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STATISTICS (PAPER-I)

Time Allowed : Three Hours Maxamum Marks 25G|

QUESTION PAPEER SPECIFIC INSTRUCTIONS
(Flease read each of the following instructions carefully before attempting guestions)

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

Candidate has to attempt FIVE fquéastions in all

Caestion Nos, 1 and 5 are compulsory and out of the remaining, THREE are to be attempted
choaozing at least ONE guestion from each Section.

The number of marks carried by each question/part is indicated against it

Angswers must be written in the medium authorized in the Admission Certificate which
must be stated clearly on the cover of this Queslion-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 mdicate the same clearly.
Unless and otherwise indicated, symbols and notations carry their usual standard meaning, |

Attempts of questionis shall be counted in sequential order. Unless struck off, attempt of a
question shall be counted even il attempted partly. Any page or portion of the page left blanlk
in the Question-cum-Answer Booklet must be clearly struck off.

MNormal Distribution Table is given in Page No. 9.
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wWiE—A [ SECTION—A

1. (o) UH A H 1 ¥ N wenfFd N e @ e R) o o 9ERos w9 g Ji9g 4 9 on feRe

(b)

(c)

(d)

frmrem 14k X, X, .., X, Feid g Radl & o §l, @ E (max X)) #0087
A box contains N 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 is
E {max X;}?

AW F UH Hedd A 9 @ Wik 4 tem B, W g SR T wem FToaE
1—{L=F)" it sirar 527 we 2
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.
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If Z, and Z, be two independent standard normal variables, show that the

b + 4 A
distribution of the ratio ?1
2

iz Cauchy with probability density function

g0

_—21 — Ba X DO
Tl +x7)

TR W2 pix; @), x=2, 3, 4, Eﬂﬁﬂni. %% W faEn fifm) i § amEm 1 =
e wfiest ferar s & oW 98 3 um da ) 6 T sty weTEe AT W i

Congider the: probability distribution p(x; B, x=2,3.4, 5 and 6=, % %

A sample of size 1 is drawn from the population and it is found to be 3, Obtain
the maximum likelihood estimate of 8.
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(b)

(c)

M-ER- - 5T 60 3

T T v mefErE = xR, P mi mem we (pomlf) fi(x: 8), x=0, 1, .., 5
0 - ; ; 2l Tt |l ° f(x 0) % | By R r:::=3{5‘2 HUFA TR T SR Tihedl
leazgﬁmmmﬁm Hu:ﬁ:; % vhem % o gaten wiAE 29 T
Hifam)

Consider a random variable X with p.mf fix; 8, x=0,1, ..., 5 H—l, =, 'The

S
following table pives Uie values of flx; 0). Obtain the beot oritical region to lesl

the null hypothesis H, 18 = % against H; : 8 = % at level of significance o = %
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n EEAS e AT A TReme] U T U 6 B %1 Wi w1 et

What is the probability of an even number of successes in n independent
Bernoulli trials?

A T 5EE F v A weE W v el e e @ B owoft wwm w @ osww ey
T &, PRt men | 500 T2 & R E g T g, Bl e ag oso0 92 ) 9
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TN 300 W2 ¥ AR AN 5 AEE Wed B | TR "ed ] A 2 SEEEh e 5
AT G TR T ARl R A AT AT R R wi = fuf e & iy

You bought a box of lightbulbs 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 are alive. Assuming that
the: life of an individuaal ]ighl‘huih has an exponential distribution, how would
you now assess the probability that you bought long-life bulbs?

Afd @=wE (0, 1) 9@ 20 s dend @ e w9 e 8, o3 genaEl = de
FA-T-F & B Al e = T

If 20 random numbers are selected independently from the interval (0, 1), what
iz the approximate probability that the sum of these numbers iz at least 87

142
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Given a random sample (X;, X, ..., X,.) from N(u, 132} with all paramcters
unknown. Write down the likelihood funclion L 1, ::in. Show that for all ., U:J'ﬁ

1 1
Bl

and comment. Now find for any e =0

(X, —E“]um, a?)
i=1

] i
Pl X il =
n
and hence establish that e EXI- is a consistent estimator of p. 20
I

