Chapter 15

1. a. 1=(0.7071)(20 mA £ 30°)
=14.14 mA Z 30°

b. V=IR=(14.14 mA £ 30°)2kQ £ 0°)
=28.28V ~ 30°

d.  v=(1.414)(28.28 V) sin (1000¢ + 30°)

= 40 sin (10007 + 30°)

c. -
2. a.  Vp=(0.7071)(24 V) £ 20°
=16.97V £ 20°
b op= Ve 1697V 220° oy 5o
R  68Q.,0°

C. -
d. i=(1.414)(2.5 A) sin (300¢ + 20°)

= 3.53 sin (300¢ + 20°)

3 a. I,=(0.7071)(10 mA) £ 40°
=7.071 mA/Z 40°

b.  V,=LX;=(0.7071 mA £ 40°)(2 kQ £ 90°)
= 14.14 V £ 130°

d. v,=(1.414)(14.14 V) sin (250¢ + 130°)
=20 sin (2507 + 130°)

4. a. X;=wL=(750rad/s)(40 mH) =30 Q

b, V,=(0.7071)(200 V) £ 90°
= 141.42 uV £ 90°

V, 14142 v £ 90°
X,  30Q290°

c. I= =4.71 uA £ 0°
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ip = (1.414)(4.71 uA) sin (750t + 0°)
= 6.66 x 10 %sin 750¢

I, = (0.7071)(6 mA) £ 20°
= 4.243 mA Z 20°

V, = (0.7071)(16 V) £ 110°
= 11314V Z 110°

V, 11314V 2110°

7,=— =2.67kQ £ 90°=X;

I, 4243mA £20°

Xi=0L=L= ﬁ:ﬂ =223 H
0) 1200 rad/s

V= (0.7071)(60 V) £ 60°
= 4243V Z 60°

V. 4243V ,60°
Ir= —5 = V607 1.061 A £ 150°
X, 40Q2-90°

ic=(1.414)(1.061 A) sin (4007 + 150°)
= 1.5 sin (4007 + 150°)

1 1
Xe=—= =5kQ
oC (20,000 rad/s)(0.01 uF)

Ic=(0.7071)(5 uA) £ —80°
=3.54 uA £ —80°

Ve=1cXc=(3.54 uA £ —80°)(5 kQ £ —90°)
=17.7mV £ -170°

ve = (1.414)(17.7 mV) sin (20007 — 170°)
=25.03 x 107 sin (2000¢ — 170°)
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10.

11.

12.

13.

14.

®

Ic=(0.7071)(60 uA) £ 80°
= 42.43 A Z 80°

Ve=(0.7071)(24 mV) £ —10°
=16.97 mV Z -10°

V. 1697 mV ~-10°
b Xe=Zo= € = m = 400 Q £ —90°
1, 4243 uA 280°

1 1 1
C. Xe=—=C= = =1.
oC oX. (2000 rad/s)(400 )

25 uF

X, = 2nfL = 2n(1.2 kHz)(5 mH) = 37.7 Q

1 1

= = = 79-58 Q
2C ~ 27(100 kHz)(0.02 uF)

C

a. Zr=68Q+;8.2Q=10.65Q £ 50.33°

b. Z;=2Q-j6Q+10Q=12Q -6 Q=1342 Q £ -26.57°

o

a. Zr=3Q+j4Q-j5Q=3Q—-j1Q=3.16Q2 £ —-18.43°

b, Z;=1kQ+8kQ—j4kQ=1KkQ +j4kQ=4.12kQ £ 75.96°

o

Ly=247 mH
X, = oL =2nfL =27(10° Hz)(247 x 10~ H) = 1.55 kQ
Xc= L _ ! =1.59 kQ
27 f C 2m(10° Hz)(0.1x107® F)
=470 Q +;1.55 kQ —j1.59 kQ
=470 Q — j40 Q = 471.70 Q /£ —4.86°

o 2= 2-BOVED 0 s a0 jla1a20=R-jx,
I 6A 45

b, zy= B8OV 0 s e0e—jaka= X,
I 20 mA £ 40°
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Z:=1kQ+,;32kQ+56kQ+;68kQ=06.6KkQ+,;10kQ=11.98 kQ £ 56.58°
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E 8kV «£0°
C. 2= —=—"—"—"—=0666.67Q £30°=577.35 Q +,333.34 Q=R + X,
I 12A2-30°
15. a. Z:=8Q+j6Q=10Q £ 36.87°
c. I1=E/Z;=100V £0°10Q £36.87°=10 A £ -36.87°

