10

Sinusoidal Steady State Power
Calculations

Assessment Problems

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

P = S(100)(20) cos[ 45 — (15)]] = 500W, A B
@ = 1000sin —60° = —866.03 VAR, B—A
[b] V =100/—45°,  1=20/165
P = 1000 cos(—210°) = —866.03W, B — A
@ = 1000sin(—210°) = 500 VAR, A—B
[c] V=100/—45°, I=20/—105°
P —1000cos(60°) = 500W, A — B
@ = 1000sin(60°) = 866.03 VAR, A—B
[d V=100/0°, I=20/120°
P = 1000 cos(—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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102 CHAPTER 10. Sinusoidal Steady State Power Calculations

AP 10.3 -
From Ex. 94 Ig= % ="+
TV V3
0.0324
P=I%R= ( ) (5000) = 54 W

AP 10.4 [a] Z = (39 + j26)||(—j52) = 48 — 520 = 52/ — 22.62° Q2

250/0°
48 — j20 4+ 1+ j4

Vi, = ZI, = (52/ — 22.62°)(4.85/18.08°) = 252.20/ — 4.54° V (rms)

39+ 526

Therefore 1, = = 4.85/18.08° A (rms)

I = 5.38/ — 38.23° A (rms)

[b] SL = V.I; = (252.20/ — 4.54°)(5.38/ + 38.23°) = 1357/33.69°
— (1129.09 + j752.73) VA

P, =1129.09W; Q= T752.73 VAR

[c] P, = |I,)*1 = (4.85)*-1=23.52W; Q= |I,|*4 = 94.09 VAR
[d] S,(delivering) = 2501; = (1152.62 — j376.36) VA

Therefore the source is delivering 1152.62 W and absorbing 376.36

magnetizing VAR.

VL2 (252.20)

cap = = = —1223.18 VAR
[e] Q P _52 _52

Therefore the capacitor is delivering 1223.18 magnetizing VAR.

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

AP 10.5 Series circuit derivation:
S = 2501* = (40,000 — ;30,000)
Therefore T* = 160 — 5120 = 200/ — 36.87° A (rms)
I =200/36.87° A (rms)

Y 250

=—=———=125/—36.87" = (1 —;j0.75) Q2
I 200/36.87° ! (1= )

Therefore R =1(), Xec=-0.75Q
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Problems 10-3

Parallel circuit derivation

(250)2

P = herefi = = 1.56250Q
7 therefore R 20,000 56
(250)* (250)*
= theref = ————=-2.0830Q
Q Xo erefore C ~ 30,000

AP 10.6
Sy = 15,000(0.6) + 515,000(0.8) = 9000 + j12,000 VA

S, = 6000(0.8) — 56000(0.6) = 4800 — j3600 VA

Sr =51+ Sy = 13,800 + j8400 VA

St = 200T"; therefore I" = 69+ ;542 I=69 — j42A

V, = 200 + 51 = 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
-
3/0°AE)  200F  -3140Q7
a0
i ———— b

Thévenin equivalent:

Z00 7100
o * a

()53.67/-26.57°v

*b
—7800 4
Vo, =3——— =48 — j24 = 53.67/ — 26.57° V
Th 20 — 40 J /
—7800
Zrn =44 718 + ‘77 =20 + 510 = 22.36/26.57° Q
20 — 740 -

For maximum power transfer, Zj, = (20 — 710) 2
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104 CHAPTER 10. Sinusoidal Steady State Power Calculations

53.67/ — 26.57°

[b] I= —1.34/ = 26.57° A

40
1.34\°
Therefore P = —3 20 =17.96 W
V2
[C] RL = |ZTh| = 22.360Q2
53.67/ — 26.57°
dl I= ——— = 1.23/ — 39.85° A
] 42.36 + 710 [=39.85°
1.23)\°
Therefore P =|—| (22.36) =17TW
V2
AP 10.8
340 1500
™ .
.
660 /0" 1400
vé © Q leDQ(D’ 1006
.

Mesh current equations:

660 = (34 + 750)I; + j100(I; — Iy) + 7401, + j40(I; — I,)
0 = 7100(Iy — I;) — 7401, + 1001

Solving,

I, = 3.5/0°A; . P= %(3.5)2(100) = 612.50 W

AP 10.9 [a]
150002

jan0n ¥ Y 510000

s | »
248&06) n §37591 40002
v 1 2

248 = j4001; — 500, + 375(I; — L)
0 = 375(I5 — I;) + 51000I, — j5001; + 400L,

Solving,
I, =0.80 — jO.62 A; I,=04—-3503=0.5/—36.87°

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

[b] I, —I, = 0.4 — j0.32A

1
P75 = §|I1 — I,|%(375) = 49.20 W

1
[c] P, = 5(248)(0.8) =99.20 W
Z Paps =50 +49.2 =99.20 W (checks)
AP 10.10 [a] V@ =210V; V=1V L =1L
Short circuit equations:
840 = 80I, — 201, + V,

0=20I,— L) — V,

210

210\?
[b] Prax = (5) 15 = 735 W

AP 10.11 [a] V, = —4(146/0°) = —584/0° V (rms)
Vy,=4Vy; I, = 41,
Short circuit equations:
146/0° = 801, — 201, + V,
0=20I,—-1;) — V,

—584

I, = —146/365 = —0.40 A; Ry = o4 1460 Q2

— 584\ 2
bl P=|—— ) 1460 = 58.4
[b] (2920) 60 = 58.40 W
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10-6

CHAPTER 10. Sinusoidal Steady State Power Calculations

Problems

P 10.1

P 10.2

P 10.3

STUDENTS-HUB.com

[a] P= %(250)(4) cos(45 + 30) = 500 cos 75° = 129.41 W  (abs)
@ = 500sin 75° = 482.96 VAR (abs)

[b] P = %(18)(5) cos(30 + 75) = 45cos(105°) = —11.65 W  (del)
O = 455in(105°) = 43.47 VAR (abs)

[c] P= %(150)(2) cos(—65 — 50) = 150 cos(—115°) = —63.30W  (del)
Q = 150sin(—115°) = —135.95 VAR (del)

[d] P= %(80)(10) cos(120 — 170) = 400 cos(—50°) = 257.12W  (abs)

Q = 400sin(—50°) = —306.42 VAR (del)

[a] coffee maker = 1200 W frying pan = 1196 W
microwave oven = 1450 W toaster = 1146 W
S P =4992W
4992
Theref Ig = —— =416A
erefore & 120

The breaker will not trip.

6482
[b] > P = 4992 + 860 + 630 = 6482 W;; Iy = 10 = 54.02 A

The breaker will trip because the current is greater than 20 A.

d
p = P + P cos2wt — () sin 2wt; d—f = —2wP sin 2wt — 2w cos 2wt

dp
dt

Q

=0 when —2wPsin2wt=2w@cos2wt or tan2wt= —

)
)
|
o

E + O

P Q

sin 2wt = —

TG VA

cos 2wt =
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Problems 10-7

Let 6 = tan™!(—Q/P), then p is maximum when 2wt = # and p is minimum
when 2wt = (0 + ).

P Q(-Q)
Therefore pmax = P+ P - NiZEor — NIZETor = P+ /P?%+ ()2

P Q
and pmmzP—P-m—Q- WHP:P—\/PHCP

1 (240)2
P 10.4 P=- =
0.4 [a] 5 1m0~ 00w
1 —9 x 106
—— = = -3600Q
wC  (5000)(5)
1 (240)?
= _ = — A
Q=3 (—360) 80 VAR

Pmax = P + 1/ P? + Q% = 60 + 1/(60)% + (80)% = 160 W (del)

[b] Prain = 60 — V602 + 802 = —40 W (abs)

[c] P=60W from (a)

[d] @ =—-80VAR from (a)

[e] generates, because ) < 0

[f] pf = cos(6, —6;)
240 240

T 180 T 5360
pf = cos(0 — 53.13°) = 0.6 leading

I = 0.5+ j0.67 = 0.83/53.13° A

[g] rf =sin(—53.13°) = —0.8

1
P 10.5 I, =4/0°mA; — = —j12508; jwL = 550082
JwC
5000 100080
- A

4/0" na(F F-3112500  £45000

Zeoq = 500 + [—51250||(1000 + 7500)] = 1500 — 5002
1 2 1 2
Py = —5TIPRe{Zeq} = —5(0.004)*(1500) = —12mW