1=1

(b) 10 Tamnfem =gl % amg A+ =it 7 €6 1 aferegn w1 wlew, wies st & fm 10%
FEfFA-F o AA-fE U-glem F1 s s g i (s e /e @t w5

Iy i)
1Y (= #)
ey 26 | 43 | 35 |38 |33 |42 [40 |44 | 25 | a1
afger | 47 | 48 | 34 | 34 | 47 | 35 | 32 | 35 | 30 | 44

Test the hypothesis of no difference 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] :

Age (in years)

44
35

25

31

30

44

Male 20 | 43 | 35 | 38 | 33 | 42 | 40D
Female | 47 | 48 | 34 | 34 | 47 | 35 | 32
4
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fc) ﬁﬁaﬁﬁaﬁﬁmﬁ,x(ﬁﬁ},ﬂﬁmﬁ,mﬁmwm%%,ﬁﬁehm

T HETE HiEE | A O-R A 9 EEE 2 9T T 92T (o, A), A T A "4 &) s
5 wed] % TF Agiese wiasd ot oftew ey 3-8 9w &1 7 R TR we F I F g 6
i dd TR Freefer |

The life of an electric bulb, X (in hours), [bllows the exponential distribution
with mean life %, where 8(>0) is an unknown parameter, The prior distribution
ot 4 has a gamma distribulivn {u, 2) with mean 08 and stondard deviation 2,

The average life of a2 random sample of size 5 bulbs is 3'8 hours. Calculate the
Bayes’ estimate of 8 using the squared error loss function. 15

4. (a) ﬁmw&%_w%%q:ﬁmﬁmmmuﬁw (SPRT) =gra= #ifem, il
e e |

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

(b} " fF X w1 @eq wwl B, feEE =S B B UR-smaw wHA W WEM wW 4
-8 gk
qr[Ei}=E;—,aﬁkﬁ{ﬁm%,%ﬁuwmm%mmm|

Let X ~ Poisson (8). Using Rao-Blackwell theorem, obtain a minimum variance
-8 ak

unbiased estimator for y(d) = , where k is an integer. 15

(c) T (X, ) AEFEE T T E FAE, T OP(X, =n)=1, n=1, 2, ... T & He A
&1 (F,, |, 92 Fer 1 s sthimfer g 87
Consider a secquence of random vanables |[X,)}, where FH(X, =h]=1,

n=1,2, ... Does the sequence of distribution functions {F,} converge to a
distribution function? 15

HiE—B / SECTION—B

5. (@) 3@ X, =YYy X,=VY,+V¥y, Xy =Ya+Y, 56 ¥, ¥, 79 Y, Seeqa] a5+
T E A T & wle &l He T UE T REed U A, @ X 7 X,, X, A apmeee
T S A
X, =Y, +Yy, Xy =Y, +Y;, X3 =Y3 +¥], where 1], ¥; and V5 are uncorrelated
random variables and each of which has zero mean and unit standard
deviation, find the multiple correlation coefficient hetween Xy and X,, X5, 10

- EF-(-5TE[ 60 5 [P.T.O.
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(b AT TERERT W AP % A e Uy T my € @ U, (i B A @ wimE s) W
1 59T m % WMV (projections) FAW: I 79 m, ¥, T wNEE 6 I = m,.

If I'y and m'y be two estimates of the estimable function A'B, and [, and m, are
the projections of [ and m respectively on V, (the column space of coefficient

matrix A}, then show that [, =m,. 10
(c) wfras stfrrer #1 oftue s ofEn T SRfedisa @ves HlHEeTT TR AT

Ffdmoal 81

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

design. 10

{@) W T T SEe ¥ 350 g, Ys, s Yy, SRSWOR (N, n) & T g 2| T fF e
e 3, BHTE A 7 ety s e A e

In SESWOR (N, n) resulting in unlabelled abservations Uy, Yz, -, Uy Show that
the sample mean ¥ is the best linear unbiased estimator of the population
Tnear. 10

fe} U faR FEETE wO{E BVN (4, g, OF, 63, p) § 30T n =3 % IEfeom wfaw 1 =

tfamw foe 2
6 10
X=|10 6
gt

10% arFa-mn W dwfevs o Hy cn # pg * fasg RBusoly miemem Hy op=pg
=] Wi s, wE g = (8, 55

