Answer the following questions.

[2 Mark]

1. Define  - field with example.
2. State the axiomatic definition of probability.
3. State Yule Slutsky’s theorem.
4. Define distribution function of a random variable.
5. Define Convergence in rth mean.
6. State basic inequality.
7. Prove that, if AB  P ( A)  P ( B ).
8. Define distribution function and state its properties.
9. Define almost sure convergence of a sequence of random variable.
10. State Kolmogorov’s three series theorem.
11. Define Lebesgue measure with illustration.
12. Define :

i) Simple function

ii) Indicator function.

13. State dominated convergence theorem.
14. State properties of probability measure.
15. Define Minimal field with example.
16. Define : i)Simple random variable

ii) Elementary random variable.

17. If ϕ(t) is a characteristic function, show that |ϕ(t) | ≤ 1.
18. Define Expectation of random variable.
19. Define Independence of classes.
20. Define lim inf and lim sup of sequence of sets. Show that the lim inf An ⸦
lim sup An.
21. Define counting measure with example.
22. Define a field. Give an example of a field which is not a sigma field.
23. Give an application of CLT.
24. Define :i) Probability measure

ii) Simple function

25. Define :
i) lim sup An
ii) lim inf An
26. Where An is a sequence of sets.

iii) lim An

27. Prove that every σ – field is a field.
28. Define :
i) σ – field.
ii) generated σ – field.
29. Define field and comment on a statement - Every field must contain null set.
30. State and prove additive property of probability measure.

Answer the following questions.

[4 Mark]

1. Establish Kolmogorov’s strong law of large numbers.
2. Write short note on the weak law of large numbers.
3. State and prove Holder’s Inequality.
4. If An → A then show that P(An) → P(A).
5. Define simple function. Explain the term of inverse function.
6. Show that, X-1(S1 U S2 ) = X-1(S1) U X-1(S2)
3

7. Let a sequence of sets {An} be defined as An = [0, 1+ ), n ≥ 1. Obtain lim
𝑛

An, if exist.
8. If {An}  A then show that {Anc} Ac .
9. Write short note on the Lebesgue-stiltjes measure.
10.Write short note on Yule Slutsky results.
11.Write short not on Convergence in distribution.
12.Write short not on Central limit theorem.
13.Examine the following Sequence of sets for the existence of the limit.
𝐴 𝑖𝑓 𝑛 𝑖𝑠 𝑒𝑣𝑒𝑛
An = {
𝐵 𝑖𝑓 𝑛 𝑖𝑠 𝑜𝑑𝑑
̅̅̅̅ (An ∪ Bn ) = lim
̅̅̅̅An ∪ lim
̅̅̅̅ Bn .
14.Show that lim

15.Prove that if X and Y are independent random variable, then E(XY) = E(X)
* E(Y).
16.Let X be a Cauchy r.v. with p.d.f. f (x) = [  ( 1 + x2 ) ]-1 ; - ꚙ < x < ꚙ
Examine whether E( X) exist
𝑟

17.Let Xn ~ U( 0, 1/n ) show that Xn → 0 for r  0.
18.Define: i) Convergence in probability
p

ii) Convergence in distribution.

p

p

19.Let Xn → X and Yn → Y then prove that Xn + Yn→ X + Y.
p

p

20.Let Xn → Xm  Xn- Xm → 0 as n, m  0.
21.Establish Kolmogorov’s strong law of large numbers.
22.Write short note on the weak law of large numbers.
23.State any four moment inequalities.
24.Explain the term inversion theorem and uniqueness theorem.
25.If 𝐴𝑐𝑛 → Ac then show that 𝑃(𝐴𝑐𝑛 ) → P(Ac).
26.Write short note on Inversion theorem.
27.Prove that if X and Y are independent random variable, then E(XY) =
E(X).E(Y).
28.Suppose {An } A then examine the behavior of the sequence {Anc }.
29.If An  A then P ( An ) P (A).
30.Write note on WLLN and SLLN.
31.State moment inequality with their application.
32.State liaponove’s , Lindeberg- Feller theorem on CLT with their application.
Answer the following questions.
𝑝

1. Prove: Xn →0 iff E

|𝑋|

1+|𝑋|

[6 Mark]

→ 0 as n→ ∞

2. State and prove monotone convergence theorem.
3. Obtain characteristic function of normal variate.
4. Define Expectation of random variable. State and prove any two property.

