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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 ENGLISH.

Candidate has to attempt FIVE questions in all.

Question Nos. 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.
the medium authorized in the Admission Certificate which

Answers must be written in
must be stated clearly on th
space. provided. No marks w1

authorized one.
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in TWO SECTIONS and printed both in HINDI and

e cover of this Question-cum-Answer (QCA) Booklet in the
1l be given for answers written in a medium other than the

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

Unless and otherwise indicated,

Attempts of questions shal
of a question shall be count
cum-Answer (QCA) Bookl

left blank in the Question-

ed even if attempted p

1

symbols and notations carry their usual standard meanings.
1 be counted in sequential order. Unless struck off, attempt
artly. Any page or portion of the page
et must be clearly struck off.

SLPM-P-STS



1.(a)

1.(b)

1.(c)

1.(d)

gus ‘A’ SECTION ‘A’
AW AT E, F 3k G @ Foa: @dd 9ead 36 YER © %6
P(ENF) = 0-1 3R P(FNG) = 03 % |
fog #ifg fs P(E‘UG)>— gl
Let E, F and G be three pairwise independent events such that
P(ENF) = 0-1 and P(FNG) = 0-3.
Prove that P(ECUG)>—1-:21-. 10

ﬁ’XﬁYWWWR%WWWWWW
MX,Y(II,IZ)=G"""'2*‘2'3; t,>0, ,>0 %, 7@ QA &,
PX+Y=2) = OPX+Y=0)¢ |

If X and Y are non-negative independent random variables and their joint moment
generating function is given by

Hnt
My y(ty,t)=€°*2*73; £,>0, 1,> 0, then show that

2P(X+Y=2) = 9P(X+ Y=0). 10
af X, X,, .. @A AR wda s@fed U, 1) aEfeed = # TH AT §, a9

L:mP[EX<2+ 7| F T Hiferg |

n—es P
[(vam ifsu, +/3=1.74, ©(0-29) = 0-6141, @(1) = 0-8413]
If X,, X,, ... be a sequence of i.i.d. U(0, 1) random variables, then find the value

of Lim P X P +
n—yeo 2 144

[use J§= 174, ®(0-29) = 0-6141, ®(1) = 0-8413] 10

a7 A 6 X, X,, ..., X, TEEE Ny, 02) st @ forn o o agfees wided
2| W& IF WA I €, a WEel (u,0?) & fog wmiw ufies framferg |
afe o2 W B, @ wEd p & fou waie wies @@ gwm ?

Let X;, X;, .., X, be a random sample from normal N(u,c?) distribution.

Obtain sufficient statistic for parameters (p, c?) when both the parameters are
unknown. If o2 is known, what will be sufficient statistic for parameter p? 10
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1.(e)

2.(a)

2.(b)

Hy 391 H, & AFq U qgfesd o X & sed foafafaa 2 :
> 2 3 4 5 6

fo(x) : 001 0-01 001 001 001 0-95

fitx) : 0-05 0-04 0-03 0-02 001 0-85
Hy:f=f, fwg H, . f=f, &1 whew o3 & fog 0.03 s arenm saw wdem
aar e fgda waR & qfe B wlmar e Fifvg | = 7w wWewr sEfEa
27 F?
A random variable X has the following distribution under H, and H, :

x & 4 2 3 4 5 6
fo(x) : 001 001 001 0-01 0-01 095
fix) : 005 0-04 003 002 001 0-85
Find the best test of size 0-03 and its probability of type-II error for testing H, : /= f;
versus H,:f=f,. Is it unbiased test? Why ? 10
A AT X wF "aq agfees R e wiliear wwe wem

2
(x+2), -2<x<3

={25
f(x){ 0, Rl

B Y=X2 F g9 de7 %o FId T 3R 30 YHR Y & WS 99 B

W ifore |

Let X be a continuous random variable having probability density function

Z(x+2), -2<x<3

={25 ’

/®) { 0, otherwise.

Find the cumulative distribution function of ¥Y=X2? and hence find probability
density function of Y. 20

o agfesd = (X, ¥) & Ggh WidddT SR He

(x+1)(16)(1)y(§)‘*1"(1J“‘ PEL e
Px=x,Y=y)=0\ ¥ \x)s) (6 2 ’};=o’,1’,2’,°.'.°.’,16.’

