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Exercise 8.1
Say that we observe Xt for t ∈ T where T = {1, . . . , n}. Recall that the periodogram is

Ŝ(p) (f) =
∑
τ∈Z

γ̂τe
−2πifτ . (1)

Show that

Ŝ(p) (f) = |J(f)|2 , (2)

where

J(f) =

√
1

n

∑
t∈T

(
Xt − X̄

)
e−2πitf . (3)

Exercise 8.2
Recall that u = g ∗ h means

ut =
∑
s∈Z

gt−shs (4)

for all t ∈ Z and V = G ∗H means

V (f) =

∫ 1/2

−1/2

G(f − f ′)H(f ′)df ′ (5)

Assume that g, h ∈ `1, prove the following:

(a) h · g ∈ `1 and h ∗ g ∈ `1,

(b) H ∈ L1,

(c) If vt = ht · gt, then the Fourier transform of v is given by V = H ∗G,

(d) If u = h ∗ g then the Fourier transform of u is given by U = H ·G.

(Note, here L1 refers to functions with domain [−1/2, 1/2].)

Exercise 8.3
Replacing X̄ with µ, show that

E
[
Ŝ
(p)
h (f)

]
=

∫ 1/2

−1/2

S (f ′) |H(f − f ′)|2 df ′ (6)

where H is the discrete Fourier transform of h.

Exercise 8.4
Consider the case that {Xt} is a white noise process with variance σ2. Prove that Ŝ

(p)
h (f) is unbiased for all n

if ‖h‖22 = 1.
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