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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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@ug A
SECTION A

Ql. (a) 1000 S o a1t safedl § &, Faa 900, 15 99 dF HI A d Tg9 U
2, a91 9fd 1000 =fh S 15 a¥ 6t 7Y 7% TEEd &, I ¥ 950 ATk
50 o <1 377Y % TgEd & | Ifd 1000 =AfEET & St 50 ¥ Fi g T TEEA
%, ol ¥ 40 ARl 1 T 79 § g A A 2 | TEHER T AR F 51 4
1 Y T THa hl TIrehar F1 R 2
Out of 1000 persons born, only 900 reach the age of 15 years, and out of
every 1000 who reach the age of 15 years, 950 reach the age of
50 years. Out of every 1000 who reach the age of 50 years, 40 die in one
year. Accordingly, what is the probability that a person would attain the
age of 51 years ? 10

(b) HHI X U Haq ATgrese =X & et Iiiehar o7 B @ :

[ x
-, 0< 1
- X<
1
fix) = 4 E’ 1$x<2
8% . Gesi3
2
0 =

Xmmﬁwwﬁwﬁqwm P[X>g)a:ruﬂwaaﬁﬁml

Let X be a continuous random variable with probability density function :

K
3 0<x<l1
figy= ] %, 1<x<2
3;X, 2<x<3
L0, elsewhere
Obtain the cumulative distribution function of X and hence find the
value of P(X 5 %) : 10

SKYC-U-STSC 2

Optional Province - optionalprovince.com



(c)

(d)

(e)

SKYC-U-STSC

AT (X, n > 1) WER Ta- Ao a1 H Jan 39 Thr 8 6

P(X, = n% = P(X, = —n® = 05, feft +ft o> 0  fe1 |
o W 38 Yfaea # P s srla, FE@en (X, n > 1) feEea 989
et % 9 (WLLNs) &1 e Xl 2 |

Let {X,, n > 1} be a sequence of mutually independent random variables

such that

PX, = n% = P(X,, = —n% = 0-5, for any o > 0.
Derive the condition on o under which the sequence {X;, n > 1} obeys
WLLNSs. 10

HUE T % f=fafaa srgen i agfasa sied & fog woa (@) g,
5% Efehdl TR, T YT hIT :

HHHHHHTHHHHHTHTHHHH

TTHHHHTHHHTTHHHHHH

THHTTHHTHHH

ﬁ!n ™ % . Z{0.025) =196

Z{0.05) = 1645

Apply Run Test to test the randomness of the following sequence of

H and T at 5% level of significance : 10
HHHHHHTHHHHHTHTHHHH

TTHHHHTHHHTTHHHHHH

THHTTHHTHHH

Given : Z(0.025} =196

Z(0-05) = 1645

7d wd v sl § fadie i | atgfe wft wem i feafa 4 srmma g
I 3TTheTh TTA HITST |

Differentiate between prior and posterior distributions. In case of
squared error loss function, find out the Bayes estimator for unknown
parameter. 10
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Q2. (a)

(b)

SKYC-U-STSC

HqHET X, Y, Z iF 9 @d= 9Fs 9T =1 8 991

Wy=Xs Yol Wimaatt W=
X+Y+7Z X+Y

Ll

i) Wy, WoTd W3 &1 6 sed faeprfere |

(i) Wy, Wy Td Wy & HHT=a WIf¥ehdl @ca Bod Fd hifr |

(iii) Wq, Wy Td W3 T0ER a3 & 1 Teqor Hifse g 38 9 et
feoqoft §ifor |

Let X, Y, Z be three mutually independent standard exponential

: X+Y X
te dwW;=X Wo= ———— = 3
variates and Wy +Y+Z, Wy X+Y+Z’W3 XV

Then

(i) determine the joint distribution of W, Wy and Wj.

(i)  find out the marginal probability density functions of Wy, W5 and
Ws.

(i) examine the mutual independence of W, Wy and W3, and give
your comment. 10+6+4=20

freferfiga #1 firg a1 st #01 % e w 3gR &

PlimsupA,)=0= 3 P(A}) < o,
k=1

&l {Ap, n > 1) T3t H HE @ 2 S Gwrerar = (Q, 4, P) W
gftafed 2 |

Give an example to prove or disapprove the following :
PlimsupAp) =0= 3 P(Ay) < oo,

k=1
for any sequence {A,, n > 1} of events defined on a probability space

Q, £, P). 15
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(c)
Q3. (a)

(b)
SKYC-U-STSC

AT {Y,, n > 1) TEfess 9 H TF 5@ @ 991 Y Th IR A5fess =
2 | vheu Hifm fF w0 ‘Y, 9o § Y 1 aifwia g ¥, & 3 fead
feperan 8 fo6 v, wiRsan § Y =1 siftafa glar 27

Let {Y,, n > 1} be a sequence of random variables and Y be a degenerate

random variable. Examine whether Y, converges in distribution to Y’

implies Y, converges in probability to Y’.

