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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
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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Ql. (a)
(b)
(c)
(d)
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@ug A
SECTION A

T SHTRAl U Sg1 HIO & HHETE] U e ST Sl T ST
8 | 39 IS o a8, SARRTd &9 A s ot el g offw saita A, B e
C® & Zenefq: fopgl @ 1 1oy forell &1 oft 98 9o S ThaT ® | IO F
wﬁm&ﬁwA,ichﬁmwﬁﬁﬁ%wm;é, %Qa %
g | W@ wa iy for agfes gar mn sHud et st @ s st
T T TE B |

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 %

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

A X 3R Y 996 woea faafa Gid) aigfess == 8, si&f

PX=k)=2kK k=1,23, ...

P(X > Y) I hifore |

Let X and Y be iid random variables with PX =k)=2% k=1,2, 3, ....

Find P(X > ).
W UIR 529 p(x) = 2%, x = 1, 2, 3, ..., % o0 gwisy fr Sosia srafi
P(|X-2| 52)>%éﬁﬁ%,aa%amﬁmuﬁw % il

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

Chebyshev’s inequality gives P(|X-2| <2)> 1, while the actual
o 15 2

probability is 16"

T gl g, =ie % forg Frafafga s wom 1 ergarer wan §
Fx)=1- E, B < x < oo,

| B )
20 |12l % Tk Wiceet & i Frafaied 9 § ared e

A oIS h T
x=<10 9
10 <x <25 6
x> 25 5
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10
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| (e)
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@) o siftrray gvifaar seherss (MLE) 9ed =hifSe |

(i) 6 % Fltrran wwifadr Aeeis (MLE) &1 TN $Gk $RId e
&Yy (CRLB) 3d shIfSTT |

(i) AT e 9fE@y (CRLB) qun stitreran "wifedn steheies (MLE) &
HAT-GETSH Sed 1 TIT Hieh 0 T 95% TEvariEadl-t={e I shifse |

For a group of policies, losses follow the distribution function =
Fx)=1- E, 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

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

(iifi) Using CRLB and asymptotic distribution of MLE, obtain 95%
confidence interval for 6. 2

AT X, 3R X, & G090 T09 S a1d (jid) SEER 52 N(9, 1) % Agiesh
m%lﬁ%%ﬁqaﬁeﬁa@mV%,aﬁP(V:lhiw
S X, T8 X, ¥ WET 8 | X, I 39 TR aieATia i foh
{Xl,w& V=0
Xq =
X,, 9% V=1
qitehet T Hy : 6 = 0 <1 W&V H, : 8 = 1 % faeg FH & fou feferien
yligor | o= Hifaa -
Hoaﬁﬁrmﬁﬁqamxl”zfx?’
C &1 09 3d i, Rred wlieur SRR 0-05 B STan & | Ter i e hl
oft o ke

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

>C

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

PV=1-= i and which is independent of X, and X,. Define X; as
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Q2. (a)

URC-U-STSC

1)

X,, if V=1

For testing the hypothesis Hg : 6 = 0 versus H; : 6 = 1, consider the test

X, +X,+X
Reject Hy if —1—2 "3

{X if V=0

>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 fafdse wralt g0 sME T Yeis @ BT 9 H SfiaH-shidd,  HIET % Uk
AT REMEh §eH H FTHUT HET & | IWRHedT Hy ¢ 9 = 2000 H
H, : 6 = 1000 & foeg wam & e we wivmeal 50 Fei, 56 9% 10
YU TAHI H 5 9 3§,  SoH-ehiel T THN L § |

i wrftes aftomm witg & fore, wemmeal = 1 g O X o1 foig
AT 7, S8 B TP TWH W T Fod HSRA (FA) | @R | A Y, i
(i=1,2 .., 10) =F W Ffek ($d) 89 9 980 S¢9 & SAlaq-Hh1d 5
A & | Hy o1 H, % foeg wam &g, 3veey sfe-w@l w enefa, 0-05
SRR & o9 THTawTe! 807 ® Ui Hhifae | afe Iqesy Aiwe & -

