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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.

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.

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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1.(b)

1.(c)

1.(d)

@us ‘A’> SECTION ‘A’
AW AT E, F #R G & Fea: @aA Hedd 39 YER § TR
P(ENF) = 0-1 3R P(FNG) = 03 % |
firg fifsg & P(ECUG)>— 4

Let E, F and G be three pairwise independent events such that
P(ENF) = 0-1 and P(FNG) = 0-3.

Prove that P(E°UG) >1—;. 10

Hﬁ'XﬁYWWHQ%EW%WﬁWWWWW
My y(t1,1) = €273, 1 >0, 1,>0 &, 7@ iz ¥,
PX+Y=2) = PX+Y=0)% |

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

! t
Mx,Y(tl,t2)=eel+zez‘3; t,>0, t,>0, then show that

2P(X+Y=2) = 9P(X+ Y=0). 10

aR X, X,, .. @3 AR @ sfed U, 1) IEfeed - 1 TH AT €, a9

Lim P| ) X, <— +J F HHE TG T |

n—lz [, 1 2 144)

[vam i, +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<— il
il 2 V144

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

am it 6 X, X,, ..., X, TR Ny, o2) sed @ foran o ww awgfees wiaes
2| W& O WA I 8, @ wEel (u,0?) & T wmim wfweds fremferg |
afe o2 @ B, A WEA p & fog waiw wiedw ®& ogRm ?

Let X;, X;, .., X, be a random sample from normal N(u, o2) distribution.

Obtain sufficient statistic for parameters (u, c?) when both the parameters are
unknown. If o2 is known, what will be sufficient statistic for parameter p? 10
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SPM 1A3 ACADEMY

1.(e)

2.(a)

2.(b)

H, @91 H, & J@q U& agfeod | X & ded fafafaa @
x 11 2 3 4 5 6

fo(x) : 001 001 001 0-01 001 095

fitx) : 0-05 0-04 0-03 0-02 0-01 0-85
Hy:f=f, foeg H, : f=1, & o &= & forg 0.03 smmq aren Ssaw wiegw
aa SE fedta waR @ Afe f wRiear s A | w0 oa wew sl
g7 wt?
A random variable X has the following distribution under H, and H, :

x "M 2 3 4 5 6
So(x) : 001 001 0-01 0-01 001 095
filx) : 0-05 0-04 0-03 0-02 0-01 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
M T X TF "aq aigees ) ¢ faa wiliear e wem

| E(x+2), -2=<x<3
B Y=X2 & G941 <o Fed A il 3R 30 YER Y & WRSGdT 99 B
e ifsg | |

Let X be a continuous random variable having probability density function

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

=125 ’

/&) { 0, otherwise.

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

T Agfees W (X, ¥) & wgeh WiehdT R e

CYATETE e r 2
Px=x,Y=y)=0\ ¥ \x)s) (6 3 (o e

0, Jq1

2 | Frafafeq = w0 fefoo .
(1) E(X), Var(X)
(i) E(Y), Var(Y)
(iii) Cov. (X, Y)
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2.(c)

3.(a)

3.(d)()

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

y x+1-y 16
(Hl)(m)(l) (f) (l) L y=0,1,2,.., x+1;
P(X=x,Y=y)=L Y \*)\6) \6 2) x=0,1,2,..,16.
0, otherwise.

Evaluate the following :
(i) E(X), Var.(X)
(ii) E(Y), Var())
(iii) Cov. (X, Y) 5+5+5=15
M AR 6 (X, ¥) @ dgeh Wiiedr 9 e fread €
28‘(x+y)’ O<X<y<°° ’
0, 41

frafafaa & A Hifsg
(i) P(Y<1)

(i) PAX<Y), A>1

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

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

f(x,y)={

2¢ 0 0<x<y<eo

0, otherwise

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

T AT e e Res § o am & wiRtea § R @k x Res &
25 w@aa SorEl § wie fudl 6 derr @ qufar § | SE fiEs @ g X 9R @A
TR IR W oF Y B WE B € | Var(X+25Y) H e Hif |

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

A T (6, -8, 3, 2, 7, 5, 4, 9}, Wikl " 6o f(x, 0) = 1 exp(-|x—6)),
—w0<x, O<oo AT TH A ¥ forar AT US wgfeww whied ¥ 1 0 w1 sifteaw
GHTTIAT STeheleh wTH hiforT |
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SPM 1AS ACADEMY

SHAPING BRILLIANCE

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, 8) = 3 exp(|x—6)), —0<x, 6 <co. Obtain maximum likelihood
estimate of 6. 5

