
Page 1 of 3 

SLR-DK-268 
 

Seat  
No. 

 
Set P 

 

B.Sc. (Semester - VI) (Old) (CGPA) Examination Oct/Nov-2019 
Statistics ( Special Paper- XIII) 

LIMIT THEOREMS, RELIABILITY AND QUEUING THEORY 
 

Day & Date: Thursday, 10-10-2019  Max. Marks: 70 
Time: 08:00 AM To 10:30 AM  
 

Instructions: 1) All questions are compulsory. 
                       2) Figures to the right indicate full marks.   
                       3) Use of scientific calculators and statistical tables is allowed. 
   

Q.1  Fill in the blanks by choosing correct alternatives given below. 14 
 1) Which of the following statement/s is/are correct? 

We can find distribution of _____ using order statistics of a random sample 
of odd size. 

 

  i) 𝑚𝑖𝑛{𝑋𝑖}    
  ii) 𝑀𝑎𝑥{𝑋𝑖}   
  iii) sample range  
  iv) sample median  
 a) only (i) b) only (i) and (ii)  
 c) only (i), (ii) and (iv) d) all of these  
      

 2) If {𝑋𝑛}, {𝑌𝑛} be two sequences of random variables (r.vs.) with 𝑋𝑛
𝑝
 𝑥 and 

𝑌𝑛
𝑝
 𝑌 where X and Y are r.vs., then _____. 

 

 a) (𝑋𝑛 + 𝑌𝑛)
𝐿𝑎𝑤
    𝑋 + 𝑌 b) (𝑋𝑛 𝑌𝑛)

𝑝
  𝑋/𝑌  

 c) (𝑋𝑛/𝑌𝑛)
𝐿𝑎𝑤
    

𝑋

𝑌
 d) (𝑋𝑛/𝑌𝑛)

𝐿𝑎𝑤
    𝑋  

      

 3) Suppose 𝑅𝑖 𝑡 = reliability of 𝑖th component for 𝑖 = 1, 2 and 𝑅 𝑡  is reliability 
of a series system of 2 independent components, then _____. 

 

 a) 𝑅(𝑡) ≤ 𝑅1 𝑡   b) 𝑅(𝑡)  ≤  𝑀𝑖𝑛{ 𝑅1 𝑡 , 𝑅2 𝑡 }   

 c) 𝑅(𝑡)  ≤  𝑀𝑎𝑥{ 𝑅1 𝑡 , 𝑅2(𝑡)}  d) 𝑅(𝑡)  ≤ 𝑅2(𝑡)   
      

 4) If  𝑌1 < 𝑌2 < ⋯ < 𝑌𝑛  is an order statistic from a distribution with pdf f(x) and 
CDF F(X) then probability distribution of Yr can be obtained using _____. 

 a) of multinominal concept distribution  
 b) concept of first definition of derivative  
 c) both a and b  
 d) neither a nor b  
      

 5) A three component parallel system works if _____.   
 a) at least 1 components is working  
 b) at least 2 components are working  
 c) at least 3 components are working  
 d) none of these  
      

 6) Let {𝑋𝑛, 𝑛 > 0 } be a sequence of iid r.vs. each with mean 𝜇 and variance 

𝜎2. If 𝑆𝑛 = 𝑋1 + 𝑋2 +  … + 𝑋𝑛, then the distribution of Z is N (0,1) as 𝑛  ∞ 
if Z= ______ 

 

 a) (𝑆𝑛−𝜇)

𝜎/ 𝑛
  b) (𝑆𝑛−𝑛  𝜇 )

𝜎 𝑛
   

      

 c) (𝑆𝑛−𝑛𝜇)

𝜎/ 𝑛
  d) (𝑆𝑛−𝜇)

𝑛𝜎2    
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 7) In FCFS behavior the customers are served _____.  
 a) randomly b) priority   
 c) in the reverse order of arrival d) in the order of arrival  
      

 8) A series system is a particular case of k out of n system if _____.  
 a) 𝑘 < 𝑛  b) 𝑘 = 𝑛    

 c) 𝑘 =  1   d) 𝑘 = 0   
      

 9) In M/M/1 : ∞ I FCFS model the inter arrival time is assumed to be 
distributed like _____ 

 

 a) exponential b) Poisson  
 c) normal d) Geometric  
      

 10) If X is a continuous r.v. with mean 5 and variance 4 then using 
Chebysheve’s inequality 𝑝[∣ 𝑋 − 5 ∣ ≥ 6] is _____. 

