
9–8 CHAPTER 9. Sinusoidal Steady State Analysis

Problems

P 9.1 [a] ω = 2πf = 800 rad/s, f =
ω

2π
= 127.32Hz

[b] T = 1/f = 7.85ms

[c] Im = 125mA

[d] i(0) = 125 cos(36.87◦) = 100mA

[e] φ = 36.87◦; φ =
36.87◦(2π)

360◦
= 0.6435 rad

[f ] i = 0 when 800t + 36.87◦ = 90◦. Now resolve the units:

(800 rad/s)t =
53.13◦

57.3◦/rad
= 0.927 rad, t = 1.16ms

[g] (di/dt) = (−0.125)800 sin(800t + 36.87◦)

(di/dt) = 0 when 800t + 36.87◦ = 180◦

or 800t =
143.13◦

57.3◦/rad
= 2.498 rad

Therefore t = 3.12ms

P 9.2

[a] Right as φ becomes more negative

[b] Left

P 9.3 [a] 25V

[b] 2πf = 400π; f = 200Hz

[c] ω = 400π = 1256.64 rad/s
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[d] θ(rad) = 60◦
(

π

180◦

)

=
π

3
= 1.0472 rad

[e] θ = 60◦

[f ] T =
1

f
=

1

200
= 5ms

[g] 400πt +
π

3
=

π

2
; ·. . 400πt =

π

6

·. . t =
1

2400
= 416.67µs

[h] v = 25 cos
[

400π
(

t − 0.005

6

)

+
π

3

]

= 25 cos[400πt − (π/3) + (π/3)]

= 25 cos 400πt V

[i] 400π(t + to) + (π/3) = 400πt + (3π/2)

·. . 400πto =
7π

6
; to =

7

2400
= 2.92ms

P 9.4 [a] By hypothesis

v = 50 cos(ωt + θ)

dv

dt
= −50ω sin(ωt + θ)

·. . 50ω = 750π; ω = 15π rad/s

[b] At t = (40/3) ms, the argument of the cosine function must equal 90◦.
Remember that we must convert ωt to degrees:

15π
(

0.04

3

)

360◦

2π
+ θ = 90◦

Solving,

θ = 90◦ − 36◦ = 54◦

The problem description says that the voltage is increasing, but the
derivative calculated in part (a) is negative. Therefore we need to shift
the phase angle by 180◦ to 54 − 180 = −126◦, effectively multiplying the
expression for the voltage by −1, so that the expression for the voltage is
increasing.

·. . v = 50 cos(15πt − 126◦)V

P 9.5 [a]
T

2
= 25 − 5 = 20ms; T = 40ms

f =
1

T
=

1

40 × 10−3
= 25Hz
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[b] i = Im sin(ωt + θ)

ω = 2πf = 50π rad/s

50π(5 × 10−3) + θ = 0; ·. . θ =
−π

4
rad = −45◦

i = Im sin[50πt − 45◦]

0.5 = Im sin−45◦; Im = −70.71mA

i = −70.71 sin[50πt − 45◦] = 70.71 cos[50πt + 45◦] mA

P 9.6 Vm =
√

2Vrms =
√

2(240) = 339.41V

P 9.7 Vrms =

√

1

T

∫ T/2

0
V 2

m sin2 2π

T
t dt

∫ T/2

0
V 2

m sin2
(

2π

T
t
)

dt =
V 2

m

2

∫ T/2

0

(

1 − cos
4π

T
t
)

dt =
V 2

mT

4

Therefore Vrms =

√

1

T

V 2
mT

4
=

Vm

2

P 9.8
∫ to+T

to
V 2

m cos2(ωt + φ) dt = V 2
m

∫ to+T

to

1

2
+

1

2
cos(2ωt + 2φ) dt

=
V 2

m

2

{

∫ to+T
to dt +

∫ to+T

to
cos(2ωt + 2φ) dt

}

=
V 2

m

2

{

T +
1

2ω

[

sin(2ωt + 2φ) |to+T
to

]

}

=
V 2

m

2

{

T +
1

2ω
[sin(2ωto + 4π + 2φ) − sin(2ωto + 2φ)]

}

= V 2
m

(

T

2

)

