
H6-08 Solutions

Problem 1a

y(t) =
∫ ∞

−∞
h(τ)x(t− τ)dτ

x(τ)

x(t−τ)

h(τ)

y(t)
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τ

τ
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2(1−1/e)
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tt−1
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For t < 0, y(t) = 0 (”No overlap”)

For 0 ≤ t ≤ 1,

y(t) =
∫ t

0
2e−τdτ = −2e−τ |t0= 2− 2e−t

For t > 1,

y(t) =
∫ t

t−1
2e−τdτ − 2e−τ |tt−1

= −2e−t + 2e−(t−1)

= 2(e− 1)e−t
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Problem 1b

y(t) =
∫ ∞

−∞
h(τ)x(t− τ)dτ

x(t−τ)

t

τ

τ

1

2

1

h(τ)

y(t)

t

For t ≤ 0,

y(t) =
∫ t

−∞
e−|τ |dτ =

∫ t

−∞
eτdτ = et

For t > 0,

y(t) =
∫ t

−∞
e−|τ |dτ =

∫ 0

−∞
eτdτ +

∫ t

0
e−τdτ

= eτ |0−∞ −e−τ |t0
= 2− e−t

Problem 1c

h(τ) = eτu(−τ)

x(τ) = u(τ − 2)

2



t

y(t)

h(τ)
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2

τ

τ
t−2

x(t−τ)

1

For t ≤ 2,

y(t) =
∫ t−2

−∞
eτ · 1dτ = et−2

For t > 2,

y(t) =
∫ 0

−∞
eτdτ = 1

Problem 1d

y(t) =
∫ ∞

−∞
h(τ)x(t− τ)dτ

t

y(t)

h(τ)

1

3

τ

τ

t
x(τ)=u(3−τ)

h(t−τ)

τ
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For t ≥ 3,

y(t) =
∫ 3

−∞
e(t−τ)dτ = e−t

∫ 3

−∞
e(τ)dτ

= e−(t−3)

For t < 3,

y(t) =
∫ t

−∞
e−(t−τ)dτ = e−t

∫ t

−∞
e(τ)dτ

= 1

Problem 2b

y(t) =
∞∑

k=0

h(t− 2k)

640 2

t

y(t)

1
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Problem 2c

y(t) =
∞∑

k=0

(
1
2
)kh(t− 3k)
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t

y(t)

1
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Problem 4a

ŷ(t) =
∫ ∞

−∞
x̂(τ)ĥ(t− τ)dτ =

∫ ∞

−∞
x(τ − 1)h(t− τ − 2)dτ

Let σ = τ − 1

ŷ(t) =
∫ ∞

−∞
x(σ)h(t− 3− σ)dσ = y(t− 3)

Problem 4b

ŷ(t) =
∫ ∞

−∞
x̂(τ)ĥ(t− τ)dτ =

∫ ∞

−∞
x(τ − 2)h(t− τ + 2)dτ

Let σ = τ − 2

ŷ(t) =
∫ ∞

−∞
x(σ)h(t− σ)dσ = y(t)

Problem 4e

ŷ(t) =
∫ ∞

−∞
x̂(τ)ĥ(t− τ)dτ =

∫ ∞

−∞
x(−τ)h(−t + τ)dτ

Let σ = −τ

ŷ(t) =
∫ ∞

−∞
x(σ)h(−t + σ)dσ = y(−t)
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Problem 6a

h(t) = e−2tu(t + 3)

Not causal, since e.g.h(−1) 6= 0
Stable, since

∫ ∞

−∞
| h(t) | dt

=
∫ ∞

−∞
e−2tdt

= −1
2
e−2t |∞−3=

1
2
e3 < ∞

Problem 6b

h(t) = e3tu(−4− t)

Not causal, since e.g.h(−5) 6= 0
Stable, since

∫ ∞

−∞
| h(t) | dt =

∫ −4

−∞
e3tdt =

1
3
e−12 < ∞

Problem 6c

h(t) = e−4|t|

Not causal, since e.g.h(−1) 6= 0
Stable, since

∫ ∞

−∞
| h(t) | dt =

∫ ∞

−∞
e−4|t|dt =

∫ 0

−∞
e4tdt +

∫ ∞

0
e−4tdt =

1
2

< ∞

Problem 6d
Causal, since h(t) is right sided
Not stable, since ∫ ∞

−∞
| h(t) | dt =

∫ ∞

3
etdt →∞

Problem 8b

h[n] = (
1
2
)nu[−n]

Not causal, since e.g. h[−1] = 2
Not stable, since

∞∑
n=−∞

| h[n] |=
0∑

n=−∞
(
1
2
)n, let k = −n

=
∞∑

k=0

2k → ∞

6



Problem 8c

h[n] = 2nu[3− n]

Not causal, since e.g. h[−1] = 1
2

Stable, since

∞∑
n=−∞

| h[n] |=
3∑

n=−∞
2n, let k = −n

=
∞∑

k=−3

1
2

k

= (
1
2
)
−3

+ (
1
2
)
−2

+ (
1
2
)
−1

+
1

1− 1
2

< ∞

Problem 9a
The system is causal and stable.
Write x[n] = 1 = eσon, with σo = 0
Then

y[n] = H(0)eσon,

H(σo) =
∞∑

n=0

(
1
2
)
n

e−σon, and

H(0) =
∞∑

n=0

(
1
2
)
n

= 2,

⇒
y[n] = 2, −∞ < n < ∞

Note the system is causal and stable.
Problem 9b Write x[n] = (−1)n = ejπn, then

y[n] = H(π)ejπn,

H(ωo) =
∞∑

n=0

(
1
2
)
n

e−ωon, and

H(π) =
∞∑

n=0

(
1
2
)
n

e−jπn,

=
∞∑

n=0

(
−1
2

)
n

=
1

1 + 1
2

=
2
3

⇒
y[n] =

2
3
ejπn = (−1)n 2

3
, −∞ < n < ∞

Note the system is causal and stable.
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Problem 9c

x[n] = 2 cos(
π

2
n) = 2Re{ej π

2
n}

⇒
y[n] = 2Re{H(

π

2
)ej π

2
n},

H(
π

2
) =

∞∑

n=0

h[n]e−j π
2
n =

∞∑

n=0

(
−j

2
)
n

=
1

1 + j
2

=
2

2 + j
⇒

y[n] = 2Re{ 2
2 + j

ej π
2
n}

= 2Re{ 2√
5
ej(π

2
n−∠(2+j))}

=
4√
5

cos(
π

2
n− ∠(2 + j))

Problem 9d

x[n] = 3 sin(−3π

2
n) = 3 sin(

π

2
n)

= 3Im{ej π
2
n}

⇒
y[n] = 3Im{H(

π

2
)ej π

2
n}

H(
π

2
) =

∞∑

n=0

h[n]e−j π
2
n

=
∞∑

n=0

(
−j

2
)
n

=
1

1 + j
2

=
2

2 + j

⇒
y[n] = 3Im{ 2

2 + j
ej π

2
n}

= 3Im{ 2
2 + j

ej π
2
n}

= 3Im{ 2√
5
ej(π

2
n−∠(2+j))}

=
6√
5

sin(
π

2
n− ∠(2 + j))
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