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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 atternpt FIVE questions in all.

Questions no. 1 and 5 are compulsory and out of the remaining, any THREE are (o be attempted
choosing al least ONE question from each section.

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

Ansiwers 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.
{/nless 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 Booklet must be clearly struck off.
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©us A
SECTION A

[ | S

qq AAifA9u Th Uk {86 &l di9 g1 IBTAT AT 2 | 2 X 98 39T 9 fa0
(farar) <1 o gomar & TR Y, wueg fagl (fadh) e 2, @1 2=X+ Y
1 TTFahd] ded Targu |

Suppose a coin 1s tossed three times. If X denotes the number of heads

on first toss and Y 15 the total number of heads, then write down the

probability distribution of Z = X + Y. 10
) = B & |
. 5 Ly 0 afz sin FHaw afz X d , 9.
Prove that
& - o d
X > 0 1f and only if }\n > (). 10
A AU TR

1 el

fix, ) = x"*— e %" 4AE S

% NI 939 Ush UTHehdl Udcd % fix, o) H, Xy 3R X, a3 370 981
gfed gequr & |

r - (lﬁg X]) e e o S
Zomsy fop =210 U gEEe Ufdeeid & |
(log X )

Suppose X and X, are independent and identically distributed (i.i.d)

observalions from the pdf given by

fix, )= x* e Xﬁ.} x>0, >0,
) (log X1) . . 5 . |
Show that © 217 s an ancillary statistic. 10)
(log X))

Ush GNT (¥1&dl1) 3T99Weh o HHIAl bl gra & feh IFRT 392 909 <rll bl e
2d1 & | a7 vek ygfeos ufaest o, Feiar 1 3@rg, 20 ¥ °@ 17 2m fuemn,

YA 9o Hy : 0 = 0-90 @1 dehfedsh 9iehedql H, : 6 < 0090 &% fawg.
0-05 Hiehd] T W g hifau 4R feogeft Hifsm |

The manutacturer of a spot remover claims that his product removes

90% ot all spots. If, in a random sample, 17 of 20 spots were removed
with the manufacturer’s product, test the null hypothesis Hy : 0 = 0-90
against the alternative hypothesis Hy : 6 < 0-90 at the 0-05 significance
level and comment. 10
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T AT 156 Xy, Xy, Xy 1 =a-4 agfeas =0 & Senr gam uifsdr mq4e

held (41.81.U%.)

P

— % .
20 : X >0 N
fix) - & |

0, Hed Al

AH AT I ¥ = min (X, Xy, Xg). Y T A0 3c9EH %eAd (mgf) 14

R(Y?) H

AU | AT IAEH BeH (mgl) 1 ITAM FI &Y, K(Y) 310
EAEI
Let Xy, Xy, X5 be three independent random variables with common pdf
) D0~ X, x>0
tHx}=-
0, otherwise.

Let Y =min (Xq, Xy, Xq). Find mgf of Y. Using mgf, find E(Y) and E(Y*).

X1, ..., X, UTFFhd1 BFcd Hoin

fix|0)=0x % 0<B<K <o

H T Al 9fdgyl 2 |

(i) 0 [0 gy wigess &= 2 2

(ii) O 1 AlUhdH GUTFdl 3Tl (TH.UA.3.) Fd $HiTU |

(i) ATl T9iY (U9.371.UR.) § 0 &1 Hohelsh 14 i |

X1, ..., X4 Is a random sample from probability density function
fix|0)=0x2 0<0<x< oo

(1) What 1s a sufficient statistic for 6 7

(1)  Find the Maximum Likelihood Estimate (MLE) of 6.

(111)  IFind the Method of Moments (MoM) estimate of 6.

d

10)

298U 1o Agf=a a0 h Y&IH SIcil T shealdl ST a9 &1 sgEeo

CRril-l

Show that every Bernoulli sequence of random variables obeys the

central hmit law.

