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Question Paper Specific Instructions

Please read each of the following instructions carefully before attempting questions :

There are EIGHT questions divided in TWO SECTIONS and printed both in HINDI and in
ENGLISH.

Candidate has to attempt FIVE questions in all.

Questions no. 1 and 5 are compulsory and out of the remaining, any THREE are to be attempted
choosing at least ONE question from each section.

The number of marks carried by a question | part is indicated against it.

Answers must be written in the medium authorized in the Admission Certificate which must be

stated clearly on the cover of this Question-cum-Answer (QCA) Booklet in the space provided. No
marks will be given for answers written in a medium other than the authorized one.

Assume suitable data, if considered necessary, and indicate the same clearly.
Unless and otherwise indicated, symbols and notations carry their usual standard meanings.

Attempts of questions shall be counted in sequential order. Unless struck off, attempt of a question
shall be counted even if attempted partly. Any page or portion of the page left blank in the
Question-cum-Answer (QCA) Booklet must be clearly struck off.
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Ql. (a)

(b)

(c)

CRNA-F-STSC

@ A
SECTION A

M difve 6 X oM Y a9 Td Samarhl dfed Agfeds a9t & foHe e

ENE xi ﬁ?%%,aﬁk1>0,k2>0% | E [max (X, Y)] 5T =IfSC |
1 2

Let X and Y be independent random variables with exponential

distribution having respective means % and % , &1 > 0, A9 > 0. Find
1 2

E [max (X, Y)]. 10

v v i 1 S R U gt R

n
iy nf 1
n —>co kK 2

k=0

Using Central Limit Theorem, show that

o ik
lim e_nz Ly ) 10
n—oo k! 2

k=0

B: BeTh] dTel Teh f1598f 478 Rl @ 91 el ST B | WA ofifoe {6 wrea wmehi
H B g% &1 X 4 ffdse forar siar 2 | 99 gwiise f6 X 1 wiesar geam
Fod (F.09.0%.) 38 YR e Smar 2 -

13 - 2x
= s XELEunh
px(x) 36

= 0, =7 |

An unbiased six-sided die is thrown twice. Let X denote the smaller of

the scores obtained. Then show that the probability mass function

(p.m.f.) of X is given by :
13 - 2x
B = .ery 6
px(x) . 1,2 s 10
= 0, otherwise.
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(d)

(e)

Q2. (a)
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ue i 0 % faw T, R T, 3 EhEd waw @ e wEw
Var(T;) = Var(T,) &, 9 guiise fb

Corr(T;, Ty) > 2e -1,
& e YA IATheih hl &l 2 |
Let T, and Ty be two unbiased estimators of 8 with Var(T,) = Var(Ty),
then show that

Corr(T;, Ty) 2 2e -1,

where e is the efficiency of each estimator.

T HAY B 5 AT & FoH 8 0 The 8 3 rehl et 2 | el aftemes
H, : 6 = 3 1 dhfods diehed H, : 0 = 4 & fovg 7dem & & fau @
ure Frgesan fow Mo # | af T wde whe o # dt Hy i srier R
ST R, A Hy 1 Sehr o S 2 |

Ziise T wem yehr <t Jfe < widerar sfeaeemem feq qen wfaeemem afga g1
T § 040 ¥ +9 2, wAfha wfiewr Y gmar gfaeem afga o o
gfaeemed aa TeFT § 31fees 2 |

An urn contains 5 marbles of which 0 are white and the others black.
In order to test null hypothesis Hy, : 6 = 3 versus alternative hypothesis
H, : 6 = 4, two marbles are drawn at random. H;, is rejected if both the
marbles are white, otherwise H, is accepted.

Show that probability of type I error in case of without replacement and
with replacement schemes, both are less than 0-40, but power of the test
under with replacement is higher than that of under without
replacement scheme.

A <fifse fe us agfe® = X &1 97 =i 2 e o= 19,9>0

21 Hy:0=3® H;:0=2% fovg vl & & fou i
wifshd1 sguTa whew hi = fife | afg Foeefa oieern @@ ®, @

avitsn i wom w0 & whe e 2 ) i 1_%(%]%,:@3
3 A, B <A, guifea @ # |

Let a random variable X have exponential distribution with mean

%, 6 > 0. To test Hy : 6 = 3 against H; : 6 = 2, construct sequential

probability ratio test. Show that probability of terminating the test at
the first stage when null hypothesis is true is 1— -;—7 (%) , where B

and A, B < A, are stopping bounds.

