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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 Booklet must be clearly struck off.

URC-U-STSC 1




@ug A
SECTION A

Ql. (a) U HHThAl U S HIG & HHATE] o Th RS AT B T&qE 2T
8 | S8 AT % qgd, ARG §9 A HiE ot I @ diar sfa A, B @
C#H & genefa: fordl @ 1 e forell &1 off 4 =59 = Ta1 2 | B H
%ﬁaﬁﬁmA,.chﬁmwﬁﬁﬁ%wm;é, %@%
8 | TTikar rq HR for argfeas g mn wderd et Wt @ st snfa
ST I TG BT |
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 %, % and 7

12
respectively. Determine the probability that a randomly chosen
employee will choose no supplementary coverage. 10

(b) W X 3R Y weom Taad fafa (iid) Tgfess =R &, s&f
PX=k) =2k k=1,2,3, ..
P(X > Y) §1q shifST |

Let X and Y be iid random variables with P(X = k) = 27k k = 1, 2,3, ... l
Find PX > Y). 10

() T T & p(x) = 2% x =1, 2, 3, ..., % o9 cwilzy fr Semim smafiem
P(|X 2| s2)>%é?ﬁ%,aa%mﬁ$mﬁw %%I

—— e

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 is g 10
(d) T il Tg, 9 * for Fafefaa s wom 1 Sruer @ ¢
F(x):l——e, 0<x<oo,

20@%@91%@?%%1?%@1?%@:

A T Y T
x<10 9
10<x<25 6
x> 25 5
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(e)

URC-U-STSC

G 6 ftehad GWIfEET AT (MLE) 9red $hifSu |
(i) 0 % Iftreran GWIfadr 3Tehdlss (MLE) 1 T8I e -9 e
gft@g (CRLB) I1d $ifvw |

(i) U e afEy (CRLB) den siftesad quifaan steheiss (MLE) &
TS Fe T AN ek O T 95% Tavareaar-st=ier ured hifse |

For a group of policies, losses follow the distribution function =
Fx)=1- 2, 0 <X < oo,
X
A sample of 20 losses resulted in the following :
Interval Number of losses
x<10 | 9

10<x<25 6
x> 25 5

@) Obtain maximum likelihood estimator (MLE) of 6. 4
(ii))  Find Cramer-Rao Lower Bound (CRLB) using MLE of 6. 4

(iili) Using CRLB and asymptotic distribution of MLE, obtain 95%
confidence interval for 0. 2

T X, AR X, A HIGH TGT S a1 (iid) TEHRT §H N(9, 1) % Agfes
m%lmaﬁhﬁmsﬁﬁqaﬁﬁmmviﬁﬁmv:n:iw
WX, T X, 8 WA 8 | X,y 1 36 TR GRwiiva hifo fop

{Xl,zﬁé V=0
X, =

X,, ¢ V=1
qiteheq T Hyy : 6 = 0 1 T0&W Hy : 6 = 1 % fovg w0 & forg Fwfafed
wliggor W fo=m Hifv

H, %! freea $ifsre =fg

C &1 9 31 hife, Fored Theqor SRR 0-05 B STar 8 | TiEe 6t g 6l
oft ToET hife |

[fean = 2 : P(Z > 1-64) = 0-05, P(| Z| > 1-96) = 0-05, P(Z > 0-30) = 0-03821]

X1+X2+X3

>C

Let X; and X, be two iid random variables with normal N(6, 1)
distribution. Further, consider Bernoulli random variable V with

P(V=1)= i and which is independent of X; and X,. Define X3 as

3




Q2. (a)

URC-U-STSC

{Xl, if V=0

X, if V=1
For testing the hypothesis H : 8 = 0 versus H; : 6 = 1, consider the test
X, +X, +X
Reject H if — 132—3 >C

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]

e farfirse swrot g s U Uish Sew Wt HUE A Sfiad-shid, 0 HIET % Teh
TS ST S HT AIH w8 | IRehed T Hy 0 6 = 2000 W
H, : 6 = 1000 % fog wliem & fow wsh w@rmerat 50 deei, {8 I 10
g €M | 5 9¢9 8, o Saq-shTel W SR T # |

i s gftomm wifta & fow, semmhal = st g T e o1 Foi
AT B, I8 B TAF TIH W TH Fod HiShA (%) 8 I 7 | TE Y, il
(i=1,2, .. 10) " W fFfskT (BdA) B9 I3 98 Sed & SHa--Ted h
a3 | Hy o1 H, % fovg Weu 3q, Uy Siaq-sal W Tgrid, 0-05
SATHR o T THTSRITAr Therer = g e | afe ety stiwe &

