C 22776 (Pages : 7)

Ph.D. ENTRANCE EXAMINATION, APRIL 2022
STATISTICS
Time ;: Two Hours Maximum ; 100 Marks
Part A

Answer all guestions.
Each guestion carries 2 marks,

L Lot KXy vvviv s be independent and identically distributed random variables with
E (X,)=0and Var (X,)= 1. Let 8, = E:‘_ % and @{x) be the cumulative distribution function of
a standard normal distribution. Then for any x > 0 i.im,,lmP[—m: =8, <nx) equals.
(a} @(x). (b) 1-2Mx).

(e) 20(x)-1 (d) 1.

2, Let A and B be n x r matrices such that AB + A? = 1 - A?B, where 1 is an identity matrix,
Which of the following is always true ?
(a) A+ Bissingular, (b} B issingular.
{c) A is singular. {d) AB is singular,

ol / ’ ; 1 4
3. X, Xy,.... X, isarandom sample from a population with density function f(z) = ELF’ A then

based on the following data the MLE of the parameter ¢ is Data: 2, 4,6, 2.5 35, 3, 7.

(a) 4. ° (b) 3.5.
(e} 7. d) 2.

4, Eat X K ieierzn be independent and identically diztributed normal random variables with
mean 1 and variance 1. Let N be a Poisson random variable with mean 2, independent of
O TR Then the variance of X;+ Xp+ ...+ Xyq i5:

(a) 9. (b} 5.
{c) 3. d} 4.

Turn over
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1 1
5. Let X, Xg....,X, be a random sample from Uniform [E_§+E+§J‘ Consider the problem of

1 1
testing Hp:8=-= apainst H':B=§' Define X, =Min{X; X, ,....X,] .Consider the

2

following test :
Reject Hy if X{1) > 0, accept otherwise. Which of the following is true 7

(a}
(bl
(c}
{d)

Power of the test = 0, size of the test = 0,
Power of the test = 0, size of the test = 1.
Power of the test =1, gize of the test = 1,
Power of the test = |, size of the test = 0.

il zn

A, E'I.IFIPEIS-E D- N{.ullj and U =l:!.l iff Den,

Then the corelation coefficient between |D| and U is equal to

(a)
[f43]

1, (b} 0.5,
i, (d} 0.25,

7. Let C,and G‘_ be eoefficient of variations for the auxiliary variable and study variable and p s
the correlation coefficient, Then ratio estimation is more efficient than sample mean when :

(a}

(3]

G 1 Gy 1
gl LR
Cy 12 G 1
PE{E. {d) PE:, }2-

8. (X,.n=z1)and X are random variables on a probability space, Suppose that X, converges to X in
probability. Which of the following is/are true 7

(Al

(B)

(s}
{c)

B X,-X ') >0,

P{X, sx) > P(Xsx)forallxcR.

(A) only. (b) (B) enly.
Both (A) and (B). (d} Neither (A) nor (B).
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Which of the following statements is/are true 7
(A} Lebesgue measure of any line of finite length in R* is zaro.
(B} Lebesgue measure of any lime of infinite length in R* is zera.
{a) (A) only {b) (B} only.
{e) Both {A) and (B). td) Netther (A) nor (B},

Let A be the likelihood ratio for testing the hypothesis H, : 8= 8y against H; :8 =8, Then 3 is
a function of :

{a}) Every consistent estimator for g.
(b} Every sufficient statistic for a.
{c} Every unbiased estimator for g.
(d) None of these,
Which of the following statements isfare true for a stochastic processes |X(t)].
{A) A strictly stationary processes with Var (X ()} < o is also covariance stationary,

{B} A covariance stationary processes with X {£) follows normal distribution is strietly stationary.

fa) (A} alone. (b (B) alone,
(¢} Both (A)and (B), id} Neither (A) nor (B).

Assume that X - Binomial (n, p) forsomen = landO0<p < 1 and ¥ - Poisson (3 ) for some 3 >0,
Suppose E [X] = E [Y]. Then :

{a) Var (X)< Var (Y). (h) Var(X)=Var (Y).

e} Var (X)> Var (YL (d} None of the above.
Error degrees of freedom for a Graeco Latin square design of size 5 is :

{a) 8. (b} 24,

(e} 4. {d) 12.

Turn over
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14. Let X;,Xs....be independent and identically distributed standard normal random variables.
Which of the following is true ?

Jn X,
{a) ;Ixi; P has a t-distribution with n degrees of freedom.

InX,
(bl F‘Hﬁ Fakiy has a t-distribution with n degrees of freedom.

JnX
te) EE-%*'---KEH has a t-distribution with n — 1 degrees of freedom.

