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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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Qus A
SECTION A

Ql. (a) 1000 S & aTed safRdl | |, Faa 900, 15 I b hI WY q%F TET I
&, a91 9fd 1000 =afh S 15 a¥ Ht 7Y 7% TEEd €, IW ¥ 950 =ANh
50 = <l AT T TgEd & | Tfd 1000 =AfEA & St 50 I Y 7Y q%F TgEd
8, 3T ¥ 40 Rl i Th 9§ § gog B AT ] | GEIER Teh o4tk % 51 a9
&1 1Y q Tga I TTRIehal w1 2 ?
Out of 1000 persons born, only 900 reach the age of 15 years, and out of
every 1000 who reach the age of 15 years, 950 reach the age of
50 years. Out of every 1000 who reach the age of 50 years, 40 die in one
year. Accordingly, what is the probability that a person would attain the
age of 51 years ? 10

(b) WM X U Had Agfeash =X 3 Fraeht Iiiehdr o7 %o 2 :

E, 0<x<l1
2
1
- £
)= 2’ 1<x<2
3—-x
, 2<x<3
2
0> Y]

X 1 Gt foreor wem R aon 3o P(X>%)mmmaﬁﬁml

Let X be a continuous random variable with probability density function :

E, 0<x<1
2
1
flx)=1{ 3’ 1<x<2
8-X  9<x<3
2
L0, elsewhere

Obtain the cumulative distribution function of X and hence find the

value of P(X > g) . 10
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(c)

(d)

(e)
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AT {X,, n > 1) TER Ta=1 agfodeh =1 H Jaal 36 THR 8 fh

P(X, = n% = P(X, = —n% = 05, &t ff o> 0 % feru |
o W 39 Ve # P fes srla, e (X, n > 1) Fea 98
el % FEE (WLLNs) &1 0ied &l @ |

Let {X,, n > 1} be a sequence of mutually independent random variables
such that

PX, =n% = PX, = -n% =05, for any o > 0.
Derive the condition on o under which the sequence {X;,, n > 1} obeys
WLLNSs. 10

HUwd T % Frefafaa srpsem 6 agfeasa steq  fog v (@) whe,
5% TTehdl TR, T T hINIT

HHHHHHTHHHHHTHTHHHH

TTHHHHTHHHTTHHHHHH

THHTTHHTHHH

%!TT eI} % : Z(0.025) =1-96
Z(0.05) = 1645

Apply Run Test to test the randomness of the following sequence of

H and T at 5% level of significance : 10
HHHHHHTHHHHHTHTHHHH

TTHHHHTHHHTTHHHHHH

THHTTHHTHHH

Given : Z(0.025) = 1'96

Z(0‘05) = 1645

7d wd gy sl # fadie Aifvre | algfe wft wem i feafa 9 srmma s
S HTehoTeh T hIfT |

Differentiate between prior and posterior distributions. In case of
squared error loss function, find out the Bayes estimator for unknown
parameter. 10



Q2. (a)
(b)
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AT X, Y, Z §H e Td= e 91" =K 8 a9

X+Y X
Wi=X+¥+2 W= 32 s = 1oy

dad

() Wy, Wy T W3 &I T s fepifera |

(i) Wq, Wy Td W5 % HHT=d Tfehdl =Fcd B F1d hife |

(il) Wy, Wy T8 Wy TER a4 g4 1 e hIfe qom 36 w0 gt
feooft difsr |

Let X, Y, Z be three mutually independent standard exponential

X+Y X
iat dW;=X+Y+Z, Wo= ——— = .
variates an 1 + + 2 X+Y 17 3 X+Y

Then

(1) determine the joint distribution of W;, Wy and W3.

(i)  find out the marginal probability density functions of W1, Wy and
Wj.
(iii) examine the mutual independence of Wy, Wy and W3, and give

your comment. 10+6+4=20

Fefefaa 1 fag 1 swishd 0 & T e e dfve
P(limsupA) =0= 5 P(Ay) <o,
k=1

W&l {Ap, n > 1} T3 H HIE J@ g N % e = (Q, 4, P) W
gftfya 2 |

Give an example to prove or disapprove the following :

PlimsupAp) =0= 5 P(Ay) < oo,
k=1
for any sequence {A,, n > 1} of events defined on a probability space

@, #, P). 15



(c)

Q3. (a)
(b)
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AT (Y, n > 1} TEfeas 90 6 TH @ 2 991 Y TH IR Agess =
2 | vhtem R 0 ‘Y, 9§ Y # oifwfa g ®, | a8 e
foreperan @ &6 v, wif¥epar § Y &1 sifvrafa g @7

Let {Y,, n > 1} be a sequence of random variables and Y be a degenerate

random variable. Examine whether Y, converges in distribution to Y’

implies Y, converges in probability to Y.

