
ECE 202 - Linear Circuit Analysis II

Purdue University, Spring 2009

Homework Set 3 Solutions

Solution 25 & 26

(a)

In steady state the capacitor is open circuit and the inductor is short circuit. Thus,

iL(0−)= −25
10+15

= −1 A

vC(0−)=−25+10 = −15 V

(b)

For t>0, the circuit looks like,
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Rearranging and simplifying, we get the following matrix equation,
( s
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)
=

( 3.5
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8
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Solving using cramer’s rule,

V1 = 5(2s2 +28s+25
2s(s2 +2s+5)

V2 = 5(8s2 −8s+25
2s(s2 +2s+5)

⇒VC = V1 −V2

= 15(6− s)
s2 +2s+5
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⇒ vC(t) = −15e−t[cos(2t)+3.5sin(2t)]u(t), t > 0

IL = V1 −V2

8s
− 1

s

= −(8s2 +31s−50)
8s3 +16s2 +40s

⇒ iL(t) = 5
4
− 9

4
e−t

[
cos(2t)+ 11

12
sin(2t)

]
u(t), t > 0

(c)

The circuit only due to initial conditions is drawn below,

40/s -3/8 8s -1/s20

VC
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(

1
s
− 3

8
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s

)

= 40−15s
s2 +2s+5

⇒ vCzi (t) = −15e−t
[
cos(2t)− 11

6
sin(2t)

]
u(t)

⇒ voutzi (t) = vCzi (t)
2

= −15
2

e−t
[
cos(2t)− 11

6
sin(2t)

]
u(t)

(d)

The circuit with zero initial conditions is drawn below,
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⇒ voutzs (t) = 12.5[1+ e−t sin(2t)]u(t)

(e)

voutcomplete (t) = voutzs (t)+voutzi (t)

= 12.5+ e−t[26.25sin(2t)−7.5cos(2t)]u(t)
⇒ voutss (t) = 12.5

vouttr (t) = e−t[26.25sin(2t)−7.5cos(2t)]u(t)

Solution 27

(a)

H( j4) = 64 j+96
32 j+48

= 2∠0◦

⇒ vout(t) = 8cos(4t+45◦)

(b)

Clearly, ω= 3.

H( j3) = 4
p

5(−9−4)
11+12 j

= 7.1427∠132.5103◦

⇒ K = 25
7.1427

= 3.5

θ = 100−132.5103 = −32.5103◦

⇒ vin(t) = 3.5cos(3t−32.5103◦)

(c)

H(s)= Zin(s) = (R1 +Ls)||
(
R2 +

1
Cs

)

= (15+ s)||
(
5+ 100

s

)

= 5(s2 +35s+300)
s2 +20s+100

⇒ H( j10) = 10.0778∠−29.7422◦

⇒ vout(t) = 1007.78cos(10t−29.7422◦)

Solution 28

Z1 = R1||
1

C1s
= R1

R1C1s+1
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Z2 = R2||
1

C2s
= R2

R2C2s+1

H(s)=−Z2

Z1
= −R2

R1

(
R1C1s+1
R2C2s+1

)

= −C1

C2

(
s+1/R1C1

s+1/R2C2

)

= −5(s+0.2)
s+4

C2 = 1 F
⇒ C1 = 5 F

R1 = 1 Ω

R2 = 0.25 Ω

(a)

H( jω) = −5( jω+0.2)
jω+4

= −5(0.2+ jω)(4− jω)
16+ω2

= −5(ω2 +0.8+3.8 jω)
16+ω2

= ρeφ+π

ρ = 5
p
ω4 +16.04ω2 +0.64

ω2 +16

φ = tan−1
(

3.8ω
ω2 +0.8

)

vin(t) = 2cos(ωt+ π

2
)u(t)

⇒ vout(t) = 2ρ cos(ωt+ 3π
2

+φ)= K cos(ωt+θ)

⇒ K = 2ρ

θ = 3π
2

+φ

(b)

Vin = 2ω
ω2 + s2

Vout =VinH(s) = −10ω(s+0.2)
(s2 +ω2)(s+4)

= A
s+4

+ Bs+C
s2 +ω2

If we solve the above partial fraction expansion,

A = 38ω
ω2 +16

B = −38ω
ω2 +16

C = −10ω3 −8ω
ω2 +16
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Employing the well known expression,

−acos(ωt)−bsin(ωt) =
√

a2 +b2 sin(ωt+π+Θ), a,b > 0

=
√

a2 +b2 cos(ωt+ 3π
2

+Θ)

Θ = tan−1
( a

b

)

We can get after taking inverse laplace transform,

vout(t) = Ae−4t +Bcos(ωt)+ C
ω

sin(ωt)

Clearly,

vouttr (t) = Ae−4t

= 38ω
ω2 +16

e−4t

voutss (t) = K cos(ωt+θ)

K =
√

B2 + (C/ω)2

θ = 3π
2

+ tan−1(Bω/C)

(c)

Clearly, steady state value part (a) and steady state part of (b) coincide.
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