Mathematical Statistics Qualifying Exam.
September 8, 2003

For a random vector X (kx1) with mean vector 6 and covariance
matrix Z, show that E (X'AX) = tr|[A E (XX')] in which A (kx1) is a

matrix of constants. Then show that E (X'AX) = tr|[AZ] + 6°A6 .

Let X;,X,,... ,X,,... be an 1.i.d. sequence of random variables

defined on a probability space in which the first four moments are

finite. Now define

2 = _._1__ N ._—2 _ 1 n-1 o » )
S, ~(n_1)§(X, X) and Qn [2&1_1)];(&“ X,)?.

a. Write quadratic forms for each of the statistics S? and Q,.
b. Show that S? and Q,are both unbiased estimators of the

population variance.
c. Write out a complete statement of a theorem which establishes
the consistency of each estimator. (Be certain to explain why its

conditions are satisfied in this particular application.)




(3) Assume a sequence of random variables as put forth in Exercise (2).

Additionally, assume the mean is zero. Also, set

> X
i=1

u, = —

Xt
and v,="—.

n n

a. Write out the limiting distribution of w, =[u“ ) (2x1) .
v

n

b. Show that vn (v, —0?)—=— N[0, var(X?)] where o’is the population

variance.

c. Find the asymptotic distribution of the coefficient of variation

(

sample standard deviation divided by sample mean).
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