Chapter 14

1. -

2. -
3. a. (377)(10) cos 377t = 3770 cos 377t
b.  (400)(20) cos(4007 + 60°) = 8 x 10 cos(400¢ + 60°)
c. (V2 20)(157) cos(157¢ — 20°) = 4440.63 cos(157¢ — 20°)
d.  (=200)(1) cos(t + 180°) = =200 cos(¢ + 180°) = 200 cos ¢
4. a. I,=V,/R=160V/20 Q=8 A, i =8 sin 100z
b. I,=V,/R=60V/20 Q=3 A,i=3sin(2000¢ + 45°)
c. I,=V,JR=6V/3Q=2A,i=2sin(wz+ 100°)
d. 1,=V,/R=12V/3Q=4A, i=4sin(of+220°)
5. a. V,=L,R=(0.1 A)6.8x10°Q)=680V
v = 680 sin 1000z
b. V,=LR=02x107A)6.8%x10°Q)=13.6V
v = 13.6 sin(4007 — 120°)
6. a. 0Q
b. X =12.56f=12.56(60 Hz) = 753.6 Q
c.  X.=12.56f=12.56(4 kHz) = 50.24 kQ
d.  X;=12.56f=12.56(1.2 MHz) = 15.07 MQ
X, 2kQ
7. a. L= = =22 mH
2rnf  2m(14.47 kHz)
X 40kQ
b. L=-—L-= 0 =12H
2rnf  2m(5.3kHz)
X X X
8. a X =2nfl=f=_*= - = L
2nL  (6.28)(47mH) 295.16 x10~ H
10 Q

= —— " -33.88Hz
295.16x10° H
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10.

11.

12.

13.
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- X, B 4kQ
295.16x10° H 295.16x10™ H

=13.55 kHz

- X, B 12 kQ
295.16 x10° H 295.16 x10™ H

=40.66 kHz

Vi=1,X, = (25 mA)20 Q) =500 mV
v = 0.5 sin(®z + 90°)

V,y=1,X, = (40 x 107 A)(20 Q)= 0.8 V
v = 0.8 sin(w? + 150°)

i =6 sin(or + 150°), V,, = L,X; = (6 A)(20 Q) = 120 V
v = 120 sin(w¢ + 240°) = 120 sin(af — 120°)

X, = oL = (100 rad/s)(0.1 H) = 10 Q
V= LX:= (10 A)(10 Q) = 100 V
v = 100 sin(100z + 90°)

X, = L = (400 rad/s)(0.1 H) = 40 Q
Vi =1,X. = (5 x 10° A)(40 Q) = 200 pV
v =200 x 10 sin(400¢ + 110°)

V 120V
Im = =——=3 A, i=3 Sin((Dt— 900)
X, 400
V 30V
I,= 2 =—-=0.75A,i=0.75 sin(wz — 70°)
X, 400

X, = oL = (60 rad/s)(0.2 H) = 12 Q
L,=V/X,=15V/12Q=0.125 A
i = 0.125 sin(60¢ — 90°)

X; = oL =(10rad/s)(0.2 H) =2 Q
I,= VX, =16 mV/2 Q=8 mA
i=8x 107 sin(z +2° — 90°) = 8 x 10~ sin(z — 88°)

1 1
XC = = 5 =
27fC 27(0 Hz)(0.2x10™° F)

oo Q

1 1
XC = = 5
27fC 27(60 Hz)(0.2x10°° F)

=13.26 kQ

1 1
XC = = 5
2nfC 27(2kHz)(0.2x10™° F)

=397.89 Q
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14.

15.

16.

17.

18.

XC:

| 1
22fC 27(2x107° Hz)(0.2x10°° F)

=0.398 Q

1 1
=C=
2x fC 2nfX

1

" 27(265 Hz)(60 Q)
=10 uF

1

" 27 (34 kHz)(1.2 kQ)
— 3900 uF

1 1
f= = — = 4.08 kHz
27CX,.  27(3.9x107° F)(10Q)

1 1
f: = > = 0.68 HZ
21CXe 21(3.9%x107° F)(60 kQ)

1 1
f= = — = 408.1 kHz
27CX,.  2r(3.9%107° F)(0.1Q)

1 1
f= = —~ =20.40 Hz
27CX,.  27(3.9x107° F)(2000 Q)

In=Vu/Xc=120V/2.5Q =48 A
i = 48 sin(of + 90°)

L=V Xc=4x102V/25Q0=0.16 A
i=1.6 x 10" sin(®7 + 130°)

V= 3051n200tX—L— !
oC (200)(1><10 F)

V.o 30V
I,= - ="""_=6mA,i=6x 10" sin(200¢ + 90°)
X. 5kQ
3 1 1
v=60x%x 10" sin 377¢, Xc = — = - =2.65 kQ
oC  (377)(1x107%)
60x10°V
L= Y 200200V 5) 64 uA, i = 22.64 x 107 sin(377¢ + 90°)
Xe  2,650Q

