
Chapter 9, Solution 1. 
 
 

(a)  angular frequency  ω  =  103 rad/s 
 

(b)  frequency  f  = 
π
ω
2

 =  159.2 Hz 

 

(c)  period   T  = 
f

 =  
1

6.283 ms 

 
(d)  Since sin(A)  =  cos(A – 90°), 

vs  =  12 sin(103t + 24°)  =  12 cos(103t + 24° – 90°) 
vs in cosine form is vs  =  12 cos(103t – 66°) V 

 
(e)  vs(2.5 ms)  = 12  )24)105.2)(10sin(( 3-3 °+×

=  12 sin(2.5 + 24°)  =  12 sin(143.24° + 24°) 
=  2.65 V 

 
 
Chapter 9, Solution 2. 
 
 

(a) amplitude  =  8 A 
 
(b) ω  =  500π  =  1570.8 rad/s 
 

(c) f  = 
π
ω
2

 =  250 Hz 

 
(d) Is  =  8∠-25° A 

Is(2 ms)  =  )25)102)(500cos((8 3- °−×π
=  8 cos(π − 25°)  =  8 cos(155°) 
=  -7.25 A 

 
 
Chapter 9, Solution 3. 
 
 

(a) 4 sin(ωt – 30°)  =  4 cos(ωt – 30° – 90°)  =  4 cos(ωt – 120°) 
 
(b) -2 sin(6t)  =  2 cos(6t + 90°) 
 
(c) -10 sin(ωt + 20°)  =  10 cos(ωt + 20° + 90°)  =  10 cos(ωt + 110°) 



Chapter 9, Solution 4. 
 

(a) v  =  8 cos(7t + 15°)  =  8 sin(7t + 15° + 90°)  =  8 sin(7t + 105°) 
 
(b) i  =  -10 sin(3t – 85°)  =  10 cos(3t – 85° + 90°)  =  10 cos(3t + 5°) 

 
 
Chapter 9, Solution 5. 
 
 v1  =  20 sin(ωt + 60°)  =  20 cos(ωt + 60° − 90°)  =  20 cos(ωt − 30°) 
 v2  =  60 cos(ωt − 10°) 

 
This indicates that the phase angle between the two signals is 20° and that v1 lags 
v2. 

 
 
Chapter 9, Solution 6. 
 

(a) v(t)  =  10 cos(4t – 60°) 
i(t)  =  4 sin(4t + 50°)  =  4 cos(4t + 50° – 90°)  =  4 cos(4t – 40°) 
Thus, i(t) leads v(t) by 20°. 

 
(b) v1(t)  =  4 cos(377t + 10°) 

v2(t)  =  -20 cos(377t)  =  20 cos(377t + 180°) 
Thus, v2(t) leads v1(t) by 170°. 

 
(c) x(t)  =  13 cos(2t) + 5 sin(2t)  =  13 cos(2t) + 5 cos(2t – 90°) 

X  =  13∠0° + 5∠-90°  =  13 – j5  =  13.928∠-21.04° 
x(t)  =  13.928 cos(2t – 21.04°) 
y(t)  =  15 cos(2t – 11.8°) 
phase difference  =  -11.8° + 21.04°  =  9.24° 
Thus, y(t) leads x(t) by 9.24°. 

 
 
Chapter 9, Solution 7. 
 
 
 If f(φ)  =  cosφ + j sinφ, 
 

)(fj)sinj(cosjcosj-sin
d
df

φ=φ+φ=φ+φ=
φ

 

 

φ= dj
f
df

 

 



Integrating both sides 
 
ln f  =  jφ + ln A 
 
f  =  Aejφ  =  cosφ + j sinφ 
 
f(0)  =  A  =  1 
 
i.e.  f(φ)  =  ejφ  =  cosφ + j sinφ 

 
 
Chapter 9, Solution 8. 
 
