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Hote: JAnswer any five questions.
Fach question carries 20 marks.

Solve.

<M+ 2n cos a .« x'+ n?
x(0) =0, x/(0) = O.
Here a, a are given re2l numbers, n given positive
inteser.

X = a ¢28 nt.

Suppose that Lq,L, are two constant coefficient differen-
tial operators with characteristic polynomials Py» Py
respectively. Assume that p Py have no comaon roots.

?
-Let L be the operator with 1haracteristic polynomial

py+P, s that is Lx= L1(I.2 x )« Prove that every solution

of Lx=0 can be written as a sum x = Xq+ X, vhere
Lyxq = 0 and Iyx, = 0.

Show by an example that the 2bove conclusion is false with-
out the assumption on common rosts.

Let ay 8, be two continuous functions of t,d, ¢, be
to solutions of

¥+ a,(t) x! +a,(t)x=0
[Warning; This is not 2 constant coefficient ecuation]-
Let W Dbe the Wronskian of ¢1 , ¢2 show that
W(t) = W(t,). Exp [- ¥ a (s)as].
t
()
Find a differentiable function ¢ on [0, 4r) such that
go)y =1, ¢/ (0) =0 and ¢ eotisfies

"+ x=0 an 0¢t¢2n

x"-x=0 on 2x< t < 4n
Show that your ¢ 1is differentiable at 2n. Does
¢! (2n) exist ?
Consider x;(t) = t2,x,(%) = t Jt] for -=¢t <=
Show that X is differentizble. Is there a liresr
differentizl operator L with constant coefficients so
that Xq1 X are solutions of Lix= O.
Calculate the Wronmkien of the n functions

1, t, t2,..0 71 . ire they Linearly independent over
(==, =) ? Givc recsons.

p.t.0.



t Consider the equation with constant coefficiente

Lyx= x(n) + 51 x(n-1) + «es + a x= 0.

a) If all roots of the characteristic polynomial have
strictly necative resl perts then show that overy
: solution tends to zero as x —>w, -«

N )

b) If =211 roote of the charscteristic polynomizl have
non-positive rez2l parts and thnse roots withr zero
real varts have nultiplicity one ther show that all
eolutions are bounded on (O, =) ,
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e 1
Note: .iuswer as many- quosttvns as you can.
Marks are given in brackets. .

Corcider a birth and dleh process on fo 1 jwith birth

and death rztes as Iollews; : ko =N, py=u. Lssume that

\,,1>0» ) -

a) - rite dcwn the rorwerd differential equations.

b) emee, . = otherw'ae. deternine pij(t). 1,0 =.0,1,
t2 0.

¢, Find the stationory 1n1t1a1 distribution.' . [7+8+5]-[20]
Congicer a pure birth process on fO 1)+ vwith birth retes

as follows: Ay =1M, 13 O. hosame that A>O0. Find

Pyy (t)y 1,3 =0,1,0.., $30. Determine E(X| X, = 1)

ad o (Zy | Xy = 1)y 12 0. . D12easa)- -[20]
Tormulaste the queuing process M|¥|= as a birth and

death process. Specify the birth oand death rates as well
as the infinitesinal generator matrix.

*ind pij(t) for ||,
Frove that Mlii|= 1s positive recurrent.
Find the stationesry initial digtribution for uIM|e.

Deternine E(X | %, = 1) end o® (x lz, = 1), where X,
is tke numbers of persons in the 'queue' at ttm .
5410454545 )-(30]

Consider the branching process as follows. 4 c¢ollection
of perticles act irndependently in giving riss to succee-
dinz generations of particles. Suppose that cach particle,
from the time 1t app2ars, waits a random lerth of time
having expsnential distribution with parameter « and
then splits into two identical porticles with probability
p and disappears with protability 1 -p. Irseume
0<p<1. Let Zi Dbe the number of perticles rresent

at time t.

aj Tormulate the branching process p e t>C asa
birth and death process by specifying birth and death
rates.

b) Determine the probability of extinction given that
there are 1 particles present at time 0, 1> 1
{54+15)=[20)

DPeteo,



-0 =

Suppose @ particles arc distributéd into two boxes. 4
particle in box O remains in that box for a rendom
lenctin of timec that is exponentially distributed with
parometer A Dbefore going to box 1. 4 particle in box 1
remaing there for an amount of time that is exponenticlly
distributed with garameter p  before poing to box O.
Let xt denote the numbher of particles in bo: 1 at tirme
t. . .

a) Yeternine p&d (t) for the X, - process,

= 0,790s.

b) ‘Find s(xt|x°= 1), 4 =0,1,00. d. .

¢) Find the stationary initisl distribution for t

3]
¥y - process. ?8+4+3 1=[201
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Answer all questions

1. Lgt x1---,xn, xn+1’oto-- xnﬂn be i-iédc N (9.62), .e.iﬂ unknosm
g€ 1is known. Let the prior be N(p, q )

" (1) Vrite down the posterior distribution of & given 'x1""’xn

(i1) Write down the normal approximatisn to the .posterior of @
given xqye-syx; a8 worked out in ths class. Coapare the mean

[ and variange of the exact and Zapproximation posterior.
(111) Frite down the Joint Aistribution of %y =} gy 28 o

*2 _g-xnu/m
(v) It n=mn = 10, 5% 1,u=0,9"= 25 and x4 = 10,
£ind a 95/, (posterior) fonfidence interval for © and a 957,
(posterisr) tolerance intervsl for ;2

o

(v) Prove that for any proper prior, not necessarily normal
Var(x, 1%4) 2 V(6 1%;) 4+1145+410+6 = 36
2. 1) Define a location and scale paraneter farily of densitis.
Vrite down the joint vague prior for the two parameters.

11) Is (6, 6°), 8 > 0 a scale parometer family ?

111) Indicate bricfly the invarimce argument leading to the
<egue prior e) = 9_1 for a scale parameter frmily.

1v) Let xqseeepX, bo 1.1.de N(8,1)
what prior will ysu choose in the following cascs ?

(a) & is an unimovm real number,

(b) @ 15 between 10 and 20,

(c) © 1s between 1D ad 20 and 1ikely to be near the centre of
the interval (10,20). 4424543 = 14

3+ 1) Define the Kullback-Leibler information numbers.

11) Define jdcntifiadbility of a parameter. Is it true that two
values 91' amd 92 of a paramoter © are not identifiable (i.e.
one gets the sane distribution of data under 8y and 92)



101 1 {6y, 6,)>0
111) Etate o nceessery and sufficient condition for the. identifi-
ability of the mturad poraneter of an exponentinl density.

, S22 ey e 2 =0
4#e0) Let x be B(n,p). Apsuming a unifsrm prior vrite dovm the
postcrior donsity. llence determine an upper bound Py such that tia
posterior probability of p being less than Py ‘'i8 O. 95 glven x = ¢

Calculate p, nemerically for n = 10 amd n = 30.

b) 4 particle starts at time t=0 at a point x=0 on a linec. 3
tine t=1 1t jumps to x=1 with probability p and to x=-1 with
protability 1 - p. At times t = 2,3,...,n it junps one unit to
the right (x increases by 1) with probability p ard one unit to
the left (x decreased by 1) with probability (1-p). The steps at
times, t=1, 2 »3,s00,n are independent. Let the position of the

particle nfter n steps be X « Suggest a good estimate of p, N
on Xy
c) Swpose x is poisson with nean Jand ¥ 1 is Poisson with mean

By x,, are 1ndependont.
Write dov+ the conjugate distribution for J) ard that for u. -
Assuming /) and u ore independent randon varial.)les, vrite dorm
the joint posterior distribution for )) axd p (given x, ¥ )
and hence wrife_ down the posterior distribution of
AL(A+F). J|2+ 6112 = 30
Viva 10

ed
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3.

Note: Answer any four questions each carrying
5 marks. [Marks allotted to different
parts of the questions are indicated in

the margin].

For 14 college students (serial numbeg 1) their Mathematics
scores (xi) and Statistics scores (Y1 in an annual exami-

nation are available as (4, Xys Yi) with values (1, 84, 71),

(2, 67, 58), (3, 73,-91), (4, 64, 59), (5, 60, 71),
(6, 36, u4), (7, 71, 80), (8, 61, 78), (9, 53, 41),
.(10, 65, 525. (1 53.575'.(121 61, 56)' 13, 70, 76)’
(14, 59, 58). :

Draw an SRSWOR of size 5 and hence get unbiased estimates
for the mean X and mean Y scores for all the 14 students.
Also obtain unbiased estimates for the variances of the
two estimates and of the covariance between the two esti-
mates. Present a theoretical proof 6f the unbiasedness of
the. last-mentioned estimate. .

(L+2+42+4444346) = [25] .

Given below are the values of (4, X;) for 10 students with
serial numbers { and their 'standing' heights X, (in cen-

timeters) as (1, 155), (2, 160), (3, 162), (4, 159),

(s, 165), (6, 168), (7, 170), (8, 166), (9, 171), (10,.163).
Using these it is intended to estimate the ' average sitting
height" of these 10 students on taking a sample of size two

fron these ten and actually measuring the *'sitting heights!

¥,) for the sampled  students. Choose such a PPSWOR' sample

.ot size two using xi as a size-measure and obtain two

distinct unbiased estimates from your sample, supposing
that the sitting heights of the students you draw are both
145 cm.* Indicate which of the two estimates is more effi-
cient and give adequate reasons for your claim.

. (5+5+45+410) = [25]

Explain the principles of stratification and clustering.
Obtain a formula to unbiasedly estimate (from a stratified
sample) the gain due to stratification over a comparable
simple random sampling procedure. Indicate a situation
where stratified sampling may fare worse than simple random
sampling. Establish relevant results to find an optimal
stratification paipt for a population with a uniform
density over (0, © required to be split up into two strata
with the intention of estimating the population mean from
a simple sample of size n with Neyman's optimal allocation.

