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1o Let Y Aol (uy2)e
(a) If Y = Cﬁ) , find the conditfonal distribution of
. :
2

Y.

2, given Y. (10)

(b) Show that (¥-p)"A(Y-p) follows a central X2 1ff
ArAr = tAz. Find the degrees of freedom of this X2.

2. Let § = (s“ ) ~ Wp (X,2) where 2 i nonsingular. Let the

inverses of S and ¢ be denoted by'(s”) ad (t7"‘-1 )+ Then show

that
oPP
(a)

oPP

~/[E (k=-p+1) and is independent of (si:j)’
1, =1 eeey p-1 . (10)

(v) th-11/ 1757 ""Xlz(k\-x\m) for every non-null 1 g
hence derive the distribution of Hotelling's T°.
(5+5)
(c) Show how Hotelling’s 2 can be used to get simultaneous
confidence intervals for all linear function of the
mean vector of a rultivariate normal population.

2)

P.T.0.
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-3.(a) ¥rite dom the model of analysis of dispersion for multirle

measurecents. (3)
(b) Explain,- in detail, the procedures for ectimating the

parare ters of Buch a model. (1c)
(o) Let A be a oymretric matrix and C be a positive definite
Pxp . Pxp .

matrix: What is the mmallest value of x'Ax/ x-Cx, where x
is any p-vector @ Prove your aasertion. . (10)

4. Observations were obtained on 28 trees for thickness of ocork
borings in the north (N), east(E), south(S) end west(W)
directions, Let

¥y'= N-E=W+§, Y, = 5-W, yB-N-S-;

" The vector of means is
77T & (8,86, 4450, 0.86)

and the.covariance matrix ( divisor 4s 27) for y s

128472 61.41 =-21.02
56493 =28.30 °
63453
Examine whether the bark deposit is theA same in all
dfrections. (25)
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Dater 8.7.82 Maximus barks 3 100 Time: 3 hourge,

Nlote: The paper carries 105 marks. Maximun one can
score is 100. Marks for each question are
indicated in brackets,

1. State and prove the Tundarental Duality Theorem for a standard
linear prograrning problem. (2b)

é.(a) Conszider the linear programme of tipding a vector x.
unrestricted in sicn such that

X6 {3 a maximum
subject to X4 = be

Show that the problem has a solution only if O -is a linear
conbination of the columns of iq.

(b) Prove @ If a canonical linear_programme has an optimal
vector then it has a basic optimal vector.(State the
important results'you make use of ).

Solve the following canonical maxirum problem by camparing
all three of its dasic solution 3

Naximiece 251+3£2

subject to 4E1+252+€3=4
E4¥38, =5
Tind the value of the problem also. (5+5+5=15)
3. I'axinise BE4+195,+7E4
subject t
Ject to 3844 455485 & 25
Eq+ 35,4385 ¢ 50
4 > 0.
1’52.C3 = (15)

P.T.0.
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faasiler the following linear prograame 3
Fin1d 51'52 2 0 such that E1+52 i3 a maxirun

~.acet to =35442%

Write ¢ic dual of this probleme Show that the oricinal rrovlen
13 feasible but has ro optiral solutions In view of this recult
arl the duvality thcorem whot must be true of the dual prodlen @

Verify this directly. (448+345220)
+5x2

State and prove the max flow min cut theorem giving all the
underlying definitions cleoarly. (20‘)

Define a two-person zero-sum game P. When do you say that the
garce {? has a solution in pure strategies ? Consider the
matrix game with the following pay off matrix

0.4 0.5 0.9 0.3
0.8 0.4 0.3 0.7
d=1 0,7 0.6 0.8 0.9
0.7 0.2 0.4 0.6

Check whether the matrix A has any saddle point. Find a

solution of the ahove matrix game.
(3+245+5=15)
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‘Nonparozettic and Sequential Liethods
" BACKPAPER ELAMTIATION

Date: 7.7.82 Sdaxiounm Marks ¢ 100 Tirmet 3 hourse.

1.(2)

(v)

2-(3)

(v)

Mote: Anover ag rmch as you cans

Iet X be a ranlom variadble with density function £(x,8).
Let S(b,a) be an SPRT of Hy 1 @ = @, against H:8 =8
of strencth ( a (84), B(6, ))s Show that

:-Log —-rg(je——- > nax (0,a) and log T—(T) < min (0 b).

_When_‘do the signs of equality hold? . - ..

Using the above result, or other.vise."obta“in'Wald's

e ;
approximations for the congtanta-d and a in the SPR-T
of given strength (a,p) for Hyt 6 = 8, against X-Ll':e =8,

Show that the probabniues or both kinds of errors can not
increase by this approx_i.mation. : (15+10)

Iet X be a random variable with density function 1(x,9)
- ¢ 0 <= s Let S(b,a) where b < 0. < a, 'be any SPRT

of Hy: @ = @, agatnst H;: © = 0,( > 8y) with ASY function
E(n : 8) < . Under suitable conditions to be precisely
stated by you, shoar that far any rival test S one has
E(£: 0) 3 E (n:0)

If.X hag tke Polscson distribution vith unknswm paronetcr

A, show that the SIRT for Hy: A = Ny aca.ir.,t H1: A-)s. is

optimur in the senoe described adove.
+(15+10)

P.T.0e
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3.{a) Derive the fundamental identity of sequential analysic

stating the conmitions clearlye.

(t) I'ence, or otherwise, derive the foarrula for the OC functilen
of the SPR T, S(b,a), of strength (a,B), for a sinple
hypot .esis ajainst a ocinrle eltcrnative.

. . ( 15+10)

4. Let X te 2 randoz varlfable having o normal digtridbution with
unknown mean p and known variance 02, Obtain the SPR T of
strensth (a,8)° for Hot b < pg against Hye p u1(> uo). Shour
thnt tre tect teiminates with probability one under totn the
'n::11 nnl the alternative hyrotheses. Obtain the OC and ASU
"functions of the test and give thelr values at the conventional
values of e (25)

5.(a) Define Kendmrl’s [ for a bivariate po-p.\il‘a‘tion. Let
(11.1'1), .-.\'( Xn'Yn) be a sample of size ne Obtain an
unbiased and consistent estimator Tn of [ from this sarple..

If [ = 0 end the marginal® distributions of X and Y are
continuous, obtain the asymptotic distribution of Tn-_

(b) The scores-in matheratics and english of 8 randomly chocen
students is given belowy: ’
Student A B [ D E F G . H
) . ' )
Maths.Score 91 52 . 69 99 - 72 178 83 58
English Score 89 72 69 96 66 67 45 35
Examine whether there is my association between the two
scorea. ) . ( 15+10)
6.(a) A random sample of size n from a mltinomial distribution
{th cln k -
w. claos probadbilities, p*. “etr Py By so Yi. ¥ Pf"
)

has ngy eeo, n, observations in the k classes. Show that
k (8jnp; )2 ' 2
f _;"Pf is asynmptotically distributed as a [,
with (1=1) degreces of freedoms ( Prove the general result
“from which you derive this or give a completc proof of this
result).

( Contdesess3)e
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6+(b) Examine whéther the following data come from a normal
distribution with mean 0 amd variance 1s;
=255 1:8  -3;2 -1.9  0.84 0,32 -0.21  2:58
4.8 =221 -1s2  =0.3 1.1 -4.0 1.8 3.2
0.35  0.48  =0.84  =0.65

(15+10 ).
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Date: GeT.82 iaximum korko 3 100 Tires: 3 hours

liotes Ancver any FOUR questions. llarks allotted to a
quastion are indicated in brackets { ) at the ende

1e Define a BeI.B.De ( v,b,T,k,\) with an_example, and give the
complete analysis of variance of a BsI.B.De Describe the
method of differences of construction of a B.XeBsDs, and prove
that the following initial bdlock
(xo. 2, xt, . xv-z_), x being a primitive
element of GF(v), '

generates a B.IoB.D. with parameters
Teb=At3, rek=2841, A=t. (5+10+10=25 )
Describe an m-ple lattice design with an examples Develop

the complete analysis of variance o'{ an g\-ple lattice design,
and obtain the expressions for V (’Yi - 'Tg ) (1# 3), where

2

.

g stand for the effect of treatment 1. (5+12+8=25)

3+ Explain how the experimental error can be controlled by
adopting an analyaie of covariance. Consider the data from
a latin square design with one obscrvation missing. Obtain
(1) the Yestinate® of the missing value, and (11) variances
of estinated elementary treatment contrasts, by adopting an

analysis of covariance with a dummy variabdblee
(5+12+8=25)

PeT40.
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4o Lot x:d(s,k) danote the ::'-xi:"um wunher of factors that can Le
accorolated in an o factorlal experimors, conducted in blocte
o2 p" rlots each ro that no ¢ifccts of order d or l2cs axo

co~foundeds. Then Irove that

(1) oy (2,%) = 2% - 1, end (11) ry(2,k) = 21,
filve the key blocks of two rcplications of a (25, 23)'
desim without confounding main cffects and 2-factor
interactions, and indicatc the analysis of varlance of the
supcested desipn, (5+5+15=25)

Define rain effects ma interactions of a 3" factorial
experizent, and show that there are really (37-1) mutually
orthogonal treatment contrasts. Give a balanced confounding
aschera for a (3%, 32) experizent, and indicate the analysls
of varifance of the ouggested dbalanced confounded designe

(8+7+10=25)

w
.
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Sample Surveys
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Dates 247.1982 Nax{mum Narkss 100 Time: 3 hcurse

ilote: This peper contains 130 marks. Answer as meny
questions as you can. Maximum you can score ia 100.
Maximum mark . for each subdivision of a questiosn
has-been indicated in the margin.

1.(a) Show that in estimating a finite population mean uaing
stratified raqdom sampling ( without replacement),

-vopt < Vprcp<- vran,

vhen finite population corrections ’ ( fpe’s) .are .ignored.
Nere vran denotes the variance of the estimator under

sirmple pandom samplinge vprop and vo'jgt denote the variances

of the estimator under.stratified random sanpling with
proportional allocation and optirum allocation, respectively.

(b) A sarpler has two strata with relative sizes W1‘f'5hd ‘?12-
He believes.that the population standard deviatlons.
Sy and S, can he taken as cqual, but thinks that c, may be

between 2c1 and 4c1. vhen oy denotes cost per unit samplcd

fronm .tho 1th strotume. He would prefer to use, 'prop_ort'.lonal -
allocation but does not wish to incur a substantial increase
in variance'compared with optimum-allocation. For a'given
cost, C= eqny + o,n,, Show (1gnoring the fep.c) -that
s w W, o,
Vorop . 4 1t 2% .
Vopt (W Ve, + W, V5,02

(¢) In a survey of some characteristic 'y’ of a tribal
population, ‘the population is stratified éccarding to the
type of tribe. Find an estimate of the population mem
based on stratified random sampling of the po‘pulatior{-
A1s0 obtain an expression for ‘1_.'_1:5 variances

Ls+8+6=22)

P.T.0.
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2.(a) Ewpl'\in and fNluegirate systenatiq ssmpling prozcdures.

(b) Give unbia:.et. e..l.h'\toxo of population mcen anlar thaze
rrocedares.

(c) Flnd[e:epms.,ion £o¢ the variance of cay ‘of theze c3tLaicy
in terms of the intra-clezs correlation coeff ;':ienf"p

() State why it is not (gencrally) poseidble to unbiasedly
ectinate the varianoo of the csti;nntor of the population
rean on the baais of a single sumple under this schence,

(e) Sugrest varfance estimators of these estimates. ..
lu3+s+3+6=22]

3.(a) Give an catimator of the population mean, which utilises - -
inforzation on a variable ’x’, closely related with the main
variable fy’, under the SRSWOR schere. .

(b) Obtain the blae in 1t and exanl.no .4ts magnitude wrt its
stondard crrore.

(e) Cem you find a situution whon this estimator is optimn{
Lar1146221)

4.(a) Explain the concept and usafulness of mlti=-gtage sampling.,
(b) Consider two-stzge sampling with SRSTOR at both the stagec.
.Suppose n first-stage units (fsu’s) are selected from the
N fou’s and my second-stage unlts (asu's) from the L.'i aou’s

in the 1th selected fsu ( 1—1, sep D)o

(1) Obtain an unbiased estimator of the population total.
(11) Find the sampling variance of the estimator.

(141) Find an unbiasod estimtor of the variance.:
L6:5+7+11 =29]

5.(a) A survey is planned to estimate the proportion x of a
population belonging 4o d specificd group Ce It is, however,
feared that the respondents will not co—operato in mswering
the question inwolved, which ig very personal Hence, the
following procedure is adoptcde The respondant is given a
spinner with faces marked so that the spinner roints to the
letter C with probability p (# ;) and to C( not c¢) with

probability @ { = 1-p). The respondent is required to spin
the spinner unobserved dby the interviewer and report only -
vhether or not the spinner has pointed to the letter repre~

senting the group to which he belongs ( in terms of‘Yea’
or'No?) .- (Contdessss 3)



8e(a) contdesses

A WR-cinrle randoa siple of n respondents is gelazicd ic
~ctiate e Let xJ be the variable representiins “he resyonce

ortafrad fronm the Jth individual,whero

xy = 1 if the maover 4o Yes®
=0 1f the mower 1o ‘Ko’.

Show that

=15

fim Ez-3s E=goTx
P-a ]

13 ~an undlaged estirator of av Find the variance of ¢ .

