Chapter 20

1. a. Pr=60W+45W+25W=130 W

b.  Or=0VARS, S;=P;=130 VA

e.  Sr=pl, L=52=D0VA _gs0a
E 240V
d.
R P:IfR,Rzﬁz:—mW > =2042Q
MWy 1} (0.542A)
J_Wsn V- l+11 iiz V=1IR=(0.542 A)(204.2 Q) = 110.68 V

EZ=240V RV, RSV, V=V,=E-V=240V-110.68V=12932V
Usw) [@5W) p _ Vi R = vi_(12932V)°

—

=371.6 Q
= R P 45W
2 2 2
p= V2 g, V2 (2932V) (g0
R, P 25W
v, 129.32 v, 12932V
e. I = N 1932V _ ;148 A L=-2="""—=0193A
R 371.6Q R, 668.9Q

2. a  Z;=3Q-j5Q+/9Q=3Q+j4Q=5Q /53.13°

1= £ o 0VA _yha o s330
Z, 5Q./53.13°

R:  P=FR=(10A’3Q=300 W
L: P=0W

C: P=0W

0=0VAR

Oc=IXc=(10 A 5 Q=500 VAR
0, =FX;=(10 A9 Q=900 VAR

Sax

S=300 VA
S=500 VA
S=900 VA

Sax

d  Pr=300W
Or=0.—0c=400 VAR(L)

Sp— \/m = EI= (50 V)(10 A) = 500 VA
Py 300W

P s, 500VA

= 0.6 lagging
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f. WR—HZWR—Z{E}—Z{E}—H
A e 241 A
V=IR=(10A)3Q)=30V

We = (30 V(10 A) _5
60 Hz

J

g Ve=IXc=(10A)5Q) =50V
_VL_(50V)(10A) _ | 4oy
o (27)(60 Hz)
Vi=1X,= (10 A)9 Q) =90 V
VI (90 V)(10 A)
w,=-—=— A"
o 376.8

=2.39J

E 120 V20°
=—=——"— =60mA £0°

R, 2kQ.0°

Py =IR=(60mA)2kQ =72 W
0r=0 VAR

Sp= Py =72VA

Ry

1 1
2nfC  27(5 kHz)(0.02 pF)
Pr=0W
O L= E _ 120V20
X, 3.98kQ . -90°
Oc=IXc=(30.15 mA)*3.98 kQ = 3.62 VAR
Sr=0c=3.62 VA

=3.98kQ

Xe

=30.15 mA £90°

Rz—LI
X, =2n fL = 2n(2 kHz)(80 mH) = 1 kQ
7' =200 Q+ ;1 kQ=1.02kQ £78.69°

E 120V £0°
I,=— = =117.65 mA £-78.69°

7 1.02kQ /78.69°
0, =FX; = (117.6 mA)*(1 kQ) = 13.84 VAR
Or=0,=13.84 VAR
Pr=IFR=(117.65 mA)*(200 Q) =2.77 W
Sr=2.7TW —j13.84 VAR = 1.41 VA

3

Q;=13.84VAR (L) - 3.62VAR (C)=10.22 VAR (L)

Pr=72W+277W=997W
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Sr=9.97+,10.22 = 14.28 VA £45.71°

2kQ £0°)(3.98 kQ £ -90°)  7.96 kQ £ —90°

7' =R, || Xc= , = °
2 kQ - j3.98 kQ 4.452-63.32

=1.79 kQ £-26.68°

(1.79 kQ £ —26.68°)(1.02 kQ ~ 78.69°)
(1.6 kQ - j0.8 kQ) + (0.2 kQ + j1 kQ)
1.83kQ £ 52.06° 1.83 kQ / 52.06°
1.8kQ+j02kQ  1.81,6.34°
=1.01 kQ £45.72°
P 997TW

o 220N _ 0,698 laggin
S, 1428 VA seing

Ly =7" || (Ry+jX1) =

FP:

L= B oo 1OVLOT g1 mA zo4s720
Z, 101kQ 24572°

Pr=0+100 W + 300 W = 400 W
Or=200 VAR(L) — 600 VAR(C) + 0 = —400 VAR(C)

Sr= P} +0} =565.69 VA

P
F,=-L= _A00W 0.707 (leading)
S; 565.69 VA
Pr=EIcos 07
400 W = (100 V)I,(0.7071)
I, = 400 W =566 A
70.71V