15
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O &TA0 oh X o1 ITEehdl 9dcd Held

o B, 8 ¥, HERgm= S |

0, 31T

g {1 "M ofifae 6 Hy 0 = 2 %1 9089 Hy @ 6 = 4 & fawg & & oy,
X, 3T X, T 2 % ATHN bl Th FTgiesh Uidayl 8 | Ush JLET
C = {(X;, X9); 95 £ X + X9 < oo
Fliieh &3 & g0 qHUTNg 2 |
b § s

qEi&fo] 6 STeRE 31T eJHdT Rl LT <hilau |
Let X have the pdf

1] — .
f(x, 0) "fiae 4, i 3 e

0, otherwise,

b

To test Hy : 6 = 2 against Hy : 0 = 4, let Xy and X, be a random sample of
size 2. A test 1s defined by taking critical region as
C={(X{.Xy); 95 <Xy + Xo < o).

Determine size and power of the test, 15

o =0 5 X 1 UTiehdl 99cd o

x|

g" (11—l - 1%l x=-1,0.1, 0<pB<1

'

{

{xGr=

HI

o Ueh U&ul 2 |
i) @ X U "Rl gAd gidewst 8 2 48 ol Sy fe o | X ol U
qrqul 9T gTdgeid @ |

(i) 1 fix | 0) ILHETETR] S0 W HEeY @dl g ?

i )

(i) 0 =1 stfushan guifadr 3meas (WH.UA.3.) F1d $I90 |

Let X be one observation {rom the pdf

. X
fix|8) = 2 (1-0'-Ixl, x=-1,0,1, 0<0<1,
(1) I[s X a complete sufficient statistic 7 Check also 1t |X| 15 a
complete sufficient statistic.
(11)  Does fix|0) belong to exponential class ?
(111)  Find the MLE of 0. 20

_-_-'“'_—-___*________“__‘_-____
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(b T AU fob X A2 Y 1 HYeh TTehal Ged el

[(x, v}=C.expi— (x2 — 4y% — xv)]
8, 8l C U 3= 2 |
ATd it
D) X)) I VXD
G EOY) 3TRVIY)
(iii) X d9T Y < € HeHad
X 3 Y  sedi (Taqun) &t o gg=m Hifu |
Let the joint probability density function of X and Y be
fix, v) = C.expl—(x* — 4v2 — xv)},
where C 1s a constant.
Find :
(1) K(X) and V(X)
(11) (YY) and V(Y)
(ii1)  Correlation between X and Y
Also identify the distributions of X and Y. 15

. YW W
q]’")“,

w1 Sifgd o’ E St ° ged & | SHiigH’ kU gret a1 & UTES

) () UH HEE T Uk oi@ WYeds UTEhl & dr@ AV W&
75¢ TTER] i aTRT ‘3=® Wl hi 4ot °§ At & 3N @ikl UTEeh
sHraed 507 = faare (s@fa) @ didd od § Jeie ered’ O

a1 % UTesh ad 105 THF B 3194 o1 i e (sraia) =6 2d 8 |
Fifgt Fo’ Fof § 3T ATl Ul & T AR AGIHAT 1 Toha]
An accounts manager in a company classifies 75% of customers as
‘oood credit’ and the rest as ‘risky credit’ depending on their
‘eredit rating’. Customers in the ‘risky’ category allow their
accounts to go overdue 50 of the time on average, whereas those
in the ‘good’ category allow their accounts to become overdue only
10% of the time. What percentage of overdue accounts are held by
customers in the ‘risky credit’ category ?

Giy  mH At 2 s faenfedi 4 we wel 3R A8 @ W i
RgeTel 1 & i ol aTimekdl 0-30 2, f@erdl 11 & Sfied @l Uiidehd

]

| 0-45 B, 3 WA & SSL g HI ATRKA 0-25 2 | AR 3 &7 I
. e ik i ™ 2t o - 53 B l"*.

| RgeATTedt 4 29 @ @l 81, dl YT¥ehd] AT =hil5T T 6 Wl TSl 1

| Sfraar 2. 2 @d fgarg! 11 Sidar 2, 3 3N 31 @d T4 8RS
Bl 2 |
Suppose that two chess players played games and it was seen that

the probability that Player T would win is 0-30, the probabihty
that Player II would win is 0-45, and the probability that the
| csame would end in a draw is 0-25. If these two chess players
plaved 10 games, find the probability that Player 1 wins 6 games,
Plaver II wins 2 games, and the remaining 2 games would be
drawn. 8§+7=15

SDF-U-STS5C 5
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R4. (a)
(b)
SDF-U-S5T5C

-:1‘-!

