
10–6 CHAPTER 10. Sinusoidal Steady State Power Calculations

Problems

P 10.1 [a] P =
1

2
(250)(4) cos(45 + 30) = 500 cos 75◦ = 129.41W (abs)

Q = 500 sin 75◦ = 482.96 VAR (abs)

[b] P =
1

2
(18)(5) cos(30 + 75) = 45 cos(105◦) = −11.65W (del)

Q = 45 sin(105◦) = 43.47 VAR (abs)

[c] P =
1

2
(150)(2) cos(−65 − 50) = 150 cos(−115◦) = −63.39W (del)

Q = 150 sin(−115◦) = −135.95 VAR (del)

[d] P =
1

2
(80)(10) cos(120 − 170) = 400 cos(−50◦) = 257.12W (abs)

Q = 400 sin(−50◦) = −306.42 VAR (del)

P 10.2 [a] coffee maker = 1200W frying pan = 1196W

microwave oven = 1450W toaster = 1146W
∑

P = 4992W

Therefore Ieff =
4992

120
= 41.6A

The breaker will not trip.

[b]
∑

P = 4992 + 860 + 630 = 6482W; Ieff =
6482

120
= 54.02A

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

P 10.3 p = P + P cos 2ωt −Q sin 2ωt;
dp

dt
= −2ωP sin 2ωt − 2ωQ cos 2ωt

dp

dt
= 0 when − 2ωP sin 2ωt = 2ωQ cos 2ωt or tan 2ωt = −Q

P

cos 2ωt =
P√

P 2 + Q2
; sin 2ωt = − Q√

P 2 + Q2



Problems 10–7

Let θ = tan−1(−Q/P ), then p is maximum when 2ωt = θ and p is minimum
when 2ωt = (θ + π).

Therefore pmax = P + P · P√
P 2 + Q2

− Q(−Q)√
P 2 + Q2

= P +
√

P 2 + Q2

and pmin = P − P · P√
P 2 + Q2

− Q · Q√
P 2 + Q2

= P −
√

P 2 + Q2

P 10.4 [a] P =
1

2

(240)2

480
= 60W

− 1

ωC
=

−9 × 106

(5000)(5)
= −360Ω

Q =
1

2

(240)2

(−360)
= −80VAR

pmax = P +
√

P 2 + Q2 = 60 +
√

(60)2 + (80)2 = 160W (del)

[b] pmin = 60 −
√

602 + 802 = −40W (abs)

[c] P = 60W from (a)

[d] Q = −80VAR from (a)

[e] generates, because Q < 0

[f ] pf = cos(θv − θi)

I =
240

480
+

240

−j360
= 0.5 + j0.67 = 0.83/53.13◦ A

·. . pf = cos(0 − 53.13◦) = 0.6 leading

[g] rf = sin(−53.13◦) = −0.8

P 10.5 Ig = 4/0◦ mA;
1

jωC
= −j1250Ω; jωL = j500Ω

Zeq = 500 + [−j1250‖(1000 + j500)] = 1500 − j500Ω

Pg = −1

2
|I |2Re{Zeq} = −1

2
(0.004)2(1500) = −12mW

The source delivers 12 mW of power to the circuit.
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P 10.6 jωL = j20,000(0.5 × 10−3) = j10Ω;
1

jωC
=

106

j20,000(1.25)
= −j40Ω

−6 +
Vo

j10
+

Vo − 30(Vo/j10)

30 − j40
= 0

·. . Vo

[

1

j10
+

1 + j3

30 − j40

]

= 6

·. . Vo = 100/126.87◦ V

·. . I∆ =
Vo

j10
= 10/36.87◦ A

Io = 6/0◦ − I∆ = 6 − 8 − j6 = −2 − j6 = 6.32/− 108.43◦ A

P30Ω =
1

2
|Io|230 = 600W

P 10.7 Zf = −j10,000‖20,000 = 4000 − j8000Ω

Zi = 2000 − j2000Ω

·. .
Zf

Zi

=
4000 − j8000

2000 − j2000
= 3 − j1

Vo = −Zf

Zi

Vg; Vg = 1/0◦ V

Vo = −(3 − j1)(1) = −3 + j1 = 3.16/161.57◦ V

P =
1

2

V 2
m

R
=

1

2

(10)

