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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.

Questions no. 1 and 5 are compulsory and out of the remaining, any 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 (QCA) Booklet must be clearly struck off.
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Q1. (a)

(b)

(c)

CRNA-F-STSC

@S A
SECTION A

M e 6 X o Y Wad 19 Samarhl §fed Agfess 9t & oM me

m:% aﬂz%%,aﬁxpo,xzm%|E[max(x,Y)1snaaﬁﬁrQ|
1 2

Let X and Y be independent random variables with exponential

distribution having respective means % and X, , Aoy > 0, A9 > 0. Find
1 2

E [max (X, Y)I. 10

v e v B S G g e

n
lim -n nk _ 1
a2 W Ty
k=0

Using Central Limit Theorem, show that

I =
Wl ) L. ) 10
n—oco k! 2

k=0

D HeTeh! ATl Teh 115987 T ! 31 91 hehl SI1dT1 8 | 9 ofifore fos wrea awehi
H B 7% &1 X 4 ffdse forar siar 2 | 99 gwiisw f6 X &1 wifesar gegm
Fod (F.09.0%.) 38 YR e Sran 2 ¢

18 - 2x%
= s X2 Pl
pX(x) 36

= 0, =7 |

An unbiased six-sided die is thrown twice. Let X denote the smaller of
the scores obtained. Then show that the probability mass function

(p.m.f.) of X is given by :
13 — 2x
Py X =—ar— =12,...,6 10
= 0, otherwise.
2

Optional Province - optionalprovince.com



(d)

(e)

Q2. (a)

CRNA-F-STSC

ue i 0 % faw T, R T, 3§ EhEd waw & e wEw
Var(T,) = Var(T,) &, ad UEAL

Corr(T;, Ty) > 2e — 1,
& e UAh AThHeTeh hl 2T B |
Let T, and Ty be two unbiased estimators of 6 with Var(T,) = Var(Ty),
then show that

Corr(T, Ty) = 2e - 1,

where e is the efficiency of each estimator.

T HAW H 5 U & OFE & 0 W & 3 arehl wiet § | Fefia afeer
H, : 6 = 3 1 dhfcdsh aiehed  H, : 0 = 4 % fovg odem & & fau @
Tee Fgeean foe T | Afg gET wde Tt od # dt Hy @i s R
STl B, A Hy 1 SR R S 2 |

Zuiise T wem yehw <t Jfe < widerar sfaeemem feq qun wfoeemem afga g1
AT H 0-40 ¥ HH B, Afhd wdieqr it guar i afga Jiwan o
gfereeme wEa JeET 9 3tfue 2 |

An urn contains 5 marbles of which 6 are white and the others black.
In order to test null hypothesis Hy, : 8 = 3 versus alternative hypothesis
H,; : 6 = 4, two marbles are drawn at random. Hj, is rejected if both the
marbles are white, otherwise H, is accepted.

Show that probability of type I error in case of without replacement and
with replacement schemes, both are less than 0-40, but power of the test
under with replacement is higher than that of under without
replacement scheme.

mﬁﬁqﬁsqma@mxaﬂmm%ﬁﬂmmw ~,0>0

%|H0:e=3mH1.e-2%%@qﬁwsﬁﬁ%maﬁﬁm
TTRrehal U wiew Hi @ hifve | At s afewer e 2,

zwitze fo gom =71 § ghewr g g9 i wilesan I_E(A BJ% & B
3 A, B <A, guifea @\ # |

Let a random variable X have exponential distribution with mean

18 6 > 0. To test Hy : 6 = 3 against H; : 6 = 2, construct sequential

probability ratio test. Show that probability of terminat;ing the test at

the first stage when null hypothesis is true is 1— o7 (uj where B

AB
and A, B < A, are stopping bounds.

3
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(b)

(c)

Q3. (a)

CRNA-F-STSC

mmﬁ@@mmm%m?ﬁqw&awﬁﬁﬁﬁﬂﬁ@
TYH AT R aguﬁm %mwaggﬁuﬁaﬁn % Y TH Tl
1, a1 wRwa - %m@aﬁmﬁm%laﬁﬁmﬁm%?ﬁ
mmmwmmammwaﬂzm&mm.