(5+8+4+8) = [25]

p.t.0.



4.(a)

(v)

5e

6.(a)

(v)

Shov: that you cannot ob.ain a uniformly best estimator,
for a finite population mean in the entire class of all
unbiased estimators. Can you get one in the restricted
class of homogeneous linear unbiascd estimators ? Give
reasons for your answer in details.

Briefly indicate the role of standard errors in inference
making in survey sampling. ;

(5+1206) - [25]

Assuming the population size to be an integral multiple

of sample-size obtain a simple measure of efficiency of
systematic sampling relative to simple random sampling.
Indicate in physical terms a situation when the former
ma{ fare better than the latter. Suppose you wish to
unblasedly estimate the total income of 23 houscholds,
serially numbered, from a systematically drawn sample with
a single random start and with a sampling interval of 4.
Give two different procedures for the purpose. Explain
why you cannot unbiasedly estimate the variance of your
estimate in either case. Also explain how you may do so
if you are permitted to take two independent random starts
with either method.

(5+5+5+5+5) = [25]

Suppose 7 households are serially numbered as i.= 1,..., 7.
With the ith household (i = 1,..., 7) perform a Berncullian
trial with 1/7 as the probability of success. Draw into
your sample every houselold with which sou score a success.
Explain how you may obtain an unbiased estimator for the
average size.of these 7 households for'such a sample along
with an unbiased estimator for the variance of your
estimator. What are the average and variance of the
effective sample-size for this procedure ?

Give the formulae for Hansen = Hurwitz and Horvitz -
Thompson estimators for the PPSWR sampling scheme along
with those for the respective unbiased estimators for
the variance of each.

(3+243+2+45+242+3+3) a [25]
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FLRIODICAL EXAMINALION

Dgtcﬁ 17¢11.80 Maximum Marks: 1C0 Tine: 2 nours

lote: Ansver two questions, ciioosing one from each
group. lMarks are indicated in the margin.
Use 2 separate answer booklut ror cacn group.
GROUP « A
1. Solve the following L.P. problem using the simplex method:
Maximize

Xy = Xp X5 =30, * X5 = Xg = 3

Subject to
’ 3x3 + Xg + Xg = 6
% ;-2x3 -x, = 10
- x1 + x6 = 0
X3 AT = 6
and %, : N 31, eieeay, T [50]

2.(a) Consider the followiﬁg L.F. problem:
Min Dy 3y * P Xy + eeees + Iy X,

Sete ags Xy *oay, HKpbeoeoet g Xy

xy Z 0, J=1yeea,y na

g
Q

s 1= 1y0.0,n

]

Vhere: p. price per unit of Food J

J

e

n

Xy quantity consumed of food J

aij= amount of "nutrient" 41 available per unit
of food J ;

C. = minimum amount of "nutrient" 1 required
by an "average' individual.

Set up the dual to this "diet" problem and discuss in
detail the economic interpretation of the dual problem.

[40]

p.t.0.



-2 -

ContdeceassQeNoo2

(v)

3.(a)
(v

~

4

Prove the following result:  Suppoce the sct of feecsiile
soluticns to a given L.P. problen foms a convex polynetiron.
Then tha ot2»>-*i-e function assvuec 1tz optimum value at

an extreiie poin. 0 the convex [olyhelror genorated by tae
set of feasible soluti:ns. If it acsumes e optimm at
nore than one e:treme point, then 1t tzkes on the same valuc
for every convex combination of tl.ote particileur wvalues.

(10]
*Group - B
Describe the Mahalariobis two-sector model. [25]

Discuss the relevance of the assumption about foreign
trade in the model. How would the modcl be affected
by a relaxation in the assumption ?

[25]

Discuss the features of a planning model. ifow are they
relevant for a developing economy ? Illustrate your
answer with the approach of the First Five Ycar Plan

for India.
{50]
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1.

6.

Show that a finite multiplicative suvgroup or a field is
cyclic.

Let H Dbe the parity check matrix of a linear code.
Show that the coset whose syndrome is v contains a
vector, whose weight 1s w , 1ff some linear combination
of w columns of H equal v.

wimgeel .
In a binary linear space Ig’ there is a basis ?v1,...,vn},
where each vy (1= 1y aesy n) has welght congruent to zero

mod 4. Show that the weight of every element of B is
congruent :to zero mod 4.

If G 1is a group bf order pn. p prime, and H 4s a proper
subgroup of G, show that the normaliser of H contains H
as a proper subgroup.

Defin: a BCTH code of desi ned distnnce 5. Show that it
has minimum distancc atleast 8. *

Give an ercm="s  where the minimum distaice is equal to 3.

Construct & onc-error correcting c'2lic code of length 15.
Determine i*: dimersion and the geheraztor matrix.
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1.

4.

5

Jote't All question$ carry equal marks. lor full
marks, answer any Six completely.

Lgt Xeot 2.0 )4 be a rolsson process with parameter A\ ) O
and X°= 0. Let n be a positive integer and let r te a .
positive intezer less thann. Let T = inf. { t)0:xy =rl.
Find the conditional density of T given that Xs =N,

Let ihxt. t) 0 { be a birth and death process on . O, 1;—
with birth and death rates as follows: )‘o = \ = u1L) 0. "
Let Ht be the number of times the system has changed states
up to time t, t ) O. Find the distribution of Hy for a fixed
t ) 0. Does it depend on the initial distribution ?

A telephone exchange has m (}1) channels. Calls arrive in
the pattern of a Poisson process with parameter A ) 0 3 thev
are accepted if there is an empty channel, otherwise they are
lost. The duration of each call is exponentially distributed
with parameter u ) O. The lifetimes of separate calls are
independent random variables. Let Xt. t ) O, denote the

number of busy channels at time t. Find the stationary
initial distribution of the Markov Chain § X, t) 0% .
.-

-

Let { Xpp =00 ( t?( oe 2 be a Gaussian process having mean

"zero. let Y, = X, Jw{ t{ . Prove that ry(s, t) =

2(r,(s, ).

Let { wt;. — { t( m} te Viener process with parameter az.

Set ;
t+1

Xy = { (i =W s, ~o{ t{m .

Prove that { Xep ~={ t{w } is a weakly stationary
process. Find its covariance function.

P.t.0,



6.

7

tr
X
‘parameter o

Find the covariance function of the stationary solution’
on (-= , ») of the stochustic differential equation

N} L
+ 3xt+ 2X where ""t 1s white noise with
2

]
t £ = .lt,

Let X;y 0( t{ =, te the unique solution of the stoctastic
)

differential oqLation Xt' + Xt = ‘n’t satisfying the
initial conditions =0 and X = O. Here arain ”t is
white noise with parame ter o2 Find explicitly the test

linear and nonlinear predictors of Xt r in terms of
1
{ xt' o{t{t } P Here t, and <7 are positive cons-

tants. Determine the mean square error.of prediction in

" each case.
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Difference and Differantial Equations
SEMISTRAL-I EXAMINATION

Date: 16.12.80 Maximum Marks: 100 Time: 3 hcurs

Note: Answer any five questions.Each question
carries 20 marks.

1. Solve the following difference Equations:

8) X Xgeq = 2% = K

b) 8Xpp = EXppq * Xy = 2

2. Solve

a) xdt = (et + 1) ax

b) tdx +xdt+ tx (dt +dx) = 0

3, Solve
a) (Cost Cos x - Cot t) dt — Sin t Sin x dx = O
b) (X + te¥)at + teX dx = O

4. Solve oa (0, )

t3 xLﬂ' + 2t2 x// - tx’ +x = 0

5. State Bessel's Equation. Compute one solution of the Bessel's
Equation of order O. You have to jive explicit formula for
the coefficients in the power series expansion. Show also
that the power series converges on the entire real line.

6. let I be an interval and t, ¢ I. lLet b be a continuous
function on I Define (D-a) X b to be the function

t -
~ (t-s)k 1

=k at —as
D- = ds
( a) b (t) e _Lo m e b(S) s
Here a is a fixed number and k is 2 fixed interer ) 1.
a) Show that (D-a)¥ [(D-a)® b] = v

b) If Q 4is a continuous function on I with ¥ covtiru-
ous derivatives whicl satisfies

alt,) = ar(t)) = ... = () = o
then show that
(0-a)* [(p-2)¥ 0] = a.
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SEMESTRAL-I EX AMINATION
D~te: 19.12.20 Maxinun Moxks : 100 Tice: 3 hours

llotet Usucl synbols and nstntions will be
essuncd throughout. inawers should be
bricf nnd to the pocint,
Answer cny four gqucstions cach earrying
20 marks. hwcords of proctical ond home
28signments to bc submitted in the
Exaninztion Hall will corry 20 norks.

(Figures in the morgin indicnte marks asaigmeld to
part questions)

1. (a) Fron an SRSWOR of size n taken from o finite pcpuleticn
of size N the scnple mesns §¥, X and T for varintea y,
and r = § ere calculated and the population total X <f
x 13 known. Show thot an unbiased -estimater for the :ou-
lation totel Y o y is glven by

rx+ 2=l 553
(b) .Obtain_r sompling dusign for which the ratio of sample
. @e2ns § in'\;nbir'.scd for the ratioc of pepulatisn cemns
%

> -

for two variates y ané x (afssume thot the valuus of x
are all positive end known).
Explain how you may implcnent a scheme of sanpling
corrcsponding to the design you suggest. Freca 2 somple
80 chosen shew how you ney unblascdly estimote the
variance of your estimate & [10+343+44 = 20]

-~ F .

