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STATISTICS (PAPER-I)

Time Allowed : Three Hours Maximum Marks : 250

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.

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 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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TUus—A [/ SECTION—A

1. (@) (i) n=TRd A, A, -, A, & fou e fF
P[ﬁAi]ziPmi)-{n—n
i=1 i=1
Show that for n events A;, A,, -, A,

P[ﬁAiJziP[Ai}—(n—l)
i=1 i=1

(i) @ wER IvEfstd geTet A 9o B ¥ fou feasd &

P(A|AUB) = Rﬁ%; P(A), P(B)>0

For two mutually exclusive events A and B, show that

PA . pay, pB)>0

P(A|AUB) = Py

(b) WEI X QA Y % G WIal 295 o 2

2
HLQ=£§§Q,x=QL2;y=LZ&4

Fd HifeE—
(i) X @M Y F dH= Wiedl S99 Ho;
(i) PX<1Y>2).

Let the joint probability mass function of X and Y be

_x*+2y

plx y) 30

,x=0,1,2y=1234

Find—
(i) the marginal probability mass functions of X and Y;
(i) PX<LY>2).
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(c) T Agfes® I X &1 MRl 5+ B &
e *x*
Al

&l A U U QUi 2| efiera srafie 1 3w #d gu e

flx) =

= X0

PO<X<2(0+1)]>——
A+1

A random variable X has the probability density function

e *x*

flo= =

s xs0

where A is a positive integer. Using Chebyshev’s inequality, show that

PO<X <2 +1)]> 2
A+1

10

(d) (i) TA-sIFae THT H Geal § F8 THEHH <Had S 3FREd e (UMVUE) 319
Fd &, qU it |

Describe how Rao-Blackwell theorem enables one to find the UMVUE. 5

(ii) BE X, Xo, -, X, TF Agfow ufaed @, S v wnfy, S wisar s9a wem
(p.d.f.)

flx, =0x"1;,0<x<1,6>0
2, @ for e 1 Feared e [ X, © o vt wfeaster 21
i=1

Let X,, X,, ---, X,, be a random sample from a population with p.d.f.
flx, 8)=6x""1; 0<x<1,6>0
n
Show that []X; is sufficient statistic of 6.

i=1 5

(e) P(6) ¥ AWM n & U Igfeas ufdesl od g0 H, : <0, fa%g H, : 0> 0, & wliemm & ferw
HITFAT I ThE (LRT) @ Fifsd |

Obtain the likelihood ratio test (LRT) for testing Hy : 6 <8, against H; : 6 > 6,

using a random sample of size n taken from P(6). 10
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2. (@) (i) UFIRESF X, SmE wiewa 996 A (p.d.f.)

x , 0<€x<l
fl)=42-2%, 1sx<2
0, =’

2, ® 3l 59 weH (m.g.f.) I FER | 38 90 I9F oA (m.gf) | E(X) @
V(X) 91 hifs |

Find the moment generating function (m.g.f.) of a random variable X with
probability density function (p.d.f.)

x , 0=2x<l
fld=42-x, 1Zx<2
0 , otherwise
Using this m.g.f., find E(X) and V(X). 10

(i) T 0y (t) = et /2 U AglenE W X H AN Gor §| Wi g I
TU X 1 WIRHAT 99 Fe 1 e |

2
Let ¢y (t) =e”" /2 be the characteristic function of a random variable X.

Using the inversion formula, find the probability density function of X. 10

(b) (i) TUH FR H THA Th WS A FE | A ST G99, 5§, T Igfess W X g, R
wifear ¥ B (p.d.f.) &

fl)=c@x-x?), 0<x<4, c = B* 2

c # aF Fefead | = geaet f nfiwar 3@ fEE 5 = e, 9 vs § 3@ and 2,
Ia% fau—

(1) X 9 F9-8-F4 TF ¢ T dF 9 FH 8
(2) X1 HF Y 2l B

The time required, in hours, to repair a car at a garage is a random
variable X with probability density function (p.d.f))

f(x)=c@x-x?), 0<x<4, cis a constant

Find the value of c¢. Obtain the probabilities that for a car which arrives
now at the garage—

(1) X is at least one but less than three;

(2) X is more than two. 9
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(ii)
f[x]z%@—x]; 0<x<?2

UF Had Agfesh 9 X H NIRRT Tt Hoid & | X 1 et 929 Sor fafad qun
P(1<X<§]
2 2

19 s
Let

f[x)=32Tx(2—x]; O<x<?2

be the probability density function of a continuous random variable X.
Write the cumulative distribution function of X and find

