10

Sinusoidal Steady State Power
Calculations

Assessment Problems

AP 10.1 [a] V=100/—45°V, I=20/15°A
Therefore

P = ;(100)(20) cos[—45 — (15)] = 500 W, A—B
@ = 1000 sin —60° = —866.03 VAR, B—A
[b] V=100/—45°,  I=20/165°
P = 1000 cos(—210°) = —866.03W, B — A
Q = 1000sin(—210°) = 500 VAR, A — B
[c] V=100/—45°, I=20/—105°
P = 1000 cos(60°) = 500 W, A—B
() = 1000sin(60°) = 866.03 VAR, A—DB
[d] V=1000°, I=20/120°
P =1000cos(—120°) = —500W, B — A
() = 1000sin(—120°) = —866.03 VAR, B—A

AP 10.2 pf = cos(6, — 6;) = cos[15 — (75)] = cos(—60°) = 0.5 leading

rf = sin(f, — 6;) = sin(—60°) = —0.866
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10-2 CHAPTER 10. Sinusoidal Steady State Power Calculations

1, 018,
V3~V

AP 103 FromEx. 94 Ig =

0.0324

P=1I%R= ( ) (5000) = 54 W

AP 104 [a] Z = (39 + j26)||(—j52) = 48 — j20 = 52/ — 22.62°
250,0°

Theref I, = = 4.85/18.08° A
erefore I, B j20+1+4 (rms)
Vy, = ZI, = (52/— 22.62°)(4.85/18.08°) = 252.20/ — 4.54° V(rms)
Vi
I, =———=5.38/—38.23°A
L7391 526 (rns)

[b] Sp, = V.Ii = (252.20/ — 4.54°)(5.38/+ 38.23°) = 1357/33.69°
— (1129.09 + j752.73) VA

P, =1129.09W; QL = 752.73 VAR

[c] P, = [I,]*1 = (4.85)* -1 = 23.52 W; Q¢ = |I;*4 = 94.09 VAR
[d] S,(delivering) = 250I; = (1152.62 — j376.36) VA
Therefore the source is delivering 1152.62 W and absorbing 376.36

magnetizing VAR.
VL2 (252.20)2
cap — == - —122 1 A
le] Qeap = "5 — 3.18 VAR

Therefore the capacitor is delivering 1223.18 magnetizing VAR.

Check:  94.09 + 752.73 4 376.36 = 1223.18 VAR and
1129.09 + 23.52 = 1152.62 W

AP 10.5 Series circuit derivation:
S = 250I" = (40,000 — 530,000)
Therefore I" = 160 — j120 = 200/ — 36.87° A(rms)
I =200/36.87° A(rms)

V. 250
I  200/36.87°

Therefore R =11, Xc=-0.750Q

7 = —1.25/—36.87° = (1 — j0.75) Q



Problems 10-3

Parallel circuit derivation:

250)2 250)2
P = ( 5])_2) ; therefore R = 510’5830 = 1.5625
(250)? (250)?
— . theref =~ = _-20830
Q Xo erefore C ~30.000 083

AP 10.6 S; = 15,000(0.6) + 715,000(0.8) = 9000 + ;12,000 VA
S, = 6000(0.8) + j6000(0.6) = 4800 — j3600 VA
St =51+ S = 13,800 + 78400 VA
St = 2001"; therefore I" = 69 + 742 I=69—j42A
Vs =200+ jI = 200 + j69 + 42 = 242 + j69 = 251.64/15.91° V(rms)

AP 10.7 [a] The phasor domain equivalent circuit and the Thévenin equivalent are shown
below:
Phasor domain equivalent circuit:

§180
o
3/0°RF  200F  -140QT
40
Ml + b

Thévenin equivalent:

200 7100
Ay * 2

()53.67/-26 .57 v

+ b
—7800 4 o
Vrn =3——— =48 — 524 = 53.67/— 26.57° V
20 — 740
, —7800 . 0
Zrn =4+ 518 + 20— 10 = 20+ 510 = 22.36/26.57° Q2
—J

For maximum power transfer, Zj, = (20 — j10) Q



104 CHAPTER 10. Sinusoidal Steady State Power Calculations

53.67/— 26.57°
[b] I= T =1.34/—26.57° A
1.34\°
Therefore P = —3 20 =18W
V2
[C] RL = |ZTh| =22.361Q)
53.67/—26.57°
d] I= =1.23/—39.85° A
Ld] 42.36 + 410 [=39.85°
1.23\?
Therefore P = |—= | (22.36) = 17TW
V2
AP 10.8 240 1500
Ay
.
660 /6° | 3400
v @ ’D jmn@? 100
.

Mesh current equations:
660 = (34 + 750)I; + j100(I; — 1) + 740I; + j40(I; — Iy)

0 = j100(Iy — I;) — j40I; + 1001

Solving,
I, = 3.536/— 45° A,
1
I, =35/0°A; . P= 5(3.5)2(100) = 612.50 W
AP 10.9 [a] 15000

sao0e ¥ Y 510000

»

»
248é°@ /Iw §3?5QD a00Q
v

1

248 = j400I; — 750015 4+ 375(I; — L)

0=375(I, — It) + 710001, — 55001 + 4001

Solving,

I, =0.80 — j0.62 A; ILb=04-7503=0.5/—36.87" A

1
P = 5(0.25)(400) = 50 W



Problems

(bl I, - I, =04—-35032A

1
Pyrs = 5]11 —L,*(375) = 49.20 W

[c] P, = ;(248)(0.8) = 99.20 W

> Pups =50+49.2 =99.20W (checks)

AP 10.10 [a] VTh = 210@\[, V2 = iVl, 11 = ilg
Short circuit equations:

840 = 80I; — 20I, + V;

0=20I,— 1) — V,

210
12:14A7 RTh:7:15Q
14
210\ 2
[b] Powx = ( N ) 15— 735 W

AP 10.11 [a] V3, = —4(146/0°) = —584/0° V(rms) = 584/180° V(rms)
Vo =4Vy; I, = 41,
Short circuit equations:
146 0° = 80I; — 201, + V;
0=20(I, - I) + Vq

—o84
I, = —146/365 = —0.40 A; Roy = o4 1460 2

—o84

2
——— ] 1460 = 58.4
2920) 60 = 58.40 W

[b] P:(
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10-6 CHAPTER 10. Sinusoidal Steady State Power Calculations

Problems

1
P10.1 [a] P = 3(100)(10) cos(50 — 15) = 500 cos 35° = 409.58 W (abs)
Q) = 500sin 35° = 286.79 VAR  (abs)

[b] P = —(40)(20) cos(—15 — 60) = 400 cos(—75°) = 103.53 W  (abs)

1
2
Q = 400sin(—75°) = —386.37 VAR (del)
1
[e] P = 7(400)(10) cos(30 — 150) = 2000 cos(~120°) = ~1000W  (del)
Q = 2000sin(—120°) = —1732.05 VAR  (del)
1
[d] P = _(200)(5) cos(160 — 40) = 500 cos(120°) = ~250W  (del)

Q = 500sin(120°) = 433.01 VAR  (abs)

d
P10.2 p= P+ Pcos2wt — @ sin 2wt; d—]tg = —2wP sin 2wt — 2w(Q) cos 2wt
d
dit? =0 when —2wPsin2wt=2w@cos2wt or tan22wt= —g
P
z z -2
P+ O
2wt P in 2wt @
Cos 2wt = —————=; sin 2wt = —————
P VP
Let § = tan~'(—Q/P), then p is maximum when 2wt = 6 and p is minimum when
2wt = (0 + 7).
p Q(-Q) 57 - 2
Therefore ppax = P+ P - m— TP =P+ \/P2+ Q2

P Q
and pmin:P_P'm—Q'm:P—\/m



Problems

P 10.3 [a] hairdryer = 600 W  vacuum = 630 W
sun lamp = 279 W  air conditioner = 860 W
television = 240W > P = 2609 W

2609

Therefore I.q=—— =21.74A
120

Yes, the breaker will trip.

1700
[b] Z P = 2609 — 909 = 1700 W; g = T30 — 14.17A

Yes, the breaker will not trip if the current is reduced to 14.17 A.