AW | X, X,, ..., X, SHet-ged b(1, 0), 0<0<1 & forar T ww agfos
wftesf ® | 37 et W amamRa, 0 & Uw sWiFA s & WERW & forg fe
iy 7 Hiforg | emwmwmmﬁaﬁwmaﬁrﬁqw
Tufzy 6 o sweR-va T afesr ww a=ar # |

Let X, X,, ..., X, be a random sample from Bernoulli distribution (1, €), 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
7R W X, X, ..., X, WOH FER & ST G By o), 6>0 ¥ form wm ww
aigfooad widey § | 0 & G e Fq hivig 3R @ weror st famferg |

Let X, X;, .., X, be a random sample from beta distribution of first kind
ﬁ(l’ o) 6>0. Find consistent estimator of 6, and its variance also. 15

M AR X, X,, ... 7187 6, 0<0<1 q™ sei-sied @ forw w amgfew i
HTH FATA § | Hy: 0=0, TRg H,: 0=0,=1-6,, 0<6,<1, & T & forg
SPRT e HISIT | 380 TU& & OC %ol adT ASN %ol & <oihl sl H1 9TH
HIT |

Let X, X,, ... be a sequence of random variables from Bernoulli distribution with
mean 6, 0<6<1. Derive SPRT for testing H,: 6= 6, versus H;: =6, =1 - 0,
0<6,<1. Also obtain expressions for OC function and ASN function. 20
LT 9>0 9T TRAMIHN sied § AW 7 H T Agreos ufdey forar @ € |
far mr & %, n Jeli FH A py, VW 0’ ¥ VR T g fRe W =mam
FE-T AFAF qAT AAFAH GHIAAT AFAR FH E |

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 € are same.
15

FiTA 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

FIAANRI-TERATE TGN FT SN FA Y, 5% Al &R T G&w Hifig
5 QAT e H SflgT & ded gHE © 41 AR |
[fear @ & 7 Dig 6, 005 = %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 :
R .40 63 55 -3 48 88
B : 50 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.

gus ‘B’ SECTION ‘B’

ek Was wwermw fed Y,=a+bX,+e, & E(e) = 0, Vare) = o2
Cov(e;, €) =0, i #, (i,/)e {1, 2, ..., n}, F foq afe 4 sk b q 3R b & @AW
avfanam% @ Var(a), Var(b)ﬁﬂtCov(a,b)%ﬁ-rqmahaﬁagmﬁﬁql

For a two variable linear regression model Y,=a+bX;+e, where E(e)=0,

Var(e)) = o2, Cov(e;, e)=0fori=j, (i,))€ {1,2, ..., n}, if a and b are least square
estlmators of a and b respectively, derive expressions for Var(a), Var(b) and
Cov(a, b). 10

A AT X=X, X, X;)' ~ Ny(w, %),

et
1 9 2 2
p=|2|q@m T=(2 3 0| ¥
1 2 0 2
Y, =X, + X, + X, IR Y, =X, - X; F GGh Fed A H |

Let X=X, X, X3)' ~ Ny(1, %),

where
1 9.2 2
p=(2|and X={2 3 0]
1 2 02
Find the joint distribution of Y, =X, +X,+X; and ¥, =X, - X;. 10

afe X, X,, .., X, Tk wFeh vEwr gafe & form o wF anfw whied R,
A R it w1 g w quiEe fr v W To L3, ok et s
j=1

S=;——2(X X)? yewrer &9 & w@aA § |
Jj=1
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SPM 1A3 ACADEMY

5.(d)

5.(e)

6.(2)(1)

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

= 1 .
quadratic forms show that the sample mean X =52Xj and sample variance
j=l

1 ¢ =
B mZ(X, ~X)? are stochastically independent. 10

J=1

o o fo5 aeget f sgd 9 wEn A Ay F ool swgEt @ saE 0430
2| @ i ¥ e e agfes whicd frem o ) wfied @ smw s S
=rfeu qrfer 95-5 widea widerar & a9 arfas w9 & 2% & iR W wlivE
H Ahe T ST a2

[fear 7 § P(0<Z<196) = 0-475; 991 P(0 <Z<2-005) = 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
q@el AR GUgh & WY 3R MHR Gd WART F RomEt # F oWl w=Q
g7

How do the size and shape of plots and blocks effect the results of field

experiments ? 10

af (x, v) TR wam= BN(u,, w,, o2 o2, p) & AERV a1 §, q
(A) E(e”)

(B) EE*)

(C) Var(e®) @
(D) e 3R o & o9 wewsy F@ HC |

If (X, Y) follows bivariate normal BN(u,, w,, 6%, 62, p), then obtain

(A) E(eY)

(B) E(e*™)

(C) Var(e®) and

(D) Correlation between eX and e. 3+343+3=12
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6.(a)(i) a2 (X, ¥) o1 Ggh Wiideal wed Hed fReaq ®

6.(b)

6.(c)

e 7t x>0, y=0

y ,
x,))=
o e

WX H Y R GHHET 9 WA Y qaT 956 Al Uid W fewuit Hifsrg |

If (X, Y) have the joint probability density function

-y(x+1)
y e? V] x20, y=0
g(x,y) =
0 , elsewhere,
then find the regression curve of X on Y and comment on the nature of the curve.

