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GQuestion Paper Specific Instructions

Please read each of the following instructions carefully before aftempting questions :
There are EIGHT guestions divided in TWO SECTIONS and printed both in HINDI and in
ENGLISH.

Candidate has to attempt FIVE guestions in all,

Euestions no. I and § are compulsory and out of the remeaining, any THREE are to be attempied
choosing af least ONE question from each section.

The number of marks corried by o guestion f part is indicated against if,

Apeee = he written it the medivm outhorized in the Admission Certificate which must be

Livoon the cover of fhis Question-cum-Answer (QCA) Booklet in the space provided, No
will be given for answers wrilfen tnoo medivm ofher than e authorized one,

asnme sieitable data, F considered necessary, ond indicate the some elearly.
Uniesz and otherwise indicated, symbols and notations carry their usual standard meanings.

Adtempts of questions shall be counted in sequential order. Unless struck off, attempt of a question
gshell be counted even if attempted partly. Any page or porlion of the page left blank in the
Guesfion-cum-Answer Booflet must be clearly struck off.
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mHTE A
SECTION A

gait ure uk et A 3 fok § | 300 @ us Towen sEfiEa e ek =R
arwt sifigra faes & | w91 Rers sem @ B, 9 3w ad’ s o
s L 05, 06,011 % | 3fE 37 Tl § & v foww afas 0% 9
<A1 = # 3 d9 A amen w R,

iy, PHTTIFNE?

(i) =8 AMd 29 T (HTT) 37041 &, T e Eam S ol Siidesar 441
g7

TEl W {H, T} A Taa a2 fHiew w0 2

We have a bag with 3 coins in it, One of them is a fair coin, but the
others are biased trick coins. When flipped the three coins come up
‘heads’ with probability 0-5, 0-6, 0-1 respectively. If one of these coins is
picked at random and flipped three times,

(i} What is PLHTT) 7

(ii)  Assuming that [HTT) occurred, what is the probability of having
chosen a fair coin ?

Here {H, T} denote Heads and Tails respectively. I

o St e X, X, .., X, 39 829 3 us ofied @ e o9m wem
flx{Al=060+1x"-1(1-x) D<x<1, 60 . 3
o= s &Y 3 sEen g Fifem

Let Xy, Xo, ..., X, be a sample from a distribution with density function
fix|gi=0B+1x" 1(1-x), 0<x=<1, 620,

Obtain an estimate of 8 by method of moments. It

wA it 6 9 awfEes = v f 99§ i e w9 8 Wi # e 9
TFEEE U0, 1)E | U:%mﬁawﬁﬁq:ﬂmmﬁmﬁﬁml

Consider two independent and identically distributed uniform UHO, 1)

random variables, Derive the distribution of 17 = ﬁ . Comment on BT, 10
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fefafaa siwe o Rfim gen f Seim & sfme a=fa (o 4) v 50
¥

THHE A 40 30 40 45 BE 30
T9FE B 50 50 45 55 60 40

2Al uftest s & wafe & B, & ofte % Re wifers wfemr = wEm
wHitan |

The following data represents lifetime (hours) of batteries for two
different brands ;

Brand A 40 30 40 45 55 30
Brand B B} BO 45 BE 60 40

Use the Median test to conelude if the two samples come from the same
population.

FErE T T W i R e e

n
k
lim ™ E n—=l,
N —» 00 E 2
k=0

Using central limit theorem, show that

8 nf 1
Hm ™ E i vl
1 — s ]'L] 2
k=0

X, Y %1 HYF 94 8

fix, vi=e™V, Dsx<cy<es,
X, Y% 394 "1 a9 X% [0 80 W ¥ % avfassg 9 % 7@ $ifaw |
The joint density of X, Y is

fix.vl=e¥, DE2xsy<en

Find the marginal distributions of X, ¥ and the conditiona)l distribution
of ¥ given XK.

