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OUESTION 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.

Question Nos. 1 and 5 are compulsory and out of the remaining, THREE are to be attempted choosing at
least ONE 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 meaning.

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 QJuestion-cum-Answer
Booklet must be clearly struck off
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SECTION—A

Q. 1(a) &1 f& fFdl IRER ¥ @78 nw=al 3 A7 N TMFT ap" (0 >0,0<p<1) B

Q. 1(b)

Q. 1{c)

i & [ 59 & g ¥ ase B1F1 9U6e Tiiedr & 91y ¢ |
(i) wfvws gma @ivg & P ofae & &% k(2 1) @sa 8

) R 2R e T I s @ dEF 2 A I g AT Q@ a1 @ @
FF T A A YiAFar & 7

Let the probability that a family has exactly n children be a P (o> 0,0 <p<1). Assume
that a child can be a boy or a girl with equal probability.

(1) Obtain the probability that a family has.exactly k (2 1) boys.

(1) Given that a family has at least one boy, what is the probability that there are two
or more children in that family ? 10

924 ¥ AT ww 7 R aftai o) |/ & {'Xn}::t «Qara mgrﬂ,‘och SEA il 0|
W@ ATER B B

X=-n3,—1;mﬁ$m%m

n
n

= 1 l——lz- qiilehal & Y
n

z’aﬁ@ﬁ?a’ﬁﬁ‘xnem

s 4

i be a sequence of independent

Define convergence in distribution and in mean. Let {X_}

random variables such that

Xn = n3 with nrobability __1.5.
n
= 0 with probability 1 - —
2
n
Show that X — 0 in distribution. _ o

vaiy wiggw & gftwiite @R

U X, 9 X, aicl (p) Tgieo® aX € & T, X T, M p & g wafwar wden il
vel T, =X, + X, 3 T, = X, + 5X,. |

Define a sufficient statistic.

It X, and X, are Bernoulli (p) random variables, examine the sufficiency of T, and T,
for p where T, = X, + X,and T, = X, + 5X,,. _ 10
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Q. I(d) I & X, Xy oo, X 3T Y, Y,, o, Y, #99: N(3, 0]) 31T N2, 65) ¥ T&ao

2
mgfiem wfeel &1 2L R 1 - o Reaefioe e w, Reaafludr s o iR

O-
V2

0 4 Snp— X_and Y, Yy, .oy Y, be independent random samples from N(3, 67) and
2
N(2, cr%) respectively, Find a confidence Interval for 212" at confidence level 1 — . 10
2
Q. 1(e) nI&W X X, ... , X & B(1,0)8 Aigi 9% forg fguwdl &1 w7 & Inla 99
e ST AN weie w@gelt 9d @ R e Ffw &

Consider n observations X,, X,, ........ , X, from B(1, 6). Obtain the Bayes estimator for
0 under quadratic loss function when a conjugate prior is assumed for 0. 10

Q._2(a)_ﬁ11ﬁmm%a'aa%mw%ﬁaﬁﬁm%ﬁmmaﬁ?,Irﬁamaﬁ

JaOT WA () fomr W1 B ? I wghew Wl X, e oEe wed %(14.3“ +2e2it

2, d NAW. & TG gt

How can you find out the discontinuity points of distribution of a random variable if the
characteristic function ¢(t) is given to you ? Hence find the c.d.f. of a random variable

X whose characteristic function is -zli('l e 1) 20

Q. 2(b) AT B X @l P(no),n>1,0> 0% 3w & T & I, n @ T A
g ®4 B foau sifvig aile
Jg\

<— | 2 .99
10 J '

X
-0

n

\

o X“ be a Poisson P(nO), n =2 1, 8 > 0. Use the Central Limit Theorem to find the
smallest n such that

X .
P( & 95"@}299 15
n 10 '
\
Q. 2(c) o= hg qReweer & g, X & g9 1,2, ....., 10 T THAAA N Ioieqsd 91 heq
% sld @eq P(X =k} =0,k=1,2,3,43 fi, P(X=ki=L k=567 8 0%

3
g 3 P{X:-IO}.-:%%W 0.15 MY F1 gEufFqAE T0enT g FNY AR o A

B agE F IR 9T, @A TG B ACH Hierd |
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The distribution under the null hypothesis of X is uniform over 1, 2, ....., 10 and urder
the alternative hypothesis, the distribution is given by P{X =k} = 0, for k = 1, 2, 3, 4,