P10.4 [a] I.g =40/115 = 0.35A; [b] Ieg = 130/115 =2 1.13 A

V2 to+T 1}2
P10.5 Wy = -7 W, = = dt
7R Ww R
‘/dQ to+T U2
T — / Y gt
R to R
1 f[tot+T
Ve = 7). vl dt

1 fto+T
Vdc = f " U? dt = ‘/rrns = Veff

P 10.6 [a] Area under one cycle of vgz

A = (52)(2)(30 x 1078) + 22(2)(37.5 x 10-9)
= 1800 x 107

Mean value of vg:

A 1800 x 1076

M.V. =
v 200 x 10=6 200 x 106

Vims = V9 = 3V(rms)

V2 32
bl P= 1 — " —4W
Lb] R 2.25

P10.7 i(t) =200t 0<t<T75ms

i(t) = 60 — 600t 75ms < t < 100 ms

0.075

1 0.075 0.1
Lms =\[57 { / (200262 dt + | (60 — 600t)2 dt}
. 0

= 1/10(5.625) + 10(1.875) = v/75 = 8.66 A(rms)
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10-8 CHAPTER 10. Sinusoidal Steady State Power Calculations

3% 10°
P108 P=I1:R .. R=2""""—400
75
P109 I, =40/0°mA
. . 1 .
JwL = 310,000 €2; : = —410,000 €2
JwC'
5k
& Myl
40/0ma (B §10k( E v T 410k0
4
410,000, .
I, = 40/0°) = 80/90° mA
000 A0A0°) /90°m
1 2 1 2
P = o [L[*(5000) = 5(0.08)*(5000) = 16 W
1 2
Q = 5/L[*(~10,000) = ~32 VAR
S=P+jQ=16—j32VA
S| = 35.78 VA
1 . . .
P 10.10 I, =4/0°mA; ‘ = —71250; jwL = 750042
JwC
5000 10000
s i
4/ 0" na(f T-312500  £45000

Zeoq = 500 + [—51250([(1000 + 7500)] = 1500 — j500 2

1 1
P, = —§|I|2Re{Zeq} = —5(0.004)2(1500) = —12mW

The source delivers 12 mW of power to the circuit.



P10.11 jwL = j10°(0.5 x 107%) = j50 Q;

1

Problems 10-9

1

jwC — 105[(1/3) x 10-9]

= —j30Q

qum

a I—
oL 50z, 1304
4@?\,1\ v \L§j509
C oL ﬁ
v

V, V,—=50Ix

4 -
350 T 40— 430
A\
Ir = -
390

Place the equations in standard form:

1 1 —50
(;50 10 —j30> Tla <40 —j30>

v, (;éo) +Ia(=1) =0

Solving,
V, =200 — 7400 V; In=-8-—j4A

I=4—(-8—j4)=12+j4 A

1 1
Pyoq = §|Io\2(40) = 5(160)(40) = 3200 W

P 10.12 [a] line loss = 7500 — 2500 = 5kW

line loss = |I,|*20 co L2 =250
200 1%, Q
A
I
o o
500/0° () 7
Virms)

L] = V250 A
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1L,|* Ry, = 2500 oo Rp =100
IL,|* X1, = —5000 S0 XL =200
Thus,
200 1%, Q 106
Ay A —————
I
5 o
500/0 (3 T-j200
Wirms)

500

121 =302 + (X, - 202 L] = N

, 25 x 10°
- 250
Solving, (X, —20) = £10.

Thus, X, =100 or X, =300

900 + (X, — 20) = 1000

[b] If X, = 30€:

500

Ig = —— =
30 + 510

Sy = —500L; = —7500 — 52500 VA

15— j5A

Thus, the voltage source is delivering 7500 W and 2500 magnetizing vars.
Qjs0 = |I,1*X, = 250(30) = 7500 VAR

Therefore the line reactance is absorbing 7500 magnetizing vars.

Q_joo = |I,[* X1 = 250(—20) = —5000 VAR

Therefore the load reactance is generating 5000 magnetizing vars.

> Qgen = T500 VAR =~ Quans

If X, = 109

500
L=  _15+/5A
97 30— 410 +J

Sy = —500I; = —7500 + 52500 VA

Thus, the voltage source is delivering 7500 W and absorbing 2500 magnetizing
vars.
Qj10 = |I,[*(10) = 250(10) = 2500 VAR

Therefore the line reactance is absorbing 2500 magnetizing vars. The load
continues to generate 5000 magnetizing vars.

> Qgen = 5000 VAR = Qups



P 10.13

P 10.14

Problems

Zy = —310,000(]20,000 = 4000 — 58000 2
Z; = 2000 — 52000 €2

Z 4000 - 8000 _,
7~ 2000 — 52000  ° 7

Z
v, = —évg; V,=1/0°V

V,=(3—3j1)(1) =3 —j1 =3.16/— 18.43°V

1V2 1 (10) »
P=95R 31000 > X107 =5m
fa] p— 1207 oW
5480
1 —9 x 106
TP 3600
wC . (5000)(5)
1 (240)?
_ - — _S0VAR
@ =5 55009

Pamax = P + /P2 + Q2 = 60 + /(60)2 + (80)2 = 160 W(del)

[b] Prmin = 60 — V602 + 802 = —40 W(abs)
[c] P=60W from (a)

[d] Q = —80VAR from (a)

[e] generate, because () < 0

[f] pf = cos(0, —6;)

240 240

=24+ =
180 T 25360

= 0.5+ 50.67 =0.83/53.13° A

pf = cos(0 — 53.13°) = 0.6 leading

[g] f = sin(—53.13°) = —0.8
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10-12 CHAPTER 10. Sinusoidal Steady State Power Calculations

P 10.15 [a] 100 120
Ay . ey
% I + % I
170 /0°C -3200= E
Virms) ?
pr—

The mesh equations are:
(10 — 520)I; + (520)Iy = 170
(720)I; + (12 — j4) I, =0

Solving,

L=4+j1A; L =35—j55A

S =—V,I; = —(170)(4 — j1) = —680 + j170 VA

[b] Source is delivering 680 W.

[c] Source is absorbing 170 magnetizing VAR.

[d] Pioq = (VI7)3(10) = 170W

Plag = (V42.5)%(12) = 510 W

Q_joon = (V42.5)*(20) = —850 VAR

Q160 = (V42.5)%(16) = 680 VAR
[e] > Pia =630W

3" Piigs = 170 +- 510 = 680 W

5o Y Pig =Y Py = 680W
[f] Y Qubs = 170 + 680 = 850 VAR

> Qaev = 850 VAR

116 0

(I, = I,) = 0.5+ j6.5 A
|11 - 12‘ =V 425

. > mag VAR dev =) mag VAR abs = 850



Problems

1
P10.16 [a] —— = —;40Q; jwL = 58082
jwC'
4071}
vy
— I
-54003 j800)
% Iz
1000 1, z 60(]
Virms) /]\
Zoq = 40|| — j40 + 580 + 60 = 80 + ;602
40 0°
I,=—"——=032—3024A
9780 + j60 J
1. 1 , .
Sy = —§Vglg = —540(0.32 +70.24) = —6.4 — j4.8 VA

P=64W(del); Q= 4.8 VAR(del)
S| =[S, =8VA
— 40

bl I, =— 2 1, =0.04—j0.28A
T B i J

1

Py = 5\11\2(40) =1.6W
1 2

Psoq = 5\191 (60) = 4.8W

S Pre = 16+48=64W =3 Py,
[e] I_js00 =1, — 1, = 0.28 + j0.04 A

1

Q—ja00 = §|I_j4og|2(—40) = —1.6 VAR(del)
1

Qjson = §|Ig|2(80) = 6.4 VAR (abs)

3 Qups = 6.4 —1.6 =48 VAR = 3" Quev
P 10.17 [a] Z; = 240+ j70 = 250/16.26°

pf = co0s(16.26°) = 0.96 lagging

if =sin(16.26°) = 0.28

10-13



10-14 CHAPTER 10. Sinusoidal Steady State Power Calculations

Zy =160 — 7120 = 200/ — 36.87° Q2
pf = cos(—36.87°) = 0.80 leading
if = sin(—36.87°) = —0.60

