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Civil Services (Main)
Examination- 2025 3157 DETACHABLE
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STATISTICS (Paper I)

FrefRa awa « diF 9% siferagan 3 : 250
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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 i 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
e o octine shall ha_counted even if attempied partly. Any page or portion of the page
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gusg ‘A’ SECTION ‘A’

1.(a) wW AT E F IR G IF e @i ged W wER € fR

P(ENF) = 0-1 3R P(FNG) = 0:3 % |
11

fag ®ifsm {5 P(E"UG}E:E 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}}I—; 10

1.(b) Hﬁ‘Xﬁ{Fmﬁﬁﬂﬂﬁ%ﬁﬂ%Wﬁﬂﬁﬁﬂﬁme
Mx,r(ﬁs‘z}:guﬁ:*}; t,>0,6>0 2, 9 guigy &,
P+ ¥=2) = 9P(X+Y=0)% |

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

I
My y(t,1) = E‘Jl"'kij; t, >0, t, >0, then show that

2P(X+Y=2) = 9P(X+ ¥Y=0). 10

1L.(o) T X, X, .. @3 IR g @fed U(o, 1) aafes =0 1 0F S5 8, ae
L:mP[EX"f + —] H WA R A

G e i=1
A AR, +3=174, ©(0-29) = 0-6141, &(1) = 0-8413]
If X;, X;, ... be a sequence of 1.i.d. U(0, 1) random variables, then find the value

of Lzm P[EX *'-‘—+1’ |
P 2 144

[use ~3=174, ®(0-29) = 0-6141, ®(1) = 0-8413] 10

1.(d) W SR 5 X, X, ., X, AR Ny, o?) seq & form T o angfeee i
2| W= oHT YEE e E, o s (u,o0?) F fow win wfwds fefeo |
aft o2 7 &, & wrEw p & fow wafw witesw F@n e ?

Let X;, X5, .., X, be a random sample from normal MN(u,c?) distribution.
Obtain sufficient statistic for parameters (u, o) when both the parameters are

comlranmarren TE =] 1o lenmsscs sswrhat wrill ha oofficiand otatiotin Frr naramatar i r.n' lﬂ
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1.(e) H, @41 H, & sidia us aufees W X & d@eq Frafafaa 2.
= SO G 2 3 4 5 6
fi(x) : 001 001 001 001 001 095
fity : 005 004 003 002 001 085
Hy:f=f, T®g H, . f=f, &1 wism &1 & fag 003 s qmen dwaw wem
an gedt fidta wor R & wiiwa ww S | w0 aw wam wfea

e 7 W7
A random variable X has the following distribution under H, and H, : |
x a2 2 3 4 J 6

Sox) : 001 001 001 0-01 001 095
fitx) : 005 004 003 002 001 0-85

Find the best test of size 0-03 and its probability of type-II error for testing H,, : =1,
versus M, :f=f,. Is it unbiased test? Why ? 10

2.(2) TW WY X UF daq agfes W R P wfiea e weE

f{x}z{gg(xﬂtz}, ~2<x<3
2| Y=X? & 994! deq wAq A HOU AR 5@ WER Y & WG 999 Tl
W i |

Let X be a continuous random variable having probability density function

2(x+2), -2<xs3

=1 ’

7 (x) [ 0, otherwise.

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

2.(b) W AmFEE W (X, Y) F Agh WikEdl Seee See

¥ x+1—y‘ 16
[I-I-l]lr'lﬁ][}_] [E} (l] . y:ﬂ, 1, 2,..., I+1;
P(X=x,¥Y=y)=\ ¥ A\*x)\6)\6 2=, 2016,

3

0, AT

2| Fafafm &1 = et .
(1) E(X), Var(X)
(ii) E(Y), Var(Y)
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The joint probability mass function of two random variables (X, ¥) be

¥ T4l=y [
(xm(lﬁ](i] [EJ (l] =0, 1, 2y, 2+
P(X=x,¥Y=y)=}\ ¥ Ax\6) L6 2) x=0,1,2,..,16.
0, otherwise.

Evaluate the following :
(1) E(X), Var.(X)
(i1) E(Y), Var(l)
(ii1) Cov. (X, 1) 5+5+5=15
2.(c) WM witig B (X, v) & dge Wi s W e @

my —lxtY)
2e , I<x<y<oe
x, ==
f( J") {ﬂ' HeaEr

b

Frafafaa &t e Sifsmo .

() P(Y<1)

(ii) PA(AX<Y), L>1

(iii) P(Y>3X| Y>2X)
Let the joint probability density function of (X, ¥) be

—(x+¥)
_J2e , D<x<y<ee
S ) {G, otherwise

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

3.(a) WM @b @ AP e § fm oam & owRear § % R x faes A
25 @A gl § v fadl d sen @ qular @ ) SE R @ g X eR =
T T W oed Y fag ww € € | Var(X+25Y) & R hiferg |

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 obtamn 1 heads.