(t) "rite short notes on @
(1) different oteps in rlanning and execation of a large-seale
sacple survey E
(11) interpenctrating sud sampless-

Le+12+8 = 287

€. In a survey of 625 houscholds, a simple random sample of 50
houscholds was surveyed in order to estimate the average nonthly
rouschold expenditure on toilet itemss The estimate_(smple mem)
caze out to te Rs. 0.88 with a standard error of Rs«0.10. Using
this information, determine the sample oizo required to estirote
the sare characteristic in a neighbouring village such that the
per~issidble margin of error at tlhe 95%. probabiiity level is
10 4 of the true valuc. ( Assume that the coofficient of variation
rer unit s the samr far both the villages).

. gs]



1981-82 332(b]
DIDIAN STATISTICAL DISTITUTE

D.Stat.(Hons.) Part IIX, 1981-32

Statistical Inference
DACKTATER EXAUTIATION

s 147419382 iaxirmun Marks ¢ 100 Tire: 3 haurce
ote 3 Angwer any Five questionse. Cozplete and
nrecice answers carry more veigchte
1.77) 5L3% % nave density function of the forn

2(,8) = exp§ c(6) 2x) + 1) + 5(x) }. 1,(x),

where ¢(6) and h(6) are-differentiadble and ¢(@) is an
dncreasing function of 8. Derive‘the UVTPU test of size

a for Hy: @ = 8, against Hys © # 6, based on a sample

of size n. ( You can asoure the generalized H-P lerma.)

(b) Obtain the ULFU test of size a for testing Hjs p = By
against Hy: u 3 uy in N ( u, 1) based on a sample of
size n. (12+8)

2.(a) In a bag there are N balls of which an unknown number m
are red. A ssople of n balls is drawn by SRSWOR and the
no. of red bdalls, X, i3 noted. Show that the distribution

lA)i‘ X telorngs to the monotone likelihood ratio family.‘”

(b) Derive the ULP test for Ho: m £ o, agalnst Hyx > nye.
(Statq»precisely the main result you usges) (10+10)

3.(a) Show that the D test obtained by means of the Neyman-
Pearoon lerma for testing a simple hypothesis against a
simple alternative is essentially unique. Show that the
power of the 1P test 13 greater than the size of the teste

(b) Let X be N.{ 0, 02). Derive tho UMP test of size a for
Hjia2 ¢ az against H,: a?> uﬁ. based on a sample
of size n. Obtain the power function of the test. How
does one determine the smple size to ensure a given
pover at a given al ternative 92 Verify also that the pover
at any value ‘92 {n Hy exceeds a. (8+12)
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4.{2) Zxplain the 1ikoliliood ratio principle of deriving a test
far i+ @ €®° against on alternative H, : e@-@,
brsed on a ra~ple of 3ize n from a population with denzity
“aaction £f(x,0), 6 €(). .

7 T2t (%,Y) have a bivariate norcal distribution vith

‘rown parareterse Obtain the LR Tesot of cize @ for testin~

B 'I'u 0 ersnfiist }(1 : # Oy based on a sample of size n,

N
S

‘s 0
mlere "’ 1o the yomulation correlation coefficient.

(8 +12)

5« Let X have dénsity function of the form
£(x,0) = expq c(0) T(x)+h(0)}+8(x) { + I,(x)
where © 1s a scalar ( == < 0 ¢ = ), A {s independent of @ and
c(@) ma n(e) are twice differentiable in €. Show that there
exists a unique function of the parameter © for which there
exiots an unblased estizate whose variance is equal to the
Crazér-Rao lower bound and obtain an expression for the lower
bound. (20)

6.(a) Descrite the mrthod of scoring for sipultaneous estimatisn
of K parameters by the method of maxirum likelihoode.

(b) Let X have a rultinonial dfstribution vith probabilities
{} (2 + %), 1; (1-62), -},(1-62). % 02}. Obtain the first
I:\.teratm in the method of scoring with an initfal estirate
6o for & (10+10)
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iote : Answer as nony questions as you cane. Full
marks for questions are given in brackets.

14 Suprose that custoxers arrive for service according to a
Poisson process with parameter A(> O) and that-each customer
starts bteing served i.n-.éxediately upon his arrival. Suppose that
the service tinmes are indeperdent and exponentially.distributed
with parameter p > 0. Let x(t), t ) 0, denote the number of
custouerg in the prooess of deing served at time t.

Forrulate the above process as a birth and:death process by

speelfying the birth and death rates. -Fir'\q an_%)';"y = 0,152,

ceeny t > 0. Datemme lim " (7 } h
' "} ) . [160-9:25]

2. Let X(t), t > 0, be a larkov Pure jump process on the statc
space S, a gubset of the integerse
(a) Define the infinitesimal parameters of the process. How
do you define the cmbedded thain of the process ‘2
(b) Consider a birth and death process on 0.1‘} with birth
and ccath rates as follows : )'o =\, Hy=H whare A,p>0e"
Obtain pm(t), X3y = 0,1, t > 0 by golving the forward

differential equations.
L(2+4)+(7412)=25]

3. Consider a homogeneous lMarkov Chain on{f),1.2, eey d z

d -
satisfying 3 yp Xy, X = 0,1, s00, do
y=0

Shor that (1) E%‘xml X, =Xy Xy= Xy, v Xn_=x2= xe.

(11) 0 and 4 are neceasarily absorbing statess,
P.T.0.
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3.(111) If there is no absorbing states other than © and 4,
the states 1,2, <., d-1 each lead to O, and hence .
that each 18 a tranoient state. lorcove:r cach stationrry
distribution of the chain is of the form

Ty = (1-e) m, +oamy
where 0 € « £ 1 and LA and my are the stationary distri-

butions concentrated at {0} and %lrespeétively-
' L4+6+1248=30]

4. I.ct{!(t), t Z, 0} be a Poisson process with parameter A >0

and X(0) = 0. Let n be a positive integer. Let T = inl‘% >0 H

X(t) = 1 ¢. Find the conditional density of T giv'cn that
X, = n. f16]

(S ]
.

Let%x(t), 0 § t < w}bo an irreducidle birth and death

process onio.f.z, ceaanse '} « Deduce a necessary and sufficient
condition for the existence of a unique stationary distribution
® of the processes Find the statibhz\lry distribution when it
exists. Stow that the process déserided in Q.1 is positive

recurrent and find its statiorary distribution.
b16+8=24]



{ 1981—8_%312(b$
LIDIAT STATISTICAL XIISTITUTE

B.Stat.(Hons:) Part IIX,'1981-02
. ".' s . N
Diffcrcncc; and Differcntial Equation
BACKPAPER EXAMINAT IO
Totes 204641982 Maximum Marks 3- 100 - Time t 3 nourse
'ote : This paper carriegs 110 marks. Inswer all
. questions. The maxirmm you can score is 100.

1. I2u4 the most general solution of the following difference
cquation 3 )

Xyp ~ dXpq * A =1 o (15)

2. Tind the most general nolution of the following differential.
etuation in the interval ( -2, -1)

Ly xy'- 4y = 0.

Prove that there exists a unique solution § of this differcntir.l
equation in the interval ( =2, 2) with Q(1) = 1. (15)

3+ Let I be the interval io,w)- Consider the differential equation
H / x=1
Y+ ay+ ay =10
where a.‘,az are constantss You are given that the characteristic
Polynorial has distinct roots with striotly nepgative real paris.
If § 15 any solution of the above differential equation, show
that there exists i > O such that lq’(x)l < K for all x € L0,%).
" (20)

4.(2) Let I = ( —», =). Consider the differential equation
1
y -2yl 2xy =0

vhere k 1s a positive integer. Find two linearly independent
solutions on I. -

2 Xk
(b) Let H(x) = &* :';E ( e""‘z)

Show Hk is a polynomial solution of the above differentii

equation. (15+10)
P.T.0.
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5.(a) What does 1% nean to Bay
y’+ a(x) y/+ nz(x)y =0
hag a reular singular point at + !
(b) The rollowing can be consldered an exanple of an equatikn
w!.t'h regular sincular point at o 3 x2y"+ xy’+ y = O.
Justify.

{5+1C)
6Lt D=9 (xy) 4 2 + y° ¢ 1 (S F mad let f bo the funzira
on B? dofincd by £(p) =41  Af L' €D
fyg)=0 1r yion
Conpute g(\,u) - {ﬁfz ot (Axuy) £(x,y) dx dy

explicitly in terma of Bessel’s functions. You may assume
n
I (x) = %‘{; cos (x sin © ) a6 (20)
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Tates 283.5082 Maxirun Marks ¢ 100 Time: 3 hourcs

i'ote: Lnszwer ary five questions. A1l questions
carry eGual rarkges

1. Show that the ferni level in an intrinsic scmiconductor lics
at +he centre ‘of the forbidden gap between conduction band smd
valence bande.

Prove that the product of the electron and hole densities in
eny germiconductor 1s independent of doping concentration.

Ln n-type_cemi-conductor specimen has donor inmpurity density
of 10'6/cic. Find the hole density at 300°K, given that the
electron density of the intrinsic specimcn 18 1.5 x 10 O/c Ce
at 300%K.

2. Discuss how an abrurt p-n jfunction acts as a rcctifier. Hence

fird the current voltagce relation for the p-n junction.

« ¥-n junction is forward biased with 0.3 volt. Calculate
the current flowing through it at 3oo°x, given that the
reverse 3aturation current of the junction is 10ud at 300°x.

3. Show thnt the contact potential across an abrupt p-n junction
i3 given by . N
- g, L
"] e n 2 ’
i
wherc "D = donor concentration in n-region, HA = acceptor

concentration in p-region, ny 1is the intrinsic carrier
concentration, k, T ~nd e have their usual significences._

Calculate the contact potential of an abrupt p-n junction

at 27°% for n, = 1.5 x 10! /c.c., Np=2x10 5/c-c- end

= 1125 x 10" /000 P.T.0
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4. Show-with the help of a circuit diagram how an operational

6.

arpiifier can be uced for amplifying a signal with zero phase _
cshifte Dirive the formula fo. the voltage gain in your circuit.

Czlculate the output voltage Y for the following networke,

3V or 20K
";--l*'—b/\’\\ |—_—'VVVVL—

5Y - 20 !
e Y vy Y- [ R
g
— + v.-

3 ,
.. 20K
SV

!
legd

§« 10K (k)

Draw the circuit diagran of a full-wave rectifier using a
centre-tapped transformer. Show by harmanic analysis that
the output of a full-wave rectificr does not contain any odd
harconic conponentss, . .

Find the re.m.s vadue of the output voltage of the full-wave
rectifier and hence calculste the ripple factors,

For a full-wave rectifier with a capacitor filter, calculate
tiie output &~e voltage and the ripple factor after critically
explaining the filtering action of the capacitor.

Discuss the filtering performance of a capacitor filter with
varying load current and capacitance valuese

L voltage regulated power cupply designed for an output_d-c
voltage of 5 volts and full 1oad current of 1 amp has 0.1%
rerulation. Calculate the actual output voltage of the pover
cupply when the full load current is drawm from ite,

Find zn exprescion for the voltage gain of a transistor
opcrating in (E mode in terms of the 1sad resistance R‘L
and tho h=-parancters in common-emftter mode, if an ideal

‘voltage source is connccted at the input terminal,

Calculate the voltage gain of a common-cmitter amplifier
for a load Ry = 10002, given that h, = 50, h g = 25 x 1076

h =1100Q, n = 2. =
' ’hm 25 x 10 7.,
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Elective 5 : Economics
SEVESTPAL II EXAMINATION

Tate: 2&3-5-02 Maximua ilarks 1 100 Time : 4 hours

Wote: Answer Questions 1,5 and 6, and any tvo from
Qs. 2 to 4.

1.(a) Describe the structure of a two-commodity Leontief open
ptatic model with one primary factor of production ,
stating clearly the assumptfons i{nvolved, - -

(b) What do you mean by viability of such a systcm ? Obtai_n
the viadbility conditions for the systen.

(c)..Consider the following technology matrix

1nd\i\stry .j.nd;stry
1nd\118*;:zy 0.10 . 1.46
md;s_'try 0.16 _' 0.17
labour ' - 0.04 0433

(1) Given' that the wage rate is Rs. 10 (per.unit of tize
to which the above table refers) obtain the equili— .
briun prices of the two comroditiess

(11) Suppose the price of commodity 1 is controlled at
Re. 1/~per unit. Obtain the wage rate and the price
of comzodity 2 corresponding to this price of

comnodity 1 L6+10+(6+8)1=L30]

2+ Explain dbriefly the probdlems of identification and least
squares bias arising in the estimation of demand functions
from time series data. l15]

PeT. 0.
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Define elasticity of substitution between two factor—inputs

in a pr.duction function an. explain.the significance of this
ceasure. o

Write a short account of the CES production function and shoi
that it includes the Cobb~Douglas function as a special case.

L748)=L15]

Arite short notes on any two of the following @

(a) ¥ estization of parameters of t)‘e two-para:neter lognoras}
disiridution from grouped data -

(b) Frails-Houthakker approach for tackling effects of age=ceyx
compogition of households in Engel curve analysis

(¢) Economies of scale in household consumption: . ‘15]

The following results are based on a family living survey in 2
workirg class centre in India during 1958=59 i

monthly estimated average average per capita monthly

incoze per percentage fanily expenditure (Rs.

ca; éta) of families _slze on all items on food itcis

Se
(1) (2) (3. (4) (5)

belor-Rse25 25 64 19.2 12.8
25,0 - 49.9 - 33 5.4 358 22,4
50.0 - 74.9 19 “4.7 634 352
75.0 = 99.9 -1 4.3 84.5 42.0
100.0 =124.9 6 : 4.0 112.2 54.7
125.0 =149,9 - 3 3.7 134.7 625
150.0 -~ -3 3.2 160.9 68.9
Total 100 - - -

(a) Obtain the percentage distribution of persons over the
different clasces of conthly per capita income.
(b) Examine vhether the distribution obtained in (a) is _
approximately lognorzal or not, using a graphical tests,
(c) Obtain the Engel ‘elasticity for expenditure on food iters
(y) by regresaing it on total expenditure(x). Assume that
the rclationship is of the form
logy=a+ B log x
and use the percentages of families given in col.(2) as

welshta In the weichted lozct pquares method of estimation.