3
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(b)

(e)

Q3. (a)
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Wmﬁ@@mmm%m?ﬁqw&ﬁwﬁﬁﬁﬁﬂﬁ@
T WA R agsrrﬁarcn a;maaggaﬁmﬁaﬁn % 1Y Th A8
I, A1 TR %ma@ﬁaﬁmﬁw%lwﬁasagaaﬁm%?h
mmmwmm%ammﬁmﬁnaﬁm%%@m.

40% 3R 60% 2 |

) fu U e FEm F &7 97 "o e, W 9@ H WREa FE
shifsre |

(i) afe fereft few o tfoam & o7 9 o uoelt e = 9y amar g, @
98 el ° a9 31/, 39 stfereran gufad o @ Mo Hifse |

Each Sunday a fisherman visits one of three possible locations near his

home : he goes to the sea with probability %, to a river with probability

%, or to a lake with probability :} If he goes to the sea there is an 80%

chance that he will catch fish; corresponding figures for the river and the
lake are 40% and 60% respectively.

(i) Find the probability that, on a given Sunday, he catches fish.

(ii) If, on a particular Sunday, he comes home without catching
anything, determine the most likely place that he has been to.
5+10=15

T ifsm mm Tmfe frmer wieRal 9vca %o
fix; 0) = e , 0<x<90
2, ¥ X < X, < X, 0 Jfages fow 7w & | guisy fop 4X,, 0 1 T 3EfiEq
3T B |
Let X; < X, < X; be the order statistics from uniform population having

probability density function
f(x; 0) = 18’ 0<x<6.

Show that 4X, is an unbiased estimator of 6. 15

() U yfged faar w21 o1 =nfeu a@ifs 3@ wa 6 WAl H-A-0
0-90 grft for ufeesl e wufic mier & 0-4 — gl & TR’ A 2,
a9rd T Tufte g fomem 22 2



Gi)y o $ifse 5 F=0 geq Femst w1 gEa fam e v @@
argfoas =/ & IFIHA (X} b foe @ & 2 -

1/2

1 1 1
PX,=-1--)==-{1-{1-— ,
e K 2{ ( k2J }

1/2

1 1 1
PXy =1+ =)=—=41+|1-— .
%=1+ 1) 2H i }

(1) How large a sample must be taken in order that the probability
will be at least 0-90 that the sample mean will be within
0-4 — neighbourhood of the population mean, provided the
population standard deviation is 2 ?

(ii) Examine whether the weak law of large numbers holds for the
sequence {X;} of independent random variables defined as

follows : 8+7=15

1/2

11 1
PXy=-1-1)=1h[1-1] 1,
(" K 2{ ( kz] }

1/2
1 1 1
PXy=1+ =)= —=31+|1-— .
(k +k) 2{ +( kz] }

(b) UF TG e § AW FrSH H Agifies T 219, 1;9, 1;9 Sk

%%,wﬁsﬁrmmﬂmﬁm: 108, 27, 30 3 8 &, @& 0 I HheH
stfeeray grvTfaan fafa @ HifSw | smewa i 9 3 off Femfere |

Theoretical probabilities in the four cells of a multinomial distribution

are 218, 119, 116 and g:, whereas the observed frequencies are

108, 27, 30 and 8 respectively, then estimate 6 by maximum likelihood
method. Also, obtain the standard error of the estimate. 20

(¢ I XTH Agfeas o 2 Frme sifircteor wem

B=]bl, L1
o(t) =
0, 31,

2, a9 G YTTehd] 99cd Held w1 ITed hifeu |

If X is a random variable with characteristic function

1-|t], [t]<1
o(t) = _
0, otherwise,

then obtain the corresponding probability density function. 15
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Q4. (a) wTH §H
Pe(x=j)=ej,
T fomm Fifsg | o o foh X = j R SR f; @ 91 E(f) = m; = np;
2 | 319 0 I a9 FIE-a1 el Hy W HAl, 3qh faa=a Hifsw | 3fe
Wi ufdess &1 Aftaea ff @ @ w0 Ean Rt 9y gw@ia sfeests
I ¢ ?

