INDIAN STATISTICAL INSTITUTE
Final Examination: Semester I (1997-98)
B.STAT-111(1997-98)
THEORY OF STATISTICAL INFERENCE-1
Date: 3 November 1997, Maximum Marks: 100, Duration: 3% hours

NOTE: Answer as many questions or parts thereof as you pleuse. The whole question puper
carries 115 murks. The maximum you can score is 100.

[P, ST, O ¢ RITTEN Xa are ud random variables with N (o, 0*) distribution , o > 0.Show that
T(T),22,%3, ", Xa) = (Z.r, .Z:r ) is minimal sufficient for 0. Show that the family of

distributions of T is not complclc [10+5)
2. Let Xy, X3, X3,c0050 . X be iid random variables with common density

Alz) = e*" forr>0
) 0 otherwise.
where —o00 <0< o0o.Let T(xy,23,---,2,) = Min(x(,22,---,2, ).
(a) Show that for any value of @ the random variables X — T'(X;, Xa,--+, X, ) and
T(Xy,X2,-++, Xp)are independent. Compute P(X, -T >a),a €R.
(b) Using (a) and the fact that T is complete and sufficient for 6 find the UMIUE of
9(6) = [5>po(u) du [10+10]

3. Find the Cramer-Rao lower bound for the variance of an unbiased estimator of e™® on the
basis of independent observations X, Xa, X3,-+++: . X from the Poisson distribution with
mean 0. Find the UNVUE  of e™?, compute its variance and check whether the Cramer-Rao
lower bound is attained or not. [5+10]

4. State carefully the Neyman-Pearson fundamental lemma . Prove the part of the lemma giving a
sufficient condition for a test 1o be A P level a for testing a simple hypothesis against a simple
alternative, [9+6]

S. Define a Afonotone Likelthood Kano (AR ) family of densities. 8]

6. Assume that the length of life of an electron tube of a specific make has exponential distribution
with expectation 8, 8 > 0. A life testing experiment is conducted with n such tubes and r
smallest life times Y} < Y3 < -+ < Y, are observed.

(a) Write down the joint density of Y}, Ya, -« Y. and verify that this family of densities is

i
MILR in Ty, 203} =Ty +(n=r+1)y,.
]

(b) Show that "’-,E has x? distribution with 2r degrees of freedom.
(P.TO)



(c) Write down the UA/P level a for testing H : 6 > 1000 ayainst K : 8 < 1000 on the basis
of Y1,Y,-00 .Y, Find the power of this test when 8 = 500, @ = 0.05and r = 4.
[5+5+10)

7. Does there exist a UMP level a test for testing £ : § = 0 against K : 8 # 0 onthe basisof n
iid observations Xy, Xz, Xy, -+ . X, ftom N(8, 1) distribution ? Justify. 8)

8. Define an unbiased test. Show that the U A P unbiased test of size a for testing 1 : 0 = 03
against K : 0% # oF on the basis of ird observations X\, X3, X3,++-+, Xa from N(0, 0%) is
given by :

£ i
Reject H if ’Tr <C or L,I- > Ca; accept H otherwise
where C, and C; are oblaitéed using the following condition :
G918y = [P oma)dy =1-a.
9:(y) denoting the x? density with k degrees of frecedom. For a = 0.05 ,n = 8, find Cy and
Cj using the x? ~ tables. [4+8+5)
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Date: 7,11,97 Maximum Marks:100 Time: 3 Hours
Hotes Answur quostioon 1 and four from the rest..
rarks allotted £or cach quastion are indi-
catud in brackots,

1,(a) D2fine National Incomc. Discuss the different mcthods. of
mcasuring National Income and show their equivalence. (4+14)

(b) The f>llowing data (expresscd at current prices and in
Rs.croruvs) relate to the Indian economy for the yuar.1992-93,

(1) Net domestic product at factor cost = 556344
(14) Personal Income = 577748
(4141) Indirect taxcs less subsidics = 77653
{iv) Cross domestic capital formation = 172908

(v) Private Yncome = 593252
(vi) Net factor income from abroad = =11408
(vii) corporation tax 9200

(viil) Gross National Praduct at factor cost a 616504
Find out from the above data
(A) Net National Prnduct at factor cost
(B) Corporate saving
(C) Depreciation of fixed capital
(D) Gross National Product at market priccs
(E) Net domastic capital formation, (10)

2, The econcmy is at full employment, Now the Covt., wants to
change the composition of decmand foward investment and away from
consumption without, however, allowing aggregate demand to
change, What is the required fiscal and monctary prlicy mix?
Use the IS = LM model for yosur answer. (18)

