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Section - I

g - |

1.  Answer the following questions:

it vgai o d

[5%10=50]

a) Suppose that two positive numbers are chosen randomly from 11 to 60
by without replacement. Wha is the probability that their difference is

divisible by 3?

AR R 119 60 3 e 2 dreres et Ry e &5 e w9 4
mﬁ%lmmﬁuﬁmwﬁm3 3 v gie
Nt

b) . Let (X, Y) have the joifftfpjobability density function given by

24xy, for0<x@§@—y<1

0 ., Otherwi®

f (x,y)={

= Find the correlation coeﬂici\?iaﬁbf?tween Xand Y.

A T (X, Y) &1 O SR S e

24xy, @ O<x,y,x+y<l
f(xay)={

0 , swaw

X 3 Y < i< Uguss U T Hi]
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c) Consider a random sample of size 1 from the population with density
F(,0)=20-x)16%0<x <@} 0.
(i) Obtainthe maximum Iikeﬁﬁ“@@d estimate of g.

(i) Find an unbiased estima0r of 6.

‘aac—c;m—vﬁrf(x,e)ﬂ(e—x)/eﬁ@xw, g > () I T B HAFBR 1 1 TH

Trgfese T win|

() o s e gy

(f) @ M TH T AR fgi_@[%ml
d) Suppose you have only one observation X with probability mass function

P,,0€{0,1}and F,, P, are give%

X: 1 2 3 4 5

P(x): 001 004 0.02 30 0.13

P(x}: 005 025 065 004 001

028

(i} Find alevel o most powe@l,@st for H,:0 =0 versus H, :6 =1 when
o =0.01 and 0.05.

(i) Are the most powerful te@que in (1)? Justify your answer.

(i) Find the power of the mo§t powerful tests in (i).

T T foF e T AV SeAH e P % T e U e X R, Wi
fe{0,1} Tak P, lem‘l@@% :

X: 1 2 3 4 5

P(x): 0.01 004 0.02 CG: 0 013

P 005 025 065 004 001

() H,:0=0 % Feg HI:H@@%m@mmw&Emﬁﬂmﬁﬂt
a@%auﬁmmﬁ[ﬁw?,:_cmo.m 3R 0.05 =l |
(i) w(i)ﬁmﬁamqﬂ%ﬂ%ﬁa@mmmaﬂﬁaﬁgml

(i) (i) 3 sTe v wRmeR wheri 4t v s B

[N
Ew e |
G =
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¢)

Consider the following fixed effect linear model :

y1=0£+el

Y =nta-pte
V3 =), TOTE
Ve=ptat fre,
Ys=y,+a+2f+e

63028

where ,, ¥y, v » y5 are the obsem&ti_g s, « and g are the parameters and
&, ’s are uncorrelated random variablﬁ&xviﬁlq E(e)=0and V(€)=07,i=1,2,...,5.
Find the least squares estimates of o and P based on the observations
»=by=-Ly,=Ly,=-Ly=
Foatltaa fifgom v e Aise w Nﬁ :

¥ =ote
hEnta-pre m
V=), Ot w
Yo=Y tatfire i
Ys=yra+2f+e

& Py, Voperrewns ¥ FAEHE §, o #R F AR R AR €, E(g)=0 AR
Vie)=c%i=],2..,5 F Wu amag agles W gl IEeiwd

=Ly, ==Ly, =Ly, =-1y =@’§1@mm o AR [ I T AN
T iR

)2

Suppose (X, Y) is a bivariate randtor such that Y has an exponential
distribution with mean 2 and for GV@W 0, the conditional distribution of
X given Y =y is uniform over (0\ ~Let Z=Y + X. Find the mean and
variance of Z. ' [20]
v (X, Y)@@aﬁa@%muﬁ@m%ymmz%m@m
o, s weEs y > 0F e Y —%ﬁ@mﬁm{wwﬁmm y) WTH
TR R A AR Z = Y + X 31 Z 0 we ik s i i

AL

W .
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b) LetX,X,...X, be independent and identically distributed normal random
variables with mean & and Vari@,@, where ¢ >(.Find [20]

) the maximum likelihood estigstor g, of 4.
i) the asymptotic disributioprofyy, = Jn § when g =0.