" #A Xy, Xy, ..., X, 67 9 #9%0 @i fGeg (1, p) anfEes wm d
pl1 — p) #1 TF Hiaed % Aman W UMVUE 7@ $ifqg |

Let Xy, X, ..., X, be iid binomial (1, p) random variables. Find the
UMVUE for p(1 - pl, based on the sample.
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uA St & kg, xa, .01, NOO, 0) 3 v ogfas wives & | 9900 0 395
2 | Hy: 8 =0, Hy: 0> 0, f&eg ulean % & gaifas wieam giem
wFTE Fifan, wEiE O, v Afees giens men 2 e g UMP se 8 9

Let x1, X9, ..., X5 be a random sample from N(0, 8). The variance 8 is
unknown. Derive the most powerful test for Hy : 0 = 0Oy against
H; : b > 8y, where 8 is a fixed positive number. Is it a UMP test ?
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Shots aimed at a target reach the plane of the target at a distance R
from the centre, where R has the probability density function

: % g2
fpir:a?l= —re For 2
HE

A hit is scored if R < a. If n shots are fired and there are exactly m hits,
these being at distances ry, rg, ..., Iy, from the centre, prove that the
maximum likelihood estimator of o is given by

11l
A 1 I— .«
g% = — E r.2 -+ —a‘a.
2m ' m

i=1

A el s (X,) s = w o E A Y, < > X,

i=1
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I

Let {X,} be a sequence of random variables and Y = L X..

n 4
i:]

Prove that a necessary and sufficient condition for the sequence {X,,} to
zatisfy the weak law of large numbers is that
P
—T“-T — 0 as m—due
1+¥5
(i) WA et B 8, vw gEle (wafim) of8 i n s SoeE O o s
1AM R |

—“——3-5'}3‘, TR E=0

P{S

E

n

&1 3afr dar =1 sReE Fifan |

Let 5, be equal to the total oblained in n tosses of a symmetric
die, Estimate an upper bound for

8
P{ 3 3—5::-3‘, for & = ().

mn
iy WA on=1, 2, .. % fe X, w0 g9 S
PDiﬂ=1J=%aﬂ1P[xﬂ=m=1—l%L

I
st dhifem &6 w7 X, wifderar # s =1 SiimiE B B
Let X, have the densily function, forn=1, 2, ...,
PE{n=1]=%aﬂdPDi,1=H]=l—%,

Check whether X, converges to zero in probahility.

afE X, e XY, Lo At
) Xy+¥;—EsX+C
TL S N PSR

Git) X,/ Y, —2s X/C, T C £ 0.

If X, —Ley . O I —F , €, then show that

B Xav, X E
i) %% —C.bX

(ili) X,/ ¥, —=s X/C, provided C =0,
5
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Let X ~f, j=0, 1, where

p S

fy <

fl.'

I

1 2 3 4 5
1 1 1 1 3
5 & &5 &5 b
i i L 3 3
6 4 & 4 6

Find the best critical region of size % What is its power 7

{1}

(i)

weh HEEn fEE Hy 6 = 6 78 & 35 uftmewn Hy: 0 = 6y
2, % TEm & fom fag fifan & ageios ofEsa sgem ghem
(SPRT) Wil U= % =04 91 & 2 |

For testing a simple hypotheszis Hy : & = O3 against simple
alternative Hy : 8 = 8y, prove that the Sequential Probability
Ratio Test (SPRT) terminates with probability one.

M w5 agees I8 Xy, X, ... FEl %7 PX = 1) = p @
PX=0=1-p¥H & | Hy:p=pg oHem [ﬁ’f-ﬂ} Ht:p=p1#ﬁ'ﬂl
MR IHE WTTaeha SIE S oo i |

Let Xy, Xg, ... be random observations from the Bernoulli
distribution with P{X = 1) = p and P(X = 0) = 1 — p. Obtain g
sequential probability ratio test for Hy : p = py against Hy : p = py.
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Huz B
SECTION B

T BIEH & 2 F o watawe ¢, 2allg B R T e o weand T
g ot F= R | Uk WA H g o s L= 1, ., k) e e
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The period of oscillation, t of a pendulum is 2r/ffg where I is the
length of the pendulum and g is the gravitational constant. The periods
observed are t; (j = 1, 2, ..., ny) and lengths I (i = 1, ..., k} of the
pendulum, in an experiment. Assuming the errors of observations to be
uncorrelated with zero means and variances o2, show that the best
linear estimator of p = 21 /g is

|
Yo S,
B = - arid M=% 10
S X
T EEel it ity SifMm | = 9uE 9w AeeRiEAT § wMTEd B 2 2
HEIE TR
Z 1 4]
|4 100
% IR WY 39 e e fian |