40% 3R 60% & |

) fu U v FEw F &7 97 "o e, W 9@ # WREa F4
it |

(i) ofe foret few o fqem & o7 a8 foar uaelt ywe = 99g 3mar &,
I8 W&l ° 99" 31, 39 sifereran gufad Tum @ Fafor Hifse |

Each Sunday a fisherman visits one of three possible locations near his

home : he goes to the sea with probability %, to a river with probability

%, or to a lake with probability :} If he goes to the sea there is an 80%

chance that he will catch fish; corresponding figures for the river and the
lake are 40% and 60% respectively.

(1) Find the probability that, on a given Sunday, he catches fish.

(ii) If, on a particular Sunday, he comes home without catching
anything, determine the most likely place that he has been to.
5+10=15

meﬂﬁn%wwﬁmnﬁmww
fix:0)= P , 0<€x<8

2, ¥ X; <X, < X, %0 gfages fow mw & | quisy foh 4X,, 0 1w IEfiEa
HTHeTh 2 |
Let X; < X, < X; be the order statistics from uniform population having
probability density function

flx; 0) = 8 0<x<0.

Show that 4X, is an unbiased estimator of 0. 15

() U% Yfaes feaar w1 o =nfzu @if 38 w9 1 wilRear F9-9-%9
0-90 Brft fop wfdes wien gufe miex & 0-4 — gy & gRR | 2,
a9 o6 gufte gaes oo 28 2

4
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Gi)y e $ifse 5 F=0 geq Fems w1 gEa fam e iy @6
agfeas =0 % IgHA (X, ) & forg @y a2

1/2
1 1 1
PX,=-1--)==-41-{1-— ,
- K 2{ ( kz] }

1/2

11 1
PRy =1+2)==414[1-—| .
Tk 2{ +[ sz }

(1) How large a sample must be taken in order that the probability
will be at least 0-90 that the sample mean will be within
0-4 — neighbourhood of the population mean, provided the
population standard deviation is 2 ?

(i1) Examine whether the weak law of large numbers holds for the
sequence {X;} of independent random variables defined as

follows : 8+7=15

/2
1 1 1
PXy =—1—=) = =3] = |1 =— ;
e i 2{ ( kz] }

1/2

1 B 1
PX, =1+ =)= =31+|1—-— :
%=1+ 1) QH 37 }

(b) U 4EUE FeA H AW FraH! H Agifw Wit 219, 1;9, 1;9 sk

%%,wﬁsﬁfmmm&m: 108, 27, 30 3R 8 &, 7@ 0 F JHH
stferay grvfaan fafy @ Hifsm | smea $i 9 3 off Fefer |

Theoretical probabilities in the four cells of a multinomial distribution

219 1;9‘ 1;9 and g—, whereas the observed frequencies are

108, 27, 30 and 8 respectively, then estimate 6 by maximum likelihood
method. Also, obtain the standard error of the estimate. 20

(c) MG XU Agfeash = & Formeh sifiraeon wem

1-|t], |t]=1
o(t) =
0, 3=,

2, 99 Gd YTRIehd1 9cd Hoid 1 IS hifsT |

If X is a random variable with characteristic function

1-]|t], [t]<1
o(t) = .
0, otherwise,

are

then obtain the corresponding probability density function. 15
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Q4. (a) wH §H
. e .
PG(X=J): ‘]‘ =pj) .]=09 1’ 29 Lt

W foar fifsw | 7@ ifse fF X = j F s £ f, 8 991 E(f) = m; = np;
2 | 39 0 H AAY FIE-S AT FH YT H, wﬁﬁmﬁﬁﬁlaﬁ
Wi giaeest # Afeaead Ht B @ F AFan wrE-an fafy gaia sfaests
3T &M ?

Consider Poisson distribution

-0 aj
. e 0 ;
PX=j)= ——= Pjs 1=0,1, By

Jj!

