
Recitation problem Set 11

Put table on Blackboard:

x(t) X(ω)
δ(t) 1
u(t) πδ(ω) + 1/jω

e−atut, a > 0 1
a+jω

2 sin(ωT1)
ω

1 2πδ(ω)
cos(ωot) πδ(ω − ωo) + πδ(ω + ωo)

Also put properties and definitions on board:

X(ω) =
∫ ∞

−∞
x(t)ejωtdt

f [x(t− to)] = ejωtoX(ω)

f [x(at)] =
1
|a|X(

ω

a
)

f [ẋ(t)] = jωX(ω)

f [
∫ t

−∞
x(σ)dσ] =

1
jω

X(ω) + πX(0)δ(ω)

1. Sketch the magnitude spectrum of

x(t) = u(−t) + e−tu(t)

X(ω) =
1

j(−ω)
+ πδ(ω) +

1
1 + jω

=
−1
jω

+
1

1 + jω
+ πδ(ω)

=
−1

jω(1 + jω)
+ πδ(ω)

⇒ |X(ω)| =
1

|ω|√1 + ω2
+ πδ(ω)

(Treat impulse separately) (Figure needed here...see handwritten
notes.)
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2. Sketch the magnitude spectrum of (Figure needed!)
A: Same as 1m since X̂(ω) = e−jω2X(ω).
3. Compute the Fourier transform X(ω) for

x(t) = sgn(t) =
{

1 , t > 0
−1 , t < 0

Note direct computation fails, must be more clever! So write

x(t) = u(t)− u(−t)

From tables and scaling property

f [u(t)] =
1
jω

+ πδ(ω)

f [u(−t)] =
−1
jω

+ πδ(−ω) =
−1
jω

+ πδ(ω)Treat impulse as even!

Then

X(ω) =
1
jω

+ πδ(ω)− [
−1
jω

+ πδ(ω)]

=
2
jω

(Note there are no generalized function!)

4. Compute the Fourier transform of (Figure needed here!)
Again, direct computation fails, need to be clever.

x(t) = u(t− 1) + u(−t− 1)

⇒ X(jω) = e−jωf [u(t)] +
∫ ∞

−∞
u(−t− 1)e−jωtdt Let σ = −t− 1

= ...

= e−jω[
1
jω

+ πδ(ω)] + ejω

∫ ∞

−∞
u(σ)e−j(−ω)σdσ

= e−jω[
1
jω

+ πδ(ω)] + ejω[
−1
jω

+ πδ(ω)], (δ(−ω) = δ(ω))

= −2
ejω − e−jω

2jω
+ (e−jω + ejω)πδ(ω)

= −2
sin(ω)

ω
+ 2πδ(ω)

More clever! write

x(t) = 1− [u(t + 1))− u(t− 1)]

X(jω) = 2πδ(ω)− 2
sin(ω)

ω

5. If

X(jω) =
e−jω

2 + jω
, What is x(t)?

x(t) is e−2tu(t) delayed by 1 , i.e. x(t) = e−2(t−1)u(t−1)
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