510, 9752, 5650, 12385, 230, 4225, 860, 300, 3000 T& 1500
YT e difSu |

[fem 7= R 16 Py, < 10-851) = 0-05]

The lifetime in hours of each bulb manufactured by a particular
company follows an independent exponential distribution with mean ©.
To test the hypothesis Hy : 8 = 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 1,1 = 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(y %, < 10-851) = 0-05]
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(b)

{(c)

Q3. (a)
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Fgfes® W X, A9 FAUA [0, 2] W war 2 | fem wm @
PX=1)=025, Fx|x<1)=x? Fx|x>1)=x-1, EX)=
P(X < 1) 9T =hifsq |

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

AT 6 > 0 T 3@ 9=A & AR Xy, Xy, ..., X, G deT & ®I AGHeo®
yfaest 3, foaesr mReedr deq ®ee (pdD),

2x
f(x, 8) = 9—2, 0<x<86
0, AT

0 T Aftrehad HWIfar ket (MLE) 99T 391 If o wiea (MSE) 1d
$ifT |

Let 6 > 0 be the unknown parameter and X;, X,, ..., X be a random
sample from the distribution with the probability distribution function
(pdf)

2x
f(x,0)=g2’
0, otherwise

0<x<09

Find maximum likelihood estimator (MLE) of 6 and its mean squared
error (MSE). 15

T % Xy, X, oo anmaa:rU(e—— 6 + —)@a@%ﬁuﬁaﬁ% |
T 6 Y = Xy, Xy B%WWWM%W%wﬁ%,
A& W

X1y = M (X, X, .-, Xy)

X = HeRad (X, Xy, .., X))
Let X;, X,, ..., X, be a random sample from uniform distribution

U - %, 6+ -;—). Show that Y = (X(l), X () s sufficient statistic for 6 but

not complete, where
}((1) = min. (Xl’ X2, raay X'D.)
Xy = max. Xy, Xy, ..., Xp) 20
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(b)

(c)

Q4. (a)
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AT X ~ THEHE U0, 26), 6 > 0 se7 & | Y = ifkepan (X, 20 — X) #
givmfea H1fsg | E(Y) s I |

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

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

STYAT- BT T ITAATT THT hi oI<h shifWY | 3T, STTHARII-BEH

1-]t], Jt|=1
$(t) =
0, ft]>1

% IFIEY U B TG hIfTQ |

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

1-|t], |t]<1
P(t) = 15
0, |t]|>1.

P(X=_1)=P(X=1)=P(X=2)—%,
g & 8 uftweT Hy, S Sed

PX=-1)=PX=1)=, PX=2)=

T & TE Sehious uiehedd T H, o faeg &1, &1 swaa: waw s % fou
g Toie foram o5 wftera ormaR 9 9= fomar ST Sie a9 6

n+1 n+2
(357 <sa<(25Y)

Il
W’SD=ZX1,@&’5WW%I
-i1=1

H, @ H, & sl s T SR B v 23 (@) sEee
T @ e & st |




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

PX=-1)=P(X=1)=P(X =9) = %
against the alternative H; that is given by
P(X=-1)=P(X=1)= i, P(X=2)= %
it is decided to continue sampling as long as
B [n+1] <8, < [n+2]
2 2
In

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

Compute the probability under Hy and Hy that the procedure will
terminate with the 20d ghservation or earlier. 20

() ()  THEAM FeT U0, 1) #1 AR wom s Hifu |
Obtain characteristic function of uniform distribution U(0, 1). 5
(i) W {X,) S Agfes® =R 1 39 YehN I ATHH B Th
k 1
Pe= =4
femmsu 6 X, fiem <t gfte & wowmem sz 1 atfiafa diar 8 | st
SR IHTINT | AW 7T qROMH &1 IJeci@ shifod |