PP iy - : _ r . 5 ”
HH AU 1o X, ..., X, ©dqA AN G997 929 91 &iel (u, 1) Agss 9L 3
Y, ..., Y, G R qdEn §eq g i (0, 1) afEse 9 ) X
AR Y's H=EdS _F»' |

™

(i) Hy: 0= o &0 H, : 0= uh fa95g w3 % fou gurfaar stqamM
qifeyu] (USA. {21, ) 31 shifau |

(i) T2ERU 5 90T (1) 9 9deo

T
Z l{)g Xi

Tz ]

T =

Il m

Z log X; iz log Y

o §i
yfqesis 9T 3T9Td 81 9epal & |

(i) Se Hg 9T 81, d T &1 9¢9 719 hitaw 37 {5 fZmeu 5 o s1rer
1 G701 h¥ Ut feRgm AT FehdT B |

Suppose Xy, ..., X, are i.i.d beta (u, 1V and Yy, ..., Y,, are i.i.d beta (0, 1).

X's are independent of Y's.

(1) Find a Likelihood Ratio Test (LRT) of Hy: 6 = uvs. Hy: 0 # w.

(1) Show that the test in part (1) can be based on the statistic

Z log X
1=
I= n m
2 log X, Z log Y,

(111)  Find the distribution of T, when H;, is true and then show how to

get a test of size (.

Ueh AT3 =@k 9 X &1 TTiHehdl o fAfafiad 2

X = X bl HI4 JR— ‘ -1 O ‘ 1 . .2 --3

fx) 0-15 k 25 | 2k 0-35 |k

(1) k <hT AT FATd ﬁﬁm |

(i) &4 Bed Fix) 9Ted shifau 37 390 UT% g418¢ |

6
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A random variable X has the following probability function

| ,
~ Value ot X = x

!
| ~% | =1 B

{(x)

0-15 k 0-25

(1) Find the value of k.

(ii)  Obtain the distribution function Fix) and draw its graph.

1 2

2Kk 035

a4+ l0=1hH

Y= O wofaal Tehied § Tl 8 i abia g 0 o i 1efl geiha

¥ 2 HofEdl &1 Wied S 8 | |id gofadl 39 W gaiehal 8 @1 33Tl

3, T H N i Ush IAT AT B | HHATHAINA] 1 TH Gl T8 A
aTedl o1 T # A e frafag gadl @S9 Sl b1 35

A Bl B |

SR g W TafEAl i UTgEEt TG Al N Gedsh o o, TS
eafehat o foru oft mrar S feh 3t Sfia % oTT 3T 9 999 d% Il | AT
&1 Tggror 9= fear = 2

forT WauT geehl o e

WU Zeleh] th A12 FHTFHISH

EiC SATFH TS T4 @qd
(mL Oy kg ) (mL O, kg™h
. W 71
2 W 77
3 60 83
4 _ _ 6/ | 96
D 82 -ﬁl*()T
'y 39 113
i 81 121
3 81 “ ‘ 80
J 96 H _ 128
10 _ - 104 _

o G % 9 4 ARFEE 1 Ig@ HiAU H giEweH], fop W 3

143

) ~
n HYld[cen

597 WO Rl T A AN o = 0-05 T 9 S 7, 1 IUYT
S 1

qiTequr <hiTsIe |
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Weddecll seals live in the Antarctic and feed on fish during long, deep
dives in freezing water. The seals benefit from these feeding dives, but
the food they gain comes at a metabolic cost. A set of researchers wanted
to know whether feeding per se was also encrgetically expensive, over
and above the exertion of a regular dive. Thev measured the metabolic
cost of 10 feeding dives and for each of these also measured a non-

feeding dive by the same animal that lasted the same amount of time.

