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Q.1 Answer the following questions    (2-marks) 

1.  Define goal programming. 

2.  Define economical order quantity (EOQ). 

3.  Describe factors involved in inventory problem. 

4.  What is replacement? Describe some important replacement situations. 

5.  What are the advantages of data envelopment analysis? 

6.  Define Pareto efficiency. 

7.  Define Categories of Goal Programming. 

8.  Write reasons for carrying inventories. 

9.  Which are two fundamental questions in controlling the inventory of physical 

goods? 

10.  Define mortality table. 

11.  Explain objectives of efficient resource. 

12.  Explain technical efficiency. 

13.  Write aim of Goal programming. 

14.  Define:-  i) Holding cost   ii) Ordering cost 

15.  Define inventory costs? 

16.  Write factors affecting on inventory control. 

17.  What is Data Envelopment Analysis? 

18.  Describe Mathematical model of BCC. 

19.  Write types of efficiency. 

20.  Write types of Inventories. 

21.  Define productivity. 

22.  Define rate of replenishment. 

23.  Define different types of demand. 

24.  Explain assumptions of DEA. 

25.  Describe Mathematical model of CCR. 
 

Q.2 Answer the following questions    (6-marks) 

 

1.  Write the algorithm to formulate GP model and steps involved in graphical method 

of goal programming problem. 



2.  Describe the problem of replacement of items whose maintenance cost increase 

with time. Assume that the value of money remains constant. 

3.  Derive optimal economic lot size formula in usual notations when the rate of 

replenishment is finite and demand is uniform. 

4.  Explain different costs that are involved in inventory problem with suitable 

examples. 

5.  How the data envelopment analysis is used for calculating the technical efficiency? 

6.  Explain mathematical formulation of Charnes, Cooper & Rhodes (CCR) model.  

7.  Write the algorithm of modified simplex method of goal programming. 

8.  Derive the expression for condition to replace the item whose maintenance costs 

increase with time and the value of money also changes with time. 

9.  Explain ordering cost and carrying cost with example. 

10.  Derive EOQ model with constant demand and infinite replenishment rate. 

11.  What is DEA? Write a mathematical formulation of DEA model? 

12.  Describe output- oriented technical efficiency. 

13.  Use modified simplex method to solve the following GP problem. 

Minimize z = P1d1
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+ 
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14.  Define factors involved in inventory problem and explain inventory model 

building. 

15.  Derive optimal economic lot size formula in usual notations when the rate of 

replenishment is finite and constant rate of demand. 

16.  Describe multiple-input, multiple output efficiency. 

17.  Explain mathematical formulation of Charnes, Cooper & Rhodes (CCR) model. 

18.  Explain clearly with suitable examples the different costs that are involved in 

inventory problem. 

 

19.  What is lead time? What activities occur during lead time? 

 



20.  Describe replacement policy for items whose efficiency deteriorates with time. 

Q.3 Answer the following questions    (4-marks) 

 

1.  Define difference between Linear Programming and Goal Programming approach.  

2.  Write a note on replacement of equipment that fails suddenly. 

3.  Describe multiple-input, multiple output efficiency. 

 

4.  State and prove group replacement theorem. 

5.  Derive EOQ formula with different rate of demands in different cycles and infinite 

replenishment rate. 

6.  A firm produces two products, say A and B. Product A sells for a net profit of Rs. 

80 per unit, while product B sells for a net profit of Rs. 40 per unit. The goal of the 

firm is to earn Rs. 900 in the next week. Also, the management wants to achieve 

sales volume for the two products close to 17 and 15 respectively. Formulate this 

problem as a goal programming model. 

7.  Write a short note on Steps of inventory model buildings 

8.  Write a short note on BCC model 

9.  Write a short note on Types of failure 

10.  Write steps involved in graphical method of goal programming problem. 

11.  State and prove mortality theorem. 

12.  Derive EOQ model with constant demand and fixed reorder cycle time with 

shortage. 

