V=+/PR = /(42 mW)(2.2 kQ) =/92.40 =9.61 V

P =EI=(9 V)45 mA) = 405 mW

P=VI, =§=100W ~0.833 A
R=L-129Y 4060
I 0833A
p=L_ B0V v
I 375A
r=L-12V _39
I 375A
-3
a. P=Elandr= 20PN W g3 ma
E 3V

b. Ahrating = (0.13 mA)(500 h) = 66.5 mAh

1=\E= 10w _ 5x107 =70.71 mA
R 20 kQ

V= /PR =[(100 W)(20 kQ) =1.42kV

2 2
a. W=Pt= V— t= 12—V 60s =864J
R 10 Q

b. Energy doubles, power the same

Chapter 4



1

39. [5 months] =260 h
week | 1 menth
kWh = (230 W)(260h) _ 59.80 KkWh
1000
10. W — Pt L, (1000)(kWh) _ (1000)(12 kWh) _ Sh
1000 P 1500 W
41. kWh = @4W)3h) _ 72 x 10~ kWh
1000

(72 x 107 kWh)(9¢/kWh) = 0.65¢

Pi__ ,_(1000)(kWh) _ (1000)(1200 kWh)

42. a. kWh= =120 kW
1000 P 10h
3
b. I= EZM =576.92 A
E 208 V

c. Piw=Pi—P,=Pi— nP;=P(1 — ) =120 kW(l — 0.82) = 21.6 kW
Cwh, = Pt _(QLEKW)(10h)

= =216 kWh
1000 1000

3. #wh=1
9¢

Pi__,_ (kWh)(1000) _ (11.11)(1000)

KWh = ~44.44h
1000 P 250
(_ (Wh)(1000) _ (11.11)(1000) _, o
P 4800
44,  a. W=Pt=(60 W)(1 h)=60 Wh
b. W=Pt=(60 W)| 1 60 iy 005 1) — 216 kws
L L1yl

c. 1kI=1Ws, .216kJ

Pt _ (60 W)(1 h)

= =60 x 10~ kWh
1000 1000

Chapter 4 25



45.

46.

47.

48.

49.

50.

S1.

26

a. P=EI[=(9V)0455A)=41W

=19.78 Q

E_ 9V
[ 0455A

c.  W=Pt=(4.1W)21,600s) = 88.56 kJ
6 % 60s | _ 51,600
1 lg_a'in
P=EI=(120 V)(100 A) = 12 kW

Pr=5 hﬁ[ﬁfﬁw} + 3000 W + 2400 W + 1000 W

=10,130<12,000 W (Yes)

c. W=Pt=(10.13 kW)(2 h) = 20.26 kWh

. ( 1h
(860 W)(6 h) + (4800 W)(1/2 h) + (900 W)[zo/n{m (60)"{1“)}} +(110 W)(3.5 h)

1000
_ 5160 Wh +2400 Wh +300 Wh + 385 Wh

1000
(8.245 kWh)(9¢/kWh) = 74.21¢

(200 W)(4 h) + (1200 W) 20}n{n( Lh j +(70 W)(L.5 h) + (150 W) 130%( th j
60 ’ 60 pfin

1000
_ 800 Wh + 400 Wh + 105 Wh + 325 Wh

1000
(1.63 kWh)(9¢/kWh) = 14.67¢

kWh =

= 8.245 kWh

kWh =

=1.63 kWh

746 W

(0.5 pp’){
n= -2 x100% = b6

; 395 W

} x100% zﬂx 100% =94.43%
395

v

P
p,= Lo _UBBOTO W) _ 1964 59

n 0.685

;o B_196020W oo
E 120V

K
o[

P;

Il
=

P
n= 201000 =— W 100% =220 < 100% = 84.77%
P (4 A)(220 V) 880
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52.  a. Pi=EI[=(120V)(2.4 A) =288 W
P; =P, + Py, Piog=Pi—P, =283 W—50 W=238W

P
b, 7= -2 x 100% = 0V
P 288 W

1

x 100% = 17.36%

3. pepi=b oo B _CEDTOWHD) _ o0
n 7E (0.76)(220 V)

s4. o p=Leoo e )(7045 WD) _ 1657.78 W
n .

b. P,=EI[=1657.78 W
(110 V)I = 1657.78 W
_ 165778 W

=15.07 A
110V
P
c. P’:_OZ(ZM(?SW/M =2131.43 W
7 .

P,=E[=2131.43 W
(110 V)/ = 2131.43 W
_ 213143W

110V

=19.38 A

P
55.  Pi= £ _ (SPB)T46 Wikp) _ 12,433.33 W
1

0.9
SO P 1243333W oo
E 220V

56. Hr=1T -1
0.75=0.85x 1,
7, =0.88

57. nr=n - 1, =(0.87)(0.75) = 0.6525 = 65.25%

58. m=1n=.08
7r=(m)(m) = (0.8)(0.8) = 0.64
W,
nr= =W, = e W= (0.64)(60 1) =38.4

1

59.  mr=m-m=0.72=097n

0.72
=22 0.8 = 80%
T 09 °

Chapter 4



60. a.  mr=m- 1 7= (0.98)(0.87)(0.21) = 0.1790 = 17.9%

b, 7r=1m- - 5= (0.98)(0.87)(0.90) = 0.7673 = 76.73%

0/ _ 0
16.73% =17.9% 1 00% = 328.66%
17.9%

v |

=" 772:771‘2771:27712

, P P 128 W
nw=—t == = —=_ =04
2P 2P \[2(400 W)
7 =2m=20.4)=0.8
1 =40%, 17, = 80%

61. nr

28
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Chapter 5

1. a. FandR,
b. Ryand R,
c. FEandR,
d. FEand R, R;and R,
2. a. Rr=0.1kQ+0.39kQ+1.2kQ=1.69 kQ
b. R=12Q+27Q+820Q=121Q
c. Rr=82kQ+10kQ+9.1kQ+1.8kQ+2.7kQ=231.8KkQ
d R=47Q+820Q+91Q+1.2kQ=2158.0Q
3. a. Rr=12kQ+1kQ+22kQ+33kOQ=7.7kQ
b. R=1kQ+2kQ+3kQ+47kQ+68kQ=17.5kQ
4, a. 1MQ
b. 100Q,1KkQ
c. Rr=100Q+1kQ+1MQ+200kQ=1.2011 MQ vs. 1.2 MQ for part b.
5. a. R/=105Q0=10Q+33Q+R, R=62Q
b. R/=10kQ=22kQ+R+27kQ+33kQ, R=18KkQ
c. Rr=138kQ=R+56kQ+22kQ+33kQ, R=27KQ
d Rr=91kQ=24kQ+ R +43kQ+2R;=67kQ+3R;, R =8KkQ
R, =16 kQ
6. a. 1.2kQ
b. 33kQ+43kQ=7.6kQ
c. 0Q
d oQ
7. a. R=10Q+12Q+18Q=40Q
bope BV gy
R, 40Q
c. WN=LR=CBA(1I0Q)=30V,V,=LR,=(BA)(12Q)=36V,
Vs=LR; =B A)N(18Q)=54V
8. a. the most: R, the least: R,
b. Ry, Rr=12kQ+6.8kQ+ 82kQ=90KkOQ
I,= £=—45V = 0.5 mA
R,  90kQ
c. WN=LR=(05mA)(1.2kQ)=0.6V,V,=5LR,=(0.5mA)6.8kQ)=3.4YV,
V3 =L5LR; = (0.5 mA)(82 kQ) = 41 V, results agree with part (a)
9. a. R=12kQ+4kQ+6kQ=22kQ

E=IR:= (4 mA)(22 kQ) =88 V
b. R=18Q+14Q+8Q+40Q=800Q
E=1IR;=(250 mA)(80 Q) =20V
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10.

11.

12.

30

= V52V
R 13Q
E=IR;=(4A)OQ)=36V
Rr=9Q=47Q+13Q+R, R=3Q
Vita=(4 A)4.7Q)=18.8V
Visa=(4A)13Q)=52V

Vie=(4 A3 Q) =12V

4A

o

ao o

a. I=K= 66V =3 mA
R 22kQ

b. V3A3 kQ = (3 l’l’lA)(33 kQ) =99V

E=66V+9V+99V=255V
e. rR=Y-2Y _310
I 3mA

d. V2= 6.6 V, V310a=9V, V3310=99V

= E_3%Y _gigma, v=
R,  44KkQ

E

1
S(36V) =18V

N | =

Rr=1kQ+24kQ+56kQ=9kOQ
£ = 225V _ 25mA, V=25mA2.4kQ+56kQ2)=20V

R, 9kQ

Rr=10kQ + 22 kQ+ 33 kQ + 10 MQ =10.065 MQ

B 10V 504
R, 10.065MOQ

V'=(9.935 uA)(10 MQ) = 99.35 V

Rr=3kQ+1kQ+2kQ=06KkQ

= £ 120V o ima
R, 6kQ

Ve = (20 mA)3 kQ)=60 V
Ve, = (20 mA)(1kQ) =20V
Ve, = (20 mA)(2 kQ) =40 V

P, = I'R =20 mA)*-3kQ=12W
P, = R,=(20mA)’- 1 kQ=0.4 W
P, = IRy =(20mA)* - 2kQ=0.8 W

Pr="P +PB +P =12W+04W+08W=24W

Pr=EI,= (120 V)(20 mA) = 2.4 W

Chapter 5



13. a.

14. a.

Chapter 5

the same

R — the largest

dissipated
Ri:2W,R:12W,R:: 1 W

Rr=22Q+10Q+47Q+3Q=82.00Q
E 205V

= =250 mA
R, 8200Q

N

Ve =1Ri=(250 mA)(22 Q) =5.50 V

Vi, = bRy = (250 mA)(10 Q) =2.50 V
Vi, = LRy = (250 mA)(47 Q) =11.75 V

Ve, =LiRs=(250 mA)3 Q) =0.75V

Py =I{R =(250mA)’-22 Q=138 W

P, =GR, = (250 mA)’ - 10 Q = 625.00 mW
P, =I;R, = (250 mA)* - 47 Q=2.94 W

3

Py, = IR, = (250 mA)* - 3 Q =187.50 mW
Pr= Py + Py + Py +Pp =138 W+625.00 mW +2.94 W + 187.50 mW = 5.13 W

P=EI;=(20.5V)(250 mA) =5.13 W
the same

47 Q — the largest

dissipated

Ri: 2W; Ry 12 W, R3: 5W, Ry: 12 W

P=21W=(1A>*R, R=21Q

Vi=LR =(1A)Q2Q) =2V, V,=LR=(1A)(1Q)=1V
Vs=LRy;=(1 A)21Q)=21V
E=Vi+Vo+V3=2V+1V+21V=24V

P=4W=P1Q,I=+4 =2A

P=8W=FR =(Q2A)R, R =2Q
Rr=16Q=2Q+R,+1Q=3Q+R,, R,=13Q
E=IR;=(2A)(16Q)=32V

31



15.

16.

17.

18.

19.

32

a. Rr=NR,= 8[28% QJ =225Q

= £ 10V s a
R, 2250

e ko))

_r=[E A5 0)-
. V=IR (ISAJ(XQJ 15V

d. All goout!

P, = PRI + PR2 + PR3

E-I=PR, + PR, +24

(Ri+R)P—EI+24=0
6" —241+24=0

P—41+4=0
I —(—4) £/(—4)* - 4()(4) _ 4+416-16 _4 .
2(1) 2 2

P=24W =2 A)R, R=¥=6Q

8. Vu=—4V-8V+12V=0V
. Ve=—4V-8V+6V=-6V
c. Vu=—l0V+18V-6V+12V=14V

a. ET=16V—4V—8V=4V,I=% =388.35 mA (CCW)

2V

b. ET:18V—12V—4V:2V,1:m:173.91mA(CW)

a. P=8mW-rR R-°""W_ 8mW ;10
I (2mA)
I=£:M=2mA(CW), E=10V
R, 3kQ+2kQ
b. I=£=8mA,R=Z=12—V=1.5kQ
2kO I 8mA
;o E _E-4V-10V_E-14V _ 8 mA (CCW)
R, 2kQ+15kQ  3.5kQ
E=42V
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20. a.

21. a.

22. a.

23. a.

1V

+10V+4V-3V-V=0
V=14V-3V=11V

+H30V+20V-8V-V=0
V=50V-8V=42V

+16V-10V-4V-V+60V=0
V=76 V-14V=62V

+60V-12V-)V-20V=0
V=60V -32V=28V

+tE-14V-6V-2V+18V=0
E=22V-18V=4V

+10V-1,=0
V2:10V
+10V-6V-V,=0
V1:4V
+24V-10V-1,=0
Vi=14V
+10V-1,+8V=0
V2:18V

20V-11-10V-1V=0, =9V
+10V—2V—V2:O, V,=8V

+10V-1+6V-2V-3V=0,V,=11V

+10V-1V,-3V=0, InN=7TV

24.
2Q

1V
2Q

25. a.

Chapter 5

S0V (50V)20)

R, 1V
_100V o _ (100V)29)

b

=100 Q

=200Q

3

8.2 kQ

Vi: V,=8.2kQ:1 kQQ =8.2:1
Vi: Vi =8.2kQ:100 Q= 82:1
_ RE (8.2kQ)(60V)

V- =
PR 0.1kQ+1kQ+82kO

- R+ R)E _ (1KQ +8.2kQ)(60 V)
R, 9.3kQ

=5290V

=5935V

33



26.

27.

28.

34

_ 400(30V) _

a. 20V
40Q+20Q

b _ (2kQ+3kQ)40V)  (5kQ)40V) 20V
’ 4KkQ+1kQ+ 2kQ+ 3kO 10 kQ
. (1.5Q+0.6 Q+0.9 Q)(0.72 V) _(30)0.72V)
) R5Q+1.5Q+ 0.6Q+ 09Q+0.5Q) 6 kQ
0 20V, (6DQ0V) gy

6Q 20 20

£:2OV’ v, = (4 Q)(20 V) 40V

40 20 20

E=V+20V+1,=60V+20V+40V=120V

b. 120V-7,-80V=0,V,=40V
OV-10V-13=0,13=T70V

1000V _ ¥, 200000V) _
100Q 20 1000
1000V _ %, _ 100000V)
100Q 10 100 Q)
E=V+V,+1000 V=10V +20 V+1000 V = 1030 V

20V

=10V

d 16V-1-6V=0,/1=10V
6V

V22—23V
2
2V._ B, 2K0RV) .y
1kQ 2kQ 1kQ
2V _ Vi, 3K2CV) oy
1kQ  3kQ 1kQ
2

I= = =2mA
1kQ
E=2V+4V+12V+6V=24V

=036V

Chapter 5



R(20V)

29. a. 4V=————,
2kQ+6kQ

R=1.6 kKQ

(6 Q+R)I40 V

3Q+6 Q+R
300+ 600 Q2+ 100R=840 Q2+ 140 R
140R — 100R =—- 840 Q + 900 Q3

b. 100V=

40R =60 Q
R=22 150
40

AV _ N, 2000V)
10Q 200 10 Q
b. Vi=E-V,-V,=40V-4V-8V=28V

4V =28V:>R3=(28V)(10§2) 00
10Q R, 4V

30. a.

=8V

8V

50 mA
Ryp(12V) 160 Q12V)

31. a. Rbulb: =160 Q

Vou =8 V = , R. =80 Q in series with the bulb
Ry + R, 160 Q+ R,
2 2
b. VR=12V—8V=4V,P=V—:ﬂ=0.2W,.'.1/4Wokay
R 80 Q

32 VgV, =72V

1
TtV =72V

1 2V
Ve ll+=| =72V, V, =—=—— =60V
) s )
4 14 2V - 12
R, = R2=60—V=15kg, R= ke T2VZO0V 12V _4p60
[R2 4 mA IRl 4 mA 4 mA

33, RT:R1+R2+R3:2R3+7R3+R3:10R3
_ Ry(60V)

10R :6V’ VR1 - 2VR3 :2(6V):12V’ VRz :7VR3 :7(6V):42V
3

Ry
4. eV =4V, = 403V,) =12,

E= VRI + 3VR1 +12VR1 S Rr=R;+ 3R1 + 12R1 = 16R1 = 64—V = 6.4 kQ)

10 mA
_ O2KQ 100, R, = 3R = 12KQ, Ry = 12R, — 4.8 kQ

1
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35.

36.

37.

38.

36

b, Rr= -2V _6amaq, R = S4ME
10 LA

I, 10mA

=400 kQ, R, =1.2 MQ, R; =4.8 MQ

R!
= =10% and —1=400 ke =10? also
I' 10 uA R, 400 Q
a. V,=+12V-8V=4V b. V,=20V-6V=14V
Vy=-8V Vi=+4V
Vir=Vye=Vy=4V-(-8V)=12V Vie=V,—V3,=14V-4V=10V

c. V,=+10V+3V=13V
Vb:+6V
Vaib=V,=V,=13V-6V=T7V

80V -26V 54V

6Q+3Q 90
V=IR=(6A)3Q)=18V

a. I(CW)= =6A

70V-10V 60 V 1A

b. I(CW)= = =
10Q+20Q+30Q  60Q
V=IR=(1A)10Q)=10V

_16V-4V 12V

10Q+20Q 30Q
V,=16 V-I10Q)=16 V- (0.4 A)(10Q)=16 V-4V =12V
Vi=IR=(04A)20Q)=8V

= 0.4 A (CW)

C12VHI0VHSY . 30V
22kQ+33kQ  55k0Q
V=12V -122kQ)+ 10V
=12V - (5455 mA)2.2kQ) + 10 V
—12V-12V+10V=10V
Vi =12.2kQ) = (5455 mA)2.2kQ) =12V

=5455mA

_ 47V -20V :27V
2kQ+3kQ+4kQ 9kQ
Vika=6 V, V3ka =9V, Vo =12V

=3 mA (CCW)

a. V,=20V,V,=20V+6V=26V,V.=20V+6V+9V=35V
Viy==-12V,V,=0V

b. Vu==6V,Vy=—4TV, V=9V

c. Vu=-15V, Vyp=-4TV+9V=-38V
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4V +4 V, 12V —4
39. 1R=u=8_V=1A,R1:i: v V=8_V:89,
? 8Q 8Q 1 1A 1A
v —
Ry= R _8V -4V 4V _40
1 1A 1A

40. Ve, =48V -12V =36V

14
R= -3V _sask0
I  16mA
Ve =12V-0V=12V
14
R = k_ 12V ga5k0
I 16mA
Ve =20V
14
Rf:&ZEQL:Mﬂ@
I  16mA

Ve =E=Vi =Vp =V,
=100V-36V-12V-20V=32V

v
R = -2 = 32V =2 kQ
I 16mA
i g MV-20V AV

2kQ+4kQ+6kQ  12kQ
Vyo =IR=(2 mA)2 kQ) =4V
Vo =IR=(2 mA)4kQ) =8V
Vi =IR=(2 mA)6kQ) =12V

V=44V, V,=44V -4V =40V, V=44V -4V -8V =32V
V=20V

®

b. Vb =Vua=4V, Ve =Vaa=-8V
Vei = Veka =12V

c. Vu=V,—V4=44V-20V=24V
Vea=Ve=V,=32V-44V=-12V

42. Vo=0V
Vy=-12V+2V=0,V,=+10V
V:=4V
V10:20V
V23:+6V
V30:—8V
V67:0V
V56:—6V

Vi _Vyy 6V _

= 1.5A7T
40 4Q 4Q
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43.

44,

45.

46.

38

Vo=0V, Vs=Vo—V3=0V, V= 2mA)3kQ+ 1kQ) =2 mA)4kQ)=8V

V23:V2—V3:8V—0V:8V, V12:20V-8V:12V,
2[=%21, =1 =2mA+5mA +10 mA =17 mA

a. VL=ILRL=(2 A)(28 Q):56V
Vie =60V =56 V=4V

Ru=tm-2Y 230
I 2A
b. VR= Yw="Vu 100% = 0V-36V 100% = 7.14%
" 56V
0. =32V ey
330Q+0.05Q
b, vR="w"Ve 000 = 2V IV 60006 = 1.52%
Ve 11.82V
c. IL=I~= 182V _Jsga
330

P,=EI,= (12 V)(3.58 A) = 42.96 W
P =FPRin = (3.58 A)* 0.05 Q=0.64 W

i_ 12V _ 12V — 12 mA
R, 2kQ+8kQ 10kQ

a. [

12V 12V
10kQ+0.25kQ  10.25kQ

b. [ =1.17 mA

£
RT

c.  not for most applications.
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Chapter 6

1. a. Ryand R
b. EandR3
c. FEandR,
d. RZ,R3andR4
c. E, Rl, Rz, R3, and R4
f. E, R], Rz, and R3
g. Ryand R;
2. a. R3 and R4, R5 and R6
b. FandR,
R S ALY G L P Y
2.10+18Q
1 1
b. Rr= -
! 1 N 1 N 1 1x107°S+0.5x107°S+0.333x10°S
1kQ 2kQ 3kQ
1
= ——————— =545550Q
1.833x107S
1 1 1
C. RT: — = = - — —
1 N 1 N 1 10x107°S+1x107°S+0.1x107°S  11.1x107°S
100Q 1kQ 10kQ
=90.09 Q
o rR=3_c0
R, = OKOOMD) _ o590
6kQ+6MQ
20 100
e. R;:—=5.59,RT”=O—=SQ
4 2
o= B3O _, 0o
55Q+5Q
f. Ry ! = -3 173 -3
RS S 1000x107°S+1x107°S+0.001x107°S
1Q 1kQ 1MQ
1
= —— =0.99Q
1001.001x107°S
4. a. Rr= ! = 3 ! 3 3
lJr 1 N 1 1x1073S+0.833x107°S+3.333x107°S
1kQ 12kQ 0.3kQ
! =193.57Q

 5.166x10°S
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1 1

RT:

+ +
1kQ 12kQ 22kQ  1kQ

1
- =304.14Q
3.288x107°S

R=3Q|6Q=2Q
RT=1.6Q=M, R=8Q
2Q+R

R~ Ok

=2kQ
(2 kQ)(R)
2kQ+R

(20 kQ)(R)
20kQ+R "’

R;=62893 Q= ! = |

L1, 1 833.33x107°S - 1 454.55x 107 S
12kQ R 22kQ R

628.93 QQ
bl

Rr=18kQ= R=18 kQ

Rr=10kQ = R=20KkQ

811.32x107° 1

628.93 Q2

= =33kQ
1-811.32x107

R R
R'=Ry|[Ry= =1, R ==t

2

33
R'R 2 )2 R

Rr=16kQ= = =-1 R =4(1.6kQ)=64kQ=R

T R+R, R R 4 1=4( ) 2

_ 64kQ

R; =3.2kQ

1.2kQ
about 1 kQ
1
1 1 1 1

+ + +
1.2kQY 22kQ 220kQ  2.2MQ
1

833.333x107°S+45.455x107°S+4.545x107°S+0.455x10°°S

-t 1.131 kQ

883.788x107°S

220kQ, 2.2 MQ: Ry = (L2kN@22KEY _ 1.138 kQ

1.2kQ+22kQ

RT:

Ryreduced.

Chapter 6
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_29RQ) _

7. a. Rp 1.6 Q
20Q0+80Q
b. oQ
c. o
d. Rr= ! = ! = ! =1.18Q
1 + 1 + 1 0.25S5S+0.50S+0.10S 0.85S
40 2Q 10Q
8. L=L+—+L
RT Rl R2 R3
LIS S PN ST UL L B U B P
200 R 5R, R |R| 5|R R, R,
2
and R, =3.2(20 Q) = 64 Q
R,=5R, =5(64Q)=320Q
R= 1R =22 _30
2 2
9. 240 || 24Q=12Q
1 1 1 1
R, R 12Q 1200
O.IS=L+O.0833BS+O.00833S
1
1
0.1S=— +0.09167 S
1
% =0.1 S-0.09167 S=0.00833 S
1
1
Ri=— =120Q
0.00833 S
10, a2 Ry= O _gq
8§0Q+240
b. Vg =V, =36V
. L=L_35V _¢4
R, 6Q
V
11=i=36—v=4.5A
R 8Q
V
=k 30V y5aA
R, 240
d. IS:]1+12
6 A=45A+1.5A=6 A (checks)
Chapter 6
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1 1
LT 1 0333S+0.111S+0.0288
30 9Q 360

1

11. a. RT:

- =2120Q
472x107°S
b, Vi =V =V =18V
. L=L_18V _gs4
R, 2120
v 14 14
Ilzizlsv _6A L= " _18Y _oa 13:i:18v 05A
. 3Q R, 9Q R, 36Q
d I,=85A=6A+2A+0.5A=8.5A (checks)
12. a. RT: ! = 3 ! 6 6
r v 1 100x107°S+833.333x107°S +147.059x10~°S
10kQ 12kQ  6.8kQ
=;_3=925.939
1.080x107°S
b, Vg =V =V, =24V
c. IS=£=24—V=25.92mA
R, 92593 Q
v, 4
L=t o 2V gmA 1, = =Y 50 ma,
'R 10kQ * R, 12kQ
v
I, =—2 = 24V _353maA
* R, 6.8kQ

d. 17y=25.92 mA =24 mA + 20 mA + 3.53 mA = 25.93 mA (checks)

13. a. Rrz1kQ
1
b. RT:

1 1 1 1

+ + +
10kQ 22kQ 1.2kQ 56kQ
1

100x107°S+45.46x107°S+833.333x107°S+17.86x107°S

1
= ——————— = 1.003 kQ, very close
996.65x107"S

c. I the most, I, the least
B Ve 44V Vi, 4V

d I, =—2=""" —44mA, [, == =2mA
'R 10kQ * R, 22kQ
4 44 v, 44
I, =L =MV 3667mA 1, ==Y 79 mA
C R, 12kQ ‘R, 56kQ
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e. L= £=44—V =43.87 mA

R, 1.003kQ
1,=43.87 mA = 4.4 mA +2 mA + 36.67 mA + 0.79 mA = 43.86 mA (checks)
f.  always greater

14. -

15. R.=3QI6Q=2Q,R;=R.|R:;=2Q(|2Q=1Q
L=1T1 _ £ _I2V =12 A
R, 1Q

E 12V
IR =
"R 30
I'=I'-1, =12A-4A=8A

V=E=12V

=4 A

(20 Q)(10.8 A)
L= 9
200+40
E=V, =LR=09A)4Q) =36V

I, =123A-108A=15A

R:E_%_V:MQ
"I, L5A

16. A

17 a Rr=20Q[|5Q=40Q

= B30V _gs5a
R, 4Q
501 1
CDR: [;= ———= ——(75A) =15A
50+20Q 5

b. 10kQ | 10kQ =5k
Rr=1kQ || 5kQ =0.833 kQ
E 8V

[[=—=————=9.6mA
R, 0.833kQ
R, =10kQ || 1 kQ=0.9091 kQ
_ Ry, ~ (0.9091 kQ)(9.6 mA) 8.727 mA — 0.8 mA

: Ry +10kQ  0.9091 kQ+10 kQ 10.9091 )

8. o :24V—8V:16V:4mA
4 kQ 4 kQ
b. V=24V
I, = 1204—1;/2 +4 mA + 24—V =24 mA +4mA + 12 mA =18.4 mA
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19.

20.

21.

44

RT:

I =

1 1

RT:

1 N 1 N I 1000x10°S+30.303x10 °S+121.951x10°S
1kQ 33kQ  8.2kQ
1
=————— =867.86 Q
1.152x1073S
14 14
I, _Ie 100V 500 ma, I, _ e 100V 303 ma
'R 1kQ > R, 33kQ
14 1
I, =— = 00V 122ma
* R, 8.2kQ
Py =Vy I =(100 V)(100 mA) =10 W
Py =V -1y =(100 V)(3.03 mA) =0.30 W
Py, =V, I, =(100 V)(122 mA) = 1.22 W
1= E_ 100V 115.23 mA
R, 867.86Q
P,=E,,=(100 V)(115.23 mA) =11.52 W

Pi=11.52 W=10 W+ 0.30 W + 1.22 W = 11.52 W (checks)
R, = the smallest parallel resistor

Loy = E = 120V =66.667 mA
Ry, 1.8kQ
Ry= R _18kQ =225Q
N 8
I = E:lzﬂ =0.533 A
R, 225Q
vy (120 V)’ _
R 1.8kQ

P,=88W)=64 W
none, /; drops by 66.667 mA

1 1
L L T 200x107°S+100x107°S+50x107°S
50 10Q 20Q

1

- -280
350x10°°S

E_ 6OV 5098
R 2860

P

E - I,= (60 V)(20.98 A) = 1.26 KW
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22. a.
b.
c.
d.
23. a.
b.

C.

P]Z10(60W):600W:E'[1:IZOV‘II,Ilz

Py=400W=120V b, I = 2 0W _333a
120V

Py=200W=120V -5, I,=-2W _167A
120V

Pa=110W=120V - Iy, L= 1% _ 4924
120V

L=5A+333A+1.67A+0.92A=10.92 A (no)

Re=E-10V 1090

1. 1092 A
P,=E-I,=(120 V)(10.92 A) = 1.31 kW
P,=1.31 kW = 600 W + 400 W + 200 W + 110 W = 1.31 kW (the same)

80| 12Q=48Q, 48Q(4Q=2.182Q

= 2AVH8V 467 A
2.182Q
2 2

p= V@AV s w
R 40

L=1,=14.67 A

24. I,=12.6 mA -85 mA =4.1 mA
L, =85mA -4 mA=45mA

25. a.
b.
26. a.
b.

Chapter 6

OA+2A+L=12A, L =12A-11A=1A

L+1TA=1A+3A,
6A:2A+11, 1

L=4A-1A=3A

1=6A-2A=4A

4A+5A=L 5L=9A
9A=L+3A, L=9A-3A=6A
3A+10A=1, L=13A

I + 5mA =8 mA,

11:3mA

SmA=1+3.5mA, L=15mA
L =3mA=L+1mA, =2mA

I,=5mA

Li=15uA+0.5 A =2.0 A
6ﬂA:]2+13212+2ﬂA, 12:4ﬂA

12+1.5 ,LIA:]4,
1,=6 A

L=4uA+1.5uA=55 pA

600W _
120V

SA

45



27.

28.

46

Iy, =5 mA-2mA=3mA
E=Vy, =G mA)(4kQ)=12V

V 12 12
Ri=—"= V. BV 5k
Iy (OmA-5mA) 4mA
R3=VR3=12_V:6kQ
I, 2mA
3
RT=£=12—V=1.33kQ
I, 9mA
o R=L-10V _5q
I, 2A
L=I-11=3A-2A=1A
:EZIO_VZIOQ
L, 1A

b. E=LR=QA6Q)=12V

]2:£=12_V21.33A
R, 9Q

1325212_W:1A
N VA%

R E_12V o
I, 1A

I=L+L+5L=2A+133A+1A=433 A

c. Il=ﬂ=64mA
1kQ
I3=64—V=16mA
4kQ
IS:[1+12+[3
L=I—-1—-L=100 mA — 64 mA — 16 mA =20 mA
R=£= 64V =3.2 kQ
I, 20mA

I=5L+15=20mA + 16 mA =36 mA
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2
d. P= %:Vl = PR, =,/30W)(30Q) =30V

1

E:V1:30V
R 30Q
BecauseR3=R2,13=[2,and[s=11+12+13=[1+212
2A=1A+2L
1
h=2(A) =054
13:0.5A
I, 05A
Py, =I3R, =(0.5A)-60Q=15W
29, =22, L 9a
120 3
40

L=—"I =21, =12A
20

- 22, L —06a
40 Q 10

Ir=L+L+L+1L=6A+2A+12A+06A=20.6 A

1y

; _ 8kQQ20mA) _

30. a. 16 mA
2kQ+8kQ
L=20mA — 16 mA =4 mA
1 1
b. RT: = 6 -6 -6
1 N 1 + 1 454.55x107°S+833.33x107°S+5000x10"°S
22kQ 1.2kQ 0.2kQ
1
=———— =159.03Q
6,288%x107°S
L= &I, L= w(lSmA) =1.30 mA
R, 2.2kQ
L= M(IS mA) =2.39 mA
1.2kQ
L= M(18 mA) =14.31 mA
0.2kQ
I,=18 mA
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1 1
b1 1 250x107°S+125x107°S +83.333x107°S
40 8Q 120

1

- =218Q
458.333x10
A=£%L I = 2189«nm 327A
b=2;8 (6A)=1.64 A
2.18
L= 6A)=1.09 A
= Do ( )=
14:6A
‘ _20009A) _
- 200+100
—9A-I,=9A-6A=3A

14:9A

9
31. a. L 1=z—(10A)=9A
1= 5 (104)
b. L/L=10Q/1 Q=10, L=—=—=09A

c. Li/L=1kQ/1Q=1000,15=1/1000=9 A/1000 = 9 mA
d. Ii/I;=100%k/1 Q=100,000, I,=1,/100,000=9 A/100,000 = 90 xA
e. very little effect, 1/100,000

1
£ Rr_l 1 1 1

—+ + +
1Q 10Q 1kQ 100kQ

_ 1
1S+0.1S+1x10° S+10x107° S

_ 0910

(10 A)=9.1 A excellent (9 A)

0910
10Q

g bL= (10 A)=0.91 A excellent (0.9 A)

0910
1k

0910
100 kQ

h. L=

(10 A)=9.1 mA excellent (9 mA)

(10 A) =91 pA excellent (90 pA)

4=
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2Q17

32 a CDR: fg=———"—=1A
20+6Q
20

L=I-1A=3A

b. L=1=T7pA
By inspection: I, =2 uyA
L=1-2Q uA)=7 pA -4 uA =3 uA
Ve=Q2 pA)9 Q) =18 uV
Ve 18 uV

= =60

R=-%
I, 3 uA

33,  a. R=32kQ)=6kQ
;_ 6kQB2mA)

b. 24 mA
6 kQ+2 kQ
L 2mA
3703

34. 84mA=11 +[2+I3:II+211 +212:[1+2[1+2(2[1)
84mA=11+2]1+411=711
and I, = @ =12 mA
L =21=2(12 mA) =24 mA
I, =21, = 2(24 mA) = 48 mA

b
R = -2 = 24V ko
I, 12mA
.
Ry = A 24V =1KkQ
I, 24mA
v
Ry= 5 = 24V _05k0
I, 48mA
35. a. PL:VLIL
TW=12V-1I,
L:72W .
12V
]1:]2:]_14:%:314
2 2

Poouree =EI=(12 V)3 A)=36 W
P, +F =36 W+36 W=72W (the same)

d.  lgin=6 A (twice as much)

oo

Chapter 6
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36.  Rr=8Q[56Q=7Q

L=1,- L 12V _101a
R 10
h=Lr-La71a) =086A
l 22 2 . .
37, Lo=9Y oA I-5A-2A-3A
80
1
L=5A+3A=8A, R=2-1V _50
I, 8A
E 12V 12V

38. a. L= =1.188 mA

R, 01kQ+10kQ 10.1kQ
V,= LR, = (1.19 mA)(10 kQ) = 11.90 V

b. L= 2V =120 mA

1000
c. V,=E=12V

_ 47kQOV) 423V
P47 KkQ+22KQ 69
b. V,=E=9V
c. V,=E=9V

39. a. =613V

2. a =22V _s5A n-0A
40
b. V=0V, 72=20V
c. L=L=5A

4. a p,= 22KQEOV) _cisv

 22kQ+4.7kQ

b. R;=11MQJ 22kQ=21.956 kQ

V,= 21.956kQQ20V) 16.47 V (very close to ideal)
21.956 kQ +4.7 kQ2

c. R, =20V[20,000 (/V] =400 kQ
Ry =400 kQ || 22 kQ =20.853 kQ

V,= 20853kQEOV) _ 16.32 V (still very close to ideal)
20.853kQ+4.7kQ

200 kQ(20 V)

d a 0= =13.33V
200kQ +100 kQ
b.  R;=200kQ | 11 MQ =196.429 kQ
V,= (196429kN(20V) _ 13.25 V (very close to ideal)
196.429 kQ +100 kQ
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c.  R,=400kQ
R, =400 kQ || 200 kQ = 133.333 kQ

_ (133.333kQ)(20 V)

V, =1143V (a 1.824 V drop from R;,; = 11 MQ level)

133.333 k2 +100 kO

e. DMM level of 11 MQ not a problem for most situations
VOM level of 400 kQ can be a problem for some situations.

42.  a. Vp=20V
11IMOQQ0V)

b. Vp=—"—"—==1833V
1TMQ+1MQ
c. R,=200V[20,000 Q/V]=4MQ
Vap = AMOQEOV) _ 16.0 V (significant drop from ideal)
4 MQ+1MQ
R,, =20 V[20,000 Q/V] =400 kQ
Vap = A00kQE0V) _ 5.71 V (significant error)
400kQ+1MQ

43. not operating properly, 6 k€ not connected at both ends

Ry= o6V _ 1.71 kQ
3.5mA

Rr=3kQ||4kQ=1.71kQ

44. Vb =E+ Lixa - Raxo
oo 12V-4V 8V 1.6 mA
1kQ+4kQ  5kQ
V=4V +(1.6mA)4kQ)=4V+64V=104V
4 V supply connected in reverse so that

_12v+4V 16V

C1kQ+4kQ 5KO
and V= 12V — (3.2 mA)(1kQ) =12V -3.2 V=88V obtained

=3.2mA

Chapter 6
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Chapter 7

1.

52

mo o o

o

o0 os

E and R in series; R,, R; and R, in parallel

E and R, in series; R,, R; and R, in parallel

Ry and R, in series; E, R; and R, in parallel

E and R, in series, R4 and R; in series; R, and R; in parallel

E and R, in series, R, and R; in parallel

E, Ry and Ry in parallel; R¢ and R; in series; R, and Rs in parallel

Rr=4Q+1002+4Q=18Q

RT=IOQ+¥ =10Q+5Q=15Q

Rr=4Q(4Q+40)+10Q=4Q(8Q+10Q=2.67Q+10Q=12.67Q

Rr=10Q

yes
L =1-I=10A-4A=6A
yes
Vs=E-V,=14V-8V=6V
R, =4Q(2Q=133Q,R/=4Q(6Q=240
Rr=R.+R/ =133Q+24Q=373Q

!’ " ZOQ ! "
Rp=Ri=—"—=100,R;= R +R/=10Q+100=200

o E_20V
R, 20Q
Ps:Els:Pabsorbed:(zo V)(l A):ZOW

12Q 6Q
R}:R3||R4:T :69, R¥ :R2|| R} 27239

RT:R1+R;~, :4Q+3Q:7Q

Y_£_14_V_2A’ ]Zzlly—%:IA
R, 7Q

13—& =05A
2

ISIIA

V2:]2R2:(1 A)(6Q):6V

V4:V2:6V

R=R||[R=10Q[15Q=6Q
Rr=R.|(Rs+R)=6Q[(10Q+2Q)=6Q[|12Q=4Q
o B3OV g0yl B3V,

R, 40 R, 6Q
_E 36V 36V _
CR+R, 10Q+2Q 12Q
Vi=LiRi=LR;=(3A)2Q)=6V

b
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6. a. R.=12kQ+68kQ=8kQ, R/ =2kQ| R. =2kQ| 8kQ=1.6kQ
RY'= Rl +24kQ=16kQ+24kQ=4kQ
Rr=1kQ|| R =1kQ| 4kQ=0.8kQ
48V

b. L= £ = =60 mA
R, 0.8kQ
. _ RYE _ (1.6 kQ)(48V) — 192V
R’Tl+2.4kQ 1.6kQA+2.4kQ
7. a. Rr=(Ri||R2[|R3) || (Rs + Ry || R5)

=(12kQ | 12kQ || 3kQ) || (10.4 kQ + 9 kQ || 6 kQ)
= (6kQ || 3kQ) | (10.4 kQ + 3.6 kQ)
=2kQ| 14kQ=1.75kQ

1s=£= 28V =16 mA, 12=£=ﬂ=2.33mA
R, 1.75kQ R, 12kQ
R =R/ | R || Ry =2kQ
R”:R6+R4||R5:14kQ
Jom R(I) _2kQ16mA) _,
R+R' 2kQ+14kQ
b. V,=E=28V
R =R,||Rs=6kQ| 9kQ=3.6kQ
Vs=I,R =(2mA)(3.6kQ)=72V
y? 2
c. e BV 6133 mw
R3
8. a. R =R4||Rs||(R;+R)=4Q[8Q[(6Q+2Q)=4Q]8Q8Q
=40Q4Q=20Q

R'=Rs+ R) || (Rs+Ry)=(8Q+2 Q)| (6Q+4Q)
=10Q[10Q=5Q

Rr=R |(R+R")=10Q|(5Q+50)=10Q]10Q=5Q
E 80V

= —=-"_"_ =16A
R, 5Q
b g -loI6A gy
2 2
13 [9:%:4A

_ (Ry Il Rs)(13)
(R4 Il Rs)+(R; + Ry)
_ (4QII8Q)4A)
(4Q8Q)+(6Q+20Q)
_ (267)(4A)
267Q+80Q

=1A
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10.

11.

12.

54

d.

—IgRg - Vx +[9R9 =0
Vi=IRy—Rs=(4 A)4 Q) - (1A)2Q)=16V-2V=14V

11:—20V:4A
50
Rr=16Q| 25Q0=9.756 Q
L= 'V _om2A
9.756 Q
a, b. 11=24—V=6A¢,I3=8—V=0.8AT
40 10Q

_24V+8V _32V
20 20
I=L+L=6A+16A= 22A1

I =16 A

R=R,+Rs=14Q+6Q=200

R'=R,||R=20Q[20Q=10Q

R"=R"+R =10Q+10Q=20Q

Rr=R; [R"=5Q20Q=4Q
E 20V _

L=—=="" =54
Rr 40
_ 20V _ 20V _20V _
" RHRT10Q+10Q 200
L=22Y 44
50
[1
I4=3=(smceR’=R2)——=05A

Vo=LRs—LRs=(4 A)5Q) - (05A)6Q)=20V-3V=17V
Vie = (%} R,=(0.5A)20Q)=10V

/- E _ 20V
R+R,|II(R,+R IR 3Q+3Q[3Q+6Q]6Q)
- 20V 20V 20V

C30+3Q)(3Q+30) 3Q+3Q(6Q 3Q+2Q0

=4A
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13. a.

14. a.

Chapter 7

R, (1) B 3Q(4 A)

CDR: I, = =
R,+R +R IR, 3Q+3Q+6Q6Q
_12A 1334
6+3
L= _067A
2

L=I-L=4A-133A=267A
Vo=LR,=(Q2.67TA)3Q)=8V
Vy=LRy = (0.67 A)6 Q)= 4V

Ve 2V 5
R, 1kQ
Ic=1;=2mA
Ve, _Vee =g +V) _8V=(0.7V+2V)

R, R, 220kQ
_8V-27V _ 53V
220kQ  220kQ

= 24 pA

VB: VBE+ VE:2.7V
Ve=Vee—IcRe=8V —(2mA)(22kQ) =8V -44V=3.6V

Vee=Ve—-Vg=3.6V-2V=16V
Vee=Vg=Vc=2TV-36V=-09V

270kQ(16 V)
IGZO SoVe=
270k + 2000 kO
Ve=Ves—Vs=0
Vs=Vs—Ves=19V—-(-1.75V)=3.65V

=19V

16V

= =17.
270kQ + 2000 kO

o= Vs 365V
Ry 15kQ

L=1

05 pA

=2.43 mA
Vbs=Vpp —IpRp — IsRs= Vpp — In(Rp + Ry) since Ip = I
=16 V-(243 mA)4kQ)=16V -9.72V =6.28V

Vop —=1IpRp — Vpg— Vg =0
Vo= Vpp—IpRp— Vg

=16V -(243mA)2.5kQ) - 1.9V=16V-6.08V-19V=8.02V
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15.

16.

17.

56

Network redrawn:

100 Q +220 Q=320 Q o
400 Q || 600 Q =240 Q -
400 Q || 220 Q=141.94 Q

+
100 GOOQ Vi

Va

+
220 0" ﬁ 2200

240 Q+141.94 Q =381.94 Q

Rr=320Q [|381.94 Q=174.12 Q

141.94 Q32 V)

= =11.89V
141.94Q2+240Q

Vi=32V-V,=32V-11.89V= 2011V

Vo=V,=11.89 V

20.11V

= =33.52 mA
600 =~ 0o
11.89V

Iyog= ——— =54.05 mA
200 = o o

1+ Iso00 = Iroon

1= Dooa — Tsnon
=54.05 mA - 33.52 mA
=20.53 mA —

B~ 9V _g6a
R,+R, T1Q+8Q

EI—V1+E2:O
Vi=E\+E,=9V+19V =28V

Rg "shorted out"
R =R;+ Ry [[Rs+ Rs || Ry
=10Q+6Q |6Q+6Q ||3Q

=10Q+3Q+2Q
=15Q
RT:R1+R2 ||R’
=10Q+30Q [|[15Q=10Q+10Q
=20Q
= £ 100V o
R, 200

R(I) _(I50)5A) _
R+R, 15Q+30Q

L= 1.67 A
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13:[—12:5A— 12 A:31A
3 3

39(10 Aj
R, _ 3

R +R, 3Q+6Q
IgZOA

=111A

b, Vi=L(Rs| Rs)= (? Aj BO)=10V
Vs=0V

18. 8Q[8Q=4Q
30V 30V
40+6Q 100

V=18Q(|8Q)=(3A)4Q) =12V

19. a.  All resistors in parallel (between terminals a & b)

[———————

Rr=16Q[16Q(|8Q |[4Q |32
%(_J

8Q(8Q(4Q(320
4Q)4Q)320Q

2Q32Q=1.88Q
b. Allin parallel. Therefore, V;=V,=E=32V
c. L=V3/Ri=32V/4Q=8A «

d. IS:11+12+[3+14+I5

32V 32V 32V 32V 32V
+ + + +

162 8Q 4Q 320 160

=2A+4A+8A+1A+2A

=17 A

=—— =1.88 Q as above

Chapter 7

57



20. a.

M KVL: 46 V-20V + V=0
Vap=120V -6V =14V

I' + Lo = ha
and[’=[zg—l3g=7A—2A=5A
I=1I+ILo=5A+4A=9A

21. a.  Applying Kirchoff's voltage law in the CCW direction in the upper "window":

+18V+20V—Vggzo

VgQ:38V
38V
Lo=——=475A
3Q T
= 18V 18V,
30+6Q 9Q

KCL: I;isy=475A+2A=6.75A
b. V=(La)6Q)+20V=02A)(6Q2)+20V=12V+20V=32V

LR, 2R,

R, . .
2 0 =2 (since the voltage across parallel elements is the same)
2

22. 12R2 = ]3R3 and 12 =
R
L=hL+L=—+2
1 2 3 10

R
KVL: 120=7,12+ LR; = (ﬁu} 12+ 2R,

and 120 = 1.2R; + 24 + 2R;
32R;=96 Q

rR=22_300
3.2
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23.  Assuming ;=1 A, the current /; will divide as determined by the load appearing in each
branch. Since balanced /; will split equally between all three branches.

1

1A 100
— >
o= 1A
s %AL%AJ, 10 Q
S
S10Q 1,
| ; 6A¢ %A
EE > V34 ¥
= RT \_>1A< V2 §
%A 6 - %A
i, 2
A T Wy 1A
5]
vi=[Lalaoa=Ly
3 3
1 10
V=|=A|10Q)=—V
- (LaJovar!
1 10
Vi=|=A|(10Q)=—V
- [EAJoom-!
E=Vi+1y+7=0y 0y 10y ¢33y
3 6 3
Re= L83V _g33q
I 1A

24.  36kQ || 6kQ| 12kQ=3.6kQ
_ 3.6kQ@5V)

3.6kQ+6kQ
6 kQ resistor "open"

R =12kQ|36kQ=9kQ, V=

=16.88 V =27 V. Therefore, not operating properly!

R'(45V)  9kQ@5V) _

= 27V
R'+6kQ 9kQ+6kQ

25. a. RY=Rs|(Re+R)=6Q3Q=20Q
n=Ry||(Rs+RD=4Q2Q+2Q)=20
Rr=Ri+R,+R%=3Q+5Q+2Q=10Q
240V

=" =24A
100

12 A

oo 400) _4004A)
T 40+40 80
_6Q(12A) T2A _

= 8A
6Q2+3Q 9

7

Chapter 7

59



c. Vi=LRy=(-I)Ri=(Q4A-12A)4Q=48V
V5 :15R5 = (14 —[7)R5 = (4 A)6 Q=24V
V7:]7R7:(8A)2Q: 16 V

d P=ILR, =8A2Q=128W
P =EI= (240 V)(24 A) = 5760 W

26. a Rr=Ri||(Rs+R;+R)=2Q[7Q=1.56Q

=R ||(Rs+Rs+RP)=2Q(AQ+1Q+156Q)=153Q

Rr=R+R7T=4Q+153Q=553Q

b. I=2V/553Q=361.66 mA

o 2Q(1) :29(361.66mA) — 84.50 mA
2Q+6.560Q 2Q+6.56Q
o= 22@45mA) e mg mA
2Q+7Q
27. The 12 Q resistors are in parallel.
Network redrawn: — MWV AV

Ry=120Q E
= B2V 54
R, 12
I 2
Lo==3="22 1A
2Q 2 2

24Q) _2
240+12Q 3

2
Pioa = (I100)* 10 Q = (%AJ 10Q =4.44 W

120 =

28.  a. Ru+Ry|R.=1Q+2Q(2Q=20Q
Ri||(Rs+R)=10Q(10Q=5Q

RI+R || (R3+5Q)=3Q+6Q[6Q=6Q
Rr=2Q(3Q[6Q=2Q(2Q=1Q
I=12V/1Q=12A

b. L=12V/6Q=2A
_600n) _
6Q+6Q

I4=& =05A
2

3

RN

60

I 7Q 20Q

J_24V 10 Q 4(%129

80
5Q

[6214:0.5A
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29.

30.

a. E=(40mA)1.6kQ)= 64V

48V

b. R =——=4kQ
2 12mA
* 8§mA

c. [Ip =72mA-40mA=32mA
Iy =32mA - 12mA =20 mA
Iy =20mA -8 mA=12mA

14 _
R1=i=64v 48V _ 16V 05KO
Iy 32mA 32mA
14 -
Ry = R, _48V-24V 24V 12 KO
Iy, 20mA 20mA
y
Ry= R _ 24V — KO
I, 12
I, =40 mA
I, =40 mA — 10 mA =30 mA
Iz, =30 mA - 20 mA =10 mA
I =40 mA
I, =40 mA —4 mA =36 mA
14 _
R1=i=lzov 100V _ 20V — 05 KO
Iy 40 mA 40 mA
14 _
Ry = kR _100V-40V _ 60V 2 KO
Iy, 30mA 30mA
7
Ro= 2=V _4vo
I, 10
3
v
Ri— R, _ 36V —1KO
I, 36mA
4
14 -
Rs= R _60V-36V _ 24V 0.6 KO

I,  40mA  40mA
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31.

32.

62

Py = IR = (40 mA)’0.5 kQ = 0.8 W (1 watt resistor)

P,= IR, = (30 mA)*2 kQ = 1.8 W (2 watt resistor)

P;= I;R, = (10 mA)*4 kQ = 0.4 W (1/2 watt or | watt resistor)
P,= I R, = (36 mA)’1 kQ = 1.3 W (2 watt resistor)

Ps= I’R, = (40 mA)’0.6 kQ =0.96 W (1 watt resistor)

All power levels less than 2 W. Four less than 1 W.

a. yes, R, > R. (potentiometer)

_ R,(12V) R, (12V)

R +R, 1kQ
R, = 3V(ke) =0.25kQ =250 Q
12V

R =1kQ-025kQ=0.75kQ =750 Q

b. VDR: V, =3V

c. Vpg=E-V,=12V-3V=9V (Chose V; rather than V , since numerator of VDR

RA2V equation "cleaner"
VR =9V = 1( ) qu )
! R +(R,|IR,)
9R +9(R2 || Ry) = 12R,
R = 3(R2 ”RL)

2eq.2 unk(R, =10kQ
R1+R2:1kQ} q. 2 unk(R, )

SRR, _ 3R, 10kQ
R, + R, R, +10 kQ
and R|(R, + 10 kQ) =30 kQ R,
RR,+10kQ R, =30kQR,
Ri+Ry=1kQ: (1kQ—R)R, +10kQ (1 kQ —Ry)=30kQ R,
R} +39kQR, - 10kQ*=0
R, = 0.255 kQ, —39255 kQ
R,=255Q
R=1kQ-R,=745Q

1=

_ 80040V)

a. Vyp=——>==32V

100 ©2
Vie=40V -32V=8V

b. 80Q| 1kQ=74.07Q

200 10kQ = 19.96 O
7407 Q40 V)

T 7407Q+19.96Q

Vie=40V—-3151 V=849V

=3151V
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2 2
po BLSIV)’  (849V)
800 200

=12.411 W +3.604 W=16.02 W

2 2

pe (32V) N 8V)
80Q 200
The applied loads dissipate less than 20 mW of power.

=128W+32W=16 W

33. a. ICS: 1 mA

R,Ies  _ (100Q)(1mA) 0.1

= Q=5mQ
I —1Is 20A—-1mA _ 20

b . Rshunt =

(LkQGOuA) 5 o
25mA —0.05mA
(kG0 uA)
50 mA — 0.05 mA
100 MA: Ry = 0.5 Q

34. 25 mA: Rgunt =

50 mA: Rgunt =

5. a0 R=lme Tl DVEOOAAKD) _ 50449
e 50 A

b.  Q/V=1/Ic=1/50 pA =20,000

_ 5V-(1mA)(100Q)
1 mA

50V: R, = S0V-0.1vV =49.9 kQ
1mA

36. 5V: Ry =4.9 kQ

500v: R,= 20V-01V _ 1999ka
1mA

37. 10 MQ= (0.5 V)(Q/V) = Q/V =20 x 10°
ICS = 1/(Q/V) =

=0.05 pA

10°

3. a R-Lop -zeddust. 3V 4,5 2KO gk
2 100 uA 2
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39.

40.

64

b.

a.

b.

zero adjust

le: +Rm+ +Runk
Runk = i - Rseries + Rm + z0 adJuSt
xI, 2
3
=3V 30ka= 300 s 0000
x100 A b
3 1 1
x= Z,Runk= 10 kKQ; x = E,Runk=30 kQ; x = Z,Runk=90 kQ

Carefully redrawing the network will reveal that all three resistors are in parallel

and Ry = 52@ =4 Q
N 3

Again, all three resistors are in parallel and Rt = % 3
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Chapter 8

1. a. L=L=10mA
. Vi=LR =(10mA)1kQ)=10V
c. Rr=1kQ+22kQ+0.56kQ=3.76 kQ
V,=IR;= (10 mA)(3.76 kQ) =37.6 V

_ R() _ 10kQ@A)
* R+R+R, 10kQ+10Q
. Va=5LRy=(3.996 A)(6 Q) =23.98 V
. Vi=L(R +Ry)=(3.996 A)(10 Q) =39.96 V

=399 A, L, =1

3. Ve, =IR =(6 A)3Q)=18V
E+Vy —=Vi=0, V,=E+V, =10V+18V=28V

4. a. Vi=E=24V
E 24V 24V
b. ©L =

" R+R, 10Q+3Q 40
¢. I+L=h, L=L-1-6A-2A-4A

=6A

5. Vi=Vy=V,=IR;=0.6A[6 Q|24 Q|| 24 Q]=0.6 A[6 Q|| 12Q]=2.4V
R, 240
po RY_16004V) oy
R, +R, 240
6 . =LV A, =L 28V _249Q_ 4,
R, 20 > R, +R, 6Q+2Q 8Q

KCL: [+~ — I =0
I, =L+ I, ~I=12A+3A-4A=11A

b. V,=E=24V
RE _20Q(24V)_48V _

VDR: V; = 6V
R,+R, 6Q+2Q 8Q
7. a =LV 34 Rr-r-60
R, 6
b 1=L- Y _409mA,R =R =22k
R, 22kQ
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10.