P(1<X<§—]
2 2

(c) (i) WHT X THEHE S H (0, 1) H T FA1 & 90 FA Y = —log, (1 - X). Y & §A
sma ifs |

Let X follow uniform distribution on (0, 1) and let Y = -log (1 - X). Find the
distribution of Y. 5

(i) WA X, X,, - 0 Agfeas 90 6 UF IFFEA 39 TEN © 6
PX, =n]=1 @n P[X, =0]=1-1, k=12, -
n n

gitegor 1S % 39 FaEen & o geq gensdt =1 f&a f7m (WLLN) %1 sigamn g 2
RIEGH

Let X,, X,, --- be a sequence of independent random variables such that

P[Xk =r’],]=l and P[Xk =0]=1“£; k=12, -
n n

Check whether the weak law of large numbers (WLLN) holds for this
sequence or not. 5

(iii) TF IUEH TG F IAE FA1 8, EE WA AR 100 g 9O wHO 16 g2 Bl

64 Fwgaii % wfaesl & fow &=/ dim w9 (CLT) &1 ¥&m & §T P(99 < X <101)
T FRR | X, 64 FEgai 1 wfaest @17 2

A manufacturer produces items with mean weight 100 g and variance
16 g?2. For a sample of 64 items, find P(99 < X <101), using central limit

theorem (CLT). X is the sample mean of 64 items. 5
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AREAS UNDER STANDARD NORMAL PROBABILITY CURVE

Normal probability curve is given by

D S N V2 o R
f"‘"c,/z—ne"p{ e } —

and standard normal probability curve is given by

1 1 2) X=p =X
¢(Z, -\/ﬂ p( 2 Z=0 =2
where z =X "B _ X~ _ N, 1)
Ox o

The following table gives the shaded area in the diagram, viz., P(0 < Z < 2), z > 0, for different
values of z :