13.  How the data envelopment analysis is used for calculating the technical efficiency? 

14.  Define Gradual failure and sudden failure. 

15.  Derive mathematical formulation of CCR model in data envelopment analysis. 

16.  Explain types of failure. 

17.  Write short note on Inventory management. 



18.  Write short note on Productivity and Technical Efficiency. 

19.  Define (i) Set-up cost (ii) Ordering cost (iii) Purchase Cost (iv) Holding cost 

20.  Derive EOQ model with constant rate of demand, finite production rate and 

without shortage. 

21.  Write a short note on Group Replacement. 

22.  Write a short note on modified simplex method of goal programming. 

23.  Describe a mathematical formulation of DEA model. 

24.  Write a short note on Economic Order Quantity. 

25.  Explain mathematical formulation of Banker, Chames and Coope (BCC) model. 
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Question Bank 

------------------------------------------------------------------------------------ 
Q.1 Answer the following questions (Two Marks)             

                                                                                                             

1. Define reducible and irreducible Markov chain. 

2. Define Stationary distribution. 

3. State first entrance theorem and Ergodic theorem. 

4. Define Poisson process. 

5. Give an application of M/M/1 and M/M/s queuing system. 

6. Define delayed renewal process with example. 

7. Define renewal process with example. 

8. Define periodic state and absorbing state. 

9. Define stationary distribution. If the given t. p. m. is doubly stochastic 

with state space {1, 2, 3, ……, n} then what should be the stationary 

distribution. 

10. Define compound Poisson process with example. 

11. Define first passage time and its distribution. 

12. State renewal equation and Wald’s equation. 

13. Define counting process with example. 

14. Give two examples of Poisson process. 

15. Define transient and persistent state. 

16. Consider a Markov chain with state space (0, 1, 2 ) and t. p. m.  

      P =[
0 1 0

1/2 0 1/2
0 1 0

]      

Obtain mean recurrence time of state 2. 

17. Define and give illustrative example for persistent non null state. 

18. Describe M/M/S queuing system. 

19. Distinguish between weakly stationary and strongly stationary stochastic 

processes. 

20.  Give one example of each: 

i) Branching process 

ii) Diffusion process 

21. Define Markov Chain. Give two examples. 

22. Show that sum of two independent Poisson process is Poisson process. 

23. Define and give illustrative example of periodic state with period d>1. 

24. Find the probability of extinction if offspring distribution is 0 and 2 with 



           probabilities P (ξi = 0) = 0.2 and P(ξi = 2) = 0.8 

25. The outbreak of corona virus is an example of what type of stochastic 

process? 

           Explain. 

26. Let Pk , k = 0, 1, 2 be the probability that an individual in a generation 

generates k offspring’s. P0 = 2/3, P1 = 1/6, P2 = 1/6 then find probability 

of ultimate extinction. 

27. Consider a Markov chain with state space S ={1, 2, 3, 4} and t. p. m.  

P =  [

0 0 1 0
0 0 0 1
0 1 0 0

1/4 1/8 1/8 1/4

]    

            Obtain mean recurrence time of state 2. 

28. Prove that the renewal function M(t) = ∑𝐹𝑛(𝑡). 

29. Define transient and Ergodic state. 

30. State the applications of Key renewal theorem. 

31. Define Yule process. 

32. Derive the interrelationship of between 𝑃𝑖𝑗
𝑛 and 𝑓𝑖𝑗

𝑛 

33. Define recurrent and transient state of Markov chain. 

34. Give two examples of branching process. 

35. State any two properties of Poisson process. 

36. Define renewal process and renewal function M(t). 

37. Define Poisson process state its assumptions. 

38. State key renewal theorem. 

39. Define probability of ultimate extinction of branching process.  

 

 

Q.2 Answer the following questions (Four Marks)             

1. Write a algorithm for simulation of Markov chain. 

2. Explain birth and death process. 

3. Show that in Poisson process conditional distribution of arrival time is    

            uniformly distributed over (0, t]. 