2. (a) Ignoring f.p.c.'s derivc results to reasonably claim  the
following relationship
Vopt € vprop £ vrm
(Synbols as usunl)

(b) If you wish to aivide the right triaongulrr population with
density £ (y)=2(1-y), for 0Ly« 1, into two strats shew
how you may procced to find the optimcl point ~f strati-
fication in choosing o stratified scmple following Nroyn~n's

fornunla so as to estinate the population nean: from the
stratified samplea [10+10 = 20]



3. (2)

(v)

<

N

—~
[4
~

(v)

-2 =

For chuosing an every ¥-th systenatic sanple of gize n
fron a finite population of sizc N (with k = 7 = en
intcger) with a rondonm stert define (1) sssy = the varione
amgong vnits that lic within the same systemetic sapple
end (2) H = the corrclation cocfficient betdecn p-irs
of ualis that arc in the sanc systematic sunple, giving
fornulac for thcnm.

Undcr what ecnditicns on the notures of the vealues of
sssy and P“ raspectively e~n you elain pystenntic sempliy
to ba more efficient than Bimjle xandon sampling? Obtain explecit
results to Justify your claims. [1+1+4+44 = 10]

Supposc from o finite populo.tg.gn of N first strgs units
(fsu) o FPSHR sample of fsY'sachosen in n drews and c¢ach
fau so drawn, (repeated cr not) 1s independently sub-
sznpled taking a systematic snople of seccond stoge unite
(ssu) from it. .
Froa tihe survey data based cn such a scmple chosen, shew
how you nay unbiansedyestinmate (1) the population totel cf
ssu' vaolues and (ii) the varisnce of your cstinate in (i),
[3+7 = 10]

From & given finite population on initial (first phasc)
SRSYOR is chosen to get iInformntion about the unknown
nunbers of indiviluals belonging to L (> 2) differcnt
pre-cefined strata which together constitute the popu-
1niicn, Frem this first phhse snnple show hcbi;(ﬂﬁy 2row

a stretificd sample (second phasc) end usc it to unbiasc!
egtinate the population mean. Obtain a formula for the
variance -cf your cstinate. [3+2+5 = 10]

Show how you may compase the relative efficiencies cof
soanplo meon, retlo estimator onld regression estimator
(based ocn on SRSWOR) for a finite population mean when
the noan of en auxiliary variate is known. [ 10]



-3

The table bclow gives the sitting cnld stanting heiphts of
10 beys serially nuabered in increasing orcer of their
stanling heights as ¢

Serizl number
of boys

D =3 Oy N1 by =

(o)

10

Stonding
Helghts(4in
(x)

156.2
157.0
161.6
162.2
162.5
162.7
163.0
164.2
165.5
16641

Stttin
centioetre) Height %j.n centinctre)

(y)
131.8
128.4
130.1
129.6
125.2
14441
139.2
141.6
137.8
135.9

Using the atanling heights ns sige-ncesures draw (Zescribing
your prcecedure in detzils) o PPSWOR srmple of size two.

Frco this sample obtain Des Raj end symmetrized Des Raj
estinates for the avercge sitting V)}'e“j:g}}t of these 10 boys.
&ive a thecretical procf for the N efficicncy of the

lotter estinnte.

(4644448 = 20)
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Note: VWiritten 90 marks. Viva 10 marks.
1.,(In each of the following cases which alternative will you
regard as true
i) A prior is necessary to analyse the data beccuse

(a) we often hive a lot of prior information.
(b) we ueed a prior to get a posterior and make
inference conditional on given data. [2]
-11)  An improper prior is used because

(a) total uncertainty is infinity.
(b) it gives results similar to those in the
Neyman-Pearsonian theory.

(c) it.glves rise to a posterior which is the
limit of posteriors arising from plausible

proper priors. [2]
(B) 1) Suppose n is a- eror such that ’
o
1(" Y =n(e) de { e .. Will-you call mn improper ?
A .
Justify your answer. . (3]

11) @ is a parameter for whlch yo%s prior belief is quont.-
fied az z normal prior N( u, g To get information c:
@ you may either observe X which is N(©, 1) or Y whickh
isN(8, 2). .%hich of ¥, Y will you observe ? Justify
+ your answer from a Baysian point of view.
(2+6) = ]

2.(1) urite ‘dovm Fisher'~ Inequality defining clearly the clax
of ertimutes for which it is valid.
[-'-]

) State and prove the .Cramer-Rao inequality. You must state
your assumptions h

8]
Lssuaing - -
' ~(0) + a(e) T(x) ;
f(x) = e B 4 ¢'9)
and m{6) = "EO(T(x)) -
show that T uttains the Crimsr-Rao . lowsy pound (6]
for m(€).

pet.o.
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Contdesees Q.2

(ii4) State the Rao-Blackwell theorem.

Give a sufficient condition vhich makes it easy to find
a complete sufficient statistice.
(3+3) = [6]

Let X, X5y essy X, Dbe 1.4.d, (n ) 3) with density

-ex
e (x) =0 e x) 0, ©) 0.

Find the best unbiased estimate of ©.

Also find a function m(@) for which the Cramer-Rao
lower bound is attained. (6+43) = 0]

3.(a) You have a single r.v. X4 having density

=-Gx
Q.e s, ©)>0, x) O.

i) Find the Uniformly Most Powerful test of

Hy: = 6, Vs Hy: 6)¢0 . (8]
11) 1Is the test found in (i) unbiased for the problem
of testing
Hyt =0 Vs Hy: 046 7 [4]

iii) WVrite down the form of a Uniformly Most Powerful
Unbiased (UMPU) test of

Hy1.0=86, Vs H': o0, 3]

(b) Let Xy Xy, «eey X, be f.iuds N(O, 02) , o known.
Write down the UMPU test of
Ho.: =0, Vs H, : @ ¥ 8y

Suppose that ® = .05 and X = 120 so that H
\/—- [o]

n
is rejected. o

The client wants'to know the probability that Ho has been

rejected wrongly. The statistician tells him the proba-
bility. is less than .05. Comment on this.
(2+4) = {6]

4.(1) State the conditions under whieh the maximum likelihood
estimate (m.1l.e) is a consistent solution of the likelihon?

equation, .
(4]
(1) Let X4, +esy X, Dbe i.i.d. with density
1 - x=-6 )
fg(x)=é-e -"’(x(-o, mn{ 0{( .
Vhat is the melee. ? [2]

Peteo.
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6.

-3 -

Let X,, +-es X, be i.i.d. with density

n
fa(x) = & o(x¢{o ..
0

otherwise -

1) Following is a sample of size 10 from Ig(x):
141, 2.3, 3.8, 70 5.5, 6.2, 1.3, 2.6, 4.9, 4.1,

Drav: a roush - sketch of the likelihood functio and
hence or ctherwise show that Max x1. cney x
the m.l.e.

Find an interval estimate J = (On, on_+d) such that
i 0 £ J then the 1likelihood L(8) of € 15 less
" than or equal to L(?;n)/zo, vhere O ' is the m.l.e.
of 6. ' -
(2+1+1) = [4]

11)* Compute the posterior distribution o6f © using the
vague prior for a scale parameter and hence discuss
the reasonableness of the m.l.e.

(1+2) (3]

111) Is it true that Eo ( 3—- log ro(x)) =07 [1]
iv) q‘an‘yoﬁ find " C such that

PO{ Sn(o(c.'én} = .95 2 (3]

The following data gives values of two variables X and Y
at 16 time points t:

t X Y t . AN Y

1 2 =43 9 7 1.27
2 5 1.26 10 8 5.65
3 8 1426 1 2 2.83
4 3 11 12 5 2.27
5 6 1425 13 13 5.96
6 9 3.26 14 10 L.09
7 14 3.03 15 1 1.35
8

11 3.98 16 7 2.8
Let Hy  be the hyoothesis that '

<
[}

ay + By X+ey for t{ t, ey~ no,o?)

@ r Py X +e for t ) tor €5t o, 62)

P.te.o0.



Contdess.. Q.No0.6

Vlhich of the two hypothesis will you favour, H7 or HB ?

SMN

BMN AMN Ay Ay

Xy = 47, X

t

2

Y‘t = 9.74,

XE = b1?,4

¥2 = 2u.74,

SMO AN AME
><

8
Xg Yy = 95.11, )11

16 16
= 58, ’é xt = 64, 19: xt = 53
: 16
= 13-72’ L Yt = 30'270 g Yt = 26-29
16, 16,
= 536, L Xt = 582, z xt = 461
8 9

' 16 2
40.58, 'g Yy

[

16 2
= 124.85, g YE = 109,01

16 .16
Xg Yo = 138:89, § X Y = 25647, I ¥, v,
' 210,

(8]
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LMDIAN STATISTICAL INSTITUTE 11980-81! 354

B.Stat, Part IIT, 1980-81 ' ! !
Elective-4: Economics
SEESTRAL-T EXAMIIATION

Date : 26,12,80 Maxizmun maxks 100 Tine 3 hours

Note 3 Answer 3 guestions, ancwering atlcact
one question fxon each group.
[Use separate answerscript for each group]
Crowp = A

1, (a) Stato end yprove the complementary slackness theorem for Mncar

progrunziing. ﬁjj
(b) Discuss thc ccononic interprctation of this theoren in terms of the
problem of corperative edvantage in  intexmational trade, 257
2, Drove that tho following recults are tiue for any general L.F. problen 3
(a)"1f cither the primal or the duzl problen has a finite optimun eolution,
then tie other problem has a finite optimum solution and the extrvces
cf the linear functions arc cqunl.
I eithcr the prizal or the dunl has no optirnl solution, then the

other has no fexsible solutions," 257
(b) “If both the primsl and its dual have fcaciblo solutions then both
have optimal solutions." LsT

3., Ilustrote the sinmplex algorithn for polving an L.P. problem by meons
of the following transportation problenm 3

eeow....Tronsportation costs per ton ¢ Capaeities 3 Requircrments
N Toctory 1
) ! I3 B o 1. Requircment
Loczlity 1 i Rse 104 Fs. 20,00 fse  30.00 1 25
21 15,00 40,00 35.00 {15
31 20,00 15.00 ! 40,00 P 6o
1
4y 20,00 | 30,00 55400 i 10
51 40.00 30,C0 25.00 H 70
v ] H SO
Capacity | 50 ! 100 |} 150 ' 3¢0
1 ) L] 1

Tlie objective 43 to find a pattemn of shipments from factories to localities
that involves tho leest possible total transportation cost consistent with
capacities and requirements. L}ﬂ

P.T.0.