I,=5.66 A £135°

Pr=600W + 500 W+ 100 W=1200 W
Or=1200 VAR(L) + 600 VAR(L) — 1800(C) = 0 VAR
ST: PT: 1200 VA

_ pr_ 1200W

P75, 1200VA

Lo Sr_1200VA
E 200V
L=6AZ0°
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6. a.  Pr=200W+100W +0+50W =350 W
Or=50 VAR(L) + 100 VAR(L) — 200 VAR(C) — 400 VAR(C) = —450 VAR(C)

Sr= P} +0; =570.09 VA

350 W

b. F,= Pr_ D0W _ 0.614 (leading)

Sr 570.09 VA
c. -
d. Pr=El; cos Or

350 W = (50 V)I,(0.614)
I, = 350 W =114A
307V

I, =114 A £52.12°

7. a. 200 W: Resistive:

P:IZR:Rzﬁz:zOOVZ:zOO\ZNZSOQ
I’ (2A) 4A

400 VAR(L): Inductive:

200 VAR(L
0 =Py = x = L 2O VARD 500
4A
X 100 Q
X,=2nflL=L=—t = 00 =3.18 mH
2rf  2n(5 kHz)
600 VAR(C): Capacitive:
600 VAR(C
0c=PXe= xc= Lo - SOVARO) _ 1500
1 4A
Xc ! ! ! =212.2 nF

= = C = =
2nfC 2nfX,.  2r(5 kHz)(150 Q)

b, Zy=R+jX,—jXc=50Q+;100 Q- 150 Q=50 Q — j50 Q
=70.71 Q /-45°

c.  V,=1Z;=(2A £0°)(70.71 Q £-45°)
—141.42 V £—45°

d. F,=cos(45°) = 0.707 leading

e.  Ve=IXc=(2 A £0°)(150 Q £-90°)
=300 V £-90°

8. a. IR:M:3A430°

20Q £0°
P=PR=(BA)’20Q=180 W
0z=0 VAR
S=P=180 VA
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60V £30°

10 Q £90°
PL =0W
0,=FX;=(6 A 10 Q=360 VAR(L)
S=0,=360 VA

=6 A £-60°

L

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

F= Lo _S80W 517 (lagging) 0= 58.87°
S, 1121.61VA

ST:EIS

= St H2L6IVA oo a
E 60V

6, =30° - 58.87° = —28.87°
I,=18.69 A £-28.87°

Ri+jX,=4Q+j4Q=566Q £45°
2Q £0°)(5Q £-90°)  10Q ~-90°

Ry || X¢ £-90° = : = —1.86 Q £-21.8°
2Q-/5Q 5.39 2 —68.2°

(5.66 Q ~ 45°)(1.86 Q ~ -21.8°)
4Q-j4Q)+(1.73Q- j0.69 Q)
_1053Q 2232 103Q 232 G ceie i se0 o190

573+ j3.31 6.62 2 30.01°
Zr=Ri+1.59Q /-681°=20+1.58Q—;0.19 Q

=3.580Q-0.19Q=3.59Q £-3.03°

= o 2OVED 5574 23030

Z, 359Q 2-3.03°
Ri: Py = IR = (557 AY2 Q= 62.05 W
V;, = LR = (557 A £3.03°)(2 Q £0°) = 11.14 V £3.03°
Vi, =E— V, =20V £0° - 11.14 V £3.03°

=20V —(11.12V +0.5V)=8.88 V—0.59 V

—8.89 V £-3.8°

2
V 2
Ry P, = —2 = BBV _ 3950w
: TR 20
Vv 89V _.,-38° 8. Z-3.8°
poo Ve 889 38°_88IVL38 o
CUOR X, 4Q+j4Q  5.66Q.,45°
Rs: Po= Iy, Ry=(1.57 A4 Q=9.86 W
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2
Ve, (8.89 V)’
C. X Oy =—=
Yo o x, 5Q

X, 0, =TX,=(1.57 A4 Q =9.86 VAR(L)

= 15.81 VAR(C)

d. RiSr= P, =62.05VA
Ryt Sp= P, =39.52 VA
Ry: Sy= FPp,=9.86 VA
C:Sr= 0y, = 1581 VA
L:Sr=0,=9.86 VA

e.  Pp By +P +P =62.05W+39.52W+9.86 W
= 11143 W
Or: Oy — Oy, = 15.81 VAR(C) - 9.86 VAR(L)
=5.95 VAR(L)