Define principal components. Is the principal component affected by
standardization ? Establish your elaim by illustrating the same with the
covAariance matrix

Z i [1 1:{1}' e
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Q6. (a)
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(i) wh 2kgr-aqEEl wAm H gl au1 Al g 4 S FAE |
Distinguish between total and partial confounding in a
9k factorial EXperiment.

(i) =2 4% SATHN & G H A0 FGEET % TE UF 27 T8I 9w
ST AT B A A il B Al e gelasding #, A
ufrorAl @ Taveiavl @i 2, FEdann i it & Faas Fiia |
If a 2? factorial experiment is laid in a block of size 4 with four
replicates, write down the alloecations of degrees of freedom for

analyvzing the results of such a design when the highest order
interaction is totally confounded.

v mafe § o gweal § TR a0, 10, 25, 5, 20, 6 30 4 g3 § | agfew
HEmEl 72, 46 31 94 1 T FG BU 3 THEA F ATER F UF PPS wfoge
g |

A population has seven units consisting of 30, 10, 25, 5, 20, 6 and 4
fields, Select a PPS sample of units of size 3, using random numbers
72, 46 and 94,

arefeadiFa @ves afiger, fmd o 3gem a9 gEhmEl 7, 5 v dam
AT 9T A 2 | g 9w % shen o fafa o = Sifan qu
wao-fagerym i s Hifag |

In a randomized block design with t treatments and r replicates, one

observation was found missing. Explain the method of estimating the
mizzing value and perform the analysiz of variance.

Haferd AT § 39 F= AwEd # 2 7 it fE = v (1L 2, 3, 4)
of= g (1, T 100, IV, V) & faer aie & =ome 9 3

1 1 1 2
11 1 2 2
II1 3 4
Vv 3 4
V 34

Tenfs Fifan o 39 sifasean sl 2 |

What do vou understand by Balanced Design T Suppose four treatments
{1, 2, 3, 4) are laid out in five blocks (L, 1L, III, IV, V) as given below !

1 L: i &

I1 1 2 2
I 3 4
v 3 4
W 3 4

Establish that the above design is unbalanced.
g
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(b) 9% =mgfems =0 oA pdek afem X w1 w2 Nyo, £ 8, @ gef f
XETh R ;:'ﬁ?iﬁ?l'r il 9] w0 ichi-square) 1 Wit "z 2 |
If X is a p-component vector of random variables distributed as NP{U, £
then show that X' ¥ ! X is distributed as chi-square with p degrees of
freedom. 15
fed  =eR o SEwE wE aumE fafit 1 gem it | amise G s faf
FA2 & A o oo Je ol ¢ | wifiel % afiee =ww = s
Sifam |
Compare ratio and regression methods of estimation. Show that ratio

method gives a biased estimation of population total. Derive an
approximate expression of the bias. 15

Q7. (a) Nyl £)8 n 306K & A5loes ey d 20 Fe ws w #
i =1{18, 15, 18, 14) Hi

95
A 5_'-" o
IR
a8 51l 100
|46 35 56 46

For a random sample of size n from Nylu, £}, we obtain
i =118, 15, 18, 14) and
B 5

(52 54

i -8
|

68 &1 100
46 35 b6 46

(i) Xy, Xg) & o B8R W (X, Xy) % F9fae=g 929 F U] § s
W T 1AW |

Find the estimates of the parameters of the conditional
distribution of (Xg, X4) given (X, Xu).