(i)

(i1)

(i)

(i)

Ife X ufifirg yewor & @y s Agfeas = 7, @t foany i

lim n2P{1x1>n}=0.
n — oo

foreft weh weff wlten H, sEfaeredt we § | Yo% WA H =R EvE foshed
2, il 4 o wdl R | v gfgue o % adl fashe A <t SRR
90% &, afh Teh AR B i Hhad 20% & | Th g BH Fal
fareheq W A9 omrn 2 | 39 IHE ¥ w9 fashen W e @ R
TTRIhdl 1 8 ?

If X is a random variable with finite variance, show that
lim n?P{1x1>n}=0.

n— o

In a certain recruitment test, there are multiple choice questions.
There are four possible options to each question, out of which one
is correct. The probability of knowing correct option for an
intelligent student is 90%, while it is 20% for a weaker student. An
intelligent student ticks the correct option. What is the probability
that he was guessing ?

ghieror HifSe for TR @A agfeas =0 6t @ (X, n > 1}, e

1
PX =+nM)=—_
! 2n* (K<l)
2
P(X_ =0)=1——;T
n

<1 9|1 I8 (CLT) 1 9o Kl 8 31 Ta1 |

Determine whether the sequence of mutually independent random
variables {X,, n > 1}, in which

1
PX =+nt)=——
2
P(X_ =0):1-——;T
n

obeys Central Limit Theorem (CLT) or not.

5

15

10

10

15



(c)

Q4. (a)

(b)
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HIHHF TREHal UM THEW (SPRT) I 8% Hehieh AL B
wd 3tga giied gen & @y ufriya Fif | Neo, 1) § Hy : 0 = 4 Reg
H;:0 =5 q0&u & fou argshfies wifdehan rara wfigror (SPRT), o = 0-5
AT B = 0-2 % 1Y 1 HIfT |

Define Sequential Probability Ratio Test (SPRT) along with its operating
characteristic function and average sample number. Determine SPRT
for testing Hy : 0 = 4 against H; : 8 = 5 in N(0, 1) with o = 0-5 and

B =02

qifereh! ke § quiaT wa wEteaar & U <Al R fieRt R 2 T hifs |
U (0, 0) H, 6 1 THEHH =[dH TEU IHRFG Aheish (UMVUE)
Hifvm |

What is the role of properties of completeness and sufficiency in
Statistical Inference ? Explain. In U (0, 0), find out Uniformly Minimum
Variance Unbiased Estimator (UMVUE) of 6.

400 9fEri, 5 g% § 9/ 9= §, % gaev &1 e fefafed 2

ASHI I T 0 1 2 3 4
qfEri & g& 16 | 89 145 118 32

F1 I8 IO 5% Teehdl T W 30 YRHed 1 & T4 8 T dehi @ aefnal
% ST B I GHTEET ST R 2
e foan mn & foh

o5y 4 T HMME F o = 9-488 T

1205 5 T HIfE T = 11-070.

6

15

20



(0
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A survey of 400 families with four children each have the following
distribution :

Number of boys 0 i 2 3 4
Number of families 16 89 145 118 32

Is this result consistent with the hypothesis that male and female births
are equally probable at 5% level of significance ?
It is given that x(2_05) for 4 degrees of freedom = 9-488 and

x%05) for 5 degrees of freedom = 11-070.

GuTeIdl U e i aiafya i | N6, o2), FE o2 W@ B, H
Hy: 0 = 0y fag Hy : 0 € (Q - 0p), T&T Q, 6 % fow y=fers o=t 8, %
e & fu GureIar U (LR) W& s I | o ThE &1 AR
21

Define Likelihood Ratio Test. In N(8, 62), where 02 is unknown, find out
LR test for testing Hy : 6 = 6 against H; : 6 € (Q — 6p), where Q is the

parametric space for 6. o is the size of the test.

15

15



Q5. (a)

(b)

(c)
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WS B
SECTION B

i) IRX = (X; Xy X3) FFHA N3 (g, 3) B, 7@
[(X; — Xg) (X9 — X3)]" T &7 14 HIfT |

tp-0
) WHFEX=(X; Xy Xg) ~N3g©0, D)8 TEE=|p 1 p|R1I
0 p1
a3 8 ?