1000
= 5 × 10−3 = 5mW



Problems 10–13

P 10.16 Wdc =
V 2

dc

R
T ; Ws =

∫ to+T

to

v2
s

R
dt

·. .
V 2

dc

R
T =

∫ to+T

to

v2
s

R
dt

V 2
dc =

1

T

∫ to+T

to

v2
s dt

Vdc =

√

1

T

∫ to+T

to

v2
s dt = Vrms = Veff

P 10.17 [a]

Zeq = 50‖(25 − j25) = 20 − j10Ω

·. . Vo = 0.05Zeq = 1 − j0.5 V(rms)

I1 =
Vo

25 − j25
= 30 + j10 mA(rms)

Sg = −VgI
∗

g = −(1 − j0.5)(0.05)

= −50 + j25mVA

[b] Source is delivering 50mW.

[c] Source is absorbing 25 mVAR.

[d] Qcap = −|I1|2(75) = −75 mVAR

P50Ω =
|Vo|2
50

= 25mW

P25Ω = |I1|2(25) = 25mW

Qind = |I1|2(50) = 50 mVAR

Pmiddle branch = 25mW; Qmiddle branch = 0

Pright branch = 25mW; Qright branch = −75 + 50 = −25 mVAR
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[e]
∑

Pdel = 50mW

∑

Pdiss = 25 + 25 = 50mW =
∑

Pdel

[f ]
∑

Qabs = 25 + 50 = 75mVAR =
∑

Qdev

P 10.18 jωL = j25Ω;
1

jωC
= −j75Ω

Io =
j150

50 − j25
= 2.4 + j1.2A

P =
1

2
|Io|2(50) =

1

2
(7.2)(50) = 180W

Q =
1

2
|Io|2(25) = 90VAR

S = P + jQ = 180 + j90VA

|S| = 201.25VA

P 10.19 [a] Let VL = Vm/0◦:

SL = 2500(0.8 + j0.6) = 2000 + j1500VA

I∗` =
2000

Vm

+ j
1500

Vm

; I` =
2000

Vm

− j
1500

Vm

250/θ = Vm +
(

2000

Vm

− j
1500

Vm

)

(1 + j2)

250Vm/θ = V 2
m + (2000 − j1500)(1 + j2) = V 2

m + 5000 + j2500



Problems 10–17

P 10.21 ST = 40,800 + j30,600VA

S1 = 20,000(0.96 − j0.28) = 19,200 − j5600VA

S2 = ST − S1 = 21,600 + j36,200 = 42,154.48/59.176◦ VA

rf = sin(59.176◦) = 0.8587

pf = cos(59.176◦) = 0.5124 lagging

P 10.22 [a] S1 = 10,000 − j4000VA

S2 =
|VL|2
Z∗

2

=
(1000)2

60 − j80
= 6 + j8 kVA

S1 + S2 = 16 + j4 kVA

1000I∗L = 16,000 + j4000; ·. . IL = 16 − j4A(rms)

Vg = VL + IL(0.5 + j0.05) = 1000 + (16 − j4)(0.5 + j0.05)

= 1008.2 − j1.2 = 1008.2/− 0.0682◦ Vrms

[b] T =
1

f
=

1

50
= 20ms

−0.0682◦

360◦
=

t

20 ms
; ·. . t = −3.79µs

[c] VL leads Vg by 0.0682◦ or 3.79µs

P 10.23 [a]

I1 =
6000 − j3000

150
= 40 − j20A (rms)
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P 10.26

250I∗1 = 6000 − j8000

I∗1 = 24 − j32; ·. . I1 = 24 + j32A(rms)

250I∗2 = 9000 + j3000

I∗2 = 36 + j12; ·. . I2 = 36 − j12A(rms)

I3 =
250/0◦

25
= 10 + j0A; I4 =

250/0◦

−j5
= 0 + j50A

Ig = I1 + I2 + I3 + I4 = 70 + j70A

Vg = 250 + (70 + j70)(j0.1) = 243 + j7 = 243.1/1.65◦ V (rms)

