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QUESTION ONE (30 MARKs)
(a) Define the foHowing terms
(i) Random vector (Imks)
(ii) Positive definite matrix (kas)
(b) let x = [5.1,3] and y = [—-1,3,1]. Find
(i) The length of x (2mk)
(ii) The angle between Xand y (3mks)
(iii) The length of the Projection of x on y (1mk)
=[9 =
{g) Let 4 = [_2 6 ]
(i) Is 4 SYmmetric? Give reason (Imk)
(ii) Obtain Eigen valye (3mks)
(iii) Show that Alis Positive definite (6mks)
(d) Consider the foHowing n=3 observations onp =7 Variableg
Variable 1. =ty = 3, %3, =
Variabl'e 1:x12 = 1,1'22 = 2,X32 =4
(i) Compute the sa

€ mean array x

< 44) = trace(4y) + K Au
mmetric matrix of Constants,

(6mks)

that

2 3

E(x) =g and var(x) = [2 3 O].Find the eXxpected valye of the Quadrati
- I3 9,

form

Q= (e - x3)? + (x; - x3)% + (o3 - X1)?

(4mks)



(c) Using the variance-covariance matrix in part (b) find

(i) The variance of Y = x; — 2x; + X3 (2mks)
(ii) The variance covariance matrix of ¥ = (¥3,Y;) where Y; =Xy +xpand
Yo = x; + 2% + %3 (4mks)

(d) Let x be a p-variate random vector and ap X 1 vector of constants, show that

E[(x—a)(x—a) ]=[ER) -a)(E(x-a)]+var(x)  (4mks)

QUESTION THREE (20 MARKS)
(a) Assume x' = (X, X5, X3) is normally distributed with mean vector 4 = (1,-1,2) and

4 0 -1
variance matrix Z = [ 0 5 0 ] . Find the distribution of 3x; — 2x; + X3 (7mks)
-1 0 2

(b) Show that the sample mean is an unbiased estimator of y and that the sample variance

is biased estimator of matrix Z (6mks)
(c) Find the maximum likelihood estimators of the mean vector i and covariance matrix Z

based on the data matrix

3 6
4 4

x=|s 7 (7mks)
4 7

QUESTION FOUR (20 MARKS)

1 9 10
4 12 16
(a) Given the data matrix x=12 10 12
5 8 13
3 11 14
Define X, = X — 1 X' as the mean corrected data matrix.
(i) Obtain the mean corrected data matrix (5mks)

(ii) Obtain the sample covariance matrix and hence the generalized variance (8mks)
(iii) Verify that columns of mean corrected data matrixare linearly dependent.

(3mks)
(iv)  Specify a vectora’ = [ay a,as) that establishes the linear dependence  (4mks)



QUESTION FIVE (20 MARKS)

(a) Let x be a random vector having the covariance matrix

25 =2 4
2=[—2 4 1

4 1 9
1
(i) Obtain the population correlation matrix (p) and V2 (6mks)
1 1
(ii) Multiply your matrices to check the relationVzplz (4mks)

: _[x1x, 0<x,<x,<1
(b) Given thatf(x; + x,) = { 0 =

Obtain E(x;/x,) where E[x] means expected value ofx. (10 mks)