The data are given below :

—_—_

Oxyvgen consumption

Oxvgen consumption

Individual after non-feeding dive after feeding dive
(mL O, kg™ 1) (ml. Oy kg™ 1)
1 42 ?1" |
2 52 77
3 - 60 83
4 67 96
- 5 _ 82 _10'7
é_ 82 113
7 ;" 81 191
8. _ 81 80
- 9 96 _ -1_2;8
| .10_“ -104 _ 143

Mention assumptions

appropriate non-parametric test of hypothesis that the energetic cost is

about the populations and carry out

the same for feeding and non-feeding dives at level o = 0-05.

A

aAn

Pprepp
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Q5. (a)

(b)

SOF-L-5T5C

@us B
SECTION B

~ o,

21 Ur=ed] 6 3T o 1 3AThaid i & fdu, 37k Tad- o199 U a8, dedsh

qq <l Ji¢ ol W1ed 3= 30 990 o2 8 | T a0

(i)  n eI T HILH O 7,

(11) m J&TUTT Rl AT {('J—tb)%, AN

(iii)  m Y&AUT hT HIET (¢ — 0) 2 |

T U WA g Hisd % ®9 § sHafryd I | 0 HW ¢ FAqH T
: _ A A .
el &1 38 2 Var(if;), C(}V(a, $)3ﬂ1 var(¢ — 8 ) 30d HITSTT |

In order to estimate two parameters 0 and 0, a number of independent

measurements are taken, each having errors with mean zero and
: %

variance c-. Supposc there are

(1) n obscervations with mean 6,

(i)  m observations with mean (6 — 0), and

(111) m observations with mean (¢ — 9).

Set up this in the form of a standard linear model. What are the least

A ke A% A A
square estimates of 0 and ¢ ? Find var(¢ ), cov(8, o) and var(¢ — 6 ).

Ush ek 1@ Hige W fa=ar $ifau, Tageht AMHhed AR

(—2 =2
1 -1
0 0
X - 1 1
2 2
¥ 1
1 -

'
&

M A

2 SR [, au1 By, ATE T # | HH-E Wk FAEE U = ag B, + aghy H

ot

t

=128 7

aEd AT 3 999 H Y9 BT 991 TR af i a

D

)

prepp
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Consider a standard linear model with design matrix

(9 9N

— 1 — 1

() ()

X =1 1 1
2 i

| ]

‘ 1 — 1

and unknown coefticients [y and P,. Which linear combinations

A A A
W =aiP+axPy have largest and smallest variance subject to

9
a’ ta, =17 10)

—t —

dl)

=@ glde=d (V9.3110.78 2eeq 311, ) 0 (Udied
Hehd ToI&l & {19, fe@su i+

(¢c) UG % H1Y A 1% fe

i R(y¥)= Y, 3

_ N-1_v

(m} varly) = G .
NI

In S1imple Random Sampling with Replacement (SRSWR) (with usual

notation), show that

(1) Eiy)=Y, and

S s g
(1)  Var(v) = S 10
Nn -
Fa

(d)  TETd HebdH o HIY, 3T foh U AThelh R, R &1 A8an s e

(AAM9AT) oTTheTsh & 3i1 3 AU fh 39 wladal &1 fare ardi gz orad
HET B B

Fal
With usgual notation, show that the ratio estimator R is the best linear
unbiased estimator of R mentioning the conditions under which the
property holds. 10

(¢)  B=F4 o Hedldol 19 eV =h! eamaa] Hifdu |
Explain Duncan’s Multiple Range Test. 10