Group — B

Ticcuss critically the market conditions assumed for a competitive
cconoLy. Low docn social oost benefit analysis seck to improve

upen the carditions ? VA 3y
Wiy iz the varket xroto of intorest wced for discounting in profitabile
~nalysis of 2 corrercizl firm 7 Explain vhy a different rato of intc:
nced be considered for cost benefit ennlysis. [}}_

Stzte the rozscns wry world pxico is advoccted for use in cost benefit
eneldysis, How far would you zgreve with them ? L}L
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INDIAN STATISTICAL INSTITUTE
B.Stat. (Hons) Part-III: 1980-81

Elective-4 : Mathematics
SEMESTRAL-I EXAMINLTICH
Date: 26,12.80 Maxinun Marks: 100 Tine: 3 hours

Note: Jnewer any 5. A1l 1uustions earry
equal a2rks. Max., 100

1, Hcw nrny nen-iscrmorphic 2 nodules are there cf order 25 ?
Explain how you would construct them nll.

2, Draw the stete diagram for o riachine with the same input snd
outrut alphnbet {O,I} which gives an output 1 abe.... when
cver cn input abed.... 18 given.

b) Sinplify in 2 Beolezn nlgebra
[ (£+g+h) (£+E)h}[f6+Th+eh+h]

a

3,/Show that if p)> q are two primes, o group of order pq is
solvablc

b) If q &ocs not divide p-1 (p,q 28 in a)) show thnt a group o2
order rq is cyclie.

40 If 9y 9prees ¢ nre distinct cutcnmerphisns of o finito field
show that it 1is inpossible to find elermcnts Oypeaely in F,
not 211 zere, such that n1 ay q:i(ﬁ) =0 forall finF .

i=

>

5. Derive a feroula for the ;unber of inedueidlc pclyncnicls
of degre:c 1 over .UF(p), using Molbius inversion. Clearly statc
the results, ycu use.

6. Let a be the cube ¢f a prinitive elenment of GF(ZG). Let nd(x)
dennte the minin-l polynonizl cf ad cver GF(2), and let
e(x) = ml(x):.'3(x). Show that the cycllccode generated by g(x)
is o LCH ccde of 2ength 21, dimension 12, nnd corrcets all
double errors.
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INDIAN STATISTICAL INSTITUTE 1980-81: 371
B.Stat.(Hons.) III year: 1980-81
Design of Experiments
PERIODICAL EXAMINATION

fates 9.3.81 Maximum Marks: 100 Timet 3 hours

Note: Answer any four questions. Each question carrics
23 marks. B marks are alloted to your PRACTICAL
RECORDS which must be submitted alongwith your
answerscript.

-.(a) State and’ prove, giving all the details, a necessary and
sufficient condition for a connected block design to be
orthogonal. Hence show that )

- - []

1s the incidence matrix of an orthogonal design, where N is
that of a connected orthogonal design, k is the vector of its
block=-sizes and ¢ is a positive integer.

(b) Give, the Ehain definition of a connected block design and show
* that every disconnected desi is an union of several connected

designse Justify with examples the following statement:

1 Incomplete block designs are not
always non-orthogonal'!

'

_.(2) Deduce for a general block design with parameters (v, b, r, k)

the reduced normal equations for the treatment effects under
the usual fixed-effects additive model, and show that the
adjusted treatment sum of squares is given by

T
P
g=q "1 74
(b) show that Ronk C {.v-1, equality holding if and only if all
the treatment and block contrasts are estimable. Also prove

that V(') = 'L o® , where q'Q= ['/fu, ['rT., being
any estimable function. .

3.(a) Define a balanced incomplete block design (BIED) with para-
meters v, b, v, k and A, and show that (1) Alv~-1) = r(x-1),
(11) b ) v, equality holding if and only if any two blocks
have A common treatments.

(b) Obtain the average variance, i.e.,’
6 A A
6 -1 E V(q-i - ’TS)
2 143
1,3=1
for the following incomplete block design:

P.t.0.



Sontdsss-s Qe3e(b)

Lla(a)

(v)

5-(3)

(v)

Blocks Treatments Blocks Treatments
1 (1, 5, 2, 6) . 4 (4, 5, 2, 6)
2 (4, 6, 3, 5) 5 (1, 4, 5, 6)
3 (1, 3, 5, 6) 6 (2, 3, 5, 6)

A
[Bint: Rccall the side restriction : I Ti = 0]

Censtruct the following BIBD:
v=12, b-=22, r=11, k =6, A=5.
Give the analysis of-variance of a block design obtained

from a randomised block design for v trecatments in’ v blocks
after dclcting treatment i1 from block £, & = 1, 2, see, V.

Give a method of construction, with proof, of the following
serics of BIBD:

v=-‘b=sz+s+1,' rek=2, A= s(s-1),

where s is any prime power.

Show that (xo, )(2, xt‘, seey xlm) generates a BIBD with the
following paramecters:

v=b=4n + 3, a prime power,

r=k=2n+1, A=n,

vhere x 48 a primitive element of GFv).




INDIAN STATISTICAL INSTITUTE ‘. 1980-81: 3%
B.Stat. (Hons.) III Year : 1930-81 s

Optimisation Techniques
PERIODICAL EXAMINATION

Latet: 30.3.81 Maximum Marks: 100 Time: 3 % hours

Mote: Answer all questions. All questions
carry equal marks.

1, Consider a cystem with state space S = {1 ,2.§ and action
space A = ;1 y2:. o In state 1 action 1 gives a return of
1 znd the syEtem étays in state 1 with probability % s, while
action 2 gets a return of = and the system stays in state 1
with probability % » In state 2 either action fetches a return
of O and the system moves to state 1 with probability % .

tet £(1) = 1, g(1) = 2. Compute the following quantities:
v, v, x0), xe), w0, yle)

2. Consider the following canonical maximum problem:

. r 1
Maxinize 291 + 3,2
[ (4 -
subject to 4%+ 2}2 + 5, 4
; < =
)1 + 352 - 5

Exhibit all the basic feasible solutions. Evaluate the value
of the probleme.

3. Formulatec the general maximum problem and its dual. State anc
prove the Equilibrium Theorcem for the general maximum problem.

4. Consider a system with state space S = § 1,2 } « In stat:
1 there are three actions 1, 2, 3 with action i yielding a
return of - (5-1) and the system remaining in state 1 with
probability % (i-1). In state 2 there is only one action
which yields a return of O and the system remains in state 2
vith probability one. Let fi(1) =i, 1i=1,2, 3. For
cach i =1,2, 3, find the set of f's for 'which f; =) is
8 - optimal. Find an optimal policy.

P.t.0.



If A is a mxn matrix and b is a n-vector, then xA g =
has a nounegative solution or Ay 2‘ 0, by { O have a non-
rneyvative solution. Deduce this directly from the Fundamentsl
Luality Theorem.

Let f, 5 be rules. Show that there is B, ( 1 and a rule
h such that

vty v )y, vty

for ail B € [8,,1).



INDIAN STATISTICAL INSTITUTE® |1980-e1= 3:*11‘
B.Stat. (Hons.) III Year: 41980-81
Elective-5: Mathematics

PERIODICAL EXAMINATION

Datet 13.4.81 Maximum Marks: 100 Time: 3 hours

Note: You can answer any part of any -
. question. . .

’

1.(a) Discuss whether the following e'quafions are Elliptic, Hyper-
bolic, Parabolic, or degenerate. prics Type

Bex 3y Yy T = O ,
Bugg ¥ ey oy tuy = O -
W = 6% + 9uy_y tu, = o
(2+2+8) = [12]
(b) Solve on R?

ux_.xi-u = 0

u(o,y)= Cosy

' ux(O, y) =-Siny . ) . [8]

2.(a) £ €C [-n, n], £(-x) = £(+n), x, E(-myn) ;
" f is differentiable at x,» Then show that .

® A
oL einx° Converges to f{x,). [10]

. . e )
o) £ € [-n, 1] f(em) = £(sx)
Starting from the Fourfer series expansion of £ exhibit
number a,, 8y a0s 3 bys b1, bZ' esi.
.+ <50 that the series A
bo Lod . Lot '
AR TR Sin nx + b_ Cos nx] -
. 7+ L (a O ¢ ]
Converges uniformly to f(x) on [-m, x]. c [10]

3.(a) Suppose f, g are.bounded pie'cewise' continuous on [-x, %],
, A A o A ; L T \
Show that £ | £ Bt L ='e S

. Show that f.g-is again bounded piecewisg continuous.

pP«t.0.



Contde.sss Q.No.3.(a)

=h>
o=

n ) [10]

)
1 .
Show that —_— ( fg = ¢
. 2n

-

(b) Show that T—BJ%__. jg not the Fourier series of any
log (1+n) .

function in C[0, n]. [5]
{c) Calculate the Fourier Coefficients of the function
£(x) = Sin 56x + Cos 81x sl x{n.

