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QUESTION PAPER SPECIFIC INSTRUCTIONS

(Please read each of the following instructions carefully before attempting questions)

There are EIGHT questions divided 1n two Sections and printed both in HINDI and
in ENGLISH.

Candidate has to attemptr 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 question from each Section.

The number of marks carried by each question/part i1s 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 onc.

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 oif, 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.

Normal Distribution Table is given in Page No. 9.
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TIg—A / SECTION—A

1. (@) TEEE T 1 W N EANHRG N ZHe W 8| Th AgH AG00 w0 | "@ied H ¥ op fewe
R 71 9% X, X, ..., X, TR 1o el % =R 2@, @ E {max X | ™87

A box contains NN tickets numbered 1 to N. A boy draws n tickets from the box

randomly. If X,, X,, ..., X,, be the numbers of tickets drawn, what 1s

(b) FM F & Agad Agf=3H =T FH WHEM F24 Bad 8, d g wilem T em FUOoaw
1-(1-F)" +fi wiffedl 9124 wer 7|

Let F be a probability distribution {function of a discrete random varable.
Prove that the functions F" and 1-(1-F)" are also probability distribution

functions. 10
(c) =k z, am z, A W@dE AFE YHHF TR, A /Y F EE ]Zl ‘ g
2
o - - 1 :
[STEeR] TR e %ear f(x) = < x <ooR
(] +x%)

If Z, and Z, be two independent standard normal variables, show that the
<

cdistribution of the ratio I—;——‘ is Cauchy with probability density function
e
i
*f(X)I 5. - ~ X< 99
m{l+x7) 10

(d)  gifyeren €29 p(x; 8), x=2, 3,4, 5T e:i, ; 3: w1 faam SIfse ) wmiE 8 Em 1 %

v yfoesl forn < & HR g 3 T F § 1 0O F1 HiuEAn guiia e I s

Consider the probability distribution p(x; 8}, x =2, 3,4, 5 and 0= i, :12, j

A sample of size 1 is drawn from the population and it is found to be 3. Obtain

the maximum likelihood estimate of 6. 10

) Q25 0-25 25 0-25

p| x; 0= ) 0-30 0-40 015 0-15

5
P(fﬁ 6 = ﬁJ 0-10 0:30 0-45 015
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(¢)

(b)

(c)
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Y R U FIgiEE A0 X R, TAEm] UG EeE weE (pomlf) f(x; 6), x =0, 1, ..., 5;
1 3

6 = o AL ROl 0 f (x; 0) % 9H R R R o = 3% IUEdT TR W IHfcdh IiEes!
H, : 8= 2 + T oo afemegs 1, 10 = —; % yhan % fau garm wifdes 29 T
IS0 |
. . * . , ; : I 3
Consider a random variable X with p.m.d. fix; 0}, x=0,1, ..., 5 8= —2—, T Tlee
{ellowlng lable gives e valuces of f{x; 0). Obtain the beot critical region to test
the null hypothesis Hy : 0 = % against Fl; 1 8 = :jr— at level of significance ¢ = ?36—2 10
X . L SN DU S -
1 1 5 10 10 S 1
flma] | =2 - = bl = !
¢ 2 S 32 32 32 o 32
SEENEEERF e YE2
S7a) 11024 | 1024 | 1024 | 1024 | 1024 | 1024

n WA A 2T 0 YEAarl 2 R 90 Jedl TR BH R Ui e R v

What 1s the probability of an even number ol successes in n mmdependent
Bernoulh trials? 15

AT TF GEA " UIE] 96l wodl 1 TF gl wiEn) A9 19 @ T 8l g 1 d eed 26
Il &, TR 719 511G 500 92 & A1 TR € 31 91 7, (531 M 31/ 2500 =2 1) <A
A FD off TE F2 Tk FiTE F T B e el ol AT

i T T8 M 9 Tgd el @ierl 981 Fi 2, 3afde ey § 3T JE e 2 TR e
AT AT ATt Fea A1 dEkfedd wsl wed B@i{ig B

ST 300 21 % AR AT S Hed Seid g W) W ged #hl 1Y h S STl WG B
TR ZT0 WP T AwA] A AT A 2w TR e Y R

You bought a box of hghtbulbs from a shop. You know that the bulbs are all
either short-life bulbs with a mean life of 500 hours or long-life bulbs with a

mean life of 2500 hours, but you cannot tell which, because there was no label
on the box.

