C. S. (MAIN) EXAM, 2009

Serial No. [ 194 ] [C—DTN—J—TUA]
STATISTICS

Paper—I}

[Ti’me Allowed : Three Hours] [Maximum Marks & 300] |

INSTRUCTIONS

Each question is printed both in Hindi and
in English. '

Answers must be written in the’medium
specified in the Admission Certificate issued
to you, which must be stated/'clearly on the
cover of the answer-book"in the space
provided for the purpose."No marks will be
given for the answers written in a medium other
than that specified in the Admission Certificate.
Candidates shauld attempt Questions I and 5
which are compulsory, and any three of the
remaining quesStions selecting at least one
questionfrom each Section.

Assume suitable data if considered necessary
artd.indicate the same clearly.

Thenumber of marks carried by each question
is indicated at the end of the question.
Notations and symbols used are as usual.
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SECTION—A

1. Answer any FIVE parts of the following : 12x5=60

(a)

(b)

(c)

(d)

In a two-tier competitive examination, only
candidates with a minimum score of x in the
prelitninary exatnination are allowed to sit for the
inain examihnation. The score distribution, in the
prelithitiary examination can be assumied to be
normal with mean p and s.d. o.

Derive the expressions for‘the mean and
the variance of scores in_the preliminary
examination of the candidates. sitting for the main
exatriihation.

2 sets of n cards, both numbered from 1 to n, are

randomly matched. Find E(X) and V(X) where X
is the number/Of matches realised.

State (witheut-proof) Tchebychev’s inequality. How
many times’a fair coin must be tossed in order that
the reldtive proportion of heads lie between 0-4
and 0-6 with probability at least 0-9 ? (Upper 5%
and 10% points of standard normal vanate are
645 and 1-282 respectively.)

State the invariance property of maximum
likelihood estimator (m.l.e.). Use this to obtain the
m.l.e. of 1/0 in sampling from

m X £1_aym—x _
f(x:0)= [X)B (1-9) , X=0(1)m
0 . otherwise.
2 {Contd.)
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HIs—h

Freafafaa 7 @ & of I9-aTm & 3Iox e —
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(#)
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12x5=60

oF Q- a9t gfamifaeas gfen &, e
ThEm A gTad GHE x, I A IS gegren 8
g@qﬁwﬁ%ﬁﬁqwﬁ%ngﬁfﬁﬁqﬁwﬁ
HB! BT §eT HHA p M 7S Fuada.g |am
AT B JAAT AT &l B

geg Them & 23 4 yumnn H s
Tle ¥ GHSBI & AT TAT FYIOT F ORI el
TYed-— HITQ |
n HST & 3 Y& H, T BT n T GETiHd
g, ug=om gRfem oo s 21 EX) 3T v(X)
wig iy, e & XS gaen 1 gen 8 )
NN swmiEe F1 Ay (vaer Wra) Fiv 7
F IMifew Iwa ® 04 T 06F fw FH B
7 widsar 009 | g1 & e ww —ue [
& Fa SIS 9T =gy ¢ (WEe g9@Eeg
faat 3 300 5% T 10% fa=g ww@: 1-645 X
1-282 & 1) |
sfeipgR gefaar ssds (m.l.e) & rgaLar
g F1 FUA B | FEHT IFAA HIQ

£(x:6)= {( )9"(1 ™ *, x=0(1)m

0 » YT

T gidaos & 1/0 &1 Afteran ¥ faar smsas (m.l.e.)
T HIA B g

3 {Contd.)
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(e) What is a size-a randomised test 7

For testing the null hypothesis that at most 50%
of the 500 ml. packs of hair oil of a certain brand
are underweight, against the alternative that the
percentage is more, it is desired to examine 8 such
packs chosen at random. Use the following

information to design a randomised test of size
0-05 :

X 1 2 3 | 4 5 6 7 8
f(x)| 0039|0312 1094 -2188| -2934} -2188( 1094 0312 0039
where f(x) is the probability mass function of a
binomial variate with parameters m = 8, p = 0-5.
(f) A group of 20 short distancerunners were subjected

to a month-long training: Discuss how you would
examine if the tzdining was at all effective based
on their timings-to clear 100 meters before and
after the trainingClearly mentioning the underiying
assumptions) if any, the null and the alternative
hypothesesy as also the size-a critical region.