5. Explain the terms with illustration:
i) Pairwise Independence
ii) Mutually Independence.
6. State and prove the intersection of arbitrary number of field is field.\
7. Obtain characteristic function of binomial variate
8. Define Expectation of random variable. State and prove any two property.
9. State and prove Dominated convergence theorem.
𝑝

𝑝

10. Define convergence in rth mean. Let Xn → X and Yn → Y then prove that Xn
𝑝

+ Yn→ X + Y.
11. State and prove minkowski inequality.
12. Explain the terms of weak and strong law of large numbers.
13. Define inverse mapping. Let X: Ω and Ω’. Let A and B be subsets of Ω’.
Then Show that i) X-1( S1c) = (X-1(S1))c
14. State and prove that a  - field is monotone field and conversely monotone
field is a -field.
15. In usual notations prove that σ{X-1(ξ)} = X-1{σ(ξ)}.
16. Suppose {An } A then examine the behavior of the sequence {Anc }.
17. Define Characteristic function of random variable. If ϕ(t) is a characteristic
function, then show that : i) |ϕ(t) | ≤ 1 ii) ϕ(0) = 1
18. Let An = A if n = 1, 3, 5, ……. and An = B if n = 2, 4, 6, ……. Obtain 𝑙𝑖𝑚
An, 𝑙𝑖𝑚 An. Does lim An exist? Justify your answer.
19. State and prove Fatuous lemma.
20. State Khintchine’s weak law of large numbers for i.i.d. case and give
applications of it.
21. Show that 𝑙𝑖𝑚 An ⸦ 𝑙𝑖𝑚An

22. Define lim inf and lim sup of a sequence of sets. Examine the following
𝐴 𝑖𝑓 𝑛 𝑖𝑠 𝑒𝑣𝑒𝑛
Sequence of sets for the existence of the limit. An = {
𝐵 𝑖𝑓 𝑛 𝑖𝑠 𝑜𝑑𝑑
23. Define inverse mapping. Let X: Ω and Ω’. Let A and B be subsets of Ω’.
Then Show that i) X-1( S1U S2) = X-1(S1) U X-1(S2)
24. State and prove continuity property of probability measure.
25. State Lipunov’s form of central limit theorem. Check if the central limit
theorem holds for the sequence {Xn} of independent random variable, where
1

P(Xn = -nα) = = P(Xn = nα), 0 <α< 1.
2

26. State Khintchine’s weak law of large numbers for i.i.d. case and give
applications of it.
27. Define conditional probability measure and give an example of the same.
28. Define minimal σ – field. Consider the function defined by
𝐶0 if w ∈ 𝐴0
X(w) = {𝐶1 if w ∈ 𝐴1
𝐶2 if w ∈ 𝐴2
where 𝐶0 , 𝐶1 𝑎𝑛𝑑 𝐶2 are distinct. Obtain the minimal σ – field induced by X
29. In usual notations prove that σ{X-1(ξ)} = X-1{σ(ξ)}
30. Define characteristic function. State and prove any two properties of
characteristic function.
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Question Bank
Q.1 Answer the following questions. (2-Marks)
1.

Define (i) a test function (ii) randomized test.

2.

Explain the term of type I and type II error.

3.

A sample of size 1 is taken from U(0, 𝜃). To test 𝐻0 : 𝜃 = 1 𝑣𝑠 𝐻1 : 𝜃 = 2. The

4.

test ∅(𝑥) = {0 𝑖𝑓 𝑥 ≤ 1.5 is used. Find size and power of the test.
Define Uniformly most powerful (UMP) test.

5.

Define pivotal quantity with illustration.

1 𝑖𝑓 𝑥 > 1.5

6.

Define (i) Size of the test (ii) Power of the test.

7.

Define: (i) Simple Hypothesis (ii) Composite Hypothesis

8.

Let X~𝐵(1, 𝜃), to test 𝐻0 : 𝜃 = 0.4 𝑣𝑠 𝐻1 : 𝜃 = 0.8 test is
∅(𝑥) = {

1 𝑖𝑓 𝑥 = 1
. Find size and power of the test.
0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

Check whether Gamma (shape= 𝜃, Scale=n) distribution possess MLR
property.
10. Define UMA confidence region.
9.

11. Explain simple and alternative hypothesis with example.
12. Define (i) Probability of Type II error (ii) Power function.
13. Let 𝑋~𝑁(𝜃, 1), to test 𝐻0 : 𝜃 = 𝜃0 𝑣𝑠 𝐻1 : 𝜃 = 𝜃1 the test based on single
1 𝑖𝑓 𝑥 > 𝑐
observation is ∅(𝑥) = {
. Find power function and size of the
0 𝑖𝑓 𝑥 ≤ 𝑐
test.
14. Show that Uniformly Most Powerful (UMP) test is unbiased.
15. Describe sign test for location.
16. Define UMAU confidence intervals.
17. What is the decision criterion of Kruskal –Wallis test?