(1)

(i1)

(i)

(ii)

7z X ufifira yewor & @y s Agfeas = R, @ foasy f

lim n2P{1x1>n}=0.
n—eco

ot weh weff wdien o, sRfasedia wo7 @ | Y% WA H =R w9a foshew
2, 5 @ o ot R | v gfgum o & wd fashen S i wiRieRn
90% 2, S Uk HHAN BH hHl hadd 20% 2 | T gaH o T
faehed w e o 2 | 38 ogEE § T fawey ® fomm @ f
gTfrehar 41 8 ?

If X is a random variable with finite variance, show that
lim n?P{1x1>n}=0.

n— o

In a certain recruitment test, there are multiple choice questions.
There are four possible options to each question, out of which one
is correct. The probability of knowing correct option for an
intelligent student is 90%, while it is 20% for a weaker student. An
intelligent student ticks the correct option. What is the probability
that he was guessing ?

wfiggor HifSe & wew wa agfess =t & J@e (X, n > 1), e

1
PX. =+pM)=—"—
2
P(Xn=0)=1—%
n

S51g ®@H1 I9T (CLT) &1 91 it 8 I1 781 |

Determine whether the sequence of mutually independent random
variables {X,, n > 1}, in which

1
PX. =+nM)=-"_
n = FRT o (k<lJ
2
P(Xn=0)=1—%
n

obeys Central Limit Theorem (CLT) or not.

5
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(c)

Q4. (a)

(b)

SKYC-U-STSC

HhiUh TR UM THEW (SPRT) 1 3H$ Heheh AN For
T 3itea wiaey g@n & @y ufentya Hifse | N, 1) 3 Hy : 0 = 4 fawg
Hy: 0 =5 % q&u & foru srgsefiuss wifiehan smuma wfigor (SPRT), o = 0-5
g1 B = 0-2% A1 F1d HIfow |

Define Sequential Probability Ratio Test (SPRT) along with its operating
characteristic function and average sample number. Determine SPRT

for testing Hy : 6 = 4 against H; : 6 = 5 in N(0, 1) with o = 0-5 and

B =02.

qifegeht Frerd § oiar va wafear & o < = gfeer 2 2 T i |
U (0, 0) H, 0 1 THEAM =0 YU 3HNEG Teheish (UMVUE) 34
sHifsu |

What is the role of properties of completeness and sufficiency in
Statistical Inference ? Explain. In U (0, 0), find out Uniformly Minimum
Variance Unbiased Estimator (UMVUE) of 6.

400 9ftEr, fd yeds § 9/ o= §, & a1 &1 94 fffiga 2

wASHi il g 0 1 2 3 4
giEr ki 9@ 16 | 89 145 118 32

FI1 g YR 5% "idehal TR W 39 YNehedd1 8 T 2 o aewi w@ wefeal
% T BN h GHTEAT ST R 2
T fEmmn 2 &
Xos) 4 T Hife % fow = 9-488 T
125, 5 T i & & = 11:070.
6

Optional Province - optionalprovince.com

15

20



(¢

SKYC-U-STSC

A survey of 400 families with four children each have the following
distribution :

Number of boys 0 1 2 3 4
Number of families | 16 89 145 118 32

Is this result consistent with the hypothesis that male and female births
are equally probable at 5% level of significance ?
It is given that )(,305) for 4 degrees of freedom = 9-488 and

XEOS) for 5 degrees of freedom = 11-070.

TTerdl A e St ufenfyd Hifw | N, o?), FE o2 FFE R, H
Hy: 0 = 6y faeg Hy : 6 € (Q - 6p), T& @, 6 % fow y=foes 3w 7, &
g % fou qurerar U (LR) 9ie s HINT | o ThE w1 AR
21

Define Likelihood Ratio Test. In N(6, 02), where o2 is unknown, find out
LR test for testing Hy : 6 = 6 against Hy : 6 € (Q — 6p), where Q is the

parametric space for 6. a is the size of the test.

4
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Q5. (a)

(b)

(c)

SKYC-U-STSC

wWUE B
SECTION B
() IRX=(X; Xy X3)' 15T N3 (1, ) B, 79
(X1 - Xg) (Xg — Xg)]" %1 & 1 HifaC |

) 2 S ¢
) WAREX=(X; Xy X3)'~N30, )8 FEX=[p 1 p|R]I
0 p1
1 p T TH FE AH 2 e T (X + X, + Xg) W (X - X, - Xy)
a8 ?