Z3 =30 — 740 = 50/ — 53.13° Q

pf = cos(—53.13°) = 0.6 leading

f =sin(—53.13°) = —0.8

[b] Y =Y, +Y,+Y;
1 1 1

Y, = — . Yy = — . Vo= —
LT 250/16.26° > 200/ — 36.87°" ° 7 50/— 53.13°
Y = 19.84 + j17.88mS

Z = }1/ = 37.44/—42.03° Q
pf = cos(—42.03°) = 0.74 leading
if = sin(—42.03°) = —0.67
P10.18 [a] Sy = 16+ j18SKVA: S, — 6 — jSKVA: S5 — 8 + j0KVA

St =51+ Sy + S5 =30+ j10kVA

2501 = (30 + 510) x 10%; oo IT=120—j40A
Z— 2V 8754 0.6250 — 1.98/18.43° Q)
T 120 —j40 o - R

[b] pf = cos(18.43°) = 0.9487 lagging
P 10.19 [a] From the solution to Problem 10.18 we have

I, = 120 — j40 A(rms)

V, = 250/0° + (120 — j40)(0.01 + 5j0.08) = 254.4 + j9.2
= 254.57/2.07° V(rms)

[b] |IL| = /16,000

P, = (16,000)(0.01) = 160W @, = (16,000)(0.08) = 1280 VAR
[c] P, = 30,000 + 160 = 30.16kW @, = 10,000 + 1280 = 11.28kVAR

30
d] n=-———(100) = 99.4
[d] 5= ;< (100) = 99.47%



Problems

4500
P1020 Sp = 4500 — j5o-(0.28) = 4500 — j1312.5 VA
2700
S1= "5 (0:8+0.6) = 2700 +j2025 VA

P 10.21

Sy = St — 51 = 1800 — j3337.5 = 3791.95/— 61.66° VA

pf = cos(—61.66°) = 0.4747 leading

7403
ST,
I I, I, I,
240040 ,
Yy Virms) L L, £1440 E j96L)
L
2400L; = 60,000 -+ 40,000
I =25+ j16.67; .. L =25 — j16.67 A(rms)
2400L; = 20,000 — 510,000
=833 4,167, .. I, =8.33 +j4.167 A(rms)
2400,/0° | 2400,/0° |
- — 16. A, L= —0—j25A
3 i 6.67 + jOA; 4 796 0— 425

L=1L+L+I3+1I,=50-3 375A

V, = 2400 + (j4)(50 — 537.5) = 2550 + j200 = 2557.83 /4.48° V(rms)

P 10.22 [a] S; = 60,000 — 570,000 VA

VL2 (2500)2
52 pu— pu— "

Zy 24— 47

Si+ Sy = 300,000 VA

= 240,000 + 570,000 VA

2500 = 300,000; .. I =120/0° A(rms)

V, = Vi +1I,(0.1 + j1) = 2500 + (120)(0.1 + j1)
= 2512 + j120 = 2514.86/2.735° V(rms)

10-15



10-16 CHAPTER 10. Sinusoidal Steady State Power Calculations

1 1
bl] T=-=—=16.67
[b] 7760 ms

2.735° t
360°  16.67 ms’

[c] Vi lags V, by 2.735° or 126.62 s

t = 126.62 us

v

g
[u]
2.735°

v

L

P 10.23 [a] From the solution to Problem 9.56 we have:

I, I I

2 { - 1
7402 +

= 480 2.41, vE50Q  (P1olZ/45°a

V, = j80 = 80/90° V
1 1
Sy = =5 Vol = —5(j80)(10 — j10) = —400 — 400 VA

Therefore, the independent current source is delivering 400 W and 400
magnetizing vars.

vV, .
1 2
Psq = 5(16) (5) =640 W
Therefore, the 8 () resistor is absorbing 640 W.

Y,
I = 3 =—-10A

—J
1
Qeap = §(10)2(—8) = —400 VAR

Therefore, the —;8 () capacitor is developing 400 magnetizing vars.

241, = —24V
L Vo—24ly 80+ 24
2 j4 T4

=20—-3j6A =2088/—-16.7°A



Problems 10-17

1
Qjs = 511212(4) = 872 VAR
Therefore, the j4 €2 inductor is absorbing 872 magnetizing vars.
Sas. = 3(2.410)I5 = 1(—24)(20 + j6)
= —240 — 572 VA

Thus the dependent source is delivering 240 W and 72 magnetizing vars.
[b] > Pyen = 400 + 240 = 640 W = > Paps

[e] Y Quen = 400 + 400 + 72 = 872 VAR = 3 Qups

P 10.24 [a] From the solution to Problem 9.58 we have

100 -3100
Ay it

100/0°v (D 502 Cyiioov
I 1z, I,

I.=—7510A; I,=-20+710A; I,=20—3520A
Stoov = —;(100)12 = —50(y10) = —5500 VA
Thus, the 100 V source is developing 500 magnetizing vars.
Siioov = —1(100)I; = —j50(~20 — j10)

= —500 + 71000 VA

Thus, the 100 V source is developing 500 W and absorbing 1000 magnetizing
vars.

P = 5L P(10) = 500W

Thus the 10 €2 resistor is absorbing 500 W.

Q_jr00 = ;|Ib|2(—10) = —2500 VAR

Thus the —310 €2 capacitor is developing 2500 magnetizing vars.
Qjso = ;|Io|2(5) = 2000 VAR

Thus the 55 €2 inductor is absorbing 2000 magnetizing vars.
[b] Zpdev =500W = Zpabs
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[e] Y Quev = 500 + 2500 = 3000 VAR

3" Qubs = 1000 + 2000 = 3000 VAR = 3 Quev

465 0°
P 10.25 I=— & —924—j1.8=3/—3687°A
[a] 514 03 j1.8 = 3/— 36.87° A(rms)

P =(3)%(4) =36W

1
b] Vi = —— — 533 — j4mS
I Yo = o000 J=m

1

Xe=—
CT —4x10°3

= —250Q

1
Z— 18750
el 71 = 223 10

465 /0°

[d]l I= ;
191.5 + 53

=243/—-0.9°A

P = (2.43)%(4) = 23.58 W

le] % — 2?))‘(‘:’8(100) — 65.5%

Thus the power loss after the capacitor is added is 65.6% of the power loss
before the capacitor is added.

P 10.26 [a] 3
—STn

250/0°C" L,

Wirms) I

£12.50 E 7500

250@”@ L,
Virms) I2
I
9250IF = 7500 + j2500; .. I, =30 — j10 A(rms)
2505 = 2800 — 79600; oo Iy =11.2 4 j38.4 A(rms)
500 500
=—+—=40—410A

3= 125 T 50 J10 A(rms)

Igl :Il+13:70—j20A

Sq1 = 250(70 + j20) = 17,500 4+ 55000 VA



P 10.27

P 10.28

Problems 10-19

Thus the V; source is delivering 17.5 kW and 5000 magnetizing vars.
Igg = 12 + 13 = 51.2 +j284A(I‘mS)
Sg2 = 250(51.2 — j28.4) = 12,800 — 57100 VA

Thus the V4, source is delivering 12.8 kW and absorbing 7100 magnetizing
vars.

[b] Z Pyen = 17.5 4+ 12.8 = 30.3kW

(500)2
D Pavs = 7500 + 2800 + ~ = = 30.3kW = 3~ Py

3" Qua = 9600 + 5000 = 14.6kVAR
(500)2

> Qubs = 2500 + 7100 + — 14.6kVAR = ¥ Qua

S1 =1200 + 1196 = 2396 + j0 VA

2396
I =227 —1997A
17120
Sy = 860 + 600 + 240 = 1700 + j0 VA
1700
L= —— —14.167TA
27120 67

Sy = 4474 + 12,200 = 16,674 + j0 VA

16,674
57240

Iy =1, +1;=89.44A

= 69.48 A

Lo =T, +1; = 83.64A

Breakers will not trip since both feeder currents are less than 100 A.