The source delivers 12 mW of power to the circuit.
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10-8 CHAPTER 10. Sinusoidal Steady State Power Calculations

1 106

- — 400
jwC ~ j20,000(1.25) 7

P 10.6 jwL = j20,000(0.5 x 107%) = j109;

G+ = It
-340%)
+ 301
o_ 1 [t
6/0 A1) ¥V Ejlgg‘g 300)

Sy H

V, V,—30(V,/j10)

+ 710 + 30 — 540
1 1+73

v [ e
710~ 30 — 740

V, =100/126.87°V

V,
I = = 10/36.87° A
710
I,=6/0°—TIpn=6-8—3j6=—2—756=06.32/—108.43° A
|
Pspq = §|Io| 30 = 600 W

P 10.7 Z; = —410,000]]20,000 = 4000 — 58000 {2

Z; = 2000 — 52000 €2

Z _ 4000 —j8000 .
Z 2000 — ;2000 7

Z o
V, = —ivg; V,=1/0°V

Vo= —(3—j1)(1) = =3+ j1 = 3.16/161.57° V

P:Eﬁz——=5x10—3=5mw
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Problems 10-9

P 10.8 [a] From the solution to Problem 9.63 we have:
J400L2 40022

J18v (1) q

I, =67.5—57.5mA and I, = —22.5+ j22.5mA

YT

W
e ﬂ é 129

S sy = —%(—j18)(0.0675 +j0.0075) = —67.5 + j607.5 mVA
P_j1g3v = —67.5 mW; and Q—jisv = 607.5 mVAR
Sioy = %(12)(—0.0225 — j0.0225) = —135 — j135 mVA

Pioy = —135 mW; and Q12v = —135 mVAR

1
P_j4(](]Q = OW, and Q_j4(](]Q = —5(400)|Ia|2 = —922.5 mVAR
1
Piooq = 5(400)|Ib|2 = 202.5mW; and Qoo = 0 mVAR

1
le(](]Q = OW; and leoog = 5(100)|Ia — Ib|2 = 450 mVAR

[b] 3" Peen = 67.5 4 135 = 202.5mW = 3 Py
[c] 3 Quen = 135 +922.5 = 1057.5mVAR

3" Qubs = 607.5 + 450 = 1057.5mVAR (check)

P 10.9 [a] From the solution to Problem 9.64 we have

_j5”c|Q J200
455002
I I
75/0% v (& . : 100
100T,

In =054 j25A; and I, =j25A

1
Srsy = —5(75)(0.5 —j2.5) = —18.75 4 j93.75 VA
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10-10

P75\/ = —18.75 W; and

1
= 5(10015)(T, — 1a)°

S. dep.source

Pdop.sourco =—12.5 W, and

P_j5OQ = OW, and
PjgoQ = OW; and

1
Pioq = 5(10)|1a|2 = 31.25W; and

Pjss00 = 0, W; and

CHAPTER 10. Sinusoidal Steady State Power Calculations

Qmsv = 93.75 VAR
~12.5 — j62.5 VA

Qdop.sourco = —62.5 VAR

1
Q—js00 = —5(50)|1A|2 = —162.5 VAR
1
Qj200 = 5(20)|1a|2 = 62.5 VAR
Q100 =0 VAR

1
Q5500 = 5(550)|IA — I, = 68.75 VAR

[b] > Piev =18.75+12.5 =31.25W = Py,

[c] 3 Quev = 162.5 + 62.5 = 225 VAR

S Qubs = 93.75 + 62.5 4 68.5 = 225 VAR = 3 Quev

P 10.10 [a] line loss = 8000 — 6000 = 2000 W

line loss = |I,]?25 IL,|*> = 80
250 %, 0
gL
I
o =)
1000/0 (2 7.
Virms)
II,| = V80 A
|L,|> Ry, = 6000 Ry, =750
T,/ X1, = —8000 X1, =—100Q
Thus,
2502 1%, 02 7502
§I
a o
1000/0 ) 7
WV{rms)

&

T-j1000

1000

1Z] = /(100)2 + (X, — 100)2  |L,| =

STUDENTS-HUB.com

/10,000 + (X, — 100)2
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Problems 10-11

109
10,000 + (X, — 100)? = 0" 12,500

Solving, (X, — 100) = £50.
Thus, X, =150 or X, =500
[b] If X, = 15042

1000
97100 + 550

Sy = —1000I; = —8000 — 54000 VA

8 — j4A

Thus, the voltage source is delivering 8 kW and 4 kvars.
Qj150 = |L,|> X, = 80(150) = 12 kvars

Therefore the line reactance is absorbing 12 kvars.
Q_j100 = |L,|*X1, = 80(—100) = —8kvars

Therefore the load reactance is generating 8 kvars.

> Qgen = 12kvars = > Qabs

IfXg:E)OQ

1000
— 84 j4A
9= To0—g50 ° Y

Sy = —1000I, = —8000 + ;4000 VA

Thus, the voltage source is delivering 8 kW and absorbing 4 kvars.
Qjs0 = |I,]*(50) = 80(50) = 4 kvars

Therefore the line reactance is absorbing 4 kvars. The load continues to
deliver 8 kvars.

Z Qgen = 8kvars = Z Qabs
P 10.11 [a] Ig = 40/115 = 0.35 A
[b] I =130/115 =~ 1.13A

P 10.12 i(t) =250t 0 <t <80ms

i(t) = 100 — 1000t 80ms < ¢ < 100 ms

1 0.08 0.1

i = (| — {/ (250)2¢2 dt + (100 — 1000¢)? dt}
0.1 UJo 0.08

2f 0.08: %

0.08
/ (250242 dt = (250)
0 3 0 3
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10-12 CHAPTER 10. Sinusoidal Steady State Power Calculations
(100 — 1000¢)? = 10* — 2 x 10°t + 10%¢

0.1
/ 10* dt = 200
0

.08

0.1 0.1
2 x 10%dt = 10°* | = 360
0.08 0.08
0.1 108 , 01 488
10° / tdt = —1t*| = —
0.08 3 008 93

Loms = /10{(32/3) + 225 — 360 + (488/3)} = 11.55 A

1280

=960
(1552 0

P 10.13 P=1> R S, R=

rms

P 10.14 [a] A =40%(5) + (—40)*)(5) = 16,000
mean value = 20~ 800

Vs = v/300 = 28.28 V(rms)

V2o 800

bl p— 2ms _ S0 ogyy
[b] R 40
V2 800

= Jms O g0k
le] B=—p" =00

P 10.15 [a] Area under one cycle of v?:

A = (100)(25 x 1076) 4 400(25 x 1076) 4 400(25 x 1075) 4 100(25 x 1075)
= 1000(25 x 1079)

Mean value of vg:

B A ~1000(25 x 107°)
100 x 106 100 x 106

M.V. = 250

Vims = V250 = 15.81V (rms)

V2 250
b] P=-ms = 20 g,
[b] e S5 = 625W
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Problems 10-13

‘/212 to+T ,U2
P 10.16 Wy, = —==T; W, = = dt
TR R
‘/;12 to+T ,U2
e — / s gt
R to R
1 fto+T
V;lzc = f " 'U? dt

1 [to+T
Vie = —/ V2 dt = Vims = Vit
T Ji,

P 10.17 [a]
-375t)
+ % Il
s0/0°(D v, zs0() jsold
mh [ FmMs ) .
25()
A

Zeoq = 50||(25 — j25) = 20 — j109)
V, =0.05Z¢ =1 — j0.5 V(rms)

o

— Y% 304410 mA
25— jop — S0+ /10 mA(mms)

I

Sy = —V,I! = —(1 — j0.5)(0.05)
— —50 + j25mVA

[b] Source is delivering 50 mW.

[c] Source is absorbing 25 mVAR.