. . Ls+10+15)=430]
6. Prnctical Record. . L10]
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Llective 5 : ilathermatics
CTURCTRAT II EXALLIATION
3 29.5.82 Maximwa Ilecxs ¢ 100 Tire: 3 lours.
Note: 1. You con ansver—any part of any question.
2e Laximim you can score is 100 markage

“

n
1. In IR concider,

-

et u v (Pre¥)u+u =0

(2) A% vhct roints in R? {s this hyperbolic ? Vhere io it

Eiliptic 2 Tlot the regions

(b) Suppoze Q is a region where the above equation is
Lvperbolic, What new coordinates a =$7)(x,y), B = \P(x.y)
are to be chosen so that in the new coordinates the
rrincin” yart is V'aﬂ. Verify that your choice is

corract. L 614l

.mblo 1] x Lo, u‘;) consider
uy = ( 1-x) u = 0

(a) That are the characteristic curves ? Flot thems Where
does a characteristic curve pasaing through (xo' Yo )
touch the X-axis ?

(b) Solve the equation subject to the initial condition
u 00) = ' L 1446 ]

That are the stationary curves x(t) joining (0,0) to

3]
~

34(
( 7/2, 100) for the integral

)
I(x) = £ 1 x’a(t) -2 (t) ] at

PeTe0e



- 2 -

3+(b) Calculate I(x) for stationary curves X

(¢) Suppose the last end poir% is ( m , 100 ) the starting
point being same as ( 0,0) and

ix) = {)‘“ L x'2(t) - 2(t)] at

Tlen what are the stationary curves?
L6vces)
4e{n) Wzt cre the stationary curves x(t) joining (0,0) to (1,0)
for tihe intezral

)
.(I; ( >:'2(t) + x'j(t) T at

If in a variational problenm,

F(tyu, v) = a(t)v2 + 2b(t) uv+ c(t) w?

where a,b,c are 02 functions of t, then show that the
Euler equation for a stationary curve x(t) 1s a gecond
order linear differcntial equation. L10+10]

~

¢

5. Solve on L 0, n Ixt 0, n ],

v + uyy =0 0<%, y<n

u{x,C) = 8in“ x
ulx,n) =u (0,y) =u (my) =0

You rust cvaluate all constents involved. L20]
6. Conaider L 0, 7] x L O, w ). and the function defined there by

wWy) =(e¥Y=~-e¢Y) Stn x.
(a) Saow that u is continuous there and is harmonic in
( 0y%) x (0,%).
(Y) That {s the boundary of this region and what are the
values of u on the %“oundary.

(e) 3xrlain why (b) 49 not a contradiction to the uniqueness
of gsolution to the Dirichlet prodlem.
' Ler6ral.
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_ lon-paranetric and Sequential ¥ethods
SEVESTRAL II EXAMTIATION

Date: 22.5.82 Vaximum Marks @ 100 Time: 3 hours

liote: Answer any FOUR quegtions.,
1.(a) A random varisble X has denaity function f(x,6), where
© € H is unimown. Describe a sequential procedure for
testing the hypothesis that & € 4) <M. Define the OC
and ASY functions of this sequential procedure amd derive
a necessary condition for the ASH function to be finite.

(b) Let n denote the samiple size required for the termination
of a sequential procedure S in the above problem and let
To(xy gener %) = ? t (x,), Ve Tet E(n : 6 ) < = and

E( jt(x)| : © ) < . Show that E(T,:8 ) =E (n: @) X

E( t(x) = 8 ). (13+12)

2.(a) A randonm variable X has density function f£(x:8),
where 9 = Go or 01. Define the sequential probability

ratio tect (SPRT) of strength ( a,B) for testing the
hrrothesis Ho : 6w 8, againat H1: 8 = 91. What are

ald’s approxinations to the constants you need ? How is
the strength of the SPRT affected by these approximations ?

(b) Show tnat under suitable conditions ( to be precisely
ctated by you) the SERT you propose above,terminates
vith probability one under both Ho and }[1- Show also
that the moment generating function g(t) of n the sample
size for termination, is finite for all t less than or
equal to some tq (#£0). (8+17)

P.T.0.
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3e(2) Tet Z te a random variadble whose morent generating funchisr
#(n) = ¥( e"§ exists for all real h. Suppose that for sonc
(¢ eS¢y, P2 < 1rg (1=5)) > 0 and P (2 > 1oz (143))s

Siow that the ejuation (h) =1 has a unique nonzero
soluticn +hin T(2) = O and has no nonzero solution when
E(2) = 0.

(%) Yzims the atave result, or otherwise, derive the appraxial,
forula for the OC function of the SPRT, § (b,a), of stren-:
(x,F) for gt @ = 85 rgainet Hy: © = 6;, where the randoen

viriatle X hoa dencity function £(x,9 ), 0 € {D.
(14+12)

4. Let X o a Ternoulll random variatle with P(X=1) = p which i3
unknown. Seserite the SPRT of strength ( «,f) for Ho: P spo

asainst }!1- PP (> po). Show that the test 13 closed.

obtain the aprroxirate formulae for the OC and AS{ functions
of this STRT. Also odbtain their values at the conventional
valuesof pe.

£.(a) Decfine Van der WaerQen's test for the hypothesis that two

random sarcples X4 .ee, Xn and Y1 esey Ym come from the
’ ’

saze continuous distribution. Obtain the mean,the variance
and the acymptotic éistribution of the test statistic under

tha mll hypothesis.
rvation:
(v) 2y nsin- a cuitabdle test, exanine vhether the !‘ollow.lng‘(:hic

one mutuslly independent,) came from the same distridution
a-smine% the alternatives that the distribution of X io
g%ychactically larger than that of Y.

Sarrle 1 (X) : 79, 33, 138, 129, 59, 76, 75, 53, 83, 96
Soxrle 2 (Y) : 141, 133, 96, 107, 102, 83, 129, 110, 104,
(15+10)

€,(2) A ranloz szrple ( Xy, Y1) eene (xn yn) is drawn froz: a
’

bivarfate distritution. Define Spearman’s rank correlation
R betveen X and Y and obtain a computational forsmula for
the sare under the hypothesis that X and Y are independents
OLt~in the rean, the variance and the asymptotic distri-

bution of
( contd....3).
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6¢(b) Two judves are each asked to rank 9 contestants in a
beaury contect anl the r-nks are given telow :
Cuntectants
Julpe A c D E F G H I
1: 2 1 3 5 4 8’ 7 6 9
2 1 2 4 9 7 6 8 3 5

to

Test whether the Judges rantted the contestants independcntly.
( 15+10).
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Desifrn of Experinments
SELESTRAL IT EXAMTIATION

Time: 3 hours.

Noter 20 rmorks are allotted to Practical Recozdsi-iSub:.J_t youx

irac*ical Pecox'g 2lornvith the mewerscripts Answer any ¥OU

1.

ouegtionc. llarvs allottcﬁ to a quection are
indlcated in brackets L ] at the end.
Derdive rimrec~ions for (1) “estinates” of rissing values
uzed in the :iasing plot technique, and (11) variance of
the beot estinator of m estimadle function based on the
incorrlete data. Suppose in a randomised block design two
otservations nre lost, involving, say, treatment i and dloecls
J aad 3’ (3 # 3'). Obtain the “esticates™ of the missing .-
values and the variances of the egtirated elementary treat-

nent contrasts for thke incozplete data.,
L10+545=20].,

Consider the usual lirear wouucl for the analysis of
covariance,viz , Q: y =X ast HY+ e, etce

Let 0 » = XE 0 + ¢ Ye the lincar model for the corresponding

analysie of variances. Show that the analysis under ’chan be
e"si{ly done once the analysis under Q is knowm, by deriving
the following : (1) best estimator of undor?f, and its
variance-covariance matrix, (4i) the F-statistic for testing
H1r =03 and (111) the best esticator for an oetimable
function L’E_"é’, and its variannce. Give the complete table of

acelysis of variance and covarimcee for a randomised block
2ecd;n. )
= [5+54545=20].

P.T.0.
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Feccvite 2 rethod of congtruction of a complete set of
ruttally ortnogonal latin cq.aree of order s and hence the
fo2lovin,s serdies of BeIeDeD g

v=b=02+s+1, r=):=:32, =18 ( o=1).
Bitiicr construct or prove the non-exlstence of the following
Dalelel?s 3

() v =b =22, r=¥=7, A=2,

r=11, k=6, A=5}

u
-
N
-
(o4
n
N
>
-

(1)~

(111)v =b = 67, r =k = 12, A = 2.,
L 5+6+(3x3) = 20 )

Exrlcin confounding v th an exanple. Give a partially con-
Tfounded desien i:_l two replications d ongwith its statistical
analysis for a 2”7 factorial in blocks..of size 8. Give a .
balznced confounding scheze for the same ( 25. 23) cxperiment.

i5+1243=20]..

Identify the confounded interactions fn a replicate of a 34
factorial experirent in dloc’.s of 9 plots, having the following
treatzents In one of its 9 dblocks :

(2722, 2100, 2011, 1201, 0002, 0121, 0210, 1020, 1112).

Give the %ey blocks of arother 3 replications so that the
new desimm in 4 replications ( including the one given above)
beconc a balanced confounded design for the ( 34,' 32)
experinent. Indicate the analysis of variance of the balanced
confounded design so constructod.
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1.(a)

(») D

(c)

(a)

2.(a)
(v)
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el

Multfvariste Dictriduticn and Teste.
SEESTRAL IT EXAMTIATION
Wixinun Marks @ 100 Time: 3 hours.

170452

rind the nouimun 1i%elihood estimator of p and § on the
.

“aolc of o randou catple of size n froo Hp(p,}:), vhero
£ 12 ¥no:m to he nonsingulare Show, alss,that (X,s) is
suafricient for ( p,r), vwhere X, S are, rcspectively, the

canple rean vector and sample dicpersion matrix. =
L1545 1

De fine iotelling’a '1‘2 distribution. Show that Hotelling’sa
T2 teast for testing the hypothesis that the mean vector of
a p-variate nomal porpulation has an assigned value, on
ine b13is of a random sample of size n, i3 equivalent to
the 1ikxelihood ratfo teste Liol

Uncor the set-up of (a), describe how you will test the
yrotleslis that the coz:poﬁﬂnts of p are all equal, = teing

urimown, . 7]

Let 5x (i) =1, ooy 1} be independent camples fron
(u(i). ) 41 =1, «.s, q, Descride how you will test the

hypoihesis that %151 w8 24, where By, *oe» By are Jmoim
i= -

reals and p is a ¥nown vector., EB]
Define ¥ishart distribution, 3]
Saow, fn Cetafl, that LitATL ~W ( r, &) 1ff

Yoy ~ (27 £l). -’2(r) for every 1. where ¥ = UL

(Tite symols have their usual significance)e. k5+12]

P.T.0.



20(c) Let S=( !

3

- 2 -
S S
512 ) o~ ?Ip (x, £), where ¢ io

22

1
521

ry

ronsinilare Then find- the distrituticn of

S '521 S,4 S

- -1
22 1 "12°
AMco ttnd 2 S| ® ., Stato elgarly the results you are =

uzing. L1iossl.

(@) Undexr the ret up of (), find the craracteristic function

of S. t10]

Iet ( X, Y) follow a tivariate noral dictribution with zero
means, unit variances and correlation coofficient P Find tre
co:relation coefficient tetiwcen X and F(Y) vhere F is the
rarginal distridvution function of Y.

i71.
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Ddersign of Experim~nts
IZNIODICAL EXANTILTICNU

Sate: BeB5e0. Meytirvn larlis ¢ 100 Tire: 3 houro

lete: 15 marke are allotted to Practical Records.
S:bmit your Records alonr\\lth sur Answerscriptse.
Littempt Question llo.1 and any %hree out of the
rest. llarks allotted to a question are indicated
in breckets at its end.

1.(a) Define connectedncss of a block desirn md show that a
disconnccted desisn is a diéjoint union of several
accrniected desisns on subsets of the given set of treatmentse
State end prove a necessary and sufficient condition for 2
hlock desicn which is connected to be orthogonal.

L4re=10]

(b) Give the two definitions of a connected balanced desirn

and show that they are equivalent. Also show that a
coniexted block desirn is balmced if anc only 4f all the

o1rf=31laronal clementg of its C natrix are enquale.
: L6+9=15]

2% 2eline a latin square .desxcn with an example mnd derive its
analysis of varimece. i5+15=20]

?. Tor 2 general block decirn with pearameters v,b,r,k, Show that-

(1) the reduced narms 1 euations for the treatment effeccts
turn out to be C’l’ = Q, vhere the symbols have their
usual significiice

(i) v + Rankx D = b + Rank C, and Rank C { v-1°;

(221) the swa of squares for testing the hypothesis of
treatnent effcets is ¢iven by
r AN
‘21'7‘1 Q.

called the adjustcd treatment se<s.
[5+7+8=20]

P.T.0.



4« D~7inc o balanecd incomplete dblock desien BIBD (v,b, 1, ¥,\)
wiil on exzaple, #nd prove that for such a decign:

(1) Mv=1) = r(k-1), ma

(11) v = h (=) any .two blocra intercect in a common
s. mmnber N of trectmentse.