3. Consider two alternative programmes for contraction. onc is
the reductinn of an investment subsidys the other is a rise in
incomae tax rate. Use the IS - LM Model to discuss the impact
of these alternative policies on income, interest rate and
investment, (18)

4. There is ‘'Yundred Percent 3anking' when the cash reserve ratio
is unity, Explain the moncy multiplier process in this situa-
tion and hence derive the value of the money multiplier. (18)

cntd. ....2.
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5. Find out the cffcct of a roduction in tha exagenously qgiven
cash rescrve ratis in the comnlete Keynesian Model, (1

6. r.ind <ut the cf!uci of wige cut on output, employmunt, real
Wige ratu, rate of intercst and price level in complcte

Keynesian Model, Explain tho mechanism carcfully. (1
shift 4{n thu duvmand
7. li>w dyes docs o dxwn wnrd‘fot money function (i..o. reduction

in K) affect output, unploymunt, intcrest ratc and prices in
the Classical Model, Explain the muchanism carefully. ¢

1881
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How does the shape of the earth affect its gravity field ?

What is meent by gravity anomaly ? How wculd you account

for negative gravity snomaly associated with oceanic trenches?
(2+202) = [6)

How is the phenomenon of ¢arthquake explained ? How are
seismic records utilized to interpret the structure of the

earth ? (]41..) - [7]

Describe the essontial features of carth's magnetic field ?
Which rocks are suitable for studying the rccord of the
geomagnetic field ?

: (201) = [3)

What 413 the composition of the earth's core ? How is the
density variation in the corc explained ?
(23+13) = (0]

Describc the salicnt fcatures of rock weathering. Namo
different agents of rock crosion on lond. Comment on their
relative influence in different latitudinal belts on earth.
Is i1t possible to have weathering and crosion under sea ?

(2#1-15:+1-1’:+1) = (6]

How are sedimentary rocks classified ? [

¥hat arc the different controlling factors of metnmor-phisn ?

Which of these factors is predominant in contact metamorphism?
How would you di fferentiate between a homfels and a mgiot o(
nally metamorphised argillaceous rock ?
' (13+1113) = 4]
Briefly describe the concept of metamorphic zones ? Name a
netamorphic facies which borders on P, T environmént of

partial melting. (3+41) = [4]

Descrive the difference between folds and faults in terms of
nature of deformation corresponding to these structures.

(3]

p.t.o.
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How does a plutonic iéneous rock differ from a voleanic rock ?
Name two plutonic rocks and two volcanic rocks. How docs
basalt differ from granite in terms of chemical composition ?
(2+2+2) = [6)
How does the sequence of cryatallization in a silicate melt
representing eutectic systen Nlatu to development of graphic
texture in granite ?
Describe Bowen's discontinuous reaction serics.
How would you explain that olMvine end quar:z raroly ocour
together in a plutonic igncous rock 7
(342+2) = [7)
How docs tho continental crust differ from the oceenic crust
in terms of mincralogical composition ? Which rociks) fs (are,
representative of the upper mantle ? State the range of SO,
content in these rocks. (3+1+1) « [5]

What 1s Mohorovicic discontinuity ? Doocs it have unifom
depth below continents and oceans ?
P (141) = (2)

State the primary observation that led to the first proposi-
tion of continental drift. Describe the main geological
observations in support of continental drift.

(143) = (8]
Describe the nature of linear magretic anomaly pattern on
ocean floor. How would you account for its development ?

(20?_) = [b]
How would you explain the asscciation of oceanic trenches
and Andean type mountain chains in terms of plate tectenic
theory ?
i (23]

How does a transform foult differ from ordinary str!l(E-slip
foult 7 What would be the expected depth range cf earthquake
focii associated with a transform fault that offsets mn
ocean ridge ? @ %‘1) . [2;-]
Describe the mode of occurcnce of principal lgnite and
bituminous coal deposits of India.

(2]

contdesssa 3/-
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(f) How docs petroleum occur in nature ? Which of the following
1s most suitable for exploratory drilling for hydrocarbon
deposits — (1) garnetiferous mica schist horizon of Singhbhum,
(2) Gondwana scdimentary rocks of Codsvari valley, (3) Tertiary
strata of onshore Bengal Baain. Give rcasons for your answer.