[5]
4.(a) Solve on R? t
U = byy = 1
u(x,0) = x
uy(x, 0) = & }
Verify that your function is a solution, [10]

(t).Solve on RZ :
Wy ~Wy = O
uflx,x) = Sinx
u (=x,x) = Sinx
Verify that your function is a solution. [10]

5.(a) For the following Eigenvalue problém fid all real Eigen
values and,for each Eigen value all the real Eigen functions.

O erg a0 L XL
-’-f FY+ f(L)= 0
A R A C A [10]
(b) Show that in the above problem there are no Complex
Eigen values. : [10]
6. . Solve .
= u, +2f : 0{ x{ L
Yt Yex e s

w0, t) =0 wul(L,t)=0
ulx, 0) = £(x)

"Here 8) 0, L ) O are given. £ £ ¢ [0, L] and £(0) = £(L)=C.
It is enough if you obtain a formal series solution, You do ro’
have to show convergence of the series etc.

‘ [20]




INDIAN STATISTICAL INSTITUTE 1980-81 51I
B.Stat. (Hons.) III Year: 1980-84 3

Nonparametric and Sequential Methods
PERI(T JCAL EAAMINATION

Date: "20.4.81 I +imum Marks: 100 Time: 4 hours

Ty

-1.ka)
(v)
(o)

2.(a)
-(b)

4.

5.(a)

(v)

" Note:/ Answer Q.No 1 or G.No.2 and all the
e other questions.

Define what is meant by
(1) Stochastically larger.

(i1) One-sided and two-sided alternatives in the context
of the two-sanple problem.

If X is stochastically larger than Y'and X and Y are indepen-
dent, show that P ;_x y Y- 7»2-5.

Define the Wilcoxon test for two samples and briefly motivate
its use. Show that the one-3ided h'ilcoxon test i1s unbiased
for one-sided alternatives.

© o [20]
Compare briefly the Wilcoxon and Fisher's t-test for the
two-sample problem.

Write down the two sample Wllcoxon statistic as a linear
function of a U-statistic and hence rind i1ts.mean and
variance under H

(6+14) = [20] -

Can you think of an alternative F # G in the two-sample
context such that the power 'of the Wilcoxon test can't be
made close to one by making n large ? 5]

Explain briefly how one gets the asymptotic distribution
of the Wilcoxon signed rank statistic under H .
[12]

State and prove the Fundamental Identity of sequential
analysis.

Suppose X;'s are i.i.d. andPixi ='+1}=p,
v
pix1=-1 ¥ =1 P#g . Let b(OLa betw

integers. let n be the first 1 such that (X, + .vu + X,)
is a or b, Assuming P { n{ e } and using 5(a), calculate

'Pgs ”,} (13+7) = [20]

Pst.0s



6.(a) The following data gives gain in physical fitness (on a

7.

(v

~Treated y | 14|28]| 2| a| 5] 3] -1 1 | 6 1

~

suftable scale) during a six weeks experiment for 12 matchcd
pairs of students. One student from cach pair was given
usual diet alongw *1 vitamine B and other was given Just
usual diet. Carry ‘ut the sign test - to test the hypothesis
H: no treatment et'ect against the alternative K: the
treated student shoy a larger increase in the fitness score
than those not treatr® (use normal approximation and a = .05),

Palr 1] 2| 3| 4] 5 64{77 8] 910 11| 12
of wl13] 3 3[4
3

Control x gla6f-7|-1]| 2| 9

In the above problem how many matched pairs should a experi-
mentor choose so that the power of sign test is .9 at the

alternative P(Y ) X) = 0.8 (use normal approximation.)

(6+12) = [18]

The following data gives the gain in weight of a control group
of young rats and a group of rats of the same age kept in an
ozone environment for seven days. Test, at the 5%. level of
significance, the hypothesis that the ozone does not affect
the gain in weight of young rats. Use normal approximation to
the hypuchesis distribution.of Wilcoxon statistice

x (treat.) | 41.0138.4;29.4)27.2123.5(21.2)20.1( 20,0} 19.8) 19,5

y (control) | 42.2|44.5} 40.3] 40.0} 36.2| 34.1| 30.1| 27.0[ 19.6[ 19.2

Ranks of Y's in the combined sample are given to be 20, 19, 17,
16, 14, 13, 12, 9, 3, 1.

(5]
Let X, X, «eo X Do i.1.d. w{e, 2).
Find SPRT with @ = .07 and $ = .01 to test
H: 6=0 Vs K :0a1
Calculate 0.C. of above SPRT at © = 0, 0.3,1. [ O]‘
. Ct 2



INDIAN STATISTICAL INSTITUTE . ‘
B.State (hons.) 5T Yewrs 1080-a1 | 160813 3|
Differential Equations .
(Elective Mathematics)
PERIODICAL EXAMINATION
Date: 2.5.81 Maximum Marks: 1CO Time: 3 hours

1. Let f be a bounded continuous function on [-n, n] ?n its
n-th Fourier coefficient and .

( ikx

: t

= ¥ e

b T
b4

Show that 2% _5 lf—snl

) 0 as n =) w

[15]
2. Calculate the Fourier series expansion of.

Sin (56 - x) + Cos (x - 56) ' [s]

3. Suppose f, g are continuous real valued periodic functions on
R with period 2r. Define for x &R :
. 1;

1,
nx) = —= § £(y) glx-y)dy

-
(1) Show g i{s uniformly continuous on R.
(11) Using (1) show that h is continuous.
A
(111) Show that B = £ % . (10+10+10) = [30)

4. (1) Solve the boundary value probdlem on [0, =] x [0, «)

Uy =Yy = O (0, =) x (0, =)
u(x,0) = Sinx 0¢x{n
uy(_x,o) =0 0 x¢{x
u(o,y) = u(n,y) =0 0_(_y('w.

(i1) Justify rigorously that your function is a solution.
(15+5) = [20]

Peta0,



-2 -

540 p GCZ (R) q €C1 (li) are given. Solve on R s

U - 6&\‘50, = 0
u (x.b) = p(x)
w(x,0) = qlx) . .
(11) Justify rfgorously that your mngtion. is a solution.

(15+5) = [20)
6.(1) Solve on [0, 1] x [0, )

U -u = 1&x-2ux on (0,1) x (0, w)

0

I~

u(0,t) = 0 t

u(t,t) = 0 t)o

X
u(x,0) a e Sin2mx 0¢ x{ 1.

(11) Justify rigorously that your function is a solution.

‘ (20+5) = [25]
7. Describe all solutions of the following equation on R:

Gt Byt oy e O 0]




INDIAN STATISTICAL. INSTITUTE 1980-81: 382

B.Stat. (Hons.) III Year: 1980-81
Nonparametric and Sequential Methods

ANNUAL EXAMIMATION
16.5.81 Jjaximwn Marks: 100 Time: &4 hours

1. State the MLR property and ‘under this assumption prove the
monotonicity of the OC of an SPRT. Give an example where
this result can be applied but Wald's approximations can't

be used. .
(16+4) = [20]
Or

2. Explain briefly what is meant by 'the optimum property of the
SPRT of Ho : 0= oo vs H1 10 = 01 for i.i.d. observations.

Prove the approximate efficiency of the SPRT under suitable
assumptions. .

Suppose the yield of plot (i) under a cgrtain variety of wheat
is a random variable X; which is N(6, 1), and one wants to

test H) : 6 { O, against Hy : 6 ) 0,. (Here O, is the mean
value for a variety normally used by cultivators and 01 is the

value claimed for the new variety under traal). Vill you
recommend a sequential or a non-sequential test ? Justify

your answers.
(16+4) = [20]
3. Virite duwn the two equations of Wald and prove one of them.
L ¢ 2 2 =‘ ¢ = = -1-
Lt § X3 ve me,p{ﬁ=-1f Pix +1} 3
Sp =X+ ece + X, n o= first m) 1 such that S = 1. Check

whethel:' Wald's equations hold here. (You may assume n { « with
probability one.) .
(14+6) = [20]

4. Describe briefly the Kolmogorov and the Kolmogorov - Smirnov ™
tests. In each case prove that the distribution of the test-
statistic does not depend on the true distribution under Ho‘

or (1]

5. Explain briefly how one constructs a non-parametric confidence
interval for the difference in the location parameters of two
random variables X and Y. Define the liodges - Lehmann (point)
estimate. {(No proof is needed. [10]

. . . . 1

6., Suppose you ha;v_e two independent observations X1 and Y1 with

“distribution function F(x) -and G(y). It is desireil to test
H, : F 2 G against Lehmann's alternative H, : G(x) =

L Flx) }p (where p ). 1 is known) '

(a) Wr'ch of X, and Y, is the stochastically larger of the
two under the alternative ?

pet.o.



Contd..... Q.No.6

8.

9.

(b) Assuming H, is true write down the distribution of the
rank rector (R1, Rz).

(c) Obtain the distridution of (R,, R,) under H, .

(d) Using (b) and {c) show that the two-sample Wilcoxon test
15 the most powerful rank test of H‘J

[X] JrY

of size a =

against H1 o
(2+2+5+4) = [13)

Assignment . aee vee 7]
In a study of the pollution of Lake Michigan, the.number of
"odour periods' was observed for each year. The following
results for the period 1950 - 1964, were attalned.

Year 50 51 52 53 54 55 5 57 58 59 60 61

. Number

of odour 10 20 17 16 12 15 13 18 17 19 21 23
periods .