510, 9752, 5650, 12385, 230, 4225, 860, 300, 3000 T 1500
AT ey @i |

[fem TR R 16 Py 5, < 10:851) = 0-05]

The lifetime in hours of each bulb manufactured by a particular
company follows an independent exponential distribution with mean 6.
To test the hypothesis H,: 6 = 2000 versus H; : 6 = 1000, an
experimenter sets up an experiment with 50 bulbs with 5 bulbs in 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 i, i = 1, 2, ..., 10. Obtain the
most powerful test of size 0-05 to test H, versus H; based on the
available lifetimes. If the available data is

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

give your conclusion.

[Given that : P(x &g < 10-851) = 0-05]

4
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(b) IR W X, UF Fad [0, 2] W o1 g | o w2 6
PX=1)=025, Fix|x<1)=x2 Fx|x>1)=x-1, EX)=1.
P(X < 1) 9Td VT |

The random variable X takes values on the interval [0, 2]. Given that
PX=1)=025, Fix|x<1)=x2, Fx|x>1)=x-1, EX)=1.
Find PX < 1). B 15

() ®HT 6> 0 Th AWC = @ AR Xy, X, ..., X, T & § HI3 AGrosh
gitest B, Toeeht MReRdT sie ®ed (pdf),
2x
f(x,0) =192’
0, 31l
0 1 2Aftrehan wuIferaT 3Theteh (MLE) @9 $6eh! If¢ a1 Wiea (MSE) I
IR |

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

0<x<06

sample from the distribution with the probability distribution function

(pdf)
2x
= <x<0
f(x,0)={g2’ 0<x
0, otherwise

Find maximum likelihood estimator (MLE) of 6 and its mean squared
error (MSE). 75

Q3. (a) #F &6 Xy, Xy, ...,anmeiqu(e—%,m %)ﬁa@%ﬁsqﬁaﬁ% |
TR B Y = X gy, X)), 0 F T 0 i wfcreeler @ oeeg ¥ 0 74 @,
SRl T
X(py = =0T (X, Xg, oy Xp)
Xy = AR Xy, Xy, ..., Xp)

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

U - %, 0 + %). Show that Y = (X(4), X(,) is sufficient statistic for 6 but

not complete, where

X(l) = min. (Xl’ Xz, ceey X-n)
X(p = max. (X3, Xy, ..., X)) 20
URC-U-STSC 5




(b)

(9]
Q4. (a)
URC-U-STSC

T X ~ THEEE U0, 20), 6 > 0 sad § | Y = AIfan (X, 20 — X) =i
gfenfyg hifve | E(Y) 7 il |

Let X ~ uniform U(0, 20), 6 > 0 distribution.

Define Y = max(X, 20 — X). Find E(Y). 15

SATALU- B T IfTATHT BT ! =4tk hIfT | 3Tdd, ATHAAVT-e

1-|t], }t|=<1
P(t) =
0, jt]>1

% ITEY T B A1 T |

State inversion theorem on characteristic function. Hence, find the
density function corresponding to the characteristic function

1-]t|, |Jt|=1
o(t) = 15
0, [t]>1.

PX=-1)=PX=1)=PX=2)= %

G %GR Hy, S e
1 1
P = — = = = — = = —
X 1)=PX=1) 1 PX =2) 2

T @ TS Jepfeus giemed H, & foeg &1, &1 gHaa: wae s % fae
g Tofa forn man for wfterm wmar 99 9 foran S S o o6

_[n+1j <S <(n+2}
2 n 2

aﬁsn=ZXi,Qﬁ)g’sW1aaWhar—r§|

- i1
H, @1 H; % 3¥=0d Eehar 91a it o ufskn 24 (qR) s@eis o
o9 @ i g St |




To test sequentially the hypothesis Hy for which the distribution is given
by

P(X=-1)=P(X=1)=PX=2)= é
against the alternative H; that is given by
P(X=-1)=PX=1) = i, P(X =2) = %
it is decided to continue sampling as long as
_(n+1] <8, < (n+2)
2 2
n

where S_ = E X, and X/’s are successive observations.
i=1

Compute the probability under Hy and H; that the procedure will
terminate with the 274 observation or earlier. 20

(b) () THEAW " U(0, 1) 1 ATHAGU-Fe ITed HIRTT |
Obtain characteristic function of uniform distribution U(0, 1). 5
(i) HM (X} T Argfess =R’ H1 36 ThR o1 3’IHA &
P, = 5)=L k=12 ..n
n n
femmsy 6 X, fem Y gfic @ uhomm sied 1 Afrafa gar 8 | ss
G 3TN ¥ AT T qROMH 1 S hifoT |
Let {X} be a sequence of independent random variables such that
PX, = %)=L k=1,2,..n
n n