11.

12.

13.

14.

66

a.

b.

E=IR,=(1.5A)3Q)=45V,R =30
E=IR, = (6 mA)(4.7kQ) =282V, R, = 4.7kQ

R.(I) _100Q(12A)

CDR: I, =
R+R, 100Q+20Q

=11.76 A, I, = 1

E,=IR=(12 A)(100 Q)= 1.2 kV
R,=100Q
E, _ 12kV

— S

= = =11.76 A
R+R, 100Q+2Q

E=IR,=(2A)6.80Q)=13.6V,R=68Q

25.6V

L(CW)=(12V+13.6 V(10 Q+68Q+39 Q)=
1(CW) =( )4¢ )= 5320

V., =1Rs=(458.78 mA)(39 Q) = 17.89 V

Ir=68A-12A-36A=2A

Vi=Ir-R=(2A)4Q)=8V

IT=7TA-3A=4A

CDR: 11 =

Ry(I;) _ 6Q4A) _
R+R, 4Q+6Q

24 A

V2 = ]1R1 = (24 A)(4 Q) =96V

a.

Conversions: [} =E|//Ri=9V/3Q=3A, R =3Q
12:E2/R2:20V/2Q:10A,R2:2Q

IN=10A-3A=7TAR =3Q(6Q[2Q]12Q
=20(2Q120Q
=10 120
=0.920Q

Vo Va=—IrRr=—~(7 A)(0.92 Q) = —6.44 V

LT = 6.44V =1.07 A

12V
22kQ

L =545mA, R, = 2.2 kQ
RZ

=458.78 mA
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b. I;7=8mA+545mA -3 mA = 1045 mA
R =68kQ|2.2kQ=1.66 kO
Vi = LR = (10.45 mA)(1.66 kQ) = 17.35 V

c. VN=mn+12V=1=V-12V=1735V-12V

=535V
d L= Y 335V =2.43 mA
. 22kQ
15,  a VL L 4-4L-8L=0
6—212—813:0
L+L=1L

h=-tan=2a15-24
7 7 7

1 5 4
IR 2112—7A,IR2 212 :7A’IR3 :[3:7A

1

b WML b 10+12-3L-44=0 1,=3.06 A
12 — 313 - 12[2 =0 12 =0.19 A
L+L=1 L=325A

Iy =1, =3.06 A, I, =1, =0.19 A
Iy =1;=325A

16. (1) BvEL 10_ 1 56kQ—122KQ+20=0
20+ 1,22kQ+ 1 33kQ-30=0
]1+12:13

Li=1, =145mA, L= I, =851mA, ;= I, =9.96mA

an: 17 ~12kQL +9-82kQL=0
‘Ij —102kQL+82kQL+6=0
&; [2+I3:[1

[, =2.03mA, ,=1.23 mA, /;=0.8 mA

I, =1,=2.03 mA
I, =5=08mA
Ip =1 =L=123mA
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7. (I):

(TVLEYL  —25-20-35+60=0

—-60+35+6-5L-20=0

11:12+]3

L, =-855A

—_ 20V

Vab —I b -

V,=20V-55Q=20V-(855A)5Q)=-2275V

4—

(II): Source conversion: E=IR =3 A)3Q)=9V,R =3Q

LVL VL 9+6-3L—4L—61,=0
+6I,—8L—4=0
12:[3+[4
L=127A

L 6V

a —>» —, +b
e

V,=L4Q-6V=(127A4Q-6V=-092V

+—

18. I =1z (CW), L, = Iy (down), ;= I, (right), 4= I, (down)
Is= I (CW)

d.

68

E1—11R1—[2R2:O b.

Isz — [3R3 - I4R4 =0
I4R4 —[5R5 —E2 =0

11 :[2 +[3

13 = 14 + ]5

12(R1 + Rz) + I3R1 + 0 = E]

Iz(Rz) - I3(R3 + R4) + I5R4 =0
0 + I3R4 - I5(R4 + R5) = Ez

312+2[3+ 0 =10
1]2—9I3+5[5:0
0 +5]3—8[5:6

L= 1, =—63.69 mA

E1 —[2(R1 + Rz) —[3R1 =0
LRy —L(Rs+Ry) + IR =0
13R4 - 15(R4 + R5) - E2 =0
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19.  a 20V -1I4270kQ) — 0.7 V — Ix(0.51 kQ) =0
1051 kQ) +8 V+1422kQ)—20 V=0
IEZIB + ]c

Is=63.02 pA, Ic = 4.42 mA, [; = 4.48 mA

b. V=20V —I270 kQ) =20V — (63.02 £A)270kQ) =20 V - 17.02 V=298 V
Vi = IRy = (448 mA)(510 Q) =228 V
Ve=20V - I1422kQ) =20V — (442 mA)2.2kQ)=20V -9.72 V=10.28 V

c. p=I1dIz=442mA/63.02 uA="70.14

20,  a JAWAN 4-41 -8, - 1) =0
8 1))~ 2L, —6=0
7 7
1
[Rlzll_ —7

Iy =L —L= —%Aj = (—EAJ =§ A (dir.of 1))

A ~10-4L, -3, - L) - 12=0
12-3(L-1,)-12L,=0

1, =-3.06A,,=0.19 A

I =1, =-3.06 A
IR3 212:0.19A
I, =5 -L=(-3.06 A)—-(0.19 A)=-3.25 A

P T ( R AVAN 10— 1;(5.6 kQ) — 2.2 kQ(I, — 1) + 20 =0
20-22kQL-1)-533kQ-30=0

I, =1.45mA, [, = 8.51 mA
I, =1=145mA, I, =1,=851mA

Iy, = I, — 1, =7.06 mA (direction of 1)
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an: L I,(1.2kQ)+9-82kQ(, — L) =0
Jay L(1.1kQ)+6 -1 (9.1 kQ)— 82 kQ(L—1)=0

[,=2.03mA, , =123 mA
Iy =1 =203mA, I, =1, =1, =123 mA

Ip =1, -1, =2.03 mA — 1.23 mA = 0.80 mA (direction of /;)

22. (D) IAPAY 2521, = 3(I, - ) + 60 =0
60 —3(lL—I))+6—5L—20=0

1,=187A,,=-855A

& V., =20-55=20-(8.55A)5)=20V -42.75V

a
o] 2

=20V =-22.75V
Vab - 0p

(II): Source conversion: E=9V,R=3Q

JAWAN 9-3L—4L+6—-6(I—15)=0
—6(13—12)—813—4:()

L=127TA,=0.26 A

+4Q- V., =L4-6=(12TA)4Q)-6V
AAA I b a
a NG _|I+ - -
+ T Tev ~508V-6V
=092V

23. (@ L)bL)L) 10-12-1(-L)=0
—1(12—11)—[24—5(12—13):0
—5(]3—[2)—133—6:0

3, - 1,+ 0 =10
—11, +101,-5I,= 0
0— 5, + 8,=—6
L= 1, =-63.69 mA

2. a.  L\L\ 1 -4-5L+6-1(-5)=0
~1(L-1)-6-3L-15-10L=0

I, =I;0="72.16 mA
V,=-4—(72.16 mA)(6 Q)

=—4-0433V
=443V
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b. Network redrawn: |7
AN =

6, —4(I, -L)-12=0 o0 :

—Ofy =4l — L)~ 12= 40 20
12-4(L, 1)~ 5L-2(L—-L)+16=0 69§®+ T §3Q
—16—2(13—12)—3]3:0 12V —_ — 16V
L=In=195A =

Va= ()3 Q)
= (-2.42 mA)(3 Q)
=-726V

25. () L)L)L)  LQ22kQ+9.1kQ)-9.1kQL=18
LO.1kQ+75kQ+68kQ)—9.1kQ 1, —6.8kQ ;=18
L(6.8kQ +33kQ)— 1 6.8kQ=-3

I, =121 mA, I, =-0.48 mA, I =-0.62 mA

(10): h) 16—45 -3l — L) — 12— 4(I, — 1) =0
L) h) 12-3(L—1)—10L—15—-4(L,—L)=0
-16 —4(13 —11) —4(13 —Iz) - 7[3 =0

I=-024A,1,=-052A,,=-128 A

—-6—-4.7 kQ(12 - Il) -2.7 kQ 12 -8.2 kQ (12 - 13) =0
-1.1kQ 13 -22 kQ(13 —14) —-8.2 kQ(13 —12) -9=0
5-12kQ L —-22kQU - 1) - 22 kQ(I, - I5) = 0

26. a. L)L) —6.8kQ 1 —4.7kQU — L) + 622 kQ(I, — 1) =0

[, =0.03 mA, ;,=—0.88 mA, /5 =-0.97 mA, /, =—0.64 mA

b. Network redrawn:

o
21— 64l + 4L, =0 - —‘il"+
_412+4]1—1[2+1[3—6:O 0
1L+ 1L+6-8L=0 2 mF )
2= ”I
L=-38A,5L=-420A,5=020A = oyt
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27 a. 10Q i — 100
+ —
| (T} I g
o G~ | eaEp— =]
Jd o =2y ] =12v
24V . | 24V N
T T

24V—6]1—412—1011+12V=0
and 16/, +46, =36
—12:6A

11:]2+6A
16[1, + 6 A] + 4L, = 36
161, +96 + 41, =36
201, = -60
L=-3A
L=L+6A=-3A+6A=3A

hav=Iso=lioa=liov=3 A (CW)
I4Q =3 A (CCW)

8A
b. O I,

0 A g _ i
-

3A
+§_49® ® § 12V |§1Q
20V== g g 2ov ° 4EJ
—

20V—411 —6(11 —12)—8([3—[2)— 1[320
10[1 - 14[2+913:20
—11:3A
12:8A

107, — 14(8 A) + 9[1, + 3 A] =20

197, =105
=5.526 A
=[+3A=5526A+3A=8.526A

Iz 8A

120\/ ]49 =5.53 A (dlr Ofll)

I6Q = [2 - 11 =247 A (d1r Of[z)

IgQ = [3 - 12 =0.53 A (d1r Of[3)

Lo =853 A (dir. of I5)
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28. a. JAYAY (4+8), - 8L, =4
(8 + 2)12 - 811 =-6

1 5
b. —[Nm Il_ —;A,Iz— —;A

(4+3), -3L=-10-12
G+ 12)L -3 =12

I,=-3.06A,5=0.19 A
29 @ IVDN

a. NL(5.6kQ+22kQ)-22kQ (1) =10+20
L22kQ+33kQ)-22kQ (1) =-20-30

b. [,=145mA, , =-8.51 mA

c. IR1 =/,=1.45mA, ]R2 =],=-8.51 mA
IR; =1+ =28.51 mA + 1.44 mA = 9.96 mA (direction of /)

(10): L)
b)

a. L(12kQ+82kQ)-82kQL=9
L82kQ+1.1kQ+9.1kQ)—82kQ 1, =6

b. [,=2.03mA, ,=123 mA

c. IR1 =1,=2.03 mA, [R3 =[R4 =5L=123 mA
IR2 =1 —1=2.03 mA —1.23 mA = 0.80 mA (direction of )

30.  (I): L\ LY (2 +3), - 3L, =-25+60
(3+5)L— 31 =—60+6 —20

b. [,=187A,L,=-855A

c. IR1 =/,=187 A, ]R2 =L,=-8.55A
IR3 =L -5L=187A—(-8.55A)=10.42 A (direction of I))

(I): a. L\ LY B+4+6)L—6L=9+6
(6 +8)s — 61, = —4

CHAPTER 8 73



b. L=127A,=0.26A

. Iy =h=127TA, I, =5=026A
Iy =h-L=12TA-026 A=101A
Iy =3A-L=3A-127TA=1T3A

3. L)L) L)
LQ2+1)-1L=10
12(1 +4+5)— 1]1—5]3:0
13(5 + 3) - 512:—6

L= I, =-63.69 mA (exact match with problem 18)

32.  From Sol. 24(b)
Ill IQQ I3> [(6+4)—4L=-12
L4+5+2) -4, —2,=12+16
L2+3)-2L=-16

ISQ = ]2 =195 A
L=-242A, - V,=(L)3Q)=(-242 A)3Q)=-726 V

33, (D) 11) 12) 13)
(22kQ+9.1 kQ)I, —9.1 kQL =18

(9.1kQ +7.5kQ +6.8kQ)L—9.1kQ I, — 6.8 kQI =18
(6.8kQ +33kQ)L - 6.8kQL=-3

I, =121 mA, [, = —0.48 mA, I; = —0.62 mA

(II): 5) AQ+4Q+3[-3QL-4QL=16-12
L) h) GQ+3Q+10Q)L-3-4QL=12-15
AQ+4Q+7Q) -4l —4L=-16

I, =—024A, ,=-052A=-128A

34. a  L)h) L(6.8kQ+4.7kQ+2.2kQ)-4.7kQL-22kQ1=6
)E) L27kQ+82kQ+4.7kQ) -4.7kQ ] -82kQ L =-6
L(82kQ+ 1L1kQ+22kQ)-22kQ [, —82kQ =9
L(22kQ+22kQ+1.2kQ) -22kQ ] -22kQ =5

1, =0.03 mA, , =-0.88 mA, /s =-0.97 mA, I, = —-0.64 mA

b. From Sol. 26(b):
L(2+4)-4L=-6
L4+1)-4—-15=-6
13(1 + 8) - 112: 6

I,=38A,,=-420A,5=0.20 A
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35. a. ° °
MESR RN V,=8.08V
: 277 1,=939V

Vi 73
b. o) o
V=480V
14 l+l _le=4_2 !
2 4] 4 V, =640V

VZ l+i+l _lVlzz
4 20 5] 4

Symmetry is present

Vq V,
6. (I ©° © Vl[l+1+l:|_l]/2:_5_3

V,=-14.86 V, V, =—12.57V
Vi = Ve, =—14.86V

Ve =-1257V

Ve =12V+1257V-1486 V=971V
m: V1 V2
(ID): o Vl[l 1 1}_1 1

—+—+—=|-=V,-=V,= -6
5 3 2] 3 2

I 1 1 1] 1 1
V)| =+=+—+— |-V —-=V =7
2 3 4 8] 3 2

Vi=-256V,V,=4.03V
Ve =256V

Ve, = Vi, =403V
Ve, = Vi, =403V +2.56 V=659V
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Vs Vs,
37. D: a. o °

pl— 1 1 Ly 198ma
22kQ 9.1kQ  7.5kQ

75kQ
Vzl"'1+1—1V1=0.91mA
75kQ  6.8kQ 33kQ| 7.5kQ

b. V1=-2.65V,1V,=095V
(GO
c. VR3 =V, =-2.65V, VR5 =1V,=095YV, VR4 =V,-V, =360V

+
R, % Ve =18V-2.65V=1535V

R, % Ve, =3V =095V =205V

+
m: a. V4 V2 11 17 1 1
o Vl[— 7 —}——Vz——Vz=4
v, 4 4 7| 47* 4
L 11 1] 1. 1
; V| =+=+—|-~V,—=V,=4+15
4 3 10| 4" 3

b. V,=888V,1,=983V,);=-3.01V

+ —_
c. V, =V, =888V, V, =V=-3.01V, 7V, _ MO sy
" “ A
-V, +
—R— Ve =16 V-V +V;=412V
R,
-V, +
A\ Ve =V2-V3—12V=084V
Ry

Ré; Ve =15V=V,=517V
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38. D): s
() V1|:1+l+1:|_l[/2_lV3:5

oV Vs 36 6] 6° 6
. 11 1] 1. 1
z V|4t | ==V ——p,==3
2[6 4 5} 6 5"
V}l+l+l _lI/z_lVl 0
6 5 7] 52 6

V=724V, V,=-245V, V3=141V

(I): Source conversion: /=4 A, R=4Q

V1 Va2 V3
Vl l+i+i _LVZ_LV3=_2
9 20 20] 20 20
V2 L+L+L _LVI_LVS =0
20 20 18] 20 20
V3 L+L+l _LI/Z_LI/IZ
20 20 4] 20 20

Vi=-6.64V,V,=129V, V3=10.66 V

39. O M M

1 1
+=\V-=V,+0=-5
2 2

1 1
+—+—}V2 ~Vi=5=0

+

1
12
(1
2
1
12

1

9

1 1 1
+—+— |V, —=V,=5

2 4 2

Vi=-531V,V,=-0.62V, 13=3.75V

CHAPTER 8

77



a M Vs {1 1} 1

Q
w
\”»o

1 17 1
Vi|—+—|-=r,=2
3[6 5} 6!

Vi=—692V,V,=12V,V;=23V

v, 100 |V, 24V v, 10Q

I"'I* |
ZACD 60 40 gmg 2A<D 6Q

Supernode

Va Vs

X=%I,

oa= L hTh
6020 10Q
Supernode V>, V3:
— nh-n n " i £
10Q 40 12Q
Independent source:

VQ—V3:24VOTV3:V2—24V

2 eq. 2 unknowns:
LT
6Q 10Q
V2—V1+ v, +V2—24V _
102 4Q 12Q

0.267V,=0.1V,=2
+0.1V, - 0433V, =-2

V1=10.08V, V,=6.94V
V3=V,-24V=-17.06V
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Supernode

X =72,
Supernode:
3A+4A=3A+L+L
200 400
2 eq. 2 unk. 20Q 400
V,-V, =16V
Subt. sz 16 V+ Vl
4 A= Vi +(16V+Vl)
200 400
and V1, =48V
V,=16V+V,=64V
Vi Vs,
41 a. © ° Vll-i-l-i-l —1V2=5
2 5 2] 2
I 1] 1
hlstg|5%=3
2 4

Vi=808V,V,=939V

Symmetry present

V4 Va 1 1] 1
b. © © Vi|=+=|-=V,=4-2
2 4] 4

1 1 1| 1
Vyl—+—+—=|-—-V,=2
5] 4

V1 =4.8 V, Vz =64V

Symmetry present
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42.

43.

80

(D:

ID):

(D:

o

Note the solution to problem 36(1).
Vi=-1486V, 1, =-1257V

Ve =V, =Vi=-1486V, V, = V,=-12.57V

+Vp —

AA— Ve =Vi—V2+12V=(-1486 V)~ (-12.57 V) + 12V =9.71V

R;
Note the solution to problem 36(1I).
Vi=-256V,V,=4.03V

Ve =Vi==256V,V, =V, =V,=4.03V

) &)
Ve =Ve =V2=V1=659V

Source conversion: /=5A, R=3Q

oV1
1 1 1 1 1
Ni=—+t—+—|-=V,-—=V,=5
oVa Vs 1[3 6 6} 6° 6°
i V2 l_l’_l_l’_l _lV;_lV; =-3
6 4 5] 6 5
1 1 1 1 1
Vil=+=+=|-=V,—=V;=0
6 5 7] 5 6

V=724V, V,=-245V, V3=141V

R % Ve =15V-724V=176V
J’_

Ve =V2==245V, V, =V3=141V

) =)
Ve =Vi=V2=141V —(-2.45V)=3.86 V

Ve =Vi=V2=724V — (-2.45V) =9.69 V
Ve =Vi-V3=724V-141 V=583V
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(I): a. Source conversion: /=4 A, R=4Q
Vl l+i+i _LVZ_LV3 ==2
9 20 20 20 20
1 1 1 1 1
o1 02 0’3 V| —+—+— __Vl__V3=0
20 20 18] 20 20

11 1 1 1
Vil =+ —+— |-V, -V, =4
20 20 4] 20 20

b. V1=—6.64V,1V,=129V,V5=10.66 V

c. Vp=Vi= —6.64 V, R, Vi, = 16 V-10.66 V=534V
+
(G NG
Ve, =V2a=129V, Vp =V, = 1} =129V —(-6.64 V) =793 V
H =
Ve, = V3=V, =1066 V-129V =937V
=

Ve = Vy— ¥, =10.66 V- (-6.64 V) =17.30 V

44, a. Note the solution to problem 39(1).
Vi=-=531V,V,=-0.62V,15=3.75V
V5A = V1 =-531V

b. Note the solution to problem 39(II).
Vi=—692V,V,=12V,V;=23V
GO RN C) GO NG
VzA = V2 - V3 =97 V, V5A = V2 - V1 =18.92V

45.  a L)  L(6+5+10)-5L~105=6
I'sz) b(5+5+5)= 5L —5I,=0
’ L(5+10+20) - 101, - 55, =0

L=039A,,=018A,5=0.14 A
b. Is=1,—1;=40 mA (direction of /)

c, d. no
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46. Source conversion: /=1A,R=6Q

&
l:l+l+li|[/l_lV2_lV3:1
A A 6 5 5 5 5
1 1 1 1 1
? —+—+—\V,—=V—=V,=0
= [5 5 20}2 s 5
l_’_l_’_i 1/3_11/1_11/2:0
5 5 10 5 5
Ve, =196.70 mV, no
47. a. 12> L(2kQ+33kQ+33kD)-33kOQL-33kQL=24
IIDIQ L(B33kQ+56kQ+36kQ)-33kQ L -36kQL=0
’ LB33kQ+36kQ+5.6kQ)-36kQL-33kQL=0

Il =0.97 mA, ]2 = 13 =0.36 mA

b. L=L-5=036mA-036mA=0

c, d.yes
48. Source conversion: /=12 A, R=2kQ
v
1 N 1 N 1 V- 1 v, - 1 V= 12
Vs A 2kQ 33kQQ 56kQ 56 kQ 33kQ2
1 | 1 1 1
2 + + Vy— Vi - 37
= 56kQQ 36kQ  5.6kQ 56 kQ 36 kQ

1 1 1 1 1
v . Vym VeV =
33k 3.3k 36kQ 33kQ 36 kQ

I, =0A,yes

5

49.  Source conversion: /=9 mA, R=1kQ

v1
v 4 1 + ! + 1 __ v, - ! V, = 4mA
Y2 e 1kQ 100k 200k 100 kQ 200kQ
3 /7 [ T T
100kQ 200k 1kQ 100kQ 1kQ

7% LN NS U N S B
200kQ  100kQ  1kQ | 200kQ ' 1kQ
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50.  a. L) (1kQ+2kQ+2kQ), —2kQ b —2kQ I = 10
I'DQ QkQ+2KQ+2kQ)h—2kQ 1, —2kQ L =0
: QKQ+2kQ+2kQ)—2kQ T, —2kQ =0

11 :110\/ =3.33 mA
Source conversion: /=10 V/1 kQ=10mA, R=1kQ

Vs 1 1 1 1 1
v, + + - v, - V,=10mA
Vs v, 1kQ 2kQ 2kQ| 2kQ * 2kQ
) s 1 L I S B
= 12kQ 2kQ 2kQ | 2kQ ' 2kQ
v, LS SR S 2_1V1:
2kQ 2kQ 2kQ| 2kQ * 2kQ
Vi=6.67V=E—IR,=10V — I(1 kQ)
7= 10=667V _ 233 mA
1kQ
b. 1112 Source conversion: £=20V,R=10Q
1
I
) (10 + 10 + 20)]; — 10, — 2015 = 20

(10 +20 +20)1, — 107, — 201, =0
(20 + 20 + 10)I; — 201, — 20, = 0

I] :[20\/ =0.83 A

08283V y_a0v-s3V

=117V

+
20V=

T

&4
i 20) Lo a2
v,V 10 10 20] [20 10

o
(3]
1
o
o|_‘
N
o|_‘
—_
o|’—‘
L 1
|
1
|H
| I
~
|
1
[\ ]
o|_‘
L 1
X
1l
o
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51. a. - 20V
Yo+ 204301l 2ar40
5 5 5
_ 20V
%Q+(3.14Q)||(4.4Q)
=7.36 A
b.
1.1 kQ
8V =
+ 27 kQ
Rr=227kQ+[4.7kQ+ 227 kQ]||[1.1 kQ +2.27 kQ]
=2.27kQ+[6.97 kQ]||[3.37 kQ]
=2.27kQ+2.27kQ
=4.54 kQ
1= 8V =1.76 mA
4.54kQ
52. a. (Y-A conversion)
6 kQ 400 V 400 V
— Wy = =
d_ 7 BALA 12kQ|12kQ[6kQ  3kQ
400V = 12 k022, 12K =133.33 mA
42V 42V

1= (1SQ||ISQ)||[(189||18£2)+(18£2||18£2)]:9Q||[9Q+9Q]

=7 A (Y-A conversion)
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55.

¢1
5A<T> 2kQ§

3kQ || 7.5kQ=2.14kQ

SR 3KQ || 15kQ=2.5kQ

+=

R7=214kQ[(2.5kQ+25kQ)=1.5kQ

CDR: [= USKICA) )44
1.5kQ +2kQ
\
£ =,y S8k 18k9T5v
— T
- 0V | 5V 15V ea o
T18kQ  18kQ  18kQ
7
Ry S1kQ Ri<Z2ka R, Z2kQ
=0y 1k 1KQ
—'[ 1k R =R, +1kQ=3%kQ
| R"=R,+1kQ=3kQ
= 3K
R,;=2"""=15kQ
Rr=1kQ+1.5kQ+1kQ=35kQ
S=£: 0V 571 maA
R, 3.5kQ
56.

c—g 270 9Q1(27Q=540

a—h: 27Q9Q | 27Q=540Q

Rr
Rr=54Q1 (13.5Q+540)
=540 18.9Q
o =420
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Chapter 9

1. a. FEp: 30V
M - I arearsa
[I
[ Vs ’ 30V
6 Q = =
] > 120+30
E =30V 360 I
- F2:F3:—1:1A
2
E, poo 6OV 60V
1m 6Q+6Q|12Q 6Q+4Q
7 bz =6A
e 6Q - 6 Q(I3) _
| oo 6Q+12Q
—a 12017
60V E2+ 1"2: (3) =4A
s 120+6Q

L=I+I""=2A+2A=4Adir. of I})
L= I'-1,=4A-1A=3A(dir. of I])
L=Is+I"s=1A+6A=7A (dir. of I})

b. E: P =1I’R =Q2A’12Q=48W
Ey P'\=I*RI'"Ri=(2 AP 12Q=48 W

c. Pi=IR =(@AAY12Q=192W

d P +P' 1 =48W+48W=96W =192 W=P,

v
on o, 300 s 8Q0A) _,
8Q+100
=
J' 8Q 18V
Ir=—""—-1A
%OQ % 10Q+8Q
(i

I=I'-I"=4A-1A=3A(dirofI')

86 CHAPTER 9



E]I

CHAPTER 9

/
- =BV s
18Q+3.6Q
18
14280 oo Swe Soo _90(y) _90(1.9444)
Fde h 5 3 9Q+6Q 15Q
Sl G “117A
=
L—=—1150I110Q0=6Q
9016Q=360
Ez:
]T
—_> |||
= E 24V
Iwg éog qu oo R o
v
9Q118Q=6Q =~ 15Q110Q=6Q
124V:[T+11:2A+1.17A:3.17A(dir.0fll)
33 kO
v . 33kQ(5mA) 16.5mA
® - =
Dsma  Z22k0 47 k0 ' 22kQ+33kQ 55
[ ]
1;_ =3 mA
3.3kQ
| |7 . o 8V _ 8V
T 22k =gv 4.7 kQ ' 33kQ+22kQ 55kQ
; =1.45mA
L =T +1I"'=3mA + 145 mA =4.45 mA
5. E1:
40 ,
AW—1"
1y VS"+
6 < 40
30Q B 21‘27
+
==
T R=4Q112Q=30Q
E
11=——12—V=1.03A
R 6Q0Q+588Q0



88

5 3000) _300(1.03A)
30Q+7Q 370
=835.14 mA
V! =I'(4Q)=(835.14 mA)(4 Q)
=334V

6% %49
60
S0 § =z
< -

1

o

R ¢

R"=30Q116Q=5Q

R'=12Q114Q=3Q

Ez:

[! 4Q
MWy
+ V-
| @ESA
—W—\W—
50 3Q
\(S"’ +
40 §
W—=)/
o O
<5
L <6§2 g RT ;AQ
300 S0 it“
E, =8V
T -

R'=30Q116Q=5Q

R:=12Q((4Q+5Q)=12Q(|9Q=5.14Q

p=B__ 8V _ggis5a
R, 4Q+5.140Q

o 1200 _1200875A4) .,
120+9Q 210

VI=I"(4Q) =05A4 Q) =2V
Vo= V!-V=V! =16V -334V -2V =10.66 V

;- 8Q(6A) _
8Q+40

VI =T(4Q)=4A@Q)=16V
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+
12 kQ
v §6.8 kQ CDQ mA

V'=L,R, =(5.75 mA)(6.8 kQ) =39.10 V
Vo=V,+V, =13.02V+39.10 V=52.12V

a.
_ _RE _3008V) _

ETh_
R,+R 3Q+6Q

b. = Ep __ 6V =0.75A
R, +R 6Q+2Q

L= v 166.67 mA
6Q+30Q

L= 6—V =56.60 mA
6Q+100Q

Ry —> 120

Rp=2Q+12Q=14Q

En=IR=(3A)Y12Q)=36V

CHAPTER 9

__ 68KOG6V) _ 1o
6.8kQ +12kQ

12kQOmA) _ oo

2T 2kO+68KO

Ry =R;+R|||R=4Q+6Q|3Q=4Q+2Q=6Q
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R=2QP=( En

R=1OOQ:P=[

RThi

Ry +R

36 V
1402 +100Q

36V

2
— [ 2Q =10.13 W
14Q0+2Q

o

2
j 100QQ =9.97 W

“Rp=5Q+5Q|5Q=75Q

ETh:

20V

b. RZZQP=( En

R=IOOQ:P=(

10. Roy:

RTh

Ry, +R

7.5Q+100Q

10V

2
— |20 =222 W
7.50Q+20

2
2
10V j 100QQ =0.87 W

Rpn=6Q(3Q=29Q

ETh:

20

_6Q(18V) _
T 60+30
En=T2V+12V=84V

12V
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11. Ryy:
[ 4

. l 2.2kQ
Rrn 5.6 ka R =5.6kQ1 2.2 kQ =1.58 kQ

Eg,: Superposition:

I

(o,
2.2kQ E'n = IRy

e, Ssea(Dema — 8 mA(5.6 kQ || 2.2 kQ)
. — 8 mA(1.579 kQ)
o m =12.64 V

E:
(o,
+

6 2.2kQ o 5.6kQ16V)
E soka L T 5.6kQ+22kO
_ =1149V
. =
Er=1149V-1264V=-115V
12. a. RT},Z

!

RTh

—~1

50 oo Rp=25Q116Q2=9.76 Q
-

AAA

9.76 Q
Er,: Superposition:
E:
O
+
> Ep=-20V
£, om0 Th
- ell- ‘
o || I
20V =
I

AAA

e ‘l3A
L E'"p =3 A)9.76 Q)=29.28 V
E7, 3A S 9.76 Q

ET}, = E"Th - E,Th =2928V-20V=9.28V
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= R
- ™ Rp=4Q[Q2Q+6Q(30Q)=2Q
4Q
2Q
ET},:
. l+
>
TIT Veiie Q Em Ir= 2y =9A
| 1.,% _¢° 6Q+3Q(2Q+40Q)
= v 0 Lo 30U _300A)
EE§Q S0 U 30+6Q 90
ETh = V6 + V2 = ([T)(6 Q) +[2(2 Q)
K= =(9A)6Q)+(BA(2Q) =60V
13. (D: Ry
60 Q 25Q
300 “Rp=25Q+60Q30Q=450
O
ETh:
10V +v=0v-

Al W—o
. 60 Q 25Q
—— +
_: 15V 30 Q ETh:V3OQ_10V_0
B Q1
- 30Q15V) 0y
30 Q+60 Q

B 5V-10V=-5V

(ID: Rp:
e
b Wy

: |

Riy=2.7KkQ || (4.7 kQ + 3.9 kQ) = 2.7 kQ | 8.6 kQ = 2.06 kQ
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ETh:

4 Q
¥ i
>
E_ KO n18mA S0
0/ S5 9KQ

l

39kQU8mA) _ o

3.9kQ +7.4kQ
En=T2.7kQ) = (621 mA)2.7kQ) =16.77V

: 209 129
16 Q “Rp=2Q0+80Q=10Q
[ ]

209|l59 40
16Ql1(12Q +40Q)=80Q

ZOQ 12(2
169 Erm=TVisa
J_—

Ts50l(120 +16Q)—SQII2BQ 4240

T —

14. (D: Ry

ETh:

=20V _g508mA
20Q0+4.24Q

5Q(;) _5Q(825.08mA) _ oo o

50+280Q 330
En="Visa=(T)(16 Q) =(125.01 mA)(16 Q) =2V

T —
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15.

924

ID):

RT},Z

ET},Z

Combining parallel current sources: I'y=1; — L, =10 mA —2.14 mA = 7.86 mA

R Th:

1.1kQ “Rp=3.3kQ+22kQ| 1.1kQ

=3.3kQ+0.73 kQ
=4.03 kQ

E1:
V=0V
My , 2.2kQ(12 V)
3.3kQ l En=Vig= ———
ko + . 22kQ+1.1kQ
2.2kQ Th =8V
. _
ETT 12V
B ==
T 33kQ
Wy
1=0a} | 7Z0A l+
1.1 kQ
2.2kQ _T_: Ep'"=E,=4V
E;—=—-4v
T+
—_
ETh :E,Th + E”Th = 8 V + 4 V = 12 V
AM A °
Wy 'AAJ
3.3kQ 1.2KQ
< < =
S22k ZH6ka 368k «Rp=22kQ| 5.6 kQ=158kQ
: ! 1R R =158kQ+33kQ
¢ ! ¢ =4.88 kQ)
_ O

R"=488kQ | 6.8kQ=2.84 kO
Rin=12kQ+R"=12kQ +2.84 kQ = 4.04 kQ

Source conversions:
22V

L= —— =10mA, R,=2.2kQ
2.2kQ

L= 2V _ 2.14 mA, R;=5.6 kQ
5.6kQ

22kQ | 5.6kQ=1.58kQ
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Source conversion:
E=(7.86 mA)(1.58 kQ)=12.42 V
R =R,+33kQ=158kQ+3.3kQ=4.88kQ

1.2 kQ
AVAVAV o
7 +v=o0v- ¥
4.88 kQ 6.8 kQ
Erp
+ +
12.42V T T 6V

- °

_ 1202 V-6V 62V oo
4.88kQ+6.8kQ  11.68kQ

Veska = 1(6.8 kQ) = (549.66 uA)(6.8 kQY)=3.74 V
Erp=6V+TVsgoa=6V+3.74V =974V

16. a. Rp:

51 kQ
kg <Rm=51kQ| 10kQ =836 kQ

_ 10kQ(20 V)

=——-—=328V
10 kQQ+51 kQ

b. IERE+ VCE+[CRC:20V
but ICZIE
and IE(RC + RE) + VCE =20V

orp= 20V Ve 20V-8V. 12V
R.+R,  22kQ+0.5kQ 2.7kQ

Epy—IgRpy — Ve — Ve=0

CHAPTER 9
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Epy =V =V _328V =07V - (444 mA)(0.5kQ)

and Iz =
? Ry, 8.36kQ
_258V-222V 036V o
8.36 kQ 8.36 kQ ToH

d. Ve=20V—IRc=20V - (4.44 mA)(2.2 kQ)

=20V -9.77V
=10.23 V
17. a. Ep=20V
1:1.6mA:@:20—V,RTh= 20V _asko
R, Ry 1.6 mA

b. Ep=60mV, Ry =2.72 kKQ

C. ET}, =16 V, RTh =2.2kQ

18. Ry
L € l Ry=2Q+12Q=140Q
RN ::12(2
O
INZ
AAA
20
1203 A)
/ S120(M)3a Iy=—"2C 95574
ot 3 Y a+20
19. a. Ry
—AM\—o
5Q 5Q
<>
S50 <—RN=SQ+%=7.SQ
- °
IN: B
AVAVAV AVAVAV
. 77 50 L 20V
20V = 30 W =5 THOTA
—T 50+
2
-

Ir
Iv=—=134 A
N

b.  Ep=ILRy=(134A)(7.5Q)=10.05V=10V, Ry =Ry=75Q
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20. RNZ

>
S 2.2 kQ

o—0—AAA

— e Zmi *~—
AA
vy
o
o
~
(o]

IN:
I
®
I T" iéae kQ (# 8 mA % 22kQ
=
N=— 8 mA
E:
I !
2.2 kQ
I i. 5.6 kQ %J{
=16V
[
=
"= 16V =7.27 mA
2.2kQ
IyT =8 mA —7.27 mA =0.73 mA
21 D: (a)

2250 =160
> S Ry=25Q16Q2=9.76 Q

AAA

|||—~»—o ——
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Iy: Superposition:

I
I OEE34 N=3A
E: N
1 20V
A Eiamg Fw:976Q:205A
] i

20V =
Iy=Iy—I"v=3 A—-2.05A=0.95 A (direction of I)

b. Ep=ILRy=(0.95A)9.76 Q) =9.27V = 9.28 V, Ry = Ry=9.76 Q

(ID): a. Ry
Wy °
2Q
oo Sso S0 “Ry=4Q|2Q+20Q)=20
—& O
Iy: I 72V
oo Ve 4Q1(3Q+6Q(2Q)
2
(__?{f_ 72V
+ Wb T g =MA
vy :
72V —
=200 5,

S

hi | =———=1
30 40 40+450
b4

Iy=1-1,=34A-4A=30A

|||~

b. En=IRv=030A)2Q)=60V,Ry=Ry=2Q

22. (I Ry
AAA A
yvy
J 20Q g 12Q 20
| 0 160 “Ry=2Q+16Q] (12Q+40Q)
. =20+16Q]16Q

- o =20+8Q=10Q
20015Q=40Q
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IN:

0¢[N

A
Af
0
AAA
LAAJ
(o]
0

I_,_I
L 12Q(16Q=1780Q

5Q11(12Q+1.78 Q) =3.67 Q

= Lo 2OV _geasa
R, 20Q+3.67Q2
= 205 A) a5 a
5Q+13.78Q
_ 16 Q(0.225 A) —02A
16QQ+2Q
(ID): Ry:
330
MWy 0
>
1.1k <o
222k —Ry=33kQ+ 1.1kQ||22kQ
=33kQ+0.733 kQ
- ° = 4.03 kQ
Iy: Superposition:
Eli
12
PRy p—
tike L & 1.1kQ+1.32kQ
e Fke 33 —4096mA
Ei =12v
—_'Jr.'_ o 22kQ(4.96mA)
= o Y 22kQ+33KQ
' =1.98 mA
Ez:
"y o_ 4V
> 3.3kQ N 33kQ+0.73kQ
11kQ 22k o =099 mA
=4V
=
0.73 kQ -
Iy=Iy+1I%=198 mA + 0.99 mA =2.97 mA
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23. a. Ry

!
40
a ®
I Ry 2 Ry=40(12Q=3Q
E=12V:
o ¢ =2V _34
=12V 7 120 M40
- ®
I1=2A:
40
I Vi 2o (Pza I'v=24

IN:[’N+]7’N:3A+2A:5A

b. RN:
L
40 2 Q . —Ry=2Q+4Q14Q)]|4Q
A‘:A?v =(§§+2Q)||4Q
=— =20
2

AAA

AAA
LVV
)

Iy: ;_Via _6V-2V_4V
> 4Q 4Q 40
@
Ll L =1A
40 20 3He po @Iz V)
.\ =
/T - =,y 4QJ2Q)+4Q
= - =05V
=6V >
>
+ | ]ZZK:MZO.%A
$ R 2Q
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Iv=1-L=1A-025A=0.75A
24, (D: (@) R=Rp,=9.76 Q (from problem 12)

(II): (a) R =Ry, =2 Q (from problem 12)

(D): (b) Puax= E}, /4R, =(9.28 V)/4(9.76 Q) =2.21 W
(ID): (b) Puax = E}, /4R, = (60 V)/4(2 Q) = 450 W

25. (D: (a) R =Ry =10 (from problem 14)
(ID): (a) R=Rgp =4.03 kQ (from problem 14)

(D): (b) P = E}, /4R, = (2 V)/4(10 Q) = 100 mW
(ID): (b) Puax= E}, /4R, = (12 V)*/4(4.03 kQ) = 8.93 mW

26. R; = Ry, = 4.04 kKQ (from problem 15)
Ez,=9.74 V (from problem 15)

Puax = E7, /4R, = (9.74 V)*/4(4.04 kQ) = 5.87 mW

217. a.
4Q ®
. 4Q «—R=Rp=4Q]4Q=2Q
b ET},Z
E:
®
+
40 @ , :24V:
. 3549 E’7 7 12V
=24V
+ .
I

E'n=1IRr=(5A)4 Q| 4Q)
. =5A)20)=10V

|||-o—o—0—wv—
SN
o)
i~
(6]
>
AAA
VVy
N
0
+@®

ET},:E’T},+E"T},: 12V+10V=22V
E;,  (22VY
4R, 429Q)

max ~

~

=60.5W
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28.

29.

30.

102

Py,

with R =0Q

b.

2
p=PR=|-Lm_|R
Ry, + R
R= %(2(2) =05Q,P =38.72W

R= %(2@) =1Q,P=5378W

R= %(zg) =15Q,P=592TW

R=2Q,P=60.5W
R= %(zg) =25Q,P=59.75 W

R=%(ZQ) =3Q,P=58W

R=%(ZQ) =35Q,P=56W

R=220Q)=4Q,P=53.78 W

A PW)
70+ -
P ax=60.5W
604 /,o——"——o-s*\
» * e
50+ / R=RTh=ZQ ~
40+ ,/
/
30{ /
204y
]
104/
I
0 T T T >
0 05 1 15 2 25 3 35 4 45 RO

2
= ||k
Ry, +R, ) "

Ey, 1s a maximum and Ry, a minimum

v Prax @ maximum

¥V, and therefore V,, will be its largest value when R; is as
large as possible. Therefore choose R, = open-circuit (oo ).
2
Then P, = —+ will be a maximum.
4

No, examine each individually.
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* ‘ >
500Q ZR=100Q
€

2
Ry

Since R, fixed, maximum power to R, when VRL a maximum as defined by P, = 2
L

- R=500 Q and Py, = —1.44 W
100Q
31. IT=4A+7A=11A
Ve Rr=10Q(6Q[3Q=167Q
< 'S * Vi=IRr=(11 A)(1.67Q)=18.37V
4A<“> E:mgz(“)m Sso Eisg v, r VT ! 1§.37 \2( )
- I= L= —6.12A
R, 30
2. E - S5V/22kQ+20 V/82KQ _ ooy,
1/22kQ+1/8.2kQ
Rey= ! = 1.7346 kQ
1/22kQ+1/8.2kQ
E
w0 0.2879 V .

I = =
"R R, 17346kQ+5.6kQ
V.= LR, = (39.3 pA)(5.6 kQ) = 220 mV

33. IN=5A-04A-02A=440A
Rr=200Q80Q50Q1(50Q=1739Q
V,=IRr= (440 A)(17.39 Q) =75.52 V

+
34, = GAETDHA6AGBIQ) IBBVISBY _ 40,
47Q+330Q 8 Q)
Ry=47Q+33Q=80Q
R,
5= ) _8QGO14) _, o\
R,+R, 8Q+27Q
Vi=1LR,=(225A)(2.7Q)=6.08 V
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< (4mA)8.2kQ) + (8 mA)(4.7kQ) - (10 mA)(2 k)

35. I,
| 8.2kQ+4.7kQ +2kQ
+ —
_328VH376V-20V _ .0
14.9kQ

Ry =82kQ+4.7kQ+2kQ =149 kO
R.I
wla _ (149KQ)B38mA) _

I =
"R tR,  149kQ+6.8kQ
V, =R, = (2.32 mA)(6.8 kQ) = 15.78 V

15kQ | (8kQ +7kQ) =15kQ | 15kQ =7.5kQ

36.
_ISKAE0V) ey
T5kQ+2.5kQ
4
ab = BV 3 mA
15kQ
a a a
+_L 4 kQ
=45V 3 mA .
B =53V
b b _Tb
37.
. 10V-8V
" 2 KQ+051kQ+1.5kQ
— 498.75 pA
TV Vosia = (498.75 pA)(0.51 kQ)
498.75 pA (@) 1961 mA =025V
b g b V,=10V-025V=975V
N |I | b — 0A5A1AKQ —e G
+ - \AAJ
9.75V
38.
=354, V=0V (short)
9a 1., =0 A (open)
> > >
5AQD e ZTree Fso G)'SA R, any resistive value
r=oat] 1=0at P20
= -—
- I=5A

.. R, = short-circuit, open-circuit, any value

104
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39. a. [j=—— —+—
’ 24 kQ
8kQ+——
b.
< < < -
:;8 kQ ::24 kQ :;24 kQ - 24V
"
AAA <J I
Yvy N
12 kO 24 kQ
c. yes
40. (a)
10V I
1 II + I
"l
4 kQ 8 kQ
4 kQ

24V =1.5mA,I=%=0.5mA

24V 0.83 mA

I = =
Y 24kQ+8kQ|12kQ

_ 2KOU) g5 ma
12kQ +8kQ

10V

I:

T 4KQ|I8KQ+4kQ || 4kQ

__ v
2.67kQ +2KkQ

- 10V s ama

= 8QUD) 43 mAL L= 12 = 1.07 mA

' 80+40

I=1,-5,=143 mA - 1.07 mA =0.36 mA

(b)
|
4kQ=: <=4kg_\/
> > 2
+ —
— 1 = o
_ +
4kQEE sk vV,
+
"
i . g - RO 3064)
' R RA4R R, 3Q+2Q+40Q

V=1I,R =2A)Q2Y)=4V

R(I) 2Q(6A)

b. I = =
' R+R,+R, 3Q+2Q+4Q
V=1,R =(133A)3Q) =4V

CHAPTER 9

_ (BkQI4 k)10 V)
L 8KQ|4KQ +4KQ | 4kQ
=572V

- =0.71 mA
8kQ

I

Vo=E-V,=10V-572V
=428V
L= V2 =1.07 mA
4kQ
1212—11: 1.07 mA — 0.71 mA
=0.36 mA

=2A

=133A
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Chapter 10

9
1. (a &= p Q- OXI0)EHO) _ g 8 NiC

r? (2m)*
b) &= k%:% =36 x 10° N/C
r (1 mm)

Z(1mm): & (2m)=4x10%1

9
Py v (CEIT R TET7S S
r & 72 N/C
3. C:Q:MZIZOHF
Vo1V
4. 0= CV=(0.15 uF)(45 V) = 6.75 pC
5. g= Y _10MYV o) Vim
d 2mm
107 jir” Im
6 d =10 pAls =0.254 mm
{ 1 il }[39 37 }
g= Y 100MV 39370 Vim
d 0.254 mm
7 y=L_1004C _ 4y
C 4uF
=V 3V g 10°Vim
d S5mm
2
8. C=18.85x 10*128,4 =8.85 x 10*12(1)M =442.50 pF
d 2 mm
2
9. C=885x10"6 =885x10"22.5 %) _ 11 nF
d 2 mm
—12 2
10, C=885x10"% 4 = g= 3810 DO _, 6
d 2 uF
11. C=¢C,=>¢.= £= 6 nk =5 (mica)
C, 1200 pF
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(0.08 m?)

12 a. C=8.85x10"%(1) =3.54 nF
0.2 mm
b. &= y_200V _ 10° V/m
d 02mm

c. 0=CV=(3.54nF)(200 V)= 0.71 uC

13. a. &= r_20V

= =10° V/m
d 0.2mm

b. O=e&A=¢c, &A= (7)(8.85 x1073)(10° V/m)(0.08 m?) = 4.96 uC

4.96 uC
200V

c. C= Q. =24.80 nF
vV

14,  a C=%(5,uF)=2.5/1F

. C=2(5yF)=10 uF
c. C=20(5uF)=100 uF

(4)@
d C= T(S LF) = 26.67 uF
i)

_ 885x107%g,4  (8.85x107%)(5)(0.02m*)

15, d —0.1475 mm = 147.5
C 0.006 uF #m
-3 . .
d=0.1475 s | 105 | 3937 || 1000mils | _ 5 g7 i
lp [ L il
5000 V
5.807 pals —29.04 KV
s | 2
1200V wil ] _ .
16. mica: 5000V 1200 V[SOOO V} = 0.24 mils
1l
0.24 mils Y ' Im | 610 gm
1000 mils | | 39.37 )rf
17. 2006 (22 1F)/°C = 4400 pF/°C
1x10
44(zgpF [AT] = % [80°C] = 0.35 uF

18. J=25%, Size = 40 pF £ 2 pF, 38 pF — 42 pF
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19.

20.

21.

22.

23.

108

M = +20%, Size = 220 4F + 44 4F, 176 4F —> 264 4F

K =110%, Size = 33,000 pF + 3300 pF, 29,700 pF — 36,300 pF

o

e

o

e

o

T=RC= (10" Q)(5.1 uF)=0.51's

UC — E(l _ e—t/r) — 20 V(l _ e—t/().Sl S)

17=0.632(20 V) = 12.64 V, 3t = 0.9520 V)= 19 V

51=0.99320 V)= 19.87 V

l'C — 20 V e*t/‘[ — 0.2 mAe—t/O.Sl S
100 kQ

UR — Ee—l‘/t — 20 Ve—t/O.Sl S

ic

0 51=25s ”

t=RC=(10°Q)(5.1 uF)=5.1s

1t=12.64V,3t=19V,5t=19.87V

ic (mA)
0.2 mA

S

>t

>

of 5t=25ms
b.  ve=E(l-e")=20V(1-e"")

20V
d. l — —e*l‘/’l? — 20 A e—t/5.1S
T IMQ 2

UR — Ee—t/‘[ — ZOV e—t/S.ls

Same as problem 21 with 5t =25 s and 7, =20 pA

ve=E(l —e ") =100 V(1 — &™)

1t=63.21V,3t=95.02V,5t1=99.33 V

R, 5.5kQ
~33kQ(100 V)

B 33KkQ+2.2kO
UR — UR2 — 60 Ve—t/S.S ms

=60V

1=RC=(22kQ+33 k)1 uF = (5.5 kQ)(1 4F) =5.5 ms

e 18.18 mAe 5™

CHAPTER 10



24,

25.

26.

27.

o~

AV (V) A ic (mA)

100 —-7’ 1 res

~ i > t /\/\ >t

0 51=275s 0 51=275ms
7=RC = (56 kQ)(0.1 uF) = 5.6 ms b. ve=E(l —e ") =25V(l — e ™)
iC — E e*t/‘[ — 25 V e*t/‘[ — 0-45 mAe—t/SﬁmS
R 56kQ
AvcV) ic(mA)
25 L - - -~ — 0.45
7
: » t // 1 - t
0 5r=28ms ol 5t=28s
5 ms

ve=60mV(1l — 2™ ™) =60 mV(1 — ¢ **) =60 mV(1 — 0.670)
=60 mV(0.330) =19.8 mV

ve=60mV(1l — e '™ ™) = 60 mV(1 — e **) =60 mV(1 —2.06 x 10™)
= 60 mV(1) =60 mV

7=40 ms, 57=5(40 ms) =200 ms
r=RC,R= 2 =30 _ 4o
C 10 uF

ve (20 ms) = 12 V(1 — ¢ 2™ = 12 V(1 — )

=12V(1 -0.607)=12V(0.393) =472V
ve=12V(1-e')=12V(1-45x10%=12.0V
0=CV=(10 xF)(12 V) =120 xC
7=RC = (1000 x 10°Q)(10 £F)=10x 10° s

57=50><103}/|3% { th }=13.89h
60571 | 60 wifi

r=RC= (2 kQ)(100 4F) = 200 ms

Uc= E(l_ e—t/!) — 8 V(l _ e—t/ZOOmS)
ic= Ee*f/f - 8V o !/200ms _ g
R 2kQ

A e—t/200ms

ve(18)=8 V(1 —e ™) =8 V(1 -¢”
=8 V(1 —6.738 x 107) =8 V(0.9933) =7.95 V
ic(1s)=4mAe” =4mA(6.738 x 107) = 26.95 LA

CHAPTER 10

109



UC — 7.95 Ve*l/ZOOHlS
iC: 7.95 Ve—t/200ms
2 kQ

i

=3.98 mAe 2™

Alc

V

0] W

5bt=1s

28. a. 7=RC=(3kQ+2kQ)Q2 uF)=10ms
ve=50 V(1 — ™"™)

iC — 50 \4 e—t/lOms
5kQ

— 10 mA—t/lOmS

vy, =ic- Ri=(10 mA)(3 kQ)e ™™ =30 VeI
b. 100ms: ¢'*'=454x10"°
Le=50V(1 -454x10°% =50V
ic=10mA(45.4 x 10°°) = 0.45 pA
vy, =30 V(454 x 10°) = 1.36 mV

c. 200ms: 77 =R,C=2kQ)2 yF)=4 ms

ve =50 Ve "™
50 \Y% e—t/4ms

2kQ

lc=

=25 mAe ™

_ _ —t/4ms
Ug, = Uc= —50 Ve

A

50V

oV

51=50 ms

P

/
51=20ms

51=20 ms

> t
300 ms

51 =50 ms

110

100 ms

200 mst

-25 mA
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29.

AR,
20V
51=20 ms
/ M -
oN~——+—7 100 ms 200 mg -
51=50ms
-50 mA
7=RC = (5 kQ)(20 xF) =100 ms
UC — 50 V(l _ e—l/lOOmS)
iC — 50 V e—t/lOOmS — 10 mAe—t/]OUmS
5kQ
v, =ic- Ri=(10 mA)(3 kQ) e '™ = 30 Ve "™
100 ms: e =0.368
ve=50 V(1 -0.368)=50 V(0.632)=31.6 V
ic=10mA(0.368) = 3.68 mA
Lp = 30 V(0.368) =11.04 V
200 ms: 7 = R,C = (2 kQ2)(20 uF) =40 ms
ve=31.6 Ve "™
lC - _ 316 V e—t/40ms — _15.8 mAe—t/40mS
2 kQ
Uy, =—vc=-31.6 Ve
AVc
N B0V L o o Do
___316VvV____
- - 1 [ES N
_- - 1 I S
R N S N
. , : S -- 41V -
0 100 ms 200 ms 300 ms t
i} 10 mA
3.68 mA
// 200 ms 300 ms -
0 100 ms / 1.3 mA Tt
7 )
of .
Ic
-15.8 mA
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A
R

20 V[

200 ms

300 ms

0 100 ms

30. a. 71=R,C=(10°Q)(10pF)=1 us
vc =80 V(1 - e*’“*“)
ic= SOV e~ g8 mAe
100 kQ

b. 7=RC=(490kQ)(10 pF)=4.9 us
Ve = 80 Ve'" = 80V (34/4.9x1(r6
. 80V "= 0.16 mAe—t/4.9><10_6

1

/.

