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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 oul 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
maurks 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 Booklet must be clearly struck off.
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SECTION A

Ql. (a) TUsh SMHIhdl Ush TSI ST o HHAATIA] hl Uesh TR AISHT 1 I&qTd odT
g | SH IS % d8d, SR ®9 T I3 i e @ g saftd A, B @9
C H ¥ Jureq; fopgl 21 o1 a1yar fordl &1 off 981 =37 &t Tar & |m’=ﬁé§

HHA=IET g1 A, B @en ¢ &an =anfta &1 999 Sd e S, L QEI Lo

o 6’ 2
2 | STkl A1d shifT foh amgfesss gar mom shr=ndl fopeft ofi e imn EaTﬁ?—d

1 <= T8l HU |

An Insurer offers a health plan to the employees of a large company. As
part of this plan, individually any employee may choose exactly two or
none of the supplementary coverages A, B and C. The proportions of the

company employees that choose coverage A, B and C are Eli ; and % |
respectively. Determine the probability that a randomly chosen '
employee will choose no supplementary coverage. 10

(b) WM X 3R Y goa9 A faaf@ (iid) aefos =x 8, J=
PX=k) =2k k=1,2.3, ..
P(X > Y) T 1T |

Let X and Y be iid random variables with P(X = k) = 2K k = 1,2 8, .
Find P(X > Y). 10

(c) @ﬂ”ﬁﬂ?éﬂp(x)=2‘x'x—l 2,3, ..., % ToQ agﬁsq%‘aﬁsﬁamﬁ?ﬂ

P(|X-2]<2)> L 3 2, st areafas o 1—6 0 3

For a geometric distribution p(x) = 27%;, x = 1, 2, 3, ..., show that

Chebyshev’s inequality gives P(|X-2| <2) > %, while the actual

probability 1s E 10

16
(d) T Uitdl |qg, 91 o fore F=fafga 9e9 s =1 srurer s §
F(X):l——e—, 0 < x < oo,
X

20 =Tel & T Yfdest o gitony fA=fafag w1 1 ure 5U -

P S S NS SSRGS e e T T —— | oD, o T, =

CS eI g1l bl 9
x <10 9
10 « x <25 6
X > 25 5
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(1) O hI 3TUshdd YT 3THass (MLE) ITed $ifsu |

(ii) 0 =5 37fehad OIEdT 3AThadss (MLE) T 337 ik $hal-id =
giEYg (CRLB) 3Td hilvig

(iii) HH-TE = 9@y (CRLB) a1 s1féehag 9rfadt 37l (MLE)
ITE9Si] Jed T IIIT HTeh 0 T 95% TavaTedl-3T=a00d UTed ﬁﬁm |

For a group of policies, losses follow the distribution function

Fax)=1- 2, 0<x<oo
X

A sample of 20 losses resulted in the following :

Interval Number of losses

x < 10 0

10 <« x <25 6

X > 25 5
(1) Obtain maximum likelihood estimator (MLE) of 9. 4
(i1)  Find Cramer-Rao Lower Bound (CRL.B) using MLE of 0. 4

(ii1) Using CRLB and asymptotic distribution of MLE, obtain 95%
confidence interval for 8. E

(e) WM X, R X, q HdHY WA sied It (iid) TAHA 524 N(6, 1) & gfeah
=X & | 3k Al oW s sl agfes = Ve, S8 P(V=1) = ia&n
X, T X, W AT 8 | Xl 35 IR GRS shifsy o6

-

SIEEXUEL H0:8=OHﬁWH1:e:1%T&hg%t4&al v e feRas

qiigror 9 fa=m shifsia -

X +X +X
H, %! 4 shisg aifq 3 > C
C &1 9H J1d <hifse, fraa gdieqor e 0-05 B S1a1 8 | Gl hi &HdT =

Tt Ut IS |

[fe= T ® < P(Z > 1-64) = 0-05, P(|Z| > 1-96) = 0-05, P(Z > 0-30) = 0-03821]

Let X; and X, be two ud random variables with normal N(6, 1)

distribution. Further, consider Bernoulll random variable V with

P(V=1)= Lll and which is independent of X; and X,. Define X, as

URC-U-STS5C 3
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Q2. (a)

URC=U=515C

FXI, if V=0
XB = 4 '
Xy, if v=1
For testing the hypothesis Hy : © = 0 versus H; : 0 = 1, consider the test
_ LR F X2 - X3
Reject Hy 1f . 2 50

Find C such that the test size becomes 0-05. Also compute power of the
test.