Va=(UZ )R £0°=(10A £-36.87°)(8 Q£ 0°) =80V £ —36.87°
V.= £ 6)(X; £90°) = (10 A £ —36.87°)(6 Q £ 90°) =60 V £ 53.13°

f. P=PR=(10 A8 Q=800 W
g. F,=cos 0r=R/Zy=8 /10 Q = 0.8 lagging
h. vz = 113.12 sin(wt — 36.87°)

v, = 84.84 sin(wt + 53.13°)
i = 14.14 sin (@t — 36.87°)
16. a.  Z;=18Q-,29.15Q=34.26 Q /-58.30°
1 1

T 2/C 27(60 Hz)(91 uF)

c =29.15Q

C. 1= Z£ ___ 120V 220 =3.50 A £78.30°
T

3426 Q £ —58.30°

V= LO)(R £0°) = (3.50 A £78.30°)(18 Q £0°) = 63.0 V £78.30°
V= (I £0)(Xce £-90°) = (3.50 A £78.30°)(29.15 Q £-90°) = 102.03 V £—11.70°

f. P=PR=(3.50A)18Q=2205 W
g, F,=RIZr=18 Q/34.26 Q = 0.525 leading
h.  i=4.95sin(377t + 78.30°)

vz = 89.1 sin(377¢ + 78.30°)

ve = 144.27 sin(377¢ — 11.70°)

17. a.  Z;=4Q+j6Q—jl10Q=4Q—j4Q=5.66Q L/—45°

. X—oLor-Xe- %9 _ienm
@ 377rad/s
1 1 1
Xe=— = C= = =265 pF
wC wX. (377 rad/s)(10Q)
A 1= o SOVEP _ge3a a5
2 5.66Q /£ —45°

V= LO)(R £0°) = (8.83 A £45°)(4 Q £0°) = 3532V £45°
V, = (I LO)(X, £90°) = (8.83 A £45°)(6 Q £90°) = 52.98 V £135°
Ve=( £0)(Xc £-90°) = (8.83 A £45°)(10 Q £-90°) = 88.30 V £—45°
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f. E:VR+VL+VC
50V £0°=35.32V £45°+ 5298 V £135° + 88.30 V £—45°
50V £0°=49.95V £0°=50V £0°

g. P=PR=(883A)Y4Q0=311.88W

R
h. F,=cos Or= Z—: 4 Q/5.66 Q= 0.707 leading
T

i, i=12.49 sin(377¢ + 45°)
e="70.7 sin 377t
v = 49.94 sin(377¢ + 45°)
v, = 74.91 sin(377¢ + 135°)
ve = 124.86 sin(377¢ — 45°)

18. a.  X,=oL=(20 x 10’ rad/s)(0.1H) = 2 kQ

Xc= ! ! =6.1kQ

oC  (20x10° rad/s)(8200 pF)
Zr=12kQ+2kQ - 6.1 kQ
=1.2kQ - j4.1 kQ =4.27 kQ £-73.69°

d. 1= L = 4.24 V260 =0.993 mA £133.69°
Z, 427kQ2-73.69°

Vz=IR=(0.993 mA £133.69°)(1.2kQ £0°)=1.19 V £133.69°
V,=1X;=(0.993 mA £133.69°)(2 kQ £90°) =1.99 V £223.69°
Ve=1IXc=(0.993 mA £133.69°)(6.1 kQQ £-90°) = 6.06 V £43.69°

f. E:VR+VL+VC
424V £60°=1.19V £133.69°+ 1.99 V £223.69° + 6.06 V £43.69°
=(-0.822 V +,0.80 V) + (-1.44 V —j1.37 V) + (438 V + 4.19 V)
=2.12V+ j3.62V
424V £60°=4.20 V £59.65°

g.  P=PIR=(0.993 mA)X(1.2kQ)=1.18 mW

R 1.2kQ .
h. F,=—= = 0.281 leading
Z, 427kQ

i, i=1.4x10"sin (20,000¢ + 133.69°)
vr=1.68 sin (20,0007 + 133.69°)
v, = 2.81 sin (20,000¢ + 223.69°)
ve = 8.57 sin (20,0007 + 43.69°)
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19.