: 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

VONOUAWN—~OONNDUAWNRDVONOUNBERLWD~OODNONAWN =D

WRRWROWRWWNNNNNNNNNN e m e m e 0000000000

0.0000 | 0.0040 | 0.0080 | 0.0120 | 0.0160 | 0.0199 | 0.0239 | 0.0279 | 0.0319 | 0.0359
0.0398 | 0.0438 | 0.0478 | 0.0517 | 0.0557 | 0.0596 | 0.0636 | 0.0675 | 0.0714 | 0.0753
0.0793 | 0.0832 | 0.0871 | 0.0910 | 0.0948 | 0.0987 | 0.1026 | 0.1064 | 0.1103 | 0.1141
0.1179 | 0.1217 | 0.1255 | 0.1293 | 0.1331 | 0.1368 | 0.1406 | 0.1443 | 0.1480 | 0.1517
0.1554 | 0.1591 | 0.1628 | 0.1664 | 0.1700 | 0.1736 | 0.1772 | 0.1808 | 0.1844 | 0.1879
0.1915 | 0.1950 | 0.1985 | 0.2019 | 0.2054 | 0.2088 | 0.2123 | 0.2157 | 0.2190 | 0.2224
0.2257 | 0.2291 | 0.2324 | 0.2357 | 0.2389 | 0.2422 | 0.2454 | 0.2486 | 0.2517 | 0.2549
0.2580 | 0.2611 | 0.2642 | 0.2673 | 0.2704 | 0.2734 | 0.2764 | 0.2794 | 0.2823 | 0.2852
0.2881 | 0.2910 | 0.2939 | 0.2967 | 0.2995 | 0.3023 | 0.3051 | 0.3078 | 0.3106 | 0.3133
0.3159 | 0.3186 | 0.3212 | 0.3238 | 0.3264 | 0.3289 | 0.3315 | 0.3340 | 0.3365 | 0.3389
0.3413 | 0.3438 | 0.3461 | 0.3485 | 0.3508 | 0.3531 | 0.3554 | 0.3577 | 0.3599 | 0.3621
0.3643 | 0.3665 | 0.3686 | 0.3708 | 0.3729 | 0.3749 | 0.3770 | 0.3790 | 0.3810 | 0.3830
0.3849 | 0.3869 | 0.3888 | 0.3907 | 0.3925 | 0.3944 | 0.3962 | 0.3980 | 0.3997 | 0.4015
0.4032 | 0.4049 | 0.4066 | 0.4082 | 0.4099 | 0.4115 | 0.4131 | 0.4147 | 0.4162 | 0.4177
0.4192 | 0.4207 | 0.4222 | 0.4236 | 0.4251 | 0.4265 | 0.4279 | 0.4292 | 0.4306 | 0.4319
0.4332 | 0.4345 | 0.4357 | 0.4370 | 0.4382 | 0.4394 | 0.4406 | 0.4418 | 0.4429 | 0.4441
0.4452 | 0.4463 | 0.4474 | 0.4484 | 0.4495 | 0.4505 | 0.4515 | 0.4525 | 0.4535 | 0.4545
0.4554 | 0.4564 | 0.4573 | 0.4582 | 0.4591 | 0.4599 | 0.4608 | 0.4616 | 0.4625 | 0.4633
0.4641 | 0.4649 | 0.4656 | 0.4664 | 0.4671 | 0.4678 | 0.4686 | 0.4693 | 0.4699 | 0.4706
0.4713 | 0.4719 | 0.4726 | 0.4732 | 0.4738 | 0.4744 | 0.4750 | 0.4756 | 0.4761 | 0.4767
0.4772 | 0.4778 | 0.4783 | 0.4788 | 0.4793 | 0.4798 | 0.4803 | 0.4808 | 0.4812 | 0.4817
0.4821 | 0.4826 | 0.4830 | 0.4834 | 0.4838 | 0.4842 | 0.4846 | 0.4850 | 0.4854 | 0.4857
0.4861 | 0.4864 | 0.4868 | 0.4871 | 0.4875 | 0.4878 | 0.4881 | 0.4884 | 0.4887 | 0.4890
0.4893 | 0.4896 | 0.4898 | 0.4901 | 0.4904 | 0.4906 | 0.4909 | 0.4911 | 0.4913 | 0.4916
0.4918 | 0.4920 | 0.4922 | 0.4925 | 0.4927 | 0.4929 | 0.4931 | 0.4932 | 0.4934 | 0.4936
0.4938 | 0.4940 | 0.4941 | 0.4943 | 0.4945 | 0.4946 | 0.4948 | 0.4949 | 0.4951 | 0.4952
0.4953 | 0.4955 | 0.4956 | 0.4957 | 0.4959 | 0.4960 | 0.4961 | 0.4962 | 0.4963 | 0.4964
0.4965 | 0.4966 | 0.4967 | 0.4968 | 0.4969 | 0.4970 | 0.4971 | 0.4972 | 0.4973 | 0.4974
0.4974 | 0.4975 | 0.4976 | 0.4977 | 0.4977 | 0.4978 | 0.4979 | 0.4979 | 0.4980 | 0.4981
0.4981 | 0.4982 | 0.4982 | 0.4983 | 0.4984 | 0.4984 | 0.4985 | 0.4985 | 0.4986 | 0.4986
0.4987 | 0.4987 | 0.4987 | 0.4988 | 0.4988 | 0.4989 | 0.4989 | 0.4989 | 0.4990 | 0.4990
0.4990 | 0.4991 | 0.4991 | 0.4991 | 0.4992 | 0.4992 | 0.4992 | 0.4992 | 0.4993 | 0.4993
0.4993 | 0.4993 | 0.4994 | 0.4994 | 0.4994 | 0.4994 | 0.4994 | 0.4995 | 0.4995 | 0.4995
0.4995 | 0.4995 | 0.4995 | 0.4996 | 0.4996 | 0.4996 | 0.4996 | 0.4996 | 0.4996 | 0.4997
0.4997 | 0.4997 | 0.4997 | 0.4997 | 0.4997 | 0.4997 | 0.4997 | 0.4997 | 0.4997 | 0.4998
0.4998 | 0.4998 | 0.4998 | 0.4998 | 0.4998 | 0.4998 | 0.4998 | 0.4998 | 0.4998 | 0.4998
0.4998 | 0.4998 | 0.4999 | 0.4999 | 0.4999 | 0.4999 | 0.4999 | 0.4999 | 0.4999 | 0.4999
0.4999 | 0.4999 | 0.4999 | 0.4999 | 0.4999 | 0.4999 | 0.4999 | 0.4999 | 0.4999 | 0.4999
0.4999 | 0.4999 | 0.4999 | 0.4999 | 0.4999 | 0.4999 | 0.4999 | 0.4999 | 0.4999 | 0.4999
0.5000 | 0.5000 | 0.5000 | 0.5000 | 0.5000 | 0.5000 | 0.5000 | 0.5000 | 0.5000 | 0.5000
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3. (a) WA

(b)

3 x2).
flx y)=z xy+? ;0<x<],0<y<?2

X @ Y %1 G Wehal 9cd Heid 2| T hifer—
(i) X aAY % Hmrd Wil 9qed $e;

(@) E(X) @91 V(X);

(i) E(Y) @ V(Y);

(iv) XA Y A HEyEl;

(v) XTI Y F HeA HeaE O |

Let the joint probability density function of X and Y be

3 x?
f(x,y)=Z xy+—2— ;0<x<1,0<y<?2

Find—

(i) the marginal probability density functions of X and Y;

(i) E(X) and V(X);
(i) E(Y) and V(Y);
(iv) covariance between X and Y;

(v) correlation coefficient between X and Y.

