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STATISTICS
Paper—I
Time Allowed : Three Hours Max1mum 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 Jor the purpose. No marks will be
given for the answers written in a medium
other than that specified in the Admission
Certificate.

Candidates should - attempt Question Nos. 1
.and & which are. .compulsory, and any three
of the remaining questions selecting at least
one question. from each . Section.

The number of marks carried by each
question is indicated at the end: of the
question.

Assume.  suitable: data if -considered
necessary and indicate the same clearly.

Notatiohs and symbols used are.as usual.
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(@)

(b)
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Section—A

Of the under-5 children in 4 locality,
20% are malnourished but' not immu-
nised, while 40% are immunised but
not malnourished. If 30% are neither
immunised nor malnourished, what

percentage of the under-5 children of

the locality are malnourished?

s e

For a discrete random ‘variable X

12

P{X>r) =(1-i][1—3) (1—1), r=1,2,..
n It rn

(c)

ay

Find‘the probability mass function of X.

Suppose every packet of the biscuit
NICE contains a coupon bearing one of

the letters N, [, C or E with equal
probability. A customer who has all the
four letters, wins a free packet. A
‘housewife buys 8 such packets. What is

the probability that she wins (i) one free

Ppacket and (i) two free packets?

Scores of 10 candidates of Civil Service

Main Examination of a recent year in'

Statistics Papers I and Il are as under :

12

12

Serial' No. of Candidates

.‘1

o

3

4

Score in Statistics I

98

172

58

106

185

Score in Statistics IT

69

123

65

120

131

Serial No. of Candidates

10

Score in Statistics I

89

140

168

102

202

Score in Statistics IT

92

96

120

75

174
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(@) .3 angfeos = X ¥ g

P{X>r} = (1——1-) (1:’:‘-2—) (11 -—-t) pr=1,2,..
n n n/

X &1 TRwA 3590 Sy i) % i3

(m. m?ﬁﬁq%mc&:ﬁ@ﬁ%w&hﬁmﬁ;
wiwm F o e N, I CHWERAw
mma%amqmwﬁlqmmﬁn%w

- Wt 9 e, W ogw ¥ Saar 2
el W8 8 e @l ¥1 by milrw T 3
ﬁ;az(:)qa;gqaﬂ%»zsﬂa?ﬁ% W(u)?ﬁﬁcﬁf
&ﬁarasﬁa?ﬁ%? Lo 12

(":') @ma‘t"aﬁﬁﬁrﬁaaﬁqg@m%lo
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mvﬁaﬂm " 1 | 2 3. 4 5
m@:aﬁfﬁm___ | 98 | 172 58 | 106 | 185

aife# H¥wim | 69 | 123 65 | 120 | 131

wetgmwEE | 6 | 7 | 8 | 9. 10

e Idews | 89 | 140 | 168 | 102 | 202

wifey#t I § a5 92 | 96 | 1207 | 75 | 174
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Use sign test to.verify the hypothesis
that candidates = in the above
examination offenng both the Papers of :
Statxsuucs scored higher on an average

Toin Paper I than in Paper 1II. 12
o, 1f HE
i;{«é-!)‘- _Ob!:g;n_ a. sufficient' statistic for 8 in
. sampling from
j T
0*1-9'"*, x=0,1
fic;0={"0-9 =0
0 ; otherwise
¢ ¢ -Check ifzit.:is.'lcomplétéj sufficient, 12

‘2. f{a} A random;variable X has the, probability
denS1ty functmn

. f-T? 3 _lev
), —e<X <0
o I L | f(x) i L
. Q_,; otherwise
LI T L A .
#7 «*Derive +-.ithe > ‘expression’ ~ for' its
¢ .- characteristic: function:;" .- 20
'(b)*.State’. (without- “pr6of) the inversion
St theorem relating to the characteristic
function of a continuous random
0 i-variablex 3. ' -9 .

&m jUse ythis] rtheorem to obtain the
probability density function of a.:random
vanable havmg the .characteristic
e i functlon ¢(t) "t'* . 920

~m
el LT Y

o n .
o m-}{c) | The- random vanable X follows “uniform

18] | dlstrlbutlon,ln (0 9] Let X(].)’ X(zl, X(S)

T P )

8

- be. .the -order stansncs in a random 1

___E_{_ ) sample ‘of size 3 from the population. .
cor 'T Show that both(2Xy and 4X5j /3 are

b= L 1 unblased for 8., . 20

' ) . J — - M
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3.7 (a): A random sample X7 X5, 20, X, ) is

. f(x. Y= {

(b)

e
: (c)
by

taken from, the ;population w1th the

probability. denmty function

kxe 8" x50950
,., otherwise

-]

where k is a constant to be. su1tab1y
chosen Derive the maximum likelihood
estimator of 0. Also show that *°

232

is an unbiased estimator of the
population variance.