1
P{X=k}=“§ fork=15,6,7, 8 9 and P{X:]{)}:g’.. Obtain most powerful test of size
8

0.15 and find its power, based on a sample of size one. Iz
Q. 3(a) TF AR B Fidwdi p,, p, M py (p, + p, + p, = 1) F @9 A7 wowfeq aiommy
A& F1 T RO W RN H i =p =1 ) Awew R 3 WA .;_ 3 foreT
Py=3 T
g, & fdeg war & e dwfdan sqad wlieor &1 fmfo Sif  7em 3 n Si=l (Trials)
W g g fiffa 53 ) gww@ 2

A tnal can result .in one of three possible outcomes with probabilities p,, p, and p,

: _ . ‘ | et oy _ -, 1
(p; + p, + p; = 1) respectively. Construct the leellhlood Ratio _test‘ of H 0P =P, =5

against the alternative that these probabilities are different from %.The test needs to be

constructed on the basis of n-trials. | 20
Q. 3(b) Il IEAR P PR PH U FC@ 8 0
)| £ X F fi v Heafalaa 8,

x-B)

fx(x)=-;—c ¢  0<P<x<m, 0>0

AN 50 afeady @ IHY 7 giogy

50 50
30 -
) x;=8200 T ) x =20,00,000

joul =
¢l B, o1 03X B\EFI IOl Fmadl B Y Do |

How does one obtain moment estimators ? If X has the pdf

x _(xgﬁ)
fx(x)=-e-e , O0<pP<x<oo, 8>0

and a sample of size 50 yields

50 50
s £
) x;=8200 and ) x’ =20,00,000

i=1 =]

find moment estimators of 8 and . | 15
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Q. 3(c) H03f(x)=ﬁ-e 27 —0<X<®©
3l

H :f(x)z—l-e_lxl, — 0 <X <0

? Rreg e & v galfs vikan™ olew & p 399 $ qghoes yiaee & Snur
X T FMWC | WS f(x) TgeeF X X F1 s 2
Find a Most Powerful test for testing

1 -1x?
H,:f(x)=——¢ 2 , -0<x<»
¥ V2T

VEIsus.

3

Hl :f(x)=—;—e'lxl — 0 <X <KW

- on the Basis of a random sample of size n. Here f(x) is the _p_c?.f ,°,.f~. the random variable
X. . 15
Q. 4(a) ®MT & F()

0 gfe x <1
LI LSt ) R SO
F(x) 2 4
Xi=
z+(x—2) e 2<x <3
8 8
1 ik x >3

T R mn gud geq woA (§4%.) 81 F# s@iacd Regsl § FHeEd 1 FHier
A FH 3> fafdse @k dog sl @ for & &9 § o9d s
Let F(-) be the cumulative distribution function (cdf) given by

0 if x <1

1.E-D ir1<x<a

2 4
—?—+£x_2-)- if 2<x<3
8 8

1 ifx23

F(x)=

Find the set of discontinuity points of F and express F as a mixture of its discrete and

continuous parts. 20
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Q. 4b) THT & X AT Y& HAus w79 FNT GBi 37 & § &63-3 UR0F Tideq
EIOE S— xm)GﬂT £ — yn)faﬁ'ﬁ Bl H, : Kt) = G{t) gt ¢ & forg, @ Jwfous
FO) > G) 99 d &7 wF t& for & fasg when 3 foo wrv-ieh odesn &1 FHuiw
A | od TRfeud F(t) = G(t) 77 t & g wlen =1 o 3fa sftw) 3o wden |1, aw
Y G m A n¥S B A YgEd AN, §IRy

Suppose that X and Y have cdf F and G respectively. Given independent random samples
(Xp5 Xy oo X ) @D (Y4, ¥, - ¥, ) from these distributions, construct Mann-Whitney test
of H, : F(t) = G(t) for all t against the alternative that F(t) > G(1) for at least one t. Also
indicate the test when the alternative is F(t):s¢ G(t) for some t. State the test you would
use when m and n are 'large. 15
Q. 4(c) Feiftw A W art =aal s & Jaon A Hy: A=Ay H H : A=Khp, k> 1 &
Eg T R F o, spwes wimar s Thew (SPRT) 1 fawm w1 OC
T ASN FFAT &yt S |
Consider observations from Poisson distribution with parameter A. Develop a Sequential
Probability Ratio Test (SPRT) to test'H, : A =4, against H, : & = ki, k> 1. Obtain OC
and ASN functions. | 15
@E—F R