Let f:l be the frequency for X = j and E(f:i) =m; = np;. Discuss how you

obtain minimum chi-square estimate for 6. Does minimum chi-square
method necessarily yield a sufficient statistic even if it exists ? 20

(b) () WM e foh X qen Y 1 T Iiidehdl 94 Herd
fix,y)=C.exp{- (4x2+9y2—xy)},
8, & C T =M 2 | EX), V(X), E(Y), V(Y) 3R X 3t Y & &=
HEGY TUTh I 1A HIFT |
(i) MG o Agfess = X, X,, ..., X 78 THR 2 fh

PX;=-1=PX=D=7,i=12.,6% ™

6
PI) X,=4
i=1

1 HH 3T T |
(i)  Let the joint probability density function of X and Y be

fix,y) = C . exp {- (4x2 + 9y2 — xy)},

where C is a constant. Find E(X), V(X), E(Y), V(Y) and the
correlation coefficient between X and Y.

(i) If X, Xy, ..., Xg are independent random variables such that

P(Xi=—1)=P(Xi=1)=%,i:l,Z,...,G,

then obtain the value of

6
p Z X, =4]. 10+5=15
i=1
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(e)

CRNA-F-STSC

frefoafiga stiee w a6t =i 30 T8 % UEEd & oY W H UHSd &

fer form e weften ww (el ®) =t qwiid 2

= a9 fa 9y
1 23 11 14
2 25 12 14
3 12 13 16
4 07 14 19
5 17 15 23
6 16 16 24
7 13 17 12
8 26 18 18
9 27 19 11
10 12 20 08

HI3A-90ET 1 0-05 HTefhdl T W ITAN HTd §C T9 HaACIh & g gl 6
TG S 99 HI THed & fou 15 e 3 aifuss gdten & = wedl, =
wdieor I | [fE= TR Zg. 095, = 196, Zg.q5) = 1-645]

The following data present the time (in minutes), that a commuter had
to wait to catch a bus to reach his destination :

Days Time Days Time
1 23 11 14
2 25 12 14
3 12 13 16
4 07 14 19
5 17 15 23
6 16 16 24
7 13 17 12
8 26 18 18
9 27 19 11

10 12 20 08

Use the sign-test at 0-05 level of significance to test the claim of the bus
operators that commuters do not have to wait for more than 15 minutes

before the bus is made available to them. 15
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wis B
SECTION B

Q5. (a) dW Mas frgst 1 yafea seamed afea afonfia Hifse | 3l
y1=B1+u
Yo =—PB1+PBg+uy
y3=—Bg+ug,
& uy, uy, uy TR T AMgfeash =) 7 e m1ed I a9 589w o2 2, ql
By 3T Py o AH T IThCTehI 1 1A HITT |
Define general linear model with usual assumptions. If
y1=PB1+w
Yo =—PB1+Bg+uy
y3=—PBg+ug,
where u,, uy, ug are mutually independent random variables with mean

zero and variance o2, then find the least square estimators of p; and p,. 10

(b) fem R 6 X~ Nj (u, 5), 5@ p=(2,4,3) 3N

8 2 3
=124 1|,
3 1 3

@) X, X, 3 X, T EHHAT B 71 HIAC, 3R
(i) X, 3 Xy fqu 8 W X, % "ufaey yawr Hi e Hif |
Given X ~ Nj (4, £), where p = (2, 4, 3) and

8 2 3
2=12 4 1}
3 1 3
(1) find the regression function of X; on X, and X3, and
(ii)  compute the conditional variance of X, given X, and X. 10
(¢) UHEHEAl i w1 § 2 e e fF sEe W 3Ran spfd 3R
ST TG A o foru & fopan 51 &hert 2 |

What is a uniformity trial ? Explain how it can be used to determine
optimum shape and size. 10
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(d)

(e)

Q6. (a)

(b)

CRNA-F-STSC

T 26 — SE-3UEH T H, g @eHh 39 bR foun mn @
(1), ab, cd, ef, ace, abef, abed, bce,
cdef, acf, ade, abcdef, bde, bcf, adf, bdf.
TRl guTEl i IgEH HifT |
In a 25 — factorial experiment, the key block is given as :
(1), ab, cd, ef, ace, abef, abed, bce,
cdef, acf, ade, abcdef, bde, bcf, adf, bdf.
Identify the confounded effects. 10

afe x 3t y % forewor qoish wH & SR x 3R y % 9 wEEey ToNw p=§

2, Tl UG 3TheTeh ! g&AT W gfeah Uiaey & Wied % HNE giefod
FHifsm |

If the coefficients of variation of x and y are equal and the correlation

coefficient between x and y is p= %, compute the efficiency of ratio

estimator relative to the mean of a simple random sample. 10

famn afiepa sl & us wg, EH FH A% k &R & 3 FWH B r &1
g, U wIEH H TH JE0 7 | qwise f IR fqumiE i g @en
r-1)k-1)2 |