Vo =1,Xc= (50 x 107 A)(2 kQ) =100 V
v =100 sin(®wz— 90°)
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b. Ve=LXc=02x10°%Q2kQ)=4mV
v =4x 107 sin(w? — 30°)

1 1
19.  a  i=02sin300f, Xc= —= =5.952 kQ
oC  (300)(0.56x107° F)

Ve =InXc= (0.2 A)(5.952 k) =1190.48 V, v =1190.48 sin(3007 — 90°)

1 1
b. i=8x107sin (377¢—30°), Xc= —= =4.737 kQ
oC  (377)(0.56x107° F)

V=1,Xc= (8% 107 A)(4.737 kQ) =37.81 V
v =37.81 sin(377¢t — 120°)

20. a. vleadsiby90°= L, X;=V,/I,=550V/11 A=50Q

L= ﬁ=ﬂ— 132.63 mH
o 377 rad/s

b. wvleadsiby 90° =L, X, =V,/1,=36 VAA=9Q

A — ! — 147.36 pH
oX, (754rad/s)(9Q)

c. vandiarein phase = R
v, 105V

— m

I, 15A

21. i = 5sin(or +90°)

) ileads v by 90°= C
v = 2000 sin ot

I 1
XC:Q_M_M)QQ C= = =15.92 uF
I, 5A oX. (157 rad/s)(400 Q)
b.  i=2sin(157¢+60°) .
) }vleadszby90°:>L
v=_80sin(157¢ +150°)
XL:V_m_M_M)Q XL—ﬂ—25478mH
1 2A ® 157 rad/s

m

c. v =235sin(et-20°)
i =7 sin(ot — 20°)

R=tn_PV_sq
I, 1A

m

} in phase = R

23. -
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1 1 1 1
24, Xc= =R = f= - : - _
Y f 27RC  27(2x10° Q)(1x10° F) 12.56x10

=179.62

25. X,=2mfL=R
R _ 10,0000

= 3 =318.47 mH
2rf  2m(5x10° Hz)
26 Xc=X;
1
—— =27
2nfC /L
1
2 __
S An*LC
1 1
and f= =1.59 kHz
27JLC 27r\/(10><10_3 H)(1x 10 F)
27 XC:XL
1 1
—— =2nfL = 21 —= c ——=5.07 nF
2nfC 47r L 4(9.86)(2500x10”)(2x107")
28. a. P= mcos 30°=389.7 W, F, = 0.866
b. (SOV—)(2A) =S50W,F,=1.0
c. P= (SOV—2)(3A) cos10°="73.86 W, F, = 0.985
d. = W cos40°=2.30 W, F,=0.766
29. R:&—48—V—6QP PR = 8A 6Q=192 W
I, 8A 2
P= %COSO=MCOSOO— 192 W
P=VIcos 8= M 8 A cos 0°=192 W
V2 (2

All the same!
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30.

31.

32.

33.

34.

35.
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P=100W: F,=cos 0=P/VI=100 W/(150 V)(2 A) =0.333

P=0W: F,=cos0=0

P =300 W: Fp—% =1

P

= Vol 50
2

500 W = % (0.5) = 1, =40 A

i = 40 sin(w? — 50°)

a. I,=E,/R=120V/6.8kQ=17.65mA,i=17.65x 107 sin(2r60z + 20°)

2
17.65 mA
b. P=PR= [%} 6.8 kQ =1.06 W
2
e, T=2F__628 _c67ms

® 2m60rad/s
6(16.67 ms) =100.02 ms=0.1s

a. X,=oL= (1000 rad/s)(1.2 H) = 1.2 kQ

v, 220V _
= 2= =183.33 mA, i = 183.33 x 10 sin(10007 — 30°)
X, 12kQ
b. OW
1 1

= —= =265.26 kQ
oC (21 500)(1200 pF)

E,=1,Xc=(30x 107 A)(265.26 kQ) = 7.95 kV

e=7.95x 10° sin(275007 — 20° — 90°) = 7.95 x 10° sin(2z500¢ — 110°)

b. P=0W

1 1 1
XCl = = —= 2 =
2nfC oG (10" rad/s)(2 uF)
o = L 2 ! =10Q
oC, (10M)(10uF)
L _ 84.85V £60°
Zc, 50Q 2 -90°
E  84.85V £60°

E =84.85V £60° I, =

12:

Ze, 10Q2-90°

iy = 2.4 sin(10* + 150°)
ir = 12 sin(10* + 150°)

=1.697 A £150°

=8.485 A £150°
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36.

37.

38.

39.

40.

41.