316V

lc=
490 kQ
C.
A vc(V)
80
295
T T > t(LLS)
0 25 30
A ic(MA)
0.8
— 5t :
|
0 15 10 20 25 30
// T T T T > t(}lS)
016 - - - -

31. a. 7=RC=Q2mQ)(1000 uF)=2 us
57=10 us
A AR
R 2mQ

c. yes

112
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3. a ve=Vi+t(Vi-V)e'”
r=RC=(10kQ)(2 uF)=20ms, V;=50V, V;=-10V
ve=50V+ (=10 V = (+50 V))e "20m
ve=50V —60 Ve '™

b. Initially Vy=E+ 0vc=50V+10V=60V

—-t/20ms _ 6 mA e—t/20ms

V
o= Retlt _ ooV, e

R 10 kQ2

50V

Y

-0V

6 mA

S

0 mA

5t =100 ms

33, 7=RC=(2.2kQ)(2000 1F)=4.4s
UC — Vce—t/T: 40 Ve—t/4.4s
[C: &e—t/r — 40 V e—t/4.4 s _— 18-18 mAe—t/4.4S
R 2.2kQ

Ur = Uc = 40 Ve_'/“s

4. ve=V+Vi-V)e'”
7= RC = (860 Q)(4000 pF) =3.44 us, V;=-30V, V;=20V
ve==30V+ (20 V — (=30 V))e 4=
ve=-30V +50 Ve
- 20V20V 55 14ma
860 Q
ic =—58.14 mAe "4

m
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51 = I1 7.2 us

-58.14 mA
35 a 18.2 kQ ; 7=RC=(18.2 kQ)(6.8 uF) =123.8 ms
1l M ey ve=V+(Vi=Tpe'”
+ +J_ + :52V+(12V_52 V)eft/123.8ms
=52V 12 VA< 6.8 uFu, De=52'V — 40 Ve 1B8ms
L 1 R(0) =52V -12V=40V
- ic= 4OV e—t/123.8 ms
18.2kQ
— 2.20 mAe—t/123.8 ms
b Avc Alc
_5_2_V_ﬁ?__ 4 2.20 mA
12V S
/S / - // L
0 >t 0 —+—>»
51=619 ms 51=619ms

36. a. ue=12V(A - m =12 V(1 -e ) =12 V(1 - 0.607)
=12V(0.393)=4.72V

b. ve=12V1-¢e"")=12V(1-¢e")=12V(1 -454x 107
=12V

c. 6V=12V( -e™)
0.5=1—¢"m
_0 5 — _e—t/ZOps
052t
log, 0.5 =log, e
—0.693 = —1/20 us
1=0.693 (20 us) = 13.86 s

—1/20 us
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d.  0c=11.98V=12V(l-e"")
0.998 =1 — ¢ 204
—0.002 = —¢ 204
0.002 = —¢ 204
log, 0.002 = —#/20 us
—6.215 =—1/20 us
1=(6.215)(20 us) = 124.3 s

37. 1 =RC=(33 kQ)(20 4F)=0.66s
ve=12 V(I - 11066 %)
8V =12V( —e %%
8V =12V —12Ve"5s
-4 V= ~12 Veft/O.()()s
0.333 = ¢ 066
log. 0.333 =—-#/0.66 s
~1.0996 = —/0.66 s
t=1.0996(0.66 s) = 0.73 s

1Y)
38. t=-7log, 1-=<
g[ EJ

10 s=-rlog, 1—12—V
20V

|
L4
|
-916.29 x 10

=105 1000

0916

T=RC:R=1=10'925
C 200 uF

=54.60 kQ

39.  a.  7=(R +R)C=Q0kQ)6 uF)=0.12s
ve=E(l -
60 V=280 V(I —e"'%)
075=1— 012
025 — eft/0.125
t=—(0.12 s)(-1.39)
=166.80 ms

E —t/T

b. iC: —e

166.80 ms
ic= —28001:;2 e 013 —4mAeY

= (4 mA)(249.08 x 107)
=~ 1 mA
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c. i,=ic=4mAe”"=4mAe*"" =4 mAe”
=4 mA(135.34 x 107)
=0.54 mA
P, = EI,= (80 V)(0.54 mA)
=43.20 mW

40. a. 7=RC=(1MQ)0.2uF)=02s
ve=60 V(1 — &%)
iC: Ee—t/r — 6OV 6—1/0.25
R 1MQ
URI — Ee*l‘/T: 60 Ve—t/ﬂ.Zs

— 60 ﬂAe—t/Ols

vc: 0.5s=55.07V
1s=59.58V

ic: 0.5s=493V
1s=040V

b, RL < 1o 7 = RC = (1 MQ + 4 MQ)(0.2 4F)
A = (5 MQ)(0.2 iF)
RyZ 4 MQ
=

+
=< 60V, =1s
- 3 60Ve_

‘=12 pAe™

lc=

8 uA =12 uAe™
0.667 =¢”'
log, 0.667 =—t¢
-0.41 =—¢
t =041s

ve =60 Ve
10V =60 Ve
0.167 =¢”
log, 0.167 =—¢
-1.79 =—¢
t=1.79s
Longer=1.79s-0.41s=1.38s

41. a. U, =r=FEe’"=60Ve'""=60 Ve
=60 V(0.3679)
=22.07V

b. ic= Ee_’/’ _ 0V, e T =6 uAe™
R 10 MQ
= 6 uA(0.1353)

= 0.81 gA

116
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c. ve=E(l—e" r=RC=(10 MQ)(0.2 uF)=2s
50 V=60 V(1 — &)
0.8333=1-¢"*
log, 0.1667 =—t/2 s
t=—(25)(-1.792)

=3.58s
42. a. Thevenin’s theorem:
Ry Ez:
Th Wv o Th AM o+
¢ 8 kQ % +J_ 8 kQ %
24kQ  R;,=8kQ|24kQ =20V 24kQ  Epy
' — 6 kQ —T T
i o 0 i o o
24 kQR20V
6 kQ 15 uF ET;,=#=15V

J_ AN— OTIF—VC 24kQ +8kQ

1 sko T=RC=(10kQ)(1S5 uF)=0.15s
= 15V 2 ve=E(1-¢")

— 15 V(l _ e—t/O.lS S)

iC: Ee—t/r — 15V e—t/O.lS :1.5 mAe—t/O.]SS
R 10 kQ

b. AvcV) A ic(mA)

154 - - - - o - — = _ +— 1.5
. >t

+— > t
0 51=0.75s 0 5t
43. a.  Source conversion and combining series resistors:
7=RC=(8.3kQ)(2.2 yF) = 18.26 ms
ve= Vit (Vi= Ve
= 272 V + (2 V — 272 V)e—f/18.26 ms
Uc= 272V —25.2 Ve—t/18.26 ms
vr(0+) =272V -2V=252V
25.2
ic= —Ve—t/18.26ms
8.3kQ
ic=3.04 mAg 1826 ™
b. AVe iC
27.2 V-————f,' 3.04 mA
|
I
2V a ! P
- | >t —+ > t
0 51=913s ol P —
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44. a. Rp=39kQ+0Q]| 1.8kQ=39kQ
Epm=36V

3.9 kQ
7= RC = (3.9 kQ)(20 £FF) = 78 ms

+T| Ve = Vf+ (I/z _ I/j e—t/r
CIZOMF 4V :36V+(_4V_36V)e—t/78ms

+
w
(o))

|

Ve=36V =40 Ve 8ms
LrR(0H) =36 V+4V =40V
_ 40 V —t/78 ms
Ic=
30kQ ¢
ic=10.26 mAe"®™

I

b. AV ic
BV ----—==-= : 10.26 mA
|
I
N >
H |/ el
' > t | — >t
RV 51=390 ms 0 51 =390 ms
45. Source conversion:

E=1IR, = (5 mA)0.56 kQ)=2.8 V
R =R, +Ry=0.56 kQ + 3.9 kQ = 4.46 kQ

—

e
T R
R=4.46kQ SRs=8.8KkQ .
oD o7 T 20 uF %
|T '|'4 v

Ry =4.46kQ || 6.8 kQ =2.69 kQ
4V-28V 12V

= = =0.107 mA
6.8kQ+4.46kQ  11.26kQ
Ep =4V —(0.107 mA)(6.8 kQ)
=4V -0.727V
=327V
Ve ve=327V(1 -e"

R, S269kQ | + 7=RC = (2.69 kQ)(20 uF)

+ ~T~ 20 uF v =53.80 ms

—_— - U= 3.27 V(l —t/53.80 ms)

ET; 327V ; 327V —r
P’— = ——

= 2.69 kQ
— 1.22 mA —1/53.80 ms
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ic .
39 uF 3V

r=RC = (6.8 kQ)(39 1F) =265.2 ms
ve=Vi+ (Vi— Ve

=20V + (3 V=20 V) 2652ms
UC — 20 V _ 17 Ve—t/265.2 ms
LR(0+)=20V-3V=17V
_ 17V o !/ 265.2ms

6.8kQ2
iC — 2.5 mAe—t/265.2 ms

ic

le

S I | 25mA
|
i—
I
3V I //
Z ' > t — >t
0 5t=133s 0f 5t=133s

47. a. J— Zm

= 10 MQ 7=~ 1uF

r=RpC = (1.67 MQ)(1 4F) = 1.67 s

. E —t/t
lc= —e
“ R
_ 20V e
1.67 MQ
025 :e—t/l.67s

log, 0.25 =—-#/1.67 s
t=—(1.67 s)(-1.39)
=232s

C. Unmeter = UC

ve=En(l—e")

10 V=20 V(1 — e ")
05=1—¢ "6

0.5 = _g 1678

log, 0.5=—-1/1.67s
t=—(1.67 s)(—0.69)
=1.15s

CHAPTER 10

Rpy=2MQ || 10 MQ = 1.67 MQ

= 0MOQ24V)
10 MQ +2 MQ

UC:ETh(l - e_'/

=20 V(1 —e*)

=20 V(1 —¢™)

=20 V(1 -0.0183)

=19.63V
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48.

49.

120

Av,

i =C
Ca At
20
0> 4ms: ic=2x 10*6ﬂ =10 mA
4 ms
ov
4> 6ms: ic=2x 10’6u=0mA
2ms
20V
6 —>7ms: ic=2x 10_6u =40 mA
1ms
7> 9ms: ic=2x 10‘6@=0mA
2 ms
40V
95 11 ms: ic=—2x 1004V — 40 ma
2 ms
404\ 40 mA
301
207 10 mA “z
10
_ // ) 0 mA 0 mA 0 mA
0 1 2 3 4 5 6 7 8 9| 10 11
_10 L
207 S
_30 L
40 +
-40 mA
Av
i =C—=
T A
-5V
0 — 20 ws: ic=4.7/1F( ) =-1.18 A
20 us
20 — 30 ws: ic=4.7,uFM =0A
10 us
1
30 = 50 s ie=4.7 FHOY) _ 5354
20 us
-1
50 — 80 us: ic=4.7 yFﬂ =-235A
30 us
1
80 — 90 zs: ic =47 uF SIOY) _ g7 A
10 us
90 us — 100 ws: ic=4.7,uF(0V) =0A
10 us

t?ms)
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Y ew

51 47 A

4_

1 2.35 A

21 Ve

14 7

0 . OA 1 4 1 ! OA ' »
10 20 30 40 [50 60 70 g0 90 100 ¢

14
-1.18A Ve

2T

3t —2.35A

4+

Av At
50. ic=C—<= Av,. =—(i
c At C C(c)

0—>2ms: ic=0mA Av.=0V

25 6ms: ic=—80mA Av.= 2 gomA)=-8V
20 uF
. (10 ms)
6 > 16 ms: ic=+40mA Au.= (40 mA)=+20V
20 uF
16 > 18 ms: ic=0mA Av.=0V
_ (2ms)

18 >20ms: ic=-120mA Av.= (-120 mA)=-12 V

20 uF
20 > 25ms: ic=0mA Av.=0V

A%

20

+ 12V
10
4
RSN ON S N T N S S SR B R ! J/x TS T S S >
1 45’78 1011 1213141516 1718192021 2 283 4 &5
g f

-10 8V

-20
v

51. Cr=6uF+4 uF+3 uyF|6uF=10uF +2 yF =12 uF

52. Cr =6 uF || 12 yuF =4 uF

C; =Cp+ 12 yF =4 uF + 12 yF =16 4F
6 4F-CY (6 4F)(16 uF) _
6 UF+C) 6 uF+16 uF

Cr=6uF| C! = 4.36 uF
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53. 7,=10V, 0, =V,C, = (10 V)(6 4F) = 60 uC
Cr=6 uF || 12 uF =4 1FF, Or= C;E = (4 1F)(10 V) = 40 1C

0,=05=40 uC

= L 2 ey
C, 6uF

Vi = %=M =333V
C, 124F

54. Cr= 1200 pF || (200 pF + 400 pF) || 600 pF
= 1200 pF || 600 pF || 600 pF = 1200 pF || 300 pF
=240 pF
Or= CrE = (240 pF)(40 V) = 9.60 nC
01 =04=0r=9.60 nC
v, = g: 9.60 nC —8.00V, V= %: 9.60 nC
C, 1200 pF C, 600pF

Vo=Vs=E—V,—-Vs=40V-8V-16V=16V
0, = C>V> = (200 pF)(16 V) = 3.20 nC, Os = CsV5 = (400 pF)(16 V) = 6.40 nC

=16.00 V

C1
55. I(
E =24V 027;10MF 1 HE+ 2l
T CiAS T2 0F 8 4F + 10 4F = 18 4F
= 9 uF+18 uF
_9_90 _CE— _
Cr T E Q= CrE = (6 uF)(24 V) = 144 uC
01=144 C
< LY
(@ 9 uF
Vy=E-V,=24V-16V=8V
0, =GV, =10 uF(8 V) = 80 uC
O34=C'V=(8 uF)(8 V) =64 1C
03 =04=64 uC
=S O gy
C, 9uF
V= % :% =080V
C, 72 uF
4kQ(48 V)
56. Via= ——" 2 =32V = Vo,
T 4KQ T 2KO 00848
Qo .08 = (0.08 F)(32 V) = 2.56 uC
Voosr =48V

Qo4 = (0.04 LF)(48 V) =1.92 uC
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57.

58.

59.

60.

We— %cyz _ % (120 pF)(12 V)’ = 8,640 pJ

2
W= 2Q_c = 0= V2CW =/2(6 F)(1200]) =0.12 C

3kQ24V) o,
3kQ+6kQ

o

V6yF = VlZyF =
1 o 1 2
Wéyp = ECV = 5 (6 ,LIF)(8 V) =0.19 mJ

Wisr = %CVZ = % (12 4F)(8 V)’ = 0.38 mJ

_ (6412 1) _
6 uF+12 uF
Or=CrV=(4 uF)® V) =32 uC
Q6/1F = QIZHF =32 ,UC
Q_3RHMC 533y

4 uF

Vear = = =
0T 6 uF
32
Viw= 2 =321 _r67v
C 12 u4F

Weur = %CVZ =%(6 UF)(5.33 V)’ =85.23

1 1
Wise = ECVZ = 5(12 LF)(2.67 V) =42.77 14

a. We= %CVZ =%(1000 LF)(100 VY =5 pJ

b.  O=CV=(1000 iF)(100 V)= 0.1 C
c. I=0/t=0.1C/(1/2000) =200 A
d. P=Vul,=Wit="5J(1/2000 s) = 10,000 W

e. t=0/1=0.1C/10mA=10s
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Chapter 11

124

® 4x107* Wb
B=—=——"——
A 0.01 m

b. 0.04T
c. F=NI=(401)(2.2 A)=88 At

1 4
d. 0041 {M} = 0.4 x 10° gauss

=4 x 1072 Wb/m’ = 0.04 Wb/m>

7y

d? (5 mm)’

A== =19.63 x 10° m’
2 2 -7 -6 2
;- N'pd _ (200 (47x107)(19.63x10™° m?) —9.87 uH
Y 100 mm
Im
d=021| ——— | =5.08 mm
V{wsuﬂ]
2 2
g= FdT _(OGO8mm)” g 1076
4 4
Im
{=1.6 =40.64 mm
. (39.37 yr.)
;- NuuA _(2000°(500)(47x107)(20.27x10° m*) o0
’ 40.64 mm '
2 -7 —4 2
L= N2 b _ (20007(1000)(47x107)L5x10" m?) _ o o0y
0.15m
;- NupA

¢
a. L'=(3)’L,=9L,=9(5mH)=45mH

b. L'= §L0= %(5 mH) = 1.67 mH

L'= %Lo =16 (5 mH) = 80 mH

(1
4 L=1\2

2

(1500)L,

——— D
N | —

1 =375(5 mH) = 1875 mH
2
a. 12 x10° 1H + 5% = 12,000 £H + 600 H = 11,400 xH —12,600 H

b. 47 yH +10% = 47 uH + 4.7 uH = 42.3 uF —51.7 uF
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7. e= N% = (50 £)(120 mWb/s) = 6.0 V

8. e= N 4P _¢ 20V _ 100 mWhis
dt  dt N 200t
9. e=Nd—¢ =>N=e¢e L =42 mV| —— | = 14 turns
dt d¢ 3 m Whb/s
dt
di,
10. a e=LYL =(SH)(1Ak5)=5V
dt
b, e= %=(5H)(60mA/s)=0.3V
o ﬁ:(SH)[O.SAHIOOO s}=2.5kV
dt 91{ 1s

1. e= L%:(so mH)(O'lmAJ -5V

7S
2. a =L 20mH s
R 20kQ
E 40 mV
b. . 1_ —t/t — 1_ —t/
=Rl =o g e )

— 2 NA(I _ e—t/lZ.Sps)

c. u =Ee'"=40mVe "~
vr=irR=i,R=E(1 —e¢ ") =40 mV( — ¢ "'?35)

d. i 17=1.26 gA,,37=1.9 A, 57=1.99 uA
v 17=14.72V,37=199V,57=0.27V

v, (MV)
40

Y
>t (us)

0 l 51 ol 5I’C
(62.5 pus) (62.5 us)

>t (us)
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13.

14.

15.

126

L S5mH
7= —= =227

R 22kQ -

E 12V
ip=—(-e")=—"—(1-¢")=545mA(l — 77"
1= R )=5210 " ) ( )

UL — Ee*t/z' — 12 Ve—t/2.27;ls
vr=iRR=i;R=E(1 - efm) =12VvV(d- e ﬂs)

ii: 17=3.45mA,,37=5.18 mA, 57=5.41 mA
v 17=442V,37=0.60V,57=0.08 V

ip=9.23 mA + (8 mA — 9.23 mA)e %74~
i, =9.23 mA — 1.23 mAe™3"77

+E—- v, —vp, =0and v, =E -0,

Vg = iR = LR = (8 MA)B.IkQ) =312V
v, =E- 0, =36 V-312V=48V

v, = 4.8 Ve 075

A i (MA) v, (V)
545 - — - - — - — - : 12
I
|
i >
(11.35 ps) (11.35 pus)
T:£= 2t = ZH = 66.67 ms
R (0Q+10Q) 30Q
v = —E(l _ e—t/i) — _12 V(l _ e—t/66.67m5)
l'L — _Ee—t/f — _ 12’ V e—t/66.67ms — _400 mAeﬁl/66A67 ms
R 30Q2
A 57 = 333.35 ms Al 5= 333.35 ms
- ' ™~ > 0 >
0 t
eV T —400 mA
l'LZIf_’_ (Ii_If)e—t/r
E 36V L 120mH
L=8mA, [;= = = —923mA, 1= — =0 —3077 us
R 39kQ R 39kQ

CHAPTER 11



L UL
9.23 mA 4.8V
8 mA
0 M—rn—— > 0ofM—r— >
5t =153.85 us 51=153.85us
16, a L=-8mA, [=923mA, r= L -120mH 550 o
‘ R 39kQ

i =1+ (- Ipe’"
=923 mA + (_8 mA —9.23 mA)e*t/30.77 18
i; =9.23 mA — 17.23 mA ¢ 774

+E—- v, -0, =0 (atz=0")

but, v, = ixR =—i;R= (-8 mA)(3.9kQ)=-312V
v, =E— v, =36 V- (-312V)=672V

v, =672V BT

0 . > —— !
51 = 153.85 s 51 = 153.85 s
-8 mA ¢

c.  Final levels are the same. Transition period defined by 57 is also the same.

17. a. Source conversion:
Bl L 2H
+| 3.4kQ + 7= —= =588.2 us
= v, || 2H R 3.4KkQ
“[ sv - ip=I+ (L= I)e’"
6V
= =43 MA = =1.76 mA
=4 7 34K0
ip=1.76 mA + (-3 mA — 1.76 mA)e ">
~102V + i; =1.76 mA — 4.76 mA ¢ "%
+ +
=56V || v, vr(0 +) =3 mA(3.4kQ) =102V
- - KVL: 46 V + 102 V — 0,(0+) =0
= v (0H) =162V

v, =16.2 Ve 88245
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19.

128

b A i (MA) v (V)
[1.76mA 16.2V
//7‘
1 ; t
0 51 = (2.94 ms) »
— > t
— I 3ma ol 51 = (2.94 ms)
72V
10.4 kQ = - =—0.69 mA
= 10.4kQ
L 200 mH
_ + T=—=——"—=19.23 /8
T - . —t/t
T+ ip=Ip+ (i Ipe
= =, =—0.69 mA + (-3 mA — (~0.69 mA))e 1>
m . 24119.23 ps
i; =—0.69 mA — 2.31 mAe
-312V+ KVL: =72V +31.2 V —v,(0+) =0
v(04) =24V
- + _ -£/19.23 s
72V= v, (0%) v =24 Ve
v 2

51=96.15 us
>t

—069mA| _— yZ
S ol —>»t

51=96.15ps
-3 mA

Wv O
-d_ 10 kQ

R.=10kQ
—_— 10 kQ Th
~ |20V E.,=20V _ L _10mH

i o R 10kQ

U= 20 Ve—t/l,uS’ iL — %(1 _e—t/r): 2 mA(l _ e—t/lys)
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b. 57= steady state
_L_lomH _,
R 10kQ
i = Imefz/r': 2 mAe~1#
v =—(2 mA)(20 kQ)e "= —40 Ve

A i (MA) Av, (V)
20,
u MS)5T,
// 51
>t (us) 0 7 >t (us)
-40
L 1mH
20. a. r=—=i=0.5ys
R 2kQ
E 12V
l- :_l_e—t/‘[ — 1_e—t/r :6mA1_e—t/0.5;lS
L R( ) P kQ( ) ( )
UL — Ee—[/l': 12 V e—t/O.S,us
b. i =6mA(l —e"*¥) =6 mA(l — e )
=6mA(l —e?)=5.19 mA
ip=T,e"" po L Imi ey
R 12kQ
i =5.19 mAe "
t=1ps: v=12Ve "™ =12Ve?=12V(0.1353)=1.62 V
V) =(5.19 mA)(12 kQ) = 62.28 V
v = _62.28 Ve—t/83.3ns
c. i, (mA) AV (V)
12
] [ [ 162V
<519 mA 0// ( . > ¢ (i1s)
/:\ Tus ﬁ‘t' t
N
|/ ] /: \\ 1 -
or 4 MS/LS'TI 571 > (us)
T
-62.28 V
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6.8 kQ ~

Erp +
+

ti,

6V+TT % 282kQ Ry, 5mH§nL
+
=+

Ry = 6.8 kQ

6V

6.8 kQ
v = Ee'"= 6 Ve "4

(1—e™") =0.88 mA(1 — e"*7*)

E
ip=—=(-e"")=
L R( )

Assume steady state and /;, = 0.88 mA

T =£=ﬂ =0.33 us
R 15kQ

ip=1I,e"" =0.88 mA ¢

U = —Vme_’/f

V,=1I,R =(0.88 mA)(15kQ)=13.23V
vy ==13.23 V03
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c AlL(mA)
088f------=
|
|
1\ 51'= (1.65 ps)
7
——t— >t
0 51 (MS)
(3.7 us)
AV (V)
61
K ot >t (ms)
0
51
1 -13.23
d. Vp  =I.R,=(0.88 mA)8.2kQ)=7.22V
A VR, (V)
6
/7 se

) —t—t ——t—t >t (ms)
51
722V

22. a. Rp=2kQ+3kQ|6kQ=2kQ+2kQ=4KkQ

6kQ12V) L 100mH
Th= T , T=—= =25 us
6kQ+3kQ R 4KkO
E, 8V
[==m="" -
TR, 4kQ

ir=2mA( - e"/zs”)
v, =8 Ve

b. ii=2mA(l-¢')=1.26 mA
v,=8Ve'=294V
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23. a.  Source conversion: £=/R=(4 mA)(12kQ)=48V

T= £ =2LH = 55.56 ns
R 36kQ
E 48V
l- - = l_e—l‘/T — 1_e—t/1' — 1.33 mA 1 _e—t/55.56ns
L R( ) 36KQ kQ( ) ( )
UL — Ee*t/z' — 48 Ve—t/55.56ns
b. ¢=100ns:
ip =133 mA(l — e 1555 = 1 33 MA(1 — e '¥) = 1.11 mA
H_J
0.165
v, =48 Ve '¥=793V
24, a. o ™ Ry =22KkQ | 4.7kQ =1.50 kQ
<« 4.7kQ8 V)
2.2 kQ En = =545V
.\ 4.7 "9310 mH T 47KQ+22k0
8V L 10mH
- T T=—= 0 =6.67 us
= R 1.50kQ
E 545V
ip=—(1-e")="——(-€¢"")=3.63 mA(1 - ">
L R( ) s kQ( ) ( )

v =Ee""=545 Vet

b. =10 us:
ip =3.63 mA(l — ¢ ') =3 63 mA(1 — e ')
H_}
0.246
=2.74 mA
v, =5.45V(0.246) =1.34 V
c. :£:10mH =213 us
R 4.7kQ
i, =2.74 mAe *P”
Att=10 us

V. =(2.74 mA)(4.7 kQ) =12.88 V
v, =—12.88 Ve 218

132
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v, (V)
4 (MA) 1545
383 ---=-—z-z==----
|
2.74 | > 1.34
\ | i > f(us)
. | 0 51 51
1 | 10 us
ey >t (us)
/e
0" 104s 8¢ o1
-12.88
L 06H  0.6H _

25. . v, =Ee'" 5 ms

T= e e =
R+R, 100Q+20Q 120Q

v, =36 Ve ™

v, =36 Ve P ™™ =36 Ve =36 V(0.00674) = 0.24 V

b. 0, =36Ve '™ ™ =36Ve " =36V(0.819)=29.47V

£ (1—e”)JR1

R +R,

c. Op =i Ry =0 R =[

(13267\;2(1 - e‘”SmS)j 100 Q

= (300 mA(1 — ¢ ™))100 Q
—_ 30 V(l _ e*5 ms/5 mS) _ 30 V(l _ efl)
=30 V(1 —0.368) =18.96 V

d. ip =300 mA(l —e ™)
100 mA =300 mA(1 — e ™)
0333=1-¢"™
0.667 =¢ ™
log, 0.667 = —t/5 ms
0.405=1¢/5 ms
t=0.405(5 ms) = 2.03 ms

16V

T 47KQ+33kQ
t=0s: Thevenin:
Rp=33kQ+1kQ[47kQ=33kQ+0.82kQ=4.12kQ

Ep = M =281V
1kQ+4.7kQ

ip=I+ -1

26. a. I; mA
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Ir= 281V 68 mA, 7= L__2H 49 ms
T 4.12kQ R 4.12kQ
ip=0.68 mA + (2 mA — 0.68 mA)e ™
i, =0.68 mA + 1.32 mAe "™

r(0+) =2 mA(4.12kQ) =8.24 V

KVL(0+): 281V -824V -y, =0

v =-543V
U= _5.43 Ve—t/0.49 ms

b AJ v
2mA| L t
& 0 e
51=2.45ms
i d
0.68 MA[-- - - —=== . 7~
2 t
0 5t1=2.45ms

217. a. Redrawn:

6V _ = .
+_]_ _T__

Source conversions:

Vi
+
< >
12k (DZm 3k (1 Vs mAaS4 ko :1.5ng5mHuL
LT 7T ] '

AA

—— <_‘
= i) Ry
Ir=5mA-2mA=3mAT
1 1 1 1 1
— = + + +
R, 12kQ 3kQ 4kQ 1.5kQ
and R;y=0.75 kQ
Source conversion:
ET: ITRT: (3 mA)(O75 kQ) =225V
0.75 kQ i T= L_ 5mH =6.67 us
+ + R 0.75kQ
2.25VT L§5mHUL
225V

(1 _ ei[/‘[) — 3 mA(l _ e—t/6.67 ;IS)

155

©0.75kQ
v, =2.25 Ve 075
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b. 2t 0.8651,,0.135 ¥,
i 0.865(3 mA) = 2.60 mA
v: 0.135(2.25 V) =030V

© p=l SmH 5330
R 15kQ
i, =2.60 mA ¢ #
i,(0+) = 2.60 mA
VR(0+) = (2.60 mA)(1.5 kQ) =3.90 V
v, =-3.90 Ve H
d.
A i (mA)
g R L
2 ' o 51'= 16.65 s
1+ // | 51 1
1 I »
ol 5 10 |is 20 25 3o[3s 40 "
27 51
A (13.34 us)  (33.35 us)
1oV
2.25
2-
1'&.30
o 5 10 i5,26 25 30 35 40 fhs)
11
24
31
4] -3.90
28. i
8 o 2MQ Vi +
<>
E=24V S10MQ VL
_ - B
= ‘
Ry =2MQ| 10 MQ =1.67 MQ
10 MQ(24
= AOMOEAV) )y
10 MQ +2 MQ
E
]L(()—):_Th_ﬂ =12 pA
R, 1.67MQ
. L SH
R 10 MQ

ip=12 uAe™*
10 A =12 pAe
0.833=¢"#*
log. 0.833 = —#/5 us
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29.

30.

136

0.183 =1/5 us
t=0.183(5 us) = 0.92 us

v, (0 =i, (0NR,, = (12 A)(10 MQ) =120 V
v, =120 Ve =120 Ve !5 = 120 Ve 2 = 120 V(0.135) = 16.2 V

v, =120 Ve " =120 Ve =120 V(6.74 x 107°) = 0.81 V

I=— 24V 1091 mA
22kQ
Switch open: I,= — 24V -V -3.48 mA
- 22kQ+4.7kQ 6.9kQ
iL=I+ (e
L 128 g5
R  69kQ
ip=-3.48 mA + (-10.91 mA — (-3.48 mA))e >4
ip=-3.48 mA — 7.43 mA¢ "'~
1= 0+ ve(0+) = (10.91 mA)(6.9 kQ) =75.28 V
- 7528V + KVL: —24V+7528V-v,=0
~ v, =5128V
=24V v
+ +
=

v, =51.28 Ve '3

ip =100 mA(1 — e ™2™ = 100 mA(1 — ¢ ")
=100 mA(1 — ¢ %) =100 mA(1 — 951.23 x107*) = 100 mA(48.77 x 107)
=4.88 mA

ip =100 mA(1 — ¢ "™2™) = 100 mA(1 — )
=99.33 mA

50 mA =100 mA(1 — e
05=1-¢""
—0.5=-¢""
05=¢""
log, 0.5 =—t/t
t=—(7)(log, 0.5) = —(20 ms)(log. 0.5) = —(20 ms)(—693.15 x 107)
=13.86 ms
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d. 99 mA = 100 mA(1 — ¢ "*°™)
0.99 =1 —¢ "0
—0.01 = _eft/ZOms
001 — e—t/20ms
log, 0.01 =—#/20 ms
=—(20 ms)(log, 0.01) = —(20 ms)(—4.605) = 92.1ms

31. a. L = open circuit equivalent
- 10 MQ(24 V) —20V
10MQ +2MQ
b.
+ | 2 MQ ¢il- +
<>
E= 24V S1o0MQ S5Hwv
_ '|' - _
= ‘
Rp=2MQ| 10 MQ = 1.67 MQ
Ep = 10 MQ(24 V) _0V
10 MQ +2 MQ
E
[Lf =_Th:20—V:12ﬂA
ml R, 1.67 MQ
L SH
c. ip=12 uA(1 — e * r=—=—"—" =348
Lo 12 AL ) R 1eima ~

10 pA =12 pA(1 — e )
0.8333=1—¢"*
0.1667 = ¢4
log.(0.1667) = —t/3 us
1.792 =1/3 uss
1=1.792(3 us) =5.38 s

d. ULZZOVe*t/3/IS:20V6712;13/3;15:20\]674
=20V(0.0183)=0.37V

32. eL=L—t: 0—3ms,eL=0V

-3
3 — 8 ms, e, = (200 mH) w =16V
5x107 s

-3
8 — 13 ms, e, = —(200 mH) w =-16V
5x107 s
13—14ms,e;, =0V

-3
14— 15ms, e, = (200 mH) | 210 A _gy
5x107 s
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34.
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15—-16ms,e;=-8V
16 —17ms,e, =0V

Ae, (V)
104
8t 8
61 /
4
21 16 4
0 [7 7 7] 0 0
0 + } } } } >» t(ms)
> 2 4 6 810 12]14 |16 18 20
T 16 %
41
61
-81 3
—10l
Ai,
o = L2
Y
20 mA
0 —> 2 ms: UL=(5mH)(— Om J=—50mV
2 ms
2—>5ms: Ai;=0mA, v,=0V
5—>llms:UL=(5mH)(Mj=+25mV
6 ms
—10mA
11— 18 ms: v, =(5 mH)(—mj — 714V
7 ms
18— : Ai;=0mA, v,=0V
Ao,
+25 mV
0mvy . // . . \ . , 0mV, >
0 > 4 6 8 10|12 14 16 {8 20 £ (ms)
-7.14V
S
50 mV

L=10mH,4mA att=0s

v = LEDAI'ZEUL
At L

0-5us: v,=0V,Ai;=0mA and i, =4 mA

: 5 us
5—-10 wus: Aip = -24V)=-12 mA
H L lOmH( )
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2 us
10 — 12 us: Aip =
T

(+60 V) = +12 mA

mH
12-16 us: v, =0V, Ai; =0mA and i; =4 mA
. 8 us
16 — 24 us: Aip = -5V)=—4mA
A= Y
A i (MA)
4 4mA 4mA
s /\ // e
1 L i L L L L 1 L 1 A 1 1 1 1 1 1 1 1 A
0 123 4«45 6% 8 9 $1 121314'516171819202122232‘25‘“:)

Oy

8 \V-SMA

35. a. LT:L1+L2||(L3+L4):6H+6H||(6H+6H)
=6H+6H| 12H=6H+4H=10H
b. Lr=(L+Ly||L3)||Ls4=(4H+4H|4H)||4H
=(@4H+2H)||[4H=6H||4H=24H
36. 'r=6H||(1IH+2H)=6H|3H=2H
4H 57kQ
+ <
E_Tzov o1 kg2 H
=
37. Lp=6mH+14mH | 35mH=6 mH+ 10 mH =16 mH
Cr; =9 uF+10 u4F || 90 yF =9 uF +9 yF = 18 uF
16 mH in series with 18 uF
38. a. R, =2kQ|8kQ=1.6kQ, L, =4H||6H=24H
L _24H s
R; 1.6kQ
= —(1-e"'")
T
— 36V (1_e—t/145m5) =225 mA(l_e—t/l.Sms)
1.6 kQ
vy = Ee—t/t =36 Ve —t/1.5ms
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140

225mA |- '7———

\
\J

op T - 1
5t=7.5ms
A Y
36V e e e -
0 r - t
5t=7.5ms

Source conversion: £E=16 V, R,=2 kQ
Ry =2kQ+2kQ | 8kQ=2kOQ+ 16 kQ=3.6kQ

_ 8kQA6V) _ hey
§kQ +2kQ
= LEn 128V _ygoa, = L 30mE g
R, 3.6kQ R 3.6kQ

ip =3.56 mA(1 — ¢ "83%)
v =Epe""=12.8 Ve #3

A,
356mMA |- _ o _______
0 : Tt
5t =41.65pus
A
U
12.8V
S
0~ : - ~t
5t1=41.65us
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40. a. R,

—o
. 5 kQ
- = 20 kQ(20 V)
Ep=——7—"-—-=16V
20 kQ+5 kQ
p— O

L;=5H+6H|30H=5H+5H=10H

R 4kQ
v = 16Ve—t/2.5 ms
1
l-L — 461<:-]2 (1 _ e—t/r) — 4 mA(l _ e—t/2.5 ms)
b.
A M
16 |
s
>t +
(ms) ) =
(12.5)
c. v, _u — 8V g 23ms
5 H + 2
+ YL
YL@5H
E 2
41. I, :—:ﬂ =5A
'R 4Q
12:1R2 E 20V _ZOV:2A

TR 4R, 6Q+4Q 100
L=1I, +L=5SA+2A=TA

42. L=5L=0A
Vi=V,=E=60V

43. Il=ﬂ=3A, L=0A
40

V1:12V, V2:0V

CHAPTER 11
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sy BR+3Q[6ANS0V)  3Q+20)50V) _
C 30430 69)+20Q (3Q+20Q)+200

R=200+3Q+3Q(6Q=23Q0+2Q=250Q

10V

L=1=22Y 224
250
a=0A, - ,=SS2L) _00QA) 45,
6Q+3Q 6Q+3Q
_ BQ[eytov)  20(50V)
T 3Q[60)+200+30 20+23Q
=4V

142
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Chapter 12

L.

®: CGS: 5 x 10* Maxwells, English: 5 x 10* lines
B: CGS: 8 Gauss, English: 51.62 lines/in.

®: SI 6 x 10~ Wb, English 60,000 lines

B: S10.465 T, CGS 4.65 x 10° Gauss, English 30,000 lines/in.”

_4

a. =210 Wb_ g0y
A 0.01m

o @_L_ 0.06m 300

uAd  2x10%m?*  um

b, &:L: 0.076?4m2:152.4

HA  u5x107" m Hm

. Q_L_ 0121 _ 1000

HA  ulx10 Hum

from the above g{(c) > 97\(3) > g{(b)

-3 =ﬂ—952 4 x 10° At/Wb

@ 42x107 Wb

g =3 _120giberts 4 67 1073 rels (CGS)
® 72,000 maxwells
[ J 0.1524 m
_5_ —400 Al 624.67 At/m
7 01524m
4
= 28202001071 _ 416 wh/Am
% 600 At/m
4
B— Q_M_ 033 T

A 3x107 p?
Fig. 12.7: H = 800 At/m
NI=HIl=1=HI/N= (800 At/m)(0.2 m)/75t=2.13 A
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0. =2 —M—Oﬁ T
A 5x10
Fig. 12.7, Hion = 2500 At/m
Fig. 12.8, Hyee = 70 At/m
NI'= Hlrony + Hlsecery
(100 t)/ = (Hiron + Heel)!
(100 t)7 = (2500 At/m + 70 At/m)0.3 m

[—M—771A
100

11. a. N111+N212:H1

® 12x107* Wb
A 12x1007" m

Fig. 12.7: H = 750 At/m
Ni(2 A) +30 At = (750 At/m)(0.2 m)

Ni=60t
b. u= B__ 1T 1334x10” Wb/Am
H 750 At/m
12.  a. 80,000%{ IWb} x 10*x 10 Wb=8 x 10~ Wb
108
1m
ans stee! 55 - :0141’11
(eastotech) )n/[39.37,m’]
Z(sheetsteel) 0.5 }H/[l—m:l 0.013m
39.37 1.
Area—l/m/z[ M lm. }=6.45><10_4m2
39.37 jw || 39.37 jmr.
_®_ 8x10° lVb 04T
A 6.45x10

Fig 12.8: Hgpeerseel = 460 At/m, Fig. 12.7: Heagesteer = 1275 At/m

NI = Hl(sheet steel) + Hl(cast iron)
= (460 At/m)(0.013 m) + (1275 At/m)(0.14 m)
=598 At+ 178.50 At

NI=184.48 At

b. Caststeel: u= — B__128T 423410~ Wh/Am

H 1275 At/m

Sheet steel: u= B__12aT _ 26.96 x 10~ Wbh/Am

H 460 At/m
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13. N]I + N2 = HI + HI
—— ——
cast steel  cast iron
Qo0t/+@ot)/="
Gsopr="

BzgwithO.ZSin{{ lm H Im }=1.6x104mz
A 39.374r. || 3937

_ 0.8x10™* Wb

1.6 x10™* m?
Flg 128 Hcaststeel = 280 At/m
Fig. 12.7: Heastion = 1500 At/m

lcast steel — =55 Jn/i:l—m:| 0.14m
39.37jn.

1m
39.37 ir.

=05T

i

lcast iron — 25)1{ |: :| =0.064 m

(50 t) = (280 At/m)(0.14 m) + (1500 At/m)(0.064 m)
507 =39.20 + 96.00 = 135.20
=270 A

14, a ly=1,=0.05m, l,;=0.02m, L. =L, =0.0085 m
NI =2H gyl + 2Hyolye + Hylyy + Hol,

S @ 2AX0IWh o p s 360 Aum (Fig, 12.8)

A 2x107 m?
100/ =2(360 At/m)(0.05 m) + 2(360 At/m)(0.0085 m)
+ (360 At/m)(0.02 m) + 7.97 x 10°(1.2 T)(0.003 m)
=36 At+6.12 At + 7.2 At+ 2869 At
100/ =2918.32 At
1 =2918 A

b.  air gap: metal = 2869 At:49.72 At=58.17:1

,usheet steel — B - 12—T_ 3 33 X 10_3 Wb/Am
H 360 At/m

Hair = 4t x 10 Wb/Am
Usheet sieels Mair = 3.33 x 107 Wb/Am:4zx 107 = 2627:1

1

1m
15. 4 =0.04
- |:100(}Hf:| o
4 _ —4 4
r= —N1d¢ (80t)(09A)(8xm V;/b 0.5x10™ Wb) _36(7.5x107")

=1.35N
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16.  C=2mr=(628)0.3m)=1.88m
_4

-0 A0 Wb 5y

A4 13x10*m

Fig. 12.7: Hgpeetsteel = 2100 At/m

H,=17.97 x 10°B, = (7.97 x 10°)(1.54 T) = 1.23 x 10° At/m

Nlll + N212 = Hglg + Hl(sheet steel)
(200 )7, + (40 £)(0.3 A) = (1.23 x 10° At/m)(2 mm) + (2100 At/m)(1.88 m)
5,=3198 A

17.  a 02 Qm’[

A=

1m

100 gart
7d® _(3.14)(0.01 m)*

}=2x103m

4

4

NI = Hyl,, H,=7.96 x 10° B,

=0.79 x 10* m?

—4
(200 ) = | (7.96x10%) M 2x107°m
0.79%x107" m
1=2.02 A
4
b, B= 2= 210 Wb 557
A 0.79%10" m
el B;A_1(025T)*(0.79x10™ m?)
T2 2 47 %107
=~ 2N
18. Table:
Section O(Wb) A(m?) B(T) I(m) Hl
a-b, g-h 5x107* 0.2
b—c, f-g 2x10™* 5x107* 0.1
c—d, e—f 2x107" 5x10™ 0.099
a—h 5x10™ 0.2
b—g 2x 107 0.2
d—e 2x 107" 5%10™ 0.002
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-4
Bbc:B B Bef Bfg—g—M—O4T
A 5x107* m?
Air gap: H,=7.97 x 10°(0.4 T) =3.19 x 10’ At/m
H,l, = (3.19 x 10° At/m)(2 mm) = 638 At
Fig 12.8: Hy.= H.g= H,= Hy, = 55 At/m
Hylp. = Hfglﬁg (55 At/m)(0.1 m) =5.5 At
Hedlea= Hodp= (55 At/m)(0.099 m) = 5.45 At

For loop 2: Z? =0

Hyelpe + Healea + Holy + Heflor + Higlgp — Haploy = 0
5.5 At+5.45 At+ 638 At + 5.45 At +5.50 At — Hyplyy = 0
Hglyg = 659.90 At

and Hy, = 2220AL_ 3300 Aym

0.2m
Fig12.7: By = 1.55T
with @, = Byd = (1.55 T)(2 x 107 m*) = 3.1 x 107 Wb
Q=0+,
=2x10*Wb+3.1x10"* Wb
=5.1x 107" Wb =®,, = D), = Dy,
—4
Bab:Bha_th_ &_M_ 1.02T
A 5x10*m?
B—H curve: (Fig 12.8):
Hy,=H,, = th =~ 180 At/m
Haplp = (180 At/m)(0.2 m) = 36 At
Hyalpo = (180 At/m)(0.2 m) = 36 At
Hgly, = (180 At/m)(0.2 m) = 36 At

which completes the table!

Loop #1: Z? =0

NI=Hgl,, + Hbglbg + thlgh + Hl,,
(200 t)/ =36 At+ 659.49 At + 36 At+ 36 At
(200 t)/ =767.49 At

I =384 A

19. NI=HI
[=2mr=(6.28)(0.08 m)=0.50 m
(100 t)(2 A) = H(0.50 m)
H =400 At/m
Fig. 12.8: B = 0.68 T
® = BA = (0.68 T)(0.009 m?)
® = 6.12 mWb
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20.

21.

148

NI = Hab(lab + lbc + Zde + Zef+ lfa) + Hglg
300 At = H,4(0.8 m) + 7.97 x 10° B,(0.8 mm)
300 At = H,,(0.8 m) + 637.6 B,

Assuming 637.6 B, > H,,(0.8 m)
then 300 At = 637.6 B,
and B,=047T

®=BA=(047T)2x 10" m*)=0.94 x 10™* Wb
Buy=B,=047T= H = 270 At/m (Fig. 12.8)
300 At = (270 At/m)(0.8 m) + 637.6(0.47 T)

300 At # 515.67 At
.. Poor approximation!
300 At

515.67 At
Reduce @ to 58%

x 100% = 58%

0.58(0.94 x 10 Wb) =0.55 x 10™* Wb

p_ ®_055x10" Wb

=27~ 7 -028T=H = 190 At/m (Fig. 12.8)

A 2x10*m?

300 At = (190 At/m)(0.8 m) + 637.6(0.28 T)

300 At #330.53 At

Reduce @ another 10% = 0.55 x 10™* Wb — 0.1(0.55 x 10™* Wb)

=0.495 x 10 Wb
® 0.495x10™* Wb
B=_—_=
A 2x107*m?
300 At = (175 At/m)(0.8) + 637.6(0.28 T)

300 At # 318.53 At but within 5% .. OK
® = 0.55x 107 Wb

1T=0.632 Tpax

Tmax = 1.5 T for cast steel
0.632(1.5T)=0945T

At0.945 T, H = 700 At/m (Fig. 12.7)
B = 1.5 T(l _ e—H/700 At/m)

H =900 At/m:

900 Atfm
B=15 T(l —e 700““/‘“): 1.09T
Graph: 2z 11T
H=1800 At/m:

1800 At/m
B=1.5 T(l—e 700 A¢m )= 1.39T
Graph: = 1.38T
H=2700 At/m:

2700 At/m

B= 1.5(1 —e 700AUm )= 147 T
Graph: = 147 T
Excellent comparison!

=025T= H = 175 At/m (Fig. 12.7)
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c B — 1 5 T(l _ e—H/700 At/m) — 1 5 T _ 1 5 Te_H/700 At/m
B _ 1 5 T _ _1 5 TefH/700At/m
15 —B — 15 Te—H/700At/m
15 T_B :e—H/700At/m

15T

B -H
log,.| 1— =
1.5T) 700At/m

and H=-700 loge(l —ij
15T

d B=1T:

H=-700 log, 1—i =769.03 At/m
15T

Graph: = 750 At/m
B=14T:

H=-700 loge[l —1;‘—?) =1895.64 At/m

Graph: = 1920 At/m

e. H=-7001log, 1—i
15T

=-700 log{l —E
15T
=100.2 At/m
I il: (100.2 At/m)(0.16 m) _

N 400t

40.1 mA

vs 44 mA for Ex. 12.1
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Chapter 13

1.

150

ao o

opo o

opo o

20 mA

15 ms: =20 mA, 20 ms: 0 mA

40 mA
20 ms
2.5 cycles

40V

Sus:40V, 11 pus: 40V
80V

4 ps

3 cycles

8§ mV
3us: -8mV, 9 us: 0 mV
16 mV
4.5 us

10 uS

———— =2.22 cycles
4.5 uS/cycle
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24 ms

7. —— =03 ms
80 cycles
2. 7 42cycles _ 7 Hz
6s
9. a. Ve = (3 div.)(50 mV/div) = 150 mV
b. T=(4div.)(10 us/div.) =40 us
c. = l = L 25 kHz
T 40 us
10. a.  Radians=| = 45° = T rad
180° 4
b. Radians = | 2 |60° = T rad
180° 3
. /4
c. Radians = ( 270° =1.5xzrad
180°
d.  Radians = ( ”_1170° = 0.947rad
180°
11. a. Degrees = [180 LARYTS
T )4
b. Degrees = (180 T —300
T )6
c. Degrees = 180 i7r =18°
7 )10
d. Degrees = [180 j0.6 7=108°
T
2. a wo=22-2% _314radis
T 2s
2
b, @= ——— =20.94x 10’ rad/s
0.3x107" s
2
c. o= —ﬂ_é =1.57 x 10° rad/s
4x107"s
d o= 2 _ 157.1 rad/s
1/25s
13. a. @=27xf=2x(50Hz)=314.16 rad/s
b. w=2xf=27(600 Hz) =3769.91 rad/s
c. w=2xf=2x(2kHz)=12.56 x 10° rad/s
d. @=27zf=27(0.004 MHz) = 25.13 x 10’ rad/s
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14.

15.

16.

17.

18.

19.

20.

21.

152

®

2
a)=2ﬂf=—”:>f=2£
V4

T
=27 _1
o f
p= 2 _T3Anadls 0 Hy, 7=8.33 ms
2z 2z
b, gm0 84S Mg, T=746.27 ms
2z 2
o, f= 0 _0000radls _ gs4 93 by, 7=1.05 ms
2z 2r
d  p= 0 VI61ads g os 107 Ha, T=1005 ms
2r 2r
(45°) 7 =7 radians
180°) 4
t:ﬁ:ﬂ/4rad: 7 /4rad _ 1 _ 1 .08 ms
w  27f  27x(60Hz) (8)(60) 480
Vs Vs a /6
(30°) =L o= o=2=—"""__ 1047 rad/s
180°) 6 o 5x107s
2. Amplitude = 20, f= -2 = 377145 _ oo py,
2z 2z
b, Amplitude =5, /= 2 = 241395 _ o0 1y
27 2
c.  Amplitude = 10°, f= -2 =10.000mads _ <o) 551y
2r 2r
4 Amplitude = —6.4, /= -2 =2427395 _ 140 92 1z
2z 2z
T= 2—7[=2—” =40 ms, 1 cycle =20 ms
w 157 2

i=0.5sin72°=0.5(0.9511)=0.48 A
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22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

T
v=20 sin 216° = 20(-0.588) =-11.76 V

1.27[(180 j =216°

6x102=30x 10" sin

0.2=sin o
a=sin"' 0.2 =11.54° and 180° — 11.54° = 168.46°

v="V,sin a 30°  1ms
40 =V, sin 30° =V, (0.5) 360° T

40
SV,=—=80V T=1msﬂ =12 ms

0.5 30

1 1
=—=————— =83.33Hz
! T 12x107s

w=2rf=(27)(83.33 Hz) = 523.58 rad/s
and v =80 sin 523.58¢

a. w=2xf=377rad/s
v =25 sin (0t + 30°)

2
b. =#- §ﬂ= % =60°, @=27f=6.28 x 10° rad/s

i=3x107 sin(6.28 x 10°t — 60°)
a. w=2xf=27(40Hz)=251.33 rad/s
v=0.01 sin (251.33¢ — 110°)

b.  ®=2xf=27(10 kHz) = 62.83 x 10’ rad/s, %;{180 j = 135°
T

i=2 %107 sin (62.83 x 10% + 135°)
vleads i by 10°
i leads v by 70°
i leads v by 80°

v="2sin (ot — 30° + 90°)
H_J
+60° in phase
i =5 sin(at + 60°)

v=4sin(wt + 90° + 90° + 180° = 4 sinwt

i leads v by 190°
i = sin(t + 10° + 180°) = sin( et + 190°) tleads v by
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34. T=i= ! =1 ms
f 1000 Hz

120°(T) 2(1ms 1
t= —|==|—|=—-ms
180°\2) 3\ 2 3

35. w=27xf =150,000 rad/s

f= 20,000 _ 7957.75 Hz
2
T= 1. 125.66 us
f
40° (T
t = — | =0.222(62.83 us) =13.95
'~ 1300 E 2) ( 13) 1
36. a. T=(8dw.)(1 ms/div’) = 8 ms (both waveforms)
b f=l—L =125 Hz (both)
' T 8ms
c. Peak=(2.5div)(0.5 V/div.)=1.25V
Vims = 0.707(1.25 V) = 0.884 V
d. Phase shift=4.6 div., T= 8 div.
g= 209V 2600 = 207° i leads
8 div.
or e leads i by 153°
37, G= 6V)1s) + BV)(1s) -3V s):6V —av
3s 3
1
—(4ms)(20 mA)} —(2ms)(5mA)
33, G= {2 :40mA—10mA:30mA 387 mA
8ms 8
39, G= 24, — (5mA)(7) _ 2(20mA)— (5 mA)(x) _ 40 mA —15.708 mA _ 3.87 mA
27 27 27
40. a. T=(2div.)(50 us) =100 us
b. -1 L 10 kHz
T 100 us
c. Average =(—1.5div.)(0.2 V/div.)=—0.3 V
41. a. T=(4div.)(10 us/div.) =40 us
b. f= lz ! =25 kHz
T 40 us
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_ (2.5div)(1.57) + (1div.)(0.581%) + (1div.)(0.6 47.) + (2.5 div.)(0. 44 )(1 div.)(Lev.)

c G
4 div?
_ 3.75div.+ 0.5div.+ 0.6 div. + 1 div. + 1 div.
4
_ 685div. 045 i,

1.713 di?.(10 mV/iv.) = 17.13 mV
42, a. Vus=0.7071(140 V) =98.99 V
. Lms=0.7071(6 mA) = 4.24 mA
C.  Vims=0.7071(40 1V) = 28.28 iV

43. a. v=14.14 sin 377¢

b. i=70.7x 107 sin 377¢
c. ©»=2.83x10°sin377t
2 2 2 1
\/(2 V) (4s)+ (=2 V)*(1s)+(3 V) (2sj
44, Vis = =143V

12 s

45 v \/(3 V2(28)+(2 V)2 (2s)+(1 V) (25) + (=1 V)’ (25) + (=3 V)’ (25) + (-2 V)* (2 5)

12s
=+2.16 V
46, G= (10 V)(4 ms) — (10 V)(4 ms) _ 0 —oV
8 ms 8 ms
2 B 2
- \/(10\/) (4ms)+(-10V)’(4ms) _ o
8 ms

47. a. T=(4div.)(10 us/div.) =40 us
f= 1 = L. 25 kHz
T 40 us
Av. = (1 div.)(20 mV/div.) =20 mV
Peak = (2 div.)(20 mV/div.) = 40 mV

2 2
rms = \/Voz + _V“;X = \/(20 mV)2 +@ =34.64 mV
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48.