[d] Qeap = —|11]*(75) = =75 mVAR

Vol
50

Pysq = |11|%(25) = 25 mW

= 25mW

Psoq =
Qina = [I;]*(50) = 50 mVAR

Phiddle branch = 25 mW; @middle branch = 0
Pright branch = 25mW; Qright branch = —75 + 50 = =25 mVAR
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10-14 CHAPTER 10. Sinusoidal Steady State Power Calculations
[e] Z Pdol =50mW
D Puiss =25+ 25 =50mW = > Py
[£] 3" Qupe = 25+ 50 = T5mVAR = 3~ Quev

1
P 10.18 jwL =j25Q;  —— = —j75Q
JwC

w
-350%! s0f)
1 iy
150/0°v (1) I, g j25ll
1150
b= = 944 j12A
50 — 725

1 1
P = Z[L[*(50) = 5(7.2)(50) = 180W

1
Q= 5|Io|2(25) = 90 VAR
S=P+jQ =180+ j90VA
|S| = 201.25VA

P 10.19 [a] Let Vi = V,,/0°:

10 120
*—
+ — I +

= & ‘
250@ o
Virms) Vmﬂ SL

F o ‘
L

S, = 2500(0.8 + 70.6) = 2000 + 71500 VA

[ 2000 1500 2000 1500
2000 1500
250/0 =V, (— — —) 1+ 42
/0 T\ I (1+72)

250V, /0 = V2 + (2000 — j1500)(1 + j2) = V.2 + 5000 + ;2500
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Problems 10-15

250V, cos @ = V2 4 5000; 250V}, sin§ = 2500
(250)*V;2 = (V;2 + 5000)* + 2500°
62,500V,2 = V.1 4 10,000V,2 + 31.25 x 10°

or

V2 —52,500V2 4 31.25 x 10° = 0

Solving,

V2 = 26,250 + 25,647.86; Vi = 227.81V and V,, = 24.54V

If V,, = 227.81 V:

2500
nf=——— = 0044 .. =252
ST (227.81)(250) ’

Itv, =24.54 V:

2500
inf=—— " —04075 .. 0=24.05°
ST (24.54)(250) ’

[b]

227.81/0°v 250,/2.52 v

If

10.97/-36.87 &

(R=103
{2=20)

250 /24.05 v
24.54/0 v

101.88/-36.87 &
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10-16 CHAPTER 10. Sinusoidal Steady State Power Calculations

1
P 10.20 [a] — = —740¢; JjwL = 3802
JwC

400)
Adihy
% 1,
-9400) j800
— L
10 £VC>/PIQ 6000

Zoq = 40|| — 40 + j80 + 60 = 80 + j60 Q2

40/0°
U _032-j024A
9780 + 460 J
1. 1 ‘ ‘
Sy = =5 Vol; = =540(0.32 + j0.24) = =6.4 — jA.8VA

P=64W(del);  Q=4.8VAR(del)
S| =15,| =8VA

—j40 ‘
I —0.04— j0.28A
40 — j40 ¢ J

[b] I, =
1 2

Piog = 5L (40) = L6 W

1 2 W

3 Piis =16+ 48 =64W =Y Pae,

[C] I_j4OQ = Ig — Il = 0.28 + ]004A

1
Q—jaon = §|I_j409|2(—40) = —1.6 VAR (del)
1
Qjgon = §|Ig|2(80) = 6.4 VAR (abs)

3 Qb = 64— 1.6 =48VAR = 3 Quev

STUDENTS-HUB.com
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Problems 10-17

P 10.21 St = 40,800 + 530,600 VA
Sy = 20,000(0.96 — 50.28) = 19,200 — 75600 VA

Sy = St — Sy = 21,600 + 736,200 = 42,154.48/59.176° VA

rf =sin(59.176°) = 0.8587
pf = cos(59.176°) = 0.5124 lagging

P 10.22 [a] S; = 10,000 — j4000 VA
V2 (1000)2

S, — _ — 6+ j8KVA
2= T Te—js0 Y
S, + S, = 16 + j4kVA
100015 = 16,000 + j4000; .. I = 16 — j4 A(rms)

V, = VL, +I,(0.5 + j0.05) = 1000 + (16 — j4)(0.5 + j0.05)
— 1008.2 — j1.2 = 1008.2/ — 0.0682° Vrms

11
bl T===—=20

[b] 7750 ms

—-0.0682°  t

360° 20 ms’

[c] Vi leads V, by 0.0682° or 3.79 s

v
-0.06/82°7 L
v,

)

t=—-3.T9 us

P 10.23 [a]
0.1}
Ay
%Igl 15—5/00
vgl (:‘D T Sl U(EI‘IE) I3 + .
0.20 1 - . =200/ 0
T A 3 irms)
n +/ . —
vgz C) 52 150.'_0
12 W {rms )
e —
Ay
D.1%
6000 — 43000
I, = Tg = 40 — j20 A (rms)
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10-18 CHAPTER 10. Sinusoidal Steady State Power Calculations

7500 + 54500
2 150

12,000 — 59000
N 300

Igl = Il + 13 =80 — ]50A (rms)

=50 + 730 A (rms)

I; =40 — 730 A (rms)

I,=1,—I,=—-10— 550 A (rms)

Ip=T,+1; =90+ jOA

V1 = 0.11, + 150 + 0.2L, = 156 — j15 V(rms)

Vo = —0.2L, + 150 + 0.1L,5 = 161 + j10 V(rms)

Sy1 = —[(156 — j15)(80 + 550)] = —[13,230 -+ j6600] VA
Syo = —[(161 + j10)(90 + j0)] = —[14,490 + j900] VA

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

[b] Py1 = [I,1]*(0.1) = 890 W
Pys = |I,]*(0.2) = 520W
Py1 = I2]*(0.1) =810 W
> Pais = 890 + 520 + 810 + 6000 + 7500 + 12,000 = 27,720 W
> Paey = 13,230 + 14,490 = 27,720 W = > Py
3" Qabs = 3000 + 9000 = 12,000 VAR

3" Qaer = 4500 + 6600 + 900 = 12,000 VAR = 3 Qaps

P 10.24 [a]
13
—SIan
120@0(:: L,
Wirms) Il
£ 240) Ejﬁn

120@06 L,

W{rms) I2

—Ig
120IF = 4800 — 5j2400; .. I, =40 + j20 A (rms)
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P 10.25

STUDENTS-HUB.com

12017 = 4800 + 53600; o I =40 — 730 A(rms)
240 240

Iy=—+—=10—j40A

3 24+j6 0 — 740 A (rms)

I, =1 +1I3=50—-3j20A

Sq1 = —120(50 + j20) = —6000 — j2400 VA

Thus the Vg source is delivering 6 kW and 2.4 kvars.
I, =1, +1I3 =50 — j70 A(rms)

Sg2 = —120(50 + j70) = —6000 — j8400 VA

Thus the Vg, source is delivering 6 kW and 8.4 kvars.
[b] > Pien =6+6=12kW

240)?
3" Pape = 4800 + 4800 + % — 12kW =3 Pyen

3" Qe = 2400 + 8400 + 2400 = 13.2kVAR

240)2
> Qabs = 3600 + % = 13.2kVAR = 3" Qua

S1 = 1146 + 1200 + 1450 = 3796 + jO VA

3796
I, = 2"~ —3451A
T

Sy =145 4+ 630 + 1322 = 2097 + jOVA

2007
I = = =19.064A
=g P00

S3 = 512 + 4856 = 5368 + jOVA

5368
I, = 222 — 9244 A
37990

Iy =1 +I3=58.91A

Iy = I+ Is = 43.464 A

Problems

10-19

The breaker protecting the upper service conductor will trip because its feeder
current exceeds 50 A. The breaker protecting the lower service conductor will
not trip because its feeder current is less than 50 A. Thus, service to Loads 1

and 3 will be interrupted.