4. State and prove Chapman-Kolmogorov equation 

5. State and prove additive property of Poisson process. 



6. Consider three-state Markov chain having T.P.M.  P = 

[
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Obtain stationary distribution.   

7. Discuss decomposition of Poisson process.                                                                                                                  

8.  Explain in details random walk model. 

9.  Define Galton-Watson branching process and in usual notations prove that           

i) Pn(s) = Pn-1(P(s))                               ii) Pn(s) = P(Pn-1(s))    

10. Give classification of stochastic processes according to state space and 

time domain with example.  

11.   Explain Gambler’s ruin problem. 

12.   Obtain distribution of waiting time in the queue in queuing model 

M/M/1.                                                                                                                             

13.   Discuss compound Poisson process with example. 

14.   Consider a queuing model M/M/1 and obtain probability distribution of 

n number of units in the system at time t. 

15. Define Galton-Watson branching process.  Let {𝑋𝑛, 𝑛 ≥ 0} be a Galton-

Watson Branching process with offspring distribution 𝑝0 = 0.1, 𝑝1 =

0.4, 𝑝2 = 0.3, 𝑝3 = 0.2 and 𝑋0 = 1. What is the expected size of the 10
th
 

generation?   

16.   Explain birth and death process. State the real life process which can be 

modelled as birth and death process.   

17. Write a short note on branching process. 
18. Prove that persistency is a class property. 
19. Describe simulation of Poisson process. 

20. Write a short note on M/M/S queuing system. 

21. Show that periodicity is class property. 

22. Describe Yule-Furry process. 

23. Derive renewal integral equation. 

24. Obtain limiting distribution of queue length. 

25. Explain decomposition of Poisson process. 

26. Write a note on Delayed renewal process. 

27. Show that Markov chain is stationary iff X0 and X1 are identically 

distributed. 

28. Write a short note on stochastic processes. 

29. Define Poisson process. State its assumptions. 



30. Describe pure birth process with underlying assumptions. 

 

Q.3 Answer the following questions (Six Marks)             

 

1. State and prove Ergodic theorem. 

2. Define periodicity of state. Show that it is class property. 

3. For branching process {Xn, n > 0}, obtain the expressions for mean and 

variance of  Xn under the initial condition X0=1. 

4. State and prove elementary renewal theorem. 

5. Let {Xn, n > 0} be a Markov chain with state space S = {1,2,3,4} and 

transition  matrix   

                   P =     

1/3 2/3 0 0
1 0 0 0

1/2 0 1/2 0
0 0 1/2 1/2

 

      Check whether the states are transient or persistent. 

6. Give classification of stochastic processes according to state space and    

     time domain with example.  

7. Define a renewal process. Show that the renewal function M(t) satisfies 

the equation M(t) = F(t) + ∫ 𝑀(𝑡 − 𝑥)𝑑𝐹(𝑥
𝑡

0
) 

8. Show that state j is persistent iff   ∑ 𝑝𝑖𝑗
(𝑛)∞

𝑛=0 = ∞ 

9. Discuss Yule-Furry process. Obtain the expression for 𝑃𝑛 (𝑡) 

10.  State and prove elementary renewal theorem. 

11.  Define Poisson process. Under the postulates (i)-(iv) of Poisson process 

N(t)  follows Poisson distribution with mean λt. i.e. P(N(t) = n) = Pn(t)  

12. Show that in Poisson process inter-arrivals time follows exponential           

     distribution and waiting time follows gamma distribution. 