How 13 water table defined ? (2+2+1) = (5]

5.(2) What is thc difference botwcen n body fossil and an ichno-

fossil ? (2]
(b) wnat are the utilities of studying fossils ? (6]
(¢) V¥hat {s the fundamental 1 thostratigraphic unit ? (2]
Dcfine with example.
(d) State the law of uniformitarianism. (2]
(e) How would you differentiate between an angular unconformity
end A disconformity ? (3]
(f) Describe the principle of radiometric dating ? (5]

6.(n) Doscribe the major changes that occurred in the biosphere

at the bogining of the Phangrozoic. [3)
(b) What are the main divisions of the Mesozole ? [2]
(c) When did the first bird appear on the earth ? f1]
(d) At which stage of the Quantermary did worldwide glaciation
take plece ? 1
(¢) What are the major points of Drrwin's thcory of natural
selection ? {3
(f) Wwhat is the main difference dbetween microevolution and
macrocvolution 7 [u]
(g) V¥hat is adaptive radiation ? 3]

tbees
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Note: Answer any five queetionu with at lcnet one rucetion from each
group. All the uuecutions curry equal marke.

Date: 7.11.1697 Maximum Marks:; 100 Time: 3 hours
QUESTIONS
Group = A
1, Do you consider {t {mportant to study Comte's idens in otudying

1.

sociology? Discuss two reasuns in support of your statement.

llow does Durkhein explain suiclde in a society?
Indicate if any other explanation of sulcide io posnible
ueing Marx'e or Wcber's idea.

Group = D
Vihat ic social stiatification ? ‘hat are the two mpin

attributes of sacinl stratification of Indiau society?
Discuss their differeaces,

Stute the wojor substantive approachces {n acadenic saclology.

Which one »ill ynu prefer to ntudy soclal change in India
and why ?

Group = ¢

W%hat is o famlly? Define kinsblp and discuss bhow does 1t

‘differ from a family.

Discues k.'rlel‘ly whether it is impertunt to study family and
kinship in studying socicty in ladia?

contd. ...l
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9.

Group = D

Suppose you want to study cbangs in rural culture 1ike,
whether pattern of marriage is changing among the rural
youth, whether way of 1ife of a tribal group bas changed
after migration to a village, etec.

.Dllculn, mentioning your topic how you will plan your study

specially referring to the follawing:

(8) two alternative hypotheses you will like to use;
(b) how you propose to collect your data, from whonm,
and prepare a 1ist of & few qucstions to

fllustrate what you will ask to gather
your data; and

(c) how you will test which.of the two alternative
explanations is more acceptable acvording to cata.

A (roup‘conulu of 10 (ten) friends, namely A, E, C, D, E, P,
W, XY, Z, Usually A iovitedanybody except Z on any occasion,
but D invites DB,C,Pand Y. I invitcs C ond W but not A.

P tavites all ethers. W invites X,"Y, ond S, Y and Z do not
invite any body.

How will you meusure reciprocity within this group?

Obtain the value of this mcasure and diacuss xhether thie
group is bighly reciprocative.

Define participant - observation and structured - questionnaire
techniques of data collection. Which one of these two will be
best applicable for studylng:

(a) evaluation of impact of an irrigation project;

(b) studyingz inter-caste conflict a:;d tenoion nud,

(¢) estizatiog percentuge of literatesin a city.
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t'ote: Amswer all questions

1,(a) Distinguish between sampling and non-sampling errors in a
sample survey. List down the various sources of non-sampling
errors at the fivld operations stage of a survey,

(b) If from a simple raniom sample of n units drawn without
replacement, a random sub-sample of n' units is selectud
without replacement, duplicated and arded to the original
sample, prove that the mean t'based on the (n+n’) units i8 an
unblased c¢stimator of the population m-an., Also show that
the variance of t' is great>r than the variance of the mean
based on the origin§l sample of n units by an approximate.

-y 2. For' what value of n'/n does the
relative loss in efficiency attain its maximum value?

(4+4™(3+6+3)=(20)

2.(a) #hat do you unierstand by the térm Intra class cérralation

coefficient? A population consists of 14 clusters of size

-6 each. Find the bounds for the intracluster correlation

coefficient among the elements of the cluster.

Shos that the relative efficiency of sampling a cluster

factor {1+3n°'n"1)(l+n'n

-~

(b
of M units, compar:d to direct samovling is given by
1/ 21+(M-I)Dj , where thc intra class correthion coefficient,
°=1‘!a" af',/(n-l)czf , -o: and 02 Genoting the wittin and total
variances respectively.