Jn X,
{d) m has a t-distribution with n - 1 degrees of freedom.
15. Let X,, Xg,..., X, be a random sample of size n from a p-variate normal distribution with

mean @ and variance covariance matrix » . Choose the correct statement ;
(@) (X;-u)' Y 7 (X;-p) has Chi-square distribution with 1 d.f
(b) X, X, has Nermal distribution.

(e} Xo (X (X,~1) has Wishart distribution with n d.f

(d) X, +X,and X, = X, are independently distributed.
16. For an SPRT with strength (a, P) the boundary points A and B (B < A) satisfy,

P _p.1P =B ps1-b
{a) ﬁﬁl_a.ﬂa i by A= = ,E&l_u,
¥ [ (i} [
(¢} Aiﬁ.ﬂi‘-—l_u. (d) .FLSI—_BTE?:J__E.

17. Let T be an ancillary statistic for the parameter g. Then T and S independent if -
{a) 8 issufficient for g, (b} 8 is unbiased for g.

{c) 8 iz complete sufficient for ¢, (d) 8§ isconsistent for g.
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18. 1If f is continuous from R to R, then which of the following is/are correct #

(A} | | 15 continuous,

{B) ,ﬁ,l? 15 continuons,
ta) (A) alone. (bl (B} alone.
(¢} Both (A) and (B). (d) Neither{A) nor (B).
19. A 2! factorial experiment with factors A, B, C and D is arranged in 4 blocks each of size 4.
The arrangement 15 2

By By By B,
(1} ab i b
abe i b ac
o ald ad b
abed ed bed aeid
Identified all confounded effects and interactions.
(a) AB, BC, AD. (b} AR, BD, AD.
(e} AC, BD, ABCD. (d) AB,BC, AC.

20. Let R be the sample correlation coefficient of a bivariate sample from a bivariate normal population

-2
with correlation coefficient p. If p= 0 then the statistic R,||1 =7 follows a :

{a) ¢distribution with (n - 1) d.f, (b} ¢ distribution with (n — 21 d.f.

{e) F distribution with (1, n) d.f. (d} F distribution with (1, n — [) d.1.
21. The distribution of Hotelling's T statistic is :

{a) Chi-sguare distribution. (k) ¢ distribution.

{¢) Wishart distribution. (d} Fdistribution.

1
22. IF (X, X;)' follows a bivariate normal distribution with dispersion matrix [}E 1 J then the

dispersion matrix of (X, + X, X, - X,) is:

ol Wi %
o B el

Tarn over



i C 22778

0 2/8 1/3)
' 23. The stationary distribution of the following transition probability matrix is iz 0 12
1r2 1r2 A
e s
(a) | 33727/ (b} \3'5'5)
1 6 4
(e} 3’927/ (d) Mone of the above,

24. Consider the following statements on ratio and regression estimates of population mean ¥ :

{A) The ratio estimator of ¥ is hiased,

iB) The regression estimate is gencerally more efficient than the ratio estimator,
ta) Both (A) and (B). (b) Neither (A) nor (B),
(el (A) alone. id) (B) alone.

25. Let X be a random variable which follows a Poisson distribution with parameter 3 and the prior

distribution of j follows G{e,f) then the posterior distribution of 3, is :

(a) Gla+LP+x) (b) Gio+xB).
(e} Gla+x,f+1), {d) Glo,p+zx)
125 = 2 = 50 marks)
Part B

Answer any five guestions.
Each question carries 10 marks.

26. Prove that every set of orthonormal vectors is linearly independent.

27, Obtain the UMP size o test for testing Hy, : 0 =8, against H; : 628, in Unifiorm (0,8,

28, Let X;.Xy,... X, bearandom sample from N{H,Pﬂ'}, show that {E X, Y. X; ]' is sufficient for p
but not complete,

28. Based on a random sample of size n from Uniform (0,8) obtain an unbiased confidence interval for
g with confidence level 1 - .
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Given three independent random variables Y, ¥, and Y, having common variance o* such that
E(Y;)=Pg+M X;ni=12,3 where X; =-1, X; =0and X3 =1. Find BLUEs of By and f3;.

Prove that the sequence [X_| of random variables converge to 8 random variable X a5, iff

lim P 7| X, - X |26] =0 for everye> 0.
1 —s

If X~N, (0.} ), then state and prove a necessary and sufficient condition for %' A% 1o have a

Chi-sguare distribution.

Describe the analysis of 2* experiment in which the effects ABC and BCD are confounded with the
blocks.

Define Hortitz-Thompson estimator of the population mean and derive an expression for its variance,

Let {X,,n =0} bea branching process with X, = 1. Obtain the usual recurrence formulae for the

pg.f of X .
(5 = 10 = 50 marks)



