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PROBABILITY AND STATISTICAL METHODS 
(MATH 2111) 

 

Time Allotted : 3 hrs          Full Marks : 70 
 

Figures out of the right margin indicate full marks. 
 

Candidates are required to answer Group A and 
any 5 (five) from Group B to E, taking at least one from each group. 

 

Candidates are required to give answer in their own words as far as practicable. 
 

Group – A 
(Multiple Choice Type Questions) 

 

1.  Choose the correct alternative for the following: 10 × 1 = 10 
 

 (i) If X is random variable, then which one of the following is correct? 
(a) E X ≤ |E(X)|       (b) E X ≥ |E(X)| 

(c) E X =
|E(X)|

2
       (d) E X ≠ |E(X)| 

 

 (ii) For standard normal distribution, the coefficient of skewness  1 and kurtosis 

 2 are: 

(a) 1 21, 0   .       (b) 1 20, 3   . 

(c) 1 20, 0   .       (d) 1 23, 3    . 
 

 (iii) The moment generating function (MX (t)) of Exponential distribution with mean 

 
1

2
  is 

(a)  
2

2−t
     (b) 

2

2−it
    (c)  

1

1−2t
    (d) 

1

1+2t
 

 

 (iv) The regression lines between two random variables X and Y are given 
by x + 4y + 3 = 0 and 4x + 9y + 5 = 0. Let u = −2x + 5, v = −4y + 6, then the 
correlation coefficient between u and v is: 
(a) 0.75     (b) −0.75    (c) −0.5    (d) 0.5. 

 

 (v) Let the random variable that counts the number of times heads turns up when 
an unbiased coin is tossed 𝑛 times. The probability  that number of heads is at 

least 
3n

4
 is at most (use Chebyshev's inequality) 

(a) 
n

2
     (b) 

 4

n
     (c) 

1

 n
     (d) 

2

3
 

 

 (vi) If the joint p. d. f. is given by  f x, y =  
cx 1 − x ,   0 ≤ x ≤ y ≤ 1

0,      otherwise 
 ,   then the value 

of c is  
(a) 1     (b) 2     (c) 3     (d) 4.  
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 (vii) While calculating stationary probability of a Markov process, it is assumed that  
(a)  there is a single absorbing state 
(b)  transition probabilities do not change  
(c)  there is a single non-absorbing state 
(d)  none of the above. 

 

 (viii) The probability of going from state 1 in period 2 to state 4 in period 3 is  
(a) p12     (b) p23     (c) p14      (d) p43  

 

 (ix) If the variance of  X  equals 25 and the sample size 𝑛 = 6, the population 
variance is 
(a) 4.167    (b) 2.041    (c) 150         (d) 12.247 

 

 (x) According to the central limit theorem, the sampling distribution of the sample 
mean can be approximated by the normal distribution as the 
(a)  number of samples gets large enough 
(b)  sample size gets large enough 
(c)  population standard deviation increases  
(d)  sample standard deviation decreases 

 

Group–B 
 

2.  (a)  Two computers A and B are to be marketed. A salesman who is assigned the job 
of finding customers for them has 60 per cent and 40 per cent chances, 
respectively of succeeding for computers A and B. The two computers can be 
sold independently. Given that he was able to sell at least one computer, what is 
the probability that computer A has been sold?           [(CO1, CO2) (Apply/IOCQ)] 

 (b)  Find the characteristic function of the probability density function  

  f x =
α

2
 e−α x ,  − ∞ < 𝑥 < ∞,  𝛼 > 0.  

  Hence find its mean and variance.          [(CO1, CO2)(Understand/LOCQ)] 
 
 (c) The p. d. f. of the random variable X is given by 

f x =  

1

4
,   0 < 𝑥 < 4

0,   otherwise

   

  A random variable Z is defined as follows: Z =  
1,   0 < 𝑋 < 3

2,   3 ≤ X < 4
   

Find the mean and variance of  Z.    [(CO1, CO2) (Apply/IOCQ)] 
4 + 4 + 4 = 12 

 
3. (a)  A variable X is always strictly larger than −15. It is given that E X2 = 25 and 