Uploaded By: Jibreel Bornat



10-20 CHAPTER 10. Sinusoidal Steady State Power Calculations

P 10.26
30,10

il L _:en

v LR (] i T

2501 = 6000 — 78000
'=24—332; .. I, =24+ j32 A(rms)

25015 = 9000 + 73000

I =36+ j12; S0 I =36 — 712 A(rms)
250/0° 250/0°
I3 = /—:10+j0A; I, = /_=0+]50A
25 —179

Ig :Il—|—12—|—13—|—14 = 70—|—]70A
V, = 250 + (70 4 j70)(j0.1) = 243 4 j7 = 243.1/1.65° V (rms)

P 10.27 [a] From Problem 9.78,
Zap =20+ 72725 so

75 75
I, — - = 0.9—j1.2A
T 10+ 1275+ 20 + 27.25 30 + j40 J
wM 54
L="""1 J (0.9 — j1.2) = 405 + jOmA

Zsy 1 160 + j120
V., = (60 + j20)(0.405 + j0) = 24.3 + j8.1
V.| =25.61V

[b] P,(ideal) = 75(0.9) = 67.5W
P,(practical) = 67.5 — |I;|*(10) = 45 W
Py, = |I,*(60) = 9.8415 W

841
% delivered = 9-8415

(100) = 21.87%
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Problems

P 10.28 [a] S; =3+ j0kVA; Sy =4—j3kVA;  S3=5— j6kVA

St =S5+ Sy + S5 =12 — jOkVA

300I* = (12 — j9) x 107, S IT=40+530A
300
Z=-—""—=48-75360=06/—236.87°Q
40 + j30 J [=36.87°

[b] pf = cos(—36.87°) = 0.8 leading

P 10.29 [a] From the solution to Problem 10.28 we have

I, =40+ 730 A (rms)

V, = 300/0° + (40 + j30)(0.2 + j0.05) = 306.5 + ;8
= 306.6/1.5° V (rms)

[b] |IL| = /16,000

Py =(2500)(0.2) =500W Q= (2500)(0.05) = 125 VAR

[c] Ps = 12,000 + 500 = 12.5kW Qs = —9000 + 125 = —8.875kVAR

12
[d] 7= 57 (100) = 96%

P 10.30 [a] Z; =240 + 570 = 250/16.26° Q

pf = cos(16.26°) = 0.96 lagging
rf =sin(16.26°) = 0.28
Zy = 160 — 7120 = 200/ — 36.87°
pf = cos(—36.87°) = 0.8 leading
rf = sin(—36.87°) = —0.6
Zs = 30 — 740 = 50/ — 53.13° Q
pf = cos(—53.13°) = 0.6 leading
rf = sin(—53.13°) = —0.8

[b] Y=Y +Y2+7Y3

1 1 1

V= — . . S
' 250/16.26° > 200/ — 36.87°" 87 50/ — 53.13°

Y =19.84 + j17.88m$S

10-21
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10-22 CHAPTER 10. Sinusoidal Steady State Power Calculations

7 = % = 37.44/ — 42.03° Q

pf = cos(—42.03°) = 0.74 leading
rf = sin(—42.03°) = —0.67

270/0°
P 10.31 I=———=27—-3436=45/—53.13°A
0.31 [a] 36+ 48 j / (rms)

P = (4.5)%(6) = 121.5 W

1
bl V=——— =12—416 mS
bl Y1 = 37— JEo

1

Xp=—
©7 16 x 10-3

= —62.50Q

1
Zy= - =8333Q
lel Zu = 55 g = 83383

270/0°

dI=-—"—""—_
1] 89.33 + 58

=3.01/—5.12° A

P = (3.01)*(6) = 54.37TW

4.
(] % — %(100) 4L T5%

Thus the power loss after the capacitor is added is 44.75% of the power
loss before the capacitor is added.

P 10.32
1002 450
» iy T
+ I, + \|/ L
D I
v_ 4800/0 VvV | 150kVA C==jxc
0.8 lag
.
120,000 — 590,000 .
I, = ’ ’ =25 —j18.75A
L 1500 j (rms)
4800 4800
C iXo J Xe Jic

I, = 25 — j18.75 + jlc = 25 + j(Ic — 18.75)
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Problems 1023

V, = 4800 + (10 + 55)[25 + j(Ic — 18.75)]
— (5143.75 — 51¢) + j(—62.5 + 101¢)

|V,|* = (5143.75 — 51¢)* + (—62.5 + 101¢)* = (4800)°
12512 — 52,687.51c + 3,422,070.313 = 0
Ic =341.284 A(rms) and [ = 80.2165 A (rms)*

*Select the smaller value of I¢ to minimize the magnitude of 1.

4800
Xo=— — —59.838
© 80.2165
1
C = = 44.43 uF

(59.838)(1207)

P 10.33 [a] Si = 20,000(0.85 + j0.53) = 17,000 + j10,535.65 VA
1251 = (17,000 + 510,535.65); Ij = 136 + j84.29 A (rms)
I, =136 — j84.29 A(rms)
V, = 125 + (136 — j84.29)(0.01 + j0.08) = 133.10 + j10.04
= 133.48/4.31° V(rms)
V| = 133.48 V (rms)
[b] P, = |I,)*(0.01) = (160)?(0.01) = 256 W

125)?
] U2 053565 Xo = —1.483060
Xc
Lo iass06  C= ! — 1788.59 uF
oC e ~ (1.48306)(120m)  O0OH

[d] I, =136 + j0 A(rms)

V, =125 + 136(0.01 + 50.08) = 126.36 + 5j10.88
= 126.83/4.92° V(rms)
V| = 126.83 V (rms)
[e] P, = (136)*(0.01) = 184.96 W
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1024 CHAPTER 10. Sinusoidal Steady State Power Calculations

1600
P 10.34 [a] S, = original load = 1600 +jW(O.6) = 1600 + 71200kVA

1920
Sy = final load = 1920 + jogﬁ(o‘%) — 1920 + j560kVA

Qaddea = 560 — 1200 = —640k VAR

[b] deliver
[c] Sa = added load = 320 — j640 = 715.54/ — 63.43° kVA

pf = cos(—63.43) = 0.447 leading

1 11200) x 10°
) - = 160 +;400 ) X307 _ 66,67 + j500 A

I, = 666.67 — 5500 = 833.33/ — 36.87° A(rms)

IIL,| = 833.33 A(rms)

(1920 + j560) x 10°
2400

I, = 800 — 5233.33 = 833.33/ — 16.26° A(rms)

= 800 + 5233.33

le] Ir, =

IIL,| = 833.33 A(rms)
P 10.35 [a] Poetore = Patter = (833.33)2(0.25) = 173.611 kW
[b] V,(before) = 2400 + (666.67 — 7500)(0.25 + j0.1)
= 2616.67 — j58.33 = 2617.32/ — 1.28° V(rms)
|V (before)| = 2617.32 V (rms)
V., (after) = 2400 + (800 — j233.33)(0.25 + j0.1)
— 2623.33 + j21.67 = 2623.42/0.47° V(rms)

|V (after)| = 2623.42 V (rms)

P 10.36 [a]

é“)@ rDV £100 (DV =-3100

50
Virms

50 = j10(I; — Iy) 4 510(I3 — L) + 10(I; — I3)
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Problems 1025

0= 101y + j20(Iz — I3) + j10(Iz — I;) + j10(Is — It) + j10(I2 — I5)
0= —j10I; + 10(I3 — I;) + j20(I; — L) + 510(I; — L)

Solving,

I =554 j0.5A(rms); In=34j2A(rms); I3=2+ j2A(rms)
L=1=55+0.5A L,=T — T, = 25— j1.5A
=L =3+j2A L=L-L=—1A

=T, -T;=35—j15A T=I,=2+j2A

[b]
+ ¥, -
My
100 I,
7100
e Ty Tyt el
%IjlﬂQ 0%Idj2c|£2 *
] + ) +
SDéDCD v_ 100 —leQ::vf
Virms) - -
/Ea Ie If
V,=50V Vy, = 5101, + 51014 = 15 4+ 515V

Ve=10I, =30 + j20V Vg = j20I4 + j10L, = 15 + j5V
V,=10I. =35—jI5V  V;=—j10I; =20 — j20V
S, = —50I* = —275 + j25 VA
Sy = VI = 15 + j60 VA
S, = VI = 130 + jOVA
Sy = V4l = —15— j5VA
S, = V. I* = 145 — jOVA
St = VI =0— j8OVA
[c] " Piey = 275+ 15 = 200 W
3" P = 15 + 130 + 145 = 200 W

Note that the total power absorbed by the coupled coils is zero:
15-15=0=HR + P,
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10-26 CHAPTER 10. Sinusoidal Steady State Power Calculations

[d] " Qaev =5+ 80 =85 VAR,
3" Quabs = 25+ 60 = 85 VAR

Z () absorbed by the coupled coils is Qp, + Qq = 55
P 10.37 [a]

272/0° jZDQE 180
Vi{rms) IQJ -
5140 I,

272/0° = 21, + 10, + j14(I, — I,) — j6I,
+5141, — 8T, + j20(I, — L)
0 = j20(I, — I,) — j14I, + j8I, + j4I,
+78(Iy — 1) — j6L, + 81,

Solving,
I, =20 — j4 A(rms); I, = 24/0° A(rms)
Pea = (24)*(8) = 4608 W

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

Ty = =2 — 2=

le] Zuw = 20 — jd

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

—2=11.08 + j2.62 = 11.38/13.28°

D" Piiss = 832+ 4608 = 5440 W = > Pyey
P 10.38 [a]

