
22S:138, Bayesian Statistics

Fall 2008, Homework 5

Due: Fri. Oct. 10 in class

1. The observed breaking strengths (in grams) of 20 pieces of yarn randomly sampled
from spinning machines in a certain production area are as follows:

46 58 40 47 47 53 43 48 50 55 49 50 52 56 49 54 51 50 52 50

Assume that breaking strengths are known to follow a normal distribution, and that
the mean breaking strength of yarn produced by machines in this area is known to be
51 grams. We are trying to estimate the variance, which we will now call θ.

(a) What is the conjugate family of prior distributions for a normal variance (not
precision) when the mean is known?

(b) Suppose previous experience suggests that the expected value of θ is 12 and the
variance of θ is 4. What parameter values are needed for the prior distribution
to match these moments?

(c) What is the posterior distribution p(θ|y) for these data under the prior from the
previous step?

(d) Find the posterior mean and variance of θ.

(e) Now use WinBUGS to carry out the analysis. You will have to specify the model
in terms of the precision.

i. What is the conjugate family of prior distributions for a normal precision
when the mean is known? (You will then use the same parameters in this
prior as you used for the prior on the variance in a previous step.)

ii. Include the computation of the variance in your WinBUGS program.

iii. Compare the posterior mean and variance obtained by WinBUGS for the
variance with what you obtained analytically.

2. Comment on whether the assumptions of known mean or known variance are likely
to be justified in the situation in problem 1.

3. REQUIRED for stats and biostats grad students. OPTIONAL for others. Consider
two random variables X and Y, 0 < X,Y < ∞, where Y = 1

X
. Show that if

X ∼ Gamma(α, β), then Y ∼ Inverse Gamma(α, β), 0 < X,Y < ∞.
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