A"Gi'vc- the annlysic of va) iance for a

"3Y3D ( vebyryk,A)e

(AR 12+2x4+10=20C

. b |
S. Dofin: 8n m=ple lattice dcsipn for v = s trentmonts o

:.~r5ve that form = 8 + 1, the 1attice bocones a BIXD.

Derive for-en m-ple 1attice deuirm (i) the uxpression I

L)
’T’i, a least square cotima*sr ror the treatrent eifect

A
oo S A ¢ 1o
’7'1, md (14) 7 (T 3 )y for i #j Lraa0ate20)
6. Urite short notes on any two of the followinmn :
(») Fundsnental jrineiples of experizent»l dersirus
' (v) Eondomizad black dcuigns 3

(c) lutually ortasgonal latin squares =mi eome of thair

uses in experiucntal desions. .
12010 = 2¢)v
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Cloctive 4 1 Xathenontice
SCTUCGTRIL=-T TILATIATION

T Drrar 20412210 Haxing Marko 3 100 Tincsd haurce

¥ote: Lnswer ~ny 6 quactiosnec.

1o Lot G be 2 #¥oup ~nd 1ct T = G X Go
{~) Stor that D = {(r.g) €EGXGC: g€ G} is n cx‘:up

ooz orphie to Ge )

"-) Yrive that D 19 noruel {n T if rnd only ££ G 1s

abeli~n.

110)

B
(3 g

£ v {a n gcroup, define the ne:{ucnce 2¢f cubgrours 5(1)
Lo . .

vi
LG Ly
(1) 6(1) = comwmtator sudbgroup 9f G = cubgraup 9f

G generated by nll sba”! B! vhere n,b € Ge
) G(") = crzuisrior cubgroup 22 6(1'1) i£ 1> 1.

.rave .
) 0(1) is 2 normel subproup of G =nd th-t G/G“’ is
ateli~n, . ) . {2]
{t) Trch ¢{1) fe & normam1 gubcroup of Ce (6]
Zo(n) Irowz th-t 4here f8 no sircple group cf order 56. [s]
() Ehou that a (roup ernndt be »rittcn »s the cot-
[e]

theoretic nnion of two praper subgroupce

v+ Gisrnctzrize nll praours of srder pzq wvhere p nnd @ ~re

triier, @ < p 7nd q X p2-1. f14]

£e(#) ¥Yrovz th-t if the srdaer 5 ~n abelisn croup is not

&ivieible ty a square then it st be cyelice, ‘f12]
{2) 1rave thnt » galvadble croup nlwrys h~s ~n rbeli-n
a2riaal cudbaroup M £ 19}. L+]

P.T.0.
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L3t F o ~ ficld ~nd f{x) € Flx] be such that £(x)=0.
7hen prove thnt )

(~) 12 chap~ctertetic of F ig O then f{x) = ~ ¢ F, il

%) 1f charneteriatic of F 18 p £ O then f(x) = (™)

(-.

v

)

)

I

£5r eane polynonial elx) e Flxl. {+1

in nlgedbraic numb.r ~ is s21d to be rn elzcdbraice
integer 1f It ortisties »n cquation of the fam
a7l a1'1'.'_.1 + eee * @, = 0 wicre g, el oTC

intsrers. If » 18 ~n ~lgcbraic nunboer, praove th-t thoie
is ~» pasitive interer n £ich th~t na {c nn A~lprebreic
intcgirs

-

al
Irave th~t a resular 9-opon is not concstructinle.

in R=rofule ¥ 45 5-8d ¢5 b irrcducible if its only
subuodules ~re io} ~né M. Frave that foy unit-l

f{rrodousicls R-mzdule 1o cyclic. {s]

L.t ¥ be ~n B=0dule § if n € I lot An) = t <€ R :
X1 = o§ . Show “h~t A(1) is A laft-idc~l »f R. (el

IuaT. 116]
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Cloctivo 4 &t Teoanomine
STMSTRAL-T DUIMIELDINN

Tasz: 26.12.81 Uax{rn: Marke & 100 Tines 3 haure

Notes Jnpver 2 quertisne fraa rxsup /.
2 queetisna fr-n 2roup Be
1 qu:etisn from group C.

flse separate answer booke for each group.

GROTF, i

1o Silve the £31lowing Le¥e probl.a by tho sicplex aathod -
t

fex o Zxg o+ Ay, + X3 + 7%y
e e R A
~ Tabiect to . s .
T ong e 3x, + 4xg + x4 g 7
. . . A
2 xq + 6xy + x3 + 5xy < 3
Xy ¥ Xy + ’Sx3 + 2x, é ]
50, §=1,2,3,4. (25])

XJ:_' :

TinC alps thy s2lution 45 the dual to the.sbive problet,

2. .C:uctder tho £51lowing L.P. problen s
. T-flninizo:. bEy l
eate Ly= C
20 -
where 4 19 ~n ixn resl natrixe

Surposc the fin»l tsbleau in the sinplex pracedure 15
';9'1\-1m: this prablen iIs given by @ '

oV Je s o “c uq ees o,
- et e : ——
21 ... 0 r‘m 0 eee M
S0 e rnn n, eesn N
VY0 e 00 B, K, By el By



Q.2 (Con*d..)

- “hare

A s the 3™ eolurn 2% wnd g s

du.cnovnoo

hi 13 ~ c2luen reetor with 1 in the ¢° lnce end
=.ro8 elrswhere.
Tnd.r the ~ssunpti-n th~¢ r~nk (&) = ©, rhaw thet
“hy p3lutizn t3 the 491 problen is ;ftven by
( Ly sees 5” ). Haw w51ld ysur praaf ch-npge if

. :

r-ok (&) < n (5]

e Lot o ocortsin coteoadity, say steel, be produc.d ot enck
sf n pleats, Iy «eey T, end let ) bo the yeorly suteos
R = .

a8 =he 1:h Fl nt. éu;pis& nivz innt stcel e roquired -¢
sreh of n nnrkots, H1 coey M “nd let thy snnusl driand
'

-t the 3 nerket be. . .in“lly, 1:t V00 be the esct ot
h&'riw& one unit fr"" 11 w0 ”J’ esuic now thet we wich

§= “ini iz2the t~t"1 cost of shipping eubjcet to ihe
mostrictizes thot (1) the denend §, ~t'mericet My 1o

eteficd (41} th: cupply 6l ~t p1~nt Pl 13 not cxeecdid.
(n) Sct vp taid problen as ~n Lels problens

—

5
2

~— -

(=) fet up the Auel to this probleu. ]

~

(c) Interprot the corplenent=ry elackncss thoorer for

ihis ;.roblen. {123 -
« gepstder tho ©ollsawing Lele problen :
#tn yTo
Subeto 4iYe C
yx¢
Lo A s en nxn reel sotrix. .

Yot the e-lutn vcctorafa1

: . C.., 2P be a besis tor the'
arablen. Doiine

D
Byt Ty,
i=1

( Criitdececes3)a



e 3 =

“LielZegtdes)
'_:vhnro. the r11 8 sro defined by
) P
~d =1:1 rlj :\1 s 3 =1, ecep, n

-n1 bt =({'1. sen Eu) .

(-) irave that » f2aaible veetor y ~ssoci~tcd with the

bazte a'y uvy oF 1o optinal i Ey 8 By far §=1,sesene

{13]

n) Suppose it h-c boen decided to intraducs 28 inta the
Yaeie. ilorcover, lot co ¢C, 1= essy Do Show th-t
" artainal problen hae no eclutisn. [12]

GROUN_B

1-_?EJ Z~ptern Rypass in Cnlcutt~ is being cénotructed along
¢ frinre of the city over 1and nnstly rec1$lned fror
FV‘;pP. The Byp-8s :21d :rivide en nrddition~1l channcl
Tl of tro"fic betvien the northern ~nd the pouthern :nde
'ﬁf th: city. Discuss how vau #ould ~prly th: methods of
g‘st Pancfit Annlyeis. 13? the' project, t~king into consi-
ixrrftsn the eheedide ftcws involveds - [15]

2e 'Iin 1 10@ow - price used for foreign cexch~nge r~tee in
Csud Sc. L1t innly"tu Disciss ysur re2sons fully for
uft 1ain the infcru-tion~l exchﬂnpe rotce [15]

3 ;iﬁcx*s the, diallnctisn -c‘uc :n the private end the =>cinl
r‘*ﬂ 2f. returne Then @2 yIu uze steisl rate of roturn in
pr:.c S, ~nilyeis . . . [15]

RITHTR
07} Zrk cut sccupstion nobility fron the given d-te by
csnsid-fing (1) r11 the elvven oceup~tizn cl~escs
th;§ balow in srdcr of st~tus »nd (11i) by grouping
emp~tizns ~s rgricultuar-l, lnbourer ~nd otherse

( Contd.....4)



Occuprntion dessrirtion

Superior cervice workrs

"*nﬂy 1ondtrn, rent reczivers ctce.
) Xiccellnaneous occupﬁ*iona of literatces
- Tr~dcrs -t

Sa~p rseist-nts, brakzrs. ~gents,
e~1csn ctice

Cecre ond ;r,prtu*ﬂ“s 3f non=ngricaltur~)
sCCtOX

Inf:rior scrvice viarkere.
N © Graweors of speeinl crors

Owner cultiﬂptars

Non svncr cultiv-tors

T~baurers

-
o+
)
3
103

I
M ode VN

[

@ =

9
1<
11

atisn of males by their sccupatisn ~ad th-t of
~therse. y

Occup~tion of f~ther

L 1 2 3 3 5 6 7 Y 9 10 1{h.
1 0+90 C.05 = .83 Q.17 0.44 0.53 0.05 2.30 .38 0.05
- - - - - - - 0.06 = 0435 = -

[}

- 637 = - - - - 029 - -
Su16 = = 1.63 = 0.29 0.05 0.06 C.85 .18 =
s - - Q05 = (24 - - -  0.58 G107 -
CaD6 = T.06 = = 3.23 C.45 "5 3.26 1.50 0034
£12 2I05 00050418 ©.29 €492 1424 = 2.17 Gu15 | -
e e - o . - = 1.29 '..63 5423 .69
ColT = = 0.5 o 7039 .35 .29 38.05 435 ©.34
£ - = = - 50 = - 2.24 8426 -
V30 - o Gu23 .23 0u76 (439 .23 4.81 3.76 11,76

. ou de.n sccup~tion vobility infari~tion of anles help
LTyliplenning o [1545]

St R OR

(") Uht are'the cl-escs ~nd the sub clasecs obscrved in
t*bul~ting ccnrug d-ta of 1941 ?

. {:) Tiseyrs the mocd of ndspting » changed occup*tion clazs

dfstribution in 1951 cencus. How will'you link the tuo

r,n?;xs'af‘f~bu1~t1nn tha sccupation dn+a of 19:1 ~nd

1951 cenouecs, . [+16]

—_—
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INDIZN STLTISTICAL INSTITUTE
B.Strt.(lons.) Fors IIX,1931-92,

Flcctive 4 3 Fhyslicrl ~nd E~rth Scicnceo
SIMIETR!L-T EXAMDILTION

- “a 2 6 1’-81. HMoxf-mn d-rkes 1C0 Tireg 3 haurs

No?e. Atteopt ~ny five. 511 qusostisns e~rry
871C L rXire

«1e-TEat 45 y-u und-retond by cracion snd wenthoring 9 Deweride
3 +hy diffcrent weathoring processco, Thot nre the dt'fix.nt
napzdogr-rhle fostireo thet we find on the surfece 5f ths
Lt —h" . . [4+10+6]

}Ij\‘. ":'t ls n s:diacnt~ry rick o Dioaribe, with sketches
: 7_ va. cv r srplic-*le, i =e~in v-rictics of str~tific~tisn.
,;‘ -y [5+15]
S ',"o“.t do y~u underat-nd by the ¥ t:Xxture of » rock " oe
- D‘\sci'ibe how the study of gr-in-gize is ured in undoreteonding
Tthe d:vositisn-l cnvirsncnt of o ecdincnt-ry rocke
el (¢+14]

4. D:ilinc en environ-.nt sf scdi:ntetions Diecribe the
; ﬂholcfric"l snd etructural cher~ctertetics of szdinonto

t et wire depoeitcd undor fluvicl environsunts.
oL k5+15]

Se 7_'71'*1:._!.: n fasell o Deecribe the various w~ys in which »
. f2e3:) reurinfpreservide Give one irportsat uge of foeril
[4+12+2])

tn gudlopicel studye

‘.’hﬁ_: ig undcretsod by the Irinciple of Uﬁlfomlt:rlqnim
~nd Irinciple of Superpasition ? How is m cuccoreion of
z2ckunite {n ~n ~rea det<rnincd in the eourse of n

“iialontenl f1:1d wark e TTh-t dace ~n unconfaraity in
wuch' r BcQuence signify 4

[6+10+4]

I.T.0.



1. I ZCVIDG now s*ntlettce c~n hclp uo in undcretanding the
Teonziint dircction(c) fron 2 “rrpe number of dircotisnnl
i-f ¢ t~ collacted from the croes—bcddings daring » gealasic~l
) " {11 warke ) i [20)

{20]

u~‘~r£to ¢ Dctlccﬂtiﬂn Crrcks ¢ Feldsper in Sedic:rtory
cke 3 Notmor;.ble: of Mudetonn § €571 ; Gondven~lend.

Coh R : [20]



DIDLl STATISTICAL DIiSTITUIE
B.Stet.(Ysne.) lert IIT, 1931-72

Snmple Surveys
ST TELRAL-T ETANINATION °

Tos2p 24017081 7 1hxiaum Yarka 3 100 Time; 3 hours.