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

result you have used. 10

(c) b UTHIOT 2R T8 ThA & 14 I S 1 Th Agfoss T4 a2 Th g
SRR B8 TR | 16 g SHI H1 T Wad ATgiess T Aol S HHbD
e o &R hl A9 % forw weh whewr R wn | g e FefaRaa
afeer 4 feg e € -
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Wﬁwﬁ%g@nmﬁ%mwm%m:
aoflor ;. 28, 49, 42, 30, 33, 36, 49, 31, 41, 46, 41, 21, 20, 28
sl 37, 22, 24, 24, 27, 44, 34, 26, 20, 26, 25, 45, 32, 40,

45, 25

ST Them S N Y 5% ST T W afehed i St Hife
o I WIS TITESd T THE] <hl HIEHT JAM B a1 78 ?

(R T R FF 10, 05 = 3841

A random sample of 14 male students from a rural Junior High School
and an independent random sample of 16 male students from 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 y2 .. = 3-841]
1, 0-05)
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Q5. (a)
(b)
(c)

URC-U-STSC

@ vus B
SECTION B

T fereeff fou e goi & for freferfaa e wwmseor et wgo w@r d
yi=o+PBx;+u,i=1,2,..,n
w's HeEH waa foafa (iid) e gew (N, o2) 8, &t o2 od 2 |
fr=fafad g Suey 2 .
n="17, X (x- Xx)?=280000, ¥ (x,— X)(y;— ¥) = 16500
B T 95% fareamear-st=ret : (0030, 0-088) R | .
o <hifTe, Fed (died) g wfifsrett i oo uiadsiaar % R e
Y T T R | TR T b, 005 5 = 257

A student fits the following linear regression model to a given data :
Vi=o+PBx+u,i=1,2,..,n

u;’s are iid normal values (N(0, 62)), where o2 is unknown.

The following information is available :
n="7, % (x~- x)%=280000, ¥ (x;- X)(y;— ¥)= 16500

95% confidence interval for B is : (0-030, 0-088).

Calculate what proportion of the total variability of the responses is
explained by the model. Given that to-025. 5 = 2°57. 10

HAT X ~ No(u, ¥) SRR 67 %o (pdf)

flx) = C e @2 % 91y 3,
EH Q=3x2+ 2y2—2xy—32x+ 4y + 92.
LT T 9T HIfT |
Let X ~ Ny(u, 3)) with probability distribution function (pdf),

fix) = C e Q2

where Q = 3x? + 2y2 - 2xy — 32x + 4y + 92.
Obtain gand >,. — i 10

T 6 313l aTell gEfe & |fufgd WM 6,3, 1, 4, 29T 58 | 3THT 2 5
gfceermamr & fomm aft dunrfea wfvewt o6 fafae qen fag Hifve 6
_N-n

V(¥) s2,

N.n




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 verify that

V(§)=NN—nn

(@ Tsa-aRa Wew fest (wiea) i afeafia i | gTeret % e wed I H

Raha: THRIT B T F T evas wd gt v fafey w fag
Hif |

Define Gauss-Markov linear model. State and prove necessary and
sufficient condition for the linear function /'8 of the parameters to be
linearly estimable. 10

(e) BIBDwavhaﬁﬁqam%@m%bzmaﬁwﬁaﬁwwmﬁﬁw
fora T R

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

Q6. (a) FrEg TR F R 2 G Sl 1, fag it fe
nk-1 8% ;o 1)p),
nk n
&t p Th A g SRR I SHIEEl % HEd e FEEry IO R |
374, V(ysw)maﬁ%mpwwmﬁuﬁaaﬂﬁm

s2, 10

V(Foys) =

What is systematic sampling ? In usual notation, prove that

_ nk -1 82
V(ysys) = o .—n—{1+(n—1)p},

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

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

(b) W Yy, Yy, Yq SEGHSTEA T, T JE o2 % T1Y 39 YHR 2
E(Y1) =B1 + B2

E(YQ) = 2[31

E(Y3) =81 - B2
Aafyre Ored |t b uET HifT |

URC-U-STSC 10
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Q7. (a)

(b)