() If X=(X; Xy X3) is distributed as N3 (u, 3), find the distribution
Of [(Xl - X2) (X2 - X3)]'.
1 p O
(i)  Suppose that X = (X; Xy X3)' ~N3(0,Y), whereX=|p 1 p|.
0 p 1
Is there a value of p for which (X; + X9 + X3) and (X; — X9 — X3)

are independent ? 5+5

fe@msu 1 X = (Xy, Xy, ..., X)) 1 97 p-=a0 THWH 5eA 2, AR 3R Faa
A X & T W T (11X + [pXg + ... + [,X) Fl 5 Thaid (THiaR)
TEE WA §

Show that X = (X, X, ..., Xp)’ has p-variate normal distribution if and
only if every linear combination (/1X; + l9Xg + ... + [;X}) of X follows a
univariate normal distribution.

HHT x4, X9, ..., xnﬁ{Q g n T 8 qe
Yi = BO + lei + €4 i= 1, 2, O |
&l B, By @ et & aon @t ¢;
E(e)=0Td V(e) =0%,i=1,2,.., n % TY TER &ad JHH Igfess o
B | 02 T [ HAT TR |
Froerofia afteeaat Hy : By = By = 0 1 wdiemr Hifsw |
Let x1, x9, ..., X, be n given observations, and suppose that
Yi=Po+Bix;+e; i=1,2,...,n,
where B, B; are unknown parameters and e; are mutually independent
normal random variables with E(e;) = 0 and V(e;) = 0%,i= 1, 2, ..., n.
Also, 02 is assumed to be unknown.
Test the null hypothesis Hy : g = 1 = 0.

8

10

10



(d)

(e)
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s Afirpeu di Frefafad werer favemor @weft wt qui AT @ 5%
TrefeRdT TR X SqTSU T 91 A8l o Hed g 3T @

=R €id | Tadd Hife | ol 1 AW | WIET S T AT | TER AT
ave — 21 4-2 —
odgl _ _ 50 -
e 15 12 i

I _ _

[ERIRIR I

F.o5 (3, 15) = 8:70
F.05 (5, 15) = 462

Complete the following analysis of variance table of a design and

examine whether there is a significant difference between the

treatments at 5% level of significance : 10
Source of Degrees of Sum of | Mean Sum | Variance
Variation Freedom Squares | of Squares Ratio
Blocks — 21 4-2 —
Treatments — — 50 —
Error 15 12 -
Total _—_ i
Given that

F.o5 (3, 15) = 8:70
F.05 (5, 15) = 462

Taf We % Iehed % [T Ygh HEIHIV AThce i IRWING HIFT |
Tgeh AfEfd (FE) wE mrer @ R (T.wm.E.) w yge GfEked % a%
Frd I |

Define regression estimator used for the estimation of population mean.
Obtain its bias and Mean Square Error (MSE) to the first order of

approximation. 10



Q6. (a)

(b)

SKYC-U-STSC

A X = (X; Xy X)) F&HA Ny (p, ) 8, M@ p=(2 -1 3) @

410

>=|1 2 1}
01 3

Fma shifs

() Xy Xp)' o Ufaef2d s sefeh Xg=2 fean 8
(i1) mwmpl23®a§WWR123
Let X = (X; Xy X3)' be distributed as N3 (p, >), where p = (2 —1 3)' and

5 e

S o
- N
W = O

Find

(i)  the conditional distribution of (X; Xj5)' given X3 = 2.

(i1)  partial correlation coefficient pj93 and multiple correlation
coefficient Ry o3 8+7

()  ufd I3 T § SR 95 e (Aesavqd) W at fg-fag (g3)
Fifiha IAfersl o qrqul faveryor w1 foeor, Sw & <ft 7 w=EieT w5
TR IgE Hd g AT | T @ S At i @ s R %
foreereor &1 3w B @ |

(i) #F foh I TER TWaA W Y, Yo 3R Yy e v o2 qum 2
qadqn
E(Yy) = B1 + B2, E(Yo) =By + B3, E(Yg) =Py +Bp UM E |
femmen foh Tei srfersh Bei piBy + poy + paPs TR 2,
M T kel A py = py + p3 B | WA A AR FIE WA W A &,
At 3! oft T Igw AT |

(1) Describe the complete analysis of two-way classified data with
multiple (but equal) observations per cell, clearly stating the
assumptions used. Also state two examples where such type of
analysis is used. 15

(i)  Let three mutually independent variables Y, Yo and Y3 having

common variance 62 and

E(Yy) =B + B2, E(Yo) =1 + B3, E(Y3) =By + By be given.