13. Let {Xn, n > 0) be a Markov chain with state space S = {0, 1, 2}, T.P.M. is 

                                                   P= [

1/4 3/4 0
1/3 1/3 1/3
0 1/4 3/4

] 

      and initial distribution (1/4,1/2,1/4).Obtain :  

                  1) p[X2=2/X0=0]                       2) P[X0=0, X1=1, X2=1] 

       

14.    If N(t) is Poisson process then the autocorrelation coefficient between N(t) 

and N(t+s) is {t/(t + s)}
1/2

 



15. Let {𝑋𝑛, 𝑛 ≥ 0} be a Markov chain with state space S={0, 1}, t.p.m  𝑃 =

[
0.3 0 0.7
0 0.6 0.4

0.8 0.2 0
] and initial distribution (0.5, 0.5, 0).  

    Compute 

i. 𝑃(𝑋2 = 0, 𝑋0 = 1) 

ii. 𝐸(𝑋2) 

 

16. Show that Markov chain is completely determined by one step transition 

probabilities and initial probability distributions. 

17.  For bith and death process { Xt} with 𝜆n = n 𝜆  and 𝜇n = n 𝜇. Obtain 

differential equation satisfied by probabilities. 

18. Verify the states of random walk model for persistency as well as for 

periodicity.  
19. Consider the problem of sending a binary message, 0 or 1, through a signal 

channel consisting of several stages, where transmission through each stage is 

subject to a fixed probability of error 𝛼. Suppose that 𝑋0 = 0 is the signal that 

is sent and let 𝑋𝑛 be the signal that is received at the n th stage. Assume that 

𝑋𝑛 is a Markov chain.  
i) Determine the transition probability matrix of {𝑋1 }  

ii) Determine the probability that no error occurs up to stages 𝑛 = 2 
iii) Determine the probability that a correct signal is received at stage 2 

20. Give two definitions of Poisson process and establish their equivalence. 
21. Define random walk model. Also classify its states  
22. Discuss: i) Addition of two Poisson Processes  
                   ii) Decomposition of Poisson process 

 

23. Obtain mean and variance of the population size of branching process at the 

nth generation when the offspring distribution has finite variance. 

24. Write an algorithm for simulation of Poisson process. 

25. Find the limiting probabilities for one dimensional random walk with two 

reflecting barriers. 

26. Describe M/M/S queuing system. Obtain limiting distribution of queue 

length. 

27. Derive steady state probability distribution of population size in Birth-death 

process. 

28. Define renewal function and derive renewal integral equation. 

29. Show that states belonging to the same class have the same period. 



30. Explain the algorithm for simulation i) Markov Chain    ii) Branching Process 
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                                                     Question Bank  

                Answer the following questions. (2 Marks)  

1) Define a stationary time series. Give one example. 

2) Define a linear process. Obtain expression for its ACF. 

3) Define an invertible process. State condition  for  an ARMA (p, q) process to be  invertible. 

4) Define ARIMA (p,d,q) process. 

5) Explain periodogram of  a  time series. 

6) Define  partial  autocovariance function. Obtain  the  same  for  AR(l)  process. 

7) Derive spectrum of a write noise process. 

8) Explain  how  differencing  a  time  series eliminates linear  trend. 

9) State  properties of Auto Covariance  function (ACF). 

10) Obtain     ACF of an MA (2) process. 

11) State properties of sample ACF. 

12) Derive variance of an AR(l) process. 

13) Explain what is a seasonal component. 

14) When   the  transformation  of  an observed  time  series  is required? 

15) Explain  moment  estimation  of parameters  of  an  AR(l)  process. 
      16)   Explain behaviour of  PACF of an AR(p) process. 

      17)   Define a strictly stationary  process. 

      18)   Define Akaike information criteria (AIC)  and mention how this criteria can be used    

for   time series model selection. 

      19)    Derive the stationary variance of the AR(1) process Yt = ∅ Yt-1 +Zt, Zt~iid(0,σ
2
), I∅I 

<1. 

     20)  Explain a method of detecting stationarity in a time series. 

     21)  Write a short note on Spectral density. 

     22)  What is the spectral density of white noise? 

     23)  Define a infinite order moving average time series and compute  its ACF. 