Year 62 .63 64
Number
of odour 23 28 28
periods

It 1s desired to test the hypothesis that the degree of pollu-
tion has not changed with time against the alternative of
upward linear trend. State the model, the null hypothesis and
the alternative carefully. Suggest a suitable test statistic.
Can you identify a feature of the problem which makes the
distribution theory taught in the class inapplicable ?

. (8]
To test whether children who cry more actively as bables later
tend to have higher. IQs, a cry count was taken for a sample
of children aged five days-and wgs. later compared with their

Stanford-Bint IQ scores at age three with the results shown
below: g

Cry count 20 17 15 19 23, W 27 17

1Q score 9 94 100 103 103 106 108 109

Using Spearman's rank correlation coefficient test the hypothesis
H of lack of association against the alternative K of positive
association between cry counts and IQ scores (take & = .05 and
use normal approximation). (If you don't know what to do in -
case of ties ask the invigilator and get one mark deducted).

(12}

p.t.0.



10.

-3 -

The following data give *he gains in weight of three groups

of rats receiving three types of diet.

Using lerge sample

approximation for Kruskal-Wallis statistic test whether
fhere is siggi icant difference between the diets.
take @ = ,05).

diet

gain in weight

24,0, 25.0, 25.1, 25.7
28.1, 29.0, 29.7, 30.1

23.9, 242, 2443, 24.7
25.4, 26.1, 26.6, 27.3,
27.6, 27.8,930.0, 27.0

24,1, 25.2, 26.2, 26.7,

. 27.2, 28.0, 28.2, 28.7,

29.3, 29.8.

Ranks in the combined
sample

2, 7, 8, 11, 22,
25, 27, 30.

1, 4, 5, 6, 10, 12,
1w, 16, 18, 19, 20,
29. :

3, 9, 13, 15, 17,
21, 23, 24, 26, 28.

(10]
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_ solution for the dual.

Note: The paper carries 120 marks. You can score
a maximum of 100. Attempt as many questions
or parts thereof as you like. -

Coﬂsider in the usual notation a standard maxirum linear pro-
gramming problem and its dual given by the triple (A, b, c).

. For nonnegative vectors x in MR™ and y in IR, define

Plx,y) = xc+yb-xay.

Let X , ¥ be nonnegative vectors in Mm%, MR", respectively.
Prove that (X, ¥) 1s a saddle point of - (7 if and only if X is
an optimal solution for the maximum probdlem and y is an optimal

[15]

~ For each k 2 1, consider the canonical maximum problem given

by the triple (A, b, ) and suppose the probdlem has value w.
Consider also the canonical maximum problem given by (A, b, c)
with value w . Prove that, if ck ~—) ¢ as k —) = , then

o —) W as k —) e, B

. . [15]
WNaximize 8&1 + 1952 + 7;3 -
subject to
3§1+4€2+§3£ 25
Eq + 352 +_353 <50
. Bqr Eo 53 2 0. [10]
ilaximize »55 + 38 + 8y
subject to
584 + 38, < 3
g + 26, + 455 < 4. [10]

P-t.o.



-2 -

5., Associate with a matrix gcome with pay-off matrix A the
following general maxirmm linear programming problem: 'Find
a nonnegative vector x and a real w such that w 18 maximum
subject to xA ) wv and xu = 1, where u, v are vectors {in the
appropriate spaces) with all coordinates unity.

(a) Prove that solving the game is equivalent (in a sense to
be ggde precise by you) to solving thc general maximum
problem.

(b) Deduce from the Fundamental Duality Theorem for the
general maximum problem that the game A has a solution
in mixed strategies. . '

A (10+10) = [20]

6. Find a solution of the matrix game with pay-off.matrix.
. 0 1 .
A=l2 ol c ' 18]

7. Players I and JI choose simultaneously integers x and y,
respectively, between 1 and 4 (both numbers inclusive) and
II pays I the amount }x-y} . Write down the pay-off matrix.
Find a solution of the game. [Hint: Try eliminating some of
the pure strategies]s .
(2+10) = [12]

8. In a dynamic programming problem with finite state and action
spaces, let Vi be the optimal (y.mdiscounted) return over n

7

- \{
periods of play. Prove that Lim _;r_a exists and equals

n =)o

- the optimal average return vector {over an infinite horizon).
[20]

9, Consider a system with state space S = f 1, 2} and action
space A= §£1,2%. In state 1 action 1 gives a return
of 1 and the_system stays in .state 1 with probability 3
while action 2 gets a return of = and ‘the system stays in
state 1 with probability 4 «~\In state _2 either action fetches
a return of O and the system moves to state 1 with probability
E . Desgribe an optimal policy when the horizon is 2N + 1

periods of play. Prove the optimality of your policy.
[10]



INDIAN STATISTICAL INSTITUTE 1980-81:
B.Stat. (Hons.) IIT Year: 1980-81 m
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SEMESTRAL II EXAMINATION
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Note: Answer Question No.1 which carries 40 marks
and any two questions from the rest, each
of which carries 25 marks. Ten marks are
reserved for class room practical records.

On the basis of the mean-vector x 3 ( Zyo oney ip) and. the
corrected sums of products matrix S & ((s;,)) 4, 3 = 1,004,P

computed from a random sample of size n from a p-variate
normal population with mean-vector M = (111, ceny Bpdy By $0

{ = 1, «esy P how will you test the hypothesis that
. Hy t 1y 2 :up-c1-:62: :cp
where Ci' s are given real numbers ?

[Hint: This is equivalent to testing the hypothzsis that
UT = O where T is a suitably chosen p x {p-1)
patrix]

The following table gives the sample mean and the estimated
dispersion matrix (corrected sums of products matrix divided

by the degrees of freedom) of three anthropometric characters:

Xy = maximum head length
X = maximum head breadth
%y = frontal breadth

“of Muslims of Nadia, based on'a sample of size n = 50.

.varia_bles means estimated dispersion matrix
%1 % *3
X, 182.19 41.30 5.47 7.48
% 139.80 26.89 10.65
5:3 102.37 17.81

Are these data consistent with the hypothesis that the mean
values of Xqr X and X3 are in the ratio 4 : 3 :2 ?

(10+30) = [40]

p.t.0.



2.(a)

(v)

3.

4.(a)

Exrlain the concepts o< principal comronents of a random
vector and that of canonical correlations_between two
random vectors. [Proofs are not required].

) ) = (121
(Ygp oeen Y) and (2, 0oy 2 ) are random variables such
that the coefficient of corrclation between any two Y's is
P . that between any two Z's is /‘;z and that between any
Y and any Z is /° 2* Starting from first principles, obtain
one linear compound of Y1, ssey Y and another linear
compound of Zyp eeny Zq such that the coefficient of correla.

tion between these two linear compounds is a maximum. (I-‘irst
show that there is no essential loss of generality in assu-
ming that each of the (p+q) random variables has mean zero
and variance unity).

(2+10) = [12]
A random vector Y = (Y;, +es, Yp) is said to follow a
multivariate normal distribution if for every non-null
real vector [ = ( Lo =ees Lp) the random variable

[1 PRI '(p Yp follows a univariate normal distribu-
tion with positive variance. Starting from this definition

(a) Obtain the joint r-obability density function of
a multivariate normal distribution and show that
it involves only the mean-vector and the dispersion
matrix as parameters, [8]

(b) Calculate the moment generating function both from
the definition and from the joint probability density
function derived in (a) above and hence show that the
joint probability density function is uniquely deter-
mined, [8]

(¢) find the marginal distribution of (Y,, ..., Yp1)
where p, ( p, and . (4]

(d) find the conditional distribution of Yp1+1' _‘“, Y

given Y1, ceey Yp . P
1 (5]

If the elements of the p x p symmetric matrix S follow the
Wishart distribution with ¥ degrees of frecdom and parameter
matrix £, and X(: 1 x p) follows the p-variate normal distri-
bution with mean vector t and dispersion matrix £ and X and
S-are independent, work out the probability density function
of

1 B o= XE'X  aa (1) P o= x(s/y) X

indicating in each case the simplification when & = O.

p.t.o.



Contde..e. Q.No.b4.(a)

You are not required to prove any properties of the Wishart
distribution that you may need in the derivation but you
must state these properties briefly and clear:;.

(9+9) = [18]

(b) How can you use this result in deriving an appropriate
statistic for testing, on the basis of samples from two
p-variate normal populations with a common but unknown
dispersion matrix, the hypothesis that their mean vectors

are equal ?
: (7]

5.(a) An individual is known to belong to one, btut not exactly
which, of k different populations, with an apriori proba-
bility %, ) O of belonging to the i-th population, 1 = 1,444,k

Ty +oaes = 1. Measurements on p charactcri;tics of the
individual denoted by X & (X;y oeey xp) are available, and
it is known that the probability density function of X in the
i-th population is ri(x) i £9 1, eeep ke The prodblem is to

use the measurements X to assign the individual to one of
these k populations. The loss in wrongly assigning the -
individual to the j-th population when it actually belongs
to the i-th population in 113 YO for 44 3 =1, aes, k.

Show that a best procedure, in the sense of minimising the
expected loss, is to assign the individual to the ?-th
population if J is the smallest index for which FJ x) is the

nintoum of F,(x), ..., F,(x) where

k
FJ(X) = 151 L 113 fi(f) [15]

(b) Reduce this procedure to its simplest form when k = 2,
%y =8 =12, [, = k= L and the density function

is p-variate normal with the same dispersion matrix but
possibly different mean-vectors in the two populations.

(10]
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Notet: Answer any three questions from
Croup A and all nuestions from
Group B. B
3 b!‘Oﬁp g B BT .

e

1.01) Detihe the Lorenz ratio (LR) in terms of the Lorenz curve (L)
and show how IR is related to the Gini mean differcnce.