As you have not shopped at this shop before, you initially have no opinion as to
whether you have been sold long-life bulbs or the cheaper alternative.
After approximately 300 hours you find that 5 bulbs arc alive. Assuming that

the life of an individual hightbulb has an exponecntial distribution, how would
you now assess the probability that you bought long-life bulbs? 20

AR ITUA (0, 1) 8 20 IAE~oF WA Wad 9 W I+ T 8, @ 3 gl H A
FH-0-F0 8 B Fl WA 1 = B

If 20 random numbers are selected independently from the interval (O, 1), what
is the approximate probability that the sum of these numbers 1s at least 87 15
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3. (a) v Fglas gldeel (X, X,, ..., X,) THA 923 N, o) ® o mn 2, o gl o
3G & | AT B L, o) fafawt |sft @, o2) % fqu guis fr
'1 n 1 & )
L} =¥ X, Y& -X)? 2L, o)
R o y
e feonft e | 37a Tt € > 0 & forg
1y ,1
Pil— » X —j|>¢
t 2:1 - |
: - ~ P : i i
qTerH Hifee g o1q: wenfud i 6 o &1 vF 9 sTeheis 4 ZXI- gl
n 1 =1
Given a random sample (X}, X,, ..., X, ) from N{u, 6°) with all parameters
unknown. Write down the likelihood function L (t, 4). Show that for all (u, 62)
1 < 1 < =5 2
L —ZXI:_Z(quX) 2L (s )
=y iz y
and comment. Now find for any ¢ >0
1 rt
P*: R ZXI _‘}.l. b
o
1 I
and hence establish that — % X, is a consistent estimator of p. 0
izl
(b) 10 Taaiied SEl & AP W &5 a3 81 6l GEheq] &1 giiem, ufaes sTiwal & fae 10%
QIAhdl-ER T AF-Taedl U-a01 =1 TP #1d g hifeTg | (ST ITehdl TaTeha TRof
UG *‘ﬁml{) !
A7 (J91 1)
gey 260 | 43 | 35 | 38 | 33 | 42 | 40 | 44 | 25 | 31
Afger | 47 | 48 | 34 | 34 | 47 | 35 | 32 | 35 | 30 | 44
Test the hypothesis of no ditference between the ages of 10 married couples
using Mann-Whitney U-test for the sample data at 10% level of significance.
(Use normal probability integral table) : 15
Age (in years)
Male 26 | 43 | 35 | 38 | 33 | 42 | 40 | 44 | 25 | 31
Female | 47 | 48 | 34 | 34 | 47 | 35 | 32 | 35 | 30 | 44 |
M-LSC-H-S7C [ 60 4
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(c) & TeeTedl F Fod d A, X (T °), T A TR 8, [SEh WIE 37y ; 2. S8l 8(>0)

T T WS ¢ TES 0-R AT TR FEer 2 AT T A (o, A), 6 1 9H 929 B ST

5 dedl % U Agiess Uldeyl ) ed 3y 3-8 =21 8 &1 ¢ g4 Hed &1 394 hid §U 0

; M g . |
Zhi w9 3Tkl THheTd |

The life of an electric bulb, X (in hours), follows the exponential distribution

with mean life =, where 0(> 0) is an unknown parameter. The prior distribution

9
of 8 has a gamma disuaibulion (w, A} willh nican 08 and atondard deviation 2
The average life of a random sample of size 5 bulbs 1s 3-8 hours. Calculate the
Bayes' estimate of 6 using the squared error loss tunction. S