(a) X, and X, are i.i.d. random variables with common

probability mass function

------

= 0 , otherwise.
Obtain the probability distribution of
Y = max(X,, X,). Also derive E(Y). 20
a4 (Contd.)
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(3) TH IMHMH-q I AgRBHF gdeor w1 gar & 7
el aRaEeaar Y B o wie * T
H A & S0 Ay o =t & aftws & sl
50% &9 T B 8 Iweum uReFedn #H gl
s & @ Reg avdem 5@ & e uw gilsa
gre f& ageodr g7 QW@ 8 sl A Wi W

Q| FHT 0-05 F TF Ugoaidd FTHTH =i
Ao FE & o A Saed @ 1 svEn s

X 0 1 2 3 4 5 6 7 8
f(>x) | 00391 0312|1094 -2188| -2934| -2188(.:1094| 0312 0039

&t & f(ix) 9o m =8, p =05 I s fg-uq
fera< =1 TiesaT segHT o & |

(T 209 €8 I gEH B TF GHg B TF HeA
&1 ghavretor fRmr vy wigeror @ gsa A W@ A
100 ed AsA_SA, 39 99T F AT UL AW
Y o w7 yithee gyarasfiaq o1, safHtea
af¥meTEn) SN FTHY-o Fifasw S &1 off Tseqwm
Jo@\FW gL T

(F) KT X, a6 g geaa T wae

fx)=q%, x=0,1, 2, ......
0<p<1} q'=1""p
. =0 , Il
T AR quT wHENT: Sfed (ii.d.) TgfEew wR B
Y = max(¥,, X,) &1 W@ sz g a1 E(Y)
ff =gea iR 20
5 (Contd.)
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(b)

(c)

(a)

(b)

In sampling from N{(pu, 0'2), B unknown,
derive 100(1 — )% shortest confidence interval
for 2. ' 20

Discuss how you would graphically f)erform the
sequential probability ratio test for a simple
hypothesis regarding the mean of a normal
population with known standard deviation ‘d@gainst
a simple alternative. 20

Define probability generating function (pgf) of a
discrete random varia!:_)_le.

Let X be a random variable Wwith p.m.f.
P{X =j} =pj,j=o, 1,2, ...
Set P {X>j}=qj,j=0, 1, 2, ......

and define Q(s). = Z%} q;s’.
J:
|

Showthat, Q(s) = [1 — P(s)] / [t —s], |s| <1,

where P(s) is the pgf of X. 20
For the p.d.f.
_ o2 .
f(x;0)= 1/[r{l+(x—-0)°}]), ~o<x <0
, elsewhere

derive Rao-Cramer lower bound of variance of an

unbiased ‘estimator of 0. 20
6 (Contd.)
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@) N(p, 62), p 396, ¥ gh=as ¥ o’ 100(1 — )%

Wﬁwmmaﬁma%maﬂﬁml 20

@) == AR & v T Faed 9@ oF gEETy

(®)

aqfRe & mer @ g § @ @ aiwer r &
Rz axe dleaw e & Reg 3w srgplaw
TR I T F FoEE ahE ¥ B I

A ? 20

T IEad IgRes WX & WihEar Se W (pef)
1 afsrs Ao

W%X@Wﬁ%mﬂmw
w1 (p.m.f.)

aﬁ'{ﬂﬁwaﬁﬁmQ(S)— qus |

| 3=9
Rrg AR FFQE) =1 1P/ [1 -slIsi<l,
W%P(s)xmqﬁwmqﬁa(pgﬂ%l

g1 20
t{l"i('q i (p_d_f')
f(x;9)={l/[ﬂ{l+(‘x_e)2}], — <X <
0 U
% forg 03 FAPET ITHAP P AT F YA-FHAI
e aftee =gea== s | 20

7 (Contd.)
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(c)

(a)

(b)

(<)

Show that the likelihood ratio test, for the
hypothesis that the means of K independent normal
populations with common variance are identical,
boils down to F-test. 20

The daily demand (in kg) of fish of a certain variety
upto 12 noon with a retailer follows-exponential
law with mean 25. He makes a profit of Rs. 20
on an average for each kg he is able to sell by
12 noon, and incurs a loss of Rs. 10 on an
average for each kg that _rémains unsold after
12 noon.

