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Exercise 1.7
E(Xt + Yt) = µX + µY is independent of t, and since Cov(Xs, Yt) = 0 for all s and t, it
follows that Cov(Xt+h + Yt+h, Xt + Yt) = γX(h) + γY (h), which is independent of t.

Exercise 1.10
For mt =

∑p
k=0 ckt

k, we have

∇mt =
p∑

k=0

ckt
k −

p∑

k=0

ck(t− 1)k

= pcpt
p−1 +

p−2∑

k=0

bkt
k

since (t−1)p = tp−ptp−1+. . .. The bk, k = 0, . . . , p−2 are suitable constants. Consequently,
∇mt is a polynomial of degree p−1 and therefore, by successive application of the di�erence
operator ∇, we deduce that ∇p+1mt = 0

Exercise 1.12
a)

We �rst prove that a linear �lter{aj} passes a polynomial of degreep if and only if∑j aj = 1
and ∑

j(−j)raj = 0, r = 1, . . . , p. To prove this, it is enough to show thattr =
∑

j aj(t−j)r

for r = 0, . . . , p.
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∑

j

aj(t− j)r =
r∑

k=0

(
r

k

)
tk

(∑

j

aj(−j)r−k
)

= tr

for r = 0, . . . , p if and only if the above conditions hold.

b)

For Spencer's 15-point moving average �lter, {aj , j = −7, . . . , 7}, it is a simple matter
to check that

7∑

j=−7

aj = 1

7∑

j=−7

(−j)raj = 0, for r = 1, 2, 3

Exercise 1.14
i)

a0 =
3
9
, a1 =

4
9

= a−1, a2 = −1
9

= a−2

∑
ai =

3
9

+
8
9
− 2

9
= 1

∑
iai = 0

∑
i2ai = 0

∑
i3ai = 0

By Exercise 1.12(a), the �lter passes cubic trend without distortion.

ii)
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If st = st−3 and ∑3
t=1 st = 0, then

3
9
st +

4
9
st−1 − 1

9
st−2 +

4
9
st+1 − 1

9
st+2

=
3
9
(st + st+1 + st+2) = 0

since st−2 = st+1 and st−1 = st+2. That is, arbitrary seasonal component of period 3 is
eliminated.
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