8
W A X=X, X, %) ~ Ny, D), T

y 9 2 =2
p={l|jqar =2 2 -3
3 -2 -3 9

2 | T <hifeg
() E{X, | X, = x5, X3 = x3} 3R
(ii) Var{X, | X; = x5, X3 = x3}.

Let X=(X;, X,, X3)' ~ N;3(p, 2),
in which

2 B-- 2
pu={1land T=| 2 2 -3
3 5.3 9

Obtain
() E{X, | X; = x5, X3 = x3} and
(ii) Var{X; | X, = x,, X5 = x3}. 15

fredt w® fmr Aifvw .
Y=X 0+e¢,

nxl nxk kx1 nxl1
Vel & IO AGMHE W W Tk ax] Gy T WER B fF E()=0 R
D(e) = 020, >0 3@ ®, Q G R & & s fifvaa smegg @
g1 W (N)=k<n T | q9: :
(i) 6 1 IAGH I HATeheich Fedd HIY 3R
(i) o2 & TS AT HTeherch qcas hieg |

SLFM-F=5T5 8



SPM 1A3 ACADEMY

7.(a)

Consider the model :

nxl  nxk kx1 nxI1
where € is an nx1 vector of unobservable random variables such that E(g) =0 and

D(ge) = 02Q, >0 unknown, Q is a positive definite matrix of known constants
and rank(X) = ki<n. Then

(i) Derive least square estimator of 6 and

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

g # WR fewAt 4, B, C 3R D & wiem & fou R g yaw & aRum @
Wi @@ g & Sored & wafya feafafea smest @1 fawaww sk amen fifg,
S 5% WEedT TR W Th dfed G Afred & iRt TR @ e |

[fear 7@ § F(3,6)=476; F(4,7)=4-12]

G B A D
35 33 30 30

A D C B
29 29 31 28

B A D c
29 24 27 30

D . B A
P | 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 C
29 24 27 30

D iy B A
27 30 31 25 20
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SPM IAS ACADEMY

SHAPING BRILLIANCE

7.(b)(1)

7.(b)(ii)

7.(c)

8.(a)(i)

8. (a)(ii)

ag-wwﬁ?uﬁﬁﬁammaﬁ,waﬁwam%m%m,m
I |

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

24FE-IUTCHT FAW & 16 ORI H 4 TR H, WAF A 4 IWR F @, fawfo
Hife, Rt s e v 4B 3R CD & WEl & @19 W W q /RO
frr o ® | @ sfeenn ¥ @9 @ o = TR w@ETfod ®9 & wRka

el ® ?
Divide the 16 treatments of 24 factorial experiment into 4 blocks of 4 treatments

each, confounding the interaction effect 4B and CD completely with blocks. Which
other interaction is automatically confounded in this design ? 6+9=15

TRfeT-amE sEaE B gy AN e @ & forg wfonfya fifi,
R Tufzy % g% R & e Wiiiehar ara wfoaaE, wioear fed, & fog
FafFa ® | 2@ & whega wew st S Hife |

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

qeA "ok 1 € 7 quizy fh g ved swmewEiad ¥ |

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

frafafaa W rege ¥ dafia ger gedl @ AW ARG aU TOAF IO 9eE
TR WY & T qRadq @ WET wie iy
4 2 1
i)
gftormt W fewft fifomg |

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

4 2 1
Y=|2 3 1
11 2

Comment on the results. 20
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3PM 1A3 ACADEMY

8.(b)

8.(c)

fiu g st & fog, R @ # SR B H SO gH g IR W 9 A gy
T R | qW AW W e I, AR Sifehel 1 ArdeRdl ®R 0-05 W s

I |

@s
I I | II
A 2.1 241 22

SR | B 20 | »y 18
c 21°1 25 } 20
[fear mar ® F(3,4)=659; dR F(2,3)=9-55]

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
wioeaa 3R swfoeam qfedt & S s fifg | 5% | = € 2 @ oFfet
# ¥ Taba fea s § 2

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