[a] 0. 050
Myl
e 1:2;r 0
vglc T & Wirms) I +
1 - Zs0/0
. 0.150 5, I
n + o —
v, C 5, [125/0
I2 Wlrms )
g2 -
Myl
0.050
4000 — 51000
L= — 2" =32~ j8A (rms)

125
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5000 — 52000 .

Ig = T =40 —316A (rmS)
10,000 + 50 .

13 = Tj = 40 +]OA (rmS)

In =1L +1I3="72—j8A (rms)
L,=I —L=—8+ jSA (rms)
I =1I,+13=280— ;16 A(rms)
V1 = 0.051L,; + 125+ 0.15I, = 127.4 + j0.8 V(rms)
V5 = —0.15L, + 125 + 00515 = 130.2 — j2 V(rms)
S, = [(127.4 + 50.8)(72 + j8)] = [9166.4 + j1076.8] VA
S,o = [(130.2 — j2)(80 + j16)] = [10,448 + j1923.2 VA

Note: Both sources are delivering average power and magnetizing VAR to the
circuit.

[b] Poos = |L,1[*(0.05) = 262.4 W
Po1s = |1,[*(0.15) = 19.2W
Poos = [I,2]*(0.05) = 332.8 W
> Pais = 262.4 + 19.2 + 332.8 + 4000 + 5000 + 10,000 = 19,614.4 W
> Piey = 9166.4 + 10,448 = 19,6144 W = > Py,
> Qans = 1000 + 2000 = 3000 VAR
5" Qua = 1076.8 + 1923.2 = 3000 VAR = >~ Quns

P 10.29 [a] Let Vi, = V,, /0°:

10 320

. A

+ I +
120/ ¢ 2
Virms) Vmﬂ SL

. _

S1, = 600(0.8 + j0.6) = 480 + j360 VA

480 360 [ 480 360

I —
¢Sy Iy v,



Problems 1021

480 360
1200 =V, — — 79— (1 + 72
b (800

120V, /0 = V;2 + (480 — j360)(1 + j2) = V;2 + 1200 + j600
120V, cos § = V.2 + 1200; 120V, sin § = 600

(120)°V;2 = (V;2 + 1200)* + 600

14,400V% = V2 + 2400V2 + 18 x 10°

or

VA —12,000V,2 + 18 x 10° =0
Solving,

Vip = 108.85V and V,,, = 12.326 V

If V,,, = 108.85 V:

600
MO = 0.045935: .. 0 — 2.63°
ST (108.85)(120) ’

IfV,, =12.326V:
600

inf = ———— = 0.405647; S0 =23.93°
sin (12.326)(120) 0.405647; 3.93

[b]

120/23.93 v

120/2.63 v

7 108.85/0° v

12.326 /0" v

o 48 .68/-36.87 &
5.51/-36.87 A

P 10.30 [a] SL = 20,000(0.85 + 70.53) = 17,000 + 510,535.65 VA
125I; = (17,000 + j10,535.65); I; = 136 + j84.29 A(rms)
I, = 136 — j84.29 A(rms)
V, = 125+ (136 — 584.29)(0.01 + j0.08) = 133.10 + j10.04
= 133.48/4.31° V(rms)
V| = 133.48 V(rms)

[b] P, = |I,2(0.01) = (160)%(0.01) = 256 W
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125)?
@ U5 053565 Xe = —14830
Xc
T S B T
wC T (La8)(120m) Ok

[d] I, = 136 + 70 A(rms)
V, = 125 + 136(0.01 + 50.08) = 126.36 + j10.88
= 126.83/4.92° V(rms)
|V,| = 126.83 V(rms)
[e] P, = (136)%(0.01) = 184.96 W

P 10.31 20 jlo@
. e =
+ I, + L L
4800/0°v | 192kva T
vs ::_jXC
_ 0.8 lag
.

~ 153,600 — 5115,200

I, 1300 =32 — j24 A(rms)
[ _ 4800 _ 4800
c= —iXo =J Xe =Jlc

I, = 32 — j24 + jlc = 32+ j(Ic — 24)

V, = 4800 + (2 + j10)[32 + j(Ic — 24)]
= (5104 — 101¢) 4 j(272 + 2I¢)

[V.|* = (5104 — 10I¢)? + (272 + 2Ic)? = (4800)*
10412 — 100,9921¢ + 3,084,800 = 0

Solving, Ic = 31.57A(rms); Ic = 939.51 A(rms)

*Select the smaller value of /¢ to minimize the magnitude of I,.

4800
Xp= ——" = 152,04
¢ 31.57 520
1
C = = 17.45 uF

(152.04)(1207)



Problems

P 10.32 ZL = |ZL‘ﬁ = |ZL’ cos 6° —|—j‘ZL’ sin 6°

P 10.33

P 10.34

|V
\/(RTh +|Z1| cos0)? + (X + | Z1| sin 6)?

Thus |I| =

O.5‘VTh‘2|ZL‘COSH

Therefore P =
(Rrn + | 21| cos 0)? + (Xn + | Z1| sin 6)?

Let D = demoninator in the expression for P, then

AP (0.5|Vu|>cos8)(D -1 — |Zy|dD/d| Z.))

d|Z| D?
dD : .
7] = 2(Rrn + |ZL| cos0) cos @ + 2( Xy, + | Z1|sinf) sin 6
L
dP dD
=0 when D=|2y|| ===
iz 1 (i7z2)

10-23

Substituting the expressions for D and (dD/d|Zy,|) into this equation gives us the

relationship R4, + X3, = |Z | or |Z1w| = |Z1|.
[a] Zrn = j40[|40 — j40 = 20 — 520
Ty = Zi = 20 4 j20Q

40
b] Vi, = ———(120) = 60 — 560V
[b] V1u 40+j40( ) J
2000 -j200 200)
s T Y Y
% I
60-960V (: EjZDQ
60 — j60 |
I=—-—=15—-9150A
40 A

1
Pload = §‘I|2(20) =45W

115.2 + j33.6 — 240 ~ 115.2+ j33.6
Zn 80 — j60

Zopn = 40 — 100 Q2

[a]

Z1, = 40 + 5100 Q2
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[b] I= 2;60 = 3 A(rms)

P = (3)*(40) = 360 W

P10.35 [a] Z, = [(3+ j4)|| — j8] + 7.32 — j17.24 = 15 — j15Q

oo R=|Zm| =21.21Q

—178
[b] Vi, = J -~ (112.5) = 144 — j108 V(rms)
—J
150 -j15¢%2
A |
I
144-9108
VI[I‘_‘IZ“IHS}I (—) 21.210Q
I= w =445 —j1.14
35.21 — j15
P = |I]*(21.21) = 447.35 W
P 10.36 [a] Open circuit voltage:
25(] 7100 v, 10
Virms)
100 — 51,
V,=5lp=5——2
1 =019 25 + ;10

(25 + j10)I, = 100 — 5I¢
100
30 + j10
\% —i(51)—15ﬁv

BN IR A

3—j1A



Problems 10-25

Short circuit current:

250) j100 v, 10

e P » LYYy

o =+
100/0°C 51,

N
Virmz) E] I.