   

(a) 
4j3

4515
−

°∠
+ j2  =  

°∠
°∠

53.13-5
4515

+ j2 

    =  3∠98.13° + j2 
    =  -0.4245 + j2.97 + j2 
    =  -0.4243 + j4.97 

 
(b) (2 + j)(3 – j4)  =  6 – j8 + j3 + 4  =  10 – j5  =  11.18∠-26.57° 

j4)-j)(3(2
20-8

+
°∠

+
j125-

10
+

 =  
°∠

°∠
26.57-11.18
20-8

+
14425

)10)(12j5-(
+

−
 

           =  0.7156∠6.57° − 0.2958 
− j0.71 

           =  0.7109 + j0.08188 − 
0.2958 − j0.71 

           =   0.4151 − j0.6281 
 
(c) 10 + (8∠50°)(13∠-68.38°)  =  10+104∠-17.38° 

   =  109.25 – j31.07 
 
 
Chapter 9, Solution 9. 
 
   

(a) 2 +
8j5
4j3

−
+

 =  2 +
6425

)8j5)(4j3(
+

++
 

     =  2 +
89

3220j24j15 −++
 

     =  1.809 + j0.4944 
 

(b) 4∠-10° +
°∠

−
63
2j1

 =  4∠-10° +
°∠

°∠
63
63.43-236.2

 



   =  4∠-10° + 0.7453∠-69.43° 
   = 3.939 – j0.6946 + 0.2619 – j0.6978 
   =  4.201 – j1.392 

 

(c) 
°∠−°∠
°∠+°∠

504809
20-6108

 = 
064.3j571.2863.8j5628.1
052.2j638.53892.1j879.7

−−+
−++

 

= 
799.5j0083.1

6629.0j517.13
+−

−
 = 

°∠
°∠

86.99886.5
81.2-533.13

 

=  2.299∠-102.67° 
=  -0.5043 – j2.243 

 
 
Chapter 9, Solution 10.  
 

 
(a)  z 9282.64z   and  ,566.8z   ,86 321 jjj −−=−=−=  

93.1966.10321 jzzz −=++  
 

(b)  499.7999.9
3

21 j
z
zz

+=  

 
 
Chapter 9, Solution 11. 
 
   

(a)  =  (-3 + j4)(12 + j5) 21zz
   =  -36 – j15 + j48 – 20 
   =  -56 + j33 

 

(b) ∗
2

1

z
z

 = 
5j12
4j3-

−
+

 = 
25144

)5j12)(4j3(-
+

++
 =  -0.3314 + j0.1953 

 
(c)  =  (-3 + j4) + (12 + j5)  =  9 + j9 21 zz +

21 zz −  =  (-3 + j4) – (12 + j5)  =  -15 – j 

21

21

zz
zz

−
+

 = 
)j15(-
)j1(9

+
+

 = 22 115
j)-15)(j1(9-

−
+

 = 
226

)14j16(9- +
 

    =  -0.6372 – j0.5575 
 
 
 



Chapter 9, Solution 12. 
 
   

(a)  =  (-3 + j4)(12 + j5) 21zz
   =  -36 – j15 + j48 – 20 
   =  -56 + j33 

 

(b) ∗
2

1

z
z

 = 
5j12
4j3-

−
+

 = 
25144

)5j12)(4j3(-
+

++
 =  -0.3314 + j0.1953 

 
(c)  =  (-3 + j4) + (12 + j5)  =  9 + j9 21 zz +

21 zz −  =  (-3 + j4) – (12 + j5)  =  -15 – j 

21

21

zz
zz

−
+

 = 
)j15(-
)j1(9

+
+

 = 22 115
j)-15)(j1(9-

−
+

 = 
226

)14j16(9- +
 

    =  -0.6372 – j0.5575 
 
 
Chapter 9, Solution 13.  
 

 
(a)  1520.02749.1)2534.08425.0()4054.04324.0 jjj( +−=−−++−  
 

(b)  0833.2
15024

3050
−=

∠
−∠

o

o

 

 
(c) (2+j3)(8-j5) –(-4) = 35 +j14 

 
 
Chapter 9, Solution 14.  
 

(a)  5116.05751.0
1115

143 j
j
j

+−=
+−

−  

 

(b)  55.11922.1
7.213406.246

9.694424186
)5983.1096.16)(8467(

)8060)(8056.13882.231116.62( j
jjj

jjj
−−=

+
−

=
++

−−++  

 
(c)  ( ) 89.2004.256)120260(42 2 jjj −−=−+−  
 
 



Chapter 9, Solution 15. 
 