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

P(Xk= 1—{-)= l, k=1,2’ __.’n_
n n

,k=1,2, ..,n

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

result you have used. 10

(¢ T amiol =R TS Thd 9 14 Ui ST 1 U Angowes T a1 U wgd
SR S TR A 16 YfEFT ST 1 Uk T Ao THI1 SR S TS
e & @ " % fag o whan e w1 owe sy et
drferest | feg mw &
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G@ﬂtgﬁ@@ﬁ%gﬁﬂ@ﬁ%ﬁﬂﬁmwaﬁﬁ%ﬁﬁ:
i« 28, 49, 42, 30, 33, 36, 49, 31, 41, 46, 41, 21, 20, 28

?'Iﬂﬁ: 37, 22, 24, 24, 27, 44, 34, 26, 20, 26, 25, 45, 32, 40,
45, 25

RifEiehT TheOT ST ST HE §U 5% WilhAT T W URehed1 i S Y
3 3% TATS TaTee TR GHeR] h1 WITEIehT THE @ AeeT g8t ?

2 -3
(feam TR # 76 1 g5 = 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 x(zl vo5 = 3841]
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SECTION B

Q5. (a) U foeneff fou v g6t % fou frefafea Waws g frast g #ar
yi=o+PBx;+u, i=1,2,...,n
w's TeEH A i@ (iid) S ge (NGO, o2) 8, e o2 ImmE 2 |
ﬁw%ﬁaaqsmw%:
n=7, ¥(x;~ %)%=280000, ¥ (x;— X) (y;— y) = 16500
B fIT 95% farvarerar-srauat : (0-030, 0-088) R | _
o s, Trest (afs) grr wfufaedt 1 g aiadsiera % fr emum
TR TR | TR R b 005 5 = 257,

A student fits the following linear regression model to a given data :
yi=0L+Bx1-+ui, i=1,2, ey 11

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

(b)  HFT X ~ Ny(u, ¥) Wehdl 29 B (pdf)
f(x) = C e V2 & e B,
EE Q=3X2+2y2—2xy—32x+4y+92.
LT T I <RI |
Let X ~ No(x, 3} with probability distribution function (pdf),
flx) = C e Q2

where Q = 3x2 + 2y2 — 2xy — 32x + 4y + 92.
Obtain gand > . — _ 10

(c) Uk 6 3HIFA Al gule & @leiied Wi 6,3, 1,4, 230 58 | aFR 2 %
Sfawme % formm @t s wftgwt =01 faftae 9on fag Eifve i

_ N-n

"~ N.n

V(y) s?.

URC-U-STSC 9




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

N-n

V(§)= 82, 10

@ T e Fed (dtew) F afeia B | e % Waw wew 15%
%@w:m@m%mwwmvﬁaﬁ%@q@ﬁa
it |

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

(@  BIBD I auiT ifrg aen farsy 6 b 2 v, W& sl o1 awm= 3o & S
R T 2 |
Describe BIBD and show that b = v, where symbols have usual meanings. 10

Q6. (a) g SRR T 2 2 ST Hendl #, fag it e
nk -1 8% L ao1)p)
nk n
&t p TF B ey YREEET $1 SHEEl % Hed e dewrry o © |
14, V(ysw)maﬁ%%qpmwmﬁvmﬁﬁm|

V( isys )=

What is systematic sampling ? In usual notation, prove that

2
V(§ays) = nkn:. % (1+@-1)pl,

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(Jsys ) to be non-negative. 20

(b}  HET Yy, Yy, Y, STHGHSTEM =, HHIA FE0T o2 & |1Y 39 YN & fh
E(Y) =By + Be

E(Ys) = 28,

E(Yg)=B1— B2
spafirse e arl hi o it |
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(e)

Q7. (a)

(b)

URC-U-5TSC

Let Yy, Yo, Y3 be uncorrelated variables with common variance 62 such
that

E(Y1) =1+ Bs
E(Yg) = 26,
E(Y3) = B1 - B3

Compute residual mean square. ) 10

W n=4, p=2, X=[X1}, EH]
Xy

_[30 40 30 30

"[40 40 30 35}
5%mﬁwwmwﬁmﬂozy=uﬂ=[SSg?O]wvﬁwa?rﬁql
Ifean =1 R 6 2 F (9.9, g.05) = 19-00]

