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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 § are compulsory and out of the remaining, THREE are 1o be attempted choosing af
least ONE from each section.

The number of marks carried by a question/part is indicated against il.

Answers must be written in the medium authorized in the Admission Certificate which must be srcjrtea’ clegn’y
on the cover of this Question-cum-Answer (OCA) Booklet in the space provided. No marks will be given
for unswers 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 meaning.

Attempts of questions shall be counted in chronological 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 answer book must
be clearly struck off.
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Q. 1(a)

Q. l(b)

Q. 1(c)

Q. 1(d)

C- DN NTIABA

. v
SECTION-—A
tri% 'q?:maﬁ A B& RT, PA)> 03 PB)> 08, @ zufzy B P(A | B) > P(A),

e ak PEw aRe P(B|A)>P(B) W TH, P(A | B) < P(A) 3¢ T daw i@
P(B | A) < P(B).
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If for the events A and B, P(A) > 0 and P(B) > 0 then shbw that P(A | B) > P(A), if and |

| only 1if P(B | A) > P(B). Likewise, P(A | B) < P(A), if and only if P(B | A) < P(B).

10

Eﬁ?mlzaﬂi3wgﬁﬁmﬁ%ﬁ@§|wmaﬁuﬁmw%ﬁ:w%_

FH UF AP U7 SIS ®T 4T g ?

Three digits 1, 2 and 3 are written down in random order. What is the probability that at
least one digit will occupy its proper place ? 10

qd N, 4) € u Sidd ufagel -5,0,2, 1581, & u 3 fg oF 95% favaegar siqud
qd9TgC |

Construct a 95% confidence interval for p in N(u, 4) from the following observed
sample : -5, 0, 2, 15. ‘ 10

qH efiferg f X, o X, @de gAeT seq (3R ang <) %mgf‘w«e’t ﬁfﬁ‘ﬂqﬁaﬁr
yqcd HhHdaq |

f(x;B):-é- exp(—-g—), x 20, 9)0'

= 0, I~qI

o U, = 0.6 X, + 0.4 X, 3 U, =) %X, Profy R P U@ U, ¥ & s
@ 0% frg wiw wRaels 2 '

afd h(u,y) = E(U, | uy), @ T@EC & h(y,) F1 F600T U, & G907 § BT &0

Let X, and X, be i.i.d. random variables and each has probability density function

f(x;9)=-é- exp[—%} x20, 0>

= (), otherwise.

If U, = 0.6 X; + 0.4 X, and U,=X, +X,, decide which one of U, and U, are sufficient

statistics for O.

If h(u,) = E(U, | u,), then show that it has smaller variance compared to Var(U;). 10
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Q. 1(e) @ﬁﬁmwﬁmmaqﬁwmguma{w%wm,2014

3w A frefafee e @ o

&) quaT | Th | e | e | W Wi | WTE
— e
qfewt A w@r | 22 |12 | 18 10 20 18 | 30

Wwﬁqﬁﬁm%ﬁ?ﬁﬁ%ﬁaﬁfaﬁaﬁﬂﬁmlﬁﬁmmm
s 1:2:1:2:2:32 @ MEEE R 5% wEN W T THET FIFC
(qa< x%; ons = 12.59)

A tourist resort is visited by tourists from many countries. The resort operator has the
following data in the month of January, 2014 :

Country USA |UK | Canada| ltaly | Germany | France| Japan

| i - b 3
No. of tourists 22 12 18 10 20 18 30

2 il " i —

The resort operator has a hypothesis that the proportion of tourists visiting in the month

of January of any year is 2 : 1 :2:1:2: 7 - 3. Test this hypothesis at 5% level of
significance (Given x%; 005 = 12.59). 10

Q. 2a) R T TRRe® T X F AR T TS

f (x) = 630x4(1 — x), 0 <x <1, |
- =0, U

g @ 0 9/ @ gTaed] H|®W%memﬂwﬁiﬁ'(pizc)$m
mmzm@m%ﬁ%ammmwﬁﬂqﬁéﬂ%%ﬁaﬁml

The probability density function of a random variable X is given by
£, (x) = 630x*(1 = x)* for 0 <x <1, |

=0, otherwise.