In a set of two-way classified data according to k levels of factor A and r
levels of factor B, there is one observation in each cell. Show that the
total number of error contrastsis (r—1) (k — 1). 15

fg-=ror ufaeem aoiss &1 g dfzd 9o shife | gfaeemE ea fg-=w
yfqe@a & eF=arfa Ufdesl Aed o1 YEU U hifvie | 3 ides Wied Wi
qa10 :

(i) TN Fgfeas gid=H, @

(i) s SfaeEd

% Fia FHeRTfery |

Describe with examples the technique of two-stage sampling. Obtain the

variance of the sample mean under two-stage sampling without
replacement. Hence, deduce the variance of the sample mean under :

(1) Stratified random sampling, and

(i1))  Cluster sampling 20
9
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Q7.

CRNA-F-STSC

(c)

(a)

(1)

(ii)

(i)

(i1)

MX, =Y, +Y,, Xog=Yo+ Y3, Xg=Y5+ Y, 7Y, Y, Y,
FHEEeEfud Agfoas 9 & a9 FH § Y% H Hied Y T HEE
fersrer T 2, 4 X, 3N X, X, o = Tg@ewsy o 1 Hii |

u i for X s 3-fenfia s afw 2 fme aftdun smeg
9 3 3
=3 9 3|21
339

TN YT U< 1 Ud 36 gl afvia fopu Mo wyul aftedasfierar & s
&1 fgio Hifsw |

If Xl = Y]_ + Yz, X2 = Yz + Y3, X3 = YS +Y1, where Y].’ Y2 and Y3
are uncorrelated random variables and each of which has zero

mean and unit standard deviation, find the multiple correlation
coefficient between X3 and X, X,

Let X be a 3-dimensional random vector with dispersion matrix
9 3 3
>=|8 9 8}|.
3 39

Determine the first principal component and the proportion of the
total variability that it explains. 7+8=15

et Hom A& BIBD), Tl v=b=4r=k=3,1=23MN=12, %

foru feu u f=fefiga stiwst w faar Sifse
G
ITEN

1 2 3 4
1 73 74 - 71
2 = 75 67 72
3 73 75 68 -
4 75 - 72 75

Afispea 1 fagerao Hifsw | (fean ™01 R : Fy 5 (005) = 5+41]

10
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(b)

CRNA-F-STSC

Consider the following data given for a BIBD withv=b=4,r=k = 3,
A=2and N=12:

Block
Treatment 1 9 3 4
1 73 74 - 71
2 - 75 67 72
3 73 75 68 -
4 75 - 72 75

Analyse the design. [Given that : Fg 5(0-05) = 541]

(i)

(11)

(1)

s fga yam= @ufe BUN (4, po, o2, o3, p) @ fou o smm

n = 3% T Agfeas vfaey &1 =4 A

6 10
X=[(10 6|21
8 2

dfcus dihew l H, :p = p, & favg FrewofiE  gfeses
Hy: b = py, 1 TH&0 10% Tnefehar-w w Hifsm, 7@l py = (8,52 |
[rmaeht fean T B2 Fy.p0, o 1 = 49'5, Fp.p0.1, 2 = 8:53]

aa dfifse fF @ argfess afgwm X 3R X, 1 T 99 HEyE
=g x, fobeg Tvwaa: firm mien |fee p, 3 p, % w19 fg=n yam=
§2A 1 I Hd HH A4 &, T ny = 11 3R ny, = 12 J&01 §A1C 14
2 | uftrest wrer wfgw it T TETERw TSR ®

- () %= o) seme( )
TRTeHITeE fdes gff D? 3t fhem % s fafawmet wem =i o
it |§W%={2Jﬁmﬁm&nlmnzﬁﬁﬁqaﬂm|

The data matrix of a random sample of size n = 3 from a bivariate
normal population BVN (p4, po, of , cg ,p)is