What is the optimum daily stock he should
procure ? ' 20

For the Pareto“distribution with distribution
function

1-(6/x)% , X220
0 R otherwise

_F(X)={

derive the p.d.f. Also obtain its harmonic mean and
variance. _ 20

Define (i) most powerful test, and (ii) unbiased
test of a simple hypothesis against a simple
alternative.

Show that a most powerful test is necessarily
unbiased. 20

8 (Contd.)
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M

. ()

fearze B o9 ggTo 9@ K @90y T9HEF0 GARed
F "rem g & 9 akwer Tt & forg dwlaar s
qfieror F-gdigqor € wrar 8¢ 20

wh gL # 9ET 12 99 9% T @9 R
& god M gfafs @ " (froume W) w9y 25
I TEF FETEiE w1 gras @ g ufa
T, ofe 98 98T 12 99 9F 99 oW B S9
ATT9 20 €AC FH ATH BT B AT L 12 99

ﬁﬁﬁ@%ﬁ%ﬂﬁﬂ%ﬁﬁ%aﬁﬁ

(=)

()

T AT 107 &7 °reT Bioeg |
yRfes =1 Tsodd coEn Al S99 &Il

ey, sgr & ¢ - 20
AIEY W F REFEnEead vad

4 o
F('x)={1 O7x)% , x>0
o s =TT

2, TIAdT-UHcd BT @ FYeIa-A IO FE D
g0Hs Tt 3T yaewr &y +ff ara i 20

uRaren AR (i) Teaaw ThEm, SRR (i) TF 9

“Flcgr gitsceTT B f8sg o 9 aRREFe AT &6

serferTe T | ‘
fRarey & usw waaay gdevr swanla: AET
BraT 2 | | 20

9 (Contd.)
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SECTION—B

Answer any FIVE of the following parts :—

(a)

12x5=60

A committee of 5 is to be formed from amongst
86 officers, numbered serially from\I*to 86.
Draw a circular systematic sample.for this purpose,
giving the procedure you have/followed in
detail. You may use the following set of random
numbers : |

1349 0417 9311 9787 1284 0769 8422 1077.

(b) Examine, after dedu€ing necessary result, if the

following setlof.correlation coefficients are
internally cénsistent :

[, 0-62, T = 0-55 and r,,; = -0-42.

Locdte\§ points at random on a rectangular
paddy“field measuring 30 m x 20 m for
conducting a crop-cutting experiment. The points
are to be located using rectangular co-ordinates
to nearest decimeters with one corner of the plot
as origin. The following set of random numbers
may be used :

2292 2933 6125 2464 1038 3163 3569 7155
2029 2538 7080 3027 6215 3125 5856 9543

10 (Contd.)
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5 fyeaffog ¥ @ g ofw ST & IO A —

()

@)

(@M

12x5=60

1 ¥ 86 aF FfAwd: sifka 86 sk ¥ | 5 A
o FA AT 2 iRy w1 R s e
fror @ famR ® avfw o gy, SuEEw SR B
g uw g weaee ke gira ) Erage®
genrsi ® Prefafaa ag=aw L IEAT HI Fhd
g -

1349 0417 9311 9787 1284 0769 8422 1077.

sraTaes I T PAEE F§39 ® U9ER WId
R aft Teasgdous ® B Fg==g ST

-

r, = 0621, = 0-55 "’ﬂ_{{zs = _0-42.

TF HEH FEE T F IR B [T 30 m x 20 m
a9 @ETaE § T FEaeR §a d ageedn
sy fraffla Ak @@ @ 6 13 = @
R A g Precan AL W A s Framint
1 IT F Aega A Frafixa #3181 aghe®
' F & e wgEEw w1 I9am e S st
B - '

2292 2933 6125 2464 1038 3163 3369 7155
2029 2538 7080 3027 6215 3125 5856 9543

11 (Contd.)
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(d)

(e)

(H

(a)

For pps sampling without replacement, give
the Horvitz-Thompson estimator of the population
total. Show that it is unbiased. Also obtain its

variance.

