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Practical
10s 25612467 91 Statistica~6: Spnpling Thecory
1l. 26612467 92 Statistics-6: Scnpling Practical
Ce 27012,67 93 Statistica-7: Beonomet-ics Theory and
Practical
13. 28412467 94 Statistics-7: Plenning Techniques
l4e 29612467 95 Btatistice-8t Demography Theory and
Procticel
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Theory and Iractical
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Theory and Practical
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Theory and Practical
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Practical
Annua) Examinations:
22+ 200 5468 208 Statistics-4: Probability
23. 22, 5468 209 Statistica-4: Inferenceo
24. 24, 5.68 210 Statistics~5: Statistical lMotheds Theory
: and Practical
25s 25, 5,68 211 Statistics=-6: Deaisn of Experinments
. Thecory and Practiczl
26, 28+ 5.68 212 Statintics=7: Econonetrice Theory and
Practical
27, 30, 5.68 213 Statistica-7: Industrial Statistics
Theory and Practical
P8, 3Ble 5,68 214 Statistice«8: Genotics Theoory and

Practical
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PERIODICAL SXAMINATION

StatisticoeS5: Statistical Mothods (Thcory end
Fractical)

Date: 18.9.67. taxinun marks: 100 Timet: 3 hours
The number of rarks allottcd to vach question 1s given
in brackets [ J.

2.(a) Define a generaliscd inverse of a matrix and state some of

its applications. {5}
(b) If B i1s a g-inverse of A'A, show that ABA' 4s symme- -
trie, idcmpotent of the ssme rank as that of A. (5]

(¢) Let A:mXn and 3Bt nX m be siven matrices such that

(1) - H = AB 1s idcmpotent and (ii) rank of ¥ = renk of A,
then show that B = A”« Prove the converse of this
resultes -

(Hint: You may use the Frobenius theorem on ranks, namely,
rank (PQ k) 2 rank (PQ) + rank (QR) - rank (Q)]. [5)
2, Let £(x,y,?) be a.bivariate normal densify function with
:}e‘r: mean3 and unit variancess Let |9] < 1. Then show
1a « 93 -
(%,¥49) = Z ~— HJ(X)HJ(}') A(x)p(y)
‘gm0 3¢

where £(x) 45 density function of a standard normal
variate and Hd(x) ia a Hermite polynomial of dogree 3.

Show that
© oo ‘ []
I tx,y,9)dxay= f £(h,k,2)d9 +
h k o
oo

. « Bax( fAy)ay) .
h k
Find the value of P(x > 0, ¥ 2 0). Algo prove that
{L £(x,y,9)dxdy 3 ( { e Zﬂ(y)dy) i ¢y 0. (15

3e Explain clearly the idea of sinfular rultivariate normal
distribution, Show,that any linear function of normal
variates is normally distributcd. Is .the-.converse true?
Give recasons in your favour,'

Woreover, show that linear functions of normal variates
arc jJointly normale. Honce or otherwise, obtain tho margi--.
nal distribution of a subset of X' = (xl Xy ees X ) which
is normal. : P

(16)

4e(a) If P 45 an nXn natrix such that

(o )

where A 13 a squarc matrix and rank of A e rank of
GO ON TO THZ NZIXT PAGE



4.(b)

Se

6o

then show that

Q=

i8' a refloxive. invers? of P, the order of Q being

n X m.

I
A = renk of B,

f A 1s a rcflexive inverse of B, show that rank of

{s)
{5)

Let Yy i =1,2,00.5 8 be indepcndent stochastic variates

having a comncn variance

o

and expectatizsns given by

E(y;) = ;405 , E(yp) = 0,405, Elyy) = 0,40;, Ely,)=0,+9,,

E(ys) = 8,40,, Elyg) = 9,48,, E(yg) = ©,40g and E(y8)=04+08.

Show that 01- 02 is ootimoble andl find at loast three
unbiased es:imates ‘of '01-92.

unbinsed estimate (3LUE) end ita variance. Establish fur-
ther that G + & is not estinable, Obieoin an unblased

estimato ofla? 2

Pind nlse the Lest lincar

The following is the inverse of tho corrccted sums of
squares and products of th: four variebles X,,X5.X; and
J(‘l basod on 32 sets of obcervations,

02738289

L
X; +00200037 00027291
X
X

X X,
.00022329 ,00000550
+00183149 -.00009279
«00017112 -.00001167

«00000832

[i41

Also, the corrected sum of products between Y and the X‘s
and also the moans are as follows:

Sulﬂ 461,415

Syy = 531,456 = =3931.050
X" - Sy,

SYX‘IH 16497.822

8yy = 3564.070 il=39.250, 2, 44181, ¥y= 241,500,

X = 332,094, ¥ = 19.659.

(a) Obtain the lease squares ‘vatimates of the parameters
of the regrossion cquation

Yma+ ﬂlxl + pzxz + Bais + X,

(b) Estimate the variancos of tho estimates of parancters. [4)

(¢) Test the hypotheses
Qt"lli) Bz + ﬁ4 = 0

11)

By + P +Bx +P, =2

(d) Given py +p8, =0 ond Py+ Bp = 1, ostirate tho

poraneters.

(5]

[12]

[10]
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PERIODICAL EXUIINATIONS
Statistica-6: Samplo Surveys Theory

Date 25.9467 Vaxicun marks: 5O Time: 1% hours

1.

2.(3)

(v)

3.(5)

(v)

(c)

46

Note:t Answer Q41 and any two of the remaining questions.

Discuss briefly the advantages of a sample survey over the
complete enumeration. Also otate under what circumstances

you would recommend complete enumeration in preference to

a sanple survey. [24]

Show that for simple random sampling without replacement

n - -
E[,l-;iil(yi-y)zl-cf,-v(y)

where 05 = Population variance and

; = sanple mean.

Suggeat an estimator based on a simple random sample of n
unite selected with replaccment for estimating the popula-
tion groportion P, Obtain an unbiased variance cstimator
for this eetimator. L9+9)=[18)

Explain the method of Linear and Circular systematic
sampling. ‘What are the advantegses, if any, of the latter
over the former.

Show that the sample mcan based on & circular aystematic
sanple, with a rondom start chosen from 1 to N = (N being
tho total number of units in the population) is unbiaszed
for the population mean for any sampling interval.

Compare the efficiency of circular systematic sampling with
that of simple random samplingy without replacement for
estimating the population mean, (5+6+7)=(18]
Write short-notes ont

(a) Eatimation based on distinct units for simple random
sampling with replacemcnt,

(b) Estimation of variance in systematic sampling.
(c) Centrally located systematic semples. [6+646]a(18]
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PIRIODICAL EXAMINATIONS
Statistics-8: Degography (Theory and Prectical)

Date: 25¢9.67 NMaximm marke: 50 Time: 1% hours

1,

2,

3e

4.

Eatablish the following relationship betvzeen life table
functions:

o,
(a) oy = °x:h1 nPx € x#n

2n. B
®)  n% =FTm o,
(c) Hy = % [ colog, p, + colog, pn_ll. [3%3]=[9)

Given that the complete expectation of life at age 30 and

31 for a particular group are respectively 21,39 and 20,51
yecara and that the number living at ase 30 ia 41, 176 find ~
tho number that attains the age 31. (8]
<Y % (the survivors at age x in a 1ife tdble) between

the ages 1 and 11 be such that it is [1 - % loglox]

find

(a) the complete expectation of life at age 1 during the
next 10 years,

(b) the average age at death of those who die between
ages 1 and 11, (9+9]=[18]

Write short notes on any three of the following:

a) ‘'defacto' and 'dejure’ population enumeration

b) wuses of vital statistics

o) economically active population

d) development of fertility research in India. [3 x51={15]
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PERIODICAL EXAMINATICNS

Staticties~7: Economics ond Econometrics

Dates23.10467 Maximum marks: 100 Time:3 hours
Nnte: Answer Group A and Group B in separate
answerscripts.
Troup A
Answer any two _questions out of the*
follovingz. B

1.,a) Analyse the procedurc of construction of inter-industry
tables and show how they can bec used to dcmonstrate the
equivalence of the three concepts of national incomes

b) Indicate in thic connexion the relation between the
methods of valuation of interinduatry flows end the treat-

ment of distributive scrvices scctore (17+8]=[25]

2¢a) Find out the total labour requirements in an aconomny,
given the final bill of goods on. the basis of the
Leontief input-output systen.

b) Show that under long run competitive equilibrium, conmo-
dities exchange in ratios given by their labour component

in the Leontief model. liz413]=[25]

3sa) Given labour supply and capacity restrictions in different
sections of the econony, how would you obtain the net out-
put possidbility schedule in an input-output model.

b) Show.how the problom of choice on the demand side can be
solved by introducing consumers' valuation of commodities.

[13+412]=[25]

Groun B
4. Discuss the scope of Economctrios.

5. State the assumptions mnderlying the classical least
squares and explain briefly their relevance in Economics. [

6s What is the problem of auto correlation? State end prove
the generalized least squares theorem, If the disturbane-~
ces in the linear model follow a first order auto regres-
sive process, with ¢ = 1, show that a simple transforma-
tion of the original variables will enable the applica-
tion of olassical loaat squarcs. .
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PERIODICAY, EXAMINATIONS

Statistics-4: Probability and Statistical
Infercnce

Date:30410.67 Maxinun marks: 100 Time: 3 hours

1.

2e

3ea)
b)

c)
d.a)
v)
c)

d)

505)
b)

Note: Answer rrours A end B in scparate answer-
scripts.

Groun_ A

In the joint distribution of X and Y, the whole proba-
bility 1s situated inside the triensle whose vertioces are
(0,0), (2,1) and (2,0). The joint dcnaity function is "
Kexy, whoere K 1is constant. Detormine

(a) the value of K, (5]
(b) the distribution of X%, [7]
(c) the conditional dictrivution of Y given that X=a,
0<ac<2, [91
(d) the aistribution of XY, ° {111
(e) E(X Y). (7]

X takos the values 1, 2 'with probabilitics %, % reopec-
tively. Y takes the values 1, +1 with probabilities

%, %. Correlation coefficient of X and Y is 4+ fb.
Find E(CY). ' n]

Groun 38

Prove the pufficiency part of Neyman-Peoarson's lemmas (o]
Let xl...., xn be 1. 1.4, with .

£(x,50) =35 if -0<x<0,050

a O olacyhero.
Find the M.P. test of uo(o = 2) ageins Hl(o = 3) of

size a. (8l
Is tho test in (b) M.P. against © = 4? Against ©=17 (sl
EITHER .

Define sufficiency and minimal sufficiencye (4]
Prove Neyman's factorisetion theorcm for discrete random
variables. [10]
Prove that 4f T 1is a real valued boundedly complete
sufficient otatistic then T is minimal sufficient, (6]
Let Xjseeey X, be 1.1.d, N(6,1) vhere 0= 0,41, & 2...

Find the minimal sufficient statistic. is)
OR

Stato and prove the Rao-Blackwell thcorcms L110]

Give an oxample of (1) a minimum variance unbiased esti-
mator not attaining the Crarier-Rao lower bound; (ii) a
non-estimable paramctric funotion; (ii1i) an ostimable
parametric function which does not have a minimuan vari-

anco unbiased estimator. (15]
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HID-YEAR EXAMINATIOKNS
Statistics-4: Probability

Date:18,12.67 Maxinua marks: 100 Time: 3 hours

lea)  X)uXprees are random variables taking the values
ly24¢04y N only. ‘Mhen do we say that they form a
Markov chain? {s]
b)  X),Xy,Xs are random variables, cach taking the valucs 1
and 2 only. Their join* distributicn is as follows:

POy =1, % =2 Xp = 1) = T

B(X) =2, Xp =1, Xy =1) = 3y o
Pl =1, X, =2, Xy =2) = 4,
2 [10]

P(X1=2, X5 =1, X3=2)= e
Do Xy+X50¥5; form a Warkoev chain? Give reasons.
2, XysXp9ees  form a Markov chain and each random variable
takes the values 1, 2,,..4 I only.