It is desired to test lf average percentage

of family' income spent on food is the

same in k selected blocks- of a district;

Assuming the underlying populations to.

be normal and. homoscedastic, indicate
how you. would use likelihood ratio test
for the purpose. Show that the resultant

test' boils down -to the: usual F-test

‘The joint probablhty dens.uty function of
X, Y is given by

x{x + ) f0<x<l, 0<y<2
, otherwise

Compute (i) P(X > l) (i) PY <X) and
" (iii) P(Y<-]'-|X<-L)

Also derive the regression equation of

Y on X.

C-DTN-L-TUA/29 6 (e,

20

20

20



3. (®) wh agloes e Kiy Xz wer Xn) P
P UDEG IR AL

f{x)_ (ke */%; x>0, 850"
o, aFemt

e ke STIERa: TR O 9 8, areft gufe @ fermn
W%lemaﬁﬁnaﬂrﬁmmﬁm@m%
sﬂ%@w% '

ZXQ

mﬁmm@mﬁmm% 20

"

(@) %Gﬁﬁqaaﬁlﬁﬁ;kaaﬁa@@ﬁﬁqﬂwm%
@ﬁm@#ﬁmgﬁmﬁ*m &l
g wE e § St R @

- T T AT A g ARy S
m%ﬁmwﬁmmqﬂmmm%&
1| frar f W whem Wi F-odee @ 71 20

- ?3' "1‘?7' T
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! x(x+%), 0<x<1 0<y<2

f(x, y) { 0 am?
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4. (a) For the ‘sequence of random variables
{X;}

P(X; =2") = P(X; =-2{) =2~ 2i+])
and P(X;=0)=1-27%,i=1,2,..

Check if the sequence obeys the weak
law of large numbers and the central
limit theorem. 20

(b} Define Wald’s SPRT of strength (o, 8} for
a -simple hypothesis against a simple
alternative.

Derive the SPRT procedure of strength
(«, B) for Hy:p=up against Hy:p=y,,
based on successive observations from
N (p.,'cr,r"._),__ 62 known. Indicate how the

test can -be carried. out graphically. 20

{¢) The manufacturers of a certain brand of
electrical switches claim that &t least
80% of the boxes, containing 12 such
switches each, will have no defective.
Design a randomised test of exact size
0:05 based ‘oni the Auinber of boxes,
among a random sample of .8 examined,
containing at least one defective. 20

C-DTN-L-TUA/29 8 "y
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5. (a)

(b)

(c).

<

Section—B

The p levels of a.factor A are the only
Ievels the experimenter is interested in,
‘While the g levels of the factor B chosen
form:a random. sample from thé totality
of levels .available. Only one. observatlon
per cell A; xBJ, 1—1(1)p, =1(l)q, is
taken on the response vanable. Write
down the appropriate linear model, the
hypotheses to be. tested, the test
statistics and the.level-u critical regions.

Assuming the model
Yi=mp+eyn ..
Zi-=mj + My te3, i=1(l)n

where ‘ey;; ‘e5; and ‘e3; ‘are the errors,
obtain least square estimates ‘of m
and m,.

6 days are to be selected from the 366
caléndar days of 2012 for recordmg

. the ‘maximum daily temperature in a

metropolifan city. ‘Usinig ‘the following
set of random numbers;- select these
ddys, mentioning the ‘month -aAd the

~—date for éach, and' giving the procedure

’ ;_il'l detail e ) -

6503 0085 3822 2193 5392
4635 0495 3296 1348

C-DTN-L-TUA/29 10 GOV
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Yi =my tey; |
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$if),

s X
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6503 0085 .3822 2193 5392
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o1 STk} ek R e, ol Ry
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6.

(d) Suggest the confoiinding scheme of a

{e)

(@)

24-design to be carried out in 4

replicates éach comprising 4 incomplete

blocks of size 4, such that full
information is retained on the main
effects, each of the first-order and
second-order interactions i$ confounded
only in one replicate, while the third-
order’ interaction’ is confounded’ in two
replicates.