+
1

2ω
(0) = V 2

m

(

T

2

)

P 9.9 [a] The numerical values of the terms in Eq. 9.8 are

Vm = 75, R/L = 5333.33, ωL = 300
√

R2 + ω2L2 = 500

φ = −60◦, θ = tan−1 300/400, θ = 36.87◦

Substitute these values into Equation 9.9:

i =
[

−17.94e−5333.33t + 150 cos(4000t − 96.87◦)
]

mA, t ≥ 0

[b] Transient component = −17.94e−5333.33t mA
Steady-state component = 150 cos(4000t − 96.87◦)mA
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[c] By direct substitution into Eq 9.9 in part (a), i(750µs) = 38.44mA

[d] 150mA, 4000 rad/s, −96.87◦

[e] The current lags the voltage by 36.87◦.

P 9.10 [a] From Eq. 9.9 we have

L
di

dt
=

VmR cos(φ − θ)√
R2 + ω2L2

e−(R/L)t − ωLVm sin(ωt + φ − θ)√
R2 + ω2L2

Ri =
−VmR cos(φ − θ)e−(R/L)t

√
R2 + ω2L2

+
VmR cos(ωt + φ − θ)√

R2 + ω2L2

L
di

dt
+ Ri = Vm

[

R cos(ωt + φ − θ) − ωL sin(ωt + φ − θ)√
R2 + ω2L2

]

But

R√
R2 + ω2L2

= cos θ and
ωL√

R2 + ω2L2
= sin θ

Therefore the right-hand side reduces to

Vm cos(ωt + φ)

At t = 0, Eq. 9.9 reduces to

i(0) =
−Vm cos(φ − θ)√

R2 + ω2L2
+

Vm cos(φ − θ)√
R2 + ω2L2

= 0

[b] iss =
Vm√

R2 + ω2L2
cos(ωt + φ− θ)

Therefore

L
diss
dt

=
−ωLVm√
R2 + ω2L2

sin(ωt + φ − θ)

and

Riss =
VmR√

R2 + ω2L2
cos(ωt + φ − θ)

L
diss
dt

+ Riss = Vm

[

R cos(ωt + φ − θ) − ωL sin(ωt + φ − θ)√
R2 + ω2L2

]

= Vm cos(ωt + φ)

P 9.11 [a] Y = 30/− 160◦ + 15/70◦ = 29.38/170.56◦

y = 28.38 cos(200t + 170.56◦)

[b] Y = 90/− 110◦ + 60/− 70◦ = 141.33/− 94.16◦

y = 141.33 cos(50t − 94.16◦)
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[c] Y = 50/− 60◦ + 25/20◦ − 75/− 30◦ = 16.7/170.52◦

y = 16.7 cos(5000t + 170.52◦)

[d] Y = 10/30◦ + 10/− 90◦ + 10/150◦ = 0

y = 0

P 9.12 [a] 400Hz

[b] θv = 0◦

I =
100/0◦

jωL
=

100

ωL
/− 90◦; θi = −90◦

[c]
100

ωL
= 20; ωL = 5Ω

[d] L =
5

800π
= 1.99mH

[e] ZL = jωL = j5Ω

P 9.13 [a] ω = 2πf = 160π × 103 = 502.65 krad/s = 502,654.82 rad/s

[b] I =
25 × 10−3/0◦

1/jωC
= jωC(25 × 10−3)/0◦ = 25 × 10−3ωC/90◦

·. . θi = 90◦

[c] 628.32 × 10−6 = 25 × 10−3 ωC

1

ωC
=

25 × 10−3

628.32 × 10−6
= 39.79Ω, ·. . XC = −39.79Ω

[d] C =
1

39.79(ω)
=

1

(39.79)(160π × 103)

C = 0.05 × 10−6 = 0.05µF

[e] Zc = j
(−1

ωC

)

= −j39.79Ω

P 9.14 [a] Vg = 300/78◦; Ig = 6/33◦

·. . Z =
Vg

Ig
=

300/78◦

6/33◦
= 50/45◦ Ω

[b] ig lags vg by 45◦:

2πf = 5000π; f = 2500Hz; T = 1/f = 400µs

·. . ig lags vg by
45◦

360◦
(400µs) = 50µs
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[b] R1 =
1000