18. What are the assumptions of non-parametric test?
19. Write difference between parametric and non-parametric test.
20. Let X~𝐵(1, 𝜃), to test 𝐻0 : 𝜃 = 0.6 𝑣𝑠 𝐻1 : 𝜃 = 0.8 test is
∅(𝑥) = {

1 𝑖𝑓 𝑥 = 1
. Find size and power of the test.
0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

21. Show that Most Powerful (MP) test is unbiased.
22. Describe median test.
23. Let X~𝐵(1, 𝜃), to test 𝐻0 : 𝜃 = 0.4 𝑣𝑠 𝐻1 : 𝜃 = 0.8 test is
∅(𝑥) = {

1 𝑖𝑓 𝑥 = 1
. Find probability of type I and type II error.
0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

24. Define MP test.
25. Define Null Hypothesis and Alternative Hypothesis
26. Define Randomized and Non- Randomized test function.
27. Define Uniformly Most Powerful.
28. A sample of size 1 is taken from U(0, 𝜃). To test 𝐻0 : 𝜃 = 2 𝑣𝑠 𝐻1 : 𝜃 = 3. The
1 𝑖𝑓 𝑥 > 2.5

test ∅(𝑥) = {0 𝑖𝑓 𝑥 ≤ 2.5 is used. Find size and power of the test.
29. When a family of densities said to have monotone likelihood ratio?
30. Define UMA confidence region.
Q.2 Answer the following questions. (6-Marks)
1.

State and prove Neyman – Pearson fundamental Lemma.

2.

Construct MP test for testing 𝐻0 : λ = λ0 𝑣𝑠 𝐻1 : λ = λ1 (λ1 > λ0 )based on random
sample of size n from Poisson (λ).

3.

Obtain UMP test for testing 𝐻0 : 𝜃 ≤ 𝜃0 𝑣𝑠 𝐻1 : 𝜃 > 𝜃0 for one parameter
exponential family of distribution.

4.

Let X1, X2, …Xn are i.i.d. r.s. from Geometric distribution with parameter 𝜃.
To test 𝐻0 : 𝜃 ≤ 𝜃0 𝑣𝑠 𝐻1 : 𝜃 > 𝜃0 find UMP level 𝛼 test and power function.

5.

Describe goodness of fit test based on chi-square distribution. Give suitable
application of the test.

6.

Define likelihood ratio test (LRT) procedure for testing H0: θ ∈ Θ0 against H1: θ ∈
Θ1. State large sample properties of LRT.

7.

Define most powerful (MP) test. Show that MP test need not be unique using
suitable example.

8.

Let X1, X2, …Xn from 𝑁(0, 𝜎 2 ). To test 𝐻0 : 𝜎 = 𝜎0 𝑣𝑠 𝐻1 : 𝜎 ≠ 𝜎0
𝑛

∅(𝑥) = {
0

1 𝑖𝑓

∑ 𝑥𝑖2
𝑖=1

𝑛

> 𝑐1 𝑜𝑟 ∑ 𝑥𝑖2 < 𝑐2
𝑖=1

𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

(𝑖)Find 𝑐1and 𝑐2 such that the size is 𝛼. (ii) Find power function.

9.

10.

Prove that the non-existence of UMP test of size 𝛼 for two sided alternative when
underling distribution is 𝑁(𝜃, 1) without loss of generality. Consider sample of size
1.
Obtain UMPU level 𝛼 test for testing hypothesis 𝐻0 : 𝜃 = 𝜃0 𝑣𝑠 𝐻1 : 𝜃 ≠ 𝜃0 based
on Binomial (n, 𝜃).

11.

Define shortest length confidence interval. Based on random sample of size n from
U(0, θ), obtain shortest length confidence interval for θ.

12.

Describe a method of constructing UMA and UMAU confidence intervals.

13.

Let X1, X2, …Xn be r.s. from 𝑈(0, 𝜃). To test 𝐻0 : 𝜃 = 𝜃0 𝑣𝑠 𝐻1 : 𝜃 = 𝜃1 (𝜃0 < 𝜃1 ),
obtain MP test of size 𝛼.

14.

Prove that the non-existence of UMP test of size 𝛼 for two sided alternative when
underling distribution is 𝑁(𝜃, 1) without loss of generality. Consider sample of size
n.

15.

Define 𝛼 −similar test. State and prove relation between unbiased test and
𝛼 −similar test.

16.

Write in brief test procedure for Kruskal –Wallis test.

17.

Derive LRT for testing 𝐻0 ∶ 𝜎 2 = 𝜎02 𝑎𝑔𝑎𝑖𝑛𝑠𝑡 𝐻1 ∶ 𝜎 2 ≠ 𝜎02 based on a
random sample of size n from N(𝜃, 𝜎 2) distribution, when 𝜃 is known.