300 = 60I; + V; + 20(I; — I)
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0 = 20(12 - Il) ‘|— V2 —|— 4012

1
Vy=-Vy; L, =

4

Solving,
V; =260V (rms);
I, =0.25 A (rms);

—4I

Problems 1027

Vi, =65V (rms)

I, = —1.0A (rms)

V5A = V1 + 20(11 — Ig) =285V (rms)

P = —(285)(5) = —1425 W

Thus 1425 W is delivered by the current source to the circuit.
[b] IgoQ = Il - :[2 =1.25 A(I'IIIS)

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

P 10.39 |[a]

3002
M,

~3400

250V (rms ) (+

1_1’2

| = +

._r"\""v"v”\_._
|+

I, )
z J1002

(30 — j40)I; + V1 + V4 = 250

(5+ j10)Iy — V3 = 0

Vi -V,
900 300

9001, = 300(I; — L)

Solving,

V1 =150 + 5300 V(rms);

I, =5+ 350 A(rms);

Pyoo = (5)%(30) = 750 W;

Vy = —50 — 100 V(rms)

I = —10 + j0 A(rms)

and

[b] P, = —250(5/0°) = —1250 W

Psq = (10)*(5) = 500 W

> Paps = 750 + 500 = 1250 W =~ Pacy
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1028 CHAPTER 10. Sinusoidal Steady State Power Calculations

P 10.40 [a] 25a2 + 4a3 = 500
Ins = a1, Pys = a’1%(25)
I, = aol; P, = a31%(4)
Py = 4Ps; as1*4 = 100a5T?
100a? = 4a}
25a3 + 100a? = 500; ay =2
25(4) + 4a3 = 500; as = 10

2000/0°
500 + 500

125 = CllI =4A

[b] I= = 2/0° A(rms)
[c] Iy = a2 =10(2) = 20 A(rms)
V., = (20)(4) = 80/0° V(rms)

(4000)(—54000)

P 10.41 [a] Zoy = 4000
[a] Zmn = 74000+ 5501000

= 2000 + 72000 €2

7y = Zi, = 2000 — 20009

10/0°(4000)
4000 — ;4000

21 () 32kl 21 ()

% I
5/45° ) =—32k{)

Virms)

[b] Vi = =54 j5 = 5V/2/45° V

[ 5V2/45°
4000

Lo = 1.25 mA

= 1.25V/2/45° mA

Pload = (0.00125)(2000) = 3.125mW
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Problems 1029

[c] The closest resistor values from Appendix H are 1.8k(2 and 2.2k(2. Find
the capacitor value:

1 = 2000 SO C =62.5nF
000C

The closest capacitor value is 47 nF. Try R = 1.8k

5/45° |
- YT — 0.7462 + j1.06 mA
2000 + ;2000 + 1800 — j2659.57 +j1.06 mA(rms)

= 1.3/54.85° mA (rms)

Ploaa = (0.0013)*(1800) = 3.03mW (instead of 3.125 mW)

Try R =2.2kQ:

4 o
= ‘ 545 4 = 0.6925 + j0.9505 mA (rms)
2000 + 52000 + 2200 — 72659.57

= 1.176/53.92° mA (rms)

Pload = (0.001176)%(2200) = 3.04mW (instead of 3.125 mW)

Therefore, use the 2.2 k{2 resistor to give a load impedance of

71, = 2200 — §2659.57 Q.

P 10.42 [a] From Problem 9.75, Zr, = 85 + 785 and V5, = 850 + 5850 V. Thus, for
maximum power transfer, Z;, = Z3, = 85 — 785

8502 1850 850

B50+3850 /=
Virms) <'>

d
850 + 7850 ‘
2 170 i
3200
e ¢y 450 850
Ay . W»—%—wv
; —>(5+]5)A
425ég W 50 1250 T-j85Q
Virms) | I, ] ] T )

oo

425/0° = (5 + 75)I; — 720(5 + j5)

STUDENTS-HUB.com Uploaded By: Jibreel Bornat



10-30 CHAPTER 10. Sinusoidal Steady State Power Calculations

I, = % = 42.5 — j22.5A
Sy(del) = 425(42.5 + j22.5) = 18,062.5 + j9562.5 VA
P, = 18,062.5 W
[b] Poss = |Ii*(5) + |I2|*(45) = 11,562.5 + 2250 = 13,812.5 W

13,812.5
18,062.5

(100) = 76.47%

% loss in transformer =

156 — j42 — 300 N 156 — j42

Zn 200 — 7500

300 — 156 + j42
0.18 + j0.24

P 10.43 [a]

Zrh = = 400 — 5300€2

Z1, = 400 + 73002

~300/0°
[b] T= 800/0°

= 0.375/0° A(rms)

P = (0.375)%(400) = 56.25 W
[c] Let R =180 + 2209 = 400

300

_ — 95.5ml
T000n — 22-om

27(500) L = 300 SO

Use 9 series-connected 10 mH inductors to get 90 mH. Use 2

parallel-connected 10 mH inductors to get 5 mH. Use 2

parallel-connected 1 mH inductors to get 0.5 mH. Combine the 90 mH,

the 5 mH, and the 0.5 mH in series to get 95.5 mH.

P 10.44 [a] Open circuit voltage:

2510 j100 v, 10
Ly P e ? oy '
%Idj
_ +
V{rms)
100 — 5L,
Vi=5p=5—————
1 =510 =55 + 410
(25 4 j10)I5 = 100 — 5I¢
100
I,=—— =3—3A
®~ 30+ 410 J
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Problems 10-31

3
2 _(51,) = 15V

Vo —
1453
Short circuit current:
250 j100 v, 10
A OO i
%Id)
100/0°C 51 £330 L .
Virms) s
100 — 51
V, =51, = e
25+ 7510
I, =3—j1A
1
ISC=51—¢=15—j5A
15
Zmn = ———=0.9+50.3Q
™15 5 +J
Zp, = Zk, = 0.9 — j0.3Q
0.90  30.30 0.90
o * IL
15/0 C v, T-90.30
Virms) w
0.3
I = 18~ 8.33 A(rms)
P =1]*(0.9) = 62.5W
[b] VL = (0.9 —50.3)(8.33) = 7.5 — j2.5V(rms)
2503 1100 10 0.90)
i aaaatr | Ay Ay
— I — I + \L
‘ 8.33A
100/0C 54 Ej3Q v, T-30.30
Virms)
.

\Y%
I = —3L = —0.833 — j2.5 A(rms)
j
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10-32 CHAPTER 10. Sinusoidal Steady State Power Calculations

IL=1,+1I, =75—725A(rms)
Bly=T,+Vy .. I,=3-j1A

Ly, =L, — L= 45+ j1.5A

S, = —100(3 + j1) = —300 — 5100 VA

Sus. = 5(3 — j1)(—4.5 — j1.5) = —75 + jOVA
Paey = 300 + 75 = 375 W

62.5
% developed = %(100) = 16.67%

Checks:

Posq = (10)(25) = 250 W

Pig = (67.5)(1) = 67.5 W

FPogo =625W

3" Paps = 230 + 62,5+ 67.5 =375 = Y Paey
Qj10 = (10)(10) = 100 VAR

Qj3 = (6.94)(3) = 20.82 VAR

Q_jos = (69.4)(—0.3) = —20.82 VAR
Qsource = —100 VAR

> Q=100+ 20.82 — 20.82 — 100 = 0
P 10.45 ZL = |ZL|/0;O: |ZL|COSQO —l—j|ZL|SiH90

V|

Thus |I| =
\/(RTh + |Z1| cos0)? + (X + | Z1|sin )2

0.5|VTh|2|ZL|COSQ

Therefore P =
ereore (Rn + | 21| cos 0)2 + (X1, + | Z1| sin 0)2

Let D = demoninator in the expression for P, then

dP  (0.5|Vn|*cos8)(D -1 — |Z,|dD/d| Zy,|)

d| 7| D2

D
—dC|iZ i = 2(Rmn + | Z1| cos 0) cos 8 + 2(Xoy, + | Zy,|sinf) sin 6§
L
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Problems 10-33

dpP dD
=0 when D =|Z S
d|Z4| | L'<d|ZL|>

Substituting the expressions for D and (dD/d|Zy,|) into this equation gives us
the relationship R%, + X3, = |ZL|* or |Zm| = | Z0].