Fefel % 2 FiE & Se-ung, 9 4, R fA ™ 2

FEA : 40 30 40 45

e B 50 50 45 55

20

55 30

60 40

(i) FieamTRE -fERAE wa qon (i) Tiere (Hifemm) whau # 3w = gu wham fiE

1 A S{EH-H9T F g F 91 3 i §

4
[Dﬁ, 6, 0-05 = g}
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The lifetimes, in hours, of two brands of batteries are given below :

Brand A 40 30 40 45 55 30
Brand B 50 50 45 55 60 40

Examine whether the two brands are different with respect to average life using
(i) Kolmogorov-Smirnov test and (ii) median test.

4

[De. 6, 0-05 = —]

6 8+7=15

() Tag HifA &5 ww-vre aEm@Ed sea-gag F oo w9 v @i sfesls #1 e @@ 2
0 I | A femd B ww vfeew F g & for wftest @m wiw wfvesis B 9w o
Fared T 70 78 s I 2
Prove that there always exists a sufficient statistic for the one-parameter
exponential family of distributions. Using it, show that sample total is

sufficient statistic for the parameter for the Poisson model. State whether this
estimator is complete. 15

4. (@) WA X, X,, -, X, TaA T A sfed (iid.) TEREs W E, St N(u, 02) 1 FgEm
FQ 21 62 &1 AHaH G THas T S an Wy FRA 5 72 safea & @ a8
afe 78 afima B, @ o2 & foru smfia steas yeaifad IR o g dndar =1 adem
IS | smerernt it 1t mren A Fi gon oft Hifsd)

Let X,, X,, -+, X,, be ii.d. random variables following N(u, 6%). Find the

2 and examine whether the same is

unbiased. If biased, suggest an unbiased estimator for o? and examine
whether it is consistent. Also compare the mean squared errors of the
estimators. 20

(b) n AN F UF i ufdedt N, 0?) § o e ) wET 6 1 0 Sed Ny, 1) B, S
o2, uwd 2 3 &1 0 F AA A (i) T 1 @ Bew a9 (i) 7 (absolute) Iz @l
HEH % SFad [d it |

A random sample of size n is drawn from N(8, 0‘2]. Let the prior distribution of 8

maximum likelihood estimator for o

be N(u, t2), where 62, u and t2 are known. Obtain the Bayes estimator for 0

under (i) squared error loss function and (i) absolute error loss function. 15

(c) HHEG Wiawal IO T (SPRT) &1 aviq Fiferd | @i () ¥ o ™ agfea® Qe 4
Hy:0=0, f9%s H,: =0, % wl&w & fu SPRT 3w il 39 wfaw & @ w=ew
srfa@s %@ (OC function) it 3a Hfsd|

Describe sequential probability ratio test (SPRT). Find the SPRT for testing
Hy:8=80, against H;: 8 =8;, using random observations from Poisson (8). Also
find the OC function for the test. 15
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@uvs—B / SECTION—B

5. (@) #HY,,Y,, Y, U anty, fSaw o uan v o2 §, § n w@a Gam § | g e
T s e a9 62 w1 fREd sEfEa sees 3 FiE

LetY), Y,, -+, Y, be nindependent observations from a population with mean u

and variance o?. Obtain the best linear unbiased estimator of i and an

unbiased quadratic estimator for ¢ 2. 10

(b) Taferbert faverew # affaor e @ w@wened | & T T vEEE waE & o e %
fafarera wem =1 aftarfia i qon 72 73 ™ sttt % o s omm Hif

24 18 9 -5
W _ (2 _ o V=
o =i 47 <(0) 25 )

Explain the problem of classification in discriminant analysis. In case of two
known multivariate normal populations, define Fisher’s discriminant function
and calculate it for the data given below :