(¢) Suppose that n clusiers are selected at random and without
replacement from a population of N clusters of sizes

M
M;,4=1,2,...N, Let Y, o gt Y4y /M{, be the i th cluster mean,
1 120 i :

where Y is the value taken by the study variable y on the
J th unit of the i th cluster, j=1,2,...,Mi, 1=1,2,...N.

drite down the conventional unbiased estimator for
- N - N
Y= f LI | f M, and its variance, (3+2)46+(243) =§16)

3.(a) Explain #hat you understand by ‘combined and separate regression
estimators’in stratified sampling, Compare the two estimators
based on the (large qéncle) variance criterion.

contd. .....?2,
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2.(b) Describe the role of multistage sarpling as a comnromise

between direct sampling and cluster sampling.

{¢) nevelop the Midzuno-Sen samnling schemme to make the estimator

n n L
t=1£1yil1§1xi unbiased for the ratio R= I;Y,|E;¥;. Obtain the
probabllity of inclusion of i th unit Mys for this scheme,

(448)+5+(3+4)=(24)

4, (a) hat are the advantages of stretified sampling?
(b) The table be2lo~ presents the sum.ary data for all the 112

villages in a certain tehsil of V.D. The villages are stratified
by size of their agricultural area into 3 strata as shown in
col.(2) of the table.

The number My of villages in dlifferent strata are given in
col.(3). col,(4) gives the number of villag-rs ny "selected from
the i th stratum and in col.(5) the saapling cesign used in the
i th stratum is described. The yleld of jute for the selected
villages and the auxiliary informition <here available are
given in col,(6) of the tablet

Scratun | Sizes of the Ny, n, [ sanpling Yield of AuxIl{ary
village in "2 | pesign jute  information
acres of agr, y.l_j (agr. area)
area Xy

(1) (2) ) [ @] (6) 3
1 <40 51 6 Probability 75 25
- Proportional 1ol 39
to agricultu~ 5 2
ral area with 78 26
replacement 79 26
45 16
11 41-80 38 4 |[Circular indep, indep.
systematic subsa.m;xle 1 subsample?2
sampling {yyy {ygq
247 256
238 214
3s9 368
125 141
111 >80 23 2 Simple random yij
sampling 427
without 326
replacement

Tt is also known that the total agricultural area of villages in
the first stratum is 12€¢8 acrus.

(1) Estimate the average yield of jute in the tehsil.

(11) obtain an cstimate of the variance of your estimate in ({)

above,
contd. .....
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4.(c) An eoxperienced teacher makes a guess of the scores x; in an
examination for cach of the 200 students of his clas3 baned
on past performance. He obtains an average score of X=S8,
For a simple random sampl.- (hithout repluc-m-nt) of 10
stusvnts the following rcesults are obtained after an eva-

mination:
Student
Actual score 1 K 3 4 S [ T B E) 16
Yy €1 42 S0 58 €7 45 19 57 11 S3
Guessed score
Xq 59 47 52 €0 67 48 44 58 76 58

"~
Find the regression cstimate ¥ of the average score ¥ for the
class and estimate its sampling error. 4+(8+14)+(6+8)=(40)
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Note: Attempt ‘ench quegtion.

1.(n) Define an inner product space.

(v)

Let ‘V‘- R be the usual Euclidean space. For any
. n 1/p
x = (x, see, X)) € K", define | Xy [ 1E1|xi|¥’]

for p > 1. Show that Il xII_ 18 a norm on R" for each p21.
Moreover, |l xIIp is generated by an inner product <., '>p

Affp =2,

(c)

(2)
(b)

Let V= R® be as above equipped with the standard inner

n
.product <x,y> = i:1x1 yyo LetF: R’X B->R be another
. =

irner product which satisfics P(x,y) = 0 {ff x,y> = 0.

n
Show that P(x,y) = 151)‘1xiy1 for some N,eesy N > 0.
(5+10+7) = [22]
Let Y NNn(H.S)whem T is positive definite. Let C be
anx? vector snd A (nxn) be symmetric. Show that

if AT A = A then A i3 nonnegative definite.
Assume A is n.n.de Then, C'Y and Y' A Y are indepcndent if

“CrEA = 0.
e (69) = (15]

(a)

Consider a two-way layout with interactions. Prove that

If the interactions i’id} are all zero for some systen of
’ I
weightsivi, 101,200, 1} , {wd, 32 1,00 J} (;:vi- 0,

J
LWy 0); then they are zero for every system of weights.
1

(b) In that case, every contrast in the main efficts é_as:'; or

{Bﬁ has a valuc that does not dcpend on the weights lvii '
i"d_i . (17) = [17]



' Conslder the coordinate free versfon of the general linonr
model, {.e., a set of observations Y (nx1) follows a linear q
podel if, E(Y) = 'w eV, a linear subspaze of m" anad
Cov(¥) = o” I, (I, is the nxn identity matrix. Call the
model specinl linesr model i{f further it is nssumed that
Y~ N (u, o I). Let f be the OLS estimate of i Then
prove that a'fl is the UMVUE for a'M in the special linear
model. Hence show that a"l) is the BLUE in the general model.