[Given that : P(Z > 1-64) = 0-05, P(|[Z]| > 1-96) = 0-05,

P(Z > 0-30) = 0-03821]

U fafsrse ot grRr 91U U Ycieh Sod ki "vel H Sia--hlel, O HIEY & Uh
s SETeh] ST T AR Bl & | Tiehed T Hy : 6 = 2000 I
H, : 6 = 1000 % favg T8am % foiw us warmesal 50 sesi, 990 =i 10
g TYHI H 5 e @, o SiteH-hlel T TIT LT 8 |

oI WRITes oy giitd o fofU, YAFTehdl YT skl qid U o4 b1 HUY
ol g, 9 g Ue TYH W UH dod Hi%hd (%) & S 8 | AF Y, id

i a % ™

(i=1,2, .. 10) T&H W Hfsha (Bd) 8H 9] 9861 e & S(Ia--shIe] ol
a8 | Hy sl H, % fatg qdiewn 3q, 3ucrey Sfied-shrefl 9 379, 0-05

TR o T8 GHE9! qdterer shi greg IS | e Iueey e @

510, 9752, 5650, 12385, 230, 4225, 860, 300, 3000 QE{ 1500
AT TSRy difoiu |

(fezm 2 2 fh : Py () < 10-851) = 0-05]

The lifetime in hours of each bulb manufactured by a particular

company follows an independent exponential distribution with mean 0.
To test the hypothesis H, : 6 = 2000 versus H, : 6 = 1000, an

experimenter sets up an experiment with 50 bulbs with § bulbs 1n each
of 10 different locations to examine their lifetimes.

To get quick preliminary results, the experimenter decides to stop the
experiment as soon as one bulb fails at each location. Let Y; denote the
lifetime of the first bulb to fail at location 1,1 =1, 2, ..., 10. Obtain the
most powertul test of size 0-05 to test H, versus H; based on the
availlable lifetimes. If the available data 1s

510, 9752, 5650, 12385, 230, 4225, 860, 300, 3000 and 1500,

give your conclusion.

Given that : P(y 5, < 10-851) = 0-05]

4
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(b) Ugfess WX X, 9 I [0, 2] W a1 g | e owm o2 f
PX=1)=025, Fix|x<1)=x* Fx|x>1=x-1, EX)=1.
P(X < 1) HTd 11T |

The random variable X takes values on the interval [0, 2]. Given that
PX=1)=025, Flx|x<1)=x%, Fxlx>1)=x-1, EX)=1.
Find P(X < 1). ) 15

(¢) HMI 6 > 0 sk 3 I=ied 8 3 X, X, ..., X_ T & d His Agroos
qdgel g, Torgent JTikehdT |4 hetd (pdf),

(9%
22 0<x<6
f(X? 8) =i 82 d =
. 0, 3~
0 1 Yehad THUIET et (MLE) 991 S8 Af¢ & M=y (MSE) H1d

$IRTT |

Let 6 > 0 be the unknown parameter and Xy, X,, ..., X be a random

sample from the distribution with the probability distribution function

(pdf)
(2%
= 0<x<8
f(x,0)=1g2" »
L 0, otherwise

Find maximum likelihood estimator (MLE) of 0 and its mean squared
error (MSE). 15

Q3. (a) HH & X, X, ..., X THEAM T U® - -é-,e+ %)@l qrgia® Yldeel 3 |

TR 5 Y = (X(qy, X)), 0 F 70 usp vt wfoeets @ wig o8 U T %,
STEl W

X1y = I (X4, Xy, ..., X))

Xy = FEHI (X, Xo, ..., X))

Let X;, X5, ..., X, be a random sample from uniform distribution

U6 — ;, 0 + ;). Show that Y = (X(l), Xpy) 18 sutticient statistic for 6 but

not complete, where

X(-l) = min. (X:l’ ng Sy X_n)
X, = max. (X;, Xg, ..., X) 20

LR AL T SE 5
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(b) HET X ~ THEHH U0, 20), 6 > 0 a4 8 | Y = 3Af¥epad (X, 20 — X) b
gieiyg hifSe | K(Y) 3 i |
Let X ~ uniform U0, 206), 6 > 0 distribution.
Define Y = max(X, 20 — X). Find E(Y). 15

e

(¢)  STUALU-Be T YTdeTHT 0T hl Tt shitalq, | 3Add, THAL-theid

1—|t‘! lt‘ﬂ]_
d(t) = «

0, | ] 3 1

o ITIEY "-cd Bl A hIT |

State inversion theorem on characteristic function. Hence, {ind the

density function corresponding to the characteristic function

1-|t], |t]|<1
ot) = < 15
0, [t|>1.