(b) Obtain the cquation of the LC for a lognormal distribution.
(10+10) = [20]

2.(a) Define Engel elasticity of demand for a consumer item.
Sriefly explain some uses of information on Engel elastici-
ties for various items o7 the houschold budget.

(1) How can one verify Engel's law given budget data for a sample
of houscholds ? Describe briefly.

(12+8) = [20]
3,/ How would you examinc vhether economies of scale in household
consumption are significant or not, for each of the items in

the household budget, given budget data for a sample of house-
holds ?

Yow do such economies of scale arise ? Are they equally
important for all items ? How would you simplify the Engel

relationship for an item if economies of scale are known to
be negligible for that item ?
{10+10) = [20]

b, Discuss triefly any two of the undcrnoted problems in the
ggggixt of estimation of demand functions from time series ..
(a) multicollincarity (b) aggregation (c) identification.
(10+10) = [20]
5. Write short notes on any two of the following:
(a) 52, the adjusted coefficicnt of multiple determinatior.

{b) Measurcment of varirbles in the Cobb-Douglas
production function.

(c) Examining roturns to Scale through Cobb-Douglas
production function.
(2 x 10) = [20]

p.t.o.



6.

7s

Group - B

The following data rclate to rural greas of Punjab and are
based on the 28th round of the KSS (Octobder '73 - June '74).
A few houscholds with per capita monthly expenditure below
Rs-28 have been lcft out.

monthly per cnr:ita . average expenditure per percon
expenditure (Rs. per month (is.) on
cerealy all itens
x y x
28 - 34 T, 1034 31.22
34 - 43 11.70 34.48
45 - 55 - 12.88 49.10
55 - 75 14.53 64 .46
75 - 100 16.98 86.29
100 - 150 18422 117.
150 - 200 22.13 166.02
200 - ' 19.86 253.65

Assuming that the En(iel curve for cereals has the semilog forn
estimate the Engel elasticity for cereals at x = Rs.28, gs.ss
and Rs.200. :

(30]

'Practical Record. [10]
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Note: You can answer any part of any
question.

1.(a) Calculate the Fourier Sine series cxpansion of
f{x) = 1 = Cos2x 0 x¢{«

. (b) Explicitly calculate solution to the problem on [0, 1] x [O,=]:

ugy - ¢ Yyy = O on (0, %) x (0, =)
u(0,y) =u(n,y) =0 0L y{ =
u(x, 0) = 1 - Cos 2x - 0f x{ =
w(x,0) = 0 o 0lxiw

[10415) = [25]

2.(a) Describe the Laplacian in Polar Coordinates.

(b) £(x) and g(x) €C'(R) pericdic with period 2%. Explain e
method of solving the Dirichlet problem for the region
a{ r{ bwith the boundary functions

10) = f(6) and u(b e"o) = g(o).

(10+10) = [20]

u(ae

3.(a) Suppose u is a positive continuous function on the closed
disc S ( 9 P)

and harmonic in the open disc S (0, £). Suppose P
is a point

P = reio r{ f. Show that

P-r L +r
iy u(0) (u(pP) -I-E-:—;U(O).

(v) Sugpose u is a positive harmonic function on R%. Using
(a) show that u is a constant.

(15+10) = [25]

pet.0.



4. Solve for u (x, t) on [0, %] x [0,e) :
u = u, +ru on (0,n) x(0,e)
u(o,t) = u(x,t) = 0 for t
u(x,0) = Sin 2x + Sin 5x o

[10]

5.(a) Explain whether the following equation is parabolic or
dogenerate :

o = 2y + Yy
(b) Solve by using scparation of variables technique
.>€2uxx+y2uw*5xux-5yhy+hu = 0.

(8+412) = [20]

6.(a) If Fla, b, ) = F(a) & +2()(a) be + § (a) ¥ then the
show that the Euler's Equation in the problem of minimizing

% . .
f F(x, y{x), y'(x)) dx is a second order linear differcr-
X '
tial equation.

(b) Find the Curve joining the points (x,l, ¥4 (%, yz) that

yields a surface of revolution of minimum area when revolved
about the X-axis.

(10+1o) = [20]
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Note: Submit your practical records alongwith
your answer-scripts. 12 marks are alloted
for the practical records. Marks alloted
to_a question are indicated in brackets

Jo "Ancwer any four questions.

Show that under a missing plot situation, (a) SSEQu () = SSEg
where w* is any solution of w* = ZﬁQ* (w*)' and that
(v) _9,,(“,,.) Bn » vhere the symbols have their usual signi-

ficances. Hence obtain t.hevestimatcs for missing values in
cells (1, J) and (1', 3'), 1 # &' € (1,2, «ue, V),

343 €€1,2, «evy r) in a randomised block design for v

2.

‘treatments in r blocks. Cive also the expressions for

~ ~n
v("fi - TJ)' 143 & (1,2, «ooy v) for the resulting
incomplete block design. (5¢5+448) = [22]
Develop the analysis of covariance under the usual fixed
effects model & : y = 48 + HY+g, etc. Apply the analysis
to a latin square design with one concomitant variable.

Obtain also V ( ): [1 'T ) under @ for this design.
1=1

(10+8+4) = [22]

3.(a) Give a balanced confounding scheme for a (25 23) experiment,

(v)

and construct a replication of the suggested design, indica-
ting only how the other replications can be constructed.

Identify all the confounded effects in one replication of a

(28, 2[‘) experiment, of which the following constitute a
block s

efg, bgh, abefh, cfh, bdf, bee, a, bedefgh,
acegh, deh, cdg, adfgh, abcfg, abedh, abdeg,

acdef,
(6+8+8) = [22]

p.t.0.



4.(a) Define the main effects and interactions for a 33 experimcnt
and generalise them to those of a 3" experiment. Show that
any contrast belonging to an cffect is orthogonal to any
contrast belonging to another effcct in a 3" factorial.

(v)

3.

Construct a confounded design for a (32, 32) experiment in
two replications, and give the appropriate analysis of
variance for the suggested design.

{L+b+846) = [22]

Write short notes on any two of the following:

(1)

(1)
(111)

analysis of experiments with missing data using
covariance technique;

method of differences for the construction of BIRD;

confounding in designs for factorial experiments.

(11+11) = [22]
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1.

3

5e

Note: Answer all questions. All questions
carry equal marks.

There are two transatlatic cables each of which can handle
one telegraph message at a time. The time-to=-breakdovm for
each has the same exponential distribution with parameter A..
The time_ to repair for each cable has the same exponential
distribution with parameter p. Given that at time O both
cables are in working condition, find the probability that,
if at time ¢t > O two messages arrive simultaneously, they
will find both cables operative.

Let S b S t>20 }\be the pure death process on {0,1'.2....3
with death rate W, = ip, 1) 0. Here L isa positive ~
constant. Find Py (t).

Find the mean and covariance functions of the process
X, =W, -t¥, 0t 1, where S-Wt} ig Viener process

with parameter az .

Let §V,,t2 07 be defined as the unique solution of the

<

stochastic differential equation .

1 /

nV, + £V, = wt

satisfying the initial condition V, = v, . Here W s
white noise with parameter d2 s m, { are positive constants.
Pind the mean and covariance functions of the process { Vi z .
What 18 the process called ?

For the above procesc, find the best linear and nonlinear
predictors of v,c1 +¢ in terms of {Vgr0ct gty } .

Here t1 and ¢ are positive constenta. Detemine the nean
square error in each case.
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Time: . 3 hours

1.(a) State the .result proved in the class on normal approximation
to the posterior. State all your assumptions clearly- (5]

(v) Euppose the posterior of 0 is approximately normal with mean
8 and vartance (n1(6))". What would be the epproximate
posterior distribution of g(6), where g(¢) is continuously
differentiable with a non-vanishing derivative ? (You don't
have to justify your answer). [3]

(¢) Under suitable regularity conditions a Neyman-Pearsonian

~

1.
uses 0 * 1% ————— as an approximately 957. confidence
Jrz(3)

interval for © ; so does a Baysian'. Explain briefly the
difference in their interpretations. [5]

2. Give an example where the m.l.e. of a parameter is not
consistent but a consistent estimate exists. Justify your
answe™. . [15]

Or g

Under suitable regularity conditions prove that a consistent
solution of the likelihood equation is asymptotically normal.

. : -[15]

3.(a) Prove the Cramer-Rao inequality. ' (9]
(b) Prove the uniqueness of the best unbiased estimate of an

estimable function. (6]

(c) Describe briefly how one uses thé Rao-Blackwell theorem to
get a best unblased estimate. [9]

(a) Xyo eeey X are i.i.de N(6,1). Give an example of an

estimable function for which the best unbfased estimate
does not attain the Cramér-Rao lower bound. [9]

b Let X;, eeey X be 1afud. N(O, 0%} . Find the UMP test
2

. 6%a . g2 '
of Hy o 1 Vs H1.a)1. £15]

p.t.0.



