
Problems 9–17

[b] G = 160mS

[c] B = 120mS

[d] I = 8/0◦ A, V =
I

Y
=

8

0.2/36.87◦
= 40/−36.87◦ V

IC =
V

ZC

=
40/−36.87◦

4/−90◦
= 10/53.13◦ A

iC = 10 cos(ωt + 53.13◦)A, Im = 10A

P 9.25 [a] jωL = R‖(−j/ωC) = jωL +
−jR/ωC

R − j/ωC

jωL +
−jR

ωCR − j

jωL +
−jR(ωCR + j)

ω2C2R2 + 1

Im(Zab) = ωL − ωCR2

ω2C2R2 + 1
= 0

·. . L =
CR2

ω2C2R2 + 1

·. . ω2C2R2 + 1 =
CR2

L

·. . ω2 =
(CR2/L) − 1

C2R2
=

(25×10−9)(100)2

160×10−6 − 1

(25 × 10−9)2(100)2
= 900 × 108

ω = 300krad/s

[b] Zab(300 × 103) = j48 +
(100)(−j133.33)

100 − j133.33
= 64Ω

P 9.26 First find the admittance of the parallel branches

Yp =
1

6 − j2
+

1

4 + j12
+

1

5
+

1

j10
= 0.375 − j0.125S

Zp =
1

Yp

=
1

0.375 − j0.125
= 2.4 + j0.8Ω

Zab = −j12.8 + 2.4 + j0.8 + 13.6 = 16 − j12Ω

Yab =
1

Zab
=

1

16 − j12
= 0.04 + j0.03S

= 40 + j30mS = 50/36.87◦ mS
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9–18 CHAPTER 9. Sinusoidal Steady State Analysis

P 9.27 Zab = 1 − j8 + (2 + j4)‖(10 − j20) + (40‖j20)

= 1 − j8 + 3 + j4 + 8 + j16 = 12 + j12Ω = 16.97/45◦ Ω

P 9.28 Vg = 40/− 15◦ V; Ig = 40/− 68.13◦ mA

Z =
Vg

Ig

= 1000/53.13◦ Ω = 600 + j800Ω

Z = 600 + j

(

3.2ω − 0.4 × 106

ω

)

·. . 3.2ω − 0.4 × 106

ω
= 800

·. . ω2 − 250ω − 125,000 = 0

Solving,

ω = 500 rad/s

P 9.29
1

jωC
=

1

(1 × 10−6)(50 × 103)
= −j20Ω

jωL = j50 × 103(1.2 × 10−3) = j60Ω

Vg = 40/0◦ V

Ze = −j20 + 30‖j60 = 24 − j8Ω

Ig =
40/0◦

24 − j8
= 1.5 + j0.5mA

Vo = (30‖j60)Ig =
30(j60)

30 + j60
(1.5 + j0.5) = 30 + j30 = 42.43/45◦ V

vo = 42.43 cos(50,000t + 45◦)V
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9–24 CHAPTER 9. Sinusoidal Steady State Analysis

2(106 + 0.25ω2) = ω2 ·. . 4 × 106 = ω2

·. . ω = 2000 rad/s

[b] When ω = 2000 rad/s

Zg = 500 − j500 + (j1000‖1000) = 1000Ω

·. . Ig =
20/0◦

1000
= 20/0◦ mA

Vo = Vg − IgZ1

Z1 = 500 − j500Ω

Vo = 20/0◦ − (0.02/0◦)(500 − j500) = 10 + j10 = 14.14/45◦ V

vo = 14.14 cos(2000t + 45◦)V

P 9.39 [a] Zeq =
50,000

3
+

−j20 × 106

ω
‖(1200 + j0.2ω)

=
50,000

3
+

−j20 × 106

ω

(1200 + j0.2ω)

1200 + j[0.2ω − 20×106

ω
]

=
50,000

3
+

−j20×106

ω
(1200 + j0.2ω)

[

1200 − j
(

0.2ω − 20×106

ω

)]

12002 +
(

0.2ω − 20×106

ω

)2

Im(Zeq) = −20 × 106

ω
(1200)2 − 20 × 106

ω

[

0.2ω

(

0.2ω − 20 × 106

ω

)]

