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Question 1 

a) 	 An electrical system consists of identical components that are operational with probability p, 
independently of other components. The components are connected in three subsystems as 
shown below. The system is operational if there is a path that starts at point A, ends at point 
B, and consists of operational components. This is the same as requiring that all three 
subsystems are operational. What are the probabilities that the three subsystems, as well as 
the entire system are operational? 
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(to Marks) 
b) A power utility can supply electricity to a city from n different power plants. Power plant i 

fails with probability pi, independently of the others. 

i. Suppose that anyone plant can produce enough electricity to supply the entire 
city. What is the probability that the city will experience a black-out? 

ii. Suppose that two power plants are necessary to keep the city from a black-out. 
Find the probability that the city will experience a black-out. 

(to Marks) 

Question 2 

a) Show the following generalizations of the formula 

peA u B) = PCA) + PCB) - peA n B) 
(i) 	 Let A, B, and C be events. Then, 

PCA U B U C)PCA) + PCB) + P(C) - PCA n B) - PCA n C) - PCB n C) + PCA n B n C) 

(7 Marks) 
b) In the case of n events A 1,A2, .•. , An, show that 

c) Show the identity 
P(AIB) = P(CIB)P(AIB n C) + P(CCIB)P(AIB n CC) 

Assuming all the conditioning events have positive probability. 

(7 Marks) 

(6 Marks) 
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Question 3 

(a) A space craft has 100,000 components(n -+ 00). The probability of anyone component being 
defective is 2 x 10-5 (p -+ 0). The mission will be in danger if five or more components 
become defective. Find the probability of such an event. 

(10 Marks) 
(b) A manufacturer checks for contamination on their storage disks. The mean value is 0.1 

contaminants per square centimetre, with a disk surface of 100 square centimetres. What is 
the probability of five or more contaminants on the disks? 

(10 Marks) 

Question 4 

Under certain conditions, the surface tension of a liquid (dyn/cm) is given by the formula S =2(1 
- 0.005T)1.2, where T is the temperature of the liquid (degrees centigrade). Suppose T is a 
continuous random variable with probability density function 

fx(x) = 3000("4 , t 2: 10 

Find the population mean and variance of the surface tension of a liquid. 
(20 Marks) 

Question 5 

Let X and Y be two continuous random variables with the joint density function 

f(x, y) = ( x + y), O:S x:S 1 and 0 :s y :s 1 

a) Are the random variables X and Y independent? Justify your answer. 
(10 marks) 

b) Compute the numerical value of P(Y 2: Yl ;X:S Yl). 
(10 Marks) 

Question 6 

A random vector (X, Y ) has joint pdf , given by 

2yf(x,y) = 2e-x- ,x > D,y > D 

a) Calculate E[XY ]. 
(6Marks) 

b) Calculate the covariance of X + Y and X - Y . 
(14 Marks) 

Page 3 of4 



Question 7 

A company manufacturing pacemakers is testing a new electrode. The electrodes must adhere to 
a silicone substrate for at least 20 years. The company is going to test the hypothesis that the 
mean adherence time is 20 years vs. the alternative that it is less than 20 years at the significance 
level (l =0.05. The experiment will be conducted with a sample of 25 volunteers. Assume that 
the population distribution for the adherence time is approximately normally distributed. 

The average adherence time for the pacemakers in the 25 volunteers is found to be 18.8 years 
and the standard deviation of the sample is found to be 3 years. 

a) Is the null hypothesis rejected? 
(10 Marks) 

b) If the company wants to decrease the probability of making a type I error without 
increasing the sample size, should the critical value be increased or decreased? Justify 
your answer. 

(5 Marks) 
c) Find the 95% confidence interval for the population variance (i. 

(5 Marks) 
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Normal Distribution 

Table C-1. Cumulative Probabilities of the Standard Normal Distribution. 

Entry is area A under tbe standard normal curve from -ao to =(A) 
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Chi-Square Distribution 

Table C-2. Percentiles of the 2 Distribution 
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Student's Distribution (tDistribution) 

Table C-4 Percentiles of the t Distribution 
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Table C-4 (Continued) Percentiles of the t Distribution 
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