Suggest a balanced confounded design of
a 2% experiment in 3 replicates) ' each
replicate containing 4 incomplete blocks
of size 4 each, retaining full~information
on the main effects and~the 2nd order

interactions.

Give the complete lay-out of one such
replicate indicating the factorial effects confounded
in it.

Define a/BIBD. Show that for a BIBD with
parameters\v, b, r, k and A, '

(i), A w—-1)Y=r{(k - 1) and

(ly)yob=2v +r—k.

The vector variable X follows p-variate normal

distribution with mean vector ¢ and dispersion
matrix »_ . Obtain the distribution of
Q=(X-w' 2.7 X-w. 20

12 (Contd.)
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6.

(@) g feT s Y FEEER TifsEar giasa

@)

= forg, gafle O & giflde-ggaT seeas 6l
ffe | g g & a5 7= bma 2 9% ga@

w4 gT Feig

3 wfagpfadl & o 2° v A o Wit d{miRe
sfrreTT gaee, gvw whamhy ¥ AT 4 I
4 Iqut TS, Teq wHE AR hY R A -
Brmslt = T gEAT e g0 |
W WHRA wg-IIREN \FAE B Fad gU

e A aRERy W gl A

(@) F wgfom aqef g@es_sitweea1 (B.L.B.D.) I

sy SR flEma 5 arael v, b, r, k3T A
T T wgRE Sl wsw sfreew (BAB.D.)
& forg

WA (v-D=1rk-1)IM

Gdtb > v +r1— k.

GFyafm w3 X A gRw p MY ARGy A >

IR p-AL YHTHTFI FTT &I I HIT 8 |
Q=X —-ny Z_' (X~ &1 dcq g g

20
13 (Contd.)
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(b) Based on a set of data (x,, yij), j = 1{1) n,
i = 1(1)p, discuss how you would use the technique
of Analysis of Variance for testing the hypothesis

that the regression equation of y on x is linear.
20

(c) Use the following set of random/ numbers to
obtain the lay-out of a randomised block design
with 5 treatments and 4 blocks, giving the outline
of the procedure you have followed :

5711 7343 7539 3684 9397 5335 4031 1486
2588 3301 0553 2427 "3598 2580 7017 9176
20

(a) The joint p.d'f.of X and Y is given by

n!
n—x—y

= XY — —
f(x’Y) x!y!(n—x—y)! pl P2 (l P! pz) s

XyYy=01)n, x+y<n
0<p,,p, <1,
P, +p, <1

= 0, otherwise.

Find the correlation coefficient between X
and Y, as also the regression equation of Y on
X. 20

i4 (Contd.)
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@) T (x,y)0 = 1n,i=1(Dp F T FL==
g spuifig ==t g & x 97 y 1 9HEyeT
gfieo rar B 38 9fiseenar $ odiwor ® o
geor-favareor wfafy @ sy B I H AN ?

20

@) 5 ITETd T 4 TUST TR T YRS
 @uss ANECTAT B @ B YT/ & o
agfres dems # Freafafem ags= &1 3w
R Frfafr N, B sma (@es Fo 8, s
éﬁg‘:{:

5711 7343 7539 3684)9397 5335 4031 1486

2588 3301 0553 2427 3598 2580 7017 9176
20

7. (F) X AT Y FyAga wihwar o R 8

n!

| f(XQY)= x!y!(n_x_y)! plx pzy(l “p;_‘pz)
L

N—X—Y

X, y=01)n,x+y=<n
0<p,p, <1, |
p, *+p, <1
=, 3I=gdT| |
| X @R Y A7 gedEd [OE AT X W Y
H1 gaTEer g ft s R 20

15 (Contd.)
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8.