0 AT

2

2 | Freafafas & w9 fawfoo .
(i) E(X), Var(X)

(i) E(Y), Var(Y)

(iii) Cov. (X, Y)
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2.(c)

3.(a)

3.()()

The joint probability mass function of two random variables (X, Y) be

y x+l-y 16
() () b 2o
P(X=x,Y=y)= Yy x )\ 6 6 2 x=0,1,2,.., 16.
0 otherwise.

Evaluate the following :
(i) E(X), Var(X)
(ii) E(Y), Var(Y)
(@iii) Cov. (X, ) 5+5+5=15

M e fF (Y, ¥) @ dges wiiiear Wi wa feeaq R

=(x+y)

2e , 0<x<y<oo
(x, ={
J(x.7) , A9

frafafaa & o Hifsg
() P(Y<1)

(i) PAX<Y), A>1

(iti) P(Y>3X|Y>2X)

Let the joint probability density function of (X, Y) be

f(x,y)={

Compute the following :
(1) P(¥Y<1)
(i) P(AX<Y), A>1
(iii) P(Y>3X | Y>2X) 5+5+5=15

e dfe  afea R § frg osm & owifmar § % ok x R @
25wmﬁmﬁ?ﬁﬂmaﬁaﬁﬁm%lmﬁﬁqﬁaﬁgﬂ.Xaﬂﬁﬁ
T IO R e Y fra ww B ¥ | Var(X+25Y) H e fifer |

Let probability of obtaining Head on a biased coin be % and X be the number

of heads obtained in a sequence of 25 independent tosses of the coin. The same
coin is tossed again X number of times independently and we obtain Y heads.
Compute Var.(X + 25Y). 20

a1 g {6, -8, 3, 2, 7, 5, 4, 9}, WAl A %o f(x, 0) = 1 exp(~|x—6)),
—o<x, 9<wm@wﬁ!%ﬁmwwm§%$uﬁaﬁ%lemarﬁlm
gwrfaar sreas ww Hif |

2¢ | 0<x<y<eo

0, otherwise
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3. (b)(ii)

3.(c)

4.(a)

4.(b)

4.(c)

Let {6, -8, 3, 2, 7, 5, 4, 9} be a random sample from a population with probability
density function f(x, 0) = -21 exp(—|x—0][), —o<x, 6 <co. Obtain maximum likelihood
estimate of 6. 5

AW T X, X, .., X, SHet-seT b(1, 0), 0<0<1 ¥ fomr mr ww agfes
wfted ® | 3 FAtwel W amuRa, 0 & uw sAfiEa sees & wEw & fou fe
ufery s Hiforg | ewwwwwmﬁaaammﬂﬁqw
sy 6 g8 wr-te fm afey ww a=ar # |

Let X}, X;, ..., X, be a random sample from Bernoulli distribution b(1, 6), 0<6<1.
Find the lower bound for the variance of an unbiased estimator of € based on
this data. Find uniformly minimum variance unbiased estimator of 6 and show
that it attains Cramer-Rao lower bound. 10
A AT X, X, ..., X, W WER & S G By o), 0>0 F Torm wn ww
agfeas wfied | 0 &1 @ e wia iy stk zwew werer ot freferg |

Let X;, X,, .., X, be a random sample from beta distribution of first kind
Ba, e 0>0. Find consistent estimator of 6, and its variance also. 15

A | X, X,, ... 9184 6, 0<0<1 A Sei-sied & fou wu anfes =i
HUF A § | Hy: 0=0, TIRg H,: 0=0,=1-6,, 0<6,<1, & T&gw & forg
SPRT ead HIfT | 38 Wewr & OC el I9T ASN Fe & odofehl &l W W
Hifsrg |

Let X), X,, ... be a sequence of random variables from Bernoulli distribution with
mean 6, 0<@<1. Derive SPRT for testing H,: 6= 6, versus H,: 6=0,=1- 6,
0<6y<1. Also obtain expressions for OC function and ASN function. 20
AL 0>0 a1 TRAMTA s F AT o o T Agiows wioest forr wmn §
far mr ® &5, n Weoll § ¥ 4, VoW 0 ¥ B T W fRo w1 maw
FE-F ATHerd qAT AFHAH AHIIAT Ao T € |

A random sample of size n is taken from the exponential distribution with mean
0>0. Given that n, observations out of n observations are less than ‘a’. Show

that minimum Chi-square estimate and maximum likelihood estimate of 0 are same.
15

FTA 9 6 TG IR FEB N 6 T F Ao Ay Ry W™

A : 40 62 55 35 48 88
B : 50 70 65 30 45 92

aﬁaﬁﬁﬁafﬁwﬁﬁwmmﬂm@,%mmmwﬂmﬁﬁq
& qFl 9 & M & ded @HE ® AT R |
[ﬁm T T D, 6, 00s) = /3]
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5.(a)

5.(b)

5.(c)

The life of 6 items of brand-A and 6 items of brand-B are given below :
A : 40 62 55 35 48 88
B : 5 70 65 30 45 92

Using Kolmogorov-Smirnov test, test whether the distribution of life of both the
brands are same or not at 5% level of significance.