     24)  Write an applications of Time series. 

    25)  Derive 𝜋 weights for an MA(1) process. 

    26)  Derive 𝜋 weights for an AR(1) process. 

    27)  Derive 𝜑 weights for an MA(1) process. 

 

 

 

 



 

       2. Answer the following questions. (6 Marks)  
 

1) Describe Yule-Walker method of estimating the parameters of an AR(p) process. Obtain 

the same for AR(2) process. 

2) What are the different methods of diagnostic checking in time series? Explain the roles of 

residual analysis in model checking. 

3) Explain a method for estimation and elimination of trend component in a time series. 

4) Define sample autocorrelation function. Explain its use in the analysis of time series. 

5) Define a Random walk model. Examine whether random walk model is stationary time 

series. 

6) Define ARMA(p,q) process and state conditions for its invertibility. Examine the process  

Xt - 0.5 Xt-1+0.3Xt-2 = ∈t+ 0.2∈t-1  for invertibility. 
7)  State and prove with illustration : A non Gaussian weakly stationary process need not be 

strictly stationary. 

8) Describe  maximum  likelihood  estimator         for  stationary                    time     series  process 

{xt, t > l} with auto covariance function 𝛾. 

9) Define ARIMA (p,d,q) process  and state  criteria for determining  the value of p and q 

parameters. 

10) Derive PACF of the process (l − B + 25 B2) xt = zt where {zt} ~ WN (0, 𝜎^2). 

11) Let {xt} be moving average process of order 2 given by xt = zt + 𝜃zt − 2 

where {zt} is WN (0, l). 

i) Find the autocovariance and auto correlation functions for this 

process when 𝜃= 0.8. 

12) Define a SARIMA model in brief. What are the parameters of a SARIMA model? 

13) How do you compare a GARCH (p,q) with an ARMA (p,q)? 

14) How would you justify the selection of a heavy tailed distribution for the innovations, 

when there is an ARCH effect (take p=1)? 

15) Discuss briefly the parameter estimation problem in an AR(1) model. 

16) Describe a test based on ranks to detect trend in a time series? 

17) Explain the principle of minimum mean square error (MMSE) forecasting. 

18) Define the spectral density of a stationary time series. State how the ACF can be obtained 

from the spectral density . Find the spectral density of an AR(1) process. 

19) Define a random walk process and examine its weak stationarity. Discuss how this 

process would be useful in modeling the stock prices. 

20) Suppose n observations {X1, X2,…. Xn) have been observed on a stationary time series. 

Using the sample explain how you can estimate 

i) Process mean  

ii) Process ACF  



iii) Process PACF  

21) For the ARMA (1,1) process  Xt - ∅ Xt-1 = Zt + 𝜃 Zt-1, Zt ~WN( 0, σ
2
) 

Find the general formula for computing the 𝜑 -weights in the causal form  ∑ 𝜑∞
𝑗=0 j Zt-j. 

  

22) Define Least square method for estimation & elimination of trend in absence of 

seasonality. 

23) Outline the test based on the number of discordances in a time series to detect trend. 

24) Obtain the autocorrelation function of an stationary AR (2) process. 

25) Maximum likelihood estimation of Gaussian process in Time series analysis. 

26) Explain double exponential  smoothing method in detail. 

27) Maximum likelihood estimation of ARMA process. 

28) Explain Single exponential  smoothing method in detail. 

 

3. Answer the following questions. (4 Marks)  

 

1) Define an ARCH (p) model. 

2) How would you compare a GARCH (p,q) with an ARMA(p,q)? 

3)  Write a short note on Exponential smoothing. 

4) Explain Weak stationary & Strict stationary  process 

5) Define Innovations algorithm with illustration 

6) Define White noise process and its use with illustration. 

7) Diagnostic checks 

8) What are the different tests which are used in diagnostic checks method. 