20.

21.

22.
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a.  Z;=30Q+;100Q—,20Q
=30Q+,80 Q
=85.44 Q £ 69.44°

E 4 °
b. Ii=—>= V260 =468.16 mA £ -9.44°
Z, 85.44Q 269.44°

c.  Vi=L:R=LR=(468.16 mA £ —9.44°)(30 Q / 0°)
=14.04 V £ —9.44°

R 30 Q
d. F,=cos Op= — =
Z, 8544Q

= 0.351 lagging

a.  Zr=8Q+34Q-;16Q
=8Q+;18Q
=19.7 Q £ 66.04°
E;, 48V _20°-32V 45°

L=1,=—L
vz, 19.7Q £66.04°

_ 48V -(22.63 V + j22.63 V)
19.7Q £ 66.04°
2537V - 2263V _33.99V 2 -41.729°

197Q £66.04°  19.7Q 266.04°
I, =1.726 A £ -107.77°

b. Ve=1Xc=1LXc
=(1.726 A £—-107.77°)(16 Q £ -90°)
Vc=27.62V £ -197.77°

a. ILIZISZSmA430°

b, Zr=2kQ+3kQ+8kQ+ 4 kQ — 4 kQ
= 5kQ + /8 kQ
=9.43kQ £ 58°
V,=1Z;
= (5mA £ 30°)(9.43 kQ £ 58°)
= 4715V Z 88°

c. Vi =IR;=(5mA £30°(2kQ £ 0°
=10V £ 30°

20 V (rms) = 28.28 V (peak)
43.20 V(p — p) = 21.60 V (peak)

22 Q(28.28 V
Vicope = 21.60 V = M
22Q+ R

475.20 + 21.60R = 622.16
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_ 146.96 Q

=6.8Q
21.60

228V

23. a.  V,(rms)= 0.7071( j =8.06V

X, - V, (rms) =8.06V 62 KkO
I (rms) 1.3 mA

6.2 kQ
X, = wL=(1000rad/s)L =62kQ=>L= ———" =62 H

1000 rad/s
b. E* =Vg +V}
(22 V)’ = V2 +(8.06 V)
484 =V +64.96
Ve =419.04
Ve =419.04 = 2047 V

R Ve (rms) B 2047V
I(rms) 1.3 mA

=15.75 kQ

C. 6.2 H

827V

24. a. Vr(rms) = 0.7071 ( j =2.924V

Vi(rms) 2924V

I(rms) =
R, 10 kQ

=292.4 uA

b. E* =V; +V;
(12 V)? =(2.924 V)* 41}
144 =8.55 +V;}
V2 =13535

Vo =+135.45 =11.64 V

_ Ve(ms) 1164V
I(rms) 2924 uA
1 1 1
- =C= =
2 fC 21X,  2m (40 kHz)(39.81 kQ)

=39.81 kQ

Xe

=100 pF

25. P=VIcos @ = 8000 W = (200 V)(/)(0.8)

I SOOOA: 50 A
160
0.8 =cos 8
CHAPTER 15
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0=36.87°
V=200V £0° 1=50 A £-36.87°
V200V £0°

26. P=VIcos 8= 300 W= (120 V)(3 A) cos 8
cos 0=0.833 = 0 =33.59°
V=120V £0°,1=3 A £-33.59°

7, Y= _120VL0 6 /3350°-3334 @ + 22.10 @
I 3AZ-3359°

Rr=3334Q=2Q+R=R=3134Q

o—MWy AWy
> 20 3134 Q 2210 Q
Zr
(o,
YA (2kQ £0°)(120 V £60°) _ 240V £60 ~29.09V £—15.96°
2kQ+j8kQ 8.25 £75.96°
kQ £90°)(120 V £60°
V,= @ 0120V 2607 _ 116.36 V £74.04°