24 18 9 -5
W _ @) _ PR
: [12)’" [10} g2 [-5 8} 10

(c) THE-wEE W gfiEs Y = X B+ u Hf EY)=Xp a4 D(Y)=Y ¥ W0 ud

nxl nxppy; nxl
HE-SHW SR = 021 % i e @ g s
E[Y{I-X(XX)"' X"} ¥Y]=0*(n- p)
Discussing Gauss-Markov linear model Y = X f + u with E(Y)=Xp

nxl nxXp pxil nxl

and D(Y) = variance and covariance matrix of ¥ =c 2], show that

EY{I-X(XX) 'X}Y]=062(n-p) 10

(d) FAEOERTEd W Agfee® ufdayl (SRSWOR) & wfaest w1ed % e &1 = i |

Derive the variance of the sample mean under simple random sample without

replacement (SRSWOR). 10
(e) UF gufe 9 w4 fawnfoa i St 81 wufy @ Fafefaa afwe fod ™ 8 .
(3oL Ny, S}z: Ch
h
1 200 25 -+
2 300 36 9
3 500 49 16

(i) sgiash Frrem aon (i) spaw faaa % sraita uds T % fou ufaes s s AR,
vt Fel afaeel s 100 2
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A population is divided into three strata. The following data are taken from the

population :
Stratum N, 82 Ch
h
1 200 25 4
2 300 36 9
3 500 49 16

Determine the sample size for each stratum for a total sample of size
100 under (i) proportional allocation and (ii) optimum allocation.

6. (a) WA UB, W= By, By, -, B, F1HE AHCHE e wer 2| 79 g Aol fF—

(i) TEfess =Y, Yy, -, Y, @ 0% Thd W@ %l ¢’ Y F 7 Afed § 36 9F51 2
% ce V(A') @M E(c’Y) = U, 5i&l V(4"), A’ & dfw wfewi g s wfew awfe 2
AN E(Y) = Ap;

(ii) ¢ Y %1 vaw R o Wi aEiied andes ¥ TE § 56 2|

Let I’ be any estimable linear function of parameters ;, B,, -, B ,. Then prove
that—

(i) there exists a unique linear function ¢’Y of random variables
Y, Y,, -+, Y, such that ce V(A’)and E (¢"Y) = U'$, where V(A") is the vector
space generated by row vectors of A" and E(Y)=Af;

(ij) wvariance of ¢’Y is less than the variance of any other linear unbiased
estimator.

(b) W X, X,, -, Xy, N,y(n, I) ¥ & afees sfael 81 Ramd & Hy :p=pn, &=
lep;euo%qﬁm%mﬁz%nmﬂ—ma H, :u=u0ﬁﬁH,:p;&p0%‘%‘ﬂm
S e T T s Ho;uz(gaaqﬂma:%q T2 fets A
mﬁﬁﬁ@@ﬁaﬂﬂwmﬁ%&ﬁaﬁﬁ%mmﬂﬁﬁ:

6 9
X=|10 6
8 3

KVMS-P-STS/21 10
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Let X,, X,, -, Xy be a random sample from N, (m, X). Show that Hotelling’s
T2 statistic for testing Hy:p=p, against H;:p #p, is a generalization of

t-statistic for testing Hy :p=p, against H;:u#u, in the univariate case.

9
Calculate T?-statistic for testing Hy: :[5) on the basis of the data taken

from a bivariate normal distribution given below :

X =

(c) T T R BN FgIE G i fda e gen el ¥ @iy iR

6 9
10 6
8 3

15

Discuss orthogonal polynomial regression on a single variable along with its

principal advantages.

15

7. (@) (i) FHEE ST & A=wid GUE Q1T H AHAF S U] THE TEU T GegEy

T % Uel H ogead e |

Give an estimate for the population mean under systematic sampling and

derive its variance in terms of the intraclass correlation coefficient.

(i) TH T I A W A AT GErEY F I9E i F=91 e

10

Discuss the effect of intraclass correlation on the efficiency of this

estimator.

(b) T=fafiaa s = d1-Frs Tgfess gvE a9 ufaes 4 € .

ik B

B, B, By

FRFH A
6 10 14

Ay
8 12 16
12 16 20

Ap
14 18 22

(i) T & & e # aren wuitwd @ 6 e e wweR wfad @ wd €, S sitwel F

fore aeft Ar=raTet # g Waw ufdey fifiad )

(i) OiEwET 1 TE ®Y  forad gu g gl qon weR et s ader saeo Rrve d

9ol FIROA % W I S 1 ITANT FA g IR |
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The following data come from a two-factor random effect model :

B
Factor B, B, B,
Factor A
6 10 14
Ay
8 12 16
12 16 20
Ay
14 18 22

(i) Given that the experimentor suspects interaction, write the linear model

stating all the assumptions for the above data.