(10+6) = [16]

5 Consider Tukey's non-lincar two~way interaction model,
Yy " Beay +py ""193’ ethA where
(1) e 4's are 1.1.d N0, ).
(2) tey = tBJ =0, 1=1,2, «esy, T} J=1, 2, ¢«os, Ju
(a) Suggest an algorithm for obtaining the LS cstimate of J.

(b) Obtain approximate expression for E( ’OLS) ard Ver (YOLS)

~

when J = 0, X and J are sufficiently large.
(5+7) = [12]

6. A Nuclcar Power agency wants to buy eppropriate radioactive
reagent for its plant. There are two prospective suppliers
A and B. The quality of radio active reagents ere cansidered
same {f their decay rates are equal. In order to tast whether
the quality supplied by A end B are same the agency chooses
four samples of the radiocactive reagent (? from A and 2 from B)
and let them decay for some hours. It is assumed thnt the decay
follows exponential model, yy = A € shte l‘:!:. where A is the

. initial amount, A is the decay constant and {_c } is a random

notse, with N(O, ¢”) distribution, with ¢y & O. Tha following
data was obtained:

Initial After t hrs.
(unit) (fraction of
initial weight)
Supplier Sample

A I 1 0.8
Sample 1 0.7
I1
Supplier Sar;ple 1 0.75
B Sample 1 0.9
II

Perform an appropriate ANOVA test (preparing the ANOVA table)
tbCC:  for this purpose. [18]
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pate:18.11,97 Maximum Marks:100 Time: 3 Hours
Note: Answer any five questions,

1,(a) A non-negative continuous function £ 18 defined on the
clogsed interval [0,1] with £(1)=0. For eacn a, 0<Xl, the
line x=a. cuts the ordinite set of € int> two regions of
areas A and 3 respectively, the area of the leftmost retion
being A. If A-B=2f(a)+3a+b where b is a constant independent
of a, find the function £ and the constant b,

(b) Solve the following system of differentiil equationss

a 2
T = -ax = yet
a
3% = x=2y+t (10+10)
2.(a) Find the gcnera.l solution of the differential equation
"

* y = 3x y' + 4y = i'-( on the interval x » 0 given that the
corresponding homogenous equation has a particular solution
of the formy = <.

o [}
(b) The graph of a nontrivial'soluticn uofy -3y =4y =0
intersects the graph of a nontrivial solution v of
y" + Ay'-Sy = 0 at the origin. Determine u and v i£ they have

equal slopes at the origin and if lim \i’fl';- =z (10+410)

i ULX

3. Let P (x) be Legendre's polynumial of degree n. Show that for any
polyn-mial q{x) of degree less than n, !}q(x) P,(x) dx = o,
Decuce from this that Pn(x) has no mulziplr.- zerns and all the

zeros of P (x) lie in the interval [-1, 1]. Show that

1 .
J Pf‘(x) dx = 2%1- and hence determine the coefficient a in the

nel 0l ’
sun x = kﬁo 3 p(x). {20]

eontds caeaa2.
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4.(a) Pind a nontrivial polyn:mial solution of Hermite's equation

(b)

s.(a)

(b)

2 2
8 -x"  dy ~x"y=0
Tx[e dx]*\u

in (—es,@) for A = 4,
Let v(x) be the solution of the following initial value

problems

ay " +by'+cy = 0, y(0) = 0; y'(0) = };: ato

Using methoads of Laplace transforms show that the solution
of the initial vialue problems

ay " +by'+cy = £(x); y(0)=0; y'(0)=0
1s the convolution £(x) = v(x) of £(x) and v(x). (9+12)

petermine the curve passing through (0,0) and (1,0) so that
the length of the arc of the curve botween (0,0) and (1,C)
i3 minimum and thce area of the region enclosed botween the
x-axis and the arc of curve between (0,0} and (1,0) is g-.

Find the extremals for the integral

1/2
Iy JTT(T)Z— ax. (154+15)

6. Show that the number of positive zzrns of any nontrivial
solutdizn of 3essel’s c¢quation of order p is infinite. Also
show that the differencc between two successive zeros of such
a solution is less than Mi£0 ¢ p < ;- and greater than & if

P> ;- . Finally show that the diffcrence between two successive

2eros of any nontrivial solution of Besgél's equation of order p
tends ta N as X ——>4wm, (20)
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Note: Answer JQuestion No,1 and any two questions
. from the rest, Marks alloted to a question
are indicated in brackets [ ] at the end.