P 10.27 [a] From Problem 9.78,

Zab = 20 + j27.25 so

I1 =
75

10 + j12.75 + 20 + 27.25
=

75

30 + j40
= 0.9 − j1.2A

I2 =
jωM

Z22

I1 =
j54

160 + j120
(0.9 − j1.2) = 405 + j0mA

VL = (60 + j20)(0.405 + j0) = 24.3 + j8.1

|VL| = 25.61V

[b] Pg(ideal) = 75(0.9) = 67.5W

Pg(practical) = 67.5 − |I1|2(10) = 45W

PL = |I2|2(60) = 9.8415W

% delivered =
9.8415

45
(100) = 21.87%
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Z =
1

Y
= 37.44/− 42.03◦ Ω

pf = cos(−42.03◦) = 0.74 leading

rf = sin(−42.03◦) = −0.67

P 10.31 [a] I =
270/0◦

36 + j48
= 2.7 − j3.6 = 4.5/− 53.13◦ A(rms)

P = (4.5)2(6) = 121.5W

[b] YL =
1

30 + j40
= 12 − j16 mS

·. . XC =
1

−16 × 10−3
= −62.5Ω

[c] ZL =
1

12 × 10−3
= 83.33Ω

[d] I =
270/0◦

89.33 + j8
= 3.01/− 5.12◦ A

P = (3.01)2(6) = 54.37W

[e] % =
54.37

121.5
(100) = 44.75%

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

P 10.32

IL =
120,000 − j90,000

4800
= 25 − j18.75A (rms)

IC =
4800

jXC

= −j
4800

XC

= jIC

I` = 25 − j18.75 + jIC = 25 + j(IC − 18.75)
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P 10.34 [a] So = original load = 1600 + j
1600

0.8
(0.6) = 1600 + j1200 kVA

Sf = final load = 1920 + j
1920

0.96
(0.28) = 1920 + j560 kVA

·. . Qadded = 560 − 1200 = −640 kVAR

[b] deliver

[c] Sa = added load = 320 − j640 = 715.54/− 63.43◦ kVA

pf = cos(−63.43) = 0.447 leading

[d] I∗L =
(1600 + j1200) × 103

2400
= 666.67 + j500A

IL = 666.67 − j500 = 833.33/− 36.87◦ A(rms)

|IL| = 833.33A(rms)

[e] I∗L =
(1920 + j560) × 103

2400
= 800 + j233.33

IL = 800 − j233.33 = 833.33/− 16.26◦ A(rms)

|IL| = 833.33A(rms)

P 10.35 [a] Pbefore = Pafter = (833.33)2(0.25) = 173.611 kW

[b] Vs(before) = 2400 + (666.67 − j500)(0.25 + j0.1)

= 2616.67 − j58.33 = 2617.32/− 1.28◦ V(rms)

|Vs(before)| = 2617.32V(rms)

Vs(after) = 2400 + (800 − j233.33)(0.25 + j0.1)

= 2623.33 + j21.67 = 2623.42/0.47◦ V(rms)

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

P 10.36 [a]

50 = j10(I1 − I2) + j10(I3 − I2) + 10(I1 − I3)



Problems 10–25

0 = 10I2 + j20(I2 − I3) + j10(I2 − I1) + j10(I2 − I1) + j10(I2 − I3)

0 = −j10I3 + 10(I3 − I1) + j20(I3 − I2) + j10(I1 − I2)

Solving,

I1 = 5.5 + j0.5A(rms); I2 = 3 + j2A(rms); I3 = 2 + j2A(rms)

Ia = I1 = 5.5 + j0.5A Ib = I1 − I2 = 2.5 − j1.5A

Ic = I2 = 3 + j2A Id = I3 − I2 = −1A

Ie = I1 − I3 = 3.5 − j1.5A If = I3 = 2 + j2A

[b]

Va = 50V Vb = j10Ib + j10Id = 15 + j15V

Vc = 10Ic = 30 + j20V Vd = j20Id + j10Ib = 15 + j5V

Ve = 10Ie = 35 − j15V Vf = −j10If = 20 − j20V

Sa = −50I∗a = −275 + j25VA

Sb = VbI
∗

b = 15 + j60VA

Sc = VcI
∗

c = 130 + j0VA

Sd = VdI
∗

d = −15 − j5VA

Se = VeI
∗

e = 145 − j0VA

Sf = VfI
∗

f = 0 − j80VA

[c]
∑

Pdev = 275 + 15 = 290W

∑

Pabs = 15 + 130 + 145 = 290W

Note that the total power absorbed by the coupled coils is zero:
15 − 15 = 0 = Pb + Pd
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[d]
∑

Qdev = 5 + 80 = 85VAR

∑

Qabs = 25 + 60 = 85VAR

∑

Q absorbed by the coupled coils is Qb + Qd = 55

P 10.37 [a]