Py = P(Xy= 1), ppyy = POXpg=3lXg=1)
A1 the Markov chains considercd in this question will
satisfy the following cordition:

. For arbitrary positive intcgrel m and arbitrary values .
13s00ey 4 Srom among 1, 2,e..y N, P(chil,.--.xn=im)>'°-

a) Prove the chain rule
P(X; = 4y X5 = Lppeeey Xy = 1)
2 py P ees .
1Py, naPy 10
b) Suppose it 50 happens that nPiy does nat depend on 4}
that is, wPij = nly for 1 = 1,2,.s., N, and arbitrary

m and J.
What can you say about the random variables? What i3 the
distribution of the randem variable X,( A is any posi-

tive integer > 2)°?
e) Prove that P(Xg = -.1.5|)(:5 =15, X, = 15, 4=1))
=P(Xg = 1] Xy = 15)e
4)  Prove that P(X;= 11|.'L¢=12.x3-13. Xg = 1)
= 2= 1= 1)
e) P 13 the matrix in whooe 4{-th row and j-th column
we hnve mp“.

Prove that the elecment in the 1-Th row and J-th colunmn
of 1P ¢ ,P 18 oxactly P(Xa= ) X = 1).

In the proof, do you noke uge of the Markovian prooerty?
[5 x8l=[40]



3e

4.

Se

ol
X)1X5,X;  forn a Markov chsin; each rendon variable. takes
only- the values 1 and 2. .
P13 = 2P1j for'ell 1 and §.
The joint distributinn of X, &ond X, 1is os follcwa:

Pl =1, X, = 1) .%, P(X) = 1 .X, = 2) .ﬂlr,
PG =2, X =1) =%, P(X;=2, X=2) = .
Obtain the distribution of the random variable Xse {1s]

X tekea the values 1, 2, 3 with probatilities 1/4, 1/4, 1/2,
respectively, Y tables th~ valuco 1, 2 vith probabili-

ties 2/3, 1/3 reapoctirely. Dotermine that Joint distri=-
bution of .X and 7 which will maxinize the correlation
coefficient of X anl Y. 7hat 15 this maximum value? [15)

In the Joint dietribuii-~n of X and Y, probability is

unifermly diastributed cver the triangle whnso vertices

are (0, 0), (2, 0) and (0, 1). Find the fr. f, of

the randem variable (X= Y), {1s]
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‘MID-YEAR EXAMINATIONS
Statistics-4: Inference
Date:19¢12.67 Haximum marks: 100 Time: 3 hours

- Answ.q_x.-__o_.'l pnd two other questions from each group.

Group A

1. Pind the UMP unbiased test of size a of H, (0= 0,) against
Hl(o,l 8,) in the following cases. *
-0x

a) X has density fo(x) = Ge x> 0. f11]
' 90-1 ) . .-
B) Xyseess X, ore i.i.d. with common density
- xg 1-xy .
tolx,) =0 12-0) x;=0, 1, O, =1/2. . {11]

2.8) Let Xyseans Xn bo i1.1.d, with conmon density

£5(x) = K(0)e®* ‘(x). Pind the most powerful teat, of
size a, of H (6= ©,) ogeinat Hy (9 > oo) and ghow that
ite power is a monotonic functicn of €, .
1 1
b) Let X have density !‘O(x) =5 mz s =0< x< ""..
Find the locally most powerful tests of Ho(Ono) against
H1(0>o) and against Hy (<0). Show that the power of the
former test -> 0 as 0 <> =, {11}
3.8) Briefly describe how you may use a least favourable distri-
bution to construct the most powerful test of a composite
“ null hypothesis against a simplo sltornative hypothesis,
Apply your method to on exanmnle where tha least favourable
distribution is not degeonerate. (15]
b) Xypeess X, are Loi.d, N(e,1).  You hava to test
Ho(o = 0) against Hl(Oal). Assuming © has a priori proba-

bility 1/2 of being O or 1, find the Bayes test. (7]
° Group B
4.8) Prove the Cramer-Rao incquality, steting your assumptions
clearly. oo (111

; RIYAR
b) Lot Xjseesy X be 1.2.d. 'N(6,1)) ’Sh‘ow that only for @
the Cramerelno lower hound 1s attained.. Characteorise the
farametric functions for which onc of the Bhattacharya
owor bounds is attained. A - [11]



5.a)

b)

6.5)

b)

7.

-l
.

If Xjpeeey X ore foi.d. with commsn density

. ox, e
folx,) = K(0)o ! y(x,)y= € 6 ¢ =, then shoz that

1 2% 1o an adniseidlo estinator for h(e) w EglX,)e [17)

Honce show that if Xyreaey xn 8r0 1.i.d. and ’,
x .
£(xy) = o> %1- Xy = 0,142y 4eey 0 €A Comy
x .
then — 1 15 en adnicalble eotimater for M. is)
If Xyseesy X, are foi.d. with common density- f4(x)=

' -x, /0 -
- + e 1 xim'l, xi >0
Sy N
. ° >0,
f£ind ths inyroper Bayos estimator for the prior :

p(0) = —:3- @ > 0. .Show that it has smaller risk than

the best unbiased estinatar of Q. {11]

Show that if a Eroper Buyes eatimator is, unbiased then q
ite average risk is zoro. (11]

Let X have the demsity fg(x) = n, &% (1-9)"% -
x

0<CO® <1, xwoO, yeeey Mo Show that X is an admissibls
estinator of © without using tho Cremer-Rao 1nequa11ty [12)
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MID-YEAR EXANINATIONS
Statiatlics-5: Statistical lethods Theory

Date:21412,67 Moximun marks: 100 Time: 3 hours

1.

2,

3e

4.

a)

b)

a)

b)

Note: Attempt x_g;;li __%\.xue‘;;hns. Al _questisnas carry

Let x'Ax and x'3x bo distributed as Chi-pquares and
x'Cx 2 0 for all x.Thon gho# thnt 1€ x'Ax « x*Bx + x'Ox
and x ~N(0,I)ythen x'Cx and x'Bx are independontly
distributed as Chi-aguarcs. Generalise .this result.
Let x ~N(0,I)s Obtain neccessary anit oufficient. condition
for x'Ax to bo dictributed e3 Chi-square. Is the same
result true even when x  N{u,I)y, u £ 0? Girvs modifica-
tions if necessary.

- > .
Let &, and 4, denote the Mohalanobis distances between
two populatisnn beged on p characters and sub-set of q

.characters rcepectively. Obtain the test procedures fer

teating the following hypotheses:
ORI QN 0) egatnot H( L; > o)
11) HO( b"v = l:,) acain.q.t 2( L, > I-u.) when DW;!O.
144) Ho( I“P = 0 ) ageirst H( b >0 ) waen A."= 0.
Let S be distributed as I(p,n,I)s If S = 7T' where T
is a lower triangular matrix with rool‘iva diagonal

elementa, then £ind the distribution of the elements of
T. Give interpretations of tho elements of T. Hence or

_ otherwise chow that a'Sa cnd

ars~ta]?
arc digtridbuted as X° with n end nep+l dcgrees of free=-
dom respectively if a'a = 1.
If §;, 1=1,2,..., k ore independent Wisnarts (p, ni.l),
then show that k

z Si
1=l k
is distriduted as ischart (p,'n, r)y n = 12 ng.
:1

Lot YWyeeesy and VyseesyVy, be two sots containing

respectively k and m one-dimensionnl random variables.
Their joint dispersion matrix is given by

go |12 T2]
T Re)

Some or all of uy may be a 9ubsot of the vm-iablea Vye
a) Let -:r1 - V(ui) - cov(u“ b4 b.1 j)/VI( Tz ijj-)

where bl,..., bk are won-zero elonentn. Find the
values of bl""' bk which ninimizcs

X s
. 1;’.‘ vy cr‘i‘ .

GO ON TO THE NEXT PAGE
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.
44b) Show that tho bert r 1linair functions of ViresesVy
for predicting Ujjseee,y in the scnoe of nminimizing
z corrnspond to first r eigenvectors that arise
out of the drterminrnial equation | Za 510 M %‘.’.I = 0.
Interprct the rosults wnon Uy slnpeeeyy is a subset of
VysesssVpe

Be Stato and provc 3 gencral theorem on tho distribution of
tho Chiequarc statiatic of the gcdidncas »f fit, Give ‘some of
ito applicaticnse ’

‘608) Obtain on exact test for independence of two charecters
in a contingency table, Also, derive a laryc sanmple test
procedurc.

b) Given p multinominl populations. Obtain a large sample
toat for testing homoseneity of these populations.
Suppose in onc population, two cell freguencics are mixed
upe Give the modific~ticnn in your test procedurce.

7e.a) Cmsider a snmple of n valuer fron an absclutely continu-
ous dictribution. Define the sample quantile of the p-th
order and obtain ita aaylmptnuc distribution,

b) Let te the r-th centrnl mement in a samwle of size n,
Find cov (m,, n,) upts order 1/n.
.6} Let E be distributed an
P(r = x) = a, 0% /5(8) Oor x =0, 1,2,...
whero a, 20, .0 <8 <R and f(6) =T a, o*. I1f°
oy = 1/(x!). Find the estimate of @ baacé cn n cbserva-

tions on ¢ and its standard crrore

>
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ML -YZ2:R ZXATNATIONS
Statigtics-5- Stavicticol tothods
Ienetienl

ate:22.12,67 Maxinum narkst 100 Tima: 3 ¥ ys

1. The followins table givec tie heal leagth and hoad breadth
of the firat end gecorn.i sors of 20 feril.na.  *

Head Tength ~Heed bron~dtr iocd Teasth decd treacth
first non __ first son __scomZ ron  ceend son
—k J3 %4
191 155 WA 152
195 . 149 28 1t2
181 14€ 1u5 149
183 153 1£8 149
76 144 17 142
208 167 192 52
1890 150 | w9 149
’197 1 1E9 182
nes 152 197 259
192 150 e 151
179 158 1€4 142
183 14 174 147
174 150 1ES ih2
190 159 195 157
188 151 bE-Y4 158
163 137 161 120
195 157 233 148
186 153 e 148
181 145 182 246
175 140 OB 137
a) Estirats the moan vector u and ihe variance-coveri-
ance matrix I. {25)
%) Fnd tha sample multiple corrclaticn ecefl{iciont
betweon x, ond (x5 %59 ':3) {el

0) Tect tho hypothngis: .
'Tho multiplo corrrlation cceifizisnt belreer.

x; &nd (x4, Xy, x4} 10 zero's 7]
d) Test the hypothusis (at 10 purcent lavcl of 3irmifi-
' The rean vge-‘;g; of tho poprlntior ic
. 2% = (185.0, 1530,0, 1€3.0, 3.50.0}. (20]
24 T'.:roo objects ary vnighed oix tines in a chemical bal-unece

by putting somo objects un th. left per and soma om thy
right »an anil brlencing the sen by putsly, standarid
woighte, Dacih weipghin-~ inyolver an ceres which ie .
distrihutad as N(0,6%), 6= ULl unkncw.. The ravults
are on follows.