Show that the linear parametric function pif; + pgfo + p3Bs is
estimable if and only if p; = py + p3, clearly stating the assumptions

used, if any. 5

10



Q7.
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(c)

(a)

(b)

G) g § 9 sru fifay e o fawevs 1 ges foveww =i
TRINT A <hl 3BT L Hehdl 8 |

Gi)y fafea wegramdl =+ sfwfm AT qon 9% TR % QA IR
At | fafea wearrdl @ fafge =0 1 9@ w0 H TG w= o
Hif |

(1) State briefly three reasons why an analyst may wish to perform a

principal component analysis.
(i)  Define canonical correlations and give two examples of their
application. Describe the procedure of working out canonical

correlations and canonical variates.

= % ufowad wd ens =9 % faeEd H IR 1 3G Hfgd dv
IR | wh e s % fofu wufee S9 1 SHNAG AR qu
39 AT 1 TEWI TIq HIfT i Sfaeaq gfeam a @ agfess
faftr gro fopen T R | 38 RO 1 SMfEA sTeRares ot FreiferT |

Discuss the difference between sampling for variables and sampling for
attributes with examples. For a qualitative characteristic, find an
unbiased estimator of population proportion along with its variance
when sample is drawn by simple random sampling without replacement.

Also obtain an unbiased estimator of this variance.

= & 78 mroft § 50 SR % Talsd Afas fded % T w1 W w
TERU 991 Tl h1 GHfES 1 HR a1 WA A =IHG Ufagy MRRI i fe
w R | gl w3k g et ° e R T g

R GE& N; n; Yy, 5;2
1 30 5 35 36
2 50 10 40 49
3 60 15 40 81
4 60 20 55 144

T SRR o6 feu e 4 Tl % fore Higgr srden sean @ | Tt e
1 39 e & AN 3Tehereh i F@ HIFT |

11



(c)

Q8. (a)

(b)
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The table given below gives the population and sample sizes, stratum
means and variance of a stratified random sample of size 50. Symbols
used have their usual meanings.

Stratum N, n, '}‘,i 52
Number
1 30 5 35 36
2 50 10 40 49
3 60 15 40 81
4 60 20 55 144

Verify that the existing allocation is optimum for given 4 strata. Also
calculate the estimate of population variance under this allocation.

WA Agfss Ufd=aq qa HR AHuifas WiRehar feemm § fade
HIT | Th n AHR & AHR FUTIIH Tk Sfeest 1 319 (@) F==it I
fafe qon (i) @l fafsr g1 N (0 < N) R 1 Tmfe & S8 3 2 T
IS |

Differentiate between Simple Random Sampling and Probability
Proportional to Size Sampling. How will you draw a PPS sample of size

n from a population of size N (n < N) by (i) Cumulative Total Method
and (ii) Lahri’s Method ? Explain.

Tgfese QU AfweTl ad dgferd gl Guesh Afehed T H =R wqmsy |
HH YY Hehalerl § fag difve fb Tgfera orqul wves etfirreqan #
D) bk =vr(Gi) Mv-1)=r(k — 1) dqIT (iii) b > v.

Differentiate between randomised block design and balanced incomplete

block design. In usual notations, for a balanced incomplete block design,
prove that (i) bk = vr (ii) Mv—-1) =r(k — 1) and (iii) b > v.

ST SAfeheu T § oo & faga <t sarean Shifsie | foredt v & Rad
i 3UEH A, B @91 C T yo% @ T W &, I gee 9’ sl % Q
Guel § fawiiord € | 9 ABC 1 981, AC %! g a1 BC w1 e TR
# fohe YhR Hehfd T 2

Explain the concept of confounding in design of experiment. In an
experiment with three factors A, B and C, each at two levels, three
replicates are divided in two blocks, each of four units. How will you

confound ABC in the first, AC in the second and BC in the third
replication ?

12

15

15

20
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(c)
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frera, argfeas v fufta ywe nied § sqmwn wfea favg Hifw | argfees
wugeh Afeheut § Afehed T & A goengd fagrdl <1 TmEs Y g ® ?
e HINT |

Differentiate among fixed, random and mixed effect models with

examples. How are the three basic principles of design fulfilled in
randomised block design ? Explain. 15

13






