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Solutions to Exercise Set 8.

14.4. (a) P(Mn ≤ x) = F (x)n = cos(x)n .
(b) For x < 0, P(Mn/bn ≤ x) = P(Mn ≤ bnx) = F (bnx)n = cos(bnx)n = (1 −

(bnx)2/2 + · · ·)n → exp{limn→∞−nb2
nx2/2}. Thus, if we choose bn =

√
2/n, we have√

n

2
Mn

L−→ exp{−x2} for x < 0.

This is a Weibull distribution on the negative axis, (−∞, 0).

17.4. (a)

pn = P (H1|X1, . . . ,Xn) =
P (H1,X1, . . . ,Xn)
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)−1 .

(b) Assuming H0 is true, we are to show
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)
a.s.−→ K(f0, f1).

Since 1
n

∑n
1 log(f0(Xi)/f1(Xi))

a.s.−→ K(f0, f1) > 0, we have
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exp{
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1 log(f0(Xi)/f1(Xi))}

a.s.−→ +∞. Therefore,
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log
(

f0(Xi)
f1(Xi)

)
a.s.−→ K(f0, f1).

18.1. (a) The log likelihood function is proportional to θnr(1 − θ)ΣXi . Hence, the
MLE of θ is θ̂n = nr/(nr +

∑
Xi) = r/(r + Xn). To find Fisher information,

∂

∂θ
log f(x|θ) =

r

θ
− x

1 − θ
and

∂2

∂θ2
log f(x|θ) = − r

θ2
− x

(1 − θ)2

From Eθ
∂
∂θ log f(X|θ) = 0 we find EθX = r(1 − θ)/θ. So Fisher information is I =

−Eθ
∂2

∂θ2 log f(x|θ) = r/(θ2(1 − θ)). Hence we have
√

n(θ̂n − θ) L−→ N (0, θ2(1 − θ)/r).
(b) Since the likelihood is proportional to θΣyi(1 − θ)nk−Σyi , the MLE for binomial

sampling is θ̃n = Y n/k and we have from the central limit theorem,
√

n(θ̃n − θ) L−→
N (0, θ(1 − θ)/k).

(c) Negative binomial sampling is better than binomial sampling if θ2(1 − θ)/r <

θ(1 − θ)/k, which reduces to θ < r/k.