 

 a) equal to 
1

36
 b) less than 

8

9
  

 c) Less than 
4

36
 d) greater than 

4

9
  

      

 11) If Φ( X) is a structure function of a system then Φ( X ) is _____ r.v.  
 a) geometric  b) bernoullie   
 c) poisson  d) exponential   
      

 12) In usual notations, if 𝜆 =  5 per hour and 𝜇 =  4 per hour then in M/M/1 : ∞ 
I FIFO model, traffic intensity will be _____. 

 

 a) 1.25 b) 0.8  
 c) 1 d) Cannot be obtained  
      

 13) In M/M/1 : ∞ I FCFS model the parameter 1 represents _____.  
 a) allowable number of customers in queue  
 b) number of customers served  
 c) number of service channels   
 d) first preference to specific customer  
      

 14) Distribution of _____ can be obtained using order statistic.  
 a) mean b) variance  
 c) summation of Xi d) none of these  
      

Q.2 A) Answer the following questions.  (Any Four) 08 
  1) Describe the parameters M and M, in M/M/1 : ∞ ∕ FIFO model.  
  2) Give any two illustrations where you can observe use of queuing models. 
  3) Define minimal cut set and minimal path set.  
  4) State the conditions for existence of W.L.L.N.  
  5) Let X is N( 𝜇 , 𝜎2) r.v. Then using Chebyscheve’s inequality find the 

lower bound for 𝑃[ ∣  𝑋 − 𝜇 ∣<  3𝜎]. 
 

     

 B) Write Notes on: (Any Two) 06 
  1) Let  𝑌1 <  𝑌2 <  𝑌3 <  𝑌4 be an order statistic corresponding to a random 

sample of size 4 from exp(1) distribution. Find 𝑃 (𝑌1 <  2). 
 

  2) W.L.L.N. does not hold for Cauchy distribution. Justify.  
  3) Obtain all possible minimal cut sets for a series system of three 

components. 
 

     

Q.3 A) Answer the following questions: (Any Two) 08 
  1) Define series system and find its structure function.  
  2) Write a note on customer behavior and queue discipline.  
  3) Define    
   i) convergence in probability   
      

   ii) convergence in distribution of a sequence of r.vs  
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 B) Answer the following question. (Any One)  06 
  1) Using CLT for a sequence of iid P(1) distribution, show that 

 
𝑒−𝑛𝑛𝑥

𝑥 !

𝑛
𝑖=0 =

1

2
 as n   ∞. 

 

  2) Obtain the distribution of service time in queuing system.  
     

Q.4 A) Answer the following questions. (Any Two) 10 
  1) Define order statistic and find the distribution of rth order statistic.  
  2) Consider n trials of an experiment of which each trial results in 

success with constant probability p or failure with probability (1 - p). Let 
X = No. of successes in n trials. Test whether the proportion of 

successes in n trials converges in probability to p as 𝑛   ∞. 

 

  3) Show that for a parallel system of two components  

𝑅(𝑡)  =  𝑀𝑎𝑥 {𝑅1(𝑡), 𝑅2(𝑡)} 
 

     

 B) Answer the following question. (Any One) 04 
  1) In usual notations state the relationship between Ls, Lq, Ws, Wq  
  2) Define :  
   i) IFR distribution   
   ii) DFR distribution  
     

Q.5 Answer the following questions. (Any Two) 14 
 a) Let Y1 <  Y2 <  Y3 <  Y4 <  Y5 be an order statistic corresponding to a 

random sample of size 5 from exp (𝜃) distribution. Find distribution of Y2 
and show that U = Y2 and V = Y4 - Y2 are independently distributed. 

 

 b) State and prove Central Limit Theorem (CLT) for a sequence of iid r.vs. with 

common mean 𝜇 and variance 𝜎2. 

 

 c) Define.  
  i) parallel system  
  ii) series system   
  iii)  k out of n system  
  Obtain structure function for a series system and parallel system of 3 

components. 
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