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INSTRUCTIONS TO CANDIDATES 

ANSWER QUESTION ONE (COMPULSORY) AND ANY OTHER TWO QUESTIONS 

QUESTION ONE (30 MARKS) 

a) Define 

i) A random variable.                                                                                                   (1 mark) 

ii) Random Vector.                                                    (1 mark) 

iii) Random matrix.                  (1 mark) 

 

b) Explain how a multivariate data are arranged.                                                             (3 marks) 
 

c) The data below show the score of six students in mid-semester and end of semester examination 
 

Mid-semester 28 12 17 24 30 9 

End of semester 60 20 45 40 52 30 
 

Estimate; 

i) Mean vector.                                                                                                           (2 marks) 

ii) Covariance matrix.                                                                                                 (4 marks) 

iii) Correlation Matrix.                                                                                                 (2 marks) 

d) Suppose that 𝑋′ = (𝑋1, 𝑋2, 𝑋3) be a 3-dimensional random vector with a joint probability distribution  

𝑓(𝑥1, 𝑥2, 𝑥3) = {
𝑘(𝑥1𝑥2 + 𝑥1𝑥3),   𝑥1 = 1, 2, 3  𝑥2 = 2,3,4 &  𝑥3 = 1,2
                            0,       𝑒𝑙𝑠𝑒𝑤ℎ𝑒𝑟𝑒                                        

 

Determine;  

i) Value of the constant K.                                                                                         (3 marks) 

ii) Marginal distribution of 𝑋1.                                                                                    (3 marks) 

iii) Joint marginal distribution of 𝑋2 and 𝑋3.                                                               (2 marks) 

iv) Conditional distribution of 𝑋1 given that 𝑋2 = 𝑥2 and 𝑋3 = 𝑥3.                           (2 marks) 

v) Are 𝑋2 and 𝑋3 jointly independent of 𝑋1? Give a reason to your answer.             (2 marks) 



 

e) Given that a random vector 𝑋′ = (𝑋1, 𝑋2, 𝑋3) has a mean vector 𝜇′ = ( 10, 5 , 30) and covariance 

matrix  Σ = [
25 6 20
6 16 15

20 15 36
], find the mean and variance of 𝑌 = 𝑋1 + 3𝑋2 − 𝑋3. 

                                                                                                                   (4 marks) 

QUESTION TWO (20 MARKS) 

a) Suppose that 𝑿𝑝×1 be a p-dimensional random vector with mean 𝝁𝑝×1 and  covariance matrix 

covariance matrix 𝚺𝑝×𝑝.  

(i) Show that 𝚺 = 𝑬(𝑿 − 𝝁)′(𝑿 − 𝝁).                                                                         (4 marks) 

(ii) Suppose that 𝑌 = 𝒂′𝑿 where a is a 1 × 𝑝 vector of constants. Show that the mean and variance of 

Y are 𝝁𝒚 = 𝒂′𝝁 and 𝚺𝒚 = 𝒂′𝚺𝒂 respectively.                               (5 marks) 

(iii) Suppose that 𝑾 = 𝑨𝑿 where A is a 𝑞 × 𝑝 matrix of constants. Show that the mean vector and 

covariance matrix of W are 𝝁𝒘 = 𝑨𝝁  and 𝚺𝒘 = 𝑨𝚺𝑨′ .                              (5 marks) 

b) Given that a random vector 𝑿′ = (𝑋1, 𝑋2, 𝑋3) has a mean vector 𝝁′ = ( −1, 0, 3) and covariance 

matrix  𝚺 = [
1 2 −1
2 9 3

−1 3 4
]. Let 𝒀 = (

𝑌1

𝑌2
) where 𝑌1 = 𝑋1 + 𝑋2 − 𝑋3 and 𝑌2 = 2𝑋2 + 𝑋3. Find the 

mean vector and variance covariance matrix of 𝒀.                       (5 marks) 

QUESTION THREE (20 MARKS) 

a) Write down the general form of a multivariate normal distribution.                            (2 marks) 

b) Find the m.g.f. of the multivariate normal distribution in (a).                                     (12 marks) 

c) From the m.g.f. in (b), determine the mean and variance of a multivariate normal random variable.   

                                                                                                                    (6 marks) 

QUESTION FOUR (20 MARKS) 

a) If  1 2,  T X XX is a bivariate distributed as  ~ ,X XN X μ  where 
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b) The random vector  1 2 3 4, , ,  T X X X XX is normally distributed with a mean vector 

 2,5,3,6T

X μ and covariance matrix 

11 5 2 3

5 4 1 0

2 1 3 0

3 0 0 2
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Find the parameters of the distribution of conditional of 1 3,X X given that 2 41 and 4X X  .  

                                      (10 marks) 

QUESTION FIVE (20 MARKS) 

a) Suppose a coin is tossed three times and the side facing up is recorded. Let 𝑋1 be the number of heads 

in the first two tosses and 𝑋2 be the total number of tails in each outcome. Obtain;   

i) The joint probability distribution of 𝑋1 and 𝑋2.                                              (4 marks) 

ii) Marginal distributions of 𝑋1 and 𝑋2.                                                               (2 marks) 

iii) Mean vector of 𝑿′ = (𝑋1, 𝑋2).                                                                         (3 marks) 

iv) Covariance matrix of 𝑿.                                                                                   (5 marks) 

b) Let 𝑿 be a four dimensional random vector with the joint pdf given by 

𝑓(𝑥1, 𝑥2, 𝑥3 𝑥4) = {
3
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2), 0 < 𝑥1, 𝑥2, 𝑥3, 𝑥4 < 1

                    0, 𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
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                        (6 marks) 


