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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 (QQCA) 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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Q1. (a)

(b)
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@ ug A
SECTION A

1000 5= <4 a1t safeedl # |, Faa 900, 15 9 % H 7Y T TEE U
&, a91 9fd 1000 =f S 15 a8 Hit 7Y 7% TEEd &, I d 950 ATE
50 ¥ <t 377Y I TgEd & | Ifd 1000 =AfEAT & St 50 a9 Fi Y 6 TEEA
2, 39 9 40 ATl 1 0F 99 § g B Tl B | TGIHR U Ak 6 51 99
1 371 T Tg=- I TTRrehaT F= 1 R ?

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
HHT X Ueh Had ATgfessh = 2 Fraes miehdr 94 %o 2 :
[ x
=, 0sx<l1
2 X<
1
) = - E’ LEx <2
$eX i Few iB
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0 =

Xméazﬁérwwﬁwmwm P[X>g)amm:ramaﬁrﬁml

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

L. ; 0<x<l1
2
1
fxy=4 3° 1£x<2
3% s BEXZ8
2
0, elsewhere
Obtain the cumulative distribution function of X and hence find the
value of P(X > gj ; 10
2



(c)

(d)

(e)
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THT (X, n > 1) TR a4 Iigfeash 9 I TEa 39 TH 8 &6

P(X, = n% = P(X, = —n® = 0-5, fFeft +ft o > 0  ferw |
o W 39 Yfiery @i Freefoe foees s=atd, @ (X, n > 1) Fe6a 98q
e % FEE (WLLNs) &1 9TeH Sl 2 |

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 a under which the sequence {X;, n > 1} obeys
WLLNSs. 10

HUE T % fefafga sgea i agfesa steq & fog s (@) e,
5% |1eehdl TT, T TIh HIT :
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ﬁ?-'n RIE % i 2(0.025) =196
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) =196

Z(0.05} = 1645

qd wd v el § favg Hifvr | atgfe 7 wem i feafa 9 smma g
o9 3Rl F1d hIT |

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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qHET X, Y, Z §F9 TR Ha- O 91 91 8 a9

Wi=X+Yal Wymantt W o 2 _
X+Y+Z X+Y

GE}

i) Wy, Wy Td W3 1 5 sed fAeprfert |

(i) Wy, Wy U@ Wy & HHT= WIf¥ehdl =-cd Boid 1d hifer |

(iii) Wq, WoTd W3 o &R a3 & 1 Thequr Hifse a0 38 7 e
feoquft difs |

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

+

Then

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

(i)  find out the marginal probability density functions of W, W5 and
Ws.

(i) examine the mutual independence of Wy, Wy and W3, and give
your comment. 10+6+4=20

fefafga =1 fig o1 sriha A & forw v g v
PlimsupAy) =0= 3 P(Ay) < o,
k=1

& {Ap, n > 1} TA13T A FIE F@en B N % G =0 (Q, 4, P) W
gfterfia 2 |

Give an example to prove or disapprove the following :

P(lim sup A,) = 0= i 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) IEfess 90 6 TF 5@ @ 991 Y TH 3R Agfess =
2 | ghgw e fF = ‘Y, de1 0 Y H fimia @ @, 8§ w7 e
Freperar 2 & ‘v, wiferar & Y 1 sifaf@ g 27

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’.

(1)

(1)

@)

(i1)

7fz X ufifira wewor & @y s Agfeas = 7, @ foamsy fs
lim n?2P{1x1>n}=0.

n— oo

fopeft wep weff wten H, sEfaeredia w7 2 | Tou® WA H =R Hva faeed
g, fo i @ o wdl R | & gfgum B % wd fawey Sa it wiReRan
90% 2, Jafh Tk HAAN BH hHl haed 20% 2 | T gaH o Tl
foered ® e ormen R | 38 IEH ¥ 9@ faeen W Fem e R
TRehdT oI 8 ?

