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Question 1 

A Personal Identification Number (PIN) consists of four digits in order, each of which may be 
anyone of 0, 1,2, ... ,9. 

a) 	 Find the number of PINs satisfying each ofthe following requirements. 
(i) All four digits are different. 
(ii) There are exactly three different digits. 

(iii)There are two different digits, each of which occurs twice. 

(iv)There are exactly three digits the same. 


(9 Marks) 
b) 	 Two PINs are chosen independently and at random, and you are given that each PIN consists 

of four different digits. Let X be the random variable denoting the number ofdigits that the 
two PINs have in common. 

(i) Explain clearly ~hy P(X 	 0, 1,2,3,4. 

(4 Marks) 
(ii) Hence write down the values of the probability mass function ofX, and find its mean and 

variance. 
(7 Marks) 

Question 2 

Three switches connected in parallel operate independently. Each switch remains closed with 
probability p. 

~ r- 0--

r-. 

Input • <:/ S 
2/0-----___--'>-_ Output 

C)-----""" S3/ 

(a) Find the probability of receiving an input signal at the output. 
(10 Marks) 

(b) Find the probability that switch Sj is open given that an input signal is received at the 
output. 	 . 

(10 Marks) 
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Question 3 

(a) The random variable X has the binomial distribution with probability mass function 
..., I 

P(X =::: x) =f ~ jP' (1- P('. x = O. L 2: 0 < p < L 
\.\ I 

Write down E(X), Var(X) and P(X 2) in terms of the parameter p. Also find 
P(X = 0 IX < 2) and P(X = 1 IX < 2), simplifying your answers as far as possible. 

(12 Marks) 
(b) The random variable T follows the exponential distribution with rate parameter A, with the 

probability density function (pdt) ofT given by 

I' () • -..1t
JT f == .I..e , t > 0, }. > O. 

Obtain the cumulative distribution function (edt) Fr(t) ofT, and Show that 
Pea < T ~ b) = e -J..a _ e -Ab. 

(8 Marks) 

Question 4 

a) The random variables Xl, ....., X4 have a joint p.d.f. given by 

!(XV X2,X3,X4) = 43 
(xi + x~ + x~ + x~), 0 < Xi < 1, i = 1,2,3,4 

i) Use the joint probability density function to compute 

P(Xl < 1h,X2 < 3/4 ,X3 < l,X4 > 1h) 
(8 Marks) 

ii) Compute the marginal probability density function of (X j ,X2) 
(7 Marks)

2y for 0 < x < 1 and x < y < 1, what the value b) If X and Y have the joint p.d.f. f(x, y) =ce-X e-
of the constant is c? 

(5 Marks) 

Question 5 

a) Let the joint density of two random variables X and Y be given by 

!(X,y) = (0.6x + 0.6 x 4y), 0 < x < 2, O<y<l 

Find the conditional distribution of X given y. 

b) Let the joint density of two random variables X and y be given by 

-3x210g(y) 
!(x,y) = 2(1 + log(2) _ 210g(4)) 0:::; x:::; 1, 
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Are X and Y independent random variables? 

Question 6 

a) Let X-U(-l,l) and let Y = X2. Find Cov(X,Y). 

b) Let the joint pdfof X and Y be 
Ix, y) = 10, for x < 1; x < y < x + 0.1 

Find the correlation co~fficient between X and Y 

Question 7 

Suppose the random variable X and Yare independent and are Gamma distributed with 
parameters (a, A) and (~, A) respectively' 

x;;:: 0, a,A>O 

with a similar expression for fy(Y). 

By calculating the joint density function of (X+Y)and XiY, show that these random variables are 
independent and that X + Y has the Gamma (a + p, A) distribution. Find the probability density 
function ofXiY. Why are X = y and Y/X independent? What is the probability density function 
ofY/X? 

(20 Marks) 
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