Find the probability that X will take on a value within two standard deviations of the

mean (i + 20) and compare it with the lower bound provided by the Chebychev’s Inequality.
20

Q. 2(b) TRRE® =X X Rreew widEa FHeE wed

A

e T ..
fx(x,?»)-e 1 x>0

= (), A9

A 1 Tise &

Pr{0¢X<2(l+l)}>1-% B,

W&l A 20T e 2
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For a random variable X with probability density function

X)‘

fy (X33) = e_x 0 —forx>0,

= (), otherwise;

where A > 0 is an integer, show that
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P {0<x{2(x+1)}>—-"—- | . 15
A+1 S
Q. 2(0) UEH qIET (die) A 15 aR Iwwn o @ foed Prefofia aRom w2 §
| BAE WA 1 2 3 4 5 6
TR .0 1 4 0 4 6
SR I B WaTTa"r% @l T wmﬁmﬁtﬁiw—wmm ¢I€§%I’Frl?f
T (A 8 Dyg s = 0.304)
A die 1s rolled 15 times with the following results :
Face value 1 2 3 4 5 6
Frequency : 0 1 4 0 4 6 |
Use Kolmogorov-Smirnov statistic to test whether the die is uﬁbiasgd or not. (Given
Dy5. 595 = 0.304) | ' | 15
Q.3(@) # ANT & w & w99 ¥ n #el & ThU T W7 W £ AN 9E TSV 99 9%
' SR T W B S 96 % r A W A @ Wi W [Tl € 31 FHeg]
F gU Rme q1en Aarwm 0 81 0 F i sfwew dwfie seed w AR )
AW P(X 2 1) B wEfod AU wE a gEw 6 @ ddy ¥ fk s (Rew
FHAYA) UG BN AT goiey B seds Iyl g 2
Suppose n items are put on test simultaneously and the test is continued ﬁntil r items fail.
Assuming aﬁ exponential failure distribution with mean life time 0, obtain the maximum I
likelithood estimator for 0 and hence estimate P(X > t). Also obtain the Fisher information
~about the paramecter 6 and show that the estimator is asymptotically normal. 20
Q. 3(b) T R X ~ N (u, 1) R w# qf ded N (0, 1) 2| affa 3 afr e 2 wew
' T BT, p B I 99 wes uTd RN @S Wy a9 few o g #9ifn
Let X ~ N (u, 1) and the prior distribution of p is N (0, 1). Assuming squared eﬁor loss
function, obtain the Bayes estimator for p. Also obtain Bayes risk. | 15
Q. 3(c) WsheF W F wh FTEW AN whww F e @R ded ¥ T B oaRee
FINT | JesC 6 ofe X &1 X F wifdsar & afmoor 1 @ @07 ¥ o 8m T sEw
oo ot w8t & ?
C- DN NN BA
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Q. 4(a)

Define convergence in probability and convergence in distribution of a sequence of random

variables. Show that convergence of X to X in probability implies convergence of X to

X in distribution. Is the converse also true 7 - 1’5

A ART X, X,y e ,anwéEHU(O,e)ﬁwwmuﬁﬁ%l
H,:0=0,,H,:0%0, 3 Tl & R sme o T wa: T 7960 (UMP)
qOem grd P |

Lt Xys Xas wussemnny oy D6 & random .sample drawn from a uniferm U(0, 08) distribution.

Obtain a. UMP test of size o for testing H, : © = 6, against H, : 0 # B, 20

Q.~4(b)ﬁmﬁfﬁﬂﬁqﬁﬂﬁﬁfﬁmﬁﬁmz'

() SHEE AT A T (SPRT) &9 WiR®aT TF & &9 §HIC Bl B |

f(x|H, )

ii) SPRTH Z=log
W f(x{Hy)

B Pr{|z|>0|H}>o,a‘rmﬁmﬁ:

| ' N
E, (€N Moy =1 i Sy =) 7

=]
Prove the following results :

(i) A sequential probability ratio test (SPRT) always terminates with probability one.

f(x|H |
(ii) For a SPRT with Z=log (x1H) such that P {| Z | > 0 | H} > 0, then prove that
f(x{Hj)
N
E, (N MOT N} =1 when Sy =2 Z;. - 3

1=1
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Let the probability i‘unction of X and Y be

P(X =x) =( Z ]p" (1-p)" ™, x=0(1) n;