= 0

−20 × 106(1200)2 − 20 × 106

[

0.2ω

(

0.2ω − 20 × 106

ω

)]

= 0

−(1200)2 = 0.2ω

(

0.2ω − 20 × 106

ω

)

0.22ω2 − 0.2(20 × 106) − 12002 = 0

ω2 = 64 × 106 ·. . ω = 8000 rad/s

·. . f = 1273.24 Hz

[b] Zeq =
50,000

3
+ −j2500‖(1200 + j1600)

=
50,000

3
+

(−j2500)(1200 + j1600)

1200 − j900
= 20,000Ω

Ig =
30/0◦

20,000
= 1.5/0◦ mA

ig(t) = 1.5 cos 8000t mA
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9–28 CHAPTER 9. Sinusoidal Steady State Analysis

Using voltage division,

Vab =
(100 + j100)‖(−j100)

j100 + (100 + j100)‖(−j100)
(247.49/45◦) = 350/0◦

VTh = Vab = 350/0◦ V

[b] Remove the voltage source and combine impedances in parallel to find
ZTh = Zab:

Yab =
1

j100
+

1

100 + j100
+

1

−j100
= 5 − j5 mS

ZTh = Zab =
1

Yab
= 100 + j100Ω

[c]

P 9.45 Step 1 to Step 2:

240/0◦

j12
= −j20 = 20/− 90◦ A

Step 2 to Step 3:

(j12)‖36 = 3.6 + j10.8Ω

Step 3 to Step 4:

(20/− 90◦)(3.6 + j10.8) = 216 − j72 = 227.68/− 18.43◦ V
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Problems 9–29

P 9.46 Step 1 to Step 2:

(4/0◦)(50) = 200/0◦ V

Step 2 to Step 3:

50 + 30 + j60 = (80 + j60)Ω

Step 3 to Step 4:

200/0◦

(80 + j60)
= 2/− 36.87◦ A

Step 4 to Step 5:

(80 + j60‖ − j100 = 100 − j50Ω

© 2010 Pearson Education, Inc., Upper Saddle River, NJ.  All rights reserved. This publication is protected by Copyright and written permission should be 
obtained from the publisher prior to any prohibited reproduction, storage in a retrieval system, or transmission in any form or by any means, electronic, 
mechanical, photocopying, recording, or likewise. For information  regarding permission(s), write to: Rights and Permissions Department, 
Pearson Education, Inc., Upper Saddle River, NJ 07458.



9–32 CHAPTER 9. Sinusoidal Steady State Analysis

P 9.48 Open circuit voltage:

V1 − 250

20 + j10
− 0.03Vo +

V1

50 − j100
= 0

·. . Vo =
−j100

50 − j100
V1

V1

20 + j10
+

j3V1

50 − j100
+

V1

50 − j100
=

250

20 + j10

V1 = 500 − j250V; Vo = 300 − j400V = VTh

Short circuit current:

Isc =
250/0◦

70 + j10
= 3.5 − j0.5A

ZTh =
VTh

Isc
=

300 − j400

3.5 − j0.5
= 100 − j100Ω

The Thévenin equivalent circuit:
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9–40 CHAPTER 9. Sinusoidal Steady State Analysis

P 9.59 Write a KCL equation at the top node:

Vo

−j8
+

Vo − 2.4I∆

j4
+

Vo

5
− (10 + j10) = 0

The constraint equation is:

I∆ =
Vo

−j8

Solving,

Vo = j80 = 80/90◦ V

P 9.60 The circuit with the mesh currents identified is shown below:

The mesh current equations are:

−20/− 36.87◦ + j2I1 + 10(I1 − I2) = 0

50/− 106.26◦ + 10(I2 − I1) − j5I2 = 0

In standard form:

I1(10 + j2) + I2(−10) = 20/− 36.87◦

I1(−10) + I2(10 − j5) = 50/− 106.26◦

Solving on a calculator yields:

I1 = −6 + j10A; I2 = −9.6 + j10A

Thus,

Vo = 10(I1 − I2) = 36V

and

vo(t) = 36 cos 2000t V
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