(b) A rural block in a district was divided into

3 strata. The following table gives some relevant

information :
Stratum No. | Numberof | Area X, under | S.D.S, 0
(h) Villages wheat (hectares)
(Ny) (hectares) <
1 - 20 620 L00-5
2 - 15 580. 90-8
3 25 - 825 140-7

(©)

(a)

A sample of 10 villages isito be drawn. How
many villages should bg, selected from different
strata using (i) proportional allocation, (ii) optimum
allocation, and (iii) ‘allocation proportional to area
under crop ? - | 20
3 factors, each .at 2 levels, are to be tested in a
single experimént using.r randomised blocks. Using
standard notation, give the expressions for the sums

of squares due to different factorial effects. Also
givesthe ANOVA table. 20

You are to estimate the proportion of school-going
students (Classes V to XII) using mobile phones
in a metropolitan city. Suggest a two-stage
sampling scheme. Using a suitable notation, give
the estimator to be used, and check if the estimator
1s unbiased. 20

16 (Contd.)
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(@) T R ¥ T T we 3w A R R
Ty e ot § g des g & 7 —

8.

WX g U W | NG, T AFARA | WA e
(h) g X, Sx.
(Ny) (hectares) |(hectares)
1 20 620 100°S
2 15 580 30-8
3 25 825 140-7

)

10 T =1 o gRest gAAUR | B w@d
g fra 7w g3 =Ry, I w1 (1) I
Froas &1, (ii) FTRaan aaT 1, A (iii) T
% e § gHTIY [ & ? 20

3 IUIET, GOE 2. 9, W r Aigfrose wet
FT I FLH/THF THA TAH A qOET FIAT 2 )
HAF dRadi-~bl UM FW& ge, == I yeai
F gy ® s e | gaeer-fRwssor grooh
Y QT | 20

(F),~HTTH THF ASTI A AGR_A B FT IFAN FI2

i THA W F ol (FEr VR XI) I
F1 AT FET 8 1 OF B=wor yid=g= 1 g
TEF IUgHd @had B ITA HId 8 I9w H

- g 9T 9 ATERae & difg, 3R o Al

& as AT 2 20

\\-

(Contd.)
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(b) Write down the random effects model for a set of
two-way classified data with one observation per
cell, stating the underlying assumptions completely.
What are the hypotheses that can be tested using
the ANOVA technique ?

r

Give the ANOVA table with explicit
expressions for the different sums of sqiiares, and
the test statistics for the above hypotheses. 20

(¢) Compare completely Randomised  Design,

Randomised Block Design/and, Latin Square
Design in terms of flexibility’ for number of
treatments and number of replicates per treatment
on the one hand, and{error-control on the other.

20

18
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(@) JAafitea ifSraromsn =1 Toseqar Ioord LG EE{,
i SiRsET T Q& g fegr aiffga <9 &
== % fou ugPos gwa Freel =1 [ifsa
FAd 9Rwead & Rrasr gaoo-Redser gfafy
HT IYAT Heh gOeTor B s ogwar @07

Bt 4ol & o wse wieml & iR Sy
qftEeaTE & e adeor SeeT & 9T WEO REery
et Hfeme 20

(M) T AT A ITErd F/ Fe R gip-3v=r gfasfat
# der ¥ =R gl @_gfe B =
g ® Ted gy QUi wgirasmd sfreTT,
HT gAAT A | | 20

19 . -
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dnestopias

Serial No. [ ] [C—.DTN—J—TUA]
iy

| HIA-UA—I

e - i =v2) ( gorte \1300)
—

gF ger B34t 3}k ssft 7 7 o 84
g9 $ IOX IS #Aregw A for|d_snA =8¢
Fraesr 3eaer Jree g3w-ga’8 fear
T 8 3R 39 HreH F &R, Ioord IJU-JHE
F gEyss g3 AfFa e g7 93 3 a7
TIfeq | FI9-97 9T IReofSa AreqH # AR
34 fadt aregm /@ 7o IO 77 FE IqF
& 3 A | | |
g7 g@gr 1 §iK 5 Ifyard &1 st gear #
g gdF @06 8§ FH-I-FH QF 97 A
fF=f . g7t & Iac IR
gfe 3paws 8r G I9YIT 3ids! F 997 g
aar. G f[Afdse Fifea

- \ge@w v P g [Aga & gv7 & 3q 7
RY T &1
YT dad I FdlE FIfT gl F IqaR
g1 .

- Note : English version of the Instructions is printed on the
front cover of this question paper.

20
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