100 — 51
Vy=5l,=—
25 + 4§10
I, =3—j1A
51

ISC:T¢Z15—j5A

15
15— 345
Zy = Zk, =0.9—350.3Q

Zn =0.9+50.3Q

0.0  10.30 0.90
o + IL
15/0 C v, T-90.30
Virms)
Py
15
I, = 18~ 8.33 A(rms)
P = |I./*(0.9) = 625 W
[b] Vi = (0.9 — j0.3)(8.33) = 7.5 — j2.5 V(rms)
250 1100 10 0.90)
— I — I + \\/
8.33A
100/0(; 514 Ej3Q v, T-70.30
Virms)
I _
\%
I = — = —0.833 — j2.5 A(rms)

=5
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L =1 +1I = 75— j2.5A(rms)
Bly=L+V, .. I,=3—jlA

Iy, =1, — I, = 45+ j15A

S, = —100(3 + j1) = —300 — 5100 VA

S = 5(3 — j1)(—=4.5 — j1.5) = —75 + jOVA
Paey = 300475 = 375 W

62.5
% developed = %(100) = 16.67%

Checks:

Pyso = (10)(25) = 250 W

Pio = (62.5)(1) = 62.5W

Pyogo =625W

3 Pabs = 250 + 62.5+ 62.5 = 375 W = 3 Pyey
Q;10 = (10)(10) = 100 VAR

Qj3 = (6.94)(3) = 20.83 VAR,

Q_jos = (69.4)(—0.3) = —20.83 VAR

Qsource = —100 VAR

3" Q =100+ 20.83 — 20.83 — 100 = 0

P 10.37 [a] Open circuit voltage:

i1V
502
Ay {1 »
o 50 + -1502 +
100/ 0
‘J{]:mS}ICJI vd: 1502 Yoy
»
Vs—100 V
¢ 2 0.1V, =0
) b

V, =40+ 780 V(rms)



[b]

Problems

Vin = Vi 4 0.1V4(—55) = V(1 — j0.5) = 80 + j60 V(rms)

Short circuit current:

N1V

50+ -j5@

ey
e_'-'i'.

jae T

[u]
1DD@ +
‘J(rms)(' o

\%

L. = 0.1V, + _—;55 = (0.1+j0.2)V,
V,—100 V, Vg,
.

5 T35 g5

V, =100 V(rms)
L. = (0.1 4+ 40.2)(100) = 10 + 520 A(rms)
Von 80460

Ty = T —4— 20
T . T 10+ 420 J
Ro - |ZTh| - 447Q
I
Ay {1
40 —920
BO+960 A 20
irms) C_)
_ S0HI0 g6 882 A(rms)
44+/20 — 52

P = (11.49)*(v/20) = 590.17W

10-27
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[c] T
A |———,
402 —jz202 402
BO+i60 .
Virms) Q 120
!
80 + 560
I:t¥:10+jT5Aﬁm®
P = (10> + 7.5%)(4) = 625 W
[d]
i1V
50
oV - 10+77.55 (rms)
50 450 |~
Ay i iy
. I + %Ic + 40
100/0 .
& v, - 25+350 .
Virms) . ¢ L Jh02 V (rms) 1202
1 s
.
Vy,—100 V Vs — (254 350
Vo100, Vo, Vo= (54550) _,
5 Ib) —75
V4 =50 + 525 V(rms)
0.1V =5+ 2.5
54 j2.5+1Ic = 10+ j7.5
Ic =5+ 75 A(rms)
A%
I, = —2 =5—j10 A(rms)
i)
Ir=1c+1;,=10— 55 A(rms)
I, =1+ 0.1V, = 15 — j2.5 A(rms)
Sy = —1001; = —1500 — 5250 VA
100 = 5(5 + j2.5) + Vs + 25 + j50 . Ve = 50 — j62.5 V(rms)
Ses = (50 — j62.5)(5 — j2.5) = 93.75 — j437.5 VA
Thus,
> Paev = 1500
625
% delivered to R, = ——(100) = 41.67%

~ 1500



Problems

P 10.38 [a] First find the Thévenin equivalent:
JwL = 33000 €2

Zrn = 6000]]12,000 + 53000 = 4000 + 53000 2
12,000

Vo, = ————_(180) = 120/0°V
Th 6000+12,000< ) 0
—j »
L 510000
wC J
—
Y A S—yY
a0p0pe2 jBDDDQ 200062
120v ) —leDDQL
L
12
0 =18 — j6mA

(P S—
6000 + 72000

1
P = 5\1]2(2000) = 360 mW

10-29

[b] SetC, =0.1uF so —j/wC =—j2000Q  j3000 — 2000 = 51000 €

Set R, as close as possible to

R, = V40002 + 10002 = 4123.12

R, = 40002

120

[e] 1= ————
8000 + 51000

= 14.77 — j1.85 mA

1
P= 5\1]2(4000) = 443.1 mW

Yes; 443.1 mW > 360 mW

120
A I= -2 —15mA
[l I= 2550 = 1°m

1
P= 5(0.015)2(4000) = 450 mW

[e] R, = 4000 €; C, = 66.67nF
[f] Yes; 450 mW > 443.1 mW
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P 10.39 [a] Set C, = 0.1 uF, so —j/wC = —32000€2; also set R, = 4123.1 2
. 120
~8123.1 + 51000

= 14.55 — j1.79 mA

1
P = 5\112(4123.1) = 443.18 mW

[b] Yes; 443.18 mW > 360 mW
[e] Yes; 443.18 mW < 450 mW

1 1
P1040 [a] — =100Q; C=-——— = 2653 uF
lal =& ’ (100)(1207) a
13,800 13,800
bl L, = O 46 — j138A
[b] 200+ 100 6 — j138 A(rms)

Viwo = 13,800 + (46 — j138)(1.5 + j12) = 15,525 + j345
= 15,528.83/1.27° V(rms)

13,800
Y300

Vaw = 13,800 + 46(1.5 + j12) = 13,869 + 5552 = 13,879.98/2.28° V(rms)

= 46 A(rms)

15,528.82

% increase = (13,87998

- 1) (100) = 11.88%

[e] Puo = |46 — j138[%1.5 = 31.7T4kW
Py = 46%(1.5) = 3174 W

31,740
3174

% increase = ( — 1) (100) = 900%

1600
P 10.41 [a] S, = original load = 1600 +jW(O.6) = 1600 + j1200kVA

1920
Sy = final load = 1920 + j--(0.28) = 1920 + j560KVA

Qaddea = 560 — 1200 = —640kVAR

[b] deliver
[e] S, = added load = 320 — j640 = 715.54/— 63.43° kVA

pf = cos(—63.43) = 0.4472 leading



Problems

(1600 + §1200) x 10°
2400

I, = 666.67 — j500 = 833.33/— 36.87° A(rms)

[d] I} = = 666.67 + 7500 A

IIL.| = 833.33 A(rms)

(1920 + j560) x 10°
2400

I = 800 — j233.33 = 833.33/— 16.26° A (rms)

[e] I} = =800 + 5233.33

1| = 833.33 A(rms)

P 10.42 [a] Phetore = Patter = (833.33)2(0.05) = 34,722.22 W
[b] V. (before) = 2400 + (666.67 — j500)(0.05 + 50.4)

= 2633.33 + j241.67 = 2644.4/5.24° V (rms)
|Vs(before)| = 2644.4 V(rms)
V., (after) = 2400 + (800 + j233.33)(0.05 + 50.4)
— 2346.67 + j331.67 = 2369.99/8.04° V (rms)
|Vs(after)| = 2369.99 V(rms)
140)

3(!
Wi W.
]
180 /0°C b Ejgﬁ £90)
Virms) Iléj Izéj

180 = 31 + jdI; + j3(I, — 1) + j9(I; — L) — 531

P 10.43 [a]

0=9LL+ 59, — 1) + j3I;
Solving,
I, = 18 — j18 A(rms); I, = 12/0° A(rms)
V, = (12)(9) = 108/0° V(rms)
[b] P = (12)*(9) = 1296 W
[c] S, = —(180)(18 4+ j18) = —3240 — j3240VA .. P, = —3240W

. 1296
% delivered = %(100) = 40%

10-31
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P 10.44 [a] Open circuit voltage:

30 1407

%ﬁv /_Y_Y_Y_‘-.
. +
I N
Virms) I

180 = 31, + j4I, — j3I; + j9I, — 531,
180

34T
Von = j9I, — 531, = j6I; = 130.34 + 555.86 V = 141.81/23.20° V(rms)

I = 9.31 — j21.72 A(rms)

Short circuit current:

1400

30
A W.
| ]
180 /0°C 530 Ejzm
V{rms) Iléj Iszj

180 = 31y + j4I; + j3(Le — L) + 79(I; — L) — 531,

0= ]Q(ISC - Il) +]311

Solving,

L. =20—-3520A I, =30—-720A

Voo 130.34 + j55.86 ‘
Ty = ~1h — — 1.86 + j4.66 Q
T 20 — 420 +J
1.860 14.660 1.8560
E IL
130,34 4 I
+955.86 j4.660
v
&

130.34 + 755.86
I, — 34;2] — 35+ j15 = 38.08/23.20° A




Problems

P, = (38.12)%*(1.86) = 2700 W
Zo+ j9

1.86 — j4.66 + 79
bl I = 2217y, = S J
J6 J6

Pyev = (180)(30) = 5400 W

(354 j15) = 30/0° A(rms)

P 10.45 [a] 10 580 .
‘i
. @ 7‘\ "
54éncj f’}/ . j 30 ’W/Vné’a‘ﬁ
Virms) I1 1282 |/ Iz _
L

54 =1 +j2(I; — L) + 531,
0="TL+ 7521, — 1) — 53y + 481 + j3(I; — L)
Solving,
I, = 12 — j21 A(rms); I, = —3 A(rms)
V, = 7l = —21/180° V(rms)
[b] P = |LL)*(7) = 63W
[c] P, = (54)(12) = 648 W

% delivered = ﬁ(100) =9.72%

648
P 10.46 [a]

10 1862
W i |
o o 7»\ !
+ 1
o 1300 I
54é@ . 33 Yo
.