SDF-U-STSC 10
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Q6. (a) =¥ISU Toh (UAfGTd Hehdd % H1Y), GIHMH ATl v 1 Hidehe T

s “1-13 .2 9 3
Var(y )= ‘ Jbv(l ~-p-la |l

Il

Show that the approximate variance of the regression estimator y = is
_ I 1 -1 A

Varly )=

2 Diou : _ &
Sy ll — ;)‘3_) (with usual notation). 15

n

b) T g nwied, agfos avE A o iz yae Aisa & &= fode

iU |

Distinguish between fixed effect model, random effect model and mixed
effect model. 15

(¢) foam Fifsu 21 foar yam—= wufvgl 9 3R 10 & S&ad 3 J99d g2
11, @1 Tad-a Ufdest | gftomar =1 gr F= g 7 2 |

s
|

< i) E—— :.,, Sn.
"] ; - " 1 / \ 2 |

LY A

s,
— X

|

1

7|
I

aﬁ'sjjj: 1, 2, afdes! AEUHUl SR 7

gl

AN X, j=1,2, Jides

; H1ed £

¢ = 0-05 *R W Fafafaa afereanst & o 3ugs ddeu Siae 37 S9AT

fqeery TAeRTioU |

. (25

J
A

(11) T'T” ) l.l.1 = “.2

(ity Hg g + 2095 = 4, E] Wy = (Lyq, Wy

(3179 TfATEga |4 &1 39N &L ohd 7

Fo-a5, 2,17 = 35915, Fog5 2 18 =355, Fo.g5 1,19 = 438)

SDF-LJ-5T5C 11
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Consider two independent 1.1.d samples, cach of size 10. from two
bivariate normal populations. The results are summarised below. !

X-l: ,X_ .b]:

3 1 A NN, [ 2 -2
1, 2, —~1 2,

where Sj, j = 1, 2 are sample covariance matrices

and Sq].,j = 1, 2 are sample means.

Provide suitable tests for the following hyvpotheses at level « = 0-05 and
draw vour conclusion.

£

L]

1

(11) I’I[_) : ]J.l = IJ‘Q
(1) Hg:uy+ 20y, =4, where py = (U, 1yo)
(You can use the following values ;

Fo-95,2.17 = 35915, Fo.95 2,18 = 355, Fo.g5 1,19 = 4:38) 20

ﬁ_-"

Q7. (a) HME S0 TH

ZB Zl, 7.:2 ~ N (7;1 4 Zg, 10)

cqd AU

i) 7y, Zy AT 7,71 HYH €2

i) X o1 HYGE-g 71 79 X, AR X, 190 17U

)
(111} p
312

SDF=UA5T5C 12
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Let
1y 711 -6 2 )
X~N,i2l /-6 10 -4
13/ (2 -4 6,
7 = Xy — K3

ZE — X.E + X*ﬂ
23 l Z]_, Z2 ~ N (Zl T Zu__;.:, 10})

Denrive :
(1) The joint distribution of Zq, Zy and Z;;

(ii)  The conditional mean of X5 given X and Xy

) 20
111) ) Z
i, [3'12

. ~- -, - : : T s
SRad @ WEaEl 3@ hid gU,  feE@Ru Tk gHidaes-ATeEd
(Horvitz-Thompson) 3lhcich,

I
& Yi
Yyr = E —
m
=1
gqufs (FFEEn) 90 Y %1 Uh A ATHeTH B AN
N N N o/ \
A 1-1 ) Lt Lo
Var( Yyt ) = 2 : = %1 7 4 il YiJ]
h— | \ * ! N— % Jl \ Lo /

THT B |
Mentioning clearly about the notations, show that Horvitz-Thompson

estimator of the population total
Il

A he
YHT = E -
=

11

iq an unbiased estimator of Y and variance 18
N I “ T I\‘ et ‘“..‘I

! ee =— JL.TL
i L3 g Ty TN . ¥
Vart ¥y 1= N P Yi 3 Myl Y1)
i

i — 'l ‘\ s — .] . P

Hglcdd H@T{gsqa Hivepeyl (aﬁmaﬁ@ﬁ)#wﬁwﬁﬁv | 1.3 S8
Y yreteres T @1 % iU | IEEdE b > v + ¢ — 1 % H g Fifso