W g X &,....,X,,wﬁam%mﬁﬁaﬁammg%mm%,ﬁm
men 0 sRwEw 1 3, 5 4> 0%

T SR -
) Gmaﬁmmﬁwrﬁmmgm@@

i) w®g=0 ﬁ,ﬁr]‘ﬁ\/ﬁé@wﬁﬂ@ﬁml
c) Let {(2,—5),(—3,4),(0,1),(4,5524(2,6)}be a random sample from

Nz(y,z); where Z:(Ogjl (()(i\)llngest the hypothesis Ho:,u=(0,0)'

versus H,: ##(0,0)" at 5% Ie@l\ﬁgc significance.
[ Given that, 45, =5.99] [10]

TR s {(2,—5),(—3,4),(0,1)@6),(2,6)} N, (4,2) # @ =gfes wgm

o Z=(031 Ol'IJ el = (0,0)" w7 H : 41 (0,0)' &1 5%

wrefeRdl ®R W e Hifw]
[ﬁtﬂ LRl % %! xz(glos' 2) = 5‘99]

o
a) LetX,X,..,X (n>2)be ind;:psltdent and identically distributed random

variables having the uniform: dis {libution over (6,-46,,6,+6,), where

8 eR and &, >0. Find the uni@y minimum variance unbiased estimator
Bl
of . () [20]
2 O .
AR X, X, .., X (7> 2) SR R 0 w9 @ faita argleses w E, R

. . 6,
I (6, - 6,,6,+6,) WW%E——ETW%’W g eR 3 4,>0 R /92 '
T gan foreron gt sTeReTes T i)

] 2% [o]
IE
=
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b) LetX, X, ..., X, be independent and identically distributed random

variables with probability@@nsity function given by

3
X

F(x,0)=30"% exp[{EJ J, x Mnd g >0 is unknown we wish to

-

test the hypothesis H,:6<1 agélf% H,:6>1. Let 0<a<l. Find a
uniformly most powerful test of ki e a. Find power of the test when
6* =3.0404, ¢ =0.05andn=17. [@@ that %705 14) = 23.685] [20]
TR K, X, ..., X, 0 ol w0 ferafia agfeses = 2, R s

3
F(x,0) =367 exp{—(fJ } x>0 3R g>( W
¢ ;

TW Senfeues uiehed H, @0 > 1 % Foreg 2 uRerea H 10 <1 =1 udigion e
g B W R 0 < o <1 R m%ﬁaﬁnwﬁmﬁmuﬂm
T B 5 6° =3.0404, o =0.0538n =7 2, A e e ww B
[ fomm e @ &, Toos, 10~ 23:685] Y

1t is believed that the number of dailyhospital admissions on the average
depends on whether it is in weekd%fé%iy in weekends. Based on records of
daily admission counts from a ho@over 52 weeks, suggest a suitable
mode] and corresponding analysis t6 test this belief. Write your notation
and all the assumptions clearly, inc g limitation(s), ifany. [10]
g T AT @ 6 aruaret § wiifdn il 2R ot Al 6 shan v 38 9 R R
e ¢ For oz o Rem o awgial 52 awgl 3 e svrmet § S wdw o et
%mm,wwmqﬂmmﬁé?}(:ﬁmmgﬁmaﬂwém%ﬁmm
e )| oTor v 3wt el e 3 fordl, v @ demd 3, A @
e | N\

Let g(x) be a function with —0 <E('-g X)) <o and — <g(—1) <o, If X

follows Poisson (1), show that E[g(X)]=E [Xg(X -1)]. Hence find the
variance of X using the above relatiorship of expectation. [15]

o TV g (x) T e § Rt —00<E‘(“§(9(\ )) <o alit—o0< g(-1) <o 31 A
X vt (A) o e 3, a’rmisqf?a\g_g%g(xn =E[Xg(X~1)] 21 o Sreaen
F Ik Heel T IUERT Shieh X T TR0 I <hIg]

(e

=]
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b)  Define partial correlation coefficient , , between X, and X, eliminating from
each the effect of X.. Derive thgfé%{pression for r,; and comment on its
usefulness in multivariate data analysis. Check the consistency of the data
7= 025, 7,,=0.70, and r,, = §55] [20]
X, 3R X, & o= aﬁlﬂ?ﬁgﬁéﬂ@iﬁ{im@qﬁ%ﬂﬁﬁﬁ, e & ek | X,
Wl g2t o v g 1, , 3 Tor o W ot sl Ser Rivero § seht
o w Rl W 3z B G R W W= 0.25, = 0.70, @R

r,y = 0.55. oD

c¢) Discuss the two-sample Kohn@v-Smimov test, [15]
) T HieHRIG -~ e Tt 9at Bl

ORYatarat

a) LetX,Y~N(0,1). Show that é@_}% has a standard Cauchy distribution.
What would be the dismbutioﬁf(—‘?