(a) 
j1-5-
3j26j10

+
−+

 =  -10 – j6 + j10 – 6 + 10 – j15 

    =  -6 – j11 
 

(b) 
°∠°∠
°∠°−∠

453016
10-4-3020

 =  60∠15° + 64∠-10° 

=  57.96 + j15.529 + 63.03 – j11.114 
=  120.99 – j4.415 

 

(c) 

j1j
0jj1

j1j1
j1j

0jj1

−
−−

+
−

−−

   = 1  )j1(j)j1(j0101 22 ++−+−−++

= 1 )j1j1(1 ++−−  
= 1 – 2  =  -1 

 
 
Chapter 9, Solution 16. 
 

(a) -10 cos(4t + 75°)  =  10 cos(4t + 75° − 180°) 
     =  10 cos(4t − 105°) 

The phasor form is 10∠-105° 
 
(b) 5 sin(20t – 10°)  =  5 cos(20t – 10° – 90°) 

   =  5 cos(20t – 100°) 
The phasor form is 5∠-100° 

 
(c) 4 cos(2t) + 3 sin(2t)  =  4 cos(2t) + 3 cos(2t – 90°) 

The phasor form is 4∠0° + 3∠-90°  =  4 – j3  =  5∠-36.87° 
 
 
 
Chapter 9, Solution 17. 
 
 

(a) Let A  =  8∠-30° + 6∠0° 
     =  12.928 – j4 
     =  13.533∠-17.19° 

a(t)  =  13.533 cos(5t + 342.81°) 
 



(b) We know that -sinα  =  cos(α + 90°). 
Let B  =  20∠45° + 30∠(20° + 90°) 

     =  14.142 + j14.142 – 10.261 + j28.19 
     =  3.881 + j42.33 
     =  42.51∠84.76° 

b(t)  =  42.51 cos(120πt + 84.76°) 
 
(c) Let C  =  4∠-90° + 3∠(-10° – 90°) 

     =  -j4 – 0.5209 – j2.954 
     =  6.974∠265.72° 

c(t)  =  6.974 cos(8t + 265.72°) 
 
 
Chapter 9, Solution 18. 
 

(a)  =  )t(v1 60 cos(t + 15°) 
 
(b)  =  6 + j8  =  10∠53.13° 2V

)t(v2  =  10 cos(40t + 53.13°) 
 
(c)  =  )t(i1 2.8 cos(377t – π/3) 
 
(d)  =  -0.5 – j1.2  =  1.3∠247.4° 2I

)t(i 2  =  1.3 cos(103t + 247.4°) 
 
Chapter 9, Solution 19. 
 

(a) 3∠10° − 5∠-30°  =  2.954 + j0.5209 – 4.33 + j2.5 
     =  -1.376 + j3.021 
     =  3.32∠114.49° 

Therefore, 3 cos(20t + 10°) – 5 cos(20t – 30°)  =  3.32 cos(20t + 
114.49°) 

 
(b) 4∠-90° + 3∠-45°  =  -j40 + 21.21 – j21.21 

=  21.21 – j61.21 
=  64.78∠-70.89° 

Therefore, 40 sin(50t) + 30 cos(50t – 45°)  =  64.78 cos(50t – 70.89°) 
 
(c) Using sinα  =  cos(α − 90°), 

20∠-90° + 10∠60° − 5∠-110°  =  -j20 + 5 + j8.66 + 1.7101 + j4.699 
   =  6.7101 – j6.641 
   =  9.44∠-44.7° 

Therefore, 20 sin(400t) + 10 cos(400t + 60°) – 5 sin(400t – 20°)   
=  9.44 cos(400t – 44.7°) 



Chapter 9, Solution 20.  
 
(a)  oooo jj 399.4966.82139.383.32464.340590604 −∠=−−−−=∠−−−∠=V  
 
Hence, 

)399.4377cos(966.8 otv −=  
 
(b)   5,90208010 =−∠+∠= ωω ooo jI ,  i.e.   ooI 04.1651.49204010 ∠=∠+=
 

)04.165cos(51.49 oti +=  
 

 
Chapter 9, Solution 21.  
 