4. (a) TF GEHT GAE F T F feru Tgmfes wileRar stqurd wdiagu (SPRT) =gcd shifviy, sl
qTed Fq & |

Derive the sequential probability ratio test (SPRT) for variance of a normal
population when mean 1s known. 20

-
L

(b) HEl fE X w1 ded @ g, e e 8 81 TR-scidAd YR Rl JAN HRd gU

8 ak
0 . .y s
w[e):e = , 581 k U qut gEAl g, % ol <qHan TERoT SAF189a SATeReTsh I HIY

Let X ~ Poisson (6). Using Rao-Blackwell theorem, obtain a minimum variance

-0 Kk
. . e 9 _ ‘ _
unbilased estimator for y(8) = , where k is an integer. 15

K|

(cj w1 TE (X, ) argfeme = 1@ wE R, TR P(X, =n)=1, n=1,2, ... FFT HeH F
FH IF, ), 73 e ®hl AR AlaiE g 87

Consider a sequence of random variables {X, }, where #£F(X, =n=1,
n=1,2,... Does the sequence of distribution functions {F, } converge to a
distribution function? 143

Tuvs—B / SECTION—B

5. (q) A& X, =Y, +Yy, Xy =Y,y +Y,, X3 =Yz+Y,, 56 Y,, Y, A Y, FHeum=-Hi A3=a
T E AT SHH 8 U H AT I U Ok 9o TR B, @ X a9l X, X, H AgugdEy
oTteR STd chllsiu |

If X, =Y, +Y,, X, =Y, +Y3, X5 =Y, +Y;, where ¥7, ¥, and Y3 are uncorrelated
random variables and each of which has zero mean and unit standard
Jeviation, find the multiple correlation coefficient herween X; and X,. X5 10

H-L50-0-STC 1 60 5 | P.T.O.
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(b) Tl AR e AP A SRS Uy a1 m'y & 7 Vg (TR nfeam A #1 Fiom T@H) «
[ G m % &7 (projections) FHI: [ 4 mg ®l, at zEmsy o6 1, = my.

If 'y and m’y be two estimates of the estimable function A}, and [; and mg are
the projections of [ and m respectively on V; {the column space of coefficient
matrix A), then show that [, = mq. 10

(c) wTas wiferenr 1 dftarn difem) swisy {6 agf=shiad e STRTRETTT Tk ol Feleh
s1fsreReTT B

Define orthogonal design. Show that randomised block design is an orthogonal
design. 10

(@) T fR fam Sm@ F 9E9 Y, Yo, ., Yn, SRSWOR (N, n) @ ST g B F9en fo s
mivd g, GAfE Hien & gaay dEw S TR ¢

In SRSWOR (N, n) resulting in unlabelled observations Yy, Yg, ..., Yy, Show that
the sample mean y is the best linear unbiased estimator of the population
mearn. 10

~

(e) U Gt warams @i BVN (4, o, 07, 04, 0) § AWM n =3 & Iigfess Tdaw F =M

Bfyaw Fre 2 -
6 10
X = |,
-..-8 3....

10% TIdehdl-F W Sefcush UfEhReaT Hy in # 1y + s s oieme ™ Hy tpo=ng
1 qem i, S@lng = (8, 5) 8l
[@T9eh! 31 83N 8« Fgq0.21 =495, Fg.10.1, 2 = 8-52632]

The data matrix for a random sample of size n =3 from a bivariate normal
2 .2

population BVN {u,, t,y, 67, 05, p) 18
- 6,8
X =106
b 8 3 =

Test the null hypothesis Hy :n =py against Hy :p #ng, where pg =(8, 5), at
10% level of significance.
[You are given : Fgg.01 =49-5, Fgp1, 2 = 852632 10

6. (@) WA BF U={1,2, .., N mW N & dfh@ wEw g1 AW S =({1},
S; ={j-1, 4 j+l, Jj=2,., N-1 @0 Sy ={N}, aIeRdisll  P(S ) o< J
j=1,2,.. N ylted 2 9y w fgdla m 9l 37T WIRRAT3AT &1 FTd shiTsTq |
Let U={1,2,.., N} be the finite population of size N. Let § ={l},
SJ,- =l fe= 1, J, J¥L, J=2; ... =1 anda Sy =1} be the samples with
probabilities P(S ) o Jj, j=1, 2, ..., N. Find the first- and second-order inclusion
probabilities. 20

A-LSC-u-87C { 60 8
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(b) WA F6 N, @3 bx v F ugiid @9l @eH ivEeTl (BIBD) #1 Uk ATRE OiZEd 2 g9y
7 b= .