=

B <
TRERm X, Y ~ N (0, 1)@@\6}% AR R RO —— v e

| Y]
1 g

b) Differentiate weak law of largez.'iﬁﬁbers and strong law of large numbers.
g

[15]

Discuss the importance of centralTimit theorem in statistics. Let {X,} be a

sequence of random variables with |

P[X,=-2"]=P[X,=42"|=t%,n=12,..
Examine if the sequence obeys weak law of large numbers and central limit
theorem. @@ [20]
w1 e & forg gee fraw aﬁ?ﬁﬁﬂwﬁ%%{qwﬁwﬁ IR e Hifm]
wifeTeht § syt Tie wiT ¥ W WI gl W R (X, ) amiee i W
T 3Tged ¢, Form @
P[X,=-2"]=P[X,=+2"]Bnk1,2,...
it i i 7 77 s o SR % fore et e oft g wien i
e e g ﬁ

¢) Describe sequential probability ratiotest. Show that it is eventually terminate
with probability one. E—'“‘“{ [15]
RS TG ST TRVl T Ui shiferg) goise f% =g ofmm: wike o &
T2 TR g ST gl

(%]
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Section - II
e -

, : (N
4. Answer the following questions: '
e s &5 7w 3 -

a) Show that mean of a systematic saﬁ)@is more precise than the mean of a
simple random sample of size » unc@@ertain condition to be obtained by

you.
Tg firg B e » M%@wd@@?ﬂ@%mﬁwﬁm?@
o e Ao e A 2, e Fifv grdaharei, Rt oot s s g

b) Obtain the control limits for the following data providing the number of
coloured threads (considered as defects) in 15 pieces of cloth and comment:
6,13,4,19,5,4,3,11,8,0, 10, 6,387, 20
H9g 15 genst § TR &l (ﬁ%‘qﬁﬂgﬁ%@%) i U1 Y a1 FeTRad 2e
% Torg Feror wiimnd ma Pifm stk = sﬁﬁtﬁ@ﬁ—m :
6,13,4,19,5,4,3,11,8,0, 10, 6, 1877, 20

¢} InanM/M/1 queuing system in a steadylstate, show that the inter-departure
times are independently distributed e@@;uﬁaﬂy random variables with mean

[5%10=50]

1 : ; .
7 where A is the parameter of the@ (Poisson) process.

—
R aren § M/M/] 5ar Sore 3, e e ia-Se awa o w1 | faia

1 .
i Ao TR | e me -;:%,ag‘f A $T9Z (uigem) ufean 1 Srefier 3]

d) What are the different methods fortnbasurement of trend? Discuss the
method of fitting a straight line 115i};(§~@3t squares method.
ot ¥ o &t Rl Rt wm §7 Tmaeat Bt s wes T Al e
PR S S

e¢) Define general fertility rate (GF R)@lﬁl\age specific fertility rate (ASFR).
Describe the methods for computingz)ﬁ@e fertility rates. Indicate why ASFR

. i
is considered as an improvement over GFR.
[ A ST (ST T 3TR) SR a@ﬁwa (u T\ U W) w aRe wi
ymaﬁﬁmmﬁ@%&ﬁmmﬁﬁlwmﬁ%qmmmﬁsﬁm
. %

AR Y SigeR I A S g 7

M
W
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5.

a)

b)

From a population of size N with auxiliary size measure x (x >0), asample

of size n(2 <n<N) is drawn l@r@ﬁhe following rule

(i) the first sample unit is draffiuding probability proportional to size (x),
and

(i) the other (»—1) sample unif§ ace drawn using simple random sampling
without replacement frométhe rémaining (N-1) units

Denote by z(i) and z(i, j) th@i@usion probability of unit 7 and joint

inclusion probability of units i @ i # j respectively.