P(Y=y)=[ f:ll ]p" (1-pY ", y=r,r+l,.....
Prove that P[X 2 1] = P[Y < nj. - 15
WUE—
SECTION—B
Q. 5(@) TR Y, Y, Y, ® wdy Jeon N gearm
E(Y)) = By ~ B + By E(Y,) = B, - 2B,
E(Y;) =By + B, + B, M V(Y)=0% i= 1,2,3% R

s‘r’a‘:ﬁo,ﬁ]sﬁrQﬁf?rqqmmfwmﬂﬁﬁmwm&mmfﬁﬂﬁ NFAF
T H TFA B 7 IA TR R uw ¥ gl dfrg)

. LB Y, W, Y, be three independent observations having expectations
E(Yl)__‘: Bg = B] 2 Bz: E(Yz) == 130 = 2B2=
E(Y;) =By + B, + By and V(Y)=o2for i=1,2 3.

Obtain least square estimates of Bos B, and B,. Can you obtain unbiased estimate of o2 9
Justify your claim. S . 0 10

Q.5(b) W m, A n, A B TG wReR B FreRy w1 @ o m o~ Ny (1, 2) R

18 12

T2~ Ny Gy 2, 'y = (10, 15, p, = [10, 25] e E“(u 32

= TEANE ot w1 aRee A

If m; and m, denote two bivariate normal populations where m ~N, (0, Z) and

(18 12

\12 32) )
. distance between m, and T, : 10

J?f,?ﬁnlaﬁ'(ﬂz%

m, ~ N, (4,, L), u, =[10, 15], H,=[10,25] and Z=

. Compute the Mahalonobis

Q. 5(c) ®HlE IMM 10 Ry, zomsy B viewoT B o< Tgi=es yfdwad (SRS) A 59 ‘gr

H fafame swéaﬁmﬁaaﬁuﬁwwﬂﬁ%ﬁﬁ%qﬁéﬂ’ﬁmﬁaﬁmﬁw
8 |
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For a population size 10, show that in SRS without replacement the probability of drawing
a specified unit at 5™ draw is equal to the probability of drawing it at the first draw.

10

Q. 5(d) A AT f& § d@eshl A cgaffud 4 IWRI GRT TF IGRSIFA TSH  ANFHTIA
(3T d) 21 TR f& I . AfdF B

Consider a RBD with 4 treatments arranged in 5 blocks. Show that RBD is orthogonal.
10

Q. 5(e) T X,, X,, Xy, X, I X, @ a7 3 wdame a7 mghos sk &, frs mw
giew 3 wewEw e £ A, @ Y=X, - X, + X, - X, + X B §TT AH A

Let X, X,, X, X, and X, be independent and 1dentically distributed random vectors with
mean vector u and covariance matrix Z. Find the distribution of Y = X, — X, + X, - X, + X,.

10
Q. 6(a) T T X ~ N_ (i, %), T8l
o ng)l Hoxt | o (I I
. M= Z=
(2) (2)
\ Xp—qxl J \ u;:J»-::|:>-r:l / \ 221 222 /
@t XD 3 ayfyEg s # W A gt XO = x@ R e
Let X ~ Np (u, ), where
(&M Y o Y 7 \
¥ qul l'lq>-cl - 2“ E12
— ,p: . =
(2) (2)
"~ p—aqxl \ l'l]::;—q:n:l ) \ E21 Z:22 }
Obtain the conditional distribution of X(! given X = x(2), 20

Q. 6(b) #A eifyw.f& 11 M A T 44 TR (W)%wmﬁmﬁﬁiaﬁmms‘raﬁ
R w21 1L A X R vE ¥ U g (T9) 97 T ¥ R wead W (T9)
ﬁ'smlﬁmm(@iﬁ)%luﬁnﬁ%aﬁ%waﬁﬁm@snooo%lm‘a‘f
F fiat @@ (gﬁﬁ)%ﬁﬁ%wwssszmﬁaﬂTiﬂSSSOOOO%a‘r@m
qreoll (ANOVA table) feif@a |

Consider the area under wheat for a sample of 44 clusters selected from 11 different

villages. Four clusters were selected from each of the 11 villages and each cluster consists
of 8 consecutive survey numbers (fields). Here sum of squares (SS) due to between
villages is 2000, SS due to between clusters within villages is 8250 and Total SS is 30000.

