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MATH 241: PROBABILITY AND STATISTICS 1 

STREAMS: AS ABOVE        TIME: 2 HOURS 

DAY/DATE: MONDAY 22/03/2021    11.30 A.M.- 1.30 P.M 

INSTRUCTIONS:  

 Answer question one and any other two questions.  

 All workings must be shown clearly.  

 

QUESTION ONE: 30 MARKS 

                a) Explain the difference between the following terms:  

i). Discrete random variables and continuous random variables    (2 marks) 

ii). Probability mass function and cumulative distribution function  (2 marks) 

iii). Expectations and variance of continuous random variables    (2 marks) 

b) Outline  properties of probability distribution function     (2 marks) 

c) Suppose a fair coin is tossed twice. Let X be the number of tails that can come up.  

Obtain the probability mass function of the random variable X.   (3 marks) 

d) Find the constant C such that the function 𝑓(𝑥) = {𝐶𝑋2     0 < 𝑥 < 30      𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒    is a  
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probability density function. Hence find 𝑝(1 < 𝑥 < 2)    (4 marks) 

e) The density function of a random variable X is given by 𝑓(𝑥) = {12 𝑥   0 < 𝑥 < 20     𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 

Determine the  

i). Mean X           (3 marks) 

ii). Variance of X          (3amarks) 

f) Find the area under the standard normal curve between 𝑧 = −0.46  and 𝑧 = 2.21 

            (2 marks) 

g) A multiple- choice test contains 25 questions each 4 answers. Assume a student guesses on 

each question.  

i) What is the probability that the student answer more than 20  

questions correctly.         

(3 marks) 

i) Less than five questions correctly.      

(3 marks)                                                                      

     QUESTION TWO: (20 MARKS) 

a) Given the Beta density function as;  

𝑓(𝑥) =  { 1𝐵(𝑎, 𝑏) 𝑋𝑎−1(1 − 𝑋)𝑏−1   0 ≤ 𝑥 ≤ 10 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒  

 

i. Determine the mean of 𝑋        (3 marks) 

ii. Obtain the variance of X        (5 marks) 

b) Given the random variable X with Poisson distribution function as  

𝑓(𝑥) = {𝜆𝑥𝑒−𝜆𝑥!     𝑥 = 0,1,2, …0            𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒  

i. Find 𝐸(𝑋)         (4 marks) 

ii. Find 𝑉𝑎𝑟(𝑋)                                                                                                           (4 marks) 

iii. If the probability that an individual will suffer a bad reaction from injection  

of a given serum is 0.001, determine the probability that out of 2000  

individuals exactly 3 individuals will suffer a bad reaction   (4 marks) 

 

 

QUESTION THREE: (20 MARKS) 
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a) i). Outline properties of moment generating function    (2 marks|)                

ii). Suppose 𝑥 has a Poisson distribution with expected value λ given by 

𝑓(𝑥)= {𝑒−λλ𝑥𝑥! , 𝑥 = 0, 1, 2, … .0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒  

Find its factorial moment generating function     6 marks 

 

b)  Suppose that 𝑋~𝑁(𝜇, 𝛿2), find the  

i).  Moment generating function 𝑀𝑥(𝑡)                             (4 marks) 

ii). Mean 𝐸(𝑥)          (4 marks) 

 iii). Variance 𝑣𝑎𝑟(𝑥)                    (4 marks) 

 

 

   QUESTION FOUR: (20 MARKS) 

a) Suppose we toss a fair coin 20 times. What is the probability of getting between 9 and 11 

heads?                                                                                                    (4 marks) 

b) Let X be a discrete random variable with a geometric distribution given as  𝑓(𝑥) = {𝑞𝑥𝑝     𝑥 = 0,1,2 …0        𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒  

Find  

i). Moment generating function 𝑀𝑥(𝑡)         (3 marks) 

ii) Mean E(X)                                                                                                              (3 marks) 

iii) Variance of 𝑥 var (𝑥)        (3 marks) 

c) Given a random variable X whose probability distribution function is given as  𝑓(𝑥) = {(𝑛𝑥) 𝑝𝑥(1 − 𝑝)𝑛−𝑥   𝑥 = 0,1, . . 𝑛0                                 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒  

i). Find the mean of X        (3 marks) 

ii). Determine the variance of x       (4 marks) 

 

QUESTION FIVE: (20 MARKS) 

a) i) Suppose a random variable 𝑥 has the m.g.f. 𝑀𝑥(𝑡) = 𝑒3𝑡+4𝑡2
. Determine the 

mean       and variance of 𝑥. Hence or otherwise give its p.d.f.     

(4 marks) 
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ii) Use the gamma function to show that  Γ (12) = √𝜋     

(4 marks) 

ii) Given the moment generating function of Gamma distribution as  𝑀𝑥(𝑡) = (1 − 𝛽𝑡)−∝   use it to determine the mean and variance of 

Gamma                 distribution                                                                                                 

(6 marks) 

b) Let X be a discrete random variable with the shifted geometric distribution with 

parameter  p .     That is; 𝑃(𝑋 = 𝑥) = {𝑝𝑞𝑥−1, 𝑥 = 1, 2, ….       0, 𝑒𝑙𝑠𝑒𝑤ℎ𝑒𝑟𝑒  

Find the probability generating function of 𝑋                                                        (6 marks) 

-------------------------------------------------------------------------------------------------------------------- 

 

 

 