1. The following data represent a single replicate of a 23 factorial
design in blocks of 8 plots cach in an experiment to study the
tensile strength of rubber, The factors are mix (A), time (B),
laboratory (C), temperature (D) and pressure (E)., Find out the
effects confounded in this design. Take one of them to demonstrate
that it is non-estimable, Analyse the data to test significance of
the effects of interest, assuming three-factor and higher order
interactions are negligible.

Slock-1 Block—2 Block=3 3lock-4

Treatmonts Yidld Treatménts Yicld Treatmehts ¥1e)d’froabmints vicld
(1) 7 be 3s b 34 abce sS
abe 50 a 9 ac 10 bde 40
ce 5 ace 12 bee 25 acdu 20
bd 30 be 30 aae 12 ab Ss
ade 15 cd 8 d lo c [
acd 11 abcde 65 ode 15 ad 11
aba 62 de lo abed 60 e 8
bede 34 abd 61 abdu 65 bed 34
[8+22230)

2,.(a) Show that at most (S -1) mutually ortnogonal latin squarucs (MOLS)
of order s cxist, vhen S is a prime power, give a method of
construction of a complcec sut of MOLS of ordur g, with a

proof that the mcthod works dn gencral,

Duscribe in dutails the 3-,S-, and the T- mcthods of multiple
comparisons, providing proofs of all thu probability statuments
made, T(2x7)+(3x7) =35)

1. (a) Explain crror control and discuss its noud. Describe two mcthods
to achicve such control, '

Duscrib. th. missing plot tcchnigua, Prove that it leads to the

(b

-~

(b

-

valid crror sum of gquarus and a valid lcast square cstimator
of the parameter vector, Apply the technique to provide expross—
dions for " ostimatcs" of two missing observations, and the
cxprussions for variances of climentary treatment comparisons

in a randomised block dusign for v treatments and b blocks with
observations in block j(1<i<b), ond undcr trcawuncnts 1 snd 1!
(341"31¢4,1'¢v) missing, (10+(5+10410)=35]

p.t.o.



4.(a)

(p)

¢iva a balanced confounding schumu for a 23 factorial uxperiment

in dlocks of 23 plots vach., Construct all the key blocks of this

valuncvd confoundued dusign, anxt duscribe how the othur blocks can
bue genarated, dllustrating with ruspuct o one renlication only,

Give the analysis of viriance of this d:sign, vxolaining cluarly
how thu varfous sums of &quarvs are to b computed,

Shos that thue maximum numoer of factors thst can be accommodated
in a full factorisl cxperimont with blocks of Zk plots without
confounding main effeces, 2-factor, and 3-factor intoraictions

1s 2%, {(5e0s12)e10235)
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GROUP=-A

Answer any thrce questions,

Xy 2% 1Xy and 2 are 14d 3ernoulld with P {o]=p and p_[1)=q=1-p.
1 3 r i 4
Xy if X3 =1
Let Y = .-
X, 1f Xy =0
and C=sY+ 2 (mod 2).

compute P_[ c=x, ], £=1,2,3. [a+444=12]

Given a random binary sequence, how would you sclect a person
from a group of 19 persons with cqual probabllity? Describe your
muthod clearly with a proof. [7+5=12]

Huffman 's algorithm for coding may produce different coding
schemes (all schemes minimize the expected length of the message).
Give an example to fllustrate this, Of sucin available schumes,
which onc would you profer? .Ixpluin the ststistical criterion

that y»u would use. [s5+7=12]

Model the ' 3luod Stock" situation in a 3lood Jdank as a Larkov
Chain, after making suitable assumptions (with proper justification)
dand then compute the transition preobability matrix. [3;-+3§-+5-12]

Answer any four questions.

An urn eontains Y a*white and ** b" black balls. 3alls arv drawn
one by one till exactly * s white balls arc observed. Find exvected
nurber of balls to be drawn under both with and without replaicement
scheme of sapling. [6+7=13]
(a) In repeated Sernoulld trials with success prob. p, generate an
event with prodability szqz.
(b} In reouvated dcrnoulli trials with succoss prob. p, consider the
following gume:
Continuc the trial till 4 successces arce ooscrved. If,
however, the numoer of trials in doing so Lxeeuds 11, then
§ succusscs (instead of 4) arc to be ovscrwed,
(i) Display the above ganc in the form of a random walk.
(41) Suggest unbiased ustimates of p and p'l when the game
actually erds in 13 trials, ]s+8=13]

p.t.o.
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3. Suppoge XAVN(0,1) under H, whils X ~sDouble vxponuntial

-le .