(AN 91§ B ¢ Fyyo.00 =295, Foap 2 = 852632

The data matrix for a random sample of size n =3 [rom a bivariate normal
population BVN (W, fg, Gi‘!, D’%, p is

6 107
x=l10 6
Sana) |

Test the null hypothesis Hy ip =p, against H; ip#pg, where pg =(8, 5, at
10% level of significance.
[You are given : Fg a1 =495, Fpyg.1 2 = 8- 52632 10

6. () WA 5 U={1,2,.,N @mm N f =fifm @ &1 " & S ={1
S, ={Jj=L j j+l}y j=2,., N=1 @0 Sy ={N}, sifEaatl  P(S;) =
j=1,2, .., N % vfoet #1 wem od fidi s ared) sidde wflsme g S
Let U={1,2,.., N} be the finite population of size N. Let §; ={l},
§;={j-1 j j+l}, j=2,., N-1 and Sy ={N} be the samples with
probabilities P(S;) = j, j=1, 2, ..., N. Find the first- and second-order inclusion
probabilities. 20

ST 7 G /60 B
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(b} TF1 T N, B bx v i Egiia s g% imegn (BIBD) 1 WE A A ) e
bz

Let N be the incidence matrix of a BIBD of order bxv. show that b= 15
0 T F AR AEEEE = Y, Yy, ¥, 79 Y, §, TR O e yem e g
E(Y,) =E(¥y) =8, +8,, E(Y3)=E(Y;)=0;+0, 7 V() =02 i=1,2,3,4
T o 178 = 1,8, + 1,0, + 150, F FeheriEa 1 diiad Fefe)

Consider four random variables ¥}, Y5, Y5 and ¥, with means and variances as
follows :

E(Y,) =E[Y,) =6, +8,, E(Ys)=E(¥4) =06, +8; and V[¥;)=a? i=1,2, 3,4
Determine the condilion of estimability of the parametric function

10 =18, +1,0; +150, 15

7. (a) @R X %1 N, E) 70 C T m T =0 mx p A= 9, o =i
CX ~ N, (Cn, CEC’)
If X follows N, (1, ) and C is an mx p matrix with rank m, then show that
CX ~ N,,[Cp, CZC’) 20
(b) T Hifsw 5 vF Afrern & g @4 F fru si4ge% ©d w60 W6 nzb+v-1 %, 5
n Dol 6w )

Prove that the necessary and sufficient condition for a design to be connected
is nzb+v=1, n being the number of vbhservations. 15

() WU = {1, 2; 3, 4, 5, 6} ¥@M 6 F v 4R gale 2| 7l = e

Sy =l =03, 52 = (3 4 5 S =L 2 6) 54 =03, 4, 6} &I A
Pls;) ==, i=1,2,3, 4

=0, =Y

£~

e -4ige aT%a (HTE) Fefew wd sm: a9 f% HTE, @4k 99 1 & S
HFAF B |

Let I7 = {1, 2, 3, 4, 5, 6} be a finite population of size 6. Let S; ={5 =(l, 2),
S, =13, 4,5, 53 =(L 2 6), 54 =3, 4 6)} be the support of the design. Let

P{s,-'_l=i, i=1,7 3 4
=0, otherwise

Obtain the Horvitz-Thompson estimates (HTE) and hence show that HTE is an
unbiased estimatar aof the population total. 15

AERE- T E B0 T [P.T.Q.

Downloaded From: http://iasexamportal.com



Downloaded From: http://lasexamportal.com

8. (a) T B X =(X;, X, Xi) W wewEm dfwm frew o

ThE o
E=| -2 5 0O
gm0
T T B I S § YN | 9 e UA T A g T S e g R 3
Eale e ol
Let X =(X;, X5, X3)" has the following eovariance matrix :
R T
P M L
3

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

(b) AR X, A1 Xy FH: (ny x p) T (ny x p) FR F w07 ofwe demm et o x (1= 1, 2)
I iR n, T UHEH VA G W N (0, ) A, Ay =, @8, = 2, F fow i 5
M2 p? w2 (p, n-2) 7, MW n=n, +n,
I