(200)(500 + §300)
500 + 5500

P 10.46 [a] Zrn, = 200 — 5480 + = 240 — 7320 = 400/ — 53.13° Q

7200 ‘
bl Vo, = 300/0°) = 60 + j60V
[b] Vi = =557 5300 + j200( 0% + 360V (rms)
2400 -j3z0a
%’W‘* I
I
Von ) 40002
60 + 760

= m = 37.5+ 7112.5 mA(rms) = 118.59/71.57° mA (rms)

P = (0.11859)%(400) = 5.625 W

[c] Pick the 3902 resistor from Appendix H for the closest match:

60+ 360
630 — 5320

P = (0.120084)(390) = 5.624 W

= 120.084/71.93° mA (rms)

P 10.47 [a] Open circuit voltage:

1¥,
502

iy {p————»
i 50 4 ~950 +
100/0° A
V{Eé} (:') ‘J’¢ 152 Yoy
V,—100 'V,
— + ——0.1V, =0
5 15 ¢

V4 =40 + 780 V(rms)
Vin = Vg + 0.1Ve(—j5) = V(1 — 50.5) = 80 + j60 V (rms)

Short circuit current:
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10-34 CHAPTER 10. Sinusoidal Steady State Power Calculations

1
502

iy i}
i 50+ -350
100@ |

v z ¥

rms}(:

oy
<

HE—

150

=1

\%
I, = 0.1V, + —¢5 = (0.1+j0.2)V,
~J

V,—100 V, V

— 2=
) 75 —35
V4 =100 V(rms)

I, = (0.1 + j0.2)(100) = 10 + j20 A (rms)

Vi, 80+ j60
I. 10+ 520

Ry = | Zpy| = 4470

Zth =

=4- 420

[b]
I
2 —
40 920

BO+i60 C 200

Virms)

oy

80+ 460
4+ /20 — j2

P = (11.49)*(v/20) = 590.17 W
[c]

= 7.36 + j8.82 A (rms)

Ay {} L 2 Ay
A0 —§20 a0
80+960 A .
Virms) C) j20
.
- M — 10 + 7.5 A (rms)

P = (10> +7.5%)(4) = 625 W
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Problems 10-35

d]
1Y
5C2
+ —_
Vcs 10+37 .58 (rms)
50 50 | >
iy {f iy
. %IR + >IC + 40
10070 ,
&y v, b 25+350 .
]
Virms) . j502 V (rms) j202
(I

V,—100 V, V,—(25+ 50
¢ L Ve (25 + 550)

5 75 5 =0
V4 =50+ 3525V (rms)
0.1V, =54 325V (rms)
54 2.5+ 1o = 10 + §7.5
Ic =5+ j5A (rms)
I, = % =5—4j10A (rms)
Ir=1c+1,=10—j5A (rms)
I, =1z + 0.1V, =15 — j2.5A (rms)
Sg = —1001; = —1500 — 57250 VA
100 = 5(5 + j2.5) + Vs £ 25+ 50 .. Vi =50 — j62.5V (rms)

Ses = (50 — j62.5)(5 — j2.5) = 93.75 — j437.5 VA

Thus,

S Piev = 1500

% delivered to R, = %(100) = 41.67%
’ 7 1500 o

P 10.48 [a] First find the Thévenin equivalent:
jwlL = 530000
Z1y = 6000(|12,000 + 53000 = 4000 + 53000 2

12,000

Vip = ——
™ 76000 + 12,000

(180) = 120V
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10-36 CHAPTER 10. Sinusoidal Steady State Power Calculations

J

—2 = — 100092
wC J
—
i

40000 3300002 2000Q

120v ) —jmnu@i
»
12
gy =18 — j6 mA

I= —
6000 + ;2000
1

P = 5|I|2(2000) = 360mW

[b] Set C, =0.1puF so —j/wC = —32000
Set R, as close as possible to

R, = /40002 + (3000 — 2000)? = 4123.1Q

R, = 4000

120

I—— 2 1477—j1.85mA
Ll 1= 3550+ 71000 J-eom

1
P = 5|I|2(4000) = 443.1mW

Yes; 443.1mW > 360 mW

120
dl IT= — — 15mA
d] T= 2550 =15

1

P= 5(0.015)2(4000) = 450mW
[e] R, =4000Q;  C,=66.67nF
[f] Yes; 450 mW > 443.1mW

P 10.49 [a] Set C, =0.1uF, so —j/wC = —32000€; also set R, = 4123.1(2
- 120
~8123.1 4 51000

= 14.55 — j1.79mA

1
P = 5|I|2(4123.1) = 443.18 mW

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

1 1
P10.50 [a] — =100 (=~ = 26.53 uF
2] Je ’ (60)(200) a
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Problems 10-37

[b] Vi = 4000 + (40)(1.25 + j10) = 4050 + j400
= 4069.71/5.64° V(rms)

Vaw = 4000 4 (40 — j40)(1.25 + 510) = 4450 + 5350 = 4463.73/4.50° V(rms)

4463.73

4069.71

[c] Prwo = (40v/2)%(1.25) = 4000 W
P = 40%(1.25) = 2000 W

4000
% increase = (m - 1) (100) = 100%

% increase = ( - 1) (100) = 9.68%

P 10.51 [a]
leOQ

300
5120/_ 1400) §j640 21600
{rmz) Qj Izéj

5120 = 30I; + 51001, + j40(I; — Ip) + j64(I; — Ip) + j401,

0 = 160T, + j64(T — I;) — 40T,
Solving,
I, =8 — 720 A(rms); I, = 13/0° A(rms)
V, = (13)(160) = 2080 V (rms)
[b] P = (13)?(160) = 27,040 W

[c] S, = —(5120)(8 + j20) = —40,960 — j102,400VA .. P, = —40,960 W
27,040
% delivered = 40:960(100) = 66%

P 10.52 [a] Open circuit voltage:
3000 J1006]
iy

o +
5120 /0°C 3400 Ejg’m Vo,
Virms) Iléj

5120 = 301, + j1001; + j401; + j6AL; + 5401,
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10-38 CHAPTER 10. Sinusoidal Steady State Power Calculations

5120
30 + j244

Vo = j641; + j401; = j1041; = 2149.8 + j264.32V

1= = 2.54 — j20.67 A (rms)

Short circuit current:
3 [] 9. j 10002

5120[__ 54000 §364Q
rms éj Iszj

5120 = 301, + j100I; + j40(I; — L) + j64(I; — L) + j401,

0 = j64(Is. — I;) — 7401,
Solving,

L. = 38.25 — j95.63 A
Vi, 2149.8 + j264.32

Ty = - — 5.37 + j20.33Q
T T 73825 — j95.63 +J
5.3700  j20.330 5,370
iy A L ] Al
; IL
2149.8 =-320.330}
+9264.32
W
92149.8 + j264.32
I, — +J — 200.17 + j24.61 = 201.67/7.01° A

10.74
P, = (201.67)%(5.37) = 218.4kW

Zy + j64

b| Z,1 164(1, — 1) — 7401 = I, =
[b] Z,Iy + j64(I; — 1) — j40I; =0  so 1 7104

I,

5.37 — j20.33 + j64
j104

Paey = (5120)(85.32) = 436.8kW

L = (200.17 + j24.61) = 85.32/0° A(rms)

[c] Begin by choosing the capacitor value from Appendix H that is closest to
the required reactive impedance, assuming the frequency of the source is
60 Hz:

1 1
2033 = — - C= —  _13048uF
2m(60)C 0 27(60)(20.33) K
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Problems 10-39

Choose the capacitor value closest to this capacitance from Appendix H,
which is 100 uF. Then,

1
X, =— — —26.5258Q)
b T 27(60)(100 x 10-6)

Now set Ry, as close as possible to \/R%h + (X1 + X7n)%

Ry, = /5.372 + (20.33 — 26.5258) = 8.2Q2

The closest single resistor value from Appendix H is 10€2. The resulting
real power developed by the source is calculated below, using the
Thévenin equivalent circuit:

B 2149.8 + 7264.32

© 5.37 +520.33 + 10 — j26.5258

P = [2149.8 + j264.32|(130.7) = 283.1kW (instead of 436.8 kW)

= 130.7/28.96°

P 10.53 Open circuit voltage:

150 31502
s - .
+

e
0 1180
BDA (3 ’a 33002 ] Vin
Virms)
»