1 + (40 × 103)2(1000)2(50 × 10−4)2
= 200Ω

C1 =
1 + (40 × 103)2(1000)2(50 × 10−9)2

(40 × 103)2(1000)2(50 × 10−9)
= 62.5nF

P 9.21 [a] Y2 =
1

R2

+ jωC2

Y1 =
1

R1 + (1/jωC1)
=

jωC1

1 + jωR1C1
=

ω2R1C
2
1 + jωC1

1 + ω2R2
1C

2
1

Therefore Y1 = Y2 when

R2 =
1 + ω2R2

1C
2
1

ω2R1C2
1

and C2 =
C1

1 + ω2R2
1C

2
1

[b] R2 =
1 + (50 × 103)2(1000)2(40 × 10−9)2

(50 × 103)2(1000)(40 × 10−9)2
= 1250Ω

C2 =
40 × 10−9

1 + (50 × 103)2(1000)2(40 × 10−9)2
= 8nF

P 9.22 Zab = 5 + j8 + 10‖ − j20 + (8 + j16)‖(40 − j80)

= 5 + j8 + 8 − j4 + 12 + j16 = 25 + j20Ω = 32.02/38.66◦ Ω

P 9.23 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

P 9.24 [a]
1

jωC
+ R‖jωL =

1

jωC
+

jωRL

jωL + R

=
jωL + R − ω2RLC

jωC(jωL + R)
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P 9.30 Vs = 25/− 90◦ V

1

jωC
= −j20Ω

jωL = j10Ω

Zeq = 5 + j10‖(10 + 20‖ − j20) = 10 + j10Ω

Io =
Vo

Zeq

=
25/− 90◦

10 + j10
= −1.25 − j1.25 = 1.77/− 135◦ A

io = 1.77 cos(4000t − 135◦)A

P 9.31 [a]
1

jωC
= −j250Ω

jωL = j200Ω

Ze = j200‖(100 + 500‖ − j250) = 200 + j200Ω

Ig = 0.025/0◦

Vg = IgZe = 0.025(200 + j200) = 5 + j5V

Vo =
100 − j200

200 − j200
(5 + j5) = 5 + j2.5 = 5.59/26.57◦ V

vo = 5.59 cos(50,000t + 26.57◦)V
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[b] ω = 2πf = 50,000; f =
25,000

π

T =
1

f
=

π

25,000
= 40π µs

·. .
26.57

360
(40π µs) = 9.27µs

·. . vo leads ig by 9.27µs.

P 9.32

V1 = j5(−j2) = 10V

−25 + 10 + (4 − j3)I1 = 0 ·. . I1 =
15

4 − j3
= 2.4 + j1.8A

Ib = I1 − j5 = (2.4 + j1.8) − j5 = 2.4 − j3.2A

VZ = −j5I2 + (4 − j3)I1 = −j5(2.4 − j3.2) + (4 − j3)(2.4 + j1.8) = −1 − j12V

−25 + (1 + j3)I3 + (−1 − j12) = 0 ·. . I3 = 6.2 − j6.6A

IZ = I3 − I2 = (6.2 − j6.6) − (2.4 − j3.2) = 3.8 − j3.4A

Z =
VZ

IZ
=

−1 − j12

3.8 − j3.4
= 1.42 − j1.88Ω
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Using current division:

I =
(50 + j100)

50 + j100 + 100 − j50
(0.06) = 30 + j30mA

Vo = 100I = 3 + j3 = 4.24/45◦

vo = 4.24 cos(10,000t + 45◦)V

P 9.35 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 9.36 [a]

Vb = (2000 − j1000)(0.025) = 50 − j25V

Ia =
50 − j25

500 + j250
= 60 − j80mA = 100/− 53.13◦ mA

Ic =
50 − j25 + j50

1000
= 50 + j25mA = 55.9/26.57◦ mA

Ig = Ia + Ib + Ic = 135 − j55mA = 145.77/− 22.17◦ mA
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[b] ia = 100 cos(1500t − 53.13◦)mA

ic = 55.9 cos(1500t + 26.57◦)mA

ig = 145.77 cos(1500t − 22.17◦)mA

P 9.37 [a] In order for vg and ig to be in phase, the impedance to the right of the
500Ω resistor must be purely real:

Zeq = jωL‖(R + 1/ωC) =
jωL(R + 1/jωC)

jωL + R + 1/jωC

=
jωL(jωRC + 1)

jωRC − ω2LC + 1

=
(−ω2RLC + jωL)(1 − ω2LC − jωRC)

(1 − ω2LC + jωRC)(1 − ω2LC − jωRC)

The denominator of the above expression is purely real. Now set the
imaginary part of the numerator in that expression to zero and solve for
ω:

ωL(1 − ω2LC) + ω3R2lC2 = 0

So ω2 =
1

LC − R2C2
=

1

(0.2)(10−6) − 2002(10−6)2
= 6,250,000

·. . ω = 2500 rad/s and f = 397.9 Hz

[b] Zeq = 500 + j500‖(200 − j400) = 1500Ω

Ig =
90/0◦

1500
= 60/0◦ mA

ig(t) = 60 cos 2500t mA

P 9.38 [a] For ig and vg to be in phase, the impedance to the right of the 480Ω
resistor must be purely real.

jωL +
(1/jωC)(200)

(1/jωC) + 200
= ωL +

200

1 + 200jωC

= jωL +
200(1 − 200jωC)

1 + 2002ω2C2

jωL(1 + 2002ω2C2) + 200(1 − 200jωC)

1 + 2002ω2C2

In the above expression the denominator is purely real. So set the
imaginary part of the numerator to zero and solve for ω:

ωL(1 + 2002ω2C2) − 2002ωC = 0



9–36 CHAPTER 9. Sinusoidal Steady State Analysis

VT = −j25IT + 25
j60

30 + j60
IT

VT

IT
= Zab = 20 − j15 = 25/− 36.87◦ Ω

P 9.53
1

ωC1
=

109

50,000(2.5)
= 8kΩ

1

ωC2
=

109

50,000(5)
= 4kΩ

VT = (2400 − j8000)IT + 40IT (90)

ZTh =
VT

IT
= 6000 − j8000Ω

P 9.54

V1 − 240

j10
+

V1

50
+

V1

30 + j10
= 0

Solving for V1 yields

V1 = 198.63/− 24.44◦ V

Vo =
30

30 + j10
(V1) = 188.43/− 42.88◦ V
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Vg = 20/90◦ V

−5 +
V1 − V2

−j8
+

V1 − j20

−j4
= 0

V2 − V1

−j8
+

V2

j4
+

V2 − j20

12
= 0

Solving,

V2 = −8 + j4V; Io =
V2

j4
= 1 + j2 = 2.24/63.43◦ A

io = 2.24 cos(2500t + 63.43◦)A

P 9.57 jωL = j(400)(50 × 10−3) = j20Ω

1

jωC
=

−j

(400)(50 × 10−6)
= −j50Ω

Vg1 = 25/53.13◦ = 15 + j20V

Vg2 = 18.03/33.69◦ = 15 + j10V

Vo − (15 + j20)

−j50
+

Vo

150
+

Vo − (15 + j10)

j20
= 0

Solving,

Vo = 15/0◦

vo(t) = 15 cos 400t V
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P 9.63 Va = −j18V; Vb = 12V

jωL = j(4000)(25 × 10−3) = j100Ω

−j

ωC
=

−j

4000(625 × 10−6)
= −j400Ω

−j18 = −j300Ia − j100Ib

−12 = −j100Ia + (400 + j100)Ib

Solving,

Ia = 67.5 − j7.5mA; Ib = −22.5 + j22.5mA

Vo = j100(Ia − Ib) = 3 + j9 = 9.49/71.57◦ A

vo(t) = 9.49 cos(4000t + 71.57◦)A

P 9.64 jωL1 = j5000(4 × 10−3) = j20Ω; jωL2 = j5000(110 × 10−3) = j550Ω

1

jωC
=

−j

(5000)(4 × 10−6)
= −j50Ω

75/0◦ = j500I∆ − 100I∆ − j550Ia

0 = (10 + j20)Ia + 100I∆ + j550(Ia − I∆)