(if)  ATIITeR TEEEY rqq.q0 H T4 Hifeu |
Find the partial correlation rq4.q2. 20
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A, B, C, D 3 E 39EH arer v 28 g 8 % SRR A "UEEl § e
Fma e | 13N 2 ek | i wes e

1, bd, abde, cde, acd, bee, abe, ae i

1, ac, abd, ade, hed, cde, be, abee 2 |
wegeR g dewdfoa v i vEmm i
A 20 experiment invelving factors A, B, C. D and E is conducted in the
blocks of size 8. The key blocks in the replicates 1 and 2 are respectively
given by

1, bd. abde, cde, acd, bee, abe, ae and

1, ac, abd, ade, bed, ede, be, abee.
ldentify the confounded effects in each replication.

=1 =A% =fae, A S B, U T % 200 7= & wiar @ i w0 ad9em wiE
# | 2 A, 20 9= T U waw At ufaed g 2 ol e 9=
atd 2t i e e e afoome i e 2

iR =iA7 = JE=mn {i::‘::&.45]ﬁ|?ﬂﬂm
awd! 1 H@ glaf2]z]1]1]o]of0]|1 1
Ziaer B =il & v -y = wm e ge w200 @ 6 A= wEE R A0
e 3 T i fEid s @ ek W ola afis 8 2 | 92 s0 == o W
g afas 7l o |

wiTaA BT 2 e T W AHEA HIT

(i) e SfEet A % ufteni go

(if) M1 B A &R sFer B % wfmEl g

Torm sIrer = 379 I 7 S ) 7

Two dentists A and B make a survey of the state of the teeth of
200 children in a village. Dr. A selects a simple random sample of

20 children and eounts the number of decayed teeth for each child with
the following results :

No,ofdecayedtesth | O (1 (2 |3 |4 (5|6 |7 |8 |5 |10

Mo, of child ren g |4 |88 1 1 n o0 1 |1

Dr. B using the same dental technique, examines all 200 children,
recording merely those who have no decayed teeth. He finds 60 children

with no decayed teeth.

Estimate the total number of decaved teeth using
(i) Dr. A's results only
{ii)  Both Dr. A’'s and Dr. B's results

Which estimate do vou prefer and why 7
10

15

15
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i Frgfeos gidwed i suren $itm i s aan ggFes o
o FEE & HAY FaE |

v Wigs o e T R svEm e % a3 wE st gl
F T o0y = ny T OTEE FE R | AR V(F,) TH Vo, )
ny = ng U9 A TEe F owml # v wwn 8, a1 eviEn fR oumm §
Toren= gfz 3

vl:l;:lt.l:“?st )

vtF&l'ﬁ_ V&p (¥ee ! B (1’— ].\I2
J

R v = ny/ng 9 & A Faaa @ foea 2

Explain stratified random sampling and give reasons for its preference

to simple random sampling.

With two strata, a sampler would like to have ny = ng for administrative
convenience instead of using the values given by the Neyman allocation.
If Wiy, ) and Voo ¥, ) denote the variances given by the ny = ng and
Neyman allocations respectively, show that the fractional increase in the
variance is
ViF,, - VDPt{FEtJ i Ir__!j: 1.]2
Vopt ey ! Lr+1

where r = ny/ny as given by Neyman allocation.

Zoiisn 6 2efEm (Hotelling) 1 T2, W= (Student) ¥ t =1 =nmadhism # |
=i % =gewAvia tias s % T T2 Fft Fvma & o =1 fag Sifm
T2 % fafaa 3=mi & 489 4 seei@ St |

Show that Hotelling’s T is a generalization of the Student’s t. Prove the
invarianece property of T under the non-singular linear transformations

of the variables. Briefly mention different uses of T2,

il

20
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e fraet

Yi=Po+Pr1 Xj+g, 1=1,2,3

% foru ol % X, =-1, X, =0, Xy=1, ; 3R p, % BLUE ¥ =hifey, |
o fifr 7 77 el wdt = # sit @l Pl

Yi=Po+ B Xi+PBaX +5 7 |
e 6w g BLUE's it s1fafa =i s $ifag |

For a model
Yi=fo+Pp X+ i=1,23

where X; = -1, X3 = 0, X3 = 1, find BLUE's of i3, ip. Suppose the
model is not correct and the true model is

Yi=PBo+ By Xi+ P X + 55

Find the bias of the BLUE’s obtained.
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