Give the complete layout of one such
replicate indicating the factorial effects
confounded in it.

Suppose, with usual notation
np =0-36 ns =0-29
ne=-0:62 1,5 =0.41
ragq =—0-24 r3q =—0-52
For predicting x;, the variable x, has
alréady been included in the regression
equation. Which' oné of xy ‘and x5 is

‘worth including in the regression

equation in addition; to' x,?

s
~

Give the outline of ‘the procedure, using
ANOVA techniqué, for testing if the
response variable yis depend_ént on a
fixed set of variables Xy, Xy ooy Xy,
based on an observed set of data on
these variables.

C-DTN-L-TUA/29 12 o
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6. (%)

MRF Wkt % T, T g
rig =0-36 ri3 =0-29
r14 =T'0'62 r§3 =0'41_;- N
r24 =\"0"‘24 7'34 =-"0‘52

%) A WA S ¥ R X4 FHIIE
.Hrﬂmﬁqgéaa.aﬁ%aﬁsm§anlx2 3R x4
4 x, %m@q—m@wmwﬁmmﬁ

Wi w0} dmy 27

12

12
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(b)

(c)

7. (@)

Determine the sample size n,.such’ that
the .estimated, value, based on this
sample, of the mean S0, level in air in
1000, pétrol pumps in a large town,
differs :from the' true value by  at most

Spg/m3  with probability  0-95,

assuminhg the standard deviation to be
35pug /m3. [2-5% and 5% points of a

standard normal variate ‘are. 1-960 and

1-645 respectively.]

Introduce the concepts of confounding,
total confounding,. partial confounding
and balanced. confounding in the
context of; a factorial design.

A3 2-tiesigrf has béen. condiicted using
4 replicates each comprising 3 incom-
plete blocks of size 3 each. In two of the
replicates, AB has ‘been confounded,
while in the Temaining two, AB2 has

been, confounded. CL

Write down the AN OVA table:. Indicate

how the sums of squares due to

different factorial effects will be
calculated.

~ -

Show that a necessary’ and sufficient

'"(':‘on,di_tibn for X, to :be'bdistributed

2

as N, (u, 5) is that every ‘linear function

Y= l’{{" is distributed as uhivariate
normal N(I'n, I’%1).

C-DTN-L-TUA/29 14 A -
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(b) The 'total population. size' of & district

(c)

8. (a)

C-DTN-L~TUA/29 16

in 2001 icensus is available. The

Population sizes of a random sample of
n villages from the district individually

in ‘both' 2001 and 2011 censuses are
also available, Suggest a suitable
estimator of the total population of the
distri¢t'in:2011; based on ‘these figures
using the, ratio method of estimation.
Derive an expression for the bias. of the
estimator and deduce the condition
under which the bias is negligible.

Construct a pair of lorthogonal Latin
Squares -with symbols A, B, C and

| o, B, y respectively. Superimpose one

onto the other. ‘Numbering the small
squares from 1 .o 9, ‘use: this
arrangement to construct a. balanced

incomplete = block design with

parameters v =9; b=12, r=24, k=3
and A=1

i)

-Does the observed correlation between

two variables X, and X, always imply
causal relationship between them? Give
an example. Define partial correlation
coefficient r,, 5 between -X; and X,
eliminating from, each the effect of X,.
Why is rj, 3 more suitable for throwing
light on the net correlation between X,
and X,?

Based on the observed data set
Xi,i=12 3 and J=1()n, derive the
expression for ry, 5.

"
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pE.C et e .

(b) Detive the regression eéquation of X; on

fc)

X2, when X, and x 2 jointly' follow
trinomial distribution: ‘'with parameters

.n,' .P; a.n.d “.PQ'.

Tube™ lights of “a certain brand are
graded as I, I o | according as they
fail during the first 6000 hours and the

next 6000 hours .or survive' the first

12000 hours respectively. 12 such new
tube lights are bput to - life-testing
simultaneously. 5 of them are found to
bé of grade I, How many of the

‘remai'hiii,g are expected to be of grade |

In a planned fOWn, there are N blocks
each containifig iy residential buildings.

‘A simple random sample of n ""blo‘ck_s is
drawn, and the numbérs of ‘working

women in all the residential buildings
bplongin_g to these selected blocks are
counted.

Based, on these figures,.. suggest an

unbiased (fo be __shoﬁvr;! estima’to;:. of the

total number of working women in the
town, and derive the standard error of

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