URC-U-STSC

Let Y,, Yy, Y5 be uncorrelated variables with common variance o2 such
that

E(Y1) =1 +B2

E(Yo) = 28,

E(Y3) = B1 - B

Compute residual mean square. ) 10

HAIn=4, p=2, X=(X1J, &t
Xy

Xy : 9 (fopm ), X, : S (At F) Ry & 8
_[30 40 30 30
‘{40 40 30 35}

30

5%mﬁmmeQﬁmmH0:u=uo=(35.O

) 1 wligror Ff |
[fe@M TR 2 76 < F(0,9), 0.05) = 19-00)

X
Let n=4, p=2, X=( IJ, where
Xo

X, : weight (in kg), X, : height (in ¢cm) of infant.
Sample data matrix
30 40 30 30
|40 40 30 35
- . 30
Test at 5% level of significance the null hypothesis Hy:pu=uy= (35_0) 20
[Given that . F((2,2)’ 0-05) = 1900]

BIeferm-T2 1wl e | quize 6 T2 yfieeier G swara Had
%1 Th Hod g |

Define Hotelling’s-T2. Show that T2 statistic is a function of likelihood
ratio criteria. 20

ATy AT % T ol TEEAA 1 AT R ] T R T e R B |
V(R) s i | smerem V(R) ot 7 sBifvr |

Let R be the ratio of population totals of ¢’ and %’ and f{ is the estimate

of R. Obtain V(R ). Also find the estimate V(R). 15

11




(c)

Q8. (a)

(b)

URC-U-STSC

TR G Y T T TR § 2 T 2d-wg-IuigH e 1 au
Hifre S 4 Sfepfiat % @ 2 @uet  wafed |, SiE ABC, BC, AC T AB
gRord & | Ut AfireheH (%Em)@ANOVAaTI%«m%ﬁWW |

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

T ST e (fesea) i ==t R | " By, .., By, fE TR
Tt % WaE § a9 Buy, o B.pmwm%m’%aﬁicij
(i,j)éw%smﬁﬁ%ﬁa%m%,aﬁswﬁeﬁﬁWt:p?% |
ANOVA TTfAehT sl ST Steh 3719 Fe ufehed

Hy:811=819= - =Cpp =7
1 T HH H ?
Discuss Simple Lattice Design. Let By., .., By. denote row block effects
and B.y, .. B,p denote column block effects and Cij denote the effect of
@G, th treatment, where number of treatments t = p2. How do you test
the hypothesis

Hy:8y1=819= - =Cpp =7
using ANOVA table ? 20

fergrsn 5 yRRAE % @1, pps VAR # @Hfe wew YO U SR
3T 8

1N v 1N
Voos = — i == 7. =7
Ypps = ) Z Np, n Z . ’

N 2
- 1 Y3 S5
Sl‘élTUTV(ypps)=E E Pi {—‘——Y} % a1y

o)



(c)
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Show that in pps sampling, with replacement, an unbiased estimator of
the population mean Yis

n n

- 1 y; 1 5 . .

= = —1 - E Z; = Z , with variance

Y pps = Zl Npi n . 1 i
1= 1=

where p, = % be the probability that the ith unit is selected in a

sample, such that 3 p=1, Z; = I\BI,_}; 15
1

ST TehE H YW B O YR ) qdend oft S 3 9 : fafga w
e | forenfifl gra & ¢ whan % whonw s wER S -
[xlj fofaa wften & s
X = =
B2 Wias wlen &y
AT
ny ¢ THELT. WSS § yaw gq g feneff
my : AU, ISR | yaw Bq Ty faeneff

306 560 — 062
= [14-4}’ 24 = (— 062 208 ]
24-8 560 — 062
H2= [11-2)’ =h (— 062 208 )
Ifc wh foaneff fafaq wden A 29-0 3% a1 Wifgss whaw ¥ 120 3%y
m%,ﬁsm%%ﬁwﬁﬁww%wmwﬁmw@ﬁq%w
fereneff s@wr o forw o & srorn 7 | |19 & TTed arfiehto s 6T Tiferar off
F1d HhifsT |
[feam T @ PO < 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 :

( XIJ ( marks obtained in written testJ
x = =

X9 marks obtained in oral test

13




Let

ny : students eligible for admission to MBA course

g : students not eligible for admission to MBA course

_(306) . _( 560 _ 062
M=1144) “17 (062 208
_(248) 5 _( 560 _ 062
Ho=|119] *27 |—062 208

If one student gets 29-0 marks in written t
nt as eligible or not based on Fisher’s linear

est and 120 in oral test,

classify the stude
discriminant function. Also find the probability of misclassification.

[Given that P(0 < Z < 1-8277) = 0-4664]

15

14
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