30/0°

_ P _p4—j08A
15 + j30 J

1

Vin = §30I; — j181; = j12I; = 9.6 + j4.8 = 10.73/26.57°

Short circuit current:

150 Jjis2
A - .

= ‘ '18§7; )
V?Dé © '@jm AR
»

rms)
f=14

o
-

30/0° = 15L; + 530(I; — L) + j18I
0 = j15L — j18(Iec — Iy) + 530(Lee — I;) — j18I,

Solving,

I, = 1.95/ — 43.025° A
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1040 CHAPTER 10. Sinusoidal Steady State Power Calculations

9.6 + j4.8

ooy = —1.92+75.169
™ = 195/ — 43.025° tJ
9.6 + j4.8
I =2""72° _9795/26.57° A
2 3.84 [26.57°
150 3150 1.92 0
Ay Al

7‘\.

o 11502
BDé o i@ 3300 JI/ ,W/ = _45.160
Wirms) :|:2
.
30/0° = 151, + j30(I; — I,) + 5181,
I, — 30 4 51215 B 30 +j12(2.795/26.57°) _ 1A
YT o15+530 15 + 530 B
30/0°
Z, = 1/—:30+j0:30/0_°§2
P 10.54 [a]
j1oc
40 370 12602 vy 110
Aty Lty A » -
— I, ¢ * o1, 4+
120é & 150 230 Yo
Virms) ] ] _ :Isc
.

Open circuit:
120
16+ 512

Short circuit:

(16 + j12)I; — j10L, = 120

Vo (10) = 36 + j48V

—510I; + (11 + j23)Lee = 0

Solving,

L.=24A

i4
T = 272 1544200
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Problems 1041

7y, = Zi =15 — j20Q

Vg, 36448
I+ Z, 30

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

Zoly 26+ 53
jwM 4§10

I,

= 1.2+ j1.6 A(rms)

[b] I, =

(1.2 + j1.6) = 5.23/ — 30.29° A (rms)
Prranstormer = (120)(5.23) cos(—30.29°) — (5.23)%(4) = 432.8 W

60
% delivered = 72 (100) = 13.86%

P 10.55 [a] jwLi = jwLs = j(400)(625 x 107%) = 5250
JwM = j(400)(312.5 x 107*) = j125Q

41250

1250 ¥ Yy

Ay
Yo 03 L
400
sz&.nQ j25nﬂ 3750
‘ I I

400 = (125 + 5250)1, — 51251,

0 = —7125I, + (375 + 5250)I,
Solving,

I, =08—j1.2A; I, =04A
Thus,

ig = 1.44 cos(400t — 56.31°) A

i1, = 0.4 cos 400t A

b] k= M _0.3125_05
- VL., 0625

[c] When ¢ = 1.257 ms:
400t = (400)(1.257) x 107 = 0.5 rad = 90°
i,(1.257 ms) = 1.4 cos(90° — 56.31°) = 1.2 A
ir,(1.25mms) = 0.4cos(90°) = 0A

1 1 1
w = Ele'i + §ng’§ — Miyiy = 5(0.625)(1.2)2 +0—0=450mJ

STUDENTS-HUB.com Uploaded By: Jibreel Bornat



1042 CHAPTER 10. Sinusoidal Steady State Power Calculations

When ¢t = 2.5 ms:

400t = (400)(2.57) x 1072 = 7 = 180°
ig(2.5mms) = 1.44 cos(180 — 56.31°) = —0.8 A
ir,(2.5mms) = 0.4 cos(180) = —0.4 A

w— %(0.625)(0.8)2 + %(0.625)(—0.4)2 —(0.3125)(—0.8)(—0.4) = 150m.]
[d] From (a), I, =04 A,
P = %(0.4)2(375) =30W

[e] Open circuit:
400
Vo, = ———(7125) =160 + 380V
™ = 95+ ;250 V12 +J

Short circuit:
400 = (125 + 5250)I; — 71251,
0 = —7125I; 4 52501

Solving,
L. = 0.4923 — 50.7385
Vn 160 + 580 .
T T 0.4923 — j0.7385 +J
Ry, = 201.56 Q2
[£]
2562 jZDD Q
Ay »
% T
(16043800 v(2) 201.560
160 + 580

=TI 592/~ 14.87° A
226.56 + 200 =

1
P = 5(0.592)2(201.56) =35.3W
[g] Z1 = Ziy, = 25 — 52009

) ‘
] 1= 60 + 780

= 3.58/26.57°

1
P = 5(3.58)2(25) = 160 W

STUDENTS-HUB.com Uploaded By: Jibreel Bornat



Problems 1043

P 10.56 [a]
10 jeg
Wy &
o @ 4
o ] 302 ¥ a2
5440 o 3 :
Vi{rms) ,—D/ 126 |/ ,—13/ _

54 = 1) + j2(I; — Iy) + 531,
0="TL+j2(I, — I ) — j3Iy + j8Iy + j3(I; — Io)
Solving,
I, =12 — j21 A (rms); I, = —3A (rms)
V, =TI, = —21/0° V(rms)
[b] P =|L|*(7) =63W
[c] P, =(54)(12) = 648 W

63
% delivered = @(100) =9.72%

P 10.57 [a]

10 jeG
o

*

-
. 14k 70
SAO TN et S

z

54 =1y + j2(I; — Ip) + j4kI,

0="TI+ 52(I, — I;) — j4kIs + 8Ly + j4k(I; — L))
Place the equations in standard form:

54 = (14 j2)I; + j(4k — 2)1,

0=j4k —2)I + [7+ j(10 — 8k)|I,

54 —Tj(4k - 2)

I
1 (1+42)
Substituting,
j54(4k — 2)
I, =

(74 7(10 — 8k)|(1 + j2) — (4k — 2)
For V, =0,I, =0, so if 4k — 2 = 0, then k£ = 0.5.
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1044 CHAPTER 10. Sinusoidal Steady State Power Calculations

[b] When I, =0
54
I, =— =108 —j21.6 A
I 0.8 — j21.6 A(rms)
P, = (54)(10.8) = 583.2W
Check:

Bogs = |Il|2(1) = 583.2W
P 10.58 [a]

L

24070 T j!ﬁ; v ¢
Virms) | I, 120 K/ r;ﬁ} ™ I

Open circuit:
Vo, =—33L1 + 521, = —14

54
L=—"  —108—i216
LT 152 J

Vo, =—-21.6 — 510.8V

Short circuit:

54 =1 +j2(5 — Is) + j3L

0= j2(Le — In) — j3Lc + j8Lsc + j3(I1 — L)
Solving,

L. = —3.32 + j5.82

Vi, —21.6 —510.8
I. —3.32+45.82

Ry = |Zm| = 3.6Q

Zrh = = 0.2+ j3.6 = 3.6/86.86°

[b]
150 j1s0
/‘\ .
o ] €2
304°0 1) a00f ¥
v ,3 3306 ,_D/

.,_
rms)
=C
._

L ]

—21.6 — j10.8
3.8+ 53.6

I= = 4.614/163.1°
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Problems 1045

P =|1|*(3.6) = 76.6 W, which is greater than when R, = 7

N 2
P 10.59 [a] Zu, = 50 — j400 = (1 - #) 7,

2

71, = 50 — 7400) =2 — 716 Q2
[b]
500 j4008 500
i
Zqén %Il —‘
V(ms)@ W—jquug
24
I, = — =240/0°mA
' 100 [0 m
BV
N1
%IL
v
I
/]i N2 vL ZL
NI, = —NoIs

I, = —6I; = —1.44/0° A
I, =1, + I, = —1.68/0° A
VL = (2 — j16)IL = —3.36 + j26.88 = 27.1/97.13° V(rms)

P 10.60 [a] Replace the circuit to the left of the primary winding with a Thévenin
equivalent:
Vo = (15)(20][510) = 60 + j120V
Zrn =2+ 20]]710 = 6 + 58

Transfer the secondary impedance to the primary side:
Xc

1 4
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1046 CHAPTER 10. Sinusoidal Steady State Power Calculations

60 180 40
iy Ay

—I

60+31200 T_j (2./25)0

Virms)

Now maximize I by setting (X¢/25) = 8

- _025uF
200(20 x 10°) a
12
b 1= 020 o o
10
P = [T[%(4) = T20W
R,
Mo _6Q; . Ry=1500
120
[d 1= 60% —5+410A

