
H11-08 Solutions

Pr 5:

(a)

N̂o = No, ω̂o

x̂k =
1

No

No−1∑

n=0

x̂[n]e−jkωon

=
1

No

No−1∑

n=0

x[n +
No

2
]e−jkωon

Let m = n + No
2

x̂k =
1

No

No/2+No−1∑

m=No/2

x[m]e−jkωo(m−No/2)

= e−jkωo
No
2

No

2

∑

m=<No>

x[m]e−jkωom

But ωo
No
2 = π, so

x̂k = (−1)kxk

(b) Assume N̂o = No, ω̂o = ωo. (This might not be the case, e.g. x[n] = (−1)n). Then

x̂k =
1

No

No−1∑

n=0

(−1)nx[n]e−jkωon

=
1

No

No−1∑

n=0

x[n]ejπne−jkωon

=
1

No

No−1∑

n=0

x[n]e−j ωoNo
2

nejkωon

=
1

No

No−1∑

n=0

x[n]e−j(k−No
2

)ωon

= xk−No
2

Pr 1:

(a)

X(ω) =
∫ ∞

−∞
e−(t−2)u(t− 3)e−jωtdt = e2

∫ ∞

3
e−(1+jω)tdt

=
−e2

1 + jω
e−(1+jω)t|∞3 =

e2

1 + jω
e−(1+jω)3

=
e−1e−jω3

1 + jω

1



(b)

X(ω) =
∫ ∞

−∞
e−|t+1|e−jωtdt =

∫ ∞

−1
e−(t+1)e−jωtdt +

∫ −1

−∞
et+1e−jωtdt

= e−1

∫ ∞

−1
e−(1+jω)tdt + e

∫ −1

−∞
e(1−jω)tdt

=
−e−1

1 + jω
e1+jω +

e

1− jω
e−1+jω =

2ejω

1 + ω2

(c)

X(ω) =
∫ 1

0
2e−jωtdt +

∫ ∞

1
2e−(t−1)e−jωtdt

=
−2
jω

e−jωt|10 + 2e

∫ ∞

1
e−(1+jω)tdt

= 2
1− e−jω

jω
+

2e−jω

1 + jω

= 2
1 + jω − e−jω + jωe−jω

jω(1 + jω)

(d)

x(t) =
∞∑

m=0

amδ(t−m) ⇒

X(ω) =
∫ ∞

∞
(
∞∑

m=0

amδ(t−m))e−jωtdt

=
∞∑

m=0

am

∫ ∞

−∞
δ(t−m)e−jωtdt

=
∞∑

m=0

ame−jωm =
∞∑

m=0

(ae−jω)m

=
1

1− ae−jω
, since|a| < 1

Pr 2:

(a)

x(t) =
1
2π

∫ ∞

−∞
X(ω)ejωtdω =

∫ ∞

−∞
e−|ω|ejωtdω

=
∫ 0

−∞
e(1+jt)ωdω +

∫ ∞

0
e(−1+jt)ωdω

=
1

1 + jt
e(1+jt)ω|0−∞ +

1
−1 + jt

e(−1+jt)ω|∞0

=
1

1 + jt
+

−1
−1 + jt

=
2

t2 + 1
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(b)

x(t) =
1
2π

∫ ∞

−∞
X(ω)ejωtdω =

1
2π

∫ 2

−2
2πe−jωejωtdω

=
∫ 2

−2
e−j(t−1)ωdω =

1
j(t− 1)

e−j(t−1)ω|2−2

=
1

j(t− 1)
[ej(t−1)2 − e−j(t−1)2]

=
2

t− 1
ej2(t−1) − e−j2(t−1)

2j

=
4 sin(2(t− 1))

2(t− 1)

Clearly this can also be written as a sinc function.

(d) From plot,

X(ω) =




−j ,−2 < ω < 0
+j , 0 < ω < 2
0 , else

x(t) = − 1
2π

∫ 0

−2
jejωtdω +

1
2π

∫ 2

0
jejωtdω

= − 1
2π

· j

jt
[1− e−j2t] +

1
2π

· j

jt
[ej2t − 1]

=
−1 + cos(2t)

πt

(c)

X(ω) = e−ωu(ω) ⇒
x(t) =

1
2π

∫ ∞

0
e−ωejωtdω

=
1
2π

∫ ∞

0
e(−1+jt)ωdω

=
1

2π(1− jt)

Pr 4:

(a)

x(t) =
1
2π

∫ ∞

−∞
X(ω)ejwtdω

⇒ x(0) =
1
2π

∫ ∞

−∞
X(ω)dω = 1

⇒
∫ ∞

−∞
X(ω)dω = 2π
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(b)

x(1) =
1
2π

∫ ∞

−∞
X(ω)ejw1dω = 0

⇒
∫ ∞

−∞
X(ω)dω = 0

(c)

X(ω) =
∫ ∞

−∞
x(t)e−jwtdt

⇒ X(0) =
∫ ∞

−∞
x(t)dt = 0

Pr 6: HW10-6

(a)

|X(ω)| = |3− jω

3 + jω
| = |3− jω|

|3 + jω| = 1

(b)

∠X(ω) = ∠3− jω

3 + jω
= ∠(3− jω)− ∠(3 + jω)

= tan−1(−ω

3
)− tan−1(

ω

3
)

= −2 tan−1(
ω

3
)

(c)

X(ω) =
3

3 + jω
− jω

3 + jω

= 3 · 1
3 + jω

− jω · 1
3 + jω

Since f−1[ 1
3+jω ] = e−3tu(t),

x(t) = 3e−3tu(t)− d

dt
[e−3tu(t)]

︸ ︷︷ ︸
−3e−3tu(t)+e−3tδ(t)

= 6e−3tu(t)− δ(t)
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