Let N be the incidence matrix of a BIBD of order bx v, Show that bz v o

(c) A TF AR mefzs My, v, Y, a9 v, 8, Fi9s qre g g T

i

E(Y,)=E(Y,) =0, +8,, LE(Y3)=E(Y,) =0, +8; @ V(V;)=0c7 i=1,2,3,4

TEeF BeM 170 = 8, + 1,0, + 150, 1 SFeri@al &1 diday HFi

Consider four random variables Yy, Y,, Y, and Y, with means und varlances us
follows :

E(Y)) = E(Y,) =8, +8,, E(Y3)=E(Y,)=0,+0; and V(Y;)=0c7,i=1,2,3,4

Determine the condition of estimability of the parametric function

7. fa) AR X H AR N, (@, T) 9 C T o HIR =060 mox p AigEd 7, ol SUIsy 5%
CX ~ N, Cp, CXC)
If X follows N, (u, X)and Cis an nix p matrix with rank m, then show that

CX ~ N, {Cp, CZC’) 20

Irs

[
it

)  Tag Gt B ur afyrer ¥ grag @1 % fo onawrs T uUi Ud nz b+ v -1 8, S
n TN ht e B

Prove that the necessary and sufficient condition for a design to be connected
is n2hb+v—-1 n being the number of observations. 15

() wE TR U = (1, 2; 3, 4, 5, 6] MM 6 F TF IRiHG gHE 21 9 TR ANTHRSTN F SAUR
Sd B I'Sl N (1? 2)’ L ('q* 4* :})1 Sy = ”r g AP Sy = (3, 4; 6” %] HIAIl

P(S:‘): ,i:l,2}3,4

X
4
() A~

]

Zifdesi-Airqe efi%d (HTE) Fefau @ om: quisy & HTE, @ufe @m =1 ©F A9i99q
Hl<t:Th % |

Let U = {1, 2, 3, 4, 5, 6} be a finite population of size 6. LetS; ={s; =(, 2),
s, =(3,4,5), s5 =(L 2, 6), s4 =(3, 4 0); bc the support of the design. Let

P(s;i)=—~, i=1,2,3,4

a4
=0, otherwise

Obtain the Horvitz-Thompson estimates (HTE) and hence show that HTE 1s an
unbiased estimainr of the population total. 15

M-£S0-0-STC] 60 7 (P.T.O.
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e

8. () W F X =(X,, X, X3) W dEwEm fay e g

I =~ B
s=|-2 5 0
0 0 2

=

&1 T 1 3T G g 0 1 AR S TE AN Al g S 20 O, 2e fiem 3 g
caRst e E

Let X =(X,, X,, X3)" has the following covariance matrix :

1 -2 O
¥=[-2 5 0
0 0 2

Obtain the first three principal components using these values and the
proportion of variations explained by the first two principal components. 20

(b) AR X A1 X, EHA: () x p) BT (1, x p) G F w@dd fiwe Az € @ak x (=1, 2)

b1 Uitk iy =l VST U €A 944 Np ;, =;) %, dl Wy =, U9 2, =2, 7 ir::'i[.{ GII30 =

-—= DT = T p, n-2) AgEREn = 1, TRt
2 : ¥

D~ ufasst wEreEm gi uiaeee 2

I Xy and X, be independent data matrices of order (n; x p) and (n, x p)
respectively ana if the n; rows of X, (i =1, 2) be identically and independently
cistributed as N}U k;, 2.), then for p;, =p, and 21 = 2,5, show that