[T B

Note:r This prr:yx cont~ins112 nmerlis, Amcw:r ns many
.. onartdone »g you cen. MNeximum you cen score
T 18 90, 10 mrrks heve been allatt.d for sub-
.. miseion of note books on prrctic-l prodlems

dsne {n your cl-ses

1.{) Exrlein *h: co>ncept of multi-stare eaupling end indic~ic
ite us.s.

(v} C&nsider two-gtnre sazpling with simple roandsm e~mplins
without replrecnmont at bo}h the stopops Suppsse n first-
otope units (fsu s ) ere selccted from N feu sond my
fccond-stare units ( ssus) from the Hi esus {n tha
celzeted feu (=1, <.y n').

(1) Obtsin =n unbi-scd estimetor of the popul~tion
totrl. :
- (11) Tind-the sarpling. verisnce of the estimntor.
{114) Tind ~n ﬁnbiFSLG 28timatar of the v-risnce.
' [6+547+11]) =120]

24{%) Z:ilein and fllustr~ie systomatic gampling proccdures.

‘(b)'Give‘ﬁnbiﬂscd rstimates of populestisn m2en und<r theso
.. Frocndurcs.

. =l . 5
<. (e) Etate why it 15 not (ganerslly) poosible t5 unbirccdly
“T.cestimate the varience of the estimator of populatisn
“'maen an the basie of = egingle s~mple under this echeme.

(ﬂ) Cra you su~gast s vori-nce estim~tor using only one
" £anple drawn under this scheme 9

[6+446+6 ] = (22]+

YaT.0e
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3.{=) A populntion conalata of 5 unlta wlth sizo nenguUrcs ~a

vivcn bilow g )

r1-.3},_r =.19, :p =.13 P =.15, r5'=;14 :

Vhe prablcn is to eptimte the populntiosn total by

seloctlng n ssnplo of two units €3 that the.inelusi-n

i robrblli*ies ~re rL = 2F; for 1 -1. e S ’

?urthcr.tha prob»bility of gelecting crch of tha | .

nan-prf{crrcd snmplcs (u 4) (u2 ug Yo (u3 4)(u3 up)’

nnd (u4 us) is to be mndc re gm°11 o8 2. That wou‘d

%e the probability of nelﬂctinr the other rive pref‘r'cd

cnmples 2
(t) Consider fhc foll«wing grmpling schzme. Th» rlret m::bur
>f the e-mple {c sclreted with prob=bility . .
N . .
E for 1=1, .., N( f T, = 1)« The remnrining (n-1) untte
. ° "

in thé s~orle pre selected fran the remnining (-1) untia
“in the pspul~tion by SREYOR, Show that Hr this srm;ling
echane ’

n-1!_-_n'
=t I

n=1)(n-> i-n)(n=1
ny = TSy * ety ta-a) (By *+ By)-
[8+12] = 120]

4.(9)(1) Stete the lincer regressisn eostimstor 5f pspul~ti:n
}* total "rd indic~te =itn~tisns where one ahould.hen it.

(li)Derlvc a 1lrrge-e2mple formula for its ve riﬂncc. ~nd
exment on the megaitude of the sr~nplc size requizcd

“t2 volid-~te this lrr-~e-s-~mple formule.

b) Estlmﬂt‘ the cfficiency of clustzr s mpling rel tiv‘ o

!
.
L elaple r:ndam ermpling.

[(5+5+5)+6]={21 )
'?; rite short notes on ; :
T (1) Hiffﬂrcnt stepe in the plrnning ~nd execution of 1 res

senle semple surv:y H -
{11) m3ths¢ ¢ ‘collapsed strota’.

.

(12+8]+{20].

~
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LIDL'N §7’'TISTIC'/L L'STITITR®
B.Stnt.(Hons.) Fart IIX, 1971-92
Statisticsl Inference
‘emmemnlL-T EXLTI/TION

L:tét 21.12.91 " Yeximum larkes 100 Timet 3 homrsa.

listes 'ngwsr eny TIVE questi-ne. J11 qQu=2¢e‘{ons
cavry eauel maxks: Uomplete ~nd preciee
apsvers enx ¥ msre waisht.

1.(r)>Let'x be » rend>m veriable vith density lunction
£(x, ® ), wnere © €{)1s unknown. Saow that there exi-tr
a2 K F test of size a for the simple hypothesis Hto=6,

" srainst H,: & ='e, bascd on & rendom sample of size n.

{b) Derive the M ¥ test of size a for tes*ior Hoi b=y

" against Hyt u o= g (> Uy ) based sn. a esmple of size
16 from N ( u, 1).:Describe how you would comjute the
pover of this tost_qt sny value of u > u, and how y~u
-wouild deteraine the esmple gize ts ensure givrd bOWAr 1
_2ny vilue o p (> Heo ). . (10+17)

2.(¢) Let the density function of p rendsm ¥5£1=b1e Y be
2,0 ) = exp{e(a) Tlx)+ SG)+ h(@)Y Ux) -
e € G} If{xy, eer X }iz » random s~mple from this
o rul tion, ob?=1n a eulficient stotietic ror the foanily.
Show explicitly th~t the disiributisn of the sufficient
) gtatiptic 2lso belonzs to the exponential family when “he
- éistributizn of ¥ 1o diserete.

i_Ob rtn tha UTJU tert of size a for Ho:'e = 6, against

ey
S
3 .

" H1- 9 ¥ 9 b~nnd on a snnple of size n {rom a pspulation

‘with dengity functisn £(x,0 ) = 9 exp(-9x), x 2> 0, € > 0.
(10+1C)

5e(c) Tafine o monatcne likelihssd ratio farily of cistri-
butions and rive an example.

1.7.0.



3.(t

44(2)

()

Let X be o Bernoulld rendom verisble with 1 [ 7 =1 1=
0 < p< 1. Gbtain the UL test of.slze a for Hyr p g ¥y

iy

anainrt H1l P> P, baced on n sample of size ny Show 4h-+
the power function oftthe test is monotonic incre;sinr

for all p in (0,1). Cbtain th~ larce er=ple nppraxi=z¥{an
3£ tha test. . (4+1¢)

Teseride the 1ikelih~»d ra2tis principle of derivin~ -
t2et for m hypothesis H 1 8¢ Q% ecoinet Hyo © €01 SN
»aned on n gample of £ize'n from 3 popul=tisn with
dencity fmnction f(x,o ), 6 €(D-

Dérive +he 1ikelihoosd ratio tost of siz- abased -n »
remplo of size n for teeting H,: 02207 orainst

Hy1 22> ai in ¥(u, o2), where (i, 72) are untnoun.

Deseribe ‘he nmethod of scoring for simultaneous acti-
cation. sf k parameters by the methsd of mexinum 1i%cli-
ho2d cetimption. .
[
Let X -h7ve 2 trinomial disiribution with rrobabilitisc
{ 2, 26016 ), (1-6 )2}, £ ¢ 0 < 1. Odteln the firss
itorate in-the methad of scoring, stertimg with an {niti-]
) N .
estizator eo. (2+123
Let T(x1,---.'*') be an ULLVUE of 2 param2tric functi:n
- n
2(6). Show thot it is unique.

17 Tj(x1...-, x, ) and Tz(x1....,-xn) are any two

nntingcd eetinates of g(O©) having the eome variance,
rhow that their co-relation is > 2e -1, where ¢ i35 ihe
r~tio of the'varisnce of T to the eomaon veriernc: of

Ty ~nd T, (3+173-



~qter 11,

1. Corzieor the £-11wing systers The tircs

LNDLWYY STATICTICAL LUSTITUTS
B,St~t, (flons) Tart IIT, 1981-92

ft~chastio I'rnccraes-2
. BAT =T EXANMDNLTING

12.61 Maximun Ynrkes 100 Ti=ct 3 houre

ANCWOT 0 mony queaticns an o you enn.
111 F~rKs frr questlsna ~re iven in
lrantiots,

el

¢s vhen particles

arrive into the rysten eonstitute n.i~focon process on
[0, ) with para~cter A > O (L., X(1), t 20, isa
Tedsesn ~roeczs ~n 8 ={G,1,2,...} with paraneter A where
X(t) iz thoe.nw ler of sarticles arriving in the tire
intirenl (O,, ].) . Fach rartiele then lives €or a
certain longth of tlce inlepenlont of the arrival tices
of thoe particles in the jrreosaz 2nd indepenlont of the
lives - the  ther particles, Suppeac the lengths of life
are exponentinlly Motrituted with cormon

of the rartiecl-e
Tet M(t) Jencte the numl:r of rarticles

u‘\-.a-.‘-\“s!- > 0,
that are alive At tinme-t. Cempute the Aistrituticn of

¥(t) and Alen T(4(L) ), [16)

Iet X(t), t >.0, tc a MaxkoV fure jusp pricesd on the
= ‘ .
state e:cece 9, a sulaet of the Integars,
(2) ™efine the infinitesiml raranzetors of thae rroe:ss,
Ilow Ao veu 2cfine the enlediel chnin of the process ?2
(L) "eserila.n Lirth nnd Aeath yprecese sn the sot
S = 20.1,2. . } . Nefine -the lirth rotes anl the
¢t rateg of the rroecsa, Show-that the eulelled
chiin iz a lirth mn? Jeath chadn, T the tirth nnl
Acath rroetes ig irreducillc, state 1 neceseqry al

sufficiont ern'iti n ©Hr the rrocess %o W tranciont,

(¢) Canzier 4 Yirth and 221th preceda on ,-c 1) with
Lirth ant Acath-rates ns £o1lowssa =), By = n
where A, u > 0, Outain pg (t), X7 = 0,15 t ) 0
Ty solviny the !aclnr? utfrcrcnthl squrtiona,
[(24:3+(3+346+1)4(7+10)=39 )
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3, Tet Z(t), t ; 0, be a Markov pure jusp procoss on the
~t~4e spnce 5,
(a) Tefine n riation~ry distritution for the given
precocs,
(L) If 3 in finite, prove the equivalence of
(€)) z n(x) ny(t) =m(y),yeS,t20 -
and

(i1) ¢ =(x) qu=0, yes,

where ®(x), x € S, nre non-negtive nutders adding
tc unity,

(é) Supposc that for y € S, the licits 1im p_ _(t)
+ Yy
—> oo
exist independently of x ¢ S, C11l lim pxy(t)=ay, yes,
o

If ny> 0 for soney £ S, prove that the procesa

nd=its of 2 unique stntlonary distrilution m given ly
a(y) = ags ¥ © S, Apply this result to oltnin the

unique stationary distridbution for the two-state lLirth

apd denth process mentioned in 0,2(c).
L 2+8+(11+6)=30]

1

}. Consider thelranching process as follows: A collection of
v rticles act independently in giving rise to succeeding
generations of particles., Suppose thnt each particle,fron
the tirc it appenrz, walts 1 randon lencth of tine having
cupenentinl distri‘ution with parameter N ( >0 ) 2and then
crlits into two identical particles, Iet X(t) Le the nunler
of particles preesnt at time t.

Tormilite the Lranching process X(t), t 2, 04 ©s 2 pure
Lirth procces Ly apeeifying the lirth rates. Tind p‘y(t):

X = 051,25, t.ie; t 2 0 with the help of the forw-rd

>
differeatinl equationa, “eternine B ()X =x), x > O.
[ 1s12+4 = 20]

( Contd....3).
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S. Suppoge {X(t), t> 0}13 a ro,uson proc»o8 Uith pIireter

AD> . Fix t)O.Lct_. - S -t, Yo t =S

t X(t)
1

"2® Sx(tyes

vharosnnln{{s)Oxx(a)-n} » DY

» N s ne=0

Compute the Afatridbution functionaaf (1) Z, 2nd (14) Y,.
Chou that Zt and Y'. are imecpendernt,
[ 9int ¢ Calculate P{z‘ > X, Y, > y},]

{ 54648 = 20]
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LINDIVH STATISTICLL INETITUTE
3.St1t, (Yons, ) Port IIT,1981-82

nifferentinl Tquation:
CEISTRAL =T BXACTINATION

Dites 11.12,01 Maxirum Marks: 100 Tire:3 hours,

Yiotes Thiz paper e-~rrics 110 mnrks, Answer all
questions, The maxirum you c¢in score is 100,

1. Find the most gdneral solution of the following Aiff-

crence cqurtions

Xpe2 = 3Xpeq * 2% = 3k (15)
2. Tind the most general solution of the following:
differentinl cquation in the interval ( 0, = ) ¢
2. ’
x“y7+s xy'- 4y = 0
Prove th~t there exists a uniquo solution ¥ of this
differortinl cquation such that &(1) = 1 and
7)()() —> 0 "3 x —> =, Find oD
(20)

3, Let I Le the interval [O, = ),
Conid Yer the differ:ntinl ecquation

-1’10 a vl n = 1

AR AL "> AT .

“hare Q4 0, NTC constantas, You are given that the
ch~oneteristic polynerminl hna Af etinct roots with

Sirictlr assative real parta, If ¢ 49 any solution of
!

thio tove Af fforential- cquation, show that
@) | —> 0 23 x — =,

4.,7) Tet I ba the intorval (- 1, 1),
Cornd der the & fferentinl egquation
(1-::2) y”— Z’xyl* k (ket) y =0,
vhere k 45 n positive integer,

Finl two linearly inmdependent solutions 61, o,

of tiis 2quation sntisfying ¢
&, (=1 9,(0) =0

’ !
6 (M=0 b, (0)= 1

(20)



b

b

6.