‘.

Q4. (a) S
PX=-1)=PX=1)=P(X=2)= é,
gr1 & T dReheu Hyy, Sl Se

PX=~1)=P(X=1)= i’ P<X=2>=;

i

SR 1 T3 Shicdsh 9iEhedAT H, o fo%g &, sl A-shHd: & s & fd
Fg oy o= w1 yfaeea maR 99 deb R 9e 3" a6 T

[1‘1+1] [n+2)
2 <8, < | |
2 2

&l S, = ZXIQEIXIs SHOTTT 3T9eAehd & |

- i=1
H,, @21 Hy s 37=071d Wifderdl A1d shifae fop gfshan 29 (E) STaelshd o
SEY ga HO g1 S |
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To test sequentially the hypothesis Hg tfor which the distribution is given
by

P(X=—1)=P(X:1)=P(X=2):;

against the alternative Hy that is given by
PX=-1)=PX=1)= i, P(X = 9) = ;

1t 1s decided to continue sampling as long as
_(n+1} e [n+2]
2 2

Il
where S = E Xi,and X.’s are successive observations.
1=1

Compute the probability under Hy and H; that the procedure will

terminate with the 274 gbservation or earlier. 20

(b) (1)  THHHN §ed U0, 1) T TTIT-held o hIToTu |

Obtain characteristic function of uniform distribution U(0, 1). 5

(i) WM (X} & Argf=seh =/ I 56 TR Hl 1hH & b

PX, = <4 Y oA

nn n

fe@msy fob X, tHaw i gfte & vewemm se7 sl aafimia gar 2 | saes
g STANT § AT 7T TROMH 1 Ieeid Hie |

Let {X_} be a sequence of independent random variables such that

PO = L, k=2 . n

n n
Show that X_ converges in law to a uniform distribution. State the

result you have used. 10

(¢) Tk UTHIUT SR B2 THhel " 14 YT SHI 1 Toh AgIedsd T 991 Th =l
[ B3 WhA | 16 YT BTHI I Ush WdT Agiossh THAT Aehl 37 ATHeH
R 6 T hl A9 % AU us wiew foR | oura s Fefafaa
dqTfetept | feu 7w & -

URC-U-5TSC Z
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wr TN

SfRr TS Thell o g BEl o AiES e TRl o 3TThS

grfto - 28, 49, 42, 30, 33, 36, 49, 31, 41, 46, 41, 21, 20, 238

ITELl 37. 92, 24, 24, 27, 44, 34, 26, 20, 26, 25, 45, 32, 40,
A5, 25

L

mrfesTeRT T 1 YET L /U 5% Hidshdl T W THECH! CARSIER: SN
Cr 3o ATRIe TETEed TR THeh] hi ATl U 8§ AUST T8l ?

(fe=n w2 o6 x.a 0:05) = 3-841]

A random sample of 14 male students from a rural Junior High School
and an independent random sample of 16 male students ifrom an urban
Junior High School were given a test to measure their level of mental

health. The obtained data are given in the following table :

Mental Health Scores of Junior High Schools’ male students :
Rural : 28, 49, 42, 30, 33, 36, 49, 31, 41, 46, 41, 21, 20, 28

Urban: 37, 22, 24, 24, 27, 44, 34, 26, 20, 26, 25, 45, 32, 40,
45, 25

Apply Median Test to test the hypothesis at 5% level of significance that

their median mental health level scores are equal or not. 15

|Given that X(Zl 0:05) = 3-841]

URC-U-5T5C 8
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(b)
(c)

URC-U-STSC

Wos B
SECTION B

s Teraefl fqu v ==l & fou f=fataa e aqsmy fest RITh AT B
¥ =k PR uy 1= 1 25 as
uf's TeEH T foid (iid) T8 0T (N(O, 62) 8, &l o2 o194 & |
(= feTRad g=aT 39eTey & -
n=7 >(x~-x)*=280000, ¥ (x; — X)(y;— y) = 16500
B % U 95% fevemear-st=aue - (0-030, 0-088) & |