272/0◦ = 2Ig + j10Ig + j14(Ig − I2) − j6I2

+j14Ig − j8I2 + j20(Ig − I2)

0 = j20(I2 − Ig) − j14Ig + j8I2 + j4I2

+j8(I2 − Ig) − j6Ig + 8I2

Solving,

Ig = 20 − j4A(rms); I2 = 24/0◦ A(rms)

P8Ω = (24)2(8) = 4608W

[b] Pg(developed) = (272)(20) = 5440W

[c] Zab =
Vg

Ig

− 2 =
272

20 − j4
− 2 = 11.08 + j2.62 = 11.38/13.28◦ Ω

[d] P2Ω = |Ig|2(2) = 832W
∑

Pdiss = 832 + 4608 = 5440W =
∑

Pdev

P 10.38 [a]

300 = 60I1 + V1 + 20(I1 − I2)
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[d]
∑

Qdev = 5 + 80 = 85VAR

∑

Qabs = 25 + 60 = 85VAR

∑

Q absorbed by the coupled coils is Qb + Qd = 55

P 10.37 [a]

272/0◦ = 2Ig + j10Ig + j14(Ig − I2) − j6I2

+j14Ig − j8I2 + j20(Ig − I2)

0 = j20(I2 − Ig) − j14Ig + j8I2 + j4I2

+j8(I2 − Ig) − j6Ig + 8I2

Solving,

Ig = 20 − j4A(rms); I2 = 24/0◦ A(rms)

P8Ω = (24)2(8) = 4608W

[b] Pg(developed) = (272)(20) = 5440W

[c] Zab =
Vg

Ig

− 2 =
272

20 − j4
− 2 = 11.08 + j2.62 = 11.38/13.28◦ Ω

[d] P2Ω = |Ig|2(2) = 832W
∑

Pdiss = 832 + 4608 = 5440W =
∑

Pdev

P 10.38 [a]

300 = 60I1 + V1 + 20(I1 − I2)



Problems 10–27

0 = 20(I2 − I1) + V2 + 40I2

V2 =
1

4
V1; I2 = −4I1

Solving,

V1 = 260V (rms); V2 = 65V (rms)

I1 = 0.25A (rms); I2 = −1.0A (rms)

V5A = V1 + 20(I1 − I2) = 285V (rms)

·. . P = −(285)(5) = −1425W

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

[b] I20Ω = I1 − I2 = 1.25A(rms)

·. . P20Ω = (1.25)2(20) = 31.25W

P 10.39 [a]

(30 − j40)I1 + V1 + V2 = 250

(5 + j10)I2 − V2 = 0

V1

900
=

−V2

300

900I1 = 300(I1 − I2)

Solving,

V1 = 150 + j300 V(rms); V2 = −50 − j100 V(rms)

I1 = 5 + j0 A(rms); I2 = −10 + j0 A(rms)

P30Ω = (5)2(30) = 750W; and P5Ω = (10)2(5) = 500W

[b] Pg = −250(5/0◦) = −1250W
∑

Pabs = 750 + 500 = 1250W =
∑

Pdev
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P 10.40 [a] 25a2
1 + 4a2

2 = 500

I25 = a1I; P25 = a2
1I

2(25)

I4 = a2I; P4 = a2
2I

2(4)

P4 = 4P25; a2
2I

24 = 100a2
1I

2

·. . 100a2
1 = 4a2

2

25a2
1 + 100a2

1 = 500; a1 = 2

25(4) + 4a2
2 = 500; a2 = 10

[b] I =
2000/0◦

500 + 500
= 2/0◦ A(rms)

I25 = a1I = 4A

P25Ω = (16)(25) = 400W

[c] I4 = a2I = 10(2) = 20A(rms)

V4 = (20)(4) = 80/0◦ V(rms)

P 10.41 [a] ZTh = j4000 +
(4000)(−j4000)

4000 − j4000
= 2000 + j2000Ω

·. . ZL = Z∗

Th = 2000 − j2000Ω

[b] VTh =
10/0◦(4000)

4000 − j4000
= 5 + j5 = 5

√
2/45◦ V

I =
5
√

2/45◦

4000
= 1.25

√
2/45◦ mA

|Irms| = 1.25mA

Pload = (0.00125)2(2000) = 3.125mW



Problems 10–29

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

1

8000C
= 2000 so C = 62.5nF

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

I =
5/45◦

2000 + j2000 + 1800 − j2659.57
= 0.7462 + j1.06 mA(rms)

= 1.3/54.85◦ mA(rms)

Pload = (0.0013)2(1800) = 3.03mW (instead of 3.125 mW)

Try R = 2.2 kΩ:

I =
5/45◦

2000 + j2000 + 2200 − j2659.57
= 0.6925 + j0.9505 mA(rms)

= 1.176/53.92◦ mA(rms)

Pload = (0.001176)2(2200) = 3.04mW (instead of 3.125 mW)

Therefore, use the 2.2 kΩ resistor to give a load impedance of

ZL = 2200 − j2659.57Ω.