) Centd.,

Thess colutions en be cxpressed ng a power serics
in x, crnverging in (-1,1), Justify this bty quoting
2ciscly ~a aprrepriate theorem prove? in clzos, -
) Show that cfther Q1 or 62 has to be & polynorinl,
(15 +10)

) "Mat 2oes {1 meam to say that (x-xo)2 vy’ a, (x)y'onz(x)y=o

h s 2 rersular dngulsr point at x = X, 2
™o following e¢an be considered 28 nn exarple of °n
cq:mti?n with regular singular point at X, = 1

~r

(1-x2) 3"~ 2xy’+ k(k+1) y = 0. Justify.
- (5+10)

Using standard propertics about Eessel's functions that
you have scen in clnss, show thnt @

There exiat.nn infinite number of continuous functions
2
f on M such th-t
_J’ff(x,y) Ax dy = O for cvery disc D
D .

> .
o7 R of rodfus 1.

(i.ce D = {(x,y) s (x - xo)2 + (y - y°)2 Ks 1JZ B (xo,yo)
ig ~rbitrary) .

If rou nced, you riy assume 2

—
T

Jo (x) = 2L jcos(x sin 6 ) 49 (15)
ar

[
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TiDIAY STATISTICAL NISTITUTE

B.Stat.(Hongs.) Tart III, 1981-82

Optimization Techniques
SUPPLE-ENTARY PERIODICAL EXAMDIATION

Date: 1G.4.92 Maceiznun MNarks : 100 Tire: 3 hours

ilote: The paper carries 105 marks. Kaxinum one can
cet 1s 100. Mfrfs assigned to each question
are shown {n .

1. Toruulate the general raximum L.P.problem and its dual.
Obtain a standard waximum prodblem equivalent to a given

general maxirun problem. State and prove the Equilibriun

Theoren for the general maximum problems
[5+5+8+12=30]

2. Show that 51 = 4, 52 =1
ic an optimal solution of the problem
maximise €y - £,

subject to -
-25, + 52

A
n

&y - 28,

A
M

81+ 8

nn
w

o

&, 5 2

by finding a solution of the dual probtlem making use of
the equilibriunm theoreme. f10]

3. (1) State the Fundamental Duality Theorem for a standard
lincar programming probleme
(11) Cornsider the following linear programme s
Tind 51' 52 2 O such that &, + €, 18 a maxizun

-1
2

sutject to - 38, + 252
81 -8

[Ea N ToN

‘Irite the dual of this problem. Show that the original
problen is fcazible but has no optimal solutione In view
of this result and the duality theorem what must be true

of the Ffual problem ¢ Veri'y this directly.
' (5+4+8+3+45=25].

P.T.0.
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4e(1) Let ay, e, be a set of linearly independent veetzys,

and let by 'b2

a llucar coudbiuation of tae ai' o. Describe the table'--k
cf the vectors bj with respect to the basis 01.32'--,. a.’

.o bn be a set of vectors each of which is
» »

It tr::x # 0 in the above tableau,prove that the vectors

A,2,, e g bs, an, *v, O are linearly

L
indepzndent.
a
(i1)let A= [ 3 be an = x n matrix and b an n-vector.
3
% .

In solvins the cquation XA = b suppose we have
arrived at the following tadleau :

P ) Q) seecses Ay b
oy 1 ""r1k""r1m &y N
o, 0....rr1,_----rm Er
N PP
: : &
u, |0 " ok "sn  Os

-Fvave thnt if rno further replacencnts of the uy are
roscitle thien cither the nunbers 51’.-’ Er solve the
~iven equation or else there is8 no solution. Here
ui'u stand for the vectors of the standard basis
for K. £4+6)+10=20]
S5« Tct ¥ be a function of two non-negative vectors, x in T
erd y in R™. The pair (X , ¥ ) is called a saddle voint

of £ if
F(X,y)29 (X ¥)29 (x, ¥) for all x X0in TF eni

Yy 20 in r"

L

Son~ider a stindard L.P. problem and its dual, Let X and
T e the recpeetive optimal vectors. Show that ( X, ¥ ) is
2 naddle point of the function P defined dby

# (% y)=1xc+yb- xhy for %, y 3 O.
Irove that if ( %, y ) is ~ saddle point of the function ¢
dcrined above then x md y are optimal woctors for the corrcs—
ponling pair of dual standard prograuring problems.(lotc:
A,t,c Love thelr noucl connotations). [10+10=20]-
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LIDIAK STATISTICAL TISTITUTE
B.Stat,(lons.) Part III, 1981-82

Tultivariate Distribution and Testa
FERIODICAL EXA: LDiATION

Ta*c: 12.4.92 Naximun llarkg 3 100 Time: 3 hours

lote: State clearly the results you are using.
llotnrtions are as usual.

1.(a) Tefine thre Np(p,:) diatribution. Interpret p and =.
‘ 3+3]

(r) Obtain the density, when £ is nonsingular. 15]

(¢) Obtain the conditional distribution of x2 given
3(1 vhere X = (X1'XZ)T ~ Np(u,:). (o]

(d) Ovtain the LL estimate of £ based on a smple of:
size n from Ilp(u,:). p knovn, L10]

2.(a) Lot x = (xq, x,)T ana partition ¢ sirilarly

px1
: (f311 ”12‘>
: =
By Ixp

where z ic symumetric and positive definites Show

that’ ‘):'11‘ 2;1 ¥ & ox s give conditions
1
under which strict inequality holdse. [5+2]
. . ,
) 2 s [rac |5 (2 - is]

Tf ¢ is nonne~ative definite, symmetric and A is
s'rxetric such that
tAzhrd =rAacdh,

then show thet x A 2 A =324 2 t7]

-

(e

P.T.0.
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3.(a) Define the Wishart distribution. i3]

(b)Y Ir ¢ = (( SU)) A/\'.'p(}\,:). £ nonsingular,
find the joint distribution of

1
o and 8y 1,3 = 1, eesy p-t o]
oy 105 = 11 B2 . .
c) If S = s s —~ Ap(k,:.!..) and Sy, isr x 1,
. 21 S22

find the distribution of 811’ Vhat 1s the joint

1istribution of Syy and §,, when Iy, = o [5+5]

(a) Show how ilotelling’s 12 atatistic can be used to get
a confindence interval for all linear fiinction of the
r.can vector of a pultivariate normal distribution. 9]

4. Let ¢ be the dispersion matrix of the random vector Xe.
Show that
%{1 H lT X is degenerate with
probability one }
is n vector spacep what 15 its dimension 2 Prove your

asvertion. .
f2+2+6]

5. Q1~z3 = work. t10l
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TIDTAY STATISTICAL TiSTTTUTE

3.Stat.(lions.) Tart III,1981-82

Elective 5 : Economics
PETIODICAL EXANTLIATION

il maxlmum Marks : 100 Tomex}% hours

lete: Answer Questions 4 and 5 and any two from
Qrestions 1 to 3.

1.(n) Define Fareto distribution and find its mean and variance.
{b) Exa:ine how the conditional protability P(X > x+alX>
changes with x if the r.ve X follows a Pareto distribution.
( ilere a is ctore constant.) Examine also the behaviour of
the conditional prodability P(log X > x + af log X > x ).
Cornmient on your findingse
. 8+12=(20)

Sta*e and prove the moment distribution property of the

two-paraneter lognormal distributions Use this property

to obtatin.the equation of the Lorenz curve of the

diztribution.

Dincurs Lorenz ratio as a measure of income inequalitye.
12+8 = (20)

{aY Dafine Engel curve and explain how Engel curves are uscd
to clasoify cormolities into luxuries, necessaries and
inferior coroditics.

(v} Zwplain how rahlomness of residuals ig examined to choose
tre nprrorrinte algebraic form of the Engel curve that

it a given body of data. 12+8= (20)
4+ Tle followins shows estimates of average expenditure on cercals
=1 on all iteis based on a certain survey in rural India.

Tho households have been classified by. per capita household
cipenditure per 30 days on all items (FCE) for presentation

of recults. In the table tclow FCE classes above Rs 24 have

bren omitted.
P.T.0.



Qoo ontd)

fznte the Encel olasticity for cereals at PCZ = Rs 15 mad
at T2 = Tg 21 asruzine that “he seni-log; form is approrriate.

b g:tir::ed . rer carita expenditure per 30 days(ko)
: rarecntate 0 -
2 all items cereala

0=~ p 627 5.61 3.36

e-11 8475 9.09 - S 4493

11=13 763 11.44 6.34
1Z=15 T33 13.41 642
12-18 J1.05 16.10 8.24
13-21 11.02 18470 9433
21-24 8.98 21.57 19496

(30)

T.{a) Tescrire driefly the structure of a two-industry Leontiecf
ctati~ open system with one primary inpute What do you
unierssand by viability of Buch a system ? Obtain the
conlditions for viability.

(t) Coneiler the follewing input-output flow table in physicel

PR ST

Industry Inlustry final gross
1 2 use output
1 25 50 : 50 125
2 50 25 50 125
Tmlour 10 10 0 20

(i)‘Cbtnin th2 technoloiy matrix from the above data,
(41) Find out the gross output needed to support final
" cenané of 60 units of each industry’s rroducte.
(1:f) How much adlitional labour would be needed to support
an additional unit of final demand of industryl end 2°?
L154+15]=(30)



TIDIAN STATISTICLL TiSTIVIIL

2,C%qt.(ilong.) Purt III, 1G31-32

Flective=5: Mathencties
TERIODICAL EXAMILIATION

564072 Faximun larks 3 100 Time: 3 hours

Tate:
Ancvier o3 many questicna or parth' thereof
ag you cnn Maximun you can score is 100.

otes

1. (a) C“roncforn the following.equation to canonicel form

um-3uw+2ux-uy+u=0

(t) Is the above equation Elliptic or hyperboiic ?

(¢) Solve : u, - Buy =0
ulx,x) =
[8+2+10]
2. (a) Consider the eigen value problem :
p .
PP rapiag=o0 1¢xce

$(1) =0 = ¢(e)

Zesceride all eizen valtes and the corresponding

elren Mnetions. Show that the n h eigen function

can te vritten as Qn(x) = % Sin (n n log x )

(b) Cracider the elren value prodlen :

]
Meng =0 0¢x<

Y
o A
§(0)=0 ; § (1) + (1) = 0.
Show that there are infinitely many eifen values and

that all eigen values are real and positive.
“[10+10]

P.T.0.
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Sia%o the Yourler expansion theoren.
Wri‘e éown the Fourier _xpansion of
~(x) = Senox t{x¢{n

Youn rmat evaluate all the conotants.

Suproce £ i5 a read C‘l function on l-u, n) with
f(=n) = f(+a). Using(a) show that there are real
mLbers o, % 21 ond B k20
cuch thot the scrics

% fo + }21 ( o) sin kxtB, Cos lkx)

uniformly converges to f. 13+7+10]

Calculate u(1,1) if

- =1 3
Wy un, on

\l(x,o) = xz ) ‘-ly (X|o) =1

Shiow that the function u = 0 is the only solution of

2
- = on
L “.‘;’)' (o] m_
ulx,x) =0', ulx, -x) = 0
i5+10]
Solve tle toundary value problem :
up =u on (0, =) x (0, =)
u(0,%) = u(n,t) =0 for t2o0
u(x,0) = 1-cosdx for 0<¢x<n

You rust evaluate all the constants involved.
Let f be absolutely integrable C‘l function on
L0,») with £(0) = 0. Define

B()) =of £(E) Sin AE @6 [ A D> 0

Shou that £(x) = 2 b(A) sin Ax A\ for x 30 .

0
you can uge the Fourier inversion formula,

( Contde.eee3)s

L10+10]



G.(n) Surroze a < b real nunters.g be a continuous
Anction on [:\,b] wri.n i8 piecewire smooth

- Lt b
Show a—>e [ g(x) Sinax dx =0
2

(t) Let ~ te a continuous function on R which is
plecewire smoothe Assume g §8  absolutely integradle.

Lt . Lol
o —> e [ o{x) Sin ax dx = 0
J,

£1545]



TiDIAN STATISTICAL LISTITUTE
B.Stat.(Yone. )Part III,’81-02

Elective 5 : Thycical and Enrth Sciences
TERIODICAL EYAMTIATION

Tate: 5.4452 - Laxirum Marks ¢ 100 Tine: 3 hourc

-
.

[
.

ote : £11 questions carry equal markce Answer any
five questiona.

- Etnte Coulond’s lawe

Iefine electric fleld and derive m expression for it for
any orbitrary cha.rge distribution consisting of neveral

any

roint charges onlye.

- .
Irove that ¥ x?: 0, where B i3 the electrootatic field.
Conzider.that two point chargeén of 2 x 1079 Coulomd and
5 x 1079 Coulomb respectively are placed 30 cm apart in
frece spaces What is the force between them 2

Str+e and prove Gauss’s lav in electrostatics. Derive

Tofscon’s equztion and Laplace’o equatjon from Gauss’s

1av..

4 s~dnducting spliere of radius 2 cm is charged with a totel

chaxrpe of 4720 pico coulombe. Find the magnitude and directicn

of tho, el;c*ric fiold at any point on the surface of the
J’.ol‘l‘-

Tet .1(t) = F(a). llence prove the fallowing »

(1) Lty 672 ] = Flova)

(11) (It o)) = - 4Ked

Fin2 the Laplace Transform of the function £(t), vhere
f(t) is a unit impulse train as shown in Fig.1, kaving a
tice-period T. PN

£0(t) § » 1.
fan i [ aw
(Y] T 2T 3T
—e—> time t
Fig 1 P

P.T+0,



Q.%0.3 contd.

