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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.
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Ql. (a)

(b)

()

(d)

URC-U-STSC

@vue A
SECTION A
T JHRAl U 9 HIO & hAEIRA] I Ush W@ JISHT 1 TG 2T

8 | 39 AT & T80, AReTd 9 A HIs ot e g ofiar smfa A, B @en
CH & wenda: forgl &t w1 3oy fope) &1 oft 781 9o S O aT £ | O &

%ﬁaﬁﬁmA,lecaﬁmwﬁﬁ?ﬁ%wﬂam:%, —;—QEI %
8 | WiRerar wma i for agfees gam e s fonedt o g e =nfa
1 =TI T 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 T

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

AT X 3R Y waem Todd faafa (iid) Jgfess =R §, s&f

PX=k)=2k k=1,2,3, ...
P(X >Y) I1d ST |

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

QEF’\'[Uh?REiE:Ip(x)=2‘X;X=1,2,3, ,%%’QW%WW
P(|X -2 sz)>%é?ﬁ%,aaﬁmﬁ$mﬁw %%w

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 1—2 10
T qifoEll |, =1e % fore et s wom 1 sguer ot @

F)=1-2 8<x<oo.

éoaﬁ%wqﬁaﬁ%wﬁmqﬁ;qﬁff\@awﬁmgq:

AU "2l Sl G
x<10 9
10<x<25 6
x> 25 5
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| (e)
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() 0 AftEraq GWIET AR (MLE) 9red $HifSu |

() 0 % Afhay Gwfear Aehets (MLE) 1 T ek hi-Ud 1
gf@g (CRLB) 9@ ST |

(i) HuE = g™y (CRLB) dun siftesaq gwifaar siehetss (MLE) &
HAFaEgeff T hT TANT Feh O Tl 95% TIvarEaal-3T=aet IIed shifST |

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

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

T X, 3R X, < I ad s a (id) T s N(O, 1) % Agies
m%lmaﬁhﬁmsﬁﬁqaﬁm@mvé,aﬁP(V=1)=iw
S X, T X, ¥ AT B | Xy 9 THR G Hife b
{Xl,tﬁé V=0
X, =
X,, A V=1
qitehea T Hy : 6 = 0 1 T0&W H, : 6 = 1 % fawg w0 & ferq Frferfe
ghigor W fomm s
Hy =t fiees i 2y~ 2
C %1 w9 Fra hifere, Rrad wdieger smR 0-05 B ar & | wdieer i amar 6
ot o I |

[feam 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

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

3




Q2. (a)

URC-U-STSC

X, if V=0
Xg = )
Xq, if V=1
For testing the hypothesis H, : 8 = 0 versus H; : 6 = 1, consider the test
X, +X,+X
Reject H if 1 2 3 5¢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 fafdrse wrodt g0 9T T T Sew 1 "uel § Saq-hd, 0 71eT % Th
@A SREMEh 9T W IR H & | GhedT Hy : 6 = 2000 6
H, : 6 = 1000  fovg Tier & fT ws JarmeRat 50 ae=i, H J&% 10
9 TIAMI § 5 9 §, o Sitad-shiel T SN @l 2 |

i IR it wita & o, sevmehal S 1 gea U ¢ o1 i
A1 B, I & TS TWH W T ded [iShT (%) &1 S g | AW Y, i
(i=1,2, .. 10) ©F W [k () A It I8 Fed o SHaH-BIeA B
a3 | Hy &1 H,; & favg e 3q, 3uaey Sfad-sal ® egmd, 0-05
ATHR o Ta IHTERITAT Fheor sl area hifsg | afe Iuersy a1fas 2 -

510, 9752, 5650, 12385, 230, 4225, 860, 300, 3000 TS 1500
AT FseRy @S |

[fezm T & 6 : Py %) < 10851) = 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 Hj : 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 &, < 10-851) = 0-05]
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(b) QR W X, AH U« [0, 2] W w1 & | fem wnm ? fs
PX=1)=025, F(x|x< 1) = x2, Fx|x>1)=x-1, EX)=1.
P(X < 1) STd =HIfWT |
The random variable X takes values on the interval [0, 2]. Given that
PX=1)=025 Fx|x<1)=x2, Fx|x>1)=x-1, EX)=1.
Find P(X<1). 15

() HHT 6> 0 TH [ T=A 8 AN Xy, X, ..., X, T Fed q HIE AGfeah
gfeet 7, fSr&ept wiekar sied ®ed (pdf),
| 2z
f(x,0)=4¢92"
0, 3T
0 1 Aftrehan wwfaar ket (MLE) a1 39! If¢ o wiew (MSE) ¥d
hINT |

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

0<x<6

sample from the distribution with the probability distribution function

(pdf)
2x
Lo <x <
f(x,9)= 92’ 0<x<06
0, otherwise

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

Q3. (a) nmﬁsxl,xz,...,xnwmaizqme—%,m%)ﬁa@%msrﬁaﬁ%|
TR 6 Y = X gy, X)), 6 F 0 T vt wforealst B weeg 3 i 4
SR
X1y =M™ Xy, Xy, -, Xp)
Xy = FfEHH (X, Xy, ..., X)