Sr=1B’ +0, =111.59 VA

P 111.43 W
= ——— =0.998 (leadering)

F,= L
S, 11159 VA

10, a  Z,=3Q+/4Q=5Q £53.13°
Z,=3Q-j40Q=5Q /-53.13°
(5Q253.13°)(5Q2-53.13°)  25Q/0°

Zr=7,||Z,= : : =4.17Q £0°
BQ+j4Q)+3Q- j4Q) 6
Is: £ — M :11.99A460°
Z, 417Q.0°

b, Iy, = b 2 OOV s 16870
Z,, 5Qr5313°
Pyo=IFR=(10 A3 Q=300 W
E  50V.60°
Zo . 5Qs-53.13°
Pio=IFR=(10 A3 Q=300 W

Ipc= =10 A £113.13°

c. L:Ip,=10A £16.87°
0, =FX; = (10 A)*4 Q=400 VAR(L)

C: Ipc=10A £113.13°
Oc=IXc= (10 A)*4 Q =400 VAR(C)

d. 3Q: S;r=P;3;0=300 VA for each resistor
L: Sr=0;,=400 VA
C: Sr=0c=400 VA

e. Pr=300W +300 W=600W
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Or=400 VAR(L) + 400 VAR(C) = 0 VAR
ST = PT =600 VA
P, 600 W

T o_ =
S, 600 VA

I, X; = oL = (400 rad/s)(0.1 H) =40 Q
h 1 Z [ - 1 1
+ l I2 13 Xc= =
+ wC (400 rad/s)(100 u F)

E=50V10°’\> vZ _3%0

Z,=40Q £90°,Z,=25Q £-90°
75=30Q £0°

Zr=7,+Z, || Zy=+40 Q + (25 Q £-90°) || (30 Q £0°)
= +40 Q + 19.21 Q £-50.19°
=40 Q+ 123 Q—j14.76 Q
= 123Q+,25240Q
=28.08 Q £64.02°

=B o 0VELR s 64020
Zr 28.08Q /64.02°

Vo=1(Z: || Z3) = (1.78 A £-64.02°)(19.21 Q £~50.19°)
=34.19V £-114.21°
V,_ 3419V Z-11421°

7 25Q £ -90°
Vo _ 3419V £-11421°
2 30Q £0°

L= =1.37 A £-24.21°

I; = =1.14 A Z-114.21°

Z: P=0W,Q,=1'X,=(1.78 A)’ 40 Q =126.74 VAR(L), S = 126.74 VA
Z;y P=0W,Qc= LX.=(1.37A)25Q=46.92 VAR(C), S = 46.92 VA
Zy: P=ILR=(1.14A) 30 Q=3899 W, 0 =0 VAR, S=38.99 VA

Pr=0+0+38.99 W =38.99 W
Or=+126.74 VAR(L) — 46.92 VAR(C) + 0 = 79.82 VAR(L)

Sr= P} +0; =88.83 VA

Pr 38.99W .
F,=Pr_2%P W _§ 439 (laggin
"7 g, S883VA (lagging)

_ Wl _ Vol _ (3419 V)(1.14A) _

Wr 031J
2f  2f; 2(63.69 Hz)
fi= o _400radls _ o o1
2T 6.28
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12.

13.

14.

v, (ILX)I, I'X, (1.718A)*40Q
, - , - , ~ 400rad/s
Vel VI, (34.19V)(1.37 A)
- ), - , - 400 rad/s

_Sr_10000VA _ o

E 200V
0.5 = 60° leading
. I; leads E by 60°
E 200 V £0°

WL:

We =0.12J

Zr=—=""1"" =40 /-60°=2Q—3464 Q=R - jXc

I, 50A£60°

F,= LT pr= F,S:= (0.5)(10,000 VA) = 5000 W

St

_ Sr_ 5000 VA

E 120V
F,=0.8 = 36.87° (lagging)
E=120V £0°,1=41.67 A £-36.87°
E 120V £0°

=41.67 A

1 41.67A Z£—-3687°
P =5 cos 0= (5000 VA)(0.8) = 4000 W

Pr=0+300 W =300 W
Or= 600 VAR(C) + 200(L) = 400 VAR(C)

Sr=P}+02=500 VA

P,

F,=-L= S00W _ 0.6 (leading)
S, 500 VA

L= S—: S00 VA =16.67 A
E 30V

F,=0.6 = 53.13°

I,=16.67 A £53.13°

Load: 600 VAR(C), 0 W

R=0,L=0,0c="IXc= Xc= Qc_600 VAR _, 4

I’ (16.67 Ay’
Load: 200 VAR(L), 300 W
C=0,R=P/F=300 W/(16.67 A’ =1.079 Q

= L 200VAR _ 01670

I’ (16.67 A)

Zr=—2.159 Q + 1.0796 Q + j0.7197 Q
=1.08Q - j1.44 Q
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N =2.880 £36.87°=230 Q +j1.73 Q=R + jX,
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15.