Colve the differential equation using Laplace transforn

rethod 3 2 .
o 4Tf(E) | de(t) - £(t) = o,
dtz dt
the initial conditions being £(0) = 1, f'(o) = 1.
Find £(t) vhere £(t) =oft Sin t 44

4; Consider the two series circuits shovm in Fig. 2. Given

that v,‘(t) = Sin 103t, vz(t) = ¢~ 1000t for t > 0, anad
C = 1 puf. Show that it is possible to have 11(1:) = 12(1:)

for all t > O and determine the requirod values of R and
L. for this to hold.

. L
A ~- _r;,rm\_-.l

AN TN ‘ l '...-
0 ) ) e :m){'\ l_m =
= | a NI I
| L]

) &)
Flg.2.
5« In the network showm in Fig.3, find the current flowing

throush “Me branch AB after closing tha switch S, using
Thévenia’s theorens,

10 4
_|,~___.'\A/\/\._._._._.._.
P WA AR A
v T R TR
",)‘ “Zhoo
240 N
e
Fige 3o
G. Concicer the circuit shown in Figs 4s
. .
e s
-fs ¢ 4 e
S SR "y
‘. 3 ‘.
e Ll Fig.4

( Contds...3).
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10e6 Conide

a) Uind the outyut voltae ' for a

1) ctrn dnput v =V OL(¢)
14) roun gyt =4 t'(2)

b, lvove b for eny poriodic inymt, the averace lcevel

ol thw rlealy ctate outiut i rlmays zeroe.

¢) Zhov ll.~t the clrcult enn bo ured 23 a differentictor.

T1lustrate vour answer with the injut and output wave-
> 10 wien ' 15 a pulcee injut, ctating also the

rexcons wiyr the outrut waveform deviates from the cu~ct
durfvative of the input vaveforme

or the network shown in Figf.5, find the value of the

insrdance .Zo in terrms of Z1 and 22 for which the in;at

i{~padance Zln seen at the terninals 1-2 is also el tc

»
-

9°* L

g

Fig. Se
Ir 2y is ~n inductance of 500 mH na 22 is a capacitance

of G.5uf, fird the volues of Zo at the frequencies w = O
and ¢ = 40CO0 rad / sce-



TIDTAL STATISIICAL LISTITUTE
2.Stat.(lore.) Fart III, 1981-32

Optiricatfcn Techniques
TFERIODICAL EXALLLATION

i3

iiote: The parer carries 110 marke. Maximure one can
ccore is 100. Narks for each question are
iwiven in [ ).
2y
a3
1. Lot A he the mxn matrix \ 3
a
m
C.nalder the canonicnl ninizum prodlen of f]ndlng non—-

nicative nuchrers § 51 «se E_ which
o ’ » O

oinirise Eo
n
outjfect to 50 P+ 51 a, = b.
(1) Terzulate the dual of the above minimum problem.
(11)

; k%t Loth the original md the dual problercs
nra rfaasidle.

(4t1) Gan~n by applying the duality thecrem obtain a
" groof of the rollewing: Either the equation xA=d
. hoaa ron-necsative solution or the inequalities

4y 20 yb < 0 have a soluticn.

( Warninz : s other rroof is acceptable.)

‘iv) In the notntion of (11i) 1f xA = b fails to h-ve
any non-nesative solution show the L.P.prodlen
~tove h-.5 value 1.

[545410+5=25].

P.T+0.

vy N%e3.932 Maxdirum ilarks: 10C Tize: 3 hears
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Ce Toutamlate the cenersl maxizmum L.P. problem and its durl.
Z.vain a standard maxicum prodlem equivalent to a given
soneral naxisun prodlez. State and prove the Equilidbrium
Thodra for the pensral caxinum prodleme

15+5+8+12=30]

2. Jumafler the folloving standard maxinum prodlem

naxizice &y + 52 + 53 + 54

garject to £y + By $3
53 + 54 <1

£2%3 R

By 4 <1

&5 + &y <3

Shawr that this problem has the optimal solution
C1=1,§2=1,£3=0,E4=1

ty finlia~ a solution of tie dual problem making use of

the equilibrium theoren. £10]

(4]

4e Elriz the general transportation problems Prove that the
rarcportation rroblen is feasible if and only if the

.
tot1l Supply is at least equal to the total demand.
. L10)

Shew that the following cstandard maxirum problem is not
fersivles Find non-negative nuabers 51 ond 52 which

nexdrice 35, - 2£2

A
W

fulfcct to  2F, +'5t2

nn
1
wm
.

-351 + 852
: f10l.

( Contdseeees3)s



ot *he triplet (A,b,c¢) stand for the canonfcal =axiiu:n
mro¥¥em g Find non-ncrative x which nmaxinmises xe
irfect 40 equation  xA=b.

Cotcider a canonfcal raxizum probleza ( A,b,c) with val:n
0y znd let ck te a sequence of vectors converging to
by b ) 4
£ re X —> » [1.e., if c© = ( qk, ag' cey op o k21
¥

wnd ¢ = ( Cy Gy e cr) we agsuse that ay —> a, for
» < » - p

1¢L4¢n 1. ret w, be the value of tie problem (A,t,ck)-

un

Show thnt wy converces to w aa ¥ —> =, (liint: Use the

!

faet shat there are only a finite number of basic fenwille

vactors.) :
[25]



I DIAI STATISTICAL LISTITUTE
ReStat.(}ons.) Fart ITI, 1981-82

Denri/m of Experimaonts
I'ZNIODICAL EXANMIIAT ION

Soies Tehe32. Naxiren darks ¢ 100 Time: 3 hours

notes 15 marks are .allotted to Practical Records.
Ei.bmit your Fecords alonpwith your answerseripts.
e temrt Question Ho.1-and any three out of the
rest. liarks allotted to a question are indicqtod
in brackets at its end.

»; Define connectedncas of a dblock desirn and show that a
Aisconnected desirm 18 a disjoint union of several
connected desisnz on subsets of the given set of treatmentc.
State ond prove a nececsary and sufficient condition for a
block desicn which is connected to be orthogonal.. .

-
.

—~
[

~

4+6=10]

(b) Sive the two definitions of a connected balanced design
and ‘show that they are equivalent. llso show that a
woniexted block desirn is balmced if and only if all the
osrf-diarconzl elements of its C nmatrix are equal.

' L6+9=151

2. ZefZnz a latin square design with an example and derive its
zZnalysis of varimece. . [5_‘_15:20]

3. Tor 2 reneral block desigm with parareters v,b,r,k, show that~

(i) the rcduced normal equations for the treatment effects
n
turn out to be C7 = Q, vhere the symbols have their
usual significmecee ;

(41) v + Rank D = b + Rank C, and Rank C ¢ v-1 ;

(211) the sun of squares for testing the hypothesis of
trectuent effccta 15 rfiven by

~N
1§1Y1 Qi ’

called the adjurted treatment sese
[5+7+8=20)

PeTu0s



4« I:tue atalanecd Incorplete bloek desirn BIBRD (v,b,xr,¥,)\)
vl o owwiaile, ~ud prove that for such a design:
(1) Mv=1) = r(k=1), ma

(1) v = b ¢<=> any tro blocks intersect in a common

nuber N of trecimentse.

. ~lve the annlysis of ves lance for a
ATED ( ¥abyryky). N [2+2x4+10=20)
+2X =

Re ¢ 1‘1!‘ > amm m=ple lottice desipn for v = 32

= trcatments and
prova that fornm =

o+ 1, the lattice becomes a BIBD.
2avive for an p-rle lottice design (1) the cxpression for
B

"r", a leact gquare cstimator for the trecatment effect

A
T 1@ (1) v (T, -A? , for { .
i" ad (11) ( { 3 ) or 4 J l2+5+8+5=20]

6e Write short notes on any two of the followings :

(~) PMindsnental jrineiples of experinmental desirns
() rondomizad block dccicrns
(e} “taturlly ortiagronal latin squares and pome of their
“oes In experinental desicms.

[2x10 = 20l
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IIDIAL STATISTICAYL IUSTITUTE
B, 517t (Tone,) Part II1,1921-82

Inference
FORIODICAL EXAMIMATION

S1tes 23.11,01 *ximum ‘“arks: 100 Time:3 hours
1 M

Yotes An~er any FIVZ questions,All quastions
¢~rrr e'mal marks, Trecise and complete
anasora carry more welght, ’

1.{7) 1ot X be a rantom variable with density function
£{»,0), wisre 8 © R i8 unkrown. A randon sample
of =ize n is drawn fronm the population to estimate
a function (9). Nbtain a lower bound for the
variance of any undiaszd estinste of g(o). By
atating »reeisely the conditions needed, obtain
fron the above result or otherwisa the Cranér-Rao
lower bound for the verimnce of an unbiased esti-
nate of g(Q),

oP -Qx p-1

(6] ?f £(x,8) = ) e x where p is known

and @ is unknown show that there exists nn unbiased
ecstimate of g— bas2ed on a sample of size one,

whose .variance is equal to the Cramér-Rao lower
bound, ( 5+7+8)

2.(2) 1ot (£(x,8), 0 = R Y be o family of density
functions ~nd g(8) an estimable parametric func-
tion, Thow that the UV of g(0) based on a sample
Xy eeer Xp is a symmetric function of Xy, oo Xpe "

(b) If Uo denotes the c¢lass of all unbiased estimates
of N in the above sct up show that an unbiased
cstirte T(x, ceerX, Yy {a vMVIS {ff cov (T,S5 : @)

N ]
=0 Y0 and VS ¢ U,.

(2) Gbiain the WVUT of p2 tn  N@u,1), =~ < U < =

based on a sample of size n.
(6+5+8),

r.t.o.



Se ()

(r)

4.00)

(b)

3. (+)

)

PP = 2 = .
It 7, (x1 vans xn) and T, (x1 caen xn) are two
undiined ectinatee with finite vuriances of a

raracetrio fu-ctlon ¢(Q), obtain the beot 1linear
co :binntion cf Ty aad 7, ( in the usunl genze) to

csti-ate g(8),

Tet Y by (X P, 0% 1), Show that the leant
saunres egtinator of 2ay coti-able paranctric
funcifen P £ {s "MNUE in the elaos of all undias:d
coti-natore. (8+12)

Tet X be a randon variable with o discrcte distri-
vution {p(x,0), 8 ¢ R} . Show that a statistic
T(x) {5 sufficient for the fanily iff Ney:an
factorization holds,
Iet X be a Zernoulli -pandon variable with unknown
parasater p and Xg sees xn i8 n randon carple of

. . 3.
size n, fhow thit T = x, ¢ ... ¢ x 135 a sufficient

atatistie for p. Is it complete ?  Justify. (8+12)

Tet X be a randon variable with density function
2€(x,8), 8¢ R} and 'I‘(x1 cees X, ) 2 sufficient
statistie for 8 based on a sanple of size n., Let
() bc an estiradble paranetric function. Show that
the UVUT of g(8) i3 a function of T,
If ¥ h~s unifor: distridution over [ 0, © ]
ott1fin the WMVUT of @ bascd on a sanple of size n.
( 10+10).

6.(:).Tet Z have 1 trino—ial distribution with prodba-

)

bilities 62, 26 (1-8), and (1-6)2. Deseribe the
s.ethed -of georing to estinate @ from a sanple of
cize n,

Neceridbe how the ~cthod of scoring is used to

- osiirate sovernl paraseters by the rethod of

~axi~u1 Ulkelihicod estination, (10+10),
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I¥DIAN STATISTICAL INSTITUTE
.0tst.(Mons,) Part ITI,1981-82

Tlective 4 § 'athematics
ITRIONICAL EXAHIN!‘TI_ON

Mtes 16.11,61 Maximun Morks: 100 Timeg 3 hours
. $

Vrotes Anower 0s rcany questions ag you like,
The naxinun mnrks that one may obtain

ia 100,
1. T2t ¢ bo o group nnd T a sudgroup of G, Prove
that 'l = ﬂ 51 1e a normal subsroup of G. sl
L gee ’
2. Iet @ be a rroup with o(6) = p, p a prine md
n > 2, Then show thnt for all a ¢ G,
o%(a) ) = p" where m » 2. . (12]
3. T @ ie o non-abelinn group, o(C) = ™ .,n2 3,
thon show that o(Z.(G) ) = p™ for somve n,
l12]

/ where 1 ¢n ¢ n =2,

1.0) If o group 6 Y23 a sudbgroup of index 2 then
prove that that subsroup contains all the elenents
of 0 order in €, [12],

(b) A group of order 4n+2 hag exactly 2n+1 elcuento
of 0dd order, | ’

, l6]
5. A characteristic cubgroup H of G is a subgroup H
“where § (M) = M for all automorphisns ¢ of.G.
(a) Tet G be an nbelion group and let Y= {:9’ T X e G}
vhere kK 1s a fixed pecaitive inteper, Show that
7 s a choracteristie sub-roup of GC.

{s]

(t) If G 1s n group then 2(G) igs a characteristic ]
. - L

. cubrroup of G,

. (1) Tet G Ye a prowp ma 4= {x $X < Gondo(x)> 2},
Then show that Y {s n charseteristic subgroup of G.

L6l

) p.t.o.