3o

2~

objocta en tro T+ atandird woiiht in

loft pon wishit ww | _Xedf pan _xicht noan
A, D 4} 0.9 -
A, 2 B - 1€.9
- N, R4i,9 - 2
m“' N ‘”“*"‘_' | X - . 'Ié.p’m
< - 3,C 35.3 -
A, O - o £28.6

It 48 not knnowm wvheother tho bdbelanes 1a unbicsed or nost.

It was later known tha% thc nbjz2cts A and B resulted from.
the breakt-up of a fourth objoet D into two pioces and tho -
woight of D vas tho scnc a3 tha woipght of C.

a) Writo dowm tho mnidsl and the obocrvational equations. [8]

b) Pind the bdost lincar unbipsed estimats of the bias

of the balance and the actunl woights of A and B. (15]
¢) Pind the standard orrcrs of tho estimates in (b). {7]
Records. {10}
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Statistics-6: Saovlings Thesry

Datet28,12,67. Maxinum marks: 100 Time: 3 hours

1,

2.a)

o)

3.a)

Note: Answer guecti-n § nnd any three of the othar’
queations

Supposc a sample of n units is to be drawn from a finite
population of N units using circular systematic sampling.

i) State, givingz rcasons, whotior you prefer the .
sanpling intorval [N/n) or_[i/nJ +1 for estima-
ting the population mean Y.

11) Can the interval be fixed arbitraily, end if so,
vhat 1c 1ts effcet on the unbiazed nature nf the
estimator and on 1t3 variance, when the units
have boen arranged in ascending or descending order
of a sizec-measurce

111) If, inatead of using cne fixed intervel I, a sequ~-
ence of prespecified intervals (IJJ' 3 =1,2,.44,n-1,
13 used, I, beiny the interval used for selecting the
(§+1) unit, derive an unbilascd cstimator for Y.

iv) If the samplirg intervel in taken as the integer *
nearest to (N/n), find the condition under which
thera would not be any necd to repcat or cross the
randon start to athiew the required sample size.
-[5+8+745)=[25]

What are the advantages of stratified sampling?

In stratified sampling where n, units are sclected using
sinple random samplings with~ut “replecement froo the N
units in the 1i-th strntun, Im1,2,e.., k, dcrive an unbia-
sed estimator of tho overall populaticn preportison P of
units poemessing a particular characteristic. Alsd derive
the sampling variance of the estimator of F.
Suppose thec objective 13 to catimate tho difference ° .
betwoen the rates of incidence ¢f a particular disease
in two villanvs, one a model villemo having My peraons
and the other a neighbouring village having "2 peraona,.
Let C; and C, be tha averasc casts of medically exa-
nining a person in tho two villageo. Assuming the cost
to be fixed at C', dctermine the optimum amllocatisn of
the total sample sizo to tha twc villages whon simple
randon sampling vith replacvmont is used in cach villege,
(6420420 )=(25}

In two-stapge.scampling, shov that the variance of an
eatinator t c¢f @ can be exprensed as

V(t) = vlnz/i(t)+ Elve/l(t),
whero B). and V, are the unconditisnal expeeted value

and variance over tlLe first stage oamplin~ and 52 and
V. are tho conditional exnceted value and variance over
2/1

tha sccond stage for n pgiven ocople at the firat etage.
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b)

a)

b)
c)

For estimating the t~tnl nurber of cultivators (Y), a san-
ple of n villages is nolected with replacerent frem the
N villagea in tha ponulatinn with probability proper-
tional to the current nuuher of households (H1 , and

from cach onnnle villacwe m housch-1lds nre sclected
circular syatematiemllys Tho nunber of houschzslds in
oach of the nn gnnple househ»lds 1a det:rmined.
Supzeat an unbiansed estiaatar o Y and abtain an
unbiaged variance estimater for it.
[10415)=(25]

If Y and X ar2 unbiased estimators nf Y and X
based on any prcbability campling dosim, derive the
approximate expreasisna for the bins variance of the
ratio estinator

R(=Y /%),
stating clearly the ascunptions involved.
What do ycu understand by ratis nethod of estimation?

Under vhat circumstances 1s the ratis estimator more
officient than the conventional unbiased estimator? .
. (154545]e(25]

Write brief nctes on any threa of the following

1) cluster sanpling

11) Lahiri's meth~d of pps selection
111) reprossinsn necthnd of estimntion .
iv) self-weighing designe (25]
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Statistico=-6: Sampling Practicnl

Datei 26412467 Raxinun narks: 100 Timo: 3 hours

1.

2.

Answer any three questisnn. Each oucsti~n enrrics 28
parks and 16 marks arc ror practiesl roenrde .

A populatinn of 112 villages hnn been divided inbo 3
atrata having 51, 37 and 24 villagoo recaopaectively rn the
basis of the tyvne of available auxiliary informatisn, Wo
havo a sample of 6 villazcu golected with simple random
annpling without reolaccment fron the firot stratum, a
samplo of 5§ villages sclocted with rejlacement with pro-
bability proportirnal to sizo moasure x (roographical
area, in acrcs) from the second stratum and twe linoar
syotematio samvlos (of four villages cach) solected
without replncemcent from the third stratum., Fnor cach
solocted village, the totsl® arca under wheat(y) is
ocbserved, Tho observed vnlues end other rolevant infor-
mnation aro given in the folleowing table.

sonple atratun 1] _ stratum 2 atratum 3 {v)
villago v [ x Y snmple 1 samplo 2
1 75 ™9 247 427 335
2 101 617 238 326 412
3 5 870 359 481 503
4 78 205 129 445 348
5 8 569 223 - - -

6 45 - - - -

Total of x in otratum 2 = 26,912 acres.

Bstimete thd pcpulation total of y and obtain an esti-
mate of 1its variance.

To estimato tho t~tal numbar of words (Y)in an English
dioctionaty, 10 cut »f 26 nlphabets wore seclcctod with
replacement £nd with probability pronorti-nal & the
nunber of pages devotcd to an alphabet and for cach soloe-
ted alphabet, two nagea wore drevm with oqual probability
without replacements The relevant sanple data are given
in the tnbgo givon balow,
1) Estimato unbimsodly Y and obtain an catimate of itam
relative standard crror.
11) Eatimate also tho officiency «f the absve method
of ganrling crmparcd to thnt of drawing 20 pares
fron the dictionnry with cjual probability and
with replacoment.

Ble NOe snmple noe 71 parcs nd. cf words in sample
alphabet dcvoted ___ pane
2
1 R 5 54 27
2 [ 97 27 26
3 N 21 44 38
4 S 131 24 29
5 F 43 25 0
6 J 7 42 48
? u 18 24 21
8 P 85 53 24
9 A 49 47 55
10 D 54 38 57

{Total nunuer ot papgen in the diotionary: ©80).
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4.

2=

For estimating the percentasze of absenteecs in the 325
factories scituated in a district, a sample of 20 facto-
ries was dravn with cqual probability without replacement,
Utilising the data given in the following tabdle, coticate
the percenteg? of obsenteces (R) and 1ts relative stondard
error. Also obdtain an approximatc estinate of the bias
of the ratio estimatce

Ore NOs Of NOe Of Nde Of BYeNn0. no.of  no. of

factory  workers absenteeajof fucSory workers absentecs
1 95 9 11 148 16
2’ 79 4 12 89 4
3 30 3 13 57 S
4 45 2 14 132 13
5 28 3 15 47 4
6 142 8 16 43 9
7 125 9 17 116 12
8 81 10 18 65 8
9 43 6 19 103 9
10 53 2 20 52 8

Por estimating the totel agricultural population (Y) in

a region, a sample of villages was gelceted from each
stratum with prrobability provortional to previous census
population with roplacement, and a sample of houscholds
was goclected from cach pample villavye linear systemati-
callys Tho sampling intervals used in the eaaple villages
were 80 specificd that the sampling design was self- |
weizhting with 250 as the constant inflation factor for
each gample houschold, Using the data given in the table
given below, estimate Y unbiasedly and obtain an estima-
te. of its relative standard error.

stratum no. of total azricultural population in sample
sanple hougcholds of samnle villapze
)

villaces 1 B 3. 4 3 57
1 L4 57 48 72 63 n 54 62
2 5 . 48 35 76 54 ° 30 - -
3 6 25 22 34 45 68 55 -




TiiDIAN STATISTICAL INSTITUTE
Regearan and.Training School 93
B.Stat. Part IV: 1967-68
MID-YEAR EXAMINATIONS
Statistics-7: Economotrics Theary and
Fractical

Date:27,12,67 Yoxinun marks: 100 Time:3 hours

1.

2e

Note: Anawer Queationz 1 and 2 and any two of thr reot.

Consider a scingle equation model

Y=X8+¢ vihere Y 1e a vector of observations on
the rogrossand vy,
X 13 a nestrix of observations on
k regressors,

v ’ g 18 a vector of coefficients,
€ 4o a vector of disturbances.

Examine the followins atatements nnd indicate whether
they are correct or noteIf they are incorrcct, specify
the correct form:-

1) If the disturbance term is not serially inéenendent,
the classical lecast squares estinmatcs of B are
biased but consistent.

11) When the rersreesors are ret independent of the dis-
: turbance term, the classicel least squares estima-
tes of B are unbiased bul have a low degroe of

precisions i .

114) If some of the regrcesscrs aro highly inter-corrola-
ted, the classical least squarcs estimates of 8
are consistent, .

iv) If the regressors include among thenm the regrossand
with a lag and if the disturbance term follows a
normal distribution, the claseical least squares
cstimates of 8 aro biased but have the large sample
properties of consistency and efficiency. [15]

The following data give the output per acre (Y; labour
input gor acre (xy) and capital investment (x,) per acre,
according to sizc“clacscs. Estimate tha rCIagionship

Y= Axg xg, naking the naceosary assunptions by -the .method
of least ‘squaren,

Test the significance of the coofficicnts a and 8 an
£ind out the 'Ré‘. Briefly comment on the eutimgtudd'
roegresaion equation,

ize class
in acres) ) 2 X
labour capital output
(days) Re.) (Rs.)
0 - S 43 684 107
5 - 10 47 681 131
10 - 15 28 412 €8
15 = 20 21 512 56
20 - 25 22 309 55
25 = 30 -2) 271 57
30 - 50 2 329 63

L3s}
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¥hat is the identification problem in simultancous linear
aconomic cquation systems?

Exonine the identifiability of the cquations in the follow-
ing modcl. ‘That is the reduced forn%

s = a + &g Yt * Uy
To = By +Pp Yy + 83T + vy
Yeg = Cy+ I+ 2,
whero ct = concunptisn Expenditure 4n time period t,
¢ = proos fixed canital formetion in time period ¢,
Y, = grosn domestic product in time period t,

zt = Exopenous factor in time period t (erosa
invostment in stocks). [25]

“hat is the preblem of errors in variables in regression
annlysis? Suppcse that
X = X+u
Y = +u
and 9 =a+d X
where X and Y are the observed values, X and ? are

true valucs and u and v arc the errors of obscgga-
tion norpally distiibuted with zcro mean end cﬁ, s

es variances. Assuningz further that gﬁ /c' = A, find

out the maximum likelihood cstimate of b and show that
it i3 identical with the least squares estimato if

vﬁ = 0., 7%hat aro the properties of least squares esti-

mates in this case? (25])

Write short notes on the following (any two):

1) Auto-correlation.
2) Multicollincarity.

