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1. (a) Using KVL, we have

Vc(s) + sI1(s) = V1(s) (1)

sI1(s) + I2(s) = sVc(s)− I1(s) ⇒ I1(s) =
s

s + 1
Vc(s) (2)

Substituting (2)→(1), we have

Vc(s) +
s2

s + 1
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s + 1

s2 + s + 1
V1(s)
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s2

s + 1
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s2

»»»s + 1
· »»»s + 1

s2 + s + 1
V1(s)

Since V1(s) =
1

s
, we have

V2(s) =
s2
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s
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=

s

(s + 1
2
)2 + 3

4

=
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2
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2
)2 + (

√
3

2
)2
− 1√

3
·

√
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2
)2 + (

√
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∴ v2(t) =

(
e−

1
2
t cos

√
3

2
t− 1√

3
e−

1
2
t sin

√
3

2
t

)
u(t)

(b) H(jω) =
V2(jω)

V1(jω)
=

(jω)2

(jω)2 + (jω) + 1
=

−ω2

(1− ω2) + jω

|H(jω)| = ω2

√
(1− ω2)2 + ω2

=
ω2

√
ω4 − ω2 + 1

∴ |H(j0)| = 0, |H(j1)| = 1, |H(j∞)| = 1

d

dω
|H(jω)| = ω(2− ω2)

(ω4 − ω2 + 1)
3
2

∴ |H(jω)|max =
2√
3

at ω =
√

2
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Figure 1: Plot for |H(jω)| in original ω-scale.

2. y(t) =
∞∑

k=−∞
x(kT )h(t− kT )

∴ y(t) = x(nT−T )·1
2

{
1 + cos

(
πt

T
− nπ + π

)}
+x(nT )·1

2

{
1 + cos

(
πt

T
− nπ

)}

3. (a) X(z) =
∞∑

n=0

x(n)z−n =
∞∑

n=0

( ∞∑

k=0

x1(k)x2(n− k)

)
· z−n

=
∞∑

k=0

x1(k)z−k ·
∞∑

n=0

x2(n− k)z−n+k = X1(z) ·
∞∑

n=0

x2(n− k)z−n+k

Let n− k = m and noting that x2(m) = 0 when m < 0, we have

X(z) = X1(z) ·
∞∑

m=0

x2(m)z−m = X1(z)X2(z)

(b) Z [sin bnT ] =
(sin bT )z−1

1− 2(cos bT )z−1 + z−2

If bT =
π

2
, then Z

[
sin

(π

2
n
)]

=
z−1

1 + z−2

∴ 2z−2

1 + z−2
= 2z−1 · z−1

1 + z−2

∴ Z −1

[
2z−2

1 + z−2

]
= sin

(n− 1)π

2
= x(n)
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4. (a) v1(t)− v2(t)

R
= C

d

dt
v2(t) =⇒ V1(s)− V2(s)

R
= CsV2(s)

Since R = 1, C = 1, we have V1(s)− V2(s) = sV2(s).

∴ Ha(s) =
V2(s)

V1(s)
=

1

s + 1

(b) H(z) = (1− z−1)Z

[
L −1

{
1

s
Ha(s)

} ∣∣∣∣∣
t=nT

]

1

s
Ha(s) =

1

s(s + 1)
=

1

s
− 1

s + 1

L −1

{
1

s
Ha(s)

} ∣∣∣∣∣
t=nT

= [u(t)− e−tu(t)]

∣∣∣∣∣
t=nT

= (1− enT )u(n)

∴ Z

[
L −1

{
1

s
Ha(s)

} ∣∣∣∣∣
t=nT

]
=

∞∑
n=0

(1− e−nT )z−n

=
∞∑

n=0

z−n −
∞∑

n=0

(e−T · z−1)n

=
1

1− z−1
− 1

1− e−T z−1

∴ H(z) = (1− z−1)

(
1

1− z−1
− 1

1− e−T z−1

)

= 1− 1− z−1

1− e−T z−1
=

z−1 − e−T z−1

1− e−T z−1

(c) 3-dB bandwidth of |Ha(jω)| =
∣∣∣∣

1

1 + jω

∣∣∣∣ =
1√

ω2 + 1
is ωc = 1.

∴ C = ωc · cot
ωcT

2
= 1 · cot

1 · (0.1)

2
= cot

(
1

20

)
∼= 19.98 ∼= 20

∴ H(z) =
1(

20 · 1− z−1

1 + z−1

)
+ 1

=
1 + z−1

21− 19z−1

(d) |Ha(jω)| = 1√
1 + ω2

, |H(ejωT )| =
∣∣∣∣

1 + e−j(0.1)ω

21− 19e−j(0.1)ω

∣∣∣∣
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Figure 2: Plot for |Ha(jω)| and |H(ejωT )|.
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