Write the ANOVA table. 15

DN N -ULKBA e
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Q. 6(c)

Q. 7(a)

‘Explain Horvitz-Thomson estimator of the population mean. Show that H-T estimator is -

Q. 7(b)

. | 7 y | .
qﬁaﬁw}lu:ﬁ=pﬂ={]WT&WW%WTZ-WWWWI

Q. 7(c)

CDEN N BA

FEM 5 AW TE AfeT W APEEEET (CHEST) SR W TUEE. 4 T w9 e

ﬁmlmmﬁ:mw v=b=35r=k=43 A=3 9=l GRd TH

dqf ol wew svwer (@A) A

Construct an LSD of size 5. Delete one colmhn from this LSD. Prove that the resulting

design is a symmetrical BIBD with parameters v=b =5, r=k = 4 and A = 3. ' 15

ERidecH-uraga (HT) & @S HIgd AThed 61 atrf# Fifere | earizy ff HT Ardcrd GARE
mer & ANFG IThaEm 81

unbiased estimator of population mean. Also obtain its variance. 20

ﬁtf%ﬂﬂﬁﬁﬂﬁﬁﬂﬁﬁﬂl%ﬂ%ﬁmﬁ%%?ﬁwﬁwl

T fgu yamEy g€ Nz(p,Z)ﬁWﬂ3%qaﬁmgP@$q%ﬁ% aﬁTE%ﬁmr%ﬁ%
m&qﬁaﬁw—cﬁrﬁq

C(8) (4 -3
x=| |, S=}- |
57

7

Define Hotelling TZ. State-any one of its applications.

A random sample of size 3 from a bivariate normal N,(y, ) distribution gave following
unbiased estimates of y and 2

g5 5 5 )

A 7
Compute T2-statistic to test the hypothesis H @ p = p, = [7] | 15
o g SRR B gAY & g, 27 §6Rd agITEEt W § T T @

H1 TG § ® @ug 1 Frator ARG A A S g weika srdrathang fered
% IT GO @IS F AW FYQ gQ A A fuE @S g F

Construct a key block of 27 confounded factorial experiment into a block of size 8 by

choosing suitable interactions only. Write all the independent and generalized confounded

interactions. Further obtain two or more blocks using key block. | 15

8
Yook e K
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Q. 8(a) TR WEW v=11=b,r=k=53 A =2F §¥ TF ¥ Ul W FHEIAT (BIBD)
A A W R # ¢ dege AN W AW AR A TG HMC | FAE,
v(fi—fm),i;tm:l, ........ 1.
FTd IR |
Consider a BIBD with parameters v= 11 =b, r =k =5 and A = 2. Obtain ¢ matrix of
this design and its non-zero eigen value. Hence obtain
w(t. ~ 1) L =l 1 20
Q. 8(b) TH FAT P 200 ASH ;M 100 @l X T Tdenm At IAB T YT AH D WA
3 wao Prefafes & FTHI g -
Fofr ol @ wET | WH 3% T
_ N Y, ?JNL
EES 200 40 10
asteai | 100 | 50 20
mﬁ%ﬁmﬁwmmgwwwwmmﬂmﬁmm
RN ? ¥AUE GERc WiE ® ed & TE W i |
200 boys and 100 girls of a college appeared in an examination. Means and variances of
their scores are as given below :
Category No. of Students | Mean Marks Variance
N YNi | GJNi
Boys 200 40 10
Giris 100 B 50 . 20 ) |
How will you draw a random sample of size 30 using proportional allocation ? Hence
obtain the variance of the estimator of the population mean. 15
Q. 8(c) Ma-mwpfa wwawar (Y, X, o’) ¥ TF L g ATHAD
X' x B=X'Y
R 5 ® gIQ I Bl B
() I FuA B FE g BT
(ii) @aﬁaﬁm%wmﬁwmfaﬁmmmau
In the Gauss-Markov set up (Y, X8, o2l) a least square estimate 1s given by a solution
of the system :
X'xf&zX'Y
(i) Justify the above statement.
(ii) Establish that the above system of equations is always consistent. 15
C- DN N-TUREBA /2
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