T SINTE, e3l (Aiset) g wiafseansti 1 el ahad=siierar & fr9 s
P A T 7 | e R Tt gy =257,

A student fits the following linear regression model to a ogiven data :
y;=o+px +u, 1=1,2, ..., n

u.’s are iid normal values (N(0, 2)), where o2 is unknown.
The following information is available :

n="7, 3 (x— x)*=280000, ¥ (x; - x)(y; — y)= 16500
95% confidence interval for B is : (0-030, 0-088).

Calculate what proportion of the total variability of the responses 1s
explained by the model. Given that tg.pos. 5 = 2°97.

AT X ~ Ny(u, 3) ITTehdl s et (pdf)
fix)=C e Y2 & 719 &,
STgl Q=8X2+2y2—2xy—32x+4y+ 92.

LT Y, 9T hifeg |

Let X ~ No(u, 2)) with probability distribution function (pdf),
flx)=C e W2

where Q = 3x% + 2y2 - 2xy — 32x + 4y + 92.

Obtain wand },. -

Ush 6 $hI3Al ATci Ohfee & AHEd W4 6, 3, 1, 4, 29T 58 | (%N 2 &
giceengr < fom g dwifaa afaeet =i fafae gor fag £ f
N-—-n

V(7 ) = S2
(¥ ) -

ql’ o
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A population consists of 6 units with values 6, 3, 1, 4, 2 and 5. Write
down all possible samples of size 2 without replacement and verity that

_ N-n L9
V(y) = 5. 10
Y N.n

@ TeE-ATElE e fregt (wied) F1 uitiiia i | e % ek wed 1
YRgwhd: R B 5 % U ofEvas Ud ydid yid @ fofee g
oY |

Define Gauss-Markov linear model. State and prove necessary and

sufficient condition for the linear function !'g of the parameters to be
linearly estimable. 10

(¢) BIBD @1 aviq shifre a1 fe@mse 76 b > v, STel Tdishl 1 a3 el | JIM
ERIRIDINE

Describe BIBD and show that b > v, where symbols have usual meanings. 10

Q6. (a) FHUEE Niradd 1 § 2 4TI Hebdl H, fag shifsa T
nk -1 S
nk n

V(Feys ) = (1+(m=-1pl,

& o U E wueg VR i gheal & Hed JaUer HeEry U 8 |
AT, V(Fgys ) TG BH o T p ~Fad A Taifa SN |

What is systematic sampling ? In usual notation, prove that

_ NI S*
V(¥gys) = = {1 +(n-1)pl,

where p is the intra-class correlation coetficient between the units of the

same systematic samples. Hence, determine the minimum value of p for
V(ygqys } to be non-negative. 20

(b)  HHT Yy, Yo, Yy HEEHIET =R, HHA T6 o2 & Y 39 YHN & T
E(Yq) =B + By
E(Yg) — 2[31

E(Y3) = 31— Be

37afeTse ey 91 <hl TTUET Shiftey, |

URC-U-STSC 10
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Let Yq, Yo, Y4 be uncorrelated variables with common variance o2 such
that

E(Y ) =B+ Bo
E(YQ) = 2B1
E(Yg) =By - By

Compute residual mean square. 71)

X, - ¥R (TR #), X, : S=rg (Tt §) f3rg & F |
icdasl JTHST 3TYE
30 40 30 30
40 40 30 35

X =

e o 30 e
5% HT-hdl T I I YNHeTAT Hy : pr= p = { ]Hﬂqﬁfﬂm hl

7 |
350 )

[ﬁ?ﬂ YT % ﬁ'_) . F((212), 0-05) — 19001

K1
Let i=4, p=8, X= , where
Ko

X :weight (in kg), X, : height (in cm) of infant.
Sample data matrix
30 40 30 30
40 40 30 35

X =

30
Test at 5% level of significance the null hypothesis Hg: =y = {35 0]. o

Q7. (a) gIfem-T2 i ufewiva HifSw | gwiizy & T2 wivess dwifaa s+

T Teh Feld ¢ |

Define Hotelling’s-T%. Show that T2 statistic is a function of likelihood

ratio criteria. - ('}

—t

HHET ‘Y A X" bl el SHUEATAT 1 I R 8 91 R 1 3{Teheid R 2
V(ﬁ) I HITIU | 3Rl %(f{) 0T 37T shieTq |

(b)

Al
Let R be the ratio of population totals of ‘v’ and %’ and R is the estimate
N AA
of R. Obtain V(R ). Also find the estimate V(R).