18.

Let X~N(µ,1) then find coverage probability for S(x) = (X-1, X+1).

19.

Define Spearman’s Rank correlation test with example.

20.

Define (1-α) level UMA confidence interval for the real parameter. Show that UMP
test of size α leads to a (1-α) level UMA confidence interval.

Q.3 Answer the following questions. (4-Marks)
1.

Write a note on Kendalls rank correlation test with illustration.

2.

Define the terms i) Confidence interval ii) Confidence coefficient.

3.
4.

Derive LRT test for testing H0:p = p0 against H1: p > p0 based on random
sample of size n from B(1,p).
Write short note on UMA confidence intervals.

5.

Define shortest length confidence interval.

6.

Write short note on Nonparametric test for one sample location problem.

7.

Write short note on Generalized Neyman Pearson Lemma.

8.

Write short note on Median Test.

9.

Write short note on Uniqueness of MP Test.

10.

Describe Spearman’s Rank correlation test.

11.

Write in brief test procedure for Kruskal –Wallis test.

12.

Define Fridman’s Two-way analysis of variance by ranks.

13.
14.

State & prove for testing H0: 𝜃 ∈ 𝛩0 against H1: 𝜃 ∈ 𝛩1 the LR test is a function
of sufficient statistic.
Describe the relation between confidence interval & testing of hypothesis.

15.

Describe two sample Median test.

16.

Write short note on Neyman-Pearson Lemma

17.

Write short note on Concept of P-value

18.

Write short note on Monotone Likelihood ratio (MLR) Property

19.

Prove that a test ∅ having a Neyman’s structure w.r.t sufficient statistic
T(X1,X2,…Xn) is always a α similar test

20.

Write in brief test procedure for Kruskal –Wallis test.

21.

Define the terms i) similar test ii) α similar test.

22.

State & prove for testing H0: 𝜃 ∈ 𝛩0 against H1 : 𝜃 ∈ 𝛩1 the LR test is a function
of sufficient statistic.
Describe goodness of fit test based on chi-square distribution. Give suitable
application of the test.
An urn contains 10 marbles of which M are white and 10-M are black. To test
M=10 vs M=6, one draws contains 3 marbles from the Urn without replacement.
The Null hypothesis is rejected if the sample contains 2 or 3 white marbles;
otherwise it is accepted. Find the size of test.

23.
24.

25.

Write short note on UMA confidence intervals.

26.

Describe Concept of P-value and write decision criteria .

27.

Write short note on Generalized Neyman Pearson Lemma.

28.

Define ‘Goodness of fit’ problem

29.

Describe Contingency table.

30.

Describe Mann Whitney U Test.
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STATISTICS
Regression Analysis (MST 203)
Question Bank
-----------------------------------------------------------------------------------Q.1 Answer the following questions (Two Marks)
1. What is a simple linear regression? Give two real-life examples of simple linear
regression.
2. What are steps involved in Regression Analysis?
3. How to interpret regression coefficients in a simple linear regression model?
4. What are the assumptions for the multiple linear regression model?
5. What is autocorrelation? what are the different sources of autocorrelation?
6. Define Generalized linear model and state it’s component.
7. What is a multiple linear regression? Give two real-life examples of multiple
linear regression.
8. Explain the term 1) R- Square ii) Adj R- Square
9. How to check normality assumption of residual in case multiple linear
regression model?
10. Define Condition number and condition indices of X’X matrix.
11. Define Generalized linear model and state it’s component.
12. Define residual and state properties of residual.
13. How to check existence of autocorrelation in a regression model?
14. Explain residual mean square criteria to evaluate subset regression model?
15. How to check homoscedasticity assumptions of error variance.
16. Give a real life situation when Poisson regression model is an appropriate
model.
17. Define AIC and BIC variable selection criterion.
18. Explain the role of link function in GLM.
19. What is the confidence interval for regression coefficient β̂ in MLR?
20. Obtain Mean and Variance of predicted value in linear regression.

21. Define logistic regression model with one covariate. Give a real life situation.
22. Define Ridge estimator. State its properties.
23. Define canonical link. Give an example.
24. Define studentized residual and state its properties.
25 Define Pearson residual and state its properties.
26. What is logit transformation?
27. What is a probit transformation.
28 Define an Odds ratio.
29 Define the outlier and what are different types of the outlier.
30. Define M-estimator.