Compute Var.(X + 257). 20

3.(b)(i) ®W WU {6, -8, 3,2, 7, 5, 4, 9}, WifEal ¥ Tl f(x, 6) = 1 exp(~|x-0)),
—co<x, O<w= A TH wAMR F form T Uw agfed ufed 21 0 @ sftean
HATAAT_ AThersh WTH il |
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Let {6,-8,3,2,7, 5,4, 9} be arandom sample from a population with probability
density function f{x, 8) = % exp(—|x—08]), —o<x, 0 <eo. Obtain maximum likelihood
estimate of 6. 5

3.(b)(ii) #W W X, X,, .., X, Fet-ged (1, 0), 0<0<1 & o w1 s awfes
wloed & | o stedl W sutf, 0 % U swfima srhes & weor & foo foe
afEr s/ AT | @ F1 UE T IHeH TR R ees S i qor
Tuize f& a2 wwR-ye o oRew ww w=ar 2 :

Let X}, X;, ..., X, be a random sample from Bemoulli distribution 5(1, @), 0<8<]1.
Find the lower bound for the variance of an unbiased estimator of & based on
this data. Find uniformly minimum vanance unbiased estimator of & and show
that it attains Cramer-Rao lower bound. 10

3.(c) WM wih X, X, .., X, mm%aﬁﬁaﬁﬁ“.ﬂ}, 0>0 @ forr mar s
agfess whigd £ | 0 & @ IEas W@ Hi R wE wEe At e |

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

4.(a) AW AT X, X,, .. TEF 0, 0<0<] TN Fei-deq § fom M AEFEw =R/
H UF ATFA R | Hy: 0=6, eg H,: 0=6,=1-0,, 0<,<1, F 75w F forg
SPRT =cqd ST | 30 WE™ & OC % ad1 ASN W & <ordhl & W W
#ifom |

Let X}, X,, ... be a sequence of random variables from Bernoulli distribution with
mean 6, 0<8<1. Derive SPRT for testing H,: 8= 0, versus H,: 6=6,=1- 6,
0<@,<1. Also obtain expressions for OC function and ASN function. 20

4.(b) W 9>0 A FAWE T2 A AW n H TF AGod whedt form mm @
fear % f6, n el H ¥ op, YW 0’ ¥ VR T SUEC FFo W wmaw
FE-a ATRed au st aWfeEr sdes wHE €

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

4.(c) WIEA H 6 TEGHA FR Fe-B N 6 qEgHA & itawae A= 7 WO

A : 40 62 55 35 48 B8
B : 50 70 65 30 45 92

FreriE-fordta wem F1 e w gy, 5% aefEa ' w adem Fifm
& A1 9+ @9 W Fed TWE § A R |
[ﬁq-[ T % ‘H'-’ D.r.: A zn'iﬂ
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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’

5. TR Yo waomw fret y,=a+bX,+e Wl Ee) = 0, Var(e) = o,
Covle,, ) =0, i#j, (,)ell, 2, .., n}, ¥ Forq af & R b q 3R b & =
aﬁmaa%,a’rwr(&),vﬂ]{mamctw(a,“b}%%ﬁﬁaﬁaﬁwiﬁrﬁql

For a twn variable linear regression model Y-a+hXI-+e,-. where E(e)=0,

Var(e,)) = Cov(e;,e) 0fori=j, (i,)e{l,2, .., n},ifaand b are least square
esumatnrs nt‘ a and b respectively, derive expressions for Var(a), Var{b] and
Cov(a, b). 10

5.(b) WW SR X=(X X, X)' ~ Ny(w D),
et

1 g 2 2
p={2(TmT={2 3 0 ®I
1 2 0 2
Y, =X, + X+ X, IR Y,=X,— X, F gh @ed T hifAg |

Let X=(X;, X, X;) ~ Ny(p, ),

where
1 9 2 2
p=|(2|and X=|2 3 0]
1 2 0 2
Find the joint distribution of ¥, =X, +X,+X; and Y, =X, - A;. 10

5.0 AR X, Xy, .. X, TF wEe wameg gafe & fmn mn v mmew ufiwd
a1 feama &9t &1 g9 o eviien fo witest wmem f:%ixj 3t witest werm
j=1

Sz:ﬁi(l}—f}z T €9 § WA O
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If X, X, ..., X, is a random sample from a standard normal population, then using

quadratic forms show that the sample mean X =%E.l:, and sample variance
J=1

1
n—1

"
Z{JI} ~X)* are stochastically independent. 10
i=1

52 =

5.(d) WM o f5 gt f ag 9@ wen oot wnfe # Qw oof qegEl @ sguE 030
2| @ e ¥ = o aafes wiey fae s o ufies @1 s = 2
=rfew arfes 95-5 wiowe wirsar & @9 awafas o F 2% F W 99 wiowm
o e forar o &% ?