Cr=2 uF || 10 uF = 12 uF
1 1

oC  (10* rad/s)(12 uF)
E  84.85/60°
Xe, 8.33Q.2-90°

=10.19 A£150°
iy = 14.4 sin (10% + 150°)

I, =

L || L,=60mH | 120 mH = 40 mH
X, = 2nfLr = 2n(10° Hz)(40 mH) = 251.33 Q
Vw=1,X, =(80A)(251.33Q)=20.11kV
and v, = 20.11 kV sin(10°¢ + 30° + 90°)

so that v, = 20.11 x 10° sin(10% + 120°)

I, =L x, =2nfL, = 22(10° Hz)(60 mH) = 376.99 Q
XL]

:6.03><103V

=16 A
Im™376990

and i; = 16 sin(10% + 30°)
X 1, = 2nfLy = 2n(10° Hz)(120 mH) = 753.98 Q

_ 6.03x10° V

=8A
L 753.98Q

and i, = 8 A sin(10°¢ + 30°)

5.0 £36.87° b. 2.83 £45°

12.65 £7.57° d.  1001.25 £2.86°
4123.11 £104.04° f. 0.894 £116.57°

17.89 £—116.57° b. 8.94 £-26.57°

20.22 x 10 £—8.53° d. 8.49x107° £-135°
=200 £0° f. 1000 £—178.85°

4.6 +j3.86 b.  —6.0 +;10.39

—j2000 d. -6x107-22x107
47.97 + j1.68 f. 47x10*—1.71x107*
42 +j0.11 b. 1x10°-j1.73 x 10°
-3x107-j5.20x 10 d. -6.13x107+5.14x107°
-15 f. 2.09x107°—1.20

11.8 + /7.0

151.90 + j49.90
472 x 10+ 71
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42.

43.

44,

45.

46.

47.

48.
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5.20 + j1.60
209.30 + j311.0
—21.20 +j12.0

12.17 £54.70°
98.37 £13.38°
28.07 £-115.91°

~12.0 +j34.0
86.80 + j312.40
~283.90 — j637.65

8.00 £20°
49.68 £—64.0°
40 x 107 £40°

6.0 £—50°
200 x 10°° £60°
109 £—-170°

4
—4.15 — j4.23
6.69 — j6.46
10— 55
1+ /0

8 £60°

=10.0 — j5.0

102 + 7400 - 412.80 £75.69°

=19.38 x 10~ £-15.69°

(6 £20°)(120 £ — 40°)(8.54 £69.44°) _ 6.15x10° £49.44°
2£-30°

=3.07 x 10° £79.44°
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49

50.

51.

52.

(0.16 £120°)(300 £40°) 48 £160°
9.487 £71.565° 9.487 £71.565°

e i )
4x107 2200 | j(;*) \36~ 430

8 1
(2500£ —20°)| —
-j )\ 46.8612-39.81°

(2500 £—20°)(8/)(0.0213 £39.81°) = 426 £109.81°

=5.06 £88.44°

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

(10 £20°)(x £—60°) = 30.64 — j25.72
10x £—40°= 40 £—40°
10x=40
x=4
5x + 410
2-jy

10x + j20 — 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(09 -y)y=-70
599 =y) =90
12 —9y+18=0
~(=9)£4/(=9)’ - 4()(18)
y=
2
9+3
y 2 6,3
Fory=6,x=3
y=3,x=6

(x=3,y=6)or (x=06,y=3)

80 £0°

40460
0=30°

=4 /—0=3.464 —j2 =4 /-30°

160.0 £30°
25%x 107> £—40°
70.71 £-90°
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53.

54.

55.

56.

57.

58.

176

14.14 £—180°
b.  4.24x10° £90°
c.  2.55 x10°%4£70°

a.  56.57 sin(377¢ + 20°) b.  169.68 sin (377¢ + 10°)
c. 11.31x107sin(377t—110°)  d. 6000 sin(377¢ — 180°)

(Using peak values)
ein:Ua+Ub:>Da:ein_Db
=60V £90°-20V £-45°=j60V — (14.142 V — j14.142 V)
=j60V —14.142 V +,14.142 V=—-14.142 V +j74.142 V
=75.479 V £100.8°
and v, = 75.48 sin(377¢ + 100.8°)

k=hth=>hH=i—1

(Using peak values) = (20 X 10° A £60°) — (6 x 10°* A £—30°)=20.88 x 10° A £ 76.70°
iy = 20.88 x 107 sin (07 + 76.70°)

(Using peak values)

ein:Ua+Ub+Uc

Vg = €in — Vp — V¢
=120V Z£30°—-30V £60°—-40V £-90°
= (103.92 V + j60 V) — (15 V +j25.981 V) — (—j40 V)
=88.92V+,74.02V=115.70V £39.775°

v, = 115.70 sin(377¢ + 39.78°)

(Using effective values)
I, =1, +L+1;
11 :IS_Iz_I3
=12.73 A Z£180° — 5.66 A £90° — 2[5.66 A £90°]
=12.73 A £180° — 5.66 A £90° —11.32 A £90°
=-12.73 A—(j5.66 A) — (j11.32 A)=-12.73 A —j16.98 A
=21.22 A £-126.86°
=(1.414)(21.22 A)sin 377¢
iy =30 sin 377¢
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