Q.2 Answer the following questions (Six Marks)
1. Estimate regression coefficients by using method of least squares also state and
prove properties of the LSE.
2. Define Hat Matrix (H),
i) Show that Hat matrix is an idempotent matrix.
ii) Show that Hat matrix is a Symmetric matrix.
iii) Show that (I-H) is an idempotent matrix.
iv) Obtain the rank of Hat matrix.
3. Define multicollinearity and discuss the multicollinearity diagnostic
procedures.
4. Explain the following terms
i) Outlier
ii) Residual
iii) DFFITS
iv) DFBETAS
5. Obtain likelihood equations for a generalized linear model.
6. Explain the following term,
i) Deviance of GLM

ii) Deviance Residual
iii) Ordinal Logistic Regression.
7. Define Mallow’s Cp statistics and derive the same. Write variable selection
procedure in linear regression using Mallow’s Cp.
8. Define multicollinearity and discuss the remedies for multicollinearity.
9. Define the following term,
i) Leverage point.
ii) Influential point.
iii) DFFITS
iv) DFBETAS
10. Explain the nonlinear regression model. Discuss least squares method
for estimation of parameters of nonlinear regression model 𝑦 = 𝜃1 𝑒 𝜃2𝑥 + 𝜖
11. Explain the structure of generalized linear model. Describe ML estimation of
the parameters in a GLM.
12. Derive test to test significance of the regression model.
13. Describe the following tests in connection of multiple linear regression with
stating the assumption required.
i)
ii)

Test for significance of regression
Test for individual regression coefficient

14. Discuss the procedure of variable selection in linear regression by Forward
Selection method. What are its limitations?
15. Define Non-linear regression model. Discuss the least square method for
estimation of parameters of non-linear regression model.
16. Derive likelihood ratio test for testing the significance of the coefficients in a
logistic regression model with single covariates.
17. Define autocorrelation. Discuss Durbin-Watson test for detecting
autocorrelation. What are its limitations?
18. Define Multiple Linear Regression Model. State its assumptions, Derive a
least square

estimator for regression coefficient is multiple Linear Regression model. State its
properties.
19. Define deviance. Derive general expression for deviance. Hence, obtain an
expression for deviance when distribution of response is Poisson.
20. Define residual. Explain various residual plots and their role in regression
analysis.
21. Explain the different steps in the Regression Analysis.
22. Explain extra sum of squares method to test the significance of subset
regression model.
23. Explain the different method of evaluation of a Subset regression model.
24. Define simple logistic regression and estimate the parameters through
maximum likelihood method.
25. Define a multiple logistic regression model and explain how to fit multiple
logistic regression model.
26. Test the significance of the logistic regression coefficients in case of simple
logistic regression model.
27. Explain the different techniques to access the fit of logistic regression model.
28. Define Multinomial logistic regression model and explain the procedure of
fitting of this model.
29. Explain the different techniques to deal with non linear regression model.
30. Define poisson regression and how to fit poisson regression model.
Q.3 Answer the following questions (Four Marks)
1. Obtain relation between Anova and Regression coefficient.
2. Define autocorrelation and expalin different sources of autocorelation.
3. Explain the Box Cox transformation.
4. What are the consequences of multicollinearity?
5. Explain the term Leverage and Influential point.
6. Expain the ordinal logistic regression.

7. Explain poisson regression.
8. Explain Negative binomial regression.
9. Write a short note on Non linear regression.
10. Obtain an unbiased estimator for the error variance.
11. Explain residual against fitted value plots and their role in regression
analysis.
12. Explain the stepwise varaible selection techniques.
13. Exapin the term,
i) Varaince Influential Factor (VIF)
ii) Ridge Regression
14. Define deviance obtain an expression for deviance when distribution

of

response is bernouli.
15. Construct the 95% confidence interval for the βj (regression coefficient).
16. Obtain relation between Means of different groups of categorical

variables

and regression coefficients in simple linear regression.
17. Obtain MLE for regression coeffcients.
18. Explain Eigen system analysis in the content of multicollinearity.
19. Explain the term Leverage and Influential point.
20. Define intrinsically linear model, Transform follwing non linear mode to
linear model , i) Y = β0exp(β1X) ii) Y = β0 Xβ1 iii) Y = X/(βoX – β1)
21. Write a short note on variance stabilizing transformation.
22. Write a short note on Robust Regression
23. Write a short on Hosmer-Lemeshow test
24. Explain generalized linear Models.
25. Obtain the distribution of residual sum of squares.
26. Obtain the distribution of regression sum of squares.
27. Define R-square and Adj R- square and obtain the relation between them.