Wi ey,

2 -
g (PN vaniable, where b= n; + n,
n |

g , ; S
D~ denotes sample Mahalanobis distance statistic. 1.8

(c) THE g&1 UarE aul 2-92 ARG U@ % {99 TR %, 3-97% a9 4-92F St
TTE1 W e U Fd g ulresfa i saaen dem el (20, 22) afimmeen w1 gse i

i 1 752 - 1 o - o
Construct (27, 27) design with minimum number of replicates achieving

balance over 3-factor and 4-factor interaction effects without confounding any

main cffect and 2-factor interaction effect. 1.5
R
M-£50-U-S70 1 60 8 7TRBS—40
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— a0 0 Z

.00 01 02 03 04 {415 06 07 08 09

0 5000 .5040 5080 5120 5160 /5199 5238 5272 .Bb319  .535¢

] 5308 5438 5478 .5h17 5557 8596 8636 9670 5714 553

2 5793 5832 o871 H910 5948 - 5987  B0OZ26 6064 6103 6141

3 6179 6217 6255 6293 6331 £368 6405 6443 6480 6517

4 6554 6591 AH28 B684 B700 6736 6772 65808 6844 B6879

5  £915 6850 6985 7019 7054 7088 7123 7157 7190 7224

6 7257 7291 7324 73”7 7389 7422 7454 /486 AH17 7548

s 7580 7611 7642 7673 7704 7734 7764 794 7823 .7852

B8 .7881 7010 7939 7967 7985 8023 .80951 o™ 8106 8133

g Bis0 8186 8212 8238 B264 8289 8315 8340 8365 8388

1.0 .8413 8438 8451 8485 .8508  .8531 8554 8577 .8599 8621
1 1 8643 8665 8686 B708 8729 8748 8770 8790 8810 8830
1.2 8849 886U 8888 8907 .BG25 8044 8962  .8980 .BYY97 8015
1.3 .8032 .9049 g0 8082 9089 G115 9131 9147 G162 9177
14 9192  .9207/ 9222 9236  .8251 9265 8279 8292 9306 9319
15 9332 Q345 G357 9370 9382 89394 9406 .9418 9429 9441
16 0452 9463 9474 9484 G405 8305 8515 9525 9535 9545
1.7 9554 9664 8573 .89582 9581 9589 9608 9616 8625 8633
1.8 .8641 9649 OB56 9664 9671 9678 9686 9693 86098 Q706
19 9713 9719 9726 9732 9738 .9744 .9/350 9756 .9 /061 9767
2.0 9772 9778 9783 9788 9793 9798 9803 .9808 8812 9817
2. 9821 agYe uB30 yvsa 9B38 9842 .8840  .95000 2054 0867
2.2 9861 8864 9868 9871 9875 .9878  .9881 8884 9887  .98%0
23 9883 9896 .9898 9801 9904 9906 9808 9911 9813 9916
24 Q9918 9920 9922 9925 9927 9929 .993t 9932 .5934 9936
25 9938 9940 9941 9943 9945 9846 9948 .9948 9951 9952
26 9953 89565 9958 9857 9959 9860 98061 983572 9563  .49964
27 Q965 9966 .9967 9968 9963 .99/0 9971 Q972 9973 9974
28 9974 9975 9976 9977 9977 g9g78 9979 9979 9880  .9981
2.9 8981 gg8? 998z .9983 9984 9884 9985 .9985 9886 8986
30 .9987 .9987 9087 0988 9988 9989 .96898 9989 9990 .9290
3.1 99380 8991 8991 9901 9992 .99¢2 99872 9992 98983 .9993
3.2 9883 9993 9994 9894 9994 98394 9994 9995 9995 8995
3.3 .9898H  YyHo yyys G098 9998 989G  .33JC 0006 .0006 Pee7
3.4 8987  .999Y 9997 9997 .9997 9997 9897  .9997 9997  .69068

f{f-ﬁff—ﬂ-:ﬁdﬁ/ 60
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