D? wiesl mErErEE gl afiEsde ¥

If X; and X, be independent data matrices of order (n, x p) and (n, x p)
respectively and if the n; rows of X, (i =1, 2) be identically and independently
distributed as Ny(u;, ;). then for ) =p, and %, = Z,, show that

M2 p2 o T*(p, n—2) variable, where n = m +ng
Fi

D? denotes sample Mahalanobis distance statistic. 15
(c) Ty e T 2-TeF ST TR S o O %, 3-99F A9l 4-urd Seaihar
W] T HEA 9 e g efiE A 2 dem el 20, 2%) sfiwegn w1 e fif)

Construet (2°, 2%) design with minimum number of replicates achieving
balanee over 3-factor and 4-factor interaction effects without confounding any

main effect and 2-factor interaction effect. 15
ok W
ML TR B0 g TB5—40
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TOTHT ®27 OHUT / Normal Distribution Table

- i) T +;

00 ol .02 .03 04 05 06 a7 .08 09

0 .5000 .5040 5080 5120 5160 5188 5239 5279 5319 5359
4 5398 5438 5478 5517 5557 5596 5636 5675 5714 .5753
2 E793 5A32 5871 5910 BR4B . 5937 8028 6064 6103 .G6141
3 EB179 6217 6255 6293 G331 6368 6406 8443 B480 6617
4 B554 6591 BE2E 6664 6700 6736 6772 6BOB 6B44 6879
5 @915 6950 .6985 7018 7054 7088 7123 7157 7190 7224
8 7957 7291 7324 7357 7380 7422 7454 7486 7517 7549
7 7BBD 7811 7642 7673 7704 7734 7784 7794 7823 VBSZ
B 7881 7810 7939 7967 7985 BOZ3 8051 .BO78 8108 8133
9 8159 .BiBS B212 8238 8284 8289 .8315 8340 .B365 8388
10 8413 8438 B451 B4B5 B508 8531 A554 8577 .8599 .8621
11 B8@g43 BEB5 BEBB B703 8720 8748 B770 8790 8810 .8830
12 BB40 _BREC BSES .BO07 8925 .8044 BOB2 8080  BAG7 9015
13 9032 9040 OOBE .B0OBZ 9088 8115 9131 9147 6162 .BiV7
14 g§182 9207 9222 9238 6254 8265 8278 6202 G306 6319
15 0337 9345 9357 9370 .9382 5394 9406 G418 9428 9441
16 9452 9483 9474 G484 8485 9305 9515 BLUS BE35 945
17 09554 9584 O573 8582 9591 9599 8608 9616 9825 8633
18 96841 9840 O556 0684 5571 9678 96GB6 9693 9699 9706
19 9713 9719 9726 9732 9738 9744 9750 .9756 Aa7e1 .9TeT7
20 ©O772 ©778 9783 9788 9793 9798 9803 9808 8812 .87
294 QA2 98826 OE3D uH34 6838 9842 DEB40 5050 9054 JB8eT
22 ©BG1 .9BG4 9868 OB71 9876 9G/8 9881 .9BB4 .9BB7 8830
23 OBG3 OROG 9698 9901 .9904 9306 8808 8B 8813 8916
24 9918 0020 BE22 9925 9927 9929 @831 9832 8834 5336

25 G938 0040 0041 9943 6B45 9946 0948 9940 0651 9052
25 @ggs53 9955 9056 9957 0859 9960 9961 9962 9963 0964
7 0oRE OG66 9957 0068 098D 9970 9971 9472 9973 9574
28 0074 Oo75 9976 9877 9977 0078 G479 .0978 8980 9981
5g 9981 0082 ©OB2 9883 9984 9984 D985 9985 .DUBG 9986

a0 9987 9087 0087 G988 .0OBE 9989 9GBG 9989 0980 .3990
a4 G©O50 ©O991 9991 9891 9992 9992 9EG2  .GoE2 .00O3  .9993
32 0903 0003 9994 9994 9994 9934 9994 9oe5 9595 .8995
34 0055 Wuuys Wue5 0ODB .B998 (999G 9006 DDDE  .DDBE  .BW9T7
34 0007 .8S07 6097 9097 0997 0997 0007 .BOD7 6807 .5998
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