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

U - %, 6+ %). Show that Y = (X(l)’ Xy 18 sufficient statistic for 6 but

not complete, where

X(l) = min. (Xl’ X2, Lo oo Xn)
X(n) = max. (Xl’ Xz, ceey Xn) 20
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(b)

(c)

Q4. (a)

URC-U-STSC

AT X ~ THEAE U0, 20), 6 > 0 &7 8 | Y = Iftean (X, 20 — X) &
gfefa Shife | E(Y) 919 i |

Let X ~ uniform U(0, 260), 6 > 0 distribution.
Define Y = max(X, 20 — X). Find E(Y). 15

SAAU- B Y GTqAHA 0T h! 37k HifT | 3T, ATHALU-Betd

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

* ITTEY T B F1d hITIT |

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

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

PX=-1)=PX=1)=PX=2)= %
g & 718 aReheT Hy, St S
P(X=—1)=P(X=1)=i-, P(X=2)= L

2
T @ TE Shfcush aReheddl H; % faeg &, &1 o1gshua: whan s % fae

7g fiota o e for it Srmar 99 oo foman S S a9 T
(35 <5< (%37

n
el S, = ZXi,Qé)g’swmmvﬁaﬂé |
-1=1

H, @ H, % si=nia miem g SR B s 23 (qw) smes
e gd e g st |




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

PX=-1)=PX=1)=PX=2)= %
against the alternative H; that is given by
P(X=-1)=PX=1) = i, PX =2)= %
it is decided to continue sampling as long as
_(n+1j <S. < (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 224 gbservation or earlier. 20

(b) () HEHAN s U(0, 1) 1 ANTAL-Ber TTed HifTT |

Obtain characteristic function of uniform distribution U(0, 1). 5
(i) HM (X} T Agiens o’ T $H YhR T AT & 6
P, = <)=L k=1,2,.,n
n n
femmsy fo X, fom 6 gfte @ uohemm de =t aifmia dian @ | s
B0 3TN § AT T RO T Iei@ i |
Let {X_} be a sequence of independent random variables such that
P, = %)=L k=1,2,.,n
n n

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

result you have used. 10

(¢) U UHiol SRR TS 6 & 14 I SHI I Th Ao T a1 Th weh
SR S TR ¥ 16 Y S H1 Uh AT Aot A1 Rl Ik WA
WL o & H AT % AT T adee e mn | o sttee Fefetaa
arfersht # feu U g
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@mmﬁwﬁ%g&é’nmﬁ%mwaﬁﬁ%mz
e ;. 28, 49, 42, 30, 33, 36, 49, 31, 41, 46, 41, 21, 20, 28
well: 37, 22, 24, 24, 27, 44, 34, 26, 20, 26, 25, 45, 32, 40,

45, 25

TR T 1 S R gE 5% Hidehdl T T aReedl i St i
o 3% WIS TR T @] Y HIEeRT UM § TerT TRl ?

(R T R 6 53y 005 = 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 xz e = 3°841]
(1, 0-05)
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Qv B
SECTION B

Q5. (a) @ﬁmﬁﬁqwaﬁ%%ﬁﬁﬁ%@aﬁmwwﬁaﬁmm%
yi=o+Bx+u,i=1,2,..,n
u's Feen wad faafa (id) yem= ged (N, o2)) €, &f o2 o 2 |
WWW%:
n=7 ¥ (x- x)%=280000, ¥ (x;,— X) (y;— ) = 16500
B T 95% fervamrear-3t=awret : (0-030, 0-088) & | .
o <hifTe, Fes (wied) g wfifsenstt 6 gor aRadiera % fFa s
Y THA TR | T TR R by, 095 5 = 2057

A student fits the following linear regression model to a given data :
yi=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

(b) N X ~ Ny(u, ) STRIHdT 57 %o (pdf)
fix)=Ce Y2 % Ty g,

EE Q=3x2+ 2y2—2xy—32x+4y+ 92.

£ Y e iR |

Let X ~ Ny(u, 3)) with probability distribution function (pdf),

fix) = C e 2,
where Q = 3x2 + 2y2 — 2xy — 32x + 4y + 92.
Obtain gand Y. — ) _ 10

(c) Uh 6 3hIEAl qrcll Tufe & HikAfed U1 6,3, 1, 4, 2T 5 8 | 36T 2 5
SfcreenTem T % forn aft durfera wfiewt ) fafaw qen fag Hifve fe

