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October 18, 2016

1 Problem 1

(a)

Figure 1

250I∗1 = 750 + j2500; ∴ I1 = 30− j10A(rms) (this is from S = VrmsI
∗
rms)

250I∗2 = 2800− j9600; ∴ I2 = 11.2 + j38.4A(rms)

I3 = 500/12.5 + 500/(j50) = 40− j10A(rms)

Ig1 = I1 + I3 = 70− j20A

Sg1 = 250(70 + j20) = 17500 + j5000V A

Thus the Vg1 source is delivering 17.5kW and 5000 magnetizing vars

Ig2 = I2 + I3 = 51.2 + j28.4A(rms)

Sg2 = 250(51.2− j28.4) = 12800− j7100V A

Thus the Vg2 source is delivering 12.8kW and absorbing 7100 magnetizing vars.
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(b) ∑
Pdev = 17.5 + 12.8 = 30.3kW∑
Pabs = 7500 + 2800 +

(500)2

12.5
= 30.3kW =

∑
Pdev∑

Qdev = 9600 + 5000 = 14.6kV AR∑
Qabs = 2500 + 7100 +

(500)2

50
= 14.6kV AR =

∑
Qdev

2 Problem 2

(a)

I =
465∠0circ

124 + j93
= 2.4− j1.8 = 3∠− 36.87◦A(rms)

P = 32 × 4 = 36W

(b)

YL =
1

120 + j90
= 5.33− j4 mS

∴ Xc =
1

−4× 10−3
= −250Ω

(c) ZL = 1
5.33×10−3 = 187.5Ω

(d) I = 465∠0◦
191.5+j3 = 2.4279∠− 0.9◦

P = 2.42792 × 4 = 23.58W

(e) Percentage = 23.58
36 (100) = 65.5%

Thus the power loss after the capacitor is added is 65.5% of the power loss before the
capacitor is added

3 Problem 3

(a) according to Norton’s theorem, we can regard the circuit in the box as a combination
of an ideal stable current source and a resistor whose impedance is Zth, so we will have
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Figure 2: Norton’s equivalent circuit

115.2− j86.4− 240

Zth
+

115.2− j86.4

90− j30
= 0

∴ Zth =
240− 115.2 + j86.4

1.44− j0.48
= 60 + j80Ω

∴ ZL = 60− j80Ω

(b)

I =
240∠0◦

120∠0◦
= 2∠0◦A(rms)

P = 22 × 60 = 240W

(c) Let R = 15 + 15 + 15 + 15 = 60Ω

then 1
2π(60)C = 80 so C = 33.16uF

Let C = 22uF ||10uF ||1uF = 33uF

4 Problem 10.4

(a) peak value of instantaneous power is

Zc = −j 1

ωc
= −j 1

(59)(5000)
= −360j

Zeq =
(480)(−360j)

(480− 360j)
= 172.8− 230.4j = 288∠53.13◦

I =
240∠0◦

288∠53.13◦

Pave = (VmIm) cos(θv − θi)

=
240 · 0.833

2
cos(−53.13◦)

= 60W
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Q =
240 · 0.833

2
sin(53.3◦)

= −80V AR

Pinst = 60 + 60 cos(10000t) + 80sin(10000t)

To find min and max, find where dpinst/dt = 0

dpinst
dt

= −60(10000)sin(10000t) + 80(10000) cos(10000t)

if dpinst/dt = 0, then

6× 105 sin(10000t) = 80× 10000 · cos(1000t)

sin(10000t)

cos(1000t)
=

8× 105

6× 105

tan(10000t) =
4

3

10000t = tan− 1(
−4

3
) = 53.3◦

Pinst(53.13◦) = 60 + 60 cos(53.3◦) + 80 sin(53.13◦)

Pmax = Pinst(53.13◦) = 160 W

(b) Then Pmin must occur 180◦(π) away from max

Pmin = 60 + 60 cos(53.53◦ + 180◦) + 80 sin(53.13◦ + 180◦)

= −40 W

(c) from (a) we know it is 60W
(d) -80VAR
(e) because θv−θi < 0, circuit is capacitive, so we would say circuit generates magnetizing
VARs.

5 Problem 10.13

Pave = 1280W = I2effR

R =
1280W

|Ieff |2

To find Ieff we need to calculate the RMS value of the current which has a specific
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function with time t.

Irms =

√
1

0.1s
(

∫ 0.08s

0
(

20A

0.08s
)2t2dt+

∫ 0.1s

0.08s
(100− 1000t)2dt)

=

√
625000

∫ 0.08

0
t2dt+ 100000

∫ 0.1

0.08
(1− 10t)2dt

=

√
625000× 0.083

3
+ 100000× 0.23

30

= 11.547A

Then we have R = 1280
11.5472

= 9.6Ω
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6 Problem 10.47
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