16.

274

Pr=0+300 W+ 600 W =900 W
Or=500 VAR(C) + 0 + 500 VAR(L) = 0 VAR
ST:PT:900 VA

Pr

Fo= L7

g St

=St _900VA o 1 —9A 20
E 100V

=
y? y: 10*
Z: - 10 0
i Qe x, X7 0. 500
E 100V £0°
I, = :M:5A4900

7. 20Q.2-90°
L=L-1,=9A—j5A=10.296A £-29.05°
P 300W 300

Z; R=-= S==—=283Q
7> (10296 A) 106
XL,CZOQ
P 600
Zs: R:—2=—W2:5.66Q
12 (10.296 A)
X Q=L:4.729,XCZOQ

T 72 (10296 A)

Pr=200 W +30 W + 0 =230 W
Or=0+40 VAR(L) + 100 VAR(L) = 140 VAR(L)

Sr= P} +0;=269.26 VA

2
Fy= Do B0W 854 (lagging) - 31.35°
Sr 26926 VA
[ = S1_20926VA ) (oA
E 100V

I,=2.69 A £-31.35°
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c. [2] 7?10t
2 LZ: R="=—2=50Q

R ¢l1|—| vz P 200

X, Xc=0Q

Q [z [ 100V 20°
_() 1 3 I - 100V £0 —9 A L0°

50Q £0°

L=L-1

=2.6926 A /-31.35° =2 A £0°
=2299A—j140A-2.0A
=0.299 A —j1.40 A

=1.432 A £-77.94°

P 40 VAR
Zz: R:—ZZL“]Z:I4.63Q,XL:%:L2:19.SOQ
15 (1.432A) 15 (1.432A)
XCZOQ
Z;: X,= Q=M:4S.76Q,R:09,XCZOQ

T2 (1432A)

17. 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

Or="75 VAR(C) + 2291.26 VAR(C) = 2366.26 VAR(C)

Sr= P} +0;=2609.44 VA

1
p= Lo _OW ) 1) (eading) = 65.04°

Sy  2609.44 VA

Sr_ 2609.44 VA

b. Sr=EI=>E= =521.89V
1 5A
E =521.89 V £-65.07°
C.
* + +
‘© ] v
_—
125VA
IZI =£=£=—: 0.2395 A

Vi, E 52189V
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18.
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[, =—=="="""—=479A
>y, E 52189V
P 100W
le = I =1743.38 Q
I (0.2395)
0 75VAR
=l XY= X, ===—"""""_=1307.53Q
Q= Iz Xc € I (02395A)
P 1
Z; R=—-= OOOWZ =43.59 Q
I, (4.790 A)
2291.26 VAR
Xc= QZ = — =99.88
I, (4.790 A)
0.7 = 45.573°

P=Scos 0= (10 kVA)(0.7) = 7 kW
0= Ssin 0= (10 kVA)(0.714) = 7.14 kVAR(L)

10 kVa
7.14 kKVAR
45573°
7 kW
V2
QOc=7.14kVAR = —
C
2 2
2
Xo= V_:M: 6.059 Q
Q. T.14kVAR
1 1 1
Xc= = C= = =438 uF
2r fC 2rfX. (2m)(60 Hz)(6.059 Q)
Uncompensated:
s = Sr_10.000VA _ 48.08 A
E 208V
Compensated:
;= Sr_Pr_T000W_ 33.65A
E FE 208V
cos =09
A 0= cos™0.9 = 25.842°
y tan 0 = %
7.14 KVAR
x = (7 kW)(tan 25.842°)
X = (7 kW)(0.484)
25.842° 7 =3.39kVAR
7 kW y=(7.14-3.39) kVAR
=3.75kVAR
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V2
Oc=3.75kVAR = —
C