3) Use of Inotrumentanl varianbleas when there aro
errors in observations,

4) Qualitative variablns and Durmy variables. (25]
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100)

b)

2.

e

4,

S

Angwer sny fcur queatisns ocut of the follewinge.

Define the fcllowing conoepts: priral and dual of a

linear programne, feasible and optimal soluticns of 2

lincar progracme. [9]
Show that the solutions for quantities and prices of
conmoditics in the Leontief static system can be inter-
preted a3 optimal solutions, 1f it ifa formulated in terns

of linear programming. {16]

Use the basic assurptions of the Leontief dynamic system

to derive the mchedule of net-output possibilities in a

one period programme, given the initial stocks. Define
clearly in this connecticn the concept of efficiency

locus and explain briefly its relevance to optimal plan. {25)

Show that the assumption of cquality of supply and demand

in the case of both flow and etock rclations in the

Leontief dynamic system may result in economically mean-
ingless solutiona. State and Justify any procedure to

make the system meaningful. [25]

Dnfine the concept of balancci @owth. Show that the
Leontief dynanic syoten (with no oxcess cepacity) has a
maximal rate of balanced growth out of all balanced
growth paths (with or without cxcess capacity).

(Rigorous proof ia not rcquired). {251

Solve the following problem by simplex method:
Maximise z = 60x; + BOx2 + 90x3 + 90x, ¢
subject to

100x; + 200x, + 10¢:>x:S + 100x, £ 1500
™+ Bxy + 3xg + 2x, < 100
3x, + 5x5 + ].Ox3 + 15x4 £ 100

X1 Xy Xgo Xy 20

Fornulate the dual of the above problen and give its
solutions. [25]
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l.

2.a)

v)

3.

4,a)

b)

o)

Obtain the differentiel cquziion of the growth of popula-
tion and derive the logistic stating clearly the condi-
tions under which it is applicable. Describe the proper-
ties of such a growthe Discuss the law of growth of popu-
tion with reference to Indis, given the following data:

yoear 1851 1901 1911 1921 1931 1941 1951 1S61
popula-

tion in .

millions 236 235 249 248 276 313 357 389
- T T T T T T T T T G545 1=125)

Enunerate clearly the oscential fecatures of an abridged
life table.

The frequency distribution of the length of lifc of male
insects belonging to a certain species S in en cnvironment
‘E' 18 given by

- o250 20X
(x being measured in_days and M being the total number of
ingects at the start). Thc total number of male insccts
of the sone spccies in a colony brougiit up in the sane
environment is 555 at present. Estimate thc nuader of
surviving insects in this colony 3 days hence. {15+15]=(30]

The proportion of ever married women observed in succas-
sive 5 year age %roups are shown in the table balow. The
everage nuober of female childron born on completion of
reproductive periods to women (including thme who were
widowod or divorced before the end of their reproductive
periods) married at various nges are alao shovm in the
snme table, Colculate the Gross Reproduction Rate for
the population. Explein the method of your calculatinn.

age group percentage  averags nuuber ol fenale child-
in yecars of ever mar- ren born to ever married women
ricd women _ (comrlected fertility)

15 - 19 4 1.868
20 - 24 43 1.297
25 - 29 73 0,933
30 - 34 80 0,633
35 -~ 39 81 0,300
40 - 44 a2 0.069
45 -~ 49 83 0,002

—_ et e = == [20]

Dofine ‘underlying cause of death'. Briefly indicate the
procedure of its asclection and its significance from the
public henlth point of view.

What typos of errors occur in census data? How do they
arise?
Explain briefly:
incidence and prevalence ratea; .
criteria for classifying acute

and chronic illnesscas -
duration of 1llnosse [10+410+101={30]
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1.

24

3.2)

v)

4,.a)

b)

ﬁ.ai

b)

6ea)

Answer question 1 ond any five of the rest.

Write short notcs on any five of the following:

Parallel tests

Incidental and explicit solections
Linen score

Iten discrimination

Standard crror of mcasurement .
Percentile norm. [4+44+4+4441e{20]

OO o'P

Doscribe the errorsof measurcment, substitution ond
prediction in pesychological tests, piving the equatinns
defining them and their standard deviations. Explein the
meaning of symbols used in the ecquations. [16)

Trite a short note on the effect of teat length on the
coefficient of validity ond rvliability.

Explain how the method of analysin of varianco can be
used to cstimate the reliab®ility of n test. l8+8l=(16)

What function ol test reliability (end test length) is
invarient with respect to chansea in test length?
Carofully state the assumptions under which the above
function 1is obtnined.
Thero are two tests x and y. “Yhat is likoly to be their
correlation when both are doubled in length? Only the
following information 1s availadble on the two tosts.

Tyy = #50 T = .60, Tyye = #70. {8+81={16]
%hat is the effect of increasing test lenzth p times on
the variance of the obscrved scores and the utandard
error of measurement.
Asgume a sot of test scores oach of which has becn divi-
ded into compareblo halves for purnose of obtaining a
split-half reliabilitve Designnte these halves by xg
and xpe Let d = x,~x, (the difference between a
person'’s score cn part a and rpart b). The total score
on the test is the sum of their halves (S = Xxg+xp).
Assume that the halves are comperable so that their means
and standard deviations are identicale

1) #rite r, . 1in terms of tho standard deviations of
8 end a. 2 b
11) Write tro relicbility of tho total test in terms of
the standard deviations of s and d. [6+5451x=(16]

Prove that the corrclatinn between true and observe

scores for a test of double longth is /2r/?1+r). where
r 1s the rolinbility of the oririnnl test., List the
assuniptions uscd in neking thia derivation.



6eb)

e)

7e8)

b)

8ea)
b)

=l

Obtain the re2coneble limito for the differencs of true

acores (t,-t,) when the corrﬂcponlinc observed scores diffe-
rence 1s X =x ) anad Xy and x, are thn obgerved.gcores for tho
i-th and j=th pcracno, It 1s"siven that %50 1o the standard

error of nocasurement.
Virite briofly what you’ ncon by spced and power teats,
{6+6+41=[16)

What is'correction for fueaeing?'? How 1s item dAiffi-
culty value corrected for gucssing? Discuss the .
cornonly uged fornulaos giving the underlying asousnptions.

Show that the rclationship between the rcliability of
the oxplicit sclection variable and its validity for
predicting the incidental selection variable is given

by
1l - r
L. X oquals a constant. [8+8)=[16]

/1 z

- rxy
What 1is mcant by item analysis of a test?
A test in mathomatica has reliability of .75 and a test

in English has reliability of .70. The intercorrela=-
tion of tho two tests 18 +45.

Eetimate the dogree of intercorrelation if

1) the mathenatica test alone is made perfectly
reliabdble

11) the English test above is made.perfectl
reliable, P v {8+44+a1=(16]
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1.

2,

3.

4,

Se

Note: Angwor anv two question from Group A and

0 v
8ll _guestions fronm Group B.
Group A

Dorive the standard orror of sample /3,. Deséribe a large
samplo test of normelity based on sampl /61. Yhy is it
not possible to test for significanco of tho samplo pl

directly without taking the square root? 125)

Dorive the limiting chisquare distribution for the sample
good of fit (chisquare) statistic stating cleerly the
agsumptions involved. How would the test proeedure bdo
affected 1f the sample freguencies represent the pooled
frequencies in the different classes obtained by strati-
fia& sampling.

The sample quartilea in a sample of size 100 from a cer-
tain populatior were = 0,63, 0.08 and 0.72 respectively.
Teat if those could be regarded as sufficient evidence to
descard the hyvothesis that the population pamplcd is
standard normal.

(25]

(25)

Groun B

In an experiment to determino whether five makes of auto-
mobile average thoc same numter of miles per gallon, threo
cars of each make were sclected at random in each of three
cities and given a test run on ono gallon of a‘-etandard
gasoline, he table gives the nunmber of miles travelleds
Make an analysis of variance and detcrmine whether trere
is a significant effect (a) of makes, (b) of citics.

¥ako Los Angcles San Francisco Portland

2043, 19.8, 2l.4 21.6, 22.4, 21,3 19.8, 18.6, 21.0
1945, 1846, 18,9 20,1, 19:9, 20.5 19.6; '18.3, 19.8
22,1, 23,0, 22.4 2041, 21.0, 19.8 243, 22.0, 21.6
176, 18.3, 1842 1945, 19.2, 20.3 19.:4, 18.5, 19.1
2346, 24.5, 25.1 17.6, 183, 18.1 22,1, 24.3, 23.?25]

Hyawx

An investigator was asked to teke 10 indcpendent measure-
mente on the maximum internal diameter of a pot. The stan~
dard deviations of these measurements was 0345 mm. The
experiment was repoated after a few days when the invegti-
gator had had sufficient practice and the standard deviation
of th: ten measurcments was .0126 mm. Does it mean that
with practice the investigator has become more consistcnt?
State the aspumptions underlying the test. Also state the
null hypothesis and the alternative considercd. Indicate
the critical point(s) of the test at 5 «/s 1level of
significence? . {15]

The coefficient of correlation botweon tso characters eati-
mated by four investigators from samples of gizes 20, 25,

200 and 250 were 04318, 0.253, 0.278 and 0.289 reopoctivoly.
Would you regard the dif[erencn as due to fluctuations of
sampling? [10]
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1.

2,

3e

lea)

llote: Answer *r_Groups A and B in eoparatc anewerseripts.
Group A

Explain the roles of randomispiion and local control in
planned experiments. Illustrate theae by discusaing
somo experimentse {15]

Explain the lay-out for an experiment to compare five
treatments using a Latin Squars desirm. How would you
estimate the efficiency of this design rolctive to a

design uei.ng the rows as blocks?

Write down four nutually orthogonal latin squarcs ot

ordor five, {15)

Virite short notes or. any two.

a Analysis of covariance
b) Missing plat technique (20]

c Cross—~over dosigns.
Group B

The following table gives the yield of wheet per plot in
a manurial experiment carried out in a 4 X4 Latin Square.
The four manurial troatments ers denoted by the numbers
1,2,3,4 in parantheaes,

Yields in a 4 X 4 Latin Square Experiment.

b)

Column 1 2 3 4 Total
Row — e a— -

1 (2) (3) (4) (1)
425 442 540 - 340 1747

2 (4) ° () (2) (3)
384 512 490 408 1794

3 (3) (4) (1) (2)
506 508 536 600 2150

4 (1) (2) (3) (4)
451  _568 _499  _3a7 1865
Total 1766 2030 2065 1695 7556

. ——— P S —

Total S.S.(corrected) = 67,863
Test whether the treatments are significantly different.

Carry out the analysis when the observation in the first
row and fourth column is not available, 15+410)= ["’5]

GO O TO THE NEXT PAGE
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Note: Answer Grouns A and B 4in_senarate ecnawerscriots.

EITHER e, T, (x)+0,T, (x)
1.8) Let, X yeee,X, have joint denasty o L 1 272,

ay < 91 < bi' { =1,2 . Describo brioﬁy how you can

obtain tho UMP unbiasod similar test of H, (6, = 63)

egainst H, (0, £ 07). f20]
®) Lot Xppeee,X; b0 fei.d. H{k, 0%). Pind tho 2P

unbiaged similar tost of H (u = u,) egainst Iy (x £ uy). [20]

OR .
2,a) Show that 1f a oonfidence interval for © 1a shortest in

Groun A: Inforence

some olass of confidenco intervals in the scnse of lleyman
and has finite average length under all O then in that
class it mininises the averaze length under 211 6. [20]

) Lot X bo a resl valued random variable with cencity
£fo(x) (= = < 6 ¢ =) which has monotone likelihood ratio in

Xo , Supposc that UMP unbiased tests of -th: hypothoscs
HO(O =0,) vao Hl(e £ 00) ‘oxist for all @, and are given

by
0,(8,) 5 x £ 0y(8,).
Suppose also that o,, ¢, are continucus functions of 6. )
8how that a UMP unbinsed confidence inferval exists. [20]
3¢ Let X and Y be indevondently distributed according to
onc~parazeter exponential families so that the joint dis-
tribution is given by ~ ’

T 6,9(y)
ete0" P tarxiea2 ™ ney).