8.25kQ £75.96°
v, (40Q.290°)(60V £5°) _ 2400V £95°
- _

b. =48.69 V £40.75°
6.8Q+;40Q+22Q 28.8+ j40
2:(22940 W60V £5°)  132kV S 2678V /4925
49.29 Q » 54.25° 49.29 Q » 54.25°
28. a. V.= (20Q £90°)(20 V £70%) =14.14 V £—155°

20Q + j20Q — j40

v, = (A0 29090V £70°) 100 ne
28.28Q £/ —45°

b. Z:=47kQ+,30kQ+3.3kQ—;10kQ=8kQ+,20kQ=21.541 kQ@ £68.199°
7, =33kQ+;30kQ ;10 kQ = 3.3 kQ +,20 kQ =20.27 kQ £80.631°

Z,E _(2027kQ £80.631°)(120 V £0°) _

Z, 21.541kQ £68.199° -
Z/E
Z,
_ (0.53KQ£-T1T3T) 120V £0°) _ g v 20 0.
21.541kQ £68.199°

11292V £12.432°

V1:

V2:

Z7=33kQ—-;j10kQ=10.53kQ £-71.737°

29. a. X, =®L= (1000 rad/s)(20 mH) =20 Q

Xe= = ! =25.64Q
oC (1000 rad/s)(39 u F)

Z:=30Q+;20Q—-;25.64 Q=30Q—;5.64 Q=30.53 Q £-10.65°
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20V £40°
30.53Q £-10.65°

V= Z0)(R £ 0° = (655.1 mA £50.65°)(30 Q £0°) = 19.65 V £50.65°
Ve =(655.1 mA £50.65°)(25.64 Q £—90°) = 16.80 V £—39.35°

=655.1 mA £50.65°

E
I= —=
Z;

R Q
cos Or= —= 309 _ 0.983 leading
Z;, 30.53Q

P=IPR=(655.1 mA)*30Q=12.87 W

V= (30Q £0°)(20 V £40°) _ 600V £40°

=19.66 V £50.65°

R

Ve

Z, 30.53 Q £-10.65°

_ (25.64Q.£-90°)(20 V £40°) _

30.53Q £-10.65°

g. ZT:3OQ—jS.64Q:R—jXC

30. a.

Zr= \R*+X? Ltan'X,/R

f

Zr

Or

0 Hz

1 kHz
5 kHz
10 kHz
15 kHz
20 kHz

1.0 kQ

1.008 kQ
1.181 kQ
1.606 kQ
2.134 kQ
2.705 kQ

0.0°

7.16°
32.14°
51.49°
62.05°
68.3°

Vi

0.0V
0.623 V
2.66'V
3.888V
4416 V
4.646 V

0, =90° — tan”" X;/R

0 Hz
1 kHz

CHAPTER 15

90.0°
82.84°

16.80 V £-39.35°

X0

1 5 10 15 20 f(kHz)
\ 67-
X0
1 T T 1 1 ”»
1 5 10 15 20 f(kHz)
.V, (Volts)
1 5 10 15 20 f(kHz)

1 5 10

15 20

f(kHz)
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5kHz 57.85°
10kHz 38.5°
15kHz 27.96°
20kHz 21.7°

V(Volts)

f Vr=RE/Zr
0OHz 5.0V
1kHz 4.96V
5kHz 423V
10kHz 3.11V

15kHz 234V
20kHz 1.848V

31. a.  Zr=+R*+ X% Z-tan 'XJ/R
|Z] = R® + X2 , 0r=—tan™' Xc/R

f |Z+] Or
0 kHz o Q -90.0°
1 kHz 353.1Q —73.55°
3 kHz 150.80 Q —48.46°
5 kHz 120.78 Q -34.11°
7 kHz 111.09 Q —25.82°
10 kHz 105.58 Q —18.71°
Zr
40007 X
300 Q-
200 Q4
R
. <
R=100Q4+ — — — — — = == > .
0 T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 flkHz)

(R>0°)

|
[(e}
o
o

[

0 1 2 3 4 5 6 7 8 9 10 f(kHz)

186

flkHz)
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_ (X £-90°)(EZL0°) _

X E

4
E =10 V-

5 V-

Z-90° + tan™' X/R

, /c(volts)

=0V)

.V
° ‘ R—jXc JR* + X}
|Vc| = &
f 7]

