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Question 1 (30 Marks)

(a.)Let X be a PX1 random vector with V(Y) = Y and E(Y) = u.

Show that
(i). The matrix 5 is symmetric positive definite if the component
random variables of Y are linearly independent (7 marks)
(ii). for a quadratic form
QX) = X'AX,
E(Q( X)) = trace (AS) + ElAE

if A is a symmetric positive definitive matrix. (5 marks)

(b). Let Y be a PX1 r.vector and X be a Px1 random vector such that
Cov(Y,X) = 3
Let A be a kxpmatrix of constants and B be a pxg matrix of
constants. Show that
Cov(AY,BX) = AZVXBT (5 marks)
(c).(i). Define the Hotteling T® — statistic.

(ii). Show that the statistic T? is invariant of non — singular

linear transformation. (8 marks)



(iii). State the Roy’s intersection principle for testing multivariate

hypotheses. ( 5 marks)

(d). Let Y be a PX1 r.vector and X be a Px1 random vector such that
Cov(Y,X) = Syx

Let A be a kxp matrix of constants and B be a pxg matrix of
constants. Show that

Cov(AY,BX) = AS,,B' (5 marks)

Question 2 (20 Marks)

(a). Show that if Y is Np[u , Y. ] then an rx1 subvector of Y has an

r-variate normal distribution with the same means, variance and
covariances as in the original p—variéte normal distribution.
(6 marks)

(b). Using part (a), or otherwise, show that any individual variable Y;in
Y is distributed as N [y;, 0;; ,] where p; = E(Y))

o;; = V(Yi) (6 marks)
(c). Show that if Y and X are jointly multivariate normal with 3., # 0,
then the conditional distribution of Y given as X, f(Y/X) is

multivariate normal with mean vector and covariance matrix.



E(Y/X) = Hy * Diyx Z;%(K = Ex)

V(X/ﬁ) - Zyy B ny Z;%Zyx
respectively. (8 marks)
Question 3 (20 Marks)

Let the random vector V be No[u, Y Jwherep = (2 5 =2 5

and
9 0 3 3
Z o 1 -1 2
3 -1 6 -
§ 2 =1 7

Let V = (Y1 YauX4 Xz)1 ( Hint: let entry at row 3, column 4 be -1)

(6 marks)
(a). Determine the distribution for (Y, Yl % %ol
(b). Hence or otherwise, calculate
(i). Cov(X1 X3)
(if). Cov( (X1 X2)*/ (Y1 Y2)') (8 marks)

(c). If now V = (Y Xy X2 X3 )*, find the distribution of Y / { X1 X3 X3 )t

Question 4 (20 Marks)

). Letflx) =——exp — (X - - X - )

@) gz

whereX is a px1 vector and )] is a positive definite matrix




/

Show that
(i). flx) =2 0
(). [ flx)dx = 1
where the integral denotes the P definite multiple integrals each
over the interval (-».»). (8 marks)

(b). Let Y be distributed as Np[u , ) ]
Show that the moment generating function of Y is

2 t where Y =Var(Y) (6 marks)

My (t) = expt'u +t'2 ¢

(c).Using part (b) or otherwise, show that the moment generating

functionofZ=Y-M
M, (1) = exp £'5 ¢

(6 marks)

Question 5 (20 iarks)

(a). Show that X is Ny[u, ¥ ] iff a'Xis Ny[a'w,a'Ya] (6 marks)
p cmem—

(b). (i). Briefly explain the importance of principal components
analysis in statistics. (4 marks)

(ii). Let xlmi\l[u_l, Y Jand X5 - N[u 5, ), ] denote random




vectors with corresponding multivariate normal
distribution. Assume X; and X, are independent. Assuming
Y'is unknown consider testing

Ho M=o

versus Hi; Eldifferent from Ha

Determine a test for the hypothesis basing on the principal

components of X;and X5. (10 marks)