URC-U-5TSC
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r\.

(¢) oTifire Gehtur ¥ HY F AHEd B 7 T 23-q§ heviIcilici C o EINCTIC T
£ifdu S 4 sRERET F Ay 2 @uel § SEfeNd &, el ABC, BC, AC T AB
ST ¥ | et atfirere (F5eme) 1 ANOVA atferast st I v |

What do you mean by Partial Confounding ? Describe a 23-factorial
design arranged in 2 blocks with 4 replications, where ABC, BC, AC and
AB are confounded. Also prepare ANOVA table for such design. 15

Q8. (a) O Soieh ke (TSHmEd) <l ==t HIfH | A By, s By qfxh IUTHB
el & TAe & adl Buy, ..., o, TEH SR qaTEl % Tiaeh 8 AT

G, ITER % YA Hl Hehfad Al B, STEI 99 S @I t = p? B |

ANOVA daifetert =7 39T shieh 319 =T qIhed

Hp:G11=612= - =Gpp =7
1 T h HUT ?
Discuss Simple Lattice Design. Let ., ..., Bp_ denote row block effects
and B.1, . B_p denote column block effects and Cij denote the effect of

(1, j)th treatment, where number of treatments t = p2. How do you test

the hypothesis

s . - . _
HU"?ll“"'ﬂlQ"“_‘ﬁpp 4

using ANOVA table ? 20)

b frawu e ufemm ¥ @iy, pps SeEd # wEil @eR Y O U SN

hdh o

1!

Ypps = ZNp —nzzizz‘
N

1=1 1%
_ 1
I =5l

&l p; = }}((i qifear & 5 it 3 1 99d Ufded H 39 YRR g3 §

A, _ =
o | 55|
- Np. .

=1, Z, = 2
P Npl

URC-U-5T5C 12
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Show that in pps sampling, with replacement, an unbiased estimator of
the population mean Yis

Il
_ 1 Y. 1 = .
Ypps = - E NI;- - | E Z; = 7., with variance

ie= | ! |
N | 2
iy )z_l_z md S0 G
PPs n - NP, ‘
=1 L
where p. = T be the probability that the ith unit is selected in a
sample, such that 3 pi=1, 4; = Ji : 15

(c) Q‘qﬁ:’l,mle%Hﬁm%@amﬁﬁ~m;ﬁaﬁﬁga@:%rdw
diflaes | fom %Wﬁﬂéqﬁm%wsauwv‘%:

[le (ferfea wlen & meaies
X =
AT wftenn § yredies

Ty - Q’q.EﬁE, qI&IhH H 9] %g 913 TaEmeff
my : TH.SLU. UISSHhA | Y99 &q 2197 fareneff

(306 .. 560 — 062
17 144) “17 | _gga 208
(248 - _[ 560 —062
“27 112 o] WA <.
afe us fomnefl ffga ghen & 290 37 don Aifgss Ther § 12-0 37 ueq
A 8, TR & Waw ifamea o F amur @ TR Hifsu 6 3%
mﬁm%%qw%quﬁ|maﬁnaﬁmﬁ$m$ﬁﬁmi§wmﬂ
Td shilvw |

[fe= 7= & P(0 < Z < 1-8277) = 0-4664]

Two types of tests viz : written and oral were conducted for seeking

admission to MBA course. The result of the test given by the students
are as follows :

[le (marks obtained in written test)
X = =

X9 . marks obtained in oral test )

URC-U-STSC 13
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Let
7, : students eligible for admission to MBA course

n, : students not eligible for admission to MBA course

306) . 560 — 062
i1 = =
. 14-4)’ 17 1-062 208

24-8 g 560 — 062
[l = e
271119 ) 27 1 -062 208

If one student gets 29-0 marks 1in written test and
classify the student as eligible or not based on Fisher’s linear

ant function. Also find the probability of misclassification.

120 in oral test,
discrimin 15
(Given that P(0 < Z < 1:8277) = 0-4664]

14
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