9us ‘B’ SECTION ‘B’

e W waomw fed Y,=a+bX,+e, R E(e) = 0, Var(e) =
Cov(e;, ¢) =0, i #j, (, )€ {1, 2, .., n}, F forg afe 4 3R hsvman: @ 3R b F =gaw
i Ao €, A Var(a), Var(b)aqTCov(a,b)a:ﬁmmaﬁa?ragaﬂaﬁﬁm

For a two variable linear regression model Y,=a+ bX;+e;, where E(e) =0,
Var(e;) = o2 , Cov(e;, €) =0 for i #j, (i, Nefl, 2, .., n},if a and b are least square
estimators of a and b respectively, derive expressions for Var(a), Var(b) and
Cov(a, ?J). 10

W T X=X, X, X)' ~ Ny(w, 2),

Sigl
1 g9 22
p=|2|Tam T=|2 3 0| §|
1 z 02

Let X= (XI Xz Xs)’ e N_‘),(p-, E)s

where
1 g 2 2
p={2|and T=|2 3 0|-
1 2 0 2
Find the joint distribution of ¥, =X, +X,+X; and ¥, =X, - X;. 10

R X, X,, .., X, Uk wHe yawrg @A & foar wn ww agfew wiaed @,
A R e S ek caty i Wl W X=1 Y, ok s s
j=I

= ]
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5.(d)

5.(e)

6. (a)(i)

If X}, X;, ..., X, is a random sample from a standard normal population, then using

B
quadratic forms show that the sample mean X =;{Z’Y}' and sample variance
j=1

1 ¢ =
§? = ﬁz( X -X )2 are stochastically independent. 10

j=1

o o f aegell i weq @< wew anht @Ay § Jw oof aEgEt w1 sEEE 030
? | @ wAlE ¥ uE W agfos ufied e sm w afied @ s =@ @
=ifeq arfs 95-5 wiawa widear & @19 arEafas AW & 2% & Wk QN wiwd
F e TR s w2

(fear w1 ® P(0<Z<196) = 0:475; 941 P(0 <Z<2005) = 0-4775].

Assume that in a population of very large number of items, proportion of defective
items is 0-30. What should be the size of the sample, if a simple random sample
is to be drawn from this population to estimate the percent defective within 2 percent
of the true value with 95-5 percent probability ?

[Given P(0<Z<196) = 0-475; and P(0 < Z<2-005) = 0-4775]. 10
Y@l AR QUSRI & AT IR AHR Td WART & gRomEr = 3 wwfad &=
g7

How do the size and shape of plots and blocks effect the results of field
experiments ? 10
afs (X, v) ek v@m = BN(u,, w,, o2 o2, p) N AERV a1 ®, a

(A) E(e

(B) B

(C) Var(e®) aur
(D) &X 3R ' & o9 Hegay @ ST |

If (X, Y) follows bivariate normal BN(u,, W,, o, o2, p), then obtain

(A) E(e")

(B) E(e*™)

(C) Var(e”) and

(D) Correlation between eX and e'. 3+3+3+3=12
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6.(a)(i) 3 (X, ) & g Wilishal o9 Fod feaq @

6.(b)

6.(c)

s y ¥ x>0, y=0
; 0 , =g,

@ X H Y R GAHIN 9 WG HINY 99T 9% Sl Yha | fewel hifs |
If (X, Y) have the joint probability density function

y e x20, y=0
0 , elsewhere,

g(x,y)= {

then find the regression curve of X on Y and comment on the nature of the curve.
8

M AR X=X, X, X))~ Ny, 3), s

2 9 2 -2
p=El il E={ 2 2 -3
3 -2 -3 9

2| s $ifm
() EX, | X; = x, X3 = x3} &R
(i) Var{X; | X; = x,, X5 = x3}.

