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1. (a) X(ej0)

X(ej0) =
∞∑

n=−∞
x[n] = 0

(b) arg{X(ejΩ)}

x[n] is a real and odd function shifted by 2 to the right, i.e.
x[n] = xo[n− 2].
Since xo[n] is real and odd, Xo(e

jΩ) is purely imaginary,
thus

X(ejΩ) = |Xo(e
jΩ)|e−j2Ωej π

2

which means,

arg{X(ejΩ)} =
π

2
− 2Ω

(c) ∫ π

−π

|X(ejΩ)|2dΩ = 2π
∞∑

n=−∞
|x[n]|2 = 28π

(d) ∫ π

−π

X(ejΩ)ej3ΩdΩ = 2πx(3) = −2π

(e)
y[n] ↔ Re{ej2ΩX(ejΩ)} by DTFT.

2.

xs(t) = x(t)p(t) = x(t)
∞∑

n=−∞
δ(t− nTs)

But since p(t) =
∞∑

n=−∞
δ(t− nTs) is periodic, it can be represented as a

Fourier Series:

p(t) =
∞∑

n=−∞
Cnejn2πfst,

where

Cn =
1

Ts

∫ Ts/2

−Ts/2

p(t)e−jn2πfstdt

=
1

Ts

∫ Ts/2

−Ts/2

δ(t)e−jn2πfstdt =
1

Ts

= fs

1
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∴ p(t) =
∞∑

n=−∞
fse

jn2πfst and xs(t) = x(t)
∞∑

n=−∞
fse

jn2πfst

Then

Xs(f) =

∫ ∞

−∞
xs(t)e

−j2πftdt =

∫ ∞

−∞
fs · x(t)

∞∑
n=−∞

fse
jn2πfste−j2πftdt

=
∞∑

n=−∞
fs

∫ ∞

−∞
x(t)e−j2π(f−nfs)tdt

=
∞∑

n=−∞
fsX(f − nfs)

( )i t

3. (a)

L
di

dt
+ Ri = v1 ⇒ 1 · di

dt
+ 2 · i = v1

sI(s) + 2I(s) = V1(s) (assuming i(0) = 0)

I(s) =
1

s + 2
V1(s)

V2(s) = 2I(s) =
2

s + 2
V1(s)

Ha(s) =
V2(s)

V1(s)
|i(0)=0

=
2

s + 2
=

1

1 + s
2

(b)

Ha(jω) =
1

1 + jω
2

∴ ω3dB = 2 is the 3-dB dropping frequency.

On the other hand, for bilinear z-transform,
we set

s = C · 1− z−1

1 + z−1
,

2
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where C is to be determined to have the same 3-dB bandwidth.

∴ c = ωr cot(
ωrT

2
) = 2 cot(

2 · ( 1
10

)

2
) ' 2(

1

0.1
) = 20

∴ H(z) =
1

1 + 1
2
(201−z−1

1+z−1 )

=
1

1 + (10)1−z−1

1+z−1

=
1 + z−1

(1 + z−1) + (10)(1− z−1)

=
1 + z−1

11− 9z−1

2

( )aH jw

(c)
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(d)

H(z) = Z (L −1{1− e−sTs

s
Ha(s)}|t=nTs)

= (1− z−1)Z (L −1(
Ha(s)

s
)|t=nTS

)

= (1− z−1)Z (L −1(
2

s(s + 2)
)|t=nTS

)

= (1− z−1)Z (L −1(
1

s
− 1

s + 2
)|t=nTS

)

= (1− z−1)Z ((u(t)− e−2tu(t))|t=nTS
)

= (1− z−1)Z (u(nTs)− e−2nTsu(nTs))

= (1− z−1)(
1

1− z−1
− 1

1− e−2Tsz−1
)

= 1− 1− z−1

1− e−2Tsz−1

4. (a)

y(t) =

∫ t

t−Ts

x(τ)dτ (by inspection)

=

∫ ∞

−∞
x(τ)h(t− τ)dτ

= x(t) ∗ h(t)

choose h(t) =

{
1 0 ≤ t ≤ Ts

0 otherwise

h(t− τ) =

{
1 t− Ts ≤ τ ≤ Ts

0 otherwise

h(t) = u(t)− u(t− Ts)

(b)

Y (jω) = X(jω)H(jω)

y(nTs) ↔ 1

Ts

∞∑

k=−∞
Y (j(ω − k

2π

Ts

)) (by FT )

FT{x[n]} =
1

Ts

∞∑

k=−∞
X(j(ω − k

2π

Ts

))H(j(ω − k
2π

Ts

))
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