Open circuit:

Vo, = =530 + joli = —jL4

_H4
1432

Vo, = —21.6 — 510.8V

I =10.8 —j21.6 A

10-33
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Short circuit:

54 =1 + j2(I; — L) + 53l

0=72(Lc —I1) — j3Le + 78k + j3(L — L)
Solving,

I, = —3.32 + j5.82

Vin  —21.6 —510.8
L. —3.32+35.82

Ry, = |Zu| = 3.606 Q2

ZTh =

=0.2+4 3.6 = 3.6/86.82° Q)

[b]
0.20 13,60
M .
—21.6 G
Z910.8(9) < 3.6060
Virms)
.
—21.6 — j10.8
= ——— =4.610/163.2° A
3.806 + 73.6 A63.2°
P = |I]*(3.6) = 76.6 W, which is greater than when R; = 7
P 10.47 [a] 10 B0

Ay . 7»\

L

S0 Ty et T
1

2

54 =1; + j2(I; — L) + j4kI,

0="TL+ 521y — L) — j4kI, + 815 + j4k(I; — L)
Place the equations in standard form:

54 = (1 + j2)I; + j(4k — 2)I,

0=j(4k —2)I; + [7+ j(10 — 8k)|L,

54 —Iyj(4k —2)

I
1 (1+2)
Substituting,
j54(4k — 2)
I, =—

[7+7(10 — 8k)|(1 + j2) + (4k — 2)?
ForV,=0,I, =0,s0if 4k — 2 = 0, then &£ = 0.5.



Problems 10-35

[b] Whenl, =0
M
1442

I = 10.8 — 721.6 A(rms)

Pg = (54)(10.8) = 583.2W
Check:
Pross = ’II|2<1) =583.2W

P 10.48 [a] From Problem 9.67, Zt, = 85 + j85¢2 and V1, = 850 + j850 V. Thus, for
maximum power transfer, Z;, = Z};, = 85 — 785X

BEC2 JB5C2 g5
‘i "‘"“""‘—%—“W\f
I,
850+3850 /=~ =
Virms) C'j I 1850
»
d
850 4 7850 )
L=—-+"—"=5 5A
2 170 +J
2062

0 v Ty 4502 . B850

Ay L Ay ‘

i » L
: —>(5+i5)A
125 A4° | W . . L,
wrmS)Q I, 150 J1250 T—jBEQ

o

425/0° = (5 + j5)I; — 520(5 + 55)

[ _ 32544100
Y5455

S,(del) = 425(42.5 4 j22.5) = 18,062.5 + j9562.5 VA

— 425 — j22.5A

P, = 18,062.5 W
[b] Poss = |L|2(5) + |Ib|2(45) = 11,562.5 + 2250 = 13,812.5 W

18,062.5 — 13,812.5

loss in transf =
% loss in transformer 18,062.5

(100) = 23.53%
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P 10.49 [a] From Problem 9.70,
Za, =100 + j136.26  so

50 50

I = , - =160 — j120mA
100 + 713.74 + 100 + 136.26 200 + j150
wM 1270

L =271, J (0.16 — j0.12) = 51.84 + j15.12mA

Zy 1 800 + j600
V= (300 + j100)(51.84 + j15.12)10° = 14.04 + j9.72 V
V.| =17.08V
[b] P,(ideal) = 50(0.16) = 8 W
P,(practical) = 8 — [I;|*(100) = 4 W
P, = |I,]*(300) = 874.8 mW

0.8748
% delivered = (100) = 21.87%
P 10.50 [a]
710Q
40 1702 1202 vy l1lQ
‘i ‘i Aty o — —
! —> 1, A T
:LGé@l 1562 230 Ym
Virms) 5y ] ] _ :Isc
...

Open circuit:
120

T 16+ 512

Short circuit:

(16 + j12)I; — j10L, = 120
—j10L; + (11 + j23)I,. = 0

Viu (10) = 36 + j48V

Solving,
L. = 2.4/0° A
36 + 748
Ty = 220 454 200
2.4
7y = Zh, =15 — j20Q
AN 36 + 748 )
I; = = =1.2 1.6A =2.0/53.13° A
L 7t 7, 20 + (rms) / (rms)

P, = [IL|*(15) = 60 W



Problems

Zopsly 26+ j3

b] I, = = 1.2471.6) =5.23/—30.29° A
[b] 1 = 72 = (124 716) = 5.23/= 30.29° A)ms)

Prransiormer = (120)(5.23) cos(—30.29°) — (5.23)%(4) = 432.8 W

. 60
% delivered = m(lOO) = 1386%

P 10.51 [a] jwL;, = 5(10,000)(1 x 107?) = j10Q

jwLy = 5(10,000)(1 x 107*) = 510 Q
502

50 v

Ay
o L4
2uué y /Iw 1100 leQEélEQ
=)
L

200 = (5 + j10)I, + j5I,

0 = 751, + (15 + j10)I,

Solving,

I, =10 — j15A; I, =-5A
Thus,

i, = 18.03 cos(10,000¢ — 56.31°) A
ir, = 5¢o0s(10,000¢ — 180°) A

M 0.5
[b] £ = = —=0.5
VIiL, V1

[c] When t = 507 pus:
10,000t = (10,000)(507) x 10~ = 0.57 rad = 90°
ig(507 ps) = 18.03 cos(90° — 56.31°) = 15 A
i, (507 us) = 5 cos(90° — 180°) = 0 A

1 1 1
w = §L1z'§ + ing’g + Miyiy = 5(10*3)(15)2 +04+0=112.5mJ

When ¢ = 1007 pus:

10,000t = (10%)(1007) x 1076 = 7 = 180°
i,(1007 1is) = 18.03 cos(180 — 56.31°) = —10 A
i, (1007 pus) = 5 cos(180 — 180°) =5 A

w = ;(103)(10)2 + ;(103)(5)2 + 0.5 x 107%(—10)(5) = 37.5mJ

10-37
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[d] From (a), I,, = 5 A,
1
P = 5(5)2(15) = 187.5W

[e] Open circuit:
~ 200
- 5+410

Short circuit:

200 = (5 + j10)I; + j51,

Th (—j5) = —80 —j40V

0 = j10IL. + 751,

Solving,
I, = —11.094/123.69° A; I, =22.188/—56.31° A
Vi —80 — 740 )
™ T 100423690 I8
Ry, = 8.962 Q)
[f] |
10 J8¢C2
Ay
% I
-80-3740vV () §.062 0
—80 — 540

I=—— J —7399/165.13° A
9.062 + ;8 [165.13°

1
P = 5(7.399)2(8.062) = 220.70 W

—80 — j40

[h] 1= 5 = 44.72/— 153.43° A

1
P = 5(44.72)2(1) = 1000 W



P 10.52 [a]

[b]

Problems

, jlay
.]1Q M.]ZQ

é%f@ FD\/ :—jmfl} 210

rms) 1

10=711; — L) +j1(I; — L) — j1(I; — I3)

0=1I + j2(Io — I3) + j1(I; — L) + j1(Io — Ih) + j1(I — I3)
0=1I — j1(Is — L) + j2(Is — L) + j1(I; — I»)

Solving,

I, =6.25+ j7.5A(rms); I, =5+ j2.5A(rms);

L =1 =625+ ;7.5A I =1, - L, =125+ j5A
I=I,— I, = —j5A

L=I,=5-j25A

L=L=>5+j25A
L=L-1,=125+310A

+ ¥, -
[
iy
10 I
il
+ ¥ - o Ya -
110 1202
Ib + léld +
[u]
1ué y vIT-j10 £V,
Virms) /E - -
& Ie If

V,=10V
V.=1L. =5+ 525V
V.= —jll,=10—j1.25V
S. =

Vi, = j1I, + j1Iy = j1.25V

Vi = j2Ly+ j1I, =5+ j1.25V
Ve=1L =5— j2.5V

= —10I = —62.5+ j75 VA

Sy = VuIi = 6.25 + j1.5625 VA

10-39

Is =5 — j2.5A(rms)
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S. = V.I' = 31.25 + jOVA
Sq = Vali = —6.25 + j25 VA
Se = V.I' = 0 — j101.5625 VA
Sp = ViIf = 31.25 VA
[c] 3 Piy = 625W
S Pa = 6.25+31.25 — 6.25 + 31.25 = 62.5W

Note that the total power absorbed by the coupled coils is zero:
6.20 —6.20=0=F,+ F4

[d] D Quev = 101.5625 VAR
The capacitor is developing magnetizing vars.