Let X= (Xl’ XZ) X3)f~ NS(”” Z)’
in which

2 9 2 -2
pu=|1land X=| 2 2 -3
3 -2 -3 9

Obtain
(1) E{X, | X; = x5, X5 = x3} and
(ii) Var{X; | X; = x,, X5 = x3}. 15

fedt w fmr Sifso .
Y=X 0+ ¢,

nxl  nxk kx1 nxl
WEl ¢ dEd AGHE W W TH ax] WRY W OWER B 6 E@E)=0 3R
D) = 620, 6>0 3T B, Q Wa fEre &1 w s ffvaa s @
qqr HfE (X)=k<n B a9 : '
(i) 6 1 ATH I HATeheich Fedd hIY 3R
(i) o2 & TF AT Teheteh s hIoIT |
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7.(a)

Consider the model :
Y = X 9 + €,

nxl  nxk kx1 nxl
where € is an nx1 vector of unobservable random variables such that E(g) =0 and
D(g) = 02Q, >0 unknown, Q is a positive definite matrix of known constants

and rank(X) =k<n. Then
(i) Derive least square estimator of 6 and

(ii) Derive an unbiased estimator of o2 9+6=15

g # 9R fi 4, B, C 3R D & wgw & fog fR 1w wam & afom @ew
Wt ¥ g F e ¥ weifta Frafafea smest @ faweww sk smen fifvo,
S 5% TfHAT TR W TE dAfed @ Afereqar & siavia fem @ @ |

[fear & F(3,6)=476; F(4,7)=412]

C B A D
35 33 30 30

A D C B
29 29 31 28

B A D #
29 24 27 30

D c B A
27 30 31 25

Analyse and interpret the following data concerning output of wheat per field
obtained as a result of experiment conducted to test four varieties of wheat
A, B, C and D under a Latin square design at 5% level of significance.
[Given F(3,6)=4-76; F(4,7)=4-12]

& B A D
35 33 30 30

A D C B
29 29 31 28

B A D G
29 24 27 30

D C B A
27 30 31 25 20
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7.(b)(1)

7. (b)(ii)

7.(c)

8.(a)(1)

8. (a)(i1)

ﬁ—mmﬁwﬁ,@maw%mﬁm,w
Fifer |

Explain the need of factorial experiments with an example from pharmaceutical
study.

24FE-IUEHT FAW & 16 SUARI D 4 W H, FAF # 4 IR & @, fawfa
#if, fredt s B v 4B 3R CD & WE & 99 T W A qERW
fr T | 3@ afrEeam # W A I A TR @ €9 & E@@Ra
et R 7

Divide the 16 treatments of 24 factorial experiment into 4 blocks of 4 treatments

each, confounding the interaction effect AB and CD completely with blocks. Which
other interaction is automatically confounded in this design? 6+9=15

TRATH-ATEA AFaE S gAY AN F A wA F fog aRkefia Hifsr,
3R qufzy % 7 smeR & awruE Wi ar wfoeee, s fea, & foag
FAfma ® | 3@ @ wiewaa we 0 sa S |

Define Horvitz-Thompson estimator for estimating the population total, and show

that it is unbiased for probability proportional to size sampling without replacement.
Also find its sampling variance. 15

T wek 1 ¢ ? quiz fF g wew swmeaEttd ¥ |

What are principal components ? Show that the principal components are un-
correlated. '

frafafea vl srege A dafia gea Tel A AW A A TAE GO qEF
T} @y & w1 ufadd i A ww S
4 2 1
i)
gftomt et i |

Obtain the principal components and the amount of variation explained by each
principal component associated with the following dispersion matrix :

4 2 1
=2 31
11 2

Comment on the results. 20
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8.(b)

8.(c)

fiu T st & fog, R G # SR B I g9 IR W 4 A gyl
T R | GH AW H AR FIfT, AR s F AdEd &R 005 W v
#ifg |

@s
I I |
e S NS
Rl b ) oy |18
€ =411 a5 | %

(fer T & F(3,4)=659; 3K F(2, 3)=955]

For the given data, the yield of the treatment B in the second block is missing
and is denoted as °y’. Estimate the missing value, and analyse the data by assuming
the level of significance = 0-05.

Block
I II III

4 2 | 24| 22

Treatments | B 20 y 18
£ 21 25 20
[Given that F(3,4)=6-59; and F(2, 3) =9-55] 20

wfaga ok swfceam qfeat & a9 s fife | A% @ 7= § 2 = At
H o b fear s gwar 8 7

Distinguish between Sampling and Non-sampling Errors. What are their sources ?
How these errors can be controlled ? 10
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