9) ARIMA (p,d,q) process 

10) Seasonal component 

11) Time series components 

12) Explain a method for estimation and elimination of trend component in a time series. 

13) Define sample autocorrelation function. Explain its use in the analysis of time series. 

14) Define a Random walk model. Examine whether random walk model is stationary time 

series. 

15) Define Durbin-Levinson algorithm for parameter estimation. 

16)  Define Partial autocorrelation function. Find PACF of MA(1) process. 

17)  Explain the use of auto correlation function (ACF) and partial auto correlation function 

(PACF) in determining the order of an ARIMA model. 

 

18) State and prove: The MA process is always stationary and AR(p) process need not be 

always stationary. 

19)  Find 𝜋 weights and 𝜑 weights for ARMA(2,2) process. 

20) Define turning point test for randomness of the Residual. 

21) Define an GARCH (p) model. 



22) AIC and BIC Criteria for decision making in Time series analysis. 

23) Define Partial autocorrelation function. Find PACF of MA(2) process. 

24) Define Partial autocorrelation function. Find PACF of AR(1) process. 

25) Find 𝜋 weights and 𝜑 weights for ARMA(1,1) process and also check the process is 
causal or invertible. 

26) Define an GARCH (1) model. and it’s applications. 

27) Define an ARCH (1) model. and it’s applications 

28) Maximum likelihood estimation of ARMA process. 

29) What are the properties of Spectral density. 

30) Define Spectral density with illustration. 

31) Explain Gaussian Time series. 

32) Accuracy measures in Time series analysis. 

 

 

 

 

 

 

 

 

 

 

 



Planning and Analysis of Industrial Experiment (MST-404) 

Short Questions  

1. Define Main Effect. 

2. Define confounding in factorial design. 

3. Explain the concept of Replication 

4. Explain the concept of orthogonal contrast 

5. Write the various assumptions of 3
2
 factorial designs.   

6. Describe the concept of principal block in confounding. 

7. Define Interaction Effect. 

8. Define fractional factorial design. 

9. Explain the concept of blocking. 

10. Explain the concept of Aliase structure. 

11. Write the various assumptions of 2k factorial designs.   

12. Describe the concept of Subsidiary Block in confounding. 

13. Define factorial experiment. 

14. Define total confounding design. 

15. Explain the concept of randomization. 

16. Explain the concept of signal of noise ration. 

17. Define Experiment.   

18. Describe the concept of Subsidiary Block in confounding. 

 

 

Long Questions  

1. In short, explain the analysis of 2
2
 factorial designs.   

2. Explain the procedure to construction of 2
k
 factorial design in four blocks. 

3. Explain the concept of Minimum Aberration Design 

4. Write down the Yates table for 2
3
 factorial experiments 



5. In 3
k
 factorial designs, explain how the linear and quadratic components of 

the effect of a factor are tested 

6. Explain resolution. 

7. Discuss the concept of Taguchi design 

8. Explain the concept of surface response experiment 

9. Write a short note on Noise factor.  

10. Explain the concept of loss function  

11. What do you understand by design of experiment? Explain the basic 

principal of design of experiment. 

12. For 2
5-2 

factorial design, if X1=ABCD, X2=ABE and X1X2=CDE the find 

the type of resolution.  

13. Explain the method of contraction of Block in confounding experiment.  

14. In short, explain the analysis of 23 factorial designs.   

15. Explain the procedure to construction of 2k factorial design in four blocks. 

16. Write the analysis procedure for one-half fraction of 2k design. 

17. Write down the Yates table for 23 factorial experiments 

18. In 32 factorial designs, explain how the linear and quadratic components 

of the effect of a factor are tested 

19. Explain resolution III design in case of 23-1 design. 

20. Discuss the concept of S/N ration. 

21. Explain advantages and disadvantages of factorial design. 

22. Write a short note on half normal plot.  

23. Explain the concept of loss function  

24. Write ANOVA table for 32 factorial design. 

25. For 25-2 factorial design, if X1=ABCD, X2=ABE and X1X2=CDE the 

find the type of resolution.  

