
Homework on Method of Estimations

March 26, 2009

Problem 1 3.1.1 (p. 108)

Consider a population made up of 3 different types of individuals occurring in the Hardy Weinberg
proportions θ2, 2θ(1− θ) and (1− θ)2, respectively, where 0 < θ < 1.

(a) Show that T3 = N1/n+N2/2n is a frequency substitution estimate of θ.

(b) Using the estimate of (a), what is a frequency substitution estimate of the odds ratio θ/(1−
θ)?

Problem 2 3.1.3 (p. 108)

Suppose that the failure times X1, X2, ..., Xn in Problem 3.1.2 above have gamma, Γ(θ, λ) distri-
butions, where θ and λ are both unknown. Show that method of moments estimates of θ and λ are
T1 = (X̄/σ̂)2 and T2 = (X̄/σ̂2) where σ̂2 is the sample variance.

Problem 3 3.1.4 (p. 108)

Let X1, X2, ..., Xn be the indicators of n binomial trials with probability of success θ.

(a) Show that X is a method of moments estimate of θ.

(b) Exhibit method of moments estimates for V arθX = θ(1−θ)/n first using only the first mo-
ment and then using only the second moment of the population. Show that these estimates
coincide.

(c) Argue that in this case all frequency substitution estimates of q(θ) must agree with q(X).

Problem 4 3.2.4 (p. 110)

Show that the two sample regression lines coincide (when the axes are interchanged) if and only
if the points (xi, yi), i = 1, ..., n , in fact, all lie on a line. (Hint: Write the lines in the form
x−x̄
σ̂

= ρ̂y−ȳ
τ̂

.)

Problem 5 3.2.9 (p. 110)

Suppose Yi = θ1 + εi, i = 1, ..., n1 and Yi = θ2 + εi, i = n1 + 1, ...., n1 + n2, where ε1, ..., εn1+n2

are independent N(0,σ2) variables. Find the least squares estimates of θ1 and θ2.
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Problem 6 3.3.1 (p. 111)

Let X1, X2, ..., Xn denote a sample from a population with one of the following densities or fre-
quency functions. Find the M.L.E. of θ.

(a) f(x, θ) = θe−θx, x ≥ 0; θ > 0. (Exponential)

(b) f(x, θ) = θcθx−(θ+1), x ≥ c; c > 0; θ > 0. (Pareto)

(c) f(x, θ) = cθcx−(c+1), x ≥ θ, θ > 0. (Pareto)

(d) f(x, θ) =
√
θx
√
θ−1, 0 ≤ x ≤ 1, θ > 0. (Beta,β(

√
θ, 1))

(e) f(x, θ) = (x/θ2) exp{−x2/θ2}, x > 0; θ > 0. (Rayleigh)

(f) f(x, θ) = θcxc−1 exp{−θxc}, x ≥ 0, c > 0; θ > 0. (Weibull)

Note: ’c’ is a constant.

Problem 7 3.3.14 (p. 112)

Let X1, X2, ..., Xm and Y1, Y2, ..., Yn be two independent samples from N(µ1, σ
2) and N(µ2, σ

2)
populations, respectively. Show that the M.L.E. of θ = (µ1, µ2, σ

2) is θ̂ = (X,Y , σ̃2) where

σ̃2 =

[
m∑
i=1

(Xi −X)2 +
m∑
i=1

(Yj − Y )2

]
/(m+ n)

.

Problem 8 3.3.23 (p. 114)

Let X1, X2, ..., Xn be a sample from the Cauchy distribution

f(x, θ) =
1

π(1 + (x− θ)2)

(a) Show that if n = 1, θ̂ = X1.

(b) Show that if n = 2, the likeliood equation has multiple roots although the M.L.E. exists and
is unique.
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