(£(x)= ;— e , —w<Xx<e), Carry out a level~r 1P test bascd on a

single observation and work out an exprcssion for the poser.

verify that the test is unbiascd. (4+54+4=13]
4,(3) In normal sampl:s, work nut an exprussion for the largu sample
s.uv, of the samplu coeff, of variation (v) in terms of the
population coefficient of varjation (V).

Also indicste a vrocudure for tusting H V=V, vs Hy:V ¢ v

in large samples.
Jhat is sin \/p = transformation? How 4is it usuful in tusting
homogcnedity of several binumial proportions? [ (5+42)+(2+44)=13]

(b

-

5. (a) (xx'xz“"‘xk) hdave a k-variate non-singular joint distrivution

with mean vector U and dispersion mutrix I. Under linear
regression, examine the nature of the regression cocfficicnts
'
when £ = 2% Dy (R, ni>oJJ-_‘. Comment on tha
result,
(b) In a bivariateOrichlet distribution, show that the regression

of onc on the other is linecar, (8+5=13]

Neatness = 2
Home Jork Assignments - 10,
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1, Consider a markov chain with 15 possibla states, Show that if
x and y are two distinct states such that x leads to y, then
ono must have g)"“ > 0 for sgme n < 14, -[10]

2, Consider tne markov chain on'y ={1,2,3,4,5,6} with transition
matrix E

6o o 12 o M M
o 14 o 24 o o
o 1A W ¥ o o
[ 24 W o o o
“ o o o “u %
o o o 0 o 1

(1) compute Pl(:,

(11) rind py(Tc=3)
(144) Classify the statcs as recurrent and transient, with

reasons
(4v) Find P,

{v) Find the stationary distribution (s) for the chala:

no, of .
+, (vi) Find niﬂ % E(N'2‘|x°-s), where N3 auxuns to state 2

upto time n. (10x6])
3. Prove that an irreducible positive recurrent markov chain is
time-reversible (in stationary state) if and only if, for
every kK > 1 and every choice of states Xy oesesXys

P « Py, seaa s P e P m P WP, 4 oaes e
nx "3”3 * 1%k %M X% Xkl 'xeZ'szxl
' {10]
4, Consider the markov chainon'5= {0,1,2,... }with transition
probabilities given by

P,

1
x,x+1 © =

x42
(where a is some positive real).

-
) = 1-p, o for all x A

p.t.0.



4.(1) Find pylT, > n).
(41) Usa (4) to £ind values of a for which the chain is transient/
null recurrent/positiva rccurrent,

n)

(111) Show that lim P exists for all x,y and find the limits.
Nedes XY

[10x3]

§, Show thae {f {xt't 2> O} is a Polsson process with rate A\, then,

for any t,> O, the process l‘l'_,r. > 0} definad as Yt'xtst-xto’ is a

poiwmon process with rate A, Hence find the distribution of

8 .1 o [10]‘
t'Ci

6, let {Xt‘t > o} ba a Poisson process with rate A,
(1) Find P(S,> 25,41).
(11) Find E(S,/x,=3)

(141) Let 2 = t-5, , Find the distribution of z,

Xy
(Try to £ind P(2 > x) for x < t).

(iv) For any t > D, £ind the expected value of the time between
the last event prior to tima t and the first event after
time ¢, (Use Q.5 and (111) abaove), (2x10]

7. Show that “{zt'o £tg 1} is a Gaussidn process with zerQ mean
and covariance function
c(s,t) = s(1-t) foro¢ s <t <l

then X -{(Nl) 2y /(es1)¢t 2 O 48 & standard BM, [10)
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1. Briefly describe any two solutions to the problem of multicollinearity in a linear model.
(6]

2. Explain the consequence of excluding a relevant variable from the set of two regressors in
a linear model. ) [4)

3. You are given data on the following variables:
11, = per-capita gross rate of nonfarm residential construction (in constant Rs.).
Il = end-of year par-capita nonfarn{ housing ;;lock (in constant Rs.)
Yp = permanent income .
p = index of residential construction costs (in real terms)
Rt = index of rent (in real terms)
r = average quality of new dwellings
N = average size of households

" = index of relative building material prices

U = relative wages of unskilled construction workers
8 = ratio of wages of skilled to unskilled workers.

The following equations were fitted with the data on the above variables. Interpret each as
depicting the demand factors or supply factors or both and discuss whether the equation
makes sense and i3 a“good' equation. .