156

b.

T=(2div.)(50 us) =100 us
f= 1 = Lo 10 kHz
T 100 us
Av.=(-1.5div.)(0.2 V/div.) =-0.3 V
Peak = (1.5 div.)(0.2 V/div.) = 0.3 mV

2 2
rms = \/VOZ +% =\/(.3 V)? +% =367.42 mV

Vie=IR=(4mA)(2kQ)=8V
Meter indication =2.22(8 V) =17.76 V

Vims = 0.707(16 V) =11.31V
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Chapter 14

L.

2.

(377)(10) cos 377t = 3770 cos 377t

(754)(0.6) cos(754¢ + 20°) = 452.4 cos(754¢ + 20°)

(\/5 20)(157) cos(157t — 20°) = 4440.63 cos(157¢t — 20°)
(=200)(1) cos(t + 180°) = —200 cos(z + 180°) =200 cos ¢
L, =V, /R=150 V/5 Q=30 A, i=30 sin 200¢
I,=V,/R=30V/5Q=6A,i=6sin(377t+ 20°)
I,=V,/R=40V/5Q=8 A, i= 8 sin(wz+ 100°)
1,=V,/R=80V/5Q=16 A, i=16 sin(owt + 220°)

V,y=1,R = (0.1 A)(7 x 10° Q) =700 V
v =700 sin 1000¢

Ve=I,R=02x 107 A)((7x10° Q) =148V
v = 14.8 sin(4007 — 120°)

i=6x 107 sin(wf — 2° + 90°) = 6 x 107 sin(wz + 88°)
Vu=I,R=(6x10°A)((7x10°Q)=42x 10"V

v =42 x 107 sin(o7 + 88°)

i =0.004 sin(wz + 90° + 90° + 180°) = 0.004 sin(w¢ + 360°) = 0.0004 sin w?
Vp=L,R=(4x107 A)(7x 10’ Q) =28 V

v =28 sin ot

0Q

X, =2nfL = 2nLf= (6.28)(2 H)f = 12.56f=12.56(10 Hz) = 125.6 Q

X, = 12.56f=12.56(60 Hz) = 753.6 Q

X, =12.56/=12.56(2000 Hz) = 25.13 kQ

X, =12.56f=12.56(10° Hz) = 1.256 MQ
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10.

158

X, 200

= = =1.59 H
2rf 2m(2Hz)

X, _ 10000

= =2.65H
2z f 2m(60 Hz)

_ X, _ 5280Q —1.68 H
2 f  2m(500 Hz)
X, =2nfL = f= X, _ X, g
2zL  (6.28)(10H) 62.8
100 Q2

=——=159Hz
s 62.8

= X 3709 66 03 1z
628 628

o X 15700000
628 628

= X 28D g0y,
628 628

Vi =1,X,=(5 A)(20 Q)=100 V
v =100 sin(wz + 90°)

Vy=1,X,=(40 x 107 A)20 Q)=0.8 V

v = 0.8 sin(wr + 150°)

i = 6 sin(wt + 150°), ¥, = 1,X; = (6 A)(20 Q) = 120 V
v = 120 sin(wt + 240°) = 120 sin(of — 120°)

i =3 sin(wt +100°), V,, = 1,X; = (3 A)20 Q) =60 V

v = 60 sin(w? + 190°)

X, =wL = (100 rad/s)(0.1 H) =10 Q
Viu=1,X,=(10 A)(10 Q)= 100 V
v =100 sin(100z + 90°)

X, =L = (377 rad/s)(0.1 H) =37.7Q
V= 1,X; = (6 x 107 A)(37.7 Q) = 226.2 mV

v =226.2 x 10~ sin(377¢ + 90°)

X, = L = (400 rad/s)(0.1 H) = 40 Q

Vy=1,X, = (5 x 107° A)(40 Q) =200 pV

v =200 x 107 sin(4007 + 110°)
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d. i=4sin(20z+ 200°)
XL =l =(20rad/s)(0.1 H)=2Q
Va=1X,=(4 A)2Q)=8V
v = 8 sin(20z + 290°) = 8 sin(207 — 70°)

1. a. Im=V—’”7M—24Az—24s1n(o)t—90°)
X, 50Q

b, 1= =39V 6 A i=0.6 sin(or—70°)
X, 500

c. v =40 sin(of+ 100°)
vV, 40V

Iy=—2="""=08A,i=0.8sin(of+ 10°)
X, 50Q

d. v=2_80sin(377¢+ 220°)
v, 80V

==L =16A,i=16sin377t+130°)
X, 50Q

12. a. XL = oL = (60 rad/s)(0.2 H)=12 Q
=V,/X,=15V/12Q=0.125 A
i= 0.125 sin(607 — 90°)

b. XL = oL =(10rad/s)(0.2 H)=2Q
V,,/XL 16 mV/2 Q=8 mA
i= 8 x 107 sin(z + 2° — 90°) = 8 x 10~ sin(¢ — 88°)

c. v=4.8sin(0.05¢+230°)
X, =L =(0.05rad/s)(0.2 H)=0.01 Q
1,=V,/X,=4.8V/0.01 Q=480 A
i =480 sin(0.05¢ + 230° — 90°) = 480 sin(0.05¢ + 140°)

d. v=9x107sin(377¢+ 90°)
XL =L = (377 rad/s)(0.2 H)=75.4 Q
=V,/X, =9mV/75.4 Q=0.119 mA
i= 0.119 x 107 sin 377¢

13 a Xe=— = ! =
27fC  272(0 Hz)(5%10°° F)
1 1
b, Xe= = ——=530.79Q
27fC 27(60 Hz)(5x107° F)
1 1
c. Xc= = —=265.39Q

27 fC  2x(120 Hz)(5%x10°° F)
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14.

15.

16.

160

1 1

= = ——=15.92Q
27 fC  2x(2kHz)(5%x107° F)

C

1 1

o= = _ = 62.83Q
27 fC  27(2x10° Hz)(5%10°F)
1 1
= = =10.62 pF
27 /X,  6.28(60 Hz)(250 Q)
- . ! =9.28 uF
27X, 628312Hz)(55Q)
1 1
= = = 636.94 uF
27X,  6.28(25Hz)(10Q)
1 1
f= = - =31.83 Hz
27CX.  27(50x107° F)(100 Q)
. _16 =4.66 Hz
27CX,.  27(50x10°F)(684 Q)
A _16 =9.31 Hz
27CX.  2m(50x107° F)(342Q)
— ! = 1.59 Hz

©27CX.  27(50x10°° F)(2000 Q)

1, =V, / Xc=120V/2.5Q =48 A
i =48 sin(oz + 90°)

1,=V,/ Xc=04V/25Q=0.16 A
i=0.16 sin(oz + 110°)

v = 8 sin(wz + 100°)
L,=V,/Xc=8V25Q=32A
i =3.2 sin(wz + 190°)

v =-70 sin(wt + 40°) = 70 sin(wt + 220°)
L, =V, /Xc=T70V/25Q0=28 A
i =28 sin(wt + 310°) = 28 sin(wz — 50°)
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17.

18.

19.

1 1

v =305sin 2004, Xo = —=————=5kQ
oC  (200)(1x107%)
I,= Ly 30V _¢ mA, i = 6 x 107 sin(2007 + 90°)
X, 5kQ
3 1 1
V=60 x 107 sin 377, Xe = —=———————=2.65kQ
oC  (377)(1x107%)
-3
[, = Vo 2 80X107V o) 64 uA. i = 22.64 x 107 sin(377¢ + 90°)
Xe  2,650Q
1 1
v =120 sin(374¢ + 210°), Xo = —=—————=2.67 kO
oC  (374)(1x107)
I,= Py o 120V _ 4404 mA, i = 44.94 x 107 sin(374¢ + 300°)
X, 2,670Q
1 1
v =70 sin(800¢ + 70°), X¢ = — =——————=1.25kQ)
oC  (800)(1x107)
I,= T o TOV _ o6 mA, i =56 x 107 sin(o? + 160°)
X, 1250Q

V= 1LXc=(50x 107 A)(10 Q)=0.5V
v = 0.5 sin(w? — 90°)

Ve = ,,,XC—(2 x 107%)(10 Q) =20 uV
v =20 x 10°® sin(oz — 30°)

i =—6 sin(of — 30°) = 6 sin(w? + 150°)
m mXC - (6 A)(IO Q) 60V
v = 60 sin(®z + 60°)

i =3 sin(oz + 100°)
Vi=1,Xc=GB A)(10Q)=30V
v =30 sin(oz + 10°)

1—02s1n300tX—L= ! =6.67 kQ

oC  (300)(0.5x107%)
Vo= LXc = (0.2 A)(6,670 Q) = 1334 V, v = 1334 sin(300¢ — 90°)

i=8x107° sin 377¢, XC—L: ! =5.31kQ

oC  (377)(0.5x107%)

Vi=1LXc=(8x 107 A)(5.31 x 10° Q) =42.48 V
v =42.48 sin(377¢ — 90°)
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c. =60 107 sin(754¢ +90%), Xc= —— = —=265Kk0
oC  (754)(0.5 x 107)

Vi =1,Xc= (60 x 107 A)(2.65x 10° Q) =159 V
v =159 sin 754¢

d. =80 107 sin(1600¢ - 80°), Xc= —= = 125K0
oC  (1600)(0.5x10)

Vi =L,Xc=(80 x 107 A)(1.25 x 10° Q) =100 V
v =100 sin(16007 — 170°)

20. a. vleadsiby90° =L, X, =V,/I,=550V/11 A=50Q

X 308 63mH
o 377rad/s

b. wvleadsiby 90° =L, X, =V,/[,=36 VIAA=9Q

L ! =147.36 pH
oX, (754rad/s)(9 Q)

c. vandiarein phase = R

U 105V 6
I, 15A
21. a. i=5sin(wt +90°) | |
. ileadsv by 90°= C
v=2000sin ot
X - Vo _ 2OOOV:4OOQ
I, S5A
b.  i=2sin(157¢+60°) .
) vleadsiby90°= L
v=_80sin(157¢ +150°)
x,= Lo 30V g - Ko ML s sgmu
1 2A o 157rad/s

m

C. v =135 sin(wt —20°)
i =7 sin(wt —20°)
V, 35V _

R=—2=2"-5Q
I, TA

m

} in phase = R

22, -

23. -

162
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1 1 1
27RC  27(2x10° Q)(1x10°F) 12.56x107°

S ozfC
=79.62 Hz

25. X, =2nfL=R
R 10,0000

L= = 3 =318.47 mH
2z f 27x(5x10° Hz)

26. XC :XL
1 —
2z fC
1
2 _
s Ar’LC
1 1

22VLC 27J(10x107 H)(1x10°F)

2x fL

and f= =1.59 kHz

217. XC:XL
1 1 1

=2r f— C: = =85,
" 477 2L 4(9.86)(2500x10°)(2x107°)

= 07 nF
27 fC

VI _ (550 V)(11A)

28. a. P= %0059 c0s90°=()0)=0W

b. P=

VmZIm cos gzwcos 90°= ( )(0) =0W

o (103V)(15A) o

c. P=Vm—2[’"cos °=7.88 W

29. a. PIMCOSH=WCOS90°=OW
2 2
b. cos0=0=0W

c. P= %cos 0°=1225W

0, a po@WUSH)

cos30°=389.7W, F, = 0.866

P= (5()V—2)(2A)COS()°=50W,Fp:1.0
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P= BOVIBA) cos10°=73.86 W, F, = 0.985

d. P=%20'08A)cos40°=2.30W,Fp=0.766
2
31. R=V’”=48—V=6Q,P=12R=(&)6Q=192W
In 8A V2
P=%cos€=wcosoo=l92w
P=VIcos 0= (%—Vj(%j cos 0°=192 W
V2 )2

All the same!

32. P=100 W: F,=cos 6 =P/VI=100 W/(150 V)(2 A) = 0.333
P=0W: F,=cos0=0

P=300W: EF% =

1

33. PI%COSH

500 W = % (0.5)=1,=40 A

i =40 sin(or — 509

34. a 1,=E, /R=30V/6.8Q=441 A,i=4.41sin(377t + 20°)

2
b. P=FR= (ﬂJ 30=29.18W
V2
e. T=2F_-_628 _ . 667ms
o 377rad/s

6(16.67 ms) = 100.02 ms = 0.1 s

35. a. I,= V—'”=M=4A,i=4sin(3l4t—30°)
X, 250
b, L=Xt-_ 22 496 mu
o 3l4rad/s
c. L=>0W
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36,  a. En=LXe=(30x 107 A)24kQ) =72V
e =172 sin(377¢ — 20° — 90°) = 72 sin(377¢ — 110°)

b. -1 ! =1.11 pF
oX. (377rad/s)(2.4kQ)
c. P=0W
37. a. X, = L _ 1. 7 ! =
" 2zfC, oCc; (107 rad/s)(2 uF)
1 1

X, - - 10
ooC, (10%H(10 uF)
E =100V £60° = E _ 120VZ60° 5 a 1500
Ze, S0QZ-90°
E 120V £60°

Zo, 10Q/-90°

iy = /2 2.4 sin(10% + 150°) = 3.39 sin(10% + 150°)
iy = /2 12 sin(10% + 150°) = 16.97 sin(10% + 150°)

L= =12 A Z150°

b. L=L+L=24A/150°+12 A £150°=14.4 A £150°
i; = /2 14.4 sin(10% + 150°) = 20.36 sin(10% + 150°)

38.  a. L|| Ly=60mH | 120 mH = 40 mH
X, = 2nfLy=2n(10° Hz)(40 mH) = 25133 O
Vu=1,X, =(v224A)(25133Q)=+26.03kV
and v, = v/2 6.03 kV sin(10° + 30° + 90°)

or v, = 8..53 x 10’ sin(10°# + 120°)

b 1, =22, x,=2afL = 22(10° Hz)(60 mH) = 376.99

L
_ 8.53x10°

[, = =2263A
' 376990

and i, = 22.63 sin(10°¢ + 30°)
X1, = 2nfL, = 2n(10° Hz)(120 mH) = 753.98 Q

_ 8.53x10°

1, =——=1131A
> 753.98Q

and i> = 11.31 sin(10°¢ + 30°)
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39.

40.

41.

42.

43.

44,

166

5.0 £36.87°

17.09 £69.44°
1077.03 £21.80°
11.78 £—49.82°
61.85 £-104.04°
4,326.66 £123.69°

5.196 + j3.0
2530.95 + j6953.73
j0.04

~56.29 +j32.50
—469.85 — j171.01
—4.31-j6.16

15.03 £86.19
0.30 £88.09°
86.18 £93.73°

12.95 +j1.13
7.00 x 107° + j2.44 x 1077
75.82 — j5.30

11.8 + 7.0
4.72 x107° + 71
209.30 +j311.0

= ™ a o

[ —.

Fomoa o

— —.

2.83 £45°
1.0 x 10° £84.29°
6.58 x 10~ £81.25°
8.94 /—153.43°
101.73 £-39.94°
255 x 10~ £-78.69°

6.946 + j39.39

3.96 x 107 + j5.57 x 1075
6.91 x 107 +j6.22 x 107
—0.85 +j0.85

5177.04 — j3625.0

—6.93 x 10 — j4.00 x 107

60.21 £4.76°
223.61 £—63.43°
38.69 £94.0°

8.37 + j159.78
~8.69 +j0.46
~34.51 — j394.49

151.90 + j49.90
5.20 + j1.60
—21.20 +j12.0

6 £20° + 8 £80° = (5.64 + j2.05) + (1.39 + j7.88) = 7.03 + j9.93

(29.698 + j29.698) + (31.0 + j53.69) — (=35 + j60.62) = 95.7 + j22.77

~12.0 +j34.0
56.x107° — j8x 10
8.00 £20°

40 x 10~ £40°

b
d.
f.
h

86.80 +j312.40
698.00 £-114°
49.68 £-64.0°

-16,740 £160°
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45.  a. 6.0 £-50° b. 200 x 107° £60°
c. 109 £-170.0° d. 76.47 £-80
e. 4£0°
. 5.93 /-134.47°
g (0.05+,0.25)/(8 —60) = 0.255.£78.69°/60.53 £/—82.41° =4.21 x 10~ £161.10°

h.  9.30 £—43.99°

s6.  a 075 _q90-j50
1+ 0
b. 8£60° _ 8 260 =19.38 x 107> £—15.69°
102+ j400 412.80 £75.69°
o —A0© o 3 o
. (6 £20°)(120 £ —40°)(8.54 £69.44°) _ 6.15x10° £49.44° _ 3.07 x 10° £79.44°
2 /-30° 2 /-30°
g (0162120 )(300 £40°) 48160 506 /88.44°

9.487 £71.565° 9.487 £71.565°

. ( 1 j 8 [ 1 J
- ax107 22001 (%) )\ 36— 30

(2500 £ -20°) > ( 1 j
—j )\ 46.861.2-39.81°

(2500 £—20°)(8/)(0.0213 £39.81°) = 426 £109.81°

47. a. x+j4+3x+jy—j7=16
(x+3x)+jd+y—-7)=16+;0

x+3x=16 4+y-7=0
4x =16 y=+7-4
x=4 y=3

b. (10 £20°)(x £-60°) =30.64 —;25.72
10x £-40° =40 £-40°
10x =40
x=4
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c. Sx+j10
2-jy

10x + /20 — j5xy — j*10y = 90 — ;70
(10x + 10y) + (20 — 5xy) = 90 — ;70

10x + 10y =90
x+y=9 20 - 5xy=-70
x=9-y= 20— 5(9 - y)y=-70
599 -y)=90
V-9 +18=0
—(=9) £4/(-9)* - 4(1)(18)
y =
2
9+3
=2""=6,3
YT
Fory=6,x=3
y=3,x=6
x=3,y=6)or (x=6,y=3)
a 8020 9—3464 —j2=4 /-30°
40 /0
0=30°
438. a. 160.0 £30° b. 25x107° £-40°
c.  70.71 £-90° d. 14.14 £0°
e.  4.24x107° £90° £ 2.55x107°£70°
49. a.  56.57 sin(377¢ + 20°) b.  169.68 sin (377¢+ 10°)

c. 11.31 x 107 sin(377¢ + 120°) d.  7.07 sin(377t + 90°)
e. 1696.8 sin(377t — 50°) f. 6000 sin(377¢ — 180°)

50. (Using peak values)
€in =Vy T Vp = V= €in— Ly
=60V £20°-20V £-20°
=46.49V £36.05°
and e;, = 46.49 sin (377¢ + 36.05°)

51. i=hTh=>hH=Ii—1
(Using peak values) = (20 x 10® A £60°) — (6 x 10° A £-30°) =20.88 x 10° A £ 76.70°
i =20.88 x 107° sin (¢ + 76.70°)

52. e=1v,+v,+ v,
=60V £30°+30V £60°+40V £120°
=102.07 V £62.61°
and e = 102.07 sin(wz + 62.61°)
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53.  (Using effective values)
L=1+L+I;=424mA £180° + 5.66 mA /—180°+ 11.31 mA /—180°
=424 mA —5.66 mA — 11.31 mA
=21.21 x 107 sin (377¢+ 180°)
iy=-21.21 x 107 sin 377¢
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Chapter 15

1. a. RZ0°=68Q/20°=6.8Q

b. X;=wl=(377rads/s)(1.2H)=452.4Q
X, £90°=452.4 Q £ 90° = +j452.4 Q)

c. X, =27/l =(6.28)(50 Hz)(0.05 H) = 15.7 Q
X, £90°=15.7 Q £ 90° = +j15.7 Q

d Xc= LI ! —— = 1kQ
@oC (100 rad/s)(10x10™ F)

Xc £-90°=1KkQ £ -90° =1 kQ

1 1
“22fC 272(10x10° Hz)(0.05x10°° F)
Xe £ -90°=318.47 Q £ —90° = —j318.47 Q

=318.47 Q2

f. RZ0°=220Q20°=2200Q

2. a. V=10.61V £10°1= rzo = 1061V £10 =354 A £10°

RZ0° 3Q £0°

i=S5sin (ax + 10°)

VZ0  39.60 V £10°
X,290°  7Q £90°

b. V=39.60V £10°1= =5.66 A £ -80°

i =8 sin (ax — 80°)

c. V=17.68V £-20°1= Veo _17.68V.2-20 =0.1768 A £ 70°

Xo£-90°  100Q £-90°

i = 0.25 sin (¢ + 70°)

d  V=2828mV £-120°1= = = 2828 mV £ —120° _ 0.555 pA £-120°
R £0° 5.1kQ £0°

i=0.785 x 107 sin (ax — 120°)

e. V=11312V £60°1= rzo = 11312V 260 =150.03 mA £ -30°

X,/90° (377 rad/s)(0.2 H £90°)
i =106.09 x 107 sin (377 — 30°)

1 1
27fC 27(5 kHz)(2 uF)
(o V40 8B4V L0 o g0
X Z—-90° 15.924Q /—90°

i =7.534 sin (ax + 90°)

f. V=8484V L0° Xc= =15.924 Q2
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3. a. I=(0.707)(4 mA £ 0°)=2.828 mA £ 0°
V=(~20°R £0°=2.828mA £ 0°(22Q /£ 0°)=62.216 mV £ 0°
v=288 x 10~ sin ax

b, I=(0.707)(1.5 A £ 60°) = 1.061 A £ 60°
X, = wL = (1000 rad/s)(0.016 H) = 16 Q

V= £ 60Xy £90°) = (1.061 A £ 60°)(16 Q £ 90°)=16.98 V £ 150°
v =16.98 sin(1000¢ + 150°)

c. 1=(0.707)2 mA £ 40°) =1.414 mA  40°

_ 1 — 12739 kO

1
oC  (157rad/s)(0.05x107° F)

V=( 2 6(Xc Z-90°) = 1.414 mA ~ 40°)(127.39 kQ £ —90°) = 180.13 V £ —50°
V,=2(180.13 V) =254.7V
and v = 254.7 sin (157¢ — 50°)

4, a. Z;=68Q+j820=10.65Q ~50.33°

b, Z;=2Q-j6Q+10Q=12Q-j6 Q=13.42Q / -26.57°

c. Zr=1kQ+3kQ+4kQ+;7kQ=5KkQ+j10kQ=11.18 KQ £ 63.44°
5. a. Z;=3Q+j4Q-j5Q0=3Q—-j1Q= 3.16Q £ -18.43°

b.  Zr=1kQ+8kQ—j4kQ=1KkQ +j4kQ=4.12kQ £ 75.96°

c. Ly=240mH
Xi=olL=2x= 27z(103 Hz)(240 x 107 H)=1.51 kQ

c= ! = 3 ! < =1.59kQ
2z fC  27(10° Hz)(0.1x10™° F)

=470 Q+/1.51 kQ —;1.59 kO

=470 Q —j80 Q=476.76 QQ /£ —9.66°

6. a. 2,= E_10VZ0" 6 70°=0.684 O —j1.879 O = R — jXc
I 60A£70°
b. 7,= B8OV 320" _ i 2800 = 4 kQ £ —80° = 0.695 kQ — j3.939 O
I 20mA £40°
=R - jXc
c. 7,- E__8KVZ0" 510 /600 =20 kO + j34.64 KQ = R+ X,
I 02A/-60°
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7. a. Z;=8Q+j6Q=10Q £ 36.87°
c. I1=E/Z;=100V £0°10Q £36.87°=10 A £ -36.87°
Ve=(Z 6O(R £0°)=(10A £ -36.87°)(8 Q £ 0°) =80 V £ -36.87°
V.= £ 0)(X, £90°)=(10 A £ —36.87°)(6 Q £ 90°) =60 V £ 53.13°
f. P=FR=(10 A8 Q=800 W
g. F,=cos 0r=R/Z;y=8 Q/10 Q = 0.8 lagging
h. vr = 113.12 sin(ax — 36.87°)
v; = 84.84 sin(ax + 53.13°)
i = 14.14 sin (o — 36.87°)
8. a. Z:r=6Q-;730Q=30.59 Q £-78.69°

c. I= Z£ ___ 120V £20 =3.92 A £98.69°
T

30.59Q £ -78.69°

Vi =( LO)(R £0°) = (3.92 A £98.69°)(6 Q £0°) =23.52 V £98.69°
Vo= £0)(Xe £-90°) = (3.92 A £98.69°)(30 Q £-90°) = 117.60 V /8.69°

f.  P=PR=(392AY6Q=922 W
g F,=RIZ;=6€/30.59 Q= 0.196 leading
h.  i=5.54sin(377¢ + 98.69°)

vz = 33.26 sin(377¢ + 98.69°)

ve = 166.29 sin(377¢ + 8.69°)

1 1

= = =795.77 Q
27 fC 27(10° Hz)(0.2x10°° F)

9. a. XC

Z:=22KkQ—j795.77 QO =2.34 kQ /~19.89°
b.  I1=E/Z;=14.14V £0°/2.34kQ /~19.89° = 6.04 mA £19.89°
c.  Vi=( ZO)(R £0°) = (6.04 mA £ 19.89°)(2.2 x 10° Q £0°) = 13.29 V £19.89°
Ve=(I £L0)(Xe £-90°) = (6.04 mA £19.89°)(795.77 Q £-90°)
=4.81V £-70.11°

d. P=PIR=(6.04 mA)*2.2kQ=280.26 mW
F,=cos 7= cos 19.89° = 0.94 leading
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10. a Z;=4Q+j6Q-j10Q=4Q—j4Q=5.66Q /—45°

c. XL=mL:>L=£=£=16mH
o 377 rad/s

! Cc= L _ ! =265
oC X, (377rad/s)(10 Q)

A 1= B o _0VI _ge3a suse
Z, 5.66Q/-45°
V= ZO)(R £0°) = (8.83 A £45°)(4 Q £0°) = 35.32 V 45°
V. = (I £0)(X, £90°) = (8.83 A £45°)(6 Q £90°) = 52.98 V £135°

Ve=( £0)(Xe Z-90°) = (8.83 A £45°)(10 Q £/-90°) = 88.30 V £—45°

f. E= VR + VL + VC
50V £0°=3532V £45°+ 5298 V £135°+88.30 V £—45°
50V £0°=4995V £0°=50V £ 0°

g. P=PR=(883A) 4Q=311.88W

h. F,=cos Or= i =4 Q/5.66 Q= 0.707 leading
ZT

i, i=12.49 sin(377t + 45°)
e ="70.7 sin 377t
Vg = 49.94 sin(377t + 45°)
v, = 74.91 sin(377¢ + 135°)
ve = 124.86 sin(377¢ — 45°)

11. a Z;=18kQ+,;2kQ—-;0.6kQ=18KkQ+,1.2kQ=2.16 kQ £33.69°

1 1 1

c. Xc=— = C= = =5.31 pF
wC X, (314rad/s)(0.6 k)
3
Y=ol == Xe=210Q _cny
o 3l4rad/s

d. I1=E/Z;=4242V £60°/2.16 kKQ £33.69° = 1.96 mA £26.31°
Ve=( £0)(R £0°) = (1.96 mA £26.31°)(1.8 kQ £0°)=3.53 V £26.31°
V.= (I £0)(X; £90°) = (1.96 mA £26.31°)(2 kQ £90°) =2.68 V £116.31°
Ve=( £0)(Xc £-90°) = (1.96 mA £26.31°)(0.6 kQ £-90°) =1.18 V £—63.69°
g P=PR=(1.96mA)’ 1.8 kQ=6.91 mW

h. F,=cos 07=cos 33.69° = 0.832 lagging
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i. i=2.77 x 10~ sin(wt + 26.31°)
vg = 4.99 sin(w? + 26.31°)
v, =3.79 sin(wf + 116.31°)
ve = 1.67 sin(wt — 63.69°)

12. Vgog(MS) =0.7071 (45.27 V) =16V
Ve = 80Q (20V) _ 16V
80Q+R
1600 = 1280 + 16 R
= ﬁ: 20 Q
16
13. a. Vi(rms) = 0.7071 (21'28 V)= 7.524'V
X, = Vi 7324V _os13030
I, 29.94mA
X, =2nfL=>L= X _ 251'303Q:39.996 mH = 40 mH
2z f 2x(1kHz)
b.
] v E*=V;+V}
10V |7524V Ve = g2 -}
> 1 = J(100 V) - (56.611) = /43.389 = 6.587 V
R
r_Ve_ 6587V _ 06
I, 29.94mA
14.  Vp(rms) =0.7071 (8'227 Vj =2.924V
2.924 V
%,
R
V.
g2V | = J144-855=/135.45=11.638 V
Ic=1z= 2.924V =292.4 uA
10kQ
Xe= Ve _ 11638V _ 45 ¢00 k0
I. 2924 uA

1 1

= = C= = =99.967 pF = 100 pF
27 fC 2rfX. 27(40kHz)(39.802 kQ)
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_ (2kQ£0°)(120 V £60°) _ 240V £60°

15. \% =29.09 V £-15.96°
2kQ+ j8kQ 8.25 £75.96°
V,= Bk £90°)(120 V £607) _ 116.36 V £74.04°
8.25kQ £75.96°
_ (40Q 290°)(60 V £5°) 2400 V £95 — 48.69 V £40.75°
6.8Q+j40Q+22Q 28.8+ j40
vV, - (22Q £0°)(60V £5°) _ 1.32kV /5 2678 V /—49.25°
49.29 Q) /54.25° 49.29 Q £54.25°
16. VvV, = (2092 29020 V £70%) _ 14.14 V £-155°
200+ j20Q—j40Q
Vv, - (40Q £-90°)(20 V £70°) _ 1829 V /250
28.28 Q) £ —45°
Z:=47kQ+;30kQ+3.3kQ—;10kQ=8kQ+,;20kQ=21.541 kQ £68.199°
Z: =33kQ+;30kQ—-;10kQ=3.3kQ+;20kQ=20.27 kD £80.631°
Vv, = Z;E _(20.27kQ £80.631°)(120 V £0°) _ 112.92 V /12.432°
zZ, 21.541kQ £68.199°
V,= ZZTE Z;=33kQ—-;10kQ=10.53kQ £-71.737°
T
_ (10.53kQ £-71.737°)(120 V £0°) _ 58.66 V /—139.94°
21.541kQ £68.199°
17. X, =wL =377 rad/s)(0.4 H) = 150.8
Xc= L ! =663 Q
oC (377 rad/s)(4 uF)
Z;:=30Q+,150.8 Q—;663 Q=30Q—-;512.2Q=513.08 Q £-86.65°
I= E_ 20V £40 =39 mA £126.65°
Z, 513.08Q 2£—-86.65°
Ve=(UZO)(R £0°=39mA £126.65°)(30 Q £0°)=1.17 V £126.65°
V=39 mA £126.65°)(0.663 kQ £—90°) = 25.86 V £36.65°
cos Or= R__30Q 0.058 leading
Z, 513.08Q
P=PFR=(39 mA) 30 Q =45.63 mW
V- (300 £0°)(20 V £40°) _ 600V £40 117V £126.65°
z, 513.08 Q £ —86.65°
Vo= (0.663k Q2 £—-90°)(20 V £40°) _ 25.84 V /36.65°
513.08 Q2 £ —86.65°
Z:=30Q—j5122 Q=R —jX¢
CHAPTER 15

175



18. a. X, =wL=(377rad/s)(0.4 H)=150.8 Q
! ! 12.06 Q

c=——=

wC (377 1ad/s)(220x10° F)

Z:=30Q+/150.8 Q- j12.06 Q
=30 Q+,/138.74 Q = 141.95 Q £77.80°
I1=E/Z;=20V £40°/141.95 Q £77.80° = 140.89 mA /—37.80°
V= £ O)R £0°) = (140.89 mA £/—37.80°)(30 Q £0°) = 4.23 V /—37.80°
Ve=( £ 0)(Xe Z-90°) = (140.89 mA £—37.80°)(12.06 Q@ £~90°)
= 1.70 V £-127.80°

b. F,=cos Or=R/Zr=30 Q/141.95 Q = 0.211 lagging
c. P=PR=(140.89 mA)’30 Q =595.50 mW

f. Vi = (3002 20920V £407) _ 4.23V £-37.80°

141.95Q £77.80°
_ (1206 £-90°)(20 V £40°) _

141.95Q £77.80°

Ve 1.70 V £-127.80°

g Z;=30Q+/13874 Q=R+ X,

19. P =VIcos 6= 8000 W = (200 V)(7)(0.8)
_8000A o o
160

0.8=cosf
0=36.87°
V=200V £0°,I=50 A £-36.87°

7,- Y- 20V 46 36870 -320+240
I 50AZ-3687°

20. P=VIcos =300 W = (120 V)(3 A) cos 0
cos #=0.833 = 6 =33.59°
V=120V £0°,1=3 A /-33.59°

7= v__120V20° _ 40 Q £33.59°=33.34 Q +,22.10 Q

I 3A/£-33.59°
Rr=3334Q=20Q+R=R=3134Q

o—AW Wy

- 2Q 3134 Q 2210 Q
Zr
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21, a.  Zr= R*+X? Ztan'XyR
f Zr Or
0Hz 1.0kQ 0.0°
1kHz 1.008kQ 7.16°
5kHz 1.181kQ 32.14°
10kHz 1.606 kQ 51.49°
15kHz 2.134kQ  62.05°
20kHz 2.705kQ  68.3°
b VL = AX;E
T
S/ Vi
0 Hz o0V
1kHz 0.623V
5kHz 266V
10kHz  3.888V
15kHz 4416V
20kHz  4.646 V
C.
f 0, =90° — tan"' X;/R
0Hz 90.0°
1kHz 82.84°
5kHz 57.85°
10kHz 38.5°
15kHz 27.96°
20kHz 21.7°

CHAPTER 15
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1 5 10 15 20 filkHz)
\ 97-
900. ———————————————
Xy
45°1
0° & T T T T >
1 5 10 15 20 filkHz)
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V(Volts)

7 Ve=RE/Zr
0Hz 5.0V
1 kHz 496V
SkHz 423V
10kHz 3.11V
15kHz 234V 1 5 10 15 20  fikHo)
20kHz 1.848V

22. a.  Zr=+JR*+ X% Z—tan 'XJ/R
|ZA| = R* + X , 0r=—tan”' XJ/R

7 2 o
0 kHz o Q -90.0°
1 kHz 333.64 Q) —72.56°
3 kHz 145.8 Q3 —46.7°
5 kHz 118.54 Q) —32.48°
7 kHz 109.85 Q3 —24.45°
10 kHz 104.94 Q) —-17.66°
\ ZT
400 O \C
300 Q4
200 Q4
R
o —>
R=10004+ — — — — = === > _

—90°v||||||||..r
01 2 3 4 5 6 7 8 9 10 fikHz)
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Z-90° + tan ' X/R

C (XoL=90°)(EL0°) X E
o= _

R=jXc JR? + X2

X CE . VC (volts)
R2 + Xé E =10 V-~

0 Hz 10.0 V -
1kHz 954V
3kHz 728V ]
5kHz 537V

7 kHz 4.14V 0—r— i -
10 kHz 303V 1. 2 3 4 5 6 7 8 9 10 flkHz)

—=>0V)

c. Oc=-90° + tan”' X/R

\6c
f HC 0°4
0 Hz 0.0°
1 kHz —17.44° —45°
3 kHz -43.3°
o -90°
5 kHz -57.52
7 kHz —65.55°
10 kHz —72.34°
RE Vg
d |VR| = 2 2 E=10 V_A _______________
R+ X¢
(10V)
/ |Vl
0 Hz 0.0V 5 V/-

1 kHz 30V

3 kHz 6.86 V i
5kHz 8.44V

7 kHz 9.10V 0 .
10 kHz 953V

8 9 10 f(kHz)

N
NS
W]
I
o
o
~
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23, a Zy= R+ (X, - X.)} Ztan\ (X, - X.)/R
7 Z o Ry (kQ)
0 Hz © Q) —90.0° 5
1kHz  19,793.97Q -87.1° 41
3_

SkHz ~ 34966Q  —7338° > P
10kHz  1239.76Q  -36.23° | iettlin e
15kHz  1,14547Q  +29.19° 1 10 : 15 20 fikHz)
20kHz  1,81824Q  +56.63° . |

+90+ — — — — — - — - — — — — —
|
0°
|
X .E ST : 15 20 fkHz)
b. Vel = ZC V. (volts) '
T % I
200
f | Vel |
0Hz 1200V 100 |
1kHz 12061V '
SkHz 13655V 0 5 10 : 15 20 f(l:H )
V4
10kHz 19257V |
15kHz 13894V g/ (MA) |
20kHz  65.65V 100+ TN
501 \\
. |1]==
Z 0 T T T T >
T 1 5 10 15 20 fikHz)
f I
0 Hz 0.0 mA
1 kHz 6.062 mA
5kHz  3432mA
10kHz  96.79 mA
15kHz  104.76 mA
20kHz  66.0 mA
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24.

25.

1 1
27RC  27(220 Q)(0.47 uF)

=1.54 kHz

=R=f

C

2r fC

Low frequency: X very large resulting in large Z
High frequency: Xc approaches zero ohms and Zr approaches R

1 1

f=100 Hz: Xc= = =3.39kQ
2z fC  2x(100 Hz)(0.47 uF)
Zr=Xc
1 1
f=10kHz: Xc= = =33.86 Q
2z fC  2x(10 kHz)(0.47 uF)
Zr=R
1 1
f=40kHz: Xc= = =8.47 kQ
2z fC 27 (40 kHz)(0.47 uF)
X .
0= —tan"' =C = —tan™' 84T _ ) po
R 220 Q

7Z;=91Q £0°=R £0°, Y;=10.99 mS £0° =G £0°
Z;=200Q £90°=X; £90°, Yr=5mS £-90° = B, £/-90°

Z:=0.2 KQ £-90° = X £-90°, Y7=5.00 mS £90° = B £90°

4 (102209(60Q £90°)
d 10Q+ /600
Y;=0.10S £-9.46°=0.1 S - j0.02S= G — jB,

=9.86 0 £9.46°=9.73Q +j1.62 Q= R + jX,

2201(220=20
2QL09(6Q2-90°)  12Q/-90°
20-j6Q 632Q/-71.57°
=1.80 Q—j0.6 Q=R — jXc
Yr=0.53S £18.43°=0.5S +0.17S = G + jBc

7= =190 Q £-18.43°

1 1 1
= + +
3kQ £0° 6kQ/90° 9kQ £ —90°
=0.333x 107 £0°+0.167 x 10> £-90° + 0.111 x 10~ £90°
=0.333 x 107 S —j0.056 x 107 S = 0.34 mS £-9.55°
=G _jBL
Zr= 1 2.94 kKQ £9.55° = 2.90 kQ + j0.49 kQ

T

T
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26.

27.

28.

182

Zr=47Q+/80=9280 /59.57°, Y;=0.108 S £/-59.57°
Y, =54.7mS - j93.12mS = G — jB,
Z:=33Q+20Q-;70 Q=53 Q—j70 QO =87.80 Q £/-52.87°

Y;=11.39 mS £52.87° = 6.88 mS +j9.08 mS = G +jB¢

Z; =200 Q +,500 Q —;600 Q=200 Q —;100 Q =223.61 Q £-26.57°
Y;=4.47mS £26.57°=4mS +2mS =G +jB¢

vp= LoOOAZTO° o 5g 700 = 0,171 S +j0.470 S = G +jBc
E 120V £0°

R=1-585Q Xo= 1 =2.130Q

G B,

_ 1 _20mA Z30°_ ) s 1S /-280° = 0.25 mS 80°
E 80V /320°

=0.043 mS +,0.246 mS = G +jB¢
R= é= 23.26 kQ, X = 1. 4.07 kQ

Bc

I 02AZ-60°

Y= —=—=————=0.25mS £-60°=0.0125 mS —j0.02165 mS = G — jB,

=80 kQ, X, = L=46.19k§2

E 8kV £0°
R = i
G B

1 1
= -
10Q £0° 20Q £90°

=0.1 S—;0.05S=111.8 mS £-26.57°

T

E=1/Y;r=2A £0°/111.8 mS £-26.57°=17.89 V £26.57°
EZO

L= —=-=17.89V £26.57°/10 Q £0° = 1.79 A £26.57°
R £0°
EZO
L= —=7 _=17.89 V £26.57°/20 Q £90° = 0.89 A /—63.43°
X, £90°

P=PR=(1.79 A’ 10 Q=32.04 W

_G__0IS _ 0.894 lagging
Yr 111.8mS

14
e=25.30sin(377t + 26.57°)
ir =2.53 sin(377t + 26.57°)
ir =1.26 sin(377t — 63.43°)
i, =2.83 sin 377¢
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29.

30.

1 1

Y, = 4 = 0.1 mS £0° + 0.05 mS £—-90°
10kQ 20° 20K/ —90°
= 0.112 mS £26.57°
gE=L 2mA 220° 189y /657

Yo 0.1118mS £26.565°

L= B _1789VZ-65T° |0 s
Zr 10kQ £0°

1= & - TOVIZ0T 00 ma £83.44°
Ze  20kQZ-90°

=1z +1c

2mA £20°=1.79 mA £~6.57° +0.90 mA /83.44°
= 1.88 mA +,0.69 mA
2mA £20° ¥ 2 mA £20.15°

P=PFR=(1.79 mA)* 10 kQ = 32.04 mW

F= G2 _01mS 294 teading
Yr 0.1118mS

o =27af=377 rad/s
i, =2.83 x 107 sin(w? + 20°)
ix=2.53 x 10~ sin(w? — 6.57°)
ic=1.27 x 107 sin(w? + 83.44°)
e =25.3 sin(wt — 6.57°)

1 1
= +
120 20° 10Q £90°

=0.083 S —;0.1 S=129.96 mS £-50.31°

T

L=EY;=(60 V £0°)(0.13 S/-50.31°) = 7.8 A /-50.31°
= £29 _6ov 2000120 200 =5 A £0°
RZ0°
_ EZ0
L

X, Z90°

=60V £0°/10 2 £90° =6 A £-90°

P=PR=(5A12Q=300 W
F,=G/Y;=0.083 S/0.13 S = 0.638 lagging

e =84.84 sin 377t

ir="17.07 sin 377¢

ir = 8.484 sin(377t — 90°)

i, = 11.03 sin(377t — 50.31°)
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1 1 1

1.2Q £0° " 2Q £90° " 5Q£-90°
=0.833 S £0°+0.5S £-90°+ 0.2 S £90°
=0.833S-;0.3S=0.89 S £-19.81°
Z:=1.12Q £19.81°

31. a. YT

1 1 1

c Xe=—=C= = =531 pF
woC wX. (377rad/s)(5Q)
XmoLoL=Xto 22 _s3imm
o 377rad/s

_ L _ (0.707)(3 A) £60° _ 2.121A £60°
Y, 0.885S/-19.81° 0.885S./-19.81°
EZO 2397V £79.81°

CRZ0° 120 20°
_ EZO 2397V £79.81°

X, 290°  2Q./90°
_ EZ6 2397V /79.81°
XeZ-90° 5Q./-90°

=240V £79.81°

=2.00 A £79.81°

R

=1.20 A £-10.19°

L

=0.48 A £169.81°

c

£ L=Ig+I +1c
2121 A £60°=2.00 A £79.81°+1.20 A £/—10.19° + 0.48 A £169.81°
2121 A £60° ¥ 2.13 A £60.01°

g. P=PR=Q00AY12Q=48W

h. F G _0.8335_ 0.941 lagging

"y, 08858

i, e=3.39sin(377t+ 79.81°)
ix = 2.83 sin(377¢ + 79.81°)
i, = 1.70 sin(377¢ — 10.19°)
ic=0.68 sin(377¢ + 169.81°)

1 1 1
= + +
3kQ£0° 4kQ £90° 8kQ L-90°
=0.333 mS £0°+ 0.25 mS £-90° + 0.125 mS £90°
=0.333 mS +0.125 mS = 0.356 mS £20.57°

32. a. YT

c. X, =oL=L=X/0o=4000 Q/377 rad/s =10.61 H

e L Lo
oC oXc (377 rad/s)(8k)

=0.332 uF

184
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E=1/Y;=3.535 mA £-20°/0.356 mS £20.57°=9.93 V £—40.57°

= £29 _993v./40.57°/3 K £0° = 3.31 mA £—40.57°
R £0°
EZO
I,= —=" =993 V/-40.57°/4kQ £90° = 2.48 mA /—130.57°
X, £90°
EZO
Ic= ——27 =993 V./-40.57°/8 kQ £/-90° = 1.24 mA £49.43°
X Z-90°

P=PR=(3.31 mA)*3 kQ =32.87 mW
F,=G/Yr=0.333 mS/0.356 mS = 0.935 leading

e =14.04 sin(377¢ — 40.57°)
ir = 4.68 x 107 sin(377¢ — 40.57°)
i =3.51 x 10~ sin(377¢ — 130.57°)
ic=1.75 x 107 sin(377¢ + 49.43°)

1 1 1
33. T= + +
50/-90° 220Q.,0° 10 Q £90°
=0.2S £90°+0.045S £0°+ 0.1 S £—90°
=0.045S+,0.1S=0.110 S £65.77°
Z:=9.09 Q £ —65.77°
S ! =636.9 uF
wX. (377rad/s)(5Q)
p=Xeo 109 5 emu
o 3l4rad/s
E = (0.707)(35.4 V) £60° =25.03 V £60°
I,=EY;=(25.03 V £60°)(0.11 S £65.77°) =2.75 A £125.77°
- ELO 2503V .Z60° o\ e
XcZ-90°  5./-90°
= EZ0 _2503V£60°_ |\ cno
RZ0°  22Q/0°
I - ELO _2503VZ60° _, o0\ 300
X 290° 100 .£90°
L=Ic+1z+ 1
275A Z12577°=5A £150° + 1.14 A £60° +2.50 A £-30°
= (—4.33 +2.5) + (0.57 +j0.9) + (2.17 — j1.25)
=-1.59 +,2.24
v
=2.75 £125.4°
P=PR=(1.14 A’ 22 Q) =28.59 W
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34.

35.

186

= G 00455 _ 4 409 teading
Y, 01108

e =35.4 sin(314¢ + 60°)

i = 3.89 sin(314¢ + 125.77°)
ic="7.07 sin(314¢ + 150°)

iz = 1.61 sin(314¢ + 60°)

i, = 3.54 sin(314¢ — 30°)

[ _ (80Q.290°)(20 A £40°) _ 1600 A £130°
: 220+ j80Q 82.97 £74.62°
_ (22Q 20920 A £40°) _ 440 A £40°

L =5.30 A £-34.62°
82.97 Q2 £74.62° 82.97 £74.62°

=19.28 A £55.38°

_(12Q- j6Q)(6A £30°) _ (13.42 £—26.57°)(6 A £30°)

I
: 12Q- j6Q+ j4Q 12— 2
_B80.52AZ343° _ o0 A £12.89°
12.17/ —9.46°
o BQL00YOALI) | AL o0 g 4o

12.17QZ -9.46° 12.17 £-9.46°

z,- BRLOCNXc£=90°) . RXc  , gpo 4 tanix iR

R-jX, JR*+ X2
RX
|Z:| = € 0;=-90°+ tan ' X/R
R+ X}
V4
f || Or T
0Hz 40.0Q 0.0° 400
1kHz 3574Q —26.67° 300
2kHz 2822Q  —45.14° 20 Q]
3kHz 22.11Q  —56.44° 100
4kHz 17820  —63.55° 0 % 4 & & 10 1% 1% 15 18 20 fkHz)
SkHz 1479Q  —68.30° 400
10kHz 781Q -78.75° og ——-—-—-= -

20kHz 3,959 Q) -89.86°

6 8 10 12 14 16 18 20 f(kHz)

~
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b. |V = —==11ZA})]
JR* + X2
f |Vc| A Ve (volts)
0 kHz 20V ).
1kHz 1787V \\
2 kHz 1411V
3 kHz 1105V b
4 kHz 0.891V
5 kHz 0.740 V 00 2 % 65 & 10 1 1 1 T8 2 f(kHz)
10 kHz 0391V
20 kHz 0.198 V
1%
e. il =<
A/ r(MA)
f |l
0 kHz 50.0 mA 504
1kHz  44.7mA ft}-\
2kHz 353 mA ol
4kHz 2228 mA -
5 kHz 18.50 mA 0 2 4 6 8 10 12 14 16 18 20 f(kHz)
10 kHz 9.78 mA
20 kHz 4.95 mA
7.7 R Z0°)(X, /90° RX
36. a.  Zp=—F"L _ (RZ0) L 09 _ L /90° — tan”' X;/R
Z,+7, R+ jX, 1/R2+Xz
Z, (k)
|ZT| = —RXL 9T=90°—tan_1XL/R 5{ (R)
JRY + X2 4]
3.
2.
f |ZT| HT 11
0Hz 00kQ  90.0° T S 226780 10 fki
1kHz 122kQ  75.86°
5kHz 3.91kQ  38.53° .
90°%
7kHz 435kQ  29.6°
10kHz 4.65kQ  21.69° 45°
Oo T T L 1 T L T T >
12 3 456 7 8 9 10 fikHz)
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b I| =
|2 X
A 11, |
0Hz o0
1 kHz 31.75 mA
5kHz 6.37 mA
7 kHz 4.55 mA
10 kHz 3.18 mA
c. Ix= E_OV_ 8 mA (constant)
R 5kQ

JR* + X2 »
37.  Yr=+——5 /90° - tan ' X¢/R
RX

C

S |YT| Or
0Hz 25.0mS 0.0°
1kHz 27.98mS 26.67°
2kHz 3544mS 45.14°
3kHz 4523 mS 56.44°
4kHz 56.12mS  63.55°
5kHz 67.61mS 68.30°
10 kHz 128.04 mS  78.75°
20kHz 252.59mS  89.86°

38. Yr= ZL (use data of Prob. 36), 9, =

T
f Yr Or

0 Hz 0 -90.0°

1 kHz 0.82 mS —75.86°

5kHz 0.256 mS  —-38.53°

7 kHz 0.23 mS -29.6°

10 kHz 0.215mS -21.69°

188

I, (mA)
30

20

f(kHz)

flkHz)

12 14 16 18 20 f(kHz)

45

-90°4

CHAPTER 15



39. a.  Yp=G £0°+ B, /-90°+ Be /90°
B.—-B
= JG*+(B.-B, ) Ltan | ==k
\ )/T(mS)
S |YT| 2
0 Hz X, =00Q,Z;=0Q, ;
YT: o Q) E
1 kHz 1.857 mS oL - e /____E__t
5 kHz 1.018 mS tr
10 kHz 1.004 mS i |
15 kHz 1.036 mS |
20 kHz 1.086 mS 08— T S T T
1 5 8 10 15 20  f(kHz)
or
f |64] NV —— - - - - - - - === -
0Hz  -90.0° . . .
1kHz  —57.42° -2~~~ "~~~
5kHz  —10.87° 00
10 kHz +5.26° R 5 8 10 15 30 fikHz)
15kHz  +15.16°
20kHz  +22.95°
1
b. ZT:_’QTZ:_HTY
T
f Zr Or
0kHz 0.0Q 90.0°
1kHz 538.5Q 57.42°
5kHz 982.32Q  10.87° , , , .
10kHz 996.02Q  —5.6° ! 5 810 5 20 fkHz)
: . ‘
15kHz 96525Q  —15.16° 17
20kHz 921.66Q  ~22.95° % \‘\"“\' “““““““
OO 1 1 & 1
1 5 8 1 fikHz)
0 - - - - - - - - - - - -
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c. V) = 11Z1(h)]

15

20 f(kHz)

Ve
S |Vl (I
0 kHz 0.0V
1 kHz 539V
5 kHz 9.82V
10 kHz 9.96 V
15 kHz 9.65V 06, :
20kHz 922V ! °
d IL = VCO)
XL i (mA)
/ I
0 kHz 10.0 mA
1 kHz 8.57 mA
5 kHz 3.13 mA
10 kHz 1.59 mA 1
15 kHz 1.02 mA
20 kHz 0.733 mA
RZ+XI (20Q)°+(40Q)°
40. a.  R,=—2Ts- =100 Q (R)
R, 200
RZ+ X2 20000
X,=— "5 = =50 Q
» X, 20 ©
RP+X? (2kQ)’+(3kQ)’
b. R,=—2""5 = = 6.5 kQ (R)
R, 2kQ
2 2 2, 2
X, - RI+X] 2k’ +(3kQ) 433 KQ(O)
X, 3kQ
2
i a _ RX, _ (82k®)Q0kQ)’ _ 02 KO
S X2+R> (20kQ)*+(8.2kQ)
P P :
RX 2
- B _(82kQ)°0kQ) _, o0
X +R 467.24kQ
Z;="7.02 kQ — j2.88 kQ
R X* 2
b. == (6892)(409) -=17.48Q
X>+R (40Q)°+(68Q))
RX 2
= _ (689 (4(19):29.729
X +R 6224 Q

Z:=17.48 Q+29.72 Q

190

20 f(kHz)
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42. a. CT: 2 ﬂF

Xc= L ! =79.62 Q

oC  27(10° Hz)(2 uF)
X, = wL =2x(10° Hz)(10 mH) = 62.80 Q

1 1 1
= + +
220Q £0° 79.62Q £ -90° 62.8Q £90°

T

=4.55mS £0°+12.56 mS £90° + 15.92 mS £-90°
=4.55 mS —j3.36 mS = 5.66 mS £-36.44°

E=VY;=1A £0°/5.66 mS £/-36.44° =176.68 V £36.44°
Iz = % =176.68 V £36.44°/220 2 £0° = 0.803 A £36.44°

I,= _E20 _ 176.68 V £36.44°/62.80 £90° = 2.813 A £-53.56°

X, Z90°
b. F,=G/Yr=4.55mS/5.66 mS = 0.804 lagging
e. P=PFR=(0.803A)220 Q=141.86 W

f. IS:IR+215+IL
L-1,-1,

S

and I¢c=

1A £0°-0.803 A £36.44°—2.813 A £/ —53.56°
2
1-(0.646 + j0.477) - (1.671— j2.263) —1.317+ j1.786

2 2
Ic=-0.657 +,0.893 =1.11 A £126.43°

= ! =176.7 Q) £36.44°

1
Y, 5.66mS./—36.44°
= 142.15Q +j104.96 Q = R + jX;

g. ZT =

43. a.  (R=220Q)|(L=1H) || (C=2uF)

Xc= L ! 79.62 Q

wC  27(10° HZ)2 uF)

X, = wL =2n(10° Hz)(1 H) = 6.28 kQ
_ 1 s 1 . 1

220Q /0°  6.28x10° Q £90°  79.62Q /—90°
=0.0045 —j0.1592 x 107 +0.0126
=45%x 107 —;0.1592 x 107 +12.6 x 10~
=4.5mS +j12.44 mS = 13.23 mS £70.11°

Yr
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E=1/Yr=1A £0°/13.23 mS £70.11°=75.6 V £-70.11°

Iz = i?é(i’: 75.6 V £-70.11°/220 Q £0° = 0.34 A £-70.11°

I,= _E20 _ 75.6 V £-70.11°/6.28 kQ £90° = 12.04 mA £-160.11°

x, Z90°

G __45mS _ 340 leading

b. F,=—
"y, 13.23mS

c. P=PR=(034A)"2200Q=2543 W

f. ZIC:Is_IR_IL
L,—1zx—1,_1AZ0°-034A£-70.11°-12.04 mA £-160.11°

=7, 2
~1-(0.12-0.32) - (-11.32x107° — j4.1x107)
- 2
~0.89+0.32
- 2

Ic=0.45+,0.16 =0.47 A £19.63°

— = =75.59Q £-70.11°=25.72 Q — j71.08 Q
Y 13.23 mS £70.11°

R=25.72Q, X =71.08 Q

1 1
g. ZT =
T

44. P=VIcos 0=3000 W

3000W _ 3000W 3000
VI (100 V)40 A) 4000
0=cos' 0.75=41.41°
L _A0AZ-MA1 1S /41419203 S-/0.265S = Gr—jB,
E 100 V £0°
11 1

Gr=03S=——+—=0.05S+ —
200 R R’

cos =

=0.75 (lagging)

YT:

and R’ = ;=4Q
0.25S

)(L:L ! :3.74Q

B, 02658
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45.  a. (red) lead +§——" W o, (red) lead

R L
Channel 1 e C =~ Channel 2
black lead — I (black) lead
_
b. (red) lead . 00
L
Channel 1 e o
black lead _ W
=X V&
= \—— + (red) lead :I—Channel 2
— (black) lead
. (red) lead , — AM, |( , (red) lead
A At —
Channel 1 e C L Channel 2
black lead (black) lead
= B
46. a.  eand vy redlead #
Channel 1 e ——
black lead — T
—_
- red lead +
Channel 2
black lead —
b. e and i red Iead +
Channel 1 e —d
black lead —
_—
black IeadT
Channel 2
red lead +
c. ipand ic " |
R; Lg C
e

[
red lead +
rCer?alr?:gl 1+ / @nnel 2
black lead — black lead —
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47.