1) PFind the WP unbiased test of Ha(el = a, 6, = 1)
agoinat !Il(el £ a, 6y= b)s Show that it 1a unbiasged

against H{(0; # a or 0, £ b). . (s]
11) Show that thero does not oxist a UMP unbiased test of
H (8, = a, 6, = b) againct H]'_(Ol £a or 0, £Db). (sl

GO O TO T.= NEXT FAG3
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b)

e)

d)
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b
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Group B: Prabrbility

"o e

Tho nminimel otat: sraco of a homogeoncoun Markov chein
consists of 1, 2, 3 and 4. Tke Joint distribution of xl.

xz is as followns

_Point _Probability at the woin

1, 1 1/12
1, 2 1/12
2, 1 1/6
2, 2) - 1/6
3y 4 1/6
4, 3 1/3
a) That is the tronsiticn probabilily matrix P 2 5]

b) Obtain the distribution of “he rondom varindle Xyooe [6]
¢) Obtain the joint distribution of the random (s
vr.\riublo-:. X500 ond o1

State Markov's basis theorem on stochaatic matrices .
having at leest one zero-free columne [4]

P 1s a stochastic matrix ccntaining at loast onn scro -
free column. Prove that =1 < |P| < +1.
|P| @cens doterminent of P. [s]
If 8 18 any stochastic matrix, prove that .
-1 < |s| < +1. . (4]
Give nurierical cxanmples of stochastic Tricos :Ii and
B (of ony convenient order) such that Tﬁ = +1, |B] = -1.
: [2+2])=[4]
Find tho e¢igen values of the transitisn probability
matrix
o o 1/3 © 2/3
o [} 1/3 2/3
1/4 1/4 1/2 [
0 1/4 3/4 0 . (8]
Explain tho statoments: .
1) } 1s a consequent of 1,
11) transiont stato (or intoger) . [2+2]=[4]

Provo that 1f 1 ia nontransiont and J 1s a conse-
quent of 1, J 48 nontransient, (sl
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PERIODICAL EXAMINATIONS
Statistics-7: S.Q.C. Theory and Iractical

Date: 2543468 Maxinum marke: 100 Time: 3 hours

Notet Anawer Q. 1loe. ) and any other four queations
fron tha rcst.
1. Following table gives tho averacos und, rarngeca in sanmple
of size 4 of test rocords of copper content in conmmercinl
brass ‘shcotas .

Semple X R _Samplo X R
1 11.10 0.6 16 11.45 1.3

2 11,70 ‘1.2 17 11.55 1.6

3 11.35 1.0 18 9,98 0.4
e 4 11.25 " 1.0 19 10.78 1.2
5 11.40 2.0 20 11.23 0.7

6 11.00 0.6 21 10,93 1.7

7 11420 1.0 22 11.50 2.7

8 11,35 1.2 23 10478 0.7

9 11.50 240 24 10.95 1.1
10 10,08 1.1 25 11.48 2.9
1n 10,85 1.0 26 . 11.80 0.4
12 +11,53 1.2 27 12.20 2.0
13 11.15 048 - 28 ., 11.88 1.5
14 11.28 1.0 29 11.23 0.8
15 11.00 Ce8 30 11.30 0.6

a) Draw a control chart and test whether the process is
under statistical control.

b) A minimum of 9 /¢ copper in any shcet ie the markot
spocification. Excess of 0.1 */+ on an Bvora?e
results in a losg of R8.8000 por annum to the factory.
Estimate how much saving can bo affected by meintain-
ing stetistical control at a propor lecvel so as, to
satisfy market specifications [15410]a(25)

2, What 1p average run length (ARL) of £ cogtrol chart ?
Derivo tho general exprossion (1= pA)/pA(1=-p) for ARL
of X-chart where A\ successive points becyond a control
1imit indicate lack of control and p 418 tho probabi-
11ty of a point falling beyond a centrol limit. [(3+151=(18]

3sa) Distinguish between opecification 1linit and control
linit. Describe differcnt situations for a process under
control with reforcnco to the corrosponding specification
limite
b) The toleranco gpecified for tho insido diameter of a com=-
ponont 18 0.005'" + 0.001'. Thc componcnts below lower
spocification would bo reworked at tho cost of Ra.t ecach
and thosoc above upper ngociticction would bo oerapped
incurring a losa of R3s9C cache The proccss 8.de 1c
given to bo 0.0006'% Whero should procoss be contered so
that tho total cost of rowork cond scrap is minipun?
{44648]=f18]
4.8), What is a group control chnrt? Explain how would ysu
prococd to construct a group control chart for a group
of 6 machinoas producing same itcme Indicato your
assumptionse .



2w

44b) Briecfly dcacribe how to construct (i) control chart for
number defectives and (ii) control chart for defect per
unit when sample size varies., Give a bLrief interprcta-
tion for thcsc charts. [6+12)=[18]

. S.aj Explain any three .
1) AQL (44) AOI (411) A0QL (4iv) Indifferenco
quality.

b) Derive goneral oxpresaion for OC and A0I of a double
sampling plane Construct a single sampling plan for

AQL = 0,03 Producer's Risk = 0,05, L7PD = 0.08 end

Oonsunmers® Risk = 041C. {6+12])=[18)
6.a) From Dudge and Romig Inspection tables construct a single

and double sampling plan for .

1) lot size = 900, LTPD = 5 /s Procdeus averago = O.4 ¢/,
11) 1o size =6000, AOQL = 2+/, Procosa: average = 0.6 v

b) In a inspection plan lot quality is mcasured by n, the
**average number of defocts per item in the lot. Derive
* *the acceptance and rejection numbers for the r-th scquen-
' "tial stage and outline graphicsl acceptance sampling
procedurce Sotup on item-by~item soquential sampling
* ‘procedure for . .

Tt AQL (n-_‘:) = 0.8 I’roduccrs'_R;‘lsk (z) = 0,05
LTPD (mg) = 244 Consumers' Risk (3) = 0,10. [6+12]=[18]

[3}

Noatness,
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PERIODICAL EXAMDIATIONS

Statistics-8: Genotics

.

Dato:le.4.68 Maxinua narks: 100 Tire: 3 hbure
Note: Anawer any four quaestions.
1lea) Bricfly describo with exanplce Mcndel's Firat and Second

2,

3e

b)

a)

)

c)

4.

Se

Principles of inheritance. Discuss their importance and
applicabdility in the study of heredity and comnent on
their universaXity, if any.

Explain what is meant by cross over ratio end indicate in
bare outline how this can be used to precpare autosomal
maps, clearly stating tho assumptions needed. {1649)a(25]

What i1s moant by linkase? 'Thcen is a character said to
bo scx=linked? In some Drosophila fanilies it is found
that sex ratio 1is approxinately. 2 female: 1 nmales. How
can you explain the phenomenon?

A colourblind man has a normal brother end a colourblind
sister, Givo the genotypes of the parents.

Suppose one has to f£ind homozygous individuals (for a

gingle geno) by using a test cross to a reccessive indivi-
duale What should be the sizec of the rrogeny raised so

that in less than onc per cent of the cases a heterozygous
pay pass off as a homozygous? . [10+4748)={25])

For the estimation of linkage, calculete the amount of
information per individual in a (1) Backecrcss and (11)
P, data for genes showing (a) conmplete dominance and (b)

incomplete dominance. Comnent on the loss of information
because of incomplete claasificetion. [In case of P,

assume the recombination fraction to be the same for soth
the nale and fecmale gametogenesis]. [25])

You are given tho following ostimating equation
n ng /n, ny = (2P + ?%)/(1- 2P + P?)

for Fz data where Nyy Ny, Ny end n, are the observed

frequencies for the phenotypes AB, Ab, 2B and ab . .
respectively, and P stands for (l-p)é, p being link-
ago ratio for both tho male and female ggnmotogenesis. . .

Calculate (on the large snnple assumption] the verisnce

of the estimate and show that the estimate 18 efficient.

How does it comparo with other rival cstimates when

single factor segregations are disturbed? [25])

Suppose the data for severnl familics scgregating for a
aingle factor are available, Deacribe tho methods you

can apply for testing the hcterogeneity of the families

under different conccivable situations. Indicate how

you can tackle the problem in case of hierarchial classi-
fications. Give tho cxprossions of X& which you will

use for these problems, following Brandt and Snodoooy's
formula. ) [25]



2

Por families of size n secgregating into k classeo
with expectod frequencies By and observed frequaties

ny (L m1, 2, 3 ess k) show that if x = A ony,

i=1

k
x''= T Mo E(x) = E(x') = 0.
1=l .

1
1 k- 2
then (1) & Varignee (x) = " Z my Ay
1=
. . %
1 .
and (41) 4 Covariance (x, x') = 1.}-:1 my A x;_.

*Per Pz dz;t:.\ involving two factors which are indivi-

dually Mendelian, explain how you would uso the above to

set up testa by which linkage could be dotccted and

Mondelian hypothesis for cach character worified, all

three boing done indepondently. [25])
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PERIODICAL EXAMINATIONS
Stetistice~7: Economotrics Thcory and Practical

Dato:B8.4468 Maximum marka: 100 Time: 3 hours

10(5)

(v)

24

Tho following gives tho percentage distribution of persons
and the averago percapitaimonthly total consamer expendi-
ture by monthly per ocapita expenditure classecs in rural
India for 1960~61. R

monthly per capita percentage averagce per capita
oxponditure class of monthly total oxpendi-
(Rs.) persong ture (R8.0.00) ______
(0) 1) - (2}
0- 8 6044 6466
8 - 11 11.84 9.57
11 - 13 9,93 12,05
.13 =15 990 14.03
15 - 18 13,77 16.42
18 -~ 21 1l.62 19.61
21 - 24 9420 21.45
24 - 28 7456 25,75
28 - 34 . 7462 30.99
34 - 43 5.87 37.96
43 - 55 3406 47446
55 end abdove 3.19 84449

1) Draw the lorenz curve for monthly percapita total
expenditure (X), showing clearly tho necessary com-
putations involved.

11) Assuming that X 4s distributed as/\(x, 0°), osti-
mate o from the observed lorenz ratio of the given

distribution. 25])
Following are observations on quantities sold and prices
of an egricultural cormodity for 8ix consecutive timo
periods, in a certain market.
time quantity sold price p

t x, (1000  metric ton) (Ra./qufntal)

1 ‘1000 130.0

2 - 115.0 112.0

3 1075 123.0

4 112.8 11645

5 109.0 121.0

[ 11065 118.0
Assuming a Cobwedb schome for demand and supgly and that
market 1s cleared in every time period, plot tho scatter
of points both for the demand and supply curves. Pass
straight lines through these scatters by inspection and
ostimato the price elasticities of supply and dcmand at
the point of equilibrium, . i {20]

1) Define Lorenz curve for any positive variatc. {31
11) Stato with proof $ho genecral proporties of a
Lorenz curves [x0]

111) If 4n particular tho distribution be /\ (y, 02), .

vhat can you say about the Lorcnz curve? [12]
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.(a)

(b)

4.
(a)

(v)

-2a

EITHsR .