SECTION—B
Q. 5(a) Teox yamFy GRlC ¥ 4 JHNW & T YG0F Yaeyl Aridiaa Jims T3 &l 8

N 4\ R
T - g- 6 -2
(6; ('2 3J

B iﬁ?ﬁmmﬁsmﬁama@gaﬂmﬁwmﬂa%lm
Hy:p=(5,5), W81 y wafde Moy &few &, &1 wlew Hivg

(F.OS, I, 3 = 1013, 'F-OS, 2 2 == 1900, Fﬂ.{iﬁ‘ 3, | = 2157)

A random sample of size 4 from a.bivariate normal population provides the following
statistics

X =

.
Phamaf

3

(4" "6 ~2°
\.6;’ k_z 3)

where X is the sample mean and S is an unbiased estimator of the population dispersion
matrix.

Yest the hypothesis H0 ‘u=(5,3) where pu is the population mean vector.
(F o¢ 1 3 = 10.13, Fos 2 o = 19.00, F.oﬁ, 3 1 = 215.7) 10

(-AVZ-0-TO0A 5

Q0


https://prepp.in/

www.prepp.in

'r

'Y

Q. 5(c)

Q. 5(d)

Q. 5(b) FF X =(X;, X, .. X)) E(X) =0, V(X) =2 & @1 p-Iwgrll uiglRess alwr 81 X,

AR X, ¥ 7o SN Wewea- O py, o W GRemn A @il B
(6'2)?

Pr2G.p) - Gl 22

wel o T & (i, )at AemE 2
let X=X, X, ... X ) be a p-dimensional random vector with E(X) = 0, V(X) =

Deﬁne partial correlation coefficient p,, ;  between X, X,. Show that

..... p)

12,2
(G )
912.(3.._.,;,) o'l 22

where oV is the (i, j) element of Z7'. 10

ﬁ"cﬂfﬁ, HHq 94 Uzévﬂ? E(Yl)=[3] +B3, E(Y2)= B] ] Bz: E(Y3)= Bl & ﬂ3'(ﬁ7\!‘ vt
d1 wa==s aGod =T Y., Y, M Y, 1 Wes yrchig wa 'B & snsderfiaen =

@ & Mg s s adie # osd AT Fe @l ahr g Fifvie)

Consider three independent random variables Y,, Y, and Y, having common variance o>
and E(Y,) = B, + B, E(Y,) = B, + B, E(Y;) = B, + B,. Determine the condition of
estimability of the linear parametric function /. Obtain a solution of the normal equation

and the S.S. due to error. 10

Ty fa

N-n = =2 | ?)
V = G ” - -
- VP“"P+11N(N-1){Z N, (¥, - Y) NZ(N Nh)Shl

|

qEV__ ;T V mwwwmmﬁﬁﬁm%mwﬁ—

prop

RS Tiaaad & Jeaild Jrhfad Hell B g 8 1 30 Al gRae @ vt yeied
s fyd=T 2

Show that

Vran=vpmp nN(N 1}{ZN (Y- Y) ”_Z(N Ny) ]

where V. and V= are respectively the variances of the estimated means under simple

random sampling and stratified random sampling with proportionat atlocation. All other
notations have their usual interpretations. _ 10
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Q. 5(e) Yol wFH<w ygEd FXd U 4 §AGaa (3 @sw U YAERy $ ) F 3P-yEm § @m
(1 3M392) &1 quiq Hiq |

Describe the layout of a 33 experiment in 4 replicates (with 3 blocks per replicate) using
complete confounding. 10

Q. 6(a) gTHAw faditw &9 A aftwad widEm & g A9 Ffed vt s gfaeet sfsereqan
3 fore, fifte-gale o & sRfAd-argET smed & W F ATH-YFS Y YT
PN AT A FH GAE P UTH-YS! FANAG HFHAD YD BT |

For an arbitrary fixed eftective size sampling design with positive second order inclusion

probabiliti_es, derive the Yates-Grundy form of the variance of the Horvitz-Thompson
estinrator of a finite population total and hence obtain the Yates-Grundy unbiased estimator

of this variance. ‘ 20

Q. 6(b) #r & X = (X, X,, X,) ¥YF nqpivs $T (IYF.).

"

M, (t)=exp|t, —t,+2t +t2+£2;+2t~“2 4t t.t
X\ Ty Ty T Ty Ay T, 13J

B t=(,t,t) @

() X % UEYEWT IR AL WA «Rw o HRIT

(i) ®aTs C W THR W< HIfer, @i PRX, - 3X, + X; > C) =0951
(iii) X, ¥, V=i R mw g & X, = x, IV X, = x,, Woai-aq T AG@ DI
(e JrEwgHar 81 @ J9 Pt > 1.645) = 0.05 3T P(x> 1.96) = 0.01, 981 1 HI7F JAHTY
9T B, YgEd FC 994 8)

Let X = (X,, X,, X;)' have the joint moment generating function (mgf)

g
| 4 |
y. 2 2 172
| +——w2 +2t3 5 \:lt3 |

My (t}=exp t, -t +2t3 +1

where lz(tl:t2:t3)i. Then .