N-n
N.n

V(y) =

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(¥) = s2. 10

@ e Y frad (seer) w1 afonfa Bt | e % R o 1%
mzm@m%mmwmmﬁaﬁmﬁﬁ@
i |

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

(e) BIBDwavhaﬁﬁqam%@m%bZV,aﬁu?ﬁaﬁwwwﬁﬁwﬂ
fopam TR R |

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

Q6. (a) FHag TREE @ R 2 9 Sehal 8, fag i T
_ nk -1 S?
V(Ysys) = _ .?{1+(n—1)p},
&t o Th A g SRR I TS % e ST aeErry o6 § |
W,V(ysw)mﬁ%mpwwmﬁwml

What is systematic sampling ? In usual notation, prove that

_ nk -1 82
V(ysys) = i .—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, Yo, Yq STHEESIEA TR, HHTT T8 o2 % a1y 39 TR 3 b
E(Y1) =B1 + B2

E(Y9) = 28,

E(Y3) =81 - B2
sfafirse ared it ki uET HifT |
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Q7. (a)
(b)
URC-U-STSC

Let Yy, Y,, Y3 be uncorrelated variables with common variance o2 such
that

E(Y1) =B1 + Be
E(YQ) = 2[31
E(Y3) =B1 - B2

Compute residual mean square. ) 10

2

Hiln=4, p=2, X=(X1J, SRl
Xy

Xy : 9R (form #), X, : $=d (At 9) Ry F § |
gidesl sTfeheT Mg
_[30 40 30 30
- [40 40 30 35}
5% H1ehal TR T I TRehedHT Hy:p=py= (335'?0Ja;rqﬂwaﬁﬁq |
[ﬁ?ﬂ QIR % ‘%F s F((2,2), 0-05) = 1900]

X
Let n=4, p=2, X=( 1), where
X9

X, : weight (in kg), X, : height (in ¢cm) of infant.
Sample data matrix
|30 40 30 30
- [40 40 30 35]
o . 30
Test at 5% level of significance the null hypothesis Hy:pu=uy= (35_0) 20
[Given that : F (g o) ¢.05) = 19-00]

BIeferm-T2 i afeifia e | gwize % T2 gfesls Gwfar oum weid
ST Teh el # |

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

Ty T X’ hT FA SHECII 1 AT R 2 a1 R 7 el R B |
V(R ) W 1R | stebem V(R) ot s iR |

Let R be the ratio of population totals of ‘y’ and <’ and f{ is the estimate

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

11




Qs.

(c)

(a)

(b)

URC-U-STSC

TR GO Y T N TEE § 7 UF 23-wgSwEHt vl 1 au
Hife S 4 SRipfat % @ 2 @uet § =afed &, St ABC, BC, AC 3= AB
GRUord € | Ut SAfeReu (fesre) 1 ANOVA diferert +ft = I |

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 Sierh ey (feemga) ft ==t Hifw | 9 By, - ﬁp,ﬁﬁﬁscrm;s
et % G F Ay, oy P, T ITE IAEN & Aw ® AR G
(i,j)ém%mﬁﬁﬁ%%,ﬁwaﬁﬁé@rt:ﬁ% |
ANOVA 1Tkt w1 ST sk 319 Fet afehes

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

H03C11=C12=---=Cpp =1
using ANOVA table ? 20

fearsn % wRrem % @Y, pps WA # @Al wen Y @ kSR
AThAS B

1 ¥, 1N
Yoos = — i == 7. =7
4 PR nz Np. nZ * ’
! i=1

i=1




(c)

URC-U-STSC

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

n n
= 1 Y; 1 5 . .
= = == Z; = 7, with varianc
Y pps - E Np. " n E ; variance

i=1 i=1

where p; = —)% be the probability that the ith unit is selected in a

sample, such that 3 p;=1, Z; = 1\?—; 15
1

@.ﬁ.q.vwﬁm%gamﬁwmﬁawﬁﬁﬁﬁ:%ﬁﬁ@
e | forenfifet gro & 8 wham % ufomm 9 R 3§ -
"(XIJ_ ferfad e & g
\x2) | it e & s
A
ny © TLELY. YIGHHA | Y9 &g 9T fraeff
my : TH.E.T. UISTHA F Yaw BY 79T freneft

306 560 — 062
= (14-4)’ 1= (— 062 208 )
24-8 560 - 062
ch (11-2} 2= (— 062 208 )
afc w fomneff fafga uden o 29-0 3% U Hiflgs wham F 120 3w
wé,m%mﬁﬁww%wmwﬁﬂmﬁﬁqﬁsw
feremeff wawr & fore a 2 sreran 7 | |19 & Ta ifentor S St gTfRieRaT ot
F1a hifda |
[f= 7/ R 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 testJ
X = =

X9 marks obtained in oral test

13




Let
ny : students eligible for admission to MBA course

my : students not eligible for admission to MBA course
_ (306 s - 560 — 062
#1=1144) “17 |~ 062 208
_ (248 5. - 560 —062
H2=|112) “27 - 062 208
If one student gets 29-0 marks in written test and 12-0 in oral test,

classify the student as eligible or not based on Fisher’s linear
discriminant function. Also find the probability of misclassification. 15

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