194

(D:

1D):

(b)

(©)

(b)

(©)

Ogiv. = 0.8 div., 7= 4 div.
o= 28dV- 3600720
4 div.
vy leads v, by 72°
vy: peak-to-peak = (5 div.)(0.5 V/div.) =2.5V
Vi(rms) = 0.7071 (257\]) =0.88V
Uy: peak-to-peak = (2.4 div.)(0.5 V/div.)=1.2 V
V(rms) = 0.7071 [MTV) =042V
T= (4 div.)(0.2 ms/div.) = 0.8 ms
1 1
= — = —— =1.25 kHz (both
! T 0.8ms ( )
Ogiv. = 2.2 div., 7= 6 div.

0= 2.2 (.iiV.
6 div.
vy leads v, by 132°

x 360° =132°

vy: peak-to-peak = (2.8 div.)(2 V/div.) =5.6 V
Vi(rms) = 0.7071 (56%) =198V
Uy: peak-to-peak = (4 div.)(2 V/div.) =8 V

V(rms) = 0.7071 (87\/) =283V

T=(6 div.)(10 ws/div.) = 60 us
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Chapter 16

. a Z;=2Q+ j6Q+8Q /-90° 12 Q £-90°
ajeqs BRL0N2QL-90) ) o, 960 L-180
—i8Q— j120Q 20 £—-90°
—2Q+j6Q+480/90°=20+ j6Q-j480=2Q+/120Q
Z:=233Q £30.96°

b. I= B __DVA® 5.15 A £-30.96°
7, 2.33Q/3096°

c. I, =1=5.15 A £-30.96°

(12Q £ -90°)(5.15A £ —30.96°) 61.80 A £—120.96°
—j12Q-j8Q 20£-90°

C(8Q £-90°)(5.15A £ ~30.96°) 412 A £—120.96°
i 200Q /£ —90° O 202-90°

d.  (CDR)L, = =3.09 A Z-30.96°

| =2.06 A £-30.96°

e. V.= Z0)(Xy £90°) = (5.15 A £-30.96°)(6 Q £90°) = 30.9 V £59.04°

2. a  Zr=3Q+j6Q+2Q L0°]8Q L-90°
=3Q+j6Q+1.940Q /-14.04°
=3Q+j6Q+1.880Q-047Q
=488 Q+/5.53 QO ="17.38 Q) £48.57°

b, -t 30VZL" L 07A 48570

7, 7.38Q/48.57°

¢ lo- Zpl, (20 £0°)(4.07A £-48.57°)
Zy +Zc 20— 80

_ 8.14A £-48.57°

 825/-75.96°

=0.987 A £27.39°

_Z,E_(6Q290°)(30V £0°) _ 180V £90°
Z, 738Q /48570  7.38 Q /48.57°
=24.39V £41.43°

d. Vi

3. A Zp=12Q290°| (9.1 Q—;12Q)=12Q £90°| 15.06 Q £—52.826°
_ 180.72 Q£37.17°

9.10£0°
=19.86 Q £37.17°

1 1 — 50.35 mS £/=37.17°
Z, 1986Q 237.17°

YT:

CHAPTER 16 195



196

I,= £ = 60V £30 =3.02 A £-7.17°
Zr

19.86 QO £37.17°

(12Q £90°)(3.02A £-7.17°) _36.24 A £82.33°
J12Q+91Q— ;120 9.1£0°
=3.98 A £82.83°

(CDR) I, =

(12Q £-90°)(60 V £30°) _ 720V £—60°
9.1Q-j12Q 15.06 £ —52.826°
=47.81V £-7.17°

(VDR) V=

P = EI cos 0= (60 V)(3.02 A)cos(30° — 7.17°)
= 181.20(0.922) = 167.07 W

(4Q £-90°)(6Q £90°)  (4Q £0°)(3Q £90°)
—j4Q+ j6Q 40+ 30
240 20° 12Q £90°

2290° ' 523687
=20+12Q /-90°+2.4 /53.13°
=20-/12Q+1.44Q+/1.920Q

=3.44 Q—j10.08 QO =10.65 Q /~71.16°

ZT:29+

=20+

V,=1(2.4 Q £53.13°) = (5 A £0°)(2.4 Q £53.13°) =12 V £53.13°
[ o (4QL0)D) _(@QLNEALY)  20AL0° oo
40+ 30 50 /36.87° 5/36.87°

F,= R = 3440 _ 0.323 (leading)
Z, 10.65Q

400 Q £-90° || 400 Q £-90° = M= 200 2 £-90°

7' =200 Q —;200 2 =282.843 Q £-45°

Z" =—j200 Q + ;560 Q = +j360 Q=360 QO £90°

(282.843 Q2 £ —45°)(360Q £90°)  101.83 kQ2.£45°

Z;=7'| 2" = =
(200Q— j200Q) + j360Q  256.12 £38.66°
=397.59 Q £6.34°
1= £ o _10VZ0 554 s6340
Zr 397.59Q ./6.34°

_ (2000 £~-90°)(100 V £0°) _ 20,000 V £ ~90°
200Q— j200Q 282.843 £ —45°

Ve

P=FIcos 8= (100 V)(0.25 A) cos 6.34°
=(25)(0.994) =24.85 W

=70.71V £-45°
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6. a  Zi=3Q+4Q=5Q /53.13°
E 120V £60°

L= —=————""—=24 A £6.87°
Z, 5Q./53.13°

_ (13Q.£-90°)(120 V £60°) _ 1560 V £ —30°
—j13Q+ 70 6 £ —90°

=260V Z£60°

b. Ve

. Vi =(Ii ZOR £0°= (24 A £6.87°)(3 Q £0°)=T2V £6.87°
V, + Vi =Ve=0
+-
V,,=Ve= Vg =260V £60° - 72V £6.87°
+-
= (130 V +,225.167 V) — (71483 V + j8.612 V)

=58.52V +,216.56 V=224.33 V £74.88°

7. a. Z,=10Q £0°

=19.403 Q2 £14.036°
Z;=60Q £-90°

Z,=80Q £90° || 20 Q £0°
Lt _ 16009 £90° _ 1600 Q £90°
E I:Z£| 20+ /80  82.462 £75.964°
‘
=

Z:= (Z] + Zz) || Z3
— (10 Q + 18.824 Q +j4.706 Q) || 60 Q© /~90°

—29.206Q £9.273° || 6 Q £-90° = 1223042 £ ~80.727
28.824+ j4.706— /60

_ 175236 Q £-80.727°

62.356 £ —62.468°

= 40V £0 =1.42 A /£18.26°

E
Z, 28.103Q/—18.259°

=28.103 Q £-18.259°

I,

Z,E  (19.403Q Z14.036°)(40 V £0°) _ 776.12V £14.036°
Z,+7Z, 29.206Q £9.273° 29.206 £9.273°
=26.57V £4.76°

b. V] =

c. P=FEIlcos = (40 V)(1.423 A)cos 18.259°
=54.07 W
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7,=2Q+;1 Q=2236 Q2 £26.565°,Z,=3 Q £0°

Z:=16Q+/15Q-77Q=16Q+,8 Q= 17.889 Q £26.565°
111 1 1 1
Y= —+—+—= + +
Z, Z, Z, 2236Q./26565° 3Q./0° 17.889Q /26.565°
=0.447 S £/-26.565° + 0.333 S £0° + 0.056 S £/~26.565°
=(0.4S—j0.2 )+ (0.333 S) + (0.05 S — j0.025 S)
=0.783 S —0.225S = 0.82 S /-16.03°

7= L ! =1.23 Q £16.03°
Y, 0.828/-16.03°

I, = E_ 60V 20 =26.83 A £-26.57°
Z, 2236Q /26565

L= £ 00V 20" o5 A 200
Z, 3Q/0°

L= E_ 00V £0 =3.35 A £-26.57°
Z, 17.889Q £26.565°

I, = E_ 60V 20 =48.9 A £-16.03°
Z, 1.227Q /16.032°

?

?
48.9 A /-16.03° —=26.83 A £~26.57°+20 A £0°+3.35 A /-26.57°
—Q4A—/124) + Q0 A) (B A=)15A)

= 47 A +/13.5 A=48.9 A /-16.03° (checks)

_ 07838
0.8208S

aQ

F, =0.955 (lagging)

39400||494—900=M

L% | 3-j4
<—
_12Q2-90°_ ) 46 36870
[ e
=

=27Z'+j71Q
—48Q £-36.87°+j7Q
=384Q-;2.88Q+,7Q
=3.84Q+;4.12Q
=5.63 Q £47.02°
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Zr=7,+7,|Z;=88Q+82Q £0°]5.63 Q £47.02°
46.18Q0 £47.02° _ o 46.18Q £47.02°

82+3.84+ j4.12 12.73 /18.89°

=880+3.63Q £28.13°=880Q+320Q+;1.71 Q
=12Q+;1.71 Q=12.12 Q /8.11°

Yr= 1 82.51 mS £-8.11°

T

=880+

b, V,=1Z, =3 A £30°)(6.8 Q £0°) =204V £30°
Vo=1(Z, || Zs) = (3 A £30°)(3.63 Q £28.13°)
=10.89 V £58.13°

C. I3 = —
Z, 5.63Q £47.02°

10. a. X, =wlL =2a(10°Hz)(0.1 H) =628 Q
X, = oL, =27(10" Hz)(0.2 H) = 1.256 kQ
XC=L= . ! =0.159 kQ
oC  27(10° Hz)(1 uF)
Zr=R £0°+ X, £90°+Xc £Z-90° || X, £90°
=300 Q+ 628 Q + 0.159 kQ £-90° || 1.256 kQ £90°
=300 Q+ ;628 Q- 182 Q
=300 Q +j446 Q = 537.51 Q £56.07°
1 1

Yr=—= =1.86 mS £-56.07°
Z, 537.51Q £56.07°
b I, = E_ S0V 20 =93 mA £-56.07°
Z, 537.51Q /56.07°

Z,1,  (1.256kQ £90°)(93 mA £~-56.07°)

c. (CDR): I, =

Z, +7, +/1.256kQ— j0.159kQ
_ LI68IMA £33.93° 0 o
1.097 £90°

_ ZJd, _(0.159KkQ £-90°)(93 mA £ -56.07°)
YL, +Z, 1.097 kQ £90°
_4TIMAL-14607°_ e oo

1.097 £90°
= 13.48 mA £123.93°
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d. Vi=(L £0)(X, £90°) = (13.48 mA £123.92°)(1.256 kQ £90°)

=16.93 V £213.93°
V., =E— (I, ZO)(R £0° =50 V £0° — (93 mA £-56.07°)(300 Q £0°)

+-

=50V =279V £-56.07°

=50V — (15.573 V —j23.149 V)
=34.43V +,23.149 V=41.49 V £33.92°

e. P=1IR=(93mA)’300 Q=2.595W

R 300 Q

f. F,= —=——"""_=0.558 (laggin
Pz, 53751Q (lagging)
11. Z,=2Q-20=2828Q /—45°
Nk 2,=3Q-/9Q+/60Q
=3Q0-j3Q0=4243 Q /—45°
: R 2 I 2 B Trys
_)
- YT
=
YT:L+L+L= ! + ! + !

Z, 7, 7, 28280 /-45° 4243Q /-45° 10Q £0°
=0.354 S £45°+0.236 S £45°+ 0.1 S £0°=0.59 S £45°+ 0.1 S £0°
=0.417S+;0.417S+0.1 S

Y;=0.517S+,;0.417S=0.66 S £38.89°
1 1

7= = —=1.52 Q £/-38.89°
Y, 0.66 S£38.89°

I= E_ SOV 20 =32.89 A £38.89°
Z, 1.52Q/-38.89°

12. Z'=12Q-/200Q=23.320Q /-59.04°
X, Z£90°|| Z' =20 Q £90° || 23.32 Q £-59.04° = 33.34 Q £19.99°
Z' =Ry £0°+X, £90° || Z' =12 Q +33.34 Q £19.99°
=12Q+(31.33 Q —j11.40 Q)
=4333Q—j11.40 Q=144.80 Q £14.74°
R, Z0°|| Z" =20 Q £0° || 44.80 Q £ 14.74° = 13.93 Q £/4.54°
Zr=R, L0°+ R, £0°|| Z" =12 Q + 13.93 £4.54°
=120+ (13.89 Q +;1.10 Q)
=25.89Q +/1.10 Q = 25.91 Q £2.43°
E 100 V £0°

I,= =——— =386A/-243°
Z, 2591Q/243°
R I

I
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_ R Z0° 1, _(20Q£0°)(3.86 A £—2.43°) _T7.20 A £—2.43°
RZ0°+Z" 20Q+4333Q+ /11.40Q  64.35.210.20°
63330

Ry
=120 A £-12.63°
_ X O90%T, (200 £90°)(1.20 A £-12.63°) _ 24.00A £77.37°

X, £90°+Z 20Q+12Q- 200 12 £0°
—2.00 A £77.37°

4

13.  R3+Ry,=2.7kQ+43kQ=7kQ
R =3kQ| 7kQ=2.1kQ
Z'=21kQ-j10Q

(40kQ £0°)(20 mA £0°)
40kQ+2.1kQ—- 100
=19 mA £+0.014° as expected since R; > Z/

(CDR) I' (of 10 Q cap.) =

_ (3kQ Z£0°)(19mA £0.014°) 57 mA £0.014°
3kQ+7kQ 10

=5.7mA £0.014°

P="PFR=(57mA)’ 4.3 kQ=139.71 mW

(CDR) L

14, Z'= X Z-90°|| R, £0°=2Q £-90°|| 1 Q £0°
_202-90° 2Q2£-90°
1-j2 2236 /-63.435°
=0.894 Q /-26.565°
Z' = X, Z90°+Z' =+j8 QO+ 0.894 Q /-26.565°
=+8 Q2+ (0.8 Q- j4 Q)
=0.8Q+j4=4.079 Q £78.69°

[ - Xg£-90T  (20Q2-90°)(0.5A £0°) 1A L-90°
T X £-90°+Z" —j2Q+(08Q+j4Q)  0.8+,2
1A Z-90°
©2.154 £68.199°
X, L2901y 20 £-90°)(0.464 A £ —158.99°) 0.928 A £ —248.99°
XL Z-90°+R —20+1Q 2236 /-63.435°

=0.42 A £174.45°

=0.464 A £ -158.99°

I
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Chapter 17

L.

2.

202

7Z=22Q0+560Q+;820=780+;82Q0 =11.32Q £46.43°

2
E__20v220 =1.77 A £-26.43°
Z 11320 /46.43°

I=

Z=—5Q+2Q 20°)5Q £90°=—5Q+1.72 Q+j0.69 Q =4.64 Q /—68.24°

I= %= 60V £30 =12.93 A £98.24°

4.64 Q £ —-68.24°

Z=15Q-/16 Q=21.93 Q /-46.85°
E=1Z=(0.5 A £60°)(21.93 Q /-46.85°)
=10.97 V £13.15°

Z=10Q £0°| 6 Q £90° = 5.15 Q £59.04°
E=1Z=(2 A £120°)(5.15 Q £59.04°)

=10.30 V £179.04°
SV 10V 107y
R 4x10°
Z=4KkQ £0°

V = (AD)(R) = (50 I)(50 kQ) = 2.5 x 10° I
Z=50 kQ £0°

Clockwise mesh currents:

E—IIZ1—11Z2+12Z2:0 Z1:R1 £0°=4Q £0°
—IzZz + IIZZ - 12Z3 — E2 =0 Z2 :XL Z90°=6 Q £90°
Z;=Xc £-90° =8 Q £-90°
[Z1 + Z2]11 — Z212 = E] E1 = 10 \Y% ZOO, Ez = 40 Vv 4600
Lol + [Z1, + Z5]1, = -E,
‘ Ei ~Z,
-E Z,+7Z Z,+7.|E - Z,E
I, =1, = I IR | I L ) L e 2L SNy
[2,+Z,] -Z. 7.7, +72,+7Z,Z,
-Z, [Z,+Z,]
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b. By interchanging the right two branches, the general configuration of part (a) will result

and
[Z2 + Z3]E1 - Z,E,

7.7, +71,+7,7,
=0.44 A £143.48°

Lioo =1, =

Z,=R,=50Q £0°

7, =Xc £-90° =60 Q2 £-90°
75 =X, £90° =20 Q £90°

E =5V Z30° E, =20V £0°

6. a
7,=12Q+;12Q=16971 Q £45°
7Z,=3Q £0°
Z3 = —]1 Q
E, =20V £50°
E,=60V £70°
E; =40V £0°
L[Z, +Z,] - Z,], =E, - E,
L[Z, + Z5] - Z,1, = E, — E;
(Z, + 7)1, - 71,1, =E, - E,
-1, + (2, + Z3)1, = E, — E;
Using determinants:
E -E)Z,+7Z,)+Z,(E, —E
I, =Il=( 1 (2, ) (B, ) =2.55 A £132.72°
! 77,+7,2,+71,Z,
b. Source conversion:

E =1Z=(6 A £0°)(2 Q £0°

+ — 12V £0°
B, Z,=2Q+20Q+,200=22Q+,200Q
=29.732 Q) /42.274°
Z,=—10Q=10Q £-90°
Z,=10Q £0°
L[Z, + Z,] - 2,1, = E,
L[Z, + Z;] - 2,1, = -E,
(2, + )1, - 1,1, = E,
“Zoly + (Zy + Z5), = —E,
_ B2+ Z0) =208, g 405 A 272260

A 22,422, + 2,7,
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7. a. Clockwise mesh currents:
=4Q+30,7Z,=—1Q

E1 —IIZ1—11Z2+12Z2:O Z3:+j6 Q, Z4: ']ZQ
—IzZz + IIZZ - 12Z3 — 12Z4 + I3Z4 =0 Z5 =8Q
—I3Z4+12Z4—I3Z5—E2:O E] :6OVZOO, E2: 120\]41200
[Zl +Z2]Il _Zz 12 +0 =K
_Z2 I] + [Z2 + Z3 + Z4]12 - Z4 I3 =0

0 — Zs L P [Zst Zslls = —E,

[2:24) B+ 23-[2:+ 2] [22+ 25+ Z4] |-
[Zl + Zz] [Zz TZs+t Z4] [Z4 + Zs] - [Zl + Zz]Zzzt - [Z4 + ZS]Z%
=13.07 A £-33.71°

IR] = I3:

[z ]

=

@ Z,=15Q £0° Z,=15Q £0°
Z;=—10 Q=10 Q £-90°

. Z,=3Q+/4Q=5Q /53.13°

[z ] [z, ]
Rl L2
516, O . O @Ez E, =220V £0°

= E, =100V £90°

1(Z, +Z;) - 1,Z; - 13Z, = E,
1,(Z, +Z5) - 1\Z; - 32, = -E,
L(Z,+Z2,+7Z4) -1 Z, - 1,Z,=0

1(Z, + Z;) - 1LZs -LI:Z, =E,

—11Z3 + Iz(Zz + Z3) - I3Z2 =-E,

—11Z1 - IzZz + I3(Z1 + Z2 + Z4) =0

Applying determinants:

L= ~(Z,+Z)Z)E, - Z,Z:E, VB[ 2,2, + 2.(Z,+ Z.,)]
3=

Z A 222+ 22+ 25+ 2) - 2]+ 2 242+ 2, 2) - 2.2.) - 2|~ 2.2 - 2.(2, + 2]
= 48.33 A £-77.57°

E/ —

or I;= 2 if one carefully examines the network!

Zs
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7,=5Q20°7Z,=5Q £90°

7:=4Q £0° Z4=6Q £-90°

7:=4Q £0°Zs=6Q+j8Q
=20V Z£0° E, =40V £60°

LW(Z + 7, +Z14) - 1,72, - 132, = E,
,(Z, + 75+ Zs) - 1\ Z, — 1325 = —E,
I3(Z4 + Z5 + Z6) - 11Z4 - 12Z5 =0

(Z1 + ZZ + Z4) 11 - Z212 - Z4I3 = E1
71, + (Zz + Z3 + ZS)IZ - Z5I3 =-E,
—Z411 - Z512 + (Z4 + Z5 + Z())I3 =0

UsingZ/ =7, +Zo + 74,17 =7, + 75+ ZLs, " =74+ ZLs+ Zsand determinants:
I(Z”ZW Z2) EZ(Z ZW _,’_ Z Z )

I, =1,=
U @ -1y -702,2" + 1,2 ) - 2,(Z, 2, + 7, 7")
=3.04 A £169.12°
b [z ]
+
1D FH D o
1 /) 2 Z,=10Q+,20Q Z,=—20Q
= —~ =80 Q) £0 Z,=6Q /0
L% | %5 Zs=15Q £90° Zs=10Q £0°
+ Z,=5Q /0° Z;=5Q-j200
51@ Q I:J:I O =25V £0° E, =75V £20°
=1 =1
L7 = |L=]

1(Zy+ Zs + Z7) — 1,2y — 14Zs = E,
L(Zy + Zo + Z) — 1,2 — 1525 = 0
L(Zo + Zs + Zs) — 1oZ — LZs = —E»
I(Zs + Zs + Zs) — 1\ Zs — ;25 =0

(Zs+Z1s+17) 1, -4, +0 —Zgl, = E,
—Z411 + (Zl + Z2 + Z4)12 - Z213 +0 =0
0 —Z1, L+ (2, +Zs + Zs)l; —Zsl,=-E,
~Zel, +0 ~Zsl3+ (Zs+ Zs + 7)1, =0
Applying determinants:

IR] =1Ig00 = 0.68 A Z/-162.9°
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— o
9. |I || 5kQ 20
Z,=10kQ £0°
2sv< f) z:| Z;=1kQ+j4kQ=4.123 kQ £75.96°
—l—
1.(Z, + Z,,) - Z,,], = -28
I(Zy+Z5)-7Z,1,=0
(Z1 + Zz)I] - Z212 =-28V
—Z211 + (Z2 + Z3)Iz =0
I,=L= 2,28V =-3.17x 107 V £137.29°
17.7,+27,2,+71,Z,
10. [ Z, | E3 Source Conversion:

Z,=R,=R,=40kQ £0°

- E = (I £0)(R, £0°)
‘© D[R o
K=

Z,=—-j0.2 kQ
=8kQ £0°

Z,=4kQ £90°

1(Z,+Z,+7Z1;) - Z;1,=-E

IQ(Z3 + Z4) - Z311 =0

(Z1 + ZZ + Z3)11 - Z312 =-E

—Z311 + (Z3 + Z4)12 =0
L=L= Lk =42.911 £149.31°

(Z,+2,+2,)Z,+21,)- 1}

11. 6V,-L1kQ-10V £0°=0
10VZL0°-1,4kQ-1,2kQ=0

szlzsz

-L1kQ+L 12kQ=10V £0°
-L6kQ=-10V £0°

12 = IZkQ: 106\/Té0 =1.67 mA Z0° = Isz

1, 1kQ + (1.667 mA £0°)(12 kQ) =10V £0°
1 1kQ+20V £0°=10V £0°
1, 1kQ=-10V £0°
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10V £0°

L= Tyo= — = =10mA £0°
12. _ B, E; =5V £0°
E @ I E, =20V £0°
N Z,=22KkQ £0°
E 1 1 D) |z Z,=5kQ £90°
1@ 9 2 9 |:3:| Z§=10kQLO°
7 1=4mA £0°

Ei-1LZ -ZI1,-1,)=0
L, -1) +E; - 1Z;=0

13 - Iz =1
Substituting, we obtain:

I(Z, +Z,) - LZ, = E,
LZ, - 12, + Z3) =1Z; - E,

Determinants:

I, =139 mA £-126.48°, I, =1.341 mA £-10.56°, 15 =2.693 mA £-174.8°
I]()kQ = 13 =2.693 mA /-174.8°

13. - E . Z,=1kQ £0°
@ Z,=4kQ +j6 kQ
5 E=10V £0°
TN I__I(/\ ]

\
_‘D—l
| o< +
N
=
s
=)
=
<

D[ |

~Z,(IL,-1,)+E - I3Z-3 =0
Il =6 mA ZOO, 0.1 Vs = I3 - Iz, VS = (11 - Iz)Zl

Substituting:

(1 kQ)L + (4 kQ + j6 kQ)I; = 16 V £0°
(99 Q)L + =06V £0°

Determinants:

I3 = I6 kKQ = 1.38 mA £-56.31°
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14.

208

’Ji‘[s L2 ] ’J_l‘ls

I 7N\ = - /hl
T T7T
11 :I3 +I4

- 1,1 1
=Y NoVe o V{—Jr—}—Vz{

YA 7, 7, 7»
or Vi[lY, + Y2] = Vo[Y,] =1,

I4 = I5 + 12
_ 11
VieVa Voo V{_+_}_
7> 7Z; 7, 7;
or VoY, + Y3] = Vi[Y,] = -1,

Y+ Y]V, -Y,V, =1,
=Y,V +[Y, + Y3]V, =-1,

V, = [Yz +Y3]11_Y2 I2
YY,+Y Y, +YY,

_ YL+ Y
. YV, Y Y+ Y, Y,

—
I

7,=4Q £0°
7,=5Q £90°
7;=2Q /-90°
I, =3A £0°
L=5A Z30°

1
Vl |:_:| T 12
VA

=
0O=I,+L+L+1L
02114_&4_@4_12
7, V)

1 1 1
Vi|—t— |- Vo — |- 1L 1»
7, 71- 7,

or  Vi[Yi+Yy]-Vo[Ys]=-1 -1,

12+I4:IS
L+ Vi-V, _V,
VA VA

=14.68 V £68.89°

=12.97 V £155.88°

Z,=3Q+j4Q=5/53.13°

Z,=2Q £0°

Z:=6Q £0°| 8 Q £-90°
=48Q /-36.87°

I, =0.6 A £20°

L=4A £80°
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V{L;HHZHZ
ZZ Z3 ZZ

or  Vy[Yo2+Y;]-Vi[Yy]=1,

and [Y] + Yz]Vl - Y2V2 = —11 - Iz
=Y.V +[Y, + Y3]V, =1,

Applying determinants:

_ Y2t YL L]+ Yol

A\ =512V £-79.36°

Y Y:TY1Y3tY2Ys
v,=— Vb7 l¥s 591y /39,960
Y Y:2tY1Y;tY2Ys
15. a. V, =1 Vv,
| Z,=5Q £0°
I - 114 _ o
I1T e Z,=6Q 290
g E o s
+ 7,=2Q /0°
E (~) E=30V /50°
- 1=0.04 A £90°
=
I] = Iz + I3
E-W :&+—(V‘ ~ Vo) — V1{i+i+i:|—& _E
VA 7, VA 7. 7. 173 7 7

or V1[Y1 + Yz + Y3] — Y3V2 = E1Y1

L+I=1

Z; Z 7y 7Z.| 73

or V2[Y3 + Y4] - V1Y3 =1
resulting in

VilY: + Y, +Y3] -V, Y3 =E Y,
=Vi[Ys] + Vo[ Y3 + Y] =+

Using determinants:

V,=19.86 V £43.8°and V, =8.94 V £106.9°
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b. II Z ||
Tl5 v I v lls
—={7] 2 Z,=10Q £0°
Az |5 |t 2,=10Q £0°
i I:Z - QDI Zy=4Q /90°
+ Z i 7,=2Q /0°
E Z;=8 Q /-90°
- o E=50V £120°
= I=0.8A £70°
I] = Iz + 15
Ev,_w + (Vi-V») + ViV, — V1|:L+L+i+i:|_v{i + L}ZE
7, 7, Zs 75 7. 7o 715 Zs 7 Zs A
or V1[Y1 + Yz + Y3 + Y5] - V2[Y3 + Y5] = E1Y1
13 + 15 = I4 +1
VieVa Vi=Vo Vi v{i+i+i}—vl[i N L}_I
Z; Zs Zs 7 7. Zs 7 Zs
or Vo[Y3 + Y4+ Ys] = Vi[Y3 + Ys]=-1
resulting in
Vi[Y + Y, + Y3+ Ys5] = Vo[Y3 + Ys] = E Y,
“Vi[Ys +Ys] + Vo[Y3 + Yy +Ys] =1
Applying determinants:
V,=19.78 V £132.48° and V, =13.37 V £98.78°
16. I=&+—Vl_VZ ZliZQZO?
7 7 Z,-20Q+,200
V,-V, V, V,-E 7Z:=10Q /-90
0= 7 +Z—+ 7z 7,=10Q £0°
2 3 4 I1=6A £0°
. E=30V £0°
Rearranging:
1 1 1
Vi —t+t—|-—V:,=1
7. 1, 7
__V1+V |:L+L+L:| = E
V4 7, 713 Zi y”

Determinants and substituting:

V,=11.74 V £—4.61°,V,=22.53 V £-36.48°
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I

!
1109

(Note that 3 + j4 branch has no effect
on nodal voltages)

I_>
3

X1 =21,

0=L+L+1I;

- Y2- Vi V2 L V2— Vs
15Q 10QQ £-90° 150

Through manipulation:

V2[2 +j15] -Vi-V3=0
but V;=220V Z0°and V;=100V £90°

b
and v, = 220190 _ o6 66 v —12.430
2+j1.5
with V;=0V Z0°
18.
Vi Z,=5Q /0°
H Z,=6Q /-90°
7:=5Q /90°
. 5 Z,=4Q £0°
° + Zs=4Q /0°
~) Ex Zs=6Q+/80Q
S o B SO o T E, =20 V £0°
L= = L= E, =40V £60°
b V2
[ Z I
— L=6 |
node V: Vi"Ei Vi=V5; Vi"E2—V; -0
Z1 Z3 ZS
node Vy: VotE,~Vi Va—Vs Vo -0
Zs M Zs
node Vi: Vi Va7V, Vim Ve
V4 75 y
Rearranging:
v, L+L+LJ V: Vi _EE
7, 75 Zs Zs 71 1., Zs
v, L;;} Vi Vi K
Zs 7. Zs Zs 74 Zs
v, L+L+L] Vi V2
7, 75 Z. 73 Zs
Determinants: V, =5.84 V £29.4°, V,=28.06 V /—89.15°, V; =31.96 V /-77.6°
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19.

212

E, =25V £0°
E,=75V £20°

. V=V, Vi=Vs4 Vi~ Ei

=0

Z, V4 VA
Vz_V1+V2_V4+V2_E2_V3
VA M Zs
V3+E2_V2+V3_V4+&
Zs VA 73
Vi=Vi_V4i=Vy _V4—V5; V4
7> y 2 7 Zs

Vz: =0

V3: =0

Rearranging:

vl L, 1) Yo Vi B
7. 7, 73 7, 71, 73
vl L, 1) Vi Vi Vi B
7, 7. Zs 7, 7. Ze¢ Zs
S G T R O 20 7O
Z7es 717 Zs Zs 77 Zs

v, L+L+L+L] Vi V. Vs
7, 7 77

=0

7, 7. 1, Zs
Setting up and then using determinants:

V,=14.62 V £-5.86°, V,=35.03 V £-37.69°
V;=32.4V £-73.34°, V,=5.67V £23.53°

Z,=10Q+,20Q
Z,=6Q £0°
Z;=5Q £0°
Z,=20Q £-90°
Zs=10Q £0°
Zs=80Q £0°
Z,=15Q /90°
Z:=5Q-j20Q
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20. a. 1

A YT Taow
v, v Al 0.2518 £0
I Y= T /anc
2 1Q 290
t (D I}ZI I};I Eﬂ =18 £-90°
Y3 = !
- 50 20°
= =0.2 S £0°
Y4 = —1
4Q /-90°
=0.25S £90°
e 1
8 Q £90°
=0.125 S £-90°
I,=2A Z30°
I,=3 A Z£150°
Vi[Yi +Y2] - YoV, =1,
VolYo+ Y3+ Yu] - YoV - Y4V =1,
Vi[Ys+Ys5] =YV =1
[Y: + Y]V, -Y,V, +0 =1,
YoV +[Y2 + Y3+ Y4V, -Y,V; =-I
0 - Y4 Vz + [Y4 + Y5]V3 = 12

III:(YZ TY3tY)(YsTYs)— Yﬁ:l —1Y,Ys]
[Yi+ Y2 [ (Y2 + Ys+ Ya(Yat Y5) - Y3 ] - YAYs+ Ys)=Ya
=5.74V £122.76°
V, = LY2(Ys+Ys) —LYs(Yi+Y2)
Ya
_ B+ Y2)(Y3+ Ya) - V3] - YaYaly
Ya

=4.04V £145.03°

V; =25.94V £78.07°
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b. 1

Y:—
Vi " 4Q .00

=0.25 S £0°
¢ Q Y, = :
. v, v v, 6Q /0°
E’ZI (D 1 L =0.167 S £0°
1
Y C)l Y=
Dt P8Q 00
=0.125 S £0°
-+ 1
= Y-
2Q /£-90°
V1[Y1 + Yz + Y3] — Y2V2 — Y3V3 = I] — 05 s 4900
Vo[Yo+ Y+ Y5] - YoV =Y, V3=0 1
Vi[Y3+ Y4+ Y] - Y5V - YV, = -1 Ys= o900
=0.2 S £-90°
[Y:+ Y, +Y;3]V, - YoV, - Y3Vs =1, 1
=Y,V +[Y, + Y4 + Y5V, - Y4V3=0 Y¢= 10790°
-Y3V; = Y4V +[Y3 + Y4+ Ye]Vi=-1, _ 025? 2_900
I,=4A £0°
ILL=6A £90°
Vv, = L[V Y YOO+ YL YD) - Yo - LIYey, A vy v,y
=
Y= (VY YO [+ Ve YOOV + YL+ YD) - Y - Ve VeV Y Y0 YY) - Ve va vy v (v v,y ]
=15.13V £1.29°
Vv, - L{(Y2)(Y3+ Y4t YOrYsYa] T Ya(Yi+ Y2+ Y3) - Yo Ys5) _ 1724V /3.73°
Ya
V.= 11[(Y3)(Y2 TY4TYs)+ Y2Y4] + Iz[Y% (Y1t Yot Y)(Yot Yt Ys)]
L=
Ya
=10.59V £-0.11°
21. Leftnode: V;
ZI[ = ZI()
AL =1,+5mA £0°+ Y1~ V2
2kQ
Right node: V,
ZI[ = ZI()
g§mA £0°0= Y2 +¥V2" Vi gy
1kQ 2kQ
Insert I, = .
4kQ £-90°

Rearrange, reduce and 2 equations with 2 unknowns result:

Vi[1.803 £123.69°]1+ V, =10
Vi[2.236 £116.57°]+3 V, =16

214 CHAPTER 17



Determinants: V=437V £-128.66°
V,=Vyo=225V £17.63°

22. removing E Z,=1kQ £0°
v, \ E v, Z,=2kQ /90°
—— — Z;=3kQ /-90°
W I, =12 mA £0°
I, =4 mA £0°
Q L E=10V £0°

)
-/
[N ]
Bl

|

@

+
]
LN |

|||—<.

ZIi :ZIO

Vi,V

7, 73

and &+& :—Il —12
7, 7;

with Vz—Vl =E

0=I, + +1,

Substituting and rearranging:

1 1 E
V1|:_+_:| =-L-L-—
7, 7; VA

and solving for V;:

V=154V £178.2°
with V,=V=541V £174.87°

23.  Leftnode: V,
SI, =31,

2mA £0°=12mA £0°+ YL 4 Y1=Vo

ZkQJr 1kQ
and 1.5V, -V,=-10
Right node: V,
S =X1,
0=2mA £0°o+ Y2~ Vi_V2 — 6V,
1kQ 3.3kQ

and 2.7 V1 -3.7 V2 =-6.6

Using determinants: Vi=Vyuo=-10.67V £0°=10.67 V £180°
V,==6V £0°=6V £180°
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24.

25.

216

I Z,=2kQ £0°
1 % | Z,=1kQL0°
v . Z;=1kQ £0°
1 2 — o
- N/ +
+ L'X
1 (D Vx I:Z1 <l>311 I:Zgl
I » |
-
V1= Y3+ Y2
7, V4
with I,= Y1 V2
7>
and V2 — V1 = 2Vx = 2V1 or V2 = 3V1
Substituting will result in:
V{L+i}+3v{L_i} L
7, 7, 7 7-
{ 1 6 3 }
or Vi|———+— | =1
7, 7, 73
and Vi=V,==2V Z£0°
with V,=-6V £0°
Y. 2 IL=—"" =1x10"E;
+
1
501 () IZI ( 501 l}:l v, Y, = —— =0.02mS £0°
' 1 1ot Y] ¥ 'S0kQ
1
. Y,=—— =1mS £0°
= 1kQ
Y;=0.02 mS £0°
L=(V,-V)Y;
Vi(Y: +Y2) - YV, =-501
Vz(Yz + Y3) — Y2V1 = 5012 = 50(V1 — Vz)Yz = 50Y2V1 — 50Y2V2
(Y +Y2)V = Y,V,=-50I,
—51Y2V1 + (51Y2 + Y3)V2 =0
— DY, I
V,=V,= COBDYL _ _p451.92 K,
(Y, +Y,)(51Y, +Y;) - 51Y;
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26.

yes Ly _ 1
1 Zs
5x10°£0°  _ 8x10° Z0°

2.5 x10°290°  4x10° £90°
2 /-90° =2 /-90° (balanced)v

Z,=5KkQ £0° Z, =8 kQ £0°
Z;=2.5kQ £90° Z,=4kQ £90°
Z;=5KkQ £-90°, Z¢=1kQ £0°

I][Z] + Z3 + ZG] — Z]IQ - Z3I3 =E

@ Iz[Zl + Z2 + ZS] — Z111 — Z5I3 = 0
I:Ze L[Z; + 724+ Zs) - 251, - Zs1, = 0

RN

W [

[Zl + Z3 + Z6]Il — Z112 - Z3I3 =E
—ZL\1, +[Z, + 71, + Zs], -Zs1;=0
—Z311 - Z512 + [Z3 + Z4 + Z5]I3 =0

E[z(z,t2.v2) + 2.2.]
Z.= 2+ 2.+ 22,2, * ZNZ:+ 2,4 2) - 2]~ 2|22+ 2,7 2.) - 2.2.)- 2| 2.2, + (2, * 7.+ Z.,)]
I = E[les +2,(2,+Z, + Zs)]
Zx
| E[2,2,-7.2,] E[20x10°£90°~20x10°£90°]

I, =L-1 = =0A
“ o Z, Z,

12:
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_E, 10V Z£0°

Vi R. 1kQ/0°

C.
=10 mA £0°
&y % e b
5kQ £0°
I E@ v, [Y; | v, =0.2mS £0°
—_

1

Y,= —
Q ¢ 8kQ £0°

=0.125mS £0°
N S
> 2.5KkQ £90°
VIlY: + Y2+ Y] - Y Vo= Y,Vs =1 = 0.4 mS £-90°
VoY) + Y3+ Ys] = YV, = YsV; =0 Y, - I
V3[Y2 + Y4 + Y5] - Yle - Y5V2 =0 4kQ £90°
=0.25 mS £-90°
[Yl + Y2 + Y6]V1 - Y1V2 - Y2V3 =1 _ 1
~Y, Vi +[Y) + Y5+ Ys5]V; ~Ys5V;=0 > 5kQ /£ -90°
-Y,V, =YV, + [, + Y4+ Y]V =0 =0.2 mS £90°
B 1
= ——
1kQ £0°
V,=1mS £0°

I[YI(Y2+Y4+Y5)+Y2Y5]
YA:(Y1+Y2+Y())[(Y1+Y3+Y5)(Y2+Y4+YS)_Yg]_YI[YI(Y2+Y4+Y5)+YZYS]_YZ[Y1Y5+Y2(Y1+Y3+YS)]
V.o Y)Y + Y, (Y, +Y;+Y;)]

3

V2:

YA
1YY, -Y,Y,] 10.05%x107 2-90°-0.05x10"° £ —90°
vy —voovy - vvy) 1 ]
i YA YA
=0V
27. a. L _ 7L,
VA 74

4 x 10° £0° 0 4x10° £0°
4 x 10° £90° = 4x10° £-90°
1 £-90°#1 £90° (not balanced)

b. The solution to 26(b) resulted in
_ E(Z\Z;+Z,(Z,+7Z,+Z,)

I3 = IXC ZA
where Zo= L+ Ls+ Z)[(Zy + Ly + Ls)(Zs + Ly + Ls) — 3]
—UZ\(ZLs + 1y + Ls) — LsLis] — Is[ 21 Ls + 15(Zy + 2y + Zs)]
and Z,=5kQ £0°, Z,=8kQ £0°, Z;=2.5kQ £90°
Z,=4kQ £90°, Zs=5kQ £-90°, Zs=1kQ £0°
and I, =176 mA £-71.54°
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c. The solution to 26(c) resulted in
_ I[YlYS + Y2 (Yl +Y3 +Y5 )]
YA

where Ya=(Yi+ Yo+ YOI+ Y5+ Ys)(Y2 + Yo+ Ys) - Y7 ]
=Y, [YiI(Y2+Ys+Ys)+Y,Ys]
= Yo[Y Y5+ Yo (Y T Y3+ Y5)]
with Y, =0.2mS £0° Y, =0.125mS £0°, Y;=0.4 mS £-90°
Y;=0.25mS £-90° Ys;=0.2 mS £90°

Source conversion: Y¢=1mS £0°,I=10 mA £0°
and V;=7.03V £-18.46°

28. Z1Z4 = Z3Z2

. . 1 1
(R1 —]Xc)(Rx +]XLx) :R3R2 XC:

wC (10° rad/s)(1 uF) -
(1kQ - /1 KQ)(R, +jXLx) = (0.1 k(0.1 kQ) =10 kQ
10x10° Q 10x10°

and R_+ jX, = = =5Q+;5Q
LT 0 JIx10° 1414x10° £ —45° /
X
CR=5Q L= k- 22 _spy
o 107 rad/s

29, y. - - 1 _1
' @ @wC  (1000rad/s)3 uF) 3

Zi=Ri|| X £-90°=(2KkQ £0° | 2% kQ £/-90° = 328.8 Q /—80.54°

Z,=R, £0°=0.5kQ £0°, Zs = Ry £0°=4KkQ £0°
Z,=R.,+jX, =1kQ+j6kQ

Z _ 7,
7 Zs

328.8Q £ —-80.54° o 05 kQ £0°
4kQ £0° = 6.083Q2 £80.54°

82.2 £/-80.54° v 82.2 /—80.54° (balanced)

30. Apply Eq. 17.6.
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31. For balance:
Rl(Rx+jXLx):R2(R3 +]XIG )

Rle +jR1 XL = R2R3 +jR2 XL3

R,R
SRR, =RRyand R, = 223

1

Rl XLX = Rz XL3 and Rl(OLx = Rz(OL3

sothat L = Ly

32. Z,=8Q /-90°=—8Q
je\ Z,=4Q £90° = +j4 Q
27>z, Z,=8Q £90°=+8 Q)
°< >- Zi=6Q /-90° =—j6 O
2z, Z Z:=50 /0°
Zo= — L2 _50 /38660
7.t 7, % Zs
= LZs  _6r50 /-5134°
it 7,1t Zs
o= —LoLs  _31750 /128.66°
Z\t7,17Zs
7 =7,+7,=39Q+,3.12Q=499Q /38.66°
7 =Zg+Zy=—-195Q—j3.56 Q=406 Q /~118.71°
7| Z=10.13 Q /—67.33°=3.90 Q — 9.35 Q
Zo=Zs+7' | Z'=780Q—j623 Q=998 Q /-38.61°
1= B 120VZ0" )02 A £38.61°
Z, 9.98Q./-3861°
b. ZYZQZM:4Q_]'3Q
3 3
20
4 Q
z; 30
3Q
4Q 40
3Q
3Q 3Q
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Z;=2Q+4Q+3Q+[4Q—-FQ+7Q]||[4 Q-3 Q+43 Q]
=6Q-j3Q0+2Q
=80 -;30=_8.544 Q £-20.56°

E_ 60 V.20 = 7.02 A £20.56°

Z, 85440 /-20.56°

Za=3Zy =33 Q £90°) =9 Q £90°
Z=90Q/90°|| (12Q-16 Q)
e
z, |:2:| =90 £90°(20 Q £53.13°
=12.96 Q £67.13°
2
2:-722= L —27-2 11206 /67.13°] = 8.64 O £67.13°
Z+2Z 3 3
1= 2o 10OVZD" 4574 £o67.13°
Z, 8.64Q /67.13°

Z,=3Zy=3(5Q)=15Q

[7,] Z,=15Q £0°|5Q £-90°
=4.74Q /-71.57°
— I . Z,=15Q £0° || 6 Q £90°
Zr III I:gl =557Q £682°=2.07Q+;5.17Q
Z,=7,=474Q /-71.57°
=15Q-j450

Zr=7,||(Zo+ Zs) = (474 Q Z-71.57°) || .07 Q+5.17 Q + 1.5 Q — j4.5 Q)
=(4.74 Q £-7.57°) | (3.63 Q £10.63°)
=271 Q £/-23.87°

I= E__100v-0 =36.9 A £23.87°

Zr 2.71Q/-23.87°
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Chapter 18

1 a. T w'
] [
Z,=3Q20°Z,=8Q £90° Zy=6Q £-90°
Z,|| Z;=8Q £90°|| 6 Q £-90° =24 Q) /—90°
I= E____ 3OV%30 =124 A £112.875°
77,117 3Q- ;240
po Ll (6QZ-90)(124A Z112875%) o0 s
Z,+Z, 20 /90°
I
|
I:Z] I:Zz + 2| Z,=3Q £0° | 8 Q £90°=2.809 Q £20.556°
_E2 (- E 60V £10°
Yy 2+ 2 Z, —j6Q+2.630Q+ j0.986Q
= =10.597 A £72.322°
o Ll _(BQLOYI0.59TA L£72322°) o 5 emeo
Z,+Z, 30+ /80
I, =I'+1"=372 A £-67.125° +3.721 A £2.878°
=1.446 A —j3.427 A +3.716 A +0.187 A
=5.162A—j3.24 A
=6.09 A £-32.12°
b. T
Z,=8Q /90°, Z, =5 Q /-90°
I I:ZZI I=03A £60° E=10V £0°
po Zdl _(5Q2-90°(03 A £60°)
= =0.5A £-120°
W - =10V400 =3.33 A £-90°
| Zit+Z, 3Q29
() E —0.5A £-120°+3.33 A £-90°
- =-0.25A—j0.433 A—;333 A
=

=-025A—-;3.763 A
=3.77 A £-93.8°

222 CHAPTER 18



E =20V £0°, Z,=4Q+;3Q=5Q/36.87°

+

E1 Z,=1Q £0°
- 1 o B 20vZ0
- Z,+Z, 4Q+,3Q+1Q

=343 A £-30.96°

po B 120V20°
Z,+Z, 5.83Q./30.96°
=20.58 A £—30.96°

- ¢ o Ll (1Q209(0.5A £60°)
Z,+Z, 5.830Q £30.96°
=0.0858 A £29.04°

T=r-1-1
= (343 A £-30.96°) — (20.58 A £-30.96°) — (0.0858 A £29.04°)

=17.20 A £149.30° or 17.20 A Z-30.70°{
b. E:

- Z,=3Q /90°,7,=7Q /-90°
! | Z [ E=10V £90°

—
v Z:=6Q £-90°, Zys=4 Q £0°
EQY 7' =7.||(Zs + Zy)
T —3Q £90° || (4 Q- j6 Q)

S —3Q £90° || 7.21 Q £-56.31°
— 433 Q £70.56°

_ ZE

7+Z,
_ (4330 £70.56°)(10 V £90°)

(1.44Q+ j4.08Q)— /70

_ 433V £160.56°

3.26 £ —63.75°
v, 1328V £22431°
7 3Q290°
— 443 A £13431°

1

=13.28 V £224.31°

r=
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I3
7 1< [z 1
1 1] L 31 Z”:Z3+Z1||Z2
$ =6 Q+3Q £90°| 7 Q £-90°
. D1 —Jsa+s25a290°
=6 Q+j525Q
= 2 =—-j0.75 Q= 0.75 Q/-90°
z,1 (4Q £0°)(0.6 A £120°) 2.4 A £120°
CDR: 13 = = =
Z,+2' 4Q-j0.750Q 4.07 £—-10.62°
=0.59 A £130.62°
o Ll (1Q2-90°)(0.59 A £130.62°) _ 4.13A £40.62°
Z,+Z, —i7Q+ 30 4 £ -90°

=1.03 A £130.62°

I, =1'— 1" (direction of I')
=4.43 A £134.31°-1.03 A £130.62°

=(-3.09 A +/3.17 A) — (~0.67 A+ j0.78 A) = —2.42 A +j2.39 A
=3.40 A £135.36°

3. DC: o
R, 6Q il
‘ 4V
R, £8Q Ipc=— =05A
+_ § DC 80
1

AC:

(o E 1oV

Z, 8.944Q /26.565°
1.118 A £/-26.565°

VI
+
E1 Z2:R2+jXL:8Q+j4Q
- I:ZZI Ez] =8.944 Q £26.565°
o _

I=05A+1.118 A £-26.57°
i=0.5 A+ 1.58 sin(or — 26.57°)
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4, DC: R R;

MWy
6Q 1 3Q l +
+
12\/—___— VC=12V
) ] I
=
AC: N _ (692090
[ 59 ] 6Q+3Q- /10
| XC/_\.] Q Vg, _ (6Q £0°)(4 A £0°)
! - 90— /10
+ _ 24AL0°
- 9.055£-6.34°
=2.65 A £6.34°

Ve=1Xe=(2.65 A £6.34°)(1 Q /-90°) = 2.65 V /—~83.66°
— 12V +2.65V /-83.66°
ve =12V +3.75 sin(ot — 83.66°)

5 L g . 2 il’
E =20V £0°
Z,=10kQ £0°
ZZI |:z;| I:Zgl Z,=5kQ—j5kQ
—l—
-7

=7.071 kQQ £-45°
=5kQ £90°
: I I=5mA £0°

||Z2—10k940°||7071kQL —45°=4.472 kQ £-26.57°

(CDR) po L1 (4472kQ £-2657°)(SmA £0°) _ 2236 mA £-2657°
7'+17, 4kQ - j2kQ+ j5kQ 5£36.87°
=4.472 mA £/-63.44°

E=20V4£0°
_®+
l N\ T
‘BB T
! 2 s =7.071 kQ /-45° | 5kQ £90°
] - =7.071 kQ ~£45°
= I_I_I
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_ (7-071kQ £45°)(20 V £0°) _ 14142V £45°
Z"+Z (5kQ+ j5kQ)+(10kQ)  15.81/18.435°

=8.945V £26.565°

= Y _BIV LI65657 _ eg A /-63.435° = 0.8 mA — j1.6 mA
7 5kQ £90°
I=T+I"= (2 mA —j4 mA) + (0.8 mA —j1.6 mA) = 2.8 mA — /5.6 mA
= 6.26 MA £—63.43°

6. & &
Z,=20kQ £0°
m(}) [Zzl Z,=10kQ £90°
—_

(VDR) V=

I=2mA Z0°
Jl' E=10V £0°

po Zi(hD _ (20kQ £0°)(100)(2 mA £0°)

=0.179 A £-26.57°

Z,+7, 20kQ + j10kQ
() , . E 10V £0°
| o2 1= =
e Z,+Z, 2236kQ./2657°
|:z;| = 0.447 mA /-26.57°
T I, =1' - 1" (direction of I')
4 =179 mA /—26.57° — 0.447 mA /-26.57°
= =178.55 mA /-26.57°
7. % II Z, II [z, |

l L=2 |
- +
v v/ Z,=5kQ £0° Z, =1 kQ £-90°
. T _ Z;=4KkQ £0°
V=2V £0°u=20
—

v, = V) _ —(4kQ Z0%(20)2V £0°) _
L= - -

~17.67V £6.34°
i tZ,+7Z3 5kQ - j1kQ+4kOQ
I:
CDR: I' =
¢ 2, V7,47, +z +Z,
VL" _ (5kQ £0°)(2 mA £0°)
! 9.056 kQ /£ — 6.34°
= M =1.104 mA £6.34°

V" =-1'"Z;=—(1.104 mA £6.34°)(4 kQ) £0°)=-4.416 V £6.34°
V=V, +V" =-17.67TV £6.34° -4.416 V £6.34°=-22.09 V £6.34°
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hi I:Zgl Z,=20kQ £0°

Z,=5kQ +j5kQ

tr
=
po L) (0kQ Z09)(100)(ImA £0°) _ o\ o 11310
Z,+17, 20kQ+5kQ+ j5kQ
“ANY
f\l "
| N
uv
i I:Zgl o AV _ 010V £0°)
Z,+7Z, 25.495kQ /1131°
=

= =7.845 mA £-11.31°
I, =1' - 1" (direction of I')
=78.45 mA £-11.31°-7.845 mA £-11.31°
=70.61 mA /-11.31°

<l Z,=2kQ £0° Z,=2kQ £0°

Vi=-1,7Z,
’ 1= hl+1=(h+ DI
E VL = —(h + 1)IZ2
- and by KVL: V; =1Z, + E
—_

V, -E

so that I =

1

Vi=—(h+DIZ,=—(h+1) [—VLZ_ E}Zz
1
Subt. for Z,, Z,

V.=—(h+ 1) (V.- E)
V.2 +h) =E(h+ 1)

J’_
=D e ST o0y /539y = 19.62 v £53°
)
0. T +2ov_
. i's | I =1mA £0°
116 V Z,=2kQ £0°
g : Zo=5KkQ £0°
—_
zZ
KVL: V, =20 V-V =0 r=2 . p=2Y v-Ly
| | 21
—21V
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V= 15Z2 = [I] - I']ZZ
Zl

—I'=1LZ,-1'Z

21 144 2

zZ
I'[Z—i+z2}=llzz

and I = ZZ2 L] = (2511:3580)(1“40) = 0.981 mA £0°
—1+Z, s | +5kQ /0°
21
Izl
+§)<_ V,=20V+V=21V
'~ .V, 21V 7.,
"= L= =v=2
‘o N i .z 21
Vi VI:ZEI <DI2 L= -4y
! - ‘oz, 21Z,
—__
Z 14
I":IZ—I5:IZ— IIZZI
I" 1+ Zl 5
21Z,
I 2mA £0°
"= = =1.963 mA £0°
Z, 2kQ
1+ il
21Z, 21(5kQ)
I=T+1"=0.981 mA £0° + 1.963 mA £0°
=2.94 mA £0°
11. E;:
; °
+X 1OQ ZQ
. @ A
10 V£0° 4V,
=i
10V £0°-T110Q-12Q-4V,=0
with V, =110 Q
Solving for I:
1=10V20% 10531 mA 00
V/ =10V £0° - (10 Q) =10 V — (192.31 mA £0°)(10 Q £0°) =8.08 V £0°
228
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V,

X
+

V//

O
+

5A /0)

S
%1095\& 20
+ Ny
; O
4V,
“5A 0
le:zlo

sA 00+ Yo 12V
0Q 20

SA+0.1V,+25V,=0

o

[

26V,=-5A
5

V,=-—V =-1923V
2.6

V! =V, =—(-1.923 V)= 1.923 V £0°
Vo= V4V’ =808V £0°+1.923 V £0° =10V £0°

12. a. 7y
IZ I
— )
[ J
Z <
® TZTh
—_—
EThI
IZ I
— }
+ +
—_— T
b 7y,

CHAPTER 18

Z,=3Q/0°,Z,=4Q /90°

E =100V £0°

Zn=7,|Z,=(3Q £0°]4Q £90°)
=2.40Q /3687°=1.92Q +j1.44Q

Z,E (49 290°)(100 V £0°)
50 /53.13°

7,+1Z,
=80V £36.87°

Th

Zy=13+71 || Z,
=+j6 kQ + (2 kQ £0° || 3 kQ £-90°)
=+j6 kQ + 1.664 kQ £—33.69°
=+j6 kQ + 1.385 kQ —0.923 kQ
=1.385 kQ +;5.077 kQ
=15.26 kQ £74.74°

Z,E _ (3kQZ£-90°)(20V £0°)
2kQ - j3kQ

Z,+Z,
_ 60V .Z£-90°
3.606 £ —56.31°

Th

=16.64 V £-33.69°
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13. a. From #27. Zp, =71, Z,
2y =7,y=21.31Q £32.2°

l
+
: Em En =12 = 1Zy,
1 = (0.1 A £0°)(21.31 Q £32.12°)
-

— =213V £32.2°

Z,=2Q £0° Z; =8 Q /-90°
Zo=4Q /90° Zy=10 Q £0°
E=50V £0°
En=V,+V,

_ Z2E

YA AR
_ (4Q £90°)(50 V £0°)
+i4Q+20Q 20°[(10Q - j8Q)

47248V £24.7°

Vi=E-V,=50V £0° - 47.248 V £24.7° =20.972 V £~70.285°
L2V, (10Q20920972V £-702859) | oo a1 o
Z,+Z, 10Q-j8Q
Ep =V, +V,=47248 V £24.7° + 16377V £-31.625°
= (42.925 V +19.743 V) + (13.945 V — j8.587 V)
=56.870 V +11.156 V =57.95 V £11.10°

14. a. 7y
[z %]
’ : : Z,=10Q £0° 2, =8 Q £90°
. <~ Z;=8Q £-90°
r 1
=

Ly =1:+7,|Z,
—8Q+10Q £0°/ || 8 Q £90°
=—j8 QQ+6.247 Q) £51.34°
— 80 +3.902Q + 4878 Q
=3.902Q-,3.122Q
=5.00 QQ £/-38.66°
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E7;: Superposition:

(E) :
BT
Zz th E;,
T 1
=
v ErE
® + V23 l+
VZ2 "h
— T_
=
Th V +V23

L (8Q£90°)(120 V £0°)
E'p =

10Q+ /80
960 V £90°

~ 12.806 /38.66°
= 74.965V /51.34°

=1Z; +U(Z, || Z>)

=W(Z; + Z,|| Z,)

— (0.5 A £60°)(=8 Q+ 10 Q £0°|| 8 Q £90°)
— (0.5 A £60°)(—j8 Q +3.902 Q + j4.878 Q)

— (0.5 A £60°)(3.902 Q — j3.122 Q)

— (0.5 A £60°)(4.997 Q /~38.663°)
=2499V £21.337°

Ep=E'n+E"p,
=74965V £51.34°+2.449V £21.337°
=(46.83 V +,58.538 V) +(2.328 V +,0.909 V)
=49.158 V +;59.447V =77.14 V £50.41°

ZT},I
ZTh
1 ot
EThI
ETh =E — VZ

=20V Z40° -
=20V Z40° -

I =20V £40° -

=10Q—j10Q=14.14 Q £-45°

(0.6 A £90°)(14.14Q /—45°)
8.484 V £45°

CHAPTER 18

= (15.321 V+,12.856 V) — (6 V +6 V)
=9321 V+6.856 V
=11.57 V £36.34°
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15. a.