6 10
X=10 6.
8 2

Test the null hypothesis Hy : p = p, against Hy : p # u,, where
u’o = (8, 5), at 10% level of significance.
[You are giverl : FO].U, 2.1 = 49'5, FOlO, 1,2 = 853]

11
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(c)

CRNA-F-STSC

(ii)  Suppose n; = 11 and ny = 12, observations are made on two
random vectors X; and X, which are assumed to have bivariate
normal distribution with a common covariance matrix X, but
possibly different mean vectors p; and p,. The sample mean
vectors and pooled covariance matrix are

= -1\ = 2 7 -1
xl = [_ 1]’ X2 = (1]! SpOOle= (_1 5}'
Obtain Mahalanobis sample distance D? and Fisher’s linear

0 .
discriminant function. Assign the observation X, = (1] to either

population IT; or I1,, 10+10=20

N 31761 &1 gufte ¥ n 3THR F1 T Sfdey qaH Iiikerdr ta gfaeenme f&a &
Y A T | ;A e R %N=Za,.y,.mﬁzmw Yy &1 &8 s

e |

AThA &, &l a_ I & 3N y, rd g1 W Afagy # AfeAferd 3518 1 7H 2 |
G) i FF Yy, Yy # UF SWhEA e @ AR o Faw AR

n

S ue

- o1 |
i) 39 wfdey & T
A S2 =
X7 2
V(Yy) = T NZi a2~1
s

(iii) aﬁar=%,an%mmaamuﬁwrﬁamm®a;

gferea & wftest mer &1 98 v 3 AR % ufdemew afga forg
U ATefeas ufdedl & Hiew % wEw w1 faespa s g 2

12
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Q8. (a)

CRNA-F-STSC

A sample of size n is drawn with equal probability and without
n

A
replacement from a population with size N. Let Yy = Z ary, beany
r=1
linear estimate of the population mean ?N , where a_ are constants and

y, denotes the value of the unit included in the sample at the rth draw.

A —
(1) Show that Yy is an unbiased estimate of Yy if and only if

n

5 ue

=1

(ii)  Under above condition
A g2 - 5
V(Y= 2 [N D aZ-1
r=1

(i) Ifa, = l, for what value of n may this variance of the sample
n

mean in simple random sampling without replacement be exactly
half the variance of the mean of a random sample of the same size
taken with replacement ? 15

(i) e q§9¢ F1 3 ? p’ WA AI(eeh S§IG Hl A 379 Hd Bl ?

Gy fFed Y =X p + u, Euu) = o2 P8 W@ X S k
nxl nxk gy1 nxl nx k

(k < n) %1 T AR &, & T
EY(I,-XXX)1X)Y]
1 9 F1d I |
(i) What are orthogonal polynomials ? How do you fit an orthogonal

polynomial of degree ‘p’ ?

(ii) Forthemodel Y = X B + u , E(uu) =021, where X
nxl nxk gy1 nx1 nxk

is a matrix of rank k (k < n), find out the value of .

E[Y'(I,-X XX)1X) Yl 10+10=20

13
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(b)

(e)

CRNA-F-STSC

&l $i T Fhm gufe W fTEr Ffw | 6 =77 mREwad 3 71§
Ieq1E (000 2 H) = wehm B

HH T (1) 5 1 2 3
F4 TR (p;) : 03 02 05
8 IedTEA (y;) - 6 25

R 2 % @t gaifaa wfagw 1 wfoeamm wfga femfae (79 w famm fomn
1 2) | GUT3C foh Sl 1§ IcTeA i BifeH- AT JTheis SHAG 2 |

Consider an artificial population of three farms. Their selection
probabilities and the wheat production (in 000 tons) are as follows :

Farm unit (i) : 1 2 3
Selection probability (p;) 03 0-2 0-5
Wheat production (y;) 11 6 25

Draw all possible samples of size 2 with replacement (order is to be
considered). Show that Horvitz-Thompson estimator of total wheat

production is unbiased. 15

I G ashrh 71 & ? Tl dfem ot siftrrewn & fom o om 93 geaw
Fifse | v srfiepean w1 favero w@ % foe g 9 s g 2

What is a missing plot technique ? Derive the missing value formula for
a Latin Square Design. How would you proceed to analyse such a
design ? 15

14
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