Consider Poisson distribution

-0 a)
Pg(X=j)= e_-._e__.= Di; J=0,1,2, .
v

= pj’ j = 0’ 19 2’ vens

Let f:] be the frequency for X = j and E(f:i) = m; = np;. Discuss how you

obtain minimum chi-square estimate for 6. Does minimum chi-square
method necessarily yield a sufficient statistic even if it exists ? 20

(b) () TH AT R XM Y F1 YF TRl g e B
fix, y) = C . exp {— (4%2 + 9y2 — xy)},
2, W& C Th 3 2 | EX), VX), E(Y), V(Y) 3R X 3R Y % 9
HEHeY UM I H1d HIFT |
(i) MG T Agfeas = X, X,, ..., Xg 78 THR 2 f6

PX;=-1D=PX=D=7,i=12..6%

6
P| ) X,=4
i=1

%1 HH T HIT |
(1) Let the joint probability density function of X and Y be
fix, y) = C . exp {— (4x2 + 9y2 — xy)},

where C is a constant. Find EX), V(X), E(Y), V(Y) and the
correlation coefficient between X and Y.

(i) If X, X,, ..., Xg are independent random variables such that
PX;=-1)=PX;=1)= %,i:l,Z, o

then obtain the value of

6
p Z X, =4|. 1045=15
1i=1
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(c)
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frafafga sfihs Th IE FH I9H T<eT T TgEd b [T FW Pl THH *

fore fopu o wefen T (fmel ) ot qufa 2 -
= a9 fa a9
1 23 11 14
2 25 12 14
3 12 13 16
4 07 14 19
5 17 15 23
6 16 16 24
7 13 17 12
8 26 18 18
9 27 19 11
10 12 20 08

HISA-90E0 1 0-05 Il FR T ITAM HId §C a8 HATEHI o g g foh
T & 99 HI Thed & fau 15 e @ sifuss wdtean 78 w0 wedl, =+
whieor T | [fE= TR Zg. 095 = 196, Zg.q5 = 1-645]

The following data present the time (in minutes), that a commuter had
to wait to catch a bus to reach his destination :

Days Time Days Time
1 23 11 14
2 25 12 14
3 12 13 16
4 07 14 19
5 17 15 23
6 16 16 24
7 13 17 12
8 26 18 18
9 27 19 11

10 12 20 08

Use the sign-test at 0-05 level of significance to test the claim of the bus
operators that commuters do not have to wait for more than 15 minutes

before the bus is made available to them. 15

7



@S B
SECTION B

Q5. (a) Tm Was Fest #i yafoa Fwegmst afea sfonfia i | 3fg
y1=PB1+uy
Yo =—PB1+Ba+uy
yg3 =—Pg + ug,
& uy, uy, ug TER T ATgfoash =1 7 e mred 3 a9 58w o2 2, 1
By 3T Py o AAH ST IATheTehl I 1A HITT |
Define general linear model with usual assumptions. If
y1=PB1+w
yg=—PB1+Bg+uy
y3 =—PBg + ug,
where u, uy, ug are mutually independent random variables with mean

zero and variance o2, then find the least square estimators of p; and p,. 10

(b)  femm mm R 56 X - N (, 5), 78 p=(2,4,3) 3N
8 2 3
=12 4 1|,
8 138
@) X, %X, 3 X, T EHHAT B 71 HIC, 3R
(i) X, 3 Xy fGu 8 W X, % "ulaey yawor i e K |
Given X ~ Nj (4, £), where p = (2, 4, 3) and

8 2 3
X=|2 4 1],
4 13
(1) find the regression function of X; on X, and X3, and
(ii)  compute the conditional variance of X, given X, and X. 10
(¢ UwEHEal i w31 § 2 e fifom fF s W gean sl 3
JTTHR F1d HA & fore F7 foman s wehar 7 |

What is a uniformity trial ? Explain how it can be used to determine
optimum shape and size. 10

CRNA-F-STSC 8



(d)

(e)
Q6. (a)