26. Explain the concept of Ridge Systems.  

27. Explain the one half fraction of 23 design with ABC as generator 

28. Explain the analysis of 3n factorial design in nine blocks.   



29. Explain the concept of Stationary points. 

30. Discuss the concept of Taguchi design. 

31. Explain the concept of loss function and noise factor in industrial 

experimentation.   

32. In 32 factorial designs, explain how the linear and quadratic components 

of the effect of a factor are tested. 

33. Explain resolution III design in case of 23-1 design. 

34. Discuss the concept of Minimum Aberration Design. 

35. Explain advantages and disadvantages of Fractional factorial design. 

36. Write a short note on normal plot.  

37. Explain the Aliase structure. 

38. For 25-2 factorial design, if X1=ABCD, X2=ABE and X1X2=CDE the 

find the type of resolution.  

39. Explain the Resolution of type V Design.  

 



MST-405: Acturial Statistics 

 

Q.1) Answer the following      (2 Marks) 

1. What is the role of IRDA in insurance business? 

2. Explain the following terms: i) Insurer    ii) Insured 

3. Show that compound interest, effective rate of interest remains the 

same for every year. 

4. What is the role of actuary in insurance business? 

5. Define rate of discount. 

6. Define force of mortality 

7. Explain properties of Survival function. 

8. Suppose life length r.v. X is modelled by exponential distribution with 

parameter λ, find the p.d.f. of T(x).  

9. Define whole life insurance. 

10. Define Constant force of mortality under Balducci assumption. 

11. Define Nominal rate of interest. 

12. Define deferred period. 

13. n-year term life insurance. 

14. Explain pure risk. 

15. Define the term     i) premium      ii) Policy. 

16. For the uniform distribution over (0,100) find the force of mortality. 

17. Find survival function using Gompertz law. 

 

Q.2)Answer the following    6 Marks  

1. Explain the concept of risk. Also explain its types. 

2. Define future lifetime random variable T(x). Find probability 

density function of T(x). 

3. Explain the characteristics of insurable risk. 



4. If 𝑙𝑥 = 2500(64 − 0.8 𝑥)
3

4; 0≤ x ≤ 80, find the p.d.f of life length 

r.v.of X 

5. Under the Balducci assumption, obtain an expression for S(x+t) 

,also force of mortality 𝜇𝑥+𝑡; 0 ≤ 𝑡 ≤1 

6. Derive the actuarial present value for n-year endowment insurance 

at the moment of death. 

7. Find probability density function of T(x) if life length r.v is 

modelled by Makehams force of mortality. Also check whether it 

is density function or not. 

8. For a certain animal population 𝑙𝑥 =
𝑙𝑜

(1+𝑥)2  ; 𝑥 ≥ 0 calculate, 

i. The complete expectation of life at birth . 

ii. The force of mortality at age 1 year. 

iii. The chance that a newly born animal will die between ages 

(1,2) year. 

9. If S(x) = exp{-0.00133[1.07152𝑥-1]}; 0≤x≤100. Find the 

following probabilities. 

i. (40) will die in the next decade. 

ii. (30) will die between (60,70). 

iii. (40) will die between (50,60). 

10.  If 𝜇𝑥= 
2

𝑥+1
+

2

100−𝑥
 ;0 ≤ x ≤100. Find expected number of deaths 

which occure between ages (1,4) in a life table with radix of 

10,000. 

11. Under the Balduccci assumption find i) tPx  ii) Force of mortality 

iii) 𝑙𝑥+𝑡. 

12. Suppose life length r.v is modelled by distribution with force of 

mortality is, 

 



𝜇𝑥     = 0.04  ;0≤ x < 15 

 =0.08  ;15≤ x <25 

 = 0.12  ;25≤ x <35 

 =0.18  ;x ≥ 35 

Find i)  𝐴30: 5|̅
−1  

ii) Net single premium for n year term life insurance for benefit of 

1,000 to be paid at the moment of death for n=1 and for δ=0.0. 

