
Solutions to Problem Sheet Four

Problem 1. The trigonometric identities used

1. cos(α + β) = cos(α) cos(β)− sin(α) sin(β)

2. sin(α) cos(β) = 1
2
sin(α− β) + 1

2
sin(α + β)

Rg(τ) = lim
T→∞

1

T

∫ T/2

−T/2
cos(ω0t) cos(ω0t+ ω0τ)dt = Using identity (1)

= lim
T→∞

1

T

∫ T/2

−T/2
cos2(ω0t)cos(ω0τ)dt− lim

T→∞

1

T

∫ T/2

−T/2
sin(ω0τ) cos(ω0t) sin(ω0t)dt︸ ︷︷ ︸
= 0 use identity 2

= cos(ω0τ) lim
T→∞

1

T

∫ T/2

−T/2
cos2(ω0t)dt︸ ︷︷ ︸

=1/2

=
cos(ω0τ)

2
(1)

Rg(τ) =
cos(ω0τ)

2
⇐⇒ Sg(ω) =

π

2

[
δ(ω − ω0) + δ(ω + ω0)

]
(2)

Problem 2. |H(ω)| = 1
1+ω2

(a)

Pg =
1

2π

∫ +1

−1
dω =

1

π

Py =
1

2π

∫ +1

−1

1

1 + ω2
dω =

1

4

(3)

(b)

Pg =
1

2π

∫ +∞

−∞
[δ(ω + 1) + δ(ω − 1)]dω =

1

π

Py =
1

2π

∫ +∞

−∞

1

1 + ω2
[δ(ω + 1) + δ(ω − 1)] dω

=
1

2π

∫ +∞

−∞

δ(ω + 1)

1 + ω2
dω +

1

2π

∫ +∞

−∞

δ(ω − 1)

1 + ω2
dω =

1

2π

(4)