Var X = 25 . Use Markov’s inequality to find the upper bound of P X ≥ −5 .  
         [(CO1, CO2)(Understand/LOCQ)] 
 (b)   A particular production process used to manufacture ferrite magnets used to 

operate reed switches in electronic meters is known to give 10% defective 
magnets on average. If 200 magnets are randomly selected, using normal 
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approximation to binomial distribution to find the probability that the number 
of defective magnets is between 24 and 30?      [(CO1, CO2)(Apply/IOCQ)] 

 (c)  A factory uses tools of a particular type. From time-to-time failures in these 
tools occur and they need to be replaced. The number of such failures in a day 
has a Poisson distribution with mean 1.25. At the beginning of a particular day 
there are five replacement tools in stock. A new delivery of replacements will 
arrive after four days. If all five spares are used before the new delivery arrives 
then further replacements cannot be made until the delivery arrives. Find (a) 
the probability that three replacements are required over the next four days. (b) 
the expected number of replacements actually made over the next four days.  

          [(CO1, CO2)(Evaluate/HOCQ)]  
3 + 4 + 5 = 12 

 

Group - C 
 

4.  (a)  The bivariate probability distribution of the random variables 𝑋 and 𝑌 is given 
below: 

        Y 
X 

1 2 3 4 5 6 

0 0 0 
1

32
 

2

32
 

2

32
 

3

32
 

1 
1

16
 

1

16
 

1

8
 

1

8
 

1

8
 

1

8
 

2 
1

32
 

1

32
 

1

64
 

1

64
 0 

2

64
 

Find 
(i)  the marginal probability mass functions of the random variables X and Y, 
(ii)  P(X ≤ 1), and  
(iii) P(Y ≤ 3).     [(CO1, CO2, CO3) (Understand/LOCQ)] 

 
 (b)       If 𝑋 and 𝑌 are two random variables having joint probability density function  

  f x, y =  
k 6 − x − y , 0 ≤ x ≤ 2,   2 ≤ y ≤ 4

0,        otherwise
 , 

(i)  Determine the value of  k 
(ii)  Find P X + Y < 3  
(iii) Find P X < 1  Y < 3) .   [(CO1, CO2, CO3) (Apply/IOCQ)] 

(2 + 2 + 2) + (2 + 2 + 2) = 12 
 
5.  (a)  For the following transition probability matrix for states {0, 1, 2, 3} 

 

0 0.2 0.8      0
0.3 0.1    0        0.6
0.5
0

0
0

0        0.5
0           1

  

(i)  draw the state transition diagram 
(ii) identify the recurrent, transient and absorbing states, and the 

communicating classes.                   [(CO1, CO2, CO3)(Evaluate/HOCQ)] 
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 (b)  Let Xi  represents the states of a day and it assumes value 0 if the day is rainy 
and 1 if the day is sunny. Let the state transition probability is given by 
p00 = 0.7 and p10 = 0.4. Suppose, there is rain on Monday, then what is the 
probability that there will be rain on Friday. [(CO1, CO2, CO3) (Apply /IOCQ)] 

(4 + 2) + 6 = 12 
 

Group - D 
 

6.  (a)  Calculate skewness and kurtosis for the following distribution and comment on 
the nature of the distribution: 

 
  
  
            [(CO3, CO4, CO5, CO6) (Evaluate/HOCQ)] 
 (b)   Use the method of least squares to obtain the equations of the regression lines 

from the following data. Also estimate the value of (i) Y, when X = 38 and (ii) X, 
when Y = 18. 

      
  
 
         [(CO3, CO4, CO5, CO6) (Apply/IOCQ)] 

6 + 6 = 12 
 
7.  (a)  Find the moment-generating function of the Binomial distribution with 

parameters 𝑛 and 𝑝. Hence use it to find the mean and variance of the 
distribution.     [(CO3, CO4, CO5, CO6) (Apply/IOCQ)] 

 (b)  Ten students obtained the following marks in Mathematics and Statistics. 
Calculate the Spearman’s Rank Correlation coefficient between the marks of two 
subjects. 