3" Qubs = 75 + 1.5625 + 25 = 101.5625 VAR
Z (@ absorbed by the coupled coils is @}, + Q4 = 26.5625 VAR

P 10.53 Open circuit voltage:

10 j1e
A, .
A +
.
jl.z2¢2
1Dé O jza2 Vin
I'mS
.
- 00 =2 j4A
T2

Vin = 521 + j1.21 = j3.21) = 12.8 + j6.4 = 14.31/26.57° V

Short circuit current:

10 jle
A, —
L
jl1.z2¢02
BAC R R
frms) I
»—

10/0° = (1 + j2)I; — j3.21,,



Problems 1041

0= —j3.2I, + j5.41

Solving,

I, =5.89/—5.92° A

14.31/26.57°
T 14312657 2.43/32.49° = 2.048 + j1.304

 5.89/= 592
14.31/26.57°
g = ———— = 3.49/26.57° A
4.096
10 1182 2 _pasd
Ay Ay

L
ﬁ * 02
a 1.2
1D C) ,_w/ I ] ,—x 1 I
Vv (ros) I, 72602 d -71.3204C

2

10/0° = (1 + j2)I, — j3.21,

104321, 10+ j3.2(3.49/26.57°)

L = = =5/0°A
! 1+ 52 1+ 52 0
10/0°
Z, = =24+0=2/0°Q
g 5@ +] L
P 10.54 [a
[a] 1600
20 leQm 140
A ST T
] | ]

272/0° C jZDQE 180
V (rms) Igéj 5
5140) I,

272/0° = 21, + j101, + j14(I, — I,) — j6I,
45141, — j8I, + j20(I, — I,)
0 = j20(I, — L) — j14I, + j8I, + j4I,
+48(I, — 1) — j6I, + 81,
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Solving,
I, =20 — j4 A(rms); I, = 24/0° A(rms)
Py = (24)*(8) = 4608 W

[b] P,(developed) = (272)(20) = 5440 W
\Y 272

Top = —2 —2 =
le] Zun = 20 — j4

[d] P = |I[*(2) = 832W

—2=11.084+52.62 = 11.38/13.28° Q

S Pie = 832+ 4608 = 5440 W = 3 Pag,

P 10.55 [a] 60Q "
Ay . B
+
Vl Vz
300/0°C) - Ldzelje 2 400
Virms) w
I, 2002 I

300 = 60, + V; + 20(I; — L)

O - 20(12 - 11) + V2 + 4012

1

Vo= -V, I, = —4I
4

Solving,

Vi =260 V(rms); V, = 65 V(rms)

I, = 0.25 A(rms); I, = —1.0 A(rms)

Via = Vi +20(L, — L) = 285 V(rms)
P=—(285)(5) = —1425W

Thus 1425 W is delivered by the current source to the circuit.

[b] IQOQ = 11 — 12 = 125 A(rms)

Pyoq = (1.25)%(20) = 31.25 W



Problems 1043

P 10.56

ideal ideal

I a
30V, = Vyg; % = I; V, = 101, therefore ‘I] =9k

vV, -V, V., 9000
= Yo L= _20I: therefore =220 _2950Q
1~ 20 b eretore 1T 100

Therefore I, = [50/(2.5 + 22.5)] = 2 A (rms); since the ideal transformers are
lossless, Pion = Pas .50, and the power delivered to the 22.5 € resistor is 22(22.5) or

90W.
vV, %10

P10.57 [a] 2 =22 —950;  therefore =100, a=10
I, 400

[b] I, = 550 =10A: P =(100)(2.5) = 250 W

200\ 2
P 10.58 [a] Zr, = 720 + j1500 + <5o> (40 — 730) = 1360 + 51020 = 1700/36.87° £

Zup = 17009
Z,

A —

"7 (14 Ny /N,)?

(1 + Ny /Ny)? = 6800/1700 = 4
Nl/Ngzl or N2:N1 = 1000 turns

255/0°
b] Vi, = ———(45200) = 1020/53.13°V
[b] V1y, 40+j30(j ) /53.13°
13600 110200
Al
1020/43.12° L
/53 .13
Virne) ) 17000

1020/53.13°
= - 2220 ()316/34.7° A
7 3060 + j1020 (rms)

Since the transformer is ideal, Fsgoo = Pi700.

P = |I]*(1700) = 170 W
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[e] .
4&? Z,,:Ifé_n‘li\\r\ Tf&g JO.26+10.18)A
. .
255é°@ 300 115000 17000
Virms) I1
255/0° = (40 + j30)I; — j200(0.26 + 50.18)
I, =4.13 — j1.80 A(rms)
Pyen = (255)(4.13) = 1053 W
Pirans = 1053 — 170 = 883 W
883
% transmitted 1053( 00) = 83.85%
P 10.59 [a]
90k
Ay .

180 4° | f
‘-fl[l:mS}lC'jl Zﬂb

*

For maximum power transfer, Z,;, = 90 k{2

N2
Zow=(1+22) z
b(+N2>L

N2 90,000
1+-—) = = 225
( +N2) 400

1+N1—115- Mo 51—
Ny —7 Ny B

180
180,000

2
[b] P = |L;|?(90,000) = ( ) (90,000) = 90 mW

1
[e] V, = R; = (90,000) ( 50 ) =90V

180,000
[d]
1060 1,
A
+ +
2-25é & v,  E80KQ v, £ 90k
mA (rms)

V, = (2.25 x 107)(100,000//80,000) = 100 V



Problems

P,(del) = (2.25 x 107%)(100) = 225 mW

. 90
% delivered = 2—25(1()0) = 40%

N 2
P10.60 [a] Zy, = (1 + Nl) (1= j2) = 25 — j500)
2

B 100 /0°
"~ 15+ 550 + 25 — 550

=25/00°A

1

Ny
L=—IL=100°A
2=, 0°

IL=1+1L =12.5/0° A(rms)
Pio = (12.5)%(1) = 156.25 W
Piso = (2.5)*(15) = 93.75 W
[b] P, = —100(2.500°) = —250 W

Zpabs = 156.25 4+ 93.75 = 250 W = Zpdev

P 10.61 [a] 25a] + 4a3 = 500
I = aiI; Pys = a?I?(25)
L = al; P, = a5I(4)
Py = 4Pys; a3l’4 = 100431
100a? = 4a3
25a3 + 100a; = 500; ay =2
25(4) + 4a3 = 500; as = 10

2000/0°
500 + 500

125 = all =4A

[b] 1= = 2/0° A(rms)
Pasq = (16)(25) = 400 W
[e] I = asI = 10(2) = 20 A(rms)

V, = (20)(4) = 80/0° V(rms)

1045
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P 10.62 [a] Open circuit voltage:

— + V. - #——————
ano 2002 1:2 a0
Ay Ay ’ Ay
I, +e e+ I,

5nné°@ v, v, £ 3600
Virms)
500 = 100I; + V;
Va2 = 4001,
Vi 'V,
— = — V, =2V
1 5 2 1
Il - 212
Substitute and solve:
2V, = 4001, /2 = 200I; .. vV, = 100I,