0 Hz 100V

1 kHz 9.59 V

3 kHz 7.49V

5 kHz 561V

7 kHz 436V

10 kHz 321V

. Oc=—-90° + tan”' X/R

f Oc
0 Hz 0.0°
1 kHz -16.45°
3 kHz —41.54°
5 kHz -55.89°
7 kHz —64.18°
10 kHz -71.29°
d |VR| ___RE
R+ X¢
/ |V
0 Hz 0.0V
1 kHz 283V
3 kHz 6.63 V
5 kHz 828V
7 kHz 9.00V
10 kHz 947V
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_450_

8 9 10 f(kHz)

N
N
w
N
o
o
~

-90°

1 2 3 4 5 6 7 8 9 10 fikHz)
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32. a
f Zr Or
0 Hz 0 Q -90.0°
1kHz 1931x10°Q —87.03°
5kHz 340x10° Q -72.91°
10kHz 121x10°Q  —34.33°
15kHz 1.16x10°Q  +30.75°
20kHz 1.84x10°Q  +56.99°
b v = 2<E
ZT
f | V]
OHz 120V
1kHz  120.62V
5kHz 136.94V
10kHz 1924V
15kHz 13345V
20kHz 6329V
.. |1]-Z
ZT
f I
0Hz 0.0 mA
1 kHz 6.21 mA
5kHz 35.29 mA
10 kHz 99.17 mA
15kHz  103.45 mA
20 kHz 65.22 mA
188

Zr= R*+(X, - X.)* Ztan™ (X, - X.)/R

1 5 10 | 15 20 f(kHz)
A
I
490 — — — — — — e - - = =
I
0%
I
() I L.
—90 T T T T U -
1 5 10 115 20 fikHz)
I
Vc(volts) I
2004
I
100 '
I
0 L] L T I ) 1 >
1 5 10 115 20 f(kHz)
I
[ (mA) |
100 -
50
0 ) T T 1 1
5 10 15 20 fikHz)
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1 1
" 27RC 27(220 Q)(0.47 uF)

33. a Xc= =1.54 kHz

mpe *77

b. Low frequency: Xc very large resulting in large Zr
High frequency: X¢ approaches zero ohms and Zr approaches R

1 1
c. f=100Hz: Xc= = =3.39kQ
27fC  2n(100 Hz)(0.47 uF)
ZT = XC
1 1
S=10kHz: Xc= = =33.86Q
27fC  2rn(10 kHz)(0.47 uF)
ZT =R
d. —
1 1
e. f=40kHz: Xc= = = 8.47 kQ
27fC  27n(40 kHz)(0.47 uF)
X 47 Q
0=—tan"' =< =—tan’ 8470 _ -2.2°
R 220 Q
4. a (red) lead + ’V,‘?fv ’?\ e+ (red) lead
Channel 1 e ¢ =~ Channel 2
black lead — I_ (black) lead
_
b. (red) lead ’NLRP
Channel 1e (o=
black lead _ 1\5‘
= "N+ (red) lead
A\ - (black) x| Channel 2
. (red) lead , — AM, K . (red) lead
R
Channel 1 e c L Channel 2
black lead (black) lead

|||-

35. (I): (a) Ogy = 0.8div., Or=4 div.
p- 08div.

div.
v leads v, by 72°

x 360° =72°

(b)  v1: peak-to-peak = (5 div.)(0.5 V/div.)=2.5V
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(I1):

(c)

(a)

(b)

(c)

25V
Vi(rms) = 0.7071 (Tj =0.88V

V;: peak-to-peak = (2.4 div.)(0.5 V/div.)) =12V

12V
V(rms) = 0.7071 (Tj =042V

T=(4 div.)(0.2 ms/div.) = 0.8 ms
1 1

Ouv. = 2.2 div., 0r = 6 div.
p_ 22div.

iv.
v, leads v, by 132°

x 360°=132°

V;: peak-to-peak = (2.8 div.)(2 V/div.)=5.6 V

56V
Vi(rms) = 0.7071 (Tj =198V

V,: peak-to-peak = (4 div.)(2 V/div.) =8 V

8V
V(rms) = 0.7071 [TJ =283V

T= (6 div.)(10 us/div.) = 60 us
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