7,=6Q—-,2Q0=6325Q £-18.435°
7,=4Q £90°
Ly =7,=4Q £90°

By inspection:

ETh:E2+E1
=4V+10V £L0°
DC AC
L 40 I =L, B
E, R 289 R, R, +jX,
L 23 _4vV. 10V
N _ 8Q 8Q+ j4Q
L C0sar 1OV
8.944 Q) £26.565°
=0.5A+1.118 A £-26.565°
(dc) (ac)
i=0.5+1.58 sin(owr — 26.57°)
16. a. ZT;,I
AR1 52
NV l
[ ] 6Q l 3Q
Ly =1Ly +Zy, =6Q+3Q=9Q
| I
— T
DC:
AV i ANV l
N 6 Q l 3Q N
E=12V E'p =12V
L T
AC:

Ep=12V+24V £0°
(DC) (AC)

MWy Wy
§ I-60Q + 30 1+
I <~E"p= IZR1 =(4AZ0)6Q £L0°) =24V £0°
_—
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b. R DC: V=12V

+J_ 9Q AC: V¢= _LcE
=12V . Z.+Z,,
Emo 4 X 7R 12 v, _ (1Q £-90°)(24 V £0°)
E 24V /0° - —j1Q+9Q
= _ 24VZ-90°
= 9.055 £ —6.34°

Ve=2.65V £-83.66°

Ve=12V+2.65V £-83.66°
=12 V + 3.75 sin(w? — 83.66°)

17. a. 77

2| z
T Z,=10kQ £0°
=

! Z,=5kQ—j5kQ
=7.071 kQ /—45°

Zp =7, | Z,= (10 kQ £0°) || (7.071 kQ £—45°) = 4.47 KQ £—-26.57°

Source conversion:
E, = (I£0)(R,£0°) = (5 mA £0°)(10 kQ £0°) =50 V £0°

ngﬁ g, - Z2(ETE)
u J) Z,+7Z,
E + (7.071kQ £— 45920 V £0°+50 V £0°)
I:ZEI Em (5kQ— j5kQ)+(10kQ)
B 97 _ (1071kQZ-45)(70V £0°)

(15kQ - j5kQ)
494,97V £ —45°

15.811 £-18.435°
=31.31V £-26.57°

E, 3131V £—26.565°
2, +tZ, 4472kQ/-26.565°+5kQ £90°
3131V £-26565° 3131V £-26.565°
T 4kQ- 2kQ+5kQ 4kQ+ 3kQ
_ 3131V £-26.565°
5kQ £36.87°

=6.26 mA £63.44°
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18.

Z,=10kQ £ 0°
-  Z,=10kQ £ 0°

Zz Z
™ Zi=1kQ £ -90°

= *

Zy=125+7Z, || Z,=5kQ —j1 kQ=5.1kQ £-11.31°

_ Z,(20V) _ (10kQ £0°)(20V) _

Ez: (VDR Ex 10V
m (VDR) " z,+4Z, 10 kQ+10kQ
19. ZThl
[ Z, I 1
‘ —= Z,=40kQ £0°
P
I:Z;I z, Z,=02kQ /-90°
' Z,=5kQ £0°

|||-

(7] 5 AU
Z,+7,+1,
100 1<D I:Zgl Em, _ (40kQ £0°)(1001)
v 45KQ /—0.255°
—>

=88.891 £0.255°

|||~

Eg = —1'Z; = —(88.89 T £0.255°)(5 kQ £0°) = —444.45 x 10° T £0.26°

Ly l c la
<—Zrh=Z1=20kQLO°
b
vt T

20.

EThI

E'n =—(hI)(Z,)
=—(100)(2 mA £ 0°)(20 kQ £ 0°)
I . - =4 kV £0°

=
—
1
I
¢
ol
m+
3
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* Epn =K' +E"
E/ =E=10V0° =—4kV £0°+10V £0°
?- =-3990 V £0°
21, Zp:
[ 2, —e  Z,=5kQ A Z, =l

(—ZT},:Z1+Z2: SkQ—]l kQ

1 ! =510 kQ Z-11.31°
ETh
12 T2
- V- * Ep = _[,UV +Vy, ]
wv ! Erp = —uV-1Z,
i G ; = —(20)(2 V £0°) — (2 mA £0°)(5 kQ £0°)
= =—50 V £0°
22. Z,=20kQ £ 0°
Z,=5kQ £ 0°

(—ZTh:Z1+Z2:25kQZOO

Ep = uV — (h)(Z,)
= (20)(10 V £ 0°) — (100)(1 mA £0°)(20 kQ £ 0°)

=-1800 V £0°
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ETh (Eoc)

[z ]
|
: —
|

-
[z ]
¥ T

E

B I
—>

—_

ht Eoc=Eg

o Ho-

[ ]
hI llsc
[ ]
—> (h+1)I
E, 20V £53°
Zp,= B ——
I, —-510mA £53°
24,  Egp:
+ 20V -
> .
+ +
I, ‘D E,e V
I T
+ 20V -
QY
L l+ +
Ecl;lc \Y; A ]2
L1
L.
+ 20V -
<> .

—. .—
=+
R
< +
sl

=
—
N

Isc = I'sc + I"sc =3 mA Z0°

hl=-1 Z,=2kQ £0°
~I=0

and AI=0

with E,.=E;=E=20V /53°

L.=—(h+ DI
= —(h+ 1)(10 mA £53°)
=510 mA £53°

=-39.22Q £0°

E, =21V Z,=5kQ £0°
V=LZ = (1 mA £0°)(5 kQ £0°)
=5V £0°
E,.=E'p=21(5V £0°
=105V £0°

V=0LZ

= (2 mA £0°)(5 kQ £0°)
=10V £0°
E".=E";=V+20V=21V=210V £0°

I’.S'c = Il

20V=V .. V=0V
andI'=0A
. I”sc:IZ

E,.=E,+E",. =315V £0°=Ey,

_ Eo _ 315V £0°

236

=105 kQ £0°
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25. E,:

(Em)
KVL: -6 L(2kQ) - L(1kQ)+ 8V £0°-1(3.3kQ)=0
= 8V 20° _ 0.491 mA £0°
16.3kQ2
E,.=En=1(3.3kQ)=1.62V L0°
L.:

I, =0A
Isc _8 % ls&honed out)

(since) ISC
x =0 = a’
- ISC
L= 3V _ 2.667 mA £0°
3kQ
E o
ZTh: _o¢c — M =607.42 Q Z0°

GOWEQ °d

1.62V.0°

oa’

=

26. a. From Problem 12(a): Zy=Z7=1.92 Q+,1.44 Q=2.4Q £36.87°

|Z1 |
1=
+ 0" Z,=3Q 20°Z,=4Q /90°
E I:Zgl l Isc:INZEZmOVAO)
_ Z, 3Q/0
—

=33.33 A £0°
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27.

238

From Problem 12(b): Zy=Zz, =5.263 kQ £74.74° = 1.39 KQ + j5.08 kQ

IN:
| z ] | z, |
. ls_l_l — | Z,=2kQ £0°,Z, =3 kQ £/-90°
E Z; ilSC: 1, Z;=6kQ./90°
[ ]
L;=71,+17,| Zs
= =2kQ+3kQ £-90° || 6 kQ £90°
=2KkQ + 6 kQ £-90°
=2kQ - j6 kQ
=6.325 kQ £/—71.565°
(o E _ 20 V £0°
Y Z, 6325kQ/-71.565°
=3.162 mA £71.565°
[ ope Lol (3kQZ-90°)(3.162mA £71.565°)
N 7,41, —/3kQ+ j6KQ
_ 9486mAZ-18435° o o e o
3 £90°
Z,=20Q +j20 Q=28.284 Q /45°
l | Z,=68020°
[ZJ (—ZN= Z] ” Zz
T 1 = (28.284 Q0 £45°) || (68 Q £0°)
- - =21.31Q £32.2°

®

'CD I:ZZI @ ! «I.,=I=Iy=0.1 A£0°

®

7,=2Q £0°7Z,=4Q £90°
7;=8Q /-90°, Z,= 10 Q £0°
E=50V £0°
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ZN:

H OB B s

Z/

7 =7,|2Z,=2Q £0°| 4 Q £90°
=1.789 Q £26.565°=1.6 Q +,0.8 Q

7' +7,=1.6Q+08Q+10Q=11.6Q+,0.8Q=11.628 Q £3.945°

Zy="175 || (Z' +Zy) = (8 Q £-90°) || (11.628 Q £3.945°) = 6.81 Q £—54.23°

~3.980Q-/553Q
L= B 0VZ0® _ hs0 A 2900
7. 8Q7-90°

2 =7 Zs=4Q £90°| 10 Q £0°
=3.714Q £68.2°
_ ZE _ (3.714Q £68.2°)(50 V £0°)

7' +Z,  1378Q+3448Q+20
_ 1857V £68.2°
4.827 £45.588°

2

=38471V £22.612°

L- V, 38471V £22.612 — 3847 A /22.612°

Zs 10Q £0°
Iy=1+1,=6250 A £90° +3.847 A £22.612°
= +j6.25 A +3.551 A+ /1479 A=3.551 A +;7.729 A

=8.51 A £65.32°

28. a. From Problem 14(a): Zy = Zz, = 5.00 Q £-38.66°

Iy:  Superposition: 7;=7,.+7,||Z;
— = ~10Q+8Q £90°|| 8Q £-90°
V4 4 o
€ [l T L2 _ 004 042407
2 s + ) 0
E, Zr E, llslc = very large impedance
— — [ ]
1 L- = —0A
+ Zr
and v, =0V

with sz :VZ3 = El =120V £Z0°
sothat 'y, = E _ 120V £0°
Z; 8Q/L-90°

=15 A £90°
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ey

[ ]
l I",, =1I=0.5 A £60°

Iv=To+ 1" = +/15A+0.5 A £60°=+,15 A+0.25 A +,0.433 A
=0.25A +/15.433 A=15.44 A £89.07°

b. From Problem 14(b): Zy=77;,=10Q —;10 Q=14.14 Q £-45°

L L=T-1
1 <« I E
— 7] = -1
L5 ] zZ
e ]
t + L 20VZ40° o oge
ORx @ E 14.142Q £ —45°
‘ - = 1.414 A £85° 0.6 A
=0.123 A +,1.409 A —0.6 A

= =0.123 A +,0.809 A
=0.82 A £81.35°

29. a. Zy:
1% |
. l l E=20V £0°,1,=0.4 A £20°
z, Z,=6Q+80Q=10Q £53.13°
? 1 1 Z,=Q—-j12Q=15Q /-53.13°
- Zv=7,|7Z,=(10Q £53.13°) || (15 Q £-53.13°)
= =9.66 QO £14.93°
IN:
(E (L)
|| y4 || |_|L=— I=0A
+ ! ' L Iil |
; ® \
E lsci Is’ci L
- ] T ® °
I',.,=E/Z, =20V £0°/10 Q £53.13° I",=1,=0.4 A £20°
=2 A /-53.13°

Iy=",+1".=2 A £-53.13°+ 0.4 A £20°
=215 A £-42.87°
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IZ I o
I 3|
E, =120V £30°,Z, =3 Q £0°
< Z,=8Q /80, Zs=4Q /90°

Zy=7:+17,|Z,
=4Q /90°+(3Q £0°) || (8 Q2—;8Q)
=4.37Q £55.67° =2.47 Q +j3.61 Q

IN§
E, 120 V £30°
Z] A AT
[ S ] Z; 7, +71,||Z,
1, _ 120V /30°
fr |z ..i % 30+ (80— 80 [[4Q £90°
120V £30°
6.650Q /46.22°

=18.05 A £-16.22°

2D _ (80— ,8Q)(18.05A £-16.22°)
7.+ 75 8Q - j8Q+ j4Q

=22.83 A £-34.65°

Isc = IN:

30. a. Zy=8Q £0°

IN:
DC
I =3 0=05A
i
R= 60
. R, 80Q
E,=4V
2 =
-1 ?
=
- lsc
AC o—bo
+
E y y Z,=60-20
i E1|:zZ| E1|:Z;| 1ToRE T
_ - 7,=8Q /0
==
Icczg:m=125AZ()°
Z, 8Q/0°
Iy=05A+1.25A £0°
CHAPTER 18
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I:ZZI Zy=8Q £0°

7,=4Q £90°

Q '||" (i )
(]

1_77 il=l1=(15A

AC:
Zy(1L) _ (8Q£0°)(1.25A £0°)

1= =1.118 A £-26.57°
Znt7Z; 8Q+j40
Iia=05A+1.118 A £-26.57°
(de)  (ac)

i= 0.5+ 1.58 sin(ct — 26.57°)

31. a. From#16 Zy=Z7=9Q Z0°

DC
R1 RZ
N | 6 Q [ 3Q [ ]
E= 12V poo E_12V
| SR BT
=
AC:
Ry R,
AV——W
| R | oo BRI _(6Q207@A £09)
I VR R +R, 90 £0°
®
? 24V £0°
= SO 267 A L0°
= 90 £0°

Iy=1.33 A +2.67 A £0°
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DC: Ve=1IR
+ = (133 A)(9 Q)

(DI’N (DIN Rugoa %19% =12V

4 AC: Z'=9Q £0°| 1Q £-90°
T = =0.994 QO £/-83.66°

Ty

Ve=1Z' =(2.667 A £0°)(0.994 QO /—-83.66°)
=2.65V £-83.66°
Ve=12V +2.65V £-83.66°
32. a. Note Problem 17(a): Zy="715 =447 KkQ £-26.57°

Using the same source conversion: E; =50V £0°

Defining Er=E, +E=50V £0°+20V £0°=70V £0°

L% ]
‘ SES | Z,=10kQ £0°
E, 6, | Z,=5kQ - j5kQ=7.071 kQ /—45°
- [
1= B OV oA oo
Z, 10kQ0°

Iy=L.=7mA Z0°

Za(Iy) _ (4472kQ £ —26.565°)(7 mA £0°)
In+Z, AA4T2KkQ L —26.565°+5kQ £90°
 31.30mA £-26.565° 3130 mA £ —26.565°
- 4-j2+ 5 - 4+ j3

_ 31.30mA £ —26.565°
- 5./36.87°

b. I=

= 6.26 mA £63.44° as obtained in Problem 17.
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33.
Zy:
Z,=10kQ £0°, Z,=10kQ £0
Z;=—1kQ
IZy=75;+7,||Z,=5kQ -1 kQ
=5.1kQ /-11.31°

IN:

_ —(Z,11Z,)20V
(2,1 Z;)+ Z,
s —(0.995k Q) £ —84.29°)(20 V)
0.1 kQ-0.99kQ+10kQ
V,=—-1.961 V £~78.69°

V, 1961V £-78.69°
Z, 1kQ £ —90°

=-1.96 x 10° V £11.31°

Z,=40kQ £0°, Z,=0.2 kQ £-90°
Z;=5kQ £0°

1 3
N ZN: Z3 || (Z1 + Zz)

Z
! ! = 5kQ £0° || (40 kQ — j0.2 k)
= 4.44 kKQ £—0.03°

(7] b1 = 201000
Zl + Z2
_ (40kQ £0°)(100 1)

40 kQ £ —0.286°
= =100 1 £0.29°
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l Z,=5kQ £0°, Z,=1kQ £-90°
(—ZN:Z1+Z2:5kQ—j1 kQ

= 5.1 kQ £-11.31°

[ ] T T
Iy

L% | 1 % |

] | v eoeva
Y Tléc “Z,+Z, 5.1kQ/-1131°
¥ T . =7.843 mA £11.31°

=

(I) [/ — ZI(I)

[ 2] EA Y 7,+1Z,
_ (5kQ £0°)(2 mA £0°)

L= L2 |
']
I
'

”
T lSC

5.1kQ £-11.31°
=1.96 mA £11.31°

Iy=_,+1",.=7843 mA £11.31°+1.96 mA £11.31°

=9.81 mA Z11.31°

36. Zy:
. @_. Z,=20kQ £0°, Z, =5kQ £0°
: e V=10V £0° n=20,h=100
z, 1=1mA £0°
1 4+ N Zy=17,+12,=25kQ £0°
Iy: (hI)

¢ N A0

" v "z,
? ~ (20kQ Z£0°)(AT)

= 20kQ £0°+5kQL0°
=80 mA £0°

o MV _(20)10V £0°)

7,+17, 25kQ

=8 mA Z0°

Iy (direction of I';)) = Iy, — I",. = 80 mA £0° — 8 mA £0° =72 mA Z£0°
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37.

— (O [z ]
[V | | O
l1 + 2\()Jv [2¢ + & + Zl — 1 kQ 400
: V V2 E Z,=3kQ £0°
- - . Z:=4KQ £0°
= o Vz:21V:EOC:>V=E""
) 21
D P P A
7z, 217,
L=—"2I=1+L= oc +&:Enc|: 1 +L}
2 212, Z, 20Z, Z,
217,2,
and E. — 212,721 :(21)(1kQ Z0°)(3kQ £0°)(2 mA £0°)
Y z,+217, 3kQ+21(1kQ £0°)
E;=E, =525V £0°
20V
— ) [7 1
N A =1
+ 0“ R N
: Z |V z se T T T — T, Asc
_ v 7, Z, 21
V:IIZI
% I:II"FI'
' +
L= Ll yp-|Lt I,
Z,+7Z, Z,
I=1,+1'= 1+ {Zz +Z3]ISC:{ Z3 +Z2+Z3:|ISC
Zl Zz 21 Zl Z2
I 2 mA Z0° .
217, z, 21kQ 3kQ
Iy=0.79 mA Z0°
E . o
Zy=—= :M =6.65 kQ £0°
I, 0.79mA £0°
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38.

+ ¢

+

&>
< Tw

[3 20V +
V (D'Z Z,=2kQ L0°

Z,=5kQ £0°

|||-<

Iz = I3 + 15
V=LZ,=-1)Z,
Eoc = ETh =21V= 21(12 - I3)Z2

E
= 21(12 —f]lz
1

Ea{l + 212} ~217Z.1,
7,

21Z,1, _ 21(5kQ £0°)2mA £0°)

1+21%2 1+21(5k940°j
Zi 2kQ £0°

Ep =K, =3925V £0°

Eoc =

>
4

39. a.

? Todv T+
el viz| e
[ ] -
—_

Eo. _3.925V £0°

20V-V .. V=0
and Iy=1,=1,=2 mA Z0°

ZN:
L. 2mA Z0°
Il Z, II ®
° 7,=3Q+;40,7,=—j6 Q
! —Zn=7,|7Z,
_ =50 £53.13°|| 6 Q £-90°
— . =8.32Q /-3.18°
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° 3.61Q £-33.69°

=199.45V /-56.31°
2 2

Pae =L = G124V)" _ 11082 W
4R,  4(831Q)

L= ] ° E;, =
* Z2+Z1
- _ (6Q.£-90°)(120 V £0°)
=

b. Z,=3Q+j4Q=5Q /53.13°
. 7,=2Q /0°

V4 Z (—ZN:ZT},:Z1 ||Z2
1 2
=50 /53.13°)|2Q £0°
_L_

1 . _10Q £53.13°

2+3 +j4
10 Q £53.13°
5+ j4
10 Q £53.13°

6.403 £38.66°
= 1.56 Q £14.47°
Zn=1.56Q £14.47°
—1.51Q+,/0.390Q
Z,=151 Q-j0.39Q

% Ep = W(Zi| Z,)
1 E,, = (2 A £30°)(1.562 Q £14.47°)
=3.12V £44.47°
° 2 2
= P = L1 = CAZV) g 61 vy
4R,  4(1.51Q)
40 a. ZT;,
Z
=1 _ Th
L% | .| Z,=4Q /90°,Z, =10 Q £0°
) Z;=5Q /-90°,7Z,= 6 Q /—90°
I:Zgl I:ZJ E =60V £60°
[ )
+—{z]

1o, =714+17; || (Z] + Zz) = —]6 Q-+ (5 Q 4—900) || (10 Q +]4 Q)
—2.475Q— 4754 Q
=11.04 Q £-77.03°

Z,=11.04 Q £77.03°
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E
= + B —
L% ] ° Z,(E)
+ + Epn=——"—"—
c c I:Z:I I:Zj 7,47, +17,
_ - ‘ _ (5Q.2-90°)(60 V £60°)
B —i50+40+100

= =29.85V £-24.29°

Poax= En/4Rm = (29.85 V)2/4(2.475 Q) =90 W

b.
[z} [z, 1
L= ] l L8]
* Zry b Z,=3Q+j4Q=5Q /53.13°
Zzz—jSQ
¢ p Z;-120+/90Q
=

Zy=7o+ 70 || Zs=—j8 Q+ (5 Q £53.13%) || (15 Q £36.87°)
=571 Q /-64.30°=2.475Q — j5.143 Q
Z,=5.71Q £64.30° =2.48 Q +j5.15 Q

= + —+ —_ =
£, V. ] En+ v, —E=0
+ = +

Epn=E,—-V
_Z,E, - E)

= z - V, = ———
% 7.+,

= = 168.97 V £112.53°

Er=E;— V, =200V £90° — 168.97 V £112.53° = 7824 V £34.16°
Poax = E3/4ARn = (78.24 VY/4(2.475 Q) = 618.33 W

_EZ0° 1V £0°
"~ RZ0° 1kQ L0°

Zy =40 kQ £0°

Eq = (50 1)(40 kQ £0°) = (50)(1 mA £0°)(40 kQ £0°) = 2000 V £0°

Eh _ (2kV)" _

AR, A40kQ)

41. =1mA Z0°

Pmax: 25W
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42. a. Zr,=7Zy=8Q £0° (Problem 30(b))
ZL =8 Q 400
E,=1,-Z,: DC: E;,=I,-Z,=(05A)8Q)=4V
AC: E, =T\-Z,=(1.25A 208 Q £0°=10V
Eh _(4V)'  (10V)’
4Rm 48Q) 48 Q)

b. Prox = =05W+3.13W=3.63 W

43. From#16,Zp =9 Q, E =12V +24V £0°
a. ZL:9Q

En _(12V)" (4V) _
4R, 409Q) 409Q)

or Ep= \V3+V]  =26.833V

E} _(26.833V)° _

b. Prax = 4W+1I6W=20W

and P = 20 W
4R, 409Q))
44. a. Problem 17(a):
Z7,=447kQ /-26.57°=4kQ —;2 kQ
Z;=4KkQ+ 2 kQ
Er,=31.31V £-26.57°
b. Poax = E&/4R7m = (31.31 V)/4(4 kQ) = 61.27 mW
45. a. Z7,=2kQ 20°]| 2 kQ £/-90°=1kQ —j1 kO

Re=A R (X X o)’
= JUkQ)? + (-1kQ +2kQ)

= JUkQ)? + (1kQ)?
~1.41kQ

b. Rav = (R + Rioad)/2 = (1 kQ + 1.41 kQ)/2 =1.21 kQ
Eh _ (50V)?
4R, 4(1.21kQ)

av

Pmax = =516.53 mW
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46. a.

n

2
< 27fC  2x(10 kHz)(4 nF)
* B = 3978.87 Q

4 . X, = 24fL = 2(10 kHz)(30 mH)

= 1884.96 O
Z1 =1kQ £0°, Z, = 1884.96 Q £90°
=3978.87 Q /-90°
Ziy=(Z1+ L) || Zs = (1 kQ + j1884.96 Q) | 3978 87 Q £/-90°)
=2133.79 Q £62.05° || 3978.87 QO /~90°)
=3658.65 Q £36.52°

7, =3658.65 QO £-36.52° =2940.27 Q — j2177.27 Q
1 1

= = =7.31 nF
2rfX. 27(10kHz)(2177.27 Q3)
b. R, = Ry, =2940.27 Q
. . Z,(E) _ (3978.2'37 Q/£-90 ).(2 VZ0°) 3.43 V./-25.53°)
Z,+7Z,+7Z, 1kQ +;1884.96Q— ;j3978.87Q

Puax = E%/4R;, = (3.43 V)*/4(2940.27 Q)= 1 mW

o o B a
47. 1, GELONEMALDY) 33,104 00
4kQ+8kO -
Voo = I)(8 kKQ £0°) = 10.67 V £0° v, I,
b b
48. a
12 kQ
\4 V= ﬂ: 1(20\/ 400)
* + 4kQ+12kQ 4
E V12 Q=6 kQ =5V £0°
_ 1= 240 _ 483 ma 200
6 kQ
b.
E V = & = l(ZOVZOO)
12 kQ + 6kQ+6kQ 2
IT 6 kQ =10V £0°
I= M =0.83 mA Z0°
12kQ
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4

N

2 4KQ £90°

= 12.5mA /-90°
Z, =2kQ £0°
Z, =4 kQ /90°
Z:=4kQ /-90°

=1 -1 =(50 mA £0° — 12.5 mA Z-90°) = 50 mA +j12.5 mA

=51.54 mA £14.04°
Z =7, Z>=Q2kQ £0°) || (4 kQ £90°) = 1.79 kQ £26.57°
21, (179 kKQ £26.57°)(51.54 mA £14.04°)
. _

7+, 1.6kQ + j0.8kQ — j4KQ
=25.77 mA £104.04°

9,
| o
Ve Il=%=SOmAAO°
I I Z Z
1 III 2<D IZI B 50V £0°
-
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Chapter 19

. a  Pr=60W+20W+40W=120W
b.  0r=0VARS, S;=P;=120 VA

Sr_120VA

c. Sr=El, I,= =0.5A
E 240V
d.
R P:IfR,R=£2= 60W2=24OQ
A— I (05A)
+J_“—s>+ V- l+'1 liz V=ILR=(0.5A)(240 Q)=120 V

E=120V RIV, RV, V=V,=E-V=240V-120V=120V

- 2 2 2
_L @w) [@ow) p _ Vi p Vi (120V) .00
= R P 20 W
2 2 2
py= V2 g, = V2 (20V) 4640
R P, 40W
v, 12
e. Il:_lzﬂ :0.17A,]2:£:M =033 A
R 720Q R, 360Q

2. a  Z;=3Q-j50+/90=3Q+j4Q=50Q /53.13°

E:M =10 A £-53.13°
Z, 5Q/53.13°

I:
R:  P=PR=(10A)3Q=300 W
L: P=0W

C: P=0W

0=0VAR

Oc=FXc=(10 A)* 5 Q=500 VAR
0, =X, =(10 A’ 9 Q=900 VAR

Sa®

R: S§=300VA
C:. S§=500VA
L: §=900 VA

d.  Pr=300W
Or=0L—0c=400 VAR(L)

Sr= P2 +0% =EI=(50 V)(10 A) = 500 VA

_ Pr_ 300W

Sr 500VA

= 0.6 lagging

P
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w1 WRZ{E}Zz[ﬂ}ﬁ
h S 2h] A
V=IR=(10A)3Q)=30V
W= (30 V)(10 A) _s
60 Hz

J

Ve=IXc=(10A)Y5Q)=50V
_ VI _(50V)(10A) _ 1333
o (27)(60Hz)
Vi=IX;=(10A)9Q)=90V
VI _(90V)(10A)
W=—="r—" 2
@, 376.8

=2.39J

Pr=0+100 W +300 W = 400 W
Or=1200 VAR(L) — 600 VAR(C) + 0 = —400 VAR(C)

Sr= P} +0? =565.69 VA

F,= b __40W 0.707 (leading)
S, 565.69 VA

Pr=EI cos Or
400 W = (100 V)I,(0.7071)
I, = 400 W =566 A
70.71V

I,=5.66 A £135°

Pr=600 W + 500 W + 100 W = 1200 W
Or= 1200 VAR(L) + 600 VAR(L) — 600 VAR(C) = 1200 VAR(L)

Sr= \/p% +00 = \/(1200 W)? + (1200 VAR)* =1697 VA

Py 1200W .
F,=Pr_120OW 42071 daggin
P S T1697 VA (lagging)
S, 1697 VA .
=St 1OOTVA ¢ 485 AL 0.7071 = 45° (laggin
£ 200V (lagging)

I,=8.49 A £-45°

Pr=200 W +200 W +0 + 100 W = 500 W
Or=100 VAR(L) + 100 VAR(L) — 200 VAR(C) — 200 VAR(C) = —200 VAR(C)

Sr=\P}3+Q) =538.52 VA
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Pr 500 W

b. F,=~—~—=————=0.928 (leadin
P s, 53852VA ( &)
C. —
d. Pr=EI cos Or
500 W = (50 V)1,(0.928)
= SOW 10776 A
464V

I,=10.78 A £21.88°

60V £30°

6. a  Izy=———— =3A/30°
20Q £0°
P=PR=(3A’20Q=180 W
QRZOVAR
S=P=180 VA
b. IL=M=6A4—6O°
10Q £90°
PLZOW
0, =FX,=(6A)10 Q=360 VAR(L)
S=0=360 VA

c.  Pr=180 W+400 W =580 W
Or=600 VAR(L) + 360 VAR(L) = 960 VAR(L)

Sr= /(580 W)’ + (960 VAR)? = 1121.61 VA
_ Pr_ 580 W
sr 1121.61VA

=0.517 (lagging) 0= 58.87°

P

d. ST:E[S
_Sr_1L6IVA _ oo
E 60V

6, =30° - 58.87°=-28.87°
I,=18.69 A /-28.87°
_E*_(20V)’

7. a. R: P= =——=200W
R 20

PLc=0W

b. R 0=0VAR

E> (20 V)?
C: - £ _B0 V) _gyvar
0= £33 ©
2 2
L 0= E -COV) 150 varw)
X 40
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R: S§=200VA
C. S=80VA
L: §=100 VA

Pr=200W-+0+0=200W
Or=0+ 80 VAR(C) + 100 VAR(L) = 20 VAR(L)
Sr= \/ (200 W)* + (20 VAR)* =200 VA

_ Pr_ 200W

F,="L=_=""__ =.995 (lagging) = 5.73°
P s, 200998 VA (lagging)

[ = S1_200998VA _ oo

E 20V
I,=10.05 A£-5.73°

50V £60°

50 /53.13°
Pr=FR=(10A)3 Q=300 W
PLZOW
PCZOW

R-L: =10A £6.87°

0Or=0 VAR

0, =IX,=(10 A4 Q=400 VAR

o= 0V LO0° 5 h 500
10Q / -90°

Oc=IXc=(5A) 10 Q=250 VAR

Skr=P =300 VA
SL:QL:400VA
SC:QC:250VA

PT = PR =300 W
Or =400 VAR(L) — 250 VAR(C) = 150 VAR(L)

Sr= (300 W) + (150 VAR)* = 335.41 VA

= Pr_ 300W 0.894 (lagging)
Sr 335.41VA
_Sr_3S4IVA_ o
E 50V

0.894 = 26.62° lagging
0=60°—26.62°=33.38°
I,=6.71 A £33.38°
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I — ] = -
’i, 'Z_1| X m? (400 rad/s){O.l H)=40Q
+ iIz = =
E oC  (400rad/s)(100 uF
E 5OVLO°@ V2 —9250 ( )( # )
B B Z,=40Q £90°, Z, =25 Q /-90°
=30Q £0°

Zr=7,+17, || Zs = +40 Q+ (25 Q £-90°) || (30 © £0°)
= +j40 Q + 19.21 Q £-50.19°
=40 Q + 123 Q - j14.76 Q
— 123 Q+,25240
=28.08 Q £64.02°

s = _E S0 V.20 =1.78 A £-64.02°

Zr 28.08Q £64.02°

Vo=1(Z, || Zs)=(1.78 A £—64.02°)(19.21 Q /~50.19°)
=34.19V /-114.21°
V,_ 3419V Z-11421°

A 25Q / —90°
V,_ 3419V Z-11421°
7Z- 30Q £0°

L= =137 A £-24.21°

L=— =1.14 A £-114.21°

Z: P=0W,Q0,=1}X,=(1.78 A 40 Q=126.74 VAR(L), S = 126.74 VA
Z;y P=0W,Qc= LX.=(1.37 Ay’ 25 Q=46.92 VAR(C), S = 46.92 VA
Z;: P=I;R=(1.14 A’ 30 Q=38.99 W, 0= 0 VAR, S=38.99 VA

d.  Pr=0+0+38.99 W=3899 W
Or=+126.74 VAR(L) — 46.92 VAR(C) + 0 = 79.82 VAR(L)

Sr=\P}+02=88.83 VA

F,= L3839 W _ 439 tagging)
Sr  88.83VA
€. -
N W= Velg _ _(34.19V)(1.14 A) — 0317
2f, 2 f1 2(63.69 Hz)
fi= ﬂ_400rad/s_63 69 Hz
2z 6.28
I, _(ILX)I, _I}X, _(L78A)
g. WL:VLL:(S L)s:S L:(178A) 40920.32.]
@, o, o, 400 rad/s
We— Vele _ Vo1, _(34.19V)(1.37A) _ 0.12]
@, , 400 rad/s
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10.

11.

12.

258

Sy 10,000 VA
E 200V
0.5 = 60° leading
.. Iy leads E by 60°
E 200 V £0° _

50A

Zr- = =22V 40/ 60°=20-j3.464 Q=R jXc
1. 50A Z60°

=P p— F = (0.5)(10,000 VA) = 5000 W
St

[=Sr_3000VA _ 4y 67 A
E 120V

F,=0.8 = 36.87° (lagging)
E=120V £0°,1=41.67 A £-36.87°

Z:? 120V £0

41.67A £ -36.87°
P =S cos 6= (5000 VA)(0.8) = 4000 W

Pr=0+300 W =300 W
Or= 600 VAR(C) + 200(L) = 400 VAR(C)

ST=,/p%+Q;=500VA

F= 2 30OW _ 6 Geading)
S, 500VA

=00 _S00VA 6T A
E 30V

F,=0.6=53.13°
I,=16.67 A £53.13°

Load: 600 VAR(C), 0 W

R=0,L=0, chlzXC:XC:&:M:

12

Load: 200 VAR(L), 300 W

(16.67 A)*

C=0,R=P/F =300 W/(16.67 AY’ =1.079 Q

= Qo ZOVAR 491970
1> (16.67A)

Z:=1j2.159 Q + 1.0796 Q +j0.7197 Q

=1.08 Q—;1.44 Q

= =2.880 £36.87°=230Q+,1.73 Q=R+ jX]

2.159 Q
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13. a.  Pr=0+300W +600 W =900 W
Or= 500 VAR(C) + 0 + 500 VAR(L) = 0 VAR
Sr=Pr=900 VA

Pr
Fo=1Lr_
’ St
b, =Sr_900VA_ o 1 —9A £0°
E 100V

X
2 2 4
y:_10

zZ =L s Ye=t—= =200
o e X, ¢ 0. 500

Lo E_ 100V o

7. 20Q/-90°
L=L-L,=9A—j5A=10296A /-29.05°
P 300W 300

Z,, R=—= -==—=2.83Q
I (10296 A)* 106
XL‘CZOQ
ze R-Do SOW g
2 (10296 A)
X, = Q—Lﬂ.ng,xczog

2 (10296 A)’

14. a.  Pr=200W+30W+0=230 W
0r=0+40 VAR(L) + 100 VAR(L) = 140 VAR(L)

Sr= P} +02=269.26 VA

Py 230W

F=Pr__29W  _ 854 (lagging) = 3135°
?T . 26926 VA (lagging) =
b, f=S50-20920VA _, 66 A
E 100V

I,=2.69 A £-31.35°
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C. [ ] 2 4
22 I . :V_ziz
R DA T = ez P 200 0F
X, Xc=0Q
0 [ [ Teve .
- ' 500 200
IZZIS—Il

=2.6926 A £-31.35°-2 A £0°
=229 A-j140A-20A
=0.299 A—-;1.40 A

=1.432 A £-77.94°

z, rR-L- W _yeax-2- VAR 9500
I (14324A) 2 (14324A)
XCZOQ
7y x-2-10VAR 8760, R-00,X.-00

7 (1432A)

15. a. Pr=100 W + 1000 W =1100 W

100 W 1000 W
0.8 => 36.@75 VAR
125 VA 0.4 => 66.42°
2500 VA 2291.26 VAR
A

0r=175 VAR(C) + 2291.26 VAR(C) = 2366.26 VAR(C)

Sr= \P}+0%=2609.44 VA

= Pr HOW 4 43 (eading) = 65.04°
S, 260944 VA

Sr_2609.44 VA

1 5A
E =521.89 V £—65.07°

%9 o[ [

[, =25 _12VA _ 93954
"y, E 52189V

1, =2 =2 200VA_ 59 5
¥, E 52189V

b. Sr=ElI=FE= =52189V

N
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Z: R= %=LW2 =1743.38 Q
I;  (0.2395)
75 VAR
=12 x. = =2=—=1307.53Q
Q= I Xc © I (02395A)
Z: = 2P = 1000W2 =4359Q
I, X. (4790A)
X, = O 229126 VAR _ 99.88 O

;X (4790A)

16. a  0.7=45.573°
P=5Scos 0= (10kVA)0.7) = 7 kW
0= Ssin 0= (10 kVA)(0.714) = 7.14 kVAR(L)

10 kVa
7.14 KVAR
45573°
7 kW
Vz
b. Oc=7.14kVAR = —
C
2 2
Xe= e _QO8V) _ 6.059 Q
O, 7.14kVAR
1 1 1
Xe=—— = C= = =438 uF
2z fC 2rfX. (2m)(60 Hz)(6.059 Q)
c. Uncompensated:
- Sr _ 10,000 VA _ 48.08 A
E 208V
Compensated:
=St Pr_T000W_ . 4ecn
E F 208V
d. cos #=0.9
1 0=cos 0.9 = 25.842°
y tan 0= ——
7.14 kKVAR 7kW
x = (7 kW)(tan 25.842°)
X = (7kW)(0.484)
25.842° \] =3.39kVAR
7 kW y=(7.14 -3.39) kVAR
=3.75kVAR
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V2
=3.75kVAR= —
Oc %

C

2 2
Xe= V_:M: 11.537 Q
O~ 3.75kVAR
1 1
C= = =230 puF
2rfX. (2m)(60 Hz)(11.537 Q)
Uncompensated:
1,=48.08 A
Compensated:
Sr=J(TkW)? +(3.39kVAR)? = 7.778 kKVA
- Sr _T.TI8kVA _ 3739 A
E 208V

17. a.  Pr=5kW, Or=6kVAR(L)

ST=,/p%+Q§=7.s1 kVA

Pr S5kW .
b. F,=—=———_=0.640 (laggin
»" g, 78IKVA (lagging)
. 1 =Sr_TBIOVA_(onga
E 120V
2 2
d. XC: —1 ) QCZIZXC: E—:—(120V)
27 fC X, X,
2
and Xom (120 V) 14,400 _, ,
0. 6000

c=—L1 - ! =11
27fX,.  (27r)(60Hz)(2.4Q)

05 puF

e. Sr=El,=Pr

5000 W
120V

=41.67 A

o~

Il
= |3

Il

262
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18. a. Load 1: P=20,000 W, 0=0 VAR
Load 2: 0 =cos 0.7 =45.573°

tan 6 = X
10 kW

x = (10 kW)tan 45.573°
= (10 kW)(1.02)
UL =10,202 VAR(L)
Load 3: 0=cos'0.85=31.788°

tan 0 = #
‘31 788° x = (5 kW)tan 31.788°

S kW = (5 kW)(0.62)
=3098.7 VAR(L)

N

Pr=20,000 W + 10,000 W + 5,000 W = 35 kW
Or=0+10,202 VAR + 3098.7 VAR =13,300.7 VAR(L)

Sr= [P} +02= 37,442 VA = 37.442 kVA

N
1 wa s
5 Q,=13,300.7 VAR

Py = 35 kW

b.  Qc=0,=135300.7 VAR
2 3 2
Xo= E -0V 51840
0. 13,300.7 VAR

N S 1 _
27X, (2m)(60 Hz)(75.184 Q)

35.28 uF

c. Uncompensated:
Sr _37.442kVA

IS:
E 1kV

=37.44 A

Compensated:
ST = PT =35 kW
_ Sr_35kW _

I =———=35A
E 1kV

19. a. Z:=R,+ R+ R;+jX, —jXc
=20+3Q+1Q+3Q-j12Q0=60Q-;90=10.82Q £-56.31°
I=£= 50 V £0°
Z; 10.82Q /-56.31°
P="VIcos 0=(50V)(4.62 A) cos 56.31°=128.14 W

=4.62 A £56.31°
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20.

21.

22.

264

a-b: P=PR=(4.62A)2Q=42.69 W
b-c: P=FR=(4.62A)73Q=64.03 W
a-c:  42.69 W + 64.03 W = 106.72 W

a-d: 106.72 W
c-d: 0OW
d-e: OW

f-e: P=PR=(462A)1Q=2134W

Sr=660 VA = EI;
[j=——=55A
120V
6 =cos™'0.6 =53.13°
SJE=120V £0°,1,=55 A £-53.13°
P=Elcos0=(120 V)(5.5 A)(0.6) =396 W
Wattmeter = 396 W, Ammeter = 5.5 A, Voltmeter =120 V

ZT=£= 120 V.20 =21.82Q £53.13° =13.09 Q +j17.46 Q=R + jX;
I 55A/-53.13°
I’ (4A) I 4A
Xp =22 - R*=1(50 Q) —(5 Q)> =49.75 Q
- X BTQ s 03 mE
2z f (2m)(60 Hz)
JP_0OW g
I’ (3A)
R=£=&WZ=1SQ,ZT=£=M=1OOQ
> (2A) I 2A
X, = \/Zﬁ -R? =\/(100 Q) - (15Q)*=98.87Q
- A 88T 3omu
27f 3768

X, = 21/ = (6.28)(50 Hz)(0.08 H) = 25.12 Q

Zr= R+ X2 = /(4 Q) + (2512 Q) =2544Q
_E_ OV ;355

Zr 25440

P=FR=(2358 A’ 4Q=2224W
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b. I=\/E—‘/3O—W=2.07A
R 7Q

z=E_ 00V _re990
7 207A

X, = \/(28.99 Q)Y —(7Q)*=28.13Q
_ X, _ 2813Q
27f  (2m)(50 Hz)

= 89.54 mH

c. P=PR=(1.7A7%10Q=289W
Zr= E_OV 35290
I 17A

X, = \/(35.29 Q) —(10Q)* =33.84Q
_ X, 38840
27f 314

= 107.77 mH
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Chapter 20

1 1

1 a. W, = = =250 rad/s
JLC  \JTH)(16 uF)
fi= @, _250rad/s _ 39.79 Hz
2 2
b. W = ! =3535.53 rad/s
J(0.5H)(0.16 4F)
fi= @, _3535.53rad/s _ 562.7 Hz
2 2
1
c. o, = =21,880 rad/s
J(0.28 mH)(7.46 uF)
o= 2o 2LE80mds g 31 1y
2 2
2. a. Xc=30Q b. Z, =10Q

d. Vx=IR=(mA)(10Q)=50mV =E
v, =IX, = (5 mA)(30 Q) = 150 mV
Ve=IXc= (5 mA)(30 Q) = 150 mV

VL:VC
X;: 30Q
e. = ==——=3 (low f.
0. 2 100 (low Q)

3. a. X, =40Q

b 1= 2= joma
Zr 2Q

c. Vx=IR=(10mA)2Q)=20mV=E
V, = IX; = (10 mA)(40 Q) = 400 mV
Ve=IXc= (10 mA)(40 Q) = 400 mV

VL:VC:20VR
X, 40Q .
d. , = ——==———=20 (high
0 2 20 (high Q)
X, 400

e. X, =2xfL, L= =1.27 mH

2zf 27(5kHz)
1 1 1

C

"0 ST X, 22 RHn@OQ)

266

P=PR=(5mA)’ 10 Q=0.25 mW

=1795.77 nF
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f. BW= £=%=250 Hz

0,
g. f2=fs+¥=5kHz+&2kHz=5.l3kHz
fi=fi- B sy, - OB M2y eg vy
2 2
4. a f=;:>L= L ! =3.91 mH
' Y NiTe Qxf,)’C 2z 1.8kHz)*2 uF
b. X, =2nfL=2mn(1.8 kHz)(3.91 mH) = 44.2 Q
Xe= — = ! =442 Q
27fC  2x(1.8kHz)(2 uF)
XL:XC
¢.  Ems=(0.707)(20 mV) = 14.14 mV
o= B 1414mV
R 470
d.  P=PFPR=(3.01 mA) 4.7 Q=42.58 yW
e. S;r=Pr=4258pVA f.  F,=1
X, 4420
= AL=""""" 9y
& T "0
pw=s - 1‘891‘4HZ — 191.49 Hz

N

1| 470 1 ( 470 )2 4
7| 23.91mH) 2\\3.91mH) (3.91mH)(2 xF)

1| R 1[(RY 4
fi=—|——+=,]| = | +—
2zl 20 2\\L)  LC
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268

BW = £/Q, = 6000 Hz/15 = 400 Hz

L=ft ¥=6000Hz+200Hz=6200Hz

fi=f— %=6000 Hz - 200 Hz = 5800 Hz

0= % =X, =0R=(153 Q) =45Q=X¢

Prpr = lpmax _1 (PR) = l(0.5 A 3Q =375 mW
2 2 2
- 2004Q =3.185 mH
2zf 27(10* Hz)
- R _ > =~ 250 Hz
2zL  27(3.185mH)
R R 5Q 0, 40

fa=f;+BW/2=10,000 Hz + 250 Hz/2 = 10,125 Hz
fi=f—BW/2=10,000 Hz — 125 Hz = 9,875 Hz

o X200
R 50

_ EZ0 :30V Z0 :6A400, VLZ(IZOO)(XL 4900)
RZ0°  5Q£0°

= (6 A £0°)(200 Q £90°)
=1200 V £90°
Ve=(I £0°)(Xe £-90°) = 1200 V £-90°

P=PR=(6A5Q=180 W

BW= g: O, =f/BW =2000 Hz/200 Hz = 10

N

O, = %:)XL:QSR:(IO)(Z 2)=200

O 20Q =1.59 mH
27f (6.28)(2kHz)
! ! =3.98 uF

T 27/X,  (628)2KkHZ)(200)
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d.  f=f+BW2=2000Hz+ 100 Hz = 2100 Hz
fi=£.— BW/2=2000 Hz — 100 Hz = 1900 Hz

8. a.  BW=6000Hz - 5400 Hz = 600 Hz
b.  BW=£/0,= f.= O.BW=(9.5)(600 Hz) = 5700 Hz

c. 0O,= %:XL =X:=0R=(9.52Q)=19Q

d. S 1942 =0.53 mH
2 f  2m(5700 Hz)
- ! =147 pF
2rfX. 27(5.7kHz)(19 QY)
9. IM=£:R=£= oV =10Q
R Iy S500mA

BW=£/0, = O, = f/BW = 8400 Hz/120 Hz = 70
0, = %:XL = O,R = (70)(10 Q) = 700 Q

XC = XL =700 Q
- K 7009 =13.26 mH
2rf  (2m)(8.4kHz)
! ! =27.07 nF

T 27/X,.  (Qn)8.4kHz)(0.7kQ)

fr=f;+BW/2=8400 Hz + 120 Hz/2 = 8460 Hz
fi=f;—BW/2=28400 Hz — 60 Hz = 8340 Hz

10. Q= %:XL=QSR=2O(2 Q)=40Q =X,
BW = éj f.= O,BW = (20)(400 Hz) = 8 kHz

= KXo o308 ogs 0 um
2rf  2n(8kHz)
C— | 1
2rfX. 27n(8kHz)(40Q)
f,=/f;+ BW/2=28000 Hz + 400 Hz/2 = 8200 Hz
fi=f;— BW/2=28000 Hz — 200 Hz = 7800 Hz

=497.36 nF

6
1. a  fi= o, _2rx10°radls _ o\
27 2

b. %:o.lézmr&fz —£i=0.16 f,=0.16(1 MHz) = 160 kHz

s

CHAPTER 20

269



2 2 2
R P 20W
BW=i = L= R__ 72042 =0.716 mH
27L 27BW  (6.28)(160 kHz)

1 1 1
= (C= =
5 273JLC 47°f2L  47%10°Hz)*(0.716 mH)

=35.38 pF

X, 2xfL 6 )
d 0, _Xi gy pe= i rf L _2x(10 Hz)(O716mH):56.23Q
R, 80 80 80
X
12. a. =L
o, R,
X
R = XL 2z /L _2z(IMHz)(100 H) _ 5027 O
' ., 0, 12.5
Lohi Lo,
Js 0,
0 :LZSZ_L:27rfL:27z(1MHZ)(100,uH):628.32§2
02 R R R R
p= 82832Q o o
R:Rd"l‘ Ré

125.66 Q=R,;+ 5027 Q
and R;=125.66 Q —50.27 Q2 =75.39 Q

1

c. Xc= =X
<ozt
1 1
= = =253.3 pF
27 /X, 27(1MHz)(628.32Q)
13 a  f=—1 = 2 =159.16 kHz
" 272JLC 272J(0.1mH)(10 nF) '
b.
&
G | b,
l(DZmA §2k9 Z=20 y =4y
i
e 5=21-% _ 4V oma
X, 2zf,L 100Q
fo= YooV AV 4o ma
XC

1/22f,C 100Q

270
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R, _ 2kQ _2kQ _
X, 2xf,L 100Q

d. Oy =

1 1

= = = 41.09 kHz
27JLC  27./(0.5 mH)(30 nF)

14. a. 1

27 fL _ 27(41.09 kHz)(0.5 mH) _

16.14 > 10 (yes
X, 20 (yes)

X
b. Qf :R—L:
/

C. Since Q, =10, f, =1, = 41.09 kHz

d. X, =2nf,L =2mn(41.09 kHz)(0.5 mH) = 129.1 Q
2

= = 2 =129.1Q
27f,C 272(41.09 kHz)(30 nF)

XL:XC

Xc

e.  Z,=0O/R,=(16.147 8 Q=2.084 kQ
f. Ve=1z;,= (10 mA)(2.084 kQ) = 20.84 V

g 0,210, 0,= 0, =16.14
f, 41.09kHz _

BW= L= """~ 2545.85 Hz
0, 1614

h. I, =Ic= Q,1, =(16.14)(10 mA) = 161.4 mA

15. a. fs ! !