If X is a random variable with finite variance, show that
lim n?2P{1x1>n}=0.

n— e

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 ?

vfiggor HifSe & wew wa aigfess =t &t J@e (X, n > 1), e

1
PX. =+n*)=—"
2
P(X_ :0):1-%
n

F<1 @51 Y9T (CLT) 1 91 HTl 8 I1 81 |

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

1
PX. =+n?)=—"-
n n 2[12;” (l<~1-]
2
P(Xn=0)=1—%
n

obeys Central Limit Theorem (CLT) or not.
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(c)

Q4. (a)

(b)
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HhiUh TR UM Th&w (SPRT) i 3H Hehleh AN Hor
T 3itea wiaey wen & @y ufeatya Hifm | N, 1) § Hy : 0 = 4 fwg
H;: 0 =5 % gl & foru argsefiss wifiehan auma wfigor (SPRT), o = 0-5
qq B = 0-2 % G F1q hifdg |

Define Sequential Probability Ratio Test (SPRT) along with its operating
characteristic function and average sample number. Determine SPRT

for testing Hy : © = 4 against H; : 6 = 5 in N(0, 1) with o = 0-5 and

B =02.

gifershl frepd # qofar wa waieaar & it it w0 i @ 2 T fifse |
U (0, 0) H, 0 1 THEAW =AdH T IHNFG Teheish (UMVUE) 1
Hifsu |

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 vfEm, f9H 9% | 9r 9= €, & gaav &1 9 fefafad @ -

KECIECI R ] 0 1 2 3 4
giErl i & 16 | 89 145 118 32

F1 g IR 5% @dehal TR W 39 INEhedq1 8 T4 2 o aswi w@ el
% I B 6T T TR B 2
7z foan w1 2 5

1205 4 T HIf % 0 = 9-488 T

Xios) B T I F o = 11-070.
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(c)
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A survey of 400 families with four children each have the following
distribution :

Number of boys 0 1 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%05) for 4 degrees of freedom = 9-488 and

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

eIl A qhe S afrfyd FfFT | N, o2), & o2 oFE 2, |
Hy: 0 = 0 fg Hy: 0 € (Q - 0p), T& Q, 6% fou gl o=t 2, &
g F U quresan U (LR) 90& S HINT | o THE #1 ARR
21

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

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

15
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Q5. (a)

(b)

(c)
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@Us B
SECTION B

() IRX=(X; Xy X3)' 5 N3 (i, ) B, 79
(X1 — X3) (Xg — Xg)]’ T 7 Td hifeTT |

ST L
) AMFEX=(X; Xy X3)'  ~Ng0, D)8 T&Z=|p 1 p|?1I
0 p1
F1 p 1 WA HIE AW 2 om0 (X, + X, + Xg) W@ (X - X, — Xy)

a8 ?

(i) If X=(X; Xy Xg)' is distributed as N3 (4, ), find the distribution
of [(X; - Xg) Xg —X3)I".
1 p O
(i)  Suppose that X = (X; X9 X3)' ~N3(0,%), whereX=|p 1 p|.
9.0 1
Is there a value of p for which (X; + Xy + X3) and (X; — X9 — X3)

are independent ? 5+5

femme % X = (Xy, Xy, ..., X,)' &1 97 p-iia yom= 9 2, Al i et
uﬁx%m%@mg‘n (11Xq + 19Xg + ... + [,X)) T &7 Thuiid (Thfaer)
T 57 2 |

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

HHT x4, X9, ..., xnﬁ"QEQ n J&A0T & e
Y;=Pp+Bix;+e; i=1,2,..,n,
&l By, By ITTA TGS & ad1 At e
E(e) =0T V(ey) = 02,i=1, 2, ..., n % T TR Tad TIW Igeash =
& | 02 I T HHT TR |
Froeofta afweat Hy : By = By = 0 &1 wliemr hifvrg |
Let x4, X9, ..., X, be n given observations, and suppose that
Yi=Po+Bix;+e; i=1,2,...,n,
where By, 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, 62 is assumed to be unknown.
Test the null hypothesis Hy : By = f1 = 0.

8
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(d)

(e)
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% frher i frefafgd yawr faweme groft w1 gl Hifve @ 5%
refehd] T T SA1SU T 991 SFGER] & Hed Wi I § ¢

oo €id | T wife | Sl 1 AN | TEd i 1 AN | SEl A9
e — 21 4-2 -
AdEl _ - 5-0 —

E | 15 12 -

I _ _

fean mn &

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 — —
Given that

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

qafe wied % Ao % [ I AEIHAV AThersh i GRWTNG KIS |
Toeh! AAfEfa (Fm) v arer ot 3fe (wmouw.d.) @ wem afEemed w9
3 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)
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A X = (X; Xo Xg)' I & Ny (p, Y) 8, Tl p=(2 -1 3) @

410
>=11 2 1|.