13. Suppose life time r.v has distribution with survival function  

S(x) = 1- 
𝑥2

100
; 0≤ x ≤ 10 

Find i) probability that person aged at 4 will survive up to age 9. 

         ii) p.d.f.of T(4). 

                    iii) Median future life time of T(5). 

14. Find the amount to which Rs 1000 will accumulate  

i. 4% per annum payable quarterly for 10 years. 

ii. 6% per annum payable half yearly for 5 years. 

iii. 5% effective for 10 years, 4% effective for 5 years, 2.5% 

effective for 3 years.  

15. Suppose life length r.v X  is modelled by uniform distribution (0,100).find 

the p.d.f of T(25). 

16. Show that 𝜇𝑥+𝑡
𝐴 = 𝜇𝑥+1−𝑡

𝐵  ; 0≤ t ≤1.where the A - Under uniformity death,         

B - Balducci assumption. Find the value of t. 

17. Derive relation between i and 𝑖𝑚. 

 

 

 

 

 



Que-3) 4 Marks  

1. Suppose life length r.v is modelled by distribution with force of mortality 

is, 

𝜇𝑥     = 0.04  ;0≤ x < 15 

=0.08  ; 15 ≤x <25 

= 0.12  ;25≤ x <35 

=0.18  ;x ≥ 35 

Find S(x), p.d.f f(x). 

2. Define survival function. Suppose life length r.v. is modelled by 

Gompertz force of mortality, find p.d.f of life time r.v. 

3. Let F(x)= 1-(1 −
𝑥

120
 )

1

6 ;0≤ x≤120. 

i. Find i) force of mortality ii) Probability that a new born life 

survive beyond age 30 iii) Probability that a life age 30 

dies before age 50. 

4. Define m year temporary life annuity. Prove that,�̅�
𝑥:Γn = ∫ 𝑣𝑡𝑛

0 𝑡𝑝𝑥  𝑑𝑡 

5. Explain the roll of statistics in insurance. 

6. Define m year temporary life annuity. Prove that, �̅�𝑥 = ∫ 𝑣𝑡∞
0 𝑡𝑝𝑥  𝑑𝑡 

7. Find survival function under De-Moivre’s Law and Gomeprtz law.  

8. Define curtate future life time r.v. find its p.m.f.. 

9. Under the uniformity of deaths find probability that person aged at (x) 

will die up to age (x+t) also find force of mortality. 

10. If ¼ qx =0.01. find the value of ½qx+3/8 when tqx= t*qx. 

11. Suppose effective rate of interest per annum is 0.04, find d,v, 𝑖(2),, 𝑖(12),, 

𝑖(365),δ. 



12. Find amount to which Rs 10,000 will be accumulate after 10 years if the 

rate of interest is i) 5% as the force of interest  ii)5% as the effective rate 

of interest. iii) 5% per annum payable at quartly. 

13. Prove that, m| �̅�𝑥 = 𝐴
𝑥:

1

𝑚|

�̅�𝑥 + 𝑚. 

14. Explain m
th

ly Annuity immediate term 

15. For a certain insect population, the probabilities 𝑞𝑥obtain for 5 weeks are 

𝑞0=0.3, 𝑞1=0.1, 𝑞2=0.2, 𝑞3=0.3, 𝑞4=0.4, 𝑞5==1, taking 𝑙0==100.construct 

life table. 

a. Prove that under the assumption of uniformity of deaths 𝑙𝑥= 
𝑙𝑥+𝑙𝑥+1

2
. 

16. Suppose 𝑞𝑥= 0.002 find the value of ½qx under each of three assumption 

for fractional ages, comment on result. 

17. Derive relation between i and 𝑖𝑚. 

 