28. Explain the residual mean square criterion to select a subset model.
29. Explain the variable selection using forward selection procedure.
30. Derive the distribution of the 𝜷̂^ in case of the GLM model.
31. Explain the different methods to draw a inference about the GLM parameters.
32. How to compare two model through deviance statistics.
33. Explain the Newton-Raphson Method and Fisher Scoring Method.
34. How to interpret logistic regression coefficients.
35. Write as short note on a AUC curve.
36. Explain the simple logistic regression model.
37. Explain the multiple logistic regression model.
38. Explain the multinomial logistic regression model.
39. What are the difference between logistic regression and poisson regression.
40. What are the difference between poisson regression and negative binomial
logistic regression.
41. Explain the graphical method to detect autocorrelation.
42. Explain the graphical method to detect the heteroscedastic.
43. Why term regression is called as regression?
44. Explain the difference between linear and non-linear model.
45. Obtain the distribution of ratio of residual sum of square and regression sum
of square

Question Bank
MST204: Linear model and Design of Experiments
Q.

For 2 Marks
1. Show that Normal equations are always consistent iff ƍ(𝑋ˈ𝑋: 𝑋ˈ𝑌) = ƍ(𝑋ˈ𝑋)
2. Show that necessary and sufficient condition of estimability of a linear parametric function 𝜆℩ 𝛽 is
estimable iff 𝜆℩=𝜆℩ 𝐻.
3. Write one way classification model in Analysis of variance with usual notation.
4. Show that C is positive semi definite matrix.
5. Define Symmetric Balanced Incomplete Block Design.
6. Define BLUE of an estimable linear parametric function.
7. Solve that, any solution to the normal equations minimizes the residual sum squares (eˈe).
8. Show that C is positive semidefinite matrix.
9. Write a two way classification model with unequal no. of observations.

10. Define contrast and types of contrast.
11. Show that X=XH where S=XˈX
12. Show that necessary and sufficient condition for 𝜆℩β to have unique value is 𝜆℩= 𝜆℩ 𝐻.
13. Show that RBD is orthogonal.
14. Define Balanced Incomplete Block Design.
15. Show that if 𝑆 − is a g-inverse of S then (𝑆 − )′ is also a g-inverse of S.
16. Prove that A necessary and sufficient condition for a linear parametric function 𝜆℩ 𝛽 to be estimable
is that 𝜆℩ is a linear combination of the row vector of the matrix X.
17. Write the model for two way classification with interaction and one observation per cell with usual
notation.
18. Necessary and sufficient condition of estimability of a linear parametric function 𝜆℩ 𝛽 is estimable
iff 𝜆℩= 𝜆℩ 𝐻.
19. Show that an estimable linear parametric function is unique.
20. Write assumptions of ANOVA.
21. Show that if the m estimable linear parametric function 𝛽 are linearly independent that is ƍ() =
m then V(̂ ) is a non-singular matrix.
22. Show that The blue of any linear combinations of estimable parametric function is the same linear
combinations of their BLUEs.
23. Show that 𝑎′ y is BLUE iff 𝑎 is a linear combination of columns of X.
24. Show that the covariance between any linear function belonging to the error space and estimation
space is zero.
25. Write the model for two way classification with interaction and r observations per cell with usual
notation.

26. Show that RBD is balanced.
27. For a BIBD (v,b,r,k,), show that bk = rv
28. What is Analysis of Covariance ? Give one example.
29. Write down assumptions of ANCOVA.
30. Write the model for two way classification without interaction and one observation per cell with
usual notation.

Q.

For 6 Marks
1. State and prove Gauss-Markoff theorem.
2. Write a note on variance and covariance of BLUE’s in general linear model.
3. What is BIBD. Write steps to identify BIBD.
4. Define Balanced Incomplete Block Design and write steps to identify BIBD.
5. Write a note on variance and covariance of BLUE’s in general linear model.
6. Explain the term two way classification with interaction and one observation per cell.
7. Write a note on ANOCOVA.
8. Explain the term Analysis of covariance
9. Explain the term two way classification with one observation per cell.
10. Explain the term Balanced Incomplete Block Design and write down steps to identify
Balanced Incomplete Block Design.
11. Write on variance and covariance of BLUE’s in general linear model.
12. Derive quadratic forms in idempotent matrix,
i.

ƍ(M) = m

ii.

X(S⁻)ˈΛˈ= XS⁻Λˈ

iii.

ƍ (I-P) = n - r

13. Write a note on Analysis of Covariance
14. What is PBIBD. Write steps to identify PBIBD.
15. What is GBD. Write steps to identify GBD
16. Show that connected Orthogonal block design the vector of adjusted treatment totals  that is
𝐺

 = I-𝑛 𝑟
17. What is connected block design. Examine whether the following blovk design is connected
where blocks are given below,
1
4
2
B1=[3], B1=[5], B1=[ ]
5
4
2
18. Write layout for one way classification with a single concomitant variable in CRD.
19. Explain the term two way classification without interaction and one observation per cell.
20. Explain the term two way classification with interaction and r observations per cell.

