
Pr. 5.5 (a) The Laplace transforms are

x1(t) = e−2tu(t) ⇔ X1(s) =
1

s+ 2
σ > −2

x2(t) = r(t) ⇔ X1(s) =
1

s2
σ > 0

x3(t) = te−2tu(t) ⇔ X1(s) =
1

(s+ 2)2
σ > −2

(b) The Laplace transforms of x1(t) and of x3(t) have regions of convergence containing the jΩ-axis, and so
we can find their Fourier transforms from their Laplace transforms by letting s = jΩ

(c) The Fourier transforms of x1(t) and x3(t) are

X1(Ω) =
1

2 + jΩ

X3(Ω) =
1

(2 + jΩ)2

Homework 7 Solutions
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Pr. 5.6 (a) In this case we are using the duality of the Fourier transforms so that the Fourier transform of the
sinc is a pulse of magnitude A and cut-off frequency Ω0 which we will need to determine.

The inverse Fourier transform is

x(t) =
1

2π

∫ ∞
−∞

A[u(Ω + Ω0)− u(Ω− Ω0)]ejΩtdΩ

=
A

2π

∫ Ω0

−Ω0

ejΩtdΩ

=
A

πt
sin Ω0t

so that A = π and Ω0 = 1, i.e.,

sin(t)

t
⇔ π[u(Ω + 1)− u(Ω− 1)]

(b) The Fourier transform of x1(t) = u(t+ 0.5)− u(t− 0.5) is

X1(Ω) =

[
1

s
[e0.5s − e−0.5s]

]
s=jΩ

=
sin(0.5Ω)

0.5Ω

Using the duality property we have:

x1(t) = u(t+ 0.5)− u(t− 0.5) ⇔ X1(Ω) =
sin(Ω/2)

Ω/2

X1(t) =
sin(t/2)

t/2
⇔ 2π[u(Ω + 0.5)− u(Ω− 0.5)]

using the fact that x1(t) is even. Then using the scaling property

X1(2t) =
sin(t)

t
⇔ 2π

2
[u((Ω/2) + 0.5)− u((Ω/2)− 0.5)]

⇔ π[u(Ω + 1)− u(Ω− 1)]
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Pr. 5.7(a) The signal x(t) is even while y(t) is odd.
(b) The Fourier transform of x(t) is

X(Ω) =

∫ ∞
−∞

e−|t|e−jΩtdt

=

∫ ∞
−∞

e−|t| cos(Ωt)dt− j
∫ ∞
−∞

e−|t| sin(Ωt)dt

= 2

∫ ∞
0

e−|t| cos(Ωt)dt

this is because the imaginary part is the integral of an odd function which is zero. Since cos(.) is an even
function

X(−Ω) = X(Ω)

(c) The Fourier transform X(Ω) is

X(Ω) = 2

∫ ∞
0

e−t
ejΩt + e−jΩt

2
dt

=

∫ ∞
0

e−(1−jΩ)tdt+

∫ ∞
0

e−(1+jΩ)tdt

=
1

1− jΩ
+

1

1 + jΩ
=

2

1 + Ω2

which is real-valued.
(d) For y(t), odd function, its Fourier transform is

Y (Ω) =

∫ ∞
−∞

y(t)e−jΩtdt

= −j
∫ ∞
−∞

y(t) sin(Ωt)dt

because y(t) cos(Ωt) is an odd function and its integral is zero. The Y (Ω) is odd since

Y (−Ω) = −j
∫ ∞
−∞

y(t) sin(−Ωt)dt

= −Y (Ω)

since the sine is odd.
(e) Let’s use the Laplace transform to find the Fourier transform of y(t):

Y (s) =
1

s+ 1
− 1

−s+ 1

with a region of convergence −1 < σ < 1, which contains the jΩ-axis. So

Y (Ω) = Y (s) |s=jΩ=
1

jΩ + 1
− 1

−jΩ + 1
=
−2jΩ

1 + Ω2

which as expected is purely imaginary.
Check: Let z(t) = x(t) + y(t) = 2e−tu(t) which has a Fourier transform

Z(Ω) =
2

1 + jΩ
=

2(1− jΩ)

1 + Ω2
= X(Ω) + Y (Ω)
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(f) If a signal is represented as x(t) = xe(t) + xo(t) then

X(Ω) = Xe(Ω) +Xo(Ω)

where the first is a cosine transform and the second a sine transform.
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Pr. 5.14 (a) (b) The Fourier series coefficients of δTs(t) are

∆k =
1

Ts
L[δ(t)]|s=jkΩs =

1

Ts

so that

δTs
(t) =

∞∑
k=−∞

1

Ts
ejkΩst Ωs =

2π

Ts

The FT of δTs
(t) is then

∆(Ω) = F [δTs
(t)] =

1

Ts

∑
k

F [1ejkΩst]

=
2π

Ts

∑
k

δ(Ω− kΩs)

(c) Both δTs
(t) and ∆Ts

(Ω) are periodic, the first of period Ts and the second of period 2π/Ts.
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Pr. 5.17 (a) The raised cosine is an even smooth signal with a value of 2 at the origin.
(b) The FT of the pulse p(t) = u(t+ 1)− u(t− 1) is

P (Ω) =
1

s
[es − e−s] |s=jΩ

= 2
sin(Ω)

Ω

(c) The FT of
x(t) = (1 + cos(2πt))p(t) = p(t) + p(t) cos(2πt)

is
X(Ω) = P (Ω) +

1

2
[P (Ω− 2π) + P (Ω + 2π)]
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Figure 5.7: Raised cosine x(t)
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