013
T Hifs

1)
(i)

Xy Xyp)' @1 Nfaqafa de safh Xg=2 fean 2 |
HITIh HEHEY N po 3 T 98 HEHEEY U R o5.

Let X = (X; Xy X3)' be distributed as N3 (4, X), where p=(2 -1 3)' and

Z:

Find
(1)
(ii)

(1)

(i1)

(1)

(i1)

O =

- DD =
W = o

the conditional distribution of (X; X,)’ given X3 = 2.

partial correlation coefficient pj93 and multiple correlation
coefficient Ry o3 8+7
fd HIes H&T1 § T 9§ IAhs (Afesavq®) @A 9 fg-fag (29)
Fifiepa atferei & qrqol favermur o1 foeror, swim & off 78 a=raieh %
W IP@ Hd gL AN | W Q1 IgE ot ff @ W TR
fargeror =1 S B @ |

a1 & fF TR wdET WYy, Y, 3R Y, e vwwn o2 wne R
e

E(Yy) = By + Bg, E(Y2) = By + B3, E(Yg) =B + B U0 E |

fe@rsu & it yreifer Be piy + poPy + pabs TTHHH 2,

afe Td el I py = po + p3 B | WA A AR FE WA TYH B F,
at e oft T Sg@ IR |

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
Let three mutually independent variables Y;, Yo and Y3 having
common variance 62 and

E(Y1) = By + B2, E(Yg) =By + B3, E(Y3) =By + B2 be given.

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

used, if any. 5

10



© () dfam # @ wro Ry e sro favews yg@ ges favawo %1
TN T hl 3TST HL Tehel 2 |
Gi) fafea oeamrdl & qfwfia HiT g 73 M F Q@ IEW
& | fafea veardl w fafza =0 =t 70 F@ A f&4fa w1 a0
Hifm |

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

principal component analysis. 6
(ii) Define canonical correlations and give two examples of their
application. Describe the procedure of working out canonical

correlations and canonical variates. 9

Q7. (a) T % YT TE UNeHsh =l b Sfdwsd H ST I I Hfed v
HIfre | v e Afierger & fore wufe 9T 1 SEfEG TRt 9o
39 3Tl 1 TEU §Id i efs gfaeem faear fEa @@ agfss
faftr gra foran mn R | 38 wE0 @1 A steRarss oft fekiferg |
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. 20

(b) =& T wreft § 50 R * THiRd Agfoss wfaey % TR w1 A W
TERUT q &R ol G 1 SRR 9¥T T A =afa wfaed SRl @i fen
o R | sl 3w e e foRn T R

TR & N; n, Y; 8;2
1 30 5 35 36
2 50 10 40 49
3 60 15 40 81
4 60 20 55 144

yuTfora <hifsi o6 fou e 4 =i % fore Higer erree 3ean 2 | wHise gE
%1 39 A6 & U Tehetsh i FT@ T |
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(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.

S | % | w5 |
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.

e Igfee® gfieda daa oTeR  uifas witkar ufeemm # fase
HIT | T n AHR F HR AUIfdS Tifewar fdest 1 39 () g==h @
fafa qon (i) @fedt fafr g0 N (n < N) omam 1 g & 8 530 2 wwe
Hifo |

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.

I @Ue fiehed 1 a1 Haferd 31qU @Ussh Afhed 1 # =R aisy |
= WY Heharedd ¥ fag e 6 ggfea smqel @ves sifirreqan
(1) bk =vr (ii)) Mv—=1) =r(k — 1) 99T (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) (v = 1) =r(k — 1) and (iii) b > v.

AT Afieheu T § Tehtu1 & figra <t sare Hife | et v § o
@ 3URH A, B 91 C f5# v 3 & W &, I g IR gehsdl & Q1
guei § fawfora & | 319 ABC %1 989, AC %I g@ 91 BC 1 diet G
# fohe YR Hepfa 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
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(c)

SKYC-U-STSC

i, argfess w fufta ywe aiea # e afza favg Hifse | agfss
@ugsh Aoyt § firred % o gengd fagrdl &1 TuEy 8 g @ ?

s HifST |

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
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