() If X=(X; X9 Xg)' is distributed as N3 (u, ¥), find the distribution
of [(X; - Xg) X9 —X3)I".
1 p O
(i)  Suppose that X = (X; X9 X3)' ~N3(0,%), whereX=|p 1 p|.
0 p1
Is there a value of p for which (X; + X9 + X3) and (X; — X9 — X3)

are independent ? 5+5

fe@msu % X = (X4, Xy, ..., X)) H1 97 p-=d J0W w24 2, AR 3 Faa
M X & T4 W JH (11X + 1Xgp + ... + [,X) FT 5 THa( (THAR)
THM 5 B |

Show that X = (X4, Xo, ..., Xp)' has p-variate normal distribution if and
only if every linear combination (/1X; + l9Xs + ... + [;X}) of X follows a
univariate normal distribution.

HHT x4, X9, ,xnqu"!;g({ n J&I0T & qe
Yi=Bo+PBixs+e; i=1,2,...,n,
&l B, By TG Tt & adr @eft e
E(e) =0T V(ey) = 02,i=1, 2, ..., n % TY TR Tad THW Ao =
& | o2 T IFE HET TR |
i afteea Tt Hy : By = By = 0 1 wdiemr Hifsa |
Let x4, X9, ..., X, be n given observations, and suppose that
Yi=Bo+PBixi+e; i=1,2,..,n,
where B, B; are unknown parameters and e; are mutually independent
normal random variables with E(e;) = 0 and V(e;) = 0%, i =1, 2, ..., n.
Also, 02 is assumed to be unknown.
Test the null hypothesis Hy : Bg = 1 = 0.

8
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(d)

(e)

SKYC-U-STSC

s frper & Frefafigd yawmr fawemo groft & gf Fifve @ 5%
referd] TR W 9d13U 6 &1 YRl & Wy "ide = B

oo G1q | waa Hife | ol 1 A0 | Wey 9l o AN | S A
s — 21 4-2 -
Adel _ - 50 —
e 15 12 -

I . _

fean mn &

F.o5 (3, 15) = 8:70
F.05 (5, 15) - 462

Complete the following analysis of variance table of a design and
examine whether there is a significant difference between the

treatments at 5% level of significance : 10
Source of Degrees of | Sumof | Mean Sum | Variance
Variation Freedom Squares | of Squares Ratio
Blocks — 21 4-2 —
Treatments — — 50 —
Error 15 12 -
Total — —
Given that

F.05 (3, 15) - 870
F.05 (5, 15) = 462

qufed Wieg % Hhod & [0 YUY GHIFIV STheish i GRHTNG hifd |
e Al (aw) @ mer 9t g (woem.E.) # guw G #H a6
1 HIfT |

Define regression estimator used for the estimation of population mean.
Obtain its bias and Mean Square Error (MSE) to the first order of

approximation. 10

9

Optional Province - optionalprovince.com



Q6. (a)

(b)

SKYC-U-STSC

T X = (X; X Xg) S &A Ng(p, D) 8, T p=@2 -1 3) @@

410
>=[1 2 1|.

013
T Hifo

() Xy Xp)' o ufeaf¥a v wfh Xy=2 fean 2 |
(i)  HTIH HEHH TN po g T 98 TEEEY O R o5.
Let X = (X; Xy X3)' be distributed as N3 (i, ¥), where p= (2 —1 3)' and

Z:

© =
— DN
W~ o

Find

(i)  the conditional distribution of (X; Xj5)' given X3 = 2.

(ii)  partial correlation coefficient pj93 and multiple correlation
coefficient Ry o3 8+7

(i)  ufd I3 T § SR 95 e (Afesavmd) @ et fg-fag (9)
aifihd JAferel & arqul foveror 1 faeror, 3w & <ft 78 Ar=ae 5
TR IgE HA g A | W@ A g ot A wwt W R %
fargersr 1 39ERT B 2 |

(i) #F fb FF WER WA WYy, Yy 3R Y, e ymw o2 nm 2
G
E(Y1) = B1 + Bz, E(Yp) = B + B3, E(Yg) = By + By R T |
fe@rsy foh Tl refersh wer pyB; + poBy + paPs TTHHTH 2,
Ife Td hae AR py = pg + p3 ? | WA & AR FE A=A I B,
3R ot T 3g@ Hifs |

(i) Describe the complete analysis of two-way classified data with
multiple (but equal) observations per cell, clearly stating the
assumptions used. Also state two examples where such type of
analysis is used. 15

(i)  Let three mutually independent variables Y;, Yo and Y3 having
common variance 62 and
E(Y1) = By + Be, E(Yo) = B; + B3, E(Y3) =B + B2 be given.