What are the critoria that should be texen into- consi-
deration in the algobraic formulaticn of the Engel curve? (10)
OR

What 18 the honogeneity hypothesis in rclation to the
Bngel curve? State the conacquent modification in the
formulation of tho Engel curve. fro]

BITHER
How does econony of scale ariso in houschold consurcp-
tion? How would you formulate the Engel curve in this

case? Indicate any method that you may know for estima-
ting tho parnmoters in this‘case. [20)

OR . . -
Criticiee the approach of tLtting a function o

- t(pt) _to a time serics data, wiero

Q= « " per capita quantity demanded (of a ccrtain
’ cormodity) in tho poriod ¢

Py = ’ prico of the commodity nt tima ti (20)
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INDIAN STATISTICAL IXSTITUTE . 2
Rosearch and Training School
B.State Part IV: 1967-48

ANTUAL  BXAMINATIONS
Statistica=-4: Protability

206568 . Moximun Harkg: 100 Time: 3 hours
The numbor of narke allgtted tn each quenti~n
13 given in brackecto 3
Answer groups A end 3 in ceparate anstersaripts.
Noto: ’I'he whele naper earriesa 130 marke.  You moy answer
@s much a3 you c~n lrcm ¢ither proun witngub
necesgsarily restrictinz the totzl o 100, The
naxirwua you enr sgore is 100,
ALL HARZOV CHAINS 'CCHSTDERED HAVE STATIONARY
YRANSTITOT FROBASTLYSIES
- Group A
P 13 g squzre matrix with non=negative entries and such
that the sum of the elements in each row is (. Prove
that the scquence ‘P,PZ,P3,... converges towards the
zero matrix. - (9]
Yhat 18 the ninimal state space of a finite Markov chain?

Prove that if the ninimal state spacc 18 (1,2,.0., X)
end 1 <1 <N, Rr(X; =, 1) > 0 for at least onc

volue o ¢ N. [9]
In a Markov chain, the transition matrix P is (1u l—n)'
where O < a < 1o The firat randonm varieble X, tikes thn

_values 1,2 with probabilities o, rcspcctlvol;. Lot

"B, be tho distributicn of X,. ~Obtain 1in P. (9]

2ea)

b)

c)

a)

e)

B N=>oo
P is the transition matrix of o finite Uarkov chain in
which every statc 1s a conacquent of cvery stata; 1 is
the greatest cormion f:ct 3- of the sct of positivo in-
tegers n  such that .p n
Prove that 1f 1 and 3 rro any two stantes, p(’;) >0 .
for all sufficiontly. 1argq new . (9]
MCaI 13.a finite Hcrkov chiin whth; transiticn natrix P,
the states ore 1,2,44sy No MNC-II is8 ~nother Markov
chrin vith stetes 1',2% 000, N ond tronsition matrix
n =P (n 18 some positive integer).

Prove that & 13 a tronsient gtete if and only if 4¢ 7
is trensients (10]

In a certain finite Merkov chain, there is only one
ergodic class and tléw trensition matrix P satisfics
the cquation P = P

Prove that 1t 1s not possible to divide the argodic
cless into cyelically moving subelasges. Also, show that
all the rows of P nre identfenl, (8]

Prove thet if A s n synnctrio natrix (that is

01y = ayy always), overy power of A is aymmetrie. (3]

Prove thnat if the transition matrix P of a finito Markov
ehcin is syrmetric, the chain contains no treansient
strtes, (8]
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4e

Se a)

b)

-2a

Croup B*
In tho cese c¢f ‘a otochastic matrix P of order 14 X 14,tho
following crlla contnin positivo cntrics ard tan other
colls contain zcro entries: -
(2, 4), (2,6), u-p")i (2,7), (2,12), (2,14); °
(3,4) , (3,7)5 (4,9)5 (5,11); (6,13); (7,9);
(8,11), (8,14); (9,1); (10,4), (20,6); (11,8)3
(12,2)3 (12,14); (13,2), (13,3), (23,120); (24,5).

(a) Dotcrmino the tranaiont states, divide the non= - -
transient states into ergadic claeses, =nd partition each N

orgodic class ints cyclicnlly moving subclasses. [$1.)]
(b) Give a positive intogér « such-shat P%,p2%,»38 ..
is convergent; try to make a as small as possible. (sl

In the case of a Markov chain with 7 states, the transi-
tion matx_-l._x ie

—

o 0 Y o 0 o0 o
e ¢ 1 o O 0 o
34 3 0o 0o 0 o0 o
"P=lo o o £ % o o
0o 0 0o 3 3.0 0o
3 0 0o o0 00 } |,
1 2
__0_ 0O 0 O© 5 3 (o] _
(a) Determine the transioent states, ergodic classes end
oyclically moving subelnssos. (sl

(b) Doetermine (approximately) the matrix p1»000,000 {x2)
(c). Determine (opproximately) the numbers b((:%.OO0,00].)
and . p%.OO0.00J.) t6]

In a finite Uarksv chain, there are 3 transicent stetes, '
1, § and kj E is an crgodic clajs, Prove thet the
absorption probabilities 9,(E), 9(E) and 9,(E) " ere

tho solutiona of the stendard systonm of linoar equations
in which the coofficicnta are obiained from the ‘south-
cast' portion of P (with somo modifications).

Prove that tho matrix of coefficients, in the sgtanderd-
system of lincar cquatisns, 1s nonsingulnre (74712341
If the tronoition matrix P is )

o 1 0o o

O LI~0 OLIND ©
HHH O OUR D

© ocooowr
© ciFr 0.0 O O
¢i¥lo o O ©
© ooccooo
=~ DO O O O

doteruine oach absorption probability 9,(E); here 1



c)

3=

runs through tho various transicnt statca and E runa -
through the varicus ergodic clnssose Dotermine thece
protbbilities bty sotting up the standard linear cquaticns

end solving then. (7]

In tho foregoing exsmple, dctormine the various absorpticn
probabilitice 91(5) by ccnoidering the set of all yaths

from 4 to E ond adding their probabilities. Verify
thet the answers yeu get by this method agreo with the
answers obtained in the preceding subquestion. (6]
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Datet 2245.68. Maximum Morks:s 100 + Time: 3 hours

W

a)

b)

D

2é

e

4e

Se

a)

v)
a)
v)

e)

e

b)

The number of rarks allctted to each’ question
is given in braakets [ 3.-

Answer grcups A and B in separate ‘dx'\awerac:-ipta:
Answer any two questions from each group. '

Group A

Show that all similér tests have Neynene—struoture iff thero
oxists a boundedly conmplete oufficient statistice . (3]

State and prove 3asu's thoorem on independence of atatioticetsl
- . Dy .
'x_‘_.ooo’ %1 aro .ioiodo N(E].'f)' Yl’."’yh are i.4.4.

. N(up,0%) and - X's and Y's arc, independent. Find tho UKP

unbiased teat of Ho(“'.l = “2) against "1(“1" “2)' [15]
Let ’&'"-"S\ be independent end normal with pexme
variance o< Lot E(xi) 50, 1 =1ye0.,p",
. T . = 0,1 = pelyseey N
Show that no UMP undbiased toet_ot
Ho(aj. = ¢o0 & =0), 2 { k ¢ p, oxisto. [10]

Show.that the usual F-test for the above prabl&: is the

UMP invariant test,  Hcnce sghow that tho Fetest is un-

biased. . [15]
If G 18 a finite group lcaving a testing prodlem inva-,
riant and thero exists a minimax toet of size. a then

show that there oxists an invariant minimax test of

8iz0 as [10]

‘'If G 18 a group leaving a testing prodlem invariant and

’1 1s the uniquo UMP unbiased test then show that @ is
almost invariant ander G. {?)

Give an cxample where the UUP invariant teat of a compo-
eito hypothesis coincides with that obtained by the 1ikeli-
hood ratis principle or give an cxample whore the two .

prinoiples load to different teotse (e}
Group B

Neglecting the exccss over boundaries prove the optimunm

property of the SPRT. {12]

Lot Xy " be felede N(G,1). Construct:nn SPRT of

H, (6=0) vs. H,(0m 1) with a = p = 0.1, Calculato its

OC and ASN for @ = 0, 8, 1. [13]
Two rundom samples of cqual aizo -are drawn from two .
popul;cinna with cecntinuous distribution function F and

Jeo

Crarzcterize the olass of all similar teots of
uo(r = G) and briefly diecuss the importance of tho rank

tostoe (sl



8. (contd,)

Show that the onc-sided Wilcoxon'o U-test cen.be obtaincd

as a locally nmost powerful tcst apgainst a class of alter-
natives, {tain tho greatest lower bound to its Pltmen
efficicney as comparcd with the stcmdord t-test for loca=-

tion shift alternatives. [10+20])=[20]

6ea) Lot Xyreces lgn bo 1eieds with common density £(x,0).

A'aaur:in;; the ccnaisténcy of the maxipum 1likelihood estima-

tor for the unknovm parazcter €, prove its asymptotic

normality under suitable ccnditicno. , [10]
. .

b) Briefly discuss the relation bctween shortness of confi-
dence intervols as defired by -711‘(5, shortness as defined
by Veymdn and UMP tests.

Let X be N(6, 1). You arc te find a confidence in'ter=-
val for @, Find a group G vwhich leaveo this problen
invariant and undor which the chortest inverient confi-
dence interval is X & t“ where l=a 18 the monfidence

coefficient .

2 .
e “ dt=1~a. [8+7]=[15]
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ANHUAL  BXAILNATION
Stutistics-y. St«_\tisticel Motheods AhOO!‘j ‘nnd

~ "~ "Prasticid
Date: 24. 5.68 . Maxinun itarks: 100 Time: 3 houra
.Tno nun.:or oi‘ narks allovted to each qucaticn
13 given in brackets . .
Ansvrey (rouns A end B in separate nnsworscripta.
Group 3

Note: Angwer ‘any three questicng fren this proup,

1. Lot Yl'YZ"“' Y, bo n. indopendent normal variates
with the seme voriance -and meen values given by

. B( Y )= X8
wherd X 18 a lma.n natrix of rank r, and 3 u(ﬂl.ﬂ.,....,s )

a vector of unknown pareneters. Conalder a hypothesia
H, that p satiafies a sot.of consistent linoar cqua-

tions H B n (-( £ ¥nown) vhere each element of H g 1a
an cstimablo linaar function of - 51'52"“'5111 and rank
of H is s. TWrite -

.Re )

R=nin(Y-X )(Y-x )

2~ (X=X Yo ‘.)-
31;5 ﬂpmlbjoct to Hy = LR . B
- L _

S)‘ow that e

2) R2'/6® 1s aistributcd es a chisquaro with ne di TR &
b) If H, dis true, (82 - R%)/6® 1 dtstributed oo a '
' contral c)\isgua.ro wi%h o d. f. 1ndcpendont1y of
'a‘;. : - (10)

2,. Lot Yl'Yz'“" Y be 1nd0pendcnt randon voriablea with

veriance covarirmcc matrix T and mcan values as in
question 2. Lot 2 (n X T°F) be = matrix of rank n-r
sych that X'Z = 0, and J ,/a possiblé choice of B for

which ( ¥-X 3 y¥( Y- X g ) 1o ninirum., Show’ that:-
(a) ror A E to provido the best linecr unbiased estinate
{,{' for -cach estimable (! 5 » it is nocesssmy and
fficjent that & 0 of thc “fora T=XiX'+2DZ' whore A and B °
'ﬁ t {{u'y g.s. ma P 11)
e condition on & siven 5 :\) is equivalent to any one of
tho following conditionsy .