   
   
    
 
 
                   [(CO3, CO4, CO5, CO6) (Remember/LOCQ)] 

6 + 6 = 12 
 

Group – E 
 

8.  Consider the population of data {34, 36, 38}. For random samples of size 2 drawn with 
replacement from this population 
(i)  determine the mean and variance of the population, 
(ii)  determine the sampling distribution of the sample mean, and  
(iii)  determine the variance and standard deviation of the sample mean.  

[(CO4, CO5, CO6) (Understand/LOCQ)] 
(3 + 7 + 2) = 12 

 

𝑥 0 1 2 3 4 5 6 7 8 
𝑓 1 8 28 56 70 56 28 8 1 

𝑋 22 26 29 30 31 31 34 35 
𝑌 20 20 21 29 27 24 27 31 

Student(Roll No.) 1 2 3 4 5 6 7 8 9 10 

Marks in Mathematics 78 36 98 25 75 82 90 62 65 39 

Marks in Physics 84 51 91 60 68 62 86 58 53 47 
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9.  (a)  The duration of Alzheimer’s disease from the onset of symptoms until death 
ranges from 3 to 20 years. The average is 8 years with a standard deviation of 4 
years. The administrator of a large medical centre randomly selects the medical 
records of 30 deceased Alzheimer’s patients from the medical centre’s database, 
and records the average duration. Find the approximate probabilities for the 
following events: 
(i)  The average duration is less than 7 years. 
(ii)  The average duration exceeds 7 years.          [(CO4, CO5, CO6) (Apply/IOCQ)] 

 (b)     An automatic machine was manufactured to pack 10 kg of oil. A random sample 
of 13 tins was taken to test the machine. The weights of 13 tins were as follows: 

  9.7, 9.6, 10.4, 10.3, 9.8, 10.2, 10.4, 9.5, 10.6, 10.8, 9.1, 9.4, 10.7.  
  Assuming normal distribution of the weights of the packed tins, examine 

whether the machine worked in accordance with the specifications (assume 
α = 0.05).      [(CO4, CO5, CO6) (Evaluate/HOCQ)] 

(3 + 3) + (3 + 3) = 12 
________________________________________________________________________________________________________ 

 
Cognition Level LOCQ IOCQ HOCQ 
Percentage distribution 32.29% 43.75% 23.95% 

 
Course Outcome (CO): 
After the completion of the course students will be able to 
MATH 2111.1   Articulate the axioms (laws) of probability. 
MATH 2111.2   Compare and contrast different interpretations of probability theory and 
take 
a stance on which might be preferred. 
MATH 2111.3   Formulate predictive models to tackle situations where deterministic 
algorithms are intractable. 
MATH 2111.4 Summarize data visually and numerically 
MATH 2111.5 Assess data-based models. 
MATH 2111.6 Apply tools of formal inference.  
 
*LOCQ: Lower Order Cognitive Question; IOCQ: Intermediate Order Cognitive Question; 
HOCQ: Higher Order Cognitive Question 
 

Department & 
Section 

Submission Link (Regular) 

CSE-A https://classroom.google.com/c/NDA0NzgyOTE0MzE0/a/NDY0MzEwNDk2NDQ2/details 

CSE-B https://classroom.google.com/c/NDA0NzgyOTE0MzM0/a/NDY0MzEwMzM2Njc5/details 

CSE-C https://classroom.google.com/c/NDA0NDcyMjgxMDkz/a/NDYzOTUwMDUxOTQ4/details 

CSBS https://classroom.google.com/c/NDA0NDcyMjgxMTc4/a/NDYzOTUwMDUyNDQ0/details 

 
Note: Students having backlog in MATH2111 are advised to follow the steps as mentioned below 
in order to submit the answer-scripts properly: 
 
Step-I:  Join the Google classroom by clicking the following link (note that you have to join 
using your institutional email account): 
https://classroom.google.com/c/NDU1MTYzNTk3MDY1?cjc=v2jwxot 

 

https://classroom.google.com/c/NDU1MTYzNTk3MDY1?cjc=v2jwxot
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Step-II: Submit your answer script by clicking link below: 
https://classroom.google.com/c/NDU1MTYzNTk3MDY1/a/NDY0NTExMzcwMjUy/details 

 

 
 

https://classroom.google.com/c/NDU1MTYzNTk3MDY1/a/NDY0NTExMzcwMjUy/details
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