Show that the linear parametric function pif; + pgfy + p3Bs is
estimable if and only if p; = pg + p3, clearly stating the assumptions

used, if any. 5
10
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© () dfam ¥ @\ wro Ry e sro faveys yg@ ges favawo %1
YA A S 3BT H Gkl & |
Giy fafea oeaardi # qftwfia HifT qon 73 WM F @ TEW
& | fafea vearl @ fafza =0 = 79 w4 A f[&fy w1 a0
Hifm |

(1) State briefly three reasons why an analyst may wish to perform a
principal component analysis. 6

(ii) Define canonical correlations and give two examples of their
application. Describe the procedure of working out canonical

correlations and canonical variates. 9

Q7. (a) = % WEEd TE UeHs =l % Ufdesd H I I I Hfed v
Hifre | T e ifieramr & fore wnfe U 1 SEfNEG SRt 9
TH 3T 1 YEUl WId shifae Sefh gfaeem sfeear fea @« agfss
fafer gro e 1 2 | 38 yEw &1 IEfET sehess ot e |
Discuss the difference between sampling for variables and sampling for
attributes with examples. For a qualitative characteristic, find an
unbiased estimator of population proportion along with its variance
when sample is drawn by simple random sampling without replacement.

Also obtain an unbiased estimator of this variance. 20

(b) = & T wrolt #§ 50 R * TiRd Agfeasw wfaey % R w1 HIA W
YO g1 T ) GHIR 1 RN a9 T § =9 gfaes stewi @i
T 2 | Tl w3 A gl O v o e R

TR & N; n; ¥; 8,2
1 30 5 35 36
2 50 10 40 49
3 60 15 40 81
4 60 20 55 144

yuifora <hifsie o6 fou v 4 =/l & ot HisEr erEe 3ean 2 | GHise T
1 30 AE & TN e Hl F1d HifST |
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(c)
Q8. (a)

(b)
SKYC-U-STSC

The table given below gives the population and sample sizes, stratum
means and variance of a stratified random sample of size 50. Symbols
used have their usual meanings.

S | % | w5 |
1 30 5 35 36
2 50 10 40 49
3 60 15 40 81
4 60 20 55 144

Verify that the existing allocation is optimum for given 4 strata. Also
calculate the estimate of population variance under this allocation.

wo Igfees UiieEa M TSR AHuifas wiidear ufeemm # fasg
I | Th n IATHR F AR AU WTfehar Ufdesl 1 39 () F=r=ft q
fafa e (i) @fedt fafr g0 N (n < N) omahm 1 gofee & 8 530 2 wwe
HIfST |

Differentiate between Simple Random Sampling and Probability
Proportional to Size Sampling. How will you draw a PPS sample of size

n from a population of size N (n < N) by (i) Cumulative Total Method
and (ii) Lahri’s Method ? Explain.

Igfes® Gue Afiswhed 1 au1 Tqferd Tqul @uesh AfFReqT § =R ¥Ry |
H WY Geaiedd ¥ fag e 6 ggfea srqel @ves sifirreqan d
(i) bk = vr (ii)) M(v —1) = r(k — 1) 9T (iii) b > v.

Differentiate between randomised block design and balanced incomplete

block design. In usual notations, for a balanced incomplete block design,
prove that (i) bk = vr (ii) (v = 1) =r(k — 1) and (Giii) b > v.

TTIeHe 3ot § Heo & fagr i sarea Hifve | et v o R
i 3UgH A, B a1 C T5d w3 @ Wl W 2, fF 90T 91 Rl & o
guei 4 fawfor & | 39 ABC #1 989l, AC %I g 91 BC 1 diek T
7§ forg TR Gehfta T ?

Explain the concept of confounding in design of experiment. In an
experiment with three factors A, B and C, each at two levels, three
replicates are divided in two blocks, each of four units. How will you

confound ABC in the first, AC in the second and BC in the third
replication ?

12
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(c)
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i, argfess w fufta ywe gieal # 3gewn afza favg Hife | agfess
@ugs Aoyt 1§ sifiered % o gend fagrdl &1 TaEy 9 g @ ?
Tse HifS |

Differentiate among fixed, random and mixed effect models with

examples. How are the three basic principles of design fulfilled in
randomised block design ? Explain. 15

13
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