b1) if H\x) dcnotoa tho lir-xca* manif»ld noratcd
by ‘the colummna of X. and x C Xs;cthcn z xcj{(t) (sl

b2) the colurms of X aro opanned by r lincarly inde-
pendont oigen voctcrs of - &4 [5]

(v

~

3ea) Show that, under the rcprcpriato null hygotheeis tho dis-
tribution of the ¥Wilk's ., criterion 18 tho samo as the
product of scvoral indecpendent Beta variablec.’ . f10]

GO Ol TO T'Z MEXT PAGE
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3e¢b) Obtain an exp:-ccoinn for tha t¥H moment of N\ whon the

defe oOf the sum of product.notris réprescnting doviatinon
fron hypcthcs..s is qy that for the gun of produst matrix

due to orrer 2s n=-qQ .and the_order of.cach patrix is p Xpo.[4]

¢) Show that when g = 2; }__ -:Ll is distributed
N ,
a3 a varianco retios with 2p and 2(n-p-1) as the d.f; for
nunerator and denoainatsr respectively. W)

4e Lot (X +Xp90eees x_,) bo distributed co p-veriets
normal with mean vnluos zero end varinnce covariance patrix
£ (possibly singular).
(a) Show that for X' A X %o be distributed a3 chibquare
: 1t 1s necevasary cncl su.!‘ticient that £ eatisiics

SAZAZ=ZAZ
*  ¥nat 1s the dafi of this ohlsquarc”

Givo an example of an A eatis“yinr this condition, and
‘obtainh th~ 4afs of tle cerrospdéndisig chisquare.
(74142)=(10]

(b) Let A and 3 be two nxr.mtric matrices satisfying the
ocondition in (a). that for X'A X and X'B X
. to be diatributed as 1ndependent chinquu‘cs 11: ia
noceasm‘y and sufficient that .

) TasBI=o0. [ " (2
:'.).. Lot X(p) and y( |) dercto respectively the pth quentile

of x and the p'th quantile of y basod on n pairs of
obscrvations on depandent variables x and y.- Show that
(in a sensp yod arc required’ to make precisc and under
oconditions you snculd state in full) tho- Joint distributi‘n
of X(p) and y(p ¥y .tonds to a hivariate normal distributiea
s83 N =) o, a
(Hint. You may azsunc the Bahndur rcprcsontation of saaple .
quantiles]. | ra;
b) ‘Determine the asymptotie variance covariance natrix of tro 1
approximating bivariate norcal distribution.. | A
e) In e sample of size 100 from a bivariste ncrmal population *
with unimovm nc'\n Hy of x end of ¥y and variance cova=
rience matrix ( % 1 %) the, m\nplo nediens of x and y ¢
were: computed rcspoctivcly an 4.5 and 1,.8. Tcst for tho
hy'pothouia Mo = Hy = f 2. i . fsl}
\u -29:.v4— )
‘21(1-92)

['ﬁ.i t: —-—2—17—- -
" ££ 2ﬂ(1-§ ) ¢ _ o ;"__ fu v
- v A sinloel]
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Sroup B
llste: Jlnaver cither guortinn 6 or quastinn 7

iron thia grouv,

In an experinent to dctormine whethor fivo mekes of auto-
mobile avorage the same number of niles per gallon three
cars of cach of five nakes were sclected ot randoa in
ocach of three citios and given a test run on onc rallon of
standard pasolines The following table presents the data.
Regard tho problem as ono arising from s mixed madel with
the mokes of car rs fixed and citios choecn ot ranion.
Obtain an analysis of variance of the data end determine
whethor thero is sipgnificant effect of (a) makes (bﬁitics
(¢) interactions makes X citios. .

vake cities
- Tos /inprloa San rrancisco rortland
A 2063, 1948, 21e4 216, 2244, 21,3 19.8,18.6,21,0
B 1945, 18.6, 1849 20.1, 19,9, 20,5 19.6,18.3,19.8
a 2241, 23.0, 2244 20.1, 21.0, 19.8 22.3,22.0,21.6
o} 17665 18.3, 182 1945, 1942, 20.3 19+4,18.5,19.1
B 2366y 2445, 2Bel 17.6, 18,3, 18,1 22.1,24.3,23.8
[ Sum of 45 observations n  923.2 ) .
Sum of square of 45 observations =19107:06 (e6)

The moan values of thr2e biometrical characters and tho
matrix of pooled variances and covarianccs were obtained
fron two groups of fomale deacrt locusts = one in the phase
gregaria, end the other in an inferrcediate phase botween
grogaria and solitariae. --They are-given below:

‘Phase ‘n % 2, Xy .
gregaria, 20 25,80 781 10.77
Intormodiate 72 28435 7041 10,75

Matrix of porled veriances and covariances

v - xl Xz . .x3
Xl 427350 0.5622 1.4685
X 0.1431 0.2174
Xs . 0,5702
Tost 1f tho blozotrical measurementas Xy, X, and Xy aro
useful for disoriminating between the two phasos. [26]
Practl cal records. . o]
Viva Voce. [10]
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ATIUAL  EXAMINATIONS ¢
Statistico-8: Dosicn of Exporincnts Theory
and Practical - -
Dato: 254568, . Yaiimun Marks: 100 Tine: 3 Yours

- Tho numboer of marks allotted to cazh question
18 given in brackets [ Ja, .

Inewor ‘groups A a:i’l."B in ocparatc answerscripts.
Group A

Notet Angwer nny two questions from this crcup.

1.'a) . Explain what is mcant by a balanced incomplets bloaok
(BIB) designe Stato and prove some nccegsary corditiors .
on tho parametoers of a BIB design. {10,

b) Show that in a BIB design (1) tho lcast squares catima-

R tos_of orthogonal treatoent contrants arc uncorrclsated
(14) tho least squares cstinmate of any normaliscd treat-
mont contrpit has the samo variance. :

What 18 thn averajzoe varisnce for cstiratos of treatment . 10}

comparisons of type g4~ ra? . o« L
24 Lot §d(x) denote cyclotomio polynomisl of orﬁor d.
"+ Uso tho rclation X'-1 =TT §4(x) to fina § .(x).
8, -

. /h
!orify‘tha_t x4+x+ 1l i3 an irreducible ta_ctor of

_le(x) . Hence or otherwise give a procedure for obtain-
ing elements of GF(16). (You ngod ngt write ott the
olcoents explicitly). Express o + a® as a pover of a
{or gome prinmitive elemont & of tho GF(16) obteined

Y Youe

State a procedure for obtaining 15 mutually orthoponal
latin pquares (me0ef+8e) of order 16.

Show that one can not conatruct more than (o0-1) m.o0.{.a,
of order e [4+442+446)=[20]

3e Wirite short notes on any two:

1) Practionnl replications
2) Uso of conconitant informatien
3) Rolo of randomisation in plannod exporiments.

[20420])=[20]
Group B “,
Note: Anawer any two frop _nuostiona. 4, 5 and 8 of &
. this jroup
de Explain what 1s meant by (1) confounding (11) partial ecn-

foundinse Give a scheme of partial confounding for a

25 oxperinent uoing five replications in blocks of 8
plots each such that (1) no main offcct or two factor
interaction is confounded, =»nd (11) no effoct is confoun-
ddd in moro than onc replication. (Writo down tho com-
plate lay-out for any ono rcplication and only tho key-
block for tho remaining onosg.

How would you computo the sum of squarcs duo to a _par-
tielly confounded offcct? [441244)a{20]
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The following results on yicld fron two repligations in
an expericent designed to compare 16 barley variaties

nunbered 25 to 40 (varicty number being given in paren-
thesis).

Regle I . ™ _Repl. It
Block . Block .
, (28) (26) (27) (28) - .,  (25) (29) (33) (37)
2320 2470 2220 2390 1200 1550 2080 2440

(29) (30) (31) (es~* (26) (30) (34) (38)

2 2950 3560 3240 2680 2 1540 2880 2390 3220
3 (83) (34)- (35) (36) s (27) (31) (35) (39)
3180 3020 2690 2790 1540 2310 3520 3780
(37) (38) (39) (40) 4 (28) (32) (36) (40)

,4 2380 2810 2450 2730 1660 2320 1470 2770

(a) Analyse the data giving your comments on tho results. [15]

(b) Obtain standard orrors for the different paired com-
parisons between varieties. Also give an expression
for the average varionce for all pairs of verictal
differencoge . [5]1

In a varietel and manurial experiment on cats two IGVOIS

of nitrogen (O and 0.2 cent per acre designated by n, and

n respectively) were applicd to each of three variettcs.
First a latin square lay-out vas used for allocation of plots
to “the varieties.- The diffcrent levels of nitropgen were *
applied by splitting each plot into two sub-plots ani by
choosing one at random for Ty {the other recceivod ny).

Cal. 1 2 - 3
Row n, M "o 1 n, ™
1 Vs 63 0 VvV, 60 102 V; 53 74
l"0 nl nl nO ' nl .. nO
2 vy 80 82 vy 64 68 V5 99 7
™ B n, o comy n, Mo
3. V. 90 62 V5 89 129 V, 89 82 ’
NoTien phirs of trostment conbinationss "“‘“fi“i*’J [20]
f20])

Practical recorad

Viva Voce 20}



1¥TIAN TPAPISTICAL INSPITUTE
Rosearct -nd Trefaing gchonl E-EI
. . Sedta.. Part 1v: 1967-G8 ’
ATIUNL ZYAVINATIONS
Statintics~7: Econoncisics’ Theory and Practical
Date: 2845468 ‘Faxirun KMarks: 100 Tizme: 3 hours
The nuaber of marke alloticd to each question 1s
given in trachots [ ).
Anawer groups A eni B 1n reparate anawerseripts.

*' - Greun § Maxe marka: 49

Note: Answir Ge3_and any ane frem Q. Hne. 1 and 2.

1. Discuss the erffoacs:. of hougehold compesition in the formu-
lation’of tha Enzal curve erd glvo a formulaticn taking
into consideratisn this affccte Suggest any nmethod, you
“Xmow, for estimating tir Tagel functione , - {18}

2. What is Solow's ‘conc:pc of neutral tcchnolegical change?
Derive the tecrmolegical chanze function in this case
and comment hricrly cr tho pradadility implications of
the modelas 7hat data 30 you roquire te estimate the
functicon?, . - [151

3e The folloving tatlc gises vre numbor of gorsono percent,
per capita totel oxpgrdiiturc.cnd per caplta expeniiture
on ooreals, acccding t6 per cerita expenditure clagscae
Comrute the Engol 2lzaticisiou from concentration curvos,
aftor specifying the casumpticna you nake., Estimate the
increase in por canita expornditure cn cercals when per
cepita totsl expenditure incroaaes by 10 per oont, other L2
3

things remaining the same, b

per capita perccntnrgo  per capita por capita
oxpenditure distrivuiion tetal expern- expenditure
elasses (Ree) of perscra  diture (Rse) on corcals (Rs.)