Q.

For 4 Marks

1. Define Error Space and Estimation space.
2. Write a note on Tukey’s test of non-additivity.
3. Explain three types of error in multiple comparison test
4. Explain Scheffe’s procedure in multiple comparisons.
5. Write down assumptions of linear model.
6. Show that the variance between any linear function belonging to the
i.

Error space is zero.

ii.

Estimation space is zero.

7. Explain two way classification with interaction model for r observations per cell.
8. Show that BLUE of an estimable linear parametic function is unique.
9. Prove that covariance between adjusted treatment totals and block totals is zero.
10. Write down the procedure of Least square estimation of parameter for two way classification with
unequal number of observations per cell.
11. Write a note on Tukey’s test procedure in multiple comparison test.
12. Explain Connectedness in block design.
13. Write a note on Bonferroni multiple comparison test.
14. What is Error Space and Estimation space?
15. What is connected block design. Examine whether the following block design is connected where,
blocks are given below.
1
4
2
B1=[3] , B2=[5] , B3=[ ]
5
4
2
16. Prove that Cov (𝜃, 𝛽) = 0 or Covariance between adjusted treatment total and block total is zero.
17. What is difference between one way ANOVA and two way ANOVA.
18. What is Analysis of covariance model explain with example?
19. Explain Balancedness in block design.
20. Explain the term Connected Block design.
21. What is Bonferroni test procedure?
22. Explain quadratic forms in idempotent matrix.
23. Explain Orthogonality in block design.
24. Explain symmetric BIBD.
25. A connected block design is orthogonal iff 𝑁 =

𝑟𝑘′
𝑛
𝐺

26. For a connected orthogonal block design the vector of adjusted treatment totals 𝑄 = 𝐼 − 𝑛 𝑟
27. State and prove G-Inverse properties.
1

28. For a connected orthogonal block design prove that C = R - 𝑛 𝑟𝑟′.
29. Write down Least square estimation procedure for two way classification with interaction model
for one observation per cell.
30. Write down properties of BIBD.

Question Bank
(M.SC. I
MST-205: SAMPLING THEORY)
WRITE LONG ANSWER ON THE FOLLOWING:
(6M)
1) In SRSWR (N, n), Obtain the expression for V(𝑦̅𝑛 ).show that sample mean square is
unbiased estimator of population variance.
2) Define SRS. Show that in SRSWOR (N, n) the probability of the specified unit include in
𝑛
sample is 𝑁.
3) In SRSWOR(N, n), Obtain the expression for V(𝑦̅𝑛 ). Show that sample mean square is
unbiased of population mean square.
4) Write a note on method of collapsed strata
5) Explain allocation of sample size. Show that V(𝑦̅𝑠𝑡 ) is minimum for fixed total size of
sample n if ni∝ NiSi.
6) Explain optimum allocation of sample size in stratified random sampling. With usual
notations show that 𝑉𝑜𝑝𝑡 ≤ 𝑉𝑝𝑟𝑜𝑝 ≤ 𝑉𝑟𝑎𝑛 .
7) Explain Deep Stratification.
8) Explain Deep Stratification and Post Stratification
9) Explain concept of systematic sampling. With usual notations show that in linear systematic
𝑁−1
sampling V(𝑦̅𝑠𝑦 ) = 𝑁𝑛 S2 [1+(n-1)𝜌𝑤𝑠𝑦 ]
10) Explain concept of systematic sampling. With usual notations show that in linear systematic
1
sampling - 𝑛−1 ≤ 𝜌𝑤𝑠𝑦 ≤ 1
11) Explain proportional allocation stratified random sampling. With usual notations show that
̅n ) ≥Vprop(Y
̅st ) ≥Vney (Y
̅st )
Vran(Y
12) With usual notations prove that V(y̅n )SRSWOR≥ V(y̅sys )≥ V(y̅st )
13) Define Horvitiz’s Thompson estimator for the population total in PPSWOR
sampling.Derive itsexpected value and sampling variance.
14) Define PPSWR sampling. Explain cumulative total method and Lahiri’s methods for
PPSWR.
15) Obtain unbiased estimator of Population total in PPSWR method. Also obtain its variance
and expression for unbiased estimator of variance.
16) Describe Des-Raj ordered estimator. Develop the estimator of population total Y using
Des- Raj ordered estimator and derive the variance for it.
17) Define Murthy’s estimator. Obtain Murthy’s estimator for sample of size two. Also
Show that it is unbiased estimator of population total.
18) Describe Midzuno scheme of sampling.Develop the estimator of population total Y for
Midzuno Scheme and derive the expected value.
19) Describe Midzuno scheme of sampling. Derive expression for inclusion probability.
20) Write difference and comparison between SRS and PPS scheme.
21) Write a note on Rao-Hartley-Cochran sampling Strategy.
22) Assuming SRSWOR, Derive approximate expression for MSE of Ratio estimator. also
compare Ratio method with SRSWOR.
23) Outline ratio method of estimating population mean. Assuming SRSWOR, derive the MSE
of the estimator.
24) Derive expression for variance of regression estimator.
25) Explain Regression method. Prove that for large sample assuming SRSWOR, Variance of
1−f
regression estimator is given by: V(𝑦̅̂𝑟𝑒𝑔 )= n 𝑆𝑦2 (1-ρ2)
26) Write a note on multistage sampling. Also obtain unbiased estimator for population total in
two-stage sampling with SRSWOR at both stages. Also obtain its variance.
27) Explain two stage sampling with equal sized second stage units. Assume SRSWOR in both
stages and obtain an estimator of population total. Also obtain its variance.