(a)  oooo jF 86.343236.8758.48296.690304155 ∠=+=−−∠−∠=  
 

)86.3430cos(324.8)( ottf +=  
 

 
(b)  G  ooo j 49.62565.59358.4571.2504908 −∠=−=∠+−∠=
 

)49.62cos(565.5)( ottg −=  
 

(c)  ( ) 40,9050101
=−∠+∠= ω

ω
oo

j
H  

i.e.   ooo jH 6.1162795.0125.025.0180125.09025.0 −∠=−−=−∠+−∠=
 

)6.11640cos(2795.0)( otth −=  
 
 
Chapter 9, Solution 22.  
 

Let    f(t) = ∫
∞−

−+
t

dttv
dt
dvtv )(24)(10  

oV
j
VVjVF 3020,5,2410 −∠==−+= ω
ω

ω  

 
ojjVjVjVF 97.921.440)1032.17)(6.1910(4.02010 −∠=−−=−+=  

 
)97.925cos(1.440)( ottf −=  



Chapter 9, Solution 23. 
 
 

(a) v(t)  =  40 cos(ωt – 60°) 
 
(b) V  =  -30∠10° + 50∠60° 

     =  -4.54 + j38.09 
     =  38.36∠96.8° 
v(t)  =  38.36 cos(ωt + 96.8°) 

 
(c) I  =  j6∠-10°  =  6∠(90° − 10°)  =  6∠80° 

i(t)  =  6 cos(ωt + 80°) 
 

(d) I  = 
j
2

+ 10∠-45°  =  -j2 + 7.071 – j7.071 

=  11.5∠-52.06° 
i(t)  =  11.5 cos(ωt – 52.06°) 

 
 
Chapter 9, Solution 24. 
 
 

(a)  

1,010
j

=ω°∠=
ω

+
V

V  

10)j1( =−V  

°∠=+=
−

= 45071.75j5
j1

10
V  

Therefore, v(t)  =  7.071 cos(t + 45°) 
 
(b)  

4),9010(20
j
4

5j =ω°−°∠=
ω

++ω
V

VV  

°∠=







++ 80-20

4j
4

54jV  

°∠=
+

°∠
= 96.110-43.3

3j5
80-20

V  

Therefore, v(t)  =  3.43 cos(4t – 110.96°) 
 
 



Chapter 9, Solution 25. 
 
 

(a)    
2,45-432j =ω°∠=+ω II  

°∠=+ 45-4)4j3(I  

°∠=
°∠
°∠

=
+

°∠
= 98.13-8.0

13.535
45-4

j43
45-4

I  

Therefore, i(t)  =  0.8 cos(2t – 98.13°) 
 
(b)     

5,2256j
j

10 =ω°∠=+ω+
ω

II
I

 

°∠=++ 225)65j2j-( I  

°∠=
°∠

°∠
=

+
°∠

= 56.4-745.0
56.26708.6

225
3j6

225
I  

Therefore, i(t)  =  0.745 cos(5t – 4.56°) 
 
 
Chapter 9, Solution 26. 
 
 

2,01
j

2j =ω°∠=
ω

++ω
I

II  

1
2j
1

22j =







++I  

°∠=
+

= 87.36-4.0
5.1j2

1
I  

Therefore, i(t)  =  0.4 cos(2t – 36.87°) 
 
 
Chapter 9, Solution 27. 
 
 

377,10-110
j

10050j =ω°∠=
ω

++ω
V

VV  

°∠=







−+ 10-110
377
100j

50377jV  

°∠=°∠ 10-110)45.826.380(V  
°∠= 45.92-289.0V  

 
Therefore, v(t)  =  0.289 cos(377t – 92.45°). 



Chapter 9, Solution 28. 
 
 

 ===
8

)t377cos(110
R

)t(v
)t(i s 13.75 cos(377t) A. 

 
 
Chapter 9, Solution 29. 
 