(ii) Clearly stating the hypothesis, carry out the tests for the main effects and

interactions giving the complete ANOVA table for the above data.

5+15=20

(c) UF Ggfeld AP @vew AfFew (BIBD) & YA & v =4 (%), b=6 (GsF), r =3
(ufesfer weds & ), k =2 (WveF JMM), A = 1. FEfafad qamEifsd I9=m (31 FEF)
A (EvSF TE F ) WO Ru g - Q) =12, Q, =8, Q3 =4 AN Q, =0. &

g W a1 g = 2°5.
(i) weartua s 5 78 v fafem= BIBD 21

(i) SUER GATE] T I TEN H AR HIoH |

(iii) 34 BIBD ¥ 2&di® %! Agi=ssh qul @ues AAfihed & e 36t wfesfa @@ & a1 3

EaiEet!

A balanced incomplete block design (BIBD) has parameters v =4 (treatments),
b=6 (blocks), r =3 (replicates per treatment), k =2 (block size), A =1. The
following adjusted treatment totals (after removing block effects) are given as

Q =12, Q;, =8, Q3 =4 and Q4 =0. The MSE is given as 2'5.

(i) Verify if this is a valid BIBD.

(ii) Estimate the treatment effects and their variances.

(iij) Compute the efficiency factor of this BIBD relative to a randomized

complete block design with the same number of replications.
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8. (a) ¥EHT THW S & Ui FifE qu sEs Hewye e fofed ) e X, X, X
M X, WER @ Tgfeos aiew €, S N, (n, ) F1 FGE0 Fd & 7
(i) w,:%xi—%xﬁ:—tx\g—%x‘;

5 1 1
i) Wy=—X;+-
() Wog=o By

%1 €T @24 T i | Ao wiew W, a0 W, &1 85 @2 ft 3ma Fifs)

1 1
Ry —=Xy 5%
2 4 3 4 4

Define multivariate normal distribution and write down its important
properties. Let X,, X,, X, and X, are mutually independent random vectors
following N, (u, X). Then find the marginal distributions of

. 1 1 1 1
(l'.} W! :le —Zx:‘) +4—X3 "Zx‘;

o 1 1 1 1

i) W,=-X,+-X,--X,--X

(@) W, e e e Rl

Also obtain the joint distribution of random vectors W, and W,. 20

() TF N =4 gufe § gea % 9H 8 y, =10, y, =20, y; =30 41 y, =40. T n =2
AR F G Hea wiaed w faw fifsd, e afefae @9 f o, =68 & oo
Iq% IHER x; F U €, &l x, =1, x, =2, x5 =3, x4 =4 GHEI WEAHEAH B

foran e @
niz—;—xé;i=l,2,3,4
(i) W= iR sfeeata ufeest @ (2, 4). efes-gtrma steas B, Gnfe 3 & Ao
EAEe]l

(i) Tm 2 & =E 2 w6 4 F fu gy quEsh wifea ® 1y, = 0-3, 9@ BRfaes-uirE
AFAF F TEU Fd FIE qAT IGF HONHF TG el i GEdEEl @ fogoft
Fifs |

A population of N =4 units has values y, =10, y, =20, y; =30 and y, =40.
Consider a sample of size n=2 without replacement with inclusion
probabilities proportional to a size measure x;, where x; =1, x5, =2, x3 =3,
x4 =4. The inclusion probabilities are taken as

nx
n,=—=-1i=1234
2

r
X

(i) Suppose the selected sample is {2, 4}. Using Horvitz-Thompson estimator,
estimate the population total.

(ii) Given the joint inclusion probabilities 1 ,, = 0-3 for units 2 and 4, estimate
the variance of Horvitz-Thompson estimator and comment on the
possibility of negative variance estimate. 7+8=15
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c) (i) o1 G0 UF AE W1 H e wE i
Distinguish between complete confounding and partial confounding. 5
(i) e S wqE A fF uw 24 -agemeE Wi W 2 sl ¥ aw 22 Gt &

Stk Feho a4 w0, el 8 o gem e wwia T @) S sl § geta
9TE F 3g@ i |

Ilustrate how you will partially confound a 2*-factorial experiment into
22 blocks in 2 replicates with no main effects confounded. State the

confounded effects in each replicate. 10
* &
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