17,

- 2 -
2 2
Cl~arify A1 ;roupa of order 5. 13° | L1g ]
IC 2 .roup 6 hng cxietly {1sp ) p-Sylow cubgroups
of or’cy 5)'1. where poia a prine, then chow thnt thase
a1l roups hve p“"1 clerarts in cornon, [12]

Tt € be n finite adalinn-group an? s the naximun
or’»r of nany elemert in M, Then ghow thnt for all

6]

xe 5, oflx) | s,

74t M be an N=nodule, I A mad B arc sub:iodulas of

* en prove that

21
[ 2]

(c) (L+7)/B is isomorvhic to A/(AIB ) as a module.[8]

(a) AIR 15 a subnoale of M,

(D) . ¢+ 3 is a subniodule of M,

T L is a left id2~1 of the ring R and if M is nn
R-moele, ohow that.for m o M, Ip = {xn s xe L}
"is n subnodule of M. isl



INDIAY STATISTICAL INSTITITS
B.Stat.("Tons.) Tart ITI, 1981-82

Flective 4 ¢ Physicnl and Torth Soiences
PCRIODICAL EXAMINATION

Jte: 15.11.61 Maximun Markss 100 Timet3 hours

Notes Answer any five questions,

1. roadly olassify the different hypotheses on tho Origin
o€ the Solar System, *'hat do you understnnd by ‘hot earth
theory* ond ‘cold earth theory! Yhich one of the two
theories scemsto you nore aceceptable and why/?

© (1+6+10)

Or,

Di'_:a'tao bricfly the Crigin of the Zarth on the basis of
*he vort of one of the following scientists -

(a) “'eizoacker
. (b) Tuiper

(o) "rey. (20)

2. "'rita a short easay on the internal constitution of the
, earth as known from seismic evidence. (20)

3. Y=ite briefly what you know about plate tectonism,
’ (20)

e .Y.‘c_,.‘iné uith examples ( any four) -

Crystnl, Anmorphous Substance, Gemstone, Econonic timeral,
(5x4=20)

-, Roeli=Cfor-iing ineral.

5._3‘0;‘1ne the terms = Yagma ~nd Iava,
"_T,‘cucribe tne charneteristics of the different rock typeo
thzt are conncected with the adove two ternms,

\, "‘Lch of the followinz are igneous rocks -
~Apnte, Tcoalt, Conl, Petroleum, Iimestone,Granite
' . (6+11+3=20)

6."rite brief notes on (any three) -
) Iglond Ares, Mid-Oceanic Ridge, Bode Law, Irinitive

%incaphere of the Zarth, Mountain Range.
(7x3-1 = 20)
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etes \nawer 2 questiona from Croup A.
1 qucstion {ron Group B
2 qurotions from Croup C
3¢ soparite anewer books for Croups
AyB 1 C,

Group A

1.(2) State and prove the ' Complencntary slackncsa®'
) theeren for a Canonical I,P,Problem, Can vou give
2n cconnnie interpratntion of the theoren with

rcforence to the dict problem ? {10]

(*) Concider the following L.P.problen ¢

Minimize yT b

Subjeet to Ly = C|
y > 0,

L Tet y. te an optinnl solution to thics.prodblen
Acnenting on the first k coluns of A, Suppose now
thrt the veetor € ia changed to &, Shov that if
e ie a fencidble solution ¥ to the now prodlen
ifeh dopen?a cn the first k coluans of A, then
T it entimal 1151

“¢ "Ti7t i3 nennt by the Y nssunption of nendegencracy
wtln: ( witheut rroof ) the simplex-procoiure for
Q*Ivin: a nonicrepernte Chnonical L,P.prodlen,

wa
.

1257

Z4(2) Tescribe a ;onernl L.P.problem mAa its dual, [s5]

() Irove in Actnil the following theorem for a
~cneral LT, problen:
IT Yath a prosrame ~nd its dual arc fcasidble
t'on both have optiml vectors and the optimal
v1l:ies of the objcetive -functions for the two

Irogrannis are the sane, {20 ]

p.t.o,



52

- 2 =

3

t. Conri’er the following tableau

al 22 ... W L. e® L0t
a1 0o ... o .. Ts L. m
Y Ldd -
R 0o 1 ece (o] 2s P 2n
;T i Q e 0 ro ... 'Tn
Rt 0 0o ... 1 ma ... m

() Sumnoge g ¥ © MMA it hao been decided to introduce

a® into the basis mna replace aT, Prove that under the

strted conition, 31, veas ar-1' a®, nr’1, vesy A7
forn a new basis., Morcover, let Tilj repreaent the

cl2wents of the new tadbleau, Prove that

i "is
‘ S - == 14
=1y T, rs 7
) r
T = _I‘J_ : 13 1
rJ ra : !
(b) Show that ifvzrs; 0 then the vectors a1, P
a™1, a3, oT*1, ..., 2" are dcpendent {123
Groun B .

5. Mzeuzg the principles of mensurement of Adirect-
berefits from projects in Cost Benefit Analysis.
Tllwstrate your answer with the case for a rrojeet
oralueing consuner foods,. {20 ]

“plain the fforonee dbetween Cost Benefit Analysis
! 2rolit Toss ‘ecounting, Discuss the conditions
aeter vhich Cost Tenefit Analysis is to be preferred,

120 ]

(Contd....3).



Group C

1. U7 the pugh factera responsible for rigration of

wireons fron rural hemes ™
Tlrewns the role of push factors in influcencing

st rdoratiens {n AL fCecrent strenms?®
’ {649 =15)

.
2, 'fow will you neasurs occupation mobility of mnles with

muforense to thosy of their fathers?

s Aong oecupntion modility {nformation help the
rlanndng ~
L 1045 = 15)

3. Vo Al broad audbiivisiona were observed in

tabulating ocecupation data of Indian census, 19617

‘Mt were these sudbdivisions mad ialicate the

il
.

“istrivution of males by them?
3412 = 15]a
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each question.

1.(2) Define and i1illustrnate the concept of

. (1) population (ii) sample (iii) sample srace
(iv) sanpling deszign (v) sampling strategy
(vi) unbiased estimation in the context of survey
sampling,

(LY "Mmen is & sampling sirategy said to be bétter than
‘another sampling strategy? Illustrate,

SN : L2045 D o=l25 ]
2. Show that for any fixed sire sampling design with
canvle zize, n

N
(1) _z: ; ="M
i
(1) = 3 7Ly
R AT

7l~(7L —I> ~

where[l‘ and ﬂ9 denote first order.and second order

inclusion-probabilities respectively. (54542 = 12

3.(65'D¢finc md illugtrate the concept of simple rmion
sampling without replacemant ( SRSWOR ),

(b), Show that in SRSYOR, sample mean is an unbiased
estinator of vopulation menn.

(e) Tind expressions Tor variance of sarple mean and an
.undinsed variance estimntor,

p.t.o.



- 2 -
3.(1) A girvle randon sample of aize 3 is drawn from a
popaletion of size It with replacement, Show that the
vrombilities that the cample contiina 1,2 ond 3
Zifferent units ( for example ana, aadb, abe rcaopectively)

2 3 (1) o (9-1) (u-2)
W2, " z PB 12

"y, h
? Y Lt
L 7e5454543 =040

4,00 éhov that in estimtins a finite population ocan
vcing stratificd random sampling ( without replacement)

Yort ¢ Vorep ¢ Vran ,

when finite population corrections (fpe's ) nrc ignored.
More VYpan denotes varinnce of estimtor under SARSWOR and
Yont and Vppop varinnces under optimua and proportional
allocations 1n atratified random snmpling.

(b)Y Cn you find any situstion in which Vprop exceeds

Vern,

(¢) In a straticied random sampling intended to, use
ontinum 2llocntion, 1t wns fount that n1(opt) > 51'

n1(opt) and My being respectively the optimun sanple
eizo .ond nopulaticn size for stratum 1, Derive an
undine~d ecotinator for population mean and obdtain
exyrea~ion for ito varinnee under optimum allocation,
(&) X sampler hag two strata with relative sizes

"y ond 5, Yo believes that poralation stmenrd
fovintions Sy ~nd 52 roy be trken as equal, but thinks
thnt Cp mybe dbatueen 2C4 and 4Cq, where C; 1o the coct
rer unit anopl2d from the $th stratum, He would prefer
t0 uwne prorortional 21loention but does not wish to
incr a substnntinl increase in varinnce comnarcd with
antimm allcention, Tor n pgiven cost C= ng ¢y«

N2 ¢5 ignoring fpe, ahow that

Yrop Y191 * Yo%,

Vopt ("«71 A/E;O \-12 \/02)

(744541 ) = (24])

P.t.0.



5, ()
5.(aY “xplain-nnd £1lustrate the concept-of cluster
sampiing,

() Assurdrp that the cluaters nre of cqunl oizes,
cxamine the advanta-es and disadvantnres of cluster
camplingy vis-a=via SRSYOR,

. Al = L12])
5.(1) Exanine the magnitude of bing of ratio cotimator
relative to itz ctandard ervor.

(%) In & ztratificd random sanpling using ratio
catinﬁtcs for population menn, clearly esplnin *hen
you woald use gsarcrate rotio cstimates and combined
ratio cstimates,

(c) "hen i3 the ratio catinate best linear unbiazed
catimate for population total. Txplain,

. {247+6 1 =(°0)
7. In crder to cstinnte the proportion of persons (P)

belonzing to blood group 0, living in a certain i3land,

an anthropologist wants to make a nample survey taking

r SRTICT of 'n' persons from the toi1l number of 3200

iudividunls in the i8lan2, "o deaires to tnke a sample

1"rpme enouch to enaarae that chinnee is .95 that the

unknown true value of P will be within a range of .05

fron the cnrrle estimate on cither sidc. Assuning thrt

¢ vory rouci ¢olimate of P is .5, find the desired sample

ciz=c,.
(9]
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1. Conslder 2 honogencours !farkov chain on {0,1,2...., at
satisfying
a
zypx_y=x. X =0,1,00e, 4,
y=20

Show that
(1Y E 21"’1 [ X = Xgo Kq= Xpeeees X 95X g0 K= x} = x.

(11) O and 4 cre nccessarily absorbing states.

(1i1) 1€ there is-no absorbing states other than O and 4, the
states 1,2..., d-1 ecach lead to O, and hence that cach.

is a transicent state.
[4+6+12=22_7

2, let x be a state of a homogcncous Markov Chain. Write
P, ond !‘n for P:E:) and fg(‘) regpectively, It is given
n 2_0} y O

that there exist a subsequence {pnki of an
such that

real number A > 0 and a positive intcger s,

(1) lin pnk=x and

k ==>0
(11) in ?nk_gk for all s; A
k=<

Prove that lin p = )\for all s> 1,
nk-s =
k==> /7107

P, 7.0.



Z.(n) ot "y and "1 be diastinct stationary distridutions for a
Mrrkov chain,
(1) Show that for 0 ¢ 4 <1, tho function n defincd by
T (x) = (1 ) R (x) sa mM(x), x¢S8,
ia n stationary distridbution,
(11) Show that ddlstinct valucs of a determine diotinet sta-
tionary distributions = ..
(b) Consider the ganbler's ruin chain on i0,1,2..41}. d >0
with the transition rrobabilitics
3 3=14
¥ A I S R oy EF U S
o] othcrwise
and Poo = 1= Paq*
Peternine the clasc of oll stationary distridutions,
(¢) Consider the M.C. haviag the transition matrix
0 1 2 3 4 5
0 1 0 o] [} 0 0

1

1 1 1 0 0

¥ 2 7
2 0 1 2 1 0 1
5 5 3 5
3 0 0 0 1 1 1
T 3 3
4 0 0 0 1 0 1
5 z
5 0 0 0 1 (o) 3
T g

Find the statlionary distribution concentrated on cach of
of the irrcducible closed sets. [3+5+6+12=26_7

4. Consider 2 birth and decath chain on the non-ncgative inte-
cera,  The transiti\on function is of the fornm

g™ y = x-1
Dyy = T, y=x
px y = x+1

where Dy *q, Ty, = 1 for x= g, q0=0. Also Yo and q, &re

rositive fer x> O,
Determine the period of this chain.
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liote : This paper carried 110 narks,
Answor all quections. The
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Let I be the interval (-1,1).
a) Find the nost gencral form of a ro»1 valued function on
I that osatisfies the differcential cquntion
" " ]

Yy -y +v=-y=0
b) ©ind the most gereral solution on I of the differcntial
equation

1

y =y =Ixf (20)
Let I be ary interval and ay,8, two continuous functions

on I, Consider the following differcntial equation on I @
e )
y o+ ap(x)y + ay(x)y =0
Let @y, ¢2 be two solutions of this cquation and ¥ the

corresponding Wrenskicn.

If EN is n fixed point in I, shov that

x
U(x)= W(x,) exp(- S oft)at ), xel. (103
X
)
Censider the following differcntial cquation in the interval
(0, ) :
x3 "l x2y'+ xy =0
The function §,(x) = x 1s 2 colution of this differential
cquation in (0,00 ). Find enother solution $, in- (0,90 )
such thot ¢, and ¢2 are lincnarly independent.
(After krving produccd ¢2, show that #, and @, arc linecarly
indeyindent, ) (2c)



5

Let I be the interval (~1,1).
it ¢y (x) = x2 end B(x) = x> connot be solutions of

. []
secord order cquation of the fora y + nl(x)y.+

0 (in I). Can they bc solutions of the n-~mg third
(20)

Freve the
the o

ay(x)y =
vnier cqurtion in I 2 = justify your answar,

Let I be the interval (=1,1) nnd § a three tincsdiffercntinbdle
functicn on Ilantisryin(; the differentiol equntion

[N 2
y + x" Ixty = xlw

Prove thnt § i5 actunlly four tizcs differcnticble on I.
Cin @ be five tines differentiable ? justify your answar,

Let I be the intervel CO,“O). Consider the ditfcrmtigg)

cquation " , .

y +3y +2y =b(x)

where b 13 a boundecd cuntinous function on(CC,» ) (i.c. Ib(x)]

<k for a1l x ¢ I). Prove thnt if P 15 ~ny solution of this
differentinl cquation then there cxists a positive nunber
H such that [# (x)] <M for all xc [0,00), (20)
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