 

  5.0j-
)102)(10(j

1
Cj

1
6-6 =

×
=

ω
=Z  

 
°∠=°∠°∠== 65-2)90-5.0)(254(IZV  

 
Therefore  v(t)  =  2 sin(106t – 65°) V. 

 
 
Chapter 9, Solution 30. 
 
 

  Z  2j)104)(500(jLj 3- =×=ω=

°∠=
°∠
°∠

== 155-30
902

65-60
Z
V

I  

Therefore, i(t)  =  30 cos(500t – 155°) A. 
 
 
Chapter 9, Solution 31. 
 
 

i(t)  =  10 sin(ωt + 30°)  =  10 cos(ωt + 30° − 90°)  =  10 cos(ωt − 60°) 
Thus, I  =  10∠-60° 

 
v(t)  =  -65 cos(ωt + 120°)  =  65 cos(ωt + 120° − 180°)  =  65 cos(ωt − 60°) 

Thus, V  =  65∠-60° 
 

Ω=
°∠
°∠

== 5.6
60-10
60-65

I
V

Z  

 
Since V and I are in phase, the element is a resistor with R  =  6.5 Ω. 

 
 
 



Chapter 9, Solution 32. 
 
 
  V  =  180∠10°, I  =  12∠-30°,  ω  =  2 

 

Ω+=°∠=
°∠
°∠

== 642.9j49.110415
30-12
01180

I
V

Z  

 
One element is a resistor with R  =  11.49 Ω. 
The other element is an inductor with ωL  =  9.642 or L  =  4.821 H. 

 
 
Chapter 9, Solution 33. 
 
 
 2

L
2
R vv110 +=  

2
R

2
L v110v −=  

=−= 22
L 85110v  69.82 V 

 
 
Chapter 9, Solution 34. 
 
 

  if 0vo = LC
1

C
1

L =ω→
ω

=ω  

 

=
××

=ω
−− )102)(105(

1
33

 100 rad/s 

 
 
Chapter 9, Solution 35. 
 
 

  °∠= 05sV
2j)1)(2(jLj ==ω  

2j-
)25.0)(2(j

1
Cj

1
==

ω
 

 

=°∠°∠=°∠=
+−

= )05)(901(05
2
2j

2j2j2
2j

so VV  5∠90° 

Thus,  5 cos(2t + 90°)  =  =)t(vo -5 sin(2t) V 
 



Chapter 9, Solution 36.  
 
 

Let  Z be the input impedance at the source. 
 

2010100200mH 100 3 jxxjLj ==→ −ω  
 

500
2001010

11F10 6 j
xxjCj

−==→ −ω
µ  

 
1000//-j500 = 200 –j400 
1000//(j20 + 200 –j400) = 242.62 –j239.84 
 

ojZ 104.6225584.23962.2242 −∠=−=  
 

mA 896.361.26
104.62255

1060 o
o

o

I −∠=
−∠
−∠

=  

 
)896.3200cos(1.266 oti −=  

 
 
Chapter 9, Solution 37. 
 
 

     5j)1)(5(jLj ==ω  
 

j-
)2.0)(5(j

1
Cj

1
==

ω
 

 

Let Z , j-1 = 5j2
10j

5j2
)5j)(2(

5j||22 +
=

+
==Z  

 

Then,  s
21

2
x I

ZZ
Z

I
+

= , where °∠= 0s 2I  

 

  °∠=
+

=

+
+

+
= 3212.2

8j5
20j

)2(

5j2
10j

j-

5j2
10j

xI  

 
Therefore,  =)t(i x 2.12 sin(5t + 32°) A 

 



Chapter 9, Solution 38. 
 

(a) 2j-
)6/1)(3(j

1
Cj

1
F

6
1

==
ω

→  

 

°∠=°∠
−

= 43.18-472.4)4510(
2j4

2j-
I  

Hence, i(t)  =  4.472 cos(3t – 18.43°) A 
 

°∠=°∠== 43.18-89.17)43.18-472.4)(4(4IV  
Hence, v(t)  =  17.89 cos(3t – 18.43°) V 
 

(b) 3j-
)12/1)(4(j

1
Cj

1
F

12
1

==
ω

→  

12j)3)(4(jLjH3 ==ω→  
 

°∠=
−

°∠
== 87.3610

j34
050

Z
V

I  

Hence, i(t)  =  10 cos(4t + 36.87°) A 
 

°∠=°∠
+

= 69.336.41)050(
j128

12j
V  

Hence, v(t)  =  41.6 cos(4t + 33.69°) V 
 
 
Chapter 9, Solution 39. 
 