500 = 100I; + 1001,

1
L= 1 =12A

V, =100(2.5) =250V;  Vy=2V; =500V

VTh = 2011 + V1 — V2 + 4012 = —150 V(rms)

Short circuit current:

I, = 500/200 = 2.5 A

I
=C
goc 2062 1.5 40
Al Al ) Al
+ +
(T,+1_) I, . . I,
o 1 =
5004°C) v, v,
Virms)

500 = 80(Iy + I;) + 360(Iy + 0.51;)
I
2V, = 4051 + 360(I + 0.51)

500 - 80(11 + Isc) + 2011 -+ V1



Problems 1047

Solving,
L.=—-147A; I,=441A; V,=17647V
Vi —150
= = ——=1020Q
Fm, L. —1.47 0
10262
Ay
150 &) T3V 1020
Virms) +
752
P=—=551
102 55.15'W
[b] 10262
" (15/102)&—
- 75V 4+
AOC 200 a0
A ,\3\:’,\' 1:2 A
_ |zms/102) 7 te .+ Iz
5nﬂé & v, v, 23600
Virms)

500 = 80[I; — (75/102)] — 75 + 360[I5 — (75/102)]

6000 27,000
575 + 102 + 102 = 80I; + 180I;

I, =3.456 A

Prource = (500)[3.456 — (75/102)] = 1360.29 W

59.15
[e] Pson =80 (I —75>2—592 13W
802 — 1 102 - .

Pyyq = 2015 = 238.86 W
Pyq = 4013 = 119.43W

75
P = — = .1
1020 = 753 55.156 W

P = 360 <I 75>2 = 354.73W
360Q = 2" 102) = .

Z Pips = 592.13 + 238.86 + 119.43 + 55.15 + 354.73 = 1360.3 W = Z Piev
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P 10.63 [a] Open circuit voltage:

A,
120 T
40 10 " 160
Ay Ay ’ Ay &
AL TRy T, e . %1 "
émé y v, v, Von
Virms)
— — -
4000° = 4(I; + I3) + 1213 + Vy,
I
— = —Is: I, = 41
1 3; 1 3
Solving,
Vo, =40/0°V
Short circuit current:
A
12 I3
402 102 1:4 1682
A A A
| I, +e .+ %1
30,4°0) v, v,
Virms) I..
4000° =4I, + 413+ 1, + V,
4V1 = 16(11/4) = 411, Vl = Il
40/0° = 61, + 4I3
Also,
400° = 4(I; + I3) + 1213
Solving,
I, =6A; I;=1A; Le=1L/4+1;=25A
A% 40
Ry = —2 = =~ =160




[b]

[e] Pr, =25W;

166

—I

i
-
EN
oo
Ny

1

I=

32
P = (1.25)*(16) = 25 W

6Ll

40/0°
o = 1.25/0° A(rms)

402

Problems

I[Il+13}l

i

-
EN
Fn
Ny

Il +#

16Q% 20V

40 = 4(I; + Is) + 1215 +

20

4V, =4l +16(1, /4 + I3);

40:411+413+11+V1

Pyoy (developed) = 40(5.75) = 230 W

25
deli d = —(100) = 10.87
% delivere 230( ) %

I, = —0.25A;

Pio = (5.75)%(4) = 132.25 W;

Prag = (—0.25)*(12) = 0.75 W

V1 == 211 + 413

Il + 15 = 575@A,

Pigo = (1.5)%*(16) = 36 W

Pig = (6)%(1) = 36 W

3" Pups = 25 + 36 +132.25 + 36 + 0.75 = 230 W = 3 Pye,

1049

vV, =110°V

P 10.64 [a] Replace the circuit to the left of the primary winding with a Thévenin equivalent:
Vo = (15)(20]|710) = 60 + 5120V

780
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Transfer the secondary impedance to the primary side:

1 . X
Zy = 52 (100 + jXc) = 4+y2—§Q

60 38Q 40
Ay Ay
%I ‘
60+9120() T j./250
Virms) l
Now maximize I by setting (X¢/25) = —8€:
1
C=————=025uF
200(20 x 10°) H
60 + 7120
b T= 22 6 i12A
10
P = |I*(4) = 720W
R
2 —6Q; o R, =1500
[c] o5 ;
60 4 5120
@1 1= "2 254 j10A

P = |I]*(6) = 750 W

N\ 2 2800\ 2
P 10.65 Zay=50—4400=(1—"—") Zp=(1-—"o) Z, =927
lal Zap J ( N2) L ( 700) L=

1
71 = (50 — j400) = 5.556 — j44.444 ©

[b]

500 40002 5002
A "y

Z-QAD %Il

‘-fl[l:mS}lCjl T -1400Q

#
24
I, = — =240/0° mA

~ 100



Problems 10-51

%Il
Nl
%IL
+
I
/ﬁ NZ VL ZL
Nlll = —NQIQ

I, = —4I, = 960/180° mA
I, =1, + I, = 720/180° mA (rms)
Vi, = (5.556 — j44.444)I}, = —4 + 732 = 32.25/97.13° V(rms)

P 10.66 [a] Begin with the MEDIUM setting, as shown in Fig. 10.31, as it involves only the
resistor 5. Then,

V2o 1202
Prod = 500W = — =
d R, Ry
Thus,
1202
— —98.80)
o = =5g =288

[b] Now move to the LOW setting, as shown in Fig. 10.30, which involves the
resistors R and Ry connected in series:

V2 VQ

Pow = = =250 W
T Ri+ Ry, R +288
Thus,
1202
R = — — 288 =28.8Q
" 250
[c] Note that the HIGH setting has R; and R; in parallel:
V2 1202
Phigh = — 1000W

Ri|[Rs ~ 28.8][28.8

If the HIGH setting has required power other than 1000 W, this problem sould
not have been solved. In other words, the HIGH power setting was chosen in
such a way that it would be satisfied once the two resistor values were
calculated to satisfy the LOW and MEDIUM power settings.
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V2 V2
P1067 [a] PL= - Ry +Ry— —
[a] P, Rt R 1 2 P
V2 V2
Py = —; Ry = —
M R27 2 PM
V2(Ry + Ry)
Py = —
R Ry
V2 V2o V2
R —_ - _—
Ry + Ry % R, P Py
P V2V P, Py PPy
H= "o yey v _
(E‘%)(E) PP —P1)
P2
P — M
YRR
(750)2
b] Pu=———--"—-=1125W
[b] P (750 — 250)

P 10.68 First solve the expression derived in P10.67 for Py as a function of F;, and Py. Thus

P? P?
PM — PL = M or M

- P P =0
P P M+ L

Py — PuPu+ PLPa=0

B3
Py =2 “H) _pp
M 9 9 L4 H

Py 1 =3
iy p (L
2 "\ 4 (PH)

For the specified values of P}, and Py

Py =500 £ 10004/0.25 — 0.24 = 500 £ 100
Py = 600 W; Pyro = 400 W

Note in this case we design for two medium power ratings
If Py =600 W

(120)?
600

R2: :24Q



Problems 10-53

(120)2

fat+ I = 50

=60

Ry =60—-24=360Q

(120)2(60)

CHECK: Py = (36)(24)

= 1000 W

If Pyro =400 W

(120)2
= = Q
Ry 100 36

Ry + Ry =602 (as before)
Ry =240
CHECK: P; = 1000 W

(120)?

P10.69 R R =
9 1+ R+ R3 600

=240

(120)2

Ry + R3 = 900

=162

R, =24—16 =80

(120)2

=12Q
1200

Rg + R1HR2 -

8RRy

=12
8+ Ry

16 — Ry +

SR,
Ry — —4
> 8+ R,

S8Ry + R5 — 8Ry = 32 4+ 4R,
R? — 4Ry —32=0
Ry=24+V4+32=2+6

Ry =84, . R3=80Q
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(220)2
P 10.7 — —96.80
0 Ry=""_ 0~ =98
Ry + Ry = (220)° —193.60
D T D
R, = 96.8Q

CHECK: R, ||Ry = 48.4Q

(220)2

= 1000 W
48.4 000

Py =