P 10.42 [a] From Problem 9.75, ZTh = 85 + j85Ω and VTh = 850 + j850V. Thus, for
maximum power transfer, ZL = Z∗

Th = 85 − j85Ω:

I2 =
850 + j850

170
= 5 + j5A

425/0◦ = (5 + j5)I1 − j20(5 + j5)
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·. . I1 =
325 + j100

5 + j5
= 42.5 − j22.5A

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

Pg = 18,062.5W

[b] Ploss = |I1|2(5) + |I2|2(45) = 11,562.5 + 2250 = 13,812.5W

% loss in transformer =
13,812.5

18,062.5
(100) = 76.47%

P 10.43 [a]
156 − j42 − 300

ZTh

+
156 − j42

200 − j500
= 0

·. . ZTh =
300 − 156 + j42

0.18 + j0.24
= 400 − j300Ω

·. . ZL = 400 + j300Ω

[b] I =
300/0◦

800/0◦
= 0.375/0◦ A(rms)

P = (0.375)2(400) = 56.25W

[c] Let R = 180Ω + 220Ω = 400Ω

2π(500)L = 300 so L =
300

1000π
= 95.5mH

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:

V1 = 5Iφ = 5
100 − 5Iφ

25 + j10

(25 + j10)Iφ = 100 − 5Iφ

Iφ =
100

30 + j10
= 3 − j A



Problems 10–31

VTh =
j3

1 + j3
(5Iφ) = 15V

Short circuit current:

V2 = 5Iφ =
100 − 5Iφ

25 + j10

Iφ = 3 − j1A

Isc =
5Iφ

1
= 15 − j5A

ZTh =
15

15 − j5
= 0.9 + j0.3Ω

ZL = Z∗

Th = 0.9 − j0.3Ω

IL =
0.3

1.8
= 8.33A(rms)

P = |IL|2(0.9) = 62.5W

[b] VL = (0.9 − j0.3)(8.33) = 7.5 − j2.5V(rms)

I1 =
VL

j3
= −0.833 − j2.5A(rms)
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I2 = I1 + IL = 7.5 − j2.5A(rms)

5Iφ = I2 + VL
·. . Iφ = 3 − j1A

Id.s. = Iφ − I2 = −4.5 + j1.5A

Sg = −100(3 + j1) = −300 − j100VA

Sd.s. = 5(3 − j1)(−4.5 − j1.5) = −75 + j0VA

Pdev = 300 + 75 = 375W

% developed =
62.5

375
(100) = 16.67%

Checks:

P25Ω = (10)(25) = 250W

P1Ω = (67.5)(1) = 67.5W

P0.9Ω = 62.5W
∑

Pabs = 230 + 62.5 + 67.5 = 375 =
∑

Pdev

Qj10 = (10)(10) = 100VAR

Qj3 = (6.94)(3) = 20.82VAR

Q−j0.3 = (69.4)(−0.3) = −20.82VAR

Qsource = −100VAR
∑

Q = 100 + 20.82 − 20.82 − 100 = 0

P 10.45 ZL = |ZL|/θ◦ = |ZL| cos θ◦ + j|ZL| sin θ◦

Thus |I| =
|VTh|

√

(RTh + |ZL| cos θ)2 + (XTh + |ZL| sin θ)2

Therefore P =
0.5|VTh|2|ZL| cos θ

(RTh + |ZL| cos θ)2 + (XTh + |ZL| sin θ)2

Let D = demoninator in the expression for P, then

dP

d|ZL|
=

(0.5|VTh|2 cos θ)(D · 1 − |ZL|dD/d|ZL|)
D2

dD

d|ZL|
= 2(RTh + |ZL| cos θ) cos θ + 2(XTh + |ZL| sin θ) sin θ