Hy =-2.49p+ 438y, - 834r -~ 2821 R? = 621
(.589) (.092) (4.47) (.07)

p o ==043l; - .03m +21.6U + 54.9s R? = 804
(053) (.124) (4.3) (13.7)
e _ R 2
T =.2552 — .0060&r =714

(.046) (.00151)
I = -591p+4.09y, - 510r + 385N 1% =723
(17.7)  (.62) (146) (r02)

(10



e

[41

L 1

. Suppose the true equation is Y = ag+ XN +aX?+u. Suppose we estimate instead the

equation Y = %+3).X +v by OLS. Express B‘(/_); )in terms of ay. 0} and a;. (6] -

. An investigator trind o detenmioe the: relutivnship between true property values and as.

.sessed values, For this, hie regressed the ‘ratio of assessed value to sales price’ on saley

price and found a negative slope. Why might this procedure give misleading results? How .
should you analyze the basic data to avoid this difficulty? Under what circﬁnmtancm, if
any, could you defend the analysis actually made? . 8]

. Suppose you have apriori convictions about the algebraic sign of certdin parumeters in an

cconometric equation. [fow would you estimate the parameters subjéct to the restrictions
that the parameters in question have the signs that you believe to be correet? (Take a

simple ‘regrensing y on x’ situation.) [(i].

(a) Define rank and order condition for identifiability in a simultancous equation model..

(bj Dincunss the identilisbility of the parmgetem in the following system:

C = aot+taWtaeP Uy ..
I o= fot BBtk +th
W = n+nYa+ls

whee C+1 =Y, P+W =Y, I=k-k, (after climinating any of the three

endogencous variables). C,[,W, P,Y,k are endogencous.

() What ix LV. methud of estimation in a linear niodel?

(d) Suggest estimation procedure for (b) using the 1LV, method.

“B+T+T+6=20
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Rotetr Answer any four questions from Group A, and
answer any tnrce questions from Group B.

GROUP-A
Answer any four questions. [13x4=52)
1, Let xl,xz,...xn b 1id M(u,2), Find the minimum length 95%
confidence interval for u using
TX) Xy seeasXps )= (X = 1)
2, Using Stein's two-stage procedure give essential steps for

finding a (1-x)100%, confidence intcrval of fixed length L for
u of a N(u.,oz) population,

3. Clearly stating regularity conditions, if any, show that

Lt P[t > n)=0, where N is the step at which the sampling
n—>o

process is stopped in an SPRT proccdure,

4. Let X3, ,u000%, be 110 N(,0%). Find a family of uniformly most
accurate unbiaged (1-x)}100Y confidence interval for u,

S. let xl.xz,..., Xn be iid as X. Compute the expected value of
p[x(r)g X < X(s)]. If 3 observations are to be drawn from a

M(0,1) population, what do you cxpect the nweerical values of the
observations be?

6. let xl,le..., xn be 1id as X, ard YI'YZ""' Yl‘l\ be iiad as Y.
Compute the variance of U +(= #&(X > Y).).
GROUP=-3
Answer any three questions, [16x3=48]

1. Determine the size of a sample to bx: drawn from a N(u,4) population
for testing Hy: =12, against H):1=8 with the probabilities of
Type 1 error and Type II error being a=0.05, 8=0.0l respuctively,

~
.

Simulate data from Jerncalli (€=0.3). Usean SPRT for testing
Hyt @ =0.2 against Hy: @ =0,5 when the two error rates are

@ =§ = 0.05.

P.t.0,
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3. Find a confidence inteval with confidence level 0.9 for the
60th purcentile of the distrioution; the data are

38.3, 35.6, ¢1,2, 39,9, 43.9, 40,5,
38.6, 36.7, 38.1, 46.8,

4. A luboratory technician proposus to reduce costs by feeding
experimental rats a diet thit costs much less than the diet
currently being used. The economy move will be made if the
technician cin show that there is no weight loss compared to
the standird diet. TWenty-four rats were used in the experiment
and assigned at random to cither the new diet or the standard
diet, The gains In weight were measured in grams

Standard diet: 22,.51,19,14,11,43,16.83,23.55,22.30
19,73, 21,22,16,05,20.46,25.32,17.53
New diet t 11,48,13.73,20.32,14,76,11.86,17.70,
14,53,12,36,1#,53,13,07,22,03,13,63,
How doe¢s the new diet comparc with the standard diet? State
clearly your Hy and H) and test using A41ilcoxon~Mann-thitney
test procedure,

S. The following are the correlations computed on the basis of 25
observations on x; +X%y,and x

3
X * X3
X, 1 0.365 0.526
% 1 0.243
1

*3

Obtain a 957, confidence inteval for °12 3°
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