P = [1)*(6) = 750 W

P 10.61
I I
051 2% 1.sq —>'e
.
+ +
) v 25k
ideal I ideal
V., -V,
Yo _ ZY¥oo  qp, — 500,
1 50
V, —V,/50 V,/I, 5000
1, —50I, 502 502
V V.,
N A
25 1

V,/25 /T, 'V,

251, 252 I,

V,
— =252—% = 25%(2) = 1250
I, I,

Thus I, = [145/(200 + 1250)] = 100mA (rms); since the ideal transformers are
lossless, P, = Piasoq, and the power delivered to the 12502 resistor is
(0.1)2(1250) or 12.5W.
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Problems 10-47

V,  25%(5000)

P 10.62 [a] 1 - =z - 2009, therefore a® = 15,625, a=125
b a
145 )
[b] T, = o0 =3625mA; P = (0.3625)*(200) = 26.28125W
P 10.63 [a]
50k0
A »

=
a0
[
=
P
S

Z, —>

i
-

For maximum power transfer, Z,, = 90 k(2

N. 2
Zop = (1——1> Z,

Ni\?2 90,000
1]——) =2 =995
( ]Vé) 400
N, N,
1 —— = +15; — =15+1=16
N, ’ N, +

180
180,000

[b] P = |L,]|*(90,000) = ( ) (90,000) = 90 mW

180
= R;1; = , =90V
[c] Vi = R = (90,000) (180’000>
[d]
10k 1,
P
+
z -25é & v, 280kQ 90kQ
A {rms)

V, = (2.25 x 107%)(100,000]|80,000) = 100V

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

90
% delivered = %(100) = 40%

200\ 2
P 10.64 [a] Zpy = 720 + 51500 + (E) (40 — §30) = 1360 + 71020 = 1700/36.87° Q

Zap = 17002
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1048 CHAPTER 10. Sinusoidal Steady State Power Calculations

Ty = 2L
T (14 N /N,

(14 N1 /N3)* = 6800/1700 = 4
Nl/Ng =1 or N2 = N1 = 1000 turns

255/0°

bl Vi = 20—
[b] Vo 40 + 530

(j200) = 1020/53.13° Vv
13606 710200
i,
/ o %IL
1nzn£3.13c

WVirms)

17000

Ly

~1020/53.13°
3060 + 51020

Since the transformer is ideal, Psgoo = Pi700-

P = [I]>(1700) = 170 W

I = 0.316/34.7° A(rms)

[c]
400 P TR 7200 40.26?‘0.18);&

Ay L

L ]

iy
.
[u}
255é - 13002 3150002 170002
Vi I,

rms)

955/0° = (40 + j30)I, — 200(0.26 + 50.18)
I, =4.13 — j1.80 A(rms)

Pyen = (255)(4.13) = 1053 W

Piiss = 1053 — 170 = 883 W

883
% dissipated = @(100) = 83.85%

P 10.65 [a] Open circuit voltage:

120 71,
40 10 1.1 160
Ay ’ iy —
> + + ; +
(I 41, I1 L L I,
éo 173 4
0 v, av, Vo,

4
Virms) ‘

&l

40/0° = 4(1; + I3) + 1213 + V1
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Problems 1049

L
— =I5 I, =41
1 3 1 3
Solving,
Vo, =40/0°V
Short circuit current:
M T
1z 3
402 102 1.4 1602
Ay A AR,
[u] I{:I:l-i-:I:SII Il e ¢ %l
4Dé o v, 4y,
Virms) ISc
40/0° =41, + 413 + 1, + V4
4V1 == 16(11/4) == 411, V1 = Il

40/0° = 61 + 413
Also,
40/0° = 4(1; + I3) + 1213
Solving,
I, =6A; Is =1A; L.=1/441;=25A

VY _ 40 _ 150

R —
. T 25

12
iy

a0 f° —1

i) 160

I= 35 1.25/0° A(rms)

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

[b]
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10-50

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

Priag = (—0.25)%(12) = 0.75 W

CHAPTER 10. Sinusoidal Steady State Power Calculations
iy
1o %
40 10 1:4 160
%M %;M +o .+ " ﬁ +
o | T L) ! El
Lmé - v, a¥, 160Q% 20V
Virms)
40 = 4(I; +1I3) + 1213 + 20
4V1 == 411 + 16(11/4 + 13), V1 == 211 + 413
40 =4 + 413+ I + V4
Il = 6A, 13 =—0.25 A, Il + 13 = 575/0_OA
Pygy(developed) = 40(5.75) = 230 W
% deli d 25 (100) = 10.87%
elivered = — = 10.
’ 230 !
[c] Pr, =25W; Pisa = (1.5)%*(16) = 36 W

Pio = (6)*(1) =36 W

Z Pops =25+ 364+ 132.25 436 + 0.75 = 230 W = Z Piev

P 10.66 [a] Open circuit voltage:

200 200
Ay
5000° v,
Virms) ‘
500 = 100I; + V,
Vo = 4001,
\% \%
=22 V, =2V,
1 2
I, =21,

Substitute and solve:

2V, = 4001, /2 = 2001,
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Problems 10-51

500 = 100I; + 1001, .. I, =500/200 = 2.5A

1
I, = 511 =125A

Vi =100(2.5) =250V:  Vy=2V; =500V

VTh = 2011 + V1 — V2 + 4012 = —150 V(I'IIIS)
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10-52 CHAPTER 10. Sinusoidal Steady State Power Calculations

Short circuit current:

8OO 200

I
a l[:I:l-’-:l:sg !
0 v

50
Virms) ‘

500 = 80(Is + I) + 360(Is + 0.51;)
I
2V, = 4051 + 360(I + 0.514)

500 = 80(I; 4 L) + 201, + V,

Solving,
I, =—147A
Vi,  —150
R, = = ——=1020Q
UL, —147
1020
Lyl
150 () 75V 1020
Virms) N
752
P=—=5515W
102
[b]
1020
W (75/102)é—
- 78V o+
ife! 200 _
" " 1:

04°0

I
I-(75/102) " 1 Fe
50 v,
Virms)

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

6000 L 27,000
102 102

I, = 3456 A

975 + = 80I; + 180I;
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Problems 10-53

Prource = (500)[3.456 — (75/102)] = 1360.35 W

95.15
1360.35

[c] P = 80(I; +1,)% =592.13W

% delivered =

(100) = 4.05%

Pyoq = 2017 = 238.86 W

Pjoq = 4015 = 119.43W

Piooq = 10217 = 55.15 W

Psgoa = 360(Iy + 1) = 354.73W

Z Pops = 592.13 + 238.86 + 119.43 + 55.15 4 354.73 = 1360.3 W = Z Piev

[5(44.28) + 19(15.77)]

30
P 10. = 15.63 kWh
0.67 [a] 1000
30[5(44.28) + 19(8.9)]
b = 11.72 kWh
[b] 1000
44.2 19(4.42
[c] 3005(44.28) + LMAA2)] _ g 16 1w
1000
44.2 1
) 20504428 + O)] _ ¢ 61 s
1000
Note that this is about 40 % of the amount of total power consumed in
part (a).
0[0.2(1433) + 23.8(3.08
P 1068 [a] > 02 1)00+0 B _ 105 kwn

[b] The standby power consumed in one month by the microwave oven when
in the ready state is

30[23.8(3.08)]
1000

This is (2.2/10.8) % 100 = 20.4% of the total power consumed by the
microwave in one month. Since it is not practical to unplug the
microwave when you are not using it, this is the cost associated with
having a microwave oven.

= 2.2 kWh

P 10.69 jwL; = j(27)(60)(0.25) = j94.25)

120

T=— 2 —197/—86.96° A
5+ j94.25 [= 86.96 A(rms)

P = R|I)? =5(1.27)* = 8.06 W
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10-54 CHAPTER 10. Sinusoidal Steady State Power Calculations

P 10.70 jwLy = j(27)(60)(0.25) = j94.25)

120
I=———"—  =127/—86.97° A(rms)
0.05 + j94.25

P = R|1)* =0.05(1.27)* = 81.1mW

Note that while the current supplied by the voltage source is virtually
identical to that calculated in Problem 10.69, the much smaller value of
transformer resistance results in a much smaller value of real power consumed
by the transformer.

P 10.71 An ideal transformer has no resistance, so consumes no real power. This is one
of the important characteristics of ideal transformers.
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