[fear = B 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 1s 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

5.(c)  W@el IR WUES & AT SR IER T AT & GROmET S owwmfE w9

g2
How do the size and shape of plots and blocks effect the results of field
experiments ? 10

6.(a)i) R (X, V) Tk w0™= BN(ny, 1, of, 0}, p) 1 FTRO a1 @, @
(A) E(eY
(B) E@E*)
(C) Var(e®) T=n
(D) &X #iK &' & =9 "ed=ay W= SHife |

If (X, Y) follows bivariate normal BN(i,, Ky, i, 3, p), then obtain
(A) E(e®)

(B) E(e*)

(C) Var(e™) and

(D) Correlation between e* and e!. 3+3+3+3=12
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6.(a)i)) TfE (X, ¥) * dgeh Wi o9 For frdaq @

el
’ 0 , Iy,

A X W Y W GHEAY a9 Wid o qur 9k $l uefd w feonlt difeng |
If (X, Y) have the joint probability density function

y e 7D x>0, y20
0 , elsewhere,

g(x.y) ={

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

6.0) " e fF x=x, X, X)) ~ Ny, T), T

{2] [9 2 —2]
pu={1|am =2 2 -3
3 3 -3 9

g | s Hifem
() EWX, | Xy = x;, X = x3} 10
(i) Var{X; | X; = x5, X3 = X},

Let X=(X,, X, Xs)'-ﬂ Ny(u, X),
in which

317
p=|1|land X=| 2 2 =3
3 -2 =3 9

Obtain
() ELX, | X, = x,, X, = x3} and
(i) Var{X; | X; = x5, X5 = x5} 15

6.(c) fFreyl W TR Hifdw
Y¥=X 0+c¢,

nxl  nxk kxl  nxl
wel ¢ I AEREE W @ uE ax1 Gfw W oweR ® fF E@E) =0 sk
D(e) = 020, a}ﬂﬁﬁ%,gmﬁmﬁW@Wﬁ%aw%
Hﬂ'lﬂ-ﬁﬁ(ﬁ') k<n ¥ W=
(t)emwﬁwqaﬁzﬁﬁmaﬁt

‘\7'!5--"5--51—'&1—'&
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Consider the model :
¥Y¥=X 0+e¢g,

nxl  nxk kx1 mxl
where £ is an nx1 vector of unobservable random variables such that E(¢) = 0 and

D(g) = o0, ¢>0 unknown, {2 is a positive definite matrix of known constants
and rank(X)=4k<n. Then

(i) Derive least square estimator of & and

(if) Derive an unbiased estimator of o2 D+6=15

7.(a) e @ W) e 4, B, C st D & wlww & fou fd o waw & ofomm ey
ufy @7 e F oA § weftm freafafes s @ fawmm sk =men $ifi,
I 5% TEFEN TR W TH AAfe7 T afiewerm F i e owm o
fear n ® F(3, 6)=4-76; F(4,7)=412]

£ B A D
35 33 30 30

A D B B
29 29 31 28

B A D C
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-T6; F(4,7)=4-12]

2 B A D
35 33 30 30

A D 2 B
29 29 31 28

B A D C
29 24 27 30

D £ B A
27 30 31 25 20
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7.(b)(i) FE-IUEH! VAT 1 FrEvERAT FI, U S HEHEA F IqeW & €Id, ATEAl
ifs |

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

7.(b)(i) 24 FE-IMEH WA F 16 THERE H 4 W H, WAF ¥ 4 ITRI & w, forto
Hifs, fordt s firn v 4B @R CD & WREI F 99 W 9@ q g
fmm @ ¥ | 3@ afee § @9 @ @ s Bea wefea ®9 @ aEfa

Tl @ 7
Divide the 16 treatments of 24 factorial experiment into 4 blocks of 4 treatments

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

7.(c) ERECH-IFEA AEEE F gAE A0 w1 dwed & & fay wfonfya Sif,
3R Tufzn fF 78 omaR % T Wi 9 gl afeer A, % fag
Ffia & | =@ W whiem werw st s 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

8.(a)(i) T WeF ¥ § 7 wuizw f6 wer wew smeaEttd €|

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

8.(a)(ii) Frafafaa whvfT amere ¥ aftm ge weal & W Hifg T TS T w10
g wu & ofiedd & wen ww Fife
4 2 1
5-(3 ¢ |
qftdl @t fewolt <ifem |

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

4 2 1
y=l2 3 1
L1 2

Mammrnant_nn_tha raonlie EU
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8.(b) fou wu st ¥ forg, R @ ¥ SR B oI qw € AR W 4 A quRn
TR | AR WA H ITEA g, R RSt # wEEa &R 0-05 R v
Fifere |

@s
I I | m
A 2 B T G

ggwK | B 20 | y | 18
o T R

[feam s ® F(3, 4)=6-59; 3R 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
1 I1 I11

A 2 | 24 | 2

Treatments | B 20 ¥ 18
L 21 25 20
[Given that F(3,4)=6-39; and F(2,3) =9-35] 20

8.(c) WA R swfwma At & diw i Aife | % A\ o ¥ 7 @ A
w F FEfa oo o 2 7

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