Show that : H

@) z@>x()ex>x foralizj;

i) #=@GE)>r(k) ex >xj@5@] distinct 7, 7, &

@\ [20]
mWWwN%ﬁ@mmmxuwﬁ,ﬁm
n(2 <n<N) % T g Feferi Fpm s s o s g ;

0 uﬁwﬁém(x)%@%ﬁgmuﬁmmwmﬁw%,aﬁz
ii 1 'ﬁﬁuﬁ@%ﬂ TR e Y =1 smmm
® %ﬁwiﬁ?ﬁwﬁsﬁﬁmﬁl T =

o 6 O e o sege 93K B e A R, o % 3,
=t sEa: 7 (7) @R 7 (7, 7) A Frsite =)

Wﬁﬂ%-
i) 7r(i)>7r(j)<:>xi>_xjm@q;@]j%%q;

iy w@k)>z(jk)ox >xj@&a—ﬁa i, j, k% form)

Describe the method of doublé@@aﬁng plan and derive its OC, ASN and
ATI. Hence calculate average amount of inspection per lot for lots having
3% defectives for the plan (N=\700'0, n=100, n,=150, c=1,c,=4).  [20]
Saet whierart i it &l @ autrhifn ot g OC, ASN it ATI wt ogeast
iRl 3ra: 70 A i Rrg 3% dygisier % forg it wera e B oftee e
o kil (N=2000, 7,=100, 7,=150, =1, c,=4)

[ ]
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¢) Define the terms: lead time, shortage cost. An aircraft company uses rivets
at an approximate customer rate of3500,kg per year. Each unit costs Rs. 50
per kg and the company personnel %Ejztﬁ‘nate that it costs Rs. 250 to place an
order, and that the carrying cost of iﬁ’x‘r\\éngory is 8% per year. How frequently
should orders for rivets be placed?®lso determine the optimum size of
each order. = [10]

e e e 2 e e e s e 3500 Rt
st rd 4t ¢ & el o s et 23S e 1 v 50 ot el 8
aﬁm%mﬁﬁmaﬁqﬁéﬁﬁgﬁﬁmzwmﬁ%msﬁ@m
T 89 W 1 g oy i o e R g e it v
amrRr oft Rt =) T

OR/s1egn
a) Suppose you have v treatments toﬁg ompared in v? plots. How will you
carry out the experiment under each<ofthe following situations? [20]
(i) thereis no fertility difference @Qgg v? plots
(i) the fertility changes along a partieular direction.
(i) the fertility changes along two@_le pendicular directions
Give the appropriate analysis of vmign‘ﬁable for each case. Obtain efficiency

of the design used in case (iii) with gc%gg\ct to the design used in case (i)
M Fim R emuR L2 e | U?Wﬁégﬁmmﬁlﬁﬁ%ﬁaﬂ@ﬁﬁﬁ@
Tow S aed MR wR? € )

@ v R S d s § w5 amn_@ﬂ
(i) e v R R f e ¥
(iii) e Bt wiwraa fegnat # wgeT §
v TRkl < for Soges forvetmn anforen iRl (i) # o fog g femen =6 el o
(i) st g g Rt Bt e TR

b) Define the terms : reliability, hazard-rate, mean residual life time. State the
expressions of reliability based on gﬁﬁgard function and (i) mean residual
life time. When two independent @onems have exponential life time
with hazardrate 4,7 =1,2, obtainreli bdh y function, hazard function, and mean
time to failure of series and parallel systen% having the two components. [20]
Rrvereefern, SARew o of aiters o TE SAuaTer St aReni iR (i) ShiRew e
3N (if) WWW%W%WWWI &
Tl TRt oh RIReT &% xj%mmﬁ;mgma, wEti=1,2 @ (i) e Tonet
3t (if) TwmiR woneh & forn Rrvaeritean wem, sitfan wem oit fermer = sitea
WA F it

] ]
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¢} Determine the optimum basic feasible solution to the following transportation
problem using VAM. [10]
Warehouse — W
Factory !