 10j8
10j5j

)10j-)(5j(
8)10j-(||5j8 +=

−
+=+=Z  

 

°∠=
°∠

=
+

°∠
== 34.51-124.3

34.51403.6
20

j108
040

Z
V

I  

 

°∠==
−

= 34.51-248.62
10j5j

10j-
1 III  

 

°∠=== 66.1283.124-
5j-
5j

2 III  

 
Therefore,  =)t(i1 6.248 cos(120πt – 51.34°) A 
 

=)t(i2  3.124 cos(120πt + 128.66°) A 



Chapter 9, Solution 40. 
 
 

(a) For ω , 1=
j)1)(1(jLjH1 ==ω→  

20j-
)05.0)(1(j

1
Cj

1
F05.0 ==

ω
→  

802.0j98.1
20j2

40j-
j)20j-(||2j +=

−
+=+=Z  

 

°∠=
°∠

°∠
=

+
°∠

== 05.22-872.1
05.22136.2

04
j0.8021.98
04

o Z
V

I  

Hence, i  =)t(o 1.872 cos(t – 22.05°) A 
 

(b) For ω , 5=
5j)1)(5(jLjH1 ==ω→  

4j-
)05.0)(5(j

1
Cj

1
F05.0 ==

ω
→  

2.4j6.1
2j1

4j-
5j)4j-(||25j +=

−
+=+=Z  

 

°∠=
°∠

°∠
=

+
°∠

== 14.69-89.0
14.69494.4

04
j41.6

04
o Z

V
I  

Hence, i  =)t(o 0.89 cos(5t – 69.14°) A 
 

(c) For ω , 10=
10j)1)(10(jLjH1 ==ω→  

2j-
)05.0)(10(j

1
Cj

1
F05.0 ==

ω
→  

9j1
2j2

4j-
10j)2j-(||210j +=

−
+=+=Z  

 

°∠=
°∠

°∠
=

+
°∠

== 66.38-4417.0
66.839.055

04
9j1

04
o Z

V
I  

Hence, i  =)t(o 0.4417 cos(10t – 83.66°) A 
 
 



Chapter 9, Solution 41. 
 
 

  , 1=ω
j)1)(1(jLjH1 ==ω→  

 

j-
)1)(1(j

1
Cj

1
F1 ==

ω
→  

 

j2
1

1j-
1)j-(||)j1(1 −=

+
+=++=Z  

 

j2
10s

−
==

Z
V

I , II )j1(c +=  
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Thus, v(t)  =  6.325 cos(t – 18.43°) V 
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Thus, i(t)  =  0.96 cos(200t – 7.956°) A 
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  We obtain I  by applying the principle of current division twice. o
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First, we convert the circuit into the frequency domain. 
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Chapter 9, Solution 48.  
 
 

Converting the circuit to the frequency domain, we get: 
 
 10 Ω 30 ΩV1 
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We can solve this using nodal analysis. 
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Chapter 9, Solution 50.  
 
Since ω = 100, the inductor = j100x0.1 = j10 Ω and the capacitor = 1/(j100x10-3)  
= -j10Ω. 
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Using the current dividing rule: 
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Convert the delta to wye subnetwork as shown below. 
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Chapter 9, Solution 54. 
  
 

Since the left portion of the circuit is twice as large as the right portion, the 
equivalent circuit is shown below. 
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 All of the impedances are in parallel. 
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Chapter 9, Solution 63.  
 