The following data give values of two variables X and Y
at 1C time points t:

t. X Y t X Y
1 1 45 10 1 3.98
2 4 1439 1 7 1,27
3 2 -3 e 8 5.65
4 5 1426 13 © .2 " 2.88
5 8 1.26 1% 5  2.27
6 3 .1 15 - 13 5.9%
7 6 1.25 16 10 4.09
8 9 3.26 17 1 1.35
9 3.03 18 7 2.82

-
&

Let Ht to be the hypothesis that
) )
_Y.-cx.1+‘ﬁ1)(+e1 for tlgto .
"4, + B Xte for t )¢, ,
‘ 2 - 2
e1mN(0,a) eZmN(O,o)
thich of the two dypothes's will you favour H9 or Hyg ?
10

6 8 64 K 53
IX, =63 £ X = T X, =
1t 10t 1

2
"
B

58 LY, = B T 027 % ¥y = 26.29
Y, = 11.58 LY, = 14.84 T Y, = 30.27 % Y =26,
ot 1t 10t i1t

10 18’
2auz txPassy pxlese ot X2= 460
1t 1 :

o

2 10 2 2 ’ 18 5
Yt = 26.88 T Yt = [2.72 YO = 124.83 L Yt = 109.01
1 1

AMY AMY SOMY SMO AMO
<

10 : 18
Y, = 101,12 § XY, = 44,90 £ XY, = 25447

XYy, Xty PR

18

T XY, = 210.69
1

[14]
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1.(a)

2.(a) .
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BACK-PAPER EXAMINATION

8.7.81  Maximun Marks: 100 Timet 3 hours

Note: Usual symbols and notations will be assumed
throughout. Answers should be brief and to
the point. . )

Answer any four questions each carrying 20
marks. Records of practical and home assign-
ments to be submitted in the Examination Hall
will carry 20 marks. Figures in the margin
indicate marks assigned to part - questions.

For SRSWR in n draws from a finite population of N units
how many 'distinct units' do you expect to find on an
average ? Obtains the variance-of this number in terms
of n and N. (Give proofs in detail).

Write down the formula for the Yates-Grundy estimator for
the variance of Horvitz-Thompson estimator for a finite
population total. Show that it is unbiased if the sample
18 chosen acgording to PPSWOR acheme ‘but not necessarily so
if the sample 1s chosen by PPSWR method. Sl . .

A (4+6:2+4+1) = [20]
Défire *separate ratio ectimator' and 'combined ratio esti-
mator!' for a finite population total based on o stratified
random sample. Using large sample approximations obtain
usual variance formulae for these estimators. From the
consideration of bias alone, indicate which one of these
two estimators you may use more safely in practice and why.
If there are two strata only of sizes No» N2 with variances

s12, 522, then (ignoring fep.c.) show that

Vopt (FstI/V (Gst) 3 & 9/(1 + 9)°

where- § = =1 M , (symbols are usual ; Yopt' ‘means
y / n,(opt) ) )

Neyman' s optimal rule). '
(2+2+3+3+248) = [20]

What do you mean by a uni-cluster sampling design ? Show
that for. such a design a minimum voviance (MV) cstimator

for a finite population total is available within the class
of homogeneous linear unbiased estimators (HLUE), . Also show
that in the HWE class no MV estimator exists i1f the design
is not 'uni-cluster'. Again show that in the class of all
unbiased estimators (UE) no MV estimator is available for
any design which does not choose ti.e entire population with
probability one.

(2+4846+4) = ['20]

pete.o.
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For two-stage sampling establish the formula
- N-n S1 M-n 52
—_ ¢ —_—
Ve ¥y - N n M nm
(Symbols as usual and one to be explained by you).

Obtain a formula for an unbiased cstimator for v for an
appropriately chosen two-stage sampling procedure.

Assuming the usual simple cost function
.C = C1 n + C nm.I

obtain the formula for optimum choice of m as m, opt to
minimize V for a given C or vice versa in the form

-5 .S
mopt - /2=2— /'c; .
1
What will be the corresponding choice of optimal n ?
(646+46+2) = [20]
The table below gives the information about whether TV sets
are owned (Scored '1' if 'yes' and '0! if 'no') by the

households (hs:) serially numbered in five serially numbered
in a city-olock ?No hh owns more an one

N se set).
MW ORIV ns" v, B B ™v

1 1 1..0°1 0o 1 1 1 o0

2 .0 2 0 2 1 2 1 2 o0
3 0 3 1 3 1 3 0 3 o0

5 0 4 1 & O & 4 4.1

5 1 5 0 5 1 5 0

6 0 6 © 6 1

7 1

8 1

9 1

Draw an SRSWOR of 2 buildings and from each selected building
independently take an SRSWOR of 2 households. For the seclec-
ted households note whether TV sets are owned or not and
hence estimate unbiasedly the proportion of households, in

the city-block,.owning TV sets, obtain. an unbiased estimate
of the variance of your estimatc. Notc thd error in your
estimate.

(4+4+4+6+2) = [20]
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Multivariate Distribution ard Tests

BACK-PAPER LXANINATION
Date: 9.7.81 . Maximum Marks: 100 Timet 3 Lours

Neso: Ansver Questlon No.1 which carries 40 marks
and any two questions from the rest, each of
which carries 25 marks. Ten marks are reserved
for claso-roor practical records.

1.(a) How will you test, on the basis of samples from two p-variate
normal populations with a common but unknown dispersion
matrix, thée hypothesis that the two mean vectors are identi-
cal 7 Write down the statistic that you would use, and the
name of the standard distribution which has to be referred to.
No proof is required. ' [10]

(b) The table below given the estimates of the means and the
common dispersion matrix of three characters:

x4y = lergth of hind femur
%, = maximum width’of head in the ‘rerial region
Xz = length of pronotum at the peel_

Lor tY g'roups'of' female desert locusts one iir the phage
g_egaria anu the other in an intermediate phame between
grer2ria and solotaria. The estimate of the common dispersion
matrix has been obtained by adding the two corrected sum of
products matrices within the groups and dividing it by the
sum of the iwo degrees of freedom. :

means estimated dispersion matrix
rhase : Gregaria phase: in- based on ry+n,=2 = 90 daf
arple’ termediate -
ff“;g ‘=20 ranple
£ nq - size ny= 2 A ‘x1 X X3
:narecter - : C .
X, 25.80 28.35 7 T L4350 0.5622  1.4685
% 7.81° 741 0.1413  0.2174

e 10.77. 10.75 0.5702

Test the significance of the difference in the twd'mean-vec-
tors. - . .
[30]
2.(a) G'ven “wo randca vecters ¥, {: ¢ x p;) and X, (:1x pz) with
"mean vecter E [X43 %] = [#y ;%] and dispersion-matrix

. 5
7% (%, 1%) = i

Iy

L2
a

» how would you predict the

p.t.0.



Comdan-se @ Nuu2.{a)

(v)

valu.e of )2 vhen the value %4 of X1 i3 known, on the basis
of a linear function of x, ? Yhat good properties does this
predicicr possess? How would you examine whether using X4
linearly is at all necessarv ia the case where P, 2 114
[Proofs are vot required] (4+5+5) = [15)

Three random variables Y,, Y, ard Y, have the gtructural
forn . 2 3

‘Y,' 2 1"51
o= 3+2 +%,.
Yy = 53, v2E, v g

where ; and g, are unobservable incdependent random

vax‘lables, eaczh with expected value zero and variance unity.
Calculate the best linear function fur predicting Y3 on the

basis of Y, and Y2 , The multiple ccrrelation coefficient
£ Y, On Y1 and Yz and the partial correlation coefficient
between Y1 and Y3 eliminating YZ’ (44343) = [ 10]

L:t X, (21 xp) for A =1, ..c) n be distributed independently
and ident.rally in the p-variate normal form with mean vector
B and Clcpersion matrix £. let. X = -(X1 toaie )(n) and

= ! - - - -
S %, %) (x, X))+ 0uu s (x, ) (x, %) denote
respectively the sample mean-vector .and the corrected sums
of products matrix. . e

(a) Show tuat VA (X - 1) follows the p-varia'te normal
distribution wn:h mean vector zero and dispersion
-matrix I . [101

(b.) Show that the probability distribute of S is the same
as that of T = Y, ¥y + cost¥ o Y 4 where Y;(21 3.(p)
for A =1, ..., (n-1) are independently and identically
distributed in the p-variate normal form with mean vector
zero and dispersion matrix £ . [10j

(¢) Show frrther that X and S are independent. (5]
Let X be a random vector with p components. The expected

value of X in the i-th of two populationsis By 1=21,2

but vthe dispersion - matrlx is the same, L, in both the
populatinns.

p.t.0.
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(a) 7ind a vector { with p real components such that the

(v)
()

square of the difference of the expzcted values of
L = X' in the two populaticns civided by the cowuun
variance of L is paximun. Call this maximum value Ae.

{10]

Give an algorithm for computing L and 42 . 8]

Write a nnte on the problem of classification of an
inaividual into one of two populations on the basis
of multiple observaticns on the individual and explain

the roles played by L and Az in this connection. ['J
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LCesign of Experiments

BACK-PAPFR EXAMINATION

Date: 10.7.81 Maximum Markss , 100 Time: 3 hours

Te

2.

3.

L,

5.

Note: Aaswer an- four questions. Marks alloted
to a question are irdicated in brackets [ ].

Define a balanced incomplete block design (BIED) with para-
~eters (v, L, r, k, A).ghow that for such a design b ) v, with
equality holding if and only if any two blocks have A treat-
ments commons If for a BIED,b = v = even, show that (k = A) is
a perfect square. Give the analysis of variance of a BIRD

(vo b, T, ky A (2+8+45+10) = [25]

What is missing plot technique ? Explain its application to
a latin square design with one missing observation.
(5+10+10) = [25]

Explain confounding with en example. Give a balanced confoun-
dew design for a (2%, 22) experiment in 3 replications. Give
also the appropriate anal:-sis of variance for your design using
the method of sums and differences due to Yates.
(5+48+12) a [25]
(a) Identii‘y all the confounded effects in one replication of
a (% , 3°) experiment of which the following are the three
independent treatment combinations of the key block:
(100001), (010111) ana (001121).

(b) Give the analysis of variance cf a (37, 3¥) confounded

design in r randomized blocks.
(10+15) = [25]

Write short notes on any two of the follewings:

(1) connectedness of a block design ;
(1) conrtruction of mutually orthogonal latin squares ;
(141) anulysis of covariance.

(122 +123) = [25)
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