= = =11,253.95 Hz
27LC  27./(0.1mH)(2 4F)

b 0 - Yo 27 (L _22(11,253.95HAQImH) _ oo 0)
R, R, 40
2 2
c. f=f 1-RC 1 os305 1y J1- G 2HE ) 053 95 1,(0.825)
L 0.1mH

=9,280.24 Hz

2 2
L= =L RC )y 053951, 1oL G 2uF
L 4| 0.1mH

=11,253.95 Hz(0.996) = 10,794.41 Hz
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d. X, =2xf,L=2n(9,280.24 Hz)(0.1 mH) = 5.83 Q
Xe= —L = ! =857Q
27f,C 27(9,280.24 Hz)(2 uF)

XL ch, XC >XL

=125Q

24 y2 24 y2 24 . 2
e. ZTp:RS”Rp:RSH [R,z XL]: RI+Xi_(4Q)° + (583Q)

Ry R 40

£ Ve=1z;,=@2mA)(125Q)=25mV

X, _27f,L _27(9,280.24 Hz)(0.1mH) _

. Since R, = o0 QQ =1.46
g 0,=0, = R, R, 40
BWZQ_%_G%I(HZ
0, 146
h fe=Yc-2"V 50 maA
Yo 857Q
po Vil Ve o 25mV_2SmV oy
Z., R +jX, 4Q+580Q 7.07Q
X
6. a 0 =201080_ s,
R, 200
2+ x? 24 2
X L RN Q00000
RE+X? X, X, 1000
N _R|R =k KX Rt xi 10,400 Q)

=1000 Q|| ———="=342.11 Q
20

‘

.  E=1Z; =(5mA £0°)(342.11 Q £0°) = 1.711 V £0°

Ic= £ _ L7 V.20 =16.45 mA £90°
Xo £-90°  104Q £-90°

7,=20Q+,;100Q=101.98 QO £78.69°

I,= E__L7HUVZ 16.78 mA £-78.69°

Z; 101.98Q £78.69°

X, 1000
27f 27(20kHz)
1 1

C27/X. 27(20kHz)(104 Q)

=795.77 uH

=76.52 nF
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17.

18.

0,- R _3211Q_ 4
Xo 1040

BW=1,/0,=20,000 Hz/3.29 = 6079.03 Hz

Q .
Q0 =—= EY) = 15 (use approximate approach): Xc =X, =30 Q

zZ; =R,||Q/R, =450 Q|| (152 Q=450 Q| 450 Q=225 Q

E=1Z; = (80 mA £0°)(225 Q £0°) =18 V £0°

o=— & BBVZC 464 so00
X Z-90° 30Q/-90°
= £ - 18V20"  BBVZDT oA 8619
Zeo 2Q+30Q 30.07Q 86.19°
Xo=2afl L= X - 392 439 mn
2zf, 2m(20x10° Hz)
AN SN S 31 =265.26 nF
27 f,C 27f,Xe  27(20x10° Hz)(30 Q2)
Z
0,- 2259 _gs gy Lo 200012 ) 671,
X, 300 0, 75
A ! =102.73 kHz
© 22JLC 27,J(80 £ H)(0.03 uF) '
2 2
fo=finJ1- RC _ 73Kz [1- LD OB LE 65 23 ks 99958)
L 80 uH
=102.69 kHz
1| RIC
Iu =iy 1= S | = 10273 kH2(0.99989) = 102.72 kHz

Since f; = f, = f,, = high O,

X, = 2xf,L = 27(102.69 kHz)(80 xH) = 51.62 Q
! ! =51.66 Q

Xc

" 27/,C 27(102.69 kHz)(0.03 1F)
X, = Xe
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c.  Zp =R/ OR

&_51629_3441

R, 150
Z, =10kQ [ (34.41)’1.5Q=10kQ||1.776 kQ = 1.51 kQ

0 =

RbllQ R/ _Zr, _1.51kQ

d. 20 21K2 9995
Cr= X, X, 51620
pw=Jp 10269KHz_ 3 oy,
0, 2925
e, =Rl 10KQUOMA) _ o0 o

R,+O’R, 10kQ+1.78kQ
Ie=1,= 0,1, =(34.41)(8.49 mA) = 292.14 mA

£ Ve=1Z, =(10mA)(1.51 kQ) =151V

19. a  fi= L ! =17.12 kHz

22JLC  272J(0.5 mH)(1 uF)

R 2
A fM/l— C o 712kHz \/I—W=7.12kHz(0.9338)=6.65kHz
Dom

Jn =t I_Z{RLC} 7.12 kHz \/1—%{%}=7.12M2(0.9839)
Sm

=7.01 kHz
Low Q,

b. X, =2xf,L = 27(6.647 kHz)(0.5 mH) = 20.88 Q

Xo= — - 1 ~23.94 0
27/C  27(6.647 kHz)(1 uF)
Xc>XL(10WQ)
2+ 2
. Z =R Ry=R | REEXL_ 5000 B FTRO8D) s 06050
' R 80
5556 0
z .
d. Qp:i:wzzgﬁ
X, 23940
pw=Jr _CO4TKHZ ) oo vhts
0, 232
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20.

21.

One method: V¢ = IZT], = (40 mA)(55.56 0)=2.22V

lo=Le = 22V _ g3 73 ma

X, 23.94Q

W 222v 222V
I

TR X, 82088 22360 28 mA

Ve=222V

SR S0k

Z
T,
l

(50 Q) + X2 = (50 kQ)(50 Q)
X, = +/250x10* —2.5x10° = 1580.3 Q

. XC :XL =1580.3 Q

X, 158030

= =15.72 kHz
2zL  2n(16 mH)

XL=27z'pr:>/fy=

SN SR S ! = 6.
27f,C 27 f.X. 2x(15.72kHz)(1580.3 Q)

P

Xe=

4 nF

1 1

=20>10 .. f,=f.= = =3558.81 Hz
o=t 22JLC  27./(200 mH)(10 nF)

9,

27/L R, - 27 fL _27(3558.81 Hz)(0.2 H) _
R, "0, 20

Zp =R/ R, =R OIR, =40kQ || (20)*223.61 Q

Z; =27.64kQ

Ve=1Z; =(5mA)(27.64kQ)=1382V

223.61 Q

_ X
9, R,

P=IR=(5mA)27.64 kQ = 691 mW

0 _ R _RIR, 27.64kQ p
"X, X, 2x(355881Hz)(0.2H)
BW = S, _355881Hz 575.86 Hz
0, 6.18
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22.  a. Ratio of X to R, suggests high O system.
XL =400 Q :XC

X, 400Q
b0 T Y
4

.. 0 :i:RsllRp:RSnQﬁ&:201<Q||(50)28§z:101<9:25
' "x. X X, 400 Q 400 Q
BW = g—":fp = 0,BW = (25)(1000 Hz) = 25 kHz

P

d Ve, =1Z, =01 mAY10kQ) =1V

e.  fi=f,+ B2 =25KkHz + DU _ 955 kHyz
fi=f,— B2 =25 kHz - X2 _ 54 5 kHy
2+ 2
23, a  Xe= NP X; -XXc+ R =0
L
X} =100, +144=0
Y —(~100) +/(100)> — 4(1)(144)
’ 2
4_
=50Q+ %=509i48.54ﬂ
X, =98.54 Q or 1.46 Q
b 0 =L 8L g,
R, 120
2 2
a0kQ | R AL sora) 12 Q)’ +(98.54 Q)
c. Q= KUK, _ R _ 120
Tox, X, 100Q
_ 40kQ([821.18Q _ 804.66Q o
100Q 100Q

BW=£,0,= f,= 0,BW=(8.05)(1 kHz) = 8.05 kHz

A V. =1Z =(6mA)(804.66 Q) =483V
e, fi=f+ BW2=805kiz+ 2 _g 55 kHy
fi=f,— BW2 =8.05kHz - 1KHZ _ ; <5 kHzZ

276
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4. 8 fmos 272,/(0.5 mH)(30 nF)

[ 2 [ 2
fo =1 1—R2C=41.09kHz 1—%=41.09kH2(0.9978)=41kHz

2 2
fo=f. 1—%{%} — 41.09 kHz Jl—%{w} — 41.09 kHz(0.0995)

=41.09 kHz

0.5mH
=41.07 kHz
High O,
b. =M:4m400,&=2om
20kQ £0°
0, = X, _2znfL _27(41kHz)(0.5mH) _ 21.47 (high O coil)
" R, R 60
2/+ 2 2 2
R RETXI 20k 6D +(128810)
Q:RsllRp: R _ 60
S Ri*+ X} (6Q)° +(128.81Q)°
X 128.81Q
_ 20kQ|2771kQ _ 2.434kQ oo (high 0,)
129.09 Q 129.09Q
¢.  Z; =RJIR,=20kQ|2.771kQ =243 kQ
d Ve=1Z; =(4mA)243kQ)=9.74 V
e, pw=le Kz, oy
0, 18.86
1 1
f. Xe= = =129.39 Q
2z fC  27(41kHz)(30 nF)
fo= Lo 29130V 555 maA
X, 129390
L= Ve __ 9T6V 976V _ o000
[R+jX,| 6Q+,12881Q 128.95Q
27 f,L 27f,L
25, 0= Xi- (PN R, - 7fpL _27(Q0KHZ)Q@ mH) _ ;o0
R, R, 0, 80
BW=f,/Q,= Q,=f,/BW=20kHz/1.8 kHz = 11.11
1 1 1
High O.. 2fi=——=C= = =31.66 nF
ghQ- Jp= 272\LC 47°f;L  47*(20kHz)’ 2mH
0,- R S r-gxe=—2 - 111 =2.79 kQ
Xec 27f,C  2w(20kHz)(31.66 nF)
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26.

27.

278

R,= O/R, =(80)*3.14 Q=20.1 kQ
RsR, _ RR(20.1kQ)(2.793kQ) _

R:RSHRPZ :>Rs_
R:*R, R,-R 20.1kQ-2.793kQ
4
Ve =1z, = 7, =S - 18V _g4q
wo T T 02mA
R RIR, R R, 9kQ
Q,,=—=—” O e [ B
X, X, X, Qp 3

BW = g—P = f,= 0,BW = (30)(500 Hz) = 15 kHz

4

L= = 08 3 gmu
2z f  27(15kHz)
C=—- 1 — 3537 nF
27X, 27(15kHz)(300Q)
QP:Q/(Rs=wQ)= ﬁ:} R€:£=3OOQ:109
’ R, 0, 30
o fm = 1 = 251.65 kHz
"7 272JLC 27,J(200 £ H)2 nF) ‘
0, - Xo_2xQSLESKHACOO L) _ (oo

R, 200Q
- f,=f,=251.65 kHz

b Z =R, || Q’R,=40kQ || (15.81)° 20 Q=444 kO

_ RIQIR, _4444kQ _
X, 316230

14.05

C. 0,

a.  pw= Lo BLOSHEZ_ o6,

0, 1405

e. 20 pH, 20 nF
f; the same since product LC the same
f;=251.65kHz
X, 2m(251.65kHz)(20 uH) _
0= R 200 -

Low Q,:

1.581

3.24

R2
Jo=rial1- EC =(251.65 kHz)\/

= (251.65 kHz)(0.775) = 194.93 kHz

20 uH

20 Q)*(20 nF)

kQ
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f.

X, = 2af,L = 22(194.93 kHz)(20 uH) = 24.496 Q
2 + 2 2 + 2
R+ X} (209 +(24496Q)°
R, 200
=R,||R,=40kQ || 50 Q= 49.94 Q

R,=

R 49.94 Q)
R
X, 24.496Q

S, 194.93kHz _ 95.55 kHaz

BW= =270 2 F
0, 2.04

0.4 mH, 1 nF
Js=251.65 kHz since LC product the same
X, _27(251.65kHz)(0.4 mH) _ 31.62> 10

O R, 200

. f,=/,=251.65 kHz
=R, || O’R,=40kQ || (31.62)>20 Q=40 kQ || (=20 k) = 13.33 kQ

2
0, RIQIR _1333kQ ), o0
X, 632470

= Jr 2LOSKHZ_ 4oy,
0, 2108

g. Network L_200pH _ 100 x 10°
C 2nF

L2048 _ g1

L_04mH _ 100 % 10°

Yes, as L ratio increased BW decreased.
Also, V,= IZ, and for a fixed /, Z, and therefore V), will increase with increase in the

L/C ratio.
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Chapter 21

1. a  left d= %" =0.1875", dy = 1"
Value = 10> x10°1¥75"""

=10°x 1.54
=1.54 kHz

right: d,=="=0.75",d,=1"

AW

Value = 10° x 107"
=10°x 5.623
=5.62 kHz

b. bottom: d, = S 0.3125", d, = 5. 0.9375"
16 16

Value = 1071 % 100.3125"/0.9375" — 1071 % 100.333

=10" x2.153
=022V
top: d, = %" =0.6875", d>» = 0.9375"
Value — 10—1 x 100.6875“/0.9375“ — 10—1 % 100.720
=10"" x 5.248
=052V
2. a. 5§ b. —4 c. 8
e. 1.30 f. 3.94 g. 4.75
3. a. 1000 b. 10" c. 1.59
e. 10" f.  1513.56 g 10.02
4.  a 1151 b. —-9.21 c. 2.996

5. logio 48 = 1.68
logio 8 + logjp 6 =0.903 + 0.778 = 1.68

6. logip0.2=-0.699
logio 18 — log;p 90 = 1.255 — 1.954 = —0.699

7. logip 0.5 =-0.30
—logio 2 =-(0.301) =-0.30

8. logp 27 =1.43
3 logio 3 =3(0.4771)=1.43

280

h.

h.

d.

—0.498
1.1
1,258,925.41

9.07
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P 280 mW
9. a. bels = log;y = =log;y ———— =log;p 70 = 1.85
210 Pl £g10 4 mW £g10

b.  dB=101log, % = 10(logyo 70) = 10(1.845) = 18.45

1

10.  dB=10log, £2

P

100 W

P,

6dB =10 10g10

0.6 =log;o x

x=3.981= 100 W

P

Pl = M: 2512 W
3.981

P 40W
11. dB=10log,y =2 =101o =10 log;o 20 =13.01
210 P £10 oW £g10

1

12. dB,=101Io
810 T nw

120 mW

dB,, = 10 logy, =10 log;p 120 = 20.79

V. 8.4V
13. dB,=201log,, *+=201o0
g10 7 210 01V

1 .

=20 log 1o 84 = 38.49

14. dBD =20 10g10 &
4

4
22=201o o
810 S 0mv

1.1 =logox

x=12.589 = Vo
0mV

V,=251.79 mV

15.  dB; =20 log __r
0.0002 pbar

0.001 pbar
0.0002 ubar

0.016 ybar
%°0.0002 zbar
Increase = 24.08 dB,

dB, = 20 log =13.98

dB; =20 log = 38.06

CHAPTER 21

281



16. 60 dB; = 90 dB,
quiet loud

P
60 dB, = 20 logj———— =20 lo
‘ 819°0.002 subar siot

3 =logex
x=1000

P>
90 dB, = 20 logio—L2——=20 1o
810°0.002 sbar g1y

4.5 =logpy
y=31.623 x 10°

P
0.002 ybar _ P W

_Pr Py 31.623x 67
0.002 yhbar

and P, = 31.62 P,

i
y

18. a. 8 dB =20 log £
0.775V

V.
0.4=1o 2
8100775V

=2.512

"
0775V
Vy=(2.512)(0.775 V) = 1.947 V

P V2 _ (1.947V)
R 600 Q

=6.32 mW

b. -5 dB =20 logg £
0.775V

~025=1o 2
800775V

V,=(0.562)(0.775 V) = 0.436 V
p_ V7 (0436V)°

=0.32 mW
R 600 Q
\Y X 1
19. a  4,=—2=——5— /90°+tan' XJ/R = /—tan"' R/Xc
Vi \[Rz + Xé i 2 "
XC
1 1
fi= = =3617.16 Hz
27RC  27(2.2kQ)(0.02 uF)
f=fu A, = % =0.707

7

F=0.1f:  Atf, Xe=R=22kQ
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20.

Xo= — 1 1{ 1 }=10[2.2k9]=22k9

S 27fC 2701£C 0.1|27f.C

R S 1 1

2 2 - 2
\/(Rj » \/(2.21@) " JODP+
X, 2kQ

f=0.5fc=%fc: Xo= 1 =2{ 1 }=2[2.2k9]=4.4k9

2r f.C

) 27 /€ ) 27r(f°’jC
2
1 1

\/(2.2 kQTH JO.57+1

44kQ

A, = =0.894

T 2202f)C 2| 27fC
I I

\/(2.21@)2+1 Jor+

1.1kQ

J=2 Xe 1 1{ 1 }%[2.21@]:1.11@

A, = =0.447

/=107 Y- L 1{ ! }L[z.zkg]zo.m

" 22(10/)C 10| 27/.C
1 1

\/( 22k0 )ZH Jaoy+

0.22kQ

10

A, = =0.0995

6 =—tan"' R/X¢
f=r = —tan”' = —45°

f=01f:  O=—tan" 2.2 kQ/22kQ = —tan”" %= _5.71°

f=0.5f: = —tan"' 2.2 kQ/4.4 kQ = —tan™’ %= -26.57°

f=2f 6=—tan"' 2.2 kQ/1.1 kQ =—tan™' 2 = —63.43°
f=10f;  O=—tan"' 2.2kQ/0.22 kQ = —tan"' 10 =—84.29°

1 |

o= Serc 27(1kQ)(0.01 uF)

f=2f.=31.83 kHz

1 1 s
22fC  27(31.83kHz)(0.01 1F)

Ay=Yoo_Xc _ 200 = 0.4472
Vi JRP+X2 JUKkQ) +(0.5kQ)

V,=0.4472V;= 0.4472(10 mV) = 4.47 mV

=15.915kHz

00 Q

Xc
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1 1
— f.=—(15,915 kHz) = 1.5915 kH
107 10 & ’

1 1
= = —1
27/C  27(1.5915 kHz)(0.01 i F)
Ve Xc 10kQ
A, = —o= =
Vo JRP+xE JAkQ}+(10kQ)
V,=0.995V,= 0.995(10 mV) = 9.95 mV

b, f=

0kQ

Xc

=0.995

c. Yes,atf=f., V,=7.07mV
atf= %fc , Vo=9.95 mV (much higher)
at f=2f., V,=4.47 mV (much lower)

1 1

27RC  27(12kQ)C

1 1 o
27Rf, 27(1.2kQ)(500Hz)

1

R 2
— | +1
(XEJ
At f=250 Hz, X¢c = 2402.33 QQ and 4, = 0.895

At f=1000 Hz, Xc = 600.58 Q and 4, = 0.4475
0 = —tan 'R/X,

Atf=250 Hz = % £, 0=-26.54°

21.  £,=500Hz=

265 pF

AU: &:
V.

Atf=1kHz=2f, 0=-63.41°

6
1 1
. _45°
. \\—93.41"\
oot
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22. a.  f. ! !

= = =67.73 kHz
27RC  27(4.7kQ)(500 pF)

b.  f=0.1£=0.1(67.726 kHz) =6.773 kHz
1 1

Xe= - — 46.997 kQ
22fC  27(6.773 kHz)(500 pF)
g Vol Xe 46.997k Q) 0995 = |
Vi JRP+XZ J@ATKQ) +(46.997k Q)
c.  f=10f.=677.26 kHz
Xe= 1= ! ~ 470 O
27fC 272(677.26 kHz)(500 pF)
Ay=Yoo X 4704 = 0.0995 = 0.1

Vi JRP+XE J@7kQ)+ (@70 Q)

R+ XZ=10"X_
RP=10"X2 — X2=9,999 x?2
R 47kQ
/9,999 99.995
1 1 1

=47 Q

C

Xe= =f= = =6.77 MHz
2z fC 22X C 27(47 Q)(500 pF)
Vv R ] 1 4
23. a A= f=——=Ytan X/R= ——— Ztan" Xo/R
Vi R +X] 2
VR X (%)
R
1 1
fe= = =3.62 kHz
27RC 272(2.2 kQ)(20 nF)
f=r 4,= Yo _ 0707
Vi
f=2f Atf, Xc=R=22%kQ
Xe=——=—1 1 =1[2.2k9]= 1.1kQ
27fC 27(2f)C 2| 22fC| 2
R Y 'Y

1.1kQY
1+
22kQ
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24.

286

2r f.C

=2 ! =2(22kQ[ =4.4kQ
o | 2leaan

AU=;2=0.447
L[ 44kQ
22kQ
f=10f  Xe=—t 1)1 ]_22KQ ;5500
27(10£.)C 10| 27f.C 10
! =0.995

A, = -
0.22kQ
1+
22kQ

=ifc: Xc= ! =10{ ! }=10[2.2k§2]=22k§2
10 2n(fcjc 27 f,.C
10
1
A, = =0.0995
2kQ
1+
22kQ
=f, 0 =45°
f=2f. 0=tan"' (Xo/R) =tan"' 1.1 kQ/2.2 kQ =tan™’ !
f= lfc, 0=tan"' w=tamfl 2 =63.43°
2 22kQ
.1 0.22kQ
=10f, O=tan' ==——-=5.71°
S= 1 ok
1 L 22kQ
=—f, 0=t =84.29°
s 1of 22k
f=fi A,= Vs _ 9707
V.
1 1
fe =15.915 kHz

" 22RC 272(10kQ)(1000 pF)

f=4f.=4(15.915 kHz) = 63.66 kHz
1 1

Xe= = =2.5kQ
27fC 27(63.66 kHz)(1000 pF)
R 10kQ

JR+ X2 ) JA0kQ)Y +(25kQ)

AU: E:
V.

=0.970 (significant rise)

—=26.57°
2
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c.  f=100f,=100(15.915 kHz) = 1591.5 kHz = 1.592 MHz

SN ! =99.972 0
27 fC 27(1.592 MHz)(1000 pF)

R _ 10kQ
JR+ X2 J(10kQ) +(99.972Q)

A, =0.99995 = 1

d. Atf=f., V,=0.707V;=0.707(10 mV) = 7.07 mV
2 2
P, - Vo _(7.07mV) ~ 5aW
R 10kQ

1

2
1+(XCJ
R
L S 1
27RC 2rf.C  27(2kHz)(0.1 uF)
R=79577Q = 750 Q+47 Q=797 Q
—_—

nominal values

Ztan”' Xc/R

[\S]
W
2
Il
...< |g<
Il

=795.77 Q

ﬁ:

1

e 79T N0 i)

=1996.93 Hz using nominal values

At f=1kHz, 4,=0.458
f=4kHz, 4, = 0.9
-1 Xc

R

0 = tan

f=1kHz, 0=63.4°
f=4kHz, 0=126.53°

AA

458

00 Hz TkHz o 4Khz 10kHz __ flog scale)
(1996.93 Hz)
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26.

27.

288

1 1

= = =79.58 kHz
27RC  27(100 k Q)(20 pF)

fe

£=0.01f, = 0.01(79.577 kHz) = 0.7958 kHz = 796 Hz
1 1

Xc= = =9.997 MQ

2z fC  2x(796 Hz)(20 pF)
=Yoo R _ 100 k< ~0.01 2 0

Vi JRPHXE J(100kQ) +(9.997 MQ)
£=100f.=100(79.577 kHz) = 7.96 MHz
Xe= = ! =999.72 O

27fC 27(7.96 MHz)(20 pF)
gg=Yoo R _ 100k =0.99995 = |

Vi R+ X% J(100kQ) +(999.72 Q)

14 R
A= —2=05=—co-—

4 JR* + X}

JR>+ X2 =2R

R+ X:=4R’

X2=4R* - R*=3FR’

Xc=3R* =BR=4/3 (100 kQ) = 173.2 kQ

Y= L o - 1 1

27 fC 27X .C  2m(173.2kQ)(20 pF)
f=45.95 kHz
. 1 1
low-pass section:  f, = = =795.77 Hz
' 27RC  27(0.1kQ)2 uF)

high-pass section:  f, = ! ! =1989.44 Hz

27RC  272(10KkQ)8 nF)

For the analysis to follow, it is assumed (R, + jX . ) [| Ry = R, for all frequencies of

interest.

At f, =795.77 Hz:

Vy =0.707 V;
X, = L2510
27 fC,
25k Q(V,
v, |= ) =0.9285 V,
JI0kQ) +(25k Q) ‘

V,=(0.9285)(0.707 V;) = 0.66 V;
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At f. =1989.44 Hz:

V,=0.707 Vy
X, =—_ —400
L2nfC,
Ry, 10000 =0.928 ¥,

‘VRI‘: 2 2 2 2
JRE+XE 1009 +(40Q)
V.| = (0.707)(0.928 V) = 0.66 V;

Atf=79577 Hz + (198944 sz_ 7957702 _ 1397 60 1z

X, =57.14Q, xo,=1429kQ

100QF) ~0.868 V;

J100Q)? +(57.14Q)°
14.29kQ(V,, )

JI0KQ)Y +(14.29k Q)

pel-

=0.8193 ¥,

v,|=

V,=0.8193(0.868 V) = 0.71V;

and 4, = Vo - 0.71 (= maximum value)
After plotting the points it was determined that the gain should also be determined at
=500 Hz and 4 kHz:

f=500 Hz: X, =159.15Q, X =39.8kQ,
Ve =0.532V, ¥,=097 V

V,=0.52V;
f=4kHz: X =19.89Q, X =4.97kQ,

Ve =0.981V, V,=0.445 V},
V,=0.44 V;
b. Using 0.707(.711) = 0.5026 = 0.5 to define the bandwidth

BW=34kHz-0.49 kHz=2.91 kHz
and BW = 2.9 kHz

With foener = 490 Hz + (2'9;‘HZ

j= 1940 Hz
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I
I
i —~
|
I
1

100 Hz /N F1KHz  f, 3AkHz  10kHz f
0.49 kHz 0.5 kHz

1
27R,C,
Choose R, =1kQ
o 1
" 27fR, 27(4kHz)(1kQ)

28. fi= =4 kHz

=39.8nF .. Use 39 nF

1

1
% 27zR,C,
Choose R, =20 kQ
_ | 1
2r LR, 27(80kHz)(20 k)

=80 kHz

) =99.47 pF .". Use 100 pF

S AW o
39 nF CAOLE I
RZ1kQ Tmo pF
[o} + O

Center frequency =4 kHz + w =42 kHz

Atf=42kHz, X,=97.16Q, X, =37.89 kQ

Assuming Z, > Z,;

|VR1|=M=O.995V,-
JR+HXC
Xe, (V]

1= —ela) &) o847,

TR+ X2
V,=0.884V, =0.884(0.995V;) = 0.88 V;
asf=fi Vy =0.707V,, X, =221.05kQ

and V, = 0.996 VRl

so that V, = 0.996 1V, =0.996(0.707V;) = 0.704V;

Although A4, = 0.88 is less than the desired level of 1, f; and £, do define a band of frequencies
for which 4, > 0.7 and the power to the load is significant.
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29.

30.

1 1

= = =100.66 kHz
) 22JLC  27\J(5 mH)(500 pF)
0. X, _2(100.658kHz)(SmH) _ o o
R+R, 160Q+12Q
pw= L - 100.658kHz 5,473.52 Hz
0, 18.39
Atf=f:V, = R [=16OQ(1V) ~0.93 Vand 4, = 22 =0.93
m R4 R, 172Q Vv,
Since 0, > 10,  fi=Ff, —% =100.658 kHz — w =97,921.24 Hz

h=1. +% =103,394.76 Hz

Atf=95kHz: X, =2nfL =2m(95 x 10’ Hz)(5 mH) = 2.98 kQ

Xe= = ! = 3.35kQ
272fC 272(95x10° Hz)(500 pF)

~ 160 (1 V £0°) 160V £0°

172+ j2.98kQ— j335kQ 172— ;370

160V £0°

480 £-65.07°

=0.39 V£65.07°

Atf=105kHz: X, = 2nfL = 2n(105 kHz)(5 mH) = 3.3 kQ
L _ ! =3.03 kQ
27 fC 22(105kHz)(500 pF)
160 (1V £0°) 160V £0°
172+ j33kQ- j3.03kQ 172+ ;270
160V £0°
320 /57.50°

XC:

=0.5£-57.50°

f=fiV, =093V

f=/1=97,921.24 Hz, V,=0.707(0.93 V) = 0.66 V
f=/2=103,394.76 Hz, V,= 0.707(0.93 V) = 0.66 V

1 / R’C
= 1-—= =~ 159.15 kHz
S 27N LC L

2zf,L
0, - Xu_ 7Syl _27(159.15kHz)(ImH) _ o 1o
" R, R, 16Q

Z; = O7R, = (62.5)7 16 Q=62.5kQ >4 kQ

and V, = V; at resonance.

CHAPTER 21

291



292

However, R = 4 kQ affects the shape of the resonance curve and BW =f,/ O, cannot be

applied.

For 4, = % =0.707, | X |= R for the following configuration

1

R

MWy

4 kQ
:m

< t+o
0l o< +0

(o]

For frequencies near f,, X, > R, and Z; = R, +jX; = X,

andXZXL || Xc.

For frequencies near f, but less than f,
XXy

Xe =X,

and for 4, = 0.707
XXy _

Xe =X, )

Substituting Xc = ! c and X; = 2nf|L

1
the following equation can be derived:

1 1

24 _ —
/ erRCfI 47°LC

For this situation:

1 1

27RC  27(4kQ)(0.001 F)
1 1

47°LC  4z*(1mH)(0.001 1 F)

and solving the quadratic equation, f; = 140.4 kHz

BW

and T: 159.15 kHz — 140.4 kHz = 18.75 kHz

with BW =2(18.75 kHz) = 37.5 kHz

f» _159.15kHz _

= 4.24
BwW  37.5kHz

Oy

=39.79 x 10°

=2.53x 10"
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31.

32.

X. _ 5000Q 50000

0= =12.2
R+R, 400Q+10Q 4100
pw= Lo =3000HZ _ 450 84 1z
0, 122
409.84 H
i =5000 Hz - %= 4.80 kHz
£=5000 Hz + 1OHZ _ 550 ki
1
At resonance
10Q(V)
0.024 =
10Q+400Q
L =0.024 V;
At resonance, 10Q|2kQ=995Q
V,= LQ(K) ~(0.024 V; as above!
9.95Q+ 400Q
X, 4000
Q =—kt= u =40
"R, 10Q

;= OIR,= (40 20 Q =32 kQ > 1 kQ

At resonance, V, = ﬂ =0.97V;
32kQ+1kO

and 4, —L—097
V.

For the low cutoff frequency note solution to Problem 30:
2 1 1
J’_ — =
A 27RC h 47°LC
2rfX. 27(20kHz)(400 Q)
_ X, 4000

27f 27(20kHz)

9 nF

=3.18 mH

Substituting into the above equation and solving
fi=16.4kHz

with %— 20 kHz — 16.4 kHz = 3.6 kHz

and BW =2(3.6 kHz) = 7.2 kHz

0,- Jf» _ 20kHz

=———=2.78
BW 7.2kHz
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c. At resonance
Zr,= 32 kQ || 100 kQ =24.24 kO
with 1, = —2324KQVi o6
2424k Q+1kQ

and 4,= —2=0.96 vs 0.97 above

BSIRS

At frequencies to the right and left of f,, the impedance z, will decrease and be

affected less and less by the parallel 100 kQ load. The characteristics, therefore, are
only slightly affected by the 100 kQ load.

d. At resonance
Zr,= 32kQ |20 kQ=12.31 kQ
with V, = 12.31kQV;, _ 0.925V; vs 0.97 V; above
12.31kQ+1kQ

At frequencies to the right and left of f,, the impedance of each frequency will actually

be less due to the parallel 20 kQ load. The effect will be to narrow the resonance curve
and decrease the bandwidth with an increase in Q,.

3B A fim—t = !
" 2zJLC 272,J(400 £ H)(120 pF)

X, 490°+(XLP 490°||Xc4—90°)= 0

=726.44 kHz (band-stop)

(X, 290°)(xc 2-90%)

jXLS + . . =0
]XLP —JjX¢
X, Xe
JXp t - =0
j(XLp _XC)
X, Xe
Xy, = =0
(XLP _XC)
__Kpe
Lg _
XLp Xc

X, Xe =X, X, +X, Xc=0

oL,

ol
—oL +—2 =0
oC oC
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34. a
35. a,b.
C.
d.

LL,o - %[L +L,]=0

L+L,
CLL,

L +L 460x107°
= ———— =2.01 MHz (pass-band
/= 2 \/ CLL, 27\ 28.8x107"° ® )

1 1
(= ———= L= =
5 27\LC 47 f2C 47%(100 kHz)*(200 pF)
X, = 2nfL = 2n(30 kHz)(12.68 mH) = 2388.91
! ! 26.54 kQ
27rfC 2730 kHz)(200 pF)

Xe— X, =26.54kQ —2388.91 Q =24.15 kQ(C)
X, =X, =2415kQ

P

_ X, _ 2415kQ
" 2xf 2z(30kHz)

w=

=12.68 mH

=128.19 mH

Je= L _ ! =1772.55 Hz
27RC 27(0.47k€)(0.05 1F)

fe

f(log scal
= (log scale)

= 201og, ! —=-7dB

f: —ﬁ: UdB_ 2010g1
2 (i sy f/f " J1+2)

f=2f Ay = 20log,;———=-0.969 dB
1+ (0.5)2

/= iﬁ: Ay, = 20log,)——— L 00448
10 1+(10)

=-0.043 dB

1
f=10f: Apy = 20log,y——=
J1+(0.1)

=1 ! L 0447

2 \/1+ (1) NS

£=2f A= —— 1 —0.894

J1+(0.5)°
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6(V,leads V)

— tan]
63.43° 0=tan f./f

45°k = = = =2 = 2
26.57°
fol2 fo 2f; f{log scale)
1 1 1
36. a. fo= = = =1989.44 Hz
2z7RC  27m(6kQ[12kD)0.01 uF 272(4kQ)(0.01 uF)
& = ;
Vi 1Ly
1
and V, = | ——=1;
L+ ()
A VO
Va| SR
0.707 V. |- — —
|
0 f: = 1,989.44 Hz F
b.
VO
A= _/
3
1 — = — =
0.707F — _I
|
0 f f
c. &d.
An(dB) Bode
0 1/2f, k
! >
: 148 f(log scale)
1
! actual
1
296
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37. a,b.

Remember the log scale! 1.5f. is not midway between f. and 2f.

AUdB = 20 10g10 AD

—1.5=20 log 4,
—-0.075 =log;o 4,

A4, = v - 0.84
V.
0=tan"' f./f

L 6\, leads )

f(log scale)

v, 1

A= 2 =4 £0=———— /—tan 'f]f.
v U+ @)
fi= L__ ! =13.26 kHz
27RC  27(12kQ)(1nF)
f=1£./2=16.63 kHz
4,, =20 logm; =-0.97 dB
1+(0.5)
f=2f.=26.52 kHz
4, =20 logm; =-6.99 dB
1+(2)?
f=//10=1.326 kHz
4, =20 logm; =—-0.04 dB
1+(0.1)°
f=10f,=132.6 kHz
Ay =20 logm; =-20.04 dB
1+(10)°
1
/=12 A4,= ————=10.894
1+(0.5)
1=2f: A= —— 0447

1+(2)°
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e. 0 =tan' fIf,
=112 0=—tan"' 0.5 =-26.57°

f(IoZ; scale)

f=fu 0=—tan' 1 =—-45°
f=2f 0 =—tan"' 2 =—63.43°
A "o gg)
0 0dB 6.63kHz f, 26.52 kHz
' ' f(Ioé scale)
-5
—6 dB/octave
-10
\ 0
OO
—45° . <
: I
-90° — 4
1 kHz 6.63kHz 10 kHz  26.52 kHz 100 kHz
38 4 R Xe= BIEAD i RXc
R, — jX¢ R, —jXc
[ —jR, X j |
v - \R—jXc) ! _ RX.V,
R —j RyXc R(R,—jXc)— jR X
Rz _ch
_ TR, X -V, _ —JR, XV,
RR,—jRXc—jR,Xc RR,—j(R+R)X,
_ R, XV, _ RV,
JR R, + (R +Ry) X j@"‘(RH‘Rz)
X
R, v
- RV - R+R,) "’
R+Ry+j e f RR, | 1
Xe R+R, )X,
R,
and A, = 1]]” = R +RR12€
ol+ jo| = |C
R +R,

R, 1
orA, =
Ri+R, [ 1427 f (R || R,)C

298
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1

defining f, = ———
8 S RIRC

- 1
R +R)| 1+ f1f.

R y- 2RO g5,

R+R, ' 47kQ+27kQ '

forf<«f., V,=

atf=/f.: V,=0.852[0.707]V; = 0.602V;

S 994.72 Hz

27(R || Ry)C

c

0.852 V/
0602 V[~ — —

o
Sh— —
-

S
1
<<

0.852
0602 — —

c. &d.

“AD(dB)

ol &2 | & 2
"139d8 '

1dB
difference

1dB
difference

. +
RHRy 00 tog 7k2£;k£2)7k§2

=20 logy 1.174 =—-1.39 dB

=20 loglo
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e. A4, =-139dB-0.5dB=-1.89dB
AUdB =20 10g10 AD

~1.89 = 20 log 4,
0.0945 = logm AU

A,= 2%=0.80

SN

f. 0=—tan' fIf.
0° /10 fe 10¢
i f(log scale)

AR°

39. R
T 10kQ 0.01 uF
Vi
a. From Section 21.11,
_V._ JJflf
’ V. 1+ jflf.
! ! =663.15 Hz

Si= 22RC 27(24 kKQ)(0.01 1 F)
! ! — 468.1 Hz

Je= 27(R +R,)C  27(10 kQ+24kQ)(0.01 1F)

0dB fo f1,7
e j / .
RN J  20log,,—=20log,, ==
- / 1
\ . 20 log,g 468.1 Hz
actual . 663.15 Hz
=-3.03 dB
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b. 0=90° — tan"' i= + tan”! i
| f
= 6 =45°
f=fu 6 =54.78°
f= %fl =331.58 Hz, 8 = 63.43°
f= %fl =66.31 Hz, 0 =84.29°
f=2fi=1,326.3 Hz, § =26.57°
f=10f,=6,631.5Hz, 0=5.71°
Ale
904
45°
00 rizr, f, 2 1of flog scale)
40. a.
6 kQ
+
V. 12 kO Thevenin
"= ﬂ =0.667 V,
12kQ+6kQ
Ry =6kQ |12 kQ=4kQ
4@ C
+ +
100 nF
0.667 V, 8kQ V,
f=o Hz: (C = short circuit)
vV, = 8kQ(0.667V,) 0445V,
8kQ+4kQ
\"/
o
0445V | _ _ __ _.
0315V |- -~ 7
|
I >
0 Il’c f(log scale)
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R,(0.667V,) _ 0.667R,V,
R+R,—jXe R+R—-jXc

voltage-divider rule: V, =

id A — Yo 066TR, 27 (0.667R,)C
"V, R+R,—jX. 1+j27f(R+R,)C
so that A, = _JSh with f; = ! = !
1+ fif. 270.667R,C  270.667(8 k Q)(100 nF)
=298.27 Hz
1 1
and f.= =
27(R +R,)C  27(4kQ+8kQ)(100 nF)
=132.63 Hz

132.63 Hz
20 logyo fIf, = 20 logjo—=> 22
goflf 81059827 Hz

=20 logp 0.445 =-7.04 dB

b.  #=90°—tan"' fIf, = +tan"' f,/f=tan"' 132.6 Hz/f

or

o0 )5

0° >
f(log scale)

A
0° .10 fo 10f,

f(Ic;g scale)

—-45° ()

-90°

0(V, leads V;) u
90° 57°

45°

0° ¢
f.110 fo 107 f(log scale)
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f 1 1

1+ fi= = =19,894.37 Hz
B fi 27R,C 27(10k)(800 pF)
41. a. A,=—IL
1+j f f _ 1 _ 1
1. ¢ 27(R +R)C  2x(10kQ+90 kQ)(800 pF)
=1,989.44 Hz
0dB o
e i 1 R R
1
W ¢ _2010g10 lR 2 2_2010g1010: 20dB
~ 2
b.

O=tan"' f/f; —tan”' ff.

f=10kHz
f=tan"' _10kHz an”! _10kHz =26.69° — 78.75° = —52.06°
19.89 kHz 1.989 kHz
f=f(h=101)
=tan ———tagn ——=tan O.ltan '1 =35. — =-39.
0 ! ({C lj} '0.1tan™'1 =5.71° — 45° = =39.29°

c c

42. a. R no effect!
Note Section 21.12.

a Yo 1)
V. 1+ (1)
fi= ! =2652.58 Hz
27(6kQ)(0.01 uF)
1

T 22(12kQ + 6 kQ)(0.01 uF)

Je =884.19 Hz

Note Fig. 21.65.

Asymptote at 0 dB from 0 — f,
—6 dB/octave from f. to fi
12kQ+6kQ

—9.54 dB from f; on | -20log——  =-9.54dB
6kQ
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(b)
43. a.

b.
44. a.

304

Note Fig. 21.67.

From 0° to —26.50° at f; and f;

O=tan"' fIfi —tan' fIf.
At f= 1500 Hz (between f; and f)
0=tan"' 1500 Hz/2652.58 Hz — tan™' 1500 Hz/884.19 Hz

=29.49° — 59.48° = -30°

_ Vo _1=-Jilf

’ V. 1=jflf

1 1

" 22RC  272(3.3kQ)(0.05 uF)
~ 1 ~ 1

" 27(R|R,)C  27(33kQ[0.5kQ)(0.05 4F)
0.434 kQ

=964.58 Hz

fi

Je =17,334.33 Hz

J’_
BB 2010g, 22 K20 5g10g,,7.6 = -17.62 4B

0.5kQ

—20 logjo

2
odB f fe
P

% . U
-17.62 dB
actual response

45°

—4338°
37.51°137.51°
' f

0° f1 1.3kHz f,

Je

0= —tan™' i + tan”!

f=13 kHz: 0=—tan" w+ tan—lw
1.3kHz 1.3kHz

=-36.57°+79.95° = 43.38°

Note Section 21.13.
A= LD

1= j(f./)
1 1
" 27RC  27(3.3kQ)(0.05 1F)
~ 1 ~ 1
" 27(R|IR)C  27(3.3kQ[0.5k0Q)0.05 iF

0.434 kQ

=964.58 Hz

fi

=7334.33 Hz

Je
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Note Fig. 21.72.

. +0.
R +R, =20 logso 33kQ OSkQ:_17‘62 IB

2010
SR 0.5kQ

Asymptote at —17.62 dB from 0 — f;
+6 dB/octave from f; to f.
0 dB from £, on

b.  O=—tan”' fi/f+tan f/f
Test at 3 kHz
0= —tan"' 964.58 Hz/3.0 kHz + tan”' 7334.33 Hz/3.0 kHz
=_17.82° + 67.75° = 49.93° = 50°

Therefore rising above 45° at and near the peak
10 45 68 100 1 kHz 10 kHz 23 kHz 50 kHz 100 kHz

50 kHz vs 23 kHz — drop about 1 dB at 23 kHz due to 50 kHz break.
Ignore effect of break frequency at 10 Hz.

Assume —2 dB drop at 68 Hz due to break frequency at 45 Hz.
Rough sketch suggests low cut-off frequency of 90 Hz.

Checking: Ignoring upper terms
2 2 2
10 H 45 H H
Ay =—201og,, (|1 + ( Of Zj ~20 log,,, |1+ ( Sf ZJ ~20 log,, /1+(68f Zj

=-0.0532 dB —0.969 dB — 1.96 dB
=-2.98 dB (excellent)

High frequency cutoff: Try 20 kHz

S Y /Y
A =—20log, |1+ ~201log,,[1+
vdB %810 (23 kHZJ “810 (50 ksz

=—2.445 dB — 0.6445 dB
=-3.09 dB (excellent

. BW=20kHz-90Hz=19,910 Hz = 20 kHz
fi=90 Hz, /, =20 kHz

CHAPTER 21 305



270°
180°\\

90° 65

OO‘X& kHz 10 kHz 23 kHz 50 kHz 100 kHz

' 10Hz  45Hz | 100 Hz

-90° 68 Hz
-180°
Testing: /=100 Hz
10 Hz 45 Hz 68 Hz f
0=t -l +t -1 +t -1 —t -1 —t -1
an 7 an 7 an 7 an o Ttan oo
=tan"' 0.1 +tan"' 0.45 +tan' 0.68 —tan"' 0.00435 — tan™' .002
=5.71°+24.23°+ 34.22° - 0.249° - 0.115°
= 63.8° vs about 65° on the plot
o - 100 H 130H :
Ao [ ;10082 )1y GI30H20, 5 S Ay S
f f 20kHz 50kHz
180 Hz 18 kHz
100 130 / \20 kHz 50 kHz i
BW .
L BW = 18 kHz — 180 Hz A
p = 17,820 Hz N
N N
N

Proximity of 100 Hz to 130 Hz will raise lower cutoff frequency above 130 Hz:

Testing: f= 180 Hz: (with lower terms only)

2
Ay = —20log,, 1+(@J —-20log,, 1+(m
f f

N—
[}

2 2
—201og, o [1+ —Oj —201log,,, 1+(130j

=1.17dB-1.82dB=-2.99dB = -3d
Proximity of 50 kHz to 20 kHz will lower high cutoff frequency below 20 kHz:
Testing: f= 18 kHz: (with upper terms only)

A = -201 1+ —-201 1+
oa %810 (20 kHZJ %810 (50 kHz

18kHz Y 13kHz Y’
20 kHz 20 kHz

=-2.576 dB - 0.529 dB =-3.105 dB

N—

= —20log,, 1+( —20log,, 1+(
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20 kHz 50 kHz
S

10,000 G

< Yo I S

1 () e e e =

Testing: f=1.8kHz:

o 100130 18KHz 18kHz
1.8 kHz 1.8 kHz 20 kHz 50 kHz
= 3.18° +4.14° - 5.14° - 2.06°
=0.12° = 0°

47.  fiow =Jnigh — BW =36 kHz — 35.8 kHz = 0.2 kHz = 200 Hz

4= 0 _210200
l—js— 1-j— [1+j f j
f f 36 kHz
o_ 50Hz 200 Hz
-12 dB-
actual response
-3dB
. +7
. A= — 05100 B 1100 B 12000 -
005-j— 1-j——— 1-j—— T/ +2000
f 0.05 1 f
fj44[;—
= 2000 ang £ =2000 Hz
+ '7f
J
2000
100 Hz 10 kHz
f(log scale)
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49.

50.

51.

308

200 1 1

AU: = =
200+ jO.1f 1+J.O-lf 1+ it

200 72000
A, =201Io ! A =1andf=2 kHz
820 7y 2000
1+ -/
(2000)
V(dB)
0 2 kHz
\—\6d8/oct
A 171000
" (1+ jf71000)(1 + jf110,000)
7/
/
/
100 Hz 1kHz, 0dB 10 kHz

------------------------- ﬁ:/_\:;\ f(log scale)
LA AR A / KR N

+6 dB/Oct N & dR/Oct
/ 5 \—idb/Uc’[
. S
V R &
. Q
/ .,

S S
N (lﬂloooj(l”zoooj

2
(1+jf
3000
2 2
S /> 1
A =201lo 1+ ——| +201o 1+ —=—| +40log,,——
Sy (1000 S\ 2000 S0 2
1+ s
3000
1 AU(dB)
15T
0 dB slope (at 13.06 dB for >> f;)
+12 dB/oct
10T
6.81
|
5 1 | 1
6 FB/o'ct
1

0 0dB f, b f f(log scale)
1kHz 2 kHz 3 kHz

CHAPTER 21



5 jw:j27rf:j oo S o _ . ]
1000 1000 1000 159.16 Hz * 5000 795.78 Hz

N 40(1 + jfi159. 16) /
ﬂm 59.16)(1 + jfI795. 78) +6 dB/octave
+32 dB \ 159.16 Hz

159.16 Hz 795.78 Hz
—6 dB/octave —6 dB/octave
V(dB)
60
. \
40
Y Nl 79578 Hz_
30 159.16 Hz
Actual
20 response
10
0 } } >
100 Hz 1 kHz f(log scale)

53. a. Woofer — 400 Hz:
X, =2xfL = 27(400 Hz)(4.7 mH) = 11.81 Q
Xc= ! = ! =10.20Q
2z fC 27 (400 Hz)(39 uF)
R|| Xc=8Q £0°]10.20£-90°=6.3 Q £-38.11°
RIXV) _  (63Q2-38.11°(V)

(RN X)+jX, (63Q--38.11°)+;11.81Q
V,=0.673 Z-96.11° V,

and 4, = % =0.673 vs desired 0.707 (off by less than 5%)

0=

Tweeter — 5 kHz:
X; =2xnfL = 27n(5 kHz)(0.39 mH) =12.25 Q

S - ! =11.79Q
2r fC  2x(5kHz)(2.7 uF)

R || X,=8Q £0°|12.25Q £90° = 6.7 Q /33.15°
(6.7Q /33.15°)(V,)
(6.7Q £33.15°)— j11.79Q
V,=0.678 £88.54°V

0
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310

~

and 4, = —==0.678 vs 0.707 (off by less than 5%)

=

Woofer — 3 kHz:
X; =2xnfL =2n(3 kHz)(4.7 mH) = 88.59 Q
S ! =1.36Q
2z fC  2x(3kHz)(39 uF)
R|| Xc=8Q £0°] 1.36 Q2 £/-90° = 1.341 Q /-80.35°
(R X)) _ (1.341Q2 £—-80.35°)(V,)
(RI| X))+ JjX, (1.341Q £-80.35°)+ j88.59Q
V,=0.015 £-170.2° V;

Xc

o

and 4, = % =0.015 vs desired 0 (excellent)

1

Tweeter — 3 kHz:
X, =2xnfL = 2n(3 kHz)(0.39 mH) = 7.35 Q

-1 ! =19.65Q
2z fC  27x(3kHz)(2.7 uF)

RIIX, =80 £0°]7.35Q £90° = 5.42 Q) £47.42°
CORIX)OYV) | (5.42Q 247.42°)(V)
CRIX)+ X, (5.42Q /47429 = j19.65Q
V,=0.337 £124.24° V,

Xc

o

V . .
and 4, = —2=0.337 (acceptable since relatively close to cut frequency for tweeter)

A

Mid-range speaker — 3 kHz:
1.36 Q

7.35Q
T .
. 88.59 Q
Vi Vi “T~19.65 Q§8 Q Vo
ZIII _ —”) —l) _
5 Z Z
%/_J
7 =741Q £ -22.15°
7" =8.24Q £ 33.58°
7" =7816Q £ 37.79°
7"V, 7.816 Q2 £37.79°)V.
V= L= ( Vi =1.11 £8.83°V,;
7" — JjXo  7.816Q £37.79°— j1.36 Q
ZV,  (141Q£-2215%V,

=0.998 £-46.9°V,

Z'+jX, 741Q/-2215°+735Q

A

and A4,= —2=0.998 (excellent)

=
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Chapter 22

2 2
Loa  M=kfr,L,= .= - GOmH)” _4,h
Lk® (50mH)(0.8)

d
b. =N, ;Z" = (20)(0.08 Wb/s) = 1.6 V
d¢
e, = kN,—= (0.8)(80 1)(0.08 Wh/s) =512 V

di
e = L~ =(SOmH)(0.03 x 10° A/ = 15V

di
e = M7:= (80 mH)(0.03 x 10° A/s) =24 V

_ M* _ (80mH)"

(a) s 28 mH
Lyk* (50 mH)(1)*
d¢
(b) e,=1.6V,e=kN, dtp = (1)(80 t)(0.08 Wb/s) = 6.4 V

) =15V, e,=24V
b. k=02

(a) Ly= M> _ (80mH)” _
CLkY (50mH)02)

dg,

b e,=1.6V,e,=kN;
(®) e 7

=(0.2)(80 t)(0.08 Wb/s) =1.28 V

(c) e=15V,e=24V

2 2
30 a0 r=M - (O eg 0 mp
L,k> (50 mH)(0.9)

d
b. e,= N, :;p = (300 t)(0.08 Wb/s) =24 V
d¢
e, = kNSTtp: (0.9)(25 t)(0.08 Wb/s) =1.8 V
c. e, and e, the same as problem 1: ¢,=15V, e, =24V
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10.

11.

312

N, 641t

a.  E=-2E-=""05v)=200V
N, " 8t V)
b B L2 = BV 1173 mwb
44fN,  444(60 H7)(8 1)
N, 30t
a. E=ep —losyy=313v
.7 240t )
b Dy = — L= 2V — 391.02 xWh
444 [N, (4.44)(60 H2)(240 1)
E=Nrp - 90U ospvy=20v
N, 7201
f Ep 25V — 56.31 Hz

T (44N, Oy (A44)(8 (125 mWD)

a. L =al,= Gj (2A)=04A

V=17, = (%AJ 20)=08V

2
b. Zn.=dZ, = Gj 20=0.08Q

,
7o Ve 1600V _ 0o
1 4 A

P

Ve=aV, = Gj (1200 V) = 300 V

= Ve300V ey
Zi 40
L=1=20-280V_ 154
Z, 20Q

I, Np_ 124 N,
I, N, 005A 50

N, = 2002) _ 12,000 turns
0.05
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&: 400t _
N, 1200t

12. a. a=

[SSEEE

2
Z=d'Z, = Gj [9Q+/120Q]=10Q+,1.333Q=1.667 Q £53.13°

1,=V,/Z;= 100 V/1.667 Q = 60 A

b.  I,=al,= % (60 A)=20 A, V, = 1,7, = (20 A)(15 Q) =300 V

13.  a. Z,=a’Z,=a= Zr
ZL
_ Ve 10V
"1, 20V/72Q
40
N, 1
b LN Loy L Liowy-sly
V, N, 3 3 3 3
2 2
po VoGV e
V4 40

14, a. R =R, +dR,=4Q+(#)’1Q=20Q

b. X=X, +aX,=8Q+(4)’2Q=40Q

R, Xe
M 7300
. Tzoé 40 Q
Vy <,\, 120V £0° aVL§ a?R; =(4)220Q=320Q
4 1=Ye 120V20" 120V ZD" 3514 26710

P 7, 20043200+ ,40Q 340Q+ 400

azRLVg

e. aV; = =1La’R
YRR X T
or  V,=alR.£0° = (4)(0.351 A Z-6.71°)20 Q £0°) = 28.1 V £~6.71°
£
e V= N“VgI%(12OV)=30V

p
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15. a. a=&=ﬁ=4
N, 1t
R.=R,+dR,=4Q+(4)*1Q=20Q
X=X, +a’X,=8Q+(4)’2Q=40Q
Z,= 7t Lyt a’Zy, =20 Q+j40 Q+j(4) 20 Q

=20 Q +j40 Q + 320 Q =20 Q + 360 Q = 360.56 Q /86.82°
vV, 120V £0°

b. IL=—= =332.82 mA £-86.82°
Z, 360.56€Q /86.82°

c. Vi, = (I£0)(R.£0°) = (332.82 mA £-86.82°)(20 Q2 £0°)
=6.66 V £-86.82°

V. = (I£0)(X.£90°) = (332.82 mA £~86.32°)(40 Q £90°)
=13.31V £3.18°

Vy =1(@’Z, )= (332.82 mA £-86.82°)(320 Q £90°)
=106.50 V £3.18°

16. a.  a=N/N,=4t/1t=4,R, =R, +d’R,=4Q+ (4’1 Q=200Q
X=X, +a'X,=8Q+(4)’2Q=40Q
Z,=R,+jX,—ja’Xc =20 Q+ 40 Q — j(4)’ 20 Q
=20 Q- ;280 Q =280.71 Q /-85.91°

Ve _ 120 V.£0°

b, I,=—-%=
"z, 280.71Q£-8591°

=0.43 A £85.91°

¢ Va=(,Z0)(R.L0°=(0.427 A £85.91°)(20 Q £0°) =8.54 V /85.91°
V.= ([,£0)(X,£90°) = (0.427 A /85.91°)(40 Q £90°) = 17.08 V £175.91°
V. = (I, 20)(@Xc/=90°)=(0.427 A £85.91°)(320 Q /-90°)=136.64 V /~4.09°

17. -

18. Coil 1: L1 _MIZ
Colil 2: Lz—Mlz
LT:LI +L2—2M12:4H+7H—2(1 H):9H

190 Ly, =L +L,+2M,,

My, = kL L, =(0.8)y/(200 mH)(600 mH) = 277 mH
Ly, =200 mH + 600 mH + 2(277 mH) = 1.35 H
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20.