2 2
Xc= V_:M: 11537 Q
O, 3.75kVAR
1 1
= = =230 pF
2nfX. (27)(60 Hz)(11.537 Q)
Uncompensated:
[,=48.08 A
Compensated:
Sr= \(TkW)? +(3.39kVAR)? = 7.778 KVA
s = Sr_TTI8KVA 3739 A
E 208V

AI;=48.08 A-37.39 A=10.69 A

19. a.  P;r=5kW, Or=6kVAR(L)

Sr=\ P3+Q; =781 kVA

k
b. F,= Pr_ _SkW __ 0.640 (lagging)
S; 7.81kVA
. 1=Sr_T8I0VA_ccnga
E 120V
1 2 (120 V)?
d. XC:_’QCZIZXC:E_:ﬂ
27fC X, X,
2
and Xom (120 V) :14’40022,49
0, 6000

1 1
S 2mfX  (2m)(60Hz)(2.4Q)

=1105 pF
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20. a.
b.
c.
21. a.

278

Load 1: P=20,000 W, Q=0 VAR
Load 2: 0=cos 0.7 =45.573°
X

tan 0 = X
10 kW

x= (10 kW)tan 45.573°
A = (10 kW)(1.02)
10 kW =10,202 VAR(L)
Load 3: 0 =cos™0.85=131.788°

tan 0 = =
5kW

_<31.788° x=(5 kW)tan 31.788°
5 kW = (5 kW)(0.62)
=3098.7 VAR(L)

Pr=20,000 W + 10,000 W + 5,000 W = 35 KW
0r=0+10,202 VAR +3098.7 VAR = 13,300.7 VAR(L)

Sr= P} +0; =37.442 KVA

Q,= 13,300.7 VAR

Pr = 35 kW

Oc= 0, =13,300.7 VAR

2 3 2
Xo= E_:&: 75184 Q
Q. 13,300.7 VAR
1 1
C= = =35.28 uF
2nfX. (27)(60 Hz)(75.184 Q)
Uncompensated:
- Sr_37.442kVA _ 37.44 A
E 1kV
Compensated:
ST: PT: 35 kW
I - &:35kW:35A
E 1kV

A =3744A-35A=244A

ZT:R1+R2+R3+jXL_jXC
=2Q+3Q+1Q+;3Q-12Q=6Q—-;9Q=10.82Q £-56.31°

1= B o 0VLE oA sseste
Zr 10.82Q./-5631°

P =VIcos 0= (50 V)(4.62 A) cos 56.31° = 128.14 W
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b. a-b:
b-c:
a-c:
a-d:
c-d:
d-e:
f-e:

22,  a. Sr=660 VA = EI;

bz, E_ 120 V.20
I 55A/-53.13°
23, a R:52=&W2— = E_20V 5
> (4A) I 4A
Xo=Z — R =(50 Q) - (5Q) =49.75 Q
_ N TR b3 mA
2rnf (2r)(60 Hz)
P 90W
b. B e
I (A
¢ R DOV g BNV,
2 2A) 7 2A
X, = \Z2 - R*=4(100Q)* — (15Q)* =98.87Q
- X 887 3omn
2nf 3768

24, a X, =2mfL = (6.28)(50 Hz)(0.08 H) = 25.12 Q
Zr= R+ X2 =\J(4 Q) +(25.12Q)> = 2544 Q

P=PFR=(4.62A)72Q=42.69 W
P=PR=(4.62 A3 Q=64.03 W
42.69 W + 64.03 W = 106.72 W

106.72 W
ow
ow

P=FR=(4.62A)Y1Q=

S

120V
6 =cos"'0.6=53.13°
E=120V £0°,I,=5.5 A £/-53.13°
P=Elcos0=(120 V)(5.5 A)(0.6) =396 W
Wattmeter = 396 W, Ammeter = 5.5 A, Voltmeter = 120 V

21.34 W

=21.82 Q £53.13° =13.09 Q© +j17.46 Q@ =R + jX;

_E_ 60V

_ZT

=——-=2358A
25.44Q

P=PFR=(358A) 4Q0=2224W

. g_ EN
7Q
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X, = /(28.99 Q) —(7Q)* =28.13 Q
X,  2813Q

= = =89.54 mH
2rf  (27)(50 Hz)

P=PR=(1.7A*10Q=289W

X, = /(3529 QP —(10 Q) = 33.84 Q
X, 38840

= =107.77 mH
2nf 314
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