(1) 2) e (3} (i)

0~ 8 9403 6.18 3468
8 =11 . 14473 « v D449 5457
11 =13 11.33 12,01 Ge8C
13 » 15 9.27 1398 7463
., 156 =~ 18 13403 v 1Ge44 8451

18 = 21 i 0.48 19.58 9.21 1.
21 = 24 8,49 22446 : 10.41
24 ~ 28 6496 25.66 10.37°
28 =~ 34 . 6el7 3034 11.49
34 = 43 563 33426 : 12.82
A3 =~ 58 2475 48423 . 14432
55 and abevo 2495 89.45 16.49

Grotir B laxe oarks: 60

Note: Anawes 2.6 na4 ‘dhy one from Q.Woss 4 gnd 5.,
Establish tha rclaticnskhip batweon the Gini mean diffe=-
rence and tho Lorenz ratio-. 151

GO ON T0 THE NEXT PAGE
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Show, stating neccgaary assunpticns that the expencnts of

a Cobb=Ix-uglaa productizn function equal the sheres cf

tho factors »f product’ones Dorivo tho cost functicn .
frem the Cobb=Diuplaesz relaticne (157

In a stuly to fit a productior function fer an econonmy,
data Tor 21 yeers vere collected en output ()Cl) roasured
a% conatant pricos, fotal workers (Xg) ond tetal atock
of capital (xs) measur~rd at ccnstant prices, Def"b:im
Yi = log '.(1. -4 21,0,3, the varionc2-coveriance matrix

of the above variatles toguther with tire (Y4) ec another
variable waa

Yl Y, Yy Y a
Yl * 400562850 400187085 00045005 «2502C0C0
Ya 200065135 406300045 o »COSTAROC
Y . «0003I903 + J"IZ37500
Yy ' : 36450000000 '

on the uﬁcumr-tic:; tha® the precductisn functicn can be
represented bty e linear regression of 'x‘l cn Yz, YS and

Y4, eotinmate thc olasiicities cof prcduction with reapect
t0 capitul ond labour. Ceozzent orn the results, »erfcorne-
ing any tests ysu considcr desirable. Comzent also on "
tho significance of tho tizo variable Y,e [25]
Practical Rocords. . D

Yiva Yocee f10]



o INDIAY STATISTICAL InstiTurs 553 .
. Resecerch and Trainipng School
B.State Part IV: 1367-68
.. ANNUAL  EXSMINATIOKS
Statistics~7: Industrial Statistics Theory and
. Practical
Dato:3035.68 Maxirun Marko: 100 . Time:3 hours.

The number of narks S_‘Llottéd to each quosti:;n is
given in bracketes [ Jo.

inswer groups A and B in scparate anawarecrirts.

Croun A

Answer guestion 1 gyi any two quosticns of the rest
iron this froun
‘It X3 =Bl b 1s a basic feasible eolution of tho

problen Maximise Z = CX rpubject to AX =1, X > 0, and
Py a vector of A not in B and Yy = B~ Pk' show that if

wo introduce Py into the basis, tho vector to be remo-
ved 1s dotormined by finding

%o (%

‘sa)

i
6 a 5 = Hin Yy > O (61
Trx 1 )Tac " 7k
b) Prove that tho net deccreasc in the.value of ob:)octive
function is 6(zg~cy) where z = cBB-l P+ Hence derive
tho conditions for optimality. What conclusion you will l6]

draw if all Y £ 07
¢) State the rules of transformation to got the next tableau.([4]

B.a)' Explain the moaning of the following terms =i)slack
variable, ,11) feasible solution, 1i1i) Basic feasible
solution and iv) non-dogencrato basic foasible solution. .[3]

b) Show that any basic foasible solution of a oot of linesr
. equations is on extreme point of the convex set of-
‘ foasible solutiona and vice veroae Is the correspondence
alweys unique oither way? o)

3sa) Show that ovaluations of primal slack variablos in the
fingl tableau give the optimal velues of the dusl structural
variables and the ovaluations of prinmrl structural
variables give thoe optimal values of dual slack varisbles.
b) Yhat conclusion you can draw about the dual problem whon,
the primal is unbounded? . N & I
¢) Write dovm the_dual of the following problem : ,

UYaxinmise 2 = 3x1 + X, Bubject to

Xy X =Xy KA SR ) .
2 i .
Xy +3x%5 —X; = Pl . .
X) +Xp + x5 2 3 , :
\ x; >0 ) . (=]
4ea) . Exploin the need for artificial basis in Linear program=-
minge Compare the 31 mothod with the two phasa mothods [4]

GO O TO THE NEXT PAGE
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1£ ycu ere wtins the M methoad, viint conclusions you can
draw under the following situations vhen the optimality
criteria 13 satisfied.

1) No ortificial varicdble appears in the tasis

41) One or more artificinl veriadbles appear in bnsip.
at zero level

141) One or more artificinl varin :bles eppoar in basis

at a positive levels [4]
In the two phase mcthod, if one or morc artificinl varia-
bles appoar in tho basis at zcro level at the end of phase
I, 1indicatc what modification in the rule to determine
the vector to bo rcmoved has to bo nades that happens {f

wo do not use the modification? . (4]
Group B L .

Anawer guestion S and m“Lit vy _quentiens of the reat fron
e Eammae this rmrouv,

I-‘or:ruluto a Lincnr Prorrurmin(; rroblem in the fornm of revi-
ged simplex and show that tho inverse of the basis By of

the rcvised sinplex forn is given by
1 o, BL
-1 B
By '[p 3'1]
wvhere B 1s the corresponding basis in eimplexe. {6]

Solve the tonowing rrodblem by the roviased simpleox.
Maximise x, + 2X, subject to

X +X £ 3

x1+2x2_$5

3x1+352_§_6 . .
xj>0 : . [e]

Compare the revised simplex with sinplcx and bring out tho .
salient points of differencce Yhat are the advantepges of
revised simplex over sipplex? {41
A supernmarket has tvo girls rinping up tho .oales at the
counterse If the sorvice timo for each customer is expo-
nential wvith mean 4 ninutens and if poople arrive in .
Poisson procesa at the rate of 10 per bour

a) TWhat 18 the probability that the customer has to

walt for service? 8l
b) '™hat is the expooted porocentace idle time for oach
girl? . [4]

Arat are the characteristics requircd to describe a
queuing systec? (3]

In the single server, Poisson arrival and exponential
gervice timo queue aystem, the arrivals actually consist
of pairs of customersze If the average arrival rate 1u A
pairs per unit tine and the average gorvice rate is
customers per unit .timo,show that tho ateondy- otnte’ prnbf_\bi-
1itdcs I)y of n customers in the cysten oatisfy tho )

folloving equationse
A PO - pn Pl
( A\+u) Py = Py
(MR =Py +AP , (n22). (sl
GO O TO MM MEuym pram,
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Show that the generating function P(2z) of P, “do
given by

P(z) = 2Q1=0)(1-2) wheroe 9 = 2N, . {a)

9z°« (249)z + 2

Discuss briefly tho moaning of steady state conditions in
a congostion system and the interprotation of atendy stato

probabilitics. £31]

Show that for the Quouo system with Poisson arrival,
general indopendent gorvice time distribution and singlo
sexver, tho averago number in the cystenm and the average
walting time are givon by

2 2 2
E(n) = 9 + S5ttt

2 2
Al = Sy

where A 1s tho mean g.rriv:ﬂ. rate, 4 1ls the menn scrvice
rato, 9 = A\/u and o< 413 tho variance of the sorvice

time,. . [8]
Show that the average wailting time for cxponential dis-

tribution is twice the average walting time for a reguler
oorvice distribution both with the gamo mcan cervice

ratos ) [4]
Practical records. ’ (10}
Viva Vooe. [10]
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AINUAL EXAMINATIONS

Dato: 31e5.68 Maxitunm Marks: 100 . Time: 3 hours

lea)

2.

Je

b)

a)

1a given in brackets [ J.
Angwer groups A and B in goparate answerscripts.

Mote: Ansver sny twe guestisns fren groun A and both the
guestions from groun 3, ‘

Group A

Discusa the physical as well as genoticzl besis of the
olassification of humen beings into the blood groups,
vize, Oy A, B ond AB. Explain how this classification
can be utilised in blood transfusion and draw up a
donor recipient tadles .

Poscribe Bernstoin's method of estimating the gene fre-
quencics with reference to 0-A=-B blcod group syoter and

The nunmber of marks allotted to each questisn

* comment ‘on-its merits, if eny.

In a caso of disgutod parentago two babies wero of tyre

MN and N reopectively. ' Their mothers were also of type

ME and N, but it was uncertain to which mother cither

baby bolongeds The husbani of woman I vms of type IN;

the husband of woman N was of type Ms To what mother dia

the typo I baby belong? {1046+4]={20]

Supgouo the initial population at birth is in equilibrium

with respect to an autosomal character involving two ’
alleless Lot the fortilities of the reccsaive, heterozy-

gous and dominant gonotypcs be in the ratio l - S: 1 :l-s,

the mating being rondom otherwiso. -

1) Find for this case the equilibrium value of tho
frequency of the mutant genoe

11) Evaluate the progross of tho populntisn and celculate
the froquoncy of the rmtant gene nfter n  generptiono,
in the perticular case when S=1 and 8w 0 and tho
same selection continucs all thrcughout the genera-
tions. Vhat is the practical implicaticn of your
rogult? Explain with the help of an example. [1042Q)={20)

Hogben states the following proposition in regard to ran-
dom mating as cpplied to single geno cubatitutions which
do not involve the X chromvsome, B
fEquilibriuva is attained in a single generation of random
nating oo that if anything occurs to upset the pre-cxis=
ting oquilibrium a now equilibrium is rcached after mating
has onco_oocurred's
. 1) Prove tho proposition.
11) Prove that the same 18 not true for a sox-
linked locuse . -
111) Show that 1f random mating continuce for all the
. generations, ultimately equilibriun for a soxe
1inkod locus is arfived at, the atadle genotypio
froquencies being given as
AR JLETN o3,
P- 2p(1-p) Shlp)
for the homogametie sex and

GO ON TO THE NEXT PAGE
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A a
. P l=p

for tho heterogametioc sox, where p 18 equel to
(p°+ 2p1)/3 ond p, cond p, are frequencies of A in

heterogamotic sox in gencrations O and 1 roespectively.
. (8+349]1=([20]

Group B . .

Assumo that the genotypie frcqucnoioa in a populatisn are
given as

Genotypo: AR Aa a2 .

Frequency: P . 2pq qQ~ »» DéeQgm 1.
Given that a man 1s of genotype * ‘Aa, show that tho r,'roba-
biuty t;:zxt his brother is of the samc genotype 1s

+Dp . *

The follewing data were obtained in n.;x E‘.;,populntion,

conecrning segregation for greon and yellow plant
colour, and purple and yellow aleurone cdlour in maizo.,

Aleurone cclour

Purple hite
Greon 127 67
Plant colour I '
Yollow 19 " 44 . «

Teat if therc 1o any linkage *between the gonesa (10+i5]-[25]

One thousand pcople in a particular community were
clasaified according to sex bnd according to whether or-
not thcy were colourblind as followa:

Male Femnle
Normal 442 514
Colourdlind 138 [

Aocording to a genetic model there numbers should have
rolative frequencies

l&:\l.o Fennle
. Normal p/2 pe/2 + pq
Colourblind /2 q/2 :

whore q = 1=p 1s tho prcportion of defective genes in
the populations - . . .
1) State tho assumptions cloarly undcr which the above.
model is obtainod .

11) Obtein thc naximum 1ikelihood ecatimato of q and
the cstimato of its atandard errors :

4131) Test whother tho data nre oonaistoent with this
modol e {4¢€10411)=(28)
Viva Voccs " [10]
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