X
Let n=4, p=2, X:[ 1], where

Xq
X, : weight (in kg), X, : height (in ¢m) 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=py= (35.0) . 20

[Given that K F((2,2), 0-05) = 19'00]

Refort-12 w1 ufenfia Hife | guizy & T2 shed dwifemn s S0
1 Teh %7 ¢ |

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

HHE oy AT % I P TTHSASAT 1 A R R a9 R 1 AheH R B |
V(R) W Sifdre | smem V(R) st 3 i |

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

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

11




Q8.

{c)

(a)

(b)
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SR EEW ST W WESE § 7 UF 23eRSGH ARG 1 AU
Fif o 4 SRERE % o 2 @uEl #§ =Efe g, SE ABC, BC, AC T AB
HRUOTd & |i@ﬁaﬁwm(%aﬁ=r)a‘?rAN0VAa1ﬁﬁmﬁ%waﬁ%m

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

W T sfwey (feamea) i wwl HIT | G By, ., By, URE ST
yurEl % dias & ae B.l,...,B.pmwm%m%aﬁxgﬁ
(i,j)ﬁw%wﬁéﬁﬁﬁm%,ﬁmﬁﬁmt=p2%|
ANOVA TTeTast 1 39T shieh 39 T aRehea

Hyp:C11=61g = =6pp =7
T TN FH H ?
Discuss Simple Lattice Design. Let B4., ..., Bp. denote row block effects
and B.q, - B.p denote column block effects and Cij denote the effect of
@G, ¥ treatment, where number of treatments t = p2. How do you test
the hypothesis

Ho:811 =81 = =Gpp =7
using ANOVA table ? 20

faaTsn 5 wioeeT ¥ Y, pps NfoeeA # wAfe wen Y W U SHNET
SATHEH B

1 _
Ypps = 3 Z Np n =14,
i i=1




(c)

URC-U-STSC

Show that in pps sampling, with replacement, an unbiased estimator of
the population mean Yis
1IN Y 1
Ypps = - ﬁ;_ == Z Z; = Z , with variance
i=1 L i=1
N 2
— 1 Y; =
VFpps)= = > py | i
Y pps n Pi {N P: ]

i=1
where p, = —}}% be the probability that the ith unit is selected in a

sample, such that 3 py=1, Z; = ﬁz;— 15
1

@.ﬁ.q.maamﬁm%gam?ﬁqﬁaﬁﬁwﬁ%é@:%ﬁaa@
sk | forenfifel gra & wham % wRomr s R E -
_(X1]_ forfega ol & e
\xe) | e & e
AT
np ¢ LT, WIS § Y9 & 9 e
Ty : CH.EU. UIGTHA W oW By 79 et

306 560 — 062
M= [14-4}’ 17 [- 062 208 ]
24-8 560 — 062
H2= [11-2)’ 2= [— 062 208 ]
At T Tomnefi faRga wem & 290 3% a1 Wi wher ¥ 120 5%
m%,m%%mﬁﬁww%wmmﬁﬁq%ﬁ
Teremef sam & forq s 2 srera 8 | T & T ifeer B Y TR o
RIGEC I
[fen /= 8 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 fhe test given by the students
are as follows :

[ Xl] [ marks obtained in written test}
x = =

X9 marks obtained in oral test

13




Let
ny : students eligible for admission to MBA course

m, : students not eligible for admission to MBA course

_ (306 v - 560 —062
#=\144) 17 - 062 208
B 24-8 5. = 560 — 062
H2=1112) 27 (—062 208
If one student gets 29-0 marks in written test and 120 in oral test,
classify the student as eligible or not based on Fisher’s linear

discriminant function. Also find the probability of misclagsification. 15
[Given that P(0 < Z < 1-8277) = 0-4664]
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