(b)
CRNA-F-STSC

T 26 — SE-3UTEH T H, g @eHh 39 bR foun mn @
(1), ab, cd, ef, ace, abef, abed, bce,
cdef, acf, ade, abcdef, bde, bcf, adf, bdf.
Hehfta yuTEl hl gg=H HIRT |
In a 25 — factorial experiment, the key block is given as :
(1), ab, cd, ef, ace, abef, abed, bce,
cdef, acf, ade, abcdef, bde, bcf, adf, bdf.
Identify the confounded effects. 10

afe x 3 y o forewor oish wH & SR x 3R y % 9 wEEEy oM p=§

2, 1 U 3TTehereh <l G IS ATGfodeh Ufaeel o HILd & HHe giehford
Hifeu |

If the coefficients of variation of x and y are equal and the correlation

2 ; 2 . .
coefficient between x and y is p= 3 compute the efficiency of ratio

estimator relative to the mean of a simple random sample. 10

famn afiepa sl & U wg, FEd #H AS k&R & 3 FRH B r &1
g, I% HIBH § UH YHw B | quise Fb I fawiE di Fa w@m
r-1)k-1%I

In a set of two-way classified data according to k levels of factor A and r
levels of factor B, there is one observation in each cell. Show that the
total number of error contrastsis (r— 1) (k — 1). 15

fg-=ror wfoae aies o1 3qrE afea avfa s | wfaeermm fea fg-=mo
gfeega % 3F=ta gfaed weg &1 e e e | gEE ufaes wiem @6
T8I : '

(i) TN Fgfeas gid==H, T

(i)  T=® gid=aa

% Ir=a feRIfe |

Describe with examples the technique of two-stage sampling. Obtain the

variance of the sample mean under two-stage sampling without
replacement. Hence, deduce the variance of the sample mean under :

(1) Stratified random sampling, and

(ii))  Cluster sampling 20



Q7.
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(c)

(a)

(i)

(1)

(ii)

WX, =Y+ Y, Xog =Y+ Y3, Xp=Y,+Y,, 5@ Y,, Y, 3 Y,
JrEEYead Agfeod T E a9 T ¥ YIS & HILA YA W@ TR
forerem ©h 2, A X, 3 X, X, % e sg@ggsy 1o 76 HIT |

um e for X ©h 3-fnfia arcfeas afew @ fome whauw smegg
9 3 3
=3 9 3|21
3309

WY G&F Heh I U4 6 g afvfa feru . el sRadasfierar % wm
&1 fgio Hifsw |

If Xl = Yl + Yz, X2 = Y2 + Y3, XB = Y3 -+ Y]_’ where Y]_, Y2 and Y3
are uncorrelated random variables and each of which has zero

mean and unit standard deviation, find the multiple correlation
coefficient between X3 and X, X,

Let X be a 3-dimensional random vector with dispersion matrix
9 3 3
=8 9 3|
3 39

Determine the first principal component and the proportion of the
total variability that it explains. 7+8=15

fpeft .o, (BIBD), Tal v=b=4,r=k=31=23MN=12, %

foru feu u f=feifiga stfwest w faar $hifs
Qg
ITER

1 2 3 4
1 73 74 - 71
2 - 75 67 72
3 73 75 68 -
4 75 - 72 75

sAfirepea w1 faverym Fife | (fon T R Fy 5 (005) = 541]

10



(b)
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Consider the following data given for a BIBD withv=b=4,r=k = 3,
A=2and N=12:

Block
Treatment 1 9 3 4
1 73 74 - 5 ]
2 - 75 67 72
3 73 75 68 -
4 75 - 72 75

Analyse the design. [Given that : F3, 5(0-05) = 5-41]

()

(i)

1)

s fga yam= wufe BN (4, po, of, o2, p) @ fou 7o smm
n = 3% T Agfeas vfaey &1 =4 Afead

6 10
X=110 6 %l
8 2

IHfcss uftehed l Hy:p = p, & foog Tusofm  gieewn
H : B = P, 1 THET 10% HTefehel-E W HIfC, STl p,=(8,5)2 |
[rmaeht feam T R : Fy.p0, o 1 = 49'5, Fp.p0.1, 2 = 8'53]
m&ﬂﬁn%aa@%aﬁaﬁsﬁxlaﬂtxzﬁﬁ@wm
Mg x, foheg wwaa: fim wex afes py 3R py % 19 fgen yam=
Fed 1 JATE HA TH I 8§, W ny = 11 3R n, = 12 J&01 FA1C 1d
2 | ftest mex Afew i T TETER TR B -

0-() 8- e (1)
TRreHITeE fdest gff D? 3t fhwr % as fafawmet o= =i
it |§W%=[2Jﬁmﬁm&nlmn2ﬁﬁﬁqaﬁﬁml