 
First, replace the wye composed of the 20-ohm, 10-ohm, and j15-ohm impedances with 
the corresponding delta. 
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Now all we need to do is to combine impedances. 
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 Make a delta-to-wye transformation as shown in the figure below. 
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 We apply a wye-to-delta transformation. 
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 Transform the delta connections to wye connections as shown below. 
a 

R3

R2R1

-j18 Ω 
-j9 Ω

j2 Ω

j2 Ωj2 Ω

b 
 

6j-18j-||9j- = , 
 

Ω=
++

= 8
102020
)20)(20(

R1 , Ω== 4
50

)10)(20(
R 2 ,       Ω== 4

50
)10)(20(

3R  

 
44)j6(j2||)82j(j2ab ++−++=Z  

 
j4)(4||)2j8(j24ab −+++=Z  

 

j2-12
)4jj2)(4(8

j24ab

−+
++=Z  

 
4054.1j567.3j24ab −++=Z  

 
=abZ  7.567 + j0.5946 Ω 

 
 



Chapter 9, Solution 73.  
 
 
Transform the delta connection to a wye connection as in Fig. (a) and then 
transform the wye connection to a delta connection as in Fig. (b). 
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  One such RL circuit is shown below. 
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This shows that the output leads the input by 90°. 
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Since , we need a phase shift circuit that will cause the 
output to lead the input by 90°.  

)90tsin()tcos( °+ω=ω
This is achieved by the RL circuit shown 

below, as explained in the previous problem. 



10 Ω 10 Ω

+ 

Vi 

−

j10 Ω j10 Ω
+ 

Vo 

−

 
This can also be obtained by an RC circuit. 
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Let  Z  = R – jX,  where   
fC2

1
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π

=
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394.9566116R|Z|XXR|Z| 222222 ===−=→+=  
 

F81.27
394.95x60x2

1
fX2
1C µ=

π
=

π
=  

 
 
 
Chapter 9, Solution 77.  

 
 

(a) i
c

c
o jXR

jX-
VV

−
=  

where 979.3
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1
C
1

X 9-6c =
××π
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Therefore, the phase shift is 51.49° lagging 

 



(b) )RX(tan-90-45 c
-1+°=°=θ  

C
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ω
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                                                                                           8+j6 
                                                             R 
                Z 
 
                                                                                           -jX 
 
 
 
 

[ ] 5
)6(8

)]6(8[)6(8// =
−++
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=−+=
XjR
XjRXjRZ  

 
i.e  8R + j6R – jXR = 5R + 40 + j30 –j5X 
 
Equating real and imaginary parts: 

 
8R = 5R + 40   which  leads to   R=13.33Ω 
6R-XR =30-5 which leads  to      X=4.125Ω. 
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(a) Consider the circuit as shown. 

40 Ω

Z1

V1V2

j30 Ω
+ 

Vi 

−

j60 Ω
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Vo 

−

j10 Ω

30 Ω20 Ω 
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Therefore, the phase shift is 140.2° 

 
(b) The phase shift is leading. 
 
(c) If , then V120i =V

°∠=°∠= 2.14043.18)2.1401536.0)(120(oV V 
and the magnitude is 18.43 V. 
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(a) When  Ω= 100R ,
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=°∠
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(b) When  Ω= 0R ,

°∠
°∠°∠

=°∠
+

=
45.5647.90

)0120)(904.75(
)0120(

4.75j50
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oV  
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(c) To produce a phase shift of 45°, the phase of  =  90° + 0° − α  =  45°. oV
Hence, α  =  phase of (R + 50 + j75.4)  =  45°. 
For α to be 45°, R + 50  =  75.4 
Therefore,      R  =  25.4 Ω 
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Equating the real and imaginary components, 
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Equating the real and imaginary components, 
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Dividing (1) by (2), 
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(a) 20j12030j20j- −++=Z  

Z  =  120 – j10 Ω 
 

(b) If the frequency were halved, 
Cf2

1
C
1

π
=

ω
Lf2L

 would cause the capacitive 

impedance to double, while π=ω  would cause the inductive 
impedance to halve.  Thus, 

40j12015j40j- −++=Z  
Z  =  120 – j65 Ω 
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To have a resistive impedance, 0)Im( in =Z .  Hence, 
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Ignoring the +1 in the numerator in (1), 
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To have a resistive impedance, 0)Im( in =Z . 
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