28)
29)
30)
31)
32)
33)

Describe Deming model for the effect of call-backs for the problem of non-response.
Discuss Warner’s randomized response technique and obtain MLE for the same model.
Explain random response technique. Discuss Warner’s model for dichotomous population.
Discuss unrelated question model of non-response
Solve the expressions for estimation of sample size.
Describe Midzuno scheme of sampling. Develop the estimator of population total Y for
Midzuno Scheme and derive the expected value.
1
34) With usual notations show that in linear systematic sampling - n−1 ≤ ρwsy ≤ 1
35) Assuming SRSWOR, Derive approximate expression for bias of ratio estimator.
36) Derive expression for variance of regression estimator.
37) Write difference and comparison between SRS and PPS scheme.
38) Discuss Hansen-Hurwitz techniques of handling the problem of non-response.
WRITE SHORT NOTES ON THE FOLLOWING:
(4M)
1) In SRSWR (N, n), show that sample mean square is unbiased of population variance.
2) Neyman allocation
3) Circular systematic sampling
4) With usual notations prove that V(𝑦
̅𝑛 )SRSWR≥ V(𝑦̅𝑛 )SRSWOR
5) Deep stratification
6) Method of collapsed strata
7) Systematic sampling
8) Cluster sampling
9) Unbiased ratio type estimator
10) Two stage sampling
11) Discuss Hansen-Horwitz techniques of handling the problem of non-response.
12) Murthy’s estimator
13) Rao-Hartley-Cochran sampling Strategy
14) Non sampling errors
15) Maximum Likelihood Estimator of Warner’s model.
16) Polychotomous population using binary Response
ATTEMPT THE FOLLOWING:
(2𝑴)
1) Explain the term Population and Sample.
2) What is random sampling?
3) Define the term ‘sampling strategy’.
4) State difference between sampling methods and census method.
5) Explain the term sampling Design with a suitable example.
6) Give an example where SRS is not suitable.
7) In SRSWOR, Show that the probability of drawing the specified unit at every draw is same.
8) Prove that the probability of sample is selected by SRSWOR method is 1/(𝑁𝑛)
9) With usual notations prove that V(𝑦̅𝑛 )SRSWR≥ V(𝑦̅𝑛 )SRSWOR
10) What is need of stratification?
11) Explain equal allocation is stratified sampling.
12) What is allocation of sample size in stratified random sampling?
13) Write confidence interval for population mean in stratified random sampling.
14) What is the idea of circular systematic sampling?
15) Write the comparison between Systematic sampling and SRSWOR.
16) Consider population of size 100 with S2=100, SRSWOR of size drown from it. Obtain
standard error of sample mean.
17) What is dichotomous population?
18) Distinguish between Ratio and Regression estimators.
19) Define simple regression estimator of population mean and total.
20) Write the comparison of regression estimator with SRSWOR.
21) State the comparison of regression estimator with SRSWR method.

22) State the relationship between systematic sampling and cluster sampling.

23) Explain the method of cluster sampling.
24) Explain the concept of multiphase sampling.
25) Explain the purpose of multiphase sampling.
26) Explain the purpose of double sampling.
27) What is multistage sampling?
28) State advantages of two stage sampling.
29) Define PPS sampling.
30) Give motivation of unequal probability sampling.
31) In PPSWR, Obtain V(𝑦̂𝑃𝑃𝑆 )
32) Explain the method of PPSWOR.
33) Define ordered estimators.
34) Show that Des-Raj estimator is unbiased estimator of Population total Y
35) What is non-sampling errors?
36) What are sources of non-sampling errors?