(1) Obtain the covariance matrix and the mean vector of X.

(i1) Find a constant C such that P(2X, - 3X, + X; > C) = 0.95.

(iii) Derive the conditional distribution of Xl_j given X, = X, and X; = x,. .

(If necessary, you can use P(t > 1.645) = 0.05 and P(tr > 1.96) = 0.0]1 where t is a
standard' normal variate) 15
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Q. 6(c) Ta-wwfa AT (Y, XB,a"D) F Ry, swrers Y p(r'y) F watew-Wew-sfit

sied (BLUE) #ad It #aq &t ¢ W9 'Y @ 3 g0 shmd sidos @
H-HEHEAT B |

For the Gauss Markov Model (}", XE,GZI) , the estimator E‘ Y 1s the best linear unbiased

estimator (BLUE) for E(t'Y) iff t'Y is uncorrelated with all unbiased estimators of

Zero. 15
Q. 7(a) Yo 3l wsw g (@A) 7t dRwmen dfm w3 si@wvs fawwwo g
HIVY | |
Define a balanced incomplete block design (BIBD). Carry out its intrablock analysis.
20

\

JNUIAI] -
Q. 7(b) =T f& & uighews afewm X &1 §ewe<w o<gE T=| 1 3 1| 81 X F 9a14 e
| 1 1 35

F AR HC IR gUH A IAF UCH D FRO G JECT BT HU GG HIC

KA1
1 3 1
11 5)

Suppose a random vector X has the covariance matrix T = . Find the principai

components of X and obtain the proportion of the total variance accounted for by the
first two principal components. " o 15
Q. 7(c) T9aIRT R e Alsd y. =B+ Bx. +e,i=1,2, ........ : n.._WﬁﬁﬁF R ki qA
T W} R 8 (i xi=u+iv,u3ﬂ'( va fAfteg a1 & g, @ Y=Yty ite T
Tged gAERE 21 A BT wegg w1 e & e e § o )

Consider the simple linear regression model y, = Bo + Byx; +e,1=1, 2, ..., n. Show
that if the x;s' are equally spaced (i.e. x, = u + iv for fixed values of u and v), then
Y; = Yo * ¥ + € is an equivalent reparametrization (in the sense that both the design

matrices have the same column space). 15
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gderr (LRT) F1 Bt $T1 24 p 3K o2  Tewd g9 Fidas (MLE) &t Frafon
2log ~ & T &9, p, n, ¥ X gfocd FEYI@ AegE S F aual @ uel H, foidw

Consider a random sample X{,X,,.....X, from a p-dimensional noermal population with

mean vector 1 and dispersion matrix X. The purpose of the problem is to construct the

likelihood ratio test (LRT) for testing Hy: Z= czlp. Find the maximum likelihood

estimate (MLE) of u and 2. Write down the expression for ~2log_» in terms of p, n, X

and the elements of the sample covariance matrix S. 20

Q. 8(b) Wg-ITEAT YUNT W THII FT 4Y7 ak94 & ! @@ g9E G gEARl B i & Heq
9 f FHT T yyE@ Bl B 7 qul g o HiRe O 9@l &l gHensd |

What is meant by confounding in a factorial experiment ? Why is confounding used even

at the cost of loss of information on the confounded effects ? Explain the terms ‘complete
tonfounding’ and ‘partial confounding’. ' 15

Q. 8(c) Wi & NI=1 q, n 70, ™ wbw A Macd &, &1 U q¥ Ughoes yhael g1
ST & A wafi e qui: Rt B R # | @R T R oot & RN w e

gaRd X v wwad F ya & fog, wWie @ Imqan (FE) SRy S

$ qaf ¥, WEF Hoged e | |
A simple randomy sample of n clusters, each containing M elements, is drawn from the
N clusters: of the population and the clusters sampled are enumerated completely. Suggest

an unbiaséd estimator of the population mean per element and derive the expression for
the variance of the proposed e¢stimator in terms of the population intraclass correlation

coefficient. 15
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