21.

22.

23.

My = k\L,L, =11 H)4H) =2 H

Coil 1: Li+M;—-M;=2H+02H-0.1H=2.1H

C0112 L2+M12—M23:1H+0.2H—2H:—0.8H

Coil 3: L3—M23—M13:4H—2H—0.1H:1.9H
L;=21H-08H+19H=32H

El - II[ZRl + ZLl ] - IZ[Zm] =0
LIZ,,+ 2, 1+ L[Z,] =0

L(Zy+ Z,)+ L(Z,) =E,
(Zn) + L(Zy, + Zyy ) =0 X, = —oM £90°

2 2
(M) =R, *jX, + (COM)
Z.+7, * R X, tR,
R,=2Q, XLP=0)LP=(103 rad/s)(8 H) = 8 kQ
R=1Q, X, =oL=(10"rad/s)2 H) =2 kQ

M= kJL,L,=0.05/(8H)2H)=02H

(10°rad/s-0.2 H)®
1Q+ 2kQ+20Q
4x10*Q
21+ j2x10°
=2Q+,8kQ+021 Q—/19.99 Q=221 Q+ ;7980 Q
Z.="7980 Q /89.98°

Z,‘:Zp"’

Z.=2Q+/8kQ+

—20+/8kQ+

N, _V, 2400V _
N V. 120V

N N

10,000 VA _ 10,000 VA
14 120V

S

b. 10,000 VA=V, = [, = =83.33 A

_ 10,000 VA _10,000 VA _
v, 2400 V

417 A

c. 1,

.
A a=-2=-120V o5 1
V. 2400V 20

1= 1000VA _ 174, 7,-83.33 A
2400V
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24, I,=1,=2A,E,=V,=40V
E=V,—V,=200V-40 V=160 V
Vi = Vil = I, = VIV, - I = %ﬂ(zA) 10 A

L+L=I,=1=I-1,=10A-2A=8A

NS
25. a. ES: N_EP
P
—lzi(loovzm) 25V L0°=
I - g—M—SAAOLL
Z, 50.0°

2
N
b. Z,«=a2ZL=[7”j zZ,= [12()5(”} 50 £0°=(4)*5Q £0° =80 Q £0°

N

c. Zl/z:%Z,:%(SOQAOO):ZO Q Z0°

2. a  E,=N2g = ;(S)—t(60\/40°) 10V £0°

1

B =g = B 60y 200=30v 200
N1 90t
L= E2_10VZC_\hsa 200
Z, 8QL0°
= Es 30V ZL0° o0 e
Z; 5Q20°
b. 1 ! —+ ! >
R (Nl/Nz)Rz (NI/N3)R3
_ 1 . 1
(90t/15t)*8Q  (90t/45t)*5Q
Lo b L _gos3a7s
R 288Q 20Q
R1:18.7OQ
27.  a. E2=&E1—(40tj(120\/4600) 40V £60°
N, 120
L= E2 _AOVL00T_ 5354 L60°
Z, 12Q/0°
—_ 3 _ 3Ot o o
E;= 2K, = (120 V £60°) =30 V £60
N, 120t
I;= E3_M_3A4600
Z, 10Q£0°
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1 1 1

b. —= —+ 5

R (N{/Ny)'R,  (N,/N;)'Rs
_ 1 . 1
(120t/40t)’12Q  (120t/301)°10Q

o Ly L goisss

R 108Q 160Q

Ri=—1 64520
0.0155S

28, Zy=Z,, =My Z90°

E-1Z -1 Z, - L(-Z,) - L(+Z,) -1 Z, + LZ, —1,(-Z,)=0
E-1(Zi+2,-2,+Z, ~7,)-(Z,,— Z,)=0
or Il(Z1+ ZL1+ ZL2_2Zm)+IZ(Zm_ZL2):E

-LZ,-Z, IL-1,)-L(+Z,)=0
or Il(Zn1_ZL2)+IZ(Z2 +ZL2):O

29 E1 — 11Z1 — 11 ZLI — Iz(— ZM12 ) — I3(+ ZMH ) = 0
or  E-L[Z+Z,]+LZ, -1Z, =0

“L(Zo+Zs+Z, )+ L2, -L(-Z,, )=0
or  -L(Z+Z;+Z, )+t LZL,+1LZ,, =0

—I3(Z2 + Z4 + ZL3 ) + IZZZ - Il(+ ZM13 ) = 0
or —I3(Z2 + Z4 + ZL; ) + IZZZ - Il ZMH =0

[Z, + ZL1 I - ZM12 I, + ZM]3 I=E,
ZM]2 11—[Z2+Z3+ ZL2 ]Iz+ Z,1;=0
7z, 1 LL+ [+ 2+ 2, 115=0
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Chapter 23

1. E¢=EL/\/§=208 V/1.732=120.1V

o

e 1,=Le0V_ 014
Ry 10Q
2. a  E;=E/J3=208V/1.732=120.1V

c. Z,=12Q-j16Q=20Q £-53.13°
Vs 1201V

5= =6A
Zs 200

E;=120.1V

b. V= E,=1201V

d. I, =1,=12.01 A

b. V= E,=1201V

d  L=1,-6A

b ¥, =1201V

c.  Z,=(10Q £0° (10 Q £-90°) = 7.071 Q L—45°

1201V
7.071Q

=16.98 A

d. 1;=16.98 A
0, =—-120°, 6; = 120°

b. V=120V £0°, V,, =120 V £-120°,

o poYa 120V o
Za 20Q20°
L, = Yo 120V L1200 0 1a0e
Zo,  20Q.20°
L, = Yo 120V ZA20°_ 0 100
Zo 200 £0°
d  L=1,-6A e.
5. a 6,=—120°, 6, =+120°

b. V=120V £0°,V,, =120 V £-120°,

c. Z,=9Q+;12Q=15Q £53.13°
120V £0°

Ian = V= 8 A 1—53.130, Ibn =

15Q £53.13°
Icn = 120V 4—120 =8 A £66.87°
15Q £53.13°

318

Ve, =120V £120°

V=3 ¥,=3(120 V) =207.8 V

V. =120V £120°

120V £-120°
15Q £53.13°

=8 A £-173.13°
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a, b.

7.V,

L=1,-8A f.  E =~3E,=(1.732)(120 V) =207.85 V

The same as problem 4.

Z¢ =6Q £0°|8Q £-90°=4.8 Q /-36.87°
Van _ 120V £0°

I, = =25 A £36.87°
Z., 480Q/-3687°
L= Yon— 120V 2-120° _,s A /-83.13°
Zs 480 /-3687°
= Ve 120V 2120° _ 55 A £156.87°
Z. 48Q/-3687°
L=1,=25A e. Vi =+3V,=13(120V)=207.84 V
= Van = Vbn = Vcn = i:m: 1270V
1732
Z,=10Q-/10Q=1442Q £/-45°
I¢:Ian :Ibn :]m = Q:ﬂ: 8.98 A
7, 141420

IL:IAHZIB;,:ICC: 1¢ =8.98 A

¢

Z,=12Q+j16 Q=20 Q,53.13°

Ve 30V _ys5a

Zs 200

Zr,=13Q+,16 Q=20.62 Q £50.91°

Vy=

1, Z7,= (2.5 A)(20.62 Q) = 51.55 V

Vi=37,=(V3)(5155V)=89.29 v

Exw= 22KV £-30°=12.7kV £-30°

&

Egy= 22KV £-150°=12.7 kV £-150°

3

Ecyv= 22KV £90°=12.7 kV £90°

3
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E, _ 12.7kV £-30°

b,c. I,,=1,=
Z, (0Q+40Q)+(04kQ+ j1kQ)
127KV £-30° 127KV £-30°
4300+ /10400 1125.39Q £67.54°
= 11.29 A £/-97.54°
Iy =1, = Bov o 127KV Z2150° 4y o0 4 /917,540

Zsv 1125390 £67.54°

-1, — B 12TKVZ0° 10094 22460

Zev 1125390 £67.54°

d Vi =ToZw = (1129 A £-97.54°)(400 + j1000)
=(11.29 A £-97.54°)(1077.03 Q £68.2°)
= 12.16 KV £-29.34°

Vi = InZn = (1129 A £-217.54°)(1077.03 £68.2°)
= 12.16 kV £-149.34°

Voo =TnZon = (1129 A £22.46°)(1077.03 £68.2°)
= 12.16 kV £90.66°

0. a  E,=E/3=208V/1.732=120.1V b V,=E =208V
. 1,=Ye-ZBV_j04a d 1,=\3 I,=(1.732)(104 A) = 18 A
7, 200
. a  E,=E/3=208V/1.732=1201V b V,=E, =208V

c. 2,=68Q+;14Q=15564 Q2 £64.09°

=Yoo 28V __ 13364
Z, 155640

d. =3 1,=(1.732)(13.36 A) =23.14 A

12. Z,=18Q £0°| 18 Q £-90°=12.728 Q@ £-45°

a.  E,=Vi/\3=208 V/{3=120.00 V b.  V,=208V
. 1,=Ye- 2BV 6344
Z, 12.728Q

d. =3 1,=(1.732)(16.34 A) = 28.30 A

13. a. 6, =-120°, 6; = +120°

b. V=208V £0°,V,, =208V £-120°, V., =208 V £120°
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14. a.

Va _ 208V £0°
Za 220 20°

1, = Yoo 208V 21207 g\ ch /1200
Zo  2200°

L.= Vo 208V 21207 9.46 A £120°

Ze  22Q20°

Ly,= =9.46 A £0°

I,=\3 1, = (1.732)(9.46 A) = 16.38 A
E,=E/\[3=208 V/1.732=1201V

0, =—-120°, 05 = +120°

V=208V £0°,V,, =208V £-120°, V., =208 V £120°

Z,=100Q —;100 Q=141.42 Q/-45°

Va_ 208V Z0° | 47 A sa50

Zo 14142Q/-45°
= Vi 28V 21207y g 4 so7s0
Zo. 141.42Q/-45°
Ve _ 208V £120°

Ze 141420 /-45°

Iab =

Ibc

I.= =1.47 A Z£165°

L=+3 I, =(1.732)(1.471 A)=2.55 A

E,=E/\[3=208 V/1.732=1201V

The same as problem 13.

Z,=3Q 20°)4Q £90°=2.4Q /36.87°

Va 208V 207 _ gc 67 A £-36.87°
7., 24Q73687°

1, = Yo 28V L1200 g6 67 4 £ 156.87°

Zo. 240 /36.87°

L,— Ya_ 28V _ g6 67 0 83130

Zo 24Q/3687°

Iab =

CHAPTER 23
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16.

17.

322

=3 I,=(1.732)(86.67 A) = 150.11 A

Vab: Vbc: Vw=220V
Z,=10Q+;10Q=14.142 Q/45°

Ly=l.=1,=Vo- 220V _ 1556
Z, 141420
Vo 16kV.20° 16KV £0°

Iab =

Z., 300Q+1000Q  1044.03Q £73.30°

L.,=15.33 A £-73.30°

_ Vo 16KV Z-120° (003 ) /103300

Zo. 1044.03Q £73.30°

= Ya_ 16KV ZI20° L334 4670

Z.. 1044.03Q /73.30°

Ibc

Lig—Lp+1,=0

IL,=1,-1,=1533 A £-73.30°- 1533 A £46.7°
— (441 A—j14.68 A)— (10.51 A +/11.16 A)
=441 A—-1051 A—j(14.68 A+ 11.16 A)
=-6.11 A —;25.84 A =26.55 A £-103.30°

Ipy + Loy = Ipe

Ig, =1 — 1, =15.33 A £-193.30° — 15.33 A £-73.30°
=26.55 A £136.70°

Iee + e =1z

Ic.=1.—-1;,=1533 A £46.7° - 15.33 A £-193.30°
=26.55 A £16.70°

E.p =L (10 Q +20 Q) + V,, — 1;(22.361 Q £63.43°)

= (26.55 A Z/-103.30°)(22.361 Q £63.43°) + 16 kV £0°

f.

—(26.55 A £136.70°)(22.361 Q £63.43°)
= (455.65 V — j380.58 V) + 16,000 V — (-557.42 V — j204.32 V)

=17.01 kV —-j176.26 V
=17.01 kV £-0.59°

Esc = 15,(22.361 Q £63.43°) + V,. — 1022361 Q £63.53°)
=(26.55 A £136.70°)(22.361 Q £63.53°) + 16 kV £—120°

—(26.55 A £16.70°)(22.361 Q2 £63.53°)

=17.01 kV £-120.59°

Eci = 1022.361 Q £63.43°) + V., — L(22.361 Q £63.43°)

=17.01 kV £119.41°

E;=1201V
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18. a.
c.
19. a.
c.
20. a,b.
c.
d.
21, V=
Ian
IAa

220 Vo=V =Vy=

Ian

E¢:EL:208V b

1,=Ys 1200V _ 400 a d.
Zy 300

E¢:EL:208V b
Vs _ 12009V

== =708 A d.
7, 169710

The same as problem 18.

Z,=15Q 20°|20 QQ £-90° =12 Q £-36.87°

Ve 101V
Z 120
I=1,=10A
Vbn: Vcn: 120V_w_69 28V
31732
=h,=1,= 6928V _ 2.89 A
24 Q
:IBb:ICc:2-89A
120v—6928V
NE)
Z,= 10 QQ +,20 QO =22.36 Q0£63.43°
Vv
:[]m:[m:_f”_w_j,l()A
Z, 2236Q

Ly

aZIBb:ICo,: I¢ :3010A

23, Vir=Vpu=V.,,=6928 V
Z¢ =200 £0°]||15Q £-90°=12 Q £-53.13°
Ian :[bn :[cn = M: 577 A
Li,=1pg,=1c.=5.7T A
24. a. E¢ =E;, =440V b.
c. = Vo 300V _5a d.
Zs 2200

CHAPTER 23

V,=EN3=120.09V

I,=1,~7.08 A

V,=E,=E, =440V

L=31,=(1.732)2 A) =346 A
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25. a.

26. a,b.

27. a.

28. a.

324

E,~E, =440V b.

2,=12Q-;9Q=15Q £-36.87°

;= Ve 480V _,533a

oz, 15Q
I=+/3 I,=(1.732)(29.33 A) = 50.8 A

The same as problem 24.

2,=22Q £0°(22 Q £90° =15.56 Q2 £45°

I =3 I,=(1.732)(28.28 A) = 48.98 A

6, =-120°, 6; = +120°

V., =100V £0°,V,, =100 V /-120°, V,, =
Iab: EZMZSALOO
Za  20Q £0°
- Vi _100VZ-120° o oo
Zoe 200Q £0°
L= Ve 100V 2120° o000
Zw 200 20°
Le=Igp=1Ic.= 3 (5A)=8.66 A
0, = —120°, 05 = +120°
V., =100V £0°, V,.= 100 V £—120°, V., =
Z,=12Q+j16 Q=20Q £53.13°
1,= Yo 100VZ0° _ o\ 53130
Z., 200 /53.13°
I, = ﬁzw =5 A /—173.13°

Z,. 20Q /53.13°

V,=E =440V

100 V £120°

100 V £120°
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I, = Yoo OVAR0 54 L6.87°
Zeo 200 .253.13°

e Lu=Ip=1Ic=3 I,=(1.732)(5 A) = 8.66 A

29. a.  6,=-120°60;=120°
b.  V,=100V £0° V, =100V /-120° V=100 V £120°
C. -
d. Z,=20Q20°(20Q £-90° = 14.14 ) /-45°
I, = _10O0VZ0® 507 A 450
14.14Q £ —45°
I, = M =7.07 A Z/-75°
14.14Q £ —45°
L,= 100V £120°_ _ 5 07 A 21650
14.14Q £ —45°
e, Lu=Ip=1Ic= (ﬁ) (7.07 A) = 12.25 A
30. Pr=3I,R,=3(6A)12Q=1296 W
Or=31;X,=3(6 A’ 16 Q=1728 VAR(C)
Sr= \P3+ Q2 =2160 VA
F,= Pr_1290W _ 4 ¢ (teading)
Sy 2160 VA
31, ¥,=120V, I,=120 V)20 Q=6 A
Pr=3I;R,=3(6 AY’ 20 Q=2160 W
0r=0 VAR
ST:PT: 2160 VA
_ Pr_2160W _,
s, 2160VA
32.  Pr=3I,R,=3(8.98 A 10 Q=2419.21 W
Or=31;X,=3(8.98 A’ 10 2 =2419.21 VAR(C)
Sr= P} +02=3421.28 VA
F,= b _241921W _ 0.7071 (leading)
S, 342128 VA
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33.

34.

35.

36.

37.

326

V,=208 V

2 2
Pr=3 Vs =3-M=7210.67W
Ry 18Q2

Xy 18Q

Sr=\P}+ 02 =10,197.42 VA

F,= Lo 2I06TW __ 4, 507 eading)
sy 10,197.42VA

2 2
Or= 3[ﬂ]: 3208V _ 2310.67 VAR(C)

Pr=3I;R,=3(1.471 A)’ 100 Q = 649.15 W
Or=31;X,=3(1.471 A’ 100 Q = 649.15 VAR(C)

Sy= P} + 02 =918.04 VA
P _ 649.15W _

F,="L=—"""""_=0.7071 (leadin
PS8, 918.04VA ( &

Pr=3I;R, =3(15.56 A)’ 10 Q="7.26 kW
Or=31;X,=3(15.56 A}’ 10 Q=726 kVAR

Sr= P} +02=1027kVA
P 7.263kW
F,=-L=—"""———_=0.7071 (laggin
"7, 10272 kVA (lagging)

Vi 3(120.1V)°

Ry 150

0, 3 Ve _3(1201V)’
Xy 200

Sr= P} + 07 =3605.97 VA

P .
F,= T = M = 0.8 (leading)
S; 3605.97 VA

Pr=3 =2884.80 W

—2163.60 VAR(C)

Z,=10Q+,20 QQ=22.36 Q) £63.43°

v, = LL-120V 65y

31732

Pr=3I;R, =3(3.098 A)’ 10 Q = 287.93 W
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Or=313X,=3(3.098 A)’ 20 Q = 575.86 VAR

Sp= P} + 02 =643.83 VA

P 287.93W
F,=-L=2"""""_—(.447 (laggin
P S, 643.83VA (lagging)

Vi _3(440V)’
Ry
Or=Pr=26.4 kVAR(L)

Sr=P? + 02 =3734KkVA
P 264kW
F,= L= 227X% _ 707 (laggin
7T S 3734kVA (lagging)

38. Pr=3 =26.4 kW

39. Z,=12Q+/16 Q=200 £53.13°
f= Ve 100V,
Zy; 200
Pr=3I;R,=3(5A) 12Q=900 W

0r=3I}X, =3(5 A)’ 16 Q= 1200 VAR(L)

Sr=\ P}+ 05 =1500 VA
B 900 W

F,=-L=—"""_=.6 (laggin
P s, 1500VA (agging)

40. Py=~3E. cos O
4800 W = (1.732)(200 V)I; (0.8)

I,=1732A
I¢:I_L:17.32A:10A
3 1732

f=cos ' 0.8=36.87°
Vs 200V £0°

41. Pyp=~3E;L cos®
1200 W = /3 (208 V)[,(0.6) = I, = 5.55 A

p= Vo208V oy
31732
0 =cos™ 0.6 = 53.13° (leading)
Z,= E=M:21.6494—53.13°: 1298 Q- j17.31 Q
I, 5.55AZ53.13° % T
C
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42.

43.

328

A: Z,=15Q+,;20Q=25Q,53.13°

Pr=3I;R,=3(5A) 15Q=1125 W

Or=31;X,=3(5 A)’ 20 Q=1500 VAR(L)
Y:  V,=V/N3=125V/1.732 =217V

Z,=3Q-j4Q=50/-53.13°

Pr=3I;R,=3(14.43 A)’ 3 Q=1874.02 W

Or=3I3X, =3(14.43 A)’ 4 Q= 2498.7 VAR
Pr=1125 W + 1874.02 W = 2999.02 W
Or= 1500 VAR(L) — 2498.7 VAR(C) = 998.7 VAR(C)

Sr= [P} + 02 =3161 VA

P, 2999.02W _

F,=L=2"""""=0.949 (leadin
s, 3161VA ¢ e
a. E¢=%=9,237.6V b.
_1200kW

e Py == A00kW

Pso=(80 AY4 Q=25.6 kW
Pr= 3P,=3(25.6 kW + 400 kW) = 1276.8 kW

L,=1,=80 A

d F,=L S;=3V1=-3(16kV)80A)=2217.025kVA

e

1,276.8 kW

=222 —.576 laggin
P 2,217.025kVA g8ing

e. 0, =cos ' 0.576 = 54.83° (lagging)
E.n£0°

L= —4%~"  — 80A /-54.83°
7 £54.83° ==
sr——=--, given

T

for entire load
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£ Va=En—Lu4Q+,200Q)
=9237.6 V £0° — (80 A £—54.83°)(20.396 Q /78.69°)
=9237.6 V £0° — 1631.68 V £23.86°
=9237.6 V — (1492.22 V + j660 V)

=7745.38 V — j660 V
= 777345V /-4.87°

Vi _ 777345V £ -487°
| P 80 A £ —-54.83°

Z,= =97.168 Q £49.95°

¢

ua

= 6252Q +7438Q
— —
R X,

h. F,(entire system) = 0.576 (lagging)
F,(load) = 0.643 (lagging)

Py _ Pi~ P _ 1276.8kW ~3(25.6 kW) _

1. n= 0.9398 = 93.98%
P; P; 1276.8 kW
44. a. -
b. v, = 20V_ 127.02V, Z,=10Q ;10 Q= 14.14 Q/-45°
NE]
=Yoo 12702V _ ¢ g0 o
Z, 14140
Pr=3I;R,=3(8.98 A)’ 10 Q=2419.2 W
Each wattmeter: w =806.4 W

45. b. Pr=5899.64 W, P,.cic: = 1966.55 W
46. a. -

b.  Pr=P +P,=85W+200 W=285W

B0
CcC1
P PC1
c. 02= ££=05
Ph CC2
PC2
P,= Lo _100W _ 200 W
05 05

Pr=P,— P, =200 W -100 W =100 W
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48.

330

Eu _ 208V £0°

I, = =20.8 A £0°
RZ0° 10Q 20°
1, = Esc _208VZL-120°_ 000 /o 1200
R/0°  10Q 20°
Eci 208V ZI20° 00 A L1200

ca

TR0 10Q 20°

IAa + Ica - Iab =0

IAa:Iab_Ica
=20.8 A £0°-20.8 A £120°
=208 A - (104 A +/18.01 A)
=312A—/18.01 A
=36.02 A £-30°

Igp + Lip = Lpe =0

Igp = Ipe — Ly
=20.8 A £-120°-20.8 A £0°
=(-10.4 A —18.01 A)—20.8 A
=-312A—/I1801 A
=36.02 A £-150°

ICC+Ibc_Ica:O

ICc:Ica_Ibc
=20.8 A £120° -20.8 A £-120°
=(-10.4 A +18.01 A)—(-10.4 A —j18.01 A)
=-104 A+10.4 A+,18.01 A+/18.01 A
=32.02 A £90°

P1="Vaclia cosys Vae="Vea £0—180°=208 V £120° - 180°

=208 V /—60°
L, = 36.02 A £-30°
= (208 V)(36.02 A) cos 30°

= 6488.4 W
Py =Vielgy cos)’, Vo =208V £=120°, Lz, =36.02 A £~150°

= (208 V)(36.02 A) cos 30°

= 6488.4 W

Pr=P,+ P,=6488.4 W + 6488.4 W
=12,976.8 W
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b, I,=—e="T T 849 A
o 141420
§ = Von 12000V o0
Zp  16971Q
Ve 12009V

Ly=22="""" " =42 47 A
Zo  2.828Q

c. Pr=I210Q+1.12Q+1>2Q
=(8.49AY 10Q+(7.08 A 12Q + (4247 Ay’ 2 Q
=720.80 W + 601.52 W + 3.61 kW

=4.93 kW
Or=Pr=4.93 kVAR(L)

Sr= P} +02=69TkVA

Lk

—=10.707 (lagging)
ST

F,=

d. Eu=120.09 V/-30° Ep, = 120.09 V.L-150°, E,, = 120.09 V.£90°
_ Eu 12000V /-30° 12000V Z-30° o o

L= w100+ 100Q 14.142 Q £45°
I, = Em 12009V Z-150° _120.09V £-150°
Zy  12Q+ /120 16.971Q £45°
E., 120.09V £90° 120.09 V £90°
Zo  2Q+ 720 2.828Q/45°

=17.08 A £-195°

L,= =42.47 A £45°

cn

e. Iy=1L + Iy + Ly
=849 A £-75°+7.08 A £-195°+42.47 AL45°
=(2.02 A—j820 A) + (—6.84 A +;1.83 A) + (30.30 A +;30.30 A)
=25.66 A—,2393 A
=35.09 A /-43.00°

50. Z,=12Q-;16Q=20Q £-53.13°,Z, =3 Q+;j4 Q=5€Q £53.13°
7;=20Q £0°

E.3=200VZ0° Epc=200V £-120° E¢, =200V £120°
ZA = Z1Z2 + Z1Z3 + Z2Z3
= (20 Q £/-53.13%)(5 Q £53.13°) + (20 Q £-53.13°)(20 Q £0°)
+(5Q £53.13°)(20 Q £0°)
=100 Q £0°+400 Q £-53.13°+ 100 Q £53.13°
=100 Q + (240 Q — j320 Q) + (60 Q + j80 Q)
=400 Q — j240 Q
=466.48 Q0 £/-30.96°
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_EZ-EoZ, (200 V £0°)(20Q £0°) - (200 V £120°)(5 Q £53.13°)

Ian
z, Zy
_ 4000A £0°~1000 A Z173.13% _ 14 7y A £29.59°
466.48 £ —30.96°
1, = BscZi~EpZs _ 200V £-120°)(20Q £ -53.13%) - (200 V £0°)(2092 £0°)
" Z, Z,
_ 4000 A £-173.13°—4000 A Z0° _ 115 o o 14c o
466.48 £ —30.96°
[~ EcZy, —EpcZy 200V £120°)(5 ©£53.13°) - (200 V £ ~120°)(20 Q£ - 53.13°)
cn ZA ZA
_ 1000A £173.13°-4000A £-173.13°_ o1\ 10 350
466.48 £ —30.96°
Pr=112Q+ 1, 4Q+1220Q

=1376.45 W + 1172.38 W + 847.60 W = 3396.43 W
Or=12,16 Q+ I2,3 Q= 1835.27 VAR(C) + 879.28 VAR(L) = 955.99 VAR(C)

Sp= P} + 02 =3508.40 VA

F,= b _ 33963W _ 0.968 (leading)

S, 350840 VA
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Chapter 24

1. a. positive-going b. V, =2V c. t,= 0.2 ms
d. Amplitude=8V-2V=6V

e.  %tilt= %xm%

+7.
p= VIOV 275V=7.75V

TRLAS LS

2.  a negative-going b. +7 mV c. 3us
d. —8 mV ( from base line level)
. - —8mV—7mV:—15mV:_7‘5n[lV
2 2
% Tilt = V1 =V2 1009 = 21V =CTmY) 16094
vV -7.5mV
= IV 100% = 13.3%
-7.5mV

f. T=15us—Tus=8 us

prf= 1. 125 kHz
T 8us
o Duty cycle = 12 x 100% = S5« 100% = 37.5%
T 8 us
o . 8
3. a. positive-going b. V,=10 mV c. t,= (Ej 4 ms=3.2 ms

d. Amplitude = (30 — 10)mV = 20 mV

e.  Y%tilt= %xm%
J’_
- 30 mV 28mV:29 mv
% tilt = 30mV-28mv 100% = 6.9%
29 mV
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4, t- = (0.2 div.)(2 ms/div.) = 0.4 ms
tr = (0.4 div.)(2 ms/div.) = 0.8 ms

V=V,

5. tilt=lT= n+n,

0.1 with V'=

Substituting ¥ into top equation,
n-n, _
VAV,

2

0.1 leading to V, = 0.95%,

or 1,=0.905(15 mV) =13.58 mV

v(mV)

151~—_1358

NN\ \/

P 4 6 8 1

12

N NNN\/

* B ws
s s S s S

6. a. t. = 80% of straight line segment
=0.8(2 us) = 1.6 us

b. tr=80% of 4 us interval
=0.8(4 us) = 3.2 us

C. At 50% level (10 mV)
t,=(8—=1)us="17us

d. prf= l=—=50kHz
T
1 1
7. a. T=(4.8—-2.4)div.[50 gs/div.| =120 us b. =—=
( )div.[50 us/div.| I /== 120 5

C. Maximum Amplitude: (2.2 div.)(0.2 V/div.) =0.44 V =440 mV
Minimum Amplitude: (0.4 div.)(0.2 V/div.) =0.08 V=80 mV

8. T'=(3.6-2.0)ms=1.6 ms

prf= 1__1 . 625 Hz
T 1.6ms
t 0.2
Duty cycle = 2 x100% = ——= x 100% = 12.5%
T 1.6 ms

334
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9. T=(15-Tus=8us

(20-15)us

t
Duty cycle = £ x100% =
T 8 us

x100%=§x100%= 62.5%

10. T=(3.6div.)(2 ms/div.)=7.2 ms

prf= L=— 1 _ 13889 Hz
T 7.2ms
) .
Duty cycle = 2 x100% = -09V" o 100% = 44.4%
T div.
11. a. T=0 - 1us=8 us b. t,=3—=1us=2us

c. prf=l=L=125kHz
T 8

s

d. Va = (Duty cycle)(Peak value) + (1 — Duty cycle)(V})
2 us
8 us
Va = (0.25)(6 mV) + (1 — 0.25)(-2 mV)
=15mV-15mv=0V

t
Duty cycle = ?p x100% = x100% = 25%

or
p— QusEmV) =@ usi6mY) _
8 us

=3.46 mV

- \/(36>< 107)(2 us) + (4x107°)(6 us)
c. Veff_
8 us

12.  Eq. 24.5 cannot be applied due to tilt in the waveform.
(Method of Section 13.6)
Between 2 and 3.6 ms

(B4ms-2ms)2V)+ (3.6 ms—3.4ms)(7.5V)+ %(3.6 ms —3.4ms)(0.5V)

Vav
3.6ms—2ms

1.4ms)2V)+(0.2ms)(7.5V) + %(0.2 ms)(0.5V)

1.6 ms

+ +
_28VHLSVH00SV 0o

1.6
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13.  Ignoring tilt and using 20 mV level to define #,
t,= (2.8 div. — 1.2 div.)(2 ms/div.) = 3.2 ms
T=(at 10 mV level) = (4.6 div. — 1 div.)(2 ms/div.) = 7.2 ms

3:2105 1 00% = 44.4%
7.2 ms

Duty cycle = t?p x100% =

Va = (Duty cycle)(peak value) + (1 — Duty cycle)(V5)
=(0.444)(30 mV) + (1 — 0.444)(10 mV)
=13.320 mV + 5.560 mV
=18.88 mV

14.  V,, = (Duty cycle)(Peak value) + (1 — Duty cycle)(V})
t
Duty cycle = % (decimal form)

_ B=Dus _ ;35
20 us

Vay =(0.35)(20 mV) + (1 — 0.35)(0)
=7mV+0
=T7mV

15.  Using methods of Section 13.8:

Ay = byhy = (0.2 div.)(50 us/div.)][(2 div.)(0.2 V/div.)] = 4 usV
Ay = bohy = [(0.2 div.)(50 ps/div.)][(2.2 div.)(0.2 V/div.)] = 4.4 usV
Ay = byhy = [(0.2 div.)(50 us/div.)][(1.4 div.)(0.2 V/div.)] = 2.8 usV
Ay = bshy = [(0.2 div.)(50 us/div.)][(1 div.)(0.2 V/div.)] = 2.0 usV

As = bshs = [(0.2 div.)(50 us/div.)][(0.4 div.)(0.2 V/div.)] = 0.8 usV

_(4+444+28+2.0+0.8)usV
120 us

Vav =117 mV

16.  Using the defined polarity of Fig. 24.57 forve, V;=-5V, V;=+20V
and T = RC = (10 kQ)(0.02 uF) = 0.2 ms

a.  ve=Vi+t(V=V)1-e")
= -5+ (20 — (-5))(1 — e "**™)
=-5+25(1 —e02™)
=_5+25—25¢702m
Ve=20V —25 Ve 02ms

336
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A 'OC
20
1
e
— 1= Bt g
C ;=0
_ 20V —{20V —25Ve/02ms
jo= E-v. _ [ :|:2-5 mAe~02ms
R 10kQ
d.
iC
12.5mA
7z .
0 5t
17.  ve=Vi+ V= V)1 — e T=RC = (2 kQ)(10 uF)
=8+ (4-8)(1 —e ™) =20 ms

— 8 _ 4(1 _ e—t/20 mS)

— 8 _ 4 + 4e—t/20ms

— 4 + 4e—t/20 ms
ve=4 V(1 +e™)

18.  V;=10V, V;=2V, t=RC=(1kQ)(1000 xF) =1

Ve
ve=Vit (V= V)1 —e™) .
=10V+Q2V-10V)1-¢" yv
=10-8(1 —e™) // >
=10-8+8e” VP e
=2V+ a 0 5 t
ve=2V+8 Ve (513)
19. Vi=10V,[,=0A Using the defined direction of ic
Wy . —(10V=2V) .
. |l 1k N o= —— "¢
1 =,y 1kQ
LA Ao i T 1=RC = (1kQ)(1000 uF)=1s
- L _ 8V
i Yo
0 // “5=5s 1 and ic = -8mAe™’
-8 mA
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20. 1=RC=(5kQ)0.04 uF)= 0.2 ms (throughout)
DC — E(l _ e*t/’l?) — 20 V(l _ e—t/0.2 ms)
(Starting at ¢ = 0 for each plot)

1_ 1

a. I'=—=——=2ms
f 500 Hz
Z= 1 ms
2
St=1ms= L .
2 t
b =11 _joms
7 100z %)
Z= 5 ms 20 e
2 ol
_ _I(r 0 T ' g
51—1ms—§(5] I 7 3
e (V)
c. T= 1 = L =0.2 ms ¢
f 5Hz 20F - - - ik
S o
§= 0.1 ms - — ,
0 I 3 t
r > 3T
5t=1ms= 10(—)
2
21.  The mathematical expression for ic is the same for each frequency!
T=RC=(5k0)(0.04 uF)=0.2 ms .
and ic = —20V —02ms = 4y A @02 ™S ’
< kQ 4MAE--- T
1 . S I ‘
a. T= =2ms,—=1ms o L T %T §
500 Hz 2 2
St=5(02ms)= 1 ms= ~ e
2 4 AR - - -, -7
. T ! L/qui¢k charge
b. = =10ms, — =5ms ol T § £
100 Hz 2 5 T T
5t=1ms= l[zj ic
512 4mAL _ _ _/ charging capacitor
=;=0.2ms,z=0.1ms 3 >
5000 Hz TZ // T 27
5t=1ms= 10(—)
2 dlscharglng capacitor

ic reversed
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22.  1=0.2 ms as above

T 1 2 kl)(:(V)
= =2 ms
500 Hz 20F-- e
|
51=1ms=§ o/~ :///vk ‘
I\ 3\ _t
T. _ —1/0.2 ms 2: Y 21 g
0—)5.UC—20V(1—€ ) 20 PN\ L__

§—> T: V;=20V,V;=-20V

ve=Vi+ (V= V(1 —e™)
=20+ (=20 — 20)(1 — ™)
— 20 _ 40(1 _ eﬁt/O.Z mS)
=20 — 40 + 40¢ 2™

Ve =20 V+ 40 Ve 02

T %T: Vi==20V, V;=+20V

ve= Vit (V= V(1 —e™)
=20+ (20 — (-20))(1 —e ™)
=-20+40(1 - ¢
=-20+40 — 40"

V=20V —40 Ve 2™

23, we=Vi+ (V= V(1 — e
V=20V, V=20V
ve =20+ (20 — 20)(1 — %)

=20V(for0—>%)

T
ForE—>T,vi=OVand1)C=20Ve_’/’ t=RC=0.2ms
with 1 =1rnsand5r=Z
2 2
3
For T — ET,U,:ZOV
ve=20 V(1 -¢e™)

For %T—)ZT,UI:OV
ve=20Ve ™

\DC

20V 1~ 2>
s 7
- t t

o
NI~ - -
\{
(TR
\{
N
\'
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24.

25.

26.

340

T=RC=0.2ms A%
51=1ms=Z 20r 2 \ %
2 d A

Vi==10V, V;=+20V <0 0l T rad

T Y2
00— —:

2

ve=Vi+ (V=) -e" T

=—10+ (20 — (-10))(1 — &™) 77 T:  Vi=20V,V;=0V

=-10+30(1 =& ™)
=-10+30-30e""
Ve=420V =30 Ve 102 ms

DC — 20 Ve—t/o.z ms

1 1

272 fC  27(10 kHz)(3 pF)

_ (OMQ £0°)(531MQ £-90°)
IMQ- j531MQ

=5.31 MQ

Zp: XC

z, = 4.573 MQ /-59.5°

Z: Cy=18pF+9pF=27pF
1 1

27 fC, 2x(10kHz)(27 pF)
_ (IMQ £0°)(0.589 MQ £-90°) _

Z 0.507 MQ £-59.5°
IMQ - j0.589MQ

=0.589 MQ

Xc

v LV _ (0.507 MQ £ —59.5°)(100 V £0°)
scope

Z;+7Z, (0257TMQ-;0437MQ)+(2.324MQ - ;3.939MQ)

_ 50.7x10° V £-59.5°

5.07x10° £ —59.5°
0y, = 0, =~59.5°

=10V £0° = %(100 V £0°)

Z: Xem Lo =3333 MQ
@C (10’ rad/s)(3 pF)
7, - OMOLOIGIBMY) 4 e o oo
IMQ-— j3333MQ
z: x.=_! 1 = 0.370 MQ

" wC  (10° rad/s)(27 pF)
_ (IMQ £0°)(0370 MQ £ —90°)

Z,
‘ IMQ- j0.370MQ

=0.347 MQ £-69.68°

/0, =0,

s
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v LV _ (0.347 MQ /£ —69.68°)(100 V £0°)
T ze+z, (0.121MQ- j0.325MQ)+(1.086 MQ — j2.931MQ)

34.70x10° V £ —69.68°
3.470x10° £ —69.68°

10V £0° = %(100 V £0°)

I
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Chapter 25

1. I: a. no b.
I a. yes b.
I a. yes b.
IvV: a no b.

21

no

yes

yes

no

c. yes
c. yes
c. no

c. yes

no

yes

yes

yes

2. b. i=—% 1+gcos(2cot —-90°) —icos(40)t —90°)+icos(6oat—90°)+...
V4 3 15 35

21, 21,{ }
c. — =
T
i 21m[ _FL 2
T 4 3
d.
——>» -80°
'y . /\\\ =
/X F A9
0 °Ml/
V4
3. a. v=—4+2sina
L0
0
/ ./
VaC a2
¥ 4
3+
b. v = (sin o)’
1_:1) = (sin o) 2
/ ’/ \\ /'
ANV
Y\ N\ ‘?

342

\

~

/ .
\ / T +1,
.

—=2n {1—1 + 2 cos(Qot — 90°) — 2z cos (4wt —90°) + 2 cos (6wt —90°) + }
4 3 15 35

e. yes
e. no

e. yes
e. yes

cos(2wt —90°) — i cos(4wt —90°) + % cos(6mwt — 90°) +. }
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41 i=2-2cosa

ac 27/,\ ------
TN , N

’ \ ’ -2 cos o
4. a
I Wi / 3 sin o.— 6 sin 2o
—6 sin 2o
I.\\
A\ __~3sina
/\
|
o/
AN | |
P f \ A
\ 1 \ f
\\I \/
b.

v =2 CoS 20, + Sin o

2 cos 2a
/
sin oc
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344

50 sin ot

a.
A i =50 sin ot + 25 sin 3wt
-~ -~
25 sin 3wt /
/ \ \ \
’ N A [ [ A
\ ! \ \
\ [ \
\ ] \
\ \
Ny Ny
b.
i
i =50 sin of — 25 sin 3ot
— 50 sin 3wt
/
/ /
1
1
1
0fy ,
Ny
~
A
/i=4+3sin(x)t+23in2mt—1sinsmt
3 sin wf
2 sin 2wt
-/ -
": “ \ ", \‘
1 y‘\ -
’ /|‘ \
N/ \

TOVA

-1 sin 3wt
iy
Y\ G

1

Y
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6. a. Vay =100V

=107.53V

2 2
V= \/(100 vy + 00Y) ;(25 V)

b. Iy=3A

L= \/(3 A)* +

=336 A

(2 A)* + (0.8 A)?
2

2 2 2
7 e yae \/(20\/) +(152V) FAOVY o ay

2 2 2
b. L= \/(6A) TeA A =453 A
2
8. Pr=Vyly+ Vil cos6,+...+V,I,cos 0,
— (100 V)3 A) + % cos 53
=300 + (50)(0.6018) + (10)(0.3420)

oL (25 V);O.S A) cos 70°

=333.52 W
9. P= (20V)(6A) cos 20° + asv)2A) V;(Z A) cos 30° + aov)aA) V2)(1 A) cos 60°
= 60(0.9397) + 15(0.866) + 5(0.5)
=71.87 W
10 a. DC E=18V,[,=L=18V_154
R 120

® =400 rad/s: X; = oL = (400 rad/s)(0.02 H) =8 Q
7Z=12Q+;80=14.42Q /33.69°

[~ E_ _30vi220°0 2084

= /-33.69°
Z 1442Q./33.69° 2

i=15+2 (&j sin(400¢ — 33.69°)

V2

i=1.5+2.08 sin(4007 — 33.69°)

2
QA 100

b. L= \/(1.5 A)* +
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346

C.

d.

c.

f.

g.

a.

b.

d.  Vg= \/(24 V) +

DC: vw=E=18V, V,= [w4—33.69°](12940°)

2

_ 2496V

£-33.69°

=

ve=18+ /2 (24‘96j sin(400¢ — 33.69°)

V2

vg = 18 + 24.96 sin(4007 — 33.69°)

2
(EETRTRP

VM=J(ISV)2+

DC: V;=0V
2.08A

V2

o =400 rad/s: V, = [ Z —33.69") (8 Q £90°)

v, =0+ 16.64 sin(4007 + 56.31°)

2
V.. =40? +@ =11.77V

P=2R=(2.101 AY 12Q=52.97W

24V
DC: Ipc=——=2A
"0
® =400 rad/s:
Z.=12 Q +j(400 rad/s)(0.02 H) =12 Q + ;8 Q =14.422 Q /33.69°
= 30V 20 =2.08 A £-33.69° (peak values)
14.422 Q2 /33.69°
® = 800 rad/s:
Z.=12 Q+j(800 rad/s)(0.02 H)=12 Q+,16 Q=20 Q £53.13°
- _10vAm | 0.5 A £-53.13° (peak values)
200 £53.13°

i =2+ 2.08 sin(400¢ — 33.69°) + 0.5 sin(800¢ — 53.13°)

(2.08 A)* +(0.5A%)
2

=251A

L= \/(2 A)2 +

w=iR=i(12 Q)
=24 + 24.96 sin(400¢ — 33.69°) + 6 sin(800¢ — 53.13°)

=30.09V

(24.96 V)* + (6 V)?
2
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12.

DC: V,=0V
® =400 rad/s: V, = (2.08 A £-33.69°)(8 Q £90°)
= 16.64 V £56.31°
® =800 rad/s: V, = (0.5 A £-53.13°)(16 Q £90°)
=8V £36.87°
v, = 0 + 16.64 sin(400z + 56.31°) + 8 sin(8007 + 36.87°)

2 2
Ve = \/(0)2 + (1664 V)2 @V 13.06 V

Pr= 1%R=(2.508 A’ 12 Q2 ="75.48 W

DC: I= _S0vV__ A
12Q
® =300 rad/s: X; = oL =(300rad/s)(0.02 H)=6Q
Z=12Q+;16 Q=13.42Q /26.57°
E =(0.707)(20 V) £0°=14.14 V £0°
E 14.14V £0°

I=—= =1.054 A £-26.57°
Z 13420 /26.57°

® = 600 rad/s: X; = oL = (600 rad/s)(0.02 H)=12 Q
Z=12Q+;12Q=1697 Q £45°
E =—(0.707)(10 V) £0°=-7.07 V L0°
1= E___707V20° _ —0.417 A £-45°
Z 16.97 QA £45°
i=-5+(1.414)(1.054)sin(300z — 26.57°) — (1.414)(0.417)sin(600z — 45°)
i =-5+1.49 sin(3007 — 26.57°) — 0.59 sin(600z — 45°)

(1.49 A)* +(0.59 A)*
2

=10.06 A

L= \/(10 A)* +

DC: V=IR=(-5A)(12Q)=-60V
® =300 rad/s: Vg=(1.054 A £-26.57°)(12 Q £0°)
= 12.648 V £-26.57°
® =600 rad/s: Vg=(-0.417 A £-45°)(12 Q £0°)
=_5V /-45°
v = —60 + (1.414)(12.648)sin(300¢ — 26.57°) — (1.414)(5)sin(600¢ — 45°)
Vg = —60 + 17.88 sin(300¢ — 26.57°) — 7.07 sin(600¢ — 45°)

(17.88V)*+(7.07V)?
2

=61.52V

Ve = \/(60 V) +
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DC: V,=0V

®=300rad/s:  V, =(1.054 A £-26.57°)(6 Q £90°) = 6.324 V £63.43°
0=600Tad/s:  V,=(-0.417 A £-45°)(6 Q £90°) =—2.502 V £45°

v, = 0+ (1.414)(6.324)sin(300¢ + 63.43°) — (1.414)(2.502)sin(600¢ + 45°)

v, = 8.94 sin(300¢ + 63.43°) — 3.54 sin(600¢ + 45°)

. 2+ (3. 2
Lm:\/(g 94 V) 2(3 4V) ooy

P=1%R=(10.06 A)Y 12 Q=1214.44 W

DC: I=0A
1 1

o =400 rad/s: Xc=——= =200
oC (400 rad/s)(125 uF)

Z=15Q-20Q=25Q /-53.13°
E = (0.707)(30 V) £0° =21.21 V £0°

I=E= 21.21V 20 =0.848 A £53.13°
7 25Q/-53.13°

i =0+ (1.414)(0.848)sin(400¢ + 53.13°)
i = 1.2 sin(400¢ + 53.13°)

2
L= 1/(1'22A) =0.85 A as above

DC: Vzg=0V

® =400 rad/s: V= (0.848 A £53.13°)(15 Q £0°) = 12.72 V £53.13°
vr =0+ (1.414)(12.72)sin(400¢ + 53.13°)
vx = 18 sin(400¢ + 53.13°)

2
V :,/(182\/) 1273V

DC: Ve=18V
® =400 rad/s: Vo= (0.848 A £53.13°)(20 Q Z-90°)
=16.96 V /-36.87°
ve =18 + (1.414)(16.96)sin(400¢ — 36.87°)
ve = 18 + 23.98 sin(400¢ — 36.87°)

2
—(23'928 V) —aamv

Vceff:\/(lgv)er

P=%R=(0.848 A 15Q=10.79 W
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14. a. e= ﬂ"‘@ cos2cot—ﬂ cos 4wt
V4 kY4 157
=63.69 + 42.46 sin(2wt + 90°) — 8.49 sin(4w? + 90°)
o =377 rad/s:
e=63.69 +42.46 sin(754¢ + 90°) — 8.49 sin(1508¢ + 90°)
DC:X;=0..V;=0V
o = 754 rad/s: XC=L= I =1
oC (754 rad/s)(1 uF)
X = oL = (754 rad/s)(0.1 H)=75.4 Q
7' =(1kQ £0°) | 75.4 Q £90° =175.19 QO £85.69°
E =(0.707)(42.46 V) £90° =30.02 V £90°
Z'(E) (75.19Q £85.69°)(30.02V £90°)

= =1.799 V £-94.57°
Z'+Z, 7519Q £85.69°+1330Q £—-90°

o = 1508 rad/s: XC=L= ! =6631.13 Q3

oC (1508 rad/s)(1 uF)

X, = oL = (1508 rad/s)(0.1 H) = 150.8 Q
Z' = (1kQ £0°) || 150.8 Q £90° = 149.12 Q /81.42°
E = (0.707)(8.49 V) £90° = 6 V £90°
_ Z(E) _ (149.12Q £81.42°)(6 V £90°)
7 +7Z. 149.12Q /81.42°+6631.13Q £ —90°
= 1.73V £-101.1°
U, = 0+ 1.414(1.799)sin(754¢ — 94.57°) — 1.414(1.73)sin(1508¢ — 101.1°)
v, = 2.54 sin(754¢ — 94.57°) — 2.45 sin(1508¢ — 101.1°)

330 Q2

o

o

=250V

. 2+ (2. 2
N Voeff:\/(z 54V) 2(245\/)

po (Ve)' _(Q250V)’
R 1kQ

=6.25 mW

15.  i=0.3181,+0.500 I, sin of — 0.2121,, cos 2wt — 0.04241,, cos 4ot + ... (I, = 10 mA)
i=3.18x 107 +5x 107 sin of — 2.12 x 107 sin(2ez + 90°)
—0.424 x 107 sin(4wt + 90°) + ...
i=3.18x 107 +5 x 107 sin of — 2.12 x 107 sin(2wz + 90°)
DC: I,=0A,V,=0V
® =377 rad/s; X = oL = (377 rad/s)(1.2 mH) = 0.452 O

=L ! ~ 13260
wC (377 rad/s)(200 uF)

7' =200 Q —j13.26 Q=200.44 Q /-3.79°

I=(0.707)(5 x 10°)A £0°=3.54 mA £0°

L= _Zd (04520 £90°)(3.54mA £0°)
Z,+7  j0.452Q+200Q— j13.26Q

7.98 A £93.66°
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V,=(7.98 uA £93.66°)(200 Q £0°) =1.596 mV £93.66°
® = 754 rad/s: X; = oL = (754 rad/s)(1.2 mH) =0.905 Q2
1 1

= —=

=6.63Q
oC (754 rad/s)(200 uF)

7' =200 Q —-;6.63 Q=200.11 Q £-1.9°

I=(0.707)(2.12 mA) £90° = 1.5 mA £90°
Z,1 _(0.905Q £90°)(1.5 mA £90°)

Z,+Z  j0.905Q+200Q— j6.63Q

V, = (6.8 pA £181.64°)(200 Q £0°) = 1.36 mA £181.64°
v, =0+ (1.414)(1.596 x 10™)sin(377¢ + 93.66°)

— (1.414)(1.360 x 107)sin(754¢ + 181.64°)
v, =2.26 x 107 sin(377¢ + 93.66°) + 1.92 x 107 sin(754¢ + 1.64°)

= 6.8 4A £181.64°

0=

16. a. 60 + 70 sin ot + 20 sin(2wt + 90°) + 10 sin(3wz + 60°)
+20 + 30 sin ¢ — 20 sin(2w? + 90°) + 5 sin(3wz + 90°)
DC: 60+20=280
: 70 +30 =100 = 100 sin ot
2: 0
3m: 10 £60°+5290°=5+8.66 +j5=5+13.66 =14.55 £69.9°
Sum = 80 + 100 sin o7 + 14.55 sin(3®7 + 69.9°)

b. 20 + 60 sin o + 10 sin(2a — 180°) + 5 sin(3a + 180°)
-5+ 10sina+ 0 — 4 sin(30 — 30°)
DC: 20-5=15
o 60+ 10=70 = 70 sin o
2a: 10 sin(2o — 180°)
3 5 £180° -4 £-30°=-5—-[3.46 —j2] = —8.46 + ;2
=8.69 £166.7°
Sum =15 + 70 sin o + 10 sin(2a — 180°) + 8.69 sin(3a + 166.7°)

17. iT = il + iz
= 10 + 30 sin 20¢ — 0.5 sin(40¢+ 90°)
+20 + 4 sin(207 + 90°) + 0.5 sin(40¢+ 30°)
DC: 10A+20A=30A
®=20rad/s: 30 A £0°+4 A £90°=30 A +,;4 A=30.27 A £7.59°
o =40rad/s: 0.5 A £90°+ 0.5 A £30°
=—05A+0433 A+,025A
=0433 A-j0.25 A=0.5A £-30°
ir=30+ 30.27 sin(20¢ + 7.59°) + 0.5 sin(407 — 30°)
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18. e=1v; 1tV
= 20 - 200 sin 600z + 100 sin(1200¢ + 90°) + 75 sin 1800¢

~10 + 150 sin(600¢ +30°)  +0 + 50 sin(1800¢ + 60°)
DC: 20V-10V=10V
®: 600 rad/s: —200 V £0° + 150 V £30° = 102.66 V £133.07°

® = 1200 rad/s: 100 sin(1200¢ + 90°)
®=1800rad/s: 75V £0°+50V £60°=108.97 V £23.41°
e=10+102.66 sin(6007 + 133.07°) + 100 sin(12007 + 90°) + 108.97 sin(18007 + 23.41°)
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