F 19 30/7//5 10 7

F, 70 30 @) 60 9

4 3000 20 18

requirement 5 8 @ 14 34

Formulate the problem as L.P.g,_‘\
VAM it w1 el sk Freateian Siee vt o Ty e S T

W, '%733 W, Capacity

shiferg| T;“J}
e —> W, W, W, W, em
HET
F, 19 300 1w 7
F, 0 30 4 60 9
F, 0 300N 2 18
ST 5 8 @ 14 34
e it LPP. %Wﬁw*ﬁ}%

6. a) Prepare price and quantity ind@m@nbers for 2010 with 2005 as base year
from the following data using fi)-Easpeyre’s (ii) Paasche’s and (iii) Fisher
method N ’ )

Year Jtem -1 Iterﬁ‘}Z:a [tem-3 Item-4
Price Qty. Price Qty. Price Qty. Price Qty.
2005 550 6 770 7 1000 5 13.00 10
2010 7.00 8 9.00 =13 850 7 1350 10
With reference to the above, verifythe factor reversal test and time reversal
test for these index numbers. N [20]
Frafeiem st @ (i)ﬁ@ﬂ?ﬁ%’ﬁ@q@ﬁfﬁsﬁi (iii) Teremt farfer =6 Suin ek
2005 =t w7 AR g8 2010 3 1ol e oft AT Yerhich WieAd daw )
= -1 w2 W -3 wm-4
™ o @ G@) ™ o omm wm

2005 550 6 1.70 3 1000 5 13.00 10
2010 7.00 8 9.00 CS) 850 7 1350 10

m%mﬁ,ywmﬁmmwuﬁmaﬁtmw
THET = Teditue il

[E[EE]
el
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b) Define reliability of a test. Discuss the parallel-test method and the
test -retest method for estimating tf@té} St reliability. [20]
%ﬁtﬂ'&&!ﬁ%ﬁﬁﬁaﬂrﬂuﬁmﬁaﬁm vl i Ry w1 3EaH @A
% fore warieR v fafer aﬁwﬂwgﬂ uﬁm%@rmaﬁ‘ﬁlﬁml

and transition probability matrix. m [10]

0 % % 0 ®9)
%0 0 4 -)

( ;

b

[%)
L)

P=<

0
1 0 0
0 0 1 0]
(i) Calculate P(X,=1]X,=0)

() Check whether the chain is irrf’dg%ble.
A (X, 17=0,1,2.... }@mﬁ@g@m%ﬁlﬂm e S ={0,1,2,3}

2 ol gspao A=
. s
0 % % 0 @@
% 0 0 A =
P=11 0 0 of -
0 0 1 O] Fﬁf

@ P(X,=1|X,=0) 7w R

(ii) mﬁﬁq%wg@maﬁﬂm@@

a) Explainthe 2-SLS method. Why isi use | in simultaneous equations models?
Describe the steps involved in the §-SLS estimation method. What are the
requirements for a variable to be a ya dﬁnstrument in 2-SLS? Compare and
contrast the ILS and 2-SLS metho\(;s In'what scenario are they identical?

[20]
2- SLS%&@WWIME@W Wiy isel B ) fohe ST

27 2-SLS o R yuiies wrot S Bl 2-SLS i Rreh o 35 B v
2t I Torw e srewasany £7 JLS R2-STS faftret i germ afit of T it

e uRifRrfa 3§ 2 9 faltei v 2

O
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b) Complete the following Life Table (with usual notations) :

[20]

Agein @@
Years l d q N L T eg
15000 2 2 &7 2 9
12 10000 ? ? FY)? ? °?
13 7000 ?7 2 T 7 7
14 3000 - - ==2000 ? ?
FreftaRem Stem anoll =t aw (@dﬁv@a) :
g
aﬁﬁ l.‘s’ d.‘ q.\' & X O L.\: T.T eg
11 15000 ?7 9 gz\ﬂ ?7 7 7
12 10000 2?2 2 @ ?7 2 7
13 7000 ? 7 T2 7 7
14 3000 - - —K 2000 ? 2
¢) What is an artificial variable? @@is an artificial vector which leaves the
basis once never considered againfor re-entry into the basis? Optimality
criteria being satisfied; state wh}ﬁs indicated by each of the following:[10]
(i) One or more artificial veciors are in the basis at zero level.
ii) One or more artificial vectors are in the basis at positive level.
(ii) p
T TR 7 mmﬁ@mwwﬁnqﬁmﬁ YR A T: WA
for =t i v e B2 SEA AhGe WgE e R Refala # @ wdis | w0 aaa
froTen 2, =T ; N
() o T A o Hhm AR T R W e A
(i) o Tw @ e whm e W anem | §)
O
OTR®
E ]
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