(FTAT=1 Hebdd @ d19) |

Define BIBD. State the parametric relationships of the BIBD with usual
notation. Also prove the inequality b 2 v + r — 1 (with usual notation). 15

13
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Q8. (a)

(bh)

SDF-U-STSC

e ggfd areft v wmf (FFEen) s N = ok (N = 70 & s5mR.
n = TAe9 H1 AN, k = SfF=a &1 AAd7a1) & forw zurfze 5

, . . 1 nk t 1

w&:’t:\;tﬁ’:\rfall: P —4 L ey T

" 9 k +1

TET Vg, Vo 3RV, 991 Taftd afd=em, srag ufaeae s uffeemm.afaq
9 A=z UiduE % fom, el (Seeemn) meg % oufdes s
HAThcIeh] o Ta=aT THT 7 |

For a population with linear trend and N = nk (N = population size,

n = sample size, k = sampling interval) show that

" I nk + 1

iV s = 7 ——s,
n k =1

where Vi, Vi and V. are respectively for sampling variances of the

b b
\aﬁtf ; T“v

Sy

sample unbiased estimator of the population mean for stratified
sampling, systematic sampling and SRSWOR.

ﬁl\.'\.

n 9N § ugd a1 75U g oA o femm fifom |

HH =130 feh

X, : 98 g9 <l Tt o

X, @ 38 93 1 TH T3

94T g1 fean T gfdest go geug AR 7

(91481 50753 66875 44967

00763 52186 499259 33651

06:875 49259 96775 54278
44267 33651 54278 43222,

A1 Teh HEHEE-E 3Tz

‘Ri1 Ryso

S -

R —| 3699 Hd] &,
Ra1 Ry,
. ( 1 07346 S 0-8392
el Ryq = _ o Rao l
07346 1 08392 1
_, 07107 07040
R,, R, = |
e 2l l 06931 07085,

fefed GEHadl AN staua gy fafzd =wi @ yrea 6w qon w9y gy £

ST shifeu |

14
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Consider two sons born first in n families.
Let

X : head length of first son

X, : head breadth of first son

X4 : head length of second son

X4 : head breadth of second son

The measurements provide the sample variance covariance matrix

(91481 50753 66875  44:267)
. 50753 52186 49259 33631
> 66875 49259 96775 54278
44267 33651 54278 43222

i

that leads to the correlation matrix

‘Rip Rao
R-| o
KRaop Rag
F 1 (0-7346 . N
‘here Rqy1 — e _] '
" " lors4e 1 © l08392
(07107 07040°
l{-‘ :Rc '
127720 106931 07085,

Obtain the canonical correlations and hence the first canonical variables

and interpret your result.

15

(-8392

1

A
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(¢)  UH Ageadlehd @k HAMHeUdl (RBD) H 9H i A1 g & et &1 uf
qieT 3T 1w (M), A= aEqd w1 T R

e L _ HITE
| 2 | 3
o | N 21-0 E 200 jeouts
B 19 18 185
s 185 18 189
4] 275 : | | q 27__ ) |
D 31 325 326
| O 31“*_5 305 5y ‘
7 253 25 266
B 39 40 385 :
9 39 35 | 40 '
QATTTeHe 3TTehgl =1 favemu $ifsu |
(ATCTRT =T F(2, 25) = 3-39 31N F(8, 25) = 2:34. 5% @1ofehe ¥ W)
Grain yields per plant (grams) of paddy of nine varieties in a i
Randomised Block Design are presented below -
l | Replication
Variety - = Ry
1 2 3
1 _él-O - 20'01 | 19:5 N
2 19 18 | 185
3 - 18 189
4 27-5. 2 .
3| K| 325 . 326 i
§ _31'5 30-5 . S
: 7 _ 253 _ Z_i;) . 200
8 | 39 | 4_() :-3_8'5
Y o I - o9 o : 38'5_-- . 110 -

Analyse the experimental data.
(Table value F(2, 25) = 3-39 and F(8, 25) = 2:34. at 5% level of
significance) 20
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