The data matrix of a random sample of size n = 3 from a bivariate
normal population BVN (p4, po, cf , 03 , p)1is

6 10
X=|10 6.
8 2

Test the null hypothesis Hj, : p = p, against H; : p # p,, where
K, = (8, 5), at 10% level of significance.
lYou are g‘iverl . FOIO, 2.1 = 49'5, FOlO, 1,2 = 853]

11

15



(c)
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(ii)  Suppose n; = 11 and ny = 12, observations are made on two
random vectors X; and X, which are assumed to have bivariate
normal distribution with a common covariance matrix X, but
possibly different mean vectors p; and py. The sample mean
vectors and pooled covariance matrix are

e -1\ = 2 7 -1
X, = (_ ]J’ X9 = (]J’ SIJOOled = (_ 1 5]
Obtain Mahalanobis sample distance D? and Fisher’s linear

0 .
discriminant function. Assign the observation X, = (J to either

population IT; or IT,, 10+10=20

N 31K &1 gufte ¥ n 3MHR F1 T gfdes gaH Tilkendr ta gfaeene f&a &
|19 A T | A S T %N=Zary,mﬁzm Yy &1 i s

r=1

T &, &l a, 3T & 3N y, rd g1 R Afagel # AfeAfcrd 3618 1 7H 2 |
() =T FF Yy, Ty B TH SR I 2 AR R Fad Al

n

S ue

r=1
(i) U Ufdey o F=<rid
A S2 =
v 2
V(Yy) = T NZ‘1 a2~
T

(iii) Hﬁa,:%,a‘rn%mméﬁmmﬁamu@%ﬁﬁ

feem § vfded mer &1 77 e I AR % wfaeardd wfed forg
U A wfhed % e % yEn 1 faepa smdn @ ?

12



Q8. (a)
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A sample of size n is drawn with equal probability and without
n

A
replacement from a population with size N. Let Yy = Z ary, beany

r=i
linear estimate of the population mean ?N , where a_ are constants and

y, denotes the value of the unit included in the sample at the rth draw.

A -
(1) Show that Yy is an unbiased estimate of Yy if and only if

n

> u

e |

(i1) Under above condition
A q2 - 9
V(YN)= F Nz ar—l
=1

(i) Ifa,.= 1, for what value of n may this variance of the sample
Ar n

mean in simple random sampling without replacement be exactly
half the variance of the mean of a random sample of the same size
taken with replacement ? 16

() i 9g9¢ F1 8 ? ‘p’ WA AIforeh F§IG I A 319 HH BT ?

G) Fed Y =X B + u, Ewu) = 621, & X &I k
nxl nxk kgyx1 nx1 nxk

(k < n) %1 Teh TR &, o AT
EY'(I,-XXX1X)Y]

H1 HH 19 HifSW |

(1) What are orthogonal polynomials ? How do you fit an orthogonal
polynomial of degree ‘p’ ?

(ii) Forthemodel Y = X B + u , E(uu) =021, where X
nxl nxk gy1 nx1 nxk

is a matrix of rank k (k < n), find out the value of '

E[Y(I,-XXX)1X) Yl 10+10=20

13



(b)

(c)
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d wml $i T Fhm gufe W famr Fw | 6 =77 mRead 3R T
ITEA (000 A H) Fret v #

B $HTS (i) .1 2 3
F4 TR (p;) : 03 02 05
T8 3T (y;) T | 6 25

IR 2 % ¥t et ufdewt =1 feeemm afga Femifae (9 w fomm foman
ST 2) | gisT o S T1E IcTed 1 RfeH- A ek I @ |

Consider an artificial population of three farms. Their selection
probabilities and the wheat production (in ’000 tons) are as follows :

Farm unit (1) : 1 2 3
Selection probability (p;) 038 0-2 0-5
Wheat production (y;) . 6 25

Draw all possible samples of size 2 with replacement (order is to be
considered). Show that Horvitz-Thompson estimator of total wheat

production is unbiased. 15

e @ ekt @1 7 2 forelt &Afe ot sifirhea & fore o o= g3 =gem
Hifou |t rfirereun &1 fageiu @ & fou g F3 s g 2

What is a missing plot technique ? Derive the missing value formula for
a Latin Square Design. How would you proceed to analyse such a
design ? 15

14



